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Effects of Mixed Planting of Green Manure Crops Supplemented with Humic
Substance on the Biological Soil Health Indicators of Reclaimed Soils
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Department of Civil & Environmental Engineering, Gachon University

ABSTRACT

The effects of green manure crops, hairy vetch and sesban, supplemented with HS (humic substance) on biological soil
health indicators was studied in a pot containing two kinds of reclaimed soil previously contaminated with petroleum
hydrocarbons; a soil remediated by land-farming (DDC) and another soil by low-temperature thermal desorption (YJ).
Treatments include no plant (C), plants only (H), and plants+2% HS (PH), which were evaluated in a pot containing
respective soil. Biological indicators include microbial community analysis as well as soil enzyme activities of
dehydrogenase, f-glucosidase, N-acetyl-$-D-glucosaminidase (NAG), acid/alkaline phosphatase, arylsulfatase, and urease.
Results showed an increase of enzyme activities in pot soils with plants and even greater in soils with plants+HS. The
enzyme activities of DDC soil with plants (DDC _P) and with plants+tHS (DDC_PH) increased 1.6 and 3.9 times on
average, respectively than those in the control. The enzyme activities YJ soil with plants (YJ P) and with plant+HS
(YJ _PH) increased 1.8 and 3.8 times on average, respectively than those in the control. According to microbial community
analysis, the relative abundance of nitrogen-fixing bacteria in DDC and Y] soil was increased from 1.5% to 7% and from 0 to
5%, respectively, after planting hairy vetch and sesban. This study showed that mixed planting of green manure crops with a
supplement of humic substance is highly effective for the restoration of biological health indicators of reclaimed soils.
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al., 2008), EQAEAE
2 B FEe T B ABARS A5 ]
e BHS ¥k #
AuEA W, JYEEN, P, )9 8 2 o]8 =
3lof) ggke 0, A5 Al AP 78S 5]
o] ESEAES WA 4 k. 1eEE ECREA
oA A= mAIEAY] tiRkZ Q] s A EY
73 SRl ddo] & 4= th(Baer and Birge, 2018).
ES U AdFeZ EAlshe F21E2 (Humic Substance,
HSY> ESHT7IE9Y 60%E 2FAIshH, EF AeiAlolA
Ao TS B9 slehikgel] #odghth(Trevisan et
al, 2010). HSE E4e| &8st 54 wg), vdE
TUHE 71 BEGaAE 71 94 §5 L
AR g 2 g 2 A, BEY vAE d 59
B} okl BaERdet. 8 AmERel 500 mg-HS/LE 3
7Vt AwlEN Gerbera jamesonii L)YE Auista 487}
S8 o] 52% 7kl ek st AETRIE 2-3.7
Y Z7}5F tH(Nikbakht et al., 2008). 9G¥ ~Ed X
(20~40 mM)Z W= AE EgkolA L2 Al w)
EY 1kg@ 02%°] HSE FUsIAL, EUA AP A
AL st glout JUEE 57 Ha 280 o
Z7)atAtH(Khaled and Fawy, 2011). 24} 37 (tuber)S
PGPR(Plant growth promoting rhizobacteria)= *]2]3}aL
ARz ol A HS(400 kg/ha)S T3 749, HIE(NPK
100%) A7l Blsf 7k ko] 138 S7Fkdth
(Ekin, 2019). FEAS A7 ARSI = 531 G997}
A&= A0k, BF Aol HS(1000 kg/ha, 75% HS)YE W
52 AMSsl vz vt A3, o] 44~78%
2 I7RIGe At S-S e SIS
ole} FAl EFGA(urease, sucrase, and phosphatase)
T EF 20% oM fdog U, vAE 23
A4 A dhelgjol F& 7HAdial F3o] T2 S
=4, F3lle dscomycota & TFAFFITHLI et al,
2019). Trevisan et al.(2010)= HSE AFE=E auxin
3 e Zgog vy ¥ B 2 BIE A==
713 Bafstarl, Al Wde X5k AAESHREA]
(biostimulant)2 A 2J3}c}. 2 Aol olshH AEX}
8314 HSe HEMEe] HAF B HAL & Ao s
Fol ] Alxeolxe oleEA] Tss EUOSEA
FLEED F5E S8, ZEolE Aoz A
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2.1. ShE4E

Aol AL83F AT E(reclaimed soil)= TPH LEES
EFEA o2 AslAEst EHDDCH A2dEzPio
2 AEg EXYIeITh 3 A7 20 em kil 7t
ko]l EYF 1.8kgs Wil AES AASHA] & tiE=T
(Control), 21=1TF 21 A2 A1P) 2 THHIZ 2%
A HS(G6 gy H7ISH AE2A-HS AT (PH)E &
T 3R SRS SHIAES 8 o2 H X (Vicia
villosa)?} M|2~RFPok(Sesbania sesbanys 5313t 3
oFuixl= FHAER AT MES /S 18,
Alzaidols YA AE2 Al AX EY 214

iy

IS AMEBIGITE EHlE SRS 2% 25°C, F% 60%,
SRS 18/6AZ 02 S AEASllA ARlstalT.
AERAAAY] ZEE °F 9,500 Lux®]RA™, Apogee
Quantum Flux Meter(MQ-200)2 Z-d3+ PAR(photosy-
nthetically active radiation}> 145 umol/cm?-s®] It}
z7] 357 4 HFe=® Yzl 50mL, P 2 PH
AT 100 mLA T, Al 22 FE 2E 3
ol Eo] AEHA] AN Eo] nfEA] EE 2-3Y
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7YAo g2 AABIE(N:PK 6%-8%-5%)= & 100 mL7}
A BB Aol e uzlx] dAMlEE 3/
100002 3|A4ate] 133], AlE0] A 445 thaole
6/10002-2 3]Xs}e] 93] FUsioirt. ol sHEE F¢
3l HlgEES SslA, N 576, P 744, K 465 mgo|3d
o} 2B 15U 7o s A o7 A=3E
o} AEe 80Uzt A&SIAAL, HETYolle AVIRE 55
sl S A4S o, EYAEE AFet] EYEA
o} vAETFS BAEIT 2188 el dofeiu|x] B
Y7t 7heal B A A4 AFHSHA skt

2.2. 2ALHH

Ege] EE5ely 548 it AEd(2014) WY
o oAt SAsAT. EY pH 2 ECE EGS7T
(1:5) WHo = EAL Elyos frlEdde datt
FAPHOE SAEAN BT vl APt Hdiks
ARSIt EY PlAEy #2492 Chun Laboll 9188t
o NGS(next generation sequencing)Ho-2 231931,
AEAE 60°CollA 3U3F Axd TRy NETHS 34
st

Edase BF 755 7435199t DHA(dehydrogenase
activity)= Pepper and Gerba(2004y'H o2 =431 =
tl, FEEYCRE dYshal ks BT v
3ol AAS= p-glucosidase(BG) B H AAardh) A
T N-acetyl-f-D-glucosaminidase(NAG), 1 <=3 &3
acid & alkaline phosphatase(Pase a ¥ Pase alk)Z} 3}
B JIFS FE Arylsulfatase(AS)E Scott(2019)°]
FHshs S ARG 7] e B BN
2H=21 PNP(para-nitrophenol) 402 TS Hr|sk
t}. &% Urease= Kandeler and Gerber(1988)2] WPH O
2 ZAsit

Table 1. Physicochemical properties of reclaimed soils

23. X U BH5ioHE

Ao ARSEE SlofeilA] B Alzmhol FA= EE
SEHOEI= A s, AR F7EA] 4°CollA
WREAEIT. S8 A= HOCI &5 5 Al
3lar, TA] 80% olEkEE AE3le] AFo) AMESIIT
AARIEE FEE HPRIIRE(E&LG HEI=)0 =, 1/
10008 3] Aste] ALESIATE W HSE ZG&A1F
(HumicDG, The Anderson, USA)YS Tullslsi=d]|, 374
4~5mm AT 7o = AH¥xo] AL, humic acid
e 70%0] ATk

Edas 4530 AR 71d 9 sEtEde
triphenyltetrazolium chloride(=98.0%, Sigma), p-nitrophenyl-
S-D-glucopyranoside(>98%, Sigma), p-nitrophenyl-N-acetyl-
S-D-glucosaminide(>99%, Sigma), p-nitrophenyl phosphate
disodium salt hexahydrate(Calbiochem), potassium 4-
nitrophenyl sulfate(Sigma), p-nitrophenol(>99%, Junsei)
oAt e} Agel AREE ssEAS BT Hagh
ACS gradeo|3loH, SMAZ L A& F=roll= Hol
4183 MQ-cm)Z AME-31ITH

A

3. 23 # 24
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3.1. EYo| EC|EEN S ¥ EAGAEY

T Fo B diste] 43 Sgjsisid 54 9 E
FRATAEE Table 13 ). Aol AH&S DDCESY
EAL YdE(loam)°lA1L, YIEYS 2UE (clay loam)°]
At EYF pH} ECE DDC E%e] 22t 7.0 2 369
uS/eme]R oM, YIEYS 717} 82 H 555 uS/emz EA]
g EY 54< pH 2 AVHERE S7PF #S5EHA
(Pape et al., 2015; Vidonish et al, 2016). T+ &< &
& WHC(water holding capacity, 1/3 bar)’} 24.8 2
26.0%% 2 2olE HO|A] gikon} YIEYRS FX]A|

DDC YJ

soil texture S:S:C=56.4:29.4:14.3 S:S:C=60.7:24.0:15.3
soil pH 7.0(=0.0) 8.2(x0.1)
soil EC (uS/cm) 36.9(x0.1) 555(%7.0)
initial water content(%) 14.3(0.1) 5.6(x£0.7)
WHC (%) 24.8(x0.1) 26.0(x0.1)
WHC (%)-1/3 bar 19.5(x0.7) 20.8(+2.5)
organic contents (%) 3.7+0.8 3.3+0.1

soil bulk density (g/cm?)

1.193(x0.005) 1.314(x0.019)

EC, Electrical conductivity; WHC, Water holding capacity DDC, a soil remediated by land farming, YJ, a soil remediated by thermal

desorption
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Table 2. Soil enzyme activities™ of the uncontaminated and reclaimed soils

.. DDC YJ

Enzyme activity uncontaminated® reclaimed uncontaminated reclaimed
DHA (ugTPF/g-soil) 0.8+0.0 4.0+0.4 8.1£3.5 3.5£0.6
f-Glucosidase (ugPNP/g-soil-hr) 43+2.8 35.3+0.5 117.2£17.6 17.3+0.9
N-acetyl-f-glucosaminidase (p.gPNP/g-soil-hr) 9.8+1.4 20.0+3.1 45.5+2.5 13.4+0.4
Acid phosphatase (ugPNP/g-soil-hr) 14.1+0.6 35.6+£0.4 241.1+0.6 71.7£3.5
Alkaline phosphatase (ugPNP/g-soil-hr) 70.3£2.3 70.8+3.1 167.1£25.8 30.8+18.9
Arlysulfatase (ugPNP/g-soil-hr) 1.9+0.3 22.8+1.21 75.6+4.1 1.1+0.4
Urease (ugNH, produced/g-soil-hr) 35.4+£3.1 26.3£9.0 449.1+14.8 4.1£29

"Enzyme activity was measured by product formation through a specific catalytic reaction of an enzyme, such as PNP or NH,", at a given

time with a unit amount of soil.

Uncontaminated soil means the soil collected at the same site of the remediated soil but not contaminated with specific contaminants.

Z3l o] "olxlar, gio] WO Z(sol) AJEI7F
wo] 323 AxIAA HusiA =itk EYe] 844
=% DDCEY] 1.193£0.005 g/em’e]H, YIESFe] 1314+
0.019 g/em’© &, YIEYC] ¢F 10% T HJATHTable 1).

Y AHolA AFHT HILHESY] AES] ESEA
GA3L Tabel 29} ZTF DDCEXRS X2 ¥ urease=
AlLlgt UmA] ghEor] EYaALSAo] FURIAT E
Sl o5t ST HIoE A=, urease
e B oA BAshs N FE57 712
3k Aoz g whd, YIEYIME dAE] 3ol
A mAlEC] APEsle] BE oA aA4gAdo] IA 7t
4315th. DDCEYH YIEYS Hlwshd, ESasrdsd
L Pase att A|2)slal, DDCEYNA YIER] Hls)] &
A =2 a4rds B

Y Ao AFT Y] HILAEYNME ASE
75.62+4.14, urease= 449.4+14.8% =& WA, G323k
YIES] ASS} urease AL Z4Z; 1.1+0.4 pgPNP/g-
soil-hr ¥ 4.1+£2.9 pgNH, /g-soil-hrZ H| L HE2] 1/708)
2 W=, EAEel ot vdE ARdo] Hjlolz} wdt
o} Y1 Ego] EXE] EWRIE 5101, BG, NAG,
Pase a ¥ Pase alk GolA 488 Bl A2 1A} &
sk BelE Edel B e AR gslavt v
AEo] o 87Fsst FElZ Adks|o] SH=a, 2] &
7] 2 53 FEFst] A2 vAEe] A=) W
Fog Fddn ¥HH, DDC H|LAES] AS9} urease
= Z7F 1.91+0.3 ugPNP/g-soil-hr 2 35.443.1 ugNH,"/
g-soil-hrollA], EFAEZ 27| & 232} 22.8+1.21 pgPNP/
g-soil-hr @ 26.3+9.0 ugNH, " /g-soil-hr® 2 AS EAluto]
A F718kAL, urease= = W3 QI%Th TPH SEE
&S BEFFZIeZ A3t thE I (Besalatpour et al.,
201X = 27 urease B4 &F 170 ugNH, ' /g-soil-hr
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Fig. 1. Elongation of shoot length of mixed planted hairy vetch
and sesban in a pot containing reclaimed soil and/or humic
substance amendment. (a) Hairy vetch, (b) Sesban.
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3.2, MM 9 X|MF 248

AP Eol| vt =u2E wolse 50% vlve]dar
Holgt fAEE A7) MFe 97T ol Auksoe] &
230th. 53] DDCEY] 3535t 252 ol & f2l=
o] AlEolA, dlojguX= A AR} & 214, AlZER
ol 1490l A7} AjoEsIoth. sl Auigk A&
APJR- Bdo|E vlwsPd Fig. 13 2t dlojelA=
ZHo| EoF WEoX HSE HIISHA] &4 ZE|A
ool O gslditt. Alzuiols YIEGAME
L787H], DDCEYIME oF 588737H4] HSE 3718t
2 Bl 21E AP o7t o Aot 70d
o= it dololA Aol7t k. et sofe]uX]
717} BEolojr S0 ofeflal HAPL 4lsl 2ol
o] BAIFSE froJalA] ZUTHp>0.05). Ao}
© ol AlE] A ARRE Qs BAPE 31, @)
olgjH|x|e} FUHAl Holdge] TARORE frolelA] &
AHp>0.05).

SR 2B oEako g HSHE TN AEe] /1A
9} olo] 8 FABIITHFig. 2). ©loll Al 80Ul |
- AES sl 7S S4% ATe Table 3%
2th DDCEYolA 9 A7 A= DDH PH %
DDH_PolA 247} 10.24+£0.84 2 9.56+0.66 g°]AaL, YI
EME YJ PH 2 YH PollA Z+2} 10.64+0.65 2
10.15+0.58 ]tk BHFZLOEE HS H7FE A A
Ao 5~7% BIA, F EYF HFN BAZogE
FoJ8lA] TH(p>0.05). HSE Fe-HS E3HE &4 9
st Fe A3 9 B59Yg=4d 43 S57KChen et al,
2004; Zanin et al., 2019), AFASEE G} (Trevisan et
al, 2010) ¥ ¢ 22 9@ 73} & 7(Canellas and
Olivares, 2014) 522 224 FZsh= Ao] o|y]
SR}, £ AellA BAF SV JRE 7P & o]
= B3-S A4sk= PARFO] 145 pmol/em’®-sZ w5
whol, HSE A7Ig 837} =24 9kd 2108 F4€nh

TSk HElE Fgele] e SAs A AlEsi o,
Eo] oz Z3lEle W olle} AEiet Ve
o], aiAlske ZAolA A=A B SA3)
2 ZEidnk. vhe B3 HS7F 78S IR ARk
Zo] A=HUc). &3E HSE FAdME L9Ed &
2k gl AAY o), BAFAE] FAdAMY] AsAE 3
Ae] AREAoe|t). 3 EGS AlsiaS o 80 +

A)

o N &L N Hd

rr

rr
Ty

I oox
o

F

Aol o] ARSSIES Wl WA 5= Q= FARE
sl A 9eI8kA] ol E Zeole} ddE)

Fig. 2. Photographs of hairy vetch and sesban mixed-planted in
the reclaimed soil with or without HA amendment. (a) YJ P, (b)
YJ PH, (c) DDC P, (d) DDC PH. Photographs were taken at
Day 79 of cultivation.

Table 3. Dry weight of the above-ground plant biomass grown
in reclaimed soil for 80 days
YJ PH Y] P
10.64+0.65 10.15+0.58

DDC_PH
10.24+0.84

DDC P
9.56:0.66

33. EYSAENM Hl

ESaAgyde EYENT G o8l dHdst
Al FA= YA, A S7Fssh, RAEEE EY
o] ETjslelA] Adelol] gt ARE TFshH, EE ¥
sl we} 4153 W8-S Hole A4S 7HAaL o] 2
E-EWS vislE SRlshs AE= A 4 Uth(Aon
et al,, 2001). ©]of] SRt EUS dYstA dslal Al
s AFsl] EYRATEdS 54T Ay Fig 3~4%
=3

G434 Fol4 BG, NAG, Pase a, Pase alk & AS
AEAAFPRIM AES AASHA el et iz
ol vlgl i ma]-FHd) 248 F7ISE U, AE2)A)-
HSHZFHPHPIME oF 20l o) frojx oz Zrlslsitt

1

m\l

rr
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Fig. 3. Soil enzymes, BG NAG Pase a, Pase alk, and As,
activities in pot soils at Day 80. (a) DDC soil, (b) YJ soil.

(Fig. 3). DDCES PHA|E]Fl= iz HIs] BG=
519], NAGE 7.181, ASE 479, Pase a:= 3.1H,
Pase_alk> 438 S7I5IA). YIESRIME PHAE]
A 27 i8] BGe= 3.4, NAGE= 3.18], AS= 3.8
B, Pase a= 3.64, Pase alke 228 Z718Fc}. HS
Aol mEME Egasrdido] S7RIRoH, PA
g7l Blal PHAEFIA 55 ESEATA] Fagtol
DDCEYAME= 208 =713}, YIESAE 2.34)
=7Vt ESFa A oA DHAS} urease 87 +=
=4 93kt). DHAE DDCEXIA A2l Hit 1.4
ZIBI¥A, YIESIAE B 1.58] =718t Urease
kA2 DDCEYIIME 1.5~1. 740 Z71a1A] ekt
YIEGME PAZT9 PHAEFIA 242t 3.68] B
82E STkt oM, ol YIEY X7 urcase@/do]
1.2+0.4(ugNH, /g-soil-hr)2 w-¢- 7] wj&o]H, PHAZ
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Fig. 4. Soil enzymes, DHA, and urease activities in pot soils at
Day 80.

T2] 9.420.7(ugNH, /g-soil-hr)>= DDC PHAE]F urease
243 FARE Folth(Fig. 3).

T84 2 ke B FE3 Hse vIE, 392, 1AL
ZF % "oj| A= phosphatase &S A3 THMalcolm
and Vaughan, 1979). 3XFE %K (andisol)oll HSE 371shd
Ea 49 BG Pase a, urease, NAG % polyphenol
oxidaseZ} )& o2 A A3t Allison, 2006). &
284 Asks HS-TE B34 Ao ofsl gt
oS 59 urease= pH 5.201°3914 €=(net) H37} %o
2 3pdEa, s (%1 HSSF Agsted HSEEAI7E
A FAjo] #3kEr, HS-HHAe] 524 (isoelectric
point)ollX 7P 2 EAENE EATHLI et al., 2013).
JHEZ HS o3 EAEIAshe ESYF pHll WE &
AvhlEy} HSO| W HsPdElZE 7R & lloler &
T AUk

" Martinez et al.(2018)> TN HSE F<)
k= Ao] &34 EAE=H(WSC, water soluble carbon)
71l 78 axdolglar e, WSC 7k EY
5 BG XS =ol= F Q29lolt) Sun et al.(2020)
< EY HSE A 7= FHEste] Fds $,
Edas g g Frsls dA=3Iu. AEARF
HS H7[EoA Pase a B Pase alk’} <F 1.58] 7}k
v 78X} HS HA7FE|AE urease BHAJo] 7HAE)
L HS 7kl mlgste] FRUokNH,-N) $&% 7+
A3l £ dAelMe PFHSE EY 870l
B S3lEle AEAE HY WA 8553, aEXE
HSE B Welld f-838k#] 9aL 71 Fels 7R 2o
2 Ao 1 Ay, AR HSOl &3] phosphatase
SAJo] it A= S7F8I9AL urease= HS W37} B
T T2 il A
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