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25, AR gR SN E T 60%, AHMFEHE PRAKEGRTEEEEST (P<0.05) B4; A HBRAMH
FERSREERTBYA (P<005) . 10 HMEMRAH A, BHABIGERHE, AAEEafb &R, RS
EHBESTBA (P<0.05) , AFBUMNEGELR N HLHN 583% 1 48.8%, HAOEMInY TR ELESR. AH
MRS EEHE (1407gkg™) BT B4 (1273 gkg™) , 9l 5 Ay FRET 34.4% 132.2%. A, B HZH=Z A+
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Ca+ b HYLLIEIY FREA 5. F 2B BR TOLIRAEL,
RIS A, B RRALE] (15 °C/10 °C)
SIGIRARINE N (PAL) W6, M ERSE LS H N
gy, SRR A BB S AR R, il
AN E K RAE R B N mRNA 5%,
D AET BRI, BROCRANERE A FAh, LRI
BRI R A R AR E R BT
SERFTEARI, A (0 ) ) A AR RO i R A
AR TAERF G R, T3S Y ukpia B T204E
LR A e E SN A R R L) 1S G O I
SERET AL, B AL BERE N 5 H E AR T ANS
UFGF FEHRIFIE, et B R mMEH R,
AR O B B R R SR R e,
AT 2R AR AR A2 BE R R AL AN ], 26
&N RRETERY, W IR AR aE R, 4y
fp NG . AR EE R, Y P REE IR
FesE, JEWIE PR EG RS, 5 RSB
HHREGW, HE R, TRk
WA R e, DRI HEAF X 2 B DA AE (4] 30 28] 2% €2
RIEAR NGNS ETHEH,

[ ABFFIAR T B A bl — Bl 5 e 4 1]
fRh, ARSI E AR T—R, kTN
—IHSEI NG, BRI P ER s, SOE AR B
PR RE A SCAL R BRI, 2018 AFLIK, MRel4R
A RIE P55 B AT B S 22 | i B AL [a] 4
BURIBLG:,  ELANRIARL IR (]2 4 B PR T T LA 3 -y
ZEmpE R R B R 2 5, P E R A P AR A Rk 3
B ELE R SRR A, AR AT 2002 4,
AT B AR BRI R/ INIE AR — B, R TRl U 21
— B IEPRIEOL, SIS SR A B S i B
PRI REJE: 3K o0 3l R A KR IR DL A5 A 1
[ U DA TR ] A BT AR Pl SR A5 i S HAR 2R
JEI Bl AR I X G, I AR U B AR A I A A
MR, MY B SRR L e A
B, R IR RO S B OO AT A K
SRR, A BGERAAER  PRIERA e AR
KA IR AERE 4R T

1 RS

1.1 AREXER
{01 T S AR Rl T N < v T R o i e
(30°1529.8" N, 119°44'10.9" E), J& T W HiFZ XS4k,

AR 164 °C, 4EH IBRE 18473 h, 4
YIRkoK B 1613.9 mm, [FKH 158 d, JCRAMIEF
237 do WS X AR AR T 2002 4F, —ELIREE
G—EM, BRI IEAPUIEPA, FRibz b
TCHAb AT B e 5%
1.2 HmRESE

2019 4, AR 7 AR A el AR A T P AR A
FAERAGOL, BT AR 0 AL B I, JE
T 7 X6 14 BRARAY 5 A 2148 B 41 B9 4R ¥ A (] i
AR, FERA A IC2E R S A a2 B
SR 10 H Aol i e, 10 HiRRER R
JE R - S RE S o i R R LS R K eb e L e A2
BFKUE R AG R, R A 5 =
AR s BIARERATRETH T RS &
WsE . HIERERCRSE, TEF-—REFITHN, ZHH
+, REWALHE, REFEEN 0~20cm. HFXR
£ J5 1 S T IR AT, KT G SRR S
2 mm PS4 H
1.3 SthEk
1.3.1 HppAES MY ER . R R
AR S B E S A AR s, fEER
HEENES I Lee 5509 (1515, WeVESsh. HLO.1 g
MR, B ZERKETRE, 10 ml 0.1% $hPR &1
EIIREE, MISE 530, 620 F1 650 nm ZbAIOEIE, Hi
Yraswh, 8. @S ENES RIS B0 1\,
BOHE 8 5455 FE 5 0.1000 ~ 0.2000 g, 2K FH H,SO,-
H,O, BT B LIk an A B, 2 F ARy 1ok |
SRR RSB A . S8R B EEED
132 RS VLTS B g%
0 (IR ) Tk, IR TER R 1A
E, BHESOKESRHEEEE . 15 pH SR A pH
e, KR 15, A HLER A4 E R
Elementar JGZ 5347 ( Vario EL cube, fEME ) ME.
- S R T R B RO U, O
K CR R SE — JAECEEED E , AR & ok
FHRRR S AR AR BT L e .
1.4 HUEALTE

Jilr A 32 56 B4 18 B Microsoft Excel 2003 i# 47
B TALH, SPSS 22.0 MU E AT AL ST o0 #
KN E T 223081 ( One-way ANOVA ) /N
EEH (LSD) il B EWR I MEH L (a=
0.05) , JIiH Origin 2018 A/F#ATER .
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2 HER5H

21 REMBEEREZS=E
TAMIAN R EOMCEES

WEREN (K1),
ABBAETFEHE NREE (P<0.05) BF&
T B4, (APAURA R s Z MR
WIJC 25 AL B I IR] M F (] i Pk o
WICEXER W aRMEE A (1A
A, BWYURAN bR a+ b HAIE RN E

Sy 60% (R RIS ARG FE ) 17, H
A HARIE 76.0% ~ 84.6% . V141 80.3%, B 7%
W& 77.4% ~ 84.6% . “V-YIME 81.7%, TiXf g iy ZEEH 2
N2 E 0 A 2H 15.7% (12.9% ~ 17.9% ) 1 B
4 15.5% (12.4% ~20.1%) , FEEEF N AR
AY3.91% (1.62%~8.80% ) F1B £H2.91% (1.11% ~
5.89%) , MU, MERERAE
B, Hik, B8 AHARNE NREER

T B4, MEEAVEER.

M B A RCR

T 1 RETREZEMTAMESE(G BH)
Content of pigment and soluble sugar of Ginkgo biloba leaves (in May)
o M4k EKa ES3) =S FEAE MR WwEFEH AR
Gr;)u Chla Chlb Chla + Chlb Carotenoid Anthocyanin Soluble sugar
i (mgkg™) (mgkg™) (mgkg™) (mgkg™) (mgkg™) (mgkg™)
Al 221 0.42 2.63 0.54 0.31 1.12
A2 3.12 0.96 4.07 0.73 0.15 1.03
A3 2.58 0.55 3.26 0.64 0.15 0.25
A4 1.92 0.42 235 0.47 0.12 1.44
A5 3.14 0.64 3.78 0.72 0.15 1.00
A6 3.54 0.63 4.10 0.80 0.08 1.42
A7 427 0.79 5.07 0.77 0.11 1.15
FHIE 297+0.75a 0.63+0.18a 3.61+0.87a 0.68+0.11a 0.15+0.07a 1.06+037a
Bl 2.60 0.58 3.18 0.55 0.08 1.15
B2 3.69 0.76 4.46 0.70 0.08 0.82
B3 3.13 0.66 3.78 0.67 0.22 1.02
B4 2.61 0.55 3.16 0.65 0.19 0.96
B5 1.76 0.34 2.11 0.56 0.03 1.22
B6 3.35 0.76 411 0.63 0.21 0.90
B7 3.48 0.75 423 0.73 0.09 1.19
FHE 2.95+0.62a 0.63+0.14a 3.58+0.76 a 0.65 + 0.063 b 0.13+0.070 b 1.04+0.14a
= AR @ Y MR O Mgk
100 1 e 100 ]
80 4 | = T LT 80 -
5 ~ g
S £ 60 € 2 60 -
5 S i o
dr 2 ol
BE 40 EE 40 - -
£ £
~ =4
20 - 20 A

0
A1 A2 A3 A4A5A6A7B1 B2B3B4B5B6B7
Sy ()
Groups (May)

SREM 5 B (A) # 10 B B) AR E L2 & EAFEXTELH

A1 A2 A3 A4 A5 A6 A7B1 B2 B3 B4 B5 B6 B7
S (H )
Groups (October)

Fig.1 Relative proportion of different pigments in total pigments of Ginkgo biloba leaves in May (A) and October (B)

MHitZE a5 b2E (R2=0.819, P<0.01) , M
G aba+b (RP=0991, P<001) . &b

Ha+bza (R2=0.882, P<0.01) ¥ 2k 52 F
M, FEEAE P EFEMITLEE a, bl a+ b il
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Z PR B EIEAC (R =0.855, P<0.01; R*=
0.723, P<0.01; R*=0.850, P<0.01) .

+ AL AR B AARA A B, BT
SEHNWE, AR A G IV (gt ) |
I (ffeg) T (Efgdimds) o 1 (BEEk) , XA
NI A I, A A SRR B KT B 41,
AR BEAIXTH (W A1 B1) o 5 30 [R] B A
(R 2) o MG 5 AR SR AR L)% DA
K, ARWFES T EREIIVE (HkEg) , WA i
G a M EEER a+ b AFEME SR 0.232 mg g
F10.385 mg g, 4 2 T AW A X N i
(P<0.05) . srdltbE R, AR ItEEER a
MbEa, Ulka+b B FENBEESTBA

(P<0.05) o SR, A L0 R nl s P bE 2 5 0
FRTBA (P<0.05) ; MAZEBHAROCRIE
W% 255 . i B AR AR T A AR R
KEAE N RALE Z M X E 4 bR AR @A 1k
(K 1B) , S5REW, HegERuamE b 60% Ll X
g, T N RERAEORITZHKRT 40% HE M
WEEFEEKRT 20% WEMA; A FBAMSEL
HE N 58.3% 1 48.8%, M0k T 9% (Hisk)
FIE S N Z AR F AT 22 KT 40%
(513% ~65.7%) , “FYEHN 57.5%, HrhJin®
NZAHR SR T 20% (21.7% ~36.2%) , “F-¥{H
H30.1%, b R A & AT 8K T 20%
(19.8% ~30.0% ) , FIHEN 27.4%.

*2 BRE AAMESEMMeSRIFER(0 )

Table 2 Content of pigment, soluble sugar and classification of leaf color (in October)

o M4t #a &b e ER JhHEE l\? Mﬁ%ﬁ AR Bt

Group Chlai Chlbf Chla + thb Carotenfnd Anthocye}mn WSSﬁ Color grflde
(mg kg™) (mg kg™) (mg kg™ (mg kg™) (mg kg™ (mg kg™) (mg kg™

Al 0.31 0.12 0.49 0.16 0.10 0.33 v

A2 0.16 0.11 0.27 0.11 0.15 0.39 II

A3 0.17 0.11 0.28 0.094 0.048 0.34 I

A4 0.24 0.18 0.42 0.15 0.023 0.35 v

A5 0.14 0.095 0.23 0.10 0.10 0.45 m

A6 0.15 0.094 0.24 0.11 0.11 0.46 1

A7 0.14 0.10 0.25 0.10 0.11 0.41 \Y

FHE 0.19 £ 0.060 a 0.13+0.035a 0.31+0.094 a 0.12+0.024 a 0.090 + 0.038 a 0.39+0.048 b —

Bl 0.27 0.19 0.46 0.14 0.12 0.29 I

B2 0.076 0.067 0.14 0.13 0.087 0.61 I

B3 0.11 0.082 0.19 0.13 0.080 0.42 |

B4 0.12 0.077 0.20 0.12 0.088 0.44 I

B5 0.082 0.090 0.17 0.22 0.21 0.63 I

B6 0.13 0.099 0.22 0.10 0.11 0.46 I

B7 0.11 0.085 0.19 0.084 0.031 0.43 I

FHE 0.13+0.061b 0.099 + 0.039 b 023+0.10b 0.12+0.040 a 0.091 +£0.050 a 047+0.11a —

10 A AR R Z B XRS5 AHIEpL, ot
stFE a5 bzZE (R2=0955, P<0.01) , MH&tEa
Ha+b(R=0994, P<001) . H&EEbSa+b
ZIE (R2=0.982, P<0.01) HEH B E K, Al
WS AT AR a, b Al a+ b AR Z IR
W BRI (R2=-0.789, P<0.01; R*=-0.712,
P<001; R2=-0.769, P<0.01) . Wiy
MERERSHEOERTTEEDFEIEHE (R =0570,
P<0.05) .

5 A5 10 Ay a R0 G 3 0 i os, BRiE
BRI, UM ORZ A2 EA I, 4R a,
b DA R S A B ] 2 S A 2 IE ARG (P <
0.01) ; KMZ P RERSINGHEEE a, b LA
R B FIEAK (R2=0.981, P<0.01; R2=0.952,
P<0.01; R2=0.980, P<0.01) . AJ¥PERES &
Mgz a, b R HEHEREFEML (R =
0.768, P<0.01; R*=0.710, P<0.01; R*=0.755,
P<0.01) , AIFEMMESEAY MRS EEAR D E
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EAHX (R2=0.797, P<0.01) .
22 REMHAEFRTREERESEBRERNXR
2% 3WMAM Fou R S 'alH, S A0SR
S AN B LM (A B 255, H A A4
AREEBESTBAH (P<0.05) , 5 7% (A7Vs
B7) L4h, AWM E T B4, AR
FEA AR Z B AR S /N . B A B fn 44
TERWNAZEITEEES, BHREIIA RN A
XN A B, sAHR ) —BORE ., A 4t Ak
AR E AT /& T B 4L, (A T4l

FAR SR, A TR E) B 25 K. 10 AR
A FI B IR IR A 225, ihA A R
FPEEE (14.07 gkg™) AT B4l (1273 gkg™!)
IR R EN WK PRALT B w8 & m i
AREMZER. 10 AR AT 2%, 2umae
s 5 Aoy MR 10 A RE RS = .
RGBT LA S, BET 2R S
54 (R2=0253, P<001) . &8 (R =
0.189, P<0.01) EIMEE AL,

#3 REMTAHSERTRESE
Table 3 Contents of nutrient elements in Ginkgo biloba leaves
£ EX ol
o "(Fo:{alill\l TotalilP TotalilI(
Group gkg™ (gkg™h (gkg™h
5H 104 5H 104 5H 104
May October May October May October

Al 21.09 13.52 2.57 1.26 9.23 5.40

A2 19.14 14.01 3.67 1.74 10.55 6.20

A3 24.82 15.97 2.41 1.96 6.42 10.40

A4 18.74 11.07 1.90 1.56 7.19 3.40

A5 17.63 14.01 3.11 1.64 9.88 10.30

A6 25.85 15.39 1.98 1.03 7.94 5.20

A7 22.89 14.50 2.93 123 6.03 6.00

FEME 2145+293a 14.07+ 1.46 a 2.65+0.59a 1.49+0.30a 8.18+1.62a 6.70+2.46a

Bl 17.71 12.54 4.15 2.02 9.958 9.30

B2 13.77 13.72 3.08 1.61 10.027 10.00

B3 18.47 12.94 2.88 1.15 9.486 3.20

B4 17.07 8.92 2.76 0.78 9.791 6.20

B5 18.04 7.64 3.21 1.36 5215 5.10

B6 21.50 16.86 2.09 1.09 6.228 4.50

B7 24.95 16.46 3.18 1.80 4.619 5.70

FYME 18.79+3.28 b 273+322a 3.05+0.57a 1.40+0.40 a 7.903+£2.26a 6.29+231a

H S AGYRL 10 Gyt R G SR TR,

BB HT, A5 RERII A SRR B W K, H 2.3 [E4ARITEMREEE
PR BRI S TG i B, HY) AL R a, 1 231 X3 pH. AMEK. AR, AR, B e
R b, MHE a+b, KAE P RAATEERY 2 ¥ T pH 552 ISR A RERRDG, I

WL EIEAK (R2=0.745, P<0.01; R*=0.693, P<
0.01; R?=0.742 P <0.01; R*=0.735, P <0.01;
R*=0.598, P<0.01) ; HEY2WNSH7H a5 2
W IEAE (R2=0.745, P<0.01; R2=0.693, P<
0.01; R2=0.742, P<001l; R*=0.735, P<0.0l;
R*=0.653, P<0.01) ; fHYR0N 5 A AR50
WA A G o 150 B ZR0RN Wl A2 52 i A ) €0 3% ) O Bt

R AR SRR BRSO SRS N P
K B HELIROLHI AR bR . thaE 4 FIO0, BT pe sl Lo
pH #2055, M4l L3 pH IR FMER . A
HASEA AR ER & T B A, (HEKA
BBIGEKFR B 225 . A A LB A1
F /N T B2, H 4] [ R oK 1k 3 g 35 1
a5t
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F4 REDEERH pH FOTENSE

Table 4 Contents of pH and nutrient elements in Ginkgo biloba soil samples

B! ﬁfﬁlﬁ& %’E& . Mﬁ?’fi& AR ﬁEiﬁl%fF
Group pH Organic farbon Total mtfogen Available n{trogen Olsen—}’ Avallabl?—K
(gkg™") (gkg™ (mgkg™) (mgkg™") (mgkg")

Al 6.56 9.40 1.11 68.35 13.98 129.23
A2 6.38 12.70 1.13 54.22 41.4 301.19
A3 6.61 15.50 1.30 104.14 29.24 153.31
A4 6.38 13.80 1.45 86.53 31.53 128.46
AS 6.42 10.20 0.93 124.05 54.25 357.39
A6 5.93 11.70 1.17 113.08 23.57 150.22
A7 6.01 9.60 0.12 49.13 44.14 291.15
FI{H 6.33+£0.24a 11.84+0.86a 1.03+043 a 85.6+27.21a 34.02+12.57a 215.85+£89.72a
Bl 6.63 20.90 1.81 49.64 20.03 100.27
B2 6.10 10.40 0.92 94.67 41.24 373.19
B3 6.42 12.10 1.16 104.23 28.12 138.47
B4 6.87 19.20 1.83 54.65 18.57 133.62
B5 6.14 11.20 0.97 92.88 28.64 22476
B6 6.12 14.20 1.32 106.08 17.43 244.39
B7 6.30 12.00 1.40 67.32 31.11 193.52
FEIE 6.37+0.27 a 1429+ 1.56 a 1.34+0.37 a 81.3+2191 a 264+ 7.86 a 201 £85.15a

232 EEEREFRASRE HHOEBSAAORGE  AEERNEREN RS EY/NT BA, LHE
AP E R B, HIEAERMT K EE 20~30cm 12, BABERT AH (P<0.05) .
KA AR SR B ZHE bR, & S AT, R[] FIEEKEMRENEF SEEMR, Ad&ET
HFFEE Z R A EAERRES, HEKRNS, A B4, WE/NTHRE.

x5 BRELTRIEMER
Table 5 Physical properties of soil at each sampling point

+Z2EE: 10 ~20 cm +ZURE: 20 ~30 cm
o Soil depth: 10 ~ 20 cm Soil depth: 20 ~ 30 cm
Group = Tl fr ke = Tl Aok
Bulk density Moisture content soil bulk density Moisture content
(g em™) (%) (g em™) (%)
Al 1.36 17.17 1.26 16.25
A2 0.96 31.71 0.98 31.20
A3 1.31 18.61 1.31 16.86
A4 1.33 17.44 1.56 13.07
A5 0.93 42.81 0.96 38.74
A6 1.50 14.23 1.33 16.05
A7 1.08 27.81 1.10 25.69
A 121+£020a 2425+9.57a 122+020b 2255+887a
B1 1.56 13.12 1.55 13.99
B2 1.08 28.31 1.04 30.14
B3 1.30 16.92 1.39 14.50
B4 1.24 16.44 1.29 13.33
BS5 1.21 30.74 1.30 15.39
B6 1.10 19.41 1.30 15.81
B7 1.14 24.79 1.20 23.06
FEIH 123+0.15a 21.39+6.14a 1.30£0.152 18.03£5.79b
24 TIRIBUIRRRZ B RESEYF SHEXHE FEEFEMEKE S Z D EIRAY A OCEA B B 2%

10 A0y 89 L8 br SAEYI IR A M A 3 Ko 2R 10 ~ 20 em B 5050 4 SRR E
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BERME (R2=0.604, P<0.05) , MZE1+4E (10~
20 cm F1 20 ~ 30 cm ) SRR YES RS A 2
HEIFAE (R2=0.580, P<0.05) . S4AMH 4
RAEDBFEMAE (R2=0.623, P<0.05) ., THEHK
BRE LA A R IEA G (R2=0.772, P<
0.01) , Bir4%5 10 ~20 cm (R = 0868, P<
0.01) F120~30cm (R*=0.859, P<0.01) %
HEMREETMR, 510~20cm +3 (R2=0.713,
P<0.01) }20~30cm 3% (R2=0.751, P<0.01)
FrKR A B A
3 g
REMHESERSENXAR
BR A I €0 A8 Ak 32 B T b R A
AR e LA SR R (25 ] Ee ] R st 2 AR A0, 2Kl 8
MR A RO R B R, AT
BURM AR M O TR S N Z M &=
BN, B MR AL HR R, EHREAEE
R, A N FEAIX AR R 60% ~ 70%, 4
PEAF LS, iR S RPN DR EA,
AR, 5 ABEE A AL B ABGEA 2
5, ORI g R b T 60%, H:
Mg RS EB IR, B AR 288 &R
HERTSREEEST (P<0.05) B4, HHENH
A7 LBV, AREduE a2 S 10 A EHR At
R A, BRAZIEZESHE, AR BAHAMNSE LR
ti A5k 58.3% Fl 48.8%, A i TXFRI) B 45
AAMGRafb R, MHSEHEES T BA
(P<0.05) , HAORIEWRBTLTREES . &L
W, MR E R R R E e B R,
10 A itag 2 o mAREERLL 5 A TR, (A B4
TR, P AR A 4

MR EG MW E R L, AL, RE.
KAy FRAPEER, BRAZETTIRE N BEBUE I 2
PET RS, A3 b — RS, MR
RWIBOK T FIFRBE ST N R, PRI SE M40 255 1
SR, ARSI F7E 9 H st i B agnt, )i
HpHAb )y, A AR IS E RS IR (30 °C)
BT, PRLEi R B i T HERR G BRSSP &R
A RE A TR 3 K TP AS SRS 4 2R 5
32 RBAMBRIESHIXER

S AR FRa S B, A 4URA R4

3.1
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Causes of Premature Aging and Yellowing of Ginkgo biloba Leaves and
Differences among Trees in Campus

LU Luo-tian', HUANG Wen-nan', ZENG Jia-yi!, YE Xi-yang®, XU Qiu-fang"?*
(1. State Key Laboratory of Subtropical Silviculture, Zhejiang A & F University, Hangzhou 311300, China; 2. College of Environment and
Resources, Zhejiang A & F University, Hangzhou 311300, China; 3. Botanical Garden Management Olffice,
Zhejiang A & F University, Hangzhou 311300, China)

Abstract: [Objective] The paper aims to explore the causes of premature aging and early yellowing between different
trees. [Method] Seven pairs of adjacent trees, with group A leaf being in green color and group B in yellow color at
the time of September, were selected for leaves sampling in May and October respectively, and soil sampling in
October. The leaf with parameters of pigments, soluble sugar and nitrogen, phosphorus and potassium were
determined, and including the soil bulk density, moisture, pH and available nitrogen, phosphorus and potassium.
[Result] There were no differences in leaf color and total chlorophyll content between group A and B in May. Total
chlorophyll contents in all leaves exceeded 60%. Group A has more carotenoid and anthocyanin than group B (P <
0.05), same as the total nitrogen (P < 0.05). However, both the leaf color and amount of chlorophyll a and b were
significantly different between groups A and B in October, with group B being in less green color and lower
chlorophyll content (P < 0.05). The total amounts of chlorophyll in groups A and B were 58.3% and 48.8%, while
other pigment indices had no difference. The average total nitrogen in group A (14.07 g kg™) was higher than that in
group B (12.73 g kg™"), which were 34.4% and 32.2% lower than that in May. There were significant differences in
bulk density and water content of soil layer 10-20cm between groups A and B, but no differences in soil nutrients
which was generally at abundant level. [Conclusion] The premature yellowing and differences in leaf color and
chlorophyll among group A and B were connected with low nitrogen and phosphorus levels in leaf, which was the
result of nutrient absorption disorder caused by compact soil. It was suggested that the campus management office to
focus on soil loosen and soil nitrogen supply.

Key words: Ginkgo; Plant pigment; Soluble sugar; Soil physical and chemical property
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