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ABSTRACT: The gibberellins (GAs) play important roles in plant growth and development. Twenty three fungi
were isolated from the roots of Lindera obtusiloba and Vaccinium koreanum. The numbers of GA-producing fungi
were six strains from Lindera obiusiloba and four strains from Vaccinium koreanwm. The fungi with GAs-producing
activity were incubated for seven days in 40 m/ of Czapek’s liquid medium at 25°C, 120 rpm, and the amount of
each GA in the medium was measured by gas chromatography-mass spectrometer (GC-MS) to determine the pro-
ductivity of GAs. Penicillium griseafulvum KNUS5379 produced more GA in case of GA, than Nenrospora crassa
known as a GAs-producing fungus. P griseofulviem KNU5379 was shown to produce GA, 9.79 ng, GA, 133.58 ng,
GA, 246 ng, GA; 780ng and GA., 0.73ng in 25 ml of liquid medium. Bioassay using culture fluid of GAs-pro-
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duction fungi was performed on rice sprout.
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o] %2 7107 ¥#HA| Uck(Hedden and Phillips, 2000;
Kobayashi, 2000). ©]2]§F GAsE AiAe =z g o)&
s gt GAeln X% Fxbe] 433 2 F9
A E F-EHA slw A3 o] AHelE T2 Add= AR
o 235 oA HE R O AL AESRE ) 3
&L ol FFEAAL Eo|71% ). £F], AlolAE 9
¥o] 2N NidES FEskd F0E A7), Ut
Aoz Fo| 77 = A" £ NEE fdod g
Agoge olfHy o) HdE Y AEdME 25

ol S |

*Comresponding anthor  <E-mail: Kimjg@kyungpook.ackr-

6

Nalel] FA7F 9lg 7% et olxd HS= GAsTt
A2 9tk (Mander, 2003). GAsS Aty 424
AE FoBE G figikuroi(Avalos ef al., 1997; Tudzynski,
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(B)

Fig. 1. Lindera obiusiloba (A) and Vaccinium koreanum (B)
used for isolation of GAs-producing fungi,

ST}t AVRR A7V F (Lindera obtusiloba)st 2YeT
V- (Vaccinium koreanum)=-2 73'd 2ol HA3 7}
opRitellA A A 5 ofate] o R ES AESIE e
ARG AR vld Hoff ol 4°colA] B A7)
85 AMSRAtHFig. D).

= 22|

AERe| 2 RE FHolo £2]i= Bayman 52 WS
S8t 4 e RelR RS A 3 52
A Bl Sl &8 F5F AAT FH AdgAdAe
Tween B0-E 5%-7F A|2]sl] wHiAlZl & /2 A3
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(Bayman ef af., 1997).

HiX| R iY==
9] Z2oE Hagem(0.5% glucose, 0.05% KH,PO,,
0.05% MgSO, - TH,0, 0.05% NH,CL 0.5 m! of FeCl,

streptomycine 80 ppm, 1.5% agar, pH 5.6) WiA|oflA]  ul
Fskelen, GAsel F4& 54387 A8l 100 mig] Evt
238 o|l&3ld 40miY Czapek's(1% glucose, 1%
Bacto-peptone, 0.1% KH,PO,, 0.05% KCl, 0.05% MgS0,-
7H,0, 0.001% FeSO, - TH,0, pH 7.3+ 0.2) ==
o] &3] 25°CollA 120 pmeE 7Y F<t WS le.

GAs MAMEH
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extraction cartridge® A3l GAgS| 2428 AAF
T reaction vial® 4T ZF GAE 23+ ethereal diazo-
methane® 2 methyl ester® F535F & AarA82 Az
slgiT). Silylationo] B3 GAE 35 w2l pyridinest
35 w4 N, D-Bis(trimethyl silyl)-trifluoroacetamide( 1 %
TMCS EEZ 65°CollA 30870 vkg-Al7! 3 Ahriag
AzxdiL, AEE ¥4 dichloromethane®. 2 %3 &
e 30 m>0.25 mm(id.), 0.25 gm film thickness HP-1
Capillary Column() & w)o] 228 GC-MSl| =434,
LHE GAse|l B2k 5973 Network Mass Selective
Detector{Hewlett Packardy’} 5-2g GC-MSE AR5
o Datas HP3970C Chemstation(Hewlett Packard)2
Arg-ste] Adsiict A s A4S 918 Hydrocar-
bon standardE ©]&3k] KRGS Taton, z+ GAst
[ZHQ]GA internal standards(obtained from Prof. Lewis
N. Mander, Australian National University, Canberra,
Australia)®] 37]2] 79 ion massS v ale] A aFsiE)

OMEs 3

dd FA=25E DNAE £2l3led Internal Trans-
cribed Spacer WS SE3lE). PCRE 23 Qs
< QIAquick PCR purification kit(Qiagen Inc., Germany)
& AMEBld AAE A ARl PRISM BigDye Terminator
Cycle Sequencing Kit(PE Biosystems, USAYS A}
sequencing WHg-5 FHEIE o, A2kE DNA HHEL
ABT 310 DNA sequencer(PERKIN ELMER, New lJersey,
USAYE AHg-ste] 2418ttt TS 949 PCR 5% ¥
B7)AE BAReE 98 AREE primers ITSI(forward)
Z ITS4(reverse)$i.on] @7jujde 23 2},

ITSI: 5-TCC GTA GGT GAA CCT GCG G-3'

ITS4: 5-GGA AGT AAA AGT CGT AAC AAG G-3'

Bioassay

A7)7 LA Waito-c(F o] ¥4y HHAE AEE £
FAEAAR] 2Ee o g FAE st o gk
SA A “Uniconazol g 20 ppm®) FE2 §4 Ad35kw
2407 A dE & SRFE FAl ol s ARAE @
As] A&t MH3 A4S 70l 59 B A
AlA Qs dolgt FAE AEsle 0.8% water agar
(WA 252 3l 30°Cell A v, 2 §719t GAsE
Aibehs v e g Melsia 79 ot vidstE)
HHdze] BAAMElE SAS(statistical analysis system)
programg ©]-&-3t gy EEHAE oAk
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Table 1. Isolation of GAs-producing fungi from Lindera
obtusiloba and Vacciniwn koreanum

S « of lant No. of No. of
euree ot plan fungi isolated  GAs-producing fungi

Lindera obusiloba 16 6
Vaccinium koreanum 7 4

S Felstden, Felg a5 dish GAs 4 &
o] gt 2ARE M AT = 16785 F 6
Fo], AT E e 75 F 4539 o)
GAsE Aaksh= 2S Frelatd o (Table 1).

GAs Yo ¥

A7} ol Rol M 27 GAs A 7]
GAs BAEE T ] #8ll GAse B42& 1AAHew
Holbraok §°] 7]2% Spectrophotometric methodE A}
B3t GAS AAHE S 2AbEkETh GA, W42 3 A7
el As €01 527t 0.55 mg/mi, C02 @57} 1.38 mg/
mil, CO3 F57F 6.08 mg/mi, CO6 T7F 1.00 mg/ml, CO7
T57E 098 mg/ml 22)31 CO8 A5} 0.26 mg/mig ALk
stalom, L ZollA Co3 7t GAyE 7HE Wel A4t
a5k, AUl s B0l #5571 1.80 mghnl, BO2
Z7% .52 mg/mi, BO3 @57} 2.26 mg/mi 1351 E04 7
F7F 0.2 mg/mtS AAEIALL, 1 FolM GAE 7 Bo
et v 2] E03 #5:9) A #RlEd v (Fig. 2).

(A)

Gibberellin Concentration {mg/ml)

CHLCO2 €03 COd CB5 €96 £OT COB CHW C10 CLI CI1Z €13 G314 €15 G156
Strain

(B)

Gibberellin Concentration (mg/inl)

1.
o I Il l -

E0L E02 E 0} Fid D5 E0& E07
Stram

Fig. 2. Isolation of GA-producing fungi from the roots of
Lindera obtusiloba (A) and Vaccinium koreanum (B).
GA, productivity was determined by the method
described by Holbrook er al. (1961).
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(A)

GOGCCCTCTGGOTCCAACCTCCCACCOUTG TTTAT T TACCT TG TTGU T TCGLCGHGL
COGECTTAACTGGCCACCGOGLEGCTCACGCCCCLGGGICCGLGCLCGCCGAAGACAC
CCTCGAACTCTGTCTGAAGAT TGTAGTCTGAGTGAAAATATAAATTATTTAAAAC
TTTCAACAACGGATCTC T TCUT TUCGGCATCUATGAAGAACGCAGLGAAATGCUAT
ACGTAATGTGAATTGCAAATTCAGTGAATCATCGAGTCTTTGAACGUACATTGLGT
CCCCTGETATTCCLGGGGGCATGCCTGTCCGAGCGTCATTGC TGCCOTCAAGCACGG
CTTGTGTGTTGGGCCCCGTCOTCOCGAT TCCRGGLGALGGGLLCGAAAGGOAGELGLG
GCACCGCGTCCGHTCCTUCGAGCOTATGGGGUTTT: ACCCGCTCTAGTAGGCCCGGN
COGCGCTTGCCGATCAACCCAAATTT I T ATCOANG T TGACC TCGGA T

(B
AACCTCCCACCCGTGTTTATTTACCTTCT TGO TTCGGLGOGLCCGCCT TAACTLGLL
GECGGHGGGCTCACGCCCCCGGGCCCGLGOCCGCGAAGACACCCTCGAACTC TGTCT
GAAGATTGTAGTCTGAGTUAAAATATAAATTATTTAAAACTTTCAACAACGGATC
TCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATHCGATACG TAATGTGAAT TG
CAAATTCAGTGAATUATCGAGTCT TTGAACGCACATTGCGCCCCC TGGTATTCUGG
GGGGCATGCCTGTCCGAGCGTCATTGCTGCLCTCAAGCACGGC TTGTG TG TTGGGCC
CCGTCCTCCGATTCCGLGGRACGGGCCCGAAAGGUAGCGGCGGLACCGCGTCCGGTCD
TCGAGCGTATGGRGE T T TG TCACCUGU TCTGTAGGCLCGGCCGGULU TTGUCGATUA
ACCCAAATTTTTATCCAGGTTGACCTORGATCAGGTAGGGATACCCGOTGAACTTA
AGCATATCAATAAGC

Fig. 3. Nucleolide sequence of ITS region of strain €03 (A)
and strain FO3 (B). These sequences showed 99%
nucleotide identities to the ITS region of Penicillium
urticae (A} and P griseofulvum (B}, respectively.
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futvum KNUEQ3e|2} 38 5190k (Fig. 3).
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Spectrophotometric  methodZ  #4d°] A4 =& P
urticae KNUCO334 P griseofulvum KNUEQ3® T3]
o2 GAs £ AESHE BAlo] =0 227 GA,, GA,,
GA2} GA, 23 GA0l gl GC-MS= 24815
U(Fig. 4). 24943 AUFolx s P owrticae
KNUCO32 v 25 mi GA, 7.08 ng, GA, 30.80 ng,
GA, [.27ng. GA, 088 ng Z¥3 GAs, 0.13 ng2 A4}
st | el ol el 8 Pogriseofilvum KNUEO3
2 GA, 9.79 ng, GA, 133.58 ng, GA. 2.64 ng, GA, 7.80
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Fig. 4. GC-MS3 analysis of culture filtrates of the Pericillium  wrticae KNUC03 (A) and £ griseofulvum KNUE03 (B).
Quantification of gibberellin was based on the peak area ratios of endogenous to deutcrated GAs, aller correcting for any
contribution from the deuterared standard to non-deuterated GA. The cndogencus contents of GA, and GA, werc calculated
from the peak area ratios of 506/508 and 304/306, respectively.



20 THE KOREAN JOURNAIL OF MYCOLOGY, 32(1), 2004

Table 2. GAs productivity of Penicillium wrticae KNUCO03 and
P, grisecfulvim KNUEQ3 determined by GC-MS

Strain GA, GA, GA, GA, GA,

£ urticae KNUCO3 708% 3080 127 0.88 0.13
P. griseofulvum KNUEO03 979 13358 264 780 073

*ng/25 mi.

A GHA Gibberella fujikuroi, 18] Neurospora
crassa®t A7AFolA B8 B articae KNUC03 2
2|2 AR Rel§ P ogriseofulvum KNUEO3
9] 4FFY] A5 3l YHdHo= sH @el o8
He GARLl tig AdEg B4siad, 89283 ek
AN 25ml F P urticae KNUC0O3 T57F 30.80ng, P
griseofulvum KNUEO3 57} 133.58 ng, G. fujikuroi7t
180.69 ng, N. crassa’} 103.28 ngS A4bal= 32 &l
& thFig. 5). 531, A= Fol E#l@ P griseo-
fubvum KNUE0Z2- G. fujikuroi B BAT N, crassa
Hubs 28 49 GAES Adske Aoz Jehgoh
GAse] A4t ol Tad 84% Abshe 7oz o
YHo2E 4499 w©adle] oy, #44 aglew
T 279 YA, &5, pH 2|2 wigks 5ol
Atk $4 D299 Nirogend GAse] AJake] ozt &
o slojA F8 g G2 vl ™ (Tudzynski, 1999), vl
HoflAl= GAsY] ALHe Asigicty gelA ch(Borrow
et al., 1964). °F¥8e] G. fujikuroi IMIS82898} )2 7
FTE2 FAYUE 4TI FAde GAsS ASSA &
tov|(Borrow et al., 1964; Candan er al., 1992), @
298 T AR Feo] GAsE ANETIY BHyEYG
(Tudzyski, 1999). &3 B404) glucoses T2 FLo
A GAs A ARl FE9T B E %5 (Borrow
et al., 1964), GAs AB2tel 3lojx HAz=d2 vk A7t
6~8%, pHY 4.0, VT 400 rpmo)2ial Bt
(Bruckner et al., 1991; o] 5, 1983). Z|F7A] ¥¥
GAs Akl Hlgle] GasY] <ol e olfE ololx
olHg Hgxog wiks T GAr] ol
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Fig. 5. GA, production of Penicillium wrticae KNUCO3, P
griseofulviem KNUEQ3, wild-type Gibberella fujikurol
and wild-type Newrospora crassa grown in Czapek’s
liquid medium for 7 days in the dark at 30°C.

Height (cm)
T b L B S O

Penicilliwm Uibkerelia
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ENUCOZ KNUEDS

Control Newrospura
Sirain
Fig. 6. Bioassay of mice sprout using culwure filtrates of GA-
producing fungi. The GA-producing fungi were incubated
for 7 days in Czapek’s lignid medium in the dark at
30°C. Waito-c tce seeds were treated with culture
filtrate of fungi.

Azpdct

Bioassay

Czapek’s ¥Z|oA 30°C, 78 F<F ks P wrticae
KNUC03, P griseofulvim KNUEQ3, wild-type G. fujikurot,
wild-type N. crassa 452 WddE Waito-c Yol A
2lale] 27] A%l Axms 25T T vk
TE Waito-c X9 £7] NFE FHsen, 2 ol
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7} P griseofulvum KNUEO3 K.t Waito-c B2 £7]
AL 2351 AL Fstdh. EEdw Fajeed v
3 P urticae KNUC03 T+ 0.35cm, P griseofulvum
KNUE03 455 042 cm, wild-type G. fujikuroi €7
0.62cm 222 wild-type N. crassa &FE 0.12 cm?
Waito-coll ] B4 £7] 217 a8 #08 F 38l
ThFig. 6). cl4e AR vjFe] £ of, A& f
APdae] GAsE A4 8E IRIEkien, off #58 |
8% GAse dFHANE SeiMe gxTe] AHs °
@50 S B 27189 A7rt Baskchz ¥zt
.

y 2

Gibberellins(GAs)= 21 E-9] 433 dHd) ojx F
a8 A&y dHEA Aok wEld B dyeae
Tt golBokel g F4F AMZE GAs AT
52 galstya 438 st A (Lindera
obtusiloba)2t 2LV -(Vaceiniuvm koreanum)e] 2]l
EA S AMHES Balsle] GAs A4 848 233
o, B He 2 GA LRSS BAEHE o o] F
A GAs AatEke] 713 @2 Ao g g £ a3
3la] o2] GAs oA AEAREZ E4o] =i ¢4
A GA,, GA;, GASE GA, GA;o el Aidss
25, B4S SR, Waito-c(Hdol HA)
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A BioassayE &) AFelrE 6Ze] o,
AT M = 45 72] GAs *é."&ﬂ'% %ﬂ— l&telz,
2 TF GAsE 71 o] Aksls ofFE Wl

AT st Aol BEE C03 47"?- P urticae
KNUCL 2 gAEs o, eyl 23 Fo3
= P griseofulvum KNUEQ3L R 85 St AT
H GAsE 243 A3 P wrricae KNUCO3 75 wl%k
N 25 ml %01] GA,; 7.08 ng, GA, 3080 ng, GA, 1.27 ng,
GA,; 088 ug ¥ GA,, 013 ngZ ALV P griseofitlvim
KNUE03& GA 9.79 ng, GA, 133.58 ng, GA, 2.64 ng,
GA, 7.80ng & GA;, 0.73 ng A4kal= 7o) #elE Y
o T g5 A P griseofulvum KNUED3®] GAsS
H go] Aags o4 4 ik

AR 2

E. A= 200395 Biogreen 2134 AFW) 2 4]

A7EHY dRE, FEAEFEY A7 Ao A=
Hyth
=S

o1 %, WAL, Morgan, P W, 1997, =¢8] 47} A1) o)A
£ AWEAT} ol 1E28 B2l 4% F==EsEA]
548-555.

o] g4, &R, AU, Ve,
T ARk A E e A 11 217222,

Avdlos, J., Sanchez-Fernandez R., Fernandez-Martin R. and Can-
dan, R. 1997, Regutation of Gibberellin production in the fun-
gus Gibberella fujikuroi. Recent Res. Dev. FPlant Physiol. 1
105-115.

Bayman, B., Lebron, L. L., Tremblay, R. L. and Lodge, D. I.
1997. Variation in endophytic fungi from reots and leaves of
Lepanthes (Orchidaccae). New Phytol. 135; 143-149.

Borrow, A, Brown, S., Jefferys, E. G., Kessel, R, H. I., Lloyd, P.
B.. Rothwell, A., Rothwell, B. and Swait, J. C. 1964. Metabo-
lism of Gibberella fujikuri in stirred culwre. Can. J Micro-
biol. 10: 407-444.

Brucker, B, and Blecschmide, I». 1991, Nitrogen regulation of
Gibberellin biosynthesis in Gibberella fujikurol. Appl. Micra-
biol. Biotechnol. 53 646-650.

Candau, R., Avalos, J. and Olmedo, E. C. 1992, Regulation of
gibberellin biosynthesis in Gibberellia fujikuroi. Plant Physiol.
100: 1184-1188.

Desjardins, A, E., Manandhar, H. K., Platmer, R. D.. Manandhar,
G. G, Poling, 8. M. and Maragos, CC. M. 2000. Fusarium spe-
cles from Nepalese rice and procuction of mycotoxing and gib-
berellic acid by selected species. Appl. Environ, Microbiol. 66:
102010235,

Doumas, B, Imbault, N., Moritz, T. and Oden, P C. 1992, Detec-
tion and identification of gibberelling in Douglas fir (Pseudot-
suga menziesii) shoots. Physiologia Plantari. 85: 489-494.

Escamilla Silva, E. M., Dendooven, L., Magana, L. P, Parra, R.
and De la Torre, M. 2000. Optimization of gibberellic acid pro-
duction by immobilized Gibberella fujikuroi mycelium in [uid-

1983, A <del Aatel AT A

=

ized bioreactors, J. Biotechnol. 76 147-155.

Hasan, H. A. 2002. Gibberellin and auxin-indole production by
plant root-fungi and their biosynthesis under salinity-calcium
interaction. Acte Microbiol. fmmunol. Hung. 49: 105-118.

Hendden, P oand Phillips. A. L., 2000. Gibberellin metabolism:
new insights revealed by the gencs. Trends Plant Science §
323-330.

. Rojas, M. C., Carrera, E. and Tudzynski, B. 2002.
Gibberellin biosynthesis in plants and fungi: A case of conver-
gent evolution? J. Plant Growth Regulation. 20t 319-331.

and Procbsting, W. M. 1999. Genetic analysis of gibberel-
lin biosynthesis. Plant Physiology 119 365-370.

Holbrook, A. H., Edge, W. 1. and Bailey F 1961. Adv Chem.
Series. 28: 159,

Kawaide, H. and Sassa, T. 1993, Accumulation of gibberellin A
and the metabolism of gibberellin A, to gibberellin A, in a
Phaeosphaeria sp. L 487 culture. Bivsci, Biotech. Biochem. 57:
1403-1405.

Kawanabe, Y, Yamane, H., Murayama, T., Takahashi, N. and
MNakamura, T. 1983, Tdcmification of gibberellin A; in mycclia
Neuraspora crassc. Agric. Biol. Chem. 4T: 1693-1694.

Karabaghli, C.. Frey-Klett, P, Sotta, B., Bonnet, M. and Le
Tacon, F. 1998, In vitro effect of Laccaria hicolor 8238 N and
Pseudomonas fluorescens strain BBeé on woting of derooted
shoot hypocotyls of Norway spruce. Tree Physiol. 18: 103-111.

Kim, K. 8. and Lee, Y. 8. 2000. Rapid and accurate species spe-
cific detcction of Phytophthora infestans through analysis of
ITS regions in its rDNA. J. Microbiol. Biotechneol. 10: 651-655,

Lange, T. 1998. Molecular biology of gibberellin synthesis.
Planta. 204: 409-419.

_ . Foster, K. R. and Morgan P. W. 1998, Photoperiod con-
trol of gibberellin levels and flowering in sorghwm. Plans Phys-
iol. 116: 1003-1011.

Lovegrove, Alison and Hooley, R, 2000. Gibberellin and abscisic
acid signalling in aleurone. Trends Plant Science 5: 102-110,
Macmillan, J. 2002. Occurrence of gibberelling in vascular plants,

fungi, and bacteria. J. Plant Growth Regul. 20, 387-442,

. Ward, D. A, Phillip, A. L., Sanchez-Beltran, M. I,
Gaskin, P, Lange, T. and Hedden, P. 1997. Gibberellin biosyn-
thesis from gibberellin  Al2-aldehyde in cndosperm and
embryos of marah macrocarpus. Plant Physiol. 113: 1369-77,

Mander, L. N. 2003, Twenty vears of gibberellin research. Nar.
Prod. Rep. 20: 49-69.

Mihlan, M., Homann, V., D.Liu, T.-W. and Tudzynski, B. 2003,
Area directly mediatcs nitrogen regulation of gibberellin bio-
synthesis in Gibberella fijikurai, but ifs aclivity is not affected
by NMR. Mol Microbiol. 47: 973991,

Olszewski, N., Sun, T.-P. and Gubler, E 2002. Gibberellin signal-
ing: biosynthesis, catabolism, and response pathways. The
Plant Cell. 14: 61-80.

Petter, T. 1., Rood, S. B. and Zanewich, K. P 1999, Light inten-
sity, gibberellin content and the resolution of shool growth in
Brassica. Plana. 207: 505-511.

Rachev, Raossen, Gancheva, Viara, Bojkova, Scbastiana., Chris-
tov, Christo and Zafirova, Tiha. 1997. Gibberellin biosynthesis
by Fusarium moniliforme in the presence of hydrophobic resin
Amberlite XAD-2. Bulg. £ Planr Physi. 12; 24-31,

Robinson, T,, Singh, D. and Nigam, P. 2001, Solid-state fermenta-
tion: a promising microbial technology for secondary metabo-
lite production, Appl. Microbiol. Biotechnol. 55: 284-289,

Sanchez-Fernandez R., Avalos, I. and Cerda-Olmedo, E, 1997,




22 THE KOREAN JOURNAL OF MYCOLOGY, 32(1), 2004

Inhibition of gibberellin biosynthesis by nitrate in Gibberella

Sigiikurot, FEBS Letters. 413: 35-39.

. 1999, Biosynthesis of gibberellins in Gibberellia fujikuroi:
biomolecular aspects. Appl. Microbiol. Biotechnol. 52: 298-
310.

and Holter. K. 1998. Gibberellin biosynthetic pathway in
Gibberella fujikuroi: evidence for a gene cluster. Fungal Gener.
RBiol. 25: 157-170,

, Mihlan, M. Cecilia Rojas, M., Linnemannstons, P,
Gaskin, P. and Hedden, P 2003. Characterization of the final
two genes of the gibberellin biosynthesis gene cluster of Gib-
berella fujikuroi: des and P450-3 encode GA4 desaturase and
the 13-hydroxylase, respectively. /. Bipl Chem. 278%: 28635-
28643,

Vazquez, M. M., Cesar, 8., Azcon, R. and Barea, J. M. 2000.

Interaction between arbuscular mycorrhizal fongi and other
microbial inoculants (Azospirillum, Pseudomonas, Tricho-
derma) and their effects on microbial population and enzyme
activities in the rhizosphere of maize plants. Appl. Soil Ecol-
ogy. 15: 261-272.

Vierheilig, H., Garcia-Garrido, J. M., Wyss, U, and Piche, Y.

2000. Systemic suppression of mycorrhizal colonization of bar-
ley roots already colonized by AM fungi. Soil Biol Biochemi.
32: 589-595,

White, T. 1., Bruns, T., Lee, 8. and Taylor, J. 1990. Amplification

and direct sequencing of fungal fibosomal RNA genes for phy-
logenetics. Pp. 315-322. In: Innis, M. A., Gelfand, D. H., Snin-
ski, I. J. and White, T. J. Eds. PCR Protocols: A guide to
methods and applications. Acadernic Press, San Diego, C.A,,
US.A,



