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Investigation and Analysis of Agronomic Phenotypic Traits and Fruit Quality
of Amomum tsao-ko Plants with Two Plant-type Ratios

GAO Penghui, LIAO Fangping, HUANG Mei, Zhang Yingping, WU Lianzhang, HE Juncai, YANG Yi’
Nujiang Prefecture Cardamom Industry Innovation and Development Center, Lushui 675299, China

Abstract: To clarify the optimal population allocation pattern of under-forest-grown Amomum tsaoko, and explore the ef-
fects of the planting-ratio of Type-A (pendent-type plants) and Type-B (erect-type plants) on agronomic-phenotypic traits
and fruit quality, this study investigated eight natural-ratio sampling plots of A. tsao-ko in Nujiang Prefecture, Yunnan
Province. The results demonstrated that plant-type ratios delivered differentiated production advantages. The ratio A:B =
0.88 was suitable for high-yield cultivation; the balanced ratio A:B = 1.50 applied to high-quality medicinal cultivation;
and A:B = 1.05 was more desirable for non-edible resource-oriented exploitation. Based on cluster analysis, populations
under different ratios were classified into three groups with stable traits and distinct superior characteristics. Different
plant-type ratios trigger resource trade-off allocation between vegetative and reproductive growth in A. tsao-ko. This find-
ing can provide technical references for targeted under-forest cultivation of A. tsao-ko.
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PAl A, R AR BT RIS 5 ORR B RT3 AR
R, IR 8 He ke b B 55 A 5% XA [ 46 78 &
S MR FpORE R R R AR 2 AL R A i e 2R
Ko 7 B AR AR L4 A R A B R G B A
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=R BRI T L 26.57° N
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NJ3 BT B RIE £ 1537 99.24° E  1.05
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325.5 30 FAR 70 WL Rk
62.0 14 EEEJUN 50 WigE+ *
50. 0 16 LN 60 WiEL Rk

232.5 15 RATH 60 gL B
92.5 15 PN 60 WY Bt

243.5 15 AT 70 i R

140.0 14 F N 70 WiEL Rk

357.0 16 F N 70 Wi+ e

5 HER A TR A A8 BRI 7 A DX s 0L
/N DX B/ DX B 25 90 A AR g 0
LA GTH /NN TR (AR | 28R (BAY)
FOR IR RE A AR LE , FHOC T U RS B 2R 1,

1.3 M Z %47

1.3.1 MM AT E F A XA T

2024 46 H R EUCA B B RIA KR4S O, B
AR 1R SIS R AR, Gt it A B ZEFT L,
SR FH 3 RO e Ak v (42230 o Ak 28 6 R TS ) | e
pNLU R SN S L N AN = =S RO NTTR IS



2026, 49 (4)

e MG R A« R T R R A [ TR L B9 R 2 3 R R SR S B A 3 « 37

7R (HEMRZEFEEE) . FAAM LA 10:00 5
— HURE, B PN Bifi ML 3% A R T AR o 1 2%, SR HH iR
70 N AN == 4 N ) SN e SN £ 20 ol N =31
K AE AR AT (93 M TEAL) .
1.3.2 RFEERA R M XA AT

2024 10 H , 8% S 1 258 B 2 B SR A 9 P
Gt S, A DA BE AL R SRR 1R R
Webr R RO & SRR T8 (e ib) s AL 9 M
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o SR 7 TR A AR S O A

AR NJ1 NJ2 NJ3 NJ4 NJ5 NJ6 NJ7 NJ8
HAEC 11.44+1.72° 12.6140.92" 13.114+1.41° 12.174+1.34™ 11.94+1.00" 11.7841.00" 12.56+0.86" 11.50+1.82°
H/cm  78.17410. 16" 76.83+7. 16" 93.83+10.89" 79.83+11. 03" 79.9446.98" 78.8945.88" 76.39+6.13" 83.11+14.51"
M5 /em 22.5142.32% 21,3942, 23" 23.7242.09° 20.56+3.05° 22.00+2.61" 20.754+2.22° 21.17+2.01" 22.8143.88"
MR /m 2.6940.28" 2.26+0.34° 2.9740.32" 2.3440.37" 2.4840.35° 2.8940.24" 2.1940.24° 2.78+0.53"
EFE 16.1148.92°  7.2243.89°  8.1144.14° 8.78+5.08° 7.9443.46° 13.28+7.91" 9.00+3.27° 23.2848.53°
KA/ 48.61+7.63° 37.06+5. 77 41.744+4. 24" 34.95+5.55' 36.95+5. 34 46.39+11.98"39. 194+7. 13 39.41+7. 07"
mm
R R/ 37.7844.92° 31.75+3.90° 35.9943.28" 31.01+4.59° 30.25+3.46' 37.7846.24" 31.8644.64% 34.3244.82"
mm
NEFK/ 2.4040.44"  2.8040.40°  2.6340.51" 2.86+0.38" 2.84+0.42° 2.9140.85 2.60+0.48" 2.8440.45°
chn
WK /em 3.1240.29°  3.2940.46 3.1040.50" 3.53+0.44" 3.1640.43° 3.0940.47" 3.8440.36" 3.914+0.52°
itk /cm 3.1040.28° 3.35+0.39"  3.0840.27" 3.33+0.33" 3.1140.28" 4.61+1.30" 2.7140.27° 2.8740.51°
T /om 1.4640.22°  1.7240.29"  1.7040.16° 1.58+0.21" 1.6040.19" 2.04+1.07° 1.6340.20" 1.7140.19°
B /cm 3.4640.40"  3.9340.46"  3.5240.32" 3.89+0.62" 3.92+40.24" 5.32+1.26" 3.1440.47° 3.3640.53°
JEERE /em 2.0740.31°  2.46+0.31"  2.3440.26" 2.2740.35"" 2.5740.24" 2.3240.28" 2.1840.23" 2.4440.33"
&K/ em 5.7240.44  6.1240.58°  5.8340.52" 6.01+0.55" 6.2740.26° 5.56+0.37° 5.5940.31° 5.7340. 46"
WS /om 1.16+0.25"  1.3440.36" 1.2740.44" 1.2140.27°  1.3440.23" 1.5040.35" 1.2640.28" 1.2840.31"
i 2.1140.33" 2.06+0.24" 2.06+0.24" 2.3340.77°  2.1140.47" 2.00£0.00° 2.0640.24" 2.06+0.24"
BN/ 11.00+41.22° 11.00+1.57° 10.7442.29° 11.06+1.27° 10.67+1.18 9.39+1.07" 10.5340.99" 10.43+1.13°
cm
WK/ 19.1143.82° 16.22+2.22" 18.9343.97° 17.23+2.58™ 18.11+3.41" 15.47+2.63° 18.56+3.62" 15.36+4. 53"
cl
MR 17.6742.35° 19.1744.10™ 19.544+4. 27" 25.77+5.30° 20.7543.92" 18.89+2.74™ 18.33+1.91™ 23.3942. 85"
T EAZ/mm
i 71.0048.10" 104.00+12. 66°80. 00£26. 94°104. 40423.37° 90. 004+7. 07* 80. 33432 46™92. 33+16. 81"99. 00+ 16. 16
B 12.8949.200 9.7246.16"  9.0646.10" 11.61+10.29" 9.8946.45" 11.4448.02° 12.2246.05" 44.78421.37
FUBK /em 18,3143, 17" 18.06+£4. 17 20.9143.81" 17.39+3.96 17.92+4. 06 15.94+3.30" 19.6143.71™ 21.6343.90°
FUMPE /em 10.50+£1.35°  8.86+1.58  9.2442.56° 9.08+1.27° 8.97+1.75" 9.00+£1.83" 9.4241.09° 10.4341.24°
PR /mm 25.9042.06" 27.684+1.98" 28.394+2.52" 27.70+1.89" 27.18+2.30" 25.87+2.21" 28.314+2.31" 28.2342.29°
B /mm 32.29+5.37" 33.72+4.73" 34.5342.87" 36.14+3.31° 32.69+4.20° 32.2044.15" 33.8343.07" 33.7245.92"
BE/g  13.8442.93" 13.8742.82" 14.76+3.46" 15.17+2.86" 13.23+3.04" 13.91+2.75" 14.26+3.36" 14.0443.94°
Fii-®E/g  6.25+1.30° 5.98+1.65 6.00+1.26° 6.78+1.50° 5.59+1.84" 6.22+1.54" 6.15+1.87° 6.46+2.16°
RprdE /g 7.5942.12° 7.89+1.57° 8.764+2.36° 8.38+1.68° 7.64+1.64° 7.68+1.60° 8. 12+1.98 7.57+2.33"°
0 19.1743.82" 28.17+8.01" 15.174+3.66" 23.40+11.91"28.33+15. 71" 17.83+12. 25" 25. 5+10. 33" 30.834+13. 79"
gESF /% 0.2740.05°  0.2740.05°  0.2140.07°  0.2240.12°  0.3140.17°  0.2940.27" 0.2840.10° 0.3040. 10°
VERM/  0.6240.21" 0.5740.13"  0.4640.04" 0.5140.07" 0.46+0.14" 0.7840.06" 0.6240.19" 0.4940.08"
(nl + 100 g")

U FTARNS FREFORER B (P<0.05) , T,
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1 NEECEE NN = A BB EE R B ZE 04
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*® 3 ERBEEHRRZERNER I

2 TEMM = B RAERER FCRE B B 2

x4 TRYMRLBERREREMKELR

E2IN SPME OKME ME E Rz %ﬁ
FH/%
Y R 12.14 15.00 8.00 7.00 1.39 11.43
K /em 80.88 110.00 39.00 71.0010.69 13.22
55 /cm 21.86 35.00 15.00 20.00 2.75 12.60
i /m 2.58 3.90 1.65 2.25 0.44 17.02
ESLT 11.72 44.00  2.00 42.00 7.92 67.59
ZAKAS/mn 40.54  70.00 25.02 44.98 8.32 20.53
244 /mn 33.84 50.00 21.02 28.98 5.29 15.64
MNEFK/em 2.76 4.80  1.30 3.50 0.52 18.98
2K/ cm 3.40 5.30 2.30 3.00 0.54 15.93
e/ cm 3.28 6.20 2.00 4.20 0.79 24.18
AETE FE/ cm 1.69 6.20 1.00 5.20 0.45 26.69
JEMEK/ cm 3.84 7.00 1.70 5.30 0.89 23.12
JEMETE/ cm 2.35 3.40 1.50 1.90 0.31 13.36
1EEK/cm 5.86 7.00 4.80 2.20 0.50 8.56
AEEEDE/cm 1.30 2.20  0.70 1.50 0.32 24.88
E i 2.10 4.00 2.00 2.00 0.39 18.31
WFER/cm 10.57 19.00  8.00 11.00 1.46 13.85
WFEHK/ecm 17.26 28.00  7.00 21.00 3.60 20.85
225%?&*&%3 20.62 37.30 11.14 26.16 4.41 21.39
H4%/mm
Pizd 89.46 132.00 37.00 95.0021.41 23.86
PR 23.26 56.00 7.00 49.00 11.33 48.69
SELE /% 0.27 0.64 0.07 0.58 0.13 47.81
Pt 15.34 111.00  1.00 110.00 15.12 98.59
R/ cm 18.72 28.00  8.00 20.00 4.08 21.81
REEHE/ cm 9.44 18.00 5.00 13.00 1.71 18.20
RAEAE/mm 27.40 33.88 21.01 12.87 2.35 8.58
A2/ mm 33.64 48.97 24.11 24.86 4.40 13.07
R /g 14.13 22.99 8.04 14.95 3.14 22.22
M-/ g 6.18 11.90 2.81 9.09 1.66 26.82
R/ g 7.95 14.70  2.60 12.10 1.93 24.25
Rl i/ 0.51 0.93 0.28 0.92 0.23 43.63

(mL » 100 g

PR RHHT

ERES ERIES ESIES
w R R 12.32a  12.1la 11.50a
K/ em 78.25a  83.63a 83.11a
38/ cm 21.28a  22.33a 22.81a
PR /m 2.32b 2.85a 2. 78a
EN S (VRS 8.24b  12.5b 23.28a
ZFKA2/mm 37.04b  45.58a 39. 41b
ZFFFEAA/mm 31.22¢  37.18a 34.32b
/N F K/ em 2.78a 2.65a 2.84a
K/ cm 3. 46b 3. 10b 3.91a
K/ cm 3. 13a 3. 60a 2.87a
AL/ cm 1.63a 1. 73a 1.71a
JEMEK/ cm 3. 72a 4. 1la 3. 36a
JER %/ cm 2.37a 2. 24a 2. 44a
18K/ cm 6. 00a 5. 70a 5.73a
TERETE/cm 1. 29a 1.3la 1.28a
i 2. 14a 2. 06a 2. 06a
167t lE/cm 10.82a  10.38a 10. 43a
TP /cm 17.53a  17.84a 15. 36a
187 AR B B AL/ mm 21.0la  18.70a 23.39a
iz 97.68a  77.11b 99. 00a
P31 25.44a  17.39b 30. 83a
SESLFR /% 0.27a 0. 26a 0. 30a
A 10.86b  11.13b 44.78a
K/ cm 18.25a  18.39a 21.63a
R/ cm 9. 08¢ 9. 58ab 10. 43a
FREAR/mm 27.72a  26.72a 28.23a
RHYQZ/mm 34.10a  33.0la 33.72a
Rifi/g 14.13a  14.17a 14. 04a
& /g 6. 13a 6. 16a 6. 46a
RiyHE/g 8.0la 8.0la 7.57a
et A
%ﬁfﬂ Fo?g 5 0.54a  0.62a 0.49a
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BB RMNEMES>F IR >FNAK,

2.4 FRREEAAMRKRERFAR BHRY
A8 K M5 T

Hi % 5 AT, i 2R 22 T 22 SR R A5 2R S

R AR E R, RS EHKRE A
REEAMKE(P<0.05), SEHEEEML, 4
SRt R 3 ORGSR R S i AU B
FIEM L (P<0.01), A AT S ZEFF B)
BE MG, #EERME S HEK B EIEMH,
AR AR i 3 A G

*5 EREMEREKRESRIRE, RROBXMEST

Wk ebrgoot g o0 BT ey gk Rk e sk s R G0N0 1K
B -0.62" -0. 65" 0. 62" 0.72"
ghSER -0. 65°
TR 0.87" 0. 66"

RREK 0. 76" -0.75° -0.78"

PV 0.84™

REER -0. 70 -0.66" -0.63"

BRIz -0. 68" 0.71" 0.71"
R#E

Fhf- =

REHE 0. 84"

YRR & 0. 70 -0. 64" -0.67"

TE: *RIRTE 0. 05 Al (LR EIEAR; +xRoRTE0.01 &l CRE) HEEHK.

3 Wit54%1L mL/100 g, 764 25 B P B i, 25 10 5 B 4 4 3 B ik

TP AR 20 3R B i st AL R v 5 2R AR PR R AL
) g, 02 36 A 5 30 5% BRI 45 A AN e R
BT AR IR R B T VE A A R O R S R R
b1 E VAR A

ZEEMRAE G R, B AL b 2% A bk & S
W R R R R R, TR
RN bR 45 SR8 408 o ARWESE o, NI8 LI A 1
ZERIFE AR S A (A:B=0.88) , XFF 5 i 3 &5
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