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The Effect of Different Soil Mulch Materials on the Growth and
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Abstract: With the development of water crisis, water-saving cultivation techniques are paid more and
more attention in agriculture production. Rice production with soil mulch materials, as a new cropping
system to save irrigation water, has been introduced to China since 1980’s. In order to know if this new
technique is suitable in Sichuan basin, a field experiment was carried out to study the growth
characteristics and yields of rice mulched by different materials in an alluvial paddy soil. The experiment
included three rice cultivation systems: traditional flooding (TF), mulch of plastic film without {looding
(PM), and mulch of wheat straw without flooding (SM) at 150 N kg/hm?* as urea, 75 P,O; kg/hm? as
calcium superphosphate and 75 K,O kg/hm? as KCl, respectively. In addition, two Mn levels (0 and 1.8
Mn kg/hm?* as 0. 2% MnSO, solution with foliage dressing) in SM system, and four N levels (0,75, 150
and 225 N kg/hm?) in PM system were included to determine the effect of Mn and N supply on growth and
yield of mulched rice. All the N, P, K fertilizers were applied as basal application before rice
transplanting. The plot size was 3 m X 8m. Each treatment had three replicates. The rice variety used
was Hybrid rice “Gangyou 527”.

The results showed that soil temperatures were 10 C (at surface soil) and 6 C (at 10 cm depth of

soil ) higher in PM treatment than in TF treatment at early tillering stage (17 days after rice
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transplanting). On the contrary, soil temperatures in SM treatment were 7 C (at surface soil) and 5 C
(at 10 cm depth of soil) lower than in traditional flooding treatment at the same stage. The effects of
increasing or decreasing soil temperature by soil mulch materials lasted more than 50 days after rice
transplanting. In accordance with changes of soil temperature, the growth of rice was enhanced by PM
treatment but inhibited by SM treatment especially at nutritional growing stage compared with TF
treatment. In addition, serious Mn deficient symptom and lower Mn concentration in shoot of rice in SM
treatment were observed at tillering stage, which led to the delayed regreening of rice, the decline in plant
height. tiller number and shoot biomass. When 0. 2% MnSO, solution (two times, 450 kg/hm’ each) was
dressed to root zone of rice at regreening stage in SM system., the plant height, tiller number and shoot
biomass of rice were basically recovered compared with traditional flooding rice, suggesting that the
growth decline and Mn deficiency by low temperature could be compensated by the application of Mn
fertilizer. The fact that soil available Mn (DTPA extractable) was not different among TF, PM and SM
cropping systems further supported the negative effect of low soil temperature on rice Mn nutrition. The
yield of rice followed the sequence of PM >TF and SM + Mn >SM. There were no significant yield
differences among PM, TF and SM+Mn treatments except for the difference between SM and other three
treatments. The yield response of rice to N fertilizer in PM systems was conspicuous only when the N rate
was not higher than 150 N kg/hm?*. Furthermore, the yield of rice at rate of 75 N kg/hm* in PM system
was equivalent to that at 150 N kg/hm? in TF system, which means that PM system has the potential to
save the amount of N fertilizer compared with TF system from short-term effects.

Because of no obvious water layer maintained on surface soil in PM and SM systems., water
consumption in soil mulch treatments were saved by 63. 1% compared with traditional flooding treatment.
Meanwhile, water use efficiency in soil mulch treatments was 1-2 times greater than in traditional {looding
treatment. For PM system, the growth and yield of rice were not affected by the large reduction of
irrigation water. For SM system, however, the growth and yield of rice declined in relation to Mn
deficiency, which mainly caused by low soil temperature at early growth stage of rice. The rice growth as
well as yield in SM system could also maintain at the same level of TF system when Mn requirement was
met during rice growth period. Comparison of overall shoot growth, yield and water consumption in three
rice cropping systems (PM, SM and TF) revealed the facilitation of soil mulch cultivation especially with
plastic film mulch in water saving without the loss of yield. Thus, mulched rice cultivation especially with
plastic film could have a wide prospect in Sichuan basin considering its advantage in water saving and yield
increase.

Key words :aerobic rice; Mn deficiency; soil mulch materials; yield; water saving
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Table 1 Available Fe and Mn contents in different treatments at the beginning of tillering stage
+Mn
Items Traditional flooding Mulch of plastic film  Mulch of wheat straw  Mulch of wheat straw+Mn
Available Mn 3.06+0.2 2.954+0.35 3.4940. 87 6.154+0.51
Available Fe 33.254+14. 21 23.4042. 69 26.05+6.43 26.3544.45
2.2 mib# ODHTH
o 100 Shoot  Root
2.2.1 s %a B0
E% &0
C 3. &
o g 40
b .’ g 20
C—mEmE  fAmk  RRER
’ ’ Mulchof  Traditional Mulch of
( 3) plagic film flooding wheat SR
° 3 Trestment
2.2.2 4 s
N s ¢ 60%) 2
° ’ Fig. 2 Plant Mn concentration of rice in different
(56%), mulch treatments before the application of Mn fertilizer
N ’ o 4 ) ’ Mn
B 1) ° 60% 0
N “43%), ,
b o N N
2.2.3 5 s s
R . 46d,
Mn o o
. b o
. ( 6), N
b o 6 9 b .



926 22

( s ) o
120 L 250
g 100 S'E =200
Py = t
z B S22
.:_)“ &0 t"af 150
E 40 QE\EIW
# 30 REE ¥
1 1 1 1 de " 1 1 L 1 1 o
00 20 4D 60 80 100 120 “ 00 20 40 60 B0 100 120
BREEN () B AR (d)
Days after transplanting Days afier transplanting
3 4
Fig. 3 The change of plant height as affected by Fig. 4 The change of tiller numbers as affected by
different soil mulch treatments and Mn application different soil mulch treatments and Mn application
L] (] A +Mn X [ ] u A +Mn X
& 12000 00
é g 10000 AT00
600
8008
3i%
ﬁ 6000 ng 400
53 4000 gg 300
S 200 w200
® g 100
0 L ' L o L L . . '
0 20 @0 60 80 100 0 20 10 50 0 100
BREXE W) B XM (d)
Drays after transplanting Days after transplanting
5 6
Fig. 5 The plant shoot biomass changes for different Fig. 6 The plant root biomass changes for different
mulch material treatments mulch material treatments
+ [ ] A n +Mn . [ ] A [ ] +Mn
2.3
2. s (150 kg/hm?*) )
’ ’ H
.’ 9’
b 9’ o 2 b
, 150 kg/hm* R
150 kg/hm?,
2 (kg/hm?)
Table 2 Effect of different mulch treatments on rice yield
+ Mn
N application rate Traditional Mulch of plastic Mulch of wheat Mulch of wheat straw
(N kg/hm?) {flooding film straw “+Mn
0 4318 d
75 5268 bc
150 5609 b 6512 a 4799 ¢ 6013 ab
225 6525 a
5% ( ) Values in all treatments without same words

represent significant difference at 5% probability level (Duncan’s method)
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Table 3 Effect of different mulch treatments on rice yield components
Available The full grains The empty grains The percentage  The weight per
Treatments panicle each panicle each panicle of empty grain thousand grains
(10*/hm?) (number/panicle) (number/panicle) %) (g)
. . 187428 110£18 3614 24.7£2.0 27.440.1
Traditional flooding
Lo 200+31 103+15 5015 32.445.6 28.0+1.0
Mulch of plastic film
176422 120+ 8 5119 29.8+8.7 26.5+1.1
Mulch of wheat straw
-+ Mn
192433 145423 5710 28.44£5.0 26.1+1.0
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Table 4 Water consumption and water saving potential of aerobic rice under different mulch materials

+ Mn
Mulch of plastic Mulch of wheat Mulch of wheat

Ttems Traditional floodi
ems raditional Llooding film straw straw + Mn
(mm) 787. 4 787. 4 787. 4 787. 4
Amount of rainfall ’ ’ ’ ’
(mm)
L 1681 123 123 123
Amount of irrigation
(mm)
o~ . 2468. 4 910. 4 910. 4 910. 4
Total water consumption
( ain/k t
(8 grain/kg water) 0. 23 0.72 0.53 0. 66
Water use efficiency
%)
% . - 63.1 63.1 63.1
Percentage of water saving
s N N o
s + Lmo
o 2
( ) s o s
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