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Phenotypic Diversity Analysis of Trifolium repens Germplasm Resources

ZHAO Jiali', ZHANG Lin', ZHOU Yong', ZHAO Yongchong®, PTAO Xuefei’, WANG Xiaona'
(1. Jilin Provincial Academy of Forestry Sciences, Changchun 130033, China; 2. Highway Administration Sector of
Tongyu County, Baicheng 137200, China; 3. Forestry Investigation and Planning Institution of Jilin Province, Changchun
130022, China)

Abstract: Trifolium repens collected from 14 locations was taken as the object in this study. Six phenotypic traits such as
plant height, leaf length, and leaf width were analyzed and evaluated by variation analysis, correlation analysis, and princi-
pal component analysis. The results showed that the coefficient of variation of 6 phenotypic traits of 14 germplasms ranged
from 15.33 % to 38.62 %. The stem length variation was the most significant. That indicated that it had the potential for
genetic improvement. Correlation analysis showed that plant height was very significantly positively correlated with nutrition-
al traits such as leaf length and leaf width. Three principal components reflecting key characteristics such as nutritional
growth and reproduction were extracted by principal component analysis, and the cumulative contribution rate was
81.795 %. This study would provide the theoretical basis for the breeding and utilization of excellent germplasm of Trifoli-
um repens.

Keywords . Trifolium repens; phenotypic traits; correlation analysis; principal component analysis
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1 B 5FE
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2023 -7 A7 14 M RGITE T4 A
PR EROR SRR A S R AR T AR, R M
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BN E 125°27'38. 517 E.,43°47'56. 95" N) , ik
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Tab.1 Collection location information of 7. repens

He SR b 2 R/ m M 3RpLE
1 PR 75 AR At T 263 126°44' E 42°58' N
2 R T AR T 295 127°20' E.43°43' N
3 ORE AR = 220 126°57' E . 44°24' N
4 AR B R RN T 35 130°22' K 42°52' N
5 TARAY A R R IR Sk T 523 128°13' E.43°22' N
6 AR TS IR H G IR B 242 129°46' E.43°19' N
7 AR EATT R 300 126°02' E . 42°41' N
8 ARG AT LT 180 126°11' E 41°07' N
9 WAk E LT R T 332 126°55' 1 41°48' N
10 AR LT HHE R B iR B 740 128°07' E.42°25' N
11 FHARAE H WL TTTIRX 549 126°35' E.42°03' N
12 WARE B LT A 736 127°47" E. 42°40' N
13 BT MR T M AT 190 127°57' E . 45°12' N
14 WEE B IR KPR UUR T A AT 660 120°42' E 49°17' N
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R 2K R _E AT /N R A S RO &
M B BE I o A B W B, TE 2R B R
g &2, it AT B A /M E
B,

1.3 B Ar A2

AR BTN R R 14 4, BXRHE 6
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55 1 DV R RIS AN TEARBIE A «
AR PRARE BRI TRARE X,

X, = (xij - ;j)/sj

e w, W A IERRA I s, WA
FEbROUAREZE
1.4 E A DHT K G AT

P b b OB s 1 SPSS B ¢F Ak 38| pE B R
THITHREE =80 % T p A F W, RIS p
FRGT PRSI OCR

Y, = Z(ukj xXJ.)

K.Y, B EADFRDET 0, Bk

A FE R AR T3k

FASE & AR STk AR 53U p D F
BG4 S DTk e 1 H Bk 8 A BRI
R,

w,= A/ TA,

X w, B EADTRASIBE A, Bk
A E RS I TTRRR

FRREE AT PR AL, R TIMR RO 25 5 1E
189rY = Z(w, xY,),
1.5 B G2

AHF5E K F Excel 2016 3K ¢4F 7847 $¥E %
5 RASE T SPSS 25. 0 Bk fh kT A&
PR B AT

2 ERGHH

2.1 B EWHERAERE F 040

HAEMBERBIMARFE R R 2 iR, %51
RS RN 15.33 % ~38. 62 %, S e H Tl 57
HWEAERMBEHAGEATENEHEN, H
L MEBE N SRR E R, 2K, 76
AFRIMR P BRI ZE K A0S S RO T
30 %, WX 2 A AR AR A [R] i 5 () 225 S 3¢
K, HAT B & R A T, ol PRtk
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K2 BEMERIMER
Tab.2 Phenotypic traits of T. repens

55 EXTN SN B/ME SFHE PR 22 5 R %
1 BRiE/cm 35. 80 4.40 15.25 5.69 37.28
2 4 /em 3.70 1.18 2.13 0.47 22.24
3 1-%%/cm 3.50 1.04 1.96 0. 48 24.30
4 Z5H/mm 3. 64 2. 00 2.63 0.43 16.27
5 ZEK/em 30. 33 6. 67 17.74 6.85 38.62
6 IR/ A 63.33 31. 67 48.94 7.50 15.33

2.2 B EERA R X WA

RS 6 A~ R A MOIR AT A Ot 4y
Mr, Horp S50 A LA 8 X (W& 3) . &
S I 2 AR B IR A S, K

ST 2R DB R AR R A,
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Tab.3 Correlation analysis among phenotypic traits

EXIN 7= K M3 Z=H =K INESE
7= 1
LIS 0.643"" 1
i 0.689"" 0.532%" 1
il 0.467"" 0.750"* 0.377%" 1
ESN -0. 085 -0.070 0. 009 -0.070 1
INERCE 0.232 0.4317" 0.235 0.436"" -0.065 1

T RARAHRHEREE (P < 0.01),
2.3 ERA AN B G AFM

X E R 6 ANRIBIHER T E R AT
B, B e Xt AR T T AR B, T LIAR
WAL R ERIE AR R (LR 4), 1B
P BT Z 5T R B =80 %k E Mo, A
PSR E 3 > Ty, R ZTm RN
81.795 %, HeW i AR AT 6 AR B K
OB R, HA 81 TR REE N 2. 970,

TR K 49. 508 % , TE BT A LA stk i ok,
PSS TEAR S I SR E BB Y
RRAE o] 28 WHE, EE BT H R 55 18 R
AKAHIE, 52 R TURE N 16.972 %, F
FOCHRZER JURFIER D 1. 018, SO T FH -
B AR AR, 55 3 F 5 TR RN
15.315 %, FEAER N /NMER R, HEFEE A
0.919, SZBIt T [ 7Rl i B A AT

R4 ERSHEEMTTHE

Tab.4 Characteristic values and contribution rates of principal components

1%y FFAE{H TZEA /% R T ETIRE %
1 2.970 49.508 49. 508
2 1.018 16.972 66. 480
3 0.919 15.315 81.795
4 0.588 9.799 91.594
5 0.295 4.918 96.512
6 0.209 3.488 100. 000

i — 23 AR B R B AT S TR
b AL 5 BRI A& Tl £k, 153
& LW REL, Y, = 0.471X,+ 0. 518X, +
0.431X,+ 0.465X,— 0. 064X, + 0.323X,,Y,=
0. 170X, - 0. 015X, + 0. 305X, - 0.121X, +
0.885X, — 0.283X,,Y,= —0.397X,+ 0. 080X,

0.381X, + 0.288X, + 0.452X, + 0. 635X,,

VA 3 A~ B0 7 22 Sk AR o R 22 5Tk
R LI AE @R 4R & PPN it
AR EREMRRNES MRS, Y =
0.605Y,+ 0.208Y,+ 0. 187Y,, &R xR, L
T BT ) R BRGS0 s (LR 5)
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Tab.5 Comprehensive score

SRAEH ERS L ERSr2 RS 3 SEHS HA
WM L B IR B TR B 3.263 -0.951 0. 686 1. 905 1
WA E AT T 1.156 -0.122 0. 569 0. 780 2
AR AT R T 1.211 -0.559  -0.665 0. 492 3
TR ENLATIT IR X 0.551 0.716 -0.402  0.407 4
EORAE AT AT 22T 0. 444 1.001 -0. 699 0. 346 5
A B W TTIE LT 0.908 -0.643  -0.503 0.322 6
HARE AT ER R 0.223 0.796 0. 065 0.313 7
HHIAE O I S E R BEE -0.551 0.961 0.823 0. 020 8
AR LT B 0. 085 -0.612  0.409 0. 001 9
AR WAL T A LT -0.836  0.603 -0.136  -0.406 10
B LAV /R H T -0.990 0.128 0.315 -0.513 11
AR TSR H A B T -1.414 0. 074 0.631 -0.722 12
AR SE S TR BN R -1.982  -0.530 0.033 -1.303 13
M LG R IURT A AT -2.067 -0.862 -1.127  -1.641 14
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B B ONRE KA XA T FERHE 5ATORO  EEE BT OCER AT SR A TR ALK 9 AR
BRYR A AR 8T, a0 br 1S B I T R R SR TORE SRR TR AR, SRR K H
UJLW?I‘*?E’? R A ML BRSP4 T, 2 AR K AR IR 300~ 800 m R 0. 3~0. 6 AY%] 1R 38 ARk a9 1 I ik Ak
To HAHEpH N 5. 13~6. 33, GBI IE W /R KR B —E R BRIESF . A F™ A AR Fh 7 BT B AR e A — 2
HRYE, My RESHTREEEMEFEMRL, HESATE AYSUSE A SR LS SKRS DR
MBS TR R A R, B S IR A RS B AW E BT IR IE SRR B, HRh T T
R B R , LSRR, R AR B, B R B R 2RI T B R AR B . ARSI XA
AR BN SRR PR AL TR
FEIRE: KON B R BB BRI b T

Survey on Germplasm Resources and Analysis on Seed Quality of

Aralia elata from Changbai Mountain Region

LI Chenglong', DAI Wei®, JIN Guixiang’, FENG Bo’, LYU Mengyan’
(1. Jingyuetan Experimental Forest Farm of Changchun City, Changchun 130117, China; 2. Jilin Provincial Academy of
Foresiry Sciences, Changchun 130033, China)

Abstract: In order to explore the relationships between the seed quality characteristics of Aralia elata in Changbai Mountain
region and the habitat conditions and seil physicochemical properties, the habitats of nine A. elata germplasm resonrces
were investigated, the soil physicochemical properties were analyzed, and the seed quality indicators, such as the seed
length, the seed width, the thousand-seed weight, and the water content, were measured. The results showed that the geo-
graphical distribution of A. elata germplasm resources in the region was relatively broad, and most germplasms grew under
the coniferous and broad—leaved mixed forest or deciduous broad-leaved forest with the altitude of 300-800 m and the can-
opy density of 0.3-0. 6. The soil pH was 5. 13-6. 33. The certain acidic condition was required for its normal growth.
There was the certain correlation between seed quality traits of A. elata from different provenances. The seed length was ex-
tremely significantly positively correlated with the seed width. The soil physicochemical properties, such as total nitrogen
content, organic matter content, alkali-hydrolyzable nitrogen content, and moisture content, had certain effects on the seed

quality. The soil nutrients indexes such as total nitrogen content and total potassium content in the original habitats of A.
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elata from Jiache and Dunhua provenances were relatively high. Seeds from these two sites exhibited higher thousand—seed

weight, lower water content, greater plumpness, higher germination potential, and better quality. This study provided the

theoretical basis for seed quality evaluation and early provenance selection of A. elata in Changbai Mountain region.

Keywords: Changbai Mountain region; Aralia elata; germplasm resources; soil physicochemical properties; seed quality

KB (Aralia elata) X 25 /D 1L A AEAR e
FRER B e o 8 CEESE  FONAL (Araliaceae )
YAARJE (Aralia) Z2 5 A T /N R ETEA, T
ZamTFRELHAR HE KT EEK, A
E N FE A FARICHX 5104 e, G
HERK A XY AR B OB ET B ik
AR, ELABIURE A XU, 24 1L DX 2 () L T
¥, EACINERZ TR HR 2K
R SREGEE S E2MY ROTR BRI AR
M AitE R 2H BH  CERMEYEFERY
TSGR, A —E A SR BTH
ARPES 7 | B0 M b i | G AT T [ s 5 e e S 1
FCT HF R RIS, A5 s nT e,

AR B AT AR B 525 M A
FIATFOR TR iy, T3 s K 2 RIS A0, ARG
FABEHZ B ENIMEE GE, BRI AR
FRR B R EE R R AER A TSR
REE I M E OLEEH SR ER R
S HA R R IR S R AT ST A
I S M A S BE R R AR P R ) RS o
TR ORAFAIEIT, £ X B DX ABAR b i 9% 90 04 9
2 W SR AR N D DLIRE . AR5
X L DXREA R o B 5 A 1 7 9 A, 4 A KA
Hi g AE SRR | e b B S AP B E R
FRAE, W20 B A 10 XA A R i 95 P B AR
L, A L XA R B BRI 5 0 R AU
PR L ES AR P

| AR5 7%

11 A A JHE R 2 K L

A D AR DG SCIR PR DT IR A Tl 2455 ]
HRE P R A D X T 2R AR
Ktk A8 L2 Bk e A
0] B S5t ) T 4 AR S 700 93 A1 ISR A2 b b
WA SIEX, fef MR IX & HAEAR
AR M AR AR R 1 A B AR TR
FERFPHE , 70 BIC R AP M B AR R TR
BE | EEARORES AR BE | HoRs R 2 el
— 8 —

HEOrBIE 5% AR R P HL L
1.2 A B A A b R 38 3B A0 b R A

TEEAFRER RIS RS, AR TR
L 10 em ALY T HEREAS iy [0 S0 56 2% I S
TIEEOKE, EFENEAREZR 50 cm
(K) x50 em (5) x 10 em () B9 HI3EAES,
SR G M B HS W BT R R IR A
Wl SCa = J5 Y o0k R BR 2 R 8o, R B 1 kg
TGRS A, R BR42 B KT b i, iAo
FrREo i E -3 pH K25 28 280
R R G I | W= ¥ -1
5%,
1.3 A B A AR B R F & A

TERADFREHI TR 7R, FREFT R
AR NI A R AE . BS IR S DY FEACF
Tl B S, HTE KRR Tt 2R S
JERL O B DB R 05 HF TS,
BRFEA, MErFRE STE, IHRMFK
T L, T4 AR DG AR E Fp Bk
TR HE 3K,
1.4 348 A7

K FH SPSS 22. 0 X 4% 44K Br g I w48 b
HITHESN ZHEEB(EZELRRTEN
Duncan T E W 2515 ) M Pearson AT, FH
Excel 2016 32,

2HERES

2.1 F [ A A A R 4 3R O

AWFFEEE K A INX 9 AR R A4
BRI 1 B,

L X AR FP R SR R B R 2 R R
K, M B 43 A7 3 PR AL 9T, #E 125° ~ 128° E M
41°~43° N G434, XLEREARBERL S5 A0 0 1
WG FMAL TR, K 300~800 m ¥ A K %
i 5 R0 e AL 53 A 1 R A X R, N
600 ~800 m, HAth 6 A1 A0 IR 2 N
300~600 m, 2z (8] A2 pE ) 50000 b4k
A BTEIR B N 400 ~ 500 m, A ASHE ST AR



AT e R T IR
EEARIIR O F L XARAFI R 2041 7Y
SR I B, AR WE IR A S B X AR
B L KIEABAIE 0. 3~0. 6 AYET FETE 38 Pk ok
b AL N NS e 30y A Ly 7 SR Wy 7 N
ARl AL AT AR I, HAR AR B M £ O £0 A ( Pinus
koraiensis) .1 FH 7% " ¥ ( Larix olgensis ) . 58 1%

( Tilia amurensis) 52 W 15k ( Quercus mongolica) .

BABEAR ( Juglans mandshurica) A1 ( Ulmus pumi-
la) ABAKMK (Acer pictum subsp. mono) .75 2k
(Acer tataricum subsp. ginnala) (£ =42 ( Pi-
cea koraiensis) 1L ZR 2 2 (Abies holophylla) |4z
R 2 A (Lonicera maackii) AR EE ( Castanea mol-
lissima) . FAME ( Betula plaryphylla) 4% ( Corylus
heterophylla) &5 KM ( Salix arbutifolia ) %1+ H
WX IR 2R & T

F1 KAWLRX 9 MERMHETRR
Tab.1 Habitat conditions of nine A. elata materials from Changbai Mountain region

PR HbFELAR B K/ m PR R FE A R A BB E
EA B/t

ZZE 128°59'26" E.,43°09'29" N 472.06 <100 V&M FEREAR F R 2SR 0.4
IS 127926327 E.43°21'17" N 371.43 4 000~5 000 FHRERASH 404 S48 R B MERK 0.6
M 127°22'16" E 42°13'03" N 727.94 70~80 EF gk L RF ILRET 0.5
K1 127°51'42" E 41°25'51" N 616.57  800~1 000 4FREIRZSH LIAN B SWAA 0.6
97 126°22'54" E . 41°23'30" N 463.77  300~500 HFRIRASHK AN TS 0.3
ik 128°02'36" E 43°10'23" N 582,23 30~50 B2k EAR /S 0.2
M 128°27'07" E. 42°17'45" N 748.36  £91000 ¥Rk SEN 0.1
Fef 126°44'36" E.43°20'01" N 439.40 20~30  EFRNRZCH KO M P EE R 0.4
WD 125°33'46" E . 42°04'19" N 439.00  #£51000 SHRESSH KT B2 8 AR 0.6

2.2 FREAAA B IE AR

AWFF A 9 A L XA, B+ 45
MACTERZER B E (P < 0.05) , S fabringk 2
FiR

KA XAR A ARFEEA —EREN T
HEABE T, SRR 4% pH O 5.13~6. 33, 4]
WM 3 pH G E S T A AR B
BHD EAR T H AL B, B PR LIS kRN
13.41 %~32.58 %, LE 5T R LS
KEAT B R 32.58 %5 29.79 %, BERTH
fhbA Rl B2 M) 5 R AR 3SR B
KT 20 % LA LI SKEAUR 13.41 %,
B EART HARA L,

EMBEHN T EERERE R 2. 134 ~
11.476 g - kg™, SUALMBHY TSR S & B3
B TR R, SRR AR T A R 2
MR I S8 0.381~1.864 g - kg, K

FIARHE + 3 2 Bl & B 0 2 T AR R,
et ER T HAWA RE, 2 H0RHY T2
SN 4.787~9.678 g - kg !, KA SEZM K
(Y L A 4 i W T A R SRR R
BEAMT HAMAM R, SR HIERDLR A &
f 38. 160 ~264. 826 g - kg™, FAb ATk + 5
AU G =B E R T HMA R, 2 R
KT HAA R, MR HRA S TN
88.920~983. 006 mg * kg ', FILA R £ HETR
il RS B W E S T AR, SR AR AT
FIEANAEL, AR ST A B 2. 646~
79.654 mg - kg™, UL R A T A RS 2
23 i T AR AR A T A A
B &M B0 HACH S BN 77, 946 ~
492.942 mg - kg ', M4 A RE Y 1 3 HURCRE
=2 E T HARAUEL, PO AR T A
ML
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Tab.2 Soil physicochemical properties of nine A. elata materials from Changbai Mountain region

MEA 2RER/ (g k')

LS E/ (g kg') REEE/(g-kg) AVRETER/(g-kg') pH

I 7.208 = 0.022 b 0.996 = 0.001 b 5.994 + 0.014 e 154.200 = 0.200 b 5.71d
Lvet} 3.072 £ 0.016 ¢ 0.731 = 0.006 cd 8.716 + 0.011 ¢ 62.240 £ 0.172 g 5.26 €
E7 N 4,716 + 0.032 e 0.923 + 0.004 b 9.390 + 0.007 b 85.620 + 0.373 1 5.97 ¢
N = 4,998 + 0.037 d 1.864 + 0.008 a 9.678 + 0.012 a 106.800 = 0.200d  6.22 b
£% 2.134 = 0.014 h 0.762 + 0.007 ¢ 9.674 = 0.025 a 38.160 £ 0.201i  5.13 f
i 11.476 + 0.090 a 0.652 = 0.006 d 4.787 = 0.101 h 264.826 + 1.215a 5.2
Firkg 3.386 + 0.030 { 0.381 = 0.082 e 6.704 = 0.053 d 57.731 +0.240 b 5.72d
A 4,619 + 0.056 e 0.972 + 0.001 b 5.686 + 0.038 [ 92,588 + 0.508e 6.2l b
) 6.719 + 0.095 ¢ 0.711 + 0.002 cd 5.169 + 0.080 g 119.639 + 0.911 ¢ 6.33 a
MRFE AR/ (mg - kg™ ) FRWE R/ (mg - kg™ ) HRBHI SR/ (mg - kg™) EIKE/ %

ZH 255.200 = 5.132 e 4,048 + 0.052 g 249.612 + 1.098 { 32.58 £3.03 a

Lidlh) 121.400 = 2.249 ¢ 8.786 + 0.074 e 197.000 + 1.301 h 19.54 =+ 0.78 cd

E7 N 184,200 + 3.734 f 2,646 + 0.033 h 77.946 + 0.853 i 29.79 + 1.27 a

= 189.200 + 3.455 f 33.620 + 0.329 ¢ 358.210 + 1.018 b 24.29 + 1.16 be

£% 88.920 + 1.377 h 35.500 = 0.261 b 282.736 £ 1.311 d 13.41 £ 0.19 ¢

4k 983.006 + 9.093 a 79. 654 + 0.444 a 336.272 + 2. 364 ¢ 22.31 # 0.40 bed

Firkg 348.790 + 1.742 d 9.292 + 0.083 e 270.445 £ 2.037 e 24.68 = 1.31 b

HEf) 379.354 + 6.572 ¢ 19.443 + 0.211 d 492,942 + 2,435 a 18.03 + 0.60 d

iy 487.059 + 4.631 b 7.337 + 0.052 f 233.659 = 2. 154 ¢ 22.43 + 2.72 bed

L RFIARE/ NS FRER AR B AR 2R BE (P < 0.05),
2.3 KA REAMHTFHE BRI KN 1,00~ 1. 28 mm, %
AFFTRAEN 9 M HIKABAM B BEMENMFRERS, BE S TEZHE
TR 3w, (P <0.05), 5HAMABIZERAEE(P > 0.05),
x£3 KAWLRXINMEKRHEIFRESH

Tab.3 Seed qualily analysis of nine A. elata malerials [rom Changbai Mounlain region

BB R KB /mm FEE/mm KL THE/ g HIKE/ %
Z 1.2640.03a 0.76+0.03a 1.68+0.04ab 1.09+ 0.03¢ 8.974d
L) 1.25+0.02a 0.74+0.03a 1.69+0.03ab 1.20+0.02a 8.93 4
7N 1.17+0.05a 0.74=0.04a 1.59+£0.0lab 1.15% 0.0l ab 8.78 d
A 1.25+0.05a 0.73x0.03a 1.71+£0.13a 1.15+0.03 ab 12.44 a
59 1.LO0+0.02b  0.59+0.0lb 1.69+0.02ab 0.84+0.01d 10.03 ¢
ik 1.14+0.07ab  0.76+0.04a 1.50+0.02b 1.20+ 0.0l a 7.82e
bl 1.26+0.06a 0.75+0.01a 1.68+0.07ab 0.80=+0.024d 11.67 b
et 1.14+0.05ab 0.7020.0la 1.63£0.09ab 1.17 0.0l a 10.31 ¢
Wi 1.20+0.04a 0.74=x0.03a 1.64+0.04ab 1.10 + 0.0l be 7.09 f

I FFIARNG PR R AR BT R 2ZF B E (P < 0.05),



B BRI T 5EE A 0. 59~ 0. 76 mm, %
B 2k A B B 58 B e i, SR AR il
T R E T HARMEH(P < 0.05),

FAMERF TR N 1,50~ 1. 71, K H
MR Rl 7K 50 Lk e, B2 A T 20 M R
(P <0.05), 5HAM B ZEFARE(P > 0.05),

BAPEH R TR E S 0.80~1.20 g, 2
RBR, FS B SMHTFTRERS,
YRS SS 79/ B S Nt el B VA SR T o =L
FH(P<0.05),

BARHOFFFEKERN T7.00 %~12.44 % %%
FRF(P<0.05), KAMERFFEKER
R T E A AR, B0UE 5T A4 A LT
LRI R

2.4 A5 T EBEAERE M TR EHERS
18]ty A8 % P

AT BT S AT R A b
R AHOC A T R AN SE 4 BR . IR A S H
HSHEAREGE MRS ENEREFIE
X, SRS AT RIEHIE BE R
G e B SR AT B R E T
Ky BHEAIR S B SMMAA S 2 EREFIE
FHOR, SR T8 He 4t 3 (ARG s IR A
HERSMTRIELEREE TR, 5 18R
M R B IEAG, DES KRS TR
& IR B IEAR K M K E ST
TR B IEARK

x4 HREETF CEEAURSTFREREREREX SR

Tab. 4

Correlation coefficients among the habitat factors, the soil physicochemical properties,

and the seed quality indicators of A. elata

+E +E +E +HE S tE +IE
+iE ) ) T #MF MF MF MFE MT
R AR SR B W ANE WA AR SR ) .
pH ke KE OSEE KL TRE TKE
#FE AR BE FEB AR AR AR

THE 1

R -0.420 1

+3 pH 0.153  0.456 1
HESASE 0047 -0.153 0 1
TEAHEE 0000 0.569 0.453 -0.017 1
HIESFEE 0178 0.330 -0.154 —0.685* 0.427 1
TEAHFEE  0.029 -0.187 -0.093 0.989"* 0.018 -0.635 1
TEEARESE 0105 -0.413 -0.075 0.874% % -0.34 —0.77870.862" * 1
L EATHEEE 045 -0.3% -0.433 0.577 0.053 -0.1%4 0.653 0.6827 1
HIERE AT -0.262 -0.231 0.174 0.143  0.255 -0.368 0.194 0.307 0.4 1

HES KR 0464 0.085 0326 0359 0.171 -0.136 0.313 0.031 -0.357 -0.46 1

TR 0.164 0.250 0.355 0.121 0.181 -0.167 0.096 -0.057 -0.441 -0.175 0.687" |

TR 0.284 0.098 0.296 0.550 -0.0l1 -0.457 0.512 0.416 -0.127 —0.197 0.734* 0.82" * 1

AR -0.218 0303 0.135 —0.754% 0.315 0.503 —0.743%-0.824% * -0.572 0.001 -0.099 0.273 -0.304 1

PRI -0.297 0600 0241 0.498 0403 -0.171 0.508 0.280 0.147 0.058 0.218 0.25 0.48 -0.412 1|
MTEAKE 0388 -0.179 0.1 -0.524 0.456 0.474 -0.463 -0.441 -0.055 0.384 —0.088 0.148 -0.21 0.577 -0.395 1

., RREEHR(P < 0.05), " RRREFENR(P < 0.01),
39t

3.1 MM YR By A BRI G £ AR
AT H 1L X BA AR AR B

FIHAT TR ARG E ST, &5 0 R0, K
P LU DX AEA B b 3 A S L 5 (125°~128° E |
41°~43° N) , Z4 KA 300~ 800 m AFF
0.3~0.6 19754 1 ARG ARIE] = ISR T,
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B B ONTREE AR VYL SO M A R A ARSI T MR 1 SR PR 1 SRR U AR
YE R B KB, % 0 mmol - L' .50 mmol - L' 100 mmol + L' 150 mmol - L™ F1 200 mmol *+ L' 4 NaCl 5
Na, CO; RS (BE/R LA 2« 1) #ATER I A B, e T A AL T £ 5M TR TR RFBMRFIER, &
SRR BEA IR AR R 3 MR B AR bR B TS TEAGFREMAF AT I, PR SRR
BALPT R MERAR . BEL AR T, TR SRR R E TR S FEE H o EZRARE DR R
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Evaluation of Saline—alkali Tolerance of Three Kinds of

Leymus chinensis During Seed Germination

LI Haijing' , PAN Yanyan', LI Hong', ZHONG Xin', TANG Weijian*, ZHANG Yifei'
(1. Jilin Provincial Academy of Foresiry Sciences, Changchun 130033, China; 2. Nalural Resources Burea of Da’ an

City, Baicheng 131399, China)

Abstract . In order to screen Leymus chinensis varieties suitable for planting in saline—alkali land in western Jilin Province,
L. chinensis ‘Linke 17 | L. chinensis ‘ Zhongke 1’ | and wild L. chinensis were used as materials in this study. The mixed
solution of NaCl and Na,CO, (molar ratio of 2 : 1) was used for saline—alkali stress experiment. Five treatments with the
solution concentration of 0 mmol *+ L™, 50 mmol * L™', 100 mmol * L™, 150 mmol * L™" and 200 mmol * L™' were set up.
The germination rate, germination potential, and germination index were measured. The results showed that the germination
rate, germination potential, and germination index showed the downward trend with the increase of saline—alkali stress in-
tensity. In terms of germination rate and germination potential, L. chinensis ‘ Zhongke 1’ showed the best performance un-
der each treatment. Under mild saline—alkali stress, the germination index of L. chinensis ‘ Zhongke 1’ was higher than
that of L. chinensis ‘Linke 1’ , but the difference was not significant. Under moderate and moderate—severe saline—alkali

stress, the germination index of L. chinensis ‘ Linke 1’ showed the best performance. The comprehensive evaluation results
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of the membership function showed that the saline—alkali tolerance was as follow; L. chinensis ‘ Zhongke 1’ > L. chinensis

‘Linke 1’ > wild L. chinensis. In summary, L. chinensis ‘ Zhongke 1’ and L. chinensis ‘Linke 1’ had high germination

stability and comprehensive saline—alkali tolerance in saline—alkali environment and were suitable for promotion and appli-

cation in saline—alkali land in western Jilin Province. This study could provide theoretical support and practical basis for lo-

cal grassland ecological restoralion and ulilizalion.

Keywords: Leymus chinensis; saline—alkali stress; seed germination; saline—alkali tolerance
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Fig. 3 Germination indexes of three kinds of L. chinensis under salt—alkali stress
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Comparative Study on Photosynthetic Characteristics of

Different Populus ussuriensis Clones

ZOU Jianjun', REN Sheng’, MA Hongyu’, ZHAO Jiali', LYU Mengyan', DAI Wei'
(1. Jilin Provincial Academy of Forestry Sciences, Changchun 130033, China; 2. Forestry Investigation and Planning In-
stitution of Jilin Province, Changchun 130022, China; 3. China Jilin Forest Industry Group Limited Company, Changchun
130022, China)

Abstract: In order to explore the photosynthetic characteristics of different Populus ussuriensis clones, eight P. ussuriensis
clones were used as the research objects in this study, and the ecological environmental factors and photosynthetic physio-
logical indexes were measured by portable photosynthesis instrument LI-6800. The results showed that there were differ-
ences in the changes of photosynthetic physiological indexes of different P. ussuriensis clones. Correlation analysis showed
that the net photosynthetic rate of all clones was significantly positively correlated with photosynthetic active radiation, at-
mospheric CO, concentration and transpiration rate, but not significantly correlated with air temperature and water use effi-
ciency. By establishing the multiple regression equation of net photosynthetic rate of each clone, it was further found that
the key physiological and ecological factors affecting the net photosynthetic rate of P. ussuriensis clones were different, and
the transpiration rate was the main influencing factor of the net photosynthetic rate of most P. ussuriensis clones. Because of
high net photosynthetic rate and high transpiration rate, P. ussuriensis ‘ Huinan 1’ and P. ussuriensis ‘ Huinan 3’ had
strong adaptability to light and were suitable for breeding high photosynthetic varieties. Because of high water use efficiency
and low transpiration rate, P. wussuriensis ‘ Linjiang 1’ had strong dronght tolerance and was suitable for breeding drought
tolerant varieties.

Keywords . Populus ussuriensis; photosynthetic characteristic; net photosynthetic rate; environmental factors
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Tab. 1 Correlation analysis between net photosynthetic rate and physiological—ecological

factors in different P. ussuriensis clones
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Tab. 2 Multiple linear regression equations between net photosynthetic rate and physio—ecological

factors in different P. ussuriensis clones
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Refined Remote Sensing Inversion of Leaf Area Index Coupled with

Environmental Factors for Larix Olgensis Forest

LIU Ting"*>, PAN Yanyan" >, BAO Ying', DING Mingming', JIANG Xuefei', BAO Guangdao" *’
(1. Jilin Provincial Academy of Foresiry Sciences, Changchun 130033, China; 2. Jilin Province Cross—regional Coopera-
tion Science and Technology Innovation Center of Degraded Forest Ecosystem Restoration and Reconstruction, Changchun
130033, China; 3. Jilin Province International Joint Research Center for Sustainable Forest Management, Changchun

130033, China; 4. Jilin Provincial Forestry Technology Popularizing Station, Changchun 130022, China)

Abstract: The leaf area index ( LAT) was the critical index for characterizing forest stand growth and predicting forest pro-
ductivity. The remote sensing technology provided the effective way for rapidly acquiring LAI over large scale. This study
focused on Larix olgensis plantation in Tonghua City in the eastern mountainous region of Jilin Province. Based on point
cloud data of handheld LiDAR and remote sensing image of Sentinel-2A , the relationships between LAI and multiple envi-

ronmental factors including elevation, slope, aspect, terrain shading, roughness, topographic position index, mean annual
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temperature, mean annual precipitation, diameter at breast height, tree height, canopy density were analyzed to screen the
key environmental factors. The refined remote sensing inversion model of LAI coupled with the vegetation index and key en-
vironmental factors for L. Olgensis forest was constructed. The results showed that the inverse red edge chlorophyll index
(TRECI) exhibited the highest correlation (r = 0.76) with the effective leaf area index ( LAI,) among the five vegetation
indices. The effects of different environmental factors on LAl were different. The mean annual temperature, elevation,
roughness, and tree height were the key environmental factors. The final remote sensing inversion model of LAI coupled
with key environmental factors (R*= 0. 89) was better than the model with the single vegetation index (R*= 0.79). That
indicated that the model coupled environmental factors could effectively compensate for the limitations of remote sensing da-

ta. This study would provide technical support and theoretical foundation for the refined remote sensing inversion of forest

growth dynamics.

Keywords: leaf area index; Larix olgensis; environmental factors; remote sensing

K EHEM A ( Larix Olgensis ) BAQ 555 1 1
BExE N, SR TR E AR ALt X AR Y AR A
—  ZNNTEM, DTSSR — M3
ER SIS SER S, Z2RBMARREER
2, K EEF AR EE TA R ER, 4
BREW R, ™ EBEM G R RE A &%
2, EEEREERERKAEHMMERSE
PR SHRMEE A ST E T/ EEAEE

I FRFEE( LAD) 2 B m A AT R
SN A A e 2 A Y
BHZ — BE UL MR A KA H, 65
LAT il 5 BB A B EAE EE  H 2R 27 ), {2
RELRBERIBLAY A EEE ™ | BRI AR E A
W TR AR AR IR S, SR RO R B
LALBYEE TS, LU LAL ¥ U R
— B IE AR B S A S LAT A2 5 Rtk A T
FaEE , 3t 3 A7 A 8 B R R T LS5 {5 8 B2k
TR, B s B LAT AR B4, Wi,

TRV RS 40 Ak S LAL f9 2E J A B 45 T8 Ry
HE,

AN AR B PR R T I L FE A AR
LAT 5440 S AR | D) 1A 3R T LAT 33
IOV, 3R A8 R DX R R R 3 J A T B9 5
fith, s HLUTE ) 55 B VR SR A AT B, AL
FRPR A 25 22 G0 0 VAR TR $2 430 B8 A G v %) OC

1 AR X BN

BEFE DA T3 AR AR Bl LD DX AL T P (e

FRAZE 125°15' ~ 126°44" E 40°52' ~42°49' N) | J&
AL RRGPEZE XS, SRR 28K H
&M HY  BE A8 ( Pinus sylvestris var. mongoli-
ca) ZIHS( Pinus koraiensis) 55 , R FH 2N
5¢ 07 Bk ( Quercus mongolica ) . 53 Bk Mk ( Juglans
mandshurica) | I %5 ( Populus davidiana ) . 5 i

(Ulmus davidiana var. japonica) <5,
2HIREER X

2.1 HABIKE

2022 45 7 H IR FF MR XK H
EMAA A T AEARBENLAT UL 97 B 15 m x 15 m
AR b, B DR AT 1 22 ) 51 T B A% 52 B2 7 o 1 ek
Bot, WAICREHHIEARE XMRE =5 em
TR RIAFD Hife B

FIA] Geo—slam T-H¢ X = 4EFOLHA L)
S B PRLAE DL PR SR B TR A R L
5,4 LiDAR 360 $RA4XT 55 = B0 T H2
20 HCRAE  H—4k ar 28 BRI S AL
OS2 R B I 3/5 MR R UINGRE A,
2/5 AE R BUEREA

PABRZS J&) 10 m 73 B Sentinel -2A 25
T B 5 O T ZE R IR (https ://scihub. co-
pernicus. eu/dhus/#/ home ) , W% B [B] 2 2022
f£7 H 19 H, NHERIR RS Z B3
B | AR TR BRSO XT S SR GHE Y 520
HIH Sentinel [ F13F 7 (SNAP ) Xf #45 #E 47 i
AR IR PR BOE I 5 AR — 5 TR 5P
R ZS R 2B 5 I 4 G m BRI R AR
Y IUABEE BOEJEROUARZEIE N 0. 36, 1



Sen2cor BEHLT | AT KA L, B &P B AT
10 m 25 [A] 3 PRAS A HRAE

TR ) ERE DR B R HDRE BE B
A BT EAF B FoRIE T GEE 1 3KHUY NASA

SRTM 7= , 4R34l AR R K A 1ok T
MR G EE =F- 6 AR Yok U 2 M R
MR IR

RIS N TRAES TR 1| s

®1 WEEFHEST

Tab.1 Statistical analysis of environmental factor characteristics

WEHF w/ME wmKME TFHE WEHF wME wRME THIE
4R/ m 393 1127 727 KRB C 3.96 6.29 5.29
W/ e 3. 04 37.94 16. 45 K E/ mm 891 991 933
e/ 0 357 167 Mate/ em 6.0 21.0 12.5

IIEEN}+7 97 255 177 W/ m 11.0 29.0 23.1
HLRE BE 5.19 28. 80 14.97 il s 0.30 0.90 0. 65

WIB A B 5L -8.22 8.76 0.72
22 R B AR MAEYESFEE., £S5

2.2. 1 fHHEREOTE

B 1 502 ) AR e AR TR 0 B 1 s
TR 22 5l TR R SRR R PR AR R
PRLA G A B R, FH T A 80 U 1 1Y

KT R ARG X R AE IS, B L S
A5 LAT B BEAR R RO B B (IR 2) EAT 2
CSER Ui

F<2 H-T Sentinel-2A FIERIBEEIEE

Tab.2 Vegetation indices based on Sentinel-2A

AL

AR

PR EAE B (ARVD) '
24T R S (TRECT) [
B R 9 R RS B (MSA V) )
I BAE L (NDVT) 1
(00— 4L 25 SH S B GNDVI)

(B8 - 2% B4+ B2)/(B8 + 2 x B4 - B2)

(B7 — B4)/(BS + B6)

{2x B8 +1 - [(2xB8+1)*- 8§ x B8 x B4]"*1 /2

(BS - B4)/(BS + B4)
(B8 - B3)/(B8 + B3)

. A= H B2 B3 B4 .B5 .B6.B7.B8 43 HfLF2 Sentinel -2 A 3B ER I BE 4,

2.2.2 BB AR EFTE S LAL ) &
B AR A

AEVIE S E RO HE S s N E S5
LAT, SOERRAE S HARRE N 0. 1 em AT IR 42
et J2 T JORE | ] B e 5 5 )2 0 B S AR G
e G RuR F E  y eIE | o |
KFE, BERT LA fEERERE, A R
1: 1 2%% L TARG R R B e A & ik
HEA A RN S B sl B B E AR
R,
2.2.3 HAES T

{81 SPSS 19 % LAIL, H1A [ 1k Bt fz 5t =R
{EIEAT 2 IR 280 FR S 1tk XU A6 36, 38 1 43 AT A 26

FECN KT e 1 5 LAL, ARG AR
i19fat5% == g8
2.2.4 FREFRE N T A9 LAL A5 404k 2 i p
Fa

hy i/ 2 AR AN 55 R R i e i BB A R
MERE, G AFREEE X LA, RIEBR 0,
R 2 TN AT R . 2otk
FAEEN(MLR) 2 —Fp ] 3 3 H 22 & 5 4
HAR B Z AR R, fEZongt: A
BRI RS R S G B 2 ] R R AR R
— MR, b AR B R R BRI AT
HAE R, BARA N

y = oxt an,t e taxt e



Ay A LAL o, A NHREGx, HEHE
iR e HIRE,
2.2.5 BEAKE BT

O PRAERL R R] (5 AR, AR SOR R AR B A
EXEAE T LAL SCIEHEHE 3 - 2 Lk
BB 73S AR B RN G UE S I 43, TR B
TREREENZARE S, BARBEL R S FE AR 12
ALRE 146 AR (52 ), X R IE S B B 20
W BB S S TP R R A RIEZEA T L
PR bR b SR S E RE(R?) AR R 2
(RMSE) YAt 2 (MAE) 3 MRt AT
P S

HAFA IR AR P R? MR RMSE F1 MAE 8
AN R FAE NG P M B, e )e i T
A FARRITE LAL, A5 iR L, I FH 3 A 54

B B IRIERE A UA B S i B — T B AR
BRI R PRI N AT 2 AR LA, 5K
WHEFIBIER 12 1 KRRK, GG X AR
R SR IR,

3ERSSN

3.1 B th A 8 oA 2

MFE 3 ATLAE 5 PR S K 1%
FEAAAK LAIL, Y2 R EIEMX (P < 0.01) ,4H
XFEECH 0.60~0.76, LAL 5 IRECI A4 456
PEB R, 0T LA AR B A L B, IRECT R 4L
N5 AN BH A, X )R S A AL
U, e LAL (>4) RHA PR R A i 2k 3¢
#. HI,IRECT XHS H & RS LAL #2816 1
IR TS AL 2 10 [ I AR AL,

R3 EWIEYS LA BEXKR

Tab. 3 Correlation relationships between vegetation indices and LAI,
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Comparison of Parasitic Capacity of Trichogramma dendrolimi Reared on

Different Alternative Host to Dendrolimus superans Eggs

SONG Liwei
(Jingyuetan Experimental Forest Farm of Changchun City, Changchun 130117, China)

Abstract: Trichogramma dendrolimi was one of the important natural enemies of Dendrolimus superans eggs. In order to
make better use of T. dendrolimi to control D. superans, the parasitic performances of T. dendrolimi reared on Antheraea
pernyt eggs (AP-Td) and T. dendrolimi reared on Corcyra cephalonica eggs (CC-Td) to D. superans eggs were systemati-
cally compared in this paper. That would provide the theoretical basis for screening the best alternative host of T. dendroli-
mi with good parasilic eflecl on D. superans eggs. The resulls showed that AP—Td and CC-Td could parasitize on D. super-
ans eggs with the different number in the test tube. The parasitic rate was more than 96 % when the number of D. superans
egg was | and the number of T. dendrolimi was 1. With the increase of the number of D. superans eggs, the parasitic rate
decreased gradually. The parasitic rate and emergence number of AP-Td were higher than those of CC—Td. With the in-
crease of AP-Td and CC-Td number in the test tube, the parasitic rate and emergence rate decreased gradually. The para-
sitic rate, emergence rate and emergence number of AP-Td were higher than those of CC-Td with the number of 1-2. In
summary, AP—Td had stronger parasitic potential to D. superans eggs. That would provide the theoretical basis for the mass
rearing of T. dendrolimi.

Keywords: Trichogramma dendrolimi; Dendrolimus superans; alternative host; parasitic capacity
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Influence of Flower Colors of Viola tricolor and Environmental Factors

on Visiting Behaviors of Apis mellifera ligustica

LIU Guoliang', TANG Zhengze', DU Zhigi', WU Feiyue', FENG Lichao®, MENG Qingfan®
(1. Forestry Investigation and Planning Institution of Jilin Province, Changchun 130022, China; 2. College of Forestry of
Beihua University, Jilin 132013, China)

Abstract . In this study, the visiting number of Apis mellifera ligustica to Viola tricolor under different flower colors and en-
vironmental factors was observed, in order to analyze the important driving factors of the visiting behavior. The results
showed that the visiting behavior was affected by flower color, time, temperature and illumination intensity. The visiting
number was the highest when the flower color was purple, and the visiting number was the lowest when the flower color was
red. In terms of the three time periods of the experiment, the visiting number was highest from 10.00 to 10.:40, followed by
10:41 to 11:20, and that was lowest from 11.:21 to 12:00. There was extremely significant difference in the visiting num-
ber among different flower colors in each time period (P < 0.01). When the flower color was the same, there was signifi-
cant difference in the visiting number among the three time periods except for the red—blue combination (P < 0.05). The
effect of the temperature on the visiting number exhibited the unimodal trend, and the visiting number was the highest when
the temperatures was 22 — < 23°C. The effect of the illumination intensity on the visiting number also exhibited the uni-
modal trend, and the visiting nnmber was the highest when the illumination intensity was 100 000 - <110 000 Ix. In sum-
mary , the flower color played the important role in the visiting behavior of Apis mellifera ligustica to Viola tricolor, and envi-
ronmental factors also had the certain influence.

Keywords . Apis mellifera ligustica ; flower color; temperatnre; illnmination intensity
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Analysis of Coupling and Coordination of Ecological Environment,

Society, and Economy in Liaodong Green Economic Zone
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Abstract. The Liaodong Green Economic Zone was taken as the study area in this paper, the comprehensive evaluation sys-
tem of ecological environment—society—economy was constructed. The coupling coordination degree analysis model was ap-
plied to analyze the spatiotemporal patterns and evolutionary features of multi—system coordinated development in 2003,
2013, 2022. The resulis indicated that ecosystem material product value ( EMPV), ecosystem regulation service value
(ERSV), ecosystem cultural service value (ECSV) and gross ecosystem product ( GEP) increased significantly. The com-
prehensive ecological quality remained generally favorable. The spatial distribution pattern in the region was characterized
by higher quality in the east and lower quality in the west. The coupling and coordination relationship of ecological environ-

ment—society—economy had gradually improved. The findings could provide the reference for integrating ecological conser-
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vation with social development and economic growth.

Keywords: Liaodong Green Economic Zone; comprehensive ecological environment quality index; coupling coordination
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Tab. 1 Comprehensive evaluation system of ecological environment—society—economy
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Tab.2  Accounting results of EMPV | ERSV, ECSV and GEP
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Tab. 3 Comprehensive ecological environment quality index of different areas in Liaodong Green Economic Zone
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2013 4 0.51 0.51 0.52 0.52 0.53 0.53 0.52 0.51 0.51
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Tab. 4 Coupling and coordination relationship of ecological environment—society—economy
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