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OB RICKAEOOREE, F3 T KRS RS b ST KRS = 2 4 38 BRI LA B - S Ah 2 M B S 4 4 o6
R, G5RW . SHtRICA L, FEFPEMRAE 1/3 A 2/3 MBI K RRSS 0RO A ORI T R, K FR L
AR R BRI T 17.8% 1 17.9%; W, KREAFAEHG LS. B SR AE IR & B AR
R B E, EeRE R RIER T 14.3% ~ 352% F121.1% ~ 37.65%, ARBBEESEIPIFIET 24.5% ~ 46.5% H142.6% ~
60.1%, 7EEIEHEM O, RFFRREIE EZE g T4 2, SE b EA L, AP AR 1/3 i 2/3 b 4R B & it
SRR T 17.6% ~ 52.4% F135.1% ~ 57.8%, KBS HMMEIRNT 14.1% ~ 26.7% F129.8% ~ 42.5%, w1 21.2% ~
55.2% H146.5% ~ 66.5%. HICHHIFRE, BRAMA pH AL, Hfh I b2st Tshn Samuk . sRusmesela W moet:, #eg
AR 5 - I A2 M TR I AN R A5 =22 TR 5 1k

K FEFPRRCERE; KR o ReibeEt iR B

FESES: S511; S153.6 XERFRERD: A

Effect of Long-term Straw Substituted for Partial Chemical Nitrogen Fertilizer on Rice Yield

and Soil Phosphorus Components
XIAO Rusheng, JIANG Guoliang, HAN Yongliang, RONG Xiangmin"
(College of Resources, Hunan Agricultural University, Changsha 410128, China)

Abstract: This study relied on a long-term positioning experiment to investigate the effects of long-term straw replacement of
partial chemical nitrogen fertilizers on rice yield and soil phosphorus accumulation as well as the relationship between soil
chemical properties and phosphorus components. The results showed that compared with chemical fertilizers alone, straw
replacement of nitrogen fertilizers for 1/3 and 2/3 enhanced rice yield by increasing the fruiting rate, the number of solid grains
per spike and the number of effective spikes of rice, and the total aboveground biomass of rice increased significantly by 17.8%
and 17.9%, respectively. Meanwhile, straw replacement significantly increased the contents of soil total nitrogen,
alkali-hydrolyzable nitrogen, available potassium and organic matter at different growth periods of rice, while reduced total
phosphorus content by 14.3%-35.2% and 21.1%—-37.65%, and available phosphorus content by 24.5%-46.5% and 42.6%—60.1%
under straw replacement of nitrogen fertilizers for 1/3 and 2/3, respectively. In terms of soil phosphorus components, straw
replacement mainly affected inorganic phosphorus components, and compared with chemical fertilizers alone, aluminum
phosphorus (Al-P) content decreased by 17.6%—52.4% and 35.1%-57.8%, iron phosphorus (Fe-P) content decreased by
14.1%—-26.7% and 29.8%—42.5%, and calcium phosphorus (Ca-P) content decreased by 21.2%-55.2% and 46.5%—66.5% under
straw replacement of nitrogen fertilizers for 1/3 and 2/3, respectively. Except soil total potassium and pH, the other soil chemical
properties were significantly correlated with AI-P, Fe-P and Ca-P, which indicates straw replacement of nitrogen fertilizer
regulates the transformation between different phosphorus forms by affecting soil chemical properties.

Key words: Straw substituted for nitrogen fertilizer; Rice; Yield; Soil chemical properties; Phosphorus fraction
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KA =R EE Z — , SO R ek — L
AR FEZEEYRIEY ., T EE K RERE A,
PR A i KRR B R 28.1%, i R RR/K R
ARTEFY 18.8%% . B NI H 25k, AMTAPARE
(R, HFFEH, ] 2030 4FHh G 2
N2 20% FI7KFE 1A e N KRB

RS R A T R L T Y E FR IR, X
TOKREHE ™ K45 36 L EA R I o L3 b Al LUAT AL AN
TERLBEIIE AFAEN, SR1AT, L3 (B 42 L
THBIBAEE R, HeEtgh il s AL,
Fe'* Ca™" %42 B B FIULTE R B R Z Rk (L &
P, B TR AR R R A U T
Iy T HEALHERE T A E BAE bR, AR S A2 1k
LRI 2 L3l A R

H T R AR ARE SR, A 3k ) A6 it
FAEARERE . SR, BEAE D — RS E LR, &
L RSO T, BRI TR, &
B RAE LI BRI E T XAMETR R
AR BT, R BRI Rk R A A, BAERH
PR 2 R AR AR L R FIB T A Ok, 51 BREE
A S S N %) it Y LU | RSk 27 N
AR, BOZTE AR B REAL J5

AT TR PR 3 [ — B R A — TR, 78
56 AR AT AR AR L SEHERE RS AR ik RS
PR —Rh S A HLIE BT, F5AT a0 T REAS I/ D X b
NE BRI , A2 1E 37 73 VA LA K -3 HE Ty R R 7 ek 1)
YT, REFFRESAE — e R LA, AME
MR, TEORRRRE R IEH N A ERR -, 985 it
FARRE ety e 1) -39l 3= 2RO

2345 IR N AMITFEAGE & B, R AT 38 DL EOAE s
HERPIE BN, B REFF AR UL XA R KR AR 73
TIEREAL R R BT o I, ARBFFURIER I
FENRES, EBCREALIE (CF). fFFER 173 b
FUE (NS)FIFSFFEAC 2/3 2% (HS) 3 Rl AL 1
it , BFFEREFF AR RS KR ™ 5 L el 301 2578
PCREEN | LA K RERR ™ B RS AT it SR A B
i, B JiRolb Sk (TR EL R T

1 #REFE

1.1 REH Y

TR0 b A T 18 R 28 R U T SR X R Al R
e K E AR IS He . (28°18'N, 113°08'E), J& il
PR, AR 17.5 °C, ARFH H BERPE
4 1400 h, XIMMFBIKFER, KRS 1400 mm,

PR RO S U 20 2T (Bt A A M
. pH5.70, AL 13.29 g/kg, &% 1.32 gkg, 4
W 0.63 g/kg. BHAREF A EKFEFE, Hbk, &, #.
BRI 449.8, 104, 5.93, 12.6 gkg, MG
1 10 mm i A 3, HEREAEMIRE (7% N 460 gkg),
WAL Jy it BERES (7 P,Os 120 g/kg), FPAEMEALAR
(£ K0 600 g/kg)o AR SRR A HIFRHl 15,
1.2 REigit

RIS 3 b HEALIE (CF). R
R 13 FAE (NS) FIFEFFEAR 2/3 AAE (HS), F~ak
FECE 3 ANEK I 9 AN N BEHLIX 50 A7
INXTERCR 1.44 m*, BEA/NXFE 35 BRKFE (5%
7)o NP1k BIEE R XK R =R, 58X
O i R AN 5 8 R P L 1> /IN X 2 ] FHZK e B SR
BRIT, 25/ NX Y EA& ST RE T1, JF HA 523G B
B, e ok g/ NX Z R HR K . BRI R,
PRUF 50 A 35 [R] At A 1) — B0, RS AR AR AL B P 55
OYASIERER Sy, i #h TR LI 3R 0y 25 5% . Bl
Qb 3R A AR I TE K RS AR T — IR PR AR Ry AT
Jit FH, DABA PR 25 Ab B A % o0 A5 R AR D, A4 e ik
548 TR 4 T HE A AT S R Ak E A L AR it A £ AL
% 1,

£ 1 TR A HEAEE (kg/hm?)

Table 1  Fertilizer application rates under different treatments

AhEL O OREFE ORFE WIBERES &M N P05 K0

CF 0 326 625 250 150 75 150
NS 4790 218 388 149 150 75 150
HS 9580 109 152 49 150 75 150

KAGET 2023 4E 4 H 26 HF#k, 5 H 17 HR%&E
SYEEWI L HERESL, 6 A 19 HoRAEZLFE] L HERES, 7
A 17 H RG] AR . o, R
i B /INDKR LS PRV R 2 0 ~ 20 om )2 48R
A1, RTFJE9t 0.15 mm A1 0.85 mm 5, HT+
Ak 2 A ST RV 43 10 I A o AR i A/ N X BEATL R
WS vk, AT &t
1.3 MEmMBEAE

+ 35 pH R EMRIEM E K LB 2.5 ¢ 1);
AL (SOM) R FH 5 4% R B —H, SO, A1 i #4% l
s AA (TNRHELRE R ENE; 28 (TP) X
FH H,SO,-HC10, 1 it , sHER T L 7R e ; 248 (TK)
KM H,SO,-HCIO, MM, KIACREEIE 5 Hllf A
(AN) R 0 ffe 4 0 W 5 A 3wk (AP) SR
NH,F-HCUR2E , SHER T L A 5005 ; 3 (AK) R
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FABSTREREE, JOENCEERIE

T HETCHLBELL 43I %E R A Chang FI Jackson!'™
PR IEE: e 0.5 mol/L i) NH,F HEBUE
(AL-P), FEUS 19 H AL NaCHE VRS , FH 0.1 mol/L
1) NaOH $2HUEk#BE (Fe-P), 4k T 0.3 mol/L ByA4E
TR B R34 — I R M B A 3 S B (O-P), e
0.5 mol/L ) H,SO, $2HUE5#E (Ca-P). e HLEL
A3 5E K] Bowman il cole! & H By 20 k. e
FH 0.5 mol/L ) NaHCO; £ YEA HLBE (LOP), 42
HUS ) A FHARFT NaCl W3S, H 0.1 mol/L 1Y
NaOH #2 iU S e PE A HLBE (MSOP) Flfs e M
PL#E (SOP). MSOP il & 75 25 H HCL K2 U pH
PR 1 ~ 1.5, ZJF MR NaCLIFVES , 0.1 mol/L
1) HySO, $2 BT 5 TEMEAT HLBE (MLOP) . 4B 4%
20 Gl S AR 22 F4 SR AR BRI LU (05
14 HERESHHF

KM Excel 2018 A7 8dEab 2, FH SPSS
24.0 HAFATBARG M, I LSD kAT
S F R (P<0.05), FH Origin 2022 #KEVER .

2 HBREHSN

2.1 BHAEBEREENKE=EMNZI

ANt A AL 38R K R i L3R 2. 5 CF b3
FHLE , FEFFRARAL . NS R HS AOFFRL™ 530 W 3
HEINT 22.5% M 27.1%, Hi LA M3 ) b 2
T 17.8% F 17.9%, TWRSFF ™t AEAS ) b B[] 7%
HEXER.

AR AEAL PR (KRS = A B3 3. 5 CF &b
FRAHEL , FEFFEICALER NS FI HS (455235351 0 1
T 5.6% F1 8.1%, REFESR A5 BE RN T 23.4%
F112.6%, HS ACHAAREEEC . EIEIN T 7%,

£2 KEEE hm’, FE)

Table 2 Rice yield (dry weight) under different treatments

Ak 3 AL AT = o 1A A
CF 517+0.18b 3.06+0.12 a 8.23+0.29b
NS 6.34£0.19 2 3.36+0.07 a 9.70 £0.21 a
HS 6.57+0.12a 3.13£0.58a 9.71£0.59 a

o FPRGBIE R /NG RN s ab B R 25 57
(P<0.05), FTdl,

®3 KkEFEMEEER

Table 3 Rice yield components under different treatments

Ak 2 B (cm) A (em) LI (%) THLE (2) FERESOR AL A HHER(10%hm?)
CF 70.44 +10.77 a 1823+ 1.64a 72.53+2.63 b 18.84+0.80a 54.06 = 0.50 b 508.8+35.83 b
NS 73.72+6.38a 18.08+2.10a 76.65 = 0.98 ab 19.09+0.88 a 66.69 +3.59 a 499.07+21.92 b
HS 73.11+6.50 a 18.08+1.55a 78.43+1.39 2 19.88+0.67 a 60.89 +4.04 a 544.44£25.72 a

22 HEHERIEI LHEAFHERERN

AN [ il A A BT 7K R 45 A 7 0 A 1 2 1
FEARRFE 8GR 9. KR EEN, 5 CF Ab3AH
o, FEAFERCALEE NS FI HS A9+ TN, AN, AK
F1 SOM e ¥y W Z 1, FHh X AK 7 5 A5 5
K, HIBEINT 62.6% A 122.0%; M HJE, NS
FTHS Lb PR 435 TP & 5700l W5 FEAK T 35.2% Al
37.6%, ffi AP & it 53l i E KRR T 44.5% F156.9%,
pH 7 HS ZbBE T B RN T 0.17 5.

fEKREZERE, 5 CF ACBEAHLL, FEFFRRCAb2E
NS F1 HS %f+3# TN, AN, AK 1 SOM &=y 7+
IR EBR, AN F e — B R iR ok,
BN T 33.0% £ 48.5%. 1 NS 1 HS &b 3
fiff TP Sl BRI T 14.5% M1 21.1%, i AP
TR ERKT 24.5% 1 42.6%.

SRimAHIA E, 7Rk RS Y], REAFRR AL
FH NS F1 HS % 4 TN F1 AK & BAEIE K, NS
HIHS ZbEEE TN S &l 238 T 31.3% 1 52.8%,

fif AK FasrBl W EmmT 87.7% Ml 192.9%; TP
AP & AR Z AT A R 9 S5 R AR 4 s (A
FEFFCAL 3 NS F1 HS 19 pH 735 5 E AR T 0.15
F10.19 4B

R, TEARFKREAET W, REFPR AL HAE
14 TN, AN, AK Fl SOM & @&, i TP
AP i DL BRZPREI UMY pH & AR, Ho
HS Kb H A 5210 5K
23 BEHERIEXLEBESSENHMN

TR ARG 3 BEI AN [A] it AE A BT ) i 2H 0 & i L A
1, 78B40, B O-P. MLOP., MSOP #I SOP
Hb, HABBEA S B i AE RS AR AL PR 2 10 2 AR,
Hx) Ca-P W MR K, 5 CF AAHLL, FEFFEF
fRALEE NS FI HS 1Y Ca-P & 543 7 i EFEAL T 55.2%
1 66.6%. MSOP &1 3 fn, HLLHS 23T 1Y
Trf e, 5 CF ACEEAH L, FEFFERCALEE NS FI HS
) MSOP & i3l B EHI M T 46.0% F1 100.4%.
HS 43R i MLOP il SOP &5 CF b B A 3%
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Table 4 Soil basic chemical properties at different growth stages of rice

AFEH A

TN
(g/kg)

TP
(g/kg)

TK
(g/kg)

AN

(mg/kg)

AP
(mg/kg)

AK
(mg/kg)

SOM
(g/kg)

pH

CF
NS
HS
CF
NS
HS

SrEE

2P R

1.38+0.16 ¢
1.57+0.06 b
1.99+0.07 a
1.14+0.10 ¢
1.36 £0.06 b
1.68+0.11a

0.96+0.25a
0.62+0.04 b
0.60 +0.09 b
0.76 £0.03 a
0.65+0.06 b
0.60 +0.04 b

1092+£0.47a 138.03+834c¢ 12.75+2.12a 83.1x1151c
10.96 £0.41a 167.65+9.28b 7.08+291b 135.13+16.01b
11.50+1.71 a 209.03 £22.38a 549+232b 184.50+27.21a 20.91+098a
10.48 £0.52a 111.30+7.04c 17.38+3.09a 4733+6.31c
10.30+£0.63a 148.05+11.39b 13.12+£3.32b 94.67+11.06 b
10.94+1.49a 16532+1723a 997+1.75b 130.17+14.73 a

CF
NS
HS

1.04 £0.04 ¢
1.37+0.02 b
1.59+0.06 a

0.84+0.03a 9.96+0.62a

B

99.05+1.64c 23.81+325a 44.67+3.08c
0.72+£0.12b 8.87+1.22a 121.57+10.04b 12.74+5.11b 83.83+£20.96b
0.61+0.06¢c 933+0.18a 142.92+1427a 9.50+3.51b

1221+£1.23¢
15.34+£0.33b

546+0.03a
545+0.07 a
529+0.06b
5.42+0.04 ab
548 +0.10 a
5.34+0.05b
543+0.11a
5.28+0.07b
5.24+0.04b

10.99 £ 0.98 ¢
13.59+1.29b
1737+ 1.66 a
12.57+£0.67 ¢
15.19+2.06 b

130.83+£5.46a 19.64+1.18a

I CF
300‘(A)

250 g
200

150 a

W (mg/ke)
v
&

100 + b
b

Al-P Fe-P O-P Ca-P

WL S)

it I |

O NS

[ HS
70_(8)
60
S50
40+ a b

301

W it (me/ke)

b b c
20 a a
’—I_‘b'
LN | T
LOP MLOP MSOP
W41y

T

SOP

(AI-P: #38%; Fe-P: #kHBE; O-P. HELEME; Ca-P: #58F; LOP: WHMAMNIEE; MLOP: "PAEMANIEE; MSOP: W&t Eta i,
SOP: Fe @ MEA ML, #E B 5 ANF/ING 1) 3R m R — I8 A WA AN [R) b 3L ) 2% 57 Wk 25 (P<0.05). R IEI[])

A1
Fig. 1

#5, 15 CF Ab#AH, NS AB R MLOP & &
BEEILT 31.4% , SOP S B EEMLT 30.9%.
BONTRER O-P TEARRIAL B N A & 25 5% .

K R 2RI AN [ e B Ak R %) i 2 45 L T
2, AFRAFE TR Al-P. Fe-P. Ca-P fil SOP &1y
LN CF>NS>HS. Hrfr, SOP &y fbhimK,
5 CF Ab#AHEL, FEFF2 AL NS Fi HS /9 SOP &
AT EFRR T 42.2% F144.6%. 5 CF ALFEAH 1L,
HS AbHff O-P & & B EFEML T 6.0%, fif MSOP &
HELEIN T 23.8%. UK EEMIAFEN R, AR
Wi LOP & B A FANF R A B 245, (HV3
TS EEMIREAR T 43.4%.

K A AN AN [ e B Ak B8R %) i 4 45 L T
3. % LOP, MLOP Fl MSOP 4, #&#dl /&
Bk CF>NS>HS. 5 CF AbPEAHEL, NS A1 HS Ab#
fit AL-P i o0 i S BEAR T 52.5% F157.8%; F&
BRI HERS , B MRS EAY O-P tZ %] NS fil HS kb

KIENEMTIRMANSE

Contents of soil phosphorus components at rice tillering stage

sz, A WEREINT 4.9% F 2.5%.
MLOP. MSOP fl SOP # & HS AH F s, 5
CF 4bPiAHEL, HS AbPEF MLOP, MSOP #il SOP %
BB ERINT 253%. 75.7% F142.5%,

SMA L B AR AN RDK R AR B AR
KBNS . FEKFE S BEFIRIARI] , FEAF AL
B (NS Al HS) X 2 IR, MK
BN, HS Ab PRI TR B A
2.4 TEFBEREIERT TR E AR AR

JK A 43 BE I A [ i HE Ak 38R B4 0 o He L IR
4A. CF Ab3F #2053 53 4~ Fe-P>Ca-P>O-P>Al-P>
SOP>LOP>MSOP>MLOP., FifF&CILIL)E, 44
Al-P F1 Ca-P B LU i WA, O-P Fl MSOP (1 Lt 5]
RN, FEAGPLBELL 53 MLOP Fl SOP () L4l
TE HS Zb 3R W3, 5 CF A LA i3 hn 1 41.1%
F40.7%7K FE 42 RS [A] e N Ak 3R (R Bl 20 40 o5
LK 4B, O-P. Ca-P. MLOP Fl MSOP {4 LWl 7E A~
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Fig. 2 Contents of soil phosphorus components at rice booting stage
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Fig. 3 Contents of soil phosphorus components at rice mature stage
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Fig. 4 Proportions of soil phosphorus components at different growth stages of rice
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[ b P ] ) 22 57 5 A BRI AR — 8 AR, 5
CF ZbBEAH L, FEFFERACALEE NS fil HS f5 SOP L4l
Iy AR T 31.5% F1 24.2%,HS AbFE T LOP #Y FL 431
SEBINT 28.1%, Al-P fILHLEIFE CF Fl NS Ab#[a]
BB EER.

IKAB A ANTFIEAE AR B A4 3 i L LI 4C
Ca-P 1 HLBZHT S e BRI E, 5 CF AbBEALE,
FEFFERCALFE NS 1 HS T Al-P il Fe-P Y H (544 i 24
ik, O-P Hil MLOP Ay LLMBi 234, 1 Ca-P 1 HuAFILE
HS ZbFE T 5 E R T 27.8%, MSOP F1 SOP 1 HAFil1E
HS AbSHR 23 5 5N T 150.6% F1110.3%.

SRR, BEE AR R REEL, LB IR
YR RIERE 0 AR Sy, (HAEKRE R, Ca-P
BWICE T Fe-P M SH007, [RIRHASFFEC AL IR
BT SATHLEE R H
2.5 TEBASETEAEEROEXME

H2% 5 AT, FE/KREsr B, BidlsrS T3 TN,
TP. AN, AP. AK HI SOM Z[BJf77E 535 AH Kk .

Al-P. Fe-P. Ca-P Fl LOP 5 TP #l AK Y2 i 1EAH
X5 Fe-P. Ca-P #1 LOP 5 AN, AK il SOM ¥ &£ i}
FAMF, Fe-P if5 TN R EEHMHIE; MSOP 5
TN. AN, AK 1 SOM ¥ 2 B #EIEAX, 5 pH £
EMAE,

M 6 AT, TE/KFEZR, Haefb gk i 32 2t
SR JCHLEZH 5 . AI-P . Fe-P Hil Ca-P 5 TP il AP %
HEEEIEMHI, 5 TN, AK Fl SOM ¥ & & A%,
[} Fe-P I Ca-P i85 AN £ R ETHIE; SOP 5
TP R B FEFALE, 5 AN AK 2 W ERMHE,

MR 7 AT, TE/K R RG], T fb A X JC
BLBEZH 73 0520 5 4 BESD RN 2 I A — 30, AL-P.
Fe-P fll Ca-P 5 TP, AP fl pH ¥R BEFIEMK, 5
TN Al AK B EHAHK, Fe-P if5 AN Fll SOM £
WEMAIE; LOP 5 TP fl pH £ B FIFAX, 5 TN,
AN il SOM ¥ 5 i 3 i AH G

HIKRE , TEARDKFAEFH, TN, TP, AN,
AP F1 SOM & 5% i + e 41 73 AL I SCHE R 3R

x5 KBEOEHLTESBAS S TIRUFERMKREBMEXE

Table 5 Pearson correlations between soil phosphorus components and soil physicochemical properties at rice tillering stage

Al-P Fe-P O-P Ca-P LOP MLOP MSOP SOP
TN -0.597 -0.817" -0.175 -0.661 —0.637 0.130 0.925" 0.087
TP 0.986" 0.729" -0.536 0.976" 0.808" 0.580 -0.533 0.468
TK -0.010 -0.257 -0.298 —0.148 -0.263 0.204 0.464 0.252
AN —0.648 -0.811" —0.146 -0.719" -0.693" 0.000 0.926" -0.017
AP 0.903" 0.928"™ —0.404 0.930" 0.797" 0.229 —0.661 0.255
AK —0.663 -0.852" -0.055 -0.757" -0.706" -0.057 0.957" -0.127
SOM —0.694" -0.901" -0.122 -0.730" -0.801" 0.141 0.691" 0.260
pH 0.490 0.543 0.071 0.522 0.357 —0.104 -0.788" -0.003
e xR IFRIRTE P<0.05. P<0.01 ACEARSCHE R, FRF,
F6 KBREEIIEMHESS TIBNSFERA R REHERESE
Table 6 Pearson correlations between soil phosphorus components and soil physicochemical properties at rice booting stage
Al-P Fe-P O-P Ca-P LOP MLOP MSOP SOP
TN -0.775" -0.884"™ -0.503 -0.906" -0.043 -0.098 0.378 -0.614
TP 0.831" 0.902" 0.404 0.914" 0.397 0.473 0.186 0.840"
TK 0.117 -0.103 -0.353 -0.033 -0.019 0.271 0.351 0.139
AN -0.657 -0.778" —0.452 -0.908" -0.086 -0.097 0.309 -0.712"
AP 0.894" 0.892" 0.344 0.909" 0.188 0.359 0.123 0.741"
AK —0.696" -0.8717 -0.421 -0.911™ -0.273 -0.224 0.24 -0.790"
SOM —0.744" -0.826" -0.421 -0.891" 0.067 0.015 0.382 —0.589
pH 0.391 0.477 0.428 0.494 0.042 —0.114 -0.038 0.035
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Table 7 Pearson correlations between soil phosphorus components and soil physicochemical properties at rice mature stage
Al-P Fe-P 0-P Ca-P LOP MLOP MSOP SoP
N —0.869"™ -0.883" -0.171 -0.869™ -0.836" 0.534 0.534 0.439
TP 0.8717 0.942" 0.319 0.955" 0.733" -0.338 —0.472 —0.490
TK 0.413 0.305 0.114 0.136 0.563 -0.274 0.362 0.186
AN —0.658 —0.743" 0.036 —0.646 -0.690" 0.455 0.557 0.034
AP 0.971" 0.953" 0.441 0.863" 0.579 ~0.304 ~0.563 -0.388
AK -0.721" -0.772" -0.134 -0.757" ~0.649 0.481 0.670" 0.386
SOM -0.597 —0.686" 0.120 —0.650 -0.752" 0.522 0.546 0.172
pH 0.690" 0.716 -0.180 0.734 0.919" —0.063 -0.226 -0.363
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