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Comprehensive evaluation of adaptability and nutritional quality of zuc-
chini for open- field cultivation in Huangnan Tibetan area of Qinghai

province

OUYANG Tianyu', DU Zhongping"?, FAN Luze', SUN Pengyuan', WEI Xiangcheng’, REN Yanjing"*

(1. Qinghai University/Qinghai Key Laboratory of Vegetable Genetics and Physiology, Xining 810016, Qinghai, China, 2. Laboratory of
Germplasm Resources Research and Utilization on the Qinghai-Tibet Plateau, Xining 810016, Qinghai, China, 3. Tongren Comprehen-
sive Service Center for Agriculture and Animal Husbandry, Tongren 811300, Qinghai, China)

Abstract: To screen suitable zucchini varieties for open-field cultivation in the Huangnan Tibetan area of Qinghai (with
an average altitude of 2 324.6 m), an adaptability evaluation was carried out on 15 introduced varieties. A total of 37 agro-
nomic traits (18 quantitative traits and 19 qualitative traits)and 8 nutritional indicators were determined, and a comprehen-
sive evaluation of the above traits and indicators was conducted by adopting correlation analysis, principal component
analysis and membership function analysis. The results showed that the tested varieties had abundant genetic diversity (the
coefficient of variation of the 37 indicators ranged from 0 to 1.02), and the cumulative contribution rate of the first seven
principal components reached 80.53%. Four excellent varieties including Jingyuan, Mocui, Jingang and Huangdi were se-
lected through comprehensive evaluation: Jingyuan had a melon transverse diameter of 14.08 cm and vitamin C content
(b)of 4 370.37 nmol - g' in the flesh; Mocui had a yield per plant of 30.25 kg and a rate of female flower nodes of
79.05%; Jingang had a yield per plant of 30.48 kg and a total sugar content (w, the same below) of 18.68 mg- g in the
skin; Huangdi had a soluble protein content of 4.96 mg - g in the flesh. These four varieties exhibited prominent perfor-
mance in agronomic adaptability, yield and nutritional quality such as crude fiber and soluble protein, which can provide a
scientific reference for the local high-yield and high-quality cultivation of zucchini.

Key words: Zucchini; High cold region; Nutritional quality; Membership function analysis; Comprehensive evaluation
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Table 1 Source and maturity of 15 zucchini varieties

s Al R Pt K
No Variety name Maturity Source
HI KRZEHF Oumeite 24 A AR FH A IR A

Early-maturing Beijing Youfengna Agricultural Science and Technology Co., Ltd.
H2 4Nl Jingang rh e RN B R A A

Mid-maturing Beijing Youfengna Agricultural Science and Technology Co., Ltd.
H3 2 Mocui R AR AN AN BHE A IR A

Early-maturing Beijing Youfengna Agricultural Science and Technology Co., Ltd.
H4 i Xiali A R RFHRI A AR AR

Mid-maturing Beijing Youfengna Agricultural Science and Technology Co., Ltd.
HS F# il Huangdi 4 JEER DAL FHEA R A A

Mid-maturing Beijing Youfengna Agricultural Science and Technology Co., Ltd.
H6 5 A Jingyuan B2k BT AR A

Early-maturing Beijing Deshengfeng Seed Industry Co., Ltd.
H7 =7 Sanjifeng o AT % AL 5O ARME R R A R A )

Mid-maturing Caidu Wansheng (Beijing) Agricultural Science and Technology Development Co., Ltd.
HS W E T Geruisi rhk R FENLNFHEH IR A

Mid-maturing Beijing Youfengna Agricultural Science and Technology Co., Ltd.
H9 JIREEKE hk ST RS (AL 5O R AR R A A 7]

Wanshengchungiubao ~ Mid-maturing Caidu Wansheng (Beijing) Agricultural Science and Technology Development Co., Ltd.
HI0 REF SR rh RAESEHE T A R A
Shengfengjinzhu Mid-maturing Taigu County Cailanzi Seedling Industry Co., Ltd.

HI1 R Wote rhk AR AN LA FBHE A R A

Mid-maturing Beijing Youfengna Agricultural Science and Technology Co., Ltd.
HI2 Fi #i Bairui rh RN B R A A

Mid-maturing Beijing Youfengna Agricultural Science and Technology Co., Ltd.
HI3 %% 39 Donghu 39 R R FENLNFHE AR A

Early-maturing Beijing Youfengna Agricultural Science and Technology Co., Ltd.
H14 HUEH 42 Jinghu 42 rh LA R FEPALA R R A F

Early-mid-maturing Beijing Youfengna Agricultural Science and Technology Co., Ltd.
HI15 TR 25 2 JEE RN B R A A

Wanshengbixiu No. 2

Early-maturing

Beijing Youfengna Agricultural Science and Technology Co., Ltd.

H2

H4

E1

H5 H7

HihY 15 N AEFHA M RE

Fig. 1 Phenotypes of 15 tested zucchini varieties
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Table 4 Grading assignment and statistical analysis of zucchini quality traits
TS ERERIN T RS IRE ¥ ZRER
Quality trait Classification and assignment Number H'
o Btk 138:2. ;3. 59 45/0/0 0.00
Branching 1. Strong; 2. Middle; 3. Weak
ARSI L&A 83 R 45/0/0 0.00
Growth habit 1. Creeping; 2. Semi-creeping; 3. Dwarf
P LR 20 3 R 4 5 0/15/3/27/0 0.85
Maturity 1. Very early; 2. Early; 3. Intermediate early; 4. Intermediate; 5. Late
Y- 32) 1L BR2R: 2. PR 3. 4t 4. TR 0/0/0/45 0.00
Main stem color 1. Yellow-green; 2. Light green; 3. Green; 4. Dark green
EERE 0.7:1. 2. 1413, 2 0/0/45/0 0.00
Hair of main stem 0. None; 1. Few; 2. Middle; 3. Many
M LS0IR 2, BRI 3. LIEIE (4. DR FLA 5. B ;6. IE= MK 0/0/0/21/3/21  0.89
Leaf shape 1. Palmate; 2. Palm-shaped pentagonal; 3. Heart-shaped; 4. Heart
pentagon; 5. Nearly round; 6. Nearly triangular
-4, Leaf color 1Sk 2. 413, IRGE 0/45/0 0.00
1. Light green; 2. Green; 3. Dark green
-24%) Leaf division 0. ;1. 2. 53 % 0/0/0/45 0.00
0. None; 1. Shallow; 2. Middle; 3. Deep
T A 3 0.7 1. 2. 19133, 2 0/15/3/27 0.85
White spot in leaf surface 0. None; 1. Few; 2. Middle; 3. Many
R 152, 45/0 0.00
Leaf pubescence 1. Hard; 2. Soft
fEE LT 2, 3,3, 180 0/45/0 0.00
Corolla color 1. Pale yellow; 2. Yellow; 3. Orange-yellow
i 2N 1. [BHETE ; 2. [ AR TR 45/0 0.00
Shape of flower bud 1. Conical; 2. Cylindrical
TERITEAR 1. 8% 2. [T’ 0/45 0.00
Shape of flower tube 1. Bell-shaped; 2. Cylindrical
JRBZPEEL 0. ;1. mi:2. 553 4. W 6/39/0/0/0 0.39
Mottling pattern of tender fruit surface 0. None; 1. Dot; 2. Strip; 3. Block; 4. Net
R Bz e i) 0. 75 1. ;2. 133, 8 0/0/45/0 0.00
Melon rind groove 0. None; 1. Shallow; 2. Middle; 3. Deep
JRHE Fruit shape L B 5 2. 3T R 5 3. KINA G 4. KE R 5. KIERE 3/3/28/0/11 1.00
1. Oblate; 2. Nearly round; 3. Long-necked cylinder; 4. Long curved
cylinders; 5. Long handful pear-shaped
JRBEVIE L [B% ;2. T 45/0 0.00
Peduncle shape in transverse section 1. Orbicular; 2. Pentagon
JRBZ LF52 30053, 3054 1805 405 6. AR 7. MR%k 0/0/0/6/0/36/3  0.64
Skin color 1. White; 2. Light yellow; 3. Yellow; 4. Orange-yellow; 5. Orange-red;
6. Light green; 7. Dark green
JRA L [152. VR 38 3. 98 4 1S 5. B AL 6. TR SR 30/3/3/0/0/9 0.95
Flesh color 1. White; 2. Light yellow; 3. Yellow; 4. Orange-yellow; 5. Orange-red,;
6. Light green;
223 I5A®AF HANAFRLES TGS L HOECEA 33.33%.

A 15 A TEE P R IR O £ 4
N, ML 4E S BN 7.98%~15.42%, H11 & B,
H2 & &EHRAC N 10.53%, B 57 2508 022, %
b M T4
SRR 3 AN, 409 HIVHS A HIL, HH 27 4 25 &A%
T 9.00% 1) i F A 5 A, J& T R4S &

FEvETRECN 1.27.
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Table 7 Correlation analysis of nutritional quality index in 15 zucchini varieties
EiEE 2
In- A a B b C c D d E F G e f g H h 1 i ]
dex
A 1
-0.148 1

a
B 0.308 -0.450 1
b -0.098 -0.148 0.605* 1
C -0.128 0.131 0.026 0.185 1
0.057 -0.158 0.046 -0.284 0.265 1
-0.076  -0.049 0.048 0.137 0.874** 0.252 1
0.064 -0.094 0.157 0.053 0.359 0.490 0321 1

-0.313  0.104 -0.305 -0.045 0.515* 0.091 0.288 0.432 0.760** 1
-0.354 -0.015-0.155 0.237 0.511 -0.046 0.380 0.463 0.959** 0.913** |

c
D
d
E  -0.348 -0.096 -0.035 0.410 0.456 -0.137 0.406 0.437 1
F
G

-0.312  -0.099 -0.018 0.143 0.089 -0.342-0.044 0.065 0.347
-0.220 -0.062 -0.181 —0.089 -0.110 -0.277-0.177 0.001 0.105
-0.253 -0.075 -0.134 -0.018 —-0.050 -0.303-0.139 0.021 0.183
0.039 0.015 0.417 0.203 -0.227 0.185 0.549* 0.816** 0.516* 0.737** 0.172 -0.068 0.005 1
0.275  0.130 0.509 0.127 -0.583 -0.604-0.528-0.220 -0.550

e
f
g
H -0.134
h
I

0.496 0434 1
0.339 0214  0911** 1]
0.395  0.287 0.956** 0.992** |

-0.806* -0.697 -0.339 -0.360 -0.359 -0.008 1

0.077  0.410 -0.121 -0.128 -0.545* 0.047-0.484-0.325 -0.543* -0.585* -0.596* -0.494 -0.234 -0.320 -0.4150.376 1

i -0.685** 0.291 -0.217 0.060 0.193 -0.016 0.129-0.038 0.092
0.298 -0.161 -0.226 -0.310 -0.117-0.086-0.242 -0.354

i 0321

0.050 0.079 -0.038 -0.172 -0.134 0.1320.747 -0.151 1
-0.494 -0.437 -0.446 -0.266 -0.327 -0.2550.756* 0.567*%0.393 1

T IR A~T ARV B2 A VAV R R S TV VR L BB 43R (e b MRS B (2R 3R CLBI MRS & WA, a~i XTI
[FIZE ey s ) AT HES . *3RIRAE 0.05 /KT EE AR RIRAE 0.01 ACTHUR F AR

Note: For the skin, A-I correspond to soluble protein, pectin, soluble sugar, total sugar, chlorophyll (a, b and total content), vitamin C, and carot-

enoids content respectively; for the flesh, a-i for the corresponding similar components in zucchini skin respectively; j represents the crude fiber con-

tent. * represents significant correlation at 0.05 level; ** represents extremely significant correlation at 0.01 level.

FOEJNEMHSEE Db SE RN EHEERC SED
B EE IEAS R a SR 5
FNEOEERZEFMG NEHZREDL FEERH
BeERCHEULKPAE N RESEERE M
K MENHEHEEASESNARAYE NESTER
BEAAMAG NAMA RS ES MHELER C &
&R EHE bR EEY R EE EMX,
23 FHHARZHMREEFRRRIERESERS
SR

ABFILIME T 37 MR 2RI bR, K&
KR R ) 22 S AN B 35 (S R STk A, B
Tl 77 5 5 7 B I 2R A HUE A B, S de
TE 35 o3BT (A B SRR T, A FLAN 3
oA iebR A . URFIEME KT 1.00 s S E 3=
BRA3 ST AR 8 Fin. 1E 36 N FE i, |
T AT B TR AR IA 80.53%, FEARERS [ L 36
EN T PNE S

51 FE R IR 7.77, TR R A, N
21.59% , U5 72 JICHI S A JTURE 72 10 R A0E 1) & 48 #

K354 0.94. 55 2 FRITREE Dy 5.48, PG
JRA 35 a & B LA G B R I ) 53
K8 0.96. 5 3 ER RHIE(E N 4.01, 75 #
PR 2R E a B EAHIE R RO, N 0.90. 5 4
TR RFAEAE v 3.85, V5 & 75 A AL RRAAE 7] 52 4
K, 8090, 25 FRAFRFIEE N 3.24, PHE P
BRI ERE S BRI =R OR, N 091, B 6
FRAr BVRFAEARL N 2,70, P & 7 B AR 7 B ARRAE ) 2 A
K, 8093, 27 ERS RN 1.94, FEEF I

PRI HR B 15 B B AREAE 1) B K, N 0.90,
BB AT AR IR RN A F = bxX,
Hor, FONERA 55, b T84 i = 1,234
5.6.7-8.9.10, X N &A™ BT FHAEAE B AR 7
e HEH FARANAR F=Ym= (V/P) XF,,
Hr, m=10, VIS AT TTRRR , PN 10 N3
A BT TR E i = 1.2.3.4.5.6.7.8.9.10, Hi 1tk
AT E W 15 AP R SR 9,
1357y, AR A% i PR E T 9 5 T e X AL R
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Table 8 Principal component analysis of different characters index of zucchini varieties

bR “E 43 Principal component

Index PCl1 PC2 PC3 PC4 PC5 PC6 PC7
JICBZ AT M85 1 & & Soluble protein content of peel 0.02 -0.16 -0.27 0.10 -0.01 0.05 0.01
JIUAIA] #1454 & Soluble protein content of flesh 0.04 -0.03 -0.05 -0.15 0.03 -0.10 0.90
JR S JTUiE &5 B Pectin content of peel -0.18 -0.13 -0.08 0.86 0.03 0.26 -0.23
JIUA VB & & Pectin content of flesh 0.04 -0.12 0.29 0.59 0.13 0.61 0.03
JRSZ ] ¥ 4 B4 B Soluble sugar content of peel 0.12 0.02 0.25 0.13 0.91 -0.12 0.07
JICPRI AT 5 M08 5 & Soluble sugar content of flesh -0.25 -0.27 0.00 -0.16 0.23 -0.18 -0.16
JIUBZ S0 2 & Total sugar content of peel -0.06 -0.10 0.24 -0.01 0.87 -0.02 -0.11
JICPALELBE 25 B Total sugar content of flesh 0.09 -0.03 0.57 0.13 0.08 -0.18 0.03
JBZ 4425 a & & Chlorophyll a content of peel 0.23 0.14 0.90 0.06 0.23 0.11 -0.11
JRK 432 b 5 & Chlorophyll b content of peel 0.18 0.47 0.67 -0.10 0.27 -0.16 0.01
IR J 147 2555 & Total chlorophyll content of peel 0.20 0.30 0.86 0.00 0.26 0.00 -0.07
JKAI4- 2 a ¥ & Chlorophyll a content of flesh 0.04 0.96 0.13 0.07 0.06 0.09 -0.03
JNAIIF4E 2 b &5 & Chlorophyll b content of flesh -0.04 0.93 0.03 -0.07 -0.15 -0.14 -0.06
JIPA 43254 B Total chlorophyll content of flesh -0.02 0.96 0.06 -0.01 -0.09 -0.02 -0.06
JR B 2RSS N 2545 & Carotenoid content of peel 0.29 -0.03 0.83 0.08 -0.01 0.22 0.13
JRPIZSHA S N 3 & Carotenoid content of flesh 0.15 0.32 -0.49 -0.01 -0.29 -0.17 0.52
JR 44 2 C & Vitamin C content of peel -0.38 -0.44 -0.26 -0.11 -0.49 -0.08 0.41
JRA4EA 25 C % & Vitamin C content of flesh 0.30 -0.12 -0.05 -0.12 0.18 0.14 0.20
JINAFH £ 4 & & Coarse fiber content of flesh 0.30 0.41 0.21 0.13 0.28 0.14 -0.15
Pk Plant height 0.08 -0.05 0.19 0.15 -0.22 0.18 0.19
PRI Plant width -0.06 0.16 0.17 -0.02 -0.03 0.60 0.46
% & Main vine thickness -0.16 0.31 0.47 0.25 0.17 0.47 0.40
Z4 Fr #7 Number of lobes -0.27 -0.28 0.03 -0.10 -0.14 0.33 0.77
I F K Leaf length -0.01 021 -0.07 0.68 0.33 0.04 -0.40
i % Leaf width -0.24 -0.31 -0.17 0.61 -0.03 0.34 -0.24
HHRK: Petiole length 0.70 -0.04 0.07 -0.04 -0.29 0.13 0.11
IHHH Petiole thickness 0.03 021 0.18 0.90 -0.02 -0.02 0.11
JTUAEK: Peduncle length -0.31 -0.18 -0.17 -0.40 0.42 -0.03 -0.15
JH# 4% Peduncle diameter -0.21 0.00 -0.20 0.04 -0.18 0.71 -0.12
JIAi4% Transverse diameter of melon 0.94 0.08 0.19 0.04 0.07 -0.01 -0.03
JIPAJE Flesh thickness 0.81 -0.02 0.16 0.04 0.29 -0.09 -0.14
JRHNZ Pulp thickness 0.94 0.06 0.22 0.01 0.02 -0.03 0.02
TS & Single fruit mass -0.25 0.65 0.29 0.22 0.26 0.39 0.18
JNZ\4Z Longitudinal diameter of melon -0.93 0.17 -0.04 0.24 0.11 0.08 0.03
HLpk = & Yield per plant 0.07 -0.02 0.11 0.19 -0.07 0.93 -0.03
METE T 3R Rate of female flower nodes 0.09 -0.06 0.44 0.43 0.48 0.08 0.45
FFHE{H Eigenvalue 7.77 5.48 4.01 3.85 3.24 2.70 1.94
TTHkZ Contribution rate/% 21.59 15.22 11.15 10.69 9.00 7.50 5.38
Zit5iHR®E Cumulative contribution rate/% 21.59 36.81 47.96 58.65 67.65 75.15 80.53
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Table 9 Comprehensive evaluation of different characters of 15 zucchini varieties

=) F {4145 %> Principal component score » H4
No. Fl F2 F3 F4 F5 F6 F7 Rank
H1 -0.32 -0.11 0.82 2.95 2.12 1.12 -0.20 6.37 13
H2 -0.46 1.98 2.52 3.85 3.63 3.18 1.06 15.77 3
H3 0.65 2.58 6.05 3.76 3.40 3.55 1.60 21.59 2
H4 -0.12 4.29 1.80 1.86 1.14 1.39 0.87 11.23 6
HS5 -0.56 1.42 1.77 3.30 1.06 3.03 3.47 13.49 4
H6 4.29 2.74 4.90 3.45 3.28 2.50 1.35 22.51 1
H7 -0.88 1.75 0.83 3.14 0.49 3.10 1.34 9.76 7
HS8 -1.17 0.64 1.48 2.23 0.91 2.21 2.98 9.28 9
H9 -0.87 -0.25 0.64 2.78 0.11 4.02 1.57 7.99 11
H10 2.21 -0.16 0.75 0.55 -0.09 1.01 1.66 5.93 14
HI11 -0.65 -0.33 0.66 0.67 1.26 1.21 1.65 4.48 15
Hi12 -0.47 -0.02 1.36 4.05 1.44 1.81 0.62 8.78 10
H13 0.51 2.50 2.47 1.79 2.13 0.79 1.50 11.68 5
H14 -0.08 0.07 2.18 1.19 3.04 1.36 1.96 9.72 8
H15 -0.16 2.17 1.39 1.51 1.30 1.44 0.24 7.90 12

®10 15N AHERMHORERRE

Table 10 Membership function value of 15 zucchini varieties

e P A M WE S A M e Fe A 2

No. Membership function value No. Membership function value No. Membership function value
H1 0.28 H6 0.68 H1l1 0.30

H2 0.43 H7 0.37 H12 0.28

H3 0.64 H8 0.39 H13 0.39

H4 0.37 H9 0.38 H14 0.36

H5 0.46 H10 0.33 H15 0.34
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Fig. 2 Hierarchical clustering analysis of 15 zucchini varieties
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Table 11 Analysis of the mean values of different indexes among five groups

Faha Index I il it v \%

wOR B AT D Soluble protein content of peel/(mg-g") 437 437 4.85 4.54 4.06
wORA A E 8 ) Soluble protein content of flesh/(mg-g')  4.60 432 437 4.17 4.47
UK F KD Pectin content of peel/(pmol - g™) 12.43 11.78 10.73 13.32 11.85
bOURPIRLIZ) Pectin content of flesh/Cumol - g") 12.91 10.45 9.59 13.66 13.76
wOR R AT %) Soluble sugar content of peel/(mg-g™") 12.40 21.26 5.64 29.65 32.88
wOR A 4% Soluble sugar content of flesh/(mg-g") 8.08 13.56 10.05 11.70 7.58
wR % B ) Total sugar content of peel/(mg-g™") 8.24 12.77 6.43 17.24 14.48
wORALEHE) Total sugar content of flesh/(mg-g™") 12.78 16.43 17.97 19.27 16.84
wOR 4¢3 a) Chlorophyll a content of peel/(ug- g™ 0.06 0.10 0.03 0.30 0.35
wORBZIF4E2 b) Chlorophyll b content of peel/(ug-g") 0.05 0.12 0.04 0.19 0.22
wOR Bz 242 Total chlorophyll content of peel/(ug-g™) 0.11 0.22 0.06 0.49 0.56
wOR R 442 a) Chlorophyll a content of flesh/(ug- g™ 0.02 0.02 0.01 0.02 0.02
wORPIIM4EE b) Chlorophyll b content of flesh/(pg-g™") 0.02 0.02 0.01 0.02 0.03
wOR R4 3D Total chlorophyll content of flesh/(ug-g") 0.04 0.04 0.02 0.04 0.05
wOR 72835 N 20) Carotenoid content of peel/(ug-g") 0.10 0.07 0.21 0.29 0.26
wORPIZEEHE M2 Carotenoid content of flesh/(pg-g") -0.01 -0.01 0.00 -0.02 -0.01
bOURJZ4EEZE ©) Vitamin C content of peel/(nmol - g") 3285.71 2408.16 2571.43 1285.72 1142.86
bOURAZEEZE ©) Vitamin C conten of flesh/(nmol - g") 2 888.89 2 645.50 2 740.74 2592.60 437037
wOR PR ZF4E) Coarse fiber content of flesh/% 11.68 10.76 10.68 8.39 8.43
Pk Plant height/cm 77.82 72.81 64.36 69.15 81.58
PRI Plant width/m? 2.29 1.99 2.04 223 2.17
&8 Main vine thickness/cm 4.42 3.98 3.51 4.78 4.41
24 %0 Number of lobes/cm 6.50 5.29 6.00 5.83 5.00
K Leaf length/cm 31.91 32.12 25.33 32.70 35.09
% Leaf width/cm 37.12 33.58 28.77 34.87 33.56
K Petiole length/cm 45.04 45.28 52.95 42.57 54.69
H-AH Petiole thickness/cm 2.39 225 2.05 2.40 2.52
JRAE K Peduncle length/cm 4.90 5.82 2.99 452 3.57
JRAE 4% Peduncle diameter/cm 3.80 2.54 1.63 2.91 2.42
JIUHE 1% Transverse diameter of melon/cm 6.74 7.04 10.25 7.45 14.08
JIXA /& Flesh thickness/cm 1.12 1.23 1.37 1.27 1.71
JRPIE Pulp thickness/cm 4.62 4.76 721 4.92 9.40
HJIF i Single fruit mass/g 589.83 558.69 480.53 680.06 593.26
JAZ\4%E Longitudinal diameter of melon/cm 24.28 23.41 7.87 25.57 9.36
HLPRS= 1 Yield per plant/kg 26.23 19.48 23.73 30.37 24.93
IETE T 2 Rate of female flower nodes/% 57.78 54.38 43.76 78.78 77.95
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PRIRAS 5 2 2, 5l Ak E AT SR s (HARHT
FUE TR TR AR AR S B K D 5 T R R B R
B % AR SR 6 HE T BRI BIIR 2 2, ixX 5 vk
LI T gL BB BhAN, AR T 12 AN FTEMR
KM R E AT ZFEEIREEY N 0, R
MORMEE Al AR MR I AR 1 5 — B, X S5 R R B A5
Bt 50 45 SR AH — B8, Ui A ARk B et B bRtk 2 6
M5 8o RS B A R

AT TR 15 AP SR 8 ANE IR R
WA, AR A S E VR RS B TE
BB RS B DL R SR A B SRR AN
Folt [B) A7 B 25 25 57, 0 0 22 S AN S W T G
an BRI B A 2 PR O JE SR E P AR T
B RS IR . A LT YRR R AT 4R — 2R, AT R
BN B 05 3, B AR w5 B AR B i i,
BT o5 1R, A A g K R R T PR A
HE 5N 7.98%~15.42% , 4E 4 2 C & & AE N R AN
JRP 2 N 1 142.86~4 095.24 nmol - g ' Al
962.96~4 370.37 nmol - g, IX 15 2= S SR F 45 IR
AN X AT R A B AR SR A A
EEEPSS

AHIF T4 AL R B 15 AL #7555
K MR TR A7 18 S0 25 RH B2 R P 0K 1) ) S 3 A
KD, R TE A Ja ik & X M I8 I & P B 7 25 &
HREATabR. WERVERMIE MR E , 577
BARRHPR A, bR B TR AR AR 3 I
FHIC, T B IR R AR K, B R ™= Bl vy, IX — R Tk
NEFE R E B RAL T B S % R ZHRE,
JAEEAR 5 AT 2R 3 AR O, B AR 5 TBIR
R EEAR, RIRELMBE LT SAKE
AHELS 249, FLAE ) DR 2 Fe Bt I 5 s e 4, R IR
R &M EMEE EA, KGR E
IEAH G MR B T AR E 75 AR KR TR P B R R &R o
ot JO PR 8] [FRE A7 AE S35 RGN b & ' 5
Fe AT R S AR IEA G, NI SRR b &
B5MA RS & B R EA S, I 484
RCEEEMEMHEGER a S EENEEIEMG, U
B 7% B AR BATAE B R K8

F A o T A A 2 AT bR A D D B 2R
B ARAR I 7 VT, 8 i X R e AR A T SRR IR 1
Z R T AT o, B 2R B R B R I R E
S FI 0 AR TR REAT RGMVEN R 42K, R
F 38053 50 W 5 VR MR R B 7 2 2 A i
T, H T N TR R R S SRR
AW T 0 36 AN Fa bR AT R AT 1T 7 A
F A Bt Tk R IA 80.53% , FAAEDS [k 36
TR I RER 5 B o 3BT T B M R AN ]
T P PR S TR b R B B A 2R
M, BT R SRS 1S 5, R I H6 SR L
GRS 1 SR HAE T E X R 4F
M. AN, H3 AT H2 SR BIALEES 2 F15
3, R @ LA E R, HS AL 5 ZE 4, 3%
I 5 H RE TR T

R AE N B BT HEAT PO BT IR VR 0F A
w5 B — B O 43 A 5 RS R A AT A
5, DT o 5 ot ot 4 000 25 AR 4 R () AR R
AT, RMSEZ R R PIIE . 15 ANTU#H =
Flay DARE 2 1 5 2%, Horh 8 508 % S AR 1
T B E (H6)  #5il (H5) , 57 57 IR 4% (14.08 cm)
K, MAZEAE R C 55 (4 370.37 nmol - g) ¢ = »
TN AP A R4 4.96 mg gt (R
HEW 2 NANEHAE bR SERN 1317 ng-g's F
AT SR AR 1349(HEREE 4, RZENIME 55 7
P R R IR . LA E R L H B R R
B4 R g 4 W (H2) 1B R (HB3) , B RR 77 B 34 %

£ 147 -



KBS HFFT th

K

e

oK

539 %:

T 2 Bk 30.48.30.25 kg, MEAE TR MR,

AN 78.50%+79.05% , F - ERGE o LIRS AT A

FARIN 58 HH8 SCHE, v o i 1 T X b P £

BEEIRE 2 2% B SRR A i ot 1%k T 5 L B0l 5 3 SR s

W R, Hrho R SR8 T RN A, 3

15 SR R, Bk 4 S SR S IR 35

AT Rt m G FT AR E R

AR , ¥ Fe AT FE IO AP A, PT AT 250 H 42 B 24 o

L b 2 S AR B TR IA TR ORI AR A R T

225K T I S S BEREH 2 T I AN IR

I BT 2% /5 5K, L RE R TH M A I & 5 & ik
AHE TR I 15 AN VG # A T T R

(X & Hb AR (1) R 2R & Giot 2O 77 il i 3 A

B 1 & A R 2R e S E 2B IR s i — P

K FH B A350 5 SR S pR SR B A s B 0 32 L

SR SRR I BT 4 T Y R R A

F iAo IZAE AN A T U R TE M X

I B A S R A Hb X R it oo 97 1 VA 25

R 2 e Y bk s = DN A (R /RPN

PR TR AR, [R] Bt 3= P R A R B R N R

LER TARRME T A MMERZSE WG

2%k

(1] KNS, /NI , A R » 2 . TS s 2 A 1 i 72 I 5 YR PP A
R [J]. 2R ARk K S 4 CH AR RS2 1RO 5 2024, 55(5)
804-813.

[2]  EE.VGET R AR R S R A [D] . LTIk, 2016
(23):6.

[3] AR, PE P SR B BT AEA  B IR B A0 B 3 PEE FE[D]. R
KRR KA, 2021

[4]  EFE. PGSR 2] BRI, 1988(5) :44.

[5]  AA07KOHE . DO A R EE I 9 )] R %K B 14, 2012(1):26.

[6] EUK. &5 T2 b5 rp E Tl AL, 2007.

[7] RSOV E P = R R AR F AR, 2016(4):106.

[8]  XUSCHIL. VO = A AR )] AR, 2016(6) : 107

[91  SKEN. LRI HITE 2 F5 VHH P AR BG BB T[] R K 2, 2018
(24):58.

[10] TFyA#e. vOa /o s R R R [0 LA BHEE, 2011 (7D
126-127.

[11] S8, 4K 5, Bl RAR . U & P R B[], A AR 3%, 2011
(7):4-6.

[12] 22085 VG P 4l — 7= 5 A 34 T8 L2 (9 F 78 [D]. Ll A=
Ze I ZRARO K, 2003

[13] BRSOt T, 20t ss, 4% oG &1 i 4 v 2L PR AR AT 7 (0]
FEl 252441, 1999,26(5) : 309-313.

[14] Z8957% , ARAEET, UGS . 7 JTURH I S VR HA IV AN B ARt (M ]

-+ 148 -

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

(24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

JE5T s R E AR O HE iAL:, 2007

e N STRINE TAE S . S fr il hoRLAT 28 (¥ 00 52 « GB/T
5009.10—2003[S]. Ab5{ : v E 4wk B AL, 2003.

R R ) A B A S AR S ML G S A A L
2006.

Gl SR S ARG . KB AR I 2 T SRR [J] . TS24,
2016,39(1):1-18.

FEFREH, SRBE MR, A EANEALE R R R AR S
W 22 R BT[] R AL BE R AR, 2018, 19(1) : 103-111.
BACHS T R AR5, S 1T I BRI TR N AL 2 R
IR AR SRR [T] TR ALY, 2024,52(2) :159-167.
KA W RS ST, S T AR AR (W AR R R R 2 R
PERFFE[I]. B 252541, 2016,43(7) : 1245-1256.
WARTE, TR B K, 55 100 4 F AR5 VR R B 1
BALZ AR HTI]. PEALR L 244],2019,28(04) : 594-601.
KUPRHE , 2 R fet T Al , &6 . G 3 P P O 0 R 2 MR R
By B B HT[I]. P, 2021, 40(2) :63-66.

K, Tz, T 7506 PUH M DH Bk £ 2R 2R B
WG BT[] PEAb A 25441, 2010, 19(11) : 110-114.

R AT 5 A5, BT A, 5 P B 7 8 ANAR Z R IR 3 £
SPMT[IT. 2241, 2007,34(5) - 1183-1188.

rhAe N R LN [ 28 AR R 2 0 2, [ 3R 717 3 M B A L
A LB 2 A B SObR AE T P A 4R W E - GB
5009.88—2023[S]. Ikt : H EARAE H iR AL, 2023
ZESCH, B R, S A, S5 . 6 AN THH PR R RS R B
R[] LR B 24, 2021,36(1) : 79-82.

TG, A DR, S TR AR I v KR B U5 I
ZREPE T[] I8 R, 2014, 15(1) :24-31.
AR, PR, T S 169 1 B R B IR R AL MR AL 2
FE A 53 Bt K 5 6 PP (3] o [ R E R 2, 2024, 57 (18)
3671-3687.

XI5, TS, 8 A, & TR 2R 33 4358 IR R
TR ZFEE S HT[]. T 40,2023, 17(23) :8-12.

FAAT , AL, B, S SRR GRG0,
Bt Al A&L 22,2018, 64(8) :62-66.

iR, 3 SO X R, S 31 A T TN R B R IR 11
ZEEVEN[I]. TP E BESE, 2025(1) :98-106 .

TN, YNNG, BT, 55 BT F O R G R it
23 ASWLH ) H SRR R AR IR R AT [I]. FE RO R
2,2024,3(11):1019-1024.

TR, TR, & A KT 5 R KGR /R
A B CRO 6 B et Ll A0 5 280 AT [0 o i R 2
#,2020,42(2):255-263.

FAHOP AL, R, S TR A IR R KASP ARid 1 R oK
DUS % & il (1 58 220 BT 0] L0 95 Rl 22 4%, 2022, 38 (5)
1171-1178.

T, %7, IVEAR 5. 53 1 /N2 B RIR ZOMIR SR 6
S HTI] P AL R, 2018,46(7) : 1085-1088.



