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B A TR(S3 2 2016 5% 31 p) 0 2 5 P w s R s B k) 373 2
‘Foo AR ehE £ RAEREE AL T A A 8] 54 (Cu) K 43% ~ 4(Ni)H 21% ~ £:(2Zn)
% 18%% 44(Cr) 13% St P33 & i 4 s A BIER S 3 4
L e LR R SRR L PR SN ST L
BB T R E EARER P W e g TR
e A T B2 2 & A (Laietal, 2007) 0 2 E0F AR DA

PRt Rt B R RSB A2
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CANAZ P EREARAR TR L BEF I 2P ERGEAIGER
FEIF AR TS “,ﬁ% Ptk W e AT R 0w S eI R RN PRk
% % (Chen and Lee, 1997; Lai and Chen, 2009; Lai et al., 2010) o 3#5 et 4~ 8 55 42 1
gAY G BRI B BT £ B ek § 1 4% v (rainbow
pink, Dianthus chinensis) ~ & & % % (Indian mustards, Brassica juncea) ~ - & % (French
marigold, Tagetes patula) 2 £+ & ih(impatiens, Impatiens walleriana) % (f#] 1) + i 4e
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PHNEEROAFHERE 2004 ERAFFEFFTY c BRI/ ERF IS
Ti0E F ALk 2 ME & e 10T A AP F ST A T
PR ESALIE S EMTFE SRR ML RIS LT LR E R G

Rad e RRb BRRARAF T2 IRBTIHLE 4 g3
B FIEER > Fl g2 2 S ENRFHR R A S ks
(Bioconcentration factor, BCF = {e 4= %8k & &7 3 3k & vt {2)4e 12t fi(Lai and
Chen, 2011) » & % &7 » o *tu B G5 T4 a4 4 7 € £ | 2 e Tg] > F)p
Rt o FHRE T 2832% 55 {3 DBCF(B2)'BCF~ g% 1L
& Bk B s 4o @ 4o L erdB 4 (Lai, 20158) -

A it FER LR S Y o F

I HF A EEC) A% R fae 4 RS o A5 4 %A% R (Chen and
Lee, 1997) > f6f8 ti5 % 2 3P 97 2 {5 3 P NAFaugk A d 156 + 2 3 115
mg/kg - Lai and Chen (2004; 2005; 2006) { & {7 2 $3&5 > #-7 LI 27 7 % 5 4
Al >EERELS S5 190503 2 931 mg/kg 4% ~ 44Z G54 P
% 5 2 10 mmol/kg =7 EDTA (CioH1sN>OgNay) % 3 4v & £ 5 »xifd
(availability) » 35 % %% I - EDTA R FH 4 2 AR Y chE A BER » % 8 B4
(Pb) > 3+ PR A AR erdR 2 ALk A MFH S Mom EDTAF sk~ tiEafad
E R A B S

SIBREDTARRZ £ £ RN HI D F w4 47 »%F P % Laiand
Chen (2005)fe W H - 2 4F 6 £ £ (4 &2 4)F A I HEF 2P E%H > B 5K
7% * 5 mmol EDTA/KG 3 ¥ 3+ % b £ £ fhens »ab 2 R HER > @ 2 mmol
EDTA/KG Rid >t % R Ft ¥ g2 FRAFEARTIoes - a £ 45
e 3 1% (interaction)s € B 87 L7 “HE £ %k #k A (Lai and Chen,
2006) > 455 2 3 H @ doig s T s 2mmol EDTA/KG  $51 48 & R #4528
4 BaeiE* o A% ¥ EDTA T » 45 € #r4142 % ## > @ & 5 mmol EDTA/Kg 5%
FET AL IEY FAESET I VR HNEDRH o

B2 A% EDTA 7 4 254 45 7 cfedk > #Rm d » EDTA 7 3§ 5 #ics H 4
fEo TN T ATRB P BF - EpFRF (Tandy etal., 2006) > 2+ 1 # 75 b EDTA 3 4
TepmiralEa BHAAR YT gk > Ldokfod £ B s & 4
(complex)iz 3 A iE 4 45 R F 5 £ & 8 o e R Sl aal 3 IE T R
FIEY #;, S e EDTA iofd A5 & &) ¢ B 82 4+ (ROmkens et al., 2002;
Ultra et al., 2005)f-f% % (Epelde et al., 2008) =3/ 4+ > F]pt Lai (2015b)#-7 F it &
Z & (DTPA Cy4H23N3040; EDDS Cy9H13N20gNas; EDTA CioH14sN,OgNap)*s * 4.7
P AT ot HE P, ST v B R A 4 é@:r%%f'ﬁﬂ%fg@ B X Rawt b
mmol/kg it & % & ¢ *F i< 4 3 &7 4p $(soil quality index) (% 1) o § & M4k %
HHRE * L A2 QT B~ Nif B w2 h i FER PG PR T A (E
)~ RAAFRFH ST §IERIESF S TS AR R A T 0 I R
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et BEREBEAWA QT IEF T BEHFIER o

1S EN IRy
£ nJv{r ,-?ﬁ? RLeny Agdr2 - i TR AN LT AR
EROE LB O AELXEER S 10 2 20mg/kg 455 4 4 Y ’ﬁﬁbﬁﬁ,k)ﬁ,
4z i 100 mg/kg > * # BCF % @;@?] % #c(Transfer factor, TF = 3+ F 3Rk & 224330
e Bchvh E) P AGE - (& 3) 0 Br A g 8- R amdz s R et (Lin et al,
2010) - % fE4E & % 2 4R R AR ¢ (2040 2 80 mg/kg) > &2 2% 4 F & (biomass)
g5 5w H BB ehdE % Af Ik A 4248 1,100 mg/kg (% 3) (Wei etal., 2012) -
SORMGAENBUEPY I AFRBIRER D ITHEIF S 4T4E 2L g
e1=% 4w #2 & % (subcellular dlstrlbutlon)Zi iv & 4] i (chemical form) » vz gz f32 H $44%
fEd 2 B o X wre A F AR R (B 3) 0 iINY 454 & U
MR % 0¥ 3 147 fk (soluble fraction) ¥ # > BTN A Af 4R ¥ U REF F AT
(transpiration) /L4 + 3845 65 > T3 N2 {5 RPT T flw e té% | i (cell wall fraction)
1 AR e 30 F o 4% (leaf area)fr A 4T 1T i F 4 & 4p M (Lai, 2015¢) -
Lai and Cai (2016)%%@ Tk iRk R T 0 4 ,ﬂ,,,n B e 3R i
FAEF DL R PRNAF AL E I RE DA 7 ) fﬁ%
FoREB D ko e b FIRP R R e R R A e R
AR o 2R BT AE N R 0 A At > FEA 5 10~120 mg/kg 5175
» FEH ’ég AR A AR B RF NS B RGOV R AR R 4
4 (SRl B pr3 >t imie BE2 ¢ U 4R T oA 2 IR R 0
G & ZEERN G Fg 8 it B3 f(Lai, 2015a) -
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2L RS EMNEA R 5 SR EOR P (Lai, 2015)

Soil Dose Soil Quality Index (SQI)
series mmol kg™ DTPA EDDS EDTA CA
ck 0.40 0.40 0.40 0.40
5 l ! W -
ck 0.50 0.50 0.50 0.50
Pe 2 1 ! - !
5 Wi 2 - -
ck 0.54 0.54 0.54 0.54
Tk
2 W - - T
5 Wi ! - -
ck 0.37 0.37 0.37 0.37
Tp
l - ! -
) 1 1 1
ck 0.58 0.58 0.58 0.58
Yu 2 ! ! - !
5 W ! - -

<10%: "—, »10-20%: "], »20-30%: "||, »>30%: "|]|,

%2 4 EDTATH 2 T s 4305

EDTA treatments
Costs Control 5 mmol/kg 10 mmol/kg
Total required amounts of plant
(plantsx10%/ha/yr) 420 1,680 1,680
Cost of plants
Cost of EDTA
(US$x 10 halyr) 0 372 744
Total cost
Remediation cost 18 204 390

(US$/ton soil)
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Concentration (mg kg™)

Treatments BCF TF
Root Shoot
Lin et al. (2010)
Cd-10 29.5+£9.6 48.9+11.7 5.0 1.7
Cd-20 99.0+8.4 100+11 5.7 1.0
Wei et al. (2012)
Cd-20 128+21 282134 14.0 2.2
Cd-40 196167 342+103 9.1 1.7
Cd-80 462+169 1168+140 14.7 2.5

100
80 .
mmmm Before planting

= —= Three weeks
—g 60 4 mmmm Eight weeks
E
S
c
8 40
o
o

20

FELE RE REE -dE ANF FRF gRE AEiR

(1997)2 #cy #7% W)
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Bioconcentration factor

LB

E A Bk 406 REKE Y EI RS

14
DC O
12 4
® Pot experiment
10 A TP O O  Field experiment
8 .
IW o
PL o W
6 1 D)
W e ® DC
4 A TP
VB O TP
VB TP
i [ J
2 DC ¢}
PL
oFL VB 8 o VB
O T T T T T
0 5 10 15 20 25 30

Soil Cd concentration (mg/kg)

B 2 23k %2 0 TPk ™ % k24 0 BCF (Modified from Lai and Chen, 2011)
(TP—French marigold; VB—Garden verbena; IW—Impatiens; PL—Star cluster;
SS—Scarlet sage; BJ-A—India mustard Afghanistan; BJ-I—India mustard India;

BJ-P—India mustard Pakistan, and DC—Rainbow pink)

100
Root

80 q

S

S 60

(]

[=2]

S

§ .,
© 401 C3F,
e =

20 A

Cd-10 Cd-20 Cd-40 Cd-80 Cd-120

Treatments

Precentage (%)

100

Shoot

80 -

60

04 E3F,

20 A

Cd-10 Cd-20 Cd-40 Cd-80 Cd-120

Treatments

B3 % I 2 ALER T AL A2 Y (A e 28 (et me A # (Lai, 2015a)
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LR gAY Rwae?
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e
ITE ko0 2 4 (Biochar) it 3 T vksed 2 BT 2 2
AR BT A0 S LR LY R S

% 4 ¥ 0 E* AF 4 % & (Wood biochar, B) ~ & it i - J\a: B G pRE
(Polyacrylamide, PAM) 12 2 {8 4 4 #a 3 5« (Compost, COM) it 5 = fi;&5% * 13 3§
zt%%d’i%N£%ﬂﬁ?12@E%;,Qﬁw¢ﬁ34%ﬁ§e¢z§M;,%tggywmg
FolMi P 2¥e i 2 P RS RE My LER Sk * 3wz 4
# R(CB2 2 CBA)z e d2v § »a4k 2 2 35 »c§ 1 200 mg kg SR ERtZ N}
G2 RZ RPN R IR ITP N P AL o 2 7R R E K 4-16%
3 FR H 4e 8-21% e g i 5 4r 30-46% 14 % u B % oK B AT F 4 50%4 1 -
Bt Rk G oo ARG w1937 22 2% 4 4 L (CB2) AR (s » H jicd
RS PE LR S ST it %3 2§ A (Specific richness, R)E 3
DERRIEF A AT 15 At IR 59 G ;;rrnﬂ-’, TRAARIEY L& DK
“EnterobacterSaccharl(r] ¥ pﬂ)”ﬁ“Pantoea SP(E 2 By Pl R e # e
P2 RIEET A A SRR P S R kg kL e G E R
ﬁma%mrfgi#ﬁ7mwﬂxp B %12 2k 02 1%3 57 22 204 4 4 (CB2)

H3E B L i o

B4R G A g A S L A BoRE R BF B -

#3
fi% %ﬂéi%léi%i’“?’%rgzm?ﬁ%'? 13 )”B‘&*"/”\ﬁ*‘ i# gt ek
B AR KA LB ERG FT0% Y T R SRATTHRESAL 0 R

f;;g:]i&m?%,f,.ﬁvg@ﬂy fuBRr sl , Fjpl > EHP AR IES NT S, 2
|§’§2@%-’*—1ﬂi¥w’%ﬁ' ;L,ii/gﬂw:! g_;}‘fﬂ./g,o

CHELIEFPRELE LTI - > LR HFH10% EIHEALNF R
5 “%/,ﬂ?%ik\ﬂqi EEEET T A S WAGFR S TR L L hid A
P A2 - o d e kB Tk kRT3 7] FlpHE S B R

“ﬁ&ﬁﬁ”pH5f3544&F*°“4’”ﬁ$%fwgﬁﬁﬁﬁﬁ”%?*
b AR R f i BT E S AE2% 2 B AL foR i K (<10%) -
FER Az wg%ﬂ’ﬁ%‘%%\ﬁﬁ%ﬂdwﬁm#% I ELgGs Sol U
FRWEMRRL Y B PR R EEES

L R E AT 25 BT H 0 A8 § 524 74 (Biosolids) ~ 4 3
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¥ %7 (Composts) £+ & ## (Green manure) & » e Jt & B 4435 3§ "’jg

et IR 2 NeREg £ $f"ﬁ4m& o

TR ERAEE L 4 P R (Biochar) &2 @ % L4 t%’zv: **Léf‘]r’ﬂ%‘rﬁiﬁ

E e AP RE- HERLFAVFE 4 A ﬁrﬂ #(Biomass) ¥ F % mI%f‘"fz%‘n

Hiza A4 (Lehmann et al.,, 2003) - Tl B fEenF B it 2> 2 R AL 577

ZFRRICEF T ER A RFERIELFH I L fE rﬂmj%, G INC R

PR 7 B ehiE it °“$FI” THAFWEME B A fFDREEN A P R FRT G

rrizd 4 i%’n«%"*’ CIELEEEE: § 2 RNOER LA S HE N A

AR RN & DRI A 0 12 BB 4 K (Joseph et al., 2010) & # it o F]pt o

A SR RN AL S R SR AR S REES R 4

L B2 g 40 (54 2 ¥ (Joseph et al., 2010)
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1. #%w ?"HL

AT e VR B AR BT B % w (120°36°22.38”
2203841437t (7 e FHHAE L 9% BHIEEF R L 2% BL AR
BT 2 (TypicPaleudults) - :pgkiE R aiFr mEa kb > Bk 2 12 B2 5304
Feh B A 2 (15em) s AR §2is 0 i 2mm &S A AT

2. @#EK

Féﬁé%:tq*‘fé%}’ﬁ4i§ LH aRFAL R %{ﬁ-’fgﬁ@;mm.ﬁwoi
PR IEFIFTTIRFE I FEA N L00CEER BETHUE A
W 12 4 B R A T ;M - R EEERREL A B RE i 05mm ek
KR Rp fﬁﬁaw_"&-,v BEE \”ﬁ o 1#%75"—7‘ 23 4] AN9IOSH » ¢ 7% A
(Charge density) 2 10% » 4+ £ 5 12 mg mole™ o #a5e 5 @ B oag >4 s ? P €
2 FrEE L1 gL “‘Errjb‘i”% ?i""é’? 22 REGFWE R WP (F)F F
0085124 5. > %P %%5.5-12 L B d fe 4 h4a % ,@.%\%'/»a Em oo

AT EG 8% E L CK:F4le(REP%E* 2 hisd #) > 2. COM :
x5 % 1%k v ’3. B2 : % 204 /& 4. B4:xs* 4%4 F L -5 CB2: %%
1% 97 2 2064 4 f 0 6. CB4: 35 * 1%3a % &2 4%4 F & >7. PAM10: s * 10 ppm
F P fiere 8. PAMS0 : 35 % 50 ppm R 4 figh o 3 4 2 0 TS 20
* PAM 12 049 4> 8L 4 4t -k » ¥ 17 PAM k& 50 ppm > £ I % B ¥ o
HFREOIEEDREZT T BRHRRTHFE R 2EPF B K3 (Complete random
block design, CRBD) -

t\‘-"}ﬁ'
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3. FHEMEFR T

;dwrg*; 12 B9 thie (7 iRk 2 ij}’r’:’ﬂﬁé% B askgim i @mAIETA
170 38 P &350 3 R R (PH) ~ 2 35 e (Soil organlc carbon, SOC) ~ § #x ¥
(Available nitrogen) ~ ¥ »z#(Available phosphorus) ~ % 482 & (Bulk density, BD) -
2 3E 3L 4R (Soil por05|ty, Po)~ T 2€ & & /& (Mean Welght diameter, MWD) ~ v &
7 -k & (Field water contents, FWC) -

4. 2 Fjd PR BEA AT
4.1.2 g p s ¥ %3 2. PCR-DGGE 4 47

R BB ST AP REES #f’"ﬂi%‘fi“' TR RE preay K ORB/%
RS T A (PCR-DGGE)HjiskiEf7adr o g4 ALPFEIHER LY D
He4 $ DNA % ig 7 4 #7 -DNA % P~ 22 PCR-DGGE ~ 47> #_%% Chang % « (2014)
ORI SR =& i el 3o £ 4@ * UltraClean 2 3 DNA 2 S i\.rﬁml
B DRt 4 DNA FBm (s » Rled 2 3&7 e pprd "f EY
FERE  J L RS 42 DNA - 3 % DNA 12 193 S L W -
TR HARTIAZ S BRI L g Rd > mFRYM L 2 DNA>» T &
7 QIA PiE B E B3 i (7 AJE - PCR(E & fei 4% 5 J&)4 GeneAmp PCR
System 9700 thermal cycler * & ® & 7 » 7 - PCR =z 31 3 968f:
5'-GC-clamp+AACGCGAAGAACCTTAC-3’ i) 1401r:
5-CGGTGTGTACAAGACCC-3'#k i¢ * &2z E mjF2 16S rDNA L 7% £ > 3t
< 2 ¢ FE 968 B H AL S % 1401 @+ 3 pe(Nubel et al., 1996) - PCR 2 %
EFRER »AuG 1 1195°C 5 aenisit > kit DNAAZ $MF B -BF
12 95°C~45 5 - 55°C ~ 45 ) ensl 3+ & & > 72°C~1 » g0 R 7)aE £ > 11 % 72°C ~
102 &g B Bojtf » RBFRE 30X FHRIAF o e PCReA P
AR TR A T L AT B EFEEAS T -

DGGE #_r2 D-Code & * %4 4 47 % %u(Bio-Rad, Hercules, CA, USA) %k i& {7
/45 o PCR F 2. A 4 » #-iz f& Cremonesi & 4 (1997)#1 4zt e ,‘é Ak - fEE
¥R 4 *"?Mv\é;gF'“ Kopt BAG R d BUANRP FpLierl S B P o #‘; 50%-75%
REH RO TM 2 Jk & 40%2 7 fpie sk Bl 100%2 %I“H%&:) T A IR A
60°C ™ » 12 70 R4FF B K& {7 780 & 45 0 ¥ Rk 5 TAE(40 mMTris, 20 mM ﬁ£
fc, LmM EDTA, pH 7.4) A = &1 » B[ W Vel 7L 44 T 2L R3S Sik 7
PR

4.2.2 A P R R 42 B4R A 19 (clustering analysis)

DGGE ®2;2 Quantity One # %% (Bio-Rad, USA) % it {7 32 #v B 4 A 47
(Clustering analysis) - DGGE B2, + = i 5 % B e4p v B - £.41* Dice ¥ #ick &
73+ & & 47 e(Dice 1945) o

2a1

S =
2a; + (a; + az)

al Eip e R A 1(lanes 1)& s 2 - B ik (band) » a2 dp
ot 1en- Bikd a3 aifﬂ o EFLDL_/\S.E 2 - BiEF o FHF avb‘g\,, f._,
Wi AEd UPGMA G B2 3 5l o 50 ¥ w e chadr b B3R
B rengE S o T ;ﬁr} ¢ * SAS #% ;' (Statistical Analysis System, SAS Institute,

10
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Inc.) > * H ¢ =izt en 2 %348 Dice * 4 o 857 i@z 15 o

St b g AT ERAR R Y RGBTSR K SLE IV AT N B E P BT TR S
BRRE - B clcE BRSO

432 A P EHEHE R - BHAF I REEFHRBERRZ 447

BT 3R R o i B2 2EE ¥ F & (Specific richness, R) ~ :sg&f;i %
4 (Structural biodiversity,H) £ 7 % % & (Dominance, S)¥2 %< Ampe and
Miambi z_ 3+ & = ;3 % i& {7 # +7 (Ampe and Miambi, 2000) -

5. L

*E G @ % IBM SPSS 22 fdfie (7 & Es& A 170 X 2 * One-Way Analysis of
variance (ANOVA)Z [ ficip b 2 474831 & R BB F 1L 2 F S % % mJ2 /4R
IREM G ARSI T s £t dR* Duncan 375 R B RS EE LB X
& p<0.05-

BEA34%
I EE LES SR l-L

il A LR AN oA - op R R R 2RI R
Fad s 235w 4 ke k2 pHRP o R E R 9 41% A Ewd AT F o
PAM i3 i%e bk 12 > pH 5 8.0 st 5 £ 4 82% » PAM & £ % 7 B 9w 4 o Aiks
g feadaie o pH B o CIN @5 1785 %04 F > 5§ e o

R OF LFY DLy

Items Soil Biochar PAM Compost
pH 45+0 69+01 80:+01 60201
TC (%) 0.9+0.4 41+03  82+30 84+20
CIN 20.3 110 - 17.8
Sand 14.0 - - -

Silt 57.0 - - -
Clay 29.0 - - -
CEC(cmol (+) kg ) 14.0 : : .
TN(g kg ) 090£0.20  3.67+0.49 - 46.6 +1.78
IN (mg kg ) 16.0 188+ 37.5 - 453 + 2.90
BrayNo.LP(mgkg )  3.75t0.11  15.2:0.04 ND 4800543
Ex. K (g kg ) 0.05+000 071+004 ND  17.6+0.12

TC: Total Carbon, CEC: Cation exchange capacity, Ex.: Exchange Ca, Mg, K.,
IN: inorganic nitrogen contents, ND: not detected,-:not determined

2.5 BRI HESR 2 A M AT

AL R A AT AR R ek D TR H B 2 R A
A Resese s SV FRFIEPH @ PAM p £ pHE2 L 80 fe ey 4
HPpH 5 T2 8% > HRIES YRR T F 2 S

Bt G AR A 0 CBA AU i 2 G ek ik 0 T 4
53%7% et s B(440kgh) FEEEFHE v AILE - COM -~ B4 #4740 CK
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HOBEE 4o (A 8] 5 20%, 19%) 0 e B2 2 CB2~PAMSO Pl @i ¥ £ B - % 3
Tt L Eduaie N A RV RS G PR E -

Bd G onF kA > B EF I % * 399 (COM - CB2 - CBA)T g% ¥ 2
Hh e 5B EH e (A B 4 267% ~ 217%2 153%)o R fé_;{#’ﬂ #(B2) ~
PAMB0 =3 4c B P #i2 1(36%27 28%) » B4 Rl irdlm m B ¥ £ B - e iRzt

T AR F AL REIET f»k FENEF TR bt’iﬁ”“'ﬂ R R S/ A
RAEETE G g A G AP

2 ig”ﬁ LI r S VAR BFE T T dedgie 2 R &0 F 4 47 i (COM ~ CB2)fs 4

e 5 B AT H 5 (A0%2 20%) 0 e ie 2 < £ 2 4 % (CBARIF > A e

w R AR E o H e 4 Bfﬂf'i(BZ BA)RE ¥ '8 13 34 e 5 B (& vaj;ﬁn‘f') 59%
27 67%) - PAM50 P #& 5 ¥ 8 48

EAERMBRET ﬁifiﬁﬁ’%\ 35 A E 24 4 R (B4~CB4)2 PAM > 48
% B E BT EE (4 W] L 5% 1692 6%6) 0 £ 12 CBA ACT i H v AJT 5 i
% -B4~CB2-CB4 ¥ PAM50 E‘@i‘i;’ b OHETY SR O Ao (4 W3 4 5%~ 8% -
22%5-1@%)’t'ﬂ|zCB4ﬁg3@g T IR B e o

AEHREY RGEZPE LA BPET Y T3E P /T (Mean weight
diameter, MWD) o I3+ 5 12 B 2 {8 » 5 * R L LRILBERIS Y R
H4v o £ 212 COM -~ B4~ CB4 2 PAMBSO ¥ iae Bl s choc sk { 5 ¥ (4 9
B4 46% ~ 41% ~ 47%2 41%) > 7% T BT T o AT AT R R 4o B AE TR 2 p ke

l_to

;
i
&

* &% 3~ CK~COM -~ CB4 2 PAM JZ " % TR 4 (33kPa)™ » |1 & fw
3 3E2 ZoKE WA IE2 v F 7 -k (Field water contents, FWC) o #p #i3™ 4F
KR fPAM/%@““HW Az RERZARRET PR FF L FTH2 0 fFgk
BT F R 4o gt v i CBA AgR sz 4 H e B3 J\?_,%Ei:?#%J 54% 1. b o

\&ﬂb?&% e

2o~ BB R RRA AT A AT

Treatments pH SOC Av. N Av. P BD Po MWD FWC

gkg. mgkg  mgkg  gem. % mm %

a

a* a a a a a a
CK 4.8 8.3 81 3.71 1.41 449 0.96 13.1

c

b b b b
COM 49" 100 297 518 141 459 140 -

b ab b c a ab b
B2 55 9.2 110 1.53 1.40 45.4 1.22 -

c b ab c b b bc b
B4 6.0 9.9 95 1.24 1.34 471 1.35 15.2

ch ab c b ab b b
CB2 57 9.0 257 4,77 1.35 48.6 1.25 -

c c c ab c c bc c
CB4 59 12.7 205 412 1.18 546 141 20.2

b b b b b b
PAM50 51”7 84" 104 3150 132 493 135 140

" : Values followed by the same letter with in a column are not significantly different at p = 0.05 level
based on Duncan's test.
CK: Control, B: Biochar, C: Compost, P:PAM, CB: Compost and Biochar ; SOC: Soil organic carbon;

Po: Porosity; MWD: Mean weight diameter ; Ksat: Hydraulic conductivity; FWC: field water content.

3.4 et b A
3.3 A R G M G RATA
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HEH AL R A 0 2 B a“éf#wv‘ﬁ B Aol - E o Bk
%i‘ﬁﬁ-“*’.‘*%g‘éﬁ:r'\ﬁ? Pradlend o b RFRHELIT L A F A X HH .
B - %Y 5 CB2~ CB4 &7 wajicd H 5 ¥ S & BT f siw ﬁ
) HAGH AR R S 0.7 SRR AT ALY R PER RS B
BEIEY A a‘é‘-‘?‘%%u ‘*'—‘ﬁ*‘ﬁ'mﬁ‘agfé"ﬁ%\'ﬂiﬂ‘gw"k”‘l«f”ﬁsb}ﬁf
2 it SRR R Gl - R Y > B4 &2 PAMS0 Rl F 0.67 fidp 0 &
%\ﬂ-ﬁfz&:,?r v 4%2 4+ R 2 S0ppm F P 4 fRbEpE 0 4 e SR S ehip R
ENI S~V g VA= SR ‘L-‘%e"“'a'r,fl‘%tﬁir%,&fim"}*"fi ?/\ﬁ fﬁﬁhg*pﬂ‘? ¥4
A PR g A2 PP o n SRS 1 - S %EY B2 &
PAM10 ig® fecna #E2 NR S5 77 50 c (8 > BIE_ 2 p 2 7 COM £ CK
Bl LR AR AR 1%2 R 0 AR 2 ;g'_ T‘ ¢ G e ] e d
%’ﬂi%%i%ﬁﬁ%ﬁ’ﬁ*W*ﬁ@ﬂﬁwm BT HENLE o

‘m

M CK F B2 B4 FB2 FB4 PAMI10 PAMS0

Bl- 7 P2 $7 » 232 P8R 2 ~ 175 % < (a). PCR-DGGE 4,
W0 (b). BAEAFT2Z MM kw4 e Lane M 5 DNA Marker ~ Lane CK 4 #2241
(E it ,,91‘ 4v)~Lane COM 3 75 7 4e 1% % ~ Lane B2 % ,,9]‘ ‘v 2%4 F jk ~Lane B4
p¢ﬁwﬁﬁﬁ>MmcmF@«A%mwﬁmwﬁﬁ_Mmcmpqﬁl%
e 27 4% 4 F i~ Lane PAM10 % ,,J x4 10ppm F 5 Tf’ fig %% ~ Lane PAMS0 = ,,]

50ppm ([ 4 fi% o

3.2. 4 A ;}L%%“E*-i:fa‘rfﬁaﬁﬁg\ 17

tW- ¢ o P DGGE 4 &3 2 %% » # 117 w B Hi% ¥ (band) » &7 2 16S
IDNA z_f25 » 2 ‘f*%ﬁr%;“rrﬁ =9 2 1EEF > - % Lt}_%‘wn\v}fr
BN R i AR R Eﬂﬁi‘ “Escherichia coll” e R B2
FHES F N AR R E G R o AR AT AT Y
HIETT R L A AT AE F de g B o
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2 BiEd > £ - RPN CK@EE4l )2 CB2 ¥ o 4174
= "EnterobacterSacchari” » ¢ Fig# A B3 - k¥ N AT A 0 P DHEE R
(Zhu et al,, 2013) » o 5 % BF 3 G4 19%397 22 2% 2 0 R 5 0 i 2k
-HRF2EYZHE

38LiEF > £- th4 £ 1R CK~ B2~ CB2 - CB4 17 PAM10 4tk » /5
A58 G 7Pantoea sp.(Y v AL R EALE]) AR - KA LA G RR
foenE fVISBRT E D T AR BNOS) 2 4 (NH RS § R > BT
BB P 4L o Pantoea Sp. P m oA G - BAALDTINEE HP -
Pantoeaagglomerans 577 7 4 3. § &1k fsk 4 © GE-KfE2 & B3 - A
R 4 A1 FF E(Asis and Adachi, 2004) - Pantoea sp. B 74k + £ # ¥ 2%k F & B
¢ P -k Y R NHS FoF RS R E R R PR G
secifict WA - 4 3t 3 e i Pantoea sp.RF 0 WA £ G HF o a WA E T M
B Y B E S NH 3%~ Fedlp R % 4 Bt GRGE S FRPE > S
ZRRFEL o AT OSTERFE R B LY e 2%2 R (B2) ~ 1%
w21 2%t R (CB2)~1%31 % 22 4% 4= j% (CB4):4 = 10ppm B [ * fie"=(PAM10)
T ]'/g_»}; PR E A J]?‘E]‘ »yom Hod X Uk 4e 1% e i Z%i#}i’i(CBZ)E‘%?’/”Jig‘ﬁ"
I ©°

4 5ligd - BRI A CB4 rJZ Y hFtR 0 54 15 & “Paenibacillus
P B FHRT A - REF FOLHEF A AR AR EY > TIR AL 1%
AL A% A R (CBA) RS end 3P > @ gt B Be i i & M FtR2 A 4 > TR
% %3 F1¥ B EnterobacterSacchari”® ¢ *% i< “Pantoeasp.”izth F 2 7 Flt &

A =@ Y

LA ARJEY A RS v 2 G AJEE R R .

% = ~DGGE dp &g @ - 4 s £ R F K Fiai 2 16SIDNA 4 {1

DGGE band Closest relative Identity (%) Accession No.
1 Escherichia coli 100 CP007799
2 EnterobacterSacchari 99 CP007215
3 Pantoeasp. 100 KC255198
4 Paenibacillussp. 97 CP009282

B34 MM P EEE R BHAF S REY FRERR LA

(54t DGGE 47 % 3# A 4734 8 16 > 718 2 3 e & ¥ ¥ § B (Specific
richness, R) ~ % # 4 # % # & (Structural biodiversity,H) &2 3 tx & % &
(Dominance,S)z. B % 4rk v #rif o B X BT AMA FEHEFTARR) G & B2~
CB2 - CB4 22 PAMy ch#+ f6 % 5 & . % (Fthc® % %) > @ CK 12 COM ¥ 5
Bd (Rl ) o 2t B R T Bt Y T e 202 H ki (B2) ~ 1% 97 2 2%
- (CB2) ~ 190357 22 4% 4 4 £ (CB4)r2 2 10ppm R {3 4 fik"=(PAM1o) p¥ » 4 3%
P pEEE R RERE s RA RS e FAITT > Y i PNk
M ER S LFFELHELS S HEEMH) R 0 A CB2E CB4s e A4 T~ B
PGB R  BALG D AREY AR DA AR & F R
4 3% CB2 &} — th& & hif 4 Fjth--Pantoea sp. » #* Fris A 1716 H g g d ik
B 80% 0 4 jhd T ot B ERZ BB 9 1 er) Ek 80% %L o 7]
ek CB2 & CBA cnfl i R Rk » i 844 & 5 fRiE(H)nikcie + > CB2 3
1277 CB4 5 279> % 4 CB2 cnip 4 A" 17 M4 5 5 fRibod s
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& Btk B4 & (Dominance,S) i % 1 > AT UG IR M A TR 1% g 2062
P A(CB)ASLL (5 A4 —  hoid A 472 87 b e B(0.64) B A FHh -
AR L FF F--Pantoea sp.

J b R TR R - B T S B e 196k
31 2062 3 R (CBAIL 5 » e 4+ 543 enff TR 4+ 94 (13 ehbic 3%
# ¥ % & (Specific richness, R) &« % » 2 (g 7RIEF 44718 » #4500 mdLiv 57 F 7%
ikt FRAD A2 R £ R ko 4 B LA F F EnterobacterSacchariv g ¥
4 F"Pantoeasp.” > FlitE A GL A S RJEET L S poafE Rt SR
2 iRFFOE Atk S hE e

Zw ~d DGGE 4 ¥¥A 4735 t6 » #1812 23 jcs %3 ¢ § & (Specific
richness, R) ~ &1 2 + % t& 12 (Structural biodiversity, H) ¥ 1 i % & (Dominance,
S)z A 47 %

Treatments R H S

CK (lane 1) 5 1.14 0.63
COM (lane 2) 6 2.42 0.21

B2 (lane 3) 9 1.84 0.46

B4 (lane 4) 7 2.52 0.20

CB2 (lane 5) 10 1.27 0.64

CB4 (lane 6) 10 2.79 0.18
PAM10 (lane 7) 11 2.84 0.22
PAM50(lane 8) 8 2.85 0.15

340
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BHEEF F2ZIEWEETY

FRE fo* SRR oM S BT AT
ERAEN- SN i E A
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B K BhE o A o AL ek 2-6 5L

# &
BAaR L AREE KA BEIRTT ARG LA RIRB LA

2.5 £ s s FRIFELE SHANEAR T ERY CARARIFE

* o UE B EARTE LB I EEEIRY 255 0 BEAoT
CAEBERIFAY CFFAYAEBRTVRIIEIEAE CFEIRERCERZ
HAualZFRFTZE FPRHTRFIEESS DH AT EEFFTTRLEANP -
PFEAAFZIBER AR LIS PE R FAME > AR ER
AASLBEFIAME DHEFETEIPE

2. (®4 £ 722507 2 4o 8 3 RLET A L e PRI %ggﬁq—~fgf;
Witgie s T RBFHEFLS RBAT l&@é‘.’}éi‘]{ﬁﬁ N
MR 22 ARAZ IR EFFRDERE y%%m&
FABETR e o kE e 2 Ea it ki FIFA NG BES B

3mﬁmﬁ?a@%:ﬁfib;ﬁmﬁm7r‘*?%ﬁ’ﬁﬁfﬁ?@i
PR E > Horsepl gl B AR R o %ﬁmﬁmﬁﬁ**ﬂ4“ﬁ%%$
@ﬁ’km%h“*ﬁwv@%’?ﬁi%»P FEEE SRR 2
iﬁﬁs‘ﬁ-\lszg? F o BB EMAPTHAT  TRLFHFTEARE §
wiEZ BT e °T%§d NAFENFEFREF %V‘F'B“ifm'%-%l‘?ﬁq
];];f-];fé s AR E A PRl T ke FAEBMIEHEL 0 TV S
M RCRRRE R oo

4. BRfRT & St feE 2 AAEF o Fe T A R fie A G
2 iR g,y%%ﬁagm@%,ﬁﬁﬁﬁﬁ%%ﬁﬁ’ﬁgﬁpﬁﬁ
kAR REEIE T etk 4 K2 2R

5. p %R 100 #3 AF 103 £ 2 A3 B R L REE > TRFEERE S
ERF BRI CEACEL SR s RAEFAE AT P

At R R Y MO E flsea R o

o

&

S ok

Mk X4 8 sl KEERE LARAY £ 4B
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3

A?&giFIhi’f‘ﬁF P(ZRBAER) BAFZ BEPRE TH2 &M
Vi s R ¥R K0T 1“3:}% 104ﬁfi%4¢‘—éfu?ﬁ§ﬁ Bl AFIT R
Pom A5 117,457 ha» 9 ikiEw 4 6 20.1% > B ¥ = #¥ 133,560 = » ik >
Sy 1703%’%$& U #c492,231 Ao iEEERP A ¢ 132%4F % § i HEA A o
%i r?i‘)‘?/EF&‘;.%—?’1‘?5«&1-’1’1:'-&”’5{5/3_]248(: 69”%%/@’
b &2%}59”;a§ 10228 &40 2 5% ,375 & p chE TR H
& F 5 5 2,084.8mm o

B F GRBELPREEHE I DPT LT A L TR EhgL s SR 2
A ® > em Jads (T &IV G 0w Fogie o L e 4 ;)T;ULL s A5 E kA
FERE Y2 AR 0F f R LI EMBEBRCLTT 2055 SRV 25 2 {E R
%j‘%?;gf\gmpmiﬁ;; Hp* 4L ARIPL Fl# o 2z 5B & & &%
Q’E_?Iﬁ'—'_ff’)@ FoPakERAsLIEDD 2o

Sz R ol ARt
- RSB

REHRPBAT N BT L LA S BT R YA ERN EAELRS
HEzZ Bo o Foh R BEe A R0 HE R R ik&\“gﬁs‘& <A
Bl R B R B AR S RTHR 4 AodR s B IR R NPR S G R g R

%
P AR L L g R

"

A i W

() 2Eadr iR ELPTEP (¢ 22T ¢ 51995)78 p 5 - 2 EpH(2 -
k=1:1)~ 2T EARECE)S 1 k=1:5)~ T EF P F(RitiE) 2 HE5
sl pk(40 72 Bray No.l) > 2 3 »ol49 ~ 4T ~ 45 (F = % %2 Mehlich
N0.3) ~ 2 3 »aiddh ~ 48 ~ 42 ~ 4F ~ 4 > NOLINHCIZEE( > R f1* & &
eI RRIL

) R A 47 1 3 st E(4P & 2 Bray NO.1) & P] ~ F »ihdm ~ 45 ~ 45 - 4h 4B -
&~ 4F ~ B ER(HS0, ~ HCIO )~ f212 - £ 41" B B8 & TR
59 v A HEHA I (CBrix%) o 2 #iciz 8w 1 & 3+ (Digital Refractometer,
PAL-1, ATAGO):p| z_-

) BB AINEA S R M E2 8 7 Fe F héE (£ 24k 1998) 0 £ -
Y ;%]’;fgj_ia L3 g > FA RPN TS o
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FEBE D E e SR B FTIR) A 47 (B 1)) 0% B3 24 £upend e
900-1200 cm™ + 1690-1710 cm™ 2 3300-3500 cm™ § P &g crmx fcik » A w1 & 7
5% OH A ~ & 4~ - 4 OH A2 COOH # B > & § $iss cnbp g Mol >
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: -
B 4 e e
- ABEN o« EEARE

: i 8

: - \ /
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FHRPED R PRI IR R M F 0 FE B
TSR ERE2R o wA S ) YRR A Y
RlA#RS (21) RERIET 2 AEELL5BY »adE 0 F2

T RERT A 2-25 B G RAA A ARG o S A EE NI 5]
F2Z I EBGEEPRES Ao A BEEFRD Y F e 0t ke R H P Y
ILEEZm %“ﬁvii%ﬁi'}#’fé.ﬁﬁ‘iﬁ%ﬁﬁ WEFTEIBEILETZ 0 f;f#gﬁév’vi
Bk R > 2B oc kR 2R (B 3): "TFETRE PR DR 4eq 2
BF BT E R4 B Nt X2 %Sk h ) RARBEF R AP HERBIET
BrzE (R4)-

# 15wt fte- B2 23 BT SEMERARFZER

e ¥ Bk go 4 4 2 E-
e ———— e —— e —— mg/kg--------
- B2
Vg R 3.77 0.23 5.32 1.04 0.34 1672 171 16 47
fg"‘% q 2.19 0.41 7.11 1.56 0.49 347 95 14 47
2| %f 1.66 0.37 461 1.05 0.19 275 106 16 39
wE 2.69 0.41 8.44 1.82 0.28 229 53 9 47
SHjp 145 028 446 093 035 437 100 10 42
EX
LE R 3.25 0.33 4.07 0.94 0.23 95 50 6 27
aiy 2.06 0.48 4.85 1.18 0.28 105 48 6 33
2 %f 2.77 0.30 5.45 0.76 0.15 90 34 10 27
W 3.72 0.39 6.15 2.26 0.31 268 49 8 47
= l‘r‘;—}ﬂ 2.32 0.28 3.69 0.86 0.31 123 60 7 32
6
5.9
T /F 5
5.8 -
E // |
&7 =225
% - e [
H™ >l
5.5 Nl T
Sy
54 1 1 1 1 +j-i‘“|j

BAH B8 528 93E 4B
HEALKZER
W 3.5 f i A~ 3 152 3 Imphak A 1
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2. BBEIESILEARA? FEEL TS 7

N P K Ca Mg AT TD
N 1.000
P 0.122 1.000
K -0.003 0.009 1.000
Ca -0.500™ 0.103 0.186 1.000
Mg -0.152 0.135 0.007 0.402" 1.000
AT 0.502"™ -0.001 0.019 -0.488™  -0.288" 1.000
T.D -0.331" -0.066 0.058 0.188 0.115 -0.654™ 1.000

A.T=average temperature; T.D=temperature difference of soil; ~ statistically very significant (p=<0.01)

%23 2R AAEFETE(N=9)

v Fruit quality
mf)ar:th Fruitlength  Fruitwidth  Fruitwt.  Total soluble  Pulp
(cm) (cm) (g9) solids (°Brix) N/K
200810 24.8" 8.6° 689.1° 10.3 0.76
200811 25.2% 9.9 916.7" 12.4° 0.60
200812 242" 9.3° 803.4% 12.0¢ 0.58
200901 23.1% 8.8° 757.7% 11.9¢ 0.50
200902 23.20¢ 8.4° 782.9% 11.8¢ 0.36
200903 245" 10.3? 1028.7° 11.3° 0.37
200904 24.6"° 10.2% 1059.1° 12.9° 0.43
200905 23.5%% 10.0° 082.5% 13.9° 0.44
200906 22.8° 9.9 893.3 12.8" 0.44
200907 26.2° 10.0° 1032.7° 10.9° 0.59

! Means with different letters within the same column differed significantly (p=0.05)

o *pH y = -0.0069¢ + 0.061x+ 58757 | 2°
T I _ = EC R? =0.8112
6l 1 I 1 1 415
| — J. I I 3 -
I E
s 14108
— i (@)
w
>
4t [ = B 4 05
] "y =0.0072%¢ - 0.0909x + 0.5883
- f { R? =0.8737
3 00
§ F F LS PSS S LSS
’L@ 'Lé) '1/® PV® ’1/@ 'Lé) 'L® ’1/@ ’L@ '1/@ 'L® ‘L® ’L@ ‘Lé) ’L@ ’L@ 'Lé) '1/6)

Date (year/month)

B6 AR 2R 2>kt pHZ EC®iH

SN AL e Y R DT

L ERBRBR ARG e FRALENAGUIRE ERAER
dERERT A (L 4) L B REIVEFA LT 76T £ 60kg/ha T o 7 g
Bz £k TR
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g EE AR g (1056 &8 129 9p) 248X k19 406 REKI? ELFwpe g

24 7R F s B 2 RBIUB AL ELRLEE (n=20)

REE L pg(n) W Ak BREEY  AREE (gmd)

(kg/ha)

12 20 30.0 7.0 3.3 58.3bc 660.0c
Vi 40 29.7 7.3 3.0 60.6b 680.0bc
?ﬁ 60 31.0 6.7 3.0 76.1a 843.3a
N 80 34.5 6.7 3.0 52.4c 686.7
5 20 34.5 7.5 3.0 56.0bc 730.0b

40 32.0 6.5 2.5 52.0c 697.5bc
ﬁi 60 30.8 6.0 3.0 55.2bc 735.0b

80 27.8 6.0 3.5 55.8bc 730.0b

IR ZFEFREFA A REAT > LB HF (p=0.05)

%}fiééi%ki‘l’f’-{;w—%‘},,;%‘agtr?‘:p\f}';aﬁ;;gjgp,ggf;;'g;}t;,
fﬁ_’iﬁ%’%k\ﬁ’uﬁ‘ff@ﬁ AR SR ER AT BT LAY o AA RS G
NEEF FEBLLAFEIBBERAFL AR F o F ) AR GFE R G A

ZAAES MY RLERE (£ 5)0 gt +’1;%2013~2015ﬁ;;
% E2EREA3BAF (PFF P LEEFIET) F AR §
RoE T R YRR E TR 2T ?%;wr%%ﬁwe)o

5. 3B RARPPAAY FPEEXZLERS (KELIBEHTIFE)

Date Nutrient concentration
Year N P K Ca Mg Mn Fe Cu Zn Na
Mont 1

h Y-mmmmmmmmmmmmememes e mg Kg ™ -------=--m-=--m-m-

201211 476 041 251 182 099 5225 248.00 1945 6039 254.72
201212 504 035 210 201 086 49.18 20156 2196 5292 194.35
201301 517 038 241 243 106 4084 20690 2239 50.73 286.80
201302 464 036 207 231 099 4244 42853 3473 66.44 390.56
201303 462 032 183 241 099 3406 39050 30.75 64.74 208.77
201304 488 036 199 288 114 5335 25911 2881 39.83 313.75
201305 529 040 223 286 103 6953 25169 1098 3383 292.03
201306 455 037 191 264 107 6442 20324 1753 37.13 254.37
201307 4.81 040 196 284 113 7103 19485 1796 3451 150.72
201308 4.44 033 179 206 096 6732 156.05 1824 3057 154.19
201309 538 040 195 199 086 5413 15739 2093 31.02 147.03
201310 527 039 220 198 091 46.23 26510 2052 36.45 155.80

£I3 491 037 207 236 100 5447 24288 2179 4388 231.19
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FFwHE G AP (105 &8 123 9p) R4 B F-kao 406 REKEP EIHwPEEFE

PREERETSESELER (L 6~87)
2.06~ 0.13~ 0.67~ 149~ 0.09~ 230~ 53~ 128~ 19.8~ 340~ 24.0~
219 016 074 153 0.12 296 54 136 20.3 373 29.3
PLE RS> R EDEAEA (HE20 & 11 )
250~ 0.15~ 1.02~ 1.86~ 0.24~ 73~ 60~ 94~ 61~ 731~ 410~
256 017 105 211 0.29 157 74 21.9 66 774 485
FFE REFTEEFELER (H2 15812 1)
240~ 0.13~ 1.01~ 153~ 0.26~ 242~ 71.0~ 245~ 225~ 508~ 25.8~
246 0.16 107 164 028 248 743 428 268 552 30.3

Ea AFEYRFIPLZR%H A A2 IR R PR eF? 0 7
FoAmEFRE CRE o vz 5o fhiv) 2 @R (FFZ2 32247
k) R L LA AL 1 104 E L F iR AR (£ T) kR0 BT
FIEFWREA TR NI RZERFE R FERFLIFFAZINF 20 50
Pt ii 5532 352 A8 UGB ARG RARTAR LI EL
PHENARHBT AR AR E 0 T RE > T @R TR TG
i o

27 P EE LA Rue N adls L X8 TH A F

- k%o gitA £ (tha?) %0 fhira £ (tha?)
T Hitkfe LTk RFHE HirE Il Live F ORFYHE
7 # % (OF) 7.84 3.86 59.9 15.77 35.0 80.9
7% % (IF) 7.65 4.19 62.0 14.57 33.3 86.1
# 7 % (CF) 6.46 4.34 77.3 13.98 34.5 85.3

= CARART 2 HE R

FPEFANALT 2 LA o PREEEY 2 & G B CH RS 2 ks
SACERF L AR R E e T DI R
- R BFERANARZEDPEA I EIR R AL L B AR HEF e
BAAT AN LR S DA A X RRBHUBA RN > mAFFEH IR F

FEzeF 8w T u ko F2R* o
Py Ak pH A FT > KMGs ~ KMGm ~ KMGe % Ffa st pH 2 af <

14 B} (pH 5-8) » KMGi o pH 8 e/ ¢ p g i< pH 5-7 2. 2 » KMEK
APHL iEE Tahgd i i (£ 8) 2 Pkt T8mt » KMGs
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dgwpEy S RmEg (105 # 12 9 9 p)

r0.20-0.45 mm 3 # i 2. A 37 2%k > KMGe 2 KMGm B>+ 0.40-0.80 mm 7 # i&

A48 F k19 406 ARKT? EIRWREE

2 A3 4 H(£9) ARBRBIFET kAN AILEET F4B 2 {211 KMGe >

faw sl g s N Po0s - K;0=90 : 100 : 120 (g/plant/yr) 2 mdZ® > F &% 2

RFd#E (£10) »3 34 F5 5i » KMT ~ KMI~ KMK 2 KME ** 16 48 %

AT AT RS 4 BEBPEIE 508 4 T e M

(2 11)> Ao B Ao BB F L AP > PR AF 10 2 2 & 14 >
wEiEp LA R e PR E G ERME R LA RE AN PR

BERAT (R

%8 2R pHZREZAFTEANARAE KD ' R

A (pH8) B (pH7) C (pH6) D (pH5)

treatment .
(spore/g-soil)

KMGm 61+8ab* 57+6ab 66+6a 54+9ab
KMGe 91+10ab 93+7ab 96+1la 98+13a
KMEk 64+8a 59+7ab 66+8a 45+6b
KMGi 56+13b 81+9a 87+9a 76+11ab
KMGs 105+14a 99+9ab 103+10a 107+9a

"HAEAAF LR FREFA AR AT LR HF (p=0.05)

%90 % FREE B FEAED VR

S A KMGs KMGe KMGm 5ok E O
Spore number (spore/g-soil)
0.2-0.45mm 46+7a* 28+6¢C 32+7b 26.6
0.4-0.8mm 38+9ab 54+9a 49+6a 23.5
0.6-1.2mm 30+5b 47+7ab 40+8ab 16.3

fEeFA AR 4T ZBHF (p=0.05)

210 AARBAST I B 4B 7 (2307 PR S AL T AR TS

N : P:Os : K:O (g/plant/yr)

@
90:50:120 90:100:120 90:150:120 90:200:120
A3 Ck 7.6+3.5¢* 5.3+2.3b 6.6+3.5b 4.7+1.3c
# KMGm 32.3+15.7ab 41.0+16.7ab 50.3+21.3a 49.3+19.5a
(spore/  KMGs 49.3+17.5a 47.7+21.5a 44.7+18.7a 36.0+14.0ab
10g-soil)  KMGe 36.7+21.7ab 51.7+23.7a 49.3+17.5a 38.3+21.7ab

PrlEZ2 Ak 47 ZBRHEF (p=0.05) o
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EREE SN LA N ST R IS 1 (105 #&# 12 3 B ) B 2 # < F -k 1 % 406 R K ¥ vOE 1 g w o g ¢
LILABARAATR P E Ak A TR T4 A BB LA 45
KMIZ KME #Z KMK#Z KMT A
pH oM P K Ca Mg Fe Mn Cu Zn Na EC
w g w g # g # g
pH 1
oM 0.541* 1
P 0.511* 0.585* 1
K 0.685**  0.607*  0.842** 1
Ca 0.687** 0.364 0.760**  0.908** 1
Mg 0.694** 0.413 0.790**  0.937**  0.997** 1
Fe 0.769** -0.008 0.166 0.276 0.466 0.434 1
Mn 0.688** 0.394 0.746**  0.905**  0.982**  0.980** 0.476 1
Cu 0.704** -0.058 0.157 0.313 0.573*  0.529*  0.953**  0.590* 1
Zn 0.573* 0.004 -0.096 0.002 0.157 0.125 0.811** 0.210  0.788** 1
Na 0.543* 0.577*  0.829**  0.975** 0.862** 0.894** 0.087 0.845** 0142  -0.175 1
EC 0.528* 0.544*  0.826**  0.969** 0.875** 0.904** 0.088 0.855**  0.152  -0.201 0.997** 1
KMIZ 7 £ 0.420 0.348 0.638**  0.714** 0.710** 0.720** 0.097 0.674**  0.191 0.075  0.756**  0.730** 1
KMEZ 7 & 0.531* 0.344 0.403 0.572*  0.620*  0.621* 0.422 0.653**  0.467 0.148 0.467 0.505*  -0.022 1
KMKZ# &  0.668**  0531*  0.641** 0.871** 0.803** 0.820** 0.379 0.828**  0.428 0.109 0.818** 0.819** 0468  0.671** 1
KMTZ 32 & 0.555* 0.567* 0.598* 0.611* 0.418 0.464 0.162 0.351 0.034  -0.025 0.569*  0.551* 0.333 0.364 0.536* 1

“statistically significant (p=0.05); ™ statistically very significant (p=0.01
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P F LA EFHEE (105 &2 12 53 9 p) RME24 B F ka1 406 AEKEP EIRwHREE

1600 =

1400 = @ KMK
= — B/ KMT
g 1200
. OKMI
(@)
9 1000 O KME
E 1
S 800 +
° T
g 600 uE = T
o

o ii ril?f IHZ i

, el e, LR |
8 9

1 2 3 4 5

[o)}
]

A ERLAE E‘]f“pﬂﬁ*‘ 16484 7@ FREAR R

R RERAETHZIEY  ORBREG EL Tu s - %’“%ﬁd*
A ?”J wEEHRE lz?g¢g%km+ﬂﬁg‘ BIRB T AN T st
*‘*’L“ﬁaﬁdi*’v‘{'*’ﬂ T EF S5 VI~V8 2 VlOP;‘”‘%c
KARARS > xE 142 6B (5 %?'g,'”aia Rarfl TP AR A 5E 75
914+ > 312 VIO+HVAM ASE it 7 27w M (£ 12) o pebn BFHE
HiER AR G o0 248 VAM /@iﬁ TIOR3 MRE fan B HBET R
ZHEFEFEAR (£13) -

~

»+\+

212 AFRLEKFRALYF FERSHEI TV R ARRR 2 F R

FENEE #5%  VI+AMF  V8+AMF  VI10+AMF  P+AMF

N N 93% 90% 1009 90%
g 4 80% 80% 90% 80%
AMF 6 1 75% 77.5% 87.5% 75%

EIPAT LA F o AMF: EHEIE 0 V7 V8 VI0E B2 4 o

213 ARAFTTE 3MIcP T BRI AFRFTEF R

A TR V7+VAM V8+VAM V10+VAM P (CK)
Fo+ 95.48a 95.38a 98.70a 92.19a
9 5t 88.75b 93.75ab 96.69a 73.75¢
v 97.5a 100a 100a 88.18b

HIRAFEFAAREAT 0 ZEHF (p=005):P 57 &4 > AMF: &
HATREA VI ~V8-VI0 i Bg2 4 -

AR 3 A A IR TR A 0 3R R KMs 2 A Aok

/”\lﬁi}i—r v A ’Fﬁ’ég—: J\;P‘Jit\—f (I : = NYE :}/\:«—1 1i 92% (T\ 14) Pk 7"\}\;}’1{.
BERARFATE R Fa @ o R A REE 7 RS 13 3 % F 50 T#&3
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P F LA EFHEE (105 &2 12 53 9 p) RME24 B F ka1 406 AEKEP EIRwHREE

HEERZ2EF $MEF47wrs (£15) F4BE BB A AU R 2
£AEEOREBEANEHAA ST @:@ﬂpﬁ&@y?sfgﬁ_n oo R
n SR TEER AR a%’zgazzﬁi%»@ kﬁﬁ;

SRR e 4w L 15592 22 5/&:‘-&%%??;#« 2 g iva AT ERIIA R H S
F R Ry L AR 1T o 448 Glomus etunicatum rJd2 2. 5 = F % 309 °
AE PR R S i 7506 (4 16) ¢

# 14 AA 293 BB RS HR 2 B

e 4 iF 6 ¥ 8 iF
PR ARG
ke 62+5¢* 10+3d Oc
KMs 92+4a 30+2a 2+1b
KMe 66+6bc 24+3b 4+2a
KMm 78+6b 18+4bc Oc

"EYFA AR 47 LRHEY¥ (p=0.05)

%154 R R E K AR FAE Ul F0 2 LR &

Bied 43R BifHSE * % R A
JedL ‘ % % (cem) *£ (cem) _
o K (cm) ®E A (cm) (cm) 254 °Brix
CK 190 66.8+2.8a 193.25+10.3a 19.7+2.4a 7.241.0a 443.2+177.8ab 14.1+1.1a
AMF 177 65.6x3.1a 184.5+7.7b  21.3+2.4a 7.740.7a 537.3+120.3a 13.9+1.0a
Eg -13 -1.2 -8.75 1.6 0.5 94.1 -0.2

iR lES 322 L AF (p=0.05) AMF: 31 CK 5 R e

% 16.6” FHFF ko FiFs 3 BRANFAZ AA/AF /R F (%) ik
£ ATE B e F R R
BT w BBl TR L AR 2 &4 A RFIAHE
8 " 9 8 " 9 ¥ 57 6 ”
CK 0 0 40.00c 75.00c 17.50b 22.50a
VAM 0 0 22.50ab 45.00b 10.00a 15.50a
Gm 0 0 17.50a 45.00b ns ns
Ge 0 0 17.50a 30.00a ns ns
Gi 0 0 30.00b 75.00c ns ns
Gs 0 0 30.00b 72.50c ns ns
Ek 0 0 40.00c 67.50c ns ns

33 CK @ #pe % » EK - %48 Entrophospora kentinensis » Gs : 4 Glomus spurcum > Gi : &4
G. intraradices *  Gm : 4&4& G. mosseae > Ge : #4& G. etunicatum » VAM : 42488 & = if 5 48

e
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P F LA EFHEE (105 &2 12 53 9 p) RME24 B F ka1 406 AEKEP EIRwHREE

FHEERE %0 Fad gy > o dpd G ointraradices ~ G. mosseae %
Sclerocystissp. % 3 f& 5 B A T 23 AREL > T RER T H AR A S
245 4 2. % 243 (Centella asiatica) ~ & # =4 (Arachis pintoi ) ~ w&s ¥ 3
( Desmodium triflorum) ~ i& /= % (Phyla nodlflora) % B 2z (Zoysia tenuifolia)
% ¥k (Clinopodium brownei) % 54 - & M EBE AN FZ ¥ A5
WEERF R AR R A2 gL T G ARG BT RS TR
EP P2 KZ R FAEYERANAZ T TALS R 7 I RFES,
EWEAN R FRERFZSEELESE 0 DR MARRB2ZFL (£ 17)-

217 2P RT5FlFREBAANAY A2 ST %1 (n=12)
Fruit qualityxSD

As2 Fruitlength  Fruit width Total soluble /& &

(cm) (cm) Fruitwt. (g) solids (°Brix) )%

PRE R

fhfF 10.7£1.1 8.0£0.7 328.6£101.3 12.9+2.2 33

#¥2  10.5£1.2 8.0£0.9 316.6£104.9 13.1+£3.5 50
ik E

aue11.0£13  85:0.7  380.8:105.4 11.7+1.7 25

2x2 10.9+0.7 8.5£0.5 375.0£64.7 10.9+1.3 30
Br e

f,\fF 11.1+0.9 8.4£0.5 391.1+£75.2 14.7+2.3 S

=52 10.8+1.0 8.3x0.6 334.7+87.1 12.8+£2.5 16

L0 AMF £ E A FIE -

o~ RABRE AN

BPEBAPFIfeBE foRE2 2 AR ERS*E v o 2R b2
Th L £ A > Fp ¥ 2SI A (5

AED LA ALREE LB F A - 5 MKE A Sp i aE s TR
5 ké‘f# spH 5 7810 ¥ — A RAIF feB T L BIRTE 2 > FiE
Ao BAEE e 2T AR %o R HS o R AR 2
pH i 10.3 (% 18) -

7 18. 2 A A MEF A 4T
R WA EORE RMBmA pH EC

JeJR 1% B
% % glcm® ds/cm
e 0.45 19.9 0.09 6.34 0.28
B R R fEER 0.04 66.9 0.14 10.3 0.51
MR R T sk 0.27 41.3 0.09 7.81 0.32

B HALZ ko B3 110 P@E MR kit b5 150
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P F LA EFHEE (105 &2 12 53 9 p) RME24 B F ka1 406 AEKEP EIRwHREE

% hAve % e * 240-480 kg / 0.1 ha 7 e fAsE A 1Y fBE > T RIS d 3G 2
Mrpkz 42 38 B2 ENH 23R APRL TG RM2ZHZTE (£ 19) WP
CAERT AR LY R AR AR SR TR I R
Lﬁ_r_}ii"amﬁiﬁm_i—%g’%ﬁv° 9 & %&?%E%F"T :%”%EK'LﬁéyﬁﬁiFg

A1 F A4 05-07°Brix (£ 20) » v REIEAASFT > RATEER
\q,:/\,si;?;i R HAacH TR TS 10-20 & o

219 PR FHEF RN PSR SR 2 Y £ A
pH OM. P K Ca Mg Fe Na E.C.
-F LR
11) % --- mg/kg (1:5)mS/cm
wan 7.30 1.13 42 105 4096 368 635 100 0.48

20 PR AHE S A AL ERLFE ST A

Hip & % £ % A M HA
/2 % %£/0.1ha = g HF
g cm cm Brix
) 240 kg 9.02+0.80 3.57 2.02 10.70+1.00
A 2
_______________________ 480kg  926x115 871 202  1062+107
) 240 kg 10.21+0.85 3.74 2.10 10.98+1.01
ORI A
_______________________ 480kg  9.65+¢107 890 209  1090+064
¥R e 12.01+£1.13 4.16 2.19 10.25+1.31

RCFEETH AT RIE I R EZ FoeBi 2 78 (£ 21)
AR oK A Y o AR E W R A 120-240 kg / 0.1ha » ¥ F sdrdl § & &
*“@L“@’”“Wﬁmw?%’ﬂ%WA@M’»%fﬁ&g i3, ToH
% € % 450-550 g0 ¥ A A A K 14.24 °Brix (4 22)- BB R P & 5+ 10 kg
R FeE H %z‘f_fd)i.sq 13.83 °Brix> L3298 % #£:F 90g ™ F 1k 91%( % 23) -

AT R B 7 | * RiFf o BAFEFTRBBRF IHZE L 113 cmol
kg’ (z\ 24) ; R BIRALEIR & > * AU g2 o(4 25) 0 B E AT % 4 25-50%
B fed et 2508 AFfR LR FRR AT 2 ¢ P RTE e ﬁk,nr&;%‘f VIRt
50% Bt fisd et 25-50% M AFfSB T AR R M TR UL & # SRR o 22
?ﬁfﬁ’f_@i}\ WMo vIREA 25%:;’;\&5?7&:“,. » TR t;;f g,_g_;;g\fﬁj ,Jrnﬁt,w\ ) e pEAR T
ER) e g A2 P

—
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P F LA EFHEE (105 &2 12 53 9 p) RME24 B F ka1 406 AEKEP EIRwHREE

221 HARENT R fodkz d w4 o4

pH OM. P K Ca Mg Fe Na E.C.

ESE N8 /0.1ha .. (1:5)
(L1) % - mMg/Kg---------=-=-=mmmo-- ms/em
X 2 753 1.6/ 135 81 2505 215 431 97 048
7 120 kg 773 152 96 85 2525 267 340 127 0.22
3 240 kg 794 133 95 108 3086 299 333 111 0.23
16 360 kg 7.73 1.29 86 96 3178 277 340 126 0.22
. CK_____r67132 78 91 2834 294 346 162 044
8 120kg 766 2.10 ~ 78 81~ 2397 "223 376 84 020
3 240 kg 7.74 221 81 94 2534 247 394 83 0.19
2 360 kg 7.80 2.00 74 82 2748 228 374 98 0.20
2 CK 7.73 2.00 74 71 2758 241 392 116 0.32

%22 AR ®EG R 59 SF AT
Hp £ ERCE AL KR

JdL :
g °Brix
120 = 7 /4 452.92+61.42 14.24
240 = 7 /4 ¥ 448.46161.71 14.52
360 = 7/4 + 418.67+84.98 14.70

¥ReE 451.67+55.61 14.12

23 U REYRIFERLETRFA

o At 5](%) i A8
150 5.1 120-150 s 90-120 5. 90 5| °Brix
527 /% 6.0 30.4 459 17.8 14.48+1.76
10 = 7 /% 7.6 40.5 42.8 9.0 13.83+1.16
15 = 7 /% 2.5 25.9 50.1 21.4 13.97+1.93
20 2 7/ 7.8 33.9 41.0 16.0 14.05%£1.35
¥ AR e 2.4 20.6 39.1 37.9 14.27+1.40

224, NgEF AR AT AL

AR pH EC B ok £ (%) CEC(cmol./kg)
FEXE 6.58a 0.129 11.1b 30.8e
i3 & R 4.369 0.70c 6.2d 112.9a
AT B 6.01b 0.84b 8.5¢ 50.4d
(821 25 5.11e 1.15a 17.1a 72.2c
B fnEe 25% 5.46¢ 0.34e 11.1b 46.0d
B fm#L 50% 5.32d 0.52d 10.6bc 52.2d
i3 &% FaE 25% 6.51a 0.19f 8.9c 68.7¢
i3 & fm 2L 50% 4.98f 0.36e 12.1b 79.9b

ERHAR L SEBGER R L BL(VIVIR &2 AT BORASE D AT AT 3 B Y IR TR L A o
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P F LA EFHEE (105 &2 12 53 9 p) RME24 B F ka1 406 AEKEP EIRwHREE

%25 BRI RERAFTL V2T LA REA AL S

FLER? EYERY KHERS REEYTAR g ARRTA
1 ??T FER~ % (cm)

(cm) (cm) (cm) “(cm) £ A& “(cm)
AN F 219a 19.1a 11.5ab  22.2a 8.0a 4.3a
BIE ek 25%  234a  19.6a 12.1a 21.9a 7.9a 4.2a
Blaf=3 50%  21.0a 18.4a 10.9ab  18.8a 7.1a 4.0a
g &FfeEL 25%  21.8a  18.7a 11.4ab  23.8a 8.3a 4.0a
g &5 f5# 50%  17.5b  17.6a 10.5b 20.3a 8.5a 4.0a
EIERSATEEFYRIVYELLR PR3 AREE YR IYELRTR 3R A HE

A
1 Ik

AL FAk € ~ R LB 3 Fofp s R A &% 2 oY
SRS EEY EINED 5 EEE § F s
J{T «f gn Y & P E AT LR ,%,Jfﬂ_gm
i 5 AAnd BMIRB SR
g5 gg(@é Pb&a)w‘}v,ﬁ_,_%;ﬂchﬁﬁxﬁ
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M2 d @ F-k1 406 REKETY EL g

R A KRR L EE: % ey B T 2k
Bray No. 1 Exchangeable
Treatment pH P K Ca Mg
(mg/kg)
PSB 5.3 496 272 1735 187
Control 5.7 387 246 1658 146
B2 fERARS Y AMEG AT E AL g R R0
N
Treatment P K Ca Mg
-------------------------------------- O E—
PSB 2.89 0.16 1.76 1.94 0.30
Control 2.96 0.12 1.65 1.82 0.27
% 3~ éj;%’f/\%@" q*/"}]}fﬁl :‘iﬁ;%%‘i% ?ii%f‘*
Treatment Fruit Width Fruit Length Total Soluble Solid Fruit weight
(cm) (cm) Content (°Brix) (@)
PSB 11.4 10.7 22.1 521.3
Control 11.2 10.7 20.2 511.8
RAFEBRRETG Y R R REFRAC AT E ARG
L
Bray No. 1 Exchangeable
Treatment pH o.M P K Ca Mg
(mg/kg)
AMF 6.0 0.8 20.8 51.6 29814 127.5
Control 6.2 0.9 214 54.2 3026.1 112.4
RS HAERAEFE Y LR TR R FRAC Y £ 2F
g2 %0
N P K Ca Mg
Treatment ~——"— 7
AMF 2.71 0.14 0.96 2.1 0.32
Control 2.62 0.11 0.82 1.8 0.34
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% 6.2004 # X HEE R ERAFFRILLEZEHRAED B

Trea- 100F 100F 100F 200F 200F 200F
ment +4CF +3CF +2CF +4CF +3CF +2CF

4ACF 3CF 2CF

Yield
(kg/plant)

7.3 6.9 8.1 7.6 7.5 6.6 6.3 5.8

2 T2 FEHEHFARAFFR L2 B RAED B

Trea- 100F 100F 100F 200F 200F 200F
ment +4CF +3CF +2CF +4CF  +3CF +2CF

4ACF 3CF 2CF

Yield
(kg/plant)

6.1 6 5.8 6.3 6.1 5.9 3 2.9 2.9

20 4
18 -
16 -
14 -
12
10 -

o N b~ OO
1

B Hifiagl

Bl $EHALS Py *RBARFHLL TR

43



EWHFE L A RFHE (105 F 125 9p) M 4B ® k19 406 ARKT Y EIFWEEE

1.8
1.6

14
1.2

1
0.8
0.6
0.4
0.2

0

B

s

1.5 -

B3 eh g Wikl z P EWRHEHARE A RERETFE L%
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Bk A AR EF LR

FlA%
AR L ELR L ERKTLECF R
tsliu@tari.gov.tw

&
T30 A WARM B TR I F eI PRF AR EFETHRS R
FEEFR G EALLRAEIRF O FEI NIRRT REFRTR
nzﬁmiﬁtﬁfm\m}é;ﬁﬂ HBAMARFEL O3 4182 - c TR rFZar A
EFZ-AFFEZoiTr A2 BELR ) AT BRSSP LI R R
Flig o Em B A PEY B ERE A Ay D B4 ¢ B £R% A 2006
R TR RV EYTHE, AL A5 W FALASAR KR 2
F o TR RO s fe A R KFUR R RIR s IR A B AT
K& e BERFEEAE
et 23 ind R AiFr R ETHR FE kR

#

i F A FfomE g KFF'I'.'%'E@ S~ F B kB AT REZ 2P
Bl > virhp AP P EYR ?i&hmméowﬁklééiﬁi
?+&ﬁk~n“ﬂﬁlk7ﬂ+ﬁi gﬂ&zk ek 194 2 %00 Y0
- Ao FE M@mkw%“ﬁﬁﬁwmlﬂzﬂ% N0 %25 40 1H) 5 4p
WAz FRERESREE ek 19 2 BCPNPO¥S e ’H) ¢ B it o it
30 _&uj\ o ‘“#Eﬁ%/? I\%}_ T I(.% o (13C/12C 15N/14N 180/160 348/328‘f
PHIMH) chik B > 4of AR e (=% ?ﬁ@ékw%%&@’%ﬁibﬁﬁrwm

ZE

BB OPFESEENIRIAHKE > E

R A7 3 153715’1”}!"3—-;—.7\" °

2Tl RS 5 AR IRIEE AP

R &R L
JdE i R FIRERT R RO ARF R R EAS T Y
E Tvv—% L lE' 13Cl12C 15N/14N 180/160 348/3ZS'¥ 2H/1H) % Lt ﬁi Py I-L K )@—4’7’

;;ta)g#,,ﬁ&mp\_;,,w_%pm:ﬂ}dpﬁlﬁ%g,u,g%% oo ik WAL Z %;Aﬁgé;i
W e d Al 02 5 4 2 (40 0°C ~ N~ 080 S e 0°H) - B 2 A L
8(%0) = (Rsample /Rreference — 1) X 1000 ...oovviiviiiiiiiins, (1)
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21085 R F o mERIFEEZREE R R h b B FRF
SHEEE S FER pimF I B S HR(E R - 2006)
A% PR FRFH PefrrE RESY S AR5
(%) = b“ =N

H 'H: 99.985 H, “H/'H VSMOW 1.5575x10™
’H: 0.015

0 *0: 99.795 CO; Bo/®0  vsMOW 2.0052x10°
170:0.037
180:0.204

C 12¢: 98.89 CO, Be e VPDB 1.1237x10%
Bc:1.11

N “N: 99.633 N, BN/N AIR-N, 3.677x10°
1°N:0.366

S 323 95.00 SO, SFg  *'s/%s CDT 4.5005%107
$33:0.76
33:4.22
%3: 0.014

(1) ¢ R % 2HMH ~0/M0 ~ Bc/C ~ PNMN 2 ¥S/%S » Regmple & 1 52 F =%
VB o RRreference » B = FiRE Sl mF 10 @ (£ 1) Fla b g & b fe
(fractionation) it X =% s £z Fi L eh Fp -+ o0t (%) 8o

fe % v Eep TS ;, {.z " =& vt A F 3k (isotope ratio mass
spectrometer) i 2 o FIFHERM H o HRIXE: AEF TR RALHH 2 ET 0
RSN RE o F R AT 0 T E G R THD TR F A TR
BPELORFEFATRTHFAITLEEE BT 2FEL 552 Tk
EECERFHFR L TR RAR, AR RE TR B R
i H2F o

ot AT iEe
R m R AAMAER T T AH A mF A L iF* (lisotope
fractionation) - 35 & @ 2 - =& & (L {F® Lk Fipk i g F 1@
AR I 'é'}’?’l“"%f‘r'&r‘]’%‘r’g\.— Eami R o g%ﬁ-y( A A R IEET (R R)
FERFOE REF IR Ea B RENER RN R G AR A R ;}‘@
Jfﬂ’ o Bl AV IRD M AR LR B R e R o AR TR R
?]L'Esi ,&% °
Mk ETEY L6 Catedrz CO, HE i Cotedr 58 0 ML R
By %@ﬁ’k%@s‘@?&?%@’ﬂ WA o FCu CafEtr 2 B IEH o %
F AR mE A ER S A 3 0 CoAl Rl 2 BC 2k
# Bc/2c v & (08°C) + ## (Lajtha and Marshall, 1994; O’Brien , 2015) o F] >
Be/re fg_Fcﬁ’»I—‘é.‘ 4 ERB(CO, 5§ & ~ kA BR) i o
Frumg ivr L) BAREATINO) KRy T ok g BB 0 Aok f
A NOgil » 4 o 758 » 3 T ORFRTG 8 ¢ FIMF 0% A R E R B ARR o 2T oRY
/j’ir;fiéM‘Uw fer 53 WH NO3IE R € fui- 4k B 5 MO I B H NN E(07N)
A et @ 5 % (Kendall, 1998) o foficd 4 Sz § 1% 42y > R 472 &
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ik RS B2 (b0 PN—N) & ik kRS (0 N—UN) 7 &
Foh R oo B o A H-NOg Y N S No P> 64 & Z ek =4
(“ND# % 0§ § 0@ A4 NOZ R € 2 & N £k 5 it (NOg)2 PNMN
CERAR (N) 2t AR b ML RF T L0 RERERE T k2
NN B (OON) g RE RS B o T TR E IR T k2 0ON &

B A hn B IR G  TORE R (T R R o
E o rok(H0) 2 4 2 B EY 56 o - a3 > ki
@%ik&%aﬂﬁ%owﬁ~£$9%«%ﬁﬁkﬁﬁbax
BB AKEF2ZKE (BL)ed-kz 0°HZ §5%0 BE0 % =+
ﬁnwoc*w)*mBO(*405%ﬁ»ﬁw’~¢1@7¢$
'Hz 0 =% sk 2 0°HZ 904 € |+ 0 %oo B3k - J\s,.\51801 1 ~13%o-
PR F R iR AR R R S B EN3% 0 gt Ty Eie 0 § MY 2 0 (&
2H) gsnlﬁo(& TH) % 5t kp s g A ks §F Mp 2 PO (& 2H) 4
HiRRAdeF B0 (%0 w0 4oB 1 2-15 R-17%0) o F > AR FEEF
OENES ﬁWngﬁﬁ%rﬁk;B%w’Mﬁﬁ%@%ﬂi%}V(ﬁOﬁ#{\@r
W12 -5%0) At P HE-kiz 00 @& Hd ALK F2 L MaEmLE o5
t‘* P A B AR Rk H PH A SPO HaE T R s k2 0°H & 60
AR EF bl oA FREHL LTS E #EﬂiézHEVélSOfﬁf’

t“ :é MEFFERFLEWAMEAESE Y izmiﬁziﬂ’—_fiﬁ% °

-

m .

e g sl Y
-13%e =15%e ~17 %
Vapour Vapour : : : :: it i : H Vapour

L _gep 11 Gl ./o.;l

H'Rain ! , Rai .

Iln"""nl e UL

TTRLNT !

'||,|| .'l i
ll

OCEAN CONTINENT

Bl1-kAaFpid REgdidms kP mLkizk A7 & B (Hoefs, 1987)

RIFERFT S %
BA g R Esrsherp 2006 & pE (R g o FTHK ) 2k hH kS
2 ER s B AR S RE 80T iR R R B AN AT o
MTE ekt 10 £ 0 K2 IR A N K o

() 7 BERFEFZ FLRBRTTE

g FkReF €3 2 RN e Fl i L F A F 0 2§ FLR
10%%&’%”“§WW G0N B F AR 5 0 %o o B B Fr 2 9N
e MERS AT AT R R 2 14NH3ﬁ?i ONH; % 3 425 » R
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Pt b 2 AR A 0PN B g 10~25 %o A3 1L B defe iy b (F f807) 2
N B P AELIE hok s Tbﬁﬂw;}:i—*ﬁ » g d 2 5N B g s 4 e
—ila’ﬁ L]

d 222 R (FIRYF ’2009) C Aok A 'iﬁi}]f"]:’l?/w\%frtﬁ_&g; By
23 W2 0N i ¥ {5482 8PN RN LS SN & el iR - 47 4 T 30 %
LA FWEF CMEE > ok AR V8 PR SN © ¢ B 0%

o

=]
\.

ﬁ

R
&

o
"SL

22 frHRz 2 RAEFIIE2 3PN fr 8°C A4 (FiAK £ 0 2000)

L) e 5N (%o) §13C (%o)
14
B+ 2.35 -28.76
eI 3.49 -27.33
4 Hre 17.64 -24.51
TRL; -0.30 -36.11
5 2
o 9.56 -32.59
5.46 -32.93
4.62 -32.62
I 3aig 6.55 -32.71
53 4w 19.06 -30.53
18.92 -31.44
21.19 -31.76
T ym 19.72 -31.24
5 iU Aw 0.99 -30.60
-0.11 -33.00
1.55 -31.53
I iaE 0.81 -31.71
wh R (e 7.12 -32.51
15.71 -32.28
15.54 -32.29
T ym 12.78 -32.29

(Z) B BHLER EFR K2 kiR &Y

p;‘?—ﬁﬁ%wra%wn&s% SRR - B A v ERPBIHF AL R
S BEY R F A B LA Kg &zﬂ RIRT AR CK KRR A A K
Kk ZJéF’_" '1/4 K a KR AR KA RA RSB F 24 Rk s W m
=5 BB 4\J\P7';}E,—ijﬁiﬁ/5ﬁ%7}<’lz&7ﬂ J\//}-?I’\'@";\LZP\? ’#Zﬁt*ﬂfﬂ.‘ﬁ'
BoR s TR SFHAR S FHE R T AR S RARKERBE o1 SFD Hag e
kzZ Hia g o # % RoREL K /mwi% R(e BB 2 BT 2 B ERERE )

—g
9E2AFLE 303 170 A0 T - %G 0 B G KRS BEEE Y K
AHAsE 22 183 35 & o fIfA T 0 AT AT kenf kokHF 22

G001 7~ o Fpt o B BALERKZHEBBER A KK o AL P HEEYELTE T
Bed oK REIR 5 AR EIR R K UK B B i
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dF 22 kAT aﬁ - 7 &-(DSDW-B)2. 0°H £ 5'°0 4 & ¢7 b3t -k 48
F ke b B AR L TER KT S O°H £ 01°0 s k2 #pkEapit (Peng et al,
2015) - DSDW-B 2_ /& ¥ /7 K -k 77 3% 444 t5ch o
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20 A
0 -
S 20 -
S | o
I 1 4 ROW/DIW
Yo 407 v SDW
v SSDW
60 | A DSDW-A
] A DSDW-B
o MW
30 m V-SMOW
1 —@— Precipitation in Taiwan
] — GMWL
-100 +————— | L L TT T TTrrr T T T T T
-12 10 8 -6 -4 -2 0 2

%0 (%o)
Bl 2 &4p B ka8 0°H 22 50 2 B 2 B](Peng et al., 2015) - @]+ & -+ DSDW-B % i¥
R KT 2 O°H ¢ 600 Bk s kAR 0 A KRR RS 2

MEIWEY FREEEIEAT AR RS A AR L e
iR o ﬂ%ﬂ"‘éu\%fmﬂﬁ% ~ 2 52H z 50 w2 4o~ 0% 25
LARBAEEAN BA BRI RA PRE Y

4Bl 32 BRET > OHZ 90 B FEFA NFIE(s EM)E M AR
'fgr—j\ » 12 7 R ,F zkfp/éa\\?' ! P\—» r,n'fﬂﬂ\ ° 1E i‘b rl PCAA\’}’? s ‘—L-‘;:&E—T(El 4)
95%**%?\?éfﬁﬂ‘i\ra‘#&1§]gnwﬁ FHr e A7 EaREARAS > ER
AT E? FRARAS S HAk s AT W%ﬁf?%%j‘%a:.@_l“\ (k=9 = >
2016)
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493 r/%ﬁf“ & re (l‘ﬂi Lig® 2011)
8
w
O 4 g e
, N <> C,i% At
4 y N \ ARIES
/ AN \VARE S
— AN @ m-i?;f ’55‘;’“
L 2 ‘ ®n0 N\ = #y .
< = AN
40 0 o N | IEIEREOS LY 1
<§/ L 2N E BatkEE R
ol A __ Ak A
—» O st~
-4 4
-6 T T T T
35 -30 -25 20 -15 -10
3'°C (%o)
8
(b) ¥ %
6 Q @ Coipty
) /// \\ <v> %;aiﬁwfﬂ
b B
A vy PR
8\‘:? 24 /ﬂm v \wy %
prd / AN m =
2@ 0 // ® \ O X
N @ nofkisra
2 Commmm » O et
-4 4
-6 T T T T
35 -30 -25 -20 -15 -10
6130(%0)
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RS ~FAE R F R P F R 02016 kR AF 2 G
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W3

A ERE Y 03 i (availability) £ 2 F 3 1 (toxicity) £ BT
(absorption). & %% > @ :J IR HWRA pHE -~ Bas w5 F £ (CEC) -
WHEIELFTLEL & 52 F 5 >t (Nolanetal., 2003; Li et al., 2004; Zhao
etal., 2006; Luo etal., 2008) - F)pt > &1 3 3 E & e kB ¥ 22 BRI 4
B o f sl w4 B2 A AR BRI T g T
(McBride, 2001; Janssen et al., 2003) - & #p <5%= 7 (Campbell, 1995; Sauve et al., 1996)
e o ARSI Y £ AR R > BRI d £ BB EHIERE LR
4*;;]%;—,%1 Mmﬁ""i:}ﬁ*ﬂ , p}&€_$}§n'1%ﬁ—’* iﬁr‘]ui’#ﬁfa&/’a\ﬁo gj_m" @,
wE A3y ehp d 3 S 03] (freeion activity model; FIAM) (Parker andPedler,
1997; Brown and Markich, 2000) » & 3 44 & * S HE-KM-R ik cuend £ B4 &
3 »xitfe3 2 (Peijnenburg and Vijver, 2007;Vink, 2009) - 2@ > » 5 3#F 377 LiF
NI Rk IEAR L 4 fg,'rfu r+ % 2 @B p oo BT g s
Jogpiee Caft s MgT A K s Na'fe HY % 2 v < £ = 4 (macro element) 5 &+ «h’
i (Parker et al., 1998; Pedler et al., 2004) - Klnralde (1998)#% &1 = F& ¥ wv e8] > F
UﬁWﬁﬂﬂ%ﬁﬁikﬁﬁmﬁﬁ Bicgrd Br B E a2 REEBE
tenfldtdpe R A R 6 # 2 Faee® > FA MR L e HE & S e
i** (Antunes and Hale, 2006; Wang etal., 2008) ¥ e € £ B+ A4 w EiF =
B m;r:r ¥ J&(Niyogi and Wood, 2004; Wang et al., 2009) - # qu%' AR R S )

TORMIEY » AEFE R R LF B UBRI IR FLIRP A E A HEY

A f,_}%mijf'"-a- Mier > 2 § ¥ X a4 (Lock et al., 2007) -

PacRPEfrl 2 E e 2 AR AR EFL S HMEIFER 2 BT 2

o B b A A2 TRV a0 &E*’ %40 % £ 45 (Arao etal., 2003) - 527 ¢

R ﬁjﬁ&é‘ F I e A AT 3 A SRS B 2 e & b % (Wagner,
1%3’* #ﬁﬁm*ﬁﬁ@ﬁk%aﬁﬁaF$iﬁﬁ;ﬂ#@£%AWm
;gi.glr\%’%.,- L4+ 2 (T Bl éég

IS 2 RS v g %“%.EL%EP\ FOLEE ~FFRE T T
Pl T AR AGATE RS > EH WP AT~ bl S ok fie § FHE R B oD
4 IR E% @ ) 7] s (Liu et al, 2012; Nazar et al., 2012) 47 ¢ % chjs 4= 4 32 7
fo @ A5 IAMEL B e 2 Bl 2 W K e v el ‘éz M Fei% % F it 33 & (Marschner,
1995; Kiegle etal., 2000) ; @ 47§ % crfg 4 # i ¢ 35 fEZ A0~ o & @3E - 3¢
F ﬁiﬂ Y R A e W J\/»\ #% 4z (Marschner, 1995; Szczerba et al., 2009) - » %]
BV B R DR AN~ e wt  BAE S MR RIT R R T34 0 G AT o de
W7 k43 o feand B £ 7 (Suzuki, 2005; Ismail, 2008; Ho et al., 2012;
Zorrigetal., 2012) > = 5 - £ 7 I mlf,\‘:)i_,‘ff"]‘qb,\__’}’#ﬁ& s H ORg Es(Kinraide,
1998; Yang et al., 2013; L|u etal., 2014) 11 58% FIF"*" AT o4 R ,]“4\: v
A FAE A M m RE AT S AT ST T (T TR (Shamsi et al., 2010; Farzadfar et al., 2013) -
7 Pafg PR rdn cng RAriE# € 7 B F o4 £ 1 (Bergmann, 1993) > - 4

CEFEE S E S AT ﬁnrs mn-r,, F(Juknevi¢ius and Sabiené, 2007) »
rTv B3 EF a9 A £ e F oo £ & FlE ((D gaard and
Hansen, 2010) > ]t 7 [r 847 c4f 3 14 22 S fT X 4T ~ &rwﬁ Henfe RV i £ B H
B 3 A u R PE S ERES R EESHES PO ihL B Y
(Arao et al., 2003; Stolt et al., 2006; Sugiyama et al., 2011) > e i» # > = 7 4 /e & /&

54



JEwHEFET A EEFE (105 & 12 3 9 p) H2ABA Fk1 9 406 RE KT EIFwpREE

KEA BRI ~ s ie B4R R M2 R R o

AT P ORFHVRAE) F T IRE AT FERT X ESB D
2.4 & F e sojc £ B (Yang and Juang, 2015) » 3% g p e 2 AT s 49K FOER ¥
REHE S BT A o

Z R il Il
- kPR

AR LRk 4+ B (Glycine max (L.) Merr.cv. Tainan No. 4)fe-] &
(Trltlcumaestlvum L. cv Taichung select No. 2) % 45 4 {38 2 fic;V 84~ » 7};@_—* K

T EFE36h EF ¥ > 10 %Hoagland i 2% /% [0.5mMKCI ~ 0.5 mMCa(NOs); -

0.1 MMKH,PO4~0.2 mM MgS0O4~0.25 mMMNH;NO3~10 uM Fe-EDTA~11.5 pMH3BO3 ~
22.5 UM MnSQ, ~ 119 nM ZnSO, ~ 80 nM CuSQO4 % 27.7 uM (NHy4) 6 M070,4] ¥ g £
ig%iaa T R EEZ* o

AT K T2 K #FE% M 10%Hoagland 3k 5 AR o RSP BiA R A B
F 1t ﬁW(KCI)F% L34 kR 03-1249.6mM > 2 12 % it 4F(CaCly)h B = 3 47k
ii 0510 10mMM £ > AR EZ R FL A BH L BFER R 11 E 1 45(CdCly)

> u el 2 4812 fv 16uM 45k B R & R0 TR B A ’T T A5 ISP o 1 A
% }%@_“’_‘fr#"’ﬁf i % % % 12 2-(N-morpholino) ethanesulfonic acid 3 #% ;% ¥+ pH
6.0-6.5 -

BREJT % 40mL B~ ’i@"ﬁ- S50mML 3 s P » & = £ 47 F S T - FRA
w4 v @fii‘** 7d iR B 25+5°C - #Bﬁ BE T5% > = p kR 12h sk
il £ 150umol m?s™» 4 *ﬁﬂ BB %00 A kAT LR R EAT kA 0 B SRR
BT Tdiss » B ERHAF oL o 582 65°C iz 72 h > B ir it AL
® o g kA LB & f(HNO3 / HCIO, (v/v = 4/1)) 4 44 & f2(Cornelissen et al., 2003) >
& & vk 3 ik (atomic absorptionspectrophotometry; AAS) Bz 18 88 & 3% 2. 4%
ER > X E M MITE sk R (S 2 SRR E 11.6 mg kg?)

C AR R M SRR
AR 4 A1 K £ (oot elongation, RE) %t fis AJE 7% it i85k & (Cdsol) » 3
&£ F },T'E%@ HBE %

a
~ T (Cdor JECs0) ’ [1]
He a- ‘fr’ ECso 5 % ok # 385 Bcdy £17 2 #1 4#(Chen et al., 2013b) - %-#ca
A BT @I eF o Slich Ak G o BTk $3cECy g =
%%F@m%§ﬁ§°
£ 5 ALK UER 57 2k 47 Uk & (Cdroot) » 1 AT 4R 3 Jedp i > 2 A0
Michaelis—Menten # # 5% 3 Cdyoot ¥ Cdgo) 9B 4 > & 57 40

M x Cd l
cd = — 2
root k+Cdsol [ ]

H P M E_Cdoot 775~ & > k F_3:F & + v J 50% 45 o2k & (Chen et al.,
2013a)

BEEEH
- AT B F 2 R

55



JEwHEFET A EEFE (105 & 12 3 9 p) H2ABA Fk1 9 406 RE KT EIFwpREE

-~@FT o A EHTRYEETGER YA A B F LR AR KA 4T
L %%Js&#t«l 1.04r10mM fémdp 3 R R %= 3 96mM 1 E B b
BETHFRE A R- (DRIEET  PEBeREEES FIEERAL A LR
FAEE o R TREIGRNEF B %m I S rn‘mmff»u o CRNE S
AT RERFFERLFSREARA L Z o Ep BT a P Lyt ER A
3296mMM o ] #490 E R R RARR TR c LR ERON[ISHEF By R
BN @w o ea g S FFER 05mMMPF ECs 5 0.89 uM > 4T 3 5k
B#2 3 10fcl0mMMPEEECs ™ %< 3 27940457 uM; @ 4235+ 4 § )k & 0.3 mM
=3 EC50 B 143 uM ﬁ%‘“’%ﬁi ;f;éfi#aﬂi 96mM %Ecs,o”’éa%ﬂ:a 5.74 uM e‘iﬁ-r

B fﬂ%&w 3 ,k}i 0.5mM EC5o g 10u|v| :Mgéw ,}EE;}&J % 101&' 1o mM
PFECs 7 &2 3 12440 159uM ;5 @ 4o+ 4 B k& 0.3 mM ¥ ECs 5 13.6uM >
Mgl ER KRS D 9.6 MM PF ECs 7 42 1 20.7uM > BT ] B 4R 3 fhmt £
THGE o A TR A A B RR S RS BRSO

NN & - L N A R h s -

Bl- @)% > & SRR L E % Y r],,,i?ﬁf«-,%fi P @ ¢¥¢*’ﬁifui‘aﬁ7%§%1 ’
PAPEI AR ERAKET L 10 10mMM > 1IREEE B AR T B F RS 2
A+ ERHPRINEER AR FRE - a Bl= (D)7 0 | & 2w 104k A T
BRARER YA SRR ML dEE O BT A AT ﬁ?;'éi‘ﬁﬁgjfvl?]p\ EAT A B
b FendpaoTi A R AT FERARD D IOMM A3 kAR KT 2
’ff'96mM ’ J Zé %M’lﬂag'ﬁw%fi B .J_,{E:f—[ % o @q—?‘ )‘5:, > \[Z]m
Michaelis—Menten #-3% > fo 31423845 )k A& chd ~ & (M)22 i 5~ & 50%73 % 45 Ik
B (K)2- vt L (MAK) > 3%t MUK ™ R i 42383 473 % 4§ 54 15(Yang and Juang, 2015) ;
Hrea2 3 FFEREOSMME MK 5 747 #4Tap+ kA K- 3 10 MM
MK T 323 i3 F kR 0.3mM B MK 5 5.87 #-dodg 5 kB & 2
I 9.6mM pEM/K ™ T %5 3 3.67 > AEoT 4 AT -~ 49T ﬁﬁ,};)ﬁ;ﬁg wERA R
TEAR T > @ Y AR SRR F OB o B o ) d A T o RS
FREROSEMMPF MK 5 203> B4+ kR - 3 10mMB??M/k""§dL 1.24;
e F FEROIMMEE MK 5 244 > #4383+ kR HE S 1 9.6mM pF M/K ™
I OL18 B AT~ S A B ORRNE O] TR R T 2T A

by

8>
¥ -

)
~ &

|

(=

W

q
$

G AL ERE A B AT RABRT FATERT ER LR E S
M g T R z“&&;u»]zmt&?{:” BomRd a3 ER DT A T RAEfE TR
LY Y TR IRAE b CRA R L S S
g ARFIAER REHES F*mlk”**ﬁﬂ#%Jéﬂhi}a)ii EFopET L E
IR R RE D SR A 0 A Ak R TR R R AR (L an(E
# %P‘El o

4
X

$4 2 pe
Antunes, P.M.C., and B.A. Hale. 2006. The effect of metal diffusion and supply

56



JEwHEFET A EEFE (105 & 12 3 9 p) H2ABA Fk1 9 406 RE KT EIFwpREE

limitation on conditional stability constants determined for durum wheat roots. Plant
Soil 284:229-241.

Arao, T., N.Ae, M.Sugiyama, and M. Takahashi.2003. Genotypicdifferences in
cadmium uptake and distribution in soybeans. PlantSoil 251:247-253.

Bergmann, W.1993.ErndhrungsstérungenbeiKulturpflanzen:Entstehung und Diagnose.
G. Fischer Verlag, Stuttgart, Germany.

Brown, P.L., and S.J. Markich. 2000. Evaluation of the free ion activity model of
metal-organism interaction: extension of the conceptual model. Aquat.Toxicol.
51:177-194.

Campbell, P.G.C. 1995. Interactions between trace metals and aquatic organisms: A
critique of the free-ion activity model. p.45-102. In: Metal Speciation and
Bioavailability in Aquatic Systems. A. Tessier and D.R.Turner (eds.) John Willey &
Sons, New York.

Chen, P.Y,, Y.ILee, B.C. Chen, and K.W. Juang.2013b. Effects ofcalcium on
rhizotoxicity and the accumulation and translocation ofcopper by grapevines. Plant
Physiol. Biochem. 73:375-382.

Chen, B.C., P.C. Ho, and K.W.Juang.2013a. Alleviationeffects of magnesium on copper
toxicity andaccumulation in grapevine roots evaluatedwith biotic ligand models.
Ecotoxicology 22:174-183.

Cornelissen, J.H.C., S.Lavorel ,E. Garnier, S.Diaz, N. Buchmann,D.E. Gurvich,P.B.
Reich, H. terSteege,H.D. Morgan, M.G.A. van der Heijden, J.G. Pausas, and H.
Poorter. 2003. Ahandbook of protocols for standardised and easy measurement
ofplant functional traits worldwide. Aust. J. Bot. 51:335-380.

Farzadfar, S.,F. Zarinkamar,S.A.M. Modarres-Sanavy, M.Hojati.2013. Exogenously
applied calcium alleviates cadmium toxicity inMatricariachamomilla L. plants.
Environ. Sci. Pollut. Res. 20:1413-1422.

Ho, P.C., C.H.Yu, B.C. Chen, and K.W. Juang. 2012. A biotic ligandmodel (BLM) used
for assessing alleviation effects of potassiumand calcium on cadmium toxicity to
soybean. Crop Environ.Bioinform. 9:1-14 (in Chinese).

Ismail, M. A.2008. Involvement of Ca** in alleviation of Cd®* toxicityin common bean
(Phaseolas vulgaris L.). Asian J. Biol. Sci. 1:26-32.

Janssen, C.R., D.G. Heijerick, K.A.C. De Schamphelaere, and H.E. Allen. 2003.
Environmental risk assessment of metals: tools for incorporating bioavailability.
Environ. Intl. 28:793-800.

Juknevicius, S., and N. Sabiené. 2007. The content of mineral elementsin some grasses
and legumes. Ekologija 53:44-52.

Kiegle, E., M.Gilliham, J.Haseloff, and M. Tester.2000. Hyperpolarisation-activated
calcium currents found only in cells from the elongation zone of Arabidopsis thaliana
roots. Plant J. 21:225-229.

Kinraide, T.B. 1998. Three mechanisms for the calcium alleviation of mineral toxicities.
Plant Physiol. 118:513-520.

Li, PW., A. Wolthoom, and M. Theo. 2004.Understanding the effects of soil
characteristics on phytotoxicity and bioavailability of nickel using speciation models.
Environ. Sci. Technol. 38:156-162.

Liu, C. H., W.D.Huang, and C.H.Ka0.2012. The decline in potassiumconcentration is
associated with cadmium toxicity of rice seedlings.Acta Physiol. Plant. 34:495-502.

Liu, Y.,M.G. Vijver, andW.J.G.M. Peijnenburg.2014. Impacts ofmajor cations (K*, Na’,
Ca®*, Mg®") and protons on toxicity predictions of nickel and cadmium to lettuce

57



JEwHEFET A EEFE (105 & 12 3 9 p) H2ABA Fk1 9 406 RE KT EIFwpREE

(Lactuca sativa L.) usingexposure models. Ecotoxicology 23:385-395.

Lock, K., K.A.C. De Schamphelaere, S. Because, P. Criel, H. Van Eeckhout, and C.R.
Janssen. 2007. Development and validation of a terrestrialbiotic ligand model
predicting the effect ofcobalt on root growth of barley (Hordeumvulgare). Environ.
Pollut. 147:626-633.

Luo, X.S., L.Z. Li, and D.M. Zhou. 2008. Effect of cations on copper toxicity to wheat
root: Implications for the biotic ligand model. Chemosphere 73:401-406.

Marschner, H. 1995. Mineral Nutrition of Higher Plants, 2nd Ed.Academic Press, San
Diego, CA, USA.

McBride, M.B. 2001.Cupric ion activity in peat soil as a toxicity indicator for maize. J.
Environ. Qual. 30:78-84.

Nazar, R., N. Igbal, A.Masood, M.I.R. Khan, S. Syeed, and N.A. Khan. 2012. Cadmium
toxicity in plants and role of mineral nutrientsin its alleviation. Am. J. Plant Sci. 3,
1476-1489.

Niyogi, S., and C.M. Wood.2004. Biotic ligand model, aflexible tool for developing
site-specific waterquality guidelines for metals. Environ. Sci.Technol. 38:6177-6192.

Nolan, A.L., E. Lombi, and M.J. McLaughlin. 2003. Metal bioaccumulation and toxicity
in soils — why bother with speciation? Aust. J. Chem. 56:77-91.

@ gaard, A.F., and S. Hansen.2010. Potassium uptake and requirementin organic
grassland farming. Nutr.Cycl.Agroecosyst. 87:137-149.

Parker, D.R., and J.F. Pedler. 1997. Reevaluating the free-ion activity model of trace
metal availability to higher plants. Plant Soil 196:223-228.

Parker, D.R., J.F. Pedler, D.N. Thomason, and H. Li. 1998.Alleviation of copper
rhizotoxicity by calcium and magnesium at defined free metal-ion activities. Soil Sci.
Soc. Amer. J. 62:965-972.

Pedler, J.F., T.B. Kinraide, and D.R. Parker. 2004. Zinc rhizotoxicity in wheat and
radish is alleviated by micromolar levels of magnesium and potassium in solution
culture. Plant Soil 259:191-199.

Peijnenburg, W.J.G.M., and M.G. Vijver. 2007. Metal-specific interactions at the
interface of chemistry and biology. Pure Appl. Chem. 79:2351-2366.

Sauvé, S., N. Cook, W.H. Hendershot, and M.B. McBride.1996.Linking plant tissue
concentrations and soil copper pools in urban contaminated soils. Environ. Pollut.
94:153-157.

Shamsi, 1.H.,L. Jiang,K.Wei,G.Jilani,S.Hua, and G.P. Zhang.2010. Alleviation of
cadmium toxicity in soybean by potassiumsupplementation. J. Plant Nutr.
33:1926-1938.

Stolt, P.,H. Asp, and S. Hultin.2006. Genetic variation in wheatcadmium accumulation
on soils with different cadmium concentrations. J. Agron. Crop Sci. 192, 201-208.
Sugiyama, M.,N. Ae, and M. Hajika.2011. Developing of a simplemethod for screening
soybean seedling cadmium accumulation toselect soybean genotypes with low seed

cadmium. Plant Soil 341:413-422.

Suzuki, N.2005.Alleviation by calcium of cadmium-induced rootgrowth inhibition in
Arabidopsis seedlings.Plant Biotechnol. 22: 19-25.

Szczerba, M. W., D.T.Britto, and H.J.Kronzucker.2009. K* transportin plants:
Physiology and molecular biology. J. Plant Physiol. 166:447-466.

Vink, J.P.M. 2009. The origin of speciation: Trace metal Kinetics over natural
water/sediment interfaces and the consequences for bioaccumulation. Environ. Pollut.
157:519-527.

58



JEwHEFET A EEFE (105 & 12 3 9 p) H2ABA Fk1 9 406 RE KT EIFwpREE

Wagner, G.J. 1993. Accumulation of cadmium in crop plants and itsconsequences to
human health. Adv. Agron. 51:173-212.

Wang, P., D.M. Zhou, T.B. Kinraide, X.S. Luo, L.Z. Li, D.D. Li, and H. Zhang. 2008.
Cell membrane surface potential (y0) plays a dominant role in the phytotoxicity of
copper and arsenate. Plant Physiol. 148:2134-2143.

Wang, P., D.M. Zhou, X.S. Luo, and L.Z. Li. 2009. Effects of Zn-complexes on zinc
uptake by wheat (Triticumaestivum) roots: a comprehensive consideration of
physical, chemical and biological processes on biouptake. Plant Soil 316:177-192.

Yang, C.M., and K.W. Juang. 2015. Alleviation effects of calcium and potassium on
cadmium rhizotoxicityand absorption by soybean and wheat roots. J. Plant Nutr. Soil
Sci. 178:748-754.

Yang, C.M., P.C.Ho,C.H.Yu, and K.W.Juang.2013. Use of bioticligand model (BLM)
for assessing the effects of calcium and potassium on cadmium uptake by soybean
seedlings. Crop Environ.Bioinform. 10:111-122 (in Chinese).

Zhao, F.J., C.P. Rooney, and H. Zhang. 2006. Comparison of soil solution speciation
and diffusive gradients in thin-films measurement as an indicator of copper
bioavailability to plants. Environ. Toxicol. Chem. 25:733-742.

Zorrig, W., Z.Shahzad, C. Abdelly, and P. Berthomieu.2012. Calciumenhances cadmium
tolerance and decreases cadmium accumulation in lettuce (Lactuca sativa). Afr. J.
Biotechnol. 11:8441-8448.

59



JEwHEFET A EEFE (105 & 12 3 9 p) H2ABA Fk1 9 406 RE KT EIFwpREE

—~
N

101 — & Ca05mM  — € — Cal0mM 10 —®— K03mM — € — K l2mM
(2 =0.9958,p = 0.0042) (2 =0.9955,p =0.0045) (r*=0.9982,p =0.0018) (*=0.9987,p=0.0013)
T 81 -—y== Ca_lOmM T 81 ==g== K96mM
2 (2 =0.9672,p = 0.0328) ) (r*=0.9405,p=0.0595)
£ £
£ S
: R
=] =13
= g
2 =
O] & 4
- -
g g
2 i T S
0
0 4 8 12 16 0 4 8 12 16
Cd spike (uM) Cd spike (uM)
—8— (Ca 05mM — € — Ca_lO0mM
121 (*=09750,p = 0.0250) (2 =0.9677,p = 0.0323) 121
— -—y== Ca_lOmM -
E (* =0.9592, p = 0.0408) E
2 91 Z 9/
g g
S =1
:
ER g 61
S G
z =
E E —8— K 03mM Y
31 34 (7=09429,p=00571)
— € — KI12mM —=yg== K96mM
(7 =09565,p=0.0435)  (2=09271,p=0.0729)
0 01
0 4 8 12 16 0 4 8 12 16
Cd spike (uM) Cd spike (M)

Bl- - %k 47(0.5, 1.0 and 10 mMCa) ~ 47(0.3, 1.2 and 9.6 mM K) % § i & & » 4
Gt ALk R (@)% B Ae(b) ] ¥ U £ B e ik -

60



TgwEE g kAt (105 # 12 % 9 p)

—~
N

M2 d @ F-k1 406 REKETY EI g

— & Ca0S5mM | —e— xo3mm
2000 1 (2= 0.9434,p = 0.0058) 2000 (2= 09757,p=0.0016)
— € — CalomM — e — K 12mM
~ 1gop { (F=09918.p=00003) ~ 1600 (2= 0.9963,p < 0.0001)
2 — == Ca 10mM _ 9 Z - - == K 96mM [
w (2 =0.9966,p < 0.0001) ® (% =0.9999,p < 0.0001)
= 1200 A £ 1200
= =
2 800 2 800
= o
2 5]
L=} =
IS 3
400 400
01 0

Cd spike (uM)

(b)

y | —®— CcaosmM
4000 (2=09983.p = 0.0001)
— © — Ca_l0mM
~ 3200 A (% =0.9730,p = 0.0019)
=113
fu - - g== Ca_ 10mM
E (72 =0.9902,p = 0.0004)
£ 2400 A
E
3 1600 A
Q
o
=
Q0
800 4
0 4

Cd concentration (mg kg™')

4000 A

2400

1600

800

0 4 8 12
Cd spike (uM)

—8— K 03mM
(2 =09914,p = 0.0003)

— e — K_12mM
(=0.9938,p = 0.0002)

== K 96mM
(*=0.9930,p = 0.0002)

0 4 8 12 16
Cd spike (uM)

Bl= ~ 7% F45(0.5 1.0and 10 MMCa) ~ 47(0.3,1.2and 9.6 MM K)# B JE & ™ > 4§
T ALk R 2 (a)* E fo(b)] & % w R4k & hbd

61

Cd spike (uM)

l,/ﬁ o

2N




JEwHEFET A EEFE (105 & 12 3 9 p) H2ABA Fk1 9 406 RE KT EIFwpREE

Isolation and characterization of facultatively oligotrophic bacteria

Yu-Shiuan Huang, and Fo-Ting Shen*
Department of Soil and Environmental Sciences, National Chung Hsing University
*Corresponding author: ftshen@dragon.nchu.edu.tw

Abstract

Conventional cultivation method relies on the use of nutrient-rich medium, which
easily enriches faster growers and limits the exploration of oligotrophic bacteria from
soil ecosystems. In the present study attempts were made to isolate oligotrophic bacteria
from non-rhizospheric samples collected from mountain roadside, beach, bay and
wetland using 1,000-fold diluted nutrient agar. Phylogenetic analysis and biogeographic
studies of these isolates were performed based on their 16S rDNA sequences. Besides,
tests for the utilization of methanol or agar as their carbon source (methylotrophic or
agarolytic), light as their energy source (photoheterotrophic), fixation of nitrogen or
solubilization of tricalcium phosphate were conducted. A total of 74 isolates with
facultatively oligotrophic behavior were obtained, since they can proliferate on both
1,000-fold diluted and conventional nutrient agar. 16S rDNA sequence analyses
assigned them mainly to class Actinobacteria and o-Proteobacteria. All these isolates
belonged to 24 genera which encompassed 35 species, demonstrating that these
facultatively oligotrophic bacteria occupied a wide range of bacterial lineages.
Fifty-seven out of 74 isolates formed colonies on methanol-containing agar, while only
21 showed better growth in methanol-containing medium. Nine isolates were verified to
utilize agar instead of methanol for growth. A total of 4 isolates showed
photoheterotrophic trait and the pufLM gene was successfully PCR amplified and
sequenced. The methylotrophic or photoheterotrophic behaviors might provide
advantages for them to inhabit oligotrophic environments. Members affiliated with
many genera were first demonstrated to fix nitrogen or solubilize phosphate, and
isolates with profound activities have potentials to be developed as bioinoculants used
to promote plant growth. In addition, the use of diluted nutrient agar helped to explore
several unrecognized species from non-rhizospheric soils. All these isolates may
provide opportunities for studying their oligotrophic growth, metabolism and interaction
with plants in a near future.

Keywords:  facultatively oligotrophic  bacteria;  methylotrophic;  agarolytic;
photoheterotrophic; nitrogen fixation; phosphate solubilization
1. Introduction

The heterogeneous soils in natural ecosystems harbor a great diversity of
microorganisms, but only small minority are cultivated. Traditional cultivation method
using nutrient rich medium easily enriches fast grower such as copiotrophic,
Gram-positive and spore-forming bacteria (Kasahara and Hattori, 1991). Based on
phylogenetic analysis Mitsui et al. (1997) reported that isolates belonging to the
Cytophaga/Flexibacter/Bacteroides  division, the Proteobacteria  a-subdivision,
B-subdivision and the Firmicutes high G+C division, except for Arthrobacter-related
strains, were oligotrophic bacteria. Bacteria affiliated with phyla Acidobacteria,
Actinobacteria and a-Proteobacteria have been further categorized as oligotrophs, while
Bacteroidetes and B-Proteobacteria exhibited copiotrophic attributes (Fierer et al., 2007;
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Keéki et al., 2013). By using a low organic carbon agar medium and repeating transfer,
Senechkin et al. (2010) concluded that the vast majority of strains belonging to the
trophic group of microorganisms adapted to a “broad range” of carbon concentrations,
including well-known and widespread bacterial genera.

Methylotrophs are those microorganisms able to grow at the expense of reduced
carbon compounds containing one or more carbon atoms but containing no
carbon-carbon bonds (Anthony, 1982). They have been shown to distribute in
environments such as oligotrophic marine waters, lake sediments, soils, plant roots and
phyllosphere which contained methanol as a prominent C1 source (Chistoserdova et al.,
2009; Dourado et al., 2015; Ramachandran and Walsh, 2015; Vorholt, 2012). Aerobic
anoxygenic phototrophic bacteria (AAnPB) are facultative photoheterotrophs which are
capable of oxidizing organic carbon to support their chemotrophic growth, while light
seems to be used as a supplementary source of energy (Yurkov and Beatty, 1998). They
use organic substrates as the main source of energy, reducing power and carbon, but are
capable of photosynthetic light utilization when organic carbon is scarce. AAnPB are
globally distributed in the euphotic zone or coastal regions and appear to be critical to
the cycling of both organic and inorganic carbon in the ocean (Kolber et al., 2001;
Ritchie and Johnson, 2012).

To fulfill the exploration and application of oligotrophic bacteria from
non-rhizospheric soils, the present study was undertaken to obtain isolates from both
terrestrial and aquatic environments using diluted nutrient agar. All these isolates were
subjected to phylogenetic and biogeographic studies. Tests for these isolates to grow
under various nutritional conditions, fix nitrogen or solubilize tricalcium phosphate
were conducted to screen candidates with plant growth promoting potential.

2. Materials and methods
2.1. Soil sampling and bacterial isolation

In the present work attempts were made to collect soils from nutrient-limited
terrestrial environment and coastal areas, which are quite different from rhizospheric
soils. Soil were collected with a shovel, put into zipper bags and brought to laboratory.
After serial dilutions samples were plated on 1,000-fold diluted nutrient broth agar or
1,000-fold diluted nutrient broth agar containing 3% NaCl. Colonies obtained on diluted
nutrient agar were transferred and maintained on conventional nutrient agar at 30°C.
Bacterial cultures were preserved in nutrient broth containing 30% glycerol at -80°C.
2.2. Bacterial identification and phylogenetic analysis

Genomic DNA was isolated using UltraClean Microbial Genomic DNA Isolation
Kit. 16S rDNA was amplified by PCR with bacterial universal primers (Edwards et al.,
1989) and purified using DNA Clean & Concentrator Kit. Cycle sequencing and
determination of the nucleotide sequence of PCR product were performed at Genomics
BioSci&Tech Ltd., Taiwan. Bacterial identification was carried out by comparing the
16S rDNA sequences of isolates and their most closely-related type strains using
EZTaxon ldentify function. Besides, based on 16S rDNA sequence, isolates were
subjected to biogeographic studies through comparing with their most closely-related
environmental strains retrieved from NCBI GenBank database.
2.3. Methanol utilization, mxaF gene amplification and agar utilization

Colonies grown on nutrient agar were picked and suspended in phosphate buffer
saline to remove residual nutrient from the former medium. Cultures were streaked on
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methanol-containing agar or inoculated in methanol-containing mineral salt medium
(DSMZ Medium125). After 72 h of cultivation, the growth of isolates on
methanol-containing agar was recorded as revealed by the formation of colonies.
Bacterial growth in methanol-containing mineral salt medium was compared with that
in mineral salt medium without methanol supplement to demonstrate their abilities to
utilize methanol. Few isolates were subjected to the analysis of gene encoding for
methanol dehydrogenase alpha subunit. The mxaF gene was amplified by PCR with
primers mxa 1003 and mxa r1561 (McDonald and Murrell, 1997). The amplified mxaF
gene was separated, purified and cycle sequenced using primer mxaF1003 to determine
the nucleotide sequence.

Water agar which was prepared by distilled water and 2.0% of bacteriological agar
powder was used to screen agar utilizers. Fresh colonies grown on nutrient agar were
picked and streaked on water agar. After 120 h of cultivation agar plates were stained
with Lugol’s solution, and the formation of clear zone around colonies demonstrated
their agarolytic activity (Saraswathi et al., 2011).

2.4. Light utilization and pufL gene amplification

Utilizations of light by isolates were tested on marine broth (Difco, BD, USA) agar,
10-fold diluted and 100-fold diluted marine broth agar. Fresh colonies grown on nutrient
agar were picked, streaked on marine agar or diluted marine agar and placed in cultural
chamber under white light. Plates covered with aluminum foil served as control. After
72 h of cultivation, growths of colonies exposed to light or dark-adapted were compared.
Isolates which showed better growth under light were subjected to the analysis of gene
encoding for photosynthetic reaction center L subunit and M subunit. The pufLM gene
was amplified by PCR with primers pufLf and pufMr (Koblizek et al., 2003). The
amplified pufLM gene was separated, purified and cycle sequenced using primer pufLf
to determine the nucleotide sequence.

2.5. Nitrogen fixation and phosphate solubilization

To test for isolates with nitrogen-fixing ability, fresh colonies grown on nutrient agar
were picked and streaked on nitrogen-free agar (modified from that described by Eckert
et al. 2001). After 5-7 days of cultivation isolates which were able to form colonies on
nitrogen-free agar were further tested for their nitrogen-fixing activities by the acetylene
reduction assay (Hardy et al., 1973). Small vessels containing 5 ml of nitrogen-free
semi-solid medium were inoculated with each isolates. After 7 days of cultivation the
vessels were sealed with rubber septa. 10% (v/v) of the air phase was replaced with
acetylene and the vessels were re-incubated at 30°C for 24 h. The ethylene was
measured as described by Hung et al. (2005).

To test for isolates with phosphate-solubilizing ability, fresh colonies grown on
nutrient agar were picked and streaked on NBRIP tricalcium phosphate agar (Nautiyal,
1999). After 5-7 days of cultivation isolates which were able to form colonies on
tricalcium phosphate agar were further tested for their phosphate-solubilizing activities.
Colonies were picked, suspended in normal saline and inoculated in tricalcium
phosphate medium. After 5 days of cultivation the supernatant obtained by
centrifugation was passed through a 0.45 um Millipore filter (Merck, Taiwan). Soluble
phosphate of the cultural filtrate was determined by the vanadomolybdophosphoric acid
colorimetric method (Barton, 1948).

2.6. Nucleotide sequence Accession Number

The 16S rDNA sequences obtained in this study were deposited in the GenBank

database under Accession Number KX022792-KX022865. The mxaF gene sequences
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were deposited under Accession Number KX250273-KX250274. The pufLM gene
sequences were deposited under Accession Number KX250275-KX250278.

3. Results and discussion
3.1. Population diversity and phylogenetic analysis

In the present study a total of 74 isolates were obtained on 1,000-fold diluted
nutrient agar from 4 non-rhizospheric soil samples. The utilization of fewer nutrients
within diluted cultural medium by these isolates demonstrated their oligotrophic
behavior. In addition, the facultative oligotrophic growth can also be seen in these
isolates since all of them formed colonies on conventional nutrient agar. 16S rDNA
sequences of these isolates assigned them to the phylum Actinobacteria (30/74),
Firmicutes (2/74) and Proteobacteria (42/74). Among them, sixty-six isolates shared
high sequence similarities (>98%) of 16S rDNA with their most closely-related species.
The remaining 8 isolates which showed higher variation (>2%) of 16S rDNA sequences
compared with type strains might represent as novel species (Kaeberlein et al., 2002;
Stackebrandt and Goebel, 1994). All these isolates belonged to 24 different genera
which encompassed 35 species, demonstrating that these facultatively oligotrophic
bacteria occupied a wide range of bacterial lineages.

In red soils of mountain roadside a total of 13 isolates affiliated with 11 species and
a possibly novel species were obtained. In sandy soils of Tongsiao beach all these
isolates belonged to the phylum Proteobacteria, and majority was affiliated with
Aureimonas altamirensis and Brevundimonas aurantiaca. In sandy soils of Baisha bay
Nocardioides marinus was the dominant population. Considered for the isolations from
four different soil samples, the distribution of a total of 8 bacterial lineages namely
Brevundimonas aurantiaca, Erythrobacter gaetuli, Methylobacterium radiotolerans,
Mycobacterium rufum, Nocardioides ganghwensis, Nocardioides marinus, Rhizobium
rosettiformans and Sphingopyxis contaminans in two or three non-rhizospheric soils
was evidenced. This provided hints regarding the oligotrophic nature of these isolates.
3.2. Biogeographic distribution

Isolates obtained from the present work were subjected to biogeographic studies.
Thirteen isolates (OTB1-OTB13) which were from red soils of mountain roadside
shared high sequence similarities (99-100%) with strains obtained from bulk and
agricultural soils, plant organs such as seed, root and leaf. A majority of these
environmental samples were collected from Asia region. Twenty-one isolates
(OTB14-0TB34) from sandy soils of Tongsiao beach, the western part of Taiwan shared
high sequence similarities with strains mainly collected from China, and the samples
were generally with higher osmotic pressure such as salt mine deposit, lake, lake
sediment and marine sediment. Twenty-three isolates (OTB35-OTB57) from sandy soils
of Baisha bay, the southern part of Taiwan shared high sequence similarities with strains
mainly obtained from seawater, tidal flat of the sea or sediment from Korea. Seventeen
isolates (OTB58-OTB74) from sandy soils of Gaomei wetland, the central part of
Taiwan shared high sequence similarities with strains obtained from water and sediment
samples from Asia region. Considered for the ecological meaning of these isolations,
generally red soils harbored isolates which were taxonomically similar to strains from
terrestrial environments, while isolates obtained from sandy soils collected from beach,
bay or wetland were related to strains from aquatic environments such as lake, marine
and sea. Besides, the similar geographic origin of the present isolates and their most
closely-related strains in Asia region was demonstrated. These isolates might also
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provide opportunities for studying their ecological roles in different ecological niches.
3.3. Methanol utilization and mxaF gene amplification

Fifty-seven out of 74 isolates formed colonies on methanol-containing agar. When
they were inoculated separately in methanol-containing mineral salt medium, only 21
isolates showed better growth compared with that in mineral salt medium without
methanol supplement. In the present study isolates affiliated with genera Aureimonas,
Nocardioides, Roseomonas, Sinomonas and Sphingopyxis were first demonstrated to
utilize methanol as carbon source for growth.

In an independently long-term batch culture system, Methylobacterium sp. OTB46
which belonged to a well-known methylotrophic genus and Aureimonas sp. OTB18,
which has not been reported as methylotrophic bacterium was inoculated separately in
methanol-containing mineral salt medium, and bacterial growth was monitored during
240 h of cultivation. Methylobacterium sp. OTB46 showed a prominent growth in the
presence of methanol during the first 120 h of cultivation, with an increase in bacterial
number from 5.9 x 107 to 1.5 x 10® CFU ml™. After 120 h of cultivation, viable number
of bacterium declined which might own to the exhaustion of methanol in the cultural
medium. As for Aureimonas sp. OTB18 which showed a different growth pattern in
methanol-containing mineral salt medium, there was no obvious growth during the first
120 h of cultivation while viable number of bacterium increased from 4.8 x 10° to 4.8 x
10" CFU mI™ after 120 h of cultivation.

The mxaF gene was successfully PCR amplified and sequenced from isolates
OTB46 and OTB18. The nucleotide sequence of mxaF gene in Methylobacterium sp.
OTB46 was 100% (502/502) identical to that in Methylobacterium radiotolerans JCM
28317 (EF562472). However, when mxaF nucleotide sequence of Aureimonas sp.
OTB18 was blasted, the most closely-related sequence with 96% (491/513) in identity
was a ribosomal RNA operon-containing contig (LC066370) in Aureimonas
altamirensis. By using the translated mxaF gene to search protein database in NCBI
GenBank with blastX function, it was demonstrated that the hypothetical protein
(BAT25653) encoded by the contig shared 99% (169/171) identity with mxaF amino
acid sequence of OTB18. Interestingly, genes encoding for this protein were indicated to
be present on a small plasmid and annotated to contain region noted as methanol
dehydrogenase. Besides, the translated mxaF gene of OTB18 also shared 91% (155/171)
and 89% (153/171) identities with methanol dehydrogenase from strains affiliated with
the genera Paracoccus (WP_028714608) and Ancylobacter (WP_018391124),
respectively. The presence of mxaF gene in isolates OTB46 and OTB18 provided
genetic evidence for the potential utilization of methanol by both isolates.

3.4. Agar utilization

Isolates which can form colonies on methanol-containing agar but failed to
proliferate in methanol-containing mineral salt medium may be due to their abilities to
utilize agar as carbon source. Therefore, water agar was used as medium to screen 74
isolates which can utilize agar for growth. A total of 42 isolates can grow on water agar.
Among them, production of clear zone around colonies on water agar was found in 17
isolates after stained with Lugol’s solution. In combination with methanol utilization
test, a total of 9 isolates were demonstrated to utilize agar instead of methanol for
growth since they can form colonies on methanol-containing agar but failed to
proliferate in methanol-containing mineral salt medium.

3.5. Light utilization and pufL gene amplification
AANPB have been shown to be widespread in tropical surface waters and in
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temperate coastal waters (Kolber et al., 2000). In the present study a total of 6 isolates
namely Altererythrobacter sp. OTB41, Erythrobacter sp. OTB36, Erythrobacter sp.
OTB68, Methylobacterium sp. OTB46, Porphyrobacter sp. OTB63 and Rhizobium sp.
OTB26 were demonstrated to show better growth under light.

The pufLM gene was successfully PCR amplified from all 6 isolates, and 4
sequences were obtained. The PufL amino acid sequence of Altererythrobacter sp.
OTBA41 shared 92% identity with that of Erythrobacter marinus HWDM-33", while it
showed only 70% in PufM amino acid sequence between two strains. In
Methylobacterium sp. OTB46, both PufL and PufM amino acid sequences were 100%
identical to that in Methylobacterium radiotolerans JCM 2831". The PufL amino acid
sequence of Porphyrobacter sp. OTB63 shared 97% identity with that of
Porphyrobacter neustonensis DSM 9434", and it showed 93% in PufM amino acid
sequence between two strains. In Rhizobium sp. OTB26, the PufL amino acid sequence
shared 98% identity with that in Rhizobium sp. AAP116.

3.6. Plant growth promoting traits

A total of 25 isolates can grow on nitrogen-free agar, and the acetylene reduction
assay showed that 19 isolates possessed nitrogen-fixing activities ranging from 0.031 to
0.14 nmol ethylene tube™ hr®. The nitrogen-fixers obtained in the present study
belonged to 12 genera. As for tricalcium phosphate solubilization, fifty-five out of 74
isolates can grow on tricalcium phosphate agar. Among them, thirty-three isolates
affiliated with a wide range of bacterial lineages showed phosphate-solubilizing
activities ranging from 10.10 to 331.48 pg ml™. Better performances (> 100 pug ml™)
were recorded in members belonging to genera Aureimonas, Bacillus, Mycobacterium,
Nocardioides, Paracoccus, Pseudomonas, Sinomonas and Sphingopyxis.

The facultatively oligotrophic bacteria which can utilize methanol or light might
have more advantages for colonizing in oligotrophic environments. With profound
nitrogen-fixing or phosphate-solubilizing activities, they might serve as biofertilizers
used in folia application or inoculated in the rhizosphere to promote plant growth.

4. Conclusions

In the present study a variety of facultatively oligotrophic bacteria were isolated
from non-rhizospheric soils and phylogenetically clarified. The methylotrophic,
agarolytic and photoheterotrophic behaviors of some isolates were demonstrated.
Members affiliated with many genera were first demonstrated to possess free-living
nitrogen-fixing or tricalcium phosphate-solubilizing activities. In addition, the use of
1,000-fold diluted nutrient agar helped to explore several unrecognized species from
non-rhizospheric soils. All these facultatively oligotrophic bacteria may provide
opportunities for studying their oligotrophic growth, metabolism and interaction with
plants in a near future.
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Table 1. Statistical summary of soil organic carbon density (SOCD, kg m™) at different depth
for arable soils in Taiwan

Depth Number of Mean (kg m®) Min (kgm™) Max (kgm?)  Standard
values deviation
0-15cm 117,622 2.86 0.01 26.1 1.43
15-30 cm 87,955 2.57 0.01 43.6 1.44
30-50 cm 74,302 4.56 0.02 73.1 2.99
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Figure 1.Distribution of soil organic carbon density (SOCD) in 0-15cm soil layers of
arable land
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Figure 2.Distribution of soil organic carbon density (SOCD) in 0-30cm soil layers of
arable land
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Figure 3.Distribution of soil organic carbon density (SOCD) in 0-50cm soil layers of
arable land
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SEERL- B3 éfc;ﬂ‘*'ﬁ‘ @2 £ 357 4 o Tsai and Chen (2002)34 ;J?’%ﬁd
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Table 2. Estimates of total SOC stocks in arable land of Taiwan

Depth  Total SOC Computed Average

Source area (million  SOC stock Database
(cm) stocks (Tg) ha) (ton/ha)
This study 0-15 26.6 0.98 27.1 grid sampling
0-30 50.0 51.0 (n > 110,000)
0-50 86.7 88.5
0-100 107.0-133.4 109.2-136.1
soil survey in 1960's
Chen et al. (2000) 0-20 21.7 0.78 27.8 (n=78,635)
soil survey in 1980's
0-20 27.5 0.85 32.4 (n=5.730)
Chenand Hseu  0-30 61.1 1.68 36.4 soil pedons of different
(1997) 0-50 84.5 50.3 Soil Order (n=100)
0-100 122.8 73.1
Jienetal. (2010) 0-30 81 1.68 48.2 soil pedons of different
0-50 113 67.3 Soil Order (n=387)
0-100 162 96.4
32 2 et

FEIEFPRGETLRTIEF PRI E C BHBA - ??ﬁiiijg;;;é
Booipd SlRyRE G 3 BB T R AZR 2 ] R4 (Schrumpf et al,, 2011) -
R r’v’ﬂ?‘q"”iv‘ v 3G A B R i 2 (loss-on-ignition, LON)R < H 2
BB w BRI BT T 58%5} %&E‘Q’ - B e 4 515 (Van
Bemmelenfactor 1724) #E 2GR Z T >R F P EFIHE2ZTF PFTDIR
FREF o H- ﬁ#r?“*ﬁéi?”““r”ﬁ R SR 0k T R R
20(Nelson and Sommers, 1996)» IEFBFT e AP IE AR FE 2SS
T eas gREBIEG BRE LOI B %_E 2. B enld % (Ping and Dobermann,
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Mechanisms of phosphorus uptake by periphyton in paddy soils as
affected by calcium and iron

Jiuyu Li and Dean Hesterberg
Institute of Soil Science, Chinese Academy of Sciences, Nanjing
Department of Crop and Soil Sciences, NC State University, Raleigh, NC U.S.A.

Rice is the staple food for more than half of the world’s population, and phosphorus is a
limiting nutrient for rice production. Better management strategies are needed to
increase P-use efficiency in rice grown in paddy soils. Recent research suggests that
periphyton growing at the surface of paddy soils could have an important role in P
cycling. Periphyton can thrive and assimilate Pduring the early stages of rice growth
when more sunlightis available, then die and potentially release P as thecanopy cover
fills during later stages of growth. Hence, thetiming of P cycling in periphyton could be
in synchronywith the timing of crop needs. Few studies focused on the effect of
periphyton on P cycling in paddy soils. We hypothesize that the plant availability of P
from decomposing periphyton will depend on the amount and chemical speciation of P
immobilized in the periphyton, and that Ca and Fe contribute to P storage in periphyton.
Our resultsindicated that the P sorption capacity of periphyton increased whenthe
amended with Ca** or Fe**. The amount of P sorbed correlated linearly with the sorbed
contents of Ca®* or Fe?*. In addition to the potential for biotic adsorption,photosynthesis
increased the pH of periphyton to pH > 8.0, which would promoteabiotic precipitation
of P as Ca-phosphates.Photosynthesis also promoted oxidation of Fe?* to Fe®*, with
precipitaton of Fe (hydr)oxides that can adsorb HPO,". Our initial P K-edge XANES
spectra indicated a strong preference of phosphate for Fe over Ca in periphyton samples
amended with P, Ca, and Fe.The fundamental knowledge produced in this study will aid
in developing management practices for paddy soils that could improve P use efficiency
by rice via storage in periphyton.
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