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i
INTRCDU ON

Sorghum bicolor (L) Moench, an important food crep in

northern Vigerin and cother parts of the world, is attancked and
its potential yleld greatly reduced, by nunerocus disease~causing
organisms, amnong which are the smut fungli which invade and

transform the ovaries inte smut sori. Tcolyposporium ehrenbergii

(Kuhn) Pnt., the causnl organism of long smut, is cne of the four
smut=causing funzl found on sorzhum. The other smuts on sorghum
are covered snut, head smut and lcose snmut.

Long smut of sorghum occurs in many countries in Africa and
Asia. Briton-Jones (1922) stated that in Egypt long snmut was
very ccmmon and cculd be found in nlmest every crop of sorghum
throughout the country, although avernge yield loss was low (2
per cent). Kulkarni (1918) reported thatin certnin of the drier
areas of northern Indipn long smut caused heavy losses. Hafiz
(1958) renorted that in the old Punjab lcng smut was very common
and caused an average yield loss of 5 per cent, although losses
from 40 to 60 per cent were observed in individual fields; a
record of 90 per cent loss had been observed on scrghum planted
on areas used as threshing flcors in the previous year. According
to Tarr (1962) long smut is commen but of little economic importance
in Tanganyika (Tanzania) and the Sudan Republic, although a high

incidence of infectimm was ccommonly observed on Scorghum purpureo=-

gsericeun in the Central Svdan Republic, Kul®pinova (1957)
reported that leng smut hnd spread considerably in the middle Asian
region of the Soviet Union in recent yenrs and that, although

not a major disense of sorghum it could be severe locally.
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In Nigerin, long smut is confined to the drier parts of the
north, namely the Sahel and the Sudan and Northern Gulnea
Savanna zones (see Flg.I). The Northern Gulnea Savanna experiences
a lower level of infection than the other two zcones. In north-
western Sokoto Province of North-west state, long smut is thought
to be the most common floral diseanse of sorghum and is a potential
threat to sorghum production., Unless effective control measure
are taken, this disease might in the future determine the northern -
most latitude of sorghum production at economic level. According
to Keay (1968), 8. B. King (personal communicrtion) and the
author's personal obgerv:tions, long smut is not as important, in
terms of severity and distribution, ns the other three smuts that
at present occur on sorghum in Wigeria., The foct that covered
smut and loose smut are easily controlled by seed dressing (Fischer
and Holton, 1957, Tarr, 1962) indicates that in Nigeria covered
snut and loecse smut offer less potential threat than long smut
which is not controlled by seed dressing. Tarr (1962), Sattar
and Hafiz (1952), Awoniyl and King (personal communications) have
reported observing frequently lonz smut on sorghum grown from
seed treated with copper carbonatcd und other funglecides. The
present author, in 19773, observed severe long smut infection in
Kano on sorghum plants raised from seed which had been dressed
with a fungicide (Thiram).

Although long smut was Xnown and described as early as
1878 (Mason, 1926), its exact mode of infection has remained

cbscure.
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These sclentific investigations, namely, Hafiz (1958), Hassan
et al (1970), Prasad (1945), Rogab and HMuhdl (1966), Ramakrishnan
and Reddy (1949), Sattar and Hafiz (1952) and Vesudeva and
Seshadrl Iyengar (1950) have given different and contradlicting
views or conclustions on the mode of lonz smut infection. The
variability in symptoms, with respect to incidence and distribu~
tion of sori on the sorghum panicle, makes it difficult for

one to assume the mode of long smut infection. The mode of
infection ameng the smut fungl in general can be classified

into two basic types. One type 1s locallsed infectlion caused

by air-borne sporidia or teliosvores alighting on the panicles,
gstems or leaves of the plant, The common malze smut caused by
Ustilago maydls 1s a typilcal example of a locallsed type of
infection (Fischer and Holton, 1957). The second type is systemic
InTection and 1o cuused by sced- or soll-=borne pathogens which
penetrate young seedlings and grow undetected in apliceal
meristematic tissues untll the plants head and smut sori form

on the panicles. Bunt of wheat, and covered smut, loose smutbt
and head smut of sorghum are typical examples of systemic
seedling infeetion (Fischer and Holton, 1957). It 18 uncertain
whether long smut invelves the firet, second, or both infection
types. In most cases, long smut soril occur individually and

are widely scattered on the vanicle, each sorus surrounded by
normal grain (Fig. 2). A sorus may develcp in one member of a
pair of florets, whereas the other member may produce a normal
seed, This type of infectlion resembles localised infection
caused by wind-blown svoridia., However, in other cases, the
long smut sorl are numerocus sand very close together and confined

to certain parts of the panicle (Figs. 3 and 4) which resembles
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the systemic type of infection cbserved with covered smut, loose
smut and head smut of sorghum,
The purpose of the present lnvestigatlon was to elucldate

the mode of sorghum infection by T. ehrenbergil. A clear knowledge

of the mode of infection weuld not only be of scientific interest
but also of practical value to breeders and plant pathologists.
This information could serve as the basis for devising the most
strategic and sound control measures agalnst this sorghum dlsease
which 1s a potential threat te the very happiness of the human

T{CE,
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LITERATURE REVIEW

Description of the fungus -~ A summary of Mason®s (1926)

accoumt of the evolution of the name, T. chrenbergii, up to 1926

follows., Long smut of acrghum was first collected in 1876 at
Cairo, Egypt,by Schweinfurth, who sent the specimen to Thﬁmen,

who recorded it in his Mycotheco Universalls, No. 725, ag Ustilago
relliana Kuhn F., sorghi~cernul. In 1.878, Kihn obtained the

specimen from Thimean and, on examination, found 1t belcnged to

the genus Sorosporium instend of Ustllago. He descrlbed it as

Sorosporium ehrenbergii Kinn in Hedwigta, XVII (1878) pp. 1l2~14.

Because the teliospores formed persistent sporeballs, which 1is

characteristic of the genus Tolyposporium, the name of the long

snut fungus was changed from Sorosporium chrenbergil to

Tolyposporium chrenberglil in 1903 by Patouillard in Bull. Soc.

Mycol XIX (1903) p. 254, In 1904, Busse collected long smut
specimens fronm sorghum in German Bast Africa {Tonzania) and gave
it the name T. filiferum in Arb. K. Blol. fnst. Land- U. Forstw
i 319-426., Because the long smut fungus whilch Busse described
and named was identical to that described by Kihn many years
egrlier. i1t booome necessary to drop fusse’s gpecles nane,

T, filifcrum, and adopt Kihn's, T, ehrenberglii. Based on Magen's

(1926) account, it is wrong, ns Hafiz (1958}, Kamat (1933) and
Rognb and Mahdi {1966) have done, to cite Busse as the first
person to ccllect and neme long smut,

Long smut and the causal fungus have been well described
and distinguished from other smut disenses and smut fungl in the

deseription given by the Commonwealth Mycological Instltute,
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Kew (1965). The sori, which are transformed sorghum ovaries,
are lrregularly distributed, more cr less cylindrical, often
curved with tapersd ends, and up to 4.0 cm leng (mostly 1,0 -
3.0 cm long) and .50 - 1.0 cm wide., Esch sorus 1s surrounded
by a firm, false membrane of fangal and host tissues which almest
olways ruptures early from the apex, &xposing the tellospores
and a bundle of 8 to 10 dark-browmn filaments, which are the
1solated fibro-vascular bundles of the hypertrophled ovary.
Individual spores (teliospores) are tightly bound together in
rather solid black masses called spore balls. Sporeballs are
rather irregular in size (%#5.0 = 200.0_a in diameter) and have
a globose to elongated shope. The apores at the surface of spore
balls are dark brown with s warty surface. The ianer spores are
poler in colour, smooth, and globose to subglobose or angular,
being 10.0 - 15.0 u (average 12.0 u) in diameter. All the spores
in a spore ball are capable of germina;ing. 2ach spore gernlanates
by producing a promycellium, which laterally cnd terninally bears
four primary sporidisa (basidicspores), esch sporidiun being
capable of buﬁding and forming chaing or colonies of sporidia.
Sometimes, lnstend of a spore forming o promycelliuvm, o long
germ tube is formed which produces lateral sporidia.

Mode of infoction « 3utler (1918) stated that the life history

of T. ehrenbergil was unknown., He obgerved that infectlon involved

tndividual ovarles and often the smut sori were very few and widely

geattored on the panlele,
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He, theréfore;'wés of the opinlon that long smut is not typlcal
of s gsystemic type of infection, dbut that it 1s more typieal of
locanlized infection. He thus suggested the alr-borne nature of
infection. Briton-Jones {1922) stated that in nature sorghum
Infectlion regults from alr-borme sporidla brought inte contact
with flewers at the time of anthesis. Prasad (1945) tried
artificial inoculation of sorghum by: 1) dusting sorghum seeds
with the smut teliospores before plenting, 2) lnoculating soll
with teliospores before planting clean seed, ) applying Moor®s
vacuum mEthod for lutroducing the siut fungus inte the host
tissue, and %) spraylng undeveloped sorghum panicles with a
suspension of gprridiae, Infoction was cobtained only by spraying
young sorghum panlcles with a suspension of sporidia. He then
concluded that the dlisense ils alr-borne and that the sporidian
are carried by alr to the penicles where they infect florets.
' Ramakrishnan and Reddy (1949) Vasudevs and Seshadri (1950) and
“Hasgsan et al., (1970} concluded from thelr ilavestigations that
long smut is an alr-borne dlsense and that infectlon results
from sporidia alighting on the sorghum panicles at bool stage
or shortly after cmergencs. )
| On the contrary, Sattar end Hafiz {1952) and Haflz (1958)
stated that infection was cbtalined by ench of three methods of
inoculation: 1) dusting sorghum seed with tellospores before
planting, 2) planting clean seed in scoill previcusly amended with
long smut teliospores, and 3} incculating sorghum heads at boot
stage or after emergence from the boot. Theyobsarved theat

infection was hipgher 1f the tellospores were added to the soll
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during the previous harvest time than 1f they were added at the
time of sowing. They then eoncluded that long smut of sorghum

1s seed~-borne, soll=borne and salr-borne. _ _

~ Bogab and Mehdi (1966} tried similar methods of incculation
to.those of Pragad (1945}, Sattar and Hafiz (1952) wnd Hafiz
(1958), nnd obtained similar positive resulbs., In addition,

they collected clean and apparently healthy sorghunm ssed freom
both long smut~infected rnd long smut-free nanicles and, using
Popps (1958) technloue, they extracted 601 cmbryos from kernels
obtained from intected heads. These embryos were stalned with
fungus-staining dyaes and observed miecrescopleally for presence

of dormant mycelium. Out of the 600 embryos examined, six (1.0
per cent)} were found to possess dormant myceliwn spread through-
cut the embryo ticsues especlially in the region of the seutellum.
No account was glven of microscopic exanination of embryocs of

| geed collected from uninfected heeds (control), The remaining
seeds from the origlnal atock were surfoce sterilized and planted
in healthy goll. At boot stage, the sorghum heads were bagsed
with sterilized paper bags to protect the emerging heads from
alr=-borme telloavores or sporidia. Cut of the 74 baggped heads,
31 (41.9 per cent) showed long smut infection. Again, no account
was glven of control plants. From these results they coneluded
that infection came only from dormant mycelisa living in the
surface sterilized seed, as supnorted by the embrye investlgation

using Popp's (1958) technique.



16

They dild not attempt to show whether or not dormant mycelia of

fungl other than T. ehrenbergll aleo existed in the surface

sterilized sorghum seed. Ragab and Mahdi (1966) concluded that
long smut is alr-borne, soll-=berne and sced-borne and that the
fungus does hot exist just om the seed surface but also within
the embryco, -

The above review shows the present state of confuslion and

contrndiction on the mede of Infection of sorghum by T. ehrenbergill.
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MATERIALS AND METHCDS

Several experiments were conducted to study the node of
infeetion of long smut of sorghum. Thoese have been divided intoe
two basic categorles:

le Experiments designed to study the possible rola of oarly
(seedling) infection in which sorghum beecmes systemically
infected., _

2. Experiments designed to study the possible role of late
infection (florsl) in which infection is localised. | |

The pathogen used for the inocculation studies was T,
ehrervergli. Tellospores used during the 1972 rainy seanson were
collected at Kano and stored in closed vials in the 1aboratory
ot room temperature (20-339C) for 6 teo 9 months before they
were used. Tellospores used {or most lnoculntions during the
1972.73 irrigation period were collected at Kano and Sckoto 3
to 5 months before they were used. Tellospores collected at Kano
in Cctober, 1971, whlch possesscd very few or no contaminants,
were used to supplement the cuantity of tellospores used o
the irrigntion period studies.

Attempts were made Lo remove common contamlinants of long

smut gpore balls, such as Asperglillus sand Penjcillium, through

the use of chemicals which might have differentlal actlon on

the contamlnants and T. shrenbergli. To thls effect, long smut

spore balls were gonked in mercurle chlorlde ut concentrations
ronging from 0.025 to (.10 per cent for periods ranging from

30 seconds to § minutes.
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Concentrations of sodium hypochlorite ranging frem 0,50 to 5.25

per cent for pericds of 30 secends to 5 ninutes were also used.
Mercuric chloride was observed to have an more toxic effect on

T. ehrenbergii than ocn Aspergillus or Penicillium. Sodiunm

hypochlorite, althcugh toxic to beth the contaminants and T.
enhrenbergii (Jjudging frem the aumber of spores that germinated
as compared to untreated spores). Soaking long smut spore balls
in 1.0 to 2.0 per cent scdium hypochlorite for abecut 3 min. was
found to adequutely rid them of contaninants even though more
than 50 per cent of the leng smut teliosnores were also killed
and thelr germination retarded. The surfrce~sterilized long smut
teliospores were thercughly rinsed in sterlle distilled water
before plating on potate dextrose agar ( PDA) for spore culturing
and subsequent inoculations,

Sporidia were cbhtanined by dusting telioepores cnte PDA in
petri dishes and incubating at reom temperature (23-33°C). The
PDA was made nccerding te the formuls glven in the C.li.I. Plant
Pathologlst's Pocketbeok (1968) and amended with streptemycin
at 50 ppm, Sporidin nand teliocspores were haurvested by adding
sterile distilled water cnte the surfrce of the medium on which
the long smut spores were growing snd agltating with the ald of
a sterilized micreo=-spntula.

Leoti (IS 640) and Dwarf Shallu (IS 453) were the two
susceptitle sorzhum varietics used threcughout this investigation,
unless otherwise stoted, 8ced was surface sterilized by socaking
in 0.01 per cent mercuric chleride for 3 min. after which 1t

was thorcughly rinsed in distillcd water.
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Cn all treatments data were taken on the tetnl number of
plants per treatment, the tetol nuaber of plants infected, and
the tetal number of soril per infected panicle,
Unless otherwise stated, all experiaents were conducted at
the Institute for Agricultural Research, Samaru, where relatively
little natural long smut infection cccurs,

1., STUDIES ON _EARLY IVFECTICN

A. Sorghum seed dustcd with tellospores before sowing

Covered smut and loose snut of sorghum and bunt of wheat
rendily occur if seed 1s dusted with telliosperes befere planting.
To determine if this also occurs with long smut of serghum, surface-
sterilized sced of Leotl and Dwarf Shallu were wetted with water

and, corted with dry tellospores of T. ehrenbergii. The inoculated

seed were immedintely planted in the field. The controeol consisted
of seed which wns similarly treated, but with no teliosnore coeating.
This experiment wis conducted during the ralny season and repeated
during the dry season under irrigation,

B. Sorghum sced germinated in an aquecus suspension of sporidic.

1. Germinated seed dusted with teliospores befoeore planting

Prevost (1939) reccommended that in order to obtain a high
incidence of bunt of wheat, seed should be scaked until it
germinates in o water suspension of germinating teliosperes. When
the seed has germinated it should be dusted with the smut telicsperes
before planting. To determine whether Prevost’s (1939) recommendn-~
tion applies teo long smut, surface~sterilized secd of Leotil and

Dwarf Shallu were sonked fer 3 days in an aguecus suspensicn of
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gernlnating tellespores of T. ghreabergll nnd befere planting in

the ficld the zerminating seed wns dusted wlth dry teliespores.
For the control, surf:cee-sterilized seed was sonked for 3 days
in sterile distilled wnter sand not dusted with long smut tellos-
pores before planting. Thls experiment was conducted during

the rainy SGasoﬁ. | |

2, Germinated seed net dusted wlth telicspores before planting.

Early systemic scedliiqy infaction of scorghum by Sclercgspeorn

serghl and millet by 8. graminicols rendily cccurs if the cenidia

and sperangla, respectively, are placed over-night over germinatlng

secd. Also, sugarcanse smut caused by Ustllage seltaminea and

coverad smut of barley caused by Ustilage hordel occcur if the

buds nnd seedlings, respectively, nre sprayed with telloespores
or sporidin, especlially under vacuum. To determline whether the

gporidin of T. ehrenberzii are capable of cstging systemic seedling

infection, surface sterilized secd of Leotil and Dwarf Shallu were

placed in an aguecus suspension of T. ghrenbergll sporidlia in petri

dishes and kept in the laboratcry at room temperature (23=-330C)

for 5 days during which time the sced goerminated nnd the scedlings
started to develop. At the end of the 5 days the sorghum seedlings
were tronsplanted inte the fileld. The coentrel comsisted of surface
sterilized sead which germinnted and grew 1ln sterile distilled
water before being traansplanted., This experiment was conducted
during the rainy seanson nnd repented during the dry sensen under

irrigation.
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C. Teliospores applied to the scil befere planting sorghun seed.

Bunt of wheat and he~rd smut of serghum rendily cccur if the
teliospores of the respective smut fungl are £9nlied te the soil
before sowing., To determine if systemic seedling infection of
leng smut can result from scil~borne teliospores, the fellowing
twoe aporoaches were made,

1. BSeed planted immediately after application of
telicspores tc the scil.

Planting furrews, 2.5 te 4,0 cm deen, were made in
the scil in the field., Teliospores were generocusly applied
to the furrews, te make o distinct, black band on the
surfnce of the geil within the furrows. Surfoce-sterilized
Lectl and Dwarf Shallu seeds were planted in the furrows
and covered with secil. The contrel consisted of surfrce-
sterilized seed sinilarly planted bhut without the additicn
of teliospores. This experiment wns conducted during the
rainy season,

2. Seed planted after initiatien of profuse germination
of scil-borne tellosperes

Telicspores were ndded te sterilized soll in an cpen
rectangular contniner and thoroughly mixed. The quantity
of teliecsnores added vns large encugh as to colour the sell
black. The scil=teliospeore mixture was kept on a bench in
the glass house and maintained meolst by watering until
considernble germination of the tellespores had oceurredeas
evidenced by the whitish cclouring of the scil W(e by

[%4])

sporidin.
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At this stage surface-sterilized secd of Lectl and Dwarf Shallu
were plonted in the seoil and kept molst by watering until the
seed had geminated nnd seedlings grown to a height of abeut
24,0 em. These seedlings were then transplanted intoe the field.
The control was treated in exanctly the same manner, e€xcept that
telicsperes were not added te the seil, This experiment was
cenducted during the rainy seasen and repeated during the dry
seasocn,

D. Growing point region of sorzhum scedlings lncculated.

1. Hypodermic injection of the groria: polat regicn

Bdmunds (1963) und S, B. King (perscnal comnunication) for
severnl years successfully produced head smut cn sorghun by
injecting hend snut speridin inte the growing point region of
young (10 te 15 en high) sorghum plants with the ald of =«
hypedermic syringe and ncedle. This tcchnique was tested for
pessible incculation of sorghum with leng smut. The sporidia

of T. enrenbergil used for this were increased by plating for

7 days in PDA or potatn dextrose broth ecrmtaining 50 ppn. of
streptomyecin in 500 ml Erlemmeyer flasks. Each flask contalned
200 te 250 ml petato dextrese breth., The potate dextrose breth
was made in the same way and with the sqme ingredients as PDA
except that agnr was not ndded. Streptomycin wns ndded te the
cocled potatoe dextrose broth after sterilization. The contrel
censlisted of sorghum plants injected with sterile distilled
water. This experiment was performed durlng the rainy season

and repeated during the dry senson,
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2, §¥plicmtion of serminatinz telliosneres fo the cut ends
cf sorghum seedlings

Leukcl and Martin (1950), succéssfﬁlly cbtninéd leoose smut
on sorghum when yeung scrghun plonts wers cut just above the
growing peint and o water suspension of lecgse smub tellospores
applied te the cut ends, This technigue wns empleyed by the
auther to determine whether leng smut infection cculd be obtained
by aprlying o water suspensieon of germinatlng long amut tellospores
to cut ends of sorghum seedlinis. Plants were lnoculated between
17 snd 18 h Nigerisa tinme ln order te veid excessive drying of
the inecculun. The comtrol conglsted of plants which were cut,
but not incculated., This experiment wns conducted during the
ralny sesgon,

E. Smut incidence on tillers of serzhum plants with snut -
infeeted primory heands

As a rule, the panicles of tillers of sorghum plants whose
primary heads nre smutted with covered smut, looge smut or head
smut (all of which are seedling infecting imd systemic) are
also smutted. If long smut infects seedliazgs and infectiom
beemes systemic, tlllers of long smut-infected sorghum plants
weuld be expected to alse bear leng smut seri, This was
investigated at Kano by obtalning dats on long smut infeetion
of the tillers of 25 sorghwn plants whose primary hends showed
relatively high levels of loag amut infectiem (at lenst 35 sori
per paniele)., The smutted prinary heads of these plants were

cut teo encourage tillering.

e
FAREE
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For compnratlve purposes, a sinilar investigutiﬁn was conducted
at Samaru on 25 sorghum plents infected with covered smut and
25 scrghum plants infected with loose smut. : | |

F. 8Systemic smut mycelium ln branches of smutted sorghum

panicles .
It was hypotheslzed that, 1f panicle branches of plants

Wwith systenic smut infectlon were scctioned, stiained and cbserved
under the microsgcope, systemlic smiut mycellun mlght be cobserved.

If this were true, then smut mycallium shewld be present in
branches of sorghum panicles lnfected with covercd smut, lcose
snut or head smut. Alse, 1f a high level of long smut infectien
1 the result of systemic infectleon, thon systemlic leong smut
mycellum sheunld bhe present In sections of the Infected panicle
bronches, IF anut mycelium were not present in long snut-infected
vanicle branches, but were present iIn panicle branches ilnfected
with covered smut, leese snut or hend smut, then one would expect
that the hligh level of leng smut infection was not due fto systemie
infectiom but rather teo lecud infectlen, To tast this hypethesis,
sorghum panlele branches with severe Infectlons of covered smuﬁ.
loose smut or leong smut were sectioned (10.0 = 12.0M thick)

using a hand micretome. Braanches frem smut-free panicles {(contrel)
were gimilarly sectioned. The dyes, iron haematoxylin, Pinsnese
stain, cctton blue in lactephencl, and trypan blue were separately
used in an attenpt to get one that wounld differentially staln

the fungal mycelium and the surrounding host tissues. The stalned

sectlions were obgerved under the micrescepe for smut mycélluam.



25

G, Dermant mycellum in sorghum embryos

Rageb snd Mohdl (1968) reperted thot they observed nnd

demonstrated the presence of dormant myecellun of T, ehrenbergll

Inaide the embryos of sorghom scecds ceollected from long smut-
infected panlcles. Thelr methoed of investizetlon was repented
by the author with little or ne mediflention to find out if
thelr conclusiens covld be verifiecd. Te this end, 200 to 300
long smut-infected panicles of Lecotl, Dwarf Shallu and five
cther unknown sorghum vorietlies were ccllected frem the field
(mainly at Kone) nnd the seed removed from palred flerets in
which ene of the flerets produced n long srut scorus. This seed
wng surfuace-gterilized and divided inte three lotg. From the
first lot of approximately 600 sceds, 420 enbryos were extracted
uging Popp's (1958) technlgue. The extracted embrycs wers stalned
with either cotton blue in lactephencl or (1.1 per cent trypan
biue and observed under the mleroscope for the presence of fungnl
nycelia. The control cemsisted of 450 embryosgs from seceds
collected from smut~-free panlcles which were extrnoted and
stnined using the sam¢ technlgue, |

A second lot of about 700 seceds was planted undar irrigation
in the field. Half of the plants from these were bagged at the
beot stage and the remalninzg half left unbagged, The contrel
received the same trentment execept that the seed crime rom

snut~free panlcles.
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A third lot of 100 sceds, ench seed asepbically broken intoe
two halves, was ploeced on PDA contnlnling 50 pom streptomyein,
Fungl which grew out from these sceds were lsclated and 1deatified
to the genus level. The control, which censisted of 100 surface~
gterilieed geeds from gnut free panlcles, was treated in the
same manner.

II. STUDIES ON LATE INFECTION

A. Flornl incculanticn

Scrghum panleles were incculated at eanch of four stages of

development s
1) bect stuge (panicle complately enclosed by the sheath of
the flag leaf), 2) preunthesls stage (panicle emerged from the

beot but florets mot yet open) 3) enrly anthesis stage {(floral
| opening beginning) and 4) early sced set stage (male and fenale
flora) ports withored and sccds beginning to feorm). Each of the
feur stnges was incculated with water suspensions of three types

of T. ghrenbergil inocula: 1) sporidia, 2) germinating tellesperes,

and 3) ungerminated teliogpores. Tnoculatioen nt the beot stoge
was done by injecting Incculun into the boot wilth o hypodermic
.Syringe and needle. Inocculatlicons at the other three stages were
done by spraying inoculum onto the panicleg using o de "1lbiss
ndjustible tip atomiZer. ALl incculnted panicles were bagged.

The control consisted of panicles which werc inocculated with
gterlle, distlllied water. Some unincculnted and unbagzied panlcles

renained 1n the fleld.
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B. Sporc balls on flug leaves

It has beeh commonly cbserved at Jomara and Kene thet rnillet

and sorghum panicles develop millet smut (Teolyposhoriunm penici-

llarine) cnd long snut, respectively, in ficlds vhere these smuts
have been known teo exist,'even if the panicles are bagged at

the beoot strge. Worklng on the assumpbion that long smut 1# not
systenle or geedling infecting, one has then te explain how
Infectlion of bagged panilcles ocours naturaily ia the fleld.

It wag thought thnt such infectlion could arise from spore balls
or tellosnores blowm onto the flag leaves and washed into the
boeot by rnin weoter. To investlgote such o nossibllity, the flag
leaves of &0 sorghum plants at early boot stoze growiag in
field at Keno, where noturnl long snut iafectlon comonly cccurs,
were seporately wvashad with distilled water and the washing
collected in small vials. The washings were scparabely
centrifuged for 10 nin., st medlwn speed in o tanble medel clinienl
centrifuge anmd the procipviinte removed aind microscoplenlly

examnined Tor number of long smut spore bnlls.,
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A

RESULTA

STUDIES ON EARLY INPECTICN

Sorghun seed dusted wlth telicspores boefore sowing

1, Sorghum sced wos dusted wlth the tellospores of T.

ehrenbersil before sowing in the fleld during thae roiny

sengon, Table 1 shows the results of such o btreatment.

Lass than 1.0 per ceut infectlion resulited from this trentment
on both Leotl and Dwnrf Shallun, Also ne appreclable
dilference in the incidence of long snut infection cccurred

between the traented and the control.

Table 1. Incidence of long smut resuwlting from dusting sorghum

seed with long snut tellosperes before sowing.

Average Wo,of
Potal No. scri per
Tobtal No. of plants Percent Infected

Variety Trectnent of plonts infected Infection panicle
- Lectl Seed dusted with
telliospores 450 5 07 3

Qeed free of
telicavores

(comtrol) 234 2 0.7 4
Dworf Sced dusted with
Shnllu teliosnores 224 1 a5 6

Sceed free of
teliosvores
(comtpl) 215 0 0.0 0
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The exprriment was repented durinz the dry senson under
irrigation, OCut of 182 plonts that resulted from seed dusted
with tellicsporcs and 122 contrel plants, none shoved any long
snmut infection,

B. Sorghum sced geérminated in nn acueous suspension of
snoridia

1. gerninated sced dusted with teliosperes before planting

Seed of Leotil was germinated in an aqueous sporidial
suspension of T. chrenbergll for three dnys ond then dusted
with tellicgpores of the same fungus before planting in the
field. Out of the 154 treated plants none shoved any leng smut
infection, while onc plant ont of the 86 centrel plants showed
long smut infection with 12 sori,

2. Gerninated sced not dusted with tellospores before planting

Sced of Leotl and Duarf Shaillu were gerninated and allcowed
te grow in an agueous suspension of long smut sporidia for 5
days, Without further trentnent, the young seedlings were
planted i1 the field. The results, shown in Table 2, indicate
a very low level of infectiom with little or ne difference

betveen the trecated «nd the comtrol.
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Tnable 2. Incidence of long smut on plants derived froem sceds
wirleh were germinated ond grown for 5 days in o
wabter suspension of sporidin before nlanting in
the ficld. :

Tctnl Ne, Avg. No,of
Tetal Vo. of plants 4 sorl per
Variety Trentnent of plants Infected 3infection infected
ponicle
Leotl Seed germinated
in sporidial
suspension 330 4 1.2 3
Sced germinated
in gterile water
(control) 186 2 1.1 4
Duwarf Seed germinated
Shnllu in sporidial
guspensiom 292 1 (03 9
Seed germinnted
in sterlile
water {(contr 1) 140 1 .7 5

C. Tellosperes apnlicd to the seil before planting sorghw: geed

1. BSeed plonted yrmediately fter nppiiceotlion of tellcospores
to tha soll.

Sced of Leoti and Dwarf Shallu were sown ilrmedlotely in
s0ll in the field to which dry, uperminated long smub tellospores
had been generougly applled., Cut of o total of 215 plants in
troanted goll and 154 controel plants in aatreated soil, none

showed any long smut infection.
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2. 8ecd planted after initiation of profuse r»e,:t'mirw.\l:,fim of
SOLll~-bOrNne LOLiospores

Seed of Leotl and Dunrf Shnllu were planted and grown through
the seedling stage in soll heavily Infoested with germinating long
smut teliospores before belng transplanted inte the fiesld. The
results shrwn in Toble 3 indlcnte a very low level of infectiom
with little or no difference hetween the treated and the control.
Table 3, Incidence of long smut resulting from growing sorghum

through the seedling stige in soll henvlly 1nfested
with goerminnting tellospores.

Total Wo.. Avaeragea No.,
Total No. of plents 53 of sorli per
Varliety Treoatment of plants infected infection Iinfected
panicle
Leotl Teliospore
- infested soil 1213 1 o8 8
Teliospore free
goll (control) 85 3 3.5 2
Dwarf Tellospore
Shallu infested scil 96 3 3.1 2

Tellospore free
aoil {control) 20 0 00 0
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D. Growing point region of sorghum seedlings inoculated

1. Hypodermic injection of the growing point region
Leoti snd Dwarf Shallu seedlings (10 to 15 en tall) were

incculated at the growing point region by injecting an agueous
suspension of long smut sporidian with the ald of a hypodermic
syringe and needle, WNo long smut infection occurred om any of
the 162 plants incculated with sporidia during the railny season
and neither was there any long smut infection on any of the
104 contrel plants.

No long smut sori were observed on any of 55 Leotl plants
which were incculated with sporidia during the dry seanson and
neither were any long smut scri observed on any of the 43 comtrol

plants.

2. Applicition of germinatinz telliospores to tae cut end of
sorghum seedlings

Young Lecti and Dwarf Shallu plants wore cut just above the
growing point and germinnting long smut tellospcres were applied
to the cut ends. Out of a total 88 inoculated plants and out
of a totnl of 55 eontrol plants, none showed nny long smut
infection,

E. Smut lncidence on tillers of sorghum plants with smut-
Infected primury heads

Data were obtained on the incidence of smut on tillers of
sorghun plants whose primary hesds were infected wilth covered
smut, loose smut or long smut. The results in Table & show
that almost all the tillers of plants with primary heads

infected with either covered smut or loose were smutted,
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M the contrary les: than 5(5 per cent of the tillefs of long smut~
infected plants showed smut infectlon, It was observed during

the investigation thet all or almest all the floreta on the
panicles of t1llers infected with elther covered smut or 10633
smut were smutted, but only o few florets were smutted on

ponicles of most tillers infected with long siut.

Table 4. Incldence of smut oan tillers of sorghum plants with
: snut=infected nrimary heuds.

Long smut Loose snub Covered smut

Totanl Totonl Total Total No. Totnl Mo
: no., of number na, of of tillers Total Wo. of tillers
Stand  tillers infected +tillers infected of ti1llers infected

1 2 1 3 3 3 3
2 2 0 5 5 I
2‘ 3 0 E 5 2 2
1 1 3 1 1
g 4 2 6 6 1 1
3 0 3 2 2 2
g 1 1 3 3 2 2
2 0 2 2 2 1
9 2 2 2 3
10 2 2 2 2 3
11 1 0 6 5 3 g
12 3 0 3 3 3
1 3 1 7 7 3 3
1 3 2 2 3 1 1
1 2 1 2 2
1 2 2 3 z 2 2
1 2 1 3 g
1 5 2 3 3 2
19 Z 3 3 3 2 2
20 1 2 2 1 1
21 5 3 2 2 1 1
22 2 0 5 4 3 3
IR
3
25 2 0 R R . 2 2
Total 61 29 98 93 57 54
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F. Systemic smut mycelium in branches of smutted sorghum panicles

Branches cf scrghum bpanlcles highly infccted with leocse smut,
covered smut or long snut, and bronches from snut~free panicles,
were sectioned with o hend microteme and steined before observing
under the microscope for presence of systemic sinut mycellum., No
differences were chserved between branches from smutted or smut-
free panicles regardless of the smut involved. Also, no differences
were observed among branches of prnicles infected by the three
smut disenses. In short, ncthing infeormative was obtalned with
respect to presence or chsence of snut mycelium in panicle
branches.

Gs Dormant mycellum in sorghum enbryos

Four hundred and fifty embryos of sead ceollected from smut-
free panicles nnd 420 enbryos of seed colleected froem palred flerets,
In which one of the florets produced a long smut sorus, were
extracted and stained using Popp’s (1958) technique and then
observed under the microscope for the presence of fungal mycelium.
Dormant fungal mycellium wns found in 18 embryos from the smut-free
panicles and 24 embryos from lomg smut infected panicles.

When seed from pnired florets, in which one floret produced
a long smut sorus, were planted in the fleld under irrigation,
noene of the 385 plants showed any symptem of long snut infection.
Also, long snut symptoms were not observed cn ony of the 280

control plants derived from seed collected from smut~free panicles.
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Sorghun secd eollected fram snut=free panicles and from
paired florets in which one fleret developed n long smabt sorus
were separately surface-sterilized ond theroughly rinsed with
sterile dlstilled water. Esech seed was ascptlceally svlit into
two halves and placed cn FDA In Petrl dishea. From both sced
lota, the following gencrn of fungi were isolated:

Aspergillus, Chnetomium, Curvularia and Fusarium. Yo fungus

resembling T. ehrenbergll was lsolated from uny of the two seed

lots,
ITI. ARATUDIES CN LATE INFECTION

A. Floral inocculntionz. Sorghum panicles were inoculntcd

at ench of four strges of development s
n) boot strge, b) pree-onthesis stuge, ¢) anthesis stage
4) early seed set.
Erch of these fonr stoges was iheculated with each of 3

types of T. shreabergii lnoculum:

a) sporidin, b) germinnting teliospores, c) ungerminata&

tellospores,

Toables 5 and 6 show the results of such inoculatimms done
during the ralny senson on Leotl and Dwarf Shallu, respectively.
Table 7 shows the rasults of such inoculrtions done during the

dry sensm on a rmixture of Leotl and Dwarf Shollu plants.



Table 5. The effect of inoculating Leoti panicles at various stages of development with the speridia,
germinating teliospores and ungerminated teliospores of T. ehrembergii during the rainy season,

¢ |, Stages of develcpment

Boot Pre-Anthesis Early Anthesis Early seed set
Treatment
Ayerage Average Average Average
% of No. of Total & of No. of Total ¥ of No.of Total & of No. of
Total No. plants sori per No, of plants sori per No. of plants sori per No, of plants sori per
of plants infected panicle plants infected panicle plants infected panicle plants infected panicle
Sporidial water
suspension 70 12.9 € 65 Tl T s 65 6.2 3 55 2.0 0
Sterile distilled
water (control) L5 0.0 0 LO 0.0 0 40 5.0 1 L0 2.0 0
Aqueocus suspension
of germinating
teliocspores &0 76.7 21 €0 35.0 9 60 id.T 5 55 0.0 0
Sterile distilled
water (control) 50 0.0 0 LO 2.5 L L5 L. 2 45 0.0 Q
Aqueous suspension
of ungerminated
teliospores 60 0.0 0 &0 0.0 0 €0 1.7 3 60 0.0 0
Sterile distilled
water (control) 40 0.0 0 50 2.0 L 4O 0.0 0 40 0.0 0




Table 6. The effect of inoculating Dwarf Shallu panicles at various stages of development with the sporidia,
germinating teliospores and ungerminated teliospares of T. ehrenbergii during the rainy season,

Stages of development

Boot Pre-Anthesis Early Anthesis Early seed set
Treatment Average Average Average Average
% of No.of Total £ of No. of Total % of No. of Tatal & of No. of

Total No plants sori per No.of plants sori per No. of plants sori per No.of phnts sori per
of plants infected panicle plants infect panicle plants infected panicle plants infected panicle

Sporidial water
suspension LO 17.5 6 4O 22,5 5 LO 7.5 5 30 0.0 0

Sterile distilled
water (control) 25 0.0 0 25 4.0 3 25 0.0 0 25 0.0 0

Aqueous suspension
of germinating

teliospores Lo T7:5 18 35 48.6 9 35 22,9 IA 35 0.0 0
Sterile distilled
water (control) 30 0.0 0 30 6.7 2 30 3.3 6 25 0.0 0

Aqueous suspension
of ungerminated
teliospores 30 3.3 7 30 0.0 0 30 0.0 0 25 0.0 0

Sterile distilled
water (control) 35 0.0 0 35 2.9 3 25 0.0 0 30 0.0 0




Table 7. The effect of inoculating a mixture of Leoti and Dwarf Shallu panicles at varicus stages cf development with
the sporidia, germinating teliospores and ungermminated teliospores cef T. ehrenbergii, during the dry season,

Stages of development

Treatment Boot Pre-Anthesis Early Anthesis Early seed set
Average Average Average Average
% of No. of Total % of No. of Total % of No., of Total ¢ of No. of

Total No plants sori per No. of plants sori per No. of plants sori per No, of plants sori per
of plants infected panicle plants infected panicle plants infected panicle plants infected panicle

Sporidial water
suspension 30 36.7 7 30 26.7 6 30 30.0 3 30 0.0 0

Sterile distilled
water (control) 20 0.0 0 20 0.0 0 20 0.0 0 20 0,0 0

Agqueous suspension
of germinating
teliospores 60 90.0 22 45 55.6 8 40 15.0 I 4O 0.0 0

Sterile distilled
water (control) 40 0.0 0 35 2e3 3 35 2.9 2 35 0.0 0

Aque~s snspension
of ungerminated
teliospores 45 0.0 0 L5 0.0 0 45 0.0 0 LO 0.0 0

Sterile distilled
water (control) 36 0.0 0 35 0.0 0 35 0.0 0 35 0.0 0
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ALl the 3 tmble% show that nest long sput infectlon Wwas
ocbtalned at the boot stogeé. This was followed 1in decreasing
order by premnnthasis stonge and then early anthesis stoge. No
infection wag obtrincd ot early seed set stage. gerninating
teliosporcs produccd nCTe 1nfection than sporidin at all
sugceptible stauges of panicle developnent. Ungerminated
tellospores preoduced no infections on N[Ny of the four stnges
of panicle development . Most jnfection, as shown by the 3
tables, occurred at boot stoge when perminatling teliosporaes
were used ns the jnoculun.

During both the rainy sensom and the dry seasc it was
ohserved thot o few senttered longy smub geri develoned on unbagged
gorghum panicles in the field, ecpecinlly the panieles that
were Very near thoge sprayed wilth 5erminating tellogpores or
sporidin.

B, Spore balls on f1ne leaveg. From the washings of individual

serghwun flog leaves at early boot stoge i1n o field at Kano,
where naturnl long spnut ianfectlion comuonly occurs, the resulis,

showm in Toble 8 were obtalned.
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Table 8. Number of long smut spore balls frund on 60 flag
leswves of sorszhmn plints in the beot stnic.

Totnl nunber of No. of Percontage
spore bnlls found flag leaTes of total
0 22 36.7
: 10 16.7
2 12 20,0
2 343
5 843
More than 4% G 150
Totel 60 10040

#Up to 17 spore bolls vere found on an yndividunl
f1ing leafl.
From this table it c.n be seen that only 36.7 per cent
of the flog lerves wnshed were {ree of lon, smut sDOTE banlls.
Also 15 ner cent of the flug leaved hnd more thn~n 4 sporc balls.
Plants with uo to three cr nore spore balls formed 26 .6 pcr cent

of the totnl number of flag leaves exanincd.
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In general, the¢ results of the pressnt investigntion support
the vlew that long sout of sorghum is o loenl, flernl-infeeting
dlsease. The resgsults do not support the view that long smut
1nfect16n crm be inltlated during the sced or seedling stage and
that the fungus subgsequently grows systemically within the plant,

Experiments were deslgned to study the role of ssedling
Infecticn on the cccurrence of long smubt. These conglsted of:

1) dusting sorghun secd with tellospores before planting,.

2} germinoting sorghun secd in an ngueous suspengion of
sporldla before hlanting,

3) plenting seed in soil infested with teliosvores,

4} inocculeting young sorghum plante at the growing point
reglon with aporlidin or germinating tellospores,

5} planting seed which were removed from palred florets in
which onc member of the pair developed a long smut
sorus, and

£) obtaining dats on ilneidence of leng smut Infection on
tillers of plants whese primary poanleles were snutted.,

All these experiments gave negrtive results indicoting the
improbnbllity of systemic seedliag infection, Tables 1, 2, 3
and 4 show the results of scome of the €xperiments designed to
study early seedling infeoctionn. In the cnses where long smut
infection occurred on a few rf the centrol plants in the fleld,
infection was thousht te have come from nir~berne sporidica or

teliospores.
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A higher.incidence of lonz smut infectlon among control plants
would have been expected 1f the experiments ned been condueted
in arens of high naturnl long amut infestion, such as Kono state
and Sckoto vrovince jngtend of at Sauaru where the incldence
of natural infeetlon 1is very low.

Hafiz (1958) Sattar nnd Bafiz (1952) and Ragab and. Mnhdi
(1966) concluded from thell {nvestigations that long smub can be

both seced~berne and soll-berne pnd that T. chrenbergil 1s capnble

of, and dogs enbse, systemic secdling infectiocn. However, their
results which supported the view of systemlc jnfection origlnated,
1n the author's mind, from twe basle shertcomings in their work.
tne shorteoming was that they eilther did not use contrels or

+he centrols which they used were jnadecuate. The second short-
ccming wes thelr assunptiom that sorghum penlcles vaggced betre
emergence from the hoot were entirely protected frem infectlion

by air-borne spores. 1T these investigntlons had had adeguate
centrols they might not have cbserved differences bctween treatinents
and contrels in the seedling infecticn studies, The mera fact
thit corghun prulcles which were bagszed bafore energence from the
beot developed long smut sori (ne contrels kept) ferced these
investigntors inte belicving that infectlon was gystemic and could
emly have been initinted during the sced or seedling stage. The
suthor's lnvestigation ot Kano {Table 8) in which spore balls of

T. chrenbergil (ronging between 1 and 17) were detected on sorghum

flag leaves at enrly beot stage shoys that spore balls or telliospores
can be biowm from the soil by wind and deposited on the flag leaves

at bcot stage.
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These Spores can then énsily be washed by rain water ianto the
bect through the neck of the beot and denosited on the enclosed,
developing panicle ton bef ore omergence fron the boot and befere
bagzing 18 done. In such o case bagging of the sorghun head before
emergence from the boot would not completely e¢lininate the
peasibllity of an alr-borac jnfection, The author stroagly
suspects that the investigators whe hgerved long smut symptoms
on bazxzed panicles did the bagiing after long smut SDHCTES had
alrendy entered the berct, High molsture centent in the beot
egpecially during the ralny seascl wlll focilitsate the gerninatlion
of long smut tellosperes and the develovnent of infecticn hyphee.
Tt enn be argued that boagging of gorghum heads 1n fields which
are 1nfested with long amut spores will not prevent the cccurrence
cf leng smut, but rather nny nctunlly encournge gmut infection
weo.use of the lncrensa jn humidity breught abeut by the presence
of the bng on the sorghun herd. A higher number of smut sorli per
infected panicle ls asunlly observed < bagged heads than on
unbogged Mes. From experiments conducted bt Kanc, S. B. King
(personal communicntion) observed that panicles which were bageed
nad more long smut sorl than uabogaed panicles.

The high comcentratiom of leng saut serl at the paniele
apex, shown in Plg. 4, sugests thpt A 8pore b1l may have heen
deposited ot the apeX of the pnnicle Where teliogspores gerninated
vausing o highly locnlized infectien., This type of phenomencn
18 alsc very commen oi millct panlcles infected with Telypeosporium

penicillnrine.
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Millet smut is believed te be nn alrsborus, lecanlly lnfecting
disense (3hatt, 19463 Fischer and Holton, 1957}, nnd severe
infecticon on basged millet panicles la coanon, he auther,
therefere, suggests thet nillet snut and scorghwl leng smut have
the sname mode of infection,

Ragab and Mahdl (1966) reverted that they chserved and
demmmstrated the presence of long srabl mycelium inslide the embryos
of kernels removed from long smut-infected punicles. The results
which they presented and those which have been presented in this
report ondt doubts om the velidity of thelr crmelusions. When
they extrrcted the serghum embryos using Pepp’s (1958) technique
they detected dermant mycelin in one per cent of the 600 eabrycs.
They did nct report on whether or not they observed deormant
mycellia in embryos serving ns comtrels (i.e,, embryes of kernels
froem amut free panicles). The mycelia they cbserved could have

been the mycelin of fungl other than T. ehrenbergii. They d4ild

not attempt tc isclate and ldentify the fungl in enbryocs of seed
from long smut infected pamicles. BRigab and Mahdl planted some
of the surfonce-sterilized seeds from long smuteinfected ponicles
and bagzed panlcles before emergence from the boct. However,
there were apparently nc coatrols for this. They cbserved that
31 out of 72 (41.9 per ceont) bogged panicles develcoped long
smut seri, and concluded from this that infectiom crne from

dorment T. ghrenberzii mycelium in the seed. The presence of

myceliumn feund in the embryos, they felt, added support to thelr

conclusions thnt gorl develoved as a result «f systemnic iufection.
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There appeanrs tc be no correlation between the 1.0 per cent
embryos found to have dormant mycelium and the 41.9 per cent leng
gmut infecticn found in the ficld on bagged paniclec. Since
Popp's technigue 1s a reliable methed for detecting d orment
mycelium in enmbryos, 1t would be expected thet the inclidence of
long smut infectien in the fie1d resulting fron dernont mycellum
in embryos would be only a8 hlgh a8, and not Yipgher than that
observed in enbryos. Therefore, the Lz-feld increase in the
incidence of long gmut infection in the field ns compared te
that cbserved 1in the laboratcory nnd recorded by Rngab and Mnhdl
(1966) 1s a significant increvse. It is likely that all or nost
of the long smut infection in the field reccrded by Rogab and
Mnhdi (1966) was the result of infection frem scurces other than
dormant long snubt myceliun in sorghun €nbryocs.

The author failed to obtain o single long snut infected
plant out of 395 plants which originated from seed token from
paired florets in which one menber of the palr developed . long
gmut sorug. These results cast further doubt on Ragab and Mahdi®s
(1966) cleim thot dorment myceliwn of T. ehrenbcrgil occurs in
gced collected from long gnut infected panicles snd that this
mycelium is cnpable of, and does cruse, systenic geedling infection.

Using Popp’s (1958) technlsue, the nuther cbserved dormant
myceliun in 18 out of 450 embryos from gmut ~-free panicles and
2l out of 420 embryos from snut infected panleles. On plating
surface~sterilized ond eplit seed frnm the two seced lcots M PDA

the wrilter isclated frem both lots, Asggrgillus sp. Chnetonium SD.,
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curvuloris s8R nd Fugarium SPP. he mycells ckserved in

embryos using Poppta rechnlque 1ikely belenged te thig sone group
of fungi. It is, therefcre, pegsible that the dernnnt mycelia

which Regab and Mandl (1966) chbeerved in enbryos were fTungl

cther than Te shrenberzil. Ia the writer's opinlon Rogab and
Mnhdi have not previded convincing evidence €C support thelr
cleim that dermont mycelium of T chrenbergil cccurs in scrghum
gesd cbtained fron infecbed panlcles and that ench seed ¢an
yield & gystenlenlly infected plont. rurther verification of
_thelr claim 1s needed before it cnn be accepted a8 geientifile
truth.

The fact thab pesitive pesults, with respect to long st
jnfection, WETS cnly observed quring incculatlion of the pnnicles,
further confiyms enrlier claims by BRutler (1918}, Hassan et al
(1970), Ramokrishnoan and Reddy (1949) and Vngudevi and Seshadri
Iyengny (1950) that lonz snut 1is purely an niT=borne dlsense
which infects leoenlly and not systemically. The aputheor?s results
of floral inoculntions, shovm in Tables 5, 6, and 7, tndicate
that in nature long smut infectlon can ccour nt the boot, pre-
antnesis and anthegls stozes, and ne lnfection cecurs during or
after seed set. The results agree wWith theose of Prasnd (1945),
Hafiz (1958) ond Ragab and Mandl (1966) who reported thot
ungermlnated teliospores are inenpable of causing 1infectlmm

when used to snoculate any stage of flornl develcpnent.
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The renscn for the foilure ef lnborat cry-st cred, 4dry, ugerminated
tellicspores Lo cause leng snut infectlon may bs thnt in nature
these telliospores requlre some pericd of expoesurs to certain -

trantments in the g0il before they can enslly germinate and cause

infectlon, It is kncun thot teliospores of Sphacelothecs reillann,

the causal orgnnism of sorghur head snut, requlre sme pericd of
treatment in the soil befcre significant jnfectionsg can occur |
(Halisky, 1963).

Hoving found that long snut is air-borne and not systemic,
cne may thean nceount for how infection of the type in Flgures 2
and 3 came about. The type of infection in Flgure 2 invelving
few and scattered soril is prcbably brought about by palred or
fused compntible speridia or jndividual infection hyphae which
are carried by air sand deposited on jndividual florets. The
type ¢of infection in Figure 3 jnvleving & high concentration of
 sorl is prebably brought abeut by germinnting teliosperes of o
spore ball or sSpore ballg. The ball which consists of garminating
tellospores or teliospores just about te aerninate nay be blown
by wind and deposited on & flag leaf where they are washed inte
the boot and onto the develoning panicle. Or, germinating
teliospores in a mass may be deposited on parts of the panicle
where nunerous sorl will form. In addltion to the presence of
gultable environmental cenditions for spore germination, invasion,
and esteoblishment of T. ehrenbergil, the severity of long anub
depends directly on the amount of inoculun deposited nt & suitabhle

locntion on the scrghum plant .
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This in turn depends the avallability of 1noculum in the seoil
of the aren and the degree to which the wind blows incculum cnto
the sorghum plont.

The finding that lmg gmut of sorghum is not scedling
tnfecting but 1s atrictly an alr-beorne, flornl infecting dlsense
15 of great significnnce agriculturnlly. Thisg means that seed
dressing with fungicldes, a cheap and practlical way of controlling
covered smut nnd loose smut of sorghuw (Terr, 1962), will noct
contyol long smut, This nag, in fret, as gtoted earlier, been
the experisence of nany investigntors and agriculturists. Monoe
cropping, espacially of long gmut susceptible sorghum varietles,

could result in the build up of T. ehrenbercil inoculum leading

to an Increase in the incidence of Llong smut.

identificntion of long smut resistant germ plosm and the
develeopment of long smut resigtnnt sorghum varietles is neoessafy.f
Host plant resistonce will be the ncst effactive and lasting
measure for the control of long smut of serghum, A screenlng
program for reslstance 48 likely to requlre artificinl incculation
of materinl to reduce chnnces of escape. Based o the nuthor's
results, a screening progran using artificial inoculaticn should
involve lnoculum conslsting of germinating teliospores applled

to panlcles at the beot stoge .
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- BUMMARY

The mode of long smut (T. ehrenbergiil} infection was investl~

gated. PFrevicus investigntions by others on thlg subject have
produced combradicting results and cchelusions. The author found
everwvhelmin~ evidence to support the thecry of the alr-borne
nature of infection, and none in suppert of the theory of seed
or seedlinz infection and subsequent systenic invasion of the
_aorghum plant .

The present investigatlion has shoun that 1nocu1at1ng'sorghum

panicles with sporidian or germinatlng tellospores of T. ghrenbergii

at the beot gtage, pre~anthesis stage or enrly anthesls stage
results 1n the occurrence of long smut. Incculating at boot
gtage and using cgerminating teliesnores results in the highest
level of infection,

The present lnvestigation hns, however, shown that the
following trentments do not zive rigse to long smuts

1. Ceating sorghun sced with teliospores before planting.

2. AMding teliospores to soll before planting. |

3. Allowing scrghum seed to germinate and grow for scme

dnys in an aquecus suspension of sporidia or

germinnting teliospores before transplanting late
the field.

L, 1Incculating the zrowing point regiom of younz sorghum
plants with saporlidin or germinating tellospores
using o hypodermic syringe and needle.

5. Inocculating scorghum panicles after seed set with T.
ehrenbergil incculum,

6. Spraying sorghun panlcles at all stages of develcopnent
with ungerminoted teliospores.
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