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Studies on the Pollen Xenia of Castanea henryi

ZHANG Xu-hui, YUAN De-yi’, ZOU Feng, FAN Xiao-ming, TANG Jing, and ZHU Zhou-jun

(Key Laboratory of Non-Wood Forest Product of State Forestry Administration, Key Laboratory of Cultivation and
Protection for Non-Wood Forest Trees of Ministry of Education, Central South University of Forestry and Technology,
Changsha 410004, China)

Abstract: The pollen xenia phenomenon not only affects the setting rate but also influences the
appearance and quality of nuts. To elucidate this phenomenon, we investigated the pollen xenia effect in
Castanea henryi, using the cultivars Huali 1, Huali 2, Huali 3 and Huangzhen as materials. Twenty
combinations of self-, cross-, and natural pollination were undertaken in a Chenzhou chestnut orchard of
Hunan Province. The results revealed that there were significant difference among the pollination
combinations in terms of fruit ripening, fruit setting, size of the barbed shell and nut, soluble sugars, fats,
proteins, amylose, and vitamin C, but that there were no significant differences with regard to seed rate,
total starch, and moisture content. The fruit quality of the 20 pollination combinations was evaluated by
subordinate function method of fruit, showed that Huali 2 x Huali 3 is the best combination, and
Huangzhen x Huangzhen is the last one. Thus, the combination of Huali 2 x Huali 3 was the best choice.

Key words: Castanea henryi; pollination; fruit-setting rate; pollen xenia; subordinate function
method
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Jfi (Alexander et al., 2012, JTA KA ARy BRSO 43 SR 5 i R IOF /e bk SR, Z AL
WA A AL Rk DUCRANL AR LA E Z k) A RE (Kumar & Das, 1996;
IS 4%, 20065 vhifglE 5%, 20065 FIEMN %%, 2010; Wangetal,, 2012). {H7EHESE (Castanea
henryi Rehd.et Wils.) _F[E A &0 AR WLARTE . AHF 50 DUHESE R 4 AN SRkt , il B A8 f s A
A 20 5 FH TR 2R R0, o8 AN [ S AR5 0y 5 S PR S M RS [R5 0 245 TR (IR B ZE 5, B A R HESE
R AR DT RO S L BRI A A

QY Vi SRS DARFA

11 RIEMR5IRIEET

AT 2013—2014 4F 7591 5 44 M0 N T vl 3 B mg Oy HE SE b MO B 4K A e S
(25°33'43"N, 113°45'08"E) 17 . WK HEHR 765 m, V3725 XGRS, SEFFK S 1 547.1 mm,
EYIE 16.6 C.

AR R HESE (Castanea henryi Rehd. et Wils.) (il “AE5E 157 (RS HID. “HEFE 2 57 (4R
FH2. R3S (RS H3) MOEEEET (RS HD. BL4 AR BT RS AT AR, St
20 MM AE, Pk 8 PR B R AF . WP KA

RIKH e RENLE T, 5P 45 BRAEABEAR, & 3 B —ADNX, B 3 k. HARME R
TR FEMEAETTARRT, MRE BIREAR A G, RS A by TN AR I 2 S e
BAS, AR, RERREARY) 50 A, EMEICEETTI, SRAE S HESE S AR AR RY s A7 % . FrifE
FERE S IF Ik AR BEIR B 30° ~ 45 2K, FFEARHERbRD, AR B ARk AL S R RRAE R X
1.2 MESHFHE

T8 AJKA 9 H LS B U A ZE v AN R B2 R 41 SRS e, e A 2 TR 24550 R 30% )
TR, 1K 90%I {51k, JREAEFRES, Fil S NA ARG, g590%, HFRR, AKX WR:
MER (%) = CREEZHED x 1005 Z552F (%) = (ERBURMED x 1005 HFFE (%) =
USSP BB B R % 100; ZFH = AR - 4590,

IR SIS P 0 2 KSR R 2 Tl Bk A A e DA B b () IR SR R, R BT e i
bR RO R R Bl J R R A, IO P IEAE A AR I DN T b~ RO el o
IR LI R RAL .

70 CHEFF SR REARAT, PV PERE B R H I L v (BREEAE, 20100, ELREGE R (1l
TERHREAE (BRIZ S5, 2012), S\ JER IOl e R T RO L (s CRTIFA 55, 2009), KRG 1)
DE R 2R AR CET IS 4%, 2008), Hx FBAIM E R LG E 20% (M1 H, 2005), 4E4:%
C il e R — & By b vk (A HM, 1982),

FTAT B ¥ ok /NP8, R SPSS 19.0 B AFBEIT 7 22507 o

2 SRS
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R EEGGER, RS2 5 M SSRERT R AR Rl RS 35 DUMEEER Rl . ARSI R
TR s ANFRASBEA AN S, AR 1 TLLEH, 325 X 4R 1 5 2k, 4
SRS R ARG N RIS S BNPREET T REAR RN 2 ~3 ds Mk, AR 3 ST
RIS RERT R RS2 ST R 2 5 X RS 3T SOMIYIEIR T REACH Y]
A4 ~5d, ZXHORRMRAIES . B s ARERRRBA G, EHR35 BRK
AL, RIS BRI, HRCRIY] S SR R R A — B I AR, AN
A BB E SR RER, T RER I SRR UL, A5 Rl b S SCAR 25 RS SYIRR 1) s 5205
RELE—EREE L3 A syl

&1 EHEBRNHETRA AN

Table 1 Effect of xenia on bur cracking time

g 8 H August 9 H September
? 28 29 30 31 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Hl CK *  x *x *x *x *x
H1 *  * * *x *
H2 * * *x % * ok
H3 * *x Kk Kk Kk *
H * *x k Kk Kk K
H2 CK * Kk Kk Kk k *k Kk K
H2 *x KX *x * Kk K
H1 *x *x *x Kk Kk Kk K
H3 *x Kk * K Kk *
H *x k Kk Kk K Kk
H3 CK * k k Kk k Kk
H3
HI1 *x KX *x *k Kk Kk K
H2 * *x * Kk Kk Kk *x
H *x Kk K Kk *
H CK * K* *k k k Kk *x
H *x Kk *x Kk Kk Kk
H1 *x *x Kk Kk Kk Kk *
H2 * K Kk Kk K *
H3 *x *x k Kk Kk Kk K *

T HI: 515 H2: B9 2%, H3: £H345; H: 36 CK: HREM.

Note: H1: Huali 1; H2: Huali2; H3: Huali3; H: Huangzhen; CK: Natural pollination.
22 TEMERNLREIHIRMN

MW TR LLE, RACRR AT REAR R AR . 5 HARB XS EL, RS 57, S350
R B ALG AR T AR, Jrh, REACH bR IR LG AR AR IR TR N
BEACN ARS8 3 57 [E A G0 AR R ST A B2, At A P4l G, ‘a2 57 A
R R EERINT RS AR, RIE3 ST R ERENINT 25 AR
Ky HAMBRHILE, REAN RIE25T RIS N RACEM AL G S AR R TR N B
AR A G, R 4 RIS BMARERE R, 1k 83.33%, N3 ST 4y e 25T
BT AAS AR R T o W35, 3271 T 64.21%.

AN AR R HESE A SIS B AR T W] e A AL AR T A A R T A 4
e, Hoh HRSE3 5T 4y CHER BOMIE IR B, 18 80%. AN T HAREERY, BREMA G (A
W25 x ERLLGT) Sh, HARERRM A S B S T &AM SR, REACh CEERT R A
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HXF LR T B2, AL AR Al G T, ARIE2 S BREEWINT RE1LS M
ghspgR, AEZE 3SR REMIN T ARTE 2 57 [MEESOR . HESEAS A SRR 45 SR S AL R R
AR — B

HESEAAN M B A8 2 S AR AR . 4 AN R B AT 4 SE AR AT 30.00%, H B3 5T <
AR < RS2 G0 < MER1 S, RIS, AR 5T, B35 R CEBT AR
GESZRAY R 27.50%. 12.43%. 2.00%F1 10.00%.
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Fig. 1 Rate of bur setting, nutin bar, free bract and nut rate of different combination
H1: Huali 1; H2: Huali2; H3: Huali3; H: Huangzhen; CK: Natural pollination. The same below.
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FREy: RS > HRT >
VSRV VSRS 02 e Ok DNILE N P

R3S > RIS FEEHIERIRAE T, ML SRR S
RIS BRR BT IIRTHECR B B
ﬁ%ﬁgﬁwiw,ﬁﬁﬁﬁﬁﬁﬁkT&ﬂg,ﬁﬁ‘%%2%’§% RIS OM R
R PR, X SRR R NES G (H2 25 By RS R
BIGI, XH SR PR BUREMNEBM . RIS S PR R GR—E

AFISCAF RHER R SR PR e 5, S (ﬂi?ﬁ**ﬁﬁ 7% YRR B R AR ) (Xl
PSS 20060 XFEAGFBATIEN W I 15T K 3 T RLmE, RS BE
@, R bR (& 20 BIEIREN IR 2 ST > RIS = I3 ST > TR
BRSNS ORI 25T B0, JURBOIOAR T AREORIEGR, B2 5T K
CESE3 ST BOMBIR T CHEE KRS, KRR G MR, (RIS Oy AR
W35 Bk, HARBOHOAR R, XS AR B A

PAE S5 R W HESEAE R R PR 28 . FAIR T ROR B 0P ISR B AR BN

R2 TEGRHPRHMBRREEKOZE

Table 2  Effects of different pollen source on phenotypic character of fruit

< Ko P L e Koo P L ZXE e
BA Sk RRURE/g  oe/mm o BE/mm A Sk BRI oe/mm o BE/mm
. Longitudinal Transverse . Longitudinal Transverse
Female Male Nutsize . . Female Male Nut size . .
diameter diameter diameter diameter
H1 CK 10.25+093b 29.11£1.69 ¢ 25.06+0.73 b H3 CK 837+£0.79ab 24.65+1.49¢ 22.72+£1.75 ab
H2 13.19+1.17a 32.68+1.27a 27.09+1.13a H1 9.91+0.97a 2647+1.05a 23.95+0.83 a
H3 1049+0.86b 30.68+1.61b 2495+1.70b H2 7.99+0.29b 25.11+1.58bc  22.85+1.56 ab
H 12.52+0.59 a 31.68£1.36ab 2556+1.19b H 9.64+0.81ab 2624+128ab 2236+1.84b
H2 CK 7.23+£0.73 ¢ 23.11+£1.27b 21.75+£0.96 ¢ CK 1021+1.06b 27.39+2.38b 26.26 £ 1.76 ab
HI 9.26+0.83 a 25.03+£097a 23.68+1.30a H1 13.53+1.01a 30.52+1.65a 2741£120a
H3 8.67+0.69ab 2550+1.34a 23.38+£1.55ab H2 10.02+0.71b 27.86+1.33b 2425+1.39¢
H 7.64+0.92b 23.33+£1.65b 2230+ 1.40 be H3 11.20+0.86b 2830+ 1.57b 2575+1.89b
i AN FREORERIE B BEKF (P=0.05). TR,
Note: The different lowercase expresses significant difference at P = 0.05 level. The same below.
H1 <H1 HICK H1 = H2 H1 = H3 H1 < H H2 «H2 H2 <H3 H2 <H H2 = H1 H2 CK
P R A A A
2 20 30 31 32 3 M4 3B 3 I M W 40 41 42 a4 a7

L | g pipily
B " 12 B oW W TN W R N B D NN M T BN NN

n:
(]

H = H3

0600

H3 «H3 H3 «H2 H3 «H H3 = H1 H3 CK

‘oe0®

33 1-1 d‘- 36 37 38T 39 40 a1 42

30 3 32 43 44 485 46 AT

2 TEFMEESERLL
Fig. 2 Comparison of different pollination combinations of nuts
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24 TEHMERNRIMERHZIT
241 AA=EKE

AR SR R HESE R = B B2 B D, BRI (K3, Frafkhd e, N 3
B4y HRRL2 S5 BERARN T BAREA RN T A KR, U 4 AN SRR RS SRR T AR
R LIRS AN B Y

R3 EMERMMCSKEMNRM

Table 3 Effects of xenia on moisture content %
BEA LA Male I AR
Female H1 H2 H3 H CK Average value Variance range
H1 4540 a 47.05a 48.03 a 4724 a 48.64 a 47.27 6.66
H2 44.46 ab 42.87b 43.61b 48.70 a 4344 b 44.62 11.97
H3 46.23 a 46.93 a - 47.61 a 46.00 a 46.69 3.38
H 50.34 ab 51.53 a 48.11 ab 46.23 b 46.93 ab 48.63 11.29

242 TTEMAE

AN AR FZ R KA ST v bl & B B (R 4D, DL 4B 15 W REARR4L A bk
B P R (7.87%), 4RI 2 57, 4B 3 57 TR Wil 7.47% « 7.85%1 5.91%,
B SZ BEA 52 s AR AN ], B3R 4 A&k 35.08% 20.40% 26.91%F11 21.87%, ANIF)
st M ) BB RN AE AR 22 5, S (B 5 B ARES3 0h 10.49%F1 5.36%, “ZIRIE 48.90%.

®4 EHESBMNTEEESENRM

Table4  Effects of xenia on soluble sugar content %
REA LA Male SERIME AR
Female H1 H2 H3 H CK Average value  Variance range
HI 6.81+0.34¢ 7.00£042¢c 1049+032a 7.79+0.61 b 7.26 +0.41 be 7.87 35.08
H2 7.85 +0.44 ab 7.05+0.30c¢ 7.32+0.31 be 843+047a 6.71 £0.52 ¢ 7.47 20.40
H3 7.78£0.25b 8.77+0.65a - 8.44 +£0.15 ab 6.41 £0.36 ¢ 7.85 2691
H 5.59+0.35 be 536+0.19¢ 6.86+0.52 a 542+026¢ 6.30 £ 0.44 ab 591 21.87

243 Mgkt =

AN AIZ R AT HESE IR & A R W sm) (GR 500 DL “ARSE 2 57 A RERIFMALG %=
ISR, HARMRE, 15 27.55%, & KA &M 8 2.94%F 2.13%;  AN[FIBEA SFHE
SPRMEA RO, BEACh HEZE 2 57 BPPIMELUR 2.64%, BEACH HRRT FPFAMEIES 4.60%,
{RHT AR IRIA 27.55%, R A A0k BEGE ] DUKIRSCR RN & &, 55 IR 7.79%, FHIH
HE WG & S A Z) B R A M B AR o DL g R W HESE AR BB G 2 2 R B AER ELIENY, B iR
RN

F5 EMEBAARNSERE

Table 5 Effects of xenia on axunge content %
BEAS A Male SFIME AR
Female H1 H2 H3 H CK Average value Variance range
H1 320+0.18b  3.38+0.16 ab 3.63+0.08a 3.44+0.11ab 3.30+0.18 ab 3.39 11.85
H2 2.13+0.06c  2.88+0.12 ab 256+0.14b 294+0.13a 2.69+0.11a 2.64 27.55
H3 344+£0.08a 3.25+0.16ab - 2.81+0.13b 338+0.15a 322 18.31

H 4.63+0.06a 438+0.09a 4.66+0.14a 4.56=0.15a 475+0.12a 4.60 7.79
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244 EAKR4LHE

AR AT AHHETE R RS B 0 (R 6). ‘BRI 2 57 ARiEE K (28.79%), Fiadld
W KAl 3.67%, B/AMEAUEH 1.86%, A8 49.32%, “HEIE 157 x ‘MEIE3 57 I AEEE 3 50 x
R S A RAEREE SRS R ARZE3 S AR E R ARAE, ERRGEYEE
BeAG, LA b gh S I HE AR B 1 0 i BRI R e BB

®6 EMERMEARSENRM

Table 6 Effects of xenia on protein content %
BEA A Male M AR
Female H1 H2 H3 H CK Average value Variance range
H1 330+0.27b 3.67+0.14a 2.67+022d 3.00+0.19¢ 3.67+0.12a  3.262 27.25
H2 331+0.11a 235+024c 2.61+0.18b 239+0.19¢ 267+£023b  2.664 28.79
H3 33240240 2.98+0.09 ¢ - 3.17+£0.20 be 3.67+£0.15a  3.290 18.80
H 233+£0.17a 204+£020b 1.96+0.11b 1.86+0.17b 205+0.18b  2.048 20.17

245 EHEHE

LR ] AR S VP R SERE M ST e bs GRS 55, 2009), ANFSAFNG 1E B TEH:
HMTERFEZES (R, WHBEEHSEAEM (£ 8). HEEEML BI85 4R35,
R ONBERIA S ZERIANE R, 4 DMREARSM T, T BRI S, 1K 29.05%, EeRfH
s/ ME A h 15.73%A1 11.16%, BT A6 s KA A /AIME 2 A 17.45%A1 11.16%, AZ0E A
36.05%; FH/NT Al MRS ST, PR TS0, HESEAE GRS T TR I AR EL A

R7 EMERMIERSENTNE

Table 7 Effects of xenia on starch content %
BEA LA Male SFIME AR
Female HiI H2 H3 H CK Average value Variance range
H1 61.71+3.43a 63.57+535a 65.98+4.54a 66.13+2.15a 56.69+3.43a 62.82 14.27
H2 61.24+2.08a 64.77+4.42a 65.01 £+3.88a 68.38+5.16a 67.67+3.92a 65.41 10.44
H3 6237+539a 62.09+£0.92 a - 64.56+13a 63.33+4.28a 63.09 3.83
H 63.68+2.13a 66.34+£5.70 a 63.51+4.02a 6428 +£3.09a 63.15+4.01a 64.19 4.81

®8 UMERNERTHIENIN

Table 8 Effects of xenia on amylase content %
BEA XA Male SEAMY AR
Female p H2 H3 H CK Average value  Variance range
HI 12.60 £0.52 b 13.17+0.49 ac 1236 £0.60 b 12.35+0.87b 1410+ 1.05a 12.92 12.41
H2 1270 +£1.25b 16.32+0.66 a 1640+ 1.05a 1745+1.24a 15.44+0.61 a 15.66 27.22
H3 16.76 £ 1.30 a 15.50+0.42 a - 1533+0.51a 12.98 £0.85b 15.14 22.73
H 11.16 091 ¢ 1573+1.45a 13.71+£0.82b 13.58 £0.83 ab 15.00 + 0.86 ab 13.84 29.05

246 HAZCAHE

ANAIR AT A2 C . (£ 9). 4 MR, 325 Mgt C SER
s CPIMEIE 29801 mg - kg, FIAT4LA R, IR 2 5 x HEEE 1 5 45 C SR, 15 327.75
mg - kg, AT AT AR R T 40.65 mg - kg F125.19 mg - kg, LL ‘HREE3 5 k)



Zhang Xu-hui, Yuan De-yi, Zou Feng, Fan Xiao-ming, Tang Jing, Zhu Zhou-jun.
Studies on the pollen xenia of Castanea henryi.

68 Acta Horticulturae Sinica, 2016, 43 (1): 61 - 70.

ARIE A G, 3 DXATBANR T AR W T YA R C 58, HREbRRK, &
21.09%, UiHIHERAEE 3R C & i L HATIEN BN .

Fo UMEBMELERC FENRNE

Table 9 Effects of xenia on vitamin C content mg - kg"
KA A Male FE AR/ %
Female H1 H2 H3 H CK Average value  Variance range
H1 280.58£5.49b  304.16+0.65a  285.46+4.58 ab 266.54+9.77b 301.25+697a 287.60 12.37
H2 327.75+2.03a  287.10+3.48bc 293.55+0.91 bc 279.58+£1340c  302.56+9.26b 298.11 14.7
H3 292.12+387b  230.59+3.16b - 242.63+137a 230.50+£1.07b 248.96 21.09
H 250.38+£3.67ab 230.37+4.01b  240.05+5.52 ab 25341+585ab 26390+ 1.67a 247.62 12.71

P

25 FEMRILBRMTEHREREBCEEEEN
TEAT AW (BRAEHT 45, 20005 MWUR 4%, 2003; F0EME 5%, 2013), FF&5&%AEXS
HESR PRI i ) EZERE R, e RS BURIBGES AE R 0.6, 0.4, P EigtrT AR,
HOFFRR L S5 SR PR 73000 0.1, 0.1, 0.4, FESES R bsrh ol rEms . Ak el A
i C AR IR R ACE S ) 0131 009, 0.04. 0.04. 0.04 F10.06.

M a5 AN bR RF o, BN EUE OB, MO PR e A SR g R (S50 55,
2013) HEATVFA . HHER 10 WA, LG VPN = s RS N ER G HE &, (B2 50 < AEZE3 Y
PO EaRea e N A R

N

R10 TEBMPESTFHREELTNNESHESRHE

Table 10 Comprehensive score and ranking of each pollination combination evaluated by subordinate function method

BEA A LAY H4 BEA A LAY H4
Male Female Comprehensive score Ranking Male Female Comprehensive score Ranking
H1 CK 0.541 15 H2 CK 0.589 11
H1 0.325 16 H2 0.247 18
H2 0.667 8 H1 0.575 12
H3 0.718 2 H3 0.727 1
H 0.618 9 H 0.675 7
H3 CK 0.557 14 H CK 0.305 17
H3 - - H 0.162 19
HI 0.714 3 H1 0.563 13
H2 0.686 6 H2 0.613 10
H 0.688 5 H3 0.689 4
3 ik

AT I I A AR RES S RSN I A St I 5 0 B BB, SR RS B
WL AR ghsicde . BUSERAMRIR. WIS, RIS, EBEER I4EAE 3R C 5T AT
AR BN, TAE A B M K5 TR BN 2 .

SO FIESONAEHE S SRS T T, i il RS 157 AR SRR N BT T BEA
RIS R RIS IR FEZESERTTE, I3 ST AASESANAT 2%, LAt
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Al A S SRR LA, DTS AR . [, SRAcfeta, T B4,
BItE— e R B T AR, X HVEIRIIAE (2014) SMHES TFAL ALY R Pk o0 g R — 2.
DI, HESAE AR b S BEC BRI

MRS i TR AR ELE N n] AR, AN AR (AR ELIONAF AR 2257, N AEFR AR A 55
AL, L RS2 57 DG RERNAL AT IR e, A, EEEERY . 4R R C Y
AAAEAER FEGUNY, HIZER I R, bl ‘eS8 157 W RERIA SO T . e,
YErEER C IR R F 225, Jih, TRl — AR AN BEASA I, S8 AR RENS 75 2 B
ARFAGRIL, W bR X RIS RIS M R3S RO TR B AR
FP AL . AR RO HES RS S AP AE R, W RS 3 5T X RS2 5 SO T AR
Pewn VRN SR, Xt CTOERT CHIER, X RS 1S AR TR A, XS
NEERE (2008) fEFDPURMFEFH IS (2007) ERFEHR OISR — 8. [N, AT, K
Pz C BIEAEN, KIVERIYEAER C SR M, 2R3 M (B 5, 2003).

RGLI KPR B R BOE Tt Bfdla R 2 57 x I3 57 B RS
fRER G e, FINRHL, ARSI 3 57 @R8Ny, LRGN, X4 R AT DO
PR TE S.
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