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198 {3 RIBRPT BT AR & B i VAR Z2 45 PP

T osk ! LA 25k L BERLRAIE R E R E
#F OEHRDE RSE L BER S 2R
(M EAOVRE B REZERFIE T / A SRR AR Y SN TR N SR K YD 410205
P AT AR A B E B 2 G VEMIRF ST BT , WA R 150086 )

FE: ABFR A 198 4 B A s KR R F R AMAL, T 14 AMREF S RER S AR AT EFodr da X
P R DA R R AT, R B KRAY TR A # A TR Z 2R R AR A Fe R A E . TR REAMN,
198 4 B M SR KR AP R R LA A FF 4 S AR, 14 MR T F A HE A A 4.79%~64.45%, T 5+ ZHE K2
KR ZBr&%, D RBERITAS B 3, T3 A4 27.78%., HF, X k& (CBN ), X ik =& (CBD ). K ik =& 8 ( CBDA ),
KR8 (CBDV )4 A+ KR E 4 EHWEF 2 HH KT 40.0%, SRR EIE PAFe9 T, MEEI>H £, CBD 4
%15 CBDA.CBDV# CBN #1433 A T X EA%,CBDA S E5CBNA SR I X EME a5 E MR HF E4
X,CBDA4Z5 4 A REMRKRENEENMANE, 4G ZMGK R AA T RAkF CBDA 2204 &; R4 o Hie 14
AR EESH 6 AN E A, Bt Uk ik 3] 69.204%, ZF 6 S £ AR T KIRF R TR KA o ey RAZ 8. RESH
FEIAEH AL FHE I BN OMNTREXKETSET S M LM ERINBAT, Tkt —F FkAFh FAFTAF A
A,
LA KR AR TR R G SRR A

Comprehensive Evaluation on Agronomic and Quality
Traits of 198 Hemp Germplasm Resources

YU Yue', SUN Jian', ZHANG Jing', YANG Ze-mao', ZHANG Li-guo’, DENG Can-hui',
CHENG Chao-hua', TANG Qing', XU Ying', CHEN Xiao-jun',
ZHANG Xiao-yu', DAI Zhi-gang', SU Jian-guang'
( 'Institute of Bast Fiber Crops , Chinese Academy of Agricultural Sciences/ Key Laboratory of Biology
and Processing of Hemp , Ministry of Agriculture, Changsha 410205 ; * Institute of Cash Crops,
Heilongjiang Academy of Agricultural Sciences , Harbin 150086 )

Abstract: In order to provide germplasm resource and technical reference for the innovation and efficient
utilization of cannabis germplasm resources in China, this study analyzed phenotypic variations on 14 agronomic
and quality related traits in 198 cannabis germplasm accessions collected from China, Morocco and European

countries. The results showed that either domestic or exotic cannabis germplasm accessions represented relatively
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abundant genetic diversity, with variation coefficients on 14 traits ranged from 4.79%-64.45%. The highest
variation coefficient was CBD content and the lowest was female flowering date, with an average value of
27.78%. The variation coefficient regarding to four cannabinoids ( CBN, CBD, CBDA and CBDV ) is all higher
than 40.0%, suggesting better variability at quality traits. The CBD content was found to significantly positively
correlate with the content of CBDA, CBDV and CBN, the CBDA content was significantly positively correlated
with the CBN content, the plant height was significantly positively correlated with the stem diameter. The CBDA
content was significantly correlated with multiple agronomic traits, such as plant height and stem diameter.
Principal component analysis revealed six principal components with a cumulative contribution rate of 69.204%,
indicating that six principal components are able to represent large proportion of these phenotypic variations.
Cluster analysis suggested three groups, in which 69 accessions of the first group showed better performance in

terms of cannabinoid content, plant height and stem diameter, and they might be further tested for obtaining elite

parental lines in breeding.

Key words: cannabis; germplasm resources; agronomic characters; quality character; evaluation

Kk ( Cannabis sativa L. ) &R Cannabaceae )
K& ( Cannabis L. ) —4F-AEARFY), 5 FR KRR
LIRSS, T N T YL B2 R At
b5 iR B AR N v s R A AR E A
LLIFRE RN PG A ARSI rh 0, 3 2 i S g st 22
U R N RN RN T, 2 f it o Rk
Wz —" el i dn R W, 3k E RAE 5000 Z4E
SETFHAF A RIBR 7, 20 ZANE T B4 Rk D s, Fh
FREIRE R 2R E R AP SRR ( THC,
tetrahydrocannabinol ) & =K T 0.3% KPR MU 5T
b KRR, AS B4 B LA B w23 T
Tl 2 A T B0 Tl KRR A 7 1 2018 AE TR [
FRRIHE RN U 18560 hm?, 7 106200 12
HREONTRE

R R O e S5 G AT M I b B A
R BVHEAE T, AR AT 2R T I RPN, Rk L R 7
P R AE SR, Tl KRR BT B A AE R
PR A T RIR R Lo RIKER 2 KRR E
B b B A n s By 2R AL &, FE AR T S T
BRI AE B b B R M B 20 % R AT
HEad 100 MR R AL A W R EEY
WF 58 % 42, 6 45 KRR M3 ( CBN, cannabinol ), K Jfk
— M (CBD, cannabidiol ). ¥X X J#k — By ( CBDV,
cannabidivarin ) %5, AR B (CBD) M ERAY
W2k W) B B AT R B2 B KRR
2 ( CBDA, cannabidiolic acid ) J&fH¥RIK N I £ &
I RIR R Z —, 38 b R 7T L% 46 h CBD

CBDV' "0 Rl BT 9% U5 2 5 3 s 7 A0 5 ol
JRRR Gt B A o Al #8E 2020 4 12 ), B KR
ST o U5 v A R R A T RRR R B B R 1300 4%
1o B N B B R RR B AR 25 MR RN &F 4 it [t
PARIEAT T 4007, F PRI % 22 4y SRR A1
() 6 Fhfe ZHARIEATVEAN, O 6 1 4 s B
MRS bR A S R B AR R X 13 ok
JFRATREI 18 AR Z MR IEAT R I, K i 4y
3 AR, HERAE X 4 Gy RBRRTRHAY 12 4
AR VEAT 04T , 22 BH 52 WA PR ET 4 5 119 = ZE Mtk
W T 4 R, Petit 252X 123 £ KRR B R 28
A5 2 4 oA G I MR AT A0 BT, S SRR, X
BEMIR [A] A AE B Sk, 21 MR 32 PRBE R i 45
Ko BRRIRE S &SR EERCZEE I AW
A

ARG X 198 4 KFRFP BT 14 DR 2
PEIRANS BHIR (28 B S0 1R 9T Hast i 228, A
J CBD & it 45 KR Z b Br MR S A S AR Z a1y
KZ, VIR E KRR 5 0 T B At U =
AR AR S
1 WSS
1.1 R

A Tl KRR B R 198 453, Hovb b [ 20 4
(X172 4y =AM 7 S 26 1o o EZRREAED
ol S5 B VR 0 RN SR YT A AL B2 B 22 AR
FETHE (R 1),
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Table 1 The varieties ( lines ) of cannabis
lhacy (&) SR lhacy (&) SR, lhacy At (&) U
No Varieties ( Lines ) Origin No.  Varieties ( Lines) Origin No. Varieties ( Lines ) Origin
1 F{oRTS TE=mM |37 KT TETE (|73 =R T SN
2 bl TEZ=M |38 FE PETE (|74 we HRENS
3 pi TEZ=M |39 e hEFE (|75 NFUEI bR
4 APl HEWIL  |[40 T TEEHE |76 i L T E S
5 HEM] EVLIR (|41 5E B |77 A G P AT r A
6 T HEE |42 L B |78 S SElsEn
7 VREH HEE |43 wFH DR (|79 FHRIDA I HRENS
8 R hEPI |44 FOco-31 e 80 W HE T
9 AL I |[45 tOco-11 ®BH |81 Hi EHE N ESh
10 P33 TEZR (|46 Benuko i 82 K SRR
11 JENR HREZH |47 Buanob P 2% 83 L8 FIEIZR
12 Ak R |48 i i 84 i 06-1 o SRR T
13 R W (|49 215 215 85 4 06-35 EMEEECy AU
14 BN HEE |50 A -1 THEZM |86  07-21 IR
15 TR hEWE |51 Kite TEILT |87 i 07-40 o ST
16 (i3 TR (]52 FETEAE PERSE |88 e I SR
17 Ze)1| hEWE |53 Frt TEZH |89 A} LRy 2N
18 Ran) FELAR  ||54 B hEFEE |90 ST EAEEEEyA
19 B HEMLA (|55 30oM0TOHOKCKHiH- 15 Lyg 91 7154 PRI
20 I FEILZR  ||56 0co-11 Lg )92 ERS CAEEESyAN
21 i MELA |57 ityxoBckmii-33-1 135520 93 H ] H ] 7 b
22 W& rRENE |58 Ty XOBCKHii-33-2 L5 94 HHRIG ERIESIEN
23 il hERIE |59 Oco-14 Lyp 95 e A E AR
24 UNEY2 gL {60 Juenckuii-6 Byg 96 ] BH L
25 LRV hEEdE (|6l Juencxuii-14 Lyg 97 J\TH LAERTE
26 PR3 hELLE |62 10c031-1 L5 98 Phey LT
27 itk hELPE |63 10c031-2 BFis 1199 KM LT
28 gl P [ 64 10c031-3 g0t 100 I\ T
29 Tk HEREry |65 #5115 b 101 FEY LT
30 |55 HETAR |66 #5245 i 102 JVIR% LT
31 K EHA |67 Wl 35 i 103 EAES ) [ L
32 RS TR ||68 5145 = 104 iz -1 rhE T
33 I HEHA |69 W51 5% b 105 Y-12-01 FpE T
34 [#i]J5t hETE (|70 R 15 PEILA (106 Y-12-37 I T
35 ey hETE (|71 fOco-31 b 107 HG003 AR
36 Rl hETE (|72 [1yXOBCKHii-33 ez 108 HG006 R S
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F1(%)

B A (R ) Kt 5 (&) Kt 5253 At (R ) PSS
No. Varieties ( Lines ) Origin No.  Varieties ( Lines ) Origin No Varieties ( Lines ) Origin
109 HGO008 P BRI {139 HG025 IE R IETE (169 13L105 Kk rhE T
110 HGO11 HENSEE |[140 HG026 hERery (170 L KRR rhE) g
111 HG028 HEBHRIT {141 HG027 hEBIET |[171 P SERE R JRR HEH A
112 HG036 AR |[142 HG029 RENTIR||172 KR 15 () AR
113 HG037 HESA [[143 HG030 HE T ||173 N FEW r ] AR
114 HG038 HET AL [|144 HGO31 P ||174 T 22 KR 2%
115 HG039 PEILT |[145 HG032 FEERE||175 TH 40 R I
116 PR 15 TEMRIET ||146 HG033 TE R (176 STRIETIRRHT T
117 DMG219 RELPE (147 HG034 L (177 ESLUIPN 5o b E O
118 R 3 > EREL |[148 HG040 hERL (178 BITRAHERRRT  PELY
119 2011142034 HE P []149 HG041 EEIT (179 FRBEAESMREETR T hETE
120 HGO001 hE LT []150 HG042 hEER (180 RIS hET R
121 HG002 HEBHRIT {151 HG043 TrEHR (181 R VE S RRAT TN
122 HGO004 EEA (152 HGO044 TPEE T [[182 PRI 1 e A
123 HGO005 N []153 HGO046 PEHR (183 A VR YR/ NRR T e
124 HGO007 TSI |[154 HG047 FPIEWHT  ||184 R TR BT TN
125 HG009 hEWIT. ||155 HG048 ThEEIEIT. ||185 MALTFPE NGB P ELY
126 HGO10 ENSEE {156 HG049 PERTE (186 Ay N rhE 7y
127 HGO12 hELILAR (157 RZH 1 hER L (187 SN MR N
128 HGO13 hETER ||158 KZH 4 AR (188 JE T By
129 HGO14 JEE V& A 159 RZH5 P R (]189 GIEPFHHINE /R P IERY
130 HGO15 T E 2T ||160 RZH 6 HE R IEIE (190 LIETHRKITHERF  hEB
131 HGO16 hEmL |[161 KZH T PEEA (|191 SRRRRTHII R PENSE

PN
132 HGO017 P {162 DMG009 hEZR (192 SHESCRUEEIA IR hENSEL
TS RRT

133 HGO19 hETE |[163 I KR 15 TETR (193 PEPNSERBAE hE RS
134 HG020 HhEE T ||164 U S7INIS hEEA (194 Jteb 31 e
135 HGO021 HE R ||165 Bk DN/ HrE R (195 KA bR
136 HG022 TR ||166 Wk 126 KpE - HESRIEIT (196 Je KRR 5 5 o R
137 HG023 TERSE ||167 13L1 KR PERE L (197 KA R
138 HG024 EEA [|168 13L101 Kbk P SRR (198 VIR 2 5 rE L
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1.2 (FEH5EH

26 XUE TRLE T AS ( DKN412C ) « M D3R 57
Gy A BRI w3 B AR Ve gs (KQ-500DE ): B Ll
TR A AS AT PR R 5 8 = 8080R (4335 ( LC-20A )
H AR B w6l 5 AT K (PX124ZH/E )« BLEEHY
A BRAF]; mE 0L ( TGL16B ) : K VP HEZRAY
A BRAHE
1.3 Rt

ARG T 2020 4E 4 F 26 H R 1 HIKIER, R
HIBEHLIX ZHHES], 2 IRER 47K 5 m, 2 171X, 78R
50 cm BEEE 10 em, BRFT2E 1 50 Ak, e S F
B ITAA A B =BG /R T 22 A St . 3%
S Hb T T BT I 2 RS, AT e P,
() HEVE R 47, TO AR RS S T, BTAEVEY o &
Ko NEAAEHR Ko HUH BTG AR A 24 b AR ™ 20 45
131 AREMRNENE ML EL T,
13 B4 e Bk 35k 4 B 2 5 — B0 KRR ME Bk 5~6 #k, B
Tiisi 15 em 2247 AL, AR T3 dJ5, & T
MRS T 4G 60 CHEZE T, LB (4 <
0.425 mm ) I 2J; V- 47 FK ML 0.2000 g ¥ it 3 1 T
PEIE B O RGN 4 mL B, S
10 min, # ¥ 60 min, 4000 r/min & .L> 5 min, Y £
FIEWEA R, Rk, A LR AR, I
WG EARR 50 mL, 0 FE 5] RS 28 A
Z5m M E 0.5~1.5 mL %, H 0.45 pm A HLUE
3k 9 A VBORR I T 8 e R R RO e
( UPLC, ultra-performance liquid chromatography )
52 AL AE M KR & CBD . CBDV ., CBDA . CBN
)5
132 REWRFE AT KRHEIHEIE
TR 53 00 X6 e AR T ik 8 AR T ik H &L B
RFI R IR O BEAE ML 6L 8
AN HERR AT (] 98 2 FURI | s 22 1
FE/INDX IR 7 25 DX S Bl AL B 10 BR R JRRAFL IR , X Bk
1o CRRLHEA T B R AR e IR R BT R
ARG BRI E ) CRYDBn AR — 3k
FitsoE R B R ) BT (R 2),
1.4 HIESH

FIFH Excel 2016 #& 3 25 MR B 48, #1H SPSS
Statistics 19.0 #E1 7RI F 08T AHIMESHT T
SRR IRGIE BNy i

®2 KEREREMEREIZHIRHE

Table 2 Criteria for the recording of descriptive traits in

cannabis

MR Trait JE#FRHE Criteria for recording

HEAETFAE H % MFD H 2 50% HEAETF AT H

HEAETTAE H %X FFD HT 2 50% MEAEEAT ANy H 4k

FHIEIR CS B —XF EL R I, 1= BR B, 2= M [,
3= KA

Tk cC B X BRI, 1= gk, 2= H Ak,
3= 43, 4= 4R

T RA 8 HC o — XF BRI B, 1= 4%, 2= %,
=%

L8 HLC 55— X 58 4 R SF L, 1= B4, 2=
o, 3=k, 4= %

HEAE(D MFC FIEW], 1=4¢, 2= 11,3= %

HEAE(S FFC TFAERET, 1= 5k, 2= 4%

¥k PH TR, 2R R A R

Z£H1 SD TR, 253D etk 13

b ZERT HAR

MFD: Male flowering date, FFD: Female flowering date, CS:
Cotyledon shape, CC: Cotyledon color, HC: Hypocotyl color, HLC:
Heart leaf color, MFC: Male flower color, FFC: Female flower color,

PH: Plant height, SD: Stem diameter, the same as below

2 FER5HM

2.1 KREMRBFEMREREERSHEEST
198 3 KRRl W2 U8 14 PR 1928 5 2 8050
Fil 4 4.79%~64.45% , 7% 5 F U K 1Y J& CBD %
i, /NS MEAE T AL H A YA 27.78% (3R 3 ),
Horr, S Bk CBD . CBDV ., CBDA . CBN 75 & [
A5 S BB T 40%, AR S SRR R B O 4y
(75 S s T RSl £ AR (5 25K 1Y A S R
20%~30% Z 6], F-HIRAR (Tt Lontf e
PR B9 728 5 R BULE 109%~20% 2 [], HEALTT 46 H %L
FIUMEAETF AL A £ A8 53 REIE T 10%. DL 5y
FE 198 15 KBRAR e U HA B0 = 3 s i 24
P, b A PRAR 9 22 SR 3 R T i A S PR
LT o
22 KFRMRERMRRSREERBEXES T
198 14 KRRl J3 8 5 10 AN 2Ptk AT 4 AN
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Table 3 Variation characteristics of quality and agronomic traits
PEIR Trait H{H Mean i SD J52% DX We/IME Min.  #K{H Max. TREFM(%)CV
KIK &4 (% ) CBDC 0.55 0.35 0.13 0.06 2.87 64.45
WRIR 7 it (% ) CBDVC 0.14 0.08 0.01 0 0.62 56.46
KR 12 7 it (% ) CBDAC 0.26 0.11 0.01 0 0.65 40.92
KI5 (% ) CBNC 0.35 0.20 0.04 0 0.73 57.98
HEFEHF4E H & (d ) MFD 87.30 6.57 43.15 63.00 112 .00 7.53
WEAETFAE H % (d ) FFD 111.98 5.36 28.77 80.00 129.00 4.79
FIHIBAR CS 2.05 0.39 0.16 1.00 3.00 19.27
Fia CC 3.84 0.60 0.36 1.00 4.00 15.62
T RA €, HC 1.72 0.45 0.20 1.00 2.00 26.07
LIS HLC 2.02 0.26 0.07 1.00 3.00 12.73
HEFE (S MFC 1.89 0.32 0.10 1.00 2.00 16.68
WEFE (5 FFC 1.09 0.28 0.08 1.00 2.00 25.87
Fk#S (em ) PH 214.36 28.36 804.25 150.60 274.10 13.23
Z5# (em ) SD 0.71 0.19 0.04 0.34 1.38 27.30

CBDC: Cannabidiol content, CBDVC: Cannabidivarin content, CBDAC: Cannabidiolic acid content, CBNC: Cannabinol content, the same as below

JMRAR G A B 45 R W (R 4), CBD & i &
CBDV.CBDA . CBN & i S i 3 IEAHC, 5.0
b 25 IE AR G, 5k = i 3 IEAH G ; CBDA &% &
5 CBN Fra TRl ki R 3 IE ARG,
5 CBDV & it b # ARG, 5 ML 6 0 2 A OC
CBN & i 5T WAl (il 3 5 A5G, S5 ik i
IEAH G, HEAETF R B 805 EAE T A8 H O 3% 1E
FHOG; MR i 5 25 3 B A DG . 5 A R E A
kb, CBDA 58 2 (4 20tk 2 BUAH O, B R IR
B PR R HEAE (R AR S BB KRR
CBDA & # . CBDA 5Hi ™% CBD.CBDV
SEIEARDC, RUIARR SRR CBDA R ™ 26 0] fEfF
FE—E R
23 AKMRARTERZERTKRZSENEK
S5

XF 14 A4~ il BT A A 20 MR 3 AT 3 B4y 3 B
(F5), 85 R KW, A7 6 4~ F W41 Rt sikoR ik
£ 69.204% , EATARHIE(ER KT 1, 7T RAER KRR
R EHRIFI LR B H8hn. 56 1 FE RS FRIE(E
2.556, TTHRE N 18.255%, CBDA 5 1 A AR 1IE 7]
B4 0.813, 322 S WK BRFP BT AR R IR 1Y 1% 12,

IS 1 M FR g CBDA K1 46 2 FRUMERE
B K 2.329, STHR R N 16.634% , HEAETF T H 505 M
AETF L H B R ] = (E 2050k 0.894,0.895, F 2L
JRBEFRACIA , AR AR 75 26 3~6 Wi FR1iE
(B A 1.030~1.345, SRR /NT 10%, 7T 4351
FRAEF i 365 K T~ . CBDA JI 32 7 W X 1 . A 25
R R R
24 BRESH

XPRE A 14 AR IR T R 28508, FERRUL
FLASIE B 12.5 Ab4 198 403 SRR 5 58 U5 K 4 B
3B 1), 55 T 2B 69 0y KRRV, 1
FEE > CBD . CBDV ., CBDA . CBN 4 F KJFE & &
TR e, PR R (244.90 em ) B, 224 (0.79 em ) B
o 55 2B 104 iy FpBT0EUR , MR I (E 1
R0 3 AN ZSREELE ATl BIES 1T 280
IR, B TSR 25 10 Fh B W5 U, I AR T
JiH % (88.24 d) FIMEAEIFiiL H AR (113.20 d ) F it
PR (16642 cm ) 2%, 250 (0.63 em ) fe 2l A 1
AT, A SERE () A 0T 0% 5 U5 b A R TR L, L 1A
AT BESR T R UR A [ 5 [ 2 ]l DX X2 (R A
BT EL, T 2R i R %) SF U AN 2 L
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Table 5 Principal component analysis of main quality
characters and agronomic characters of cannabis

PEIR Trait

F 4 Composition

3

4 5

TR I 75 B
CBDC
R — By %

[=)

H
CBDVC

KRR B IR &

=)

H
CBDAC

KRR & i
CBNC
HERETTAE H £
MFD

WEAETT 4 F H
FFD
FUER

CS

Fi
CcC

TR
HC

NGl
HLC

IEfE
MFC

HEAE
FFC

FRIE(E
Eigenvalue
D&
Contribution

rate

Fit vk
Cumulative
contribution

rate

0.633

0.426

0.813

0.646

0.149

0.153

0.144

-0.082

0.568

0.193

0.025

-0.141

0.534

0.394

2.556

18.255

18.255

0.013

0.085

—-0.190

-0.069

0.894

0.895

0.211

0.284

0.004

0.563

0.285

0.075

-0.177

-0.345

2.329

16.634

34.888

0.151

0.408

-0.257

-0.447

-0.054

-0.059

-0.176

0.544

0.141

-0.127

0.382

0.343

0.223

0.455

1.345

9.608

44.496

-0.587 -0.075

-0.586  0.110

0.053 -0.167

0.052 -0.275

0.144 -0.033

0.220 -0.069

-0.090  0.409

0.004 -0.477

0.456  0.251

-0.167  0.400

0.118 -0.368

0.009  0.517

0212 0.012

0.408 0223

1232 1.197

8.802  8.551

53.298 61.849

-0.082

-0.062

-0.047

-0.232

-0.074

-0.081

0.703

0.140

-0.199

0.053

0.113

-0.485

0.376

0.078

1.030

7.355

69.204

53353800 Ry
i & 2332388588

0 5

germplasm resources

RKECPE S Euclidean distance

B 1 198 R ARMBRFRRESN
Fig.1 Cluster analysis of 198 cannabis
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o KIMSEMERESRR SHAEBRED) , R a5 2%
212, oAl AT AT A B0 3 R b XK B ]
ML, T 2R~ IR 2% T SRR R A R A 30T 5 )
A o

3 H#R5VR

ABGEIE 2 X 198 153 RIFRFP BT HEUR 10 DR E
PEARFN 4 A5 BRI AE 5 08T, 14 SRR AR 5
Z B A 4.79%~64.45% , 5 W 232 5 F (1 8 14
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