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The present paper deals with the sueccession of fungi on the root
regions of living Pennisetum typhoides. The presence and amounts of
amino acids and sugars in root exudates (July to October) and root
extracts (July to November) have been studied.

INTRODUCTION

The succession of higher plants in relation to warious environment-
al factors has been studied by various scientists. The succession of
microorganisms on various substrates has also been extensively studied.
The succession of fungi and on ageing roots of different plants has
also been reported (e.g. Das 1953; Dix 1964; Gadgil 1965;
Parkinson, Pearson 1967; Taylor, Parkinson 1965;
Dickinson, Pugh 1965a, 1965b; Srivastava 1969, Sriva-
stava, Mishra 197la; Kanaujia 1973). The association of fun-
gi to the root at different stages and at various depths for crop plants
has not been properly worked out in tropics and need further explor-
ation. In the present communication, the process of fungal succession
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on living roots of Pennisetum typhoides (Burm f) Stapf et Hubb. has
been described by author. '

MATERIALS AND METHODS

Pennisetum typhoides (Burm f.) Stapf et Hubb. had been selected
for the present study. The crop was raised in the experimental plot
situated in the campus of the University of Gorakhpur. The mycoflora
of seeds had been also assessed (Mishra, Kanaujia 1973a) be-
fore they were sown in the field. The seeds were sown on July 1,
1970. The first sampling was completed when the plants were 10 days
old. The subsequent two samplings were done on July 15 and 25, 1970,
Further samplings were done twice a month till November 1970. On
July 10 and 15, when roots were quite small and their division into
crown (RC), middle (RM) and distal (RD) regions was possible, the
whole root system was considered as single entity. The three above-
-mentioned regions were considered on 25 July and later. The roots
from crown, middle and distal regions and nonrhizosphere soil from
corresponding regions were also separately collected as described by
Kanaujia (1973). The process was repeated the following year from
July 1971 to November 1971. The isolation of mycoflora of rhizosphere
(RS), cortical portion of rhizoplane (RPC), steller portion of rhizoplane
(RPS) and nonrhizosphere (NR) region of crown, middle and distal
zones of the root was assessed by methods described by Kanaujia
(1973). The fungi were identified (Gilman 1956; Clements,
Shear 1931; Barnett 1960; Thom, Raper 1943) and preserv-
ed on sterilized Czapek’s ager slants. The whole process was repeated
the following year from July 1971 to November 1971. The fortnightly
data for the months from August to November were consolidated every
month for the presentation in this study. The moisture content and
pH of nonrhizosphere of RC, RM and RD regions on every sampling
day were determined by the Piper's method (1966). The fungal pop-
ulation was calculated on the basis of one g dry soil in the nonrhi-
zosphere, one g dry soil and dry root in the rhizosphere and average
number of colonies per plate in rhizoplane cortical and steler regions.
The root exudates were collected monthly from 20 day old plants from
July to October 1970. Alcoholic root extracts of crown, middle and
distal regions were separately prepared on every sampling time. The
amino acids and sugars present in the root exudates and extracts were
detected by the undirectional paper chromatography (Smith 1960a,
1960b). The amount of amino acids and sugars was determined by co-
lorimetrically (Peach, Tracey 1953). The effect of root-exudates
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on 15 rhizosphere fungi, viz., Rhizopus nigricans, Mucor hiemalis, Cun-
ninghamelle bertholletiae, Trichoderma viride, Aspergillus fumigatus,
A. flavus, A. terreus, A. niger, A. aculeatus, A. tamarii, A. sydowi,
Penicillium chrysogenum, Curvularia lunata, Alternaria alternata, and
Fusarium nivale, was studied in cavity slides by the hanging drop
method. The cellulose, hemicellulose and lignin components of root
of crown, middle and distal zones was estimated by the Peach and
Tracey's method (1955).

RESULTS

Seed mycoflora. A considerable number of fungal species
(4 of Phycomycetes; 3 of Ascomycetes; 19 of Deuteromycetes; 2 of
sterile colonies) were found associated with seeds of Pennisetum
typhoides before they were used to raise the crop. Aspergilli were pre-
dominant (Table 1).

Table
Dominant fungi nssociated sith Pennisetum typhoides
T Izclasion technigues ]
Bpacise direct imoisture [ surface |
plating |chamber | wash i
!tnh.u. method E
Agrocylindriue granulatum Bon, | S i i
Altornaria alternata Fr. 5 * 1 + * 1
Aspergillus aculeatus Lizuka i » | * * i
4. rlavus + | + +
As tug Fros. + 1 + +
i. nidulans .FHO:J;J Winter |t ! +
. ar V. - + + +
A. niger /fo"2/ ! * i * E 1
« Lorreus i * i * i -
Botryotrichum piluliforus Sacc. | . | 1
Cephalosporium acresonius Corda ! i . 1] -
Chaetonium globosus Kunss ex Fr. + v !
Cladesporius herbarua Link a&x Fr. * - H
Cnrvularia lunata /Wakker/ Boedijn + + +
Fuearium nivals /Fr./ Ces. *
Lophotrichus sp. - *
S Tohatestrbinn frece./ v.imn.|
- - - *
Pqﬁiti]}l.‘.uﬁ chryasogenus Thom + * 1 +
F. humicols Oud, < * H +
Fhoma hibernica Grimms, 0'Con.et Cuma. + + !
Rhizophus nigricans Ehrenb, - * +
Spicaria simplicissima Oud. *
Syncephaiastron racemosum Cohn et Schroet. * +
Irichoderme viride Pers. ex Fr. - + +
Zygorhynchus japonicus Eominami +
White steride cols /Wp/ + i *
Hrown sterile cols * ks
E SERHETORT S SIS S =
L o Total ) o 25 | __18

Horizontal distribution of fungi

One hundred and ten fungi belonging to different taxonomic groups
were isolated from the rhizosphere, cortical and steler regions of rhi-
zoplane and nonrhizosphere during July to November 1970 and 1971.
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Table 2
Detribution of fungd in hordmental /MH, HS, RPC, A¥E/
and wertieal /RC, AW, RD/ regions of Yenniontun typhdides
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Fungi in the number of 102, 84, 37 ‘and 27 were isolated from nonrhi-
zosphere, rhizosphere, cortical and steler portions of rhivoplane respec-
tively (Table 2). Deuteromycetes were the most numerous in all the
horizontal regions followed by Phycomycetes, sterile colonies, Ascomy-
cetes and Mycelia sterilin. Aspergillus followed by Penicillium in Deute-
romycetes, Mucor followed by Rhizopus in Phycomycetes, Chaetomium
in Ascomycetes and white sterile colonies in sterile colonies were pre-
dominant (Table 2). Out of 102 species of fungi isolated from NR re-
gion, only 78 of them could establish themselves in RS region (6 sp.
were characteristic for rhizosphere region); 84 sp. of RS region de-
creased to 36 ones (one restricted to this region) in the cortical portion
of rhizoplane, whereas there were only 27 arrivals in the steler region
of rhizoplane and all of them were contributed by RPC region. Thus
pattern of fungal arrival from NR — RS, RS — RPC — RPS was 102 —
—T8, B84—36, 37—27. Aspergilli—the most numerous — were fol-
lowed by ssp. of Penicillium, Mucor, Fusarium and Curvularia (Tables 2
and 3). The number of fungal species in the four above stated root
regions exhibited a regular pattern in crown, middle and distal zones.
The fungi in all the horizontal regions of the root were the most num-
erous in the crown region and were followed by the middle and
distal zones. However, in the steler region of distal zone the number
of fungal species was appreciably higher (23) than in the corresponding
region of the middle zone (18) but their number was lower than the
crown region (25) (Table 3).

Rhizopus nigricans, Mucor hiemalis, Trichoderma viride, Aspergil-
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lus aculeatus, A. flavus, A. fumigatus, A. niger, A. terreus, Penicillium

chrysogenum, Verticillium albo-atrum, Cladosporium epiphyllum, Cur-

vularia lunate, Fusarium oxysporum, white (W1) and black sterile co-

lonies were commonly associated with all the horizontal zones of

crown, middle and distal zones. Ten other isolates were also recorded

from NR, RS, RPC and RPS regions irrespective of vertical zones.
Table 3

viotrloutien of fuamal speclen Lo ddfforgnt veol rpecless FL7, &3, RPC, RTS/
of erewm, middle and distal reglons of Fanal

f e s e e e = e
{
i
i
1 sijrale
{
=.-.-.-.-.-....- e oy
| Abpidin spiroan Lawein, *
| Phizophun pigricens Hwenn, [ i
i H. ocyeas Want. ut Fripaun Seerling .
1 Uueor ld.n:-ll.- Wals .
L. I:.l.l:lli: 2 J.u.t- us Jidm./ Gohdpper "
-4 #
u. pu:ﬂuu: L..l.udt " " - . -
H; clreinailoides va. Tiegh. et Lo —onn. -
K, racamogus Fres. . . W " - . . "
M, heterogamus Vulll, v v +
Ee dlgpersus Hagen " . - *
W, heterasposus Filah, + + + +
Circinella simplex v, Tlagh. -
! g;eﬂunclau Lponisus Komisami # + - * + &
E oo cucirbitaras /fBeck.et Rav.haxter | + w - - + +
;Iih.ﬂ.lu‘.lu\ ERade " * * - * *
I:- mmmu " + + - * *
Eyncephalistoul moemoRue Coln.et Sohrvet. * +* + - * *
Holloostylum piriforms Duoin, *
Chastosi sploulstus 3.0, Losha - -
€. globomm . - - - - . . .
Cladosporium harbacram Link ex br. -
Chastamlum 8p. + * * *
Calaninaapara lt'lﬂ'-l.} B * * +
m-nu ':n.'ﬂ.eall Cilmset Abbott/ ozoaa * +
ca Orizas, O Comnps ot Cussius # * * + * * + +
P, mﬂanu num st Abmott - v . B
Jot. pd.!.;«imul bromas Fat. - - -
1 Iin,ﬂl.l sltophila .-’Ilwh.v' Bage . - - - . . .
1 Cophalosporium moresonium Copdo * + .
+ Trichaderma viride Pesn. == ¥Fr. * - - . - * - . . - . . .
§ Aspespiliua aculestus Iizuca & + # * * - & - + + - #
i Ai earneus fv.Tlegh./ Blesh. + * + + + +
Ay fisohori Vehmer * + ¥ .
I i, flavipes "crl:. at Br. , " - s - * .
dw flavus Lin 13 + - - + * * * * . |
| &s fuslgatus T ru. + [ s + + s " + a " * |
Aw umu Baits * i
A, Link * 1
A =.l.dullnl 2id, .c' Zink. * * » . » . . . i
ks niger w, . . - * * - * * . . - .
s O cous " . . - - 0 i
he ulosus hnl.. ot Raper . + + . + !
Ao phureus fFres./ Thom. et Church + - + * *
ds mydowl f3ain. ¢t Sart./ Thow. et Chucch " . " - . . N
A. tamaril kits * + . # . .
4. terreus Thom . - * * * - * . . " . .
A. BEFFOEUS YAr. africanus ter:.. ot Rapa * +
« Thoa et * - * - * . + . .
ﬂh ‘._l.)' Timaboochi .
* - - + - - - - . - - .
+ * * - + * + +
- + + + +
F. nlgrdesns fBain./ Thou. L - . + + H
F. nototus Seckl. * + - * +
F. oxalicus Cusr, ot Thoz . - -
Fa oo Thos *
Fo splecdizjosus Lebe. * - -+ * +
F. terrcatry Jemn. * - +*
Fanifillium sp. 1 * + +
+* B +
*
* +
.
* + * * * * * ’ * * * *
+ + +
* L *
M
. - " - . . . ' . . +
. HE * * L & *
: - * . . .
He B ' ] - .
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1ulasia ;allul ".: .r"- R
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H aniculats /Tracy of h::o!m-e!.,m + + . 4 1
1 C. lunata /Makker/ Bowedd ja “ 3 . * . - - + + . + 1
| G. pallsscens Boedijn * " * i
| €. tatra=era }Hﬂ:l.nno;! Boeddi jn + * . * " !
| Haisinthosporiua satiyus Pummel,Kirs ct Bakke | + 4 B M i
| Tetracsscospariua paxiamm Gzabe | + H
Alternaria nl:nmh Fra * * # * + 1
Fentalotia o | . 1
Easepula cffinie /Fautr.et l‘lb.r Fellenw. | . + H
Fusarius avenaceus " 1+ +* + * - |
F. & dosparum Wr. et Hs. + * + 3 H
. ‘orme Bheld. * * . . - + |
7. nivale /Fr./ Cas. + + + + + + + + i

¥. sporum Behl echt,em . Boyd,ot Hans - * - * - - . . - - -
¥. nlm . * s + # - I

Fhizoctonis scland /Kithn + -

White st a cols ﬁ‘, + * . » * - * * + * + |
Woita steriles cols - - ]
White starile cols /W3/ !

Grey st. cols * * - * +* - . *
¢ 3%, :91' + + - H
Brown st. cols + |

at, cols ® . - . . *

Tallow nt, cole * - .
gale L SO PO T S ST SN S N SO SO S 3|
]

Total 95 73 3025 176 53 29 18 163 W__27 E_J

Twenty four spp. to NR, 6 dpp. to RS, 1 sp. to

were found to be restricted in their distribution (Table 3).

RPC and none to RPS

Rhizopus

nigricans, Mucor hiemalis, Trichoderma viride, Aspergillus flavus, A.
aculeatus, A. fumigatus, A. niger, Cladosporium epiphyllum and C. her-
barum (NR, RS, RPC and RPS); Paecilomyces fusisporus (NR), Aspergil-
lus terreus (NR, RS), Penicillium chrysogenum (NR, RS and RPC) and
Fusarium oxysporum and white sterile fungus (W1) were dominant

Table &

Distribution of dominant fungi in horizoatal /HR, RG, REF-RIC, RFC/
and verticsl /RC, RM, RD/ regions of root

e e B L e L i ot s LU

Specien

i
1

!-Junnr hie=alis Wehnm,

Fhizophus nigricans Earenb.
Trichoderss viride Fers. ax Fr.
i Aspergillus sculecatus Lizuka
A, flavas Link

A. funigatus Fres.

k. niger v. Tiegh,

A. terreus Thom

Pendeillius chrysogenum Thom
Faecilomyces fusisporus

Clodosporiuz epiphyllum
/rers./ lhrtr

€. herbarem Link. ax Fr.

Mr&ﬁ?npo%?ﬂuht.
White sterile coin /WM/

Horizontal Vartical
regions roi;lons
R BS_ | RPC | WPS | RC| RM)_BD
+ * * + + + *
+ + + - + * +
+ + * + + +* +
+ - - * * -
+ +* + + + + *
+ * * + +
+ - -+ - + *
+ * + * +
+ * * + * *
+ +
+ * + + v * +
+ + + + + + +
+ + + +
+ - -
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fungi at different stages of plant growth associated with regions in-
dicated in the brackets (Table 4).

Vertical distribution of fungi

Fungi in the number of 103, 85 and 74 were respectively recorded
from crown, middle and distal zones. Crown region mycoflora compri-
sed 19 Phycomycetes, 5 Ascomycetes, 70 Deuteromycetes, 1 Mycelia
sterilia and 8 sterile colonies. 18, 6, 55 and 6 species of Phycomycetes,
Ascomycetes, Deuteromycetes and sterile forms respectively from mid-
dle; and 15 spp. of Phycomycetes, 3 of Ascomycetes, 49 of Deuteromy-
cetes, one of Mycelia sterilia and 6 sterile colonies from distal zones
were recorded. Deuteromycetes— among them aspergilli— always
were present at all the depths. Aspergilli followed by species of Pe-
nicillium, Mucor, Fusarium and Curvularia were the most numerous
ones, Species of Rhizopus, Chaetomium and Cladosporium appeared
nearly in equal numbers in different vertical zones. The crown con-
tained the highest number of species was followed by the middle and
distal zones (Table 2). Fifteen species of Phycomycetes, 3 of Ascomy-
cetes, 38 of Deuteromycetes and 5 of sterile fungi were commonly pre-
sent in RC, RM and RD zones irrespective of horizontal regions; 15, 4
and 1 species of fungi were confined to crown, middle and distal zones
respectively. The remaining forms were isolated from two of the three
vertical zones (Table 3). Mucor hiemalis, Rhizopus nigricans, Tricho-
derma viride, Aspergillus flavus, Cladosporium epiphyllum, C. herba-
rum and Penicillium chrysogenum were dominantly associated with all
the vertical zones. Other dominant fungi were Aspergillus niger, A.
aculeatus, A. terreus (RC, RM), Paecilomyces fusisporus (RC), Fusarium
oxysporum (RM), and Aspergillus fumigatus and white sterile fungus
(RD) in the zones indicated in the brackets (Table 4).

Number of species at different stages
of plant growth

The number of fungal species at seedling, preflowering, flowering,
fruiting and senescent stages exhibited a regular pattern. Its number
was always the biggest one in the nonrhizosphere and was followed
by RS, RPC and RPS regions. The smallest number of fungi was re-
corded in the steler region. Generally, the number of fungi was greater
in NR of crown than that of remaining two zones. There was no regular
pattern of number of species and average number of colonies per plate
in two regions of rhizoplane (Table 5). The variation in fungal popu-
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Tabla 5
Bumber of fungal specles in different root rojions
and in difforont wontha of 1970 and 1971
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r : B $° Va3 3 ud 3
¥ 1 1 1
:r_ 1971 July 32 28 % ‘EE 17 13 'f; 5 i1u 11 4: 5 E
H W Gl v 31
(] 1 i i
) - A ~ Y v oA
I August 30 20 12 -gi28 19 32 §12¢ 28 13 g
i T 5 -2 4 N o9
] t [ 1
Saptanb 23 15 1%3i:0 2 1M H 18 1a 1
r preeee PRBRCTR TR A
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] Ootober ‘ 32 18 -9 ta lag 17 13 5 !
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L] 1] i
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Hgita in denominator depnctothe numbersof colanics per plate
in rhiveplanée cortical and oteler rejlons

lation (expressed on the basis per g dry soil in NR and per g dry soil
and dry root in RS) exhibited a regular sequence. The population
in NR was always lesser than in RS and in RS region; the population
per g dry soil was greater than that one calculated at per g dry root.
In the NR region, the highest population was recorded in July during
both years. It decreased gradually till November. In the RS region, the
obtained variation pattern of population is presented below.

In the seedling stage (July) when plants were quite young, the pop-
pulation was also low. Ageing of plants resulted in an increase in the
population which reached a maximum at the flowering stage. It decre-
ased in the senescent stage (November) population in the three vertical
zones; it also exhibited a definite pattern. It was always highest in the
crown, followed by middle and distal zones in the NR region. During
seedling (July) and preflowering (August), the highest population was
in the crown zone followed by the middle and distal zones of rhizosphe-
re. At flowering (September), fruiting (October) and senescent stages
(November), the highest and lowest population was observed in distal
and middle zones of rhizosphere (Fig. 1).
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Fig. 1. Fungal population of nonrhizosphere (B) (> 10%) and rhizosphere (A) (X 10%)
regions of Pennisetum typhoides
a — distal region, b — middle region, ¢ —erown region; I— rhizosphere/g dry soil, 2 — rhizo-
sphere/g dry root, 3 — nonrhizosphere/g dry soil

Amino acids and sugars in the root exudates
and extracts of Pennisetum typhoides

Eight amino acids (Table 7) were found in the root-exudates col-
lected from seedling to fruting stage of P. typhoides. At the seedling
stage, a lower number of amino acids was exuded from the roots. The
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number increased gradually till flowering when the highest number
of acids was recorded. The maximum amount of amino acids was also
recorded at this stage. The amount decreased at fruiting, however, the
number was equal to that one obtained at preflowering. Alanine was
traced till flowering. Leucine, methionine and valine were recorded
at flowering and fruiting; and histidine, and threonine were only de-
tected at preflowering. Cysteine, however, was exuded at the fruiting
stage only (Table 6). Six sugars (Table 7) were found in the root exu-
dates at different stages of plant growth. Glucose and rhamnose were
present from seedling to fruiting stages. Mannose and sucrose were
exuded at seedling, and flowering and fruiting stages respectively. The
amount of total sugars increased gradually from seedling to fruiting
stages (Table 6).

Table &
Aaipo uscids/augure present in the root-exudates ol
Ponnigetun typholdes

T
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Sixteen amino acids (Table 7) were detected in the extracts of RC,
RM and RD =zones from seedling to senescence. Such amino acids as
cysteine, histidine, arginine, leucine and threonine were [requently
occurring in different root regions. Aspartic acid and glycine were de-
tected at fruiting (RD) and preflowering (RC) stages respectively in
zones indicated, whereas citrulline was also restricted to RC, RM and
RD zones during fruiting (October). On July 10 and 15, when roots
were very short and not differentiated in to the three regions, the
number of amino acids obtained was 3 and 5 respectively. From July
15 till October (fruiting), the number of amino acids also increased
gradually and maximum number was recorded at fruiting. It decreased
at senescence. The highest and lowest amount of free amino acids was
always recorded in the roots of distal and middle zones. Amount of
individual amino acids varied at different stages of plant growth in
3 zones (Table 7).
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Twelve sugars (Table 7) were detected in the present study. The
highest number of sugars in the roots RC, RM and RD zones was ob-
tained at flowering and in RD zone at fruiting stage. The wvariation
pattern in the amount of sugars in different stages was very similar
to that one obtained for sugars. Glucose, xylose and rhamnose were pre-
sent throughout in roots of all depths. On the other hand, trehalose
(RD — September) and an unknown sugar (R, 0.204) (RM — July 25)
were confined to the months and regions indicated in the brackets
(Table 7).

Moisture content and pH of nonrhizosphere soil and root and shoot
growth of the plant. A narrow variation in moisture content and pH
of the nonrhizosphere soil of 3 vertical zones at different stages of
plant growth was observed (Fig. 2).

Cellulose, hemicellulose and lignin components of root

During July (seedling stage), when the plants were quite young,
the cellulose, hemocellulose and lignin contents of the root were very
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a7 pH
25 ;

-— . 90—

Fig. 2. Moisture content and pH of nonrhizosphere regions of Pennisetum typhoides
a — distal region, b — middle reglon, ¢ — erown regien; 1— MC — molsture content (%) of soll,
2—pH of soil

low. All the constituents increased with the ageing of the root. Cel-
lulose in RC and RM regions increased from August to November. The
trend of cellulose content was somewhat similar in the RD region to
that one obtained in RD et RM. The highest amount, however, was
obtained in October (fruiting). The highest and lowest amounts of
cellulose were obtained in RC and RD regions respectively, Hemicel-
lulose and lignin, on the other hand, exhibited an increasing iendency
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in all the three regions of roots from seedling to senescent. Their
highest and lowest values were obtained in crown and distal regions

respectively (Fig. 3).

Effect of root exudates on certain rhizosphere fungi

The overall picture of this experiment revealed that root exudates

a}?;f

301

10 15 25 - doys
Vi

Vil X X X

Fig. 3. Celluloses, hemicelluloses and lignins of crown, middle and distal regions
of root of Pennisetum typhoides (expressed on initial dry weight)

a —distal region, b— middle reglon, ¢ —crown region;
lignin

2 — Acta Mycologica vol. XVII 2z, 1-2

BISF T TR

1 — eellulose, 2 — hemocellulose, 3 —
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exerted a selective behaviour against rhizosphere test fungi. The ma-
jority of the test fungi were stimulated by root exudates, however,
a few species like Aspergillus sydowi and A. tamarii were adversely
affected in the exudates of earlier stages. Their germination was slightly
enhanced later on by exudates of ageing plants. The effect of exudates
from different stages was not uniform, either. In most of the cases
a pronounced favourable effect was noticed in August (preflowering)

(Fig
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Fig. 4. Germination (%) of certain rhizosphere fungal spores in the root exudates

of Pennisetum typhoides in July, August, September, October 1971

1. Rhizopus nigricans, 2. Mucor hiemalis, 3. Cunninghamella bertholletiae, 4, Trichoderma

viride,

5. Aspergillus flavus, 6. A. fumipatus, 7. A. terreus, B, A, niger, 9. A, aculeatus, 10,

A, tamaril, 11. A, gydowl, 12, Penlcillum chrysogenum, 13, Curvularia lunata, 4. Alternaria

tenuis, 15. Fusarium nivale
E — exudate, C — control
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DISCUSSION

The soil is a unique assemblage of various micro- and macroorga-
nisms like fungi, bacteria, actinomycetes, algae, protozoans, nematodes
and other living and non-living entities both in active and passive
phases. The competition for space and nutrition amongst the individuals
of similar species is more intense than between closely related species
(Garret 1963).

A greater number of fungi was recorded from the nonrhizosphere
of all the three zones than from the corresponding rhizosphere regions
and the number of fungi in cortical region was bigger than in the steler
or the rhizoplane (Tables 1-3). The mycopopulation in the rhizosphere
region (both in quality and quantity) was lowest at seedling stage. It
increased gradually resulting in the highest population at flowering
and fruiting stages when plants were at full maturity and decreased
at the senescent stage (Fig. 1). The maximum amount of sugars and
amino acids in the root exudates and extracts (Tables 6, 7) at this stage
accounted for the higher population during this period. The stimulating
effect of root exudates upon the majority of rhizosphere fungin further
was confirmed by spore germination studies (Fig. 4). A few forms were
not stimulated in the earlier stages, but were stimulated by the root-
-exudates of ageing plants. The release of certain amino acids like
leucine, methionine and valine, and some sugars like trehalose at the
latter stages possibly stimulated the spore germination of few species.
The maximum fungal population at the time of maximum growth of
the plants has widely been reported (Rovira 1956a, 1956b; Tan-
don, Bilgrami 1957; Jackson 1960; Waid 1960; Vancura
1964, Bhat 1966; Srivastava 1969; Kanaujia 1973). Many
amino acids and sugars present in root exudates and extracts exerted
a selective effect upon various microfungi and thus accounted for bet-
ter growth of many of them in various root regions.

The selective action of various amino ucids and sugars of different
fungi by breaking the dormancy of spores has been reported by Ja ¢ k-
son (1960). Amino acids in mixture have a more faveourable influence
on the growth of fungi than individual amino acids (Tandon,
Bilgrami 1957). N

From preflowering fo senescence, the population was always higher
in the distal area followed by the crown and middle zones (Fig. 1).
In the distal zone roots being younger exuded more amino acids and
sugars which in turn supported the highest fungal population. In older
tissues the cells become considerably thickened and impregnated with
lignin which is more resistant to decomposition by microorganisms than
cellulose is (Garrett 1963). The soft tissues of distal region possessed
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comparatively less lignin (Fig. 3) which made them more susceptible
to fungi and thus they supported a richer mycoflora than the other two
regions.

A. higher fungal population in the upper horizon of nonrhizosphere
has been observed in the present study. The greater amount of organic
matter in this region probably accounted for such behaviour (Sakse-
na 1955; Thorntonl956; Dwivedi 1959; Srivastava 1969;
Mishra, Kanaujia 1973; Kanaujia 1973).

The quality and quantity of fungi (number of species and average
number of colonies per plate) was generally higher in the cortical re-
gion than in the steller one. During the seedling stage, the number of
fungi associated with the two regions of rhizoplane was low due to the
intact epidermis of the roots. Further a layer o thin mucilage-like sub-
stance around the newly formed adventitions roots as ohserved in the
present plant might be an important barrier for many fungi. As the
root ages, the epidermal and subepidermal tissues are acted upon by
microorganisms. Fungi, hitherto, unable to colonise the root surface
now get the opportunity to participate in the invasion and decompos-
ition of root tissues. The aggregation of a large number of fungi in
the cortical region is associated with the above mentioned fact. The
cortical region being largely composed of thinwalled cells harboured
more fungi than the harder tissues of the steler region.

Twenty four fungal species were exclusively present in the non-
rhizosphere and 6 and 1 of them were characteristic of rhizosphere and
cortical portion of rhizoplane (Tab. 3). The restricted occurrence of
a large number of fungi in nonrhizosphere region may possibly be due
to the poor competitive saprophytic ability of these forms. Garrett
(1963) stated that in the course of normal competition the fungi best
suited to the environment could survive and appeared more frequently
on the substrate. Most of the species restricted to the rhizosphere
region were actually absent in the soil (Table 3). They were introduced
in it with seeds (Table 1). Moreover, the possibility of release of certain
substances like hydrocyanic acid (Rangaswami, Balasubra-
manian 1963) and certain phytotoxins (Bormner, 1960) from the
roots and the antagonistic effect among microorganisms (Lockwood
1964) and antibiosis (Brian 1960; Brian et al. 1948) possibly
eliminated certain forms from the rhizosphere.

The pH moisture content of the soil exhibited a range which seems
not to have any significant effect on soil mycoflora in any particular
region (Fig. 2).

Out of 110 species isolated, 102, 84, 37 and 27 of them were present
in NR, RS, RPC and RPS regions respectively (Table 2). Eighty four
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species recorded from RS region included 78 forms from nonrhizosphere
and 5 introduced with seeds (Tables 1, 3). One of them, Cladcboaryum
chlamydosporum, however, was neither present in NR nor in seeds.
All but one fungal species recorded from cortical region of the
rhizoplane were derived from the rhizosphere. These rhizosphere forms
could reach the cortical region relatively in higher number (36) while
the arrivals in steler region of rhizoplane numbered only 27 (Table 3).

The first group of fungi consisting of 14 dominant species parti-
cularly the genus of Aspergillus, Penicillium and Trichoderma, possess
high saprophytic ability and appeared as dominant in different regions
at different stages. Few of them perhaps also liberated certain sub-
stances toxic to other organisms (Barum 1924; Brian 1960; Brian
et al. 1948; Hessayon 1953; Woods 1960; Write 1954). The
second group of fungicontains' species like Absidia spinosa, Mucor
racemosus, Cunninghamella bertholletize, Syncephalastrum racemosum,
Cephalosporium acremonium, Monilia sitophila, Acremonium vitis,
Aspergillus carneus, A. terreus var. terreus and var. africanus, Clado-
sporium chlamydosporum, Spicaria elegans, S. simplicissima, Botry-
otrichum pilluliferum, Penicillium sp. 1, Stachybotrys atra and brown
sterile colonies. These were generally isolated during seedling and
preflowering. Most of them were confined to rhizosphere and rhizoplane
regions due to the sufficient leakage of nutrients.

The third group of fungi included a few species of Phycomycetes,
the majority of Deuteromycetes — particularly the species of Paeciolo-
mYyces and Fusarium — which appeared in both rhizosphere and rhizo-
plane regions without any regular sequence. The dynamic changes in
microbial balance (Garrett 1963), nonspecific nature of organisms
in relation to nutrients, certain antagonistic factors (Lock wood 1964)
and possibly the release of substance(s) toxic to these fungi may be
assumed from their discontinuous occurrence in different root regions.

Occurrence of large number of Phycomycetes at seedling and
preflowering was observed. Primarily these are called sugar fungi.
Their number was comparatively reduced at flowering and later which
may be due to the changed nature of root exudates antagonism among
large numbers of fungi (Garrett 1963; Kanaujia 1973), by
products of simultaneous decomposition of older tissues (Patrick,
Toussoun 1965) and by decomposers themselves (Carter 1958).
Simultaneous appearance of a large number of Deuteromycetes at se-
edling and their persistance througout may be due to their wide range
of nutritional acceptance (Cochrane 1958; Siue, Reese 1973;
Kanaujia 1973); comparatively large number of fungi appeared at
senescence in all the root regions. Presumably, the decrease in nutri-
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tional level led to the sterility of certain forms (Nicot 1960; Gadgil
1965). .

Few species like Cladosporic appeared frequently with dominance
during fruiting and senescence. The low temperature prevailing during
October and November stimulated their growth and resulted in the
appearance of such species.

Mishra and Srivastava (1970), Mishra and Kanaujia
(1972, 1973a, b, 1974, Srivastava 1969), Srivastavaand Mishra
(1971a, b) and Kanaujia (1974) have also reported the appearance
of Cladosporia dominantly associated with soil root, aerial surfaces of
plants and air during the winter months.

SUMMARY

The present paper deals with the succession of fungi on the root regions
of living Pennisetum typhoides (Burm f.) Stapf. et Hubb. from July to November
of 1970 and 1971. A clear succession of fungi from nonrhizosphere — rhizosphere —
— cortical portion of rhizoplane — steler portion of rhizoplane has been observed.
The fungal population and number of species in the crown, middle and distal
regions of roots in above mentioned four regions also exhibited a definite pattern.
The presence and amounts of amino acids and sugars in root exudates (July to
October) and root extracts (July to November) have been studied. The amount
of cellulose, hemocellulose and lignin components, the pH and moisture content
of nonrhizosphere soils from corresponding wertical zones have been determined
and effect of root exudates of different age on 15 rhizosphere fungi has been
studied.

The author expresses his deep gratitude to Dr R. R. Mishra, Reader,
Department of Botany, College of Life Sciences, North Eastern Hill University,
Shillong (Meghalays) for his keen interest in the project, his able guidance,
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Department of Botany, University of Gorakhpur for providing laboratory
and libray facilities, He is also indebted to Dr R. 8. Tripathi, Prof. §. N.
Gupta, Dr V. B. Srivastava, Dr R. P. Tewari, Dr C. S. Singh
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