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chestnut germplasm resources

Deng Chaoli  Guo Sujuan
(School of Forestry, State Key Laboratory of Efficient Production of Forest Resources, Key Laboratory for Silviculture and
Conservation of Ministry of Education, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] Castanea mollissima is one of the important economic forest species in China, but
the evaluation indicators for their dwarfism traits are not yet perfect. This study aims to screen out more
effective evaluation indicators to accurately and comprehensively evaluate the dwarfing traits of chestnut
germplasm, providing theoretical basis for better collection, cultivation, and utilization of chestnut dwarfing
germplasm resources. [Method] 80 chestnut germplasm resources planted in Qianxi County, Hebei
Province of northern China were selected as the research objects. Five trees were selected during the
maturity stage of branches and leaves, and three standard fruit bearing branches were selected from the outer

and middle parts of the crown in four directions: east, south, west, and north. The branching angle, branch
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length, branch diameter, pitch number, internode length, petiole length, petiole diameter, sharpness index,
and leaf shape index were measured and calculated. The dwarfism related morphological indicators of 80
chestnut germplasm were screened and comprehensively evaluated using a combination of normality test,
correlation analysis, and principal component analysis, and the dwarfism level was divided and identified.
[Result] (1) The overall distribution of branch length, internode length, branch diameter, pitch number,
branching angle, leaf shape index, petiole length, petiole diameter, and sharpness index showed a relatively
standard normal distribution. (2) Considering that correlation between the two indicators of branching angle
and sharpness index and other morphological indicators was not significant, the seven indicators of branch
length, branch diameter, pitch number, internode length, leaf shape index, petiole length, and petiole
diameter were selected as effective evaluation indicators for principal component analysis. (3) Through
comprehensive evaluation, 80 chestnut germplasms were classified into dwarfing type (6), intermediate type
(40), arborization type (27), and extremely arborization type (7). [Conclusion] Branch length, branch
diameter, pitch number, internode length, leaf shape index, petiole length and diameter can be used as
effective indicators to evaluate the morphological traits of chestnut dwarfism. C. mollissima
‘Duanzhiyabian’, C. mollissima ‘Zipo’, C. mollissima ‘Yanshanduanzhi’, C. mollissima ‘Zunyu’, C.
mollissima ‘Tafeng’, and C. mollissima ‘Youfeng’ have been identified as chestnut dwarfism germplasm.
The research results will provide a basis for the development and utilization of chestnut dwarfism germplasm
resources.

Key words: Castanea mollissima; dwarf; phenotypic traits; indicator screening; evaluation of germplasm

resources; principal component analysis
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Tab. 1 80 chestnut germplasm resources
ETR) 7R H T4 P K H T4
1 UBIE 1S C. mollissima ‘Yugou 1 hao’ 41 CRBRA C. mollissima ‘Dabanhong’
2 AV C. mollissima ‘Hongguang’ 42 HEES C. mollissima ‘Yanchang’
3 CE) C. mollissima ‘Wangchanggou’ 43 S C. mollissima ‘Tafeng’
4 ‘EARLS C. mollissima ‘Baimu 1 hao’ 44 Wik C. mollissima ‘Mingjian’
5 ‘e C. mollissima ‘Youfeng’ 45 HeF C. mollissima ‘Yanfeng’
6 K C. mollissima ‘Yufeng’ 46 TLEM C. mollissima ‘Jiujiazhong’
7 AHKE1S C. mollissima ‘Deshuiwan 1 hao’ 47 GLVE R C. mollissima ‘Qianxizaohong’
8 MEFLIS C. mollissima ‘Baichazi 1 hao’ 48 REEE C. mollissima ‘Qingfeng’
9 FHWRAD C. mollissima ‘Libozaoli’ 49 TS C. mollissima “Taili 1 hao’
10 a1 C. mollissima ‘Dongtai 1 hao’ 50 HRE C. mollissima ‘Yinfeng’
11 e C. mollissima ‘Shifeng’ 51 AME1S C. mollissima ‘Xingshutai 1 hao’
12 AR C. mollissima ‘Huamu 1 hao’ 52 b C. mollissima ‘Yanqing’
13 3N C. mollissima ‘Zipo’ 53 WS C. mollissima ‘Huijian’
14 IBIE25° C. mollissima ‘Yugou 2 hao’ 54 TR C. mollissima ‘Taianbokeli’
15 PEE1LS C. mollissima ‘Xiying 1 hao’ 55 CTIER1S C. mollissima ‘Erdaoguan 1 hao’
16 RE C. mollissima ‘Dongfeng’ 56 AR C. mollissima ‘Deshuiwan’
17 SMEF R C. mollissima ‘Guizhouyemaoli’ 57 BT C. mollissima ‘Maoli 1 hao’
18 FIRAR C. mollissima ‘Duanzhiyabian’ 58 R C. mollissima ‘Xialiw’
19 e C. mollissima ‘Duanhua’ 59 SR C. mollissima ‘Liping’
20 R C. mollissima ‘Datun’ 60 A C. mollissima ‘Aiyukou’
21 EEAN C. mollissima ‘Yanhong’ 61 PHHEPEI KRG C. mollissima ‘Xizhaixigoudali’
22 HEE FLAE C. mollissima ‘Yanchangzaosheng’ 62 NI C. mollissima ‘Xiaolongwan’
23 NKIBLS? C. mollissima ‘Xiaoshuiyu 1 hao’ 63 A C. mollissima ‘Yanlong’
24 WASEEAN C. mollissima ‘Bayuehong’ 64 SRAHE C. mollissima ‘Guanliyan’
25 FLFA C. mollissima ‘Yanshanduanzhi’ 65 SLPEER C. mollissima ‘Qianxizhijiao’
26 k15 C. mollissima ‘Shayu 1 hao’ 66 RS C. mollissima ‘Wangqiandali’
27 AW RS C. mollissima ‘Xingshutaiduanzhi’ 67 ESRUTREEN C. mollissima ‘Qianxi 5 hao’
28 FHLEE C. mollissima ‘Y anshanzaofeng’ 68 T C. mollissima ‘Yanming’
29 TEIEA C. mollissima ‘Zundali’ 69 FHH23% C. mollissima ‘Qinglong 23 hao’
30 AR C. mollissima ‘Hongli’ 70 ToHEAE C. mollissima ‘Wuxionghua’
31 R C. mollissima ‘Cunli’ 71 e C. mollissima “Yanbao’
32 EREE C. mollissima ‘Luyuezaofeng’ 72 2L e C. mollissima ‘Xueyuanyansheng’
33 TAEH C. mollissima ‘Wuhuali’ 73 CEFRRH C. mollissima ‘Wangjiadali’
34 EREBET C. mollissima ‘Cuijiabaozi’ 74 L IR O C. mollissima ‘Santunhongli’
35 B H YRR C. mollissima ‘Luotianwukeli’ 75 bR C. mollissima ‘Xueyuanzaohong’
36 FEINEE C. mollissima ‘Huzhuali’ 76 ‘B C. mollissima ‘Changza’
37 AR C. mollissima ‘Zunhuaduanci’ 77 rE e o C. mollissima ‘Jingzaofeng’
38 RIEHIER C. mollissima ‘Donglingmingzhu’ 78 B C. mollissima ‘Jingshuhong’
39 PR C. mollissima ‘Huaihuang’ 79 AL ST C. mollissima ‘Chuizhili’
40 BLEN C. mollissima ‘Zunyu’ 80 ST C. mollissima ‘Qianxizhuangli’
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Tab. 2 Measurement results of morphological indicators related to dwarfism in 80 chestnut germplasms

Eisp IZINI| R/ME ¥)E b 2= A5 RAL
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Fig. 1 Heat map of standardized relationship between 80 chestnut germplasms and 9 indicators
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Fig. 2 Frequency distribution of 9 morphological indicators of different chestnut germplasms
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Fig. 3 Normal Q-Q plots of 9 morphological indicators of different chestnut germplasms
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Tab.3 Eigenvectors and load matrices of principal components

. BIERST F2EMST ERES %
R 0] & Bpif RHE 7] B Bpif R ] B AT

Bk KEX) 0.486 0.479 -0.317 0.204 -0.005 0.241
Bk (X 0.395 0.388 0.426 -0.199 -0.153 —0.476
WKL) 0.345 0.374 -0.714 0.374 0.127 0.585
Bk ERX 0.373 0.367 0.193 0.142 -0.390 —0.432
S22t (0.O) 0.225 0.207 0.169 -0.76 0.839 0.409
AR (XD 0.356 0.363 0.377 -0.377 0215 ~0.624
AR ELAR (XD 0.415 0.413 -0.029 0.198 -0.243 -0.111
RHEE 1.915 1.213 1.061

DR /% 52.38 14.65 13.18

BT TR E /% 52.38 67.03 80.21
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PR 4. BARAEE: T4, I i, D <04, ik
BN T, b 8.75%, AT BTA HASE BT M EF
BHRIR S, A AK AL > 30 om, £ 26154
T B2 EAR MR FRE AR R AR B
RHE S =, Ul B S A K, iR, AR
KM W2, Frie?y, 04 < D <0.6, Fhm ey 27
s 15 33.75%, AREF A = di g JE W5 e
Foo %, A K > 20 cm H < 30.65 cm, (%%
gL A B A E AR HIRAREL MK
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Fig. 5 Frequency distribution of dwarfism index
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Tab. 4 Evaluation results and grading of different chestnut germplasms

TP Tl 4 % Fy F, F; F, D FN LD
79 A 2.201 -0.426 -0.002 1.359 0.029
17 SHMEFEID 1.832 -0.232 —0.402 1.088 0.223
53 R 1.627 —0.462 -0.199 0.945 0.325
16 RFE 1.581 -0.474 —0.100 0.929 0.336 WIEL(8.75%)
62 AV 1.585 -0.562 —0.494 0.851 0.392
71 TR 1.455 -0.386 -0.179 0.850 0.393
73 CEFRI 1.526 —0.534 —0.340 0.843 0.398
64 RAHE 1.386 -0.264 -0.263 0.813 0.419
36 SRINZE 1.258 -0.275 0.052 0.780 0.443
51 AHEa1s 1.485 -0.648 -0.431 0.780 0.443
74 TR 1.365 -0.576 -0.332 0.732 0.477
37 EALELR 1.302 -0.387 -0.293 0.731 0.478
30 FAE S 1278 -0.397 —0.200 0.729 0.479
61 PHEEPEIL RS 1318 -0.421 —0.369 0.723 0.484
42 MBS 1.261 -0.278 -0.359 0.713 0.490
59 P 1.219 —0.491 0.040 0.713 0.491
56 AR 1.221 —0.388 -0.219 0.691 0.507
48 REES 1.073 -0.386 0.295 0.679 0.515
31 e 1.040 -0.098 0.060 0.671 0.521
70 ToHEfE 1.349 —0.649 -0.598 0.664 0.526
50 R 1.342 -0.759 —0.579 0.642 0.541 FeAb T (33.75%)
66 AR 1.218 -0.553 -0.327 0.640 0.543
75 R R 1.264 -0.719 -0.390 0.630 0.550
35 RS 0.966 -0.197 0.141 0.618 0.559
78 B 1.053 —0.402 0.002 0.615 0.561
80 LGS 1.133 —0.460 -0.260 0.613 0.562
68 Hen) 1.220 -0.560 -0.529 0.608 0.566
65 SEPHIRAC 1.037 -0.337 -0.060 0.606 0.567
52 i 1.275 -0.810 -0.506 0.601 0.570
63 A 1.111 —0.416 —0.341 0.593 0.576
19 AL 0.971 -0.236 -0.042 0.584 0.583
28 HeLl L 1.097 -0.559 -0.279 0.568 0.594
39 e 1.158 —0.644 —0.462 0.562 0.598
44 W 1.021 -0.648 0.074 0.561 0.599
57 BRI 1.038 —0.543 -0.119 0.559 0.601
29 EIRTD 0.875 -0.303 0.241 0.556 0.603
20 PN 0.950 —0.449 0.069 0.550 0.607

R B (50%)
38 REEM R 1.095 —0.668 —0.403 0.526 0.624
55 CTIERK1S 1.032 -0.576 -0.339 0.513 0.634
45 HEE 0.950 -0.389 -0.255 0.508 0.637
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Tab.4 (continued)

LY RE Tl 44 B Fy F Fy F, D FERCEED
26 W15 0.947 -0.529 -0.104 0.505 0.639
67 LS s 0.990 -0.603 -0.187 0.506 0.639
22 HEE R 0.900 -0.296 -0.209 0.499 0.643
41 PN 0.882 -0.386 —0.183 0.476 0.660
54 TR R 1.022 -0.587 -0.506 0.477 0.660
76 N=F 1.064 —0.685 -0.580 0.474 0.661
58 VA 0.905 —0.576 -0.101 0.470 0.665
10 W15 0.968 —0.654 —0.343 0.456 0.674
77 TR 0.837 —0.556 0.057 0.454 0.675
47 GLVE R 0.937 -0.531 -0.368 0.454 0.676
21 ML 0.891 —0.548 —0.194 0.450 0.679
23 SNKIBTS 0.761 -0.322 -0.017 0.435 0.689
34 EFRET 0.785 —0.547 0.074 0.425 0.697
49 M 0.710 -0.245 0.007 0.420 0.700
69 w235 0.798 —0.480 -0.170 0.405 0.711
24 WAVEEAN 0.638 —0.346 0.258 0.396 0.717

6 EF 0.785 -0.711 -0.023 0.379 0.730
PRI (50%)
14 IBE25 0.725 —-0.474 —0.089 0.372 0.734
60 A 0.634 -0.430 0.212 0.370 0.736
32 BERE 0.570 -0.358 0.244 0.347 0.752
1 1S 0.749 -0.617 -0.183 0.346 0.753
15 FEE1E 0.646 —0.406 -0.119 0.328 0.766
72 ERERENE 0.571 —-0.473 0.229 0.324 0.769
12 SEAR1S 0.682 —0.675 -0.019 0.319 0.772
7 KIS 0.467 0.134 -0.091 0.315 0.775
11 REE S 0.757 —0.703 -0.322 0.313 0.776
8 MEF1S 0.703 —0.601 -0.212 0.314 0.776
9 FH BRI 0.583 —0.345 -0.023 0.314 0.776
33 TS 0.671 —0.494 -0.258 0.306 0.782
27 AW G R 0.693 -0.536 -0.313 0.303 0.783
46 LT 0.700 —0.849 -0.018 0.299 0.786
2 AN 0.655 —0.747 -0.022 0.288 0.795
4 ES 0.635 —0.646 -0.062 0.286 0.796
3 NEF VSN 0.523 —0.535 0.234 0.283 0.798
5 ML 0.605 —0.526 -0.231 0.261 0.814
43 S 0.534 -0.578 0.019 0.246 0.824
40 HE 0.446 —0.420 0.181 0.244 0.825
- SEALE(T.5%)
25 Ml FA 0.537 -0.446 -0.174 0.240 0.828
13 R 0.444 —0.353 -0.038 0.219 0.843
18 FIRCF A 0.173 -0.367 0.156 0.072 0.949
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Tab.5 Level range of different indicators in different types
Eizpi B ) 2 et e T2

i K B /em 8.23 ~ 14.65 14.16 ~20.27 20.48 ~30.65 30.86 ~ 54.93

Bk 1225 ~13.17 13.83 ~17.25 17.16 ~20.33 18.16 ~23.91

REERSETN 0.69 ~0.85 0.89 ~1.36 1.24~191 1.98 ~2.93

B4k B A%/mm 3.35~4.08 3.04 ~4.22 3.82~4.80 4.62~5.78

Rz 2.04 ~2.28 2.16 ~2.46 229 ~2.44 231~2.73

HHAR B2 /mm 11.48 ~15.37 14.18 ~ 18.69 14.89 ~ 20.34 16.02 ~22.53

WA BEA%/mm 2.02 ~2.90 2.16~3.02 2.68~3.33 2.88~3.95
RATF 2R 1) B R BR AT WAL &G IV AR b BB VG . 45 R ALY

TELTEMRTTAR AN LERRIE 78 S, SR AL
PEBK (Prunus avium) J Bk (Prunus persica) %5 L 31 R
FhEVRACHE A S [l N 2T R S i Fifk & o
WE TR, R A AR PR (1) 22 BY AR AIE T2 SR I A %
BRI R S R, BARRAE A e i@ 4 /N i 1 T R
G TR BRGNS T A SRR, 1K B ) )
BAC SR TR R YE . EAERNE, BT
LTI Z R GEE T DLORFFIL R AR,
HTE 5 2 N TAB BT, M DL IS S Bem 44 5 48
ARKRDS o (EAE BT RPNESE, H kWS H 5HE
WA KA R E AN, IR EFRBE RIS
AT R A K AP B AR bR« AR RS AR
W OHEE, RSBSOS E BA &
FERUBRNE, R TR 48 4G B AR e P 5 BURPERFE, B
WSL AT T RIAZ O PR TR bR IR AR N 48 R
ISR DS TE , R S5 AR 5 ) s R R R
YR . BTEARETCUE S, W (Morus alba) W AR 4E
E W RISFEE SR 5 EAH P, AT (Mangifera
indica) W WA T A FRHAE 5 3B AL PEIR 25 D1 AH 56, 13X N
AW TR ARV S B PN Fabn bt 1 B R
HETAHREREMRCMEE®, RS TS %
KBS Z 5 W T4 B T A R AE B = PP 14
Z, KF 80 A SEFh ot B U2 AT B AL VAL, JEId S
H It B B S-S5 M- Th e RERRHE, SEIL 7 X0 %%
A 1) 22 Y ffE T

HARRUL, AR FTE 2 45 TS Rk 5
Gk, M TIRERUM G AETEM AR B
Je R R IR bR 9% RS 9 AMEIETE A Fe bR AT
RN BT, I3 B A FE AR I F8 05 A AR bR
SRR EM KPP >0.05), F T LG, @i
By o3 T R B R DT R 2R IE 80.21% 1 7 AN K
febr, 1B H D AL G IES MBI 80 43 Fhmi kil
G ARTAR(D < 0.4), FTri24(0.4 < D<0.6). H
(0.6 < D<0.8). EMAL(D = 0.8)4 MEY, If

Tih Jo Bl 2% K (8.23 ~ 14.65 cm) 5 (R 2 45 YA &
(9 55K B AR AE (< 15 emD) &1 JEWD &5 A1 (14,16 ~
20.27 cnDN N KA 15em H < 20em), F7b
%4(20.48 ~ 30.65 cm) 5 FF .21 (30.86 ~ 54.93 cm)
DU A 8 (> 20 em) 23 bR, 7 ] K B B 5%
AOFRFE IR 206 Lo 5y, B AUIK T AR .
TEAFE R 2, OSSR TR 2% B AT R AR 2t
ACRHE, HAEA T A8 S5 Tr b B 2 Ja), ix 53R
S22 AR Bl B RH B R SRR AE AR AR RS
SN RN, MIERES B A SE R SO, R ALK
TRTRACRY, BRI T B4R BT i R 1) 5 BE TR A
FRAERY MW S 80N 2 AL, KR
MERBSBUREE R AR, FIREGE RN, i)
SEACH PR IS N B R B A K B L IUR R A,
BARRIN MBS TR i P 5850 A 4140 1Y) 22
PR BRI, IX W E 7RSI E MR SRR
L FE bR -

AR BT E A 7 NSRSV
R, X 80 1 AR ZEF AT BRI IR RAE VAL - &
AT, TR SRAT R AR BRI e L R A i
TR AR A 6 iy AR AT, SR ERAL
TR KIS & 5F IR AR Bl . b, <SR34
P E AR A, R HH K Y 14.8 cm,
FFE B T bR AERS), <8 1L R A ) BRI R 2% RRH AR AIE
BN NIRRT, R 45 B 5 AR VPN R &R 14
REER— o WG RN BT R 2 AR B T AR
Fo R W F B, FT K AT A R i 4
AL FR D, 1% FFE S X % PR AR AR (Bombax
ceiba) TS 15 H gD 15 R4 5 ) B AR
FRE—3. id D kA A Akl 4, 1 B
SEIATE e E R )\ R BR R, =
SO FL B B AR, CEESD SR MR
B IR HR I T TR A, 1%y R R H ()
MM G TR, T 2R E NSRS
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PP D5 T AT 28X SRR A BRUR A S , (HIL 44
SR [ (14 o BRELAF A 78 0 22 3, HEM 2 24 i PE AR
FEAREAH RIS J5 ST U H Y 7e A B LU T
PPOTRR L, TS G R 4G A o M Cn s RO B
REAED AN AR AR R A I Con IR & D, WE K
AL 2 R AL AL 5T 0 36 58 b, DA AR
RTINS BUBAI A or 1 B MR LB (s -

4 % ®

ASHIE T X B B Z IEAL Rl R B IR PR B
SR A, SR A TER ARSGYE Ty 2
TSR BT Bk EAR TR,
PR R A K R EAR L AR
B9 MNRARHATER G VRS [RIIRE 80 AR Ao Bt
PRI TR 4L .

(ORI T B B8 Bk ELAR Y
[ JEE L TR E, FHA AR BE S AR ELAR A AR SR
VAT B bR -

(2)80 A7 AR SRAH 5 R 73 M REAL Y AR AL T4k
BT, W E TR AR R I e R A
GE I BRI RCRIR AT

ASHIT TGS RO ERIEA NG AE [0 5 7 SRR
e bn i A @ S it 1 B Z BRI 5 HORSCHE,
B D9 BER R AR 5 ¥ 7090 T 7 e A4 BRI FH 2%
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