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ABSTRACT

A study was performed to investigate the positive impacts of humic substances (HS) on the growth of green barley, a type
of green manure plant. The study was conducted in a pot culture using two different types of reclaimed soils that had been
treated by land farming (DDC) and thermal desorption (YJ) methods, respectively. The experimental conditions consisted
of three treatments: plant only (P), plant plus 2% HS, and no plant (control). After 89 days of culture in a controlled
growth chamber, the growth of spring barley and activity of seven soil enzymes were measured. The results indicated that
the addition of HS had a substantial (p<0.10) positive effect on shoot biomass in both types of soil. Furthermore, the
addition of HS notably (p<0.05) enhanced all seven soil enzyme activities in both soils. Both the aboveground and
belowground parts of barley plants were returned to soil and aged for 10 weeks in the same growth chamber, which
resulted in notable enhancement in soil health indicators. These improvements included an increase in organic matter, a
drop in bulk density, and an increase in the activity of seven different soil enzymes. When lentil seeds were planted in the
aged soils, the development of the seedlings was more vigorous than that in the control in both soils, although allelopathy
of barley suppressed lentil germination in soil with pH 7.0 but not in soil with pH 8.5.
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Chlorophyll a (C,) (ugimL)=12.25 Az —2.79 Ass7 (2)

Chlorophyll b (Cs) (ug/mL)=21.50 Ag7 — 5.10 Agss
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Ca+b (ug/mL) = 17.15 A664 + 18.71 A647 (4)

10004 ,,4-1.82C,~85.02C,
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Fig. 1. The effects of humic substance (HS) treatment on longitudinal plant growth in the reclaimed soil. (a) growth in soil DDC; (b)

growth in soil YJ.
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Fig. 2. The effect of humic substance (HS) treatment on chlorophyll content was measured by SPAD in the reclaimed soil. (a) green

barley planted in soil DDC; (b) green barley planted in soil YJ.

(b)

(d)

Fig. 3. The growth of green barley in the reclaimed soil. Pictures were taken on day 89 after sowing. (a) Plant only in soil DDC; (b)
Plant+HS in soil DDC; (c) Plant only in soil YJ; (d) Plant+HS in soil YJ.

Eo3k7] witole} AlEEt. o] 577t A= AR
S APTEE e Aol oY}, HEHorE
E AP el AR A= THFig. 3).

AHEE B SR A 23} et =
T RagjRa, Bl E9S A3 Bad 4= gl
APyt AR =8t 2 gl HE S8k A
B AAE D A Table 13 ZT} DDC EU)

Table 1. Fresh and dry weight of green barley in the above-
ground parts at day 89 after sowing

Fresh Weight (g)

Dry Weight (2)

DDC_P 1241+£5.26 1.45+0.50
DDC_PH 18.50+1.32 1.72+0.44
YJ P 12.61 £ 0.42 0.90+0.22
YJ_PH 22.68£8.78 233=x1.15
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Fig. 5. Dehydrogenase and urease activities of the pot soil on day

89 post-sowing.
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Fig. 4. Soil enzyme activities of the pot soil on day 89 post-sowing, which quantify PNP released from the substrate. (a) Soil DDC; (b)

Soil YJ.
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9t ESTEE JRASKBInI et al, 2013). FE
AR Ao 12 gl B, FEA £
27| FekePH FE fr1EC] fdEe] e
I SHUET} ST Aol Aladnt

EYaAgAE F7 718K Table 3 and 4). $<
gk oh A% EEAEIS ddo s Frbeid=T,
iz} PAElol MRl NAGSE AS7F 243199t NAG
e B9kl &3l AawEel gulEsl=r(Yang et
al,, 2012), $= oA {71E E3lldl A LR
ARV A] GrkE skaido] Aol EF $Ho] Fika
7o) Ha FRF o g ot 83l Ad AA,
NAG % AS &4 A7t g Zl0 = AlsEch v,
PHAE|FME HS7F B4 FFYo] Ho NAGH ¢
10% F7FIAt. ASE f71@AtllzEl 29} F7]841e]
71| a20]al(Alef and Nannipieri, 1995), HSS] &+
SRS fulvic acidsolAE 0.1~3.6%, humic acido|A=
0.1~8.3%°]3L humin?! 73-F- 0.1~0.9% EAIEE, EF
oAl S FHY dS & 4 Uth(Rice and MacCarthy,
1991). thET- B PAElT= SAIGIA Gitddo] AR
o] o] 7h43k whA | pHAE TN E HSERE S
7} FHEe]l ASEAol FA1 B STt

I T EY 507 AlRe EYRASY Hdwd
DHA 12.5 ugTPF/g-so0il-24h, BG 403.1 ugPNP/g-soil-hr,
Pase 1,844.5 ugPNP/g-soil-hr 2 urease 83.2 ugNH,'/g-
soil-hro]™(Kim et al., 2023), AFESF 1007] A&5<] #H
7S DHA 36 pgTPF/g-soil-24h, BG 483.5 ugPNP/g-
soil-hr, AS 1965.6 ngPNP/g-soil-hr, Pase a 2,607.1 pg PNP/
g-soil-hr 2 urease 138.2 ugNH,"/g-soil-hro] S tH(Hong
et al,, 2021). ¥ AFNA F50] FEHUS W A
Edaidde DDCEY PHAETolA DHA 607.5
pgTPF/g-soil-24h, BG 100.6 pgPNP/g-soil-hr, Pase 206.3

Table 2. Changes in phyco-chemical soil characteristics after mulching barley and aging for 10 weeks

DDC YJ
before after aging before after aging

planting Control p PH planting Control P PH

soil pH 7.0 7.2 7.2 6.7 8.5 8.5 83 8.2
(+0.0) (+0.0) (+0.0) (+0.0) (0.1) (0.1) (0.1) (+0.0)

soil EC 36.9 1374 231.7 366.9 555.0 498.4 523.6 663.4
(uS/cm) (#0.1) (#4.0) (#0.3) (#48.1) (£7.0) (*15.8) (#£20.2) (*45.7)

organic contents 3.7 3.0 5.1 59 33 3.0 4.1 6.1
(%) (#0.8) (#0.8) (#0.0) (£0.0) (#0.1) (*0.0) (#0.0) (*0.0)

soil bulk density 1.19 1.08 1.17 1.10 1.31 1.23 1.19 1.13
(g/em’) (#0.01) (#0.01) (#0.09) (£0.04) (#0.02) (£0.08) (#0.03) (#0.04)

EC, electrical conductivity; DDC, land farming treated soil; YJ, thermal desorption treated soil
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Table 3. The soil enzyme activities of soil DDC were measured in three different states: raw, after green barley cultivation, and after
mulching and aging for 10 weeks

DDC
Enzyme activity before Control P PH
planting at harvest aged at harvest aged at harvest aged
DHA 0.8 10.2 129.1 215 450.9 98.0 607.5
(g TPF/g-soil) (*0.0) #2.1) (*24.7) *72) (*61.9) (#373) (+47.9)
B-Glucosidase 43 7.3 8.9 22,0 242 46.5 100.6
(BG) #2.8) (*02) 0.1) *0.7) *2.8) (£6.0) (#2.6)
] N 'acety.l'.ﬁ' 9.8 9.6 1.1 12.6 23.5 41.1 477
g uc(z;\?zqgl ase @1.4) (0.5) (*0.3) (#2.5) (#9.9) (£16.4) *5.7)
Acid phosphatase (“g}.’lle (TS 46.2 55.7 73.1 89.5 114.3 206.3
(Pase_a) gsoll-hn) 10 6) (*1.7) (#0.7) (+8.8) (£0.3) (+6.4) (+1.9)
Alkaline phosphatase 70.3 389 45.0 48.7 84.9 115.2 269.0
(Pase_alk) (#23) (#273) (*9.4) (#3.6) (+24.9) (*10.4) (+27.6)
Atlysulfatase 1.9 11.0 3.1 142 48 282 37.7
(AS) (+0.3) (#22) (*0.6) (£6.5) (0.3) *11.8) (4.1)
Urease 3.5 52 8.1 13.1 26.7 20.0 29.5
(ugNH,/g-soil-hr) #3.0) (#3.8) (#2.0) (+1.8) (#3.6) #2.7) (+0.7)

Table 4. The soil enzyme activities of soil YJ were measured in three different states: raw, after green barley cultivation, and after
mulching and aging for 10 weeks

YJ
Enzyme activity before Control P PH
planting  at harvest aged at harvest aged at harvest aged
. 3.5 12.0 19.1 18.5 34.1 323 127.8
DHA (ugTPF/g-soil) (*0.6) @2.1) @3.7) 5.8) @4.7) *9.5) 28.1)
B-Glucosidase 173 3.9 11.7 7.6 283 38.7 69.0
(BG) (£0.9) 1.1y (+7.0) *2.5) (#52) (+6.7) *12.8)
| AC[ ;Zitqyullgase 134 255 10 372 10.0 46.9 535
gl (NAG)I (*0.4) (#9.8) (*0.3) #3.1) (1.7) (*0.8) (+6.9)
Acid phosphatase (igoll)lljlhig 71.7 14.1 19.2 232 51.0 75.1 151.6
(Pase_a) & @3.5) (0.6) @3.1) EL1) (0.4) @s5.1) 2.7)
Alkaline phosphatase 30.8 17.3 204 26.2 90.8 147.5 2233
(Pase_alk) (*18.9) (x1.1) x4.2) (#3.6) (=0.3) #7.0) (#20.1)
Arlysulfatase 1.1 13.8 0.7 8.8 1.5 219 36.4
(AS) (£0.4) (0.8) (£0.0) (£0.8) (£02) (0.1) &1.9)
Urease 4.1 24 22 8.5 20.6 16.2 35.1
(ugNH,/g-soil-hr) x2.9) (0.1) =1.1) (x2.3) *1.9) (£5.5) (#4.0)
ugPNP/g-soil-hr % urease 29.5 ugNH,'/g-soil-hro] 1L, 34. HIE ol & FAS ME
YIEY PHAE] A DHA 127.8 ugTPF/g—soﬂ-24h, BG Fsek Bl R AYS vgelar 89T AEA
[e]

69.0 pgPNP/g-soil-hr, Pase 151.6 pgPNP/g-soil-hr 3! urease Aol A AplshaA Holg 9 {f2A1E *g;g' HUHH
35.1 pgNH, /g-soil-hr2, DHAS A|2Jslal= B5F WSk STt Belrt dskAl oAl 7 f-A1E2 Fig. 69141
T2 YR e §ASYS BT 53] urease, o} o] /\P‘]%

33l Image JE2 HII U,
Pase a ¥ AS7} 5~108] ol 2 He eiwt}t dAi SmartRootZ S+ &=, ¥2jFdo] ¥ Fus A3,
=L ~«1 B FFo] YRle=, WAl F5she SRLS AWO}"iE} SRLE 9] T3 4] doj2] 1)
el Hxo] HWHES Fshe 2= arfsior & Aot oW, BEQISE F2 A AHE Uehle Aol

J. Soil Groundwater Environ. Vol. 29(1), p. 51~62, 2024



Aol 1] A2 e A2 A 7o S2o] A2 2 A= B Al F= S I 59

Original

Germination

3.00
2.50
Carotenoid 2.00 Shoot FW
1.50
(a) )
Chl.-a Root Length
o
SRL Lateral R No

——DDC_C=e=DDC_P —o-DDC_PH

Processed using Image]
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Fig. 7. Comparison of lentil germination, growth, and root elongation in mulched and aged soils (a) Soil DDC; (b) Soil YJ.

(Eissenstat, 1991).

olFe] Aol wrols, AT A, Chla 2
carotenoid TS FF EQAe] dlg AL 71E
(1.0) = 3jq Hlagt Av= Fig. 72 2t} DDC thx
T EoollMe] Ag Welg-o 78%0)0. o, R Aul
TP 2 PHRIME 47 11-33%2 Tolgo] g wigk
t}. 1 o]9]oli= DDC PH Ekl| 2)et #ge] ¥
lo], Z29] & & SRLS BF 1.0& A3eion, =
7S B3 AAAEE 1382 Rt e &g A
319 tkFig. 7a). YI U1 EiMe] wolg
2 89%°]RJaz, ololl wWhel PxEThs ol 100%= B
YAGE dsto], SRLo|] tizx+ vl Lell =Skth
(Fig. 7b). ©] A¥= dolgo] Wrle SRk, oyt &
H AR s AEE St A oulsitt bt
H YIESS PH AHETolAe dd A2 SRLZY
carotenoid’7} 1.02 3|k ¥ dlolg | XA AYA|2F, B
2] Zo] & Chl-a g 2T tiH] 0.6~0.89] HIEZ
skt olo) AR ghe = vlwshH, Y PAHET=
1.20]31, YJ PHAEFE 0.860] E3le] YIEUR! 3%

o.gi o

o

HSE FUsHA] 962 EolX e Aadol s3 Ao

=2 vERsT

35. ERZIRtE P 9I8t A WOl

ARrEE tEAQ0 e (Allelopathy) 21EZ 44%
opde] Bl Sl S oA wlEsAY AV
o] A3l (Kremer and Ben-Hammouda, 2009). E%F
'8 ogE EYAAC] SEHASlE B slal
DDCEJoAe g dolgo] she 718 ElgFakgl] ¢
& Ao, YIESS EF pH7E 85004 ot sk
pH 82~830]& Holt}. old] DDC EY F=HS pH
8.5 2 ] pHSl 7.002 747t 23 U, Y F

g

A gl Fete] WolgS vaslAth(Fig. 8). EY F=
o] pHE XA ke F=dof Ag dY Holge
0~13.3%C]100, pHE 8.5% Fdsl] RS Ak P
AT 2 PHA T Wolkgo] 737} 30 2 20%= 57
slodct. webd YIEke] 714 ZA(pH 8.5)00 <]
AHEE] RS fdske SistEde] E40] adshe
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