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Abstract . Fertility characteristics of different productive paddy soils were studied to provide scientific basis for the

management and sustainable utilization of paddy soils. Fraction of organic matter ( total organic matter and humus

composition) and nutrient contents ( total and available nutrients) and their relationships with rice yield were inves-

tigated by soil sampling and recorded rice yield from double-rice cropping areas of eight important rice production

counties in Hunan province. The results show that the contents of organic matter (47.74 £11.59 g/kg), total N
(2.70 £0.72 g/kg) and available P (39. 8 +14. 21 mg/kg) of the high productive paddy soils are at their very

rich levels, respectively, the contents of organic matter, total N and available P in the middle productive paddy

soils are

at their rich levels, and the contents are not significant differences between the high productive paddy soils

and the middle productive paddy soils. The contents of the low productive paddy soils are significantly lower than
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those of the high and middle productive paddy soils. Available K contents are at the middle level (105. 83 +22.73
mg/kg) in high productive paddy soils, and are at deficient and very deficient levels for the middle and low pro-
ductive paddy soils, respectively. The contents of organic matter, total N and available P are at the very rich levels
in high productive paddy soils because of the long-term rice cultivation and fertilization, and both organic matter
and P pool are at very rich and surplus states. Textures of the high productive paddy soils are generally loamy soils
and sandy clay loam soils with a weak K retention capacities, and the available K contents are not rich in high pro-
ductive paddy soils, it should be pay attention to rational application of potassium fertilizer, organic matter and rice
straw returning to soil for maintaining the balance and increase of soil K pool. For most of the middle productive
paddy soils, due to relative rich with contents of organic matter, total N and available P, could achieve rice yield
target of high productive paddy soils only under good field management practices. Soil physical properties and nutri-

ents of the low productive paddy soils are all poor, it should be pay attention to rational combing application of or-

ganic manure and inorganic fertilizer for improving the soil physical quality and soil fertility.

Key words: Hunan province; double-rice copping region; paddy soil; fertility characteristics
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Table 2 Biomasses of grain, straw and root of rice cultivated in paddy soils of different productivity levels
A A Fr=g(vhn')  #FER(vhn®')  RRE(Wh’) 2FEAYE(Vhn')
W AT Grain yield Straw yield Root yield Annual biomass
Focation Produtily — mfg mRE RE 0 WE RE WE BER TR
level Early rice Later rice Early rice Later rice Early rice Later rice  Shoot Root

FERs Liling ErEkREE HPPS 8.78aA 9.26aA 7.72aA 8.14aA 2.63aA 2.78aA 33.90 aA 5.41 aA
FEpE Liling i kRG 1 MPPS 6.99bB 7.38bB 6.97bB 7.35bB 2.10bB 2.21 bB 28.69 bB 4.31 bB
FERs Liling fEF=kREE LPPS  4.99 ¢C 5.11¢C 4.31¢C 4.41c¢C 1.50cC 1.53c¢C 19.81 ¢C  3.03 cC
7R Hengdong  B77/KHE1 HPPS 8.43aA 8.89aA 7.28bA 8.68aA 2.53aA 2.67aA 32.28 aA 5.19 aA
# 7R Hengdong  Hj"/KfG1 MPPS 7.96bA 8.40bB 7.75aA 7.18bB 2.39bA 2.52bB 30.30 bB 4.91 bB
#5 7% Hengdong  fikf=7k#E+ LPPS 4.58 cB 5.58 ¢cC 3.84cB 4.68cC 1.37cB 1.67cC 19.69 cC 3.05 cC
£ 7> Changsha  BF=/kHEE HPPS 7.84aA 8.28aA 8.79aA 9.28aA 2.35aA 2.48aA 34.19aA 4.84 aA
K9 Changsha  H17=/Kf§1 MPPS 6.40bB 6.75bB 6.64bB 7.01bB 1.92bB 2.03bB 26.81 bB 3.95 bB
K9 Changsha  fE77/KFE1 LPPS 4.75¢C 5.4 ¢C 4.59c¢C 4.12c¢C 1.42c¢C 1.63c¢C 18.90 cC  3.06 cC
B PH Liuyang B KFEL HPPS 8.64aA 9.12aA 7.94aA 8.38aA 2.59aA 2.74aA 34.08aA 5.33 aA
RIPH Liuyang i kRG 1 MPPS 7.32bB 8.78bB 6.26 bB 7.51 bB 2.20 bB 2.63 aA 29.85bB 4.83 bB
M/ FA Liuyang 57=/KRGE LPPS  4.82c¢C 4.96¢C 4.56¢C 4.69cC 1.45¢C 1.49bB  19.04 cC 2.93 cC
W% Xianxiang  BEF=/kHEE HPPS 8.04 aA 8.48aA 8.14aA 8.59aA 2.41aA 2.54aA 33.25aA 4.95aA
W% Xianxiang W7 /KFS1 MPPS 7.00bB 7.39bB 8.15bB 8.60aA 2.10bB 2.22bB 30.14 bB 4.32 bB
W% Xianxiang  fEF7KRG1 IPPS 4.90cC 5.23¢C 4.64c¢C 4.95bB 1.47¢C 1.57¢C 19.72¢C  3.04 cC
##1l] Heshan BrEkREE HPPS 8.82aA 9.31aA 7.72aA 8.15aA 2.65aA 2.79aA 34.00 aA 5.44 aA
1Ll Heshan i kKRG1 MPPS 7.34bB 7.75bB 7.30bB 7.70bB 2.20bB 2.32bB 30.07 bB 4.53 bB
##1l] Heshan fEF=kREE LPPS  5.04 ¢C 5.38¢C 5.79¢C 6.18cC 1.51¢C 1.61cC 20.39 cC 3.12 cC
% Ningsiang  B7=/K#%F HPPS 7.74 aA 6.60 aA 8.38 aA 7.14bB 2.32aA 1.98aA 29.86 aA 4.30 aA
T % Ningxiang ~ H177/KFE 1 MPPS 6.07bB 6.15bB 8.04aA 8.14aA 1.82bB 1.85bA 22.40 bB 3.67 bB
T % Ningsiang &7 /KFE L IPPS 4.83¢C 5.15¢C 544 bB 581 c¢C 1.45¢C 1.55¢B 19.23 ¢C  2.99 cC
VLVL Yuanjiang — BFEsKFE4 HPPS 7.81aA 7.50aA 7.60 aA 7.30 aA 2.34 aA 2.25aA 30.21 aA 4.59 aA
YL Yuanjiang =7k #§+ MPPS 6.05bB 7.04bB 5.01 bB 5.83bB 1.82bB 2.11aA 25.93bB 3.93 bB
ULV Yuanjiang  fE7F7KREL LPPS 470 cC 5.33cC 4.33c¢C 491 c¢C 1.41c¢C 1.60bB 19.28 ¢cC  3.01 cC

7 (Note) : HPPS—High productive paddy soil; MPPS—Middle productive paddy soil; LPPS—Low productive paddy soil; 3% W3 ¥ 3% 5 THI A
[l R INEERHERER B EFNIET] P <0.01 F1 P <0.05 7K Data in same column followed by different capital and small letters mean signifi-
cant at the P <0.01 and P <0. 05 levels, respectively.
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BRI TARR ARG MRS

RAE, MR . WS FREMNEIHHLE, &
TIPS KR TR P 2 A S BB T
(¢ =5.1218,P =0.0003) , T4 FT R A Fl =4 55
EWBHE A S (P: £ =3.2539,P =0.0035; K: ¢ =
2.4601,P =0.021),J5 W& 5 L E T F1KF- Z 18]
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Fig.1 Total N, P, K contents of grain, straw, root in different rice yield levels
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TIEE VLRI HIRAE ) M EEER . AR
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BERAIR SRS, %P, 8 MK K E™
KA LB ZE 1 (0—15 em) PTG EH 47.74 +
11.59 g/kg, MK ™ KR8 &K, F B4 39.13 =
8.00 g/kg, Hy=/KFEL i T BEHE BEHE, 13
BT, B EEROE , A LB AT LIRS AR 5T , B i £ 4
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Mk B2 T REY, HEmRmk/ & B IR LE
BN,

TIEBORK E, HIE -2 RE LR T EHE
TS5 A BE MBI SRR I A AR B, R 3 ]
UL AR AR 7 S KRS R BUR ) E, [HALTE 0. 50 ~
1.52 Z 6], E, EFKRE LA 1 M2 K
AP, TSR SR P O A e B I
BHYIHR B,/ Eq HAEAR A7 S KR L h WA E—
ERER(FR3) . HETIEHHEM E,/E ENE™
AR LBR UK L2 RRES . TR, EREK
RIS L R 7K RS 88 B I 4 05 A 8 B Rl g
MRIWBERRBREWER, TR HRAmRE. £4

FEEEER R ARTOK RS L R AR AR 22 , 1B MR
AR, EEFBOKER KRR, BB B, KRS
PR, B, KA ek R AL R,
NI HUHE A TSR - HE R B8 3L
2.3 1TESA EESEAGIEAS
TIRARF I ERKTEE N AR SHE K
ARET KB LZEAMN I EL2ASTREZSVE
(F4), @ P KABERNEASES S
H2.70 £0.72 g/kg.2.47 +0.67 g/kg F 2.31 =
0.64 g/kg, WKL LET W ERFRT0HIR
AU I SRR X R A K R L 4
ARSBLTEEKE, XEKMAFSE2RAIEME
VLTRHE R M R, EREEW, ARREX R
KETHBRZANLASTELHEER, ERAH
26.8% ., SitmtrEan , ARAET KL 2ES
FURSEREREMEX(p <0.05) , Ui HIEA DL
FEEENR, EERSERER.
ARAE=IAKBEHEESETEZRR K,
FoF- 353t , 8 ANt IR 7 K RS L i e A S R
B, PR 568.2 £95.8 mg/kg, k™ K T &%
ik, H437.5 £99. 1 mg/kg, W7 KA 18 & 8% 19
BENT LARAWEZH (494.7 £85.2 mg/kg), 8
AN DA [R] A= 77 7 KA b i 1B A e oy 13
2REEMN 14.6%~35. 1% ,FH K 21% , $A[A
AT LmE , ER/NRT AR KRG L > F
AL >R AL, NR4BATLUESR, H
90% 1+ E E B H 2R T EMN 15% Dk, Rl
EAIESENEESESESNEKE L, &
EREN T EERWABMAEE R, Aoy,
TEEHESEEEEH EN -MIEFEENAR
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Table 3 Organic matter content and humus composition in paddy soils of different productivity levels
S THAEKFE AVUR APk SRR B ERK HALC/ HECE B
Productivity oM Organ. C HA-C FA-C Humin-C E, E,/E,
Location FA-C
level (g/kg) (g'kg) (g'kg) (g'kg) (k)

FEps Liling ETEAKRGL HPPS  35.49 aA 20.59 aA 3.52aA  6.52aA  0.54 12.32aA  1.52  5.03
B ps Liling =k AG L MPPS 32.54aB 18.87bB  1.90bB 5.18bB  0.37 11.87aA 1.10 6.35
fEp Liling =Kk #G+ LPPS  30.16 ¢C 17.50¢C  1.65bB  4.61¢C  0.37 10.49bB  0.87 7.13
f#74 Hengdong &7 /KA1 HPPS 62.41 aA 36.20aA  5.34aA  8.65aA  0.62 22.56aA 1.37 4.52
#5 7 Hengdong 7= K#§+ MPPS 57.30bB 33.24bB 4.75bA 6.61bB  0.72 21.30bA 0.8  5.08
5 7% Hengdong {77 /KF1 LPPS 45.23 ¢cC 26.24 ¢C 2.57c¢cB  3.68c¢C  0.70 15.67c¢B  0.62 6.11
KV Changsha &7 /KFE1 HPPS 35.75aA 20.74aA 3.82aA 6.03aA 0.63 13.36aA 1.24 4.12
#7> Changsha  F7=7k#E+ MPPS 31.51bB 18.28bB  3.13bA  4.43bB  0.71 10.89bA 1.05  6.03
¥ Changsha &7 /K%L LPPS  30.14 ¢C 17.48c¢C  1.72bB  2.33¢C  0.75 9.60 cB  0.50 4.87
BIFH Liuyang  ®75/KFEF HPPS 37.40 aA 21.70 aA  3.22aA 6.67aA 0.48 15.57aA 1.17  3.88
M FH Liuyang =k AG L MPPS 37.72bB 21.88aA 2.06 bB  5.02bB  0.42 14.45aA 0.79 4.54
B PH Liuyang =A%+ LPPS  36.11c¢C 20.95bB  1.40cC  3.55¢C  0.39  12.72bB  0.51 5.02
W% Xianxiang EF=/K#%F HPPS 41.18aA 23.89aA 3.23aA 6.81aA 0.48 15.38aA 1.37 4.54
W% Xianxiang H77KFG1 MPPS  36.61bB 21.23bB  1.77bB  4.72bB  0.37 14.34bA  1.05  6.03
W % Xianxiang 5=k FEEL LPPS 34.02¢C 19.73¢C  1.47c¢C  4.40c¢C  0.34  10.34cB  0.62  6.07
#1L Heshan ETEKRG L HPPS  54.65aA 31.70aA  3.17aA  7.10aA  0.45 23.84aA 1.40 4.64
#f1l] Heshan HpEk %+ MPPS 51.89bB 30.10bB  1.92bB  5.41bB  0.36 22.49bA  0.96 5.52
#1L Heshan 7= AKAG L LPPS  46.66 cC  27.06 cC  1.38¢cC  3.94¢C  0.36 20.26c¢B  0.56 5.50
F% Ningxiang @&r=/KREL HPPS 62.14aA 36.04aA 2.54aA 8.75aA 0.29 25.39aA 1.54 5.11
F % Ningsdang H7=/Kf§+ MPPS 53.39bB 30.97bB  2.06 bBB  7.13bB  0.29 21.74bB  0.84 4.87
F% Ningziang &7 /KfE1 LPPS 51.69¢C 29.98¢cC  1.39¢C  6.49¢C  0.21 18.78¢cC  0.53 5.17
Y7L Yuanjiang EF=/K#%+ HPPS 52.89 aA 30.68 aA  3.04aA  7.49aA  0.41 20.68aA 1.46 4.82
Y7L Yuanjiang Hp=k#E+ MPPS 47.56 bB 27.59bB  1.81bB  6.08bB  0.30 19.33bA  0.78  4.52
ULIT Yuanjiang &7 /KES L LPPS  39.03 cC 22.64c¢C  1.19c¢C  4.19¢C  0.28 17.33¢B 0.57  5.59

£ (Note ) : HPPS—High productive paddy soil; MPPS—Middle productive paddy soil; LPPS—Low productive paddy soil; HA—Humic acid;
FA—Fuli acid; E,—i{ K 465um )25 The absorbance at 465um; Eq—i 1< 665um HJJGHE E The absorbance at 665um. 2% R 35355 WA
[l R INEERHERER B EFNIET] P <0.01 F1 P <0.05 7K Data in same column followed by different capital and small letters mean signifi-
cant at the P <0.01 and P <0. 05 levels, respectively.

Al -3k 95% L EIMERE B EIULA T,

THE P AAEX AR R RN 7 A E 2, T
HEHIE LERRPNEES . APFFRARKU, A
Rl AE ™ F17K A L 22 (B A LR H oA W B i 22
5o 8 MNMAB KA LA A L D& RAHE L5
B AT AR A 7], 33 AR PR SR 0k, HLRR APk
Rib 2R LLBIRE LA = IR R 2 TR B,
FRRRAR I EAH R B S TR KA R AL A 2
Wi, AN A 7= KA A LRSS A 20 AR X R
HEAR, HEAVRSH & BRI A
TR TR, B AEES LRA IR R
— B HAVRS AT AP RAR. 8 AKX & ™
TR L B S RS R B E KA LA™

KB L2 4. 0% F61. 8% 5 FREBRAIRLR 9. 9% A
22.7% ; BINERILE 8.3% 1 18.2% ; RFAAILE
14.4% 1 17.2% o HARIHTRMN, MAEDEYRARS
BRAHERZE 2% B E K (r =0.749,p <0.01) , [fi
SARMEIER RIS, HE BV EYER
SEBARERA N Z B HTIE A, EEBRE S5
A A ) B R TR AR R B A B L AR SR R O
0.721; HRZMAMIERAER, N 0.712; SRS
AMARMAZ AR LE . bl AW, +
BEHT R n 5 AT LR BIMR, X—1H
Wi AT AAASIA T KRS B AT L BB R T
FEKRE AR KA T SR (R 4) it — 153
EM,
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2.4 ITEEBR FUBMTIBAS

XF 8 AR K2 L EM R R (R
5) , BIFE A R X KRS+ 2B L7E 0. 33 —
1. 18 g/kg Z[d], ‘-4 0. 66 g/kg, AL BE L LLE
0.62 ~—61. 89 mg/kg 2 [8] , 4K 26. 48 mg/ke, 5i
RSN, #E LB RS5KE LA™K
FRFRWAEY), BEE KRG T, T2
EYWRERER . L8 a i mH w5 KR8 E
T3 KRR B Z A A XA B B #F K F (p <
0. 05) Fitk W Z /K- (p <0.01) , MR R H () 2351
IRE] 0. 425 #10. 595, FieFRAE KRG+ LB A7 B BEAK
B A FARE KR LU A B S R <5
mg/ kg A ILELREK - ,6 — 10 mg/kg g HEBEKF,

=5

>10 mg/kg N R BEBEKF , IR A 20 R fh
XK 1 208 TR B KT, R K A e
ZET R BEK -, AU DR 135 s b At B KR
IRl EsF 5 B, 980 P A X 2 A A X K A -y 1 B R
Wl e LA B e - M8 P B AR A st e, E AR
IRE G PARFFE L p , I 2ok & B RE
PREETH RS TE R IR AR AE T, ORI N )
HEAVE . W TOR U AER R AR L E T
BB AR AL =R BRAE R 32 22 Y
B, BAHMBFERUT, KT R R R
XA HBER A BIZ K TH &, FTipEit £ tok
FEREAR BRI R EL B R i 2 ~ 3 5 DA B, X bR
SEEERRPGRRE

FREFAKELOEB GRS EMINBHS

Table 5 Contents of total phosphorus, available phosphorus and inorganic phosphorus fractions

in paddy soils of different productivity levels

1A 7 S KR LR £ TeHLBE4 43 Inorganic phosphorus fractions( mg/kg)
Hh . :
Location Productivity Total P Avail. P Fop ALD Cap o0p
level (g’kg) (mg/kg)
fEp5 Liling &=k RS HPPS 1.08 aA  58.33aA  85.13aA  160.61 aA  158.08 aA  126.57 aA
fEp5 Liling HP sk A% MPPS 0.84bB  44.47bB  68.32bB  128.90 bB  155.12 aA  111.14 aA
Bgi Liling &=k ARG LPPS 0.70 ¢cC  16.61 cC  41.67 cC 78.63 ¢C  121.29 bB 77.16 bB
#i Hengdong B 7=k & HPPS 0.65aA 30.72aA  15.96 aA 30.02aA  44.86aA  184.63 aA
# Hengdong HP sk A% MPPS 0.42 bB 6.70 bB 5.99 bB 10.69 bB  29.44 bB  148.49 bB
# Hengdong fEF=/K %5 LPPS 0.33 cC 6.02 bB 4.89 bB 9.23¢B  30.86 bB 88. 85 cC
# Changsha & =K F8 HPPS 0.73 aA  32.43aA  29.38 aA 55.43 aA 187.99 aA  312.40 aA
# Changsha Fr= KRG MPPS 0.67bB  28.56 bB  22.76 bB 42.32bB  108.33 bB  249.10 bB
¥ Changsha &7 /KRG LPPS 0.59 ¢C  13.87¢C  22.00 cC 41.50 cC 94.21 G 231.32 LB
HIPH Livyang &=k RS HPPS 0.63aA  42.14aA  55.62aA  104.95aA  77.76 aA 89.76 aA
M/ FA Liuyang =k g MPPS 0.48bB  18.49bB  21.09 bB 39.79 bB 59.02 bB 87.77 aA
BIFA Liuyang fiKF=KAg LPPS 0.42¢cB  13.04 cC 17.57 <C 34.41 cC 52.70 bB 83.88 aA
#il Xianxiang &=k RS HPPS 1.00aA  61.89 aA 32,54 aA 61.39 aA  126.19 aA  203.48 aA
#il Xianxiang HP sk A% MPPS 0.90 aA  46.98bB  31.00 aA 51.73 bB  103.45 abA  164.20 bB
 Xianxiang f&F=/K g LPPS 0.60 bB  15.90 cC  22.28 bB 46.67 cC  93.34Bb  137.17 cC
##1l] Heshan & =K F8 HPPS 0.61aA  20.22aA  20.72 aA 39.09aA  73.81aA  104.86 aA
1Ll Heshan diPR kA% MPPS 0.46bB  15.53bB  14.05 bB 26.51 bB  51.96 bB 94.77 bB
1L Heshan &7 /KRG LPPS 0.38 cC 9.83¢C  12.17 cC 24.85¢C  37.01 cC 90. 10 bB
T Ningxiang B =K A8 HPPS 0.68 aA  32.50 aA  27.63 aA 52.14 aA 99.57 aA  161.46 aA
T Ningxiang Frrek g MPPS 0.57bB  23.40bB  24.99 bB 47.16 bBB 85.26 bAB 149.85 bB
¢ Ningxiang fEF=/K %5 LPPS 0.47 ¢cC  18.12¢C  20.99 cC 39.60 cC  76.18 bB  146.52 bB
¥ Yuanjiang B =K AG HPPS 1.02 aA  40.44 aA  29.66 aA 55.96 aA  234.42 aA  209.28 aA
¥ Yuanjiang =K F§ MPPS 0.86bB  23.54bB  27.54 bB 51.96 bB  203.35 abA  184.60 bB
YL Yuanjiang =7k LPPS 0.68¢cC 15.87cC  17.13 cC 32.33¢C  174.85bB  176.37 bB

7 (Note) : HPPS—High productive paddy soil; MPPS—Middle productive paddy soil; LPPS—Low productive paddy soil; 3% W3 ¥ 3% 5 THI A
[l R INEERHERER B EFNIET] P <0.01 F1 P <0.05 7K Data in same column followed by different capital and small letters mean signifi-
cant at the P <0. 01 and P <0. 05 levels, respectively.
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Xt TR IBHE S REER (R 5) KW, A
A KRS L R TOAL B B B A e R, B K
AR, TRCYIB R B2 LTHES, &
FEARAE L BRI o B, B AR AR KA
&, AR SR T 1. 26 458 1. 51 £%5 . A
AR L, BRICHLBE B R I AR A,
Plgdr L RAE BEER . 8 MAR XKML
TeHLA 2 e 2 L R A LA [R], 3 DA PA]
ESH 0 -P oy, LB R R 46.7% , KA
Ca-P, 5TCHLEE BB 29.9% ,Fe -P #ll Al -P 435
HETHUBEEE R 8. 1% 1 15.3% , TIETHLBEE
HAor & RHUKA LA IR R TR R , BB
5 A S A B R — B (AU 4 0 O 1R
FIREA AR, 8 MAE K& /KFE LK Fe -P &8
S B AR K R AU K R LR & 37.5% A
86.9% ,Al —-P £ 40.2% F11 82.2% ,Ca -P £ 5
26.0% H147.4% ; O-P 31 18.8% F139.9% , X+

BERRIES TN S B 5A SWHIAHIC /TR, Fe
-P 1 AL-P 43R SR G RE R EIEMRX, X R
IR E| P <0. 01 Mtk BE7KF-(r 735125 0. 7361 "
0.7207" "), 1-3% Ca-P 5HHHEIHRXIERES P
<0.05 B EKFE(r=0.5023"),1 0 -P 545306
XA T (r =0.3236) ,3X BB Fe -P Fl Al -P Xf
A WEFEMAE X K ARG A A AR K, Ca -P
10 -P HFZMaAER N
2.5 2 ZIOMFEZH
HeF MRS EAR ARSIk L ZE

HEHEEERB/NFERS) , 8 MARKM/KE M
T RIS R B KA N L SR AT
ERSS, Hpth IR A m IO R, B R AR RE 3
55, A0 E AL FER HEAVLR Y B
AU KRS W S A S B 430 D 210. 61
+55.27 mg/kg.193.09 +49.92 mg/kg I 190.31 =
49. 18 mg/kg, ZRAKREF BEKFE(p >0.05),

R6 FAREFAKBLINEH EHHEMELHSE
Table 6 Contents of total K, slowly available K and available K contents in paddy soils of different productivity levels

HhE TSR 28 (g/kg) R (mg/kg) B (mg/kg)

Location Productivity level Total K Slowly available K Available K
2B Liling &7 KAS 1 HPPS 18.82 aA 200. 40 aA 95,01 aA
MeEE Liling =k g+ MPPS 19. 80 aA 143.00 bB 93.35 aA
2B Liling 7=k G+ LPPS 19.21 aA 137.01 bB 69.03 bB
#i 7 Hengdong &7 KAS 1 HPPS 13.32 aA 207.33 aA 151.07 aA
#i 7= Hengdong =k g+ MPPS 12. 50 bA 170. 01 bB 63.9 bB
# 78 Hengdong K=k #E - LPPS 11.09 ¢B 172.97 bB 47.93 cC
¥ Changsha Bk AE L HPPS 11.43 aA 189. 95 aA 86.07 aA
£ Changsha ek L MPPS 11.75 aA 184.93 aA 76.10 bB
¥ Changsha & =/KF§+ LPPS 10.23 aA 189.92 aA 49.03 cC
BIPH Liuyang &7 KAS 1 HPPS 20. 88 aA 223,01 aA 104. 10 aA
HFH Liuyang Hr=ak g - MPPS 20.03 aA 213.97 aA 84.03 bB
HFH Liuyang &=k g+ LPPS 18.91 bB 186. 99 bB 70.97 <C
#% Xianxiang EreKfE L HPPS 18.82 aA 213.9 aA 124.02 aA
#% Xianxiang FrEkRE L MPPS 17.27 bB 207.97 aA 120. 03 aA
i £ Xianxiang 7=k G+ LPPS 17.70 bB 207. 87 aA 88.87 bB
#1L Heshan Bk AE L HPPS 15. 81 aA 156.97 aA 106. 03 aA
1L Heshan ek L MPPS 15.32 aA 151.93 aA 85.97 bB
##1l; Heshan & =/KF§+ LPPS 14. 90 aA 150.90 aA 73.04 cC
5% Ningxiang &7 KAS 1 HPPS 19.31 aA 154.33 aA 79.23 aA
5 % Ningxiang =k g+ MPPS 16.11 bB 144.93 aA 70. 90 bB
T % Ningxiang &=k AL LPPS 15.71 bB 140.93 aA 67.07 bB
HLIT Yuanjiang Bk G+ HPPS 27.90 aA 331.97 aA 101. 10 aA
PLIT. Yuanjiang =KL MPPS 27.11 aA 300. 97 bB 83.7 bB
LYl Yuanjiang =K+ LPPS 25.28 bB 299.93 bB 76.97 cC

7 (Note) : HPPS—High productive paddy soil; MPPS—Middle productive paddy soil; LPPS—Low productive paddy soil; 3% W3 ¥ 3% 5 THI A
[l R INEERHERER B EFNIET] P <0.01 F1 P <0.05 7K Data in same column followed by different capital and small letters mean signifi-

cant at P <0.01 and P <0. 05 levels, respectively.
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TEZYHEERRE LIRS WARE
X, EHRAAT PR ERKRE LSS RER,
SERETT YN ERKELENHSERS . &
FA KL ZEMEAH S EEZRIE (R
6) . HIRFH,8 I X Y R ™ = UG = K Al
O BB R4 R 105. 83 £22. 73 mg/kg.,
84. 58 +16. 97 mg/kg Fl 67. 86 = 13. 70 mg/ke, 3%
FEKRE & F#E ST R R FAn e R
SR PR X 5 7= /KA - M B & & RaA B 48
IKP, B PR AE AL T ERERKOT , AR 3 T

AT, PR R B R R A i IR R
ML R AR & R BRI B, (B 2= 4R AR XS 1
EMENRSIEE AR AR JIKME 2 E
MATRMBRIAEIESEBETMERX(y =44.274
+0.995x, r=0.478", n=24), MEKF, HEK
BLMAERHEREAAEE, MY ERLIEHEY
PRI

2.6 TEHETEMYETRE

2.6.1 mEILR R7HERHA,S MR AR AE
FIIKRBLZ AN S REFBR BRE

x7T PRAEFAXBINFELRIMETRESE

Table 7 Contents of secondary and trace elements in paddy soils of different productivity levels

. ﬂ%ffg 7 Eﬁﬁ rg@%z E“}i r:ﬁle O I
Location Productivity  Ca (102 Ga*) Mg (12Mg=) ono  AvalznAval Mo Al B
lovel (emol/kg) (emol/kg) (mg/kg)  (mg'kg)  (mgrkg)  (mgrkg)

M5z Liling Ei=K A& HPPS 6.82 aA 0.90 aA 57.02aA  3.83aA  5.16aA  0.46 aA
fEp5 Liling Hh kR MPPS 5.55 bB 0.87 bA 44.32bB  3.15bB  4.95bB  0.40 aA
fEp5 Liling fEF= 7K 5% LPPS 5.77 bB 0. 69 ¢B 25.00 cC  2.78cC  3.46cC  0.26 bB
#i Hengdong 72K A8 HPPS 7.73 aA 0.81 aA 85.39aA  4.63aA 49.15aA  0.39 aA
# Hengdong Hh kR MPPS 6. 36 bB 0.63 bB 48.90 bB  2.31 bB  40.38 bB  0.31 bB
# Hengdong ik 7K#g LPPS 4.68 cC 0.43 <C 37.41 ¢C  2.13 ¢B 8.47¢cC  0.26 cC
£ Changsha B 7K AE HPPS 6.87 aA 1.27 aA 38.25aA 4.46aA 37.94aA  0.35aA
K- ¥ Changsha H PRk fG MPPS 6.39 aA 1.24 aA 33.68bB  4.13aA  32.33bB  0.34 aA
. ¥b Changsha 77K 5 LPPS 4.25 bB 0. 69 bB 30.97¢cC 2.45bB  9.36c¢cC  0.28 bB
M/ FA Liuyang B2k #§ HPPS 5.03 aA 0.62 aA 42.64 aA  4.37aA  33.26aA  0.38 aA
A Liuyang F KRG MPPS 4.32 bB 0.58 aA 36.95bB  3.57bB  13.36 bB  0.34 aA
M/ FA Liuyang fi&7=/K %5 LPPS 4.29 bB 0.63 aA 23.51¢C  2.67¢C  7.75¢C  0.31bB
M % Xianxiang  B7=/KAE HPPS 42.69 aA 1.54 aA 171.13 aA  3.16 aA  49.23 aA  0.46 aA
M % Xianxiang  FP=/K%E MPPS 18.78 bB 1.31 bB 157.15bB  2.96bA  45.52bB  0.40 bB
% Xianxiang  {EF=/K%F LPPS 17.78 bB 1.30 bB 110.50 cC~ 2.72bB  14.95¢C  0.32 ¢C
##1l] Heshan B 7K AE HPPS 8.54 aA 1.24 aA 89.78 aA  2.69 aA  47.98 aA  0.43 aA
##1l] Heshan FrEk g MPPS 8.24 bB 1.17 aA 82.50 bB  2.46 bB  32.33bB  0.32bB
1L Heshan 77K 5 LPPS 6.51 cC 1.20 aA 65.04 cC  1.61 cC  28.25¢C  0.29 cC
T % Ningxiang =727k R§ HPPS 56.37 aA 1.35 aA 116.38 aA  4.19aA  21.08 aA  0.45 aA
T % Ningxiang 7= /KF MPPS 30.75 bB 1.28 bB 103.22bB  2.48bB  4.29bB  0.35bB
T % Ningxiang  {7=/KF§ LPPS 29.27 bB 1.20 bB 82.96¢cC  1.98¢C  4.51bB  0.30 cC
PLIL Yuanjiang {727k HPPS 63.52 aA 3.55 aA 84.27aA  0.96aA 20.49 aA  0.41 aA
PLIT Yuanjiang — ®PF=/KAE MPPS 55.92 bB 3.05 bB 78.50 bBB 0.97 aA  19.83aA  0.31 bB
ULV Yuanjiang {77 /KHG LPPS 45.98 cC 2.94 ¢C 62.24¢cC  0.78 bB  16.89 bB  0.26 cC

¥ (Note) ;: HPPS—High productive paddy soil; MPPS—Middle productive paddy soil; LPPS—Low productive paddy soil ; & [F]5) 504E 5 B A
[ R N FEy R R2ZE R BEMET P <0.01 1 P <0.05 /K Data in same column followed by different capital and small letters mean signifi-
cant at P <0.01 and P <0. 05 levels, respectively.
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B 5 63.52 emol/kg, FAH 4. 25 emol/keg, #FH
02 I AN i o R B Y X e o
24.69 cmol/kg, 17.03 cmol/kg FiI 14.82 cmol/kg,
HEWUK R LT 096505 SR ™ B KA 1
6% B FH BB , i /KRS A 12% #Y B Hesies I
FOKRE LA 50% i H B Ekes . STHREBE S RAEN
[ A= 7= J1 KRS BN, i 7 R P IR 7K
LM rycsmEESETH N 142 £0.92
cmol/kg, 1.27 + 0.78 cmol/kg #Fi 1.14 = 0.80
cmol/kg, EERE , [Fl—iR 5 XA R A 7= S KRG L
HISCHR PR & B AR LR B R/, BN W) i X 1 3
ZIE PR ERR . HRERERE, —& R
FIKAE Y R AT REAF TR TE MR B8R . R
KA G B TR F 5 KK, EARE™ T
IKAE L2 AR & B 2R HARRKX
KFE L Z I & R 2R R, R R P AR KA
T B R S B R R B 50. 7% (61. 7% Fl
56.9% ,3X H] B8 5 A [ 32 46 X 1< 30 7t PR 498 AC o A
I BRERRAES , PHEREBRAE ) A FA K.

2.6.2 EITR 8 PMEREXAKBLMWAERGFSE
SMAEBRFEF(RT) . "B PR KR L8
SRR RS AN 3.56 £1.24 mg/kg, 2.75
0.95 mg/kg 1 2. 14 +0. 68 mg/kg, I EEHFH X
WY R T HIREBE A AN LA RS =8
%, P& R 0. 90 mg/ ke, KT 1 mg/kg HIERZ
fHo 8 MRS X KR LA R & B
TFFEEKF, FHAREEES 50 33.04 £16.24
mg/kg F125. 62 +15. 8 mg/kg; MR /KA L1
WHERE S BN 11.7 +8.13 mg/kg, &= AP ™
AR 7K A L Al & &4 T &K1, T3 43 51
0.42 £0.04 mg/kg.0.35 £0.03 mg/keg F10.28 =
0. 02 mg/kg, 2B /K 7% L 1K A RO 1L A
ALV AR O & AN 0.28 £ 0.02 mg/kg,
Uo7 RS £ U pH B B B9 KR8 i
P25 R KB

3 g

KA A= ARG R 7 O B, A AL A TG AL
TR B AR RIL, = 77K F8 L L 1E R A A
HZRMT, - E R F KRB L LA R
ABHEE AL T HIE B . e A R X
PR L, B KRR RS R AR HEE K
VAT, LIRAVURREA L TR, AR 4™
Tk AR S BRI T X — R

TE—E T - 1R - BRI, AR S22V
W SR RN EEERT ., &
B, = KRR R A PR & B 7E 35. 49 —62.04
g/kg JEHE V-1 47. 74 g/kg, 77K A LAE 31. 51 —~
51.89 g/kg Z[H], ¥ 43.57 g/kg, i7" KAE T 7E
30. 16 —51. 69 g/kg Y13, P19 39. 13 g/kg, 528
iR IE B VLTS =K RS A WU R A 45 R A —
HFOLEBTTEREP M NER, X fER Y
FEA W ERERAEGE 10 20U E) 5 KE
FERHIE L3, M E TR LM R B AR R
FEAMER, 5Kkt EREEEERH
TIEA M AR A R B A i RS T
M E T, ZERMED WBTSEE, 7F LA
PUESREBENEFMG T, B TR LEAVEY
PEAEE T HRGIEA, &Kk L e L R B B R
L AR R A MU A A BB e R 77K
BHAVURAFE . RATHEW, BVEE B & B =
N RREAIR S BASHE KMZEL. Hi,
REGFRFEEAIRmA, A GBI +5H
HLER e | o

AHRFR, GEKELEREIRM2AEE
AEFIEE FHE KT, CO/N AR T H 7= A 7= K A5
T XELERE A L AL KR L, & KA
THREXR, BIRMT S BRREZ P ENEA
A RIMERR ., BrEKE L8 pH — 8 T
Btk , AT B B R Y Al A A R R
5B AR ML SBKE MR BR,
PRI, K A = e R i 7= K RS L (WA AR AR R 451
L E L,

FKRE L EMS SRR EE, ARKEN
PR AT LT, XATHEE A 20 42 60 A
ISR AsC 8. ApFa R, 383
R —E G IR R KR L R KRS
e, FRER, BB e KB EEN,
BB RS . BHER L TR
AMUE AT LR T H SRR X, B
W R U HE K B W iR A LT K
RS0 AT N EE SRR L 0 RS A XK IR
s B KFG 1 0—15 cm #2115 Olsen -P K
10 ~ 15 mg/kg i, iliBEAE KRG F= B8 A T B
B2 IR ATH 15 mg/kg Olsen —P 7KV 1E
E KRR T R B KR, AR D IR AR 2
B ARG, 3B 07 v FI RBIE B R A 3
it AR A P i R
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MY EFSER/F#R

17 3%

SAEYUR R B, m KA R
2 G MAEY S RIPATE . RIE24 A
[ A= 7= J1 KRS e o A s 2R, TR 8 RS R
DX FE A 4 41 G AR B RN B AR S & S
17. 44 g¢/kg,198. 00 mg/ke i 86. 09 mg/ke, H BiF¢
A W ZERARE KK RS 28 R & BT 20 1
42, 80 A P B K, AU & B HOE T 20 g
80 AR A A . BARSRBE, WA WA
P DK RS L0280 RS R 2 TR A HR
S BUIRAERETE 20 HH2d 80 RPN P T K
o AR SRR L S RPN ZER TEZN
JHHE B A U H S e E ARG R,
BRI, EIKB LR SR 35% 24, BTRTK
AL P b s TE AR A3, B A ERGE R RBA A
PUBAEZBIRE 2 , X (158 o i AE #F A 3
HIFR R BN Z—2 (HIFAEE  WHERZIUK
T AR PR E . S EsEEAER
Hh P AR KRS LB e KA PR A AL (A
ik B ARD FE Ak 2 PR IE R fe T, %A B KR sk
PREYBLIR o
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