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Analysis of growth characteristics, yield and economic benefits of five kinds
of leaf vegetables in winter plastic greenhouse based on staged sowing

HUANG Jia-jun', ZHANG Ya-hong'*, ZHOU Juan', GE Jing'
(1.College of Agriculture, Ningxia University, Yinchuan 750021, China; 2.College of Food and Wine, Ningxia University ,Yinchuan 750021, China )

Abstract: To explore the appropriate sowing time for safe overwintering of leaf vegetables in bridge-like plastic
greenhouse in Ningxia area, five kinds of semi-cold-tolerant leaf vegetables were used as test materials. Environmental fac-
tors during the growth period of leaf vegetables and their growth characteristics, quality, yield and economic benefits were
analyzed and compared. Comprehensive evaluation was carried out by membership function to screen out the most suitable
sowing date for different leaf vegetables. The results showed that the minimum temperature in winter greenhouse was
—4.4 °C (higher than the minimum temperature required for the growth of five leaf vegetables), and leaf vegetables in
bridge-like greenhouses in Ningxia area could live through the winter. Five kinds of leaf vegetables all showed the shortest
growth period at the fifth sowing date ( January 10" ). Part of the qualities of leaf vegetables during the first sowing date
(December 1*') was slightly better than other sowing dates. However, the overall yield and economic benefits of the second
sowing date ( December 11") were high. According to the comprehensive evaluation results, the optimum sowing times for
safe overwintering of coriander, spinach, rape, Chinese mustard cabbage and endive chrysanthemum in bridge-like plastic

greenhouse of Ningxia area were December 11" | December 11"™ | December 21*, December 21* and December 11" respec-

tively.
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Table 1 Staged sowing test scheme

S B Qb3 % o i)
SE¥ Al 2020-12-01
A2 2020-12-11
A3 2020-12-21
A4 2020-12-31
AS 2021-01-10
b8 Bl 2020-12-01
B2 2020-12-11
B3 2020-12-21
B4 2020-12-31
B5 2021-01-10
i C1 2020-12-01
c2 2020-12-11
c3 2020-12-21
c4 2020-12-31
cs 2021-01-10
B3 D1 2020-12-01
D2 2020-12-11
D3 2020-12-21
D4 2020-12-31
D5 2021-01-10
T4 El 2020-12-01
E2 2020-12-11
E3 2020-12-21
E4 2020-12-31
ES 2021-01-10
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Fig.1 Structure of overwintering bridge-like greenhouse with full lighting
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Table 2 Ten-day changes of internal and external environmental factors in plastic greenhouse
T i BOORMUE SPEDEIRE = URR =EIE PR PR =4 C ijﬁﬂ%/l\ i
(Ix) (Ix) BEE(C) REE(C) HEZ (C) () RIR(C)  fE(C) i (C)
12 A IA] W4 32976.0  6629.1 4.9 -13.3 11.7 -5.7 0 -2.8 -1.4
i 11 000.0 1 678.1 17.5 -1.4 13.4 53 45.9 3.8 6.4
12 A LiibaN 41 276.7 8 125.2 5.0 -16.7 17.1 -9.2 0 -5.9 -3.7
B 16 665.0  2645.8 18.1 -3.7 17.4 4.0 23.4 3.8 6.1
12 A4 gk 41 120.9 8 421.1 6.4 -23.8 18.9 -10.4 0 -9.3 -5.1
i) 16 870.0 2 746.1 19.9 -3.8 17.3 4.7 46.9 2.9 6.5
1 A kA AN 42096.0 88439 5.8 -25.4 18.2 -12.4 0 -10.9 -7.0
IS 16 567.1 2712.7 17.6 -4.4 17.7 4.0 25.0 2.9 5.9
1 H A sk 47 990.0 9 954.1 12.2 -17.6 18.4 -4.2 0 -7.8 -3.5
i 19206.0 29159 22.9 -1.2 16.7 7.5 74.5 3.1 7.3
1 A wigh 50 768.2 11 478.0 10.8 -15.6 19.7 -3.8 0 -5.4 -2.8
o] 21911.8  3250.8 26.4 2.0 17.7 9.6 105.8 6.6 7.3
2 H kA b 59390.0 14 303.0 16.3 -13.6 21.2 -1.4 10.3 -3.8 -1.1
W 28 450.0  4361.5 29.6 2.3 20.3 12.3 122.9 8.3 9.4
2 Hhay gk 63014.0 15709.4 22.8 -12.5 23.9 2.1 16.2 -2.0 1.2
B 31491.0  5105.1 29.8 4.7 19.0 13.3 132.7 10.4 11.8
2 A WA 45577.5  10232.9 24.8 -6.5 16.0 4.7 37.4 -0.9 3.5
M 20 426.3 3 405.3 30.4 6.1 12.9 12.3 124.7 10.7 12.7
3 H kA A 62 643.8  15914.5 20.7 -8.8 21.1 4.1 29.5 -0.7 4.9
i 5646.4  3138.0 32.4 4.4 28.0 13.9 129.8 9.1 12.8
3 Hha) wish 483109 11 730.8 26.6 -3.5 15.0 6.8 65.7 4.6 7.9
it 24319.0  4448.6 30.8 4.7 18.0 14.0 136.5 11.6 12.8
WAN4YE 486513 11 031.1 14.2 -14.3 18.3 -2.7 14.5 -4.1 -0.7
WINEE  19323.0  3309.8 25.0 0.9 18.0 9.2 88.0 6.6 9.0
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Fig.2 Influence of different sowing dates treatments on leaf vegetable growth period
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Fig.3 Air temperature variation curve in plastic greenhouse
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Table 3 Effect of different sowing dates on leaf vegetable quality

Ak am  TEEEEDEE VoAt ATV i A R
(/L) (mg/kg) (%) (me/kg) (%)
S Al 9.77£0.47a 3.65+0.71e 17.21£0.06a 180.45+4.01b 16.64+1.81c
A2 5.77+0.32d 4.00+0.92d 11.58+1.03c 200.99+7.96a 15.36+10.86d
A3 7.60+0.57¢c 4.54+0.05¢ 16.22+3.92b 69.91+7.12¢ 12.80+3.62¢
A4 8.60+0b 5.83+1.26a 9.95+0.25de 58.90+9.10cd 52.48+5.43a
A5 8.90+0.58b 5.73+8.32ab 9.37£0.69¢ 45.14£4.99¢ 49.92+1.81b
e Bl 5.53+0.98¢ 3.04+0.97¢ 11.48+0.84a 350.98+24.86a 6.40+1.81c
B2 6.00+0.06b 2.80+0.27d 8.63+2.42d 197.44+73.26¢ 6.40+1.81c
B3 6.10+0.06ab 3.01+0.58¢ 10.16+2.08b 279.89+149.07b 6.40+1.81c
B4 6.20+0.26a 5.70+2.45ab 9.49+0.90bc 136.58+34.82d 52.48+1.81a
B5 4.30+0.15d 5.83+2.16a 8.19+0.52d 114.04x16.17¢ 47.36+1.81b
sk Cl1 4.10+0.17¢c 5.28+0.72a 6.54+0.29d 191.10+36.33e 22.40+1.81d
Cc2 3.80+0.15d 4.42+1.45bc 9.66x1.47a 443.37+60.26ab 26.88+1.81c
C3 4.70+0.15b 4.44+0.36bc 9.03+0.47be 466.47+0.81a 25.60+0cd
C4 4.80+0.06a 1.92+2.91d 9.01+0.28be 382.69+5.70c¢ 39.68+1.81b
C5 4.80+0.15a 4.47+2.64bc 7.83+0.57c 338.44£10.07cd 47.36+1.81a
B3 D1 4.70+0.10b 2.09+0.91d 9.58+0.13a 65.56+85.35¢ 20.48+3.62¢
D2 3.70+0.21d 3.32+1.41c 8.68+0.69bc 223.26+16.81a 23.04+3.62c
D3 4.30+0.05¢ 4.17+0.26b 8.05+0.24bc 182.99+62.77ab 29.44+1.81a
D4 5.00£0.05a 6.12+3.09a 7.81+0.21d 101.25+19.10d 26.88+1.81b
D5 5.00£0.17a 3.71£1.55hc 7.19+0.06d 153.08+7.42¢ 21.76x1.81d
s El 4.70+0.17b 2.53+0.27a 7.00+0.17be 105.61£140.75¢ 15.36+0d
E2 3.70+0.10d 2.10+0.44b 5.65+2.97e 253.73+81.09¢ 20.48+0b
E3 4.30+0.05¢ 1.42+0.03bc 7.25£0.25a 317.66+35.00b 15.36+0d
E4 5.30£0.05a 1.61+0.10bc 7.10+0.30ab 389.96+3.11a 24.32+1.81a
ES 4.90+0.11b 0.64+0.07d 6.55+0.44d 218.74+72.13d 16.64+5.43¢

Al~E5 RO 1, i) — RIS A )4 Ak BRI B AT AN ) /NG 7 B3R 22 52 1.3 (P<0.05) o

R4 TREIXM S BB 5F R #00

Table 4 Influence of different sowing dates on yield composition and economic benefits of leaf vegetables

A g ABRBET AN R = kg BBOHEE 1 he? 220G
() (ke/m?) (ke/hun?) (78) ()

S Al 4.26+0.02a 1.56£0.08b 15 600.78+757.23b 3.5 54 602.73£2 650.29b
A2 3.46+0.03b 2.64+0.12a 26 401.32+1 216.61a 3.6 95 044.75+4 379.81a
A3 3.26+0.05b 1.24+0.02bc 12 400.62+200.01bc 4.3 53 322.67+860.04b
A4 2.87+0.01c 1.32+0.11bc 13 200.66x1 058.35bc 3.2 42 242.11+3 386.73¢
A5 2.87+0.08¢ 1.16+0.06¢ 11 600.58+611.04¢ 2.8 32 481.62x1 710.91d

fid Bl1 23.26£0.04a 2.36+0.03b 23 601.18+305.52b 3.6 84 964.25+1 099.87b
B2 23.42+0.03a 3.72+0.10a 37 201.86£1 026.37a 3.4 126 486.32+3 488.66a
B3 7.62+0.05¢ 1.28+0.02d 12 800.64+200.01d 2.0 25 601.28+400.02d
B4 8.07+0.02¢c 2.00+0.08¢ 20 001.00£808.33¢ 2.0 40 002.00+1 616.66¢
B5 8.75+0.02b 1.12+0.02d 11 200.56+200.01d 2.0 22 401.12+400.02d

B Cl 12.21+0.03e 2.98+0.04c 29 801.49£416.35¢ 3.6 107 285.36+1 498.87b
C2 16.73+0.02d 2.30+0.01d 23 001.15£115.48d 3.0 69 003.45+346.43d
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ok Jasty FPRAEE N H i PR 1 kg BB A 1 hm?® 50348
(8 (kg/m?) (kg/hm?) (ot) (L)

3 22.86+0.05¢ 3.84x0.04a 38 401.92+416.35a 32 122 886.14x1 332.33a
o 26.00+0.07b 3.16+0.05b 31 601.58+529.18h 3.0 94 804.74x1 587.53¢
cs 34.00+0.02a 2.08+0.03e 20 801.04305.52e 3.0 62 403.12+916.56e

EES D1 45.64=0.03b 3.56+0.03h 35 601.78+266.68b 1.6 56 962.85:426.69c
D2 48.00+0.02a 1.7820.01d 17 800.89+115.48d 3.4 60 523.03+392.62¢
D3 20.35+0.06¢ 4.64£0.03a 46 402.32+305.52a 3.0 139 206.96+916.56a
D4 30.810.05d 4.56x0.03a 45 602.28+305.52a 3.0 136 806.84916.56a
D5 34.00+0.02¢ 3.04£0.05¢ 30 401.52+529.18c 42 127 686.38+2 222.54b

55 El 5.63+0.03a 1.60£0.05b 16 000.80+503.35b 3.6 57 602.88=1 812.05b
E2 4.35:0.04b 2.80£0.23a 28 001.402 335.35a 3.6 100 805.048 407.27a
E3 3.1920.05d 1.16+0.03b 11 600.58+305.52b 4.2 48 722.44x1 283.19hc
E4 3.5420.02c 1.4420.05b 14 400.72+461.90b 2.6 37 441.87+1 200.95cd
ES 3.43£0.06¢ 1.3620.03b 13 600.68+305.52b 2.4 32 641.63+733.25d

Al~E5 FEARBLILE 1, [F)—FP2Em S AR RBIAL BRI AR A RN T REFROR 225+ B3 (P<0.05) .

K5 ARBEHMHREFTH AR CEMYESSEIEN

Table 5 Comprehensive evaluation of growth period, quality, yield and economic benefits of leaf vegetables in different sowing dates

ik s AR A _ s »
EEM b5 Feht ik

FE Al 0.82 0.65 0 0.35 0.46 4
A2 1.00 0.28 1.00 1.00 0.82 1
A3 0.59 0.35 0.66 0.33 0.48 2
A4 0.32 0.47 0.93 0.16 0.47 3
A5 0 0.59 0.02 0 0.15 5

2 Bl 0.70 0.60 0.76 1.00 0.77 2
B2 1.00 0.55 0.75 0.80 0.78 1
B3 0.60 0.51 0.51 0.03 0.41 3
B4 0.35 0.51 0 0.17 0.26 5
BS 0 0.20 1.00 0 0.30 4

g cl 0.78 0.24 0.02 0.74 0.45 4
c2 1.00 0.59 0.04 0.11 0.43 3
c3 0.52 0.68 0.79 1.00 0.75 1
C4 0.26 1.17 1.00 0.54 0.74 2
cs 0 0.78 0 0 0.19 5

B3 DI 0.68 0.24 0 0 0.23 4
D2 1.00 0.49 0.20 0.04 0.44 3
D3 0.65 0.58 0.55 0.97 0.69 1
D4 0.23 0.49 1.00 1.00 0.68 2
D5 0 0.31 0.04 0 0.09 5

] El 0.87 0.53 0.02 0.37 0.45 4
E2 1.00 0.34 0 1.00 0.59 1
E3 0.61 0.50 0.50 0.24 0.46 3
E4 0.35 0.86 1.00 0.07 0.57 2
ES 0 0.37 0.13 0 0.12 5
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Table 6 Comprehensive evaluation of suitable sowing dates for different leaf vegetables

6% 127 11H 3A5H 89 -1.2~32.4 2.7~5.2 106.5 26 401.32 3.6 95 044.75
¥ 12A11H 2A2H 79 -4.4~30.4 1.7~5.2 63.5 37 201.86 3.4 126 486.32
WX 12A21H 2A2H 68 -4.4~30.4 2.7~5.2 90.3 38 401.92 3.2 122 886.14
H¥ 12H21H 2H29H 70 -4.4~32.4 2.7~5.2 102.2 46 402.32 3.0 139 206.96
w4 12H1H 3HTH 90 -4.4~32.4 2.7~5.2 106.5 28 001.40 3.6 100 805.04
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