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Abstract: Based on field investigation, 1, 3 and 2 quadrats were divided in plots at lower, middle, and
upper parts of the mountain in Queshan Provincial Nature Reserve of Shandong, respectively, and
diameter class structure and population characteristics of Juglans mandshurica Maxim. population were
analyzed by making static life table with diameter class in place of age class, meanwhile, genetic diversity
and relationship of J. mandshurica individual in this reserve were studied by using SRAP molecular
marker, and its endangered reason was discussed on the basis. The results show that total number of J.
mandshurica individuals in 6 quadrats is 135, in which, number of individuals of class I (DBH<2 cm)
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and class I (2 em<<DBH<5 cm) accounts for 58.5% of the total number of individuals, while that of
class VI (20 em<DBH<25 cm) and class VIl (25 em <DBH<30 cm) does only 6.0% of the total
number of individuals; numbers of seedlings and saplings in each quadrat are evidently different, in
which, quadrat at lower part of the mountain lacks mid-high diameter class individuals. It can be seen
from the static life table that with the increase of diameter class, survival number (a, ) and life
expectancy (e ) of J. mandshurica individuals decrease step by step in general, while their mortality rate

(gq,) shows a tendency of first gradually increase and then decrease, but a_, e, and ¢, values of plots and

population at different slope positions are slightly different, and the peak of ¢, value of population appears
at class V (15 em<DBH<20 cm) ; the survival curve of individuals of this population is of Deevey II
type in general. The SRAP molecular marker result shows that 104 amplification loci are obtained from 10
samples tested, in which, there are 51 polymorphic loci, accounting for 49.0% of the total amplification
loci; the genetic similarity coefficient of J. mandshurica samples tested is 0.654-0.904. The UPGMA
cluster analysis result shows that at the genetic similarity coefficient of 0.762, 10 samples tested can be
classified into 3 groups and 2 subgroups, in which, cultivated J. regia Linn. is one group, while other 9
J. mandshurica samples cluster into 2 groups, in which, 3 J. mandshurica samples collected from the
same location ( Songshan) cluster into one subgroup. The comprehensive analysis result shows that this J.
mandshurica population shows a growth type in general, and diameter class structure is relatively
complete ; genetic variations among individuals within population are relatively abundant, and there are
some associations between genetic relationship among individuals and their geographic distribution. Based
on the research result, artificial interference ( plot at lower part of the mountain) , environment selection
and intraspecific competition ( plots at middle and upper parts of the mountain) are considered as the
main reasons affecting the regeneration of this J. mandshurica population.

Key words: Juglans mandshurica Maxim.; diameter class structure; static life table; survival curve;

SRAP molecular marker; genetic similarity
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Table 1 Basic informations of six quadrats of Juglans mandshurica Maxim. in Queshan Provincial Nature Reserve of Shandong

B ) i i ig/m s
No. of quadrat" Longitude Latitude Altitude Slope aspect Slope position
P1 E121°21'01" N37°14'27" 284 3% Shady slope 1A 3 Lower part of the mountain
P2 E121°22'45" N37°14'08" 378 3% Shady slope 11144 Hh3EB Middle part of the mountain
P3 E121°22'41" N37°14'31" 414 A3 Shady slope 1A A Middle part of the mountain
P4 E121°22'43" N37°14'14" 427 (3 Semi-shady slope LA 358 Middle part of the mountain
P5 E121°22'51" N37°1420" 447 B3 Shady slope 1A 138 Upper part of the mountain
P6 E121°2329" N37°13'47" 451 3% Shady slope 1LI4& 1-#B Upper part of the mountain

DP1: PR A Y Quarry of Xishan Hill; P2: TS Gaodinghou; P3: MBA777 P4 ¥ 45 K Dongdaliang in Xigou of Heishikuang; P4: Jf7 H %
Heishiligou; P5: #RHE Huangniwa; P6: FG1LI_[-#B Upper part of Xishan Hill.
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I.DBH<2 cm; II; 2em<DBH<5cm; II;: 5 cm<DBH<10 em; IV: 10 cm<DBH<15 cm; V: 15 em<DBH<20 cm; VI: 20 cm<DBH<25 cm; VI ;

25 em<DBH<30 cm. DBH: Jf§4& Diameter at breast height.
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Fig. 1 Diameter class structure of six quadrats of Juglans mandshurica Maxim. in Queshan Provincial Nature Reserve of Shandong
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I.DBH<2 cm; II; 2 em<DBH<5 cm; Il; 5 cm<DBH<10 cm; IV
10 em<DBH<15 cm; V: 15 em<DBH<20 cm; VI: 20 ecm<DBH<25
em; VI: 25 em<DBH<30 cm. DBH: Hj4% Diameter at breast height.
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Fig. 2 Diameter class structure of Juglans mandshurica Maxim.
population in Queshan Provincial Nature Reserve of Shandong

PR AR AR R (R e B0 ke L

I 2 AT .6 AN BE 7 I A AR 1A B Ch 135
%, T VI A ARE S 50 AR ) 34.1%
24.4% 15.5% 12.6% .7.4% 3.0% # 3.0%, H i,
I 200 1 9 M AKR A4 2800 58.5% , 1 I 9 %
VIR A A AR A BB 41.5% , Herp VIR A VI
BB SR BB 6.0% , 35 B0 14 7 FB B
RREEHFHE
22 PAMMESEBRTSEGREEGEESH

L ZR 8 L 2 G AR AR DA B A0 A B P
AN TR i 0 A A A 2 D3 25 W BRARK 10 301 22 75 i il
2k A7 LR AR TR A £ LK 3

R 2 AL . LA B3 e AT R b N A
FA TR FARGARA A TG R (a, ) RARAR
TR R, AR G 3] o AR G R sk 20, {HL LAk s

R L ) A B I A A B sl R, R A KR 25l
BT AR A AT LS o S5 0 B e 0 A — B B
AR LR, LSE BB RER AR T8, Ik L3
BT A Hh P L SR A i AN ] A2 G A AR A
PRI EE T4 (e, ) SV AR GG I I 22 DG Uk, 177
FET-3R (q,) BVARBEAR G /N sh , Sl s i
HIK V 94 (15 em <DBH<20 cm) SABEHAMA R SET
e (0.835) , F B A JE B2 ARG A BR AR 4
FET- AR (0.599) , K BB ARTE 1% B Be i b 45
TR T OB 3o 3, e A 3 s v e kg i 55 R B B

F L 3—A 0] UL . BB A A PO [ AE b
HHEARRARC AR e, (BB I 2 BE A2 48 Jin 7 4 147
IS, AUl A V 2R VIZE (20 em < DBH<25
em) [ e (HA /MBS, /INERARD) e, (E¥ET
KA, LA s AL S50RE i A% 35 B WA 1A
e, (E I F LA T SRR M, LA Bk ARk A s B 1
e, (E BRI @ F IR FRA R, BT LA -
HRFEH

Il 3-B ] UL B AR AR 3K A B G A TG 4 R
TR ARAE Deevey' " AT 43R , 1225 Ak AR B )
FEIE MR AL Deevey 1AL, (AR 135 rh &R
T b A SRR R 2R AR T B E R A
AR Herp A o R SR b B A ARk 77 3 it
LIFFE Deevey 11 RY BEAZIEIN , MR HEILAE TS
BB R 5 T L AT A b P S R ABCAE T ph £ 0 2
it Deevey Il %4, By HC I+ F 2V (10 em <
DBH<15 em) S Lk EAMABRUEAAE 15 B2 R

®2 LFBLAZAARPRAMBEHNEHNTREBNHSEGRY

Table 2 Static life tables of population and different plots in population of Juglans mandshurica Maxim. in Queshan Provincial Nature Reserve

of Shandong!!
24 Diameter class a, a,’ L d, 9 L, T, ey k,
AT EBEEHL Plot at lower part of the mountain
I (DBH<2 cm) 5 17 1 000 177 0.177 912 1971 1.971 0.195
II (2 em<DBH<5 cm) 4 14 823 176 0.214 735 1 059 1.287 0.241
(5 em<DBH<10 cm) 11 11 647 — — 324 324 0.500 —
IR Plot at middle part of the mountain
I (DBH<2 cm) 30 30 1 000 333 0.333 834 2252 2.252 0.405
I (2 em<DBH<5 cm) 20 20 667 167 0.250 584 1418 2.126 0.288
(5 em<DBH<10 cm) 5 15 500 167 0.334 417 834 1.668 0.407
V(10 em<DBH<15 cm) 10 10 333 133 0.399 267 417 1.252 0.510
V(15 em<DBH<20 cm) 6 6 200 167 0.835 117 150 0.750 1.801
VI(20 em<DBH<25 cm) 1 1 33 0 0.000 33 33 1.000 0.000
WVI(25 em<DBH<30 cm) 1 1 33 — — 17 17 0.500 —
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4E3R2 Table 2 ( Continued)

. )
2 Diameter class a, a, I,

1144 134 4 Plot at upper part of the mountain

I (DBH<2 cm) 11 11 1 000 272 0.272 864 3139 3.139 0.319
Il (2 em<DBH<5 cm) 9 8 727 91 0.125 682 2275 3.129 0.134
Il (5 em<DBH<10 cm) 5 7 636 91 0.143 591 1593 2.505 0.154
V(10 em<DBH<15 cm) 7 6 545 181 0.332 455 1 002 1.839 0.404
V (15 em<DBH<20 cm) 4 4 364 91 0.250 319 547 1.503 0.288
VI(20 em<DBH<25 cm) 2 3 273 91 0.333 228 228 0.835 0.405
WVI(25 em<DBH<30 cm) 3 2 182 — — 114 114 0.500 —
JE#E Population

I (DBH<2 cm) 46 46 1 000 283 0.283 859 2393 2.393 0.333
Il (2 em<DBH<5 cm) 33 33 717 260 0.362 587 1 534 2.139 0.450
Il (5 em<DBH<10 cm) 21 21 457 87 0.190 414 947 2.072 0.211
V(10 em<DBH<15 cm) 17 17 370 153 0.414 294 533 1.441 0.534
V (15 em<DBH<20 cm) 10 10 217 130 0.599 152 239 1.101 0.914
VI(20 em<DBH<25 cm) 4 4 87 0 0.000 87 87 1.000 0.000
WVI(25 em<DBH<30 cm) 4 4 87 — — 44 44 0.500 —

1)

a,: x BHIMETETEEL Survival number of individual in x diameter class; a,’ ; A& IEBY x BRI A%L Number of individual in x diameter class

by smoothing correction; [, : x BRI UG B MAEFRUE L TE T BT Standardized survival number of individual at the beginning of x diameter class; d, :

M ox BHEF] x+1

BRI RFRHEILFET-EL Standardized death number of individual from x diameter class to x+1 diameter class; ¢, : M x FRZE] x+1

PRI PRIET R Mortality rate of individual from x diameter class to x+1 diameter class; L : M x 29 E] x+1 2% AR X [A] 54y Span life of

individual from x diameter class to x+1 diameter class; T, :
diameter class; e,

s x BRI R Ay Life expectancy of individual in x diameter class; £, :

x B VL EA AR TR A 5T Total life of individual from x diameter class to higher

x 12 9% W) A3 2k % Disappearance rate of

x

individual in x diameter class. DBH: J#42 Diameter at breast height. —: TEHAE No datum.
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-, A FEFEH Plot at lower part of the mountain; -O- AR EBAEHE Plot at middle part of the mountain; —&—. LA | 3B REHE Plot at upper part of

the mountain; =&~ JE#F Population.

I.DBH<2 cm; II:2em<DBH<5cm; II: 5 em<DBH<10 cm; IV: 10 em<DBH<15 ¢cm; V: 15 em<DBH<20 cm; VI: 20 cm<DBH<25 cm; VI

25 cem<DBH<30 cm. DBH: }f§#% Diameter at breast height.

3 LWFEBLEAZEARPRARMNEFHNEENTEFBOAESEMME (A) FEML%(B) R TEML(C)
Fig. 3 Life expectancy curve (A), survival curve (B) and mortality rate curve (C) of population and different plots in the population of
Juglans mandshurica Maxim. in Queshan Provincial Nature Reserve of Shandong
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A,B,C,D; AR5 M2ES M3E9 M6E7 Fl M1E3 B3 3% [&] 3% Being amplification patterns of primers M2E5, M3E9, M6E7 and M1E3, respectively.
M: DNA marker. 1-10; A Samples tested: 1. 5k H P 1115k 4137 Collected from Quarry of Xishan Hilly 2. 2% H 7 Collected from Duanshuwa
3. R HEAT Collected from Langkuang; 4. 2K H i 05 Collected from Gaodinghou; 5. 2% F 2247 L4 Collected from Heishiligou; 6. 5% H & £k Collected
from Hulongtou; 7,8,9. & F &1Ll Collected from Songshan; 10. # 15 5ABE ( /2ERE) Cultivated J. regia Linn. (outgroup).
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Fig. 4 SRAP amplification patterns of different samples of Juglans mandshurica Maxim. in Queshan Provincial Nature Reserve of Shandong
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Table 3  Genetic similarity coefficient among different samples of Juglans mandshurica Maxim. in Queshan Provincial Nature Reserve of
Shandong"
BEA AFEREAR ] Bt AL R EL Genetic similarity coefficient among different samples
Sample 1 2 3 4 5 6 7 8 9 10
1 1.000
2 0.817 1.000
3 0.827 0.894 1.000
4 0.798 0.712 0.702 1.000
5 0.750 0.740 0.654 0.817 1.000
6 0.779 0.789 0.721 0.769 0.856 1.000
7 0.740 0.808 0.837 0.654 0.664 0.769 1.000
8 0.779 0.808 0.856 0.692 0.683 0.712 0.904 1.000
9 0.760 0.769 0.760 0.750 0.760 0.789 0.827 0.865 1.000
10 0.462 0.394 0.404 0.510 0.423 0.433 0.433 0.414 0.414 1.000

D110, HHLRE S Samples tested: 1. K H P 1K A3 Collected from Quarry of Xishan Hill; 2. K H R Collected from Duanshuwaj 3. % HIRAY

Collected from Langkuang; 4. FHETE Collected from Gaodinghou ; 5. K H B2 B Collected from Heishiligou; 6. F A E# L Collected from
Hulongtou; 7,8,9. FHEI Collected from Songshan; 10. FR Tk ( 9[‘%4‘#) Cultivated J. regia Linn. (outgroup).
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0.550 0.668 0.786
WAEHILARE Genetic similarity coefficient

L
0.432

1-10; HEEAE i Samples tested: 1. 2R [ 78 LI R A7 Collected from
Quarry of Xishan Hill; 2. 2R F 4% 7% Collected from Duanshuwaj; 3. & [
JRTF Collected from Langkuang; 4. * H & W5 Collected from
Gaodinghou; 5. X H A4 H Y Collected from Heishiligou; 6. * HEE
3k Collected from Hulongtou; 7,8,9. FHEI Collected from Songshan
10. FRHFEABE (HPZERE) Cultivated J. regia Linn. (outgroup).
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Fig. 5 UPGMA clustering dendrogram of different samples of
Juglans mandshurica Maxim. in Queshan Provincial Nature
Reserve of Shandong
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