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Abstract

Aims Little is known about the stoichiometric characteristics of carbon (C), nitrogen (N) and phosphorus (P) in
plateau shrubs across China. Sibiraea angustata is a typical and representative shrub species on the eastern Qinghai-
Xizang Plateau, and exploring its C, N and P distribution patterns and stoichiometric properties in different organs
(including root, shoot, leaf, twig and fruit) would help us better understand the mechanisms of C, N and P cycling
and balance in the S. angustata dominated shrub ecosystem.

Methods Sixteen sampling sites were selected on the eastern Qinghai-Xizang Plateau by the stratified sampling
method. The height and coverage of the dominant shrubs, latitude, longitude and altitude of the sites were
recorded. Three 5 m x 5 m plots were selected at each site. At least 128 biological samples of plant organs of S.
angustata were collected and measured, respectively. The C and N concentrations of plant samples were analyzed
using an elemental analyzer (2400 Il CHNS). The P concentration was analyzed using the molydate/ascorbic acid
method after H,SO4-H,0; digestion.

Important findings The C, N and P concentrations of different organs followed the order of: shoot (495.07
g-kg™) > twig (483.37 g-kg™) > fruit (480.35 g-kg™) > root (468.47 g-kg™) > leaf (466.33 g-kg™); leaf (22.27
g-kg™) > fruit (19.74 g-kg™) > twig (7.98 g-kg™) > shoot (4.54 g-kg™) > root (4.00 g-kg™) and fruit (2.85 g-kg™)
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> leaf (1.92 g-kg™) > twig (0.96 g-kg™) > root (0.52 g-kg™) > shoot (0.45 g-kg™), respectively. The ranges of the
coefficient of variation (CV) for C, N and P concentrations were 1.71%-4.44%, 14.49%-25.50% and
11.46%-46.15%, respectively. Specifically, the C concentration was relatively high and stable, and the maximum
CV values for N and P were found in roots. The N:P value of different organs varied from 7.12-12.41 and the
minimum CV for N:P was found in twig, which indicated that N:P in twig had higher internal stability. In addition,
correlation analysis indicated that the C concentration was significantly negatively correlated with N and P
concentrations and correlation coefficients were —0.407 and —0.342, respectively. However, N concentration had
dramatically positive correlation with P concentration and the correlation coefficient was 0.814. These results also
could indicate that the C, N and P stoichiometric characteristics in the S. angustata shrub accorded with the ho-
meostatic mechanism and growth rate hypothesis to some extent, the distributions of C, N and P concentrations
were closely related to the function of the organs and it should be prudent to use ecological stoichiometric ratios to
judge the condition of nutrient limitation at the species level.
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W(C)~ A(N). BE(P)ZMEM I HEAEF LR, &
SYipa it 5 e, S A AR BRI
)R (S0 A, 2014) . YA R fe ds B
BAARFRMERYR, MARSHYFRFC. N P
W WA, Fi, F—EA RS ERC. N,
SEEEREE, 2012). £/ ESR
— TN MRS X R}, A& T HEWY . 2=f)
PR EEAR R, RTAAS RameE Pl £ &=
TLR(FEREC, N. P) PR IRE 22 (8 4 AR 4,
2005). ST Fifi AR A R G MR A AL T B T
Fu, VTR AE E N A8 R R R A B (9 4 A AN %
[, 2010), iXLLAfF 77 3 BE 0 BOHh (%2 5L 5%, 2011
FPREEE, 2014; Song et al., 2014). JEHb(ZMEEE
2012; Zhang et al., 2013; Qu et al., 2014)F1 2 A (&) &
ZRZE, 2010; Moore et al., 2011; Huang et al., 2012)4=
BRGMI T, HRERFFRE HEY M F T R
(RS 5c%%, 2010; [E9l%E, 2011, EPL%%, 2013;
954 2014; Xia et al., 2014). HET, FE A
MDA S B TSGR B =, T
2155 (2014) % ZRUSAABRIR S AR A HEAR I N P
WECHR H, PRHAFEARI NS PRS0 31
N PJii 570 $ 2 IEAROCOC R BRI AR 2 IRl fE
P05 35 2 R P3R4 (2013) i F 4T R 47 3% 3 1546
Foh = BEREARE Pt R I R] — 2B 3 2 ) 6 A A P
FHIC. N. PE&E LA EK N 2L
AN, 28 5 K55 (2015) IR 35 43 S5 RAL 1) 5

XT38 v A A HE N E RS E AT AT, RN
Al 5 NBETE P B IR AR B = o SR, &R [E
Hk e SR EARYMA AR EZEC. N, PEE
(1) 7 T S B LA 25 25 T S AR AIE (P S5 DL i
1H. WHE— A FEZREC. N PRI R &
BTt ERHE, R 1A R A A SRS A PR 8 1
N LA B B () AR A A AR A A R S

5 M- BL7E (Sibiraea angustata) & 7 ji &1 Ji 4<
AR R BAEARER R, 4T
REFEEE. DN PR A H N AR
i, Ha A Bl R AR IR A
DXAH (R T, 1998). 7 M- GEBAE VR RER, &
2.0-2.5 m, /NIRRT, WA MA, W EIE Y,
MKMGREDE, AR R T, §RRE L, R
K35 mm, HFE, fH—KE6 ], RiH8-9H
(BB R E Y S w2 2, 1974). BT,
X 7 W B (R 9 32 AR i AE AR 2 R S 2 B
T VRS 5 TH (Wh AT AN #EE, 2009; FEE SR, 2014),
AL RETT H A AR A HOE, 255 (2014)
I3 M T 75 e B RE N = I I 6 AR [ it N 7S P
M R, 5% 7 (1998) X )1 7 Ak A% - B AL HE A1)
IR LSBT (1) 8 REAT TR .
{H R AR S A 2 T 2 A R0 2 P B BRLAE R BT 9T
RIWATTHRE, HeT b, AT A0 T 5 R AR
08 () 2 A BLAE R SN B, W A EAR AN A S
C. N. PEELHBEH ARG IHRE, R
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R AR EER ARG EC. Ny PRILAATHER
SR S L IR TR, D93 78
VENI e 8 AR S DI RE SR R 2 A 44 2
HRFAIRE -

1 #MRAEE

1.1 FRXE SR

BIF 52 X 35 T 5 3k 1o B 4R 1475 (96.08°—102.95° E,
29.88°-33.27° N, 143 332-4 212 m), Mk
B VU)IPER ., PSR B, 2 R e R Y 1
B IR BRSO 1 T Hh 3R R e, 2% X ek S IURE A 1
SRS (R HTRT, 1978) 0 ZE M- BLAE A 43 A Hb X
FERAMFERE, RICAAKER . R, F1)
ZEN HIRZER, WER. AR, HExE L5
SARHE . SETHRIEAES.0 CULR, FERKELE
650.0 mmUA b, FE/KIf B 24 7E5-10; 7E11
AR a3 N OIRES, FERE R A
B, AIRESH. EIKAEKE N9, £H
HE T 8] 1 850-2 700 h.

ZH X A K E A, YK R, ZHhX 1)
A FLA SR IR T FE 1, RE % 24 A = KA 5 A 1)
S8 S AR LI (TR R 2255, 2008). 1HKIX #EM
FHERER SRR T RSB W Fh A i BLAE AN, AP RS
A HEARYI R, AFE (LA (Salix oritrepha). =1L

R ML AEIEEASS S

Table 1 Basic information of Sibiraea angustata dominated shrub sites

452544 (Spiraea alpina)- 4 72 1 (Potentilla fruticosa) .
4 & (Lonicera rupicola). 4T #£A%(Rhododen-
dron violaceum). JI| V& 4 2k % (Spiraea schneideri-
ana). #i{EMI(Salix atopantha)Z5HEd). %X IR E A
EWIRE %, FEA 5 (Festuca ovina). Z5EUEHH
(Gentiana striata). ¥f %2 (Polygonum viviparum).
L AE4EF (Stipa purpurea)s .

12 HmX&

AT A - UL HE M AE 5 780 1 S AR 1 20 A 1
L(FRL), RH 73 JZBEALHIARE ) 7 V5 AT BeAE i, SRk
#7164 B AR R B E MR AT I 2, 1E
AN R R GRS T 27 5 8 2 246 TR
W P S BT AR AR o

FE i ()R8 TAR IS E8-9 H AT, MHhE N
AT AR EY, R BEYL R &35
m x 5 miFETy, BERETT PPN S (R iR
BEON5m, HORKEEE AR50 m. RN, &
A m x 1 mi/EDTEATISCE, AN [F B 70 2547
HOFE(R. 220 Wy BHEBE, WREX LN 54
), FTHURE S22 T100 g, REFHITRF L
B, BNMSH, 7 B0 = it — P Ab .

1.3 tmAvALIEFINIE

7 (0] S 06 = P VRE R R DR i FH 1 IR ML 4R 72 65

CHM MR ERE, DT REARERGL g)H

g5 A HX 4 7R R WA WEARJZ 5 1 e Hiehs
PlotID  Location Latitude Longitude Altitude Height of shrub  Coverage of shrub Slope Slope position

(N) (E) (m) layer (m) layer (%) aspect (°)
1 PUJI|EEYE Litang, Sichuan 29.88° 100.33° 3980 1.10 80 10 FRE Middle part
2 PO I EEYE  Litang, Sichuan 30.08° 100.35° 4064 0.80 60 10 T Lower part
3 PUJI ¢34 Sértar, Sichuan 31.85° 100.73° 3535 0.40 70 21 R ER Mid-lower part
4 P9 )14 % Luhuo, Sichuan 31.62° 100.23° 3847 0.70 70 20 HE#8 Middle part
5 P9I H & Garzé, Sichuan 31.45° 99.97° 4212 0.85 75 19 HFEB Mid-lower part
6 PU)IliEZ Dawu, Sichuan 30.88° 101.23° 3332 1.20 40 14 R Mid-lower part
7 PO )i/ Xiaojin, Sichuan 31.70° 102.32° 4034 2.20 70 15 Fh_#8 Mid-upper part
8 P91 578 B Barkam, Sichuan 31.90° 102.65° 3709 3.10 70 20 tE Middle part
9 PY IR Aba, Sichuan 32.72° 102.01° 3813 1.20 60 15 HEE Middle part
10 PUJIsESE Xiangtang, Sichuan  32.30°  101.07° 3909 1.10 70 15 Hi#B Middle part
1 4114 )11 Jinchuan, Sichuan 31.53° 101.68° 3748 2.20 50 5 T#B Lower part
12 P4 J11#43% Songpan, Sichuan 33.02° 102.95° 3344 1.05 80 0 o B3 Mid-upper part
13 AR Jiuzhi, Qinghai 33.27° 100.62° 3738 0.90 70 28 T Lower part
14 T EM Yushu, Qinghai 33.03° 96.87° 4053 1.20 65 39 R ES Mid-lower part
15 HiEFEHE Nanggen, Qinghai 31.88° 96.88° 4034 1.05 45 35 H ¥ Mid-lower part
16 P& Lhorong, Xizang 30.73° 96.08° 4198 0.70 32 10 T Lower part
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MR LA R A, 110 H JRVR 5T, ROk K
T AL 575 PR o 2k S AT MR 1, Gn eI 34 B )
58 42 3 0 (O T A 5T A 4D A o T 2 P A R e
SRIG R HEAT R BE), SR 5 VA R VR A 3K ASCR: FHL
MERESL (L o) Tank R, 1100 H i, 4865,
525 4 M« >R FH CIN JT & 4 #T 4X (240011
CHNS/O, PerkinElmer, Boston, USA)ll & AL 5
C. N& &, 1 FHRRVE-HEBA DT Lb ik I 2 VEACRE
PI &,
1.4 HEMGITEE
B T BN G i 32 ER H Excel 2007,

SPSS 20.0% % 11, #£Origin 8. 5%k fth k(G &l . &
%, RHExcel 20078/ 4Cy N P& & & H (%%

JR GEHE B~ 3 ME S A 22 %HEE’F%?&(EE%&
=hriE R ZZ T2 x100%) 5 4t tH e dr AT T 5 1
8 FHHSPSS 20.04¢ 1 3 At X AH e E i i 47 B DR 2R 7
ZEONT, BJEAESPSS 20.0/F%fC. N P& KLk
{H 34T PearsonH ML 20 #7

2 BERMDH

21 AREEEC. N\ PILEFITE4HE
B R AR A T AR S ECL Ny PRy
ERHEIR MG THE T W2, IR0 K, CEEAEN

F2 AEMERIEARSRERC) BN). BE(P) & R4FE

S HEE R AR R BRLSATHRERIE 129

A48 B HH A ELIE LRI A 25> IR SR>
M NEEMSEE >R FEE>ZESH; P
Bt Bl RS> ERSIR>ZE, ZXPCEE
BEETHAE@ < 0.05); HHFNMPEEEH
E T ARYER (p < 0.05); BAPHSEDREE

T HANZEE (p < 0.05). CHITH&EASRE T
(A8 44,3 [l A 466.33-495.07 g-kg™, % EEHhCH
BNHAME S RMEZ 8 ZEARI30 gkg™, A
A2 B CEHEMAL T REE/NT5% (1.71%-4.44%);

SR %A% B AR AL VS B 9 4.00-22.27 g-kg;
AR E NS BN 5 R AR FEA 14.49%—
25.50%. P& EAESAE T RAAIE H 90.45-2.86
g-kg™; PEETE AR [ 48 B 04SSR BB A B A
11.46%-46.15%. fEAREEN. PHIAS 5 R ¥k, HUE
439 425.50%F146.15% . LA A, A5 R B AR
F#s B CHEMANFE, MN.PEEEFRK, —F
AR SR IA: C<N <P,

T e S5 AR T A e B AR AN [F] 28 B CINL C:PA
N:PI ELAE KN RIS R P G818 W83, IR 3AT 4,
C:NTE RIS 4 #8 B o BB BN HANAAE 3 22
5t(p >0.05), 55142189 +4.90. 24.82 +4.26; C:N
75 ZE AR A i S LB AT (p > 0.05), 4 5N
113.72 +£23.02.123.92 + 28.78; ARAIZEAHC:NEE &

Table 2 Content of carbon (C), nitrogen (N) and phosphorus (P) of Sibiraea angustata shrub in different organs

JLHEIEHR Element  AS[A#SE Different organ n MIN (g-kg™) MAX (g-kg™) M (g-kg™) SD (g-kg™) CV (%)
c - Leaf 31 451.16 487.92 466.33° 9.58 2.05
H Fruit 16 443.82 494,54 480.35® 21.33 4.44
LAERL Twig 22 47158 496.38 48337° 8.28 1.71
2% Shoot 30 475.34 520.68 495.07° 10.29 2.08
R Root 29 407.51 500.62 468.47° 19.46 415
N - Leaf 31 14.14 32.84 22.27° 465 20.88
$ Fruit 16 17.08 23.25 19.74° 2.86 14.49
R Twig 22 5.16 11.02 7.98° 2.03 25.44
2% Shoot 30 2.95 6.77 454° 0.97 21.37
# Root 29 2.69 6.91 4.00° 1.02 25.50
P - Leaf 31 1.07 410 1.92° 0.65 33.85
H Fruit 16 2.37 3.33 2.85¢ 0.40 15.09
MAER Twig 22 0.83 1.16 0.96" 0.11 11.46
2% Shoot 30 0.22 0.78 0.45° 0.16 35.56
R Root 29 0.23 1.14 0.52° 0.24 46.15

CV, BRZE; M, TIMHE; MAX, B KME; MIN, f/ME; n, FRAZR; SD, bRz . 7ER—mR FRETIHHARFRNS

HERLE@P<0.05).

CV, coefficient of variation; M, mean; MAX, maximum; MIN, minimum; n, subsample number; SD, standard deviation. Different small letters in the same

element and mean column indicate the significant difference in the different organs (p < 0.05).
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3 M RIERRBEER(C). AN). BE(P)LLEARAE

Table 3 The ratio of carbon (C), nitrogen (N) and phosphorus (P) of Sibiraea angustata shrub in different organs

JUE LA Element ratio AF#%E Different organ n MIN MAX M SD CV (%)
C:N M Leaf 31 13.74 32.99 21.89° 4.90 22.38
B Fruit 16 19.84 28.75 24.82° 426 17.16
MR Twig 22 44.14 96.18 64.16" 16.83 26.23
2 Shoot 30 71.70 167.96 113.72° 23.02 20.24
 Root 29 63.72 174.63 123.92° 28.78 23.22
N:P - Leaf 31 415 16.91 12.41° 3.11 25.06
R Fruit 16 5.28 9.42 7.12° 1.93 27.11
MEH Twig 22 5.87 9.88 8.21% 1.42 17.30
2% Shoot 30 5.96 17.32 10.80° 2.80 25.93
i Root 29 2.86 14.97 8.74% 311 35.58
cP M Leaf 31 112.11 45422 266.18" 82.09 30.84
R Fruit 16 147.97 186.92 170.30° 17.54 10.30
MEH Twig 22 418.12 570.63 507.29° 51.77 10.21
2% Shoot 30 629.05 221958  1235.46° 437.02 35.37
R Root 29 42111 2089.60 1070.28° 439.16 41.03

CV, BHRAY; M, “FHMH; MAX, BKMH; MIN, F/ME; n, TRARE; SD, frilimz. EFHESITHAR NS FRE R ARG EEEZREE@p <

0.05).

CV, coefficient of variation; M, mean; MAX, maximum; MIN, minimum; n, subsample number; SD, standard deviation. Different small letters in the mean

column indicate the significant difference in the different organs (p < 0.05).

T YER . RS (p < 0.05). NPT %
B E AR R AR e, P E M AR S ELY
7.12-12.41; FRfEAERH, N12.41 £ 3.11, H/ME
ES R, A7.12 + 1.93; RIS FINPEE 2 T
AR, MR (p < 0.05). C:PRUKEE S 28 B K
A E K, Ko ¥E B A T FE Y 170.30-
1235.46; f/MERAERST, H170.30 + 17.54, & K
/e 2, A1 235.46 + 437.02; HRAIZEFC:PH)
BE R m T R, AR (p < 0.05).
22 C. N\ PEEXRHEEMBXME

L SPSS 20.040 1 73 A A xo) 45 i B A R
FRC. N. P& & N H L{g it TPearsonti o tr, &5
BRHEY, CEEEN. PEEME LY EWEE
[ FUR 995 R (p < 0.01), FHAH =< R4 3 ~-0.407
-0.342. MNEREEPE & A R E I IEAH R
A(p < 0.01), HAHXRE0.814, FHRMERGE, X
FE—EFERE b 7N PAEREIAR A (RS G R B
f. CNEUESCEMEERIEAH KR ( < 0.01),
ENENEZE KKK R (P < 0.01), HKRZHI>
5°40.374, -0.901. C:PHUE5C. CNEHEWEE
(i IEAH G 2 (p < 0.01), HoAHIE R4 51450432,
0.833; 5N. PEEE AR R (P < 0.01),
K BHY WIN-0.746. —0.796, fiAHFEMEE R, 2k
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Table 4 The correlation coefficient among carbon (C), nitrogen (N),
phosphorus (P) content and their ratios (Pearson test)

WiH Item c N P C:N C:P N:P
C 1

N 04077 1

P -0342" 08147 1

C:N 03747 0901 -0.802" 1

CP 0432" -0.746" -0.796" 08337 1

N:P -0.001 0366~ -0.118 -0.276" 0.213" 1

* R RBUEE K N5% (0.01 < p < 0.05), **, A5 ZEEEKF N
1% (p < 0.01).

*, correlation is significant at the 0.05 level (0.01 < p < 0.05), **, correlation
is significant at the 0.01 level (p < 0.01).

BEIL B JR R PR N C:PE IR S, PEBLK, CiP
{E S, WP AR AR 2 TS, TN PAR AR 25 A
K, MIMTC:PENR R TS FEAHVIAANPEN
FREEMEZNIEMIIKR(P < 0.01), MH5PHEH
BRI R (p > 0.05), 7£—EREE EUUIE
JE B B 6 RN PAEL R 2R A0 T B2 N B AR AL TRE
3 it
31 FEMERLEAESNETTERIE

H AT, [E A SR A S R A T RS2 T

FEEEPEXEYREE T FFCy Ny PR AHT
EARFERRT A, MHEYM ARG EC, N, P
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B i S LU AB AR IR FORR X b o A SN A2 i fif
RAEARFRBEEFC. No PEEIDEH R,
GERRW, CIERAE P R LA AR, Ny P
B RRUE HAR T REEEOR, NFIAR T R EUNFP (R
2), JR DK AT B A C A #4 R ) B 2R ) S A S5 IR,
Bl B KR B 5 S5 A B B 4
BEREIRIOIR, FoRER, FrCERY RN & &
HAZR/)N; Vitousek (1998)iEitN. PRIt AL, A&
DINE BRI AR T N, N = TE %
HE AR RN TP, AT LI 45 35 Vitousek (1]
RIRLE 8 N PRI R B RAE AT
FAREB(F2), X 0] BE R B AR NFIP SRR 5] A
ffy, B3 AR 5 M 33 i SR A FH A 2KIN
P, A L3R b G N, P EIFERKESR,
MO AR RN PRI B AR K E R .

AREEYIZBEC. N PEENZEFAUZHEY
10 A A5 P AR TR SR A R, it EL A2 AR B 88 B 4L
ZLZERI AT RE /AL RIS (Minden & Kleyer, 2014)
ARSI Z RN T aRE, %
FHRTERBMAREK. 4RSS CHRZHMR
2H /i (Freudenberg & Neish, 1968), H#IZEHIX—45
PV e LR B ey, R CHE A i B 25 v
MRS A R A R RS, A
BEEFED AT, M2E. FFRIE TR IR
WOFIAIk B IE, B TR (BG4, 2002), R
SEAE R IEH T ONAIPS B 2 T 2R AR
FPMAER (p < 0.05). RERLXTHC, N, PEEH
oM, SRER, RAPHSELE S T Hih g
B (p < 0.05); Nf¥J& w5 M 15 EAHIE (p > 0.05),
EREES T HEM. ZAMRF RS E@p <0.05).
T UL R AR R 7E8 H R A, S Oy A% o fif L
TEREA T I, A% e LR EACH T (R 1 SR S (1 A
A ERERETFERENEARYIR, SENEE
B, YRS RE, P aE KENER
PRI M EEM B ItER, MPERP &R
m, XS RY TR EAFSE RS RS
Fic 55 Z 4% B BT BT I Th RS B AE 4 (1 A A 25 DA ¢
(Niklas & Cobb, 2005).

C. N. PRAMMREARHBITE, LD
AR FE SR bR TG R AR IR S A LA ) 1R T
IR (G &4, 2013). SternerflElser (2002)i\ A,
FPIRC, N. PHUESEKFHRBIIRR, ELH

Femh b, PRAE T ARKEERER, BRI PES
KREREMWEAFE, HFEERKEZEARNAS
BE AR, BT BEARNAT S G KEP, EA
R A K ERIN, M 134K R s i AR
R R 38 B B A BUKAICIN, C:PAIN:P.
TEA M BIE AR 2S5, AR CINAIC: PRI EUE
BEMR T HALE E (p < 0.05), N:PLERF /), X2
UARAE AR I EARE KB G 1, BEi 2 A
FO R R R R I ], R T AFESREC,
N. PLUAESFIEE — @ FEJE FRF A A A T 2
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AT A I FLIEC L N PR B 56 20 T R B C
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FH—E
32 FEMHRIEMFAFEITEFEREFS O

AR @ A SRERE IR A B 7= )
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KE X WFFURA, T 905 R AR AT e B e
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0.05) R#iln; 53R E AR YA B FAR LG, A
M- A CE B A TR AT, & T I
FRIHIE R 38 LA (450 g-kg ™, p > 0.05)(Ia BUE4E,
2010) i1 v [ 25 4l A 4 £ 55(438 g-kg™, p > 0.05)(He
et al., 2008), &% = T Fil v 5 5iE B ML A R 4)(379.01
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g-kg™, p < 0.05)(FKFT%E, 2014)F1 5 + 25 A 553 A
(42140 g-kg™, p < 0.05)(Z= R 2%, 2015), 5B
TP e S AR AR I AR A ML A A R
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MAEIFE o TR JE KRG, EOTHENZIE
FEILFEEN, PICAEE, & PRI A KA 55
A BV 2 Y HE LR R (R A LA BT AN RIS 2 AR,
2015), ‘EAITEE R R N V2 EEGHLALE YT
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2o A E A NSRS A ERE EL A 1Y)
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BB E KT ARG A A I 52 {8 (Elser et al.,
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e BRI B A R PR A 1 T B P, AR AT AR I
2 BLAE I B NCPAE 12,41, BB T 3% b JE AR 34
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22.27 g-kg™*; P, 1.92 g-kg ¥ & T b E R A b
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0.05)(Elser et al., 2000), H 7= - BLAEH PR B
BEmTEERESELP, 120 gkg?, p <
0.05) . U A I BLAE I NCPAEL RIS, (HERATIA Y
AN R A BN PR, HAERKRAT
BEARAZN. PR B r A e N PRy
FORIE T ARIR I 858, A ARG A% -6 B 7 v A+ 38
N. P& MBS SE R (B & 55, 2015) K B, 45 i fif
BAEHEN0-10 cm/Z H3EE IR TR (N, 6.27 g-kg™; P,
1.13 g-kg )iz T i JFAL HaEA0-10 em)Z
11 (N, 0.108 g-kg™; P, 0.54 g-kg™)(Z B R 2%
2015), {H3EN:P T RoRPEA A9 BRI T 2= 1
Fa (A TS, 2015), X SHEA R IR IR 1 4
WA fE— 5. Bk, R LR B
B IR R R Al A S T R EENCPAE
BEAT IR 45 BR AP 007 57 2424, DR A 6 9% 2 B )
2 Wb (0 BB TG FH 1 DR 90 %o 5 AR [ T A7
7t (A4, 2013) . MUEHERIT Y LIEN. PR
FPREIPEFE Sy, AMUE NP, B EXINAIP S
B AT Rt AT b A ST R M S R
[F YRR TE IR EE Hh F7 2 I BR B L, Bk T 2 dr it Jr
N:PEAL, BN ST Z T NS PERIFLE A
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HH R ) AR R 58 (dE— 2B B TR

AHIE TR T 0 e S5 AR 0 A B B A AN A IR A
HIC. N P ERHERAT T AEF, BRI
AR ETC, N, PEELHSR 5%
B EITHAT B DR A AT AR (0 A K B IR O, 4
RAFZEC, N PIHHEREE—ERE ERFE
Bt R N AR S TS F A KOl R S, #E1%
VIR, CENEPHL R 2 i AHIC, CHNLPEA MR
R, NFIPHRE 2 IEAH G, WE R GTER R, &
g e SR AR S A A BV IR ARR, A I B
FEARMFCy Ny PEEES, A LR AR F
N:PHE bR 73 AT % Y Bl 77 7 BR ) 1 DL AF AR — o8 22
PR A v B AR BESR 1  3 RN K T 4 W7 77 43
PR AR DU RTETR . BBk, AR SO A8 i LR IX —
IR AKZEIAC, N PRI BCAI T SR AE 4T T
BT, SRAPIRRE] ., BRI B A A
a5 A ERAAL, JUH AR SURARE . NUTRER AT 4,
VE NS5 Ik 2R S R G0R 2 B B R, i b R A A
BAZEI 0 AR GURI AR 5 1T S48 br X 2 R
B « NYL PR 2 A BRAR AL & WfaT e N2 1), A Ay idt— 5Tk
AT, NHIRAT N — D E i TAE R0 %N
ARG R ZE T Sh &b SR T
A NP S5 A BRAR A P g S AL
EemBE +TEAFEREELFARLER
(XDAO05050303) . A 4 3F A+ L A& #h bt T 4 & 0

(2015FY110300). HE K A & A5 & £ (31570476
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