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Contents of four trace elements in Juglans regia kernels from main producing areas of Guizhou
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Abstract: To clarify the characteristics of contents of trace elements (Fe, Mn, Cu, and Zn) in Juglans
regia Linn. kernels from main producing areas of Guizhou Province and their relationships with soil
properties, 143 J. regia kernel samples and corresponding soil samples from 18 administrative areas at
county level of main producing areas were detected and analyzed, and the Spearman correlation analysis
was conducted. The results show that the mean contents of Fe, Mn, Cu, and Zn in walnut kernels are
21.70, 39.13, 12.33, and 17.25 mg - kg™, respectively, and the mean bioconcentration factors are
0.001 4, 0.099 6, 0.668 3, and 0.692 9, respectively. Overall, the contents and bioconcentration
factors of Fe, Mn, Cu, and Zn of J. regia kernels from silt (sandy) clay loam and clay loam are
relatively high. Among the test soil samples, 92.6% of soils are between slightly acidic and slightly
alkaline, the organic matter in 88.9% of soils is exiremely rich, and the available contents of Fe, Mn,
Cu, and Zn in over half of soils reach upper middle and above grade levels. Among the soils of six texture
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types, the organic matter content and available contents of Fe, Mn, Cu, and Zn are all the highest in silt

(sandy) clay loam. The correlation analysis result reveals that contents of Fe, Mn, and Cu in J. regia

kernels show significant ( P<0.05) or extremely significant ( P<0.01) correlations with only a few soil

properties and specific particle contents. The comprehensive analysis suggests that the contents of Fe,

Mn, Cu, and Zn in J. regia kernels from main producing areas of Guizhou Province are relatively high;

silt (sandy) clay loam and clay loam are more conducive to trace element accumulation in J. regia

kernels. By adjusting soil pH value, improving soil available trace element contents, and selecting
suitable soil textures, the trace element contents in J. regia kernels from Guizhou Province can be
effectively enhanced, thereby improving their nutritional value in this area.

Key words: Juglans regia Linn.; trace element; soil property; main producing area of Guizhou

Province ; correlation analysis
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Table 1 Collection areas and numbers of Juglans regia Linn. fruit
and soil samples from main producing areas of Guizhou Province

43R 1 Table 1 ( Continued)
KAEH Collection area nl

KI5 BB TH £ Xingxiu Township, Dafang County
KIr B-2£344 Yangchang Town, Dafang County
K7 BB £ Dingxin Township, Dafang County
J& T B 75 Chahe Town, Weining County
T B Haila Town, Weining County
Ji T B E A8 Yancang Town, Weining County
BT ELMA )[4 Halahe Town, Weining County
BT ELURR/E4H Mazha Town, Weining County
BT BB A Heishitou Town, Weining County
BT E A1 7% Shimen Township, Weining County
&V B 113 % Shichang Township, Jinsha County
40 B M4 Qingehi Town, Jinsha County
£V BT B% S Malu Township, Jinsha County
i % BV #H4H Caishen Town, Hezhang County
e B S T4 Liuquhe Town, Hezhang County
e BRI Zhuming Town, Hezhang County
i E A Ik £ Kele Township, Hezhang County
PgEE 2 £ Yangchang Township, Nayong County
)T Anshun City
T EHHF R £ Geli Township, Zhenning County 3
FHT B 5% 4 Muyi Town, Zhenning County 2
St Total 143

AN W W WO = W= R W W WD R W W W

)

FKAEHD Collection area b
5 T P AR MOV 1 1% F IR M Qianxinan Buyi and Miao Autonomous
Prefecture

W= B3 4k 4FE Pomei Town, Ceheng County

M Y T4 Zhuchangping Town, Xingyi City

2z B35 1114H Qingshan Town, Puw’an County

42 BB Xindian Town, Pu’an County

22 B3 JNH Digua Town, Pu’an County

ez B £ Gaomian Township, Pu’an County

LI B2 1114 Dushan Town, Anlong County

i B B FE4H Guangzhao Town, Qinglong County

i B B Hp B 45 Zhongying Town, Qinglong County

WERE B K £ Changliu Township, Qinglong County

i B B ¥>F4H Shazi Town, Qinglong County

M= EL K II4H Dashan Town, Xingren County

D447 BLY% FHAFL Boyang Town, Xingren County
75#K T Liupanshui City

LM T A4 Baiguo Town, Panzhou City

FEH T A& [ 45 Baotian Town, Panzhou City

LM T PERAH Yingwu Town, Panzhou City

FMTIHE £ Jiuying Township, Panzhou City

JK I X G PEAT I Haiping Sub-district, Shuicheng District

KIRXH5 % Yangmei Township, Shuicheng District

Al X PR 4E4H Baohua Town, Zhongshan District

Al XEHH S Qinglin Township, Zhongshan District

B HH £ Xinchang Township, Liuzhi Special District
# X T7 Zunyi City

IEZ LA MEE Gelin Town, Zheng’an County 10

=T I Longjing Town, Renhuai City 5
HEH5 1T Bijie City

K7 B34k S Lihua Township, Dafang County 1

A== N = = NN = = = W

N 9 = = B = W o= W

Yo, B Number of samples.
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ST, BARARE I T . R ERR TR 53y 5 R v
(/NT pH 4.5) WM (pH 4.5 2 pH 5.5) (&
(pH 5.5% pH 6.5) .H P (pH 6.5 £ pH 7.5) g
(pH 7.5% pH 8.5) swfgtE( K Fai% T pH 8.5) ; +
WA S E(w) /T A EEZ (w<b g - kg™') B
(6 ¢ - kg <w<10 g - kg') HEH(10 g+ kg™’ <
w<20 g+ kg™') GEHE (20 g - kg <w<30 g - kg') |
FHEH30 g kg <w<40 g - kg ) MEE (w=40

R2 TESTIMBETRAVSSENS RIRE

g - kg RIEMA R Fe AR Mn A AL Cu A5 Zn
THMSEETEL R 2, HHEYE LR
(bioconcentration factor, BCF ) & E A Bk Fh = %F + 1 v
TR E R RS, IR F i ot R S 5 1
B RO LR A FEAEL, SR SPSS Statistics 22
AP TR BE TR A3 BT, TF XA R 4 R oo
R 5 R KON R URL & 5 64T Spearman AH
KNI

Table 2 Grading standard of available contents of four trace elements in soil

R IC R AR

AL 8 (w) / (mg - kg™ )V

Content (w) in different grades"

Available trace element

X Low F1F Lower middle  #1_I= Upper middle “F& Rich £ & Extremely rich
H 3 Fe Available Fe w<2.5 2.5<w<4.5 4.5<w<10.0 10.0=<w<20.0 w=20.0
A%% Mn Available Mn w<1 1<w<5 S<sw<l5 15<w<30 w=30
H 54 Cu Available Cu w<0.1 0.1=w<0.2 0.2=<w<1.0 1.0=sw<1.8 w=1.8
HEL Zn Available Zn w<0.3 0.3=w<0.5 0.5=w<1.0 1.0=sw<2.0 w=2.0

2 HERAH

21 BHMCHELESEREVEERESH
2.1.1 BB BN E MR Fe,
Mn  Cu . Zn 4 PPt O R & AR & 4R R AR
3. HIER 3 WA, Zk R Y Fe Mn .Cu . Zn & &30 [Fl
05 A 11.43 ~ 35.60, 16.56~ 96.58 7. 01 ~ 20. 64,
8.74~30.65 mg - kg™, ¥IME 4> 9 J 21.70.39. 13,
12.33 F117.25 mg - kg™, R4 E 5 R, Mn & &8
SRR K Fe FRIRZ Zn FEE/N Cu & H K
/o BRI BN 77 XA BRI Fe Mn Cu Zn &
A ROR, JUHIE Mn 58,

2 3 vl A, &Rk FR - Fe Mn Cu.Zn 094
YIS ZBOAE 5 %0 0.001 4.0.099 6.0.668 3 F
0.692 9, LECKHE 4 PR ITRAY EE RN
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Table 3 Content and bioconcentration factor of four trace elements in Juglans regia Linn. kernels from main producing areas of Guizhou

Province'
It R 1 Content H:¥E R %0 Bioconcentration factor
Trace
element X/(mg - kg™') Min/(mg - kg™') Max/(mg - kg™") SD CV/% X Min Max SD CV/%
Fe 21.70 11.43 35.60 5.38 24.78 0.0014 0.0006 0.0067 0.000 9 64.29
Mn 39.13 16.56 96.58 18.42 47.07 0.0996 0.0091 0.4052 0.0728 73.09
Cu 12.33 7.01 20.64 2.82 22.87 0.6683 0.1929 2.1101 0.366 3 54.11
Zn 17.25 8.74 30.65 3.01 17.43 0.6929 0.1982 3.6656 0.5463 78.84

DX. ¥4 Mean; Min: /M Minimum; Max; K {H Maximum; SD 522 Standard deviation; CV; 55 2% Coefficient of variation.
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Table 4 Content and bioconcentration factor of four trace elements in Juglans regia Linn. kernels from soils of different texture types in main

producing areas of Guizhou Province (X+SD)"

RIFBR T2 10 8/ (e - ke™)
Content of different trace elements

NGz e ol YL /NCE

Bioconcentration factor of different trace elements

STT
Fe Mn Cu Zn Fe Mn Cu Zn

S1 18.53+0.35b 33.18+12.25a 12.46+1.56b 15.52+0.94c¢ 0.000 9+0.000 1b 0.093 6+0.040 3a 0.605 6+0.190 5ab 0.485 8+0.091 la
S2 24.92+5.37a 49.41+10.03a 17.27+4.03a 20.61+4.13b  0.001 9+0.000 3a 0.167 5+£0.042 6a 1.063 0+0.406 7a  0.677 8+0.341 la
S3 23.16+5.38b 32.27+8.57a  11.45+2.70b 16.91£3.09bc 0.001 6+0.000 6a 0.101 6+£0.093 5a 0.709 7+0.609 3ab 0.578 4+0.275 Oa
S4 20.10+5.30b 31.40+14.14a 11.59+1.71b 15.75£3.97bc 0.001 2+0.000 1b 0.081 4+0.037 7a  0.510 2+0.151 6ab 0.689 7+0.405 2a
S5 31.92+3.18a 46.68+1.86a 16.67+0.23a 29.12x1.64a 0.001 6+0.000 2a 0.072 9+0.006 2a 0.688 9+0.161 4ab 0.971 6+0.344 9a
S6 20.95+3.40b 38.72+13.50a 8.94+0.68b 14.53+1.06¢ 0.001 0+£0.000 6b 0.110 1+£0.050 2a 0.338 2+0.126 2b  0.503 5+0.268 Oa

DSTT, 48 F A Soil texture type. S1; Hy(AD) 3+ Silt (sand) loam; S2: #y (#P) FiZhE L Silt (sandy) clay loam; S3; 3+ Loam; S4; BPJFR
32+ Sandy loam; S5: ZiHE+ Clay loam; S6: Fi+ Clay. [R5 H K [ /NG S0 38 7R 76 N [R5 28 28 4 12 ] 25 57 2 3% ( P<0.05) Different

lowercases in the same column indicate the significant differences ( P<0.05) between soils of different texture types.

x5 HMEHREFRETEERY

Table 5 Soil properties of main producing areas of Juglans regia Linn. in Guizhou Province')

AR EICE M HABSR S Content of different trace elements and their available forms

AL/

% ‘+E PH ﬁ ko™! . . L o
v Ty (ke HFe/ A My M Cw B Zn
Statistic Organic matter Fe/ Mn/ Cu/ Zn/ -1 -1 -1 -1

Value ( .kfl) (m .kfl) (m .kfl) (m ‘kfl) (mg'kg ) (mg'kg ) (mg'kg ) (mg'kg )

content g X8 g X8 SR & X8 Available Fe Available Mn Available Cu  Available Zn

X 7.15 73.60 17.28 573.64 22.38 32.76 11.49 15.23 0.67 1.37
Min 4.72 13.45 3.93 86.74 6.46 4.59 0.68 0.07 0.00 0.11
Max 8.33 563.21 32.58 3 981.56 44.28 68.85 182.50 73.67 2.75 7.66
SD 0.87 72.16 5.16 584.41 9.48 15.02 26.58 13.95 0.55 1.59
CV/% 12.16 98.04 29.86 101.74 42.35 45.85 231.33 91.59 82.09 116.06

DX, Y Mean; Min: 5%/ME Minimum; Max: fx K Maximum; SD: F5#E2% Standard deviation; CV: 7485 2 %K Coefficient of variation.
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Table 6 Grade analysis of content of four available trace elements in soil from main producing areas of Juglans regia Linn. in Guizhou Province

TR T B A ARSIt tb/%  Proportion of different grades

Available trace element I Low H1F Lower middle [ Upper middle *+& Rich W+ & Extremely rich
F 5L Fe Available Fe 22.2 25.9 27.8 14.8 9.3

% Mn Available Mn 3.7 18.5 38.9 27.8 11.1

A 54 Cu Available Cu 5.6 9.3 70.4 9.3 5.6

A% Zn Available Zn 11.1 14.8 48.2 16.7 9.3

®7 FMEREFERAERBER +BERKS T (X2SD) Y

Table 7 Analysis of soil properties of different texture types from main producing areas of Juglans regia Linn. in Guizhou Province (X+SD)"V

AN IR TG R B A A R

N " ) A (- ke

TR pH i ﬁm}g};i r(nitterb ) Content of different trace elements and their available forms

Soil texture type pH value content . - - .
Fe/(g - kg™) Mn/(mg - kg™") Cu/(mg + kg™")

(b)) HE+ Silt (sand) loam 7.80+0.20a 61.41+21.19b 20.59+2.18a 387.30+188.16a 21.40+4.04a

() Fi gkt Silt (sandy) clay loam  7.51%0.06a 104.77+22.86a 12.90+0.73b 302.66+63.49a 16.90£2.67a

y y

e+ Loam 7.22+0.76a 57.66+25.81b 15.47+4.72ab 819.65+120.56a 23.54+12.02a

b i3 1 Sandy loam 7.63+0.58a 54.68+3.51b 17.56+4.08ab 426.44+176.09a 25.03+10.23a

FE+ Clay loam 7.51+£0.60a 80.89+41.10ab 20.29+1.73ab 644.66+76.23a 25.08+5.65a

Z#it Cla 6.96+0.87a 51.67+8.76b 22.70+8.83a 363.56+70.73a 29.04+10.83a

y
2 AR ITCE LA EE  Content of different trace elements and their available forms
I 5 22

Soil texture type

Zn(mg - kg™")

Bl Fe/(mg - kgfl) A% Mn/ (mg - kg’l) B Cu/(mg - kgfl) Gk Zn/(mg - kg’l)

Available Fe

Available Mn

Available Cu

Available Zn

3 (8)) 3+ Silt (sand) loam

By (R FiZhEE £ Silt ( sandy) clay loam
3+ Loam

fibFi3E 1 Sandy loam

FhHE+ Clay loam

#i+ Clay

32.54+5.00a
33.25+8.47a
34.91+£15.47a
27.36+10.87a
32.67+11.58a
34.98+17.56a

4.06+2.24b
41.57+33.39a
6.64+5.91b
8.87+5.27b
7.05+£3.31b
1.29+0.53b

17.43+9.09b
45.55+£35.01a
15.38+11.57b
9.08+4.28b
22.59+13.41b
3.13+£2.02b

0.49+0.06bc
1.50+1.18a
0.58+0.30bc
0.94+0.30ab
0.52+0.12bc
0.13+0.04¢

1.31+0.57b
4.35+3.29a
0.77+0.60b
1.44+1.29b
0.60+0.37b
3.90+5.35b

Y &3 AN 6] 1 /NE R AR AE A [R] 5 2 50 + 398 ) 25 57 3% (P<0.05) Different lowercases in the same column indicate the significant differences
(P<0.05) between soils of different texture types.

23 BEHMCHETRESE5TEMRNXE
MR TR & S R AT
Spearman AHOCHEZM T, 455 (3 8) KRBT A1)
Fe Mn, Cu & 55 /0 - MR A 1 FORL % £
R E (P<0.05) Bl 235 (P<0.01) MISEHE, Hr,
bR~ Fe 5 1 pH R B EMAAX, 5+

®8 JMEFREMM-HELERIES TEERNBXES T

AR Fe St FIRERL & 52 10 35 TR AR O dk A=
Mn &4 5 5 Mn & BRIRDRL & B W IR R,
553 Zn S EEFIA AL Mn 7 5 S AR S TE AR O X
BRI~ Cu A5 LA AL Fe & AA AL Cu &5
R RFEMK, BHMR Zn & 55 TR A
QIR IR IPS SO N TE

Table 8 Correlation analysis of trace element contents of Juglans regia Linn. kernels with soil properties from main producing areas of

Guizhou Province!

54 EMIRAYAHIE RS Correlation coefficient with soil properties

BT AR o -
¥ > =) |55 [=) [ [=) % F g
frace clement pH i Ojrﬁfr}ijnlir Fe ¥ it Mn & & Cu ¥ it Zn o7t ﬁ\j&ilagleﬁl‘f
content pH value game ’ Fe content Mn content Cu content Zn content )

content content
Fe -0.286 * 0.131 0.052 -0.198 0.198 -0.050 0.277 =
Mn 0.007 0.184 0.023 0.342 = 0.019 0.424 = = 0.175
Cu 0.112 0.046 0.106 0.044 0.170 0.200 0.283
Zn -0.046 0.233 0.015 0.002 0.123 0.120 0.231




54 N7/ I AR SRS A %34 %
£4k8 Table 8 ( Continued)
5+ HEIRMAHIE RS Correlation coefficient with soil properties
TR A — - P N
Trace clement - AVECMn T AT G R AR Zn Bk B () Rt Bk it

Available Mn
content

Available Cu
content

content
content

Available Zn

Sand content Silt (sand) content Clay content

Fe -0.001 0.087 -0.029 -0.133 -0.138 0.422 *
Mn 0.461 = * 0.052 -0.183 -0.304 0.035 0.427 *
Cu 0.189 0.281 * 0.063 -0.011 -0.050 0.068
Zn 0.132 0.079 0.143 -0.101 -0.050 0.215
D s, P<0.05; *# . P<0.01.
Fe #5135 pH (5 B 3% (P<0.05) fAH G, X Al
39 #® AL IR A B2 11 pH (HAE K, 5D OH 3 %,

M EFRERM{CHMETE S BT
i) Ke GEi 45 R s« Sk 327 XA Al
4 PR TC R 1Y 7 i L BRI M Fe (Zn |
Cu, FAERE SN KEIMEIK K Zn Cu Mn Fe, FL#
KA, BoM FE X ALBF A Fe & & (21.70
mg - kg™ ) MK T B 8 (43.5 mg - kg )Y F0 R
(2736 mg - kg )P H & T = ®M (1452
mg - kg™ )" Mn & (39.13 mg - kg™ ) K T BT IR
(48.8 mg - kg )" FI =T (114.80 mg - kg™ )M {H
BT EK(13.27 mg - kg™ )%, cu & & (12.33
mg « kg )R HI8E(19.20 mg - kg™ )M HE T =
R (6.69 mg « kg™ )" HIE K (9.93 mg - kg') 0,
Zn & (17.25mg - kg ) i T BT #E(29.60
mg - kg )M HEFEK(13.27 mg - kg™ ) PP A
ZF(0.67 mg - kg™ )M AT, B BRI
Mn Fe Zn il Cu % & B FAR T 5758, (B THE K
Mzm, UL S5 RRY L ORIR ™ MR it e
R 2wk, Hst M ek et o R & &
FHXT AL R o
32 EMEFRERMCHETZSSENERET
TR R LR TR W EZORIE, A A
FAMRZR M 3 IS ST 3R, 3l 2 AT R
JCRIBHEI R 2K R o T R ik )
AL HRR ) 207 MM T A R . Bt
WAL 7= X 1 48 pH {E 5 e R R H AR
A5 7 R A 8 T ( RPN [ SR 15 A ) o2 b DX A%
MERM O R & A —E BRI
SRR F 77 X 92.6% A -+ 358 R SR T 28 ol ek
P, 26 BH 12 Hb DX KB 43 1 M R A 3 B A R A A
RN £ <L Tl SN )| B YR Y 8 L

3.1

B AP WA Fe K5I K MEE N
Fe(OH)," 2 DT FEAIK £ 18I A 8K Fe & &, 7E—
SEFRFE LT 7B R AT Fe BRI,

A PR R TR M HA RS B 5t
MR T XA i e R S W E T,
AP~ Fe Mn ,Cu &% 57055 18441 Fe Mn
Cu ¥ 5 W 25 B i 35 IR AR OC , U I AZ Bk A 1 1ok
HICER FEOR IR T A3 v A B R T R A RO
WECEE, SN 77 X L A % Fe \Mn, Cu,
Zn W& S ER/NIUT 528 Ho i i T &R
B E R /NI 58 42—k, Bl oo R MO Ak
B MKE NN Mo (£78% Mn) [Fe(£ 4L Fe) |
In(FR Zn) Cu(ARL Cu) o BRI~ Mn & i 5 1
B Zn S LA BRI Cu i 5 LA RS Fe
530 A A RN 3 TR AR O X AT B R O B A 1
e Zn AN 2 fE— 8 FAR T 55T, Zn™ W]
LB B A ) A R Mt ) e e A AL
Mn 342, T AZ AR 2R O 2B R, e
AN AEBIREAE T, K Fe™ Bl JF A Al ¥ P o i )
Fe* 7, 4 S A0 4 22 TR B 1Y) Cu™ BB
XK AT ER Co™, BRI, HIEFAY Zn 5 Mo DL
Fe 5 Cu Z[HfETERRIER

- 5T Ml R S e B 37 XA R R TR
SHM I AEEE T, AR TER PR A%k
F~HY Fe Mn &1 5 R HER FR & i34 2 0 2 TE A
Ko BAEH TR EARKM LRI, IF A R
i, T LA A SR i 4 0 B TR R B AR O R B
WEEhBA LT, NTE ite e A HIL-0 Y8456
/RN . F < A OB WGWN A o= R
BILR 0B 58 8o B 22 | (75 1 9 5 R Pk, A i+
SR o o3 R AR G R A, R T RIAR R e, o



5 4 3]

FOAR, A BN I MR 4 AR OT R RS IR SR 55

T3 AR R T R B BB Y [R] E
SENAZAE 3277 X L% Fe F1 Mn % i3 K F Cu
FZn &5 RN B 2 RS A3, R HEF Y Fe
I Mn Pt SE 8 Ak i BOIRES (RIS T FEAZ Bk
P AWrE £, S50, TR NS R 4 Rl
TR A RS & B TE Ry () BRI L i,
BEF B Fe Ml Zn & @ ERHE - P i &, Mn 1 Cu
FTER (B) FTRRE - s, Tk (10) BLZE 1
ARG A R RRLI 7 Fe 3 it — 25 AR A =
TR SRS RIS UM OGO H S Rk
AUARSCHE I 3

4 %

SRR, 5 b X AR 3 7 X AR R rp
Fe Mn Cu Zn FHRAANE S, £ X AN T
SR E B SPE 2 ], EEA MU E S, MR TR
AR TR, EEERER LT, B (1)
[t s R+ R T AR Fe \Mn ,Cu . Zn
AR, ZE BTl IR 3 pH {2 T
Tl O R A RS B D Mk PR T 1 AT LA
AR = B Hb DA BRI R T R i, T AR T
ZH XA B SR E

SEHk:

(1] M, BAF. MEoR SE@RT]. Bk, 2024(1) . 27-30.

(2] sk, B2, BEE, & BEE SR IE K & B
FEHEREL)]. WAl 24, 2024, 36(4) : 905-919.

(3] T2 R DTS PRI SOk SR R [(T]. 4l 2022
(6): 14-23.

(4] SRS, WikZE, &30 45 Bdbihn T3t S b R BroT ik
JELI]. EmAR, 2025, 50(3) ; 14-21.

[5] EiEw, sk 8, O B8, 55 SNEGRAL AL IR I A
UIRERFEATIE[T]. AL, 2023, 48(9) . 74-81.

(6] WKW, TG Rz, 5. REARE 7 XA LA T
Wror#r( )], S EWAE, 2020, 45(4) : 97-101.

(7] BKWH, T84 Rz, % 8 SRS F IS
TEA (], P RCMOE K224 ( B RBR AR , 2019, 43(2):
209-215.

(8] Fiilidlhi, FoIwi, 2ia>%, & AR F=HA MR 4T 108
FEIEM[T]. AL RE, 2015, 43(18) ; 296-299.

(9] KA, THE6 2RHEA, 55 RFESFZH S 2 B
JCEMBM BT[], MO RR2, 2019, 48(3) . 28-33.

[10] BRI - PR, SRR, JE/NGR, 45 Btz ik &

JERRR B FRCR N[ T]. B TR, 2019, 40
(13): 186-192.

(1]

[15]

[16]

[17]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

AR, AR R, 2=, & AR R SRR L AR
BRI 26 ), B RR P23 BT [T, b o AR, 2024, 49 (2):
137-141.

B/, TEA, B4, % RN RS X AR R
BLESE SV [ ], AR bl K424, 2023, 51(1) . 88—
93, 105.

a0 sk, XUEAR, skocik, AF. STMAZEE S X Bk I 4 R
SPFEBRGLLT]. HE SR, 2020(6) : 65-74.

HE KT, B T, . B ESR AN SO S Ak
PR A G HE BT [ 0], H7 R AR B 2=, 2019, 56 (5)
826-833.

PREEDL, BRMEEE, TRIR, 5. B KABER AL b + e b ok
BB XS Ak BT R RS R (1], St AL RE2, 2025, 53
(2): 73-82.

MR, SR, HERE, Y AL R AL PR AR
JsEm[ 1], WdeRALRE, 2020, 59(7) ; 38-40.

WA, dk SR, T, AF. AT AR I e R S Ak [l
IR AR B RS [T ], R E AR S W], 2017, 19
(8): 132-137.

DNERIIR. A it U XeF A Ak el - 39 AT R A B A% B SR S I 1 5
WL D]. ¥ . PHALRMBHERY:, 2024, 39-49.

BT, XK, 2 &, 45 SRR IR 5 & e ek
SHFLI]. AR, 2022, 50(12) ; 114-121.

SRS, AR E SRS S RHER T [ D], EAK . PERR
22022

B E—E ) E O, S PG RS SRR ], MK
Rk 2021, 57(1) : 178-190.

WO, BRILR, BPOEA%, SF. ST SAUZS R SR ik S R
SRR ], BREHEAR S TR, 2024, 24(19) ; 8025-8035.
ARERHS, &P, W Ok, S EHEX LA S MEITE

TR )] BRI , 2017, 8(3) : 975-980.
MR - A, RTUUR - LR, W 5. R

MBS AT B REM R [ 1], B, 2006, 25(2) .
155-160.
F# B, IRER RSO S PR I sS4 A
BEMSCERIFIE[T]. A IR, 2003, 12(2) : 160-163.
B, BREE, B, S5 a2 X A5 e e
PHEARE RIS [ T]. ERABEER, 2022, 31(5) .
885-895.
Wk G, AR, B OME R IEERE ALY - WAk A AR
HERBE Ao it e [ J]. 11, 2023, 55(4) ;. 718-728.
T ScE, RS, & LR LR 2 T2 RN
I HURR B BT AL R A R R SRR AR R [ 1], R
2%, 2023, 40(2) : 365-377.
EIM, TRH R, TR, & 1R e IR A PR A )
AR SRHIE I BRI BT[], 32, 2013, 50( 1)« 1-11.
[ A 5 S AR T AT =@ PR e w ERE (TE TAINE T S ST o
fELD]. |ER: PRI, 2024, 1-3.

(R KER)





