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FUNGI ASSOCIATED WITH FENNEL SEEDS GROWN IN RAJASTHAN
AND THEIR PHYTOPATHOLOGICAL EFFECTS

MANISHA DWIVEDI, KAILASH AGRAWAL and MUKTA AGRAWAL'!
P.G Department of Botany, Agrawal P.G. College, Jaipur 302 003, India.
E-mail: agrawalkailash@gmail.com

1. Department of Home Science, University of Rajasthan, Jaipur 302 004, India.

Study of 127 seed samples of fennel (Foeniculum vulgare) beionging to 21 districts of Rajasthar:
state revealed asymptomatic seeds (29-100%), moderately discolored seeds (0.25-51.25%) and heavily
discolored seeds (0.25-19.75%) in 127,91 and 53 samples respectively in dry seed examination. The
discolorations included light brown- black spots to general browning of seeds. 76 seed samples
showed microsclerotia and black tip of Cercospora foeniculi (0.25-48.25%). 88 funoal species of 36
genera were recorded in incubation tests of which Alternaria alternata, Aspergillus spp Curvularia
spp., Drechslera tetramera and Fusarium spp. were dominant and pathogenic. These caused loss in
seed germination, seedling symptoms and mortality of seedlings.
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Introduction

Fennel (Foeniculum vulgare Mill.) is an important seed
crop of Indian sub-continent'. In Rajasthan, it is grown
on 6247 ha area producing 3189 m tones and mainly
cultivated in Ajmer, Bharatpur, Bhilwara, Dungarpur, Jaipur,
Jodhpur, Kota, Pali, Swai Madhopur, Sirohi, Tonk and
Udaipur districts'>. The crop harbours many seed-borne
fungi as enumerated by Richardson’. In India, fungi
associated with fennel seeds have been reported from
Madhya Pradesh’®, Rajasthan®, Punjab®, Uttar Pradesh’,
Bihar®, Andhra Pradesh”8, Maharashtra® and Haryana'.
Most of the studies have been done on storage mycoflora
and since only a meager work has been done, a detailed
investigation on fungi associated with fennel seeds grown
in the various districts of Rajasthan and their
phytopathological effects was carried out.

Materials and Methods

One hundred twenty seven seed samples of fennel
collected from 21 districts of Rajasthan were subjected to
dry seed examination (400 seeds/sample), washing test,
standard blotter method with and without chlorine
pretreatment (0.5% for 3 min) and potato dextrose agar
(PDA) plate method'!. The phytopathological effects of
fungi on seed germination and seedlings were also studied
in incubation tests.

Results and Discussion

Dry seed examination : On the basis of exomorphic
symptoms, the seeds were categorized into asymptomatic
seeds, moderately discoloured and heavily discolored

seeds. Inert matter, broken and damaged seeds, weed seeds
and other crop seeds were also recorded. Asymptomatic
seeds (29-100%), moderately discolored seeds (0.25-
51.25%) and heavily discolored seeds (0.25-19.75%) were

“jecorded in 127, 91 and 53 samples respectively from all

the 21 districts. The discolorations included light brown-
black spots, to general browning of seeds. Some seeds
also showed shrivelling. Samples with relatively heavy
incidence of discoloured seeds belonged to Baran, Barmer,
Bhilwara, Chittorgarh, Dausa, Jalore, Jhalawar, Jodhpur,
Kota, Nagaur, Pali and Sri Ganganagar districts.
Seventy-six seed samples also showed
microsclerotia of Cercospora foeniculi (0.25-48.25%) on
seed surface. There presence was observed mainly on the
apical end of the seed. But in heavily discolored seeds,
entire seed was covered with microsclerotia (0.25-19.75%
on moistened blotters). Eleven seed samples showed 0.25-
2% black tips, which on close examination showed
aggregation of microsclerotia of Cercospora foeniculi.
The infected samples were mainly from Baran, Barmer,
Bhilwara, Chittorgarh, Ganganagar, Jalore, Jhalawar and
Udaipur districts. Incubation of discolored seeds on
moistened blotters yielded the species of Alternaria,
Aspergillus, Curvularia, Drechslera, Fusarium etc.
Inert matter comprised of soil clods, gravel, and
plant debris and broken fruit walls of fennel. Broken and
damaged seeds included seeds with broken fruit wall/seed
coat and seeds splitted into two or more fractions. Seeds
of Asphodelus tenuifolius, Chenopodium album and
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Table 1. Occurrence, incidence range and relative percent occurrence (RPO) of important fungi recorded in fennel seeds
in incubation methods (127 seed samples studied)

S.No.  Fungi Standard blotter method PDA Plate Method
Untreated seeds Pretreated seeds

Occurrence | Incidence | RPO | Occurrence | Incidence | RPO | Occurrence| Incidence |  RPO
1. Alternaria alternata R 0.5-87 | 4881 3 1-25 1811 67 0564 | 5275
2. A rolani # 5 05-10 | 393 - - - - - -
3. A. tenuissima 4 1-10 314 - - - - - -
4. Aspergillus candidus - - & - - - 4 1-12 4251
5. A flavus ) 0546 | 5039 - - - 76 05-53 | 5971
6. A fumigatus o 0535 |3B307] 1 128 | 866 & 148 | 4881
7. A nidulans 8 0.5-55 | 6535 2 1-10 | 1732 Y 05-15 | 4645
8 A niger 31 0.5-18 | 2440 - - - 6l 0.5-28 | 4803
9. A parasiticus - - - - - - 30 05-12 | 2362
10. A. sydowi 5 1117 | 393 . . - - . .
11. A terrus 40 0520 - | 3149 8 2-11 629 38 0520 | 2992
12. Chaetomium atrosporum 8 0.5-13 | 629 - - - - - -
13. C. bostrychodes R |o0s27 |2519| 6 110 | 472 " .
14. C. globosum 51 0529 | 40.15 24 1-23 18.89 38 05-12 | 2992
15. C. murorum 81 0532 | 63.78 27 1-53 | 2125 - - -
16. Cladosporium - - - - - - % 1110 | 3622

éladosporides i .

17. Curvularia clavata 6 1-26 472 - - - - - -
18. C. lunata 2 0549 | 6456 24 137 | 18.89 2 1-21 4094
19. C.pallescens 0 0.5-52 | 5433 2 149 1732 30 1-10 2362
20. Drechslera rostrata 5 1-10 393 - - - - - -
21. D. tetramera 25 1-15 19.63 - - - 48 10537 | 3779
22. Fusarium moniliforme 80 0.5-78 | 6299 17 539 | 1338 4 0538 | 3464
23. E oxysporum 58 1-51 45.66 23 240 18.11 30 0.548 | 3937
24. F proliferatum 8 248 629 - - - - 483 0520 | 3385
25. F verticillioides 12 142 944 - - - - - -
26. Macrophoma sp. 19 0.547 | 1496 - - - - - -
27. ‘Memnoniella echinata 16 122 12.59 - - - 65 1-63 5181
28. Pennicellium citrinum 6 | 211 |42 - - - - : .
29. Phoma sp. b/ 1-15 204 - - - - - -
30. Rhizopus nigricans 12 1-39 944 - - - :9) 1-31 33.07
31. Stachybotrys parvispora] 17 1-53 1338 6 1-96 472 - - -
32. Trichothecium roseum 7 1-53 SS1. 4 1-24 314 25 121 19.68
33. Actinomyces sp*. )] 0563 | 4724 15 1-21 11.81 - - -

* A group of filamentous bacteria



95-100, 2008

J. Phytol. Res. 21(1)

00D

. 1571 [} ST OT9] ST ] 6°¢ 3T 15CT | 01%1 3 3 1224 AL Y STl 9
995y |86 |0 |0 4 01 L £ s 18 0 S|t £ 1]o 110 ¢ 9 |1 S [ | wniodstio
_BLso foTl sz | sesy 1y | 61| sis 1y feie ) s €9T | 8 1e€ | 90T | 8L 0g-s°0 szl audofjjuowi
6679 | 08 9 19 € 91 ¢ Tl s s ¢ |6 £ 0o 6 | ¥ 8 | 0| ¢ £ | o wntnsi,|
B £3 LA I A A ol L] & £€e 1| st oIz ) T |stor] ot} ¢
£9'61 | ST [ 1 Il Ll oz 0 (I 4 0 0f0 010 v [ 7 I DlouD43)
o psso st vy | sI-tfzior| 6l 01-T 8 folt | ¢ 1 | oz st ot Tl eso| Ll
eevsfeo [ v |0 4 L] s [ I B 0 9 1L [ R 610 L S A £ g | suaosood )
S Brso. [1TT 8T | LIS 6Er| I gl |zee |61 | €Tt jevl | S 61 67-50| 0p-1 | §71 | §€-6°0] 0160
959 | 78 Ly 4 L]t U S S vo| L [ 0] ¢ I 9 9 | ¢ oY oy ")
A Al 4 9| 9
wy |9 0 1o [4 0] 0 0l o.fo 0 010t o Lo 0| o 0 01 ¢ 1 0 vipaDp
Ty s |1 | ! 4 0 £ I € ds
80L | 6 [ 0 01l 1 o o }1 0 ol o ojo I 1 0! 0 [ piownySuiuun)
A £ LT T |9t il sl
w6 | 21 1 ]o [ 0l o 0] 0-fo ! g o o ofo t|o 0 0| ¢ 0] 0 winsourds *)
51 91 Lso - I
uvrl9 10 |0 ¢ 0l o 01 0 [o |l olo fof ofo 040 0 0] 1 0| o0 unaooaljo )
_Eeso (€Tt [T | ele] €e9] 017t o1-s0] 9t |ect tser |8t iy 61 {050 | L1t | s [e=so] o011 | STS
8Le9 |18 [ v | ¢ b el .t 0l 9 ¢ ¢ v Ly | o £l o0 ' 9 9 | s € 3 wndonur)
650 |81-L | 671 1-if e 61| st 811 L 6T-s0] Tl g | Tl 01 el s
srov | 1s $ 19 0 I el efo £ sy o ofo0 t |0 £ 0| ¢ p | 0 wnsogoid )
650 67l ¢l [ 50| €50
1811 ] §1 0 [o 0 V] o0 ANEN 0 00 0 0o I I 010 € 0 wnipdsiao -
yos0 | ¢ 01-¢ 0I-1 , 'r et | e Ll €0 01T
615t | T€ 9 [0 3 0] o ol o [5¢ 0 0|t £ €10 t]o 0 0 ¢ 0 g |sapoyodusoq )
F1-60 61 m_.w.o wniodsop
679 1 8 0 [0 4 0] o T O 0 olo o 010 010 0 0l o 0 | o | wnmonvy)
hz-s0 {1171 w1l s sr | st-L S IS O AR ) b T |90 €1 | ory
6y'1€ | OF £ |o 0 s ¢ 0] 0 ¢ £ 0]t £ [ 110 1 slo 14 S snaial 'y
650, | ¢1 Lsol 61 £l d
£zot | €l b0 ¢ 01 0 0l oo 0.1 0o 0 Tl o 0| o € 0|1 0 0 v Y
BI-60 | Sl 850 Ll gi-t | LI ! U-s0] 8¢
ore | 1€ s 10 g 01 s N I £ 0 |1 0|1 010 0|0 0 olo € 3 4agyu 'y
c6-c'0 {L171 |Siy | 81| (g} 118 o1t {seo | see | aot |sss Lot | w1 ] 9 | Lot i1 | 8T | STS0pITE | 0TS | SvT
SES9 | €8 po| ¢ v 9] ¢ I I ¥ vy 1 €| 1 9 | ¢ 9 9 1 ¢ vl .S suopnpiu "y
Ge50  [sey 62 Ll TR O A TR A O T4 R4 I A I €e €T | STs0 _
Loee | T z |0 ¢ 0ol s N [ I y €| ) [ 0 {0 [4 S smpdnunf y
by-¢'0 [ .8-C foI-1 | L€ | OI-1f S1€ Zi-t foze jel-1 | ozz et | L0 Sl 1oJopt | Lo foct|Lle] 6lb | ST
6£05 | ¥9 1 € [ of ¢ }v € vl £ ¢l o (I S [ S £ b SnAp \
Ll Ll L DJooM0
wy mm_o 0 |0 mm.o sl o ol 1 ]o 0| oo 0 0o 0| o 0 0 H_u 0 0 vaafigjnduy
uv |9 0 |0 3 0] o0 VI I ) 0 0|0 0 00 0]0 0 | oI 0 | o | poomumpy
hg-s0 f6r1 |sT9 | 61-1| ov1) oel | 18§ gl | 6vs | st ] ogL | 1 0160 DIDUII[D
188 | 29 L |9 S L1 9 bl oo |t S 9 1t 0 0o 010 [4 1fo vl oo DLUAAY
£l £l £ [ s1j1qodiu
uv |9 0 {o 0 vl 0 ol oo ! 010 0| o]0 (I 0 00 0 0 sz_%wmm
L L 19 ¢ ) vy | 9 |8 9 176 g A 6 L ¢ ol | o1 ¢ i g sojdure§ 'oN
OdY [TVLOL|ddN JNS| HIS| ITvd | YON| HIN {dAr | A T [udr | oNo | iavea | 010 ]and | THA [ MHA | AN | NJd | NIV
SLORLSIA ] 1ONNA

- ‘uey)sefey JO SIOLISIP SNOLIBA Ul [3UU3) JO
sojdues paas pajeanun ut 13uny Jo (OdYy) 0UILNII0JUD 10d 2A1IR[RI pUE 33U 20USPIOUL JUD 13d DOUBLINDI0 PAIPIYS sajdures paas Jo Joqun ‘7 IqEL



Dwivedi et al.

andiep() dan’yuoL YN ndoypeuremes M S oIS HYS InuaEN YONBION HLN

“ndypor ‘g pemereyrmHrtIofer Y 1 ndrer ydf u&mEwﬁodzouéE;Qx,_QMﬁ%Q{mQ:_s@o:Eod&um:E:mdDmJSMB_EmJ:mME&SEm.m:m:ve‘am,xzmaﬁm.zxmqu.H<.Z_.<
(8-7) wninqaay ojnosy ‘(1) swuiofiuod unwsdounjapy fo aipis °§ *(z) pap shuogyonig

‘(¢'1) wjosorue poziyy (1) “ds sisdowoyd (11-1) ds vravyoouaild ‘(g) aspopyo0uUIY2d Ef.\%_.s& (179) “ds wnjpydasopa() “(945-7) av2hio piodsoddiy (g-1) wnipios winpajodyy (L-0) putjoasoyd
pupydooopy (g'1) stutpaund wnydpan) ‘(1°1) usaydny ojjariosn.f. (g'7) ja51nba winiipsn.y 4(g) wujoy 7 ioydsprauoydni] Jo IS (7 (01-1) DI4sod D422 (1) ufaopuadnd q (1) wvasouduo] q (€'
sisuaiomoy (] (11) Sapopoy ' (1°1) rividasiq paojsyoad(] (7) Hoyoovs winupywoilq (7) wasautad ) (g) swffb ouppradn?) (g-1) propmain) (1) saipiotiodsopoyo wniiodsopo))) (g'c) “ds saoduopdwnyy?)
1) *ds puioydoravy?) (g-) apu01 wniworpy?) (§-1) wniafiind wnyorpodiog (') ds pipoydipLuog (s'1) ds butapLuog L |-p) mopds 'y (g) snoaovauyoo "y (§-7) sisuatmowyon] y (L-1) snpipupo
¥ (1) snivanap snyyiSaadsy {(01-1) puissinuat 'y (01-6°0) tupyos 'y (1) woydpd i {(g-1) sodiguoy y ‘(- 1) Dss042 DLvLLI]Y - K[UO (- ) S3]dUIES PO3S M3) B UI POPI0OAI Jiam 13unj Sumoyjoy sy -18uny PO
SUOYEAAIGQY

euajoeq snojuswe(y Jo dnosd v

Eo-c0 |81 o1t | o1} L1 S i€ fors | s teot | 1 fozsof it | ¢t [oso | 8T jozt| v [ §1 j960
vULb | 09 € |€ p s | ¢ 0| o | ¢ 4 €| ¥ (/ € |1 v | ¢ 4 s |1 v § | wsaaodwounoy
S O I V4 vl £ 9 £l . unasod
155 | L 7|0 0 1] e 1] e |o 0 0|0 0 0 {0 0| o 4 01 0 | o | wuoajoyory
e-1 |1 | s |ae] 1 £ £ 1| ¢ J919 $ viodsinind
seel | L1 T 11 1] o0 1o} 0 0|0 0 0 |o 0o b 1|1 0 7 shnoqdyonig
661 AR AN pl ol ¥ 6’8l 1 sup2igu
e | 1 0 |0 £ 111 o] 0 |0 0 0|1 0 0 |0 0|1 1 0|z I 0 sndoziyy
st JeT |1 67| I 1]t v | 9T | st Al Ll Si-1| 8%
Y7L | 8T £ |1 0 €] 1 ryr o (4 € |1 0 0 |0 o |7 0 ¢ 4 0 ‘ds oy
4 Tt , £ | 1 ]
wr |9 o o 0 0] o0 0] 0 |1 0| oo (4 0 |1 040 1 olo 0 0 wnua
9l A z 9 4 o
wy |9 11 0 1|0 ol o ]o 0 0.1 0 0 0o |1 0] 0 0 1] o 0 0 | uodpuapoapi()
[4441 £7 ¥'Z 6 1 et 4 €l Lg 8 DIDUIY23
61| 91 T 10 (4 0] 0 (0 I O I 0 0|1 0 0 |o 00 (4 0| ¢ 0 1 ojjatuoutap
k50 | L Ly 0 eTlvr | ¢ vo| €1 ] €] rso :
96'1 | 61 1|1 0 0] 0 11 1o 0 Tt I 0 ]o 1]t 4 s|o 0 0 [ds owoydooopy
wl | prvi| 6 € 1 9 b £l T
e | 1 1 |¢ 1 0] 1 Ty o |1 0 010 1 0 |o o]0 1 1] 0 0 [sapronpiondan 3f
8z | 8 £ 0l ' £ v £ _
679 | 8 r lo | o} ol 1l 1l oz lo lolo 11 1o ot olo Lot 0101 ] 1| wnwsafyjoid
. . ) : . 21PNy
L L 19 < L1 L p 1 o 1@ IS 9 1 ¢ ¢ £l 61 ¢ 01 9 L ¢ b S s_%__um%.cm
Od [TvIOLldan TNL T ans| HuS| rvd | ON| HIM | dar [ AHr | 310 | ¥dl | OND | ¥1d VST opfand | Y | dHA [UNG | Nadg | WV
; SIONLSIA ) _ IONNA

_ . “ueyjsefey Jo SIOLISIP SNOLIBA U [2UUd] JO
sojduues pass pajeanun ul 15U Jo (OJY) 0UILINDI0 U3 Jad dAIIB[AI pUE FURI SOUSPIOUI JUD J1od “20uaLNd00 paipms ‘sajdues pass Jo JaquinN *Z AqEL



J. Phytol. Res. 21(1):95-100,2008 . 9

Convolvulus arvensis were common weed seeds. Seeds
of gram, rape and mustard, wheat, fenugreek, cumin, ajwain
and coriander were also recorded mixed in fennel seed
samples. The infected seeds of these crops may act as a
source of disease transmission (horizontal spread), but
no evidence has been obtained during the present study.
Different authors have reported similar types of
discolourations on wheat!2, coriander'’, rape and
mustard'*'” and sunflower'®. Fusarium oxysporum on
white discolored chilli'® seeds and white-crusted okra®
seeds has been reported. Curvularia lunata on brown-
black discolored seeds of wheat!? and on coriander?®! have
been reported which supports the present study.
Seed washing test : In seed washing test 9-fungal species
of 4 genera were recorded. These were 4lternaria
alternata, A. dianthicola, A. ra'p'h(zhi, A. tenuissima,
Curvularia lunata, C. pallescence, Drechslera hawaiians,

D. tetramera and Erysiphe polygoni with spore load of "

450-9800, 200-300, 200-450, 250450, 300-5650, 500-2050,
200-250, 200-300 and 400-16000 spores/gm of seed,
respectively. t
Incubation tests : In all 81,53 and 19 fungal species
belonging to 31,25 and 10 genera were isolated in untreated
seeds and pre treated seeds in standard blotter method
(SBM) and PDA plate method, respectively (Tables 1,2).
Among the pathogenic fungi Alternaria alternata (0.5-
87%), Curvularia lunata (0.5-49%), C. pallescence (0.5-
52%), Drechslera tetramera (1-15%), Fusarium
moniliforme (0.5-78%), F. oxysporum (1-51%) and
Trichothecium roseum (1-53%) were dominant (>15%). The
other fungi found dominant (>20%)were the species of
Alternaria, Aspergillus, Chaetomium, Cunninghamella,
Curvularia, Drechslera, Fusarium, Macrophoma,
Macrophomina, Memnoniella, Phoma, Rhizopus and
Stachybotrys.

Chlorine pretreatment reduced the incidence of
saprophytes to a considerable extent and their growth on’
seed surface was also rendered sparse. Aspergillus
versicolor, Drechslera sacchari, Epicoccum
purpurascens, Fusarium chlamydosporum, F. compactum,
Penicillium chrysogenum and Perichonia byssoides were
observed only on pretreated seeds.

All the fungi recorded in PDA plate method were
common to the SBM except Aspergillus parasiticus, which
occurred only in PDA plate method. The sample obtained
from Ajmer, Bhilwara, Chittorgarh, Ganganagar, Jaipur,
Jhalawar, Jodhpur, Kota, Pali, Sirohi, Tonk and Udaipur
districts showed relatively higher incidence of the fungi.

The standard blotter method was found
economical, convenient, efficient and produced higher

number of fungal species and in higher counts as
compared to agar plate method. Similar findings have also
been reported in wheat'?, mustard'4, rape seed's ',
sunflower'® and okra® that support the importance of the
present study.

Phytopathological effects : The fungi isolated also
hampered seed germination of which the mainly
responsibie were Alternaria alternata, Aspergillus flavus,
Chaetomium globosum, C. murorum, Curvularia lunata,
C. pallescence, Fusarium moniliforme, F. oxysporum and
Rhizopus stolonifer. The loss in germination may be
attributed by the action of enzymes, toxins and exhaustion
of seed nutrients by these fungi. Seedling mortality was
alscobserved by the spread of mycelium and sporulation
of these fungi.

Infection due to Alternaria alternata caused
brown-black streaks on hypocotyls, radical browning and
seedling mortality. Growth of Aspergillus flavus on seed
and seedlings caused rotting. Curvularia lunata, C.
pallescence and Drechslera tetramera caused browning
and blackening of seedlings while infection due to
Fusarium moniliforme and F. oxysporum produced
browning and wilting of seedlings and yellowing of
cotyledonary leaves. Variciis authors have reported similar
observations on wheat'?, rape and mustard'*"?, sunflower'®
and coriander'® ' suggesting pre- and post emergence
losses due to the fungi supporting the present study.
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