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Phenotypic diversity of male cones and the selection of superior plants among
male populations in Torreya grandis

ZHAN Liyun, LIU Lian, ZENG Yanru, YU Weiwu, DAI Wensheng
(State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] With the phenotypic diversity of male Torreya grandis populations explored and
superior male individuals initially screened, this paper is aimed to provide a reference for the scientific
configuration of superior pollinator trees so as to improve the actual yield and quality of 7. grandis ‘Merrillii’.
[Method] With 121 single plants selected from 5 natural male populations in T. grandis, an analysis was
conducted of 10 phenotypic traits including single leaf weight, leaf shape index, weight of single male cone,
cone shape index, percentage of pollen yield and pollen vitality, etc to study variation in phenotype, based on
which superior male individuals were selected. [Result] (1) There were no significant differences (P> 0.05)
between populations in all the traits except leaf length and percentage of pollen yield (P<<0.05), but there were
significant differences in all 10 traits among individuals within each population, indicating that variation within
a population is the main sources of phenotypic variation in male 7. grandis and larger than that among
populations, which means that artificial selection should be based on the selection of individuals. (2) Among the
10 phenotypic traits, coefficients of variation for male cones were larger than those for leaves with 42.36% and

34.13% as the coefficient of variation for the pollen vitality and pollen yield respectively, which indicates that
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the selection of superior male individuals should be based on the traits of male cones. (3) 36 superior early,
interim and late flowering individuals were screened out according to traits of male cones, which could be used
as reference for breeding and plantation in the future. [Conclusion] The phenotypic traits of male 7. grandis
demonstrate more significant genetic diversity within the populations, and the focus should be laid on the choice
of superior individuals within populations in the attempt at the establishment of later genetic improvement
strategy of T. grandis while cone shape index, percentage of pollen yield, pollen vitality are important
phenotypic indexes for the primary selection of superior individual. [Ch, 1 fig. 7 tab. 26 ref.]

Key words: silviculture; Torreya grandis; male cone; natural population; phenotypic diversity; superior

individual selection

WERS Torreya grandis &4 G A2 F} Taxaceae HEJE Torreya W [E4F A ALYy, B F R THL . 14
a#LOVLPE . W RRCER N R AT NER MERE SRR, MR, RS T EED. BET
grandis  ‘Merrillii” JZMEPERERS 9 — 00 RARSE AL, HAE S0 A6k R A HEVERERS KR Fm e . SR Ak
PR DN G5 ST A A 18 A7 Bl AR, B R Bk /B AR Bl Bk i R e, AR 3 5 A0
JOT ()45 A5 %ok AR ST 7 et B S B AR OR, H 2 S AAE T = 7 i R i B MERR P E T . IR, X
HIEAS AR T JEE 8 Ay 5 e LR 42 = B i S B B R 2 — . RAMRIR ZAEE A 2 FE M B0
R, R E Y 2 EE e R, R T st R E LR, FEMEE Castanea mollissima®
Pk Cerasus pseudocerasus™ . WA Phoenix dactylifera™ . 2% Prunus divaricata™ . £ K Zea mays™ 5549 Fh
TR T RIMAR ZFEVERFSY . MR MERE bk, RORZ4ac, HAE KM IR AAE 22 5, (145 KARBEIR
PIRIEAR A2 5 F2 5 U0, IR AR R AR A 5% R BEAR i fE i U A R DY RS HER M 4y
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VLAV B R (). BTG 22 X eI R (If572¢) . o T e PH XA AR AT Ca BH) . @ T 08 T A A
B (R ) S BT SRR (L) TR . FE 530 i B HEMEAERE AR i £ 28 B 10~30 BRA R IERR, DUt
[BIEEAS/NF 50 m, Jog HUE, WS 50~200 a (952 A HEPERERSVE I AFFE x5 42, T X0 0 'ﬁﬂaﬁ [F]
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1.2 FHik R
1.2.1 a—]— }% PR §$1§k ﬁf;ﬂfl 20 /I\H-I_HA ’ JEH Table 1 Geographic locations of five natural populations in 7. grandis
VbR R R R 51 E 0.01 mm) MFSERINS, IF Tape RREUR FEMgTS GEN)  ZEE)  fEm
HERHEAR R (TSR s FEERF (PBIS02- gy 17 CAO1~CA17 29°5520" 119°12'06” 320~430
L, %t FRECH BT . %2 24 LAOI~LA24 29°59'30” 119°12'32” 305~360
122 A FBERNE FHRBEVEIR  ®H 24 FY0I~FY24 30°05'47" 119°38'42" 360~410
30 NMHEBRAE, bR BRI B MEBRIER S . 90 R 24 SZ01~SZ24 29°42'28" 120°33'22" 280~420
7%, IFEI IR B GRAERE R /NAR), [EINHFE FO 32 HSO01~HS32 29°57'52" 118°14'18" 350~500
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TR FREUEBR AL T
123 MR BRI IR A PRBEI 3 MR AE R A H KSR AP R RId A KT, BT
WA AL P, BE SR AR B IR 20 °C, YBJE 75%, Gk 400 pmol-m+s™', A fLAREE /R 504K
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124 Fedrfp g BAFRERATE 30 D ERKEC (1A NS, EEa s, EHRITHN
24 BEERAL, B TIRICEIERND, BEAEEN TR L, Rk A REO . FrEERE 78 2T
B, BHEFTAAEN, WUEAERMPRE, RIS RS 5R= [0k BTt/ (18 BT it -+H0k J5 BRAE T 1) ] >
100%
125 #hmAFhne HEEEECHEMT, HZRCYOR N (fluorescein diaectate reaction, iR
POCR YA ME AL A TG 110 FEALII 3 AN FERLET , GErtAis 1 4eky (R ek ) B Fiems Sk (s
R, BRI T1=(ATE T e BeR /e 8 S50 %100% .
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2.1 HEEER R SERERBEERKNEREZ SN

TrZEm Rl i PR A AR R A B35 22 57 (P<<0.05), MERRAETEAR A AEA 1370 FE AT ] 42
PR FEMEZE S (P<<0.01), HAUIEARPIICRFEZES (L 2)o R HrEU R T R fEfRE N Spkla] 10 3%
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Table2 ANOVA in leaf- and male flower-associated parameters among five natural populations in 7. grandis

EiEtan ER AmE B F P EiEtan ER AmE B F P
L WriNi 0.000 4 0.000 0434 0.784 BRIEMR 0.354 4 0.089 0310  0.871
H5E 0.298 4 0.075 0.792  0.533 BRIEIIR 2.138 4 0.543 0421  0.793
IEN 51.915 4 12.979 2498  0.046* ETEAEEL 0.010 4 0.003 0240 0915
MHEFEEL 0.002 4 0.001 0.820 0.515 e 0.170 4 0.043 4980  0.001**
BRAE 0.001 4 0.000 0.686  0.603 AERAE T 0.095 4 0.024 0355  0.840

P *FRE R REP<0.05), **FREFMDEFHP<0.01)

ZHEIBE IR HARAE 5 AR 2253 5 (P<<0.05), 5 /N i 5 22 JE AR ) I RS- 2 e ik
(18.99 mm), WK TIHABSERE; BRI 5B ILERER M AR, H 2 AN ElEmo 25, 55 H
SRRy R KRR, 2 AR TC 3 22 5 (8] 1A). FEMTHRTE 5 AR e 22 2k % (P<<0.01), I
AR FHERER B AR, & THARERE, H 2 NERRICRE 2R MR 5 h % m R ek
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Figure 1 Varieties among five natural populations in the leaf length(A) and pollen yield(B) in 7. grandis
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R E TR EER (B 1B).

A5 RS HRIR 0 B R B B OE ARG, R REUE R MAR 2 R, ZHEEEE, B
OV R RN, AR R [ —RREA R SRR W —mRE oA R R 2 5 R 5
WAFTE2ZE R o 5 D MEPERERS FE FE ] it R (48 S R B2 o KB/ IMERUCH I it . i B R, 9,
BRAGH A SRR R R B/IMRUCHAE A TE 1 . BB R . BRAETTR . BRIEAE . BRIERIE . B4 40.
WG NS R NFEE, SANBRERERANEJ1R 51.70%~58.51%, 7285 Z BN 39.04%~45.40%,
SEHIME K 42.36%; HRSEAER ISR (31.03%~37.77%), FXik 34.13%; M5 BRI AR T RE /DN,
3R 10.82% F1 12.13%(% 3).

R3S MEEERERMN R SHREERNRESER

Table 3 Extreme values and variation in the parameters of leaves and male flowers of five natural populations in T. grandis

T 5
JEE
wRMbg  wMEg CFRWEHSREREg ERRER%  BKEmm EUME/mm o CPREAREZ/mm R REU%

(EES 0.024 0.015 0.018+0.003 14.06 3.794 2267 2.941+0.336 11.42
4573 0.025 0.012 0.018+0.003 19.44 3.775 2.400 2.901+0.345 11.90
Y 0.023 0.013 0.017+0.003 15.36 3.422 2344 2.850+0.281 9.86
I 0.029 0.013 0.018+0.004 20.34 3.254 2.186 2.791+0.334 11.97
# 0.026 0.012 0.017+0.003 16.68 3.340 2.385 2.829+0.253 8.96

) & L SIZ
o FAfi/mm  FMimm PR mm ERRRUe R He/ M bR ERRN%
% 22319 16.124 18.99:+1.82 9.58 0.174 0.137 0.155+0.012 7.91
&% 25475 13.650 18.41+2.84 15.45 0.228 0.107 0.16120.029 18.27
wWH 25139 15.360 18.05+2.51 13.93 0.205 0.130 0.159+0.015 9.68
I 22.082 13.399 17.17+2.17 12.64 0.243 0.135 0.164+0.023 13.97
# 1l 20.800 14.000 17.28+1.88 10.90 0.192 0.139 0.1650.015 9.06

) BRAL BT i BRAEREAR
o BKMElg  B/MEg  PHEHMEZg  BRFEH%  RRE/mMm F/MEmm  OFSESREE/mm R 2%
RS 0.071 0.038 0.056+0.010 18.71 4.883 3.267 4.288:0.440 10.26
I % 0.078 0.032 0.058+0.014 24.51 5.344 2.947 4.369+0.594 13.61
G 0.089 0.034 0.054+0.014 25.96 6.283 3.714 4.452+0.551 12.37
I 0.093 0.033 0.052+0.016 31.49 5.975 3.589 4.32140.542 12.54
# 1l 0.089 0.033 0.053+0.014 27.06 6.147 3.640 4.330£0.514 11.86

) BRIEPIR LA
e RARMEHmMm  H/ME/mm  CEEAREZE/mm AR REU% SN /ME FEEE AR FRE%
RS 6.937 4.425 5.671+0.718 12.66 0.893 0.656 0.760:£0.060 7.84
I % 7.890 4.166 5.988+1.100 18.37 0.872 0.555 0.740:£0.090 12.11
Y 8.555 4768 6.121£1.016 16.59 0.928 0.602 0.736+0.088 11.91
I 10.884 4.458 5.900+1.423 24.12 0.938 0.434 0.753+0.110 14.57
# 1l 9.889 4516 5.907+1.146 19.40 0.854 0.588 0.745+0.083 11.04

) pia iR M ETE T
e wARME%  BME%  EEESREEe  ERER% BKME%  BMEe  EEESEREe B RERU%
B 2638 5.82 17.00+5.28 31.03 92.71 21.61 58.51+25.05 42.80
&% 32.19 8.32 17.38+6.11 35.16 97.26 19.34 51.70+21.52 41.62
wHH 4512 11.54 23.31+8.12 34.84 92.55 16.73 52.19+22.40 4293
I 4139 10.23 25.08+7.99 31.85 92.08 11.09 56.70+25.74 45.40

palll 36.56 8.72 20.67+7.81 37.77 94.30 23.90 56.56+22.08 39.04
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JE R 22 SR BT AT XY 1 PR BE A OR [R)3E R, B TR/ IN S T AN [ B X A (] B 855 1) 36
PEUS T i RS AR AT R B . 5 KRB R AR 7 R & (16.27%) fe K, FHUR = WM
(14.73%), T4 (10.74%) 5% /N 5 0 HEBR A6 S e M (26.82%) F1 ¥ 111 (26.42%) (75 5 R B, 5%
(19.49%) fie/1N o AHIEFE HPORIERR BRI (1) 25 FE 2% B AL AR 57 RBUR T EFRA B I .

22 HEIKEEMBETENT R

HIEARS A PR () ORI DA AN 5 35t A5 A OGS, At S bl e . PRBE 25 S A0 O o MRS () eI A A S v
HERRAEI O RR U, BOR I (B — 87 4 A ) RO DRI A T 2 A P T A S AR R P E B R
e L T A O NN

2R K EE MERRAE RO ZE 11, HEERAEHOR BT AE 4 A 7-17 H, 8o EZY 10 d. AR 5 L
Bl K (47 #8), o EEEAREUN) 38.84%, WUMIBTEIZE 4 H 11-15 H; BEAERY F Bl e/ (30 kR, 24.79%),
BB B EAE 4 A 15-17 H (& 4). SAERBED, BEE . . EX 3N RN R mE, 504
11, 13, 13 Bk, 1fiE FHARIN ) RAE RN 2, e 4 A 7-11 H 58 4).

R4 SAPORARBEATHERBME LR

Table 4 Pollen availability of male flowers in 7. grandis

JEHRE bl WAL BREBUBE  BENLERB% JEHE 1 WAL BREUMR  BE L%
HE 4H9-17H . 2 11.76 BEM 4H7-15H L 17 70.84
h 11 64.71 h 5 20.83
) 4 23.53 17 2 8.33
W% 4H9-17H B 6 25.00 il 477-17H R 7 21.87
rh 13 54.17 h 13 40.63
i) 5 20.83 i 12 37.50
(=1l 4H7-15H R 12 50.00
h 5 20.83
7} 7 29.17
2.3 HEVEHERII 3R BVMEAR 8] B AR L S AT x5 EHEAERITE IR ENEERY
nfﬁ‘ E N n_"{/ilﬁ ufﬂ:/; E‘ﬁigz%ﬂiﬁ% /sz\‘ 7" Hﬁ‘é Table 5 Correlation coefficients among indexes of leaves in male
(P<<0.05), T HABFEFRAIAA 2 TEARDG (P<<0.05) T. grandis
LT iy % K AT
(F65), k5T R G A0S [ BF g 4% SR — 3 Ef=1 7 T 5 e Pz
BRAEIT SRR/ N A IR 2 s E A T !
N S 4 - i 381%* 1
% (P<0.05), BRAEK/ING 1K 155 44 12 1 4 ;{ 0381 1
N e s s e 0.804%*  0.476%*
K (P<<0.05), AEHBIE 1 5L 1A A 1 3 0 - borer osrere 053 1
N < S EL I T %Q 42 E —H- H e B -
ﬁ%@ mp;ﬁ%%ﬁgmﬁﬁﬁﬁﬂﬁm R EP 00D
TEAGEC A 2 TR G, A AR A [a] A S A ik
* (£ 6). F 6 HERIEERKIE R ZIEtREIRIHE K REL
24 Zﬁ'ﬁ@ﬁﬂjﬁﬁi E":H‘J]Z& Table 6 Correlation coefficients among indexes of male flowers in

(GIPSC YT N EE N T grands

| = W A — s e N 2 S . . K AC BR1E 5 } y TR
BPE B Y, TR R e a e R R B

JGigFy g NS BEC R A
DISR I HE S b AR N I . A {4 A SRR SRR 1
MRAYBLR, TR UERAE AR A . IR opmne omaser |
B ZWESE B, PR PR TAEES  mpaie o7sse 0693+ 1
BRHRPIEZ ORI R AR EERIEERN im0 —0020 —0701%*% 1
TERRBORBSE] . (BTG 1. A2 /DELE iR 0200 0238%  0296%  —0.164 1
G IATHERRE AR 1 . RAERI PRI Ry #8EE S 0103 0010 0035  —0.081 0.441%* 1

PERA & PH R RER e 9, N R R ARG 5 LA M # Bl * RIS B (P<0.05), *FREFHEEP<0.01)
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L JERERHE 23, AEMAETE S0 B3k 92.55% . 92.08%. 90.01%, FEMAFHRMWAE 20% LI | rhapemise
IR R I 22 R R 22 WRINEREOORE 1, FERTE J1397E 90% L |, FER R, s
FUr | VR TRAERE 3. G A SR AR 18 LK L SR AR 1 ALk RS 1430 R 92.71% . 92.61% .
91.65%, LA 36 DHARAENIL REIIW, o5 A BESR Y 29.75%(35 7).

RT EEERMIREIRE

Table 7 Screening of male elite trees in 7. grandis

JEE FFAE2ET G A /% 13 %/% VINIZ
AR CA09 65.35 26.38 0.656
CA07 76.97 21.95 0.790
CA10 82.59 21.70 0.736
R
o CAl5 87.36 19.27 0.736
e CAl6 85.91 15.74 0.754
CA01 86.00 22.19 0.743
ALY CA03 92.71 19.98 0.826
CA17 82.05 22.16 0.735
FAER LAO3 66.86 18.92 0.764
LA13 87.31 32.19 0.802
R
W22 LA22 97.26 20.05 0.653
LAL7 87.00 20.98 0.818
ALY
LAILS 92.61 2391 0.850
FY03 70.56 34.28 0.782
FY06 81.58 32.29 0.822
FAEm FY09 92.55 23.02 0.605
w FY14 85.04 30.23 0.660
FY19 69.44 33.37 0.602
e FYO1 84.07 33.24 0.671
SZ02 89.09 34.48 0.750
SZ05 92.08 38.23 0.725
) SZ13 66.39 20.71 0.730
w SZ16 86.05 30.28 0.799
U ' ’ '
Sz17 82.96 25.74 0.588
SZ24 88.63 25.67 0.766
RbizI| SZ01 91.53 23.79 0.859
HS21 68.89 35.01 0.754
HApm HS23 90.01 30.98 0.764
HS28 62.25 29.76 0.607
HS13 81.59 23.91 0.751
HS15 68.19 21.01 0.745
Bl FRAER
HS18 89.42 20.76 0.797
HS19 81.83 23.92 0.850
HS02 91.65 25.67 0.705
N A A HS04 87.61 21.98 0.595

HS29 87.16 24.81 0.801
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AW FERERER], i SHERRAERT 10 DERBTEPR, HAMHRMIER S R 25 5 W2, T E A
N, ERRRIE] 10 NMEFRII2E I A5, RUIEREN 0928 5 LU R SN R o 18 RS XL AR BFSE
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Vi X LEPEARAE PR E N R B AR LR B

EPERERR LUSEAEAE Ry S 2R E 84, AR T 3R A 06 1 7E JE RE e A AR AR 5o, H R
T, AMUAM TR, HERLRMAAXATEE . AU ER . MEERIEAAR LR REOC, BRIER/N 5168
TR RFIEMC, HHEGEMRMERR NIRRT A AERS 426 1 . BT R RERIE RN ELR 5%
J&. T LIRRIR I EE 36 A0 RAETE SRR, o 8 SRR IIER A2 T JI7E 90% VL L. (EA R
BRSSP RRI R BRI R . ARBIFE TR kR LR S e s (o 38.23%, H#EH
e ST BTSSRI

J A PR B S T B2 S A DR R I, 17 A [ 42 5 U 5 A RN ER5E 2 S R ARG,y TR
HERRANGER, DIFE AN R 5, o0 M X A RERR B IR C Wi 2 i, e LU ™ 2R . 5 B S A6 X
RIEARS % D500 A FEAT U A i B - R R LU (9 7R VPG 5 R FAR ORI X 4= 1, A A B LD B R
29: 15 FELZRUEME 19: 15 FEWTLIE B BRI 99: 1. UL, s HEPERERS BT IR PR 2 AN 222
R FUST IR 2 SR I BE ST MEPE AR DL IR 95 DR

BRSO HEPERIEAR (1492 R ZREVEREAT WP ST, 5 SR ABIF TR I R i HE a6 140 9L 1R B e A K
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