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Diversity of phenotypic characters of Quercus mongolica
seeds from different provenances
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Abstract: [Objective] The objective is to study the diversity of phenotypic characters of Quercus mongolica
seeds from different provenances, so as to provide scientific basis for collection, evaluation and utilization of Q.
mongolica germplasm resources. [Method] Seeds were collected from 11 provenances in natural distribution
areas of Q. mongolica in China and 5 phenotypic characters were measured, including seed length, seed width,
seed shape index, single grain weight, and thousand grain weight. SPSS software was used to analyze the
character difference, correlation and principal component of Q. mongolica seeds from different provenances.
[Result] (1) Seed length, seed width, seed shape index and single seed weight varied greatly among different

provenances, and there were significant differences (P<<0.05) in thousand grain weight among different
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provenances. (2) There was a significant positive correlation (P<<0.01) between seed length and seed width,
single grain weight and thousand grain weight among different provenances. (3) There was a significant
negative correlation (P<<0.05) between altitude and seed width, and a very significant negative correlation
(P<<0.01) with single grain weight and thousand grain weight. (4) According to the importance, the factors
affecting seed characteristics in descending order were single grain weight, thousand grain weight, frost-free
period and north latitude. According to the results of cluster analysis, the 11 provenances can be divided into 4
categories: I, I, 1l and IV respectively. Among them, the provenances from Heihe City in Heilongjiang

Province, Benxi City and Fushun City in Liaoning Province were grouped into Class 1, whose single grain
weight and thousand grain weight were significantly higher (P<<0.05) than those of other provenances, and they
were the best provenances. [Conclusion] The phenotypic characters of Q. mongolica seeds vary significantly
with geographical gradient, and the quality of provenances decreases gradually from northeast to southwest.
Single grain weight and thousand grain weight can be used as the priority screening index for rapid screening of
provenances. [Ch, 1 fig. 5 tab. 37 ref.]

Key words: Quercus mongolica; provenances; phenotypic characters; diversity; ecological factors
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Table 1 Main ecological factors of Q. mongolica from different provenances

P2 5 Fili it L4 RE(E) 1Hk/m AR/ C 47K i /mm TCFEI/d
1 FRIEVTAR P TT 49°49'18" 127°16'48" 294 -1.0 525 110
2 LA 41°56'33" 125°14'24" 673 5.1 863 130
3 L TEARET 40°4005" 124°00'55" 487 6.5 926 170
4 ALk E LT 39°53'36" 114°57'17" 1573 6.0 400 152
5 WAL 7R AT i B 42°1021" 117°15'31" 1330 33 370 80
6 LA AR EET R 40°33'34" 117°30'00" 1092 7.6 763 130
7 a2 Rgi v} 40°08'33" 119°25"28" 1110 8.9 741 180
8 JeETH Ik X 39°59'01" 115°26/28" 1270 6.4 420 150
9 O SE T 43°11'32" 129°3220" 370 3.9 580 146

10 5 AR T 42°06'57" 118°19'36" 1175 7.7 559 157
11 IR T 53°27'05" 117°16"20" 868 13.0 750 200

#0.01 mm, FIRFRSFHETAFFRE I, HARREINER T TRE, 0 0.01 g.

123 %5 A H Excel X U &t i) BRI BCHE SEAT B BN GE s FOBIRECH 71 98 (BLAR) I ()
) Z WUy G2 1 SPSS 11.5 #EATJ7 220 M M523 (Pearson AHSG) . sy 70 #r 5 [RIA iz AT SPSS
VL5 B U B dE A b e e e, SR AR R Bk R T IR #r

2 ERERH

2.1 ARMBEREHHFIEREREST

mFE 2R ANREIFOES AR . Moz RE KR, FKN 11.38~20.96 mm, F5EH 11.07~
17.80 mm, A id 7 PO T 52 1 BRFh - 0 Fh R R RR v fe A, Y40 20,96, 17.80 mm, AN TE |
PR I R T AL X (P<<0.05); WS ARIETT AL, A AIFRTERE S B 11.38, 11.07 mm,
FL T HABHLIX (P<0.05). [0 RS Fi7 B 520 A5 ipph TR . Mroi e &2 5% . FIBs
e —E 255, HERBUN, Kb E 2R mime, IWREREMRM, HWHESHIR 128, 1.02,

&2 AREMERGHEMFREMEREREST

Table 2 Difference analysis of seeds phenotypic characters in Q. mongolica from different provenances

T b P /mm A 9E/mm RIBFE%L ki /g T-hi /g
RIRTTAE FA T 20.94+0.38 a 16.58+0.44 be 1.26+0.04 ab 2.93+0.07 ab 2949.41+9.65 b
LT A 20.96+0.73 a 17.80£0.71 a 1.18£0.01 ab 3.05+0.16 a 3027.39+7.74 a
L TEAREN 18.37+0.46 be 15.46+0.64 d 1.20+0.02 ab 2.83£0.02 b 2 878.82+7.03 ¢
kA RE AT 16.47£0.51 de 13.110.68 f 1.26£0.10 ab 1.82+0.10 ¢ 1824.11£9.20 h
LA 7R T [ 16.49:0.50 de 13.94+0.23 ef 1.17£0.12 ab 1.41£0.07 f 1482.71+1.36 j
AL A AR T SR 16.18+0.22 ¢ 14.010.49 ef 1.15£0.01 abc 1.79£0.07 ¢ 1765.37+4.14 i
WAL R R 5T 18.22+0.88 ¢ 14.29+0.23 ¢ 1.28+0.04 a 2.07£0.06 d 2075.7742.53 f
i kim X 19.38+1.19b 16.02+0.97 cd 1.2120.10 ab 2310.11 ¢ 2310.59+7.58 ¢
TR IES T 19.39+0.23 b 17.26+0.19 ab 1.120.02 bed 2.45+0.07 ¢ 2421.51+2.44d
N %2 R I T 11.38+0.38 f 11.07+0.81 g 1.03£0.09 cd 1.22£0.09 g 1244.40+5.51 k
WIARAE Z8 %M 17.40+1.04 cd 17.10+0.42 abc 1.02+0.09 d 1.92+0.03 de 1926.28+1.40 g

Y RIS [R5 B3R A R R I 2 7] 22 5 .25 (P<<0.05)

PRI RN TR T 2 AR, Hh AR TR 2 W AR B 22 R (P<0.05), fsr Ml A I
(3 027.39 g), WAR MG H ARG (1 244.40 g), TTLLH H TR E S S8R,
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W 3 FIR: AEMIREFE M FRIIRAT  Table3 Correlation of seeds phenotypic characters in 0. mongolica
TE—E WA OCHE . Horh 52l BRFh AP . e from different provenances
WORITE . TR M A B E A (p< TR R R PR PRI THLE
0.01), HEPAMKBRK:, Fhocikss, Sk Tk b Fi 1.00  0.88%* 0.52 0.88%*  (.88%**
B FRERORKTIRI, W 4 Fembek T Loo 006 079 078
AT NN . FIBARECTR I, R R o e
?ﬁﬁ%ﬁ%ﬁ%ﬁﬁ%ﬁﬁ%o O B ER R =o0D)
23 AEAMEBERHHEMFREMEREESEFZE
HAE M 43 A x4 FAEMERHFEHFREMREESEF

e . , Z B HHE K
A R R S T AR Al R B R 5 AE B E 72 , , A
Table 4 Correlation between seeds phenotypic characters in Q.

] YRR SCAE 3BT (B 4) AT B CS Fh 58 52 35 1 mongolica and ecological factors from different provenances
FOE (P<0.05), SHkid . TRESEHRBEAMEE  asmy MKk M5 WBER SRR THEE
(P<0.01), MXFIE-0.67. -0.75. -0.75, BMilE £z 0.56 0.8 006  0.72%  072%
s, YR, RACEM TR EBRDN, K5 TR It 0.18 044 041 0.13 0.13
6. OFUR R B E IEAG (P<<0.05), FHXCZRBIIA BR ~057 —0.67* 0.07  —0.75%%  —0.75%*
0.72, BEDBEFE LRI, MopiE , TR ER A,  FIUR 04 015 050 040 041
T S TR TG, BRI R FMOKE 020 034 007 045 0.45
Bk, R, FOBERCS ESE T2 b A0 013 005 029 001 00l
BORDGHE, 2R G, WISt FRmpy B0 TRRERRS009: TR RRIP<00)
AR 22 S5 SR AE SRR A — @ AHDCE, BRI AR SRk
24 ARMBERGHRFFERS S

DL LT A6 ) St MR AR A SCRR I M REAS , BT 5 R BUHAR A 6 A AR 28 I 750080 14647 32 43
3BT AR S AT RHEERT 1A 3 AT, STk 43.78% . 22.92% ., 12.57%, RitTTEkEE
K 79.27%. Horp, 551 FRRHEEY 5.37, KR AGRFIE ) & Tk B AN SR i R, 40 041, Al LIAE
81 BN TR T 5 2 FRUUMRREE Y 2.52, XTRIARE RGO, b 0.51, L
O 2 ERFRNIABE N 5 55 3 ERAMERAE(E R 1.38, KPR AGERAE M A2/, nTRAEES 3 E sy
PRI T, 25 Lnl A, semasE it BRAR AR AR ED N Bk e . TRiE . o, dbgh.

x5 ARAMEREHEMFREXENERS T

Table 5 Principal component analysis of seeds related characteristics in Q. mongolica from different provenances

o RFAE 18] f ) \ )
EWS FAEE Stk SRt oiikae/%
Pl FhOE MOBSERC RE TRE RZE dus HE AERSGR AFROKE ORI
1 038 037 013 041 041 036 0.2 -037 -021 018  —0.04 537 4378 43.78
2 -0.09 0.4 -042 000 0.00 000 029 —0.15  0.50 0.42 051 252 2292 66.70
3 0.16 —0.04 047 019 0.8 -024 -055 026 026 0.28 032 138 1257 79.27

2.5 AEFMEREHHRRREMTRERRESN

HISRZE AT R (K 1) aT VA MR ORI A TORCE, ARG AR 428, 205l T
I ANV ZERRE, Horp e BRI AT ARRN LT AP T3, Fh3 00 SoR 8 A T4
O T T AR IRA (R, DA RIUAIER TIOR3, R T A E N e
THEIME; WALEKRZ O WACERER B | IR WAbE R 28 M8, JoREMT
REE AR TX(E; LA RIETT B8R . WSS ARIETTAIVIE, SR BN TR E A/ WRIEHrEs R
B, SRR T RAMOIR R I T —E B M, RIRFPIEIEA B0 A T AL AR, T 280045 T 2R 0
PV X, T2 A5 TR AR DX, Mo A T X (bRt ZR), IV oA TILRRILIX, %
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Figure 1  Cluster analysis for Q. mongolica seeds from different provenances
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Y5 HAFEAE N R — ERCEN R, AT ARRA SRR, 2 KB A
BERIEN, A4 T HUPRAR S TR R TSR ERRR R SRR BRSO, AR AF IR E R
o RS, W KA AEXIAE D A I A A R Y, VR SRR L SRS T
FA S P27 i S S A i Bl S H A IR 5 B e AR 2 52 M ) b BT RN FPRE B AR AR SRR
Wl: St BRARRIFPIERD R AV 5 A S N F Z I AEAR O, ik SR SEAE e i 2 A G, iX
505 AW XS AR A SRR, B A TORLE A2 o A DO R A S AR B S, DA S AR
BATZWE N, ARSI, HIEAE 5 . X 5250 X AL Pinus bungeana M 5K
SEPA X ERAGHME Quercus cocciferoides BIMFFR 45 R —3, WIAR SRR, @A EE I tisng ., BhiES
IRAAFERFIEMC, ML, SORE A TR S WREIC, MoBREoc e 242k, Fhik e
XTREAR, AT B8 R TR0 88 TR 0T A i B Al A, KA T4 i R AR R 0k F A
AR I EA TR A AR K3 BRI 32 fe 0 A SR SE g e 10 R ay IR SR AN
AEBSRAA DGR, A ARFN TIRARZ F St s il [l i 32 J S PR 58 K s e, A7
EHLPRAR S T RA KA AES KA B AR, S ERA IR B AT RE = A Bt ik, X S5AHCH
GRS  —5,
3.2 ARMIERHHEMFERSFARES T

ARGERI . SRR A R R A IR P N R B IMR YO Bkl . TR . JoRRi . dbsh. &



1226 WroIL R R K A R 2022412 A 20 H

T AT AT DTSR R OR RS 1 32 0o SR AR AR AE 1 45 Dy SR F RN TREER, DRI D SOk 5 A T
PR DU i e PR OE K5 7 AL B e gt b, X5 0 R AEC X BRAR BRI B ST 45 2R — 2. 208 2. 3
oy EEIEE N T A BN T, X5 AR SRR K S BT R A R 2 S . W AR AR mE TR
Bi. %52, 3, 4 B e MBSt dEAEH, RURIRE 7 FAESREEH 7 KIE S Bk .
552 BRI MR R, ATRE SRR S A E A —E R AR

MRAERE T AR A L35 R IHT AR, B 11 PP ORI EE R TRIEE RO 4 28, H B3 A1 FH I A4 o
BT A RAE—&, W T AR R IR A e A B S 2P, SRR IRILL T A B
Bk, RROIE—2EE, nTREh THAEAMPL, SEMTHE , FORrEE e BF IEADCA G, X523
XSt BRAPIRAL S A BF TS A R — B TSR rh, AL ARHIBR IR B EOR, TRl T [Al— 24
TEAFFIR Z M R, T —E R BRI BERR RS, DT SR — S RE AP, PR 28 i
MR, XHZEICC TR A R — 2 MIEMBERRINAR TR 2o, S0 T b X, b g AR X 2
t, B IVIER AR BRI B A0 N, ORI ER TR B SR TR, PR R AXE2E

Forp T 2SMEfEAE BTt il T 10 TANIVZE, 1 2850 X S dR e oA XU, [m] AR 4
ST RRIE A2 AT X AIE T TR . S [ ol ] ot PR HEAS S ) W, SR AR — PO R 1), X 5 2 AE R X H
BEAR BT AR o

Rt 5 A RPIR S AL A 2 5 PP IR 2 0] AR B 22 A e — @ R R FR I, IR, bW it— i %
ARSI E B ARSI e 73T/ IT TIATSE , TRA IS MRAS [R5 2 8] B9 it A5 728 5

4 BE Xk

(1] otk S5°F-F, XS, 45, S8 MR TR IO at e (1], ARpR 1AL, 2014, 30(5): 58 — 60
SHEN Yanmei, GUO Pingping, LIU Shuling, et al. Review of advances in progress and utilization of Mongolian oak [J].
For Eng, 2014, 30(5): 58 — 60.

(2] WTHCAE B g2 52y, LA R IX R 22 51 23 A % b AR [M] . JE st Bl ipidt, 1996: 1 - 15.
Hebei Vegetation Editorial Committee, Office of Hebei Agricultural Zoning Commission. Hebei Vegetation[M]. Beijing:
Science Press, 1996: 1 — 15.

(3] PMEIR. BBt R R MBS T HORIIFE (1], S MM R, 2012, 41(6): 14 - 18.
SUN Jiaging. Study on the cultivation technique for arge sized timber of rare tree species [J1. J Jilin For Sci Technol, 2012,
41(6): 14 - 18.

(4] FEZRI7, KT 5, B0EM. BEAEX SO0 MRS TSR U P o Bt S AT P B2 e [/OL] . JE st bl R~ 41z,
2022[2022-05-09]. doi:10.12171/5.1000-1522.20210352.
WANG Rongfang, ZHANG Ziyan, LI Dehai. Effects of extraction methods on extraction components and antioxidant
activity of Quercus mongolica shell[JJOL]. J Beijing For Univ, 2022[2022-05-09]. doi: 10.12171/j.1000-1522.20210352.

(5] W, FHEHE SEtARM . RIS 00 (1], 5 BRpRer el 1998, 14(4): 205 - 207.
YAO Dadi, YU Haihong. Analysis of composition of leave and fruits on Quercus mongolica [J]). J Jilin For Univ, 1998,
14(4): 205 - 207.

(6] ZET. SR T AW R B WFSE (D] TR FR: PO KA, 2020.
LI Jianing. A Preliminary Study on the Characteristics of Reproductive Biology of Quercus mongolica[D]. Shenyang:
Shenyang Agricultural University, 2020.

[7] GREIPSSON S, DAVY A J. Seed mass and germination behaviour in populations of the dune-building grass Leymus
arenarius [J]. Ann Bot, 1995, 76(5): 493 — 501.

(8] H, FHTEHE, BRRL, A5 WHARRALRAE ZAEPE T (V] BT AMORA2441, 2020, 37(5): 939 — 949.
HUO Yan, ZHAO Xueqing, HUANG Houyi, et al. Phenotypic genetic diversity of ornamental pomegranate cultivars [J]. J
Zhejiang A&F Univ, 2020, 37(5): 939 — 949,

(9] skdie, sk & [, T, 55 LIAZTorE R RN SR AR S o [T e aibkol K2E254k, 2015, 37(2): 67 - 78.
ZHANG Zhen, ZHANG Hanguo, ZHOU Yu, et al. Variation of seed characters in Korean pine (Pinus koraiensis)
multiclonal populations [J]. J Beijing For Univ, 2015, 37(2): 67 — 78.


https://doi.org/10.3969/j.issn.1001-005X.2014.05.013
https://doi.org/10.3969/j.issn.1001-005X.2014.05.013
https://doi.org/10.3969/j.issn.1005-7129.2012.06.005
https://doi.org/10.3969/j.issn.1005-7129.2012.06.005
https://doi.org/10.1006/anbo.1995.1125
https://doi.org/10.11833/j.issn.2095-0756.20190619
https://doi.org/10.3969/j.issn.1001-005X.2014.05.013
https://doi.org/10.3969/j.issn.1001-005X.2014.05.013
https://doi.org/10.3969/j.issn.1005-7129.2012.06.005
https://doi.org/10.3969/j.issn.1005-7129.2012.06.005
https://doi.org/10.1006/anbo.1995.1125
https://doi.org/10.11833/j.issn.2095-0756.20190619

5539 B4 6 4] FERANEE: AFEFIRSE R AR BAIR I ZFE 1227

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

IR, R BT s, 25, 25 BT S IX RO 2 v e R B AR AR MR G OC 2R A (D] A W U8 5 PR 05 2441, 2018,
27(3): 72— 178.

XIE Ganggang, OUYANG Liting, XIE Jun, et al. Analyses on diversity of leaf phenotypic traits and genetic relationships
of Prunus domestica in Xinjiang region [J1. J Plant Resour Environ, 2018, 27(3): 72 — 78.
oK, XN, BRZzfe, 55, AR AL =48 A R R IR 52 SRR 1 R B M RORGE By & 5 00 LU 4B (70, 2B B, 2015,
43(30): 121 - 123.

YAN Bing, LIU Gang, CHEN Aihua, et al. Quercus mongolica seeds’ character and starch content comparisons of different
provenance in the three northeastern Provinces [J]. J Anhui Agric Sci, 2015, 43(30): 121 — 123.

EPETE, WO, TR, 5 10T 1SR R R R R PR A 5 0] AR AERll R4, 2019, 47(11): 1 -
5.

LIANG Deyang, JIANG Luping, ZHANG Qinhui, et al. Variance analysis of seed traits in provenances and families on
Quercus mongolica [J]. J Northeast For Univ, 2019, 47(11): 1 - 5.

LT, AR, VIR, A5 BRI R R AR AR i)t v R A R AR (0] P ARRReA B4, 2014, 29(4): 139 — 144

LI Ya’nan, LI Dongsheng, XU Zhongqi, et al. The process of emergence and height growth of Quercus species in different
provenances [J1. J Northwest For Univ, 2014,29(4): 139 — 144,

WIEER. 4 DAFEFIRSE SRR SIS0 [, SO AL, 2020, 49(1): 1 -3.

HU Yuzhu. Morphological analysis of 4 different provenances of Quercus mongolica seeds [J]. J Jilin For Sci Technol,
2020,49(1): 1 -3.

D A . ARAREIRAB ) 52 ot AR 5 A AR AR W8 5008 A 15 00 R R 5 W8 R0 8 (D] bt op E MO B 2= BF 5T B, 2011:
17 - 20.

LI Yueqiao. Resource Investigation and Superior Germplasm Resources Selection of Woody Energy Plants Quercus
mongolica Fisch. and Quercus liaotungensis Koidz[D]. Beijing: Chinese Academy of Forestry, 2011: 17 — 20.
RN, 26, K 2, 45, A RIS R TIE AL SRR D). E R AN A M BEIR, 2011, 33(2): 17 - 19, 38.
BAO Songlian, LI Zhiguo, ZHANG lJianyun, et al. A preliminary study on morphological variation of seeds of Tara in
Yunnan [J]. Amino Acids Biotic Resour, 2011, 33(2): 17 — 19, 38.

DENWAR N N, AWUKU F J, DIERS B, et al. Genetic diversity, population structure and key phenotypic traits driving
variation within soyabean (Glycine max) collection in Ghana [J]. Plant Breed, 2019, 138(5): 577 — 587.

i AR, 2508, SRAEFE. A RFRSE AR R AER S UE R & AR 5007 (0] Mok BHEBIESE, 2013, 26(4): 528 —
532.

LI Yueqiao, LI Yingchao, WU Zhizhuang. Variation in phenotype characters and starch content of Quercus mongolica
Fisch. seed from different provenances [J]. For Res, 2013, 26(4): 528 — 532.

2R . AR VE Ry BE VS AE MU AR K AR5 JRAR B 5L K B AR AL S 73 A7 (D b st ih MO AR BF5ERE, 2013: 51 —
71.

LI Yingchao. Resource Investigation and Provenance Analysis of Woody Starch Engergy Plant Quercus variabilis BL. and
Quercus acutissima Carr.[D]. Beijing: Chinese Academy of Forestry, 2013: 51 — 71.

SIEFERT A, FRIDLEY J D, RITCHIE M E. Community functional responses to soil and climate at multiple spatial scales:
when does intraspecific variation matter? [J/OL]. PLoS One, 2014, 9(10): €111189[2021-01-11]. doi: 10.1371/journal.
pone.0111189.

LI, WHECEE, X, 45, KA Baa AR s S e R i 2 [1]. ARl FE, 2015, 51(10): 75 — 84

AN Hailong, XIE Qianjin, LIU Chao, et al. Effects of water stress and provenance on leaf functional traits of Salix
gordejevii [J]. Sci Silv Sin, 2015, 51(10): 75 — 84.

ADLER P B, LAMBERS J H R. The influence of climate and species composition on the population dynamics of ten
prairie forbs [J]. Ecology, 2008, 89(11): 3049 — 3060.

BYINE, 5B A. A RO S5 R A B A PR L] Rk BL7, 2007, 24(12): 64 — 66.

LIANG Xiaoyu, ZHANG Xinquan. Effect of elevation on seed production of Dactlis glomerata cv. Baoxing [J]. Pratacult
Sci, 2007, 24(12): 64 — 66.

FREAE, PRV, AME e, 45 SR TR AR RN R RO R AR ] AR ZAEE, 2004, 12(1): 82 - 88.


https://doi.org/10.3969/j.issn.1674-7895.2018.03.10
https://doi.org/10.3969/j.issn.1674-7895.2018.03.10
https://doi.org/10.3969/j.issn.0517-6611.2015.30.047
https://doi.org/10.3969/j.issn.0517-6611.2015.30.047
https://doi.org/10.3969/j.issn.1000-5382.2019.11.001
https://doi.org/10.3969/j.issn.1000-5382.2019.11.001
https://doi.org/10.3969/j.issn.1001-7461.2014.04.00
https://doi.org/10.3969/j.issn.1001-7461.2014.04.00
https://doi.org/10.1111/pbr.12700
https://doi.org/10.3969/j.issn.1001-1498.2013.04.022
https://doi.org/10.3969/j.issn.1001-1498.2013.04.022
https://doi.org/10.1890/07-1569.1
https://doi.org/10.3969/j.issn.1001-0629.2007.12.016
https://doi.org/10.3969/j.issn.1001-0629.2007.12.016
https://doi.org/10.3969/j.issn.1001-0629.2007.12.016
https://doi.org/10.3321/j.issn:1005-0094.2004.01.010
https://doi.org/10.3969/j.issn.1674-7895.2018.03.10
https://doi.org/10.3969/j.issn.1674-7895.2018.03.10
https://doi.org/10.3969/j.issn.0517-6611.2015.30.047
https://doi.org/10.3969/j.issn.0517-6611.2015.30.047
https://doi.org/10.3969/j.issn.1000-5382.2019.11.001
https://doi.org/10.3969/j.issn.1000-5382.2019.11.001
https://doi.org/10.3969/j.issn.1001-7461.2014.04.00
https://doi.org/10.3969/j.issn.1001-7461.2014.04.00
https://doi.org/10.1111/pbr.12700
https://doi.org/10.3969/j.issn.1001-1498.2013.04.022
https://doi.org/10.3969/j.issn.1001-1498.2013.04.022
https://doi.org/10.1890/07-1569.1
https://doi.org/10.3969/j.issn.1001-0629.2007.12.016
https://doi.org/10.3969/j.issn.1001-0629.2007.12.016
https://doi.org/10.3969/j.issn.1001-0629.2007.12.016
https://doi.org/10.3321/j.issn:1005-0094.2004.01.010

1228 WroIL R R K A R 2022412 A 20 H

WANG Zhiheng, CHEN Anping, PIAO Shilong, ef al. Pattern of species richness a long an altitudinal gradient on
Gaoligong Mountains, Southwest China [J]. Biodiversity Sci, 2004, 12(1): 82 — 88.

[25] SR, SRk, AR, 55 T8RRGSO AR5/ N SEIR [T]. B0k 2741, 2010, 19(1): 50 — 58.
GUO Shugqing, QI Wei, WANG Yulin, et al. Effects of altitude on seed size on the eastern Qinghai-Tibetan Plateau [J].
Acta Pratacult Sin, 2010, 19(1): 50 — 58.

[26] Z=f}, S0 3 AN TR SAC00 2 15 R AA TP A 3t 1 20 R B G 55 7 25 TR 7 A AR DG ). A 2852741, 2001, 21(3):
415 — 440.
LI Dan, PENG Shaolin. Genetic diversity in three Pinnus massoniana populations in different elevations and its relation
with ecological factors [J]. Acta Ecol Sin, 2001, 21(3): 415 — 440.

[27] PLUESS A R, SCHUTZ W, STCKLIN J. Seed weight increases with altitude in the Swiss Alps between related species but
not among populations of individual species [J]. Oecologia, 2005, 144(1): 55— 61.

[28] ARFT A M, WALKER M D, GUREVITCH J, et al. Responses of tundra plants to experimental warming: metal analysis of
the international tundra experiment [J]. Ecol Monographs, 1999, 69(4): 491 — 511.

[29] DIEMER M. Population stasis in a high-elevation herbaceous plant under moderate climate warming [J]. Basic Appl Ecol,
2002, 3(1): 77 - 83.

[30] FITCH E A, WALCK J L, HIDAYATI S N. Agroecosystem management for rare species of Paysonia (Brassicaceae):
integrating their seed ecology and life cycle with cropping regimens in a changing climate [J]. 4m J Bot, 2007, 94(1):
101 —110.

(31] 2, BT, 9. H B RIRIE AR SRR R R 72 (] LEW) Z2REE, 2002, 10(2): 181 — 188.
LI Bin, GU Wanchun, LU Baoming. A study on phenotypic of seeds and cones characteristics in Pinus bungeana [J].
Biodiversity Sci, 2002,10(2): 181 — 188.

[32] ki, ML, 25, 55, [ —FPIRERARAR RN T BOTE AR IE L8 5 (0] R IE VAR, 2019(8): 26 — 31.
ZHANG Qing, XIAO Guiying, LI Pinrong, et al. Seed morphological characteristics and variation of Quercus cocciferoides
from the same provence [J]. Heilongjiang Agric Sci, 2019(8): 26 — 31.

[33] KENNEDY P G, HAUSMANN N J, WENK E H, et al. The importance of seed reserves for seedling performance: an
integrated approach using morphological, physiological, and stable isotope techniques [J]. Oecologia, 2004, 141: 547 —
554.

[34] LEBRIJA-TREJOS E, REICH P B, HERNNDEZ A, et al. Species with greater seed mass are more tolerant of conspecific
neighbours: a key driver of early survival and future abundances in a tropical forest [J]. Ecol Lett, 2016, 19: 1071 — 1080.

(35] SRR, MM, B A, 5. Sl BRAE K MOIR AP 922 S LD 2D 50 (D). LA R 22440 (FARFHE ), 2020, 21(4):
447 — 451.
ZHANG Jun, SHANG lJiahui, CHENG Guangyou, et al. Preliminary study on intraspecific variation of growth traits of
Quercus mongolica Fisch. [J]. J Beihua Univ Nat Sci, 2020, 21(4): 447 — 451.

(36] IR, KT, L, 45 BRASHRA IR R M 5K R M1 AT ASRRAE S AR 52 (0], Fy7, 2020, 39(6): 53 — 58.
CHANG Enfu, ZHANG Qing, XIAO Guiying, et al. Morphological characteristics and variation analysis of seeds from
different provenances and families of Quercus cocciferoides [1]. Seed, 2020, 39(6): 53 — 58.

[37] 23030, Ztr Bk (Quercus mongolica Fisch. ) FHRAR S B G 55T (D). Jbat: oh EMOLRMERFST B, 2010: 13 - 36.
LI Wenwen. Study on Variation of Provence and Vegetative Propagation in Quercus mongolica Fisch.[D]. Beijing:
Chinese Academy of Forestry, 2010: 13 — 36.


https://doi.org/10.3321/j.issn:1005-0094.2004.01.010
https://doi.org/10.11686/cyxb20100108
https://doi.org/10.11686/cyxb20100108
https://doi.org/10.3321/j.issn:1000-0933.2001.03.011
https://doi.org/10.3321/j.issn:1000-0933.2001.03.011
https://doi.org/10.1007/s00442-005-0047-y
https://doi.org/10.1078/1439-1791-00079
https://doi.org/10.3321/j.issn:1005-0094.2002.02.008
https://doi.org/10.3321/j.issn:1005-0094.2002.02.008
https://doi.org/10.1007/s00442-004-1686-0
https://doi.org/10.1111/ele.12643
https://doi.org/10.3321/j.issn:1005-0094.2004.01.010
https://doi.org/10.11686/cyxb20100108
https://doi.org/10.11686/cyxb20100108
https://doi.org/10.3321/j.issn:1000-0933.2001.03.011
https://doi.org/10.3321/j.issn:1000-0933.2001.03.011
https://doi.org/10.1007/s00442-005-0047-y
https://doi.org/10.1078/1439-1791-00079
https://doi.org/10.3321/j.issn:1005-0094.2002.02.008
https://doi.org/10.3321/j.issn:1005-0094.2002.02.008
https://doi.org/10.1007/s00442-004-1686-0
https://doi.org/10.1111/ele.12643

	1 研究区概况与研究方法
	1.1 研究区概况
	1.2 研究方法
	1.2.1 调查收集方法
	1.2.2 测定方法
	1.2.3 数据分析


	2 结果与分析
	2.1 不同种源蒙古栎种子性状差异性分析
	2.2 不同种源蒙古栎种子表型性状之间相关性分析
	2.3 不同种源蒙古栎种子表型性状与生态因子之间的相关性分析
	2.4 不同种源蒙古栎种子主成分分析
	2.5 不同种源蒙古栎单粒重和千粒重的聚类分析

	3 讨论与结论
	3.1 不同种源蒙古栎种子表型性状差异及其与生态因子的相关性
	3.2 不同种源蒙古栎种子主成分和聚类分析

	参考文献

