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Effect of Various Mulching Durations with Plastic Film on Soil
Microbial Quantity and Plant Nutrients of Spring Wheat Field in

Semi-arid Loess Plateau of China
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Abstract: Effect of various mulching durations with plastic film on soil microbial quantity and plant
nutrients of the spring wheat field was investigated in semi-arid Loess Plateau of northwest China for two
years. Four treatments were employed: My-no mulching. Mj,-mulching for 30 days from sowing, M;,-
mulching for 60 days, and M-mulching for whole growth period. In 1999, a wet year with rich
precipitation, the total soil microbial quantity increased faster and the higher level of soil microbial
quantity lasted for longer time in the mulching treatments than in control. The highest quantity of soil
microbes in total was recorded in the M, treatment with 33. 938X 10°/g dry soil, the secondary was in M
treatment with 32. 259X 10%/g dry soil at the harvest stage. In 2000, a dry year. the mean quantity of all
the microbes for all treatments decreased by 63. 5% compared with that in 1999. Because rich precipitation
occurred in the latter growth period of this year soil microbial quantity for all the treatments increased
significantly, and reached the highest in M treatment with 14. 836X 10%/g dry soil, and the secondary was
in Mg, with 11.529X10°/g dry soil at the harvest stage of spring wheat.
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Significantly negative correlation was noticed between soil organic carbon contents and the microbial
quantities of various physiological properties which included ammonibacteria, nitrite bacteria, nitrate
bacteria, denitrobacteria, cellulose decomposing bacteria,phosphorus bacteria and actinomycetes in 1999.
In 2000, however, the correlation coefficients decreased between soil organic carbon contents and the
quantities of almost all the microbes above mentioned. No significant correlation was found between soil
organic carbon contents and some soil microbes such as ammonibacteria, nitrite bacteria, denitrobacteria,
even the total quantity of soil microbes. Significantly negative correlation was shown between soil total
nitrogen contents and the soil microbial quantities of ammonibacteria, nitrite bacteria, nitrate bacteria,
phosphorus bacteria and all the soil microbes in 1999, but no significantly correlation was found between
soil total nitrogen contents and the quantities of nitrite bacteria, phosphorus bacteria and all the soil
microbes in 2000. Significantly correlation occurred between soil available phosphorus content and quantity
of phosphorus bacteria in 1999, no significantly correlation in 2000.

Soil organic carbon content decreased by 21.2%, 17.2%, 4.3% and 6.7% for M, M60, M30 and
MO treatments ., respectively, for the two experimental years. This means that mulching with plastic film
for a long period each growth period would result in rapid decomposition of soil organic matter. Because of
chemical fertilizer application in sowing periods total nitrogen contents increased significantly in all the
treatments. Available phosphorus contents increased significantly in all the treatments during the first
growing period of 1999 and the following fallow period, but decreased greatly during the second growing
period of 2000.

It is concluded that mulching with plastic film in dryland farming system promotes activity of soil
microbes, accelerates the decomposition of soil organic matter, and releases nutrients for plants.
However, because of rapid decomposition of soil organic matter soil holding capacity to fertility decreases
seriously, which would damage flexibility, stability, and sustainability of agro-ecosystem. Therefore,
maintaining and improving soil organic matter content through increasing input of organic matter input into
field should be paid attention in agro-ecosystem management under the condition of plastic film mulching.

Key words :soil microbes; spring wheat; plastic film mulch; Semi-arid Loess Plateau; soil organic matter;
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Table 1 The quantities of soil microbe groups with different physiological properties in 1999
Ammoni- Nitrite Nitrate Denitro- Cellulose Posphorus  Actino- Total
Sampling Treat- bacteria bacteria bacteria bacteria decomposing bacteria mycetes (X(I)OZ/
date ment (X10%/g (X10%/g (X10%/g (X10%/g bacteria (X10%/g (X10%/g (X10'/g d 'lf;
ry soi
dry soil)  dry soil)  dry soil)  dry soiD) dry soil) dry soil)  dry soil) v 8o
M, 2,47 0. 45° 0. 09° 0. 90° 1.53 6. 327 2. 28° 8. 809°
April 23 Mo 2.87° 0.67" 0.27° 2.23b 1. 69" 7.43° 1.89" 10. 327"
ri
P Mo 2.87" 0.67" 0.27" 2.57° 1.69" 7.43° 1.72¢  10.326°
M 2.87° 0.67° 0.27° 2.57° 1. 69" 7.43b 1.72¢ 10. 326"
M, 2.42% 0.47* 1. 747 4.11% 1.77° 13.81* 2.30°*  16.239°
M3 6. 48" 0.58" 2.17° 4. 35° 1.14b 15. 98" 2.00° 22.474°
May 23 b ! . - b
Mo 7.48 0. 70" 2.54¢ 11.50¢ 4. 48° 19. 62¢ 2.40 27.122¢
M 7.48b 0.70P 2.5 11.50¢ 4. 48° 19. 62¢ 2.40P 27.122¢
M, 5.34% 1.15° 2.39% 9.67* 4. 61* 17.32% 4.97¢ 22.718*
July 20 Mo 5.34* 1.15° 2.39% 9.67* 4. 61" 17.32% 4.97¢ 22.718*
Y Mo 14. 39 1.47° 2. 45" 6. 20" 7.35P 19. 48" 4.70* 33.938°
M 10. 67 1.11° 1.97° 16. 48 11. 74 21. 47 9.13>  32.259
Mean 5. 89 0. 82 1.59 6. 81 3. 90 14. 44 3. 37 20. 363
* s »=0.05 1 Means within columns for

same sampling time followed by the
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2 2000

Table 2 The numbers of soil microbe groups with different physiological properties in 2000

Ammoni- Nitrite Nitrate Denitro- Cellulose Phosphorus  Actino- Total
Sampling Treat- bacteria bacteria bacteria bacteria decomposing bacteria mycetes (X10%/g
date ments  (X105/g (X10%/g (X10%/g (X10%/g bacteria (X10%/g (X10%/g (X10'/g !
dry soil)  dry soil)  dry soil)  dry soil) dry soil) dry soil)  dry soil) dry soiD)
M, 0. 85% 0.52¢ 0.09* 0. 70" 1. 39 0.16* 0. 06* 1. 005
March 24 M3 0.53% 0. 542 0.07% 0. 43" 1. 40° 0.15% 0.07* 0. 683"
Mo 0.52% 0.47¢ 0.07% 0.57% 1. 39 0.15% 0.09* 0.672°
M 0. 38" 0.57° 0. 06 0. 83" 1.47° 0.11* 0.09° 0.491¢
M, 2. 81* 0. 48" 0. 64" 1.83* 1. 36* 1.18* 1.74* 4.013"
oo Mo 2.76" 0. 62> 1.53" 1.63* 1. 66* 1.19* 3.32b 3.989*
April 23 ) ) o , )
Mo 2.51° 0.47° 1.55° 2. 37° 1.56° 1. 05 1.88° 3.593b
M 2. 84P 0. 45° 1.31° 1.87° 1.43° 2. 28 3.01b 5.150°
M, 4.56° 0. 35° 0. 09 1.07° 0. 35° 0. 37° 0. 98¢ 4.939°
Mo 5. 80° 0.32° 0. 09 1. 00° 0.23%® 0. 16" 0. 49" 5. 959
May 23
Mo 6.27° 0. 49¢ 0.17¢ 1.07¢ 0. 31% 0.83¢ 1.11° 7.110¢
M 6. 46° 0. 594 0.21* 1.17¢ 0. 28w 0.90°¢ 1.90¢ 7.382¢
M, 8. 09" 0.52" 1.02% 1.93% 3. 14* 2.39% 3. 50% 10. 518"
July 17 Mo 6. 85" 0.73" 1. 142 1. 77 2. 82% 3. 36" 3. 20% 10. 250a
Mo 7.28° 0. 58" 1.22% 1. 83 4.21¢ 4.19¢ 5. 30" 11. 529"
M 11.13¢ 0. 59" 1.13% 5.15" 6.19¢ 1. 664 3.40* 14. 836°¢
Mean 5.61 0.52 0. 84 1. 89 1.96 1. 88 2.49 7.439
* s p=0.05 T Means within column for

same sampling time followed by the same letter are not significantly different at p=0. 05 (T test)
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Table 3 Correlation analyses of soil microbial quantities with various physiological properties versus soil moisture and

temperature in both the years

Soil .
/ . Soi Ammoni- Nitrite . . Cellulose  Posphorus  Actino-
Year moisture . . Nitrate Denitro- . . Total
bacteria bacteria . . decomposing  bacteria mycetes
/temperature bacteria bacteria .
bacteria
Soil . ) - - ) ) -
. —0.739"* —0.739** —0.798"* —0.613* —0.704"* —0.818" " —0.747"* —0.831" "
moisture (%)
1999 Soil
o! L 0.711 0.867" " 0.712** 0.807* * 0.850" * 0.808** 0.854** 0.841"*
temperature ( C)
Soil
_ Sol —0.645%* 0.028 —0.686°* —0.512* —0.203  —0.513* —0.659%* —0.643" *
moisture ( %)
000 Soil
2 o! . 0.930"*  0.303 0. 367 0. 475 0.549* 0.761** 0.720** 0.931**
temperature ( C)
2.3
4 . 1999 2000
, s 60d o s
21.2%, 60d 17.2%, 30d .
1999 , s 2000 s
’ o o 1 b
4 0~20cm C.N.P

Table 4 Soil C, N, P contents of 0~20 cm soil of spring wheat field in different periods

Nutrients Treatments  A1999 Afallow A2000 A2y A2y (9%5)

Mo —1.37 1.14 —0.45 —0.68 —6.7

Organic C (g + kg 1) Mo —1.67 1.82 —0.59 —0. 44 —4.3

Mo —2.42 2.4 —1.73 —1.75 —17.2

M —2.23 1.97 —1.89 —2.15 —21.2

M, 0.016 0. 248 —0.128 0.136 14. 2

o Mg —0.014 0. 245 —0.097 0.134 14.0

Total NGg kg™ Mg, 0.002  0.246  —0.057 0.192 20.1

M 0. 064 0.189 —0.117 0.136 14. 2

M, 10. 16 11.82 —19.82 2.16 19.6

. Mo 6.18 14.67 —14. 67 6.18 56.2

Available P (mg « kg™") Mo 6. 67 14.18 —14.17 6. 68 60. 7

M 8. 10 12.26 —13.53 6.83 62.1
% 1999 : 10. 15g/kg 0. 955 /kg 11. 0mg P/kg. A1999, Afallow,

A2000, A2a 1999 .1999~2000 L2000 1999 2000

LA2a(%) Soil nutrients contents of Organic C,

total N, available P were 10.15g/kg, 0.955g/kg and 11.0mg P/kg, respectively, before sowing in 1999. A1999,
Afallow,A2000,A2a express the differences of soil nutrients content during the growing period of 1999, the fallow period
from the harvest stage of 1999 to the sowing stage of 2000, the growing period of 2000, and the period from sowing stage
to the harvest stage of 2000, respectively. A2a(%) is the percentage of A2000 based on the pre-sowing data in 1999.
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Table 5 The correlation analyses of the quantities of soil microbes with various physiological properties with soil C, N,

P contents in both the two years

Cellulos
Soil Ammoni- Nitrite Nitrate Denitro- cHulose Posphorus  Actino- Total
Year . . . . . decompos- . .
nutrients bacteria bacteria bacteria bacteria . . bacteria mycetes quantity
ing bacteria
& —0.905"" —0.672* —0.885"* —0.754"" —0.762* " —0.951** —0.634* —0.985""
1999 @ —0.662" —0.607" —0.941" "~ —0.879* —0.828" *
® —0.710" "
@ —0.368 —0.337 —0.662** —0.374 —0.541" —0.594" —0.656"* —0.473
2000 @ —0.574" 0. 069 —0.620" —0.458 —0.612"
d —0.473
(DOrganic C;@Total N;@)Available P
3
b N
) ’ N o
o ’ b b
s ; s s
b b 9 ’
fi=1ed 1999 ;
’ * o 1999 M()\Mg()\MGO
M 2424.3.3138.5,3305. 3 3123. 1kg/hm?,
. , 1999 36.5%,
9 Y .’ b
. 2000 Mo\ Mo\ My M 1366.1,1763.3.1771.4
2144. 5kg/hm?, s s s ,
o o b
[17]
b 9,
, s N
b b o b
b b b
. . 1999 21%,
13%, 54%, . ,
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