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Application of electric carbon crystal warming board for seedlings
culture of cucumber in greenhouse in winter

LI Yan-su, ZHAO Yun-long, HE Chao-xing, YAN Yan, YU Xian-chang”

(Institute of Vegetables and Flowers, Chinese Academy of Agriculture Sciences, Beijing 10081, China)

Abstract The electric carbon crystal warming board was used for seedlings culture of cucumber in greenhouse in
winter, with controls of normal culture (no warming, CK1) and cable warming (setting power was 100 W/m?,C100) .
The monitored parameters included substrate temperature, power consumption, growth and physiological characteristics
of cucumber seedlings warmed by carbon-fiber electric heating boards in greenhouse. The effects of different thermal
barriers of carbon-fiber electric heating boards on seedlings culture were investigated with a comparison of the normal
culture (no warming, CK2). The results showed that the treatment of 80 W/m? setting power (P80) of carbon-fiber
electric heating boards increased the substrate night temperature and maintained at 18 C . The minimum temperature of
substrate was 12.1 C higher than that of CK1. The average temperature of substrate was 6.07 ‘C higher than that of
C100. The power consumption rate was 36.2 kW « h/m?, 34.4% lower than that of G100. The emergence days of
cucumber seedlings were 1.3 d, 4 and 2 days shorter than those of CK1 and C100 respectively. The healthy index was
0.22, 144.4% and 46.7% higher than those of CK1 and C100 rspectively. Compared with the carbon-fiber electric
heating boards without a thermal barrier, both daily average temperature of the substrate warmed by the carbon-fiber

electric heating boards with polystyrene board and non-woven fabrics increased by 2.3 and 1.9 T respectively, the
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power consumption rates decreasing by 22.6% and 21.2% respectively and the healthy indexes of cucumber seedlings

increasing by 50.0% and 43.8% respectively. It was thus evident that the carbon-fiber electric heating boards warming

was a suitable method for cucumber seedling culture in greenhouse in winter. The appropriate setting power was

80 W/m?. The polystyrene board and non-woven fabrics could be used as the thermal barriers.

Key words carbon-fiber electric heating board; sunlight greenhouses; cucumber; growth; power consumption
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Fig. 1 Sketch diagram of the electric carbon crystal warming seedling system
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Fig. 2 Effects of warming by carbon-fiber electric heating
boards on the diurnal variation of substrate
temperature (a), daily average substrate
temperature (b) and power consumption rate (c)

of cucumber seedlings in greenhouse in winter
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Table 1 Effects of warming by carbon-fiber electric heating boards on growth of
cucumber seedlings in greenhouse in winter
PGB Hh e E] /d Ho 4 -7 AR/ e R FE A/ em’
Treatments Emergency days Healthy index Leaf area Root volume
CK1 5.3 0.09 d 12.3 ¢ 1.72 d
C100 3.3 0.15 ¢ 57.8 d 3.03 ¢
P60 1.6 0.17 b 77.1 ¢ 4.87 b
P80 1.3 0.22 a 90.9 b 6.02 a
P100 1.3 0.16 be 113 a 5.87 a

2 R BAS R /NG 7 B 3R 7R b 3R] 22 53 B 3 (P<C0. 05) , &[],

Note: Different small letters between treatents. The same as below.

P80 il P100 &b ¥ (%) & JIN &) 1 Al S PR 8 1 & 1
(FW O %K. 435 4 11. 8 F1 9. 6 mg/g. i CK,C100
P60 &b B B K 4y B n] ik A A A
H=#%2ZREERGE 2., SAEHEEAS BN

e #— 0, P8O 4b % mI ¥ P B & & (DW) Je fIK
4 14. 8 mg/g,P100.P60 Fl C100 4bFH A RS 4 i ,
CK () nl i PE 8 & & (DW D e i, o4 24, 3 mg/g
(%2,

2 BEBEAFTEHBAMEBN AL EELESTENSEEEIERNTMTE
Table 2 Effects of warming by carbon-fiber electric heating boards on physiological

characters of cucumber seedlings in greenhouse in winter

b B W& S (FW )/
(pg/(g* h)

Root activity

M2k E SR (FW)/
(mg/g)

AR AR EW /
(mg/g)

] s (DW, /

Treatments (mg/g)

Chlorophyll content Soluble protein content Content of soluble sugar

CK1 59.2 ¢ 0.61Db 13.0 a 24.3 a
C100 209.8 b 1.43 a 12.6 a 18.0 b
P60 217.8 ab 1.17 a 12.4 a 17.6 b
P80 228.5 a 1.21 a 11.8 b 14.8 ¢
P100 220.4 ab 1.16 a 9.6 ¢ 16. 3 be
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b9 % £3 BAREXHESARRKETYRENEEEDEN
TCBEHZ A iR (CK2) &b B g9 B SE 08 8 N Table 3
15.2 °C ,ﬁﬂ{ﬁ{g?ﬁﬁ%ﬂ}% (B)ALI‘IE E/(J H qu/_,j{EllJ;{*jj average temperature and energy consumption rate
18.2 °C, ik ity H RO PR I 3R 2% 2 05 AR (BP) F1 E %)

Effects of different thermal barrier on daily

of carbon-fiber electric heating boards
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Table 4 Effects of different thermal barrier of carbon-fiber electric heating

boards on growth of cucumber seedlings

A 3 R /d IR 187 £/ cm® R MR/ em®
Treatments Emergency days Healthy index Leaf area Root volume
CK2 5.33 a 0.10 ¢ 14.9 ¢ 1.81 ¢
B 3.33b 0.16 b 74.2 b 4.92 b
BP 1.67 ¢ 0.24 a 112.0 a 5.98 a
BN 1.67 c 0.23 a 109.0 a 5.89 a

2.6 EMBBHRENHREBEREBERNERNSEHE
I 45 AR B9 3

CK2 &b 3 % K 2 8 MR R W6 1 h (FW)
57.3 pg/(g+ h), b3 B.BP #l BN iy # JK &) i 1R
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Table 5

F5 AEBKREBRIERLEEEERNZME
Effects of different thermal barrier of carbon-fiber electric heating boards on

physiological characters of cucumber seedlings

e W& S (FW)/ e R (FW)/ A EEA S EEW)/ AL A R (DW) /
(pg/(g < h) (mg/g) (mg/g) (mg/g)
Treatments
Root activity Chlorophyll content Soluble protein content Content of soluble sugar
CK2 57.3 ¢ 0.63 ¢ 12.9 a 27.3 a
B 207.8 b 1.27 b 12.0 b 18.4 b
BP 223.2 a 1.66 a 9.6 ¢ 13.3 ¢
BN 228.9 a 1.61 a 10.1 ¢ 13.8 ¢
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