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. INTRODUCTION

Jooig T

Wheat (Triticum aestivum L.) has been traditionally cultivated in the

Sahel and Sudan arecas in the northern States of Nigeria for an unknown
length of time, Andrews (1968) reported that it was generally grown as a
minor c¢rop during the dry season in irrigated gardens on bunds between beds
and on the edges of irrigation channels where such existed. Production,
however, had been very small and the grains were used for purposes other
than bread flour production.

Major interest in lecal wheat production started in 1959 when the
Government of Nigeria decided to deveioﬁ.irrigation gchemes in the far North
of the country (between latitudes 12° = 14°N) for the cultivation of wheat
suitable for bread flour production (Andrews, 1968), Four areas (Fig. 1)
vers selected: (i) The Riwa River Valley near Sokqto - the main location

being Wurno,
{ii) Hadejia on the River Hadejia,
(1ii) The Yo area near Lake Chad on the Xomadugu Yobe River,
(1v) Gamberu, to the South West of Lake Chad on the Ebedji
 River, ' L '

In 1976, the Federal Government gave further boost to wheat production
in Northern Nigeria by creating three River Basing, vizt +the Chad Basin
Development Authority, the Hadejia Jema'are River Bagsin Development
futhority and the Sokoto Rimg Basin Development Authority.

At present most of the wheat conhsumed in the country is imported.

Nigeria's current anmual wheat needs are in egxcess of 350,000 tons and the
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cost of wheat importation with the growing demand for it, justify the need
for increasing domestic production (Abalu, 1977). Estimated total production
of wheat in Nigeria in 1978 was 8,000 tons from an area of about 4,000 ha,
| “odgéespohding tc a yield of about 2,000 kg/ha, It is, however, expected
that by 1984, wheat production will reach up to 0.23 milliontons per annum
(8orive, 1978).

Wheat suffers from many diseases in different parts of the world dut in
Nigeria, few diseases have been reported on this crop. Those reported
include: rusts (Andrews, 1968; Giha, 1976), loose smut, foot and root rots

and Alterna?gg and Helminthosporium leaf spots (Giha, 1976). At present,

the crop is either free or suffers little from these diseases, The
importance of foot and root rot diseases has, however, been emphasized by
Giha {1976). In a recent paper, he has reported that all the Drechaslera

and Fusariumgpecies found associated with foot and root rois of irrigated
wvheat in Nigeria are pathogenic to wheat (Giha, 1978). However, the twe most

important species associated with these diseases are Drechslera rostiraia

(Drechsler) Richardson and Fraser, and Fusarium equiseti (Corda) Sase, These

pathogens can cause considerable reduction in grain yield when artificially
inoculated into wheat (Giha, 1978). I

In view of the importance of wheat crop in Nigeria, studies were
initiated on some agspects of foot and root rot diseases. Particular attention
wag given to inveatigations on pathogenicity and saprophytic behaviour of
D. rostrata and F. equiseti, the principal pathogens involwed in foot and

root rots. |



II. REVIEW OF LITERATURE

Over the years, mach attention hae been devoted to the study of foot
and root rot diseases of wheat and othexr cereals, The work on these
digseases has boen reviewed by several authors, for cxample, Bennctt {1935),
Simmonds (1941, 1953a), Butler {1961), and Sallans (1965},

1. Causal Fungi B

(a) Drechslera rostrata

This fungus wae first doscribed by Drechsler in 1923 and named as

Helminthosporium rostratum, Its current valid name is Drechglera rogtrata

(Subramanian and Jain, 19663 Richardson and Fraser, 1968).

Drechslera spp. are well known for their cultural and merphological
' variability. In culture, D. roctrata is made up of several forus, varying
from each other in such characters as amount of superficial mycclium
coloration, zonation, and growth rate of colonics {Giha, 1977). The
existence of physiologic races had carlier been reported in India (Misra and
Mishra, 1971). |

The fungus esporulates profusely when infeeted plaﬁt material is
incubated in hunid chambers hut aporulation on artificial wmedia is generally
poor (Giha, 1977). Two types of conidia are prcduced by D. rostrata: the
short and clliptical and the long and rostrate. But there appecars to be no
consistoncy in the sizes of conidia becausce leng conidia may produce
cultures with short conidia and vice vorsa. Such variaticns in conidial
morphology have been observed by Reddy and Bilgrami (1969) and

Chidambaran et al (1973).



(b) Fusarium equiseti

F. equiseti is known to be common in warm temperate, sub-iropical,
and tropical areas of the world. The Nigerian isolates are similar in many
respects to those from other parts of the world (Giha, 1977). They vary
from one another in such characters as amount of aerial mycelium, mycelial
organization, chlamydospore formation and sporulation.

2. Symptoms
Giha (1976) reported that in foot and root rot diseases of wheat
prevalent in Nigeria, basal stems appear brown and necrotic while the roots
are decayed and shed. The crop stand is generally poor and diseased plants
are stunted and yellowed, with some dry and dead., D. rostrata and
F. equiseti are the main organisms associated with the disease, The former
is mainly isolated from basal stems while the latter can be isolated from
stems and roots, On the other hand, the main pathogen associated with foot
and root rot complex in other parts of the world is D. sorokiniana
{Helminthoaggrium satiyum). In many ways, the disease in Nigeria seems to
resemble the 'Helminthosporium - Fusarium' foot and root rot disease complex
(generally designated as 'Common root rot') known in other parts of the world,
Infection by D. sorokiniana may occur at any stage of development of
the wheat plant and variously results in grain rots, pre - and post-emergence
seedling blights and root, crown, and foot rot conditions of older plants.
In the post-heading phase of crop growth, premature bleaching of the ears
and straw, with the resultant production of shrivelled grains is a
conspicuous and common symptom of foot and root rots (Simmonds, 1953);

Sallans, 1965). Recently, Giha(1978B) has reported that foot and root rot



fungi prevalent in Nigeria may cause considexable reduction in grain yield
when artificially inoculated into wheat, |
3. Host Range
- (a) D. roastrata _
Drachsier (1923) isolated this pathogen from the lcaf spot of

Eragrostis major. Bunting (1927, 1928) reported a similar fungus on maize

in Ghana, I% has also been found on maize and some graminiacecus hosis in
India (Young &t 2l., 1947). Various other reperts indicate that it is a
commori leaf=gpotting fuhigus on a variety of hoets such as rice and wheat
(Chattopadhyay and Das Gupta, 1959), maize (Whitehead and Calvert, 1959),
millet (Misra and Singh, 1970), sugarcane (Nolia, 1970}, scrghum {Misra and
Mishra, 1971), and several grasses (Misra et al,, 1971). However, there
‘are only twe reports which show that D. rogtrata can also cause foot rot
of wheat (Putterill, 195h; Giha, 1976). These workers isolated D. rostrate
along with other fungi from foot-rotted wheat in South Africa and Northern
_ Nigeria, respectively,

(b) F. gquigeti

This fungus has been igolated from several croﬁs: mng bean

(Nath. Mathur and Neergaard, 1970), curcubits (Joffe and Palti, 1971;
Tuvardzhieva, 1974}, piper (Singh and Joshi, 1972), citrus (Joffe, 1972),
cycas (Subramanyam, Prabhakor and Rac, 1974) and maize (Mensah and
Zwatz, 1975).

It is considered as non-pathogenic or weakly pathogenic to wheat roots
and stems (Bemnnett, 1935; Johnston and Greaney, 1942; Oswald, 1949;

Zakharova, 1971), However, Joffe and Palti (1967) are cf the opinion that
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the pathogenic potential of F. equiseti is greatly underestimated. According
to them, this fungus is prominently associated with seed infections, wilts
and rots of various crops. This view has also been shared by Giha (1976).
Joffe (1973) concluded that the pathogenicity of F. equiseti is non-specific,

4. Pathogenicity Testing

While many workers have stundardizeddifferent techniques to test the

pathogenicity of D, sorokiniana and Fusarium spp. on wheat and other cercals,

Giha (1978) for the first time developed methods to test the pathogenicity of
D. rostrata and F, equiseti on wheat.

Inoculation of seeds or scedlings with heavy spore suspensiocn and
fragments of mycelium was used by Johnston and Creaney (1942), Oswald (1949),
Ludwig et al (1956) and Giha (1978). Johnston and Greaney (1942) inoculated
the seedlings by dipping the entire root system in water suspension of
the spores and myoelial fragments of the test fungus. The seedlings were
then transplanted into potted soil.

For testing the pathogenicity of D. rostrata Giha (1978) inoculated
wheat seeds with dry spores and mycelium of the fungus before sowing them
on moist filter papers in petri dishes. 1In the case of F. equiseti, seceds
were inoculated with spore suspension. Infected 12-day-old seedlings were
then transplanted into pots filled with sterilized scil. The plants were
grown to maturity and assessment made for the loss in grain yield.

In many studies, instead of seeds or scedlings, the soil was infested
with inoculum. For this purpcse, inoculum was multiplied on a suitable
medium, Greaney and Machacck (1938), Johnston and Greaney (1942}, and Oswald

(1949) grew the test fungi on finely ground oat hull medium. Butler (1953a),



Lucas (1955), Macer (1961) and Deacon (1973) wultiplied the test fungi on sand-
maizemeal medium while Whittle (1977) incorporated chopped wheat straw
into this medium. The ratez of application of inoculum to the scil show
considerable variation according to the investigator (Jobnston and
Greaney, 1942; Butler, 1953a; Whittle, 1977). | |

Thets is considerable evidence to indicate that infection by root
rotting organisms is facilitated by prior injury to the root system of the
host (Simmonds, 1953p), Thue wounding or damage of the tissues is necessary
for infection by F. equiseti (Iren and Soren, 1973). Injury caused by the
application of 2, L4=D, insecticides, fungicides or seed damage, winter
injury and wounds produced by insects facilitate infection (Bruehl, 1967).
Giha (1976) ohsexrved association of termites with wheat plants suffering from
fool and root rots. These plants invariably yielded Fusarium app..

5« Varjetal Registance

No information on varietal resistance in wheat to the two pathogens,
D. rostrata and F. equigseti, in Nigeria or elsewhere is available, Howevor,
work has been done in various countries with other pathogens such as

- D gorokiniana and Fusarium spp. involved in common root rot complex. ‘

Bruehl {1967) reported that work done on development of wheat
cﬁl‘tiva.rs registant to foot and root rots has not been notably successaful.
All the varieties tested by Butler (1961) were susceptible to most of the
Helminthosporium and Fusarium spp, associated with foot and root rot of
wheat in Australia, Tests conducted under artificial conditions of
infection with D. gorokiniana showed that few cultivars of wheat were

tolerant while most were susceptible (Sharp, 1962). Bruenhl {1967) reported
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that very few cultivars have been found to be resistant te foot and root
rot pathogens in the Mediterranean countries and in the steppes of Russia.
Also, out of LO3 lines zssessed in East Germany, only 6 were relatively

resistant to root rots caﬁsed by Fusarium and Helminthosporium spp.

{Pukhaltskil 33.21.;1977). However, differential susceptibility to common
root rot among durum wheat cultivars was reported by McMullen and Stack (1978).

6, XYroduction of Toxic Metabolites and their Relation to Disease

Metabolites of Drechslera spp. implicated in disease include toxins
produced by D. victoriae (Luke and Wheeler, 1955); D, oryzae (Orsenigo,
1956) 3 D. sorckiniana {(Ludwig, 1957)% D. maydis (Lim and Hooker, 1972); and
D. apathernae (Deshpande and Gajewar, 197€).

There is no published report of the production of toxic metabolites
by D. rostrata but D. gorckiniana, which also causes foot and root rots
of wheat is known to produce toxins. Canadian workers (DeMayo et al,,1961,
19623 Spencer 23_5;.,1963) isolated the toxin helminthosporal (015 H22 02)
from the culture filtrate of D. sorokiniana. According to Tamura ef al
(1963), the Japanege gtrains of the pathogen did not produce heluinthosporal,

but only the partially reduced compound helminthogporol (015 th 02). This

©. toxin is capable of reducing the shoot and root growth of wheat. Using

- crude culture filtrate of D. sorokiniana, similar results were reported by

Tyagi (1963), and Fit and Hormby (1978). Tyagi (1963) alsc speculated on
the production of a growth factor by the pathogen.

Various species of Fusarium are known to produce phytotoxing (wOod,
1967). Brian et al (1961) isolated several phytotoxic substances from the

culture filtrates of F, equiseti, the most phytotoxic being "diacetoxysoirpenocl!
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Though highly phytotoxic this compound stimulated elongation of cress

root at 0.01-0.58g/ml. Jauch ¢t al (1975) veported that this compound caused
yellowing and necrogis of fodder crops. These workers confirmed the presence
of a diacetoxy alcohol in the culture filtrates of F. equiseti which they
suggested was diacetoxyscirpenol. Both groups of workers observed that

root development in cress and fodder crops was reduced when the plants were
treated either with the culture filtrate or the toxic substance extracted
from it. o -

7. Saprophytic Behaviour of Causal Fungi

In the life history of root disease fungus, the saproﬁhytic phase is
quite important because it affects the recurrence of the disease (Garrett,
1956). Garrett {1956, 1963) discussed in detail the concepts of competitive
saprophytic ability. A highly specialized pathogen often showed & low
degree of zaprophytic ability (Garrett,1956s Rao, 1959; Wastie, 1961).
However, D. sorckiniana appeared te have a very low saprophytic ability
though it cannot be called a specialized pathogen (Butler, 1953a, 1953c).

Garrett (1963) compared competitive saprophytic ability to pathogenicity
i;.that both implx intrinsic behaviour with respect to a particular specified
substrate. Saprophytism, he suggested, should be considered with respect
to the dead material of the natural host. However, competitive saprophytic
coidgization, he stressed, is controlled not solely by the nature of the
substrate and the intrinsic competitive saprophytic ability of the fungus,
but the environment is also very important, Burgess and Griffin (1967) also
emphagsized the importance of controlled scil environment, It is only undex

such conditions that the results of saprophytic colonigation experiments
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would be meaningful.

Carrett (1956) defined competitive saprophytic ability as the summation
of the physiological characteristics that make for guccess in the competitive
colonization of dead organic subsirates. The cellulolytic approach for
explaining competitive saprophytic ability (Garrett, 1975, 1976) placed
emphasis on the adequacy of the cellulolytic rate for making soluble
carbohydrates available for the metabolism of the test fungue in the presence
of other soil mioro-organisms, The differing responses to nitrogen by some
root rot fungi for saprophytic survival might be connected with their

cellulolytic abilities (Garrett, 1970). T

P

-"*"I".‘!’ ._

{a) Competitive saprophytic colenization

Pathogenic root=infecting fungi are potentially capable of
coﬁpeting with obligate saprophytes and with some cther root-infecting fungil
for colonization of dead plant tissue lying in or on the soil (Butler, 1953a,
1953c; Garrett, 1956, 1963, 1970, 1975). Garrett (1970) pointed out that
the degree of success in such competitive saprophytic colonization attained
by a particular fungue at a given locus in the soil depends upons

a (i) +the competitive saprophytic ability of the fungus species
for colonization of the particular substrate;
(i1} its inoculum potential at the surface of the substrate; and
- ;r (iii) the total soil environment including the miorobial population.
Garrett (1963, 1970) stressed that just.as pathogeni;ity i3 host
specific for most specialized parasites, competitive saprophytic ability for

saprophytic colonization is also substrate specific,

A quantitative method for assessment of success in competitive saprophytic

L .



colonization of wheat straw by cereal foot rot fungi was developed by
Butler {1953a) and Imcas (1955). This method was subsequently employed at
Cambridge by Macer {1961) and Deacon (1973). This method, now called the
"Cambridge Method", has alsc beon used by Burgess and Griffin (1967) and
Gerlagh (1968).

This quantitative method facilitatce the work of comparing the
competitive saprophytic abilities of several fungi invclved in the root rot
complex, Garrett (1975) showed that generally, the percentage of.substrate
units that are colonized, decreases progreasively with deerease in inoculum

donsity of the fungus down the dilution series.

Ghurde (1966) tested D. sorckiniana (Helminthosporium sativum),

D, rostrata (H. rostratum), D, bicolor (H, bicoler) for their saprophytic

ability in colenizing wheat straw in unsterilized soil by direect observaticn
mathod., He observed that although all the three aspecies spread and sporulated
well on straw in contact with soil, D, rostrata displayed a rostricted spread
in scil. He alsec observed that asration faveurs celoniszation by all the
three fungi and thus under field conditions species of Drechslera probably
maltiply on gtubble on the surface of the soil, .

(h) Saprophytic survival

_ Lying betwcen competitive saprophytic colonization and dormancy
is e state termed seprophytic survival (Garrett, 1970). Griffin (1972)
distinguished 1t from dormancy by stressing that it oxists at a low level
of eoxogenous respiration, and from saprophytic colonization by its failure
to colonize new independent areas of tissue. Garrett (1970) suggested that

it is examplified particularly by a parasito surviving in tissues that were

&
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III. MATERIALS AND METEODS |

A, COLLECTION OF SAMPLES, ISOLATION OF THE PATHOGENS AND PREPARATICON OF

ST

INOCULUM

1. Collection of Samples

The two pathogens used in the present investigations were isolated
from foot=and root-rotted wheat plants collected from the varicus
irrigation sites in the Northern States of Nigeria. Each gample consisted
of a number of wheat plants which were dug up with roots, shocts and ears
and transferred to the laboratory in polyethylene bags. i

Most of the samples were collected in February and March 1978 when the

plants were about two to three months old. Relatively meore specimens wWere

collected from water-logged areas {Plates 1 and 2} because the disease incidence

was apparently higher in water=logged than in well drained soil.

2. Isolation of the Pathogens

Collected diseased plants were washed cléan éfnsoil; .ﬁééfotic
. Pigcea, each about 3 cm long, were cut from the basal parts of the stem and
n};bm-roots, surface sterilized withQ,Fesodium hypechlorite solution and
piated on potato dextrose agar plus streptomycin (PDAS). In addition, some
surface sterilized pieces were plated on meoistened filter papers in peiri
sichen. %i., . { .'._ Ny

¢ The two fungi used in this study, g iostraté. (..Piatés 3a and 3b), and
F. equiseti (Plate L) were brought inte pure culture by single spore

multiplication. Except F. culmorum, the other fungi isolated from diseased

tissues were not studied further. The identity of each fungus isolated was
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Plate 1. A typical water-logged arca from
where some samples of wheat plants
affceted by foot and root rots were
collected,

Plate 2. A wheat ficld showing an irrigation
channel and a water-logged area
(far right) caused by watcr secpage
from the channel.
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Plate 3a: A spore and hyphae of D. rostrata

50 mp

Plate 3b: Spores and mycelium from 1h-day-old cultures

of D. rostrata on FDAS.



Plate L3

‘myl

Spores of F. equiseti from 21=-day-old

culture on PDAS,

17



Plate l:

& |

Spores of F. equiseti from 21-day~old
culture on PDAS,

17



Plate L

& (T

Spores of F, equiseti from 21-day-old
culture on FDAS.

17
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confirmed by comparison with similar cultures in the stock collections of

the Plant Pathology Section of the Institute for Agricultural Research

(I.A.R.). Those collections include only cultures that have been identified

by the Commonwealth Mycological Institute.

The pathogens were maintained in each of the following media from which

they were readily recovered when needed:

(2)

()

Under mineral oil

Sporulating agar slant cultures of the different isolates of
each pathogen were covered with liquid paraffin and etored at
room temperatures.

Autoclaved wheat straw

About 5g of wheat straw pieces, each approximately 3cm longs
were mixed with about 150ml of water in 500ml flasks. The
flnsks were autoclaved twice at 151b/square inch

for 15 minutes. The sterilized wheat straws were then
inoculated with two 8mm agar disks of the test fungus. Esch
fungus grew very rapidly and profusely sporulated, After
about three weeks, both the fungus and the straw became dry

and the flasks were stored at room temperatures (23° - 32%).

3. Preparation of Inoculum

The following media were used for the mass multiplication of

the pathogens:

(a)

Sand-maize meal medium

The sand-maize meal medium (Butler, 1953a) comprised:

100 parts sand, 3 parts ground maize meal and 13 parts water
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(weight basis). Each 500ml flask, half filled with medium,
was autoclaved at 151b/square inch for 30 minutes and
inoculatcd with two Bum agar disks of the test fungus. The
medium was stirred with sterile glass rod after two weeks,
otherwise the flasks remained undisturbed during the four
weeks incubation at room temperatures (23 - 32°C).

(b) Sand-maize meal-chopped wheat straw medium

The sand-maize meal-chopped wheat straw medium (Whittle, 1977)
is similar to the sand-maize meal medium (Butler, 1953a)
except that 1 part (by weight) of chopped wheat straw was
added to the mixture before autoclaving.

(e) Chopped-wheat straw medium

Chopped wheat straws mixed with water were autoclaved and
inoculated with the test fungus using the method described
earlier in sub-section 2 (b) on p. 18, After L weeks of
incubation at room temperatures (23° - 32°C), the inoculum

was used for soil contaminntion.

B. PKTHOGEEICITY TESTS
1. Pathogenicity of D. rostrata and F, equiseti on 14 Cultivars of Wheat

1l cultivars of wheat cbtained from the Plant Breeding Section of
I.A.R., were tested for their resistance to foot and rcot rot diseases.
Virulent isolates of the test fungi, KD/L (D. rostrata) and KD/7 (¥. equiseti),
were used, Pathogenicity tests were conducted with plants grown in both

petri dishes placed in a glass chamber, and in potted soil.



(a) Petri dish experiment
In the case of D. rostrata dry spores and fragments of

mycelium were used as inoculum, This inoculum was obtained by
allowing the fungus to grow until the culture medium had dried
up. The spores and fragments of mycelium were scrapped off
from the surface,

The inoculum of F. equiseti consisted of a spore suspension
produced by adding a little sterile distilled water to
sporulating cultures which were not completely dry. Each
petri dish was gently rotated and the water stirred to release
the spores,

Wheat seeda of each variety were surface sterilized with
5% sodium hypochlorite sclution and washed in several changes
of sterile distilled water., While still wet, seeds of each
variety were mixed thoroughly with the inoculum. This
ensured a high load of inoculum on seeds. Twenty seeds were
plated on moistened sterilized filter paper in each petri
dish which constituted a replicate. There were four replicates
for each variety or cultivar. In the contrel, also replicated
four times, the seeds were not inoculated. The dishes were
arranged in a completely randomized design.

Sterile distilled water was added whenever necessary to
each of the petri dishes to keep the filter paper moist.

After 12 days, the seedlings were scored for foot and root rots.
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(b) Pot experiment

Twenty parts of inoculum, multiplied cn sand-maize meal

medium, was mixed with 80 parts of unsterilized soil

(w/w basis). Ten secds of each cultivar were then sown in

each potted soil. BEach pot (12 x 10cm) represented a replicate
and there were three replicates for each cultivar. Uninoculated
controls were also provided for each cultivar.

A1l the pots were arranged in a completely randomized
design and kept outside the laboratory. Watering was done at
regular intervals but water-logging was avoided. After four
weeks, the seedlings were dug out, the roots were washed
gently with tap water and then scored for the diseases.

2. Pathogenicity of Different Isolates of D. rostrata and

F. eguiseti on Wheat Cultivar Pitic 62,

Cultures used were derived from pure single spore cultures of
both fungi. The pathogenicity of each isclate on wheat cultivar Pitic 62
was tested both in the petri dish and in potted soil. In each case, the
method of inoculation and experimental design were identical to those
described in sub-section 1a and 1b above (pp. 20-21). Cultivar Pitic 62
was used in thie study because of its high susceptibility to foot and root rots,

3+ The Relationship Between Inoculum Density and Severity of Foot and

Root Rot Diseases caused by D. rostrata and F. eguiaeti
The purpose of this study was to determine the minimum quantity of

the inoculum of each pathogen necessary for successful infection of the host

plant, The relationship between inoculum density and disease incidence and/
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or severity would serve as a basis of comparing the relative pathogenicities
of the two pathogens on wheat, It will also establish the optimum inoculum
density needed in future studies.

Each pathogen was multiplied using each of the media described under
section A.3 (a - ¢) on pp. 18-19 . Unsterilized field soll was used to dilute
each inoculum in order to produce inoculum ; soil ratios of 5:95, 10:90,
30:70, 50:50, and 70:30. Isolates DY/2 of D, rostrata and NG/8 of
F. equiseti were used because they were previously found to be the most
pathogenic of all the isolates. The plants were inoculated by the following
two methods:

(2) Planting seeds in infested soil

Ten secds of the wheat varicty Indus 66 were sown in each of
the inoculum-soil mixtures in a plastic pot (12 x 10cm). Each
treatment had four replications,

Four weeks after sowing, the seedlings were dug out and the
roots were washed free of adhering soil. Shoot and root lengths
were recorded and each seedling scored for foot and root rots.

(b) [Transplanting seedlings into infested soil

The purpose of transplanting the seedlings was to ensure that
the root system was wounded because results of work reported
later have shown that such wounds facilitated infection. In this
experiwent, only inoculum grown on sand-maize meal and sand-maize
meal-chopped wheat straw media were used.

The seedlings used were grown on moist filter paper for
10 days, and were approximately of the same height. Five seedlings

were transplanted into each pot. All the treatments had four
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replications and immediately after transplanting, the scil was
well irrigated. Thereafter, watering was done whenever necessary.

The seedlings were dug out four weeks after transplanting and

aspessed for the diseases.

Some Factors Affecting Pathogenicity

(a) The effect of soil sterilization

The experiment was carried out in 12 x 10cm plastic pots.
The treatments consisted of flame-sterilized and unsterilized soil.
Ten-day-old seedlings of the wheat cultivar Indus 66 grown in
sterilized moist sand in a tray, were transplanted to pots containing
flame sterilized or unsterilized soil contaminated with the test
fungus. Both the sterilized and the unsterilized soil were also
used for control in which the soil was not inoculated.

A1l the treatments had four replications and the pots were
arranged in a completely randomized design. Four weeks after
transplanting the seedlings were dug out, and scored for the diseases.

(b) The effect of method of inoculation

Plants were inoculated by the following three methods:

(i) Contaminated seeds

Seeds of the cultivar Indus 66 were inoculated as in
section B1 (a) on p. 20 and then sown in unsterilized
soil. The control consisted of non=-inoculated sceds. Each
treatment had four replications and the pots were arranged in
a completely randomized design. After L weeks, the seedlings

were dug out and scored for foot and root rots.



(1) Injury to roots and crowns

Seeds of the cultivar Indus 66 were raised in unsterilized
potted scil until they were two weeks old; a 2cm deep
furrow was made around the foot of each seedling and
filled up with inoculum grown on sand-maize meal-chopped
wheat straw medium, Before filling up the furrows, the
exposed parts of the crown and stem bases were lightly injured
with a flame sterilized needle. Controls were similarly
treated except that instead of inoculum, soil was used to fill
the furrows. The seedlings were then grown for four weeks
and then dug out and scored for the diseases,

In a similar experiment, plants were grown up to maturity
and grain weights were recorded.

(ii1) Inoculation of seedlings without injury to roots and crowns

This experiment was similar in all respects with the one

described in sub-section b(ii) above except that injury
was not given to the roots and crowns of the seedlings.
Some plants were alsc grown up to maturity to obtain
grain weights.
o, The effect of soil moisture
The inoculum for this experiment was grown on sand-maize meal-chopped
wheat straw medium., In the first experiment with each pathogen, seeds of
the wheat cultivar Indus 66 were sown in 30:70 (w/w) mixture of inoculums:
g8oil in 12 x 10cm plastic pots. Plants in four pots inoculated with each

pathogen were watered twice a day by adding water on the soil surface,while
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another four were watered from below by standing each pot in a metal tray
containing water,

The pots were arranged in a completely randomized design. The seedlings
were dug out after six weeks and scored for foot and root rots,

In the second experiment, 10-day-old seedlings of the same cultivar,
raised in moist sterile sand, were transplanted into inoculum—soil mixture
gimilar to that of the first experiment., Plants were also watered by the
two methods used in the first experiment., The seedlings were dug out
five weeks after transplanting and scored for foot and root rots.

In the third experiment similar to the second, plants were grown up to
maturity to facilitate assessment of the loss in grain yield due to each of
the pathogens.

de The effect of soil type

Four types of soil, viz sandy, sandy loam, loam and clay obtained from
the Scil Science Section of the I.A.R. were used in this experiment.
Seedlings were raised in infested and non-infested soils following the
methods described in sub-section 3(a) on Ppe 22 , Plants were scored for
diseases after five weeks.

@e The effect of combined inoculum of D. rostrata and F, eauiseti

Isolates KD/2 of D. rostrata and NG/8 of F. equiseti were cultured on
sand-maize meal medium, Thereafter, equal proportions of inoculum of the
two pathogens were mixed., This mixture was then used for inoculating the
soil (30:70 parts by weight of inoculum to scil). Two other treatments
consisted of similar inoculum=scil mixture except that pure inoculum of

D. rostrata or F. equiseti was used in place of mixed inoculum. Ten seeds
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of the cultivar Indus 66 were sown in each of the pots which were then
arranged in a completely randomized design. The plants were scored for
foot and root rots six weeks after sowing.

5. Production of Toxic Metabolites

Investigations were carried out to determine the effect of cell-
free culture filtrate of each pathogen on young seedlings of wheat. Each
fungus was grown for the various tests in either Czapek-DoX or Potato
Dextrose liquid media.

For the first two tests reported in sub-sections 'a' and 'bd' below,
each fungus was grown in 80ml of Czapek~Dox liguid medium in 500ml flasks.
The flasks were incubated at room temperatures (23° - 32°C) for 10 days.

To obtain a cell~free extract, the cultures were passed through Whatman

No. 3 filter paper. The crude extract was then centrifuged (2,000 rpm) for
15 minutes and the cell-free supernatant was collected in a beaker, That
the supernatant was cell-free was confirmed by the absence of fungal growth

when the sample of each supernatant was streaked on PDAS.

(a) The effect of cell-free culture filtrate and/or dry ground

mycelial mat on wheat
Twenty surface sterilized seeds of the variety Indus 66 were

incubated in each petri dish containing 3-l; filter papers moistened
with the cell-free culture filtrate of the test fungus.

In the second treatment, the cell-free filtrate and the dry
mycelial mat ground with small quantity of moist sterilized sand were
thoroughly mixed and then used to contaminate the seeds before plating

on filter papers.
In the third treatment dry ground mycelial mat was used for
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contaninating the seeds before plating on filter papers moistened
with sterile distilled water. Controls consisted of seeds plated
on filter papers, moistened with autoclaved Czapek-Dox liguid
medium OF sterile distilled water.

All the treatments had four replicates. After 12 days,
observations were recorded on seed germination and root length.
(b) The effect of different concentrations of culture filtrate

The cell-free filtrates from still and shake cultures of cach
fungus were diluted with sterile distilled water to obtain solutions
containing the following percentages of crude culture filtrate:
20, LO, 60, B0 and 100. Similarly diluted autoclaved Czapek-Dox
liquid medium and sterile distilled water served as controls.

The culture filtrate and the controls were changed every 24 hours.
After 10 days seed germination, shoot length and root lengths were
recorded,

(c¢) The effect of autoclaving filtrate obtained from still cultures
Bach test fungus was grown for 7 days in liguid potato

dextrose medium at room temperatures (23 - 32°¢). A portion of
the cell-free culture filtrate for each pathogen was autoclaved.
The effect of autoclaved and non-autoclaved culture filtrate on
wheat was tested. In each ca#® 20 surface sterilized seeds of the
cultivar Indus 66 were plated on filter paper moistened with one of
the following: autoclaved culture filtrate, non-autoclaved
culture filtrate, autoclaved potato dextrose liquid medium, and

sterile distilled water. Bach of these liquid®was changed every



28
2y hours, Data on seed germination, and root length were taken
after 72 hours,

6. Disease Assessment

In the present study, the following scale was used for disease
assessment:

0 - Healthy vigorous seedlings with no discoloration of
stem bases or roots.

1 = Seedlings apparently healthy but with definite brown
lesions on the roots; lesions only on leaf sheath, not
penetrating through to the culm

2 = Seedlings stunted with severe rotting and discoloration
of basal leaf sheathe

3 = BSeedlings definitely stunted and containing a severe
rotting of the roots and crown.

4 = BSeedlings darely emerged and dead or nearly so at the
time of scoring.

5 = Seedlings killed prior ¢y emergence.

A mean disease rating was calculated for each replicate by multiplying
the number of plants of each class by the class index number, summing the
products and dividing by the total number of plants assessed.

C. SAPROPHYTIC BEHAVIOUR

1s Saprophytic Colonization

Two methods were used to study the ability of the tcst fingi to

colonize dead wheat straw.
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Cambridge Method. Butler, 1 Lucas, 1 : Macer, 1

Deacon, 1973).

(i) Preparation of wheat straw and inoculum-soil mixtures

Mature wheat stems were cut into 3.5¢m pieces, each piece
consisting of a node at the lower end, Cultures grown on sand-
maize meal medium were used to prepare inoculum=~scil mixtures
in which a pure culture of each test fungus was diluted with
unsterilized soil tc produce media containing the following
percentages of inoculums 100, 95, 90, 70, 50, 30, 10, 5 and 0%.

(i1) The effect of pre~treatment of straw pieces with 2% sodium
nitrate + 2% dextrose, 2% dextrose, or distilled water (control),
on colonization was studied. Such pre-treatment involved
thorough soaking of over 450 straw pieces in each of these
solutions for 24 hours before autoclaving.

In the second experiment, the straw pieces were similarly
treated except that soaking was done in oreof the following 2%
ammonium nitrate, 2% urea, & sodium nitrate, or distilled
water (control).

Twenty-five autoclaved straw pieces were buried in about
200ml of each inoculum—-soil mixture in a 9 x Tem plastic pot.
The percent;ge of straws colonized by each test fungus was
assessed after Y weeks incubation at room temperatures.

Direct observation (Ghurde, 1966).

Sterilized straw pieces (5cm long) were placed in a thin layer

of moist unsterilized sand in petri dishes., To ensure adequate
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acration, the surface of each straw piece was partially covered
with a thin layer of sand so that some portions of the straw could
still be seen.

Inoculum in the form of bars cut from the agar colonies of
each fungus was put at one end of each set of 5 straw pieces in
each plate., Four such replications were made for each fungus.

All the plates were arranged in a completely randomized design
on the laboratory table at room temperatures (23° - 32°¢). The
colonization of the straw pieces was observed daily with a
binocular microscope ( x 30). After 10 days, the percentage of
straw colonized by each fungus was assessed., F. culmorum was
included in this study because Walker (1941) assessed it as a
strong saprophyte. The saprophytic ability of each test fungus
was then assessed by comparison with that of F. culmorum in this

experiment.

o Asgegsment of saprophytic colonization
(i) Agar-plate method (Butler, 1953a; Burgess and Griffin, 1967)

The straw pieces were surface sterilized in 5% sodium
hypochlorite solution for 3 minutes and rinsed in several changes
of sterile distilled water. They were plated on PDAS at the rate
of 5 straw pieces per petri dish and incubated at room temperatures
for T days.

Mixed fungal colonies developed from most straw pieces and
as a result of this, the total fungal growth was divided into

L sectors (Rao, 1959), For each straw piece, the test fungus was
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assigned a rating of 1, 3, %, 3 oxr O acco;ding to the proportion
of the total fungus colony that occupied it. The ratings of the
test fungus for each set of straw pieces (with the same treatment)
were then summed up and the percentage of straw colonized was
calculated.

(i1)Sandeplate method (Butler, 1953a; Rao, 1959; Macer, 1961)

Straw pieces were surface sterilized as in the Agar~plate
method and then plated in petri dishes containing moist sterile
sand, The plates were then incubated at room temperatures for 15
days and the percentage of straws yielding the test fungus was also

recorded as in the Agar-plate method described above.

2. BSaprophytic Survival of D. rostrata and F. eauiseti in Wheat
Straw Buried in Seil

The same type and length of straw pieces described in sub~section
1(a) on p. 29 were used. They were thoroughly soaked in distilled water
for 12 hours and then 500 of such straw piecces were autoclaved in a 1,000ml
flask. PFive of such flasks were used for each test fungus. Each flask
containing straw pieces was inoculated with two Bmm agar disks of the test
fungus and incubated for 3 weeks at room temperatures.

At the end of the 3 weeks, 200 straw pieces each were buried in
unsterilized soil contained in each 12 x 10cm plastic pot, and incubated at
room temperatures for LO weeks, The soil was kept moist but not waterlogged
throughout this period; there was however no special device for moisture control.

A similar experiment was set up, but in this case the soil was enriched

with nitrogen (sodium nitrate) at the rate of 2.0g/kg of soil.
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Assessment of saprophytic survival

The percentage of each test fungus surviving in the straw pieces was
asgessed by the Agar plate method described in sub-section C(i) on pp. 30-31

For each treatment, 10 straw pieces each from any two pots were removed
at each sampling. Samples were taken every l; weeks starting from the end of

the tet week to the LOth when the experiment was terminated.
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IV, RESULTS

A. PATHOGENICITY TESTS

1. Pathogenicity of D. rostrata and F. eauiseti on 14 Cultivars of Wheat

The germination percentages of seeds of 1l wheat cultivars incculated

with D. rostrata in petri dish experiment were not significantly different
(P=0.05) from one another, Analysis of variance shows that for the sane
cultivars inoculated with D. rostrata, that shoot lengths (Appendix 1b) and
the disease intensities (ippendix 1e) are significantly different (P=0,05)
from one another. Mean separations by Duncan's Multiple Range test are
shown cn Table 1. Except for a few cultivars (e.g., Super X and Pitic 62)
the suppression in shoot growth was not directly related to discase rating.

By contrast, germination percentages of seeds of the 14 cultivars
incculated with F, equiseti were significantly different (P=0,01) from one
ancther (Appendix 2a). There were also significant differences (P=0.01)
between shoot lengths (Appendix 2b) and disease ratings (Appendix 2¢).
Mean separations by Duncan's Multiple Range test for all these parameters
are shown on Table 2 which shows that for most cultivars, there is no
consistent relationship between suppression of seed germination, retardation
of shoot length and disease intensity. 4s in the case of D, rostrata, seed
inoculation of Super X and Pitic 62 with F, equiseti resulted in both
decreascd germination and retarded shoot growth which were directly related
to disease intensity.

Brewn necrosis of the stem bases, crowns and roots on uost diseased
seedlings was more severe on seedlings grewn from seeds inoculated with

D, rostrata than on those grown from seeds inoculated with F, equiseti.
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Table 1: Pathogenicity of D. rostrata on 14 cultivars of wheat in petri dishe
S ——————

Geruination Shoot length
Cultivar/Line Discase rating (% of control)] (% of control
Indus 66 s 83.95" 92.170°%ef
ug 105 1.07% 80.78° 97.09°
369(35L X Y54)5667 1.80°%¢ 78.06" R
No. 055 1,26 83.11° 89,8704
Florence Aurcre 8193 1,57700a 76.92% 96.L,7%%
Pitic 62 2.7° 76.44% 8kl 92"
((LeeX10-B)(B55) )GBS6 17750 72.17° 9ki.99°%et
Soncra 63 1.75bcde Bh.hBa 91.95b°d9£
301XSon 6L-Pi 62 1,12° 78.63% 93.56%%6%
Siete Cerros 2.05de 80.52a 90‘02nboda;
Anza 1.87% 78.45% 86.16%° |
067,12300 X LR~8156 2,50 81.53 93.83°0%F |
Tousson 1,97%° 78.29% 90.50°b0ded
Super X 2.20°F 77.07% 88.4,8°P¢

Using Duncan's Multiple Range test, means in each column with the same

superscript are not significantly different (P=0.05).
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Table 2: Pathogenicity of F. equiseti on 14 cultivars of wheat in petri dishe

Gernination Shoot length
Cultivar/Line Disease rating (% of contrcl) | (% of control;
Indus 66 1.29%€ 87.66°%%¢18 97.12%
UQ 105 1.12%¢ 90,753efen 95.11°%
369(35LXYSL) 5667 1,568 86,03°°% 9704
NO. 055 0.91" 88, 150deten 9y, 35%¢%
Florence Aurcre 8193 1.39de 88.32cd9f3h 97.00f
Pitic 62 1,68" 81,52%° 86.37%
(LeeX10-B)(B55))GB56 1,29% 92,55° 78R 88.19%0¢
Sonora 63 1,250 9l 0" 95.00°%F
301XSonbL=Pi 62 1.04%° 93.765P 91.90%%¢
Siete Corros 0.92% 93,35780 90,6474
Zinaa 1‘38de 87.03bcdef 85-17&
067,12300XLR=-8156 1,36%€ 85,69°%% 91.31%%€
Tousson 1,21%¢ 83.23%° 91,23°%@
Super X 1.52%8 75.37° 95.21%F

Using Duncan's Multiple Range test, means in each column with the same

superscript are not significantly different (P=0,05).
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In potted soil experiment (Table 3) seedling reacticns were similar
to those cbserved in the above petri dish experiments except that the severit
of diseases was higher on plants inocculated with F. equiseti than on those
incculated with D, rostrata.

On the basis of disease rating, some cultivars, e.g. 067,12300XLR=-8156,

Super X and Pitic 62 were very susceptible to both pathogens while the other |
cultivars such as 369(35LXYSL)5667 and No. 055 appeared to be resistant, On
the other hand, Indus 66, and Scnora 63 were relatively more susceptible to
F. equiseti than tc D. rostrata.

However both pathogens were successfully isclated from lesicns on both
apparently susceptible and resistant secdlings in bcth petri dish and potted

soil experiments,

2. Pathogenicity of Different lsolates of D. rostrata and F. equisct! on

Wheat Cultivar Pitic 62

In petri dish experiment, observed differences in seed germination
percentages of the cultivar Pitic 62, inoculated with different isolates of
any of the pathogens (Tables La and Lb) were not significant (P=0,05).

These tables, however, show that there were significant differences (Pw0.01)
in sheoot length of the same ocultivar inoculatcd with different isolates of
either D. rostrata or F. equiseti (ippendices Lb and Sb)., Disease intensitie:
caused by the same isolates were also significantly different (P=0.01) from
each other., Contrary to expectation, disease ratings cbtained in this

experiment were much lower than those reported in a previcus similar
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Table 3: Pathogenicity of D. rostrata and F. equiseti on 14 cultivars

of wheat in potted soil

Disease rating

Cultivar/Line D. rostrata F. equiseti
Indus 66 0.93% t60"P
uQ 105 1477 1,67
369( 354XY5L) 5667 1,20°° 1.47%
NO. 055 1,132P 1,208
Florence Aurore 8193 1.33ab° 1.73bc
Pitic 62 1.73° 2.10%®
((Leex10-B)(B55) )GBS6 1.3 1.93°
Sonora 63 0.93* 2.07°
301XSonbli~Pi 62 1,272%¢ 1.87%¢
Siete Cerrocs 1.60°° 1.93°
Anza 1.07%° 2,00%¢
067,12300XLR~8156 1.93° 2.67°
Tcusscn 1.33abc 1.60abc
Super X 1.67° 1.80%°

Using Duncan's Multiple Range test, means in each colurn with the same

superscript are not significantly different (P=0.05).
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Table La: Pathogenicity of different isolates of D. restrata on

wheat cultivar Pitic 62 in petri dishes

Taolate - Sinenité xiing loaminetcn b | moes Tangi Tos)
KD/1 0.26 57.98 10.59
DY/2 1.26 50.88 10.23
DY/3 0.84 52.97 11.77
KD/l 1.14 51.90 12,04
Kn/s 1.04 51.92 12.45
KD/6 0454 54.78 14.70
Control 0.04 59.00 14.20
LSD(O.OS) 0.49 12.04 2,21

S.E, 0.16 3.96 0.73
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Table Lb: Pathogenicity of different isoclates of F. aauiaeti on

wheat cultivar Pitic 62 in petri dishes

Seed

Isolate Disease rating Germizgtion (%) }| Shoot length (em)
Kn/7 0.94 5L.83 12,02

NG/8 1.26 53.76 10,20

NG/9 0,66 50.84 12.91

KD/10 0.Lk L,8.68 13.32

NG/11 0.76 5483 13.86

Kb/12 0,70 57.88 13.42
Control 0.04 59.00 14.20
Lsn(o.05) 0.43 767 1.35

5.E. 0,14 2,53 O.LL
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experiment (Tables 1 and 2) on the same cultivar, This apparent loss of
virulence may be due to long storage under nineral oil and/or
subsequent subculturing done to multiply inoculum.

Results obtained with seedlings grown in inoculated potted soil
(Tables 5a and 5b) were similar to those in Tables La and 4b. Although
all the isolates of D. rostrata and F. eguiseti were pathogenic on Pitic
62 (Tables La, Lb, 5a and 5b) the intensities of foot and root rots
caused by them varied. In both experiments, isolates DY/2 of D. rostrata
and NG/B of F. equiseti were consistently the most pathogenic of all

the isolates.,

3. Relationship Between Inoculum Density and Severity of Foot and

Root HRot Diseases caused by B! rostrata and F! eauiasti

In general, for each pathogen (irrespective of the method of

inoculation and the wedia on which inoculum was produced), the higher
the amount of inoculum in the infested soil, the higher the severity of
foot and root rots (Tables 6 and 7). However, higher proportions of
chopped straw (50-70%) as a source of inoculum in the inoculum ¢ soil
mixtures tended to decrease disease severity on plants grown from seeds
sown in infested soil, The reason for this is difficult to explain and
consequently the medium was not used in the second experiment in which
seedlings were transplanted into infested soil,

For each pathogen, severities of foot and root rots on plants

whose seedlings were transplanted into soil infested with the respective



Table Sa:

L1

Pathogenicity of different isolates of D, rostrata on
wheat cultivar Pitic 62 in potted soil

Iselate Disease rating Shoot length (cm)
KD/1 112 21.00
DY/?2 2.35 16.12
DY/3 1.60 19.97
KD/l 1.15 20.55
KD/5 1.15 20.32
KD/6 0.32 21.45
Control 0.05 22.92
LSD(O.05) 0.76 2.43

S.E. 0.25 0.82



Table S5b:

Pathogenicity of different isclates of F. eguiseti on

wheat cultivar Pitic 62 in potted soil

L2

Isolate Disease rating | Shoot length (cm)
KD/7 0.10 21.67
NG/8 1.95 18,70
NG/9 0.30 21.42
KD/10 0.92 20.97
NG/11 0.25 21.72
KD/12 0.45 21,22
Control 0,05 22,92
LSD(, 05) 0.43 1.80
S.E. 0.14 0.61
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Table 6a: Relationship between inoculum density of D, rostrata and

severity of foot and root rots on plants grown fron seeds sown in

infested soil

% Inoculum

0 (control)

5

10

30

50

70

13D(0,05)

S.E.
M1
M2
M3

=

Disease rating
M1 M2 M3
Q.12 0.08 0.01
0.80 0.08 0.72
1.30 0.63 1,02
1.42 0.78 2.65
1.70 0.43 2,90
2.12 0,50 1.30
0.39 0.30 0.48
0.13 0.10 0.16

Sand-naize meal-chopped straw media.

Sand-maize nmeal media,

Chopped straw media.



Table 6b: Relationship between inoculum density of F, eauiseti and

geverity of foot and root rots on plants grown from seeds sown in

infested soil

% Inoculum Disease rating
M1 M2 M3

0 (control) 0.12 0.08 0.01

5 0.15 0.30 0.37
10 0.25 0.33 0,50
30 1.10 1.18 2.52
50 1.85 0.88 0.42
70 2.12 0.88 0.37
LSD (4. 05) 0.50 0,37 0.56
S.E. 0.16 0,12 0.19

M1 = GSand-maize meal=-chopped straw wmedia.
M2 = QSand-maize meal media,

M3

Chopped straw media.
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Table 7a: Relationship between inoculum density of D. rogirgig and

severity of foot and root rots on plants whose seedlggﬁs were

transplanted into infested soil

% Inoculum Disease rating
M M2
0 (control) 0.15 0.15
5 2.82 1.77
10 3.07 3.30
30 3.10 3.17
50 3.15 3.15
70 3.61 2.82
LSD(5 . o5) 0.LS 0.L5
S.E. 0.15 0.16

M1 = Sand=-maize meal-chopped straw media.

M2 = Sand-maize meal media.
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Table Tb: Relationship between inoculum density of F. equiseti and

gseverity of foot and root rots on plants whose seedlings were

transplanted into infested scil

% Inoculum Digeage rating
M1 2
0 (control) 0.15 0.15
5 1,02 2,12
10 2.17 3.22
30 2.67 3.02
50 2.67 3.12
70 2.82 3.20
S.D. 0.16 0.09

M1 = Sand-maize meal-chopped straw media.

M2 = Sand-maize meal media.
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pathogen (Tables 7a and Tb) were invariably higher than those on plants

grown from secds sown in similarly infested soil (Tables 6a and 6b).

L. Some Factors iffecting the Pathcgenicity of Di rogstrata and FI eauiaati

(a) The effect of soil sterilization

Analysis of variance (Appendix 11a) showed that the shoot
length (Table 8a) of plante grown in flame sterilized soil
infested with D, rostrata was significantly (P=0.01) greater
than those of plants grown in unsterilized soil infested with
the same pathogen. Also the fresh weights (Appendix 11b) of
plants grown in sterilized scil infested with this pathogen
were significantly higher than those of plants grown in
gimilarly infested non-sterilized soil. However, the disease
intensities on plants grown in sterilized and non-sterilized
s8oil infested with the fungus were not significantly different
from each other.

Similar results were obtained with plants grown in
sterilized and non-sterilized soil infested with F. equiseti
(Table 8b). Although sterilized compared to non-sterilized
soil did not influence the intenaities of foot and rcot rots
of wheat caused by any of the pathogens, Tables 8a and 8b show
clearly that plant growth was much better in sterilized than in
non-sterilized soil.

(b) The effect of method of inoculation

The results are represented in Fig. 2, which shows that

for both pathogens, the greatest disease intensitics occurred
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Table Ba: Effect of soil sterilization on intensity of foot and

root rots of wheat caused by D, rostrata

Disease Shoot Fresh weight
Treatnent rating length (cm) of seedlings (g)
Unsterilized soil infested
with D, rostrata. 1.80 18,22 3.90
Unsterilized soil, not
infested with D. rostrata. 0.22 23.07 5.60
Sterilized soil infested with
D. rostrata. 1.85 22,52 6.77
Sterilized soil, not infested
with D, rostrata. Q.1 28.42 7.62
L5D(0,01) 0.69 2.92 0.61
S.E. 0,22 0.95 0.20



L9

Table Bb: Effect of soil sterilization on intensity of foot and root

rots of wheat caused by F. esuiaeti

Disease Shoot Fresh weight of
Treatument rating length (cm) seedlings (g)
Unsterilized soil infested
with P, equiseti. 0.90 21.12 L.T2
Unsterilized soil, not infested
with F, equiseti 0.22 23.07 5.60
Sterilized soil infested with
EL eguiﬂetio 1 .00 23-05 6.85
Sterilized soil, not infested
with F, equiseti. 0.1C 28.42 T.62
LSD(O.OS) 0.45 2.88 0.61
5.E. 0.14 0.94 0.20
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Fig. 2. Effect of method of inoculation on intensities of foot and

root rots of wheat caused by D. rostrata and F. eﬁuiaeti

A. Disease rating on seedlings grown from artificially

inoculated seeds,

B. Disease rating on seedlings whose roots and crowns were

wounded at the time of inoculation.

C. Disease rating on seedlings whose roota and crowns were not

wounded at the time of inoculation.
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Fig.2: Effect of method of inoculation on intensities of foot and root rots of
wheat caused by D. rostrata and F. equiseti




in plants whose roets and crowns were wounded at the timé. of inocculation,
Disease intensities in plants inocculated by this method were signifi-
cantly higher  (P=0.01) than those of plants whose rocts and crowns
vere not wounded at the time of incculation. It appears that wounding
crowns and roots increased intensities of foot and roo# rota of wheat
caused by D. rostrata and F, equiseti. : . i .
For any of the three incculation wmethods, the intensities of diseases
caused by D, rostrata were consistently, though not significantly
(P=0.05)}, higher than those caused by F. equiseti. The relatively high
disease rating in controls of plants whose roots and crowns were wounded
at the time of incculatiorn iz probably asscciated with invasien of
wounds by other soil-borne pathogens. ]
Plate S shows that with both pathogens, injuries to the roots and
ciowns of seedlings af the time of inoculation, resulted in reduced ear
" 8ize when compared with similarly injured but uninoculated controls,.
When the seedlings were inoculated without injury to the roots and crowns,
reduction in sar size (Plate 6) was less when compared with the uninjured
controls, Further, there was a higher lose in grain yield (Table 9) in
plants whese roots and crowns were wounded at the time of inoculation
than thoge whose roots and crownsg were not wounded. Although in this
experiment, inoculation with F. equiseti resulted in consistently lower
diseage rating than inoculation with D, rostrata, plants inoculated with

the former sustained nearly the same loss in grain yield as those

inoculated with D, rostrata, the method of incculation notwithstanding.
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Effect of inoculation of Z2=-week=-o0ld

seedlings of wheat with D, rostrata and

m

F. equiseti,after injury to roots and

crowns, on ear size:

2 - Control; 3 - F. equiseti.






F, equiseti,without injuries to roots
— . A e e e e L

and crowns, on ear size: 1 = D. rostrata
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Table 9: Yield of wheat inoculated with D. rostrata and F. equiseti

1t the time of incculation

with or without injuries to roots amndl crowns a

o

Treatment

Total no.
of ears

Total no.
of grains

Total wt.
of ?rains
g)

Yield as %
of control
yield

Inoculation with D,
rogtrata plus wounds
to roots and erowns,

Inoculation with F.

equigeti plus wounds
to roots and crowns,

Wounds to¢ roots and
crowns without
inoculation.

Inoculation with D,
rostrata without
wounding « '

Inocounlation with B,
eguiseti without
wounding .

No wounds to roots
and crowng and no
inoculation,

32

34

37

34

36

14127
1,28
2,037
1f258
Jo3

1,875

L3.8

45.3

92.4

53.9

52.5

88.6

YN

LL9|O

100.0

60.8

59.2

100.0




Ce The effect of soil moisture

Table 10a shows that plants grown by sowing seeds in soil infested
with D, rostrata and watered by standing pots in water-containing trays
were significantly (P=0.01) more severely diseased than those watered
by applying water to the surface of the potted scil. By contrast,

Table 10b shows that plants grown from seeds sown in soil infested with
F. equiseti and watered by applying water to the surface of the potted
soil were significantly (P=0.01) more severely diseased than those
watered by standing pots in trays containing water. Also, plants
inoculated by transplanting seedlings into scil infested with F. equiseti
and watered by placing their pots in water contained in trays (Plata 7)
produced more severe symptoms of foot and root rots than similarly
treated plants inoculated with D, rostrata,

Generally, for each method of watering, plants grown by transplanting
seedlings into infested scil were rmore severely diseased than those
grown by sowing seeds in similarly treated soil. The root system of
plants grown by transplanting seedlings into infested soil, watered by
standing pots in water ~ containing trays (Plate B) was smaller than
that of plants grown from seeds sown in similarly watered and infested soil
(Plate 9). Also for these two pathogens, plants grown by transplanting
seedlings into infested soil and watered by standing pots in water
contained in trays were nore severely diseased than those watered by

applying water to the soil surface (Tables 10a and 10b).
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ity of D. rostrata

sture on pathogenic

m scedlings tranaglanted

infested soil

Effect of soil mol

ceds and those fro

Table 10a:

on plants raised from 8

into

Treatnent Disecase rating
Direct rTransplanting
sowing geedlings

Inoculated with Do rostratas wateT
applied on goil surface. 0.7 1.57
Inoculated with De rostrataj pots
gtood in water in trayse 2,17 2.70
uninoculateds water applied on
goil surface. 0.07 0425
Uninoculated; pots stood in
water in trays. L 0.35 0.U45
LSD(O.01) 0.30 0.36
0.10 0.12

S 'E.
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Table 10b: Effect of soil moisture on pathogenicity of F. eguiseti

on plants raised from seeds and those from seedlings trangplanted

into infested soil

Treatment

Digease rating

Inoculated with F, equiseti; water

applied on soil surface.

Inoculated with F, equiseti; pots
stood in water in trays.

Uninoculated; water applied on

soil surface

Uninoculated; pots stood in

water in trays

LSD(0.01)

S.E.

Direct Transplanting
sowing gseedlings

1.62 2.30

1.07 3.30

0,07 0.25

0.35 0.L5

C.33 0.42

0.11 Q.14



Effect of high soil moisture (created by

+ Tyt

standing potted soil in water—-containing
trays) on pathogenicity of D. rostrata (right)
and F, equiseti (left) on plants grown from
transplanted seedlings. The control is at

the centre.
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28-day=-o0ld wheat plants grown by sowing

seeds in infested potted soil and watered by

placing pots in water-containing trays:
equiseti (left), D. rostrata (right) and

control (centre).

61
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Table 11 shows yields of plants transplanted into soil infested
with D, rostrata or F, equiseti and watered either by applying water
on the soil surface or placing the potted soil in water-containing trays.
It is clear that F. equiseti caused more reduction in seed size (Plate 10)

and losses in yield (Table 11) than D. rostrata.

(d) The effect of soil type

Differences in disease rating on seedlings raised in the four
soil types (Table 12a) infested with D, rostrata were not significant
(P=0.05). On the other hand (Table 12b) disease rating on seedlings
in sandy soil infested with F. equiseti was significantly less (P=0.05)
than ratings on seedlings in clay and loamy scils infested with the
same pathogen.

In addition, germination percentage of seeds sown in clay soil
infested with F, equiseti was significantly less (P=0,05) than that of
seeds sown in any of the other soil types infested with the saue
fungus.. Thus for F, equiseti, the highest disease intensity on
seedlings (which occurred in clay soil) was associated with the lowest
percentage of seed germination, while the lowest disease intensity
(wh}ch occurred in sandy scil) was associated with the highest seed

germination percentage.

(e) The effect of the combined inoculum of D. rostrata and F. equiseti

There were no significant differences (P=0.05) in germination

(Appendix 18a) between seeds sown in soil infested with a combined



Table 11:
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Grain yield of wheat plants grown by transplanting seedlings into soil infested

with D, rostrata or F. equiseti and watered either by applying water on the soil surface

or by standing potted soil in water-containing trays

Total Total hverame s..»<muwm.m.0
weight | grain grain grain wt
Total no.| Total no.|of Craingwt as % of | weight | as % of
Treatment of ears of grains (e) control (ng) control
Inoculated with D, rostrata;
water applied on soil surface 30 1Ll 5.9 116.6 34.0 90.7
Inoculated with F. equiseti;
water applied on scil surface 2L 153 Lot 37.7 26.7 Y e I
Unincculated, water applied on
soil surface, 28 112 Le2 100.0 37.5 100,0
Inoculated with D, rostrata; pots
stood in water-containing trays. 21 8y 2.7 T1.1 32.1 90.5
Inoculated with F. equiseti, pots
stood in water-containing trays. 18 97 2.4 63,2 2L.7 69,6
Uninoculated; pots stood in
water—containing trays. 26 107 3.8 100,0 35.5 100.0
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How 1 Row 2

Control

Plate 10:

———

—— — —— — — — —
—— —— — —— ——

Seeds from wheat plants grown from

seedlings transplanted into infested soil and
watered by applying water on the surface of
the potted soil (row 1), and by standing the

pots in water-containing trays (row 2).



Table 12a; Effect of soil type on pathogenicity of D, rogirata

Treatnent

Diseasc rating

Seed germination
(% of control)

Clay soil infested with
D, rostrata,

Loan scil infested with

D, rostrata,

Sandy loan soil infested
with D, rostrata,

Sandy soil infested with
D, rostrata.

LD, 05)

S.E.

1.25

1.30

1.30

0.97

Okl

0.14

92.35

85.12

92420

92.50

12.77

Lotk

65



Table 12b: Effect of scil type on pathogenicity of F, equiseti

Seed germination
Treatment Disease rating (% of control)
Clay soil infested with
Loary soil infested with
F, equiseti 1.92 66.85
Sandy loam soil infested
with F. equiseti 1.50 67.50
Sandy soil infested with
F. equiseti 1+30 81.25
LSD(D_OS) 0.59 15.62

S.E, 0.19 5.07
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inoculuﬁ of 2; rostrats and F. equiseti and those sewn in soil infested
with only D. rostrata or F. equiseti (Table 13). In fact this table
shows that the fresh weight of seedlings grown Ifrom the seeds sown in
soil infested with both pathogens was rmore- (though not significantly
so at P=0,05) than that of seedlings grown in soil infested with any one
of the fungi. Furthermore, the disease rating on seedlings grown in soil
infested with F, eguiseti was significantly higher (P=C.05) than that cn
seedlings grown in soil infested with either D. rostrata or with a
coitbined inoculum ¢of both pathowens,

Plate 11 shows differences in shoct and root growths of seedlings
due to the different treatments,

o

5 Eroducfion of Toxic Metabolites

" {a) The effect of culture filtrate andfor dry ground mycelial mat
| The results are presented in Tables 1la and 1hib. They show that

cell-free culture filtrates of D. rostrata and F. gguiseti had obvious
adverse effectis on geed germination and root growth compared to the
control treatment which was either Czepeck-Dox liquid wmedium or stexrils
distilled water., These effects of culture filtrates compare quite
favourably with those of mycelial mat inoculum of the respective fungi or
those of mixture of the filtrate and the_myca;ial mat., It is concluded

that in vitre, both pathbgens produc\s'éd su"b'.s;bénces. which are toxic to wheat.
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Table 13: The effe.ct of conmbinerl inoculum of D, rostrata ond k. eauiseti

L~ gt T

on discage intensity

Seed Presh weight of

L Treatment Disease rating | germination (%) secdlines (&)
b, rostrata + F. equiseti 0.80 67.50 8.70
D, rostrata 1.00 61,25 B.02
Control (no inoculum) 0,07 72;50 13.07

ISD, . n 0.3 . .

(0.08) | 0.3 BRI 0.82
5.B. o .- 0.11 .I 193 - - 0.26



Plate 11:
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28-day-0ld wheat seedlings grown by sowing
seeds in potted soil infested with (from
left to right): D. rostrata, the combined
inoculum of D. rostrata and F. equiseti,

Control is at the extreme right,
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Table 1ha: Effect of cell-free culture filtrate and/or dry ground

mycelial mat of D, rostrata on seed germination and root growth of wheat

Treatment

Seed geruination (% of
germination in the control)

Root length (% of root
length in the control)

Culture filtrate

of D, rostrata

Culture filtrate
+ dry ground
mycelial mat of

Dy rostrata,

Dry ground
myecelial mat of

D, rostrata.

Control

LSD (4. 05)

3.E.

GCzapelk-Dox |Sterile water
as control as control
38.6 29.9
2501 19.1],
Ls.4 3544
100.0 100.0
1641 12.0
L.6 3.4

Czapek-Dox | Sterile water
as control as control
39!0 32.1
L41.9 35.6
1.7 3.1
100.0 100.0
15.0 12,0

L3 3.4
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Table 14b: Effect of cell-free culture filtrate and/or dry ground

mycelial mat of F. eguiseti on seed germination and root growth of wheat

Treatment

Seed germination (% of
germination in the control)

Root length (% of root
length in the control

Culture filtrate
of F, equiseti

Culture filtrate
+ dry ground
nycelial mat of

F, equiseti

Dry ground
mycelial mat of

F. equiseti

Control

LSD¢(, 05)

S.E.

Czopek-Dox |Sterile water | Czapek-DoX [Sterile water
as control |as control as control |as control
30.0 25.8 L2.3 3L.9
22,3 19.3 43.9 35.6
33.2 25.9 345 28.0
100.0 100.0 100,0 100.0
9.3 9.5 19.1 15,0
2.7 2.7 545 L3
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(b) The effect of different concentrations of culture filtrate on

geed germination and root growth

Tables 15a and 15b show that the germination of sceds was hardly
affected by treatment with the different concentrations of culture
filtrate of each fungus except that seed germination percentages in 100%
crude filtrate of both shake and still cultures of D, rostrata was
significantly less than those in any of the dilutions., By contrast,
solutions containing LO-100% of the crude cell-free filtrates of both
still and shake cultures of the two fungi caused significant (P=0.01)
reduction in root growth of wheat when compared with roct growth of
control plants treated with sterile distilled water. Also from Fig. 3, it
ia apparent that relatively high concentrations of the culture filtrate
in test solution are necessary to induce appreciable suppression of

root growth,

(c) The effect of autoclaving filtrate from still cultures

Autoclaving the filtrate obtained from still cultures of each
fungus did not seem to have much effect on seced germination when compared
with non-autoclaved filtrate (Table 16). In addition, Table 16 shows
that autoclaving the culture filtrate of F, equiseti did not have very
obvious effect on root growth compared to that of non-autoclaved filtrate.
However, root growth inhibition by non-autoclaved filtrate of D, rostrata
wag clearly higher than that by autoclaved filtrate. These observations
suggest that heat probably impairs toxicity of culture filtrate of

D, rostrata while the toxicity of the filtrate of F, equiseti appears
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Table 15a: Effect of different concentrations of filtrates from still

and shake cultures of D. rostrata on germination and root growth of wheat

Treatment

Seed germination
(% geruination in
water as control)

Root length (% of root

length in water as control)

Control (sterile
distilled water)

20% culture fil-

trate of D. rostrata

LO% culture fil-

trate of D, rostrata

60% culture fil-

trate of D, rostrata

80% culture fil=-

trate of D, rostrata

100% culfure fil-

trate of D, rostrata

L8D(0.05)

S.E.

Still Shake Still Shake
culture cul ture culture culture
100.0 100.0 100.0 100.0
98.2 98.Y 64.8 97.6
98,0 89.5 52.0 61.3
94.8 88.3 36.7 52.7
91.0 85.0 38.0 33.9
83.9 69,5 29.6 19.1
7'0 ?-’4 17-0 13.0
2.2 2.3 Slh u.1
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Table 15b: Effect of different concentrations of filtrates from still and

shake cultures of F, esuiscti on gernination and root growth of wheat

Seed germination
(% germination in water | Root length (% of root

Treatment as control) length in water as control)
8till Shake Still Shake
cul ture culture cul ture culture

Control (sterile
distilled water) 100.0 100.0 100.0 100.0

20% culture fil=-
trate of F. equiseti 9L.7 6.4 73.7 83.8

LO% culture fil=
trate of F. equiseti 95.0 93.0 68.8 5641

60% culture fil-
trate of F, equiseti 96.4 88.0 Tha?2 50.1

8% culture fil-
trate of F, equiseti 96.6 89.3 52.1 Lé.5

100% culture fil=-
trate of F. equiseti 89,2 91.1 L0.3 18.9

LSD(O.OS) 10.8 8.6 20,5 15.9

S.E. 3.4 2.7 6.5 53
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Table 16: Effect of autoclaved filtrates cbtained from still cultures

of D. rostrata and F. equiseti on seed germination and root growth

Treatment

% germination

Roct length (cm)

2; rostrata

Autoclaved culture filtrate

Non—autoclaved culture filtrate

F, equiseti

Juatoclaved culture filtrate

Non-autoclaved culture filtrate

Sterile distilled water (control)

futoclaved potato dextrose medium
(control)

58.0
56,0

65.0

61.0

3.5

1.2

1.8

2.1

‘1400

2.9




to be heat stable,

Weither in this experiment, nor in the experiuments reported in
sub-sections (a) and (b) of this section did the culturc filtrate or its
dilutions cause any of the characteristic necrotic lesions of foot and

root rots of wheat caused by D, rostrats and F, equiseti.

B. SiPROPHYTIC BEH.VIOUR

1. Saprophytic Colonization

{a) Study of saprophytic colonizing abilities of D. rostrata and
LW e

F, egquiseti by Cambridge method

The results are presented in Figs: h to 7. In general,
gaprophytic colenization by any of the test fungl increased with increase
in inoculum density. The general trend in colonization by D, rostrata
¢f wheat straw treated with dextrose or dextrose plus sodium nitrate
(Fig. L) was remarkadly similar to that by F. equiseti of similarly
treated wheat.straw (Pig, 5). For both fungi saprophytic colonization
was higher in straws pretreated with water than in those pretreated with
any of the above two nuirient solutions.

On the other hand, D. rostrata and F. equiseti colonirzed wheat
straws pretreated with nitrogencus compounds (urea, awmonium nitrate, and
godium nitrate) better than strawe pretreated with water (Figs. 6 and 7).
Here again, the general trend in colonization by each of the two fungi
waB fairly similar. The observations suggest that compared to the control

(prescaking in water), pretreatment of wheat straw with dextrose solution
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suppressed saprophytic colenization by D, rostrata and F, cquiseti while
pretreatment with nitrogenous compounds enhanced saprophytic colonization

by the same fungi.

{b) Study of saprophytic colenizing abilities of D, rostratas

F. equigseti and F., culwmorun, by direct observation method
j— N ___ W

.Thé percentage of str.s.z;ds colonized by D. rostrata wae
significantly higher (P=0.01) than that colonized by F. equiseti or
Fo culmorum (Fig. 8 and Appendix 23)., But the percentage of straws
colonized by F. equiseti did not differ significantly (P=0.01) from
that of F, culmorum., These observations indicate that, by this method
(Plate 12), D, rostrata has a higher saprophytic colonizing ability than

F. 2quiseti and F. oulmorum which appeared to have the same ability,

2, The Saprophytic Survival of D. rostrota and F, equiseti in Wheat

Straw Pieces Buried in Boil

The percentage of each fungus surviving in wheat straw pieces both
in nitrogen enriched and in unenriched soil (Figs. SA and $B) decreased
with increase in tiwe. D. rostrata survived better in straws buried in
unenriched soil than in straws buried in nitrogen enriched soil (Fig. 9A),

On the other hand, F, eguiseti survived better in nitrogen enriched

goil than in soil not enriched with nitrogen (Fig. 9B).
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Making use of different inoculation methods as well z2s different
inoculum densities, it has been shown that D. rostrata and F. equiseti are
weak parasites., Firstly, each fungus was more pathogenic on plants
whose roots and crowns were artificially wounded just before inoculation than
on those that were nct wounded (Fig. 2). Although the effects of any
other soil microflora (fungi, bacteria, actinomycetes) were not studied,
symptoms of the diseases observed in some uninoculated controls, suggest
that they might have contributed to the high disease severity in plants
wounded prior to inoculation. Garrett (1970), and Baker and Cook (1974)
observed that in most diseases caused by soil-borne pathogens, the symptoms
are often the combined effect of one or two main microflora (usually
regarded as pathogens) and several minor ones (usually ignored in
pathogenicity studies),

Secondly, it appears that relatively high incculum densities are needed
to produce appreciable amount of disease especially if seeds are sown in
infested soil (Tables 6a and 6b). The importance of "unnaturally high
inoculum levels" for infection of wheat plants by Drechslera and Fusarium spp.
associated with foot and root rots of irrigated wheat in Nigeria was
recognized by Giha (1978), In that investigation, however, he sowed
artificially inoculated seeds in sterilized field soil., But in the present
investigation, the amount of inoculum required to produce a certain
disease intensity was comparatively lower, when seedlings were transplanted
into infested soil (Tables 7a and 7b) than when seeds were sown in
similarly treated soil., During transplanting some injury was automatically

inflicted to the root system of seedlings and the results obtained appear
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to confirm that D. rostrata and F. equiseti are wound pathogens.

Giha (1976) isolated several Fusarium spp. from termite infested stem
bases of wheat and barley plants, He suggested that termite injury
facilitated infection by such fungi. However, Ohiagu (1979) pointed out
that termites are generally prevalent in light soils in which they
maintain a high population under relatively low moisture regimes. In the
light of his findings, it is unlikely that termites play an important role
in the infection of wheat plants by D. rostrata and F. equiseti because in
Nigeria, foot and root rots caused by these fungi are generally confined
to water~logged fields. However, such fields may harbourhigh population of
parasitic and non-parasitic nematodes. The rcle of nematcedes in the
etiology of foct and root rots caused by D. rostrata and F. equiseti is
worthy of investigation,

Thirdly, disease intensity caused by cach pathogen was generally
higher under high than under low soil moisture conditions (Tables 10a and 10b).
Water-logging of the soil observed in the irrigated fields per se reduces
vigour of most plants and thus encourages infection by weak pathogens
(Garrett, 1963). In my investigation, water-logging created by watering
the potted soil by placing it in water-containing trays generally favoured
development of foot and root rots caused by D. rostrata and F, equiseti.
Purthermore, these diseases were intensified, under water-~logged conditions,
on plants grown from transplanted seedlings than on those grown from seeds.,

The type of soil did not affect the severity of foot and root rots |
caused by D. rostrata (Table 12a), Similar observation was made on foot

and root rots of wheat caused by D. sorokiniana (Simmonds, 1953a). But






