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A% & (Litter biomass) o - IFEEEARILI40°CJH
5z AHEBRARNIAEE - 82 mmERAg T4 1300
FHEE - [ABFEZCEE m LA105°CHE24 hrfg I H 48
RZEET R AKE » fEM - 2 EHE - A
BHFFETR » DIAQ)EESEEA 2 & 52 (Stone
content) > i PAZC(3) 5T HEL 4B B8 AR % & (Bulk
density, BD) - HiSAEEA AR - Hik=(4)
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DL E R &R & 2 TIEAEERE - FEER(E
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e AL A B AL MR IR A5 B2 g 2 Bie e (forest
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(total soil organic carbon stock, TSOC,,,) °

THEAHE S E(SOM » %) = (B E(g)
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@2 ARt =t R AT R 5% o ARIRRERE IR DR - Dyl Sk & 8 2 8
b - FP=ATAH » SO=SLEMS) » SUSEEI T > SC=ed S iE T

B MR- SRS AT DU R EBIR T 5 4
BEEC{y i N TAAY 7y @ 2252 - (HEEHRSMIE]
RN TIREEL(R2) -

¥~ Rai- B R R - AR A AR
SOC% K N%'S 2B & - FE T IR
i~ - MACESEER - EEPHEES
(4 8) oL 75 (Ra- Bk ~ [Rai-FmfE)2R
JESOC% ~ N%IGHEEIRK > (HIRA W7 B
TS o TE W 1R 1Y R BBV R R i Hfi 1
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Mt N THEYC/NEEE 2R E - Bt
SRR i N - R E PR AEEDEERSAIN
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(A)

100 1001 100
¥
= 75 751 75
{
B a a a a Depth
S 50 501 50 B3 0-5cm
: a ** a B 5-15cm
§ . b * 25 25
u b b

FP sC FP SO SU
4y JREE-RAR

(8)
. d
E 20 a 2.0 a 52 20
S == a a
tﬁ | g‘ =- b a b . b—
— 15 da 1:5 b 1.5 —— = — Depth
»‘?10 == 1.0] o™ g " B DS
§ . = . B 5-15cm
x 05 0.51 0.5
3
[aa]

0.0 0.0 0.0

FP sC FP SO SU FP SO SuU
i JREE-JRFR JREE-FRPE

3 Aptseth =R ATHERLESR > ShELESORA) B RATEEEB) 2%

{£ * FP= A T4 » SOSBARST  SUSEHAR T » SCoE sk

° S AIEE R AR £

R AR R AR P Y 722 B (Kruskal-Wallis Test) » 3 DI/NE B FRIFR R ETTEZ M E (Dunn’s

Test) TS S A Z L AYETE M (p < 0.05)

HER TIRCH LB G REE RIS 2 T EE
& [HHNBD Y CESGREER ETT 2 &
Jre ai— B 5 = e Hi BT SO C o Y L FiT 121
RIEERERY)  AMBER AT -
SRR AT A S SEAVFFC a1 > NIRRT S
TSOC, L E KBS &S TS © WIME
FEEAE - B4 SOEEBN0-5 & 5-15
cmfYSOC% [ EREG FER i EReR - &
SOC,pu FE B 1% 2 BEE T () -

3.2 TIRERE Y

FEGEET ISE A TR S e A h 8 AU
VAEEEE ~ 390 I HEEN Y ERS ¢ 1E34
{&0-5 emf AR A T > JILRETHUS 13 (EJEE -
197t EYIERE - &8 N Ra-R
MEREO-5 emHIRMA BNV P HERDLE

SGHVEE AR K > HERDeES D AT
PREVEZEE > iR Z R F IS - Rii-Fmnid
FRERO-5 emtIgMEA M BN )% 8 Al DA AR R
JEREMSMNABE OB N7 > W RS
R IR S Y AR E W R A EE
B o AR RBERIMAT N LA BEESE -
BLEE G Y T S M B T D EL I E TR D
AT ([ES) - BE T Z A SO EIGH TR
VSRR D o BRI AR & RS
A e Y B R A R AR > TR SRRV B R B
JERA T T R BRI MAIRI 73 1l 4 4 e 6 1%
A MEEPIEER(RS) - —(EEEE A TAHR0-5 cm
PRy IR BN Y o3 B 6- O ISTRE > TG
g A= 8- 12 55AT - BAem s > ATy
RS > BETHAESREREERE > M
FEE R Y IR SR S = s H PR [ HITE
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F2 AW =Mt A N TR A ES R - ARFEERE B EEME 284k - FP=AThk -
SO=HE&EMIN » SUSEER T » SCEES @SSR o 43 RIEbE & & Hp 3R] A KRRy
72 5 (Kruskal-Wallis Test) > 7 DA/ NG TS FREFRIREET TSR %6 7E (Dunn’s Test) {5 S A= 2
HIEE M (p < 0.05)
. Land
Site s Depth pH EC (us/cm) SOC (%) N (%) C/N
0-5 cm 7.8+0.1°  1204+17.1*° 1.41+042° 0.18+0.04° 8.0+0.7°
FP 5-15 cm 8.1+0.1° 952+164" 0.68+0.27° 0.10+£0.03° 6.9+0.5%
15-30 cm 83+00" 80.7+122° 032+0.11° 005+0.01° 60=+19"
tE
0-5 cm 82+02® 898+109" 045+0.17° 0.06+0.02° 6.9+02"
SC 5-15cm 8.4+0.1° 87.0+£6.4" 031+0.05° 0.04+0.00° 6.9+0.5
15-30 cm 8.4+0.0° 87.2+£32"  028+0.09° 0.04+0.01° 7.0+12
0-5 cm 7.9+0.1¢ 92.8+9.7°  0.98+0.23" 0.13+0.03* 7.5+04
FP 5-15 cm 83+0.0 765+16.7° 034+0.07° 0.05+0.01° 6.6+0.5%
15-30 cm 8.5+0.1° 63.3+83"  0.19+0.10° 0.03+0.01° 58=+1.5
0-5 cm 81+0.1¢ 88.7+11.7° 048+0.16® 0.07+0.02®° 6.8+04"
%%* SO 5-15 cm 84+0.1°  775+£51" 031+0.07 0.05+0.01° 65+04°
15-30cm = 8.5+02"  747+103° 0.29+0.09° 0.05+0.01° 63+1.1°
0-5 cm 83+02"  737+17.0° 034+0.18° 0.06+0.03" 58+0.7°
SU 5-15 ¢cm 84+0.1°  80.7+11.9° 031+0.06 0.05+£0.01*° 6.6+05°
15-30cm = 84 +02"  91.4+40.8° 026+0.07" 0.04+001" 63+0.3°
0-5 cm 5.6+0.2° 326+85 097+027*° 0.13+0.03* 7.6+0.6°
FP 5-15 cm 52+02° 267+£72™ 0.66+0.19" 0.09+1.57" 69+1.6
15-30 cm 53+03% 16.8+0.8° 0.55+0.08° 0.07+0.00° 7.8+0.7°
0-5 cm 54+02° 350+£5.5%  094+0.18 0.11+£0.02° 8.8+0.2°
Euﬁ%— SO 5-15 ¢cm 51406 254+13.7° 0.64+0.19° 0.08+£0.03° 7.7+0.1°
15-30cm 5.3 +0.5% 17.3+£2.59  049+0.25 006+0.03" 7.6+0.8
0-5 cm 48+0.3° 35.35+22.93" 0.78+0.16" 0.10+£0.02* 7.9+0.1°
SU 5-15 cm 49+03" 2191+£7.72" 067+0.17° 0.08+0.01° 82+1.1°
15-30cm 4.9+£0.19" 21.45+526™ 0.66+0.32° 0.08+0.02° 83+22®
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JR 5 FiiFE

Taxa FP SC FP

SO SU FP SO SU

Litter 0-5cm 0-5cm  Litter

0-5cm 0-5cm 0-5cm  Litter

0-5cm 0-5cm 0-5cm

sEEA  19.8 14.3 20.0 20.2 -

I 21.6 54.8 80.0 50.8 24.0

14.9 54.4 64.3 27.3 51.6 54.4

37.3 21.7 22.3 333 30.5 21.7

224 - 16 61 117 -
- - 1.4 - - -
- - 48 152 24 -
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- - - 3.0 - -
14.9 - - 9.1 - -

- - 0.5 - - -
30 22 23 - 14 22
- - 30 6.1 - -
75 - - - - -

??g 16.7 2.4 - 23.0 8.0
ikkE 2.2 - - 1.7 -
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FEH 09 - - - -
LiedE 03 2.4 - - .
Viedd o - 2.4 - - 4.0
FEH - 11.9 - 04 440
HEEHE 83 2.4 - - .
s 7.7 - - 1.0 120

%ﬁ:ﬁ 15.7 - - 0.6 .
?ﬁé)ﬁ%ﬁ 1.2 7.1 - - 8.0

BRINROEER N T 23R A FEERRE (R
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4. 59 &

4.1 TIEBILHE

VRIS RS T AR » R {EEHEIT K
TR ISR » (58 T RGeS
FIE BT RS 88 R BURE LTS

BRERTRER LENGEE - K52 H

DIt EE TR E T2 - MR THEa
I SRS R (da Silva ef al., 1997 ;
Singh et al., 2015 ; Slesak et al., 2017) - AH5E
PR ERGEAI = EREE - FAHZE AR
fR e Y b o PRI B T AR (o 4 R R e -
Bt ES R g S AR GBS IR AL - IR
EATTEHAHYAE S © Choi er al. (2020 5 2023)jA3%
B Se AR HIL 2 N S B JE R I I SR 8w - AHER
A Ry B BRAH AV S - SRERE IR EH RS K
1722 mmAHHREL S B A PRI (Choi et al.,
2020 ; Choi et al., 2023) ; Noor and Reeza (2022)
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R R 2R P a2 7 B ZE RS B - SE BN &
WEEE - Aised - B E R EE LA 4E
SRR -BMEEACESEER - KE L
S ER NI & &R/ DRy S - Bl E
A1 P i Y AP 22 45 SRAH AL 1T A Rt — B R Y
JRREL R ACEFRAE: ~ 2 R B B RS
By - HEPRL AR A AR (Hernandez et al.,
2014) - WEEE T YR o -Fi i A TARFRE0-30
cmHIEEWDEIIEHETSY% - PRl R BERL & R R
& > fEC RS E RN E M B E
Bt Wi B A HEE L - - H R B
Fe R B H A A EORBSAYIAZEAS SRAH D (Shang
et al., 2023) » AW7EH R i-FnE BRI F N
fEH A ARSI E 2R - T TR
HIZE B AR BN 23R - DA RS i
SRR S - EH A S R R ai-BA
A [FEHTEBIRAE o

TIEE TS - SN - YR
EHEVIRG  SHEM R IRy ERE
ZHRIZIEAL » B2 B IR LA E (Milleret
et al., 2009 ; Van der Putten et al., 2013) - K41 _F
it > EESEEGH TR TS S LR EE
b~ WhnEaE - WS LA 5 5EE
T LEMESCEERRA - Br 7O ESHY ELE
TR ANERSN » B TRREORI S EE
JNEE +1#EBDESE FF(Choi et al., 2023) » H
AT A YR 24 R AVE[E(BD>1.4 g/
cm’ » Kozlowski, 1999) « fEAMZLH » BELRIT
B TR YR s B R R e R R R Y R
SN A EAKEY) RO S BT LIERE
i m] BE AL HAE V8 2N R N THEERTEY)
ifi (el LRIV E > & 0 RSB E A Y)
TREME R T IMELURA T g 18 IEAE
R DIE RS EY) R R B AT - (i
BHAMJEC ~ SOC% ~ N%EE B2l A LAk
(F22) - IE&S SR BLEF 2% B/ ME R b JT 45 R AETT

F—H DERE113FE3A

(Choi et al., 2020 ; Choi et al., 2023 ; Moscatelli
et al., 2022 ; Noor and Reeza, 2022 ; Shang et al.,
2023) - HllAYE - IEEHE _FRIVGEAN - &
A~ S I LB MR AR ST A
5 ENERIMYFET T HEEC ~ SOC% ~ N%
Mg E OB T 5 (RR2) 0 Mt — A e
FERFTIME ~ (4% - RaZIFERAKGEE
FEEEZE BT TSOM % B JIH 45 AR DL (Z MR
2019) - B OEEE IS @ A 402 AT AT R Mb
EMERETE - MESIST R AT R 2 LB
RABBRREA— K2EHERSHEE
It > FRERIANERFENRE B A TACEE M £
BEEMEE A AR - ST ETE
DIF$R S RIS - DUSORERE N 2 EYE
HER G REERERISINE - EE
R HE—20 AR T

TERELESEERE T2 T » [ABD &3
BT RNELENESOCY% B BEIE K - Wi & HH AR
FHYSOC, B EA K - 2RI H R CESG R =
FFCoi > L ETSOC oo /5K AN TARHY £
IARTREE ([E]4) © Walston et al.{§ FHInVESTHE!
Sl T E TP AR SRR BRI N E B
HIARE 2 RS THEE - A6 B30 ~ st TS - &
B I R SRR S IR T S A (e R AR T ik
[ &5 IRBUREME R A Y IBEE T BIBREE R
129.3 ton/ha » 73 il b &I S — AR B FFE B 5 HY
65% f235% (Walston et al., 2021) - RILE N
AR ~ A HAE o mEE - LIEEotE
S5 IR PR AV RE ) R 1 3RR AR - IRE R
HE AT B T B -

4.2 TIEFEHEIY

H 7 TS R A B A 2 B 1 B S A
it b B AE ) EE T] 2 EAHEE (Van der Wal et al.,
2009) > NS SRS IE RS FRIE 67 DL R 12 48
R Z M A R A R AHYIRRE » SR I
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FIEEIVIIREE & R NI o SRS AR Y
BATE (i HIR LIRS/ > IR A M EN YR AT
Ze L N #2 BR 45 (Beylich et al., 2010) ; FREZE
EAYRUKE LR P &SRB > iR REIRIE
RINAHRY IR BN ) A 7 (Whalley et al,
1995) » TRy TR s g A R R Z R A -
FEHBAERERIRERLT » I EEE(LAIBD
B e Y IR MY T R
EEA TR BB (ES) > & mT PATRHEAAYROC « 248
> AT Ze bl i i o B i IR O
IR A MR PR AT R 0 HEAR
S TR S IR s B R Ak > 2
I8 A F i B O 558 . A s W ] 405 (R3) >
BEEEER - OLERIINSAEAEE - MK
SEHY R T J7 7 L O B BN 2 Y S AN E
VAR - SCEGH IR MY SR
BHIAYREEREE o ) ARFEQ019)1NE
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FRRG O IR AT RE 47 1 AR DL R HI0R
£ WEIIAE - BIAFREIDEENR T+
S P IR DL RO RS MRk s YRR © AT
ATil & 2 PR EENEITHEAER > HIRR
FEFHFRER - 516 2 (% 2 I DARR E AR AR AE )
S o AN Z AR - S5
Tig BB - RS E ZRIE R AE i PRI
AR TR E LM - AlRE RS E
PR A TSR ME B L P 22 ] AR5
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Menta et al. (2023)}% 3 A A 0 H 2 {1
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73~ AMAT ~ R B L SR ER R YR B R
Mo AL B AV E FE#(Soil Biological

Quality index, QBS-ar) » &5 R{5H LELEE
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FELZEERAATT o IR Z E A Ry e RS
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(2023) LA Fe S0 AT - K P53 AE S B85 Ky i 9T
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PAHE N S AT e o T E Bk ~ W
MAEYIRYER SR - SBDEERIVIERR SRS
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RIFR A I D B AR TV BB S T =2 E H Y
(Lambert et al., 2023) - Hi#lifYE > Lambert et
al. (2023) ~ Menta et al. (2023)ELARFZE A4S F
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TR HEEN Y oy BRI IR AT G D R I ' Oy
Kb - A BRI ESN 1 mE (Frouz,
2018 ; Ontl and Schulte, 2012)
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Effects of Solar Parks on Soil Properties and
Soil Invertebrates

Rong-Ci Chang'  Chia-Wen Tsai°  Yung-Jen Lu*  Chiao-Ping Wang’"

ABSTRACT

The ground-mounted photovoltaic power is one of the developing renewable energy in Taiwan.
However, it may negatively affect the environmental quality and agriculture and ecosystems. In order to
understand the impact of solar panels on soil quality and soil invertebrates, soils from three photovoltaic
sites in Hualien, Taiwan were collected, where one at Juisui which was under construction, and two
at Fenglin, which had been in operation for 2 years. We compare the chemical, physical and the soil
invertebrates among soils beneath and outside the solar panels and their adjacent forest plantations. The
effects of the change of land use type from forest plantations to photovoltaic parks on soil properties varied
with soil texture. In the silt loam sites, the construction of solar parks increased the soil bulk density and
sand content, while the silt content, electrical conductivity, carbon concentration, nitrogen concentration,
soil fauna density, and the number of soil fauna taxa all decreased significantly. However, those impacts
were not significant in the sandy loam site. As some ferns and grasses re-establish naturally in the solar park
after 2 years of operation, soil carbon, nitrogen and fauna density tended to increase gradually, where the
increasement was more significant in the soils from outside than under the solar panels. The results indicate
that a proper management of vegetation and a better design of the solar park might reduce the impacts on
soil ecosystem function and services.

Keywords: Ground-mounted solar panels, Renewable energy, Soil quality, Soil carbon stock, Soil

invertebrates.
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