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Dynamics of oil and fatty acid accumulation during fruit
development of Acer truncatum Bunge used for oil
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(1 College of Forestry » Northwest A& F University »Shantung Maple Engineering and Technology Research Center of National
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of Warm Temperate Zone Forest and Grass Germplasm Resources . Jinan,Shandong 250102, China)

Abstract:[Objective] To provide scientific basis for timely harvest of fruit and breeding improved varie-
ties of Acer truncatum ,the fruit morphological characteristics and accumulation of oil during fruit develop-
ment were studied. [Method) From July to November in 2019 and 2020, the changes of color and morpholo-

gy of fruits from individual A. truncatum in Yangling,Shaanxi were recorded by phonological observation.
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The Soxhlet extraction method and GC-MS analysis were used to extract seed oil and analyze content and
composition of fatty acids. Correlation and principal component analysis were also conducted for all compo-
nents. [Result] The seeds matured during 205—220 days after flowering. At this time,A. truncatum seeds
were thick with color of full bright yellow. The oil content of kernel increased firstly and then decreased
slightly to a stable level. The highest oil content was more than 50% at 175 days after flowering. The total
amount of fatty acids reached the maximum at 145—160 days after flowering. The relative content of ner-
vonic acid increased firstly and then remained stable with the highest content was 6. 24 % at 190 days after
flowering. The harvest time of A. truncatum with high content of nervonic acid was determined to be 190 —
205 days after flowering. During the accumulation of fatty acids in A. truncatum fruit showed certain corre-
lation with each other. Among them.the relative content of nervonic acid was extremely positively correla-
ted with the oil content of kernel and the relative content of evucic acid. [Conclusion) The best A. trunca-
tum fruits with high oil and nervonic acid contents can be obtained about 205 days after flowering. The A.
truncatum with high oil content can be selected to obtain high content of nervonic acid and improve utiliza-
tion value of A. truncatum fruit.

Key words: Acer truncatum ;{ruit development;oil accumulation;fatty acid;nervonic acid
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Fig. 1 Phenotypes (A) and seeds (B) of excellent

single plant of A. truncatum
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Table 1 Monthly meteorological profiles of collection sites in 2019 and 2020
N SN o ¥ N WL / G A i3
s g CURSC ESHRESC HEBPECN o /s ORI AR
H'f}] ﬂ‘:{u . L . F%mm/mm . (Wem ?) (Wem ?)
Atmospheric Radiation Sunshine L Relative . . . .
Month  Year Precipitation - Net intensity Net intensity of short
temperature  temperature hours humidity T ..
of long wave radiation wave radiation

1 2019 2.68 1.18 88.19 8.09 55.62 —75.70 100. 72
2020 3.18 2.25 78.99 4.81 71.63 —64. 32 91.02

2 2019 4.55 4. 46 102. 26 12. 81 59. 22 —73.90 130. 15
2020 7.91 7.34 112. 84 7.76 58.48 —83.02 138. 66

3 2019 12.33 11. 85 141. 50 11. 83 45. 35 —85.35 163.03
2020 12.65 12.57 147.00 18. 06 53. 26 —85.11 169. 38

1 2019 18. 85 18.75 167.77 56. 26 55. 46 —84.19 198. 24
2020 16.67 15. 85 172. 04 18. 20 43.94 —87.71 203. 27

5 2019 20.79 21.05 183.75 53.94 53.49 —74.81 210. 65
2020 23.30 23.63 200. 37 86. 26 45.94 —88. 80 229.70

6 2019 25.48 26. 06 172.17 123. 20 58. 86 —65.29 203.52
2020 25.58 6.11 178.55 115.77 60.12 —65. 20 211.03

7 2019 27.70 28.55 207.06 79. 69 56. 85 —72.70 235.54
2020 26.45 27.03 189. 04 25.25 65.58 —61.27 215. 06

8 2019 27.37 27.72 188. 48 106. 96 61.29 —63.95 215.02
2020 26.63 26.13 173. 26 204. 70 72.96 —49.13 197.70

9 2019 21.67 21. 80 137. 20 103. 22 71. 25 —59.73 163. 38
' 2020 22.15 21.17 141. 80 52.35 64. 45 —61. 46 168.73
10 2019 16. 15 15.92 105. 85 128. 94 71.22 —57.40 123.77
2020 14. 66 15.12 110. 00 65.13 70.77 —59.43 128.62

11 2019 10. 67 10. 28 93.25 22.82 68. 88 —70.49 112. 83
2020 10. 20 9.96 91. 37 12.75 67.40 —68.16 110. 56

12 2019 6.07 4.81 89.61 3.18 57.00 —82.67 103. 80
2020 2.32 1.41 75.95 13.03 63.42 —68. 21 87.90
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(GC-MS) XF 1 Bg #E 17 Bg B 2 1 43 B AH X &5 5 iy il
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BB 5 °C/min FHEE 240 CJ5 . #54E 5 min, #H

115d 130d 145d 160 d 175d

wwe i)

115d 130d 145d 160 d
B2

175d

® MO

115d 130d 145d 160 d 1754

FEJL A 1 mL/min, #FFER R 1 pL, 40 S #E 4 7 X
PEFE 20 = 15 HEFE CHREE B GC/MS 25 R EE 4 0 4
TE 250 C, Frif & A AR 250 °C, &+ IR
FEVCE S 280 CLE TR EL LB L 70 eV,
I B4 40~460 aum, f§i ] Xcalibur & % i3
TTEAE B, Z J5 MR 98 Test Report 2R J 0 i £ 5
—ARIE 3 BT R B T R A A B AR B i
1.5 HiEaE

FH Excel 2016 1 SAS 8. 0 &4 %t 5 48 9 47
RIS oy . SR BRI 5 22 43 AT Cone-way
ANOVA) Fa 56 £ B 3 o6 52 B0R0 47 5 il 28 S g Wi 2
AEX B B (8] 1Y 22 5 0 35 1 B 3E K P «=0. 05,

2SR50
2.1 REMRZREHE RN

FETFAEIR 100 d 2247 (T J1 ) 6 UL I/
ELEASE SR AN I S B R E K B R

115~235 d A B = B0 (0 JOE 25 i 2tk &1 2 e
NS

190d 205d 220d ~235.d

190d

A JCEN TR F :B1.B2. 2019 1 2020 FF L EM TR, HFALEER 1 cm HHIR

A. A. truncatum dry seeds;B1.,B2. Dry kernels of A. truncatum in 2019 and 2020. The line at lower right corner is 1 cm scale
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Fig. 2 Seed growth of A. truncatum 115—235 d after flowering in 2019 and 2020
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Fig. 3 Changes of kernel oil content during fruit

development of A. truncatum in 2019 and 2020
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Fig. 4 Changes of relative content of total fatty acids during

fruit development of A. truncatum in 2019 and 2020
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Table 2 Changes of relative contents of 8 main fatty acids in kernel oil during

fruit development of A. truncatum in 2019 and 2020 %
ZEDE i FJ /d ( )lfcﬁicid Linjflﬁcﬁicid Palﬁﬂ?c%;cid (“Dzﬁ:f} liic(:%j;ffc}i%d
ay alter
flowering 2019 2020 2019 2020 2019 2020 2019 2020
130 24,4240.63 ¢ 24.3940.06 b 29.85+0.72a 30.33+0.58 a 7.1640.01 a 5.2940.12a  9.36+0.21d  8.9740.01 a
145 27.3740.28a 26.09+0.24 a 27.36+0.10c 28.71+1.26a 6.21£0.01b  4.89+0.09b 10.33+0.11 a 9.2240.87 a
160 25.5940.03 b 24.69+0.12b 26.19£0.13d 27.71£0.31a 5.2940.03 ¢ 4.4940.04 c¢d 10.4540.03 a 9.68+0.02 a
175 23.1040.18 d 23.32+0.04 ¢ 27.11£0.33 ¢ 28.06+0.19a 4.9240.04 d 4.3140.04 de 10.0640.02 b 9.5940.00 a
190 21.704+0.10 e 22.224+0.49d 27.47+0.28 ¢ 27.34+1.28a 4.86+0.01d 4.3440.02 de  9.6740.05 ¢ 9.1240.21 a
205 20.9140.01 fg 21.87+0.08 d 28.71+0.04 b 28.43+0.01a 4.65+0.01ef 4.27£0.03e  9.13+0.07 de 9.11+0.12 a
220 20.574+0.08 ¢ 22.18+0.11d 28.49£0.19b 27.82+0.54 a 4.5240.03 f 4.59+0.20 ¢ 9.11+0.01 e 9.2240.04 a
235 21.3240.21 ef 22.9141.56 ¢ 28.6620.08 b 27.88+£1.76a 4.7540.23de 4.66£0.32c  8.96420.16 ¢  8.58+0.51 a
L i I W22 TS A
f%}ﬁﬂftl-lﬂ /d Stzfrﬂii@:cid Lini%erfﬁ?acid Nejfoér;%acid Eruﬁcﬂﬂacid
ay atter
flowering 2019 2020 2019 2020 2019 2020 2019 2020
130 2.2540.01 e 2.4540.10 a 1.8440.09 d 1.6540.01 ¢ 4.5740.23d  4.7440.04 b 14.94£0.49e 15.9240.22 a
145 2.3240.02 ¢ 2.63+0.09 a 1.5240.00 e 1.5540.06 d  4.61+£0.12d 4.63+0.95b 15.96+0.51d 15.53£2.04 a
160 2.50+0.02d  2.5340.03 a 1.57£0.01 e 1.6940.00 ¢ 5.0640.01 ¢ 5.914£0.26a 17.8640.04 ¢ 18.38+0.32 a
175 2.63+0.04 cd  2.5440.06 a 1.9140.00 d 1.6640.01 ¢ 5.7240.15b  6.0440.00a 18.8240.03 ab 17.95+0.06 a
190 2.81+0.04 b 2.694+0.03a 2.21£0.04 ¢ 1.864+0.06 b 6.24+0.08a 5.86+0.01a 19.37+0.04a 17.43+0.28a
205 3.02+0.04a  2.694+0.06a 2.35£0.02b  2.03£0.02a 6.08+0.02a 6.114+0.06a 18.76+0.01b 17.72+0.04 a
220 2.83+0.02b  2.7140.22a 2.4540.01 a 2.07+0.06 a 6.0440.04a 6.03+£0.21a 18.7940.05 ab 17.6340.41 a
235 2.6940.16 be  2.5740.35 a 2.4440.06 ab  2.0240.04 a 5.76+0.07b  5.8540.13a 18.45+0.08b 17.41+0.77 a

T« [ 5 B 5 e A R/ 5 R 22 53 238 (P<<0. 05). T Al

Note: Different lowerese letters after the datas in the same column indicated significant difference( P<C0. 05). The same below.
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=g

e

13 2 38 T BE S MR AR X & AR SR F
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ZEMR AR X B ) AL B ATE 2 AR R SRR AL R
B 56 Fr 22 1 0 5 B0 AR E G R B AE 2019
2020 AFAE G 130 d B4y B 4. 57 % F1 4. 74 %,
2019 4R fie KAE H BAEAE S 190 d. 2K 6. 242051
2020 4F 1) e RAE L BLAEAE S 205 d. ol 6. 11% ., 1F
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AW, F e 18% EF. Afedb)a 165 d,
2019 4F 70 5 BUFR A7 30 o T R Y A X i — B
2020 A AH [F] B 5

RAOKR T, bR 45 32 BRI R 0 A X B AR 2
AP I AR Ak B8 B R R L 2 AR 2Z 18] (R — R U R
Sy AR TR . AT ENR A E o
P &8 DT R4 N Bh B AR Ak 22 R KL IR b T 4F

LR,
2.5 MENMRLIXBEIBEFMHCHEEZRIER
HHEXERER S S

Xt 0 AR R S A 7 ak R P A il R A A%
I I3 R AL 23 AT AR DG AR 2 BT - AR T A b A v 4%
G Wil 20 73 9 A AR LA L 5 2R 3R 3. 3k 3 nl
M= & RS R BRI R C %Y. Hh S
Pt TR AR X 5 i AR A S E B OGO R B
—0.902, H il MR & B FH A K. MR RN
—0. 587 S IRMR 7 IR 28 R 5t M L 3 AE A OG
MISEFR BT 5 0. 701, 0. 755 A1 0. 810, iy st Al
DL o X6 G SRR b R 58 A b A5 il R A e 4 A

HoAh 2 W8 TR AR 1 AR X B U M R A T A
AR T2 RT3 8 2 A kg LAt B 7 T 1 b B A v . A AR
% 5 00 A R T IR 4 R S W B RO G L M G R
Bk —0. 709, —0. 670 Fil—0. 7825 15 i iR 5 i
A M R BCH 0. 556, BE ISR 5 IR 2 A%
UM G AH G R B —0. 7825 5 W KR L JF
[ N S TE N S P X &l )
0.732,0.727 F1 0. 739, MR 5 Wy AR 22 A B 3 1
AHIC 5K I IR S b 28 T 2 W Bk 35 £ 4H G, AH
KRB W R —0.906,—0. 678 F1—0.816; 5 — 1
e s T2 5 Wk 35 0E AR DG, R OGP R Bk 0. 558, W
12 R IR 55 1 B s T2 147 522 b 28 6 KOG L AH DG R
BOAr A —0. 622 F1—0. 498, R 5T R E B
ENN P SCE U RAY R ETE Y P P S
AR 0. 615 F1 0. 654, Jrig 5 M4 2k B 3% IEAH
K ARREN 0. 865, X —Z5 R ME B T AR TR
P28 TR A X AR A R B IS W&
2 15 ) A LA A L R SC 5 SR il 1) i 07 1 AL 43 A R
WA =B g,

R3 RENRIZREFEIEIMCSMEMEZERBNEXE

Table 3 Correlation between oil content and fatty acids during fruit development of A. truncatum

- ; o " . . j — 1R { ph 2
b i B il i i Lk 2 Fodam R HEm
. RO L L . N Linolenic Eicosenoic Erucic Nervonic
Index Oil content  Palmitic acid ~ Stearic acid Oleic acid Linoleic acid . ) . .
acid acid acid acid
i :
Oil content
Tt R _ * x
Palmitic acid 0.902 !
LA
Righ 0.701* " —0.709* * 1
Stearic acid
AR o ren - _ -
Oleic acid 0. 587 0.556 0.782 1
- —0.432 0.277 —0.115 —0.116 1
Linoleic acid
ﬂk%@& . 0. 368 —0.335 0.732* —0.906 " * 0.144 1
Linolenic acid
4+E&M@& . —0.166 0.334 —0. 346 0.558" —0.622" —0.498* 1
Eicosenoic acid
h@( . 0.755* * —0.670" * 0,727~ —0.678"* —0.481 0.615* 0.064 1
Erucic acid
LA TR
e m 0.810* * —0.782** 0.739** —0.816" * —0.299 0.654** —0.272 0.865* * 1

Nervonic acid

% R P<C0. 05 KA SEME 355 » x FoRTE P<C0. 01 /KFH e 8 3 .

Note: * indicates significant correlation at the level of P<C0.05; * * indicates significant correlation at the level of P<C0. 01.
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BOARAREAT AT AR AR 4 s K A GRS
W AR5 1 R & M & il e 3 R A
L2RNER 1 0 A IE 1] 0 5 PR &K A 5 A B TR
T S R I PR TR IO -1 1- - B TR L Al 8 R 5 56 2

F MR R TR 5 5 3 2 AR Fh R, R
a5 2 ERlar s 9 AN HERR R 3 KL 1 28 i
PR TR s 55 2 G045 B A R L A AR R . IV JRR 2 L I
K- R P TR T IR 5 5 3 2R B R,
F A 1 B TTERE R 98, 710% ., T A4 2 1 5T k%
H1.099% , ZF 1 BRLTTHR R R 99. 809 % Kl 5
T LR M 2 BTN R A5 2H 43 ) Y 43 21 O L L h
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Table 4  Analysis of kernel oil content and principal components of fatty acids during fruit development of A. truncatum

Y FE 4> Principal component

Index 1 2

&b F 43> Principal component
Index 1 2

I -1 A A 1R

Fi# Ol content —8.179 0.628 Cix11-cicosenoic acid 1.633 —0.040
FE R Palmitic acid 2.821 —0.098 JrR Erucic acid —0.539 0.128
fifif5 % Stearic acid 3. 464 0.198 #2212 Nervonic acid 2.674 0. 244
JH AR Oleic acid —2.116 —0.734 Tk # /% Contribution rate 98. 710 1.099
W iH R Linoleic acid —3.406 —0.546 %$Jlﬁﬁ$’/% I 98.710 99. 809
Cumulative contribution rate
WP JBEZ Linolenic acid 3.648 0.219
I 3.2 REWNRIABTEEIMCEBENER
@ JG B > z H j\; £ ’ — TH R/ oal
. . T S 52 7 o 0 07
pl we 5 28 i e B B 2 B B 0
— Nervoni id 5 . . 17 or N
5 g Al T A R (] B L R o AR
o Erucic aci
2 of SEARE LA 10 71 11T W T L 5 A
& M 2-11-=+ B FEAE R y — — A~ oih 2%
o Eis-sicomenoiqacid  Palmiti acid 5B M 2 X T R 1 45 S S0 B 4 28 S5 175 d
- 9 H ) B [ AH Fe#E 3R T3 40 d. 43 B g AT
Linoleicacid ™. Aymg fig & P o (A R 2R A R DL B AN [] SR 4R AF 4y 52
Oleic acid
. S AR 6 P 0 2 5% 0 S K Bt I RS

PC1(98.710%)
&5 P A0 2E A 4 s ) b T R A
& N8 7 R 1 53 A 45 00
Fig. 5 Distribution of oil content and fatty acids in
two-dimensional space composed of the first two

principal components
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