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Effects of Different Sowing Densities and Seed Volatile Limonene
on the Seed Germination of Panax notoginseng
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Abstract: [ Purpose] To study the effects of different sowing densities and the function of key
compounds in the volatiles of Panax notoginseng seeds on the seed germination of P. notoginseng,
so as to provide a scientific basis for reasonable sowing density of P. notoginseng production.

[ Method] We analyzed the germination rates, survival rates, agronomic traits and yield of P.

notoginseng under five different sowing densities which respectively were 400, 144, 100, 36 and
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25 seeds/m”. Gas chromatography-mass spectrometry (GC-MS) was used to analyze the volatile com-
ponents and relative contents in P. notoginseng seeds, and to study the effect of the key compound li-
monene in the seed volatiles of P. notoginseng on the germination of P. notoginseng seeds.

[ Result ] The survival rate of P. notoginseng seeds at the sowing density of 144 seeds/m” was signi-
ficantly higher than other treatments (P<0.05). There was no significant difference in the fresh weight
of shoot, dry weight of shoot, fresh weight of root and dry weight of root (P>0.05). The single plant
dry weight under 100 and 144 seeds/m” were higher than those under other sowing densities but
not significantly (P>0.05). The dominating sort of volatiles of P. notoginseng seeds was alkene
(relative content 39.44%). Among them, limonene had the highest relative content, and could signific-
antly promote the germination of P. notoginseng seeds at a concentration of 2 pL/L (P<0.05).

[ Conclusion ] Limonene in the seeds volatiles of P. notoginseng can promote the germination of P.

notoginseng seeds within a certain concentration range, and the seedling survival rate is the highest

36 3%

under the sowing density of 144 seeds/m’.
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Fig. 1 Schematic of volatiles collection device
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Fig. 2 The germination rates and survival rates of P. notoginseng under different sowing densities
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Tab. 1 Effects of different densities on the agronomic traits of P. notoginseng

TP BE /(bR om ) P i/em b /g Mo b g R A B /g R AT E /g
sowing density/(plant-m™) plant height fresh weight of shoot dry weight of shoot fresh weight of root dry weight of root

400 11.7240.20 a 0.63+0.07 a 0.12+0.01 a 1.4240.20 a 0.42+0.03 a

144 11.0340.25 ab 0.49+0.02 a 0.1240.01 a 1.71£0.22 a 0.48+0.05 a

100 10.24+0.30 ¢ 0.53+0.05 a 0.12+0.01 a 1.6940.19 a 0.48+0.06 a

36 10.44+0.18 be 0.49+0.02 a 0.1140.01 a 1.53+0.26 a 0.42+0.03 a

25 10.3340.30 be 0.53+0.04 a 0.11+0.01 a 1.53+0.09 a 0.41+0.01 a

E: AFRNG FREFOREEIN 257 B3 (P<0.05); .

Note: Different letters represent significant difference among different treatments (P<0.05); the same as below.
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Tab. 2 Effects of different densities on
yield of P. notoginseng

i 2 /(R -m ) FARIL T TR EE =L E(gm?)
sowing density/(plants'm™) root dry weight per plant yield
400 0.42+0.03 a 129.71+10.64 a
144 0.48+0.05 a 61.83+5.95 b
100 0.48+0.03 a 36.09+2.15 ¢
36 0.42+0.03 a 11.18+0.86 d
25 0.41+0.01 a 7.98+0.17 d
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Tab.3 Chemical components and relative contents of P. notoginseng seed volatiles

S| &M AaFR AHAARE/%  AREARS[H)/min  AHXS & 5/%
type compound similarity retention time relative content
(+)-F7 )% D-limonene 95 14.100 7.74
B-1] EL4% B-copaene 92 28.735 5.04
KL D germacrene D 93 28.735 5.04
1-+—#%M 1-undecene 97 16.725 5.03
a-JEH# a-pinene 96 9.976 4.47
4547 (11)-Z% valerena-4,7 (11)-diene 94 28.114 3.06
1a,2,3,4,4a,5,6,7b- )\ ’A-1,1,4,7-V F -, [1aR-(1aa,40,4aB,7ba)]- 1H-FF 7 15 4 03 28022 597
W e 2 1H-cycloprop[e]azulene,1a,2,3,4,4a,5,6,7b-ocahydro-1,1,4,7-tetramethyl-, [ 1aR-(1aa,4ap,7ba)]- ’ ’
b o-TT ELf% a-copaene 94 25.931 1.18
alkene T ELA copaene 94 25.931 1.18
o-BER il M o-cubebene 93 25.931 118
1- B 4-(1-F 5L 2.38)-1,4-F C 4% 1,4-cyclohexadiene-1-methanol, 4-(1-methylethyl)- 81 22.062 0.86
£ 77 #% caryophyllene 95 27.135 0.68
IR Jf styrene 95 8.300 0.47
1,3,5,7-33F P45 1,3,5,7-cyclooctatetraene 95 8.300 0.47
X [4.2.0]3-1,3,5- =% bicyclo[4.2.0]octa-1,3,5-triene 94 8.300 0.47
FP5}% aromadendrene 83 27.383 0.30
6,6-— 1 3E-2-07 1L, (18)-WUHA[3.1.1]5EhE 96 11777 871
bicyclo[3.1.1]heptane, 6,6-dimethyl-2-methylene-, (1S)- ’ ’
+75%t hexadecane 97 31.435 1.71
-+ /L%t nonadecane 97 31.435 1.67
F-PU%% tetradecane 94 29.028 1.30
1EH—H%)%¢E heneicosane 94 36.061 1.29
~+ 1%t pentadecane 95 29.028 1.11
¥ eicosane 93 28.954 0.96
Kk 4,6-— W H-+ — )t dodecane, 4,6-dimethyl- 94 23.098 0.91
’ﬁ{ . =% tridecane 96 13.705 0.80
attane + %% dodecane 97 20.585 0.65
7N IR = 1R cyclotrisiloxane, hexamethyl- 85 6.048 0.64
3,7-HiIEE-544% decane, 3,7-dimethyl- 91 15.372 0.60
2,6,10-=H B+ Fik5 2,6,10-trimethyltridecane 80 30.051 0.50
+H - AES G cyclopentasiloxane, decamethyl- 94 19.186 0.45
1-fifi- =4z triacontane, 1-iodo- 94 48.452 0.42
1-fli- =+ (%) %t dotriacontane, 1-iodo- 87 38.422 0.37
2-H %L — 75Kt 2- methylhexacosane 88 41.039 0.23
1,1- = Z 8 3E-ZJ5% ethane, 1,1-diethoxy- 91 3.973 0.12
2K 4§53 -4-F 5£-2- % 2-pentanone, 4-hydroxy-4-methyl- 98 6.646 8.42
ketj:nes 1-(4- 232K 3E)- 2. ethanone, 1-(4-ethylphenyl)- 95 23.169 0.96
1-(2,4-— 3£ 3E)- 7,/ ethanone, 1-(2,4-dimethylphenyl)- 82 22.604 0.87
TR ¥R H K butylated hydroxytoluene 94 29.451 5.31
ek 48— F1 % o-xylene 98 7.547 4.09
be:;ene .7 ethylbenzene 98 7.282 1.16
A2 toluene 97 4.673 0.36
1,2-—-Z,3%-7 benzene, 1,2-diethyl- 94 15.007 0.35
fiiéhol 2-(1,4,4-= W EEIF O-2-4555) LI 2-(1,4,4-trimethyl-cyclohex-2-enyl)-ethanol 87 31517 0.56
Egc(id;i XN (2-FAFE A 3E) fi5-1,2-7K — FER 1,2-benzenedicarboxylic acid, bis (2-methylpropyl) ester 93 39.219 0.62
Rk Z,:LE%: L2 eicosyl acetate 96 43.686 1.43
ester il +:iﬁ%§'§ tetracosyl acetate 95 43.686 1.43
453 — 2 — T4 dibutyl phthalate 94 39.219 0.62
R B
aldehydes o-MIF4ES o-thujenal 82 22.062 0.86
ES 2,237 PR [6-(1,1- FE B 2, 3 ]-4- R B R Ty 04 47314 861
phenols henol, 2,2'-methylenebis[6-(1,1-dimethylethyl)]-4-methyl- ) )
1,2,3,5,6,8a-7N%l-4,7-— F 3-1-(1- FH 3 £ 3k )-, (1S-Mi=X) 2%
ZEH naphthalene, 1,2,3,5,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)-, (1S-cis)- 90 29.751 0.71
naphthalene 1-5 N %E-4,7- - H%:-1,2,3,5,6,8a- /N A 28
1-isopropyl-4,7-dimethyl-1,2,3,5,6,8a-hexahydronaphthalene 89 29.751 0.71
IS o — ) .
amidos N,N-H 3+ % N,N-dimethyldodecanamide 92 44.493 0.68
ALY T HALY disulfide, dimethyl 97 4.228 0.35

sulfide
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Tab. 4 Effect of different concentrations of limonene on
seeds germination of P. notoginseng

FrEIG AR BU/(uL-L ) FrEIG AR/ L B /%

the concentration of limonene the volume of limonene germination rate

0.00 0.00 16.50+2.08 a
2.00 0.30 28.60+5.61 b
20.00 3.00 13.75£2.75 a
200.00 30.00 15.40+2.69 a

BN vy, e B B Ak R
PR, Mok, %L HWA YL S YTERY—H
VI E AR BV E AR . . B
TER B GLV R 8 7 I8 WRKY's #% 5% A
TR -2 5 TR (GABA) WAEYI G L, M
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Tab. 5 Effect of different concentrations of limonene on seeds germination of Lactuca sativa L. var. ramosa Hort.
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group the concentration of limonene the volume of limonene the volume of distilled water germination rate
StHEZH 1 control 1 0.00 0.00 0.23 80.00+2.89 be
R 1 test 1 0.50 0.23 0.00 71.67+1.67 ab
Xt HE4H 2 control 2 0.00 0.00 0.46 75.000.00 ab
I 2 test 2 1.00 0.46 0.00 88.33+1.67 ¢
%F 2 3 control 3 0.00 0.00 2.30 80.00+2.89 be
RIS test 3 5.00 2.30 0.00 68.33+4.41 a
X HRZH 4 control 4 0.00 0.00 4.60 86.67+1.67 ¢
RIEH 4 test 4 10.00 4.60 0.00 80.00+2.89 be
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