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Abstract

grade substances such as cellulose, hemicellulose, and lignin, thus limiting the resource utilization of olive

Olive pomace is a solid by-product of the olive oil extraction process. It is rich in difficult-to-biode-

pomace. Microbial composting is the main way of agricultural waste treatment in China. However, there are
few studies on the microbial degradation of lignin and cellulose in olive pomace, which makes the efficient uti-
lization of olive pomace a major problem. Based on this, in this study, two strains of high-efficiency degrading
functional bacteria X4-1 ( Enterobacter sp) and M7-2 ( Candida tropicalis) of olive pomace cellulose and lignin
were obtained through degradation experiments. The above two strains were used in the fermentation process of
olive pomace to prepare organic fertilizers that met the application standards of agricultural soil fertilizers.
Meanwhile, the effects of organic soil amendment inoculated with heavy metal immobilized bacteria on soil
heavy metal remediation, crop growth, and heavy metal enrichment were investigated. The results showed that
olive pomace organic amendment promoted the growth of Brassica chinensis and increased biomass. After ap-
plying organic amendment to Pb, Cu, and Cd contaminated soil, the plant height, fresh weight and dry weight
of Brassica chinensis increased by 4.80% ~ 15.78% , 10.02% ~ 129.85% , and 7.70% ~ 120.41% , re-
spectively. In addition, the application of organic amendment effectively reduced the ecological risk of heavy
metals in the soil and inhibited the enrichment of heavy metals by Brassica chinensis. Compared with no fertili-
zation treatment, organic amendment reduced the contents of Cu and Cd in the underground part of Brassica
chinensis grown in heavy metal contaminated soil by 85.47% and 34. 10% , respectively; and the contents of
aboveground part decreased by 42. 56% and 54. 68% , respectively. The results of the study can provide a ref-

erence for the resource utilization of olive pomace and the green remediation of heavy metal contaminated agri-

cultural soils.
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MR A A BRA |] A B 1 iR,
A - R 7 BG4 PU A 2R3 T 5 R 22 e
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Tab. 1 Properties of olive pomace

isalll HLF Kl
N7 N/ S =Y - S :
fEbs 4% Wi
i
39.77 1.27 0.15 33.16 6.79 0.20 18.66

Zly HE

THIONE SR T & I e A R A AT ALt TR 1 PR ) 45
RREFRIEF AT .

Lh% B [ A LAl (PDA) 1557 2k, 200 ¢ 1
B 7536 20 min Ji5 120 A b 0, ¥ 205 43 A
20 g FAEPHHFI 20 g BfE T2 F7KEST 000 mL,

RIBLRWITE FE AR SR 2 g BARTTR |1
¢ (NH,),S0,.0.5 g MgSO, - 7H,0 . 1g KH,PO, .
0.2 g Na,HPO, . F120 g JfIRIE T 2 & F /K, I
WA pH K 7.0, MEEZ 1 000 mL,

WL ORI IRE S o MEHE N 10 g
NaCl .10 g 15,20 g BEAE A1 0.25 g AL s T
1 000 mL Z:&g/KH, FfH735 pH 3 7.0,

MISRLLEAF2E R a5 F . 76 1 000 mL 2% &5+
IR 0.2 g WISRAT 1. 88 g S fhel 4% 0. 25
g MgSO, + 7H,0.0.5 g K,HPO, Fi120 g 5,

R 4E R (CMC-Na) [EMARE SR 3, IRA
1 g (NH,),S0,.0.02 g Ca,C1.0.2 g MgSO,7H,0
10 g CMC-Na 0. 05 g FeCl, - 6H,0.1 g K,HPO, .
120 g HET 1 000 mL 8 Tk,

A DL IR R . 10 g RN 3 g
AL S ¢ KM SO g CHLEE F 38% HLAR I

5% JRAYT.2% st 1.02% 555 0.7% ) 7603
7K 1000 mL,pH 7.0 ~7.2,121 °C K% 20 min'*’,

FI AT WA IR o3 e B 7 v 5 AR R 5+
FEAATR] AEAB IS o
1.2 mEmREEVES &
L2.1 Mefmireyifits %2

WD ETCHEK AR 10 g I By Ao -
EREA T, K EET d JE%E A 100 mL (%) PDA 5575
o, JRAE 28 °C 120 v/min S5 PSS TR T9IG
FrRAEER KBRS, 73 B — 3803 RS A
L1 2 R W) R A IR IR ST 28 W) i A b 7 2
o, TR BT R FAT 4 2R B R A 00 A0 T ik . 7E
WA IR TP 597 2 d J5 BT 10 %
PHEE AR B, 15 BIRR B A 107" ~ 10 Ay 1G5
W BEFS , O [F M BE B T 45 100 WL, 38 5P
MR R AT AN B N R B 5 B AT R 0, ITAE
28 °C 120 t/min £ F 3 3 ~5 d, Phik K #
BT R RS 2 W B IR0, B R — B s
WEEHG F7 B AR AN Do 2 35 7R AL v 1 3% W] P
I, BIACHIZ R bk B A B e ). PRkl K HR
b HaB WK B i AR HE AP 22 LB S5, 1 d
Je FAH M PR A VR A, I 380 2o 3 A 552 3 A U g
AT

et FF R 2 TG €2 0 7 E 75 28] 79 A1 PR R 240
TEESITINEE . WK E TAEH Lz BAY R
HAWAFIF R, BRSPS IRIT « DLPE I 1R PR
2 DNA S HE HEFF ITS . 16s rDNA 3 [H PCR -
1 Gy, 345 R 5 Genbank %(4Ji FE £ 4T Blast
HoxF, HIE T MEGA B R G L B,
1.2.2 hiHER & ey & B

FEmAONE S v T R e 5 2 100 H (150
pm ) i, A TC B 25 8 KA 5 K 358 50% ,
FHF 121 CTFKE 20 min, RHJG, 18 30% 11
FE A G 2845 30 Y e A TS AL, T 25 °C (120
r/min FEF NIRRT 28 Ao TERBESS 7 d B
FE R I A HUAE R I £ 2 R S AR o 3R 75 5t PR i
B, DA SRR S 06 BT A5 T AR G Tl MO SR s vp £
e R TR PRI R RE T -
1.2.3  HHUIEHE 3 EN Z

AMARBUREE 7 d 14 d 128 d BB SR
R 10 g, % B LE (m/V) 1210 B LR A
ToW 2B 7K, FFFE 25 °C,120 v/ min 55T %
B 1 hy ZJa TR 3N & S F 1 7
RS o # 50 Ko AU RN AT B SRR
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T DRI A L3 10 mL & B PR 4R 1, T

VSRR AE 25 C LRI T HR 48 h itk
AP ROREERL, AR R RGZ— DR AR, D
N o OOV &2 S AW (B PO I /A
KD TR R R (6D ™,

XX,
Gl = x 100% (1)
Y\Y,

A X, SO SR A MUIE BHR 4 W s 57 55
TR TR (% ) s X, R R s ML kR
PBIEFRFZMN TR FRE (mm) Y, L&
KRR (% ) Y, AEE K RFF
FRAC (mm) o — AR Y R ZFFREOR T 50% B, A
PUIBEEA T2, K FHEBOR T 85% ), AHLIESE
SJFI

1.2.4 FHIEIHAKIGHFN 2

RIS SR A HLIE KT A2k 60 H (250
pm) Fii 5 5 £ 877K (& 10 min £BR CO, 218
B LE (m/V) 1210 (1 L34 3 min J5 & 30
min, f] pH 310074 pH {E .

P 28 d 5 I THREONE SR A S T
Ifat 1 mm G, GRAF 25 T o 88 P S5 R B A o R
VSR AR T SRR S A LT P i i AR SR, IF
DBE TR V  ok  1)  % R R  3BEA L
JR R BRI A S A SR BUA PR
53R FHARAERR T 2 5 L4 66 BE VR S K MG E
A ALAE AR R R A R
HE A FR 4y B g (NY/T 525—2021) .
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AR 3 oy T I R 2B E AR
1Y NI =K G SRR AR AN S A5
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WFEE 2 10 H G (-7, E Bl Ts Y 35 45 .
X} bR E 4 T G T o i 2 D AE B X
HEZH (CK) |, ANTiti fin A AILAE s A #L ek R ) Ak 3 20
(G) , ¥ I 3 & 2% 1 Lu il e A AILAE

RO ik /N A5 SR 1, HL 0,
TH 7 30 min, SR J5 HZE IR /KIEVEEOR , 3 Fh T 555
R, A AN AR 25 B T K 4 S KRR
AR 1 60% , R AR 30 d 5, BEHR
KGR ) B AR E S EIgm 2 4
REFREAR T rh R 3 AT
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B AN 50 d BT SGERIK T, ARk P %
R A3 BT SR T SR AR B YR B, P
HKIEVE 2 ~3 i, HIW K AT T2 1 K 43, FIH]
ks R RO AR IR i o K675 200 9 3t T B At
EER, 3RS R AL T, SRJE T 105 C LA
H2% 7 30 min, 80 CHH{E 6 h, M&E T, KL
HEF AT S G | a0, RSB AR 0. 300 ¢,
T TR IR 36 ELAE 4 (8 9 4 b, I AGE =
HNO,-HCIO, , R FH TR 7 e ASCH e, JEE IR, 5 B 1
IKTEZE, FH ICP-OES 5 77 3 ALY H 8 & 4
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T YRR SR EE L A W B Y R A T 0 2
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ARG DL Horp, 18 1 (a) SR T 2858 AL 27 4
X (CMC-Na) B %5400 Ui () BRRR A W SR 2115 77 2k
R R B, H ARSI e
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Fig.1 The growth of the strain on the chromogenic medium
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Fig.2 The degradation rate of pure lignin by the
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2.2 HEHRBERRIERETIE

SR — A B U 7 e 15 3] %) TR R A SEE o A
PR v ) R IS 100, 43 K 22 ol B ik B P 21 i
PSR T R I 7, DN AR o 25 R0 2T 4 2R 1 e fi
FAMEAFOL, G5 R WNE 3 iR . HrP vk M7-2 47
SRORHE T e IR R R RO e R T d )5
XA 5 2 ) R f# RE J13R 5 T 18.23% o 1 B AR
XA-1 XoF JHRHOME SR v 2T 4 2% 1) [ i R e s, ik )
T 10.00% . UL, Z565 2% 1R MR AE 21K Jit 2 A
THIRHORE S v 1 o A 245 2, BB X4-1 it M7-2
H bR BRI T IS SRR 9T

201
I 7 d AR R PR
B 7 d AEERIEMR
&
E@_‘IS-
=
fo
fi
E 0
)
=
i
#
& 5
0
et 1O, et vl ) fomd (o) v e | O [t e €3 el Lol el S (e
ﬂﬂﬂvvv—'!‘;lﬂhlv—l'v—lf'lm?rmlnl\l\l\—fﬁv
MR ARAS LS54 455555555355¢
E oo
LE =
B fift 44 R

K3 GERRAHBOER i 2T 4R R A BUR AR
Fig.3 Degradation rate of cellulose and lignin in olive
pomace by strain
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FRIFPR X4-1 F1 M7-2 (RIS TES B HOEE . H
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Fig.4 The colony morphology and microscopic morphology
of the purified strains

¥ X4-1 M7-2 {4 16s tDNA Fi1 ITS I 525
¢ NCBI th 77 BLAST Hoxf, 1 6 75 % 71 Bt
(WES) . Z5RFKY],X4-1 F1 MT7-2 53 5|5 Enter-
obacter sp F Candida tropicalis {\i T'Fl— R4k
B, 5 HE Bk KY818295. 1 Enterobacter
sp 1 KP131813. 1 Candida tropicalis ¥k (1 I 51|
FEARLEE 433 7K 98.32% F1 100% , 25 4 T8 25 2 4
fiE A BEA AR PE R GE A T 2T A 2R B X4-1
R X8 N T & ( Enterobacter sp) ,M7-2 T ik
U PR 22 B B ( Candida tropicalis)

(a) X4-1 69, KC455422.1 Enterobacter sp
457|£ KC455420.1 Enterobacter sp
58 JQ659764.1 Kosakonia oryzae

23/ { KY818295.1 Enterobacter sp
o 41

HQ204288.2 Enterobacter sp

10 MT613382.1 Enterobacter sp
_|: MN032379.1 Kosakonia oryzae
5| MN032377.1 Kosakonia oryzae

—lﬂ: MK208585.1 Enterobacter sp
MK208589.1 Enterobacter sp
(b)M72 —7: MT149215.1 Candida tropicalis

0 MHS545915.1 Candida tropicalis
MII591472.1 Spathaspora sp.
9 —7: MZ363135.1 Candida tropicalis isolate
MT140633.1 Candida fropicalis
E OK267832.1 Candida tropicalis
7 MW358905.1 Candida tropicalis
I: MK356074.1 Candida tropicalis
7 LT837794.1 Candida tropicalis
—— KP131813.1 Candida fropicalis
sb— 72

K5 X4-1 M72 3F 16S tDNA Fl ITS 75144
R RGERER
Fig.5 Phylogenetic tree of X4-1, M7-2 based on
16S rDNA and ITS sequence
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T, o, 2 X4-1 KRE7 d.14 d f128 d J5,
PRI B R ZE A BT 5 R 28.49% (39. 19%
F170.66% ;i M7-2 %7 d.14 d f128 d )5,
PR X B kA AR B A3 i) 34.55%
42.08% 1 70.23% , HRAGAMAT MY FRHECA HLIE
B (NY/T 525—2021) 223K, 4 A HLIEAE H
THIF T & BT 58] 70% K L) b 2 Rk
FEXTIRONE S & 1 28 d LUJE , BT & SR 50
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N FH

80
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= 50t
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Fig.6  Seed germination index for different days of fer-

mentation for each strain
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Fe A AT AR HECH MLAEEL) (NY/T 525—
2021) , AALIEH pHAHTFZAES. 5 ~8.5, MEk
PR, 25 X4-1 F1 M7-2 % B B9 S kPR pH 4>
A 4. 89 Fl 4. 80, X 0] g R A s A W e K
R A T HE LRI R, FEALT =i pH
8 T R B pH LIS A HLIE AR
e, HHE 1 1 AR L ) R S T A i A
Yook, TS 097 pH 43 7.03 F16.85, H
B A HLAE o A LR B 4y i ok 92. 35% Fi
90.43% , 23757 & it (N + P05 + K,0) 435 2y
7.31% F18.38% (W3 2) , W& & TR AAVIE
PR B SR 1) & & (A WL > 30% , B3R 4 >
4.0%) .

*2 AL pH AP LB IR & i
Tab.2 The pH, organic matter, and total nutrient content of

organic fertilizer

For I P 25 X4-1 M7-2

pH 7.03 0. 70 6.85 +0. 63
LT/ % 92.35 9. 01 90.43 +8.13
JAFRA Yo 7.31 £0.61 8.38 +0.65
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WHEE T 7.65% (15.57% J% 15.78% , faf 1 43 5]
LB T 26.86% .129.85% % 74.81% , T 43
BT 25.12% 120.41% % 87.83% . Aranda %5
DA A HAOAYE SR v IS F) o7 PR A% 1 9 o it I
J100 R BRI T A BRI A 4 m] AR Y
BRI S B TR, S T
SR 20 23 AT HLIE Ko 38 ot R LA B (R ol
ROR, A AR A 35 BT T A HLRK | B R
RO R A, [ LR AL T
TS, BN T - SR | M A L 2o S Ak S
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Fig.7  Effect of organic soil amendment on plant height,

fresh weight and dry weight of Brassica chinensis
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