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Studies on the phenotypic traits and quality characteristics of seven
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Abstract: [ Objective] This study investigated seven nuts of Torreya grandis ‘ Merrillii’ to compare and analyze the
primary physical properties and content of the main components, understand the quality of T. grandis in Yi County, and
provide a theoretical basis for the selection, development, and utilization of improved varieties of T. grandis ‘ Merrillii’
[ Method] Seven T. grandis were selected ‘ Merrillii” germplasms from Yi County, southern Anhui Province; measured
their phenotypic characteristics, mineral elements, nutrient composition, fatty acid composition, and 29 additional physical
and chemical properties; and carried out correlation and cluster analyses on the measured data. [ Result] The phenotypic
characteristics and internal quality indices of T. grandis ‘ Merrillii’ differed significantly (P < 0.05). The crude protein
content ranged from 6.67% to 14.69%. The crude fat content varied from 36.20% to 55.51%, among which the highest
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average content of polyunsaturated fatty acids was linoleic acid at 47.81%, followed by chrysotile acid at 12.20%. The total

potassium (TK) content varied from 0.77% to 1.39%, and there was a significant difference between different superior

plants (P < 0.05). [ Conclusion] According to the comprehensive analysis, the crude protein content of the oblong-shaped

Zhujiyihao and Zhejiangxifei was higher than that of T. grandis ‘ Merrillii’ types with a round appearance, while the oil

acid value of the oblong T. grandis ‘ Merrillii’ kernel was lower, and the oil quality was better. Acid value, nuclear shape

index, and oleic acid content can be used as the optimum indexes for screening superior plants of T. grandis ‘ Merrillii’ .

Keywords : Torreya grandis ‘ Merrillii’ ; superior strain; phenotypic traits; quality; optimization index
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Table 1 Compare on the physical properties of seven superior tree species of Torreya grandis ‘ Merrillii’

4% seed nucleus

1~ seed kernel

EYZ 1

bk ; ‘ ; ‘ FAEIER PO BT
superior Y12/ mm 142/ mm Y12/ mm 142/ mm el seed shell ;ul kernel
tree longitudinal transverse longitudinal transverse mass thickness shape shape index
diameter diameter diameter diameter N index
ZJXF 25.89+0.51 a 12.58+0.38 d 21.58+0.64 b 9.27+0.21 d  0.98+0.18 ¢  0.52+0.03 d  2.06+0.02 b  2.34+0.04 b
ZJYH 26.88+1.24 a 11.63+0.67 ¢ 25.53+1.25a 10.27+0.68 cd 2.22+0.21 b 0.68+0.02 be 2.34+0.02a  2.52+0.04 a
GCMF 21.89+0.19 b 15.12+0.26 b  17.83+0.21 ¢ 10.98+0.02 be  1.84+0.02 ¢  0.52+0.02d  1.45+0.01 d  1.63+0.01 d
MF 22.78+0.26 b  14.98+0.44 be 18.00+0.16 ¢ 9.69+0.48 d  1.69+0.04 ¢ 1.03+0.07 a  1.52+0.03 ¢ 1.88+0.07 ¢
HSF 20.67+0.16 ¢ 14.93+0.26 be 16.45+0.26 d 11.76+0.59 b  1.42+0.14 d  0.67+0.09 be 1.39+0.04 ¢  1.42+0.07 e
YLX 19.68+0.59 ¢ 14.18+0.36 ¢ 14.71+0.63 ¢ 11.12+0.17 be 1.45+0.09 d  0.63+0.03 ¢ 1.39+0.01 ¢  1.33+0.06 e
DYF 26.82+0.73 a 18.45+0.70 a 22.23+0.56 b 13.88+1.30 a  1.68+0.10 a  0.75+0.04 b  1.46+0.02d  1.64+0.14 d
F 67.135"" 64.320"" 106.254 " 17.718 " 56.217"" 36.046 " 917.780 " 124.256 "

T ZIXF. Wiy 40 Zhejiangxifei; ZJYH. e Zhujiyihao ; GCMF. B 75 AME Gaochanmufei ; MF. KAHE Mifei ; HSF. 1 [ A Heshangfei;
YLX. " F2& Yelixiao; DYF. K[EAHE Dayuanfei, *.P<0.05; % *.P<0.01, [FZ]7[E 53RN 5 A& AEF ) B 22 5 3%, Different

letters in the same column indicate significant differences in physical properties of different Torreya grandis ‘ Merrillii” superior trees, I [F] the same

below ,

22 7HREEEKHBREERS S
2.2.1 7 RRAMAIAT = B E IR B G S
FFsARA 2 0 ILER

B HE 5 32 MR U AS AR R 07 19 20 B L 2
JR T B R 7 Rl RO bR AR OB
Wi R 15T OB B o 43 B0 A A 4 SR Ak 2
It , B HEAR AR A AR B i 5 St 0 0028 £k 38 [ oy
36.20% ~55.51% , KL B i 1 12 53 850 o v ) 2 1 8
— R A B AR Y SR R, 7 R A R
]38 5 IR R K AEAE B M o0 f 2 450 T 0
by 4 FhOTAR T EELAE R RE R VT A0 AE B4 R B
i J5 5 3 v v AT 5 L 5 K
AARTE 6.67% ~ 14.69% 2 8] , 4545 i (A HH 25 1 I o
T ERNT R < i 5 > Wi VL AIAE > I L2 >
KA = 521 HE > 1160 4 > 125 7 A, i B —5- A 2R
P B e, S WA R 25 RN B
v T R AHE , KAE AN 1 AHE LA S A IR HIEREL 25 (4 Jo
[T B AT, 22 52N 3 RO T A B0

FIN 0.70% ~6.84% , 16— 1 & B A AIK, HLIME
1% 2.68% , KA T £ 53 5l 3 , 1K 6.84%

DPPH H HEVEER A (1C50) i AL (B FTR th
SR SRR A RO S BB AR AR R
2 al A (A AEDL AR FR M A 9 DPPH B H3L3E
B (1C50) o 1.11 ~ 32.91 mg/mL, IC50 #%
AN BRI AR AR 3 XF DPPH H 3% 35 BREE S
MRk, b S Mk BB ) BB, K MEICS0
32.91 mg/mL, @35 = T Al R Pl A M AR K, T
TLANAE | =5 7= AHIE B A A 1C50 IR B G i 3% 2%
o i EALIETE A 0.08 ~ 4.15 mmol/kg, i IT.4H
HE AL B 5, 0 4.15 mmol/kg, & HEF— i JI§
I SAACEEE N 1.52 mmol/kg, J7 245041 B, AN
A B HE LR A e S A e B 2 5 &)™
ARHEFIRARE (1 22 I T 91E 1.52 mmol/kg, FHEL
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WIHER I AIG, P TG 0 2 25 5 1 B — S R i
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Table 2 Compare of the main nutrient components and oil quality indexes in the kernels of

seven superior tree species of Torreya grandis ‘ Merrillii’

e FEE IR/ Yomain nutrient components 1650/ ﬁ’g—&ﬂc{E{ Rl ( mg.g" )
superior tree HLAE W ML T S (mg-mL™") (mmr-)l'kg ) acid value
crude fat crude protein total sugar peroxide value

ZJXF 39.72+0.72 cd 13.39+0.57 a 4.15+0.17 ¢ 1.11+0.11 d 4.15+0.17 a 0.34+0.17 b
ZJYH 55.51£0.41 a 14.69+0.75 a 0.70+0.07 f 5.67£0.23 b 0.70+0.07 d 0.66+0.07 a
GCMF 36.20£1.34 ¢ 6.67+0.23 e 2.92+0.22 d 1.25+0.05 d 0.08+0.01 e 0.13+0.22 ¢
MF 42.68+0.55 b 10.13+0.26 d 6.84+£0.43 a 32.91+0.78 a 0.08+0.01 e 0.08+0.43 d
HSF 38.45£1.39 d 9.94+0.45 d 4.96+0.21 b 1.58+0.05 d 2.27+0.05 b 0.09+0.21 d
YLX 40.87+2.41 be 11.42+0.44 ¢ 1.18+0.02 e 2.70£0.11 ¢ 1.18+0.02 ¢ 0.13+£0.02 ¢
DYF 43.10+£0.95 b 10.13+0.25 d 2.88+0.25 d 2.81+£0.09 ¢ 2.20£0.15 b 0.15+£0.25 ¢
F 72.561** 98.159 ** 264.210 " 4046.176 ** 769.129 ** 936.744 "

222 THREBIMF - I EZTYAELEN
b
BER B VRESERT YO R AR AR LR ZH 2N

SRR IE R (AR B RE O R AR, 7
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Table 3 Compare of main mineral elements in the kernels of seven superior tree species of Torreya grandis ‘ Merrillii’

WS e SRR L, . : . . = .
itk superior tree ”I{]\) mass ’If;( mass Brori/ (mgekg™)  BKERY/ (mgekg™) L/ (mg-kg™)

' concentration concenlralion content of Zn content of Fe content of Mn

ZJXF 0.30+0.02 a 0.99+0.02 d 30.66+0.40 ¢ 45.35+£0.69 b 65.72+1.16 a
ZJYH 0.27+0.01 be 1.20£0.05 b 27.58+0.49 d 31.82+0.91 d 12.31+0.56 ¢
GCMF 0.26+0.01 d 1.09£0.11 ¢ 26.75+0.27 d 58.74+0.73 a 12.03+0.40 ¢
MF 0.25+0.01 d 1.39£0.03 a 19.20+£0.68 e 31.75+0.87 d 8.89+0.19 d
HSF 0.28+0.01 b 1.24+0.01 b 27.41+0.84 d 40.95+1.12 ¢ 12.00£0.34 ¢
YLX 0.27+0.01 be 0.77+£0.03 e 42.63+0.47 a 29.08+1.21 e 17.51£1.47 b
DYF 0.27+0.00 be 1.27+0.01 b 36.28+0.44 b 22.95+1.06 f 11.60+0.63 c
F 8.833"" 56.052"* 581.033** 477.298 " 1927.521*"

¢ 3 AT R RI AR AR 9 2 (TP) | 44
(TK) B¥(Zn) Bk (Fe) i (Mn) 75 i B AETEN
FH2ES (TP ) o o H0R = 2 W VA A, Ry
0.30% , 1K —5 A KBIME S 5 AR — 3,
T fE Y TK B s G FE Y 0.77% ~ 1.39% , i
1R AR ORAE , B AR B i R —5 R Al
TRIGIHE 5 B 4 A o el , o S, st
K Zn H AL E N 19.20 ~42.63 mg/kg, Fe hy
22.95~58.74 mg/kg,Mn A 8.89% ~ 65.72 mg/kg,
Fop Zin B f i PR BLARE 5 e A ) DR ATE
151 23.43% 5 Fe 5 H d5 o (4 2 8 72 ARME , S AIK Y 2
KIGIHE , 7% B — 5 HORME Fe 75 &80 8 & 22 57
Mn 75 e 1o A9 2 W7 VT A0 A, 2 5 A0 B oK A 1Y
7.39 4% G —5 R ARME RN AE S K [RIAE 5
KR8, EZFHEARE,

2.2.3 T MRA AR AR A=A NG By o B By BR 4E %, S
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PERRF R T 4 10 Fl RS IR (R AR | BE AR TR |
AR AR W R, At 7 Ff i 15 TR FR B AN T 1
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S, KRR T AS TR RTRG 17 1R 5 43 50 Ak e
86.97% ~89.79% , Herh , Z AN IR IV Jo i 7045 e
R (31 47. 81%) , HR 2 A WA R (¥(E
12.20%) , Ji it 43 H50 (I 2 PR R (2311H 0. 59% )
B FINE TR FH R Bk — IR R A, S48 iR
TP 24.12% 0. 64% . VMR JF i 43 B0
TR PR RAE , FE A S — S 1 S R 9. 45% ; &
PR T T BRI 2T BB — 5, 5 A 6 Fh LRk I]
25 SR 5 PRI Tt 300 e 1) 2 KA, eI 1)
BEE—5, CHERDE EE S R R )
BEA 35. 97% , & fe IR 7 ARRERY 1. 80 5, KAE,
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Table 4 Analysis of fatty acid composition in crude fat of seeds of seven superior tree species

of Torreya grandis ‘ Merrillii’ il . %
ﬁl:*ﬁk PA SA 0A LA LIA AA EA S10SI3EA  SIISI13EA AUA

superior tree
ZJXF 8.64+0.05 b 2.71+0.15 b 25.20+0.14 b 47.33+0.55 b 0.51+0.05 ¢ 0.16+0.01 b 0.52+£0.04 ¢ 0.70+0.07 be 2.00+0.18 de 12.26+0.22 de
ZJYH 7.74+0.02 e 2.88+0.21 b 35.97+0.22 a 41.04£0.83 ¢ 0.38+0.04 d 0.13+0.01 d 0.59+0.02 bc 0.75+0.06 abc1.79+0.18 ¢~ 8.55+0.19 f
GCMF 9.57+0.07 a 2.76+0.15 b 20.03+0.09 f 48.18+1.08 b 0.67+0.05 ab 0.15+0.01 be 0.62+0.04 b 0.81+0.04 a 2.73+0.18 ¢ 13.93x0.02 a
MF 7.41+0.01 f 2.39+0.14 ¢ 20.53+0.1 f 50.49+1.14 a 0.72+0.06 a 0.12+0.01 d 0.73+0.06 a 0.80+0.07 ab 3.09+0.19 b 13.14£0.03 b
HSF 7.82+0.01 d 3.34+0.21 a 22.13+0.03 d 49.81+1.21 a 0.70+0.02 ab 0.18+0.01 a 0.61+0.03 b 0.82+0.07 a 2.27+0.20 d 12.00+0.04
YLX 7.42+0.02 f 2.25+0.12 ¢ 23.6120.26 ¢ 48.06+£0.65 b 0.52+0.05 ¢ 0.13+0.01 d 0.71+0.08 a 0.73£0.05 abc3.60+0.15 a 12.57+0.01 cd
DYF 8.08£0.04 ¢ 2.16+0.03 ¢ 21.36+0.78 e 49.75+0.41 a 0.62+0.05b 0.14+0.02 c¢d 0.72£0.06 a 0.69+0.02 ¢ 3.62+0.21 a 12.97+0.71 be
F 1457977 22.110""  854.787"*  39.236"" 21.9427F 12.825* 8.271" 2.707 49147 106.790 **

. PA. AFHEBR palmitic acid; SA. TEABHR stearic acid; OA. JHR oleic acid; LA. TWIMAR linoleic acid; LIA. KR linolenic acid; AA. f£4=
2 arachidic acid; EA. T R—FER eicosaenoic acid; S10S13EA. J“Jﬁ—l(),“bﬁ\—l:%—:‘f‘ﬁ?f{:‘ﬁﬁﬁﬁ shun-10, shun-13-eicosadienoic acid; SI1SI3EA.
ME-11 ) 0i-13-— 8% IR shun-11, shun-13-eicosadienoic acid; AUA. G AR auropic acid,

2.3 THEEAEKREZMEERMMCAERR RS a0, MRS MR RIS RS,

XE ETEAR B N R B A OC PR A 5 R A
231 EEHBEWR ERRSAFT HAFNG  BEFEMAC WA SRIERE IR
% A& L EIEA S BOE 18 B S5 B 18 B i B35 1E

AR R0y B A G AT L 50 i MG,
F5 7 HREERKREEWE MR OEX ST

Table 5 Correlation analysis of main physical properties of seven superior tree species of
Torreya grandis ‘ Merrillii’ germplasm

18R index SNLD SND SKLD KD KQ SST NSI
SND -0.064 1

SKLD 0.960 ** -0.244 1

KD 0.048 0.821" -0.03 1

KQ 0.477 0.516 0.485 0.669 1

SST 0.024 0.292 -0.033 0.006 0.293 1

NSI 0.704 -0.751 0.818 " -0.517 -0.011 -0.194 1

KSI 0.770* -0.646 0.839" -0.567 0.013 -0.034 0.957**

3 . SNLD. % 9012 seed nucleus longitudinal diameter; SND.F#% 4% seed nucleus transverse diameter; SKLD.F1{~2\4% seed kernel longitu-
dinal diameter; KD.F#{ f7% seed kernel transverse diameter; KQ.F{"fitd kernel mass; SST.Ff5E/EEE seed shell thickness; NSLAZTEFEEL nu-
clear shape index; KSLA=IEF8EL kernel shape index, FIAl, The same below.

AHEOCHRAD B 208 SR O M e R E ) BB A SE, 5 Mn & & B3 IEAOC 2wk
R R K (K 6) MR MESRREE  FESECS Mo 2RRFIEMK,
Or RS R 1 S IE ARG ; i AL (S Al I 7y
x6 THREEAKMRATEZERHSRT M TESEEMNEXSH

Table 6 Correlation analysis of the main nutrient components and other mineral elements in
seven superior tree species of Torreya grandis ‘ Merrillii’

$8FF index CF Ccp TS 1C50 POV AV TP TK Zn Fe Mn

CP 0.728 1

TS -0.454 -0.335 1
1C50 0.152 -0.050 0.633 1
POV -0.204 0.402 0.079  -0.480 1

AV 0.830" 0.786* -0.556  -0.206 0.093 1

TP -0.107 0.498 -0.127  -0.631 0.937**  0.299 1

TK 0.236 -0.160 0.573 0.563 -0.244  -0.041 -0.409 1

Zn -0.074 0.159 -0.661 -0.628 0.333 -0.045 0.340  -0.742 1

Fe -0.529 -0.444 0.147  -0.276  -0.014  -0.087 0.154  -0.165 -0.358 1

Mn -0.193 0.440 0.069  -0.291 0.802 " 0.243 0.831* -0.425 0.143 0.281 1

. CEAMAEN crude fat; CPHLEE B crude protein; TS. &M total sugar; POV.id % fL{E peroxide value; AV.FRH acid value, F[H, The

same below.
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Table 7 Correlation analysis between the physical properties of seven superior tree species of

Torreya grandis ‘ Merrillii’

germplasm and the content of main contents in the kernel

F5hF index SNLD SND SKLD KD KQ SST NSI KSI
CF 0.595 -0.423 0.737 -0.110 0.477 0.258 0.728 0.656
cp 0.518 -0.654 0.586 -0.369 -0.117 -0.023 0.812* 0.701
TS -0.174 0.250 -0.302 -0.223 -0.337 0.547 -0.334 -0.111

1C50 -0.048 0.043 -0.091 -0.369 0.026 0.903 ** -0.084 0.117

POV 0.315 -0.061 0.190 0.033 -0.399 -0.418 0.224 0.182
AV 0.661 -0.700 0.819* -0.338 0.169 -0.242 0.955** 0.853*
TP 0.261 -0.339 0.221 -0.123 -0.493 -0.632 0.395 0.287
TK 0.353 0.328 0.339 0.156 0.466 0.681 0.007 0.190
Zn -0.101 0.184 -0.159 0.469 0.064 -0.451 -0.183 -0.375
Fe -0.26 -0.264 -0.201 -0.384 -0.458 -0.58 -0.005 0.033
Mn 0.297 -0.421 0.200 -0.478 -0.633 -0.487 0.448 0.456
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LM
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Table 8 Principal component analysis of factors affecting
the quality of seven superior tree species of

Torreya grandis ‘ Merrillii’ germplasms

Erer F BT principal component
index 1 2 3 4

P42 seed nucleus longitudinal diameter 0.686 —0.366 -0.072 0.585
iR R seed nucleus transverse diameter -0.697 -0.403 -0.334 0.469
F{YME seed kernel longitudinal diameter 0.815 -0.334  0.038 0.455
P K12 seed kernel transverse diameter -0.331 -0.480 -0.558 0.293
F~FifE seed kernel mass 0.049 -0.811 -0.076 0.347
TR IEE seed shell thickness -0.331 -0.593  0.632 0.096
FIVAGH nuclear shape index 0962  0.015 0.187 0.035
{=JE4E%K kernel shape index 0.856 -0.001 0.318 0.225
KB crude fat 0.735 -0.589  0.288-0.141
HZEFBT crude protein 0.832 -0.169  0.015-0.254
S total sugar -0.490 0264 0.516 0.442
1C50 -0.305 -0.329 0.789 0.028
T AMH peroxide value 0316 0.368 -0.546 0.288
R acid value 0.973 -0.123  0.104-0.075
TP 0.505  0.517 -0.516 0.102
TK -0.079 -0.320 0.613 0.664
Zn 0.002 -0.206 -0.884-0.413
Fe -0.057  0.845  0.092 0.159
Mn 0413 0553 -0.321 0.122
FEHEAR palmitic acid 0.009  0.543 -0.252 0.457
TSR stearic acid 0313 0.635 0.352 0.019
IR oleic acid 0.926 -0.226 0.117-0.228
TFAHER linoleic acid -0.851  0.011 -0.214 0.323
AR linolenic acid -0.718  0.469 0.510 0.061
FELERR arachidic acid 0.107 0910 0.126 0.050
IR eicosaenoic acid -0.676 -0.426  0.239-0.518
JR-10, M0-13-—A- B cis-10, -0.074 0591  0.686-0.370
cis-13-eicosadienoic acid

JB-11 13- A B IR cis-11, 0789 —0.448 —0.258-0.246
cis-13-eicosadienoic acid

G HARR auropic acid -0.836  0.345 -0.136 0.162
FHIFAR eigenvalue 10.540  6.431  4.923 2.931
Z 5tk %/ % cumulative contribution rate 36.344  58.521  75.498 85.604
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Fig. 1 Cluster diagram of seven superior tree

species of Torreya grandis ‘ Merrilli’
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