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Table 1 Stability mechanism of soil organic carbon
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Stabilizing mechanism Main way Scope of application Soil depth Controlling factor Reference
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Table 2 Roles of iron in soil organic carbon stabilization

T Ir R FREER 275 3k
Stabilizing mechanism Type of soil Controlling factor Reference
ZiEIES PR - 4 EXIE7R [47]
Aggregates Acid soil Fe*'
e AT R (N =Mk [63]
Co-precipitation Varying pH Fe’’
m bt TERZ 145 =Mk (73]
Adsorption Illuvial soil Fe’*
TRE W A R = ek T ERY R [84]

Microbial activity All types of soil

Fe’', Excess iron
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Progress in Researches on Effect of Iron Promoting Accumulation of Soil
Organic Carbon

WANG Luying'? QIN Lei' LU Xianguo' JIANG Ming' ZOU Yuanchun'’
(1 Key Laboratory of Wetland Ecology and Environment & Jilin Provincial Joint Key Laboratory of Changbai Mountain Wetland and

Ecology, Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130102, China )
(2 University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract The content of total organic carbon in soil is a major indicator reflecting the content of total
organic matter and further on soil fertility. There are numerous factors that affect accumulation of organic
carbon in soil. Among them, iron plays an essential role in “capturing” organic carbon and forming “rust
sink” , thus promoting accumulation of soil organic carbon. A number of scholars have studied stabilizing
mechanisms of soil organic carbon. In this paper, attempts were made to summarize the studies that had
been done. It is found that the stabilizing mechanisms mainly include physical preservation of aggregates,
chemical preservation of minerals, biological preservation of microorganisms and preservation of organic
carbon per se. Among the four mechanisms, the first two are the main ones. Iron is closely involved in the
mechanisms of physical, chemical and biological preservations. In physical preservation, iron promotes
formation of soil aggregates. In chemical preservation, iron adsorbs and precipitates with organic carbon.
At the same time, iron affects activity of soil microorganisms in biological preservation. All indicate that
iron plays an important role in soil organic carbon accumulation. And the protective effect of organic carbon
per se is mainly reflected in the anti-decomposition of a certain portion of organic carbon. In the end, the
authors put forward several suggestions. More attention should be paid to the mechanisms of organic carbon
sequestration and functional recovery of the carbon sink in the soil systems that are active in oxidation
reduction and remarkable in ecological service function, to quantitative researches on and comparison
between the different mechanisms in importance, and to simulation experiments, so as to better realize the
goal of theory serving practice.

Key words Soil organic carbon; Iron oxide; Aggregate; Co-precipitation; Adsorption; Microorganism
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WA 1 SOM = 1] T Ay i B DX .
1.3 SOM?Z [8] 7 4 B B F B9 % ik

T, SR B IR AR AR DG 43 A X SOM 3 [ 5 il
B B R R AT 0 20 0 i . R LA DG M B &5 SR R
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B, Clay. SOM1980., TN, Ak, pH., SD. CT,
Elev. Profc, Mat, Map. InputC, SM., ST,

N-fert 3 1544l B FiL A+ 5 SOM 75 1 ik 5 AH ¢,

A TE L] T SOM &% 4 45 [] 43 A1 Tt

F1 TEBNRSESHMTNEFHEXRE
Table 1 Pearson correlation coefficients between soil organic matter content and auxiliary factors
g R R Fhki KA 4
WA HLFSOM1980 pH
TN Ap Ak Clay SD
0.54" 0.75" -0.10 0.15 -0.18" 0.28" 0.17
i+ AR TR AR AR R i i A e B
CT ST SM Mat Map Elev Slope
-0.22" 0.44" 0.417 0.28" 0.18" -0.24"" 0.07
AR . Y 52 4 48 4L MR AERR A% FR it
1187 H % Profec
Planc CTI InputC N-fert
-0.13 0.16° 0.10 -0.30" 0.35"

e *FRMEMERE (P<0.05) ; **FRMEHEM B3 (P<0.01) Note: * denotes significant correlation (P<0.05) ; **denotes

extremely significant correlation ( P<0.01)

FLUR, T B IR ARAN 0 M 0 A B 1 19 154
S BTN R 7, Bk 2 R A A 8] g3 A 2 A B
b DR i 5 NS IR TN DR 24 é Sy VARSI T LN R E
oF A B T PR 5 5 S O MUAH S A i 555 36 A ] 25 [1) 33
077 32 UMK JEE B VAR W, A 2 A (AL oy i
Rerh, 5B T R B A S f i ) i B LI X T TN
FIAZ B TN PRI B0 LAE 2517 X b 20 #r o 32 20 [l
VR B 0 32 R DU/ EEI CATC) o fl i
bR, B PR R/ DAICHE B it =, ks F

MR 2E S ry H By, B LR FERFAICH
B, BB LR, AR ERUERL . Htk
PR3, PR B8 A O e o 1) Al B DN A TN Y 2504
T, %L Il E G e A 21 59 SO M B 15 B - 43 5]
J9: TN, SOM1980. SD. Mat, SM, Clay; #%
R 5 S OMAH G Je 3 (19 TN I3 P55 19 264 T
AP 0] A £ B Y S B B 7 AL 45 SD . Elev
Mat, InputC. Map., STHISOM1980IL-E 4K+
(%£2) .

&2 ETIRANKR (SOM) FailliHENE F B ZE S B354

Table 2 Stepwise regression analysis of auxiliary factors for prediction of soil organic matter ( SOM )

FERAR S Al B T

Removal of highly related auxiliary factors

NSRS At IS

Retainment of highly related auxiliary factors

HERIAIC: 766.13

HERIAIC: 665.82

TR TR 5 HF R E ALC TR TR 5 FS AN ALC
Model reserved factors Factor coefficient Model reserved factors  Factor coefficient

AR iR Mat -6.08 766.46 AR iR Mat -3.02 666.33

i FEElev -0.14 767.05 JKFE1-SD 1.74 666.47

FHEREST 5.69 767.25 FikiClay 0.10 667.17

AR5 R 5 Map 0.04 767.64 WG HLIEISOM1980 0.11 667.35

JKFE+£SD 3.12 769.45 T3 ESM 2.00 668.18

FRAER A AInputC -0.02 770.12 /TN 12.78 771.02
WIHHA HLFSOM 1980 0.39 797.60 - - -
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1.4 SOMBIZ [B) Ll 75 7%

W3l 78 A% ( Ordinary kriging, OK) : RF
T JE PR A (8] A AH G , 38 Ak QR 3 A A UL A
{10 0 T 247 (0 SR FOUM SR (57 8 Y R e e L A
SO SOM 7 22 B LA 28, R OK
75 AT SOM % [H] 43 o

558 B 4% ( Regression kriging, RK) : ¥
SeHE T B0 A S b A B 0% Al B S B, SR
Z L EIIT (MLR ) X SOMBEATHUI , SR )5 Xf
Z2 70 [l A T80 Y SOM Bk 22 47T OK T, d5e J 4 [ml
VS 3 015 7% 2 A O K Fi 0 {0 A fin 45 21 SO M A 3
fiit*

FEHLAM ( Random forest, RF) : H4EH T
2 A (8] U 7 3 A P AL~ AT SO MOWE I 5 41, %) il
PUARAMAE AL (18 JC SRR R 4 24 ) B4 (mtry )
T SEAA, RIERASSHA G MRFELR
XFSOMZS [A] 3 A AT fl . S8kt 2 b, 4
47 S BEAL ) A ntree BEE A1 000, DLTRN R
& /MEH H AR R, 3823 7 B 2 mtry 1Y
A T CRRAE S R 7 S B0 B mitry 250K
1~7, AP ER) |, LLZ4T1008K 17 ¥ RMSE
SZIRIFIREMSE . RERY, LB 5SOMAH
SR o 0 TN PP TNE, mery L 4,
53 A0 2 M e o A9 il B Rl TN mtry S PG AE A 1
1.5 Z[EMNEE S

SOM 1 %5 ) T W A5 B R ] 4k 37 46 3k #F 47 F
Mo AT AR TR g VR G IE 11 25 S T B AR
AL, B RE ASUBCHE 4R 23 W T A RS IR AR R AT =y
M7 IR (B GBI AL B =, oy = IR
HAp gy wi g a4, — M A RuEgdE g ) | 1
AT =P S 3R uE 100k, A 100045 2]
B Br TIE B4 A B SOMES 5 AR i3 25 i A7 25 (] 1
MRS BESr#r o Horh, #9075 2E (RMSE) BiH5

AW P
’ A 2
;Z (Zi - Zi)

K, ARSI TUNAE s 2 8 5 AR A S
PRAE s n R BEAANE0. RMSERYSE S /)N 35 0 i )

AT A BB O | RUJBE e 5 A5 B e A
PRI R HIRFRAF 04T 5047, H A OK . RKAIRF Ao =3
() T RS B 0 BT R RO 5 w110, SOMZS ] 4y

15 K FH Aremap10. 2844 471 &

2 45 R

2.1 SOME = WA S IHF1E

WA X413 KR S iR g o (E2) 45
2, Al ESOMY-2 & & 429.29 gkg ',
P E S ER T, 2879 g-kg™', EFILAL
I B4 8 R S SRR AR TRV TR R, W R TS
XU FRMEZE KT8 gkg!, BRAEK (CV) K
25%, A REEETRE, SOME & T7.75 ~ 58.31
gkg ' 2], Hh2EHN50 gkg . SOME I BRI
AL 3 BOM RS ) S A O S, e R R
0.35, WERE(E 70.75, FIAIELIES 37 .

R - A Max: 5831
- o #%/MB Min: 7.75
Pl Mean: 29.29
H1{f Median: 28.79
FiyEZE SD: 7.18
fki & Skewness: 0.35

IEe ¥ Kurtosis: 0.75
WRAEH CV: 25%

100
T

50

% Frequency

1 1
10 20 30 40 50 60
AHLFSOM/ (gkg™)
[P | & SR VIO iR S i NE B WA WS T G TN
Fig. 2 Descriptive statistics and histogram of soil organic matter

(SOM ) contents

2.2 A[EZE TN A 5% B TN A

AN TR 23 18] F5030 7 2 1009k = 3 4 37 58 31F 19 2%
B (E3) kE. OKFIEM MR ERK, 250H
T g 34 5 MR 22 (RMSE ) ¥{E46.97 gkg™',
ILRES#BESOM T 25 199.7% 5 244 4 5 SOMA Xk
B 5 B 4 B U N TNJS , RKFIRF N 7 2 Y
RMSE¥I {7 BIFEILE5.25 gkg ' f14.97 gkg™',
S IBEAR T 25%F129% , [RIAE, RKFIRFEJ5 ¥ i
45 RXTSOM U7 22 iy fif B2 B2 3 il 2 = 1 1 51% A
55%, RFJ7EIJ7 MR 22 09 DU 43 BE IR 3 RK 7 i
AN, RIS 5 SOMAH I B 5 1Y) 4l Bl 30 0 1A 5
TN, RFJ7 MR B 4r . SR, YA
4 5 SOMAH S 1 5 5 11 i B 0 ] - TN, 2E A
213 (] U0 3k 1 JHG A Bl B T 7 5 SOMLA) AH 56
PEWES (1. %2) , RKARF LA RMSE
BB A A BN %6.21 g-kg 'M6.29 gkg™, AL
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I SOM J7 2 fiff 2 BE IR 43 0 B AR 2229 % 128 %, [F]
F, RKJ7 35 5 M5 22 1 1Y 437 B L 4 RF 7 75 Fil
N, FUILE AR 5 SOMAR R 58 1 4 B A TN
B, RKJ7 ¥ 000 (ARG B2 M AR A P 3 RF 7 I A 4F -
WAk, A AR A 5 SOMAH S 1k 5 38 4 i B 351 0
K7 TNHF, SOMAY T INDRG 2 22 45 3% 4 il B Tl K]
TTINEHIE, H TS AR OK I i 5 o

75 7713 Method
% % OK 18 5, BL A%
7.0 F M RF BEHLARA
o i . BRK 5 EE
2 65 H@H %
;‘ﬁ 6.0 |-
E'é o
R 55+
® =
50 F @n
45 |
GEOS No-TN TN
Gt b= AL

TE: GEOSFRTEHM Ik TNIURB AT No-TNLRE
A% B4 HT Note: GEOS stands for kriging method; TN for
the factor of total TN; No-TN for exclusion of the factor of TN
I3 AN [ 2 [ F90 7 vk B9 000 2 2 % G
Fig. 3 Comparison between the spatial prediction methods in

deviation

2.3 SOMHIZ (8 9 F 45 1E

A ] 7 325 T B9 SOM 75 2 23 [ 43 A5 (B Sk /-
(KE5) , SOM® it %5 [a] o3 Aii 1 S A 3 KAk —
H, FERIAFGE X VG ER A ST BH -4 b - B — 2K
TEAEXS AL, SOM Y ARk 4L h 7E15 ~ 35
gkg™, I IX AR B AR B S 4 R - B L - SR
— 2k SOM 7 i A XA iy , R 2 k25 ~ 45 gkg '
OK Jy ¥ Tl iy SOM % 1t 4% [m] 43 A7 A5 =X 6 8 oy L
A2 JRER oA B Bk m EH X AR X, B
SR XA o B, SOKJFiEM L, RKAH
RF 1 Flt 7 2 T A4 SOM 5[] 43+ A7 FA) IR AR IX 3 2
Fstg, A, Bl mg 3 AN S VTR &6 A SOM i {H X
WAFH THEIFMRL ., R, ZIRIAZEERY
SOMUAH I f5 it 14 5t Bl 98000 9 - 1F, RKCRITRE P
T3 ¥ I 9 S OM %5 (8] 43 A W0 A7 7E — 7 1Y 25 5 Pk
MAE S [F) O A A R A T 5 SOMAE G M i 1Y
HEDTI N 7 (HCAITN ) B, BR T RFJ7 L REMS
— B FIEROEHE X I SOMIKE X 4L, RKHIRF
PR 7 3 0 () SOMZS [] 43 A JE A 58 4 — 35 24

FE IR 5 SOMAH X A o i 4ff B 100 I TN, H:
AT A T 5 SOMABY M A 55, tEit, 5
RKJ7 ¥ 150 9 SOM %S [H] 43 A A U AH L, RE TIN5
Forb, BFSE X PP -4 35 - TR B — 4 I SOM 75
R AE DX AR K, [ B R 9 X 2R 95 9 SO M g L X
{14 1 FB1 7 B 1

3 i ®

3.1 REAERTNAEE

FEAE SR R RE s R B AR AR SRR,
OK J7 12 1) 25 [B) T I A% A AR KR B b B e F 5 Tl
IR S T Y 23 ) A Al L ASOMF
T EREIIA S ARRE (R3) , HIRIXSOM
SRS AR, Hh e ESEEHEMN
Fo M = ik83%, FMABHE . it iE 45 R AL 2 i i 510
SR 15 T SOMAYZS i) [ A SEE 200, TTRER F3K
OK J7 I THUoRG BEAR Y EZE R 22—

A 5 SOMBEA — 5 AH S M v i Bh T Y ¥
J&, RKFIRFFEMREE — @ B 4 mSOM =S
(] TS BE . Knotters 2" FlAhmed "2 B 57 45 5
FWT, TEAEE T7 V5 v 8 4l B R A PR A i A
T, R B R B ARAR 2 JE] A O
PEIR ST, HUOR N 5% 25 B 2R — 1Y A3 (A1 4
FtE . 855 SOMAH I 55 8 1) il B 3 00 A
(HINTN) J5, RFEYHRGE B &5, KUWRF
T3 W TRUIORG BE A7 H b A 5 B 0 R 5 ]
AR SR 55 BT i o M FRKFEM S, A5
A DG %) B0 0 T P 00 Rt e AN A S e
o, A TR v R O 1 % B T R S
1) 5% 25 Bl = 235 () AH P75 SR K 7 325 1) 100000 4
K FRFT¥:.

FE N A R AH G 04l B 000 R TN %
T, RKJ7 IS BT SRS RE /7 i 1, 3RWIRK
T B TOORE BE R TS B AR AR R (FAnAHIEGE Y
SOM ) Fl B A7 [ i A SE PR 55 4 564k 20, iF
FEARKRRE 2 HbrAs &L ocklH (MLR ) #
5% 25 1 25 () A8 St RS L i, NS SR
A 3 B TR0 DR TN ML R 3% 22 19 2 07 22 R 500
FekE (£3) , 7R BEE 5 SOMAH M # i iY
T CEATNG) , B TFSOMAB Kt
SFPEMLR AT/ B, S ESOMI B 25 21 7 2% pR $iUi
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SOM/(gkg ")

5~15
B 525
B 2535
B -+
B -5
B 550

200 km
|

RF-No-TN

RK-No-TN

0 50 100
L 1 1 | 1 1 1

TE: OK: il e A% RK-TN: HIETNH TR M5 HA%; RF-TN: % ETNEFRBEHLARM; RK-No-TN: FERTNEH 1 [ J7 58

A% ; RF-No-TN: BPRTNHFHBEHLAM Note: OK: Ordinary kriging; RK-TN: Regression kriging including TN factor; RF-TN:

Random forest including TN factor; RK-No-TN: Regression kriging excluding TN factor; RF-No-TN: Random forest excluding TN factor
4 R[] J5 i BN SOMZS i) 73 A3

Fig. 4 SOM spatial distribution maps based on prediction using different prediction methods

R IRANRESENFAFERHERRMESH

Table 3 Semi-variogram model and fitting parameters of soil organic matter content

A i e JERE GHIESE AR POEREC FR2ETITA
Variables Models Nuggets Sill Nugget/Sill/% Ranges R’ RSS
Wit e HLAS Bk
35 42 83 22 000 0.17 148
OK Spherical
P B 4 A 1] 5 5 B A 23
27 27 100 - 0.09 59
RK-TN Linear
FBR AR 015 5 LA Bk
29 37 78 12 000 0.34 50
RK-No-TN Spherical

AN B A RN, BV EE S 21 43 TROORS R e T ke 22
TROORG B2 BEAR ;17 2 i B AHE 5 SOMI A O 1 4
AT (AEATN) , REHEIEMLR 7
B SOM a4 43 A X, fHSOMBR 22 1921 7
25 PREH LE TR B TN FKRAR B —E 451
PR, DT 22 14 TUDUORS 2 e A3 T4 o MBS ok
AR, T A S RRBUSA R R, TR R
A FJE AR R R R 1<% . DEM ., 11
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P K490 iy SOM 75k 452 i B o kel (1) DA X
BRNES R, WL, WiX—moRE, (e ) B
ol 5 SOMAT A, (EURH S AR O 553 14 2% 1F
T, AEGRRK I ETEADSE X SOM S [ il 173
SR B (1 LI (L
3.2 FREFEMMERBIRE
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FEX EHEZ O E dhsgmaRgl, HRigs g k0. A
Xof B M EL AT RE FH T4 B SOM 2 [7] il I 114 55 412 7 2
1 AW 5T X SOM 23 [ T RS J& 1 348 T Ifs v 22 Pk
%o o, MXFFABRXAER (2.7)7km?) i
FORVE BB W EIE A A B A
PSS Ty AR, (B IRAAAE 25 ] 43 HE AR R HRAIR
ME DL FTS O M WL I o5 A4l 3 47 IR BE DG Jic 45 [n) A0,
Li "2 F] FHRK 7 B T SOM 2 [i] 43 15 1 BF 5% 285 51
WY, HbrAR a0 Bh B 14 25 1) RS DG e Pk 4
MR SOM Y 225 [H) oL IUORG B2 o DRt o] X B A 2%
5 3B EL BRI EAF GRS 11 48 B 500 20 17 RO 7 460
Vi B g 4l U0 Al B £4 i 15 SO M Ja] ¥ 7 7Y AH G 14
AT E— IR a8, Ak, XEARDEIE X
M, SOMER 1" 32 4 HE 2 R S5 3R 55 A 1 52 i 41
SOM % i FR B & £ JZSOM & = iR Z it I . BFAE .
T A4 0 8 o A B It A s B i 20 L VR ak
FERICH AR AR 1 HIESOME N EEN K
— T L - HECH AR B SOM ) 25 [8] 40 A A
ELREE — 78 T2 B L[] 422 i Sz o b 45 BB it 45 A
ki B 6 SOM %S 1] 43 A IX 358 22 5 1) 08 A6 52 i)
AT BEAE — o AR [ 4R R SOMZS [] T A 2 . 4%
1M, MASHEFE X CHis A 5 SOMIH] Y A 56 4 7 ok
B, HEREAHEHEMHXE . X AHSNOAA
AV HR R B A 54 A9 NP P2s [8] 43 B 5 AH X 45 1%
HAFFRIR AT M A ¢, WS X AR 4
BECHT ASRFEARXT & 2% CHeln, Bk T ARZECH A SR
WHEAHIEECH A ) A%, Wik, 78 FFEMX
NN E S F g Z 0 5404 F, FH5SOMAM
RMESRIY . 25 T A EL R i) JHC A Bl 0000 2 A A
T, B T R I I A B R R RURE T A S R A B
b 5 SOM S pi B dh i RUBE DE L, 2 2 52 B
Ji b DX BN A AR R 0 T SOM %S (1] A7 28 15 U 1)
HEEERHRZ—.

4 4 it

OK . RKFIRF = F 5 i %) 75 g i X A& % 2
SOM & 1 23 [ T I 285 S i 6 e AT 6 . (1) =
T 7735 T /) SOM 25 [i) 3 A b AR i 3 R ik — 3,
SRR R AR = VAR, (HSOMZS [H] 4345 (1) )= F5 40
T —E W2 5. NFUAS R A, OKT Ik
T S X RMSE 46.97 g-kg™', RKFIRFAEAG

AH SV 5 A % B IR T TN SE S RMSE 43 1 R 5.25
g-kg 'M4.97 g-kg™', TFERS B A OGS 5 1 i B
HFTNE, FHRMSES B M NME6.21 g-kg™
M6.29 g-kg™, W, RKFREFMAGEHHOKE
=, HRKARFF il B P15 SOM A AH D& 14 75 53
T FHORS BE B I, (2) RKFIRF () T A B 7778
— RS, RIS R TN, RF
O TINRS B RKE &, (HESBRTNJG , RKACRFH
JER . NIk, HIEFITNAYIREALA KB BRTNG
AT T ASE TR f) Al B DXL 7 T R B () 8, RKO %
FE 5 B -5 SOMAH JC M B 55 19 25 14 F X AR BIF 52
AR A B R A . (3) RKFIRF /Y T
i B 14 5 8 B R 7 TS O ] 4 #H 6 1R 5 55 A7 ¢
1EL A BE A% o 25 T 428 f 21 4 BRUAY AH G B S50
X T AHIEGE DX I 5 3 A7 AE 53 HE AR X B AT 55 ] 7L
HI, anfa 5485 SOMAH MR /Y, 25 5 3R H.
B (%) At il By PR O A R, s R
{14 i B DR 7 e XL 7 ik LA S B B TR 1 S SOMESE
DS ) RUOBE DG E K 2 ST I b DX B R A
S T SOMZS [1) Fl il 1% 51 24k %
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Comparison Analysis of Methods for Prediction of Spatial Distribution of Soil
Organic Matter Contents in Farmlands South Jiangsu, China

XIE Enze"? ZHAO Yongcun"*" LU Fangyi"’ SHI Xuezheng"’> YU Dongsheng"’
(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing

210008, China )
(2 University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract [ Objective ] Soil organic matter (SOM ) plays a key role in maintaining soil quality
and functions and crop productively and a critical role in global C recycling. Therefore, knowledge and
understandings of spatial distribution patterns of SOM are important to sustainable utilization of soil
resources, guarantee of food security, and mitigation of the momentum of global climate change. [ Method ]
A total of 413 cropland topsoil samples (0 ~20 c¢cm ) were collected from the southern parts of Jiangsu
Province for analysis of SOM contents, and ordinary kriging ( OK ) , regression kriging (RK ) , and
random forest ( RF) methods were employed for mapping spatial distribution of SOM contents. Auxiliary
data such as soil type, topographic factors derived from DEM, climate, soil temperature and moisture, soil
properties, and agricultural management practices ( N fertilization rate and C input by crop residues )
varying in spatial resolution were first scaled into grids 300 m in resolution using either the kriging
interpolation or neighborhood averaging method, and then the auxiliary factors screened by a stepwise-
regression process were used in RK and RF predictions of SOM. Moreover, to identify impacts of the
correlations between auxiliary factors and SOM content on spatial prediction of SOM contents in accuracy,
the root mean square errors ( RMSE ) derived by RK and RF methods were also compared between the
situations of removing and retaining the auxiliary factor with highest correlation coefficient. [ Result ]
The SOM spatial distribution patterns derived with the OK, RK and RF methods were quite similar, that is
to say, SOM contents in the eastern parts of the study area are relatively high, whereas those in the western
parts are low. But local differences did exist in detail of SOM distribution prediction between the methods
can be intuitively observed. The OK method was the lowest in prediction accuracy, with mean RMSE being
6.97 g'kg ™' and lower than the RK and RF methods, of which the mean RMSE of the RK and RF methods
was lowered down to 5.25 and 4.97 gkg™', respectively, when total nitrogen ( TN ) of the auxiliary factors
that were most closely related to SOM was integrated. However, when TN of these auxiliary factors was
removed, the RMSE predicted with RK and RF was lower than that with OK, being 6.21 and 6.29 g-kg ',
respectively, while the average explained variance was decreased to 29% and 28%, respectively. However,
the RK and RF methods are still better than the OK method, as the RMSE derived by OK was as high as
6.97 g-kg™', and the explained variance of OK was only 9.7%. [ Conclusion ] RK and RF are both higher

than OK in prediction accuracy, however, the difference in prediction accuracy between RK and RF depends
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on degree of the correlation between the auxiliary factors and SOM. When auxiliary factors most closely
related to SOM, such as TN was included in the prediction, RF was better than RK; while those were
excluded, RK was slightly better than RF, indicating that RK is still promising due to the relatively high-
cost of TN measurement. In addition, prediction accuracy of RF largely depends on degree of the correlation
between the auxiliary data and SOM, when TN was removed from the RF prediction, the predicted RMSE
increased significantly, indicating that the current easily attainable and available low-cost auxiliary are still
facing many challenges in improving SOM prediction accuracy in plain regions with strong anthropogenic
influences. Consequently, developments of new scaling methodology for raw auxiliary data or new higher
resolution auxiliary data for quantifying relationships between auxiliary data and SOM are critical for
improving accuracy of the prediction of SOM in plain areas with intensifying anthropogenic influences.

Key words Spatial prediction; Kriging; Random forest models; Soil organic matter
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Distribution of Clay Minerals in the Chunhua Loess-paleosol Sequence and Its
Paleoenvironmental Significance
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CHANG Wengian* ZHAO Shiwei"*'
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Abstract [ Objective ] The loess-paleosol sequence on the Loess Plateau of China has been
considered as an important information carrier recording changes in the global environment and climate
of the Quaternary peroid. As weathering products of land surface, clay minerals are widely found in
Quaternary sediments, and their paleoenviromental significance has also attracted more and more attention.
It has been documented that the formation and transformation of clay minerals is closely related to climatic
conditions. However, so far, few studies have been reported on characteristics of the clay mineral in loess-
paleosol profiles in the southern part of the Loess Plateau. Besides, previous researches about paleoclimate
evolution in the south Loess Plateau focused mainly on Holocene, with little attention to climate changes
in the Pleistocene. [ Method ] In this paper, a typical loess-paleosol profile of the Loess Plateau was

selected in Chunhua County, Shaanxi Province, south of the Loess Plateau as research object. With the
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aid of the X-ray diffraction method, qualitative and semi-quantitative analyses of the soil samples from
different layers of the Chunhua loess-paleosol profile were carried out for analyzing relative contents of
clay minerals, illite/chlorite ratio (I/C value) and illite crystallinity (IC value), as well as regularities of
their evolutions, and further for relationships of the characteristics of the clay minerals in the profile with
changes in paleoclimate and eventually, for regularities of the evolution of the paleoclimate and paleo-
environment in the Pleistocene in the south Loess Plateau. [ Result ] Results show: (1) The three indices,
i.e. relative content of clay minerals, ratio of illite to chlorite (I/C values) and illite crystallinity (IC value)
of the Chunhua loess-palecosol profile are good indicators to be used in reversion of paleoclimate changes in
the Pleistocene. (2) All the soil layers of the profile had the same clay minerals, but relative contents of the
clay minerals varied significantly from layer to layer. During the period from the early Pleistocene to the
mid-middle Pleistocene (WL-3 ~ S5), the clay minerals were composed mainly of illite — montmorillonite —
chlorite — kaolinite — vermiculite, and this period could be divided into two stages according to the changes
in relative contents of the clay minerals. From the early Pleistocene to the early middle Pleistocene (WL-
3 ~L11), the relative content of illite was comparatively low while the relative content of chlorite was quite
high, which indicates that a cool temperate climate prevailed in this period. However, in the mid-middle
Pleistocene ( S10 ~ S5), the relative content of illite increased, while the relative content of montmorillonite
and chlorite decreased, which indicates that the climate was relatively warmer and more humid in this
period. In the late middle Pleistocene (L5 ~ S1), the composition of clay minerals turned to be of illite —
chlorite — vermiculite — kaolinite — montmorillonite, and the relative contents of illite and chlorite increased,
implying a dry-cold climate dominated this period. Therefore, the changes in relative contents of the clay
minerals in the Chunhua loess-paleosol profile indicate that from the early Pleistocene to the late middle
Pleistocene, the climate generally became dry and cold, and experienced changes from cool temperate to
warm wet and to cold dry. (3) The ratio of illite to chlorite (I/C value) and illite crystallinity (IC value)
also exhibited phased variations from the bottom to the top of the Chunhua profile, that is increasing
first and then decreasing. The distribution of I/C ratio and illite crystallinity indicates that the climate in
the Pleistocene underwent an evolution process similar to that of the clay minerals in relative content.
[ Conclusion ] All the findings in this research are found to be conductive to the exploration of changes in
the climate and environment of the south loess-paleosol during the Pleistocene, and may serve a scientific
basis for comprehensive exploration of changes in climate and environment of various regions of the Loess
Plateau during the Quaternary period of the Pleistocene.

Key words Chunhua loess-paleosol sequence; Clay minerals; Illite crystallinity; Paleoclimate
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IR 45 A 40 0 ) KUBUES IR 4 (1L T A RS
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M DX 114 - 8 o A A 1) B A 2 A 2 o 3 A e 2 T i
(0o SO A B 2 I 2 X X s A L
MRAL A . HIERER . IR SRR e A
PEIREA B0,

B R 805 2 1 5 DX -2 - B X Y A
Yy, CaCO5 i & S Wiz X 38+ 5P il & & 1R EE 1)
WEAR R Z —, MOCHFFRRY], R EE by
I R B B R T 2 b A KBRS, e 5 3 RS
TEAEFE T & < 100 mmAHBIX ), 75 4 538 B F
PR R0 S AR T 5 275, kiREh e g th
BT TR AESEE RO R AR K,
AR T 650 mmAt, FA)E (0~25 cm)
AR A R AS T P E A AR X K

CaCO, AR /K23 8] LRl 4 B2 KR EUEE A 7 7] AR %
Wi AR g O SRR T R E A
W58 K AL AL B Bk A 1 LA £ R
B, S22 WS E e s, k2B UiB T
e Qb M DX 2 0l A A, 2 R A
KU A T B L B XL M 13 CaCO, 5 B
i B3 A R K H A AR o it R 5 THI B 4 i B
FUL o SR, ARSO LU ALY 4 2574 L i
Y A e - CaC O35 1 KAy KB N E AT St o
Br, JFSMHRERE . BB AR R AR
KT, BRIl LA X+
SEPRGE AR CaC O, 3% B BiA7 KA FONE S

1B S

1.1 HmEESSH

TE 3 A B B AL A Hb XA G 88 A Tt 58 BT 8}
PSR b, KA ST RNLPE AL 0 2007 He BT A
B A E AR, BRI A 2R
P, B (<500 m) | fiki (500 ~800 m) .
il (800~3000m) . Ll (>3 000 m) SEAN[A]
TR R R X R B T 257 s () o A&
SOEIEREE B RN

N

A

) e A KM Lime reaction

. . Jef K V. No lime reaction

[ [MEE Low hills<200 m

[ ]#E High hills 200~500 m

{%1l] Low mountains 500~ 800 m

y - 11} Middle mountains 800~ 1 000 m
I 5+ 11) Middle mountains 1 000~ 1 500 m
I+ 1) Middle mountains 1 500~2 000 m
I 5 1) Middle mountains 2 500~3 000 m
I =1L High mountains>3 000 m
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0 25 50 100 150 200
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Fig. 1 Distribution map of the studied soil profiles and lime reaction
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Table 1 Environmental information of the studied soil profiles relative to elevation
50 cm{RJF FHOK R
B o R S
H X RS Number 7 . W EERER MR o
Soil Soil Vegetation
Region Altitudes/m of Rainfall/ ) Parent materials  Landuse types
. temperature moisture type
points . mm .
regime regime
L
High >3 000 0 -
moun tains
2000 ~3 000 0 -
& E L i E AR AR B
1500 ~2 000 8 £ 600 ~ 650 Wi/ M. FEHH
-t E RTRIE VAL BT e F MeH . 3 H o
Middle Wk, EHE. % TR S
1000~1500 32 WAHEARME 500~600 FTARNE SRR TSNS 1
- moun tains s, Wois . A1 FLAE
" TR AR - BB oA, SR
Beijing 800 ~ 1 000 16 BVEARYE 500 ~ 600 et/ B LS N U "
. LR FLAE
City
- [t N A E NS
ﬁ 500 ~ 800 31 WHEARYE 500~ 600 /AL I POV A PR SR
ow ~ 3T | ~ S
_ A BARALSR-HB . e w
moun tains y
e
200 ~ 500 28 T 450~ 600 FFARE HAE. KA. A
Rk ZE L BRA . DU PR b, REREER R
Hills <200 32 WEE 450~600 kP AUETR-BEBW M SERR AN
/‘3#
il
High >3 000 2 FE 600 ~ 650  JGE /N P RIRBH R
moun tains
#A L AERAN KRR . MR AR, T
2000~3000 26 JEVR/TEYE 600 ~800  MRiE/AHE ) f e
e 4% Hh AR GE
Gt N A= SN
s s N " o JER L BMERE
il 1500 ~2 000 22 FEPE 600~750 RN  @EPUUE . AKE M. SRR
s
Middle A B - FR 45 N
-, moun tains M SiEE TR BAE
ITEIES 1 000 ~ 1 500 32 VE/RE 400 ~600 ETHEARE #A . MBS & " ﬂ'ﬂﬂ v N
Shanxi ORI . FRH m@ . ﬁ* -
Province A 9 S T YL s p NI v TR
800 ~ 1 000 12 BHEARYE 400~ 600 FEARIE  KALER-RYSF
D T3
RN WL fERE . 8 .
o R - L, BRHb MR, FUERERD. TR
Low 500 ~ 800 8 VEARE 400 ~600 pETEARE GRPIUS . AKE —_— o
i B &
moun tains AL g% -3 L) 25 "
G N A= P
PR phHL, B Jr
BB 200 ~ 500 8 TPEAAYE 400~ 600 ETHARE GERPIUE . A KA . +k N
% g e Tt b KA
Hills AL B -3 B 45
<200 0 -
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e (1.2 mx 12~ 1.5 mei B IS MR )
DU 295 R s I 1/ s A o = G | ET B U EI i1 7N

REMEREZ LRSI K. e, W
BE L S ASRFLAR IR S, o3 i e LR AL . pHL.
CaCO, i, PHE T2t (CEC) . HhIELIRAIEE
(BS) . @ihaE Mgt fmE (ESP) o H
o, R BEHUACZH R A R E 5 pHER HIHLAL
wmiE, KRR (K+EH25:1) ; CaCOFER
A EEE

B ChE RS IR (=R ) P
P E RS LR R R bR )
e £ Y IR G A E
1.2 F®itFH*

B P Ak BRANGE 143 A1 R Fl Microsoft EXCEL
2013FIIBM Statistics SPSS23.0#:47, S (E A%
He I CSEMME + 3MERRERE” Ok 2 FIAISPSS
23.0, RHHFAKolmogorov-SmirnoviE &5k
5% (FFR “K-SKER” , «=0.01) %2571
)45 L HER AR S AT IES AR, IR AT A
ERBS RGBT L SRR
e A IE A AR 192574 B T S & T 2 kiR

PR SR
2 &5 R
21 EIERE LT

2574 50 T o5 A 2 b B R ST R 4 AR . pHEY
{HM7.84, CaCOsHHIME N19.67 gkg ', stk

I FLL Ca® hF, HIEHBWARE. RS
P 2 2 S O B AT DUE A B SO0R 20
PI#S RN, By kL (0.05~0.002 mm) & &5k
37.40% ~ 73.19%, “VF¥&wHN54.35%, HK A
#(2~0.05 mm) , Zk ( <0.002 mm)
ik, KABTE 10% ~30% 4 A7, X578 & 4 ki 4l
T DARYRL R B SEARRAEARAL, 54 25 BT i
4 2R 7 2 S B U RS T RE 1 S % SR 2T
WAHWY & o BB 2% T 3R+ R A 5 8
AL FEA BT Y, R AR RS ¥
AV S SN B = S p VAN i AN (L% AT AR Y
ATDLE Y, ARt A R 1) M e S0k 4 kAR S
RERL > WKL > Rk, MRS R R R <15%,
A S KPR s DR R R Y AR e R A >
30%, iKFNHAEARRIKE . PR BRI AR S
FREE, — R FHSEM, 2245 m i +
B BT 22 S 5 W6 i R TR R ) A1 72 S M A PR ORI
i T w6 i </ oy s ol S S 1
B WURL. BORE YK -SH 6 25 B A TR A
AHTA]

TR XA/ FLZERIATURESRE,
L W) ORI T 3R E PE AR L A6 A v R K BE
HuIX, B AR B SRR AS , B U20064F
4J116—18 H My 77 22 KA b A8 v b st i i 6 2 o
520 gm™”, HCaCO & KENT6.8 g-kg™',
XA S AR b R A b X 3R i R A 1 3 B Ok U
Z— [29-30] .

AR A0 A R R I R A B v (IR ) R
LI M CaCO, & g B, 2574511 s,

F2 BH S HYR T BURIE AL 9 W ERHE

Table 2 Mechanical composition of the topsoils of the soil profiles

e B/ME O BRRE P ARSI}
- LR £H # g i -
) ) o Min/%  Max/% Mean/% it Ji£ Skew ) Distribution
Soil particle composition CV/% Kurtosis
type
fib ki Sand (2~0.05 mm) )
8.05 39.80 25.48 33.69 -0.01 -1.12 EAS
HBHRLSilt (0.05~0.002 mm)
37.40 73.19 54.35 13.67 0.16 -0.37 EAS R
FikiClay (< 0.002 mm)
7.11 42.40 20.17 35.49 0.99 1.15 EAS R
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82N TCA KL, 620 MR BEA KN, 451K
R KL, 634 M5 KN, 494 i ik A
R . CaCO5 % Hu B 0.1 ~251.3 g'kg ', F
el 56.1 gkg™', BRAKN 76.93% , @i
AR KOF, HA RAF o 5k

HT A AFIR S ERZEMRZUT &L
A (RE150 em ) HFECaCO, & & W i FF1E,
B ArcGISEAF 25 [ /- A D RE , #2574~ & T £ for
BB SmBREHEITZ M (K1), % REgHK
R RS 2, X257 s R R ek
ZEUTF &R BRI A K E . CaCO5F fE il &
PR AT IOL R gt abr, SREW: (1)
MR KT 1 500 mAg Il Fn s I X, &t 584
ST TD NN 8/ e e 01 7 R N o 0 1 e o A
RO TUR SA IOE AR SR - SRR A, B
0 4 ) TS A O A KRN, B & D A CaC O, 7
HAT0.1~2 gkg™'s (2) WHKATF500~1 500
m P AR I X, S 13 A A, iR R
AAKRNL, AR RE . CaCO, & 32 i+
BEFRRAI R, S AR R, R Ok
KA REE L (49 fm ), HEkE A
B EA KLY, CaCO, &/ T9.92~70.36
gkg, FIHH28.69 gkg s @ EE b P
s . AKAEELEBN L (8240HmS)
HoB R Z AT - K, CaCOs& AT
2.2~251.3 gkg', FH¥HNT9.40 kgl (3) I
PFNT500 mEFEHLIX, & 1T4T 684 s, 7l g
S IE R TR s, ik
CaCO, 7 it Rl IR BN TG I 53 A B o
22 AEBRSEXNLTIECACO,ZENHHIFMN

J T VIR RN R X £ ECaCO, B/ AR
(52, 35 BRI A [R) I A /e 3 4 114> B 5 g
R, R A 2 B AT i A2 b b, DXAN ()96 44 e
s +3ECaCO, & BT SFAFE N R . & 150
ST A 1 ST RN MY R AR AL, I AR XOR
[ 4 v B o L3 b, H R R B A SR AR (A
<500 m) . il (EEAT800~3 000 m) FlE
W (& >3 000 m) , HiER &K A T
SR B GERIE FGEIE R, mFE6S0
m; RSSO TIPS I A B S EIL G T
AL BTHR, BFEN3 050 m, it Bk 2B 40 4%
Wt KA. AKkE . Bana KR

S5, Yo AedbH X G BRI, & T
RN R T E TSR SN =%y, p VAR LTI 11
T BURN % 75 2 A A7 3 8 - B2 R R . 453 T S A
HEOABERRE N R3FIN , M BIR S T, B
W AR RS AR R,
AE B 278 F ARG L b DX s 2 - 5 Vi DX R
F, I U A L R 1L DX R T XA R R
R SR R f) AR, AT R AR L L b A [7) 1R
A DX I L AR A e S A0 ) AR AL ARRAIE

45 ) S R AE S SR LR WA
P TAT A T A VA v B ) TR, R RN Y OR L ARCTRLRE
I, 3T R 0 30 32 e U O T R/ FE
e K A R 2 I A A Sk i, A
Pt AE %

4% 3 S £ CaCO B . A K B
pHF LLE i« Bl I8 2 5 1 r b 0 2k s B 1 T
., TR CaCO,F i . AKRNRE . pHER
kAR R A

1) Pk m X (4 > 1 500 m) AL
BUR. BWIKR., iR, KEBEHR. RILEH
. RINFE, HlmEE AL I A KRN, HCaCO,
G <2 gkg™', pHAT6~7.1, H A HEHES &0
RREFR B > 600 mm ., FER/FENE LR R L
A K AR . R

2) 7 PR AR IX (A T500 ~ 1 500
m) MR, EARNR. ERER. FRIFR
FNGRIE R, BRI EA KM, HCaCO & i
>2 gkg', pHATF7.6~8.2. H IR N
PR < 600 mm, M/ EHER R . BT
T K AR AR B R

HRAE CaCO, A JE U B, 2CaCO, il FIFH
CO,MY/KIF, CaCO,23 I A JII fife P 35 K 1Y) H il
255 . CaCO,+CO,+H,0=Ca(HCO,),, MiffiCaCO,
RAEMDE; RZ, KIS TCOM RN, 7
fiff 1) R ke TR 65 A 2 T BT AR AR PR A5 DTA T Ok (Ca
(HCO,) ,=CaCO, | +CO, T +H,0) , CaCO,M il
Vs i B e E FUR B A2 K IR i 2, — i &5
THOR AR, WA RO, CaCO, Ik PR
JERRIR, W, E X R R, HRE R
fIX, (A5 AR EE S N, AERLF, Ko
i, £ CaCcO,5 K FICOME HIE Bl 5 ik iR
BEIn R EEERUE, fEAEESRENMESR, -
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Vertical Distribution of Soil CaCO; Content / Lime Reaction in Mountainous
Regions of North China and Its Genetic Explanation

LI Chao' ZHANG Fengrong'" WANG Xiuli® ZHENG Yanan' ZHANG Tianzhu' XIE Zhen'

JIN Dongsheng’
(1 College of Land Science and Technology, China Agricultural University, Beijing 100193, China )

(2 College of Resources and Environmental Sciences, Henan Agricultural University, Zhengzhou 450002, China )

( 3 Institute of Agriculture Environment and Resources, Shanxi Academy of Agricultural Sciences, Taiyuan 030006, China)

Abstract [ Objective ] Papers available in the literature show that loess dust precipitation exists
generally in North China, becoming an important source of topsoil in the region. It brings in a large amount
of fine mineral particles and nutrient elements, especially, CaCO;, to the soil. CaCO; is an important
component of the soils in arid, semi-arid and semi-humid regions, and hence a major indicator reflecting
development degree of a soil. The purpose of this paper is to study vertical distribution of CaCOj; content
and its characteristics in the mountainous soil of North China, in an attempt to explain causes of this
phenomenon from the perspective of soil genesis. [ Method ] A total of 257 soil profiles of various soil
series in Beijing and Shanxi Province were investigated for mechanical composition, CaCO; content and
lime reaction and statistic analysis was performed of the data. On such a basis, vertical distributions of
CaCO; content and lime reaction in the mountainous soils of North China and their characteristics were
summarized, and causes of the phenomena explained with the theory of soil genesis. [ Result ] Results
show that the topsoil in North China is mainly composed of silt, which is similar to loess, indicating that
loess dust precipitation is an important source of soil minerals, bringing in CaCOj; to the topsoils of the
mountainous soils in North China. As soil humidity varies sharply from area to area due to difference in
elevation, soil CaCOj; content does too. In areas above 1 500 meters in elevation, the soils are quite high
in humidity (varying in the humid and damp regime) due to relatively high precipitation (mean annual
precipitation of over 600 mm) and relatively low temperature (varying in the gelic or cryic soil temperature
regime), and good to vegetation, which in turn reduces surface runoff, but enhances downward leaching of
CaCOs;. As a result CaCOj is leached out of the soil, no matter what it is derived from, and no lime reaction
is detected throughout the solum. So in these areas, bio-climatic conditions play a leading role affecting soil
CaCOj; content and lime reaction. However, in areas ranging between 500 and 1 500 meters in elevation, the
soils are relatively low in soil humidity (varying in the semi-arid-humid/humid regime) due to relatively
low precipitation (mean annual precipitation of < 600 mm) and higher soil temperature (varying in the
frigid/temperate regime), and hence not so good to vegetation, As a result, CaCOj; leaching is weakened and
lime reaction could be found almost everywhere. Therefore in these areas bio-climate conditions descend
from the leading role to a major role, following behind the role of parent material. Whatever, no obvious
characteristic of the distribution of soil CaCO; content and lime reaction could be summarized in areas
below 500 meters in elevation. [ Conclusion ] In conclusion, the characteristics of the vertical distribution
of soil CaCO; content / lime reaction caused by leaching process, strong or weak, is one of the typical soil
genetic characteristics of the mountainous soils in North China.

Key words North China; Loess dust precipitation; CaCO; content; Lime reaction; Soil genesis
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X AR, AFER, TR, MRl 3
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VESERAE S A B SO R AR R, 1R CRFAM 4380
SRR ) P BRSE . BEREE . Rt
2, ICSRASEIREEE . Bt . 256, B
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M EGERE (1951—19804F ) o 4FE3 4 IR H [0l
I LR S O A B 20 A R K R B R
WREAR S TH AR 2 5 AF 24908 AE Z8 10 H FAOHE 72 11
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Table 1 Soil forming environments of the soils studied
IR SRAFE HhL 1 ik ERE FRREK XA LI BEJ5T
| = *K p=3 B 2] o] ez 2] 7% , ” Syl
s , i A B _ o o o 3 AN
Profile Profile Altitude Y i e Parent
Geographic coordinates Relief  Land use
No. location /m /°C /mm /mm material
type
(S SUES
FOREEPME  33° 307 13.2" N, " KR
51-023 3487 4.85 647.6 761.1 —Y R
EEZE 103° 00’ 54.9" E R Fh
]
i o S 4
R R 33° 307 12,77 N, RAIRML
51-024 4 L8 103° 00 494" E 3487 4.85 647.6 761.1 — i T, WA
5 o ’ 3 ” '%[
AL
R e 23
BEEHEHEFRS  30° 48’ 08.6" N, " KIRL
51-052 o 3703 7.19 578.6 1016.0 PRERE W)
AR 101° 17’ 18.7" E ) b
Hedb
. o V22 b
PARE)I 5 32° 55 40.0" N, RIRM
51-096 ) 3547 4.60 729.7 788.7 RN ER A R
BB HTR 103° 26" 20.7" E ) F
HAb
15 JELHE R
NS 32° 18 21.8" N, KIRHL
51-100 N 3635 4.96 753.0 770.8 BAMEML B
B 102° 28" 51.6" E . T
Hab
A S 28° 28’ 44.5" N, e i)
51-105 2225 13.36 1113.0 893.6 \ HEM B
Ll 102° 33" 56.8" E ik

(DAnnual mean soil temperature, 2 Annual mean precipitation, 3 Annual mean potential evapotranspiration
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WRAR, Bkl 2000 ) | BRERES ISR
FEEE LRI E, BT R O (pH
7.0) SCHEME , A2 B R 5 oL i
(Ca. Mg) HMUKMDOEEETE (K. Na) B, &
2R 1) SR O TF 2 TS ARG I 0 5, A L)
PR AR BRI R 4 L (R E , A PLBs R
IR AR T AR, LI W) oR XS & A
SHUSEE

2 45 R
2.2 HIEBMER

m 3l g, Mt 5 B 4 )2 UK AL A DL
rkich E, B LA E  FE L XF51-052F151-

2.1 HIEFRIEHE

M 20, HK LT A LR AR AR
F, WAEBEAUROMBEGARNE, @RS
10YRM &, TABERIRSERFE2M3, THAH
Y KA e, TRREEFE2MI, W
BSEEEPIL, BRABEIZH, 55w %
o S1-100F BN W, =41+ 22 A
. HHEZEHY A HTRCR B M Bk . 51-0235 T 1Y
118 ~ 150 ecmAb A h Lo, HIE 51Tk
PR FHREA G, S1-052F A58 ecmbA L AIS1-100
FIHE 940 cm A LR KA D RFLERE, H51-052
T Y20 ~ 58 em A Z B FRLICNE, e i i K
MRS 5 290 PR R A DT AF . 51-023F151-0241)
G F R BRI A KRN, A TR A M
W, I A KRR T vp AR, 51-096
5 1-100 T IS 2345 h BE AR B, 1 B LS
JRET TSR FUN I E L R

096 # 17 L& AL 9 R ¥ A1 6w i+ )2 1 B Ak
#OLI51-052%]TH20 ~ 58 ecm B fb Rk, N
1.64,

F2 iR HIEROSIEEE

Table 2 Morphological characteristics of the soil profiles studied

S RIE TAZ @ LY EIRAEREN A RN
Profile No.  Depth/cm Dry soil color Wet soil color Soil structure  New growth of soil ~Lime reaction
51-023 0~27 BELA(10YR 2/3) MAA(2.5Y 2/1) EiETRIN g
27~ 65 MESL(I0YR 2/3) HAA4(10YR 2/1) Ciyiy
65~ 85 BARE(I0YR 3/2) ML (10YR 2/1) &
85~118 WA (1I0YR 3/2) HAA(10YR 2/1) RIAESIN Hp g
118 ~ 150 M (2.5Y 6/3) MER(2.5Y 3/2) WA etk o S S B v g
150 ~ 170 RIKAA(10Y 7/2) HHE I3, (10Y 4/2) ali°s
51-024 0~15 M FEEA(7.5YR 3/3) BAF(SYR 2/1) ZiE RN i
15~25 IEFEE(10YR 3/3) WELE(10YR 2/2) ZIETRIN s
25~50 B (10YR 2/3) EEG(10YR 2/2) v g
50 ~ 105 M0 (7.5YR 2/3)  HRASG,(7.5YR 2/2) s
105~ 130 Wﬁﬁi;é(sm MERAL(SYR 2/1) o
130~ 150 Wﬁﬁi?(sm HEA(5YR 2/1) L&
150 ~ 190 K (5,(2.5Y 5/2) HAA(2.5Y 2/1) Wi
51-052 0~20 JKEERE(I0YR 5/2) BAR(I0YR 3/1) DI RIS A RF LU BE
20~ 58 BRI (10YR 6/1) KRR (10YR 4/1) Ok yE%ﬁ%ﬁgg
T RRL I
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i3k
EITIRES R Ry ) RN + gty Bk AR RN
Profile No. Depth/cm Dry soil color Wet soil color Soil structure New growth of soil Lime reaction
58 ~ 100 KT R (SYR 3/3) HAEE(SYR 2/1) - - -
100 ~ 155 AL (10YR 3/2) M6 (2.5Y 2/1) - - -
155~170 HAEE(10YR 3/2) HAA(2.5Y 2/1) - - -
51-096 0~12 A (10YR 4/4) BEA(10YR 3/2) AR - -
12~21 JRHAFE(I0YR 5/2) BAE(10YR 2/3) ZiF AT - -
21 ~48 A5 (10YR 3/3) WA (SYR 2/1) - - -
48 ~ 80 ERE L (10YR 3/4) HEE(SYR 2/1) - - -
80 ~ 105 HEEA(10YR 3/2) A (5YR 2/1) - - -
105~ 130" JKEFEL(10YR 6/2) kK AA(7.5YR 5/1) - - -
51-100 0~20 SLHREEL(10YR 6/6) FEL(10YR 4/6) WA HUtk AR B -
20 ~ 40 FE(10YR 4/6) e A7 {5 (7.5YR 2/3) - DR BT -
40 ~ 60" FEREL(10YR 6/1) FER A (10YR 5/1) - - -
51-105 0~20 FEKAL(5YR 5/1) HA4(7.5YR 2/1) - - -
20 ~43 HARE(SYR 2/1) M{4,(7.5YR 2/1) - - -
43 ~ 64 A (SYR 2/2) WAa(7.5YR 2/1) - - -
64 ~ 86 AFL(SYR 6/2) A5 (7.5YR 2/1) - - -
86~ 110 MEE((5YR 2/1) HA4(7.5YR 2/1) - - -
110 ~ 130 MELA(SYR 2/1) MA6(7.5YR 2/1) - - -
1) FIR%)ZH H BRI Y Moderate ferrous reaction observed in the layer
F3 R TIEMYIEMER
Table 3 Physical properties of the soils studied
LURIRZENIY
) T TR Particle-size composition/(g-kg™) T Fifb %
Profile No. Depth/cm 2~0.05 0.05~0.002 <0.002 Soil texture Clay ratio
/mm /mm /mm
51-023 85~ 118 97.6 802.1 100.3 #b .
118 ~ 150 165.0 785.9 49.1 by @ -
150 ~ 170 303.7 676.3 20.0 B+ -
51-052 0~20 369.2 436.7 194.1 Het® 1.00
20 ~58 103.7 577.3 319.0 Wy kg 1.64
51-096 0~12 246.4 602.9 150.7 2 1.00
12~21 264.9 588.1 147.0 U2 0.98
105~ 130 178.6 628.1 193.3 Kb s+ -
51-100 0~20 464.5 389.5 146.0 get® -
40 ~ 60 180.4 530.3 289.3 Wb BB+ -

@Silty soil, @Silty loam, @Loam, @Silty clay loam

FHZ4n A, 51-023 4% 1 A5 1-024 5] 1 ) PE, H4+)2pH (H,0) <7, Shksimit, 51-
150 ~190 cm+JZpH (H,0)> 7, & v &% i ok 105 fipH (H,O) Ak, @#lmB7ESLLF. 51-
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023 F151-024 1 [fi 4 1 J2 ¥4 B i % RO BRRES . WK, Hh{Ua 54 +)J2CEC <20 cmol-kg ™',
51-052/90 ~ 20 cm151-096/921 cmbh EWEMS WIS R EA RAFAORICAEALRE Ty . $h 10
B R, S8 =1+ 2EMpH (H,0)5 (BS) 74 i) i btk S ik )2 > 50%,
FRF AL R W, O T R EME A, ERRE 2 PR, RS-
# (CEC) /1 T5.60 ~96.85 cmol-kg ' Z[H], 724k 105FTH , FhFEA B {UAES.77% ~ 15.38 P2 [H]

F4 HiIRTERUFER

Table 4 Chemical properties of the soils studied

B— R oH oH caco, (R REaE 5 s A/ S R =iy S
Profile No. Pepth (H,0) (CaCl)  /(gkg") cre . T . BS/%
/cm / (emol-kg™) / (ecmol-kg™)

51-023 0~27 7.37 7.38 80.97 38.23 - -
27~65 7.41 7.24 127.60 58.57 - -
65~ 85 7.50 7.38 239.50 49.99 - -
85~ 118 7.81 7.51 91.25 25.52 - -
118 ~ 150 7.87 7.54 21.05 11.10 - -
150 ~ 170 7.81 7.59 124.90 5.60 - -

51-024 0~15 6.40 5.84 41.66 46.08 27.61 59.91
15~25 6.62 6.22 38.49 38.30 24.00 62.65
25~50 6.24 5.57 34.00 59.40 33.78 56.88
50 ~ 105 6.32 5.80 36.07 92.78 52.43 56.51
105 ~ 130 6.72 6.37 52.14 85.61 55.35 64.65
130 ~ 150 6.86 7.13 165.80 68.31 49.01 71.75
150 ~ 190 7.49 7.29 165.80 48.13 43.85 91.10

51-052 0~20 6.65 5.70 9.13 24.94 18.53 7431
20 ~58 6.18 5.28 - 23.93 14.61 61.06
58~ 100 5.56 4.48 - 96.61 26.76 27.70
100 ~ 155 4.88 4.05 - 96.85 26.56 27.43
155~ 170 4.88 4.03 - 95.66 14.48 15.13

51-096 0~12 6.70 5.67 11.00 30.56 18.86 61.70
12~21 6.65 5.64 7.38 24.67 15.12 61.30
21~48 6.08 5.40 - 69.33 24.27 35.00
48 ~ 80 5.56 5.18 - 54.58 22.67 41.54
80~ 105 5.05 4.91 - 53.98 20.84 38.61
105 ~ 130 5.51 4.83 - 18.24 10.73 58.84

51-100 0~20 6.12 4.96 - 19.72 7.89 39.98
20 ~ 40 5.05 4.18 - 67.02 10.22 15.24
40 ~ 60 5.22 4.04 - 18.24 4.03 22.08

51-105 0~20 4.32 3.81 - 68.79 3.97 5.77
20 ~ 43 4.56 4.15 - 66.56 8.05 12.10
43 ~ 64 4.59 4.16 - 57.87 8.90 15.38
64 ~ 86 4.84 4.22 - 70.78 8.71 12.31
86~ 110 4.90 435 - 88.54 9.25 10.45
110 ~ 130 4.86 4.38 - 83.82 10.93 13.04

2.3 AN TEYMREARMER B A T4a% ~84% 210, Hr 104+ )2 &/

H R SHIA, kil A VL Y i id 9% )5 £F T16.7% (EV/NT1/6) , ONTHENT16.7% ~75%
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(H1/6 ~3/4) ,
FH R Tl TR A 77
il LU 2K, AE g AR T S B (e LR € fn ik v
R o R A L Y R A PR
T 117.83 ~464.79 g-kg ' Z ],

3/4) .

ANHRKTFTI5% (HEVRF
KIS ALY R A

SEH(H R 278.42

WM IR0 I bR, A AL & s B — 2
P, o] LR G ML R T A LR AR R
o S1-023F151-024%] 1 178 HL 1 54 15 0 v I
HHL Y FE, 51-052. 51-096F151-1008] 14
EIEHHLEEY T, 51-1055) 1 £ )2 243 cmIRE

gkg™, EETREVHKE T BAESE T NREANLEY R, TS 4EA YL R
#zS BAUNLTEMRERMER
Table 5 Basic properties of the organic soil materials
H T 5 REE PR g EERiIR 7] RN HHLEKSOC A HLA- ) JFi e A
Profile No. Depth/cm /% Organic color / (gkeg™) Organic soil materials
51-023 0~27 4 FRf0.(7.5YR 4/4) 138.88 1= )8 Sapric soil materials
27 ~ 65 8 g REL(7.5YR 2/3) 228.64 1= ) Sapric soil materials
65~ 85 4 WAL (10YR 2/3) 195.95 1= ) Sapric soil materials
51-024 0~15 6 FRfA(7.5YR 4/4) 143.34 1= )8 Sapric soil materials
15~25 8 MAE(7.5YR 5/4) 117.83 {51 )85 Sapric soil materials
25~50 12 FEL(7.5YR 4/4) 204.43 1= ) Sapric soil materials
50 ~ 105 12 MhAE((7.5YR 5/4) 447.32 /& )i Sapric soil materials
105~ 130 16 FE{a(7.5YR 4/4) 395.09 1= )8 Sapric soil materials
130~ 150 14 FEta(7.5YR 4/3) 250.49 )% Sapric soil materials
150 ~ 190 12 FE(7.5YR 4/3) 152.89 = ) Sapric soil materials
51-052 58 ~ 100 68 MO (10YR 6/4) 449.51 £ J# Hemic soil materials
100 ~ 155 62 FA{0(7.5YR 4/4) 436.97 2k J¥ Hemic soil materials
155~170 56 R (10YR 6/4) 464.79 £ Hemic soil materials
51-096 ~48 46 A L(10YR 7/3) 252.61 2EJEHemic soil materials
48 ~ 80 40 HERAE(10YR 5/6) 205.03 2 i Hemic soil materials
80~ 105 28 R (10YR 5/6) 201.19 2 Hemic soil materials
51-100 20 ~ 40 22 HEEA(10YR 5/6) 255.02 k)& Hemic soil materials
51-105 0~20 24 KA (10YR 4/6) 178.97 > J& Hemic soil materials
20 ~43 74 WA (10YR 7/3) 354.64 2k ¥ Hemic soil materials
43 ~ 64 80 MEEAE D (10YR 7/4) 288.04 £ 4§ Fibric soil materials
64 ~ 86 84 MR (10YR 6/4) 169.03 2 4EFibric soil materials
86~ 110 80 MR (10YR 8/3) 460.10 ZF4EFibric soil materials
110~ 130 80 MER(10YR 8/3) 412.81 2] YEFibric soil materials
(DFiber content after rubbing
2.4 LIRS RIS HTRE JRER . (2) RERZ: 51-052F151-096]1f %
2.4.1 LHIRE (1) AHLFEE: 51-023, 51-  Z2HHEEESHER/NF3S, TABHER/NFSS,

024 F151-105 %1 % J2 5 488 o — 4 A 9K 531
M, KEEF YA /N T75%, AHLHIEY) N
FE S, R BIN27 . 258120 em, kLA

AU & i, FFaAPILRIZ 1 i &

=N
w,

HARER/NT3S, AU EYKT6 gkg ',
I FE R T 50%, S0k 2546 5l /A etk 45
My, (HFRJZEE20, 12 ecm, ¥AREBFREK
RIZZRM2S em, MIHETRERZ . 51-100]
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MR )= RS ARIR, LISV EMEEY KT
3.5, TARWEEKTSS, W TREREZ,

242 LHIRTE FALZE: 51-052% 120 ~ 58
em T EFER K T2, HERNVFRBZ LA T
30 ey N, JEERT7.5 em, BTELZE .

2.4.3 S HTHFE (1) AOLLIEY . 51-023F0
51-024F| M4 H 2B, B4 S AR
1/6, H AWML BA4E O 7E 848 BT 1 0 68 1 B 32
MU, WA TS5/ 1A 75 A F 5B,
BT EEAHEEYF. 51-052, 51-096F151-100
BT R R B e S 1-1053 i K EB P, # 5
IS BN T1/6 ~3/42 00, J&THEA L%
Y., 51-105F MR NERBEAMIIKZEE T, #£EM
AUgEEEEIS3/4, BT LEY R, (2)
KRB . 25 A P M X DG AR A RE, AR
P PenmanZt 45 A AL B0 AR TR BE R ], itk
- 3 o Ak DX DA i K R L {H
F°51-023 . 51-024F151-10571 [f 23 51 b T3] 3 16T 2
A T I B b R LD 4 A SR A, AR B
gy 12K AR K BB B KR A, N E T ENE
T KA, M51-052. 51-096F151-1003] 1fi +
Xx:2 mNEANILHIEY R, )2 RZEEER
A K IR, R 2R oK B 2K AR
A, R R R R IE SO B RE, NE T
WK EHEK RS (3) RHERERA . T
JIAE 16034 0 5 1 Mo T S e 7k (1951—1980
A ), ESE DU A R R s ] A AR 2
A A B 28 205 FE PR SO, AR U 4 R
R, 51-023, 51-024, 51-052. 51-096F151-100
P T AE S 34 R A T0 ~ 8°C, (HS51-0527% 1 5 %
S R T IR BRI bR, BTLRAS -
023, 51-024. 51-096F151-100 1A Jy FE 1k + HE IR
BEARDGL, Mi51-052 ¥ R R . 51-1054)
AR 1R T8 ~ 15°C, J& T iR iR Bk
B (4) WHEEME: 51-096F51-100%] H K Z 1Y
LA AT SYRATIOY R, 318245 B i
JS, WEAFER O, WA A B B R E)
SPRAER kiR AT 8, ARG B RRE R IZ W AR I
(5) BALBJFEARRAE . 51-023F M AYIEJE . 51-052
S5 1-100F5 1 ) 22 2 43 3 H B0 T v i/ 1 45 40
L, ULHH 2 AT O A, HAT A A R
FEAE

2.5 BRHSLBITHNS

X B AL e TR i B e A
HEGETAIL LN, BIE LR ZKZ A2 Bk,
W (PEEERE SRR (=) ) 1,
XA AT Y R R, AR A A
(%6) .

51-024F151-105% 1 4 + )2 T Kl Ak, T
TR t)E, RTAIE. 51-0233 Gk 1l KB
P, IR NOKSCEE KM, AERE
85 emiuHE I R B AN LY, B TFANLL.
51-0963 HJC K R ReME 3R B 1 )20 K A
M, H84 cmEMEEAHM LEY R, H ERAT
+FRE40 em¥EFN, JETAPLL. S1-1005TH AL
FH20 cmPEE AV EEY T, AEBREE2/3, A
BTANL, MELXRES cmiEENAE K TET
10 em T2 EBWFRE, BTEE L. 51-052%
1+ R E58 cmiE F N o T L5, AP LIEY
RS E SR, NE T AL, 120~ 58
emH I+ E N EME)E, NE TFA 1.

e fhl M LW S, RERREWE,
oS 1-105) 42 il 2 B b & A 2 5 R 47 4w A A
LAY, HAEAHLE 25 44 i AR 2 B A
LAY LY a4 o AR5 e AN [F]
W2, 4R 06,

2.6 EESEBRTHKS

MR Crp A R S 26 bR 1 R
OyARUE Y PP, XAt b A LR A 2 AT
TR &, ethe L RERFRE (£7) , B4
+iEmA, R REEREEFIERE R
(£8) .

WMRTFR, LR 0, X T 5 4 s
MR 2 i 22 B P B BB R /NGO SRR, e
FERY P R B S 1 28 ) DA R A i AR
DU IS IR AE R A 44, A HLE P R R, 5
W A o X, UK R INOIAUE T A L
F PR W) A FR, AR W
I 2 YN R 5 A, X T
e TR A Bl L, 42 200 F
AL REE ALK R =R, R A
R FNR B S N ON AR AR T . A KM L R M
JEmR kU2, A B B R B R S A 5 R
PR R TR 2
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Table 6 Diagnostic horizons, diagnostic characteristics and subgroup of the soil profiles studied

RIS AR WRR)Z b=

Profile Histic Ochric Argic ﬁmi,:% j:fgﬂ(:ﬁ‘ i%ﬂfg (}%iﬁj% /ﬁﬂim)ﬁ .
No. epipedon epipedon horizon o AR AR i e Subgroup
I = A EH A P
51-023 VvV w e WY FEpE" vV Terric Sapri-Orthic
Histosols
-3 e O AR A L L
51-024 vV e b A FEHED Typic Sapri-Orthic
Histosols
BESCT v WO i
51-052 vV vV o Jog @ ik B V4 Mottlic Hapli-Boric
Argosols
HUFECE T I AL
51-096 V ) K FEPEY vV Buric Hemi- Orthic
Histosols
o A E K A L
51-100 \V 2 Jor® ke FEpEY \V VvV Typic Hapli-Stagnic
Gleyosols
8 2 B TR A L
51-105 VvV e Jig® bR TR Typic Hemi-Orthic
Histosols

(DOrganic soil materials, @Soil moisture regime, 3Soil temperature regime, @Gleyic features, ®Redox features, ©®Sapric soil
materials, MHemic soil materials, ®Aquic soil moisture regime, (DStagnic soil moisture regime, A)Cryic soil temperature regime,

(DFrigid soil temperature regime, (2Mesic soil temperature regime

R7 Il TR L RIEH R R R LR FHE

Table 7 Identification characteristics of soil families in the control section of the soil profiles studied

UlR=2 a2 B N - b i Fhobr A i . . ‘ .
, , BT E Y T e I E U TR T A o)
Profile Control section / Sand content Clay 2 ) e
1% 259 Mineral type  2&51%  EEAEHY
No. cm 1% content /%
51-023 0~100 0.00 10.75 10.42 HOR®D REBURAMY Jmmu  w#®
51-024 0~100 - - - - - FIRPEY BT
51-052 0~100 1.66 35.08 25.13 BEEC REFURAMT M’ B#®
51-096 0~100 - - . - - WY Bu®
51-100 0~60 0.00 40.79 17.80 HOR®D REBURAMY dEmn”  w#®
51-105 0~100 - - - - RESERRRY  BRERMEY  IRAE®

(DRock fragment content, @Particle-size classes, 3)Acid-base reaction categories, @Soil temperature regime, ®Loamy, ©Clay loamy,
(DSilica mixed type, @Diatomaceous, @Weak acidic, ONon-acidic, (DStrong acidic, (DFrigid, (3Mesic

PR A 6~ A = 3350 T K] 49 b 6 AN TR) Y 4 i, isHAMma TR,
Frlhgeg it — L e AR R (F8)  Hrp
51-023F151-024F IHRETFH/RFAIM S 2 3 3F i
b, FIERERAE I S X AR, #51-023
A NP AR, 51-024f 4 NE IR, 51-052, 3.0 TEREHSEERFEHSEHSHRXR
51-096F151-100F%] T 143 51 L H s i 44 B i 44 M 8 W R PO AR, A6
F&R., BIrRMEO R, 51-105%] 1m0 50T 2 8T 1E A+ B8 AR AR b A s TR
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Table 8 Attribution of the soils studied at the grass-root taxon level of the soil taxonomy
TR S5/ 3 &
Profile No. Soil families Soil series
$1.023 SEpiE BUIR A TS FR P v -0 IR R IEH A L L it &
Loamy silica mixed type weak acidic frigid-Terric Sapri-Orthic Histosols Banyou series
S$1.0%4 SSFR LV M- 2 W IEH A L EZZFA
Weak acidic frigid-Typic Sapri-Orthic Histosols Duoma series
51059 BB BUR A B R AR M- BESL ] 78 A L BHR&R
Clay loamy silica mixed type non-acidic-Mottlic Hapli- Boric Argosols Geka series
$1.096 S5 R MV - L A A L i R
Weak acidic frigid-Buric Hemi-Orthic Histosols Heisi series
S1-100 SR TR A P AR TR M v - B R A KIS R
Loamy silica mixed type non-acidic frigid-Typic Hapli-Stagnic Gleyosols Rangkou series
$1-105 ek 0 T PR R T e - T AR A L RS

Diatomaceous strong acidic mesic-Typic Hemi-Orthic Histosols

Shugu series

9, TR YUK 2N, HiEL
P L2415, WAaREEL . KA RK 20T
K (R . SEEHEN W EE RN ITOHE
TRABEILEH —E XN R HEENRT R
AL AR D A B R, AN A

ARG R EIE, 2 5RE R — X R A I LA
FAFR LI A R ARG KRR
TE— Z 9 E BALRY S W = A2 B R R S5 Al b, 3
oA B JE A, X TR DR [ e
1% 73 B AR

R TEEEDESRGEALXETENSLL

Table 9 Reference between the soil genetic classification and the soil taxonomy at the subgroup level

Pl VS B WS

Profile No. Soil genetic classification Soil taxonomy

1023 A g 7%+ W B E R A AL
Lowland Peat Soils Terric Sapri-Orthic Histosols

12004 AL e s+ o R A L
Lowland Peat Soils Typic Sapri-Orthic Histosols

51052 AL s+ BRSO iR 1
Lowland Peat Soils Mottlic Hapli- Boric Argosols

$1.096 ARz e S+ SRV 8 1R A L L
Lowland Peat Soils Buric Hemi-Orthic Histosols

1100 TerinvE L W AR E -
Peat Bog Soils Typic Hapli-Stagnic Gleyosols

1105 ALY 5+ e IR A L

Lowland Peat Soils

Typic Hemi-Orthic Histosols

32 (HELBRAZSEEER (B=WH) ) F&
AY i8] & 5 12 3T 3L
At - ) TR E R B AL S A AT R B
HA B A58y o 8 b SR a8 A o - A AE T
Ty BALBCE RESE T A BOR 22 , 5 T HLAE
S DUV A IR — 5, (AN REIRAEE B

BLASE, Al - 49 19 3 G200 2 i 44 I A REAR 4 3t
B e AL ey o B R AR R o LR B O A
A AR R IR - BESUR B % ks = (51-052)
B, ZHEIE S8 cm AR ¥ 2B AL Y B, )5
FERE 110 cm, AHHCA™ BT Y SR A7 I 2 A X
g AR A R LR
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b, UL A R S FIT Y i 44 R
ALY BRI ASC A R Biln, e L5
Pl XS A B S IR AT B S A ALt
S 5 AR Ry MR
33 IREAGZAENDER

M T AN LS R EIEAE R ENES, B
LR E BA L e BRI R G0y
AE, ERE IR AL LA, 0T
BANLEA, HOKMIRGUR S A A AHLL
S BRI, H 2 R B L LR B B
JIT A R S M Y T 2R . Bl A LS
AR 72 5 B o J= A5 2= T AR TR A ) 3]
PAoy =2, RIEdRBA e R LR, 8RR
(LT &40 ey (HUECR2E ) FIET i )= A
MTRTEEN (FIREE) o AAWE AN
AR5 251, ARS8 5 1 J= B IR 25 Rl K PR
PR AT 7328

MZWZ WS, APLEIFA—ER
APLERZE, WHEOE AL (51-096) ATRLA
JEBRR)Z . ERE I | SR R X £
BOKIPIRBL, BR T M AR R BRI ON, b B2
T HERT AR M ERAL R AR SO B AN ) T AR
SR LA AT

4 4 it

PG i X EL A BIL A S8 ) S5 R P 1) - S 3R L
FAAEYEGRFEY O E, EYRR, APLRIEY)
BORIRFEAL , W0 H. 22704 T3 HE 1 2% 10 i
Mo, SRR RIS T BRSNS, A
DL S S bl A o0 g T A R T, TR A
TP OR AR R o 32 AL ) o R SRR B S
R B B AR TR, A EFEAL, pHZ W
P, HHE TSR, Il RERGE N KHE T
AHLE L WE LA 23, DA A3
A, 4 RN, FFdr 1ol k6
PR RIERGIPRERAKTE, BARETR R
ALY B R £ O AR RANL L, walfE
JEWE LEUIE L RIERE KSR AEDKNS
FLEER, RGUIT IR A A 7 ZE RE 05 B . 1X 73
[7] — DX 3 B AT ST DL A ) A 2R AR Y T

2 &

[0 ] B2 o o i 3 R G S PR
o R G R IR S UM AL P LR
TR, B AN E B ORI A,
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Taxonomy of Soils Featuring Organic Soil Materials in West Sichuan, China

Abstract

ZHANG Chu YUAN Dagang'

SONG Yigao

CHEN lJianke FU Hongyang

( College of Resources, Sichuan Agricultural University, Chengdu 611130, China )

In certain regions of West Sichuan, the climate and topography is not very conducive

to mineralization and decomposition of organic materials in the soil, thus making the soil enriched with

organic soil materials and significantly different from mineral soils. [ Objective ] In order to study where

to put the soils rich in organic soil material in the western part of Sichuan in the soil taxonomy, this

study was conducted. [ Method ] Six soil profiles featuring such soils were selected in areas as research
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objects. Forming conditions, morphological characteristics and physicochemical properties of the soils
were analyzed to determine diagnostic horizons and diagnostic features of the soils, by referring to the
“Keys to Chinese Soil Taxonomy (third Edition)” and then find niches for these soil in the soil taxonomy.
[ Result ] Results show that the selected soils could be sorted into three soil orders (Histosols, Argosols
and Gleyosols), and further into three suborders, four soil groups and six subgroups. According to the
“Criteria for Establishment of Soil Family and Soil Series in the Chinese Soil Taxonomy” , the six soils
were ruled into six soil families and six series. [ Conclusion ] It was found that the soils rich in organic
soil material were not necessarily always to be Histosols, while they could be either Argosols or Gleyosols.
And Histosols might not necessarily have a Histic epipedon. The Histosols of Buric subgroup were good
examples. Compared with the soil genetic classification system, the soil taxonomy could distinguish more
accurately soil types from each other in the same area under similar bioclimatic conditions.
Key words Organic soil materials; Diagnostic horizons; Diagnostic characteristics; Soil taxonomy;

Soil series; Histosols

(SREHRIE: ihH)
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PR MR LS R, L5 7] 9 MR B i
KRR, FUHCTHE A T + 5 R FLBRR
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—ERFR, RRABERREHEEME R G, e 152 ~200 mmic/EL4, 202 ~250 mmic/ELS5.

A AE L BRI AT RE T HEER Sy, A RN EI IR FIHISPSS 18.0X] F 4l k47 51 K R 7 22 43 #r Al
F)Z2 (1~13cm) MWESE (13~25cm) B)Z, Duncan’ sZHE K (P<0.05) , X HHERFLESEL
P I HEORE, AR AL IEINE L REA AN S DU BT AN i AN S K R ik T PearsonAH & 43T
K, FRSE LA E TR, Rl Mastersizer

2000306 RE AU 5 + 3R ( <0.002 mm) | 2z R

ki (0.002~0.02 mm ) FP#R (0.02~2 mm)

M, A B MIR, BULPEAEILE 20 TR ES LR KXFLBESE

BB AL AL - 7 REARTANSINRIAE” /31 B3/1B: S LiF: 1) S Ll N = N
1.4 HF/RIT 590 LR S HHBEAR G HE M E 1R . 2K-SK %

S A TR B 0 Rl 22 1) Y 33 R FLBR 288, TESMMEZELKR (£2) , GRER, HIEX
Xt R AT R, HAR 10 ~ 50 mmid/Eh FIERFLBRE . KALBRE . Hm EAA . BRE R
L1, 52~100 mmic/EL2, 102 ~ 150 mmicfEL3, A RAL B 4 1 ALY HLA S R

#1 TRXILBRSHEBSEIHE
Table 1 Statistics of soil macropore parameters

Frifiiz

RALBSHL wAME EORME 9ME Standard i g Jig K-SHi 4

Macropore parameters Min Max Mean deviation Skewness  Kurtosis K-S test

KFLBRE Macroporosity/% 0.89 1526  5.39 0.13 0.47 0.02 N (0.09)
KALBE Count 11.00  110.00 46.35 0.89 0.78 1.24 NN (0.05)
M4 {42 Equivalent diameter/mm 1.49 7.47 249 0.04 2.54 10.00 NN (0.00)

A5 ZRoundness 0.66 095  0.84 0.00 -0.20 1.10 N (0.25)
FASKALBR P-4 1 FlMean size per macropore/mm®  1.60 9.15 3.77 0.06 1.15 1.84 NN (0.01)

Ee (1) BEARKCN358; (2) N NIESIME, NN OHARIERME, 55 WEHEA K T0.05, RRBHRTORAT G IEA I Note:
(1) The number of samples is 358; (2 ) N stands for normal distribution and NN for non-normal distribution. If the value in the

brackets is > 0.05, it means that the corresponding data conforms to normal distribution

x2 FAEMEFHELRXIESHHOZERR

Table 2 Multiple comparisons of soil macropore parameters relative to terrain

HuJE FEALL KALBRE KALBR L Bl Ak IPEIES A RALBET- A
Terrian N Macroporosity Count Equivalent diameter Roundness Mean size per macropore
VA& Gully bottom 120 497b 46.33 b 3.16a 0.83b 3.56b
V% Gully costa colpi 118 521b 3849 ¢ 2.16 b 0.85a 3.77 ab
Hiith Damland 120 5.98a 54.09 a 2.12b 0.84a 3.99a

. NEFHARFFERZERBZE (P<0.05) Note: Different lowercase letters indicate significant difference at level of 0.05

ST R ERALBE A NN iR, BB E R TS WA 2 4+ RFL IR
Hey by YWD, 9%, i, Hopdidh H3ERFL M EAS TR X IE (2.49 mm) , H5%
JERIIE (5.98% ) @ TR BIME (5.39% ) , JIE B RSB S B AR (3.16 mm ) HoA B &2
HEFERFIWIRMEL, 58 HERABENY 5o X FRBRAAANFLEE Y E RN, 8=
Hr 3 4.97%M5.21%, Wit HE AL AR % AR A TR EESUE F IR, HHZER
TR S, WK TIERALBEC S X AME A7EP<0.057KF I W38 o = Fh P T3 KALBRAFAE

http: //pedologica. issas. ac. cn



5 BT . B VA B DO [R] i A S AL B AR HE IS 1101

EZSBEWRFR . WK EEZERMERN Y,
MR UR HL A5 40 B S i R RN R s A A
AR CERFFE FUARL ) A1 i TR AC B sg
T+ 1T F = A A X R R A R LB W 4
SRR A, YT A SOR 28 00k | F RS FTDUAR
Ja, @EeE, RELBT MM NI2] .
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B Bt AL BRARAE (DT R B, - AL B B 1 AR
TEIEE H5.82% ~ 28.93%, KRALBR%EC 21 ~ 43, i
40 240.70 ~ 0.86, Li% 2! %o 7538 VA i 4k 45 b
iR 7 R SR AL BRI B SE 25 R R W, RALBR
JEART20.22%, RALBEAK T 100, FLER 1R H 28
EFEF M0.5 ~ 1, Sktibfss - A s, AwFgesh
KALBRBE B AE AR A, L B 5B X 1] 2
ETE, FLB R R B AR T, S L% R
TR as AR b, AT RALBREE . RALBRECR
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R X 25 o sk PR A A 4 RS R AR
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FALBR S E B 52 0 55 T AR B =2 19 VE o
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Fig. 1 Frequancy distribution of macropores relative to

equivalent pore diameter
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Bl 22 m s R K3

FE10~50 mmBEPL IR R, + 5 KL
FEHIME H5.89%; B JZWREER N, +HERFLBR
JERM SR E N (L2) | SRIFESN N (L3
ML4) MG/ (LS) MAsfbitash, AR5
HR A R R L L B A 3 (B AR Ak B
4.52% ~5.89%, BHAESE T X17 ~ 57 mmIEE
Flc6 mmla]fE 14> + 2, 8L Bl 4+ 8 FLBR
B Y AS AT B M 13.35% ~ 23.14%, IR+
RN H LB R A B, e
R kB, BEXINHEEER (0~5 cm, 10~ 15
emA120 ~ 25 em ) - HEAFL B 9 BUOE AR 1L E Bl ok
19.26% ~29.96%, JAE A5 AL FEFN + 3R 54
TRIGANIR], R AT LI FL Wt 3 Bl R B 1 A AR A Ak

T HERIE KL 2 E RS R R, L2+
ERABEEEEMTHELZ; 2R YR E
RWABEZW, L2503+ 2R R Y HAA
EHE EMH B AR ERTHEE-)ZE; L25L3
RSB R R s T HE )2, RIFEL2 A
L34+ 2, KILBWIUMIE SR 4EE T3 Ak
FL B SF- #5225 S B, L2MIL3
T2 HLIMLS L2 REME, L45HE 23R
MR E A2 R B E, BRNE, L2+
2, HERALBRRHES HE LR R — w2
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Table 3 Multiple comparisons of soil macropore parameters relative to soil layer
S TR A% RALBRE KALBEL MR pEES FASRALB T 2 AR
Soil layer Depth range/mm  Sample size =~ Macroporosity Count Equivalent diameter Roundness Mean size per macropore

L1 10 ~ 50 63 589a 46.41 a 2.54 ab 0.83 b 422a

L2 52 ~ 100 75 4.52¢ 40.94 b 2220 0.85a 335¢

L3 102 ~ 150 75 5.11 be 47.12a 225b 0.85a 332¢

L4 152 ~ 200 75 587a 50.80 a 2.67a 0.83b 3.84b

L5 202 ~ 250 70 5.63 ab 46.47 a 2.77 a 0.83b 423 a

T AFE/NEFRRRZEREE (P<0.05) Note: Different lowercase letters indicated significant difference at level of 0.05

ZREHTHELE., FHEATEENL2EZ X T
L1+JZHEA — 0 H SR8 .

% [ B 5] 43 T S PR N 2 T 4% R 22 S R
T4 7~ - HER AL B BN R AR Ay, B2
2P WoR T =R AN EEE (2 mmlElfE ) +
FERALBUE AR AEZE . 762 ~ 100 mmiRJE,
%+ HER AL B BUE S R ZmAK, 2808 E R
MR Gk < Wil < WK, HIHZRKFLBE A4 5
PR & /N, H7E102 mm Pl FIRE, ZHEE
FHERFLBRAE R IK < Wi < W%, WHK
FLIRE Y728 S 2 B AR 2 AR B K o 7E102 mm ~ 250
mm DL FIREE, MWK R ALBR B AR w /N, AT
0.02% ~ 16.28%; i {4 % 1 HE LB B HE AR i K
NF9.57% ~29.66%.,

- SR It R i R AR A g ot 2 B e T U S
FESWm, W& EZE (102 mmbPd b)) il AP
VEIE— M 2, BE AR T, L S 6k
K, SR RS W& TE (102 mmbd
) FEEWARE, KA SIA TG, PR R
2 A S 8 E g A E DG T /AP s AN EZ Sl o~
AL B B (R AR S R B I I I M, 2
FALBR B A (8 A A SR B 2 o T IB IS R . YA
EFRRILBRE R SIEE /N, FREREEST T
2, 5T E B B SR SN AR E A G
WUH bR 2 ()48 SRR ARG — 3, SR IR AR
B T T kb NS R 1 5 S

BT Yk 1 A 9 K AL BRI Y R A g
WL o R R R AE (R IR AL BR 1 A2 1k
B RURG,  ae 0 KRR A A T 75 2 L e ol
IV B, A AT A - R AL B A = 4 i i 2
o MRAFE N, 18 B FL BRI i 38 34 W
W TGN I M, U I8 RS K LR Y
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Fig. 2 Variation of soil macroporosity with depth relative to terrain ( bottom, costa colpi and damland )

R4 FREMEFHET RN =S

Table 4 Three-dimensional characteristics of soil macropores relative to terrain

. o T FLBR P R T AR 93 S RUVE A R
Connectivity density/ Bone surface/ Branches density/ Junctions density/
Terrain Connectivity , N 5 5
mm mm mm mm
¥4 )i Gully bottom 17 210 0.017 3 4 660.00 0.013 2 0.001 7
V4% Gully costa colpi 3809 0.003 9 566.90 0.006 6 0.001 2
Yl Damland 3344 0.003 4 1 410.00 0.003 0 0.000 4

FCAL B EE 55 AL BRRN B AN AL BRSP4 T LR
BB EAEE R (P<0.01) , BEHIRFFEIX 44k
FLBR % ik, 345 U075 S 5 L) b 55 498 - g
T EMS R RS, KIS RS B R
FHAE (P<0.05) , SHAITACR 20 8% Ukl
oo X H %4 U SE K A 2E B R X = 0 A X %
MR AR FL R AE T R, 45 R 39 N 5k

RELLAR > 1.0 mm 1 FL B2 52 B 1 4R 1 6
Z. BRI R, ORI K KRS -
LBE SR SKEEG B ENEMEER, 51
WEERAR], AWFFE R AL BEL S 1A T oK 2 )
BEOMER, BRTAHEL AT W Ahmad "
XTI Skuterud i 8 J5OIR £ ATCT /0, H5E K
BAEAS D LIERALBRSE 0D, RIERA KR %
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Fig. 3 Soil particle size distribution and saturated hydraulic conductivity relative to terrain
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Table 5 Pearson correlations of macropore parameters with soil texture and saturated hydraulic conductivity

B IALER kL ki

KAL KAL Eln .
) N i P ES g L s/ AR BRaR
(7953 583 HiE , ,
) ) . Roundness ~ Mean size per Silt Sand  Clay content
Macroporosity  Count  Equivalent diameter
macropore content  content
KALB £ Count 0.76"
M EE
Equivalent -0.11 0.14
diameter
1 [# % Roundness -0.61 -0.70 -0.70
HAS KA1
T
0.89" 0.42 -0.23 -0.41
Mean size per
macropore
KL R Silt .
-0.16 0.02 0.79 -0.57 0.07
content
VPR fitSand B .
0.21 0.06 -0.75 0.51 -0.28 -0.99
content
BRIy it Clay .
-0.50 -0.84 —-0.33 0.60 0.29 -0.01 —-0.08
content
U IS/
Saturated » N
-0.53 -0.94 -0.06 0.52 -0.11 0.02 -0.09 0.76
hydraulic
conductivity

e "EORTE 0.05 KV EBIE, THRRAE.01 K B Note: “and " indicate significant difference at the level of 0.05 and 0.01,

respectively
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JE LRl R R ALBR B AR AR, HIB SRR E 2% .

3 4 ik
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SR HIE SR RIERALIR S HO B B
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Characteristics of Soil Macropores in the Gully Area of Loess Plateau as Affected
by Terrain

JU Xinni' JIA Yuhua"*" GAN Miao' JIN Shan' XIAO Bo’
(1 College of Water Conservancy, Shenyang Agricultural University, Shenyang 110866, China )

(2 Key Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic Sciences and Natural Resources
Research, Chinese Academy of Sciences, Beijing 100101, China )

( 3 College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China )

Abstract [ Objective ] Soil macropores play an important role in hydrologic processes, such as
rainfall infiltration, runoff occurrence, soil water movement and sediment deposition. As soil erosion varies
with terrain (bottom and costa colpi of gully and the damland) in generation and development process,
the soil forms under soil erosion vary too in soil texture and soil porosity. However, so far little has been
done on effect of terrain on characteristics of soil macropores. [ Method ] In this study, undisturbed
soil columns were collected at the three different landforms for analysis of macroporosity and rules of its
variation with terrain and soil depth using the computerized tomographic scanning method. [ Result] (1)
Terrain did have a significant effect on macropore parameters. Damland was much higher than gully bottom
in soil macroporosity, number and roundness of macropores and mean areca per macropore. However, the
effect of terrain on macropores was lower than that of vegetation as documented in previous studies. (2)
Macropores also varied significantly in parameter with soil layer (50 mm each). Mean macroporosity and
variation coefficients of the macropores in the soil at costa colpi varied sharply around the depth of 102mm.
Macroporosity in the soil at the bottom of gullies fluctuated slightly, but did more significantly in the upper
layer than in the lower layer. However, in the soil of damland, macropores varied in a similar trend in the
upper and lower layers. (3) Soil macroporosity was significantly or extra-significantly and positively related
to the number of soil macropore number and mean size per macropore, while the number of macropores
was significantly and negatively related to clay content and saturated hydraulic conductivity. Equivalent
diameter of the macropores was positively related to silt content and negatively to sand content. And (4)
the macropores in the bottom of gullies were much higher in pore connectivity than those in the costa colpi
and damland. From the point of view of reasons of the formation of macopores, those in the bottom and
costa colpi of gully were formed under the impact of plant root systems, while those in damland were under
the impact of long-term sedimentation and water infiltration. [ Conclusion ] CT scanning showed that the
differences in characteristic between soil macropores in the bottom, costa colpi and damland of gullies may
be attributed to soil erosion and deposition processes.

Key words Loess Plateau; Gully; CT scanning; Soil structure; Soil pore
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R o HRURRE . RAFE T Ik ML I bR 1 2 2
HX S5 RIS B T R ZEHRE
g I E M, GLUE T 3 AL 34 e T
1) EHTFIRLMERS; 2) LR IREIR2Z MRS
fi 125 3) MRS R SRR 2E 5 4) AT
ERMATE M ik, AR SCEEFEGLUE T AR
T AR(E 2 T C DEA R 2 450 K A5 R 000 245 51 1) R o8
P, AR LS A KU PP HR I — 2 5% .

BRI

L1 B
i BB R B R E R BT K

W AESEZRKS (114.51° E~114.60° E,
34.98° N ~35.06° N) , k& in] up U A i) i 7
Wt. ARBmE, HEFMIEA (EEEH ) 45
HIMwbEL (0~20 cm) | P+ (20~40 cm)
AP+ (40~60 cm) , BEFPFMCRE =&
B, o tRE, LB H B NELS om, B
79 em) i A WL I AE . SRAERE, 7E 44 Py R
TRERD Y LN, DA AR ST . ZR8x Ji
ARG BEIR o TERBEUIR EAF R —Hh s, BGE
Pesh ey M s s =, BTG O RE AL
( Mastersizer 3000, FE[E ) MEMLRA R, 4T
B E A, BALEEpH, T HEREA I AL P B
msk1,

Tl TEEARBUMR

Table 1 Physical and chemical properties of soil sample

TG R FkL Clay

Bk Silt

WML Sand ZX H Bulk density

Column Soil texture (<0.002 mm)/% (0.05~0.002 mm)/%  (2~0.05mm)/% /(grem™) pH
a b 15.6 31.2 53.2 1.384 7.6
b b 1 6.5 8.3 85.2 1.439 7.3
c WHEE L 20.2 19.1 60.7 1.534 7.4

M T IR S E AR T L /025, T IA Note: Soil textures were classified according to the United States Department of
Agriculture. DSandy loam, @Loamy sand, 3Sandy clay loam. The same below

1.2 BESHMEFEHRREMEFRBTE

H455. 10, 15, 20, 25 mg-L ™" W7l R 4
(Cu(NOs),) WA . 1£50 mLIy gL 43l
FA2.00 g4, finA20 mL & i i A [ e i 6 i
(RS IR AW, N B, fE IR R e DR IR
23°C £1°C, 7E%24 ho R 1A4 000 r-min Y5 i
030 min, IR EH LIETR, FHHREBEES SRR
FEY ( PerkinElmer Optima 8000, ZE[E ) Wl5E ik
(ICu™ W T, BB EIANEL, et
25 LG, FAFSHEE PRSI, SRS IR
FRHASE AT X Cu B B, I AR PR R K

SR AR W B 7 R, 0 )Xo = o 5 b, 4 38 vp
Cu’ AL i A 56 (0 5080 AT 05 I F T L
¥, HAKT .

R=1+pK,/ 0 (1)

X, ROABHMEREG phHIETAE, gem™; Kb
SRR Lmg'; O HIEARIEKE, cm’em™,
1.3 TRERARSEHBIRE

RERR I TE = FORF B (a®PHEL, biERD

+, WL ) WP R R
F20°C £ 1°C. HERZhHE A T EZ4E i 1
e, PR E RSN, A — D FLBAT (Pore
volume, PV) pHHN5.5. ¥ 40.05 mol-L™'f
AL (KBr) 1HMEREEE, R IELLBER30
ho AEIRIGSE 5T, LATRRE 9 28 A BE % ) A
FTApHN3.5, WIE H0.5 mol-L'HCu(NO,),iF
W1 PV, SRIGELVEN30 ho HIRERA A 31
PSR R . MR P B E i Brok R LR
DRE , Cu® Ve B Fh o s50BAH €035 - 45 B AR 1Y
(Agilent 7700x, JRAFIW ) W .
14 =HIFRE

ZRSTAE YRR, IR BOE WO T B S A
(] S VA S 1Y) o 78 B A 5 T A BF 1) — 4R AR A it
W 2 F50T LU CDER i ids -

> y—v%—uC (2)

A, RO R % CRWA % B E
mg- L7y xABEE, cm; ¢ IEHE, min; p RILIA
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(u C) WMHEERZE, min™', TR R R 2 5 WA Te] $UL 5 AR 25 RE
FHeF — B i AT i Ab e R v LB L(@,\yw:l_w:Rz (4)

M, cmmin™'; DRIKEIIVRECAREL, om®min',
1.5 NLLS7##%

NLL STk S LA S I AR 2 3530 {1 1) ) % 22
S5 R/ Ay R DU A PR3l e i AS A R S ) —
SR, BTN ) A TNLLS Y 4
B i iz B 2 M0 T AR e 2 1 36 [ - S A T
KIJCXTFIT, CXTFITRK fHLevenberg- Marquardt
Bk, g DR S T A A I 48 ( Breakthrough
curve, BTC ) K il 7R R %L . FL PR /K I 1 S5 955 i
BRI SR, I BRI VA o R B o 1] 760 23 [ 19 53
fAlE . AR H AR TRk — 4 S Bl Se A5
{H2Z AP E RER R AL . 58257 5l (SSQ)
B/ HARRECh UoE ZBR, R

2_ _27:1 (Ci_fl) 2: _ SSQ
RS oo s c-er (3D

Kb, CN £ B0 A WA AR R S(E ;s oo e
UL R P - S5 0E s R ORI S5 8, RPEL R 25
1, RHPEROER BT

1.6 GLUEZ%

GLUE A &S] “fefl” X — s, X
WA TR — “ERfL” A R A R RURS:
B A SHOTRERY 25 A AR SR R 22, KT
PIALBRK R (v ) 400 4 BRU(E 3 L e kg 0
WELREL (D) %E40.000 1~0.05
em’min~', PH#F RS (Ry) & HN1.0~3.0, JLIH R
FH (u) 5EH 0.001~0.1 min~', FEHF R B RALE
W R L T #8575 kA )75 (Latin hypercube
sampling, LHS ) 4 NS E4L A& -

TEV A8 B 2 50U T, Ry B 5 500 R it A
M, — B2 s R g R e v I DA 2
o, SRR R LA AL S5 hit, A
WXt GLUE Jy ¥& 1 B FH Ao A A B B, BB —
3 3 % 7 B 0 B 1 L T 2 1 S B
D; BrBe=.: AZHAH (v, D) HEHLIEEC1004H %
HLHSREREIN (Ry, p) EHAS, R
MWSEAHE (v, D, Ry, 1) o

R J7 S NLLS 7 [ #% , 3% FiNash—Sutcliffe
PR (JERIPLE RER ) RN RISR RS, < filiid

|
v.* 0.5V, cm ‘min ,

> (0,-0,)°

X, L (0,1Y) WSEAFIRIREE; 0,855
A i AT AR, mgL™s 6, 0% ) I
SR, mg- L™ 0, WM A4, mgL™;

oA S RS 0T S P IO (i P RS 25 2R

HAUSR bR EAE 1. DIMUSRE S T°0.9 0 B 2R X 43
RGN “FTHEE”  (Behavioral set) 8¢ “JEATH
4" (Non-behavioral set) o X = MetrkEm3E
AIE S MR B 95 %0 B AR IX (8] o 43 5l S ~F- 4 A X X
[#] K i (Average relative interval length, ARIL ) Lol

TEAE9S %o B AR DX TE] P9 A9 LI 5 e ] ( Posey) DA
MR EZEE (Maximum determination
coefficient), Blfx KMI4A{H ( Maximum Nash-
Sutcliffe, MNS) . ARILZEZAAXMT

ARIL:%Z% (5)

S, Ly AL, 0596 X 1) 0 3 v 1

TR, mg L™ ah BN, R, KRR
WLI{E, mgL ™'
P95c1%§ﬁﬁﬁﬂ?!
995CI:NTQ'"X 100% (6)
K, NQu M IEFES P A DX [8] Py Y UL 55 A%
nj] A%‘\X%iﬂ”)ﬁﬁo
MNSF LT
MNS=max  {R*}=max} L (0]V) (7)

A, PHRTHEZRCREEGRD , N A 4252 () R EE R
. BRIE 4 R, ARILIE BT T0, Py
BT T 100% , MNSHGER T1.

2 iR 5iHe
2.1 NLLSZ#hit R EEZERL

- BRI S Bro g il 2k, [R5 2 5
v D, T BRI Br AN K AE WA AT . R DL vE
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12— M4, HTGLUEM LIS RERS

BT R ASHR E 1111

WA I, LR RER =1, DUTE T R
ZH0 1=0 min~', KT NLLSY #5585 Br 28 % i
LR LA 25 AR N 1 e I S 8 Btk e RAOIL R 2
FR27T A1, NLLSKEM “Hib” S5 4% R
EETEBML (BTC) MASERAE, RFYKT
0.98, ¥l 22RMSE<0.046,

B FCu”" iz B IR0 A s 5 R B i e i —
], G Cu® FBEMLR, ik HE—B BN

SV EIDIE , AU R M uit AT AL, R 1
P2 WAL, U0 it 2 ) 04 (i WS AER T 00 01,
XA AE A PR Sk A 5 4 R 22 1) T I 1 B 55 P A 0
FRE, W] RERSE I AT — E B L 1R 22 2 3L
(o AR T A A A ST B S R B
oyt B rp ot U O . BRI, B
ZE R A %, RPYIKF0.93 HRMSEH

PEFELE107 B0 (£2) .

035 0.08 -

030 ..', o MMEObserved point Y
§ T pEat S NLLS$ &l 4 2 Hep 1 P
E (o5l Sandyloam o . Fitted line of NLLS £ 0.06 Loamy sand
- E [ (5]
5 g
g 020} 2
0 Z 0.04F
g 015f =
= &
= 0.10 i
gg ' ¥ o0t
= i [
z 0.05 =

OOO i g L 1 1 ] OOO 1 1 1
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- 0.20 -
% (K3 SR S
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g 015} vew .
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5
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>
£ 010}
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&
4
K 0.05F
7
=

000 .t | N |
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Fig. 1

2.2 F—MEGLUEAASH T

PitHb (b +) MBr ZFE&LUE R
B, RULIGLUE kM e a5 i . B2 & —4
WO ACR B R BT — R R, B L] IR
AU e f ST AR R . AR 2 X010 000K 524% R
BRFET, A1 N SHU A MALRIERE > 0.9,
BHIE R AT AT o mE2RER20 A, KA
RIEMNS=0.987 219 Z % (v, D) = (0.031 7
cm'min~', 0.003 9 cm®>min™') , S5NLLS |
ME— “Ift” % (v, D) =(0.032 1 cm'min ',

Comparison between measured breakthrough curves ( BTCs) of Cu’"and non-linear least square (NLLS) fitted BTCs

0.004 2 cm*min™") , dEH I, HNLLSH
HHIR]0.987 4, SEAMSRIE (MNS) JL-FAH
Al WTLATUA, SR REEREEZ, BALEAT
MR EGE Z , GLUEJT A5 2 MNS 5NLLS T
IFEA BN R B .

5B BEE R, “TTAET S
BBV B B S 4 /s o ST LB A v ) B R R
Je BUE L4334 [ 0.015 6, 0.046 8] cm'min”",
[0.028 6, 0.035 4] cm'min'; VRHLREDHIH]
Uy FHRE B Je B R 43930 24 [0.000 1, 0.050 0]
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C I 55 4

cm®min~', [0.000 1, 0.022 1] cm’min”", [X[i]
FE o 4R/ T 55.0%H155.8% ., {HNLLS T i
SEMIOS T EARRE (F2) , Q2 v s 1 Tt s 114 26
BT, A% B E B GLUEBY 2 80U 3G Fl 2 1R

%, ULHAINLLS 7 V: 75 Bris #4112 85 i 1 i 77 A
“SZRE% W%, HHESEMDR EFRZ /N
TEEBR A2 S EGE R, FEOKE T2 S5

%2 NLLSZEXMBr #flCu”" FiEM &GN “RIL” SBRBEHR

Table 2 Optimum parameters of NLLS fitting Br~ and Cu*” BTCs and fitting effect

T+ A + 34 Br Ccu”’
=
S it v/(em'min)"”  D/(cm®>min™") ”  R* RMSE R,V u/min™ " R* RMSE
Column Soil texture
. 0.0334(0.0333, 0.0051(0.0046, 0.0063(0.0062,
a Wit . 0.996 0.024  1.386(1.370, 1.403) 0.960 0.015
0.0336)” 0.0055) 0.0064)
. 0.0321(0.0319, 0.0042(0.0035, 0.0031(0.0030,
b Herb 4 , 0.987 0.046  1.034(1.016, 1.052)" , 0.937  0.028
0.0323) 0.0049)° 0.0032)"
_ ., 0.0308(0.0306, 0.0043(0.0038, 0.0038(0.0037,
c i 0.995 0.029  1.203(1.184, 1.221) 0.954 0.016
0.0309) 0.0047) 0.0039)

e UV FRBrOMC BB BRI SE, VS NBE SRR N SIS B EAR R . v, Do Ry Aludy IR B FLER
ViEk . URECREL. B RBORICBUHCR R A RONUeE BB RMSE N MRi% 2%, F A Note: '’ Parameters optimized in fitting

Br and Cu®" transport; >’ The figures in the parentheses stand for the 95% confidence intervals of the corresponding parameter; v,

D, R,, and u stand for respectively average pore water velocity, dispersion coefficient, retardation factor and rate coefficient; R* for

determination coefficient, and RMSE for root mean square error. (DSandy loam, @Loamy sand, 3 Sandy clay loam. The same below

1.000

0.975 -

0.950 |-

0.925 +

Br il A ISA{H Likelihood value of fiited Br™ (R?,)

0.900

0.028 0.029 0.030 0.031 0.032 0.033 0.034 0.035 0.036

v /(cm - min™)

Br il &SR A Likelihood value of fiited Br™ (R?,)

1.000

0975 & o8 et Vn

PRI A
AR e
-”l. . CE e '--.,;f'
I YA
B - A Crdy
0.950—'.... Tt .,..". A
.

0.925

0.900L—-% © 4w Lt T
0000 0005 0010 0015 0020  0.025

D /(cm? - min™')

H: GLUEN) ™ USRI E PEAG T, IS & TG (19 2 BE O NLLS )5 ik 995% E 5Bl . FIA] Note: GLUE is the short for generalized

likelihood uncertainty estimation and the dashes at the top of the scatter diagram stand for 95% confidence limits determined by NLLS.

The same below

&2

GLUEJ I 3RA3 HSR 1 Ry, >0. 9 v I DS 1K

Fig. 2 Dotty plots of v and D of R*;,> 0.90 acquired by GLUE for bromide BTCs

23 E-MEGLUERESH G T RERHEN

S B BB it GLUE i X Cu®™ 2535 i 2 1

W& AT A dr (AL e R H) )
J8184H R, >0.91 “F7 M 43 HIFEHL 10040 18 i
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BT M ASHR E 1113

pisray 2

Pr T ST RAE (LHS) 52 AFEHLSER A w0,
H 81 8OO S E A A . BWis TR, 155
403 BEAL A R RS, 0.9, X S 1
W3R o HoAth P 5 b 174 4 HE 50 51075 31 T 448
6484 “11RHEE" .

A EIB3 AT, URIER, S K N0.936 9, RN HY
ZHHEGHN (v, D, Ry, 1 ) =(0.034 9 cm'min”',
0.005 3 cm”min~', 1.112, 0.003 2 min™"), %% "B
B IS5 DA A 55— B BOW Br 28 3% M 2211
A, B, XA SE00 AT 432 0 L S B2 — 3

( TNLLSH95% EAGRR ) o (HIHAES By By im
N AR (E3) 5% —FrBoim . X 2&Hh,

SR DZ IR B 28 BAR TR S B BOAS s — Fr
BOEMW, B BB SEBGEn, f Z [R AR E
SR, Homp R S R 2 B . BRI W] 2
Bl [ 1.0, 3.0] 4i/hA [1.001, 1.221 ], X5
WRAEAZ (1), A5 20§ St A Se 56 i
Ry= 1251 14382 ; S8 p T 3235

0.940 -
& 0935}
= 0.930]
Q
b 1
£ 2 0.925) z
== <
B 0.920} =
=2 0915 =
& = N %
= > N »
Q = N . g
§ 0.910}F . :
2 0905} g N
™ 0.000 CVh LSRR ERSY
0.028 0.030 0.032 0.034 0,036
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0.940 -
i L.
B 0.935F L L. L
& 0.930F 0 5:.’-;'--. =
O RN AR O
gg 0.925 P e f
&3 0.920 % =
%3 g
LS 0915F > 5
O - st 5
§ 0.910 e
2 0.905" N
— e .
0.900
1. oo 1.05 1.20 125

[0.001, 0.010 ] min'45/NK [ 0.002 6, 0.003 7 ]
min ', XA 95 B 43 B 46 /N 17 89.0%M190.0% . #&
ﬁ'ﬁ, 58— BRI, X LR 52 10 S H0E FMD

I NLLS 7 995 % 15 BR 56 5 1) 5. 8443 1
5. 501;.@ X4 RERW, A2 5NLLS LT3

“EARART S8R P S A Y AR G A Y
cuz*E’le_:%za;ﬁ; sz, fENLLS A E
FIRZAN, A ERZ I SEH A T2, JIfa]
PB4 Nl B BRI LS S o T ANGE R T2 00 ) W
To Ml 7 X e 2 A R R — H S HUE A R ST
H”, 3XARIE R AR T ke 5 B SR A AEAS
W R — A EEREE . kel W, FIHINLLSAE
RS F T AR BN AR g i
iof B0 BEAEAE AR R R, PR R LR A R A
TR EARE ., Zhang® " FME S S0 R
GLUEJ7 ¥ [F B 4341 1 738 B3 W55 AR 243 B AR L A
TP B, GRWERNES KA SR e
Kt ER 4.

900
0. i
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0940,

R
e 2
o o
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S &
T T
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0.920+
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Likelihood value of ﬁtted Cu* (
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Fig. 3 Dotty plots of the parameters of R2,> 0.90 acquired by GLUE fitting Cu breakthrough
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GLUEJ7 % 22 B 4 W S I 2 —7F F 3 501
R BR BRI B B 2P 00 L Xy AT R
FUCHEAT M AET R B Y A AR RO
{EL 3 i B 46 S 57 FF 6T R ol A5 R I A A skt
Sehli > By, JRARARER ORI 2 R R
BB IR R I, AR ST ok B LR iR S
NLLS ik o RECA SO XM F, H 2
TNLLSFIGLUEM #f J5 ¥ B9 45 X b o I 4F %,
O 0] i 2 A BRI AR pR Bt AR B T 2 K
T WZhangE 122 g TSR A B A S2 bR R Y
AHEETIAT ZR ISR R gL, JFEETRERITAE
o T SE e A BRI LSR BRI K. Freni®s 1 I Z FE
2 LSRR B T T 38T It K RS TR 5 B 0 AN B

PRI XA RIS AT TRCIE . X SEF 5T R, Nash-
Sutcliffe pR EdE HI T E 40 5 A KR Ty 225 48 i —
RO B L5 RS I B0 o 2 UL I A B 3 22
H B 76 VR R A RE PR, 5 5038 Y BRI SR pR KL
IR ST
2.4 (RBEGHBITHE S
54080, thafl b iEcREEMCu™ iz
RIS Ry 3 E AR R . ATLLE
GLUEH#iZE My, D, Ry, u W EEXIEEEEME
NLLSHYEAF X H . UEWITE =Fp 13, NLLSHY
SHCEAG K BIY/NTFIBR T 32 I S EGE . #571Y
B HINL LS55 1 B A5 DX TA], 4 S SOK & i 1y 9k 2
ZHSEAH AW

#3 NLLSHIGLUERESHBBr ZBEESHEHISHEISX E

Table 3 Parameter of the Br transport model and 95% confidence intervals obtained using NLLS and GLUE

R4 - HE I ik . o N
Column Soil texture Method v/(cm:min") Di(em’min™) R p/min
T 1 NLLS (0.033 3, 0.033 6) (0.004 6, 0.005 5) — —
! Sandy Loam GLUE (0.029 4, 0.037 8) (0.001 0, 0.032 3) — —
b e+ NLLS (0.0319, 0.032 3) (0.003 5, 0.004 9) — —
Loamy sand GLUE (0.028 6, 0.035 4) (0.000 1, 0.022 1) — —
R NLLS (0.030 6, 0.030 9) (0.003 8, 0.004 7) — —
¢ Sandy clay loam GLUE (0.027 3, 0.034 5) (0.000 1, 0.026 6) — —

W 7 FRARIITSEAIS, LEGXE. T Note: “—” means these parameters don’ t fit and no confidence intervals.

The same below

%4 NLLSHIGLUERESIHCW EBRIERSHEEISLEIEXIE

Table 4 Parameter of the Cu’” transport model and 95% confidence intervals obtained using NLLS and GLUE

D/(cm*min”")

Ry

w/min”'

R EE e e Yrie:ii] T7i y/(ememin™)
Column Soil texture Method
et NLLS -
a Sandy Loam
Y GLUE (0.029 4, 0.037 8)
b b NLLS —
Loamy sand GLUE (0.028 6, 0.035 4)
. % e NLLS -
Sandy clay loam GLUE (0.027 3, 0.034 5)

(0.001 0, 0.032 3)

(0.000 1, 0.022 1)

(0.000 1, 0.026 6)

(1.370, 1.403)
(1.159, 1.770)
(1.016, 1.052)
(1.001, 1.221)
(1.184, 1.221)

(1.414, 1.027)

(0.006 2, 0.006 4)
(0.005 3, 0.007 7)
(0.003 0, 0.003 2)
(0.002 6, 0.003 7)
(0.003 7, 0.003 9)
(0.003 2, 0.004 7)

GLUE XTI MNS S 54l A 5 NLLS “H:
" SEA A B R T 25 R an K 4R . iR ]
A, fELEELT, MNSSHAA (v, D, Ry, u)
= (0.034 9 cm'min”', 0.005 3 cm”min~', 1.112,
0.0032cm ') 5NLLS “&if” 2844 (v, D,

Ry, u ) =100.0321 cm-min', 0.004 2 cm®min’',
1.034, 0.003 1 cm™') , XFXRIMAE A 8L A B A
HR¥50.937, HMNSSNLLS “H&iL” #IZ %
HAEHA -2, RHARFEGSHEL AT LLEE]
PRI BIZE R, B “S SR WL . & Liaf
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iz ks

t A IR EMF B S . GLUE LRI 95%
BRI EANLLS y sk i B ARl 2, HE
it H UL A5 L A8 Posc 1Y Y2 (B 84.30% , TMINLLS Y
HAL R 46.05% , X FWINLLSJr ik 4R B & A5

0.35
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- = -95%CI-GLUE
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(R S
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0.15
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BRTCVE RAFH Cu® 28 i I £, R 2 I X,
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BT R 2,
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FLBRAAAH Pore volume
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FHXFH B Relative concentration

1.5 20 25 3.0
FLBRAAFR Pore volume
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- . )
0.0 1.0 1.5 2.0
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e MNSE&H KUK EE, 95%CI-NLLSHI95%CI-GLUE % HIENLLS M GLUE J7 2 38 BUA AH X BE 1995 % B {5 B Note:

3.0

MNS is

the short for Maximum Nash-Sutcliffe, which is the largest likelihood value; 95%CI-NLLS and 95%CI-GLUE is separately the 95%

confidence interval of relative concentration using NLLS and GLUE
4 NLLSHIGLUE M7 i Bl Cu® 23 ih £k (i AN 7 PSS SR X L
Fig. 4 Comparison between NLLS and GLUE used in predicting Cu> BTC in uncertainty

NNV = G A = 7 s B LIS N N 1S S -5
( ARIL ) . MNSHIE 5 X [8] Py #0000 45 L 4]

(Poser) MIGEHTEE RANESFIR, bHEt | HErb+

MRS+ b, B ENLLS 7 B3R “ i
M E R ELRY (43 51°40.960, 0.937, 0.954) 5
GLUE 7 3R MNS ISR (43511250960,
0.937, 0.953) & —3, X7ERE4175 2] W
M. GLUESNLLS#A A ARILIIE 531 4 79.66 1
135.5, o Head + & 2 v FL Al v b o 4

http:

X F B TR N Cu’ i R B A X e
7£0.000 1L, HX R 9 5 15 X ) A A BR A
B B A b T SE T e . MRS, GLUE &
X ARTLAE i & K FNLLS, 31X ¥ B MNS X i
(1) 2 B A WAL ) LG BOR T I SENLLS Y “ I
7 S84, HGLUETFSA M E AR DX E X UL {8 1
B, PR X A R A, I, fE
SR RS R iy 1 AN 7 M 43 AT S D5 T GLUE J7 v
I FNLLS i .
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%5 NLLSHIGLUEAZHIAECY” FEHMEMTHELEELER
Table 5 Quantification of the uncertainties in fitting Cu”  BTCs using NLLS and GLUE
A +- 4 B ik
ARIL MNS Poscr
Column Soil texture Method
b+ NLLS 3.45 0.960 28.13%
‘ Sandy Loam GLUE 10.24 0.960 87.62%
b Hewh + NLLS 397.66 0.937 64.00%
Loamy sand GLUE 223.96 0.937 80.93%
A+ NLLS 5.24 0.954 46.01%
¢ Sandy clay loam GLUE 4.79 0.953 84.35%

. ARIL 2 AT XS B, Poscr A& B 15 X 18] P9 I 25 HE 1] Note: ARIL is the short for average relative interval length,

and, Pysc; stands for percentage of points covered by 95% confidence intervals

NLLSHEIHEM BN “mih” S8l Ed (£
2) FHAFIE A aE R (K1) BRI F .
ANLLSy ki sk 2 0 dE AU e, RN IZ T IR
SRAGH TR AE I 22 1 o AR SO S 485 S dAiE
TG, RE R SEOHE (F R0
5 i GLUE L HIA 95 % B A5 X [Hl Y, {H
K23 7R, TENLLSH6 & 1Y &5 B LMY
A KESHAL A TR M A O o SRS T
NLLS S & R —— “ih” SHAKIHLEM
Mm et o &, NLLSHEXBTCHI95%
BERAE TR T 65% 00 WM 5 (&I3F%s)
ZAE R PRI UE T LA E4538 . Ak nr s, e
{EL T RE B 4L 19 45 8L AT B I A 2 LRI L5 1 2 8K
Ho EZAHEZ S b, A 5 W
fH, HELEHAEH DS EA ESE
(B, X T BCE R B B /MK IS S e >
EARC SR I 12 5 3 N S A 50 1Y) 3 4 B — S A ik 1 5
Pro Ho—, PRI, HEgw& il ik
PREE AT g A s, AR G SRR I B — i
o™ A EEE X, H =, GLUE%A#iEMS
Moy xi it Re R, AR TR AT S
B A I B TR B IE A TR AR ST, SR R
W IR ORI, U, g SR
FGLUEX 2 7 I\ £ fift Pk i S0k o vl AR AR A . 38
MG,

34 ik

U I i A AR L 1 2 ORIl T o e A TR T A
Bt S A EE, e W BE 20 B
ey (A TG 1 58 Ak S IR AR SR AR S S0
Jiik (NLLS) FIAHE 17k (GLUE) *f

T s RSB BN E PR AT TATSY, SRR
W, NLLSER—M SR TRER S T, 5T
PAE, XIBr K Cu™ 2538 4 i LA OB .
“REFET AEHAEUINLLSIER) “ iR iL”
SRV T B S AR P GLUE
7RG W B R T 2 S 8L A e LA
SR, HEARHUR S R T fie K ALK I MINS 19 2 8 i) it
IR G Br e Cu IS ik . AR (K
T0.98) “A3o85E7 T A& S B e 5 U S
235 KT HALFENLLS J7 6 3R U S HUR(E L
NLLST5 %878 I 2 BCA AR X ) 3 208 2 1 gidk 52
SR ERRSE, AR — w30
J7 TIN5 5018 B A7 AR R B AN B 2

2 &

[ 1 ] wvan Genuchten M T, Wagenet R J. 2-site 2-region
models for pesticide transport and degradation-
theoretical development and analytical solutions.
Soil Science Society of America Journal, 1989, 53
(5) : 1303—1310

[ 2 ] Elbana T A. Transport and adsorption-desorption of
heavy metals in different soils. Alexandria, Egypt:
Alexandria University, 2013

[ 3] W/, XURE, A8, A5 Sk e — 2 Wik i
Wylal T AEH. ML2E4, 2014, 43 (1) @ 37—44
Zeng X N, Liu D Z, Niu C, et al. Modified Gauss-
Newton method for downward continuation of potential
field (In Chinese ) . Acta Geodaetica et Cartographica
Sinica, 2014, 43 (1) : 37—44

[ 4] Bkoh, E60, &EN. S rRLR SR &5 %
SRAFTSPEVE. HHEHL TR SR, 2013, 49 (14) .
60—065
Yao M H, Wang N, Zhao L P. Improved simulated

annealing algorithm and genetic algorithm for TSP ( In

http: //pedologica. issas. ac. cn



5

[Fl— L4 5T GLUER T 38 BUa 7 2 80U MO E T

1117

[5]

[10]

[11]

[12]

Chinese ) . Computer Engineering and Applications,
2013, 49 (14) : 60—65

Mirzaei M, Huang Y F, EI-Shafie A, et
al. Application of the generalized likelihood
uncertainty estimation ( GLUE ) approach for
assessing uncertainty in hydrological models: A
review. Stochastic Environment Research and Risk
Assessment, 2015, 29: 1265—1273

Beven K, Binley A. The future of distributed
models-model calibration and uncertainty prediction.
Hydrology Process, 1992, 6 (3) : 279—298

Fraga I, Cea L, Puertas J, et al. Global sensitivity
and GLUE-based uncertainty analysis of a 2D-1D
dual urban drainage model. Journal of Hydrologic
Engineering, 2016, 21 (5) : 04016004

Dzotsi K A, Basso B, Jones J W. Development,
uncertainty and sensitivity analysis of the simple
SALUS crop model in DSSAT. Ecological Modelling,
2013, 260: 62—76

Younes A, Mara T A, Fajraoui N, et al. Use of
global sensitivity analysis to help assess unsaturated
soil hydraulic parameters. Vadose Zone Journal,
2013, 12 (1) : 1—12

Sun M, Zhang X L, Huo Z L, et al. Uncertainty and
sensitivity assessments of an agricultural-hydrological
model (RZWQM?2 ) using the GLUE method. Journal
of Hydrology, 2016, 534: 19—30

Sathyamoorthy S, Vogel R M, Chapra S C, et al.
Uncertainty and sensitivity analyses using GLUE when
modeling inhibition and pharmaceutical cometabolism
during nitrification. Environmental Modelling &
Software, 2014, 60: 219—227

Blasone R S, Vrugt J A, Madsen H, et al.
Generalized likelihood uncertainty estimation
( GLUE ) using adaptive Markov Chain Monte Carlo
sampling. Advances in Water Resources, 2008, 31
(4) : 630—648

Zhou R R, LiY, Lu D, etal. An optimization based
sampling approach for multiple metrics uncertainty
analysis using generalized likelihood uncertainty
estimation. Journal of Hydrology, 2016, 540: 274—
286

Shafii M, Tolson B, Matott L S. Addressing
subjective decision-making inherent in GLUE-based
multi-criteria rainfall-runoff model calibration. Journal

of Hydrology, 2015, 523: 693—705

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Freni G, Mannina G, Viviani G. Uncertainty in
urban stormwater quality modelling: The influence
of likelihood measure formulation in the GLUE
methodology. Science of the Total Environment,
2009, 408 (1) : 138—145

Jin X, Xu CY, Zhang Q, et al. Parameter and
modeling uncertainty simulated by GLUE and a formal
Bayesian method for a conceptual hydrological model.
Journal of Hydrology, 2010, 383 (3/4) : 147—155
R L G 18 B B BN AN 0 5 1 23
AR & B R, 2011

Lin Q. Simulation and uncertainty analysis of
movement of heavy meatals (In Chinese ) . Qingdao,
Shandong: Qingdao University, 2011

Zhang D, Beven K, Mermoud A. A comparison of
non-linear least square and GLUE for model calibration
and uncertainty estimation for pesticide transport
in soils. Advances in Water Resources, 2006, 29
(12) : 1924—1933

Mantovan P, Todini E. Hydrological forecasting
uncertainty assessment: Incoherence of the GLUE
methodology. Journal of Hydrology, 2006, 330
(1/2) : 368—381

Montanari A. Large sample behaviors of the
generalized likelihood uncertainty estimation
( GLUE ) in assessing the uncertainty of rainfall-
runoff simulations. Water Resources Research, 2005,
41 (8) : 224—236

Maulidiani, Rudiyanto, Abas F, et al. Generalized
Likelihood Uncertainty Estimation ( GLUE )
methodology for optimization of extraction in natural
products. Food Chemistry, 2018, 250: 37—45
Zhang Y Q, Liu H H, Houseworth J. Modified
generalized likelihood uncertainty estimation
( GLUE ) methodology for considering the subjectivity
of likelihood measure selection. Journal of Hydrologic
Engineering, 2011, 16 (6) : 558—561

Dusek J, Dohnal M, Snehota M, et al. Transport of
bromide and pesticides through an undisturbed soil
column: A modeling study with global optimization
analysis. Journal of Contaminant Hydrology, 2015,
175/176: 1—16

Pirot G, Renard P, Huber E, et al. Influence of
conceptual model uncertainty on contaminant transport
forecasting in braided river aquifers. Journal of

Hydrology, 2015, 531: 124—141

http: //pedologica. issas. ac. cn



Eild 55 4%

1l

1118 + b1

Parameter Estimation and Uncertainty Evaluation of a Soil Solute Transport
Model Using GLUE

YAN Yifan"? LI Xiaopeng' ZHANG Jiabao' LIU Jianli'’
(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China )

(2 University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract [ Objective ] Computer programs, such as CXTFIT, are commonly used to calibrate
soil hydraulic and transport parameters, such as dispersion coefficient and retardation factor. CXTFIT
can be used to fit observations quite well, which leave researchers in this aspect such an impression
that the “optimum” parameter sets simulated with this program can be used directly for modeling
prediction. However, in the process of parameter simulation, inherent uncertainties do exist and are often
underestimated. The objectives of this study were to assess and even quantify the uncertainties that may
occur in parameter estimation using the convection-dispersion equation (CDE) and in adoption of the
parameters in modeling prediction with the non-linear least squares (NLLS) and generalized likelihood
uncertainty estimation (GLUE) methods. [ Method ] In this study, with the aid of CXTFIT, NLLS and
GLUE coupled with the Latin hypercube sampling strategy was used to fit concentrations of bromide
and copper nitrate in transport through three oil columns different in texture (i.e. Sandy loam, loamy
sand and sandy clay loam), separately. And the parameters were optimized and analyzed to quantify the
uncertainties that may occur in these processes by means of three quantitative metrics, that is, MNS
(maximum coefficient determination coefficient ), P,sc, (the percentage of observations included within the
95% confidence intervals) and ARIL (average relative interval length). [ Result ] Results show that the
only “optimum” parameter set obtained with the NLLS technique fits the curve of solute outflow quite
well with determination coefficients (R*) all > 0.98 for fitting Br™ transport and > 0.937 for fitting Cu’’
transport, and with root mean square error lingering at the magnitude of 107, but it fails to cope with a large
number of equivalent parameters. R’ being high in value only indicates the “optimum” parameter set is a
proper fit of observation, but it does not mean the “optimum” parameter set is the true characterization
of solute transport. The parameter set corresponding to the MNS of solute outflow fitted with can be used
to simulate the observation as well as NLLS (R*>0.937). But the value range of acceptable parameters
determined by GLUE are much wider than that of NLLS (the length of 95% confidence intervals of GLUE
is about more than 5 times as high as that of NLLS), which means that a large number of parameter sets that
are high in likelihood value fall outside of the 95% confidence intervals determined by NLLS. The 95%
confidence intervals of outflow concentration determined by NLLS covered 28.13%, 64.00%, and 46.01%
of the data observed separately in the soil columns different in texture, leaving almost half uncovered on
average, whereas those determined by GLUE did 87.62%, 80.93%, and 84.3%, separately, which indicates
that it is not a good choice to use NLLS to optimize parameters and uncertainties of the model output.

[ Conclusion ] To put all into a nutshell, GLUE performs better than NLLS in both parameter and response
surface uncertainty analysis, for NLLS underestimates significantly the uncertainties in estimation of major
transport parameters. GLUE has a much wider acceptable parameter valuation range and 95% confidence

intervals for outflow concentration, which indicates that the “optimum” solution acquired by NLLS does
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not show any robustness as the solution acquired by CXTFIT does. So the usage of only “optimum”
parameter sets to predict solute transport has to face high risk and high uncertainty.
Key words Solute transport model; Parameter estimation; Generalized likelihood uncertainty

estimation (GLUE); Uncertainty analysis

(RIEHREE: HRA)
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Fig. 3 Fitting of adsorption curves of SDZ in the soil in the presence of Cd/Cu/Pb
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Table 2 Fitting parameters of the adsorption isotherm models in the presence of Cd/Cu/Pb
FreundlichJy & Langmuir i f# Linear /i f2
HEE

Freundlich equation

Langmuir equation Linear equation

Heavy metal

K 1/n R’ On K, R’ K, R’
%5 (1%t #8 Blank control 16.49 0.89 0.989 2132 0.006 0.988 11.42 0.997
Cd 1 12.34 0.93 0.965 3494 0.003 0.964 9.92 0.994
Cd 10 17.48 0.91 0.996 2539 0.005 0.998 13.13 0.998
Cd 100 16.97 0.88 0.997 2005 0.007 0.997 11.64 0.998
Cd 300 12.08 0.98 0.999 8932 0.001 0.999 11.22 0.999
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Freundlich J5 72 Langmuir 5 2 Linear /7 2
Freundlich equation Langmuir equation Linear equation
Heavy metal
K, 1/n R 0. K, R? K, R
Cu 300 11.86 0.92 0.993 2560 0.004 0.993 9.15 0.998
Pb 300 12.43 0.76 0.907 563.2 0.014 0.918 5.49 0.978

W UnHAKESH; O WKWK, mgke'; K. K . Ky2r B NFreundlich, Langmuir. Linear®W[ff Z%k; R*Jyvk stk

ZH Note: 1/n stands for empirical coefficient; Q,, for maximum adsorption capacity; K, K, and K, for adsorption coefficient of

Freundlich, Langmuir and Linear model, respectively; and R* for determination coefficient
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Fig. 4 Breakthrough curves of SDZ in the presence of Cd/Cu/Pb
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Fig 5 Variation curves of pH, EC and ionic concentrations in the presence of Cd/Cu/Pb
%3 Br FEHMELESNEXSH
Table 3 Fitting parameters of Br breakthrough curves
0, v D )
33 . 2 . R RMSE
/(em™cm™) /(cm'min”) /(cm™min")
0.499 0.066 0.988 0.958 0.095

T O LI A G K s v 2L B

; DNVRELE S RMSE NI ARIRYE  Note:

6, stands for saturated soil water

content; v for average pore flow rate; and D for dispersion coefficient; RSME for root-mean-square error
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Fig. 6 Fitting curves of SDZ with the OSM and TSM model in the presence of Cd/Cu/Pb

#&4 Cd/Cu/PbfFERISDZEIBTCsHl S XS

Table 4 Fitting parameters of SDZ with BTCs in the presence of Cd/Cu/Pb

Y & B B i

K, B a R, R RMSE
Heavy metal Models

25 O R OSM - 0.652 0.857 0.005 2.49 0.943 0.062
Blank control TSM 0.212 1.768 0.878 0.001 5.03 0.983 0.023
Cd1 OSM - 0.679 0.864 0.006 2.55 0.925 0.059
TSM 0.193 2.366 0.923 0.001 6.39 0.983 0.023
Cd 10 OSM - 0.794 0.864 0.004 2.81 0.881 0.090
TSM 0.270 0.963 0.754 0.001 3.19 0.978 0.039
Cd100 OSM - 0.172 0.436 0.004 1.39 0.885 0.066
TSM 0.225 0.884 0.767 0.001 3.01 0.975 0.031
Cd 300 OSM - 0.739 0.866 0.004 2.68 0.896 0.072
TSM 0.185 1.806 0.018 0.001 5.11 0.990 0.018
Cu 300 OSM - 0.543 0.833 0.009 2.24 0.946 0.040
TSM 0.423 1.334 1.007 0.002 4.04 0.991 0.019
Pb 300 OSM - 0.839 0.879 0.004 291 0.884 0.076
TSM 0.208 1.285 0.786 0.001 3.93 0.983 0.026

T f BRI R 9 SS B AL BT A7 4058 oo — B8l 32 MOREHG pFreundlich 77 FESRIR I I R A KON A5 TR R 37
By ROMBHE AT Note: fstands for percentage of the exchange sites where instant adsorption occurred; and « for first-order dynamic

speed constant; £ for adsorption isotherm coefficient; K, for adsorption isotherm coefficient; R, for retardation factor
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Table 5 Retardation factor relative to linearized condition

T 4> JE Heavy metal

Freundlich /5 &

Freundlich equation

Linear /i 72

Linear equation

Langmuir /i &

Langmuir equation

R, R; R,

%5 1% I Blank control 62.13 58.69 23.65 29.15
Cd1 40.93 39.40 22.74 25.46

Cd 10 61.53 58.65 24.66 33.36

Cd 100 68.34 63.93 24.64 29.69

Cd 300 32.87 32.55 21.75 28.66

Cu 300 40.71 38.98 21.11 23.55

Pb 300 91.98 79.43 10.64 14.53
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Effects of Cd/Cu/Pb on Adsorption and Migration of Sulfadiazine in Soil

ZHANG Budi LIN Qing XU Shaohui’
( College of Environment Science & Engineering, Qingdao University, Qingdao, Shandong 266071, China )

Abstract [ Objective ] Veterinary antibiotics are extensively used in livestock rearing industries all
over the world for preventive and therapeutic treatments and growth promotion of poultry and/or animals.
Due to the use of chemical fertilizers and compost, pollution from the industry and/or irrigation with
sewage, etc., the content of heavy metals in the soil is getting higher and higher. It is, therefore, often found
that the two kinds of pollutants, antibiotics and heavy metals exist simultaneously in the soil, affecting each
other in adsorption and migration. Their pollution of the soil has become an environmental issue that can’ t
be ignored. Therefore, investigation of leaching and adsorption behaviors of these antibiotics and heavy
metals in the soil is the first logical step to assess their ecological risks and then develop corresponding
pollution control strategies. [ Method ] 1In this research, the soil was exposed to different concentrations
of Cd, Cu and Pb. Effects of the pollutants on adsorption and migration of Sulfadiazine (SDZ) in the
soil were studied via both batch and column experiments. Adsorption isotherm of SDZ was fitted with
Freundlich, Langmuir and Linear models and breakthrough curves of SDZ with the coexisting heavy metals
were measured and modeled using numerical models that took into account reversible and irreversible
kinetic sorption sites with the aid of the Hydrus-1D software. [ Result ] No influence of Cd was found on
adsorption of Sulfadiazine, when Cd was 100.0 mg-kg™' in concentration, but it did promote the adsorption
of SDZ when 10.0 mg-kg ™' in concentration, and reduce the adsorption of Sulfadiazine, when 1.0 or 300.0
mg-kg™' in concentration. When Cu, Pb and Cd, all 300.0 mg-kg ™' in concentration, coexisted with SDZ, they
displayed an order of Cd > Cu > Pb in effect on SDZ adsorption of Sulfadiazine. In the soil column leaching
experiment, it was found that Cd, 10.0 mg-kg ', slowed down the migration of SDZ, while no significant
effects were found with Cd higher or lower in concentration. Comparison between the three elements shows
that Cu promoted and Cd slowed down the migration of SDZ. The Linear equation was the best in fitting,
with R’ being above 0.98. Compared with the OSM model, the TSM model simulated better the migration
process of SDZ, with R*>0.907 and RMSE <0.051. Instantaneous adsorption ( /) was found quite high in
the process of sulfadiazine migration. [ Conclusion] Under complex pollution of SDZ and heavy metals,
adsorption and migration of SDZ is affected by type and concentration of the heavy metal in the soil. The
findings in this study may not only help improve knowledge of the mechanisms of adsorption and transport
of SDZ in heavy metal contaminated soils, but also serve as a certain theory basis for management of
environmental pollution.

Key words Sulfadiazine (SDZ); Heavy metals; Adsorption and migration; Hydrus-1D
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(4 -3 SRR T FE R 200 SR H RS BR fER
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Table 1 Criteria for classification of preferential flows

iRl
Type of preferential flow

Pattern of dyed flow

Y B AR v LR
Ratio of staining path width ( SPW )

<10 mm >80 mm

) igyh
Homogeneous flow
FE 2 BT dR it

Heterogeneous figure flow

A R AL IR "':‘“
Mixed macropore flow - o

A AR R SLBRR

Poorly interacted macropore flow

e AR AR PR AL BRI

Highly interacted macropore flow

- <20% >60%

<20% 30% ~ 60%

20% ~ 50% <20%
2 >50% >20%
1’ <20% <30%

1.4 HUELIE
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B (BT o #5070 S ARBE B BE /Y 3% i 3% sh
TR, 0~20cm+ JZSARE &, i 4 Ye (o i FLY)
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HENRZ (88.31%~93.21% ) , M E
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Fig. 1 Stained area ratio ( SAR) of the vertical profiles in the intermediate zones relative to sampling sites
%2 ;FIEI%T%}J_ %ﬁ.1% /ll..\ =z ;‘i
Table 2 Morphological parameters of the dye tracer image relative to soil layer
RFEIX (s TR SPW / %
: . SAR / % SPN
Sampling area Location Depth / cm <10 mm 10~80 mm > 80 mm
FH A 0~18 59.39gh 22.00f 10.64f 39.56g 11.01¢
Field Field 18~37 5.16ab"" 5.00a" 2.97ab 3.17abc 0.26a
>37 2.29a" 4.00a"" 1.84a 0.48a 0.00a
FH (i) 1 FuR4iH 0~18 64.32h" 12.0%* 14.91g 42.42g 4.03a
Ridge between Transition zone 18~30 10.35bc” 5.002" 5.71cd 2.94abc 0.00a
fields >30 6.89abc”™ 4.002" 5.43¢ 1.54ab 0.00a
[H g 0~18 34.06e" 20.00¢” 14.08g 19.11e 0.16a
Ridge 18~30 13.13¢" 11.00¢” 7.22d 5.53bcd 0.01a
>30 8.93bc™ 8.00b™" 5.89¢d” 2.99abc 0.00a
HH V4 FH FOR T 0~16 57.57¢ 16.00d" 18.641" 39.62g 1.54a
Ridge alongside ~ Transition zone 16~35 20.55d" 9.00b™ 9.33ef” 8.66d 0.06a
ditch >35 4.34ab" 4.002" 3.59b" 0.69ab 0.00a
M3 0~16 45.46f" 20.00ef"™ 17.06h" 32.20f 0.41a
Ridge 16~35 21.64d"™ 13.00¢™ 8.70¢"" 7.27cd 0.00a
>35 5.22ab”" 6.00a"" 3.94b™" 1.13ab 0.21a
H: SPN5SPW/iril| Fm P (A BAR KR YL (A BRAR Vi FE s BUE RN 5 R A RIS EONEME ;. Flhla~i s L2 HER; *

o R de UL (SAR ) S35 (SPN) 7£0.05/K - L A10.0 17K - I i & A& Note: SPN and SPW stands for stained

path number and stained path width, respectively. The data are means of the morphological parameters of the genetic horizon; The

alphabets from a to i demonstrate difference between soil layers; The symbol of * and ** means significant correlation between SAR

and SPN at the 0.05 level and the 0.01 level
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FH 94 3
T VE X SPW 7, 45 i e o X 2 AL v
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HH10~80 mm SPW HZH; &d#X20 cm
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Fig. 2 The horizontal stained soil area ratio and sections of dyed soil in the intermediate zones
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Fig. 3 Stained path number ( SPN) in the intermediate zones relative to sampling sites
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Fig. 4 Stained path width ( SPW ) in the intermediate zones relative to sampling sites
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Fig. 5 Type of water flow in the intermediate zones relative to sampling sites
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Fig. 6 Characteristics of preferential flow in the intermediate zones
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Characteristics of Preferential Flow in the Intermediate Zone between Paddy
Field and Ridge

LI Shenglong YIJun LIU Muxing ZHANG Jun YANG Yan ZHANG Hailin"
( Key Laboratory for Geographical Process Analysis & Simulation, Hubei Province,

College of Urban and Environmental Sciences, Central China Normal University, Wuhan 430079, China )

Abstract [Objective] Studies available in the literature have shown that the ridges around the
paddy fields are likely to lead to low water use efficiency and pollution of shallow groundwater. Preferential
flow is a physical process of water and solutes moving along certain pathways, like pores and fissures in the
soil, while bypassing the part of soil matrixand is ubiquitous in the paddy field under continuous flooding.
Therefore, to study the status of preferential flow in paddy soil and its influencing factors may help quantify
characteristics of water leakage in paddy fields and improve water and fertilizer utilization efficiency, and
hence reduce the risk of pollution of shallow groundwater by agricultural chemicals in paddy regions.In
order to clucidate effects of the ridges on soil water leakage in the intermediate zone between fields and
ridges, comparison was made of different monitoring points in the field, transition zone and ridges for
differences in characteristics of preferential flow. [ Method ] Field bright blue dye tracer experiments were
conducted of the soils in the two typical intermediate zones (i.e., the intermediate between field and ridge
and the intermediate between ridge and ditch ) of > 100 years old paddy field in the Jianghan Plain, Hubei
Province. [ Result ] Results show that stained soil area ratio ( SAR) fluctuated downwards with depth
of the soil profile and a peak was observed in the 0~20 cm soil layer, accounting for 53.85%~88.55% of
the total SAR of the soil profile; that the field was the highest in SAR in this soil layer, and followed by
the transition zone, and the ridge; that although SAR was quite low in soil below 20 cm in depth at all the
monitoring sites, the ridge was still 3.15 times as high as the field in mean SAR; that staining of the soil
appeared quite consistent horizontally and vertically, that with increasing soil depth, the area of staining
at horizontal levels gradually decreased from a plane to a dot.The ridge, impact in soil texture, was higher
than the field in staining path number ( SPN ) that in the 0~29 cm soil layer. staining path width ( SPW )
varied in the range 10~80 mm and beyond, while in the soil layers down below, only a few paths <10
mm were observed; that the water flow in the field was mainly of the type of heterogeneous finger flow —
highly-interacted macropore flow, while in the transition zone and ridge, it was mainly of the type of mixing
macropore flow- highly-interacted macropore flow, for the SPW therein varied in the range of 10~80 mm
and below.When water flowed from the field into the transition zone, it lost through seepage vertically and
laterally, the two typical pathways, (i) via earthworm pores, root pores and fissures, which were more
plentiful in the ridge, facilitating vertical and horizontal seepage of the water, while the plough pan in the

field made it hard for the water to leach downwards, thus forcing the water to flow into the ridge and then
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percolate rapidly into deep soil layers; and (ii) further into ditches through the intermediate between
ridge and ditch, of which the two were relatively different in elevation, so the water infiltrating into the
ridge continued flowing vertically through the ridge and eventually into the ditch, besides percolating
downwards. [ Conclusion ] Affected by the distribution of macropores in the field,transition zone and ridge,
only a small amount of water in the field infiltrated through the plough pan and a large one lost through
seeping laterally into the ridge and then percolating quickly and vertically into deep soil layers through
macropores, thus leading to low water use efficiency and nitrogen pollution of water bodies. It is, therefore,
essential to pay high attention to the influence of water flow in the ridges on leakage of soil moisture and
solutes from paddy fields.

Key words Preferential flow; Dye tracer; Stained area ratio; Stained path width; Lateral water flow;

Paddy field-ridge intermediate

(RIEHRE: HRA)
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g. 1 The contents of soil aggregates in different soil layers under different treatment of early and late rice in 2017
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Fig. 2 Distribution of soil aggregates with different particle sizes at early and late rice harvesting stages in 2017
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3 BERURHATIBEABREHARGKENREER (MWD) | EHJUTEZE (GMD) . R, MHBLELHK (D)

Table 3 Mean weight diameter (MWD ) , Mean geometric diameter (GMD ) , R, and fractal dimension ( D) of soil water-stable

aggregates in early paddy field

+E R Kb P Treatment S A S LA AR Ry s D
Soil layer/cm MWD/cm GMD/cm
0~15 WF-R-R (CK) 0.325 +0.04cd 0.555+0.03b 62.77 £ 1.25¢ 2.523 £0.04b
MV-R-R 0.384 £0.02a 0.565+0.03a 68.47 +2.49ab 2.434+0.03¢
RP-R-R 0.376 = 0.04ab 0.566 +0.02a 68.87 £3.68a 2.461 +£0.04d
GC-R-R 0.349 +0.07bc 0.552+0.01b 67.80 = 0.82b 2.507+0.03¢
PO-R-R 0.326 £0.01d 0.557 £ 0.02b 69.17 £ 3.18a 2.516 £ 0.03a
15~30 WF-R-R (CK) 0.313+£0.02¢ 0.516 £0.03¢ 61.77+2.31c¢ 2.653+0.07b
MV-R-R 0.332+0.00a 0.535+0.03a 63.77 £ 0.94ab 2.582+0.04d
RP-R-R 0.328 £0.02a 0.535+0.03a 64.40 £4.08a 2.585+0.07d
GC-R-R 0.318 +0.02b 0.523 +0.02b 64.37+2.49a 2.615+0.05¢
PO-R-R 0.325+0.03d 0.534+0.03a 63.03 = 1.50b 2.633+0.02a
30~40 WF-R-R (CK) 0.342+0.03a 0.535+0.03b 54.67 +2.50e 2.062 +£0.08e
MV-R-R 0.343 £0.02b 0.535+0.04b 56.83 £3.13d 2.145+0.008¢
RP-R-R 0.346 +0.03a 0.546 +0.02a 59.90 £3.27b 2.204+0.01a
GC-R-R 0.347+0.01a 0.544 £ 0.03a 62.27 £ 1.70a 2.081+0.07d
PO-R-R 0.343 +£0.02b 0.544 +£0.03a 58.23+0.47¢ 2.161 +£0.02b
40~ 50 WF-R-R (CK) 0.425+0.03d 0.627 £ 0.03bc 68.37 +1.70d 1.954 +0.08a
MV-R-R 0.425 +0.03d 0.632+0.01bc 75.37 +£3.86a 1.947 £ 0.09a
RP-R-R 0.432+0.03¢ 0.634 +0.03a 73.87+1.13b 1.951+0.10a
GC-R-R 0.445 +0.03b 0.626 +0.02¢ 72.80 +1.72¢ 1.947 £ 0.07a
PO-R-R 0.483 £0.02a 0.630 = 0.03abc 73.80 = 0.82b 1.907 £ 0.06b
0~50 WF-R-R (CK) 0.343+0.01c 0.558 +£0.03b 61.89 +3.16d 2.298 £0.07bc
MV-R-R 0.366 +0.02ab 0.567 +0.02a 66.11 = 3.20c 2.280 +0.06d
RP-R-R 0.370 £ 0.02a 0.571+£0.02a 66.76 £2.25b 2.272 +0.06b
GC-R-R 0.365 +0.06ab 0.561 = 0.02ab 65.56 £ 1.85a 2.288 £0.03cd
PO-R-R 0.367 +0.02b 0.567 £0.02a 66.06+1.27¢ 2.750 +£0.02a

e BRPARE/NG FHFR RS I A2 02255 B3 (P<0.05) . [[[ Note: Different lowercase letters in the table

indicate significant differences ( P <0.05) in different treatments of the same soil layer. The same below

R4 BIBWIHRBTIEAEEHEABRAKIHREEZE (MWD) . EHJLAERZR (GMD) . R,,FHT4EH (D)

Table 4 Mean weight diameter (MWD ) , Mean geometric diameter (GMD ) , R,sand fractal dimension ( D) of soil water-stable

aggregates in late paddy field

TIEWRE b B T2 B HAR ST B AR Ry 5 D
Soil layer/cm Treatment MWD/cm GMD/cm
0~15 WF-R-R (CK) 0.364 = 0.03¢ 0.553 £0.005d 52.53+3.3d 2.498 £0.12a
MV-R-R 0.374 £ 0.03b 0.586 +0.04b 55.47 £ 1.70b 2.485+0.03a
RP-R-R 0.385+0.03a 0.596 £0.01a 56.53 +1.8%a 2.472+0.02a
GC-R-R 0.368 £ 0.008c 0.565+0.03¢ 54.57+2.49¢ 2.491+0.42a
PO-R-R 0.381+0.01a 0.586 = 0.04b 55.33 £2.05b 2.473 £0.02a
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Soil layer/cm Treatment MWD/cm GMD/cm
15~30 WF-R-R (CK) 0.376 £ 0.02b 0.567+0.01c 56.33 £8.50c 2.482 +0.06a
MV-R-R 0.383 £0.02a 0.576 = 0.04b 58.47+1.70a 2.471 +£0.04a
RP-R-R 0.382+0.02a 0.584+0.01a 58.97 £ 1.25a 2.471+0.27a
GC-R-R 0.377 £0.02b 0.573 £ 0.05bc 57.33 £2.05b 2.480 = 0.06a
PO-R-R 0.382 +0.02a 0.583 £0.02a 58.47 £3.30a 2.471 £0.04a
30 ~40 WF-R-R (CK) 0.317 £0.02a 0.548+0.01c 29.30+0.82d 2.708 £0.02a
MV-R-R 0.322+0.02a 0.554 +0.02b 30.47 £ 1.25¢ 2.702£0.07a
RP-R-R 0.334 +0.20a 0.564 £ 0.03a 32.63+2.05a 2.702 £0.08a
GC-R-R 0.322 £0.02a 0.546 = 0.04c 31.43 +£2.62b 2.705+0.01a
PO-R-R 0.323 £0.02a 0.562+0.01a 30.70 = 1.63¢ 2.702+0.10a
40~ 50 WF-R-R (CK) 0.327 £0.02b 0.515+0.03b 44.83 £9.57b 2.612+0.07b
MV-R-R 0.333 £0.02a 0.525+0.03a 45.83 £5.31ab 2.621 +0.02ab
RP-R-R 0.335+0.03a 0.525+0.02a 46.60 +2.45a 2.631 = 0.04ab
GC-R-R 0.332+0.03ab 0.516 £ 0.02b 45.33 +£2.05b 2.642+0.17a
PO-R-R 0.334+0.03a 0.516 +0.02b 45.13+2.87b 2.632+0.02ab
0~50 WF-R-R (CK) 0.346 = 0.02¢ 0.546 = 0.008d 47.56 +3.94¢ 2.575+0.01a
MV-R-R 0.353 £ 0.02abc 0.560 = 0.02b 48.68 £2.32b 2.570 £ 0.07a
RP-R-R 0.359 = 0.06ac 0.567 £0.02a 48.17+1.25a 2.569 £ 0.24a
GC-R-R 0.350 +0.02bc 0.550+0.02¢ 48.41+2.18b 2.576 £0.23a
PO-R-R 0.355 = 0.02ac 0.562+0.01b 48.41 £2.32b 2.570 = 0.04a
x5 BIRMKEMSIEEMEMEXME
Table 5 The correlation of aggregate composition and stability
MWD GMD Ry s D I~2mm 05~1mm 0.25~0.5 mm <0.25 mm
MWD 1
GMD 0.98%* 1
Ry s 0.95* 0.98* 1
D —0.85* -0.95%* -0.93* 1
1 ~2mm 0.88%* 0.79* 0.71%* —0.63* 1
0.5~1mm 0.86%* 0.81%* 0.76%* —0.65% 0.72% 1
0.25~0.5 mm 0.63* 0.78* 0.89* -0.93 0.34 0.38 1
<0.25 mm -0.93* -0.98* —-0.99* 0.92% —-0.69* =0.79* -0.91* 1

e R P<0.05 Nk % /K Note: * represents the significant level under P<0.05

2.5 EMRIERMEXIKEEENEL

Pl 3 a2 WA [ 52 A 8 A AR BF A AU R 2012 —
201 74F A i B B 25284k, TR — AR BEAS [ 45 47 B
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(7] — 4 073 AN [] Ak B4 ] S ) 7 2 S AN D A, T AE
L BARYIREG B 5 = AR, TR —4F 03 AN [a] Ak 2 ]
R 7 ek 22 S A 5 DU AR IR SR B ok (&M Romi b P
(077 4> 58 75 S Ak B> A P AR AR AR B> S Ab B )
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Fig. 3 Dynamic changes of early and late rice yield by different pattern of multiple cropping, rotation, fallow
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Effects of Rotation and Fallow in Paddy Field on Distribution and Stability of
Soil Aggregates

WANG Zhigiang" > LIU Ying' YANG Wenting' ZHOU Quan' AAMER Muhammad' WANG Hai’
HUANG Guogqin'" ZHAO Qiguo*
(1 Research Center on Ecological Science/College Alliance of Ecology, Jiangxi Agriculture University, Nanchang 330045,
China )
(2 Nanchang Career Academy, Nanchang 330500, China )
(3 Jiangxi Institute of Science and Technology, Nanchang 330098, China )

( 4 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China )

Abstract [ Objective ] Proportion and stability of soil aggregates are important factors affecting
healthy and sustainable development of paddy soil. [ Method ] A long-term stationary experiment on effects
of crop rotation systems, including multi cropping, crop rotation and winter fallow, on paddy field was
carried out in the years from 2012 to 2017. The experiment was designed to have five treatments: Double-
cropping rice plus winter fallow land, double-cropping rice plus milk vetch in winter, double-cropping rice
plus canola in winter, double-cropping rice plus garlic in winter and double-cropping rice plus. Soil samples
were collected from the 0 ~ 50 cm soil layers of the plots of the five treatments for analysis, using the wet
screening method, of proportions of the aggregates, 1 ~2 mm, 0.5~ 1 mm, 0.25~0.5 mm and 0.25 mm in
particle size, separately and then, mean weight diameter (MWD ) , mean geometric diameter ( GMD )
and fractal dimension ( D) of the fractions of soil aggregates was calculated, separately. [ Result ] Results
show that regardless of treatment, the soil aggregates in the 0~50 cm soil layer were dominated with the
fractions of 0.25 ~ 0.25 mm and < 0.25 mm in the time periods after the early or the late rice was harvested,
and the two fractions reached 78.1% ~ 84.8% and 85.6% ~91.1%, separately, in cumulative content,
while the fraction of aggregates of 1 ~2 mm and 0.5~ 1 mm, was only 13.1% ~21.9% and 8.9% ~ 14.4%,
respectively. Obviously the cultivation of early and late rice increased the fractions (>0.25) , but reduced
those (< 0.25mm ) , and the effect of early rice was more prominent than that of late rice. The two crops
also affected MWD and GMD significantly, but not D. [ Conclusion ] It is, therefore, quite obvious that the
systems of multiple cropping rotations and two crops of rice plus straw returning are favorable to formation
of large-sized aggregates rather than fine aggregates and the effect of increasing water-stable aggregates is
more significant with early rice than with late rice, which in turn improves yield of the two crops. All the
findings in this experiment are of great significance to the sustainable development of rice production in
South China.

Key words Paddy fields; Rotation and fallow; Straw returning; Water-stable aggregate; Aggregate
stability
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HomF; WES0 atfi R N /INRFE AR L, LY
JEREE3~10 cm, MYBELL L ENR . W&, MiEE

2% ( Magnolia grandiflora Linn.) 5583, &£
FEARIRALPE T LR 1,
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Table 1 Basic situations of six plots different in restoration history
RS A R K Rz Y k1 Slope . LW 2 2 BH KA
Restoration Altitude Slope aspect PR Average Vegetation Bulk density moisture
year/a /m gradient/°® /° plant height/m coverage/% / (grem™) content/%
0 376 13 SW30 1.5 25 1.46 8.1
5 388 25 NW30 1.8 80 1.33 7.36
10 330 15 SE18 2.3 90 1.53 8.0
15 320 20 SE16 3.2 90 1.54 7.24
30 329 25 SW40 10.5 95 1.53 7.76
80 329 17 W10 15 98 1.49 9.65
W52 4 4L 28 St
Restoration pH SOC Total N Total P C:N C:P N:P
year/a / (gkeg™) / (gkeg™) / (gkg)
0 4.76 2.77 0.58 0.050 4.80 54.86 11.44
5 4.65 4.75 0.66 0.058 7.20 82.07 11.40
10 4.48 5.46 0.66 0.077 8.26 71.19 8.62
15 4.46 6.57 0.73 0.106 8.99 62.04 6.90
30 4.37 7.53 0.81 0.116 9.27 64.71 6.98
80 4.44 14.82 1.47 0.129 10.10 114.66 11.35

. SW: Vimg; NW: P4db; SE: ZFd; W: V4§ Note: SW: Southwest; NW: Northwest; SE: Southeast; W: West
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mm., <0.25 mm Lo +IEFRKA LG, 777
WFEE5£0.149 mmiii, H TAH LK. A M2

W o
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vario MAX, fE[E ) M2 ; 2B HER- & RN &
FEAS Kt i, B EORE I S SR HH 3% 2 3l o AT A
( Skalar san™", faf 2% ) ME
1.3 HEREBSHH

THEBALL (C:N) | BB (C:P) FIA
Wtk (N P) P RHBETE L. FdEZExcel 2003
WIS, it R FHSPSS 19.0i617, RH
AN E )7 208 (One-Way ANOVA ) i & A [l 1%
AR IR RAR IR R R 2= T i AR AR R AE W
PERL S R FDuncan & i 257k (W MK
a=0.05) , FlfHPearson 3¢ REIEHr 445 A1 Rk
Feor M AL R AR Z A OC R B, PRI il A
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AEFRIG IR Rk, Hrp K80 a @KL 0 all
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U/ INTATIG AN S 2 40, LA A PR AT SR A A L ik 2
FEI M BE R R/ N AR S (P<0.05) .
R R R 2T, A KN
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PRAZHTLS alf) 4 W 2 i iR G0/ A8 A6 A B i Ak
(P>0.05) , HoAh A BR A5 45 P 58 44 4l 15 12 0 i
R NI A G I #, Hod< 0.25 mmbife F R
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3.06 ~ 11722 0], FEAEREIREZ i fer, HIZRIARC N
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Fig. 1

Distribution characteristics of organic carbon, total nitrogen and total phosphorus contents in soil aggregates relative to

vegetation restoration process
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Fig. 2 Stoichiometric characteristics of C:N in soil aggregates relative to vegetation restoration process
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Fig. 3 Stoichiometric characteristics of C:P in soil aggregates relative to vegetation restoration process
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Fig. 4 Stoichiometric characteristics of N:P in soil aggregates relative to vegetation restoration process
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Table 2 Correlations of nutrients and stoichiometry in soil aggregates

Wi H Ttem >5 mm 2~5 mm 1~2 mm 0.5~1 mm 0.25~0.5 mm <0.25 mm
Cooit —Coi agarogates 0.83 1% 0.893 % 0.921%x* 0.928%x* 0.932%* 0.900%*
N oi™ Nsoil aggregates 0.841%* 0.852%* 0.922%* 0.920%* 0.9207%* 0.923%:*
P soit —psoil aggregates 0.748%* 0.744%* 0.751%* 0.677** 0.691** 0.668%*
C oot agaregates—Naoil agaregates 0.899% 0.933%x 0.942% 0.973%* 0.951%* 0.964%*
Croit aparepates—Pioil agareates 0.760%* 0.691%x* 0.713%* 0.656%* 0.759%* 0.745%x
N oot agsresates—Proil agsregates 0.636%* 0.603 % 0.679%* 0.623%x* 0.759%* 0.729%x
Cooit aggregais—C * Nioil aparegates 0.897%* 0.863 % 0.865%* 0.861%* 0.832%* 0.828%
Nooit aggregaes—C * Naoil agpregates 0.659%* 0.655%* 0.675%* 0.746%* 0.652%* 0.672%*
Cooit agaresates—C * Pooit agaresates 0.825%* 0.836%* 0.807%* 0.744%%* 0.722%%* 0.722%*
P it aggregates—C * Pooit aggresates 0.325 0.232 0.215 0.052 0.161 0.130
Nooitaggresae— N Proil agpregates 0.207 0.227 0.166 0.222 0.107 0.291
Pt sggresae—N F Puoil agercgates —0.567%* —0.584%* —0.557%*%  —0.567%* —0.518%* —-0.391%
*, P<0.05; **, P<0.01
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Stoichiometrc Characteristics of Soil Aggregates in Subtropical Eroded Red Soil
under Vegetation Restoration

OU Xiaolin "> CHEN Zhibiao"*" CHEN Zhigiang"’> CHEN Haibin"> REN Tianjing"’
(1 Key Laboratory for Subtropical Mountain Ecology ( Ministry of Science and Technology and Fujian Province Funded ) , Fuzhou
350007, China)

(2 College of Geographical Sciences, Fujian Normal University, Fuzhou 350007, China)

Abstract [ Objective ] This study was done to elucidate C, N and P distributions in soil aggregates
and their stoichiometric characteristics in eroded red soil under vegetation restoration relative to history
of the restoration. [ Method ] Six sample plots were set up on slope lands of typical eroded red soil
under vegetation restoration with different restoration history (0, 5, 10, 15, 30 and 80 years) located in
Hetian Town, Changting County, Fujian Province of Subtropical China. Soil samples were collected from
different soil layers (0~20 cm and 20~40 cm) of the six plots for analysis of contents of organic carbon,
total nitrogen, total phosphorus in soil aggregates different in particle size (>*5 mm, 2 ~5 mm, 0.5~ 1 mm,
1 ~2 mm, 0.25~5 mm and <0.25 mm). [ Result] Results show that the contents of organic carbon, total
nitrogen, total phosphorus in soil aggregates varied in the range of 2.06~27.71 g-kg™', 0.54~2.12 g-kg™' and
0.034~0.189 g-kg™', respectively, and C : N, C : P and N : P did in the range of 3.06~13.05, 21.4~185.6
and 5.62~18.20, respectively. On the whole the contents of organic carbon, total nitrogen, total phosphorus
and C : N increased in all fractions of soil aggregates in both soil layers with the restoration going on
(P<0.05), and the trend was more significant in the 0~20 c¢m soil layer than in the 20~40 cm layer, while
soil C : P and N : P displayed a rising-falling-rising trend, and C : P deceased with soil depth, and N : P
did not vary much. The contents of organic carbon, total nitrogen and total phosphorus, and C : N and C :
P on the whole increased with the aggregates going down in particle size (P<0.05), except for the plot of 0
year, while N : P did not vary much with aggregate particle size (P>0.05). The content organic carbon, total
nitrogen and total phosphorus in soil aggregates were remarkably positively related to their respective ones
in the soil. In the soil aggregates the contents of organic carbon and total N positively related to C : N, the
content of organic carbon was to C : P, and the content of total phosphorus was to N : P. [ Conclusion ]
All the findings in the study demonstrate that vegetation restoration mitigates soil erosion and significantly
increases the contents of organic carbon, total nitrogen and total phosphorus and improves the function
of soil aggregates as carbon and nitrogen pools, and what is more, P in the aggregates is the major factor
restraining rehabilitation of the degraded ecosystem.

Key words Stoichiometric characteristics; Nutrients in soil aggregates; Vegetation restoration; Eroded

red soil

(RERE: # #)

http: //pedologica. issas. ac. cn



ESSEE S
2018 4F 9 A

+ e ik
ACTA PEDOLOGICA SINICA

: 10.11766/trxb201712220550

MIFFHRMRREHBERBSAM
$Ed E4H ERAA EAC TRE A @

LR LR R R A e B, TE00 4 LR P S PA R 9l 0%, ME 330029)

OE AW A RRER SR AL A R W RRIE . T20154E 5 H —20164FE5 H R AT EFAM R
R HEK B IR0 B, X EEIERE VU 21 e MRS RO T . T R R R X R 3 A B 1 AR
FE b R RDE S R E 1% TR TR0 . 455080 . (1) 7R MR IH 46 PO 28 21 3 i b
TN (B ) . DIN (S TLHLA ) . DON CEMSANLA ) FIPN (BRI BRSE ) FER105
e, AR EGE R 71 %, MR AR T30 cm. 60 emdE I I 0 N 23%
M6%; (2) BERE AL FELIAMS (DTN (EMAMA) HTNIGIH54.8% ~86.9% ) H
¥, DINXLITHLE (DINEDTNIH H57.8% ~97.1% ) FHENO, -N (MAE ) . AXFMHHE

Vol. 55, No. 5
Sep., 2018

AR UL 1 ) R 285 DU i Ak PR ) AS ) TR AN D 5

(3) PR B RE WO o AT LABCA 3 D8 R R AR R

TR B e 8 A R R B AR U A U H TR SR A0 5% B AU

e 35
PESES S157.1 Xk FRIZ A
VLY TR T A i M 2R 5 4
i, WA RRIER T, Y 5855 12
X 3o 3 B AR R R AR AR I AR A KR
1M 5 | 3 3 SR B A FUK AR TG 5 2 o B Hb
FARTO SRR R AT S R, g
VR L3R R RS © o P L A
K, FEAMESEFR BRI Dk B AR AE
RAEMLER O s T i RaE R L
SHERRTER O AT T2 ST,
157 B HE R 5 P U000 T T A S
WX SR R B . AR L R L R
i R R E R S MR AR 2 S U ok
MEZPRIES:, BRRBEBMERZEHRT
B R R AR, BEIE P A Y R 4 R

I3, MMEETE, TS, AR, B EPhR

TR 5 SRR VR R A5 200 5 L nTia
gz O VBEGE T R ) K SCHLA T 28 6 b IX 9 R0
P, RMIBEPRPHESR (NOS-N) Bk i *
RWI202 4% 5 Mol Sc% U7 ZUAEIT 4 0
HURB 1 B R R i, RS e, e mr
78 F BRI T IR I B 0 8 B RS, K
3010 8 S B L RS AR S L % i e R B A
WABEH T MBS R . AR R T R
BRI G FRRARTT s R WRIE 600 Tl

BEHE, B SRE (AP Bk

T 2R g A e X 108 (X)), TR
H113Hkm®, (HLOEEX o S ARA51.8%, H4
B 4 T A 11.8% 120 L R IK IR K FE i,

*EZE AR EIE (414013118141761060 ) | JLP94F FAAARIEEEEGHUH (20171ACB21072) ALY A A ¥
BhitRI (20171BCB23080 ) % B Supported by the National Natural Science Foundation of China ( Nos. 41401311 and

41761060 ) , the Natural Science Foundation of Jiangxi Province in China ( No. 20171ACB21072 ) and the Program for
Excellent Talents of Jiangxi Province in China ( No. 20171BCB23080 )

R MigEE (1978—) , &,
E-mail: haijinzheng@163.com

PRI, P, B gom 1, EZOFR 70 Rk 2R 5 B IR 2 TR 35

Wk F 1. 2017-12-22; WREME SRS H 1. 2018-02-12; fR5e$cF AR H 1] (www.cnkinet) : 2018-03-12

http: //pedologica. issas. ac. cn



53] KRG 28 ZLHEI I AR A i e S A 2

1169

LT A BT, e kL
IE] A 2 25 X &0 398 395 b 398 r 3 37 4338 RS AR A L HE AT
THPBHISE, R4 2 RS T R A LD
M8 T R A R vk A 1 AL 5 B G
a0 LT 0 1 BRI R UL S BT T 4T B
i Hb AR A T R B R R S SR R R RRIE . H
2RI WL T BE A5 B R, TG AR &1 T
S H K I S 8 7 O R RIS B 3R 4 AR A L 5
BFFE MR85 WiH., H T4 B K 43 e 41
1 T 1] 235 49 X 30 T 5 (0 b g S X, 4 g
B b 4 K SOR AR 5 IR P IX ] B AR, A
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MR, L2EEL105 cm, H865 M L
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Table 1 Chemical properties of the soils in the three treatment plots
e TR EERiINGA 25 T ik 2 B0 EER e
Soil depth Organic matter Total nitrogen  Alkaline nitrogen  Total phosphorus  Available phosphorus

Treatment /cm / (g'kg™) / (g'kg™) / (mgkg™") / (gkg™) / (mg'kg™")
TR 0~30 19.87 0.98 114.80 0.22 12.55
Grass cover 30~60 6.84 0.53 65.10 0.24 10.27
60~90 4.93 0.45 42.21 0.17 3.69
TR 0~30 14.81 0.83 87.71 0.34 19.73
Straw mulch 30~60 5.57 0.53 59.01 0.20 16.28
60~90 4.27 0.45 29.61 0.25 5.62
i X IR 0~30 11.38 0.53 60.41 0.24 19.86
Bare land 30~60 8.63 0.38 61.11 0.19 17.80
60~90 5.24 0.38 52.50 0.18 5.61
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Fig. 1 Runoff from the plot relative to treatment and soil depth
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Table 2 Mean mass concentration of different fractions of nitrogen in runoff relative to soil depth/(mg-L™")

isiil Sy AR
Treatment Surface/Surface runoff Inerflow P (TN) p (DIN) p (DON) p (PN)
A T 453 Surface runoff 2.237de 1.039¢ 0.674b 0.523¢
Grass cover 30 condEH i Interflow at 30 cm 1.144¢ 0.377¢ 0.313b 0.454c¢
60 cm3E 17 Interflow at 60 cm 1.261e 0.488e 0.071b 0.702¢
105 cmi 11 Interflow at 105 cm 0.816¢ 0.248¢ 0.178b 0.390¢
TR 1453 Surface runoff 2.643de 1.011e 0.362b 1.269¢
Straw mulch 30 e i Interflow at 30 cm 7.177¢ 5.128d 0.663b 1.387bc
60 condFEH i Interflow at 60 cm 10.39b 7.790¢ 0.875b 1.722ab
105 cmiZE HP i Interflow at 105 cm 21.56a 14.70a 3.125a 3.735a
PR X R i1 #1297 Surface runoff 2.757e 0.640e 0.421b 1.695¢
Bare land 30 e P13 Interflow at 30 cm 4.374d 3.476d 0.052b 0.846¢
60 condEH i Interflow at 60 cm 4.659cd 3.204d 0.184b 1.272¢
105 cmiE it Interflow at 105 cm 12.09b 9.626b 0.941b 1.518bc

+ ANE/NE FRER IR [F]— 5 AN [E] 53 R A AL BB AE 5 %7K - 22 S ik, p (TN) | p (DIN) | p (DON)

p (PN) 4303

TRRE L RS TV R ASE LA R TR IRV EOR AS AT IR JE Note: Different letters in the same column indicate significant

difference between treatments at 5% level, and p (TN ) , p ( DIN)

,p (DON) and p (PN) stands for mass concentrations of total

nitrogen, dissolved inorganic nitrogen, dissolved organic nitrogen, and particulate nitrogen, respectively
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78.0% ~ 97.3% . 72.9% ~ 96.6%H171.8% ~ 94.4%; 30
60 c3EH TN . DIN. DONFIPN4 Hi i 747
WG AR i RGE R 1.3% ~ 5.0% . 0.4% ~4.1% .

1.0% ~6.0%M2.1% ~ 4.8%; HWEZHH TN,
DIN. DONFIPNHi i & 535 0.5% ~ 15% .
0.4% ~21.1% . 0.2% ~ 16.8%H11.3% ~23.2%., X3
AR SRR H I LI105 e R i 32, 5
B BB ETI% UL, T R AR AL R
UIEE P H A S JE23%F16%
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Fig. 2 Output flux of different nitrogen fractions in runoff relative to soil depth
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Table 3 Composition of TN in runoff relative to soil depth

WA A Wk A A 7 SR H ]

b Mgy asi LR LITRA AR Percentage of TN

Treatment Surface runoff/Inerflow DTN output PN output 1%

/ (kg-hm™) / (kg-hm™) DTN PN
R M AL i Surface runoff 0.36 0.20 64.9 35.1
Grass cover 30 cmBEHi Interflow at 30 cm 0.12 0.07 63.1 36.9
60 cmIE 1 Interflow at 60 cm 0.07 0.06 54.8 452
105 cm¥EHii Interflow at 105 cm 1.65 1.21 57.8 42.2
B2 Total runoff 2.20 1.53 59.0 41.0
THES b 4% Surface runoff 0.31 0.36 45.9 54.2
Straw mulch 30 cm3E % Interflow at 30 cm 2.07 0.59 77.8 222
60 cmIEH1i7 Interflow at 60 cm 2.12 0.57 78.8 21.2
105 cm3E i Interflow at 105 cm 115.5 25.64 81.8 18.2
B2 Total runoff 112.0 27.16 81.5 18.5
PRLEEXTIE Bare Hb 421 Surface runoff 1.44 2.61 35.6 64.4
land 30 cmE i Interflow at 30 cm 0.75 0.23 76.5 23.6
60 cnE H i Interflow at 36 cm 0.55 0.33 62.7 37.4
105 cm3EFR I Interflow at 105 cm 53.56 8.08 86.9 13.1
B2 Total runoff 56.30 11.24 83.4 16.6
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Table 4 Composition of DTN in runoff relative to soil depth
AR5 DTN ) 4 A DTN EL ]
Fractions of DTN output Percentage of ri TN )
5 Percentage of TN
Ak ORI / (kghm™) DTN o
Treatment Surface runoff/Inerflow DIN 1%
NH,-N  NO;-N it DON DIN DON NH,-N NO;-N  DON
Sub-total

R 5 i FE 4% i Surface runoff 0.03 0.19 0.22 0.14 60.7 393 5.9 33.5 25.5
Grass cover 30 el 137 Interflow at 30 cm 0.02 0.06 0.08 0.04 68.0 32.0 9.8 31.6 19.5
60 cmFE i Interflow at 60 cm 0.02 0.04 0.06 0.01 80.7 19.3 15.6 28.6 10.6

105 cm¥E F1 37 Interflow at 105 0.27 0.69 0.95 0.70 57.8 42.2 9.3 24.1 24.4

cm

A2 Total runoff 0.34 0.97 1.31 0.89 59.5 40.5 9.0 26.0 23.8

THRES b A2 Ui Surface runoff 0.07 0.16 0.23 0.07 757 243 10.1 24.7 11.1
Straw muleh 30 o g thi it Interflow at 30 cm — 0.11  1.79 190 017 918 82 43 67.1 6.4
60 cmiE i Interflow at 60 cm 0.02 1.85 1.87 0.25 88.3 11.7 0.7 68.9 9.2

105 cmEH 7 Interflow at 105 cm 1.18 96.65 97.83 17.66 84.7 15.3 0.8 68.5 12.5

MR Total runoff 1.38 100.5 101.8 18.15 84.9 15.1 0.9 68.3 12.3

PR % R b F 423 Surface runoff 0.20 0.33 0.52 0.92 36.3 63.7 4.9 8.0 22.7
Bare land 30 cmfgrpii; Interflow at 30 cm  0.02  0.71 073 002 969 3.1 1.8 72.3 24
60 cm3E i Interflow at 60 cm 0.04 0.49 0.53 0.02 97.1 2.9 4.7 56.2 1.8

105 cm3E A7 Interflow at 105 cm 2.92 47.25 50.17 3.39 93.7 6.3 4.7 76.7 5.5

B2 Total runoff 3.17 48.78 51.95 435 923 7.7 4.7 72.2 6.4
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Table 5 Interception effect of different nitrogen fractions in runoff on grass cover/straw mulch plot /%

X M AR B IR FR R I A, g bR % LR R IR R B AR
Interception effects on surface runoff and nitrogen loss Interception effects on interflow and nitrogen loss
MbF Treatment
i ’%Cl—{ iﬁ‘ By
LAt N DIN DON PN L N DIN DON PN
Surface runoff Interflow

it 6 67.9 86.2 58.1 84.5 92.5 14.7 95.0 97.9 78.2 84.5
THE % 69.5 83.5 55.7 91.9 86.1 -40.9 -130.7  -975 -426.9 -210.5

W DIEEER AL TR X IR Note: with the bare land as control. DGrass cover, @Straw mulch
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Abstract

restricted by low water use efficiency, high temperatures and low fertilizer use efficiency.

Nitrogen Output through Runoff on Red Soil Slope and Its Composition

ZHENG Haijin ZUO Jichao XI Tonghang NIE Xiaofei WANG Lingyun LIU Zhao

Jiangxi Provincial Key Laboratory of Soil Erosion and Prevention,

330029, China)

Nanchang

[ Objective ] The development of agriculture in the sloping uplands of red soil has been

Interflow in

the soil has been playing a important role in runoff generation, nutrient loss and soil erosion. Carrying
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soil nutrients along, it merges into rainfall-induced runoff, which flows into water bodies, thus causing
environmental problems, like waterbody eutrophication. Nitrogen ( N ) as one of the common soil nutrients
causing eutrophication is highly mobile in the soil because it is hardly absorbed and fixed by soil particles,
so it moves easily with surface runoff and interflow as its main pathway of migration. Consequently, to
study soil nitrogen loss related to the joint effect of surface runoff and interflow on slope lands is of great
significance. In some regions, plentiful and concentrated rainfall results in surface runoff and interflow
that enhances nutrient migration. Recently, researchers have studied patterns of nitrogen migration in red
soil through surface flow and its impacting factors, as well as generation of interflows and its influence
on nitrogen output. However, so far little has been reported on investigations that have taken into full
account the joint effect of surface flow and interflow on nitrogen migration in red soil. [ Method ] In order
to explore characteristics of nitrogen output in sloping uplands of red soil under natural rainfall, large-scale
lysimeters were used in a field experiment carried out during the year from May 2015 to May 2016, on a
sloping upland of quaternary red soil in Jiangxi, China. The experiment had three treatments, i.e. planted
with grass, mulched with straw, and bare land laid out for observation of forms of nitrogen lost with surface
flow and interflow (30, 60 and 105 cm ) relative to treatment under natural rainfall. [ Result ] Results
show: (1) Interflow at 105 cm depth was an important channel of N loss on the slope of red soil where
erosion wasn’ t serious. The interflow in the soil layer 105 c¢m in depth contributed more than 71% of the
total N loss while surface runoff and interflows in the soil layers 30 and 60 cm in depth did less than 23%
and 6%, respectively; (2) N in the interflow was mainly in the form of dissolved N, composed principally
of dissolved inorganic nitrogen ( DIN ) , especially nitrate nitrogen. The proportion of DTN ( dissolved
total nitrogen ) in TN was 54.8%~86.9% and that of DIN in DTN was 57.8% ~ 97.1% in the interflow. The
proportions of various forms of N in the surface runoff varied with the treatment; and (3 ) Grass coverage
effectively reduced N runoff loss, while straw mulch increased the risk of N leaching loss. [ Conclusion ]
All these findings in the experiment provide certain scientific support to control of N runoff loss from
red soil slopelands by establishing a suitable vegetation cover. The key to reduction of nitrogen loss from
agricultural fields is to control the formation of interflow or subsurface runoff in sloping uplands of red soil
slope and to reduce content of nitrate nitrogen in interflow.

Key words Red soil; Grass cover; Straw mulch; Nitrogen loss; Runoff; Interflow
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AW, WILWFsE e, EMYG 5 A Y b iR 14 45
BN EZEIIZ 2 TR AR SHE S,

WP R MEWR; THLBE; SRR
kR IR A A

BRI R AL Wl 7 A A 5 R 1 [ e 4 v B 11
ﬁ%{@ [5,7-11] N

SR, fELactarius deliciosus. Laccaria
bicolor . Lactarius rufus. Suillus luteus, Hebeloma
crustuliniforme®$EMH I 1) 2l 55 35 1056 b & 21
A 22 AR TE TR PR R Ak BT AN SO W8 %) W AT 364 m - R
R S B AR K TR R M EMECE HL
crustuliniformefE RN =42 ( Picea abies) . L.
bicoloriZfp L AN ( Pinus massoniana Lamb. ) J5
JI Y TR ORI A i A B L e
G, HIBERALSABRFE A SRR B AR B
MRS, XA REHE— 0 R BORME 1 5 b R A5
b, A 3 T ) AN R R O 4 v 0 T el R R
HEM E 3 75 % i 3580 1 JURE 35 OB 25 55 43 19 7]
o, L2 AR R AR AW T e
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EM E 1 5 EMAE $) 76 4 /5 B A 200 il [R) B AT fig O oA
FEARER TG R, EMEEmEYdnEmE T Re s 2
TR T XA B, AERRANR s .
WESLREE, EE AEMERL. bicolortZFi L RS, LA
AR AL R R 0 BR85S — B ) S5 HORR B 3¢
Rz H b I AL M AN TR AR W S | S oA, o
BT &I A TR L T 52 2 %o T A 48 v el 2 Al R 5 42
FRIVER, DAREIMER R itk L,

1 MRSk
1.1 AREXER

TG S TP R2eads (29° 48 39" N,
106° 24’ 54" E, #3k255 m) o WHGHZ= X HE

A, B O d s ] 29.4 °C, AR
BARAE21.4 °C, A PN E157 mm,
1.2 ik

Hkk: AR (L. bicolor) M3 AHER,
BILH 270, Lb S238AMILL S238N, MRS K= H
AT s 24t . Hodh, Lb 2703 08 Tt 26 fE A
( Pseudotsuga menziesii ) /R, Lb S238AFILD
S238NR YA T [E A JEHA (Pinus taeda ) #KF .

. DEM (P. massoniana Lamb.)f ¥,
H 2 DR T ARAC o i s i1

T R R EE, SR A E R ALY X
vl (N 29° 48’ 54”7 | E 106° 26" 36" , iff
#534 m) GREMMT . EBRAER. FIR. HED
G, MIHIEARE A PE T LR,

x1 i TEEARUFMR

Table 1 Chemical properties of the nursery soil before seeding

SNy ARSIy HIAL SR A
Total nutrient Available nutrient . Exchangeable cation
+ 4% ' . / (g'kg”’ DW) ]
/ (g'kg DW) / (mgkg' DW ) / (cmol-kg”" DW) pH
Soil
S
N P K N P K Ca Mg K
Total Al Labile Al
B
0.99 0.35  21.7 73.0 3.93 62.7 46.8 1.23 3.65 0.29 0.09 4.64

Yellow soil

1.3 Rt

AR K3 mm W BEAG R4, 43 54 Fh T
50 mL Pachlewskid@ &} 33 ' 19250 mL =13
Mg, (25+2)°C., BB A THEEFR21 d,
il SRR B R L K T R AR g R S e FH0.3% H
WEFS W= 930 min, JOWE K i1, SRIGTE2S
CLEAKTEM24 h, BT, 25 CEL R
fEZE, 2P KB WRIETE SR mx 1
m x 0.5 m/KJe it 25

g b R TR R IS VR B A, o B IR P
T, KRR Y 2 B ok ok LM i B 3R 2, AT
REEATHL, 52000024 28 85 5 19 5 R AN FP 7 +F
SYJG 4y PIREFIAE D mP K U8 /N, AR R
WK, AR FEFR . 16855 9345
3RV REAAE M (HILh S238A . Lb S238NFILD
270 ) M HMRPR A3 . DU B A9 A5 AR 1 AR
Br S AE X B, g /N X RELHESY , R AL PR3N
&, H124NK,

1.4 WEMBS57HZ

BRI 16 G, TERE/N D o XS E AL
25KRGNE, AT I T AR BRI, R AR
FLA AL 38 1 AR IR F100%, % BB OR
YL A0, WK PR OR LR E DRV, 80 £ 2
CHEF ZEEJGHRE, 25 000 r-min” HHEHE
min/i FAWHNO,-HCIO, (V : V=5 :1) {REBRHY
o, AR BB Bk AR R 0 T A
Wb, vk LY DRI BE . Rk
AR AR SRR,

PHEEWCERPS 58, LR, RBAEMX
T BEAE . 4 R150.85 mmBEAI0.15 mmif . iR
SCk [19 ] P, 8 pHAH pHS-3CHRURS % R &
HE (BKH R 2.5), . 28 58EH
HCIO,-H,SO, (V : V=1:10) IEHEZEFNE,
AR & 8 FH0.05 mol-L™' HC1-0.025 mol-L™' (1/2
H,SO, )R 5 R FH W 1 3 b oL 73 9
i, L1 mol-L™' NH,C1-0.5 mol-L™' NH,F
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(pH 8.2). 0.1 mol-L™' NaOH. 0.3 mol-L™" /B R
#+1.0 g Na,S,0,+ 0.5 mol-L"' NaOH. 0.5 mol-L™
(1/2 H,S0,) #LLi i +5, il . &
B PE BB . R e A R
BEPUL AR . P OB & RO R . B
W P& A RS B 5 i 2

S AMMACSE Ok, MU
BRI LI AIEPES . IGE0.15 mmiii +
FE1.000 0 g, BT E.LET, AL mol- L' KCI1
BREEWS0 mL, 7EFRNIRG & LIR30 min,
5000 rrmin”' B.0>15 min, A B (1) 5
LB T KEERIRE, A1 mol'L™ NH,OACE 2
50 mL, #R¥ESGE.O4E, W RiE® (2) 5 A
B TOKIEEIRE, AT mol-L™ HCIIZ 50
mL, IRFEFEOOE, Wl EE|R (3) 5 HE
BT KRR, A0.5 mol-L™ NaOH 50 mL,
PRFBG B Y E, W L (4) o ARG
kU IE L RAR BV P e S o
FVEW (1) R EREACHESE (AP F&,
VW (2) PR s RO RIS S [ AIOH) M
Al(OH)," | &&, LFIEW (3) HHREENRE T

(@) (b)

BLER (ALOH),) &k, LW (4) PEEEN
JEEIRE (Al-HA ) &b, I v & X
AR SRS R/,
1.5 HiEabE

Fri5%04E FHIBM SPSS Statistics 21.05{FEAF
J7 22404, LSDE#AT &K P Ia i 2 8 b AL, K
JHGraphPad Prism 5iil[&], Microsoft Office Excel
2007 . IR b BT A s 1 3 A 73
{8 = bpifEzs, BEMEKFBINP<0.05,

2z R

21 EMWEHENSERYBHERER. 8K

I H 52 M

T L 5 B 1) 3 PR R 1 B S A 0 S R A 4
B AE R . AR (1E11) o SXTREAELE,
FERNLD 270, Lb S238A . Lb S238N/M Il i 45w
B A ET4.4% ., 48.9% . 74.6% (F1a) ,
B 107% . 58.6% . 129% ([E1b) , AWz
145% . 101%. 145% (Klc) , 3¥REHE ML IEE
FHRR I JLb S238N = Lb 270 > Lb S238A.,

(©)

il

e
W

<
~

o o
NS REOS)

o ©
=

Z 500 . . Z 05
= — - =
Z 400 b . S 04
— il
g = 300F = & 03
# 2 200 g oor L
é 100 %: 0.1
S 2 0.0
m -

CK Lb270Lb S238A Lb S238N
WAGHEBE R B L. bicolor strains

CK Lb270Lb S238A Lb S238N
WAL HERE R A% L. bicolor strains

LT
Uptake of Al/(mg - plant™)

CK Lb270Lb S238A Lb S238N
AL ERE AR L. bicolor strains

0 RPANFSARE R #2257 B3 (P<0.05), [ [F Note: Different letters indicate significant differences between treatments at
P<0.05. The same below
11 2 FhoRl o it o X S5 A Al T 2E K (a) B (b) FIER R AL () ) 5% T

Fig. 1 Effects of L. bicolor inoculation on the growth (a), uptake of P (b) and Al (c¢) of Pinus massoniana saplings

2.2 EMWNEEEXNRRTIEpHIMENHE S =/

=AU

2 R, 0 7 ot I SR A AR B = R p HLAY) 2 i (R
Rk S (E2a) o SXFEEAL, Lb 2701 Lb
S238NW = e 1 i FE R MR PrpH, H Lb 270191F
FHS T Lb S238N, W3 43 5K AK0. 11F10.07 4 H
£ TMiHEF Lb S238AMIAH R, fipH & EH no.11
ASHA

Ly R A AR PR A R A RO % i 3.40 ~ 5.08
mg-kg™, AU E RS EK0.97% ~1.50%, &4
B G AL AR L A O 2 e AN 4 5 B /N
B HEP R AR e B T A OB i ) R el DR R R 1T S
(E2b) o S5XRAELE, $F Lb 270F1Lb S238N
it 4 oA ARl B R 15.5% ~ 15.9%,
PR ) TG 5 22 55 iRl Lb S238ANNA S, f#
A R B R 25.6%
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(a) (b)
6 =
Sr b d a ¢ ~ &
Al 2
A
s o c ¢
5L 3 —_ —_
- 40 o
= ' s
2+ R
' 2
1+ 8
‘s
-
0 < 9
CK Lb270 LbS238A LbS238N CK Lb270  LbS238A LbS238N

WALHEBE R A% L. bicolor strains

IAGUEBE AR L. bicolor strains

P2 T X0 05 ) B R AR AR B 1 338 v pH () R S50 5 (b) Y 52 1)

Fig. 2 Effects of L. bicolor inoculation on the pH (a) and available P content (b) in the rhizosphere soil of Pinus massoniana saplings

23 EMWNEEENRIRLEFLINBSERS
Al
LR MAARPE - & 2 #339.7~356.4
mg-kg ', HPILXHL#E166.0~195.0 mg-kg ™',
i eWE47.6% ~57.4% . WESHEZ LB
BTNy, 546.1% ~50.1%; ek, &
31.9% ~35.9%; F5 AT S BB, 251

119.44% ~ 11.0%H16.96% ~ 9.74% ( F2) .

5508 FERE L, ol XL o T - R A Y A
To il A, X ICHLBE & i R — s E Rk
FERE (R2) o E3DHRT, Lb 2702451 1
LB & & KT Lb S238A 17.4%, Uil Lb
270 T AR Ak 4 v X6F T HLAE 5 P 1l 4 7 A6 R T RE 7 5
T Lb S238A.,

R2 BN ESENDRNEARRIER LIRSS HEIZIE

Table 2 Effects of L. bicolor inoculation on distribution of inorganic P in the rhizosphere soil of Pinus massoniana saplings

i B A RETP T HLHIP AL-PIEHUBE  Fe-PIENLEE  O-PIEHLBE  Ca-P/LHLEE  JEHLEE/ 2R
Strain /(mg-kg™) /(mg-kg™) AL-P/IP /% Fe-P/IP/% O-P/IP/% Ca-P/IP/% IP/TP/%
CK 356.4%6.1a 185.6 £3.9b 8.25 £0.66b 353%1.9a 46.1%1.7b 10.3 +0.2ab 52.1%0.6b
Lb 270 349.0 = 0.0ab 166.0 +3.1c 9.74 % 0.55a 34.6%0.3a 46.2%0.2b 9.44+0.91b 47.6 £0.9¢
Lb S238A  339.7%9.0b 195.0=5.1a 6.96 +0.23¢ 31.9£0.9b 50.1+0.8a 11.0 0.6a 57.4+23a
Lb S238N 350.9 £0.0a 185.1 £2.3b 7.81 £0.39bc 35.9+0.4a 46.4 = 0.8b 9.91 £0.74ab 52.7+£0.7b

W RPRATNAR AR LR AR 2257 B3 (P<0.05). T[F Note: Different letters in the same row indicate significant

differences between treatments at P<0.05. The same below

X, W 7 42 g X I B2 A AR PR - 48 v 4 R G AL
W 20 43 7 i B FLAE TCALBE b 43 A 19 5% g DAL A i
S (E3ME2) o SXTEAHL, R Lb 2708 3%
Ref AT 0 e 0 5 8 2 B, A A > T 12,3 %
18.1%, & $2 = MwE7E THLBE Y /0 A 5 D Lb
S238A I FH FRARAN W o B, W/ AR AR . (HY
TN & S BETECHLEE P Y o34 s $EFh Lb S238NX
R RV 1 e S LR TE ML P 18 o A 35— U
b, BRI B ERE . Lb 270 AR B BR 3 v 4R

BE AR E T (HERBE R B 5 WA T Lb
S238AFI Lb S238NHMR MR br, HIAE ST =
WEANT Lb S238ATHMR M MRFR; Lb S238 AR
HR PR A b 85 % 5 5 0 35 % T Lb S238NAl Lb 270
PR AR PR . AT UL, 2oL 6 it 8 1 35 (2 0 5 R
AR A TCHUMEE VB IR 0 e AR R, HLIR B b
M5 Lb 270 F L2 M5k, Lb S238AF %L
SEAOEE, I Lb S238NXT AR B AIAS B A — i 1 FE
LI .
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(a) (b)
201 80
. ab a ab b a
R 1 b fom o — —_—
¥ sk ° = = 60t ¢ —
on
= L <2 og0F
L1 g2
€@ 8 ?5 Q
Q
& 5F & 20¢
< 2
0 0
CK Lb270 LhS238A LbS238N CK Lb270 LhS238A Lb S238N
(©) (d)
150 25F a
— ~ ab - b
P w 205 = c -
¥ % 100k ab 2 b E T
<1 g = b 4 gﬂ § 15F
5z %5
#E S ®E 10f
S 50k S
Bo o
1 < 5_
o S
0 0
CK Lb270  LbS238A LbS238N CK  Lb270 LbS238A LbS238N
AAKEEE MK L. bicolor strains WAGEEFEFE AR L. bicolor strains

(13 sl o S EAMB PR H PR () . BRBE(b) . DA ES A (o) P B (d) B 1 5 T
Fig. 3 Effects of L. bicolor inoculation on the contents of Al-P (a), Fe-P (b), O-P (c), and Ca-P (d) in the rhizosphere soil of Pinus

massoniana saplings

24 BEMUEBHENRMRIEPEHEESERS 0.83~0.91 gkg™', HIEMEIANT1.6% ~76.3%, &5
IR FREFHK, 1522.6% ~26.7%, XML diih PEER
L RRAMBIR TR A0 5 5407 ~ 482 gkg ', H BILEKERSr, JE598.1% ~ 99.0% . SIS SR AR I
G PEES1.09 ~ 1.27 gkg ™', HEER12.49% ~ 2.77%. AN EHRAR, OGN IEMHERS190.23% ~ 0.95%F
R CHLER 2 TR i E A M, SN 0.70%~1.04% (K3) .

RI EMUEHENIELNEHARFLEREERS B0

Table 3 Effects of L. bicolor inoculation on the distribution of labile Al in the rhizosphere soil of Pinus massoniana saplings

X . FE RS T MR TCHL . ‘
i, e BARAS Y . . BRSP4
BB ZfiTotal Al ., i (AL(OH) B/ P A
. Labile Al B PR ALY ” PEFRAL-HA/  HiLabile Al/
Strain L l(gkg™ , &AI(OH)™) / AI(OH),° / ,
/(g'kg™) Labile Al/% Labile Al/% Total Al /%
Labile Al/% Labile Al/%
CK 1.20£0.03b  48.2%0.6a  0.95+0.08a 0.7+0.02d 73.1+0.5bc  252%0.6ab  2.49+0.09b
Lb 270 1.27+0.04a  458+0.2b  0.79%0.02b  0.89%0.05b 71.6 % 1.8¢ 26.7+1.8a  2.77+0.08a
LbS238A  1.09%0.03c  40.7+£0.0d  0.23+0.0lc  0.82%0.02c 76.3+1.3a 22.6+1.3¢c  2.67%0.07a

Lb S238N  1.22+0.02ab 44.4+0.3c 0.83+0.07b 1.04 +0.02a 74.2 +1.3ab 23.9+1.3bc 2.74+0.04a

FE R0 0 B G PRI R R A (3R (7.80%F15.06% ) . Tixfid 4R &8s, A
3) o SXTHEAHLL, Lb S238AMIIR YLl 448 A 5 i WERRIN S . Lb S238A W ERFAK, Lb 2705 FHn,
EEK15.5%, W E TLb S238NFILL 2701 [ iR Lb S238NTC 50, HLb 270F1Lb S238NH 115
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E

PR SR B TLb S238A ., 3FhEL MY &
EGE PR TER BT A L], RN T.14% ~ 11.2%,
F A48 00 & 5 A I MRS R o A Y
MRS (E4REER3 ) o SXFAHL, Lo 270
FILb S238N43 il ik 5 AR AL e A8 5 2 11.5%
11.0% . IR EEEE T H34.5%M50.2%, XK
WICHLER FE RS S L B E s AN LD
S238 A I 25 ol /b A8 4 A% AR RIS B R AT 4 ik, XTI
HHREIEEIR77.7%, XIE A R A18.8%, Xt

@
15

C

—

e AR
Exchangeable Al content/(mg-kg™)

CK Lb270 LbS238A LbS238N

(©
1000

1
o
&

800

600 -

400 -

200 -

FRUE AR e
Acid-soluble Al content/(mg-kg™)

CK Lb270 LbS238A Lb S238N
SAGKEEE Ak L. bicolor strains

PR LA RN R I JOHLAR & RN JC R, 7R3
HE Y, Lb 270F1Lb S238N{Z YL )5 ) 1 HErhaFhIE
BEGEY B ESTLb S238A; Lb 2700 il R
G TLb S238N. HEFNLD 270 5 3 AR
LSRR EE PR E], (HIEIR ST
Bl BERNLL S238A I 35 [ MK A2 e 25 0 R S A i 4%
L], (H 36N R IEAS A0 M ERV JCHLAS Ll s 3Rk LD
S23 8N b 25 [ AT 28 40 A BR RN I A R A L g1, ELYG n
B (£3) .

(b)
15

FAESE R

Hydroxyl-Al content/(mg-kg™)

CK Lb270  LbS238A LbS238N

(d)
400 .

300 F—— -

200

15 SHIRERS &

Organic-complexed Al content/(mg-kg™)

100

CK Lb270  LbS238A Lb S238N
IAAKEBEE R K L. bicolor strains

LS5

P4 2R onL € s B 0T o EEAMAR PR 3P 5c 8 B (a) . FREAS B (b) . BRI TCHLAR (o) R FE R 45 () 7 5 i 52 )
Fig. 4 Effects of L. bicolor inoculation on the contents of exchangeable Al (a), hydroxyl-Al (b), acid-soluble Al (c), and organic-

complexed Al (d) in the rhizosphere soil of Pinus massoniana saplings

2.5 RERTIEPpH. BYEE. THHMERES

= [EA9HE XM

M R4RT WL, THEpH S A R . & S wEAES
Bl P i (DB 0 25 B AH OG5 AR AR A Y i
BR B A A 3 ORGSOl e S P A
PR R AL R EAR DG, S4RIE RIS SR S
A 2 A DG AR I S ISR L AR
BR T ) O ARG PR S S
SRR A Z A n HAAl 3 RO A48 5 W
HE i E MG, Ik, RS SpH

REARARP G ML SRR = A, D BRI i,
NP R AS W AN B R, A M TR R A A
Rtk

3 i ®

Ly b v8 D 4 Ol TR P AR Ak -, b 4R
W E S, %5P0, . HPO,” |, H,PO, K4V
UE SN A JHE VA PR L R I 0 A R, R
MMARAER D GRS % SRR, R
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*4 DEMMRTIFEHpHE. B, TABMMELEE S SEMEXMYE

Table 4 Pearson’ s correlation coefficients between pH, contents of available P, inorganic P, and labile Al in the rhizosphere soil of

Pinus massoniana saplings

- H R i e P A 5

Available P Al-P Fe-P O-P Ca-P
pH -0.670" 0.209 0.8917 0.823"
H %W Available P 0.967" -0.536 0.055 0.860" 0.732"
755 Exchangeable Al -0.795"" -0.851" 0.613" 0.165 -0.806" -0.602"
BRI Hydroxhyl-Al -0.741" -0.744" 0.172 -0.049 -0.462 -0.503
TR JCHLAR Acid-soluble Al -0.865" -0.879" 0.446 -0.071 -0.696" -0.591"
JE5 5 R BH Organic-omplexed Al -0.790"" -0.759" 0.770" -0.363 -0.827" -0.811"

*, P<0.05; **, P<0.01

XU B I 3 bk R 3 0 R i LR S R
P A A RN e g R S o DA - s b & S T L Y
TR A, BRI B BE A F AR PR 1 R
MEVS PEWE A S AL R . T FHEMEL TR . 25 32 DA
R R FF A AN, 40T R 51 R A0 A TR AR Ak R
FHOME S P B IR FP AR TE 22 5 0 WK KGR A &
MR R E (pH 6.8 ) 25 kIR LA,
Pisolithus tinctorius 715. Lactarius deliciosus 3 .
Cenococcum geophilum 4H1Boletus badius T4 7] T
SRR AL R Y Lb S238N{E Yt E LTS
J5 . AR BB AL M T RE D e
Y B AN IE R SR TR R i i R, XA
A AT B 28 A B O AR R 5 TR RE S5 A T LD
270%F kW MIAGHE . Lb S238AXT AR WA W M Ay
AL R FIRE J7 o 3R UUER 05 1 T 5 FE A &) 1 X 8 1
W W RE AN I B v, T L TR R ] 22 S
Lb S238NFILL 2701 I HLb S238ANY R £Y1
5, HEILH S238NHILbH 270 K v xiF + 3 v i A i
WOR FH R 5 i 2 v T Lb S238A . TEHRAENE F 4 4
PER PERE AL R, Lb S238AMRPR LI A
W& TLb S238NAILL 270, HEHN
A TR ELTH Glomus mosseaeVEJIARML ', 7ELD
S238NHILb 270 A i M Pk H 30 A SO 0 75 ik .
PRI, 2P 3 ke L €00 5 8 1) 1 Wb 35 418 1 5 R P &0 1
XoF TR e 1 3 e e s M i 9L 1 A AR DR ) A Ak R
F, HLb S238NFILb 27058 FLb S238A

TE TCAILME I P W A S AL R B b, 2800t
FNHI T F AR A VLRI RS 58 .
Bk e R BT EGTE BURCE MIRIREE R, K
HE5E BRI R, Hod By H o X TS AL ME ¥ v

B 2T JEEM LT B R R AR
h, [RVRE 2 IR M AR WA R A1 SF R R 11 4 b R 8 7%
W R TR AR L i L A SR A ML
PRSI A Y g YRR T A
ERARINN s WP i R C Y REAS (A (SRR A SRIN 3 N
I HpHAEAR, #A R+ B s, JLIL
R 1 0 A6 B I R RN AR R B . ZELD 270
FILb S23SNFR MR PR 3, pHE FHMLTAER
MR ARBR , EG A sl U0 I TR e XS P s £
TH MWW, A0 TEsrEk. R, 2k
SR RS, UEUTA ML AR B F s 5 1R
AIREMEHE T EMTMEib . SR, SHRERES D REM
TV 1) AL B 0T 0 R AL e 09 AR a2, B A v
FARTEAR T, U0 B XV s A 3 T A ] 4R ) R
ARG . A, TR AR AR Y R i, il
B R A 3k B AA P H e T A 0 R K S HT, T
HLb 270FLb S233NFA AR H B H (1 H & v = T
Lb S238A, X i i PH # M2 b p H i 2 R A1 5 2 A
YR o Lb S238 AR PRAR B & 1Y I FRAC A
ARl S I RGN, U AR R R A A AR
W, SRPAEIREETHEHTRERTH .
W, UL e B R X X VA R 1) A A U T
fb, —J7 A AR T A HLRR A B X450 . k. 850
BEAVER, D5 — 0 W& H 0 VR R ik
Wi, AHXTI S, Lb 270FILb S238NTH L1 5 £ i
FHE T T RRAN , MLbh S238AT] fiE T £ i I T
AR AL, F—8 TP X R R,

VFZWIEAg 502027 R A R AR RE A
G e bR R, RRZ 20
R PERAAR 720 a6 T A 3 e L€ M T AR
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HRPR - 498 P e S AR B 1 B B IR AR AR, 1
FUEBA T EM B I 2 Y RE D g . sk, HA
3FIEASIE MRS S R W BCE R N BRI S Lb 270
FILb S238N W FR I AR & it 70 WA AR AR 1 o 2%
PE34.5%M50.2% , WE B W] th AC A AR S =
(I FEARARJE s Lb S238 AT M B i 35 A%,

H R A4 A BB AN AR 3RS PR S AR & m R
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Effect of Laccaria Bicolor Inoculation on Contents of Inorganic Phosphorus and
Labile Aluminum in the Rhizosphere Soil of Pinus Massoniana Saplings

GU Xirong NI Yalan JIANG Yanan JIA Hao HE Xinhua

( Centre of Excellence for Soil Biology, College of Natural Resources and Environment, Southwest University, Chongqing

400716, China)

Abstract [ Objective ] In most soils, TP (total phosphorus) is generally plenty, but its availability to
plants is very low. When the soil is getting acidified, soil Al is liable to get activated and then bound with
HPO,”", H,PO,", and PO,”, turning them into hard-to-dissolve P, thus further lowering soil P availability.
Some ectomycorrhizae (EM) are found to be able to deactivate soil Al, thus letting Al-complexes release
bonded P in available form, for plants to take up. That is to say, some EMs could be introduced into acid
soils to improve soil P availability and plant growth. In experiments of in vitro cultivation of EM fungi,
some demonstrated their ability to raise P availability in soils neutral or slightly acidic, but little has
been found in the literature validating such ability in the field. The present study aimed to assess effects
of inoculation of EM fungi on inorganic P availability and Al activity in the rhizosphere soil of saplings
planted in acid soil, and to explore mechanism of EM colonization improving host plants’ resistance to
Al toxicity. [ Method ] Germinating Pinus massoniana seeds, inoculated with three strains of Laccaria
bicolor, namely Lb 270, Lb S238A, and Lb S238N, separately, were imbedded into pots of cold sandy yellow
soil collected from a P. massoniana stand, and irrigated twice a day to maintain a proper moisture regime

for 16 weeks under the natural conditions. At the end, comparison was made of Pinus massoniana saplings
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inoculated with EM fungi with those in the control (without inoculation). [ Result] Results show that
inoculation of L. bicolor significantly affected the contents of inorganic P and active Al in the rhizosphere
soil of the saplings and the effects varied with the strain. Compared with the control, inoculation with any
of the three L. bicolor strains significantly improved growth and P and Al, uptake of the saplings. In terms
of the effect, the three strains exhibited an order of Lb S238N > = Lb 270 > Lb S238A. Inoculation with
Lb 270 significantly decreased soil pH, the contents of available P, iron-bound P (Fe-P), calcium-bound P
(Ca-P), total Al, and exchangeable Al, and the proportion of exchangeable Al in the fraction of labile Al,
but increased the proportion of aluminum-bound P (Al-P) in the fraction of inorganic P, and the contents of
labile Al or hydroxyl-Al and their proportions in total Al. Inoculation with Lb S238A significantly reduced
Al-P, the proportion of Al-P or Fe-P in the fraction of inorganic P, total Al, labile Al, exchangeable Al,
organic-complexed Al, and the proportion of exchangeable Al and organic-complexed Al in the fraction of
labile Al, but raised soil pH, the content of available P, the proportion of occluded-P (O-P) in the fraction of
inorganic P, the proportion of labile Al in total Al, and proportions of hydroxyl-Al or acid-soluble Al in the
fraction of labile Al. Inoculation with Lb S238N significantly decreased soil pH, the contents of available P,
total Al, exchangeable Al, and the proportions of exchangeable Al and organic-complexed Al in the fraction
of labile Al, but increased the content of hydroxyl-Al, the proportion of labile Al in total Al and that of
hydroxyl-Al in the fraction of active Al. [ Conclusion ] All the findings in this experiment demonstrate that
inoculation with L. bicolor can improve the resistance of P. massoniana saplings to Al toxicity, which may
be attributed to the ability of the fungi to enhance bio-availability of soil P, but their abilities to lower Al
activity vary with strain of the fungi.

Key words Active aluminum; Aluminum toxicity; Ectomycorrhizae (EM); Inorganic phosphate; Pinus

massoniana Lamb
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Study on Mechanism of Demethylation of Pectin Promoting Reutilization of Cell
Wall Phosphorus in Rice (Oryza sativa) Root

ZHAO Xusheng'” ZHU Xiaofang' WU Qi'* SHEN Renfang"*'

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China)

(2 University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract [ Objective ] Plants can survive under the stress of phosphorus (P)-deficiency by
coordinating inorganic phosphorus (Pi) acquisition, translocation from roots to shoots and redistribution
within the plant. Studies in the past have demonstrated that cell-wall pectin contributes greatly to
reutilization of rice cell-wall Pi under the stress of P-deficiency, but not how to. Therefore, it calls for
further studies for clarification. [ Method ] Two rice cultivars, ‘Nipponbare’ (Nip) and ‘Kasalath’
(Kas), were selected as the subjects in the experiment to explore changes in endogenous phosphorus
availability in the plants and difference between the two growing under the stress of phosphorus deficiency,
and their specific reasons. Rice seedlings were cultured in the normal solution for two weeks and then
moved into a nutrient solution with (+P) or without (—P) P for cultivation for a week. Roots and shoots of
the seedlings were sampled and pulverized in a pestle with a mortar in liquid nitrogen, separately and by
cultivar too. A portion of each pulverized sample was prepared into cell walls. To determine availability
of endogenous phosphorus, inorganic phosphate (Pi) was extracted from fresh roots and shoots, separately,
with 5% (v/v) sulfuric acid solution, and cell wall P was extracted fromdried cell wall with 2 mol-L™" HCI
solution. Concentration of phosphorus in the extracts was determined with the Mo-Sb colorimetric method.
Then, in the late-on in vitro P analysis experiment, pectins different in methyl esterification degree were
used to study relationship between the degree of methyl esterification degree of pectin and ability of the
pectin to release hard-to-dissolve phosphorus. To follow changes in methyl esterification and activity of
pectin methyl esterase (PME) in samples of the seedlings under the stress of P deficiency, root samples
were treated with high-salt buffer solution to extract PME, which is able to trigger hydrolysis of pectin
into methanol, which is then oxidized into formaldehyde. The activity of PME can be scaled according to
the color reaction of formaldehyde with the Purpald reagent. Pectin in root was extracted from dried cell
wall with hot water. Content of uronic acid in the pectin hydrolysates was determined with the colorimetric
method, and methyl ester in the pectin hydrolysates was measured to characterize content of carbomethoxy
in pectin. Then methyl-esterifcation degree of pectin was calculated based on the contents of uronic acid
and carbomethoxy. [ Result] The present study shows that soluble phosphorus in rice was reduced rapidly

when the plant suffered phosphorus deficiency. The content of soluble phosphorus in roots kept declining
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for 5 days and then leveled off, while the content in shoots started to decline obviously some time later, and
the downward trend went on even after the 7" day. However, Nip was always found to be higher than Kas in
content of soluble phosphorus in the roots and shoots of the plants, and released more cell wall phosphorus
from its root, which, indicates that Nip is higher than Kas in ability to recycle its endogenous phosphorus.
The in vitro experiment shows that the lower the methyl esterification degree of the pectin, the higher the
capacity of the pectin of activating hard-to-solve phosphorus. Once coming under the stress of P deficiency,
Nip kept methyl esterification of pectin low in degree by improving the activity of pectin methyl esterase,
while Kas did not vary much in activity of pectin methyl esterase and hence unable to lower pectin methyl
esterification degree of the root. [ Conclusion ] All the findings in this study suggest that under the stress
of phosphorus deficiency, rice may keep cell wall pectin low in methyl esterification degree by improving
the activity of pectin methyl esterase, thus promoting P release from root cell wall to raise the content of
endogenous soluble phosphorus for use by other organs of the plant.

Key words Rice; Phosphorus deficiency; Reutilization of phosphorus; Cell wall; Pectin

methylesterase; Degree of pectin methyl esterification
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20 em R EEHC S0 B4, EOLARKT, B

W20 A g . Bl AR P IL R .

F1 MR TIEERMER
Table 1 Basic soil properties of the sample profiles
N K AL A S -
e A LA IR AT BB B fit 4 IR VERHR RO
TR i Water soluble )
) Organic Water soluble ) Alkalyzable ~ Water soluble Available
Profile depth pH inorganic
carbon organic carbon nitrogen nitrate phosphors
/em » . carbon » » »
/ (gkg') / (mgkg') . / (mgkg ') / (mgkg ') / (mgkg')
/ (mg'kg")
0~20 8.00+£0.0lc  6.80*0.37a 143.0+7.6a 56.73 = 1.1a 4550+4.95¢c 13.56+1.22a  2.52+0.02a
20~40 7.97+0.01d 6.63+0.23a 135.3+0.4b 59.17+1.1a 85.50+4.85a  13.27+0.56a  1.69%0.03b
40~60 7.99£0.02¢c  3.33£0.05b 109.6 £ 1.3¢ 60.62+6.51a 57.75 +£2.47b 4.39+0.05b 0.31+0.17d
60~80 8.10£0.01b  3.06%0.07b 80.7 £ 1.4d 35.98+0.04b  59.50+14.85b  1.99 £0.05¢ 0.54+0.11c
80~100 8.17+0.02a 3.21+0.31b 70.3+£2.7d 19.53 +1.05¢ 45.50+9.90c 2.11%0.17¢c 0.48 +£0.08¢
Ereil A .
I ) e 5 o IKEPEGR ER Eh
cUITTRASES Slowly Readily P 85 58 e i LY/ELN sy A3 5k
Water soluble
Profile depth available available CEC Physical clay Available iron "
sulfate
cm potassium potassium / (ecmol-kg™) 1% / (mgkg™) .
. . / (mgkg™)
/ (gkg ') / (mgkg ')
0~20 1.22+0.05a  168.8+2.0a 85.86 = 2.12ab 38.04 6.44 £0.59a 31.29 £0.48b
20~40 1.15+0.02b  170.0 £ 2.0a 85.98 £ 6.47ab 41.79 6.49 £0.09a 33.97+1.45a
40~60 1.12+0.01b  147.0+2.8b 87.85+4.51a 52.11 6.20£0.24ab  17.32+0.57¢
60~80 0.89+0.01c 1199+ 1.4¢ 77.44+7.18¢ 50.04 5.87+0.02b 21.94+0.14d
80~100 0.69+0.01d 100.9+1.7d 82.31 £4.55b 54.19 5.42 £0.14¢ 29.25+0.41c

TE: TIME = bRiE2E s WIS RN R 22 538 B /K F (P<0.05) o FIA Note:

Mean = SD. Different letters in the same

column mean significant difference ( P<0.05) . The same below

1.2 [EERSEFRE
TR A 1 ) T R BE Y A 3,000 g Ty
THEBN10 mLIMIER S, A3 mLZEEFK

JG s AR TE . RAS minhHEH TS AR, TR

ARABRP TN EEE, 128 TR REM (7
WSeAR, FPG3) o130 = 1°C 125 BEF2 4 Aok HE b 3
(2000 lux) , 1/2% THEEHEFRMA ( LR,
GSP-9270MBE ) 130 = 1°CHEEH 55 (G ik
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) o TE40 dIFFE IR IR TR R, E WRAE S
MrFe (11) & &, BUCRAER 25 A BRI 30, 1T
TE BHR 6 AR 2E, e o048 51 Ja RS W # T R
0.4 mLIE¥, % FHWihnA4.6 mL0.5 mol-L™' L2
JERRE MR .0 T, 75301 CHHIRKEFRAE T
24224 ho BHEWT0.22 w mPENE S I E IEW TP Fe
(1) HeBE,

KR 45 oG 2 A BRI, 27 mL 258 7K
BRI N U v A 100 mL =, LAk
ST HOK IR EE IR AR | BRERER . TCHLER AN MLEK Y
it

T HEpH . A LA . B A . AR . ZERL
B OBORLER . PHESFACHRED . WL RORCR R R
SO

0.5 mol-L™" HCUHEHFe (II) . /KIEMEHMR
AR L AHERER AR M S A STk [ 8 ] Tk
R0
1.3 iR

ZHCHR [ 8 ] 2RI B Logisticr R xU L A ikt
e FR 0.5 mol- L™ AI4EHFe (11) & HHBamT
WAL, SRR R PFe (1) YRR 2 (ib
SR ) L HEBEEE. RRER (V) K
Y IFIR]

JEMA M N Fe (11) fe Kk BB 1 57 0o 7
HiFe (11) WA KM ; FALTF G B ] S 15 55 2o 72
Fe (11) JFERREMRATESE]; Fe (I1) Akt HFe
(11) MK SR WA RFe (11) &0
2:{H; Fe (I1) AL R NP E AR, $E
FEETFe (1) AAb bR DL3s R i 8 b A b e 2
B[] o

5000
I (a) )G Under dark

4000 |-
s I —o—0~20 cm
* 3 000 —0—20~40 cm
8 i —2—40~60 cm
& r —#— 60~80 cm
= 2000 —0— 80~100 cm
[}: I A

1 000 |

oL

1 FEFE] Incubation time/d

48 K HOriginPro 8.5HISPSS 13.043#7
Qb FR

2 45 R

2.1 BEYE AT S T 1 Sk RO IE SRS AE

75 S 5] R0~ 100 cm It B Py 2 77 78 £k
WE R . BEOER R R AR £ 20.5 mol-L™
HCIn$£ B Fe (I1) Bl FRmtmI L “S” M
K (Ella) , HEIEEIFAZEFe (11)
P, HEEHEARRE LE D Fe (11) W&
Mgz BAAERE2ZR (Kla) o BE205H,
5 b - 1) T R AR A S A E0~60 em iy
R ) T VR A B R AR, 60~80 cm Al
80~100 cmZ ML % 2% . #)Z (0~20 cm)
F120~40 cm 1 )2 H 8k S ALY 1030 JE R H 8L . B
TR R e e B B ¥ O B 2 S, R R
1140 cm5 2 IR E ALY 10 R R EE . R
R A B AR B R R R o R ) )
A E
2.2 REBEFHETIEEEREFe (1D HWEK

FEHEEE T, 0~80 emt 2 Fe (1) Ffiks 5%
B SRV S S ROCH B R (B , KigRar
MR MFe (11) B )7, JFHFe (11) R
WAL, RIAFe (11) &b, UiBH b +10~80
em+ ZHIFETE G AIFe (11) EALRAY .

IR 4 T 20~40 cm /2 Fe (11) By R
i EA R AL R R R, BR T20~40 cm
+24h, Fe (11) PR SE b AE L ORI bl
TR B S A A (1813

5000
L (b) Y&H& Under light —o—0~20 cm
—0—20~40 cm
~ 4000 —4—40~60 cm
o [ —s— 60~80 cm
p 3000 —o—80~100 cm
3
Z 2000}
(]
B
1 000 |
0 _

1320} R] Incubation time/d

K1 E G (a) H5OEIR (b) REHFFEREF0.5 mol- L' HCINIZ4EFe (11) & HAE(L

Fig. 1 Content of 0.5 mol-L™' HCI extractable Fe (II) in the profile soils under anaerobic incubation in darkness (a) and in light (b )
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BJF 34 Reducing potential/(mg - g™) R Rate constant/d”!
)" ! 2 3 4 00 0.1 0.2 0.3 04
E T T T T T T T T
3 @ a = O
2 s
£ ¢ S 20F
=S =
£ b g
g 40 - £ 40t
= c 5
3 el =
= 2 60 |
IS d il
= i
= 80r ?é 80 |
4
100k 100 -
BHH®E Max velocity/(mg - g - d™) F R BT ] Time max velocity appeared/d
0.0 0.1 0.2 0.3 0.4 0 5 10 15 20 25 30 35 40
0 T T i T T T T i 0 — T T T T T T T T T T T 1
a
g (©) <\E) () c
~ 20 | 3 [
é % 20
g E_ —v—i ¢
£ 40} a0t
2 2
-dcc;. % —%—i ¢
F60F 2 60+
= 2 NP,
& s0f = 80|
= c = :
100 - 100 -

W FRARERZRWE (P<0.05) Note: Different letters mean significant difference at 0.05 level
B2 kGRS - A Tk R 114 G 2 B ) 1 R 1 AR f

Fig. 2 Variation of key parameters of the reducing processes of iron in the soil incubated in darkness with soil depth in profile

H80~100 cm T Z1ERE SRt FE PR HI B Fe (11)
FERE R R A BS, (HiZL)27E30 d
KR it Fe (11) AR H383.3 pege!, B2
WEGITFEAR 128.74% . HiiiFe (11) f K R E D
20~40 ecm T EEOK, 5EIMTRE R C R 5oLk
A—2, WFHIZ (0~20 cm) F120~40 cm + )21
W, EARFe (1) 4rlfedigR12 dRI15 diIF 4R )
WAL, H¥A%T7 RIFHAHHE BT, BEX
SFROEALEE (1 a)

2.3 EFREREHIKBERK

TERECHOBIE &M, BE 3R 45 s &)1 38 ok
VST LA A S IR AT R A, ol /i ) R R 1
TR (&4 ) o BEGAL BRK VA PEAE HLAR - 2 [
f£19.38 mg-kg™, FHIFEIE14.98%; KIF L2
T BE R TR B, BRIRAE0~60 cm 2 Z AR UL
AL IR KA LT 34,62

mgkg™, FHIEIFH32.09%.

O 5 % b 2 R0 T B K T T LR Y
S, PSS, 50 mgkg ', BEETE0~60 cm
TR J3E I 51 T R 3 184 i 2 08D, 40~100 emR
+EZETREES (ES) o LR ARG
T = 3K s M TE MR & BT ¥ 21.65 mekg
AFEELRZ R LR EER ., LREEREMRT
0~80 cm*t 2 HKEM MR & &, Wl EA T
16.45~39.80 mg-kg '\ ([&5) .

HE— 25 BT 3G R R K B P AR AR b i 5 A Ak
WFE RS LR K (F£2) , #OGRERE R
TSGR PE LRSS 5 2 I AF AR IE AR DG E R, Bk
R HCRE AL R R 5 KA YA FL s i
WEIEMHER, BoRBRmReir it e ma
BRI B 1L . SEIRIE, Fe (11) &4k 5KAEMET
BLR U D 2 35 TE ARG, AR K I A Bk 28
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54
o KFe(I) = & Max Fe(ll) generated (mg « g)
0.0 0.5 1.0 1.5 2.0
E 0 T T T T
2 L (@ »—lb—<
RO
= 20t
s
= a
g_ 40+
3
= ¢
3 60}
= o
®
& 80| /
E=
we
1004

Fe(IDH44LE Amount of ferrous re-oxidized (mg - g

(%).O 0.3 0.6 0.9 1.2

(© b

20+

40

60

80

| i 2 Soil depth in profile /cm

il

100+

)

1 ¥ B Soil depth in profile /cm

#

Wi ¥ B Soil depth in profile /cm
(e}

jn:l
(¢

Fe(IDA AL T 4R I ] Time ferrous oxidation began (d)
0 5 10 15 20 25 30
0 T T T T T T

(b)

200
400

:
/
L

80+

\.

Fe(IN44Li#Z Ferrous re-oxidation rate (mg « kg™ -
0 20 40 60 80

(d) b

|

—a—a

100+

0

400

60+

e d
80—/

100+

I3 OGRS SR I BRad P i ) S o 2 30 ) T 2 1) 22 £k

Fig. 3 Variation of key parameters of iron redox processes in the soil anaerobically incubated in light with soil depth in profile

IR AL

Content of water soluble organic carbon (mg - kg™)

0O 20 40 60 80 100 120 140 160 180 200

g T T T T T T T T T 1
@ @
B 20t
o
g
£ 40}
3
3 6o}
’@&( &, O 5350 Before incubation
S —O- JelREEE R
]';E, 80 After illuminated incubation
= ARG

1ooL After incubation under dark

%4

Fig. 4 Water soluble organic carbon in the soil profile after anaerobic incubation, (a) content and (b ) amount reduced

i EADE (F2) , HIFH ] R 5Kk Ie oLk
POLE T A MAEY LA, R fEFe (11) A4
[ REPS
2.4 EFERBHIKEEEE L FFTER 2

R R)E, RRTKEEMRE SRR
3R, ATLLE TG kiR B A, B aRss

IRV A LRI
Amount of water soluble organic carbon reduced (mg - kg™)
-10 0 10 20 30 40 50 60
L (b)
L —o— JeIREE )G

After illuminated incubati
| A B T
40 - After incubation under dark

0

—_—

20

| R Soil depth in profile /cm

%,_{

100 -

PRAEIG IR A5 AR Wl L2 KA HLER & B (a) MO (b)

WK SR EY & S R RS, iR T
83.41% ~ 98.60% , H.Pifi i fi T BE 34 i vk 20>, O
HE A B SP- R IR 93,12 %, 5 ke S Ak B A 2 i =22 (1]
ThREES

WEOGIE TR A A G K PR B IR R & B AL, P
MF22.19% ~92.36%, 4 M I 1) 17 % 58 344 Jon s ik
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IR HEICHLIR o IR PETEALIRAAL B
Content of water soluble inorganic carbon (mg - kg™) Variation of water soluble inorganic carbon (mg - kg™)
0 30 60 90 120 150 180 -60 40 20 0 20 40 60 80 100 120 140
0 : . - : : . T T T T T T T T T T
g | (a) A S - 7]1] [y -
o 2 5l Increase
ERy E
& a
.E g
< 40 = 40r
j=3 o
3 3
Z 60t e 3 oor O I
i l?efore;ncubatlon fo:d ‘A After illuminated incubation
® o emERE 0 B oo AR
E B After illuminated incubation E After incubation under dark
= - A W = A
100 L After incubation under dark 100 L |

K5 PRAB SSRGS UG S 12 oKL & B (a) AR fRE (b)

Fig. 5 Water soluble inorganic carbon in the soil profile after anaerobic incubation, (a) content and (b ) variation

R2 BEULRXESHSHERIRKRMER. HRE. RREATHUEMNEXRY

Table 2 Correlation coefficient between key parameters of iron redox and variations of water soluble carbon, nitrate and sulphate in

the process of anaerobic incubation

IEPETHUR AL B KA PIRRL f RRERIR T AR EL Ik

ARAEAIR TR RS R Variation of water Variation of water D %y
Key parameters of iron redox soluble inorganic soluble organic Decrease of  Decrease of
carbon carbon nitrate sulfate
B JFF A Reducing potential 0.984%* 0.846 0.997%** 0.993*x*
R H L Rate constant 0.633 0.913* 0.759 0.695
KR Maxi velocity 0.945%* 0.882* 0.990%* 0.971%*
e KFe (11) =/ Maximum Fe (II) generated 0.781 0.863 0.972%* -0.957%*
Fe (I1) & ALFFHARF ] Time Fe (11) oxidation began -0.925% -0.536 -0.412 0.333
Fe (11) R4 1L iE Amount of ferrous re-oxidized 0.914* 0.861 0.903* —-0.878*
Fe (I1) % k# % Ferrous re-oxidization rate 0.851 0.929%* 0.956* -0.926%

*, P<0.05; **, P<0.01

(R4 o OLMEEFRERE0 ~ 40 em T 2K
TR AR S E AN, WIEAT7.30% ~ 8.63%;
40 ~100 cm 2 KEVEGBREE & E AL, B
15.21% ~26.44%.,

MDA R, AP Rk a0 2 5 kG e
BRIE B0 3 | B KA I 3 38 2 (AL AE AR A B 8 T AH O
KFR, SRR AR a . PR PR b
REEEIEMHIECR (K2) o #EGEKE MR
AR D i SRR SR B B A T R A IE
MXRKFR; CIRA 5 KFe (11) =48, HAk
i, AR AR B A E R

25 BXREAURBSUSHEFLEERA

EA

AR A 45 LAY T BT ) ERR T L
PR SEEAR R (KS5) o BEOL kit
%%Eﬁ%%ﬁm% IR TEA PR i 3 IR A
5K, X5 RUATEA [ o DXCBR = K5 1) 45 21
R —H WIS KR IR ER SR AR
Wi USRS R IR OG, SRR
R FH A, mt ] WAHE LR R A REEN
P KRR AT R 2 Bk I IR N 22— o Bk
W JE ) B R R R S LR AR IEA OGN, b KR
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Table 3 Water soluble nitrate in the soil profile after the incubation

Y6 Illumination

#Et Dark

I —
& # Content
Profile depth/cm = = Conten

F# i Decrease range/%

% it Content B
F# i Decrease range/%

/ (mgkg™") / (mgkg™")
0~20 0.26 £0.03 98.08 0.19%0.03 98.60
20~40 0.45%0.02 96.61 0.22 %0.02 98.34
40~60 0.24+0.11 94.53 0.21£0.03 95.22
60~80 0.14 %0.04 92.96 0.27%0.01 86.43
80~100 0.35%0.12 83.41 0.28 £0.05 86.73
V- Average 0.29%0.10 93.12+5.77 0.23 %0.03 93.06 = 6.07
BRAHCV (%) 34.48 6.16 13.04 6.51

R4 BFRERAELIERKAERRESE

Table 4 Water soluble sulfate in the soil profile after the incubation

Y6 Tlumination BEYG Dark
TR - s
Profile depth/cm i Content [#iFDecrease range/% i Content [#FDecrease range/%
/ (mg-kg™) / (mgkg™)
0~20 33.99+5.32 -8.63 2.39+1.33 92.36
20~40 36.45+1.53 -7.30 7.09 +2.89 79.13
40~60 13.87 +1.84 19.92 8.73+5.14 49.60
60~80 16.14 +£2.56 26.44 15.71 £ 1.67 28.40
80~100 24.8£3.42 15.21 22.76 £3.98 22.19
-4 Average 25.05+£9.10 9.13+14.41 11.34+7.13 54.33 +30.78

BSERBCV (D) 36.33 157.83 62.87 54.65

PEAS R £h 1 IE ARG

JEIRIN R e K Fe (11) A Y R 5 #DO
R A . Fe (11) B9%ALEEER 5 15 7 A
KPR LR . Z2RCE . S RLET . KR PR A R R
R IEAMRAL, S PR IO L 3 A
K, UHDEIRmFe (11) S LR R 7 2 AL 11
KIS ALK . Fe (11) %Ak 3050 54 HLAk |
IKIEVEAT LG . SRR . BT . KPR IR AR IE
iEPS

g IR E/NE 5 RO X E B R
—, A EEARIR2.52 x 107 hm®, BARA NI
EIBRIRER SRR L RIEA LR A 2R S
b KA A P R R R R TR YT
T R A IR AR S A DR 1k . AR

KEYIM, HZHHpH | ARk
AR PO AN

A 5 b s 3R G R PG RS +0~100 cm Y
AT A HE P A B E AR B TR R, R SRS A
F0.92~3.95 mg-g ' Z[H], FHIEIA R RLA: T #E
P IERIE0~100 cmIRFEAATE, HHIE T XA
DR A ) A B R o A ] DX S8l - B D 3
A USRS Z BAETE B AL R Y AR
30 485 S b 7R R AR VS A 5 A LR 5 ik 22 ) B TE A G
KA LR E P RRAAE (R2) o #HZUT -
B HIE40 em U, KD IO BHESE S, &b F
PRAEARZS, T BeA e &g mtas 2, A
IR A 7 5 Bl i e 2 )2 W 5 FRAK, v REJR A
Z—HIE40 em AT A HLIR & 8O- E3.20
mgg ', AE0~40 cmtZH1/2, A, T2 L1
RS A E BRI E R, Ol s Rk
PR A R WAL D TR s

oK
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RS HEULTEXBESHRSEFITLIEERNEXRRL
Table 5 Correlation coefficient between key parameters of iron redox and soil properties before the incubation
#EYG Dark S8 Ilumination
kR Fe (1) &4t Fe (11)
. — R, ‘ fe KFe (11) T Fe (1)
M WS EEEH RREE HIEE e FEUR I [R] i AR
. . s
Soil properties Reduction Rate Max Time max Time Fe (11) Velocity of
) ) ) Max Fe (1I) o Fe (1I)
potential  constant velocity velocity oxidation o Fe (1I)
generated oxidized o
appeared began oxidation
pH -0.754  —0.992**  —0.836 0.974%* -0.850 0.873 -0.957*  —0.903*
HHLRR 0.986**  0.671 0.964**  —0.655 0.946%* -0.310 0.846 0.916%
BEFR AR A LR 0.706 0.982%%* 0.787 —0.977%* 0.793 —-0.900% 0.921%* 0.868
B ni K A HLR® 0.960%** 0.902* 0.979%*  —0.885% 0.957* -0.628 0.966%*%  0.988%*
Bl 0.310 0.510 0.424 -0.489 0.555 -0.515 0.569 0.465
A0 0.937%* 0.517 0.874 -0.562 0.825 -0.205 0.709 0.831
SR 0.82 0.949% 0.867 —0.977%* 0.852 -0.830 0.939%* 0.934%
R 0.900%* 0.954% 0.945%* -0.951*% 0.940%* -0.755 0.987%*%  (.983%*
RS 0.854 0.945% 0.907* —980%* 0.916* -0.823 0.977%*  0.970%*
Yy Bk -0.951% -0.634 -0.916* 0.712 —-0.893* 0.405 -0.812 -0.912%
BH B -2 e © 0.598 0.797 0.654 -0.567 0.609 -0.402 0.690 0.609
KA P R R 0.997%* 0.756 0.989%*  —0.73 0.973%%* -0.404 0.902* 0.953%*
KA B R L 0.656 0.104 0.589 -0.034 0.586 0.323 0.362 0.452

(DOrganic carbon; @WSIC before incubation; @WSOC before incubation; @Alkalyzable nitrogen; 3Available phosphors;

®Slowly available potassium; (DReadily available potassium; Available iron; @Physical clay; MCEC; () Water soluble nitrate;

(DWater soluble sulfate

Wi AL RE A ) AT AR T R O SR
AR AL
TR S SR FE R HE Y . — 7 M H
MRk (7.5 mmol-L™") AIfF 3k 36 4 32 1A 1 400 il
B SR H A T DRk A Ak 4
J I F R RS 0 AR s A A e T 2%
fige L3 L S — 7 TR R R T A S R M AT A 2 R
W LRI 2 AR AT (RS RER &
H2.11~13.56 mg-kg™" ) 340 J v A e K
W HOR 5 FRRT E R R i . SRR SR
s i Z A R IEAR GO R (FR2AIERS ) R
TSR ER X BRI I A S HEAE T . A, BESEA R BR
TH R L 14 R Pseudogulbenkiania sp. strain 2002
TEIE S R PR R 1) [ I R e R 4 M ) AR G, ML AR
R EH20 wgmL WAE3 pgmL ! T, &
BT PR 30 i TR O U [l AR oK . IR (<2.0
mmol-L™") ASERER AT LA i<k 41 40 B 106 2 1 2 a0
AR Y T, R SR T RE SR TE W R MUY A

SRR A T 220 S50 T AR R IR 2L
Al J ) B A LTS24 . A1 I R Xk R Ak ik
Ji g R A e B8 A0 PR 4= T 5, 0.59 mmol-L7' il
12 TR WAL ik Pseudogulbenkiania sp. strain 2002 5%
BAEALFe (11) MZhfE 705 ANk vk i il iR £h
(0~1.0 mmol-L™") Ak 7% P 7K A5 4 v 2k 11
WwJE, H1.0 mmol-L™ AR £k A9 E/E F &5 T0.5
mmol-L™" ", TEEEMIT.0 mmol-L™" AYEREL &
KRANLEDIRIKAE L Fe (11) Z2RTFTC# W, X%
TIEL S AHTFER (30°CIRAFEFRINTH ) 5N
FHUR RO BE R D AR R XA
PRI BT A it P A D e R o A R L A B
o i R A AT 75 B — 2D AR
PR S TR 5 A Fe (11) A $PFO ')

NDFORMU 4L 17 . NDFOXFe (11) %1k
ZNDFOME A5 | il . WS IR R & 1 45 [
R, (HATE, HMRIIEIAE Thiobacillus
denitrificansfPseudomonas stutzeriv] 15 ¥ i fR
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o8 J5H 0 R R 1 IR Ak Fe (11) DT
Klebsiella pneumoniae 117 B[V 0] i JFL A R £h 7R 7] 148
JEFe (111) "o H Tt 2 BRI Al R o D B 7
5Bk R e A L AR SO E Y (A B
S8 R VLV B KRS+ (pH=5.90) MY pH
T 26.60~7.92 5 S firf Ak B 7= B2 Fae AR T 2 it 7 =
FEsn T2 A (pHA T7.97~8.17) 45 R4
R FRRTK RS IR EY 5 08 g . KRR
HORZ (R A7 AR B 3 IE A OGS R (£3) , {HkE
el P R WFe (11) EALH S (E1a) .
JRAFTRESE . (1) AGRIRRE S P IR 3k e B AR 2
PLOTE i PR ER K R Fe (11) ALY, WFITm
MR Eh iR Fe (11) Afbid Bk H R SRR vk T £
}4.5~10.0 mmol-L™" %), (2) EipEDIRB,
PFOS# NDFOM EH T EA, MARE KT
BRI SR ) S SRR R Fe (11) A LAY
SRR R AR

HBARAME T HEZ DT 23K AWk,
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Characterization of Reduction of Iron Oxide and Oxidation of Ferrous Iron in
Upland Cinnamon Soil Profiles in West Henan, China

WANG Xugang SUN Lirong ZHANG Yinglei XU Xiaofeng GUO Dayong SHI Zhaoyong
(Agricultural College, Henan University of Science & Technology, Luoyang, Henan 471023, China)

Abstract [ Objective ] Iron redox processes are important microbial processes, which are closely
related not only to bioavailablity of heavy metals and degradation of organic pollutants in anaerobic
environment, but also to soil fertility of upland soils. Therefore, the issue has aroused much attention
the world over. Iron redox process in plough layers of paddy fields and upland fields was already well
documented, however, it is still unclear whether iron redox process exists in the soil underneath the plough
layers, or what are characteristics of the iron redox processes. [ Method ] In the present study, samples of
upland cinnamon soils, collected from different layers of a 0~100 cm deep soil profile, were prepared into
slurries, separately and then incubated anaerobically in darkness or in light, 0.5 mol-L™' HCI extractable Fe

(I1) in the soisl samples was analyzed dynamically to study characteristics of the reduction and oxidation
of iron oxide in the soil profile. To explore transformation of C, N and S coupled with the iron redox
process in the profile, organic carbon, inorganic carbon, nitrate and sulfate in the profile soil samples before
and after incubation were extracted by water and analyzed with a TOC analyzer and Ion Chromatography.

[ Result ] Fe (II) accumulation was found in all the samples during anaerobically incubation. Iron
reduction potential decreased with soil depth in the profile. Fe (1I ) re-oxidation appeared only in the 0~80
cm soil layer of the profile under illuminated incubation. Ferrous oxidation decreased with depth in the
profile from 20 cm to 80 cm. Water soluble organic carbon and iron oxide reduction both decreased with
depth in the profile under incubation in light illuminated or in darkness. Water soluble inorganic carbon
increased in the soil during the incubation in darkness, while it decreased in illuminated incubation. Water
soluble nitrate decreased by 83.4%~98.6% in the soil incubated either in darknss or in light, and the range of
the decrease narrowed with depth in the profile. The range of the decrease in water soluble sulfate narrowed
with depth in the profile under incubation in darkness, while water soluble sulfate increased with depth in
the profile within the range from 0~40 cm under illuminated incubation. Correlation analysis shows that iron
reducing potential and ferrous oxidation was positively and significantly related to increase and decrease
in water soluble inorganic carbon, respectively. Rate constant, max velocity of iron reduction and ferrous
oxidation velocity was positively and significantly related to water soluble organic carbon. While decrease
in nitrate was positively related to reducing potential, max velocity of iron reduction, re-oxidation and
velocity of iron oxidation. Sulfate reduction was positively and significantly related to reduction potential,
and max velocity of iron reduction under incubation in darkness, while it was negatively to amount and rate
of ferrous oxidation under illuminated incubation. [ Conclusion ] Results show that iron reduction process
exists throughout the whole profile from 0 to 100 cm, and iron reduction potential, and maximum velocity

of iron reduction decreased significantly with depth in the profile. Phototrophic ferrous oxidation appeared
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in the 0~80 cm soil layer in the profile; the amount and rate of ferrous oxidation was much higher in the
0~40 cm soil layer in the profile than in the 40~80 cm soil layer. Correlation analysis of iron redox process
and soil properties in the vertical direction of the upland cinnamon soil shows that iron redox process in
the profile was not only affected by soil organic carbon, but also limited by the contents of soil nutrients
including N and K. The findings may help improve the cognition of the habitat of iron redox microbes, and
serve as certain basis for in-depth understanding of the iron redox processes in upland cinnamon soil.

Key words Upland soil; Iron reduction; Soil profile; Ferrous iron oxidation; Cinnamon soil
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Hernm R B o RIRCREE , S BRAE, S8R MASUHE MBI GRRBORET SR N, K iR
RIRZEBK, GHIEFEME, RIEMBIET . ZPEHIE3 %2 N, MRS A T AT .

K2 Kt (Otsu) B HMEAEAFEER (A5, B.Lab, C.Li#iH, D.aifii&i, E.biliid)
Fig. 2 Graphs of channels in Sandalwood images segmentation using Otsu’ s method (A. Original image, B. Lab, C. Channel L, D.
Channel a, and E. Channel b)

EI3 M RS I R 25 R (AL biEGEOtsuik /- BIZE R, B. 7 x 7oA & J5 MRS IEI4%,  C. Lid il Kok o 3
7x TR AN FRZE R, D EAFA, E. mZEE)
Fig. 3 Process and results of sandalwood image segmentation (A. Segmentation using Otsu’ s method via Channel b; B. Masked
image after 7 X 7 median filtering; C. Segmentation using Otsu’ s method via Channel L and masked image after 7 X 7 median filtering;

D. Morphological processing; and E. Finalized image)

x1 DEFTEEM

Table 1 Segmentation method evaluation proposed in this paper

B RS REHEEPxe G Bt
Number Methods number error/% R mean ER/% G mean value EG/% B mean EB/%
value value
E51 ® 2.85 177.1 1.02 220.0 1.27 97.13 2.63
Image 1 @ 4.53 179.3 2.28 217.5 2.40 101.4 1.68
6) 0.00 175.3 0.00 222.8 0.00 99.76 0.00
{52 @® 3.94 196.3 1.04 227.1 0.54 102.1 2.68
Image 2 @ 5.22 199.4 0.53 221.4 1.99 107.4 2.31
® 0.00 198.4 0.00 225.9 0.00 104.9 0.00
K143 @® 3.37 167.0 0.25 208.9 0.41 103.2 1.81
Image 3 @ 3.98 164.5 1.73 213.5 1.80 99.2 2.06
©) 0.00 167.4 0.00 209.7 0.00 101.3 0.00
K154 ® 3.09 199.6 0.87 233.2 0.88 94.1 1.72
Image 4 ®) 3.85 204.6 1.59 234.0 0.52 95.3 3.07
©) 0 201.4 0.00 235.2 0.00 92.5 0.00
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. . R¥JMAE BIH
Yii 5 BT AR FEBR 2 Pixel G
R mean ER/% EG/% B mean EB/%
Number Methods number error/% G mean value
value value
145 @ 4.53 185.6 1.01 199.8 1.80 102.1 2.51
Image 5 ® 4.34 181.4 1.27 201.4 2.63 101.3 3.25
® 0 183.7 0.00 196.3 0.00 104.7 0.00

TE: OFTA M A OMEFFm N ; @K Photoshop CS54b¥E; ER. EG. EB4iltER. G, Bl iy H
P ZNote: (D stands for the algorithm presented in this paper; @ for support vector machine algorithm; 3 for Photoshop CS5; and ER,

EG and EB for mean value error of Channel R, G and B respectively

2.2 HIEHAR S RAIERFREL
K2R A REA R 4 Bk 8 DA AR A R
RGB L E S HHE B o 56 R 4 /9 I ik 1R 5

PE S RGB=/liA, WL R E T, &
ZEFR, G, B, H. S. I. L. a. bILo/NliBany

RERIERS

x2 EEMR2HAERRGBEREESRITER

Table 2 Statistical information of total iron content and RGB single channel color value

) . RifiE Gifli iH Bifli il
4k Total iron /mg-kg
R channel G channel B channel
M SD M, M, M SD M, M, M SD M, M, M SD M, M,

PIAHIEY  204.1 131.9 569.5 33.91

WEEIE® 2019 128.9 521.9 32.13

154.9 33.43 199.6 91.71

156.9 30.82 201.3 94.29

183.8 39.62 236.4 108.1 85.94 16.26 112.2 54.14

181.5 36.04 2394 103.6 83.94 14.29 109.5 57.39

. MBERMME; SDERTZ; M FERRKME; MZFERE/ME Note: M stands for mean value; SD for standard deviation; M, for

maximum value; M; for minimum value; @Fitting data; Validation data
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43.5¢ 60.0 37.0r

= © 590} =

g 43.0r 2 ssof g 3651
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i S 425 = S s60) =
CE = = i B = 355+
2% gg 50 23

4] 5 1 1 ) 520 L 1 ) 345 1 1 J
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leaves/(mg - kg™')

K4 gt
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(RGB ) (0 {F AR A 0 7 A 55 H R P A 3

Fig. 4 Variation of RGB color value with content of total iron in sandalwood leaves

R3  FEHE W R B RN R IR I A T 45 R

Table 3 Prediction results of different neural network models and different tests

TR i 0 14 Hfi Fitting data K96 £ 9in Validation data HE4
Neural network Test type R2 e RMSE R? e RMSE Range

S 10 % i 2 T 2% 3 1 Test 1 0.611 19.98 76.48 0.589 21.49 78.37 3

Back propagation neural network A2 Test 2 0.619 2049  76.50 0.612 2198  78.48 4

(BPNN) I3 Test 3 0.644 16.49  71.48 0.582 19.85  78.49 2

K4 Test 4 0.648 15.04  72.98 0.589  20.19  76.99 1

BT RERA AL S ) L 15 1 22 X 4% P 1 Test 1 0.684 29.54 73.60 0.678 31.60 76.40 4

Particle swarm optimization-Back B2 Test 2 0.691 26.48 71.39 0.683 2895  73.50 3

propagation neural network K3 Test 3 0711 1550  69.39 0.706  18.49  71.50 2
(PSO-BPNN) ‘

XY 4 Test 4 0.739 13.05  66.38 0.712 15.98  69.40 1

WAL TR S 1) A5 4 i 245 I 2% RE 1 Test 1 0.699 24.59 71.50 0.683 22.39 67.69 3

Genetic algorithm-back propagation B2 Test 2 0.699 25.50 70.38 0.679  23.84  68.40 4

neural network I3 Test 3 0.743 1439  61.29 0.722 1749  65.94 2
(GA-BPNN) ‘

IR ¥4 Test 4 0.751 11.10  57.87 0.709 1459  62.53 1

AdaboostF LA R MBI 2L 4% 50 1 Test 1 0.706 28.86 76.94 0.697 30.74 78.09 4

Back propagation neural network- IR 2 Test 2 0.711 29.75 75.98 0.704  31.01  78.84 3

Adaboost B3 Test 3 0.741 1750  69.27 0710  19.48  71.49 2
(BPNN-Adaboost) -

IR ¥ 4Test 4 0.751 14.01 66.73 0.714 1837  68.49 1

TE: bR, 20 [ A5 A,

A1 5 5E
USSR A, S5 A HSEIE A LU . RMCRIE RAL,

TE A AT DY s RIS [ AR i A, S A B R E A L R4
eRFE R 2, RMSEMRFEY 7 fili%2 Note: The independent variables of

Test 1 and 2 are the first four principal components of single channel color values of 4;, and 4;,,.,, and the independent variable of Test

3 is the single channel color ratio of A, and 4, and the independent variable of Test 4 is the single channel color ratio of 4,,; and

A,,. R* stands for coefficient of determination; & for mean residual; and RMSE for root mean square error

H 30, BUE 1 RHAR 2 68 7 LA A0 B D
T RS BE 7 T A 22 R W, HAEfE FIBPNN A
GA-BPNNHY, R56 125 B0 T8 2, mie (s H
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(B 3 A B 4 0 45 SRAE A TR R A D I 3 vy
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Visible Light Spectrum Based Segmentation of Sandalwood Image and
Prediction of Total Iron Content in Plant

CHEN Zhulin WANG Xuefeng'
( Research Institute of Forest Resource Information Techniques in Chinese Academy of Forestry, Beijing 100091, China )

Abstract [ Objective ] To explore relationship between color of sandalwood leaves and content of
total iron in the plant, a visible-light-spectrum-based sandalwood image segmentation method was bought
forth for prediction of content of total iron in the plant. [ Method ] First of all, Otsu’ s method was used to
remove the pigments of soil and the other green plants, by segmenting Channel b, and then Channel L was
extracted, and again Otsu’ s method was used to extract the image of sandalwood out of its background.
Then burrs of the image were smoothened through median filtering and morphological operation. Based on
the fact that new and old leaves varied differently in color under iron stress, a method for determination of
new and old leaf ratio was developed. First, the minimum circumcircle of the segmented sandalwood was
to be defined, and then calculation was done of the ratio of the canopy breadth measured last time to that
measured this time, and then the ratio was multiplied by the radius of the minimum circumcircle to gain
radius of the concentric circle. The ring part between the two concentric circles represented new leaves
and the rest old leaves. Color value of each channel (R, G, B, H, S, I, L, a and b) was calculated. Then four
groups of comparison were designed (spectral value of the whole plant, spectral value of new leaves, ratio
of the spectral values of new leaves and the whole plant, and ratio of spectral values of new leaves and old
leaves). And in the end, predictions of the content of total iron were analyzed using the BP neural network
modified with different methods. [ Result ] (1) The segmentation algorithm proposed in this paper is better
than the support vector machine in result, with pixel error ranging within 5%, and the errors of all RGB
channels controlled within 3%. (2) The optimum content of total iron in sandalwood leaves varies between
250~300 mg-kg™'. When the content of total iron in leaves is less than the optimum value, the color value of
Channel G increases while that of Channels R and B decrease with rising content of total iron. But when the
content of total iron in leaves gets beyond the optimum value, the trend goes reversely, which indicates that
being cither too high or too low iron content would be a factor causing chlorosis in leaves. (3) Comparison
shows that the prediction based on the ratio of spectral values of new leaves and old leaves is the best, while
that based on the spectral value of the whole plant, the worst, which indicates that the method, proposed
in this study, of comparing new and old leaves in spectral value is the most effective one, reflecting the
content of total iron in the plant. And (4) In terms of efficiency and effectiveness, the four kinds of neural
network models exhibits an order of GA-BPNN > PSO-BPNN > BPNN-Adaboost > BPNN, which indicates
that optimization is better than the iteration, and that appropriate initial value and threshold value have more
influence on prediction ability of the neural network models. [ Conclusion ] All the findings of this research
have a guiding significance for nutritional diagnosis of precious tree species in terms of micro-elements,
and provide a new way of thinking for precision forestry.

Key words Total iron; Nutritional diagnosis; Image segmentation; Visible light spectrum;

Optimization algorithm
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Distribution of Microplastics and Its Source in the Sediments of the Le’ an River
in Poyang Lake

ZHOU Longyin' JIAN Minfei"*" YU Houping” LI Wenhua' LIU Shuli'
(1 College of Life Science, Jiangxi Provincial Key Lab of Protection and Utilization of Subtropical Plant Resources, Jiangxi Normal

University, Nanchang 330022, China )
(2 Key Laboratory of Poyang Lake Wetland and Watershed Research ( Ministry of Education ) , Jiangxi Normal University,
Nanchang 330022, China )

Abstract [ Objective ] Microplastics (< 5 mm in particle size) in the environment as a new type
of pollutant have become a widely concerned issue in recent years. Microplastics may pose certain risks
to marine ecosystems because they are very small in particle size, high in abundance, and ubiquitous in
distribution and hence readily ingested by marine organisms, such as fish, shellfish, etc. and to wetland
ecological environments, too. Recent years have witnessed rapid growth of the number of research reports
about microplastics pollution the world over, but just initiation in China. In this study, the Le’ an River
Section of the Poyang Lake, a tract of wetland, was defined as its research site and samples of sediments
were collected from the wetland for analysis of content of microplastics so as to explore distribution and
sources of the microplastics in the region, and provide some scientific data for studies of microplastic
pollution in inland lake and river wetlands. [ Method ] This study combined field surveys and sampling
for indoor analysis methods. Samples of sediments were collected from the nine sampling sites distributed
in three typical sections of the region, that is, the upper-stream of the Le’ an River, the tributary (the
Dawu River) of the Le’ an River and the mid- and down-streams of the river, for microscopic, SEM-EDS
and FTIR analyses. Abundance, surface morphology, composition and source of the microplastics in the
sediments was determined. [ Result] Results show that the microplastics in the surface sediments of the
region were composed mainly of those in the shape of fragment (58.3%), fiber (21.5%), films (13.8%) and
foam (6.4%). The average of the 9 sampling sites in abundance of microplastics was 1 800 ind-kg™',whih
tended to be on the high side as compared with the findings of the researches in other areas. The average
of the upstream of the Le’ an River, the tributary River (Dawu River) and the downstream of the Le’ an

River, was 1 121 ind-kg ™', 2 871 ind-kg™' and 1 366 ind-kg™', respectively, forming an order of tributary
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> upper-stream > mid- and lower-streams. Source analysis of the microplastics reveals that industrial
pollutants discharged from industries in the neighborhood, and plastic wastes discarded from cities and
towns alongside the river and fishery activities were the major sources; SEM-EDS analysis shows that
the microplastics were weathered to a varying degree with rough surface and apparent tears; And energy
spectrum analysis demonstrates that onto the surface of the microplastics adsorbed were substances and
elements, such as Si, Fe, Mg, O, Al, Ca, etc., which aggravated hazardness of the microplastics to the
environment and the organisms therein. [ Conclusion ] There are 4 kinds of microplastics in the sediments
of the Le’ an River and the Poyang Lake, in terms of morphology, that is, are fragments, foams, films
and fibers. The average abundance of microplastics in the region is 1 800 ind-kg™', which is sorted to
be moderate tending to be on the high side, compared with that of other regions similar in environment.
The microplastics come mainly from nearby industries, residential settlements and fishery activities.
The microplastics appear to be weathered to a varying degree with rough surface and obvious tears and
gibbosities, which lead to expansion of their specific surface areas, and enhancement of their adsorption
capacities for organic pollutants, heavy metal ions and microbes, thus aggravating their hazardness to the
environment and organisms therein.

Key words Poyang Lake; Le’ an River; Microplastics; Abundance; Particle size; Surface morphology
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Fig. 1 Distribution of sampling sites in the 1982 (a) and 2016 (b) surveys of cropland soils in Fujian Province
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Table 1 Data of pH and relative properties of cropland soil in Fujian Province
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(5AMRPH: Annaul mean pH of rainfall, ©® AMFAR: Annaul mean fertilizer application rate per hectare
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Table 2 Mean of ApH of cropland soil and area of soil acidification in Fujian Province during 1982 and 2016
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Table 3 Grey slope correlation analysis between A pH and potential impact factor of the cropland soil in Fujian

HEF A RS A [ 5 TR A IR F AL P B3I

Order Potential impact factor Grey correlation coefficient Impact type
1 A 34 LA T Bt FIE £ AMFAR ~0.954 1] Negative
2 CEC 0.932 iE[4] Positive
3 ZFhki Clay 0.884 1E [ Positive
4 AEHIREK B AMP -0.669 1f115] Negative
5 [% sk 4= pH AMRPH 0.626 1E[7] Positive
6 FHHLBT OM 0.623 iE[1] Positive
7 WA AN -0.613 111 Negative
8 H AL AP -0.609 17 Negative
9 fbHi Sand -0.596 71 [1] Negative
10 AR AMT -0.590 711 Negative
11 Y% Gradient -0.575 1 1i] Negative
12 Hyhi Silt 0.561 1E [A] Positive

x4 TEHIXREMENEERBELSES
Table 4 Fitting indices of the standardized modification model for balanced relation
EEPREE T PRI o B ERA A 2551

Fitting index of model

Evaluation criteria

Fitting result of modification model

o XL 5 5L X’/ df <2 (P>0.05) 0.569 (P=0.451)
Absolute GFI1V >0.9 1
fitting index RSMEA? <0.1, #/N#4; The smaller, the better 0
ARXF L5 8 5L NFI1? >0.9 1
Relative fitting TLI® >0.9 0.999
index
CFI® >0.9 1
©
{5 I H IF1 >0.9 !
Information index ECVI? #/N# U The smaller, the better 0.006

(DGFI: Goodness of fitting index; @ RSMEA: Root square mean error of approximation, (3 NFI: Normed fitting index; @ TLI:

Tucker-Lewis index; & CFI: Comparative fitting index; ©® IFI:

index

BEB W H-0.70. —0.40, 0.38, 0.30. 0.22
M0.23; FHFEKEE TN HECEC, AL
JoT R bR [8] $2 52 M 48 A pH, B4R R B S
F—-0.29. —0.46F1-0.29; Zfh i i 52 A AL A
CECIN A #5200 +HE A pH, BRAR R0 514034
F10.23; A3 AL 3E 43 5% W CE C i [a] 425 5% i + 3
ApH, BEIRZRECHN0.50; WE/KAEYpHIE 52 m +
&éﬁ*ﬂﬁ‘ﬁnCEcﬁﬁlEﬂﬁﬁ4ﬂﬁi%ApH LY
539 —0.40F1-0.23 5+ HERRL S it i 52 ) + 3
ﬁﬂﬁﬁ%ﬂCEcﬁ'ﬁlﬂﬁ%ﬂmitﬁApH AR BB
S —0.40F1-0.23 5 AF X5 FA T AR i JES 4 36 o 52
AP . CECHIRE K AR X5 p HIM ] $2 52 ) +- 13
M ApH, B REST 510020, 0.33F1-0.27, 1R

Incremental fitting index; (@ ECVI: Expected cross validation

I 540 7 PR B AR RO AT R SN, R
KRMAHR T, B2 R LA XE KM EFR %R Ib
At A R P A A R R R B R, R 22
N TR LR B R R R L AR R R K
i FROK AR pHAN G RG A £ 48 B - iR Tk 2L
0 G 2 Y B RS 5 T A R R K e R AR S8 1o 5
FHLFR . AHLEE IS EICEC ., FKAE L pHIE it 5
i) 75 AL LA B A 1 R4S 1 ARt AT o 30 oL 5% 1 CEC i
Xof A A B b, R Ak EL A et 2 Y R
2.4 Hith T 1EES 1k £ E IR 50 E 898 L

S8 7 FRASE R A3 BT AR A5 A B S R Ak 2R
B R B5E RN 25 R, AR L B T
XA pHM LR e ol 3, AR R BN E
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Fig. 2 Standardized modification model for balanced relations between key impact factors of the cropland soil acidification in Fujian
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Study on Driving Factors of Soil Acidification Based on Grey Correlation-
Structure Equation Model

ZHOU Biging"® QIU Longxia®? ZHANG Liming"? ZHANG Xiu' CHEN Chengrong’ XING Shihe"**'
(1 College of Resourcs and Environment, Fujian Agricultural and Forestry University, Fuzhou 350002, China )

(2 University Key Laboratory of Soil Ecosystem Health and Regulation in Fujian, Fuzhou 350002, China)

(3 School of Environment and Nature Science, Griffith University, Nathan 4111, Australia )

Abstract [ Objective] Soil pH is an important indicator of soil fertility and also a factor
significantly impacting crop growth and production. Soil acidification, as a result of the joint effects of a
number of external and intrinsic factors, has become an urgent problem to solve for sustainable development
of agricultural production in China. How these factors affect soil acidification differ significantly in
pathway and effect. It is, therefore, of critical significance to elucidate region-specific key driving factors of
soil acidification to the control of soil acidification and improvement of soil quality. [ Method ] The study
set Fujian Province as its research object. Based on the 1:50 000 spatial cropland and soil type databases of
the province, the data of topsoil properties of the 36 777 sampling sites investigated in 1982 and the 56 445
sampling sites in 2016, and other relevant data including climate elements at the meteorological stations,
pH of the precipitation at the acid rain monitoring points and fertilizer application rates from 1982 to 2016
in Fujian Province, a spatial database of cropland soil acidification and its potential affecting factors of
the province was established. On such a basis, in-depth discussion was performed of key driving factors of
cropland soil acidification in the province during the period from 1982 to 2016 with the aid of the grey slope
correlation (GSCM)-structure equation (SEM) model. [ Result ] Results show that soil pH of the cropland
had decreased on average by 0.34 unit and 70.67% of the cropland soils had been acidified in various
degrees by 2016 in Fujian Province, and the acidification varied significantly and spatially in degree.
GSCM analysis shows that the main driving factors of the cropland soil acidification in Fujian Province
included annual mean fertilizer application rate, CEC, clay content, annual mean precipitation, annual mean
pH of the precipitation and organic matter content. Grey correlation coefficient of their absolute values was
higher than 0.620. The key driving factors of the cropland soil acidification illuminated by SEM included
severe acid rain, high precipitation and high application rate of chemical fertilizers, reaching 0.38, —0.40
and —0.70 in direct effect, 0.11, —0.35 and —0.16 in indirect effect, and 0.49, —0.75 and —0.86 in total
effect, respectively. [ Conclusion ] The model of SEM-GSCM proves to be a better method to explore for
key driving factors of cropland soil acidification in different regions. An effective approach to control of
cropland soil acidification in Fujian is to control acid rain through controlling the industry from emitting
acidic exhaust gas, and optimize fertilizer management through extrapolating the use of organic manure to
minimize chemical fertilizer application in agriculture.

Key words GIS; Farmland; Soil acidification; Impact factor; Influence path; Influence effect
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Molla% M1 % B it FH A 55 (o 26 4 B T 8 35 48 7 7
HR S B ST DR . W . AR R C R H A,
A RFEFR s TNzanza®s U1 DAk A 55 18 0 76 it 4
AERCHE AL E, 1A, B Etm & &
HANRAERR SRS, HE a2zl ity
25 AR [ ) s LT e, TR A R
B TR S LA A W IR 7= it %o 28 B AR 7 e L R
M) PP 5% e SR

AR, MAEMAEVIEHEZ A T IReMAEY
A HLIE PR R PE T A2 B E AL, B NI TiE
A DU FE ) A 55 MR RN W) A 4 B BF 5 0 38 i TR
AP0 R s A AT A K R T AR TR,
FHOCAE FIBLE 6 A 52 2 W Hr s H 280 58 U7 8
T1~28=09 Y RNEH, W K E WA DUIE R & AR
PO ARt ] At e 1 R IR A A5 TR
ABYERERIEFE . AW ST 00 i 7% 22 2R T =, R
R 0 AT R B G2 W A ML RE A H it FH G 5% AR 2O
WS A T s, 45 A H S R
KRB A P 3 B AL E A a1, Al
Al 2k R SR B AL AR 4 FNEe R SR

1R

1.1 ksl

BEIF A SRl 984120037
esculentum cv. Suhong 2003) , i il KAER
FReCm gk & o A AU R th 2 3 M A HLIE R
FEMEASH 1 1A O TR 5 T B, FR R E A HLAE
HERX B M KR EENTAU 4742E 8 ( Trichoderma
guizhouense NJAU 4742 ) , WM{LIA G HLE
TR S AV R E A R, P TS
W3 A WU T R R B A 7 R A A UL,
HARBA MG HEEGE10° cfu-g 'L B KREMEY
AU A K 1 125 Bt 38 A HLIE FOR B3 fU2E A L
JES B AR B 2 L SCik [ 1 ] o A fh A Ay o P
IREAIE (15-15-15) FIRSERESAL ,  Fh 908 A Fi3- 28
mA
1.2 HEREIRT

FH TR 96 306 76 VL 7548 T o T Tt e S e A
Hi (118° 57 E, 32° 03’ N) ArFiZEiir. it
i3 AL, (1) CF, 100%fLhEALEE (600
kg hm > E S H+300 kg-hm G BREEAC ) 5 (2)

( Lycopersicon

BF, AREMAEWIE (1 800 kg-hm™) +75%HY1LAE
(%450 kg-hm & SHE+225 kg-hm “FEREGAT ) ;
(3) OF, WAL (1 800 kg-hm™) +75% 1)
AR (5450 kg-hm & & AE+225 kg-hm i R 45
HE ) o Hob, ZAME . S E A U K AR A L
B LA 5 it T8 20 A A0, Al R 5 I 40 3 VR B it o /s
XIF9.6 m* (1.6 mx 6.0 m) , £/ AR i
H60tk, BB ESANEL, Hit151/D X,
BEALICALHES o {3 g ML & 5276 g-kg ',
pH 6.1, BAEA . MAR . AW HH & E0
WH21.9 mg'kg'. 22.7 mg'kg'. 131.3 mgkg™'.
218.7 mgkg™',
1.3 Z#FHREIZIT

BRI AT T UL B 24 E F A WA R TR
AR P LRENEL#T, BREAFETHK
100 d, iXH %4 : (1) CF, 100%1LHEAL
B RR415.33 g A NE+2.67 gilMRESAE ) 5 (2)
BF, KREWMAEMIC (RS0 g) +75%MANE (5
W4 g BN+ gifRESAE ) 3 (3) OF, A
HUIE (5ERES0 g) +75%MIARIE (Hi44 g8 A NE+2
g RESNE ) 5 (4) SS, AR 7B HEMR
(10° cfu-g '+ ) +75%RIILAE (44 B AIE+2 g
THIRESAE ) o Hoh, ZAIE . A VUL R EY
AV S HARLIRAEERIE, SRR T 130
dJg—VGB . A EH35 cm, &A% 110 kg,
BT A2 . BB EOANER (#4) ,
FEEM, FHEH, P AMmE L, B
BUE & 19.2 g-kg™", pH7.3, &R . WMASA.
AR A RN 29.3 meg-kg™'. 0.8
mg-kg'. 99.2 mg'kg'. 150.5 mgkg ',
1.4 FEZITS5RKRNE

FF100 dZEH W, 730Gkt 45/hNX F
FR S a, FFREHLE B3 ~5 4 Feoah A &b o bl
FE o T4 R CORUARE IR 3 1 5 R FH = 0 A 3%
(HPLC) 3 (Agilent 1200, FEE ) W&, Jyik
Z MU/ 2 Y BIRESE s T R A I E SR
Fbayk, BARSISCHR [18] .
1.5 #RWESMNERE

B A BEAE A R B ol AR, SRAETDT
(1 SR Y e 7 i 87 A NS QI N N
gL, ALK TR AW L ERE, WET AE
rh ) BN Y BT ER £, A4 B R LR 3
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By o EERE 43 0 SR B A R U A 1 000 AR B T B
FeMoE PR ROR B RO L, Hoh, KRB
PEPEME R TR AL ik I . AT MgS0,+7H,0
0.2 g, K,HPO, 0.9 g, NH,NO, 1 g, KCI1 0.15 g,
I3 g, 1/300GMAr£110 mL, A#EHZR0.25 ¢,
BERE0.05 g, FLAMSIEA0.15 ¢, #hf@E1 mL,
T2 mL, BIR20 g HHEASA . MEAK
FH% 8153971 ( BRAN+LUEBBE Auto Analyzer3,
) WE Y, AR R I E T S IR
wk (1] o R8sk CAILR) . 2FCRHAITES
#{% ( Vario EL elemental analyzer, [ ) jlE,
ST RN A B B R A B R DR R G
( Agilent 710 ICP-OES, &) sz '),
1.6 #HiEaE

R BOdE R FISPSS 13.00E1758831, Jf ki
K Z )7 22430 ( One-way ANOVA, P< 0.05) %

JRFR (Pearson ) AHKMErHr. EF M Excel 2013
FiSigmaPlot 1.0 1 i

2 45 R

2.1 FEIHEARALIE 3T 2 it = 8 A9 S0

p e 1 n] DL, P Al g 45 SR 56 T B AT AR ik
B 54 m b BAbBE (CF) ML, WALl 5 A%
WAEWAPVUIREE ( BEALER ) X & h 5 &8 0 w3
M, Tk AR IR S A HLIE FCiE (OF ) Wil
FRHEFN R (15%) o fEEAARRE S, BAR
B A PR R 25 5 OR W, (AR R R A
s, R ERBEE. G BRh, 5
CFALBEAH L, OF FISS Ak B i 15 75 i 7=t 43 501l T [
6%~38%F19%~35%, H2=SAE5 275 I ih 3%
(P<0.05) .

F1 AEERLGETERTE

Table 1 Effect of different treatments on tomato yield in pot experiments and field trials /(kg-plot™)

F AR5 Pot experiments

i I i

1z ok PIRES EHEES . .
Treatments Field trials
1* season 2" season 3" season 4th season

CF 0.74 £ 0.06a 0.22 £ 0.01b 0.55 £ 0.01a 0.23 £ 0.01a 82.85 + 3.71ab

BF 0.77 £ 0.13a 0.28 = 0.02a 0.55 £ 0.01a 0.25 £ 0.01a 86.78 + 8.76a

OF 0.68 £ 0.05a 0.16 = 0.01¢c 0.52 £ 0.01b 0.18 £ 0.00b 70.51 £ 6.76b

SS 0.68 £ 0.12a 0.18 £ 0.01¢c 0.44 + 0.03¢ 0.17 £ 0.01b —

H: CF, 100%fbAb2E; BF, AFHHLEYWAVIE+TSBRILIE; OF, @A HUIE+75% ML ; SS, AT A I AR Ak 2
+75%WIALAE s AbBRIEIR R PR R 25 B3 (P < 0.05) . FIH Note: CF, 100% chemical fertilizer; BF, 75% chemical fertilizer +

Trichoderma-enriched bio-manure; OF, 75% chemical fertilizer + organic manure; SS, 75% chemical fertilizer + Trichoderma spore

suspension. Different letters mean significant difference between treatments (P < 0.05). The same below

2.2 A[E)5E AR &b 38 3 2 i SR S S R A9 &2 Mim

M TAT AL, 2RSS, A [t A Ak T 2
FiR S RS L% . BF. OF ., SSAM 5 CFAH
o, Wk 25% A AR Rt A, Rl SR S e i R 6 AR
R T RE32%~46% . Wi it FHALIE AL 3BF . OF
JSS, X T CFARHE, S5 Gon i o o it v
JN35%~54%; H LR A48 5 19 245 5 76 1 a5
KT SUE, AP Y RCIHF TR
)88 25 1 F 28 5 R 3, (E7E AR 06 4 1
T, WA N BFHIOFAL B rh 42k ZCHY & &
L TCERISSAbFE

2.3 AEHEAEALIE XS T 15 28I E M

M 2RI, 7EZEAR S, BEAIOFAL Y il
A AR RO S T CFAISSAL A,
HZHEMT, BRI A S s & i T
OF AL ; i CFALFE () B A5 1 &t o 3 i T HAth 34>
bR (P<0.05) . BEHIOFAMER A HLR MR &
R E ST RBINA YR CFMSSALH,  H bt
FZEEW G, PigiAbEE (BF, OF5CF. SS) [H]
2ZSHMEE (P<0.05) . AL, FAB 14
BRI 4 A e 2 I 25 P 2 5 A 446 o 2 3% 4 T 1
s, (HAFR 22 55 R 3 (P>0.05) .

http: //pedologica. issas. ac. cn



1246 + e e Eild 55 &
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gy ol 1 340 '
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o £ Tool &gt
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$35 Mot i £ 280
o 120} S 260
100 s - > 240
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WS 4 T a IHE 14r
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# S T 5
+ 8 10 F I #H 2 10b
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S5 > 8t
E a 8 B E’ @
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=) 1 L 2 4 1 L
z CF BF OF - 1 ) 3 4
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S =
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— 250 ¢ . ~ 250F
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&5 100f : &5 100} ¢ b
=E ZE b bb o
S 50 % 0 %
S 0 - - S 0 : -
CF BF OF I 2 3 4
Kb¥E Treatments FAZE%L Growth season

T AR ENRIESE R, A BN AR IR S5 Note: The left graph describes results of the field trial and the right one that of the

pot experiment

PI1 AT it A A B ) 35 3 i Jot

Fig. 1

24 TREBEELGENBERAEFHEDHEN

AL

Hi I3 HE A0 B . BB SO 4R B A AR e T
A, AT AE Ab B+ ER AR s R TR, HL 22
SR 2% . BFFIOF AL B rp 41 18 5 i 3% /= T CFFISS
AbFE, T SSFIBFAL#HE rf FLIE A R AE S5 32 ) i
= FCFHMOFA L, (HEES4R)F 2R NARE,
BFAb B ol £ 1 1 i o 2 e T3 b B ( P<
0.05) . IbAlh, AHE3ATHL, BFAL AR FRA SR 5 1)
SEHRUE W TSSA R, H B E W T A M AR

AL FECFFIOF
25 TEFS. MEVYHESEM TSN RRE
RYHE X 1%

HI B IR ARG 2 M 25 28 (5R2) mln, A
g rh, MPrAEEcE 5 R . AR, M
SR AR L R R AR AR
F, M5 EHEESR SRR FAHEER
(P<0.01) ; MIEEFEHRREBSHERATELE

Effects of different treatments on tomato fruit quality in the open field and in the greenhouse

TAASG, T e R A HLBE & B EA S (P<
0.05) ; PR AR NS 2w AP K&
SR G EHEFEML (P<0.05) o Hrp, LI
AR, THERR . MR AR
PE R S AR SR IEME, HEMNREAYEE
R CHLE AT E PR & B S5 A MU & S IEAE,
THREL & BN 5 2 O OC . Ak, RS ST
WS BRSSP R E MRS, b5 PR
W A AR AR B B A i A 2
PR B FEMCKR . EARLEFMT, KEH
5 BTN R R R A AR B R R

3 0 ®

AR, A REEA -, WitE25%
AR RE I B il A — 2 8 A 85 A ol 1k 1) B 26 A BILRE v
HeFEH B FAME (£1) , 5100%LAEAH =&
FHY, R 25 A SRRk — e a5 T et Ak A
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Fig. 2 Effects of different treatments on soil nutrients relative to cropping season in the greenhouse
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Fig. 3 Effects of different treatments on population of culturable soil microbes relative to cropping season in the greenhouse

Jiti. 25 96 A - T it H PGP Mk a8 149 0 24 0 B W] A 3k
PRAUE Ak AR R

— BT, AR WIR W IR A R e T
ML RE ) o EARBGAE T, S
A AR SR Y 2 W T BFA B £
g, Wi SR A A W E £ 0L T SSAL B
OFAb R ) F5 43 IR AE T W 3 Z 1], 3L SS ik 3
(75 3 P AN R 3 ™, i BFAL B 5] A B A
BTG FIAIE A= T K B3 T A 280 5% il A A Uit 7= A 1 )
Wi, HAROF AL () + HENE 7 5 BF Ab B A A 24
E@ETBFAEE (e mad) | (AYEFRD)
BRCHE T MOF A R BFALH (K2) . SR HIRINA
H—, BF IR H B A Wl — S0 X7 A
IR INRE ST, W B A BOTAR BR () AR E (T
asperellum ) ] 4 M BRBE ARG A 250k 1205 it
WENIAU 47420l 5 0 MR Tl . WK . &
J I B A S A R R BB L Ak BESE IR I
Yo 10 HT, ARWRIER, B AR AR ek
REEWNIAU 4742 HIEEAEH L, P EHINTAU
ATA2TR BRTE SL 0 % 45 B AR B AL & 30 Y 1Y g
J1o WL, BRAEE BN IR TEE RSN, B F
HAb N R G TBFALFE A + 58 77 00 A R vE 3 &

HEM X & FBFAL B P R G AGIR T 11
Y X R AR R

- e AR W R v S RN B S A AR
O, R A MGR A REPE L YL s 3T
N, AN AREE ) BFACERAY AN B . R R R
LA B T A3 AP, T CFALHE Y 4%
A B AL, X T RE SRR EE R R R
SREMEY X RZHEEMEETE THRAIRRNE
0B, AR ARG RR L b
R OTHW TR CHAEENIAU 474254
FEHE R R TR IR NG ( Harzianolide ) 19
ifie, HAlA S AR R M AR A T T
R AR R A 7 A W R R W, sl
WM E YRR e (K3) , SUER R4
YIS S s BRI SR A B AL (E2) o bBibig
R, TERURBRAH M S BT A BeE, B 3SR
AR EERMAEY R R EMC (R2) , .
TIHEASA . AR, AR, RS RSN
PRARCE YY) ARG, RS U A A S LR A
K, ARG FEEGE ARG, HRPRE R AL
5 S B BRI, HCR
By 51oM0.660F10.568 ( P< 0.05) o BLHAG A
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AEL AP A T BE B K B S MO A AR R AR K, (A
B E SR IR A X R AARA, LA AR PR R
SRR, A AR TR AR K T 1 R,
R AR E Y P o o, ARFSR Y R
W, AEYIELEA R R R AR R, AT AR
23%~52% WAL N FH &, R BRI =, X
PEUF A 5 PGPMELAG I 1k 1 38 557 20 R 7 AR B i A=
WX RWBEIA X,

F [ AL RS- 24 F 75460 kg-hm ™, 1 H AL AR
FI I RAL30%~35% 4 L R B AL AR it S R
PEAED R, 35 o - B AR TR a0 T 55 4 A R
PRARAE R, R [RIES, e P I A 45 1k 35 Ak AC it
H, MESRE P NS B B AL, 55 A
RGP R R I B RN 2 —
AHEFE R, 7E H R R AR R A, W25 %
fEREEIBE . OF K S'SAb #7573t JFL 5 r i iR 6 75 1 2
W E IR T100% L IEALBRAGCF,  FLIE & il FH OB
HOMANER AR R Sl & (1) o MiH, BFA
OF 4k 38 11 7 3 SR 55 v 4k A R CRIAT IS MR 1Y) & 45
CFor W 2%~23% F35%~54% , i it FH— & &
A ML AT A R e RS BT B IR AR DG )
Mreg i (22) dF—uFse 7 Lkig i, W, &
o R A E RO & i 5 A LT 2 B 3 I
MHRKR (r=0.525) , MR FENSZ 25
EHMAM R (r=-0.543) . OliveriaZs "' By
GENR, TEAVLMREIR RS, FAAER T TEA AL
PEAR XS BAR Y 2 53 B h 2B, A Kl B AR X 3¢
1, AR T IH AR EIE Y b oy . 44 R C K
MRRFEY R s MAEIEA LM R, &
BRI B SR Rog M, SARRE
SR —3. H, o IE S ik PR B
Wk ) AR . AL R RE R, T
B R AL P Y 3R N G A ) TR 2R
PRI FHECE, AR, NAENEZRY
Al A A Tt A ) S5

4 4 it

Jol it 0 23 A RE T E e A S RE TR (AN R R ) 1l
A E A HLIE, AUBERRIER AR ™, EhE
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e AL TR
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Effects of Bio-manure Combined with Chemical Fertilizer Reduced in
Application Rate on Soil Fertility and Yield and Quality of Tomato

ZHAO Zheng CHEN Wei' WANG Huan XIA Kexin GAO Renwei JIANG Siqi PANG Guan
CAI Feng

(Jiangsu Provincial Key Laboratory for Organic Solid Waste Utilization, Jiangsu Collaborative Innovation Center for Solid Organic

Waste Resource Utilization, Nanjing Agricultural University, Nanjing 210095, China )

Abstract [ Objective ] The use of plant growth-promoting microbes to improve plant nutrition and
hence reduce the rate of chemical fertilizer is becoming a popular strategy for sustainable agriculture.
[ Method ] In this work, a field-pot experiment, designed to have four treatments, i.e. CF (control,
100% of chemical fertilizer at a conventional rate), Treatment OF (Chemical fertilizer, 75% of the
conventional application rate plus organic manure, 50 g-plant’'), Treatment BF (Chemical fertilizer, 75%
of the conventional application rate plus Trichoderma-enriched bio-manure), and Treatment SS (Chemical
fertilizer, 75% of the conventional application rate plus Trichoderma spore suspension), was conducted on
the crop of tomato. [ Result ] Results of the field experiment demonstrated that Treatment BF was almost
the same in yield as CF, while Treatment OF and Treatment SS was significantly lower than CF. The field
experiment and the pot experiment displayed the same trend. In the pot experiment of four successive
cropping of tomato, Treatment OF and Treatment SS decreased by 6%~38% and 9%~35%, respectively, in
tomato yield as compared with CF. Besides, the treatments significantly affected quality of the tomato fruit
(P< 0.05), by reducing NO; accumulation by 32%~46% in the fruit under greenhouse, while Treatments BF
and OF increased the content of Vitamin C and the content of total soluble sugar in the fruit by 2%~23%
and 35%~54%, respectively. The field experiment also showed that Treatments BF and OF increased the
content of total soluble sugar in the fruit by approximately 40% while decreasing NO, accumulation by
42%~57%. In the pot experiment, Treatments BF and OF were significantly higher than CF and Treatment
SS in content of available P and K (P< 0.05), while CK was always the highest in content of ammonia-N
among the 4 treatments throughout the 4 growing seasons. The soil nitrate-N gradually increased with
the cropping going on in all the treatments, particularly Treatments BF and OF, which were significantly
higher than CF. Moreover, Treatment BF was much higher than the other two and CF in population of soil

microbes and in most cases, it sustained relatively big populations of bacteria, fungi and actinomycetes.
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Pearson correlation analysis shows that soil nutrients were closely related to population of soil microbes,
and that the population of Trichoderma in the soil was positively and significantly related to that of soil
fungi and actinomycetes, which may be attributed to the effect of Trichoderma, once colonized in Treatment
BF, stimulating propagation of bacteria, fungi and actinomycetes in the rhizosphere of tomato and hence
enhancing availability of soil nutrients. The population of soil microbes in the rhizosphere of the crop
was also found positively and significantly related to numerous soil fertility indices. [ Conclusion ] To
sum up, all the findings in the experiment suggests that the application of chemical fertilizer, 75% of the
conventional application rate, plus Trichoderma-enriched bio-manure can effectively guarantee a stable
yield of tomato higher in quality, and in the long run, increase the population of soil microbes and improve
soil fertility.

Key words TIrichoderma-enriched bio-organic manure; Chemical fertilizer of a reduced rate; Tomato

yield; Fruit quality; Soil nutrient; Soil microflora
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Table 1 Effects of extraneous nitric oxide and salicylic acid on fresh or dry matter weight and root activity of the wheat seedlings
under salt stress
fb g fi T Fresh weight/(g-10 plants™) T H Dry weight /(g-10 plants™) WRIEH
Treatment ILeaf HRRoot ILeaf fRRoot ROOt,,aCt,iIVity
/(ng'gh™ FW)
CK 3.33+0.22a 0.21 £0.00a 0.99 £0.05a 0.11+0.01a 14.75 +0.58a
NacCl 1.81 £0.22¢ 0.19£0.00c 0.44+£0.08d 0.09+0.00b 7.54 +1.05d
SA 2.82+£0.15b 0.20+0.01abc 0.67 £0.09¢c 0.10 £ 0.00ab 11.12+0.56¢
SNP 3.00 £ 0.20ab 0.20 £ 0.00ab 0.66 £0.02¢c 0.10+0.01ab 11.48£1.01c
1/2(SA+SNP) 3.03+0.19ab 0.21+£0.01a 0.78 £0.03b 0.11 +£0.00a 13.13 £0.55b
SA+SNP 2.76 £0.19b 0.20 £ 0.00bc 0.64 £0.02c 0.10+0.01ab 12.21 £ 0.46bc

7 1) CK: Hoagland# ## ¥ Hoagland nutrient solution; NaCl: 120 mmol-L™' NaCl; SA: 120 mmol-L™' NaCl+100 wmol-L™'
SA; SNP: 120 mmol-L™" NaCl+100 wmol-L™' SNP; 1/2(SA+SNP): 120 mmol-L™" NaCl+50 pmol-L™" SA +50 wmol-L™" SNP;
SA+SNP : 120 mmol-L™' NaCl+100 wmol-L™' SA+100 wmol-L™ SNP; 2) [f]l—%1h ToAl Rl EF R b #0245 5 B 3% (P<0.05) o F

[f] Different letters in the same column indicate significant differences between treatments at 0.05 level. The same below
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Fig. 1 Effects of extraneous nitric oxide and salicylic acid on O, generation rate (A) and H,0, content (B) of the wheat seedlings

under salt stress

R2 MNENOSSAESHEENEM BT NEYEHREASERIENT M

Table 2 Effects of extraneous nitric oxide and salicylic acid on chlorophyll contents in leaves of the wheat seedlings under salt stress/

(mg-g' FW)
b7 nHE % nhk Zadr it nH b it Sl b E A

Treatment Total Chl content Chl a content Chl b content Carotenoid content
CK 1.17+0.12b 0.90+0.10c 0.28 £0.03ab 0.22 £0.03cd
NaCl 0.97 £0.03¢ 0.75 +0.04d 0.23£0.01c 0.21£0.02d
SA 1.32£0.04a 1.01 £0.03ab 0.31+0.02a 0.24 £0.02bc
SNP 1.19+0.08b 0.92 £0.06bc 0.26 £0.02b 0.25+0.01b
1/2(SA+SNP) 1.32+0.05a 1.04 +0.03a 0.28 £0.01ab 0.28 £0.00a
SA+SNP 1.28 £ 0.04ab 1.00 £ 0.03ab 0.28 £0.01ab 0.25+0.00b

PR R, 5NaCIULFEAH L, 1/2(SA+SNP)4LFH
TR R R O, AR R A B A1530.52%
29.16%. H,0,1 ZRVELEFFIO, ™ 1™ A= HHE 1)
AL, NaCIALFEF &R, WIMSNP
S A W] FFARER Mra FH,0, H 22 5% & 3, Horp
1/2(SA+SNP)AL B H, 0, Y SRR it B A A5 ok B ik
24 FARLEMNENEA_BLIEMEBRRE
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fife 50, A e, A 3 A AL PR b B 2
5o S5NaCIZbFEAH L, 1/2(SA+SNP)ALFE/N 4 i
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Table 3 Effects of extraneous nitric oxide and salicylic acid on mineral elements content of the wheat seedlings under salt stress /

(mg'kg™)
4ib # N P K
Treatment I Leaf AR Root i Leaf 1 Root M Leaf 2 Root
CK 60.75 +5.59a 45.24+4 6a 9.17+0.2a 11.46 £0.78a 19.19+0.67a 21.16 £3.5a
NacCl 43.34 £0.66¢ 30.33 £0.23¢ 6.14+£0.59d 8.64 = 0.54c 15.87+0.31c 8.72+£0.81b
SA 49.13£0.15b 37.86+2.4b 7.49 £1.06bc 10.17 £ 0.58ab 17.8£0.17b 11.83 £1.71b
SNP 46.68 £ 1.67bc 34.62+3.07bc 6.37 +0.34d 9.77 £ 0.68bc 16.88 + 0.95bc 9.35+0.96b
1/2(SA+SNP) 50.05+1.87b 38.61£1.03b 7.56£0.1b 10.48 £ 0.94ab 17.95+£0.95b 17.25+1.72a
SA+SNP 46.72 = 1.47bc 36.08 +2.46b 6.41 £0.78cd 9.96 £ 0.83b 17.11 £0.17b 9.96 +3.27b
Ab ¥ Na Ca Mg
Treatment I Leaf #R Root it Leaf # Root it Leaf il Root
CK 4.55+0.28¢ 5.81+1.1c 6.41 £0.28a 2.34+£0.08a 0.94£0.03a 1.26 £0.08a
NaCl 12.15+0.25a 20.73 £ 1.08a 421%0.6lc 1.01 £0.07d 0.76 £0.02d 0.98 £0.02¢c
SA 11.54+0.41ab 20.4 £ 1.28ab 5.61 £0.7ab 1.06 £ 0.09d 0.85 £ 0.04bc 1.15+0.1ab
SNP 11.65+0.3a 19.34 £ 0.33ab 4.99 £ 0.4bc 1.39£0.23¢c 0.82£0.02¢ 1.11 £0.09abc
1/2(SA+SNP) 10.87 £ 0.76b 18.83 £0.5b 6.1£0.32a 2.12+£0.2ab 0.88 £0.05b 1.17 £0.06ab
SA+SNP 11.98 £0.29a 19.27 £ 0.69ab 4.81£0.3bc 1.96 £0.11b 0.84£0.01bc 1.06 £0.12bc
3 i B G IR, R . TINORISA
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Effects of Extraneous Nitric Oxide and Salicylic Acid on Physiological Properties
of Wheat Seedlings under Salt Stress

ZHANG Qian' CHEN Weifeng' DAI Xinglong® WANG Zhenlin® DONG Yuanjie'"
ZHUGE Yuping'’

(1 College of Resources and Environment, Shandong Agricultural University, National Engineering Laboratory for Efficient

HE Mingrong’

Utilization of Soil and Fertilizer Resources, Tai’an, Shandong 271018, China )

(2 College of Agronomy, Shandong Agricultural University, Tai’an, Shandong 271018, China )

Abstract [ Objective ] Wheat is one of the most important crops cultivated in coastal saline soils.
The seed germination period and seedling stage are two important growth stages in the life circle of wheat
and the plants during the two stages are pretty sensitive to salt stress. This study was designed to explore
effects of extraneous nitric oxide (NO) and/or salicylic acid (SA) applied alone or in combination, on growth
and physiological properties of wheat under the stress of 120 mmol-L™' NaCl in an attempt to evaluate
the effects of extraneous NO and SA mitigating salt stress on growth of wheat seedlings, and to provide
a theoretical basis for elucidating the mechanism of extraneous NO and SA enhancing salt tolerance of
wheat. [ Method ] A hydroponic experiment was carried out, cultivating wheat (Triticum aestivum L.)
and using extraneous sodium nitroprusside (SNP, a nitric oxide [ NO ] donor) and SA as regulatory
substance to explore effects of extraneous NO and/or SA on growth and physiological properties of wheat
under salt stress (120 mmol-L™' NaCl). This experiment was designed to have six treatments; i.e. CK
(Hoagland nutrient solution), NaCl (120 mmol-L™" NaCl), SA (120 mmol-L™" NaCl+100 pmol-L™" SA),
SNP (120 mmol-L™" NaCl+100 wmol-L™' SNP),1/2 (SA+SNP) (120 mmol-L™' NaCl+50 wmol-L™" SA+50
pwmol-L™" SNP, and SA+SNP (120 mmol-L™' NaCl+100 pmol-L™' SA+100 wmol-L™" SNP). Growth indices,
root activity, photosynthetic pigment content, superoxide anion (O, ) production rate, H,O, content, MDA
content, electrolyte leakage and antioxidase activities of the wheat seedlings in all the treatments were
analyzed for comparison to explore effects of NO and/or SA. [ Result ] Results show that Treatment NaCl
was significantly higher in O, production rate and H,0O, content, but significantly lower in wheat growth

and photosynthetic pigment synthesis. Treatment SNP or SA significantly mitigated the damage of wheat
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caused by salt stress, but the effect of Treatment SA+SNP was more significant. Compared with Treatment
NaCl, Treatment 1/2(SA+SNP) was 74.26% higher in root activity and 39.58%, 24.46% and 33.06% higher
in content of Chl a, Chl b and Car respectively, but 30.52% and 29.16% lower in O,  production rate
in leaves and roots and 15.78% and 24.23% lower in content of MDA in leaves and roots, respectively.
Besides, Treatment 1/2(SA+SNP) also significantly increased the content of antioxidase as well as the
absorption of mineral elements, such as N, P, K and Ca. [ Conclusion ] Compared with Treatment SNP
or SA, Treatment SA+SNP is more effective in reducing ROS accumulation induced by salt stress, MDA
content and electrolyte leakage, improving chlorophyll content, proline content and soluble protein content,
antioxidase activity; enhancing root activity in absorbing mineral elements, as well as in inhibiting Na
uptake and reducing Na content in the plants, thus relieving salt stress of the wheat seedlings. Among the
treatments in the experiment, Treatment 1/2(SA+SNP) is the most effective in mitigating salt stress on
wheat.

Key words Salt stress; Nitric oxide; Salicylic acid; Synergistic effect
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TR RUE Y 2T A, Hidr, BiologfiF
MRk o o g SEA IE W, 38 2o A T o sk D )
FHBEJ) S WLt e Dy B O 1 S AR AR IR, A Y
BUEEhRE SRR E R Tk 2 — 10 L HEHRSE
g Y bk RS et
e PR KA B R R L A g DR AR
fE43 AT, A Biolog-FF AR G + 338 v B o A A
W R A A, SRS E R
LR i DR AR 2P S A Y I T G R AN
B .

B ] = A YN AL T Bl sS AL, BE R TR G
A AR BRI RANE, T2 T DA R
SUPYSREE . ROEE L BRI M AR B AR A T R
§ o ARHFFE R HIBiolog-FFROTF-#ik, 454 LR
M BTHE T 408, REAS [R) R A= 9 BV T 3 TR
TR WA 7K F B B D) e Z MR BT 5, ok
PR 33 B IR A 7K T Bl R A= A B R 19 2 1k
M, A gE SR E TN S IKE, A
SR VETA] = A N A SR SR RN i e SRR AT R
XHFo

1 MRS .

1.1 #HREXER

WFFE ST ILAR A AR E T A L, P
PE NAZ118° 44’ 14.1"7 —118° 55’ 10.3"
b4i37° 26" 16.7" —37° 32" 41.4" | J& TR
WP ALK, KRR, BB, R
k12.5 °C, BEK B2 0 AN, AR SRR K G
555.9 mm, 70% MREKETERET. A M, F
7R kR ok R AY3.224% 0 L IR E
AR A, R R R R
1.2 HRRESHH

T X H =N 2R S g%, e R AR A
FEBE F SR, AEWESE DX NI AR PG ) 6 2,
B = A A = A, RS (R
M) o, SR ERAEYIRETE (BEMI(Tamarix chinensis)
FEVE . H2E R (Angiospermae)fif s ) , B BLN R AR
YEETE (B AR (A.venetum)BEY% . S (Imperata)
BV ), WIS PR3 AR, SR 1SR
KA E R . R AR RE B I AR SRR AR BB
50 cm x50 cmPY XA, TEAHBRFIE10 cmP 43

0~20 cm. 20~40 cmP 2 85 HCREE, R HIXT
LR H SRR, B ORESA B AE, A
A, BREBKWWRGERY, Msy, Bhay
200 g, — M ETKELE T, 4 CORAF, TG
PEFT AR 0T 5 — (R O AR Y2 R L
Hi, —80 CLAAE, HT - ETEHTIRE L RIS

A A (TN) W & R T R A, B 5
(AN 5 R FH e 4 100, A 280w (AP 7 >R
Olsenik, +HEAHLF(SOM)IM A R AR A1 i #4
IR AN AL - Tk, HHERAR S % Kettler
i L
1.3 HIEEEHRBREAEKFENE

K HBiolog-FF-F- A i Xf AN R $h A fl g T &
A MR IR ARG MRS T A0 0T . R AR T3
ANFE I B 3R S R A A R IR
10 g+ Heke 5 F i R KB HIE b, D o A90
mL 0.85% JCINaClA R, FH & B3 S AR
ik, PA250 rmin  F i PR%30 min, X5 L
W BEZE 107, U150 pLF B T Biolog-FFii
AL, IR TF26 CCrHIRAN B R IR
TF%24 hAIBiolog BN I A490 nm P (9 Y63
B, $EFEATE 424 he
1.4 HiE4E

K AL T B G (Average well color
development, AWCD{H ) K FRAEFH % D161t
e, Rk

AWCD = Y(C; — R)/N

R, CoNBINFLIE490 nm FAOCHEME; R
IFFAO FRFLA TR WGAE, N 3% 57 e U i) b
X, MEREBCN95, C - RIGE/NTomfLIE
00, BIC, - RIEIH KR T4 T0R 45 .

T AR I RE 2 HE A AT

TA-BURIEEL H =— X P X LnPy;

P;=(C;—R)/X (Ci—R);

FwEIRE(S) I (C-R) MEKT
0.25MFLEKL;

LU (D) XRSERH: D = 1 - ¥ P25

TIHEE B MAWCDIE . 2 A5 SR e v
FE AR 2 A 3R BRI R T 224097 (one-way
ANOVA ) Flf/Ni M2 %508 (LSD) 3 H
PersonfH 3¢ R E I B Z HE M da bR 5 3R AL M
JORH A 5 F oo R FHSPSS22. 0 A 58 1 5
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TUA 5 HT R H CanocoS. 0%k {4 .
2 45 R

21 AREBEEHTLIEMENLMER
PEFRIATAL, 0~20 cm+ )2 520~40 cm + )2
o, HEEE L 1. DRV E N LR
WS AMBENEEE TEAREER (P
<0.05) , M Eske o (3 B AR TS B B
NP R AT AR AR, R MRV
HHE TR S iERE, 0~20 cmt )2 450.86%,
20~40 cm+ )2 439.64% , ¥ E R TR Thak
FOHAF . PAAMERES TR SRR EST
R AR IR 7, BEMINRE I T Rk B f ol B AIC,

Hr, 0~20 cm T2 R45.10% , BEMTH4MW
FiAEHL, 20~40 cm T2 455.67% , SHHL2ERA
WE;, HAREEE TN ERLEEES (P>
0.05) ; [Fl—HEYREVE BT AR 4 )2 (] 48 5 b
TREXES (P>0.05) . 0~20 cmt )2, HF
REVE B N RIS KR H1520.9% , B E T HAD
BEHL (P<0.05) ; 20~40 e, REMIBEISE B N
FIEEKERT86 %, WEM T HAFEM; 7 —#F
Hirf120~40 em+ 2 FIEE KR F0~20 cm+ )2,
HERAEE (P>0.05) . HHREESFEH T
ERARRE, £0~20 cm )2, HHEEEER
$921.50~31.88°C, #iHbiwim, FIFREEEG T I
fi%; 20~40 cm )2 B 28 22.88~27.33°C,
e B N, P N R

Rl EN=ZANBREERREIRE DT EEBEUERALR

Table 1 Soil physicochemical properties relative to halophytic vegetation in succession in the Yellow River Delta
BRI ki HyHi HikiL KA T
Vegetation type Sand/% Silt/% Clay/% Moisture content/% Temperature/°C
0~20 20~40 0~20 20~40 0~20 20~40 0~20 20~40 0~20 20~40
#iLH Bare plot 30.62b  25.62b 61.37b  66.46b 8.01bc 7.92b 19.84ab 20.98a 31.88ab  25.00a
FEH
50.86a  39.64a 45.10c  55.67b 4.04c 4.69b 3.14e 7.86¢ 23.75a 23.75a
Tamarix chinensis
o
9.72¢ 5.02¢ 77.40a  81.28a 12.89b 13.70a 16.34b 23.96a 28.17b 27.33a
Angiospermae
M2 Imperata 7.82c 6.28¢ 79.39a  80.25a 12.78b 13.47a 20.90a 22.13a 23.50c 22.88a
B Ak A.venetum  10.86¢  10.78c 80.44a  80.0la 8.70bc 9.22b 13.58¢ 15.09b 27.00b 24.50a
o AL o Bt A ARk LR
BT -1 -1 -1 -1 -1
SOM/(g'kg™) TN/(g'kg ) AN/(mg-kg™) AP/(mg'kg ) EC/(dS'm™)
Vegetation type
0~20 20~40 0~20 20~40 0~20 20~40 0~20 20~40 0~20 20~40
#H Bare plot 0.42d 0.34a 0.24c 0.15¢ 10.02d 8.41c 3.78a 3.45a 13.12a 13.00a
R
0.35d 0.27d 0.50ab 0.36b 18.87b 17.54¢ 2.87b 2.74b 2.57b 1.79b
Tamarix chinensis
T
3.25b 2.22¢ 0.33b 0.22b 39.90b 16.16b 1.34c 0.91d 4.47b 4.10ab
Angiospermae
13 Imperata 4.28a 4.27a 0.71a 0.55a 50.65ab  41.37a 2.63b 1.78¢ 3.76b 2.76b
B AWk A.venetum  2.07c 1.53¢ 0.44b 0.30b 33.58b  27.83ab 2.89b 1.91c 4.20b 2.84ab

H: F—dh MR AR R R 2Z 7 B3 (P<0.05) Note: Different letters in the same column indicate significant difference at

0.05 level

1E0~20 cm. 20~40 cm 12, H2EEREE .
FREVE . DR EETE E BT SOMYY B v T
FIREMIEE TS, Hop, BAMIE BT SOM & i Ak,

EEETHH, 0~20 cm+ )2 & 40.35 gkg ™',
58 ESAREE (P>0.05) , #£20~40 cm+T /)2
HN027 gkg!, SHHEREE (P<0.05) .
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b+ IETN S HAE0~20 cm. 20~40 cm 1 )2 14 M %
%, 4351090.24 gkg™. 0.15 gkg™, BEMLT HABM
FIAEYIFERL (P<0.05) , FIPREVE M F TN i
., 0~20 em+ 2 40.71 gkg™', 20~40 cm+JZ 40.55
gkg!, [A—HIVREE BH T AR LRI TNZE A
Fo DURNISERAE YRS A N ANG SR AR Lh
BEERS (P<0.05) , MFE—HEYEEEE T AR
TEMANZRARE ., R, APF & EERL (P
<0.05) HI[F—tHYEvE e N AR 12 mEA 5
225 (P<0.05) . AFFERHBE SR (EC) FAE+
Hesdhe, BRI, SRR B DR ECHKR
M R (P<0.05) , 0~20 e+ /2 AR IE 451
80.40% . 65.97% . 71.39% . 68.00%, 20~40 cm+t )2
IR 31 86.21% | 68.46% . 78.76% . 78.17% ,
ZE (P<0.05) o MHFEFHARTEE ZSOM,
TN. AN, AP, ECHa B/AEBN0~20 cm >20~40
cm, RIHJEIE, FR0rEmtlEIn, SHEhsEREL.
SV, B kA A Dl DRR b - 5 itk A ) A
T -1 B TS R AV ) BV T e R AR p, R
FREEZWTRRAR, b i & A B ARl ,

Frit RS B
2.2 FRBEEE T LIREFBRIENR G K F A5
ST

AR RE A TR R + 2 AWCDIE AR (L an & 1,

ZEIRFI . 0~20 cmH120~40 cm Al + AL 4 1 3
T ) FH B — B Y5 9 AW C DR 227 i 1] 1] 1) 2B < 77 444
K, 7624 hA N B FEHIAWCD TR T°0.1, EH
FIRH BRI A BE S 8K . ORI R e, £
B R T 224 hiW IS A DL IE IV Biolo g i A 1Y
Wi,

P I URT O, AS [) ARt - 8 6 i VR )
JEAFTE— 3 25 5%, 4PN £ A 90 B V5 20 00T BB
JEF R B & TR, BRRI K : 0~20 em+-
ERAE > B > B > T2k R > g, Bk
Mif ShAE D BE 75 T LA AWCDIE B % = T #
(P<0.05) , REEm SR Y RETE & T ok i SR A
BV, D MREERAE N R T S A Y T,
AW CD{H 55 58 1if £5 14 4 90 1 V% G 2 B MRS 75 119
EZRAEE (P>0.05) . 20~40 cm 2N A
> D2k > BEM) > B AR RR > #R i, A RRAE TR LA
B ISR RE K T om it s R eV, X T RS AN )
FEY) . ASTR) eI 558 T AR B 2 A 400 %) i 4 0 o 6
T BT R AR A G, PR B R R A
FHBE I 7E0~20, 20~40 cm+ 2 ik, #RH
fiK. W —FEHASTR L2, B3R D2 R &
P H0~20 cm <20~40 cm, [AMIFIE A BRAE T4 U]
FIH0~20 cm >20~40 cm, #Hb R IE A AE
AR

0.7 —a— YR Bare plot 0~20 em 0.7 b —s— JeHrH Bare plot A=
 —o— Bl Tamarix chinensis [ —o— #&#il Tamarix chinensis
0.6 - —a— I2EEN Angiospermae 0.6 - & 28T Angiospermae
F—a— H3¥ Imperata | —— H3¥ Imperata
0.5+ —e— Wi bk A.venetum 0.5 _ —eo— TA Rk A.venetum
[a)
8 04+ 8 0.4
E 7 = 7
< 03} <03
0.2 — 0.2
0.1 — 0.1
0.0i- 4 i | 1 1 I L | 0.0 &= L L L
0 24 48 72 96 120 144 168 192 216 240 0 24 48 72 96 120 144 168 192 216 240
3215} H] Incubation time/h 34325} ] Incubation time/h
Bl ARV HOLE AR

Fig. 1 Change in average well color development (AWCD) of fungi

23 FRBEEHTLRERSHME
b LR 2 R R RRT TR M BT R o
AR AR O, SR D REZ PRI A

U S NFR2ATLLE N, AR ERAE TS T
0~20F120~40 cm 39 B BV 1) AR - S R FE 5L H
FHEIRIS ., FE RO & T, 0~20 cm+
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JE, 3RRBCERI A A5 > B > B > D2
> W, B RETHERAE YIS > SR A AV >
i, HZESEE (P<0.05) ; Mi20~40 cm+ )20
R R LB > 150 > B0 > DR > B, 7R
FE ERAE ) A 2 R g, H3 R AR B A i
. HS5HAMEmZE S BE (P<0.05) o LB
BEERAE A S, WMGE T I BE R IR 2
PERFERE, e TR T WA fel—
FEHAFE )20, BRE 2Rk, AR 3+
B FIH0~20 cm > 20~40 cm.,

AT (£3) A%, 0~20 cmt )2,
AWCDIE 5% . g 2R Ak S S P S 3
FHIEAMHX (P<0.05) , HFR-BURTEEHS 5
FEEBBEAMLE (P<0.05) , SHHLESHS
MEFEEMRE (P<0.05) , FEERBESSEA .

B A 2L . AT BILITE Bt 4R b S T i 22 B S 3 T AH G
(P<0.05) , Hix =Fh 245038 5 ok iR b 2
BB EEME (P<0.05) . EFEHHBHRDOS 1%
TR R E A (P<0.01) . 20~40 cm
+Zd, AWCDIA . A - WK 18 B H A F & 4 4
S5 A LT & DA R W R G A 0 ARG (P
<0.05) , St LA E RN R EFEEME (P
<0.01) , IbAh, g -JURHE B % AR 48 5D
HHEEHaRsEEHEL (P<0.05) , 52%
FIBR AR i 2 L0 2 IE ARG (P<0.05) o Pit)2
H A R IR IS 5 AW CDAE X 45 ZREME R B0 B
TR, HIERE . 2R WHA . SRR
b AUk U 5 L BRI RE 2 RE M R
AT, UL ER A AR s T AP T
5w, JEms e BT RE 2R .

R TRBHEETIRARIRES HIEEH

Table 2 Functional diversity indices of soil microbial communities relative to halophytic vegetation

T AR - BRIR 5 5L

Shannon-Wiener index

F AR

Richness index

FUBHH

Simpson index

AT 12
Vegetation type Soil layer/cm
R 0~20
Bare plot 20 ~40
M 0~20
Tamarix chinensis 20 ~40
LR 0~20
Angiospermae 20 ~40
HF 0~20
Imperata 20~ 40
EXS 0~20
A.venetum 20 ~ 40

2.42 +0.09d 5+0d 0.86+0.0lcd
2.20+0.16¢ 5+0d 0.85+0.0le
2.92+0.19b 11 +3bc 0.92+0.02b
2.46+0.18d 7+ 1c 0.87+0.02d
2.65+0.24c 8+ 3¢ 0.88+0.03c¢
3.28+0.19a 21+ 4ab 0.95+0.01a
3.23 £0.69ab 27+ 16a 0.94 +0.06a
3.00 £ 0.60abc 19+ 10b 0.92 £0.05ab
3.18+0.26a 17 + 6ab 0.93 £0.02ab
2.46 +0.33d 6+1d 0.87 +0.03d

R3 FHREE. TRERSHEENS TREAERBX N

Table 3 Correlation coefficient of average well color development and diversity indices of fungi communities with soil

physicochemical properties

Tt H +J2 Soil  HIGE Ko BER AP AR Al (73U R e
Item layer/cm EC TN AN SOM AP Phosphatase ~ Urease Catalase
AL EOGE 0~20 -0.606 0.930%  0.949% 0.743 -0.111 0.948% 0.488 0.903*
AWCD 20~40  —0.684 0.823* 0.814 0.879*  -0.478 0.846* 0.154 0.961%%
A - IR TR 0~20 -0.924* 0.811 0.804 0.859*  —0.639 0.837% 0.726 0.771
Shannon-Wiener index  20~40  -0.837*  0.839*  0.860*  0.897*  —0.644 0.908* 0.359 0.958%%
F IR 0~20 -0.753 0.867*  0.869%*  0.883*  —0.432 0.971%%* 0.568 0.898*
Richness index 20~40  —0.691 0.720 0.730 0.845*  —0.609 0.904* 0.194 0.912%%
AR 0~20  —0.953%%  0.743 0.716 0.764 -0.699 0.693 0.755 0.657
Simpson index 20~40  —0.855%  0.865*  0.876*  0.888*  —0.635 0.888* 0.374 0.960%*

*, P<0.05; **, P<0.01
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2.4 AEIRHEEHEFET HIEE R BOREHHHE
FIR By 22 TR — BRIk FI8s %

X Biolog-FF i # 1-95Fh i I A9 A 1% of 1T
F AT 5B o AR I B3 SRR R R A R T
1, 3 B0 D 0 48 RG34 gy, BRI SRR ATk
88.62% , HHPCIIoIHk R N52.18% , PC2HhiTT
B0 19.28 % , FLEA A IR AT 32 43 0 Br 45 1 o
B2, d5REH, RREEAMYE T HEEEPC
BB T W A A 22 5, RAR AT LA =R

0~20 e+ 2 N E R . B ATRRTETE 2220~40
emBJE N PR . D2 RORER Y0 A fEPC Ll

V. DL R A A AEPC LR R R, PC2Ah B
i) s HAREE X A AEPC U f 7], PC24HIE
Il . BREHIAE0~205520~40 cm+ )2 F H FH A ik
VR AR o B, DA 2 IR I O T R
75 W e 5 R B ) o

A 2T AR A MBS L
AR BRIE, BEJE . B2 IRRIR ia h 1- 4
B R A 2R EEmwE . Hf, 0~20
em 2 F ) FEEBRIFEFPREFHER . SER .
D-H B 4E44%, Mi7E20~40 cmfy + 29, FIH
M) E L IR A D- 1AL EE | Y = . L- RAE RS

WEHE, PC2EHIE 1] 0~20 cm+ )2 F £ A 397,

35
30
25
20

s ———

15 -
st |

1T x
F%% - 5
0 A J
=
| f | f |

0 20 40
PC1(52.178%)
0~20cm W iRt A fEH ® kR * HF \ QX
Bare plot Tamarix chinensis ~ Angiospermae  Imperata A.venetum
20~40cm O SRt AN O Hhzpwi o HRF & B
Bare plot Tamarix chinensis ~ Angiospermae  Imperata A.venetum

B2 R AR IR R Al 3 A

Fig. 2 Analysis of carbon source metabolism characteristic of soil fungi

2.5 HIEBUMRMEEINGESHIENFIG
SRRV R -0F 38 SR AT AR AR B s e
BERETUA /AT (RDA ) MRS R6 BE AT 2 HE 7
Axis1 HAxis2iy SR B RETE0 ~ 20, 20 ~40 cm T+
JZ0r913K96.58% . 97.22% , Ui - 3ERRAL P BN A+
R AR IE A B . P, #E0 ~ 20 cm

+ 2, Axis15TN, AN, SOM. iR . kM. i
FALEBF L IEAE, SEC. AP, Axis25
AN, EC. SOM. AP. JREFZIEFHIC, STN. B
fitf . AL AR TAOE, TN, BERRES AT SR
FiAE T L R A DR A A A R ) g T LA B R . A
20 ~ 40 cm T J2Axis '5TN, AN, SOM . Wil .
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E
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WREE . i E L EBE L A, SEC. APE MM,
Axis2 SR A . IREEEIEAIE, 5TN. AN, EC,

SOM . AP, HEAEMAEE MK, SOM, AP, if
A ST LB B4 IR AE i LA B R

(=)
< 20~40cm
Urease
Lipids Phosphat
—~ Carbohydrgte
S Alcohol
[\ Amines
N
N2
! AN SOM
k) Amin acids
< EC o Catalase
Acids
AP
=
T
-1.2 Axisl (90.60%) 12

K13 SR O ECER D BE AR TE AR

Fig. 3 Analysis of the influence of soil physicochemical properties on soil fungus community

= 0~20cm
Urease
= Alcohols
IS Amines
<D Acids
o EC
< SOM Carbahydrate
= Phosphat
o TN
B2
]
<t Catalase
Amin acids
=
T
-1.2 Axis] (82.65%) 12
N \/\
3 9 1w

30 BAEFEESNIIEEFESERERHESE
op-A )

R R R, FEER A AR IE ) e o AR
0~20520~40 cm + 2 HIERFHIAWCDHEML £
FEPE TR AR AR AR — B, YRR T 4k
T RETE > SR A eI > i, DI S R
ARG YE R T e Z AR PE A — e it s, X5
R 2 RS AE RGO A I
TRt A R i 288 s il s A R P 2 A 2 5 1 ik
Ui BRI, A Y IR HTRE 3 58w DL
W AH 7 2R B P R R g L EH g
W R, FEEhAEAR R E R, BEh A
JEZHE N, B[R] E B Be T R 7 4 A8 4 A 22
SRR . PR BEVR S5 1 i 22 5 002 T AR TR
MTI AR 25 R G AR e e — s S Y L R Wi
TRACI 22 5 5 M AR R AN R S RV, b L AE
Bl L TR YRR R e AR AR R, A
1175 |6 38 A W B TA AR P el A, 0 T 2 i)
e ) . FEERAE R IE R R R b,
THRRMEOZHSIMEN, RRpWYEmMEE,
R AR PG ER . ok E Y. ARG
LR SEY B B —F 5, AR bR L 09 A= A7 AT 4

BT T REISCRE JR Y o, ELAE R AR AR E 17 3
R, ANFRY 2 A A R BRR F R )
T 5 Z AT B AR PR TR RS, $ e I
P ARG, (28t T I R RIS A 2 R
TERIIE o AR PRI AR 2R 73 WA 1 - S A W 2 1B 1
AR TR v PR B . R AR 0 I K A U N fE RS
BRI IX R AR RS, BRI
FIHR R G 10 T B3R BE IR T 207 g/ JLaE T
A ATF 5 L UE AR AR 5 1 S Bl A W 2 I A A A L 2
FEAE I o PRS2k R v o, H Al st R0 AR
Yy RE A B 2 IR T AR p R B, gk AR B
Fe B, S AR W R T SR B 1 T e 3 el
Ao H—EEFENERE DIERRE LA
U8 AR R i Yy o oA AR R0y, AT
BUERIR AR ol TR AR R A AR PR
Y e iR, AR Pr LR M DL e
ZRETEY R TARMRER, AR A B0 ) 09 24
FIVECHE SR R i 17 SRR B 9 AR 4k 0 B R
IR, L HERRET R A, AR AR I3 AW B A BT
T BEZ O, TR I L R R D RE
32 BEEHEEPIEBUMREAMERERH

ERGRASIE R S0

W 2B AR WY IE 1) FEORY Ml DR A R 2
S, X R B A TR, A AR
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T RE A AR 1k 5 b bR e R o R - e At
KRB RHOKS . AR, A . A%k
Tl 5 DAL 12 52 o) - S A A T A A ) T S B A
T, XS PR Y R B A5 5 T AR W AR A R TR
B, HER WA MR RS L W S A R
HEI3 RN, ANIA 2T 45 b e o % 2 T ok 15
RUHE MR WA —2, SRS &
27 55 DA R R A 1 S A O, T A A
B 5 Bk A IR R EAOG, B 2
R W R AL 5T A 4 ) - TR e AR Y 32
YR, Autdsith, A LES RN, +
e R S B R R Y T e
I AL BENS B2 + HEXTCO, MRk, ) it A ok 2
T A A W TE M, 3 AR R A R B
A G, R R, IR R TR AR
Wae s ), MuhammadZ U7 Ak, 1 0E
ER TR B A BRI 2 A 2 U W o A LB 1) O A
FHo Bl ER ARG IE ) 0, S R AN TR
ik, mies. WA RAYEN S EAKT R, &
AW AL, T T 1 TR RV 4 A ) A
AR E W7 Il & o RFSC R B, B2 iR, L%
PRALPE 3 R AR U, FEAR R o A s kb,
gk AL GRS 2 R IR I
s, AT R A 0

4 4

Bifl 6 2 FE B O [ R, b R bR R T R
fiX, HHERE WS, A EREE G
TNASE 07 & . B SR A M RAE AR - SR T
VY- R Y R R,
HEAWCDH B EH#E (P<0.05) , HEHEN
FLE A A L2 e . IR AR
A -BURTEBH . F 5 EHRES . =8 HRfs 5D
R R 5% BET ER VEAG YY) > SR SR PEAE Y > #iih, H
ZERWE; BREZERREE, AR =R e EUE
LI H0~20 cmKF20~40 cm 2, HEF, £
R T SRR AL BT 4 ) e TR e A Y 32
BN E . R R X EA AR K A IR A
AN 2N B AR IR A R S R 2
IS | PSRRI A 42 ) 3 L e ik PR A A 2
25 510 BRI
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Effects of Succession of Halophytic Vegetation on Carbon Metabolism Diversity
of Fungi in the Yellow River Delta

WANG Juanjuan WANG Qian JIANG Aixia PEI Zhen WANG Xiaofeng GUO Dufa’
( College of Geography and Environment, Shandong Normal University, Jinan 250000, China )

Abstract [ Objective ] As an important component of the soil microorganisms, fungi play an
important role in cycling nutrients, maintaining and building soil fertility and improving soil structure
and so on. As a decomposer in the soil, fungi can effectively decompose various kinds of macromolecule
materials and hard-to-decompose litters in the soil, promote nutrient uptake of plants, and be used as an
indicator of ecosystem health. Carbon source utilization capacity of soil fungi reflects overall metabolic
characteristics of the fungal communities. To explore relationships between soil fungal carbon source
metabolism and succession of halophytic vegetation is an important step to elucidate variation of the
ecosystem in internal structure and function. [ Method ] 1In the region of the Yellow River Delta, in line
with the natural succession of the halophytic vegetation, sample plots of bare coastal tidal flats, flats
covered with Tamarix chinensis and Angiospermae (highly salt-tolerant plant community), and flats of
Imperata and A.venetum (mildly salt-tolerant plant community) were selected, three each, making up a
total of 15 sample plots for soil sampling in the 0~20 cm and 20~40 cm soil layers. The soil samples were
analyzed for physicochemical properties, and carbon source metabolic activity of soil fungi using the
Biolog-FF microplate culture method, and further for characterization of the carbon metabolic activity of
the soil fungi in the plots relative to halophytic vegetation. [ Result] The Biolog-FF microplate tests
show that in terms of average well color development in the 0~20 cm soil layer, the plots followed an order
of Imperata > A. venetum > Tamarix chinensis > Angiospermae > Bare plot, while in terms of AWCD in
the 20~40 cm soil layer, they did an order of Imperata > Angiospermae > Tamarix chinensis > A. venetum
> Bare plot, which suggests that with the succession of the halophytic vegetation, carbon metabolism
activity of the fungi in the soil increases significantly (P<0.05) and so was Shannon-Wiener index, richness
index and Simpson index of the fungi. In all the sample plots, except for that under Angiospermae, all
the three indices were higher in the 0~20 cm soil layer than the 20~40 cm one, which suggests that with
the succession of halophytic vegetation going on positively, the fungi in the soil improve in diversity and
abundance and in dominance of common species in the community. Correlation analysis of soil properties,
fungal AWCD and fungal diversity shows that TN, AN, SOM, phosphatase and catalase significantly (P<0.05)
promoted while soil salinity significantly (P<0.05) inhibited fungal metabolism of carbon sources. Principal
component analysis shows that Fibric alcohol, ornithine and D-mannitol were the main carbon sources for
fungal utilization in the 0~20 cm soil layer, whereas D-sorbitol, glycerol and L-aspartic acid were in the
20~40 cm soil layer, which suggests that saccharides, alcohols and acids are the main carbon sources that

control carbon metabolism of the fungi in the soil. [ Conclusion] As a whole, with the succession of the
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halophytic vegetation going on positively, the soil underneath declines gradually in salinization degree and
improves in soil quality, and the fungal community in the soil is growing more and more stable in structure.
All the findings about relationships between carbon source metabolism of soil fungi and succession of
halophytic vegetation may lay down a theoretical foundation for the ecological restoration and utilization of

the Yellow River Delta.

Key words Yellow River Delta; Halophytic vegetation; Soil fungi; Functional diversity; Biolog-FF
method
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Table 1 Nutrient contents and pH of tested organic materials

e B0 240 AR WA AR ALK
HHLWY) Total Total Total Nitrate Nitrite Ammonium Organic
Organic materials nitrogen phosphorus potassium nitrogen nitrogen nitrogen carbon pH
Ngkg™ Ngkg™ Ngkg)  Amgkg')  Amgkg) (mgkg™) Ngkg™)
CS 5.50 2.10 16.50 85.00 1.52 22.00 475.2 6.88
FTB 5.35 1.16 2.76 81.00 1.60 20.00 535.0 7.30
BC 7.90 4.10 11.30 98.00 2.20 30.00 574.8 8.25
FFB 7.40 0.96 2.82 92.00 1.80 26.00 505.0 7.12

. CS. FTB. BCHIFFB4r 48 111k B fLiE FRFEAF . AL . W mA LR AE, TR Note: CS, FTB, BC and FFB stands

for treatment of applying corn stalk, fruit tree branches, biochar and fermented sawdust of fruit tree branches into vertical holes

respectively. The same below
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Fig. 1 Effects of organic materials applied into vertical holes on soil nitrification and denitrification intensities
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Fig. 2 Effects of organic materials applied into vertical holes on soil NR and NiR activities
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Table 2 Effects of organic materials applied into vertical holes on chlorophyll, diameter and length of new shoots of apple trees

ALY I AT 5 4k
Organic materials Relative chlorophyll content
CsS 54.53+1.27a
FTB 51.64+1.75a
BC 52.53 £1.50a
FFB 51.60 £ 1.46a
CK 47.87 +1.40b

HTRHELIE G RN S
Diameter of new shoots /mm Length of new shoots /cm
7.50 £ 0.74a 63.63 £0.58a
7.30 = 1.06ab 61.38 £2.64b
6.75%0.62bc 60.30 £0.25b
6.90 +0.39b 57.88 £2.52bc
6.40 £ 0.54c¢ 57.00 £2.89¢

W B N IE £ FR S RPN FEFERZEREF (P<0.05) , FI[[ Note: Data are means * SD; Different letters in

the same column meant significant difference at 0.05 levels. The same below

*3 EELBRBNMNIERMRELTEE,

FBEZRIK SR RN

Table 3 Effects of organic materials applied into vertical holes on Pn, Tr and WUE of apple leaves
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Water use efficiency

Transpiration rate

(Tr)/(mmol-m~™s™") (WUE)/ (. mol-mmol ")

cs 12.90 % 0.55a 5.50+0.11a 2.35%0.08a
FTB 10.70£0.91b 4.90 £ 0.06¢ 2.180.18ab
BC 10.80 % 0.72b 5.20+0.12b 2.08 % 0.12ab
FFB 8.80 + 0.85bc 4.70%0.10cd 1.87 +0.16b
cK 8.20 + 0.90¢ 4.50+0.12d 1.82+0.16b
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Effects of Application of Organic Materials to Apple Trees through Vertical
Holes on Soil Nitrate Metabolism, and Leaf Photosynthesis of Apple

HUANG Ping JITuo YUE Songging LIPing XUNMi CAO Hui YANG Honggiang'
( State Key Laboratory of Crop Biology, College of Horticulture Science and Engineering, Shandong Agricultural University,

Tai’an, Shandong 271018, China )

Abstract [ Objective ] Drilling of holes in soil can improve soil aeration, and application of organic
material can increase soil organic matter content. The study was carried out to investigate effects of the
two used simultaneously on soil nitrate metabolism, and leaf photosynthesis, water use efficiency (WUE)
and plant growth of apple trees. In a field experiment of this study, four different kinds of organic materials
were applied, separately, into the vertical holes dug within the root zone of the trees. This study was
expected to be able to provide certain reference for development of new technology for soil management
in apple orchards [ Method ] Four-year-old red Fuji apple trees cultivated in the root cellar were used as
test material. Holes, 15 ¢cm in diameter and 50 cm in depth were drilled around the trees within their root
zones, and then corn stalks (CS), fruit tree branches (FTB), biochar (BC) and fermented sawdust of fruit
tree branches (FFB), which are good in aeration, were applied, separately, into the holes. Nitrification
and denitrification, nitrate reductase (NR) and nitrite reductase (NiR) activity, and inorganic nitrogen

content in the soils of the root zones, net photosynthetic rate and transpiration rate of leaves, and WUE
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and growth of the plants were determined, six and ten months after the experiment started. [ Result ]
The determination, either six or ten months later, shows that application of CS or FFB improved soil
nitrification and denitrification intensity, the most significantly especially CS, which did by 52.68% and
45.81%, respectively, 10 months after. BC exhibited similar effects, 6 months after the application. The
determination 10 months after the application shows that all the four kinds of organic materials increased
significantly soil nitrification and denitrification intensity. Both the determinatons show that all the four
kinds of organic materials increased the activity of soil NR and NiR, except FTB, which decreased soil
NiR activity in the first six months, and then ,increased soil NiR activity, but reduced NR activity in the 10
months. CS was the most significant in the effect, raising soil NR and NiR activities by 46.43% and 18.02%,
respectively, in the first six months, while FFB was the most in the 10 month period, raising by 48.00% and
9.30%, respectively. The application of the organic materials in the experiment, regardless of kind, enhanced
soil nitrate nitrogen content during the whole period as demonstrated by the determinations 6 and 10
months after the application, while CS, FTB and FFB reduced soil ammonium nitrogen content in the first
six months and then raised the content thereafter. The four treatments also significantly increased relative
soil water content in the 0~40 cm soil layer, relative chlorophyll content, and diameter and length of new
shoots. Among the four, CS came on the top in the effect on relative soil water content in the 0~40 cm soil
layer, and diameter and length of new shoots, being 7.80%, 11.63% and 17.19%, respectively, higher than
the originals, and followed by FTB, whereas FTB and BC sat in the bottom in the effect on diameter of new
shoots, and FFB did the same in the effect on length of new shoots. Besides, CS, FTB and BC significantly
increased net photosynthetic rate and transpiration rate of leaves and WUE of trees as demonstrated by the
determination 10 months after the treatment, especially CS which increased the parameters by 57.32% .
22.22% and 29.12%, respectively, and was followed by BC and FTB. [ Conclusion ] The practice of
applying organic materials into vertical holes around the trees within their root zones has some positive
effects on soil nitrate metabolism, leaf photosynthesis, WUE and plant growth, and the effects vary with
kind of the organic material applied. Among the four applied in the experiment, corn stalk was the most
effective.

Key words Drilling holes in soil; Corn stalk; Apple tree; Nitrate metabolism; Photosynthesis; Water

use efficiency
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Fig. 1 Location of the study area and distribution of sampling points (including 392 for modeling and 98 for

validation in the study area
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Table 1 Descriptive statistic of soil organic matter (SOM) and its affecting factors
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Table 2 Semi-variance models of SOM, OLS and the residuals of GWR and parameters involved
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Variation of Soil Organic Matter in Transition Zones and Its Influencing Factors

DU Peiying ZHANG Haitao'! GUO Long YANG Shunhua ZHANG Qing TIAN Xue
( College of Resource and Environment, Huazhong Agricultural University, Wuhan 430070, China )

Abstract The research on rules of spatial variation of Soil Organic Matter in plain-hill transitional
zones and their affecting factors is of great practical significance to guiding agriculture. This study was
oriented to explore variation of soil organic matter (SOM) and its influencing factors in a transitional
zone between the Jianghan Plain and the mountainous area in West Hubei in China. A total of 500 soil
samples from the surface soil layer (0 ~20 cm) were collected and analyzed for SOM content. By means
of correlation analysis and stepwise regression analysis, out of the 14 affecting factors, seven variables,
including elevation, slope, aspect, available iron, soil bulk density, soil gravel degree, clay content that
were closely related to SOM, were selected as explanatory variables. OK and GWRK methods were used
to interpolate the SOM data into the study area, and ME, MAE, RMSE, r IP were used as validation indices
for determination of prediction accuracy of the models. Results show that GWRK was higher OK and RK
in prediction accuracy, which indicates that the local spatial regression model can be used to explain spatial
variation of the SOM in the transitional region.The coefficient spatial distribution maps of the GWR model
can be used to reflect degree of environmental variables affecting SOM spatial nonstationarity relative to
geographical location, which may serve as a basis for exploring dominant affecting factors of SOM relative
to terrain condition, and also as an important reference for plotting accurate SOM spatial distribution maps
of transitional zones.

Key words Soil organic matter; Transition zone; Spatial variability; Geographically Weighted
Regression Kriging (GWRK); Spatially Non-stationary
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