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Population Changes of Arbuscular Mycorrhizal Spores
in the Different Soil Environments

Seok-Koo Lee, An-Heum Eum and Sang-Sun Lee
Department of Biology, Korea National University of Education Chungbuk 363-890, Korea

ABSTRACT: The association of soil environments and sporulation of arbuscular mycorrhizae was
investigated using pot cultures. Increased arbuscular mycorrhizal spores as well as the better growth
of the host plants were observed when sorghum (Sorghum bicolor) was treated with different soil
conditions using several fertilizers with different concentrations. For to five fold increase of sporula-
tion of arbuscular mycorrhizae was noticed depending on the mycorrhizal species. Although there
were some differences between the four arbuscular mycorrhizae species and the conditions of soil
environments, maximum populations of spores were reached at about 30-40 days after cultivation.
The populations of four arbuscular mycorrhizal species was individually fluctuated. Also, the growth
rate of host plants were different from the fertilizers over 2-3 times, but the increase of spores

were not influenced by it.

KEYWORDS: Pot culture, arbuscular mycorrhizae, enhancement, growth rate, fertilizer

AT 2ol #3 Q= Thaxter (1922)7} Endo-
gonaceae¥ol| 4 4L A2slx, o]e] Peyronel(19
23)0] &2 2 Zygomycetes’d, EndogonalesE-2
AARste] o]lE o2 A7) AEHCh
ZAAT g2& Ao dubEel BXE §lw
o AlgoA thekit Fo AR &
#43)t} (Lindermann, 1988). Gerdemann (1964)<]
Bare] et S BlFZAERT F24
=9 A9 ko] F 4ule) F1E Mglon,
Gupta®} Janardhanan (1991)% Palmarosa (Cymbo-
pogon martinii var. motia)®] AAFo] 3m) 27}
apdctz B vl 9ok ol=d FZAEY AR
=7 vlg2AEel vlEle] Held o)lfw FAME
T el He] AEY F1%E £ 5HEY
(Elmes and Mosse, 1984 ; Jenson, 1982 ; Jonces
and Hutchinson, 1985)s} %] 1) {14 v
AEo & 24 (Schenck, 1981 ; Dehne, 1982)
S d¥%E Fobm AZsgh WAFE (Arbus-

]
Ve

134

cular mycorrhizae)& FH2 FHAHo) w5 & F
43 Hietolzl € 4 gl vl (Lindermann, 1988),
oo gt A= BT Foke] FAlE 23
FF A 2 A Sl dF-Fo, gl =
A o] F FAA -S43 DACdAA o2
pi1=8

A2 E£2; FAl A3 =¥ F !
=)o} gk d, Schenck$} Kinloch (1980)% %3},
%, 4T, S5, T, Bahiagrass & 77k
AR ddA A AL A3, Gigasporat Acaulos-
poras AAFAEANA vlnd & A9 FUHE
Belgy ¥asgdch x3l, 15 329 Glo-
mus F2 ARG A T EAEIIL o] Fo
Ak st o]2dt EAbe] FAL Bofe] A
44 (Sreenivasa and Bagyaraj, 1988), 2% (Sche-
nck and Schroder, 1974), A2 W3} (Gemma and
Koske, 1988 ; Louis and Lim, 1987), pH %< 3}
313 9 9l (Hayman and Tavares, 1985) 5o 2]3}¢]

A

et}

3]

HN

=3

L



Lee, Eum and Lee: Population changes of arbuscular mycorrhizal spores in the different soil environments 135

FEgE werh oMY AT EA S #
ofshe 2402 o&7EA7} Sl o] tjgk 2L
A9 r&AE7 HE 546 w9 45 3%
A A Aeolv} wpeby B QAT R FA9
HAA2AL Adaa e 549 2 vjge &
ok FxE 2eEiste] Bkl 34 wEgE F90¢
o, WAFZY $8 EAFA gk zpo)7} 9]
=7+ #Est 2 AHAE Hastuzal Ik

HH o Bk

E0| 343 | Pots 74& 3 EFAA= 1 2
1991 449 304, 2%} 19913 99 149} 239
A Arsiglon, 2% 28 JUF A o=
aYdsta FHe ks o] &) o] Bkl
olul & Aol AL FFo| 2)ste] WAFZY
floraz} deizl A& AFsHe] o]} (7] 19
91; o5, 1991 9%, 1990). Y= AFF Bk
Eobh 817 wiste] 8RR A4 &, Aek8-2] KH
PO; (Junsei Chemical Co)E Al&she= Agow
AAakel] W WAFT] 2AEY FAE A
o} ol AEeke mohy BAMste RelxtE
FHE B3 Frtel RgEe v (A A
ANz o)t AL, dslststed A Az 2%
olmabgst W2 AE8e A £ ¥EE TE
ol 83k A9 Pots TAEOE o]E-3}eth

PotsQ} 74 : £0)7} 85 Cm, 4T F74¢] 9 Cm,
2] AFel 6 Cmé wid PotsE ol&3hsich
e} o] AHZ EFE 05 Cmo| AE o]53he]
AR Azs 2FF 718 Fodt o] BASE A A7
o 400 g5 Hob ¥ AES Ak A3E &
FE e EAdpglem, WR-Ee Aee A2
A7 (AFHF 3 o) Hell PotsEF 744313 £
A9 yEAAE 2ASIch

FME W Mul  sFHERE T dQE9

F7 A Aulske = (Sorghum bicolor Moench)
AotE Fofste] o|&3lglct Hote] Hbol= Petri
dishell A A8t o], %1% 85 Cm, ¥°| 15 Cm
9] Petri disholl AFFolE %23, AokZ Petri
dish 30-40705 wixsta 7k Kote] 1/3 H=r}
H AR Z2HFE A Esdct
torell #74 25C &

2

o 4

o]-Z Incuba-
F-A3te] o} A7) ok, Potwd

INAR o)A sdT), o)Al GAle] AEL e

oo} A& o] &3}t o] AT 7ol £u|E Pots=
Aol &A1 22 Ql4kbE o83 AP 1991
59 154%8 19919 843d7kA] , 24e] v|EE
o)2-g AFL 1991 9¥ 9URE 1991 149 12
A7tA) A7 80ds 64Y7kel ZA Pot Culture

stglon, o Eel @A FRE S-S TFSU

gAH3R A | 13} A o] A E UL KHPO,
(Junsei Chemlcal Co)s o] &3l 23} v g4
9] AEAe FEHFRYS 53t w7l BH
= Hg= N-P-K-4 E3} v]go] N=18% , K=18
%) 18-0-18 (TN A2F FEojit AF
47 N=21%, P=17%, K=17% < 21-17-17 (&
szt g alel A Azt ax o] RAhy) e
K=60%2] 0-0-60 (s]3}st2|3atell sl Ak
AAE FAsE E - 2AED A FRE 0lE
sheivt Ao e QA FEI) E%k g
50 ug-‘J- 200 pgo2 AlE-0]A) Aol ZF3lith
o] x}e) HIFAIG M= HEY FHER 400 g Pot
% 27k 01 g 02 g 03g 04g 05 g8 thieg
FHste] AAlstgl o, Qlakg o4 A vl
A7IA B Pot FA 271 Eol &8A1A 13 A
u]akgd e}

FARHE U gl W AFE £2H2] populational
fluctuatione] Bk 374 A uje} ojEA W
e FAEe) AAEFHE ojugt #aAFe] al
E7bE QotRI §lste] o Fe] ARSIt
14k (KH.POYS B 3 Aqdxe 8047t
Pot culture 3}HA 10473 Fo = Fe] Fx2]
R EE M ECNEE S EREY
2 3 AdolAE 309, 474, 64349 330 AA
Xz g s 2 ’\z*ﬂ‘“g AAEE A
slodct. EAle] W3t Al 50% Sugar solutions
0]4-3} Centrifuge ¥ (7}, 1991)2 ©]-23}o] EF
10 g —%-°ﬂ 238 229 5 oty ALkl en
2+ 23 whEgE i FeE vehigich =% 5
o] QA egE HAAEE o8 ”“ﬂg} =
= Al on, BE o]&3te] el &
o FAR E7E FTF AlFle Bo“ﬁf’—i
AAE ohe AL oo FAETh

N, X J\‘
oo 4
md

i 2 :r.?L'

2 o

e X

7]



136 Kor. J. Mycol. Vol. 20, No. 2, 1992

#w R

MEELS 2 TN FFH gl olv] &
A Eoko] dig AT Z=e gepe B
AgA AYdTE Fihe] ofFelHct (7], 199D).
oluf WAFZe EA= ¢ BE AE S5 B
AgellA AR 2 EXER dged @Ry
u)7de] o] oY AR @t 7h xAle]
E2)ol| glol = Scutellospora heterogama} Sc. ve-
rucosa= EFo] vld Y-S o)Fx YR 1
azjgdet sfFAn|F el Expe] Ao A
HA FEEHLAT A w2 AEHE v Aol Se

heterogama ©)9 Sc. verucosas LA ww =

5o §A Fieolgr} (Table 2). 53], wopys
(Germination shield)”} Sc. calosporao) A} EA}E
AR RRE @v)AAA A obF A=A el
o] golatdct (Fig. 1). ol&tell ZHA AHT
Eofll= BF 2% 45 (Scutellospora helerogama,
Sc. verucosa, Sc. calospora, Gigaspora magarita)S]
EAEo] AR o WEE M2 E23c) (Ta-
ble 1). AR EJl= F B BF Sc hetero-
gama®) R =7} vIuA A FEFIL I, Gi
magarita= 23] WHEE FAPE A A ] AE
ok3kt} (Table 1). =3} o)z} A Bk A= Se
calospora®) HIE A 23] wkEe] ¥z}l 4
WA A o9k} (Table 1).

71% Zic} (Table 22} Fig. 1). Sc. calospora®} Gigas- elaks ol U EXF FAo| H3}: g7 e] W3}
pora magarita= v}k 7o) 73 E ellyeg & gAE ik (KHPO)E o83 AFdA =
F@u| AN A AYAFE ebAIRE 2 306 g 3 QA A S 50 pgIt 200 pge] EF
A 2l EXHE AL W Wall groupe] & Fol, Hol® £ (Sorghum bicolor)E o)A 8]

o

o,

Table 1. Arbuscular mycorrhizal flora in the soil collected®.

Arbuscular mycorrhizal flora

Date’ -
Sc. he? Sc. ve Sc. ca Gi. ma Total
1991. 4. 30 1.5 0.5 1.0 0.0 3.0
1991. 9. 1 20 0.5 0.0 0.0 2.5

“The number of Arbuscular mycorrhizal spores counted in the 10 gram of soils collected around Korea National
University of Education.

*The date of soil collection from the known soils.

“Scutellospora heterogama, Sc. verucosa, Sc. calospora, and Gigaspora magarita, individual spores, respectively.

Table 2. Characteristics of the four arbuscular mycorrhizal spores employed in this experiment.

Speced S Shpe Coor UEREE L el rescion

Sc. he  157-300 ym  Globose Red bulbose/37-45 m 2 + No

Sc. ve 310490 pym  Globose Dark bulbose/60-70 m 2 + No

Sc. ca  (200-) Mostly Transpar-  bulbose/25-45 m 2 + Yes, red
230-290 pm  globose ent white '

GL ma 255-510 X Globose/ White bulbose/45-55 m 1 - Yes, red
340-410 ym  Ellipsoide

“Four species of arbuscular mycorrhizae collected from the soils around the Korea National University of Educa-
tion and identified by Ka (1991).

*Scutelospora heterogama, Sc. verucosa, Sc. calospora, and Gigaspora magarita marked, respecitively.

‘Microscopic Observations under 50, 128, 200, 320, 800 x.

‘Observations of the germ sheild: “+”, present and “—”, absent.

‘Reactions with Melzer’s reagent: “No” indicated not reacted, and “Yes, red” reacted and turn to the color
the red.
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Fig. 1. Azygospores of four arbuscular mycorrhizal spores employed in this experiments; Scutellispora hetero-
gama, Q: Scutellispora verucosa, R: Scutellispora calospora and T: Gigaspora magarita spores(Ty) and spore and

auxillary cells (T,) observed under microscope 400 x.
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Fig. 2. The fluctuations of arbuscular mycorrhizal spore populations on the different concentrations of PO,
articially provided under pot cultivations; The curves of the dark circle filled indicated the relative population
of arbuscular mycorrhizal spores counted from the sorghum pots under phosphate given at the level of 50
mg /g and the curves of the circle indicated the relative population of arbuscular mycorrhizal spores counted
from the sorghum pots under phosphate given at the level of 200 mg /g
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Table 3. Arbuscular mycorrhizal spores counted after 30 days’ cultivation of sorghum in the small pots’.

18-0-18* 21-17-17 0-0-60
Species’ C¢ 01° 02 03 04 05 01 02 03 04 05 01 02 03 04 05 NF
Sc. he 20 15 25 10 25 35 20 15 45 20 20 30 30 20 15 30 20
Sc. ve 05 05 05 05 05 05 15 20 10 00 05 00 05 10 05 05 05
Sc. ca 00 25 30 40 30 25 25 25 45 15 10 15 20 20 20 25 30
Total 25 55 70 55 60 70 60 60 105 40 35 45 65 55 45 60 55
Biomass* — 059 071 068 047 066 111 182 121 230 058 0.68 099 095 0.71 085 054

“The ralative populations of arbuscular mycorrhizal spores per 10 gram of soil. The actual value was the values
multified by the values of control. Each value resulted from the average value of triple replications.

*The kind of fertilizers commercially used by “N-P-K” and see the Materials and Methods in detail.

‘The arbuscular mycorrhizal spores of Scufelospora heterogama, Sc. verucosa, and Sc. calospora counted. The
arbuscular mycorrhizal spores of Gi. margarita was not counted because of less than one as the actual
populations.

“The populations of arbuscular mycorrhizal spores first counted before planting.

*The grams of fertilizer per 400 g soil sprayed by the water containg the fertilzer.

/No fertilizer treatments.

¢The populations of Gigaspora magarita spores included.

*The grams per individual host plants.
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Table 4. Arbuscular mycorrhizal spores counted after 47 days’ cultivation of sorghum in the small pots’.

18-0-18b 21-17-17 0-0-60
Speciess €’ 01 02 03 04 05 01 02 03 04 05 01 02 03 04 05 NF
Sc.He 20 20 20 10 25 15 15 00 05 15 25 05 05 15 00 10 15
Sc.Ve 05 .05 05 10 00 00 05 00 00 05 00 05 05 05 10 15 05
Sc.Ca 00 10 10 15 15 30 25 05 30 20 10 05 25 15 25 15 20
Total 25 45 40 40 40 45 55 €5 40 55 35 15 50 40 40 45 45
Biomass® 074 163 074 181 079 122 298 285 3.71 216 095 139 056 148 069 0.64

*The ralative populations of arbuscular mycorrhizal spores per 10 gram of soil. The actual value was the values
multified by the values of control. Each value resulted from the average value of triple replications.

*The kind of fertilizers commercially used by “N-P-K” and see the Materials and Methods in detail.

“The arbuscular mycorrhizal spores of Scufelospora heterogama, Sc. verucosa, and Sc. calospora counted. The
arbuscular mycorrhizal spores of Gi. margarita was not counted because of less than one as the actual

populations.

“The populations of arbuscular mycorrhizal spores first counted before planting.
‘The grams of fertilizer per 400 g soil sprayed by the water containg the fertilzer.

No fertilizer treatments.

¢The populations of Gigaspora magarita spores included.

*The grams per individual host plants.
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Table 5. Arbuscular mycorrhizal spores counted after 64 days’ cultivation of sorghum in the small pots®.

18-0-18 21-17-17 0-0-60
Speciess C? 01 02 03 04 05 01 02 03 04 05 01 02 03 04 05 NF
Sc.He 20 15 15 15 15 15 10 15 10 00 15 10 30 15 15 30 15
Sc.Ve 05 15 15 05 05 15 00 1.0 05 15 00 05 15 10 20 1.0 05
Sc.Ca 00 00 20 20 30 15 15 00 20 05 15 25 10 15 25 15 15
TotalF 25 30 60 40 45 45 25 35 40 20 35 40 60 45 65 55 45
Biomass" 120 118 129 149 039 266 213 301 542 616 101 128 148 145 034 079

“The ralative populations of arbuscular mycorrhizal spores per 10 gram of soil. The actual value was the values
multified by the values of control. Each value resulted from the average value of triple replications.

*The kind of fertilizers commercially used by “N-P-K” and see the Materials and Methods in detail.

‘The arbuscular mycorrhizal spores of Scutelospora heterogama, Sc. verucosa, and Sc. calospora counted. The
arbuscular mycorrhizal spores of Gi. margarita was not counted because of less than one as the actual

populations.

“The populations of arbuscular mycorrhizal spores first counted before planting.
‘The grams of fertilizer per 400 g soil sprayed by the water containg the fertilzer.

No fertilizer treatments.

¢The populations of Gigaspora magarita spores included.

"The grams per individual host plants.
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Table 6. Comparison with total VA spores and biomass.

18-0-18°

21-17-17

0-0-60

Spore’

Biomass —

75 130 170 135 145 160 140 100 185 115 105 100 175 140 150 160 145
253 352 271 377 184 499 693 7.07 1143 890 264 3.66 299 364 1.88 197

“The kind of fertilizers commercially used by “N-P-K” and see the Materials and Methods in detail.
*The populations of arbuscular mycorrhizal spores first counted before planting,
‘The grams of fertilizer per 400 g soil sprayed by the water containg the fertilzer.

“No fertilizer treatments.

‘Sum of the arbuscular mycorrhizal spores counted at 30, 47 and 64 days' pot cultures.
Sum of the individual plant biomasses grown at 30, 47 and 64 days’ cultures.
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