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Cold Tolerance and Production Performance Evaluation of a New Pennisetum
purpureum Line ‘ Yunmu No. 1’ in Different Regions of Yunnan

SHI Dan-dan', LI Shi-ping', OUYANG Qing"*, LIU Yan-pei', MEI Jiao®, ZHONG Sheng"
(1. Yunnan Academy of Grassland and Animal Science, Kunming, Yunnan Province 650212, China;2. Yunnan Agricultural University,

Kunming, Yunnan Province 650212, China)

Abstract: Based on multi-year, multi-site field trials combined with physiological and photosynthetic measure-
ments, in this study we evaluated the cold tolerance and production adaptability of a new Pennisetum purpureum
line *Yunmu No. 1’ (YM-1), in comparison with two local predominant cultivars, P. purpureum ‘Dehong’
(DH) and P. purpureum X P. typhoideum ‘Reyan No. 4’ (RY-4). The results indicated that the cold toler-
ance of the tested materials, in descending order, was YM-1>DH>RY-4. YM-1 had the lowest semi-lethal
temperature (LT5) of —5.413°C. Under low-temperature stress, its superoxide dismutase (SOD) activity
increased significantly by 237.12% , while malondialdehyde (MDA) content increased only marginally by
1.25%, indicating that it primarily responds to low temperature through an antioxidant mechanism. In con-
trast, DH mainly responded to low temperature by accumulating osmotic adjustment substances, including
soluble sugar ( +76.77%) and proline ( +60.24%). RY-4 exhibited weak responses in both antioxidant and
osmotic adjustment mechanisms, with an MDA increase of 43.07%. The freezing injury index during the first-
frost period was consistent with the above physiological ranking. At an altitude of 2350 m, YM-1 showed the
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highest sprouting rate (50.4%; i. e., the proportion of stumps with newly sprouted tillers) and regreening rate
(43.0%). Its three-year average hay yield was 6. 1% and 11. 3% higher than those of DH and RY -4, respec-
tively. In conclusion, ‘Yunmu No. 1’ possesses both strong cold tolerance and high and stable yield potential,
making it suitable for cultivation in complex environments below 2000 m elevation on the Yunnan Plateau. A
comprehensive evaluation method based on LTs, MDA content, SOD activity, field {reezing injury pheno-
type, and natural overwintering capacity can be used for the systematic identification of cold tolerance in Pennis-
elum purpureum.

Key words: New Pennisetum purpureum line; Cold tolerance; Production adaptability ; Freezing injury physi-

ological characteristics ; Photosynthetic characteristics under low temperature
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Table 1 Basic information of the experimental sites for productivity evaluation

¥4 No. HilX Region ik Altitude/m #:¥ Longitude (E) 5% Latitude (N) [X 35 15 Regional characteristics
1 [ 1 Kunming 1950 103°6'10" 25°19'28" fo R O IR T 2 — 9°C, R R AR E
2 213 Honghe 1200 102°49'45" 23°19'40" TR A5 M5, AR T 800 mm, 78 & i K, BR TR
3 111 Wenshan 1650 104°18"49" 23°24"18" ST A L 0 X, 4% 20 0 9 00 0 R R
4 4111 Baoshan 1300 99730 13" 24°52'02" TELVG T A, & TR ), R AR A4
5 W3 Pu’er 1100 100°527 05" 22°53'08" AR BT 23 A K FASR AR AR, B i A AR E
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Table 2 Logistic equation and semi-lethal temperature of Pennisetum purpureum resources

Mok Logistic Jy f2 2% Parameter for Logistic function B B BE gk LA B
Material a d b 6] )4 )5 #2 Logistic function (Semi-lethal temperature, 1. T+,) /°C (Curve estimation, R?)
RY-4 90.066 12.050 —2.566 y=12.050+ (90.066—12.050) / (14e 2763959 —3.969 0.958

YM-1 93.710 11.949 —3.418 y=11.949+ (93.710—11.949) / (1 4¢ 41805419 —5.413 0.982

DH  91.005 12.063 —4.782 y=12.063+ (91.005—12.063) / (14 782 75:590) —5.396 0.985
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Fig. 1 Changes in relative electrical conductivity of Pennis-

etum purpureum under different low temperature stress
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Fig.2 Investigation of freezing injury prior to overwintering
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Table 3 Physiological indices of three accessions of Pennisetum purpureum during low-temperature period

eIk ZR e i (=150) Jip 38 CRIFR i 14 D AR A5 Ak

Indicator Material Non-stress (=15C) Stress (14 d after first frost) Change amount Change range
WA RY-4 33.57+3.21 48.03+1.53 14.4640.91 43.07%
MDA content/ (pmol-g " 'FW)  yM-1 23.934+1.73 24.2340.54 0.3040.02 1.25%
DH 33.47+0.54 40.20+0.78 6.734-0.47 20.11%
i S Ak Y RY-4 368.83411.29 388.004-11.58 19.1741.01 5.20%
POD activity/ (U-g ' FW) YM-1 309.83418.52 321.00+12.34 11.17+0.76 3.61%
DH 409.50410.02 454.504-9.12 45.00+2.44 10.99%
AR RY-4 5.00+1.27 7.6340.20 2.632420.32 52.60%
SS content/ (mg-g ' FW) YM-1 5.8340.62 7.67+0.19 1.8440.08 31.56 %
DH 6.0741.18 10.7340.17 4.664-0.19 76.77%
B S AL I AL T RY-4 215.734+17.74 219.334-28.85 3.6040.25 1.67%
SOD activity/ (U-g ' FW) YM-1 103.9342.16 350.37+14.66 246.44-+13.19 237.12%
DH 294.4049.53 316.40439.00 22.00+1.36 7.47%
iy 2 2 % RY-4 44.0740.61 47.9044.02 3.8340.21 8.69%
Pro content/ (pg-g ' FW) YM-1 64.43+2.93 78.80+3.46 14.37+1.03 22.30%
DH 53.174+1.33 85.20+4.77 32.03+1.11 60.24%
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Table 4 Chlorophyll changes and photosynthetic characteristics of three accessions of Pennisetum purpureum during

low-temperature period

LD ok M (=150 Jilhie (R FE I 14 dD A Ak A5 Ak

Indicator Material ~ Non-stress (=15C)  Stress (14 d after first frost) ~ Change amount ~ Change range
LIRSS P=Saiy RY-4 1.124+0.11 1.3740.03 0.254-0.01 22.32%
(Total chlorophyll content, Chl T)/ YM-1 1.8240.22 1.78+0.10 —0.04+0.01 —2.20%
(mg-g 'FW) DH 1.55-0.07 1.1940.11 —0.36+£0.01  —23.23%
4% RY-4 0.476+0.0025 0.227+0.003 —0.248+0.001  —52.17%
(Photosynthetic rate, Pn)/ YM-1 0.358+0.0250 0.18920.004 —0.168+£0.020  —47.11%
(pmol-m™*s ™) DH 0.51440.0017 0.45740.001 —0.056+0.003  —11.02%
AL RY-4 0.024+0.0001 0.017+0.0002 —0.006+0.001  —27.41%
(Stomatal conductance, Gs) / YM-1 0.018=0.0003 0.01240.0001 —0.005+0.001  —29.96%
(mol-m™*+s ™) DH 0.02140.0008 0.01540.0001 —0.0054+0.001  —27.59%
L] CO, ik i RY-4 422.00+2.00 361.00+2.51 —61.004+4.50 —14.45%
(Intercellular CO, Concentration.Ci)/ yM-1 422.334+1.76 365.00+2.08 —57.33+£3.28 —13.58%
(pmolmol ) DH 392.6646.00 317.0042.08 —75.67+4.33 —19.27%
7 I R RY-4 0.294+0.002 0.24540.001 —0.0494+0.002  —16.74%
(Transpiration rate, Tr) / YM-1 0.275=0.004 0.22240.002 —0.053+0.004  —19.47%
(mmol-m™*+s) DH 0.32340.001 0.27440.001 —0.04940.002  —15.26%
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Table 5 Natural overwintering performance of Pennisetum purpurewm materials at different altitudes

WK Altitude  #4FF Material 32 7 [ [A] Regreening time 8 3% Sprouting rate/% iR 7§ *R Regreening rate/%  #k Plant height/cm
1950 m RY-4 3H10H 69.1041.47 70.04+8.35" 40.3740.81"
YM-1 3H10H 78.15+1.98" 97.7345.29° 47.3341.41°
DH 3H10H 78.6840.51° 101.054-6.69"* 43.9340.71°
2350 m RY-4 4H5H 43.6442.07" 26.3542.28" 31.734+1.79
YM-1 4H5H 50.3243.26" 42.9642.86" 37.6040.72
DH 4H5H 47.95+1.80" 37.47+1.18" 35.834-0.82%"

T SR NG 50 3R R 28 53 W 35 (P<<0.05) . N IA). * 3R B & 2F 2 T A AT Bk AR R, O 3 25 1 =100 2%

Note: Different lowercase letters in the same column indicated significant difference (P<Z0.05). The same below. * New regreening shoots

outnumber the pre-overwintering stubble, resulting in a calculated value of =100%
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Table 6  Yield analysis across different regions over three years

b IX Region #4&E Material %5 14 Year Lyield 55 24F Year 2yield %5 34F Year 3yield  FJ Average yield
fif 5 i B Kunming RY-4 89.43+8.20" 110.0643.75" 106.6245.53" 102.04+6.38
Freshyield/ (1950 m) YM-1 100.85+5.80" 151.78+5.85" 154.16+11.54° 135.59+17.39
(t-hm ™ ?) DH 97.62+13.94° 141.66+5.22° 136.37+8.29% 125.22+13.88
213 Honghe RY-4 163.49+16.22° 204.4942.78" 192.99-12.77% 186.99+12.21
(1200 m) YM-1 158.42416.43" 229.02+2.63 231.89+11.31° 206.44+24.03
DH 173.6648.80" 182.34+1.45¢ 177.524+10.21° 177.84+2.51
5111 Baoshan RY-4 187.82+11.17 260.2745.07* 282.7848.79* 243.62+28.65
(1300 m) YM-1 214.13+24.45 272.79+6.04° 274.21+13.92° 253.71+19.79
DH 212.73413.18" 253.5245.14° 237.20415.67° 234.48+11.85
31l Wenshan RY-4 168.24+23.98 231.6346.45" 223.09410.56° 207.65-19.86
(1650 m) YM-1 185.4746.04 260.80+4.02° 269.93+6.63" 238.74+26.76
DH 174.96+9.64° 230.02410.08" 229.42421.16° 211.46+18.26
W Pu’er RY-4 219.15-31.09* 323.86+5.07* 292.20+21.96° 278.40-31.00
(1100 m) YM-1 193.65418.15° 269.31+12.10° 277.64+12.34° 246.87+26.71
DH 208.6+22.06 265.42410.76" 255.39417.99° 243.13+17.51
L B Kunming RY-4 15.6541.44* 19.6540.67" 19.2241.00" 18.1741.27
(1950 m) YM-1 17.14+0.99" 26.3241.02° 26.9942.02" 23.4843.18
DH 17.5742.51° 26.0140.96° 25.29+1.54° 22.9542.70
131 Honghe RY-4 29.43+2.92° 37.5440.51" 35.78+2.36" 34.25+2.46
(1200 m) YM-1 29.31+3.04 43.2240.50" 44.194+2.15 38.91+4.81
DH 32.13+1.63° 34.4140.27¢ 33.83+1.94" 33.46+0.68
{5111 Baoshan RY-4 34.75+2.07° 49.11+0.96" 53.89+1.67° 45.9145.75
(1300 m) YM-1 40.9044.67" 53.14+1.18" 53.9442.74% 49.3344.22
DH 40.842.53 49.65+1.01% 46.91+3.10° 45.80+2.60
31l Wenshan RY-4 31.80+4.53 44.65+1.24 43.43-+2.06° 39.96+4.10
(1650 m) YM-1 34.87+1.14 50.01+0.77° 52.27+1.28" 45.72+5.46
DH 33.24+1.83° 44.58+1.96" 44.90-4.14 40.91+3.83
L Pu’er RY-4 41.2045.84° 62.104+0.97* 56.58+4.25° 53.2946.25
(1100 m) YM-1 37.76+3.54° 53.56+2.41" 55.76+2.48" 49.03+5.67
DH 41.93-£4.43 54.42+2.21" 52.87+3.72 49.7443.93
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Fig. 3 Mean hay yield over three years across multiple regions TR SO BT e ¥ o d s DU 7E 42 50y
N N . > > ) 1A] 5

T = R — Bk P AN ) 2 B 38 7R 78 4 IX i) 22 5 1 35 (P<<0. 05) . ) .
MRS YM-1AIL B AR 200 G R B 2% | R 3
X T AR A B AN 5 RY -4 7835 SR BT,

Note: Different letters within the same material indicate significant dif~

ferences across regions (P<Z0. 05)
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