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Abstract: Taking Ginkgo biloba ‘ Golden leaves’ as female parent and G. biloba Linn. as male parent,
their hybrid F, generation (including yellow leaf type I, green leaf type 1 , yellow leaf type I, green
leaf type 11 ) seedlings were used as materials and local cultivar ‘ Taixing Dafozhi’ was used as the
control, the seedling growth model was established by using Logistic equation, and the growth rhythm and
dynamic change characteristics of metabolite content and leaf color of each material were investigated. The
results show that the seedling heights of yellow leaf types of hybrid F, generations show an “S” type
increase, while those of green leal types show a logarithmic increase, which is first fast and then slow;
the ground diameters of all materials show an “S” type increase. At 150 d of seedling growth, the
differences in single plant mass between different seedlings of hybrid F, generations are not significant
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(P>0.05). At different growth times, soluble sugar content is higher in green leaf type I than in yellow
leaf type I , and higher in green leaf type II than in yellow leaf type II ; at 120 d, starch content in
each material increases greatly compared with 90 d, and starch contents in yellow leaf type I and green
leaf type 1 are significantly (P<0.05) higher than the other materials; during 90—-120 d, soluble
protein content is higher in yellow leaf type I than in green leaf type 1 , and higher in yellow leaf type
II than in green leaf type II. At 150 d, total flavonoid content in ‘ Taixing Dafozhi’ is significantly
higher than four hybrid F, generations, which is higher in yellow leaf type I than in green leaf type I,
and higher in yellow leaf type I than in green leaf type II. During 30-90 d, lightness parameter value
(L"), red/green phase value (a” ), and yellow/blue phase value (b" ) of yellow leaf types
significantly decrease with the elongation of time in general, and both L™ and b " of yellow leaf types are
significantly higher than green leaf types. During 30-90 d, total chlorophyll contents in yellow leaf types
gradually increase with the elongation of time, while those in green leaf types reach the highest value at
60 d. The evaluation result of seedling quality shows that the seedling quality ranking from high to low is
‘ Taixing Dafozhi’ , yellow leaf type I, yellow leaf type II, green leaf type 1, green leaf type II. In
conclusion, the seedling qualities of yellow leaf types of hybrid F, generations of G. biloba are better than
green leaf types.
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Table 1 Growth status of seedling height and ground diameter of hybrid F, generation seedlings of Ginkgo biloba ‘ Golden leaves’ (X=SD)!

S [a) Bt R B9 1 B/ em Seedling height at different times

R

Material” 15 d 30d 45d 60 d 90 d 120 d 150 d
Y1 7.80+0.54Da 9.17£1.55Ch 10.46+0.38Bb 10.89+0.72Bc¢ 12.90+0.25Ac  12.99+0.70Ab  13.59+1.52Ad
Gl 7.29+1.19Ea 9.75+1.05Db 11.28+1.26Ch 12.32+1.13BCb  13.03+0.66ABbc  13.24x1.16ABb  13.95=1.18Acd
Y1 7.61+1.13Ea 9.02+0.68Db 10.540.28Ch 10.86+0.16Cc 14.10£1.23Bb  14.23£0.93Bb  15.46+0.69Ab
Gl 7.30+1.26Da 9.93+0.53Ch 10.90+1.14BCb  12.07+1.14Bb 13.88+0.99Abc  14.04+0.53Ab  15.03=0.67Abe
CK 8.46+0.82Fa 12.54+0.67Da 15.03+1.15Ca 15.13+1.35Ca 16.10+1.14BCa 17.04+0.87ABa  17.98+1.27Aa
s e AlEIEHE g HLAE/mm Ground diameter at different times

Material®) 15d 30d 45 d 60 d 90 d 120 d 150 d
Y1 3.06+0.09Da  3.41+0.04CDab  3.79+0.33Ca 3.89+0.32Ca 4.75£0.17Bab 4.83+0.16Ba 5.04+0.78Aa
Gl 3.09+0.07Ca  3.42+0.16Cab 3.82+0.20Ba 3.91+0.27Ba 4.69£0.06Aab 4.71£0.21Aa 4.83+0.34Aab
Y1 3.00£0.21Ea  3.42+0.15Dab 3.93+0.10Ca 4.19%0.19BCa  4.47+0.13Bab 4.77£0.25Aa 4.90+0.06Aab
Gl 3.05£0.23Ca 3.29:+0.18Ch 3.86+0.24Ba 4.15£0.26Ba 4.88+0.43Aa 4.81£0.24Aa 4.88+0.19Aab
CK 3.15£0.03Fa  3.61=0.13Ea 3.880.06Da 4.0920.08Ca 4.37£0.10Bb 4.68+0.08Aa 4.71£0.16Ab

D )47 HpOR [ K5 R 38R 76 [a] — b REAS 6] st 18] 18] 22 53 5 28 ( P<0.05) Different uppercases in the same row indicate the significant (P<0.05)
differences between different times of the same material ; [F]%1 A A [R] /NG Fh): 3 R TE[R)— B [B]AS [6] 44 ] 22 57 8.3 ( P<0.05) Different lowercases

in the same column indicate the significant ( P<0.05) differences between different materials at the same time.
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Fig. 1 Dynamics of seedling height and ground diameter increments of hybrid F, generation seedlings of Ginkgo biloba ‘ Golden leaves’
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Fig. 2 Logistic fitting curves of growth dynamics of seedling height and ground diameter of hybrid F,
generation seedlings of Ginkgo biloba ‘ Golden leaves’
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Table 2 Logistic fitting equations of growth dynamics of seedling height and ground diameter of hybrid F, generation seedlings of Ginkgo biloba

‘ Golden leaves’

i Seedling height H42  Ground diameter
A
Material Logistic & 7 2 R P Logistic & 2 R p
Logistic fitting equation Logistic fitting equation
6.517 08 2.369 84
T Yellow leaf type 1 y=13.864 76 S 0-984 <0.01 y=5.376 62 2953 03 0.980 <0.01
1+(x/48.601 76)* 1+(2/65.707 26) %2
9.525 22 1.998 47
ZE0FH T Green leaf type | '=14.311 67 0.996 <0.01 y=5.040 16 0.977 <0.01
reen feal lype ! 1+(x/28.194 38) 1623 ’ 1+(%/57.763 99) 241 17
10.434 40 2.664 90
T Yellow leaf type 1T '=17.521 13 0.978 <0.01 y=5.27289 0.996 <0.01
=== teflow fedl ype ) 1+(x/70.864 30) 1509 ! 1+(x/47.938 07) 38
20.989 28 1.917 87
LR T Green leaf type 1T '=20.366 25 0.992 <0.01 y=4.950 54 0.987 <0.01
0 reen feal pe ! 1+(x/31.197 16) 0678 4 1+(2/50.629 71) 557
419.337 00 2.638 19
CFEMKAAE ¢ Taixing Dafozhi’  y=20.353 26 0.987 <0.01 y=5.22409 0.992  <0.01
g

1+(x/0.061 74) %6438

1+(x/45.840 73) 1.171 66
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Table 3 Root, stem, and leaf masses per plant of hybrid F, generation seedlings of Ginkgo biloba ‘ Golden leaves’ (X+SD)!
g BRI/ g HRRE T/ g Hpknt Bt/ g Wbk g R L
Material Root mass per plant Stem mass per plant Leaf mass per plant Single plant mass Root-shoot ratio
A T Yellow leaf type 1 1.56£0.04a 1.98+0.04b 1.01+£0.03ab 4.55+0.04b 0.52a
ZXH IS T Green leaf type | 1.51+0.02a 2.37+0.03ab 1.14+0.02ab 5.01£0.023b 0.43b
AL Yellow leaf type 11 1.30+0.03a 2.23+0.03b 0.97+0.01b 4.51+0.03b 0.40b
kAU 1 Green leaf type 11 1.36+0.03a 2.15+0.05b 1.08+0.02ab 4.58+0.04b 0.42b
CFEAPBAE ¢ Taixing Dafozhi’ 1.71£0.02a 2.83£0.05a 1.21+0.02a 5.74+0.05a 0.42b

D REF R R NG Fh: R s e AR AR ] 24 2 (P<0.05) Different lowercases in the same column indicate the significant ( P<0.05) differences

between different materials.
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Table 4 Dynamic changes of contents of soluble sugar, starch, and soluble protein in leaves of hybrid F; generation seedlings of Ginkgo biloba

‘ Golden leaves’ (X+SD)!

N [ e ] ) AT P 5/ %

Bk Soluble sugar content at different times

Material 30d 454 60 d 90 d 120 d
HH# T Yellow leaf type | 3.47+0.08Eb 4.06+0.03Dab 7.64£0.06Cc 15.11+0.37Bb 19.42+0.43Ab
L4 [ Green leaf type | 5.62+0.83Da 4.42+1.40Dab 10.25+0.93Cab 16.03+0.77Bb 19.73+0.36Ab
WHAI T Yellow leaf type 11 6.42+0.01Ca 3.38+0.06Db 8.4020.00Bbc 17.73£0.54Aa 18.13+0.35Ac¢
R Green leaf type 11 6.50+0.80Ca 4.90+0.98Ca 10.35+1.15Bab 18.42+0.83Aa 18.32+0.65A¢
C ZEXLAKABAE ¢ Taixing Dafozhi’ 6.20+0.24Da 4.52+0.63Dab 11.19£2.01Ca 15.03+0.71Bb 21.17+0.55Aa
PR ! TRl E] A SEH fHE/ (mg - ¢7')  Starch content at different times

Material 30 d 454 60 d 90 d 120 d
HH# T Yellow leaf type 1 0.96+0.05Cc 0.79+0.02Da 0.54+0.03Eb 1.33+0.02Ba 4.3420.12Aa
R T Green leaf type | 3.18+0.77Ba 1.34+0.52Ca 0.93+0.33Ca 1.19+£0.15Ca 4.57+0.22Aa
WA Yellow leaf type 11 1.88+0.01Bbc 0.77+0.03Da 0.48+0.01Eb 1.16+0.12Ca 3.26+0.22Abe
25 H 1L Green leaf type 11 1.79+0.29Bbc 1.06+0.36CDa 0.83+0.08Dab 1.33+0.01Ca 3.02+0.16Ac
CZRMAKBAE ¢ Taixing Dafozhi’ 2.43+1.20Bab 1.03+0.20Ca 0.66+0.24Cab 1.07+0.35Ca 3.55+0.18Ab

o AN AT R R &/ (mg + g7')  Soluble protein content at different times

Material 30 d 45d 60 d 90 d 120 d
AL T Yellow leaf type | 3.02+0.21Dc 4.91+0.05Cc 5.10+0.06Cc 8.29+0.82Bab 15.01£1.56Aa
AL T Green leaf type | 5.80+0.35Ca 7.30£0.54Bb 7.86+0.14Bab 7.57+0.23Bab 13.72+0.79Aa
HIHR I Yellow leaf type 1T 4.78+0.13Cab 5.46+0.13Chc 9.20+0.72Bab 8.71+0.06Ba 13.92+0.57Aa
ZE AU Green leaf type 11 4.35+0.79Ch 7.04+1.53Bb 7.44+1.36Bb 6.56+1.09Bb 13.44+0.41Aa
CFEPLRAHE’ ¢ Taixing Dafozhi’ 5.86+1.23Ca 9.67+1.58Ba 9.67+1.58Ba 7.80+1.74BCab 15.12+1.55Aa

D @47 AN E RS b RN 78 [8) — B RS [ s 18] 6] 22 5 . 35 (P<0.05) Different uppercases in the same row indicate the significant ( P<0.05)
differences between different times of the same material ; [F]41] FR[R)ING bk 7R AR 6] — s [R)AS [6] 446 ] 22 5 1. 2 ( P<0.05) Different lowercases

in the same column indicate the significant ( P<0.05) differences between different materials at the same time.
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222 RARBFHER WALERK 120 d BB
BRI A LR 5, 45 WoR - B &\ =
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I )AL A B fr 22 5 B
2.3 EAMEIHISE

SR F, R aSHR F RS &
A RIILER 6 1R 7,
231 vtehHsHETH GHR(FE6) BN . A
BRI SEESRE (L) A/ O AHE (a7 ) |
W/ ML) T ALK 30~90 d fF7E2E 5,

WA T OB LT R R HEAS R R A, A
4 AFEBHY L7 7E 30~ 60 d SRR H7E 90 d i
W& T e s T AU L7 R 50.82~66.41, LR L™y

x5 EHBEREZFRERAMHFEMELEYEE(XLSD)
Table 5  Flavonoids contents in leaves of hybrid F; generation
seedlings of Ginkgo biloba ‘ Golden leaves’ (X=SD)

=X -1y2) 2)
“m/(mg g ) Content
BB ¢ .
Matoriall) 18 W SR AT
Quercetin Kaempferol Isorhamnetin  Total flavonoids
YI 2.08+0.031b  1.69+0.140c  1.78+0.020c  13.93+0.459¢
Gl 1.38+0.015d  1.52+0.020d  1.89+0.021b 12.02+0.103d
YI 1.87+0.014¢c  2.56+0.064b  1.75+0.060c 15.51+0.090b
Gl 1.91+0.012¢  1.70+0.036¢c  1.86+0.046b 13.73+0.198¢
CK 2.92+£0.130a  2.93+0.056a 2.60+0.021a 21.21+0.154a

DY, #IHA Yellow leaf type; G M5 Green leaf type; CK; ¢ #8224
KA’ ¢ Taixing Dafozhi’ .

2 [ F) R[] /N 5 2B 3 78 RS TR M B R] 25 5% 88 3% (P < 0.05)
Different lowercases in the same column indicate the significant ( P<
0.05) differences between different materials.

F6 EMEFRZFREAHESHHETH(XSD)Y
Table 6 Dynamic changes of leaf color parameters of hybrid F,
generation seedlings of Ginkgo biloba ‘ Golden leaves’ (X=SD)!

L" at different times

e ANTE] R L™

Material®’ 30 d 45 d 60 d 90 d

YI 66.41+0.69Aa
Gl 49.54+0.71Ac
YII 61.98+1.31Ab
Gl 47.28+2.37Ac
CK 43.62+2.12Ad

60.38+0.96Ba
46.85+1.22Bc  41.99+0.89Cc
54.80+1.35Bb  50.82+2.29Ch
44.76+1.07ABc 41.29+1.83Cc
39.92+1.49Bd  35.86+0.63Cd

53.84+0.17Ca  51.93+2.63Ch
43.36+0.85Cc
55.59+1.46Ba
42.61+0.51BCc

37.19+0.97Cd

ANIEEI a®  a® at different times

R

Material”’ 30 d 454 60 d 90 d
Y1 5.50:0.34Aa  3.24+0.17Ba  -4.45:1.50Ca —-3.71+0.81Ca
Gl  -4.57:0.51Ac -5.97+0.92ABc —7.57+0.72Bbe —10.20+1.33Cbh
Y1 231£0.26Ab  0.24+0.22Bb  —4.63£0.20Ca  —4.64+0.40Ca
Gl -4.200.06Ac -5.25:0.10Bc  —6.54+0.57Cb —10.09+0.49Db
CK  -4.22+0.30Ac -5.85:0.78Bc  —8.65+0.37Ce —10.97+0.46Db
R ANEEEI 6 b at different times

Material” 30d 45 d 60 d 90 d

Y1 57.13+0.81Aa
G1 28.18+3.14Ab
Y 53.09+1.61Aa
GII 31.12+3.85Ab
CK 28.93+1.80Ab

50.42+0.41Ba  41.11£2.07Ca  38.29+1.60Da
24.69+4.57TABc 21.20+3.20BCc 17.43+3.02Cb
45.81+0.52Bb  40.22+0.52Ca  35.81£1.87Da
28.03+1.80ABc 25.02+1.86BCh 20.84+1.96Ch
24.42+2.17Bc  19.32+1.68Cc  17.58+0.76Ch

DL* . ZESHM Lightness parameter value; a™ : 215 A (H
Red/green phase value; b* : #/# (A 4H{H Yellow/blue phase value.
[T P AN RS 5 g 3 7 78 ] — B4R AS [] i ] 18] 22 5 425 ( P<
0.05) Different uppercases in the same row indicate the significant
(P<0.05) differences between different times of the same material ; [f]
GNP TR) /NG o7 B R R A TR) — B[] AN ) B4k 0] 22 57 12 3 (P <
0.05) Different lowercases in the same column indicate the significant
(P<0.05) differences between different materials at the same time.

DY, A Yellow leaf type; G: £ Green leaf type; CK: * Z83%
KA ¢ Taixing Dafozhi’ .

KT EHERRZTFREAHFEZLENSTENL (X2SD)Y

Table 7 Dynamic changes of leaf pigment contents in hybrid F,
generation seedlings of Ginkgo biloba ‘ Golden leaves’ (X+SD)!

Mo ANTEIFE]EY Chl /(mg + g7')  Chl at different times
Material 30 g 454 60 d 90 d
YI 0.20£0.03Dc  0.49+0.01Cc  0.62+0.02Bb  1.18+0.05Ab
GI 0.65+0.05Cb  1.34+0.05Ba  1.66+0.03Aa 1.35+0.00Ba
YII 0.23+0.01Dc  0.60+£0.07Cc  0.78+0.04Bb  1.18+0.01Ab
GII 0.81+0.03Da  1.39+0.03Ba  1.56+0.03Aa 0.89+0.00Cc
CK 0.67+0.10Bb  1.10+0.23Ab  1.24+0.08Aa 1.18+0.05Ab
M N[E BT IE] 4 Chla/Chld  Chla/Chlb at different times
Material” 30 g 45d 60 d 90 d
YI 2.70+0.07Aa  2.93+0.12Ab  3.34+0.45Aa 3.40+0.54Aa
GI1 2.72+0.05Aa 2.71+0.14Ab  1.83+0.08Cc  2.52+0.00Bc
YII 2.93+0.12Ba  4.48+0.74Aa 3.25%£0.22Ba  3.37+0.07Ba
Gl 2.72+0.05Ba  2.85+0.21Bb 2.08+0.08Cc  3.10+0.00Aab
CK 2.69+0.36Aa 2.86+0.17Ab  2.58+0.09Ab 2.86+0.06Abc
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£ 7 Table 7 ( Continued)

MR AEEFEI Car/(mg - g7')  Car at different times

Material” 30 d 45 d 60 d 90 d
YI 0.13+0.00B¢  0.12+0.01Bb  0.14+0.02Bab 0.17+0.01Ab
G1 0.16£0.00Ab 0.14+0.01Ba 0.07+0.01Cd  0.14+0.00Bc
YII 0.13+0.01B¢  0.12+0.01Bb 0.14+0.01Bb  0.18+0.01Ab
GII 0.18+0.01Ba  0.12+0.00Cb 0.10+0.01Dc  0.20+0.00Aa
CK 0.15£0.02Bb  0.15+£0.01Ba 0.16+0.01ABa 0.18+0.01Ab

D Chl; 42455 Total chlorophyll content; Chla/Chlb; M4¢Z a
FEEM 4K b & & 0 {E Ratio of chlorophyll @ content to
chlorophyll b content; Car: K8 N & A Carotenoid content. [A]
F1 PR IR) K S o B F R A R — BN [R) i (] [1] 22 572 12 35 (P <
0.05) Different uppercases in the same row indicate the significant
(P<0.05) differences between different times of the same material ; [7]
H AR /NG B 32 7 T [R] — I ) A ) B ] 22 S5 W 2 (P <
0.05) Different lowercases in the same column indicate the significant
(P<0.05) differences between different materials at the same time.

DY, #HR Yellow leaf type; G: £EM % Green leaf type; CK. &%
KAFE " ¢ Taixing Dafozhi’ .

41.99~49.54, “ Z&XKMH4E 19 L™ Ky 35.86 ~43.62,
BAACRE ALY LT 53 (P<0.05) & Tk &l
CTRDLRAEE Y LT WEEART 4 458 R

2ANE IR o 78 30 F145 d N IEAE, 76 60
F190 d B Ry B fE ;2 ALk RUR 2824 RAMEE 19 o
TEAS RIS a1 38524 1A, LBl 2 Bsf ) 4 B 228 Vi B I, B
MR sk AR BRI . 78 30~90 d,2 BTy
a' WEET 2 AN EIR F2RhTE ;2 At
AU o " 7E 45~60 d 1 25 FEAIG, 10 W 3k B ] 2 i 48,

®8 EMEHFLLFREARSHEXIERNRERHE

Bl e 1Y) S BREIST 1]

b AR o " AT, BEE I (] 3RS 2 T R&
e B R v e R B ORI 2 A A b
ERT 2 ANERERA ZE SRS, HE A b
FEAN [ ) 22 5 4 2 7 30~ 60 d PRE R R
232 vTHEZFLSEFHEIEN L5R(ET) ER.
CTERRAAE 1Y BRI (Chl) 7E 45 d B3
T, 7E 45 ~90 d FEARFE ;2 A2kt ALY Chl 78
30~60 d BE T, MTE 90 d B 5 3 FEAK ;2 AN it
AU Chl WIFE 30~90 d &3 T+, 76 90 d B K I
FRREIRRME, 2 N EM IR o G5 hak
2 b T HAYL(E (Chla/Chlb) FEAS FIRT 2 A g 1Y
FFRMUARMHE ", 60 d B, B RY T F1EE b2 1T A
Chla/Chlb 4351 Jy g i 5 T Fnggny 20 11 44 1.83 Fl
1.56 1%, H.2 A% AY ) Chla/Chlb 7£ 60 d B /)N,
M ZE 24 RABHE” 119 Chla/Chlb 15 A [a] I ] A i &
Ak, 4 A48 B RIS D R & (Car) BK
LRI K I T RESE LT kA T R A 1T
1 45 d B A, SR T Anggn- 20 11 7E 60 d A Fefi
24 ETRESHEMNERARETEN

I AT AR bR 0 SR R R, B 2 AN AR
BT RHES G5 R ILER 8, 45T IR ., WM

B AR e A, SR JE Rl 0554 # b |

Table 8 Subordinate function values of quality related indexes of hybrid F, generation seedlings of Ginkgo biloba * Golden leaves’ !

ZAEPrnUR B REUE  Subordinate function value of each index

bk i e RBRDRR MUK ODAMERESR WRER ODEMEECRA R
1

Material Seedling Ground Single plant  Root shoot Soluble sugar Starch Soluble protein

height diameter mass ratio content content content
FAL T Yellow leaf type | 0.052 0.779 0.337 0.532 0.401 0.752 0.531
kAL T Green leaf type | 0.117 0.462 0.583 0.260 0.478 0.873 0.209
IR Yellow leaf type II 0.387 0.574 0.314 0.208 0.073 0.203 0.258
R Green leaf type 11 0.311 0.535 0.355 0.241 0.122 0.078 0.140
CIRMKMHE ¢ Taixing Dafozhi’ 0.839 0.278 0.973 0.255 0.844 0.350 0.558

KIEPRIYH)E KA Subordinate function value of each index
i S B THRBRE
Materia Total flavonoids L* a” b* Chl Chla/Chlb Car Average of .
. . Ranking
content subordinate function

HHAL T Yellow leaf type 1 0.214 0.965 0.057  0.963  0.022 0.661 0.381 0.474 2
£t A [ Green leaf type | 0.010 0.376  0.875 0.141  0.043 0.041 0.097 0.326 4
AT Yellow leaf type II 0.383 0.879  0.236  0.864  0.033 0.863 0.366 0.402 3
kAL L Green leaf type I 0.190 0.314 0.794 0.272  0.289 0.218 0.557 0.315 5
CZEXL KA ¢ Taixing Dafozhi’ 0.988 0.042 0950 0.116  0.244 0.427 0.888 0.554 1

N

& Total chlorophyll content; Chla/Chlb; M4GE oSSR &

¥ N ZE A Carotenoid content.

SRS KN Lightness parameter value; a * ; 2L/t (AHI{H Red/green phase value; b* ; #/ 15 (A H{H Yellow/blue phase value; Chl. BiM-4¢2%
Y FL{E Ratio of chlorophyll @ content to chlorophyll b content; Car; S|
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[ 1% ( Phoebe bournei ( Hemsl.) Yang) 2 [F] i F4XA
A B, BIAT B9 H 0 AR KR, AR S AR K
PP A B g X OR L AR R K s A R AT
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( Caragana Fabr.) ¥i¥y">) B0 55 45 L2 W 3X 3 Flft
WA AT JC I AL, ARIESEH, ATV PR A E
By o i B S A AR A A — S R AR | 754 iR A 2%
2 F AREAR AP A KR (15 ~30 d) , 2 RS &
AR, FTRE S A RO AR AR KA G TR K &
MEH BT IR R, 9 H A H & i iR 3 s, T RE
TR EPUE, 3 R AR AT A AR A
AR E R NAFTE— & RIS, A 5 g —
W7 By X AT RE S A AR A 4228 B AUHT AR R
R i e AR R R T R R e - (UPS
F, BRI E— 2P R5T

BUHAAL G YR AR A A D (0 R ) e R
THEIR . AW, SR A 52 FOARCE AR 5 RY
BRI EY) SR B EMMT CFB2ORMIE Xl hE
SRS AL R L R W AL T A B —E KR
HEFE G W R I A T A 1A A2 7 1Y 5
M AR R, ] — it o A B R Al 5 ) 5 S A A [) 7 e )
FAERE S [N AR KB Bl 5 e &
IR BAEYIC R, HHERET U, B R
AR B 1 0 (0 18 2 T i 3

FIRY) TR B A K AT, AR IR R A
B AF 5 45 2R K B, M A2 ( Cryptomeria japonica var.
sinensis Miq.) 1 4542 SCAE A 5 5 P HE0E AAT 75
PEAR BT & B AR 10 2 B R 3 IEAHDCOC R AR
IS AT AR A T AR B IEAH OGO &R, SR
Myt 34] TEVRFE 8 55 ( Castanopsis tibetana Hance ) 2 4F
A E ORI R B R AR S A R A T A
BT wERIASAETE ] S AR OCHE . WO TR D 8 524
PSR R RIFE—E 2R AR ERKES
TP BTG AL SE R . AR5 S AR A 2%
2 FACEAR I R B RIS & 87 60~ 90 d HYHE K
AR, T AHG R 17 18 v AR A et e e
RP = e R i W) 20 HEWr 285 F) A R Ay
AR PR RO PR A B TR RS AR, T



10 N7/ I AR SRS A

932 %

FERSRIEE 1 RS 1E 90~ 120 d A B W3, g T
T HAR PR AR D X SR AR 5 PR ] YOG R
B RS — LY

AR Y R R R 2R B, —
WA B A% e A0 ) B B 58 [R) R 25 5 | X i
R R i oA XS A e as 7 np gk
S N B N B, % PR
IR G AR AL 5 SR 38 S A DG T A
Yyt A7 N RS R, AR
M R S a5 R R, &R A5 T,
FRBG Y (6 B AR ) S SR R A PR
SEHEIN {0 R 0 B A AE 25 5, BV o RS
RS R R T MRS, NI S T
I 700 ) (2 P B R A AR X 4518 S L Y R
T SCEE T T A AR — 3, Li DT AFERK
A R A S AR A () FEAT LU, A R
At R I ] AR K M S R G R R Rk
AR, HASH S D 2G5 i D Rk i AR A
17 SCAE O 3 1 Xk 4 AR A R Ak A A R A
FE WAL HE T S A G i 5 AR R R A AR AR
Kk, AWIEIEAR L IME T HRA L F, B SE
AR S GREE AR BRI
— A R R O B T ekt
AT A & oAl DL, 2R3 8%
K

BB — 2R A IS A 1 el diar
B JLANFE B AR X B2 Bt PR IR FH 4546 b S5 i eR 4
(ELAVE R B A T i V1 5 B o, SR TR o BIO(EL B R, 1 AR o
AR, AR T SR e FOARAEE 2
SRR PR A TSR R SR 3 A, RRAR 2K T A 2
SN, B BRARSESCHR Y BB SRR T AT SRR oA
BAEITE, AR ITEM LSRR E , &M A4
PR s b 8 T v R o R A A, LR Sy B Y
I1, 230 by e it R o AR T i B b, Dok
SR G AMEAR S E SR« 'S
GE b SR (Chla/Chld) SEESHUE (L) |
B/ EAE (") T & MARA A BRI,

SR 2238 FOARH R MBS NI NI 25, H A
S ARAT HE A BE Y B R AR D, AR IE
(S B0, ASHIFGE X TR AE KA i b T 48
Tl , BRI R4S R B0 1Y 6 AR A A, 5 10
R T PO AR A IE N 358 VT S5 AR M R ¢ 2R %

WhdE VE R BRI T XT H, DASRAS T 2 4 AR A S A
HIAERFRESIE . ARG RO R T AR 24
2 F, AR A, (H R T BEADRR AR 52 1
FUA TR B2, J5 S B 5 4 I R A &5 S0 00 1 44
TR R AN X T RS AR . D380, B S b G AR S
PRI 22 A, BN TR AR LR AR A D) PRI
KT FACEFRIMERE . AR ARZELR 150 d B,
A B FEA R, B SERIAC ST A A A &
HAE 2 120 d, X EEHEFAN TAEFR AR 2, thxt e &2
B TARA — & I SEAEN . W ORIES W28 s B b
TAEMRFI AT , T BEAE 4 W AR AT 38 A M 147 22 A 5K
5 P S R T AR AT A, g R —
B3 P | 280 2R IR I nT AR AR e ET I

SE
[1] STICHER O. Quality of Ginkgo preparations [ J]. Planta Medica,
1993, 59(1) . 2-11.

[2] WA, A, JLHSE. BT FTIR A AR M S 5IAT 581 ],
thE A A E R, 2009, 25(4) : 88-92.
[3] Efmse. ARA[M]. dbat: PEBRLIEREE, 2007: 101-104.
[4] LIWX, HEZ C, YANG S B, et al. Construction and analysis of a
library of miRNA in gold-colored mutant leaves of Ginkgo biloba L.
[J]. Folia Horticulturae, 2019, 31(1) . 81-92.

[5] T8, sk &, BRIk, 55 SuHRAT- @R RSP T].
B RO R 2224 ( A ARBLZARR) L 2020, 44(5) : 41-48.

(6] fRJT3C, Whss. SR LT SOCERIEMT[T]. 28
Al B2z, 2011, 39(25) : 15410-15412, 15494.

(71w R, 2 9, PR OB, A ME RERRRG R A O A AR
B AE SIS ABAITE [ T ], R RUROl 2 24l ( H SRR
M), 2022, 46(4) : 77-86.

[8] EXH, W &, WV, % Zhis - RAR AR T]. #
ekl R, 2017, 46(6) : 31-34, 69.

[9] Wi, Wimse, WILZE, S WA HT Al TR 4 X
et [ J]. hE MO R 224, 2012, 32(12) : 125-131.

[10] X W, BRW, & &, % RS mA T oL E RS
BrLT]. B EbROl R 224 ( A SRR , 2020, 44 (1) .
193-199.

[11] =¥, Ems, B A, % NaCl A3 FSRATR H Fe T 40t
WAOCE AR Pra et XA EE R [T]. vEdLkk
EBEAEAR, 2020, 35(2) : 64-71.

[12]  EwmB, E #, EioR, . AE LR ME bk
W e R S A A R R SR [ )], R MOl R AEE R (A
SRBF2ERR) , 2023, 47(1): 121-128.

[13] BEHH, B0, MR, REBIERARIRELT]. Witz p
4%, 2002, 19(3) ; 235-239.

[14] = 5, Fooi, T, 4. SR A sl S 653
FRLT]. ZRAEMRlb a2l 2021, 49(11) : 8-12, 22.



%4 Tk, 4. &MRELSS F AR AA KA G437 11
[15]  AhEEag. Bl RN 22 Bl (0 B 285 by AR A% AR A0E B HE 78 3% 43 19 ) [27] JOHARI-PIREIVATLOU M. Effect of soil water stress on yield and

AT D]. R el k2%, 2006 19-23. proline content of four wheat lines [ J]. African Journal of
[16]  ¥Fdklr, 2RI, XVE4e, & RARF K R EED Rt Biotechnology, 2010, 9(1) : 36-40.

BB 22 5[ )]. ZVMIISE, 2022, 40(3) : 27-35. (28] xlgtke, myjy 3, SAREfE. DRMEANF FEILAEY S
[17] BYAMUKAMA R, JORDHEIM M, KIREMIRE B, et al. WEI [T, R AL RN, 2014, 41(3) ; 30-33.

Anthocyanins from flowers of Hippeastrum cultivars [ J ]. Scientia [29] #giutts, ¥ &b, AP, 25 5 RS LB YB3 ST Y

Horticulturae, 2006, 109; 262-266. TR T]. sl RSB 2B R ( BARREERR) | 2005, 36(6) !
(18] zZ=&7E, B BF, BXUEAS, . A4k FA: (b 50 50 R A R 677-682.

[M]. 63T, @53 AR, 2000 134-137. [30] % B, skTrs, skmi®d, &5 RIEEAI T AR5 R A
[19] H Jy, REEM, wl, 5. B 0025 R SABRIT A 5 1 AR ABRRET]. Mok BHETF %, 2015, 29(6) : 76-79.

FELT]. MmOl K2 (A ARBEE IR ), 2021, 45(1) . [31] % #&, A, BR¥, & b =i 6 M AME LR

21-28. AR TG T]. RO RHE R 2 4R, 2019, 39
[20] ERWcwc, X B, Bk K, S BRI AR AR (12) : 70-76.

SR FRARRT]. AL BHE K224k, 2018, 38(7) . [32] MEEDE, WM, &%, % PBRBEARRREPIERER

71-75. R £ [ J]. PEHAROLBE 4%, 2020, 49 (4) . 105 -
(217 F¢ #k, % 5, BBE, %O EHOKSESTE Am T ARE 110, 117.

KAV AR B RS R [ ], dbstARoll R4, 2022, 44 [33] REUE, WA, BB, S XL R BB X WA

(4): 12-23. B K J% HOH H A B AR 0 BT 1] Tl K25 4t
[22] B WF, x03dk, Br W, &5 ARFESCER 1 AEEREAK 2016, 38(1): 27-33.

W BRI SEERF ST [ 1], VLA BE IR, 2019, 34(3) . [34]  ZOMEMF, VIIEDE, BR A, S5, T it AT X A SRS AR R AE 3R

91-97. PERZM[T]. g ARl B R 2 2= i, 2016, 36(3): 33-
(23] VPEEME. BRTEER S p M AR R A SCIABT [ ] A Ak 37, 95.

AR, 2020, 47(3) : 19-22, 39. [35] E J, I, VSR, 45 2 MR B amnt G S8
[24] PR, Rmfe, L/, . QAEAR 1 AREREF AR R T A R[] WITTARMR R 2254k, 2021, 38(1) : 138-146.

WFELI]. Fr Rl B, 2021, 49(3) : 11-14. [36] ZETLE, JE M, #ihs, % By 2 Gy SO & RE
[25] #REEG, QNG T 45, % BN KRk — £ R R WEgEHkR[T]. 224, 2005, 32(2) ; 352-358.

AR ], SRR, 2010, 38(11) : 207-211. [37] LIW X, YANG S B, LI Z G, et al. Cytological, physiological
[26] FAE, Bk, i, & AR TRE R 8% and transcriptomic analyses of golden leaf coloration in Ginkgo

ARSRARATEBEIE (1], MO B, 2003, 39 (BT 1) .
179-183.

biloba 1..[ J]. Horticulture Research, 2018, 5. 12.
(FEHRE: RER)

(EYRBEEREFHR)EE

N T RBHOWFIRE B ST S E BRI (R B8RS PREE -2 41) CAe A vh B2 AR R Ole i) 7 4 1

J5 B ——RC A TR 0 o SORHE I R BCHE A 45 00 28 SCRRBE D0 i, FLAEAR ) e 3 A998 SORE 2 A KCHE P8 3t 1 1 523
A MG ER VR I VR 2 S A RSN — DR ZR 5, AN 55 A5 o A 28 AN TR) JB0Ks SO i A KICHE T8, 38 1 SR A I P B, A
FIPHEBOE 240

QQ: 2219161478,

R B2 TR 5 SR 88 2 4R0) 19 F R BT 41k N http: // zway. enbg. net; B¢ & HL §if ;. 025 — 84347014 ; E-mail: zwzybjb @ 163. com;

CHIMY GRS PR BT A1) 2 8 4
2023-07



