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Abstract: To screen Pennisetum forage varieties suitable for cultivation in the Chengdu Plain and surrounding
ecological zones and clarify their production performance, nutritional quality, and cold resistance, Using nine
elephant grass and hybrid Pennisetum wvarieties (lines) as materials, a three-year field experiment was con-
ducted in Chongzhou. Agronomic traits, yield, nutritional quality, winter survival rate, and physiological indica-
tors under low-temperature stress were measured. Comprehensive evaluation was performed using the member-
ship function method and grey correlation degree analysis. GMY had the highest fresh yield (203 121 kg-hm™*),
followed by CY1 (183 138 kg-hm ™) and JMLC (168 798 kg-hm™?) , respectively. CNOO5 had the highest
soluble sugar content (91.19 mg+g ). GM1 had the highest crude protein (6. 82% ) and crude fat (1. 03%) con-
tent, indicating the best nutritional quality. CY1 achieved a winter survival rate of over 95% in low-altitude areas
such as Chongzhou and Xinjin, and also showed stable performance in high-altitude cold areas such as Meigu,
Sichuan, ranking first in the comprehensive evaluation of cold resistance physiology. GMY was suitable for pro-
motion as a high-yielding variety, GM1 was suitable for silage, and CY1 possessed strong cold resistance,
making it suitable for promotion in high-altitude areas. This study provides a scientific basis for variety selection
and cold resistance mechanism analysis of Pennisetum in the Chengdu Plain and similar ecological zones.

Key words: Pennisetum ; Membership function; Grey correlation degree analysis; Agronomic traits; Winter sur-
vival rate

75 B H#3: 2026-04-07; & B H #8: 2026-04-30
ESZ BN BT R C1997-), 53 il e, 0 b AR 4N B B o 2, 3 B0 A S 0 3 R U R A2 9 B 4 F 1 R 9T, E-mail : jjy 13558640726@

163.com ; *il {5 & Author for correspondence , E-mail : huanglinkai@sicau.edu.cn



2972 B

S 34 4
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AESE R KA o 1112, 4 mm, FH T FE R 285 d.
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2.03 mg-kg ', Bl f# A 135.7 mg-kg ', A W 10. 2
mg-kg ', HACH 101. 1 mg-kg o
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Table 1

Information of nine Pennisetum cultivars (lines) tested

A (R )4 Cultivar (Line) 4“5 Number

4 Species &

JT Variety type
1

A 445 Reyan 4 hao RY4

44 15 Guimu 1hao GM1
FEIH 5| Guimin Yin GMY

JIIF 1% Chuanyu lhao CY1
2422 1001Zajiao 1001 731001
JMLC JMLC

HJ HJ
CN005 CN005
CNO007 CNO007

7% AR B HL (Pennisetum purpureumXP. thyoideum)
I LG (P, glaucumXP. purpureum) X P. purpureum!)
G2 55 (Pennisetum purpureum)

G55 (Pennisetum purpureum)

W BF (P. glaucumXP. purpureum)

G2 55 (Pennisetum purpureum)

G55 (Pennisetum purpureum)

G E (Pennisetum purpureum)

G355 (Pennisetum purpureum)

A ﬁ
= i 5 |k
[ & A& 5 Ff Breeding variety
[ 77 51 2 i BB Introduced variety
# K5 Al Breeding variety
i % New line
ik 44 % Commercial variety
B % New line
i % New line
Bl 7 New line

fi Al Introduced variety
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ZEZFA ] b AR A A (AT 2R L bR
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A BB A I I SR bR MBI, IR AR IR S 4t
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protein, CP, JL & & & %)  HL g Wi (Ether extract,
EE, & Kl 42 1) . w] % 1 B (Total soluble sugar,
SS, BUHA LE 81k ) | b P Yk % 2F 4E (Neutral detergent
fiber, NDF ) 1 2 P ¥k 7 £F 4 (Acid detergent fiber,
ADF, Van Soest ) H /&K 4 (Crude ash, Ash) . 55
(CaMBECP)

1.3.3 HAMARIBAMNL LB — B R
ZEOKHE AR AC N T AR E 0 it 3 d A7 d, LA
25°CA I X B IE AR &

HHXT L 53R (Electrolyte leakage) : HL 3% o

N . (Malondialdehyde content, MDA) & & :
T AR T 2R k.

Bt 48 Ak i T5 1 R A AL ) B AR 8 (Superoxide
dismutase, SOD, # ¥ & -NBT %) | i & b ¥ i
(Peroxidase , POD , A A M 35D 0 IK 1M 12 o 4 fk
I ( Ascorbate peroxidase , 8 MR ) o

MRS TTC Yk,

A8 An DL AR S (b aE /6 RO #E 17 5387 -

1.3.4 XBALFRE FHAWI .o/ RME
14 A~ 320 50 50 D0 VE 8 A dls , a5 R BRI
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1.4 BESKITSHH

% Excel 2019 % # ¥ 4%, SPSS 19. 0 # 47 )
# 53 # (One-way ANOVAD FIl LSD £ & [ 48 (P<<
0.05) o R ISR SR Ja R 500 A1 K €0, G BE B 43 #r ik
CIR R B 8 AL ED X 6 DO H8 b (T RE 7 6 A
R A ER CP . EE. TSSO#ATLE M

2 ER54HMH

2.1 REZEHERKSWH

Hy ¢ 2 AT FE AR T, IMILC T R B R %
WL MR E AR 415 m, B FE T CRY4(3.73
m) , ‘GM1’ (3.45 m) Al ‘CY1’ (3.67 m) (P<
0.05), Hri GM1’ #km fe ik, 4 3. 45 mo ZEHH I &
g WoR, CIMLC’ ZE M & K, 35 20. 87 mm, [k “HJ
Ah I 2 T O AN H A 7 AN R (P<<0.05), CY T’
ZE ML/ (15, 29 mm) |, 5 HoAth Z2 505 R A7 7R W 22
5o S BEEUMIM: B T A R ORI 25 S OR W 3
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48.59% ., MIEEFEE, ' RY4L M IEiH K@, 95 cm),
“CNO07” mf %8 B /v , A 3.28 cm, . & M 2 ik
50.91% . MeAh, ‘RY4’ (1.34) 1< GM1’ (1.35) )
2R PR/, AR T A R SR B e R T
o7 EG A R R AR (B SR A R

2.2 FEELRESHF

2023—2025 4 X 9 AR B 5 Bl (RO I 4R 3
fief L T R R R T AT O 25 40 AL A5 R
& U 2% R E] A A M R 2% S B (P<<0.05) , B
PR ECHE DL 1

fief R R T R 7 R A O AR ) Y R
Fro B IA th, GMY 1Y fif 507 B f s, o 203 121
kgehm *,BR‘CY1" IMLC’ Ak, i 2 & T HoAl i b (P<<
0.05) ; CY1 (183 138 kg-hm % Hl IMLC (168 798
kg-hm HRZ, = H LR AR E (AHEEHTH
Rk, BB o, CY 1T 5= &, b 53 864
kg-hm *, & 3% & F IMLC (42 095 kg-hm *) (P<C
0.05) W& 1C & b 52 W 0RE () 1 4 o B R 3k
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Table 2 Comparison of main agronomic traits among different Pennisetum varieties (lines)
mA (R R = el JrBERL I RS g
Variety(Line) Plant heigh/cm Stemdia meter/mm  Tiller number Leaf number Leaf length/cm Leaf width/cm
GM1 3.45°¢ 16.59 ™ 17.68* 13.76 79.38 * 4.22 ™
RY4 3.73 cde 17.82" 13.77¢ 14.35° 112.23* 4.95%
GMY 4.05® 18.11° 12.89 14.67 89.29 3.81
CY1 3.67 4% 15.29°¢ 18.05* 14.05° 76.33° 3.49 "
731001 3.99 e 17.14 " 14.99° 14.61° 86.99* 3.71 %
CNO005 4.08* 18.29" 15.60 14.69 87.54 ¢ 3.80
CNO007 3.75 bede 16.55 "™ 14.64* 14.84° 75.53 ¢ 3.28 ¢
HJ 3.93 18.95® 14.65° 14.61* 108.88 ¢ 4.85%
IMLC 4.15° 20.87 ¢ 12.99° 15.87 107.86 ¢ 4.827%®

T A AR /NG F2 03278 28 5 2% (P<<0. 05), R [l

Note: Different lowercase letters in the same column indicate significant differences (P<20.05), the same as below

ROHWAHBAL, TY RS RS, GMY T
E(4.36), Hk S IMLCA. 01, N &% B 3 & F H A
SR CP<<0. 05), a B HK 43 & s 888 ; CY 1(3. 40D,

RY4 (3.44) , CN005 (3.40) , GM1(3.30) , ZJ1001
(3.09),CN007(3. 24>, HI(3. 09) iy ff T He B iK1
Wy R B AE T i S A D e A

A B
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200000 F Bl .o
— 183138 4 50 000
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Fig.1 Comparison of production performance of nine Pennisetum varieties (lines)
VE A G507 0 JUH BT 7 e WU C ST I R A EANRNG SBR[ i il 0] 22 57 35 (P<<0. 05) , £ €4 i 2R 7R i B i

Note: A Comparison of fresh yield; B Comparison of hay yield; C Comparison of fresh/dry ratio. Different lowercase letters above the bars indi-

cate significant differences among varieties at P<<0. 05, and the red dashed line represents the overall mean value
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X9 SRR B S AR CRO I 9 T00%5 37 1 40 ik
FTI0 A, 45 5 2 W 4% P ) 385 3% 0 A7 3 25 5%
(R, EHEASTETIE, GML RIENIESF,
ik 6.82%, B #F & T ‘RY4 (5.08%) , ‘GMY’
(4.82%), “ZJ1001° (4.42%) % (P<<0.05) 5 *ZJ10
01" ML A & & % (4.42%) , 5 ‘GM1’ # 2
54.30% . ML Bg Wi & f& DL fZJ10017 (1.05%) ,
‘GM1’(1.03%)F ‘RY4’ (1. 02%) ¥ ¥, =2 A 22
AR EHEYEE S T IMLC (0.58%)
‘CN007°(0. 66 %)(P<<0. 05) ., Rl PEHE & 5

TP B G B HE B, CNOOS™ W] i Ml & i i i
(91.19 mg-g D, W F & T ‘RY4’(73.68 mg-g ),
‘CY1’ (62.16 mg-g '), “HI’ (63.36 mg-g ') %
(P<<0.05) ; ‘JMLC’ fz i (59.06 mg-g D , 5
“CNO05" tH2£ 54. 4%

ST AT RV (E D,  GM L S5 L 4 5
i, HCP & (6. 82Y) M EE & (1. 03 Y%) ¥ My e,
ADF % 5(38. 97 YOl , A P& (1. 60 g-kg D3
1o T HAth i B (P<Z0. 05) . *CNO05’ 1) TSS & it f i
(91. 19 mg-kg D, iE A EHEL . CY K55 i
#5(9.37%), GMY’ Cafrifimi(l. 27 g-kg 1.
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Table 3 Comparison of nutritional components among different Pennisetum varieties (lines)
mAli(R) ik gl AR R TPEVRIRET 4 TR VE IR AT 4 KK 5y B 4
Variety(Line)  CP/% EE/%  SS/(mg-g Y NDF/% ADF/% Ash/% P/(g-kgH) Ca/(g-kg )
RY4 5.08 1.02° 73.68°¢ 62.13°¢ 41.41" 7.7 1.04 49 1.25
GM1 6.82° 1.03° 85.04 67.59 38.97°¢ 8.27" 1.60° 1.15¢
GMY 4.82 0.78" 83.03 65.05 % 42.56" 6.69< 1.06¢ 1.27°
CY1 6.22 " 0.72® 62.16 ¢ 66.03 ™ 41.22" 9.37° 1.47° 1.011¢
CN005 4.634¢ 0.73® 91.19* 64.76 43.03" 7.30 1.06 ¢ 1.26®
CN007 5.19 0.66 " 82.50 " 69.13 % 41.32" 7.21 % 1.43% 1.17
HJ 5.61"% 0.69® 63.36 ¢ 67.13"¢ 40.86 " 6.70 1.03¢ 1.16"
731001 4421 1.05° 87.20™ 69.36 ° 46.81" 6.12" 1.084¢ 1.21
IMLC 6.24 % 0.58°¢ 59.06¢ 65.59 “¢ 43.77° 7.17°% 1.34°¢ 1.21°%"

CY 175 M F A (1. 04) s B ift 7 d B, GM1 ) MDA
T AR AR 0D, B KT Z2J1001(1. 34) (P

2.4 MESENSSHEME
2.4.1 REBAMBRIN AUFRMET 94

AR R S R e ACIRIR W ad 3 d AN 7 d i B9 6 AR AR
PRAEAL o Bt A T W 36 R [0 2 4 4% R X R
KRR ETHEHE . K 2A F 0 3 d i RY 4 AR R
SR R K(1.01),CNO07 284k K e i (1. 28) 5
JipiE 7 d B, CY 1 AR AL S R AR AL R R AR (1. 07D, 1
FART HA AP (P<<0. 05) , HI 28 fb R fig i (1. 31D
B 2B, P e A TR a0 e 38 v T AR
13 d i, IMLC B9 MDA 5 5748 1k F e (1. 54,

<0.05), E2C h, #8 A AL (SOD) I 4 48
LR 22 5. Wl 3 d A, RY4 5 SOD 3 748
3 (2. 71), 21001 28 AL AR (0. 47) s e 7
d i}, CNOO7 1) SOD T P8 Ak e 35 (3. 7D, W &
T H A 5 AP (P<<0. 05) , CNO05 28 4k R £ 1% (0. 89) .
& 2D i, ask S Ak P i 1 T, A 3 d BF 2T 1001 48
1R B (1.44) 5 38 7 d i GMY 78 1k R i 5
(2.40),5 GM1,CNO005 22 5 A I 3, HI A5 Ak F a5 {I%

B C
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Fig. 2 Effects of cold stress on physiological indexes of different Pennisetum varieties

TE A LRI HL B N R a5 O, M S AL W AR BTG 1 5 D, o U A W 05 1 5 L U AR AL B G 4 5 F L AR R G o R 105N
FREFRIR 7 d A R A A it A 94 2 22 S (P<<0. 05) ; Bt o 45 B 4 A o 22
Note: A, Relative electrical conductivity; B, MDA content; C, SOD activity; D, POD activity; E, APX activity; F, Root activity. Lowercase
letters above bars indicate significant differences among varieties at 7 d (P<C0. 05) ; Data are mean = SD
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(1.22), K 2E H, HrIpim i i 546 P B CAPXO 3 1
TEWIE 3 d BT A AR T B B3 7 d P CY L
CNOO5 . IMLC3 A & fft APX 1% PE s T x5 18, Hoh
CY1 72 Ak A v (1.49) , B 3 i T Hol & Fh (P<<
0.05) ,HI Al CNOO7 ZEfb e i AR (3124 0. 73) . 8] 2F
R 2R T g B el A e ) S K T RS A a3 d
A IMLC FlGMY AR 33 J1 28 bR fe i (3428 0. 98)
CNOO5 28 Ak R F AL (0. 42) 5 W3 7 d i IMLC 284k %
I (0. 54D, 8 2 5 T A AP (P<<0. 05) , HI 42 4k
R0, 05,

SRR 8 PR B X 6 A BEAS AR E AT 25 A VR
159N B H S R FE SR S T CY L(ZR G
PEHE 0.683) >RY4(0.550) =>CNO07 (0. 543) >
CN005 (0. 529) >GM1 (0. 508) >GMY (0. 444) >
JMLC(0. 438)>>7J1001C0. 306)=>HJ(0. 130D,
2.4.2 ‘CY1U RBEAMALFE HAARETMHRER
e AR A VU T DX P ) SG B R A . R IMILC A

>

RY 4 J2 W #0 - B Hb X B Ja] 70 A 25 X b Rl A 32 4
Fifr, 25 o5 A% S 0 A 25 R (B 3A) T A 2k
st Al CFR O FE LA T i 1 AR 2% 11 TF 28 R S B A &
AL AR R T 80% . 2023 4F il 2024 4F i 4
R A SRR CCY 1 AT CNO07”, 3 1A
ZRANWFE . 20234F, CCNOO7’ By M KR, A
98.33%, B #F & T ‘RY4’ ‘GM1’ ‘IMLC’ % (P<<
0.05) ;2024 4, CY 1’ P4 %35 100% , B & & T
‘RY4’ “GM1’ ‘IMLC’ % (P<C0.05) . P4 i & %
F AR R4k CHI (83.33% #186.67%), 5 2%k
ih PP 22 R (P<<0.05) . BRI E , Ira 2K
ol % i A A0 347 55t R 3 A 1 A A ik R DT B A AR
AR B A ZE MR AR R OB B O 5, BLFE R
A

XFCCY L EVU I 25 B 5 45 O A b A A i &
SR A 45 L R (& 3B 3% dh R e R [ 2 25 IX 4k 2
JRBL I RBP4 PR RE . R I 4R 450~530 m (1) Y
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Fig.3 Comparison of overwintering rates of Pennisetum varieties (lines)
TE AL SEINHLDC 9 Al (R ) B R I HE B, CY T4 REA A s DX A 38 L e o RIOIR 18] L O /NS 57 B 3 00 AN [ i ] 1 i 35 1k 22 S (P<<
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Note: A, Comparison of overwintering rates of nine varieties (lines) in Chongzhou; B, Comparison of overwintering rates of ‘Chuanyu No. 1’
napier grass in different regions. Lowercase letters above bars indicate significant differences among varieties (P<C0.05) ; Numbers above bars
indicate altitude (m) ; numbers inside bars indicate overwintering rate (%) ; Green area (=>95% ) represents excellent, yellow area (85%-95% )
represents good, orange area (<Z85% ) represents poor; Red dashed line represents overall mean value. Data are mean &+ SD
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