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Effects of reclamation on the soil phosphorus fractions of alpine meadow in

Northwest Sichuan

LEI Wei-gian, HU Yu-fu™, YANG Ze-peng, HE Jian-feng, XIAO Hai-hua, SHU Xiang-yang, YANG Fan,
LI Zheng-qing

College of Resources» Sichuan Agricultural University » Chengdu 611130, China

Abstract: Alpine grassland in northwest Sichuan, dominated by Fritillaria cirrhosa and subject to 3 or 10 years
development, was compared with nearby uncultivated natural grassland (Control) to explore the effects of de-
velopment on the soil phosphorus fractions. Soil phosphorus tests were performed using a modified Hedley
method. It was found that after development the levels of total phosphorus (TP), water-soluble phosphorus
(H;O-Pi), active phosphorus (NaHCO;-P), potentially active phosphorus (NaOH-P), stable phosphorus
(Dil. HCI-Pi) and highly stable phosphorus (Conc. HCI-P) were significantly lower than those of Control
plots, while residual phosphorus (Residual-P) levels were significantly increased. These changes were most
pronounced in the 0—20 cm soil layer. After 10 years of development, the levels of TP, H,O-Pi, NaHCO,-P,
NaOH-P, Dil. HCI-Pi and Conc. HCL-P decreased by 16. 48%, 78.98%, 57.43%, 26.06% ., 16.38% ., and
10. 87 % respectively, while Residual-P levels increased by 40. 08% (P <C0. 05). H,O-Pi, NaHCO,-P and

NaOH-P changed to a greater extent than the others, indicating the higher the activity, the greater the loss.
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With increased time under development, the ratios of H;O-Pi, NaHCO;-P, and NaOH-P to TP significantly
decreased, while the ratios of Dil. HCI-Pi, Conc. HCI-P, and Residual-P to TP increased. In the early stages
of development (0—3 years), TP and various phosphorus fractions changed faster than at the later stages (3—
10 years), indicating that the losses of the various phosphorus fractions mainly occurred in the early stages of
development (0—3 years).

Key words: alpine meadow in northwest Sichuan; reclamation; soil phosphorus fractions
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Hi A T S P b AN R R A5 A i B AR A R 2 B TR A BB B U IR O I TR A T . 2
PR B 2 1 2 R DT ORI B AR T RRRRE TR R A AR AR R GRS . AEL I PSR T T
T IEWEIC R AT o P BT AR XS D BN PG b e € B b B A ) AR b ORI o ROB S S AR A b
ST R WARIE . PRI ARBTSE R A Sui B TE 5 Tiessen 2501211999 4E & £ AU Hedley BTG R R T LT B
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1 MBERE

1.1 FREBIL

W XA T NP AL 2 B B BT £ By, M B AR A% N 31°50" —33°22",E 101°51' —103°23", FH54% 3500 m,
HFAPGICAL AR &, 4 B A 8400 km” , Hp BTN 6289 km”, (F 4 BT ALY 74. 9%, FHb A DL 1l
)y L SRy e Ll ) RO L ) b AR R R RE R . AR 101 °C L R R 26 C L
R —36 C. LR EM, FFEK 650~800 mm, ZE T 5—9 A KA, 8 Kbl =5 I 50 7 21 00 22 XS
. X RAR R IR T w A A I DO B BT E NS RA LSS R E M. Bk, 240
FI 25 R By 35 o0 K AR M S Je T RAAE 24 St 25 A I DUBE . i KRR A AL & & w, DR B,
T DU BE AR < R o 0 A IR i AE LV R L AR AR T e R A
1.2 EHR4E

FHERE AT 2015 4F 10 AR, SR DA 2s )40 8 4 58 o) 8] 22 53 09 5 3k A6 6 U A A XY b P R A ) EC
Y1 2 1 B 5 i 30 5% 09 6 AL DA 9% X858 P A )1 DL il 56 1 CE 1027361, N 32°52") iy BIL AR SR B X 3R, 43 J31)
PERE R A 3 A 10 4F 1y 1] D1 BERIRE b A S B 52 %42 [R] B DL AR 3 oK JF B R SR R |l (0 4F) A S X R, 7 43 b B 4 4F
R b b PN BE AL 152 B 3 > 10 mX 10 m SRR M A5 FE M b T (B BE 30 1) I 40 | 1 338 L i B8 5 (2 A ) i b AR
YD ST AR EEA — (R D BAFET N BENLAT 3 5 A RAE £0, R R38R T %, 43 B 0~20 em .20 ~40
em 40~60 cm )2 HERE S W —FE 7 N I BERE S BRBRAR R BRSSP 5 S RAESAS EE ERERA
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A1 R A EIRZ 500 g EFERE A AW IS0 = . SRAEM AN Z AR KT WS IS 4 it 2. 0 F10.5
mm i, T E & MEdH s &=,

x1 EMBEAFERIER

Table 1 Information of reclamation grassland quadrat

RO FE S i 7 s R b T 3
Reclamation periods (yr) Sample number Latitude (E) Longitude (N) Altitude (m) Surface slope (°)
0 T-1 102°36'40. 0" 32°52'46. 4" 3486 2
1-2 102°36'40. 5" 32°52'46. 5" 3486 2
1-3 102°36'39. 9" 32°52'46. 1" 3486 3
3 -1 102°3638. 7" 32°52'47. 7" 3501 3
-2 102°36'38. 3" 32°52'47. 3" 3501 2
-3 102°36'39. 1" 32°52'48. 0" 3501 3
10 -1 102°36'36. 1" 32°52'48. 3" 3492 4
-2 102°36'36. 8" 32°52'47.9" 3492 3
-3 102°36'37. 2" 32°52'49. 0" 3492 4

1.3 MEIAFRT &

K H H,SO, —HCLO, 1H& B PT b ek e 2w & = . SRA Sui VB IEJE 1Y Hedley 8570 K 40 2
DI E WA Ay B i 107 BB R T R i MRS S Ik i 55 B SR 4O 6 R R AL KW MERE H. O-Pi, G R B
NaHCO,-P(NaHCO,;-Pi,NaHCO,-Po) , ¥ 7E 1% P NaOH-P(NaOH-Pi,NaOH-Po) , F154 5 1 #s Dil. HCL-Pi,
i FE PE#E Cone. HCL-P(Conce. HCL-Pi,Conc. HCI-Po) XFRAR B (Residual-P).,

P HEA L IR AN T AR H 0.5 ¢ BAET 50 mL B0 E T, BHMA 30 mL 28 FK.0.5 mol « L'
NaHCO; (pH=8.2).0.1 mol « L' NaOH.1 mol « L '"Fih iR F¥k EH W 174 B, B IR BRI A4 16 h,
BB ZE.07 2R RGN E. &EEE LE T IMA 5 mL ik H,SO, —H, O, &miEHEZE MRS
Wi, Ho, £ F/K. 1 mol - L' HCI 2 HLE

00~20cm 20~40cm  B40~60cm

B He o 2 I 2 s NaOH , NaHCO, Fil ik £ R gb 50 Aa
PEUCS A & A VLR IS HL I AOE 2 TTHLBE B 7 K & z 7 /’:b ABb -
RS 0% P s AT I A R 2 | s | A Mg
%FI%%(MO KPas120 OO AL MEBRAT, a5 T
ogU T BRI S TR E S
14 SRS [
S SPSS 19. 0 il ORIGIN 9. 0 % ¥4 #7745 ]
VO UT B B R K D % A (Oneway & 0T g ) 10
ANOVA) 4146 B 0 22 524 R 1T/ 5835 2 8 IR Reclamadon periods ()
B (LSD) 4T i Bk 1 B1 AEAREEROI~60cm TETELBESETHIT
Fig. 1 Changes of soil total phosphorus (TP) content of
2 BREDHM 0—60 cm soil depth from different reclamation years
2.1 REBRAFREEAHEAS T RAKE T8 [ — + 2 R R RERTE P<0.01 KF2%ERRE,

i%@é@e@,jﬁﬁﬁﬂ:} Eﬁ@ejﬁ?ﬁ Eﬂ:jﬂjitﬁ% AN SRR AE P<0.05 KFEZEREE, FIE. Different capital let-
IIZKE‘:F E’Ji%ﬁ%ﬁ )FT ﬁﬁ%ﬁx Iﬁj j:}g :ti;i% ters mean significant difference among different treatments at the same soil
JoN=EN = BVN. =52 =
j:’j g l':[j I}krﬂi& E’] %% ( [g . IZFI 9 layer at 0. 01 level. Different small letters mean significant difference a-
e BN T (A o ALH,0~20
em TR BRI B, 5 R IT B R AR B AR L, B A

mong different treatments at the same soil layer at 0. 05 level. The same

below.
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10 )5 TP & S B FEAK 16. 496 (P<C0. 01) . RAHHT 3 4\ BRI 3~10 4R 2 140 &8 4F 18/ R 5051 4
2.61%0.1.34% W] 4 TP 51 52 v 78 B GE i 01, B B A A7 BB, L4 K SR i 2 . B B 2 TR
T TP 55 o B2 5 AT B 084 T JHL 48 A1 O 38 38 4 /N » B2 10 4R Ji5 . 20~40 cm Ml 40~60 em + )2 TP & w4 KR
i3 S RRAR 15, 31%6.11.95% .

2.2 FRBRAFIRIEAE S S F RAHIE

2.2.1 43 H,0-Pi & NaHCO;-P 22 fLFFAE H, O-Pi AR B 2 9 AW e oA % VR A K B AT B /Y
A R S RIS S — F ER BT T8 285 (9 Wl W] B2 3R AE X R 5% 0 L ROK IR 2 i iy B2 Y . Rl £ 2 H, O-Pi
B i B A AT BB ) R RS R B (3 2) L i ,0~20 em )2 AR KR L BAH 3 R 10 4F 5 R R KRB HL 1
B H,O-Pi 2R EEKF(P<0.0D), BHE 10 45, H, O-Pi & AR IF B KR 5 A% 78. 98 %, B
BERT 3 4F H, O-Pi4EWU/NE N 17.36 %, B FH 5 T RAE 3~10 4£(8.02%) . £+ HO-Pi ik FE R EMHER
BT, B I B e A T % . 20~40 em R 40~60 cm 1 )2 138 H, O-Pi [ & 58 4F R 44 fin 34 5L 90
BN AR AR AT, A AR bR B R B AR T 0~20 em )3,

NaHCO,-P J& i W B T 2 S ik & 9 A5 2 A0k W slmk iR +h 22 1 19 JC AL (NaHCO,-P A HL#E (NaH-
CO;-Po) 4B 38 4 1 198 UKL W B 3 e 1, v] BB g E ORI . AN TR J2 VR B2 NaHCO,-P & it fi
RAEAERR G I R AL SR 2. K ,0~20 em 42+ NaHCO,-P &5 A8 fb e W 2, BAE 3 F1 10 4F 5K
TP R R SR 0 M+ 38 25 3k i B 3 K P (P<<0. 0D, B 10 4 J5, NaHCO,-P & R A I B KR L RE AL T
57.43%  BEFHHT 3 4F NaHCO,-P 4FW/NE Ry 11,01 %, 2 3 @ T B AH 3~10 4 (5. 20%) , £ W] 13 NaHCO;-P
P A A B A AN B A B LA O o R R 2% . B 2R RN, 20~40 cm Hl 40~60 cm + ) + 3
NaHCO;-P Fifi B 78 4F FR 34 i 52 30 28 0000 28 AR Ak (B A Ak iR BE R B SR T 0~20 em +)2,

NaHCO,-P X5 I AH P THL 4. A £ 2R E NaHCO,;-Pi, NaHCO,-Po K B 8 4F KR 3% Jin 34 2 21 %
flRkag ., Hd,0~20 cm 2R 0 E A B, BAE 3 4F .10 4RI B KSR 7 1+ 1 NaHCO,-Pi.NaHCO;-Po %%
A B K (P<C0. 01), B 5§ 10 4EJ5 . NaHCO,-Pi, NaHCO,-Po # K JF B K 4R 55 #b 43 51 #2135 i /s
53.58%.60.93% . BELtJZEEHM, NaHCO;-Pi,NaHCO,-Po b & # I8 5 . B 10 4£)5,20~40 cm )2
NaHCO,;-Pi,NaHCO,-Po 43 | 3 /N 53. 12% .60. 03% ,40 ~ 60 cm 4 J2 NaHCO;-Pi, NaHCO;-Po 43 5 3 /s
39. 66 %0 .49. 81 %6 » 2 B w] AL AR 4 1) FH 1) 356 14k AT ML B0 1 JE LI B 2 S D HA ML A 43 A8 B KT TEAL
W57

£2 AEBRHEERTIE H,O-Pi & NaHCO;-P EET L
Table 2 Changes of soil H, O-Pi and NaHCO;-P content from different reclamation years (mg * kg™")

RAHAERR TIERE K I P I P TE AL I P BBk
Reclamation periods (yr) Soil depth (cm) H,O-Pi NaHCO3-P NaHCO3;-Pi NaHCO3-Po
0 0~20 53.4141.91Aa 127.17+2.98Aa 60.58+1.44Aa 66.5941.53Aa
20~40 44.97+1.36Aa 120.93+3. 21Aa 57.96+1.05Aa 62.9742.15Aa
40~60 28.0542.07Aa 87.351x3.65Aa 43.28+1.74Aa 44,084+1.91Aa
3 0~20 25.6041.52Bb 84.166.09Bb 41.60£3.52Bb 42.5642.56Bb
20~40 22.4042. 22Bb 81.5913.95Bb 40.11+£1.21Bb 41.4842.73Bb
40~60 16.80+1. 32Bb 67.85x6.32Bb 33.4614.67ABb 34.3941.64Bb
10 0~20 11.23=%1. 64Cc 54.1414.86Cc 28.1241.90Cc 26.0242.96Cc
20~40 10. 26 1. 68Cc 52.3422.58Cc 27.1743.95Cc 25.17%1. 38Cc
40~60 8.03%1.09Cc 48.23%6.12Cc 26.1143. 26Bc 22.1242.87Cc

TE A RS 5 8 2R 7] — L2 A A B4R IRTE P<<0. 01 K P25 %, RE/NGFERIRTE P<<0.05 KFEREE. T,
Note: Different capital letters mean significant difference among different treatments at the same soil layer at 0. 01 level. Different small letters

mean significant difference among different treatments at the same soil layer at 0. 05 level. The same below.
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2.2.2 +3 NaOH-P } Dil. HCL-Pi ZEfb45AF NaOH-P = 202 il o £ 2 e R % 45 5 78 1% Fe AL fL
B W3R AL (NaOH-PD ™2 15+ 38 b J3F 58 12 25 & 1945 HLBE (NaOH-Po) ™ 195 5 43 44 B, FH T 119 1< 199
A WA — 2 AR . R 228 NaOH-P 5 5 ffl B 7E 47 BR 3% i 35 52 290 2 25 B AR Y A8 b R AiF (6
3 HH1,0~20 em +RAR LA BT, B AE 3 R 10 4R 5 R JF B R R #Hh + 3 NaOH-P % it 25 53 ik i 2 K °F
(P<C0.01), B2FH 10 4 J5 . NaOH-P & s 30 A& IF B KR 7 Hbyd /> 26. 06 % . BFIHT 3 4, NaOH-P % & 4yl /b
K4 43% . BERE T 3~10 4 2.10% . KW NaOH-P #12% 32 2 & A 16 B A i h) . B 78 300 L 38 2k R A T ol
%, 20~40 cm A1 40~60 cm + )2 £ 1 NaOH-P [ifi B 78 4 BR324 52 5010 28400 0% 728 fh e AiE o (H HC 72 b i B R ekt
EHET 0~20 em T2,

NaOH-P X3 AL AL . A )2 B NaOH-Pi, NaOH-Po [ B 5 4F BR 19 fin 1 52 B FE AR a3,
Horp,0~20 em + )20 I, BAE 3 4F 10 4 AR IF B KSR 5 ih + 38 NaOH-Pi,NaOH-Po 7% &2 ¥ i5 t I 3%
K (P<<0. 01, B4 10 4FJ5 , NaOH-Pi . NaOH-Po # AR I B RIRF b 43 5 N FE 18.57%.31. 07 % . Bl L2
i, NaOH-Pi, NaOH-Po 78 1k # # s 55, B 8 10 4 J5 .20 ~ 40 cm + 2 NaOH-Pi, NaOH-Po 43 % 38 /)
14.82%.29.31% ,40~60 cm +JZ NaOH-Pi.NaOH-Po 43 518 /)N 10. 70 % . 23. 23 % . 3¢ WA A 448 B F1) A9 0%
A AL BTG P T AL A Y W B WL AL 5y AR Ak R T e HLEE 4L 4

Dil. HCL-Pi j25 Ca Z5 G 0 Ra vk THL#E . AW )2 EE Dil. HCLPi & 5 B8 B 58 AF FR 1S 34 52 90 10 B IR
B AR AL ERIE (R 3) . Hid ,0~20 cm )28 (b e IH i, B 3 A 10 4F 5 R JF R KR B4 Dil. HCL-Pi & #2571
IR BNRR EK S (P<<0.01) . B A 10 4 )5, Dil. HCL-Pi 5 B3 R JF B KSR w0 R [ 16, 38 %, BAEHT 3 4F Dil.
HCL-Pi4E FFEFE N 2. 78% . BE R T 3~10 4 (1. 25%) , £ W Dil. HCI-Pi 412 325 % A4 46 B 7 a0, mi 76 B 5l
S A 2R R P2, BT R IR EE R N, B S8 Dil. HCLPi & &8 i #0855, B 10 4E 5,20 ~40
cm,40~60 cm )2 Dil. HCI-Pi % i B A IF B KSR 5 153 5198/ 13. 16 %6 ,10. 42 % (P<<0.01),

*3 A EEBRHEFERTIE NaOH-P # Dil. HCI-Pi & 8%
Table 3 Changes of soil NaOH-P and Dil. HCI-Pi content from different reclamation years (mg « kg™')

A 4 R S 1 WO CRUBE WA BB o g b
Reclamation periods (yr) Soil depth (em) NaOH-P NaOH-P1 NaOH-Po Dil. HCI-Pi
0 0~20 475.34+5.47Aa 190.50+3. 18Aa 284.84+2.28Aa 271.6741.45Aa
20~40 447.92+3.51Aa 176.94+2.18Aa 270.98+1.33Aa 251.6341.49Aa
40~60 396.39+5.72Aa 165.30+2. 83Aa 231.09+2.89Aa 215.99+3. 13Aa
3 0~20 412.15+4.52Bb 176.09+1. 69Bb 236.06+2. 83Bb 248.98+3. 00Ab
20~40 393.83+4.39Bb 166. 12+2. 09Bb 227.71+2.30Bb 239.1842.81Bb
40~60 361.54+5.23Bb 160. 30+1. 83Ab 201.25+3. 43Bb 208.9141.17Bb
10 0~20 351. 4745, 78Cc 155.1243. 00Cc 196. 3542, 78Cc 227.1842.91Bc
20~40 342.29+5. 82Cc 150. 7343. 40Cc 191.5642. 42Cc 219.5041. 58Cc
40~60 325.0244.07Cc 147.60%1. 41Bc 177.4242.66Cc 193. 4842, 33Cc

2.2.3 43 Conc. HCL-P J¢ Residual-P ZBfLAEAE  R[A £ 2B Cone. HCL-P & it B B 78 47 B 3 2 ik 2
FEAR A AL RRAE (R O, 1 ,0~20 em LR B W, B A 3 4F .10 AE AR T B KSR BEH Cone. HCI-P & &
25 53K B E K (P<<0.05) , B4 10 42 )5 . Cone. HCL-P & S AR TT B R AR B MR AL 10. 87 % (P<C0. 01, BFH
Al 3 4F Conc. HCI-P 4F¥/N% A 1. 33% W T R AT 3~10 4E (1. 02%) . F W -3 Conce. HCL-P ik 8 &k 4&
7E BB AT . BB S W HORB W S . 20~40 cm Al 40~60 cm + )2 £ 4 Cone. HCI-P Fifi B 8 4F B 38
g 5 B A AR AL RRAE AR AR AR BEAR T 0~20 em L),
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Conc. HCLP W r] 43 B AL IEHLFEE 5 . ARl - 2R EE Cone. HCL-Pi,Conc. HCL-Po % &t fifi B 7 4F FR 3
T e A B B AR A AR AR AR AE , o ,0~20 em 2RI B, B 5H 10 4F )5, Cone. HCI-Pi.Conc. HCI-Po % A JF
R SR B b4 Bk /N 8,18 %0 .12, 47 % (P<<0. 01) . A HLBE 4 0 A8 (b K T IEALBE 4 7. B 1 )2 VR B 34 in . Conc.
HCI-Pi,Conc. HCl-Po ZZ{b#a#5 0~20 cm 4 )2 2oL, (H H A8 £k i B S 1A 52 /N B2 #5, 20 ~ 40 em 42 )22 Conc.
HCLPi AR TFR KRB T B 8. 20% (P<C0. 01),20~40 cm.40~60 cm 42 Conc. HCL-Po W43 51 T [
11.65%.8.56 % (P<<0.01),

B AR (Residual-P) & IR IR B TR IE A, 24 ik H, SO, T4 b 458 (IR 18 s 25 40 12 48
ol A A A 5 P Y P S SRS LS HAL T W R P Y Ca-P FIRNREIRELAY Po IR AWM . AR+ 2% ¥ Residual-P
£ R Bt B A R A SR B ) AR A AR AR . ot 0~20 em 12 E WL BAH 3 4E 10 4EHIR T B KR H
Residual-P % & 25 57 YA M B E /K- (P<<0.01) . 5 RARF AR L, BFH 10 )5 0~20 cm 1 )2 14 Residual-P
i B FF40.08% . 20~40 cm A1 40~60 cm 15 13 Residual-P [ B 78 AF PR 3 347 52 90 1 25 00 1) 28 Ak 4 10F L (2
WE A /NTF 0~20 cm 1 )2,

k4 FARABBEEMRLTIEE Conc. HCI-P K Residual-P S 2T

Table 4 Changes of soil Conc. HCI-P and Residual-P content from different reclamation years (mg « kg™')

B 5 4 R TR o R R Rt JEHL B e R A BLE R
Reclamation periods (yr) Soil depth(em) Conc. HCI-P Conc. HCI-Pi Conc. HCI-Po Residual-P
0 0~20 242.75+6.09Aa 90.5042. 37Aa 152.25+3.72Aa 200. 34+3. 78Cc
20~40 238.55+4.79Aa 88.94+1.23Aa 149.6143. 66Aa 196. 3243.69Cc
40~60 162.4645.70Aa 47.2942.79Aa 115.1742.91Aa 173.67+2.19Cc
3 0~20 233.09+4.93Aa 87.5142.55ABab 145.58+2. 38Ab 259.45+1.76Bb
20~40 230.03+4.16Aa 86.12+2. 17ABab 143.9142.00Aa 238.64+2.32Bb
40~60 157.1745. 90Aab 45.9142.06Aa 111.2643.84ABa 199.54+2.43Bb
10 0~20 216.37+4.71Bb 83.10+2.11Bb 133.274+2.59Bc 280. 6446. 33Aa
20~40 213.82+5.12Bb 81.6442.22Bc 132.1842.89Bb 257.53+3.34Aa
40~60 149. 3142. 84Ab 34.99+1.10Aa 105. 32+ 1. 74Bb 212.6743.29Aa
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