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Abstract; Office wastepaper, as a common organic waste, is not easy to reuse because of their small size and high costs of
converting into recycled paper. A large amount of organic carbon ( especially cellulose) in wastepaper may improve the
remediation of degraded soil. Earthworm plays an important role on organic matter decomposition and other soil functions.
Effects of office wastepaper and earthworms on the comprehensive quality of nutrient-poor soil are still largely unknown. In
this study, Eisenia fetida were inoculated into the nutrient-poor soil along with office wastepaper in the laboratory for 90
days. Four treatments were conducted as follows: soil (S), soil +wastepaper (SP), soil+E. fetida (SE), and soil +
wastepaper+earthworms (SPE). Soil pH, soil organic carbon (SOC), total nitrogen (TN) , total phosphorus (TP) , total
potassium (TK) , available nitrogen ( AN) , available phosphorus ( AP) and available potassium ( AK) , cation exchange
capacity (Na, , K, , Ca, , Mg, ), phosphdipid fatty acid ( PLFAs) were determined in different treatments. Effects of
wastepaper and E. fetida on the comprehensive quality of nutrient-poor soil were evaluated. Results were shown as follows .
89.48% increase of wastepaper decomposition were found in the SPE than SP treatment. Significant increases of soil pH
value were observed in SP (8.37) than that of S treatment ( P<0.05). Soil pH value was at a neutral level in SPE.
Compared with control (S), the SOC, Na, , Ca, and Mg, of SP treatment increased by 125.76% , 154.00% , 65.28% ,
and 55.25%. SOC, TN, TP, AK, K, , Na,, Ca,, and Mg, of SPE increased by 1365.29%, 36.26%, 42.84%,
42.69% , 160.35% , 386.00% and 110.36%. The addition of office wastepaper significantly improved soil microbial PLFAs
contents ( P<0.05). PLFAs contents of fungi (F), actinomycetes ( ACT), gram-positive bacteria (G"), gram-negative
bacteria (G™), common bacteria (CB) , and total PLFAs (T-P) contents of SP and SPE treatments significantly increased
(P<0.05). Moreover, the value of fungi PLFAs/bacteria PLFAs (F/B) of SP and SPE treatment significantly increased
while gram-positive PLFAs / gram-negative PLFAs (G'/G™) remarkably reduced (P<0.05). Principal component analysis
and general indicator quality showed that the addition of wastepaper and the inoculation of earthworm improved soil
comprehensive quality significantly (P<0.05). The average soil quality index showed that SPE>SP>S and more close
relationship were observed between soil quality and microbial PLFAs. In summary, effects of office wastepaper and
earthworm could improve soil comprehensive quality by adjusting microbial community structure and biomass, and changing
soil pH and nutrient content in the nutrient-poor soil. It provided a scientific base on the resource utilization of office

wastepaper and the remediation of nutrient-poor soils.

Key Words: office wastepaper; Eisenia fetida ; nutrient-poor soil ; soil comprehensive quality

IO BEARTE S A 22 A i DL A LR 524, RS BN, ELERA  AE AR i A e v RS & [l
We A, AR IR ARE A B & A R LR R AT A WLk A s T T DA S 4 g 3 e i B Ak
T, CAPISE RN TE LRSI A0 AT LI B R AR IR (MU AR R e v
Fui SR RAUE 1 LB S N AR AR 13 [ ARG B BB ) Ao o s A 3 P Y 4 i
SRR AR RET = R FH A S

BEIGIVE Sy LR A S R G TR R LI A HA R G R 1, CAMFI RN, K g A A L4
o] LI A AL TR i AR e RO i AR BB Y 1 G BB A USRS K
IR+ HE B RGRE AR R TR Y R T BRI ( Eisenia fetida ) fF 1A B AL SUNIE MY
A1 BB AR s HL AR, BT TR LR s A B AR AL R B R B R T R
AR 2 PR Al Ge ot B AR A9 0 Al A B Ay ke BB AL - e AR ILARGE

N WU N T i B RN - R T RS B A R 7 Al we e 3 7 W R AL T G PO e S B 2

http ; //www.ecologica.cn



5036 A E = 2%

O3 SEARPEEREE B RIE Y PLFAs B2 R 1358 B RHR G HR 4 GISQ VA X Bl AT JS 1) R AT 47
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HE 5] Ry 25 R BRG] Eisenia fetida WA F )N T B SRR 37 , B W A5 1 e | 7R 35 B R B b 85 5% 1 JA ), Bk
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Fig.1 Photos of soil appearance in SP and SPE treatments
SP. +HE+JK4CE Add wast paper to the soil ; SPE ; 3+ 4CH +#i#5] Add wastepaper and earthworm to the soil
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Fig.2 Effects of earthworms on decomposition of office wastepaper

P BB AR P B (AR E2E =45 SR ¢ A0 LURR IR R IR AR AN R AL B AT A 22 53, o SRR RS [ A B2 1) 22 54 . 35 (P<0.01)

2.2 RFEMEmR A pH FIFE IS
W 3 s, XHIE S B9 13 pH Ry 5.43, Btk A YIRS T T 3 pH A EEXTIR S SP Ab
PHAY 3 pH B2 THE) 8.37(P<0.05) , S5t SPE AbHH Y 4% pH W EHETFE] 7.26( P<0.05) , ik, &

http ; //www.ecologica.cn



5038 A E = 2%

ARAASIN P T A LS R, SPE ACBRAA HLAR & B e T SP ALTE, H SP AR BB F s TR S
(P<0.05),

10 20 a
a i~ T
8 : N T
b \\?9 15 b
=]
6 c §§
s ZE 10}
4t 2 b
% g T
o 4| I
2+ o c
3 |—I—|
wn
0 0
S SP SPE S SP SPE
25 ¢ 150 1
) T ED a
< 20 | % 120
& g
E 15 l JJEZ\: 90 |
& 9 X &
g B2
E 1.0t EBE 60f
s 9
> o
€ 05 X b = ) b
>
0 4 <
S SP SPE S SP SPE
250 1 5 127
] ; E 2
S 200 t E
é b b \§ a
~ I
Z 150 | 1 - % 5 g
g5 e 6 ] }
k) g
2 100 2 l
g [
a 2 3L
s 50T k|
e ks
0 < 0
S SP SPE S SP SPE
16 = 160 ¢ a
-~
g a a b \ED ]
3 127 < 120 l
m—\§ .2 g b
=2 8 K2 80}
2 ]
2 k)
E 4 t < 40 ¢
£
0 < 0
S SP SPE S SP SPE
AL Treatments

3 AEALE TR pH F1FR R 5
Fig.3  Soil pH value and nutrient contents in different treatments
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Fig.4 Contents of exchangeable base cations in different treatment soils
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PR 22 FCPH R T | 22 B E TS Al B R, PLFAs 1 3548 5 (P<0.05) o o T2 REIS] A e E— 2 il 3
i H U PLFAs (P<0.05) , SPE A0 BB JL A HCZ TR | 4 22 FRBH R 7 | 4 22 ER PR T — JBE 40 7 LR
PLFAs E 5T SP ALFE( P<0.05) ,

X B S A 2% PG PH M TR/ 2% FC B 1 2 3 = T SP il SPE AR B ( P<0.05) ,SP il SPE AbFH 44 > [ BH
P/ [ R ANAEAE 3 25 5% . R IRCS () ELTRT/ 41 187 o 2 I T SP Fll SPE 4b 3 ( P<0.05) , 1fif SP il SPE 4k
PH I EL R/ AR AETC 5 22 5

F1 AE4LETEMEY PLFAs
Table 1 Microbial PLFAs in different treatments
F ACT G* G~ CB T-P

ol o G /G F/B
s 0.12£0.02 ¢ 0.19:0.03 ¢ 0.7+0.11 c 0.36+0.1 ¢ 0.18¢0.03 ¢ 1.55¢0.27 ¢ 2.04+049a  0.1£0.01 b
SP 371+1.77b 074035 b 4.21+1.92b  4.45:291b  146x0.7b  14.57+7.58b  1.08+034b  0.37+0.04 a
SPE 9755076 2 1.95:0.15a  11.390.64 a 12.21:2.95a 4.51x049 a 39.81+4.73a  0.97+023b  0.35:0.03 a

R R R PR n=4, REFRFRFEFIEIRA RSB 2 7] 22 57 8 2% (P<0.05) ;F: FUIH Fungi; ACT; iTZE 18 Actinomycetes;
G* . H 22 [RPHYEE Gram-positive bacteria; G™; ¥ 2% G B ¥ B Gram-negative bacteria; CB: — fi 4l | Common Bacteria; T-P: 5L JI§ IS I B2 Total
phosphdipid fatty acid; G*/G™ : 2 2% [G B P B /2K 22 GBI P 1 Gram-positive PLFAs / gram-negative PLFAs; F/B ; HLI#/4H & Fungi PLFAs/bacteria
PLFAs; B 4078 (— AN I 2% FC B PR A 22 [CBHPE R 22 F1) Bacteria; S : X B 437 Control ; SP; 13+ 4%E Add wast paper to the soil; SPE; +
S+ ACJE + 148 Add wastepaper and earthworm to the soil

WNIELS Jrzs ARk B 4 S W A W o LA B

WS, XIS [ 2 FC B T A B L %g{* %gﬂ Cr
TSP 1 SPE Ab 3, J5 W # Z 8] 5 L AH T, SP il SPE
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B R B A 2[RRI 2 ROR AN, P S
o B BEACE TR SR AE R PLFAs (P O B 3
B E SP 25% |59 29% 31% 10%
2.5 FEEMEEENT B wisrns s §
2l S |8%| 12% 45% 8% [ 11%
AL BREG 4 HE pH FRAPIRIL SR TR B TR ! : : . |
AW PLFAs B9 FE 5053 7 B an il 6 R, 5 — 35 Bl 43 il 0 20 40 60 80 100
TEMPLFASH 43 b

55 Bty 2 TTHRIA B T 85.3% , AT LA AN
[ RS E KRR E B, Hob Axis1 J5 22 5k %N
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B 5 AELGEREY PLFAs 5%

75.8% , LA pH e Mg LR/ R 2 G
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55 pH Al I 22 PG BH M BA/ 8 2% FR B T ER A A A8 1k
AKX,
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Fig.5 Percentage of various microbial PLFAs in different
treatments
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1o R A R 7R pH SSHE B A B 240 T L 2 181 B S A IE AR OGO 2, 9 4 22 IR BH PR T/ 4 22 IR BT
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Fig.6 Principal component analysis of soil properties in different treatments
SOC: +-HEAHLEK Soil organic carbon; TN:4x% Total nitrogen, AN ; B fi# % Available nitrogen, TP : 2 Total phosphorus, AP : 5 %L Hf Available
phosphorus, TK : 4= 8 Total potassium, AK; 3 2 # Available potassium, CEC; 2§ T 32 ##t 8 Cation exchange capacity, Kg : 3¢ #e 1 4
Exchangeable potassium, Nay, : 3C#E4 Exchangeable sodium, Cay, : 34fe#:45 Exchangeable calcium, Mgy, : 38t 4% Exchangeable magnesium;
T-P. BB NNE R Total phosphdipid fatty acid; B+ 4 B8 (— 20 P& | % [C PP B AN 2 [CPHME R Z A1) Bacteria;

AR5 B s X RS (SP I SPE AR B2 8] 22 57 i3 (P=0.001) , %F B S BH I i ) o 22 [ BH P4 7T/ 2 22 TG 9]
PEVAA R, pH A Bk A0 RN I 18/ 40 B A1 B4 0 1) 5 SP A B P S i 1) 4 B0 48 5, AT RCEP A AR G 7 1) 5 SPE Ab B
W@ AW In] pH AP LR/ AT | 22 TGP TR sSSP BE BT LS PLFAs  ELTA 55 2 [QPAME TR T |
AWK SRS | 2 2R MM AR, SRR T, RS 5 SP Ab B 2= SR TR
Axisl Fll Axis2 | fi%f 18 S 5 SPE 4bHAY 25 53 FE BRI/ Axisl b, MAORPE, XFIE S SP il SPE 4b ¥ 1) 2
S FERBUAE Asix, RIS [RIAR B] A0 22 55 5 2R BUTE pH SCHeMEgl | SO/ 2078 | 3 22 [ BHVETR S #e Bt 20
P LA PLFAs  ECR 22 TG PR PR TR i A DL  SC# Ve | i 2 A AR e AR ARG 28
B2 PO PR B/ 2 BT

W 7 s 38 % G AT A R — R AR I A A B LR S B AR A, b
CEA TR EAREAS 5430 0.13 ,0.46 F10.94, = F =5 WE 2N S<SP<SPE(P<0.05) , FHHLXTHE S, SP 4k
PR+ LA B R BUS A R T T 0.23 4837, SPE AL HEEEFF 17 0.81 87, AHEL SP AbBE, SPE Ab P +
LG T RAR B 3R T T 0.48 B0,
3 itig

JEAR)E 1 FE BN R AE R A AR T o BE R e 061 3 b R P S A L A R 2 4
)z A — R Y i FL R /N LS A, AN TE B AR A, Ok A A T M s AR AR
T B WEISITE IRy B 0 3 v O AR A (B R R F ST IR 32 3 i A WL R 8 A2 ] USSIE AR T PR 051 45 v O A7
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