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2 (C.F.)~suse g2 (S.C.)~38% +1/3N EJ2Z (S.C.+1/3N)~38% +2/3N
Fed2 (S.C.+2/3N )~ %57 + 1/3N aJ2(GM. +1/3N)Ffeik &8 +1/3N &2 (Peat
+1/3N)J 2 20 & £ #36 % $ 3 3 202 §o80 e & BBk AR o2 ok T eh
LR SN kS *Liiﬁﬂ‘iﬁf*%‘r#ﬂﬂmv{%w'l’ﬁ" % (SQImps 2 SQI total )
EEI AN TR EARIEH I ST R ERT R 0 G BT
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FWEEROR Y REERPEIY o wi R F L
FAI* nE & Er’i“‘ Rk R EDRREERT RN RE
B FBE 4 A F iR 'f (Manna etal., 2005) > #7102 & * 4 %‘r EH f‘-"F«Jf"f’xff'
komdE R S o F AR kAR 3] £ 4R(Chander et al., 1997)
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FEXRIRMEFT L g B FRD2 LFFPN S HEFIELAETR
AL BESRARZ ZFET O DRBAEEEZ AEHRLE 204 (Soil
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Bl A BRI 2 & ST ent A iR TE 0 fPie 7% R fs 45 (One-Way
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EHRHEHBY RS THESRE
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B EEAEY & AL SQI -

BAREEBERFLSA A (PCA) £F& ] File (MDS): £ &
¥ SQI- #* Spss & (IBM SPSS Statistics 22) AR L RILZ P E
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FW TR g g BB pH E(Ar L > 1998 1 pfrdt > 2003) ¢ 4 -
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pH &% NF dZst > Hed fbadl ¢ & F M NF 2 o et (2003)
B AR LT SR AT o B RS RS A2 R pH B2 otk o
Hargrove (1986) 3245 1) % Z & % 5w m#, 2 ¢ 3 eh pH (e kR AP f&
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SQI=-33 PWC X 46.2% + Ex. Ca/Ex. Mg % 46.2 % + O.M. x
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F 1~ 2015 ERAS2 2 F g is 2 7 P adZd Heh3 8 F 7 £ ~ pH - Bray-1
B R o
Table 1. Values of soil organic matter, pH and Bray-1 P content in different treatments

: Rice  22¢ 20 25" 30 26 21¢ 78°
Organic matter

-1

kg com 209 190 28b g 29b  g3bed g
. b d a ab b cd c

Rice 535 4.9 5.8 5.6 5.5 5.1 5.3

pH

a d a a b c c

Comn 63 5.7 6.5 6.3 6.2 5.9 5.9
: c b a a a b b

Bray-1 P Rice 19 36 59 61 66 35 33

(mgke-1) o 150 25b 47° 45° 45° 26b 32b

06 -

204 -
2
o2 -

0.0

NFE* CF. 8.C. S8.CA+1/3 8.C.+2/3 GM.+1/3 Peat+1/3
N N N N
Treatments

B 1~2015 & -kKfedcfEis 2 & @ e SQI # 4~

Figure 1. SQI scores in each treatment after rice harvest in 2015.( *N.F. : No fertilizer;
C.F.: Chemical fertilizer ; S.C. : Swine manure compost ; G.M. : Green manure; * Bars
with the same letter are not significantly different ( p <0.05 ) according to Turkey’s

multiple test. )
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B 22015 # & /a2 e 3 5F JefE{s 22 SQI # 4
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Influences of Sod Culture on Soil Properties of Orchards

Yong-Hong Lin* Kong-Shou Tseng
Kaohsiung District Agricultural Research and Extension Station

The sod culture of orchards is one of the important politics for fruit health
management.sod culture will improve the soil properties, and can create a good
environment of production for healthy quality of fruit. Pingtung district is the main
producing areas for waxapple in Taiwan, the two excellent sod culture were chosen
for planting in orchard, and then the control area (CK) was chosen. The soil properties
and the effect on fruit quality of waxapple showed that after two month, two sod
culture, the soil properties (bulk density, soil porosity, soil nutrients) were better than
non-sod culture orchard. The fruit weight and total soluble solids are both higher,and
cracking rate is lower in sod culture. By FTIR analysis shows that there are some
other functional groups of carboxyl and hydroxyl groups on the apice of the existence
of the carboxyl and hydroxyl groups, which can increase the chance of bonding
nutrient ion and root apice. On the other hand, the secretion of harmful materials are
all low, so it can be recommended for planting in orchards. The proteins analysis
showed that the sod culture can reduce high cadmium concentration in soils, protein
expression in the xylem of rape should be associated with organic acids and
antioxidant, energy production, and so on. They are the important clue for removing
the cadmium concentration in soils.

Key words: Orchards, Sod culture, Soil properties, Quality, Phytoremediation

* Associate Researcher, Kaohsiung District Agricultural Research and Extension

Station, Council of Agriculture, Executive Yuan, Pingtung, Taiwan.
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Fig.5. Downregulated proteins of xylem exudate in rape plants treated with different Cd

concentrations.
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Fig.6 Upregulated proteins of xylem exudate in rape plants treated with

different Cd concentrations.
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Table 1. LC/MS/MS identification of the differentiallv expressed proteins

MOWNSE Ewperiments] Theoretical Hahly
Mo, Acmmlon Mo Proein Desciption ccorm w7 Wi N
glirerszas  mitcchonddal 1 sr eythass bata aubunk [suatddopds thallana] s fLosfs.ee ERsEfeE2
15835821 ATPaca beta wiurnit filcoliana epbesshiis] 184 .80 75.71
s glanesse  FlsPese (Plsum satheum| 112 60.28 {663 =
1148384751  ATP rnithass bata chaln [Habamgorium pirnstum| 7 M f552
gdliszserze  s7P swnthase beta subunit (Surretiobentla hapala| 72 L7Efe.

SEPASE (ualabuprois -2 bp ke sp hatso); phasphark sy hrdrabug

43 gliszzmiss 4] HRIfAN 79 ie7
weileing lriet bphwig hataa (A b ilegsi thaliana) conird
u gs GHTFLY (HALIANS GLYBTHIGNE 3 TRANTFERASE FHI 10K coppar bon Winding / 108 W56 IS
Sursthians Wnding 7 shtsthions trandfarses [srathdopads thallsna| EL
S6 g|7e=e5s6  hypothetical proteln - wild cablage (fragment) o5 WAMS5I] BOL744
glarseasoe  putativ lacigutathicns kase-lie proteln [Capealla ndalla] ] 907904 canted
31153309282  pradiched protain (Chsmpd Inhardtl] L] 118.17 § 3.04
77 g|nrsoess  ghtathbone strandesase 2 [Grasdea unces) 128 MOTFEDI M2BSEE
g1 ot [Aratidopek thalanal w0 L% FL S [+
50 glsrsns  lenedomn-HeoP: redocase [srabldopsds thallana] 9 L29/9.70 dn4Efzes
FJle13eam  pubathes Fvrrsdodin-dB0F reductass [Scdanum parvdanum| EL] I cantrc
9 glasngr teiame rullsnknesn pronin 12 ] faas e LB Lm0
dlesi1az  putsties ghpdine-vich era binding protedn 1 [Catharanthus soseus] 52 waien
Jl2n1144  pulaties ghpdre-rich EMA blnding probeln B [Catharanthus reosus] 44 anirn
gl 12800 Fa-wgancakin dhamtacs [Sr dbdopds thallana] L] WAL AN
116 gj14s8138  2.Cq pasnslsdosin bael (srsbldopeds thallsna| s L1 {485 2837 /876
11 gl 4777Ined  hypothetical protain itk winifan) 30 .8 4L00789 [+
137 #1158512883  RecHamm: Mull-Pruchelinace-1; AltHam: Full=Frochekinass k& AtHamm: 1m NIMIAET HMMILH
fullsgsna
JI181817  urknown [Popubu rkhocaps] 12 mafan
Jl15221368 __ pibe-aype cavbodpivate inse family proteln (srsbdepsds thallana) 6 27.95 §5.51
13 g1  mtochonddal F1 217 eyrihase beta subunit [Arabidepds thallana] ns SLME S8 ALEEfANM)
gl2116558  F1 sTVse4 [Flum atieum] 52 B0 /6.61 EL
glnusm 2.0 parosedosin fvassoa napus| 12 2LA8fATL 28714531
158 gjuassise 2Oy pansledosin sl [srabliopsls thallana| 1] e37fe.76  contvd
gliwererzz  hypothetical proteln - bakey ifragmmnt) 47 742 ET
MOWSE Experimental Theoretical
No. Accession No. Protein Description
score Mr/p/ M:/p/
gi|17939849  mitochondrial F1 ATP synthase beta subunit [Arabidopsis thaliana] 243 52.05/5.66 63.56/6.52
gi|3893822 ATPase beta subunit [Nicotiana sylvestris] 184 59.60/5.73
gi|2116558 F1 ATPase [Pisum sativum] 110 60.28 / 6.63
9
gi|149384751 ATP synthase beta chain [Heterogonium pinnatum] 73 24.25 / 5.52
gi|13236786  ATP synthase beta subunit [Burretiokentia hapala] 72 53.75/5.21
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SBPASE (sedoheptulose-bisphosphatase); phosphoric ester hydrolase/
43  gi|15228194 83 38.95/4.91 42.79/6.17
sedoheptulose-bisphosphatase [Arabidopsis thaliana]

GSTF10 (HALIANA GLUTATHIONE S-TRANSFERASE PHI 10); copper ion binding /
48  gi|15224582 104 24.73 /5.36 24.22/5.49
glutathione binding / glutathione transferase [Arabidopsis thaliana]

56 gi| 7488556 hypothetical protein - wild cabbage (fragment) 85 30.28 /5.33 29.01/4.94
gil27362906  putative lactoylglutathione lyase-like protein [Capsella rubella] 82 5.90/5.04
gi|159463262 predicted protein [Chlamydomonas reinhardtii] 48 118.17 /9.04

77 gi|31790095 glutathione S-transferase 2 [Brassica juncea] 128 24.07 /6.03 24.28 /5.66
gi| 1402898 gst6 [Arabidopsis thaliana] 89 23.75/ 6.08

90 gi|5730139 ferredoxin-NADP+ reductase [Arabidopsis thaliana] 91 33.25/5.70 40.48 / 8.66
gi|61969078  putative ferredoxin-NADP reductase [Solanum peruvianum] 43 35.44/7.71

94  gi|205830697 RecName: Full=Unknown protein 18 63 52.45/6.59 1.39/5.80
gi|6911142 putative glycine-rich RNA binding protein 1 [Catharanthus roseus] 52 14.27 / 8.71
gi|6911144 putative glycine-rich RNA binding protein 3 [Catharanthus roseus] 46 16.76 / 7.82
gi|166700 Fe-superoxide dismutase [Arabidopsis thaliana] 44 25.41/6.30

116 gi| 1498198 2-Cys peroxiredoxin bas1 [Arabidopsis thaliana] 54 21.31/4.85 28.97/8.76

125 gi| 147773763 hypothetical protein [Vitis vinifera] 50 27.20/5.84 41.03/9.55
gi|158512869 RecName: Full=Fructokinase-1; AltName: Full=Fructokinase I; AltName: 133 37.20/4.87 34.88/5.14

137

Full=OsFKI
gi|118481612 unknown [Populus trichocarpa] 120 35.54 /4.94
gi|15221364  pfkB-type carbohydrate kinase family protein [Arabidopsis thaliana] 96 37.95/5.51

139 gi|17939849 mitochondrial F1 ATP synthase beta subunit [Arabidopsis thaliana] 219 51.78 /5.56 63.56 / 6.52
gi|2116558 F1 ATPase [Pisum sativum] 52 60.28 / 6.63
gi|11119229  2-Cys peroxiredoxin [Brassica napus] 128 21.45/4.71 29.71/5.81

158 gi| 1498198 2-Cys peroxiredoxin bas1 [Arabidopsis thaliana] 77 28.97 / 8.76
gi| 1076722 hypothetical protein - barley (fragment) 47 27.42 [/ 5.87
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Spatial Variations of Soil Organic Carbon Stocks and the Related
Environmental Factors in Volcanic Ash Soils in Northern Taiwan
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Walkley-Black ;% 3% ¥ it ;= (Nelson and Sommers, 1982)4 472 33 4 7 & > £
IR —\—‘J-a 4;&;;4;51,\,;1%_ :
QFERGFE I TAERNFEIEIRIFR AR
k
Ta= X pix PixDix (1-S)
i=1

B Ta: 8 f 22 HFERWAT 4 H 1 B8 Mg /md)

pit 2 A iR A (Mg m?)

Pi: 23k =iy 88 7 £ (g Clgsoil)

Di: 2 #E & % 195 & (m)

Sit A =1Y EJE>2mm 0t 5)(%)
() 3245

BB R G A ERBTF]S "f"’* hER R SR BR 2 T B
B H R B AR B 2 ¢ ¥ 12 10m FlicE B 283 (DEM) )
* ArcGIS 10.2 $c#8 A 2 & B 2 3R B4l cnd 27 IR 35 Be(TWI) ~ & 25 de de R
(TRI) % 2]& & Z(slope of slope, SlopeR) ; 4-%f< ;’% PakZH R E e sk
THREBL R BB Mz R o e AR I VBT AR ES
#;—,#HNDVI)%E’“' » AFEG 4% d MODIS B~ chiirh B i 4 B P LR RS
B} F7 7 5 2beh NDVI & o 27 5 z,ci’l 7 2 (1990) ¥H: P L & 7o Bl ey A5
GRS R MILT 2 t%’ﬁﬁ'%/} = 7 i # Aj54p (landform); * > f# < 4]‘11 =i (1983)
4n M%ﬂ’; L B R B m Fg e A LGP AL T EA F]F LT 0E
$2 G B RS £ 2iin 3 % (1990)55 25 % Sl i & w B 378
W (new_asp) v 4o @] 1 Ao o

\f“k\
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Bt AR M 113 B RERTEEL 3BT BREE
Aa 0-30 24 ~0-50 2422 0-100 A 227 FIER Y ef A e (gamma
distribution) 3 & 4R & $03] (generalized linear mixed model, GLMM) » 4 45
B & (slope) ~ # 4j4p (landform) ~ #L & (new_asp) ~ 7 % (elevation) ~ 7 ¥ aJk &
(SOC1~SOC3) ~ TWI ~ TRI ~ SlopeR 2 NDVI % % #c2. 7 T30/l (fixed effect) »
2 SAS 9.4 5= $it %8 17 GLIMMIX procedure 34 {7 4 47 o
() zF#R

BN AR TR RN R AR Bl AR ORI
EIEREP LR ROF I E B GE DT EAE o102 1‘%‘;2‘1&»1 XY EtRz 7
FiRA Z 3 A5 E 0 f1* GS plus 5.1 5K JL A AR e 7 TR R S
A4 0 A B R 0-30 24 2 0-50 24 2 0-100 2 A % A Fﬁzr}i_ B OEE
B i E e R ot 0 BT R g B0 Sodic 1% ArcGIS 102 #8801 - 4
i.fl &% (ordinary kriging) M HEEEUB P LR RO B 2 BT B FELS
B -

5% 8twm

(=) I EHEM2 7 BRAEE

AFTF 2015-2016 E4 B 51 B A EFE G BAER - BHBREZ 2R
2155 o T HY 0030 A AR R TIHEIERLE Y 1Lk H
HEABRTEE R AL A A LE 2 0 - B LM 30-50 24 2 AMBAE
TiofE < P REREL P P L= BHLSARTE = A LG XL >
% 0550-100 > it SRR RV PGS KB I LB iz b (0.52
£0.08 Mgm?)» # @5 F2 B (0.79 096Mgm3) L3 EELE (p<0.05-

220300~ G WAERERERS - B LEFEG (141143 ¢
kg)s ¥ & L350+ 123 gkg)Z % Li(345+:78gkg )2 Ay FE M T
WA AE30-50 242 G WARER P11 & LEF (86.0+£38.7gkg) ¥
SRR LA AA L2 B L P IR GRS 20g1<g-1 > 50-100
NGB TR ES B B LEg (634£222¢gkg) BUAET R
R HFLRE(p>0.05)F#a 2 HBP LERFRSFIP 02 FEEMD AR RMA -
AR RIE o #t TN LA D BRI s Blde 7 5 RS Ry T
Ef RGBT T MRS R AL F 3 5 Dd A A fE - frsldsn) S b 2}
WE-2 s eF AT pH BN 4r7 BRF o Frilicd bR e 30
QIR S S Y Gl e S I

51 B4 G 2885404 2 22 03004237 e B
LA LEE (153+£55kgCm?) > = & 1(142+32kgCm?)~ & = ¢,(140i41
kg Cm?)2 g+ #(102+3.7kgCm?) it 3 s £ 02 » B L E P 1L

43 %;Wér#%ﬁumo-so DA EFPRFEL B LA LE G L2

AHFAR 43 20kgCm™ piw F B L2 ? P L2 B ralsiso
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100 = & v p 2 i%’y WA BB MABE 2 0-50 &4 FaEAp S S kL (AL
H30kgCm?) s A L2 G X LEF > ARTE EBLE Y L LRKT E
FLERE

(=) BPLRTS B2 B3 EERE TS b &

3 541* B &SR & HA] (generalized linear mixed model, GLMM) ##
FERBEFIFHEP LI ET BT E rﬂr? AN oA A TR T 0 B F B 0-30
oA EG A E DTS 2 45 0 A 4p (landform) ~ # % (new_asp) ~ & &
(elevation) ~ 0-30 = & 2 3 5 ¢k & (SOC1) % ¥ fi i £ £ 452 4y Jffr“-(NDVI) (p<
0.05) « BEFHE 0-50 24 4 3 F a5 £ hF 3 & 35 1 BB (slope) ~ ¥ 454
(landform) ~ # = (new_asp) ~ /& #{(elevation) ~ 0-30 => & % 30-50 = 4 4 3 5 ﬁﬁﬁli
& (SOCl &SOC2)% # fi i+ L A 44 #;] E(NDVI) - 38 ¥ 848 0-100 2 4 3 34
Wel g £ 73 # 35 1 8 R (slope) ~ #+ A5 4p (landform) ~ B + (new_asp) ~ /% %
(elevation) ~ 30-50 = & 2 50-100 = 4 + 3§ ##¢k & (SOC2 & SOC3) -

PRERDIEFIRGE A RS A4 e 2 BRI EFLE
(p <005 ¥iEZR24E2 ik (NDVI) ARG 7 F priigpds F 302 2 £ 3 >
AT HERNDVI BEREET RPN 4220302042 0504 235 et s
(p<0.05) % 25 EARH 4 & 0-100 2 A > 5 4 Bk ik 33 (p > 0.05) 5 F 2
BREFIFHAL 030 04 T SR GEARF UL § 2 HFAH 5 0-50
N E0-100 24 0 PG WA G ESHAENTELERIEFD<0.05) -3
Z o BPLRFEOFFR 030 o4 2 BARGTERIERLIBEE  LF G
BanvERA A AR R0 R TS B

(Z)BPLRAFOFIERTELZRRE

B2/ &g AFR 0-30 24 237 » 5 Rt —E_ﬁ,‘r"g}f@,’e-‘g{\-"ﬁd,?v .
HX i X/ X LFKEE S &4 P aw;—}'&p—? C G
PO FP 2 FAs 2 Ad > o REAHK A 7 LAl H_@Li a‘\g IAEE
AHERM - HBEP LR ROFR 7T o 2 MR EPITAT 2R
PEE AR AR 2 Ro b B LI NG L2 FEE EH R BRE
800 R RAEFWRGETF W AFT(ELH > 2008)53 & AL T
FPRIETEER  IMIFRRE D G PAURRAPFRM o 3237 5 (1990)2
R HR@B DA T A FEREDIELSF AESE LE FB-1-BINZ &
RLPERES % (C-DF o ff ERAT A2 B S e w RRE T
Bt bR s L (e ﬁsfra—xz%"fi 1 1983) RS e 4R E R
A A M FR 2 A R ERE I R EREAAA A RREE B F
FECPE LR RARANE 2P L LFAEET A A Lo B LU R Y
R A B BRI TR L K 2 R 2 A SR F
PEA BRI TR HEFR B2 PR o

<
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hodm irit > B AR & HA] (GLMM) ena 478 % 87 0-30 = 4 3 3 5
WRFEXF 4 e - BREBBETFITHEFEB(F 3 B2 BIEHE* - B
Flgiz Ef1* 235 Prr 22 2 B ApR{LE ﬁaﬁlp"m““'lfﬂwz?'l’dEIC’EE
FERNO030 242 PR E A RARFPEIEd e FRERIZE
ﬂ3®50>94§ﬁ@ )#@4mmmzai%&ﬁé)ﬁ%oﬂ&,gﬁ%

ML EETERIBEA A - B AR HEBP LR RO R BAGE
AT R G - LT GRS AR s BB TR R - P
K

AR - RSPl EZ i B % 0 A 100m x 100 m g B R R~ B
FL272 253 (FHe M5 11338 25 B H OB LRRSFPM 0-30 2
A A RS 094 FEHE (0.94 Mt iR 0-50 24 % 0-100 24 2 3
WG E e 5 129 2 1.63F o -

S

1. A7 % 2015 & 2 2016 £ F 51 BAEI G P £ 4 0-30 24 2 3G R
ﬁﬁu«ﬁm&@(w&u5@0m6,~&J@4Mﬂ2@0m%\m%¢
(140 £ 4.1 kg C m?)% 4B “*ﬁ002i37kngﬂﬁﬂ¢?ﬁ#€ﬁz.’%ﬁ
L2 P p gt ARG ERM0-50 2~ EFWARGELS B L S
ALE G XLz FEEELR P30 20kgCm? o BT iE ~ WL E P
T2 B EEFELR 2100 o U 23T R E R MAER e 0-50 24
Ay AU kL (RE30kgCmA) s A A LE G LEE 0 AR
Foomph P Lty mEFALR o

2. 1 B &HMR & 03] (generalized linear mixed model, GLMM) 4% 34 % 5 F]
FHBP LI EG BT EDFHIOUE SR T SRR DI ET BT
EMZDGWRER -+ B e 2 BHRFFEFEE (<005 ¥ &
£ B1E2 £ (NDVD) A FHF 030 242 050 24 2 a5 £ - 2R
BMEPEO050 242 0-100 =& 4 3Ep 5 £ o

3.0 - BRI AR VHAEHEP LRAFO R ERAGENZIRAT » AT 7
EREOCFRFMO030 2~ B FE S 094 F F9 0 0-50 >4 2 0-100
DA MAEA N L 129 F FHE 163 F § e o

4R

Tza > 1990 - B m@i}%}[ﬁzfmwﬁa HATF o R4 EpmgEy
N2 o

HATAR > 2016 £ MV L iR I 2 FH T B oo R B FRE
[ A S =

ey~ 3P o 1983 e B LRI RS Bl § i o P rdtyE F B LB RS )
?ﬂ&éﬁp F2 62 F -

ME T FrelEco1991- 4 88 HEF 4 284K VLA d sk Bt g
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PRRE Y €5 29(4):1415-426.

FTHRE-MEFT I/ 5219930 «H LA R LA IEDPTELES FF oo
PREE Y €35 31(3):325-339.

FTHRE-REFTIP %2199 4 & &g X LF VLG R TR E D
Farssgod FBEEHF €38 323):294-308.

FHEE-MEFT 19900 = & L Fad BULAIEZFE L TELG PR
BECH €35 28(2):135-147.

FRE MEF 19920 = B LAMARN LA IIEZ BT e REELS

% 0 30(2):216-228.

F I 21990 = E LB Gig L oL LA KGRI E2 FH VT ELE W2 A
LERE LR LG

Fob 20020 7 2 AHTSS SRR T W

L WA BAERELE i L o

BEH 2008 B LR REEF2FIESAITAL P IINFEFHP LR RS
Flg Pt = T3FL - T6 R °

A5 520143 B AR CEFFGRAEAY VLS ESE I R R4
§g$|bg gﬁ.l’/‘vo
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ZI-A3PEF-E2 5 - ERBSIBLREML TOOWMTRE 7 BRER
2 FRE
% %L U oL LY = &b < & AT i
0-30 cm (n=10) (n=8) (n=10) (n=8) (n=8) (n=7)
g‘g‘fﬁg‘sny 0.65+0.19% 0.76+0.12° 0.74+0.08% 0.37+0.10° 0.56+0.12° 0.70 + 0.11
SOC (gkg™) 76.1£22.6 34.5+78 350+123¢ 141443  100+53> 50.0+ 12.2¢
Stoniness (%) 1354336 825+8.19 127+67 3.96+526 042+1.18 4.02+6.53
30-50 cm (n=10) (n=8) (n=10) (n=8) (n=8) (n=7)
g‘;g‘gi‘;my 0.75+0.13> 0.86+0.17% 0.94+0.07* 0.50 +0.15¢ 0.76 +0.15" 0.84 = 0.12%
SOC (gkg™) 44742055 18.5+55% 158+45° 86.0+38.7% 41.5+23.6% 18.2+4.1%
Stoniness (%) 758+1238 167+ 144 243+102 11.9+125 108+169 7.29+6.32
50-100 cm (n=10) (n=7) (n=10) (n=7) (n=6) (n=7)
g\‘/}g‘rii‘;“ty 0.79+0.13* 0.87+0.14° 0.96+0.07* 0.52+0.08" 0.81 = 0.16* 0.85+0.11
SOC (g kg™ 235+10.6° 12.6+3.0° 104+2.7° 6342220 245+13.6° 14.7+3.5
Stoniness (%) 2274274 259+228 446+112 309+225 250+174 37.0+12.7

(- 32]% 32 457 BJ2F & 0=0.05 2 &g ¥ £ B k&)

2o AP EF - £ FC EHEESIBEEML 2T BRGE (kgCm?)

G XL Yl L AL = &0 < & AT i
0-30 cm (n=10) (n=8) (n=10) (n=8) (n=8) (n=7)
140 £4.1™ 7.07+1.25° 6.51£1.53° 142+3.2%® 153+55 102+3.7"*
0-50 cm (n=10) (n=8) (n=10) (n=8) (n=8) (n=7)
20.0+59* 9.60+1.40° 8.73+1.78 21.3+6.1° 20.6+7.6° 13.0+4.1°
0-100 cm (n=10) (n=7) (n=10) (n=7) (n=6) (n=7)

27.5+9.6° 13.6+24° 11.5+£22° 33.7+13.4° 28.7+10.8" 16.9+4.2°
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3~ MR ZHAMR L HA(GLMM)#E B P LR

T E 2 B ook (fixed effect) &%

e PR BT+ 52 3G K

Fixed SOC stock (0-30 cm)  SOC stock (0-50 cm)  SOC stock (0-100 cm)
efcct 0 Dt p o pep D psp D E o psF
Slope 1 69 2.78  0.100 68 4.59 0.036 67 5.06  0.028
Landform 3 69 3.78  0.014 68 6.19 0.001 67 10.5 <0.0001
New_asp 2 69 536 0.007 68 5.11  0.009 67 531  0.007
Elevation 1 69 448 0.038 68 6.20 0.015 67 4.54  0.037
SOC1 1 69 459 <0.0001 68 10.3  0.002 67 2.59  0.112
SOC2 1 -- -- -- 68 12.4  0.001 67 12.8  0.001
SOC3 1 -~ -- -- - -- -- 67 573 0.020
TWI 1 69 0.79 0.376 68 0.70  0.407 67 0.32  0.571
TRI 1 69 0.53  0.469 68 0.77 0.384 67 1.58 0.214
SlopeR 1 69 0.34 0.563 68 0.68 0.413 67 1.12  0.294
NDVI 1 69 5.87 0.018 68 528 0.025 67 3.84  0.054

Slope: % *t 'z &2 d DEM 2 2 (4% & & )2 ¥R Bcdy o Landform: 1945 & 7 % (1990) 8 25k 3¢
&g oNew_asp: 452 F B TR & £ 374 72 8 % oElevation: ¥¥ *F & $rehjs F ey - SOCI,
SOC2, SOC3: 0-30 = 4 ~ 30-50 = 4 2 50-100 = 4 2 2 35 ik & - TWL & 27 RE ; #ic

(topographic wetness index) ; TRI: ¥ 2}k & (terrain roughness index) ; SlopeR: 2| & F (slope of
slope); 11+ = %fd DEM & 4 -NDVL % @i £ 454 :}ﬁ #& (Normalized Difference Vegetation

Index) °

Legend
I:l Boundary

SOC stock (ton/ha)
I < 50

[ 60-80

[ lso-100

[ J100- 120
[ Ji120- 140
[ 140 - 160
> 50

| 0-30 cm SOC stock

B2 - BPLRFLFO030 04283 R GFE2 2R TG
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N Legend
[_1Boundary

SOC stock (ton/ha)
- <80
[ s0-120
[ 120-160
[ l160- 200
[ 200- 240
[ 240- 300

| 0- 50 cm sOC stock
B3 BRLRGFOF 050241 4 Brtuds 2HA+H0

Legend
I:I Boundary

SOC stock (ton/ha)

B < 50
[ s0-120
[1120-160
[l160- 200
[1z00- 240
[ 240- 300
->300

| 0- 100 cm SOC stock
Bla ~BP LEFOFO0-100 242 B4 SREEL2FAT4E
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SREREIA RFE L R

ER S N
CERC RS ST LY
*E-mail: yshen@nchu.edu.tw

SRR ES AERY AL ARG AHERE S Bapd T FRR
FoOAARE ‘;m-_é_iﬁéffl—% w2— oo gt TERIE PR EE G M FiE
EJEREN e %;I'L%«‘f vA R B R R R L ] TS

gro R L R R W{»%r%$%$J*mm%%ﬁﬁﬁ”iéiiﬁ
md&*—:§%;y_ﬂ """ R TERFRPFHT | BP0 PP EE -

CESER RIS B TSNS A E RN A AEE LS IR

#3
TR E A AR L R TR SR Eerilde 0 B O g %
Bor ¥BLANBRALGSHRALITETNPFETEY 07 WRZEDRIER Y AR
A R pRR R F I P R £ A S g2 LT E e kR o
L W;@ﬂ’%’* g ERETARFL 2 e RBER 2 S f ot ZR
oA ERB AL f oo &F > Az 2 ALE K £ M 7 (Follett and Hatfield,
2001; Galloway and Cowling, 2002; Rockstrom et al., 2009) o ] 4@ ¥ £ i1 & >5
s rU R D ZEBERE A fotE 1 N20 etk o ¢ AR B E N E RS B R g
HAE -
M B % | (precision agriculture » site-specific farming)-@ R ML igs

GArd 2 FR AT %R Uz ’dﬁg 11’:‘;}70 TR R gd s
FEARFRIp e FgaF ol gy e En, wé > d %i‘c“ui’\?h%

/g5 4 (non-point pollution) » & m & ‘ljﬁrg AR mES BTRE D @
B %18 02 A% B (Castelnuovo, 1995) - p v B % 7 % ’“lfiﬂi\i‘—“ RS - RS
FRAFBATPISET RS R B ee 5 o4p g AR 2 EIE s T AR
AP M AR B U RE & B P K e e iy Sy i 2 B pengEn| 3 A e | E
SR R A A ‘1‘fi B F)F chp B A o Syp RG] e BT
e AF T THERE ) S v AT ¢ R 4R
R AER I 2L B e Fe kRl ke Fe B
BN E R ET E D2 FREATE TR R X T E G TR PR
S fedd o Tt ERB. S A FE THERLYE  heR1E P B H

)
=
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LFEERTERFERICTHRT “,%f%E‘*J‘%F\ izt (FiE R IERIARMAT T o
RAGEFFEHE R F AT Ap M EE R SRR T T s ‘%Jﬁf‘us‘@é Ak
MAELIT > BEFEXALT o

%ﬁ%%%%%ﬂ

TR ESY ES R rE s S T R F TRl
GOoCEFEME F RN T LB E S g T ikt R R
WHigg g o 7 Fa*_pj;t;fﬂﬁ;;ﬁrig};t? FRIE g F &K o Lee et al. (2008)
%m«ﬁmﬁg%%m?ﬂwﬁﬁﬁﬁsmqwmw~#—i&ﬁ@dw&hﬁ
P Fgy > E L SRVIfr NDVI £ it % Bl feh i) § 2 4.7 a2 o
dwﬂhﬁﬁﬂuﬁm%ﬁﬁﬂ % hik B oLeeetal. (2011)i&— # 35 1 dR/dA | 735

PEFTUERENYEZZOTEN L N FF T AT wui’fﬁpﬁf’i
Booptrhs - s BG4 ;%_‘_li%a BFBF P2 a0 Flpt i * N(1)IFE
FEW AT 5 PSRN § F R SRR g R e

N(%) = 0.151 + 187.82 dR/dA | 735 (1)

Lee etal. (2008)4 - i3 27 b EH B8 R &7 k@ dbsdn > f1* 1§
BT G 2 ASHREEN FOEREAAHEZEWEF A4rE 0 2E R 1] P E
AR o BT TR L fE R P RRREREN LRI FRE TR
EH 2R RH Tt ORI SPTRES I ERE NG ERE R
Bl t:40.5% 14 Lee etal. (2007)% & = 45§ p Wenfd 2 B k3 &> Wang et
al. (2008) 1 * % LF KR - BER S(DTFLER PG S0 B
&Ry 7 ,_FT’J-F'&/” i R e

kAt L /AR R

Chang et al. (2005)F1* 5 & #p 3 B -RASfEpt F SR FH - dp I 22 4R
Hp I%&fugafﬁ;tﬁ kY %L E(G) N & Jo&(R) FeiT i #h Sk EL(NIR) 8 g%g
BB s &Lz alg,pgﬂp.r ked B 2 R g R 21
Bt fE(NIR/RED NIR/GRN)z& = iz B J\yffag_ff “TH A7 R B Y o Wang et al.
(2010)R] i3 i 374 s — ~ = B v A B g plHN 4058 (2a, b) 1T o

Y (T ha') = 1.96 (NIR/GRN) - 0.658 (NIR/RED) - 1.50 (2a)

Y (T ha') = 1.96 (NIR/GRN) - 0.729 (NIR/RED) - 1.64 (2b)

# ¢ NIR/GRN 4r NIR/RED 4 W F 2 4 % %7 4p M 2. % & it 4 Ffe g
LR S R &L “ffﬁi NERIE N - & 1 LA R R A e g A

I EAET —\(2);};-_ s & F 5= 4234 )+ 0.7T ha'!

Wang et al. (2010) 1 f@:;’* ENVI FLAASH % = SPOT #4 ¥ s~ F 32t 1%
¥owa b NQEFMER Rk E e FAE LG ~~‘L%;}Fl /TR
B GE G F AR aﬂ;@f&ﬁ%%ﬁ%‘ FI* A 212 T SR A
AAFAAp I o I FRIP G T IRE RE e A E TR Y iR B
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BIVIMEEATALNTH B TSR BL AETTERT R
T 1B TT RS FHIThEEHG A TG B A p s ol
FHITAEF AR 2ZHHE > » 7 PSSR X WA T Ry o

Aop P OORE R E B ok fEA T kW Wang etal. (2012a)R = B d 3 B R4
B 500m 7 MODIS 8 > S B~ d W30 K fsn F sk 3 endljir > 7 44
FR s R o 8FNEX I Pkt v RRTP TR LT AR
BEF 2T ~XT R N2 LTRAE VR ETEI FROTR -\

IR AU R

d AR S Tdkypn B v chd o AFH RG] A & e @ ¢ 12 2 Bl(field
management zone) £t B B £ 7 55 R 5 F v ik (Tentkedp o w E o d 01T v 23
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Abstract

Environmental impacts, such as earthquakes, chemical pollution and
anthropogenic factors can affect the stability and sustainability of an ecosystem. In
this study, a long-term (3.7 years) investigation experiment was conducted to estimate
the sustainability of a constructed wetland (CW) under the impact of aquatic
organisms overloading. The situation of aquatic organisms overloading in this study
meant that around 27,000 kg of fishes had to be moved and accommodated in a 4 ha
water area of wetland for six months. Experimental results indicated that the pH value
of CW water was slightly acidic and the Dissolved Oxygen (DO) level decreased
under the impact. On the other hand, the levels of Electrical Conductivity (EC),
Suspended Solids (SS), Chemical Oxygen Demand (COD), and Total Kjeldahl
Nitrogen (TKN) of CW water were increased under the impact. The pathogen analysis
revealed that total coliforms, Salmonella spp., Enterococcus spp., and Escherichia
coli, in the wetland water increased under the impact. The analyzed factors of water
quality and amount of pathogens were all returned to their original statuses soon after
the impact ended. Eventually, the results of microbial community structure analysis
showed that overloading of aquatic organisms slightly increased the specific richness
(R) of wetland bacteria, whereas higher structural biodiversity (H) of CW could
stabilize the whole microbial community and prevent the pathogens or other bacteria
from increasing to become the dominant strains. These results were novel and could
be possible to conclude that a CW environment could not only stabilize the water
quality and amount of pathogens resulting from the impact of aquatic organisms
overloading, but also they could stabilize the microbial community structures,
allowing the biogeochemical cycles of the CW to function.

Keywords: constructed wetland, aquatic organisms overloading, water quality,
pathogens, microbial community structures

1. Introduction

Constructed wetlands (CWs) are engineered systems which use natural functions
of vegetation, soil and organisms to treat different water streams. In the past decade,
CWs have been already widely utilized in the removal of many biological, chemical
and physical pollutants (Tang et al., 2015, Wu et al., 2015). As in the definition of
wetlands, CWs also serve as the habitat for various organisms, such as plants, birds
and aquatic organisms. The basic elements which occur among living organisms and
move into the environment by a series of naturally biological, chemical and physical
processes are called biogeochemical cycles. Microbial communities and
biogeochemical cycles play major roles in stabilizing wetland systems (Mackintosh et
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al., 2016). Different kinds of microorganisms, such as hydrogen bacteria,
nitrogen-fixing bacteria and sulfur-oxidizing bacteria, are living in wetland systems
and influence the mechanism of biogeochemical cycles. However, only a limited
number of studies have focused on investigations of wetland microbial community
structure and diversity (Mulling et al., 2014; Wang et al., 2014).

Located on the western edge of the Pacific Ocean, subtropical Taiwan has
numerous natural wetlands and CWs. Kaohsiung City is the second-largest city of
Taiwan and is located in the southern part of the country. Jhouzai Wetland, located in
Kaohsiung City, is a horizontal free surface flow (FSF) CW. It used to be a paddy
field. In 2002, it was constructed to become a constructed wetland. Adjacent to
Jhouzai Wetland, Lotus Pond is a natural pond and also is the influent water source of
Jhouzai Wetland. The water of Lotus Pond was drawn into Jhouzai Wetland every day
by motor pumping and the effluent water was flown back to Lotus Pond from the
water outlet. Due to the seasonal effects, the daily values of influent water were not
fixed and then the values of the water recharge and flow rate were difficult to
estimate.

In 2009, an investigative report of the Taiwan Wetland Conservation Association
indicated that Jhouzai Wetland and Lotus Pond were both of the natural habitats for
various aquatic organisms. Aquatic organisms can be classified into four major groups:
plants, microorganisms, invertebrates and vertebrates. The report revealed that over
30 species of the aquatic plants grow in Jhouzai Wetland and Lotus Pond. The major
types of them are floating-leaved plants, such as Nymphaea tetragona (Water Lilies)
and emerged plants, like Nelumbo nucifera (Lotus). Meanwhile, the report also
revealed that 25 species of the vertebrates (fishes) inhabited Jhouzai Wetland and
Lotus Pond. Among these, 9 are native species, such as Aristichthys nobilis (bighead
carp) and Cyprinus carpio (platinum ogon), and 16 are alien species such as
Liposarcus multiradiatus (armored catfish), Tilapia zillii (redbelly tilapia), and
Chitala ornata (clown featherback). The total weight of fishes in Jhouzai Wetland and
Lotus Pond was estimated to be 27,000 kg.

The carrying capacity of biological species in an environment is the maximum
population size of the species. Organism overloading is defined when a biological
population exceeds the carrying capacity of an area, leading to the decline of
population growth rate, deterioration of living environment quality and accumulation
of metabolites and toxins. In 2009, Kaohsiung City hosted the World Games, a
multisport event primarily consisting of sports not featured in the Olympic Games,
and Lotus Pond was the site of the aquatic sports competition arena. Therefore,
Kaohsiung City government dredged Lotus Pond in January 2008. This dredging
process continued for six months. The city government spent 200 million New
Taiwan dollars (around 6.2 million US dollars) draining the green surface water of
Lotus Pond and dredging the bottom sediments to ensure that it was deep and
sufficiently clean. During the dredging process, the influent water from Lotus Pond
was suspended and all the fishes of Lotus Pond were moved temporarily to Jhouzai
Wetland. After the dredging process, these fishes were moved back to Lotus Pond.
This situation meant that around 27,000 kg of fishes had to be moved and
accommodated in a 4 ha water area (Jhouzai Wetland) for six months. The carrying
capacity of Jhouzai Wetland was exceeded and the water quality, amount of
pathogens, metabolites and microbial diversities were also affected. Hence, aquatic
organism overloading became a significant problem in this stable CW.

The objective of this study is to estimate the sustainability of Jhouzai Wetland
under the impact of aquatic organisms overloading. The impact of aquatic organisms
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overloading meant that around 27,000 kg of vertebrates (fishes) had to be moved and
accommodated in the water area of Jhouzai Wetland for six months. Water quality
items, such as Chemical Oxygen Demand (COD), Total Kjeldahl Nitrogen (TKN), pH
value, Suspended Solids (SS), Dissolved Oxygen (DO), and Electrical Conductivity
(EC), were analyzed. The amount and distribution of wetland water pathogens, such
as total coliforms, Salmonella spp., Enterococcus spp., and Escherichia coli, were
also analyzed. Eventually, the wetland microbial community, specific richness (R),
structural biodiversity (H) and dominance (S) were all measured to analyze the
microbial changes under the impact. The results of this study will provide the useful
information for wetland sustainability.

2. Materials and Methods
2.1. Study Location and Sample Collection

The study location, Jhouzai Wetland, is a horizontal free surface flow (FSF) CW
in Kaohsiung City, Taiwan (22°41'03” N, 120°17'29" E). This site has a 10 ha area
which includes water area of 4 ha and land area of 6 ha. The length and the width of
Jhouzai Wetland are 600 m and 150 m, respectively.

Water samples were collected from six sampling sites of the wetland (Figure 1).
The sampling sites were numbered according to the route of the influent water.
Sampling site 1 was the gate of the water inlet, site 2 was next to the swamp land, site
3 was next to the viewing platform, site 4 was the pool central area, site 5 was the
deep water area, and site 6 was the gate of the water outlet. Surface water samples
(depth, 0-20 cm) were collected in 3 L sterile glass bottles and stored at 4 °C. All
water samples were mixed manually until homogeneity was observed before analysis.
Water samples were collected in triplicate from each sampling site.
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Figure 1. Location (a) and sampling sites (b) of Jhouzai Wetland.

The first four samplings were conducted every six months from 16 December
2007 to 21 June 2009. Sampling date 1 was before the environmental impact and date
2 was under the environmental impact. Sampling date 3 was taken six months after
the impact had ended and date 4 was taken after one year. Finally, sampling (sampling
dates 5 and 6) was conducted twice between 2 January 2011 and 26 August 2012 at a
gap of 18 months for long-term monitoring of the wetland.

2.2. Water Quality Analysis
To evaluate the water quality changes under the impact, COD, TKN, pH, SS, DO
and EC were analyzed. All water quality analyses followed standard methods

(American Public Health Association, 2005) and were performed in triplicate.

2.3. Pathogen Analysis
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The total coliform count is an indicator of fecal contamination in water samples. It
was determined using the standard membrane filtration method (U.S. Environmental
Protection Agency, 2002). Water samples were diluted (typically in ratios of 1:2, 1:10
and 1:100, when necessary, 1:1000) in a phosphate buffer and the solution was passed
through a 0.45 pm GN-6 mixed cellulose ester filter membrane to isolate the bacteria.
After filtration, the filters were aseptically transferred to agar plates containing
m-Endo agar (Difco, Sparks, MD, USA). The filters and pads were incubated at 35 °C
for 24 h. After incubation, the filters were removed and yellow-gray, glossy,
dome-shaped colonies on the plate were counted as coliforms.

Salmonella spp., Escherichia coli, and Enterococcus spp. are all indicators of
environmental quality and were determined using Salmonella Shigella agar (SSA),
mannitol salt agar (MSA), and m-Enterococcus agar (m-E agar), respectively. For the
Salmonella spp. analysis, water samples were diluted in sterile deionized water and
then spread on the SSA. The plates were incubated at 35 °C for 24 h. After incubation,
Salmonella spp. formed black centers and colorless colonies on the SSA. For the
Escherichia coli analysis, water samples were diluted in sterile deionized water and
later spread on the MSA. The plates were incubated at 37 °C for 24 h. After
incubation, colonies of Escherichia coli changed the agar from red to yellow. For the
Enterococcus spp. analysis, water samples were diluted in sterile deionized water and
spread on the m-E agar. The plates were subsequently incubated at 35 °C for 24 h.
After incubation, Enterococcus spp. formed light and dark-red colonies on the m-E
agar. All water samples used for pathogen analyses were processed within 6 h of
collection. Samples were prepared in triplicate and enumeration counts between 20
and 200 were considered for analysis.

2.4. PCR-DGGE Analysis of Microbial Communities

In order to investigate wetland microbial community structure and diversity,
polymerase chain reaction (PCR) and denaturing gradient gel electrophoresis (DGGE)
are two of the most commonly used molecular bio-techniques. During the
investigation period, microbial community changes of Jhouzai Wetland were
measured by using the PCR-DGGE technique. On the first four sampling dates, the
microbial DNA from the water samples (sampling site 6) of Jhouzai Wetland was
obtained and analyzed. DNA extraction and PCR-DGGE analysis were performed as
described in our previous study (Chang et al., 2014). The total microbial DNA was
extracted from the wetland water by using an UltraClean Soil DNA kit (MO BIO
Laboratories, Inc., Carlsbad, CA, USA). After extraction, the total microbial DNA
was purified to remove humic acids and subsequently the DNA extracts were loaded
into a 1% agarose gel to conduct electrophoresis. After electrophoresis and staining
with ethidium bromide, the total microbial DNA was excised from the gel and
recovered using a QIAquick gel extraction kit (QIAGEN GmbH, Hilden, Germany).
PCR reactions were conducted using the GeneAmp PCR System 9700 thermal cycler
(Applied Biosystems, Foster City, CA, USA). The PCR primers 968f: 5'-GC-clamp +
AACGCGAAGAACCTTAC-3" and 1401r: 5'-CGGTGTGTACAAGACCC-3' were
combined to amplify a segment of eubacterial 16S rDNA gene sequences from
nucleotide 968 to nucleotide 1401 (Niibel et al., 1996). The PCR was conducted as
follows: an initial DNA denaturation step was carried out at 95 °C for 5 min, followed
by 35 cycles of 45 s at 95 °C, annealing for 45 s at 55 °C, and extension for 1 min at
72 °C and a final extension at 72 °C for 10 min. The PCR product was analyzed using
agarose gel electrophoresis and visualized using ethidium bromide staining.
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The DGGE analysis was conducted using a D-Code universal mutation detection
system (Bio-Rad, Hercules, CA, USA). The PCR products were separated on a
double-gradient gel, as described by Cremonesi et al. (1997). After electrophoresis,
polyacrylamide gel was stained with the silver staining and was scanned using a video
system. Scanned gels have been analyzed with the QuantityOne software package
(BioRad, Richmond, CA, USA), following the strategy proposed by Eichner et al.
(1999).

2.5. Statistical Analysis of Water Quality and Pathogens

The water quality measurements were compared using t tests. Pathogen variables
in the wetland water samples were compared using analysis of variance (ANOVA). A
significance level of p = 0.05 was used for all statistical tests, and the values are
reported as the mean (average) + standard error.

2.6. Statistical Analyses of DGGE Patterns

A cluster analysis can be used to interpret the results from PCR and DGGE analysis.
A statistical parameter, the minimum distance (MD), is used to determine the cluster
numbers of dendrograms constructed using the unweighted pair group method with
arithmetic mean (UPGMA).

The R, H and S of wetland microbial communities were measured by the
following processes: (1) Total number of bands N in a gel lane was first corrected for
crowding and transformed into richness estimates R as described by Niibel et al.
(1999), (2) After matching bands from independent lanes, pairwise coefficient of Dice
(1945) were calculated [Sp = (2naB)/(na + ns) where na and ng are the total numbers
of bands in lanes A and B, and nas is the number of bands common to lane A and B],
(3) The Shannon-Weaver index of general diversity, H, was calculated using the
following function:

H :—ZPi log:Pi (1)
where Pi is the importance probability of the bands in a lane. H was calculated on the

basis of the bands on the gel lanes using the intensity of the bands as judged by peak
heights in the densitometric curves. The importance probability P; was calculated as:

Pi=ni/ Z Ni ()
where ni is the height of peak i in the densitometric curve.
The Simpson index of dominance, S was calculated using the following function:

S=) P’ 3)

3. Results and Discussion
3.1. Water Quality

The results of Jhouzai Wetland water quality analysis on the six sampling dates
are shown in Figure 2. According to the results of water quality, the lower pH and DO
of the wetland water might have been caused by increasing metabolites and wetland
bacteria under the impact. On the other hand, the EC value of the wetland water might
have increased due to the dissolution of salts. The salts might have originated from
the water and sediments of Lotus Pond that flowed into wetland with the aquatic
organisms. The increase of metabolites and wetland bacteria could also have produced
biological polymers and thus increased SS, COD and TKN under the impact. The
nitrogen bacteria in the wetland might also have caused the increase of TKN.
Regarding the sampling sites, the results indicate that the stagnation of wetland water
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at the water outlet gate (sampling sites 5 and 6) might have caused the significant
effects on pH, DO, SS, and COD when compared with the other sites. However, due
to the high stability and sustainability of the wetland, the water quality of these sites
eventually returned to their original status, and they retained this status during
long-term monitoring (sampling dates 5 and 6). This demonstrates that wetlands have
the ability to stabilize and restore the affected environment.
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Figure 2. Water quality analysis of Jhouzai Wetland on six sampling dates. (a) pH
values, (b) Dissolved Oxygen (DO), (c) Electrical Conductivity (EC), (d) Suspended
Solids (SS), (e) Chemical Oxygen Demand (COD), and (f) Total Kjeldahl Nitrogen
(TKN).

3.2. Pathogen Amounts and Distribution

The amounts and distribution of pathogens in Jhouzai Wetland are depicted in
Figure 3. The amounts of total coliforms increased significantly under the impact
(sampling date 2) (Figure 3a). Every sampling site exhibited this trend. The amounts
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of total coliforms on sampling date 2 ranged from 250.2 + 45.2 to 679.8 + 61.1 CFU
mL~". After the impact ended, the amounts of total coliforms in the wetland water
returned to the original status. The amounts of Escherichia coli in the wetland water
are depicted in Figure 3b. These results indicate that the amounts of Escherichia coli
increased significantly under the impact. The amounts of Escherichia coli on
sampling date 2 ranged from 8.0 + 1.0 to 67.0 £ 8.0 CFU mL™". Similarly, with total
coliforms, after the impact ended, the amounts of Escherichia coli decreased to their
original status. The amounts of Salmonella spp. and Enterococcus spp. in the wetland
water are depicted in Figure 3c,d, respectively. The amounts of Salmonella spp. and
Enterococcus spp. both increased significantly under the impact. On sampling date 2,
the amounts of Salmonella spp. ranged from 16.6 + 5.7 to 103.4 + 13.0 CFU mL™!
and the amounts of Enterococcus spp. ranged from 8.1 + 1.2 to 23.4 + 2.1 CFU mL.
The growth trends of Salmonella spp. and Enterococcus spp. were similar to those of
total coliforms and Escherichia coli. After the impact ended, the amounts of
Salmonella spp. and Enterococcus spp. in the wetland water decreased to their
original status.
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Figure 3. Amount and distribution of wetland pathogens on six sampling dates. (a)
Total coliforms, (b) Escherichia coli, (¢c) Salmonella spp., and (d) Enterococcus spp.

A comprehensive review of the water quality and pathogen analysis results
indicated two possible explanations. First, Jhouzai Wetland was overloaded with fish
species. This produced ample metabolites and, therefore, caused the changes in the
water quality and increased the amount of pathogens. The second explanation is
derived from consideration of wetland microorganisms. The amount of whole wetland
microorganisms might have been acceptable, but still affected the water quality and
caused the amount of pathogens to increase. Nevertheless, both the water quality and
pathogen amounts that were affected under the impact eventually returned to their
original statuses after the impact ended. This result might be due to the remediation
ability of the wetland itself.

3.3. Microbial Community Structure Analysis
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The overloading of aquatic organisms not only affected the water quality and the
pathogens, but also the whole structure of the wetland microbial communities. Figure
4 shows the PCR-DGGE profile and phylogenic dendrogram of the wetland microbial
community structures on the first four sampling dates. Lanes 1 to 4 represent the first
four sampling dates, respectively. The result of the phylogenic dendrogram (Figure 4b)
showed that the microbial communities retained high similarity throughout the whole
experiment. Figure 4b indicates that the similarity in lanes 1 and 2 was 94%. These
results indicate that the microbial community structures present before and under the
impact had the highest similarity. A comparison with the data of pathogens revealed
that although the amounts of pathogens increased under the impact, however, the
microbial community structure of wetland remained uniform. Figure 4b also
illustrates that the similarity of lane 3 with lanes 1 and 2 was 84% and the similarity
of lane 4 with other lanes was 66%. These results indicated that the microbial
community structures changed slightly after the impact ended.
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Figure 4. Denaturing gradient gel electrophoresis (DGGE) profile (a) and phylogenic
dendrogram (b) of the wetland microbial community structures on the first four
sampling dates.

On the other hand, Table 1 shows the R, H and S indexes calculated from the
digitized DGGE patterns shown in Figure 4. R was equal to the number of bacterial
bands. The concentration of S and the general index of H were calculated on the basis
of the number and relative intensities of bands on a gel lane. The results showed that
R and H were slightly increased under the impact. However, the result of S showed
that the microbial communities did not appear to be the dominant strains during the
whole experiment. These results indicate that overloading of aquatic organisms only
slightly increased the richness of wetland bacteria, whereas higher H in the CW can
stabilize the whole microbial community and prevent pathogens or other bacteria
from becoming the dominant strains. They also showed that the microbial community
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changes of a wetland are a crucial item when analyzing wetland stability and
sustainability.

Table 1. Specific richness (R), structural biodiversity (H) and dominance (S)
indexes calculated from the digitized DGGE patterns.

Sampling Dates R H S
1 (lane 1, before the impact) 34 4.69 0.05
2 (lane 2, under the impact) 36 471 0.05

3 (lane 3, after the impact for 6 months) 33 4.42 0.06
4 (lane 4, after the impact for 1 year) 31 4.57 0.05

4. Conclusions

This study analyzed the stability of a constructed wetland (CW) and the impact of
overloading of aquatic organisms. According to the results of the water quality
analysis, the lower pH and DO of the wetland water might have been caused by the
increase of metabolites and overloading of aquatic organisms under the impact. On
the other hand, the EC value of the wetland water might have increased due to the
dissolution of salts. The salts probably have originated from the water and sediments
of Lotus Pond, which flows into wetland, and contains aquatic organisms. The
increasing of metabolites and wetland bacteria may also have produced biological
polymers and caused the increase of SS, COD and TKN under the impact. Regarding
the sampling sites, the results indicated that the stagnation of wetland water at the
water outlet gate (sampling sites 5 and 6) might have caused the significant effects on
pH, DO, SS and COD when compared with the other sites.

The results of pathogen analysis revealed that total coliforms, Salmonella spp.,
Escherichia coli, and Enterococcus spp. all were initially increased under the impact,
but finally were returned to their original statuses after the impact ended. These
results demonstrate that accommodation of too many fish species probably have
produced excessive metabolites and, therefore, caused the changes in the water
quality and increased the amount of pathogens. However, all the parameters
eventually returned to their original statuses after the impact ended. This may be
attributed to the remediation ability of wetland itself.

The result of microbial community structure analysis showed that the R and H
values were slightly increased under the impact. However, the result of phylogenic
dendrogram and S showed that the microbial communities retained high similarity and
did not become dominant strains during the investigation period. The results also
indicated that overloading of aquatic organisms only slightly increased the R of wetland
bacteria, whereas higher H in the CW can stabilize the whole microbial community and
prevent pathogens or other bacteria from increasing and becoming the dominant strains.
Based on these observations, it is possible to conclude that a CW can not only stabilize
the water quality and amount of pathogens when impacted by overloading of aquatic
organisms, but also can stabilize the microbial community structures, allowing
biogeochemical cycles to function. These results could provide the useful information
for wetland sustainability. In future projects, it is to continue monitoring this CW and
measuring the water quality and microbial diversity.
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