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Characteristics of fruit mineral nutrition of 21 Carya cathayensis clones
in Zhejiang province
WU Shuang"?, YAO Xiaohua’, CHANG Jun™, YANG Shuiping', WANG Kailiang’, HUANG Mei"’, REN
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('College of Resources and Environment, Southwest University, Chongging 400000, China, *Research Institute of Subtropical Forestry,
Chinese Academy of Forestry, Hangzhou 311400, Zhejiang, China)

Abstract: [ObjectivelCarya cathayensis is an important ecological and economic dry fruit tree species
in China. Studying and comparing the differences in mineral element contents in the fruit of 21 Carya
cathayensis clones in Zhejiang province and evaluating the mineral nutritional characteristics of Carya
cathayensis fruit can provide a basis for screening Carya cathayensis germplasm resources with high
nutritional value. [Methods]Nine kinds of mineral elements including K, Ca, Na, Mg, Zn, Cr, Mn, Fe
and Cu in Carya cathayensis kernel were determined by Chinese standard method. The variation degree
among different clones was compared by calculating the coefficient of variation (CV)) of each mineral el-
ement; By calculating the significance index (Sig.) of each element, it was judged whether the mineral
nutritional traits of the tested Carya cathayensis clones were formed by artificial breeding intervention
rather than natural formation, and Sig.> 0.05 indicated that the data conformed to the normal distribu-
tion; By calculating the correlation coefficient between various elements, the possibility of breeding va-
rieties rich in multiple mineral nutrients was evaluated. The quantitative traits conforming to normal dis-
tribution and with coefficient of variation = 15% were divided into 5 grades by using ( X —1.281 8S),
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( X —0.524 6S), ( X +0.524 6S) and ( X +1.281 8S), and the traits with coefficient of variation < 15%
were divided into 3 grades by using ( X —0.524 6S) and ( X +0.524 6S), which were used to evaluate the
contents of mineral nutrients among different clones. The process of principal component analysis and
cluster analysis in this experiment was completed by psych package of R software and SPSS software.
The principal components were extracted through the principal function in psych package (the first n
principal components with a total variance contribution rate = 85.00% ), rotated orthogonally, and
scores = true was selected to obtain the score RCy of the sample in each principal component; Com-
bined with the variance contribution rate E; of the corresponding principal component, the comprehen-

sive score RC* = ZRC .E, of the sample was obtained; The principal component score coefficient of
k=1

each index was obtained through the round function, and then the functional formula between each in-
dex and the principal component was obtained; Cluster analysis was completed through the process of
“analysis classification system clustering” in SPSS software.[Results](1)The variation of mineral nutri-
tion characteristics of Carya cathayensis was rich, and the variation coefficient was between 8.93% and
64.51%, among which the larger ones were Cr (64.51%), Na(45.73%), Mn (23.90%) and Fe (19.75%).
The larger the variation coefficient was, the higher the seed selection value of this element would be
among the tested clones. (2) The results of normality test showed that the Sig. values of nine mineral el-
ements were between 0.131 and 0.991, which accorded with the normal distribution, indicating that the
content of mineral elements in hickory was affected by many small independent random factors. (3) The
correlation matrix showed that there was a highly significant positive correlation between K and Mg
(0.619), and a significant positive correlation with the contents of Cu (0.527), Zn (0.520), Ca (0.442),
Cr (0.345) and Fe (0.365). Ca was positively correlated with Zn (0.680), Mg (0.586) and Cu (0.541); Na
was positively correlated with the content of Cu (0.617) and Zn (0.528); Mg was positively correlated
with the contents of Cu (0.838), Zn (0.835) and Fe (0.570); There was a highly significant positive cor-
relation between Zn and the contents of Cu (0.890) and Fe (0.666); There was a significant negative cor-
relation between Cr and Mn (-0.328); There was a significant positive correlation between Fe and Cu
(0.545). The greater the correlation coefficient was, the greater the probability of obtaining clones rich
in multiple mineral elements would be at the same time. (4) The results of principal component analysis
showed that the contents of K, Ca, Mg, Zn, Cr, Mn, Fe and Cu were integrated into four component fac-
tors, and the cumulative variance contribution rate was 88.19%; According to the calculation results of
comprehensive components, Dayuan 3, Gaoling 8, Gaoling 3, Xukeng 24 and Xukeng 89 ranked among
the top 5 in the comprehensive component scores respectively, and the comprehensive mineral nutrition-
al quality of their fruits was the best. (5) The results of systematic clustering showed that 21 Carya ca-
thayensis clones could be clustered into 3 categories according to the score of comprehensive compo-
nents, and there was a large distance in mineral nutritional quality among various categories. Among
them, 6 clones of Dayuan 3, Gaoling 8, Xukeng 24, Xukeng 88, Gaoling 3 and Dayuan 4 were clustered
into class B. The total content of mineral elements was high, and at least two of Cr, Mn and Fe contents
with the largest variation range were high. (6) Three mineral element indexes with variation coeffi-
cient = 15% were graded with 5-level probability, and five mineral element indexes with variation coef-
ficient < 15% were graded with 3-level probability. The results were basically consistent with the princi-
pal component analysis. [Conclusion]In this study, six high-quality clones were selected, including Da-
yuan 3, Gaoling 8, Xukeng 24, Xukeng 88, Gaoling 3 and Dayuan 4. Among them, Gaoling 8 and Dayu-
an 4 have the potential to be used as high-quality fruit clones for breeding.

Key words: Carya cathayensis Sarg.; Clones; Mineral nutrition; Principal component; Systematic clus-

tering; Probability classification; Comprehensive evaluation
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RC,=0.544Ca + 0.414K + 0.203Mg + 0.120Cu +
0.101Zn—-0.048Mn—0.078Cr-0.416Fe;

RC,=0.942Mn + 0.248Cr + 0.157Ca + 0.054Zn +
0.015Cu’—0.004Fe—0.082Mg—0.299K ;

RC:=0.758Fe + 0.238Zn + 0.212Cu + 0.140Mg-
0.002Mn—0.013Cr-0.220K-0.383Ca;

RC.=1.003Cr + 0.225Mn + 0.125K + 0.035Fe +
0.023Zn-0.023Ca—0.058Cu—0.161Mg.
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Table 1 Variation analysis of mineral elements in Carya cathayensis (mg-kg")

Jot: &5 Clone code K Ca Na Mg Zn
KR 2 5 Dayuan 2 3014.37+£171.49 406.80+86.25 5.60+4.08 861.90+£56.78 55.33+2.87
K545 Dayuan 4 3162.20+4.40 397.57+22.31 8.20+4.07 807.30+56.63 60.67+8.96
KIFS5 5 Dayuan 5 2 984.50+372.41 367.23+37.37 8.07+5.84 821.13+172.35 57.00+3.56
7l 145 Gaoling 1 2 950.47+275.46 423.87+60.13 4.57+1.38 804.87+18.54 56.67+4.19
7% 345 Gaoling 3 3 197.40+206.88 444.13+56.57 5.07+0.66 854.70+42.93 59.33+3.68
fls 545 Gaoling 5 2 951.07+250.01 390.83+7.14 3.83+0.34 818.40+42.75 54.67+8.34
7l 745 Gaoling 7 2 743.70+330.65 370.73+67.44 6.80+2.360 738.57+£74.06 53.00+8.83
=14 8 5 Gaoling 8 3293.60+313.34 459.03+21.23 9.60+9.22 845.60+81.85 59.67+17.21
#5724 %5 Xukeng 24 3 473.57+205.96 507.93£98.73 3.70+0.54 882.23+66.23 56.67+11.90
#4371 88 %5 Xukeng 88 2 533.85£133.55 460.20+10.80 4.75+0.75 745.80+33.50 51.00+2.00
#:57%.89 5 Xukeng 89 3194.97+231.90 495.47+82.26 5.77£1.03 816.87+60.71 59.33+5.25
K 15 Dayuan 1 2569.90 387.80 2.80 751.30 49.00
KI5 3 5 Dayuan 3 3236.00 418.10 4.60 975.50 63.00
KI5 65 Dayuan 6 2 886.10 393.50 1.50 777.20 55.00
s 25 Gaoling 2 2 883.00 417.00 1.40 711.40 50.00
1% 45 Gaoling 4 3428.70 356.10 3.00 762.60 48.00
4 6 5 Gaoling 6 2 875.40 298.80 2.70 593.50 35.00
#4015 Xukeng 1 2 833.00 393.90 3.10 890.20 52.00
#2025 Xukeng 2 2 537.80 305.40 3.40 648.40 45.00
#5045 Xukeng 4 2588.70 407.80 4.80 663.40 50.00
#5075 Xukeng 7 2 630.90 365.90 5.30 711.90 50.00
) Mean 2950.914+281.58 403.24+51.37 4.69+2.09 784.89+87.79 53.35+6.16
B RHCVIY% 9.78 13.05 45.73 11.46 11.83
Sig. & Sig. value (p < 0.05)  0.360 0.687 0.407 0.991 0.131
JoM: &5 Clone code Cr Mn Fe Cu JA 2 & Total content
K 25 Dayuan 2 0.15+0.11 97.53+22.33 23.47+2.82 10.83+1.27 4475.98+88.06
K45 Dayuan 4 0.35+0.08 102.1+18.67 29.17+5.48 11.37+0.66 4578.91+86.50
KI5 5% Dayuan 5 0.27+0.18 79.17+16.17 28.5+4.32 10.77+0.54 4356.64+518.64
=4 15 Gaoling 1 0.21£0.13 102.50+15.93 21.57+1.11 11.27+0.66 4375.97+274.44
=14 3 %5 Gaoling 3 0.45+0.08 94.47+15.04 24.27£0.65 11.30£0.65 4691.12+244.86
=14 545 Gaoling 5 0.17£0.09 106.20+23.57 26.53+6.01 10.67+1.18 4362.37+221.57
=4 7 %5 Gaoling 7 0.25£0.02 93.47+35.59 20.43+2.99 10.77+1.76 4037.72+501.18
#1485 Gaoling 8 0.33+0.02 124.37+33.92 24.13+5.28 12.60+3.77 4 828.93+465.61
#3724 5 Xukeng 24 0.200.09 121.27+20.66 23.00+1.93 10.10+1.96 5078.67+389.31
#1088 %5 Xukeng 88 0.140.12 108.50£9.00 17.90+1.70 9.05+0.05 3931.19+98.96
#2171 89 %5 Xukeng 89 0.30+0.22 115.07+9.54 20.43+2.15 11.00£1.02 4719.20+127.47
K 15 Dayuan 1 0.04 142.70 29.70 9.10 3942.34
K 35 Dayuan 3 0.04 159.20 26.10 13.00 4 895.54
KUK 65 Dayuan 6 0.43 143.30 24.00 9.00 4290.03
4 2 5 Gaoling 2 0.04 115.50 22.20 9.10 4209.64
4 45 Gaoling 4 0.62 81.50 23.90 9.30 4713.72
% 65 Gaoling 6 0.09 105.40 11.40 7.10 3929.39
5t 15 Xukeng 1 0.25 149.80 18.90 11.00 435215
#2402 5 Xukeng 2 0.37 71.90 16.80 7.90 3636.97
#4145 Xukeng 4 0.36 174.10 20.30 9.80 3919.26
#4175 Xukeng 7 0.04 147.30 18.50 9.20 3939.04
18 Mean 0.24£0.15 115.97+27.05 22.44+4.32 10.20+1.41 4 345.94+378.84
B RECVIY% 64.51 23.90 19.75 14.19 8.93
Sig {8 Sig. value (p < 0.05) 0.332 0.504 0.743 0.598 0.556
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Table 2 Correlation matrix of mineral elements

Eii Z; I%Iements K Ca Na Mg Zn Cr Mn Fe Cu

K 1.000

Ca 0.442* 1.000

Na 0.236 0.226 1.000

Mg 0.619** 0.586* 0.281 1.000

Zn 0.520%* 0.680** 0.528%* 0.835%* 1.000

Cr 0.345% -0.033 0.133 -0.004 0.126 1.000

Mn -0.185 0.251 -0.196 0.147 0.109 -0.328* 1.000

Fe 0.365* 0.270 0.289 0.570* 0.666* 0.110 0.015 1.000

Cu 0.527* 0.541%* 0.617** 0.838** 0.890** 0.056 0.150 0.545% 1.000

T ROR BB MR, ORI BB R
Note: * indicates significant correlation, ** indicates extremely significant correlation.

#3 URTEZREENERD DN SRR T AR5 R 5 4, RoanIX S AN e E R ISR
Table 3 Principal component analysis of mineral elements S REFRRENET 12588 5.8 25 18517
P 2H 7 Component B 2B i 6 B B A R A I B
ineral o ARG 2 3T A — - v s N
Mineral elements 7/ re T ReT R 54, T ST R GEY TS RENRE.
K 0.73 -0.33 0.20 0.32 FERE L AZ Ak 5T PIR B AT PP I AN g A F e —
ca 0802500800 ASBRLILA TR %30 17 2 T R SURH 70 52 T
Mg 0.72 0.02 0.59 -0.07 "
Zn 0.67 0.09 0.67 0.07 fire
Cr 0.04 -0.16 0.05 0.98 24 WEHE RTEMERAERT-BESHT
. NN S HRAE 2 B 43 50 % 21 AN LBk T M R HEAT B
Cu 0.65 0.08 0.63 0.00 FERIE D LERREEE N S B, 70 21 AN A% pk
TTHRER E/% 33.47 14.03 26.58 14.11 ot Ao 3 AN KR,
ZFTIREEES/% 334 47.50 4.08 88.19 . o . .
GUELEE L (DRIE3 S FE 8 5 15024 5 (RbT88 5 |
#4 TRLTRSEBNRMESS Fle 35 KR4S 6 M RME ROV A, b
Table 4 Contribution of 9 mineral elements 28.57%, i EHF AW ERI 6 4,0 s I it B,
wRtg  ALSURIY Component FIAZH™ BT 3R e S By, HLAR e i 3 v () i
Mi 1 N ke N . N . o s ,
emes DL W2RA BIMGE BAWS pgeor Mn.Fe i & A BRI TR & BECR . ()
K 0.414 -0.299 -0.22 0.125 25 EmIR 6 5 ABI, 5 EEH9.52%, 1 E I
oo 0s# 01T 03 002 SRR , 4 B0 0 % A R EE . () AT
Mg 0.203 -0.082 0.14 -0.161 - e e e A
n 0101 0,054 0238 0,023 RIERNCE W PUEF M — I M FT RS S
Cr ~0.078 0.248 -0.013 1.003 B, MEITCECr Mn . Fe P £ 2 —F Tt &4
Moo 00 092 oo 0225 B, VPG S FORR R S
Fe -0.416 0.004 0.758 0.035 R e . _
cu 0.120 0.015 0212 0,058 JEAR A, 3 2 HH T S5 25 R Rl LM s B, 52 o
K E IR BN E FER S METRENER S

i A2 754 (RC W RC,RCy) 5 561 M 5T Bk 2R (B, i«

EnEDZBUIIRCH = Y ROE ASKMRRER 5o | e o vt ixeiisk 043

{0 BT R LR G 1590 85 3 U IE , WTLEL X B 1E 2590 A 1 B R T X -1.281
WLt FI WS — Tt Z RS . SR GRSHEW,21 8S).( X —-0.524 6S).( X +0.524 6S).( X +1.281 8S)
MSATMER Y, NERET TUE TR EE AN 40 S0 R85 % EBEMIRTEN 1~5 22 HER 7
S E R R SR RGET TUE R . 9 10%.20%.40%20%- 10%" . 4 K-SH6 56 45
KIFE3 5wl 85 =l 35 ARV 24 5 ART89 S IR, B U VL A%k SR (17 IR T R A B T
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Table S Principal component value of mineral nutrient in Carya cathayensis kernel
TR 51 25 535 B4 1y LRIy
Clone code RC, RGC, RG; RC, Comprehensive component
K35 Dayuan 3 1.384/4 0.838/6 1.384/3 -1.221/21 0.668/1
=% 85 Gaoling 8 0.297/3 0.260/7 0.297/8 0.584/6 0.629/2
s 35 Gaoling 3 0.306/5 -0.535/15 0.306/7 1.111/4 0.458/3
#5724 5 Xukeng 24 -0.800/1 -0.179/10 -0.800/17 -0.205/12 0.421/4
1437 89 5 Xukeng 89 -0.814/2 0.110/9 -0.814/19 0.341/8 0.416/5
KI5 45 Dayuan 4 1.505/11 -0.478/13 1.505/2 0.662/5 0.375/6
KUF 65 Dayuan 6 0.245/15 1.274/2 0.245/9 1.479/2 0.261/7
#3715 Xukeng 1 -0.219/8 1.154/3 -0.219/13 0.021/9 0.203/8
#5145 Xukeng 4 -0.509/18 2.627/1 -0.509/15 1.269/3 0.147/9
=i 15 Gaoling 1 0.018/6 -0.427/12 0.018/11 -0.403/13 0.062/10
=% 45 Gaoling 4 -0.168/12 -1.243/20 -0.168/12 2.436/1 0.032/11
{4 55 Gaoling 5 0.967/13 -0.495/14 0.967/5 -0.583/14 -0.003/12
KK 55 Dayuan 5 1.550/16 -1.340/21 1.550/1 -0.121/10 -0.013/13
K5 25 Dayuan 2 0.397/7 -0.875/18 0.397/6 -0.867/17 -0.017/14
K15 Dayuan 1 1.283/20 0.924/5 1.283/4 -1.097/19 -0.210/15
s 75 Gaoling 7 0.050/14 -0.592/16 0.050/10 -0.170/11 -0.252/16
Y188 5 Xukeng 88 -1.181/9 0.185/8 -1.181/20 -0.856/16 -0.322/17
=% 2 5 Gaoling 2 -0.474/10 -0.200/11 -0.474/14 -1.180/20 -0.368/18
#4075 Xukeng 7 -0.529/17 0.988/4 -0.529/16 -1.042/18 -0.393/19
#5725 Xukeng 2 -0.807/21 -1.135/19 -0.807/18 0.582/7 -0.858/20
=0 65 Gaoling 6 -2.499/19 -0.859/17 -2.499/21 -0.743/15 -1.236/21
V7R B Square eudidean distance
0 5 10 15 20 25
K5 5 Dayuan 5 *— ! ! ! ! !
KIF 2 %5 Dayuan 2 —
=% 5 5 Gaoling 5 ' —
U4 1 %5 Gaoling 11—
{4 4 5 Gaoling 4
YT 15 Xukeng 11— C
YT 4 5 Xukeng 41—
KK 6 5 Dayuan 6 —
K& 1 5 Dayuan 1 i—
=l 7 5 Gaoling 7
% 2 5 Gaoling 2 +—
#&YT 75 Xukeng 7 1—
&Y 88 5 Xukeng 88 '—
K¥F 3 %5 Dayuan3 —
U4 8 5 Gaoling 8 '—
¥R 24 5 Xukeng 24 2
YT 89 5 Xukeng 89 i—
=4 3 5 Gaoling 31—
KIF 4 5 Dayuan 4 i— B
#3102 %5 Xukeng 2
s 6 5 Gaoling 6 |
1 21 ML RRNR LS
Fig. 1 Clustering analysis of 21 Carya cathayensis clones
BRI R IE A, PRI A e MBRBITE 103,428 5, KIH4.65 1RYI 2.4 5 B M K

F UL, AR 7 R E=15%1% (Cr) JHi (Mn) L8k (Fe) 3
PG R BEAT 5 BEER 73 P, B F T 0% H AR R
H R TE I R IR,

K6 NS TMZ I EsF, R 45 R nT
HLAEZ R 21 MR R b, B8 5RA &

B}

JE1.3.4.5 5, @I S 5 B IR AR 1.4.7 5,
KIFE1.3.6"5 . MERDHEE R (K65 FE R /4T
SR (RSO FEAR—, BILE SR b hb T 4.5
I TEIR , 7E 3 B o0 B 45 S v R RE A T AH B 1 v
SEME, MRIFE1S RE4S KES S5 mIES
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Table 6 The hierarchical criterion of mineral element content on Carya cathayensis fruits (5 levels) (mg- kg™
1" JGZEK Mineral elements 12 Level 1 29 Level 2 3% Level 3 42 Level 4 57% Level 5
Cr <0.05 0.05~0.16 0.16~0.32 0.32~0.44 >0.44
Mn <81.30 81.30~101.78 101.78~130.16 130.16~150.64 >150.64
Fe <16.89 16.89~20.17 20.17~24.71 24.71~27.98 >27.98

ORI 3 5 M A E B E N 29.70. 29.17. 28.50.
26.53.26.10 mg -kg', MEF G h b T 4.5 WAL E
M AE Fe 70 3R A S R IE BT 15 3 s thF &4 358
1~5%.

X 25 5 R < 15% 48 (Cu) 5 (Ca) VEE (Zn)
B (Mg) VB (KOS Fh e R i AT 3 L3R 73 25, 18
( X -0.52468) . ( X +0.52468)2 N3 m5.5y N 3 2, 1
e HARTEN 1~3 LIHEZE 53 718 30%40%30%
PO 8 1) IR 55 9 BB G R AR R R T R

RTNIHEMRPIMEE R, &R FEAE K
3.4°5, mI43.4.8 5, 1711 24.89 5 B IR A =
3.8 5, 4%Y124.88.89 5 ; F BT IH A KU 2.3 5,
Ele 3,85 IRYT 1.24 5 EERIEA KIE3.4.55,
I 1.3.8 5, 451 24.89 55 & 4 L UG KR 3.4
SLEA 1.3.85 1551 1.89 5. i AR &
LT R EA N, B RAA R
& B 2 M B e R AR TSR, an (R S A
BTN R A = 3.8 5, 18124 5, f£K.Ca.Mg JC
R B IEHAT I R P HER BT 1~5 4 2

®7T BRI R ESEMRSRITEG R)

Table 7 The hierarchical criterion of mineral element content on Carya cathayensis fruits (3 levels) (mg- kg™
253] Grade K Ca Mg Zn Cu
12 Level 1 <22803.20 <376.29 <738.84 <50.12 <9.46
2% Level 2 2 803.20~3 098.63 376.29~430.19 738.84~830.95 50.12~56.58 9.46~10.94
3% Level 3 >3098.63 >430.19 >830.95 >56.58 >10.94

W UL 3 R O RIFAE S E R AT S5 R —
.

3% w

31 WEM-HMT RTRRES5ER
AP T B8 FR A T E , FL LI , B 2
MNEZ P T E TR AT K, & AN 785
BILRMBEREY R, AW FRERE, REASTT
JFi TG E B8N & K A 2000~2500 mg - d', Ca iy
800 mg-d"', Mg ~300~350 mg-d"',Zn A 10~15mg-d",
Mn & 3~9 mg - d', Fe 4 10~18 mg - d'+ Cu N
2mg-d"'®,Cr 40.05~0.2 mg-d"' ®, AR 45
TP, — S N B H & H 5~6 Bz ik (49
30 @), B ATyl 2 K H 3N & 1 3.54%~4.43% , Ca H
WNEN 1.51%, Mg H A&/ 6.73%~7.85% , Zn
HEEN & 10.67%~16.00% , Cr H N\ 5 1 3.64%~
14.54%,Mn H N =1 38.66%~115.97%, Fe H A
F 1 3.74%~6.73% , Cu [ H N 5 10.20%~15.30%
PR NARILR 20 23R ph 22 2H A B B il oy 2
—, Z 54 R NIRRT AT (RARIE B IR 5 5l ik

e I A O B R e AR I 5K 3R (B AR R
AN R B TR, AR 4 [ X AT AR vEE™, & Na
SEMNFEREHF Na—EUTFHEEAS T
40 mg- 100 g (£ i AT RO “HEE R B a7, A
W2 R MM Na & B i KA 9 9.60 mg kg,
FEE RN i britE . B TR AR RN AMEIE
P72 5 20 B R AR AU A5 A B ) R, N AR SR
23 P BOC B B U 55 5 3G I fE RO R 0 KU
e PP EA IR A R T B A1 o I 5 0 TS5 1R R
A2 R AR R A B ARz v T A D I SR
M (Torreya yunnanensis) 9 63.19°7, {£ 4= (Arachis
hypogaea) N 90.63%", #% #k (Juglandaceae)
79.69%Y, B2 H K (Amygdalus communis) 9 41.11%7, &
U6 h Z R A BB L R ik 629.19, 7] L
Az Ak 2 — A B = SRR AN B i, 2 B LA bk
A=A BT A A Y B B4

A 5 o3 BT B 45 SRR BT, W 5E B 9 AT B TR
HAELHERNIFARRBREZER. BRNajuR
AR 5 AR KI5 Cr, 9 64.51%, Mn Fe Ik 2, 53 7))
N23.90%519.75% , i WITEH Se R0 T R & &
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K IREHMERE N e BAF AN DT E TR L —,
AL NAR IR & A KR E AR R I D Rg, &
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IR 'R TN NIRRT R
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283 R B A AT RS 21 AN A B T 1 &R
M- d K.Ca.Mg-Zn.Cr.Mn.Fe.Cu It 8 1§ Jii Ju
AT T8V, 4 2R G 48 br S 1 J5
BT A S B 89.19%, H H AR FEAHI L,
[F) ) 2 0 b At 2 LR R, JRUTT i 4 T IR 22 o

H & Febn 5 5 1 sk BN nT & L 58 1 o 19
o, AR P B Y Ca K Mg S LRk S &
o, PG U ) Fe CroMn & 8K . H 513
Ao J A3 AN o DT R R A ) 2 1 28.17% , FLH Fe
[ 4 B 5 EE K, N 21.62% » FAR 5% 1 43 4 4540
Fe L& 5 HA TR & &I 2 EM 2, v R 1 %5
1577 15 JE AR Fe &5 &0 KR PR % BN &40
IE# T Ca K Mg.Zn.Cu 76 = N AR T (KT HL
TG, H K Ca-Mg.ZnfEJy LLiAZ Bk B S iR i &
JLER—EREERE T MM E SRR R A, IR
X LA TG R S B R R, PR 1 1R
Iy eV 2R s BONRRAG B S i & 1) A Ok, 7T
I Fe & s, BIEE 1 i 13 0 BARII EE R

552 1550 1, Mn Cr5 0 & & R iE L K.
Mg & &R . o IR B2y o5 S DTk Ze 15 0 41
X ] 78.85% , Min Cr [ 5 EL#5 K, 73 51 M 52.04%
5513.77%, Bt LLi% % Mn . Cr & B85, BIES 2 1y
BT SEATRIEE R A E .

3135k, Fe 503 & =il &, Ca K
LILR G RMAC. HA IR B d R TR AT 4
Ha XTI 68.57% , Fe (1) 5 LU K, 4 38.55% . MAI™
Jo3 TG 2R S50 1R A FE S A A TG R S Fe R I &
B, B 3 B 1950 SR T AME B o 1 &R 5 BUAR
AfREfE M Fe R S EM A B H K, L Fe & B 4L
i RIS 3 Lo 45 0 SERT I B R o

554 1S4, Cr Mn 250 & & il e, Mg
SEILR G EMC. HA IR s R TR RS 4
7 N6k {1 1 85.36% , Cr« Mn [ 5 Eb 8% K, 20 Bl N

60.68%5 13.61%, fit LA = CrMn % 52 1) f FE ik
U 4 S 15 SEmT i e RN E .

WRIELEE o X 21 DT RIEAT R R K 1E
KB S S AT DR A N 328, Hodsk B [H— /)
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(R IE AL 3 050
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SR HER AR, Fe iR SRR . (O KIFH3 5.
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Cr A BB . (3L 8 5 iU 3 5503 AMH 441
%, K Ca JC %15 Fe 76 3 6 s i3 5 55 KR
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35 e 8 5 KU 4 5 4 MM B Cr
TEH AR

5 LR AELR VR BRI A SR, PR
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PG AR 3 R 19 0 A A SR TR R K ORUR 4
TNHE. BEERTHFENIEH T 3905 5 90
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IR R B R Gk 5 Tl - R ik A L
g5 AR T 2R AR S PR SRR B

IESE S A R hetRANIIE 3 S i R
T (R PR HOFF A1 A RS N &8 7
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