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Field Cold Resistance Identification and Comprehensive Evaluation of
Different Pennisetum Resources

SUN Qi-lu', MA Jie-yu', PENG Yan', NIE Gang', QIONG Da*, ZHANG Xin-quan'’
(1. College of Grassland Science and Technology, Sichuan Agricultural University, Chengdu, Sichuan Province 610000, China;
2. Agricultural Technology Extension Station, Agriculture, Rural Affairs, Science, Technology and Water Resources Bureau of Gerze County,

Ngari Prefecture, Gerze, Xizang 859200, China)

Abstract: To screen cold-tolerant germplasm resources of Pennisetum, clarify the cold resistance differences
among different germplasms, and provide a theoretical basis for cold resistance breeding, 118 Pennisetum germ-
plasm resources were used as experimental materials in this study, and comprehensive evaluation of cold resis-
tance was carried out via field low-temperature stress treatment combined with eight cold resistance-related indi-
cators. The results revealed that the cold resistance-related traits of the tested germplasms possessed abundant
genetic diversity, which could provide sufficient genetic basis for cold resistance breeding. Chlorophyll content
was significantly correlated with regrowth seedling number and stem sugar content, serving as key factors affect-
ing cold resistance differences among Pennisetum germplasms. Principal component analysis simplified eight
indicators into four principal components with a cumulative contribution rate of 80.924% , with chlorophyll
reduction value after low-temperature stress, chlorophyll content under low temperature, regrowth seedling
number and stem sugar content identified as the core indicators. Based on cluster analysis, all the germplasms
were classified into three groups, and a total of 30 excellent cold-resistant germplasms including Pp20230630-3,
Pp20230628-5 and Pp014 were screened out using membership function method. This study provides impor-
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tant germplasm resources and theoretical references for cold-resistant germplasm innovation and new variety

breeding of Pennisetum.

Key words: Pennisetum germplasm resources; Low-temperature stress; Cold resistance evaluation; Membership

function
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Fig.1 Meteorological temperature data for low-temperature stress experiment in experimental field

2025/2/1  2025/3/1

i oA RO 2 F2 B A o3 BEAT 0 — AR AL B S AR A
B TR R T A R A e R
MR 0 255 PR DA

@ e Jm R KUE -

Uy =(X; = Xoin)/ (X — X))

AP U NS A 0003 1 09 5 R B X
N A I T BEL 5 X B X 20 301 0 565 04
T R T B e RAE A R /ML

© LA 1R

G=w/Sw,
i—1

XGOSR i ER B AR AR T A 28 A fe b b
AOALER , WO 2% B 5265 0 28 B 48 AR ST
® ZEE TN :

D:j(U_, X Gy)
i=1

2 ER5H5MH

2.1 REEMEAEEXERSHEESIT

XF 118 17 AR B2 55 b 3t 45 PR IR 48 Ar #E 17 52 1 43
GIIESE I = WIS N (67 SERG T L T S -
(SPAD fH ) 7% 4k 35 Bl by 42.18~67.56, ¥ {H K
55.99; 4 I F SRR o 38 5 2 R i i R (E R
30. 00, e /ME A 9. 60, Horp i 4 35 & B K R IR A
50. 96, e /N IR Ry 24. 18, 4% Fh T4 I3 A SR AR IR
BE L RAEREBREBREZ NS, BP0, %
T oAV 3k Folh 300 T 25 A 5 e A = Ol 6. 70 “Brix, B IR
9 2. 63 Brix; bk 5 i 55 4 322 cm, 5K K 93. 75 em;
LM RIE M 28. 15 ecm, fie/IMEH 6. 84 cm; I %X
w®Z R 291 D 104 o 8 PER MY S RAE
il ol 8.89%0~54. 78% , - ¥ Ry 22.29% . H 1,
S F B R AR IR R L R AT B AR



3368 LA CETES
06 U ol 360 AR R T R BRI SRR R A IR 3 A AR R R T R B AR A

5 Z B0 AR TR R AR B 38 R S R S L R
RBE M 4R & AR ER /N SHCHRE
FEOPE F8 %030 B M 1.9741~2.0708, F ¥ {E N
2.0411, b, FARARIR i 38 5 i R T FRE 2 4

LRSS FNNER/OSEYINCE 8 NS/ LIRC S g

e/ o AR R RN B IR A PR R AR S AR R 2 R
PR BOL AR IR BB, A AR AR IR W 30 5 20 R T [
IR Y B R T 2 Nt A P g F
R, R AN [R] Aol J5 A Rz o R 3R M 3 i B A R 22
S, AT SRy Jr 5 U G T AR R b T B Al

F1 REENSHMFMEAIERSHEESN

Table 1 Diversity analysis of cold hardiness-related traits of 118 Pennisetum resources

AR Trait KA Max f/ME Min - ¥I{ Mean  #rifE2% SD AR EZH CVY ZFEME R Diversity index
AR TR 300 T £ 3R & & Chl/SPAD 67.56 42.18 55.99 4.98 8.89 2.0445
IR 38 Ji5 4% R F it Chl_Cold/SPAD 30.00 9.60 18.92 3.92 20.70 2.0604
AT 5 42 FREMH AChl_Cold/SPAD  50.96 24.18 37.07 6.06 16.36 2.0708
ZEH & bR SC/ Brix 6.70 2.63 4.75 0.80 16.84 2.0697
IR T AR 1 Ratoons/n 45 0 16.28 8.92 54.78 1.9741
¥e® PH/cm 322 93.75 221.51 52.23 23.58 2.0507
22 SD/mm 28.15 6.84 17.02 3.28 19.28 2.0135
% LN/n 29 10 20.09 3.60 17.93 2.0452
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Fig.2 Correlation coefficients of cold hardiness-related traits in Pennisetum germplasm resources
w3 LR 3 P<0. 05, P<C0. 01 fl P<<0. 001
Note: *, ** and *** indicate P<<0. 05, P<C0. 01 and P<C0. 001, respectively
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Table 2 Score coefficient and contribution rate of each

principal component

F2 W43 Principal component

Mtk Trait
PC1 PC2 PC3 PC4

R ERTE4E 2 &5 Chl —0.424 —0.143  0.571  0.180

AR IR B 360 )5 2 2% 0.263 0486 0.425 0.022
Chl_Cold
MORPHAE G2 FME —0.518 —0.431 0194 0.133
AChl_Cold
ZEFF O BEE SC —0.061 0.353 0.056  0.769
IR #AR 1 Ratoons —0.014  0.250 0.573 —0.460
Hw PH —0.484  0.294 —0.231 —0.221
20 SD —0.218  0.396 —0.141  0.181
A RCLN —0.444  0.356 —0.226 —0.254
FEEME Eigenvalue 2.159  1.829 1491  0.995
BTk Contribution rate/ % 26.990 22.860 18.633 12.441
Bt pimk 26.990 49.850 68.483 80.924

Cumulative contribution rate/ %

af s
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Fig.3 Factor map of the pca performed on 118 tissue

samples and 8 variables
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Fig.4 Cluster analysis based on cold hardiness-related traits

of Pennisetum
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Table 3 Mean performance of phenotypic traits among different groups

E2N ERIES R s PR EIES S S [N

Trait Cluster I Cluster I Cluster [Il Trait Cluster I Cluster [l Cluster [l
ORISR E FRK{E Max 67.56 59.84 65.92 BT R AR Max 45.00 44.00 26.00
GE H/ME Min - 46.18 42.18 52.80 Ratoons/n He/ME Min 0.00 0.00 8.00
Chl/SPAD ¥4 Mean 55.59 53.12 59.94 I Mean 14.43 16.79 18.24
FrifE SD. 5.28 3.81 2.81 FrifEZE SD. 10.28 9.52 5.03
R a 542 KM Max 30.00 24.94 22.84 ¥k PH/cm AR Max  322.00 243.58 310.95
i B/ME Min - 9.60 13.28 9.82 /MG Min - 184.43 93.75  145.28
ChL.Cold/SPAD  yope nrean  19.66 20.09 16.50 B Mean  258.27  171.66  229.18
FrifE22 SD. 4.51 2.77 3.13 FRUEZ SD. 36.99 33.70 40.85
R E 4R T R Max  47.16 41.88 50.96 ZMSD/mm KM Max  28.15 20.82 23.02
[E2iE) fe/ME Min 25.50 24.18 34.74 He/ME Min 11.21 6.84 13.28
AChLCold/SPAD  yype nrean 3503 33.03 43.44 I Mean  18.10 15.67 17.11
FRifE2% SD. 4.97 4.18 3.92 FrifE22 SD. 3.84 2.68 2.50
ZEFF R % KAl Max 6.70 5.70 5.37 LN/ R Max 28.00 22.00 26.00
SC/"Brix F/ME Min - 3.63 2.63 3.20 B/ME Min - 17.00 10.00 14.00
{8 Mean 5.30 4.46 4.31 BI{H Mean 22.46 17.04 20.40
FrifE 22 SD. 0.76 0.67 0.49 FRifE2E SD. 2.91 2.35 3.08
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Table 4 Comprehensive evaluation of cold hardiness elite germplasm resources of Pennisetum

H5 Nmber  HUR Gemplasm — iEéMm“mﬂime — o Rﬁig 545 Type
No.106 Pp20230630-3 0.3883 0.9651 0.9485 0.6199 0.7158 1 5T R4 High stem sugar
No.019 Mot 0.7092 0.7013 0.8388 0.4278 0.6936 2 % Multileaf
No.068 Pp20230628-5 0.5510 0.4547 1.0000 0.7224 0.6535 3 EFF R4 High stem sugar
No.011 Pp014 0.4349 1.0000 0.4873 0.7400 0.6535 4 P FF 2SR Tall culm, high stem sugar
No.101 Pp20230629-29 0.5212 0.6810 0.8042 0.6505 0.6514 5 A £ Tall culm, multileaf
No.108 Pp20230630-5 0.8541 0.4701 0.5737 0.5109 0.6283 6 EFF R4 High stem sugar
No.052 LPSR 0.6968 0.6506 0.7025 0.2724 0.6198 7 % ZEHF B Multileaf, high stem sugar
No.003 GM-1 0.3163 0.8513 0.7693 0.6248 0.6192 8 FFF 20 Tall culm, multileaf
No.013 F-B 0.4862 0.9615 0.5080 0.4427 0.6188 9 FAF M Tall culm, multileaf
No.002 Sum? 0.2957 0.8368 0.8394 0.5708 0.6160 10 FAF .M Tall culm, multileaf
No.104 Pp08y 0.7575 0.3743 0.7220 0.5838 0.6144 11 KT R4 High stem sugar
No.070 Pp20230629-15 0.5590 0.5731 0.7400 0.6037 0.6115 12 FFF ZEHFRE Tall culm, high stem sugar
No.093 Pp20230630-13 0.7799 0.4424 0.5459 0.5752 0.5992 13 % Multileaf
No.001 Pp2023030703 0.3763 0.7470 0.6896 0.6701 0.5983 14 FFF 20t Tall culm, multileaf
No.103 1-B175 0.6470 0.4379 0.6558 0.6820 0.5953 15 R FF ZEFF R High stem sugar
No.023 Pp20230630-79 0.8291 0.4006 0.5035 0.5508 0.5903 16 £t Multileaf
No.020 CN002 0.2407 0.8799 0.7294 0.5694 0.5843 17 FAF M Tall culm, multileaf
No.114 Pp08o 0.7599 04719 0.4682 0.5772 0.5833 18 FFF Tall culm
No.091 Ppos1 0.6960 0.5257 0.5069 0.5513 0.5821 19 FHF .M Tall culm, multileaf
No.050 Pp20230630-26 0.6467 0.5100 0.7021 0.3713 0.5785 20 FHF .M Tall culm, multileaf
No.080 1-A715 0.6092 0.4611 0.6688 0.5580 0.5732 21 FHF .M Tall culm, multileaf
No.054 Pp20230716-8 1.0000 0.2354 0.5837 0.2486 0.5727 22 %0t Multileaf
No.094 Pp20230630-4 0.7993 0.3270 0.5810 0.5146 0.5719 23 FFF Tall culm
No.109 Pp20230630-8 0.5509 0.5675 0.6272 0.5362 0.5709 2 FAF. M Tall culm, multileaf
No.041 Pp20230629-31 0.4937 0.6702 0.4075 0.7734 0.5667 25 FFF ZEFFRIBE Tall culm, high stem sugar
No.049 Ppo87 0.5531 0.4918 0.7598 0.4196 0.5628 26 £t Multileaf
No.051 Pp20230906 0.7369 0.4380 0.5666 0.4071 0.5626 27 FFF Tall culm
No.087 Pp20230630-22 0.6241 0.4524 0.6179 0.5367 0.5607 28 F .M Tall culm, multileaf
No.118 Pp236 0.6694 0.1302 0.6377 1.0000 0.5606 29 EFFFI 4T High stem sugar
No.028 Pp037 0.6019 0.5014 0.5341 0.5706 0.5531 30 FHF. M Tall culm, multileaf
No.074 I 0.5967 0.2976 0.5519 0.5166 0.4896 Bag F A M Tall culm, multileaf
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