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Abstract: The germplasm resources of Amomum tsao-ko (AT) at different altitudes in Nujiang, Yunnan were used as the
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materials to explore the genetic diversity of the agronomic phenotypic traits of AT germplasm resources at different
areas. The genetic diversity of the agronomic phenotypic traits of AT was analyzed by measuring 8 agronomic pheno-
typic traits, using coefficient of variation, genetic diversity index, variance analysis, correlation analysis, cluster analy-
sis, principal component analysis and comprehensive evaluation. The results showed that there were large variations in
the agronomic phenotypic traits, and the variation coefficient was 7.63%—-32.51%, among which the variation coefficient
of tiller number was the largest. The traits showed good diversity, H' (diversity index) was 1.933-2.355, with an average
of 2.024. There were significant differences in the agronomic phenotypic traits among different germplasms. There was
a significant positive correlation between fruit longitudinal diameter and fruit shape index and fruit weight. There was a
significant positive correlation between fruit transverse diameter and fruit weight. There was a significant negative cor-
relation between fruit shape index and leaf width. Cluster analysis divided the AT germplasm resources at different areas
into two groups, among which the AT germplasm resources from the areas of Lushui and from Fugong were clustered
into one group. Three principal components were extracted from eight agronomic phenotypic traits, and the cumulative
contribution rate reached 76.940%, which could comprehensively reflect most of the information of agronomic pheno-
typic traits of AT. The comprehensive evaluation results showed that SD12, SD20, SD7, SD17, SD18 and SD5 were
ranked in the top six, and the comprehensive performance was better. The genetic diversity of the agronomic phenotypic
traits of 24 AT germplasm resources in different areas of Nujiang, Yunnan is relatively rich, and the variability of AT
germplasm resources in different areas is obvious. Among them, the agronomic phenotypic traits of SD12, SD20, SD7,
SD17, SD18 and SD5 AT are better, which are more suitable for breeding.
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B ( Amomum tsao-ko Crevost et Lemaire )
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Tab. 1 Number and source of 4. tsao-ko germplasm
resources

Tab. 2 Classification of agronomic phenotypic traits of
A. tsao-ko germplasm resources

R U %73 EH RURIUE(ED

No. Source Altitude/m Level Observation

SD1 ot B 57 S A A 1400 1 X\ <X-20

SD2 T B 59 S A0 iR 1400 2 X20<X<X-0

SD3 T B 59 S A0 iR 1400 3 X-0<Xi<X

SD4 i o EL B35 S A B 1400 4 X<X,<X+o

SD5 tE oTEL B S A B R 1400 5 X+o< Xs<X+20

SD6 1 ot EL B S A B R 1400 6 Xo= X420

SD7 BRLGE S AN 1400 Y X, A n SR

SDS wmot B S AT 1513 Note: X, is the observation value of the n™ level.

SD9 T B 53 S A A 1513

SD10 HITE D S AR 1513 2 HEBRENN

NSl o 21 ZHEINARMRERHEABERE
SD13 gmgqtg;ﬁﬁﬁjﬁ 1513 ﬁ%i]‘i'{kmgﬁ I‘i‘tﬁ*ﬁ'

SD14 WL D S A 1513 RTINS TR X 24 7 B b 8 A
SD15 AT D £ Ak 1513 LFRIAR ZREE DL 3, 24 0y B SR Fh BT IR Y
SD16 TR 55 BT A 1320 R ELEAY R MR, RAEE. R, P
SD17 HETCEATH 58 S BRI AT 1320 YIES 9 39.19 mm., 28.81 mm, 1.37. 128.20 g,
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Tab. 3 Variation analysis of agronomic phenotypic traits of 4. tsao-ko genetic resources
PEIR FHME e RAE e/ IME e 2% b2 5 R AN
Trait Mean value Maximum Minimum Range SD CV/%
42 /mm 39.19 47.64 29.47 18.17 5.46 13.92
H{4%/mm 28.81 35.31 24.02 11.29 2.20 7.63
JALFEHL 1.37 1.74 1.12 0.61 0.19 14.12
F/g 128.20 192.70 69.70 123.00 26.17 20.41
PR /m 2.54 3.22 1.73 1.48 0.42 16.65
SrBEEL 521 8.00 2.00 6.00 1.69 32.51
K /em 72.76 94.00 50.00 44.00 9.30 12.78
5 /om 23.29 27.33 18.67 8.67 2.65 11.37
k4 ERMRF[ERZREERNOSEERAES A WEHRKA SD10 Mt K g 5 LAk, Hbd

Tab. 4 Diversity and frequency distribution of agronomic
phenotypic traits of 4. tsao-ko germplasm resources
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1 2 3 4 5 6 4.04)cm,
Hf&/mm  0.000 0.471 0.528 0.500 0.471 0.000 1.971 23 ZERINARAMMEERMREERKZ
if/mm  0.191 0.191 0.500 0.518 0.299 0.191 1.890 REMEIRBHEEES
RAFEE 0.000 0.471 0.528 0.471 0.500 0.000 1.971 KBV M AS[B] 38 X 24 105 BL S Fh B JE ) 8
/g 0.191 0.375 0.528 0.526 0.191 0.191 2.003 RS REPEREAT A G, R B R (% 6),
B /m 0.000 0.471 0.528 0.500 0.471 0.000 1.971 Aot S LRI 2 AT E S b I e
I BERL 0.375 0.518 0.471 0.191 0.500 0.299 2.355 SRR B RR B EAE G, A R R
MK/em  0.191 0.299 0.526 0.518 0.375 0.191 2.101 B 0.876. 0.709; 80K iA 5 R 50 B %
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Tab. 5 Variance analysis analysis of agronomic phenotypic traits of A. tsao-ko genetic resources
R FAIEAR Agronomic phenotypic traits
= P >
ﬁ: Lon?itfflinal Tr;ijféerse % B8 ﬁ & [E’_J "R M_.ﬁ

diameter/mm diameter/mm Fruit shape index Plant height/m Leaf length/cm Leaf width/cm
SDI 44.91£2.76"™ 28.65+3,55%" 1.58+0.16"¢ 2.53+0,]2°dfen 82.67+13.01"° 22.67+2.52°4"¢
SD2 35.3242.74°" 31.55+2.73% 1.12+0.08 2.73+0.21°0¢df 61.67£12.58%" 25.00+£3.00%%
SD3 31.66+2.95% 27.85+1.88%" 1.14£0.09° 2.77+0.31°0cdf 64.67+8.74°%" 27.33+1.53°
SD4 38.92+3.64¢ 28.31+2,78%" 1.38+0.15" 2.14+0.21" 67.0012.77°%F 27.00+£2.65%
SD5 43.61+3.83% 29.22+1.71%" 1.49+0.10% 2.98+0.10"° 79.00+2.65%¢ 24.67+1.53%c%
SD6 33.48+2.37" 26.38+1.60% 1.27+0.06%" 1.92+0.08" 74.00+11.00"%" 22.0042.00%"e!
SD7 38.75+4.17 29.66£1.15%" 1.3120.12¢" 3.20+0.26° 75.67£10.69"% 26.33+1.53*
SD8 34.17+2.38°F 29.83+2.06°% 1.15+0.11 2.50+0.46" 72.67£9.71°%" 26.33+0.58"
SD9 46.40+4.13% 28.24+2,32%" 1.65£0.19" 2.08+0.37" 77.00+9.85"% 23.33+£3.06°%"
SD10 42.50+4.76* 27.17+1.71% 1.5620.14"¢ 2.66+0.05°d"e 50.00+8.66 20.00:£0.000
SD11 47.64+4.03" 27.48+1.75% 1.74+0.12° 2.28+0.03"" 71.67+8.62°F 19.00+3.46"
SDI2 44.09+4.51%° 32.2942.05° 1.360.07" 3.22+0.24° 84.00+7.94™ 25.67+0.58*
SD13 34.01+5.72°" 27.20+2.20% 1.25+0.16™ 2.310.04 " 65.33+5.03%%f 23.0042.650
SD14 37.36+3.62% 29.64+3.87°" 1.27£0.12¢8" 2.73+0.16%4" 71.33+6.03"%" 22.00+1.734%8l
SD15 33.06+1.75" 27.60+2,03%" 1.20+0.07" 2.10+0.70" 71.0011.00"% 18.67+4.04
SD16 452242 48" 27.91£0.81%" 1.6240.09™ 1.73£0.15 59.33+7.02° 21.33+0.58°l
SD17 43.57+4.90* 30.15+2.59° 1.450.12¢° 3.11£0.01% 78.67+3.21%% 23.67+0.58c%"
SD18 44.34+4.79"° 29.23+1.80%%" 1.52+0.13%% 2.87+0.25%¢d 74.00+5.29°" 25.67+1.53%4
SD19 38.84+2.99¢ 28.31+1.11%"% 1.37£0.11% 2.43+0.15¢f%" 68.67+5.13%%f 21.0040.00°"
SD20 41.02+5.06% 35.31+2.71° 1.17+0.16" 2.90+0.10¢ 68.33+7.23%4f 24.33+0.580df
SD21 34.08+4.04° 30.16+2.62° 1.13£0.06' 2.20+0.10¢" 72.67+11.37" 20.33+2.08°1
SD22 33.17£2.77" 27.82+2,85%" 1.20+0.10™ 2.47+0.32¢f%" 77.00£6.24"% 24.67+2.52%%
SD23 29.47+4.08¢ 24.02+3.33" 1.2320.06™ 3.03+0.29"° 86.00+5.29 25.67+1.53%¢
SD24 45.02+3.04™ 27.45+1.44°" 1.64+0.09" 2.07+0.21" 94.00+2.65" 19.33+2.31¢0

T BB ARG 5B m il A 22 5 B35 (P<0.05 ).

Note: Different lowercase letters after the same column of data indicate significant difference among samples (P<0.05).
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Tab. 6 Correlation analysis of agronomic phenotypic traits of 4. tsao-ko germplasm resources

R LRIINER Ptz e SRR

Agronomic Longitudinal Transverse  Fruit shape m ﬁ. H%li'}. . IR "t lH“an‘:

phenotypic traits diameter diameter index Fruit weight Plant height Tiller number Leaflength  Leaf width

Pz 1

Mtz 0.250 1

JALFEHL 0.876" —0.244 1

RE 0.709" 0.839" 0.295 1

PR -0.011 0.396" -0.229 0.308 1

ST BERR 0.036 0.098 -0.014 0.097 0.115 1

RN 0.128 -0.072 0.150 0.040 0.192 -0.319 1

- —0.248 0.242 -0.385" 0.062 0.562" 0.023 0.082 1

W CFREEAME (P<0.05), TRARMEZEMXE (P<0.01),

Note: " indicates significant correlation (P<0.05), ™" indicates extremely significant correlation (P<0.01).
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SD5 5 Tab. 8 Principal component Analysis of agronomic
ggg ; ] phenotypic traits of 4. tsao-ko germplasm resources
Sgg 2: LT FE 4> Principal component
SD4 4 Agronomic
SD16 16 phenotypic traits PCI PC2 PC3
SD17 17 I -

SD8 8 Pir 0.891 -0.412 0.039
SD14 14 H )
SD13 13 HifR 0.638 0.604 -0.177
15 ’
ggig 10 RIELHEE 0.574 -0.725 0.112
S B 0.942 0.229 0.087
Sh12 3 i 0.274 0.733 0.243
32y 23 Sy EERL 0.109 0.150 -0.699
D24 2] 1 K 0.135 0.033 0.849
1]
D2 ol -5 0.04 0.761 0.236
- s . e FHIEE () 2.524 2.254 1.377
Bl ERMRZFERZREERORXEZREELE
Tk R /0
Fig. 1 Euclidean distance clustering diagram of agronomic SRR /% 31.552 28.176 17.212
phenotypic traits of 4. tsao-ko germplasm resources ZIT T % 31.552 59.728 76.940
R7 FEEHERMEZEN 8 MRERABMERIEER —0.8 —04 0 0.4 0.8
Tab. 7 Cluster analysis of 8 agronomic phenotypic traits of ' '
different groups of 4. tsao-ko germplasm resources 2+
3] 5 020 los
IS5 M Cluster analysis A }% - )
ERIN 42 /ﬁ.
Trait o 2HE 5 1+ 3 8 L 12
he first group he second group = / 17
< | pins s,
Y2 /mm 4332 35.06 2 e 2 e ﬁm S tee
7 /mm 29.76 27.86 g 0 R 0
S \
FIAB=E @) LI
RS 1.47 1.26 Q o . \%
HH/g 147.94 108.45 -1t N
*ﬂi%—/m 2.64 2.44 016 \\;ﬁﬁ%& 05
IYBERL 6.00 5.00 iy 2441 ’
K /em 75.51 70.03 . ) . )
5% /cm 23.42 23.17 —2 -1 0 1 2

RIMIRARAL, dHMIPRS O REGR
25 ZERIMNARBMRERMRERKRE
REURNERD ST EZEEEN

24 B IR 8 A FBAR LRI T F RS
Bref sl (% 8), JEHEEUE 3 AN, sumk
AP 31.552%., 28.176%. 17.212%, Zitit
KRB 2] 76.940% o 55— 5T B FREE R 2.524,
TUHRR A 31.552%, REEHFEEIEIR, #arE
H0.942; B FESINRIEED 2.254, DTERE
H 28.176% , M9 & H EEAG R, ZRATEN 0.761;
5= R AR 1.377, 5TEkR N 17.212%,
R H AR, A ER 0.849,

W DR — R E R X R, RS R
iR Y Rk 2 PCA XUBREE (& 2). M 2 [T

PC1(31.552%)
B2 BERMRERRERBEERERS S HTHVIRE

Fig. 2 Biplot of principal component analysis of agro-
nomic phenotypic traits of 4. tsao-ko germplasm resources

AL, BRI TR R 31.552%, HrRE
GRS o A0 DTHRER R, S RE A A A I
TR, FLIE [ REAE 0] FE B 530 R 0.942, 0.891 (3
8); T HITTERE N 28.176%, I FEFIR
RUFR RO B TTERAE AR, i SE XA 4 A AT 1E BT
ik, IEMAFIE RN 0.761, FRIFEHOTEE S 4>
A Tk, G R 1] (o -0.725 . Ui SR
PR e RAEEUE TR M R bR
XA A FE TR, R e SR 0 9% R 1) o3 A
MR, AR B A BT BRI FAN FE b
BRI 5 X 24 45y B R TR R
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HATLE BRI . BFRiELLE 1 8 MR AR AR
RA LR FER S, THEMTFRREAX: Fi=
0.891X,+0.638X,+0.574X5+0.942X,+0.274 X5+
0.109X5+0.135X7-0.04Xg; F>=0.412X,+0.604X,—
0.725X:+0.229.X,+0.733X5+0.150X5-0.033X-+0.76 1 X5 ;
F3=0.039X,-0.177X,+0.112.X5-0.087.X4+0.243 X5—
0.699X¢+0.849X7+0.236 X, ZEESTEMPED A
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Tab. 9 Comprehensive scores Analysis of agronomic
phenotypic traits of 4. tsao-ko germplasm resources

%% . n g A HEIF
No. Comprehensive scores Order
SD1 234 032 039 1.16 8
SD2 1.53  1.52  0.05 1.20 7
SD3 0.82 1.53 0.26 0.96 12
SD4 1.44 077 0.36 0.95 13
SD5 232 093 0.19 1.33 6
SD6 080 035 0.22 0.50 24
SD7 1.83 143  0.63 1.41 3
SD8 1.18 135 043 1.07 9
SD9 230 -0.04 0.49 1.04 10
SDI0 190 0.15 -0.37 0.75 20
SD11 237 -0.52 045 0.88 15
SD12 252  1.34 096 1.74 1
SD13 096 0.75 -0.11 0.64 22
SD14  1.51  0.86 0.35 1.01 11
SDI5 089 030 0.17 0.51 23
SD16  2.06 -0.27 -0.31 0.68 21
SD17 231 1.00  0.16 1.35 5
SD18 236 091 0.22 1.35 4
SD19 1.56 041 0.27 0.85 17
SD20 252 1.71 -0.11 1.63 2
SD21 1.25 081 -0.15 0.77 19
SD22 098 1.04 0.39 0.87 16
SD23 047 1.18 0.77 0.80 18
SD24 211 -0.46 0.84 0.88 14
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