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SECTION 1. INTRODUCTION
(1) World aistribution of Soyasbear®

The origin and early history of the soyabean, Glycine max (r.)
Merrill, are unknown (Hittle, 1975). According to Hymowitz (1970),
current evidence for the antiquity of the soyabean lies in the
pictograophical anaelysis of the archaic Chinese word for soyabean
(Shu), the book of Odes, and bronze inscriptions. He concludes
that historical and geogrephical evidence point to the eastern
half of North China as probably the primary centre, where it was
first domesticated by around the 41 th Century B,C., and Manchuria,

the secondary centre.

In Europe, knowledge of soyabean as an exotic food plent
dates as far back as the 17th century (Yule and Burnell, 1903).

The first mention of soyebean in the United States
literature was by Mease (1804).

layo (1945) reported that the first recorded soyabean trial
in Nigeria was conducted in 4140 by the Department of Agriculture,
He also reported that by 1928, many varieties introduced from

U.S.A. were being grown at Ibadan, Zaria, Kano and Yandev,

® Soyebean (Soybean is Amerdican usage).



Currently, thc main soyabean-growing area in Nigerda is the
Benue 8tate, followed by areas arcund Abuja in Niger State and ;
southern Zaria in Kaduna State, Between 1367-4972, Nigeria .
produccd between 63 and 9% of total soyabean production in
Africa; the total export earning obtained was between ¥ 32,800
and NB82,400 (Eden, 1975), The highest tonnage of soyabeans
ever produced for export in Nigeria was 26,450 metric tons,

from about 32,000 hectares of land (Anon, 1964).

(11) Utilisation of Soyabean
Soyabzan is a cheap source of protein and when added to

starchy foods, it greatly reduces the problem of undernourish- N
ment often caused by shortuge of protein in the diet. It beas
been observed that soyabean has a higher total digestible
nutrient percentage {3 .9%) than cowpeas (79.5%) wnd therefore
a more metabolisable energy. It also has a higher lysine content
(6.0 to 6.5%) than &ll other common vegetable protein sources
(Cnochie, 1965). During the Nigerian civil war (1967-1970) a
food product made vp of maize, soyabean and milk and called
"Formula Two" helped to reduce malnutrition in the war-affected |
areas. Although soyabeans rank below fish, beef musele, whole

milk and whole eggs in nutritional value, it has a higher value



than ées.ame seed, cofton séed, pea‘?lut flou;'r' and cereéza. p;‘oteins.
When properly procesgsed, the szoyabean protein is mearly as good
in quality as casein, a major milk protein, .

The main constraint with the use of soyabean as food in
Nigeria is that it is difficult to cook in traditional Nigerian
methods, PBoth the taste ond colour after cooking are unattractive,

A8 a result of efforts directed towards removing the above
constraints, the Federael Institute of Industrial Research, Oshodl,
Lagos develeoped a form of cheap baby food (Soy-ogi) made by

(Ansa, 1977)

mixing soyabean and maize flour,/ Further efforts to avert the
unpalatable taste of unprocessed soyaboan can be made by prooessing
the grains .into a "nilk" by crushing the sogked beons and filtering.
- This milk can thén be utilised in enriching traditional focds suth
as "kwosei', "alele", "pancekc" and "wara" in the Northern States
or into "akera" ball, "moi-moi®, "puff-puff" and "garri® 6;

foo-foo during pounding in the Southern States of Nigeria.

Dr. Thecdore Kay, a Biocheuist of the Department eof Pathology,

| Pawlty of Medicine, Ahmadu Bello University, Zaria is currently
~working along these lines in an effort to. popularise soyabean
- ond to incorporats it into the Nigerien dlet, {Ansa, 1977).

W

T



The soyabean has other potential uses. Its oil can be
extracted to supplement groundnut cil. It can also be employed
for preparation of margarine and salad oil. The lecithin from
the oil is used in baked goods, candies, chocolate and cocon,
Insccticides, varnishes, enemels, ink and soap are also the
by-nroducts of soyebean oil. (anga, 1977)

In the snimal industry, soyabean is a rich forage crop
which can be preserved as hay or silage or fed green. Scyabean
seed is a componemt of commercial animal feeds, (Ama, 1977)

Although the production and local utilisation of the
soyabean is at present small in Nigeria, an increase towards
industrial and local consumption is expected in future, as
Nigeria advances both in industrial sophisticaticn and in

population.

(341) Diseases of Soyabean
' Scyabean ia ?captéblae number of diseases ua.uae&' vy

bacteria, fungi, viruses and nematodes, Bailey's (1966)
"Check=list of plart diseases in Nigeria" listed only the following
diseascai- a leaf distortion and ntﬁnting, mosaic, both ceused by
viruses, a fungus, Myrothecium roridum (Tode ex Fr.) on leaves

and a wilt caused by Sclerotium rolfsii (Tode).



Athow (1973) in his summary of major fungal diseases of
soyabeon in Nigeria recorded the occcurrence of purple seed
stain caused by Corcospora kukuchii (Met. and Tomoy) Ghupp; and

pod and stem blight caused by Diaporthe phaseolorum (Cke. and

BEll,) Sace. var sojae (lehman) Wehm,, At the International
Institute of Tropiocal Agriculture, Ibadan, the following diseases
have been found on soyabeans:- (Cercospora pod and leaf wmot,
VWeb blight, caused by Rhizogtonia solani Kuehn, (*filliams and
Allen, 1976). Soyabean anthracnosc, caused by Glomerella cines
(Hori)(Pers. ex Fr,) Grove var, truncata (Schw,) Arx, ccours in
northorn Nigeria (McDonald, personal communication, 1976).

Soyabean mosajo caused by soyabean mosaic virus heas been.
reported in Nigeria (Dunleavy, 1973; Ansa, 1977).

Rennedy and Tachibana (4973) mentioned bocterial pustule
disease caused by X, phaseogli var. sgjense as one of the major
bapterial diseases of soyebean in Nigeria,

(iv) DPurpose of the prescnt investigation

As the production of soyanbean crop is likely to inerease
in Nigeria, thc importance of bacterial pustule disease is also
likely to increases Very little work has been dome in Nigeria

to assess the importance of the bacterial pustule disease and



published literature on the subject is ﬁery'apai'se. Furthermore,
most of the investig.tions were conducted in the humid forest
zones of Nigeris., The purpose of the present investigetion
therefore was to meke a study of the bacterial pustule disease
on soyabcan grown in the drier savanngh arcas of Nigeria, -
especially with regards to finding practicable means of control.
Emphasis was placed on screening of varietics snd lines for
resistonce to this disease because work carried out in Ibadan
and elsewhere had shown that resistant varieties are available. |
It was however desirable to screen these and other genotypes

for resistance fto bacterial pustule under the differing climatic

factors of northern Nigeria, S - A
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SECTION 2, REVIFW OF LITER.TURE

(1) The history of soyzbean bacterial pustule disease.

Smith in 19&4.isclated from soyabean leaves the bacterial
?ustule organism, and reproduced the disease on healthy soyabean
plants by inoculation with pure cultures of the bacterium (Hedges 192L).
He did not however, describe the causal organism which wee later
named Bacterium phaseoli E.F.Sm. Heald (1906) desoribed very briefly
a becterial blight of soyabean. 4s he made no cultural studies, it
wag diffiecult to ascertain whether or not that disease was bacterial
pustule or anothetr leafspot disease later described by Johnson and
Coerper in 1919 which resembles the pustule disease in certain stages,

but is caused by = white bacteriium, Bacterium glycineum Coerper

(Hedges 192h). There wes 2lso znother soyabean disense whioch Volf
.(1920) and Shunk and Wolf (1921) reported and the causel organism of
which was named Bacterium sojae Wolf, This bacterium so much resembled
Bocterium glyeineun that it was questionable whether one or two
diseases were involved. Clinton (1916) gave a more detailed descri-
ption of the pustule organism first isolated by Smith though at that

time, he considered it identical with the bacterial disease of wax and lima



beans caused by Bacterjum phaseoli EFS. He made no cultural
studies, Bryce (4M§) reported the ocourrence in Canada of . . -
a bacterial blight of soyabean leaves, but did not describe ‘l:he__
disease, In 1H8 the Plant Discase Survey of the United Stat:ea. :
Department of Agriculture mentioned a bacterial leafspot of
soyabean in Pennsylvania and Indiana with no clues as to which
bacterial disense was meant. | “

_ Hore precise information on thé occulrrence of bacterial
pustule became available when Hedges {1924) isolated a yellow
~ bacterium, closely resembling Bacterium phaseoli from infected
8oyabean leaves sent to her from Texas in 1 7. She completed

detailed cultural studics on the orgonism and named it Bacterium

2 ~ phaseoli var, sojense, currently known as Zanthomonas pbaseold var.

- gojense (Hedges) Starr and Burkholder {942 (Dye and Lelliott,

(11') Geogrophical distribution —. B P RIL O o)

Bacterial pustule appears tc be one of the most important
digeases of the soysbean plent as it is found almost everywhere

the plant is grown. - . .o - U R R



¢+, Tollowing the authenticated discovery of bacterial pustulé

in Texas, U.S.4. (Hedges, 1924 ) the ccouwrrence of the disease

wag reported from other areas of the United States e.g., Delaware

(Manns end Aidam, 1925); m—etrmime—  Minnesota
and Dakotas (Tervet, 1943); Kensas (Pady, 19L3): Arkensae and Oklahema
(Larsh, 19L4)s and in Iowa {Crall 1950), R
_ The disezse has al=zo been reporfed in othef countries ﬁesidas
the United States such as in Formosa {Okabe, 1932): North China and
Mongolia (Nakata, 1940); Sud&n(é&é§i1952);?ﬁcific Isles (Litzen—
berger and Stevenson, 1957); and Malawi (Corbett, 1963),

Kennedy and Tachibasna (1973) repartsd the occurrence of the . . .

disease in Yigeria,

(111) Deseription of the bacterial pustule dlecase and its relation

to other soyobean leafspots of bacterisl oxigin

Bacterial pustule digease is caused by Yanthomonas phaseoli

;ar. sojense (Hedges) Starr and Burkholder 1942 {Dye amd Lelliott,
1974 ). The pathogen gains entry into soyabean leaves threngh stomata
from where it moves into the intercellular spaces (Wolf, 1924). g
Bacteria) pustule beging as small elevations on either or both

surfaces of the leaf, The areas sre pale green initially, but !? g

later turn brown to reddish brown.

L
-
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A minute pustule (from which the name is derived) is usually
present in the centre, The periphery of the spots changes
from pale yellowish-green fto a pronounced yellowing and the
spots themselves may coclescc and cause defoliation of the
plent. Rhoads (1944) in his summary of obscrvations on
soyabean diseases in Florida reported that both frog-eye
disease and bacterial pustule cause defoliation. Pady (1943,
1942) reported that bacterial pustule alsc caused defoliation
in Kansase

Numerous workers have reported that bacterial pustule
is primarily confined to soyabean leaves (Hedges, 4924; Wolf,
192h; Dunleavy, et. al. 1966; Laviolette, 1967; Hymowitz, ete. al.
1976), though Hedges (4192L) reported infections on pods of
soyabeans and lima beans after artificial inoculations,
Infection of stem in addition to leaves was reported by Matveeve
and Ostrogskaya (41968),

Characteristic pustules normally arise by the reaction of
the host cells, leading to a hypertrophy of the parenchymatous
tissues (Wolf, 1924; Hedges, 1924). Wolf (41924) and Lehman (19%1)
reported that the absence of pustules from the lesions did not

mean that bacterial pustule was absent. They had isolated
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Xanthomonas phascoli vear. sgjense from lesions on soyzbean '

leoves showing ho pustules. I

" Another bacterium, Pscudomonas babeoi (Wolf amd Foster)
P,1L, Stevens, the causal orgamism of wildfire of tobacco and
soyabcan has been shown to enter soyabean leaves through
lesions of bucterial pustule (Graham, 1953). This has teen
conf'irmed by other workers {Chamberlein, 1956 and Dunleavy gt._al.
1966). The latter authors also reported that P, tabasci alone
does not produce any disease on soyabeans. - e

Grsham (4953) reported an antagonistic relationship

between Xanthomonas phascali var. sojense, Pseudomonas cines

and Psoudomonas fabaci isoleted from soyabecn. He found that in

culture, Pseudoronas tabaci produces a diffusible substance

antagonistic to the other two bacteria., The subatance could
not be separated from P. tabaci by the method ke used. He also
found that tho tobacco isolete of P. tabaci possessed similar
antagonism,

| Hall (1973) observed that the symptoms of bacterial pustuls
very closely resemble thogse of bactorial blight caused by

Pseudomonas glycinea Coerper. Symptoms on soyaobean leaves are

spots which are water-soaked and anguler at first, but Jater turn
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yellow, and then brown. The presence of the water-soaked
border however distinguishes this disease from bacterial
pustule, an observation which had 2lso been made by earlier

workers (Hedges, 1924; Wolf, 192k, and Laviolette, 1967).

(iv) Zsolation and morphology of the bacterial pustule organism,

Xenthomonas phaseoli var, sojense can easily be isolated
from infected soyabean by means of agar poured plates (Hedges, 1924).
By using standard isolation and purific.tion procedures for bacteria,
the author obtained a good growth of a smooth, yellow, wet-shining
culture of the pathogen on potato Dextrose nutrient agar,
Wolf (1924) isolated the organism by 8imply macerating pustule
lesions in a drop of sterile water, and then streaking the
inoculum so obtained with a sterile loop, in zig-zag strokes
on mutrient agar plates,

Hedges (1924) and Wolf (1924) both reported that the
bacterium is yellow in mass. Cells are short-rods with rounded
ends, They are either single or are in pairs, each measuring
1k to 2.3/u X 045 to 0.9/.1 and are actively motile with
1-2 flagella, They also observed that the bacteria stain readily

with all the common bacteriological stains.
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Wolf (1924) reported that cells stained with carbolfuchsin

. from 24 hour=potatoeagar cultures, measured 4.3 to 2.1/\1 X

0.6 to 0.75/u. Hedges {1924) and Wolf (1924) also obscrved

that Xanthomonas phagecll var. sojense and Bagteriwm phaseold

EFS, resembled each other very closely both morphologically -

and culturally, but Hedges noted two distinguishing characteristies.

One was the presence of internal markings in Xanthomonas phasegll

var, gejense, vhich were absent in Bacterium phaseoli EFS.
The other wes that soyabeans were not as readily infected hy

Bagterium phaseold EFS, as they wers infected by Xanthomonas -

phasgold var. sgjemse. Wolf found that both organisams utilized
.. & number of proteins c,g., gelatin, casein, blood serum and

 asparagine wiile Hedges observed that the following media were

vory suitable for the growth of Xenthomonag phaseoli var, Sgjenge i
Whey ager, potato cylinders, potato agor plus 10% Dextrose and

Kellerman's synthetic agar plus Congo reds

(V) Artificial inoculation with Xanthomonas phasecli var. sojense . .

Hedges (1924) ropeatedly reproduced the bacterial pustule
disease on soyabkean leaves in the glassheouse both by spraying and
rubbing with absorbent cotton which had been dipped in bacterial

suspensions, BJhe obtained the best re¢sults when inoculations were
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made on rapidly-growing plants kept moist for at least 36 hours
after inoculation, Symptoms were evident in 5-3 days and
pustules became visible in less than 40 doys. Tho disease was
induced on both scedlings cbout 3,6cm high with folded leuves
and those which were 20.0 - 22.8cm high with unfolded leaves,
using both spray and prick inoculation methods. She found
differcnt levels of infectivity when Bacterium phasecli var,
Sojense was imoculuted on soyabean, lima bean and Bush string bean.
She also observed that this bacterium became more virulent to
Phaseolus sp, after one passage through this same host,
Wolf (1924) obtained rapid infection (within a week) when
soyabean lecves were sprayed with a2 suspension of the bacterium
using on atomizer, Symptoms developed within 4~6 days. The
gorden bean ond limo bean failed to become inf'ected under the
same conditionse
PFeaster (1951) inoculated soyabeans at different times
of the day, and found that the most severe infections were
cbtained when wost of the stomata were open at time of inoculation,
A method of obtaining a large quantity of inoculum for
field inoculation was developed by Jones end Hartwiq (1959).

Infected leaflets were put into a food chopper mnd then comminuted



in tap water with a food blender, The suspension wes allowed '
to stand for about 2 hours before filtering end use. They also
found thot the diseased leaflets could be chopped and frozen

for use the fallowing year.

(vid) Some epidemiological aspects of the bactér:‘m.l pustule digease\“
a) Digease #ransuissiony ' |

Hedges (4924) reported a series of experiments to determine
whether or not the soyabean bacterisl pustule organiam could be
transmitted by the spotted cucumber beetle (Diabrotica ducdecime
punctata) which was found on the diseased plants. She fed these
bectles on diseased leaves, on lecaves smeared with the organism
and on pure cultures prior to putting the beatlos on lceaves of
healthy plants. a1l her results were negative.

- She suggested that the organism could be spread by rain,
but made no observations to suppordt the view, This was subseguently
shown to be so by other workers {(lLaviolette, 1967 and Hartwig, | |
1975)s Thesc workers found that the pathogen could be moved
from an infected leaf to & considersble distance by wind-driven
rain, She alsc was the Tirst to show that the bacterium is seede
transmitted. This hos since been.lconf‘innad by several authors
(Péper and Morse, 1923; Kent, 49453 Grahem, 4953; Dunlesvy et. el.
© 19663 Laviclette, 1967). | "
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1;) _I':axoal.r_a.b;l.f-’-.w.@.aﬁfisi:.can.éijziané for digoasg development
Lehman (1931) recorded more infection at 30-33°C thon ot '

. a fluctuating temperature between 22 and 30°C. Graham (1953)

cbserved that severe disease infection occured when the maximum

and minimum ftemperatures ranged from 330 - 3700 and 45=2 °G

respectively in Nerth Coarolina. He observed that these ran.g;é;

were obtaingble in that arca during the period of wind and rain

storms. Scott ond Aldrich (1970) referred to bacterial pustule

A
e

__,_"?.:

as a warm weather disease, Bosed on investigations carried out
at the I1,I,T.4,, Ibadan, Yilliems and Allen (4976) concluded that

A

bacterial pustule spreads readily in monocrop soyabean during

w
¢ e

wet weather. o .

¢) Survival of the Bactgrium: _ ‘
Plper ond Morse (41923) found that inf‘céted sceds ond legves
are the chief means by which the orgmism overwinters. Hedges (1924)
found that the crgenism remained viable at room temperature for
three to five months when cultured on a potato nutrient medium;
stock cultures in an ice box were found to be viable up to one . -
year and four months on both potato and beef agar in amall-bofe
tubes of 1,.5cm diameter, Graham {1952) found that the orgamem

remained viable and pathogenic after 29 months storage on beef=

R



dextrose agar slant cultures covered with”sfériie mineral oil;
‘Lehman and Poole (1929) found that tle orgardiam was vieble
in dry discused leaves as well as in partially decayed leaves
left out of doors from 'Ic:nlix.le season to ancther.
Lehman (4929, 195 ) showed that the organism remained
viable and pathogenic for at least nine months in diseased

leaves gtored in the laberatory; ond for three months in the

leaves exposed to wegthering and decay, Grahem (1952) found that

the bacterium couwld be plated from soyabean Jeaves kept dry in
fhe laboratory for 8 months. Dunleavy gt. al. {1966) and
Leviolette (4967) reported thot the organism overwinters in
discased leaves of the soyabean, | L

Pady (1943) found thotthe bacterial pustuie organism is
.seed-borne. Kent (1945) reported that the pustule orgagism could
“be isalated from seeds as old us 47 months or more. Groham (1 953)
-disceovered that the bacterium could be detocted in azeeds up to
30 months after harvest, He further showed that the organism

A

peraisted in sterile soil for 9 months,

LR

17
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(vit) Control of bacterial pustule disease

a) Shemical controls

Little information is available on the effect of spraying
or dusting sovabean plants to control bacterigl pustule.
Lehman (41944) obtained some measure of control of the disease by
dusting the infected plants with copper~talc anmd copper~sulphur
dusts, He also found that the sulphur dusts alone failed to
reduce bacterial pustule. Later, Lchman {1946 and 4 948)

concluded that it was the dust containing copper that reduced the

bacterial pustule. Petty (1944) working on soyobean diseases on ‘o

the castern shore of Marylaond, U.S8,A. could not obtain conclusive
results from seed treatment experiments. Aureomycin, terramycin,
streptomyein and chloramphenicol, each at the rate of 60/ug/m_1

inhibited the growth of Xanthomonas phaseoli var, sgjense in

vitro (Thinmajgzhar et. al. 1956). Oksent'yvan and Gunina (1968)
recomnended the use of phytobacteriomycin and polymycin agsinst
both X, phaseoli var. sojense and P. glycinea. Rac and Patel .
(1973) showed that achromycin, aureomycin and chloremycetin
inhibited the growth of the bacterium in vitro. Their foliar
spray experiments with TFeq 30, vitavax and chloromyeetin delayed

symptom development by 7- 5 days.
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Barnes (1965) observed that ultraviolet irradiations of soyabean

leaves inpculated with Xanthomonas pheseoli var, gojense killed
the bacterium on leef swfase but not in the intercellulor Bpaces

of the leaf',

b) Use of desistant varicties:

| The use cf resistant varieties ds'a' means o.f..cgntmlling
| t.n.acterial pustule has attracted comsiderable attention becauss
other methods heve besn found to be uneconomic apd difficult on
a large scale, o | |

. Hedgos (1924) ih 4924 artificially imcculated seven soyabean
varieties, and obtained infection on all excopt Wilson Iine,
She further grew 40 varieties under natural conditions and found
that only three cultivars (Buckshot, Mandarin and Biloxi) had
any resistance (slight in all cases) to the disease, according
to Weiss (1950), res=i étant cultivars had become available in the
southern United Stutes, where pustule and wildfire usuelly coused _ I_
a 10% yield reduction in plot trials. Feaster (19% ) reported ..
gome irnvestigations in vhich early-maturing susceptible varieties
lwere crossed with Clemson Non Shatter (CNS), o veriety which is
known to carry high resistence or near immunity trait to bacterial

~pustule., Hartwiq and Lehman (1951 ) reported that the resistance
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e .

responsc to the pustule organism in the CNS (soyabean) is due to .
2 monogenic reocessive gens, Hartwig and Johnson (41953) found o
that susceptible linvs yielded 41% less than resistant lines at
Stoneville, &% less at Willard (both in U.S,A.) and also proﬂuoed_;;
sepds ¥ smallor thon the resistant lines at Stoneville and 4%
amaller ot Willard, They slso obaserved that the asceds of
resistant lines were higher in protein content than those of
suscoptible iines, The varieties Bragg, Glark_63, Hampton,
Hardee, Hill, Hood, Lee and Secott were repo:é‘béd to be highly
resistant in Iowo (Dun eavy et. al, 1966). Further work ab
Stoneville and Mississippi have shown yield reductions of 15%
when susceptiblc lines are grown (Hartwig, 1975)e The authors o
also reported that all cultivars being grown on the 8 million ..
heptares in southern U.S.A vore resistant to the diseage.
Hymowitz gt. al. (4976) tested about 453 varictios of soyabean, |
for their responses to stlected foliar, stem and root disease and
reported that % varieties were resistant to booterial pustule in |
the U.8.A, and Canada, 37 were reported unﬁér int;;mediate Te sponse

and 85 were listcd as susceptiblo te bacterial pustule,
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SECIION 3t T OF B
PUSTULE TLZ8.SE.

A. Geopraphical Distribution of Bacterial Pustule in Nigeria.

Introduction

Work done in the United States of America and elsewhexre has
shown that baecterinl pustule of soyabean occurs everywhere the arcp
is grown, According to Dr, D, Allen (personal communication,1977)
of the I,I,T.A,, Ibadan, the disease has also been found everywhere
the crop is grown in Nigeria and the following pleces were citedi=
Gboko and Yendev in Fenue State, Uyo in Cross River State, Bende
in Imo State and Ibadan in Oyo State. All these areas are situated
in the wetter parts of the country, An attempt was therefore made
to determine the occurrence of the disease in the drier savannah

areas of Nigeria,

Materials and Nethods

Soyabean leaflets infested with the bacterial pustule disease
were collected from five sites during the 4977 rainy season. The
sites (Fige 1) wore Zaria (Kaduna State), Bokkos and Riyom (Plateau
State), Ibadan (Oyo State) and Mokwa (Niger State), In addition to

the leaflets, soyabean seeds of 20 different cultivers/lines were



obtained from Ibadan and Zaria in order to determine the incidence
of the pustule pathogen in or on then,

Twenty seeds sampled from each of the 20 cultivars/lines
obtained from Ibadan and Zaria were surface-sterilised in 0.1%
solution of mercuric chloride for 4 minute, rinsed thrice in
sterile distilled water, and allowed to soak in the lalter for
1 hour. They were then teased apart with sterile needles in 3 ml
of sterile water and allowed to stand for 2 hours for bacterie
to migrate out of the tissues, A loopful of the suspension was
streaked on nutrient agar (NA) plates, The plates were inoubated
for 24 hours at 27 4 2°C. The same procedure was followed with
pustule lesions from diseased leaflets collected from the various
sites, Single colonies of the presumptive pathogen (greenish-
yellow and mmooth) were picked and re-streaked on nutrient agar
until pure colonics were obtained.,

Pathogenicity was determined routinely by spraying suspensions
of cobonies of the presunptive pathogen on healthy soyabean leaflets,
The inoculated leaflets were incubated in 9-cm (diameter) :Petri dishes
containing 3 layers of moistened filter paper, Disease development

on the leaflets was recorded after 7 days.



25

Results end Discusaigns

The bacterial pustule disease was reproduced severgl times
on healthy soyabean leaflets wibth isclates from the diseased

soyabean leaf'lets collected from ecach of the five sites,

Xanthomonas phaseoli var., sgjense was detected in the seeds
of three cultivars/lines out of the 20 cultivars/lines tested |
(Table 1). The isolates frow these three oultivars/lines were
found to reproduce the disease on healthy soyabean leafleta
when inpgculations were done with pure cultures., The above results
have therefore confirmed earlier reports (Kennedy and Tachibana,
1973; and Allen, 1977) on the occurrence of bacterial pustule

in Migeria, Tanzenia, Suden md Halawi.

Some white bacteria were isclated from the materials from
Ivadan, Bokkos and Zarim. These were thought to be Pseudomonads,

but their pathogenicity on soysbean was not investigated.
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Table 4% Isolation of Xanthomonas phaseoli var. sojense from
infected soyabean materials collected from five sites
in Nigeria.

Soyabean material:- Presence of ;-
Bives Cultivar/ Prant onst X, phaseoli Pseudomo-
line Lo var., sojense | nads
Zaria K157 Seed + -
" Janfield " + P
" XpB7 . - .
" Rlack malte " - i
Java
" Congo yellow n - -
" Hernon 49 . - .
" Fort Lamy " - -
n uz_' 6 " - -
" K162 " - -
" Bathel n -
" Malayan lLeaflets + +
Boldtos Malayan Leaflets + +
Riyom Malayan Leaf'lets -+ -
Molkvia Unknown ILeaflets + -
Ibadan Tmproved Leeflets - +

pelican



Table 4 Contd.

Soybean material ;=

Presence of ;=

R1tes Cul tivar/ Plent | X. phaseoli | Pseudomo=
Line part var, sojense nqda

Tbadan 865 mex 5741%  seea - -
o 5865 76x 62-2° Seed - -
; 586° 76X 16-7° Seed - +
" 5865 T0% 4310 Seed - %
B sB6° mex 14 = o Seed - -
" GES LO7 Seed -~ &
¥ SB6° TGX 26~ © Seed - -
" 6% mex 57-41%  seea . .
" sB6° 16K 11395 Seed = -
" SBGS TGX 19—1D Secd - -

+ = Presence of bacterdia

- = Absence of bacteria.
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Ba Extent of Seed Infection by X. phaseoli var, sojéense.

Materiala and Methods

Seeds of the following five cultivars/lines, collected from
1976 harvests were tested for the incidence of infection by

X. phaseoli var. sojense:s Bathel, Janfield, K157, 1237 and

Hernon 49. Two hundred seeds of each cultivar/line wore surf'a.ceéf :
disinfected and then washed as described sbove and then sosked in
sterile water for 4 hour. They were plated on Nutrient agar in
9-cm Petri dishes (10 seeds per plate). The plates were randomly
arranged in 10 replicates (two plates per replicatse); incubated |
at room temperature (27 + 2°C) and examined daily for growth of o o
the becterium, . | | L
One confirmed culture of X. phasecli far. scjense isohted

from pustule lesions was used as the reference for visual

identification of any yellow bacterial colony isolated f'rom the seeds,

Results and Disoussions

 The results (Table 2) agree with earlier reports (Piper and
Morse, 1923; Hedges, 1924; Pady, 1943; Graham, 1953, Dunleavy gt al.,
1966 and Loviolette, 1967), that X, pheseoli var. sojense can be
aeed borne, Lines 123! and Hernon 49 were, }pwever nat infected by

X+ phascoli var. sojense.
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llaterials and lethods

The cultivars/lines used in this experiment were 353/58,
3H55FL/1 67/2, Black malte Java, M98 and Fort Lamy.

Each line was planted on a 4-metre ridge on 15th July 1977.
Ridges were 1 metre epart. Seeds were mown 2-cm deep (2 seeds per
hole) at 15cm spacing. Twenty days after sowing seedlings were
thinned to & single plant per stand, that is 26 stands per line,

In order to study the rate of disease build=up, five plants
were selected from the middle of the ridge. They were tagged
with polyethylene ropes (obtained by cutting 30 x 20 om polyethylene
sheets into narrow strips) while the rest were left as discards,
From the 6th week after sowing, the number of leaflets with
bacterial pustule was recorded weekly for five weeks, Observations
were made on the development of the pustule lesions, by use of a
hand lense,
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Results and Discussions . . .. .

Very few plants were infected before 7 weeks from sowing.
By the 9th weel, however, the disease had become established.
The greatest number of leaflets with bacterial pustule was
recorded at 4he {10th week from sowing (Fig. 2)e This was a
period of rapid vegetative growth and flowering, corresponding
with the time of high rainfall (199.5 and 302,7 mm in August and

September respectively) and warm temperature (monthly means of

24°C and 25°C for August and September respectively)(Table 3).
The weather pattern in 1977 was rather peculiar; there were ..
rains Crom mid-May to June, a break in July, then heavy rains in _
Magust and September, The observation on weather factors and- o
bacterial pustule development agrees with the findings of Lel;n
(193 ) and Graham (1953). Ths sharp decline after the 10th week
from sowing coincided with the dry weather of QOeotober which followed,
o The rate of spread of bacterial pustule within the lines was
found to be related to the plants' resistance (see Section 6 Yo« -
Disease spread was fastest in the two suscoptible lines, 353/58 and
3HS55FL/167/2, intermediate in Hlack malte Jave a tolerant cultivar

and slowest in Fort Lamy and MSS which are resistant to bacterial

R THR A

pustule,
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Observations made on the development of the pustule lesions
indicate that the lesions start as small yellowish green portions
on thc upper swface of the leaflets, On the lower surface of
these loaflets, anall raised pustules are produced at the same
time, The pustules measured af'ter 7 days {from period of first |
visihle symptoms) were found on the average to be 340 /u.m wide and
400 pm high at X60 microscopic magnification (Fig. 3).

This observation cgrees with the report of Hedges (1924) tha.'.b.the L
young pustule is much less than 4mm in diameter. BSeven days
later, the lesions become prominent, They have angular edges &w¥
and coalesce producing necrotic spots on the infected leaflets.
The original amall spots (pustular) can still be distinguished in
these necrotic spots (Pige & 4)s  Twenty-one days after the
appearance of first visible symptoms, the ocentral portion of
pustules drop out, leaving the leaflets ragged (Fig. & ii).
Yelloviing of severcly infected leaflets occurs, There is no sign
of water-scsking. This agrees with the reports of Hedges (1924);

t .

Dunleavy et al. (1966) and Laviolette (1967).
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Im_az Progress of bacterial pustule development in five

cultivars/lines of soyabeans.






Figure J3:

A young pustule lesion seen from the undersurface
of the soyabean leaflet (photographed under light
Ortholux II at x 60 magnification),
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Figure 4: (i) Pustules surrounded by necrotic and chlorotic
borders.

(i1) Coalesced necrosis culminating in ragged leaflets,
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Pable 3:+ Weather records in Samaru during the field
experimental periods, 1977
Nean ®RH Mean-
Yo an liean Tempte | Sunshige # wind
Month Raf(mi‘s‘all Eg“l(’:_{r) %6 (on (HES) AR speed
m plent . KLM/
' surfape Day
MAY 83 | 27k 1849 8oh | 5749 3946 | 253,73
JUNE 10147 2545 19,2 Te7 The2 | 5848 | 233.00
JULY 59.0 2540 1 7.8 6.0 77.9| 62.0 | 205.82
AUGUST 302,7 23.8 16,3 be6 | 8241 | 7244 | 160,93
SEPTEMEER | 199.5 24a8 16.5 7.7 764k | 64a5 97.88
OCTOEER 43 2349 145 848 | 6542 | 4544 [ 105490
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SECTION k4t  SURVIVAL OF XANTHONONAS PHASEOLI V.R. SOJENSE

A, Infectiousness of 4975 Infected Soyabean Trash

Materials and Me thods

Investigations were conducted in order to establish the

survival of the bacterial pustule organism in soyabean trash,
Soyabean trash (leaves, stems) with the underlying soil was
collected in May 1976 from a field at the Institute faor Agricultural
Researoh farm, Samaru in which a severe attack of bacterial pustule
had occurred during the 1975 rainy season. The trash was stored

in polyethylene bags on benches placed in a shaded area outside

the laboratory until ready for use in sugust 41977.

(1) Ereparation of inocula:
Twenty grammes of each type of trash was macerated with

a mortar and pestle and added into 50 ml sterile distilled water
contained in 500 csce conical flasks, The mixture was kept for
three hours before larger particles of the trash were removed.

In the case of the s0il, organic matter debris were first removed
before it was pulverised and then sieved through a mesh (No. 30)
containing openings 595 pom in diameter, in order to remove pld™

plant debris,
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(11) Inoculation.

A soyabean line, 358/58, known to be susceptible to bacterial
pustule was used, One hundred seeds of this line were soaked in
each suspension prepared as described above for the following
periods: 30 minutes, 41 hour, 2 hours, 3 hours, 6 hours and 12 hours,
Bach of the six controls consisted of 4100 seeds soaked in 50 ml
of sterile distilled water for the respective periods.

Four seeds from each treatment were sown in 0.8 kg sterilised
soil contained in a 46cn plastic pot. Bach treatment was replicated
four times. The pots were arranged on a table in the open wr
outside the laboratory and watered daily. Seedlings were thinned
to two per pot, 20 days af'ter sowing, Disease records were made
30 days af'ter sowing by which time each seedling had produced at

least fou;-_ true leaves,

Results and Discussion
The experiment showed that both infected soyabean leaves
and stems yielded infective bacterial cells after about 24 months
of harvesting the crop; the trash was collected from the field
about 6 months after the crop had been harvested and was then stored
in polyethylene bags for 15 months before use, The infectiousness
of both the stem and leaf trashes appeared high when seeds were

soaked in inocula dfrived from them (bacterial suspensions) for



short periods (Fige 5)s The infectivity of inoculum derived
from stem trash was highest when seeds werc soaked in it for
4 hour, while that from leaf trash was highest when seeds were
soaked in it for 2 hours. Infectivities of inocula from both
types of trash were similar after seeds had been soakcd in them
for 3, 6 and 12 hours. Generally, prolonged soaking appeared
to depress infectiousness of the trash,

Lehman md Poole (1929) found that soyabean bacterial
pustule organism was viable in dry diseased leaves as well as in
partially decayed leaves left outdoors from one season to another,
Lehman (1929, 193 ) showed that the pustule organism remeined
viatle a nd pathogenic for at least 9 months in diseased leaves
stored in the laboratory and for 3 months in the leaves exposed
to weathering and decay. Graham (1952) found that the bacterium
could be isolated from soyabean leaves kept dry in laboratory for
8 months, Greham (1953) again discovered that the bacterium could
be detected in seeds up to 30 months af'ter harvest,

There was no bacterial pustule infection on any of the seedlings
grown from seeds soaked in the suspension derived from infested soil,
at 30 days af'ter sowing. This suggests that the bacterium

Lanthomonas phaseoli var. sojense could not persist in the field
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S0il through the 24 months period., The bacterium has only been
reported to persist in sterile soil for 9 months (Graham 1953),
There was no bacterial pustule infection on any of the seedlings

grown from seeds soaked in sterile distilled water.
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B. Comparison of Infeciiousness of 1975 and 1977 Soyabean FPrash
Infected by X. phaseoli var sejensc. -

e 4 e _.:.""‘.-" .

Materianls and Methoda <
Soyabean tragh from a 1975 crop severely infeoted by

X, phaseoli var, spjense (see Scotion A above) was compared with

trash obtained from line 358/53 also severely attacked by
bacterial pustule in Samaru in 1977, .

Preparation of inoculs.

Fifteen grammes of leaves and stems were macerated with
mortar and pestlesand added into 25 ml sterile water contained in
100 ml conical flasks, Aftor three hours, the fragments of trash

were filtered off using & whatman No. 1 filter paper.

¥ O T R
b 'y S R

Test plants, " T e
Excised goyabean leaves of the susceptible line 353/5I8 ﬁere

use;d for the tests, The leaves we.r:é detached from similar pesitions

en stems so that they were all approximately of same age, The

bases of the petioles were ftrimmed off with a sterils razor bladﬁ,ll

they were dipped into rooting hormone No. 4 (manufactured by

May and Baker Ltd,) before planting in 44 gm. of moist stezl"lila

send contained in 7.5 X 2.5 cm glass tubea. A

S LA
e P



(i11) Inoculation.

c L

R R

. The leaves were inoculated with the inoéulé.12 éa&s after
they had been detached, by which time new roots had developed
from the petiole. About 20 ml of each inoculum was sprayed on
five leaves (giving a total of 15 leafle¥s) using an atomiser,

Spraying was directsd more at the under-surface of the leaflets

- than the upper-surface,
' _ -Five leaves were inoculated with sterile distilled water to serve

.+ as control. Inoculated lesves were incubated for 7 days in a

polyethylene covered humid chamber, 90 x 60 x 30 cm which was
kept humid by placing two open beakers containing water in the

enclosed space and by watering the leaves, twice daily.

After 10 days from inoculation reading; weré t&ken on the
number of infected leaflets, and the rumber of pustules produced
by cach inoculum source for cither year. On the basgis of 15
leaflets inoculated with each infected trash, the pefcentage
infection and the average nupber of pustules per leaflet were

caleulated, o . ;,$; 




. organism itself had also probably been reduceds ' i | .
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Results and Discussion

The rosults showed that the 1975 inf'e.cted leaf" trash
produced the same percentage infection (100%) as that produced
by the freshly infocted leaf trash of 1977. But the latter
produced floTe pustules (22,3 per leaflet) than the 1975 infected
leaf trash {10.3 per leaflet) (Table L, Figse 6 & T)e

The 4977 infected stoem was more infectious (13.% higher)

fhan the 41975 infected stem. Also, the average rumber of pustules
produced by the 1977 stem trash (5.3) was higher then that of the
1975 stem trash {3.5)s No pustules were produced on leaflets
sprayed with distilled water, R

. .." The redueed infectivity of the 1975 trash might be related

to the antagonistic effects of saprophytes which may result from

" the environment and the peried of storage. The viability of the




Teble 43 Comparison of " ifectiousness of 1975 ad 4977 trash

infeoted by X. phaseold var. sojense.

Yeor

Type of
trash

% of leaflets
infected

Ave, No, of
puatules/leaflots

1975

1977

1975

19?? |
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6647
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Figure 6: Bacterial pustules produced from 1975 soyabean

leaf trash inooculun,






Figure J: Bacterial pustules produced from {1977 soyabean leaf

trash inoculum,

(Note the production of more pustules).
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SECTION 5t EFILCT OF SOVING D.IF ON THE INCITENCE AND
S?.WEQTY Q &G‘I‘ERIAL PUSE:EIE.
A, Three Mtivar;@ea Somm st Four Different Dates.

Materials and Methods

Three cultivars/lines 353/58, ¥288 and CNS were sown on
the flot in the field at Sapar, on four dates (I = D) at two-week
intervals beginning on the 17th of June, 1977. Two seeds were
sown per hole 2,5 - 3,0 cm deep at & spacing 415cm within rows

and 2m between rows, Each treatment was replicated three times,

erimental de

A split plot design (Fig. 8) was used in which ocultivars
were independently randomised within each plot,

The land had received 63,75 kg/ha broadecst appliocation
of single superphosphate 10 days before planting, Seedlings
were thinned down to one per stand 28 days af ter emergence;
resulting in 12 plants per row, Incidence and severity of
bacterial pustule following natural infection were recorded two
times for each plot at 63 and 77 days after sowing {corresponding
to periods of rapid vegetative growth and early flowering,
respectively). Ten plants (one plant from the end of each row

excluded) were scored according to the method described ¥ 4,
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in the I.I.T.A, scele (Williams end illen, 1976) modified as followss
Score 1 = No symptoms observed (immne)
Score 2 = Very few pustules scattered on less that
% of the leaflets (highly resistant)
Score 3 = Very few pustules scattered on most of the
leaflets (resistant)
Score ly = Bmall areas {about 25%) of leaflet surface
having heavy concentration of pustules, but on
less than % of the whole leaflets (moderately
resistant)
Score 5 = Small ereas (about 25%) of leaflet surface
having heavy pustule concentration and on most
of the leaflets (moderately susceptible)
Score 6 = Most of the leaflet surface, of less than % of
the leaflets having heavy pustule concentration
(susceptible)
Score 7 = Most of the leaflet surface, of most of the leaflets
covered with heavy pustule concentration, plus

yellowing and leaf-fall (highly susceptible),



Results and Discugsioa

Results at 63 days after sowing show that the number of
infected planis (Table 5) of lines 353/58 and M288 was
progreasively nigher in late-sown plots than in early-sown
plots. There was 1o disense on CNS in plots =swn be tween
47th Junc and 15th July, 1977,

Analysis of both the raw ond square root transformed data of

the diseaseé geverity scores revealed that there Wwas a

signif icantly higher (p = 0.04) disease severity on 358/58

than on the other two cultivars (CNS and %286) for all

sowing dates (Fige 93 Appe ndix 1A). The disease severity in the
late plots (D3 and Db,) of ocultivur M288 was g jgmificantly greater
(p = 0,01) than in early-sown plots (D‘l and Dz). Disease severity
on CNS in the last sown plat (DI,L) was found to be significantly
nigher (p = 0.01) than that in the other plots, There was a
gignificant (p = 0.01) interaction between sowing dates end the
cultiv ars/lines.

Sowing datest

D, D, Dy D, (for 35°/58)
D, Dg Dy D), (for M288)
D, D, Dy D, (for CNS)

Sowing dates joined by the same line do ot differ gignificently
in disease severity at p = 001,
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At 77 days ofter sowing (Table 6), the disease incidence
onn lines 35%’58 and M288 was found to increase in late-sown
plots than in early-sown plots. There was no disease in plots
of CN8 sown on 17th June and 18t July 1977.

Statistical analysis of the discase severity scores revealed
that the disease severity on 355/58 and M2688 for all sowing dates
was significantly greater (p = 0.01) than that on CNS (Fig. 10;
Appendix IB), Disease severity on CNS, for the last two sowing
dates [D:5 and Dla-)’ was significantly higher (p = 0.,01) than
that in the plots sown earlier (D1 and DZ)'

The interaction between sowing dates and the cultivars/lines

was significant (p = 0.0B).

Sowing dates:

S
D, D, D, D, (for 35 /58)
D, D, Dy D, (for M288)
D1 D, 133 D& (for CNS)

Sowing dntes joined by the sampe line do not differ significantly
in disease severity at the 4% level of probability,



Generally, the séferiéjiﬁf the bacterial pustule disease
was highest on the soyubean line 353/58 in 211 sowing dates;
it was intermediate on the oultivar M288 and least on the
pultivor (NS, These differences may probably be due to the
fact that the soysbean line 355/58 13 o highly susceptible
lipe, while oultivar M288 is moderntely susceptible (Seotion 6).
The cultivar CNS is known to be resistant to bacterial disease
(Hartwig and Jchnson, 1353).

The yield data (Fige 14) show that the earliest sown
plot (D1) produced the highest seed weight for all cultivars/
lines while later sowing dates had lower seed weights.

The above data strongly suggest that the earliest sowing
dute (31) produced the best result For all the cultivars/lines

A, CT b

BroWie

Though there were other factors which might have contributed to

~ the reduced ylelds, in late plota, diseesd sevority nisht have

I L,
o B

eontfiﬁﬁ{ed, 'ﬁﬁfﬁrﬁ

-
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Table 5: Effect of sowing date on the incidence of bacterial
pustule on three soyabean cultivars/lines, 63 days

af'ter sowing.

Sowing date % infection on cultivars/lines:-

CNS M288 355/58
b, (1 /6/77) 0 L2 4044
2, (1/7/77) 0 549 5643
Dy (15/7/77) 0 18.8 59.2
o, (29/7/77) 1343 33 8244




Table 63 Effect of sowing date on the incidence of bacterial
pustule on three soyabean cultivars/lines, 77 days

af'ter sowing,

% infection on cultivars/lines:-
Bowug a%e ONS 4288 355/58
b, (17/6/77) 0 8.3 5545
D, (1/7/77) 0 29.4 69.4
Dy (15/7/77) 20,0 3745 8641
b, (29/7/17) 23.3 14649 88,2
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B, Ope Lino Sown at Two Different Dates, R o B
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It was thonght necegsary to establish an observation plot
{near the Laboratory) for the same cxpsriment described in

Section 5A above, Lecause of possible crop failure in field

-
s,

exporiments which may result from udverse weather conditions,

iaterials and Nethods

4 single soyabean line 353/58 was chosen for this experdment,
because it is 2 known susceptible 1ine., The seeds were sown on
a8 2.6 x 7.2 sq m piece of land. The area was divided into two
equal parts;one half was planted on 416th June and the other on 16th
July, 1977. Two seeds of the soyabean line 358/58 were sown per
hole 2.5 - 3.0 cw deep, at a spacing 45cm within rows, on ridgeas
1 metre apart and 30cm high, - B
For each treatment, disease 1ncidencc i%aa reeorde;d fwice
at 74 and 88 days after sowing; and thc disease severity acores
were recorded six times at 46, 60, 74, 88, 102 and 4146 duys alter
sowing, Using the method described in Section 6, a total of 100
tagged plants were scored in each block at 10 pla’l{bs per ridge.

Fo

ae



At 140 days from sowing, the plants were harvested.
Ten randomly sclected plants (one from each ridge) were lifted.
All pods from each plant werc collected and bulked for each
treatment, The pods were threshed in jute sacs and all the seeds
were picked and weigheds Also, from each lot of the harvests,
1000 secds were randomly picked, counted and weighed in order to

provide an alternative method for assessing yield,

Results and Discussion

The results of this experiment (Table 7; Fig. 12) agree
with those reported in Section 85A; in which the early sown
soyabean plants had the least of the bacterial pustule while
the late-sown plants had the most, The yields of early sown
plants were also better than those of the late sown plants

(Table 8),
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Table 7: The.inc‘zidence of bacterial pustule diseuss on the
soyebean line 35°/58 sown in June and July, 4977«

59

Sewing Date

% Incidence of Infection

74 days after sowing

88 days after sowing

June 16, 1977

July 16, 1977

e

<3

F400 L

500

100
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Fig. 12 Effect of sowing date on severity o/f bacterial
oustle on fthe Soyabean fine 355 58



Teble 8¢ The yields of 35°/58 soyabean line spwn in June and
July, 1977 o |

Sowing date

T

Sced wte of 40 plants

(em)

Yit, of 1000 seeds
(am)

16th Junc, 4977

1 6th July, 4977

106.4

50.0

9549

78.8
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SECTION 63 CECAEENING OF THEL SOYABEAN CULTIVARG Ok LINES
FOR RESICTANCE MO RiCTHRIAL PUSTULL DISEASE o

Ao The Response Of 6l Soyabenn Cultivars/Lines To The Bacterial
 Pustule Diseage In The Tield., .

il

Introduction,

Many workers (Lehﬁaﬁ, 194lys Petty, 1oLl Lehmen, 1946 and 1918
ThirumaJ:char et, al,, 1956 Okeent'yan and Gunina, 1968; Reo and
Pztel, 1973) have investigated the use of chemieal protectants for
the control of bacterisl pustule but found this nethod rnther
uneconomic, The testing of resistant eultivars/Lines has therefore
attracted considerable cttention and many resigtant cultivars develop
in other parts of the world have made a great impact on soyabeon
production in those arcas. Investigations at International Institute
of Tropieal Agriculture, Ibadan have shown that some of thaee
e tivars/Iines are resistant to bacterinl pustule in southern
Nigerda, simdar investigations have not been conducted in the'éévannah
zones of Nigeria where climatic nnd ecological fastors nre different
from those around Ibadan., Thig Section 1g thercfore an attempt to

conduct similar investigation, .
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Materials and Methods
(1) Field preparations and planting.

A piece of land 820.8 sge m., in an area located at the
University Farm, aAhmadu Bello University, Zaria was used, The
plot received 63,75 kg/ha of single superphosphate which was
broadcast — and worked into the soil during tillage, 10 days
before planting, A herbicide, metolachor ("Dual") manufactured
by Ciba Geigy, was applied at the same time, at the fate of
5 litres of the chemical (2.9% a.i.) in 125 litres of water
per hectarc,

Seeds of 6l soyabean cultivars/lines were sown on 46th
June 4977, on shallow ridges, 23ecm high and 6.6 metre long;
seeds (three per hole) were sown at a depth of 3om. They were
spaced 15cm within rows and 4.8 metres between the rows, giving
a plant establishment of L4 seedlings per line or cultivar on
each ridge.

The experimental design used (Fig.13 ) was the triple
lattice (8 x 8), The randomisation was done in three stages:

The blocks were randomised separately and independently
within each replication,
The trecatments were randomised scparately and independently

within each block.



The treatments were nlloted to the treatment numbers at
random,

it both ends of each ridge, =~ disease spreader (line
358/53, kneyn to be susceptible to bacterial pustule disense)
was sown. The experiment was replicated three times,

Twenty-eizht days after planting, seedlings were thinned
to a2 single plant per stand and were inoculated 2 days later,
(11) Inoculation.

The inocula used were prepared from diseased leaflets
collected from Ibadan and Zaria (during the 1976 planting season)
end stored in polyethylene bags in the laborntory. The leaflets
from each site were macerated in a mortar and sosked in tap water
in beskers for 3 hours snd then filtered through two layers of
filter paper (Whatman No.1) into 500 ml flagk, The presence of
bacteria was confirmed under the high-power of a compound microscope.
For ecch ridee, the discase spreader and the plant closest to it
were inoculated by sproying with both a sprayer of 600 cc (BP,

Canyon H0,22712) and an atomizer (10 spraying/plant) 2t 5 p.m.
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Spraying wag concentrated on the wndersurface of the lenflets,
L botal of three inceuleotions at 15 days intervol, were nade using
fregh but severely infected leaflets for the second and third
incewlations.
(111) BScorings
Por ench cuifivar/line, a continuous vrow of 10 plants, s<¢lecting
fron about the middle portion of the ridge, werc tayrged with
polyethylene ropes (obtained by cutting polyethylene sheets
(30 x 202) into narrow strips or ropes). The tagged plants
were sbored five tinmes at forthnightly intervals, throwh
a period of 10 wecks using the method described in Chapter 5.
Bacterial pustule disease severity was found to correspond
with the flowering stage z2nd moxdmm vegetative growth, This
occurred at about 98 = 106 days from sowing. Though a total of
5 seores were made, only the disecsc scores obtained ot 98 days
from sowing (at maximun dlsease build-up) .wleré uzed for the caloue

lationg and the assessment of the plant regetions.

...........



The disense severity scores obtained at the zbove period, for
the individual plants in each cultivar/line, were added and divided
by 10 (total number scored) to obtain the aversge score for the
cultivar/line in a block. To obtain the mean score for the cultivar/
line, the mean of the 3 block average scores of the cultivar/line
wos computed,

(iv) Defoliation.

Defolietion counts were tnken in September, during maximum
digease development in the field; scores were mnde at T-day intervals
for 28 days, starting from 1st September, 1977 (when the plants were
76 days old), The defoliation counts consisted of collecting and
counting all bactericl pustule affected lecves which fell from the
individual tagped plants of each cultivar/line in 2 block. ifter
each picking the mean number of fallen leaves was computed for each
cultivar/line in ench block. Then the average of the three blocks
vas coloulated., The mean defolization values were arranged with the
mean digease scores of the corresponding cultiver/line and correlation

annlysis was cerricd out.
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(v) Harvesting and yield estimations,

Harvesting started 130 days after sowing when the majority of
the cultivars/lines were mature and dry. For each mature cultivar/
line, S plants (among those tagged) were randomly selected, uprooted
and collected in jute bags. The yield characters studied included:
estimated seed weight per hectare and weight of 1000 seeds,

The seeds which were threshed in the jute bags were picked and
weighed, Average seed weight per plant was calculated and on basis
of plant spacing (equivalent to a population of 37,037 plants per
hectare) seed welght per hectare was estimated for each cultivar/
line in 2 block,

For each cultivar/line in a bleck, 1000 seeds were counted (by re-
peatedly taking a handful from jute bags and counting all seeds
obtained) and weighed., The seed weights obtained for each cultivar/
line in the block were added up and then divided by the number of

blocks to obtain the mean weirht for the cultivar/line,



41) the characters studied were statistically analysed

for their correlation with the disease severity scores,

68
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B. Pot Experiment

bags.

Dl

After tho field planting of the 64 soyabean cultivars/lines
deseribed in Soction A above, 60 cultivars/linos whose seeds

wore still available, were further tested in plent nursery-type

Four seeds of each cultivar/line were planted in perforated

23cm % Gom black polysthylens bag which contained 2 kg of a ¢

(1)

113 sand/humus mixture, For each cultivar/line there were four'
bags arranged in completely randomised block design. Fifteen days
af'ter planting, the scedlings were thinned to two secdlings per
bag, giving o total of 8 secdlings per cultivar/line, The Ipots

were placed in the open on a table, 1 metre high, outside the

s :
W

glasshouse, and wotered daily, .
At 28 dayas from sowing, all the soyabean seedi'ihg:.;, wore |

artifiediolly incculated with the brcterium by spraying, using

both the atomizer and a sprayer of 600 cc. (EP, Canyon No. 228712).

Both the upper and lower leaf swfaces were sprayed.

Inocoulum preparation.
Inoculum was prepared fron ssverely infected fresh leaflets

of 355/58 collected from the field, T.e leuflots wore macerated

in a food chopper and then suspended in tap water and left for

13



2 hours, before filtering and use,
(14) Scoring. o " .

. Fx-;am ;ohe 20th doy of ;.noculation; the seedlings were
| soored three times ot twoe-week intervals using the above scale,
Disease scores cbtained at 69 doys from sowing (when discase
severity was uosimum) were used to judge the soyabean reactions
to the bacterisal pustule diseasc. The scores of the individual
plants in each cultivarfline were finally added up and then
divided by the total number of plants scored to obtain the
average score for the cultivar/lirms. |

- (444) Horvesting, . .
' The cultivars/lings matured between 99w41l days from sowing

70

and the yield data obtained werc: number of pods per plunt md ,

seed weight, - . \

A1l the dry mature pods éf o cultiver/line, weré plucked
into a paper bag (40 x 20 sg. cm) and the average pod per plant
wad obtained. The average mumber of pods per bog was caleulated

for esach cultivar/line,

For each cultivar/line, pods collected in the paper hags - "

were threshed and all the seeds were pidked and weighed.



The average weight (gm) of seeds per plant was caloulated.

The average seod weight per pot wms also caloulated for

each cultivar/linc. The average number of pods and the seed
yield (gu) obtained per line were both analysed for correlation

with the disease severity scores.



Besults and Discussion
The disease severity scores of the 60 cultivars/lines

planted both in the field anmd in pots are compared in Table 9 .
Table 10 shows the relationship between disease severity and leaf
defoliation. Fig. 414 shows leaf defoliation caused ly the

severity of bacterial pustule disease in the field, Correlation
between yield components and disease scores are shown in Table M .
Talle42 further shows the relationship between the yield components
and defoliation for the field plants., Data from potted plants

showing the correlation analysis between the disease scores and

the yield components are shown in Table 43 Datg on Table 14 show |
that bacterial pustule disease can reduce soyabean yield, and
Tables 15 and 16 show th: soyabean meactions to bacterial pustule
disease in the field and in pots respectively. Seedling reactions
of potted plants to bacterial pustule disease are shown in Pig. 15 .
In figurcs 16 and47 , resistant and susceptible soyabean plants are
oconpareds

Statistical analysis (Appendix II) showed that mean disease
scares of potted and field plantings (Table 9 ) were not significantly
different (p = 0.05). The relationship (Table 10 ) between the mean
disease severity scores and the mean number of defoliated leaves, from
the field sown plants revealed that there is a highly sigrificant
(p = 0.041) and positive correlation {r = 0,77) between them
(4ppendix 117



Goenerally, higher seed weight per hectare and higher
woight of 4000 sseds were produced by resistant scoyabean
cultivars/lincs than by most of the susceptible oultivarsflines
in the field. There was & highly significant, negative ecorrela-
tion (Appendises IV& V) between the mean discase severity scores
and both the yield per heotare and the weight of 1000 seeds
" {r = ~0.55 and ~0.56 respectively)s In other words, cultivers/
lines with high amounts of disease had low yields while those
with the loast amount of discase produced higher yields (Table 4%)e
Correlation anelysis (Appendices VI &VXX) between leaf defoliation
and yield components also show similar results (Table 49).

M so, similar results (Appendices VIII & IX)were obtained f£rom
the pot plantings, The mean seed weight per plant amd mean pod
Yield pexr plent were found to correlate negatively with the mean
disocase scorea (Table 13 ) though their corrclations (r = ~0.23 .
and =0,03, respectively) are mot significant (p = 0,05). B
It was only in few cases that high yields were recorded on resistant
cultivars/lines and low yield on the susceptible lines,
This could be due to the fact that the disease severity
wasz greater in field planted than dn potted plants.

Field grown plants were planted in June and probably
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were nare exposed to conditions conducive for disease dovelopment,.
The pot experiment was sown in July and despite the artificial
inoculations and watering, the dry weather conditions which
affected the long maturing cultivars/lines, supressed maximnum
disease spread,

Spraying with bacieriocides could have been a useful
nethod to assess loss in yield due to this disease but no such
chemicals were available, 4an attempt to indicate the importance
of the bacterinl pustule disease was therefore made by considering
the seed yields of &fferent plots of the individual cultivars/
lines. In the pot experiment, the four flots of each of 13 oultivars/
lines showed varying disease scores, with correspondingly varying
seed yield, For cach cultivar/line low seed weight was consistent
with high amount of the disease while high seed weight corre sponded
with low amount of the disease (Table 14 ).

These results suggest t hat the bacterial pustule disease
can reduce soyabean seed yield, Hartwiq and Jcbrsom (1953) working
at two locations, have shown that susceptible soyabean lines
yielded 8 and 41% less than the resicstant at Stoneville and Willard
r;aspaotivel\v. They also found that the susceptible lines produced

seeds ¥ smaller in size than the resistant lines at Stoneville,



and 4% sualler at dillard, Work at Stoneville and Mississippd
have 2lso shown yield reductions of 156 when susceptible soysbean
lines are grown (Hartwiq, 1975).

In the field, out of the sixty-four soyabean cultivars/
lines screened ageinstthe bacterial pustule disease, 23 were
susceptible, 31 were resistant and 10 showed intermediate
reactions (8 were mederately susceptible and 2 moderately
resistent) (Table 15), The results of pot experiment with sixty
of these cultivars/lines showed that 18 were susceptible, 13
resistant, 417 moderately susceptible and 12 moderately resistant
(Table 16)s None of the soyabean cultivars/lines was immune.

The results of this work have shown, inter alia, that the
cultivars Bethel, Improved pelican, Mamloxi end Ross were
susceptible while Avoyelles was moderately resistant. These agrec
with the report of Hymowitz et. al. (1976) in Canada,

The majority of the cultivars/lines - found to be resistant
in this work, are the collections obtained “rom Ibadan (I,I, TeA. ).
The major problem I experienced with these collections was poor
germination while the problem with some Zaria (8hika) resistant
collections was peor yield or excessively amall seed size,

The cultivar Malayan currently used by farmers in Abuja

and Makurdi areas is highly susceptible to bacterial pustule and



76

should be repleced by a resistant vardety that possesses many
of its degirable agronomic and physiologic characters, This
would require the co-operative efforts of plant patholeogists
and soyabean breeders. - . . |
Pooled results of the screening work done in the field and in
pots have shown thot the following eleven soysbean cultivars/
lines are resistent to bactorinl pustuls discase: |

586> 10X 62-2°

s86” mex 26-18"

386" TCX 167"

TGM2GYmmlyels 268

sp6 1ox 26-33°

s86® Tox 68-6°

§B6° 16X 1617 |

s86® 16X 574° s

Hals

SB6° T6X 3240

Congo yellowW,.

These con serve as sources of germplasm for the breeding

and selection of cultivars/lines which ean replace Malayan,
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Table 93 Comparison of the reactions to bacterial pustule
disease of 60 soyabean cultivars/lines planted in the

field and in pots,

i

Mean disease Scoreo

Cultivors/lines
From field From potted
1 plants (t1) plants (tz) |

586% 16X 197 7.0 540
Izﬁ., 7.0 6.1
Bathel 7.0 5.3
Malayen 7.0 6.8
Mamloxi 7.0 6.9
49-8 7.0 5.4
K138 7.0 6.0
K77 7.0 6.6
Improved Pelican 7.0 5.4
HL§-263 6.8 6e1
K197 6.7 5¢6
Jantield 6.6 546
K157 6.6 5e4
M288 646 6ul4
Hernonw49 6¢5 6.8



Table 2 Contd.

Mean disease Scores

Cultivare/Iinss Fron field Fron potted
iplanta (t1) plants (tz)
Ross 6e3 5«5
35°/58 6.3 6.8
LG L 6e3 5e1
Trinidad et 6.8
K39 549 be5
K162 5.8 3.8
K53 5.8 L5
Black matle Java 5.7 5¢5
K152 5.2 343
45~9 5e1 6.8
3H558Y,/1 67/2 49 3.0
SB6° m6X 2-208 L.S 5e1
K12 o6 6e3
3H55FN/1 /2 be5 be3
Gilbert 4e3 3.6




Table 2 Contd,

ke an diseo.scj scores i

Cultivars/lines From field ! From potted

plents “‘1) I plants (tz)
SBES TCX 14~ XY 2.9
SB6S TEX 26-33" 3.3 Sels
SBE.S T6X 11~13E 33 be3
Pitic GBX yalta 3e3 le3
sB6> Tex 68-2° 3.3 3.9
H284 32 S5elt
M21 6 340 6ol
M79 340 346
TGM25 5=2-41 314 340 4e9
SB6> TeX 11397 2.8 5.3
M354 2.7 4eO
X854 2.5 2.6
SB6> 16X 324" 2.5 3.5
Avoyelles 2oL 29
TGM 294~L~4 268 2.4 349
SB6> 76X 57-2° 2ok 2.8

365 mex 68-6° 2.4 2.8




Table ? Contd,

Mean disease score

!

Gl tindre/lines IL From field |  Pron potted
i plants (t1) ; plants (tz)

BBSS TGX 5',?—4G 2.4 5.5

386> 16X 5741° 2.4 2.5

Congo yellow 2.3 Sele

5865 mex 62-2° 2.3 5.3

Java Forage 2.3 Le5

M353 2.2 540

M262 242 247

Hale Ze1 340

3B6° mox 16—7E 241 Sely

886> TGX 26-487 240 2.8

SB6® TGX 16 7 2.0 40

M98 2.0 40

Fort Lamy 2.0 2.8

t = 1342 Not significant,

(p = 0.05)
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Table 40 1 Relationship between disensc severity scorcs and leof

83

defolintion of the 64 soyabean cultivers/lines plantod

" in tho ficld.

Meon discasc Mean of
Cultivars/lines acverity scorcs defolicted

leaves,
s86% 16 1947 7.0 T 33
X8, = 7.0 %7
Bothel 740 303
Kalayan 7.0 2T
Manloxi 7.0 S 3.8
498 740 29

K4 38 7.0 G b
K77 | 7.0 5.7

Inproved fcliczm 7.0 . 'O
HIS-263 6e8 Sekp
Ko7 67 2.5
Jenfiold 6.6 | L 28
E457 6.6 3¢5
M288 6.6 3.5
Hornomeh9 = 48

6.5



Table 10 Contd.

Mcan diseasc Mean of
severity scores dofoliated

o Cultivars/lincs
T loaves

T S 2.9
7 S~ Bk
wan el be
tnigad T 2o
K62 o ; 5.8 3.3

K53 a8 2,9
Rleok malte Jove o 5e7 2ehy
SEES TOX 44428 | ” 5.3 2.2
49w L o 5e2 2.0
- BWBSEWN6T/2 S sa s
sm6® mox 2-22® - w9 B ekt
M2 ke a8
WssEuAS2 a6 2.9
 G4lvort % - W5 R
sB6° TOX 114" a3 T 2.3



i
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o gp6° 16x 57-2°

2.4

. Table 10 Contd.

© Mcan discasc Mcon of

Cultivers/linca scverity scores dofolintod
leaves
586° 16X 134° a3 - 2.5
s86® 16X 26-33" TS 2.6
SBE> 16X 19 35 33 | Ll 28
Pitic GBX yolte ER B RE Sy
s86° 16X 357 33 1,7
586> 16K 68-2° 53 1.8
M281 23 1.7
T 343 ’ 2.7
5265 16X 11193 '3..1' " | 1.9
oW 30 1.7
 TGMISE-2-3t 3.0 146
5865 76X 19-39° 340 149
1 2.8 1.6

a6 tox 304D 2,5 1.8
Avoycllos 2a5 1.9
| TCHEI s 268 204




Toable 10 Contle

Mcan discasC Moen of
cultivers/lines sovority scorcs acfolicted
leaves
spe® 16X 68-6" 2o 1.8
gp6® max 574° 2.4 241
gp6°> T6X 57-—11c 2oly 1o
Congo yellow 2eks 17
B> 16X 62-2° 23 1.9
Jave Forage 2.3 149
M353 243 1e71
M262 2.2 17
Hale 242 2é
5p6S 16X 16T 201 2.3
apeS 76X 26-48" 21 146
565 T6X 1647 2.0 149
M98 2.0 149
Fort Loy 2.0 149

Correclation (r) = 0.77]*8
Highly gdgnificonte.
0s(A)

HS

(®

it

n






Eigure 14

Defoliation caused by bacterial pustule disease,
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Table 44 3 Disease scores and yield components of 64 soyabean
cultivars/lines planted in the field.,

Ranked mean Moon Yicld (Characters studied)

disease
Cultivars/lines ;go:}ys g: zim:;;:g :;&:1033.

fron yield/Hectare seeds gm)

sovring (ka) (¥, (¥,
sB6° 76X 1947 7.0 52642 1508
X8, 740 27442 9244
Bathel 7.0 50941 13940
Malayan 7.0 299.5 8345
Mamloxi 7.0 2N .2 8048
498 740 9.4 133.8
K438 70 272,3 88.3
K77 7.0 1942 67.7
Improved Pelican 7.0 16,2 131 a1
HLS~263 6.8 115.6 102.6
K1 97 6.7 340,6 11946
Janfield 6.6 2991 86.3
K157 646 2844 102,6
M288 6.6 i 11143
Hernon=49 6e5 38142 12440

Ross 6.3 351 lz 10' 03
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Table 11 Contde

Renked mean Lemn yicld (Cheracters studied)

disease
T - Y
from yield/Hectare seed (em)
sowing (xg) (%) (¥,)
35°/56 643 3456 93l
494 b 6e3 LB ek 12kt
Prinidad 6ot 31,746 83ek
K39 549 34749 N o2
K4 62 549 19941 13742
K53 548 35343 125.8
Elack malte Java 5e7 32Le5 YRR
spe® 10X 1442 503 17945 15346
K4 52 503 45243 4348
49=9 5e2 61249 1584
3H55FL/1 67/2 51 14 0.6 8845
gp6® Tox 2-22° I 9 39249 15047
K12 Le9 38642 118.0
3H558L/1 /2 heb 35749 Bleb
Gilbert la5 37945 12648
SB6° TGX 11—43 lie3 4301 1577

oped TOX L3 o3 16749 1249



Table 41 Contd.

Ranked mean Mean yield (Characters studied)

disease

score Estimated Mean wte
Cultivars/lines 98 days mean seed of 4000

from yield/Hectare seeds gsm)

sowing (kg) (%) (¥,
sp6® 16X 26-33" 3eds 53446 15043
565 T6X 113" 343 57hab 16343
Pitic GBI Yalta 343 5346 1376
sp6> 16X 5" 3.3 56743 15847
sn6® mex 68-2° 343 68249 15440
M281 33 90542 148.9
M21 6 33 80648 16544
8B6° T6X 1141 3e 65940 178.8
M79 3.0 601 .8 16343
TGM 255-2-L3I4 340 56047 1610
SBE° TGX 14-36° 3.0 51541 16146
M354 2.8 36647 1124
X8, 2.7 379.5 10844
s86° 16X 32-4° 245 807.4 206,7
Avoyelles 2¢5 43642 112.6
TGH 294~4268 2k 397.3 1503

sped 16X 57-2° e G174 17543



Table 14 Contd.

o A S

_’__'_..—-—1—"_-—-.-—-—

Ranked mean Hem® yiold(charactera studied)

disease -

score Batinated Mean wte
cultivars/lines 98 days mean seed of 1000

£ rom yield/Hectare seeds (&m)
S0V g (kg) (%) (Y,)
oS 76X 636" 244 93547 1824
oS TGE 574 2.4 55845 A48l
ope® T6E 5T 2.4 9540 169els
Congo yellov 2okt 5 0e 1 1112
gp6° 16X 62-2° 243 148642 15646
Jave 23 1754 4073
M353 243 697+ 11he3
M262 242 140t 119.0
Hale 242 240642 211 5
ope® 06X 16T 24 104 2 15045
oS 0% 26-48" 241 54940 14549
<pg® TCE 1647 2.0 5% 8 15047
M98 2.0 5573 41 47,0
Fort Lany 2,0 LT1e3 10645
Correlation = (r) = _0.551{3 -0.56“8

—

HS = Highly significante
(‘p = O.GI)



jon and yield ©
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Table 173 Defoliat
oul tivars/1ine s planted in tho ficlde.
______,‘___/ .
jiean Nos of Wit. of geed yield
yariety pefoliated 4000 sceds (wt. in K&
1eaves (Y () (% (xz)
(S TOLAFA” 343 150483 526422
X2 3.7 92.08 M T
Bathel 3e3 138,98 508499
Malayan 2e71 83452 299.50
Mamloxi 3.8 80.85 2% 1 7
1,9-8 249 13380 518499
K4 38 lhe3 88426 272428
K77 5e 67466 1A A5
Improved pelican Dokt 13 A0 11 6419
HLS~263 Beli 102458 1y 506l
KA 97 24D 119+60 340,62
Jenfield 248 86426 298495
K57 3¢5 102,58 283495
%288 55 444 428 54 ke 55
tie rron=kJ Le8 4114 400 381449
Ross 2.9 A0 33 351418
Bl 93437 31,5463

35°/58
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Mean Noe of Wt. of geed yield
Variety pefoliated 4000 seeds (vt, in ke)
jeaves (¥) (gn) (%) (x,)

14,94 L Le5 124e10 483ek3
Trinided 2.4 8344 3,,7.63
K39 2.8 HNe23 31,7485
K4 62 3¢3 137416 14,96.99
K53 249 12577 353440
Hlack melte Jave 2kt 94406 3214

ane® 6% 11AZ 2.2 153.57 179+ 5h
K452 148 1 3lye Bl 452.32
45-9 240 158412 612.90
SHH5FL 61/2 Ze3 68 o 4b 14 064
ope® 16% 2722 3l 15044 392,86
THEERLA /2 249 8le55 35785
K12 2.8 418402 386419
Gilbert 145 126475 379452
8368 TG H-aE 2¢3 157.69 1,30409
gB6° X 43-h 245 124489 167487
ape® 16X 26-33° 2.6 150428 5344055



Table 12 Contd.

Ok

S Mean No. of Wi, of , Seed yiald
Variety =~ . ° Dcfoliated 1000 seeds {wt. in kg)
loaos (1) (gm) (X) (%)
8B6° T0X 144 35" 2.5 163427 57456
Pitic GBX yalta 201 137.60 534455
8p6° Tox 3450 147 158,72 58734
5865 mex 6o-2° 148 153497 6829
M2& 1.7 148,59 905,18
M296 2e7 165439 806,83
SB6> TGX 444 % 149 178478 659,02
M79 147 163.26 601 .79
TGM255~2-4: 50 1.6 160.97 560,67
$B6” TGX 14-39" 149 16160 51540
M35 146 112,39 366, 7is
X859 1.9 108,36 379.52
886> TGX 32-47 1.8 206,73 807.38
Avoyelles 149 14 2.62 436,20
TGH 2944268 149 150428 397430
sp6° Tex 57-2° 148 175430 61735
586> T6X 68-6 1.8 182440 9354 7h



Table 42 Contde

95

yean No. of Wte of Seed yield

Variety pefoliated 41000 seceds (wte in kg)
1eaves (¥) (em) (%) (x,)
spe® T6X 574" 241 A48 D 558445
spe® T6X 5741 ° 17 169440 951400
Congo yellow 17 111.27 50,66
gB6> TGX 62-2° 149 156458 486421
Java Forage 1.9 107+25 175410
M353 147 11 430 697.36
M262 1e7 119.00 110,08
Hale 244 211 453 406449
5865 16X 16-T 2.3 150445 4Ot 419
ep6> T0x 26-48" 146 145489 549400
565 T6X 164 T 149 150468 591 79
M98 19 1470k 55733
Fort Lamy 149 106449 477432

Gorrﬂlation = (r) = "0.1{-6}{3’ "OCBEHS

(18) = Highly singificant

(» = 0s01)



Table 13 ¢ Disease

oultivars/lines, planted in pots.

96

scores and yield components of 60 soyabean

Ranked mean ‘ Characters studied
Gultivars/lines ﬁa%;a?h;t;ore ruean seed Mean pod

from sowing ‘ wt, (in gm) yield (No.)

(x) o) ()
Mamloxi 6.9 243 124
Hernon—42 648 540 12,9
Malayan 6.8 0.7 7-5
35°/58 6.8 0410 340
3HG5FL/4 67/2 648 1.0 10.6
Trinidad 6.8 1.7 1643
K77 6.6 3.2 20.6
M288 Eols 0e3 5.3
3HE5FL/1/2 643 0.7 149
HLS 263 6.1 0e2 6.5
XoBy 6.1 2.3 18.3
N79 641 149 10.1
K438 6.0 1.7 16.6
Janfield 5¢6 3ok 23.3
K197 5.6 1ok 12.3
Ross 56D 345 25k



Teble 13 Contde

97

l Ranked mean Characters atudied
' diseasec ScCoOre 1
Gultivars/lines | &% 69 days Mean seed | Mean pod
fron sowirlg wt. (in gm) | yield (No.)
‘ Y, b
|
8 C
ImprDVE:d Pelican Seli 2.6 1643
1"9-8 Seli e 14 o1
U246 5els 1e4 10k
S%S TGX 11“'"1}3 5.21- 0.3 3.0
M3 53 2.4 14e7
Java forage 5e3 244 15k
Bathel 5e3 346 1345
)< 52 503 212 1’1-08
KA 57 5t 3e2 21k
L9 4 Hel 2.8 124
K42 5ot L.k 23.4
15262 ‘_).O 1 -8 '17.1
op6S 16X 194" 540 242 14 ok
5365 16X 11-39" a5 1t 73
M353 Le5 141 T3



Tablell Contd.

98

-

: Ranked mean l| Characters studied

Cultivars/lines , 33233%‘:’” | Nean seed \ Mean pod
from Sowing | wte (in | yield (Nos)

‘ (%) ‘ (y,) 1 (¥,)
K39 Leb 348 20.6
K53 o5 L0 173
spe® mox 68-2° Le3 143 8.0
Pitic GEX yalta Led 2e4 1941
Gilbert he3 24 1641
X80 4O 2.9 2he9
M98 LeO 345 194
Fort Lamy 4.0 245 1743
5863 X 57-2 3.9 143 6ult
W28 3.9 2.5 11 .6
K162 3.8 2.3 145
TGY 255=2=431A 3.6 0.4 el
5565 16X 11-b" 3.6 bk 18.5
Avoyelles 3¢5 1e5 12.3
ape® m6x 62-2° 3ol 2.6 1149
g56° 16X 26-48" 3ol 346 1345



Table 13 Contde

S

Ranked nmean Characters studied
' disease sqoore :
Cultivars/lines at 69 days Mean seed Mean pod
- from soving wt. (3n gm) yield (No.)
(X} Y, (¥,)
119"'9 3.3 3.1 10021-
sB6° X 2-22F 3.0 1.2 15,0
SB6® 16X 4 6-7F 3,0 0.3 3.0
TGM 29448268 2.9 145 13.5
986> 16X 26337 2.9 3,2 1741
SB6° TGK 66-6C 2.8 142 1004
SB6° 10X 46wt 75 2.8 2.6 1648
8865 763 571 © 2.8 3,7 1643
Halce zc? 203 10.6
31363 TG 32—1}’ 2.6 Z2e9 1844
Congo yellow 245 Sekt 22,5
Correlation (r) _0.23NB --0«09NS

o

N8 = Not significant,

(P = 0005)



 Table 143 Data (from pot plonts) showing that hucterie pustule

d.s0as8e can reduce soyabeon yield,

Ylot Hoe Liéssn Dlassngs Hean Seed

Varisty/1ine - (or pot ne) Suores '»:'l‘;(g);:l (Yic1ad)

1 7.0 0.9
% /58 " 3 6.5 0415

4 ' 70 ' 0.0

4 5'9 1 n3

2 543 1.8
TN /2 3 7.0 ©0.83

4 7.0 0.53

14 7.0 3.03

Hernon 49 2 7.0 3440

3 6.2 3.35

4 7.0 2.5

1 7.0 . 0.10
8B6° TCX 14— 30 2. | 5.0 0.45

3 545 0.35

4 4.0 0,45

1 ?.0 0.13
1288 2 2.0 0.3

3 5.0 1 .6

. [ 645 Oedd




TPablc 4% Contds

i

—

P . ot No,  Mean Aisease Mean seed
1 4,0 3469
Improved Polican e 7.8 15k
3 5.8 3.66
4 E.5 1455
1 | 3.0 24145
SB6S T6X 1910 2 6a0 ) 2.0
4 6.0 2.05
. 1 6.0 2.27
2 N 2et5
.xZB? 3 7.0 1,87
B L 7.0 1.75
. 1 7.0  1eit
K4 38 2 - 440 e q
’ : 3 6-5 1 025
"l' 6.5 1 ‘28
B | 55 3N
Jonficld 2 740 2456
3 640 2.77
b L.0 4429




Tablc 14 Gontd,

) . . ¥lot No. bean dissasze Moon seed
Variety/line - {or pot no) scores wt/em (Yield)
1 70 0.8
K197 2 b | 192
3 605 . : 1 0?2
& 6.0 1.8
1 5*0 419
3 .0 2.87
4 30 o193
1 2!0 ’ 2. ?0
SBE” TGX 324 3 a4 2,60
RN 148 Yo 37




Table 15: Field reactions to basterial pustule disease of
6l soyabean cultivars/lines at 98 days from sowing.

Improved pelica.ﬁ
HL,S~263 o
K97
Janfield

’57

1288

Hernon 49 |

Highly susceptilble Susceptible Moderately susceptible
586° ox 1947 Ross SBES TCX 41— 28

X8, | - 35°/58 X152

Bathel 49k b~9 )
Malayen ey Trinidad IHS SR/ 67/2 |
Mawloxi X39 s86° 76X 2-22%

49-8 K162 K2

Kt 38 K53 3H55FL/1 /2
K77 Black Malte Java | Gibert | _ff':.-f-'f




Table 15 Contd,

104

Highly resistant

8BES TGX Hm5T
s86° 76X 68.2°
we
M2 6

SB6® T6X 11-41°
73
TGU25 S 24314
3136S TGX 11—39E
K351 | |
X809

sp6° 16X 3247

Avoyelles

586 16X 5741 ¢
Congo yellow
6> Tax g2-2°
Java Foragé
M353

M262

sB6° X 57w
Hale _
5865 TGX 16-7°
5865 mox 26-487

SB6S TGX 46w 7
M98

Fort Lamy

Moderately resistant | Resistant Tmmune
sBES TCX (4l 586> TCX 26-3350 | TCMROU-t1268 None
SB6S TGK 43ws° 5865 T6X 11435 | $86° mox 57-2°

pitic GBX Yalta | SB6® Tax 68-6°




Table 16: Reactions

to bacterial pustule disease of

60 soyabean cultivars/lines planted in pots at

69 days from sowing.

105

Highly susceptible Susceptible Moderately susceptible
Mamloxi 1288 Improved pelican
Hernon-49 3H55FL/1 /2 49-8
Malayan HL8~263 M216
35°/58 LB, SB6° TGX 14135
Trinidad M79 M354
3H55FL/A 67/2 K138 Java Forage
K77 Janfield Bathel

K197 K157

Ross K157

sB6° Tax 57-4° | 4914

Black Motle K12

Java

K262

$B6° 16X 1947
SB6S TGX 11-39°
M353
K39
K53




106

Table 16 Contd.

Moderately resistant Resistant Highly resistant Immune
sB6° T6x 68-2° s86° mex 62-2° None None
Pitic GBX Yalta s86° 16X 26-18"
gilbert 49=5
sB6S 76X 2-22°
M98 sB6° T6X 167
Fort Lamy TGM2 Glmiymly 268
SB6S TCX 57-2 5865 76x 26-33°
K1 62 sB6> Tex 68-6°
W28 5865 16X 164 7
TGM25 524 344 SB65 TeX 574 C
SBE® TCX 1144" Hale
Avoyelles sp6° 16X 32-47
Congo yellow







107

Figure 15: A set of potted soyabean plants inoculated with

X. phaseoli var. sgjense.
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Figure 16: A resistant soyabean cultivar,

(Note the absence of defoliation).



e




Figure 17 & susceptible soyabean cultivar.
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SECTION 7

SUMMARY



SUMMARY

Bacteriol pustule of soyabean caused by Xanthomonas
phaseoli var sojense (Hedges) Stearr & Burkholder was one of the
serious diseasesof that crop in all the areas visited.

The orgonism is seed~borne, Infected trash remained
infectious after storage for 29 months, Infectiousness never-
theless deolined with storage, as trash from a 1977 crop
produced more disease than cne from 2 41975 orop. The leaves
harboured a higher inoculum density than stems,

Soyabean cultivars/lines sown during the first two
weeks of June had less bacterial pustule than those sown later,

Of the sixty cultivars/lines screened for resistance to
bacterial pustule, 41 were resistant, A number of resistant
cultivars/lines produced higher grain yields than susceptible
(including Malayan, widely-grown in northern Nigeria) cultivars,
Further research should therefore be conducted in order to

select a better cultivar than the Malayan,

110
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APPENDIX I: A: Severity of basterial pustule on 3 soyabean
cultivars/lines, 63 days after sowings

Sowing dates
fultivars/fines
D, D, Dy D,
3556 | wes3 N BT 8.1
M288 .o '_;f 3,24 3ahi3 3,86 6,00
s vl 3424 3.24 3.2 4a9

Analysis of variance for severity of bacterial pustule disease on
3 soyabean cultivars/lines (35;/58, M288, CNS) at 63 days after

BOWing.

Source D.F, 8.8, X, S. F
Replicates 2 0.08887 04 044ih3 1e49
Dates 3 43478116 14492705 | 485,65 **
Brror A 6 0e1 7905 0.02984

Variety 2 36.670827 18433514 | 170,30 ™
DxV 6 473472 D 78K 2 7.33 "
Eryror B 16 1 o 7226k 0a10767

Total 5 864874218

* Highly significant {p = 0.01)
Standard error of difference for sowing dates = 0.084 43

Standard error of difference for cultivars/lines = 0443396
LSD for sowing dates S _ Cat 73
L3D for cultivars/lines e & ,”$f§ﬁ4. 0.1993

1



APPENDIX I: B: Scverity of bacterial pustule on J soyabean

cultivars/lines 77 days &fter sowing.

Sowing dates

Cultivers/lines
D, D, D, D,
35° /58 ha? 5.8 6.8 7.3
M288 3.3 T body 4e8
cNS 3,2 342 3.5 3.7

Analysis of variance for severity of bacterial pustule disease on
3 soyabean cultivars/lines (553/58, M288, CNS) at 77 days after

sowing.

Source D.F, Se Se M. Se r
Replicates 2 0.69432 0.34716 10,868
Dates 3 12200116 4,069 { 127.40 **
Brror A 6 0ot H 66 0.03 9%

Variety 2 484937606 | 244468803| 135.47 **
DxV 6 3499882 0466647 3.69
Errar B 16 2.89003 0+18063

Total 35 68,921 560
#¢ Highly significant (p = 0.0¢)

* Significent (p = 0.05)

Standard error of difference for sowing dates = = 0,08425
Standard error of difference for cultivars/lines = 0.1 735
L8D for sowing dates = 0.24
LSD for cultivars/lines = 0.37
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APPENDIX XI: Analysis of variance for the comparison of
disease scores from 60 soyabsan cultivars/lines
planted both in the field and in potas.

R Ty et
vt S -
VR Wt

Sou;ges Sum of D.F M5 7 Significance
variation Bquares of F.

E NS
Preatments Qe 248 1 D249 1 n80‘1 Oet 82

Residual  46.29k 148 04138

Total . :: 1 6. 543 119 04 39

Sm, T

N8 = Not signii‘:].éant




APPENDIX III: Correlation analysis between disease severity
scores end leaf defoliation of the 6l scyabean
cultivars/lines planted in the field,

Analysis of variance D.F, 8. squares M, 8 P
Regression 1 29.362L9  29.36249 92,90502"
Re sidual 62 19.59501 0.3 605

Coeff., of variability 2255

Simple T = Ou77h
** = Highly significant.



APPENDIX IV: Correlation analysis between seed yield (kg/h)
and disease scores of the 6l soyabean cultivars/
lines planted in the field.

Analysis Sum
Of D.F. Of u. s. F
virienoe squares
Regression 1 LA TBLTEB5 LA TBLLTE851 2649385
Residual 62 11 3 86 336602 18255,82800
Coeff. of
variability 28

Simple »r = ~0,5503536

** = Highly significant



APPENDIX V: Correlation analysis between disease scores and
weight of 1000 seeds from each of the 64 cultivars/
. lines planted in the field, - '

Analysis R o
of D, P, Sum of squares M. S ) i F
variance .

Regression {4 19863,67988  19863.67988  27.62903
Re sidual 62 W5 Tl 124 22 ‘ 718,914,228
Coeff. of L | R
variability 204 o s

Simple r = ~0,55529 -

*& = Highly significent. - . - - .

e
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APPENIIX _ VI: Correlation analysis between seed yield in kg/h

«nd the defoliation dota of the 64 soyabean cultivars/
lines plant in the field

Analysis
of
variance

Sum of
D, F, squores M, 8. B

Regression

Residuzl 5

Coeff, of
variability

1 1054302 40.5K302 1652390

6. 39.55867 0,63805

Bimple =

i

i}

015873, |
Highly sisnificant.! ﬁJHa;




SPPENDIX  VIT: Correlation analysis between weight of 1000 seeds

(gn) and defoliation data of the 64 soyabean

cultivars/lines planted in the fiecld,

Annlyais . '
of DoFo T Sl 3. MOS¢ ) P
variance
Regression . 1361926 13.81926 2361144
Re sidual 62 6,28263 0.58520
Coeff', of B
variability 3045
Simple ~0,52519

®% - Highly significant



APPENDIX VIII: Correlation analysis between diseese scores and
pod yield (number of pods in each) of the 60 soyabean
oultivers/lincs planted in pots.

Analysis of variance D.F. 3, 8. M. 3. P
Regression . 4 15.99819 15,9989  0.46604FF

Residual . 57 1956,6% 30 34.32792

Coeff, of variaebility LB

8imple r = =0,0900546

N8 = Not significant



APFENDIX  IX:

Correlation analysis between disease soores and

seed yield (am) of the 60 soysbean cultivars/lincs

planted in pots.

dnalysis of variance D.F. S. 8. M. S. F
Regression . 1 bATOB ha17081 3,253,900
Regidual - 57 73.0M 08 ﬂ.28195.) _ | |
Coef'f, of.variability ".2

Simple v = -0,2323719

N8 = Not pignificamt



