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Aliiaas The variations in fruit stone morphology of Juglans mandshurica populations, and their response to environment
factors were studied. The fruit stones of nine natural populations distributed from the northeast to the north China region were
collected, and their length, diameter, ridge, volume of fruit stones, and fruit shape index were analyzed using mathematical
methods of correlation analysis, regression analysis and cluster analysis. The morphological characteristics of J. mandshurica
fruit stones had highly significant differences among different populations, and their heritability were higher than 0.9, which
indicated abundant variation of morphological traits subjected to strong genetic control. Both, among populations and within
populations, the variation coefficients and relative range of fruit stone volume were the maximum, while the fruit stone width
was minimal, indicating that the volume variation was the largest. Correlation analysis showed that the variation of fruit
stone morphology was mainly affected by longitude, temperature and relative humidity. The cluster analysis of the fruit stone
morphological traits of nine populations indicated that phenotypic traits were not completely in accordance with the geographic
distance and clustering. Generally, the variation of fruit stone traits is one of the means for J. mandshurica to adapt to different
habitat conditions, and this variation is discontinuous.

[&sywﬂs Juglans mandshurica; natural population; fruit stone morphology; geographic variation; clustering analysis

MW (Juglans mandshurica Maxim) NHABERE B “RIC=KAERE” M. WM BL R, R ifey, A
(Juglandaceae) $BEE (Juglans L) FM T TR, SKMET AR EOLFEMED. (B AR BLLS ) §00 200% Bk e 18 4F
( Fraxinus mandshurica) | ¥ 5% ( Phellodendron amurense) 3t 357510 | 5%, HoRE Rz 35 Bz . 158 52 P & A 19 51 0 T A 1y

K fp A S fer S bl BT R O b R ey
T R e TR A A PATHC A . AL BT R 80 A M
HE Ml R 2 [ TR A A IR (20120024002) % B EGAEFST ROBRARAE FR I/ 26220 | sE kK KA
Bl Supported by the Investigation Project of State Forestry Administration T T TR IE A0, FIRHE KL IS AR X . L . T . il

of China for National Key Protected Wild Plants (20120024002)
** I fE# Corresponding author (E-mail: feshi@nankai.edu.cn) PR R S A B T AT Rk,



610 B R AL A S P 55 430

BRARK R SRR ARSI A v, 8100 R = G fa . RS2
Yol BEH R BRAA, R BRRE ) BEAHARIE, ENTRETEE Ak 2%
0 PRI T B R AR B8R A3 R R S5 X B A S P T 3
JSEPE (A [RS8 W W AE 5. — DR
SR, X AR S5 B 3 L A T 58 B By o 4 2 B AT
Z3 (6] e A AN [ 20 A DX 2 AR S R AR ) R e AR )
ZREVER EEB A" AR, FhRER] | FhRE A
AR, SFSTB A AE 8 B 7 S

FVRIT, o A M AR A A AR AR 25 PR 110 b B A 53 A
I, BB ICRE R BRSO A RO 2
WO AR 52 2 B R AR FE RO P, B FER MR, B
F P P B R AR W A /N | RS A s A, o R SR TR A
BB R U5 15 U6 M BRI IR T B S v, R A B AR v
P A 5 0 S A O, 1T 4 e T 2 AR DE . o SELOP) 4
IIHT A LA AR AR 4G SR AR S5 v, e BHLAN [ o A 5 PO A%
BB M dat TR T TR TR A S ] L R
A AT M BE AR 5307 T 2 AT ST, (O TR FCR B 1
RAE S S G5 3t BB 85 30 [ 56 R A E S AR X . AR5
AT F R 07 BORZ AR R AR 4 , S8 O M AR A, 23
MrHRZIE SRR AL, 7R AT 25788 S U G 5 3t T 3R 5
BRI AR, TRITA RN ALY R 8 2508 B Aoy A 7 o
BIFERT, UM AR BRI B 202 L PR3 P 7 S5 LA
FHAR AL RL RIS .

1 CHEETRS

11 EH#E

MR bR BT 4R 3b B A b KR 53 A5 19 94 4% Bk Rk Rl
BE, AR B ITAIIRE S (P1) | 24K (P2) L MEJLIL (P3) |
YL (P4) , 5 MR8 B RSV (PS) , iIL T4 HI T (P6) |
ANZ (P7), RuaAieH L X /il L B8 K (P8) | /il
FAMRIR T (PO) , Fh BT W8 U0 A XI5 0 WL 36 LRNAT 1. SRS T
20144E9F ARl , IR MR, Jei ek ik 2 B 5, 24
K, B2 2 RIS T, SEAT SR TS FR AR I 2
1.2 AR FE

PR R RO R B CRAZIE K B ) | SRk
7 (IR TN 255 B 2 B R ) R 2 (6
BTVl T Ak o R AR B AR ), SRR AR R R R
RN R TERE, ST 0.0 mm; FHHEK B 5 B AR
I Ge it BIB A8 R, AT BEHL 1 BA0K A — A EE

R LB M IR SIRBE R

130°

110° 120° 130° 140°
B ik E gt H B s R R E.

Fig. 1 Distribution of tested materials of Juglans mandshurica
populations.
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Table 1 Geography and climate conditions of Juglans mandshurica populations

- s 4E R VAR THE HXORE  ERERE 68AMKE

Population Longitude Latitude Annual mean  Mean temperatLEre Mean tempera}ure Relative hl;mldlty Annual precipitation Ji une-August annual
temperature (0/°C) of January (6/°C) of July (0/°C) (RH/%) (h/mm) precipitation (A/mm)

P1 128°52'34"  46°57' 2.3 -21.7 219 70 609.1 385.2

P2 127°58'55"  46°25' 33 -20.4 22.2 71 588.2 407.0

P3 127°30' 45°20" 34 -19.2 22.0 72 656.4 425.8

P4 128°57'54"  43°51'43" 4.4 -17.7 21.8 67 530.2 322.1

P5 127°29'49"  42°10'30" 4.7 -15.2 214 70 859.6 510.2

P6 125°01'44"  41°38'35" 5.6 -15.1 224 72 776.6 495.3

P7 123°46'12"  41°17'56" 8.1 -11.4 24.0 64 789.9 491.2

P8 117°33'38"  40°11'34" 12.6 -4.1 26.6 58 615.4 4333

P9 117°33'44"  40°11'59" 12.7 -4.0 26.7 59 615.5 4334

N SHE A 244t  Chin J Appl Environ Biol http://www.cibj.com/
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Table 2 Morphological traits of fruit stones from different populations of Juglans mandshurica

R R R AR R AL HIEAEEL
Population Fruit stone length Fruit stone diameter Fruit stone ridge diameter Fruit stone volume Fruit shape index
P1 4.54+0.09b 3.01 £0.06b 2.84 +0.06b 15.16 £ 0.73¢ 1.52 £ 0.03bc
P2 4.44 £ 0.24b 3.21+£0.07a 3.07 +0.05a 16.37 £ 0.61b 1.40 = 0.08d
P3 4.16 £ 0.07c 2.87 +0.04¢ 2.69 +0.03¢c 11.63 = 0.35d 1.46 = 0.03bcd
P4 4.16+0.07¢ 2.95 +0.06bc 2.84 +0.05b 12.79 £ 0.52d 1.42 £ 0.03cd
P5 4.87+0.29a 3.19 £ 0.05a 3.04 +0.04a 18.36 £0.55a 1.63 £0.04a
P6 4.61 +0.09b 2.97 £ 0.04bc 2.93 +0.04b 14.43 + 0.54¢ 1.56 £ 0.03ab
P7 3.78 £0.05d 2.71+0.03d 2.58 +0.02d 10.36 £0.27¢ 1.40 +£0.02d
P8 3.50 + 0.05¢ 2.28 £0.02¢ 2.26+0.02¢ 6.54 +0.15g 1.54 + 0.19ab
P9 3.36 £ 0.07e 2.67 +0.03d 2.65+0.03cd 9.10 + 0.32f 1.26 +0.02¢
41 Mean 3.96 277 2.73 12.75 1.47
F 43.26%* 66.85%* 66.83%* 93.51** 11.87**
1544 71 Heritability 0.98 0.99 0.99 0.99 0.92
75 G Z 8 Coefficient of variation 16.92 12.10 13.53 36.70 13.57

* P <0.05; ** P<0.01. AN[H) #8255 2 3. Different letters indicate significant difference among populations.
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Fig. 2 Coefficients of variation of fruit stone traits in Juglans mandshurica

populations.
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Fig. 3 Relative range of fruit stone traits in Juglans mandshurica populations.
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Table 3 Correlation analysis on morphological traits of Juglans mandshurica fruit stones

2SN BRI RERER R R PSS ik
Morphological trait Fruit stone length Fruit stone diameter Fruit stone ridge diameter ~ Fruit stone volume  Fruit shape index
J K P Fruit stone length 1 0.841%* 0.852%* 0.943%* 0.693%**
A% 7% Fruit stone diameter 1 0.981** 0.958** ~0.26%*
HAZYA1E Fruit stone ridge diameter 1 0.948%** -0.12%
AR Fruit stone volume 1 0.433

SRIEFE L Fruit shape index

1

*P<0.05;** P<0.01.
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Table 4 Regression analysis of length and width with volume of fruit stones
of Juglans mandshurica

A b 1 Jr WA »
Morphological trait Regression equation  R-squared
SRR - 0 ok
Fruit stone length y=16.147x - 12.999 0.893% 0.001
1A
L p=12.682x - 23.686  0.924%  0.001%*
Fruit stone diameter
R _ 0 -
Fruit stone ridge diameter ¥~ 13.954x - 25.832 0.908% 0.001
LI, ek
TR y=14.032x - 7.835 0.167% 0.675

Fruit shape index

*P<0.05;** P<0.01.
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Table 5 Correlation coefficients between morphological traits of fruit stones of Juglans mandshurica and geographical-meteorological factors

28 s fis sy AR A 3R THYR LIERORITYE S AR R 1 6-8H ik i
Morphological Lo;1 - 1?{1 de L;titu de Annual mean  Mean temperature Mean temperature Relative humidity Annual precipitation June-August annual
trait & temperature (9/°C) of January (6/°C)  of July (0/°C) (RH/%) (h/mm) precipitation (A/mm)
%ﬁ&k@i 0.779* 0.488 -0.792% -0.726* —-0.873%* 0.843%* 0.444 0.209
Fruit stone length
N
%@‘ iz . 0.845%*  (0.665 —-0.893%* -0.812%* -0.860** 0.844%* 0.175 0.032
Fruit stone diameter
Y\ 4%
%&”M“ . . 0.763* 0.557 -0.747* -0.716* -0.790* 0.790* 0.190 0.010
Fruit stone ridge diameter
1
%)F.ZMS " 0.795* 0.576 -0.800%* -0.754* —0.849%* 0.818%* 0.320 0.106
Fruit stone volume
LI e % i
ﬁfc’j” B Fruitshape 509 0,040 -0.359 -0.284 -0.462 0.429 0.505 0.358
* P<0.05; ** P<0.01.
N SHE A 244t  Chin J Appl Environ Biol http://www.cibj.com/
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Table 6 Trend analysis of geographic variation on fruit stone morphology
of Juglans mandshurica

E&LE R A ST R A B
Morphological trait Trend equation of variation ~ R-squared
<
%E?F%kf; y=0.142x, - 0.92x, - 9.44 0.667%  0.037*
Fruit stone length
AL
ﬁ'%fx B . y=10.55x, - 0.06x, - 3.789 0.715%  0.023*
Fruit stone diameter
Y\ 4%
%*.ZMH . . y=0.51x, - 0.17x, - 2.838 0.593%  0.067
Fruit stone ridge diameter
il
* WM" y=0.784x, - 0.284x, - 73.006  0.646%  0.044*
Fruit stone volume
;1%
R y=0.18x, — 0.24x,+ 0.264 0.192%  0.582

Fruit shape index

*P<0.05** P<0.01.
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Fig 4 Cluster dendrogram of 9 populations based on morphological traits

of fruit stone of Juglans mandshurica.
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