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Abstract: Legumes are important pioneer species in arid ecosystems such as deserts, and are also the main
source of available nitrogen in ecosystems. In order to clarify the relationship between desert legumes and
habitat soil factors, this study took Astragalus flexus and Astragalus arpilobus as materials, which are
widely distributed in the Gurbantunggut Desert. The physicochemical properties of different soil depths (0
—5, 5—10, 10— 15 cm) were measured, and the relationship between the stoichiometric characteristics
and soil factors of the two desert legumes was compared and analyzed. The results showed that: (1) the
carbon (C), nitrogen (N) and phosphorus (P) contents of A. flexus were 373. 35, 25.66 and 1. 03 mg °
g ', respectively, which were higher than those of A. arpilobus, 331.53, 19.59, and 0. 66 mg * g ', and
the contents of N and P were significantly different (P<C0. 05); the C: P and N ¢ P of A. flexus were
374. 38 and 25. 75, respectively, which were significantly higher than those of A. arpilobus, 166. 09 and
10.12 (P<<0.01), while the C: N of A. flexus (14.62) was lower than that of A. arpilobus (16.99),
but there was no significant difference in C and C : N between the two plants. (2) The organic carbon
(SOC), total nitrogen (TN), and total phosphorus (TP) contents of the legume habitat soil in the 0—5
cm soil layer were the highest, and gradually decreased with the deepening of the soil layer; the soil stoi-
chiometric ratio SOC ¢ TN and SOC : TP increased gradually with the deepening of the soil layer, while
the value of TN ¢ TP gradually decreased with the deepening of the soil layer; the lower N content and TN :
TP indicated that the soil in this area belonged to the type of N deficiency. (3) The correlation between the
two desert legumes and the soil stoichiometric characteristics at different levels was not consistent, among
which: there was a negative correlation between TN and N : P, and a very significant negative correlation
between TP and P. And there was a positive correlation between TP and C : N, and a very significant pos-
itive correlation between SOC : TN and N : P in 0— 10 cm soil layer of A. flexus. In soil layers 10—15
cm, there was a positive correlation between SOC : TN and N : P. Only P in A. arpilobus had a very sig-
nificant positive correlation with the SOC ¢ TP in the 0—5 cm soil layer, while most of the stoichiometric
characteristics showed no correlation. (4) There was a very positive correlation between the phytostoichio-
metric index P of A. flexus and the electrical conductivity (EC) in the 5—10 c¢m soil layer, there was a
positive correlation between the available potassium (AK) and N in the 10 —15 c¢m soil layer. The A.
arpilobus was negatively correlated with available phosphorus (AP) and N, AP and N : P in 0—5 cm soil
layer, but not with other soil layers. The research showed that the soil N content and TN : TP ratio in the
Gurbantunggut Desert were relatively low, the soil N element was poor, and the nutrient content of the le-
guminous soil in this area was generally low; the main limiting element for the growth of A. flexus in
this area was P, The main limiting elements for the growth of A. arpilobus were N and P; and the phyto-
chemistry characteristics were not directly determined by soil nutrient characteristics, the significant inter-
specific differences showed the importance of plant genetic traits in the coupling relationship between soil
and plant quantitative traits.

Key words: eco-stoichiometry; Leguminous plants; correlation; soil factor; Gurbantunggut desert
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Fig. 1

The contents of C, N, P and stoichiometric ratios in two desert leguminous plants



1388 wodt O % R 42 4
C: N(14.62) L HFH L T HEIEFEE C = N(16.99) kb TP B - J2 % BE i 2 i 4% K, 1 TN = TP b+ 2

fH. PIFHEDEER C
R EES.
2.2 2HEREYAERLTECN P SEE5NKFET
=L

2R 1AL, CRHMEY AR L2 0 A 5% SR
IR MR RBCE A, A 0~5.5~10 fil 10
~15 cm 2.+ SOC.TN.TP &gt F + 1%
WL B L, 0~15 em + 2, 8 SOC,
TN.TP fF# & &4 50 0.49.0. 11,0, 39 mg »
g ' Ak SOC = TNLSOC ¢ TP, TN : TP
FAE 23912 4. 78,1, 28,0. 27, SOC = TN,SOC :

C: N ZRARFIN, HRY

*1
Table 1

TR BE TINR 35 7 7

A5 S F B A A I A S R R ) —
Bt AR LR TR SR L E AR 5 R
jvl\%ﬂ%iﬁﬁﬁ%o H, SOC 2 5% R & +

R BE N B i B Wi /> . TN SOC + TN 28 573 &
ﬁ%%i%ﬁﬁbnﬁﬁﬁﬁﬁmiﬁo MR 21
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35.71%.35.14% s TN Ml SOC = TN B7E 5 & B A
10~15 em )2 o i K, 43514 40.00% .37. 96 %,
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The C, N, P contents and the statistical parameters of stoichiometric ratios of different

soil desert leguminous plant habitat soil

F8 b5 + 2 0 b o 22 W2 e /ME e KB TSR
Index Soil depth/cm Mean+SD/(mg+ g 1) Range Minimum Maximum CV/%
0~5 0.54£0.07a 0.14 0. 49 0.63 12. 96
S 5~10 0.430. 03b 0.05 0. 40 0. 46 6. 98
SOC 10~15 0.4240.02b 0.04 0.41 0.45 4.76
0~15 0.4940. 02 0.04 0. 46 0.50 4,08
0~5 0.1740.03a 0.07 0.13 0. 20 17. 65
pon 5~10 0.100. 03b 0.07 0.07 0.14 30. 00
. 10~15 0.05-40. 02¢ 0.03 0.03 0. 06 40. 00
0~15 0.1140. 03 0.05 0. 08 0.13 27.27
0~5 0.48+0. 10a 0.19 0. 40 0.58 20. 83
o 5~10 0.3740. 13a 0.26 0. 24 0.50 35.14
™ 10~15 0.3240. 10a 0.20 0.21 0.41 31. 25
0~15 0.3940.08 0.13 0. 30 0.43 20.51
0~5 3.20-0. 43b 0.84 2.83 3.67 13. 44
- 5~ 10 4.53-£1.46b 2.87 3.24 6.11 32.23
SOC: TN 10~15 11.75+4. 46a 8.90 7.50 16. 40 37. 96
0~15 4.7841.35 2. 48 3.85 6.33 28. 24
0~5 1.1540. 12a 0.21 1.08 1.29 10. 43
— 5~10 1.2540. 46a 0.91 0.81 1.72 36. 80
SOC = TP 10~15 1.4240. 44a 0.83 1.10 1.93 30. 99
0~15 1.2840. 30 0.57 1.06 1.63 23.43
0~5 0.3740. 09a 0.17 0. 29 0. 46 24,32
po—_ 5~10 0.2840. 10ab 0.19 0.19 0.38 35.71
TN TP 10~15 0.1340. 04b 0.07 0.10 0.17 30. 77
0~15 0.27+0.02 0.04 0. 26 0. 30 7.41

T 5 B A [ 52 B 3R 7 AN [) e J2 7 [] — 4 b i 22 S Wk 25 (P <0, 05) , T [Al

Note: Different letters in the same column indicate that different soil depth have significant differences in the same index (P<C0. 05), the

same as below
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IEAG,P 541 TP 2 3% AR ¢ (P <<0. 0D,
HN:PHEHER SOC : TN £ 8 #FIEAHX P
<0.01), #£10~15 cm W+ )Z2H B HEER N ¢
P 5+ SOC + TN 2 &3 1E M 5 (P <<0.05).
PR A TEARTE 5~10 cm 10~15 em + 2R

R WA X AT BRI D S B KR T —4F
A AT AP AR RA KKK, 45 L2 B S A E
Wbz R R B R R E I (0~5 em)
R H R 3 E A 5 2 F 35 000AH 56, 10 WA W) IR
- X S SRHE Y 0 i SR SRR A R ]
24 2HEESREVEETERSRENETF
T

A I I N il o = (e o 3PS R S B e i
P S RZBA AR, £ APLAK.SOM &
WITE 0~5 em LR, 4k #) 17. 93,51, 80
16,49 mg « kg ', H B A 2R B R % Wk b
+3 pH 1 EC #4E 0~5 em & & 5 K. 5 ] 72
8.24.1.25 pm « cm ', H B A 2 U IR % T 4
K. 0~15 cm + 2+ AP AK.SOM -1 & &
9 M 14.39.38.84 mg+ g 'Hl 4.03 mg + kg .
MR+ 278 5 REBORE . AP 8 5% REHE 10~
15 em + )2 M e K (34, 78 %) ; SOM, EC Wy 78 & &
BAE 5~10 em H)2H R 4050100 26.90%6.10. 24 %5
AK BY78 5 ZHE 0~5 cm + R K55 22.37%
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Table 2 Statistical parameter of habitat soil factors in different soil depth from desert legumineus plants

EERN +)2 A A+ b i 2 2 fie/ME e KAE SR
Index Soil depth/cm Mean=+ SD Range Minimum Maximum CV/%
0~5 17. 932, 49a 4.67 15. 09 19. 76 13. 89
— 5~10 13. 9673, 90a 7.80 10. 07 17. 87 27.94
1
AP/(mg + kg ) 10~15 11.30+3.93b 7.85 7.53 15. 38 34,78
0~15 14.39+2. 64 4,94 12. 45 17. 39 18. 35
0~5 51.80+11. 59 22.8 39. 20 62. 00 22.37
R 5~10 40.3348.73b 17. 20 32. 60 49.80 21.65
—1
AK/(mg - kg ) 10~15 24,40+ 4. 52b 8. 20 21. 40 29. 60 18.52
0~15 38.84+7. 01 13. 60 31.07 14,67 18.05
0~5 6.49-1. 25a 2.50 5.27 7.77 19. 26
o 5~10 3. 6840, 99b 1.96 2.80 4,76 26. 90
< -1
SOM/(mg - kg ) 10~15 1.9140. 40¢ 0.77 1.59 2.36 20. 94
0~15 4.03%0.71 1.41 3.29 4,70 17. 62
0~5 1.2540. 03¢ 0.05 1.23 1.28 2. 40
5 5~10 1.27+0.13b 0.27 1. 14 1.41 10. 24
< —1
EC/(pm + cm 1) 10~15 1.45+0.10a 0.19 1. 34 1.53 6. 90
0~15 1.3320.06 0.10 1.29 1.39 4,51
0~5 8. 2440, 04c 0.07 8. 20 8.27 0.49
s ~ .30£0.05 . .25 . 34 .
I 5~10 8.30£0. 05b 0.09 8. 25 8. 34 0. 60
pH 10~15 8.392+0.05a 0.09 8.34 8.43 0. 60
0~15 8.3140. 04 0.09 8.26 8.35 0.48
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Table 3 Correlation analysis of C. N, P contents and stoichiometric ratios of different plants and soil layers

ww SRR it ALk &5 2o REI B AL
Species /em Index SOC TN TP SOC = TN SOC : TP TN : TP
fix C —0.991 —0.018 0. 381 —0.276 —0.528 —0.610
AN 0.358 —0.969 —0.988 0.999 0. 949 —0.629
) P 0. 866 —0.596 —0. 866 0. 805 0.936 0. 000
o WAL C: N —0.533 0. 902 0.999" —0. 989 —0.992 0. 467
i C: P —0.967 0. 365 0.705 —0. 622 —0.812 —0.262
ABELL N: P 0.153 —0.999° —0.932 0.967 0. 860 —0.779
"""""""""""""""""" WC 0726 —0.367  0.792  —0.041  —0.756  —0.913
AN —0.501 —0. 820 —0.777 0.981 0.812 —0.186
AL P 0.156 —0.277 —1.000" 0. 642 0.998" 0.473
Astragalus 5~10
flexus WAL C: N 0.323 0.694 0. 884 —0.926 —0.910 —0.008
L C: P —0. 409 0.016 0. 965 —0.419 —0.949 —0.688
RABEHEN: P —0.672 —0.922 —0.627 1.000 ™ 0. 670 —0.390
"""""""""""""""" WC  0.8%  —0.317  0.676 0.0  —0.522  —0.890
AN 0. 340 —0. 849 —0.873 0.958 0.951 —0.237
P —0.327 —0. 327 —0.985 0. 565 0. 934 0. 427
10~15
WAEK C: N —0.151 0.730 0.951 —0. 885 —0.993 0.044
WML C: P 0.563 0. 069 0. 906 —0.329 —0. 808 —0. 649
AWELL N : P 0.531 —0.941 —0.751 0.997" 0. 864 —0.437
ik C —0.981 —0.674 —0.979 0.125 0.555 0.231
AN —0.226 0. 395 —0.591 —0.852 0. 987 0. 982
) WP —0.381 0. 240 —0.715 —0.756 1.000™ 0.938
o A C: N —0.755 —0.997 —0.435 0.861 —0.319 —0.628
WL C: P —0.980 —0.672 —0.979 0.122 0.558 0.234
RABELL N: P —0.251 0.371 —0.612 —0.838 0. 991 0.976
"""""""""""""""" WC  —0.99%  —0.941  0.065 0724 —0.008  —0.910
AN —0. 494 —0.079 0.936 —0.330 —0.914 —0.753
e e W P —0.629 —0. 240 0. 866 —0.172 —0.836 —0. 850
Astragalus 5~10
arpilobus A C: N —0.537 —0. 844 —0.750 0. 989 0.786 —0.228
L C: P —0.996 —0. 940 0.068 0.721 —0.011 —0.911
RAWELL N: P —0.516 —0.105 0.926 —0. 305 —0.903 —0.771
U mCe o9 —0.922 —0.106 o 0.787 1 0.296  —0.930
AN 0. 639 —0.027 0. 862 —0.238 —0.748 —0.718
WP 0.756 —0.189 0.768 —0.076 —0.630 —0.822
e AL C: N 0. 380 —0.871 —0.852 0. 969 0. 937 —0.278
L C: P 0. 965 —0.920 —0.103 0.785 0.293 —0.931
ABEHEN: P 0.659 —0.053 0.848 —0.212 —0.730 —0.736

oo FoR TR BR EAH OGP B3 (P <C0. 05) 5 » x KR /AR AE G M | 3 (P <<0. o) , 4 it , ™ [
Note: * means the correlation significant between indicators at 0. 05 level; ** means the correlation significant between indicators at 0. 01

level, with bold, the same as below
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Table 4 Correlation analysis between different plant C, N and P contents and stoichiometric ratio and soil factor

L/ T RRE &b AR AL R A BT % i FH R
Species Soil depth/cm Index AP AK SOM pH EC
il C —0.955 0. 841 —0.173 0.213 —0.875
A N 0.509 0. 331 —0.918 0.901 —0. 269
) WP 0.937 —0.337 —0. 464 0. 427 0.397
e AL C: N —0. 666 —0.142 0. 824 —0.800 0.077
WL C: P —0.996 0.571 0.215 —0.176 —0.624
AWML N : P 0.316 0.523 —0.981 0.972 —0.466
""""""""""""""""""""" WmC  —0.138  0.97%6  —0.303 0317  —0.779
AN —0.931 —0.016 —0.857 0. 849 0. 790
AR T WP —0.495 —0. 641 —0.342 0.327 1.000 ™
Astragalus 5~10
[lexus AL C: N 0.843 0.209 0.741 —0.730 —0.894
Wit C: P 0. 250 0. 820 0.084 —0.069 —0.959
AW N P —0.987 0.196 —0.946 0. 941 0. 643
"""""""""""""""""""" mC  —0.200  —0.208  0.993 0195  0.487
AN —0.906 0.998" —0.113 0. 909 0.737
i P —0.438 0.818 —0.713 0. 444 0.147
o WAL C: N 0. 807 —0.992 0. 304 —0. 811 —0.592
MWL C: P 0.188 —0.639 0.872 —0.193 0.117
AW N : P —0.975 0.961 0.099 0.976 0.863
ik C —0. 409 0.962 —0. 854 0. 875 —0.941
AN —1.000" 0.647 0.122 —0.081 —0. 695
WP —0.986 0.762 —0.042 0.082 —0.803
e AL C: N 0.472 0.371 —0.934 0.919 —0. 309
WL C: P —0.412 0.962 —0.852 0.873 —0.943
AW N: P —1.000" 0. 667 0. 095 —0.055 —0.714
"""""""""""""""""""" wC  —0.8% 087  —0.916 0922  —0.043
A N 0.157 0.871 —0.011 0.027 —0.928
E T3 WP —0.006 0. 939 —0.174 0.189 —0.855
Astragalus 5~10
arpilobus AL C: N —0.946 0.027 —0.878 0.871 0. 764
WL C: P —0.833 0. 809 —0.914 0. 920 —0.047
ABELLN: P 0.131 0.883 —0.038 0.053 —0.918
"""""""""""""""""""" WC  —0.868  0.520  0.746  0.86  0.978
AN 0. 094 —0.563 0.915 —0.099 0.211
i WP —0.070 —0.421 0. 968 0. 064 0. 367
o AL C: N —0.923 0.994 —0.071 0.926 0.765
Wit C: P —0.867 0.518 0.748 0. 864 0.977
AW N: P 0. 067 —0.541 0.925 —0.073 0.237

pH W7 B ZBUTMAR KA TRERS, 0~ 2.5 2HEESREYHLFEHTEETERZSRE
15em LE& HHEEREF ZRBEKNER . AP KEFHEESH

(18.35%) >AK(18. 05%) >SOM(17. 62 %) >EC M 4 AlAE, 2 PR SR 5 45 2 R
(4.51%)>pH(0.48%) N 2Z [ A A G M TE — SO A . o B %
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b5 0~5 em £ 24 HHEH 7 2Z ¥R KB
BEMEHPEREE5~10cm LESFHEREH
EAME, NSRS 10~15 cm )2 AK % iF 4H
K MBI EM NN P 5 0~5 cm 12T
AP PR B E A E(P<<0.0D), & 555 5~
10 f110~15 ecm 1 )2 & KW FH AR R T B E M

31 ®

3.1 2R EEREYEZITEIFT

C.N.P e £ B Y476 & 16 W Bl s 1%
PR EZE TR, YA R L ERE T RIS
FEARBE . MW I R A R 22 5
AR AL 2 B 2 F N Rz U, AR
LB 2 M) C e RS e, 2HT CILR
e A W) 45 R ) AR B, AT R R K. [H
Bf 2 FhAE Y R AR HAE A A B E &6 E
YEF & A ML BE 15 A B F C e R 1k
WRYFL SR . 5 b [ b i 780 558 V6 % 75 S Ak b DX A A
) N(25.55 mg » g ').P(1.74 mg+» g D L&
A SRR N TR (25.66 mg+ g DFEE.,
PR S N(19.59 mg + g DI B2 Fiky
Yy P & B35/ T b O i R S R R Ak b X A
PP i, DLBRIE R, — A7 A R ) (Bl 9E )
22 A7 A 2 A AT ) (25 A6 1) 24 i T B 47 8 35 8
) —AF A AR Y A ZAE AR N % & (10, 88,11, 55
mg + g '), P S /N TR R —AE AR A
MEZAEEMY P & (1.41.1.47 mg - g P,

FE )AL 2% T 2 LU BE W8 3 Wb kb 3R BA A 9 7 R
B dBml, C: P AC: NACFRM Y R L BE 7 1058
55 o BE 5 U 90 H 52 40 A 32 0 e I, B IR F 2 A
B XY, ARG RIET N C - N B,
WALHLER C = P fef, Won Xk B Rl 9 78 8 55
BUHs (1Tl R PR iy R VD LA B 1 [W) 4k 5k BE g A
FEAFIHZFE, N = P R/NE B FEE Y K A2
FRITZE A, 24 N2 P<<10 Hfk NTE,4 N: P
=20 NP ICEK, Y 10<<N : P<{20 I, ¥4k
K E32 N AT PR A g S AR R
BRICHTE N « P 405k 25,75 F1 10, 12, R IH S
B L KA BR 1 0 2 o0 P M 8l € 5 16 2E K 1 BR
HilJTLE N NP,

3.2 AATEREENEVAEETENFITES
fE5

SOC.TN.TP & & & H Ak 2= it & b2 A i +

HEA HLT 4L 8RR A S B R R AR . AR SE &
B, WP R A ) A R E (0~5 em)
SOC.TN.TP ¥ & it iz & » TN TP B 4 38 0%
HEEL R MR L X 5 A S s, 0~
15 cm + 8 SOC.TN.TP F# & &4 %R 0. 49,
0.11 #10.39 mg *+ g ', + 4 SOC., TN, TP % {k &
I AL T 4 E Y EKSE (11, 21,1, 06,0, 65 mg -
g P k¥R SOC = TNLSOC : TP, TN :
TP(4.78.1.28.0. 27) B AEAR ff Hb i& B¢ £ 3 3% /0 4R
B H A 3 R T 4 BB ESY (120 01, 25, 77,
2.15) , 3X A BB 2 32 M AE B L R OK SF R R Y sg
UL X ISR T R RN EZ . — A
o BET 2 TR TP Bk B R R AT
TP iy BB W58 X 14 TP & & 4% . 7T 82 i
F VDL A LR T D W T RUAE DL X
1 L 3 A P A iR A

SOC : TN A LA 52w 4 3¢ il L & oT & 191 35
JEfr i+ IRAT LR I E E bR, SOC + TN i)
KNG H BT 43 ik R 22 R HE L B SOC = TN A%
Y T B B R 0 AR D AR I A SRS
AT . A T 4 E O K F A SOC = TN
(14, 3> 3% WRR E 1 Rl 4 75 5% 121 SOC +
TN 7R T2 E Bk F , RIS X - 5 A L
4 f N A R A X B . EANTR LR,
+HE SOC = TN I 44t ¢ A X F2 e , £ W] SOC. TN
Z I FEAE 3 A DG 5E R, SOC TN X 4 3 i 5 5%
A Ak 1 e R L P2 [ 25 Y R IE T AE S R 4
i3 SOC + TN R M fa o i 4587, -3
SOC: TP E &R ERMEY N ERKER., &
VAN L3 TP 9 fL AE Iy & AR 1 A ik, 0 2 A 1t AR
Yw b+ A ML R L TP M358 . 3K SOC +
TP A FIF A= oy i A ILR R SR 4y s ] 2, + 1%
SOC = TP i3 1= W 25 3 B 60 AE W 7 o AT HIL 5 A i
TR Az 2] TP BB T S5 A8 4 5 4 -3 i) TP,
HE AR TR AR . ABFSE X 4 SOC +
TP (1. 28) 1 i T v [ fili - {8 (52, 7) A4 Bk
fili 1 - 24 K S (72, 00 B R BB SE IX L3 TP A
A B A O S 8 b A ) i AR OR B A2
F TP RYBRE . TN = TP % 8 H T8 & + 3 3570 IR
FIOCE MBS . AT KB %0 5T K 2 B
AN &l & TN = TP H X FIHARMF G X -5 N
TCE AN YT Wtk — DA 1 3% X Sl i | 28 A
AR BRETRE N AE.
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MABFFE AT, + 3 pH A EC 78 £ 2 ik
I - J2 B A% 0 KL X — &5 R 5 R R
SEWT T A5 R AR 13 pH R fw B ML 5 4 i
e B g R — 5, RJZ P AP AK . SOM %
A 1 o T B )2 R B IR T 8 e AL 3 A S
W5 AT LA iR X pH LV EC B 52 E 1 58 Jf
HAIEFR5T . 2 R GRS 5 13557 50
PR A O 06 R e R L 2ok 40 A, TR B R )2 (0~5
em) o LA OC OC £ L Ul B - 58 X X AE ) B A2
YEFAS I S W] REZ AR ) oh 2 4F A R ) B iR &
Kk HIE . REZPEARBE ORI E LR, fE 5~
15 em + 2B E R PN T E 95 HfEdh R
EC.AK 530 IE AR G 5C &, U6 W P Al 3 A X 25
HEMAERKAREEM, IR E D NN P
TCE NS B E AP 2RISR U NN ¢
P B - HE AP (435 R ek b Al AR P4k 2 T
53 AR S . S MU R 1 S 57 03 4 b
WV ARBFGYIX 4 SOM(4. 03 mg » kg ')Ak Tk
ZMRELAP(14. 39 mg » kg ') AK(38. 84 mg *
ke DE IR EKT, WL, ZFE X SR Y
SR A SRR AT
3.4 ITENTESREYHEITEHFENTFER I

- MR Bl AR ) AR K R F ) L, A
DLA A7 1 b 5] U S W s A A A 1 3 3R A DL i

S 2K
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