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Abstract: In order to select superior clones with strong resin-producing capacity and high resin-quality from the existing

fast-growing timber clones in seed orchard of Pinus elliottii, and to make high use of crop germplasm resource, 36 clones
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in the first generation of slash pine seed orchard were used as materials to determine their resin yield, resin mass flow
rate and DBH growth, and to analyze their resin composition by GC-MS. Based on the above indicators, correlation
analysis and cluster analysis was used to comprehensively evaluate the production and quality of resin among 36
clones. The results were as follows: (1) There were a total of 21 pine resin components, including 8 monoterpenes and
13 diterpenes. (2) Correlation analysis showed that the resin mass flow rate (RMR) had significant and positive
correlation with the total content of monoterpene, weakly negatively correlates to abietic-type resin acid, and not
significantly correlated to pimaric-type resin acid. (3) Based on the cluster analysis results integrating four types of
indicators as the total monoterpene content, resin mass flow rate, abietic-type resin acid and pimaric-type resin acid, 36
clones could be divided into three categories and the difference between each type was significant. The performance of
Class 1 was much better than that of the other two categories. (4) There were 17 high-resin yield pine clones (ERM =
15.15) among 36 clones, and on the basis of this, four clones (6-44, 4-11-1, 1-38, 3-64) display higher monoterpenes
content, while four clones (4-11-1, 3-64, 2-0420, 3-468) showed higher contents of pimaric-type resin acid. And the
content of abietic-type resin acid of clone 2-173 was the highest. In summary, a total of 21 pine resin components of
P. elliottii were identified, and 36 clones were evaluated based on four indicators: the total monoterpene content, resin
mass flow rate, abietic-type resin acid and pimaric-type resin acid. We not only analyzed qualitatively the resin
composition but also evaluated quantitatively the resin-producing capacity of 36 clones in slash pine seed orchard. Our

findings provide the scientific references for the targeted breeding of pine resin components and lay a foundation for

44 ¥

subsequent heredity breeding and gene improvement of P. elliottii.
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TSR R 2 — (R SE,2015b) , [FAT,
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HF 1980 4, JiA 55 MR AR 43
PER B H PR TIREEWN 36 N TMR
YERWEFEM R RFP RS0 GLS R 1 %) . FlhF
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SPSS B PFAG B K & B AT & IE S, A8 IES
I3 AR BORCE FH B 21K b AH OC 2 Bt AT A SC M5
# ] SPSS # 1F, R H K-means R H 1, LIE &
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Table 1  Basic statistics of pine resin components and related traits
PN = el
) N # m Content o B
g IR Wz EREM
Project ine resin = = oD SD CV (%)
rojee components e/ ME ] KAE SFHIE
Min. Max. Mean
a-JRH a-pinene 5.14 10.67 8.62 1.22 14.11
##% Camphene 0.05 0.29 0.22 0.04 18.23
BEHE Carene 0 0.22 0.07 0.05 69.32
B-TE M B-pinene 3.26 10.59 6.39 1.52 23.72
PR ) HHEH Myrcene 0.21 0.39 0.29 0.04 15.11
Monoterpenes .
P4 Limonene 0 0.30 0.07 0.11 166.19
JKFr4% Phellandrene 0.20 4.42 1.29 1.03 79.91
HE N Estragole 0.09 0.71 0.38 0.16 41.74
SN Total 13.87 21.29 17.32 1.58 9.15
AR R AU IS AR Pimaric-type resin acid
TEHAAR Elliotinoic acid 0.08 0.23 0.14 0.03 23.32
IR MFFARR Sandaracopimaric acid 0.17 1.61 0.76 0.35 45.50
FEMEE Dehydroabietic aldehyde 0.14 2.83 0.64 0.52 81.62
SFEFAIR Tsopimaric acid 5.54 9.85 7.39 0.76 10.22
ST Total 6.74 10.16 8.29 0.65 7.84
PABRFUA IEER Abietic-type resin acid
TR M Sy ABEEIER Levopimaric acid 33.2 41.88 37.35 2.07 5.54
Diterpenes .
K FABZ Palustric acid 0 1.77 0.11 0.37 327.45
ZE A MM Dehydroabietic acid 2.19 4.99 3.29 0.68 20.58
WABZ Acetic acid 5.15 9.35 7.61 1.03 13.58
H MR Neoabietic acid 13.09 18.26 14.65 1.05 7.17
15-5 5 2 EMAER 15-hydroxy-dehydroabietic acid 0 0.82 0.16 0.17 103.34
4 AR Mercusicacid 0.08 2.98 0.97 0.63 65.29
7, 13, 15-WA\=H5FR 7, 13, 15-abietatrienoic acid 0.33 1.56 0.80 0.28 34.77
TR MR Dihydroagathic acid 0.12 0.90 0.32 0.15 45.38
SR Total 57.55 70.57 64.30 2.32 3.61
P | 3t Total 68.11 80.96 74.20 2.29 3.09
AHSCHEIR RGBT R Resin mass flow rate (g - 4h™) 0.31 15.94 10.61 5.20 49.03
Related trait .
J#97% DBH (em) 35.40 55.80 44.19 4.61 10.44

B 9 A %

Unit of turpentine component is %.

AR/
Note :
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a-JR M a-pinene

# M Camphene

MR Carene

S-JEH p-pinene

H S Myrcene

4% Limonene '

JK 4% Phellandrene

BN Estragole

$ﬁﬁ§ Monoterpene content

i #ARR Elliotinoic acid

Uik #j#AER Sandaracopimaric acid

2% M EE Dehydroabietic aldehyde =
SHFHARR Isopimaric acid
HEFARR U g R Pimaric-type resin acid

ZETiEH#ERARR Levopimaric acid

KM FAEE Palustric acid

2%\ F. Dehydroabietic acid

PAEE Acetic acid

HiBAER Neoabietic acid
15-¥33% 3 MAER 15-hydroxy-dehydroabietic acid

i AAER Mercusicacid [

7,13,15-PA =45 B8 7,13,15-abietatrienoic acid

—Z M A& Dihydroagathic acid
AR KU IR Abietic-type resin acid
— %4 & Diterpene content

i J5T i 8 Resin mass flow rate
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Fig. 1 Correlation heat map
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Fig. 2 Multiple comparison among different grades

13 Fh il s . k& oy 13.87% ~21.29% , 1
PIE N 17.32%, & T Zhang %5 (2016) [HF5E 45
(9.89%) , W& A% T 52 7% 1L 45 (2018) 19 BIF 52 45

FARG£H 43 B 52 Wl b i o 1 o6 |t 2 i e (20.16% ~25.76%) , i Lai %5 (2020) BF 5% 115 Hb
JREBT W — PN EHEES LI/ br, AR T B g S Bl 43.42% ~45.32%, 1E X Fh 2 R
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Table 2 Classification of 36 clones
e ESRES ESES ERES
Classification Class 1 Class 2 Class 3
PTG 7 6-44 4-11-1.1-38 .3-64 2-0420 ,1-1-1,3-468 ., 2-198 . 1-31, 3-426, 2-113, 7-14, 5-72.

Monoterpene content

HRF i ST £
Resin mass flow rate (RMR)

TR A R TR AR AR

Pimaric-type resin acid

6-44  4-11-1, 1-38, 3-64, 2-142
0-867,2-0420, 3-468 , 5-21,2-24 |
3-142,2-150,3-3-1,4-11-5,4-15 |

2-173 ,6-42

1-1-1.2-191 4-11-1.3-64 ,2-0420 ,

3-468

5-21, 2-9, 3-265, 2-126, 2-191,
2-24 3-55, 2-31, 3-142, 2-150,
3-3-1, 4-11-5, 4-15, 2-173 | 6-42,
2-28

4-44  2-164, 1-1-1, 2-198, 1-31,
2-9.2-126 ,2-191 ,3-55 ,2-31,2-28

2-164, 2-198, 2-9, 2-126, 3-55,

3-426 ,2-113,7-14,5-72, 4-47 _ 8-

4-47, 2-142 , 4-44  0-867, 8-
18.3-18 .2-164

3-426, 2-113 | 7-14 5-72 4-
47 .8-18 3-18 3-265

4-44 1-31,2-31,2-28,2-150,
4-11-5.2-173 ,6-42

PR T 8 I iR

Abietic-type resin acid

3-426 ,5-72 \1-1-1

4-44 2-173 2-164 ,2-198 , 2-126,

18 .3-18 .3-265.6-44 1-38 2-142 ,
0-867. 521, 2-24, 3-142 3-3-1,
4-15

1-31,2-31,2-28,2-150 ,4-11-5, 6-
42 .29 ,3-55,7-14 ,4-47 . 8-18 , 3-
18.3-265 .6-44 [ 1-38 ,0-867 ,2-24 |
3-142 . 3-3-1,4-15,2-191 ,4-11-1,
2-0420,3-468

2-113,2-142 5-21 3-64

(R RE R WL, T 5% 7R 1 45 (2018) B A ARLR A
7V AN TR A BB 3 AN R 08 7K RS A DT
SZ A G A YA B (Neis et al., 2018) , L] fE
Szt AE R 52, W E 7 (2015b) SR HF5E &
B, 50 R Hh A 1 BRLE  dE R T E R HA
AW IE R, R RN A RN 68.11% ~
80.96% , 7 it i fei [ N A2 BTG AN IR , 5 Z 898 N
BB 45 R — B0 (F % %, 2015b; Zhang et al.,
2016) .

AMEFE v W A R v 32 2 A B-IR I
5 A EER R LA ORI ) A B OE
KK ZR, R U e MR o] DL B A5 B R, X
Tl IE A 56 96 28 A Je i B AF 28 v A5 3 TR SE, 4
e PR AR B-JR M A M 1Y B 48 5 ( Neds et
al., 2019) , P i 7™ & 85 1 1A B-TR s/ o IR I
1 F AR B (Yi et al., 2020) . ASHFSY & B, RMR
5B-IREE B EWIEMICKR, Kk, B-IRET1E
HE e Re IO R BRI — . fE I Ay
H RMR 55 0l 4 8 A 1R S A 1 50 ) o 0 5 i
SEELHG I 7 AH G, 15 I b TR YA B R G B IR AH G
PEo X FRBAEAN AR 2 53 5 0] ok R B B v A R 7Y
RS IR & & 0T REFE — 2 R LR T s 7= &=,
AR AR AR 55 B S 2 53 DL B g I i
T AR TG I S OCHE A e i AR B AR R

B A B A G, X SR A K R R
AR TS 45 R (ZFE AR ,2012b)

AW ST LG BN o-IR M BRI, 2
7 PR R Y 90% . B-TE M 1Y AR S R B
T =gk M X 5 BT A8 A (2022 ) X R0 A B F
FEAER 2, L] B-IR G R IR, B-IR M
SRR AR T oy AR S iR, L 10%
(A AT LA BI85 w19 352 14 1 25 ( Zhang et al.
2016) , BRULZAL, B-IR M 7E Tl (9 32 Ald DL
R AR /NG R B 1Y g oAl B e H R R
TIWE Y o o-PR M A by — T o 1) B Ay, B
A2 g EEy R RIUAIER, T
DR 05 A R i, AF = B R B T
B9 KR P & JF ( Tiimen et al., 2018; Santos et
al., 2023) s 7ERRRL J5 18 AT LA S S8 3 i a8 5
FURRIRSE R A7 B 10800 S i A 58 7 AR A AU
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