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Effects of plastic film mulching periods on the soil nitrogen avail-

ability in semiarid areas

L1 Shi-Qing, LI Feng-Min,SONG Qiu-Hua,WANG Jun  (State Key Laboratory of Arid Agroecolo-
gvs Lanzhou University, Lanzhou 730000,China). Acta Ecologica Sinica.2001,21(9):1519~1526.

Abstract: A field experiment was carried out on cultivated loessial soil in semiarid areas with 415 mm pre-
cipitation and spring wheat (Triticum aestivum 1..) used as an indicating crop to study the effects of the
plastic mulching periods on the soil nitrogen availability. The experiment had three factors and they were
water storage in soil profile before sowing,plastic film mulching period and nitrogen fertilization. The wa-
ter storage in soil profile before sowing had two levels under each of which there were no mulching,30-day
mulching , 60-day mulching and full-growing-period mulching after sowing. Under each mulching period
there were two rates of nitrogen fertilization and the rates were 0 kg/hm* and 75 kg/hm?*. So the experi-
ment had a complete design with 16 treatments.and all the treatments were replicated three times.

The results of the experiments showed that plastic film mulching significantly increased water con-
tents of surface soil (the average water content of 0~ 20 cm soil with plastic film mulching was 3.2%
higher than that without mulching during the period of crop growth and the difference between the two
reached a significant level) ,but it made the water contents of subsoil soil decrease,so the water storage of
0~200 cm soil with plastic film mulching was basically equal to that without mulching.

The plastic film mulching could increase soil temperature,and the effect of plastic film mulching on
the soil temperature at the depth of 5 cm was related with crop growth. Because there was low crop cover-

age during the early stage of crop growth (the 1st~30th day after sowing) ,plastic {ilm mulching could sig-
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nificantly increase the soil temperature; The crop coverage increased during the middle stage of crop growth
(the 30th~90th day after sowing) and thus temperature-increasing effect of plastic film mulching became
weak ; During the latter stage of crop growth (the 90th~120th day after sowing) ,crop leaves drooped and
crop coverage declined,and thus the temperature-increasing effect of plastic {film mulching became strong.
So the temperature-increasing effect of plastic film mulching showed a U-shape pattern with crop growth.

Plastic film mulching inevitably resulted in accelerating the decomposition of soil organic matter. The
value of soil respiration (the amount of CO, releasing from soil) directly measured in situ can reflect the
rate of soil organic matter decomposition. According to the experiment results,plastic film mulching could
significantly increase the amount of CO, releasing from soil,the average released CO, amount with plastic
film mulching was 251. 5 pg/cm® higher than that without mulching and this difference reached a significant
level of p<<0.01. The plastic film mulching with nitrogen fertilization could intensify the decomposition of
soil organic matter due to the priming effect of nitrogen fertilizers.

Nitrogen fertilization and plastic film mulching significantly affected the accumulation of nitrate nitro-
gen in soil profile (p<C0.01). No matter in which treatment,the amount of accumulated nitrate nitrogen
declined as wheat growth advanced. The difference of accumulated nitrate nitrogen between nitrogen fertil-
ization and no-nitrogen fertilization correlated with the stages of wheat growth and the film mulching peri-
od. On the 30th day and 60th day after sowing.the amount of accumulated nitrate nitrogen with the plastic
film mulching was significantly higher than that without mulching,but the amount of accumulated nitrate
in the plots for 30-day mulching was lower than that mulched for all the growing period on the 60th day af-
ter sowing; On the 90th day after sowing and at the time of wheat harvesting.the amounts of accumulated
nitrate nitrogen in the plots for 30-day mulching and 60-day mulching were not only lowest,but also did
not differ much earth other. After wheat harvesting ,the amounts of accumulated nitrate nitrogen with 30-
day mulching and 60-day mulching without nitrogen fertilization were 29. 0 kg/hm?*and 14. 9 kg/hm?*in 0~
100 c¢m soil profile lower than that without mulching, respectively. The amount of accumulated nitrate ni-
trogen in the plot of full-growing-period mulching was 9.4 kg/hm?* higher than that without mulching
plot. The amounts of accumulated nitrate nitrogen with 30-day and 60-day mulching, with nitrogen fertil-
ization were 17.1 kg/hm?* and 5. 3 kg/hm® lower that without mulching, respectively. The amount of accu-
mulated nitrate nitrogen with the full-growing-period mulching was 88. 9 kg/hm? higher than that without
mulching while nitrogen fertilier input. The effects of the plastic film mulching on nitrate nitrogen in soil
profile related with the uptake of soil nitrate nitrogen by wheat and the mineralization of soil organic nitro-
gen. On one hand,30-day mulching and 60-day mulching promoted the growth of wheat and the uptake of
nitrate nitrogen by wheat during the early growing period,on the other hand.because of without mulching
during 30~90(126) days for 30-day mulching treatment or 60~90(126) days for 60-day mulching treat-
ments ,the mineralization of soil organic nitrogen became weak and thus the amount of accumulated nitrate
nitrogen in soil profile decreased significantly. The temperature and soil moisture in the full-growing-period
mulching treatment still are suitable for the mineralization of soil organic nitrogen during 60~126 days,at
the same time the requirement of wheat for nutrient decreased and the nutrient uptake ability became
weak ,s0 a lot of nitrate nitrogen was accumulated in soil profile. While plastic film mulch as well as nitro-
gen fertilization were practices,the amount of accumulated nitrate nitrogen increased significantly due to
the priming effects of nitrogen fertilizers on the mineralization of soil organic nitrogen.

Because during latter stage of wheat growth the roots of spring wheat had weak ability to uptake ni-
trate nitrogen and there was rich rainfall ,the amount of accumulated nitrate nitrogen in full-growing-period

mulching treatment could leached very easily. Obviously, the plastic {ilm mulching through full-growing-
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period had some certain limitations. It could result in the decrease of wheat yield because of limiting water
and nutrient conditions during latter stage of wheat growth (our experiments described in this paper and
our former experiments have proved this result) ,and promote excessive mineralization of soil organic nitro-
gen during latter stage of crop growth. Therefore,long-term plastic film mulching is disadvantageous for

sustainable agricultural production.
Key words :dryland soil ;plastic film mulching;soil nutrients jaccumulation of nitrate nitrogen
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Table 1 Basic physical and chemical properties of soil used in the experiment
C/N (g/kg)
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(em)  Clg/kg) (g/ke) (rg p/kg) (g p/kg) 3 0~0.02mm 0.02~0.0002mm <<0.002mm Cclassification
0~20 8.53 0.955 8.9 11.0 0.952 479. 4 352. 8 167. 8 Clay loam
20~40  7.37 0. 785 9.4 2.2 0.910 395.1 382.1 222.8
1.2
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Table 2 Effects of plastic film mulch and nitrogen fertilizer on soil respiration under fallow condition

Date N fertilizer Measuring time
Mulch Average
(D/M) kgN/hm? — 0g: 00 10:00 12:00 14:00 16:00 18: 00

25/5 NM 0 82 111 136 122 115 102 111. 3
75 80 141 169 160 136 98 181.0

M 0 216 347 100 367 344 264 323.0

75 170 309 402 423 468 284 342.7

NM 9.5  16.5 21.5  26.0  27.0  23.5 20.7

M 12.3  19.3 25,0  31.8  34.5  30.8 25.6

26/6 NM 0 97 159 142 188 152 131 144.5
75 172 155 131 155 129 112 142. 3

M 0 1137 558 325 415 571 431 572. 8

75 1017 652 626 753 608 572 704. 7

NM 17.5  22.0  26.0  30.0  29.5  28.5 25.6

M 21.5  26.5  32.8  39.0  39.0  37.8 32.8

31/7 NM 0 269 150 184 189 210 183 197.5
75 257 173 228 176 161 84 179. 8

M 0 115 208 118 214 110 163 154.7

75 908 298 169 371 205 254 367.5

NM 22.0  28.0  33.0  36.0 387  37.0 32.5

M 25.0  30.0  36.0  43.0  45.4  44.0 37.3

* NM and M represents no mulching and mulching plastic film mulch, respectively.

3 (pg N/g)

Table 3 Effects of plastic film mulch and application of nitrogen fertilizer on soil microbial biomass nitrogen

2
N fertilizer Measuring date
Land usage SW Mulch

(kg N/hm?) 1999-04-23  1999-05-23 Average

NM 0 73.2 55. 2 64. 2

Planting LSW 75 57.2 145.6 51.4

M 0 67.6 59.6 63.6

75 19.2 50.0 49.6

NM 0 59.8 59.2 59.5

HSW 75 1.8 52.0 16.9

M 0 63.4 56. 0 59.7

75 48.4 39.6 14.0

NM 0 72.2 64. 4 68. 3

Fallow 75 60. 8 62.4 61.6

M 0 79. 4 60. 8 69.7

75 61.8 54.0 57.9

SW represents the storage water in profile before sowing; LSW and HSW represents

the lower and higher storage

water in profile before sowing, respectively; NM and M represents no mulching and mulching plastic film mulch, respec-

tively.
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Table 4 Effects of plastic film mulch and application of nitrogen fertilizer on

accumulation of mineral nitrogen in 0~100 cm layer

N fertilizer LSW HSW Mean
Mulch

(MD) (kg N/hm® NO; N NH#-N D) NO;-N NH{-N >} NOsy-N NH{-N D)
Before sowing 166. 8 108. 8 275.6 166. 8 108. 6 275.6 166. 8 108.8 275.6
30 d ® 0 137.9 93.5 231.4 128.9 77.9 206. 8 133.4 85.7 219.1
75 239.4 80. 9 320. 3 149.0 101.1 250. 1 194. 2 91.0 285.2
2 0 221.7 91. 8 313.5 186.7 76.7 263. 3 204.2 84.3 288.5
75 287.3 82.0 369. 3 259. 6 76.1 335.7 273.5 79.1 352.6
60d ® 0 120. 4 74.8 195.2 78.9 66. 9 145. 8 99.7 78.9 170.6
75 139.0 92.6 231.6 106. 9 80. 8 187.7 123.0 86.7 209.7
30 d¥ 0 70. 4 83.1 153.5 44. 6 62.8 107. 4 57.5 73.0 148.5
75 151.8 112.6 264. 4 106. 9 80. 8 187.7 129.4 96.7 226.1
: 0 138.0 84.9 222.9 91.4 75.8 167.2 114.7 88.2 202.9
75 187.1 77.8 264.9 217.4 80. 7 298.1 139.3 79.3 218.6
90 d ® 0 53.4 67.6 121.0 38.1 64.5 102. 6 45. 8 66.1 111.9
75 106. 5 67.3 173.8 47.3 83.3 131. 1 76.9 75.3 152.2
30 d¥ 0 85.2 61.5 146.7 47.3 67.8 115.1 66. 3 64.7 131.0
75 91.5 57.1 148. 6 98.9 58.6 157.5 95.2 57.9 153.1
60 d¥ 0 76.0 59.6 135. 6 38.6 81.9 120. 5 57.3 70.8 129.1
75 111.3 61.4 172.7 49.7 73.6 123.3 80. 5 67.5 149.0
! 0 45. 8 54.9 100. 7 62.2 70.8 133.0 54.0 62.9 116.9
75 159.9 66.5 226.4 175.1 61.2 236.0 167.5 63.9 231.4
126 d 0 82.4 60. 1 142.5 47.8 51.8 99. 6 65.1 56.0 121.1
75 73.9 59.3 133.2 87.4 50.1 137.5 80.7 54.7 135.4
30 d® 0 43.6 51.9 95.5 28.5 51.7 80. 2 36.1 51.8 87.9
75 52.1 67. 2 119.3 75.0 51.8 126. 8 63. 6 59.5 123.1
60 d¥ 0 44.9 58.8 103.7 55.4 52.9 108. 3 50. 2 55.9 106.1
75 64.9 60.0 124.9 85.1 51.1 136. 2 75.0 55.6 130.6
@ 0 67.6 63.3 130. 9 81.3 47. 6 128.9 74.5 55.5 130.0
75 132.6 85.3 217.9 208. 6 54.3 262.9 170. 6 69.8 240.4
1L.SD¢o. 05) 29.3 ns 25.8 ns 27.5 ns 28.9 ns 26.1

(D No mulching, @ Mulching for 30 days, @) Mulching for 60 days after sowing,(@) Mulching for whole sowing peri-
od. LSW and HSW represents the lower and higher storage water in profile before sowing, respectively.
sNO; -N C 5. NO; -N
s s s 30d 60 d s
, s , ‘U’ B NO; -N
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, 30d NO; -N ;60d NO; -N
, 30d NO; -N 190 d (126 d> 30d  60d
NO; -N . 2 . 0~100 cm . . 30
d 60d NO; -N 29.0 kg/hm?®  14.9 kg/hm?,
(126 d) NO; -N 9.4 kg/hm?*; . 30d  60d
NO; -N 17.1 kg/hm* 5.3 kg/hm?, (126 d)
NO; -N kg/hm?* 88.9 kg/hm?, .
. NO; -N NO; -N
30d  60d NOj; -N , 2 30~90
d(126 d>  60~90 d(126 d) . s )
NO; -N , . 60~90 d(126 d) ,
. . NO; -N . bl
s NO; -N, s 7 NO; -N
¢ 5.
5 0~100 cm ( .kg N/hm?)

Table 5 Effects of plastic film mulch and application of nitrogen fertilizer on accumulation of mineral nitrogen

(averaged with two storage water before sowing)

(2 )
. Increased by mulch
Sampling date Mulch Increased by N fertilizer (averaged by 2 N level)
NO; -N NH{ -N > NO; -N NH; -N >
30d o 70. 8 —1.4 69. 4
@© 69. 3 —11.9 57.4 75.0 —6.7 68.3
60 d @ 23.3 7.8 31.1
30d® 53.9 23.7 77.6 — 8% —3.5 —5.3
D 24.6 —8.9 15.7 47.2 0.3 47.5
90 d 31.1 9.2 40. 3
30 d? 28.9 —6.8 22.1 19.4 —18.6 0.8
60 d¥ 23.2 —3.3 19.9 7.6 —1.5 6.1
! 113.5 1.0 114.5 49. 4 —7.3 42.1
126 d o 15. 6 —1.3 14.3
30 d? 27.5 7.7 35.2 —23.0 0.3 —22.7
60 d® 24. 8 —0.3 24.5 —10.7 0.3 10.4
D 96. 1 14.3 110. 4 49.7 7.3 57.0
LSDo. 05) 21.7 ns 24.3 19.5 ns 20. 9

(D No mulching. @ Mulching for 30 days.® Mulching for 60 days after sowing, @ Mulching for whole sowing

preiod
3
5~35C ’ ’ ’ Ql(wZZEZO];
0.1~15 bar s f21] [22] )
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