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Variation of seedling physiological biochemical
indexes and early selection of Ginkgo biloba
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Abstract. In this paper, physiological biochemical indexes and growth characters of different Ginkgo biloba {amily
were studied. The main results were as follows; the differences in physiological biochemical indexes and growth inde-
xes were all significant. The correlation analysis showed that correlation coefficient between NR activity and height,

seedling biomass both reached positive significant level, correlation coefficient between PPO activity and height, seed-

2009 4£ 5 H

ling biomass bhoth reached negative significant level. So they could be selected as early selecting indexes.

Key words; Ginkgo biloba ; physiological biochemical indexes; variation; early selection
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BUS BB BRI AKERAE, S LRR O RKRE
NEB R BT R R R BEM S KE
KER.THFRE WR.WE. TR .TSEEARKR
M BB REMRIE A XA FITHB RE RSN 1.
2.3.4.5. AT 8% % AR RiksT, KB 20 4
2FRRER . BIENEBERBAHBHH FE
HXEBCK), REHMHFHEVR, REF/E,
TF 2004 SELEVTFF 4 VL AR TR A B Bk B X 58 & B L
KABH IREE.

F 20055 AF.7T AW AWML ANKRERE
BAEEPRNER O REARTRERAEE
MRARREINER)  REMEFBREITRE N
FRATABEESE . TEEEORS R . BELY
WARESE A BEERNNE, SEEE] 3
BREKESFENGEATHRERBEE. SHEL
BEMERNE. T RARSERET, SHEAKEY
7 R E LB AT .

1.2 ER A%

L2 1 A2 A Ml TREESBRAONE
AR EaE#TNE ITHREEARRASDS
BRI G-250 Bk HATINE , RRE R B (NR) 1 HE
EXRAFEERENE(EEBEHE¥ES,1985, BEHLY
46 B8 (SOD) I M 0 /8 5k A IE LW 4F (1995) By &
HATWE, TR EE(POD) BHNE S BB £
FAOWMFTEHTINE, THEMBEENES
MRk IERE S (1998) BT i .

1.2.2 A kg4re ML 2005 4F 10 A PSS
EFLEK. EMRRBEHEMEILEE 30 %, AN
ERAWHFRUEBEHGNHE, BFHE, 84
ZRABIMEIZREE S RER 5 PRIR AR 8
BWEYEHTWEST, RPEHE. SEKRBEY
BA 80 CHAEIMTEEE. KEBRAKREYE;
EBREYE=ZHBEYE+RIBLEYE 4
YE.

1.2.3 it 24 R A Excel2002,SAS V8. 01 #%
3¢ EEBARHIT R T

2 BERAA

2IMREBELERNTR

M AEBALERHNERELE L. FES
R, ZRBH NREMEAES HWFE=17.22,Pr<
0.0001).7 A (F=8.74, Pr<C0.0001).9 A (F=
2.94,Pr=0.000) X BMBEZRKF. NRIE
HHEET M AEL,7 BB NR ERER, FHE
%) 42.31 pg - gt - b*,5 Bk, EHME 29. 93
pge gl s b9 A BAK, FHE 24.91 pg - g* -
h', ZEABE NREE=KMEG A.7A.9 A)H
FHEREXD TR EEERKFE(F=44.97,Pr
<C0. 0001),

KFRIEH POD E 7 5 A (F=53.68, Pr<
0.0001).7 A (F=22.59, Pr<0.0001),9 A (F=
86. 65, Pr<{0.0001) # &£ F T K B F 2 R K¥E,
POD FEHMEE B4, Ko 5 B H&EMK, ¥
BER 0.350 pg + g* » min?,7 AHRZ, FHE
0.526 pg = g! *mint,9 A B &S, ¥ H¥EO0. 789 ug
« gt e min', BRFKEI POD & #: =Wl £ 1 F 1
HEAEB THREEEFKF(F=66.39, Pr<
0.0001),

KR IA K SOD WiEHETE 5 A (F=13.68, Pr<
0.0001).7 B (F=15.59, Pr<C0.0001).9 B (F=
18. 65, Pr<C0.0001) #f £ B T 1k 8 & £ F K F.
SOD K& ZE T 2Tk, 5 AH BRI, F¥E
23.338 pg+ g7 AHRZ, EEHEE 30. 694 pg -
g9 At F¥MH 36.245 pg - g’ KRR =
WWER SOD FHNTFHEEAREZFER(F=
21. 16, Pr<<0. 0001),

KRB K PPO IEHTE 5 A (F=54.16, Pr<
0.0001).7 A (F=42.10, Pr<C0.0001).9 A (F=
20.67,Pr=10.0008) #f ik 8| T 1k & & £ 7 K F,
PPO JEMEFEZE WAL A2 1L,9 A h &, FHE X
B 77.450 pg - g, 5 ARz, FH{EE 54. 493
pge gty AREAL, FHE 31.160 pg - g'. KF
A=MEK PPO BHENTEHEFAEED THRE
2 Bk (F=34. 06, Pr<<0. 0001),

REABMHFHAUBRHEASEES A(F=
3.06,Pr=0.0005),7 A (F=5. 18, Pr<C0.0001),9
H(F=6.31,Pr<0. 000D HEB THREEFERK
., IBRHEASRBEEYAAWEML, HF9A
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Table 1 Variation of physiological and biochemical indices of leaves between families(mean= SD)

F?f?j NR(pg » g + b) POD(pg * g! + min?) SOD(pg * g1)

les _ 5A A 5 A 5 A A 9 A 5A A 9 A

1.1 43.83+2.75 53.47+2.55 21.0140.90 0.46+0.02 0.74£0.10 0.95%0.06 20.2240.96 23.221+1.28 26.0+1.60
1.2 26.1742.36 40.0+4.20 23.81+2.81 0.50+0.03 0.76+0.18 0.85+0.04 11.1142.39 17.6743.19 24.0+3.99
1.3 32.5041.32 32.87+2.60 29.43+0.95 0.4840.06 0.73-£0.09 1,0540.07 16.6742.55 23.2243.39 24.0+4.24
1.4 25.83+1.31 22.204-2.61 21.2340.41 0.464+0.03 0.80+0.14 1.06+0.08 22.2243.01 28.78%4.01 40.67+5.01
1.5 24.60+1.22 25.68+0.87 15.09+0.60 0.63:£0.04 0.9540.05 1.231+0.03 16.67+3.12 26.0%4.16 37.89%5.20
1.ck 24.2841.23 24.37+3.05 23.7542.15 0.5340.01 0.7940.02 1.2540.08 27.78+3.47 37.1144.63 37.89:+5.78
2.1 31.33+7.52 51.3643.92 27.3440.35 0.2640.03 0.3940.05 0.56+0.02 8.334+2.55 12.11:£3.39 15.67+4.24
2.2 28.33+2.84 52.66+3.48 25.72+1.89 0.2940.04 0.43:4:0.06 0.6240.01 20.22+3.85 23.22:45.13 34.331+6.42
2.3 43.6746.60 53.90+1.93 16.3240.93 0.2540.01 0.37£0.02 0.78+0.02 33.331+4.41 37.1145.88 46.2247.35
2.4 26.17+2.36 56.1546.09 21.671.78 0.2640.02 0.3440.07 0.84+0.04 40.89+4.41 49.045.88 51.7847.35
2.5 22.17+2.08 27.4242.61 23.8340.66 0.2540.02 0.384+0.03 0.65+0.06 25.0+3.33 31.5614.44 35.11%5.56
2_ck 24.8340.29 33.5142.61 15.374+1.32 0.2540.02 0.384+0.03 0.56£0.02 27.78+4.19 37.1145.59 40.67+6.99
3.1 23.6745.39 77.4743.05 19.84+0.94 0.541%0.05 0.814+0.07 1.0240.04 33.331+2.85 45.4443.80 51.78%4.75
3.2 27.17:t4.93 66.594+4.35 24.0543.25 0.5140.04 0.79+0.20 1.1640.05 30.56+3.90 39.89+5.20 51.7846.50
3.3 31,96+2.31 79.65+3.48 19.67+0.91 0.494:0.05 0.73+0.07 0,94+0.07 8.33:+3.08 22.224+4.10 27.78+5.13
3_4 33.29+1.59 33.92+1.87 29.20+1.15 0.174+0.02 0.2540.03  0.49+0.02 19.44+2.55 24.0+3.39 28.78+4.24
3.5 31.29+1.50 36.12+2.61 25.0140.56 0.2040.02 0.25+40.11 0.58+0.04 16.67%3.33 23.2244.44 26.7845.56
3_ck 16.83+2.25 34.82+41.31 21.38+1.67 0.38+0.03 0.5730.04 0.6040.03 16.67+3.85 19.6745.13 24.78+6.42
4.1 36.17+4.80 49,6240.44 28,98+3.32 0.144£0.02 0.1640.03 0.38+0.01 13.89+3.19 23.2243.2 26.78%6.99
4.2 32.5042.60 42.6542.18 17.89+41.17 0.2+£0.08 0.34£0.05 0.5940.03 25.043.47 28.78+4.63 35 1145.78
4.3 34.00+2.46 39.99+5.73 27.88+2.84 0.45+0.02 0.68+0.03 0.75+0.03 41.67+3.48 51.0+4.63 51.7845.78
4.4 32.67+2.93 45,26+3.05 27.2040.90 0.18+0.05 0.2840.07 0.68+0.05 25.0£3.14 37.11:4+4.18 46.2345.23
4.5 29.174+4.54 53.974+3.05 27.3641.17 0.26%0.02 0.39+4+0.03 0.764+0.03 22.224+2.98 34,3343.98 40.67+4.97
4 ck 26.17+1.30 32.50+3.05 23.85%+0.72 0.2440.00 0.36+0.01 0.60+£0.04 37.11+£2.55 41.67+3.39 43.4444.24

PPOCug - &) ARHEAER(mg - g!) ARHRS B (mg - gl)
Soluble protein content Soluble sugar content
5H 7H 9/ 5 A 7R 98 5 A 7H 98

1.1  48.33+3.51 35.25+4.18 76.13+5.53 14.3841.62 10.194:0.68 15.93-41.86 6.584+1.91 11.25+41.01 17.63+1.34
1_2 36.0+4.58 27.043.44 56.7+7.22 11.474+1.34 10.89+0.45 15.474+1.42 3.41+40.90 4.874+0.28 7.09+0.69
1.3 41.67+43.21 30.75+3.27 64.46+4.73 14.814+3.21 10.27+1.84 17.9240.43 5.574+0.72 7.954+0.78 10.63+1.02
1.4 65.043.61 48.75+2.70 89.83+6.65 13.20%1.82 11.44+40.84 17.33+2.67 5.274+0.50 7.53+0.73 9.4840.50
1_5 61.04+7.55 45.75+5.66 85.40+£10.57 13.7442.72 11.91+1.62 13.484:2.26 7.5442.43 13.8440.77 19.07+1.09
1_ck 63.0+5.50 31.5042.75 88.2047.70 11.0442.27 9.57+1.23 14.92+41.31 6.384+1.75 9.504+0.75 14.424+1.20
2_1 88.6748.14 44,3344.07 107.45410.92 13.53+1.26 12.954+2.31 14.17+43.10 5.704+0.59 8.14056 10.87+0.91
2.2 37.3348.96 16.88+4.14 65.3345.69 14.23+3.58 14.29+1.75 16.494+1.82 4.9840.65 7.1140.62 9.5940.70
2.3 64.67+3.06 32.331+1.53 90.53+4.28 16.01+3.75 13.9341.81 18.6942.86 6.73+0.53 9.6140.51 15.4140.82
2_4 76.01+4.00 37.0%3.61 93.144.90 17.074+2.36 14.8041.31 18.23#41.14 7.31+0.31 10.4440.30 16.3440.90
2.5 53.33%3.06 26.67+1.53 88 67+8.81 12.51+2.41 10.8541.35 18.2540.05 6.0940.51 8.70+0.48 13.18+1.18
2_ck 64.67+1.53 33.331%1.04 89.37+4.10 13.46+2.54 11.6741.47 16.18+0.25 5.8340.70 8.33+0.67 11.54+0.84
3.1 26.6745.77 13.631+3.18 44.92+8,98 17.00+1.50 16.3141.35 20.94+1.95 5.694+0.54 8.1240.52 10.70+0.93
3.2 23.67+44.51 11.8342.25 41.42+7.89 11.45+2.49 9.9241.43 19.4541.85 7.76+1.78 13.43+0.86 19.604+0.72
3.3 25.1745.01 14.1042.26 44.041+8.76 14.82+2.81 12.85+1.70 16.00+42.00 3.8040.77 5.4340.22 8.1140.84
3_4 80.0+1.80 46.58+2.91 98.0+2.21 16.31+£2.67 14.134+1.59 21.5042.60 5.314+0.56 7.594:0.53 9.7240.54
3.5 41.33+£0.76 23.7541.79 61.54:46.05 17.1542.25 14.48-42.10 20.734+2.15 4.654+0.41 6.644-0.39 8.52+1.04
3_ck 52.17+1.61 30.3+42.26 82.1642.53 18.224+2.34 14.9742.61 20.58+3.38 5.77+0.52 8.2540.49 11.26+1.10
4.1 55.83%2.57 33.5+1.54 87.94+4.04 15.994+2.90 13.8641.78 22.75+3.05 5.86+0.53 8.3740.50 12.34+1.11
4.2 57.17%4.86 34.3%£2.91 90.04+7.65 18.07+43.18 15.4442.37 23.954+2.05 6.0240.65 8.6040.62 12.1641.30
4.3 88.33+1.53 52.042.50 108.214+1.87 20.57+3.11 13.2242.05 25.4040.40 4,754+0.54 6.7940.51 9.83+1.00
4.4 54.042.29 31.4+3.06 80.79+2.85 19.05+2.75 17.5443.41 25.74+3.75 6.6042.31 11.4640.66 20.47+2.66
4.5 47.0%+2.18 27.242.72 72.86+4.91 20.9540.85 17.78+41.95 23,99+4+4.81 6.66+0.58 9.5140.55 14.92+1.31
4_ck 32.83+2.36 19.741.42 51.7143.72 14.914+1.19 12.9240.30 22.42+1.62 5.464+0.63 7.80+0.60 10.1240.74
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Table 2 Variation of growth indices of plants between families (mean4SD)

KR FE (cm) ## (mm) BEAYER (0 | HKER W& (cm) #B (mm) BHREYR (2
Families Height Diameter Seedling biomass {| Families Height Diameter Seedling biomass
1.1 40,18+2.09 14.124£0.92 16.2610. 86 3.1 42.72+2.50 15.4040.51 18.18+0.74
1_2 34,48+1.26 15.6840. 30 15,9940, 34 3.2 41.1042.05 14, 8010. 54 16.02+0. 66
1_3 37.454+1.26 15.4140.63 15.9040. 57 3_3 44,47+0.87 16.81+0. 24 20.7340.17
1.4 29.62+0. 86 14.66+0. 62 12,0:£0.08 3_4 32.96+1.02 14.9040. 54 14.314£0.05
1.5 27.0140.95 14.3940. 32 12.6040. 20 3_5 31.45+1.34 13.9140. 30 12.5440.17
1_ck 28.26+1.59 15.84+0. 27 11. 6440, 38 3_ck 28.51+1.38 14.494-0. 29 13.1440. 30
2_1 36.18+1.59 14,414£0.42 12.7240.62 4.1 36.38+1.76 16.55+0. 46 17.644+0. 26
2_2 29,7040. 68 14.0940. 52 12.54%0. 32 4_2 40.9542.00 15.1540. 39 16.44+0.69
2_3 35.52+2.00 15.7040.52 16.0540. 33 4_3 35.74+2.45 15.93+0.28 16,1740. 71
2_4 31.68+0. 65 14.04+0.27 10.9840.16 4_4 38.741.60 15.6140. 26 16.3540. 39
2.5 27.14+1. 38 13.5240. 32 11.2240. 45 4_5 29.78+0.64 12.4840. 16 11.5240.09
2_ck 30,424+1.25 15.894:0. 31 14.4040.13 4_ck 34.68+1.59 14.3040.53 11.16+0. 43

R, FHEXE 19.187 mg - ¢g*,5 AHKZ,
FHERE 13.174 mg - ¢',7 Ay 8K, T HEE
9.187 mg - g'. RRAA=ZRMENTBERLRELSE
MEHEREEB THREEZERKF(F=4.89,Pr
<C0.0001),

HAABEEESBRESAGENAR. 9 AHh
BE,EHEET 12.62mg - g7 BHKRZ. Y
6 8.72mg - g*,5 B &AL, F1{H 5. 82 mg -
gle RERRMPAHEMEESERAE S A(F=4.53,Pr<
0.0001).7 A (F=3.41, Pr<{0.0001).9 A (F=

35.74,Pr<0. 000)#EP X B THEFERKFE. ¥
RE=ZWMBHMATEHERE S BN EHERAFESET
8 EERKE(F=128.16, Pr<0.0001),
2.2 EHEKERNESR
EXFEKERHNEELEK 2. FESNE
WHRAFABWERERMEE (F=5.95, Pr<
0.0001),24 MREMEHEHMEE 38.38 em, R &
FRERRERE17.16% ., FEARANBEZERRE
E(F=4.18,Pr<C0.0001),24 ™R R H 2L
R 14.92 mm, ZRRBMEFAKES 1T, K

RI AKERNERRFROHEXREY

Table 3 The correlation coefficients of growth characteristics and physiology indices

. s WMME MRk BEAY  EME  TEEEA TR
Height Diameter . Yy % AL EE 1L i Solub'le Soluble
NR POD SOD PPO protein sugar
Bk H Y B Seedling biomass 0.8343 xx 0,7322xx  0.6308 **  0.1375 -0.1006  -0.4050 = 0.1250 -0. 1362
& Height 0.4758 % * 0.7609 x*  0,0878 0.0363 -0.5313 %% 0.1794 -0.0253
#4% Diameter 0.1915 0.1302 -0. 0045 -0. 0858 -0. 1086 -0. 2411
WML R A8 NR -0.0960  0.0282  -0.4584 %  0.2786 0.0293
dH LY 8 POD 0.1066 -0.1531  -0.5174 %  0.1979
B E Y 4L RS SOD 0.0369 0. 3287 0. 3591
M % 1LE PPO 0.0563 0.0242
"% E 1 Soluble protein 0. 0080
L, xx FARMARBEPEERBR B EFXLRAKF
* , *% meant correlation coefficients reached significant or very significant level, respectively.
REMBMEYEERREE(F=1163,Pr< ¥ HEEPEBEIER.

0.000D), 24 MR EAWBEH(AEMETFHEE 14. 44

S RREINER R 19. 450K 2),

2.3 ERKMREEEEIRNEXXER
BHTFRAERRZB M —FEEARNE K EREK

AYBR@EER.Z00 BHRHE FHBRAS

YA B E KT, HARBENZEHHEELRR

B3 3 ATLUE ), of i PR R R B8 (RO #1 5 Bk
YR EH X RS H] K 0. 6308,0. 7609, #F
BETREZEFEMIKTE. EBHEAESREEY
B.HE Mk RE 4 5 -0, 4050,-0. 5313, 41 51
HF B E SRR EE GRS KT KR A B
WMARXBBEHREKE. TUWEHEHBRE R
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B EBMALBIYREEARHERRRG.

KRHERASYZ B AR RS E
1Y 57 W YR AR R R H K0 5174, 353
THREEERKFHRAMMERES ZHEAN
B (AR E R M, 2-0. 4584, 5831 T BEKF

3 Wk

— R B AR O B B ER AR, BT AL IR IR S
B EREEEERY, EEM TS -EERR
g, BRGAH T RIEMGBETH BRI AT R
AR R KM, 2K RANFERER D
e, REMYWERKZREMAENNELW,
EHEYHERESNEE I ESMEERBNEMLE
B, B3 AR A 1 0 AR KO R LA T R R B
YK EFTHRITER.

FEBSFAIIDRT TR NR MEE, AR
NREARRECABEHMWEEREZ - LY
EAMHAERKEMHE, 7 A NREhEIEARE
KRBT R I8 F7 . TR SE (1994) Xf 39 AN AL {1
WM ZM A8 NRIEEHTT W E, SRR
R IR IR WEEKES NREEE
MEENHLELR.

EMRPREZRAMN NR EHEREH TR
BEZRKFE, NREHEEIA<S A<T A, X5
WMAEWORERABRER R -, BEHE AR
SAEKMERE, BEE 4 A LPAFH.6 AR TE
FEH L NFFE 10~90 . EEFERF G, 23R
MBI EAR, B A SR A B, 3 A B i g at E AR
HoEARERAERKRREEAEL., NHEITE
REBEM T NRIEHESHANEKREYR B S
WX RABER THREEEZRKFE, Bt A&
NR AR N SRR A 4 KRB — A 845, BT
IR NR BF3T , BB A M B MIEM & R, 2 {R#
WAEREFmH—MEBEANRE,

PPOREHWHME CHEEFTRHPHABE
TR RS EY N EEA X RS KEER—
BE5BMER XM RA LA R, EBKEQCODTE
MECHE FBEEEH B CASSREEARARLT
AR TR PPO G HHTNE, 52 %
Bl PPO W 51 AR ILEES 0 B4 14
KEABHXK. PPOEHSERMWAREARRE E,
Gonzalez % (1991)ESE PPO iEH SRk MEFE K

BRARE,

EHRPHEERREH PPOFEHEREET
BBEERKFE,PPOFEHARDEAARE T AL
5 A<9 B, 58K O MM RLELE—BHN.
MH R RKE BAMN A PPOERSHRE
BAMBKAYE HEHNHEXREEEHTES
KE,HIEL PPOBEAENBERANEP LR
AT

& B XREHARERRVIER R HRE
RARAMBEFERE . SABSE AR AYE.
BREYEGFETFEYNARBEEER CERES,
2007, AXWHRLERORN, EFRREKRS
HETEREREENRREAIEERAA K
s LB BEER, S — L UL 5 B T LUk
BERERKNWEMBEE SR PEEFHTHRE
EEZEKBROERBEMER.

ZEXH:

FigEEE S 1985, MYWANEIBRFMIML LE. LER
FPOR AL, 30— 40

KPR 2000 BRBEHRFEAERNERR T SRAERAN
PEEID). iR R K2, 45

Deng Y (X #8), Sun MG (#h 81 %), Zhao YT (R £ ). 2002.
Variation of seed and scedling traits and seeding seclection of
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