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Comprehensive Evaluation of Yields and Cold Resistance in New
Pennisetum purpureum Breeding Materials

YU Shuai, ZUO Su-tian, NIE Gang, JIANG Zhe-ji, LING Yao, ZHANG Xin-quan’

(College of Grassland Science and Technology of Sichuan Agricultural University, Chengdu, Sichuan Province 611130, China)

Abstract: To investigate the variation patterns of fresh weight and cold tolerance traits in new breeding materi-
als of Pennisetum purpureum, identify the main trait factors affecting fresh weight, and select superior materials
with high fresh weight and strong cold tolerance, this study used 86 materials of P. purpureum as experimental
subjects and analyzed twelve traits for diversity, correlation, regression, path, cluster and principal component
analysis. The results showed that the coefficient of variation for each trait of the tested materials ranged from
6.45% (leaf length) to 18.17% C(tiller number after regreening) , and the genetic diversity index ranged from
1. 8992 (plant height) to 2. 0958 (fresh weight). Regression and path analysis indicated that regreening speed,
leaf length, internode length, and stem diameter had significant direct positive effects on fresh weight. Cluster
analysis classified the materials into four clusters, with cluster I exhibiting better comprehensive traits and clus-
ter IV the worst. Principal component analysis extracted three principal components, with a cumulative contri-
bution rate of 68.12%. Based on principal component scores, the comprehensive evaluation D value was calcu-
lated using the fuzzy membership function method combined with the contribution rates. According to the D
value ranking, 17 P. purpureum breeding materials with relatively superior comprehensive traits, including
GMI1XF-Y189, GM1XF-Y557, and GM1XF-A591, were selected. These results can provide a phenotypic
evaluation basis for breeding new high-fresh-weight and cold-tolerant P. purpureum varieties.
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Table 1 General information of 86 new accessions of P. purpureum

47 No. £ % Name B EHETY Material type 45 No. £ Bk Name MBS Material type
1 F-SUXF-Y20 A 28 b Rt 44 GMI1XF-LG1 A SEHT AL
2 F-YXF-B117 e 3B R 45 GM1XF-LG11 AL MR
3 F-Y XF-LP163 HR A AL 46 GM1XF-LG12 A AEHT ML
4 F-YXF-LP19 A4 38 M b Rt 47 GM1XF-LG13 A AEHT AL
5 F-Y X F-LP21 Ao 3B Rt 48 GM1XF-LG14 A BE K MR
6 GMI1XF-All HR AT AL 49 GM1XF-LG15 A SEHT ML
7 GMI1XF-A122 He 8 bRt 50 GMI1XF-LG17 e 3 H A EE
8 GMI1XF-A206 HRBSH AL 51 GM1XF-LG2 A AE KR
9 GM1XF-A246 Z 38 M AL 52 GMI1XF-LG4 F 38 B R
10 GM1XF-A269 VAR A R 53 GMI1XF-LG6 AAEHT R
11 GM1XF-A293 HRATH AL 54 GM1XF-LG7 A AEH MR
12 GMI1XF-A32 =B AL 55 GMI1XF-LG9 AAEHT L
13 GM1XF-A4 He 8 M bRt 56 GM1XF-LP176 RS H M R
14 GM1XF-A41 e 3 H b Rt 57 GM1XF-LP219 AAEHT ML
15 GM1 X F-A437 B 58 M AL 58 GM1 X F-LP306 AAEHT L
16 GM1 X F-A480 He S Wb Rt 59 GM1XF-LP308 TR H M R
17 GM1XF-A499 e 3T b Rt 60 GM1XF-LP327 A AEH ML
18 GM1XF-A510 A 38 b R 61 GM1XF-LP368 A AEHT AL
19 GM1XF-A521 VEAS B A R 62 GM1XF-LP390 RS R
20 GM1XF-A556 A& 3 H B Rt 63 GM1XF-LP485 A SEHT L
21 GM1XF-A572 A 8 MM Rt 64 GM1XF-LP814 A AE KL
22 GM1XF-A585 He B M b Rt 65 GM1XF-LP868 AAEH MR
23 GM1XF-A591 A& 3B Rt 66 GM1XF-LP921 A AEHT ML
24 GM1XF-A632 A5 H A R 67 GM1XF-SU12 A& 3 H A EE
25 GM1XF-A660 Ao S bE RE 68 GM1XF-SU16 ABEH MR
26 GM1XF-A746 A& 3 H b R 69 GM1XF-SU50 A SEHT ML
27 GMI1XF-A75 e 5 H A R 70 GM1XF-Y189 e 3 H A RE
28 GM1XF-A788 HRASHR AL 71 GM1XF-Y269 A BEH MR
29 GM1XF-A803 A4 3B Rt 72 GM1XF-Y366 A BEHT L
30 GM1XF-A813 A4 M b Rt 73 GM1XF-Y467 ASEHT Rk
31 GM1XF-A88 HRAT R AL 74 GM1XF-Y468 A AE KR
32 GM1XF-B100 =B b AL 75 GM1XF-Y557 A AEHT L
33 GM1XF-B1297 He 28 i bRt 76 GM1XF-Y738 ASEHT Rk
34 GM1XF-B1303 e 3B Rt 77 GM1XF-Y909 A AEH MR
35 GM1 X F-B209 A4 28 H b R 78 LBLC178 AR I A bR
36 GM1XF-B409 He 28 bRt 79 LBLC35 AR A A A R
37 GM1XF-B425 HRASH AL 80 LBLC53 AR IR S B R
38 GM1XF-B433 Z 58 A 81 F-B AAE A
39 GM1XF-B664 e 28 bRt 82 (P S FE] 5 5
40 GM1XF-B678 e 3 H b Rt 83 FEME 5| R R (F-Y) ] o i
41 GM1XF-B687 A 8 M b Rt 84 FER 15 2858 R B (GMD) =] o Bl
42 GM1XF-B93 AAS R R 85 F-LG WAL FRA
43 GM1XF-B94 A4 b Rt 86 F-A ABE A
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Table 2 Statistics of temperature variation in the experimental field during the trial period

2022410 H —20234F 6 H October 2022-June 2023

20234F 10 H — 20244 6 H October 2023-June 2024

A6 By el R AR - 2 i il - H ik TN T () - 2 ik BRI
Extreme Extreme Average high Average low Extreme Extreme Average high Average low
heat/C cold/°C temperatures/C  temperatures/°C heat /°C cold/C temperatures/C temperatures/°C
10 A Oct. 28 10 19 14 25 11 20 15
11 H Nov. 23 4 16 11 25 7 16 11
12 H Dec. 13 2 8 4 18 —1 11 6
14 Jan. 16 —1 9 3 17 0 10 5
2 H Feb. 19 5 11 7 20 2 11 5
3 H Mar. 25 6 17 10 27 4 17 10
47 Apr. 32 9 22 14 29 12 23 15
5 H May 33 13 24 17 33 13 26 18
6 H Jun. 33 18 23 19 33 17 28 20

T B R VR hitps < //lishi. tiangi. com

Note: Data source, https://lishi. tianqi. com
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Table 3  Genetic diversity analysis of fresh weight and cold resistance traits in new P. purpureum materials
F
PR 75 i . R 75 L Zp VB
o Ge Avmge S0 CU% Dheswnie P8 BR  RxED
Year Material ~ Material X Year
SPEERNT 11.25~20.95 15.76 2.06 13.06 2.0858 2030.70" 4.42" 1.94"
2R NI 6.95~13.93 11.43 1.4 12.27 1.9948 2172.51" 32.85" 10.18™
4 NL 14.75~23.20 19.33 1.77 9.16 2.0678 1385.96™ 28.77" 12.05™
i LL 88.83~124.84 109.26 7.05 6.45 2.0615 2403.65™ 38.477 18.64™
58 LW 31.82~52.04 40.22 4.32 10.73 2.0257 1248.59" 35.03" 15.40™
ZEH 1D 13.73~22.79 17.04 2.06 12.07 2.0207 53.00" 23.20" 8.79™
4 IL 13.40~20.96 16.78 1.54 9.20 2.0253 1573.58™ 19.54" 12.62"
s PH 239.00~400.11 338.72 31.32 9.25 1.8992 2021.37" 104.55" 20.85"
Hpkm - B FW 2.66~7.46 5.41 0.94 17.30 2.0985 1638.99™ 9.38" 2.63"
R E WA TNR 12.22~37.41 23.93 4.35 18.17 2.0007 94.677" 5.04" 0.40
BT GT 25.17~52.50 39.78 6.42 16.14 2.0399 173.66" 12.28" 0.28
B AKHE RS 0.88~1.77 1.32 0.18 13.53 2.0041 427.45™ 12.86" 3.06™

T #3508 28 57 .35 (P<<0. 05) X 22 5 W35 (P<<0.01). T A
Note: * and ** indicate significant differences at the levels of 0. 05 and 0. 01, respectively. This is applicable for the following figures and

tables as well
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Fig. 1 Normality test for fresh weight and cold resistance traits of 86 new accessions of P. purpureum
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Fig.2 Correlation coefficient of phenotypic traits of new P.

LW
ID
IL

purpureum accessions
FENT, S BEHG NI W [ 80 NL, A 8G LL, K LW, 551D,
ZEML L, WS PH, MR FW, BORRBE R TNR, 8RR R 3 47 45
GT, FUbkIR 77 A s RS L 38 7 A= 4
Note: NL,
number of leaves; LL, leaf length; LW, leaf width; ID, internode

fresh

NT, number of tillers; NI, number of internodes;

diameter; IL, internode length; PH, plant height; FW,

weight; TNR, tiller number after regreening; GT, green-up time;

RS: regreening speed
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fE o 85— F K 4 R AE {E b 1.480, 3T Bk R
12.337 Yo, 25795 B S M B B0 R AE ) (B BSR4
PG BOA MR 1 250 Bt i B R LB S o
fEAE M 1. 254, TTEk % 10. 452 % , L 25oRL R &, 2 e
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Table 4 Coefficients of multivariate linear regression analysis for fresh weight and four traits

FEIR *’rﬁi‘(’[ﬁﬂi%%ﬂl B %M}H&%%ﬂl‘ ' JL%ﬁéﬁﬁ '
B Non-standardized coefficient Standardized coefficient t Sig. Collinearity statistics
B FrifE4E Standard error Beta 25 2% Allowance VIF
i i Constant —5.213 1.020 — —5.111 0.000 0.587 1.705
RS (X)) 2.030 0.435 0.386 4.664 0.000 0.632 1.582
LL (X)) 0.033 0.011 0.250 3.129 0.002 0.689 1.451
IL (X,) 0.162 0.046 0.267 3.494 0.001 0.847 1.181
ID (X, 0.095 0.031 0.208 3.024 0.003 0.587 1.705
x5 BEREFESINERNEESW
Table 5 Analysis of the path of fresh weight with four traits
FER Y 2 B A R ] 42 3 12 7 %L Indirect path coefficient I
Trait Coefficient of correlation with Y  Direct path coefficient X,—Y X,—Y X,—Y X,—Y H&itTotal {%ﬁ’%é& )
Decision coefficient
RS (Xy) 0.714 0.386 — 0.208 0.201 0.100 0.509 0.402
LL (X,) 0.639 0.250 0.135 0.101 0.088 0.323 0.257
IL (Xy) 0.579 0.267 0.139 0.107 — 0.013 0.260 0.238
ID (X, 0.409 0.208 0.054 0.074 0.010 — 0.138 0.127
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Fig.3 Cluster analysis based on phenotypic traits of new P.
purpureum accessions

TE P REM B R T 5 ] 3R 1
Note: The number represents the material number; This is applicable
for Table 1 as well
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Table 7 Score coefficient and contribution rate of each

component
[E2N 4> Component

Traits 1 2 3
SYEERUNT 0.088 —0.416  —0.154
E-SE G\ 0.130 0.346  —0.315
A NL 0.128 0.328  —0.341
K LL 0.131  —0.050 0.261
55 LW 0.119 0.023 0.372
208 1D 0.089 0.270 0.313
WK IL 0.108 —0.213 0.213
Few PH 0.156 0.162  —0.018
R FW 0.153  —0.074 0.178
RE WA TNR 0.077  —0.272  —0.398
IR HE GT —0.121 0.182 0.112
R AERKEE RS 0.153  —0.123  —0.076
FRAEAH Eigenvalue 5.440 1.480 1.254
ik % Contribution rate/ % 45.331 12.337 10.452
ESiy e 45.331 57.668 68.120

Cumulative contribution rate/ %

H: y,;=0.088x,;,+0. 1302,+0. 12825+0. 1312,,+
0. 11925+0. 08924+0. 1082,,+0. 15624+ 0. 15325+
0. 07721, 0. 1212y, 0. 1532, K 3 4~ 3 A 4 F) H
R SR Jm oR B AT 0 — kb B B S AR B 3 A4 32k
53 BT R T AR N A AL R £ (0. 6655, 0. 1811,
0.1534) , i Ja i 545 2 45 Z b kL DA, AR5 D

B HE 4 9020 i 3 25 6 HE 48 00 T X R i) 5] G2
(1 L B3 SR AR F-A G B 22 M RL 4% 17 1y (5%
8)., HAZIKM B GM1XF-Y 189 % D {# (0. 775)
&, Hk i GM1XF-Y 557(0.764) . GM1XF-
A 5910.757) \LBLC 35(0.716) .GM1XF-A 75
(0.71D), X 23y )m T4 | KB LR A IR R A F
(41 kL . D HHE £ 5 5 1A BE GM1IXF-Y 269
(0.267) . GM1XF-LG 14 (0.202) . GM1XF-LG
12(0.169) . GM1XF-Y 366 (0.156) % GM1XF-
SU 50€0. 150 & T NV R LEEHEREBHMEM LR
EOH AR . LR W RSP RE RS D
1B HE 7 25 5 A0 B ERAIE , i b 0 1 25 A R IR SR
BAR T WA R 17 0 R B AR 17 O, 3Rt
340y B AR LA AT RE I B RN N AN (R Q) .

R6 TREBFRBERNTHRA

Table 6 The average performance of different clusters

eIk PR 51 %R kR BN

Trait Cluster [ Cluster [T Cluster [l Cluster [V
SEEHNT 179341520 15.94%217  1517£1.95" 15554153
ES N 12.36£0.96  11.70+£1.20°  11.71£0.98" 9.35+1.32"
R ¥NL 205651200 197221590 19.57£143"  16.9551.49°
K LL 116.70£6.14°  109.56+6.92"  109.17+5.71"  103.25+6.87°
58 LW 45.6243.66"  40.5243.51"  39.49+4.06"  37.74£3.85
%MD 18924208 17.90£2.00"  16.40£1.80°  15.924145
K IL 18574161 16.87£152"  16.50+£1.29"  15.66+1.13°
tki PH 379.544£9.92"  350.17x11.14" 339.89£18.37" 282.67+24.33
MR EFW  6.743039"  548%0.71 5.3620.73°  4.28+0.80°
BHEHTNR  27.3546.020  24.244454 24134337 22.01+4.23
BHME GT 34254527 38712647 40.01£6.18" 45355347
REAEKEE RS 148£0.14" 1442014 1.3420.14" 1.080.14°

AT AR RNG 7B 3R R 22 53 1 3 (P<<0. 05)
Note: Different lowercase letters within the same column indicate
significant difference at the 0. 05 level
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Table 8 Comprehensive evaluation of excellent new accessions of P. purpureum
%= Z R . DfE &
No. Name NT NI NL LL LW 1D IL PH Fw TNR GT RS D value Rank
70 GM1XF-Y 189 20.95 13.93 21.88 114.26 48.39 20.77 18.94 400.11 7.46 35.13 30.50 1.71 0.77 1
75 GMI1XF-Y 557 16.55 13.58 22.33 113.20 52.04 16.77 20.40 376.63 6.47 22.57 25.17 1.69 0.76 2
23 GM1XF-A 591 19.25 11.97 21.07 124.28 46.46 18.92 20.74 384.79 7.20 2442 3283 1.56 0.76 3
79 LBLC 35 15.20  11.83 20.15 124.05 46.73 21.83 16.01 350.66 5.94 22.58 34.17 1.55 0.72 4
27 GM1XF-A 75 16.85 12.50 20.78 116.94 46.31 20.81 16.30 384.85 6.16 22.85 29.50 1.42 0.71 5
42 GM1XF-B 93 17.50 12.23 19.42 121.28 45.79 19.00 18.48 384.10 6.91 22.06 36.50 1.38 0.70 6
16 GMI1XF-A 480 16.35 12.38 21.03 115.09 43.65 20.59 18.02 370.71 6.25 23.79 33.17 1.54 0.69 7
3 F-YXF-LP 163 18.45 12.32  20.03 115.38 43.39 18.21 20.14 370.78 6.42 2094 34.83 1.77 0.68 8
11 GMI1XF-A 293 16.65 12.78 21.70 109.42 46.65 17.25 19.64 360.89 6.66 27.82 37.17 147 0.65 9
53 GMI1XF-LG 6 18.35 11.30 19.63 116.10 46.24 20.47 16.48 345.77 5.96 22.68 32.83 1.52 0.64 10
74 GMI1XF-Y 468 17.80 11.75 19.68 118.34 41.02 17.21 20.15 377.01 6.54 22.57 39.50 1.46 0.63 11
14 GMI1XF-A 41 11.25 13.05 20.30 113.55 42.17 19.62 16.23 359.66 5.69 24.51 41.83 1.21 0.62 12
32 GM1XF-B 100 14.70 13.12 20.67 110.09 47.17 16.75 17.57 360.89 5.78 24.73 36.17 1.27 0.61 13
34 GM1XF-B 1303 13.30  12.17 20.10 110.33 38.82 19.45 17.29 365.26 5.73 19.13 39.83 1.31 0.60 14
1 F-SUXF-Y 20 15.65 11.72 19.75 108.44 40.96 16.90 18.52 366.16 6.47 22.92 31.17 1.58 0.59 15
65 GMI1XF-LP 868 18.30 10.03 17.57 113.73 43.08 18.13 20.96 343.89 6.91 21.73 39.50 148 0.59 16
30 GMI1XF-A 813 14.85 12.05 19.88 108.90 44.07 17.63 16.52 361.51 5.81 17.07 46.50 1.35 0.59 17
83  EEMFIZRF(GMY) 12.75 11.38 19.47 108.16 39.58 20.40 15.18 359.93 5.79 19.78 34.17 1.37 0.58 18
86 F-AZ R (F-A) 16.90 10.08 16.95 110.16 4291 16.43 16.06 280.76 5.37 21.90 43.17 1.12 0.39 69
9 GMI1XF-A 246 15.55 9.85 17.63 100.89 39.10 15.51 17.39 324.22 5.20 29.19 39.83 1.25 0.36 70
51 GM1XF-LG 2 16.15 11.10 18.42 106.71 39.86 16.71 14.61 273.20 4.45 23.18 46.17 1.28 0.36 71
39 GM1XF-B 664 1545 10.32 17.32 9896 39.09 14.57 14.84 329.59 4.93 23.03 47.50 1.55 0.35 72
47 GMI1XF-LG 13 15.05 8.25 16.98 105.55 38.42 19.18 15.97 278.42 5.16 21.36 47.83 1.00 0.35 73
52 GM1XF-LG 4 11.95 10.43 19.73 109.21 37.13 14.79 14.46 313.17 3.89 19.55 49.50 0.93 0.34 74
29 GMI1XF-A 803 1545 10.25 16.55 105.30 39.16 14.99 16.80 323.53 3.61 26.96 30.17 1.26 0.33 75
7 GMIXF-A 122 17.00 10.45 18.67 98.64 33.13 1454 15.99 317.34 5.60 26.56 45.17 1.29 0.31 76
55 GM1XF-LG9 15.15 9.35 17.17 105.99 32.63 16.00 16.38 322.88 3.88 24.08 45.83 1.19 0.29 77
54 GMI1IXF-LG7 15.35 10.43 18.02 9743 37.45 1494 15.36 305.60 4.17 19.07 49.83 1.03 0.29 78
21 GM1XF-A 572 17.60 11.38 19.18 104.24 3245 14.29 15.31 294.15 4.27 2482 4450 1.27 0.28 79
50 GM1XF-LG 17 15.85 10.40 17.57 97.15 43.66 15.87 14.97 259.10 3.44 19.81 43.17 0.99 0.28 80
5 F-YXF-LP 21 13.70 9.95 17.83 100.41 33.67 13.86 15.89 320.80 4.36 21.13 42.50 0.98 0.27 81
71 GM1XF-Y 269 17.55 8.88 15.95 108.93 34.38 14.81 15.64 308.07 4.96 31.63 38.50 1.31 0.27 82
48 GMI1XF-LG 14 13.20 7.85 1475 88.83 3598 17.12 15,52 239.00 4.74 1546 49.17 1.07 0.20 83
46 GM1XF-1LG 12 15.75 8.60 15.88 97.83 35.01 13.96 14.37 267.70 4.05 17.75 40.17 0.88 0.17 84
72 GM1XF-Y 366 17.05 8.22 15.70  99.61 32.22 1541 18.27 273.69 2.66 22.51 46.50 0.96 0.16 85
69 GM1IXF—SU50 16.25 6.95 14.83 101.56 37.52 14.34 14.83 261.85 3.63 21.86 45.17 1.00 0.15 86
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