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Phyto-restoration Potential of Soil Properties using Secale cereale
for Recycle of Soils with Residual TPHs (Total Petroleum Hydrocarbons)
after Off-site Treatment
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ABSTRACT

The amount of TPH contaminated soil treated at off-site remediation facilities is ever increasing. For the recycle of the
treated-soil on farmlands, it is necessary to restore biological and physico-chemical soil characteristics and to remove
residual TPH in the soil by an economic polishing treatment method such as phytoremediation. In this study, a series of
experiments was performed to select suitable plant species and to devise a proper planting method for the phyto-
restoration of TPH-treated soil. Rye (Secale cereale) was selected as test species through a germination test, among 5 other
plants. Five 7-day-old rye seedlings were planted in a plastic pot, 20 cm in height and 15 cm in diameter. The pot was
filled with TPH-treated soil (residual TPH of 1,118 mg/kg) up to 15 cm, and upper 5 cm was filled with horticulture soil to
prevent TPH toxic effects and to act as root growth zone. The planted pot was cultivated in a greenhouse for 38 days along
with the control that rye planted in a normal soil and the blank with no plants. After 38 days, the above-ground biomass of
rye in the TPH-treated soil was 30.6% less than that in the control, however, the photosynthetic activity of the leaf
remained equal on both treatments. Soil DHA (dehydrogenase activity) increased 186 times in the rye treatment compared
to 10.8 times in the blank. The gross TPH removal (%) in the planted soil and the blank soil was 34.5% and 18.4%,
respectively, resulting in 16.1% increase of net TPH removal. Promotion of microbial activity by root exudate, increase in
soil permeability and air ventilation as well as direct uptake and degradation by planted rye may have contributed to the
higher TPH removal rate. Therefore, planting rye on the TPH-treated soil with the root growth zone method showed both
the potential of restoring biological soil properties and the possibility of residual TPH removal that may allow the recycle
of the treated soil to farmlands.
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(Huang et al., 2005; Suza et al., 2008).
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Fig. 1. Schematic diagram of a PVC pot and planting method
used in the experiments.
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ThKitila, et al, 2011).
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ment Ltd., 2006).
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ol A o]elel] BE AT S HA i o]
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7} 2t} g3} AEAPgelM Y] HE AR B 57.6%,
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(BC MoA, 2010), TEo| C:N H7} =& HgES &3
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o] A9l ApHald7)o HBE DHAE 0.74 g-TPF/g-dry

soil2 TAEEA] 0] HH% welth. 7] TPHE 1,118

mg/kgo |t B 2L EASE fU1E 23E 2 A

B8] g4 2 A JJr T 43| E2)F, A

5314 4 35y wi/wlsE Aeeoh(Dick, 1996,

Nielsen and Winding, 2002). Table 191x49} 22 ESF
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Table 1. Initial physico-chemical characteristics of TPH remediated
soil

Parameter Value
pH 7.16 £0.07
Water content (%) 23.0+£1.04
LOI (%) 7.03+£0.30
DHA(g-TPF/g-dry soil)* 0.04+0.14
TN (%)° 0.014
T-P (mg/kg) 219.97
Available P, P,0s (mg/kg)° 16.87
TPH (mg/kg)® 1,118

“Without glucose additon
®Analyzed at NICEM and only the final values were provided.

Table 2. Germination rate(%) of 5 plant species sown on TPH remediated soil and horticulture soil

Plant

Number of seed

TPH remediated soil Horticulture soil

Rye (Secale cereale)

Sunflower (Helianthus annuus)

Wild soybean (Glycine soja Siebold & Zucc.),
Maize (Zea mays)

Water chickweed (Stellaria aquatica (L.) Scop.)

144
72
72
72

144

70 84
37 26
67 69
72 71

1 31
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23 TN A A& Fig. 2049} o] Az
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e ZAoldtt. 11 FollA, FAE AelA & Afel7t
A e A8 39, B 27 43T &
ettt wEgk e B (allelopathy) 0 2 =25
JAlslaL EYo 2 s AHS FHeke HHklE
(Lee et al, 2010)Z £ AT HHd]] F3lsle] EZEAF
TES HE31H

33. ZEAH

2AEA] Y $HE AYE A 5 AT
oA Qo] =g Weks st Aol Yehal, =2
SRR Qlo] gAlEE A AJERL o= F TPHO] <
3 AEE=Ao] Uy Ao FAET tE A=
20 ® EES TPH 200~2,000 mgkg LEES] 2)7)
SR} 27100 AlEEAo] TEEA= (Chang, 2006), &
ATeME 159E FAES AAlsle] 7] A vl
LAET} o} A2t ghulsl ddo] WAgh Blolel Tk
ok 27 oF 25+ FollMjol To] o2 93t ~EY|
29} TPH 5435 Avjo] Wi, s} ddo] Alepgla
Al g3 et ARt ey e s
T AE 2R 396 vlE) AYE AR sEe] 27|
Aol 7X)9] = Hom AR AR AA|Eo] B
ookt A120] AAwt AAY wiPAFS vlwskr] s,
27 389 & o FFAE SAS 53] SAF3HATH(Table
3). 4 A7, A Ee AAg 982 H 0.808 Fv/
Fm, &0l 2413t &8 it 0.796 Fv/FmZ, T %2
T ZHl FrolA8R] Aol YT HEAd, Sde] A
AR 2 AlolE B, AR AT AP A

TPH remediated soil

| Stellaria aquatica (L.) Scop.

Fig. 2. Germination and early growth of plant seedlings on TPH
remediated soil and horticulture soil.

A HAEE 96.6 g0 2 BN AT T AP A
AT 139.26 goll I3l 2F 30.6% 7HA3HHT

T AEY o3 AEAdA = deraolnt. B3
FHAER] Spartina patenss D1+ 640 mg/goll LAH

Foll Aafete] 4ol X Al 2w, =7] U=, Aet
58 AP A S 2 AR A5t ozl
vla}] 50% ol 7A48FItHLin and Mandelssohn, 2008).
Masakorala et al.(2013)°] 2J3FH =5-(mung bean, Vigna
radiatays L GEG AASt WolE, oAl B =
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Table 3. Comparison of plant and soil characteristics for each treatment at the end of pot experiment in a greenhouse

Parameter TPH remediated soil Horticulture soil Blank
Photosynthetic activity 0.808 £ 0.01 0.796 £ 0.03 -
Above-ground biomass (g) 96.6 £ 1.07 139.26 £29.44 -

TN (%) 0.032+0 - 0.018 £0.001
T-P (mgkg) 301.68 +0.64 - 230.79 £2.52
Available P, P,Os (mg/kg) 15.78 £3.30 - 8.15+0.15
DHA(g-TPF/g-dry soil)* 138.9 £ 6.5% 8.6+1.6
TPH (mg/kg) 732.5+193 - 912+ 139

“Values are from the soil that has not received glucose before incubation

*p<0.05

TPH remediated soil

Horticulture soil

Fig. 3. Comparison of root development of rye after 38 days of
cultivation in TPH remediated soil and horticulture soil.
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22} 0.032% 2 301.68 mg/kge]AaL, F2A oM Zh
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olg} AlRHLE YRk o 2E e ERET Tt W
2] AAsla Apgslng B Aol po] AL QoK)
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Horticulture soil

TPH remediated soil

Fig. 4. Comparison of maize growth in horticulture soil and in
TPH remediated soil which does not have a 5 cm upper normal
soil zone for root development.
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