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Effects of different heating methods of graphene heating element on the

growth and fruiting of cherry tomato in glass greenhouse

LIU Yeqiong, LI Gang, ZHAO Bin, DONG Xingyuan, TANG Weihua, SUN Pengpeng, YAN Zhiming
(Jiangsu Vocational College of Agriculture and Forestry, Jurong 212400, Jiangsu, China)

Abstract: Using Aisuo 301 series cherry tomato as the test material, six different heating methods including hanging and
laying were applied, with no heating as the control, to study the effects of different heating methods using graphene poly-
mer nano energy heating sheet on the growth and fruiting of soilless cultivated cherry tomato in glass greenhouse. The
results showed that heating with graphene heating sheets had a certain promoting effect on tomato plant growth, flower-
ing, fruiting, and fruit yield and quality. After installing graphene heating sheets, the tomato plant height(total plant height
236.21-260.73 cm), number of fruit clusters per plant (9.41-9.90 clusters), and single fruit mass (10.02-11.30 g) all
increased significantly, and the yield (734.13-871.47 g) was significantly improved. Among them, the T1 combination
suspension with two strips performed better in terms of total leaf number, total fruits, number of flowering clusters, and
number of fruit clusters, but it had the highest electricity consumption (9 963.36 kW-h) and cost (10 606.68 yuan). The
heating method of laying graphene heating sheets under coconut coir strips (T6) consumed the lowest power and had a
significant effect on increasing yield, with a 13.23% increase in single fruit mass and a 18.73% increase in total mass.
This method demonstrated the advantages such as fast fruit ripening, good yield increasing effect, 5-8 years of long
service life, and low electricity cost(489.14 yuan), high cost-effectiveness, and significant energy savings. In summary,
the heating element laid under coconut coir strips is suitable for promoting and applying graphene heating methods for
soilless cultivation of cherry tomato in greenhouse.
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Fig. 1 Schematic diagram of placement of different graphene heating elements
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treatment of different graphene heating elements
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Table 1 Comparison of single plant characteristics after heating treatment with different graphene heaters

b3 ISYUWRE ¢ SR JRR UHiE |

Treatment Total leaf number Total plant height/cm Week plant height/cm Top stem diameter/mm
Tl 35.63+0.64 a 244.30+0.69 b 24.43+330a 9.79+0.92 a

T2 34.53+0.62 ab 247.29+2.47 b 24.73£3.67 a 9.87+0.84 a

T3 33.79+0.77 abc 260.73+3.82 a 26.07£3.73 a 9.85+1.07 a

T4 32.74+0.21 bed 257.87+2.64 a 25.79+3.70 a 9.89+0.99 a

TS 33.24+0.23 bed 248.23+3.83 b 24.82+3.35a 10.15+0.91 a

T6 32.19+2.45 c¢d 236.21+1.33 ¢ 23.62+3.97 a 10.06+0.88 a

CK 31.25¢1.21d 230.46+6.06 ¢ 23.05£3.84a 9.51+0.90 a

T A 5 AN F NS FHRERIRAE 0.05 KT EREBE. TIH,

Note: Different small letters in the same column indicate significant difference at 0.05 level. The same below.

Table 2 Comparison of single plant flowering and fruiting of different graphene heating elements after heating treatment

R2 AEARHBEBRMALIEBIRFFLLEL LR

b3 ST Sy IRIAE AR R Y PSR
Treatment Total fruit bearing number Blossom string number Bear fruit string number Pick string number
T1 94.04+1.62 a 10.58+0.56 a 9.90+0.55 a 11.60+0.58 ab

T2 88.67+2.72 be 10.1240.41 cd 9.49+0.45b 11.18+0.65 cd

T3 90.67+1.08 ab 10.42+0.61 ab 9.81+0.55 a 11.62+0.53 ab

T4 91.37+1.01 ab 10.29+0.40 be 9.59+0.42 b 11.40+0.65 be

TS 90.55+1.61 ab 10.12+0.46 cd 9.45+0.58 be 11.51£0.51 ab

T6 86.36+£2.20 ¢ 10.01+0.43 de 9.41+0.46 be 11.7140.73 a

CK 86.84+2.56 ¢ 9.86+0.55 ¢ 9.24+0.46 ¢ 11.07+0.58 d

CK %5 0.64 &,
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EL 3R
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Table 3 Comparison of fruit yield and quality after heating treatment with different graphene heaters

e iz L )ie 4 BB wCRT YR T4 w(EAE# ©) wTHRIR)

Treatment Fruit Single fruit Total fruit mass Soluble solids Vitamin C content/ Citric acid content/
diameter/mm mass/g of single plant/g content/% (mg-100 g™ (g-100 g™

Tl 26.05t1.25a 10.02+0.71 b 761.93+13.27 be 8.56+0.24 a 36.18+0.27 bed 0.40+0.01 ab

T2 26.30+0.97 a 10.02+0.69 b 734.13+1.19 ¢ 8.78+0.42 a 36.36+0.15 abc 0.38+0.01 be

T3 26.06+1.11 a 10.12+0.55 b 752.93434.01 be 8.52+0.34 a 35.944+0.26 cd 0.40+0.00 ab

T4 26.33+1.14a 10.08+0.75 b 789.33+8.24 be 8.66+0.34 a 35.91+0.44 d 0.39+0.02 abc

T5 26.60+1.70 a 10.99+1.06 a 791.07+29.15 b 8.46+0.39 a 36.73+0.16 a 0.41+0.00 a

T6 26.74+1.74 a 11.30+1.14 a 871.47+55.39 a 8.68+0.56 a 36.45+0.05 ab 0.38+0.01 be

CK 26.59+1.81 a 9.98+0.98 b 734.00+25.40 ¢ 8.37+£0.39 a 35.82+0.12d 0.37+0.03 ¢
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Table 4 Cost performance analysis of costs and revenue of different treatments

e IR ek F B JELAT IH A RIS AT, Ak ISUION AL F [EE{i&S

Total membrane Depreciation cost Natural gas Labor - Total Final Return
Treatment . . Total cost/Yuan .

electricity cost/Yuan of membrane/Yuan  heating fee/Yuan cost/Yuan income/Yuan profit/Yuan rate/%
Tl 4981.68 803.63 1367.52 250.00 7402.83 4572.00 -2 830.83 -38.24
T2 2490.84 401.81 1367.52 250.00 4510.17 4404.80 -105.37 -2.34
T3 2490.84 401.81 1367.52 250.00 4510.17 4517.60 7.43 0.16
T4 2490.84 401.81 1367.52 250.00 4510.17 4736.00 225.83 5.01
T5 2979.98 535.75 1367.52 250.00 5133.25 4746.40 -386.85 -7.54
T6 489.14 133.94 1367.52 250.00 2 240.60 5228.80 2988.20 133.37
CK 0.00 0.00 1823.36 1250.00 3073.36 4404.26 1330.90 43.30
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