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Morphological variation in cones and seeds in Abies chensiensis
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Forestry, Beijing 100091, China; 3. Hubei Shennongjia National Nature Reserve Administrative Bureau, Hubei 442421, China). Acta Ecologica
Sinica,2005,25(1):176~181.

Abstract: The purposes of our study were: (1) to determine the relationships and variability between Abies chensiensis cones
and seeds in different elevations and between the core and border regions, (2) to investigate variation between natural and
managed forests, and (3) to determine the sources of variation to provide management suggestions.

In this study, two sampling zones were selected from the core and border regions of Qin-Ling, China, where Abies
chensiensis is naturally distributed. The core region is located in Qin-Ling Mountain and the border region in Shennongja of
Hubei Province. Morphological variations of cones and seeds collected from different altitudes and latitudes and between
natural and managed forests were analyzed. We sampled twenty cones from 48 trees, 28 from Qinling Mountain and 20 from
Shennongijia. Fifteen traits were measured for each cone and seed, including cone length, cone diameter, cone scale length, and
bract length. Data were analyzed using SAS and SPSS. Our statistical analyses were composed of (1) correlation analyses for
each trait among different elevations in Qinling Mountain, (2) calculation of means, standard deviation and coetficient of

variation for each trait from natural and managed forests, (3) hierarchical analyses of variation with the same elevation in
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different regions, (4) variance analyses between two populations with different elevations in Shennongjia, and (5) variance
analyses between natural and managed forests in Shennongjia.

Results from correlation analyses suggested that morphological variation of cones and seeds was significantly correlated to
elevation on Qinling Mountain, which indicated that elevation played an important role in morphological variation. Statistical
differences were significant between regions with the same elevation and among trees within regions, as well as between natural
and managed forests. The variance component analysis indicated that about 85 percent of the variation was attributable to
differences between individual trees and within a tree, and the remaining 15 percent varied between regions, providing strong
evidence of substantial genetic control over traits. The mean values of traits of cones and seeds from the core region were
higher than that of in the border area, which indicated that Abies chensensis reproduced better in the core region. “The analysis
suggested that the mean and variation of traits of cones and seeds from managed forests were greater than that from the natural
forests. It appears that traits of cones and seeds of Abies chensiensis could be improved by forestry practices in managed
forests.

Key words : Abies chensiensis; cone; seed; morphological variation; elevation; Qinling; Shennongjia
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HKAMAESEREREMAHRRIARA A THEANWERRE . IH UA—EIARNREXRARE,HEIL TERE
B, BN ERASHEAENEESE REEARR AT SBINMREERIZETARNBRENE R — BESLM . X
M ARAESFBHRLE WS AFHARE AR AEESHFELREMANRELZR., XAHAEHIFREEEAHRR
ENF— X ARFFHEZ X BT ELR, FEERBIEETHRARAERNELED,

ERNTREAREITBERNDREREN , IR KET R L 2RI FRID (Pinus sylvestris) ™8, BT 40242 FHIMN
T 20a K, AARBERNFRTIEEFAENERERXNERL . UAERRBE . ERE54SHF HBERENXRD Y, IR
HAXRRBANZRER ANEBTFTRABEFIOMERNEERFRD, BRRERENARNEREYHNESE
RIS BRI EAAEY BB ARARS R AT RAERE . UENKABERETRAMREZH N > HEER
Mg FE N S FAAEERE ABEERNEEYH XTEHNHRBRLD. HRFHEYHERI ARV ESER N TET
REME, CHEITHRP , RV BRBIABHYEFEER L.

Z IS K2 (Abies chensiensis) RMMBIBRERBREETAR, A REFECHHELCHEY . T E40% TR E 1LH (L F kA% H R
BB, IBRFEM R N X, AL A H R At O R RS, A ENINE R BER . MRE,
HA XU THRABESGRBEREL . — RO HABIRA 1700m A5, BREF BN 1350m A4, B & 7l 3X 2500m", BB EES
BERFEEE  EFETLUNESERER, SHEEKFEAEL, NEABRFLANRBEKEERSE, BARFESLHRE,
MFEEREME, RABHEKE . W ELERKR, 2AERAZHD, AEZATED A, SHENFRER/HF,

HRRAMFRYMEBMASEHNEERLE,. EMNERKMERE N TRABBROENED . A, RERAFHFHREZEE
EHBBRAOSIE RREAFXSAMEENEXY, NBERRENAHXKRE BB IRSAHEKOBKX B EAEKERLEHK, £
HBABBPEART A ALRIMALAR; HREAFHHAEZR AP AR ERKEBEOCENZREEHERRABTFERESRS
NERXMEER? EFMEERERMA 2?7 WA FRBENEESAEREREER KR (1350~2500m), BRRERMM FRSE
REESBEEX? FLEIMNBLEDRRR LA T ORMBEZXKRAFHTESZEROWR, EBIN T RZREEXK
R FERSAROPLOEAAZXHMESEREZERER; RNSH T E—#h X208 % E2RR MR T 154 [958/ i¥
HHZEFUBRATHAERRAKBMWESEZEF NTHAIREREAREERURAAEREZBRERUER P& HOEH.
1 RN *

ZFIRHAREPR  AEHAES AEZWHAEANR, TERRAKAER, EREHEILERPALK L TRETMERG
B, MBS, BAFZGRE IEYHEFEE RIERRTRKENZREARFIEYHEL. ERIMEERZREZ
MESHAX . HPLURAENTRERBFEIAERESL. FRARHBZRAEALCRIRTTRETHENRLFER FHEAE (N
33°43', E 108°22"), iZMA THRIE P B, BRI L, FHB 7. 96 C,EFEKE 1027mm, TFH Y 200d.

HAACLE M X A TR I, A RE IR RE, BRI LMK B E E, BILERETEXRX , 82 WRHFIE
HMAERG G, ZANFREE LMW, 2F 0N BITHREXN. A TFTLUERGXR, KBEEWHE, .l 2 8 ER/F K
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i BR i , B R R ER R B TF 20 1A FITF 1040 (GR DD,
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Table 1 Samples and geographical location of Abies chensensis collection data in Qinling and Shennong jia region

#h X 2 B 2 i ¥R (m) MMEE FERREK W ER ¥
Areas Lat. N Long. W Mean Elev. No. tree sampled No. cones collected No. cones observed
FibH X 33°44' 108°20' 1550 (QL) 12 240 120
" Qinling 33°46' 108°21’ 1800 (QM) 9 210 87
region 33°43' 108°22' 1950 (QH) 7 118 58
AR X 31°48’ 110°31' 1700 (SL) 10 380 100

Shennongjia
30°31’ 110°34' 1950(SH) 10 230 100

region
QL LK% K Low elevation in Qinling; QM F & ¥k Middle elevation in Qinling; QH F W E & High elevation in Qinling ; SL
R B IR O 653 Low elevation in Shennongjia;SH R 32 & 3K 18 2% -k 3 High elevation in Shennongjia

2.2 HEAMFESFEMNEE

RERTR . EFHA NEHBWHEIEREPESEEBN 10 MEIRER . WETEIMRERAHKECL) . EECD),E
AXTFEHETENRRVERCW) ,HEBIMREFSFHTHEN) EmH AT b8 45 (PFSPC), MNERRFEARHEFBKR
o F BE DL ECRR 8% 10 /4, T B PR B (CSL) . Fh 8% 38 (CSW) R K (BL) . &8 58 (BW); AN E P BRR F BB PLE 10 KL% 5 B
BMHOEHER T MET 6 MESHERF FHBERGWL) BT SWW) B F K SL) T I EW) F TR ST JFb T EH (SW) Cif
), KE.EE.EENERYEERESPHER . BE.BEELWE ERBHFHIABER 0. 0lcm MR KR EBBIRY K
7 0.001g B K,
3 &RE5HW
3.1 RRHMRXHREMM TFESHEESERXXRLMHEXHERIT o

iz Fi SPSS M Z e HiX 28 BRME 15 M EREMM FERSBREEREKFHHEEIH(GER2). EGREBRE p=0.05K
FELRIEAREEREMFFHERER P, SHREBLHAXLHNESHEGRE - SRFP AR ASK, AHE, 3K, AR ; XA
XHESHERA REAK RER . ARMFRER FSK . AFR.APFRE . FE SEBREXABENIERE KRE, 8
T, MTFRED., 5P ESEFRFREINSBREZHAXAEE . LHABRNREMMHTFHESHIELAR W . BIRA
A, SBEESHMZIEAELR ARV TLEEWIAEYNEHERKRNEREK.

K2 BEREMX IS/ARKRAMNTESERSERAANEXENY

Table 2 Correlation coefficients calculated on the means of 15 cone and seed characters and elevation of Qinling region

.

*ﬁi‘gﬁﬁ A Variables

Pearson

CL CD CW SN PFSPC SCL SCW BL BW SWL SWW SW SL SB ST

correlation

R

Elevation

—0.383** —0.129* ~0.116 0.143* —0.564™* —0.059** 0.018 0.456** 0.216** 0.066** 0.201** —0.191** ~0.213** —0.191"* 0.026

CL F®RHE K Cone length;CD BRE % Cone diameter;CW IR E Cone weight; SN &R F# T % Number of seeds;PFSPC 8 R & HI1%
# Percent of fully-developed seeds per cone;CSL  #&% 4 Cone scale length;CSW  #1#88 % Cone scale width;BL. & #% K Bract length; BW

A8 55 Bract width;SWL Ff#l Seed w_ing length;SWW #3# 3 Seed wing width;SW FFH Seed weight;SL  fhF{ Seed length; SB
pF % Seed breadth;ST #FiF & Seed thick; T [A] the same below; * * Correlation is significant at the 0. 01 level (2-tailed); * Correlation is

significant at the 0. 05 level (2-tailed)
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LM X 7 BREEAR M ACZE 10 % . FIE SAS KOs GLM BEX B R EMAp FHRESGTELE S I AFLER Y

E58, FRBE LR Y (maximum likelihood ratio method) #4573 =

ZH.E p=0.05  KF L, EHUMERRANBFEREHLXE. . HBX KN

85 HIAE R H B WA M IRET, X BT E BN 0(BRR R, 1

=B LR B ) 2= B4 43 7 (variance component) , 258

TR, AFREOE 15. 1% (HBKOAE, RURBREZRENFBTHERNEREEHREERER (F 3.
3 HESUEEREEAXRERTRESETEERIR

Table 3 Variance analysis of 15 cone and seed traits in Abies chensiensis between two regions with same elevation

AN ERBEEEN. FEBHWRRH,LE
FREHTFE 4R E8K,ARE, HIAR ./ FE, 7

FETROD Ar B Variables
Variance
component CL* CD* Cw* SN * PIFSPC * SCLL* SCw* BL* BW* SWL* SWW Sw* SL.* SB* ST
- _
:HEIZ.I“J 11.51 O 0. 35 14.78 0O 0. 60 9.11 0 0 15.15 0O 0 0 0. 29 0
Region
B} 5 (8] ]
(Tree) 40.08 52.74 71.9 25.35 32.42 70.54 67.21 60.87 64.51 54.69 71.45 55.80 42.24 39.76 25.90
ree
IREM
E ) 48.41 47.26 27.75 59.87 67.58 28.87 23.67 39.12 35.09 30.17 28.55 44.20 57.75 59.95 74.10
rTor .

R A~

FERFH « HRRNER B F Variables with * suggest significant differences

iz H SPSS giit i, LI IR R M FIE S 165, B & 531
RN REREERYERZWHEX I ATHRABHXA (R 4. SHRE. P, RIEHXERR

7 BRBIR TP T 3

'

MAFFEAHMAERE. RHRERREERSANE OB ARA K

Bk, R %53

N 38 7 18 B K

ﬁ%ﬁﬁ?‘éﬁ%ﬁa%ﬁﬁﬁ%‘%wﬂﬁzjﬁ
L 5 A4, 8% I #FH

#* 4

CRIERAE 3 MK, R, T E
BRMTE SRMFTEHEBUHFHERERET I HFRAFEHTFRE O, IRY.ZRHZKRBERRESH
FHREMX A FHERERBREMBENASK.

EEBEBERERRMMTFESERNERERAMER

FTazimX,

EMERRW. FREZEN . EREFHRRER

CHREH K AT BRR R EERRK AR RRE . SRR, SRR, &

s RS Hh XN TR B IR E KRR ERE 21

Table 4 Comparisons of means and CV of 15 cone and seed characters for two regions with same elevation of Abies chensiensis

S A il

il

A Variables

3 X

Area CL CD CW SN PFSPC SCL SCW  BL BW SWL SWW SW SL SB ST

&8 8.541  3.630  28.936 327.31 0.410 2.682  1.637 0.813 0.624 1.219 1.101  0.035 0.931  0.521  0.276

Qinling  (0.17)  (0.13) (0.49) (0.18) (0.33) (0.14) (0.17) (0.20) (0.14) (0.22) (0.20) (0.34) (0.11) (0.15) (0.17)

:iﬂ% 7.478  3.511  22.698 264.08 0.457  2.440  1.427  0.740  0.585  0.980 0.998  0.037  0.921  0.489  0.267

mznjia (0.15) (0.11) (€0.32) (0.27) (0.35) (0.13) (0.13) (0.15) (0.11) (0.18) (0.17) (0.33) (0.14) (0.16) (0.18)
g

3.3 MAREHXAM
S 4 4% 38 H X B K 4R b
FHRE,.AFEHFEFER /IR

BB TR

ZHEIBE.FEEHNANTRERZE Values in the table are means, with CV in parentheses

P I B PR T ) R AR R
FRER M T RIEHTERER T 205 (ANOVA) . BEENMATET £
AT T

AR R TE

FERFTZH (ANOVAIRH ,FE p=0. 05 KF L, BREBES S, KR EBRRAEAR 8 bn 78 R S8 3tb X 9 7 ¥ [|] 9 A8 7 2

BRI LR T

BEMBEHERASBEI|,]
MEMBERNFEEEEZR UHRKREREZERRNR FEEER] ZHFHE]

3.4 MARRHMXATHRERAKNEKRNBFESER LR
SMHRBHEXBREERGALIHAFIBR S RAKRMFENRRENH THREATERR T Z0H(ANOVA)., MERBENIE

i e 44 (8
BE.

%5 B E MR R IR
R KT
BB R R AR S R F  RARAN T A LA A SRE A BRI T

A

B E

 MERRBMGES) . FREH,E p=0.05 KF L, BRERRE

RPN TF AR A BRRFE, 4

CARBI O BRAR T, 4

g R %L

A SRR 1R

LA ER B, B 15 MRBEAF TSR
= 3 X ], I o

8 b, HoR & BRAR M A T R I8 451

1L, 12 48

B 75 P o 3 B 2= 7 3

TAHAE R BRRRK . BRMTEARK, SBE. AR THERERXARPMTFTAIARGE 5.
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Table § Varlance analysm of 15 cone and seed characters between natural forest and artificial forest

FhEE AR E{E Variables
Population
type CL* CD* CW SN* PFSPC* SCL* SCW* BL* BW* SWL* SWW* SW* SL * SB* ST*
KM  6.363  3.029 14.754 224.64 0.134  2.321 1.326  0.696  0.595 0.934  0.954  0.025 0.830  0.472  0.249
NP (0.20)  (0.08) (0.27) (0.36) (0.66) (0.08) (0.07) (0.11) (0.09) (0.11) (€0.12) (0.28) (0.11) (0.10) (0.16)
ATAH  6.340 3.375 17.401 204.61 0.326 2.657 1.528 0.671 0.582 1.106 1.195 0.033 0.891  0.501  0.283
AP (0 20) (0.07)  (0.38) (0.19) (0.40) (0.10) €0.09) (0.16) (0.12) (0.14) (0.13) (0.32) (0.11) (0.15) (0.19)
NP KR FhBE Natural population; AP A T B BE Artificial population; B PH » WESAERBEE; ZPEIME.FSHAINETEREH

Variables with * suggest significant differences; Values in the table are means, with CV in parentheses
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PAT I Fh e, 4R 121 NRFIRZE 19 M A B = B %
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DELEXSHERZREGERAAIMFESREFEZR, XHERE B FETHEE . SEE RN, B~ K E A
MERZERSBEBRK. 20 TFTELOXNBBRBERREABTFESBBEF TG TUEZER,
(D — X AR BERHNBEREZRRAB FEEEBRERBE.
HOAIKRERAKRBRRMFHFHERERBF, B ATHKRREMB FHREIRE T XA,
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