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Abstract: [Objective] To analyze the variation in oil yield and oil component composition of Acer truncatum seed kernels from
Horqin sandy land, and to screen for germplasm resources with high oil value. [Method] This study takes seeds from 92 high-yielding
mother trees collected from three provenances in Horqin sandy land as the research subjects. Oil extraction and determination, as
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well as fatty acid component and content determination, were performed. Variance analysis and correlation analysis were employed
to investigate the variation in oil traits and the associations among different traits. The analytic hierarchy process (AHP) was used to
conduct a comprehensive evaluation of the oil-related traits of superior trees. [Result] 1) The average oil content of the seed kernels of
high-yielding superior trees of A. truncatum in Horqin Sandy Land was 46.07%, with a coefficient of variation of 6.33% and a genetic
diversity index of 2.05; 2) A total of 14 fatty acid components were detected in the oils, among which linoleic acid had the highest
content (33.76%), arachidonic acid had the largest coefficient of variation (48.32%), and behenic acid had the highest genetic diversity
index (2.08); 3) The variance component percentage of oil content among populations and within populations was 90.16% and 9.476%,
respectively, indicating that the variation mainly originated from among populations. The phenotypic differentiation coefficients for
the 14 fatty acid contents ranged from 4.484% to 95.198%, with the highest coefficient observed for nervonic acid and the lowest for
arachidic acid; 4) Correlation analysis indicated that oil content was significantly positively correlated with the content of arachidonic
acid and stearic acid (P << 0.01), and significantly negatively correlated with the content of nervonic acid (P << 0.01). There are also
complex correlations among the different fatty acid components; 5) The results of the AHP showed that the weight value of seed
kernel oil content was 0.286, ranking first in comprehensive weight; among the fatty acid compositions, nervonic acid had the highest
comprehensive weight (0.215). The comprehensive scores of the 92 superior individuals of 4. truncatum ranged from 0.320 to 0.611.
[ Conclusion] The genetic diversity of A. truncatum oils in Horqin sandy land is rich, providing a material basis for the screening of
oil germplasm resources; Moreover, the genetic differences in oil and nervonic acid content among different superior trees are significant,
which provides the possibility for the targeted breeding of varieties with high oil and high nervonic acid content; Preliminary screening
identified that the seed kernel oil content and the content of major fatty acid components in CF-6, XA-18, XA-11, CF-11, and XA-20
were all at the forefront. These strains can provide high-quality germplasm resources for the subsequent breeding of oil-related superior.

5 8 1

Keywords: Horqin sandy land; Acer truncatums; oil; fatty acids; analytic hierarchy process; comprehensive evaluation

B E R oRE, 2024 4 3E 0
951 J5 t, Herbmyut oty i 2k AR s 28 7
KA HRHE Sy v vt 0 0T £ P e 8 R 1 AR A
FOIR M KR 4R A 2 [ KR E . H
Fefa G O T Uk 7 = WOFF I AL PR FF 30 AF
NHEBE ALY (BAEIBASE 2011 F59
T CRTIRARA MR R I E ALY (E
Jpik (2014) 68°5) « (AEV PR ERR) (b
Wik (2022) 95) FF—RINBHE A, HESIARLK
THORHEE A A AR S P A R R

JCEM Acer truncatum Bunge X % TG EM,
JRTCE T RIE, &R E R 12 TR A A R
AR B e R B A, IR A
AR R o LLAER 900%™, 7 3o R 2 A\ A 4 75 i 11
SERFEEY, MERGES, RHEBEZH KM
AU, R T RS Re, & — Pk
HIF R i D Re R ik g 7. ek, ot
FEWERTEE T pritkaE ©, KRR, A
AT, 2 FRETFREMXAESBEE. &5
WERMNEZES LAY, J5E. HiEhX
CUFF 7 ARAE S B AR A TR b g A ROl AR 25
TSR R " TR, B RREY
AR IS FRNE 5 Thae M B2 B S IR A WHER N,
0 AR AT il R 10 R 7 IR 2H R BT TE 1
fe e U, SRR AR R ST AT AR

N 5 T RHRIDID LA AT 36 KT B R IR T F
PR Y, XM T ER BRI 2R AR
RFEE, NEEEMESE. SRR

PO R AR SR 7 R A . BRPE. RS
DX FR) 70 AR IF 2 SRR 1, R ol S
JFRFE . AR ROR B BOR N, HAS [ SR TR
i e e =L N TT E R R w e I
WXOTENTIRIFT T, ZEPEHARER. B
gy A ARSI N, e H
M Z R T S SR AT, — R R T
ZXITTEN BRI E R, RAEE A kik
A ik, AWETT BLRRIC Y i i ) 92 473
HEPRER UM ORI RE, R gl e g & &
Je 14 ARG TR o T4, 23 A A TR AR T e A i
JRIIRAE AL SFRRFAE, WA T A VAR SR o 18] (R4 5
Phs R, SRR MA@ S b A R A R,
255 ARSI SR XM G S S BEAT ER G PR
ASHIE ST & AL BIIRL KG0T8 FARAS [R5 1R] £
b PR ZE R, L R wh B R O, A
2 DX TT TR A 7 5 BRI e R SR R
2%,

1 #R5REE

NS W E 7k

2022—2024 4, XFHNZEEHBHRICY HL ) T E
W B R A X T R SE B 2y, K e e
A KARM . Toi BE AR AR AT bRg, ISR
Mg E s g Upk R 2 R b 7 ORIE S bk 1) R B
KT 50 m CREGEBEREL) , dFhnic BER 14



46 3%

A2 S A s AN e O

39

FRARKR A B S R . 2024 4E 10 H, B g4
AR T HEAT R, AR R BB ) AR R
JEARF T AL AR EB R, REHE TR

WK KEREMPIFIIG 3 ~5d, ERRAET, R
RIS ER TR & &5 E R
LREHENE 1.

F 1 BRI T ERFIRRENFRIER
Table 1 Collection resource information of A. truncatum in the Horqin sandy land
A . N P15 5
- SRR T S R R WA
o . SRR b ER AL bR Samples  Average Average annual g
Serial Collection . . . . annual Frost-free
. Habitat description Coordinates number / elevation/ temperature / s .
No. site e m © precipitation /  period /d
mm
o BRI HALZE, K%
W7z = . Ly °05" ~ °34'
XA “ﬁﬁ%ﬁ WG [ R RIG VD M I 15;0(()); N igllif;f 24 321 52 383 138
e N
SRETHE RURIL I, 119°14" ~ 119°32'E
CF i S B R B 42°50" ~ 43°13'N 39 648 6.2 351 145
WL BRI IR 2%, 122°41" ~ 122°48'E
TL IS L e I A 42°57" ~ 43°01'N 29 219 5.6 450 145
12 WA E R . SR H Saaty™ 1) 1 ~ 9 b EEMR BV CEP

196 Y SR A BB T LG L I R e %
15 g, Sfive. KA JEHRBCRA—, KRR
Jaid 0.425 mm fLA2GT, HE 3K, FRUEFE SRR
B,
12,1 JhARHRES e
MR HREL S % GB5009.6—2016 £ i 22 4= [
FhrdE & REI RIE) R K. R
S g CRiffZ 0.1 mg) FHRR, MEREEEE
TR IR S E N, A A EE, 60 C/K
WRAE 8 h, KIBZAET, BT (100£5) CF
FRAE T, WA S PR T S R .

122 JEWIRRAN /> B & 2l sE

AR S AT R R 2 T B U, AR AR
PEZAF AR KBAT B AR H R4 SN, 2R R TR
T2 R B A5 AAR 24 (Agilent 8890) 4T g
U TR ZEL B BT T T 2 S A 2 A i o H i
ATAbER,  DLOR B B (AR e Ak HE, K FH i AR
— ke E T & RR S E.

SAH G A BT S B YHE (B A A HP-
INNOWAX 4 (100 m X 0.25 mmX0.20 um); #, <
NEAES, N 10001, Y 1.0 mL/min;
HERECHR B 220 °C, REIERIR A 275 C. FHERE
J¥ 8 WIGRIREE 140 CLR%F 2 min, B4 °C /min F+
%250 °C, fR¥F Smin, FFEEN 1 pL.

123 AR & X ARNTRR AL 2 IR 0T S e A5 VP

FIHZE WAy M1 (AHP) X o 5 B g & &=
T i i 1 28 B3k AT B AR, 4 s R 4 vl
MM EWZE TN R R, WEBRZE GuEMRF
CERAERFANED « ENE CGEERE. IR
WA « fetnE CRAMAE K IaiR & &) M2

ARFEPFEZEBEER 1 ~ 9 MRS , B
V8 7 AL [FAT L SO0 T M IR %% PR IR SR AR 2t 4797
g, HELFRAT NI, MR REAT — 20
Fuls, TS IRIRER G E .

RIEGIT S50

K H Excel 2021 B AT R gt WM
Tr5 e ZFEEFE 0T 5, 18 H SPSS 23.0 &kt
U524 BB RE P . B RS
SR8, K Origin 2021 84 HE47 M v 5
Al B o S 2 R BT v S A R AR B A AL
R, SEFBREOE ARG E TN .
AW MR, B 2RI SRR R EE &
A VFIME R TR A I 2200 [22-24]
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H 2R 2 WP AL, BHR IOV Hu % i ot E W FE R
AR & 2N 38.53% ~ 52.40%, T8 =R
46.07%, TS5 RZBN 6.33%, Wit FEMERECN
2.05, FRIARLRICYD 73 A1 i) 7o = AR BEIE E 2& &
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2 (4.25%) T AR (2.38% )« a- U PR (1.74% )+
P- WRRIR (0.92%) « &R (0.77%) « fe4E —
TR (0.33%)  ARHEIHER (0.31%)  E24E R (0.25%)
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g (48.32%) , E/PNHIRAEE—IGHIR (3.18%) .
BT R R ZREE TR BN (2.08) , FLUURAR

REV R P R BE e (2.05) « HHfIERE (2.03) . Kf
R (2.01) « MR a- WHER (2.00) , fEE
TIRBR IS E SRR RN (113D o RS R
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Table 2 Variability and genetic diversity analysis of oil and fatty acid content of A. truncatum seed kernels in the Horqin

sandy land
PERIE T # Content /% 5 2 2R PR
Trait /MA PN S FrEz Coefficient of ~ #8%{ Genetic
Minimum Maximum Mean Standard deviation ~ variation /%  diversity index
AR Oil 38.53 52.40 46.07 2.93 6.33 2.05
% Linoleic acid 28.40 36.80 33.76 1.38 4.09 1.94
M2 Oleic acid 23.00 33.03 26.03 2.03 7.82 1.86
F¥% Erucic acid 11.23 17.53 15.67 1.22 7.72 1.89
16— Cis-11-Eicosenoic acid 7.57 8.77 8.12 0.26 3.18 1.98
W4 Nervonic acid 3.20 7.15 5.40 0.75 13.81 2.00
KA Palmitic acid 3.37 5.27 425 0.34 8.01 2.01
fifi iR R Stearic acid 1.95 2.98 2.38 0.20 8.45 2.03
a- Wk o-linolenic acid 0.90 2.99 1.74 0.47 26.65 2.00
7- JEJFRFR y-linolenic acid 0.44 1.83 0.92 0.28 30.27 1.94
T6E —J%82 Cis-11,14-Eicosadienoic acid 0.21 1.10 0.33 0.16 48.32 1.13
111871 Behenic acid 0.57 0.93 0.77 0.08 9.80 2.08
AFEHER Wood tar oleic acid 0.20 0.41 0.31 0.04 14.30 2.05
v+ Mg Arachidic aci . 5 . . . .
1647 Arachidic acid 0.19 0.59 0.25 0.04 16.74 1.56
KFAEMETR Palmitoleic acid 0.04 0.17 0.09 0.03 29.81 2.05

22 HEERBEMER S EERREINS

H% 3 ] LUE H, IR & & 70 A e) &% s
P 7 22 53 & E 43 A BN 90.160% 9.476% .
14 FEDIIR & BB T EZEA S A
24.160% ~ 97.159%, JEHEW N Z 0 & H o Lt
N 2.390% ~ 26.923%. JEBEE] T 2 & H
F A (75.808%) = TR BE W (13.378%)
B I G B Mg T TR S B AR S SR YA T R B
6o G 22 14 MR WTIR & B R o R ECH
4.484% ~ 95.198%, “F-HI{E N 67.648%. H
WA —mR e BRI R s, HERS
IR A R BN AR KRR TR w1
BRI AL F R A T BT

23 HEESERBEMEREEDHIERIES T

TGP 5 5 R R 2 A S R A S A b
gRERN (BD , WEseEEE—GR. ik
RE AR E A (P <0.01) , SHER
TEAEW R ZE ML (P <0.01) o &NENEEES A
FEESRMME MR, KA. IR,
MR RAEMER 2 A5 2R EHL (P <

0.0 , MRS MER. LA —IGE, FFRS51eE
—IHER IR EREE A (P <001 , M4
R FFERI SR . 1EE—IGIR . FEIFIR . T ARER |
ERAR R AR ARG (P < 0.01) , 1IETER .
ANEMIRE SR, 1845 IR R ERE
A (P <0.01) , 7- WKIRSITER. LR
BREAME (P<0.05) , 4 IFRSITR.
PRATR B 23 IEAHC (P < 0.05) .

24 GHEEREREMERRAES BXDTREETMN

MR 4 Ar%n, P& EACEAE AN 0.286,
AN EHEAE—, KWMNES &2 o E IR
FEARPVREEZ —, B2 oo AR 77 A
BUMTH& 5 akai. ERRIRARY, HEmRm
CEANER R, N 0215, HALE IR ML 5B E
EM KRB IME OIS (0.144) © TEHER (0.094) |
o- KR (0.058) {4 —MlR (0.043) . JFIR
(0.040) . FEHEER (0.027) . HHAEER (0.024)
AE WA (- WRRER 1L ar R A4 IR
REEMIR . EAETR . FRHGTR) AE 7S i
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Table 3 Variance components and phenotypic differentiation coefficients of A. trruncatum seed kernels oil traits in the Horqin

sandy land
' JiFEoyE ' JiFESy R E AT FRMLE R
PRI Variance component Variance component percentage /% Phenoty;) \e
HR " Y " Y
Trait JEBE IR JEHEN BEATL R 2 JEBE I JEHEN BEATL R 2 differentiation
Among Within Random Among Within Random coefficient /%
populations  populations error populations populations error
IR & Oil content 68.565 7.207 0.277 90.160 9.476 0.364 80.978
WZ3H 2 Linoleic acid 4.841 1.835 0.140 71.028 26.923 2.049 45.028
IR Oleic acid 19.300 3.794 0.201 82.851 16.287 0.862 67.142
JFI& Erucic acid 24.575 0.959 0.101 95.864 3.742 0.394 92.487
16k —Jf & Cis-11-Eicosenoic acid 0.323 0.060 0.025 79.088 14.722 6.190 68.614
PHZTR Nervonic acid 12.132 0.298 0.056 97.159 2.390 0.451 95.198
FAAE Palmitic acid 0.487 0.106 0.034 77.673 16.963 5.364 64.152
T 5T Stearic acid 0.351 0.034 0.019 86.900 8.398 4.703 82.376
a- JEJFRER o-linolenic acid 0.776 0.205 0.047 75.517 19.941 4.542 58.219
y- JEJFRER y-linolenic acid 0.264 0.072 0.028 72.510 19.873 7.617 56.977
164k IR Cis-11,14-Eicosadienoic acid 0.221 0.021 0.015 85.802 8.333 5.865 82.296
111777 Behenic acid 0.017 0.005 0.008 56.665 18.076 25.260 51.631
KEEHTR Wood tar oleic acid 0.018 0.002 0.004 75.982 6.705 17.313 83.783
16EMR Arachidic acid 0.002 0.002 0.004 24.160 22.086 53.754 4.484
FFARJA R Palmitoleic acid 0.006 0.001 0.003 65.754 6.762 27.485 81.351
FEIMH Average 75.808 13.378 10.814 67.648
— 1.00
WiEEE
TEyiER | 0.03 —0.80
JHEZ | 013 | -055 =
—0.60
JrEE | 018 | -0.23 = = .
A —I%Es | 036 034 —0.40
HHZES | 030 | 011 = . .
—0.20
FEREER | -019 | 026 | -008 033 -0.03 -035 ** **
FERETE | 048 013 | 020  -042 021 | -051  -0.05 -0
a-EFRER | 007 | 023 039  -0.04 027 003 028 0.0
—-0.20
y-IPFRER | 009 | 002 005  -021 002 -026 016 0.4 | 0.04 o o
e —4EER | 004 -0.03 | 026 023 009 026 008  -0.17 -0.05 -0.04 —-0.40
Wi EE | 020 | -022 | 029 055 027 042 051 040 001 -0.15 0.2 . e
—-0.60
KREEJMEZ | 001 014 047 070  -050 071  -059 005 009 -026 005 0.6 =
Fe4ms | 009 007 008 | 000 008 -017  -005 043 -0.11  -0.08 -0 033 0.2 — —0.80
FENIEER | 013 015 | 011 | -036  -0.04 -040 027 | 022 020 | 030 -0.05 -0.17 -028 0.04
—-1.00
WoE OB 8 & & &8 £ £ £ 8 & & ©§ g
@ B OE K O£ ¥ E OE B & & B = H =
B E LK OB ¥ ¥ 1] 3 R OE
= & & X %

# #
S S

* RIANAE 0.05 KT FEEANDE, ** RIRTE 0.01 K FAR MG,

* indicates significant correlation at P << 0.05, and ** indicates highly significant correlation at P << 0.01.
1 BURIGISHTEWM MRS 2 5 S AT REX ST

Fig.1 Correlation analysis between oil content and fatty acid components of A. truncatum seed kernels in the Horqin sandy land
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Table 4 Hierarchical weights and consistency test of oil content and fatty acid components of A. truncatum seed kernels in

the Horqin sandy land
TR 25 A i RE Bzt i~ S — SR ZRARUE
Criterion layer Weight Indicator layer Weight Consistency check ~ Comprehensive weight
i I &4 2 Total oil content 0.286 R = 1.000 0.000 < 0.1 0.286
TR 0.301 0.215
THER 0.202 0.144
MR 0.131 0.094
o- YRR 0.081 0.058
e —HhR 0.060 0.043
I 0.056 0.040
Ty A R . .
Fatw}ii?z%tf;gsition 0.714 :;2;2;: 2232 0.099 = 0.1 2222
7- TEJRRER 0.023 0.016
R 0.020 0.014
4 0.017 0.012
AREENTE 0.013 0.009
TeA 0.012 0.009
KM R 0.013 0.009

RN EAEN R, P R &R E
PR 3t FH 555 R AN R ) STk AR BEAS [

IR TR E S TR RE RHLL B
FH S5 B B AOE T FAF B S AR I 2R A VPN (GR
5) o ZRERW, 92 HIorEMIL R BRILEET
40320 ~ 0.611, H ' CF-6. XA-18. XA-11.
CF-11. XA-20 ZZ &1 AT S, VP uhE R
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Table 5 Comprehensive evaluation scores of the oil quality of 92 individual A. #runcatum samples from the Horqin sandy land

No. evaluation score Rank No. evaluation score Rank No. evaluation score Rank

XA-1 0.483 52 CF-8 0.523 36 CF-39 0.464 62
XA-2 0.445 73 CF-9 0.477 54 TL-1 0.353 91
XA-3 0.459 68 CF-10 0.520 37 TL-2 0.411 84
XA-4 0.457 70 CF-11 0.601 4 TL-3 0.411 84
XA-5 0.427 78 CF-12 0.563 13 TL-4 0.390 88
XA-6 0.580 9 CF-13 0.506 42 TL-5 0.539 27
XA-7 0.450 71 CF-14 0.532 28 TL-6 0.462 65
XA-8 0.497 45 CF-15 0.509 40 TL-7 0.432 76
XA-9 0.495 46 CF-16 0.532 28 TL-8 0.478 53
XA-10 0.467 60 CF-17 0.566 12 TL-9 0.320 92
XA-11 0.602 3 CF-18 0.573 10 TL-10 0.448 72
XA-12 0.554 18 CF-19 0.542 26 TL-11 0.563 13
XA-13 0.517 38 CF-20 0.543 25 TL-12 0.356 90
XA-14 0.463 64 CF-21 0.466 61 TL-13 0.551 21
XA-15 0.553 19 CF-22 0.511 39 TL-14 0.492 47
XA-16 0.526 33 CF-23 0.509 40 TL-15 0.461 67
XA-17 0.593 6 CF-24 0.529 31 TL-16 0.506 42
XA-18 0.608 2 CF-25 0.442 75 TL-17 0.458 69
XA-19 0.584 8 CF-26 0.368 89 TL-18 0.418 80
XA-20 0.599 5 CF-27 0.468 58 TL-19 0.476 55
XA-21 0.471 56 CF-28 0.587 7 TL-20 0.443 74
XA-22 0.548 22 CF-29 0.470 57 TL-21 0.546 24
XA-23 0.548 22 CF-30 0.503 44 TL-22 0.492 47
XA-24 0.562 15 CF-31 0.411 84 TL-23 0.531 30
CF-1 0.525 34 CF-32 0.485 51 TL-24 0.525 34
CF-2 0.553 19 CF-33 0.417 81 TL-25 0.527 32
CF-3 0.561 16 CF-34 0.462 65 TL-26 0.464 62
CF-4 0.487 50 CF-35 0.397 87 TL-27 0.468 58
CF-5 0.428 77 CF-36 0.425 79 TL-28 0.417 81
CF-6 0.611 1 CF-37 0.416 83 TL-29 0.492 47
CF-7 0.572 11 CF-38 0.559 17
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