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Effects of plastic film covering on dropping ground temperature at

the full-growing stages of cotton, maize and soybean
WANG Rong—Tang ,» WANG YOU*NiI’lg , DONG XiufRong (Hubei Agricultural College,Jingzhou,
Hubei  434025,China). Acta Ecologica Sinica.2003,23(8):1667~1672.

Abstract: A extensive application of plastic film covered in crop cultivation brought about an international

‘ 2]

‘white revolution” in 1970’s. A lot of researches on using of plastic film in cropping have reported
nowadays. and the effects of plastic film covering on production increase and water saving have studied in
the ways of temp-increase and soil moisture preservation at the early growing stage of crops. The studies
were conducted at the full-grown stage of crops in order to discover the effects of plastic film covering on
growing rate and production increase and provide a theoretical base for more applications of plastic film.
Three-year’s researching work began in 1999 on college farm of Hubei Agricultural College in
Jingzhou city, Hubei province. Cotton, maize and soybean sowed in 20 April, which was the optimum
sowing period in this test area. Contrast design was used in the test with two plots of 100m® (a film-
covering treatment and a contral) and four replications each crop. The test materials were emianl5, xiyu3
and edou4. Daily observations of soil temp and growth status of each crop were gained through the whole

stages from sowing date to ripeness date, and light intensity of the canopy. outer active layer and soil
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around root were observed for 5 times per day at full growing stage.

Three year’s test observations showed that in summer the leaf area of film covering treatments were
bigger than the controls when covering plastic film at full-growing stages, to which cotton from blooming
to boll opening,maize from heading stage to milking stage and soybean from blooming to milky stage. The
LLAI of cotton, maize and soybean was 3.9/3.1, 3.3/2.7 and 4.0/3. 2 respectively. According to Beer
formula( I=1, » ¢ *¥), light intensity in the crop colony was meanly relative to LAI, but LAI influences
the extinction coefficients. Covering plastic film in the field speeded up the growth of field crop for its
effects of temp-increase and soil moisture preservation at the earlier growth stage, but at the full-growing
stage increased LAI, decreased extinction coefficients for the excessive amount of global radiation held
back by the canopy and the lessened solar energy entered lower layer of the crop colony. In addition,
according to the heat equilibrium theory:R=P+ B+ LEc, evaporation of covering field is reduced but the
transpiration is increased for its flourishing branches and leaves, which lead to more energy dissipating and
less energy heating the soil. The two reasons above resulted in the lower soil temp of the film covering
treatments than the controls. Temperature decreased most when soil temp got the highest level in
daytime, and the decrease extents were 3. 1C., 2. 7C and 2.5C for cotton., maize and soybean
respectively.

Effects of temp-decrease on crops by covering plastic film at the full growing stage could lighten the
harm of high temp to crops in summer. According to the theory about three basic temp points of
photosynthesis and respiration, when temp exceed the optimum temp of photosynthesis (20~25C) in the
summer days,the respiration consumption of organic matters is increased, and the growth of crops became
slow. Film-covering patterns had lower ground temp and higher productivity for a better growth vitality
and bigger photosynthesis intensity than non-covering ones in this study. The temp-decreasing effect of
film covering at full growing stage will renew the production-increasing theory of film covering, raise the
applied value of plastic film covering, and corrected the lopsided conclusion on film covering, which
explain the productivity increase merely owe to temp-increasing effect at the early stage of crop,
meanwhile ,and provide a meteorological basis for more extended application of plastic film covering.

Key words :plastic {ilm covering, {ull-grown stage of crops, effect of temp-decrease
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Table 1 Average temperatures in growing period
0~20cm /C
Crop Treatment 0~20cm different layer temperature/ C
Ocm Scm 10cm 15cm 20cm
Cotton Film-mulch 23.0 19.9 18.7 17.5 16. 8
Check 19.2 16. 9 16.8 16.1 15.7
Defict 3.8 3.0 1.9 1.4 1.1
Maize Film-mulch 26.2 19.0 18.9 18.6 18.5
Check 22.17 16.0 16.0 16.5 15.9
Defict 2.5 3.0 2.9 2.1 2.6
Soybean Film-mulch 27.7 26. 6 25.5 25.3 24.9
Check 24.2 23.6 24.7 22.7 22.6
Defict 3.5 3.0 0.8 2.6 2.3
2.3
, Beer BIf=1,+¢ ", F s
K (K= I%,ln ?,I,, 1 Do
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Table 2 Average temperatures during healthy growth stage crop

cC)H )
Crop The earth’s surface Different layer temperature
Treatment K
highest temperature Ocm Scm 10cm 15cm 20cm
Film-mulch 45.3 32.7 31.1 31. 0 30.9 30.7
07-10~08-21 .
. Check 48. 4 33.9 31.6 31.5 31.4 31.3
Cotton
Deficit —3.1 —1.1 —0.5 —0.5 —0.5 —0.6
Film-mulch 37.4 30.1 29.9 29.7 29.6 29.6
06-1~07-10
6 7, Check 40. 1 31.0 30. 3 30. 1 29.9 29.9
Maize
Deficit —2.7 —0.9 —0.4 —0.4 —0.3 —0.3
Film-mulch 36.8 30. 2 27.8 27.6 27.5 27.4
05-21~07-10
° . Check 39. 3 30.9 28.3 28.1 27.9 27.7
Soybean
Deficit —2.5 —0.7 —0.5 —0.5 —0.4 —0.3
3 (klx)
Table 3 Illuminance in during healthy growth stage of different crops
2/3
Acro minstry 2/3 Individual height The earth's surface
Crop Observational
time
Film-mulch Check Film-mulch Check Film-mulch Check
Cotton 8:00 3. 86 3. 86 2.49 2.65 2.15 2.26
10:00 78.5 78.5 38.3 39. 8 34.4 35.5
12:00 97.7 97.7 46. 5 46. 8 42.9 43. 4
14:00 83.9 83.9 42.7 49. 2 38.0 40. 8
16:00 53.5 53.5 34.5 34. 8 34.1 34. 4
Maize 8:00 5.29 5.29 3. 05 4.51 2. 86 2.77
10:00 67.4 67.4 47. 6 48. 4 36. 3 40.9
12:00 70.1 70.1 59.1 60. 3 41. 4 43.7
14:00 78.5 78.5 45 35 49. 0 42.9 44.7
16:00 45.3 45.3 3 79 38.1 37.6 37.8
8:00 3. 14 3. 14 4. 20 4. 31 2.17 2.13
Soybean 10:00 47.2 47.2 41. 2 44.3 38.6 39.9
12:00 56. 2 56. 2 49. 4 49.0 49. 0 49. 1
14:00 67.8 67.8 59.4 60. 9 43.1 44. 0
16:00 34.0 34.0 23.1 23.9 23.0 23.3
2.4
1999~2001 3a .3
, ;3a 22. 6kg/667m?, 25.0%; 67. 6kg/667m?,
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Table 4 Effects of film-mulch on main economic characteristics of cotton
% (g) (g)
*(cm) . .
. * Abastrums and  Single plant Single )
Individual ) . (kg/667m?)
Treatment . Leaf ratio Agric number  cotton peach  seeded cotton  cotton peach
plant height . . . Product
abscission rate weight weight
Film-mulch 118.3 3.9 7.1 60. 86 76.9 4.8 113.0
Check 110. 8 3.1 6.4 71.27 67.9 4.1 90. 4
Defict 7.5 0.8 0.7 —10.29 9.0 0.7 22.6
The extent _ -
. 6.77 25.8 10. 94 —14. 85 13. 25 17.07 25.0
of increase (%)
* 3 7 20
5 (1999~2001)
Table 5 Effects of film-mulch on main economic characteristics of maize
*(cm) ) (g) (g)
. * (cm) (cm) . : ,
Individual . . .. Hundred  Single spike (kg/667m?)
Treatment i Leaf ratio  Stem coarse Spike length K . : .
plant height grain weight grain weight Product
Film-mulch 148. 8 2.13 23.59 29.10 177.18 564.77
Check 101.0 2.7 1. 34 22.03 27.13 158. 83 497.15
Defict 47.8 0.6 0.79 1.56 1.97 18. 35 67.62
The extent
. 47. 33 22.2 58. 96 7.08 7.26 11.55 13. 60
of increase (%)
X . 3 6 20
6 (1999~2001)
Table 6 Effects of film-mulch on main economic characteristics of soybean
(cm) . (cm) (g) (g)
Individual . Main axis  Single plant Single plant ~ Hundred  (kg/667m?)
Treatment . Leaf ratio . . . .
plant height coarse pod number grain weight grain weight Product
Film-mulch 91. 38 4.0 1.39 87.5 51.31 29.74 136. 1
Check 87.08 3.2 1.09 70.1 35.42 27.37 108. 1
Defict 4.75 0.8 0. 30 17. 4 15.92 2. 37 28.0
The extent _ _ _
. 5.45 25.0 27.52 24. 82 44. 95 8. 66 25.90
of increase (%)
* . 3 6 25
3.3 , B,
3 ( :0~5C,20~25C,40Cj3 :—10C,36~40C,50C)H"™ ,
’ 13~1 7 ) ’
b b b
s s s B
3.4 s s
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