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Comparative studies on the effects of two dehumidified methods for growing

crops in plastic greenhouses in southern China
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Abstract : Greenhouses have extremely high humidity that often presents an important factor affecting the yield and quality of
crops, particularly the southern regions of China. where air humidity is high. The conventional methods, such as slots,
skylight/lateral windows, and exhaust fans, as presently applied to dehumidify in greenhouses, have a disadvantage to lose
heat, which decreases air temperature. In order to solve this problem, plastic mulch coverage and dripping irrigation were
designed as dehumidify methods for plastic greenhouses in south China. This paper reported studies on their effectiveness in de-
humidity and the effects on crop growth.

An experiment was carried out in Hezhou Agricultural Part, Guangxi, China. The treatments were as: (1) Control: soil
surface remained bare; (2) Plastic-mulch coverage: soil surface covered with PVC membrane (0.02mm); (3) Dripping

irrigation, PVC hosepipes used. each occupied 1 single-ridgepole plastic greenhouse (30m X 8m., east to west orientation,
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3.45m distance). In each of the greenhouses, 6 inductive psychrometers (1. 5m above ground, see Fig. 1) and 2 inductive
thermometers (0. 6m above ground. along the central line) were installed to timely detect humidity and tiptop/minimum
temperature. A shutter box was installed open space next the greenhouses to detect free-air humidity and tiptop/minimum
temperature. The seed bad in the greenhouses was ploughed, flatted, applied with 1000kg composite, 10 kg complete
fertilizers (15-15-15), 7.5kg lime, and 1.5kg pesticide, then thoroughly irrigated. Tomato plants (Mingzhul03, Taiwan)
were transplanted (40cm X 65cm, equivalent to 38500 head/hm?®) in the greenhouses in December, 2001, and regularly
irrigated (Table 2). Field management, such as adjusting plants, applying middle-term fertilizers, controlling disease and
insects, harvesting., were carried out as local farming. During the growing period, biological characters of tomato (plant
height, stem diameter, leaf index, fresh and dry weight) were measured in 10 plants selected by hierarchical random sample at
an interval of 30 to 35 days, and the biota and economic yield were also recorded at each time of harvest.

The results obtained indicated that, compared to those for the control, the monthly mean of relative humidity in the
greenhouses for the treatments of plastic-mulch coverage and drip irrigation in greenhouses decreased by 3% ~11% and 2% ~
6% » the monthly mean of the absolute humidity by 0. 8~4.0 h Pa and 0. 4~1.5 h Pa, respectively. By these techniques, soil
moisture content in greenhouses increased by 6.06% ~9.15% (or 1.92% ~3.64% as absolute value); and the daily highest
temperature, as the monthly means, increased by 1. 6~4.8C and 1.3~2.4 C. By the application of plastic mulch and drip
irrigation. the physiological characteristics of the tomato plants were apparently improved, with significant increases in the
mean leaf area (44.10% ~91.92% and 30. 00% ~82.50% ), the leaf area index (0.09~1.47 and 0. 07~1. 36), the plant stem
diameter (12.96% ~23.39% and 10.19% ~19.35%), the net assimilation (0.66 g/(m?* « d) and 0.10 g/(m* « d) and the
growth rate (1. 89 g/(m* + d) and 1. 15 g/(m* *+ d)), and decreases in the plant height (7. 19~21.24% and 3.24% ~8.70%)
and the relative growth rate (0.007g/(g » d) and 0.008 g/(g « d)). Consequently, the biota and economic yield of tomato
increased by 18.61% and 11.39% ., and 37.50% and 19. 88% , respectively. It was also found that with plastic mulch and drip
irrigation, aboveground dry matter (including stem, leaf, flower and fruits) of tomato plants increased markedly. In
conclusion, plastic mulch and drip irrigation can effectively improve air humidity, soil moisture condition and the growth and
yield of tomato cultivated in the greenhouses in south China.

Key words :plastic greenhouses; dehumidification; tomato
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Fig. 1  The projected figure of humidity observation spots inside
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Table 1 The biological characters of tomato seedlings when
transplanted
. . (sheets/ (cm?/ (g/ (g/
(cm)W " (mm)¥ - ; - -
plant)® plant)® plant)® plant)©®
13.6 3.9 6.3 86. 2 6. 30 0.76
* 10 Data

listed on the table were means of 10 seedlings by random sample; *
% (D Plant height, @) stem diameter, (3)Leaf number of individual
plant, @) Leaf area of individual plant, &) the weight of individual

fresh plant, ©@the weight of individual dry plant

2
Table 2 The irrigation case on tomato plants inside experimentation

greenhouses

(m?)

Irrigation quantity of

C - - :

Irrigation way .
single greenhouse

2001-11-23 (CGDR 1. 720
2001-11-24 (2) 1. 050
2001-11-27 (2) 0.910
2001-12-04 (2) 1. 050
2001-12-14 (2) 0. 250
2001-12-24 (2) 0.530
2002-01-05P (2) 1. 050
2002-01-11 (2) 1. 050
2002-01-23 (2) 1. 050
2002-02-03 1) 1. 050
2002-02-17 (1) 0. 890
2002-02-27 [@D) 1. 050
2002-03-08 (2) 0.450
2002-03-12 (2) 0. 450
2002-03-26 [@D) 1. 050
2002-04-05 [@D) 2.100
2002-04-16 1) 2.100
2002-04-28 [@D) 1. 050

Total 18. 850
*

;
Irrigation way listed on the table was aimed at plastic mulch and
control greenhouses; but irrigation quantity was auto-controlled by
water meter for drip irrigation greenhouse; Irrigation quantity every
time and total irrigation quantity inside three various dehumidified
treatments greenhouses were both consistent completely; * % (1)

Hosing, (2)Splashing by ladle

30~35d tol, 10
113d, 53d, 44d, 16d,
. . 15d.13d.3d;2 21d, . .
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Table 3 The monthly variations of average relative humidity and absolute humidity on the middle-level inside greenhouses from December 2001

to March 2002 in various dehumidified treatments

12 December 1 January 2 February 3 March
Time Dehumidified %) (hPa) %) (hPa) (%) (hPa) %) (hPa)
treatments Relative Absolute Relative Absolute Relative Absolute Relative Absolute
humidity humidity humidity humidity humidity humidity humidity humidity
6:30 OM 87a™ * 11. 4b 90b 11. 6b 92a 12.1b 92a 14. 8b
®) 90a 11. 8ab 9lab 12. 0ab 94a 12.5b 93a 15. 2b
® 93a 12. 3a 97a 12. 4a 98a 13.7a 96a 16. 7a
11:00 @ 65b 18.1b 74b 20.1b 77a 20. 4a 78a 24. la
® 72a 20. 8a 80a 20. 9ab 80a 20. 8a 80a 24. 4a
® 76a 22.1a 83a 22. 0a 8la 21. 4a 83a 25. 3a
17:00 ©) 74b 15. 0a 78b 15. 4b 77a 17. 3b 82a 21.0b
@ 8la 15. 0a 79b 16. 0ab 78a 17. 8ab 83a 21.5b
® 85a 16. Oa 85a 16. 9a 80a 19. Oa 85a 22.7a
21:30 ©) 81b 11. 8b 89b 12.3b 90a 14.1b 9la 18. 0b
@ 89a 12. 4ab 93a 13. 2ab 92a 14. 8b 93a 18. 7ab
® 92a 13. 1a 97a 13.7a 95a 15. 9a 96a 19. 6a
% (DPlastic mulch, @Drip irrigation, 3)Control; * * . V3 LSD N D@
® 3 (P>0.05), (P<<0.05), Statistical test was conducted on

P

o))

data of three various treatments in the same time and the same month, Three corresponding data with (D@ @) in same erect column followed by

same letters indicate no significantly difference (P>>0. 05), but different letters indicate significantly difference (P<C0. 05) ; The same below
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Table 4 Effects of various dehumidified treatments on leaf number,leaf area and leaf area index of tomato plant

Date Index Plastic mulch Drip irrigation Control

2001-12-09 Leaf number (sheets/plant) 11. 4a % 11. 6a 12. 3a

Leaf area(dm?/plant) 7.65a 7. 06a 5.31b

Leal area index 0. 29a 0. 27a 0. 2b

2002-01-10 Leaf number (sheets/plant) 17. 3a 16. 1a 16. 2a
Leaf area(dm?/plant) 41.99a 39.93a 21.88b

Leaf area index 1.61a 1. 54a 0. 84b

2002-02-25 Leaf number (sheets/plant) 29. 2a 29. 7a 31. 3a
Leaf area(dm?/plant) 96. 57a 75.63b 58. 18¢

Leafl area index 3.71a 2.91b 2. 24c

2002-03-29 Leaf number (sheets/plant) 32. 1a 34. 8a 35. 2a
Leaf area(dm?/plant) 104.41 a 105. 83a 70. 55b

Leaf area index 4.02a 4.07a 2.71b

* 3 Statistical test was conducted on corresponding data which

belonged to same index of three various treatments in same horizontal column
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, , rate of dry matter of various organs of tomato plant
( . ) , .
Plastic Drip
Date Ind Control
N (2440. Okg/ ) ate naex mulch irrigation ontro
0, P 0/ .
18.6156.11. 39545 (968. 2kg/ Root 10.76  9.64  12.45
37.50% .19. 88% . Stem 18.31 18.98  16.74
001-12-09
2001-12 . Leaf and flower 70.93  71.69  70.82
° ’ Fruit 0 0 0
(p<<0.05); , Root 3. 36 5. 04 6. 82
Stem 16. 85 17.73 24.08
(p=>0.05C 9, 002-01-10
r 2002-01-1 . Leaf and flower 69. 14 72.24 69.12
2.5 Fruit 10.65 4.98 0
) Root 3.58 3.01 4. 85
9002-02-25 Stem 12. 41 16. 42 17.78
N N erey . Leaf and flower 53.47 48.1 49. 94
o «C 7. ® s Fruit 30.55  32.46  27.42
Root 3.54 2.59 4. 09
’ 009 0300 Stem 28.87  31.64  32.29
(1 ) > o . Leaf and flower 48.7 43.11  51.69
-~ -~ 2001 12 ~92002 3 Fruit 18. 33 25.72 11.93
H 29' 5 N 9
4 K 6 (CGR) (g/(m? + d))

C
24.2C. 23.6C, 29.5C, 26.2C., 24.6C, 22.6C.
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1.3C.2.4C, o4
9.8C.11.8C,
12.6 C, 17.5C, 9.1C.87C.,12.0C. 17.6C,
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Fig. 7 Effects of various dehumidified treatments on average

monthly highest temperature inside greenhouses

Table 6 Effects of various dehumidified treatments on crop growth
rate (CGR) relative growth rate (RGR) net assimilation rate (NAR)

of tomato plants

v ® ©® ® ¢
©) 3. 87 7.98 4. 46 5. 44
® 3.56 6.96 3.57 4.70

D 1.79 5.70 3.16 3.55

Ne%

% (D Dehumidified treatments, @) Plastic mulch, @) Drip
irrigation, Control, B3)Delayed seedlings to early flower-fruits, ©)
Early flower-fruits to flourishing flower-fruits, (@ Flourishing
flower-fruits to early-medium harvest, @Means; 7. 8

Symbol markers on table 7 and table8 were uniform with

this table

7 (RGR) (g/(g+d))

Table 7  Effects of various dehumidified treatments on relative

growth rate (RGR) of tomato plants

v ® ® ® o
@) 0. 064 0. 028 0. 015 0. 036
® 0. 064 0. 027 0.013 0. 035
@) 0.076 0. 036 0.017 0.043
8 (NAR) (g/(m?« d))
Table 8 Effects of various dehumidified treatments on net

assimilation rate (NAR)of tomato plants

v ® ® ® ¥
&) 5.29 3.99 3.00 4.09
® 4.58 3.24 2.76 3.53
@ 4.73 3.17 2.38 3.43
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Table 9 Effects of various dehumidified treatments on yield.average weight of individual tomato fruit and the ratio of disease infected fruits

Biomass Economic yield

Dehumidified - 5 . NG NG
treatments (kg/ HV (kg/hm?)® (kg/ DY (kg/hm?)® ) (@™ 5® O5®
Plastic mulch 2894. 0 120643.5 1331.3 55498. 5 0.46 116. 6a 11.89 37.50
Drip irrigation 2718.0 113307.0 1160. 7 48387.0 0.43 103. 4a 18. 37 19. 88
Control 2440.0 101718.0 968. 2 40362. 0 0. 40 88. 8b 21.07

* , s %) ( + )

3 %) Economic coefficient showed the ratio of economic yield to biomass, disease infected

fruits were included when average weight of individual fruit was calculated, the ratio of disease infected fruits showed the rate of disease infected
fruits weight to total fruits weight (economic yield plus disease infected fruits weight); the ratio of increase production showed increased
percentage in economic yield compared with control; (D Single greenhouse, @) Converted into hm?, 3)Economic coefficient, @)

=y

Average weight of individual fruit, 3)The ratio of disease infected fruits, @ The ratio of increase production

’ 3
, B0 & M Plastic mulch
’ . 830 = Wi Drip irigation
) (6], , 5 © & ;5| O MM Control
—4 @ 24 Cutdoor
. , A5 a0t
g
, . ( ) -
10
3%~11%, =
5
2%~6%; 0.8~4.0hPa,0.4~1. 5hPa. §' o
>
2001 12 ~2002 3 4 6:30,11:00, <
17.00,21:30 4 ,
b N N
8
’ ° Fig. 8  Effects of various dehumidified treatments on average
3.2 . s -
monthly lowest temperature inside greenhouses
b b Y Y A
s [17]
3.3 s s s
. s s R Baker-JC s
[18 b b b b 9
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