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ABSTRACT

Screen-house, fidd and laboratory trials were conducted between 1995 and 1998
a Samaru in the northern Guinea savanna ecological zone of Nigeria to study the
reaction of soybean cultivars to Alectra vogelii, mechanism of resistance and control
using anti-transpirants.

Results of the response of soybean cultivars to Alectra vogelii showed that TGX
1649-11F. TGX 1681-3F, TGX 1674-3F. TGX 1636-7F. TGX 1670-1F. TGX 1670-3F
and TGX 1660-191- exhibited resistance to Alectra by support for low and delayed
Alectra shoot emergence both in the screen-house and field trials. Also, exhibited low
crop syndrome reaction score, reduction in nodulation, shoot dry matter production, plant
height, and days to first crop flowering and produced high seed yield. TGX 1740-7F and
TGX 1740-2F exhibited low to moderate resistance by support for low to moderate and
delayed Alectra shoot emergence. These cultivars exhibited low crop reaction score, low
reduction in crop parameters and produced seed yield comparable to the highest and
sgnificantly higher than the least in dl the fidd trials. Inspite of support for high
Alectra shoot emergence, exhibition of moderate to high crop syndrome reaction score
and high reduction in crop parameters. TGX 1660-15F. TGX 1485-1D. SAMSOY 2.
TGX 1440-1E and TGX 536-02D produced high seed yield, thus exhibiting obvious
tolerance. However, soybean cultivars. TGX 1019-2EB. M-351, TGX 87D-516. TGX
849-313D and TGM 344 exhibited susceptibility to Alectra parasitism through support
for high Alectra shoots in al the trials. Also, these cultivars exhbited high crop

syndrome reaction score, high reduction in crop parameters and produced low seed yields
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in dl the fidd trids

Alecrra shoot emergence was negatively correlated with the number of branches.
100-seed weight, seed yield and percentage reduction in crop parameters. Seed yield was
positively correlated with the number of pods and branches and 100-seed weight. 100~
seed weight and number of pods per plant and their combined contributions were the
major yield determinants in soybean.

In the mechanism of resistance study. TGX 1649-1 IF, TGX 1681-3F. TGX 1740-
7F, TGX 1660-1F. TGX 1740-2F. TGX 1670-3F and TGX 1660-19F exhibited multiple
mechanism of resistance through the stimulation of low Alecrra seed germination and
were insensitive to Alectra produced 'toxins. SAMSOY 2 stimulated high Alecrra seed
germination but was insensitive to Alecrra produced 'toxins'.

Results of the control of Alecrra using anti-transpirants in the screen-house tria
showed that abscisic acid at al concentration did not affect Alecrra plants. However.
shea butter and paraffin oils resulted to over 90 and 100% death of Alecrra shoots at 5
and 10 days after application, respectively. Gum arabic, vaseline, kaoline and talc-
magnesite also caused between 68 and 90% control of Alecrra within 10 days dte-
application. The loed anti-transpirants used in this investigation are promising and cheap

but require further work under fidd condition for confirmation.
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1
CHAPTER ONE

1.0 INTRODUCTION

1.1 Sovbean Production and Utilization.

Soybean (Glveine max (L.) Merrill) is an important leguminous crop of the Family
Fabaceae. Total world production of the crop in 1995 was estimated at 127.0 million
metric tons from 62.5 million hectares (FAO, 1995). In Africa, estimated production
was 554,000 metric tons from 489 hectares in 1995 (FAO, 1995). Soybean cultivation
in Africa is mainly centred around Nigeria, South Africa, Cote Divoire and Zimbabwe.
Available information on sovbean production indicates that there is excellent potenual for
the crop in Nigeria (Joke. 1986: Olufajo, 1994). The domestic and commercial
production have not been fully exploited since the crop is produced only in Benue.
Kaduna. Niger. Plateau. Nassarawa and Taraba states by peasant farmers. Olutajo 1994,
reported that eighteen states of the federation of Nigena including the federal capital
territory have the potential for soybean production. The highest tonnage production of
the crop since introduction into the country was 196, 000 metric tons in 1995, (FAO.
1995).

Much emphasis have been accorded to soybean both as cash and food crop
(Olufajo. 1994, Olowoniyan. 1994). It is currently recognised as an important source
of protein and energy. Approximately 30 to 50% of the total dry mater of whole
soybean is protein with a high digestive nutrient percentage (91.9%). It contains more

lycine than all other sources of plant protein (Faryna, 1985). It is therefore of value both
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for meeting human dietry needs and for compounding livestock feed. Because of the high
protein content, soybean is used to fortify traditional foods (which are npstly cereals and
fubers), such as cereal, pounded yam, spaghetti, patties, ‘moimoi’, ‘tuwo’, pate’ and
'danwake’ (Olowoniyan er. al.. 1993). Local snacks like biscuits, ‘puff-puff’ and "chin-
chin’, are common (NAERLS, 1989). Soybean is used in baking because of its
moisture retaining property and enhancement of taste through improved tenderness.
Immature soybean can be cooked green and made into patties to give acceptable flavour.

Soybean flour is used to replace melon in vegetable soup without any loss in
flavour inspite of high protein content. Fermented soybean can be made into "dadawa’
which is a traditional flavouring material in various dishes including soups and stew
{(NAERLS,1989).

Soybean unlike other legumes can be processed into many food products such as
milk and cheese. The milk is refreshing and nutritious (Olowoniyan, 1994).  Apart
from its high protein conient the seed is also rich in oil which forms 14 to 20% of the
dry weight. The oil contains, short~chain fatty acid and is used in cooking and salad
making. Some of the oil can be used for making paints. vanishes, adhesives. insecticides
and soap (NAERLS, 1987).

The crop is also used as forage either alone or mixed with grasses to make
excellent feed for livestock. The meal (residue after oil extraction) has become the
leading protein supplement in recent years for all kinds of livestock feed
(NAERLS, 1989). The ability of soybean to fix atmospheric nitrogen via rhizobia of the

root nedules has made it an important crop as replenisher of soil nitrogen especially in
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the traditional farming systems. Nitrogen derived from fixation by soybean at flowering
was up 1o 55% (Carsky e al., 1995). This reduces total dependax?ce on inorganic
fertilizer, thus reducing crop production cost.

The recent discovery of striga suppression by soybean suggests its potential for
used as trap-crop for siriga management in traditional farming systems (Ariga and
Berner,1993; Lagoke et af., 1997).

1.2. Parasitic Weed Problem.

In addition to erratic rainfall, drought, diseases and pests; root parasitic flowering
plants of the family Scrophulariaceace have devastating eftects on crops in sub-saharan
Africa, More than half of the total efforts of farming, especially in the tropical region
are being devoted to the battle against weeds especially parasitic weeds (Singh and
Emechebe, ef al., 1991: Kim, 1991). The problem of parasitism of Striga and related
species like Alectra differ from that caused by other weed species because of the close
biological association with their hosts (Lagoke er al., 1991). Yield losses caused by
parasitic weeds exceed the losses from any category of agricultural pest (Lagoke er af..
1991).

Striga and related parasitic weeds including Alectra are presently the most
important biological constraints to food production in Africa (Emechebe er ai.. 1983).
Although Alectra is not widely distributed as Siriga, it is a potential danger in all areas
where leguminous crops are cultivated through out the African continent south of the
sahara (Emechebe er al., 1991). BARO (1991) and Bagnall-Oakeley er al. (1991)

reported that Alectra parasitism caused serious crop yield losses in legumes like dolichos.
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broad and velvet beans, groundnut, bambara groundnut and grams. Parasitic weeds
infest about 40% of the arable land in the savanna region and anothcr.40% arable land
may become infested in the next years (Lagoke er al., 1991). Fields once infested with
parasitic weeds are difficult to disinfect due to the considerable amount of seeds produced
by the parasites and adaptation/dormancy mechanism of the seeds which remain viable
in the soil for several years (Khadir, 1983; Emechebe e al., 1983). Several cultivated
lands have been abandoned consequent to the high soil infestation of these parasites
(Emechebe er al. 1983; Lagoke et al. 1988). Further more, Emechebe ef al. (1991) and
Emechebe (1994) reported that many farmers’ fields in the sudan and sahel ecologies in
Nigeria, have been plighted by Striga and Alectra and that damage is aggravated by the
marginal nutrient status of the soil and unreliable rainfall.

The growth of infested host is retarded and crop yields are lowered or reduced
to zero under condition of severe infestation (Kroschel er al., 1996}. A conservative
estimate of crop losses due (o Siriga infestation in Africa is 40%, representing an annual
loss of cereals worth US $7 billion (Mboob, 1986). The losses, however, vary with
countries, depending on the ecological zones which they contain. Higher losses occur
in countries situated entirely in the savanna and/or sahel zones. With erratic rainfall, less
animal waste, encroaching desert, intensive land use and the introduction of machinery
and irrigation, the spread of parasitic weeds has increased with a consequent decrease in
food production in many countries. In Nigeria, losses of 10 to 90 percent with an
average of 35 percent in sorghum and maize yields have been attributed to Siriga

hermonthica (Parkinson, 1985). This was estimated to be worth US $250 million
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annually (Lagoke. 19893,  Although, attack by Alectra is less dramatic than that of
Striga. total vield loss 1s not uncommon in ficlds heavily infested by one of these

parasites when susceptible crop varieties are planted.

1.3. Objectives of the Study.

Root parasitic flowering plants depends on the host for waier. nutrienis and
metabolites (Okonkwo, 1987 Chidley and Drennan, 1987, Obilana and Ramiah. 1992).
The production of large number of seeds and the existence of physiological strains. sub-
species ecotypes amd morphotypes of the parasitic weeds with a wide range of adaptation
10 environment and host have made their control very difficult (Khadir.1983).
Considerable work has been done on various control methods for parasitic weed species
although Alectra has recieved little attention. However. differential response of soybean
varieties (o Alectra seed inoculum and preconditioning have been reported (Kureh er u/..
1994). In recemt rimes. sovbean production in Nigeria is gaining increasing popularity
due to its high nutritive value and economic importance (Olufajo. 1994). Afecrra was
previously not a problem of groundnut and cowpea. but currently devastates the two
crops as the production of these crops were intensified. Similar situation may also be
experienced with sovbean if an appropriate intervention i1s not developed. Alecrra 15
largely a problem of subsistence farmer in Africa and has been negiected. The locul
names of Striga and related parasitic weed Alectra in Nigeria are “Wuta-wuta” (Fire-fire),
‘Makasa® (Killer) and *Amu’ (Burning) in Kano. Zaria, and Jaba-Dhuyvah localities.

respectively. It will therefore. be partinent to study the mechanism and reaction of
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soybean cultivars o Afectra and develop a control approach based on the stomata

behaviour. The objective of this study are:-

1. To evaluate soybean cultivars for their reaction to Alectra vogelii

2. To study the mechanism of resistance of soybean cultivars to Alecrra
vogelii

3. To study the efficacy of selected anti-transpirants for the control of

Alecira vogelii
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1  Biology of Alectra vogelii Benth.

The genus Alecira belongs to the family Scrophulariaceae. Botanically, the genus
is characterized by opposite leaves, irregular large yellow flowers. dust-like seeds and
parasitic habi (Riches er al., 1992). Alectra has herbaceous shoot and seeds are
produced in capsules. Each capsule may have 400 to 500 seeds: over 90.000 seeds may
be produced by a single plant depending on branching and growth (Parker, 1991: Singh
and Emechebe. 1997). The miniscule seeds measure 0.15 to 0.25mm in length and 0.12
to 0.20mm in width (Visser. 1978). Alectra seeds which are well protected by thick
seed coat may remain viable in the soil for 15 to 20 years depending on climatic
conditions {Parker. 1991). Alectra seeds cannot germinate at the end of the crop scason
in which they are produced. but require a period of after-ripening of seed and
germination improves with long term dry storage (Visser. 1978; Logan and Stewart,
1992). Germination only occurs after pre-conditioning in moist conditions for one to five
weeks and in response to a chemical stimulus from a host root (Kust. 1963: Kuijt. 1969:
Musselman, 1980).

After germination the radicles elongate, showing a chemotropic response o a
concentration gradient of root exudates. Once in contact with the host roots. the

redicular apex develop numerous hairs which are attached to host root. The Alecrru
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radicle penetrates and stimulates cell division in the fhost root. The new host cells,
together with growing parasite tissue, form a large haustorium, uniting the parasite tissue
in the host stele which permits transfer of water and nutrients from host to parasite.
Both Striga and Alectra shoots emerge from the ground about six weeks after infection
and grow into plants which may be 15 to 25cm tall. The plants of both parasites usually
branch below the ground and emerge as a bunch above the ground (Lane er a/. 1991:
Singh and Emechebe, 1997). Hemi-parasite phase after emergence follows the halo-
parasitic development of the parasite (Botha. 1948; Kuijt. 1969). Majority of the parasitc
weed seeds within 2mm of the host root receive sufficient stimulant to germinate. thus
some seedlings are wasted by being to far away from host root. Most of the parasitic
weed seeds which imbibe water enter a period of wet dormancy if they are not stimulated
to germinate (Reid and Parker, 1979).

Biological factors which contribute to the dispersal of parasitic weeds include very
high seed productivity, the minute size of the seed and an ¢lectrostatic charge that causes
them to adhere to other seeds, clothes, soils and equipment. In addition, parasitic weed
seeds survive for a long time (Bebawi et al., 1984).

2.2. Ecology and Distribution of Root Parasitic Flowering Plants.

The main regions of distribution of root parasitic flowering plants are located in
the arid and semi arid tropics, which receive 500 to 1000mm rainfall per annum. These
regions have a predominant vegetation of natural savanna. semi-evergreen and deciduous
rain forest {Sauerborn, 1992),

Alecrra exhibits great phenotypic plasticity and wide environmental tolerance.
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preferring permanently disturbed habitat. Afectra is a native to grasslands of the old
world tropics, reaching great diversity in sub-saharan Africa (Musselman, 1987). Alectra
spp. are widely distributed in Africa with the main species Alectra vogelii. However.
other species viz, A. picra, A. sessiliflora and A. orobanchoides are reporied in Latin
America and Asia (Anon., 1996). Alectra is known to parasitize cultivated legumes from
Swaziland to the transvaal in South Africa, the range of this purely African vegetation,
extends through Central Africa to Burkina Faso and Mali in the West and Kenva and
Ethiopia in the East of the continent (Riches, 1987). In Nigeria, Emechebe er af (1991)
reported that Alectra appears to be very destructive in the northern Guinea and Sudan
savanna agro-ecologies. Singh and Emechebe (1997) reported that presently Alectra is
fast spreading beyond the Guinea - Sudan belt.

It has been shown that the primary agents of Striga dispersal are human beings
and that this dispersal frequently occurs as a result of contamination of planting matenials
with Striga seeds. Berner er al (1993) reported that Striga and related parasitic weed
Alectra can be disseminated through the seeds of host crops that are contaminated by the
parasites on fields that are hitherto not infested. A4fectra seeds are soil borne.
Emechebe er al (1983) and Lagoke (1989) reported that Alecira seeds are spread by
contaminated agricultural equipment and machinery. The seeds of parasitic weeds could
also be spread when the plant is fed to animals by farmers for food or as medicine in
mixwre with other pasture or through grazing with other herbs. Undigesied in their
alimentary canals, spread them through their feaces during the nomadic or seascnal

movement across the savanna zones. Alecira seeds are also dispersed by hooves of
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animals, clothes and shoes of farm workers, tyres of vehicles and tractors, run-off,

irrigation water and wind (Lagoke, 1989; Barner ef al, 1993, Anon. 1996).

2.3  Symptoms of Root Parasitc Flowering Plants Infection on Hosts.

The physiological disorder caused by parasitic weeds on their host is a drastic and
extensive loss of carbohydrate, mainly sucrose with mannitol as the end product
(Ba, 1983; Fer er al, 1993). Bulk losses of water and nutrients from host-plants have
also been reported (Okonkwo, 1987; Chidley and Drennan, 1987). Such bulk losses
correlate with the robust haustoria of the parasite (Ba, 1983). In addition to Striga
produced ‘toxins’ the removal of these compounds, in large quantities, results in
extensive damage which include wilting, reduction in plant size, less yield and lower
quality of the host plants produce despite the relative small size of the parasite
(Butier and Ejeta, 1997).

Symptoms of infection by Striga and Alecrra can be noticed on cowpea plants
much before emergence of the parasitic plants above ground, because parasitism begins
about 2 to 3 weeks before emergence (Singh and Emechebe, 1997). The common
symptoms of Siriga gesnerioides infection of cowpea are interveinal chlorosis. general
stunting and smaller leaves. On a heavily infested plant an important symptom is foliar
desication which may be proceeded by interveinal, rusty brown to purplish spots; a few
days later the areas around the spots suddently dessicate to produce straw -coloured

necrotic spots with water soaked margins. A leaflet may be completely dessicated before
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blight spreads to rachis, necrosis of which results in the dessication of other leaflets.
Dissication later spreads from the petioles to other points of attachment (0 the stem which
then dries up downward and rarely upward. However, pre-mature abscission of the leaf
or leaflets prevent internode dessication. In addition, a less severely infected plant may
be stunted while mild chlorosis is symptomic of even lighter infection (Emechebe er al..
1991). Plants infected by Alectra have symptoms similar to,but less dramatic than plants
infected by Striga. Infected plants usually show stunting and wilting with reduced number
of flowers and pods, but plants may be completely wilted if there is acute moisture
deficit (Mugabe.1983). Total destruction of cowpea has been reported in Sokoto. Kano.
Borno. and Bauchi states due to the Striga/Alectra complex (Emechebe er al.. 1991). In
fields that are heavily infested with both Striga gesnerioides and Alectra. the host crop
1s mostly damaged by Striga if the host cultivar is equally susceptible to both parasites

However, if the host cultivar is resistant or moderately resistant to Striga and suscepuble
to Alectra, Alectra infection is very severe (Singh and Emechebe, 1991, 1997).

2.4.  Mechanisms of Resistance of Host Crops to Root Parasitic Flowering Plant.

The defence of the host plant against their potential parasites may be through
avoidance or resistance.

Avoidance reduces the chance of contact between the prospective host tissue and
the parasite (Parlveliet, 1977). Early planting or tolerance to conditions which advertly
affect parasite development, such as extremes of temperature or humidity, are examples
of avoidance mechanisms. Early studies indicated that if susceptible photosensitive

cowpea lines are planted at a date that will enable flowering to occur before the period
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of Striga emergence, they may escape damage (IITA/SAFGRAD, 1982). Ramiah and

Parker (1982) similarly suggested that early planting of sorghum in S_outh Africa may
reduce Striga shoot emergence. Root growth habit of host plants has also been
implicated as an avoidance mechanism. Tolerant host cultivars have little branching of
roots in the top soil (Dixon and Parker, 1984; Cherif-Ari ef al., 1990).

Resistant host cultivars, do not stimulaic parasite seed germination, they are not
parasitized, they do not support the parasite’s development to maturity, or they support
significantly fewer parasitic plants than susceptible cultivars (Wegmann. 1996; Hess and
Haussman, 1997). Thus, resistance levels may vary from low to total immunity
(Robinson, 1969). Several authors have reported that resistance to parasitic weeds may
occur at pre-and/or post attachment stage and is as a result of one or more of the
following mechanisms:

Pre-attachment mechanisms.

a. Low or no germination stimulant production (Parker, et al., 1977; Ramiah
and Parker, 1982; Hess et al., 1992). Striga and Alectra seeds need some
chemical stimulants produced by susceptible host crops to induce
germination. Absence of such compounds in the host root exudates
confers resistance to the host by not stimulating germination of the
parasitic weed seeds (Parker ef al., 1977). The recognition of parasitic
weed seeds’ requirement for host-derived germination signal suggests low
stimulant production as a possible mechanism of resistance (Ramiah and

Parker, 1982; Hess er al., 1992).
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Low haustoria inducing factors (Reda et al., 1993, Wegmann, 1996 Hess
and Haussman. 1997). Crop genotypes which produce Inormal levels of
germination stimulant but produce low haustoria initiator factor. -the
second host-derived signal required for striga development, would not
only be resistant 1o striga but also facilitate depletion of sirigu seed
population in the soil by promoting sucidal germination (Cai. ef al.. 1993.
Reda er al., 1993). Anti-haustoria factors as the name implies. operate
after the Striga/Alectra seeds have successfully germinated and before

they are established on the host root (Ramiah. 1987 Lane er al.. 1991

Inhibition of germ tube exoenzymes by host root exudates (Wegmann.
1996: Hess and Haussman, 1997). The inhibition of action of germ tube
exoenzymes by host root exudates have been reported as a mechanism of
resistance of host plants to parasitc weeds (Wegmann, 1996: Hess and

Haussman, 1997).

Post-attachment mechanisms.

a.

Mechanical barriers like lignification and inability to penetrate cortex by
enzymatic action (Saunder, 1933; Maiti er al.. 1984: Wegmann. 1996..
Hess and Haussman, 1997). Saunders (1933) described host-plant
resistance based on mechanical barriers. which impede invasion of cortical

cells by haustoria, thickened inner walls of the endodermal cells. and
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hardened vascular cylinders of host root. Lignified pericycle cells and
endodermal cells thickened with silica deposits ph)_!sicall}r obstruct
artachement of haustoria to roots of sorghum genotypes known to have
good field resistance (Maiti e al., 1984; Wegmann. 1996). The nability
of haustoria to penetrate the cortex of host root due to enzymatic action
from the host root is another mechanism of host-plant resistance based on

mechanical barrier (Emechebe, 1994; Hess and Haussman, 1997).

Antibiosis through phytoalexin formation and hypersensitivity (Ramiah.,
1987, Doggett, 1988; Wegmann, 1996; Hess and Haussman. 1697).
Antibiosis (Doggett, 1988) in which germination and armachment is
normal, but subsequent development of the parasite is discouraged through
the production of compounds that are toxic to the parasite and/or
hypersensitivity {Aggarwal er al., 1984 Singh and Emechebe. 1990; Lane
et gi., 1991). In Burkina Faso, field reports of the death of small Srrigu
shoots on resistant cowpea variety SUVITA-2 within 3-4 days after
emergence could be attributed to antibiosis (Aggarwal er al., 1984). Lane
and Bailey (1991) observed that on cowpea variety B301. radicles of
Striga gesnerioides penetrated the host roots and form smail wbercles.
which failed to develop beyond 1-Zmm in diameter subsequently with
severe restriction in stem deveiopment. The mechanism of resistance

exhibited by cowpea varieties 58-57 and B359 to Alectra was also based
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on limited development of parasite tubercle, similar to antibiosis expressed
by B301 (Lane et al., 1991). Antibiotic responses to Sfﬁga and Alectra
infections are also exhibited by the cowpea varieties, [T82D-849 and
IT81D-994, respectively (Singh and Emechebe, 1990; Emechebe er al..
1991) which restricted the growth and development of the attached

parasites.

C. Another suggested mechanism of resistance is the maintenance of high
photosynthetic efficiency as a result of host insensitivity to Striga derived
‘toxins’ (Efron ef al., 1988, Butler and Ejeta, 1997: Hess and Haussman.

1997).

2.5  Control of Root Parasitic Flowering Plants,

It is now well recognised that no single method of control can effectively solve
the parasitic weed problem. However, the three major principles of parasitic weed
control include reduction of seed number in the soil, prevention of new seed production
and prevention of movement of seeds {rom infested to non nfested areas (Obilana and
Ramiah.._ 1992).

Cultural practices recommended to limit the number of parasitic weed seeds in the
soil include catch and trap cropping (Lagoke er al., 1991), crop rotation and deep
pioughing (Konate, 1986; Carson, 1986), soil solarization (Obilana and Ramiah, 1992;

Sauerborn, 1992) and the use of chemicals such as germination stimulants; ethylene gas.
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strigol and strigol analogs (Hauck er al., 1992; Muller et al., 1992} and methyl bromide

fumigation (Sauverborn, 1992). With the prevailing erratic rainfall. it is very unlikely that
tarmers would be prepared 1o sacrifice part of the season to grow catch crops without
any reurn., The limited resources available to the small-scale farmer make the
preposition unacceptable since it involves fabour and other inputs without an immediate
benefit. Deep cultivation, a tedious and expensive operation, may not be very
practicable, considering the problems faced by most farmers in acquiring land preparation
equipment. The efficacy of the use of germination stimulants and fumigants to control
Alectra and certain species of Striga have received little attention and some of these
chemicals have some major drawbacks. They are expensive and some times need o be
applied with special equipments that put them out of the reach of the small sczle farmer.
The timing of application to ensure adequate pre-conditioning of parasitic weed seeds is
another limitation {Lagoke er al., 1991).

Prevention of production of new seeds by parasitic weeds can be achieved through
hand pulling. uprooting and constant hoe weeding (Olunuga and Akobundu. 1930:
Ramiah, 1985; Babawi, 1987; Lagoke, et al., 1991), sowing of early maturing crop
varieties, high density sowing, irrigation and floading (Obilana and Ramiah. 1992:
Sauerborn. 1992), the use of fertilizers and manures (Adu ef af., 1989, Emechebe er al..
1991, Magani.1994), the use of herbicides (Eplee and Norris. 1987, Lagoke er al.. 1990:
1991. 1993 Sauerborn. 1992: Magani, 1994) and the use of resistant varieties
(Emechebe, 1989; Atokpe, 1989: Lagoke er af., 1990: 1991; 1993; Kureh and Katung.

1993; Kureh ef al., 1994, Magani,1994). Cultural practices like hand pulling. uprooting
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and hoe weeding are tedious, expensive and only feasible in situation of light infection.
The use of nitrogen fertilizer, density planting and manures prevent complete crop
failure. however, the results have been inconsistent and inconclusive (Adu er al.. 1989:
Emechebe er al.. 1991). The use of herbicides and anti-transpirants proved useful in the
control of certain species of Striga but literature on their efficacy against Alectra is
scanty. Post emergence herbicide application does not prevent the damage caused by the
parasite prior to emergence. The use of early maturing varieties with respect 1o sowing
date have threefold advantage - escape damage, prevent parasitic weeds seed build up and
acts as a catch crop. Host-plant resistance involving the development and use of resistant
crop is apparently the most desirable, feasible and easily acceptable method ot control
of parasitic weeds. Unless the use of resistant crop variety is combined with other weed
control practices that pre-clude the presence of flowering parasitic weed plants.
re-infestation of the fields is likely to occur (Aggarwal. 1986).

Prevention of spread of parasitic weed seeds from infested to non infested fields
is the key to protection. Some of the mechanisms of the spread of root parasitic
flowering plants are natural seed dispersal, relocation by people. animals and equipment
through tillage operation and the use of contaminted crop seeds (Emechebe er al . 1983:
Lagoke, 1989: Berner er al.. 1993). Some procedures and precautions that can be used
to prevent the spread of parasitic weed seeds from infested to non infested sites include
the prevention of plants from producing viable seeds (Eplee, 1996), planting
uncontaminated crop seeds (Berner er al.. 1993), phytosanitary practices such as feeding

only parasitic weeds free fodder 1o livestock of grazing in fields free of parasitic weeds
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and practices such as anti-soil erosion (Lagoke, 1989; Obilana and Ramih, 1992). It is
apparent that despite the seriousness of the problem of parasitic weeds, no single method
can adequately control them. A number of methods in an integrated approach (package)

will be required for their effective control.

2.6  Effect of Anti-transpirants on Roet Parasitic Flowering Plants.

Striga and related parasitic weed Alectra were reported to have remarkably high
rates of transpiration which exceed those of other annuals of similar environments
(Smith, 1978; Shah ef al., 1987; Press et al., 1987; Riches, 1990). The stomata remain
open when plants are placed in darkness (Shah et al., 1987) and at night (Riches. 1990)
and are relatively insensitive to water stress (Press et al., 1987). The high rates of
transpiration and the unusual feature of stomarta behaviour exhibited by parasitic weeds
can best be interpreted as means of maximising the flux of resources from the host to the
parasite, thus ensuring supplies of water and inorganic and organic solutes (Shah er ul..
1987). The nutritional dependence of parasitic weeds on high transpiration rates suggests
the possibility that anti-transpirants might be used to limit the growth of the parasites and
thus provide a novel control method. Obilana and Ramiah {1992) observed that any
action that interfers with parasitic weeds transpiration functions restricts cooling. raises
internal temperature and ultimately causes death of the plants.

Shah er al. (1987) reported that Striga stomata are insensitive to abscisic acid. an
antitranspirant. However, the application of commerciaily available anti-transpirant. *wilt

pruff’, S600® which contains a biodegradable coating material, di-1-menthene. that
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impede water vapour loss from the leaf surface produced dramatic and unexpected results
both in the laboratory and the field (Press et al., 1989). Within only 4 to 5 hours of its
application the leaves of Striga began to blacken and shrivel (Nour er al.. 1988). This
rapid and dramatic response suggested an effect over and above that of simply reducing
the flux of solute to the parasite, thus it was established that the anti-transpirant induces
heat stress in Striga (Press et al., 1989). Leaf temperature of Striga are substantially
below those of the surrounding air and at an air temperature of 40°C, leaf temperature
is 33°C (Stewart er al., 1991). The differential between leaf and air temperature 1s as
a result of the high rates of transpiration which cause evaporative cooling of the leaf,
thus application of an anti-transpirant reduces stomata conductance and transpiration. with
a resulting rise in leaf temperawre (Stewart et al., 1991). Physiological studies have
established that Striga is sensitive to heat stress, the optimum temperature for
photosynthesis is 37°C and the upper limit is 42°C (Nour er al.. 1988: Press er al..
1989). Riches (1990) obtained encouraging results when guar gum solution was applied
to Striga as an anti-transpirant. Furthermore, he reported that application of guar gum

may provide a cheap Striga control strategy.



CHAPTER THREE
3.0. MATERIALS AND METHODS.
3.1 Experimental Site.

The investigations were carried out between 1995 and 1998 at Samaru (11°11,
7°38 E.,686m above seas level) in the northern Guinea savanna zone of Nigeria, with an
annual mean rainfall of 1050mm distributed within 5 months and good sunshine during

growth and drying periods. The soil of the experimental sites was loam.

3.2  Origin and Description of Materials.

The characteristics of the 24 soybean cultivars used in 2ll the trials were as follows (IAR.

1989; Olufajo, 1992; 1994; 1996; Chiezey, 1997; Lagoke er af., 1997):

TGX 1660-15F: Developed at IITA, Ibadan, Nigeria, early maturing, resistant to
cercospora leaf spot and bacterial pustule moderate in height,
stimulate low Srriga seed germination, resistant to shattering and
high yielding.

TGX 1485-ID: Developed at ITA, Ibadan, Nigeria, early maturing, moderately
resistant 0 cercospora leaf spot and bacterial pustule, short in
height moderate in stimulating Striga seed germination, susceptible
to shattering and high yielding.

TGX 1649-11F: Developed at ITTA, Tbadan, Nigeria, early maturing, resistant to



TGX 1681-3F:

TGX 1019-2EB:

TGX 1519-1D:

TGX 1740-7F:

TGX 923-2E:
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cercospora leaf spot and bacterial pustule, short, stout plant. low
in stimulating Striga seed germination, moderately resistant 1o
shattering and moderate yielding.

Developed at IITA, Ibadan, Nigeria, early maturing, moderately
resistant to cercospora leaf spot and bacterial pustule, tall plant.
stimulate high Striga seed germination, resistant to shattering and
high vielding.

Developed at IITA, Ibadan, Nigeria. early maturing, resistant to
cercospora leaf spot but moderately resistant to bacterial pustule
moderate in height, stimulate high Striga seed germination.
resistant to shattering and moderate yielding.

Developed at IITA, Ibadan, Nigeria, early maturing, moderately
resistant to cercospora leaf spot and bacterial pustule. tall in
height. stimulate low Striga seed germination, moderatelv resistant
to shattering and high yielding.

Developed at IITA, Ibadan, Nigeria, early maturing, resistant to
cercospora leaf spot and bacterial pustule, moderate in height.
moderate in stimulating Striga seed germination, resistant (o
shattering and high yielding.

Developed at IITA, Ibadan, Nigeria, medium maturing. resistant
to cercospora leaf spot and bacterial pustule, moderate in height.

moderate in stimulating Striga seed germination susceptible to
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shattering and moderate yielding.

SAMSOY 2: Developed at IAR, Samaru, Nigeria, a cross between Malayan and CNS,

adapted to SGS, short, stout plant; determinate growth habit, large yellow

seed; bears pods in cluster well above ground; moderately susceptibie to

cercospora leaf spot and bacterial pustule diseases, resistant to shattering,

high yielding and stimulate high Striga seed germination.

M-351: Introduced from Malaysia, medium maturing, moderately resistant to

cercospora leaf spot and bacterial pustule, tall prostrate plants, stimulate

low Striga seed germination, susceptible to shattering and moderate

yielding.

TGX 1448-2E:

TGX 1440-1E:

TGX 1479-1E:

Developed at IITA, Ibadan, Nigeria, mediwum maturing.
moderately resistant to cercospora leaf spot and bacterial pustule,
moderate in height, low In stumulating Siriga seed germination,

resistant to shatiering and high yielding.

Developed at IITA,Ibadan, Nigeria, medium maturing, moderately
susceptible to cercospora leaf spot and bacterial pustule, moderate
in height, stimulate moderate Striga seed germination, resistant to
shattering and high yielding.

Developed at IITA, Ibadan, Nigf;ria, medium maturing, resistant
to cercospora leaf spot and bacterial pustule disease, moderate in

height, stimulate high Striga seed germination, resistant to



TGX 1670-1F:

TGX 1740-2F:

TGX 87D-516:

TGX 1670-3F:

TGX 1660-19F:

pL
shattering and high yielding.
Developed at IITA, Ibadan, Nigeria, medium maturing, resistant
to cercospora leaf spot and bacterial pustule, short in height,
stimulate low Striga seed germination, resistant to shattering and
high yielding.
Developed at IITA, Ibadan, Nigeria, early maturing, resistant to
cercospora leaf spot and bacterial pustule, moderate in height
moderate in stimulating Striga seed germination, resistant (o
shattering and high yielding.
Developed at IITA, Ibadan, Nigeria medium maturing, moderately
resistant to cercospora leaf spot and bacterial pustule, tall in
height, stimulate high Striga seed germination resistant to
shattering and moderate yielding.
Developed at 1ITA, Ibadan, Nigeria, medium maturing, resistant
to cercospora leaf spot and bacterial pustule, tall in height.
stimulate low Striga seed germination, resistant to shattering and
high vielding.
Developed IITA, Ibadan, Nigeria, medium maturing, resistant to
cercospora leaf spot and bacterial pustule, tall in height, stimulate
low Striga seed germination, resistant to shattering and moderate

yielding.



TGX 536-02D:

TGX849-313D:

TGM 344:

TGX 1636-7F:

TGX 1449-2D:

MALAYAN:
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Developed at IITA, Ibadan, Nigélria, early mamring, moderately
tall in height, stimulate low Striga seed germination, susceptible to
shattering, high yiclding.

Developed at IITA, Ibadan, Nigeria, early maturing, moderately
resistant to cercospora leaf spot and bacterial pustule, tall plant,
stimulate low Striga seed germination, resistant to shattering and
high yielding.

Introduced from Malaysia, moderately resistant to cercospora leaf
spot and bacterial pustule, tall in height, stimulate moderate Striga

seed germination susceptible to shattering and moderate yielding.

Developed at IITA, Ibadan, Nigeria, early maturing, resistant to
cercospora leaf spot and bacterial pustule, short in height,
stimulate moderate Striga seed germination, resistant to shattering
and moderate yielding,

Developed at IITA, Ibadan, Nigeria, medium maturing,
moderately resistant to cercospora leaf spot and bacterial pusmule,
tall in height, stimulate low Striga seed germination, susceptible 10
shattering and moderate yielding.

Introduced from Malaysia, medium maturing, moderately resistant

to cercospora leaf spot and bacterial pustule, tall in height,

stimulate moderate Striga seed germination, moderate in shattering
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and moderate yielding.

33 Experimental Design.

Trials were conducted in the screen-house. field and laboratory.

Screen House Trials.

Three screen house trials were carried out at Samaru between 1995 and 1997.

In experiment I, eleven (11) each of early (90-105 days to maturity) and medium
(110-130 days to maturity) maturing soybean cultivars were evaluated for their reactions
to Alectra vogelii in the pots and arranged in a completely randomized design with three
repetitions. Half of the 132 plastic pots (each 18cm in diameter and 2.16 liters in
volume) used were inoculated with about 2,000 Alecrra seeds per pot. while the
remaining half were used as control. The experiment was conducted in March o May

1995 and repeated in August to October 1995,

Inoculum Preparation and Inoculation.

In a polythene bag, 25cc of unsterilized sieved sand ( < 180um particle size) and
15¢e (about 2,000) Alectra seeds were mixed resulting in 40cc Alectra seeds/sieve sand
mixture. The polythene bag was close tightly after trapping some air in the bag and the
mixture was shaken manually for 5 minutes. This was followed by adding 40. 20.t0
make it 100cc then 100, 200, 400, and 200cc of sieved sand to finally give 1.000cc

Alectra seeds/sieve sand mixtwre; the shaking process was repeated 10 ensure



26

homogeneity. 100ce of the inoculant stock that will give 2,000 Alectra seeds was stocked
one-third. shaken thoroughly and used to inoculate each plastic pot (2.16 litres) that has
been filled with unsterilized soil-sand mixture (1:1, v/v) up to two third.

After inoculation, the Alectra seeds were pre-conditioned for seven davs by
watering the soil in the pots to field capacity daily. After the pre-conditioning of Alecrra
seeds. eight soybean seeds were planted per pot.  The experimental pots were
subsequently watered to field capacity throughout the period of the trial. At two weeks
after sowing, sovbean plants were thinned to four per pot. At 10WAs in the first screen-
house experiment. roots of soybean plants were freed from soil by immersing each pot
in a 20 litre bucket of water for five minutes. The pot was then inverted to release the
ball of soil and the roots were then carefully freed of adhering soil in such a way that

there was no loss of both emerged and unemerged Alectra plants and nodules.

Evaluation of Abscisic acid (ABA) on Alectra.

In experiment II. the effect of abscisic acid at four concentrations (0. 100. 200.
and 400ppm) on Alecrra in five susceptible soybean cultivars was evaluated in pots
arranged in a complete randomized design with three repetitions in June to September,
1997. All the 154 plastic pots used were inoculated with about 2,000 Alectra seeds per
pot.

ABA application was carried out at 60 days after sowing of the inoculated
soybean cultivars using a white flag sprayer. The control was sprayed with distilled

water while ABA was sprayed with 100. 200 and 400ppm. respectively. In practice
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15mls of distilled water or abscisic acid was used to spray Alecira plants in each pot.

Evaluation of Local Materials as Anti-transpirants.

In experiment III. six local materials used as anti-transpirants were evaluated for
their efficacy in controlling Alectra vogelii in a susceptible soybean cultivar. The
treatments were compared with the control (distilled water) in a completely randomised
design and repeated four times. A total of 28 plastic pots were used and all were
inoculated with 2,000 Alectra seeds per pot. The experiment was conducted in August
to November 1997.

The local materials used as anti-transpirants were applied to Alecrra shoots at 60
days after sowing of the inoculated soybean. The liquid based materials (distilled water.
gum arabic, sheabutter oil and paraffin) were applied using a white flag sprayer while
the paste based materials (vaseline. kaoline and Tal¢-magnesite) were applied using
brushes. The control was sprayed with distilled water. 15mls of distilled water or anti-
transpirant were used to spray Alectra plants on each pot while the paste based materials

were prepared by dissolving each in 15mls of water.

Field Trials.
These were conducted during the wet seasons at two naturally infested sites in
1995, 1996 and one site in 1997, respectively, to study the response of soybean cultivars

to Alectra under natural field infestation. Treauments consisted of 11 each of early and
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medium maturing soybean cultivars arranged in randomized block design replicated three
times. Each plot consisted of 4 ridges, 75cm apart and 3m long. thus the gross piot size

was 5x3m.

Cultural Practices.

At all the experimental sites in the three years, the land was ploughed and disc
harrowed 1n order to get a fine tilt and ridge at 75cm width before planting. At one site
(bush field), planting was done on 13 July and 28 June in 1995 and 1996, respectively.
However, at the other site (B;) planting was done on 18 July, 20 June and 27 June 1993,
1996 and 1997, respectively.

Seeds of soybean cultivars were sown by drilling on 75cm ridges at a spacing of
3.3cm to achieve a plant population of 200,000 plants per hectare. The gross and net
plot sizes were 15m’ and 7.5m’, respectively. Fertilizer was applied to all plots at the
rate of 20kg N/ha and 26kg P/ha using urea (46% N) and single super phosphate (18%
P.O;), respectively. Weeds were controlled with pre-emergence application of
formulated mixture of metobromuron + metolachlor (Galex), at the rate of 2.5kg a.i./ha
followed by one hoe weeding at six weeks after sowing. Harvesting was done when the
crop reached harvesting maturity (R8, Fehr and Cavines, 1977). Swnified by the
yellowing, drying and eventual dropping of the leaves. The pods also turned yellow.
Harvested soybean from the net plot was allowed to thoroughly air dried for two weeks
before threshing.

Threshing was carried out manually and the clean seeds from each plot were
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weighed for determination of seed yield.

Determination of Soil Nutrient Status.

Prior to planting, soil samples were taken to the depth of 30cm before fertilizer
application and analyzed for physical and chemical properties. The texture was analyzed
by the hydrometer method (Bouyoucos, 1951) and the texwral class was determined by
the soil texture triangle.

Total nitrogen was determined by the macro-Kjeldahl procedure (Bremmer. 1963).
Available phosphorus was determined by the method described by Troug (1930). The
extractable phosphate was determined by the molybdate blue colour methed modified by
Murphy and Riley (1962). Exchangeable cations were determined by the acetic acid
method (Reith, 1967). Magnesium, calcium and potassium were determined by the

atomic absorption spectrophotometry using Perkin Elmer model 403.

Laboratory Trials for Stimulation of Germination of Alectra Seeds.

Two laboratory trials were conducted at Samaru in 1997 and 1998. In experiment
1. 22 soybean cultivars were evaluated for stimulation of germination of seeds of 4lecrra
vogelii using cowpea variety TVX 3236 as control. The treatments were arranged in a
completely randomized design repeated three times. The trial was conducted in April to
September 1997 using the center-ring (cut-root) technique developed at IITA. Ibadan
(Dejongh et al., 1993; Berner er al., 1993) and the materiais were evaluated at 2. 3, and

4 weeks after sowing (WAS).
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In experiment II six soybean cultivars, one cowpea variety (TVX 3236)and three
abscisic acid concentration (100, 200 and 400ppm) were evaluated for stimulation of
germination of seeds of Alectra vogelii using cowpea variety SAMPEA 7 as conwrol. The
treatments were arranged in a completely randomized design repeated three times. The
trail was conducted in March to April 1998 and the materials were evaluated at 3 and 4
WAS, respectively.

Soybean seeds were surface sterilized using 5% sodium hydrochlorite (NaQCl)
and rinsed three times with distilled water. The seeds were then placed in petric dishes
lined with moistened filter paper, wrapped in aluminium foil and incubated at 28°C for
48 hours to germinate. The pre-germinated seeds (seedlings) were planted in pots
containing 1:1 ratio of sieved sand/soil mixture. The soybean cultivars were grown for
14, 21 and 28 days.

Alectra vogelii seeds were surface sterilized using 5% sodium hypochiorite and
rinsed three times with distilled water. The seeds were dried and spread on whatman
glass micro fibre disc (8mm in diameter) and pre-conditioned in an incubator at 28°C for
14, 21, or 28 days. At the end of the 14, 21 and 28 days, roots of soybean cultivars
were obtained and washed free of soil before 1g of cut root pieces were put in a ring,
made of cellotape, placed at the centre of petric-dish lined with filter paper. lml of
distilled water was added to each of the rings containing cut-root pieces. The treatments
that contain ABA did not have cut-root pieces, thus, Im! of ABA solution was applied
to the rings. |

Twenty (5x4) glass micro-fibre disc containing pre-conditioned Alectra seeds were
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placed in a diverging manner from the ring in the petric dishes. The petric-dishes were
covered with cellotape, wrapped in aluminium foil and incubated for 7 days. Thereafter.
data were recorded on germinated and ungerminated Alectra seeds with the aid of

microscope.

3.4 Observations Recorded.

Screen House Trials:Reaction of Soybean Cultivars to Alectra.

Observations on Alectra parameters included number of emerged Alecrra shoots
at 6. 7, 8. 9 and LOWAS, number of unemerged Alectra at 10WAS and number of days
to first Alectra emergence. Crop plant parameters observed included host plant damage
severity {crops syndrome reaction score) at 10WAS using a scale of 1-9 (Kim. 1991).
where I - normal plant growth. no chlorosis, no blotching, no leaf scorching and 9 =
toral leat scorching and/or obviously stunted or dead plants; number of days to first
flowering recorded from the time of sowing to when flower first appear in each pot (V1-
V9-R1. Fehr and Cavines, 1977). number of nodules per plant, plant height and shoot
dry weight at harvest (10WAS). Plant height was measured from soil level 10 the
growing point of the plant while shoot dry weight was determined by weighing oven drv
samples (at 70°C for 48 hours and then heated to 105°C for 1 hour to remove bound
water). Reduction in the number of nodules. plant height and shoot dry weight were

calculated as percentages of the control.
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Evaluation of Abscisic acid for the Control of Alectra.

Data collected include number of emerged Alectra shoots befo_re the application
of ABA and at 2 weeks after application, number of days to first Alecrra emergence and
number of days to first flowering (V1-V9-R1, Fehr and Cavines, 1977). The opening
of the stomata of the leaf of Alectra plants was also observed using a microscope. two

weeks after the application of ABA.

Evaluation of Local Materials Used as Anti-transpirants for the Control of Alectra.

Observations recorded include number of emerged Alectra shoots betore the
application of anti-transpirant, number of live Alectra shoots at 5 and 10 days after
application, number of dead Alectra shoots at 5 and 10 days after application of the local
materials and percentage of dead Alectra shoots at 5 and 10 days after application of

local materials using the following formula;

% dead Alectra shoots = Number of dead Alectra shoots x 100
Number of Alectra shoots before |
the application of anti-
transpirants

Reaction of Soybean Cultivars to Alectra in the Fields.

Observations on Alectra parameters that were recorded included number of days
to first Alectra emergence. number of emerged Alectra shoots at 9 and 10WAS.

The crop parameters observed included plant height (cm) at 4 and 8WAS and ar
harvest, number of days to first flowering (V1-V9-R1, Fehr and Cavines, 1977): number

of days to physiological maturity (V1-R1, Fehr and Cavines, 1977); number of branches
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per plant: number of pods per plant: 100-seed weight (g) and seed yield (kg/ha).

Laboratory Trials to Screen Soybean Cultivars for Alectra Seed Germination.
Data were recorded on germinated Alectra seeds, thereafter, percentage

germination of Alectra relative to the control were calculated using the formula:

% germination of Alectra seeds = % germination of Alectra seeds induced by sovbean cultivars x100
% germunation of Alectra seeds induced by the control 1

3.5. Statistical Analysis.

The data collected were subjected to analysis of variance as described by Cox and
Cochran (1967) after transformation using missing plot technique for days to Alectra
emergence and addition of one to all replicates for Alectra shoot count. Combined
analysis of the field trials was also carried out and significant differences among
treatment means were compared using Duncan’s New Multiple Range Test (Duncan.
1955). Coefficient of correlation (r) between Alectra infection and other sovbean
parameters were also determined.

Path-coefficent analysis was carried out to determine the direct. indirect and total
contributions as well as percentage contributions of some crop parameters to seed vield
as described by Dewey and Lu (1959).

3.6 Meteorological Data.

Data on rainfall, temperature, relative humidity sunshine hours (day duration)

during the period of the trials were obtained from the I.A.R. meteorological station.

Samaru (see appendix 2-4).
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CHAPTER FOUR

4.0 RESULTS.

4.1  Reaction of Soybean Cultivars to Alectra vogelii Infestation.
The reaction of soybean cultivars to Alectra infestation are contained in tables {
to 19 and figutres 1 t0 9. Significance of Alectra and crop parameters of soybean are

indicated in the means squares from analysis of variance in appendix 6 - 14.

4.1.1. Alectra Infestation,

Emerged Alectra shoots increased from 6 WAS to 10 WAS (harvest) in the two
screen house trials in all the soybean cultivars evaluated except in TGX 1674-3F where
there was no Alectra emergence in the first trial (Tables 1 and 2). Soybean cultivars M-
351 and TGX 849-313D supported emerged and unemerged Alectra plant count which
was either the highest or comparable to the highest until 10 WAS in the two screen-house
trials. TGX 87D-516 also supported unemerged Alectra plants in both trials and Alectra
shoot emergence until 10 WAS and 9 WAS comparable to the highest in the first and
second trials, respectively. Soybean cultivars TGX 1485-1D, TGX1479-1E and
TGX536-02D supported Alectra shoot count comparable to the highest in the first trial

only while the later two cultivars also similarly supported the number of emerged
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Table 1. Reaction of soybean cultivars to Alectra in the screen house as shown by number of emerged and

unemerged Alectra per pot, first trial. Samaru, 1995.

Number of emerged Alectra shoots per pot. No. of
unemerged
Alectra per
Cultivars 6WAS' TWAS 8WAS 9WAS 10WAS pot at
harvest.
TGX 1660-15F 0.7 0.7b¢? 1.3¢c-e 1.7d-g 3.0e-h 3.0d-g
" 1485-1D 0.0 3.3a-c 6.7a-d 13.0a-d 19.7a-d 4.3d-g
" 1649-11F 0.0 1.0be 1.7¢c-e 2.3d-g 3.7gh 2.0e-g
" 1681-3F 0.0 0.0¢ 0.7de 1.0e-g 1.0gh 0.3g
1674-3F 0.0 0.0¢ 0.0e 0.0g 0.0h 2.0e-g
1019-2EB 0.0 1.3bc 3.0b-e 10.0a-f 18.0a-d 9.0a-e
" 1519-1D 0.0 0.0¢ 0.3de 1.7d-g 5.7d-h 4.7c-g
" 1636-TF 0.0 0.0c 0.3de 0.3fg 0.7gh 1.0fg
" 923-2E 0.0 4.0a-¢ 9.7a-c 15.3a-c 23.3ab 12.7ab
SAMSOY 2 0.0 1.7be 4 3a-e 14 3a-c 24 3ab 12.7ab
M-351 1.7 6.3ab 10.3a-¢ 22.0a 35.0a 14.0ab
TGX 1448-2E 1.3 2.7a-c 5.7a-e 9.7a-e 12.0b-f 12.0a-c
" 1440-1E 0.0 2.3a-c 3.0b-e 4.7c-g 9.0b-g 9.0a-¢
1479-1E 0.0 2.7a-¢ 6.7a-d 13.0a-d 17.3a-d 10.0a-d
1670-1F 0.0 0.0c 0.3de 0.3fg 0.7gh 0.7fg
1449-2D 0.0 1.3be 2.3b-e 4.0c-g 7.0c-h 13.3ab
" 87D-516 0.0 5.3a-c 12.0a 17.3a-c 24.0ab 16.3a
" 1670-3F 0.0 0.0¢ 0.7de 0.7fg 1.3gh 1.0fg
1660-19F 0.0 0.7bc 1.7¢c-e 2.0d-g 2.0gh 1.3fg
" 536-02D 0.0 3.3a-c 7.0a-d 12.0a-d 18.7a-d 9.0a-¢
" 849-313D 0.0 11.3a 16.0a 22.3a 24.3a-c 12.0a-c
MALAYAN 1.0 1.0bc¢ 2.7b-e 5.7b-g 13.0b-e 8.0b-f
SE+ 0.51 2.07 2.99 4.35 4.75 2.16

1 WAS = weeks after sowing

2 Means followed by the same letter(s) within a column are not significantly different at 5% level of

probability (DMRT).
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Table 2. Reaction of soybean cultivars to Alectra in the screen house as shown by mumber of emerged and

unemerged Alectra perpot, second trial, Samaru, 1995,

Number of emerged Alectra shoots per pot. No. of
unemerged
Alecrra per
Cultivars OWAS! TWAS EWAS IWAS 10WAS pot at
harvest.
TGX 1660-15F 0.3 1.0bc* 2.0d-g 2.3g-i 4.0ef 1.7fg
" 1485-1D 0.0 1.7a< 5.0b-f 16.7c-¢ 27.3bd 11.7a
“ 1649-11F ¢.0 0.3c 2.0d-g 23g-i 2.7f 23e-g
" 1681-3F 0.0 0.0d 0.7z 0.7hi 1.0f 2.0fg
" 1674-3F 0.0 0.0d 0.7fg 0.7hi 0.7f 2.0fg
*  1019-2EB 0.0 0.7c 7.3b-e 19.3¢c-e 38.7bc 6.0c-e
*1519-1D 0.0 0.0d 1.0fg 2.0hi 3.0ef 4.0d-f
" 1740-7F 0.0 0.0d 1.3d-g i.7hi 3.0ef 2.0fg
" 923-2E 0.7 2.0ab 6.3b-d 19.3b-d 32.0bc 10.3ab
SAMSOY 2 0.7 2.0ab 15.7a 32.3ab 54.0ab 9.0a-c
M-351 1.0 3.7a 11.7a¢ 32.0a-c 47.0ab 11.0ab
TGX 1448-2E 0.7 1.3ad 2.0d-g 4.0f-i 9.0d-f 16.0ab
" 1440-1E 0.3 1.3ad 2.3d-g 3,36 5.7ef 7.7b-d
" 1475-1E 03 1.0bc 3.0c-g 6.3e-h 17.3c-e 7.7b-d
" 1670-IF 0.0 0.0d 0.0g 0.0i 0.3f 0.0g
T 1740-2F 0.0 0.3cd 1.0e-g 2.7t 4. 3ef 3.7e-y
" 87D-516 1.0 2.0ab 11.7ab 3l.3a<c 44.0b 10.3ab
" 1670-3F 0.0 0.0d 0.7fg 1.3hi 1.3f 0.7fg
" 1660-19F 0.0 0.0d 0.7{g 1.0hi 2.0f 1.0fg
* 536-02D 0.7 l.3a-d 3.7cg 11.0d-f 48.7ab 9.0ac
" 849-313D 0.3 1.7a¢ 13.0ab 41.3a 78.7a 10.0ab
TGM 344 0.0 1.3a-d 2.7e-g 10.0d-b’ 16.3¢c-¢ 2.0fg
SEx 0.32 0.55 2.34 4.29 8.05 1.09

1 WAS = weeks after sowing

2 Means followed by the same letter(s} within a column are not significantly different at 5% level of probability
(DMRT).
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Alectra plants.  SAMSOQY 2 supporied unemerged Alectra plants and emerged Alectra
shoot count comparable to the highest until harvest from 8 WAS and 7IWAS in the first
and second trials. respectively,

In contrast, soybean cultivars TGX 1681-3F, TGX 1670-IF, TGX 1670-3F and
TGX 1660-19F consistently supported Alectra shoot infestation until harvest comparable
to the least in the two trials. The two cultivars, TGX 1740-2F and TGX 1740-7F which
were only evaluated in the second trial as well as TGX 1674-3F, similarly supported very
low Alecira infestation in the second trial while TGX 1636-7F and TGX 1519-1D only
exhibited similar reaction in the first trial.

In the two screen-house trials at harvest, soybean cultivars differed in the total
number of 4lectra shoots (Figures ! and 2). The highest total number of Alecrra shoots
was supported by soybean cultivars, M-351 and TGX 849-313D in the first and second

trials. respectively, while the least was supported by TGX 1681-3F and TGX 1670-1F

in the first triai and TGX 1670-1F in the second trial. In the two trials. sovbean
cultivars, TGX 1660-15F, TGX 1649-11F, TGX 1681-3F, TGX 1674-3F. TGX 1670-1F.
TGX 1670-3F and TGX 1660-19F as well as TGX 1636-7F in the first trial and
TGX1740-7F and TGX 1740-2F in the second trial supported lower total number of
Alectra shoots (0.3 1o 8 Alectra shoots per pot), while TGX 1485-1D, TGX 1019-2EB.
TGX 1519-1D, TGX 923-2E, SAMSOY 2, M-351. TGX 1448-2E, TGX 1440-1E.
TGX 87D-516. TGX 536-02D and TGX 849-313D in the two trials as well as

TGX 1479-1E and MALAYAN in the first trial and TGM 344 in the second trial

supporied higher total number of Alectra shoots (10 to 89 Alecrra shoots per pot) than
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the former.

The highest Alectra shoot at 9 and 10 WAS in the field was supported by TGX
87D-516 at both sites in 1995 and 1996 and TGX 1019-2EB at site 1 in 1997
(Tables 3 and 4). M-351 at 9 WAS and with TGX 1019-2EB at 10 WAS at site 2 in
1995 as well as TGX 1019-2EB at 9 WAS both sites and with TGX 1485-1D at site 2
in 1996 supported Alectra shoot count comparable to the highest. In addition to those
mentioned at both sites and years, TGX 1019-2EB supported higher Alectra shoot count
at site 1 in 1995 than the least. In 1997, TGX 1019-2EB also supported the highest
Alectra shoot emergence, while TGX 87D-516 at 9 WAS and TGM 344 in addition at
9 WAS was comparable. Among the cultivars that supported lower Alectra shoot
emergence than the highest in 1997, TGX 1485-1D, SAMSOY 2 and TGX 849-313D at
9 WAS as well as TGX 536-02D and TGM 344 in addition at 10 WAS also supported
significantly higher Alectra shoot emergence than the least obtained with TGX 1649-11F.
Soybean cultivars, TGX 1649-11F, TGX 1681-3F, TGX 1674-3F, TGX 1740-7F. TGX
1670-1F, TGX 1740-2F, TGX 1670-3F and TGX 1660-19F supported number of Alectra
shoot count at both sites in all years comparable to the least, wherever they did not

support the least themselves.

4.1.2. Crop Reaction Score.
Crop syndrome reaction score was highest in soybean cultivars TGX 536-02D in
the first trial and TGX 536-02D and TGX849-313D in the second screen house trial

(Table 5). TGX 923-2E, M-351 and TGX 849-313D exhibited crop reaction score
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Table 3. Emerged Alectra shoots on soybean cultivars under natural field infestation of Alectra at 9WAS.
Samaru. 1995, 1996 and 1997 wet seasons.

Number of emerged Alectra shoots per 4.5m" at 9WAS'.

1965 1965 1996 1996 1997
Cultivars Site | Site 2 Site | Site 2 Site 1
TGX 1660-15F 6.0b¢ 2.7bc 2.0b 2.7d 2.0ef
" 1485-1D 18.0bc 11.3bc 17.7b 27.0bc  8.7c-e
T 1649-11F 1.0¢ I.0¢ 0.7h 0.3d 0.3f
" 1681-3F 1.0¢ 0.7¢ 0.3b 0.7d 0.3f
" 1674-3F 0.0¢ 0.3¢ 0.0b 0.0d 0.3f
" 1019-2EB 43 .0be 21.3b 140.0a 66.7ab  45.0a
*  1519-1D 2.0¢ 1.7¢ 6.7b 0.7d I.3ef
*  1740-7F 1.0¢ 0.7¢ 0.3b 1.0d 0.3f
" 923-2F 8.0bc 7.9b¢ 3.7b 1.0d 3. 3ef
SAMSOY 2 49 0Ohc 11.3be 16.3b 12.3cd B.0c-e
M-351 11.0he 89 3ab 12.7b 11.7ed  15.3bc
TGX 1448-2F 2.0c 1.3¢ 1.7b 5.3cd 1.3ef
" 1440-1E 3.0¢ 2.7be 3.0b 1.0d 2.3ef
" 1479-1E 5.0bc 2.3bc 2.3b 1.0d 1.7ef
" 1670-1F 0.0¢ 0.7c 0.3b 0.0d 0.7ef
" 1740-2F 0.0¢ .0¢ 0.7b 0.3d 0.7ef
" 87D-516 393.0a 16(.0a 197.7a 91.3a 27.7ab
* 16T70-3F 0.0¢ 0.7¢ 0.3b 0.3d 0.3f
" 1660-19F 1.0¢ 0.3¢ 0.0b 0.3d 0.3
" 536-02D 11.0bc 2.7bc 8.3b 3.3d 5.0d-f
" 849-313D 90.0b 17.0bc 19.0b 6.3cd 15.0b-d
TGM 344 5.0bc 3.3bc 11.0b 7.3cd 19.7a-¢c
SE+ 58.13 29.65 27.12 11.94  6.85
MEAN 0.0 154 20.2 10.9 7.3
Interaction
CxY NS NS NS NS NS

I WAS = Weeks after sowing.
2 Means followed by the same letter(s) within a column are not significantly different at 5% level
of probability (DMRT).
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Table 4. Emerged Alectra shoots on soybean cuitivars under natural field infestation of Alecira at LOWAS,
Samaru, 1995, 1996 and 1997 wer seasons.

Number of emerged Alecrra shoots per 4.5m° at I0WAS!,

1995 1965 1996 1996 1997
Cultivars. Sie | Sie 2 She | Site 2 Site ¢
TGX 1660-15F 10.0b-d* 5.Qbc 5.0b 7.0c 4 3ef
" 1485-1D 32.0bd 19.3bc 32.0b 46.7ab 14.7b-¢
" 1649-1\F 1.0d {.7¢c 1.0b ¢.3¢ Q.3
" 1681-3F 1.0d 1.3¢ 1.0b 1.3¢ 1.0f
* 1674-3F 1.0d 0.7¢c 0.0b 0.0¢ 0.7f
*  1019-2EB 66.0bc 38.3a-¢ 168.7a 93.0a 72.0a
" 1519-1D 3.0d 3.0c 8.0b 1.7¢ 2.0ef
" 1740-7F 2.0d 1.3¢ 0.3b 1.3c 0.7f
" 923-2E 11.0b-d 12.0bc 5.3b 2.3¢c 6.3d-f
SAMSOY 2 SR.0h-d L6.7be 21.0b 18.3bc 13, 7c-e
M-351 15.0b-d (40, 3ab 24.0b 17.3bc 20.3b-d
TGX 1448-2E 3.0d 2.7¢ 3.3b 9.0c 2. 7ef
*  144C-1E 4,0cd 4.0¢ 5.3b 2.0¢c 5.0ef
" 1479-1E 7.0b-d 3.7 4.0b l.3¢ 3.0ef
“ 1670-1F 0.0d l.0c¢ 0.7 0.0c 1.0f
" 1740-2F 0.0d 0.0c 1.0b 0.3¢ §.3ef
" 87D-516 482.0a 225.7a 297 7a 130.7a 30.0ab
* 1670-3F 1.0d 1.0¢ 0.7 0.7¢ 0.7t
" 1660-I9F O 0.3¢ 0.0b . 0.3¢ 0.7f
" 536-02D 16.0b-d 5.7be 12.7b 5.3¢ 10.0c-e
" 849-313D [24.0b 36.0be 25.3b 11.7be 22.3b-d
TGM 344 7.0b-d 6.7hc 16.3b 13.3bc 28.0bc
SE+ 68.52 45.06 43.85 [8.17 9.70
MEAN 38.0 23.9 28.8 16.5 11.4
Interaction
CxY NS NS NS NS NS

1 WAS = Weeks alter sowing.
2 Means Tollowed by the same terterisy within a column are net significantly different ar 3% level
of probabnlity (DMRT),
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comparable o the highest in the first trial. The cutivars which had lower score than the
highest but significantly higher than the least incude TGX 1485-1D, _TGX 1019-2EB.
TGX 1448-2E and TGX 1479-1E in the trial. Although none of the cultivars was
comparabe 10 the highest in crop reaction score. in the second trial. TGX 1019-2EB had
higher crop reaction score of up to 5.7 and TGX 923-2E and M-351 were comparable.
In contrast. TGX 1674-3F and TGX 1670-3F in the two trials as well as TGX 1636-7F
in the first trial and TGX 1740-7F in the second trial, exihited the least crop syndrome
reaction score. TGX 1660-15F, TGX 1649-11F, TGX 1681-3F, TGX 1519-1D and
TGX 1660-19F exhibited crop reaction score comparable to the least in the two trials.
SAMSOY 2. TGX 1440-1E, TGX 1449-2D, TGX 87D-516 and MALAYAN only
exhibited crop reaction score comparable to the least in the first trial while TGX 1740-2F

was only comparable in the second trial that it was evaluated.

4.1.3. Number of Days to Alectra Shoot Emergence.

The earliest time of emergence of Alectra on soybean was 43 (TGX 1660-15F)
and 40 (TGX 87D-516) days in the first and second screen-house trials. respectively
(Table 5). In the screen house trials, days to first Alectra emergence was highest on
TGX 1670-1F. In the first trial. the number of days to Alectra emergence on cultivars
TGX 1485-1D, TGX 1681-3F, TGX 1519-1D, TGX 1636-7F and
TGX 1660-19F were comparable to the highest and significantly higher than the least
with TGX 1660-15F. However. in the second trial. none of the cultivars was comparable

table 5
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Table 5. Reaction of sovbean cultivars 10 Alectra in the screen house as shown by crop reaction score and number
of days to first Alecrra emergence, first and second trials, Samaru. 1995.

Crop reaction score' at

No. of days 10 1s1 Alecira

[OWAS. emergence.
Cultivars Ist trial. 2nd trial. 1st trial. 2nd tral.
TGX 1660-15F .08 1.7fg 43 43g-h
" 1485-1D 4.7b-e 3.7 Sda- 49d-g
" 1649-1{F 3.0e-h 2.0e-g 47cd 48e-h
" 1681-3F 2.3th 1.7fg 5da-c 54h-d
" 1674-3F 1.0h 1.0g 51b-d 52c-f
" 1019-2EB 3.7d-g 5.7b 52a-d Sle-f
T 1518-1D 2.0f-h 2.0e-g 60ab 58b
" 1636-7F 1.0h he 60ab ne
" G23-3E 6.0a-c 5.0b 45¢d 43h-j
SAMSQY 2 3 Qe-h 3.3cd 48¢cd 45g-i
M-351 5.7a-d 5.0b 45¢cd 40
TGX 1448-2E 4 0c-t 3.0¢ce 45¢cd 44g-i
" 1440-1E 3.0e-h 3.0¢c-e 45¢cd 45g-1
" 1479-1E 4 0c-f 2.3d-f 50b-d 48e-h
" 1670-1F 1.7gh 1.0g 62a 63a
" 1449.2D 2.0fh ne 47cd ne
" 87D-316 2.0th 2.6¢-f 49cd 40§
*  1670-3F 1.0h 1.0g 53a-d 55bc
“ 1660-19F 1.7gh t.0g Sda-c 54b-d
" 536-02D 7.0a 7.0a 50b-d 42ij
" 849-313D 6.3ab 7.0a 48cd 45g-i
MALAYAN 2.0th ne 44cd © e
TGX 1740-7F ne 1.0g ne S6bc
" 1740-2F ne 2.0e-g ne 53b-e
TGM 344 ne 2.3d-f ne 47§-i
SE+ 0.al Q.3t 3.29 1.46

1 = Crop reaction score js based on a scale of 1-9 where 1= no crop reduction or injury and
9 = complete crop destruction
2 Means followed by the same letter(s) within a column are not significantly different at 5% level of

probability (DMRT).

ne = Not evaluated in the trial
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to TGX 1670-1F in the number of days to Alectra emergence. but TGX 1519-1D also
delayed emergence to 58 days after sowing (DAS). TGX 1681-3F, TGX 1670-3F,
TGX 1660-19F. TGX 1740-7F and TGX 1740-2F were, however, comparabie w0
TGX 1519-1D in days to Alectra emergence. In the two trials, TGX 923-2E.

TGX 1448-2E and TGX 1660-15F supported the first emergence of the parasitic weed
comparable o the earliest observed with M-351,

The earliest emergence ot Alectra on TGX 87D-516 was 40 days at site 2 in 1995
and 1996, 42 days at site 1 in 1995 and 41 days at site 2 in 1996 and 1997 m the field
trials (Table 6}. Alectra did not emerge on TGX 1740-2F at both sites and TGX 1740-7F
at site 1 in 19935, TGX 1674-3F at both sites, TGX 1660-15F at site 1 and TGX 1670-1F
at site 2 in 1996. The highest number of days to Alectra emergence in the ficld was
observed on TGX 1660-19F at both sites in 1995, TGX 1670-1F at site 1 and TGX 1649-
11F at site 2 in 1996 and TGX 1660-19F and TGX 1674-3F in 1997 (Tabe 6). In all the
field trials TGX 1649-11F, TGX 1674-3F, TGX 1479-1E. TGX 1670-1F and TGX 1660-
19F consistently delayed Alectra emergence comparable to the highest number of days
and significantly higher than the least at sites where tested. Number of days to first
emergence of Alectra on TGX 1485-1D and TGX 1740-7F was comparable to the highest
and significanty higher than the least at site 2 in 1995 and 1996 as well as at sitz 1 in
1995 by cultivar TGX 1740-7F. Similarly, days o emergence of Alectra on TGX 1674-
3F were comparable to the highest and significantly higher than the least at both sites in
1993. Cultivar TGX 1740-2F and TGX 1670-3F only caused comparable delay in Alectra

emergence to the highest at the second site in 1996.
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Table 6. Number of days 10 first Alecrra shoots emergence of soybean cultivars under natural field
mfestation of Alecrrs. Samaru. 1995, 1996 and 1997 wel scasons.

Number of days to first Alecira emergence

1995 1995 1996 1996 1997
Culuvars Site | Sie 2 Sie | Sie 2 Sue 1
TGX 1660-15F S53b-d 30c-1 S6b-d 5da-¢ 57b-d
" 1485-1D 55b-d 52a-d S6b-d Sda-e 56¢-¢
" 1649-11F 57a« 58ab blab 6la 6la
" 1681-3F 55b-d Sib-e S4d-f 53b-f 55¢-f
* 1674-3F 6lab 58ab ne ne 54d-g
" 1019-2EB 48d-1 d6d-g SOt-h 48¢-h 49hi
" 1519-1D 52c-e 30¢c-f 52d-h 52c-g 53e-g
" 1740-7F S6a-c 52a-d 55¢-¢ 55a-d 55c-f
" 923.2E 48d-1 48c-1 19¢h 4714 481
SAMSOY 2 d6et 44le 431 43m 41
M-331 52¢-v 48c-f 50t-h 47141 52f-h
TGX 14482 53b-d 50¢-1 Sle-h 49d-g  S2f-h
" 1440-1E 53a-¢ 51b-e 52d-h SUc-g 54d-g
" 1479-1E Sha-c 55a-¢ 39a-¢ S6a-c 60ab
" 1670-1F ne 535a-c 6la ne 60ab
" 1T40-2F ne ne S6h-d 59ab 58b¢
* B7ID-316 421 40¢ 411 01 42)
" 1670-3F Sdb-¢ 3ib-e 33d-e S6a-c S6c-e
" 1660-19F Hda 59a ne S9ab 63a
" 536-02D 53b-¢ Sib-e Sle-h 48f-1 S5ig-i
" B4Y.-313D 52cd 51b-e 5le-h 49d-h Slg-i
TGM 344 47d-1 He-g 48h d6g-1 4%
SE+ .57 .95 1.28 1.62 0,80
MEAN 53 S0 §2 51 54
Interaction
cxY NS NS NS NS NS

I = Means followed by the same letter(s) within a column are not significantly different ar 3%
level of probability (DMRT).
ne = No Alecrra emergence.
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4.1.4. Number of Days to Crop Flowering.

Cultivars differed significantly in the number of days to first ﬂpwering, with and
without Alectra infection in both trials conducted in the screen-house (Table 7). Soybean
cultivars, MALAYAN. TGX 1636-7F and TGX 1449-2D were only evaluated in the first
trial and TGX 1740-7F, TGX 1740-2F and TGM 344 were included in the second trial
only. Alectra infection differentially reduced the number of days to first flowering in
most cultivars that supported emergence by between 1 and 11 days. Days o first
flowering was significantly more with cultivar TGX 923-2E in the first trial and without
inoculation only in the second trial. In the second trial, more number of days were
obtained with TGM 344, TGX 1670-1F and TGX 1660-19F. Soybean cultivars
TGX 1660-19F and MALAYAN in the first trial and TGX 1670-3F in the second trial.
both with inoculation as well as TGX 1479-1E and TGX 1670-1F were comparable to
the highest in the number of days to first flowering. Some cultivars that were not
comparable to the highest but also delayed flowering included TGX 1670-3F and
TGX 1660-19F with and without inoculation. respectively in the first trial as weil as
TGX 923-2E with inoculation and TGX 1448-2E, TGX 1440-1E, M-351, TGX 1479-1E
and TGX 1670-3F without inocularion both in the second triai. The least number of days
to flowering was observed with TGX 1019-2EB, TGX 1636-7F and
TGX 536-02D with inoculation and TGX 1636-7F without inoculation in the first trial
as well as TGX 1485-1D with and without inoculation and TGX 1649-11F,

TGX 1681-3F, TGX 1674-3F and TGX 1740-7F without inoculation in the second trial.

Without inoculation, TGX 1019-2EB and TGX 1740-2F were comparable to the least in
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Table 7. Reaction of soybean cultivars to Alectra in the screen house as shown by number of days to first crop
flowering, first and second trials, Samaru, 1995,

Number of days to first crop flowering.

1st trial. 2nd trial.
Cultivars. inoculated. uninoculated. inoculated. uninoculated.
TGX 1660-15F 45d-1' 48bc 40f-h 42f-h
" 1485-1D 37hi 414-1 343 40h
" 1649-11F 42e-g 45¢d 38gh 40h
" 1681-3F 41fg 41d-f 39f-h 40h
" 1674-3F 39g-i 41d-f 39f-h 40h
" 1019-2EB 351 401 37hi 42f-h
" 1519-1D d1fg 44c-e 43d-g 46d-f
" 1636-7F 35§ 35g ne ne
" 923-2E 54a 62a 46b-d 53a
SAMSOY 2 39g-i 45cd 39f-h 46d-f
M-351 40f-h 45¢d 42¢-h 48b-d
TGX 1448-2E 41fg 46¢ 44c-e 48b-d
" 1440-1E 42fg 45cd 45¢c-¢ 48b-d
" 1479-1E 39g-i 44c-e 4le-h 46d-1
" 1670-1F 46¢c-e 47¢c S0a 52ab
" 1449-2D 44de 48bc ne ne
" B7D-516 39g- 45¢cd 37hi 43e-g
*  1670-3F 47b-d 48bc 48a-c 48b-d
" 1660-19F 51ab 53b 50a S5la-c
" 536-02D 36i 47¢ 39f-h 45d-g
" 849-313D 39g-i 45¢cd 39f-h 47cd
MALAYAN S0a-¢ 54b ne ne
TGX 1740-7F ne ne 39f-h 40h
* 1740-2F ne ne 39f-h 41gh
TGM 344 ne ne 5la S54a
SE+ 1.28 §.24 1.14 1.20
_——

| = Means followed by the same letter(s) within a column are not significantly different at 5% level of
probability (DMRT),
ne = Not evaluated in the trial
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the second trial only while with innoculation TGX 1485-1D, TGX 1674-3F,

SAMSQY 2, TGX 1479-1E, TGX 87D-516 and TGX 849.313D in the first trial and
TGX 1019-2EB and TGX 87D-516 in the second trial were comparable to the least in
the number of days to flowering. Alectra infection did not reduce the number of days
to first flowering in cultivars TGX 1681-3F and TGX 1636-7F in the first trial and
TGX 1670-3F in the second trial, and only reduced by one day in the alternate trial.

The highest reduction in time to flowering by Alectra of 11 days occured with

TGX 536-02D in the first trial (Tigure 3). The cultivars which had high reduction in the
days to flowering due to Alectra infection in the two trial (that is greater than 5 days)
included M-351, TGX 1448-2E, TGX 1019-2EB, SAMSOY 2, TGX 87D-516,
TGX 849-313D, TGX 923-2E and TGX 1485-1D. Cultivars in which Alectra infection
caused less than 2 days reduction to first flowering were TGX 1674-3F, TGX 1670-1F
and TGX 1660-19F in the two trials as well as TGX 1740-7F and TGX 1740-2F in the
second trial only.

The highest number of days to crop flowering was observed with TGM 344 in the
field trials in all years (Table 8). The number of days to first flowering of TGX 923-2E
was comparabe to the highest and significantly higher than the least at site 1 in 1996 and
1997 and site 2 in 1995. Although none of the cultivars was comparable to TGM 344
in number of days to crop flowering, TGX 923-2E delayed crop flowering to 53 DAS
and 48 DAS at site 1 in 1995 and site 2 in 1996, respectively. The earliest crop
flowering was observed with TGX 1649-11F at site 1 in 1995, 1996 and 1997 and site

2 in 1996, TGX 1740-7F at site 1 in 1997 as well as site 2 in 1995 and TGX 87D-516
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Table 8. Number of days 1o first crop flowering of soybean cultivars under natural field infestation of
Alectra, Samaru, 1995, 1996 and 19970 wet seasons.

Number of days 1o first crop flowering

1995 1995 1996 1996 1997
Cultivars. Site | Site 2 Site 1 Site 2 Site |
TGX 1660-15F 44¢! 42d-g 42d-f 44b-d  41d-g
" 1485-1D 39fg 40fg 40fg 42b-d  39fg
" 1649-11F 37g 39g 37g 39d 38g
" 1681-3F 101 4le-g 40fg 40cd 39fg
" 1674-3F 401 39 40fg 40cd 40e-g
" 1019-2EB 100 401g 401g 39d 40e-g
" 1519-1D 47cd 45¢c-¢ 45b-d 44b-d  44b-f
® 1740-7F 39fg 40fg 40fg 42b-d  40e-g
" 923-2E 53b 51ab 52a 48b 49ab
SAMSOY 2 48cd 47bc 46hc 43b-d  46b-d
M-351 18cd 47be 47bc 44b-d  46b-d
TGX 1448-2E d6de d4c-1 44c-e 43b-d  45b-¢
" 1440-1E 47¢cd 44c-f 47bc 44b-d  47bc
" 1479-1E 46de 44c-f 44c-e 41b-d  44b-f
" 1670-1F 48cd 47bc 48b 44b-d  46b-d
" 1740-2F 39(g 38g 40fg 40cd 38g
" 87D-516 41f 39g 4lef 39d 40e-g
" 1670-3F d6de 45¢c-¢ 45b-d 48b 44b-f
" 1660-19F 49¢ 47bc 48b 43b-d  46b-d
" 536-02D e 42d-g 44c-e 40cd 42¢c-g
" 849-313D 18cd 46¢d 47bc 43b-d  46b-d
TGM 344 36a 54a 5da 56a 53a
SE+ 0.61 1.22 0.81 2.00 1.46
MEAN 45 44 44 43 43
Interaction
CxY NS NS NS NS NS

1 Means followed by the same letier(s) within a column are not significantly different at 5% level
of probability (DMRT).
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and TGX 1019-2E ony at site 2 in 1996. TGX 1681-3F, TGX 1674-3F and

TGX 1019-2EB were only comparable to the earliest in the number of days to crop
flowering at both sites in 1996, site 1 in 1997 and site 2 in 1995. However,

TGX 1660-13F, TGX 87D-516, and TGX 536-020 were comparable to the earliest in
number of days to crop flowering only at site 1 in 1997 and site 2 in 1995 and 1996.
while TGX 1519-1D, TGX 1448-2E, SAMSOY 2, M-351. TGX 1440-1E,

TGX 1479-1E, TGX 1670-1F, TGX 1660-19F and TGX 849-313D were only

comparable at site 2 in 1996,

4.1.5. Nodulation.

Cultivars, TGX 1519-1D and TGX 1019-2EB produced the highest and the lowest
number of nodules, respectively with and without inoculation in the two screen house
trials (Table 9). TGX 1670-3F also produced number of nodules that was highest under
Alectra inoculation and that comparable to the highest without inoculation in the second
screen house trial. TGX 1485-1D, TGX 1681-3F, TGX 1674-3F and SAMSOY 2 were
also comparable to the highest and significantly higher than the least in number of
nodules without Alectra inoculation in the second trial. In all the sitvations,

TGX 536-02D also produced nodule count comparable to the least. Without inoculation,
TGX 1485-1D, TGX 1660-15F, TGX 1674-3F, TGX 1636-7F, M-351, TGX 1448-2E.

TGX 1660-19F. TGX 536-02D and TGX 849-313D in the first trial and TGX 1660-15F,
TGX 536-02D and TGX 849-313D in the second trial supported low number of nodules

comparable to the least. However, with inoculation, TGX 1485-1D, TGX 923-2E,
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Table 9. Reaction of soybean cultivars 1o Alectra in the screen house as shown by number of nodules per plani. first
and second trials, Samaru, 1995.

Number of nodules per plant.

Ist trial, 2nd trial
Cultivars. inoculated. uninoculated. inoculated uninoculated
TGX 1660-15F 20.0de’ 24 Oc-e 15 4ef 17.9de
" 1485-1D 11.7f-h 22.0c-¢ 11.0g 23.5¢d
* 1649-11F 24 3cd 28.7bc 15.6¢ 19.3d
" 1681-3F 24.7cd 26.7b-d 26.1b 29.3a-d
" 1674-3F 17 .0ef 18.3¢ 25.0b 27.5ad
" 1019-2EB 8.6h 18.3¢ 6.21 7.2e
" 1519-1D 51.8a 68.8a 32.3a 39.3a
" 1636-TF 17 3ef 18.7e ne ne
" 923-2E 11.9f-h 28.0b-d 6.9 17. 1de
SAMSOY 2 12.3f-h 30.0be 13.21g 33.0a-d
M-351 10.0gh 25.0c-¢ 7.7hi 20.0d

TGX 1448-2E 12.7{-h 25.3c-¢ 16.2de 21.5d
" 1440-1E 19 3d-e 27.6b-d 17.3de 22.5cd
" 1479-1E 14.7e-g 30.3bc 12.3g 20.3d
" 1670-1F 32.3b 34.2b 22.6¢ 22.9¢d
" 1449-2D 14.5e-g 26.7b-d ne ne
" B7D-516 12.11t-h 33.7b 8.6h 20.2d
" 1670-3F 27.7bc 27 .0b-d 33.9a 36.8ab
* 1660-19F 20.9de 23.2¢c-e 18.3de 20.3d
" 536-02D B.8h 20.0de 7.4hi 18.8de
" 849-313D 11.31-h 26.3b-¢ 6.9h1 18.6de

MALAYAN 13.8¢-h 27.0b-d ne ne
TGX 1740-7F ne ne 16.6de 19.6d
" 1740-2F ne ne 23.1c 25 6b-d

TGM 344 ne ne 20.5¢d 27.3ad
SE+ 1.8 2.62 0.64 3.88

| Means followed by the same letter(s) within a column are not significantly different at 5% level of
probability (DMRT).
ne = Not evaluated in the nal.
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SAMSOY 2, M-351, TGX 1448-2E, TGX 87D-516, TGX 526-02D, TGX 849-313D and

MALAYAN in the first trial and TGX 923-2E, M-351, TGX 536-02_[) and
TGX 849-313D in the second trial; also resuited in nodule count comparable to the ieast
with TGX 1019-2EB.

The highest percentage reduction in nodulation by Alectra occurred with M-351
and TGX 849-313D (64 %) in the first trial and TGX 849-313D (58%) in the second trial
(Figures 4 and 5). The cultivars which had high percentage reduction in nodulation due
to Alectra infection in the two trials (greater than 40%) included TGX 1485-1D, TGX
1019-2EB, TGX 923-2F, SAMSOQY 2, M-315, TGX 1479-1E, TGX 87D-516.

TGX 536-02D and TGX 849-313D as well as TGX 1448-2E, TGX 1449-1E and
MALAYAN in the first trial. Cultivars in which Alectra infection caused less than 10%
reduction in nodulation were TGX 1681-3F, TGX 1674-3F, TGX 1670-1F,

TGX 1670-3F and TGX 1660-19F in the two trials as well as TGX 1636-7F in the first
trial. The other cultivars evaluated had moderate reduction in percent nodulation as a

result of Alectrag infection.

1.4.6. Short Dry Weight per Plant.

TGX 1670-3F produced the highest shoot dry .\;.reight with and without Alecrra
inoculation in the two screen house trials (Table 10). In all the situations. soybean
cultivars TGX 1674-3F and TGX 1479-1E produced shoot dry weight comparabe to the
highest and significantly higher than the least. In the first trial TGX 1440-1E and

TGX 536-02D with and without inoculation as well as TGX 1449-2D without inoculation
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Table U. Reaction of sovbean cultivars 10 Alectra in the screen house as shown by shoot dry weight (g) per plant.
firsi ana second trials. Samaru, 1995

Shoot drv weight/plant

Ist trial 2nd trial
Cultivars. moculated. uninoculated. moculated uninoculated
TGX '660-15F 6.lc-1° 6.8cd 4.7e-i S.1h
A85-iD 5.8et 7.1b-d 4.9d-1 6.5¢c-¢
1649-11F 6.5b-1 7.3h¢ 6.7ab 7.7ab
" 1681-3F 6.1c-f 6.3cd 6. la-d 6.4c-f
- 1674-3F 7.7ab 7.9a-d 7.0ab 8.2a
" 1019-2EB 1.7¢ 5.9er 3.7 5.2gh
" 1319-1D 5.7ef 6.5¢d 5.4¢c-h 5.0d-h
" 1636-TF 6.3b-1 6.6cd ne ne
" 923-2E 3.7h 5.2f 3.9 5.1h
SAMSOY 2 4 .dch 6.2de 4.2hi 6.1d-h
M-351 4.5gh 6.7cd 4.5t 6.5¢c-¢
TGX [1448-2E 6.0d-1 7.2b¢ 5.3c-g 6.2d-g
= 1440-1E 6.0a-d 8.0ab 5.8b-1 6.4c-¢
" 1479-1E 6.8a-d 8.3ab 7. 3asc 8.2a
© 1670-1F 6.2b- 6. 3cd 5.3¢c-h 5.41f-g
" 1449-.2D 6.6b-¢ 7.8ab ne ne
" 87D-516 3.8h 5. det 4.01 5.9¢c-h
" 1670-3F 8.7 8.8a 8.0a 8.2a
" 1660-19F 6.2b-1 6.5¢cd 4,844 S.1h
" 336-02D 7.1ab 8.4a 4.2g-i 5.3gh
" B49-313D 4.4gh 6.6¢ 4.3 6.1d-h
MALAYAN 5.61 6.4cd ne ne
I'GX 1740-7F ne ne 5.5b-g 5.8e-h
* 1740-2F ne ne 5.9b-¢ 6.4cd
TGM 344 ne ne 4.9d-i 5.8e-h
SE+ 0.26 0.27 0.38 0.29

| Means followed by the same letter(s) within a column are not significantly different at 5% level of
probability (DMRT).
ne = Not evaluated in the trial.
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also produced shoot dry weight comparable to the highest. Similarly, in the second trial
TGX 1649-11F with and without inoculation and TGX 1681-3F wit‘h inoculation also
produced shoot dry weight comparable to the highest. Soybean cultivars, TGX 923-2E
produced the least shoot dry weight with and without inoculation in the two trials.
TGX 87D-516 was comparable in shoot dry matter production in the two trials both with
and without inoculation. In the first lriél, SAMSOY 2, M-351 and TGX 849-313D with
inoculation and TGX 1019-2EB without inoculation also resuited in shoot dry weight
comparable to the least. Similarly, in the second trial, TGX 1660-15F, TGX 1019-2EB,
SAMSQOY 2, TGX 1660-19F, TGX 536-02D, TGX 849-313D and TGM 344 wirth and
without inoculation, TGX 1485-1D and M-331 with inoculation and TGX 1740-7F
without inoculation all produced shoot dry weight comparable to the least.

The highest percentage reduction in shoot dry weight by Alectra occurred with
M-351 (33%) and SAMSOY 2 (33%) in the first and second trials, respectively (Figures
6 and 7). The cultivars which had high percentage reduction in shoot weight (>15%)
due to Alectra infection in the two trials included TGX 1485-1D, TGX 1019-2EB. TGX
923-2E, SAMSOY 2, M-351, TGX 1479-1E, TGX 87D-516. TGX 536-02D and TGX
849-313D as well as TGX 1448-2E and TGX 1449-2D in the first trial and TGM 344 in
the second trial. Cultivars in which Alectra infection caused less than 5% reduction in
shoot dry weight were TGX 1681-3F, TGX 1674-3F, TGX 1670-1F, TGX 1670-3F and
TGX 1660-19F in the two trials as well as TGX 1636-7F in the first trial, The other
soybean cultivars evaluated had moderate percentage reduction in shoot dry weight due

to Alectra infection,
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4.1.7. Plant Height.

The plants of MALAYAN and TGM 344 were the tallest in th‘e first and second
trial, respectively (Table 11). Cultivars TGX 1479-1E with and without inoculation,
TGX 1670-3F and TGX 1660-19F with inoculation and TGX 1019-2EB. M-351 and
TGX 1449-2D without inoculation produced plants comparable to the tallest and were
significantly taller than the least in the first trial. Although, none of the cultivars was
comparable to TGM 344 in plant height in the second trial, with and without inoculation
TGX 923-26. TGX 1479-1E, TGX 1660-19F and TGX 1740-2F produced plant height
of 32 to 39cm while without inoculation TGX 1019-2EB, M-351, TGX 1448-2E.
TGX 1440-1E and TGX 87D-516 produced plant height greater than 32cm. The shortest
plants were produced by TGX 1485-1D in the two trials, while TGX 1660-15F also
produced the shortest plants without Alectra inoculation. Plants of TGX 1660-15F. TGX
1649-11F and TGX 1681-3F were comparable to the shortest with and without Alectra
in the first trial. The plants of SAMSOY 2 and TGX 536-02D under Alectra infection
and those of TGX 1674-3F and TGX 1636-7F without Alectra were also comparable to
the shortest in the first trial. However, TGX 1660-15F with and without inoculation was
comparable to the shortest plants, while TGX 1649-11F and TGX 1740-7F were only
comparable without inoculation in the second trial.

The highest percentage reduction in plant height by Alecrra was observed with
TGX 87D-516 (32%) and TGX 849-313D (30%) in the first and second trials.
respectively. while the least reduction was observed with TGX 1681-3F. TGX 1636-7F

and TGX 1670-1F in the first trial and TGX 1674-3F and TGX 1670-1F in the second
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Table 11. Reaction of soybean cultivars 10 Alectra in the screen house as shown by plant height per plant. first and
second trials, Samaru, 1995.

Plant height per plant (cm).

Ist trial. 2nd trial.
Cultivars. moculated. uninoculated. moculated uninoculated
TGX 1660-15F 20.7gh’ 21.7f 19.9hi 20.7h
" 1485-1D 18.0h 21.7f 16.61 20.7h
1649-11F 21.5gh 22 8ef 20.8h 22.0h
" 1681-3F 21.8f-h 22.8ef 22.8g 23.5gh
" 1674-3F 27.8bc 29.2¢-f 26.2e-g 26.71g
" 1019-2EB 28.5b-¢ 38.7ab 26.8ef 32.8de
" 1519-1D 30.5bc 32.7b-d 29.5de 31.5de
" 1636-TF 24.5d-g 25.7d-1 ne ne
" 923-2E 28.2b-¢ 37.5a-c 32.5b-d 38.7b
SAMSOY 2 23.5¢-h 31.8b-d 23.2f-h 30.2ef
M-351 27.5¢-f 38.7ab 25.6fg 34 2c-e
TGX 1448-2E 28.4b-¢ 34.2bc 30.5¢cd 33.3de
" 1440-1E 30.0b-d 34.0b-d 31.0cd 33.7de
" 1479-1E 33.5ab 44.0a 32.7b-d 38.8b
" 1670-1F 32.2he 33.2b-d 30.8¢cd 31.7de
" 1449-2D 32.5b¢ 43.2a ne ne
" B7D-516 24.0e-g 35.3bc 25.71g 33.3bc
" 1670-3F 33.2a-¢ 34.5bc 30.1ed 31.0de
" 1660-19F 33.5ab 35.2bc 33.5bc 34.5cd
" 536-02D 23 2e-h 30.2¢c-e 20.5h 26.8fg
T RB49.313D 24.7d-¢ 32.7b-d 22.0gh 31.3de
MALAYAN 38.5a 45.2a ne ne
TGX 1740-TF ne ne 23.3f-h 24.0gh
" 1740-2F ne ne 36.0b 38 3hc
TGM 344 ne ne 39.7a 43.0a
SE+ 1.63 2.41 1.01 1.16

I Means followed by the same letter(s) within a column are not significantly different at 5% level of
probability (DMRT).
ne = Not evaluated in the trial.
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trial (Figures 8 and 9). Alecrra infection also caused high reduction in height (> 15%)
of soybean cultivars TGX 1019-2EB. TGX 923-2E. SAMSQY 2. M-351. TGX 1479-1E,
TGX §7D-516, TGX 536-02D and TGX 849-313D in the two trials as well as

TGX 1485-1D, TGX 1448-2E and MALAYAN in the first trial. The parasitic weed
however caused less than 5% reduction in the heights of cultivars TGX 1660-15F.
TGX 1649-11F, TGX 1681-3F, TGX 1674-3F, TGX 1670-1F, TGX 1670-3F and
TGX 1660-19F in the screen house trials as well as TGX 1636-7F in the first trial and
TGX 1740-2F in the second trial. The other soybean cultivars evaluaied had moderate
percentage reduction in plant height due to Alectra infection.

In the fieid, naturally infested with Alectra, the plant heights varied with varieties
and weeks after sowing across the sites and years (Tables 12, 13 and 14). At 4+ WAS
(Table 12) most of the soybean cultivars except TGX 1440-1E and TGX 1670-1F did not
differ from the tallest plants in the field trials. Plants of soybean cultivars TGX 1440-1E
at site one in ail years and site 2 in 1996 and TGX 1674-3F at site 2 in 1995 produced
the shortest plants. TGX 1670-1F at both sites in all years, TGX 1649-11F at site 2 in
1995, TGX 1674-3F at site 1 in 1995 and 1997 and site 2 in 1996. TGX 1019-2EB at
both sites in 1995 and site 2 in 1996, TGX 923-2E at site 1 in 1997 and site 2 in 1995.
SAMSOY 2 atsite 1 in 1997, TGX 1479-1E at site 2 in 1996 and 1997 and TGX [740-
2F at both sites in 1995 were all comparable to the shortest and significantly shorter than

the tallest plants.
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Table 12. Plant height of soybean cultivars under natural field infestation of Alectra at AWAS, Samaru. 1995,
1996 and 1997 wet seasons

Plant height (cm} at 4WAS'

1995 1995 1996 1996 1997
Cuttivars. Sute | Site 2 Site | Site 2 Site |
TGX 1660-15F 17.8a-c? 16.7a-¢ 17.7a-c 17.3a-d  18.8a-c
" 1485-1D 15.9a-d 16 3a-¢ 17.3a-c 16.2a-d 16.7a-¢
" 1649-11F 15.6a-d 14.7b-¢ 17.3a-c 16.0a-d 16.7a-¢
" 1681-3F 16.7a-d 16.7a-¢ 16.7a-c 16.9a-d 18.0a-d
" 1674-3F 12.8d 12.7e 15.7a-c 14.3bd 14.2de
" 1019-2EB 13.9¢cd 13.3e 18.8a-¢c 13.6¢d 18.1a-c
“1519-1D 19.1ab 18.7a-c 18.9a-c 18.0ab 19.5ab
" 1740-7F 16.0a-d 16.3a-¢ 15.4a-¢c 15.0a-d 16.7a-¢
" 923-2E 15.5a-d 14.7b-¢ 16.0a-c 15.6a-d 16.0b-¢
SAMSOY 2 16.1ad 16.5a-¢ 19.0a-c 15.3a-d 16.0b-¢
M-35] 21.3a 20.4a 19.8a 18.7a 20.0a
TGX 1448-2E 17.2a-d 16.3a-¢ 15.9a-c 15.3a-d 16.2a-¢
B 1440-1E 12.4d 13. 3¢ 14.6¢ 13.3d 14.1e
: 1479-1E 15.7a-d 15 3a-¢ 15.0bc 15.0a-d 15.5¢c-e
5 1670-1F 12.94 13.3¢ 14.7bc 14.3b-d 15.3c-e
" 1740-2F 14.5¢d 13.7de 16.5a-c 15.3a-d 17.0a-¢
" 87D-516 18.9ab 7.7a-d 18.8a-c 17.6a-c 17.2a-¢
1670-3F 17.3a-d 16.7a-¢ 17.3a-c 17.0a-d 16.9a-¢
" 1660-19F 15.5a-d 14.7b-e 16.9a-c 15.6a-d 16.1b-¢
" 536-02D 15.7a-d 16.4a-¢ 16.9a-c 15.3a-d 16.2a-¢
" B49-313D 21.1a 20.3a 19.0ab 18.7a 19.8ab
TGM 344 19.2ab 18.7a-¢ 19.lab 18.7a 20.0a
SE+ [.66 i.18 1.25 {47 .08
MEAN 16.5 15.9 17.1 16.1 17.0
Interaction
Cx'Y NS NS NS NS NS

I WAS = Weeks after sowing.
2 Means followed by the same letterts) within a column are not sigmificantly different at 5% level of
probability (DMRT).
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At 8 WAS (Table 13), plants of TGX 1681-3F, M-351, TGX 87D-516.

TGX 536-02D, TGX 849-313D and TGM 344 were either the tallest or comparable (o
the tallest at both sites in all the field trials. However, TGX 1479-1E at both sites in
1995. TGX 923-2E at site 1 in 1995 and both sites in 1996, and TGX 1660-15F.
TGX 1519-1D, TGX 1740-7F, TGX 1670-3F and TGX 160-19F at site 1 in 1997 were
comparable to the tallest plants. Cultivar SAMSOY 2 produced the shortest plants. while
TGX 1649-11F and TGX 1674-3F at both sites in 1995, TGX 1519-1D at both sites in
1996, TGX 1019-2E at both sites in 1995 and at site 2 in 1996 and TGX 1740-7F at site
1 were comparable to the shortest and significantly shorter than the tallest plants.
Plants of sovbean cultivars TGX 1674-3F, M-351, TGX 87D-516. TGX 336-02D
and TGM 344 were either the tallest or comparable to the tallest at both sites in all field
trials at harvest (Table 14). TGX 923-2E, and TGX [670-3F at both sites in 1995, TGX
1740-2F and TGX 1660-19F at site 1 in 1995, TGX 1019-2E at both sites in 1996 and
at site 1 in 1997 and TGX 849-313D at site 1 in 1996 and 1997 were all comparable to
the tallest at harvest. SAMSOY 2 at both sites in all years as well as TGX 1485 at site
I in 1995 and 1997 and at site 2 in 1995 produced the shortest plants. Plants of soybean
cultivars TGX 1485-1D, TGX 1649-11F, TGX 1681-3F, SAMSOY 2, TGX 1448-2E and
TGX 1670-1F were either the shortest or comparable to the shortest at both sites in all
years of the field trials. TGX 1519-1D and TGX 849-313D at site 1 in 1995,
TGX 1660-15F at site 1 in 1996, TGX 1440-1E at both sites in 1996 and site 1 in 1995
and TGX 1479-1E at both sites in 1995 and site 2 in 1996 and 1997 were comparable to

the shortest and significantly shroter than the tallest plants.
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Table 13. Plant height of soybean cultivars under natural field infestation of Alectra at SWAS, Samaru. 1995,
1996 and 1997 wet seasons. -

Plant height (cm) at §WAS'.

1995 1995 1996 1996 1997
Culuvars. Site 1 Site 2 Site 1 Site 2 Site 1
TGX 1660-15F  46.7a-¢ 46.3de 49.5b-g 47.0c-f  49.3c-e
“ 1485-1D 35.0ef 32.3h 37.3m 33.61 38.0gh
" 1649-11F 41.9¢c-t 38.3f-h 48.9b-g 42.2f-g  45.5¢ef
" 16R1-3F 50.5a-d 49 7a-d 54 la-c 50.0a-d 52.9a-d
© 1674-3F 41.1d-f 39.0f-h 46.8b-h 42.9¢-h  47.3c-f
" 1019-2EB 41.5d-f 38.3f-h 47.3b-g 37.0g-1  47.4c-e
" 1519-1D 46.0a-¢ 44.7d-g 10.0g-i 38.3f1  46.7d-f
" 1740-7F 47 4a-e 46.7c-f 41.5t4 44 Te-g  47.3c-f
" 923.2E 48.7a-¢ 47.3b-¢ 51.3a-f 50.0a-d  50.2cd
SAMSOY 2 31.2f 31.3h 35.21 33.31 35.7h
M-351 50.7a 56.0a 59.5a 54.0a 58.4a
TGX 1448-2E  42.lc-f 38.3f-h 43.3d-1 37.0g-1 40.7f-h
" 1440-1E 42, lc-f 37.0f-h 40.1g-1 38.7f-1  40.9f-h
" 1479-1E 50.7a-d 49 7a-d 46.8b-h 47 3c-¢  50.1cd
" 1670-1F 39 5d-f 38.0gh 42 4e-i 38.0f-t  40.3f-h
: 1740-2F 44 1b-f 38.7f-h 42 de-i 37.0g-1  40.0f-h
" BTD-516 55.5a-¢ 53.3a-c 52.1a-e 51.3a-c 53.5a-<¢
" 1670-3F 46.3a-¢ 46.7c¢-f 45.9¢-h 44.0e-h  45.3ef
" 1660-19F 49 3a-d 48.0b-¢ 45.9¢-h 45.3d-g 46.9de
" 536-02D 53.1a-d 50.0a-d 52.9a-d §50.7a-¢c  52.1a-d
* R49-313D 57 .4ab 54 Oab 56.2ab 53.3ab 56.9ab
TGM 344 51.6a-d 50.0a-d 51.1a-f 50.3a-¢c  52.0a-d
SE+ 3.96 1.92 2.82 1.40 1.84
MEAN 46 4 449 46.8 451 47.7
Interaction
XY NS NS NS NS NS

I WAS = Weceks after sowing
2 Means followed by the same letter(s) within a column are not significantly different at 5% level of
probability (DMRT).
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Table 14. Plant height of soybean cultivars under natural field infestation of Alectra at harvest, Samaru, 1995,
1996 and 1997 wet seasons.

Plant height (cm) at harvest.

1995 1995 1996 1996 1997
Cultivars Site 1 Site 2 Site 1 Site 2 Site 1
TGX 1660-15F  62.9b-¢' 53.3ef 51.4g-1 50.7hi 60.9fg
" [485-1D 43 31 42.01 41.8i 43.09 44.00
" 1649-11F 53.1d-t 47.3g- 55.1f41 46.31) 49.4hi
"  1681-3F 53.2d-f 49.0g-1 56.2e-i 46.91j 49.5hi
" 1674-3F 67 3a-d 76.7ab 72.8a-d 72.9ab 73.8a-d
" 1019-2EB 61.1c-e 56.0d-f 70.9a-¢ 72.9ab 73.4a-d
" 1519-1D 56.1c-f 53.0e-g 68.4b-f 64.7e-g 67.4d-f
" 1740-7F 61.3b-e 63.0cd 66.2c-g 63.31g 66.7d-f
" 923.2E 67.5a-d 71.0ab 68 5b-e 64 3e-g 67.5d-f
SAMSOY 2 43.3f 42.01 41.61 42.0y 44.00
M-351 75.0ab 70.3ab 81.1ab 73.9ab 80.5a
TGX 1448-2E  49.6¢f 45.3hi 49,8l 46.7i) 50.0h1
" 1440-1E 54.7c-f 52.0e-g 55.71-1 47.3y 56.0gh
" 1479-1E 54.8c-f 48 3g-i 56.9¢-1 53.6h 49.2hi
" 1670-1F 48.8ef 46.7g-1 56.2¢e-i 47.3y 49.5hi
" 1740-2F 64.8a-¢ 61.3¢ 63.6d-h 62.0g 64.def
" 87D-516 75.7ab 71 3ab 82.3a 73.6ab 76.9a-c
" 1670-3F 67.0a-d 70.3ab 67.6b-f 66.0d-g 66.8d-f
" 1660-19F 64.94-¢ 62.3¢ 65.1d-g 63.3fg 65.3ef
" 536-02D 70.7a-¢ 70.0ab 83.6a 73.2ab 80.2a
" 849-313D 60.5b-f 57.3de 79.4a-c 70.9b-d 73.4a-d
TGM 344 80.6a 77.3a 85.0a 78.7a 81.7a
SE+ 4.95 2.03 4.17 1.65 2.23
MEAN 60.7 5758 64.4 59.7 63.9
Interaction
CxY NS NS NS NS NS

I Means followed by the same letter(s) within a column and among yearly means are not significantly
different at 5% level of probability (DMRT).
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4.1.8. Number of Days to Physiological Maturity.

The highest number of days to physiological maturity was ob§ewed with TGM
344 in all the field trials at site 1 and at site 2 in 1995 as well as TGX 1448-2E at site
2 in 1995 and 1996 (Table 15). TGX 1670-3F, TGX 1660-19F and TGX 1448-2E in
1995 and 1996 as well as TGX 1440-1E and TGX 1479-1E in 1995 were comparable to
thelhighest in number of days to physiological maturity at sit;s 1. Atsite 2 in 1995 and
1996 and site 1 in 1997 none of the cultivars was comparable to the highest as indicated
earlier. TGX 1674-3F had the least number of days to physiological maturity in all the
field trials. TGX 1485-1D at site 2 in 1995, at both sites in 1996 and site 1 in 1997 and
TGX 1740-7F at both sites in 1996 also had the least number of days to physiological
| rhaturity. Atsite 1 in 1.§95 TGX 1740-2F, TGX 87D-516 also exhibited number ot days
to physioogical maturity comparabe to the least. The other cultivars evaluaied exhibited

intermediate maturity of between 100 to 119 days.

4.1.9. Number of Primary Branches per Plant.

The highest number of primary branches per pant were produced by
TGX 1440-1E in all the years at site 1, TGX 1740-7F and SAMSOY 2 in 1996 and
1997, TGX 923-2E. TGX 1448-2E. TGX 1740-2F and TGX 849-313D in 1996 as well
as at site 2 by TGX 849-313D in 1995 and 1996 (Table 16). Atsite 1, TGX 1660-13.
TGX 1485-1D, TGX 1681-3F, TGX 1674-3F, M-351, TGX 1670-1F, TGX 1670-3F.
TGX 1660-19F and TGX 536-02D in all years, TGX 1519-1D and TGM 344 in 1993

and 1996, TGX 923-2E, TGX 1740-2F, TGX 87D-516 and TG 849-313D in 1995 and
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Table 15. Number of days to physiological maturity of soybean cultivars under natural field infestation of
Alectra. Samaru, 1995, 1996 and 1997 wet seasons.

Number of days to physiological maturity.

1995 1995 1996 1996 1997
Cultivars. Site 1 Site 2 Site 1 Sute 2 Sue |
TGX 1660-15F 102ef’ 100c 101fg 100c 104cd
" 1485-1D 93fg 9ie 901 92d B3
v 1649-11F 104de 10lc 100g 101c 104¢cd
" 1681-3F 106de 103¢ 104¢ 103¢ 108cd
" 1674-3F 92g Ole 90 92d 02t
" 1019-2EB 104de 101¢ 103ef 102¢ 10<4cd
" 1519-1D 104de 101e 104e 103¢ 104cd
" 1740-7F 96¢-2 92de 92i 90d G6er
" 923.2E 117bc 115b 119¢ 120b 120b
SAMSOY 2 104de 102¢ 104e 101¢c 105¢cd
M-351 113cd 115b 116d 118b 117b
TGX 1448-2E 126ab 127a 128ab 130a 1273
" 1440-1E 126ab 126a 126b 126a fgp i
" 1479-1E 126ab I26a 126b 128a 128a
* 1670-1F 102et 101¢ 100g 100¢ 100d
" 1740-2F 96e-2 100¢ 96h 100c 96er
" B7D-516 10le-g 98cd 100g 100¢ 102¢c-e
" 1670-3F 126ab 126a 128ab 128a 128a
" 1660-19F 126ab 1273 12Rab 128a i1X7a
" 536-02D 105de 101¢ [04e 102¢c [04cd
" B49-313D 113cd I 16b 115d 119b 114b
TGM 344 127a 127a 129a 129a 130a
SE+ 2.64 1.67 .70 1.51 1.83
MEAN 109 108 109 110 111
Interaction
Cx¥Y NS NS NS NS NS

1 Means followed by the same letier(s) within a column are not significantly different at 3 level

of probability (DMRT}.
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Table 16. Number of branches per plant under natural field infestation of Afecrra. Samaru, 1995, 1996 and
1997 wel seasons.

Number of branches per plant.

1995 1965 1996 1996 1997
Cultivars. Site 1 Site 2 Site 1 Site 2 Site 1
TGX 1660-15F 5.3ab’ 4.3d 6.0ab 5.0b-e 6.7a-c
" 1485-ID 5.7ab 5.0cd 6.3ab 5.0b-e §.3a<¢
" 1649-11F 5.0b 4.7d 6.0ab 4 3cd 7.0a-c
" 1681-1F &.0ab 6.0cd 6.0ab 5.0b-e 7.3a-¢
" 1674-3F 5.3ab 5.0cd 6.0ab 4 Te-e 6.3a-¢c
" 1019-2EB 5.3ab 4.7d 3.7b 4, 7c-e 4.7¢c
" 1519-1D 5.7ab 5.0cd 5.0ab 4. 7c-e 5.0bc
" 1740-7F 7.7ab 6.7ad 8.3a 6.3a-d 9.0a
" 9232 8.7ab ?.3a-c 7.7a &.0a-¢ 8.3ab
SAMSOY 2 7.0ah 6.0cd 1.7a 5.3a-¢ 5.0a
M-351 6.7ab 6.0cd 6.3ab 5.7a-¢ 5.7a-c
TGX [448-2E 7.7ab 7.4a-¢ 8.7a 6.7a-c B.0a-c
" 1440-LE 10.0a 8.7ab 8.7 7.0ab g.7a
" 1479-1E 50h 4.3d 5.3ab 4 0e 4.7¢c
" 1670-1F 8.0ab 7.3a-c 7.3ab 6.3a-d 8.0a-¢c
" 1740-2F 8. 3ab 7.3a-¢ 7.7a 6.7a-c 7.0a-¢
" 87D-516 8.3ab 5. 3cd 37b 4 Jce 6.0a-¢
“ 1670-3F 5.3ab 6.3b-d 7.3ab 5.0b-¢ 7.7a-c
" 1660-19F 7.3ab 5.3cd 6.0ab 5.0b-¢ 6.3a-¢
" 536-02D 5.7ab 6.0cd 6.0ab 5.0b-e 6.0a-¢
849-313D 6,3ub 2.0a 8.0a 7.3a 7.3a-c
TGM 344 9 3ab 6.0cd 5.7ab 5.3a-e 4.7c
SE+ 1.39 .72 1.14 0.59 0.98
MEAN 6.7 6.1a 6.5 5.4b 6.8
Interaction
CxYyY NS NS NS NS NS

1 Means followed by 1he same letter(s) within a column and between yearly means are not

significantly different at 5% level of probability (DMRT).
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1997, TGX 1649-11F in 1996 and 1997 and TGX 1019-2E, TGX 1740-7F,

SAMSOY 2 and TGX 1448-2E in 1995 as well as TGX 1740-7F, T_GX 923-2E. TGX
1448-2E, TGX 1440-1E, TGX 1670-1F and TGX 1740-2F in 1995 and 1996 and
SAMSOY 2, M-351 and TGM 344 in 1996 produced number of branches comparable
to the appropriate maximum. At both sites, TGX 1649-11F and TGX 1479-1E in 1995
and TGX 1019-2EB and TGX 87D-516 in 1996 produced the least number of branches.
however, at site 1 in 1997, TGX 1019-2EB, TGX 1519-1D, TGX 1479-1E and TGM
344 produced the least number of branches. The other soybean cultivars evaluated were
intermediate in the number of branches produced.
4.1.10. Number of Pods per Plant.

Number of pods only differed significantly among the cultivars in 1995 and 1996
(Table 17). In the two years. TGX 1440-1E at both sites and TGX 1448-2E ar site 2
produced the highest number of pods per plant. At site 1, cultivars, TGX 1660-15F.
TGX 1448-2E and TGX 1660-19 in 1995 and 1996, TGX 1019-2EB, TGX 1740-2F and
TGX 923-2E in 1995 and TGX 536-02D and TGX 849-313D in 1996, produced number
of pods comparable to the highest and significantly higher than the least. The culuvars
that produced number of pods in excess of the mean were TGX 1660-15F, TGX 1485-
1D, TGX 1649-11F, TGX 1019-2EB, TGX 1740-7F, TGX 923-2E, TGX 1448-2E,
TGX 1440-1E, TGX 1740-2F, TGX 1670-3F and TGX 1660-19F in 1995 and 1996 as
well as TGX 1670-1F, TGX 536-02D, TGX 849-313D and TGM 344 in 1996
SAMSOY 2 at both sites in 1995 and at site 2 in 1996, TGX 1681-3F and TGX 1674-3F

at both sites i 1996, TGX 87D-516 at site 1 in 1995 and TGX 1519-1D and M-351 at
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Table 17. Number of pods per plant of soybean cultivars under natural field infestation of Alecira, Samaru,
1995, 1996 and 1997 wet seasons.

Number of pods per plant.

1995 1995 1996 1996 1997
Cultivars, Site 1 Site 2 Site 1 Site 2 Site |
TGX 1660-15F 54.0a-c' 51.3bc 75.7ab 54.7b 63.0
" 1485-1D 48.0bc 47.0b-t 53.7b-d 50.0bc 53.0
" 1649-11F 48.3bc 48.0b-e 50.3cd 50.0bc 44.7
" 1681-3F 43.0bc 40.3gh 34.3e 41.3e 44.0
" 1674-3F 44.0bc 41.7f-h 34.3e 41.0e 45.0
" 1019-2EB 52.7a-c 47.3b-f 50.7c-¢ 50.0bc 48.0
" 1519-1D 42.0b¢ 40.3gh 42 T7de 40.0e 44.7
" 1740-7F 52.7a<¢ 51.0bc 49.3¢c-e 50.0bc 453
" 923.2E 53.0a-c 51.7b 55.0b-¢ 49.7bc 46.0
SAMSOY 2 33.0¢ 39.3h 51.7b-¢ 40.0¢ 56.0
M-351 46.0bc 44.7d-h 47.0c-e 42.7e 56.3
TGX 1448-2E 66.7ab 58.7a 67.0a-d 55.7a 61.3
" 1440-1E 77.3a 60.7a 83.0a 60.7a 61.0
" 1479-1E 40.3bc 40.0gh 47.7c-¢ 44.0de 49.3
" 1670-1F 45.3bc 41.7f-h 56.7b-¢ 50.3bc 47.0
" 1740-2F 50.3b¢ 48.7b-d 48.0c-¢ 50.0be 54.0
" 87D-516 35.3c 40.0gh 47.7¢c-e 44.3de 45.7
" 1670-3F 46.0bc 50.0b-d 52.3b-e 51.0be 47.3
" 1660-19F 66.7ab 49 3b-d 69.3a-c 52.3bc 63.0
" 536-02D 49 0bc 46 3b-f 60.7a-d 50.3bc 52.3
" B849-313D 49 5h¢ 45,.3¢c-8 61.3ad 48.7cd 54.3
TGM 344 45.7bc 42 3e-g 52.3b-¢ 49 0cd 50.0
SE+ 7.68 .65 7.04 1.49 5.54
MEAN 49.5 46.6 54.1 48.1 51.9
Interaction
CxY NS NS NS NS NS

1 Means followed by the same letter(s) within a column are not significantly different at 5% level
of probability (DMRT).
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site 2 in 1996 produced the least number of pods. The other soybean cultivars evaluated

were intermediate in the number of pods produced.

4.1.11. 100 - Seed Weight.

At site 1, the highest 100-seed weight was produced in 1996 (Table 18). Soybean
cultivars, TGX 87D-516 at both sites in 1995. TGX 1485-1D at site 1 in 1996 and 1997
as well as SAMSOQY 2 at site 2 in 1996 produced the highest 100-seed weight.

TGX 1674-3F at both sites in all years, SAMSOQY 2 at both sites in all years except at
site 2 in 1996. TGX 1448-2E, TGX 1479-1E, TGX 1670-1F and TGX 1670-3F at both
sttes in 1996 and at site 1 in 1997, TGX 1440-1E and TGX 87D-516 at both sites in
1996, TGX 1740-2F at both sites in 1995 and at site 1 in 1997 as well as TGX 1485-1D
and TGX 1740-7F at site 2 in 1996 produced 100-seed weight comparable to the highest
and significantly higher than the least. In contrast, the least 100-seed weight was
produced by TGX 1740-7F and TGX 923-2E at bath sites in 1995 and by TGX 923-2E
at site 1 in 1997, TGX 1681-3F at site 1 in 1996 and site 2 in 1995, TGX 1660-15F. M-
351 and TGX 1660-19F at site 2 in 1995 as well as TGX 1660-19F and TGM 344 at site

2 in 1996. Soybean cutivars, TGX $36-02D and TGX 849-313D at both sites in all

|
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Table 18 Seed size of soybean cultivars under nawral field infestaton of Alectra. Samaru, 1995, 1996 and 1997 wet

seaNOns
100-seed weight (g).
1995 1995 1996 1996 1997
Culuvars. Site | Site 2 Site 1 Site 2 Site 1
TGX 1660-15F 9.5d-t' 8.0d 11.7de 9.2d 11.1b-g
" 1485-1D 11.5b-d 10.3b-d 14.3a 11.5a-c 14.1a
" 1649-11F 10.2de 10.0b-d 11.8¢c-¢ 10.4b-d 10.9b-g
" 1681-3F 10.3¢c-e 9.0cd 11.0e 10.0cd 10.6e-g
" 1674-3F 12.3a-c 11.0a-c 12.5a-¢ 11.5a¢ 12.2a-e
" 1019-2EB 9..9de 8.0d 11.7de 10.3cd 10.8¢c-g
" 158D 10).5¢c-¢ 10.0b-¢ 11.3de 10.0Gcd 10.21g
" 1740-7F 7.91 8.0d 12.0b-¢ 11.0a-c 10.9b-g
T 9232 8.0 8.3d 11.5de 10.3cd 9.8g
SAMSOY 2 12.5a-¢ 10.8a-¢ 13.7a-¢c 12.3a 12.8ab
M-351 8. 5¢et %.0d 11.7de 10.0cd 11.40b-g
TGX 1448-2E 10.9b¢ 10.3b-d 13.8ab 11.3a-¢ 12.3a-¢
" 1440-1E 10.5¢-¢ 9. 3e¢d 13.2ad 11.0a-c 11.9b-f
" 1479-1E 10.3¢c-¢ 9.0cd 12.7a-¢ 11.0a-c 12.5a-d
" 1670-1F 11.3b-d 10.3b-d 12.8a-¢ 12.0ab 12.7a-c
" 1740-2F i2.9ab 11.7ab 12.3b-¢ 10.0cd 12.3a-¢
" B87D-516 13.9a 13.0a 12.5a-¢ 11.0a-¢c 11.8b-f
" 1670-3F 9.8d-r 10.0b-d 12.5a-¢ 12.0ab 12.2a-¢
" 1660-19F 8.7ef 8.0d 12.3b-¢ 10.6b-d 11.9b-f
" 536-02D 9.0ef 10.0b-d 11.8c-¢ 10.0cd 11.1b-g
" 849-313D 9.0el 9. Ued 11.5de 10.0cd 11.5b-g
TGM 344 8.5¢ef 9.0cd 10.7e 9.0d 10.4e-g
SE+ (.57 (.66 (.54 0.47 0.54
MEAN 10.2¢ 9.6h 12.2a 10.7a 11.6b
Interaction
CxY NS NS NS NS NS

| Means followed by the same letter(s) within a column are not significantly different at 3% level
probabiliy (DMRT)
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years, TGX 1649-11F and TGX 1681-3F at site 1 in 1996 and 1997 and at site 2 in both

years, TGX 1660-15F at site 1 and in all years, M-351 and TGX 1660-19F at site 1 in
all the years and at site 2 in 1996, TGX 1019-2EB and TGX 1519-1D at site 1 in 1997
and site 2 in both years, TGX 923-2E and TGX 1740-2F at both sites in 1996,

TGX 1479-1E and TGX 1670-1F at site 2 in 1995, TGX 1670-3F at site 1 in 1995 as

well as TGX 1440-1E at site 2 in 1996 produced 100-seed weight comparable to the feast

and significantly lower than the highest.

4.1.12. Seed Yield.

At site 1, the highest seed yield was produced in 1997 (Table 19). Soybean
cultivars, TGX 1660-15F at both sites in 1995, SAMSOY 2 at both sites in 1996 and at
site 1 in 1995, TGX 1670-3F at site 1 in 1997 and site 2 in 1995 as well as
TGX 1649-11F. TGX 1681-3F, TGX 1674-3F, TGX 1670-1F and TGX 1740-2F at site
2 in 1995, produced the highest seed yield. TGX 1649-11F at both sites in 1995 and
1996, TGX 1674-3F and TGX 1670-1F at site 1 in all years and at site 2 in 1996, TGX
1681-3F, TGX 1740-7F, TGX 1740-2F and TGX 1670-3F at site 1 in 1995 and 1996 and
at site 2 in 1996, TGX 1660-15F, TGX 1660-19F and TGX 536-02D at both sites in
1996, SAMSOY 2 at site 1 in 1995 and 1997, TGX 1449-1E at site 1 in 1996 and 1997.
TGX 1485-1D and TGX 1448-2E at site 1 in 1996 as well as TGX 1479 at site 2 in
1996, produced seed yield comparabe to the highest. In contrast, the least seed yield was

produced by M-351 at site [ in 1995 and 1996, TGM 344 at site 1 in 1997 and at
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Table 19. Seed vield of sovbean cultivars under natural field infestation of Alectra, Samaru, 1995, 1996
and 1997 wer seasons.

Seed vield (kg/hai.

Cultivars. 1995 1995 1996 1996 1997
Sue | Sue 2 Site | Site 2 Site |
TGX 1660-15F 18894 1979a 1347a-¢ 1333a-f 1844b-¢
" 1485-1D 1467h-¢ [RRRE S 1253a-e 1027f-h 1533d-f
" 1649-11F 1778a-c 2296a 1233a-e 1620ab 1822b-¢
" 1681-3F 1783a-¢c 1949a 1533a-¢ 1527a-d 1789b-f
" 1674-3F 1800ab 1956a 1547a-¢ 1540a-d 1955a-d
" 1019-2EB 911f-h 963g-1 1033de 813h 13331g
" 1519-1D 1378¢-¢ 1185e-h 1133b-¢ 1240¢-f 1533d-f
" 1740-TF 1833ab 1444b-1 1633a-c 1413a-¢ 1600d-f
" 923.2E 1467b-¢ 1333d-f 1453a-¢ 1213d-g 1800b-¢
SAMSOY 2 1666a-d 1964a 1787a 1673a 1978a-d
M-351 615h U6H3g-1 087e 1093e-h 1444e-g
TGX 144R8-2F 1200e1 1407b-f 1240a-¢ 1307h-f 1444e-2
" 1440-1E 1289d-f 1296d-¢ 1320a-¢ 1267c-f 2089a-¢
" 1479-1E 1222et 1256d-h 1200b-¢ 1347a-f 1442¢-g
" 1670-1F 1800ab 1944a 1547a-¢ 1493a-d 2199ab
" 1740-2F 1778a-c 1949a 1667ab 1467a-d 1600d-t
" B7D-516 9361-h 8321 1040de 1013f-h 1466e-g
" 1670-3F 1667a-d 1956a 1560a-d 1567a-c 2311a
" 1660-19F I1lle-g 1259d-g 1587a-d 1613ab 1633¢-f
" 536-02D 1378¢c-¢ [44dc-f 1280a-¢ 1453a-d 1778b-f
* 849-313D 9331-h 926hi 1093¢c-¢ 880gh 1022¢g
TGM 344 778gh 8151 1027de 1080e-h 1022g
SE+ 119.09 104,80 163.43 98.86 131.75
MEAN 1395b 1352 1341b 1317 1665a
Interaction
EXY NS NS NS NS NS

I Means followed by the same letter(s) within a column are not significantly different at 5% level
of probability (DMRT).
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site 2 in 1995, TGX 849-313D at site 1 in 1997 as well as at site 2 by TGX 87D-516 in

1995 and TGX 1019-2EB in 1996. Soybean cultivars, TGX 1485-1D at site 2 in both
years, TGX 1019-2EB at site 1 in all years and at site 2 in 1995, TGX 1519-1D at site
1 in 1996, M-351 at site 1 in 1997 and at site 2 in both years TGX 1448-2E at site 1 in
1997, TGX 1479-1E at site 1 in 1996 and 1997 and at site 2 in 1995, TGX 87D-516 at
site 1 in all years and at site 2 in 1996, TGX 849-313D at both sites in 1995 and 1596
as well as TGM 344 at site 1 in 1995 and 1996 as well as at site 2 in 1996 produced seed

yield comparable to the least.

4.1.13. Correlation.

In the first and second screen-house trials, associdtion between crop and Alectra
parameter and among various parameters are presented in correlation matrices in Tables
20 and 21, respectively. In the two screen house trials, emerged, unemerged and total
Alectra shoots as well as crop syndrome reaction score in the second trial (Table 21)
were negatively correlated to soybean shoot dry weight (r=-0.60, -0.46, -0.61. and -
0.39, respectively). Number of days to first Alectra emergence and number of nodules
per plant were positively correlated with shoot dry weight (r=0.40, 0.64, respectively).
Percentage reduction in crop parameters were positively correlated with crop reaction
score and Alectra emergence in the two trials. Alecrra parameters except number of days
to Alectra emergence were positively correlated with each other.

In the field, Alectra emergence at 9 and 10 WAS were negatively correlated with

100-seed weight and seed yield of soybean at both sites in all years (Tables 22 to 26).
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Table 20. Correlation coefficient between Alectra and crop parameters, first sereen house trial, Samaru, 1995

| 2 3 4 5 6 7 8 9 10 It 12
1 1.00
2 (.58** 1.00
3 0.96**  0.79** .0
4 0.68%* 0.31* 0.62%+ 1.00
5 .46%*  -0.37%*  -0.48** ). .38** 1.00
6 (1,29~ .19 {).28* 0.23 .41 1.00
7 O41%*  0.45%* 0.47++ 0.42%% .38+ 0.16 .00
8 0.65** 0.72** 0.75** 0.58** .0.27* -0.26* 0.65**  1.00
9 0.48**  -0.41** D.51** .0.22 0.12 -0.07 0.29* 0.51** 1.00
10 0.64**  0.62** 0.70** 0.57** .0.28* -0.24 -0.53**  0.79**  -0.55** 1.0
11 -0.09 0.02 -0.06 0.21 0.06 0.47** 0.21 0.04 0.19 0.12 1.00
12 0.67**  0.75** 0.77** 0.51** -0.28* -0.26* 0.65%*  D.92**  .0.55%*« 0.8)* -0.08 1.00

* significant at 5% level of probability (r= 0.26). ** significant at 1 % level of probability (r=0.34).

SN A e e B =

= No. of emerged Alectra at lOWAS.
unemerged
= Total No of Alectra a1 I0WAS.

= Crop syndrome reaction score

= No of days to Ist Alectra emergence.
. = No of days to 1st crop flowering.

7. = No. of nodules/plant.
8. = % reduction in number of nodules/plant.
9. = Shoot dry weight/plant.

10. = % reduction in shoot dry weight/plant.
11, = Plant height/plant.

2. = % reduction in plant height/plant.

™
I
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Table 21. Correlation cocflicient between Alecrra and crop paramewers, sccond sereen house trial, Samaru, 1995,

1 2 3 4 5 ) 7 ] 9 10 11 12
l 1.00
2 0.59** .00
3 0.99%*  (.68** 1.00
4 0.71**  0.70%f .74+ i.00
5 0494+ (0.55%%  0.52%*  D.56% 1.00
6 N.31* ). 27 0.32% 0.31**  0.15 1.00
7 .69 067 0.T72*F 075 Q.62% (.q4% 1.00
8 0.83** 078+  0.87**  0.B3**  -0.59%* 037 .085** .00
o 0.60%*  -0.46%*  -0.61%%  -0.59% 040+ 0.18 0.64+* 0.63**  1.00
0] 0.79%* (. 74%*  ( R3**  (.B4**  0.62%r {129+ 0794+ 0,94+ 0.66%F .00
11 0.27* -0.20 -).28* 0.15 0.18 0.67%*  0.32% -0.29* G.12 -0.16 1.060
i2 0.85%F Q.68+  (.87++  (Q.77¥*  -0.57F 0 37*¥ 0T7HF D 9FHx

-0.56%*  0.8B6%* -0.24 1.00

* significant at 5% level of probability (r= 0.26). ** significam at [ % level of probability (r=0.34).

= No. of emerged Alectra at 10WAS.

n

= unemerged

= Total No of Alectra a1 10WAS,

= No of days 10 st Alecira emetgence.
. = No of days to Ist crop flowering.

1
2
3
4 = Crop syndrome reaclion score
5
6

QT ~d
I

o
I

i

if

fi

No. of nadules/plant.

% reduction in number of nodules/plant.

Shoot dry weight/plam.

% reduction in shoet dry weight/plant.
Plant height/plant.

% reduction in plant height/plam.
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Table 22. Correlation coefficients between Alectra and crop parameters field trial at site 1, Samaru. 1995 wet

seasun.
1 2 3 4 5 6 7 8 9 1o
1 1.60
2 .31 100
3 -0.31%  (.G9w 1.0
4 -0.10 . 42%* .42 .00
5 0.31* AL13 -0.13 -0.28 1.00
6 0.21 -0.17 ). 18 -0.02 0.65** 1.00
7 0.11 -0.11 -0.09 - 15 0.28 0.09 .00
g 0.11 -0.20 318 -0.08 0.04 0.04 0.47* 1,00
9 .15 0.40%* 031 006 0.41*% 020%* 027 -0.14 1.00
10 0.21 -0.34* -0.36* -0.42%x 039> 0.33% 0.31* 0.41**  0.48** 1.00
* significant at $% ievel of probability (r=0.29),
™ gignificant at 1% leve! of probability (r=0.38)
1. Plant height/plant at harvest. 8. No. of pods/plant.
2. Number of clerged Alectra YWAS, 9. 100G-seed weight (g).
N " 10WAS, 10. Seed yield (kg/ha).
4. days o 1st Alecira emergence.
3" Crop flowering.

6. Number of days to

7. branches/plant

L] "

physiological maturity
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Table 23 Correlution coetficients between Alectrg and crop parameters field trial ar site 1. Samaru, 1996 wet

ModsM
1 = 3 4 5 6 7 8 9 10
1 o0
2 0.3~ 1 00
3 .30 099 LoD
4 030 0.534* .32+ 1.00
5 0.28 .19 A).17 .24 1.00

0.26 419 {119 -0.13 0.70**  1.00
0.13 4. 17 .13 0.13 15 0.17 1.00
0.08 16 013 .01 032 0.19 0D.41%* 100

B e < on

0467~ 029 040 010 0.29* 0.17 (.03 -0.12 1.00
10 043 035 034" -0.32* 0.30%  0.20 0.37**  0.38** 0.45** 1.00

* significant at 5% level of probability (r=0.29).
** sigmiicant at 1'% level of probability (r=0.38).

. Plant heighu plant at harvest. 8. No. of pods/plant.
. Number of emerged Alecnu 9WAS, 9. 100-seed weight ().
A T IOWAS 10. Seed yield (kg/ha).

davs w Ist Alecrra emergence.

. Crop lowermg,

. Number of day s o physiological matarny
7. " branches/ plant

" -

e e
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Table 24, Correlation coefficients between Alectra and crop parameters field trial ar site 1, Samaru, 1997 wet

sedason.
I 2 3 4 5 6 7 B 9 o
I 1.00
2 .30 1.00
3 Q.28 () 9gn- .00
4 -0.24 0.40%» Qud** 1.00
5 0.25 0.1 .12 -0.10 1.00
6 0.22 .13 -0.05 -0.04 0.64** .00
7 0.36 -0.20 021 -0.11 0.13 0.07 1.00
8 0.08 -0.10 -0.07 -0.10 0.12 0.10 0.46** 1.00
9 0.13 -0.35%*  -0,29% -0.14 0.29* 016 0.06 -0.14 1.00
10 0.42%*%  0.535%* .34 -0.36*  031% 0.28* 0.36**  (.44**  0.49*+ 1.00
* gigniticant at §% level of probability (r=0.29),
** signficant at 1% level of probability (r=0.38).
1. Plant heighi/plans at harvest. 8. No. of pods/plant.
2. Number of emerged Alectra SWAS. Q. 100-seed weight (g).
o " 1OWAS. 10. Sced yield (kg/ha).
4. " " daysw st Alecira emergence.
5. " " " Crop flowering.
&. Number of days to physiological maturity
7 branches/plant
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Table 25. Correlation coefficients between Alectra and crop parameters field trial at site 2, Samaru, 1995 wet

Season

1 2 3 R S 6 7 8 9 10
1 1.00
2 .29 1.0
3 030 099 L0
RS -0.22 0.28* 0.28* 1.00
5 032+ 016 015 0.24 1.00
6 020 0.06 005 -0.01 0.69** 1.00
7 0.09 -0.07 .06 -0.15 0.32* 0.27 1.00
8 010 0.20 -0.19 0.17 0.07 0.22 0.30* 1.00
9 0.07 -0.28* -0.28* -0.14 0.28* 0.20 0.11 0.11 1.00

10 0.35* -).28*  -(.28* -0.39*+  0.28* 0.26 0.29*+ 0.34*%+  0.37=* 1.00

* sigmificant at 5% level of probability (r=0.29).
*= significant at 1% level of probability (r=0.38).

. Plant height/plant at harvest 8. No. of pods/plant,

- Number of emerged Alecrra YWAS. 9. 100-seed weight (g).
oo o T IOWAS 10. Seed yvield (kg/ha).
days w Ist Alecira emergence.

: Crop flowering.

. Number of days tw physiological maturity

“ " branches/plam

=~ O B Lt —
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Table 26. Correlation coefticients between Alectra and crop parameters field trial at site 2, Samaru, 1996 wet

S£480N
: 3 3 4 5 s 7 g 9 10
[ 1.00
2 041" 100
3 030% 099%™ 100
a4 033 032% 031 10D
S 025 02 021 001 100
6 D.17 -0.13 -0.22 0.06 Q.40*+ 1.00
7 0.06 0.17 .18 .05 008 0.09 {.00
8 0.1 004 003 006 0.9 045 039 100
9 048 034+ 033 023 030 030+ 00l 010 100

100 0.38%* -0.36¢ -0.36* 0.51*+ 039 0306+ 031* 035 042* 100

* significant at 5% level of probability (r=0.29),
** significant at 1% level of probability {r=0.38).

L. Plant height/plant at harvest. 8. No. of pods/plant.
2. Number of emerged Alectu 9WAS, 9. 100-seed weight (g).
E N " " 1I0WAS. 10, Seed yield (kg/ha).
4. " 7 davs o Lst Alecrrd emergence.

5. " " " Crop flowering.

6. Number of dayvs w physiological mamrity

7.% " branches/plam
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Number of davs tw tirst Alectra emergence was positively correlated to Alecrra
emergence in all tield ials. Number of days to crop flowering was pogilively correlated
with number of days 1o physiological maturity., number of branches per plant was
positively correlated with number of pods and seed vield of soybean. Also number of
pods per plant and 100-seed weight were positively correlated with seed yield of soybean
in all field trials.

The path diagram showing interrelations of seed yield (kg/ha) and some crop
parameters at site | during 1995-1997 is presented in Figure 10. The direct. indirect and
total contributions of some crop parameters on soybean seed yield is presented in Table
27 Out of the wtal contribution of 0.351 by plant height to seed vield. 0.225 was
directly contributed. while the indirect contributions via number of branches and number
of pods and 100-seed weight were 0.008. 0.040 and 0.078, respectively. Of the total
contribution of 0.350 by number of branches to seed yield. the direct contribution was
0.025 while the indirect contributions via number of pods. plant height and 100-seed
weight were 0.199. 0.067 and 0.059. respectively. Number of pods per plant contributed
a totaf of 0.815 1o seed vield with 0.442 as direct and 0.342. 0.20 and 0.011 as indirect
contributions. via 100-seed weight. plant height and number of branches. respectively
Out of a total of 0.836 by 100-seed weight, the direct contribution was 0.489. while the
indirect contributions via number of pods and branches and plant height were 0.300.

0.003 and 0.036. respectively.



88

Plant height ~ + 3

o 030
9 ‘ Number of e 149
s __‘\l_g";i"\,.f‘”'iiranchcgplam ’ =
- @ 2 i 5 s
Seed Y a5 1y . i~
- “Number of pods : o 1oy 20032

v vield

P = U.-JXNS i
\ .bf T 0710
N ~100-Seed vield il

\Rcsidual factors

Fig. 10. Path diagram showing interrelations of seed vield (ke'hai and some soybean
parameters under nztural field Afectra inteststion during 1f e [HOZ10GT yw
seasons (combined analysis) at Samaru,
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Table 27. The direct. indirect and total contributions of some crop parameters (o seed
vield of sovbean during the 1995 - 1997 wet seasons (Combined analysis) under
Alecrra miestauion at Samaru.

Crop parameters Contribution

Plant height per plant and seed vield.

Direct contibution of plant height 0.225
Indivect contribution via number of branches 0.008
per piant 0.040
Indirect contribution via a number of pod per  0.078
plant 0.351

Indirect contribution via 100-seed weight
Total contribution (Direct and Indirect)

Number of branches per plant and seed

yield.

Direct contibution of number of branches per  0.025
plant 0.067
Indirect contribution via plant height 0.199
Indirect contribution via number of pod per 0.059
plant 0.350

Indirect contribution via 100-seed weight
Total contribution ( Direct and Indirect)

Number of pods per plant and seed vield.

Direct contibution of number of pods per 0.442
plant 0.020
Indirect contribution via plant height 0.011
Indirect contribution via number of branches 0.342
per plant 0.815

Indirect contribution via 100-seed weight
Total contnibution « Direct and Indirect)

100-seed weight and seed vield.

Direct contibution of 100-seed weight 0.489
Indirect contribution via plant height 0.036
Indirect contribution via number of branches 0.003
per plant 0.309
[ndirect contribution via number of pods 0.839

Total contribution (Direct and Indirect)
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The percentage contribution by individual factors as well as combinations of the
factors to seed yield (Table 28), revealed that 100-seed weight anq number of pods
contributed 23.86 and 19.53%, respectively to seed yield, while contributions by other
factors were small (0.06-5.04%). The highest contribution was made by number of pods
table 27 in combination with 100-seed weight (30.22%), while contribution by the other
combinations was low (0.29-3.51%). The remaning unaccounted residual effects was

14.36%.

4.2. Mechanism of Resistance.
4.2.1. Stimulation of Germination of Alectra Seeds.

The percentage of germination of Alectra seeds induced by soybean cultivars,
cowpea varieties and levels of abscisic acid indicated remarkable significance (Appendix
15 and 16).

In the first trial (Table 29), in all the crop growth stages, significant differences
among soybean cultivars were recorded in the stimulation of Alecira seed germination
(Table 29). Similarly, the germination of Alectra seeds was observed to improve with
the stage of crop growth used for Alectra seed germination. Soybean cultivars. TGX
1019-2EB, SAMSOY 2 and TGX 87D-516 scimulated high germination of Alecrra seeds
at all the stages of crop growth comparable to the highest with the cowpea control,
TVX 3236. The cowpea variety, TVX 3236, that was used as the control stimulated
lower Alectra seed germination than TGX 1674-3F, TGX 1019-2EB, SAMSOY 2, M-351

and TGX 87D-516 when 28 day-old plants were used although the differences were not
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Table 28. The percentage contribution of some crop parameters to soybean seed
vield during 1995-1997 wet seasons (Combined analysis) under Alectra

infestation at Samaru.

Crop Parameters

Contributions (%)

Individual Factors

Plant herght
Number of branches
Number of pods
100-seed weight

Combined Factors.

Plant height and number of branches
Plant height and number of pods

Plant height and 100-seed weight
Number of branches and number of pods
Number of branches and 100-seed weight
Number of pods and 100-seed weight
Residual effect

Total

5.03

0.06

19.53
23.86

0.34
1.79
3.51
1.00
0.29
30.22
14.36

100.00
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Table 29. Germination percentage of Alectra Vogelit seeds induced by soybean cuitivars ar (4.
21 and 28 days after sowimg. Samaru. 1997.

Days after sowing.

Cultivars. 14 2] 28

TGX 1660-15F 13.2bc! 51.0ab 81.0cd

" 1485-1D 19.0bc 25.0ab 51.0d

" 1649-11F 0.0¢ 2.7b 10.0d
1681-3F 14.0be 51.3ab £6.0cd

" 1674-3F 19.3b¢ 68.7ab 113.0b-d

" 1019-2EB 38.0ab 60.0ab 233.0ad

" 1519-1D 4 Cc 10.0b 16.0d

" 1740-7F 6.0c 7.0b 5.0d

" 923-2E 12.7b¢ 49 3ab 73.0cd
SAMSOY 2 44 7ab 38.3ab 267 .0a-c
M-35] 16 7he 24 3ab 140.0b-d

TGX 1448-2E £3.0bc 33 .0ab 41.0d

" 1440-1E 6.7¢ 18.0b 60.0cd
1479-1E 10.0hc 20.0ab 69 .0cd

' }670-1F 0.0c 0.0b 24 .0d

" 1740-2F 5.7he 40.0ab 73.0cd

* 87D-516 35.0ab 65.0ab 300.0ab

' 1670-3F 0.0c 4.3b 14.0d

" 1660-19F 0.0c 0.0b 37.0d

" §36-02D 16.7bc 28.7ab 20.0d

" 849-313D 20.0bc 15.3b 367.0a

TGM 344 22 0be 61.0ab 93.0b-d
Control TVX 3236 100.0a t30.0a 100.0b-d
SE+ 11.64 23.37 71.64

| Means followed by the same letter(s) within a column are not significantly different ac
3% level of probability (DMRT).
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significant. At all stages of crop growth, soybean cultivars, TGX 1649-11F,

TGX 1519-1D, TGX 1740-7F. TGX 1448-2E. TGX 1440-1E. TGX 1670-1F. TGX
1670-3F and TGX 1660-19F, stimulated significantly lower Alectra seed germination than
the highest with the TVX 3236 control at 14 and 21 DAS and TGX 849-313D at 28
DAS. The indicated soybean cultivars which stimulated low Alectra seed germination
were the only cultivars with TGX 849-313D which stimulated low germination when 21
day-old plants were used. Using 14 day-old plants, most soybean cultivars stimulated
lower Alectra seed germination than the TVX 3236 control. Soybean cultivars, TGX
1649-11F, TGX 1670-1F, TGX 1670-3F and TGX 1660-19F did not stimulate Alecrra
seed germination, while most cultivars except TGX 1019-2EB. SAMSOY 2 and
TGX 87D-516 were comparable. Cultivar. TGX 849-313D stimulated the highest
Alecrra seed germination, while SAMSOY 2, TGX 87D-516 and TGX 1019-2EB were
comparable when the roots of 28 day-old plants were used for Alecrra seed germination
stimulation. All the other cultivars including TGX 1019-2EB were comparable to the
least obtained with TGX 1740-7F in Alectra seed germination stimulation.

In the second trial, when roots of 21 day-old plants were used soybean cultivars.
TGX 1485-1D stimulated the highest Alectra seed germination (Table 30). The sovbean
cultivars, TGX 1440-1E, TGX 1019-2EB and SAMSOY 2 as well as abscisic acid (ABA)
at 100 and 200 ppms stimulated high Alectra seed germination, although the differences
were not significant.  SAMSOY 2 stimulated the highest germination of Alecrra seeds
when 28 day-old plants were used. Only cowpea variety SAMPEA-7 stimulated

comparable Alectra seed germination to SAMSOY 2. The other soybean cultivars and
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Table 30. Germination percentage of Alectra vogelii seeds induced by soybean cultivars. cowpea
varienes and concentrations of ABA at 21 and 28 days after sowing. Samaru. 1998

Days after sowing

Cultivars
21 28
TGX 1681-3F Oc¢' 32b
" 1740-2F 9be 44b
" 1440-1E 157a-c 75b
" 1485-1D 446a 66h
" 1019-2EB 309ab 56b
SAMSOY 2 82a-c 253a
100 ppm ABA 290ab 63b
200 " 192a-¢ 50b
400 Ria-c 26b
TVX 3236 10bc 5%bh
SAMPEA 7 67a-c 100ab
SE+ i51.34 53.04

1. Means followed by the same lerter(s) within a column are not significantly different
at 5% level of probability (DMRT)
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the cowpea variety TVX 3236 as well as ABA at all concentrations stimulated lower Alecrra seed

germination than SAMSOY 2 with the 28 day-old plants.

4.3.0. Control of Alectra using Anti-transpirants.
4.3.1. Effects of Soybean Cultivars and Concentration of Abscisic acid on Alectra vogelii.
Significance of Alectra and crop parameters of sovbean as affected by anti-transpirants
are indicated in the mean squares from analysis of variance in Appendix 17 and 18.
Results on crop cultivars and Alectra vogelii as affected by concentrations of abscisic acid

are presented in Table 31.

4.3.1.1. Number of Live Alectra Shoots.

Soybean cultivar, TGX 1019-2EB supported significantly more live Alectra shoots
than other cultivars evaluated while TGX 1440-2E and TGX 1519-1D supported the least
number. TGM 344 and M-351 did not differ significantly in the number of live Alectra
shoots but were statistically different from TGX 1519-1D and TGX 1440-1E. No change
in the number of live Alecrra shoots were observed on all the cultivars at two weeks after
the application of abscisic acid. Using light microscope it was observed that the stomata
of the leaf of Alectra plants remained open for the two weeks period after the application

of ABA.

4.3.1.2. Number of Days to First Alectra Emergence.
The highest number of days to Alecrra emergence was observed on

TGX 1440-1E. TGX 1519-1D was comparable to TGX 1519-1D in the number of days



%6
to Alectra emergence, while TGX 1019-2EB was comparable to M-351. TGM 344

supported the earliest emergence of the parasitic weed on soybcan.

4.3.1.3. Number of Days to Crop Flowering.

Number of days to crop flowering was highest on the medium maturing soybean
cultivar TGM 344, Although, none of the cultivars wete comparable 10 TGX 344 in
number of days to crop flowering, M-351 took 50 days to reach crop flowering and was

significantly higher than the least. Also, TGX 1019-2EB was significantly higher than
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Table 31. Effect of variety and abscisic acid concentrations on the number of live Alecrra at 9
and 11 WAS. number of days to first Alectra emergence and first crop flowering in the
screen house. Samaru, 1997

No. of live No. of live No of days to No. of days 10
Alectra before  Alectra after Ist Alectra Ist crop
ABA app. ABA app. emergence. flowering.
o _=

Culuivars. OWAS LTWAS

TGX 1019-2EB 8. 44 8.d4a 44c 42¢

TGX 1440-2F 0 3¢ 0.3¢c 50a 41d

TGM 344 2.3b 2.3b 38d 5da

TGX 1519-1D 0.3c 0.3c 48ab 41d

M-351 31b 3.1b 46bc 50b

SE+ 0.61 0.61 0.77 0.23

ABA Conc. (ppm)

0 | .6h |.6b 45 46

100 3.1lab 3.1ab 45 46

200 4.4a 4.4a 45 45

400 2.3b 2.3b 47 45

SE+ 0.55 0.55 0.69 0.21

Interaction

V€ NS NS NS NS

1 WAS = weeks after sowing.
2 Means followed by the same letter(s) within a column are not statistically different at
5% level of probability (DMRT).
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the least in the number of days to crop flowering. TGX 1440-1E and TGX 1519-1D

supported earliest flower emergence in the crop.

4.4.2. Effect of Local Sources of Anti-transpirants on Alectra vogelii in Sovbean.
The number of Alectra shoots did not differ significantly before the application
of the anti-transpirants (Table 32). Both paraffin and shea butter resulted in significantly
higher death of Alectra shoot plants at § and 10 days after application compared with the
control (Table 32 and Plates I-XIV). Both vaseline and Talg-magnesite also caused
significantly lower Alectra death than the highest with pzlllraffin at 5 days after application.
although percentage dead Alectra plant was only lower with Talc-magnesite. All the
anti-transpirants caused similar percentage dead Alectra plant compared with the control
at 10 days after application. The control did not result in the death of Alectra shoots

throughout the period of the investigation.



Table 32. Effect of local sources of anti-transpirants on the number of live, dead and percentage
of dead Alectra shoot at five and ten days after application in the screen house. Samaru.

1997
Local anti- Number of No. of dead Alectra plants Percentage of dead
transpirants. Alectra plants at Alectra plant
application.

SDAA' 10DAA  SDAA I0DAA
Control-distil water 13.0 0.0¢* 0.0b 0.0c 0o
Gum arabic 12.3 7.3abe 11.0ab 68.3ab 84 3a
Kaoline 12.5 7.8abc 10.3ab 66.5ab 91.3a
Vaseline 10.8 3.8bc 5.5ab 59.3ab 68.8a
Shea butter 11.3 10.5ab 11.3ab 90.3a 100.0a
Tal¢-magnesite 15.5 5.3bc 10.0ab 34.0bc 70.5a
Paraffine 13.8 13.5a 13.8a 98.0a 100.0a
SE+ 4.49 2.39 - 3.35 14.05 11.32

I DAA = Days after application of anti-transpirants

2 Means followed by the same letter(s) within a column are not statistically different at

5% level of probability iDMRT).
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Plate |: SDAA Plate 2. 10DA2
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Plate 3: SDAA Plate 4: 101
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CHAPTER FIVE
5.0 DISCUSSION.

The seed yields of 1.4, 1.3 and 1.7t/ha obtained under natural Alecrra tield
infestaation in 1995, 1996 and 1997 (Table 19), respectively in this study were iower
than 2.9, 2.1 and 2.7t/ha obtained from soybean at sites free of Alecrra infestation in the
corresponding years by Olufajo (1995, 1996) and Chiezey (1997). Alecira infestation at
sites of the trials was probably responsible for the low yields of soybean obrained.
Reduction of host productivity by a similar hemiparasitic weed. Striga was earlier
attributed to the export of carbon from the host to the parasite as well as parasite -
induced reduction in host photosynthesis (Stewart ez af. 1991). Similarly. Butler and
Ejeta (1997} suggested that the diminished productivity (;t' Striga - infested crops was due
to toxic effects of Srriga on the host in addition to diversion of water, nutrients and
photosynthates of the host. Reduction in seed yield due to Alectra infestation have been
reported in soybean (Kureh er al., 1994a; 1994b) and cowpea (Lane, er al.. 1991,

Saverborn, 1992, Magani, 1994, Lagoke er al., 1996).

5.1.1 Reaction of Soybean Cultivars to Alectra.

In all the trials, soybean cultivars TGX 1649-11F, TGX 1681-3F, TGX 1674-3F.
TGX 1670-1F, TGX 1670-3F and TGX 1660-19F supported low Alecrra shoot
emergence both in the screen house (Tables 1 and 2) and the field (Tables 3 and 4).
These cultivars also produced high soybean seed yields that were significantly higher than

the least in all the trials under natural Alecrra field infestation (Table 19). These results
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confirmed earlier reports by Lane and Bailey (1991), Magani (1994) who found that the
Alectra resistant cowpea variety B301 and its derivatives produced scn::d yield that were
comparable to the highest under Alectra infection. Reduction in nodulation (Figures 4
and 5), shoot dry matter production (Figures 6 and 7), plant height (Figures 8 and 9) and
days to first crop flowering (Figure 3) in the screen house trials were observed to be low
as Alectra emergence was delaved. This was probably responsible for the high seed vield
recorded in these Alectra resistant cultivars. Earlier reports had indicated that any factor
that prevents high reduction in nodulation and growth in soybean (Chiezey, 1990: Kureh
et al., 1994b; 1994c; Olufajo, 1996) and cowpea (Whitney, 1975: Emechebe and Singh.
1989: Magani. 1994) would definitely increase seed vield of the crops. In the present
study, it was apparent that the Alectra resistant soybean cultivars were not completely
immuned from the effect of the parasite as low reduction in shoot dry weight. plant
height, nodulation as well as days to first crop flowering were observed. Similarly.
Magani (1994) reported low reduction in crop growth, nodulation and days to first crop
flowering in Alectra resistant cowpea varieties. TGX1636-7F, which was evaluated only
in the first screen house trial. was also observed to support low Alectra shoots and
exhibited low crop syndrome reaction score. Kureh er al (1994b) earlier reported that
under natural field infestation, TGx1636-7F exhibited resistance through support for low
Alectra shoot emergence and the production of seed yield comparable to the highest.
TGX1740-7F and TGX1740-2F which were evaluated only in the second screen
house and all the field trials supported low to moderate Alecrra shoot count and exhbited

low crop syndrome reaction score (Table 5). These soybean cultivars also delaved
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Alectra shoot emergence (Table 5) and produced seed yield comparable 1o the highest and
signtficantly higher than the least in alf the field trials. This suggesth low to moderate
resistance to Alectra due to delayed Alectra emergence as earlier reported on sovbean
(Kureh et af.. 1994b: 1994c) and cowpea (Magani. 1994).

A combination of high seed yield potential and low support for Alectra emergence
by the Adlectra resistant soybean cultivars make them suitable candidates for use to
improve the genetic base of existing cultivars and the varieties being developed for
Alectra resistance/tolerance. Several authors (Emechebe and Singh, 1989; Lagoke er al..
1993, Kureh and Kawng, 1993; Magani, 1994: Singh and Emechebe, 1997) have
indicated that the use of host plant resistance for parasitic weed management is a more
plausable approach for parasitic weed control.

The soybean cultivars. SAMSOY 2, TGX1485-1D, TGX1660-15F, TGX1440-1E.
and TGX536-02D recommended for producticn, exhibited appreciable level of tolerance
to Alectra parasitism in this study. Inspite of support for high Alecrra emergence in all
the trials (Tables 1-4) and moderate to high reduction in nodulation, shoot dry matter
production, plant height and days to first crop ﬂoweriﬁg in the screen house trials with
Alectra infection, these cultivars produced seed yield comparable to the highest in the
field trials (Table 19).

SAMSOY 2 was observed to produe low pod number but high 100-seed weight.
The tolerance of this cultivar might be due to high yield potential which SAMSOY 2
achieved through reduction in pod number but compensated for in seed size which

consequently increased seed yield of the crop. Being a medium maruring cultivar,
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SAMSOY 2, still produced adequate leaves for the production of assimilates for seed
filling at the later stage of the life-cycie mnspite of the adverse effect of _A!ec:‘ra infection.
The production of heavy seeds by SAMSOY 2 anci the apparent delay in Alectra
emergence, were responsible for the tolerance of TGX1485-1D to Alectra parasitism.
Similar observations had been reported by Magani (1994) and Lagoke et af (1996) on
cowpea variety ‘KANO 1696°. They attributed the high seed yield to the production of
heavy seeds inspite of support for high Alectra shoot emergency.

A high yield potential exhibited through the production of high number of
branches and pods and the delay in Alectra emergence were observed as being
responsible for the tolerance of TGX1660-15F, TGX1440-1E and TGX536-02D o
Alectra parasitism. Possibly a delay in the production of adequate germination stimulant
might be suggested as being responsible for the delay in Alectra emergence as earlier
reported on cowpea Alectra (Magani, 1994). A high yield potential inspite of high
Alecira shoot emergence exhibited by tolerant cultivars would be a major agronomic and
economi¢ consideration in cultivars’ adoption. Several authors (Singh and Emechebe,
1991; 1997; Kim. 1991 ; Adetirimin et af., 1997) have indicated that the use of tolerance
varieites in combination with other control measures help in the depletion of
Alectra/Striga soil seed bank. Furthermore, they also reported that tolerance is a more
durable resistance because it is controlled by multiple genes.

Soybean cultivars, TGX1019-2EB, M-351, TGX87D-516, TGX849-313D and
TGM344 exhibited susceptibility to Alectrag parasitism through support for high Alectra

shoot emergence in all the trials, high reduction in nodulation, shoot dry matter
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production and days 1o first crop tflowering with Alectra infection in the screen house
trials and poroduction of low seed yields under Alecrra infestation in the field (Table 19).
In the screen house trials Alectra infection caused 53 to 75% and 17 to 33% reduction
in nodulation and shoot dry weight (Figures 4 and 5. 6 and 7). respectively in these
susceptible soybean cultivars. Stewart ez al (1991) found that Striga hermonthica reduced
the shoot and grain weights of sorghum by 66 and 96%, respectively while 65%
reduction in shoot dry weight and complete loss of grain was observed in maize.

The reduction in shoot dry weight and plant height with Afectra infection in the
screen house trials (Figures 6 and 7, 8 and 9, respectively) may therefore be attributed
to the transport of metabolites from the host to the parasite and reduction in the
photosynthesis of the host as earlier observed by Stewart et al (1991). The authors had
eartier observed that the rates of carbon dioxide fixation and respiration were generally
low and high, respectively in the parasitic weed Striga and that there was little or no net
gain in carbon assimilation. Experimental evidence also indicate that 34 to 42% of the
carbon in mature Striga plants is host derived and this accounted for 80% reduction in
host growth (Stewart er af., 1991).

The high reduction in nodulation with Alectra infection in the susceptible soybean
cultivars (Figures 4 and 5) suggests that Alectra and nodules compete for nodule sites for
attachment. Kureh e al (1994a; 1994b) and Magani (1994) have similarly reported
reduction in the nodulation of Alectra infected soybean and cowpea, respectively. These
findings supported the hypothesis that suggests that Alectra and nodules compete for

nodule sites for attachment (Emechebe, 1981). Alectra inoculation induced early
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flowering in susceptible soybean cultivars. Reduction in number of days to first
flowering of soybean and cowpea by Alectra infection have also been reported by a
number of workers (Kureh er al., 1994a, Magani, 1994; Wegmann, 1996). Wegmann
(1996) reported that root parasitic flowering plants affect hormonal balance with a
resultant increase in the synthesis of gibberellic acid (GA) that induce early flowering.
Furthermore, he observed that the parasite produced water stress situation in the host root
which induced the production of phytochrome abscisic acid that changes the physiology
of the whole plant, consequently there is reduced photosynthesis and enhanced

maturation.

5.1.2. Correlation and Path Co-efficient Analysis.

The negative correlation of emerged Alectra shoots with number of branches per
plant, 100-seed weight and seed yield of soybean in all the field trials,the correlation of
Alectra parameters with the crop parameters in the screen house trials are indications of
the vunerability of the parameters to Alectra parasitism. Negative correlation of emerged
Alectra shoots with the yield and yield components as well as crop parameters of cowpea
have also been reported earlier by Atokple ez al. (1991) and Magani (1994). Several
workers reported that reduced productivity of host by Striga was as a reuslt of diversion
of water, nutrients and photosynthates and the toxic effect of the parasite on the host
(Stewart et al., 1991; Sauerborn, 1992; Obilana and Ramiah, 1992; Butler and Ejeta.
1997). The possitive correlation of Alectra shoot count with percentage reduction in

nodulation, shoot dry matter production, plant height and days to first crop flowering
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suggest that percentage reduction in crop parameters could be useful indices for
evaluating soybean cultivars for their reaction to Alectra. Similar obseryations have been
reported earlier on maize (Adetimirin er al., 1997) and rice (Lagoke er al.. 1996) under
Striga hermonthica infestation. Possitive correlation of seed yield with number of pods
and branches and 100-seed weight in all the field trials is an obvious indication that these
yield components are important determinants of seed yield in soybean. This resuit
confirmed earlier reports (Olufajo, 1989; Chiezey, 1990; Kureh, 1993; Shebayan, 1993)
which indicated that the number of pods and 100-seed weight were important yield
determinants of soybean seed yield.

From the result of the path-coefficient analysis, it was obvious that 100-seed
weight and number of pods were the most important contributing factors to soybean seed
yield under Alectra infestation. The 100-seed weight and number of pods individually
contributed 23.86% and 19.53 %, respectively while combined contribution of these two
factors was high (30.22%). The 100-seed weight also had high direct (0.489) and total
(0.839) contributions to seed yield: its combined contribution via number of pods was
also high, 0.309. Similarly, number of pods per plant had high direct (0.442) and total
(0.815) contributions to seed yield while combined contribution via 100-seed weighr was
also high, 0.342. Shebayan (1998) had also observed that number of pods and 100-seed
weight of soybean gave high direct contributions to soybean seed yield at site free of
Alectra. Thus, a breeding programme focussed on increasing the production of pods and

seed size of soybean would facilitate improved productivity of the crop.
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5.2.  Mechanism of Resistance,

In the laboratory. soybean cultivars TGX1649-11F, TGX1740-7F, TGX1670-1F,
TGX1670-3F and TGX1660-19F stimulated low Alectra seed germination when
TVX3236 a poor control was used (Tabie 29). However, TGX1681-3F and TGX1740-
2F that stimulated high Alectra seed germination when TVX3236 was used as the control
were observed to stimulate low Alectra seed germination when SAMPEA 7. a beter
control was used (Table 30). All these soybean cultivars supported low Alectra shoots
and were observed to dealy Alecrra emergence both in the screen house and field trials.
Because of the disparity in the performance of the two controls. stimulation of
germination of Afecrra by soybean needs further investigation. However, low stimulant
production could be implicted in this study. Thus it could be inferred that these sovbean
cultivars exhibited resistance through low or delayed stimulation of germination of
Alectra seeds at the carly stage of crop growih. Earlier reporis have attributed
stimulation of germination of Striga seeds by the sorghum host to the quantity and quality
of the chemostimulant (Parker, 1977; Ramiah and Parker, 1982: Hess et al.. 1992:
Hauck er af., 1992; Butler and Ejeta. 1997). In additicn, these soybean cultivars were
observed to have low crop syndrome reaction score and low reduction in crop parameters
in the screen house trials. While syndrome reaction score is a product of reaction and
defensive mechanism. the Alectra resistant cultivars exhibited another resistance
mechanism that may be aitributed to the insensitivity of host plant to Alectra produced
;téxins’. These soybean cultivars seem to have multiple mechanism of resistance (low

samulint production and insensitivity to Alectra produced “toxins'). This finding
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confirmed similar observations that highly resistant sorghum genotypes produced low
germination stimufant and were insensitive to Striga produced ‘toxins’ due to the
maintenance of high photosynthetic efficiency (Butler and Ejeta, 1997: Hess and
Haussman, [1997).

TGX1674-3F which stimulated high Alectra seed germination when TVX3236 was
used as the control was observed to support low 4lectra shoots both in the screen house
and field trials. The mechanism of resistance of TGX1674-3F might be due to the
production of anti-haustorial inducing factors as earlier reported by Reda er al (1993).
Wegmann (1996) and Hess er af (1997); inhibition of germ tube exoenzymes by host root
exudates (Wegmann. 1996; Hess and Haussman. 1997); Mechanical barriers (Sauder.
1993; Maiti et al.. 1984); insensivitiy to Alectra produced ‘toxins’ (Butler and Ejeta.
1997, Hess and Haussman, 1997) and/or anti-biosis in w-hich germination and artachment
is normal, but subsequent development of the parasite is discouraged. Several authors
have reported limited development of tubercle and stem of Alecrra in resistant cowpea
varieties (Singh and Emechebe. 1990: 1997: Emechebe er al., 1991; Lane ef al.. 1991).

SAMSOY 2 that stimulated high Alectra seed germination in the laboratory and
supported high Alectra shoots both in the screen house and field trials. was observed to
exhibit low crop syndrome reaction and produced high seed yield. Since syndrome
reaction is a product of reaction and defensive mechanism. the mechanism of tolerance
of SAMSOY 2 would therefore, be due to the insensitivity of host pilant to Alectra
poduced “toxins' which 1t probably achieved through the maintenance of high
photosynthetic efficiency as earlier reported on sorghum under Siriga infection (Butler

and Ejeta. 1997: Hess and Haussman, 1997).
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5.3. Control of Alectra Using Local Materials as Anti-transpirants,

Abscisic acid at all concentrations did not affect Alectra shoots‘ (Table 31). The
stomata of Alectra remained open throughout the period of the experiment. This
observation confirmed the findings of Shah er af (1987). They reported that Srriga
stomata are insensitive to abscisic acid. thus stomata conductance and transpiration were
maintained high to cause substantial evaporative cooling of the leaf and allow the influx
of water, metabolites and solutes to the parasite. However. the use of local materials as
anti-transpirants indicated dramatic changes. Application of shea-butter and paraffin oils
resulted. in over 90% and 100% death of Alectra shoots at 3 and 10 DAA, respectively.
Gum arabic, vaseline. kaoline and tal¢-magnesite also caused 68 to 91% control of
Alectra at 10 DAA. The leaves of Alectra began to blacken and shrivel after application
of the local materials suggesting an effect over and above that of simply reducing the flux
of solutes to the parasite by stomata closure. The local materials applied as anti-
transpirants probably induced heat stress in Alectra. Nour et al (1988) and Press er al
(1989) reported effective control of Striga with the application of an anti-transpirant wilt
pruff S600%®.  Similarly, Riches (1990) obtained encouraging results when guar gum
sofution was applied to Striga as anti-transpirants. The local materials used in this
investigation are cheap and may provide a cheap Alectra control method if validated
under field condition. The selection of these materials would be greatly facilitated by
studies of the mechanism of stomata control in Alectra as earlier suggested for Striga

(Stewart et al., 1991).
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SUMMARY AND CONCLUSION

Screen-house. field and laboratory trials were conducted between 1995 and 1998
at Samaru (11'11°N, 7938 E: 686m above sea level) in the northern Guinea Savanna zone
of Nigeria. 1o study the reaction of soybean cultivars to Alecrra vogelii, mechanism of
resistance and control using anti-transpirants.

In the investigation to study the response of soybean cultivars, 22 soybean
cultivars were evaluated in wo screen-house trials and arranged in compietely
randomized design with three repetitions. Half of the plastic pots used were inoculated
with about 2.000 4lecira seed per pot. The same 22 soybean cultivars evaluated in the
screen house were also evaluated during the wet seasons at two naturally infested sites
in 1995 and 1996 and one site in 1997, Treatments were arranged in randomized
complete block design replicated three times. In the mechanism of resistance study. the
same 22 soybean cultivars were evaluated in the laboratory for stimulation of germination
of Alectra seeds using cowpea variety TVX3236 as control in the first trial. However,
in the second trial. six soybean cultivars. three levels of abscisic acid. TVX3236 were
evaluated for stimulation of germination of Alecrra seeds using cowpea variety SAMPEA
7 as control. Both trials were faid out in completely randomized design repeated three
times. In the investigation ot conrrol using anti-transpirants, the effect of abscisic acid
at tour concentrations (0. 100. 200 and 400 ppm) on Alectra in five soybean cultivars
were evaluated in the sereen-house. In the second screen house trial, six local materials
used as anti-transpirants were evaluated for their control of Alectra vogelii in a

susceptible soybean cultivar. Both trials were arranged in completely randomized design
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repeated three umes.  All the pots used were moculated with about 2.000 Alecrra
seeds/ pot.

Results of the response of soybean cultivars to Afectra indicated that TGX1649-
11F. TGX1681-3F. TGX1674-3F. TGX1636-7F. TGX1670-1F. TGX1670-3F and
TGX1660-19F supported low and delaved Alecrra shoot emergence both in the screen
house and tield trials.  The reduction in nodulation. shoot dry matter production. plant
hetght and days to tirst crop flowering in the screen house were also low. These sovbean
cultivars exhibited low crop syndrome reaction and produced high soybean seed vield that
were significant!y hicher than the least in all the field tnals under natural Alecrra field
infestation. TGX1740-7F and TGX1740-2F supported low to moderate and delaved
Alectra shoot emergence. exhibited low crop syndrome reaction score and produced seed
yield comparable to the highest and significantly higher than the least in all the field
trials. Thus exhibiting low to moderate resistance to Alectra. Inspite of support for high
Alectra shoots i all trials. exhibition of moderate to high crop reaction score and high
reduction in nodulation. shoot dry matter production. plant height and days to first crop
flowering. TGX1660-15F. TGX1485-1D. SAMSOY 2. TGX1440-1E and TGX536-02D
recommended for production. produced seed yield comparable to the highest. These
soybean cultivars exhibited obvious tolerance to Alecira parasitism. However. sovbean
cultivars TGX1019-2EB. M-351. TGX87D-3516D. TGX849-313D and TGM344 exibited
susceptibility to Alectra parasiism through the support for high Alectra shoot emergence
in all the trials. high crop syndrome reaction and high reduction in crop parameters with

Alectr intection in the screen house trials and production of low seed yield under Alectra
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infestation in the eld.

The possitive correlation of seed yield with number of pods and branches and
100-seed weight shows that these parameters are important attributes to seed yield in
soybean. The negative association between Alectra shoots and number of branches. 100-
seed yield and seed vield indicates the detrimental effect of the parasite on the crop. The
possitive correlation of Alectra shoot count with percentage reduction in crop parameters
suggests that percentage reduction in crop parameters could be useful indices for
evaluating soybean cuitivars for their reaction to Afecrra, Path-coefficient analysis
revealed that 100-<ced and number of pods are the most important contributing factors
to soybean seed vield. A breeding programme focussed on increasing the production of
pods and seed size of soybean would facilitate in improving productivity of the crop.

The results of the mechanism of resistance showed that TGX1649-11F. TGX1740-
7F, TGX1681-3F. TGX1670-1F. TGX1670-3F. TGX1740-2F and TGX1660-19F
stimulated low Alecra seed germiantion. exhibited low crop syndrome reaction and low
reduction in crop parameters in the screen house and produced high seed yields in all the
field triais. It could be inferred thar these cultivars exhibited multiple mechanisms of
resistance through low or delay stimmulation of germination of Alectra seeds and
insentivity of host plant to Alectra produced “toxins’. TGX 1674-3F stimulated high
Alectra seed germination bur supported low Alectra shoot emergence and produced high
seed vield in all field trials. The mechanism of resistance of this cultivar could not be
ascertained from this investigation. however it could be due to one or a combination of

the folluwing resistant mechanisms. anti-haustoria inducing factor, inhibition of germ
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tebe by host exudates, mechnical barrier and/or antibiosis.

SAMSOY 2 stimulated high Alecrre seed germination in the laboratory and
supported high Alectra shoots in all trials but exhibited low crop syndrome reaction and
produced high seed vields in all the field trials. Thus, the mechanism of tolerance of
SAMSOY 2 is due to insensitivity of the cultivar to Alectra produced “toxins’.

In the control of Alectra using anti-transpirents. abscisic acid at all concentrarions
did not affect dfectra plants. however, application of shea butter and paraffin oils
resulted to over 90 and 100% death of Alectra shoots at 5 and 10 DAA, respectively.
Gum arabic. vaseline. kaoline and talgmagnesite ail caused 68-91% control of Alectra
at 10 DAA.

In conclusion. this investigation showed that soybean cultivars, TGX 1649-11F.
TGX 1681-3F, TGX 1674-3F, TGX 1635-7F, TGX 1670-1F. TGX 1670-3F and TGX
1660-19F supported low Alectra shoot emergence and produced high seed yield thus
exhibiting resistance. TGX1740-7F and TGX1740-2F supported low to moderate Alectra
shoots and produced high seed yield indicating low to moderate resistance to Alectra
parasitism. Inspite of support for high Alectra emergence TGX 1660-15F,

TGX 1485-1D. SAMSOY 2. TGX 1440-1E and TGX 536-02D produced high seed vietd
thus exhibiting obvious toleraneto Alecrra parasitism. However. TGX 1019-2EB. M-
351. TGX 87D-316. TGX 849-313D and TGM 344 exhibited susceptibility to Alectra
parasitism through support for high Alectra shoot emergence and production of low seed

yield.
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TGX 1649-11D. TGX 1681-3F. TGX 1740-7F, TGX 1670-1F. TGX 1740-2F.

TGX 1670-3F and TGX 1660-17F exhibited low stimulant production and insensitivity
to Alectra produced “toxins' as mechanisms of resistance while SAMSOY 2 exhibited
msensitvity to Alectra produced “toxins™ as the mechanisms of tolerance.

Abscisic acid did not affect Alecrra plants. however shea-butter and paraffin oils
caused 100% control of Alectra within 10 days of application while gum arabic. vaseline.
kaoline and tale-magnesite resulted to 68 and 91% death of Alectra shoots within the
same period. The local materials used in this investigation are promising anti-
transpirants and cheap. These need validauon under field condition to provide an

effective Alecrra control method in soybean and perhaps other related legumes.
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Appendix 1. Physico-chemical analysis of the soil taken to the depth of 30cm from the
experimental sites at Samaru in 1995, 1996 and 1997.

Soil composition. Site 1, B3 Site 2., Bush field.

1995 1996 1997 1995 1996
Particle size
Clay 14 12 12 14 14 \
silt 28 34 36 48 50 ¢
Sand 58 54 52 38 36 :
Sotl textural class sandv loam  loam loam loam stlt loam
Soil pH n water 6.30 6.00 6,10 5.90 5.70
pH in 0.01M CaCl. 6.10 5.80 6.00 5.70 5.60
Organic Carbon (%) 0.58 0.53 0.55 0.39 0.44
Total Nitrogen (%) 0.07 0.10 0.08 0.07 0.08
Available P (ppm) 8.06 11.68 11.00 4.48 8.06
Exchangenble bases
(meg/100g soil)
Calcium (Ca) 3.40 2.80 3.00 0.60 0.80
Magnesium (Mg) 2.33 0.17 0.20 0.17 0.34
Potassium (K 0.80 0.17 0.50 0.20 0.27
Sodium (Na) 0.37 0.27 0.30 0.08 0.09
Cation exchange capacity 8.70 6.30 6.00 3.20 3.80

(CEC)
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Appendix 2. Total rainfall. maximuma and minimum temperature, relative humidity and sunshine
hours at ten davs inierval during the period of the experiments at Samaru in 1995,

Months Davs  Total rainfall Temperature Relative Sunshin
tmm humidity  hours
(%)
Maximum “C Minimum °C
March 1-10 04 6.2 17.1 23.1 NA
=20 0.0 36.1 17.1 308 NA
21-31 0.0 35.1 20.6 24.0 NA
April 1-10 6.0 374 19.2 28.3 NA
11-:20 14.0 369 -20.5 28.4 NA
21-31 765 31.3 16.9 0.7 NA
May 1-10 30.8 325 16.8 75.0 NA
11-20 0.0 278 14.4 64.7 NA
21-31 143 35.7 16.5 65.1 NA
June 1-10 394 NA NA NA NA
11-20 66.4 324 14.0 69.7 NA
21-31 196 372 17.1 71.5 NA
Tuly 1-10 6.8 28.9 21.7 76.6 NA
11-20 525 30.2 227 96.0 MNA
21-3i 67.8 303 20.8 821 NA
August £-10 B3.3 28.7 19.9 84.5 NA
11-20 736 291 9.5 82.8 NA
2-31 7001 8.4 20.8 78.5 NA
September  1-10  39.3 285 219 8i.9 NA
11-20  B0.3 294 -~ 18.9 816 NA
21-31 393 28.1 18.6 73.2 NA
October 1-10 325 3.1 20.1 718 NA
11-20 0.0 32.6 18.7 71.2 NA
2131 0.0 32.2 18.2 73.2 NA
November 1-10 0.0 27.6 17.2 64.1 NA
11-20 0.0 204 14.9 39.8 NA
21-31 0.0 25.7 13.0 24.9 NA
December 1-10 (0.0 4.3 13.3 18.8 NA
L1-200 0.0 34.3 16.3 21.4 NA
1.3 0.0 30.1 2.8 224 NA

NA = Not available
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Appendix 3. Total rainfall. maximum and minimum temperature, relative humidity and sunshine
hours at ten days interval during the period of the experiments at Samaru in 1996.

Months Days  Total rainfall Temperature Relative Sunshine
(mm) humidity (%) (hours)
Maximum Minimum
o 5 4
June 1-10 Q1.3 20.8 18.4 75.7 NA
11-20 38.8 30.9 20.2 77.2 NA
20-31  13.2 27.1 18.0 72.4 NA
July 1-10 NA 28.4 19.3 78.4 NA
11-20 NA 27.6 18.2 82.3 NA
21-31 NA 27.2 19.5 7 NA
August 1-10 NA 28.4 10.0 72.1 NA
11-20  NA 26.9 20.0 75.4 NA
21-31  NA 15.3 10.7 81.9 NA
September 1-10 NA 20.8 14.7 74.2 NA
11-20 NA 30.2 19.3 81.6 NA
21-31 NA 27.6 17.9 . 73.0 NA
October 1-10 28.7 28.4 200 78.0 NA
11-20  31.2 3.6 19.9 76.9 NA
21-31 0.0 30.9 15.8 40.9 NA
November 1-10 0.0 28.7 13.7 27.6 NA
11-20 0.0 31.2 13.7 26.1 NA
2131 00 28.6 11.1 21.9 NA
December 1-10 0.0 32.1 13.2 18.9 NA
=20 0.0 334 15.7 16.6 NA
21-31 0.0 32.3 11.2 13.3 NA

NA = Not available
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Appendix 4. Total rainfall. maximum and minimum temperature, relative humidity and sunshine
hours at ten days interval during the period of the experiments at Samaru in 1997.

Months Davs  Total rainfall Temperature Relative Sunshine
(mm}) humidity (%) (hrs)
Maximum Mimmum
u-C nC .
March [-10 0.0 36.2 17.1 12.7 NA
1-20 0.0 36.1 17.1 12.9 NA
21-31 0.0 35.1 20.6 43.9 NA
April 1-10 0.0 37.4 19.2 61.7 NA
11-20  14.0 36.9 20.5 53.9 NA
21-31  76.5 31.3 16.9 61.7 NA
May 1-10 308 32.5 16.8 77.6 NA
1-20 00 279 144 69.5 85.2
21-31 145 35.7 16.5 71.3 79.1
June -1 394 NA NA 73.9 75.8
11-20 664 324 14.0 82.0 50.5
21-31 196 27.2 17.1 75.4 47.3
July 1-10 368 289 21.7 B2.1 31.7
11-20 52.3 30.2 22.7 86.4 57.9
21-31 67.8 303 20.8 85.0 77.6
August 1-10 88 .4 28.7 19.9 81.8 54.0
11-20 73.6 29.1 19.5 86.9 429
21-31  70.1 28.4 20.8 80.8 82.7
September  1-10 RI R 29.5 219 81.9 60.0
11-20 RO.5 29.4 18.9 80.3 64 .4
2131 393 28.1 18.6 72.9 68.4
October [-10 325 3l 20.1 84.4 82.2
11-20 0.0 326 I18.7 78.0 79.9
21-31 0.0 32.2 18.2 768 78.2
November b-10 6 27.6 17.2 66 0 83.4
11-20 0.0 204 14.9 34.7 B7.5
21-31 0.0 25.7 13.0 26.6 88.5
December 1-10 0.0 345 13.3 20.3 92.5
11-20 0.0 34.3 16.3 18.7 68.7
21-31 0.0 30.1 12.8 16.8 90.0

NA = Not available
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Appendix 5. Crop syndrome reaction score (1-9) used for measurement of tolerant of maize to Striga based

on Striga damage symptoms on the host plant (1= tolerant; 9= highly susceptible).

L]

No chlorosis, no blotching, and no leaf scorching (firing) and normal plant growth.

Mild leat blotching and scorching and about 10% of leaves with purplish brown necrotic spots,
almost normal plant growth. No stunting and no ear size reduction.

Mild definite leaf bloiching and scorching on about 20% of leaves with some purplish-brown
necrotic spots. Mild stunting and ear size reduction.

Some defimie leaf scorching on about 30% of leaves with some purblish-brown necrotic spots;
some stunting and ear and tassel size reduction.

Definite leaf scorching on about 40% of leaves with gray brown necrotic spots. Some stunting
and ear and tassel reduction.

Definite leal scorching on about 50% of leaves with mostly gray necrotie spots. Definite stunting
and stem diameter. ear size and tassel size reduction.

Definite leal scorching on about 60% of leaves with severe gray necrotic spots and leaf wilting
and rolling. Definite stunting and stem diameter, ear size, and tassel size reduction, often cause

severe stalk lodging and husk opening al late growing stage.

Definite leaf scorching on about 70% of leaves with definite gray necrotic spots. Conspicuous
stunting. leal wilting, rolling and stem diameter, ear size and tassel size reduction.

Complete leal scorching of all leave causing premature dead of host plant and no ear formation.




Appendix 6 Meun squares from analysis of vanance tor Alectra and crop parameters as affected by reaction of soybean cultivars 1o Alectra at Samaru. first
sereen house trial, 1995,

Alectra shoot coum crop Day < 10 Days o Number Shoot Plam
reacuon  Alecira flowernng ol dry heght
seore, emergene, nodules weight

Source of vanaton DF H6WAS' TWAS B8WAS SWAS 10WAS

Repetitions 2 0.01 005 0.80 1.09 1.68 3.02 107.00 6.05 1.57 0.40 347
Cultivars 21 0.09 1.34* 22298 4.63** TII** 267 484 30+ 80.69** 290 94%% 3 74% 79 784+
Error 42 0.10 0.65 0.78 1.08 1.06 1.13 229 80 4.93 9.81 0.22 8.04
Total 63 0.10 0.81 123 2.25 in 3.98 314.60 30.19 103,52 1.39 31.95

| WAS = Weeks after sowing .
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Appendix 7. Mean squares from analysis of variance for Alectre and CTOp parameters as alfec

ted by reaction of soybean cultivars o Alectra at Samaru. Second
screen house 1rial. 1995,

Alectra shuot counn crup Davs o Days to Number Shout Plam
reaction  Aleciry owering . of dry heighe.
’ score. emergenee nudules. weight.

Saurce of DF 6WAS' TWAS EWAS IWAS 1OWAS
variation
Repetitions 2 0.03 0.09 0.27 0.58 0.99 0.26 18.29 2.00 1.03 0.26 0.38
Culivars 21 0.08 0.42%* 2,55+ 9.55%*  0BA2**  10.73¥ | 1R (3** 66,1)1%+ 123.63* (3% 102 3%+
Error 42 0.07 0.11 0.46 0.65 1.26 0.25 12.44 3.94 1.26 0.45 3.07
Taral 63 0.07 0.21 L.15 3.6l 6.88 3.1 50.67 24 .66 75.03 1.31 36.15

! WAS = Weceks after sowing.



139

Appendix 8. Mean squares from analysis of variance for Alectra and crop parameters of soybean cultivars under natural field infestation of Alecira at Site 1.
Samaru, 1995,
Plant height Alectra shoot count
4WAS' BWAS Harvest 9WAS 10WAS Days 10 Days 10 Davs 10 No of No. ot 100 Seed

Sources of Alectra crop physiological brunches pods seed vield.
variation DF ) emergence flowering maturiy. weighi

Replications 2 299 17.03 26 .42 4.07 4139 4.74 0.20 1.96 6.52 104 40 0.09 45366
Cultivars 21 2086 146.51**  309.76** 4241%% 5454+ 14 39%+ 75.81°%* 440110 16.65%*  309.10*  7.32**  450992**
Error 42 833 47.10 73.63 8.65 10 47 5.82 1.15 20 90 §79 177 4 1 00 42525
Total 63 12.51 80.24 152.34 19.90 25.16 §.68 26.04 160 .64 604 221.30 in 178681

1 WAS = Weeks after sowing



Appendin 9

Mean squares from analysis of variance for

Alectra and crop parameters of soybean cultivars under natural field intestation of Alectra

140

at Site 1. Samaru. 1996

Plant height

Alectra shoot coumt

AWAS' EWAS Harvest OWAS 10WAS Days o Days 1o Diavs o No: of N of 100 Seedl
Sources of DF Alectra crop physivlogical  branches pods seed yield
Varuton emergence _._:f_nl_..m matunity weight
Replications 2 041 8.04 1.57 2.1 2.54 4.81 1.69 1.74 0.74 45.6 0.79 9694
Cultivars 21 7.13* 116.06**  519.90** 30.13** 41 11~ 15.78** 54.75%¢ 541 80+ 6 06* 420.7°= 2 550 171470*
Error 12 370 23.94 52.30 4.16 6.40 5.61 2.00 1.47 3.90 148.9 0.89 80095
Total 63 451 54 .65 20817 12.82 17.97 9.00 19.58 181.58 4.62 239.5 1.45 110553

| WAS = Weeks after sowing.
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Mean squares from analysis of variance for Alecrra and crop parameters of stvhean
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cultivars umler

aturad Teld infestation of Afecrra o Site | Samaru, 1997

. Plant height. Alectra shooy
count.

4WAS'  BWAS  Harvest IWAS  10WAS Days 1o Days to Days w No.of  No of  100-seed  Seed yield,
Sources of DF Alecirg crop physiological  branches. pods. weight
variation emergence.  flowertng. maturity .,
Replications 2 1.79 16.76 7.86 1.64 1.28 2.68 3.47 3.14 3.20 100.65 0.63 43080
Cultivars 21 9.00* 99.37%* 1393 36** TASEE | 42+ 18.67+* 46 33%+ 493 232 5.70% 127.16 3.034+ 333533%=
Error 42 354 10.24 15.04 0.98 1.36 5.88 6.47 10,14 19 9118 0.87 52049
Toral 63 5.36 3995 142.81 3.13 4.71 6.81 19.96 £71.17 s 103.84 1.59 145877

1 WAS = Weeks afier sowing
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Appendix 11. Mean squares from comhined analysis of variance of Alecira and crop parameters of soyhean cullivars under catural feld infestation of Alectra W sile 1. Samary 1995 to 1997
Plant height. Afectra shoot count.
AWAS BWAS Harves: OWAS IOWAS Days to Days 10 [Yays 10 No. of Nu. of 100-seed Seed

Sources of DF Alecira crop physiolugical  branches. pods. weight. yield.
variation emergence. flowering. maturity .
Replications 2 5.78 35.37 398 534 7.23 3.90 4.26 8.13 2.29 65.40 0.17 30042
Years 2 £.59 27.23 21.90 17.15 16.44 14.24 3197 3197 1.43 £54.80 4 60+ HO8988*
Cultivars 71 2 T7ex 335 R5**+ |57 2k 66.06*+ 90.25%* 2L.72* 172 .62+ 146.18** 15 .49* 364 404+ 8.73*+ 745980%+
Years x cultivars 42 161 13.04 35.4) 6.97 811 £.56 2.14 397 1.39 96.30 1.09 103008
Error 130 17.04 105.83 54.96 15.24 20.54 13.58 11.72 27.09 8.77 270.30 1.25 212920
Toual 197 .79 58.28 167.77 11.95 15.95 g.16 21.79 171.13 483 18R.2 2.05 145037

1 WAS = weeks after sowing.



Appendix 12, Mean squares from analysis of variance for Alectra and crop parameters of soybean cultivars under nawral infestation of Alectra at Site 7. Samary. 1995

Plani height.

143

Alecira shom cognt.

AWAS! BWAS Harvest IWAS 10WAS Dy 10 Days 10 Days w N of Nu. of 100-seed Seed yicld.
Sources of DT Alectra crop phy siviogival branches poxks. weight,

variation eMergence., flowering. MU FifY .

Replications 2 .22 icd 6.48 9.30 13.36 349 1.38 235 219 529 0.35 33687
Cultivars 2 17.68** 129.00** 108 §5%* 15.82¢ 24 13%* Il.)6* 50.63%* 518.2]%* 5 24xs 103 95+ 5.16%* 3716724+
Error 42 4.20 11.10 12 47 7.10 14.60 5.82 4.52 8.144 1 57 3.19 1.35 32963
Toal 63 B.70 50.43 107.93 10.01 151} 7.60 19 .89 178.16 2.79 40.11 2.6 145866

1 WAS = Weeks after sowing.



Appendix 13, Mean squares from analysis of variance for Adectra and Crop p

imeters of sovhean
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cultivars under natural infestation ol Adectra at Sie 2. Sumuary. 1996,

Plant height,

Alectra showt count.

AWAS SWAS Harves YWAS 10WAS Dayx to Days to BTN N, of No. ar 100-seed Seed vield.
Sources of DF ' _ Aleciig crop physicliygical  branches. podsi. weight .
VaTiation EMETEence. flowering, LIBREIT] STINN

Repiications 2 230 2N 0.51 3.60 3.28 4.19 823 1. 0.79 3.z 0.2] 10975
Cultivars 21 7.69% 102.48** 373 61+ 14.36%+ 21. 2= 15.26* 4].50%+ 584 e 2.55% 78 [ 7. 34*e 1845754+
Error 42 4.12 5.91 58X 110 3.23 6.85 12.12 6.83 1.07 6.68 0.67 2934
Tunal a3 5.3 3810 130.01 6.18 9.22 9.65 219 199 33 1.57 30.51 1.22 B1061

1 WAS = Weeks after sowing.



Appendix 14 Mean squares Trom combined analy sis of varinee Tor Alecrra and crop parameters ol soybean cultivars under natural Tield mlestation of Alectra at site 2, Samaru 1995 and 1996
Plant heighi Alectra shwwt count,

AWAS NWAS Thanvest DWAS HIWAS Piys 1 _-...f.. Ty s Ny ol Nooool TEMY seed Seed ywehd
Somtrces of DE . Alectra crop hranches pouls werghe
ir CIIEUIm Y Mok cnmg ey
Replications 2 i 17 a2 671 024 612 2 a0 543 n17? 769 0y
Yeurs i 0 56 1 %0 401 028 I 30 10 X7 192 414 N hh 482 411* 1616y
Cultivirs 21 2329 226 KHA4 (0 B A 27024 41Ky 21 50+ Kd J9se 19K Y74 73100 158 2744 5080 ERRRY]
Years x cultivars 21 20 470 1l 20 14 402 7T XS 147 048 21 RS 144 S35
Krror L 5 077 W76 11.31 17.16 12.45 10.72 12.94 2 1512 0 4729
Toal 131 700 417 11897 R0 1217 86 20050 IRR 78 2R 15 1) 192 11346

I WAS = Weeks after sowmg
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Appendix 15 Mean Squares from analysis of variance for percentage germination ol Heara seeds induced by sovbean cultivars, Taboratony trial,
Samaru, 1997,

Percentage  germination of Alectra seeds.

Sources of varition Df ;

2WAS' 3WAS 4WAS
Repetitions 2 j4 6.48 8.16
Cultivars 22 13.14% 24 .91* 66.95*
Error 44 5.78 11.01 33.25
Total 68 8.23 13.50 37.82

I WAS = Weeks aller sowing
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Appendix 16.  Mcan Squares from analysis of variance for percentage germination of Alectra seeds induced by soybean cultivars, cowpea varieties
and concentrations of abscisic acid, laboratory trial, Samaru, 1998.

Percentage  germunation ol Alectra seeds.

Sources of variation DI

JWAS' 4WAS
Repetitions 2 64.22 65.1
Cultivars 10 55K8.24*+ 620 38**
Error 20 C 6302 115.76
Total 30 63.40 117.30

I WAS = Weeks alter sowing.



148

Appendix 17, Mean Squares from analysis of varianee for Alectra shoot count smd crop parameters as allected by soybean cultivins and

concentrations ol abscisic acid, screep house trial, Samaru, 1997,

Sources of variation.

Cultivars

Concetrations

Cultivars x concentrations
Error

Total

40
%

Alectra shoot count

YWAS'

3.02%+
0.35
0.21
0.09
0.33

1HWAS

3.49%+
0 44%*
0.26
0.11
0.39

Davs i AMectra
cmergence.

[.31®
0.08
0.04
0.04
0.18

Days to crop
flowering.

430.44**
0.59

1.28
0.68
29.94

| WAS = Weeks after sowing
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Appendix 18, Mean squares [rom analysis of variance for number of live, dead and percentage of dead Alecira plamts as aflccied by anti-iranspiranis,
sereen house trigl, Samaru, 1997,

’ Alectra Shool,

Sources ol variztion D Total belore No. of dead Nu. of dead % ol dead SDAA. % of dead 10DAA.
application. SDAA l0DAA.

Repetitions b 3 1.40 l.16 1.22 3.55 0.38

Anti-transpirants 6 0.34 3. 79%* 4[24+ 39 .59+ 43 47+*

Error 18 1.67 0.77 0.97 4.93 2.33

Total 24 1.35 1.52 1.76 [3.59 12.61

I DAA = Days after application
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