Chapter 4: Influence of percolation pattern on growth and
yields of rice planfs with stratified polluted paddy field using

soil dressing models.
4.1 Introduction

In case of polluted field, soil dressing is popular, effective and cheaper technology for
agriculture sector. In Japan, there are about 87.2% (7327 ha) of the total polluted land
were remedied by applying unconta;ninated soil or replacing the soil MOE, 2006). This
study was conducted to understand the influence of a percolation pattern on growth and
grields of rice plants using strafiﬁed polluted paddy field model with soil dressing. The
experiment was conducted v;ith 12.5, 15 and 20 cm with soil dressing system in a
stratified polluted paddy field. The stratified paddy field was subjected two kinds that
were open and closed system percolation. The effect of percolatioq was observed on
growth and yields of rice plants with various soils dressing from a Cd polluted paddy
fields.

In case of growth of rice plants, the plant length, number of stem, number of leaves,
weight of dried root of each soil layer, soil plant analyzer development (SPAD), the
heading time of panicle and yellowish part of leaf were measured from planting to

harvesting period. On the other hand, in the yields section, measured the panicle length,

number of panicle, weight of panicle, weight and number of paddy, number and weight
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of rice grain, percentage of fill up rice grain, dry weight of straw and weight of 1000
kernels. In this section, the main objective was the influence of percolation pattern on

growth and yields of rice plant with soil dressing.

4.2 Plant length

The plant length was measured from transplanting to harvesting périod. In 2009, the
average plant length of the mogiels M-1, M-2, M-3, M4, M-5 and M-6 were 104.1 cm,
105.7 cm, 103.2 cm, 108.2 cm, 109.0 cm and 111.5 cm as shown in Fig.62. The average
plant length in open system percolation was lower than the closed system percolation in
2009. In 2010, the average plant length M-7, M-8, M-9 and M-10 were 110.7 cm, 108.6
cm, 114.30 cm and 112.1 ¢cm as shown in Fig. 63. In both percolation system, the rice
plants grows up to 65 days from transplanting period as shown in Fig. 62 and 63. In
2010, the average plant lel;gth in closed system percolation was higher than the open
system percolation. In closed system percolation, plant length was higher comparatively
to open system percolation by applied to 15 cm soil dressing and same case occurred
with 20 cm soil dressing open vand closed system percolation models. Finally,
percolation pattern effect on the plant length. In open system percolation, plant uptake
more Cd than the closed system percolation model which has affect the rice plants
growth. According to Nguyen et al., (2005); restricted growth process of rice plants and
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decrease the length due to Cd concentration in soil above 20 mg/kg which was

supported to open system percolation.
4.3 Number of stem

The average number of stem of M-1, M-2, M-3, M-4, M-5 and M-6 were 13.3, 14.1,
13.5, 149, 14.5 and 15.7; respectively as shown in Fig. 64. On the other hand, the
models of M-7, M-8, M-9 aﬁd M-10 were 15.5, 15.5, 16.9 and 14.9, respectively as
shown in Fig. 65. In 2009 experiment, the average number of stem was higher in closed
system percolation than the open system percolation models due to reduction status of
soil layers. But in 2010 experiment, the number of stem has no significant difference
between the open and closed system percolation models by applied to 15 cm soil
dressing. On the other hand, the stem number of rice plants in closed system percolation
was higher than the open system percolation by applied to 20 cm soil dressing; that

might be effect of soil oxidation-reduction status.
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Fig.62: The plant length of rice plant in 2009
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Fig.63: The plant length of rice plant in 2010
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Fig. 65: The stem number of rice plants in different percolation models in 2010
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4.4 Number of leaf

High number of leaves per plant could serve as measures of good plant vigor and high
(good) weed competitiveness, which would be very desirable to the resource —poor
farmers. The number of leaf of rice plant was measured in all of percolation models.
Actually in 2009, the av.erage leaf nﬁmber in M-1 to M-6 models with open and closed
system percolation were almost same and number was 15 as shown in Fig. 66. The
models of M-7 and M-8 were as closed and open system percolation with 15 cm soil
dressing. On the other hand, M-9 and M-10 were as closed and open system percolation
with 20 cm soil dressing. In 2010, the average number of leaf in the models of M-7,
M-8, M-9 and M-10 were 14.5, 14.0, 14.9 and 14.2, respectively. In that results, the
number of leaf were higher in closed system percolation than the open system
percolation as shown in Fig. 67. These résults can be attribufed to the effect of different

percolation patterns presents in Cd-contaminated soils.

4.5 SPAD (Soil plant analyzer development)

The chlorophyll meter provides a simple, quick, portable, and non-destructive method
for estimating leaf chlorophyll content. The decrease of chlorophyll amount in rice

blade was measured using soil plant analyzer development (Type of No. SPAD-502)
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during plant growth stage to harvesting period. The highest SPAD value was measured
| from planting to early blooming stage in both percolation of 2009 and 2010 due to
growth stage of rice plants. The average SPAD value was about 43 in early blooming
stage of open and cios;ed system percolation models but that value was gradually
decreased with the increasing cultivation period. In 2009, the average SPAD value in
M-1, M-2, M-3, M4, M-5 and M-6 were 26.2, 25.8, 26.5, 28.2, 28.4 and 29.0,
respecfively. The SPAD value of M-7, M-8, M-9 and M-10 models were 33.2, 32.2,
34.6 and 33.5, respectively: The higher SPAD value observe in 2010, this cause might
be soil dressing and comparatively average higher temperature was recorded. The
average amount of chlorophyll in open system percolation decrease faster than in closed
system percolation shown in Fig. 68 and 69. The chlorophyll content in leaf depend on
such factor such as Cd content in soil, nitrogen level in soil, water availability, redox
potential of soil , soil temperatme, air temperature and so on. Many Scientist have been
reported that , the photosynthesis of leaf have been affected by cadmium ( Santa et
al.,1999) and the SPAD value increased with the increase of N levels, and decreased
with the increase of Cd contents in solution (Qin ef al., 2009). In open system
pergplation, formation of soluble Cd ions due to oxidation status of soil. Therefore,
availability of soluble Cd in soil affect the rice plants SPAD which was supported to the
open system percolation.
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4.6 The heading period and number of panicle

The heading period and number of panicles were measured of each open and closed

system percolation. The heading period of rice plants in both percolations of each model

were nearly equal. In 2009 ;dnd 2010, heading period of rice plants was started at 62"
and 58™ day from transplanting due to fluctuate of air temperature. The average number

of panicle of M-1, M-2, M—B, M-4, M-5, M-6, M-7, M-8, M-9 and M—lO models were

94,83,6.6,8.7,8.5,9.4,12.8,10.7, 12.6 and 12.5. In this result, the average number of
panicle showed in closed system percolation was higher than the open system

percolation.
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Fig. 66: Number of leaves in different percolation system in 2009
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Fig. 67: Number of leaves in different percolation system in 2010
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Fig. 69: SPAD value of rice plants in the experiment of 2010
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4.7 Height of the 14" Jeaf

The total height of 14™ leaf was measured of both percolation systems. In 2009 models,
the average 14™ léaf lengths were 32.8 cm and 37.3 cm, respectively in both percolation
systems as shown in Fig. 69. In 2010, the length of 14" leaf (M-7, M-8, M-9 and M-10)
were 45.0, 41.3, 45.9 and 43.6 cm, respectively as shown in Fig 71. The 14% leaf
heights of 2009 models were lower than the 2010 models (iue to environment
temperature. Moreover, the leaf height was higher in closed system percolation than the

open system percolation models with the same soil dressing models.
4.8 Yellowish part of rice plant

The yellowish part of rice plants were measured in both percolation systems. The
percentage of yellowish part of 14™ leaf was firstly dried in the closed system
percolation than the open system percolation in 2009 and 2010 experiment that is shown
in Fig. 72 and 73. In the harvesting period, observed of 14™ leaf dry about 78% in
closed system percolation but 43% in open system percolation and similar results was
found in 2010. The results indicated that the difference of photosynthesis ability of rice

plants in two systems during ripening time.
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Fig. 72: Yellowish part of 14th leaf in open and closed system percolation in 2009.
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4.9 Weight of dry roots

The vegetative root growths of each soil layer were weighted in closed and open system
percolation models of %009 and 2010. Rhizosphere is an important environmental
interface connecﬁng plant roots and soil. Roots excrete some organic substances to
rhizosphere during thé growth rhizosphere controls the entrance of nutrients, water and
other chemicals, beneficial or harmful, to plants. About 78 percent rice plant’s root
growth in plow layer (I layer) of both open and clésed system percolation. Both closed
and opén system percolation, the average dried weight of root’s in plow layer (174 g /
column) was almost similar in 2009 and 2010 models. In 2009, the average dried weight
of roots in II layer and IIT layer ( 33.0 and 6.3 g/column ) in open system percolation
were higher than closed system percolation (16.0 and 2.5 g/ column), respectively due
to oxidizing condition of plc;wéole and subsoil in open system percolation as shown in
Fig. 74. But in 2010, the models of M-7, M-8, M-9 and M-10; the dried root weight
were in layer 1 (167.6, 182.5, I80.3 and 190.4 g/column), layer I1 (32.2, 45.6,21.4 and
35.4 g/column) and layer 111 (6.8, 9.1, 5.7 and 6.6 g/column) as shown in Fig. 75. The
root grows of rice‘f;lants were higher in plowsole under oxidation condition of soil with
12.5, 15 and 20 cm soil dressing models. In this study, showed that the root growth was
higher in soil oxidation condition but MARDI (2002), stated that in sterile and
non-sterile hydroponics éonditions, exudates of rice plants roots stressed with Pb and

Cd.
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4.10 Yields of rice plants

4.10.1 Dry weight of straw

Vegetative growth of rice plants related to straw weight. The average weight of straw in
M-1, M-2, M-3, M-4, M-5, M-6, M-7, M-8, M-9 and M-10 were 10.7, 13.8, 11.9, 14.2,
14.1, 15.1, 15.5, 10.8, 14.6 and 13.2 g/ hill as shown in Fig. 76. The above results
showed that average straw weight of closed system was higher than that the open
system percolation within the same soil dressing model. So percolation pattern
influence the straw weight of rice plants. According to Ishikuro et al., (1997), vegetative
growth and production of rice plants under submerged condition. This statement can be

explained by the closed system percolation model due to a high ground water level was

maintained.
20
18
‘é“ 16 -
R !
> 14
-]
s 12 +
w
oy
5 10 |
s
e 8 B
o=
.20
[ 6 -
=
4 L
2 RS
0 I__ 1 | 1 1 1 L L L |
M-1O M-20O M-3QO M-4@®@ M-5@ M-6@® M-7 A M-8 AMY9 B M-100]
Percolation model

Fig. 76: Weight of dry straw in open and closed system percolation model.
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4.10.2 Length, Number and Weight of panicle

The average length of panicle of each hill in M-1, M-2, M-3, M-4, M-5, M-6, M-7, M-8,
M-9 and M-10 were 16.9, 16.6, 17.1, 17.5, 18.9, 17.9, 23.0, 26.5, 19.5 and 18.9 cm,
respectively as shown in Table 6. The average number of panicle with the treatment of
12.5, 15 and420 cm soil dressing in open system percolation (6.9, 10.7 and 11.0) ) were
lower than the closed system percolation (8.8, 11.7 and 12.8). Moréover, the weight of
panicle in closed sﬁrstem percolation (20.5, 26.1, 27g/hill) were higher than the open
system percolation (15.4, 21.1 and 24.7 g/hﬂl). On the other hand, the number and
weight of imperfect of panicle was higher in open system percolation than the closed
system percolation models. Moreover, soil oxidation-reduction status controlled by
percolation pattern. The length, number and weight of panicle were measured higher in
20 cm and 15 cm closed system soil dressing model. Therefore, it was concluded that
percolation effect on panicle length and weight of rice plants which was depends on the

condition of soil oxidation-reduction status.

85



"LMING A9 §0°0<d 18 10730 Yors 03 JUSISIIIP APUBOTJTUSIS J0U 918 ISNI] 4 oY) Aq POMO[O] MOI SWIES O UMM SUBSJAl 310N

'l L'LTF l'¥T - $T VT F 0TI T1F 4681 0I-IN uado
0 TLF0LT L0 VT T 87T LT FS61 6N Paso[)
Al €S Fql'1T 9'¢ L'TF L 01 €€ F quS'9C 8- uado oroe
€0 'L T 19T I 0'€ FoL'll LY F0€C LN Paso[)
0 $'S F 80T 0 0T F$6 6'0F 6L1 9-N Paso[D
0 €9 F 661 0 LTF T8 80 F +681 SN Paso[)
0 'S TF qe6°0C 0 0TF 88 0T F.S'LI PN paso[) 5002
L0 LTF ST I TIF 469 STF ql'Ll €N usdo
0 8'TTF (€11 0 STTF 19 TTF 991 N uadQ
0 TETF 691 0 ITTF oL'L V1 F 691 I-IN uado
yoapraduy 1091194 109)1oduiy 1931194 N
.
" " * E,o“m%m
(wsS) pry/saporued Jo ySOM [I1y/sepotued Jo "oN (1) pu] PPN uone[09I9d oA
opoued

‘spepow TeyuswLIadxs ur sjuefd 0011 JO JYSoM pue Ioquunu ‘YIus| S[o1ued 19 d[qeL,

86



4.10.3 Number and weight of Paddy and rice grain

In this section, weight and number of paddy were measured and rice grain with different
soil dressing and compare with open and closed system percolation as shown in Table 7.
The average number of paddy with 12.5¢cm, 15 cm and 20 cm soil dressing in open
percolation system were (659, 868 and 1024) lower than closed system percolation (748,
1120 and 1024), respecﬁvely. In this case, models M-1, M-3, M-8 hés signiﬁcant differ
(p>0.05) from that models M-4, M-5, M-6, M-7 and M-9 but M-2 and M-10 did not

differ significantly from other models.

The weight of paddy with 12.5, 15 and 20 cm soil dressing in open system percolation
were (16.2, 18.9 and 22.3 g) lower than closed system percolation (17.7, 23.7 and 24.7
g ), respectively. The models of M-1, M-3 and M-8 has significant difference (p>0.05)
from that models of M-4, M-5, M-6 and M-7 but model M-2, M-9 and M-10 has not
significantly differ with other models. The paddy weiéhts of rice plants were higher

with increasing the soil dressipg models.

~ In 2009, the number of rice grain in open system (573) were lower than closed system
percolation (695) but in 2010 models, the number of rice grains in open system were

(781 and 963) lower than closed system percolation (973 and 988). The number of rice
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grains in models M-1, M-2, M-3 and M-8 was significantly different (p>0.05) from that
the models of M-4, M-6, M-7 and M-9 but model M-5 and M-10 was not significantly
different from the others models. The number of rice grain was found higher in 20 cm

soil dressing model comparatively to 12.5 and 15 cm soil dressing models.

In 2009, the total weight (12.5 g) of perfect rice grains per hill 'in the open system
percolation model was lower than that (15.1 g) in the closed system percolation model.
But in 2010 models, the Weight of grains in models of M-7 and M-9 (18.4 and 19.6 g)
were higher than the models of M-8 and M-10 (14.6 and 18.0 g). In the case of rice
grain weight, models M-4 , M-6 and M-7 has differ significantly (p>0.05) from that of
models M-1, M-2 , M-3 and M-8 and M-5, M-9 and M-10 model showed no significant
difference with the other models. The ';otal weight of rice plants per hill was higher in
20 cm soil dressing models with closed system pércolation than the 12.5 and 15 cm soil
dressing models. So the productipn of rice plants depends on soil dressing methods with

closed system percolation.

In 2009 models, the grain fill up in open system percolation was 93.5 % and 94.4% in
closed system percolation. In 2010 models, the grain fill up in open system percolation

was about 92.2% and closed system was 87.8%, respectively. The models of M-3 and
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M-9 has significant differ with the model of M-7 but model M-1, M-2, M-4, M-5, M-6,

M-8 and M-10 were not significantly differ with each other.

In 2009 models, ‘the water content in rice grain was about 6% in both percolation
systems but 8.5% in 2010 models. The water content in rice grain was higher in 2010;
this cause due to the thickness of soil dressing and percolation sys;cem. The model of
M-1, M-3 and M-9 was significantly different with the models of M-6 and M-7. On the
other hand, the models of M—2, M-4, M-5, M-8 and M-10 has not significant difference

with other models.

In 2009 experiment, the 1000 kernels weight was about 24.2 g in both percolation
systems but in 2010, the weight was lower in ‘o'pen system (22.5 g) than the closed
system percolation (23.2 g). TIE model; of M-1, M-2 and M-8 has significantly
difference with the models of M-4 and M-5 but has no vary within the models of M-3,

M-6, M-7 and M-9.

From above the results, with 12.5, 15 and 20 cm soil dressing; the weight and number of
paddy and grain were almost low production in open system percolation compared to
closed system percolation. The vegetative grows and productions of rice plants were

found higher with 20 cm soil dressing models. According to Sukuthai ez al. (2005), rice
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plants growth and yields were lower in open system percolation than the closed system
percolation without using soil dressing models. Rice grain weight may loss due to
accumulation of Cd. This findings can be attributed the oxidation —reduction state of the
soil which is related to percolation. Finally, it suggests that the rice yield in the open
system percolation model was affected mostly by Cd-contaminated soil when compared

the closed system percolaﬁon model.
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Chapter 5: Influence of percolation pattern to uptake of cadmium
by rice plants in a polluted paddy fields with using soil dressing

models

5.1 Introduction

Soil pollution has an adverse effect on the plant production. Therefofe, pollution of soil
must be maintained for ﬁfe to flourish. Heavy metal pollution in soil is one form of
pollution that has an adverse effect on plant growth and production. The toxic effects of
Cd on biological systems have beén reported by Mukherjee ef al., 1984 and Sharma et
al., 1985. Cd which is a non-essential metal and a powerful enzyme inhibitor
(Lockwood, 1976), i»s/ cons,idered to be an extremely significant pollutant because of its
high toxicity and great solubility in water. Moreover, there are many methods to prevent
Cd uptake by rice plants )from contaminated paddy fields. One of the most popular
methods is under flooding of paddy ﬁelds. Percolation patterns are related to the
hydraulic conductivities of the soil layers and hydraulic conditions such as groundwater
level (Adachi et al., 1992), which may acts as a controller of soil redox potential and
consequently the uptake of Cd in rice plants. Thefefore, the purpose in this section was
to clarify \the influence of percolatiop patterns to uptake of Cd from soil dressing

polluted paddy field models.
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5.2 Concentration of cadmium in roots

The Cd content in the roots in different soil layers was measured for the two percolation
systems. Concentration of Cd in roots of closed system percolation has no significant
difference (p>0.01) with the open system percolation. The soil layer's roots (I, II and
IIT) in open system percolation (7.5, 33.0 and 5.4 mg/kg) were higher than closed
system percolation (4.3, 18.0 and 3.2 mg/kg),respectively as showﬁ in Fig. 77. In aboVe
results, Cd amassed 1n the II layer's roots and two times higher uptake in open system
percolation comparative}y to closed system percolation. Concentrations of Cd in roots
were higher than the stems and leéves and rice grain due to directly diminish within the
soil. Accumulation of Cd in roots was the highest than the total Cd in plant (Jarvis et al.,

1976 and Yujing et al., 2008) which is sustenance to the present study.
5.3 Cadmium concentration in stems and leaves

Accumulation of Cd in stems and leaves by rice plants in open system percolation were
higher (0.83 mg/kg) comparajtively in closed system percolation (0.53 mg/kg) that is not
statistically significant difference at p>0.01, as shown in Fig.78. This might be occurred
due to Cd solubility in submerged condition decreases with formation of Cd sulfides. In
soil reduction condition, sulfate ion can be reduced sulfide ion which reacts with Cd and
produce relatively insoluble Cadmium - sulfide (limura, 1981) which mécham'sms

supported to the closed system percolation.
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Fig. 77: Cadmium concentration in roots of different soil layers in the open and closed
system percolation models in 2009.
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5.4 Cadmium concentration in the brown rice

Examination of Cd concentration in brown rice revealed that percolation patterns
influenced the uptake of Cd and Cd the mobilization in rice plants. This mobilization
depends upon the soil oxidation-reduction condition. With 12.5 cm soil dressing models,
the amount of Cd content in brown rice of the models M-1, M-2 and M-3 were higher in
open system (0.2 mg/kg) than the models of M-4, M-5 and M;6 in closed system
percolation (0.1 mg/kg) due to oxidation in through submerging paddy field as shown in
Fig. 79. With 15 and 20 cm soil dressing treatment, the average concentration of Cd in
brown in open system percolation (M—S and M-10) were 0.10 and 0.12 mg/kg and in
closed system percolation (M-7 and M-9) were 0.03 and 0.03 mg/kg as shown in Fig. 80.
On above of the results, comparatively with same soil dressing treatment showed that
Cd accumulation in brown rice, stems and leaves and roots were higher than the closed
system percolation models. In this study, Cd accumulation by rice plants depends on
soil redox potential and pércolation pattern. According to Ono et al., (2003) stated that
Cd uptake by rice plants depends on soil pH and variety of rice. On the other hand,
Skuthai et al., ( 2005) observed that DO value in the soil layer of open system
percolation was higher than in closed system percolation' which is promoted to
accumulation of Cd by rice plants. However, in closed system percolation there was less

oxygen fusion, which might occur slightly Cd uptake by plant from contaminated soil.
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Thus, the transformation of Cd might be prevented when soil layer was in reduction
condition. . Many scientists have been reported that accumulation of Cd by rice plants is
decreased with submerging conditions of the soil layer due to produce insoluble Cd or
other heavy metal. Closed system percolation models related to submerging condition
of soil layer with 12.5 Qm groundwater level and thus low accumulation of Cd by rice

plants.
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Chapter 6: Summary

The expen'ment was conducted in the green house with open and closed system
percolationrmodels. There are two system of percolation: open and closed system
percolation and those systems were constructed with 12.5, 15 and 20 cm soil dressing
with stratified poﬂutéd paddy fields. Open system percolation kn6m as well- drained
and closed system pechlation known as ill— drained paddy field. However, in this
experiment stratified paddy field model column was used in which the actual soil profile
of paddy field was maintained. Percolation pattern control the redox potential of soil
layers which is actual to paddy field. So the aim of the study is to clarify the influence
of pefcolation pattern on grc;mh and yields of rice plants and accumulation of Cd with
soil dressing polluted paddy fields models.

The open system percolation has showed positive pressure in plow layer but plowsole
and subsoil were negative pressure due to unsaturated condition of those soil layers by
atmospheric air and in additionally said that water pressure of plowsole and subsoil
layers were lower than the air entry pressure. On the other hand, in closed system
percolation pattern showed positive pressure of plow layer, plowsole and subsoil due to
saturated condition of those soil layer by water. The total potential of water pressure in

plowsole and subsoil of open system percolation were less than the closed system

98



percolation but total potential energy loss was less than that of the open system

percolation due to the condition of plowsole.

The average water requiremgnt was controlled by the impermeable layer of both
percolation systems. The drained water from subsoil was gradually decreased of both
percolations. Finally, percolation rate of the open system percolation (38.9 mm/day) was

lower than the closed system percolation (41.9 mm/day).

In the open system percolation, plowsole and subsoil temberatmes were almost similar
to the air temperature. The experiment of closed system percolation; the soil layer's
(plow layer, plowsole and subsoil) temperatures were higher than flood water and air
temperature due to all of soil layer were untapped just like as the actual paddy field. The
ample diffusion of heat in the open system percolation due to higher temperature will

increase the diffusion rate of soil aeration.

The Eh value in plow layer of all models was about -190 mV after flooding condition
and that tendéncy was like as actual paddy fields. From the start of the experiment, the
Eh value in closed system percolation models of plow layer, plowsole and subsoil were

less than 300 mV and gradually decrease that value and -200 mV were observed in late
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June to October and this might be saturated condition of soil layer. On the other hand, in
open system percolation; the Eh value of plowsole and subsoil layer was gradually

increased up to about 300~650mV due to those layers were in unsaturated condition.

Duﬁng the growth stage, the plant length and number of stem in open system
percolation were low than the closed system percolation. But the nﬁmber of leaf of rice
plants was same and calculated has not significance difference between open and closed
system percolation. The length, number and weight of panicle$ per hlll in closed system
percolation were higher than the open system percolation. In the harvesting period, the
14™ leaf was dry about 78% in closed system percolatioh but 43% in open system
percolation; this result indicated the difference of photosynthesis ability of rice plants in
two systems during ripening time. Both peréolation systems, the average dried weight
of roots in plow layer (174.0 g / column) was almost similar in 2009 and 2010. In 2009,
the average dried weight of root in II layer and III layer ( 33.0 and 6.3 g/column ) in
open system peréolation were higher than closed system percolation (16.0 and 2.5 g/
column), respectivély due to oxidizing condition of plowsole and subsoil in open system
percolation. But the models of M-7, M-8, M-9 and M-10 in 2010, the dried root weight
were in layer I (167.0, 218.0, 186.0, 171.0 g/column), layer II (32.5, 45.6, 38.2 23.0

g/column) and layer III (6.8, 9.1, 6.6 and 3.3 g/column). In this case the root of rice
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plants was able to growth up to the subsoil. So Cd uptake by rice plants cannot prevent
by soil dressing if plowsole and subsoil became under oxidative condition.

The average weigimt of total straw in M-1, M-2, M-3, M-4, M-5, M-6, M-7, M-8, M-9
apd M-10 were 10.7, 13.8, 11.9, 14.2, 14.1, 15.1, 15.5, 10.8, 13.2 and 14.6 g/ hill.
Moreover average straw weight was higher in closed system than that the open system
percolation system. With 12.5, 15 and 20 cm soil dressing; the 'weight and number of
paddy and grain were almost low production in open system percolation compared to
those in closed system percolation. This findings can be éttn'buted the oxidation

—reduction state of the soil which is related to percolation.

Moreover, percolation pattern effected on accumulation of Cd in grains, stems and
leaves and roots. The soil layer's roots (I, II and III) in open system percolation (7.5,
33.0, 5.4 mg/kg) were higher than closed system percolation (4.3, 18.0, 3.2 mg/kg).
Accumulation of Cd in stems and leaves By rice plants in open system percolation were
higher (0.83 mg/kg) comparatively to closed system percolation (0.53 mg/kg). With 15
and 20 cm soil dressing treatment, the average concentration of Cd in brown in open
system percolation (M-8 and M-10) were 0.10 and 0.12 mg/kg and in closed system
percolation (M-7 and M-9) were 0.03 and 0.03 mg/kg. On above of the results,

comparatively with same soil dressing treatment showed that Cd accumulation in open
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system percolation of brown rice, stem and leaves and roots were higher than the closed

system percolation models.
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Chapter 7: Conclusion

Alongside factors such as soil pH, temperature, anaerobic bacteria, heavy metal
concentration, gravel size and soil fertility, the percolatipn pattern is an important factor
for the growth and development of rice plants. The difference of percolation system
affected not only rice growth and yields but also accumulation of Cd Ey rice plants.
Percolation pattern control the oxidation- reduction status of soil, consequently uptake
of heavy metal by rice plants. In oxidation condition of sbil, plants more absorb of Cd
due to mobilize of soluble of heavy metals. Cd concentration in brown rice was higher
in open system percolation thanvthat in the closed system percolation; this result
suggested that open system percolation promotes Cd uptakes in rice plants due to
oxidizing conditiop of plowsole and subsdil. So to reduce the uptake Cd in a closed
system percolation with reduction condition of plow layer, plowsole and subsoil will be
an effective tool with soil dressing in a polluted paddy field. Soil dressing is very
effective method to minimize the Cd pqllution. If the plowsole and subsoil were
constructed with polluted soil and those layer were oxidized so the thickness of soil
dressing (15- 20 cm) is not available for application on the Cd polluted paddy fields and
also flood water condition in the time of blooming period is not an effective method to
minimize accumulation of cadmium. So percolation pattern can evaluateA the soil

dressing technique for the effect on Cd pollution on growth, yields and accumulation of
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Cd in every part of rice plants.
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Chapter 8: Future research plan

The percolation pattern can be evaluated with arsenic, Zinc, Nickel, Cobalt and
copper polluted soil.

The wheat plant aﬁd various kinds of vegetables can be operated with
percolation pattern.

The percolation pattern can be evaluated with 25, 30 aﬁd 40 cm soil dressing.
The percolation pattern can bé operated w}th various concentration of cadmium
(5, 10, 15 mg/kg) content in polluted soil.

The percolation model can be operated with the ground water level at 15 cm, 20

cm, 25 cm, 30 cm, 35 cm, 40 cm, 50 cm and 55 cm.

- 105



References

Adachi K., Sasaki, C., 1992. Percolation and Seepage. ‘Advanced Paddy Field
Engineering’. (Eds M Mizutani, S Hasegaawa, K Koga, AGoto and VVN Murty)
pp .71-88. (JSIDRE publishing: Shinzan-sha Sci. & Tech, Tokyo, Japan).

Aimi, R., Sawamura, H. and Konno, S., 1959. Physiological studies on the mechanism
of crop plant- The effect of temperature upon the behavior of carbohydrates and
some related enzymes during the riping of rice plants. Proc. Crop. Sci. Soc. Japan,
27:405-407.

Alloway, B. J., 1990. Heavy metals in soils.John Wiley and Sons, Inc. New York.

Cabrera, D., Young, S.D. and Rowell, D.L., 1988. The toxicity of cadmium to barley
plants as affected by complex formation with humic acid. Plant and
s0il,105:195-204.

Department of Agriculture and Forestry Extension, Ministry of Agriculture and Rural
Development -MARDI., 2002. Science &Technology Journal of Agriculture and
Rural Development, 3: 227-230.

Forestry and Fisheries and National Institute for Agro-Environmental Sciences,
2002.Ministry of Japan.www.maff.go.jp/e/annual_report/pdf/t 2002.pdf.

Elliot, H.A., Herzig, L M., 1999. Oxlate extraction of pb and Zn from polluted soils:
solubility limitations, Journals of soil contamination, 8:105-116.

Goldbold, D.L. and Huttrtmann, A., 1985. Effect of zinc, cadmium and mercury on root
elongation of P. abies (Karst) seedling and the significance of these metals to forest
die-back. Environmental pollution,38: 375-381.

Graham, R.D., 1981. Absorption of copper by plants.In "Copper in soils and plants", eds.
J.F. Loneragan, A.D. Robson, and R. D. Graham. Sydney: Academic Press, pp.
141-163.

Haghiri, F., 1973. Plant uptake of cadmium as influenced by cation exchange capacity,
organic matter, zinc and soil temperature. J. Environ. Qual, 2: 93-96.

106



Hillel, D., 1998. Environmental soil physics.Academic Press. Harcourt Brace Company,
San Diego: pp.203-204.

Hinesly, T.D., Redberg, K.E., Pietz, R.I. and Ziegler, E.L., 1984.Cadmium and zinc
uptake by corn (Zea mays L.) with repeated applications of sewage sludge. Journal
of Agricultural and Food chemistery,32:155-163.

limura, K. and Ito, H., 1975. Cadmium movement in soil-plant. JSIDRE, 43 (10):
35-41. '

Iimura, K., 1981. Chapter 2: Background contents of heavy metals in Japanease soils. In
Kitagawa, K., Yamane, 1. (Eds.), Heavy Metal pollutlon in soils of Japan, Jpn. Sci.
Soc. Press, Tokyo, p.19-26. ‘

Iimura, K., 1981. Metal stress in rice plants. Jpn. Sci. Soc. Press, Tokyo, p.19.

Ishikuro, T. and Yamada, N., 1997 Differnce in cadmium accumulation in hulled grains
of paddy rice among position in the ear.Soil Sci.Plant.Nutr.,68: 629-633.

JSIDRE, 2003.Technicla terms on irrigation , drainage and reclamation. Tkyo, Japan:
p.63. :

Jarup, L., 2003. Hazards of heavy metals contamination . Br. Med. Bull., 68: 167-182.

)

Jarvis, S.C., Jones, L.H.P., Hopper, M.J., 1976. Cadmium uptake fromsolutions by
plants and its transport from roots to shoots, Plant and Soil, 44:179-191.

Kawada, T., Suzuki, S., 1998. A review on the cadmium content of rice , daily cadmium
intake and accumulation in the kidneys. J.Occup. Health,40:264-269.

Kobayashi, J., 1978. Pollution by cadmium and the itai —itai disease in japan.In :Ochme,
F.W. (Ed), Toxicity of heavy metals in the environment, part 1, Marcel Dekker, New
York.

Kohnke, H., 1968. Soil physics, McGraw-Hill book company, New York, pp.67.

Kuo, S., McNeal, B.L., 1984. Effects of pH and phosphate on cadmium sorption by
hydrous ferric oxide, Soil Sci. Soc., Ame. J., 48: 1040-1044.

107



Lockwood, M.P, 1976. Effects of pollutants on aquatic Organisms. Cambridge
University Press, New York.

MAFF., 1979a. The ministery of Agriculture, Forestry and Fisheries of Japan. The
foundation of environmental paddy field and investigation of paddy field, water

quality and crop analysis method: National conference of paddy field preservation.
pp.113-115.

MAFF., 1979b. The ministery of Agriculture, Forestry and Fisheries of Japan. The
foundation of environmental paddy field and investigation of paddy field, water

quality and crop analysis method: National conference of paddy field preservation.
pp.176.

MAFEF., 2001. The ministry of agriculture, forestry and fisheries of Japan: The
concernment information of cadmium in food. http://www.maff. go.jp/cd/index.html.

MOE., 2006. Enforcement status of agricultural Land-Soil pollution Prevention Law in
2005 fiscal year. MOE, Japan, Available at: http://www.env.go.jp/water/dojo/nouyo/jok
yo_h17.pdf.

McLaren, R.G., 2003. Micronutrients and toxic elements. In: "Handbook of Processes
and Modeling in the Soil-Plant System", eds. D.K. Benbi, and R. Nieder. Food
Products Press and The Haworth Reference Press, pp. 589-625.

Morel, J. L. and Guckert, A., 1983. Influence of limited sludge on soil organic matter
and soil physical properties. In:. CATROUX, G.(ed). The influence of sewage sludge
application on physical and biological properties of soils. Dordrecht-Holland: D.
Reidel, pp. 25-42.

Morishita, T., N. Fumoto, T. Yoshizawa, and K. Kagawa., 1987. Varietal differences in

cadmium levels of rice grains of Japonica, Indica, Javanica and hybrid varieties
produced in the same plot of a field. Soil Science and Plant Nutrition 33:629-637.

Mukherjee, A., Sharma, A. and Talukder, G, 1984. Effects of cadmium on cellular
system in higher organism.The nucleus, 27 (1/2), 121-139.

Nguyen, N.Q and Le, H.B., 2005. Heavy metal pollution in paddy soils near Ho Chi
Minh city caused by waste water discharge and the influence of cadmium on rice.

108



http://academic.research.microsoft.com/Paper/6478307.aspx

Oliver, M.A., 1997. Soil and human health: a review. Eur.J.Soil Sci., 48: 573-592.

Ono, K., Gamo, M. and Nakanishi, J., 2003.Factors affecting cadmium concentration in
rice in Japanease paddy fields. Proc. of 24 th Annual meeting: North America, the
society of Environmental Toxicology and Chemistery (SETAC): PM No. 071.

Parker, D.R., Chaney, R.L. and Norvell., W.A., 1995. Chemical equilibrium models:
Application to plant nutrition research. In "Chemical Equilibrium and Reaction
Models", eds. R.H. Loeppert, A.P. Schawab, and S. Goldberg. Madison, WI: Soil
Science Society of America, Inc., pp.169-200.

Qin, D., Ming-xue, C., Rong, Z., Zhao-yun, C., Zhi-wei, Z., Guo-sheng, S.,
Guang-ming, W., 2009. Cd Toxicity and Accumulation in Rice Plants Vary with
Soil Nitrogen Status and Their Genotypic Difference can be Partly Attributed to
Nitrogen Uptake Capacity, Elsevier BV. Rice Science,16: 283-291.

Root, R.A., Miller, R.J., and Koeppe, D.E., 1975. Uptake of cadmium and its toxicity
and effect on the iron to zinc ratio in hydrophonically grown crop. Journal of
Environmental Quality, 4:473-476.

Rosas, 1., Carbajal, M.E., Gomez-Arroyo, S., Belmont, R. and Villalogos-pirtrini,
R.,1984. Cytogenetic effects on cadmium accumulation on water hyacinth
(Eichorniacrassipes). Environmental research, 33:386-395.

Sakurai, K., Huanng, PM.,1996. Influence of potassium chloride on desorption of
cadmium sorbed on hydroxyaluminosilicate-monotmorillonite complex, Soil science

and plant nutrition,42:475-481.

Sanita di Toppi, L., Gabbrielli, R., 1999. Response to cadmium in higher plants,
Environ. Exp. Bot.,41:105-130.

Sasaki, C., 1992. On the dissolved oxygen content in seepage water of open and closed
system percolation in a stratified soil column. Trans. JSIDRE., 159: 65-71.

Sasaki, C., 1993. Correlation between percolation and soil horizon differentiation in a
stratified soil column model of a paddy field with volcanic ash.JSIDRE.,164: 89-96.

109



Sasaki, C., 1994. Influence of a percolation pattern on elevation and eluviations of
soluble ions in a stratified paddy field with sand or gravel under plowsole. Trans.
JSIDRE., 172: 9-16.

Sasaki, C., 1995. Study on the percolation pattern and their influences on several
phenomena in a layer of paddy field. Bull. Miyagi Agri. Col., 8: 108-111.

Sasaki, C., Enari, K., Koseki, K. and Nakayama, M., 1998. Study on removal of soluble
ions in stratified paddy field model with open system percolation. JSSP., 78:3-10.

Sasaki, C., Inagaki, M., Enari, K. and Koseki, K., 2001. Influence of percolation pattern
on the removal of soluble ions in a stratified paddy field with rice and gravel under
the plowsole. REE.,41:78-89.

Sharma, A., Mukharjee, A. and Talukder, G. 1985. Modefication of cadmium toxicity in
biological systems by other metals. Current science, 54:539-549.

Steeland, K. and Boffetta, P., 2000. Lead and cancer in humans: where are we now? Am.
J. Ind. Med., 38: 295-299.

Sukthai, P, Sasaki C., Matuyama N., Tonouchi A. and Noda K., 2005. Influence of
percolation pattern on removal of soluf)le elements in downward water and

cadmium transfer using a stratified paddy field model. J. Jpn. Soc. Soil
Phys.,101:17-26.

Suthersan, S.S., 2002. Phytoremiediation, in: Natural and enhanced remediation system,
CRC press Inc., Florida, pp. 239-267.

Tabuchi, T. and Hasegawa, S., 1995. Paddy field in the world: Well facilitated paddy
fields in Japan. JSIDRE: pp. 103-124. '

Takenaga, H., '1995. Science of the rice plant Nutrient absorption in relation to
environmental factors. Tokyo, Japan. pp.278-294.

Tokunaga, K. and Sasaki, C., 1990. On an observation unsaturated downward water

flow penetrated with atmosphere found in the subsoil of paddy field lying in the
volcanic ash soil area. JSIDRE.,58 (2): 65-71.

110



Vangronsveld, J. and Cunningham,S.D., 1998. Introduction to the concepts, in:
J.Vangronsveld, S.D.Cunningham (Eds.), Metal- contaminated soils, Springer.,
Berlin, pp.1-15. ' ’

WHO, 1992a. Cadmium Environmental Health Criteria, Geneva.Vol., 134.

WHO, 1992b. Lead Environmental Health Criteria, Geneva. Vol., 165.

Xian, X., 1989. Effect of chemical form of cadmium, zinc and lead in polluted soil on
their uptake by cabbage plants, Plant Soil.,113: 257-264.

Yamazaki, F., 1958. Research on the vertically downward flow of water through layered
soil. Date Rec. Invest., 6. Tokyo, Japan: pp. 1-30.

Yamada, N., 2007. Remediation of heavy meatal contaminated soils by soil dressing and
sustainability of the remediation effects, Jpn J. Soil Sci, Plant Nutr.,78:411-416.

Yujing, C., Xuhong, Z., Yongguan, Z., 2008. Does copper reduce cadmium uptake by
different rice genotypes? Journal of Environmental Sciences., 20: 332338,

111





