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Soil Properties and Cabbage Growth as Influenced by Application of Lignins Derived from Straw Pulping
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Abstract: The effluent waste is an important limiting factor to straw pulping and paper—-making industry. A pot experiment was conducted with
continued two harvests of Chinese cabbage to study the effects of application of wheat straw and lignin waste composites derived from wheat
straw pulping on soil properties and cabbage growth. The results showed that a declined soil pH and significantly higher soil liable organic
carbon content(2.73 g-kg™) and polyphenol oxidase activity(1.77 mg+g™+2h™") were found with applying ammonium lignosulfonate plus N
fertilizer. Compared with the measurements after the first harvest, soil polyphenol oxidase activity was found to be higher after the second har—
vest when wheat straw or straw lignin applied. The application of wheat straw plus N or kraft lignin plus N fertilizer had a higher soil peroxi—
dase activities compared with ammonium lignosulfonate plus N or no organic materials used. Similar dry biomass weights of cabbage were ob—
tained with applying ammonium lignosulfonate plus N and wheat straw plus N, which were significantly higher than with Kraft lignin plus N. It
was suggested that soil and cabbage plant was not negatively affected by application of ammonium lignosulfonate derived by straw pulping
comparing with wheat straw plow down and the lignin from ammonium sulfate straw pulping process could be used as one of potential organic
soil amendments.
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1 #BE57FE

L1 k4R

RITF 2009 4£ 9 A F 2010 48 1 AEPERI
PHpe H R E T, BHSAEY A/ B, A+
AL 4, A B A AL 12.30 g-kg™,
4 N095 g-kg?, 4 P 997 g-kg?, 4 K 20.05 g-kg™,
THASA 49.22 mg-kg,pH(K: +=2.5:1) 7.37,

B RN R R (5 A& 46.20%), BEAR —
S8 (P0s5:55.80% ;K,0:34.50% ) FIHELHR (K0
54.0 0%) . AHERA/NEREFT (LA WS Fom ) ILZR
FHERFA R A= BB AR R (DL ALS /78, A,
BRBSS B 35% ) FIvE AR E (L KL &R, [
) o B/NEFEFEFIBE AR R, R bkt
FERFAPER L 1,

B AR (ALS) 23 1 7E 130~140 CHn#AzE
BAEFE, A BT BB AL Bk v M B AR BT SR TR
AR NTH K 2P 4R U8 2, T A9 B2 AR R
BRI R, HAE RO & B AR R, Sk 48 B 515
PR, BEARRR 5T RBAE07, BA RIFH
I, oS5 AR K B 05 A RSk M Y
BRPR AL, B — 5 YR TS IE AT R (KL) 2 H
PR = IR AR I, 2 R A BRATRR KT K
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Table 1 Basic physical and chemical properties of the straw and

the two types of lignin
2R 2R/% BEHLG%  JEFEER/% pH &
FEFF 0.59 46.50 - 7.30
BBARTER 3.03 58.80 11.24 6.01
ey N 0.72 41.90 33.90 9.46

o O AR, NS AR P 43 B AR R R S5FR b
T KT REfRTY B /N TN T e 45 G TR
AW BARTRER 3 F 2K, KM=,

1.2 REigit

1.2.1 R kb3

ALY NP K IE—R A . R P FREFF
FERTER 0.75% , FARRFTMNEHBFFMARENE
MUY, AR A AR R ' SRS
REMA, PRI MEABHIE, HAERN PO;
0.08 g-kg” +;K,00.10 g, % 'E 5 b HE, BEE 4 1%,
BRI A B B 3R 2 s o
1.2.2 i a0 Sobe iR R

#HRIAE T 2009 4 8 A ZE 11 H FrERKLF
BOIRE AT, MY /N E 3R, B REE E
FIFHE I 60 d, %8 —FE/NASEARTHE, #] FH%E
—FEER . AR 40 cm, HAZ 40 cm,

HEFFREL S5 kg M+, SHMAEEHESIEEA
SRR RN SR, R B AR S bR, /NESE
A K [A] R 2 22 (B R ROV TR 1T 38K 4 2 H R
IKEH 65%~T0%., 25 60 d BUEE , #HAEE T-80 “CykiE
PRAARRI , MT LR IR AR . MERAE 105 “CHER A
#H 30 min J57,F 75 CHLT R BRI 60 B IR
1.3 MEMBS5HiE

FE N TR TRAEYE 55 50 E s s
WEPHIT, FEsh 13 pHOK L EE 2.5:1) A pH 3]
E , 13 EC SR B R EENE ; HEMSEH
KCl 84, 55Nt Bl E™; 327k IR
TH A -FL0E BRI s FEMRAE 2 2R A HS0,-H,0,
HAE A ERENE ., HEEEAYCRAH

®2 AHAKIGE
Table 2 Treatments designed in the pot experiment

RER BRI R g ke +

. A kil BRARR  WHEARR
CK - - - -

N 0.20 - - -
N+WS 0.20 7.50 - -
N+ALS 0.20 - 5.90 -
N+KL 0.20 - - 8.32

1 :CK s AR EE N Uil FARAL I ; N+ WS SH &UE S5 FFEL i
AEFE; N+ALS SHENE 5 EEA R R ACHAL I ; N+KL A AL S0 AR R
E S I N

Note : CK refers to control, N refers to N fertilizer, N+WS refers to com—
bination of N fertilizer and wheat straw ,and N+ALS refers to combination of
N fertilizer and ammonium lignosulfonate , N+KL refers to combination of N
fertilizer and kraft lignin. The same below.
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333 mmol - L™ KMnO, ¥ AL /5 HL Al g, +igh
T 48T il A 2 Ty 4R A RS 1 0 2 AR S SRR I I <8
5 AT,
1.4 St

iR 56 BUHE % F Microsoft Office Excel 2003 ,SPSS
13.0 #1 SAS V8 GE it A# 748134

2 ERHGH

2.1 AAREM T EHSESENEN

M R R R G L IEP SRS 24w
Bl 1 Ps, G S5 —FE R S8 20/ BT B
i, EFE—F/NERBERUUR , Bl EE X m e
)5 B R AR B R RN AR B 3R Bt A I P AR
S RBERTHAAIE(P0.01), K+ BERHEAE
B350 84.85.73.34.74.85 mg-kg™, FEFFS5A R
Hi i RIS A S BB E R TSR R ML
KBRS A5 EIEH G, TSRS ERN 34.08
mg kg™, (iR X,

100 -

PIH/INE SRR UG B R R 5 A BB
AT EPRSA S’ B E S T HALHE(P<0.01),
SRS B 48.67 mg-kg, BIEA TR M AN AL I
H5HAEM T EPHESEASEEFAEE  HEE
53504 37.70.36.30 mg-kg™, MikEAT-5RACH MG+
BEHREARSENE TR, PR S E N
10.65 mg -kg™', HH FRFEZMBRH T/MNASEMAERK
2.2 MEFAARBREX £ pH BN

AR b pH (ER) LN 2 B, 435
XS —FERNEE /NS T BB AT . B TR
REE B F R, 7655 —H /N B SR BRI
AR B AN R Y 3 pH {8 B3 S T HAbA B, pH
Hik 8.50, Hzs HANFEAY + 3 pH EFE L — 15
i, HEEN 12.87%, HALFRR) pH [E551H 7.59.
7.74.7.76 , BANE 4> K 0.70%.2.82% .3.04% ., 1EE—
/N SROIRES, %o BE L B AR AE L U S A A Bt A
+3 pH (HARA A FERE KT, N T8 —FE /A
SRR , 32 pH {H 3 S 3.84%.2.10%.0.47%,

O%—# - N
. 80F @A a
=
ﬂlﬂ 2 60
B £ T
g § a0} b b b
S <
20 =
C
d
O e 1 1 1
CK N N+WS N+KL N+ALS
LbF8 Treatments

AR FRFOR A — A AL B 22 583 1% 8 EKF, TIH.

Different letters at the same column indicate significant difference between groups mean values at the 0.01 test level, Similarly hereinafter.
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Figure 1 Effects of applying lignin on the contents of soil nitrate
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Figure 2 Effects of applying lignin on the soil pH value
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TM7E N+KL F1 N+ALS 4b 38 () 14 pH HERA A AR
FERIREAR , AHXS T — /N A 3R WOR S , 13 pH 1B 53
FIREAR 2.49%F1 0.36% ,N+ALS {11 pH {&k 7.73,
RT3

T A 3 R PR A0 13 pH E L7, oAt
FBRIE A BT 2R 2 3% pH (T H iE— 8, i
B ARE  WAEY R A U, (H R LT
BT RE Sk I pH {H, B TR — BT ASFT
Bt i + 58 pH (A0 K 2655 /[ 3ok
J& , SR B R BChE Y 3% pH (H B E LT X B (P<
0.01), 3% 7 -4 pH {8, AR FEWAK
23 ERAAKREN T EEREENBRESENZ N

TEEEA YRR L EP B R R
£ GEA Gk, FEXHE YA A UpiE R
B AR ES 43 A AL, 2 - A WE M RE IR A
- HEFEA BI SR B S0, A R T A B
FEAR,

it FAFREFE A B 28 %+ 30E A ALk & &A1
AISZIRANE 3 Fs , G % 85— RN SE 3/ B Sk
TRENRR. EE—H/DERBORE, BEAREER
Bept i T3 IE A LR & B B = T H AT, &
&R 2.28 g-kg'(P<0.01), Hxk il KR 5 AN
Bopt, TIEPIEHAYERESEN 1.87 g-kg™, HAth 3
AEPRE A L IEPEE AR S R ERARE

[E:UNSECIRIYER #2 NTiEFi1L 7Y, N
43 5 FAE R AE AL B A H P IEE A VRS R R
ER T HAMAL I (P<0.01), F &S50 244,273 g+
kg™, 5 —H/NEFBORE HIEPEE AR E &
A, 2B T 30.34%F0 19.73% , HoAt b 2R A +
B EMA YRS BA R FRRE TR, X ULH7E
RPH/NEARLG , RRR SR 2 E RS T

BEHIEEA YRS &

KPR PP/ DRI UEEARRR SR
NERCHER) BRI & B, X 5 A VLT
REBCHE B ST 25 SRAR L, KB AL g R =, K
T FA VUL e B 1R i R IR IE A LR & &
24 MEFAARREI LIEEE AR

AR RG T, SRR A VLR SRS 4
A A BRI, LTS R R SR
HEHE 7 T AR, A 1 AR A BB R M E X % o )
WA e, RIEHS S AL AN 22 Wy SR (LR oy 13
FE AR R PR

i FAAR B2 % IR S M I A0SR 3 PR . 7R
E—H/NERBGR UG R ECRE A 3t f e
i 16 P S 2 i T H AR B (P<0.01) , £ Ab B + 38
ALY EES LS LEE T 7.67% .
48.97%.30.42%.39.52% ; £ 55 —H/NARBHER LG ,
25 4k 3 - 8 v g SR A T TR R ER R RS (R B Y 1Y
b, AEX FEE—2E /R SRBORE , T S A s
TEHE AT BB T 16.20% . 15.82% .3.14% .23.39% .,
4.99% o FLH A AR BT R B fte A0 3 A9 + 3 ad R Ak

R 3 MARREX LRSI

Table 3 Effects of applying lignin on soil enzymatic activities
FEALYIEF POD/mg- g™ +2h  ZEYSE {LEE PPO/mg g7+ 2h™

bz

R E e L B3
CK 509 £00le 591008 1.57+009d 1.55+0.06c
N 548 £0.17d 635 0.06c 1.68+ 0.03¢c 1.61x 0.10c

N+WS  7.58 +0.05a 7.82+0.11ab 1.71+ 0.00bc 1.83x 0.10c

N+KL 664 +0.17c 8.19 +0.14a 1.75x 0.03ab 2.25: 0.09b

N+ALS 710+ 0.10b 745+ 0.07b 1770022 2.65:0.12a
AR TR FORF— R BRI 2 575 F] 1% B E K-

Note : Different letters at the same sampling date mean significant at
1% level.
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Figure 3 Effects of applying lignin on soil liable organic carbon content
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P e Ay, B 8.19 mg-g 7'+ 20", B35 T HoA
AbFH(P<0.01),

—FE/N ARG T3 2 B A AR LU
B R R BChti R, A 2 AR
1.77 mg-g™+2h7, 5k A i R Bt 9 158 2 4R
EEHEFARE, HREERTHALHE (P<
0.01); FHFFECHEAY 13 Z By S AL EHE M 5 Sl
FEAbBEE RO B2 55—/ NASRBGR R L £
P SE AL I 1 DA B R T 3R Pt o5, L 3 2
FEAEEE N 2.65 mg-g' 20, B E R T HAALE,
Bt AR R AT B Y 4 o 2 B S TS T A R
ERABE, BT EABEEE, TR AL
T T e R —REWOR G AT T 55— 23848 A n , 3
TG EE 531K 7.02% .28.57% .49.72% , i A R ZE 5
PR B Bt REAR B2 =5 13 rp Z B AL 1

25 BT, W R A AL R 38 i R A R TR
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SEGRIE | it R PR 3 i AL T 1 2
2 TR U PR/ N SRR B AR TR R
Bt ) 4 v 2 By A AL BTS2 T A 3, 53X
— SR RER TR AR R B SRR,
— AL 5 T 114 [ R i A — 2B Y
25 EAAKREN T EFEERS SN

Tt AR BT R 0 3 T AR & B i T ] 4
FiRo SE—F/NAZRWERLAE , R FF A ABsE A B
RGN HEPEHR S EEFAEE, KA EPE
MR & B4 510 0.31%.0.32%, 1525 FH kb3
(P<0.01 ), Byt B R B2 A Jo 38 Tt Ay - 438 v g A
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MR & B8 A FRRE M BT, ik AR B R Al
) 3 b AR A B P = T A AL 3 A
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W 4 Fn AR AR R G , MR F
HHRIERHE AR TR 5 RIERENE—H/E
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4.20 g-pot™ Fl 4.40 g-pot” , {H2 B F & THAATR
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FH A A3 (P<0.01) (B 5), WNREGHTAR , B E M
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Figure 5 Effects of applying lignin on cabbage dry weight
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Figure 4 Effects of applying lignin on soil humic acid
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