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Abgract
Plastic film mulching and plant density are important cultural practices to improve crop productivity. In the current study, field experiments were
conducted to examine the effect of plastic film mulching and different plant densities on rice growth and yield in Northeast Chinain 2009 and 2010.
Six treatments were tested as follows: mulching and plant density at 10 cmx30 cm (M10), mulching and plant density at 15 cm x 30 cm (M15),
mulching and plant density at 20 cmx30 cm (M 20), mulching and plant density at 25 cmx30 cm (M 25), mulching and plant density at 30 cmx30 cm
(M30), and non—mulching (NM). Plastic mulching improved plant height and leaf areaindex (LAI). The leaf areaindex of M10 was significantly
greater than NM (P<0.05) in both years. Rice yield with mulch was also significantly higher than non—mulched treatments. Different plant density
under plastic film mulching had little effect on plant height. The LAI of different density treatments decreased gradual ly with the reduction of plant
density. Yield of M10, M20, M25 and M 30 was significantly greater than that of M 15 in 2010. In the experiment, the maximum yield was obtained
inthe M 10 treatment, and yield of M10 was significantly greater than that of NM in 2009-2010 and M 15 in 2010. Thus, plant density of 10 cmx30

cmismost favourable for rice production under plastic film mulching in saline-sodic soil of Northeast China.

Key words: Leaf areaindex (LAI), grainyield (YD), plant height, panicledensity (PD), yield components.

Introduction

Rice(OryzasativaL.) isthemostimportant food crop intheworld.
Half the world's population chooses rice to feed. In China, the
world’slargest rice producer, there are approximately 31 million
hectares of rice paddy fields. However, increasing grain yield under
conventional cultivation has been difficult. Production systems
or cultural practicesthat either extend flowering periodsor enhance
plant development may resultinyield increase®.

In recent years, plastic film mulching has been widely applied
throughout the world. In China, plastic film mulching has been
adopted and developed as a hew rice cultivation technique in
many regionssincethe 1980s2. Thetotd planting with plastic film
mulching has reached 100,000 ha 3. Many researchers have
revealed that plastic film mulching increases soil temperature,
reduces water evaporation, suppresses salts, controls leaching
of plant nutrients, inhibits weeds, triggers plant growth, and
increases yield 2 4%, Modification of the soil microclimate by
mulching is advantageousto yield improvement.However, other
reports indicate that plastic mulching has a negative effect on
crop growth, with some conditionsresulting in yield reduction **
13, The reason for the yield reduction through plastic mulching
may be the soil temperature going beyond the optimum during
the growing season 4.

Plant density is also an important factor affecting rice yield.
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Many studies have noted the effect of plant density onriceyield*>
2, Increased plant density resultsin the increased grain yield of
rice 2. Changing the density can lead to concurrent changesin
light, water and nutrient availability %, thus affecting plant growth
and devel opment and yield. Optimum plant density isanimportant
component in any cropping system 224,

Overall, many studieshaveinvestigated theinfluence of plastic
mulch or plant density onriceyield, respectively. However, little
is known about the effect of plant density on rice growth and
yield under the conditionsof plastic film mulching and the optimum
plant density for rice growth under plastic film mulching in the
saline-sodic soil of Northeast China.

The aim of the present study was to establish (1) the effect of
plastic mulch on rice growth and yield, (2) theinfluence of plant
density onricegrowth andyield under plastic film mulching, and
(3) the optimum plant density for rice growth under plastic film
mulching.

Materialsand M ethods
Experimental site: The experiment was conducted in two
consecutive years (2009-2010) during the months of May to
September at the Da’ an Sodic Land Experiment Station, Jilin
province, China(45°35'58"-45°36' 28" N, 123°50' 27"-123°51' 31"E).

Journal of Food, Agriculture & Environment, Vol.10 (2), April 2012



The region is characterised as having a continental monsoon
climate. The total rainfall and mean temperature during the
cropping seasons (May—September in 2009 and 2010) were 275.6
mm and 19.0°C in 2009 and 163.8 mm and 22.0°C in 2010,
respectively (Table 1). Soil properties at 0-60 cm depth of the
experimental field areshownin Table 2.

Experimental design: Trials were designed as randomised
complete blocks with six treatments and three replications. The
six treatmentsinclude thefollowing: (1) M 10, mulching and plant
density at 10 cmx30 cm; (2) M 15, mulching and plant density at 15
cmx30 cm; (3) M 20, mulching and plant density at 20 cmx30 cm;
(4) M25, mulching and plant density at 25 cmx 30 cm; (5) M 30,
mulching and plant density at 30 cm x 30 cm and (6) NM, non—
mulching.

Plant material and culture conditions: After steeping thefield
and rotary tillage, thefield surfaceswere covered with transparent
plasticfilm(i.e., polyethylenefilm 0.0075 mmthick and 1.5 mwide),
with the edges held tightly under the soils. The area of each
treatment plot was 1.5 mx40 m= 60 n.

Thericecultivar DongDao2 was used for the experiment. Rice
seedlings were transplanted to the field on May 28, 2009 and on
May 31, 2010. Nursery seedlingswith 4-5 |eaves (5-6 weeks ol d)
were used. About 56 rice seedlings were transplanted per hill.

For the NM treatment, the plotswereflood—irrigated every 3-5
daysto maintain a5-6 cmwater depth beforerice harvest. For the
M10, M15, M20, M 25 and M 30 treatments, 2-3 cm water depth on
the soil surface was maintained during the rice—growing season.

In2009 and 2010, N, P andK fertilisersat 172, 56 and 56 kg
ha -1, respectively, were applied in the growing season. All B, K
and 72 kg ha' of N were applied before transplanting. The
remaining N was applied in two split applications: June 20 and
July 15in2009, and June 21 and July 17in 2010.

Measurements: In each treatment plot, three rice plants were
randomly sampled for plant height. Theleaf areaindex (LAI) was
measured using aleaf areameter (LAI-2000). At thematurity stage,
three plantswere selected at random from each plot to analysethe
yield components, such aspanicle per hill, kernel weight andfilled
and unfilled spikelets per panicle. Kernel weight and above ground
biomass were adjusted to 0.14 g g* moisture content on a dry
weight basis. Harvest index (HI) was calculated as grain yield
divided by aboveground biomass.

Satistical analysis: Significant differences among treatments
were determined by Ftest. If the differences among treatments
werefound significant by F—test, then these differences between
treatments were determined by Duncan’s multiple rangetest. In
all cases, thedifferenceswere deemed significant if P<0.05.

Therelativeimportance of yield componentstograinyield (YD)
was evaluated based on thevariablesin Eq. (1):

YD=PDxSWP @)

where PD isthe panicle density, and SWPisthe seed weight per
panicle. PD was used as acomponent of yield predictors because
itisadirect function of plant stand and tillering. SWPwas used as
another component of yield predictors because it is a direct
function of spikelets per panicle (SP), fertility (FT), and kernel
weight (KW) %,

The relationships between SWP and other yield components
were evaluated based onthevariablesin Eq. (2):

SWP=SPxFTxKW 2

The significance of the yield components was determined based
onthe order of their addition into the multiple regression model.

Results

Plant height: Plant height with mulch was higher thanin NM in
the 2009 and 2010 growing seasons (Table 3). In 2009, mulched
treatmentswere significantly (P<0.05) greater than non—mulched
treatments. However, in 2010, the difference between the
treatmentswith mul ch and non—mulch was not significant except
on July 25. Mulched treatmentswith different plant densitieshad
similar plant heights, and the difference in plant density was not
significant in both years. Based on the results, the differencein
plant height between the two years was evident. In 2010, all

treatments had greater plant height than those in 2009.

Leaf areaindex: Theleaf areaindex of mulch—treated plantswith
higher plant density was greater than that of NM—treated plants,
whereasthe LAI of mulch—treated plantswith lower plant density
was |less than that of NM—treated plants (Table 4). As shown in
Table4, M10wassignificantly (P<0.05) higher than NM in both
years. Compared with NM, the LAl of M 10 increased by 58.2%
and 61.7% in 2009 and 2010, respectively. The LAl decreased
gradually with the reduction of plant density. A significant
difference among M 10, M 15, M20, M 25, and M 30 was observed.

Yield performance: Y D increased by 32.9%, 24.6%, 32.6%, 31.6%,
and 32.1% in M10, M15, M20, M25, and M30 in 2009 and by
31.8%, 5.3%, 24.3%, 14.5%, and 16.2%in M 10, M15, M20, M 25,
and M30in2010relativeto NM, respectively (Table5). YD of the
mul ched treatments were significantly (P<0.05) higher than non-
mulched treatments in both years. The differencein YD among
plant density was not significant in 2009. YD of M15 was
significantly lower than in other treatmentsin 2010.

ThePD of al mulched treatmentswas 11-25% higher than NM
in2009; M 10 and M 15 had asignificant difference compared with
NM. In 2010, the PD of M 15, M25, and M30 was 1.8%, 2.8%, and
13.9% lower than NM, M 10 and M20 was 3.7% and 18.1% higher
than NM; M 10 and M 20 was significantly higher than M 15, M 25,
M30 and NM. The PD gradually increased with the increase in
plant density. The difference in PD between M10 and M30 was

Table 1. Monthly precipitation and temperaturefor therice growth seasonsin the 2009 and 2010.

Precipitation (mm)

Temperature (°C)

Year May Jun Jul Aug Sep May Jun Jul Aug Sep
2009 14.1 118.6 74.6 62.3 6.0 17.2 18.2 21.6 222 15.8
2010 94.8 4.0 47.5 17.5 0.0 17.2 24.8 24.6 22.4 20.9
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Table2. Soil properties.
Soil properties

pH (1:5 soil: water) 8.55
EC (1:5 soil: water) (mS/cm) 0.47
soluble Na* (mmol./L) 5.03
soluble K* (mmol,/L) 0.01
exchangeable Na* (;mol/Kg) 6.44
Ca**+Mg*" (mmoly/L) 1.99
SO,* (mmol,/L) 0.91
HCO;™ (mmol,/L) 2.12
CI" (mmol/L) 0.52
CEC (;mol/Kg) 24.65
ESP 24.29
SAR 5.89

Table 3. Plant height of the different treatmentsat four
sampling datesin the 2009 and 2010 growing

season.
Treatment July 9 July 19 July 29 August 12
2009
M10 42.3ab" 56.2a 62.9a 78.1a
M15 42.0ab 52.6ab 61.1a 75.3ab
M20 43.4a 56.1a 64.4a 76.4ab
M25 44.1a 54.8ab 63.9a 76.5ab
M30 43.3a 51.9bc 64.5a 76.3ab
NM 38.5b 48.6¢ 57.5b 72.3b
Treatment July 12 July 25  August9  August 24
2010
M10 53.3NS 69.3a 83.INS 86.0NS
M15 51.2 66.1ab 84.1 86.2
M20 49.6 65.1ab 84.9 87.5
M25 53.2 68.9a 82.6 85.4
M30 523 69.6a 84.7 84.4
NM 50.7 61.3b 79.1 84.1

NS: Difference among different treatmentsisnot significant by F—test (P>0.05).%: Difference
among different treatments is significant by F—test (P<0.05). Values in a column with the
same letter are statistically similar according to Duncan’s multiple range test (P>0.05).

Table4. Leaf areaindex inthe 2009
and 2010 growing season.

LAI
Treatment 2009 2010
M10 4.17a* 4.25a
M15 3.41ab 3.93ab
M20 3.39ab 3.83abc
M25 2.45¢ 2.70¢
M30 3.00bc 2.73¢
NM 2.64bc 2.82bc

a: Difference among different trestments is significant by Ftest
(P<0.05). Vduesin a column with the same |etter are statistically
smilar according to Duncan’s multiple range test (P>0.05).

significant in 2009. In 2010, the PD of M10 and M20 was
significantly greater than that of the other density treatments. SP
reduced and FT improved asplant density increased. M 10 showed
the greatest Y D and PD in both treatmentsin both years.

Relationship between grain yield and yield components: 1n 2009,
the variation to YD contributed by SWP was greater than that
contributed by PD in all treatments. When data were combined
acrossall treatments, SWPand Y D accounted for 73.6% and 24.1%
of thevariation of YD (Table6), respectively. In 2010, thevariation
to YD contributed by SWP was greater than or close to that
contributed by PD inall treatments, except NM. InNM treatment,
the variation to YD contributed by PD was greater than that
contributed by SWP. Overall, when datawere combined acrossall
treatments, SWP and Y D accounted for 60.8% and 36.8% of the
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variation of YD, respectively (Table6).

In 2009, KW accounted for most of the variations of SWPin
treatments, except M 15 and M 20. In M 15 and M 20 treatments, SP
and FT accounted for most of the variations of SWP. Overall,
when data were combined across all treatments, FT contributed
most of the variations (49.6%) to SWP (Table 7). In 2010, SP
accounted for most of the variations of SWP in all treatments.
When data were combined across all treatments, SP still
contributed most of the variations (76.9%) to SWP (Table 7).

Discussion

The present study shows that plastic mulching improves plant
height and LAI. The reason may be the modification of soil
microclimate, elevated soil temperature, reduced soil evaporation
and inhibited salts by plastic mulching. By increasing soil
temperature and preserving soil moisture, plastic mulching can
improve plant growth and yield. Inthisexperiment, riceyield with
mulch was significantly greater than in the non—mulched
treatment. Theresults show that plastic film mulching canincrease
riceyield obviously, and riceyield may be enhanced further under
the conditionsof plastic film mulching.

PD has been documented to be the most important component
in direct water—seeded rice under non—stressed conditions . The
current study confirms that SWP is more important than PD to
total grainyield in all mulched treatments (Table 5), suggesting
that the significance of PD variesin different cultural conditions.
In 2009, NM had minimum PD and maximum SWP compared with
mulched treatments. However, NM had maximum PD compared
with the othersin2010. M oreover, PD contributed more variations
than SWP, indicating the complex effect of salinity and sodicity
on plants under traditional cultivation. Yield components are
severely affected by root—zone salinity 2. Mulching can effectively
reduce salinity of 0—20 cm soil layer unlike non—-mulching
treatments 2" 2, which benefits tiller appearance and grain
formation. In both years, SWP wastheimportant yield component
in mulched treatments, supporting further the evidence that
mulching could promote seed growth and development. Thus,
further investigationsin future studies are required to determine
the effect of salinity and sodicity on yield components under
mulched and non—mulched conditions.

Plant density had little effect on plant height, with higher or
lower plant densities producing similar plant height. Theleaf area
index with higher plant density treatments was greater than that
of lower density treatments. Thisfinding is probably due to the
heavier shading at ahigher density than at alower density . Grain
yield of M10, M20, M25 and M 30 was significantly higher than
M15in2010. Theyield component showed that SWP of M15was
lower than that of other treatments, and this may be resulted in
yield reduction. M oreover, under mulched conditions, anincrease
in plant density tendsto raise PD and FT but reduce SP, implying
that there is a compensatory relationship between yield
components and plant density. Many researchers have reported
the compensatory relationship between yield components and
plant density 1617192930 According to Zeng and Shannon %, the
compensatory relationship in plant populations determines the
maximumyield, which will notincreasewith thefurther increasein
plant density. The current study indicates that under mulched
conditions, theincreasein PD and FT isoffset by thereductionin
SPwiththeincreasein plant density.
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Tableb. Grainyidd and yield componentsunder different treatmentsin 2009 and 2010.

Grain Panicle Spikelets Kernel

Treatments yield density per Weight Fertility ngvest
(tha™) (No.m?) panicle (mg) fnaex
2009
M10 5.59a 418.44a" 88.89b 21.24NS 73.06NS 0.48a
MI15 4.97ab 386.00ab 90.51b 20.73 69.67 0.46a
M20 5.56a 371.89abc 101.26ab 21.62 68.65 0.48a
M25 5.48a 360.89abc 107.83ab 21.07 67.19 0.48a
M30 5.52a 353.56bc 113.89a 20.52 66.10 0.47a
NM 3.75b 314.78¢ 100.59ab 20.25 58.76 0.33b
2010
M10 6.29a 362.33a 82.23NS 23.93ab 88.87ab 0.55NS
M15 4.53b 288.83b 79.62 22.43ab 88.94ab 0.51
M20 5.67ab 308.17ab 91.58 23.95ab 85.83ab 0.56
M25 5.02ab 291.67b 98.26 23.12ab 83.84b 0.52
M30 5.12ab 260.67b 98.90 24.65a 89.32ab 0.56
NM 4.29b 296.83b 75.58 21.14b 91.97a 0.51

NS: Difference among different treatments is not significant by Ftest (P>0.05). 2: Difference among different treatments is significant
by Ftest (P<0.05). Values in a column with the same letter are statistically similar according to Duncan’s multiple range test (P>0.05).

Table6. Contributionsof yield componentsto variaioningrainyield of riceunder different trestments.

YD=PD X SWP*

Treatments
Year Yield M10 M15 M20 M25 M30 NM Overall
components
RZ**
SWP 0.781 0.727 0.852 0.671 0.784 0.960 0.736
2009 PD 0.231 0.285 0.143 0.362 0.227 0.092 0.241
SWP+PD 0.997 0.997 0.994 0.969 0.991 0.960§ 0.974
df 9 9 9 9 9 9 54
R2#*
SWP 0.569 0.896 0.867 0.865 0.828 0.323 0.608
2010 PD 0.566 0.250 0.160 0.224 0.174 0.729 0.368
SWP+PD 0.988 0.990 0.997 0.998 0.999 0.998 0.976
df 9 9 9 9 9 9 54

* Grain yield was the product of panicle density and seed weight per panicle. YD, grain yield; SWP, seed weight per panicle; PD, panicle density.
** The significance of yield components to grain yield was determined by stepwise regression analysis. The yield components with the higher R?
values were the first to add to the regression model. The next yield components were add to the model at P = 0.05. § The last variable to add to the
regression model was not significant at P = 0.05.

Table 7. Contributions of yield componentsto seed weight per paniclein rice under different treatments.

SWP=SPXFTXKW*

Treatments
Year Yield M10 Mi15 M20 M25 M30 NM Overall
components
RZ**
Kw 0.661 0.113 0.294 0.687 0.833 0.973 0.155
SP 0.151 0.574% 0.286 0.165 0.004 0.017 0.356%
2009 FT 0.003 0.194 0.5318% 0.159 0.062 0.049 0.496
KW-+SP 0.661& 0.574§ 0.798# 0.687& 0.833& 0.973§ 0.824#
KW+SP+FT 0.661§ 0.574§ 0.965 0.687§ 0.833§ 0.973§ 0.971
Df 9 9 9 9 9 9 54
R2**
SP 0.684 0.742 0.934 0.526 0.881 0.902 0.769
KW 0.282 0.270 0.021 0.447% 0.090 0.097 0.190
2010 FT 0.058 0.023 0.054 0.130 0.048 0.028 0.047
SP+KW 0.949 0.976 0.979# 0.964 0.970 0.977 0.947
SP+KW-+FT 0.990 0.996 0.993 0.996 0.999 0.999 0.988
Df 9 9 9 9 9 9 54

* Seed weight per panicle was the product of spikelets per panicle, fertility and kernel weight. SWP, seed weight per panicle; SP, spikelets per panicle; FT, fertility; KW, kernel
weight. ** The relationship between seed weight per panicle and other yield components was determined by stepwise regression andlysis. The yield components with the

highest R? values were the first to add to the regression model. The next yield components were add to the model a P = 0.05. & The second variable to add to the regression
model was not significant at P =0.05. § The last variable to add to the regression model was not significant at P=0.05. # The variables entered into the regression model was
SP+FT. $ Thefirst variable added to the regression model were SP, FT and SP of M15, M20 and overall in 2009; the first variable added to the regression model was KW of

M25in2010.

M 10 treatment gained maximum yield, implying that the highest
plant density under plastic film mulching gavethe greatest grain
yield. Thisresultisconsistent with Gan et al.  under non—mulched
conditions. Rice yield in both years suggests that higher plant
density under plastic film mulching isbeneficial, and aplant density
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mulching in the saline-sodic soil of Northeast China.
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Conclusions

Plastic film mulch can improve plant height, leaf areaindex and
riceyield. Different plant density under mulch had little effect on
plant height and riceyield, but leaf areaindex declined gradually
with reduction of plant density. M10 treatment gave the maximum
yield, significantly greater than NM in 2009 and 2010 . Thus, plant
density of 10 cm x30 cm is beneficial for rice growth and yield
formation under plastic mulch in saline-sodic land of Northeast
China
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