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Wintering performance of Nongda V-type solar greenhouse

ZHANG Zhenxing, ZHANG Yujin, LI Ning, LI Gongfeng, GAO Yaxin, LI Qingyun

(College of Horticulture, Agricultural University of Hebei, Baoding 071001, Hebei, China)

Abstract: In order to explore the wintering production performance of the V-type solar greenhouse of Nongda in central
and southern Hebei, the temperature change of these two types of greenhouses from mid-November 2021 to late February
2022 was dynamically monitored by taking the brick-soil composite wall greenhouse (CK) of the local production of
wintering fruits and vegetables in Handan as a control, and the heating and insulation capacity of the type V solar green-
house of Nongda was analyzed. The results showed that the average temperature and average ground temperature of the
V. type solar greenhouse of Nongda were 2.24-6.04 °C and 2.2-5.93 °C, respectively, compared with CK, the minimum
temperature and minimum ground temperature were 2.99-8.16 °C and 2.25-5.02 °C, and the accumulated temperature and
the number of hours above 10 °C were 22.35-60.94 °C and 46.66-137.34 h, respectively. The morning temperature
increase, afternoon cooling value and night cooling value of the V. type solar greenhouse temperature of Nongda were
8.71-21.38 °C, 2.26-6.97 °C and 6.37-14.46 °C, which were 4.26-11.96 °C, 1.43-8.69 °C and 1.67-5.29 °C, respectively,
and the daytime temperature increase values were 8.48-14.99 °C, which were 1.6-5.95 °C higher than CK. In summary,
the V. type solar greenhouse of Nongda University heats up and cools quickly in the deep winter, the heating capacity is
strong, the temperature difference between day and night is large, and the temperature can meet the requirements of the
growth of warm-loving fruits and vegetables, but the average temperature and accumulated temperature values are lower
than the traditional brick and soil composite wall, and the application needs to strengthen the thermal insulation management,
and it is recommended to adopt the production mode of fruit and vegetable 2 growing seasons a year.

Key words: Nongda V. solar greenhouse; Composite brick wall greenhouse; Thermal insulation performance; Jizhongnan
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11 BRIR 4ROV I i S A AT X BT T
F2 2MEBEEREHSERARELER
X H P 50R/,C FRLIR/ °C
EA B[] - -
KAV AR E CK EC) LRV AEEZE CK EU)
2021 11 Ay 16.97£0.28 a 16.27£0.33 a 10.61£0.20 b 169.69+1.71a  162.25£1.58b  78.90+0.78 ¢
11 HFA 15.44+0.32 a 15.85+0.21 a 7.09£0.27 b 154.42¢1.05b  158.48+121a 0
12 4 kA 13.95+0.24 a 12.90+0.29 a 6.47+0.24 ¢ 139.48+1.10a  129.01£1.40 b 0
12 Ay 12.50+0.20 b 14.74+0.27 a 5.35£0.29 ¢ 125.03+1.63b  147.38+1.52a  10.83+0.23 ¢
12 HFA 11.00+0.29 b 14.42+031 a 1.79+0.12 ¢ 86.98£0.72b  144.22+1.54a 0
2022 1 k4 10.10£0.14 b 13.04+0.26 a 2.60+0.20 ¢ 77.43£0.88b  130.39+1.26a 0
1 A Ay 11.20£0.23 b 15.27£0.33 a 1.36+0.23 ¢ 96.16£1.19b  152.70+1.14 a 0
1 N 7.89+0.19 b 10.13£0.28 a -0.08+0.17 ¢ 23.19+0.48 b 58.89+1.23a 0
2 H kA 11.98+0.24 b 16.28+0.33 a 2.43+0.24 ¢ 109.94+1.19b  162.75+1.23 a 0
2 A 10.90+0.37 b 15.31+0.37 a 221£0.25¢ 92.20£0.80b  153.14+1.85a 0
2 H A 13.42£0.35 b 19.46+0.30 a 6.33+1.29 ¢ 13421+1.74b  194.62+1.58a  44.10£0.67 ¢
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B i Sl /°C AR/ C
G Hbr 5 o :
KKV R E CK E4b KAV AEE CK =4
2021 11 Hepdy 30.14+0.53 a 26.40+0.44 b 23.07£0.46 ¢ 10.71£0.28 a 11.37£0.49 a 3.91+0.15 b
11 A4 31.61£0.25 a 25.87+0.28 b 19.86+0.28 ¢ 8.05£0.51 b 11.02£0.35 a -0.32£0.26 ¢
12 H LA 27.7840.20 a 24.64+0.20 b 18.84+0.30 ¢ 7.75+0.38 a 6.76+0.44 a -0.93+0.50 b
12 Ay 27.2340.20 a 2436+0.28 b 18.73+0.47 ¢ 5.87+0.50 b 9.73+0.69 a ~1.7240.41 ¢
12 HFH 27.09+0.31 a 22.58+0.28 b 15.21+0.45 ¢ 4.24+0.28 b 10.25+0.41 a -5.18+0.25 ¢
2022 1 H A 22324021 a 18.68+0.36 b 13.72+0.31 ¢ 4.98+0.45 b 9.94+0.35 a ~2.7540.57 ¢
1 Hhfy) 26.28+0.45 a 22.44+0.29 b 11.29+0.33 ¢ 5.09£0.31 b 10.58+0.47 a -4.08+0.35 ¢
1 HTH 17.4540.40 a 14.1540.46 b 4.09+0.17 ¢ 425+042b 7.24+0.37 a -2.1240.24 ¢
2 kA 29.27+0.40 a 23.3240.32 b 15.58+0.37 ¢ 3.88+0.30 b 10.55+0.35 a -4.96+0.56 ¢
2 HA) 24.0240.39 a 20.30+0.37 b 11.34£0.32 ¢ 4.99+0.23 b 11.58+0.38 a -3.21+0.42 ¢
2 HTFH 27.54+0.24 a 25.94+0.52 b 19.06+0.35 ¢ 5.63£0.36 b 13.79£0.70 a -2.340.16 ¢
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A 12 H BRIBRAN B iR S CK A L IR
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5 CK MK 0.09~5.02 °C (11 A H A BN . Ho

2 A FRIZER &K, ALKV RE =1 H SR R
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A i [7) - - -
RAVARE  CK RV R CK RV AR CK

2021 11 HH A 18.19+0.08 a 17.64+0.24 a 19.49+0.33 a 19.45+0.29 a 16.86+0.20 a 16.2140.21 a
11 H T4 16.22+0.21 a 16.68+0.24 a 16.87+0.30 a 17.49+0.32 a 15.74+0.28 a 16.24+0.36 a
12 4 A 14.58+0.22 a 14.45+0.38 a 14.68+0.36 a 14.66+0.30 a 14.77+0.23 a 14.86+0.11 a
12 Aty 12.51£0.22 b 14.71£0.26 a 12.62£0.33 b 15.36+0.34 a 12.59+0.17 b 14.84+0.21 a
12 4 FA) 11.50£0.44 b 14.89+£0.24 a 11.51£0.44 b 15.24+0.42 a 11.52+0.29 b 15.38+0.25 a

2022 1 H kA 10.82+0.28 b 14.03+0.50 a 10.82+0.48 b 14.26+0.43 a 10.95+0.24 b 14.48+0.16 a
1 HA) 11.13£0.21 b 14.92+0.14 a 11.01£0.34 b 15.59+0.23 a 11.05£0.31 b 15.26+0.13 a
1 H A 9.23+0.26 b 12.16£0.26 a 9.53+0.36 b 12.76+0.28 a 8.83£0.25 b 11.94+0.13 a
2 1 kA 10.96+0.15 b 15.17+0.24 a 11.83+0.39 b 17.08+0.24 a 9.82+0.32 b 13.69+0.18 a
2 A 10.86+£0.23 b 15.74£0.30 a 11.67+0.39 b 17.36+0.13 a 9.98+0.14 b 14.49+0.22 a
2HTA 11.43£032 b 17.36+0.23 a 12.24+0.38 b 19.86+0.16 a 10.29+0.16 b 15.3140.26 a

MIELE 12 HRRE 2 A FMEERNEE.
22 2FEBEBEESIREAE10°CK20 CLER
At 8]

MRS TULEH, 11 AP 12 A BaRK
VAR = SRR 10 °CUL LRI a8 K, 5 CK AH L
TC B R 22 s FLART B AR RV AL = SR AE 10 °CRA
b B R B R D T R B A BRI E B CK D
46.66~137.34 h, 7 7 W 3% o BEASBUMHE , & KV

AR % SR AE 10 °CRL BRI Al 3L 1 274.18 h, A] 3
115.84 h; % - &2 & iR %= 3L 2 19933 h, 7] 1
199.94 h.

&S H, 11 HhazE 1 H Ef, Bk 1 H
T ARV = AR AE 20 °C LA Bl A £ F
CK,# CK % 2.17~17.17 h, Z 7 &3 ;1 1 HhH
PLIEEAS 2 H 4y, AR K VISR SR AE 20 °C LA
i) F CK, % CK /> 1.33~11.00 h, Z 57 8 3% .

£S5 2 FEEEESIRA 10 °CK 20 °CLL BB [E] bLig

10 °CLA_F [ [8)/h 20 °CLA_F [ [El/h
G i I - -
RV IR CK KRV AL E CK
2021 11 Ay 232.67+1.04 a 232.33+2.02a 60.50£0.42 a 43.33+0.51 b
11 A4 172.67£3.21 b 224.83+0.76 a 59.83+0.53 a 43.00+£30.79 b
12 A kA 157.50+3.18 a 145.67+3.01 a 51.50+0.50 a 41.67+0.68 b
12 A 114.17+2.02 b 215.67+0.76 a 45.67+032 a 41.17+1.03 b
12 A A 89.00+£2.78 b 201.00+4.54 a 37.67+0.59 a 33.17+0.63 b
2022 1 H A 70.33+2.93 b 205.67+3.97 a 27.83£0.16 a 22.1740.85 b
1 Hig 88.00+4.14 b 212.33£2.51 a 38.67+0.68 a 40.00+0.72 a
1 AT 50.17+2.84 b 96.83+2.01 a 9.50+0.43 a 7.33+0.53 b
2 H LA 101.6742.25 b 229.00+2.18 a 48.17£0.83 b 55.50+0.51 a
2 Hg 95.33+2.51 b 232.67+2.75 a 27.67+0.69 b 35.50+0.57 a
2 HTA 102.67+3.22 b 203.33+0.76 a 48.67+0.61 b 59.67+0.42 a

23 2B BEMNEREETK

231 LEHFHRBA.THFEEAEZRRERMA
3 6 7] LUE H, 78 8N Il i 1), o KV AR
FEH A THRAE L F R BRI AR SR TR B iR A (12
H B BRsD B T L EAiRE. 11
Hofga 2 A M, R XVERER B4 FARME
5 CK M EL, B 2.32~11.96 °C ; K KVELE =K F
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FREIRAE S CK AHEL, 7 1.43~8.69 °C, Z R 0 # K
KV B =W B BFRES CK AL, K 1.26~
5.29°C,12 H FAJA 12 H AR 4.
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BRI CK ® 3.82°C, 11 A& 2 A T4,



11 BRIR 4ROV I i S A AT X BT T
Fz6 2MERBEFFARE. TFEBERKEMERME LK
X LA THEMEC R B lRAE/C TR 18] B B/ °C
Fh I [k) — — —
RAKVHERE  CK KKV IR CK RKAKVHEE  CK

2021 11 Ay 15.110.65 a 8.94+0.40 b 12.58+0.38 a 7.82+0.50 b 2.85+0.26 a 1.59+0.15 b
11 H A 18.95+0.62 a 10.41+0.43 b 13.77+0.68 a 6.50£0.67 b 5.44£0.39 a 3.86+0.16 b
12 H EA) 15.58+0.81 a 13.26+0.61 a 9.59+0.61 a 4.89+0.40 b 5.67+0.47 b 8.44+0.20 a
12 Ahfg 13.61£0.53 a 7.20£0.52 b 6.27+0.31 a -2.4240.53 b 6.90+0.28 b 9.160.36 a
12 '~ 14.89+0.63 a 4.64£0.45 b 5.98+0.41 a -2.50+0.73 b 9.81+0.25 a 7.5840.21 b

2022 1 H kA 12.3240.77 a 4.06+0.57 b 2.82+0.90 a -1.64+0.13 b 9.42+0.74 a 5.83+0.44 b
1 ) 15.56+0.51 a 7.45+0.67 b 4.86+0.50 a -1.80+0.51 b 10.80+0.37 a 9.13+£0.27 b
1 A 8.71+0.93 a 3.55£0.54 b 2.26+0.44 a -0.30+0.53 b 6.37+0.70 a 4.00£0.44 b
2 H kA 21.38+0.86 a 9.4240.60 b 6.97+0.44 a -0.08+0.47 b 14.46+0.43 a 9.17£0.40 b
2 A 12.66+0.51 a 4.65+0.20 b 3.00+0.24 a -0.36+0.88 b 8.88+0.59 a 5.02+0.49 b
2 A 11.64£0.37 a 7.38+£0.45b 4.1120.20 a 2.68£0.31b 6.89+0.33 a 3.9840.32 b

VE:2021 5 11 A& 12 A LA L3R S I AN 8:30 £ 47, FA-58 IR N 17:00 24552022 45 12 A W A) & 2022 4F 2 A M) L4

BN 9:00 24T, R AT SN 16:00 Z247 o

F7T 2 HEBREEERIGEEILE
BB IRAE/C B IRAE/PC
G I} 1)
KKV A= CK KAV AR E CK
2021 11 Adh) 7.07+0.85 a 3.33£021b 6.80+0.56 a 7.46+0.56 a
11 H A 11.75+0.32 a 6.01£0.37 b 8.37+0.67 b 11.34+0.62 a
12 A kA 8.94+0.57 a 5.80+£0.32 b 8.68+0.33 a 7.69+0.22 b
12 Ay 8.50+0.83 a 5.63£0.52 b 7.59+0.84 b 11.45+0.39 a
12 A 11.88+0.31 a 7.37£0.63 b 9.42+0.58 b 15.43+0.60 a
2022 1 H LA 8.60+£0.35 a 4.96+0.34 b 7.72+0.60 b 12.69+0.67 a
1 A Ay 14.99+0.57 a 11.15£0.23 b 9.1740.14 b 14.66+0.48 a
1 T4 13.36+0.90 a 10.06£0.22 b 6.37+0.78 b 9.36+0.26 a
2 H 1A 13.69+0.88 a 7.74+0.45 b 8.84+0.75 b 15.5140.60 a
2 A Ay 12.68+0.89 a 8.96+0.75 b 8.20+0.55 b 14.79+0.48 a
2 HFA 8.48+0.33 a 6.88+0.17 b 7.93£0.34 b 16.09+0.31 a

KAV RBEEHENEMES CK M1, & 1.60~
5.95 °C; MAER IS IRAE 71, B 12 ERAM, RRV
R EHAET CK, R KV BUR = &R
8.10 °C, CK 7 ¥ H4iE 12.41 °C, % ¥ IR ¢ CK ik
4.31°C.
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FRANR =R SRS AN . B 3 AT, 11 A

ORI 2 il = A (A P TG B B 22 e, (R ORV Y
BEAREBEST CKHE 4 75,12 A AR
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TFERT CK, BT 2 Pl 2B R K 1A 5~
6 UL, 1 A2 A0 I RIS ARV B = A [E] Al
NI RALT CK.
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Tl BB E) Ry 2022 4E 2 18 HL i E &
i % (CKO 7 Aifi B 5 B 2T 1] 9 2022 4F 2 H 6
Ho &KV B % R R = CK K 4.50 ¢,
ERARE BRI CK D 14, EZRAR
A 667 mP AR CK /D 70832 kg, EZ R AL
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11 SRR, KV R R IR 3 R4 Y R 5 IR BE R T
#z8 2MEABEMEMRENAMBINRLEMFI
B= 5 A (] R /g PR AL P ér 667 m*F i /kg
PRV = 202242 H 18 H 185.40+3.96 a 17.80+0.51 a 6 604.50+£243.66 a
CK 202242 H 6 H 189.90+4.72 a 18.80+0.61 a 7312.82£361.20 a
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