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FAEKRAH R R RoR, BAA
BOREYIE (EM ) ARG 1812 7L A9 B iR
B Je HEAT MROAE mT A e s n, P T R
AP, TR E 75w, Ffdie T
SERES AL, Z5 b, H AT IR TR K K %
a7 e 0 A R R ) R R ERAR I K B DAL A
MG, AP ECF AT TR R B
BRI A5 3 AN (] B BT 790 %o A5 I B K R A B S A I Ak
U, DT 638 IR L R TR DT 5 18 i) A R
) 120 A A AR I I K RO B X
INESRAER R R A PE R R, IR R

TEA BRI B K SR A P B AT PE AR R A
1 #MR5FE

1.1 Atk

M L A E A O B2 B e 4 U BA
P 0 ~ 20 em R)Z L, HAEHOHGLAE, +HF
AT 1 em 05 SRR AIREA HAR 25 em. 5
20 em (BRI, M2t 5 ke, AIRAE, 3
M SEARIACPE T UL ER 1 (A /i se, S b
R 605; AL K KRR [ T R 48 E G R
R Ba B, HIEAFE PRI E W 2.

F1 HEEREAER

14 pH AU (g/ke) 2R (gkg) FEE (mg/kg) BT (mg/kg )
IFAR: 453 12.86 0.63 3.26 86.34
x2 HREAKKEERIETR
JEIKIKAE pH BA (mg/l) B (mg/L) 2 (mg/LL) A (mg/l) BIE (mg/l)
MR K 6.27 398.69 670.4 22.18 288.41 1175

1.2 RSk
1.2.1 Rt

AW E AN 2 AR, EE3
Wo Fl: DUEK AT NG 7 K BE D HE /N 375
F2: DLUSINZEHIFT 1R 2% & T W DETE /N 325 13
IS TR T 2% & W B E /N 1365 F4: DU
InRE 8 2% KR GEE /NI CF: LR AT
(N:P:K=15:15:150) /KIEH (400 mg/L) HEfiE
AN SEAE IR CK: DA K DRV /N (S AR A %
ML e b R BRI A 0 AUk B 10 d s AR, L
%3,

TR Hl AT [ A RO B B i e )
BA (19° 29’ 84" N, 109°29' 84" E), /NAZHEFR
W 2021 457 A 24 H, B3 KER, &
R 30 WA, P SRA KR R H R 5K
(FREIL) 1 ~ 2k, DMRUE/ DS KXK 1T
Ko 2021 4F 7 H 26 H/NF SR, Rl e T
WIE T, e WA 10 BRA K —8 4. 2021
E8 H 5 Ht s —uE e, At &KW, 1K,
BANKER R N 150 ml/ 45, 4 7 d BAE—K,
IEAE 4 K, 2022 4F 9 H 5 HEREMR AR/ NS
ARG, MERER . e 2RSSR, FIERE
A2
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RRRA K AT E 2 g R SRR
VIR - CEEIR AR Lk TR & R R
s AR A EoR RN 21k 4R C T ak
FH 2,6 G &€ Wi 22 ¥ AR #h % 5 R FH AN R
ik,

SR R E L P pH SRk
HATINAE 5 >R F AR PR AR 48U Al A M AR 2 A B BT
i AR HEILICE Ak AR
BRPTIL O SRR GRS FLBREER
Wk,

1.3 Gt

JH SPSS 26.0 i 45 F i 47 4 Ak BRI LR R
225381 (one—way ANOVA ), fifi F Origin #E17 K13
22

2 HBR5HH

2.1 AN[EIARBEXT RARAG I TR K 19 & T3k AR
e 3 Fron, KWW pH (45 b 3 ) G 5 3% 22

S, MEEBERT (627), F1, F2. F3. F4 43535

PE T 098, 112, 110, LI8/NEAf7; A . 44,
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ARG ERINERLH (F2. F3. F4) ST ARG
FILbPE, MBERIALEE D F4 5 F2 Ao ks, B
Fa>F2; BRI AL RN RS I F1ANEE,
HAP AR AL H 13 AP S A, F2 5 3 Ak

IR ENEER, BIFYA L B EEER,
H F1<F2<F4<F3, F44bE R, 28, A5 i
o, HF45 2 P S m S B ANFTE R E 22, U
B, ¥2. ¥4 EIRTERSCR A, HUCOh F3 403,

R3 AREENRAGEIIN TE KR BEBRAI LR

AbER pH S (mg/L) S (mg/L) A (mg/L) A (mg/l) EIFY (mg/lh)
F1 7.25+0.62a 220.86 + 35.85¢ 541.69 + 4.44a 16.36 + 0.24¢ 85.50 +3.85d 236.67 + 4.16d
F2 7.39 +0.40a 416.93 +7.39a 351.57 +21.96bc 20.26 +0.12h 145.88 +7.52¢ 461.67 £ 6.15¢
F3 7.37 £0.53a 301.16 + 25.34h 386.00 + 20.32h 20.15 +0.32h 124.63 + 5.90b 724.00 + 2.65a
F4 7.45 +0.40a 427.06 +27.61a 323.39 +22.04c 28.34 +0.37a 182.66 + 7.62a 482.67 + 3.06h

TE: R FESERE AR NG FRERIR S A BT 0.05 KF E2ZREBF . T,

pJo IV NS 3 2 0 AN E B2 R 3. ]

MK 1lam] W, F2, F3, F4, CFAFEMEE B &
T CK, FIFY CK ZHJoEvE2R, Hipb, 12,
F3. F4 4B 55 T CK 74%. 19.1%. 134%, 5]
F2. F3. F4 0BRSSk s A B R FSOR .
Bl b, e ATUL, ERINERFIAALEE (F2, F3. F4) FEfif
FAI Oy T CK, Horh & L CK 435

151%. 103%. 123%, T34l T CK Zb# 179.4% .
2147% ., 1235%, {HLL b 3 kb H4/NF CF, &f &
FIT 5 H CF 4351/ 47.4% F1 57.4% . 53.4% 1 34.5% .
262% F1 47.6%; 7r 4 FhAbFRrR, fF 8 5 1A F2 Ab P
w, FUANER AR, 3 7 i F3 A # i &, F2 4b 3
2o VISR, RERATEE, TEMYAH#R
Fins & SERAN 2Pl L BE SRV Xy e o N 1]

30-  a 450 p 18- ¢
40+ . 1.6+ a
251 2 1
35f 14+ b
a
20 a —— a 30k | 12+
~ b b e 2 | ~ ~
g volcal$ £ 251 £ 10r
— 15 ) )
1z — 20F b =08
® e i
10+ E 15+ b H 0.6+
10+ 04 d
5k d
5 fm 02}
0 > ~ 0 o ' 0.0
CK Fl F2 F3 F4 CF CK FI F2 F3 F4 CF CF
Ab3 Ab3
8 4 1200 o
7 |-
b | 100 - a
6l = be
P be =~ 80 ab
25 ' T £ T @ [T
:E 4l cd T | g 60 - |
® 3 H d = b b
i E 40t I
el + .
" 20 H
0
CK Fl F2 F3 F4 CF CK Fl F4 CF
s
B 1 ARELGELERIT/NAEERZN
T ARVNG PR R BRI B 5 25 (P<0.05), T,
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FALFE, d I 1d e, fERM RO T, FLL F2,
F3. F4 45 & B AL #E YK F CK, 4051 & T CK
33.3%. 89.0%. 101.7%. 55.7%, H W F2. F3 K
T CF, F4/NF CF., £, 7E0t RO F2, F3
TR R b, B le v 0L, FEMTEAUT L, 4%
AR T CK, W & RO T RS A 4
RO, Horpr2, F3ARHEET SRR, 5L, K
TN /NS AR R A R TR, LSS 751 Y
F3 BT A AL B
2.3 [RIANER K REROGT /)N A S i 3 f4) s i

H & 2a AT, FERMFSR R SR ITIH, F3 AR
HHBE®TCK; FI, 2GR SREME, M
CK H W Z/NTF CF; F4 FiEAbT CK I CF Z[H], 4
SRV, BRI (F3, F4) BT CK, B
fKF CFo & 2b A5, FERlAEPERE T, F1. k2
AEFE B T CK M CF; F3. FA{RT CF, H5 CK
A E 2 WAL (F1) A
TINZEAFT B AL FE (F2) Xb/NESE b & a

BB TSR, MR I B AL (F3) AN
BRI (F4) TTH B, ME 2c 75, H
HLER & & F1. F2. F3. F4 i F X T CF; F1. F2.
F4 B FART CKFIF3, {HF3 5 CK Z [8] 75 i 3%
o SR, TEAHLIR S TS TS IR R Ab
HOFL) . WINZFAFFREAEE (F2) . BSina &R
WhFE (F4) FRAR T APLRR & &, (A b 2
(F3) AEHEm/ ISR A LR & 5 .
t & 2d I, FE4EAR C & Jrim, F2. F3.
F4 ¥ 5 25 T CK, {HF15 CK 28] TG W 2 2%
S5 CF i 2 i TR AL, 455500, Wsn
ZEAAT AL (F2) . IR AL (F3) .
TR BEREAARE (F4) X/NAEgEEE CFRAKR
LR TR, BT AR AL EE (F1), H
&l 2e WIAN, fERSMREL ST F2 WE S T HARS
WEFL R, F3 5 CKAVFEER EEZES, HiRES
T F4FICF. Wi, P2 48 T/NEA SRR E IR £ &%
i, (H FA X/ NSRS IR L S A FRAEH

257 a 200 b 221 ¢
a @ 18- ¢ 20 d
[T] — L — L ]
20k I 1.6 | 1.8
E ¢ o 1.4 1.6 -
—~ p3 C —~ —~
) T R 3 r
EaRT N = S l2p <
= £ 1o} ] K120, a
W’(’ _i,%j < =210+ ]
B0 = 08¢ & c I
= = ¢ 0.8 b
061 0.6 N
05 L 041 d d 4 041 s
0.0 — 0.0 0.0 : —
CK FI F2 F3 F4 CF CK FI F2 F3 F4 CF CK FI F2 F3 F4 CF
b3 b3 b3
10F 4 r e
3 6 2
8+ "y
] 5|

#EFEC (mg/g)
i

c
c C
2,
0
CK Fl1

F2 F3 F4 CF
2

THIREL (mg/g)

CK FI F2 F3 F4 CF
b

B2 FEEREERX B3R mEE R0

2.4 AN[RVAL B IR0 S o B )
HiZk4 /] 0L, pHJ7IH, A7 AL PE 4 5 pH 2y
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53%. 191%., fLEE Ty, 2id 45 K K & B2
WREHEESN S K LR EMEES, WWHBRK
K 235t e W I 4 i i 3L R B 2 B AR e 2B )

] RE O W I A, B2 0 T AL B S 0 AR I R
ARG VR AL ) d5 L EE R X - 4 AL B A R i)
BN,

R4 TNESELREERY LEERAIRE

s oH LB A AR AR AL
(%) (g/kg) (mg/kg) (mg/kg) (g/kg)
CK 6.19 +£0.19b 45.99 + 4.80a 3.85 £ 0.56a 2.31+0.08b 20.04 + 1.01d 12.54 + 0.30c
F1 5.57+£0.07d 47.38 +3.18a 4.04 £ 0.42a 2.20 +0.14bc 58.96 + 2.54h 15.47 + 0.64a
F2 5.81 £0.02¢ 47.10 £ 5.22a 3.93+0.27a 2.12 +0.09¢ 67.43 +2.53a 14.44 + 0.34b
F3 5.84 +0.05¢ 48.91 + 1.98a 3.81 £0.29a 1.95 +0.09d 61.74 +2.29h 14.54 + 0.34b
F4 6.52 £ 0.04a 47.60 + 0.86a 4.05 £ 0.44a 2.10 £0.01cd 60.07 + 0.96h 14.95 + 0.15ab
CF 5.47 +£0.08d 47.85 +3.13a 4.03 £ 0.65a 3.17 £ 0.09a 66.59 +0.72a 14.35 + 0.09b

AR + SRR A B, B
CK ML, F1. F2. F4 Zb¥ixf+IEem & Ea —
FE T, F3 AL D R, AR T I
CF R Em® THAKH, FIAAHY CK B EE
PES, F2. F3, F4 408 88T CK, R4 &
WM, CK W T HRAKAH; k2 4035 CF A~
IR EVEZE S F1, F3, F4 4P R F(ET CF A
SHEZETREE LS REV, F1, F2. F3,
F4 4b BT + A B R ROR AR B3, (HAEH
AOBRITTE, WSINZEAOATF AL EE (F2) X A S as B
AIEE T T A A

AHLRE R, CK BERT AL F1.
F2. F3., F4ACHY & T CF; WA F A F2, F3,
F4 WP AFER E 2SS, BT FL AR, H
KNIE N F1SF4SF3>F2>CF>CK, 1] WL, A28 %
IR BRI S 4T T AP & it

3 itie

3.0 ISR B AR R B K 2 O f R
HARA B R, R EM R R L
5 B B WS SR R i v BRI TR SL A
LAy, FEdes VS g B, SR A AU R
RGP A . BE2EY R AR I 40 HAT e it
VERT, T ELAEE i 7 I8 K (A . 2T 4 2 2
B, WA TS HeRE, LAGE B IB 7r T2k
WIREAR s AR TR, ARIRR K R R 45 S T
WHA—F, BIMEMEE . SFIFT AP K 8
WK BB 3 AU O B 25 TR TS I 70 Ak B 74
R, X UL SRR . AT I T B AR T AR

WK AR 5y, HAHZ R AR . 2R FT
PACPR S 1 R PR e i s, HALBREE A kA4
WEA, UiHBRMMER . AT R AR R
T REXAG B A T 7 A T R s i oo
TG ESE T HCER R RE A5 1 s AEL A 1) ik R X A
)RR B EH . A R Br, I
TN P A 33 e B s R AR T o i SR i
BRI R B AL EE , H 338U B i 1 Al v 751 Ak
PR, 30T RE S A A Tl £ 11 X A5 I 49+ 1 %
Ry, (HEERE L RPN AE T E 2 s 3¢
Y.
3.2 REERHEBERT/IN 3R S T 5 )
TEFAE T B gE g R, i T
RoEa e, f2r, AW 3 FE RS R
Kae e B HAE Y AR S B MG £ 56
s IR R, WREE R 10% RS IR K . VRN
40% PRAGD K AL PR | i S8 Ab B — Tt K AL B/
ISR K R BB — o R R T 2 s
19, ARV BE DA IS I K DEHE R Ry T 56 Sk
R, AR C, DS E;, ARt S AR,
AN [ Ak P R PR 6 /N 1 2 A AT — s AR AR
H, SAbBEEXEEEER | g4 R C S EARGmRETT
YER, ELBS BRI AL B RO T A 3 B A4k
B, A SN A i AL BTN S A R
AR C TSR EN, Xl eR R iR i a&
AL A B R SR BRI RA 15 TAHY )
AR USINZEFIAT B A AL BN SRR R £h 7 1 i %
PR AR, XA REJR IR R A A R e A B
DAGEES, BOWNAERERAE, FET /N
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SRR A A R o FE R
33 SRIREIRE WX 1 R (1 R

TP SC ) RIS B A B 4 B R TR
WA E, RN, pH AR LR K B
W YRR B, M T A A pH L A
PUR S, AR RS H AR5, LR
J5 A R BRI A — S ek RAEFT, R
& AL FEXT 48 pH . A HL T ROCR e, 45
SR 24 AT RE RN R R R BRI P AR, TEAAR
Ao RS SR A B AT 25 S T i . 2
SERAE RS R, B BRI R K Kk B R B
BT R R . B EESRANLR S . A
RILEE 5 HAS R REHR, R B e + e 4
A AP RCR AT, (HRRRRR T e 2k
Frit, SXATRERPIAS AR, — 5 TR R K
R P I TR T e L SR Rl B A — s ()
OB 9 — 5 T AT RE AR K A S AR 30
—EFRRE LI T /NS A AU . Hussain
2t VTSRS, ot eI 7K T ) ARV o 2 S 8 1
FLBRIE 28 sBsE RIS R R, KR RE
F R AR I K 5 ¥ I SR 4 . AR IR B 45 S R
A I TR A 0250 D 0 25 T Ak T AL
To B E RN, 33 T S R ik 1 S Y 2 1 X
7K HR B4 S e % HA R 2300 R LA — A 4 e i
YEH . 3R BB A KA EA, F70 &K
SR SRR . AR K R TR B T
BETE— BRI b o3 1 BRI B 3503 & B A
i B HEAL BRI ZE, AN Y AT RS & e HAR TR
A

4 Hig

(1) @R ihw AL FUR e RCR i, Ul
ASINZF FRAT i AL 2L

(2) AN[RAL P R RCHE T X /N A SR ) AR A
JRIAAARGE A $E T T LS I essn) Ak B T A8
FRFTALEE

(3) X/NFISRYEA R C APl & & 2 A
TR, O as IR FE WAL BE, OO BRI
AL R

(4) 28 il g v Ak BEAS (AR = T € pHL,
APLEE  H X R ALBE ICR Al )R
T
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Preliminary study on fermentation and resource utilization of natural rubber processing wastewater

HE Yan-1i"" *, XU Wen', LI Yun’, CHEN Jie*, ZHANG Ling-xiao', LIN Qing-huo’, GAO Xiang-yu’, YANG
Hong-zhu®, CHA Zheng-zao" > (1. College of Ecology and Environment, Haikou Hainan 570228; 2. Danzhou, Soil
Environment of Rubber Plantation, Hainan Observation and Research Station, Rubber Research Institute, Chinese
Academy of Tropical Agriculture Science, Haikou Hainan 570101; 3. Mengla Tianye Rubber Group Co., Ltd, Mengla
Yunnan 666303; 4. Zhejiang Yongxin Testing Technology Co, LTD, Ningho Zhejiang 315000; 5. Zhejiang RenXin
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Abstract: The treatment and discharge of wastewater from natural rubber processing was an urgent practical problem to be
solved in the natural rubber processing industry. It had high production application value to explore the fermentation effect
of different bacterial agents on wastewater from natural rubber processing and utilize them resourcefully. In this study, four
different treatments of natural rubber wastewater i.e. without adding bacteria, adding Bacillus subtilis, adding Actinomycetes,
adding Aspergillus niger and a control group of clear water and compound fertilizer were set up, and a pot experiments was
conducted to further study the impact of different fermentation liquids on the growth, quality and physical and chemical
properties of Pak Choi. The results showed that the fermentation effect of adding Aspergillus niger was the best, followed by
Bacillus and Actinomycetes. Different treatments of fermentation liquid irrigation had good effects on the growth quality of
Chinese cabbage, of which the effect of adding Aspergillus niger and actinomycetes fermentation was the best, followed by
adding bacillus. The soil porosity increased with the addition of microbial agents, and the average value was 1.76% higher
than that of the water control. The addition of Aspergillus niger fermentation broth had the highest increase in soil porosity.
Compared with the water control, the soil pH and organic matter content increased by 0.33% and 19.2%, respectively, after
irrigation with Aspergillus niger fermentation broth. To sum up, adding Aspergillus niger has the best effect on the growth and
quality of Chinese cabbage and has no effect on soil porosity.
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