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Response and adaptation of Echinochloa crusgalli to photoperiod

JING Qingfang', ZHU Lin', ZHANG Yang', CHENG Yunlong’, NIE Haojie', LI Lin’ao’
(1. Breeding Base for State Key Laboratory of Land Degradation and Ecological Restoration in Northwestern China / Key Laboratory for
Restoration and Reconstruction of Degraded Ecosystems in Northwestern China of Ministry of Education / School of
Ecology and Environmental Sciences, Ningxia University, Yinchuan 750021, Ningxia, China;
2. College of Agriculture, Ningxia University, Yinchuan 750021, Ningxia, China)
Abstract: To investigate the effects of different photoperiods (8, 10, 12, 14, 16 h’dfl) on the physiological characteristics of
Echinochloa crusgalli, we conducted a pot experiment to find the optimal photoperiod by examining the mechanism of
photoperiodic regulation on its growth and development. This was undertaken with a view to providing guidance for its
scientific introduction and high-yield cultivation. The results showed that 1) the fertility period of E. crusgalli was
significantly extended under the photoperiod of 16 hd . 2) The aboveground biomass tended to increase with the
prolongation of light duration and the weight of the spikes changed in an “inverted V” shape. 3) With the prolongation of
light duration, its antioxidant enzyme activity showed a tendency to decrease and then increase. The chlorophyll content and
net photosynthetic rate showed opposite changes. Photosynthetic pigment content showed a tendency to decrease with the
advancement in the reproductive period. In summary, the synthesis of photosynthetic pigments of E. crusgalli was promoted

under 12 h-d "' treatment, which enhanced the photosynthetic capacity of leaves and promoted the growth and development of
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EEWH: THEEREERAQLEF LI (2019NYYZ0401); 5 FK b i MoK 5 F R REAE BAE 4 — 38K 9 ESHLHEITF 5T H (31860135); 3T
T b JE DRI L0 B AR (A B8 7 5 L Gobh 4% 96 R AT B A FARICHF R IE (2022AAC03086); T B0 X v A= 5 (0,24 FI Al 4 B IR ALk
54 AR A HRJET H (2022BEG02012)
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plants. Therefore, E. crusgalli should be introduced and planted in areas with a photoperiod of 12 h-d "' to increase forage

yield to a greater extent in a shorter timescale through appropriate light duration.

Keywords: Echinochloa crusgalli; photoperiod; maturity stage; yield; antioxidant enzymes; chlorophyll; photosynthesis
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Table 1 Effects of different fertility periods and photoperiods on the growth index of Echinochloa crusgalli
ES=ling L] IR (1 NG Exl K - 4 A E
Fertility period Photoperiod time/(h-d ') Plant height/cm Stem diameter/mm Leaf length/cm Leaf number Aboveground biomass/g
8 (Ph8) 36.67 £0.29¢ 2.61 £0.09¢ 18.73+£0.13d 3.47+0.07ab 0.31 +£0.02¢
10 (Ph10) 37.60 £ 0.61bc 3.30+0.18b 20.87+0.47c 3.53+0.13ab 0.38+0.01d
N~
f/x"—p,ﬂ 12 (Ph12) 38.20 +0.35b 3.96+0.12a 21.53+£0.13¢c  3.73+0.18a 0.52+0.01¢c
Jointing stage
14 (Ph14) 38.93 £ 0.29b 3.61+£0.17ab  23.13+0.77b 3.53 £0.07ab 0.61 £0.01b
16 (Ph16) 49.13+£0.47a 3.59+0.04ab  25.40+0.58a 3.20+0.12b 0.84 £ 0.03a
8 (Phd) 39.13 £ 0.44b 2.86+0.21¢c 20.60 £0.31c  3.60 £ 0.12b 0.58 £0.02d
10 (Ph10) 39.27 £ 0.24b 3.49+0.11b 21.13 +1.00bc 3.67 +0.18b 0.62 +0.02d
%%Eﬁ 12 (Ph12) 39.73 £ 0.98b 4.19+0.10a 21.73+0.41bc 4.07 £0.07a 0.72 £0.02¢
Spike stage
14 (Ph14) 41.73£0.07b 4.08 £0.08a 24.67+0.68b 3.60+0.12b 0.99 +0.03b
16 (Ph16) 52.13 £ 1.40a 3.92+0.13a 28.87+0.18a 3.33+0.07b 1.09 £ 0.00a
8 (Ph) 40.47 £ 0.48c 3.09+£0.24d 20.93+0.18c 3.67+£0.24b 0.61 £0.04d
10 (Ph10) 40.93 £ 0.93bc 3.50+0.20cd  22.33+0.73bc 3.93+0.07b 0.81 +£0.01¢c
e 1
/E?ﬁ’ﬂ 12 (Ph12) 42.07 £0.18bc 5.64+021a 22.53+0.81bc 4.53 +0.24a 0.87 £0.03¢
Grouting stage
14 (Ph14) 42.47+0.47b 5.00+0.11b 2540+ 1.90b 4.13+0.07ab 1.04 £ 0.05b
16 (Ph16) 53.40 +£0.53a 4.01 £0.14¢ 30.87+0.47a 3.67+0.07b 1.17+0.01a
'EH I Period of fertility 47.53" 38.54" 14.62" 17.82" 280.28"
Jt.J& # Photoperiod 22661 59.29" 60.11" 11.67° 211147
B H - JE 1 o ok
L E T < Ot A 0.40 5.90 1.65 0.88 3.39

Period of fertility % photoperiod

ANFNG FRER R A — A2 B AN [FD6 JE AR 2 6] 22 57 0.3 (P < 0.05), **Xon AE MR EHI(P<0.01); R,

Different lowercase letters for the same fertility period indicate significant differences between different photoperiod treatments at the 0.05 level; **

indicates an extremely significant difference at the 0.01 level; This is applicable for the following figures and tables as well.

TER A K AR BRI R ISR > b A > 4R
W1, H A B R G R R A K iR AR B W R
20 (P <0.01), 2E 5 AR % 8 58 BAR F A 258
M b 2R A S B R 3 (P < 0.01), STk i
KA B A B3 (P> 0.05).

AN TR] S JE B Ak B 56 3 BTG R el A A P
PR RIS 55 A1 35 7 A2 L2 M) (3R 2). 7E Ph12 Ab B
T, T E IR R A R AR L e T A
AEEE (P <0.05), 73 al# & 17 31.91%- 26.03%- 39.86%.
76.67% 1 38.83%- 35.51%. 56.89%- 130.59%. i &
M- % fE Phl6 4k B R i 3% (X T Ph10 F1 Ph12 (P <
0.05), 73 5 T B& 17.40% F1 23.87%; %5 Ho Al > & 37 Ak
B EZER (P>0.05), SHEMTHAL LR, T
BT 0 R R AE 35 2 <f8]) V2RI AR AL A, 3
7E Ph12 Kb Rk Bl k. FUE7E Phl2 4bHE R B 2
T HA AL EE (P <0.05), 45 LTt 67.50%. 48.89%.
34.00% F1 45.65%, T A AAR 58 7E AS [7] D Jil 3 4k 21

[F] JE 0 3 2 5 (P> 0.05). X A fE & B4 sk K H I
N, T E G RN, AR T AT O
HAEH, M FREOCE YA G R K TR,
ZARIAE AR TP
23 XA TERTERAREEMNPAEES
L& toN:ofA
2.3 4P EE

9 it 58375 4 149 K /N AT DA B e W s R R [ % A
PR 200 535 A 11 50 % 4 LRSS R R O o AN [
JE 30 Ak B St o B T A R M 7 A B
m (& 2). Bl A B SRR HERE, T B G A0
JIEE 375 1 S AN T 3 ) AR A B, SR I E 2K T > b
PRI > 9. HBEE G R A ) e, 7 2 BT
P A G 40 B B B S R S T AR AL
T2, 578 Phi12 AL BE N % 2 d /ME S 73 50 8 42.02%.
45.28% F1 44.29%., H{E Ph12 4b ¥ T [ 41 g i3
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Table 2 Comparison of growth indices of Echinochloa crusgalli under photoperiodic treatment
e ] JEEH T 5 JEE T AR R R TR
Photoperiod time/  Length of flag leaf/ ~ Width of flag leaf/ ~ Area of flag leaf/  Spike length/ Spike width/ Spike weight/
(h-d 1) mm mm mm’ cm cm g
8 (Ph8) 50.99 +0.32¢ 7.42 £0.33ab 329.96 +1.32b 3.01+£0.04a 0.81£0.02abc  0.40 +£0.05b
10 (Ph10) 53.37+0.56b 7.76 £ 0.41a 338.05 +5.37b 3.12+0.10a  0.84 +0.05ab 0.45+0.03b
12 (Ph12) 67.26 +0.13a 8.42 +0.26a 458.09 +3.09a 3.14+0.17a 3.96+0.12a 0.67 £ 0.04a
14 (Ph14) 48.09 + 0.69d 7.52+£0.41ab 291.99 +2.65¢ 3.00+0.06a 3.61 £0.17ab 0.50 + 0.04b
16 (Ph16) 38.07 £ 0.47¢ 6.41 £ 0.26b 198.66 +3.72d 2.83+£0.07a  3.59 £ 0.04ab 0.46 £ 0.05b

80 Yt AL Photoperiod time/(h-d™")
@8 (Ph8) [114 (Phi4)
70 £ @10 (Ph10) W16 (Ph16)
7112 (Ph12)

a

60

2 AR R ZE 1
Cell membrane permeability/%

50 d
40 %
30
20
AT A THEHI
Jointing stage Spike stage  Grouting period

£ H I Growth stage

B2 RXEHLETTELTRAERRETIR
Figure 2 Comparison of cell membrane permeability of
Echinochloa crusgalli under photoperiodic treatment

&K T Ph8 M1 Phl16 4L FE (P < 0.05).
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