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ABSTRACT
Field and green house trials were conducted to study the
effects of fertilizers and herbicides on the reaction of cowpea

varieties to Alectra vogelii (Benth.) at Samaru in the northern

Gui nea savanna ecol ogical zone of Nigeria in 1991 and 1992 wet
seasons and the reaction of cowpea varieties to Alectra seed
concentration in the green house in 1992 and 1993 dry seasons.
Cowpea variety B 301 and the derivatives of its crosses

With 1784 S-2246-4 (IT 90 K-59 and IT 90 K-76) did not support
Al ectra emergence. The varieties also produced cowpea grain
yields that were conparable to the maxinmum in the 1991 trial and
significantly higher than the least in the tw vyears. The
nodul ati on of these varieties were however reduced in the pot by
21.57% 43.9 and 76.9% for B 301, IT 90K-59 and | T90K-76,

respectively. However, | T 89 KD-245 and | T 89KD-245-1, both of

which are derivatives of B 301 and |ocal variety Kananado
supported |low emergence of Alectra. Inspite of high reduction of
nodul ation in the pot by Alectra and support for low Alectra
infection in all the trials, 1T86D-534 did not suffer any
reduction in cowpea grain yield in tw field trials. I nspite of

high infestation by Alectra and very low pod number Kano 1696
still produced acceptable grain yield. Cowpea varieties |T82D- 849

and SUVITA-2 known to be resistant to Striga qgesnerioides,

exhi bited susceptibility to Alectra. Both Tvx 3236 and SAMPEA 7,
support ed hi gh Al ectra i nfection with consequent hi gh

susceptibilty to the parasite in the field. In the green house
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TVX 3236 initiated early energence of Alectra and had nore nunber
of emerged Alectra conpared with all the other varieties. Under
artificial i nocul ati on, all the varieties tested, including B
301, produced lower grain yield than VITA-3, the only variety in
which Alectra infection did not cause cowpea grain yield
reduction in 1992.

In the evaluation of nitrogen and phosphorus conbi nati ons on

the reaction of cowpea varieties to Alectra vogelii, cowpea

varieties TN93-S0 and |T89KD-245-1 significantly delayed Alectra
emergence conpared with VITA-3 and SAMPEA-7 in 1991 and 1992,
respectively. I nspite of higher nunmber of plants infected and
Al ectra shoot count, VITA-3 still produced cowpea grain vyield
conparable to the maxi mum tined by IT 89 KD-245-1 in 1992.
Phosphorus application at 20 kg P/ha significantly increased
cowpea grain yield without any significant effect on Alectra
i nci dence. Ni trogen application at 60 kg Mha consistently
reduced the nunber of plants infected and Alectra shoot count,
but resulted in cowpea grain yield depression conpared with 0 and
30 kg N ha. It was apparent fromthe 2-order interaction, that
varieties which exhibited noderate (TN 93-80 in 1991) to high
(1 T89KD-245-1 in 1992) resi stance responded to high doses of N
(60 kg/ha) and P(40 Kg P/ha) by delaying the emergence of
Al ectra.

In the two years, pre-energence herbicide applications
the m xtures containing Pree (metazachlor + antidote) followed by
imzaquin at 0.18 kg a.i./ha resulted in significantly |ower
number of plants infected. Simlarly, in 1991, Pendi net halin

plus imazaquin at 0.87 + 0.15 and 1.09 + 0.19 kg a.i/ha and
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pendi methalin plus imzethapyr at 1.58 + 0.12 kg a.i/ha, al |
followed by imazaquin at 0.18 kg a.i/ha, resulted in |ower nunber
of cowpea plants infected by Alectra conpared with the weedy
check. In 1992, post - energence application of Pree pl us
i mzethapyr at 1.0 + 0.075 kg a.i/ha resulted in |ower number of
i nfected plants conpared with the maxinmm obt ai ned wi th
pendi menthalin plus imzaquin at 1.09 + 0.19 and pendinethalin
plus inmazet hapyr at 1.58 + 0.12, both followed by SHW which also
resulted in significantly higher cowpea grain yield than the
weedy check.

In the green house, the reaction of cowpea varieties to pre-
conditioning and concentration of seed inoculant of Alectra
vogelii indicated that Alectra energence increased wh Alectra
seed concentrations in the first trial, while ICQOc.c/pot Al ectra
seed gave the highest number of energed Alectra with conpared to
other Alectra seed concentrations in the second trial. Pre-
conditioning period had no significant effect on number of days
to Alectra emergence but Alectra emergence increased with pre-

conditioning period of 7 and 14 days.
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1.0 IRTRODUCTION

1.1 Production and Uses of Cowpea

Cowpea (Vigna unguiculata (L.) Walp.) is the most important

grain ”legume in the semi-arid regions of West Africa. World
cowpea production in 1981 &as estimated at 2.27 wmilliomr tonnes
from 7.7 million hectares (Rachie, 1985). According to Rachie
(1985) current world realistic production levels may exceed 2.3
million tonnes of dry seeds an about 9 million hectares. Most of
the world cowpea crop is grown in West Africa and Nigeria is by
far the most important producer. World cowpea production figures
indicate that West Africa accounts for over 73%Z of the hectarage
and grain production with most of this (604 of the world
production) in Nigeria (Singh and Singh, 1982). In Nigeria, about
1 mwillion metric tonnes of cowpea was produced from about 4
million hectares of land (Hartmans, 1983; Raheja, 1986).
Although Nigeria is the leading producer of cowpea in the world,
grain vyield per hectare is generaly lower than those of many
other countries; about 189 Kg/ha was reported for Nigeria in 19735
{Anon 197%5). Recently, Hartmans (1983) reported an average grain
yield of 250 Kg/ba for Nigeria compared with 3,103 Kg/ha and 6451
Kg/ha reported for Egypt and Malawi, respectively (Anon, 1975).
The low yield in Nigeria has been attributed to the fact that the
crop is rarely planted sole, the unreliable distribution of
rainfall in northern Guinea and the Sudan ecological zenes which
are the major areas of production.

Cowpea seed is an important pulse in the tropics and sub-

tropics, particularly in Africa. The dry pulse contains



essential elements as well as 23%L4% protein, 1.3% fat, 356.8%
carbohydrate, 3.9%4 fibre and 3.4 ash (Langworthy and Hunt,
1959). In tropical Africa, the dry seed of cowpea is primarily
cooked as a pulse in a large variety of dishes. The tender green
leaves and pods are coocked as vegetables or as relish in  many
areas of West Africa. The ability of cowpea to fix atmospheric
nitrogen (&60-70 Kg N/ha to the proceeding crop) via the rhizobia
of the root nodules has made it an important crop as replinisher

aof soil nitrogen especially in the traditional farming systems

{Steele, 1976; Rachie 1985).

1.2 Parasitic Weed Problem in Cowpea
In addition to insect pests and diseases, two distinct root

parasitic weeds namely Striga gesnerigides (Willd.) Vatke and

Alectra wvogelii (Benth). of the family Scrophulariaceae have

devastating effects on cowpea. While Striga is more wide—spread
in the Sahel, Sudan, northern and southern Guinea savanna of the
sub—-Saharan Africa, Alectra appears to be more destructive in the
northern Guinea and Sudan savannas (Aggarwal, 1985; Emechebe et
al, 1991). Although attack by Alectra is less dramatic than that
by Striga, total yield loss is not uncommon in fields heavily
infested by these parasites when susceptible varieties of cowpea
are planted (Emechebe, 19813 Emechebe et al, 1983). Alectra has
been reported to cause vyield losses of up to 1004 in a
susceptible variety of cowpea, groundnut and soyabean (Emechebe

t al, 1983; Lagoke, 198%). Atople et al. (1991) reported vyield

loss of up to 100% in & susceptable, and up to 20% in moderately

resistant cowpea varieties when Striga gesnerioides population

K



was aoaver 10/plant. Fields infested with the parasites are
difficult to clean due to the considerable amount of seeds
produced and the dormancy mechanisms of these parasites, making
it possible for them to stay in the so0il for several vyears
(Uttaman, 1950; Emechebe et al., 1983). Several cultivable lands

have been abandoned consequent to the high soil infestations of

these naxious weeds.

1.3 Control of Parasitic weeds in Cowpea

Considerable work has been done on various contraol methods
for parasitic seed plant species, although S. gesnerioides and A.
veqgelii have received relatively little attention. Cultural
practices recommended to limit Striga infestation include such
methods as catch and trap cropping, crop rotations and tillage
operations (Timson, 1929; Andrew, 1947; Dogget, 1954). . Though
the wse af high nitrogen fertilizer has proved effective in
preventing complete crop loss by Striga in cereals (Last, 19460;
Ogborn, 19703 Bebawi, 1981; Ogunlela, 1983; Ramaiah, 1984), the
results have been inconsistent and inconclusive with cowpea
Striga (Emechebe, et al., 1991; Adu et al., 1989). Preliminary
studies in sand culture, however, showed that 140 ppm N, applied
as Sodium nitrate solution, drastically reduced the incidence of
8. gesnericides infection in potted cowpea (Emechebe et al.,
1988). There was however a coresponding decrease in number of
nodules. The constant weeding advocated by Olunuga and Akonbundu
(1980) has been found ineffective because of intensive labour

regquirements, re—emergence of Striga and Alectra (Emechebe et

al., 1983) and the severe crop damage done by the subterranean




Striqa prior to it emergence (Press and Stewart, 1987). Emphasis

on control of Striga and Alectra in cowpea has been placed mainly
on host—-plant resistance (Aggarwal, 19853 1986; Emechebe et al.,
1988; Atokple, 1989). However, complete reliance on host-plant
resistance is not advisable; rather a strategy that combines
striga-resistant cultivars with appropriate complementary
agronomic practices has been advocated (Ramaiah, 1984; Laquge et
al, 19883 1990; Lagoke, 1989). Alectra is largely a problem of
subsistence farmers in Africa and has therefore been neglected.
The study was conducted with following objectives:
(1) To evaluate the reaction of cowpea varieties to Alectra
vogelii
(2) To evaluate the effect of nitrogen and phosphorus
combination on the reaction of cowpea varieties to Alectra

vogelli
(3 To evaluate herbicides for the control of Alectra vogelii,

in cowpea
(4) To develop an appropriate technique for evaluating cowpea

varieties for their reaction to Alectra in the green house.




2.0 LITERATURE REVIEW

2.1 Biology of parasitic weeds of cowpea

Alectra vogelii and Striga gesnericides are parasitic weeds

belonging to the family Scrophulariaceae (Kuijt, 1969). Alectra

has large vellow flawers, which clearly distinguish it from

Striga gesnerioides which usually has purple flowers. Other

features of Alectra like Striga is the herbaceous shoot habit and

tiny dust-like seed, which are produced in large numbers. Seed
size is of the order of 0.25-0.35mam laong » 0.12 - 0.20mm broad.
filectra is alleaged to produce from 40,000 to 450,000 seeds per
plant with an average seed range per capsule of 431 to 1,761
(Kust 1963). Longevity of seeds in the soil vary between & months
and 20 years according to climatic conditions (Saunders, 1933;
Bebawi, et al., 1984a). Alectra seed germination occurs in
response to the root exudates of potential host and hemi-
parasitic after emergence follows the holoparasitic development
of the plant host (Botha, 1746; Kuijt, 1969). Root exudates from
the various members of the leguminosae obtained by Botha (1948),
induced sensitizd Alectra seed to germinate. Alectra seeds are
well protected by thick seed coats and usually remain dormant
until they are induced to germinate by exudates from the root of
the hosts (Okonkwo and Nwoke, 197535 Visser, 1975). The majority
af the seeds within 2mm of the host root receive sufficient
stimulant to germinate, so few seedlings are wasted through being
too far away from a host root. Much of the seed which has
imbibed water enters a period of "wet dormancy" if it is npot

stimulated to germinate (Reid and Parker, 1979). Salako (1984)



stated that long rotations seem to allow time for the seeds of
Alectra to break dormancy.

The attachment and penetration of Alectra seedlings to the
host occurs when the radicle of the séedlings grow towards the
host root, apparently controlled by a rather weak chemotrophic
influence. The radicle of the parasite first penetrates the host
cortex. Alectra then induces lateral root formation by the host,
while general dilation of the host root progress into the stele
and then xylem, thereby completing the connection between the
host and parasite. A complex tuberous structure is then formed

by the haustorium of the parasite and the host root.

2.2 Ecology and Distribution of Alectra vogelii

fBlectra, as a weed, shows great phenotypic plasticity, wide

environmental tolerance, but prefers permanently diﬁturbed
habitats. Alectra is known to parasitize cultivated legumes in
many parts of Africa. From Swaziland to the Transvaal in

Southern Africa the range of this purely African species, extends
through central Africa to Burkina Faso and Mali in the west and
Kenya and Ethiopia in the east of the continent (Riches, 1987).
The seeds of most parasitic weed plants can be disseminated
by a combination of wind and water. Seeds of Alectra are soil
borne. Emechebe et al. (1983) and Lagoke. (1989) noted that the
seeds are spread by contaminated agricul tural equipment from one
field to another and also by movement of seeds of cowpea or
groundnut contaminated by this parasite from one place to
ancther. There are speculations that these parasitic weeds fed

to animals by Tamers on medicinal grounds or eaten in advertently




by the animal in combination with other herbs pass undigested in
their excreta and therefore spread through their nomadic or

seasonal movements across the savanna zaones.

2.3 Effect of Parasitic Weeds on Cowpea

A considerable damage is inflicted on food and fodder plants
by wide spread occurence of these parasitic flowering plants.
Striga is presently the most important biological constraiﬁt to
food production in Africa (Sauwerborn, 19913 Emechebe et al,
1991). Visser (1978) stated that, although Alectra is not vyet
considered very important agriculturally, it is a potential
danger in all areas where leguminous crops are being cultivated
throughout the African continent south of the Sahara. Alectra
has been reported to cause yield loss of up to 1004 in a
susceptible wvariety of cowpea, groundnut and soyabean (Emechebe
et al., 1983; Lagoke, 1989). Atokple et al (1991) reported yield
loss as of up to 100% in a susceptible, and 704 in wmoderately
susceptible cowpea varieties infected by Striga gesnerioides when
the level of attack was up to 10 Alectra plants per cowpea plant.
Earlier Aggarwal and Oedraogo (198%) reported that yield loss of
cowpea due to S. gesnerioides varied from 56%4 on a susceptible
variety with 83% plants infected, through 304 loss on less

susceptible varieties with 40-507% of the plants infected.

2.4 Symptom of Parasitic Weeds Infections in Host Crops
The physiological disorder caused by §. gesnericides in
caowpea 1is a drastic and extensive loss of carbohydrates, which

have been shown to be mainly sucrose (Ba, 1983). Such bulk loss




of :arboéydrates from the host cowpea plant correlated with the
robust haustoria of the parasite which consists of phloem, in
addition to other transport cells (Ba, 1983). The removal of
these arganic compounds, mainly carbohydrates, in. large
quantities results in extensive damage to the cowpea plant,
despite the relatively small size of the parasite.

The following account of the above ground symptoms of attack

of cowpea by 5. gesneriocides is based solely on the report of
Emechebe et al (1983; 1988). The commonest symptom observed on
cowpea infected by S5. gesneriocides in the field as well as in the
screen house is interveinal chlorosis. The striga plants may or
may not emerge above the soil level before the appearance of
chlorosis or, any other external symptom. On a heavily infected
plant an important symptom is foliar desiccation which may be
preceded by interveinal, rusty brown to purplish spots; a few
days later, the areas around spots suddenly dessiccate to produce
straw-coloured necrotic spot with watersaaked margins.,
Coalescence of several spots result in blighting of the lamina.
A leaflet may be completely desiccated before blight spreads to
the rachis, necrosis of which results in the desiccation of other
leaflets. Desiccation later spreads from the petioles to their
points of attachment to the stem which then dries up downwards
and rarely upwards. However, premature abscission of the leaf or
leaflet prevents internode desiccation. In addition, a less
severely infected plant may be stunted while mild chlorosis is
symptomatic of even lighter infection. The effect of Alectra on
cowpea is invariably the same as described above, although less

dramatic (Emechebe et al., 1983).
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2.5 Sources of resistance to Striga and Alectra in Cowpea
Although no absolute resistance to Striga has been found in
cereals, several sources of true resistance to S. gesnerioides
and A. vogelii have been identified in cowpea., Field screening
of 54 varieties at Kamboinse, Burkina Faso in 1981 indicated two
Striga resistant varieties: SUVITA-2 from Burkina Faso and 358-357
from Senegal (IITA/SAFGRAD, 1981, IITA, 1982). These two
varieties supported little or no Striga emergence compared tp a
large number of emerged Striga on susceptible check varieties.
From 1983 to 19846, systematic field testing programmes were
conducted in Niger, NIgeria, Burkina Faso and Mali (IITA/SAFGRAD,
1983) dinvolving these resistant varieties and derivatives of
crosses from SUVITA-2 to ascertain the stability of Striga
resistance across the West African Savanna. The result showed
that SUWITA-2 and 58-537 maintained their high level of resistance
only in Burkina Faso and Mali, but low to very low level of
resistance or complete susceptibility in other countries, giving
credence to the presence of different strains of S. gesnerioides
(Aggarwal, 19863 IAR, 19863 1987). GScreenhouse studies conducted
at Weed Research Organization (WR0O) in U.K using seeds of these
cowpea varieties and Striga from countries in West Africa,
confirmed the previous field observations that there is at least
two strains of S. gesneriocides in West Africa (IITA, 1984; 1985;
19846; and Aggarwal, 1985). The search for additional sources of
resistance identified two new sources of resistance as B301 and
ITB2D-B49 in 1987. They showed stable resistance to Striga

across Burkina Faso, Mali, Republic of Niger, and Nigeria




(Aggarwal, 1988; Emechebe, et ﬂl'fi3991)' B301, a germplasm line
from Botswana was initially identified to be resistant to Alectra.
vagelii in Botswana (C. Riches, 1984, personal communication).
ITB82D-B49 is an imporved breeding line developed at 1ITA. Parker
and Polniaszek (1990) and Bailey and Terry (1990) independently:
reported the combined resistance to Striga and Alectra  in B301
and confirmed stable resistance of B301 and IT82D-849 across the
strains of Striga within the West African sub-region.. However,
I1T82D-849 is highly susceptible to Alectra. SUVITA-2 which is
resistant to Strigs in MNigeria but highly susceptible to Alectra.
Systematic genetic studies have revealed a single dominant gene
for Striga and independent duplicate dominant genes for Alectra
resistance in B301 (Singh and Emechebe, 1990a, 1990bj; Singh et
al. 1993; Atokple et al. 1993). Also, studies have shown that
resistance in IT82D-849 to Striga is controlled by a .single
dominant gene but it is different from that of B301 Atokple et

al., 1993. Screening the parents of IT8B82D-849 and allelic test

have revealed that its source of Striga resistance is from Emma

60, a variety from Uganda. In addition to these sources of
resistance to Striga and ectra, a number of moderately
resistant lines have been identified. These improved breeding
lines including IT81D-994, ITB&6D-472, 17T84D-6b66, 1T86D-534 and
ITB8LD-371 were developed at IITA and showed delayed emergence of
smaller number of Striga and Alectra which rarely grow to

maturity (Singh and Emechebe, 1990b).

2.6 Host Responses to Parasites

The defence of host plants against their potential parasites
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may be due to either evoidance or resistance mechanisms.
Avoidance reduces the chance of contact between the prospective
host tissue and the parasite, whereas resistance operates when
host tissue and the parasite come into contact (Parlevliet, .
1277) .

Early maturity or tolerance of conditions which adversely
affect parasite development, such as extremes of temperature or
humidity, are example of avoidance mechanisms. Earlier studies
had indicated that if susceptible photosensitive cowpea lines are
planted at a date that will enable flowering to occur at about
the periocd of Striga emergence, they may escape some damage
(1ITA/SAFGRAD, 1982). Ramaiah and Parker (1982) similarly
suggest that early planting of sorghum in Southern Africa may
reduce Striga attack as the crop can become established before

the soil temperature will favour the conditioning of GStriga

seeds .

A host that is able to restrict the development of a
parasite after contact is resistant (Robinson, 196%9). Resistance
levels may vary from low to total immunity. The mechanism of

resistance to 8. gesnerioides and Alectra vogelii in cowpea to S.

hermothic in sorghum and to Orobanche spp are not clearly
understood. According to several workers ({(Saunders, 1933;

FParker, et al 1977; Ramaiah, 1987) resistance to Striga and

Orobanche species may be caused by one or more of the following

factors:

(a) low or no stimulant production (germination factors}
(b) mechanical barriers (anti-haustorical factors), and

(c) antibiosis.

11



Striga and électra seed need some cliemical substances
praduced by susceptible host crops to be able to germinate. The
absence of such compounds in the host  root exudates confers
resistance on the host by not stimulating germination of parasite
seeds. |

fnti-haustorial factors, as the term implies, operate after
the Striga seed is successfully germinated and before it is fully
established on the host root (Ramaiah, 1987; Lane et al., 1991).
In the resistant cowpea variety, 358-537, Lane et al (1991)
ohserved that theres was a hypersensitive reaction producing
necrosis of  root tissue around invading Siriga radicle and
canseguently death of parasite within 2-3 days.

According  to Ramaiabh (1984), antibiosis, the phenomenon of
the host arresting normal growth and development pf the attached
Etrigay may be due to incompatibility between the host and the
parasite leading toc the premature death of latter. He observed
that this ¢ould be manifested immediately after successtul
invasion of the host tissuwe and establistment with  the host
vascular system. In Burkins Faso, field reports of the death of
small Striga shoots on resitant cowpes varigpty BUVITA-2 within 3
4 days atter emergence (Aggarwal st al., 19848} could be taken as
shtibiotic response. Lane arnd Railey (19?1) ohserved that on
cowpea varieby BID1, the radicle of 5. gespericides penetrated
the host roots and Toraed small tubercles, which even &fter 12
weske  Talled {to develop beyond 1-Ziin in diameter and stem
development was  also severely resistricted. The mechanism of

resistance shown by cowpea variety, BIES?P te Alectra was also

12



bassed on limited development of parasite tubercle, similar to
the antibiosis expressed by B301., Other classical antibiotic
responses to Striga and Alectra infections are exhibited by the
cowpea varieties, 1T82D-849 and 1TBID-994 respectively (Emechebe
et al, 1991; Singh and Emechebe, 1990b) which restrict the growth

and development of the attached parasites respectively..

2.7 Effect of Nitrogen on Alectra vogelii and Cowpea Grain
yield

The influence of N-fertilization and manuring as faram
practices in the management of parasitic weeds afé'génerally not
consistent and repeatable. Studies in sand culture (Emechebe gt
al., 1988; 1991) showed that 140ppm N supplied as sodium nitrate
'fNaN03) solution completely inhibited Striga attachment to cowpea
roots while at the same time reducing nodule numbers. Results of
subsequent field trials conducted in two consecutive years in the
Sudan savanna of NMNigeria were inconsistent and therefore
inconclusive (Emechebe et al., 1991; Adu et al., 1989). The use
of nitrogen in controlling S. gesnericides in cowpea seems to be
limited due to its detrimental effect on nodulation with high
doses and consequent yield reduction. However, Adu et al. (1989)
reported that lower doses of nitrogen in combination with some
level of host resistance would be appropriate for conteracting
Striga infection.

However, with sorghum, different sources and rates of N
fertilizers have been used to suppress 8. hermonthica and
consequently increase sorghum grain yield. Urea at three rates

of 43, 80 and 172 ¥g N/ha increased sorghum yields by 14, 25 and
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45%, respectively and decreased Striga shoot yield by 14, 21 and
359% compared with the untreated control (Bebawi and Abdulaziz,
19283) Ogborn (1979) reported that though high level of nitrogen
increased sorghum grain yield, it also resulted in increased.
number of emerged Striga plants. In a pot culture under various
nutrient levels, shoot yvields of sorghum were reduced by- Striga-
to about 754 at low nutrient level. Striga set seed at all
nutrient levels, but the sorghum host produced seed at the
highest nutrient level only (Egley, 1971).

It may be concluded from the above references that at least
under certain conditions, low N resulted in increasing Striga,
while thigh N could sustantially suppress it. But the wmechanism
by which nitrogen brings about its effect has not clearly been
clarified. With regard to the effect of high N, according to
Ogborn (1984}, it could act in at least two ways. In the first
place, it is possible to increase nitrogen in the host root to a
level at which parasitism by Striga is inhibited. Secondly,
reducing light intensity on soil surface (shading of the soil) as
a result of a denser crop canopy, could result in less favourable
temperature for Striga germination (Parker, 1984). On the basis
of pot experiments, Parker (1984) proposed that N tends to change
the balance of host root and shoot growth in favour of shoots,

leaving the parasite relatively starved on the roots.

2.8 Chemical Control of Parasitic Weeds of Cowpea
The use of chemical to control witchweed can be divided into
two general categories, namely pre-emergence and post-emergence

(Ayensu t al 1984; Dogget, 1988). Pre-emergence herbicides
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capable of controling these parasites include the dinitrocanilines
(DNA"s) and Diphenyl ethers (Eplee et al, 1991). Among the DNA's
trifluralin, benefin, fluchloralin and gendimethalin have been
found effective. Another new promising member of the group is..
formesafen (Eplee et al., 1921). All these herbicides act as
barriers to prevent Siriqas emergence.

Fast-emergence herbicides wmost commonly used tao staop the
reproduction of Striga are the salt formulations of 2,4—D._

{Choudhari et al., 19803 Yaduraju and Hasmani, 1979; Lagoke et

———

al., 1973a, 1993b). They are applied to Striga foliage about the
time of flowering at the rate of 0.5-1.0 Kg a.i/ha. | -

Pre-and post-emnergence herbicides are effective in
preventing 8triga seed groduction. However, these treatments do
not prevent the irreversible damage inflicted between the time of
parasite attachment and emergence. A noble approach now under
investigation is the use of systemic herbicides to control 8Striga
at incipient attachment (Eplee et al., 1991}. Schmitt et al.
(197%2) demonstrated the effectiveness of the systemic non-—

gelective herbicide glyphosate in killing broomrape (Drobanche

spp.) o©on broad beans (VYicia faba) and pther crops at or sgon

after parasite attachment.

Metolachlor and pendimethalin are the two pre—emergence
herbicides that were recently found in field trials to provide
sufficient suppression of Striga attachment (Eplee et al., 1991).
Pendimethalin, applied pre—emergence to the surface at 1.7 KkKg

&.i/ha, gave a 1007 reduction to early 8triga emergence {(Eplee et

1., 1791).
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2.8.% Imidazolinone herbicides

~wwv. This  class of herbicides is characterised by  high
phytotoxicity that makes it possible to apply members of this
group at very low doses {0.15-0.75 kg/ha) Jor weed control. The
mode of action of these herbicides is the inhibition eaf amino
acid synthesis. This is followed by necrosis of the apicaLl
meristem. Some susceptible weeds, especially grasses, may show a
purpling of the leaves that starts at the midrib and spreads. to.

the lamina before death occurs.

2.8.1.1 Imazagquin

Imazaquin (2—-{4-isopropyl-4-methyl—3-oxo-2-imidazoline-2-yl)
quinoline-3—-carboxylic acid}, with the common name “Scepter*. is
a selective broad spectrum herbicide for weed control and post-
emeirgence (Parker and Wilson, 1984). It is formulated both as an
emilsifiable concentrate and water dispersable granules 7074  w/w
ani. symptons of phytotoxicity include stunting and chlorosis
which develop into necrosis of tissues in susceptible plants.
The nrew and younqg leaves are sametimes distorted while patchy
thlorosis develops later on older sprayed leaves. in general,
necrosis and death are usually preceeded by a pronaunced
chlorosis (Richardson et al., 1984).

Imazaguin is absorbed by the roots and foliage and
- translocated to other parts in both the xylem and phloem (Shaner
¥ al., 1983). The uptake of imazaquin has however been suggested

to be mainly through the root {(Orwick et al., 1983).

Richardson et al. (1984) tried imazaquin on many weed species

and crops and observed that the activity was generally greater in



the soil applied treatments, especially pre-emergence. The
effects of the foliar spray were apparent on all species even at
the lower doses the perennials like Polygonium amphibium and
Elynus repens were sensitive while dwarf beans showed some
degree of tolerance. In the post—-emergence selectivity study six
annual weeds were controlled at the lowest dose of 0.05 Kg
a.i./ha of imazaquin, including two grasses (Poa trivalis and

Festuca rubra). At higher doses a further 13 weed species were

controlled including several grasses and broad leaved plants.
The other perennials, although not adequately controlled were
severely suppressed at higher doses.

In trials carried out both in the greenhouse and the field,
imazaquin applied both pre-emergence and post-emergence at rates
ranging from 0.025 to 0.4 Kg/ha has been reported to effectively
and selectively control a wide range of weeds such as Amaranthus,
Cyperus spp. and Euphorbia spp. in cowpea (Oneil et al., 1985) At
0.025 Kg/ha, legume crops including cowpea tolerated imazaquin
but were however damaged a litle at 0.1 kg/ha in the greenhouse.
At higher rates, a wide range aof weeds including Rottboellia
cochinchinesis was controlled by imazaquin {(Parker and Wilson,
19846). Applied pre-emergence in mixture with other herbicides,
imazaquin gave season long weed control in soyabean Wilson and
Hines, 1986; IITA, 1984). Gofung (1987) found that imazaquin and
its mixture with wmetolachlor at 0.25 + 1.25 kg a.i./ha in
soyabean and groundnut and at 0,13 + 1.25% and 0.33 + 1.25 kg
a.i/ha in cowpea gave effective weed control and high yield.

In Nigeria, Magani et al, (1992) reported that Pree plus
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. @mazaquin at 1.0 + 0.13 Kg a.i./ba and pendimethalin plus

imszaquin at 1.09 + 0.19 kg a.i/ha, &l1 followed by one
supplementary hoe—weeding at 6 WAS when compared with two hoe-

weedings resulted in lower Alectra shoot cownt and number of

infested plants with consequent increase in cowpea grain yield.

2.8.1.2 - Imazethapyr

Imazethapr (*)-(4, S5-dibydro-4-methyl-4-(1-methyl ethyl)-3-
oxo-1 H-imidazol-2~y1) -9 ethyl-3-pyridune carboxrylic acid (+)-5-
ethly-2-(4—-ispprophyl—4-methyl-5-ox0-2 imidazolin—-2-11), has the
common name of pursuit, with the ammonium salt formulated as an
aguepus solutions of different acid equivalent copncentrations
depending upon éengraphic region.

Imazethapyr herbicide kills weeds by reducing the level of
the three—-branched-chain aliphatic amino acid, isoleucine,
leucine and valine, through the inhibition of acetphydroxy acid
synthase (AHAS), an enzyme common to the biosynthetic path way of
these amineg acids. This inhibition causes a disruption in
protein synthesis which in turn lead to an lnterference in DNA
synthesis and cell growth.

Imazethapyr is readily absorbed through the roots and
foliage translocated in the xylem and pbloem throughout the
plants. After pre—emergente or pre-plant incorporated
application, susceptible weeds may germinate and emeirge, however,
normal growth stops at the cotyledon stage in broadleaved weeds
and before the 2-leaf stage in grasses.

The selectivity of imazethapyr 1in soyabeans is the result of

rapid metabolism of the herbicide by the soyabean plants.



Susceptible weeds either cannot metabolise the herbicide or

metabolise it too slowly for detoxification.

ol Chloro—acetamides

The chloro—acetamides constitute a major sub-division of the
amide class of herbicide which have a mono chlorinated methyl in
the R-1 position (Clenn et al, 1975).

Chloroacetamides are principally used for the control of
seedling grass and certain broadleaved weeds in vegetable and
field crops. They are more effective in controlling grasses than
broad—-leaved weeds. Chloroacetamides are normaly applied pre-
emergence to the weeds and crops although some of them like
propanil primarily have post-emergency activity (Anderson, 1977).

Chloroacetamides are readily absorbed by susceptible plants,
primarily by seeds and first node of germinating seedlings and
appear to be translocated primarily in the apoplast but limited
symplastic movement occur (Klingman et al., 1975). They 4inhibit
mitochondrial phosphorylation and mitotic division. The

inhibition increases with increasing concentration and varies

with different species.

2.8.2.1 Metolachlor

Metolachlor (Z2-chloro-N-(2-ethyl-é-methyl-pheny )-N-(2-
methoxyl-1-methyl ethyl) acetamide, is principally applied pre-
emergence for selective control of annual grass, yellow nutsedge
and certain broadleaved species in maize, groundnut, soyabean,
vam, potato, cotton and cowpea {(Anon, 1983). Metolachlor has
been reported to give effective weed control in cowpea when

applied singly. Mixtures of metolachlor with various herbicides
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such as imazaqguin, metobromuron, dinron and prometryne have been
reported to give selective weed control in cowpea by many workers
(Akobundn, 1978, Hussain, et agl, 1979; Lagoke gL zl., 1982;.
Metolachlor has recently been found in fileld trials to provide
sufficient suppression of Strigs attachment (Eplee et gl 1991 ;
applied preplant incorporated (PPI) at 2.2 Kg a.i./ha it caused

an 80% reduction in Siriga emergence.

2.8.2.2 Netazachlor (Pree)

Metazachloer N-(2,8-Dimethylphenyl)-R~(1-Pyrazolyl methyl)}-
chloroacetamide is principally applied pre-emergernce for
selective controel of annual grass and yvellow nutsedge in cotton,
rape, potatoes, groundnuts, soyabeans, tobseco and CORpEL
{Thomas, 1880). On light soils, heavy rainfall after application
may cause some crop injury. It is reported to give maximam weed
control when not applied on a rough or cloddy seedbed. It is
very compatable with many other herbicides,

Studies on control of broadlesved weed winter rspe 1in  the
U, showed that metazachlor at 0.5-1.25 Kg, cyanazine at 0.59 kg
successfully controlled Stellaria medis. Single application of
metazachlor or cyanszine oy applications of both st 0.5-0.75 Kg
and .38 Kg, respectively, consistently controlled Yerconica spp.
{Bowerman, 1890). Wslker gt g1 (1980) reported that the best
weed control in 10 out of 13 trials was obtained with metaszachlor
8lone or in mixtures, but in the sbsernce of high levels of
volunteer cereals there was no relationship between weed denzity

and yield response. Laureti (1888) reported that metagzachlor at
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Z kg/ha product pre-emergence or 2.5 Kg post-emergence; at the 2-
leaf =tage of the crop performed well when applied singly or in
mixtures to vilseed rape. Presowing and pre-emergence Lreatments

were the most smatisfactory.

2.8.3 Dinitroaniline herbicides

Many members of this group are scil-sctive herbicides with
little or no foliar activity. They tend to volatilize when
applied on the s0il surface, thus making so0il 1incorporsation
Necessary. Pendimethalin and oryzalin are two members of this
group that are less volatile and can be applied pre-emergence
without soil inecorporation. Pendimethalin is the only member of
this group herbicidally s&sctive when used &g a pre-plant
incorporated, pre-emergence or post-emerdence herbicide.

Dinitroaniline herbicides kill seedling weeds by inhibiting
the development of latersl roots in susceptible plante. Other
characteristics of dinitreanilines are stunting of the above-
ground parts of susceptible plants, development of dark green
colouy swelling and brittlenes of the stem or the hypocotyl of
seedlings {Parksa and Soper, 1877}, As a group the

dinitroanilines are very effective in the control of corn grass

(R boelli ninchinesis).

2.8.3.1 Pendimethalin

Pentlimethalin (H-{1l-ethylpropyvl)-3, 4-dimethyl-2-8-
dinitrobenxenanine), 1like other dinitroaniline herbicides,
generally inhibits weed seed Zermination arid associated

physioclegical growth process by disorganizing mitotic divisions -



in root cells (Oliver and Frans, 1968). Pendimethalin has been
widely used mainly as a pre-emergence herbicide for the control
of annual grasses and broad-leaved weeds in some crops, such as
beans, onions, tomatoes (Ashton, 1978; Idris, 1983).
Pendimethalin has a narrow weed control spectrum which can be
considerably broadened by tank mixing with metobromuron in
cowpes.

Pendimethalin, applied pre-emergence to the surface at 1.7
kg a.i/ha, gave a 100% reduction in early Striga emergence (Eplee
et al., 1991). The mode of action of these herbicides in
preventing early season gSbriga attachment is not vyet known.
Magani et al. (1992) reported that pendimethalin plus imazaquin at
1.09 + 0.19 Kg a.i/ha followed by one supplementary hoe-weeding
at B WAS resulted in lower Alectra shoot count and number of

infected plants with consequent increase in cowpea grain yield.

3.0 MATERIALS AND METHODS
3.1 Experimental materials

The materials used 1in these studies included 18 cowpea
lines.

B 301

B 301 is a local land race from Botswana where it is mainly
grown for its leaves as vegetables. It is late maturing but
photoperiod-insensitive. The growth hsbit is semi-erect with
twining tendency. The leaves are subglobous; pods are straight
and pendant in sttachment to the peducles which are mostly held

below canopy. The seeds are rather small, creamy in colour with
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smooth testa. This line has cross resistance to all strains of
cowpea striga and Alectra in the southern, central and West
Africa sub-regions. The mechanism of resistance +to both
parasites is antibiotic characterized by no haustoria formations
and death of parasites. This line is also fairly resistant to

most diseases prevalent in the savanna zones.

IT82D-849
This is an imp;nved breeding 1line from IITA, Ibadan,
Nigeria, which is early maturing and photoperiod - insensitive.
It has an erect plant architecture with the straight pods pendant
and mostly above the canopy. This line also exhibits an

antibiotic mode of resistance to 8Striga, restricting growth to

minute haustoria formations. There are occasional emergence but
very weak plants which die before maturing. However, the high
susceptibility of IT82D - 849 to Alectra and bacterial blight
nullifies the benefits of Striga resistance in terms of vyield

lass affset.

SUVITA - 2

SUVITA - 2, otherwords known as Gorom Local originates from
Burkina Faso. It is medium maturing and photoperiod - insensitive
and mainly cherished for its drought tolerance. It has semi-
erect-growth habit with most of its hemispherical pods above the
cCanopy . The medium-size seeds are brown in colour with .rough
seed <opat. This line shows high level of resistance to Striga
only in Burkina Faso but low to very low resistance or complete
susceptibility in other countries like, Mali, Niger, and Nigeria.

The resistance is characterized by very few or no emergence of
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attached gtriga which 1is caused by antibaustorial factors.
~BUVITA - 2 is however, highly susceptible to Alectra and- cowpea

vellow mosaic virus disease.

ITE1ID —~ 994

. This is an impraved breeding line Tram IITA, which is late
maturing- and photoperiod-sensitive. Its prostrate growth. habit .
pushes most of the hemispherical pads above the canopy. The
rough—textured, medium sized seeds are white in colour with-black.
eyes. This line is moderately resistant to Striga and highly
resistant to Glectra., The resistance is characterized by less
and delayed emergence which are weak, and slow growing Alectra

plants. IT81D-924 hazs the added advantage of being resistant +to

bruchids.,
ITB4S - 22458 — 4

This photoperied - insensitive improved variety from IITA is
susceptible to both Striga and Alectra. It is otherwise resistant
to several diseases and thrips. It also combine high vyield
potential with early maturing. ITB4S - 22445 — 4 has an erect
growth habit with its straight pods acute to the peduncle and
held above the canopy. The medium—sized seeds are brown in

colour with rough testa.

TVX3236

This photoperiod-insensitive wvariety Iis susceptible to

Striga and ®lectra. It is medium maturing and resistant to

thrips. The medium size seeds are white cream eye.
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IT?0K~-59
It is photoperiod-insensitive, early maturing and resistant
to aphids, bruchids and thrips. It has an erect growth habit
with its straight pods held above the canopy. The small-sized

seeds are brown in colour with rough testa.

IT?O0K-76
It is photopericd-insensitive, early maturing and resistant
to aphids, bruchids and thrips. It has an erect growth habit
with it pods held above the canopy. The medium—-sized seeds are

brown in colour with rough testa.

IT86D-534
It is early maturing with wmultiple disease resistance.
IT86D~534 is moderately resistant to Striga and Alectra. It is
resistant to bruchids. The medium—-sized seeds are brown in

colour with smooth testa.

1781D-985
This is an improved breeding line from IITA, which is late
maturing and photoperiod-sensitive. Its prostrate growth habit
pushes most of the hemispherical pods above the canopy. The
medium sized seeds are rough and white in colour. IT81D-985 is
moderately resistant to Striga and Alectra. The resistance is
characterized by less and delayed emergence which are weak, slow

growing Alectra plants. It is resistant to bruchids.

1T89KD-245-1

It is photoperiod-sensitive. Its prostrate growth habit
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pushes most of the hemispherical pods above the canopy. The
rough—textured, large sized seeds are white in colour. It is

dual purpose and resistant to aphids and bruchids.

VITA-3
- VITA-Z3 is photoperiod-insensitive and medium maturing. It
has semi—erect growth with most of the straight pods above the

canopy. The seeds are large and red in colour with smooth testa.

I1T8?KD-245
It is photoperiod—-sensitive. Its prostrate growth habit
pushes most of pods above the canopy. The rough-textured, large
sized seeds are white in colour. It is dual purpose and

resistant to aphids and bruchids.

1786D~-843
This photoperiod-insensitive improved variety from IITA is
medium maturing and has multiple disease resistance. The medium—

sized seeds are rough textured and white in colour.

TN121-80
TN121-80 originates from INRAN Niger Republic. It is late

maturing and moderately resistant to Striga.

SAMPEA 7
This is an improved variety from IAR. 1t is highly

susceptible to both Striga and Alectra. SAMPEA 7 is photoperiod-

insensitve, early maturing, erect growth with pods held above the

Canopy . The medium sized seeds are rough-textured and brown in

colour.
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TN 23-80
This also originates from INRAN Niger Republic. It is late
maturing and moderately resistant to Striga. The nedium size

seeds are white with rough testa.

Kano 1694
It is photoperiod-sensitive variety that is late amaturing.
It is dual purpaose with prostrate growth habit, The pnds' are
carried above the canopy. The large sized seeds are rough-

textured and white in colour with black eyve spoat.

Table la: Pedigrees/origin of cowpea varieties evaluated

Varieties Pedigree/origin
1T845-22456~-4 iITA

Kano 1696 Nigeria (local)
IT87KD—-245—~1 BR301 x Local Kananado
TYX 3236 IITA

ITOK~59 B30l x 178485-2246-4
ITOK~76 B301 x IT845-22445-4
IT85D-534 : I1TA

ITEFKD—245 B301 % Local Kananado
1T82D-849 IITA

aI0L ' ' Botswana

ITE1D-985 IITA

IT81D-9945 I1TA

ITB86D-B43 : IITA

TN 93~80 Niger

TN 12180 Niger

VITA-3 IiTA

SUVITA~Z . I1ITA/SAFSGRAD

SAMPEA~7 " IAR

3.2 Description of Experimental sites
Field experiments were conducted in 1991 and 19922 wet
seasons at Samaru (112 11°N 0792 38°E) in the northern Buinea

savamna ecological zone of Nigeria. The sites used for the 1991



trials and herbicide evaluation trial in 1992 was naturally and

heavily infested with Alectra vogelii. In 1992, the field was

divided into two blocks; one block was artificially inoculated
with @Alectra seeds at the approximate rate of 2,000 seeds per
hill two weeks before crop planting while the second block was
not  inoculated but planted with the same varieties evaluated in
the first block. The soil of the experimental sites was sandy
loam. Details of the physico-chemical characteristics of the
soils and rainfall distribution records during the periods of

experimentation are presented in Tables 1 and 2, respectively.

3.3 BGreen—house Experiments
SaSud Description and location

All the experiments were conducted in the green—house qf the
Institute for Agricultural Research Samaru located in the
naorthern Guinea savanna ecological zone of Nigeria. The
screening of cowpea varieties fTor Alectra resistance experiment
was conducted between February and May, 1992 with a total of 108
pots, half of which was inoculated with Alectra seeds. While the
first and second experiments on developing an appropriate
technique for evaluating cowpea varieties for their reaction to

Alectra were conducted from February to May and July to

September, respectively in 1993. Details of the meteorological

records during the period of the experiment are shown in Table 3.

3.4 General Fields Cultural Practices
At all trial sites in the two years, the land was ploughed

and discharrowed at about two weeks intervals in order to get a
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fine tilth before sowing. Planting was done on 29 and 30 July
in 1991 and 1992, respectively. In the two years trials, three
seds per hole of cowpea were planted on 75cm wide ridges at an
intra-row spacing of 30cm, These were thinned to two plants per
stand at two weeks later at random. Application of single
superphosphate at the rate of 24 Kg F/ha was done at cowpea
emergence in the evaluation of varieties and herbicides faor
Alectra control experiments. In 1992, the Alectra seed/sand
inoculum was prepared by mixing 109 of Alectra seeds with 2350g of
sieved sand (180 um size). The mixture was shaken thoroughly in
an air-filled polythene bag for 5 minutes to ensure a uniform
distribution of Alectra seeds in the sand/seed stock.

Fungal diseases were controlled by the application of
mixture of benomyl {(Benlate) and Mancozeb (Dithane M453), at +the
product rate of 0.6 Kg plus 2.5 Kg/ha, thrice weekly commencing
from 4 weeks after planting (WAF). Cypermethrin (Cymbush 10 EC)
and dimethoate (perferkthion 40 EG) vere each applied
forthnightly at the rate of 0.75 litre/ha each as tank-mixture
beginning from & WAS until harvest to control various categories

of insect pestis.
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Table 1b: Physico—-chemical analysis of soil taken from
experimental sites

1991 1992
Soil Compositicn Sgil depth (cm) Soil depth (cm)
0-15 15-30 0~18 15-30

Particlie size (%)
Sand S6 46 53 49
8ilt 32 30 40 38
Clay 12 24 7 13
Soil textural class sandy loam sandy loam
Soil pH in water 3.7 5.8 4.7 4.8
pH in 0.01M CaCl, 4.7 4.7 4.1 4.1
Organic carbon (g/kg) 4.5 3.2 3.7 3.0
Total nitrogen (g/kg) 0.4 0,3 0.5 0.4
Available P (mg/kg) 8.39 5.06 8.91 T.42
Exchangeable Bases (Cmcl/Kg)
Sodium (N&) 0.10 0,13 0.03 0.04
Potassium, (K) 0.0%9 0.09 0.21 0.21
Calcium (Ca) 0.75 1.31 1.21 2.29
Magnesium (Mg) 0.34 0.735 Q.38 0.58
Cation Exchange Capacity

{Cmol/kg) 5.2 8.8 4.52 4 .80
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Table 2: Total rainfall; maximum and minimun temperature, relative humidity

and

sunshine bours at  ten day intervals during the period of the

experiments 1991-1992

Total Maimum Minimuam Relative an Bhine
rainfall (mn) Temperature o™ Temperatwre o Humidity (%) (hrs)

Month Days
1991 1992 1991 1992 1991 1992 1991 1992 1991 1992
1-10 71.0 74.3 28.0 28.0 2,0 19.5 79.7 B8BlL.% 5.9 6.0
July 11-20 22,7 120.9 28.3 28.3 19.9 19.9 78.5 84.9 5.9 6.0
21-31 95.9 38.4 28.0 20.1 2.0 20,0 R.6 B1.3 3.3 6.8
1-10  S6.9 150.7 27.7 27.7 20.1 19.8 g85.0 81.8 4.4 5.3
fAug. 11-20 103.2 152.1 27.9 27.9 19.2 19.3 83.1 79.92 5.1 1.6
21-31 168.9 32.6 2B.2 28.2 12.7 19.5 85.2 72.2 5.5 2.7
1-10 20.0 56.2 30.6 30.6 20.0 20.4 75.9 B80.7 8.4 5.4
Sept 11-20 25,1 B80.4 31.4 3l.4 19.6 19.B 71.5 Bb.l 7.6 4.3
21-31 6.1 72,9 31.9 31.9 20.4 19.9 4.4 83.8 8.3 5.3
1-10 28.7 4.7 31.5 31.5 20.3 18.8 73.1  &7.1 7.3 8.4
Oet. 1120 = - M.7 3.7 17.7 19.4 &7.9  70.7 8.9 9.5
21-31 = - 32.7 327 17.0 15.2 7.8 446.9 2.1 10.4
I~10 - - 31.6 31.6 13.3 16.7 22.1 45.1 2.5 7.8
Nov. 11-20 - - 31.0 31.0 12,7 13.9 2.2 25.8 7.2 9.3
B3y - - 3.0 3.0 12.4 14.6 17.4 26.3 9.4 2.8
1=30 - - 32.0 32.0 i2.8 12.8 6.6 30.4 8.9 7.9
Dec. 11-20 -~ - 276 Z27.6 13.0 12.8 21.8 220.0 6.2 8.8
21-30 - - 26.5 26.5 12.2  11.4 223 249 7.9 7.1

Source: teteorological

Nigeria
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Table 3. Total monthly rainfaljl, mean tanperature, radiation,
humidij ¢ * Sunshine and evaporation during the pPeriod
of green-house Study, February tq Septe-bar, 1992 ang

1993 at Institute for Agricltura) Research (IAR)
Samaruy
Rainfall Relative Sunshine Evaporation Temﬁgrature
{mm) humidity (hrs) (mm) (o~)
(%)

Month 1992 1993 1992 1993 1992 1993 1992 1993 1992 1993
Feb. 0.0 0.0 10.9 21.4 7.9 8.0 271.0 231.1 22,5 23.2
March 0.0 0.0 20,0 30.6 5.9 7.2 314.0 320.3 27.2 26.3
April 32,3 8.3 s54.3 38.3 7.4 8.1 24¢4.7 248.5 2g.9 29.9
May 73.1 113.4 98.1 s54.9 7.4 8.2 237.0 275.2 29.5 29.9
June 112.4 155.8 64.6 s2.3 6.2 7.6 1844 205.9 24,4 26.3
July 243.4 259.0 75.4 47,4 &2 6.6 108.2 178.3 244 24.9
fug. 287.3 300.8 78.9 72.0 4.9 9.0 119.5 300.8 24,7 24.8

Sept. 229, 7 181.8 71.9 87.5 4.4 7.0 1494 181.2 24,5 26.4

Source; Meteoralogica Instityte for Agricultural Reséarch,

Samaru—Zaria

1 Unit,



3.3 Geperal Green—house Practices
3.3.1 -~ Alectra Seed Incculant Preparation

In all the green—house trials, different concentrations (35—
20cc) of Alectra seeds were measured and sieved dry sand (180 um
size) were mixed in an air filled polythene bag and shaken
thoroughly for five minutes to ensure a uniform distribution of
Alectra seeds. Then 20cc sand was added to the 20cc of Alectra
seed/sand mixture and again thoroughly shaken for five minutes.
The Alectra seed/sand mixture was then mixed with equal volume of
the sieved sand before the shaking process was repeated.
Subsequently 20cc, 100cc and 200cc of the sieved sand were
serially added to the Alectra seed/sand mixture and the shaking
process repeated after every addition to bring the final volume
of Alectra seeds/sand mixture to 400cc. The mixture of the 400cc
was shaken for 3 minutesi poured out on a sheet of paolythene.
The mixture was gquarted and coned S times with a hand towel. It
was then poured back again into the polythene bag and shaken for
2 minutes. The mixing process was continued with addition of
400cc of the sieved sand to the 400cc Alectra seed/sand mixture,
The 800cc Alectra seed/sand mixture obtained was then made up to
a fTinal wvolume of 1000cc by addition of 200cc of sand. The
1000cc contained about 160,000 seeds (as determined by Emechebe).

To prepare inoculated soil for each pot 100cc of the stock
was used containing about 2,000 Alectra seeds/pot by addition of
700ce of soil/sand misxture (1:1 v/v). This gave 800cc of
inoculated soil. To the bottom of the plastic pots (14cm % 1l4cm)

was added about 100cc of sand. The 800cec of inoculated soil was

then added.



3.6 Treatments, Experimental Design and Plot Sizes

3.6.1 Screening of caowpea varieties for Alectra
resistance/tolerance

Sibidak Field experiment
In this study, 18 cowpea varieties each were planted out in
a randomised complete block design replicated three times in &

field naturally infested by Alectra in 1991. The same 18

varieties were used in 1992 but in that vear the experimental
field was divided into two blocks; one block was artificially

inoculated while the other was Alectra free.In the two field

trials, the gross and net plot sizes were 9m°  and 4.5m2,

respectiviey.

Sl X2 Green—house

The same 18 varieties evaluated in the field were evaluated
in greenhouse with and without Alectra infestation in a complete
randomized design with three replicates with a total of 108 pots,
half of which was inoculated with approximately 2,000 Alectra
seeds/pot. Four seepds of cowpea were planted per pot, and
thinned to two plants/pot two weeks after cowpea emergence. The
pots were watered to field capacity once a day. The experiment
was terminated 80 days after sowing (DAS). The roots were freed
of so0il by immersing each pot in & large bucket of water for 5
minutes, the pot was then inverted to release the ball of soil
and roots were then carefully freed of adhering soil in such a

way that there was no loss of attached Alectra plants, both the

emerged and the subterranean.
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3.6.2 Effect of nitrogen and phasphorus combinations for the
control of Alectra

In the fertilizer trial, three cowpea varieties (B301, TN?3-
80, VITA-3) and four varieties (IT89KD-245~-1, TN93-80, VITA-3,
SAMPEA-T7) were used in 1991 and 1992, respectively as main plot
treatment while three levels each of nitrogen (0, 30 and 60 KkKg
N/ha) and phosphorus (O, 20 and 40 Kg P/ha) Tfertilizers, in
factorial combinations, all applied at planting, were the sub-
plot treatments. The trial was laid out in a split-plot design
and replicated three times in each block. Variety B301 was
replaced in the investigation in 1992, since B301 did not support
Alectra emergence at all in 1991. The gross and net plot sizes

in the two years were 12m° and 6m2, respectively.

3.6.3 Effect of herbicides combinations for the control of
Alectra )

In the berbicides evaluation trial, 25 herbicides treatments
were compared with hoe-weeding at 3 and & weeks after sowing
(WAS) and a weedy check in a randomized complete block design
with 3 replications using cowpea variely SAMPEA-7. The pre-
emergence herbicide treatmentse were applied one day after sowing
in the two years, while post-smergence treatments were applied at
3 WAS. The herbicides were applied with a Knapsack (CPx) sprayer
in & spray volume of 250 l/ha using a deflector nozzle at a

pressure of 2.1 Kg/cmz. The gross and net plot sizes inthe two

years were 12m2 and 6m2, respectively.
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S.b6.4 Developing an appropriate technique for evaluating
cowpea varieties for their reaction to Alectra in the

green house

in the technique developing trials, different concentrations
(5-20cc) of Alectra seeds were measured into polythene bags. The
procedure as described under general green house practices was
carried out on each of the Alectra seed concentrations. Based on
enuration by Emechebe (Personal communication) the original Scc,
10ce and 20cc Alectra inoculant contained 1000, 2000 and 4000
seeds, respectively.

From the 1000cc Alectra inoculant stock, 100cc was taken and
used to inpculate a plastic pot (14cm x 14cm) containing 2/3 of
soil/sand mixture (121, Y/ ). Thus, ten plastic pots were
inoculated for every 1000cc Alectra inaculant stock. Each pot

contained 1000, 2000 and 4000 seeds for the 5, 10 and 20cc,

respectively, Alectra inoculant concentrations. After
inoculation, pre-conditioning of Alectra seeds started

immediately by irrigating the pots. This was followed by daily
application of water tao the sail ta field capacity level.

After the pre-conditioning of Alectra seeds in soils in  the
pot for the required period, six seeds of cowpea were sown per
pot and irrigated daily. At two weeks after sowing, the plants
were thinned te four and two plants per pot in the first and
second trials, respectively. The trials were terminated 65 days
after sowing. The roots were freed of 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 sail and the roots were then
carefully freed of adhering soil in such a way that there was no

loss of both emerqged and un—-emerged Alectra plants attached.
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3.7 Observation
. iy S Field experiments

The following observation were taken.
Salal.1 Alectra parameters

Data collected on Alectra from the net plots included the
number of days to first Alectra emergence, number of plants
infected with flectra at 8, 9, 10 WAS and at harvest and Alectra

shoot count at 8, 9, 10 WAS and at harvest.

SeTalal Crop establishment and growth

Observations on crop growth parameters were (i) craop stand
count: crop stand count at 10 DAS and at harvest from the net
plot areas in order to assess the effective establishment of the
Crops,
(ii) Damage symptom score on crop plants: Damage symptoms
on crop plants on a scale of 1-5 at 9 WAS where 1 = normal crop
plant growth, no chlorosis, no blotching no leaf scorching and &
= total leaf scorching or/and obviously stunted or dead plants,
{314 Crop vigour score. Crop vigour score at 2 WAS in order
to assess the vigowr of crop growth using the scale 0 to 10,
where 10 was assigned to plots with fully healthy crop and O was
to those with complete death of crop. In the visual
observation, plant height, greeness of foliage and the spread of

thie plant canopy weie taken into caonsideration.

3.7.1.3 Yield and yield components

Data collected on yield and yield components from the net

plots included number of pods, weight of pods, weight of 1000
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grains and cowpea grain yield. The dry pads of each plot were
picked, weighed, and counted before threshing. The seeds

obtained after threshing were also weighed.

3T .2 Green—house trials

Observations recorded included number of days to Alectra
emergence, number of emerged and un—emerged Alectra at the end of
the experiments, number of nodules/plant, crop reaction syndroame,

days to crop flowering and dry shoot weight at harvest.

3.8 Statistical Analysis of Data

All data obtained during the experiments were subjected to
appropriate transformation before analysis of varience using ‘F’
test as described by Snedecor Cochran (19&67). Treatment means
were then compared using Duncan Multiple Range Tests. Where no
difference were observed between the analysis of original and
transformal values, the means based on the former values were
used for comparison. Coefficient of correlation (r) between

cowpea grain yield and other parameters were also determined.
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4.0 RESULTS

4.1 Screening af cowpea varieties for Alectra
resistance/tolerance

Reactions of cowpea varieties to Alectra parameters viz
number of plants infected, Alectra shoot count, days to aAlectra
emergence; crop growth, and yield and yield components such as
number and weight of pods, weight of 1000 grains and cowpea grain

yvield are presented in Tables 4 to 13.

4.1.1 Number of plants infected and Alectra shoot count

In the two field trials, cowpea varieties differed
significantly with respect to the number of plants infected and
Alectra shoot count at 9 WAS (Tables 4 & 5). Generally, number
of plants infected with Alectra was highest in varieties SAMPEA-
7 and TVX 3234 in 1991 and 1992, respectively. No Alectra shoot
was observed in varieties B301, IT90K-59 and IT?0K-76 throughout
the crop life-cycle in the two years. The number of plants
infected by Alectra in varieties IT89KD-245-1, IT89KD-245, I1T81D-
9?4, 1TB&LD-534 and 1T81D-985 did not differ significantly from
thaose of B301 in the two years. In addition to SAMPEA-7 and TVX
3236 VITA-Z, Kano 1696, ITB2D-84% and 1TB48-2246-4 also supported
gignificantly higher incidence of Alectra. In 1992, Kano 1696
and TN 93-80 supported significantly higher incidence of plants
infectd compared to B30il. Similarly, all cowpea varities except
TVX3236, SWITA-2 and BAMPEA-7 gave Alectra shoot count

comparable to that of B3I01.

4.1.2 Crop damage symptom Score

In the two trials, crop damage syndrome score differed



significantly among cowpea varieties at 9 WAS (Tables 4 and §).
The highest damage syndrome score was observed in 1T82D-849 and
SUVITA-2 in 1991 and 1992, respectively. In 1991, the damage
syndrome score obtained with varieties I1T89KD-245, IT89KD-245-1,
ITB6D~-5Z24 and ITB1D-994 did not differ significantly from those
in B301. In 1992, except TVX32346, 1TB2D-BA%, TN?3-BO and VITA-3,

all other varieties had damage scores comparable to that of B301.

4.1.3 Crop vigour score

Cowpea varieties differed in crop vigour score at 92 WAS in
the two trials (Tables 4 and 6). In 1991, 1IT82D-B4%9 had the
least growth vigour compared with other varieties. Varieties
I1T845~-22446~4, Kano 1694, VITA=-3 and SAMPEA-7 also had lower score
than B301. In 1992, under artificial Alectra infestation, plants
that were not infected had significantly higher crop drowth
vigour compared with those infected (Table 6). Among the
varieties SUVITA-2, 1T845-22446-4, Kana 14694, IT8KD-245, TVX 3236,
1T82D-849, TN 93-80, 1IT81D—-985, TN 121-80 and SAMPEA-7 had
significantly lower crop growth vigour compared with B301, the

resistant variety.

Interaction between cowpea varieties x infection on crop
vigour score was significant (Table 6). In Alectra infected
plots, only B 301 that gave comparable crop vigour score to the
highest obtained with B 301 plants that were not infected with

lectra; while without infestation, Kano 1696, I1T?0K-5%9, IT90K-
76, 1ITB6D-534, VITA I and ITB9KD-245 gave comparable growth
SCore. Alectra infection significantly depressed crop growth

vigour in Kano 1694, TVX 3236, IT20K-5%9 and SUVITA-2 compared
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Table 4: Reaction of cowpea varieties to Alectra at Tasha Zomo,
1991 wet season

Number of Number of Alectra Crop vigour® Crop damag

days to host plant count/ score at score on
first infected 4.8n2 9 WAS crop plants

Varieties Alectra with 9 WA ? WAS ? WAS

ﬁlectia/

4.5 m

9 WAS
1T845-22446-4 49 10.3 abc 36.7 ab 7.3 bcd 4.3 ab
Kano 1696 91 11.0 ab 37.7 ab 6.7 cd 4.3 ab
ITEFKD-245-1 &4 2.3 efg 4.7 d 8.7 abc 2.0 d—-g
TVX 3236 49 7.7 a=d 26.3 bc 2.0 ab 2.7 b—f
ITROK-59 - 0.0 g Q.0 d ?.7 a 1.0 g
ITROK-76 - 0.0 g 0.0 d 9.7 a 1.7 efg
IT8LD-534 71 0.3 g 0.7 d 8.7 abc 2.7 b—-g
ITBIKD-245 864 2.3 efg 6.3 d 2.0 ab 2.3 c~g
1T82D-849 S0 9.3 a-d 51.0 a 3.3 e 5.0 a
B 301 - 0.0g 0.0 d 9.7 a 1.0 g
IT81D-985 56 2.3 efg 4.7 d 8.3 a-d 2.0 efg
IT81D-994 58 1:3 19 1.7 d¢ 2.3 a-d 1.3 fg
I1T8&4&D-843 a9 5.0 def 10.7 cd 9.0 ab 2.0 b-t
TN 93-80 g5 4.3 cde 14.3 cd 7.7 a—d 4.0 abc
TN 121-80 49 7.3 bcd 13.7 cd 8.0 a-d 3.0 b~-f
VITA 3 a4 ?2.3 a=d 37.0 ab 6.3 d 3.3 a-e
SUVITA 2 o2 5.7 def 11.7 cd 7.3 bed 3.7 a—d
SAMPEA-T 47 12.0 a 41.3 ab 6.3 d 4.0 abc
8. + 10.66 1.40 16.49 1.93 1.55

1 = Weeks after sowing

2 = Crop vigour score scale (0-10); where 0 = completely killed
plants and 10 = most vigorous plants

w“
I

= Crop damage score using scale (1-58), where 1 = normal crop
plant growth, no chloraosis, no blatching, nao 1leaf scorching
and % = total leaf scorching or/and obviously stunted or dead

plants

4 = Means followed by the same letter(s) are not significantly
different at 5% level of probability (DMRT)
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Table $5: Performance of cowpea varieties under artificial Alectra
infestation at Samaru, 1992 wet season

Number of plants Alectra Number of Crop damage®

infected wit count days to score on
Varieties Alectra/4.5m* 9 WAS1 first emergence plants

9 WAS Alectra ? WAS
1T848-2246~4 2.0 def 7.3 b 40 bc 1.3 cd
Kano 1696 3.7 b-e 12.3 b 39 bc 1.7 bcd
IT8YKD-245~1 1.7 at 4.3 b 42 bc 1.3 cd
TVX 3236 8.7 a 49.3 a 37 c 2.3 abc
ITPOK-5% 0.0 f 0.0 b - 1.0 d
ITP9OK-76 0.0 f 0.0 b - 1.0d
ITB&L&D-534 1.3 ef 2.0 b 20 a 1.0d
IT8FKD-245 1.7 ef 1.7 b o0 a i1.0d
1T82D-849 2.7 b-f 6.0 b 43 abc 2.7 ab
B 301 0.0 f 0.0 b - 1.0 d
ITB1D-985 2.3 c~f 6.0 b 44 ab 1.3 cd
ITB1D-994 1.3 ef 3.3 b 44 abc 1.0 d
I1TB86D-843 2.7 b-T 4.0 b 91 a 1.3 cd
™ 93-80 5.7 abc 13.0 b 38 bc 2.3 abc
TN 121-80 2.0 def 4.3 b 41 bc 1.7 bed
VITA 3 30 bt 6.7 b 39 bc 2.3 abc
SUVITA 2 6.0 ab 35.7 a 36 ¢ 3.0 ad
SAMPEA 7 5.3 bcd 34.0 a 38 bc 2.0 a-d
S.E + 1.06 6.67 2.57 0.39

1 Weeks after sowing

2 Crop damage symptom score scale (1-5), where 1 = normal crop
plant growth, no chlorosis, no blotching, no leaf scorching
and 5 = total leaf scorching or/and obviously stunted or

dead plants.

3 Means followed by the same letter(s) are not significantly
different at 54 level of probability (DMRT)
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Table 6: Performance of cowpea varieties under artificial Alectra
-~ “infestation at Samaru, 1992 wet season

Crop vigour at 9 WAS

Infection
Varieties Infected Un—-infected Mean
1T845-2246-4 6.1 g—j 6.5 d—j 6.3 b
Kano 16%6 5.8 ig 7.6 abc 6.7 b
I1TB9KD-245~-1 a.7 c~i 5.9 hij &.3 b
TVX 3236 5.9 jk 7.0 b-g 6.3 b
IT?OK-59 7.0 b—g 8.0 a 7.9 a
ITOK-76 6.9 b~-h 7.7 ab 7.3 ab
ITB6D-534 7.0 b-g 7.4 a-e 7.2 ab
ITB2KD—-245 6.8 b-i 7.9 a-d 7.1 ab
I1TB82D-849 5.9 hii 6.2 -3 &.1 b
B 301 7.2 a=-t1 8.0 a 7.6 a
IT81D-985 6.6 c—1 6.8 b-i 4.7 b
. 1IT81D-994 6.7 c-i 7.5 a—d 7.1 ab
© ITB&D-B843 6.8 b-i 7.8 ab 7.3 ab
TN 93-80 b.2 T3 6.2 T—J3 6.2 b
TN 121-80 4.2 b-h 6.4 e—-j 6.3 b
VITA 3 6.9 b-h 7.7 ab 7.3 ab
SUVITA 2 9.9 hij 4.7 k 9.3 &
SAMPEA 7 B.% hij 6.5 d-j 6.2 b
(Int.) B.E + ¢ 1, % | (V) B.E ¢ 0.22
Mean 6.5b 6.%9a
{I} 8.E % 0.07
1 Weeks after sowing
2 Means followed by the same letter () within a treatment

group in the marginal means and within the first order of
interactions are not different statistically by DMRT at 5%

level

3 Crop vigour score scale (0-10); where 0 = completely killed
plants and 10 = most vigorous plants

{Int.) = Interaction, (V) = variety, (1) = Infection

43



with corresponding Alectra-free plants.

4.1.4 Stand count at harvest

Crop stand count at harvest was significantly affected by
Alectra infestation in the two trials (Tables 7 and 8). In 1991,
varieties I1TB2D-84%9, TVYXIZ23I6 and BUVITA-2 bhad significantly lower
crop stand count at harvest compared with the maximum obtained
with IT86D-843Z. In 1992, Alectra inoculation caused significant
reduction in cowpea stand count at harvest compared to Alectra
free plots. Among the varieties, 1TB45-2246~-4, Kano 1696, TN
121-80, TVX 3236, IT820~B49, IT89KD~245, 17T81D-985, IT8LD-974,
VITA-3, IT8FKD-245~1 and SAMPEA-7, &ll had significantly lower
crop stand count at harvest compared with the maximunm obtained

with B 301.

4.1.9 Number of days to first crop flowering

Alectra infection significantly decreased days to crop
flowering (Table 8). Number of days to flowering only differed
significantly among cowpea varieties in  1992. Among the
varieties, days to crop flowering was earliest with IT86D-843,
while it was late in Kano 1496. IT90K-76, IT81D-985, IT86D-534

were however comparable to IT86D-843 in number of days to

flowering.

4.1.6 Number of pods

In 1992, Alectra infection significantly reduced pod number
in cowpea (Table ). In the two years, cowpea varieties
differed significantly in pod number (Tables 7 and 9). In 1991,

TN 93-80, ITEIKD-245-1, TVX 3236, IT9OK-59, ITP0K-76, ITB6D-534
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and TN 121-80 produced number that were comparable to the maximum
obtained with E 301 and signficantly higher than the lowest
number produced by IT82D-849 (Table 5). In 1992, among the
varieties, ITB?ED-245—1, IT9OK~-59, I1ITQO0K~7&6, B3IO01, SAMPEA-7 and
VITA-3 produced pod numbers that were comparable to the maximum
with Kano 14696 and significantly higher than those of 1TB45-2246~
4, ITBYKD-245, I1TB82D-849 and SUVITA-2.

The interaction of variety and Alectra on number of pods was
also significant (Tahle 9). No infected cowpea variety produced
pod number comparable to the maximum with un—infected ITB8FKD-245—
1 and Kano 1696. Alectra infection significantly depressed pod
number in Kano 1696, ITBRKD-245-1, I1IT?0K-7&, 1T89KD-245, and

1T84D-843 compared with corresponding non—-infected crop.

4.1.7 Weight of Pods

ectra infection sigrnificantly decreased cowpea pod weight

in 1992 (Table 10). In the two years, cowpea varieties
differed significantly with respect to weight of pods (Tables 7
and 10). In 1991, only varieties ITB2D-849 and ITB45-2246-4
produced significantly lower pod weight than the highest obtained
with TN?3-80. Pod weight of [T82D-84%9 was only comparable to
that of 1T848-2246~49, In 1992, result indicates that un—-infected
plots had significantly more pod weight than Alectra infested
plots. Among the varieties B3I01 and its derivatives, IT?0K-59
and IT?0K-76, produced pod weights that were comparable to the
maximum with VITA 3. The least were produced by SUVITA-2, TN
121-80, IT82D-849 and I1TB845-2246-4.

Interaction of variety and Alectra infection on weight of
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Table 7: Reaction of cowpea varieties to Alectra at Tasha Zomo,
1991 wet season

Stand count Weight of Number of_ Grain yield

Varieties at harvest pods pnds/plut2 (Kg/ha)
{Kg/ha)

1T84E8-2246~4 19 abc 540 bc 282 cd 378 be
Kano 1696 19 abc 1324 a 256 cd 894 ab
ITE?KD-245~1 19 abc 1354 a 374 abc 1099 a
TVX 3236 16 bed 829 ab 364 abc 6464 abc
ITFOK-59 19 abc 1142 a 435 abc 974 a
ITROK-74 18 abc 1142 a 541 ab 981 a
1TB6D-534 17 abc Q02 ab 315 ab 648 abc
ITBYKD-245 20 ab 1271 a 297 becd 987 a
1ITB2D-BA9 13 d 238 c 88 d 161 ¢
B Z01 18 abc 1229 a 612 a 860 ab
I1TB1D-985 20 ab 1064 ab 272 cd 821 ab
ITE1D-994 18 abc 1013 ab 304 bcd 757 ab
ITEB6D-84X 21 a 918 ab 259 cd 650 abc
™ 93-80 19 abc 1482 a 598 a 1122 a
™ 121-80 19 abc 218 ab 418 abc 714 ab
vVIiTA 3 19 abc 10346 ab 207 cd 777 ab
SUVITA 2 1% cd 818 ab 244 be 643 abc

19 abc 804 ab 321 bc &24 abc
8.E * 1.20 201.0 76.7 156.15
1 = Means followed by the same letter(s) are not

significantly different at 3% level of probability
(DMRT )

2 = Plot size = 4.5a°
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Table 8: Effect of Alectra inoculation on days

to Tlowering,

stand count and weight of 1000 grain of coupeai

varieties at Samaru, 1992 wet season

Treatments Number of Stand count
- - : days to crop at harvest
flowering

Weight of
1000 grains (g)

Infecticn (1

188.1 b.

different at 5% level of probability {(DMRT)

LI TR

47

Infected ' 48 b ' - 2% b

Un-infected 49 a _ 23 a 191.4 a
S.E + 0.2%9 0.29 2.72
Variety (V)
~1TB4S-2246—14 48 bcg _ 12 d 180.0 efg
Kano 16926 &4 a 22 bc 224.2 abc
ITE?KD—-240—1 90 b 20 cd 213.3 a~d
TVX2236 S S50 b 20 cd 131.7 i
IT90K-59 : 47 cde 23 ab 170.0 gh
ITRCK-746 o 44 fg9 2% ab 146.7 gh
1IT86D-5934 40 efg 23 ab 196.7 def
1T89KD~-24%5 49 bc 21 bed 230.0 a
1T82D-849 48 bcd : 21 bcd 191.7 d—g
B 301 : 47 cde 23 a 121.7 3
ITB81D-985 : 4% efg 21 bed 228.3 ab
ITB1D-9%4 = 44 c-t1 21 bcd 205.0 b—e
ITR6D-843 42 g 2% ab 190.0 d—g
TN 23—-80 S0 b 23 ab 171.7 fgh
TN 121-80 49 bc 22 bec 151.7 hKhi
VIiTa 3 50 b 22 be 238.3 a
SuvITh 2 S0 b 23 ab 205.0 b-e
SAMPEA 7 47 cde 21 bcd 199.8 cde
5. + ' 0.86 0.88 8.17
Interactions

I » ¥V N.S N.S M.S

Means followed by the same letter{s) are not significantly



cowpea pods was significant (Table 10). With infection all the
varieties produced lower pod weight than the meximum obtained
with un—infected BZ01, Even without infection only wvarieties
ITROK-59, ITBYKD-245-1, TVYX32346, ITR0K-76 and VITA-3 produced
vield comparable to the maximum. Unlike the other varieties,
Alectra infection did not depress pod vyield in 1T848-2246-4,

IT90K-5%9, IT90K-76, 1T86D-534, 1IT82D-84%9 and TN 121-80.

4.1.8 Weight of 1000 grains

flectra infection significantly reduced weight of 1000
grains of cowpea in 1992. Similarly, cowpea varieties differed
singificantly in weight of 1000 grains only in the same year
(Table 8). Among the cowpea varieties, Kano 1696, I1IT89KD-245-1,
ITEFKD-245, 1IT81D-985 produced grain sizes that were comparable

to the maximum with VITA-3. B 301 produced smaller grain size

compared with other varieties.

4.1.% Cowpea grain yield

In 1992, un—infected plants resulted in significantly higher
grain yield by 53.2% compared with Alectra infected situation
(Table h e T 178 In the two vyears cowpea varieties differed
significantly with respect to grain yield (Tables 7 and 11). In
1991, varieties 1TB45-2246-4, TVX3236, 1T86D-534, 1TB6D-843,
SUVITA-2 and SAMPEA~7 resulted in grain yields comparable to the
least with ITB2D-B4%2. In 1992, VITA 3 produced significantly
higher cowpea grain yield than all the other varieties evaluated
in the trial, including B 301. Varieties IT90K-5%9 and I1T90K-76
‘however produced yield comparable to that of B 301, SUVITA-2

produced grain yields comparable to the least with 1T82D-849.
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Table 9: Interaction of cowpea variety and Alectra on numsber of
pods of cowpea at Samaru, 1792 welt season.

Number of pods/plotsS*®

Infection

Varieties Infected Un-infected - Mean
I1T245-2246-4 232 ijkl 2591 ijk 2391 fg
Kano 169246 542 e—f B840 a - : 701 a
I1ITE8?KD-245—-1 457 efqg : 238 a ' &F9 a
TVX 3234 410 e~i 483 e—g : 447 b-e
ITROK-37 521 b—g &b6 be . 924 abc
ITR0K-7é4 403 e-i &08 b 347 a—d
IT84LD-534 - 461 efg 473 d—-g 467 b-e
ITBZKD-245 225 jki 440 e-h 333 efg
IT82D-84% 357 g—-3 X664 g-J 361 ef
B 301 548 b~g 667 bc 608 ab
ITR1D—-985 384 -3 1562 etfg 423 cde
IT81D-994 938 b~g 366 b-g 432 b-e
IT84D—043 268 h-k : - 8525 c—g 397 def
TN 93-80 452 efq : 519 b-g 483 b-e
TN 121-80 378 -3 494 b-g - 434 cde
VITA 3 &40 bcd 8307 c-g 974 abc
SuUvVITA 2 i83 ki : 217 Jj-k 200 g
SAMPEA 7 595 b-e 8529 b—g . 942 a-d
(Int.) S.E * 74.94 (V) S.E + 352.6%9
Mean 424 b ' 524 a

(I) S.E + 17.59
1 Means followed by the same letter{s) within a treatment group

in the marginal means and within the first order of
interactions are not different statistically by DMRT at 5%
level

{Int.) = Interaction, (V) = Variety, (1) = iInfection

2. Plot size = 4.5m2
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Table 10: Interaction of cowpea variety and Alectra on weight aof

pods of cowpea at Samaru, 1992 wet season

Weight of puds/plots‘ (Kg/ha)

Infection

Varieties Infected Un—=infected Mean
1784522444 840 J—Hl 1160 i-1 1020 fg
Kano 1496 1420 hij 2420 b-e 1930 bc
ITBPKD-245~1 1110 jkl 2690 a—d 19210 bc
TVX 3236 730 j—m 2760 abc 1760 cd
1T?0K-59 2190 c—g 2330 b-f 2270 ab
IT?OK~76 2070 efg 2530 a-e 2310 a
I1TB86D—-534 1360 h-k 1310 h-1 13460 de
ITBPKD-245 760 klm 2270 c—g 1510 de
1T8Z2D-849 620 m 870 J-m 760 g
B 301 1710 ghi 3090 a 2390 a
IT81D-98%5 790 klm 2190 c—-g 1510 de
IT81D-994 870 j-m 2130 d-g 1490 de
1T86D~-B43 790 klm 2110 d-g 1490 de
TN 93-80 840 j-m 2110 d—-g 1310 ef
TN 121-80 760 klm 980 J-M 870 g
VITA 3 2190 c—~g 2890 ab 2330 a
SUVITA 2 390 m 1090 ikl 760 g
SAMPEAR 7 1110 jkl 2390 b-e 1760 cd
{Int.) 8 # 180 (V) S.E + 130.0
Mean 1160 b 2070 a

(1) S.E + 40.0
i Means followed by the same letter(s) within a treatment group

in  the marginal means and within the first order of
interactions are not different statistically by DMRT at Si
level

(Int.) = Interaction, (V) = Variety, (I) = Infection

2 Plot size = 4.5m2



Table 11: Interaction of cowpea variety and Alectra on grain
yvyield and % vyield reduction at Samaru, 1992 wet
season

Grain yield Reduction
(Kg/ha) in grain
Infection vield due

Varieties Infected Un—-infected Mean to Alectra (%)

1T848-2246~4 541 i-mi 765 h—k 653 1g 29.3

Kano 1696 830 g—j 1064 e&—h 48 def 22.1

IT82KD~245-1 708 h-1 1679 ab 1194 cd 57.8

TVYX 3236 2537 m 1570 abc 204 def 84.9

ITROK-59 1011 e~h 1715 a 1363 be 41.1

ITROK-76 1006 e-h 17924 a 1400 bc 43.9

1T86D-534 950 e—i 993 e~-i 9592 de 0.4

I1TE9KD~245 475 j—m 1534 a—d 1004 de 69.1

17T82D-849 211 m 327 1lm 269 h 35.9

B 301 1032 e—h 1219 a 1476 b 456.3

1T81D-98%5 478 i-m 1335 b-e 907 def 64.2

1T81D-994 570 i—m 1206 c=g 8688 ef 2.7

1T86D-B43 oB6 J-m 1269 b—f 877 ef % B0
TN 23-80 461 J=m 1127 d-h 794 efg 39.1
TN 121-80 398 klm 748 h-1 873 g 46 .7
VITA 3 1934 a 1804 a 1869 a -7 o2
SUVITA 2 188 m 832 1-3 520 gh 779
SAMPEA 7 747 h-1 1370 b-e 1058 de 45.5
{Int.) 8 * 132.60 (V) S.E + 193.78
Mean 6481 b 1280 a
AIY B.E + 3l.26

1 Means followed by the same letter(s) within a treatment group
in  the marginal means and within the first order of
interactions are not different statistically by DMRT at 5%
level

(Int.)}) = Interaction, (V) = Variety, (1) = Infection
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Interaction of variety and Alectra infection was significant
on grain yield of cowpea (Table 11). Infected VITA-3 produced
the highest cowpesa grain yield in the trial. Under Alectra
infection, no variety produced grain yields that were comparable
to the highest while ITS0K-58, ITQ0K-76, B 301, IT88KD-245-1,
ITBSKD-245, TVX3236 and VITA 3 were comparable under Alectra free
condition., Unlike in all the other varieties, Alectra infection
Kano 1896, IT845-2246-4, IT86D-534, IT82D-849 and TN 121-80 grown
in inoculated field which gave significantly similar grain yields
irrespective of Alectra infection, all other varieties gave
significanly higher -grain vield under un-infected condition
relative to infected plots. ©Significant grain yield reduction of
41.1 to 77.8% occured in all varieties except IT84S-2246-4, Kano
1696, ITB2ZD-849 which experienced non significant reduction by

29.3, 22.1 and 35.5%, respectively. No yield reduction occured

in IT86D-534 and VITA-3.

4.1.10 Correlation

In the two years, assoclation of various parameters with
grain vyield production are presented in correlation matrices in
Tables 12 and 13.

In 1891, correlation analysis indicated significant negative
relationships between grain yield production and number of plants
infected with Alectra at 8, 9 WAS and harvest (r = -0.35, -0.38,
-0.35): Alectra shoot count at 8, 9 WAS and harvest (r = -0.34, -

0.41, -0.37) and crop damage symptom score at 9 WAS (r = -0.53).
However, number of pods and crop stand at harvest was
significantly positively correlated to grain yield (r = 0,88,




0.423. There was & stronger relationship between cowpea grain
vields and Alectras parameters at 9 WAS than other stages of crop
growth (r = -0.39 and -0.41) for number of plants infected and
Alectra shoot count, respectively.

In 1992, +tLthere was a significant negative relationship
between grain yield and number of plants infected with Alectra at
9 and 10 WAS (r = -0.32, -0.,30); days to Alectra emergence (r = -
0.35). However, number of pods was significantly positively

correlated to grain yield (r = 0.88).



Table 12: Correlation between cowpea grain yield and various parameters in
the screening of cowpea varieties for Alectra tolerance at Tasha
Zomo, 1991 Wet Season | : o . '

1 2 3 4 5 & 7 8 % 10 1
1 1.0 ..
2 -0.35¢% 1.0
3 -0.38% 0.90KK 1.0 , |
4 -0.35k% 0.88%X 0.76%X 1.0
5 -0.41%% 0.83%% 0.86KK 0.89% 1.0
& —0.37%% 0.86kF 0774k 093Kk 0.85%% 1.0
7 ~0.37%% 0.84%%  O.87%% 0.80%% 0.95%% 0.82%% 1.0
8 ~0.95%% 0.3 -O.31% ~0.36%% —0. 39Kk —0. 30Kk ~0.35%% 1.0

9 —0.10 O0.38xx .30 0.S1XX O.Z35%%  O0.50%%k 0.29% —C.08 1.0
10 O 53%E —0.68%% —0.623%% —Q.77%F —0.70%kx 0. 61%% —0.681 0.39%% 0.09%% 1.0

11 0.42%% -0.26 -0.34% -0.18 -0.368%x -0.234 —-0.37%% 0.43%% —0.03 -0.24 1.0

Grain vield
‘Number of plantzs infected at B WAS
Alectra count at 8§ WS
Nunber of plants infected at 7 WS
Alectra count at ¢ WAS
- Number of plants infected at harvest
Alectra count at harvest
Weight of pods
Number of days to Alectra emergence
Crop damage symptom score at 9 WS
Crop stand count at harvest
Significent at 54 of probability (r = 0.27)
Significant at 1% level of probability {r = Q.35)

g*;sﬁ@ﬂ&p&ﬂnw
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Table 13: Lorrelation between grain yield and variows paraseters under Alectra
infestation in the screening of cowpea varieties for Alectra
resistance/toleance, at Samaru, 1992 wet season

i 2 3 q 3 b i 1 9 14 12 n

I 10

2 0.9 L0

30 -0.758 0.83% 1.0

4 0326 05088 0.7988 1.0

5 -0.32F  0.858 08711 0.87 1.0

b 0300 0.8HE 0.7EM 0.9708 06988 1.0

7 -0.2  0.B48t 0.8583 0.87¢8 0.5831 0.8M8 5.0

B8 <007 0,718t 07388 0.801% 0.8935 0,8288 0.8783 1.0

§ 0.1 0.6381 0.868 0,713 0.8588 0,7518 0.8984 0.8682 1.0

10 0.8686 -0,378% -0.28 -0.3938 -0.318 ~0.3783 -0.278 -0.22 013 1.0
11-0,356 0.7 0.08 0.25 0.0 0.21 0.9 0.0 0.03 -0.53t8 1.0

12 -0.18  -~0.63% 0.5588 0.6988 G.6418 07348 G.6148 0,608 0.4588 -0.3481 0.0l 1.0

13 02 -0.19 -0,18 -0.2¢ -0.24 -0.20 -0.26 -0.24 0.2 4,361 -0.388F -0.24 1.0

Brain yield

Nusber of plants infected at £ WAS
Alectra count at § WAS

Huster of plants infected at 9 WAS
flectra count at 9 WAS

Bueter of Plants infected &t 10 WAS
flectra count of 10 WAS

Nuaber of plants infected at harvest
Alectra count at harvest

Neight of pods

Humber of days Yo hlectra eaergence
£rop damage sysptom scare at 9 WAS
Crop stand count at harvest

R L

M
£ P s

Significant at 3% level of probability {r = 0.27)

-
-
1]

Bignificant at 1% level of probability {r = 0.35)
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4.2 Green house experiment (Expt. 1)

Reaction of cowpea varieties on Alectra emergence and count,

crop growth and nodulation are shown in Tables 14 to 17.

4.2.1 Alectra emergence and count

Cowpea varielties differed significantly in respect of number
of days to flectra emergence, emerged and un-emerged Alectra
(Table 14). Cowpea varieties TVX 3236 and SAMPEA-7 which
initiated Alectra emergence very early at 48 and 46 days after
sowing (DAS), respectively, also recorded max»ximum emergence at 60
and 70 DAS, respectively. Variety Kano 1696 initiated late
emergence of Alectra which increased with time until 80 DAS when
the experiment was terminated. No emergence or attachment was
observed on B 301, IT?0K-59, I1T?0K-76 and 1T81D-983. Despite'
non-emergence of Alectra on 178458-2246-4, it had the highest
number of wn—emerged Alectra plants and total number of un-
emerged Alectra plants and total number of Alectra per pot at
harvest. Varieties TVX 3234, 1T82D~-84%2, SUVITA-2 and SAMPEA-7 as
well as Kano 1696 supported high number of Alectra attachement (>
4,.79/Flant), while TN 121-80, VITA-3, I1T86D-534 and I[TB9KD-245
supported moderate attachment of 1.5 to 2.5 Alectra per plant.
Varieties ITB8&6D-B4Z, TN 93-BO and I1IT89KD-245-1 supported an

average of less than one per plant.

4.2.2 Crop Growth

Alectra infection significantly decreased number of days to
crop flowering in cowpea (Table 15). Among the varieties IT8B&D-
842 and ITY0K-52 resulted in significantly more number of days to

crop flowering while 1T82D-849 and TVX 3234, flowered earliest.
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Table 14:

Effect of Alectra infection on number of days to Alectra

emergence, total Alectra at harvest, emerged and uwnemerged

Alectra, 1992 in the green house

Emerged Alectra/pots Unemerged Total  Number of days
fAlectra/ Alectra to first Alectra
Flant at energence

60 DAl 70 DAS Harvest at harvest harvest

Treatment

ITBAS-2246-4 0.0 @2 0.00f 0.00 f 2.583a 10.12a -
Kano 1696  O.b67cde 2.00c 3.33%  1.10c 7.73% 61 a
IT87KD-245-1 0.33de 0.67def 0.67def 0.00f 0.67g &2a
TVX 3236 b.67a b.b67a b.b7a 6.6 9.07ab  48de
1T9OK-56 0.00e  0.00f 0.,00f  0.00f 0.0g -
IT90K-76 0.00e  0.00f 0.00f  0.00f 0.0g -
ITB9KD-245  1.00cde 1.3%de 1.33cde 0.4%de 3.05¢ S8ab
ITB(20-849 1.67c 2.5 2.5%  1.40b 8.73b Pa
B 301 0.00e  0.00f 0.00f  0.00f 0.00g -
IT8ID-985  0.00e  0.00f 0.00f  0.00f 0.00g -
IT8ID 994  0.33de O0.3%ef 0.%%ef 0.43de 2.05f Sicd
ITB&D-B843  0.00e  0.00f 0.00f  O.17ef 0.68g -
™ 93-80 0.7de 0.3%ef 0.3%f 0.10ef 0.73g s2cd
T™N 121-80  1.%%d 1.67cd 1.67cd 0.X3def  2.99f 49de
VITA-3 1.00cde 1.%3cde 2.33cde 0.10ef 2.73¢ S8ab
SNVITA-2 3.00b 3.3  4.00b  0.60d 6.40d S4bc
SAFEA-T 3.67b 4.00b  4.00b  1.03¢ 4,79 46
IT84D 534  0.33de 0.467def 0.67def 0.43de 2.39¢ 45%e
8.E + 0.3 0.35 0.36 0.37 0.3% 1.61
i Days after scwing

N

Meees followed by the sane letter(s) are not significantly

different at 54 level of probability (DMRT)
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Table 15: Erffect of Alectra infection on nodulation, reduction in
nodulation due to Alectra and number days to first crop
flowering at Samaru, 1992 in the green house

Treatment Average number of Reduction in number of
. nodules per plant nodulation days to
: due to first crap

Alectra (¥) flowering

infection (1) _
Infected 1.6 bl _ ' 26 b.
Un-infected 3.2 a : 50.0 37 a
S.E + - 0.21 _ ' : : . D.385
Yarjety (V)
Infected Un-infected Mean

ITB45-2244-4 1.2 z.1 Z2.2b-& &1.3 ' 49
Kano 1&%& 4,3 7.8 &6.0a 44.7 -2
1T8%KD—245-1 0,0 1.0 0.3 e 100.0 A7
TVX 3236 Q.0 2.6 1.3de 1i00.0 : 24
ITYOK-59 1.7 I.0 2.4b-e 43.9 . 71
ITROK=-76 0.3 1.2 0.7 @ 76.9 T 47
ITBZED-24%5 0.4 1.3 0.9 e - Y-J 48
ITB2D-84% 1.0 2.3 1.7 cde 54.6 25
E 301 C 3.4 4.4 3.9 b 21.5 -
ITE1D~985 0.6 1.6 1.1 de 83.1 -
17810 994 Q.56 1.6 1.1 de 72.3 &1
17846043 0.7 2.3 1.5 de &9.2 73
™ §3-80G 4.4 8,4 5.4 a 47 .5 .-
TN 1231-80 1.0 4,0 2.5 b—e 75.2 -
VITA T 3.4 2.8 3.1 bcd -2L. -
SUVITH 2 0.9 1.6 1.2 de A45.6 33
SAMFEA 7 F.d 3.8 X.6 b 12.4 31
ITBeD 534 Q.8 J.5 2.1 b-e 77.8 22
S.E + {Int) 0.89 (V) 0.463 1.04
1 Meanms followed by the same letter(s) are not significantly

different at 954 level of probability (DPMRT) .
2 Did not flower at termination of the experiment

(Int) = Interactiocn, (V) = Variety



Varieties of Kano 16946, B 301, IT81D-985, TN 93-80, TN121-80 and
VITA-3 did not flower during the 80 days of experimentation.
Interaction of variety and Alectra infection on number of
days to crop flowering was significant (Table 1é). Cowpea
varieties Kano 16%46, 1T81D-985%, B 301, TN 23-80, TN 121-80 and
VITA 3 did not flower during the BO days of experimentation with
aor without infection. Although without infection, SAMFEA-7,
IT81D-849 and SUVITA-2 flowered at 62, 50 and 66 days
respectively, while the plants in the infected pots did not
flower throughout the period of experimentation. In contrast
fAlectra infection increased the number of days to cowpeaa
flowering in varieties I1TB45-2246~-4, 1T89KD-245~-1, IT90K-59,
IT?O0K-7&, ITB9KD-245 and I1T8B6D-534 by 8, 5, 3, 4, & and 1,

respectively (Table 16).

4.2.3 Nodulation

ectr infection significantly decreased nodulation in
cowpea (Table 15). Generally, Alectra infection reduced
nodulation by 12.4 to 100%4 in all the varieties except VITA-3.
The most promiscuous varieties were Kano 1696 and TN 93-80, while
ITBRKD-245-1, IT89KD-245 and 1T90K-76 produced the least number of
nodules which were comparable to 1T845-2246-4, TVX 32346, ITF0K-59,

ITE81D-849, 1T81D-985, I1T81D-794, I1TB4LD-843, ITBLD-534, TN 121-80

and SUVITA-2 (Table 13).

4.2.4 Correlation
Number of nodules was negatively correlated with the number

of emerged and un—-emerged Alectra at 80 DAS, and number of days
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to crop flowering (r value = -=0,16, =-0.05, and -0.41,
respectivley). However, it was positively correlated with number

of days to filectra emergence (r value = 0.01) (Table 17).
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Table 16: Interaction between variety and infection on number of
days to first crop flowering at Samaru, 1992 in the
green house i . _

Number of davs to crop flowering

Variety  Infected Un-infected
1TBAS-22446-4 58 e _ : S0 f
Kano 14676 - : . -
ITEG?kD-245-1 o0 f 45 g
TYX 22368 45 g ' . 91 f
IT?OK-59 72 ab L : 69 be
1T90K~76 49 fg ; 45 g
ITEFD-245 o1 f ' ' 43 g
1T82D~84%9 - ' . 50 f

B 301 ;- ; T -
ITA1D-28%5 - : -
1T81D 994 98 e S &3 de
ITBAD-(43 . 72 ab _ - 74 a
TN 93-B0 o= ' -

TN 12180 | - o _ : -
VITA 3 L - - -
CBUVITA 2 - _ : b6 cd
SAMFEA 7 P b2 de
1T846D 534 - 92 f ' : 51 7
S.E * ' 1.47

1 Maeans faollowed by the same letter(s) are not significantly

different at 5% level of probability (DMRT)
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Table 17: Correlation between various parameters in the screening
of cowpea varieties for Alectra resistance in the green
house at Samaru, 1992

1 2 3 q S ) T
1 1.0
2 -0.16 1.0
a3 =0.,04 O.55%% 1.0
4 =0.19 0.82%x% 0.13 1.0
5 0.01 0.657%x% 0.49%%x 0.57%X% 1.0
6 —0.05 0.38%% D.21 0.31%x% 0.44%% 1.0
7 —0.41%%x -0.39%%x -0.19 -0.33% 0.01 -0,04 1.0
X = Significant at 5% level of probability (r = 0.27)

L = Significant at 1% level of probability (r = 0.35)

fAverage number of nodules/plant

Alectra count at B8O days (Expt. terminated)
Number of alive Alectra at 80 days

Number of death Alectra at BO days

Number of days to Alectra emergence
Un—emerged Alectra/plant at 80 days

Number of days to crop flowering

N E N
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4.3 Effect of nitrogen and phosphorus combination on the
reaction of cowpea to Alectra

Effect of nitrogen and phosphorus combinations on Alectra
parameters viz number of plants infected, Alectra shoot count,

days to Alectra emergence; crop grawth and vyield and vyield

attributes are presented in Tables 18 to 33.

4.3.1 Number of plants infected and Alectra shoot count

In the two trials, cowpea varieties differed significantly
in their reaction to Alectra (Tables 18 & 19). In 1991, number
of plants infected and Alectra shoot count were significantly
higher for VITA-3 than TN 23-80. In 1992, SAMPEA-7 had the
highest number of plants infected and Alectra shoot count, while
the least was obtained with 1T89KD-245. Varieties differed in
the number of plants infected by fAlectra following the order
SAMPEA-7 > VITA-3 > TN 93-80 > IT89KD-245-1.

In the two trials, phosphorus levels did not have an effect
on  number of plants infected and Alectra shoot count, while
nitrogen levels had significant effect at 9 WAS in 1991 and
flectra count only in 1992. The number of plants infected
decreased with N levels in 1991 and non-significantly in 1992.
Nitrogen at 60 Kg N/ha reduced the Alectra count significant as
compared with 0 Kg and 30 Kg N/ha in both two years.

The interactions of nitrogen X wvariety and variety »x
phosphorus x nitrogen number of plants infected with Alectra at
9 WAS were significant in 1991 and 1992, respectively. In 1991,
number of plants infected with Alectra decreased with N-levels in
TN 93-80 while it only occured with 60 Kg N/ha in VITA-3 (Table

20)., In 1992, interaction of variety x phosphorus x nitrogen on
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Table 18: Effect of nitrogen and phosphorus on aumber of plants

infected, the time of Alectra emergence, Alectra shoot

count and crop damages score at Tasha Zamo, 1991 wet
season
Number of Alectra Number aof Crop damageé
Treatments plants counts days to first symptom scare
infected/ em < Alectra 7 WAS
& T WAS smergence -
9 wast
Varigty (V) !
E 301 0.0 ¢ 0.0 - 1.0 b
TN 95-80 . 6.5 b 16.3 b o577 a 3.2 a
ViTha 3 - 10.4 a 38.2 a 55 b 3.6 &
S.E + ;0,58 1.43 Q.35 0.21
Phosphorus (Kg P/hal
O 5.9 17.2 38 2.4 b
20 = 16.0 =8 2.4 b
40 S.7 21.4 38 3.0 a
S.E + 0.58 3.04 0.68 ¢.18
Nitrooen (Kg hN/ha)
o 7.7 & 24.8 a 37 2.6
30 2.8 b 12.1 a 38 2.9
&0 3.5 ¢ 10.6 b 37 2.3
8.8 + Q.58 3.06 Q.44 Q.18
Interactions
v u P NG NS NS NS
V u N xx NS NS NS
L NG NS NG NS
V xu P u N NS NS % NS
1 Weeks after sawing
2 Crop damage sympltom score scale (1-5), where 1 = normal crop
plant growth, no chlorpsis, no blotching, no leaf scorching
and 9 = total leaf scorching or/and obviously stunted or
dead plants. . o
S Means followed by the same letter{(s) are not significantly

different at 54 level of probability (DMRT)

b4



Table

19: Effect of nitrogen and phosphorus on number of plants
infected, the time of emergence, number of shoot count
of Alectra and crop damage score under Alectra
infestation at Samaru, 1992 wet season

Number of Alectra Number of Crop damage™
Treatments plants count/ days to first symptom score at
infected/ bm© Alectra ? WAS
bm < 9 WAS emnergence
9 wasl
Variety (V)
1T89kD~-24%-1 2.0 d 4.9 ¢ 53 & 1.2 b
TN 923-80 4.4 c 30.4 b 43 b 2.0 a
VITA 3 7.1 b 320.6 b 44 b 1.7 ab
SAMFEA—-T ?.4 a 658.8 a 44 b 2.3 a
E;uE 1 ‘:’.E‘b 6.55 1--1.8 0-2&
FPhosphorus (Kg P/ha)
0 o1 26.8 47 1.6 b
20 5.9 37.4 44 1.9 a
40 6.1 6.8 46 1.8 ab
S.E * 0,44 5.21 0.63 0.08
Nitrogen (Kg N/ha)
O 6.5 40.1 a 46 ab 1.9
20 5.9 35.8 a 45 b 1.7
6O 4,7 2%.2 b 47 a 1.7
S.E * 0.44 S9.21 0.63 0.04
Interactions
vV uP NS NS i NS
V % N NS NS ¥ NS
N x P NS NS NS NS
V ¥ Nx P * NS * NS
1 Weeks after sowing
2 Crop damage symptom score scale (1-5), where 1 = normal crop
plant growth, no chlorosis, no blotching, no leaf scorching
and & = total leaf scorching or/and obviously stunted
dead plants.
= Means Tollowed by the same letter(s) are not significantly

dif ferent at 5% level of probability (DMRT)



Table 20

Interaction of nitrogen and variety on number of

plants infected with Alectra at Tasha Zomo, 1991 wet
seasan :

Number of plants infested with Alectra/éem<
at 9 WAS

Nitrogen (Kg N/ha}

Variety O 30 60
E 301 0.0 e 0.0 e 0.0 &
TN 93-80 8.9 b 6.3 ¢ 3.3 d )
VITA 3 13.1 a 11.0 ab 7.2 ¢
S.E & .89
Means

followed by the same letter({s) are not significantly

different at 5% level of probability (DMRT)
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number of plants infected by Alectra at 9 WAS was highest in
SAMPEA-7 treated with 40 Kg P/ha alone. Only combination of

30 Kg N and 20 Kg P/ha in the same variety was comparable to the

maximum (Table 21).

4.3.2 Number of days to Alectra emergence

Number of days to fAlectira emergence differend significantly
among cowpea varieties in the two years (Tables 18 & 19). Alectra
emergence on cowpea variety TN 923-B0 was significantly delayed in
1991 while ITBYKD-245-1 delayed emergence with TN?3-80, VITA-3 and
SAMPEA-7 in  1992. Nitrogen only had significant effect on days
to Alectra emergence in 1992 when 30KgN/ha significantly reduced
it compared with O and &0 Kg N/ha.

In 1992, under artificial infestation, interaction of
variety x nitrogen and variety x phosphorus were significant
(Tables 22 and 23). Number of days to Alectra emergence was
significantly increased in IT89KD-245-1 when no nitrogen and 60
Kg N/ha were applied compared with other variety x nitrogen
interactions (Table 22). Similarly, without FP and with 40Kg
F/ha, IT89KD-245-1 also increased the number of days to
filectra emergence compared with other varieties. The use of 20
Kg P/ha also resulted in earlier emergence of Alectra compared
with 20Kg P/ha in the same variety (Table 23). The application
of 20 Kg P/ha reduced number of days to Alectra emergence in TN
9E~-B0O compared with I1T82KD-245-1.

There was significant interaction between variety, nitrogen

and phosphorus on number of days to Alectra emergence in 1991 and

1992 (Tables 24 and 25). In 1991, combinations of 60Kg N/ha and
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40Kg Prsha increased days to Alectra emergence in TN93-80,
compared with combination involving the same rate of phosphorus
and zero or 30Kg N/ha. The use of either 30Kg N/ha, 20 Kg P/ha
or 40Kg P/ha alone in VITA-3 reduced days to Alectra emergence
compared with the maximum in TN 93-B0 (Table 24). In 1992, the
3~way interactions, indicatres that, maximum number of days to
first Alectra emergence was obtained with IT89KD-245-1 given
40Kg P/ha only. The same variety given 60 Kg N/ha only and
combination of the &0 Kg N/ha and 40 Kg P/ha also resulted in
days comparable to the maximum. Among all varieties tested,
flectra emergence was only delayed in ITB8%KD-2453-1 by phosphorus
at A0Kg FP/ha alone or in combination with 30 Kg N/ha compared

with 0 and 20 Kg P/ha (Table 23).

/4.3.3 Number of days to first crop flowering

Infection by Alectra significantly reduced number of days to
crop flowering. Cowpea varieties differed significantly among
themselves (Table 26). SAMFPEA-7 had significantly shorter period
than the other three varieties. Application of phosphorus and
nitrogen significantly decreased days to crop flowering. Higher
rates of N and P. (20 Kg N and 40 ¥Kg F) did not significantly
affect number of days to crop flowering compared with the lower
rates. The interactions of various factors on number of days to

crop flowering were not significant.

4.3.4 Crop stand at harvest

0f all the factors evaluated only phosphorus had significant
effect on crop stand count in 1992. Phosphorus application at 20

¥a F/ha resulted in higher cowpea stand count than 0 and 20 Kg
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Table 21: Interaction of phosphorus, nitrogen and variety on
number of plants infected with Alectra at 2 WAS at

Samaru, 1972 wet season

Numbﬁf of plantse infected with Alectra/ém* at
9 WAS

Variekties

Nitrogen FPhosophorus (Kg FP/ha)

(kg N/ha) 0 20 40
1IT8FKD-245~-1 0 J.08-1 T et | 1.0i
30 Q.71 2.71t-1 3.0e-1i
60 1.7hi 1.7hi 3.7hi
TN 93-80 0 8.7cd 4.0d-1 9.0~}
>0 2.71=4 oeltd=1 6.3c~-h
&HO 2.3ghi 4 ,.0d-1 2.7f-1
VITA-3 O B.7c=% . 3bc b.7c—h
=0 TTc=F 8.3cd 7.3%c=-q
&HO 8.0cde 5.0c—-4 e [ L
SAMFPER-7 O 7.0c—g B«/cd 16.7a
a0 7 e aC=g 13.3&b 7.7c—f
60 & 3C~h 8.0cde ?.3bc
8.E + 1.88
1 Weeks after sowing
2 Meane followed by the same letter(s) are not significantly
different at S% level of probability (DMRT)
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Table 22: Interaction of nitrogen and variety on number of days
to Alectra emergence at Samaru, 1992 wet season

Mumber of days to fAlectra emergence

Nitrogen (Kg N/ha)
Varieties 0 3 60
I TBIKD245—1 54 al 47 b 55 a
TN 93-80 42 b 43 b 44 b
VITA-3 44 b 44 b 45 b
SAMPEA-7 45 b 45 b 44 b
S.E + 1.57

Table 23: Interaction of phosphorus and variety on number of days
to Alectra emergence at Samaru, 1992 wet season

NMumber of days to filectra emergence

Fhosphorus (Kg P/ha)
Varieties 4] 20 40
ITBED245-1 52 ab 49 bc a6 a
™ 93-80 46 cd 42 d 42 d
VITA-3 45 cd 44 cd 44 cd
SAMFEA-T 46 cd 47 cd 44 cd
S.E # 187
5 Means followed by the same letter(s) are not significantly

different at 5S4 level of probability (DMRT)
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~ Table 24: Interaction of variety, nitrogen and phosphorus on days
S o rgence at Tasha Zomo, 1791 wet

to first Alectra eme

season
Bavs to first Alectra emergence
Nitrogen Kg : N/ha
Variety Phosphatrus
Kg F/ha 1] 30 &0
0 -2 ~ -
B 301 ' 20 - - -
40 - - -
_ _ ¢ 57 ab 57 ab 86 ah.
TN ?3-80 _ 20 59 ab S7 ab 56 ab
40 93 b 93 b 62 a |
Q o8 ab 93 b o6 ab
VITA-Z 20 S3 b 946 ab 57 ab
| 40 34 ab 59 ab 36 ab
S.E (+) " 1.94 '
i Means followed by the same letter(s) are not significantly

different at 54 level of probability (DMRT)

2 Blectra did not emerge
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Table 25: Interaction of phosphorus nitrogen and variety on
number of days to Alectra emergence at Samaru, 1992

wet season

Varieties Nitrogen FPhosophorus (Kg P/ha)
(Kg N/ha) 0 20 40
0 S0bcd sibcde'  6la
IT8FKD-245~-1 20 db6cde 4de S93bc
&0 &H0a a0bced S4ab
0O 43de 47de 44de
TN 93-80 30 A&cd 13de 4le
&0 48b—-e 39e 4&6cde
0 44de 43de 44de
VITA-3 20 f44de 44de 44de
&0 41de 44de 44de
SAMPEA 7 o 4Bb-e 4zde A4de
30 ds&cde 45de 43de
&0 44de Ale 45debc
S.E + 2.38
i Means followed by the same letter(=z) are not significantly

different at 5% level of probability (DMRT)



Table 26: Effect of nitrogen and phosphorus on number of days to
crop flowering, weight of pods and grain yield under
Alectra infestation at Samaru, 1992 wet season

Number of Weight of Grain yield % vyield
Treatment days to pods (Kg/ha) reduction

crop (Kg/ha)

Tlowering

Infection (1)

Infected 1 b 1200 1029
Hn—infected 52 a 1450 1155 11.1
S.E + .20 270.0 197.28

Variety (V)

ITE9KD-245~1 852 a 1400 ab 127% a 1.7
TN 93-80 53 a 1030 c 849 b 1%.5
VITA 3 82 a 1420 a 1245 a 0.9
SAMPEA 49 & 1270 be 895 a 21.5
S.E + 0.52 100.0 58.76

Phosphorus (Kg F/ha)

0 52 & 1220 b 920 b Ta%
20 %1 b 1420 & 1131 & 1&.7°
A0 51 b 1350 ab 1152 a 8.0
S.E + Q.23 850.0 ST 2B

Nitroagen (Kg N/ha)

O nz2 a 1300 ab 1041 b 1g.0
30 51T b 1480 a 1239 a 2.9
&0 o1 b 1230 b 993 b S
5.8 + 0.23 50.0 39.25

Interactions

Voso e NS NG NS
V x N M3 NS NS NS
T % N NE NS NS NS
v uP NS NS 15 NS
P % N NE MNE MG NS
YV ou I N NS NS MS NS
VaxFux N NS NS NS NS
T # P x N M3 NS i3 NS
1 Weeks after sowing

Means followed by the some letter(s) are not significantly
different at 5% level of probability (DMRT)



P/ha (Table 30). Although not statistically different, it was
apparent that Alectra infestation c;used crop stand reduction as
compared with Alectra free condition.

There was significant interaction between cowpea variety x
infection on crop stand count at harvest (Table 27). Among all
the varieties only 1T89KD-245-1 did not have significant stand
count depression under Alectra infection compared with Alectra

free condition.

4.3.5 Number of Pods

In the two trials, cowpea varieties differed significantly
in respect to number of pods (Tables 28 & 29). In 1992, although
not significant, Alectr infection caused lower pod number
production than no Alectra condition. Cowpea varieties B 301 and
VITA 3 had significantly more number of pods in 1991 and 1992,
respectively. In 1991; both 20 and 40Kg F/ha similarly
increased pod number compared with no phosphorus application.
But in 1992, althogh not significant, 20 KkKg P/ha gave more pod
number than the 0 and 40 Kg P/ha. In the two trials, 60KgN/ha,
resulted in more pod number when compared to &0 Kg N, although
not significant statistically in 1991.

There was significant interaction of nitrogen x phosphorus
on the number of pods of cowpea in 1991 and 1992 (Tables 30 &
29). In 1991 maximum pod number was produced by phosphorus alone
at 40Kg P/ha.

Application of 20 Kg P and 60 Kg N, 20 Kg P and 30 Kg N,
40 Kg P and 30 Kg N and &0 Kg N and 40 Kg F/ha resulted in pod

number comparable to the maximum. Without N, 206 Kg P resulted
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in higher pod number than 0 and 20 Kg P while with 30 Kg N, 4(
Kg P only had higher pod number than no P-application. However,
with &0 Kg N both 20 and 40 Kg P had higher number of pods thar
no FP-applicetion. Nitrogen at 60 Kg N only significantly
increased pod number compared with O Kg N when combined with 2C
Kg P (Table 30). In 1992, variety x nitrogen indicates that VITA
3 irrespective of N-levels resulted in the highest pod numbers
which was comparable to SAMPEA 7 at all N-levels, ITG9KD-245-1 at
zero N-level and TN 23-80 at 30 Kg N/ha (Table 29). Simlarly, in
the wvariety x phosphorus interaction, 40 Kg P/ha gave the
highest pod number which was comparable to other P-levels, SAMPEA
7 at 0 and 40 Kg/ha, IT89KD-24%5-1 at 20 Kg P/ha and TN 93-80 at
40 Kg P/ha.
4. 3.6 Weight of Pods

Although not significant, Alectra infection depressed yield
in 1992. In the two years cowpea varieties differed
significantly with respect to pod weight (Tables 28 & 246). In the
twao years, VITA-3 produced significantly higher pod yield than TN
93-80. In 1991, pod yield with B 301 was also higher than that
of TN 93-80. In 1992, SAMPEA-7 also produced lower pod vyield
than VITA-3, while ITBPKD-24%5—1 was comparable to VITA-3. In the
two trials, 20 Kg P/ha significantly increased pod weight
compared with no phosphorus application. Application of 40 Kg
P/ha did not result in significant increase in pod weight.
Application of 30 Kg N/ha resulted in higher pod weight than O
and &0 Kg N/ha in 1992. Although, N—-levels did not affect weight
of pods in 1991, the trend showed that 30 Kg N/ha resulted in

higher pod weight compared with 0 and 60 Kg N/ha.

75



Table 27: Effect of nitrogen and phosphorus on stand count at harvest under
artificial Alectra infestation at Samaru, 1992 wet season

Infection

' ' ' Nirogen  Phosphorus (Kg R/ha)
Variety : Infected Un—infected Mean {Kg/ha) © 20 40 Mean
1789-2435~1 20 gt 20 d 20 © 21 21 21 21
TN 93~80 19 e 21 21 30 21 2 21 2
VITR-3 20 d 24 a 7z
SAMPEA-T 19 @ 22 b 21 &0 20 21 20 2t
(Int.) S.E + 0.3 : (Int.) S.E + 0.35 '
Mean 20 22 (V) S.E + 0,80 Mean 20b 2l a 20 b (N) S.E

_ . + 0.20
(I) S.E + 0.17 (P) S.E + 0.20

1 Means followed by the same letter(s) within the same treatwent group in
the marginal means and within the first order of interactions are not
different statistically by DMRT at 3% level. .
(Int) = Interaction, (P) = phosphorus (N} = Nitrogen, (I) = Infection
{V) = Variety

-~
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4.3.7 Weigth of 1000 grains

Cowpea varieties differed significantly with respect to
weight of 1000 grains only in 1992 trial (Table 31). Among the
varieties tested, 1IT89KD-245-1 resulted in significantly heavier
grains than all the other varieties. Varieties differed in grain
weight folllowing the order IT82KD-245-1 > VITA-3 > SAMPEA-7 > TN
23-80. Phosphorus and nitrogen levels did not have significant
effect on weight of 1000 grains in the trial.

There was significant interactions of variety x nitrogen,
variety « phosphorus, variety x infection and nitrogen b
infection on weight of 1000 grains (Table 31). In the variety x
nitrogen interaction, application of 60 Kg N/ha significantly
depressed 1000 grain weight compared with 0 and and 30 Kg N in
I1TB7KD-245-1. In contrast, 60 Kg N depressed 1000 grain weight
compared with O Kg N in TN 93-80. In the phosphorus x vafiety
interaction, 20 Kg P had significantly higher weight of 1000
grains in TN 93-80 compared to O and 40 Kg P/ha, while in
SAMPEA-7, 0 and 20 ¥Kg F/ha was higher than 40 Kg FP/ha. The
variety #» infection interaction, indicates that infection
significantly depressed 1000 grain weight in IT89KD-245-1 and
VITA-3. In the nitrogen x infection interaction, without
infection, 60 Kg N depressed 1000 grain weight compared with O
Kg N. With infection, 30 and &0 Kg N/ha resulted in higher 1000
grain weight compared to O Kg N/ha.

4.3.8 Cowpea grain yield

In 1992, although not significant, Alectra infection reduced

cowpea grain vyield compared with Alectra free condition.

Varieties only different significantly in cowpea production
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Table 28: Effect of nitrogen and phosphorus on number, weight of
pods and grain yield at Tasha Zomo, 1991 wet season

Number of Weight of Grain yield
Treatments pods /&m* pods (Kg/ha) (Kg/ha)

Variety (\)

B 301 975 a F43.3 a 6H41
™ 23-80 336 b 688.3 b 532
VITA-3 233 ¢ B81.7 a &LELHO
S:E % 12.73 60,7 44,20
Phosphorus (kg FP/ha)

0 272 b 833.3 b 390 b
20 415 a 925.0 a 685 a
40 477 & 1055.0 a 759 a
S.E + : 28 .53 $7 .52 45,746
Nitrogen (Kg N/ha)

O 359 g833.3 613 &
30 425 ?45,0 694 a
60 370 743.3 826 b
S.E + 23,93 7.« 52 45.76
Interactions

vV % P NS NG NS

V x N NS NS NS

N x P b NS NS

V 3 P x N NS NS NS

Means followed by the same letter(s) are not significantly
different at 5% level of probability (DMRT)
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Table 29: Interaction of varigty Effect of nitrogen and phosphorus on
number of pods/4.5%m  under artificial Alectra infestation at
Samaru, 1992 wet season

Nirogen (Kg/ha) Phosphorus (Kg P/ha) Infection

Variety 0 30 &0 0 20 40 Infected Unfected Mean
IT89-245-1 45%abl 384bcd 384bcd 325d 512ab  390bcd 345 473 409b
™ 93-80 299d  497ab  338cd 337d 364d 432a-d 373 383 3768b
VITa 3 S26a S1Ba 912a  G2lab SObabc 528a 498 539 S51%a
SAPEA 7 415abc 442abc 409abc 443a-d 408bcd 4lba-d 390 454 442ab
(Int) S.E + 36.92 36.9 (V) S.E + 23.69
Mean 425ab 460a 411b 407 448 442 402 462

(N) S.E + 17.33 . (P) S.E + 17.33 (1) S.E + 58,48
1 Means followed by the same letter(s) within the same treatment group

in the marginal aeans and within the first order of interactions are
not different statistically by DMRT at 54 level

(Int.) = Interaction, (N) = Nitrogen, (V) = Variety, (P)
Phosphorus, (1) = Infection
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Table 30: Interaction of nitrogen and phosphorus on number of
pods at Tasha Zomo, 1991 wet season

Mumber of pods/ém

Fhosphorus (Kg F/ha) Nitrogen (Kg N/ha)
0 30 &0

0O 261 ¢ 357 bec 2519 £

20 348 bco 405 ab 492 a

40 499 a 533 a 398 ab

8.E % 44,20

Means followed by the same letter(s) are not significantly
different at 54 level of probability (DMRT)
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Table 3E: Effect of nitrogen and phosphorus on weight of 1000 grain (g} under artificial Alectra infestation i
at Sasaru, 1992 wet season

Hitrogen Kg/ha Phasphorus Tg Piha Infection infection
Nitrogen
VYariety ¢ 30 B 4 20 30 Infected Un-  Hean  (Kg/ha) Infected Uninfected
eftected '

ITRIRD-240-1 245,60 200,82 Z31.7b 282,75 2039.45  Z286.1a 230.7b 204.45 242.¢a
W 93-8¢ 163,911 180.0ef 176.7e 164,41 174.7e  1o7.4% {74.4f 163.9¢ 170.2d ¢ i1M.2c U33s
ViTh 3 2640 18.9c 213.3¢ 213,300 Z00.0bkeo 220,06 207.40 238.fc 212,86 30 204,88 6.73b

SAMPE 7 16%.4¢ 197.94 193.9d (93.74 J00.6cd 176,7e 195.%e 188.1e 192.0t &0 207.7ab 0.0k

(Int) S.E+ 3,98 3.98 291 1V} S.E £ L6 (Int) 8.E ¢ 309
Hen 205.8  205.6 2039 208.7 205.4 2031 202.1 206.7
(N} S.E + 2,19 (P} S.EE 2,49 (1} 5.6 + 1.94

i Heans followed by the came letter(s) within the sase treataent group
in the sarginal seans and within the first order ol interactions are
not different statistically by DMRT at 5% level

iInt.} = Interactiss, (H) = Ritrogen, {¥) = WVariety, {F) =
Phosphorus, (1] = Infection
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in 1992, Both IT89KD-245-1 and VITA-3 produced highr grain yield
than TN 93-80 and SAMPEA-7. In 1991, although not significant, B
201 and VITA-3 produced higher grain yields than TN 23-80 (Tables
28 & 26). In the trial, grain of VITA~3 was only reduced by
Alectra of 0.9% compared with 21.5%, 13.5% and 11.7% tor SAMPEA-
7, TNZ3-80 and ITBRKD-245-1, respectively. In the two trials,
grain yield was significantly increased by phosphorus application
at 20 Kg P/ha. In 1992, under artificial infestation, Alectra

caused 16.7% reduction in cowpea grain yield with application of
2Q Kg P/ha compared with 7.9 and B8.0% obtained with 0 and 4q
Kg P/ha, respectively. Application of 30 KgN/ha resulted in
significantly higher cowpea grain yield compared with 60 Kg N/ha
in 1991 and O and 60 Kg N/ha in 1992. In 1992, under artificial
infestation, Alectra only caused 2.9% reduction in cowpea grain
yvield with the application of 30 Kg N/ha compared with 18.0% and

13.3% obtained with 0 and &0 Kg N/ha, respectively.

4.353.9 Correlation

Grain vyield was positively correlated with weight of pods
and crop stand at harvest in the two trials (r values = 0,96,
0.0%9 respectively in 1991 and 0.468, 0.21, respectively in 1992).
However, it was negatively correlated to number of plants infeced
and Alectra shoot count at 8, 92, 10 WAS and at harvest. The r

values were higher in 1991 than 1992 (Tables 32 & 33).
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Tatle 32: Correlation between cowpea grain vield and varieties paraselers as
affectes By nitrogen and phosphorus cosbinations st Tasha loao, 1991

wet season
§ 2 3 § 5 & 7 ] g 01
1 1.4
2 -6.10 1.0

3 -0.43 ¢.358¢ Lo

5§ -0.13 ¢.89¢  0.7311 1.0

-6 0.9311  O.80r .09 1.0

& 0.9 0.83§1 0,701t 09541 QBRI 1.0

7 -6.08 0.971%  0.808t 03033 0,950 0931 1.0

8 0,941 =002 0.0 003 0.7 -0,0L 0.02 1.0

T 6.09 0,533 0,393 Q.68%1  G.51R3 08810 0.5410 -0.2¢ 1.0

10 -0.01 0.771% 0L70BE LTTEE 070 07310 QLATHE -0.10 0.6913 1.0

10,09 817 617 k28t 0.2 4251 0,231 0.08 0.14 0.248 5.0

frain yield

Huasber of plants infected at 8 WAS
flectra count at 8 WAG

Kusber of plants infected at 7 WAS
klectrz count at § WAS

Nupker of plants infected at harvest
Rlectrs count at harvest

Height of pode

Humber of days to tlectrs emergence
Crop damage symptos score st 9 WAS
Crop stand count al harvest

O = B o e B Y e

— e
e

Significant at 3% level of probability {r = 0.22]

-
-

Significant at 1% level of probability {r = 0,28)
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Table 33: Correlation between cowpea grain yield and various paraseters under Alectrs
infestation ac affected by nitrogen and phosphorus comkinations at Samarw, 1992

wel Spastn
i ; 3 ! 5 b ki 3 9 10 il 12 12
H 1.4
Z -2 1D

T-0.29% 0831 1.0
P05 0.54%8 0.793% 1.0

5 -0.263 0.258% 0.963% 0,048 1,0

b -0.03  0.BLI 0.7088 0.8548 075 1.0

7 B 0.3 0.2 07685 0198 0888 L0

8 -0.06 07685 05701 0.818% 0.658 0.8988 0.7708 1.0

9 -0.08  0.47%1 0.634k 0.768% 0.731 0.82¢2 0.958% 0.B041 1.0

10 06818 -0.09 0,12 <0.05  -0.12 -0.04 -0.06 -0.06 -0.01 1.0

I 0,13 0,A538 -0,4315 -0,8188 -0.4208 0,298 -0,2588 ~0.2748 ~0.20 0,002 1.0

12 D763 -0.5008 0.60%8 0.5238 05788 0.49% ©,313% 0.4483 0,343 0,08 0,403 LD

13 2y -0 <0015 -Buie -001% -DuEE -GL3B 0 -0.20% -0.12 0 03088 <007 0,21 1.0

Brain yield

Humber of plants infected at 8 HAS
Alectra count a3t B WAS

Humber of plants infected at 9 WAS
Alectra count at 9 WAS

Huaber aof Plants infected at 19 WAS
Blecira count of 10 WAS

Hugber of plants infected at harvest
flectra count 2t harvest

Height of pods

Nuaber of days to Rlectra esergence
{rop damsge symsptos score at 9 WAS
Crap stand couat at harvest

=0 @M el B Ln ga Gaf pad

— paa g
LIS )

—_
44

Sionificant at 3% level of probability {r = 0,19}

R
n

Significant at 1% level of probability (r = 0,25}
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4.4 Evaluation of herbicide combinations for the control of
Alectra in Cowpea

Effect of herbicide combinations on Alectra parameters viz
number of plants infected, Alectra shoot count, number of days to
first Alectra emergence crop damage score and cowpea yield and

yvield attributes are shown in Tables 34 to 29.

4.4.1 Number of plants infected with Alectra

In the two field trials, treatments differed significantly
with respect to the number of plants infected with Alectra at 9
WAS (Tables 34 & 35). In both years, all pre—emergence
applications of mixtures containing Pree followed by Imazaquin at
0.18 kg a.i./ha resulted in significantly lower number of plants
infected. Similarly, in 1991, pendimethalin plus imazaquin at
0.87 + 0.15 and 1.09 + 0.1% kg a.i./ha, and pendimethalin plus in
imazethapyr at 1.58 - 0.12 kg a.i./ha all followed by imazaquin
at 0.18 kg a.i./ha, resulted in lower number of plants infected
compared with the weedy check. However, in 1992 post-emergence
application of Pree plus imazethapyr at 1.0 + 0.073 kg a.i./ha,
as well as pre-emergence application of Pree plus imazethapyr at
1.0 + 0.05 kg a.i1./ha and Pree plus imazaquin at 1.0 + 0.36 kg
a.i./ha both fb supplementary hoe-weeding (SHW) resulted in lower
numbier aft infected plants compared with the maximum aobtained with
pendimethalin plus imazaguin at 1.09 + 0. 19 kg a.i./ha fb SHW.
Both the hoe-weeded control and weedy check also had lower number

of infected plants than the maximum.

4.4.2 Alectra shoot count

in the two field trials, treatments differed significantly
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with respect to fAlectra shoot count at 9 WAS (Tables 34 & 35).
In 1991 Pree plus imazethapyr at 1.0 + 0.075 Kg a.i./ha fb
imazaquin ar the same pre—emergence treatment applied potst-

emergence &t 3 WAS as well as FPree plus imazaquin at 1.0 + 0.36

Kg a.i/ha fb imazaquin at 0.18 kg a.i./ha reduced Alectra shoot
count significantly compared with weedy check. In addition to

those indicated, Pree plus imazaquin at 1.0 + 0.05 Kg a.i./ha
applied post-emergence, Free plus imazaquin at 1.0 + 0.18 Kg
a.i/ha either fb SHW or imazaquin at 0.18 Kg a.i./ha. Pree plus
imazethapyr at 1.0 + 0.075 and pendimethalin plus imazaquin at
1.09 + 0.19 Kg a.i./ha, each followed by imazaquin at 0.18,

resulted in lower Alectra shoot count than the maximum obtained

with pendimethalin plus imazethapyr fb SHW (Table 35).

4.4.3 Number of days to Alectra emergence

In both years, Pree plus imazaquin at 1.0 + 0.3&6 fb
imazaguin at 0,18 resulted in the maximum number of days to
Alectra emergence (Tables 34 & 35). The shortest days to Alectra
emergence were with weedy check and Galex in 1991 and 1992,
respectively. In 1991, all the other Pree containing treatments,
except Pree plus imazethapyr at 1.0 + 0.05 fb imazaquin at 0.18
as well as pendimthalin plus imazaquin at 0.18 and Galex at 2.5
Kg' a.i/ha resulted in number of days to emergence comparable to
the maximum of days to emegence comparable to the maximum, and
more than the least with weedy check (Table 3I4). In 1992, no
treatment resulted in days comparable to the maximum. However,
Pree plds imazethapyr at 1.0 + 0,075 either applied pre-emergence

and fb imazaquin at 0.18 kg a.i/ha ar applied post-emergence at 3
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WAS Pree plus imazaquin at both rates and pree plus imazethapyr
at 1.0 + 0,05, all applied post-emergence as well as FPree plus
imazaquin at 1.0 + 0.346 Ttb 5HW reduced the number of days to

Alectra emergence compared with the least in the trial (Table

35).

4.4.4 Crop damage symptom score
Treatments were only significantly affected by crop damage
syndrome score in 1991 at 9 WAS (Table 34). The weedy check had
the highest crop damage syndrome score which was comparable to
all pendimethalin containing treatments except pendimethalin plus
imazaquin at 1.09 + 0.19 fb imazaquin at 0.18 as well as Pree
plus imazethapyr at 1.0 + 0.05 fb imazaquin at 0.18 or same rate
applied post emergence; post-emergence application of Pree plus

imazaquin at 1.0 + 0.346 and Pree plus imazaquin at the same fb

SHN -

4.4.5 Weight of Pods

Treatments differed significantly with respect to pod weight
in the two trials (Tables 36 & 37). The highest pod weight was
obtained with pendimethalin plus imazaquin at 1.09 + 0.19 fb SHW
and pendimethalin plus imazethapyr at 1.58 + 0.12 fb SHW in 1991
and 1992, respectively. In the two years, the recommended
herbicide for cowpea (Galex) gave lower pod weight compared with
the highest in the two years. The hoe-weeded control also
Produced lower pod weight than the maximum in 1992. In 1991,
Pree plus imazethapyr at 1.0 + 0,005 Kg a.i/ha and 1.0 + 0.078 Kg
a.i/ha and pendimethalin plus imazaquin at 1.0 + 0.19 Kg a.i/ha,

all Tfollowed by SHW resulted in significantly higher pod weight
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Table 34: The effect of berbicide on number of plants infected, Alectra
emergence and Alectra shoot count at Tasha Zomo, 1971 wet season

Number of Alectra _ Number Crop
plants Cﬂ.l'lt/émz of days danagrz

infected to -~ sCore a
Rate with -~ ~ Alectra

Fre-emergence Ko a.i/ha Fost-esergence ?:g:tr;d energence

uwsl 9 wes 9 WS
Freetimazethapyr 1.0+0,05 SHW 6.7d-h H.3ae SBabc  2.3def
o o 1.040.05 Imazaquin at 0.18 6.7eh 2. 7ae S4b—-f 3.5 f
L. H - 1.040.05 at 3WE 6.7eh 17.0cde S55ae 3.7ae
LA " 1.040.073 SHW 4.0gh 15.0cde S9ae 2.3def
. o 1,040,075  Imazaguin at 0.18 3.7gh 5.7e S7ab 2.2def
R o - 1.0+0.075 at 3WAS 5.0fgh 9.0de S7ad 3.0bf
Fregtlmazaquin  1.0+0.18 SHW 7 oct=h 17.3be SSae 2.7ef
R f 1.040.18  Imazaguin at 0.18 3.7gh 13.7cde SBabc 3.5 f
¥ oo* " - 1.0+0.18 at JWAS F.0b-h 22.0a-e SBabc 4.0ad
e B 1.040.36 SN 8.0c-h 25.3ae SPab I.7ae
i ot i 1.040.36  Imazaquin at 0.18 1.3h 3.3e 60a 2.0ef
-~ + M - 1.040.36 at 3WAS  15.75a—d 48.7ab Sba—d 3. 7ae
FPendimethalin + 0.874+0.15% S 15.7abc S1.0ab Slefg 3. 7ae
Imazaquin
. " 0.87+0.15 Imazaguin at 0.18 8.3c—h 21.0se 491fg 3. 7ae
D & " - 0.8740.15 at 3G 13.7ae I39.5 S5cg- 3.5 f
" @ " 1.094+0.19 SHW 11.3a—q 40.0a—d Slefg 3.3 f
"ok = 1.09+0.19 Imazaquin at 0.18 5.3f-h 17.3be S6ad 1.7f
"o+ w - 1.0940.19 at 35 17.0ab 40.53ad SOefg 4.0ad
Pendimethalin + 1.27+0.096 G4 2.3af 260 S2dg 4.0ad
Imazethapayr
"4 " 1.2740.096 Imazaguin at 0.18 14.7a—e F3.3se 4%91g 4.0ad
"4 " - 1.2740.096 at 2WAS 15.35d 42.3a+e 49fg S.0a
ook - 1.58+0.12 sH 14 .2ae 52.7a Slefg 4.%abc
I " 1.56+0.12 Imszaguin at 0.18 8.3c-h 25.3a¢e S4b-f 3.3af
% . " - 1.88+0.12 at TWAS 15.7abc 43.0abc Slefg 4.3abc
Metolachlor + 2.5 10.3aqg 21.0ae Shae 3.5af
Metobromuron
Hoe weeded 386 17 .0ab 41.0a-d S2dg9 A4.7ab
Was
Unweeded check 18.0a 43.7abc 48g 5.0a
8.E + 2.52 .93 1.72 0.55

1 Weeks after sowing

2 Crop damage score scale (1-5), where 1
no blotchang no leaf scorching and S
stunted or dead plants

3 Means followed by the same letter(s) are not significantly different at 54 level

of probability (DMRT)

normal crop plant growth, no chlorosis,
total leaf socrching or/and obviously
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Table 35: The effect of herbicide on rmumber of plants infected, Alectra
shoot count and number of days to first Alectra emergence at Samaru
1992 wet season
Mumber of Alectra _ Number Crop
plants cont/aM” of days
infected to score at
Rate with Alectra
Fre—emergence Kg a.i/ha Fost-energence Z{s:tra/ emergence
gws 9 wel 9 WS
Preetlmazethapyr 1.040,05 S 6.7bc 29.3cde 47b~f 2.0
"+ " 1.040.05 Imazaquin at 0.18 5.0bcd 11.7de 495—f 1.7
R " - 1.040,05 at 3WA5  8.7abc 42.7ae SObe 1.7
"4 " 1.0+0.075 SHW 10.0abc S1.45e  4B8b—f 1.7
" + w 1.0#0,075 Imazaquin at 0.18 5.3bcd 21.%de S3be 1.3
"4 L - 1,040,075 at JWAS 6.4bcd 25.5de bcd 1.7
Preet+Imazaquin 1.0+40.18 SHW 7.7abc 25.3de 44¢c—f 1.7
LA o 1.0+0.18 Imazaquin at 0.18 7.0abc 8.7ae 44c-f 2.0
"o " - 1.0+0.18 at 3RS S.7bcd 28.7cde S2bcd 1.7
o e i 1.0+40.36 SHW S.7bcd 15.7de S6b 1.7
L i 1.040.36 Imazaquin at 0.18 1.0d 4.7e 67a 1.0
" + " - 1.040.36 at 3WAS  5.7bcd 42.7ae SObe 1.3
Fendtmethalin + 0.874+0.15 S 11.0abc 94.3ab 44c—f 2.0
Imazaquin
A " 0.8740.15 Imazaguin at 0.18 9.%abc 45.0ae 4lef - 2.3
B + 3 - 0.8740.15 at WS 10.0abc 52,00 A43c—-f 2.0
SR " 1.0940.19 S 13.7a 91.7ab 40ef 2.3
# + % 1.0940.19 Imazaquin at 0.18 11.%abc 102.7a 40ef 2.3
"% " - 1.0940.19 at 3RS 10.7abc 68.7a—d  42def 1.7
Pendimethalin +  1.27+0,096 SHW 9.7abc 77.3ad  459b—f 2.3
Imazethapayr
LI . 1.274+0.056 Imazaquin at 0.18 8.0abc 41 .Oa—e  40ef 2.3
" + i - 1.27+0.096 at 3WAE 10.7abc S56.7ae 49b-f 4.0
L o 1.568+0.12 51 11.0abc  9B.7a 4bc—-f 2.7
8 + ¥ 1.568+0.12 Imazaguin at 0.18 10.Zab 47 .Oa—e 44c—f 1.7
“« 4 L - 1.564+0.12 at 3RS 13.7abc 82.7abc 44c—f 2.3
Metolachlor + 2.9 11.7ab 73.3ad J9f 2.0
Metobromuron
Hoe weeded &b 4.7cd J2.3be 44c-f 1.7
was
Unweeded check 6. 3bcd 44,7  45c—f 1.2
2.00 18.65 3.03 0.45

S.E +

1 Weeks after sowing
Means followed by the same letter(s) are not significantly different at 54 level

of probability (DMRT)
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Table 36: The effect of herbicide on weight of pods and grain
yield at Tasha Zomo, 1991 wet season
Weight of Grain

Hate pods yield
pre—mergence Kg a.i/ba  Post-energence {Kg/ha) (Kg/ha)
FPreetimazethapyr 1.040.056 SHW S18abe J26bc
L " 1.0+0.05 Imazaguin at 0.18 39%a—d 298bc
" " - 1,040,053 at 2WRS  342ad 21bc
"o+ " 1.040.075 SM S68ab 402ab
oo+ " 1.040.078 Imazaguin at 0.18 421a—d 314bc
o+ " - 1.0+0.075 at 3RS 293a—d 194bc
Pree+tImazaquin 1.0+0.1B S 498a—d 363abe
"o o 1.0+40.18 Imazaguin at 0.18 413&—d I91abc
veooo% - - 1.0+0.18 at 3WE 178cd 176bc
"+ " 1.040.36 SW 155cd 166bc
B + - 1.040.36 Imazaquin at 0.18 2535ad 191bc
"4 " - 1.0+0.356 at 23S 325sd 244bc
Fendtmethalin + 0.87+0.15% SHW 40%a—d 285bc
Imazacuin
S " 0.8740.15 Imazaguin at 0.18 431a—d 315bc
"o " - 0.87+0.15 at JWRE 206a—d 187bc
R & " 1.0940.19 S 788a S7Ba
LI " 1.0940,19 Imazaguin at 0.18 256ad 1B3bc
I " = 1.0740.19 at 3WAS 208a—d  152bc
Fendimethalin + 1,.2740.096 SHW 241a-d  181bc
Imazethapayr
I 2 1.2740.096 Imazaquin at 0.18 123d 84c
I ks = 1.27+0.096 at JWAS 1736d Foc
"% t 1.58+0.12 SHW F78a—d  290bc
. " 1.58+0.12 Imazequin at 0.18 48B%a—d  I88abc
o e " - 1.568+0.12 at AWS H4la-d  202bc
Metolachlor + 2.5 156cd 112c
Metobromuron
Hoe weeded 386 210a-d  158bc
WaS
Unweeded check 3TFad  120bc
8.E * 111,03  g3.95
1 Means followed by the same letter(s) are not significantly

different at 54 level of probability (DMRT)
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Table 37: The effect of herbicide on weight of pods and grain
yield at Samaru 1992 wet season
Weight of Grain

Rate pods vield
pre-mergence  Kg a.i/ba Post-emergence (Kg/ha) (Kg/ha)
Freetlmazethapyr 1.04+0.05  SHW 2920b—e  1420bc
LA i 1,040,085 Imazaquin at 0.18 Z360bcd  1420abc
I " - 1.040.05 at 2WS 3040be  1381bc
LR " L.0+0.075 S 2960b—e  1396bc
R H 1,040,075 Imazaguin at 0.18 3080b—f  1287bcd
I - = 1.040,075 at JWAS J000b-e  1372bc
PreetImazagquin 1.040.18 S 2920be  1213b-e
"o " 1.040.18 Imazaguin at 0.18 Z320bcd 1385%9bc
a . - " - 1.040.18 at JWAS 3680ab 1578abc
"o B 1.040.36 S SH40ab 1596abc
oo % " 1.040.36 Imazaquin at 0.18 2800b—«  150Sabc
L " - 1.040.36 at W5 2520b—e  1272bcd
Fendtmethalin + 0,87+0.15 SHW J000b—e  1422bc
Imazaquin
"o+ e 0.8740.15 Imazaguin at 0.18 2480b—e  1329bc
A " - 0.8740.15 at JWAS 2120cde  1114c—e
LA “ 1.09+0.19 SHW IT340bcd  1322bc
LA i 1.0940.19 Imazaquin at 0.18 2200cde 1227b-e
il " - 1.0940.19 at WG 1640e 724de
FPendimethalin + 1.2740.096 SHW 3M40abc 1547abc
Imazethapayr
" i 1.2740.096 Imazaquin at 0.18 3440abc 1650abc
AL ¥ = 1.2740.096 at JWAS 2640b-e 1408bc
S 2 1.58+0.12 S+ 4720a 2032a
4 % = 1.58+0.12 Imazaquin at 0.18 3JI040be 1&627abc
" o " - 1.568+0.12 at JWAS 1920de 1108c-e
Metolachlor + 2.5 1760e &88e
Metobromuron
Hoe weeded 346 2120cde 1729ab
WAS
Unweeded check 2040cde 741de
S.E + 440,0  1B.06

Means followed by the same letter(s) are not significantly
different at T4 level of probability (DMRT)
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than the least in the trial. In 1992, Pree plus imazaquin at 1.0
+ 0.36 and pendimethalin plus imazethapyr at 1.27 + 0.96 and 1.58
+ 0.12 Kg a.i/ha, all fb SHW, Pree plus imazaquin at 1.0 + 0.18
applied post-emergence and pendimethalin plus imazethapyr at 1.27
+ 0.0946 fb imazaquin at 0.18 also produced significantly higher

pod yields than the least in the trial.

4.4.6 Cowpea grain yield

In the +two vyears cowpea grain vyield was signifiiantly
affected by various herbicide treatments (Tables 36 & 37). The
cowpea grain yields of 1991 was generally low compared with that
1992. In 1991, pendimethalin plus imazaquin at 1.09 + 0.19 and
Pree plus imazethapyr at 1.0 + 0.075 both fb by SHW resulted in
significantly higher cowpea grain yields than the least in the
trial. In 1992, pendimethalin plus imazethapyr at 1.27 + 0.96
and 1.58 + 0.12 each fb SHW or imazaquin at 0.18 Kg a.i/ha, Pree
plus imazethapyr at 1.0 + 0,05 and Pree plus imazaquin at 1.0 +
0.36 Kg a.i/ha each fb imazaquin at 0.18 Kg a.i/ha, Pree plus
imazaquin at 1.0 + 0.36 fb SHW as well as the same mixture at 1.0
+ 0.18 applied post-emergence 2 WAS resulted in grain vyields
comparable to the maximum and significantly higher than the least.
The hoe weeded control also produced grain yields comparable to

the maximum in the trial.

4.4.7 Correlation

Grain yield was positively correlated with weight of pods,
crop stand at harvest and number of days to Alectra emergence,
weight of pods and crop stand at harvest in 1991 and 1992,

respectively (r wvalues = 0.946, 0.51 and 0.03, 0.78, 0.07)
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respectively. However, it was negatively correlated to number of
plants infected and Alectra shoot count at 8, 9, 10 WAE and at
harvest. There was a stronger relationship between cowpea grain

vield and Alectra parameters at ? WAS than other stages of crop

growth (Tables 38 and 39).



Table 38: Correlation between cowpea grain yield and various paraseters under Alectra
infestation as affected by different herbicide mixtures at Tasha lomo, 1991
wet season

L 2 3 4 3 5 7 g 9 10 it

1 1.0
2 -0.18 1.0

3 -0.45 0.9588 1.0

4 -0.2288 0,888  0.8318 1,0

5 -0.03 0.838% 0,558 0.8588 1.0

b -0.06 0.768% 0.7088 0.878% 07788 1,0

7 -0.05 0,848 0.858% 0.8588 0.8788 0.B48% 1.0

8 0.9688 -0.13  -0.11 0,15  0.02 -0.02 0.1 1.0

9 0.46 -0.6688 -0.558% 0,648 -0.628% -0,59%8 -0.5848 0,12 1,0

10 -0,5088 0.6388 0.5688 0.628%8  0.4B33 -0.581% 0.488% -0.463% -0.588% 1.0

11 0,51 -0.07 -0.07 -0.01 0.03 0.241 0.18 0,558 0,12 -0.29%8 1.0

Grain yield

Musber of plants infected at 8 WAS
Alectra count at 8 WAS

Musber of plants infected at 9 WAS
Rlectra count at 9 WAS

Nuaber of plants infected at harvest
Alectra count at harvest

Weight of pods

Nuaber of days to Alectra emergence
Crop damage syaptos score at § WAS
Crop stand count at harvest

e = D OO =~ O LN Gl B e

—_—

Significant at S1 level of probability {r = 0.22)

L ad

Significant at i1 level of probability (r = 0.28)
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Table 39; Correlation between cowpea grain yield and various paraseters under Alectra infestation as

affected by different herbicide miztures at Samaru 1992 wet season

1 2 3 4 3 & 7 8 9 10 i 12 13
i 10
2 -0.11 1.0

3 -0.12 0.8988 1.0

§ -0,2988 0,868 0.7788 1,0

§ -0.2288 0,826t  0.851% 0.878% 1.0

6 -0.25¢ 0.73 0,718 07881 07748 1.0

7 -0.83  0.67  0.b6%% 0,7588  0.818%  0.8488 1.0

B 0.2888 -0.66  -0.b28% -0.7638 07183 -0.9388 0.848t 1.0

9 0.5 -0.67  -0.5681 -0.76t8 -0.808% -0.85t8 -0.99tt 0.03 1.0

10 -0.7888 0.03 0,06 -0.06  -0.04  -0.13 -0.07 -0.13 -0.08 1.0
{10,238 -0.66 ~-0.558% -0.6781 -0.5418 -0.558% -0.4648 -0.5488 -0.4788 Q.17 1.0

12 0.06 0.52  -0.3683 0.,5681  0.518t 0,398t 0.38 0,331 0.373t 0.12 -0.3688 1.0

13 .07 0,52 -0.3680 0.5681  0.5111  0.39%¢ 0,38 0,38 0,331t 03714 0,12 -0,364t 1.0

1 Brain yield

2 Muaber of plants infected at 8 WAS

3 Alectra count at B WAS

4  MNumber of plants infected at 9 WAS

3 Alectra count at 9 WAS

b6  Number of plants infected at harvest

7 #lectra count at harvest

8  Nuaber of plants infecled at harvest

9 Alectra count at harvest

10 Weight of pods

{1 Nuaber of days to Rlectra esergence

12 Crop damage syaptom score at 9 WAS

13 Crop stand at harvest

{  Significant at 51 level of probability (r = 0.22)
t1 Significant at 1% level of probability {(r = 0.28)
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4.5 Green house experiments (II & III)

4.5.1 Developing an appropriate technigue for evaluating cowpea
varieties for their reaction to Alectra

Effect of Alectra seed concentrations, preconditioning
period and cowpea varieties on Alectra parameters viz number of
emerged, un-emerged, total Alectra, days to Alectra emergence and
crop growth such as crop damage score, nodulation and shoot dry

matter production are presented in Tables 40 to 44.

4.5.1.1 Number of emerged Alectra

In Lthe two trials, cowpea variety TVXZ234 had more number of
emerged Alectra compared with all the other varieties, except
TNP3-80 in the first trial (Table 40). Among the varieties
evaluated B 301 and the derivative of cross with 1T7T845-2246-4
(IT?0K-76) did not have emergence of Alectra, while ITB?KDﬁ245—1
recorded the least Alectra emergence in the two trials. Alectra
emergence increased with Alectra seed concentrations in the first
trial while 10cc/pot Alectra seed gave the highest number of
emerged Alectira when compared to other Alectra seed
concentrations in the second trial. Pre-conditioning period had
ro Siﬁnificant effect on emerged Alectra, but Alectra emergence
increased with pre-conditioning period of 7 and 14 days.

There was significant interaction betwen Alectra seed
concentration and cowpea varieties on number of emerged Alectra
in the two trials (Tables 44 & 4%5). In the first +trial, among
the varieties, TVYX3236 supported the highest emergence in
flectra seed concentrations Scc and 20cc while TN93-80 had
highest emergence at concentration of 10cc.

Within each variety, maximum Alectra emergence occured with
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20cc concentration on TVX 3236, I1TB?KD-245-1, VITA-3 and IT81D-985

while TN?3-80 and 1T845-224&4&-4 had their maximom 1nnrer
concentration 10cc and Scc, respectively (Table 114, Tn +hn
%, ITRAR-224L-A =rr TUiV

second trial, among the varieties VITP

Sere rancentration whilm

3236 supported the highest esregonces in
VITA-3  and TYX3236 had +he  hiahe=+  ander  10cc and 20cc
respectively, Mithin parh varioty TTRAS-2244—-4 had thr highest
in Scec. THOZE-80, UTTA=X and TT21D-99% in 10ce and TVX 3JI23 in
20O (Tahle; AS).
4.5.1.2 Number of un-emerged Alectra

Cenopea varieties differed =zignificantly with respect to
noembor of an-caerged Alectra in the two trials (Table 40). Among

the  wvarieticos evaluated B 301 and IT90K-76 did not support any
attachment  of Alectrs. The highest number was recorded with
TN?Z-80 and TVX3236 in the first and second trials, respectively.
In the second trial, 1T89KD-24%-1, 17T845-2246-4 and I1T7T81D-98%
had the least while in the first trial VITA-Z2 and 17845-22446-4
had the least number of un-emerged Alectra

Generally, increasing the Alectra seed concentration
increased the number of un-emerged Alectra in the two trials.
However, preconditioning period did not give a clear trend on un-—
energed flectra. Fre-conditioning for 14 DAS may not be
necessary.

There were significant interactions of Alectra seed
concentrations x wvariety, preconditioning period % variety in
the two trials, Alectira seed concentration x preconditioning

period and 3-way interaction of preconditioning periocd x Alectra
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seed concentration » variety only in the second trial (Tables 46
to S51).

In the first trial, TN92-80 at the highest Alectra seed
concentration gave significantly higher number of un—emerqged
ARlectra, which was Tollowed by TVX3236 at Alectra seed
concentrations. Among the varieties, TVX3236 had the highest un-—
energed Alectra in concentrations of & and 10cc while TN?3-80 had
the highest in 20cc. All  the wvarieties had the highest
attachment of un—emerged Alecta at the 20cc concentration with
exception of ITBLD-985 at 10cc (Table 46). In the second trial
at all concentrations TVX32346 had the highest number of un-
emerged Alectra. Within each variety maximum number of unemerged
Alectra occured in 10cc for TVYX3236, 1T82KD-245-1 and TN93-80, in
Sce for 1T846-2246—-4 and ITB1D-985 and 20cc for VITA-3 {Table 47).

Cowpea variety TNZ3-80 that was not pre-conditioned priar to

sowing had significantly mare number of un—emerged Alectra than

all the other varieties at all periods in the first trial. The
ather cowpea varieties supported their maximum un-emerged
filectra at 7 DAS except 1T89KD-245-1. In the second trial,
TVX3236 pre—conditioned for 14 day shad the highest number of un-
energed Alectra. fAll other varieties except I1T89KD-245-1 and
VITA-3 had their maximum emergence without pre—conditioning.

IT89KD-245~-1 and NVITA-3 required 3 and 7 DAB, respectively for
maximuin emergence. Interaction between pre—-conditioning period X
Alectra seed concentration in the second trial indicated that
highest Alectra seed level at the control and 7 days
pre—conditioning period had the highest un—emerged Alectra which

was comparable to Scc/pot level at control pre—-conditioning period

98



(Table 50}). The 3-way interaction indicated that TVX32346 at
10cc/pot  preconditioned for 14 days gave the highest number of
un—emerged Alectra, this was folowed by TN93-80 and TVX3236 in
which there was no pre-conditioning prior to sowing and VITA-3
pre-~conditioned for 7 days all at the highest Alectra seed

concentrations (Table 51).

4.5.1.3 Total number of Alectra

In the two trials, cowpea variety TVX3236 had the highest
total number af Alectra. Cowpea variety TNZ3-80 had similar
number to the highest in the first trial. Increasing Alectra
seed concentration generally increased total number of Alectra
up to 20cc and 10cc in the first and second trials, respectively.
Pre—conditioning period did not affect total number of Alectr
significantly (Table 40).

Interaction of Alectra seed concentration and varieties on
total Alectra at harvest was significant in the two trials
(Tables 51 & S53). In the first trial, cowpea variety TN?3-80 at
the highest Alectra seed concentration had significantly higher
total Alectra than all the other varieties, this was followed by
TVX3236 also at the highest level of Alectra seed concentration.
All the varieties that supported fAlectra has the maximum number at
20cec Alectra seed concentration with the exception of 17T81D-985
which had the highest at 10cc (Table 52). At all Alectra seed
concentration, TVX 32346 supported the highest Alectra infection
in the second trial, among all varieties. Within each variety,
maximum emergence occured with TVX 3236 in 20cc, IT89KD-245-1,

TNG3-80 and VITA-3 in 10cc and 1TB46-2246-4 and 1T81D-985 in Scc
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{Table 53).

4.5.1.4 Number of days to Alectra emergence

Number of days to Alectra emergence was significantly
affected by cowpea varieties (Table 41). In the two trials,
variety TVX3236 initiated early emergence of Alectra; VITA-3 also
initiated early emergence comparable to TVX 3236 in the first
trial. In general, Alectra emergence was earlier in the second
trial tham the first trial. In the second trial number of day to
Alectra emergence followed the order 1T81D-985 > TN 93-80 >
1TBA5-2246—4 > VITA 3 > TVX 3236. Generally, Alectra seed
concentrations significantly increased number of days to
emergence in  the two trials. Pre-conditioning period only had
significant effect in the first trial. Pre-conditioning period
prior to cowpea sowing for 14 days initiated early Alectra
emegence which was comparable to that of contreol. In the second
trial, slthough not significant, it was apparent that increase in

pre-conditioning period reduced the number of days to ectra

emergence.

#8.8.1.3 Crop damage score

Crop damage score at 50 DAS was significantly affected by
cowpea varieties in the second trial (Table 41). Amaong the
varieties tested, crop damage score was significantly high for
TVX3236 which was followed by VITA-3. Cowpea varieties B301,
ITROK-76 and 1ITBPKD-245-1 were observed to have the least damage
scare. Crop damage score was lowest with no Alectra inoculant
and significantly higher with Scc/pot of Alectra seeds compared

with the 10cc/pot and 20cc/pot which are similar. Less
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significant damage score on crop plants was observed with 3 and 7

days pre-conditioning period caompared with the control and 14 days

pre-conditioning.

4.5.1.6 Nodulation

Cowpea varieties differed significantly in nodulation per
plant with Alectra incculation. Nodulation as percentage of the
control was only suppressed in IT89KD-245-1 at § and 10cc/pot
Alectra seed concentrations in the first trial. But in the
second trial only TVYX3236 and VITA-Z at all Alectra seed
inoculations had suppressed nodulation as percentage of the
control was generally increased with increase in Alectra seed
inoculation in the two trials, but more pronocunce in the first
trial. Pre-conditioning of Alectra seeds prior to cowpea sowing
for 14 days reduced nodulation in plants in the first trial ‘and 7

days in the second trial.

4.5.1.7 Shoot dry matter production

Alectra inoculation suppressed shoot dry matter production
in TVX3236 and VITA-3 especially at higher levels of Alectra seed
concentrations compared to other varieties tested in the second
trrial (Table 43). ©SBhoot dry weight as percentage of the control
increased with increase in Alectra seed inoculant. The effect of
pre—conditioning period on shoot dry matter production is

however not consistant in this trial.
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4.5.1.8 Correlation 'H ' _  ..tf y J

Crop shoot dey matier praﬁu:tinn was negatively correlated
to  nunber of emerged, un-emerged and total number aof Alectra at
termination of experiment. It was however, positively correlated

tc nuinber of nodules/plant (Table 54).
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seed

ect

concentration, pre-conditioning period and cowpea variety, in the

at green house at Samnaru, 1993

Alectra per pot
1st trial 2nd trial

Number of un—emerged Total nunber of

Alectra per pot

ist trial 2nd trial

Alectra infection at harvest as influenced by

hNumber of emerged

Treatments Alectra per pot
1st trial 2nd trial
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1 Means followed by the same letter(s) are not significantly different at
S% level of probability (DMRT).
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Table 41: Number of days to Alectra emergence and crop damage
score as influenced by Alectra seed concentration pre—
conditioning period and cowpea variety in the green
house at Samaru, 1993

Number of days to Crop damage Scarés

Treatments Alectra emergence (50 DAS)
Varieties 1st trial 2nd trial 2nd trial
ITROK-76 - = 0.0e
TVX3Z2346 bel 34d 1.%a
1TB8KD-245~1 ~2 - 1.0e
TN93-80 47a 3&6b 1.4c¢
vIiTa-3 46b SO 1.7b
B 301 - - 1.0
1TB4G-2246—-4 47 a 3é6b 1.4c¢
IT81D~-985 47a 38a 1.1d
8.E *. 0.02 0.04 0.03
Alectra seed
oncentration (c.c/pot)

0 - - 1.0e

S 38b 29c 1.5a

10 3%a 30b 1.4b

20 3%a 3la 1.4b
S.E + 0.02 0.03 0,02
Pre—conditioning
Feriod (DAS)

(8] 29b 23 1.4a

3 z 1.3b

7 30a 22 1+3b

14 29b 22 1.4a
85.E + 0.01 0.03 0.02
Interactions
C »xnAN NS NS NS
Y NS NS NS
F x C NS NS NS
P xCxV NS NS NS
1 Means followed by the same letter(s) are not significantly

different at 5% level of probability (DMRT)

2 No Alectra emergence

3 Damage symptoms on crop plants using scale (1-5), where 1 =
narmal crop plant growth, no chlerosis, no blaotching, no
leaf scorching and &% = total leaf scorching or/and
obviously stunted or dead plants.
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Table 42: Nodulation (as percentage of the control) as influenwced by Alectra
concentration, pre—conditioning period and cowpea varietty in  the |
green house at Samaru, 1993 :

Treataents Percentage nodulation (%)
Concentration
(c.c/pat) _ 1st trial : ' 2nd trial
Lo ' 100 100
B 94,1 ' : g2.3
10 : 102.6 82.46
20 1046.2 ' : 82.7
Pre—conditioning
pey- o] O S ic 20 O o 10 20
¢ 100 102.5 108.46 1040 100 7.4 111.6 113.7
3 - - - - 100 101.6 103.3 8l.6
7 140G 93,2 103.5 87.8 100 78.3 &d.6 74.8
8 160 2.9 4.0 A6 104 &2.2 5.1 T4.1
Varieties
ITN-76 100 135.1 109.6 1133 100 114.9 123.1 104.2
TV 100 84.4 1191 &57.6 100 48.9 2.9 ;.6
ITEFkD-245—1 0 &4.4 9.9 24.7 100 92.9 82.0 1467.3
TNFZ-80 100 B4.4 83.1 84.7 100 g856.6 &92.6 108.2
VITA-X 1K 101.4 113.8 Bi.3 100 &56.2 44.46 4.8
B 301 100 127.1 133.1 151.4 1000 87.2 107.6 84.46
11845224564 100 1.7 2.8 i02.9 100 &5.1 77.9 81.9
11810985 100 67.8 S4.1 185.8 100 7.4 80,1 71.8
1 Means following by the sare letter(s) are not significantly different

at T4 level of probability (DMRT)

DAS = Days after sowing

105



Table 43: Shoot dry weight production (as percentage of the
cantrel) as influenced by Alectra concentration,
preconditioning period and cowpea variety in the
green house at Samaru, 1993

Treatments Shoot dry matter production (4 of the control)

Concentration

(c.c/pot) : : 2ng trial

] 100

] 111.5

i0o 120.7

20 132.8

Pre-conditioning .

period [+ ] 5 140 2Q
o 100 80.9 23.2 130.9
3 : 100 122.2 153.2 144 .49
7 . 160 1346.7  L346.7 144.4
14 100 100.0 89.5 236.49

Varieties

ITFQK-76 100 145.8 112.95 112.5

TYXIZ23& 100 1G3.3 100.0 131.5

1T D-245—1 ioce 1G4.3 130.4 152.2

TN?3-80 1060 100.0  120.0 153.0

VITA-3 _ 100 100.0 104.5 113.4

B 201 Lo 126.3 128.3 136.8

ITa4s5-224465—4 160 113.6 127.3 i1x1.8

IT81D-985 100 116.0 140.0 132.0

DAS = Days after sowing
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Table 44: Interaction between cowpea varieties and Alectra seed
concentration an number of emerged Alectra in the

first green house trial at Samaru, 1993

Emerged Alectra

Concentration (c.c/pot)

Varieties 0 ] 10 20
IT9OK~76 0.0g 0.0g 0.0g 0.0g
TVX3236 0.0g 0.95% 0.1fg 1.4a
1T89KD-245~1 0.0qg 0.0g 0.1fg 0.2efqg
TNE-80 0.0g 0.4de 1.2a 0.8bc
VITA 3 0.0g 0.11g 0.0g 0.7bc
B 301 0.0g 0.0g 0.0g 0.0g
1TB4G-2246-4 0.0g 0.4de 0.1fg 0.3ef
1T81D-985 0.0g 0.3ef 0.2efg 0.bcd
8.E {+) 0.08

Table 45: Interaction of cowpea varieties and Alectra seed
concentration on number of emerged Alectra in the

second green house trial at Samaru, 1993

Emerged Alectra

Concentration (c.c/pot)

Varieties O & 10 20
ITROK-76& 0.0g 0.091 0.09 0.0g
TVX3236 0.0g 1.9d 2.8b Z.7a
1ITBZKD-245~1 0.0g 0.0g 0.0g 0.0g
TN?3-80 0.0g 0.%e 2.4c O.4f
VITA 3 0.0g 1.9d 3.1b 1.8d
B 301 0.0g 0.0g 0.0g 0.0g
1T845-22465-4 0.0g 1.%d 1.7d 0.5f
1T81D-985 0.0g 0.5fF O.6e 0.3f1g
8«.E (£) 0,13

1 Means followed by the same letter(s) are not significantly
different at 5S4 level of probability (DMRT)
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Table 46: Interaction of cowpea varieties and Alectra seed
concentration on number of un-emerged Alectra in the
first green house trial at Samaru, 1993

Un—-Emerged Alectra

Concentration (c.c/pot)

Varieties 0 5 10 20
ITOOK-76 0.0i 0.0i 0.0i 0.04
TVX3236 0.0i 2.6b 2.6b 2.7b
1TB9KD-245~1 0.0i 0.0i 0.2hi 0.3ghi
TN93-80 0.0i 1.0de 2.0c 5.7a
VITA 3 0.,0i 0.3ghi 0.3ghi 1.0de
B 301 0.0i 0.0i 0.0i 0.0i
1TB45-2246~4 0.0i 0.6fg 0.2hi 0.8ef
1T81D-985 0.0i 0.4gh 1.2d 0.9de
S.E (+) 0.12

Table 47: Interaction of Alectra seed concentration on cowpea
varieties on number of un—emerged Alectra in the second
green house trial at Samaru, 1993

Un-emerged Alectra

Concentration (c.c/pot)

Varieties 0 S 10 20
ITROK-76 0.0 0.0g1 0.0g 0.0g
TVX3236 0.0 1.Zb 1.8a 1.7a
IT89KD-245-1 0.0 Q.3f 0.7d 0.3f
TNF3-80 0.0 0.8cd 1.3b 0.6de
VITA-3 0.0 0.3f 0.3f 1.0c
B 301 0.0 0.0g 0.0g 0.0g
1T845-2246-4 0.0 0.6de 0.0g 0.4ef
1T81D~-985 0.0 0.3f 0.5f Q.3f
S.E (&) 0.08

1 Means followed by the same letter(s) are not significantly

different at 54 level of probahbhility (DMRT)
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Table 48: Interaction of cowpea varieties and preconditioning

period on number un—-emerged Alectra in the first green
house trial at Samaru, 1993

Un—-Emerged Alectra

FPreconditioning period (DAS)

Varieties 8] 7 14

ITROK-76 0.0g 0.0g 0.0g

TVX3236 1.4d 2.3b 2.2b

1ITBPKD-245-1 0.2fg 0.0g 0.3f

TN?Z-80 3.3a 1.8 1.3d

VITA 3 0.1fg 0.8e 0.3F

B 301 0.0g 0.0g 0.0g

1184822464 O.3f 0.8e O.1fg

ITE1D-985 0.2fg 1.4d 0.3f

S.E (+) 0.10

Table 4%9: Interaction of cowpea varieties and pre—conditioning

period on number of un—-emerged Alectra in the second
green house trial at Samaru, 1993
Un—emerged Alectra
) FPre—-conditioning period (DAS)

Varieties 0 3 7 14
1TRO0K~76 0.0h 0.0h Q.0h 0.0h
TYX32346 1.3b 0 +FC 0.&6de 1.%a
ITB9KD-245-1 0.0h 0.8cd 0.3fg O.1gh
TN?3Z~-80 1.3b O.4ef 0.8cd 0.2fgh
VITA 3 0.3fg 0O.1gh 0.%9c 0.2fg
B 301 0.0h 0.0h 0.0h 0.0h
1TBAG-2246—4 O.b6de 0.0h 0.31g O.1gh
ITB1D-985 0.3%g 0.3fg O.1gh 0.2fgh
S.E (+) _ 0.08

DAS =

Means followed by the same letter(s) are not significantly
different at &% level of probability (DMRT)

Days after sowing
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Table 50: Interaction of Alectra seed

concentration and pre-

conditioning period on number of un-emerged Alectra
in the second green house trial at Samaru, 1993

Un-emerged Alectra

Pre—conditioning (DAS)

Concentration (c.c/Pot) Q 3 7 14
0 0.0gt 0.0g 0.0g 0.0q
S 0O.7ab 0.3ef 0.3ef 0.5cd
10 0.4de 0.7ab 0.5cd 0.6bc
20 0.8a 0.3ef 0.8a 0.21
S.E (+) 0.06
1 Means followed by the same letter(s) are not significantly

different at 5S4 level af probability (DMRT)

DAS = Days after sowing
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Table S1: Interaction
concentration and pre—conditioning period of

of

trial at Samaru,

of

cowpea

varieties,

Alectra seed

number

un—~emerged Alectra in the second green house

1993

Un—-emerged Alectra

Fre-conditioning period (DAS)

Varieties Concentratiaon O 3 7 14
(c.c/Pot)
ITROK-76 0 0.0i 0.0i 0.0i 0.0i1
S 0.01 0.0i1 0.01 0.0i1
10 0.01 0.0i 0.01i 0.0i
20 0.0i1 0.0i1 0.0i 0.01
TVYX3236 o] Q.01 0.01 0.0i1 Q.01
S 1.7de 0.3h 0.3h 2.0cd
10 1.0fg 2.0cd 0.3h 4.3a
20 2.7b 1.0fg 1.7de 1.3ef
IT89KD-245~-1 O 0.01 O.0m 0.0i 0.0i1
5 0.0i1 0.3h 0.7gh 0.3h
10 0.01 2.0cd 0.7gh 0.0i
20 0.01 1.0fg 0.0i 0.01
TN?3-80 0 0.01 0.01 0.01 0.0i
o 2.0cd 0.0i1 1.0fg 0.3h
10 1.0fg 1.7de 2.0cd 0.3h
20 2.3bc .04 0.0i 0.0i
VITA-3 0 0.0i 0.0i 0.0i 0.0i1
S 0.0i 0.0i 0,01 0.0i1
¢ 10 0.3h 0.01 0.7gh 0.3h
20 0.7gh 0.3h 2.7b 0.3h
B 301 0 0.0i1 0.01 0.01 0.01
5 0.0i 0.0i1 0.0i1 0.0i
10 0.0i 0.0i 0.0i 0.0i
20 0.01 0.0i1 0,01 0.0i1
1ITB4S-2246—-4 Q 0.01 0.01 0.01 0.01
5 2.0cd 0.0i1 0.01 0.3h
10 0.01 0.0i1 0.0i 0.0i1
20 0.3h 0.01 1.3ef 0.0i1
IT81D-985 0 0.0i 0.01 0.01 0.0i
S 0.01 0.3h 0.0i 0.7gh
10 0.7gh 0.7gh 0.01 0.0i1
20 0.3h 0.3h 0.3h 0.0i
S.E + 0.16
1 Means followed by the same letter(s) are nat significantly

different at 5% level of probability (DMRT)

DAS Days after sowing
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Table $52: Interaction of cowpea

varieties and Alectra seed

concentration on total oaumber of Alectra in the
first green house trial at Samaru, 1993

Total Alectra

Concentration (c.c/pot)

Varieties 0 3 10 20
ITROK-76 0.01 0,01 0.01 Q.01
TVX3I236 0,01 3.1c 3.1¢c 4.3b
IT89KD-245-1 0.01 0.01 0.3hi 0.3hi
TN?3~-80 0.01 1.8f 2.7cd S.4a
VITA-3 0.01 0.7gh 0.2i 2.3de
B 301 0.0i 0.01 0.01 0.0i1
1T81D-985 0,01 0.8qg 2.4d 2.0ef
S.E (+) 0,195
Table 53: Interacxtion of cowpea varieties and Alectra seed

concentration on total number of Alectra in the

second green house trial at Samaru, 1993

Total Alectra
Concentration (c.c/Pot)

Varieties O 5 10 20
ITROK=-76 0.0 0.01 0.01 0.01
TUX3236 0.0 e, W 7z 4.6a S9.3a
I1T89KD~-245~-1 0.0 0.3h 0.8fg 0.3h
TNF3-80 0.0 1.8e 3.6b 1.0f
VITA-3 Q.0 2.2d 3.3C 3.1c
B 301 0.0 0.01 0.01 0.01
17T845-2246-4 0.0 2.%d 1.7e 0.9fg
ITB1D-985 0.0 0.8fg 0.91g 0.6gh
8.E (+) 0.13
| Means followed by the same letter(s) are not significantly

different at 5% level of probability (DMRT)
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Table 54: Correlation between cowpea shoot dry weight and various

parameters in the evaluation of Alectra

concentration and pre-conditioning periods on cowpea

varieties in the green house at Samaru, 1993

1 2 3 4 9 ()
1 1-0
2 -0.08 1.0
3 0,11 O0.26%% 1.0
4 =-0.12 0.61%x% 0.62%% 1.0
S —-0.20x% O.41%%x —-0.26%% O.73%% 1.0
& 0.17 e l3 -0.11 -0.24% -0.342% 1.0
X = 8Significant at 5% level aof probability (r = 0.19)
A% = Significant at 14 level of probability (r = 0.25)
1 Shoot dry weight
2 Number of un—emerged Alectra at termination of experiment
3 Number of emerged Alecta at termination of experiment
4 Total number of Alectra at termination of experiment
S Crop damage score
& Average number of nodules/plant
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9.0 DISCUSSION

The higher grain yields of 1.9t/ha, 1.3t/ha and 2.0t/ha
obtained in the two years trials conducted in this study are
lower than 2.2t/ha earlier reported at Samaru (Tanko, 1990) for
the same crop. High Alectra infestation at the sites of the
trials was probably responsible for the low vyields of cowpea
obtained in these trials. Generally, yields of 1991 trials were
lower than that of 1992. This could be because, in 1992 under

artificial Alectra infestation, the Alectra seed concentration

was not high enough to cause yield reduction as the case of

natural but heavily infested situation of 1991 trials.

5.1 Reaction of cowpea varieties to Alectra

In all the trials, variety B 301 and the derivatives of
crosses with 1T845-2246—-4 (1T?0K-59 and IT90K-76) did not support
the emergence of Alectra in the field and in the green house.
The varieties also produced cowpea grain yields that were
comparable to the maximum in the trial of 1991 and significantly
higher than the least in two years under Alectra infection.
However, the nodulation of these varieties were reduced in the
pot by 21.2, 43.9 and 76.9%4 for B 301, IT90K-39 and IT90K-76,
respectively (Table 15). This was probably responsible for the
reduction in the yield of the varieties observed with artificial
inoculation in 1992. While B301 did not flower within 80 days of
experimentation in the green house, significant reduction in the
number of days to flowering was caused by Alecta infection in the
other varieties; the effect was however not observed in the field

in 1992. Earlier reports have indicated that any factor which
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inhibits nodulation{Dart and Mercer, 1965) and growth period
{Whitney, 1975) of cowpea would definetely reduce grain yield in
the crop. However, it was apparent that the reduction in
nodulation was less in B301 than the derivatives, IT90K-59 and
ITROK-76. This could be attributed to the fact that the other
parent of these varieties 1TB46-2246~-4 while delaying Alectra
emergence supported high level of root infection and experienced
higher reduction in nodulation than B 301. Line B 301, a local
variety, which was initially identified for resistance to Alectra
vogelii in Botswana has since been observed to exhibit combined
resistance to varion strains of Striga and Alectra at various
locations 1in Africa, including Nigeria (Riches, 19843 Emechebe
and Singh, 1989). However, Emechebe and Singh (1989) have
reported that other two sources of resistance to 8. gesnerioides
(SUVITA~-2 and ITB82D-849) are susceptible to Alectra. Resistance
to Striga in the genotype R 301 has been reported to be
controlled by one dorminant gene and resistance to Alectra by two
dominant genes (Signh and Emechebe, 1990a, 1990b; Atokple et al.
1991). This then indicates there are differences in mechanism of
resistance and the genes controlling resistance +to these
parasitic weeds in different varieties, The mechanism of
resistance of 8. gesnerioides in cowpea is still not clearly

known . Several forms have been observed, but few reported for

Striga species. These includes low stimulant production and
mechanical barriers to establishtment and penetration atter
germination, which both functions in cowpea (Obilana, 1987). In

addition, some cowpea cultivars stimulated the Striga to
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germinate and the seedlings were allowed to penetrate the cowpea
root tissues, but failed to develop further (BA, 1983). Lane and
Bailey. (1991) and Lane et al. (1991) have observed similar
mechanism with B 301 variety in the laboratory, which reveals
that there is actual stimulation and germination of the Striga
seeds, as well as formation of haustoria which fail to develop
any fTurther poassibly through antibiosis. The anatomical studies
further shows that the haustoricum remains in the endodermis and
never develops any further.

However, from this study, it is apparent that the varieties
(B301, ITY0K-5%9 and IT?0K-76) are not completely immuned from
the effect of the parésite since important aspects of crop growth
suchh as nodulation and phenology as well as crop vields were
interfered with in these resistant varieties. The reasons for
this needs further investigation. However, the fact that no
Alectra emergence occurred in ITR0K-5%9 and 1T20K-76 further
indicates the compatability of relevant genes in the two parents
i.e B 301 an 1T845-2246-4. In contrast, 1T8FKD-24%-1 and 1T89KD-
245, both of which are derivatives of B 301 and local variety
kananado still supported low emergence of Alectra. The varieties
still produced cowpea grain yields that were comparable to the
maximum in 1991 and significantly higher than the least in the
two vyears., Alectra inoculation in the pot completely prevented
nodulation in IT89KD-2405-1, and reduced nodualtion by 66.27% in
ITB9KD-245, both of which are low nodulators. In addition to
increase in number of days to flowering in the two varieties due
to Alectra, cowpea grain yield reduction of 57.8%4 and 69.14 were

obtained with IT8ZKD-24%5~1 and I1T8%9KD-24%5, respectively (Table
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11). Variety IT84D-53%4 presents an interesting and useful
reaction to Alectra. Inspite of high reduction of nodulaticn in
the pot by Rlectra, and support for Alectra infection in all the_
trials, it did not suffer any reduction in cowpea grain yield in
1992, The variety was observed to delay Alectra emergence and
possible attack. The delay in Alectra might be the mechanism of
tolerance which enables it to produce adequate grain yield under
infecltioan inspite af reduced nodulation, moderate yiald
potentials. Fossible delay in the production of adequate
stimulant or/and high production of germination inhibitor might
be suggested as being responsible for the reaction of the variety
to Alectra (Berner personal communication). However, the major
limitation of the variety is its low vield when there is no
Alectra infection. IT84D—-843 did not support emergence in  the
greenhouse but had very low underground infection. Aléhnugh
Alectra did affect number of days to flowering in the variety,
both nodulation in the pot and cowpea grain vield in the field
were reduced by 69.27 and &1.7%4, respectively. Both TN?3-B0O and
Kann 14956 which were promiscuous nodulators had 47.%%4 and 44.7%
reduction in nodules count due to Alectra infection. The former
variety however supported very low flectra emergence in the green
house, while both exhibited similar reaction to Alectra with
respect to shoot count, number of plants infected and number of
days to emergence in 1992 field trial. However, TN?3-80 suffered
a higher loss of S84 in cowpea grain yield than Kano 16924 in  the
YEar. On the othet hand, in 1991 wet season, Kano 148%4

supported more Alectra shoots than ITEID-843. FKano 1696 produced
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low pod number, but acceptable grain yield in 1991 and low
reduction in 1992 inspite of high and moderate infestation
respectively. This may be attributed to tolerance reaction which
it does through reduction in pod number but compensated for in
seed size which consequently increases the grain yield of the
crop. Being a late maturing, it would still produce adequate
photosynthetic apparatus for the production of assimilates for
grain filling at the later stage of life-cycle inspite of the
initial adverse effect of ect infection. vVita 3 has
.exhibited a high degree of tolerance in this study. This is
because VITA-3 produced significantly higher cowpea grain vyield
than all the other.varieties evaluated inspite of hig Alectra
incidence (Tables 4 and 5). Since the wvariety combines high
yield with tolerance, it could be used to improve the genetic
base of the varieties being developed for Alectra
tolerance/resistance. Both TVYX3236 and SAMFEA 7, the two
recommended varieties in northern Guinea savanna supported high
Alectra infection with consequent high susceptability to the
parasite. SAMFPEA-7 1s however less susceptible than TVX 3236 as
reflected in low reduction in nodulation and grain yield and low
emergence of Alectra shootse under Alectra infection. In the pot,
Alectra prevented nodulation in TVX32346 and caused 84% reduction
in grain yield in the 1992 trial.

A major consideration in the adoption of cowpea varieties
are the sizes of the seeds, the texture of the seed coat which
affect cookebility and the colour. In Nigeria, rough coated white
black eyed or brown large size seeds will be accepted easily by

the farmers. High yield potential inspite of Alectra infestation
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would be major agronomic and economic consideration in variety’'s
adoption. All  the varieties tested including B 301 had lower
grain vyield than VITA 3, the only one which did not have cowpea
grain vyield reduction due to Alectra. Similarly, many other
promising varieties have rough coats and the acceptable colour.
However, seeds of IT90K-59 which are normally rough-coated and
brown are considered very small by the farmers. There is
therefore the need to broaden the genetic base of the existing
resistant materials by incorporating the high yield potential,
tolerance and big sizes of seeds observed in varieties like Kano
1696 and VITA 3 and other sources of resistance in 1T86D-534 into
some of them. This will definetely improve the sustainability of
the technical performance and yield potential as well as the
varieties level. However, in order to further ensure a
sustainable solution to the problem of parasitic weed, the
varieties will only be used as component of intergrated package

for control and be validated at farmers level.

S9.1.1 Interactions

Interaction of cowpea varieties x infection was significant
on crop vigour score at 9 WAS, number of pods, weight of pods and
cowpea grain yield. In the Alectra infected plots, plants of B
301 under Alectra infection did not differ in vigour score from
those of Alectira-free situation. Conversely, Alectra infection
significantly depressed crop growth vigour in TVX 3236 compared
with corresponding Alectra free plants. Line B 301 has been
reported to be resistant to both Striga and Alectra (Riches,

19845 Emechebe and singh 19903 Lagoke et al. 1991) while TVX 3236

119



reported to be susceptible.

Under Alectra infection, no variety produced prain yields
that were comparable to the highest obtained with VITA 3, while
ITROUk~8%, IT?0k-7é&, B 301, ITEBYKD-24%-1, ITB9KD.-245, TVX 3236
and VITA 3 were similar in yields under Alectra free condition.
The high yield of VITA 3 inspite of moderate infestation may be
attributed to its tolerance Lo the parasite which may be further
investigated.

In the greenr-house, interaction of variegty and Blectra
infection on number of days to crop flowering, indicates that
¥ano 146946, 1TBID-985, B 301, TN?3I-BO, TN 121-80 and VITA 3 did
not flower during the 30 days of experimentation with or without
infection. This may probably because of the varieties are late-
maturing and photoperiocd sensitive. Although without infection,
SAMPEAR -7, ITBLD-B49 and SUWITA-2 flowered, the plants in  the
infected pots did pot flower. These varieties are susceptible to
ABlectra. thereforse, it is poseible that the attack had adverse

effect on crop growth and thus not allowing it to flower as

compared with the un-infected condition.

9.1.2 Correlation

The negative correlations between cowpea grain yield and
Alectra shoot count, number of plants infected, days to Alectra
epergence and crop damage symptom score smeasured inthe two trials
indicated that Alectra parasitiss reduced cowpea grain yield
seriously. Similar observation has been reported (Atokple et al
1991}, The positive correlation cbserved betwesn grain yield and

welight of pods revealed this as an ioportant yield component and



geterminant of cowpea grain yield., The result confirms with
{Bule 1983) who also observed positive corralation between grain
vield ane other vield components. There Was stronger
relationship between cowpea grain vield and Alectra parameters at
? WaS than other stages of crop growth. This could probably be
explained by the fact that maximum Alectra emergence occured at 9
WAS which probably cause serious damage at the critical grain
filling stage of the crop. Subsequent emergence are either less
damaging on the crop. In addition many of the earlier eserged
shoots of Blectra senesce and die after 9 WAS and aescape

assessment.

2.2 Effect of nitrogen and phosphorus combinations on the
reaction of cowpea varieties to Alectra

In the two trials, cowpea varieties differed significantly
in thelir reaction to Alecira. In 1991, number of plants infected
and Alectira shoot count was significantly highetr for VITA-3X  than
TNYI~80, Alectra did not emerge at all in B303 and thus
gxhibiting high level of resistane as earlier indicated by Riches
(1784) and later confirmed by Emechebe and Singh (1991); while
in 1992, SAMPE&—Y had significantly higher plants infected and
Alectra shoot count, the least was obtained with I[T82KD-245-1.
It was wnecessary to subject B 301 to these treatments, since it
dgid not support Alectra emnergence at all in 1991, Cowpea
varieties TN?I-BO and IT89KD-Z40%0-1 delayed Alectira emergence
campared with VITA-3 in 1991 and 1992, respectively {Tables 18 &
i9). Insgpite of higher number of plants infected a&and bAlectrs

shoot count VITA-3 produced comparable dgrain yield to the




maximum with [T82KD-245~1. This could be attributed to high
tolerance by the variety to Alectra. EBoth nodulation and cowpea
grain yield were not reduced in this variety by Alectra infection
at Samaru (Lagoke personal communication).

In the two years, number of cowpea plants infected and
pnlectra shoot count were consistently reduced by 60 KkKg N/ha,
which also depressed cowpea grain yield compared with O and 30
Kg/ha. In & similar study in sand culture (Emechebe et al.,
1991) showed that 140 ppm N applied as sodium nitrate (Na Nox)
solution completely reduced the incidence of S. gesnerioides with
a concomitant decrease in nodule numbers. However, Adu et al.
(198%2) reported that lower levels of N in combination with some
host resistance would be appropriate to reduce Striga infection.
The influence of N-fertilization and manuring as farm practices
in  the management of Striga are generally not consistent and
repeatable. The use of N in controlling 8. gesneriocides in
cowpea seems Lo be limited due to its detrimental effect of high
rates on nodulation with consequent yield redu . In field
studies in the U.S5., oultstanding control of Striga asiatica was
cbtained by using high rates of N as ammoniun sulfate (Shaw eb
al., 1962). Similarly, in India, N applied to heavily infested
Stiriga fields grown with pearl-millet reduced the incidence of
Striga and doubled the yields of the crop (Mathur and Mathur,
1967) . In Sudan, Last (19260) reported that on soil lightly
infested with 8. hermcnthica, 90 kg N/ha trebled grain yields
from 1278 to 3957 kg/ha while the relative effect was greater in
highly infested socil with severe attack. In Nigeria, Mansfield

(1982), showed that up to 150 kg N/ha may be needed to reduce



Striga infestation effectively, while in Gambia, Carson (1985)
found that mineral fertilizers did not have any discernible
effect on Striga population, although there was tendency for more
Striga at the higher levels of NFPK. The mechanism by which high
N reduced Striga infestation could be attributed to the
production of low germination stimulant by Sorghum under high N
(Parker, 1984; Adeosun 1990; Ngawa 1992). This was confirmed by
Guworgwor (1992) who reported thalt under high N low stimulant was
produced for the first three weeks only, which was a clear
indication of the inhibitory effect of high N on stimulant
production. Earlier works by (Parker 1984), Sherif and Parker.
(19846) and Raju et al. (1990) have shown that high N has the
effect of reducing stimulant production from sorghum and can
delay Biriga emergence and reduce infestation of Striga compared
with low N application. This reduction of stimulant produced by
sovrghum  under high N might be through physiological changes in
the growth rate of the cell tissues in the active stimulant
producing area of the sorghum roocts. It is known that the
stimulant producing part of the crop utilizes back the stimulant
for cell elongation (Sunderland, 1960), who further reporterd that

the utilization of the chemo-stimulants is greatest durinao  the

growth in the length of the root cells, and concumption falle e
the cells matures. [t is possible that the hinh N encouranes
rapid and vigorous cell growth and sYemoation, which  demande 5

lot of stimulants to perform such functions, consequently leading
to a #mall qnantity of the stimulant to be released into the soil

medium. High N could also caused the reduction of radicle
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elongation of the few germinated Sirigqa seeds as abserved by
Fesch  and Pieterse. (1982) providing an escape mechanism effect
on the attactwent of the Siriga seedliings to the host.

Fhosphorus levels did not have any effect on Alectra
parameters while the damage symptoms on crop plants was  more
intense at 40 kKg F/ha compared with O and 20 Kg P/ha. This may
be attributed to better establishment and increase nunber of
nodules and lateral roots which couwld serve as haustorisl
attachment points for the parasite. Fhosphorus application
however increased weight of pods and grain yield compared with no
phosphorus in 1991, The significant increase in number and
weight  of pods per unit area and grain yvield with Prapplication
has earlier Ubeen attributed to the fact that P promotes good
establishment, nodulation and vyvield of legumes (Whitney, 19735).

v 19722, although not significant, un~infected ploté had
more grain yield than the infected (Table 26). Alectras infection
orily reduced grain yield of VITA-3 by 0.9% compared with 21.5%,
LE.8Y and 11.74  for SAMFEA 7, Tn?3-80 and IT89KD-245~1,
respectively. Witih the low pod number, the acceptable yield of
VITA-Z in 1991 and low reduction in yield in 1992 inspite of
moderate infestation respectively can be attributed teo tolerance
reaction by the variety. This is done probably through reduction
in pod  aunber, compensatesd for by seed size with consequent
incresses  in the grain yield of the crop. Being a iate~maturing
variety, it would still produce adequate photosynthetic apparatus
for the production of assimilates for grain at the later stage of

life—cycle.
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2.2.1 Interactions

Interactions of variety % nitrogen, and variety x nitrogen
phosphorus were significant on number of plants infected at ? WAS
in 1991 and 1992, respebdctively. In 1991, numnber of plants
infectad decreased with N-levels, while it was highest with
SAMPEA-7 treated with 40 FKg P alone (Table 21). This could be
attributed to reduction in nuaber af nodules on lateral toots
thus reducing the incidence of infection as reported by Emechebe
et al. {1983) and Adu et al. (1989).

Interaction of wvariety x phosphorus on number of days to
Alectra emaergence wags significant in the two years (Tahles 24 &
235). From the three-wsy iateraction, it was apparent that
varieties which exhibited moderate (TN93-80 in 1991} tao high
{IT8RKD-245-1 in 1992) levels of resistance responded to high
doses of N (60 Kg N/ha) and P (40 Kg FP/ha) by delaying the
emnergence of édlectra. However, the high rate of N was detrimental
ta cowpes., It is possible that the high M encourages rapid and
vigorous cell growth and elongation, which demands a lot of
stimtlants to perform such functions, cansequently leading to a
smxll guarntity of the stimuwlant {0 be released into the s=soil
med iy .

Interaction of variety » phosphorus on number of pods was
significant in the two years {(Tables 29 & 30). Maximum nuwnber of
pods was produced by phosphorus, alone at 40 Kg P/7ha  in 1991,
However, withh &0Kg N both 20 and 49 Kg £/ha had higher number of
pads than no phosphorus application. Nitrogen at 60Kg N only
gignificantly increased pod number conpared with 0 Kg N when

combined with 20 g P/ha. The use pf N in controlling 8.
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gesnericides in cowpea seemns to be limited due to its detrimental

effect on nodulation with high doses and consequent vyield
reduction. The significant increase on number of pods with
phogspharuas application has earlier been attributed to the fact
that F promotes good establishment, npdulation and yield of
legumeys (Whitney, 12735).

The nitrogen x Glectra infection on weight of 1000 grains
indicated that, without infectiaon, &0 kKg N depressed 1000 grain
weelght compared with © Kg N {Table 31). This could be attributed
to  the detrimental effect of high N rate on cowpea (Emechebe at

al. (1983) and Adu gt al. (1989).

92,2 Correlation

The negative correlation between cowpea grain vyield and
nunber of plants infected and Alectra shoot count in the two
trials confirms the high vulnerability of cowpea to Alectra with
consequenlt reduction in grain yield. Similar observation have
bertn reported by Gworgwor (1923) who found that Striga retuces
both grain yield and 1000 grain weight.
S.3 Evaluation of berbicide combinations for the control of

Alectra in cowpea .

Generally, in the two trials, &ll pre-emergence herbicide
mirtures containing Free (netazachlor + antidote) as well as
pendimethxlin plus  imazaguin at 0.87 + 0.15 and 1.09 + 0.19;
pendimethalin plus imazethapyr at 1.58 + Q.12 all followed by
imazagquin at 0.18 resulted in low number of plants infected and
Alectt-a shoot count. (Lagoke personal communication) reported

that pendimethalin plus  imazaguin at 1.09 + 0,19 Kg a&.i/ha
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followed by one supplementary hae-weeding (SHW) at &6 WAS resulted
in  lower Alectra shoot count and number of plants infected with
consequent increase in cowpes grain yield., In the control of
Orobanche crenata, Garcia st al (1992) reported effective control
of the parasitic weed with imazaguin at B0/ ha. However, early
sowing/high vield cropping systems, which are normally subject to
heavy anct lasting parasite infestations, would reguire a
combination of pre-energence and post-emergence treatments.,
Results of experiments in developing a cowpes seed treatment in
the Laboratory and Screenhouse in controlling both Striga

gesnericides and Alectra vogelii, that consisted of a & minute

seed soak in solubtions of imazaquin in concentrations ranging
from 1.8 to 7.2 mg a.i/ml splution indicated that treatment
concentrations of 3.6 to 7.2 imazaguin/ml solution reduced
parasite attachment by 90%Z in comparison to untreated controals.
The mechanism of control appears to be post—-attachment mortality
of the parasites with no reduction in parasite seed germination
{bBerner gt al., 1793).

The highest pod weight and consequently cowpea grain yield
were obliained with gendimethalin plus imazaquin at 1.0%9 + 0,19 fb
SHW and pedimethalin plus imazethapyr at 1.58 + 0,12 b SHW  in
1921 and 1992, respectvely {Tables 3&6 & 37}). The yields af FPree
and imazaquin  conltaining treatments are generally lower than
those of pendimethalin containing aixtures although the former
had lower number of plants intfected and Algctra shoot count.
This could be attributed to phytotoxicity on cowpea stand

establishment (Berner &t al; 1993). Similarly, with Strigs,
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Eplee et al. (1991} reported among dinitroanilines, pendimethalin

have been found to act as barrier to Siriga emergence.
Fendimethalin, applied pre-emnergence to the surface at 1.7 Eg
a.i/ha, gave a 100U reduction in early Striga emergence. The

mode of action of this herbicide in preventing early season
8tiriga attachment is not yet known. In 1992, hos-weeded control
produced grain yields that was comparable to the maximum obtxined
im  the trial with pendimethalin + imazethapyr at 1.58 <+ Q.12 fb
SHW. SBuls. {1788) reported good cowpea grain yield with two hoe-

weedings at 3 and & WAS,

.31 Carrelation

The negative correlation between cowpea grain vyield and
number plants infected and Alectra shoot count conftirms the high
villngrability of cowpea to Alectra with consegquent reduction in
grain yield. There was also negative correlation between Alectra
parameters &and weight of pods while grain yield was positively
carrelated ta weight of pods (Tables 38 & 39). Tha result
indicate that these parameters are c¢ritical determinants of
cowpea grain yield and that the effect of Alectra on them was the
mxin cause of yield reduction. Yield reduction of 1004 due to
Striga perasitism has been reported to occur in cowpea depending
on the level of infestation (Emechebe gt al., 1983). Similarly,
Salako. (1984) reported 34-3%% lass in pad yield for individual
groundnut plants due to AQlecta infestation.
5.4 Reaction of cowpea varieties to preconditioning period and

concentration of seed inoculant of Alectra vogelii

In the two trials, cowpea variety TVX3236 had the highest
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tatal number of Alectra compared ta all other varieties. Alectra
inoculation suppressed shoot dry matter production in  TVX3236
especially at the higher levels aof Alectra seed concentrations in
the second trial. Among the varieties evaluated B 301 and the
derivative of cross with 1T845-2244-4 (IT?0K-76) did not have any
attachment of Alectra, while IT89KD-245~1 recorded the least
emergence in  the two trials Table 40). Similar levels of
resistance to Striga gesnericides by B 301 have been reported by
Lagoke et al. (1991) and Emechebe and Singh. (1991) and Alectra
vogelii by Magani et al. (1991). B 301, a local variety, which

was initially ididentified faor resistance to Alectra vogelii in

Botswana has been observed to exhibit multigenic resistance to
both wvarious strains of Striga and Alectra at various locations
in West and Central Africa, including Nigeria (Riches, 1984;
Emechebe and Singh, 19879). Resistance ta Striga in the genatype
B 301 has been reported to be controlled by one dominant gene and
resistance to Alectra by two daminant genes (S5ingh and Emechebe,
1990a, 1990kL) . Lane. (1989) has however attributed the
resistance in B 3201 to its failure to low production of
stimulants +for the germination of Striga seeds as well as
attachment and prevention of haustorial formation and subsequent
development of the seedling of the parasite through antibiosis.
The anatomical studies revealed that the haustorium remains in
the endodermis without further development and penetration. The
fact that no Alectra attachment occured in ITP0K-74 further
indicates the compatability of relevant genes in the two parents
i.e B 301 and ITB845-2246—-4. In the two trials, variety TVX 3234

initiated early emergence of Alectra, while delayed Alectra



emnergnee was observed on 1T89KD-245~1 as previously reported by
Magani et al. (1992). Generally, Alectra emergence was earlier in
the second trial than the first triasl. This could be attributed
to the favourable temperature for Alectra seed geramination (July-—
Septembetr) during which the second was conducted as compared to
that aof first trial (Febtruary-May). |

Nodulation as percentage of the control was only suppresed
in ITB8?ED-245-1 at 5 and 10 c.c/pot Alegtirs seed concentrations
in the first trial. ITE8YKD-245-1 has earlier been reported to be
a paar nadulatan (Magani et al, 1992). But in the secaond trial
only TVX 3234 and VITA-3 at &ll Alectra seed cancentrations had
suppressed nodulation as percentage gf the controal (Table A42).
Shoot dry matter production as percaﬂtage of the control was
suppressed in  the susceptible variety TVX32346 as similarly
reported by Stewart et al. (1¥88) and Kureh et al. (1994}, They
indicated that priocr to emergence, Alectra entirely depended on
its host for carbon but after emergence about two—third of its
carbon requirements still come from the host. Another factor
which may account for reduced growth of the host is the possible
reduction in photosyrnithetic activity in infested plants as
eatrlier reported by Fress et al. (1987).

In the two experiments, inoculation with 10 c.c/pat of
Alectra seeds resullted in higher Glectra infectiorn than 20
c.c/pot probably dug to competition among the attached parasite
gegdlings Tor the host resouwrces. In effect it may not be
npressary Lo increase the level of inoculation from 10 c.c/pot to

20 c.c/pot  in order to induce reaction in cowpea in the green



house . The result confirmed the reports of Emechebe gt al.
(1991) on cowpea Alectra and Striga and Kureh et al. (1994) on
soybean filectra. They indicated that adequate exposure of plants
to fAlectra and Striga in pots can be achieved by inoculation with
about 10 c.c/pot seeds of Lhe parasites.

Fre—conditioning period only had significant effect in the
first trial. FPre-conditioning period needs further investigation
under cantraolled environment as Alectra infection seems to be
related to environmental conditions which tended to vary even in
the green house. With cowpea Striga Emechebe et al. (1991)
pbserved that Striga symptom expression was related to
environmental condition which vary even in the screen house and
that the number of Striga shoot that emerged often vary greatly
for replicates of the same cowpea lines grown during the same
period in the screen house. However, in this study althuugh'nnly
significant, in the first trial, pre-conditioning periad prior to
cowpea sowing 14 days initiated early Alectra emergence. In a
study of the role of ethylene in germination of Striga asiatica
in response to Strigol, Babiker gt al. (1993) reported that
unconditioned seeds and those conditioned for 3 days produced
negligeble amounts of ethylene reponse to Strigol. However,
extending the conditioning period to 5 and 8 days increased
ethylene evolution by more than 10-fold. Thus it would appear
that conditioning resulted in partial release of the ethylene
biosynthetic pathway. Frevious work demonstrated that
germination of Striga asiatica is curtailed by the presence, in
the seed, of mechanical barriers as well as germination and

radicle elongation inhibitors (Kust, 19663 Egley, 1972; Sahai and
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Shivana, 1782)}.

5.4.1 Interactions

Interactions of cowpea x Alectra seed concentrations was
significant in the two trials on all Ale;tra parameters except
number of days to fAlectra emergence. Beﬁerally, increasing the
fAlectra sezed concentration increased the number of un—emerged
- Alectra in the two trials. In the first trial variety THN 93-BO
at the highest Alectra seed concentration had significantly
higher total Alectra than &1l other varieties. All the
varieties that supported Alectra has the maximum number at 20 c.c
Alectra seed concentration with the exception of ITB81D-985 which
had th highest at 10 ¢c.c. At all Alectra seed concentration,
TYX3Z23&6 supported the highest Alectra infection in  the second
trial, amcng all varieties. This confirms the susceptibilify at
TVX 32346 as previously reported by Emechebe and Singh. (1991).

The 3—way interaction of variety » preconditioning period =
Alectra seed concentration indicated that TVX 3236 at 10 c.c/pot
pre-caonditioned Tor 14 days gave the highest number of un-emerged
Alectra. This indicates the need for further investigation in

arder to have the appraoriate pre—conditioning periods.

5.4.2 Correlations

Crop dry maitter production was negastively correlated to
number of emerged, un—emerged and total number of Alecira. This
confirms the bhigh wvulnerability of cowpea to Alectra with
consaquent vield reduction. Similar observation has besn

reported by Fureh gt al. (1994} in soybean.



CHAPTER &

Y
SUMMARY AND CONCLUSION
Field and green house trials were cpnducted to study the
effects of fertilizers and herbicides ma'the reaction of cowpea

variekies to Alectra vogelii (Benth.) at Samaru 1112 1" W, 07° 38°

in the northern Guinea savanna ecological Done of Nigeria in 1991
and 1992 wet seasons and the green house trials in 1992 and 1993
dry seasons.

In the screening of cowpea varieties for their reactions to
flectra 14 cowpea_varieties were planted out in a randomized
complete block design in the field naturally infested by Alectra
in 1991 and in both inoculated and Alectra free blocks in  1992.
In the greenhouse in 1992, the same 18 cowpea varieties evaluated
in the field were also evaluated 1n pots arranged on the
greenhouse bench in a complete randomized design. Half of the
pats were inoculated with approximately 2,000 Alectra seeds/pot.

In the fertilizer trial, three (B 301, TN 93-80, VITA-3) and
four (1T8?2KD-245~1, TN?3-80, VITA-3, SAMFEA-7) cowpea varieties
were used in 1991 and 1992, respectively as main—-plot treatments
and three levels each of nitrogen at O, 30 and &0 kg N/ha and
phosphorus  at 0, 103 and 206 Kg P/ha fertilizers in factorial
combination were the sub-plot treatments laid out in a split-plot
design.

In the herbicide evaluation trial, 25 herbicide treatments
were compared with hoe-weeding at 5 and & weeks after sowing
(WAS) and a weedy check in a randomized complete block desing,

using a susceptible but recommended cowpea variety, SAMPEA-7.



In the green house trials to study the reaction of cowpea
varieties to pre-conditioning and caoncentration of seed ineculant
of fAlectra, consisted of a factorial combination of eight cowpea
varieties, four Alectyra seed inoculant concentraitons (0, 35, 10,
20 c.o/pot) and three pre-conditioning periods (0, 7 and 14 days
before crop planting) in  the first trial and four pre—
conditioning periocds (O, 3, 7 and 14 days) in the serpnd *+ria)l
arranged on the green house bench in a complete randomized desinn,

Results indicated from the screeninno of cowpea varieties
trials, wvariety B 301 and the derivatives of crosses with
IT845-224-4 (ITS0K-589 and ITSDK-78) did not support  the
emergence  of Alectra in the field and in the green house. The
varieties also produced cowpea grain yields that were comparable
to the maximum in 1981 and significantly higher than the least in
the two years under fAlectra infection. However, the nodulation
of these varieties were reduced in the pot by 21.2, 43.9 and
76.9% for B 301, I1IT90K-52 and I1T90K-746, respectively. In
contrast, ITBZKD-245~-1 and 1IT8YKD-245, both of which are
derivatives of B 301 and a local variely Kananado supported low
emergence of Alectra. The varieties still produced cowpea grain
vields that were comparable to the maximum in 1991 and
significantly higher than the least in the two years.

Inn addiltion lo increase in number of days to flowering in
the two varielbies due Lo Alectra cowpea grain yield reduction of
097.8%  and 69.1% were obtained with IT8%KD-245-1 and 1T789KD-245,
respectively. Variety 17T846D-53534, inspite of high reduction of
nodulation in the polt by Alectra, and support for Alectra

infection in all the trials, it did not suffer any reduction in



cowpea grain yvield in 1992, The variety was obhserved to delay
Alectra energence and podssgible attack. [TB6D-845 did not support
emergence  in the greenn house but had very  low  underground
infection. Although Hlectra did not dffeét number of days to
flowering 4in the varielby, both nudu&ationiin the pot and cowpea
grain vyield in the field were reduced by 6%.24X and 61.7%,
respectively. Both TN9I-820 and Keno 16946 which were promiscubus
vodulators had 47.5% and 44.7% reduction in nodules count dus to
Alectra inTection. The former variety however supported very low
Alectra emergence in the green house, while both exhibited
similar rgaction to Alectra with respect to shoot count, number
of plants infected and number of days to emergencte in 1992 field
trial. However, TNY3-80 suffered a bigher loss of 55% in  cowpea
grain  vield than Kana 1696 in the year. On the other hand, in
1991 wet season, Rano 1696 supported more Alectra shoots  than
ITBID--B4%, Kana 16%6 produced low pod number, but  acceptable
grain yield in 1971 and low reduction in 1992 inspite of high and
moderate infestation, respecltively. VITA-3 produced
significantly higher Ccowpea grain yield than all the other
vatrieties evaluated both in 1291 and even under Alectra infection
in 19%2. Both TVXEZ23S6 and S6MPEA-7, the recommended varieties in
rnarthern Duinea savanna supported high Alectra infection with
consequent  high susceptibility to the parasite. SAMPEA-7 is
howsver  less swsceplible than TVXIE2346 as  reflected in low
reducticon in nodulation and grain vield and low  emergence of
Alectra shoot wnder fAlectra infection. In the pot, Alectra

prevented nodulation in TVR3IZ2E46 and caused 84% reduction in grain



yield in Lhe 1992 trial.

In the fertilizer trisl, in 1991 nugmber pf plants infected
and Alectra shoolt count was significantly higher for VITA-3 than
TNFI-80. fAlectira did not emerge in B 304y In 1992, SAMPEA-7 had
significantly highegr than all other Qariétieﬁ number of plants
infected and Alectrs shoot count, the iéast was obtained with
ITE2ED~24G-1. I  the two vears number of plants infected and
Slectra  shoot count were consistently reduced by 60 kg Nsha,
which also depressed cowpea grain yield compared with O and 30
kg N/ha. Phosphorue levels did not have any effect on Alectra
parameters while the damage syimptoms on crop plants was more
intense at 40 kg F/ha compared with O and 20 kg F/ha. In
1992, although not significant, un—infected plots produced a
higher grain yield than the infected. gflectra infection only
reduced grain yield of VITA-Z by 0.9% compared with 21.5%, ‘13.52
and 11.74 for S&MPEA-7, TM 93-BQ and IT82KD-240-1, respectively.

In the herbicide evaluation trial, all pre—emaergence
herbicide @mixtures containing Free (metazachlor + antidote) as
well  as pendimethalin plus imaraquin at 0.87 + 0,153 and 1.0%9 +
0,175 pendismethalin plus imazethapyr at 1.58 + 0,12 all  followed
by dmazaguin at 0,18 kg a.i/ha rvesulted in  lower Alecira
incidence. The highest pod weight and consequently cowpea grain
yvield were obtained with Pendimethalin plus imazaguin at 1.09 +
0.19 Followed {(fb} by supplementary hoe-weeding {(SHW) and
pendimethalin plus imazethapyr at 1.38 + 0,12 fb SHW in 1991 and
1992, respectively. The yields of pree containing treatments are
generally  lowesr than those of pendimethalin containing mixtures

sl though  the fTormer  had lower number of planteg infected and
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glactra shoot couwnt.

In  the green house trials to study the reaction of cowpea
varietlles to pre—conditioning and concentration of seed inoculant o
Blegctra idndicvated that cowpea variety TYX3IZ36 initiated early
emergence of glactra compared with all the other varieties.
Variety B JZ01 and the derivative of it cross with IT845-22446-4
(ITROK~76) did not allow esergence of Alectra, while 1TE9KD-245-
1l recorded the least number of emerged Alectra in the two trialis.
Aloctra amergence.increased with Alectra seed concentrations in
the first trial, while 10 c.c/pot Alectrs seed gave the highest
mber  of energed Qiectra when compared to other Alectra seed
concentrations in the second trial. Pre-conditicning period had na
significant effect on emerged Alectra, but Alectra emergence
increased with pre-conditioning period of 7 and 14 days.

In conclusion, this investigation has shown that variety B
F0L and the derivatives of its crosses with 1TEB45-22446—-4  (1TQ0K~
3% and LT?0K-76) did not support the emsrgence of Algctra in  the
field and in the green touse thus exhibiting resistance.
However, cowpea varleties ITRPKD-245-1 and 1T89KD~24353, both of
which are derivatives of E3I01 and local variety kananado
supported low ewergence of Algckra wilth good cowpea grain vyvield
thus  exhibiting woderate resistance. Inspite of higher cowpea
grain vield wnder free Blecltra condition in  the recommended

varietiess (TVXIZE6 ad SAMFEA 7)), however wvnder infestation, they

supported high Alectra infectian with consequent high
susceptibility to  the parasite. Al the varieties tested

including B 301 had lower grain yield than VITA-3, the only
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variety (VITA-3) which did not have cowpea grain yield reduction
due to Alectra and thus considered tolerant.

It is apparent that the highest nitrogen level used in this
study (460 kg N/ha) significantly reduced Alectra incidence, but
resulted in cowpea grain yield depression compared with O and 30
kg  N/ha. Cowpea grain yield was significantly increased by
phosphorus application at 20 kg P/ha without any significant
effect of Alectra incidence, although the trend indicated that
Alectra incidence increases with F-levels. Generally, a
combination of 30 kg N/ha and 20 kg F/ha gave adequate
suppression of Aleclra with good cowpea grain yield.

A1l pre—emergence application of mixtures containing Pree
followed by imazaquin at 0.18 kg a.i/ha resulted in significantly
lower number of plants infected compared with the weedy check.
FPendimethalin  plus imazaquin at 1.09 + 0.19 and pendimenthalin
plus imazethapyr at 1.58 + 0,12 both followed by supplementary
hoe-weeding resulted in significantly higher cowpea grain yield
than the weedy check.,

flecira emergence increased with Alectra seed concentration
(Y] b 10 c.c/pot when compared to other Alectra seed
concentrations. Fre—conditioning period had no significant effect
on emerged Alectra, but Alectra emergence increased with pre-

conditioning period of 7 and 14 days.
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Fppendix 17 Comon, Clemical end trade nanes of the herbicides nentioned in the

text.

Comicrs Name: Chesnical Mae Trade MName
Imezacpin 2= (d-Teopropy I=4-methy l-Goro—2 imidazolin

~Z-yl( quinoline —3 carboxylic acid Scepler
Imezethapyr Sethyl-2-{4-isopropy l-4—nethyl—Soxo-2

—imidazolin-2-y1l) nicotinic acid Fursuit
Metazachlor M- (2 6-Danethyl plenyl ) -N=-(1-Fyrazolyl methyl

~chlorcacetamide Free
Ferdimethalin {(N-(1—ethylpropyl )=3, 4—dmethyl-2-6

—dini trobenzenamine Stomp
Metolachlor (Z—chloroi-(2-ethyl-&-nethyl-pheny (-N-

(Z2—methonyl-1-methyl ethy) acetamide Dual
Metobr amuro I=(4-bromoptony] }—1-nwethoy—l1l-wethylures Fotoran




Messvz  sgueres Of anelysis of  variance for mwnber of plants

Bppendix 02
infected, Alectra plant count, nunker of days o Alectra emergence
and orop demegl scove as afferted by the resction of cowpea
varisbies o nativral infestation of Alectra at Tasho fomo in 1991
wel sSeason
Source of DF Number of plants Alectras shoot Humber of dsys ¢rop damage
variation infected st count at to Alectra score at
9 HAS 9 WAS erergence 9 WAS
Replication 2 8.24 ' 359.41 787.5 4,13
Treatments 17 5Z,25kk 868, 15%x 1191, 2% 4 .40%%
Error 3H 5.91 g88.70 31.1 - 0.87
Total 53  21.52 355.18 624.4 2.05
¥/ = Significant at 5/1% level of probability
WAS = Weeks after sowing
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Appendix 3 Means squares of analysis of variance for crop vigour score stand
count weight of pods munter of pods and grain yield as affected by
the reacticn of cowpea varieties to natural infestation of Alectra
at Tasha Zowo  in 1991 west season

Source af D crop vigowr stand count  weight of Mwber of Grain

variaticn srore at at harvest poxle pods yield

T WAS

Feplication 2 2.17 3.50 L8620 16975.0 F1554.0

Treatments 17 7.80%% 10.82%% S7450,0%  GE3GE31.0%x  175783.0%

Error 24 1.28 4,32 24543.0 17283.0 73132.0

Total %4 3. 52 6.49 38612.0 29473.0 10734%9.0

¥/%% = Bagnificanl at 5/1% level of probability

WS = leeks after sowing
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Appendix 4

Meane sguares  of analysis of  varisnce Tor mueber of  plants
infected, Olectra plant court, numbesr of days to Alectra emergence
and  crop damsge store ss affected by the reaction of cowpeas
varietiez to natural infestation of Alectra st Tasro Zomo in 1992
wet sEason

Source of

33 plamber of plants Alectra shoot Nanber of days crop damsges

wvarjation infected &b coent at to Alectra score at
2 Wes 7 WS S gence F Wis
Feplication 2 274 218.7 10,24 C 1.0
Treatmesrbe 17 1624508 577 . OFE 851.40%K 1.29%%
Error W T3S 172.8 ' 17.67 036
Total wE 765 268.4 2944.89 Q.57

#%% = Significant at S/1% level of probability

WAS = Weeks after stekhng
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Appendix B Mesns squares ol analysis of variance for crop vigows days o crop

v ing ,
3000

wvarietles
Wl BRI

stand  cowrt nuwnber of pods weight of pods,  weight of

grains and grain yvield as affected by the reaction of cowpes

under artificial Alectra infestation at Samarw in 1992

Source of DFE
variation

Crop
vigour
g wAs

Mumber of Stand Number . Weight weight Grain
days to count of pods: of pods of 1000 yield
crop at ’ grains
flowering harvest

Heplication 2
Treatments 17
Infection i

Treatment x
Infection 17

Error 70

2,23
2, 3bkX

6. 73%X

Q. 80%X

0.28

Total Errov 107 Q.78

11.36 18.08 2721.0 0.0007 1898.5 27491.0
123.59%%  12.08%x 115056.0% O,370k¥ &576.2%% B70918.0%%

13,37 147,008k 267705.0%% &.5456%% 280.3  F657007,0%%

4.545 7.82 3866.0%%  0.107%% 338.9  227731.0%x%
4.39 4.564 16378.0  0.021 398.1 52735.0
23.82 7.71 3gagr.c 0,136 1387.6 X5119.0

It

kSRR

WAS

Significant at

0/1% level of probability

Weeks after sowing
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Appsrrdan G Means sguares of analysis of varisnoe for ruanksr of  energed
Alectra, number of un—emerged Alectra and days to Alectra
emErgence as affected by reaction of cowpea
varieties to Alectra in the green : bhouse at Samaru,
in 19972 dry season

Mumber of Emerged Number Number of
Alectra at of un/ days to
. emerged Alectra

Source of variation DF &0 DAS 70 DAS  Harvest Alectra/ emergence

Plant
Replication, 2 0.96 0.91 1.18 .03 453,7
Treatments ‘ 17 9.06% 9.48% 10.86% 1. 36K% 1394. 2%
Error L 34 4.77 5.14 5,71 0,27 509,3
Total ' 53 &6.19 &.65 7.43 Q.63 830.9

K/ Kk Significant at 5/1% level of probability

B

Days after sowing

Apperidix 7: Means sguare of analysis of variance for average number of
nodules/plant  and number of days to crop flowering as affected
by reaction of cowpea varieties to Rlectra in the green bouse at
Samaru imn 1992 dry season

Source of variation DF Average number of Number of days
nodules/plant at harvest to crop flowering

Replication 2 1.52 4,731
Treatment 17 17 .00%% 4104 . S3%%
Infection 1 75.33%x : IZ78.01%%
Treatment x Infection 17 2.17 1021.21%%
Error 70 2.3% &.53
Total 105 5.42 865,45
¥/%% = GSignificant at 3/1% level of probability

g

Days after sowing

13&



Appendin 93 Means sqguares of analysis of verisnce for weight of pods, momber

of s

and grain vield ass affectes by variety,

nitrogen and

phosphorus under natural Alectra infestation st Tesha Zomo in

1891 wel season

source of variation Df

¥eights of pods

Humber of pods

Grains yield

Replication
Variety
Error (a)
Phosphorus

Nitrogen

Variety x phosphorus

Variety x Nitrogen

Phosphorus x
Nitrogen

Variety x Phosphorus

x Hitrogen
Error (b)

Total

LT < o T o -

48
80

11722
172732%
35753
71836g%k
90622
52213
45322

72428

27524
32203
56441

54830
754812%¢
4383
297590k
27723
37830
19737 -

48060KK

21237
17554
28367

15635189
128475
2727
10284404k
189358%
821135
39930

120884

42885
56463
89510

#/kk = Significant at o/1% level of probability

¥AS

Veeks after sowing
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popendixa 101 Meens squares of analysis of variance for mambse o plants
infected, Alectra plant count, dayes o Alectra emergence  and
crop damage score as affected by variety nitrogen and
phosphorus under artificial Alectra infestation at Samaru, in
1892 wet season : :

Source of variation Df Humber of Alectra count Bumber of days Crop damage

plants at 9 WAS to Alecira score at
infected : emergence g WAS
at 9 WAS
Replication 2 72,78 3768.9 35.11 0.68
Variety 2 277.30%% 18768, 7Rk 441,40k 5.68%
Error (&) 4 8.48 1151.2 37.88 1.88
Phosphorus 2 10.86  1278.5 89. 36%k 1.01x
Nitrogen 2 .31, 18kk 2117.6 44 33k 0.59
Variety x phosphorus 4 4,31 1453.4 44 .47k 0.47
Variety x Nitrogen 4 12.98 1281.5 37.02% 0.20
Phosphiorus x
Nitrogen 4 .68 477.7 27.24 .20
Variety x Phosphorus
x Mitrogen (12 }9.42* 1665.6 28,30 0.36
Error (k) _ B4 6.98 969.4 14.27 0.27
Total 107 a.31 1114.8 22.08 0.31

*/4% = Significant at 5/1% level of probability

WAS = Weeks after sowing

1
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Fropeciix 1

Moans square of analvsis of varisnce for momber of  days  to
crop flowering, stand count and number of pods as  affected

by variety nitrogen and phospherus wunder artificisl Alectra

infestation at Samarv, in 1932 wet season

Source of variation Df

Nusber of days
to crop flowering at harvest

Stand count Humber of pods

Replicaticon z 10.08 7.28 188348
Infection 1 26.74 234 .38% 200324
Error (a} 2 4.5 3.13 363386
Variety 3 140 . 28%k 35.46%k 1989894k
Infecltion x variety 3 4.48 39. 65Kk 33540
Error (b) 12 14 .34 3.B68 30367
Phosphorus 2 7.08 1481% 35552
Nitrogen 2 4,08 4.79 46808
Variely x Nitrogen B 4.09 3.11 B4334%xk
Infection x Nitrogen 2 5.24 4.87 a511
Variety » phosphorus 6 3.12 3.80 59618%
Infection x phosphorus 2 0.82 5.28 714
Hitrogen x phosphorus 4 2.13 1.08 107844
Infection x variety X -

Hitroden g 4.23 3.46 44276
Infection x variety x

Phosphorus B 3.02 4 .80 5247
Variety x Nitrogen

x Phosphorus 12 4.16 3.75 31297
Infeetion x Hitrogen

X phosphoras 4 0.4 0.98 49381
Infection x variety

X Mitrogen x

phosphorus 12 2.4 3.04 17856
Error {(¢) 128 3.97 2.99 21668
Total 215 3.77 3.24 25921

koK = Significant at 5/1% level of probability

I

WAS

Weeks after sowing
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Appendix 12: Means cquare of analysis of variance for weight of pods,
weight of 1000 grains variety, nitrogen and phosphorus under
artificial Alectra infestation at Samaru in 1892 wet season
%

Source of variation Df ¥eight of pods Weight of Grain yield
1000 grains

Replication 2 0.34 325.5 320446

Infection 1 b W 1111.6 878064

Error (a) 2 2.83 408.8 4200126

Variety 3 1. 12%Kk 51342.4%k 3515865%%

Infection x variety 3 .11 3A275. 6% 99364

Error (b) 12 2.21 168.4 - 1864185

Phosphorus 2 0,29 106.0 5583534k

Nitrogen 2 0. 36%% T2.7 12224 2774

Variety x Nitrogen 6 0.08 907.3% 53606

Infection x Nitrogen 2 0.01 3339. 4%k 131328

Variety x phosphorus 6 0.08 907.3% 53806

Infection x phosphorus 2 0.01 3338. 4%k 131328

Nitrogen x phosphorus 4 0.15 483.8 131475

Infection x variety x

Nitrogen B 0.05 333.2 57493

Infection x variety x

Phosphorus B 0.05 276.7 148342

Variety x Nitrogen

% Phosphorus 12 0.07 207.3 47473

Infection x Nitrogen

¥ phosphorus 4 0.14 747.7 46561

Infection x variety

x Nitrogen x

phosphorus 12 0.05 £28.5 66605

Error (¢) 128 0.07 344.1 110857

Total 215 0.07 450.3 118087

¥/ = Significant at 5/1% level of probability

WAS = Weeks after sowing
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Sppendix 13: Means squares of snalysis of variance for number of plants
infected, Alectra, plants count, crop damsge score, number of
dayvy to Alectra emergence, weight of pods and grein yvield as
afected by herbicide treatments at Tasha Zomo in 1991 wet
season

Source of Df Humber of Alectra Crop Number Weight Grain yield

varisnce plants count at damsge of days of pods

infected al 9 WAS score  to
g WAS at GWAS Alectra
encrgence

Replieation 2 48.44 927 .4 8.83 56.35 133667 216680 |

Treatments 26 72. 90Kk B0B, 4% 2.21kx 40,00k 25339k 38314%

Errer 52 19.08 295.7 0.90 8.85 13315 21145

Total 80 37.34 398.3 1.34 18.23 17323 25868

/%% = Significant st 5/1% level of probability

WAS = Weeks after sowing

Apperndix 14:

Means squares of analysis of variance for number of plants
infected, Alectra plants count, number of days Alectrs
emergence, orop damsge score, mumber of pods, weight of pods -
and grain yvield as affecte] herbicide treatments at Samaru in
1982 wet season

Source of Df Number of Alectra HNumber Crop Number Weight Grain
variance plantsg count at of days damage of puds of pods yield

infected 9 WAS to score

at @ WAS Alectra at SWAS

emergence

Replication 2 0Z3.5%9 43349 300.11 8.16 2325 0.01 ©b636
Trestments 26  27.32%¢  2331x 105,85k 0,98 34435x  0.09kk 274568%k
Error 52 11.91 1037 27.42 0.58 15321 0.04 97745
Total 80 17.05 1468 53.56 0.72 21692 0.05 156688
k/HK =

WAS Weeks

Al

Significant at §/1% level of probability

after sowing
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Appendix 15: Means squares of snalysis of varisnce for number of days to Alectr
emergence, emerged Alectra, un-emerged Alectra, total Alectra an
aversge number of nedules as affected by wvariety, Alecira see
concentration and pre conditioning period at Samaru in the firs

green house trial 1893 r

Source of variaznce Df Bumber of Humber of Humber of Total Aversge

days to emerged un-emerged number ymmber of
Alectra Alectra Alecira of nociles/
emergenice Alectra plant
Replication 2 0.0008 0.04 0.09 0.18 57.17
Variety 7 120.2%k% 0,39k 3.13kx 4.38%0k 50,41k
Alectra seed | ' S '
concentration 3 203.94%x  0,58kk 2. 87kk 5.48¢ 2,18
Precondition period 2 46, 37k G.15 0.28 0.20 77, 574x
Variety x ' f .
concentration 21 33. 26k 0. 1d%k . 66%k .76 4.01
Variety x ' '
Preconditioning 14 27 . 224k 0.05 . Q.29% 0.14 5.18
Concentraticon x : : -
preconditioning B i8.25%kx 0.08 | .08 0.08 1.18
VYariety concentraion ' i 3 -
x precendition 42 14 25kx 0.07 g.12 - 0.14 2.92
Error ©190 0.01 0.06 0.13 0.21 3.15
Total | 287  14.25 0.08 . 0.28 0.3  4.95

/%% = Bignificsnt at 5/1% level of probsbility
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Appendix  16:  MNeans squares of analysis of varlance for nuaber of days to Rlectra esergence, un-
esevged, total Alectrs, crop dasage score, average nusber of nodules and shoot dry
matter production as effected by variety, Alectra seed concentration and
preconditioning period at Samaru in the second green house trial 1993

Source of verisnce Df lusber of Kusber of Nusber of Total  Crop fAverage Shoot

days to uneserged  eserged  Alectra dassge  nusber of dry aatter
flectra Alectra Alectra score  nodules/ per plant
emergence plant

Replication 2 00 0,01 2,51 1.75 0.25 4.78 0,003

Variety - 7 197.56t%  1.208% 4,0088 6,768 56,0901 44,081 0.0418

rlectra seed

concentration 3 232.2318 1.0883 39688 7.308% A 7841 29.3241 0,088

Preconditioning

period 3 18,2388 0,06 0,14 0.08 0,478 12,221 a.111

Variety x

toncentration 21 256181 0.2 0,678 1,018 0,778 8.4388  0.0181

Variety x

Preconditioning 21 10,1888 0211 0.13 0.18 0.1088 5.7 0.011

Concentration x

preconditioning §  10.678% 0.1 0.14 0.23 L4 fs.3088 0051

Variety concentrion

x preconditioning &3 7,048 0.12 0.15 0.21 0.1213 7.0988 90,01

Error %4 0,06 0.07 0.15 0.19 0.04 L5 0.003

Total 83 9.94 0.12 0.28 0,42 0.26 6.12 0.01

441 = Significant at S/1% level of probability
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