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FEE . AR A R A SR AT AR R e, 2 b 2B 72y SRl R T A S5 R M3 XK L3RR Stk i, B 499 45 3C
BRECHE (134 4577 S PR A BE AN 131 424 T4 803 1 0—20 em 1 20—40 em )2 pH B A LR 2R 40 28 T A .
R RS AR 4 L 5 R M A RS o SRR RN A B0 40 ke - TR A B — R AR E R KO RN A IR IR
HEATVEAR , 0007 Eh AR TR 5 N T AR ZEAR 5 IR A bRI] + AR T RAAE (9 22 5, o0 T AR AT R 08 R AR 7= A e 4R A1)
AR, A5 (1)0—20 cm 1 20—40 em +JZ HHE pH (A AL A 20 28 UG R0 HUSUE T B 4
WK 4.79 F1 4.91 33.78 o/kg F119.92 o/ke . 1.82 ¢/kg I 1.32 g/kg 0.46 g/kg F1 0.40 g/kg . 14.49 g/kg Fl 15.71 g/kg .88.00 mg/kg
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A3 AT RSB ( RIRMRITRAS MR ) | -3 AE 3 B 53 DA B A R HE X 38 3% 43 RIIE g B B2 M i - Tl — 25T

SRR Hh AN DU s 3R 0 TR S T D F 4 ik =

Soil fertility in the Pinus massoniana forests of China
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Abstract; Soil fertility is not only the comprehensive function and reflection of various soil properties but also the ability of
soil to sustain plant growth and develop forest productivity. Hence, evaluation of soil fertility is of great meaning to improve
the forest management. However, soil fertility at regional scale is still poor understood. In this study, soil fertility in the
Pinus massoniana forests, which were widely distributed in subtropical China, was taken as the research object. The pH
value and nutrient contents at soil depth of 0—20 ¢m and 20—40 c¢m were collected from 499 published data, 134 historical
data and 131 current data. Based on the national nutrient classification standard of the second soil census and the Nemero
index, the abundant-poor level of soil nutrient indicators and the status of soil fertility index were evaluated, respectively.
The differences of soil fertility between natural forests and planted forests and between pure forests and mixed forests were

also analyzed. The study will provide scientific basis for sustainable management and improved productivity of P. massoniana
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forests. Across subtropical China, the average values of pH, soil organic matter ( SOM ), total nitrogen ( TN), total
phosphorus (TP) , total potassium (TK), alkai-hydrolyzable nitrogen ( AN), available phosphorus ( AP) and available
potassium (AK) at soil depth of 0—20 ¢cm and 20—40 c¢cm were 4.79 and 4.91, 33.78 and 19.92 g/kg, 1.82 and 1.32
g/kg, 0.46 and 0.40 g/kg, 14.49 and 15.71 g/kg, 88.00 and 59.41 mg/kg, 4.94 and 2.38 mg/kg, and 71.72 and 52.99
mg/kg, respectively. Except for SOM, TN and TK, the abundant-poor levels of other soil nutrient indicators in two soil
layers were at and/or below “relative deficiency” level. The soil fertility index of 0—20 c¢m (0.97) was greater than that of
20—40 c¢m (0.77), and the fertility indexes of soil AP content in these two soil layers were the lowest value (0.60 and
0.33, respectively). Except for soil pH value, AN and AK content of 20—40 cm, other indicators and fertility index were
characterized by the mixed forests > pure forests, and the differences of these indicators between the natural forest and the
planted forest varied with the indicators. In conclusion, the supply potential and capacity of soil phosphorus and potassium
elements of P. massoniana forests were weak and soil fertility was also close to “poor” level, in which the content and
fertility index of soil AP were the lowest value. The soil nutrient and fertility status of 0—20 c¢cm were better than those of
20—40 cm, and these indicators were affected by stand origin ( natural versus planted) and stand structure ( pure versus
mixed ). However, due to the lacking indicators (i.e. physical indicator) and uneven data (less data of natural and mixed
forests) , the evaluation of soil fertility and the influences of stand characteristics on soil nutrient and fertility status need to

be further studied.

Key Words: Pinus massoniana; regional scale; abundant-poor level of nutrients; fertility index; phosphorus deficiency
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T3 I3 PATHE R M AERBI AT UKL, 007 B RRARAREAAS 1 TR I 18 AR 1 25 7K 5 KRG AR A 1 45 58, 3F
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Ih AN A3 A X 38k B T 28 W —UE VAT LA L DO 1] 2 LA N 2 DR B TE LR 21.85° N—
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WIm S AR EPR WL AR U B BRI UL, i X R TR A KU X, A2k 3R
TR 2R P 2 XM BB 1P R 2 XU B2, 1980—2012 4F [i] (9 4FF- 2 il 8.9—27.5°C , A P44 K #: 755—2500
mm , FFA R  (H K T A oA Y B Rk 2, 32 XSl by P A B 7 20 20 i R 8 3 R 3R, 3
FEABAE LATK A 6 4 o] b — 7 iR S bRl N T Alibk SR ASpCh 32, o, ES R AR KARARIIAR 552.38 73 hm?, %
SRR A 8 2 B AR A TR S A S A N TR 251.38 7 hm® , 22 0 N T AR A sl QA& imi 2 A Ak
AR v O R G X X B AR I - e AR S 2T R e
1.2 g
1.2.1 SCEREURE

AT SCHRAS 2O B, 1990 4FE R b Ty AR T 137 7346 br 09 SCHRE A, AH G K (Ansth BEAL & bRa) |
T HEEFE R ) AR, B, AW AOR A 1990—2019 4 W) S BAAMR T 0—40 em 38 4 7 SCHk
Bl e, TIIRAR G A LIRS HLET 2R 20 2 A AR R pH H, e TR AL
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VA FIOBUIR 2 B — SR B BT LU 5100000 2, 4 B0 R S 205 50 2 501 o B 0 2 R e B 4R — A DG BE TR 2, pHL
1:2.5(V V) KR —H A RN 85 i R0 £ 8 2 (hitp . //www. enki.net/ ) 1 ISI Web of Science £{#
J%E ( http : // apps.webofknowledge. com ) 7351 %F 1990—2019 4F A% H SCHIHE SCSCRR FEFTRE 2R, K R B in] o« )
¥ ( Pinus massoniana)” F1“ 1388/ &/ B/ ( soil carbon/nitrogen/phosphorus/potassium)” o & FH DA A5 1 1
AT SCHRITE - (1) SRS ( FEZ N TMO) 7E 5 4ELL L (2) BT RHERAZHENE | KO R A5 G iy 520, 4n
A R, AU IR R 5 U 5 (3) SCBRZ D045 2 A HIEFR 009545 (4) A BB RE 07 ' 5
PRARAR o R T SCHK, R R M BT (26 B 22 B RIEAR ) RO RRAE G IR 25 A AR RS ) | 328
A -3 pH RTS8 . MACE HEEAAUREE I, A P DL A Lk x 1.724 SEATAR . T
RS 32 MR BRSO B | 24 i 5 10 K080 72 18 R E, BT GetData 80 (hitp : // getdata-graph-difitizer.
com) FEATHRIR, PRI, SCHREIHE P A0 5 210 F SCEE b 498 S ATFE L,
1.2.2 & HdE

(1) Iy s A A s F P 4 AR 38 I A B5di vh 5 5 R A G 0—40 em - S8 1 7 T sk HRaiE
TIESEPR AL AU A W R pH (B, W TR A U R R B I, A A LI
FE BB GE | A28 A5 R + = AR + SR TR 5 T WM A — 5 25 1 A 5 65X (TRIS Intrepid 1T XSP,
Thermo Fisher Scientific, USA) %, pH {ELH 1:2.5 (KRR35 (/K IR—HL 7% (HI2221, Hanna, Italy) Jll %2,
TR A SR LR X 1.724 BEATAES . D B0 R A48 134 AN, BRI/ 100 m? 5 400 m?
JHATIIIA]y 2012 4F 1 H—2018 4 4 J

(2) AT AR A X BRI 2 5 T 0—40 om HHEEE 257 M ar g 1, HHER AR aEE . A
PLBT A Ak P B A AR R pH B TUE T R AL A2 A S R TR —IT R
53 BT (Euro EA, Hekatech Gabh, Germany ) Jll5E , 4B 144 25 5 R JH A IR + i SR + U SRR TR 5 1 VA i —
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( Analytical AA3 Auto Analyzer, SEAL, Germany) il %E , S8R & &5 R F QTR EGR $—5 5 F A SIS0 & |
pH A 1:2.5(V V) BKIZ—r AR, 5 MU DL 5EA DL x 1.724 PR 24 /508 2 45
131 AR, BE IR /N A 600 m*, PRI A 2018 4F 8 H—2019 45 A |
1.3 Hdnab
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BN & B0 P A AT IR — 48R IO, X Pbn i LIRS B 6 K £ R
FE AR R BORR B, A IR A B AR P T R
1.3.2 WS 1165

SR FMEIE B PR HE 80 0 2 A AR AR Sy R AT 2 A VA, M 3 B AR R AR AN A 5 P
Pz AR SR AT R i 2 R S AR A e AR S A A s R AR
WFFE BERRFR RS pH (B A LT 2R 20 28 B A A SO MR, o T F LU T, A 5 X
8 > IR AR WE SR B N T A B IE AR EG T . S T IHER S b B AN AR R AR
SRR R I A SR R O RIE T R T T AR BR A bR (R 1) PR R
SRR HEATRR AL (SO IR IR BOE R o R HESR A AR AR bR AL RN I A B 2R B I 1 HR O R A XS %
RO R ek =27 UL HIEARAE IR ;2 2. 75 HE S8 = 1.8, BRI R HEARIR ;24 1.8> 8 S145%0=0.9,
VLA A0 7 4 s 4 A0 F1 36 80<0.9 , Ui I RTE
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Table 1 Grading standards for various soil indicators in the Nemorow index

T s bR 5 AH Grading value + e kR 53R JH Grading value

Soil indicator X, X, X, Soil indicator X, X, X,
pH (<7.0) 45 5.5 6.5 S TK/ (g/kg) 10 15 20
FHHLE SOM/ (g/kg) 10 20 30 TR AN/ (mg/kg) 60 90 120
25 TN/ (g/kg) 0.75 1 1.5 F R AP/ (mg/kg) 5 10 20
4T TP/ (g/kg) 0.4 0.6 0.8 HAH AK/ (mg/kg) 50 100 150

X, X, X, 3500 - HEFR A R bR AR AL T A = 8 O S — Jar G BAE0)  SOM: A5 WL Soil organic matter; TN; 424 Total
nitrogen; TP . 218 Total phosphorus; TK: 44 Total potassium; AN RS A Alkai-hydrolyzable nitrogen; AP 3 Available phosphorus; AK: e
BEP Available potassium

1.4 Sttt

A Excel 2003 X$ 8 i A TR . SR SPSS 19.0 XHBURIEA TG 404T . i FHUR A b +-3Ede b
(A AL A A BRI 7 AN 6] (PRSI E s ) , ELPR AL S 5040 AN ik DA TE 2859341 ( Kolmogorov-
Smirnov £ 55, P<0.05) , Fl | Mann-Whitney U 5 5 i 25 5 28 BH | [R] — 8 b 99 20 2 37 25080 1) 22 5 R 2% (P>
0.05) , Rty , $icdfe 22 v i BT A 3388 v L& O — ok #1742 3120 . FI A Mann-Whitney U A6 560 #5147 4 45
ForHa R AL JJHEE0AE 0—20 em 1)25 20—40 em +)2 AN TAKG R Slibk 518 S8 MR R 9 25 5445317
W Origin 9.0 HEATAEIR, IR P B A BB e hRifEDR

2 HREHS

2.1 HHE pH MR i M FHEKOF

2 2 AL SRR T 0—20 em )2 3 pH (B AP 2% 20 20 B A AR R &
B BB S 51K 4.79 33.78 ¢/kg 1.82 g/kg 0.46 ¢/kg 14.49 g/kg 88.00 mg/kg 4.94 mg/kg Fl 71.72 mg/kg, 5 5
FZHIR N 16.33% 72.20% 122.22% 143.26% .85.64% .65.87% 190.61% F1 116.18% ;20—40 cm +J2 3 pH
B AP A A A0, 2P0 A RO I OB S i T S ME 3 0 4.91,19.92 ¢/kg 132 g/kg,
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0.40 g/kg . 15.71 g/kg.59.41 mg/kg.2.38 mg/kg Fl 52.99 mg/kg, 7F 5+ 22 B K 15.37% . 82.73%  133.79% .
142.10% .70.85% .83.13% 234.52% 88.69% , %133 pH {H A1 480 & 4h, Hifth 4 + 337 38 bR R BN 0—
20 em +)2>20—40 cm 12, HH 0—20 em £ )2 A HLUT A RO0E 5 2 20—40 em 120 1.7 %A1 2.1
fio BRawEs i, 11 pH (SRR PRTE 12 R 22 5 B3 (P<0.05) (£ 2) , 13 pH (HRY 7 7 R AR/,
AR5 o i AR S RO

FE 2 AT LAF Y, S AR 0—20 em + )2 F1 20—40 cm 4 J2 T34 HUR & 840 HAL T B F 57 iy
B K S B I T A S A T AR K BRI A S AL T B K R i Ak T
R RN HR AR K B AR A AL T R N B KT A RO B A AL T i R A B K

R2 DESMFRLIELSEFSMRESITHE

Table 2 Descriptive statistical characteristics of soil nutrients in different soil layers of Pinus massoniana forests

R 5iH AHLBL gt ER gl AR AR H
Soil laver Project pH SOM/ TN/ TP/ TK/ AN/ AP/ AK/
’ (g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
0—20 cm HEHIEL 611 725 719 635 477 432 481 455
SR 4.79 33.78 1.82 0.46 14.49 88.00 4.94 71.72
vk 4.61 28.45 1.30 0.32 12.61 71.31 2.25 56.10
Frifi 0.78 24.39 2.23 0.65 12.41 57.96 9.42 83.33
Frifiin 0.03 0.91 0.08 0.03 0.57 2.79 0.43 3.91
/M 3.52 0.55 0.05 0.03 0.13 0.08 0.02 0.32
HKE 8.34 154.20 25.00 9.73 147.89 575.42 78.65 929.40
BREE % 16.33 72.20 122.22 143.26 85.64 65.87 190.61 116.18
FHKT — LiE LE Bk Bk LI {73 L
20—40 ¢m AL 344 413 405 377 311 279 287 287
T-H)(E 4.91 19.92 1.32 0.40 15.71 59.41 2.38 52.99
LR 4.77 15.84 0.83 0.32 13.82 49.00 1.19 43.25
PRif 2 0.75 16.48 1.76 0.57 11.13 49.38 5.59 47.00
PR 0.04 0.81 0.09 0.03 0.63 2.96 0.33 2.77
R/ME 3.59 0.98 0.05 0.02 0.35 0.06 0.05 0.50
RRE 8.25 148.02 13.92 9.00 105.31 452.43 75.18 440.30
BRRE % 15.37 82.73 133.79 142.10 70.85 83.13 234.52 88.69
FIHEKT — LW g et LIk Bt 373 BBt
E 5 0.002 <0.001 <0.001 0.090 0.029 <0.001 <0.001 <0.001

2.2 A TIHREK

H 3 3 Al SRR T 0—20 em )2 HIEIE J145%0(0.97) T 20—40 cm +/2(0.77) ,0—20 cm +J2
TIEAE TR OUE T 47 ,20—40 em H)Z2JE T A", 0—20 em 1 )2 20—40 em + )24 H R
KANEF 5350047 < A WL > 4 280> Bl e 2> 4 > pH > USSUE > 4 Wl > A 300, A L0 > 4 41 > 4 80> pH > T >
SRR > A > R, PR3 pH (BRI 841, HAth 45 383 03505 10 70 AE 135 B0 R B8R 0—20 em +)2>
20—40 em )2, HAH 0—20 em +J2 HHEA R AL J137550(0.60) J& 20—40 em )2 (0.33) 19 1.8 15, 7MW
TEHEAN,

£3 LDEMWHARELETZERAEEITEN

Table 3 Evaluation of soil fertility index in different soil layers of Pinus massoniana forests

_—_" THHERbR AL HEF1HE 4
+2/cm \ H‘j‘%& Normalized value of soil indicator Fertility index
. 0.0 y - - Y ;
Soil layer o L AWE AR AW AW WWA AR BAW [ i
P SOM TN TP TK AN AP AK Value Evaluation
0—20 228 1.38 242 2.20 0.99 1.51 1.77 0.60 1.23 0.97 Hidg
20—40 177 1.46 1.77 1.61 0.82 1.66 1.08 0.33 1.04 0.77 it
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2.3 EHEFRA R AE I HEBE N TARS RERMRORN 4l bk 5 TR S AR 1) 22 57

P 1 AT, By AR K AR 0—20 em +JZ A HLET (P<0.001) A% (P<0.05) & & ,0—20 em -2 F
20—40 cm 1 E A2 E i (P<0.001) 52 & T SR A T AR, 0—20 em -2 H1 20—40 em )2 20 5 it
(P<0.001) 4 0 FL T SR N A, HAH 28R 70 N TARS KRR TC 2 3 25 % Bk 20—40 em )2
AU K 0—20 cm 12 H 20—40 em 26 %08 & AN, BAR LRI A T IS IR,
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Fig.1 Differences of soil nutrient contents and fertility index between planted forests and natural forests

ns; AN, no significant, * | * fll = * = 5373RLE 0.05,0.01 A1 0.001 /KFT 23
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& 2 A%, S EMMEAAK 0—20 em +JEZ AP (P<0.001) 2% (P<0.01) 44 (P<0.05) & & AL
F8H(P<0.05) ,0—20 cm +JZH1 20—40 em 24 500 & (P<0.001) ¥ 18 3% & F S R4k, 20—40 cm
+JZ AR i (P<0.05) Fll pH {H (P<0.001) ¥ E K T SR AAglibh, FoAl 4 J2 % S8 AR 7E 2lbRk 5 TR A bRR]
T & 2R bR 20—40 em TJR0E A E = Ah, SR RIUMIR SRS Alidk

3 iTFig

3.1 SRR IR S RRAE AT

TIPS & TR A R T ) S R R S AR A AE R SRR A A X P
FER AR 2E S, AR R S AL T R AR R R R 2 B L R T A ARATE A
TP REEY) R R RS (AR AR, X SE N R IR ISR s AR AL, AHESE R, LSRR
Bt ELAG 5 v (23 1] 28 S M (738 5 B8 659%—235% ) , Hirh A sl & i de s (6 2) o HWF o o g 250l 4%
SRI26T e n] RS IR AR BRI A R B S TR Bk W R S RS R4 A T T TR 5 L IR A R R
M R = R AR, B I A ) Bl e e A ) T T BT B A SRR 0—20 em t
JEFN 20—40 em + )2 13 pH (B 54 85005 & it Wl 2 IE ARG (r=0.248 F10.173,P<0.01) [MHZIESE T _EiRALE]

TR AR R E R WO A K R TR AVE FORIE . HEEA LR 2 S e
PRI T 3R LA BT T, U R A S R AR AR T R AR Y L IRIE AR R+
B A AR, D RAMAR IR SRR AR I I AT P 25, Hoh - 8 SR A HR bR 0 s KO 38 <
KB ILLUT (3R 2) , UL 5 R AR 1 87 4 (U HOE B0 ) L5 A8 D155 . TH9E KSR A S R SE Y
AR, G50 R0 P — TR AR A TR KA RAR ], (EL ) % B e Al 3 Ak T gl KO B DL
AR 0—20 cm +)ZH120—40 em )2 HIELBEE WA T 8E KV (R 2) . TR B T A B
J B XA RN SRR B VA3 | L5 o T (IR TR 2 IR XA FNIRR G AR 22 7 AT b IX T I 1 1 2%
PRI T 3985 5 8 XA B Bl e 28 (0 R, T ot A K 20 T - Bl A Ry 70", LT B el Xl O 2
T AEEEEDY R R R A, AN, TR E R Y RO R Sh 0 2 8] A Al U A B
JCERFE S5 HIEP SRR BELE A B OME LU AR R A e R S 8D B AR 0—20 em +
JZ R 20—40 em )2 80 S B 5N 4.49 mg/kg Fl 2.38 mg/kg, 43 Ak T Bl R Ml K (£ 2) .
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