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FWC:Food waste compost
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. OTUs:Operational taxonomic unit
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Summary

This study was carried out to evaluate the effect of the long-term
different fertilization management on soil microbial activities such as microbial
biomass, enzyme activities, phospholipid fatty acid(PLFA) content, bacterial
community structures and diversity in volcanic ash citrus orchard soil
Experiment plots composed no—fertilization(Control), Compost, half of
recommend application plus Compost(1/2NPK+Compost), recommend
application(NPK), recommend application plus Compost(NPK+Compost), 3 times
recommend application(3NPK).

Effect of the long—term(13 yrs) different fertilization management on microbial

activities and community structures were summarized as follow:

1. Total PLFA content was significantly higher at NPK+Compost than 3NPK
in March and May.

2. Distribution of microbial group by using PLFA profiles as biomarkers were
high in September and that was in the order of bacteria>fungi>actinomycetes>
mycorrhiza. However, Distribution of fungi and mycorrhiza were decreased
significantly in control and 3NPK. Biological index such as G-/G+, F/B,
cyl9:0/18:107c, and Unsat/sat ratios were increased with increasing
temperature and those were high in September.

3. Principal component analysis of microbial community by PLFA pattern s
howed that PLFA profiles in 3NPK and Compost were different other
treatments in March.

4. Microbial biomass C and N contents were high 1/2NPK(including NPK)
+Compost compared with Compost only and chemical fertilizers(NPK,
3NPK). Thus, metabolic quotients(qCO2) was highest in 3NPK among the
other treatments.

5. Soil enzyme activities showed seasonal changes and those that were
different significantly between treatments in May. Dehydrogenase activity

was two times higher in 1/2NPK+Compost than the Control. B



—-Glucosidase(NPK and 1/2NPK+Compost), urease(NPK+Compost), and acid
phosphatase(Compost) activities were significantly higher than those of
3NPK and Control treatment.

Composition change in microbial community structures, microbial biomass,
and enzyme activities affected by fertilization effect and environmental
factors such as soil temperature and moisture.

In conclusion, Microbial activities were low in 3NPK and the Control
compared with NPK(1/2NPK)+Com., which showed difference in

community structures.

Effect of the long—term(16 yrs) different fertilization management on bacterial

group changes, species richness estimators, diversity indices, and community

structures 1n volcanic ash citrus orchard soil were summarized as follow:

1.

Rarefaction curves at the 979 sequence similarity showed that distribution
range of a clone and the OTUs were high in 1/2NPK+Compost, which
were at 5,769-7982 and 2,181-4,112 in May, respectively.

Species richness estimators of Ace, Chaol, and Shannon diversity indices
showed higher in 1/2NPK+Compost than other treatments, which were
19,361, 6,428, 10,906, 7.8, respectively.

In phylum level, The most abundant bacterial group were Proteobacteria,
Acidobacteria, Actinobacteria and those occupied at 58.0-82.9% among the
soil-borne bacterial community in citrus orchard soil.

In genera level, The dominant bacteria group were Pseudolabrys,
Bradyrhizobium, Arthrobacter, which were distributed range at 16.1-32.1%.
Bacterial diversity showed seasonal changes and that were more diverse in
genera than phylum level.

Soil pH showed a positive correlated with Ace, Chaol richness
estimators(p<0.05) and Shannon diversity indices (p<0.01). But exch. Al
was negatively correlated with those (p<0.05).

In conclusion, Bacterial community diversity affected by volcanic ash

characteristics and pH changes in citrus orchard soil

_Xl_



Effect of incubation temperature on nitrogen mineralization rate, PLFA content,
and enzyme activities during incubation period in volcanic(VBS) and non voleanic
ash soil(NVBS) treated with organic materials such as pellet(OFPE) and powder
(OFPO)organic  fertilizers, pig manure compost(PMC), and food waste
compost{(FWC) were summarized as follow:

1. Considering on soil pH and C/N ratio, Organic matter decomposition rate
was more easily in NVBS than VBS. Nitrogen mineralization rate
increased with increasing temperature and that was in the order of
OFPO>FWC>OFPE>PMC. OFPO was most highest among the organic
matter in both VBS and NVBS.

2. In 75 days, Total PLFA content was higher in NVBS than VBS. That
was higher at 270 days in VBS than NVBS.

3. Distribution ratio of microbial group by PLFA profiles were different
significantly due to soil characteristics, incubation temperature, and the
type of organic matter.

4. Both G-/G+ and F/B ratios were decreased according to the increasing
temperature gradually and those reduced more in NVBS than VBS.

5. Principal component analyis using PLFA profiles showed that microbial
community structures were composed by soil type at 75 days, but by
temperature at 270 days.

6. Urease and B-glucosidase activity were high in NVBS than VBS. Those
were decreased gradually during the long-time incubation. Acid
phosphatase activity increased according to the increasing temperature
and that was higher in organic fertilizers than PMC and FWC.

7. Soil temperature was significantly correlated with acid phosphatase(r=0.728)
in  both soill. PLFA was significantly correlated with OM at
r=0.634(p<0.001) in NVBS.

8. In conclusion, Soil microbial activities showed relative sensitivity and
seasonal changes as affected by soil characteristics, temperature, and

organic matter type and those were low in VBS.

- Xl -



A1 A mE FEAESY A ALy
ABSTRACT

This study was carried out to evaluate the effect of the long-term(13 yrs)
different fertilization management on soil microbial activities and community
structures using phospholipid fatty acid(PLFA) content, microbial biomass, soil
respiration and enzyme activities in volcanic ash citrus orchard soil
Experiment plots composed no-fertilization(Control), Compost, half of
recommend application plus Compost(1/2NPK+Compost), recommend application
(NPK), recommend application plus Compost(NPK+Compost), 3 times recommend
application(3NPK). Soil samples were taken earlier in March, May, July, and
September, 2007.

Total PLFA content was significantly higher at NPK+Compost than 3NPK
in March and May. Distribution of microbial group by using PLFA profiles
as biomarkers were high in September and that was in the order of
bacteria>fungi>actinomycetes>mycorrhiza. However, Distribution of fungi and
mycorrhiza were decreased significantly in control and 3NPK. Biological index
such as G-/G+, /B, cy19:0/18:1w7c, and Unsat/sat ratios were increased with
increasing temperature and those were high in September.

Principal component analysis of microbial community by PLFA pattern
showed that PLFA profiles in 3NPK and Compost were different other
treatments in March.

Microbial biomass C and N contents were high 1/2NPK(including NPK)
+Compost compared with Compost only and chemical fertilizers(NPK, 3NPK).
Thus, metabolic quotients(qCO2) was highest in 3NPK among the other
treatments. Soil enzyme activities showed seasonal changes and those that
were different significantly between treatments in May. Dehydrogenase
activity was two times higher in 1/2NPK+Compost than the Control. B
-Glucosidase(NPK and 1/2NPK+Compost), urease(NPK+Compost), and acid
phosphatase(Compost) activities were significantly higher than those of 3NPK
and Control treatment.

Our results showed that composition change in microbial community
structures, microbial biomass, and enzyme activities affected by fertilization
effect and environmental factors such as soil temperature and moisture. In
conclusion, Microbial activities were low in 3NPK and the Control compared

with NPK(1/2NPK)+Com., which showed difference in community structures.
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Table 1. Application rate of chemical fertilizers in this experiment

Treatment Fertilizer application(kg 10ah)
Compost 2,000

1/2NPK + Compost 14-20-14 + 2,000

NPK + Compost 28-40-28 + 2,000

NPK 28-40-28

3NPK 34-120-84

Control 0

Compost:cattle manure compost;

1/2NPK:half of recommended application rate of N, P, K;
NPK:rrecommended application rate of N, P, K;
3NPK:three times of N, P, K;

Controlino fertilization.

30 120
25 100
20 S0 =
52 et
7 s
=15 60 =
5 =
— =
= 10 40 E
o =
=
w
5 20
0 0
1/5 3/5 5/5 75 /5
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Fig. 1. Changes in soil temperature and moisture content during the

experimental period in 2007. Arrow bars indicate sampling time.
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3L, f 7182 Walkley-Black®, A3 &2 KjeldahlH-& o] &3ttt & <
2Fe Bray. No-1, 284 ZAE3 Z45LS IN NHOAc(pH 7.0), A stA <Z0)F

Ammonium oxalate/oxalic acid WHo=z HE £ oiso ICP(GBC,

rlo

Integra XL)& #2413}%t}

3. 21X 4 A 42 (Phospholipid fatty acid, PLFA)%A

A A A x| H2EE2 Bligh and Dyer(1959)2] #' S8 o] &3t &9 A
WFAES silicic acid column chlomatography S ©]-83Fo] SAA A3 IR ZA & &

o

A= AAT & AAAE FEert. #8%¥ AEFE methylationA] 21

—_

MIDI "] A EEAA A8 (MIDI Inc., Newark, DE)O. &2 A WbAks At <l

AR AL FE2 vde 7 e AXH A

rpm, 30 )5 FANE 24 2= S o] F 50 mM {14k ¢hF-E 9 (pH
7.5) 524 mLet CHCls 538 mLE H7bske] 2 & gl wwkslo] 1643k o] ®

Ak ek 16A1F & 24 2] shdFe] gee A2e Aldees 3 F
32T F=F7A Np 7F2E 2o 04 M E JTA7A A=Az 5+ ¢

FeAlel Ee7b7] A7bA 20T Wisarel] wsksit

2) Silicic acid column chromatography
500 mg silicic acidE F3t=27]9] s2HZ I3lle] F3 & F=ol4 3 mL

Z|HAke]l 1 mL
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G2 AL geetone 4 mLA 23 ALl vpA 2o 2 methanol 2 mLA 23] A

7}8ko] polar lipidsE #383le] 32T F2FFoA AAVAE BHo] YolFHA

3) Mild akaline methanolysis

Azd AWAE =o]7] 913 toluene'methanol(1:1)3} methanolic KOH £ <4
1 mLE H7F % 5% wwk 3k 35TCelA 20:3F viokstadrh vk
hexan:chloroform(4:1) 2 mL ¢} 1IN acetic acid 0.2 mLE &7} 3 & pHE 6-7
2 xHsta T 2 mLE AU ve 30 &9 wwsiith o] &ois
2,000 rpmol A 5 &3 A4Ee 3 & Aeoes MES ARHoR R ofF

hexan:chloroform(4:1) 4 mLE 8% Al o] Hrlsle] AW4be F3(2,000

7}. PLFA A% vAE F XA
AHab AR E o] gole] nAEIFES A, AT, AP, o oE B
WE g 2 EFHCHLL et al, 2006; Rahman and Sugiyama, 2008). 23 9FAl

ST

2 1510 iso, 15:0 anteiso, 16:0 iso, 17:0 iso, 17:0 anteiso, 18:0 iso, 1% =

o

& 17:0 cyclo, 181 w7c, 19:0cyco 8¢, 17:1 o 8¢, WAt TBSA 10mel&:0,
10Mel6:0, 10Mel7:0, AFd7t-& 18:2 w6,9¢, 1811 w9, <+ 1611w 5cE AE A
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1.
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7}. Microbial biomass C

1998; Kaur et al., 2005),
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t}. Microbial biomass N

o

Biomass N biomass C F=4-8 o| &3t 7184 F7iefdse] of =k

=
A3k obv)wAte] A& S F3F= ninhydrin &4 9 (Joergensen, 1996)% ©]
L&) A8t FEF 2 mLo] ninhydrin reagent 1 mLE 713 & #3&=
ZQbell A 25 #3F opv At A A+ R ole) A A)E WAAIZL 5 PZbeke]
95% ethanol®} =H#F(1:1)EF 9 45 mLE A7}, &3 & UV-Vis spectrophoto
-meter(Cary 100, Varian Inc.)& ©|& 750 nmolA &3 =& =43 T S 2
o2 Axkstdth
Biomass N= 5.0 x Ey

Ex=(F 35 E %9 nihydrin &2 2)-(M]EFE%2] nihydrin W4 %)

5. E9% v AE 35 % (Basal soil respiration)

°

EGnAE Yz 8% £42 Langer and Gunther(2001) %S ¥ 3s
b8l ekA &5 H(CO, absorption method)S ©| &3k Th ¥4 8§5He] Fi&
ek 150 go FES 1 M NaOH &9 5 mL7} §4 &3 A3 &S 250 mL
el el gof 25TolA 3047 F2ute A, ad AlFdel 89 CO;
5

, 10, 304 %ol mi¥l AP DA A-S npEFHEAN AREE ANFHSAT AHE &
7l
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7}. B-Glucosidase activity

B-Glucosidases Garcia-Gil et al.(2000)¢] W ol E3lo] 4ttt B 1
g9 50 mL AZ4Z82~=9 #Helar 4 mLe 0.1 M malate buffer (pH 6.0), 1
mL2 0.025 M p-nitrophenyl-B-D-glucoside &8 7}3 & Zg Ao v =
3lal 37TColA 1A &< vl 2 1 mLe 05 M CaCl&9¥ 4 mLe] 0.1 M
THAMSHZ= &4 (pH 12)S H7F 3k t}L-of of3}ste] UV-Vis spectrophotometer

(Cary 100, Varian)E& ©]& 400 nmol A EFE=E =43},

U}. Dehydrogenase activity

Dehydrogenase: Casida et al.(1964)¢] Wl Fato] FA8t. $AE 5
gol CaCOs 0.05 g9 1 mL2 3% triphenyl tetrazolium chloride(TTC) & <&
7hsto &3 & 37C F2F oA 2442 sjFEdv. Wik & A E
2,3,5,~Triphenyl formazan(TPF)°l methanol 10 mL#? 2% F%3}9 nob filter
paper® o3 5 485 nmoll 4] UV-Vis spectrophotometer(Cary 100, Varian)=

PEE Z4shgn.

E{o{n

t}. Urease activity

Urease+ Kandeler and Gerber(1988)2] W o] £dle] EA433Y EXF 5 ¢
A8 50 mL Alg3de] #H3 5 20 mLe borate buffer(0.1 M, pH 10)¢} 2.5 mL
9] 720 mM urea & & 7hetal WS sko] 37Tl 2A1F &< v et
ok § 2 M KCIE9 30 mLE #H7bshal 3087 A9Azl & oAzl &
sodium salicylate/sodium hydroxide &3¢ 5 mL® 391 mM sodium
dichloroisocyanide 2 mLE %7} 3 % UV-Vis spectrophotometer(Cary 100,
Varian)& ©]-&3}l9] 660 nmollA F3EE SAsIAT dxs v d59s o
#3t7] Aol 720 mM urea £ 25 mL, 2 M KCI&9 30 mLE 7} & % 30

2

7 AEgA 7l 3 otleo] sodium salicylate/sodium hydroxide &3¢

2
i
3

lw

%)

9.1 mM sodium dichloroisocyanide 2 mLE A7} 3 & ZFEE =A43to] A

gl el diE2Te A2 A8 A
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2}. Acid phosphatase activity

Oll

Acid phosphatasey® #2133 Z=FAH(RDA, 1988)° st &4
=] 3]

I
% 4 mLe 0.1 M malate buffer(pH 6.5),

o B 1 g 25 mL Al@ael H3
1 mL2 0.025 M p-nitrophenyl phosphate disodium-&-2 7}3}al 2H5-& 3}
37CAA 1AZE &b wjekst £ 20T A 15683 X AR 29 vh5 05 M
CaCl, 1 mL¥ 05 M NaOH 4 mLE #H7Ie & ofAzl &4 FI=
UV-Vis spectrophotometer(Cary 100, Varian)Z 400 nmol A =43t =
+ 1 mL®9 05 M CaClz &3 4 mLe 05 M NaOH&H& A7k & o 35}
7] A Ao wjek dekHo] (0.025 M p-nitrophenyl phosphate&<] 1 mLE #7}3F

% o]} F9] p-nitrophenol &S AAtE T

(ld

b

7. A

ANOVAE-A 2 g Zholl 945 5% 2 SAS Enterprise guide 4.2(SAS
Inst., Cary, NC, USA)E °]&3l9oH, rlAETHEALS A5 1% s
H AAAE Akikel e FAES TSNS 7 ST EG 3 813

Az B4 o] ABBAT FI5FE 01%, 1%, 59014 ¥4 5190},
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Hl(Han, 2006)

1/24)
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1/3, By

-

1.

AElF ) ] 2

-

TR E R pHIF 3

ol
7o

x
B

-1

Exch. Al
mg kg
450.6
412.8
432.2
474.2
480.7
425.3

Ca
a
89
12.4
99
13.1
4.7

-— cmol+ kg —-
11.7

Exch. Cations

0.5
11
1.0
0.8
11
0.1

-1

Av. P:Os

mg kg
127.2
2212
274.7
202.3
423.2
70.9
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T-N
0.99
0.99
0.60
0.58
0.96
0.99

pH
1:5
6.0
6.2
6.0
6.3
6.1
5.8

@ jeju

Compost
NPK
3NPK
Control

Treatment
1/2NPK+Compost

NPK+Compost

Table 2. Chemical properties of soil used this experiment in September
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Fig. 2. Seasonal changes in soil total phospholipid fatty acid content as
affected by different fertilization management in citrus orchard volcanic ash
soil. The error bars indicate standard deviation. No letters mean not

significant at p<0.05 level.
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Sugiyama, 2008).
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orchard volcanic ash soil. See Fig. 2.
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Fig. 3. Seasonal changes of relative abundance of microbial group using total

PLFA content as affected by different fertilization management in citrus
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Fig. 4. Seasonal changes of biological index ratios of PLFA profiles by

different fertilization management in citrus orchard volcanic ash soil. See Fig. 2.
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3. AR Agatggel A v A= AVE W3

AA 2 A Ak vAEA G T, AEd], 7154 nAEEAL g
ARE AF3IHGreen and Scow, 2008). zF H#d 1% o] E¥3= <xZ

AR A7 FAEN SHESS ol MAETHe 243 2
= Fig. 5ol vEbHYh 392 FAE 2443 FHulg-ek 2EAM] 3ul U thE
Agred 2A T2 E AT Sl T Al 15482 53.3%, Al 2

_\7\_1‘

o

B AR E 2AEFNA A, BAE pseudomonas o] A TFo AES F
5 (Clegg, 2006), At Xt} ARt x| A HH18:206,9)0] Bol 7Fadle] W
AEFZATFZ7F v A o Fredrik et al, 2008)3L 3} th. Bossio et al.(1998)<-

ARA 29, BIUE F, F144 Bolsk MR 9B Foha A
o, Sl AN, A8 FeEs SEFS N5 Sol MAE FPTad 9

S o AoR FHHErHBaath and Anderson, 2003; Rahman and Sugiyama,
2008). Rahman and Sugiyama(2008):= 4¥# A 5943 31 5 Ajajuk2do e}
A= el vEA vEbdTRal g0tk Yao et al.(2000)2 AW ds
7 LA EFE AT SAAAE AW FHeFo]l SksknbaL &Sl H BTt
FFEAH] 3uiT AP HE ol T e + AoRE Agddrh
3 Marschner et al.(2003)2 HH] ¢} shstn| g A= EGAE 7AF, 75,

T/l FEFE Fol vAETH S WMEE ZhA2val ekl 3 AR A

FRARENA} 39S 1280+ 0] Fet EEAN+E N 2K YY) 108, 55
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e
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orchard volcanic ash soil(Left:Principal component analysis; Right:Cluster

analysis).
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4. EF vRAEAZF C N

nAEAE Cx AEsHE @4 A #E(Alvarez et al, 19952 AFE% ™, Hu
and Cao(2007)= 7] A ANA A EALFS EGU ST FJeE wkgds)
v EGAY] AEAERE A" & dvhal 39k Vance et al.(1987)9] HHH
ol-g3lo] MAEA T CE B3 Ay 393 598 12%F=Av+5n 17} 2z}
390.6, 161.8 mg kg 'C& % SktHFig. 6). A 71¥2 39l gt A48 7}
e AFolAal 5ol 7bd wekom He Fhell feode] ATk 7HH 99
FEAv+E ) e 128 FA B0 o) Zh2 286.9, 371.7 mg kg 0.2 FEEA]
v 3u)tuich 15H], 2w o)A gkl ®EAMN(1/2%E)+E ¥ Tt HEl g 8
U EH(NPK, SNPK)RT} =& A4S vetHT) olE ganset 4 A&
g Hjo] o3t} Ede] pH 5= o] wolAy] Wit o2 Ed pHet ESHAEA
F CE B33 A =ves 239t dAstE A4S H Y tHKemmitt et al., 2006).

T 11t seu s frls 28 23N E A B vAEdA s BEA A

¥,
Ol

(o

b

AT N nAEY] BFAE A= Ao 39 7 =93 59
| @skom A 7hol frojAdol AATHFig. 7). 382 125 F A ¥ +5H| 77} %
=AM 3ef g Bk 25% A% Eokow HEIF frolAde] AT 59 T8 %
FA M+ H 77 2+t 570, 82.8 mg kg 'O 8 FH|ETF KT} 20, 258 o4 %
okar A2k FeAdol dgdth 992 Hu 7t 1323 mg kg (o2 FEA W] 3H]
T BTk 2v) o] mkow Ay Fhel fejado] ddlth 39e EA U RS

Aed ve g Adio] Aug R Fr)sr A3 113

o

%9 NOs-N shaFo] =9k7] Wi o2 AZbH vt Nira(2003)+= F23%
A N AaaA7E vhar sielsd, 38 Fhlg oA 2 A2 519

72 NO3-N7} o]-gste] yetd A3z FAHAY =3 FFA9] 377 3
AL gshuaE EYnAEAFel ZA 9IS FA ZEtHParham et al,
2003)= Mool dAshe AEE dERHU ol4te] At shehu| s Al 9f Rk

QA BEge MgEAG] 9 2= AoR YA

¢
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Fig. 6. Seasonal changes in soil microbial biomass C content as affected by

different fertilization management in citrus orchard volcanic ash soil. See Fig. 2.
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Fig. 7. Seasonal changes in soil microbial biomass N content as affected by

different fertilization management in citrus orchard volcanic ash soil. See Fig. 2.
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FEAN 3R] of 2el AR ko A el feAdel AT BEFA A}
HAEAT N2 HR57F 22302 ®EAH] 3ul50 1.07 Bk 2n) o] =kt
°]%= Anderson and Domsch(1989)¢] wAEAZF Cv EY F7e@LY 2-3%E
ApA gk A dkeh nlaso] wigkow FEAIM o] e Hualnl= B v A

284el 9Be F Ao A7

Table 3. Ratio between microbial biomass contents and soil chemical

properties in September

Treatment Biomass C/OM Biomass N/T-N Biomass N/C
Compost 0.23+0.04b 2.23+0.78a 0.44£0.05
1/2NPK+Com. 0.28+0.01a 1.850.40ab 0.2910.06
NPK+Com. 0.24£0.0Zab 1.93+0.38ab 0.37£0.07
NPK 0.25%0.03ab 1.53+0.42ab 0.28+0.09
3NPK 0.150.02¢c 1.07+0.59b 0.30£0.13
Control 0.22£0.03b 2.06:0.29a 0.42+0.07

Mean + Standard Deviation.

No letters mean not significant at p<0.05 level.

5. B nAE 35T ARG

EGTES vAE dAEES AHHA ARE 2o FEI T dFs
=Y (Cerhanova et al., 2006; Chen et al,, 2008). % 7|x S5 &2 %7] 3¢9
© 57 surE AlRbe] B dE Ak gaste]l A kel fold2 gldld
(Fig. 8). 39< F&Au+H¥n] 5 183, FHEF 164 mg CO,-C 100 g' h'&
By, shehel E(NPK, 3NPK), FH| & Hu Zgkon, 309 vs23k 43
S UEHlT of A2 Bkl HEY f7lE SO AHAR Tl ¢t vEhd
A= A7ZHETE Hu and Cao(2007)7 712F TR 0A vAE SS5ES =
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Fig. 8 Soil basal respiration rate as affected by different fertilization

management in citrus orchard volcanic ash soil(at 25C, 30 days). See Fig. 2.
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2 sk AEE AEAT] A3 EFF] B Wl Eobdrh v

>~
=

A (qCO= Al719h aglo] EFEAH 3ul 77 71 =skom, REAIM

242
rir

o

39 Exot 9¥el= R UTHTable 4). Al7|E 2 5E>74>39>99 o]

Ao gAs z)
e, EYGS s AAEe] giolg Ay dAE =Y vAEAE Cof ddd
A7F 2338 =oF Alvarez et al.(1995)¢] A3t} A=A 3l= Adko] A}

Table 4. Seasonal changes in soil qCO: metabolic quotients as affected by

different fertilization management in citrus orchard volcanic ash soil

Treatment March May July September
—————— mg CO:~C h' (g Biomass C) " ————~

Compost 1,12£0.22ab 2.09+0.76b 1.11£0.14b 0.99+0.12b
1/2NPK+Compost 0.74+0.06¢ 1.84+0.52b 1.11£0.14b 0.78+0.07b
NPK+Compost 0.85+0.16b 2.15x0.31b 1.08£0.11b 0.98+0.15b
NPK 1.24+0.21a 2.72+0.44ah 1.44£0.21ab 0.96+0.09b
3NPK 1.26£0.26a 3.530.75a 1.75£0.25a 1.6+0.08a
Control 1,16£0.13ab 2.66£0.74ab 1.3220.3b 0.96+0.23b

See Table 3.

6. EFas A9 A7|d Wt
7}. Dehydrogenase activity
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EYRagdde EYNSE 993t A x7F @ Hu and Cao, 2007). E%
715 B3E =93] ©@Aiheste] #old= dehydrogenase®t B-glucosidase
g0 8 Table 59| WEWTE Dehydrogenase@’d o 39| 1/2EF=A 8] +E 18] ¢}
Alb] 38 B =okow 592 399 v)=d Ao

T
=
4
R
=W
=
it
H
2
MN

_YE
oL
=
do

O
o,
rlo

911t} Dehydrogenase@& A2 Z43tgko] =
b= 1/2 FEAN+EN = o] & v dtE A4S e
Eoko] F7]&S8 Al &3 dehydrogenase@ A o] <73ttt al &91+=H](Dinesh et
al., 1998), 1/2 EFAM+E R F7} 7 & ZS S5ih|5e; Hu|Al &0 2

E A FA4EJ] N, P, K Aol a5 ATl FrtstiaA w4
B Ao Aaddn. Frldn et frlE £82 EYVAEEE S ST
H(Goyal et al., 1999; Marschner et al, 2003), A7 & Ao H3= A=
2 Q9lo] 3k WH=tvHQuilchano and Maranon, 2002)%= A9 A dk= 7
ol At}

. B-Glucosidase activity

B-Glucosidaset™= E% Z(Quality)d] A7 X124 ELAea94E Hrled &
A tHTimothy and Dick, 2004). B-Glucosidase &2 3, 5, 790°] 98K} =k
3L, 3ELS 1/2 REAN+E] T FH RS HTh 449%, 592 EEAH e 1/2
AN +EN T 22 549, 45% w=ekon] HE kel f9Adel %
< FEAMEAE A, 992 BFEATE Ekod Aol frelde gidT 3

4o FF ApERe] TS 593 Tdol =71 FolAHA Hi]

b

Py
3 H
ﬂ
e

B-glucosidase &4 o] F713F Ao 2 F=4
et al, 2009). &3 B¢ kot FE R WEl EYdaagdel Ao
AEFe = Aoz 7P H(Sardans et al, 2008). o142 A} EFAE A FH 9

JA, e TS B fUle £dlEs 24s
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Table 5. Seasonal changes in soil dehydrogenase and B-glucosidase activities as affected by different fertilization management practices

in citrus orchard volcanic ash soil

Dehydrogenase B-Glucosidase
Treatment
March May July September March May July September
—————— ug TPF g 24h"" —————- ————== ugPNP g h' ———-
Compost 5.1£32 3.6x0.8ab 3.220.5 7.2%32 34.4252ab 30.3+10.2ab 30.0£5.5 13.9+5.2
1/2NPK+Compost 5.5t19 4.3+0.2a 42+1.3 10.3+5.9 37.8%2.4a 32.1+2.5a 33.2%2.8 13.7+6.4
NPK+Compost 45%1.3 3.1+0.5ab 3.4=16 7.56.7 29.2%2.7h 30.4£5.4ab 373119 10.3+4.1
NPK 4512 3.5%1.6ab 4.3+2.8 5.6+3.8 36.5%3.4a 38.2%12.8a 372122 14.6+4.0
3NPK 3.910.8 2.8+0.8ab 2.5+0.4 3.620.0 37.4£6.0a 27.0£6.0ab 30.7£6.0 14.4+4.9
Control 3.2:04 2.420.4b .6 4312 21.2£3.5¢ 17.5£3.1b 21.4+1.3 7.0£0.9
See Table 3.
33 -

@ jeju



t}. Urease activity
Ureaset® 24EF CO:¢t NHzZE FEHFHEE Zolgs AALES TAEHN
Deenik(2006)2 EYrH|AEEd 5oz EUdF7]E29 F7Ie@d 47l 2Eo] o] &g

2~

7 e FUIHEaR dedna sodvh X urease@ o] AVIE W=

+E W) E7F 153 ug NHL-N g ! h! o2 FH 8 044 ug NHo-N g' ht wu}
36l o1 Eghopd, EEAME ] TSE ] TSEEANTSEEA ] 30T &0

el NH-NE 2571 Sdzhus wggel Z7hshzd), 3998 A2

o
ofy
ol
ol
N
=
5
ol
ol
2
ﬂ
o,
lo
ol
o

AES APEZ urecase 4] BT Ao
and Cao(2007)% urease™ $}oFW| & -7} H-W| &5

HE7>H R woltha wadh Aatel U shs
71 &S AlE3HH urease@Al o] S 718F3L(Dinesh et al, 1998), = ureaseZHA 2
46%7F P A EA =3 B3A7F I (Klose and Tabatabai, 2000)3. 3Fi=d 7]

o YL EYG nAERAEE FIA7]A 4SS Eole ALE A7dY

A FEAR] e EEAE] 3979 ureaseZA S zFol 7t 9lo], ekEo} 7]
Uk A anlg Alg8o] S/} A urease®HAl o] 4 3HCHDick, 1992):= H.are}

2}. Acid phosphatase activity

Acid phosphatasei= AHd 27104 Q4F Bl E S 3t 9E8S v, 3€3
4& A ol F94¢°] YA Table 6). 582 Hu|F7F BFEABFH} 7
4 FFAH TV FRET By m=kew A el frelde] il o] g
J=2] Eell(5g)ek eFotn| B H|(7Y), EXsHd Wsto] o3t

[e]
&
gekow  AZEHv Xu et al(2007)2 E%F Cultwo] oW acid

N®)

N
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et al(2004) 6W AdxHr|E2 Axd FHUE X AP A}
dehydrogenase(9.6%), B-glucosidase (13.5%), urease(15.4%), phosphatase(9.7%)
Aol Tttt s, EHulg e sshE+EY 7 FHlE T B

EFEaBYo] kol A AFS ugrh
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Table 6. Seasonal changes in soil urease and acid phosphatase activities as affected by different fertilization management practices

in citrus orchard volcanic ash soil

Treatment Urease Acid phosphatase
March May July September March May July September
————— ug NH-N g 2 h'! ————- —-—-—- ug PNP g h" ————-
Compost 0.09+0.02 0.15+0.04 0.93+0.35 0.12+0.12 82.5%8.7 64.4£59a 72.5%12.5¢ 53275
1/2NPK+Compost ~ 0.12+0.04 0.18+0.03 1.53+0.43 0.13+0.02 81.249.1 44.5£5.2hc 89.7£13.7b 54.9+1.8
NPK+Compost 0.17+0.09 0.21+£0.05 1.47+0.56 0.15+0.05 81.4£6.9 50.3£3.7b 71.5%5.1c 57.0£2.0
NPK 0.13£0.06 0.17+0.05 0.82£0.26 0.07£0.05 81+4.7 37.7£3.6¢ 97.9+3.2a 03.86.0
3NPK 0.08+0.10 0.16+0.15 0.60+0.48 0.09£0.02 69.2£10.7 40.7£6.1bc 79.2£9.8bc 54.0£3.1
Control 0.04£0.02 0.12+0.14 0.44£0.51 0.09+0.04 69.1£6.8 48.929bc 54.7£5.4d 545452
See Table 3.
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FetorA I mAESY Ax7re] AAAAE +48 A Table 7o v
EGeEE urease?t %9 Ao A7, microbial biomass N3

2ol AAAAEZS JEH T (p<0.001). EW¥FESES phospholipid fatty acid,
dehydrogenase, microhial biomass Co} %2 A2l A&7 B-glucosidaset
E 7o AARAE BHYvHp<0.001). %3k $=¥-32F3 microbial biomass N2

BHEAATE Eeko™, o] Nira(2003)2 3o o % 3F3i vt
= F

Table 7. Pearson correlation coefficient between soil environment factors and

microbial activities (N=18)

Factors PLFA APA URA DHG GLU MBC MBN

0.629 -0.809
Temperature ns ns ns ns ns
skoskosk sk sk
. 0.680 0.702 -0.627 0.722 0.484
Moisture ns ns
skokesk skoskosk Sk ek skokeosk %

PLFA:Phospholipid fatty acid; APA:Acid phosphatase; URA:Urease; DHG:Dehydrogenase; GLU:
B-Glucosidase MBC:Microbial biomass C; MBN:Microbial biomass N
DMRT:p<0.001, ##*;, p<0.05, * ; ns, Not significant.
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NI, 123 FA W+ SR, REAN+E ] ZFAH T, REAIR] 3El el A
2007d 3, 5, 7, 98 & AFABI] 4l o] g3
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o G-/G+, F/B, cy19:0/18:107c, Unsat/satv] = 9¥€o| 713 =9k
b A RS o] &8k FAAE A A9 39| EFAIN] 3879k E v o A
geof FHHE TS Ao AR AolE BT W AEAH CS N
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A7 E Aoz Al ml A E AR (qCO)= Al7I e daglo]l B EAIH] 3
W7 71 =T EG BAEA S Al XolE Bl o 5 At
reol/d el 53133t Dehydrogenases= 1/23F A Bl+5 0| 77} -0 2+ Bt} of
29, B-glucosidasew™ ETAIH] -2} 1/2FFA B +E 8] 71 FF=A1H] 385, F-4]
Z9 B} =9k} Urease= NPK+E W] acid phosphatases E W] 17} #EA]
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H it
TATEI Aol7} YAk

i

AV
32
Rl

_38_



V. 98

Aciego, P. J. C. and P. C. Brookes. 2009. Substrate inputs and pH as
factors controlling microbial biomass, activity and community structure in
an arable soil Soil Biol. Biochem. 41:1396-1405.

Alliso, S. D. 2006. Soil minerals and humic acids alter enzyme stability:
implications for ecosystem processes. Biogeochem. 81:361-373.

Alvarez, R., 0. J. Santanatoglia, and R. Garcla. 1995. Effect of temperature
on soil microhial biomass and its metabolic quotient in situ under different
tillage systems. Biol Fertil Soils 19:227-230.

Alvarez, R., R. A. Diaz, N. Barbero, O. J. Santanatoglia, and L. Blotta. 1995.
Soil organic carbon, microbial biomass and CO;-C production from three
tillage systems. Soil Till. Res. 33:17-28.

Anderson, T. H. and K. H. Domsch. 1989. Ratio of microbial biomass carbon
to total organic carbon in arable soils. Soil Biol Biochem. 21:471-479.

Baath, E. and T. H. Anderson. 2003. Comparison of soil fungal/bacterial ratios
in a pH gradient using physiological and PLEA-based techniques. Soi!
Biol. Biochem. 35:955-965.

Bapiri, A., E. Baath, and J. Rousk. 2010. Drying—Rewetting Cycles Affect
Fungal and Bacterial Growth Differently in an Arable Soil. Microb. Ecol
60:419-428.

Bardgett, R. D., P. J. Hobbs, and A. Frostegard. 1996. Changes in soil fungal:
bacterial biomass ratios following reductions in the intensity of

management of an upland grassland. Biol Fertil Soils 22:261-264.

Besford, R. T. 1978. Effect of phosphorus supply on acid phosphatase activity
in the leaves of tomato plants. Scientia Horticulturae. 9:303-309.

Bligh, E. G., and W. J. Dyer. 1959. A rapid method for total lipid extraction
and purification. Can. J. Biochem. Physiol 37.911-917.

_39_



Bossio D. A. and K. M. Scow. 1998. Impacts of carbon and flooding on soil
microbial communities: phopholipid fatty acid profiles and substrate
utilization patterns. Micro. Ecol. 35:265-278.

Bossio, D. A., K. M. Scow, N. Gunapala, and K. J. Grahan. 1998. Determinants
of soil microbial communities:Effect of agricultural management, season, and
soil type on phospholipid fatty acid profiles. Micro. Ecol 36:1-12.

Casida L. E.,, D. A. Klein, and T. Santoro. 1964. Soil dehydrogenase activity.
Soil Sci 98:371-376.

Cerhanova, D., J. Kubat, and J. Novakova. 2006. Respiration activity of the
soil samples from the long-term field experiments in Prague. Plant Soil
FEnviron. 52:21-28.

Chen, S. G. L., J. Huang, and M. He. 2008. Responses of soil respiration to
simulated precipitation pulses in semiarid steppe under different grazing
regimes. J. Plant Ecology 1:237-246.

Clegg, C. D. 2006. Impact of cattle grazing and inorganic fertiliser additions
to managed grasslands on the microbial community composition of soils.
Appl. Soil Ecol. 31:73-82.

Crecchio, C., M. Curci, M. D. R. Pizzigallo, P. Ricciuti, and P. Ruggiero. 2004.
Effects of municipal solid waste compost amendments on soil enzyme
activities and bacterial genetic diversity. Soil Biol Biochem. 36.:1595-1605.

de Ridder-Duine, A. S., G. A. Kowalchuk, P. J. A. K. Gunnewiek, W. Smant,
J. A. van Veen, W. de Boer. 2005. Rhizosphere bacterial community
composition in natural stands of Carex arenaria (sand sedge) is determined
by bulk soil community composition. Soil Biol. Biochem. 37:349-357.

Debosz, K., P. H. Rasmussen, and A. R. Pedersen. 1999. Temporal variations
in microbial biomass C and cellulolytic enzyme activity in arable soils:
effects of organic matter input. Appl Soil Ecol. 13:209-218.

Deenik, J. 2006. Nitrogen Mineralization potential in important agricultural

soils of Hawai'i. Soil Crop Manage. 15:1-5.

_40_



Demoling, F., L. O. Nilsson, and E. Baath. 2008. Bacterial and fungal response
to nitrogen fertilization in three coniferous forest soils. Soil Biol Biochem.
40:370-379.

Dick, R. P. 1992. A review: long-term effects of agricultural systems on soil
biochemical and microbial parameters. Agric. Ecosyst. Environ. 40:25-36.
Dinesh, R., R. P. Dubey, and G. S. Prasad. 1998. Soil microbial biomass and
enzyme activities as influenced by organic manure incorporation into soils

of a rice-rice system. J. Agro. Crop Sci. 181:173-178.

Ebhin Masto, R., P. K. Chhonkar, D. Singh, and A. K. Patra. 2006. Changes
in soil biological and biochemical characteristics in a long—term field trial
on a sub-tropical inceptisol. Soil Biol Biochem. 38:1577-1552.

Feng, X. and M. J. Simpson. 2009. Temperature and substrate controls on
microbial phospholipid fatty acid composition during incubation of
grassland soils contrasting in organic matter quality. Soil Biol. Biochem.

41:804-812.

Fredrik D., L. O. Nilsson, and E. Baath. 2008. Bacterial and fungal response
to nitrogen fertilization in three coniferous forest soils. Soil Biol Biochem.
40:370-379.

Frey, S. D., R. Drijber, H. Smith, and J. Melillo. 2008. Microbial biomass,
functional capacity, and community structure after 12 years of soil
warming. Soil Biol. Biochem. 40:2904-2907.

Garcia—-Gil, J. C., C. Plaza, P. Soler-Rovira, A. Polo. 2000. Long-term effects
of municipal solid waste compost application on soil enzyme activities and
microbial biomass. Soil Biol. Biochem. 32:1907-1913.

Goyal, S., K. Chander, M. C. Mundra, and K. K. Kapoor. 1999. Influence of
inorganic fertilizers and organic amendmentson soil organic matter and soil
microbhial propertiesunder tropical conditions. Biol Fertil Soils 29:196-200.

Green, C. T. and K. M. Scow. 2008. Analysis of phospholipid fatty acids

(PLFA) to characterize microbial communities in aquifers. Hydrogeo. J.

_41_



8:126-141.

Han, K. H., W. J. Choi, G. H. Han, S. I. Yun, S. H. Yoo, and H. M. Ro.
2004. Urea—nitrogen transformation and compost—nitrogen mineralization in
three different soils as affected by the interaction between both nitrogen
mputs. Biol Fertil. Soils 39:193-199.

Han, S. G. 2006. Effects of long—term non—fertilization of nitrogen, phosphorus
and potassium on soil chemical properties, three nutrition and productivity
of Satsuma Mandarin(Citrus unshiu Marc.). Ph. D. Thesis. Cheju National
University. Jeju, Korea.

Hu, C. and Z. Cao. 2007. Size and activity of the soil microbial biomass and
soill enzyme activity in long—-term field experiments. World J. Agri Sci.
3:63-70.

Ibekwe, A. M. and A. C. Kennedy. 1998. Phospholipid fatty acid profiles and
carbon utilization patterns for analysis of microbial community structure
under field and greenhouse conditions. Soil Biol Biochem. 26:151-163.

Joergensen, R. G. 1996. Quantification of the microbial biomass by
determining ninhydrin-reactive N. Soil Biol Biochem. 28:301-306.

Kandeler, E. and H. Gerber. 1988. Short-term assay of soil urease activity
using colorimetric determination of ammonium. Biol Fertil Soil 6:65-72.
Kaur, A., A. Chaudhary, R. Choudhary, and R. Kaushik. 2005. Phospholipid

fatty acid-A bioindicator of environment monitoring and assessment in

soil ecosystem. Current Science §9:1103-1112.

Kemmitt, S. J., D. Wright, K. W. T. Goulding, and D. L. Jones. 2006. pH
regulation of carbon and nitrogen dynamics in two agricultural soils. Soil
Biol. Biochem. 38:895-911.

Klose, S. and M. A. Tabatabai. 2000. Urease activity of microbial biomass in
soils as affected by cropping systems. Biol Fertil. Soils 31:191-199.

Langer, U. and T. Gunther. 2001. Effects of alkaline dust deposits from

_42_



phosphate fertilizer production on microbial biomass and enzyme activities
in grassland soils. Environmental Pollution 112:321-327.

Li, W. H, C. B. Zhang, H. B. Jiang, G. R. Xin, and Z. Y. Yang. 2006.
Changes in soil microbial community associated with invasion of the
exotic weed Mikania micrantha H. B. K. Plant Soil. 281:309-324.

Lobell, D. B. 2007. The cost of uncertainty for nitrogen fertilizer management:
A sensitivity analysis. Field Crops Rese. 100:210-217.

Marschner, P., E. Kandeler, and B. Marschner. 2003. Structure and function of
the soil microbial community in a long-term fertilizer experiment. Soil
Biol. Biochem. 35:453-461.

Melero, S., K. Vanderlinden, J. C. Ruiz, and E. Madejo. 2009. Soil biochemical
response after 23 years of direct drilling under a dryland agriculture
system in southwest Spain. J. Agri. Sci. 147 9-15.

Metting, F. B. Jr. 1992. Soil microbial ecology : applications in agricultural
and environmental management. Marcel Dekker. New York.

Nanzyo, M. 2002. Unique properties of volcanic ash soils. Glob. Environ. Kes.
6:99-112.

NIAST. 2003. Monitoring project on agri—environment quality in Korea.
NIAST, RDA.

Nira, R. 2003. Microbial, physical, and chemical factors causing higher gross
rate and lower net rate of nitrogen mineralization in volacanic ash soils
than in alluvial soils in the Tokachi district. Soil Sci. Plant Nutr.
49:417-423.

Parham, J. A., S. P. Deng, and W. R. Raun. 2003. Long-term cattle manure
application in soil. Part I effect on soill microbial populations and
community structure. Biol. Fertil. Soils 38:209-215.

Peng, S., D. M. Eissenstat, J. H. Craham, K. Williams, and N. C. Hodge. 1993.
Growth depression in mycorrhizal citrus at high—phosphorus supply. Plant
Physiol. 101:1063-1071.

_43_



Powlson, D. S., P. Brookes, and B. T. Christensen. 1987. Measurement of soil
microbial biomass provides an early indication of changes in total soil
organic matter due to straw incorporation. Soil Biol. Biochem. 19:159-164.

Prosser, J. 1., 2002. Molecular and functional diversity in soil microorganisms.
Plant Soil 244:9-17.

Puglisi, E., M. Nicelli, E. Capri, M. Trevisan, and A. A. M. Del Re. 2005. A
soil alteration index based on phospholipid fatty acids. Chemosphere
61:1545-1557.

Quilchano, C. and T. Maranon. 2002. Dehydrogenase activity in Mediterranean
forest soils. Biol. Fertil. Soils. 35:102-107.

Rahman, M. H., A. Okubo, S. Sugiyvama, and H. F. Mayland. 2008. Physical,
chemical and microbiological properties of an andisol as related to land
use and tillage practice. Soil Till. Res. 101:10-19.

Rahman, M. H. and S. Sugiyama. 2008. Dynamics of microbial community
in Japanese andisol of apple orchard production systems. Communications
in Soil Science and Plant Analysis 39:1630-1657.

Rillig, M. C. 2004. Arbuscular mycorrhizae, glomalin and soil quality. Ca. J.
Soil Sci. 84:355-363.

RDA. 1988. Methods for chemical analysis of soil. Institute of agricultural
technology.

Sardans, J., J. Penuelas, and M. Estiarte. 2008. Changes in soil enzymes
related to C and N cycle and in soil C and N content under prolonged
warming and drought in a Mediterranean shrubland. Appl soil ecol
39:223-235.

Shrestha, Y. H., T. Ishii, I. Matsumoto, and K. Kadoya. 1996. Effect of vesi-
cular - arbuscular mycorrhizal fungi on satsuma mandarin tree growth and
water stress tolerance and on fruit development and quality. J. Jpn Soc
Hortic. Sci. 64:801-807.

Song, K. C. 1990. Andic properties of major soils in Cheju island. Ph D.

- 44 -



Thesis. Seoul National University. Suwon, Korea.

Timothy, R. K. and R. P. Dick. 2004. Differentiating microbial and stabilized
B-Glucosidae activity relative to soil quality. Soil Biol Bioche.
36-2089-2096.

Vance, E. D., P. C. Brookes, and D.S. Jenkinson. 1987. Microbial biomass
measurements in  forest soils : the use of the chlroroform fumigation
incubation method in strongly acid soils. Soil Biol. Biochem. 19:697-702.

White, D. C., H. C. Pinkart, and D. B. Ringelberg. 1996. Biomass
measurements: biochemical approaches. In: Hurst, C. J. (Ed.), Manual of
Environmental Microbiology. ASM Press, Washington, D. C., pp. 91-101.

Xu, D. M., W. L. Liu, G. S. Liu, and W. P. Liu. 2007. Effects of Hg and Cu
on the activities of soil acid phosphatase. J. Zhejiang Uni. Science A.
8:1157-1163.

Yao, H., Z. He, M. J. Wilson, and C. D. Campbell. 2000. Microbial biomass
and community structure in a sequence of soils with increasing fertility

and changing land use. Microb. Eco. 40:223-237.

Yu, G., H. Fang, L. Gao, and W. Zhang. 2006. Socil organic carbon budget and
fertility variation of black soils in Northeast China. Ecolo. Res.21:855-867.
Zelles, L., Q. Y. Bai, T. Beck, and F. Beese. 1992. Signature fatty acids in

phospholipids and lipopolysaccharides as indicators of microbial biomass

and community structure in agricultural soils. Soil Biol Biochem.

24:317-323.

_45_



A 2% FFAELY Al 7= 04
ABSTRACT

This study carried out to evaluate the effect of the long-term(16 yrs)
different fertilization management on bacterial group changes, species richness
estimators, diversity indices, and community structures in volcanic ash citrus
orchard soil. Experiment plots composed no—fertilization(Control), Compost,
half of recommend application plus Compost(1/2NPK+Compost), recommend
application(NPK), recommend application plus Compost(NPK+Compost), 3 times
recommendapplication(3NPK). Soil samples were taken earlier in May and
September, 2010.

Rarefaction curves at the 979 sequence similarity showed that distribution
range of a clone and the OTUs were high in 1/2NPK+Compost, which were
at 5769-7982 and 2,181-4,112 in May, respectively. Species richness
estimators of Ace, Chaol, and Shannon diversity indices showed higher in
1/2NPK+Compost than other treatments, which were 19,361, 6,428, 10,906, 7.8,
respectively.

In phylum level, The most abundant bacterial group were Proteobacteria,
Acidobacteria, Actinobacteria and those occupied at 58.0-82.9% among the
soil-borne bacterial community in citrus orchard soil. In genera level, The
dominant bacteria group were Pseudolabrys, Bradyrhizobium, Arthrobacter,
which were distributed range at 16.1-32.1%6. Bacterial diversity showed
seasonal changes and that were more diverse in genera than phylum level.

Soil pH showed a positive correlated with Ace, Chaol richness
estimators(p<0.05) and Shannon diversity indices (p<0.01). But exch. Al was
negatively correlated with those (p<0.05).

In conclusion, Bacterial community diversity affected by volcanic ash

characteristics and pH changes in citrus orchard soil
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= "W ol tH(Devine et al., 2004; Liu et al, 2007; Huse et al., 2007; Roesch et
al., 2007). NB2XRE AP ZAd Hul Be HARE AIEA A7) 951
Algtolup APt e] dlolguol =28 @& & glow, vAES =y Wk v
FAE HE D 5 o] Amdey Bk WRle mE mAdEe S

F-otal kst s YA S Gans et al, 2005;
Lauber et al, 2009). EFAldTH e Fol4Ql Wt A2 EY Al o B

e ARFE BAskd 24 oo AFTHTE AEE U FuE

YbEo] #¥3kaL lom, EYA &% DNA9S 16S rRNA 7|4 4d &4
FAA FEoZ MY 9ddES HIF T ¢ dHGans et al, 2005;
Jaspers and Overmann, 2004). 18y} AStd A EFo e EAX o Atk
Ae Hrtste de B olgEwel mEN P 89 3 ANEVF HELS
7FA AL fdefof sh A Ee] =7t Adefof gtk Zlolvt of# gk oA A
A s ol &8 AdaydY ke B Yo AaHa

B =, ANEXA, Ad¥AAd e dHeolye AEmrt dojd

w3l vk

=

w3 A

t}

iy

¥2

Youssef and Elshahed(2008)3= Aol 71748 EFF X E rarefaction curves
& Ace FHE FAAE ol &slo] b=kt Aol vdAHI=E F ONASF
of & TS 7HA A v AuHE UEhE o5 E(Evenness index), 7t A
o HujA o] ek AAA 9 v=ZA BAEHTE FTFFE(Richness index), ZAFA]
Aol A EHslE 2t TEo] AT T #4F 955 HU8lE %% =(Dominance

index) 37Fx] ®Wrie] v} og AFAEo] BEY nlAETF T X (Fierer et al.,
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2007), s7R3A e APHESF 1o wAETH thekd o], A4 W sH(Buckley
and Schmidt, 2003; Upchurch et al, 2008), LAFESE Ao A&z =3}
(Lipson and Schmidt, 2004), A7t -8 o] &3 Aed vt HI7HIH et al,
2003), Ao} thr]Ae] M@t vk (Weon, 2010), &4 F5
g8 o] &3 AHESF FA(Chao and Bunge, 2002)o] thale] ®ardk nv} gt}
Ed#ge} AAolge EY Muuddel 9FE FH(Martinez et al, 2008;
Roesch et al, 2007), E%¢] A+t thA-S pHeF A7 7F =¢kvhar(Lauber
et al, 2009)3}%9tl. Fierer et al(2007)& E%siaAda 671 A Al

i
b

(Acidobacteria, Bacteroidetes, Firmicutes, Actinobacteria, a,3—Proteobacteria)

of A FHEIol= ARaArE w=dor, A=ctd, 4 2gleE2 A

rlo

o] AEH THT xR 93¢E T Langenheder et al., 2006)3L 3} E}
Egfge oAdd AR TATES F4E 209 990 fArkde

=
o
&
9
g
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uine et al., 2005, Nunan et al, 2005). 3}Ats Lo AZFu)jH =4y
olabo] HZ3}y] wji-o] wAEEgo] YrhDeenik, 2006 Nanzyo, 2002). 37
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FHE AEE AR TAsE AFAe] e WHe 48] 42
Stoh Aol A vl A e FEE TS UMD E4E Bt 2E
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Table 1. Chemical properties of soil used this experiment in May

Exch. Cations

pH OM.  Av.POs Exch.Al
Treatment K Ca Mg

15 g kg’1 mg kg’1 -— cmol- kgfl—— mg kg’1
Compost 6.0 137.0 216.0 0.74 8.1 2.0 384.6
1/2NPK+Com. 59 137.1 227.3 0.62 10.7 2.8 329.3
NPK+Com. 6.0 128.6 200.3 0.63 12.0 3.1 374.1
NPK 6.0 135.2 290.7 0.45 12.1 2.7 401.8
3NPK 6.2 126.5 349.2 0.56 12.6 4.6 455.9
Control 5.6 133.5 58.7 0.30 3.7 0.9 442.6

Table 2. Chemical properties of soil used this experiment in September

Exch. Cations

pH OM. Av.POs Exch.Al
Treatment K Ca Mg

1:5 g kg' mg kg’ -- cmole kg - mg kg!
Compost 5.4 134.0 149.7 0.37 7.2 14 526.3
1/2NPK+Com. 6.0 136.0 250.2 0.38 7.3 2.2 439.8
NPK+Com. 5.8 132.9 456.4 0.61 145 3.8 459.5
NPK 5.8 1354 269.0 0.36 124 2.7 611.1
3NPK 5.6 133.1 636.5 1.03 20.7 5.6 552.7
Control 54 134.6 109.1 0.28 44 1.1 552.2

3. At 9 71 A € (Pyrosequencing )4

=€ Ultra Clean soil DNA isolation 7] E(MoBio Inc., USA)E
H ¥ 03 g& 2 mL bhead solution tubeo] ¥ il 5x%7F & =
sk 3 3 S1 £ IRS(Inhibitor Removal Solution)& %, S2 &9 250 ul. 7}
shal, 56 b & e 5 AT 5 FF sttt o] % ) EARE

of whel Q48eE sl AR S8, S4, S5 £4& 7HE ¥ DNAE H55))
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. DNA % 39l
196 Agarose gele A% % genomic DNAZE loadingdle] 100 Vel A 2437t
&< A7]%9 &% $- Ethidium bromide® 43} bandE& <13}t

t}. 16S rRNA PCR %

FLX Amplicon AlEA& 93t PCR E3L&-S Table 33 #o] x4 %
mixture 49 ul-S& PCR tubeo] 2t} 18 Y5 template DNAE 1 ulL® 91
Z Aolx== Hul 3 & 3027 # Edsiv &% & PCR 7]7]el ¥al 94T

oA 5EZF Z7|HiE F 94T (30x )l 4] denaturation, 60T (453 )9l| 4] annealing
T 72TCAM(1+302) extentionE 103 F3h3kth o] F thA] 94T(30% )0l A]
denaturation, 55C(45%)| A annealing, 72Cl| 4 (1#30%) extentionE 203
ZRAE AA ACoNA we& F8 83t PCREEF2 Al 16S tRNA #4&
93l EWE A2 fusion primersE AFEES e Tags-linker(AC)-27f
forward:CCTATCCCCTGTGTGCCTTGGCAGTCTCAGACGAGTTTGATCMT
GGCTCAG, Tags-linker (AC)-518r Reverse:CCATCTCATCCCTGCGTGTCTC
CGACTCAGATCAGCACACWTTACCGCGGCTGCTGGE o] &3} 9 t}.
PCR(PTC-200, Applied Biosystems, USA) 5= % DNAARE 120 VoIA 30
B 5 d7gEste] PCRe] 2 3 He=A FUsiSiTh. ol % QlAperp spin

kit(QTAGEN Inc.)& ©|&3}e] PCRAM=ES A A5k

Table 3. PCR mixture

Ingradient Concentration Volume(ul.)
PCR buffer(10 x) + MgCl 10 x 5
dNTPs 10 mM 1
Primers (Forward/Reverse) 20 pM/ul. 2

Tag Polymerase 5U/ul 0.25
Template DNA 100 ng 1
ddH-0O 40.75
Total 50
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2}. Pyrosequencing 4

PCR 5% AF&E-S 454 Life science genome sequencer(model FLX Titanium)
£ o] &3}l Chunlab Inc.(Korea)ol A #21-8 483t} Pyrosequencing 49
< Chunlab (http://www.chunlab.com/)ol A A A g WS wpsron F9374S

Fig. 1o YeRRT

4. AN

On"
£
o

SAS Enterprise guide 4.2(SAS Inst., Cary, NC, USA)E o] &3l &g}
I} Ace, Chaol, Shannon #|<=oll o thalo] F2o)FF 1%29F 5%l A A S
A skl oh

mlm
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Molecular work

Bioinformatic pipeline

DNA Extraction

4

Tag-Linker-Primer
PCR

Emulsion-PCR

Sorting by barcode

\ 4

Prescreen by quality

4

Removing non-target sequences

L 4

Trimming primer sequences

¥

Assembly of sequences

¥

\ 4

Amplicon
pyrosequencing

Taxonomic assignment
using similarity
(EzTaxon-extended D/B)

Statistical analysis

- Species richness
- Diversity indices

Fig. 1. Pyrosequencing workflow(Left column:Molecular workflow, Right

column:Computational workf{low).
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L Al $FREst vy A%
|

BRY 5 Qe Pl F wdze) A eosk am A e gme] o
F el 2x F2AE Y ¥ 57k Urk OTUsE 97190 FAEE

jud
o

e
ZIWko 2 o] EEE driAd Adez BEA ERTY doez AgdHr
97% 71X E FAIEE YER = rarefaction curvesi= A7) Z}o]7} A A e
S rHFig. 2, 3). 5ol 49 Fo] ZA| A AT (clone)w= 5,769-7,982, OTUs=
2,181-4,11271¢] ¥ = M YuvH(Fig. 2). Rarefaction curvesolA A& A)Hdx~
T OTUs(97% FAE F5)e 38t n EFAH| "o whgks Fi SR EHE
Al g3 Foll Al JH Eokth AlFTFEEE EEA] >R T A E U] > E A
v 3l F>Ful s >Eu) S o2 Hu) St 7 Al
99 AVIAA F49 Fe|ZA~FE 3,146-6,808, OTUse 1,320-3,27771

9] E¥E e (Fig. 3). Rarefaction curves® 7]&7]%= 1/2FFA]8]+5 1)

o] AEY FHRF-F 93-S F9(Langenheder et al, 2006; Roesch et al
2007), sMits|Eeke dFulw 540 st AAE 2ol i (Deenik, 2006;
Nanzyo, 2002)3 3} %t}
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Fig. 2. Rarefaction curves at the 97% sequence similarity level analyzed from
the Mothur program in May. Data for the curves represent an average of

1,000 simulations performed using the software Mothur.
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Fig. 3. Rarefaction curves at the 97% sequence similarity level analyzed from
the Mothur program in September. Data for the curves represent an average

of 1,000 simulations performed using the software Mothur.

_56_

@ jeju



Ace, Chaol, Shannon& FT3F5FE9 TYAHES Hele AFE AMGEAT
Table 4= OTUs, Ace, Chaol, Shannon %2 ©]&3le Mo TFFEE F4
shal A FE AES 29aE vEY 71449 £4 9 clonesTE 52 %
Hlarste] 9ol FHl R, FEFEAIH] 38, EFEAIR] T Bol asidth ol A

= s FATE AE] Za, Ak ze] AR vl Bad FE

7]1Q18ko] vhFAd o] wopxl Ao m Azter
FHTE U= Ace, Chaol 4% 9} Shannon T x4 590] 9¢
o gekow 123 AN +HH -7 b sokvh 599 94l Ace
128 AM+ 80 #7212+ 19361, 11,0422 F=A148] 38)7-2F En) - u
}.

590l Chaol FAA = 1232 A0 +EY] 771 10906= ¥ 1|7~ 4,1635.t} 24],
99 & 7317= EHu|+- 2417 B} oF 3vjA = F¢kth Shannon U A e 59
I 94 27t 78, 769U Ace FTTHE FAA=  Youssefl and

Elshahed(2008)7} ®. 313k Abale] 243l 2ZHw =2

of\

oo

3H 7

N

i
-
32

2

=27] 339127]%F vl
st W AEE zolE Belvh 4 OTUF+= FHlE7, Hu|7, BFA9] 3
wl7F 1,320-1,09%, EYF 1lg @ At 2,000-830%HE(Gans et al, 2005),
2,000-52,000- (Roesch et al., 2007)o] €A Zolel= HiLe} vlw e uf v}k
< obF Ytk ol AL st Eke] B4, pH¥ S Sl Z|QlskE Aow dd
¥ ™ (Deenik, 2006; Martinez et al,, 2008; Roesch et al, 2007), Al&& Q<&
Aetato] Apdel Tk Alet 2f A W ARE 7] flste] Hug

B2 OTUs#ts &< o s 3= Aol T8 & 7o Asdr

r

Hill et al.(2003) Chaol T3 5% AFs EXAIRY A EXFHS U
BT SheE EEAN2EIEN T TR, EEANT, EEAN
P AFE CRFAASTE B g e 7
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Table 4. Bacterial richness estimators and diversity indices as affected by different fertilization management practices in citrus

orchard volcanic ash soil

Total no. of reads No. of OTUs Ace Chaol Shannon index Coverage (%)

Community
May Sept. May Sept. May Sept. May Sept. May Sept. May Sept.
Compost 5,769 3,604 2,181 1,399 5,816 3,220 4,163 2,417 2l 6.7 78.4 79.0
1/2NPK+Compost 7,982 6,677 4,112 3,277 19,361 11,042 10,906 7,317 7.8 7.6 63.6 68.1
NPK+Compost 6,540 6,808 2,743 3,191 10,086  1,0819 6,249 7,195 Zoad 7.6 72.9 70.0
NPK 7,390 4,394 3,257 1,990 11,920 6,428 7471 4,285 7.5 71 715 719
3NPK 6,936 3,966 2,642 1,599 6,586 4,295 4,744 2,960 7.3 6.8 78.7 76.9
Control 7,699 3,146 2,608 1,320 6,749 3,748 4,636 2,637 7.1 6.7 81.3 753

Estimates of Chaol richness, Ace richness, Shannon index were all based on 3% differences in nucleic acid sequence alignments. Numbers were

calculated from the Mothur program.

_59_

@ jeju



H

oA A FRAMe] A FH
AR o) g, EgGE HIFAHAEE olgdli=t] AFEE 4 JvHFierer et al,
2007; Martinez et al., 2008; Roesch et al, 2007). ¥ FZFA A7|EE HA

o] Al FHEE E43 A3 Fig 4o dErHlth 526 Al 2 S

W= EFdel ot

ofid

= Proteobacteria> Acidobacteria> Actinobacteria> Bacteroidetes> Chloroflexi>
Gemmatimonadetes> Nitrospirae> Planctomycetes > Thermobaculum <°]%1tt. F2
M+t % Proteobacterias 34.9-41.9%% FF3lH o, FHE oA 41.9% =
7Hd skt Acidobacteria= 15.5-22.7% W 91 & B A3, EY|F7 227%= =%
t. Actinobacteriai= 105-14.9%% A slow, A5 & FEA W +HH] 7}
14.9% = =kt}. Bacteroidetes+= 2.5-4.7%, Chloroflexi= 2.5-6.2%, Firmicutes
—  07-15%, Gemmatimonadetess= 2.6-5.2%, Nitrospiraew=  1.0-4.59%,
Planctomycetesy 2.2-3.8%, Thermobaculum> 0.6-1.5% W ZE e
A 8.0-114%+= 7]£9] oW Fonm BF3 & gl Aol AAs =, &
A +EH] 7 11.4%2 =%t

94 2 Proteobacteria>Acidobacteria>Actinobacteria> Chloroflexi>Gemmatim
onadetes> Planctomycetes>Nitrospirae> Bacteroidetes> Firmicutes>Thermobac
ulum> Cyanobacteria>Verrucomicrobia 0% X3t} F8 A &
Proteobacteriaw= 37.7-454%% -3t aL, EH|47F 4564%= 714 =T
Acidobacteriai= 12.2-204% +XHY S B ooy, FHE 7} 204% = =90
Actinobacteriav= 81-171% & AA8FA AL, ETAIV+EY] 7 171% % F 3kt
Chilordflexi~= 5.1-81%, Gemmatimonadetesy 3.3-5.4%, Planctomycetesv
2.1-4.5%, Nitrospirae+= 1.7-3.9%, Bacteroidetes™ 1.7-3.6% W= EX3}%
. Firmicutest™ 14-17%% 1/28FA B+ 0] 77F Z3kow, EH] 4= ofF 4
| X3 Y. Thermobaculum= 1.0-2.29%, Cyanobacteria™= FH &9 1/23%
A8l +¥) 8 F7F 1.1%, Verucomicrobiay F8E7-7F 1.1% XA 3kl v x|

= 5.8-89% = EWT7F 7] oWl Fov% EFHI 4 gl Aol AA =

At

MN

vl go] =kl WM (Actinobacteria)& 5¥o] EFEAM] 3ul77F 16%, 9E &
FEAN+EN P 7% 2 71 =9k Aaedol| #olsli= Nitrospiraes



v -7} 5ol 45%, 9€ o] 3.9%E x| 3T}

Alphaproteobacteria, Betaproteobacteria, BacteroidetesS & 73 X E ol A 7}

2 FES A aFoeR Bt Gans et al.(2005)0] Aok o]t Sl
ZzA A 7AEd E%S Acidobacteria, Actinobacteria®l % vl €] EHok=d),
o AL AMIH, AlAA < a<l, pHell 7Id3E Aoz AZbE T Nanzyo(2002)
¥ Andisol EU¢E UM wWAgro]  wkom,  Buckley  and

Schmidt(2003) a-Proteobacteria, [B-Proteobacteria, Actinobacteria 5 T2 Al

olAe] A3 Eu|e} Fstulr AW ES UEA s9-S w Proteobacteria,
Acidobacteria, Actinobacteria Mliti-< 5¥el 60.9-79.5%, 9€eo| 58.0-82.9%%
AA o] oF 58.0-82.9%F +HBIAAL, wHA ol&, ELHy T P4 830E

of Aite] AN THFEA TS T Ao YAy,
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Fig. 4. Seasonal changes of relative abundance of dominant bacterial phylla as
affected by 16 years different fertilization management in citrus orchard
volcanic ash soil(Proteo.: Proteobacteria; Acido.:Acidobacteria; Actino.:Actinobacteria;
Chloro.:Chloroflexi; Gemma.:Gemmatimonadetes; Nitro..Nitrospirae; Furmi. Firmicutes;
Bacter.:Bacteroidetes; Plancto.:Planctomycetes, Thermo.: Thermobaculum; Cyano.:Cyan—

obacteria; Verruco.:Verrucomicrobia).
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5ol = A o] AsstiA 3ol Au|gh o] g3t o] FEuFe
B 37 @sl A7)olth. Table 5% £ (Genera) F&olA FHRET 7|&F
0.1% olF AFste F8 Aldiwe FAg F+E vl&s dEEY. 599
FQ 938 &L Pseudolabrys, Arthrobacter, Acidobacteria, Nitrosospira,
Bradyrhizobium, Solibacteres, Afipia$itt. Pseudolabryss 2.9-56%% #}A] 3}
o ZEFAM+EN| T 56%E FTE Arthrobacter 1.1-3.8% WHE A}A
3o FuE Ut 38%E ==t Acidobacteriai= 4.1-6.5%, Nitrosospiras=
0.7-1.9%% AA 3t o Eu|47F 7+7) 65, 1.9%= =% Bradyrhizobium
1.0-2.99¢, Solibacteres= 1.3-4.6 %, Afipia= 0.7-2.0%% %33t}

Lipson and Schmidt(2004)= 3AbE e Aty Aol ube} wgdvia
stelet, B FEVHEsE ok, FESE 59 sEaklo] AdEE W o
S Fx= Aow AZE M Langenheder et al, 2006; Roesch et al. 2007). 5¥
Hh Al
e thkAo] = JElETE Youssef and Elshahed(2009)% <5< (Genera
etc)s @l SlS Wl AdEudAd ST EE gdsdivte 239 A3

2 T 8§l v&o] 5ol EFAIY] 3¥ T 66.3%>3E
TAIH - 63.0%>E A A +E ] 62.196>1/23 A ]+ B 1] - 63.9%6> 1] 55
57.0%>E M) 7~ 56.9% wO 2 EFAM]| 38 7-7F BATE o] AL 569- 66.3% B=

A} vlekE & glo), e oW Lo BRw 4 gl Awol Aws wrhs

< & FEolA 307 Al aFoe] £EF] & FEAAA 107 Al

m{m

7]

Ag 9w @t
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Table 5. Relative abundance of dominant bacterial genera by 16 years

different fertilization management in citrus orchard volcanic ash soil in May

1/2NPK+  NPK+ Control
Genus Compost NPK 3NPK
Compost Compost
____________________ % ——
Pseudolabrys 52 45 56 5.3 2.9 45
Arthrobacter 1.2 1.8 1.2 1.1 1.8 3.8
Nitrosospira 19 1.0 0.9 15 0.7 15
Acidobacteria® 6.5 28 59 4.6 4.1 4.3
Koribacter* 2.0 1.3 1.8 1S 0.5 1.9
Solibacteres® 4.6 2.2 1.3 3.1 2.3 1.9
Bradyrhizobium 2.0 2.9 1.8 1.5 1.0 2.2
Bradyrhizobiaceae 04 1.6 0.6 05 0.1 0.3
Rhodospirillaceae® 15 0.9 2.0 0.9 0.7 1.8
Afipia 1.7 2.2 15 1.1 1.2 2.1
Sinobacteraceae® 16 0.6 1.7 0.9 0.7 1.2
Acidimicrobiaceae” 1.0 09 1.2 0.8 0.7 09
Betaproteobacteriav® 14 15 1.0 2.0 1.9 1.7
Pseudomonas 0.3 1.0 0.9 0.5 1.2 1.3
Tremblaya® 1.3 0.6 0.3 0.6 06 09
Hyphomicrobiaceae® 0.8 0.8 0.9 0.6 04 0.6
Tepidimonas® 1.1 1.0 09 0.9 1.3 1.7
Deltaproteobacteria® 0.8 0.5 04 0.9 0.5 0.7
Pedomicrobium 0.5 0.5 1.0 0.4 0.6 0.6
Burkholderia 0.3 0.6 0.3 0.4 0.3 14
Massilia 0.5 0.6 0.4 0.2 0.8 0.9
Planctomycetaceae 0.7 04 05 0.7 05 0.6
Solirubrobacter 0.5 0.4 0.7 0.6 0.6 0.5
Ktedonobacterales® 02 0.3 0.8 0.5 0.6 0.6
Rhizobiales® 0.8 0.9 0.6 1.2 1.2 0.7
Mesorhizobium 0.1 0.5 0.5 0.3 0.7 0.5
Ferrugimibacter 0.1 0.6 0.2 0.3 0.7 06
Gemmatimonadetes® 2.2 1.6 1.3 2.1 2.8 1.6
Rubrobacterales® 1.2 1.5 1.5 1.8 2.1 1.3
Holophagae® 0.6 0.3 04 0.3 0.1 0.6
Other 56.9 63.9 62.1 63.0 66.3 57.0
*Not classified at the genus level.
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990l Z£(Genera) FaolA FEHET 7]F 01% o] X3

o] Atz el FE = Table 691 Yellvk. =28 A+ 3 £ Pseudolabrys,

-

T TR

i
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Hoa EuErt A7) 68%, 35%E 2ASLATE Acidobacteria™  1.6-6.8%,
Koribacter= 0.6-5.0%, Nitrospirae= 0.9-2.8%% A3t o, Fua5-7F Z+
7} 6.8%, 5.0%, 2.8%= 7} =9t} Rhodospirillaceae= 0.8-2.7%, Afipia:
L1-1.7%% Askalar HulT7F 2442 2.7%, 1.7%2 3%
99 A5 Aee A soRE B i Fae ojFo] EdtslA
o Atk dxet FEFTES AEAETES PAA 7| AL(Bapiri et al, 2010), &%
gt CHWu et al., 2010)3L 3}gich & &
ol A 0.1%0)d AR e Mol 2972 & oA 127 Al 1g Hu
Al o] vk el A yEbs . SHARE At Lo g
LAY vl 73.4% >3 F A8 +E 1] G- 71.9%6>1/238 F A 8]+ 5 8] - 68.3%> A
Hl - 66.196> 5 1] 7 57.3%>F-H| 57 53.2% o2 F A8 3471 =dt) o]
AL EGEA, An#g, EF 2&¢ FEY B3 uitow Agdrh
g i

Marschner et al.(2003)2 7= %o} 3]

.
ol
BN
Y
flo
i
o
=
o
il
3
Lo,
giia
of
oot
o
N

_ et
B3 5 gl vgo] ¥

olAate] Azt Fe A A & Pseudolabrys, Bradyrhizobium,
Acidobacteriat= 589 8.0-15.0%, 9€dl 81-17.1%Z5 A3} Al oF

161-321%% Afrativh B¢ FE7H8sh &, sedde] Wekes Ad & ¢
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Table 6. Relative abundance of dominant bacterial genera by 16 years

different fertilization in citrus orchard volcanic ash soil in September

1/2NPK+  NPK+
Genus Compost NPK 3NPK Control
Compost Compost

Pseudolabrys 6.8 5.3 55 6.1 4.8 54
Bradyrhizobium 35 2.5 1.9 2.6 1.7 2.7
Acidobacterid’ 4.6 3.3 2.4 2.9 1.6 6.8
Koribacter” 2.6 2.9 1.0 2.8 0.6 5.0
Nitrospirae” 2.7 0.9 1.9 2.0 1.3 2.8
Rhodospirillaceae® 2.7 1.3 1.0 1.0 0.8 2.2
Afipia 1.7 15 1.3 1.6 1.1 1.2
Rubrobacterales” 2.2 0.7 0.8 0.9 15 1.2
Arthrobacter 0.3 15 0.9 0.7 1.3 1.0
Acidimicrobiaceae 1.2 0.6 1.3 0.8 0.9 0.7
Pedomicrobium 0.9 0.3 1.3 0.5 0.8 1.0
Hyphomicrobiaceaée” 0.9 0.6 0.8 0.8 1.1 0.6
Tremblayd’ 112 0.6 0.6 0.6 0.3 1.8
Sinobacteraceae® I3 0.6 0.6 09 0.6 1.1
Rhizobiales® 1.1 0.7 0.5 0.6 0.6 0.6
Tepidimonas” 1.4 1.1 1.1 0.8 1.9 1.0
Deltaproteobacteria® 0.8 0.6 04 0.9 0.3 0.8
Planctomycetaceae 0.2 1.3 0.2 0.6 05 0.6
Betaproteobacterid" 0.8 09 06 1.4 1.1 1.1
Streptomyces 0.1 0.6 05 0.5 0.8 05
Burkholderia 0.8 0.5 0.1 0.7 0.4 0.8
Acidisphaera 0.8 0.7 0.3 04 0.1 0.7
Holophagaée® 0.7 04 04 0.6 0.2 0.7
Pseudomonas 0.6 0.2 0.1 0.5 0.7 0.7
Solibacteres® 0.6 0.5 0.7 1.0 0.6 1.2
Ktedonobacterales” 1.0 1.1 0.6 0.7 0.5 2.4
Conexibacter 0.4 0.1 0.2 0.5 0.2 0.6
Bacillus 0.1 0.1 0.2 0.2 0.3 0.7
Gemmatimonadetes” 0.7 0.4 0.7 0.6 0.2 1.1

Other 57.3 68.3 71.9 66.1 73.4 53.2

*Not classified at the genus level.
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A 3 w71E F2MEo] ALFI3e AL VA= 4F
ABSTRACT

This study was carried to evaluate the effects of incubation temperature on
nitrogen mineralization rate, PLFA content, and enzyme activities in
volcanic(VBS) and non-volcanic ash soill(NVBS) treated with organic
materials such as pellet(OFPE), powder (OFPQ) organic fertilizers, pig manure
compost(PMC), and food waste compost(FWC). Experimented soil mixed well after
adding water to regulate at 50% of soil moisture content and 2g of four organic
materials against volcanic and non-volcanic ash with dried soil 30 g, respectively.
And then had incubated at 10C, 20C, 30T, respectively.

Considering on soil pH and C/N ratio, Organic matter decomposition rate
was more easily in NVBS than VBS. Nitrogen mineralization rate increased
with  increasing temperature and that was in  the order of
OFPO>FWC>OFPE>PMC. OFPO was most highest among the organic
matter in both VBS and NVBS.

In 75 days, Total PLFA content was higher in NVBS than VBS. That
was higher at 270 days in VBS than NVBS. Distribution ratio of microbial
group by PLFA profiles were different significantly due to soil characteristics,
incubation temperature, and the type of organic matter. Both G-/G+ and F/B
ratios were decreased according to the increasing temperature gradually and
those reduced more in NVBS than VBS. Principal component analyis using
PLFA profiles showed that microbial community structures were composed by
soil type at 75 days, but by temperature at 270 days.

Urease and B-glucosidase activity were high in NVBS than VBS. Those
were decreased gradually during the long-time incubation. Acid
phosphatase activity increased according to the increasing temperature and
that was higher in organic fertilizers than PMC and FWC. Soil temperature
was significantly correlated with acid phosphatase(r=0.728) in both soil. PLFA
was significantly correlated with OM at r=0.634(p<0.001) in NVBS.

In conclusion, Soil microbial activities showed relative sensitivity and
seasonal changes as affected by soil characteristics, temperature, and

organic matter type and those were low in VBS.
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et al., 1995; Manzoni and Porpotato, 2007; Nobili, 2006; Vernimmen et al.,
2007). BEFFE2 vAES] 7ot 2Tz 9= 59 (de Ridder-Duine et
al.,, 2005; Nunan et al, 2005; Rosa et al, 2006), 33 E ko Znjx =44
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Table 1. Chemical properties of soil used in this experiment

Exch. cations

Ca Mg Exch. Al

K

T—N AV. P205

pH OM

Soil

-1

mg kg

——- cmol, kg'1 -

% mg kg™

0.59

-1

g kg

1:5

968.3

1.0 0.5

0.4

4.0

52 145.2

VBS

58 269 0.07 94 1.7 5.9 24 150.5

NVBS

VBS:Volcanic ash black soil;, NVBS:Non-volcanic ash brown soil.
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Table 2. Chemical characteristics of four organic matter used in this

experiment
Organic matter T-N P K Ca Na Zn Cu C/N
————————————— % ——————mmm——— -— mg kg ' -
OFPE 2.1 1.1 0.6 5.7 0.36 35.5 42.1 41.1
OFPO 2.5 1.6 3.1 2.7 0.48 4782 3321 319
FWC 4.8 i 3 1.1 2.3 0.13 63.1 259 19.0
PMC 3.8 1L 7 i 3 3.1 0.09 62.3 21.3 235

OFPE:Organic fertilizer pellet type; OFPO:Organic fertilizer powder type; FWC:Food waste

compost; PMC:Pig manure compost.

3. 21X A A 492k (Phospholipid fatty acid, PLFA) &4

AAA A& Bligh and Dyer(1959)2] WS o] &319th 54 A
WFAES silicic acid column chlomatography S ©]-83ke] SA A A3 X128 &
5

k-

—_

A= AATT & AAAE FEert. #8%¥ A|EE methylationA] 71
dA) 2= (MIDI Inc., Newark, DE)o. & A|HAHS A =k3koict. <l

nAE B4 AEE A F(Biological index)¥]
A QAR o] o3t B-glucosidase, urease, acid phosphatase 2

ANOVAEXH & Fo4F 5%% SAS Enterprise guide 4.2(SAS Inst., Cary,
NC, USA)E o] &3lH i, MAETHEAS A8 1% 349 JdAZE A
Abol thel FAE BAS 43 sttt B 4000y ngESA 7o) Aaw

A= el 0.1%, 1%, 5%lA 48kt
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m. dx 2 az

1. % pH, C/N ratio W3}
SIS EYA A S5 7759 Fude] uE AlFESS pH, C/N ratio
W3l= Fig. 19 Yt B pHE 83 2258907 f7]du s Hu =

ol ANTSE plE HoPHOL WHIE X @rgka AVEFUT pIlTL B
MAth /1% AT exsh SRz FAHW YR o5t Fal

dojupy B pH7l ottt BolA= AL 7F7]1&EY a7 dojubdAa =
¥% NO;-N &7 H o]29 7Aa
ol F7|stel wrr|strt sAd Lo
ol& F7|E Falol o3 pHW I ; v dESAd ddSs 73vs AS Yr)g
t}(Kelly and Henderson, 1978).

C/Nvl&= =& SAEE07F 10CTAH g AA F7]d8] s K
of st HA wrolxE ARES WAL 20CAH A = &2 EEHH =

[e]
o
Avg woh gyl JA Fobxal, O/NHle A8R7 Al zelA a4 Fo
]

F7kol Qs AoE BN 7]

= Aoz FHEAHDinesh et al, 1998).

)
B
3
(o
i
>
)

ATk 30CTHYANA =2 S22 EHNE F7]20E B =9toy AR vholA
o, EAF7ANREE C/Nu| 7L vzt A e

AL FARE ARGz olggond FLWIHANA VA 7
Ao &do] Fgs k7] w2 (Hadas et al., 1996; Nobili, 2006), <%
712 F5e gu), BAAZ|6] v N7} BEA dEks Aow Az,
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Fig. 1. Changes in volcanic ash soil pH and C/N ratios during incubation
experiment period. PMC:Pig manure compost; FWCFood waste compost;

OFPO:Organic fertilizer powder type; OFPE:Organic fertilizer pellet type.
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H|SAES| R QR A =R B0 e} 2 88 250 Aagle] B¢ pH W3t
Ax FUTHFig. 2). BAFVIANEE 257 Eotfd wEl pHYl Yeolxl o
202k 30CA & v5=8 Aot Y71 dn s AlRte] At pH
7b el 3 WgkEe] Flow mom AFE eyl f71E 23 pH o
&g W=l (Matyka-Sarzynska and Sokolowska, 2005), f7] 2y 59 Y874
I FEE skl S Fol B plel WEE VA L= Aem Add

C/NHl= Eke] ©ae A4 Hles dEd=s Aoz vAids FA7A4ES
VA=A BAZE 2o, fUs BAlAEE S AREA EY A=
o] #3&l7} HW C/NHi= ol th(Dinesh et al, 1998). =&#H U= 10TH ],
Azkel A BHEE opHTh 20T, 0THYE 2L

AHlE= 10T 20CAH ol A =8k Aeke Balon, Fd4a7|dvas
Aol A 1509 el Bkvizh 270l = okal, ddF7IERE= 30CH A #
2} kol vt

B C/Nuj& 30CA oA AlZbo] AapehaE ropgt) o|2 gk Aike A
SR a2 A HAFT|EE M2 A AgEE He A orsty, dagERo]
Fol =gl & Ao=E AZtEAT. Cobo et al.(2002)2 C/NH|Z Ay
715t 5 5 ded, BEY dad ol vow A=) v itk

H] S| E o] pH7F SR ESF B & A f7]=0] #7871 Fay
AA NH-NE| ghfo]l S7bstal die BEFYA F29A7] Loz Azhe
TH(Deenik, 2006). §F@ o] A3 E4e v AES] &4o] vlof ghaiel A F7
steo] w7l e f7=¢4 FaVF =gA JAYE Aoz F5HETH(Saito,
1990; Takenaka and Hayano, 1999). EXEA, &% C/NBE a#e o nv]3}
cbslEoko]l A EGHT f7]E a7 & He Aoz AZdr
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Fig. 2. Changes in non-volcanic ash soil pH and C/N ratios during incubation

experiment period. See Fig. 1.
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Fig. 3. Changes
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in volcanic ash soil nitrogen mineralization rate

different incubation temperature. See Fig. 1.
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Fig. 4. Changes in non-volcanic ash soil nitrogen mineralization rate under

different incubation temperature. See Fig. 1.
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Fig. 5. Changes in soil total PLFA content during incubation period(VBS:

volcanic ash; NVBS:mon-volcanic ash). The error bars indicate standard

deviation.
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Fig. 6. Relative abundance of microbial group of total PLFA content in
volcanic and non-volcanic ash soil treated with organic materials after

incubation at 75 days. See Fig. b.
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Fig. 7. Relative abundance of microbial group of total PLFA content in
volcanic and non-volcanic ash soil treated with organic materials after

incubation at 270 days. See Fig. 5.
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Fig. 8. Biological index ratio by PLFA profiles in volcanic and non-volcanic

ash soil treated with organic materials after incubation at 75 days. See Fig. b.
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gk QIAA AL gl o9 v AEA R Y] A V]E Wt
ESH3(Green and Scow, 2008)2 W AETHo] EH3tA AHE Hof Q17
A AEbe mAE TRy AEE 483 7 tHBossio et al, 1998;
Bossio and Scow, 1998; Kaur et al, 2005). ESfd 3 &= 0] <1x2 x4}t
Ab Sk A vA= Gl wiste] FAEE 4 9 A3E Fig. 99F 109
e 7ol A9 XA AHAE FEEe SRHTE EYHE 7S ¥
Ao, F HEs F Al AT 220%, Al 257472 192% 5 A & F
AATHTFIg. 9). Afrate] 10]7el Wt 72 AA Qo R 4.3%E AYge 4
ATHTable 3). Rosa et al.(2006)2 V&L TEE BEEE Zol7t 24 v
epdriar siglEd dxd Edd f71ES Asds W, 279 vAE 4H

TEE STERHUOE EY9 384, 8714 5 EYEALY dFs B Aoz A
Z+E v}, de Ridder-Duine et al.(2005)¥ Nunan et al.(2005)2 XAl E A o]
AT AT dAdo A d&FS F=ual 31T
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Fig. 9. Principal component analysis of microbial community structures using
PLFA profiles between soil type and temperature after incubation at 75
days(10:10°C; 20:20°C; 30:30°C; V:volcanic ash soil; NV:inon-volcanic ash soil;
C:control; P:PMC; F:FWC).

Table 3. Eigenvalues of the correlation matrix by PLFA profiles between soil

type and temperature after incubation at 75 days

Parameter Eigenvalue Difference Proportion Cumulative
____________________ % e e
1 6.825 0.865 0.220 0.220
2 5.959 1.644 0.192 0.412
3 4.314 1.824 0.139 0.551
4 2.490 0.206 0.080 0.632
5 2.283 0.474 0.073 0.705
6 1.809 0.507 0.058 0.764
7 1.302 0.128 0.042 0.806
8 1.173 0.229 0.037 0.843
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Fig. 10. Principal component analysis of microbial community structures using
PLFA profiles between soil type and temperature after incubation at 270 days.

See Fig. 9.

Table 4. Eigenvalues of the correlation matrix by PLFA profiles between soil

type and temperature after incubation at 270 days

Parameter Eigenvalue Difference Proportion Cumulative
____________________ % S _
1 7.544 1.628 0.260 0.260
2 5916 2.479 0.204 0.464
3 3.436 0.956 0.118 0.582
4 2.480 0.711 0.085 0.668
5 1.768 0.332 0.061 0.729
6 1.436 0.103 0.049 0.778
7 1.332 0.430 0.046 0.824
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4. EFr g A7|E Wzt

7}. B-Glucosidase activity

Fig. 112 7% ¥3o] #o]d= B-glucosidased] A WHIIZ el Ao
2 A Eaks Bk FatB R Baggdo]l Eotth HEAEEYLS 150Y
10C9 20CH s B2 487}t 760, 353 ug PNP g ' h'lez EZEFu
oy 747y 39 158 o] E=Skvh 30T HE = S22 EE 0|7 =85 M ¢F 3
AR Egom Az fAe] Ak &% FAEFHUE 20T, 712
B 10CHZ AN % 257t $E5E LTS Yol

27092 150¥ B v} Hokom 10CH 2= 2471 2u 87 348, 395 ug PNP
gl h'e® EFEN M 247 5u), 2] ol E¢Th 30THE 24 EHH I}
282 ug PNP g ' h'o® =XEEu] 98 ug PNP ¢ ' h

SpAbs ke 1509 10T9 20CH = 4718 s7F 464, 353 ug
PNP g' h'ez =EHu] wr 7zhzk 3u), 154, 30CA
227 ug PNP ¢! h''Z FAg wr} 204 % vl ER7 SAEHu|E= 20
Aol A A vElhstew f71duEE 10CA YA Eoka 2t Bes
BASHES Yotk 270¥ S 1509 E o Eron EAR7VIAVEZ =% 1
0C, 20°C, 30°CA el A z+zt 155, 257, 146 ug PNP g ' h'o2 E=EEu W
o} oFzk Qi

B-Glucosidase &4 WAL E¢O] A ESFH Y kil 257 &5
Z §7180 wel g xolrp AN ZFAas9)a, Algte] AupstE vrolh )
F7I8E2E F7|ARE>SAEHN>ERHN] o2 =l
= 15099 2704 e A2 10T 20CAH oA &k ow, 2 EE 0= v 34k
EF] 30CTHYANA A HEruth Ekel FHE F1ES vAE A &
A7t HAY i ALAHES HERN = (Alvarez et al, 1995), WS Wo] X
F EREN W ol Bal 180 xdE 2R, oE 5o fr12uEs) 4
a7t B Aoz AZEY. Sardans et al(2008)2 Agol EFemeol B
—glucosidase €4 Ao dHE YEHUH, &d8s Awd EFaadds <
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B0 #A4E FolAN frjERE # o]Fo|A Y] A e ESF pH, F
B, 7= 2, vAEdd 5 oy JHA 8]lo]l FFH ool vt A
S o3t} (Agehara and Warncke, 2004; Matyka—-Sarzynska and Sokolowska,
2005). wrepA] AA A ST frlEe FEE ST 7 YA
7= a7l & dojur] feide EGSAE A v AELQ o] FEE
ofof g AHo=m Holv}l FPAES| Eoko A B-glucosidase Aol we AL
Anderson(1979)°] Al” 5 F&oleo] EasAd IS Fol f7|ERIE A

AT Wsh dA b Aol Yrt.

:
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Fig. 11. Changes in soil B-glucosidase activity during incubation period. See Fig. b.
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t}. Urease activity

Ede f71ES Avbetd v AEA g BagAo] S8k EYF pH, 77
B, AATHEFS urcase®d I I AA 7 = (Dinesh et al, 1998). Ureaset
8AE CO9 NHz;2 ¥l 342 EXd 7123580 e urcase@A 9
W3 Fig. 120 YeRA

SAES Eoke 1509l 10T H oA urease@/do] Hskow SJH718dv =
7} 189 ug NH,o-N g 2 h'e® =ghow ezt f-o4do] Adgleh 20TAHY =
Al el ool YA, 30CTHE F2EHH I 22 ug NH-N g 2 h'
o2 Fhth 270982 150Y Bt} urease®/d o]l wkar, 10TC9F 30CHE = A
oFreldel ol 20CAH Y A =EYIE AR A R By AR =
Al versTh Egel fr1ES A7FstY f71dH das F7)3kE A NIL-NS
H} Fegs B vE

=
U urease &4 F7}3tH(Klose and Tabatabai, 20000 ZA 3¢ <A 8l:= 7

ﬂﬂ

=l NHo-N+= 27]6 %3 #aAzke] 23 257

-

HISPEE R ke 150l Re XA A Al AvErt 7 =4 |

BTl el Agagle] I NErE kil 10T 20TH A 75.0,

EFollA =okon, frldnE>+

=EH>EZEY] $o gadts Aoy 2 10TH AN =9k
o AlZro]l AderE e A stobxth 10CA gl A A vERd A
< 30CHY A szt =g A AgEA7] wEom AzAct sHARE 77
AW F5 = urease@ A S 5714 21 tH(Bremner and Mulvaney, 1978; Roscoe et al.,
20000 Haret YA AFES woow, 33| ES allophane BFOE F
agdol w4 Fvh(Alliso, 2006)= A¥et AT wEkA BAgAE ST

A717) 918k F71ANE 5 F71Ee] Twel 2od Aor Azdr.
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Fig. 12. Changes in soil urease activity during incubation period. See Fig. 5.
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t}. Acid phosphatase activity

%99 acid phosphatase &4 W 3}+= Fig. 139 YErdc}. gars 2 75
of 10CHYNA W71 dnE, 2009 30CAYE EA4F71An g7 4
woh Eokow Ak Fojdel Ak 2709 10THE oA 9%
725 ug PNP g ' h'', 20C 9 30CH = E4F7 A0 a7t
PNP g' h'o® Fa2 no ke Azt f2o40] i3

H] 33 E kol Al 7598 10T, 20T, 30T ol EAF7Au 87t zhzt
423, 926, 981 ug PNP g ' h'o= Txg nr} %3 Az 94 A9l
o} 2709 10°C, 20°C, 30CH A E4571Au 271 247t 564, 93.6, 90.8 ug
PNP g ' h'e® A2 387 493, 644 ug PNP g ' h'wt} Egow Azt
Feldol Atk EERel dugle] SrUt BE4E AAaAdNL B
b om, §71EHE FollAE f71ER RS, BAdA Ekh oj# e A
v EYd f7ES FEIW ZagAol TUMstE Bl dA3glod
(Dinesh et al., 1998), #AHr
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Fig. 13. Changes in soil acid phosphatase activity during incubation period.

See Fig. b.
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EFSAT MARTY AXzE] FHHA

B ite nAEEY Aug 2 JAAAE et (Table 5). B
LrE EgEE A#glo] acid phosphatase(r=0.728)9F 119 Ao A #H7
& e THR<0.00D). 715 PLFAYE 323 E¢S 5943 (r=-0.493), W3}
2B Bk Ao B(r=0.634) BAE B, gatsl Bt frETgHEe 1A
B @A A dFE HAA e ASE AT H|sMAE RGN f7E
2 urease, B-glucosidase®} =& H#AAAE Bt A3 E A A urease<t
acid phosphatasex= -9 ¥, B-glucosidases:= 11=¢ Aol HAAAEZ B}
(p<0.001). Acid phosphatase®} ureaser E%Z o] A#glol 242 PLFA, B

-glucosidase®}t =& Ao AFAAAE HAT]

Table 5. Pearson correlation coefficient between physicochemical factors and

soil microbial activities (N=30)

Soil Factors PLFA APA URA GLU
Temp. ns 0.728+ -0.420% ns
O.M. =(0.493%x ns ns ns
VBS NOs-N ns 0.464%x* ns 0.546%*
NH4-N ns —0.462+#: ns ns
APA 0.360%* ns ns ns
URA ns —0.606%::¢ 0.733%:%x
Temp. ns 0.728+ ns ns
O.M. 0.634skx ns 0.382:x (0.488*x*
NOs;-N 0.492x: 0.684x#: ns ns
NVBS
NH4-N (0.55b%: ns ns 0.422x
APA 0.491 ns ns ns
URA ns ns ns 0.615%:kx

PLFA:Phospholipid fatty acid; APA:Acid phosphatase; URA:Urease; GLU:B-Glucosidase.
DMRT:p<0.001, ##*; p<0.01, **; p<0.05, *; ns:Not significant.
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