2424 Chinese Journal of Ecology  2020,39(6) :1994-2003 DOI; 10.13292/j.1000-4890.202006.015

AENEEENME RN NRAE LT

[

i R 8%

HFITERHIES S FREE

R K

(CS$LFEFRERIRESAMARE TR, AN 521041; 2HLIFELF R I HELEEEEF

X Ow#EF O F K OEARE AEE BHE

S R, T R#N

i)

&

521041; *WGALIFE K F A aFF S, 290 730070)

W OE OM3IMANRBE(EEL . PE BE) NHHH (Mikania micrantha) %2 8 (1% £
pE)An H3EAK (C) VA(N) (8 (P) & EFHAT T W E, 56 3 H 25 An Bl B AR L 5 % ( Sieges-
beckia orientalis) BBk BB L F T B AR AT LR . UHEEARAANEEENMEHEAREE C,
NPHUFHEHATMA INMERFELTWBELESERNR, ERXA D) BMEHNERZHN
BNEPARBENEHIECNANFMAP S EH A THM 2 MER HEANEEE
W m, £ ECNPAERANTH 2 IMNEREMRHFHITNLCEREARTRAE &
BENGARENENEP A EREZEG TR NEAET P LEESHLBREE NT
FELHAWE )3 MNGREENHEHERMEN  PRENTHN: P RENRHM
HHEN:PREEFNTEEMFTENR  EXMHEFAENRIRTE REA & K&
M) MEHR ENPRC:PEHEENTALMAEE MHEHERT N.BP AREFTRR
ThKFELRE"RERALMHS)MHEHRC - NESRN:PZH ZC: NEHS5ZEN:
PZEHEREEAMX, HFELEKSLFZENGEELrEAERE ) BEHEP &
EH50~10emECNALEESFEMK HAMRP H2EL 10~20cm £3HE AP 42 EE
REEMK M IEERAKTFHAG MY AT AP LR NRB AN, B A0 T Kh
NEWILE, MHFEISEEETR(ALELE P) oy B Rl AR Ao B, ZAAR 0 4
KEER b, R AEKEFRE" KIHNE,

KB HHA; Sk EANFIUTES; BAKS, ARHK

Carbon, nitrogen, and phosphorus stoichiometry and nutrition strategy of invasive species
Mikania micrantha with three invasive degrees and native species Siegesbeckia orientalis.
WANG Ju-hong', CHEN Wen’* | ZHANG Yan-fang', LI Yun', SHI Shen-jing’, ZHENG Jia-
yu', CHEN Yan-xia' ('College of Food Technology and Life Science, Hanshan Normal Universi-
ty, Chaozhou 521041, Guangdong, China; *Department of Geography, School of Culinary Arts
and Hospitality Management, Hanshan Normal University, Chaozhou 521041, Guangdong,
China; *College of Life Sciences, Northwestern Normal University, Lanzhou 730070, China).

Abstract ; Biological invasion is one of the most important threats to global biodiversity and eco-
system functioning. In this study, we measured carbon, nitrogen, and phosphorus content and
their ratios in alien species Mikania micrantha with three invasive degrees and native species
Siegesbeckia orientalis to explore the nutritional strategy of M. micrantha. The results showed that
for M. micrantha, soil N and P contents in the three habitats were high. The contents of soil C,
N, AN, and AP with mild invasion were higher than that in the other two habitats, showing that
soil nutrients reduced with the increasing invasion. Leaf N content in M. micrantha under three
invasive degrees were significantly greater than that of root and stem. Under severe and median
invasion degrees, stem P content was significantly higher than root P and leaf P, indicating that
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more P was allocated to stem with increasing invasion. In contrast, more N was allocated to leaf.
N : P in root and stem of the three invasion degrees were lower than that in leaf. In particular,
stem N : P of mildly invasive M. micrantha was significantly lower than that of the other two inva-
sion degrees, suggesting that the greatest relative growth may occur in stem and root during inva-
sion. Ratios of N : P and C : P in root and stem of M. micrantha were significantly lower than
that of native species S. orientalis, implying that M. micrantha may grow faster than native spe-
cies with a “growth competition strategy”. Significant negative correlations were found between
C : N and N : P in both root and stem for M. micrantha, showing a trade-off between growth and
storage. There was a significant positive correlation between stem P of M. micrantha and soil C
and N (0-10 cm) , and between root P and soil AP (10-20 c¢m) , indicating that M. micrantha
may increase the absorption and utilization of P with increasing soil nutrition. Growth and nutrient
strategies varied under different resource conditions (e.g., growth competitive strategy) , as well
as fundamental trade-offs between growth and storage, which all contribute to the successful inva-
sion of M. micrantha.

Key words: Mikania micrantha; alien plant; ecological stoichiometry; nutrition strategy; inva-

siveness.
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2.1 AP ARREEE L3 C N P & HIE

H2 1 AL R (L) AR 0~10 em +3EH
AP & i (148.24 mg - kg') WHE KT HE (H)
(82.84 mg - kg') FIH EE AR ML (M) (52.48
mg - kg™ ) (P<0.05) , H A [F] 72 B A AR b 22 (7] -+
B C NP AN AP FHILEEER(P>0.05), &
[ 2 E KA, 3 FARRRER 0~10 em +
Herh AN &5 (131.78~163.36 mg - kg™") BE KT
10~20 em 13 (75.36~89.65 mg - kg™') (P<0.05) ;
R (52.48 mg - kg™') FIEE BE A 1R (148. 24
mg - kg YA 0~10 cm +3E AP & EE KT 10~
20 em 3 (M. 27.68 mg - kg™'; L. 67.38
mg * kgfl) (P<0.05) ; BEARAO0~10 em T HEC
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Table 1 Soil C, N, P content in three invasion degrees for Mikania micrantha

Tz N2 EERiIRTS £ e HAUA B

Soil layer Invasion Organic C Total N Total P Available N Available P

(em) degree (g-kg™) (g-kg™) (g-kg™) (mg - kg™") (mg - kg™')

0~10 H 21.59+6.42 Aa 1.79+0.53 Aa 0.82+0.15 Aa 137.61+12.78 Ba 82.84+48.91 Aa
M 22.82+9.04 Aa 2.09+1.48 Aa 1.08+£0.29 Aa 131.78+23.03 Ba 52.48+14.08 Ba
L 27.48+5.65 Ba 2.46+0.45 Aa 0.94+0.17 Aa 163.36+21.42 Ba 148.24+31.73 Bb

10~20 H 13.46+5.39 Aa 0.90+0.60 Aa 0.74+0.09 Aa 75.36+£25.89 Aa 61.71+£33.75 Aa
M 13.91+£3.92 Aa 1.41+0.33 Aa 0.73+£0.08 Aa 88.20+£24.05 Aa 27.68+7.96 Aa
L 16.74+3.32 Aa 1.51+0.32 Ba 0.85+£0.27 Aa 89.65+27.91 Aa 67.38+32.03 Aa

e ANFNGFERFRRAR AR Z B 188 C N P &5 (P<0.05) , ARIKEFEFIRE — ARBREAR LJZZME C NP 2
FME(P<0.05) o RAPEE I ELbRHEZ . HM L 2051308 3 FARTEE (B I RE) .

Note ; Different lowercase letters represent the difference in soil C, N, P content between three invasion degrees ( P<0.05) ; Different capital letters repre-
sent the difference in soil C, N, P content between different 0~10 ¢cm and 10-20 c¢m layers ( P<0.05). The data is mean + standard deviation. “H, M,

and L” represent respectively severe, median, and mild invasive degree.

TE(27.47 ¢ - kg ) BERT 10~20 em + 4
(16.74 g - kg™") (P<0.05) ; HAth 0 & & & 7EA A
T ZZEIE RS (P>0.05),

2.2 “FMARBEMMHBEESSE CNP &
FRIE

AFEAZREN M H &8 E C NP &84
AFZES, BN FZEN SEE AP EAR LS
RTBREMEE AR (P<0.05), M N FHEZERAN
BE(P>0.05), W P S NEEAR(LT
g-kg71)>¢§(1.62 g - kgfl) >%§(1.61
g-keg!) ,ZEP FEEREAR(2.38 ¢ - kg™) FIH
JEARR(214 g - kg ) >PEAR(1.93 g - kg™') ,H
BB EZES(P>0.05); 1 P & EEFE AR
(1.70 g « kg™ ) >HBE(1.24 g - kg™') >HRFE (1.03
g - kg') (P<0.05)(5£2),

[l — AR T MR 2K M Z AT R & 2 i
AFRENZES, EEARNMEHHE C Fa
(445.64 g - kg™ ) WERTZE(411.12 g - kg™ ) Fnt
(412.52 g - kg'') (P<0.01), 8 AZ R C
(426.39 g - kg™ ) FIZE C (42145 g - kg™ ) W&
KTM(389.91 g - kg™') (P<0.05) ;3 FhARFEE T
B N & (2.34~2.88 g - kg™ ) B FH R THL(0.69~
1.11 g - kg™" ) FIZE N 5 #(0.63~0.99 g - kg™ ) (P<
0.01); FHEARMBEEARMNZEP FH(H: 2.14
g-kg';L:2.38g - kg ) BEFERKTMR(H: 1.72
g+ kg 'sL: 1.61 g - kg ) I (H: 1.70 g - kg™'; L
1.03 g - kg™') (P<0.01)
2.3 =R ARRBEMMH &4 E CN.PITRI

3FNARBREREH 4 N P(0.44~0.75) |
ZEN: P(0.27~0.55) BE/NTH N: PH(1.53~
2.75)(P<0.01) ; REARMMHEEN: P

(0.27) BE/NTELEE(0.37) MR E AR (0.55) (P<
0.05) (Kl 1A) ; =Fh ARBEEMMH MR C + N
(411.82~617.21) 25 C : N(424.29~670.28) B &K
Tt € N(142.91~166.89) (P<0.01) M C : N 2%
C: N HREARSTEEAR>TEAR(P<0.05),
M C: NTE 3 PNARBEZH 25 (P>0.05) (&
IB), C: PETEARRIARTER B Z (8] A6 % 5 Z [H]
W EER(P>0.05),
2.4 TSI 2K 2RI L
DUER a4 5 B2 ARICH 28 5 A - 56
A, AR CH 2 P & (1.61 g - kg™') |
EPHE(2.38 g+ kg ) WEKRTA LT IFMRP
®2 TEANGEEMHESSEE C NP ABHIE

Table 2 C, N, P content of organs for Mikania micrantha
with three invasion degrees

wE ARERE AR A W
Organ Invasion ~ Organic carbon Nitrogen Phosphorus
degree (g- kg™ (g- kg™ (g k™)
1R H  445.65:12.81 Ba  8.34x150 Aa  1.720.36 Aa
Root M 441.60£9.69 Aa  11.13+2.41 Ab 1.62+0.47 Aa
L 426.39+30.37 Ba  6.97£0.71 Aa 1.61£0.28 Aa
ES H 411.12+15.29 Aa 8.00+2.03 Aab  2.14+0.30 Ba
Stem M 401.59+38.33 Aa 9.91+2.17 Ab 1.93+0.48 Aa
L 421.45+7.13 Ba 6.34£0.64 Aa 2.38+0.53 Ba
iy H 412.52+16.74 Aa 25.79+3.33 Bab ~ 1.70£0.12 Ab
Leaf M 406.39+31.74 Aa  28.85+4.40 Bb 1.24+0.47 Aab

L 389.91£13.94 Aa  23.45+1.33 Ba 1.03£0.44 Aa
VE: ARVING FEFOR AR R 2 AR (R Z KT C NP
ERIE(P<0.05) , A KT 5 b 7] — AR EAR 25 0f 22 ]
C.N.P (2 FHHE (P<0.05). H. M LAMIFR TR s FRHEA (R
B AT RO LT A 0 s b2 27

Note : Different lowercase letters represent the difference in root (or stem,

and leaf) carbon, nitrogen, phosphorus content between three invasion
degrees (P<0.05) ; Different capital letters represent the difference in
carbon, nitrogen, phosphorus content between organs (root, stem, and
leaf) (P<0.05). The data is mean + standard deviation. “H, M, and
L” represent respectively severe, median, and mild invasive degree.
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Note : Different lowercase letters represent the difference in root (or stem,
and leaf) N : P, C : N value between three invasion degrees( P<0.05) ;
Different capital letters represent the difference in N : P, C : N value be-
tween organs( root, stem, and leaf) (P<0.05). The data is mean +

standard error. “H, M, and L” represent respectively severe, median,

and mild invasive degree.

(0.81 g - kg') HZEP i (1.09 g - kg™') (P<
0.01) , M P S ZERCH 38 F56 35 2 [0) 22 /N (P>
0.05)(F2), MHZWP ZEP FEEERKTHP
HE(F=12.24,P<0.001) , &K + P55 &R X it
[\ P &L IEER (P>0.05) (El3A),

TSN RN, MH MR ¢ P(273.27) 2
C:P(184.36) MR N : P(0.438) . ZX N : P(0.272)
WE/NTHE (R C - P,583.54;,25C : P:409.29; %
N:P.:0.928;25 N : P.0.608) (P<0.05) (& 2B
2C) ;M C o P AN @ P FERIUH 28 F5s & 22 0] 25 5748
/N(P>0.05)

fH 49 AR 13 AP 51 (148.24 mg - kg™')
WERTA L F5 5 (42.82 mg - kg™') (P<0.05) ,2
Rzl C N P AN R LEFEF (P<
0.05) .

B2 RHBNHER.E MUFTERHE

Fig.2 Stoichiometric traits of root, stem, and leaf of Mi-
kania micrantha and Siegesbeckia orientalis

T AE/NG FRER RGO 48 FI5E 35 2 18] % 8% B AL 24 T 0 25 55
P, AR FIRE FRFORF — YA RS E (R 25 1) Z B
22571 (P<0.05) o B AP HE AR ELR 2

Note ; Different lowercase letters represent the difference in elements ratio
of organs between Mikania micrantha and Siegesbeckia orientalis ( P
<0.05) ; Different capital letters represent the difference in element ratios
between organs (root, stem, and leaf) (P<0.05). The difference in let-

ters indicates significant at 0.05 levels. The data is mean + standard error.

2.5 A HE AL R EEE SRR Z Y
KHR

[l AR A s o H 2 ¢ 52X ¢
AN E AR R (r=-0.757, P<0.001)
(B 3A) I N KN FIZE N S22 8]k g 3 IE A G
(P<0.01) (K 3B), WMHZWC: NSKRC:PH
Z A AFE I IEA G (P>0.05) , 548 N : P 22 [d]
Tt B A E (r=-0.624, P<0.05) (& 4A) ;2%
C:NEHS5ZEC:PZHNAEEZENAFHLE(P>
0.05) , 525 N : P Z A A & Tt ¢ (r=-0.821,
P<0.01)(E 4B);" C: NfHS5MHC:P I N:P
Z [ R85 B IEAH GO R (P>0.05)
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Fig.3 Fitting regression between chemical element contents of root, stem, leaf of Mikania micrantha

e B 3A N C 525 ¢ AR LE [IE 8] 3B R0t N SR N fit 525 N Eik 2 g aliE mlE

Note; Figure 3A represents regression between leaf-C and stem-C. Figure 3B represents regression between leaf-N and root-N, and stem-N content.
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Fig.4 Fitting regression between chemical element ratios of root, stem, leaf of Mikania micrantha
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Note; Figure 4A represents regression between root-C : N and root-C : P, root-N : P, and Figure 4B represents regressionbetween stem-C

C: P, stem-N : P.

: N and stem-
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Table 3 Correlation between carbon, nitrogen, phosphorus contents of roots, stems, and leaves of Mikania micrantha and

soil nutrients

+/E(em) £zt R Root 2% Stem M Leaf

Soil Index

layer C N P C N P C N P

0~10 C 0.002 -0.362 0.519 0.274 -0.422 0.574* -0.181 -0.380 0.090
N -0.077 -0.387 0.395 0.212 -0.398 0.544* -0.094 -0.340 0.086
p -0.038 0.207 0.259 -0.084 0.154 -0.022 0.108 0.250 0.142
AN -0.386 -0.421 0.254 0.389 -0.261 0.327 -0.672" -0.296 0.109
AP -0.401 -0.305 0.598 0.467 -0.662 " 0.334 -0.450 -0.515 -0.137

10~20 C -0.147 -0.104 0.297 0.053 -0.208 0.135 0.005 -0.182 -0.070
N -0.353 0.177 0.027 -0.054 0.021 -0.106 -0.014 0.095 -0.287
P -0.078 -0.122 0.287 0.222 -0.278 0.205 -0.349 -0.186 0.002
AN -0.160 0.030 0.005 0.076 -0.077 -0.165 0.015 -0.014 0.022
AP 0.015 -0.202 0.562°* 0.383 -0.592* 0.225 -0.224 -0.473 0.016

T # =78 0.01 K LB FEAR, = 7E 0.05 K L RFHRK,

Note: * * and * indicates significant correlation at 0.01 and 0.05 levels.

3 HLZEN S5 0~10 cm £ AP(r=
-0.662, P<0.05) LA} 10~20 em +3E AP & (r=
-0.592, P<0.05)# W ERM KR ;P Fi
0~10 cm +3E C(r=0.574, P<0.05) .14 N & &
(r=0.544, P<0.05) B EEMHLLRZ MW P &
510~20 em 13 AP S8R EEMILKR (r=
0.562, P<0.05)
it

13 C N P S EAUERE A B E 5 KF (Sit-
ters et al.,2015) , AFE BN, HH2GEBE H3E N
SRR 211 g - kg '(0~10 em) F11.27 g - kg™
(10~20 em), THEP &S5 H 0.95 g - kg (0~ 10
em) F10.77 g - kg™ (10~20 cm) , ¥ T4 1 4%
S TN, TP & & (TN, 1.01 g - kg™'; TP, 0.64
g+ kg™") (Tian et al., 2010) , Ky N &= P A58
HA R AR AESTH C N AN Fl AP K+ B2 A
HEEAMRAST, BB H 25 AR AR BE R8I, 1- 4%
C . N.P S AR TR,

T C N (P o S L T R A0 X 95 DR 174 W2 A D
FIFHARDL . A 5T & B, UH 46 75 A= 3t B Xt p
TR EA —Elad WP SENEEAR
(1.72 g - kg )>HE(1.62 g - kg™ ) >5HE(1.61 ¢
s kg™ M P S EARKOEEEAR(1.70 g - kg ) >
HIRE(1.24 ¢ - kg™ ) SERBE(1.03 g - kg™') s 2R1fT, 25
P SR ERE AR (2.38 g - kg™ ) FIHE AR (2.14
g kg )>SHEAR(LIZ g - kg™, KUk, FEAEK
e R OH A P SRR, TR A AR
TEER A K HUAR | =W I 75 SR KA IR 5 WL

LS

3 e

WEH K, A FECEET N/P AR, AR /Y
WRIE R BV G, P JCE W 22 143 it 45 AR A1l
M, 3FPARERE T, N &R (H: 25.79 ¢ - kg™';
M: 28.85 g - kg ';L: 23.45 g - kg ) B ERXTH
N (H: 834 g-kg';M: 11.12 g - kg™';L: 6.96
g kg )FIZENFE(H; 7.99 ¢ - kg™ ; M 9.91
g-ke;L: 6.34 ¢ - k), R HAEA KSR
200 N TR EL 2N, v 685 R B AR
KRt %,

CA MR IR, B 1 B2 A 0%, L2
XF NP G ER B 18 W W B E A B T AR AP R )
MR R R Z — (484 %, 2011; 5 W] & 4
2014 ;5kME5E, 2019) , ARWFSE W, OH 20 N &
(26.03 g - kg™') KT EARHES 654 Fihili b AE 4 1Y
M NS (17.55 g - kg™ ) (AR, 2007) , ik
T E 753 AP M N FEE(19.09 g - kg™') (Han
et al.,2005) ; 1 EE AR HERBE AR PITCH 250 P %
/N T 654 FPRGHLAE Y R P i Al E 753 A
FEYI -0t P, SR, AR i H 4 3
P & (1.703 g - kg™ ) KT HEZRHE 654 Fhfiti
PR P & (1.56 g - kg™ ) (FEBAEE, 2007)
i E 753 R A0 P SR (1.46 g - ke
(Han et al.,2005) , 54 BRE W TS M P &%
(1.77~1.99 g - kg™") (Reich et al., 2004) , 1}
HISRFP B AR FREE (3 5, HAE X N P ST R
WORIAI HIRIE K,

N.P JCER — Mt F AE 2 il 1A= 25 5 50 100 BR il
I E (Reich et al., 2004) |1 A N : P {E#H
SRV R A o A2 v A FR i 5 7 ( Tessier et al.



FAHLLAE A F AR R T 3 B AR 1R A ik B AL 2 T R AR 78 77 R 2001

2003; ELH5RAF, 2008) , EREEKF L A A
N:P>16,%7m P RN« P<14, 52 N BRI (Ko-
erselman et al., 1996) , AR5 B3 FARTEE
AT 2 N = P XN TIm FHE 14, 2303800 H
R AT RERZ N JTRIRE, SR, 7753 BR )12
T bR A BB RN A DR 5 X 2 A () T A7 A 25 57
(B4R ,2013) TR — D RETE N, A R A2 N
PR, A B2 P BRI, R — AR N - P
FEABEN HEREN SR G

AP T AR BT PR A8 B8 YK AP % B8 5
M I BE 3 LA B AR W 0 % 16 19 75 5K 4t (Shea et al.
2002 ;Moe et al., 2005) , FHYLHLLFTT 5 A H
TP T A o 05 AR B T Y a5 R, oo R 1
AT LS e R AR ) A K 2 R3S R XS OK (Elser et al.
2010 ; Pefiuelas et al.,2010;Sardans et al., 2012) , A&
WA B, 3 P AR EE B S H 2 25 N = P /D
TN PUHEREARKMHT 42N : P B3
INTHEEARM AR, I TR K e
R R RS P A K IR A K I AR
R Z2 R BRBE R IR I 25 R IR AR UK A5 (2010) X N 52
T ARIAT AL S AR B AR ) AR R R 4 R —
BEIREEAR N - P(7.8) MR T N = P(16.7),

RN, 54 LA L, SR RFNTE 58 FR b
HYRE PR W SCRI ) PR 458 A5 25 58 UL, DR A g R
segrt, AR EAS £ Fl (James et al., 2007 ; 32 FH 5%
A, 2017) s FEARBTIRIR ST, AR 254 R Y
BEIIM ORI T, R R BEIR T K i DA
JHE X B 5 oK i R R AR A Bl (B R AR A R )
(Gonzélez et al.,2010) . R, SMAFNTE +IEFR 534
15 SRR BT RE I AR (CRABREAE, 2017) 41
N = P IR C o P (B T AR v A R el B
i BRAE K 55 4 R W (Elser et al., 2003; Young et
al., 2008) ; FH 5, HZE €+ N AH W S e A A
B RYBR [FALRCR B8 AR R R DL AR &
Friti oK, BIBE IR 5K ( Naddafi et al., 2009) , A
W , AR P X P 8B ERTA
T FER R R AR EREE PRSI FE 5
RTALFGERE 2R ZEN:PFIC: P B3H
ANTHRE U 2 H R 25 B DA R T
(Elser et al.,2007 ; Matzek et al., 2009) L4 K )
Rtk DA RS A U3 R A K T 4 SR SR AR ol

Ve ARG B TP AT B TR, C N Al
P IS BC AN EIR RN . S RO A

PR ) B8 URLAE P B 22 R AIE 22 (R 43 T, P 2R 1% s
REAUE 22 ) 0 A AR 7 A 3 C IS DU 5 3 5 AL A
KW (Herms et al., 1992; Mole, 1994; Yoshida,
2006) . AWFIE RN, CH 4G N AR N FIZE N &4
Z 8] R A EARDG, B fH 3 %0 N JT R 2 743
BCs R MR C e NMESIRN: P2, ZEC: NHS
ZEN P ZIA i 2 R OG, R RE i R 2
H T AR A s /D[R] Ak 7= W A7, R Z IR R
7, CH 26 1Y 25 AR A8 B A RO AU T X P T
RS, s O T A A AN 22 8] Y RE 0 T
LA

MH%EP SRS 185 C N R EFEHX,
AR P &5 5 1 AP 54 (10~20 cm) 28
W EADC, PRI, & 5 PR 5 Ry G H 28 i AR 4
BT OB S5 A A TR A8 R PR A KR 5K

4 4 g

TCH B AR = N P AR B AR AR 1
K, EHEC NP &uf RERREE T, s R
AKE T CH 2538 K T X P ot A mSCR A
Fo AR MH AR EZN P TR E
25 N TR BECENM S H R AZE N = P A{E/DNF I
N : P RREEARMIMHEHAZE N P/NTFEE AR
AR, OH 4 AR RAR S B et K
TR R AR A BCH 48 25 AR R A R 3R Bl
HER ZE NP M C: P Y/NFARLFGEE, OH 2
FEf N P AE SR ORI AR K S5 4 SR ™ B A

(=
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Jfit. [ Bao SD. 2000. Analysis of Soil Agricultural Chem-
istry (3rd edition). Beijing: China Agriculture Press. ]
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