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Abstract; Differences in eight nut traits and five fatty acid contents in kernel among 76 seedling
individuals of Carya illinoinensis ( Wangenh.) K. Koch planted in Nanjing and correlation among all
indexes were analyzed, and individuals with superior single trait were screened. On this basis, combined
with principal component analysis result, nut quality of 76 individuals tested was comprehensively
evaluated. The results show that there are large variations in eight nut traits (including nut weight, fresh
weight of kernel, nutshell thickness, nut length, nut width, nut shape index, kernel rate and oil
content) and contents of five fatty acids (including palmitic acid, stearic acid, oleic acid, linoleic acid
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and linolenic acid) in kernel, with coefficient of variation (CV) of 6. 63%—28.99%. In which, CV value
of kernel rate is the smallest, and that of linolenic acid content is the largest. Generally, CV value of
eight nut traits is smaller than that of five fatty acid contents. There are obviously significant or significant
positive correlations among some nut traits, and obviously significant or significant negative correlations
among a few nut traits. There are obviously significant positive correlations among five fatty acid contents,
but correlations between fatty acid contents and nut traits are almost unsignificant. The results of principal
component analysis show that traits related to nut size are more important than others among eight nut
traits, while five fatty acid contents are equally important. The result of principal component analysis on
nut traits and fatty acid contents shows that the decision indexes in the first principal component include
oil content and contents of palmitic acid, stearic acid, oleic acid, linoleic acid and linolenic acid, and
those in the second principal component include nut weight, fresh weight of kernel, nutshell thickness
and nut width, indicating that fatty acid content in kernel is the first index to evaluate nut quality of C.
illinoinensis, followed by nut size. Based on superior individuals with eight single indexes of nut weight,
fresh weight of kernel, nutshell thickness, kernel rate, oil content, nut shape index, oleic acid content
and unsaturated fatty acid content, and combined with principal component analysis result,
comprehensive score of No. 71 individual is relatively high, its fresh weight of kernel, oil content and
contents of oleic acid and unsaturated fatty acid are relatively high, and No. 71 individual could be used
as the first candidate individual for cultivating excellent cultivar. Based on above results, it is suggested
that principal component analysis method can be used as an effective supplement for single trait selection
in cultivating superior cultivar of C. illinoinensis for different breeding objectives.

Key words: Carya illinoinensis ( Wangenh.) K. Koch; seedling individual; nut quality; principal
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1% Y TG A 9 i (LOT: U - 46M - F17 - Z; 4l J& K T
99% ) R F R AR 1 i ( LOT : U—-59M -M29-Z; 4l
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Table 1 Variation analysis on nut traits and fatty acid contents in

kernel of 76 individuals of Carya illinoinensis ( Wangenh.)

K. Koch"
fﬁ( Max Min X SD CV/%
NW 8.29 3.05 27 1.22 19. 46
FWK 4.67 1.43 3.21 0. 66 20. 56
NT 1.23 0.62 0. 88 0.13 14.77
NL 45. 06 23.71 35.13 3.78 10. 76
NWI 23.97 17.70 20.92 1.59 7. 60
NSI 2.46 1.16 1. 68 0.17 10. 12
KR 60. 16 43.34 51.01 3.21 6. 63
oC 79. 16 52.04 71.02 4.90 6.90
PA 53.80 21.40 39.60 7.52 19. 00
SA 28.26 6.05 13.43 2.59 19. 26
0A 486. 00 177. 50 402. 13 73.07 18.17
LA 232.70 71. 80 159. 36 42.42 26. 62
LIA 12. 80 3.10 8.22 2.38 28.99

DNW . ISR Nut weight (g) ; FWK; F{Z&E T Fresh weight of
kernel (g); NT: "IJ5E)E & Nutshell thickness (mm); NL. IR
4% Nut length (mm) ; NWI; B4R Nut width (mm) ; NSI; £
HHEE Nut shape index; KR: H {7 # Kernel rate (%); OC: %M
# 0l content (%); PA. FHH R &% & Content of palmitic acid
(g- kg’l ); SA: f#f§ 2 & & Content of stearic acid (g - kg’l )
OA: IR & & Content of oleic acid (g - kg™ ) ; LA: WilfR& &
Content of linoleic acid (g - kg’l ); LIA; VR iR % & Content of
linolenic acid (g - kg™ ). Max: i KfH The maximum value; Min;
#¢/]MA The minimum value; X: “F-¥J{H Mean; SD: Frifi 2% Standard
deviation; CV. A 52 Z K Coefficient of variation.

x2 HRLUZRBERRIERIFC PR S EEAX R

75 S5 RN AN 6. 63% ;5 I 2 AR AR A2 1
AR S RN, 4R 6. 90% A1 7. 60% , A Hi
IR ANR AR G A RN, R R
B K02 5 s 07 18 b & i me AR 0 R R, R
28. 99% ; HUR & Bt AT = B TR, o 26. 62%
8 TSR S MR 4% AR S R AR K Z=/MRUHEF A
i o R e  RORSER A IR RIE R AL
UGB B TR, SRR IR B R AR
FEIAIRT IR, ¥ 78 57 20 R 2/ MIRUCHE T S .
JPRIR 5 i VIR 7 it B A TR 2 i RS R BR B o LIl
2.2 RELHERNMCPERRSENMEXES T
Xt 76 BRHESE ILAZAL HLRE 8 TR SR AR rp
5 FPRRIT IR & B HEAT T AHOCHE BT A R LR 2, 4
T RS A | R ARSI SR
R B3 E A E (P<0.01) ; IR R AR 5P
i Jo e R R TR SR B S B IR A G, SRR AR AR
WEMAI (P<0.05) ; AR5 Fh 8 & 2 5
FIEAHR, 5IRA TR 2 B A5, 5 &R
SEWEEA, 5 PRI R & & ) 5 2 4% 0 2% 1E A
K AE AR B B i R A B A G MR R B
0. 260 ; A B iR 1 1 55 IR ARG A2 T3 Vb 3 00 ) 4t b 2
A i 2 TE AH DG, A 2GR B850 1o 0226 F 0. 505
TR 5 AR I a0 ) Bt 3 AR e 3 I
A MHSE RS 90 0. 244 F1 0. 488; WHkIR &t 5

Table 2 Correlation coefficient among nut traits and fatty acid contents in kernel of individuals of Carya illinoinensis (Wangenh.) K. Koch!

FAEFREINA R EL  Correlation coefficient among different indexes

et

Index NW FWK NT NL NWI NSI KR oC PA SA OA LA LIA
NW 1. 000

FWK 0. 944 1.000

NT 0.439=#:*  0.187 1. 000

NL 0. 150 0. 120 0. 059 1. 000

NWI 0.901#%  0.861x 0.358+* 0.187 1. 000

NSI 0. 062 0. 047 -0. 047 0.024 -0.277% 1.000

KR 0. 035 0.353#% —0.676%+ —0.054 0.072  -0.058 1. 000

oC 0. 052 0. 125 -0.087 -0.036 0.056 -0.076 0.231+ 1.000

PA -0. 099 -0.112 -0.092 -0.065 -0.050 -0.114 -0.043 0.260+* 1.000

SA 0.214 0.206 0.028  -0.057 0.226% -0.073 0. 051 0. 505 0.556%:* 1.000

OA 0.116 0. 184 -0.118 -0.198 0.075 -0.033 0.244%  0.488#+ 0.527=* 0.720%* 1.000

LA -0.077 -0.110 -0. 101 0.004 -0.002 -0.013 -0.102 0.172 0. 787 0.535%% 0.333%x 1.000

LIA -0.234% -0.228% -0.182 -0.050 -0.120 -0.067 -0.032 0. 155 0.517#% 0.399%% 0.384=:* 0.655%= 1.000

DNW, BSR T Nut weight; FWK; F{ #EFi# Fresh weight of kernel; NT; "552 R Nutshell thickness; NL; 54042 Nut length; NWI; 5
1542 Nut width; NSI. FIEFEE Nut shape index; KR Hi{~ 3 Kernel rate; OC: &7l Oil content; PA; FiHAR & & Content of palmitic acid; SA .
T JISPR & & Content of stearic acid; OA: JHFR & & Content of oleic acid; LA; WilFR & & Content of linoleic acid; LIA; WFRAR S & Content of

linolenic acid. * ; P<0.05; #**, P<0.0l1.
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A H B TR 5 e A A AN ] R AR B — 8 4 A AT
Yy [R5 LA A R ol BB B I e 7 o
AR L PN S 6 N W S N EOREN
2.3 EBUMERMERBIEKRS T

R Sl FIBK R SR R
THIR B 2 v ol AN IR D5 TR 7 i v 2 H A e L%
BEER FRP S0 F 2 H AR, 1E 76 BREFE LA BE
PRH BEH IR R T A RIRSTRE
R EIE FIEHR B R I R AN AS 1 AR
R 8 N FRHEA AT 10 A7 B9 HEST I AZ Mk bk | 245
RIS,

£ 3 76 #kiE LRk B RS A TR HER BT 10 ALY HE4R (X+SD) Y B
Table 3 Top ten superior individuals of some single traits of 76 individuals of Carya illinoinensis (Wangenh.) K. Koch (X+SD)"

MR BN 47 5 19 S 21 5 bk IR R
A 8.20 g LA b A6 o B de R A 29 SR
PR(4.67 g) ;17 BRI R 7e i, R FC R
0.62 mm;17 SRR AR IR, N 60. 16% ;71 5
BARRI SRR, 38 79. 16% 576 5 B bk i SR IE 48
BOOA s T A AR FEAT 2.5, BB K 42 Sk
IR & f ik 486. 0 g - kg™'331 S BARK B9 AR FI G
R & 3k 637.0 g - kg, LEG Z TSR B
.47 S BARR G U R R FRR A R R A IR
TR 529 5 AR A B SR T A AR A R, IR
SRR R B 17 B B RR Y IR RS R
1R feiy 5 71 5 BARR AR b4 66 o B R0 ok R A, T
TR FIANTRL IR 17 R 7 1 95 1m0 5 76 5 BRLAR 1 RE 48 5
K, RIS ;42 5 FRRR G B TR 58 g, TR AR
TRLRTIR I TR 25 B 780 5 31 5 BARR A il R R AS A A i
R 5t A0 1R 566 5 BRI IR SR B B R, IR R
157 560 = B 1) IR L o A5 K T R FRAN T 1 g 1 7R

G Gl

|

o

IRTE

= =} — faY = =} =
wre RS g, RS RCERRG RS g REY A%
Ranki No. of Nut weicht No. of Fresh weight No. of Nutshell No. of Kernel rat
aniang individual tweg individual of kernel individual Hishe individual et rate
thickness
1 47 8.29+0. 20a 29 4.67+0. 65a 17 0.62+0.01b 17 60. 16+1. 24a
2 19 8.23+0.27a 13 4.23+0. 12a 10 0. 64+0. 03ab 29 58.44+2.10b
3 21 8.22+0.31a 47 4.21+0. 11a 29 0. 69+0. 03a 58 57. 14+1. 89b
4 29 7.81+0. 19ab 19 4.14+0. 34a 23 0. 69+0. 08a 35 56. 99+0. 99be
5 07 7.75+0. 24b 21 4.01+0. 20ab 35 0.70+0. 12a 23 56. 84+2. 10¢
6 66 7.69+0. 14b 58 3.99+0. 54b 43 0. 70+0. 08a 39 56.68+1.67c
7 13 7.69+0. 33b 74 3.98+0. 32b 39 0.71+0.07a 52 56.62+1.77c
8 56 7.67+0.27b 56 3.92+0. 55b 27 0.72+0. 13a 48 55.73+2. 31cd
9 51 7.65+0. 16b 71 3.91+0. 44b 55 0.72+0. 14a 74 55.70+2. 11d
10 60 7.59+0. 34b 67 3.90+0. 17b 48 0.73+0. 09a 53 55.61+2.56d
s e s AR AR TR
Bk P Bk ES 7%=t 14 HpkS  mESE/g - kg KRS /,\E i -
HEF B/ % . . Zm/g - kg
. No. of . No. of Nut shape No. of Content of No. of
Ranking s Oil content Lo . Lo L Lo Content of
individual individual index individual oleic acid individual .
unsaturated fatty acid
1 71 79. 16+0. 96a 76 2.46+0.21a 42 486.0+17. 8a 31 637.0+14. 3a
2 14 77.27+1. 67ab 22 1.93+0. 14ab 71 440. 1£20. 1b 60 637.0+11.7a
3 33 76. 83+0. 89b 69 1. 89+0. 32b 16 435.1+12.6b 42 634.5+18.9a
4 09 76.45+0. 54b 51 1. 87+0. 16b 47 432.7+17.8b 06 629. 0+21. 6a
5 66 76.40+0. 77b 16 1. 87+0. 35b 14 424.2+13.4b 71 624. 6+25. 5a
6 73 76.36+1. 45b 74 1. 87+0. 26b 67 424.0+20.0b 67 596. 6+12. 1b
7 55 76.20+1. 88b 44 1. 86+0. 18b 60 423.9+17.8b 63 587. 1+10.9b
8 42 75.74+0. 65b 23 1. 86+0. 33b 63 423.3+17.6b 16 586. 6+15. 4b
9 37 75.71£0.79b 49 1. 86+0. 54b 31 422.3+19.8b 54 577. 8+21. 3be
10 53 75.34+1. 46b 35 1. 85+0. 47b 52 409. 6£20. 1be 14 568.5+19.9¢

D g R /NG bk RoR 2 5 2 3% (P=0.05) Different lowercases in the same column indicate the significant difference (P=0.05).
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1 SRR SIEARE TR E R 8 TR Sk
ARIEFT ERST 30T, G5 R T 4,

SRR E AT 4 A R s R vk R ik #
85.994% , UL 4 4~ F 5T BEBE I &2 32 143 43 AT Y

F4 HRLBRERRIEROER S HHTHERY

ORI Te LR A SR SR B R AR 18 42 ] LA
L BRGESS T R BRI IR 2R i | 2R e
JEHE RS AR A i o, U WS L A R A 1
HRR/INTE fb A r i F 2 RE S 2 R A 2R 5
PR H A3 i s DRAE S 3 M IR S
PR FTEAEE g 5 4 R 1 AR S MR A I 2R
Iz,

Table 4 Result of principal component analysis on nut traits of individuals of Carya illinoinensis ( Wangenh.) K. Koch!

S %y HABARAREIE [ 5 Eigenvetor of different indexes FEAEAY TR/ % ES AWt )
Principal Eisen ’ 1 Contribution Cumulative
component NW FWK NT NL NWI NSI KR oc genvatue rate contribution rate
1 0. 557 0.255 0.532 0.128 0.543  -0.052  0.041 0. 056 3.019 37.743 37.743
2 -0.020 -0.59%4 0.209 -0.076 0.022  -0.046  0.705 0.313 1.788 22.352 60. 095
3 0.127 -0.144 0. 145 0.260 -0.156 0.868  0.065 -0.306 1. 104 13.795 73. 890
4 -0.118 -0.168 -0.098 0. 880 0.075 -0.331 0.058 -0.234 0. 968 12. 104 85.994

DNW, 1R EF&E Nut weight; FWK. 5 i & Fresh weight of kernel; NT'; X JFE R Nutshell thickness; NL: RRHU4E Nut length; NWI,; U5
R4 Nut width; NSI: SEIEFEEL Nut shape index; KR: H{7* Kernel rate; OC: 75 iH>R Oil content.

2.4.2 HMA-PERRBBRAZTH IR >N X 76
TEFC LA R AR R R 5 i R IR R % HE
iR S e IR P e RN JRR R 7 F R AT S R4 A
GRS,

R R WL AT 3 A A4 B F ok R ik B
91.314% , Ut 3 4> F BT BEAE T /2 3 53 73 AT Y

FOR, A IRITRR & B RRAE [ i a] LA Y DR E E
1 R B b D R R R 5 i RIS IR o o I R Y
IR AR R 5, DL A e Ll
MR RRAN P BRI R AL LA, X S FhR IR & i 1
OYEE L POE S 2 E T IR AR IR R D A
3 TR BRSO MRRIR 7

x5 ERLUEMEKRNMCHERBRSENERSFTER
Table 5 Result of principal component analysis on fatty acid contents in kernel of individuals of Carya illinoinensis ( Wangenh.) K. Koch
R HAEPRIFFIE M i Eigenvetor of different indexes HE ik %
s _ - e o ! I R
Prin(:ipal E‘:*]E:JM /ﬁ\i EEHEM /ﬁ\i {H]M/El\i W{H}Mﬁi W%Mﬁi Ei Rl al Contribution uml,lba l,Ve
component Content of Content of Content of Content of Content of lgenvalue rate contribution
palmitic acid stearic acid oleic acid linoleic acid linolenic acid rate
1 0. 484 0.451 0.411 0.472 0.412 3.176 63.517 63.517
-0.170 0. 460 0. 623 -0. 444 -0.418 0. 895 17. 893 81.410
3 -0.515 -0. 058 0. 220 -0. 286 0.776 0. 495 9.904 91.314

2.4.3 REWRFAIF SRS Z W R 5T
XF 76 BREESE LLAZAE SR SR SR AR T R R
AT ERU T, SR LR 6, S5 RFE AT 6 A4
F R BT vk R A F] 88, 348%, 2 1 E R
TR A 26. 486% , TR € Fa b AL 45 5 1 2 LA K AP~ rh
FRARTR i RE IR o 8 R & i MR 1 NI
SRR B 5 55 2 E AT B STRR R 24, 430% , PR T8
PG R R BT | i 5T | I SR R R RN I AR A
12355 3 EMA M BTERR N 13, 926% , g FEhn AL 46
A ff 5T RN AT R 58 4 A B STk R

8. 486% , YL E FRAT W B RYNAE s 56 5 A4 1 BTk %
1 8.270% , Y Fabr  FIGFEEL; 55 6 S 1) sk
FH 6.750% , FEFRPRELIE BIR YA Em AR, 3
AR 50 LLAZ R B SRS S SRR R, B B R bR oA A
TR R 2 i, HUCR RSN,

2.4.4 76 RREARE RO DMIF ML W E
BAY AT, KR 76 WSS LLAZ Bk SRR AR S 1A T
He 25 R - e BRI S MR 9 32 2043 B 465 L HE
¥, HE2A T 10 A7 1 Sk g5 43 51 29 .74 (13 21 .71,
67 .24 58 .56 1 47, H:rp 20 S rARRAG IR TR K Bl
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Table 6 Result of principal component analysis on nut traits and fatty acid contents in kernel of individuals of Carya illinoinensis ( Wangenh. )

K. Koch)
B FIEPRIFFIE I 5 Eigenvetor of different indexes
Principal
component NW FWK NT NL NWI NSI KR ocC
1 0.017 -0.112 0. 009 -0.072 0.018 -0. 064 0. 085 0.291
2 0. 546 0. 236 0.531 0. 107 0.524 -0. 047 0. 068 0. 089
3 0. 059 0.563 -0. 169 0. 106 0. 060 -0.025 -0. 683 -0.203
4 0. 008 -0. 306 0. 064 0.673 0. 169 -0. 136 0. 184 -0. 306
5 0. 137 -0. 053 0. 122 0. 164 -0. 182 0.939 -0.038 -0.051
6 -0. 131 0. 121 -0. 158 0. 644 -0.132 -0. 046 -0. 106 0.618
355257}’ HAGPRIVHEE[ & Eigenvetor of different indexes BT ﬁﬁf&:/ .% %ﬂ'jﬂiﬁkﬁ/ %
Principal Ficenvalue Contribution Cumulative
component PA SA OA LA LIA g rate contribution rate
1 0.444 0.443 0.421 0.419 0.373 3.443 26. 486 26. 486
2 -0. 065 0. 153 0. 096 -0.070 -0. 150 3.176 24. 430 50.916
3 0.172 0. 045 -0.144 0.239 0. 137 1. 810 13.926 64. 842
4 0.122 -0. 160 -0.293 0.295 0.248 1. 103 8. 486 73.328
5 -0.003 0. 042 0. 048 0.113 0.011 1.075 8.270 81.598
6 -0.114 0. 153 0. 057 -0.202 -0. 186 0.977 6.750 88.348

DNW. BRFE Nut weight; FWK.; Fi{=#E i Fresh weight of kernel; NT: " R5E /L Nutshell thickness; NL: "IRZU4E Nut length; NWI, BH
Fi 4% Nut width; NSI. SEIEFEEL Nut shape index; KR: H1{-% Kernel rate; OC: & H*€ Oil content; PA . BEMHER & i Content of palmitic acid; SA
T2 & Content of stearic acid; OA; R & & Content of oleic acid; LA; V.2 & & Content of linoleic acid; LIA; MV JFKAR & & Content of

linolenic acid.
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