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Abstract: Phosphorus (P) is an essential nutrient for crops, and is a key factor that is monitored in the control of non-

point pollution. It is important to clarify the characteristics of the soil P pool to devise strategies to manage P levels
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and reduce P-related non-point pollution in intensively cultivated vegetable fields. In this study, we determined the
characteristics of the soil P pool in the perennial vegetable fields in the latosolic red soil zone of the Pearl River Delta.
A total of 89 soil samples were collected from the surface layer (0—20 cm) of vegetable fields located in the suburbs
of Guangzhou, Jiangmen, Zhaoqing, and Huizhou. The composition of the soil P pool in the samples was
determined using a modified Hedley method. Correlation analyses were conducted to reveal relationships between
soil properties and the P pool. The results show that the proportions of inorganic P (Pi) , organic P (Po) , and
residual P in the soil P pool were 88%, 8.1% and 3. 9%, respectively, indicating that Pi was the dominant form in
the soil P pool. The concentrations of these forms were as follows: Pi (1176. 78 mg-kg '), Po (109.03 mg-kg '),
and residual P (52.19 mg-kg '). The Pi pool consisted of several fractions, namely H,O-Pi, NaHCO,-Pi, NaOH-
Pi, DIi HCI-Pi, and Con HCI-Pi, with concentrations of 46.35 mg-kg™', 264.64 mg-kg™', 427.45 mg-kg ',
274.82 mg-kg ', 163.52 mg-kg ', respectively; and proportions of 3.32%, 20.74%, 31.29%, 16.32%, and
14.13%, respectively, in the total P pool. The fractions in the Po pool were NaHCO.-Po, NaOH-Po, and Con
HCI-Po, with concentrations of 27.24 mg-kg ', 62.35 mg-kg ', and 19.44 mg-kg ', respectively; and
proportions of 2.33%, 5.70%, and 1.56% , respectively, in the total P pool. The dominant form in both the Po
and Pi1 pools was NaOH-P, specifically NaOH-Pi in the Pi pool and NaOH-Po in the Po pool. In terms of soil P
availability, the concentrations of labile P, moderately labile P, and recalcitrant P were 338. 23 mg-kg ', 764.62
mg-kg ', and 235. 15 mg-kg ', respectively. The proportions of labile P, moderately labile P, and recalcitrant P in
the total P pool were 25.3%, 57.1%, and 17.6%, respectively. The sum of labile P and moderately labile P
accounted for more than half of the total P pool in almost all the 89 soil samples, suggesting that labile P and
moderately labile P were the main P types in the soil. On the whole, the soil in the perennial vegetable fields in the
latosolic red soil zone was rich in P in highly available forms. Significant positive correlations and concentration
effects were detected between soil properties (organic matter, total nitrogen, available nitrogen, available
potassium, cation exchange capacity) and labile P and moderately labile P contents. The soil P pool accumulates via
anthropogenic activities i. e. fertilization and cultivation, and is also affected by the soil’ s intrinsic properties.
Considering the climate characteristics in the Pearl River Delta, including heavy rainfall, the application of P nutrient
management strategies is suggested to reduce the risks of P pollution in vegetable field soil.

Key words: vegetable field in latosolic red soil zone; Hedley phosphorus fractionation; inorganic phosphorus

fractions; organic phosphorus fractions; phosphorus availability
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J& F M E K (92, 1% BYRE S A R8s & = T 40 mg-kg ).
1.4 ERBEE A E

- e R o G F B EUR FH Tiessen %6 B ik 1) Hedley 45" ik o 53X Bl 35 R 3% A5 46 hin 52 BRG] 58 138 43 9
SRR RS VERE 2 4y . HAK S HT AL BBy BRI 0. 5 g 38 0. 149 mm i XU T 3 5 50 mL 25045 v A YR 30 mL
2B T /K (H,0-P1) .0.5 mol-L ' NaHCO, % # (pH 8.5) (NaHCO;-P) .0.1 mol-L ' NaOH % #& (NaOH-P) . 1
mol-L " HCII& ¥ (% HCI-P, DIi HCI-P) #1 12 mol- L ' HCII& # (¥ HCI-P, Con HCI-P) #4742 ., B4,
AR — 20 05 , Z I T % 2:9%3% 16 h(200 remin "), B0 (10000 r-min ', 10 min, 0°C), SR 5 fefE B0
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B o AR I — 20, Bk HCLHR BUS 19 5% 4y £ 48, R FH V& HNO,-HF-HCILO, 7 % — 2 86 9T bb (0 75 I 2
Bl Sk 5% 4% # (residual phosphorus) o i ¥ # =H,O-Pi+NaHCO,-Pi+NaHCO,-Po. ' % i 1 f =NaOH-Pi+
NaOH-Po+#i HCI-Pi, 2 E M@=k HCI-Pi+ ¥ HCI-Po+ 5k 43
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Table 1 Basic physicochemical properties of soil in perennial vegetable fields of the research area

Ei pH {8 kL Bk PH &5 38 4 A HL
Parameters (0.05~2.00mm, %) (0.002~0.050 mm, %)  (<<0.002mm, %) CEC (cmol-kg ") OM (g-kg ")
¥ Average 5.83 43.70 40. 30 16. 00 8.67 23.83
5Bl Range 4.37~7.23 10. 20~86. 80 7.80~62. 40 2.60~47. 40 3.46~20. 09 7.79~56. 59
BRRBCV (%) 11.20 38.40 30. 89 49. 66 40. 20 42.00
&b L5 & il A A RO A
Parameters TN (g-kg ") TP (g-kg ") TK (g-kg ") AN (mg-kg ") AP (mg-kg ") AK (mg-kg ")
{8 Average 1.19 1.47 12.53 135. 24 120. 24 222.48
J5[Fl Range 0.06~2.91 0.44~3.92 0.80~38. 29 60. 12~298. 80 13.80~306.87  33.00~758.79
BRRBCV (%) 57.10 50. 10 51. 50 35. 30 21. 80 51. 80

CV: Coefficient of variations; CEC, Cation exchange capacity; OM, Organic matter; TN, Total nitrogen; TP, Total phosphorus; TK, Total

potassium; AN, Available nitrogen; AP, Available phosphorus; AK, Available potassium. T[] The same below.
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9 1176.78 mg-kg ‘s A HL# (organic phosphorus, Po) 7 & 48 {61l [H] 24 31. 46~367. 41 mg-kg ', ¥ {H 4 109. 03
mg-kg ‘o JOMLBEAE HHEBEE Y & HOF 33k 88. 00, A LB AE - HERE b 5 IR T 1000, BIE R 8. 1%, HA
MU 7E = SR P2 (%) o7 BU oz I 40 S T WLB HE ). S8 b £ 6 ALBE & A8 57 R A o 41.81%, Bk KT
PLBE & & AR 0 (2 5 RAES7.79% ) o WAESEHL LI AR AR BE S i 9. 97~122. 56 mg-kg ', (A A 52. 19 mg-
kg '(F£2), LR ABEAE H B P A 5 LE I 3. 9%, R AYEE S B AR T AR CALBE A PLBE A R EK
WS XS Ml A R A B A — R R R S R ROE R 43. 0405
2.2 AMEEM

S A S ICHLEE 2 o> AN 2 R o JEHLER 2 P 4% 41 4 H,O-Pi . NaHCO,-Pi ,NaOH-Pi fi HCI-Pi ¥ HCI-Pi &
00k 3.09~144. 32 mg-kg '.26.43~614.12 mg-kg '.83.74~1298. 14 mg-kg '.6.05~1948. 92 mg-kg 'Hl



534 B 2 W Bl 2R 3] 2025 4 137

R2 EERMTEBEAR

Table 2 Composition of phosphorus pool in soil of perennial vegetable fields

LD TEHLBE AL BR A
Parameters Inorganic phosphorus (Pi) Organic phosphorus (Po) Residual phosphorus
B Average (mg-kg ') 1176.78 109.03 52.19
i [l Range (mg'kgil) 314.63~3785. 96 31.46~367. 41 9.97~122.56
A5 5+ Z %X Coefficient of variations (CV, %) 57.79 41.81 43.04
i 4 HE ) 4 {E Average percentage in total (%) 88.0 8.1 3.9
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Fig. 2 Concentration of inorganic phosphorus fractions and their percentage in the total inorganic P pool in soil of perennial

vegetable fields
A TEHLBEZH 73 & B Concentration of inorganic phosphorus; B: JEHLBE 4 43 o5 JTEHLBE 1% 43 le Percentage of inorganic phosphorus fraction in the total
inorganic phosphorus pool; C: JEHL#E 4 /3 i TTHL#EFE & 4> LI {E Average percentage of inorganic phosphorus in the total inorganic phosphorus pool.

35.54~438. 89 mg-kg ', MW 1 & ¥ H 3 ) A4 46. 35 mg-kg ' .264. 64 mg-kg '.427.45 mg-kg '.274.82 mg-
kg '.163.52 mg-kg (K& 2A) . NEFE A5 B AU IE A E o e AAfE B R 22 5% (K 2B) , Hodp  # HCL-PiFn ik

CL-Pi A9 (5 Ho A8 08 24458 K, A8 53 2R 8000 500 R 67. 0% 1 67. 4%, MR B4 7 L4353l o4 1. 05 % ~54. 62 % F1 3. 0% ~
63. 3% ; Hovk o HO-Pi, HoAE LB I B 15 FE M 0. 6% ~11. 0% , 78 5 R KM 49. 9% ; NaHCO,-Pi #l NaOH-Pi 75 G
MU 4 5 EEAS Ak 3 LA AT 487N, 0 3 R 5. 7 % ~41. 5% Fl 14, 4% ~54. 04 % , AN 1Y A8 5 2 B0 28. 9% #1123, 8%
(F2B) o G b, iR 4R Y 89 /N HE i, TS TC AL e i & HL 55 19 20 43 9 NaOH-Pi(SF- 2 15 11 36. 3240) s Okl
i HC1-Pi ,\NaHCO,-Pi . # HCI-Pi( /&5 He {5 43 %1 0 23.4% .22.5% .13. 9% ) , H,O-Pi £E JTCHL B 89 5 Ho AR X 5% A%
(3.920) (K 2C) o FEBEABEFE D, & TCHLBE 5 28 L B (3£ 3) : HLO-Pi 3. 3204, NaHCO,-Pi 20. 74 % ,NaOH-Pi
31.29% ,# HCI-Pi 16. 32% , # HCI-Pi 14. 13% .,
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Table 3 Percentage of inorganic phosphorus fractions in the total phosphorus pool in soil of perennial vegetable fields ( % )

545 Parameters H,0-Pi NaHCO,-Pi NaOH-Pi DIi HCI-Pi Con HCI-Pi
Y11 Average 3.32 20. 74 31. 29 16.32 14.13
{1s Fil Range 0.45~9.76 4.38~35.12 13.82~47. 04 0.80~52. 28 2.74~48. 29
75 5 Z 81 Coefficient of variations (CV) 51.73 28.41 24.04 71.99 62. 83

i HCI-P: DIi HCI-P; # HCI-P: Con HCI-P.

2.3 HAUHELL S

F3AHEFER AV & & X ARV S . G008 E D, W58 X 3 # - 5 NaHCO,-Po,

NaOH-Po . HCI-Po & i 43 3 2. 01~81. 3 mg-kg '.9. 88~303. 56 mg-kg 'l 1. 10~71. 59 mg-kg ', IR 19 &

wYH N 27. 24 mg-kg ' .62.35 mg-kg '.19. 44 mg-kg '(E 3A) . ANEHPBEL > & AR KA, ik
HCI-Po 178 5 2 B & , 15 69. 99% . A HL#E % f , NaHCO,-Po .NaOH-Po . ¥ HC1-Po 3 F A HLEE 21 43 19 15 H o>
BIH 1. 71%~61.62% .24.82%~82.62% .1.08% ~60.97% (& 3B). ik I, 4 HL#E % h NaOH-Po 5 &,
9 57.2% ;NaHCO,-Po 1k HCI-Po & e A #2305, 43 51 o 25. 026 A1 17. 8% (¥ 3C) o 7EE#EFEH , NaHCO,-Po

k2. 33% ,NaOH-Po 5 5. 70% ¢ HCI1-Po (5 1. 56 % (£ 4)
2.4 EIERRFEWRBEE S
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Fig. 3 Concentration of organic phosphorus fractions and their percentage in the total organic phosphorus pool in soil of

perennial vegetable fields

A: A HLBE 414 & &t Concentration of organic phosphorus; B: H L8 41 4 i A HL#% 2 H 43 [ Percentage of organic phosphorus fraction in the total

organic phosphorus pool; C: F #LBELH 7 5 A VLB H 4 LL I {E Average percentage of organic phosphorus in the total organic phosphorus pool.
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Table 4 Percentage of organic phosphorus fractions in the total phosphorus pool in soil of perennial vegetable fields ( %5 )

f8#5 Parameters NaHCO,-Po NaOH-Po Con HCI-Po
YJ{H Average 2.33 5.70 1.56
L[ Range 0.22~9. 20 0.54~27. 38 0.19~9.45
75 5 Z 8 Coefficient of variations (CV) 59.31 70.19 76.12

K5 BEXMARFUBAS

Table 5 Fractions of phosphorus with different availability in soil of perennial vegetable fields

Ef=RN R AR o 4 P Tt E 1
Parameters Labile phosphorus Moderately labile phosphorus Recalcitrant phosphorus
P Average (mg-kg ') 338.23 764. 62 235.15
7L [fl Range (mg-kg ') 39.49~766. 11 158.72~3102. 86 57.40~536.09
A5 53¢ Z 4 Coefficient of variations (CV, %) 45.18 68. 81 48.88
i 4 L ] Percentage (%) 25.3 57.1 17.6

2.4.1 THOEMEREA S b BB 3RNE MEEELL S, HLO-Pi.NaHCO,-Pi NaHCO,-Po ( th 4351 1. 98 %6~
39.50% .52.90%~91.17% .0.99%~40. 33% (K& 4A) ,F- 3 5 40 51 R 13. 7% .78.2% .8. 1% (K 4B) , i B
NaHCO,-Pi 2 + 5 5 Vil e 1) =240 55 .

2.4.2 - SE TR R A 4 + 38 v 2 55 P B b, NaOH-Pi, NaOH-Po . # HCI-Pi (5 43 %1 4 20. 65 % ~
79.30% .1.01%~45.86% .2. 77 % ~78. 12% (& 5A) , #H Wi (5 L ¥4 {A 4 55.9%6.8.2%.35. 9% (&I 5B) . + 4
SR YERE I, NaOH-PiJ £ 20 B2 43, H N #i HCI-Pi, NaOH-Po 5 — & 1], {5 & 585K

A - NaHCO Po = NaHCO,-Pi I:I H,0-Pi B
|
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-
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S S S
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[
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Fig. 4 Percentage of labile phosphorus fraction in soil total labile phosphorus pool and their average in soil of the perennial

vegetable fields
A I VERE 2 2 & 3% P B % T 40 L Percentage of labile phosphorus fraction in the total labile phosphorus pool; B 1% ¥ 28 43 i 3% P % 2 @ 40 Le ¥

Average percentage of labile phosphorus in the total labile phosphorus pool.
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Fig. 8 Distribution of labile P, moderately labile P concentration under different grades of soil organic matter, cation exchange
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