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Abstract:  Objective This study aimed to investigate the long-term and synergistic effects of Biochar and organic fertilizer on
dissolved organic matter (DOM) in paddy soil. ~Method Several fertilization treatments were tested over five years, including a
control (CK), biochar (BC), fertilizer(N), biochar+fertilizer (N+BC), manure+fertilizer (MF, 25% nitrogen replacement), and
manure+fertilizer+biochar(MF+BC, 25% nitrogen substitution). The effects of these treatments on soil pH, total nitrogen,
available phosphorus, accessible potassium, soil organic carbon (SOC), readily oxidizable organic carbon (ROC), and dissolved
organic carbon were examined. The spectral properties and fluorescence components of DOM were characterized using the
ultraviolet-visible spectrum (UV-Vis), fluorescence spectrum, and parallel factor analysis. Also, the specific UV absorbance, UV
absorption slope rate, fluorescence index, biological index, humification index, and relative amounts of fulvic acid, tryptophan,
and humic acid of the DOM were examined. = Result The results showed that by utilizing biochar and organic fertilizer, soil
acidity could be decreased and rice productivity effectively increased. The MF+BC treatment had the highest rice productivity
and soil available phosphorus of all the treatments. Significantly(P 0.05)favorable correlations between rice yield and DOM's
bioavailability, aromatization, humification, tryptophan concentration, and hydrophilicity were found. The order of the degree of
humification and bioavailability increase in DOM was manure > biochar. Furthermore, biochar significantly increased DOM,
fulvic acid, and tryptophan components and promoted the conversion of ROC to dysoxidizable-organic carbon, whereas organic
fertilizer increased ROC, fulvic acid, tryptophan, and humic acid components. The application of Biochar and organic fertilizer
had an interaction effect on the increase of rice production, ROC, DOM, fulvic acid, tryptophan, aromatization, humification, and
DOM bioavailability. ~ Conclusion Thus, the combined application of biochar and organic fertilizers increased rice yield while
also enhancing the functional diversity of organic carbon and DOM components in paddy soil.

Key words: Biochar; Manure; Soil dissolved organic matter; Ultraviolet-visible spectrum; Excitation-emission fluorescence

spectrum; Interaction effect
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S FEREISE S AEYIBTR DOM HREE G 4 &
RN & BB K TR E 2 [,
Y B AE LR Z B Y A R Y
KABESRAEAL, BT 47487 DOMEP!, DOM
TEAE Y B A HLBT P AL AR /N —38 43, (B AW o

S LA A S5 O A - g R AR R T RGN [ REAS T, A
Wh s Rg W AR RAT MUK I 4k, 17T ol AR + 3980
PEA HURR P AL AN 254 o A HLIE AT A 8t s R X+
Ry, BESE R L7 THRED. A HLALHE AT
B4 + = EAS . DOM & ik f o 45 K 5 24 14 05
T B B, A LR 6 G B R A A
BEZ, JF B3 TARBRBAE D S YE, REEZ +
16 DOM 55 A4 43 Yo it A J52 10 5 Ay UKL 4 4 vp
DOM E A £y, AT 545 | A1k A B T g%
G AVUEXT DOM (5% M 3 2 0GR T PLUIE H
ORISR LR R A S W E AT,
KT A= i 3 IRl MLAE fte FH X /K5 £ DOML (5%
M BIL 1) 4 e = TR ABIFSY
£ Hh0] W% (Ultraviolet-Visible spectrum,

http://pedologica.issas.ac.cn



4 3] 2 MRAE . AW BRI HILAE BCHE X 7K R e FA i AT HLBOG 3 2 R A 52 ) 1125

UV-Vis ) 7] T #r -5 DOM 5 F L fE 5k
TR KA FE KN =49 Excitation-emission
fluorescence spectrum, EEM ) A 4§ #E/3#1 + 3 DOM
PO, 456 FATH 43 Bk ( Parallel factor
analysis, PARAFAC), W44 443 NG BE 43
ST S LH 43, 2T P FURE 6 2 14k 4 B DOM
(YL BRI o ASAF 5 55 Tt FH 2B 9 Jo e 1y 4 B B
HhE LIRS, JE oA W B S AIE KA BLIE B
[l FH XK A7 8 . 3SRy . A ALERZH 7y . DOM
(9 UV-Vis JGi5 Il EEM OGIERRIE S 7 s, 4R
WA R A HLIEXT -3 DOM RN,
A ) 5 TN HILAEAE AR ek v 9 (] FH 42 AR 2
WAL B S % .

1 MRS Ik

1.1 iXIE LR

TR U TV 5048 T PE T A O A D B b for
RIEHE (31°29'17"N, 119°19'57"E ), Z XA T
VL= AT, R 2= e, H P34
14.5~17.6°C, 4EFE7KHE 992~1 200 mm, X5 1%
JBTKFEL . 2016 4F 5 HiRITF4G, #F2 HHE3A
AL ON . pH 6.64, AHLEK 19.5 gkg', &K
1.36 gkg ', A% 18.6 mgkg ', WA 124 mg-kg ',
TR BT A= ) 5 e Ry A Bt A s Ui (450~550°C)
AR IS . AW TR Y AR . KF 2 mm
FIRE /N 65%LA 1, pH 9.43, K 685 gkg ',
M 461 gkg !, B 13.2 gokg ! FLAAHE 24.1 gkg !,
1.2 RIgit

R E 6 AN, 4k (1) XTI, R
it FH A 0 B o FBERE ( CKO); (2) AUt FH 28 ) 5 e
{EAHE FALAE (BC); (3) U HALAE (F); (4)
it AL RE RN A= 8 e (F+BC); (5) i FHALAE A
BUIE (MF ); (6) i AL IE A HLAE S A= P 5t ok
(MF+BC ). 3 WWEE, /NNXHEEHR 30 m*. £k
HANAE 2016 4F 5 A, HAREO A, it &
30 thm *, B0 T/NX i, N T BT 0~
20em 2. HIKAMANRE, EREN
270 kg-hm 2, KFEEMLIZZE R “FEAE : 4PEEAR : 4k
TAE=4 3037, B FRIE AR AN A BEIR S | SRR,
SEBHTIAE, iR A P,Os 60 kg-hm? Fl K,0

90 kg'hm >, A LI R 3 S REAFHEAL ™ o, A HLAC
BARPR SRR AHUTR KT 350 gkg ', N P,Os
Ml KO0 S8R 203 gkg!'. 42.1 gkg!' M
234 gkg o HEFAHLACH AL T, A HLIE R R
R 25%, FEMHEH. AP RTINS 50,
HR A 5 43t B — 2, Wl AR AR 4 T Ak
NEADFEAE R FENE — Rt A o 7K R b P FH R BE 46,
BRAE S—11 FAUBHR—ZKAE, AR RBE.
A5 A
1.3 tTEFEMRESSN

2021 4F 11 AKREHCR, B/ NS ,
KA 0~20 cm PUHF)Z T, AAKT AT i 2 mm
Witi, TESCHEROLIRAE, & pH HKRLIE 501
H pH i E ;s ALK ( Soil organic carbon,
SOC )2k FH B 4% R i — A In #4222 5 1284 A Total
nitrogen, TN ) RHPLIKERENE; 55 H ik
ALK (Readily oxidizable organic carbon, ROC)
K e PR AR A 5 5 IR A ( Available
phosphorus, AP ) SR HBRIR S G112 $—4H 8Pt Lt .7k
Mg s +IEHERAN ( Available potassium, AK) K
Tt PR e 2 i — K M DY B R I A

+ 3V R A PLAK ( Dissolved organic carbon,
DOC ) 2B & : FREX 3.00 g &F 0.15 mm i ) 1
BEREA T 50 mL B0, LA 110 oK EEESm
30 mL ZEME/KJGEREIR 300 rrmin ' $R3% 30 min,
FirE 1 h, JFECEVERGT 0.45 pm IEME, UXEEIECR
MEAPEKR (TOC) 73T (multi N/C 2100, H%
AIRAFE, fEE) WE,
1.4 ZESM-RIDLSEIE (UV-Vis ) $ESH7

¥4 3R + 3 DOC JE W AE 250~ 400 nm 3 [ Py 7
ik, OB . FRIEE ML R
%4 ( Specific ultraviolet absorbance, SUVA ) SUVA,s,
(FFHWARSEE ) M SUVAye (HIKME) 205 A254
I A260 WG DOC e FE MY HLAE R 3 $R516R)
FZH (Ultraviolet slope ratio, Sg) (43T K/N)
1 275~295 nm K XERPRE 350~400 KX
BUARER Y L AE RS
1.5 Z=#5%HkE ( EEM ) SES# 5

W bR UE R HPEOETEAL (F-7000, HA7,
HA ) #47 =4E200001E (EEM) A## . OGS
( Excitation spectrum, Ex ) K75 Fl & 200~500 nm,
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RAEEFE S nm; & 5% ( Emission spectrum, Em )
WKL A 250~550 nm, REEFEIFE 2 nm. 380k
K4 370 nm IFFE 470, 520 nm B ALDE G K G o EE
i FUAE B¢ Y6382 ( Fluorescence index, FIX);
KK H 254 nm B, KFHEKTE 435~480 nm i
Fil 5 300~345 nm i [l A9 B 50E 19 LU A8 RIS 8 16
$8 %4 ( Humification index, HIX ); i & I K5 310 nm
F7E 380 nm 1 430 nm P4 ()96 6 & 5 5ik B 1) LB
Bl A= ¥p+5 %% ( Biological index, BIX ),
1.6 HESWT

F| ] DOM Fluor v1.7 T HAH7E MATLAB 2019
AT =4O R 2RI PP TRF ( PARAFAC)
5381 . RH Origin 12.0 #AERE . A SPSS 20.0 i
7 Bz IR A H A A IR 28 7 224087, LA P<0.05
HEFBFE, P<0.01 HESWEE,

F1 AEEBTKE

2 4 R

S

2.1 AYRAFEVEKE~2MTEE AN

=AU

AN Tr) it FIES Ak B 7K A o R - B AT T 48 B UL
1o NN A W BT A 43 ) A b 3 AR v K R
(P<0.01), JFf Hjita At A1 A= 9 I e BLAT P R4 24
(P<0.01), &AbFIEE CK 2 /KRE™ & 10.7%~
113%, K3 F K. MF+BC Foif i, 5%
9.36 thm >, % F AbFHF= R34 M 6.33%. K it il 1k
JE 5 5 R Ak R, it A A T A AL
ZZfi + 3R L . F+BC . MF Il MF+BC #; F 4bHi( pH
5.61) 3 pH 43l & 2 5.90., 5.95 fil 6.14, 454
TN AP Fl AK & 573 311% CK #2151 7.40%~30.6%

BT E AN EAR S IEAR

Table 1 Rice yield and soil fertility index under different treatments

b3 b s
Total nitrogen/ Available phosphorus/ Available potassium/
Treatment Yield/ (thm?) pH
(gkgh) (mgkg") (mgkg ")
CK 4.38+0.28¢ 6.35+0.03b 1.2140.03d 13.2+0.28¢ 109+3.3d
BC 4.85+0.15d 6.56+0.07a 1.30+0.07¢ 14.1+0.49d 134+5.9ab
F 8.73+0.34¢ 5.61£0.12¢ 1.5240.02b 16.5+£0.68¢ 117£3.3cd
F+BC 9.05 +£0.26b 5.90+0.11d 1.67+0.03a 17.34£0.17b 126+3.1bc
MF 9.16+ 0.36ab 5.95+0.08d 1.5540.05b 17.9+£0.25a 124+42.6bc
MF+BC 9.36+0.27a 6.14+0.08¢ 1.58+0.06b 18.3+0.41a 140+6.5a
e Fertilizer * ok ok ** ok
Wi Biochar *k *ok * o -
S 2 0 ™ ok P=0.728 P=0.110 P=0.421 P=0.072

H: CK: XM, AMHAY B AR BC: AUEHZEY BUR A AL ;s F: (UG LI ; F+BC: Jifi AL FNA: 9 B s 5
MF: Jiti HALHEFIAPLAL s MF+BC: Ji HIALHEFIA HLIL S W B e o KR 508 2016—2021 4R HY 5 4FF 17 s *3KoR P<0.05, **
FoR P<0.01; [RIFIARE/NG FHEF R PR 22 5 5.3 (P<0.05), F[E. Note: CK: the control, with no biochar and fertilizer; BC:
with biochar only; F: with fertilizer only; F+BC: with fertilizer and biochar; MF: with manure and fertilizer; MF+BC: with manure,

fertilizer and biochar. The yield represents the 5-year average yield from 2016 to 2021; *and** indicate significant differences between the

treatments ( P<0.05 and P<0.01 ); Different letters in the same column indicate significant differences between the treatments ( P<0.05 ) . The

same as below. (DFertilizerxBiochar
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7.58%~38.6%A11 7.0%~82.1%, H:Fh TN, AP 1 AK
SR AL P4y ) F+BC . MF+BC il MF+BC.,
22 HEYRRMEVENKBLIENRASSE

b

11 DOM ¥ J& il # F DOC ¥ & %/~ o AS[R) 4k
PN - ARG B 2H 53 (SOC. ROC #1 DOC) (1)
S0 VLI 1o bt I R AR ) B 0l 2 S R SOC
ROC FlI DOC ( P<0.001 ), Ff-HLjifi At F1 A= 49 J5i o Xof

ROC F1 DOC W BA L HAEH (P<0.001), %
A3 SOC & B # CK 73l B F 5 31.9%~46.5%,
Hr MF+BC 4b B SOC #ie i, i551 28.6 gkg '« BC,
F 1 F+BC 43 ROC # CK &1 6.01%~10.1%, il
MF £l MF+BC 4b B ROC 434145 CK #2755 11.0%7H1
12.5%, Hf MF+BC AbBE ROC & ifm, k%)
7.33 gkg | ASALFEDOC 5 CK 4R 5 13.8%~28.4%,
Hr F+BC 4B DOC fi, 5% 30.7 mgkg ',

40 . .. = r
Jififilt Fertilizer: P<0.001 ‘ﬁa 10 JittAt Fertilizer: P<0.001 - 40r A Fertilizer: P<0.001
A9 i B Biochar: P<0.001 B H:¥ i A Biochar: P<0.001 ‘&0 A=W i A Biochar: P<0.001
S JHEAE > A= 4 i 1 g HEAE > A= 4 5o 5E° AT > A=) 5ok
2 Fertilizer x Biochar: P=0.112 % Fertilizer x Biochar: P<0.001 S 35| Fertilizer x Biochar: P<0.001
2 sop i, 2 5 st 5 y 2 X
c 5 2 a al
s dcd—I—_I_‘I‘ ° a a £ 30f _I__I_bc-I-
g + T E 5 ¢ -
o < 3 +
z ER . E a
Uo) R > C 2 25+
& 20 2 6f d d A
= & X
i i =
= = & 20}
+H T Eul
N &
P s
10 O R LU K L0 N4 O R UL L 13 O RO &L
F& S FFiFS FF PSS
< s < g &g
AbFR Treatment AbFR Treatment ALFE Treatment

1 ANRVING B3R 7R b PR ) 22 57 5 35 ( P<0.05 ). [A] . Note: Different letters indicate significant differences between the treatments

( P<0.05) . The same as below.

K1
Fig. 1

23 EYRRMEVEIKFEL DOM B UV-Vis

itk SEHFAERI M

SUVA,s4 . SUVA 40 Fil Sy 7351 I T AFE DOM 43
FHBEERE (IEH), HKMERE (IEH) fiaT
() M ORE AR BEX) DOM fY UV-Vis S
SR LI 2. il BE AR ) 5 e YA B R T
DOM ) SUVA,s4. SUVA4 Al Sg ( P<0.01), FfH.
it NE AN A= ) J3t e % SUVAs4( P<0.05 )FT Sp( P<0.01)
M B HAEH . A3 SUVA,s, 3 CK i3
5 77.6%~196%, H.rh MF+BC Ab# SUVA,s, (H
e, AE 1.24, A SUVAL 3 CK B 5 [5AIK
13.1%~57.6%, HH MF+BC 4b¥H SUVA,q 51K,
i5%) 0.479, F. MF il MF+BC A3 Sg 5 CK %2 %
AN, 1 BC Al F+BC b Sy %5 CK F&1IK 13.8%

AR BN LA B . 5 B A DU AN VA B &

The content of soil organic carbon, readily oxidizable organic carbon and dissolved organic carbon under different treatments

Al 21.9%.
24 YRR EHIETKFE L DOM B EEM 3t

ESHFIER R

DOM [ EEM (i FI{E AT H R 174 DOM ki,
FI<l.4 i}, DOM FE mAMEH AN, BIX Fl HIX
A DOM LWl AT AUE AR, fiEl 3 mf
AL, AR N DOM Y FI, BIX f1 HIX, 44
A 52 DOM RY FI AT HIX, I ELJite AR Fi A= 4
Jmext FI, BIX Al HIX 2B A S HAEH . 49
JR ¥t BIX SEMAAN b2, AT RESE K A= ) B A= )
AR VAR A S A5G R . &AL BRI FI<1.4,
Uil DOM FEZ RAMERI A, 5 CK ML, FFl MF
AL PR FT 43 5] 0 2 B 3.57%F0 2.23%, £5AbFE BIX
M HIX % CK 35 20.1%~56.5%F
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20 I 151 I 90 . I
>y JiEAE Fertilizer: P<0.01 2 Jiti i Fertilizer: P<0.01 JififiIE Fertilizer: P<0.01
A H ) F ¢ Biochar: P<0.01 :; HEW ¢ Biochar: P<0.01 H ) [ #¢ Biochar: P<0.01
§ AL x A4 AR % JHEAL < A= B o AL x A= 4 ok
-g Fertilizer x Biochar: P<0.05 g Fertilizer x Biochar: P=0.306 2 Fertilizer x Biochar: P<0.01
] P <
2 15F 2z a =80
3 a 5 —I— b & ab 2 a
= 5 10} a = Ealea
2 % 3 - g hoe
5 & 2
3 ) %b 3 be . z T
o B c ° ¢ £ 5l
}og—) 1.0 il; be _L§ —I_ {‘ de 5 70
5 c & & ’
e iL 3 e +\;
% osk 9 W = 60
= = =
= =
2w 2%
0T T % 0.Q O 0.0 C %SO 50 C %O & o0
S IS Fo FE Fo WSS
$ $
AbFR Treatment AbFR Treatment AbFR Treatment
B2 AN[EANEET 3 A AL 9 48 0 T OG- (.

28.1%~ 141% , 2 MF 4b B 19 BIX B¢, 55 2.04;

Fig. 2 Characteristic values of Ultraviolet-Visible spectrum of dissolved organic matter under different treatments

JHEAL Fertilizer: P<0.05 4T MEE Fertilizer: P<0.01 JEAL Fertilizer: P<0.01
=4y 5¢ Biochar: P<0.05 A=W fF 5 Biochar: P=0.973 A=Wy J5ia% Biochar: P<0.01
Lol AL > A= i AR > A= 5 6 F AL x A9 e
| FertilizerxBiochar: P<0.05 FertilizerxBiochar: P<0.01 FertilizerxBiochar: P<0.01
3 .
< a ab b a g
2 | MEehEf & E b &
= =3 £ a = -
) = g 4l
2 S b =
2 0sf S 2 ¢ | |M =
g 2 F 5
E: M d g_ Ea T c
= % & d
foa &z ¥z
i3 R = 2r ¢ ¢
" 06F & H
0
C%Q)C Q><Q’C$(><Q’C Ckv‘b(/ Q&C$&C Ck"bc’ Q®C$¢&C
< @Q < @Q < §§¢
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B3 ORI M AR AT BLR SR SR

Fig. 3 Characteristics of fluorescence spectrum of dissolved organic matter under different treatments

X BERAE XN Y R AR (& 5). C1L C2

MF+BC 4bBEAY HIX i, 5% 4.33,
2.5 EYIRRMEVETKFEL DOM B EEM 3t
2 otz bl 0 ]
HRYEF1T R 743 #775 ( PAPAFAC ) ¥ + 3 DOM
SN EATUSY (4), 45 B9 60 1E T A

M C3 4 I RAE & BIRE . B HZR iR 28
P, Cl1 $HfEWEAi® Ex: 235 (310) nm, Em:
426 nm, ZIETCFIERMT & HREY T, &—
FRORE X 43 F i A/ INP T AR T, 38 R R VR T A ALY
O3, FEREALFR R BRI, C1 AR T N : BC>MEF
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MF+BC>F+BC>F>CK., C2 4H:fEIE{7'E Ex: 235
(290) nm, Em: 350 nm, ZWEERELLEY R,
FE RIS S EA RS A MEER, IOk
TERLT O, MY B I ML 5 . N
TR = At = £ DOMI1, c2 &
¥} : MF>MF+BC. BC>F+BC>F. CK., C3 ##iF
W& H Ex: 269 (360) nm, Em: 465 nm, %%

POCHRER I T Em ALY, »FEEK,
FORE TR Mo £ A Pl U, BC. F AN
F+BC Ab# C3 ¢ CK PG, i Al &k 5%
M C1, C2 1 C3 W& (P<0.05), YR
R C1 A C2 F & (P<0.01), Jf HLjfE AE A 4=
P sext C1 AL C2 /5% B A P ) 42 i 1
( P<0.05 ),
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FOALSH 1
Fluorescent
component 1

300 300

Yz PRt AN
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Fig. 4 Three fluorescence components of dissolved organic matter identified by parallel factor analysis
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a) Cl = b) C2 —_ ) C3
= s 3 240}
s 800+ S < y o N B
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Z HE S Biochar: P<0.01 2 1O00T Acwyims Biochar: <001 Z A Biochar: P=0.579
5 FAE = A= £ T = A4 e £ AL > A=A
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5 2 3 ab a
2 a g a 3 ab {»
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z S 400F 4 d £
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Fig. 5 Maximum fluorescence intensity of dissolved organic matter component 1 ( C1, a), component2 ( C2, b) and component3 ( C3, c)

under different treatments

K (P<0.05), M5 SUVA, i35 1 AHE ( P<0.05 ),
DOC 4 SOC ., SUVA,s,, BIX {8 % 1IE#H ¢ ( P<0.01 ),
JFH DOC 5 SUVA, it #F 7 AHE ( P<0.01), SOC
5 HIX I C2 B IEAME (P<0.01), ROC 5

2.6 DOM B UV-Vis f1 EEM 3% 55540
GEPS i
AR SER A AT L3R 20 KFE- i
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SUVA,ss. Sk. BIX. HIX. C3 414y 2 1F /X
( P<0.05 ), SUVA,s, 5 BIX. HIX. Cl. C2 /&
FIFEA (P<0.05). SUVA, 5 BIX. HIX. Cl.

C2 44y WML (P<0.05), BIX 5 HIX. C2
BEFME (P<0.01), HIX 5 C2. C3 WFIFAH
X% (P<0.05 ),

F2 KEFESIEANKRSE. BRUANBLESHMMEXME

Table 2 Correlation between rice yield, soil organic carbon content and spectral parameters of dissolved organic matter

Y DOC SOC ROC SUVAyss  SUVAj Sr BIX HIX Cl C2 C3

Y 1

DOC 0.831** 1

SOC 0.833** 0.830%** 1

ROC 0.351 -0.023 0.231 1
SUVA254  0.633** 0.593%*  0.756%* 0.511* 1
SUVA260 —0.668** —0.669**  —0.848** —0.374 —0.849** 1

SR 0.048 -0.370 -0.147 0.792**  0.096 0.161 1

BIX 0.522%* 0.563* 0.705%* 0.682%*  0.763**  —0.735**  0.286 1

HIX 0.821%** 0.329 0.621** 0.804**  0.827**  —0.797**  0.353 0.837** 1

Cl 0.133 0.333 0.442 —0.031 0.648**  —0.547* —0.299 0.343 0.448 1

C2 0.558%* 0.463 0.657** 0.456 0.681**  —0.781** —0.051 0.805**  0.815%* 0.570* 1

Cc3 0.058 —0.361 0.064 0.716**  0.217 —0.224 0.403 0.338 0.528* —-0.233 0.206 1

TE: Y: /74 DOC: HMEA LB SOC: AHLEK; ROC: HEAMANEK: SUVA, : HAMNGRITRE 254; SUVAy, : %4
FEMUL FHU 2605 Sp: FAMERIFEREG BIX: AEWIREG HIX: BEEAIEEG Cl: 298414 1; C2: 3414 2; C3: 4y 3.
Feh*RmR P<0.05, **F /R P<0.01, Note: Y: Yield; DOC: dissolved organic carbon; SOC: soil organic carbon; ROC: readily oxidizable
organic carbon; SUVA,ss: specific ultraviolet absorbance 254; SUVA,q: specific ultraviolet absorbance 260; Sg: ultraviolet slope ratio.

BIX: biological index; HIX: humification index; C1: Fluorescent component 1; C2: Fluorescent component 2; C3: Fluorescent component

3.*and** indicateP<0.05 and P<0.01, respectively.
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