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Abstract

Field experiments were conducted to determine how pH amendment and fertilizer
application influence the root growth of maize (Zea mays L., cv. Masmadu) in an acidic
peat soil. Five fertilizer treatments (0, NK, PK, NP and NPK) at four levels of lime
application were designed in a field with woody peat of the Malaysian Agricultural
Research and Development Institute (MARDI) Jalan Kebun Station. The growth of
maize was very poor without soil pH amendment due to the inhibition of root growth by
the high acidity of the soil, even though NPK fertilizers were applied. Maize roots did
not grow into acidic layers of soil with a pH below 3.8, even when the soil was amended
with ground magnesium limestone (GML) and NPK fertilizers, indicating that the
rhizosphere volume was limited by the depth of soil pH amendment. Soil pH
amendment, on the other hand, stimulated root growth and shoot growth. NPK
fertilizers, particularly nitrogen and phosphorus fertilizers exerted a beneficial effect on
the root growth in the presence of GML. There was a significant positive correlation
between the root growth and shoot growth at the vegetative growth. Grain yield for
fresh vegetable use ranged from 179 to 1,810 kg ha'l, and the maximum yield was
obtained in the NPK plot with 25 t ha' GML application.
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Introduction

More than 20 million ha of lowland peat soil
occur in tropical Southeast Asia” of which about 2.4
million ha are located in Malaysials). Despite their
numerous limitations and constraints on crop
growth, there has been an increasing demand to
develop peat soil swamps for agriculturelz' ¥ Peat
soil is highly acidic with a pH value ranging from
35 tO 412, 15, 1
a common practice for peat soil agriculture, since

8 L. . .
. Liming for crop cultivation has been

almost all the crops are unable to grow properly in
such a strongly acidic medium'®. Several papers
have been published on the effect of pH
amendment of peat soil on growth performance as
reviewed by Leong et al. for tropical peat soil"”.
However, most of the studies dealt with top growth

36, 11, 13, 14)
and there have been very few

and/or yield
reports on root growth. Roots play the role of an
interface between shoot growth and soil” and may
be affected directly by the high acidity of peat soil.
It is generally recognized that hydrogen ion in low
pH media inhibits plant root elongationm and that
root growth of many plants could be ameliorated
by increasing the calcium content in a medium
with low pHg).

Plant nutrients in tropical woody peat soils
have been known to be very poor as evidenced by
the very low ash content ranging from 1 to 3 % in
the natural state and by the very low bulk density,
leading to a very small amount of nutrients in a unit
soil proﬁlew). The effects of macro- and micro-
nutrients in chemical fertilizers on the growth
performance of many crops have been well

1, 5, 6, 11, 14)
. However, data of

documented
measurement of root growth in such studies are
usually not available. The purpose of our study
was to determine how root growth can be affected
by NPK fertilizers and pH amendment with ground
magnesium limestone (GML) for liming.

We used maize as test crop since maize is a
moderately tolerant crop to acid soi124) and maize
for vegetable grain use appears to be one of the
promising crops in Malaysia.

Another object of the present field experiment

was to examine the effect of soil pH amendment
and NPK fertilization on the decomposition of peat
soil organic matter, since the decomposition leads
to an irreversible loss of soil resources, resulting in
surface subsidence which is highly detrimental and
cannot be readily improved for sustainable
agriculture on peat soil. The results have been

. , 20)
reported in other papers19

Materials and Methods

Soil properties and cultivation practice

Maize (Zea mays 1.) variety Masmadu for
fresh grain vegetable use was grown on woody
peat soil in a field of MARDI Jalan Kebun Station.
The field had been previously used for oil palm
cultivation for about 15 years. After improvement
for annual crop cultivation, the field had been used
for pineapple cultivation for three years and one
cropping of maize, baby- corn for vegetable. Soil
pH, carbon content, nitrogen content, ash content,
electric conductivity (EC) and bulk density were
3.8, 56.5%, 1.44%, 6.0%, 0.11 mS cm” and 0.29 g em’,
respectively. The soil is classified as hyperthermic
tropohemists in the Soil Taxonomy and is
oligotrophicm).

Lime treatment for pH amendment consisting
of four levels, 0 (L0), 12.5 (L.1), 25.0 (L2) and 50.0 t
ha' (L3) of GML was carried out on February 9 in
1992. Basal fertilizers were applied at the rate of
140 kg N, 60 kg P,0;, 100 kg K,0 ha' as urea,
triple superphosphate and muriate of potash,
respectively on February 27. Micro-nutrients were
not used for the present field experiments, due to
the residual effects of the micro-nutrients applied
for the previous cropping of baby- corn in the same
field. Maize seeds were sown on March 6 at a
spacing of 70 x 40 cm in a 8.4 x 8.0 m plot. At 21
days after sowing (DAS), plants were thinned to
one per hill.

Measurement of plant growth and grain yield

Stem diameter and plant height were
measured in the field to evaluate the growth
performance at 21, 35 and 70 DAS, and 5-10 plants
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from one plot were sampled for the measurement
of dry weight, except for 21 DAS when 29 plants
were sampled. Grain yield was estimated for the
sample of 81 DAS when the grain for vegetable use
was not yet completely mature. All the dry weights
were measured after oven drying at 70°C.

Measurement of root growth

Roots of two plants per plot were carefully dug
up together with soil at intervals of 5 cm depth
down to 25 cm in the soil profile 70 x 40 ¢cm in area
surrounding the hill at 35 DAS. At the same time 5
plants per plot including the root sampling hill
were taken for measurement of top growth. Roots
were carefully separated, soil was washed out and
the roots were dried in an oven at 70°C. The soil
separated from roots was used for the
measurement of the pH in water suspension
(1:2.5).

Measurement of soil pH, EC and ground water level
Samples for the measurements of the soil
acidity (pH) and electric conductivity (EC) were
taken from the surface soil to a depth of 10 cm at 9
zones per plot and mixed. Ground water level was
measured with an electric tester which reacted to
the ground water pooled inside a plastic tube
installed vertically into soil at a 150 cm depth.

Results and Discussion

Soil acidity (bH) and electric conductivity (EC)

Soil pH increased shortly after GML
application, and the initial pH values at 4 days after
liming were 3.96 (L0), 4.53 (L1), 5.42 (L2) and 6.03
(L3), indicating that the pH increased almost in
parallel with the amount of GML applied until the
L2 level, but that the effectiveness of liming on pH
amendment was reduced at the L3 level application
(Fig. 1). It was also shown that even such a very
high level of liming (50 t GML ha'l) did not
completely neutralize the peat soil acidity. The
very high level of lime application was aimed
primarily at ensuring that the pH amendment
would be effective on the decomposition of peat

soil organic matter, as reported in other papersw'
?  The soil acidity of tropical oligotrophic woody
peat in the natural state is lower than pH 4.0, due to
the high content of exchangeable hydrogen%), and
the lime requirement is high because of the high
buffering capacity of peat soil"”. The effect of GML
liming on pH amendment lasted a long time during
the present period of maize cultivation, and also at
least another 5 months when the soil was not
ploughed thereafter (pH measurement was
continued but the data were omitted here).

The effects of NPK fertilizer application on soil
pH were inconsistent among the liming levels (Fig.
1). Soil pH of the NPK plot was slightly higher
than that of the plot without NPK application at 1.2
and L3 GML levels, 3 and 16 days after NPK
application. However, the effect of NPK for the
lowest liming level (L1) was not consistent.
Furthermore, the soil pH of the LO plot was almost
the same, regardless of the application of NPK
fertilizers.

Changes in soil EC differed from those of soil
pH (Fig. 2). Increase in EC due to GML
application for the L1 level which was negligible
was conspicuous for the L2 and L3 levels of
application. NPK fertilization increased the EC of
the soil regardless of the liming levels, and EC
reached maximum values 16 days after NPK
application, then decreased gradually and

23/1 2/ 15/ 30t
Date (day/month)

131V 3V

Fig. 1. Changes in soil acidity (pH) during the period from
liming to harvest (O:L0(0), @:LONPK), A:L1(0),
A:L1(NPK), V:L2(0), W:L2(NPK), [[J:L3(0),

M:L3(NPK))
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Fig. 2. Changes in electric conductivity (EC) of soil during

the period from liming to harvest (O:L0(0),
@®:LO(NPK), A:L1(0), &:L1(NPK), V:L2(0),
W:L2(NPK), [1:L3(0), IEL3(NPK))

significantly. The decline may be ascribed to the
fact that the dissolved nutrient elements from NPK
had been taken up by maize, and some part of the

elements had eluviated down to deeper layers of
the soil profile and/or was complexed with
functional groups of peat soil organic matter into a
non- dissociative form. Maximum EC values
observed in the NPK plot with GML at L3 level was
0.63 mS cm'l, a lower value than the critical value
for proper crop growths).

Growth of maize and grain yield

Growth performance of maize was extremely
poor without pH amendment, even though NPK
fertilizer was applied (Table 1). Establishment of
the seedlings was not adequate without liming
(L0), and more than half of the plants in this plot
died before tasseling, and could not produce corn-
cob/grain, even when NPK was applied (Table 2).
These finding were in agreement with the results
reported by Ambak et al.” in another Malaysian
peat soil. Effect of soil pH amendment on the

Table 1. Stem diameter (SD) and plant length (PL) of maize at 21 and 35 days after sowing (DAS)

21 DAS 35 DAS
Treatment
SD (mm) PL (cm) SD (mm) PL (cm)

L0 0 1.8 (45" (40)™ 20 ( 48) (47 3 (35 (20 27  ( 44) ( 28)
PK 24 ( 60) ( 35) 26 ( 62) (45 4 (49 (22 36 ( 60) (30
NK 3.5 (88) (64 36 (86 (76) 7 (88 (40 52 (85) ( 46)
NP 3.6 (90 (51 39 (93) (65 8 (94 (39 57 (93) (44
NPK 4.0 (100) ( 50) 42 (100) ( 64) 8 (100) ( 37) 62  (100) ( 40)

Ll 0 4.1 (52) (9 38 (59 (90 12 (53 (79 79 (52) (8D
PK 5.8 ((73) ( 85 50 (78) (89 17 (77 (90) 101 (66) (84
NK 49 ( 62) ( 89 41 ( 64) ( 88) 19 (87) (104 120 (79 (106)
NP 6.4 (8D (9D 53 (82 (89 20 (90) (97 126 (83 (97N
NPK 7.9 (100) ( 99) 64 (100) (100) 22 (100) ( 97y 152 (100) ( 99)

L2 0 45 ( 56) (100) 43 ( 66) (100) 15 ( 66) (100) 98 ( 64) (100)
PK 6.8 ( 85) (100) 56  ( 88) (100) 19  ( 83) (100) 120 ( 78) (100)
NK 5.5 ( 69) (100) 47 (72) (100) 19 (81) (100) 113 ( 73) (100)
NP 7.0 ( 88) (100) 59 (92) (100) 20 (. 89) (100) 130 ( 84 (100)
NPK 8.0 (100) (100) 64  (100) (100) 23 (100) (100) 154 (100) (100)

L3 0 47 ( 49) (100) 43 (73) (102) 16 (75 (110 105 (73) (107)
PK 6.9 (72) (10D 57 (96 (10D 20 (94 (107 126 ( 88) (105
NK 5.8 ( 60) (105) 50 ( 83) (106) 19 (87 (103 113 (79 (100
NP 7.5 (78) (107) 62 (105 (105 22 (102) (109) 149 (104) (115
NPK 9.6 (100) (120) 59 (100) ( 92) 22 (100) ( 96) 143 (100) ( 93)

“Figures in the parenthesis denote relative value to fertilizer treatment at NPK at each lime level.

PFigures in the parenthesis denote relative value to each fertilizer treatment at L2.
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Table 2. Shoot dry matter (SDM) of maize at 21, 35 and 70 days after sowing (DAS) and grain yield (GY) at harvest

SDM (g plant™) GY (kg ha™)

Treatment

21 DAS 35DAS 70 DAS

LO 0 0.09 (19 (13 02 (13) ( 3) 0 (0 (0 0 (0 ( O
PK 0.14(31) (9 06 (30 ( 5 0 (0 (0 0 (0 (0O
NK 030 (65 (32) 0735 (7 0 (0 (0 0 (0 (0
NP 039(85 (200 09 (45 ( 4 0 (0 (0 0 (0 (O
NPK 046 (100) (21) 2.0 (100) ( 5 0 (0 (0 0 (0 (0
L1 0 048 (19) (70) 47 (13) (59 31 (27 (61 179 (1) (58
PK 091 ( 36) (57) 132 (37) (104) 46 (40) (79 236 (15 (6D
NK 058 ( 23) (62) 122 (34) (122) 78 (6% (102) 597 (37 (62
NP 125 ( 49) (64) 21.8 (60) (100) 111 (97 (103) 1046 (65 (77
NPK 253 (100) (115) 36.1 (100) ( 84) 115 (100) ( 87) 1618 (100) ( 89)
L2 0 0.69 ( 32) (100) 8.1 ( 19) (100) 51 ( 66) (100) 309 ( 17) (100)
PK 1.59 ( 72) (100) 12,7 ( 30) (100) 58 ( 44) (I00) 389 ( 22) (100)
NK 0.93 ( 42) (100) 100 ( 23) (100) 77 ( 58) (100) 960 ( S3) (100)
NP 1.94 ( 88) (100) 217 ( 51) (100) 108 ( 82) (100) 1353 ( 98) (100)
NPK 220 (100) (100) 428 (100) (100) 132 (100) (100) 1810 (100) (100)
L3 0 0.69 ( 40) (100) 9.9 ( 28) (I23) 46 (36) (91) 442 (26) (143)
PK 1.60 ( 92) (101) 155 (43) (122) 76 (59 (131) 761 ( 44) (196)
NK 1.10 ( 63) (118) 145 (41) (145 83 (65 (108) 997 ( 58) (104)
NP 2,15 (123) (111)  29.1 ( 81) (I34) 139 (108) (129) 1749 (102) (129)
NPK 174 (100) (790 357 (100) ( 83) 129 (100) ( 98) 1710 (100) ( 94)

“Figures in the parenthesis denote relative value to fertilizer treatment at NPK at each lime level.
PFigures in the parenthesis denote relative value to each fertilizer treatment at L.2.

growth of maize was obvious until harvest, but the
largest application of GML did not always result in
optimum growth, particularly in the NPK-amended
plots (Table 2).

There were no noticeable symptoms of
deficiency in micro-nutrients in all the treatment
including that without liming. However, plants
lacking nitrogen became yellowish and growth was
usually poor among fertilizer treatments at every
liming level (Tables 1 and 2). This condition may
be ascribed to the very small amount of available
nitrogen in peat soil, since the decomposition of
peat soil organic matter was extremely slow" and
the absolute amount of nitrogen per unit area was
very small, due to the very low bulk density, 0.29 g
Cm'g, even when the soil nitrogen content was as
high as 1.44%.

Effects of NPK fertilizers on maize growth
were obvious irrespective of the liming level. The

effect of the fertilizers applied on the growth of
maize at 35 DAS was in the following order; 0<<
NK<PK<<NP<NPK, suggesting that phosphorus
may be more important for the initial growth stage
than nitrogen in this soil (Table 2). The same
response of shoot growth to fertilizer treatments
was observed in tomato at the vegetative stagem.
However, shoot growth at harvesting time and
grain yield responded in the following order;
0<<PK<NK<NP<NPK, suggesting that nitrogen
was limiting at this stage, which corresponded to
the observations of pot and field experiments of
maize in another tropical peat soiIZZ).

Maximum grain yield was obtained for the 25 t
GML ha’ application, and liming at the rate of 50 t
ha” was considered to be too high to obtain proper
growth of maize (Table 2). This phenomenon may
be due to the adverse effects of excessive Ca
application on the uptake of nutrients, as it has



68 JIRCAS ]. No.4, 1997

been reported that the addition of large quantities
of lime or GML depressed the plant uptake of
phosphoruss' 1 and potassiumw.
Growth of Roots

To correlate the grain yield and/or top growth
with root growth, root weight was measured and
the distribution of roots in the soil profile was
examined at the vegetative growth stage. The
lowest value for root weight was observed in the
plot without application of both GML and NPK
(Table 3). Liming with GML improved
significantly the root growth, irrespective of the
difference in the fertilizer treatments. Root growth
in the NPK treatment was more satisfactory than
without NPK regardless of the rate of GML
application.

Table 3. Root dry matter (RDM) per plant of maize at 35
days after sowing

Treatment RDM (g plant")
L0 0 0.08 (15" ( 6"
PK 0.09 (17) ( 3)
NK 037 ( 68) ( 23)
NP 0.11 (20 (
NPK 0.54 (100) ( 11)
LI 0 099 (22) (69)
PK 242 ( 53) ( 90)
NK 179 ¢ 39) (1)
NP 274 ( 60) ( 94)
NPK 4.60  (100) ( 93)
L2 0 1.44  ( 29) (100)
PK 2.68 ( 54) (100)
NK 1.61  ( 33) (100)
NP 291 (59 (100)
NPK 4.92  (100) (100)
L3 0 1.53  ( 30) (106)
PK 2.84 ( 56) (106)
NK 177 (35) (110)
NP 451 ( 89) (155)
NPK 5.07  (100) (103)

“Figures in the parenthesis denote relative
value to fertilizer treatment at NPK at each
lime level.

PFigures in the parenthesis denote relative
value to each fertilizer treatment at L.2.

No roots were detected at a soil depth below
20 cm and about 60 to 90% of the total roots were
distributed in the surface layer at a 5 cm depth in
all the treatments (Table 4). The roots never grew
into the acidic layer of soil below a pH value of 3.8,
even though the surface ploughed layer was limed
and fertilized. These findings corresponded to the
results obtained by Yan et al”, They showed that
pH 3.5 was critical value at which root growth of
maize ceased. The strong inhibitory effect of soil
acidity could be ascribed to the hydrogen ions of
peat soil organic matter which were unsaturated
with base ions such as Ca””. Adverse effects of
excessive moisture of the ground water on root
penetration into the deeper layers could be ruled
out, since the maximum level of ground water was
larger than 45 cm.

Maize roots developed well in the pH-
amended surface layer, probably due to the
presence of Ca in GML which in maize promotes
root growthg) and the development of a longer and
finer root systemw. In addition, the physiological
function of Ca at low pH medium was reported in
detail by Yan et al”.

Relationships among soil pH, fertilizer
treatment and root growth are depicted in Fig. 3,
and the effects of fertilizer on root growth,
particularly of nitrogen and phosphorus were
clearly observed in the presence of GML. This
observation suggests that pH amendment and
fertilizer application are essential factors for better
growth of maize in peat soil. In fact, the availability
of nitrogen from peat was very low due to the slow
decomposition and phosphorus deficiency also
occurred in peat soil'”. Although liming using
GML has been reported to increase the availability
of phosphorus in peat soilﬁ), the amount of available
phosphorus could not meet the requirements for
maize growth.

There was a significant positive correlation
between root growth and shoot growth measured
at 35 DAS and the relation was observed
irrespective of the pH amendment and NPK
treatment (Fig. 4). The poor root grov h in acidic
soil without liming resulted in the increase of plant
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Table 4. Root distribution (RD) and soil acidity (pH) at different depths at 35 days after sowing
Treatment Layer” Ground magnesium limestone (t ha™")
0 125 25.0 50.0
pH RD(%) pH RD(%) pH RD(%) pH RD (%)
0 1 384 915 444 581 5.13 604 5.80 744
2 3.84 8.5 438 239 500 246 5.66 16.8
3 3.86 0 447 162 463 13.1 5.32 8.5
4 3.70 0 4.20 1.8 3.94 1.8 4.32 0.2
5 3.70 0 3.89 0 3.84 0 3.86 0
PK 1 3.89 840 457 704 486 544 5.81 640
2 3.86 16.0 438 200 503 320 5.81 240
3 3.86 0 4.51 9.6 454 13.6 5.03 12.0
4 3.79 0 3.73 0 3.79 0 4.05 0
5 3.79 0 3.73 0 3.73 0 3.92 0
NK 1 3.89 84.0 457 624 6.00 544 6.32 784
2 3.86 16.0 444 240 590 264 6.00 13.6
3 3.79 0 4.38 13.6 584 192 5.35 8.0
4 373 0 4.05 0 4.03 0 4.18 0
5 373 0 389 0 389 0 405 0
NP 1 3.92 88.0 454 72.0 454 704 5.42 80.0
2 3.89 120 454 17.6 457 160 5.68 144
3 3.83 0 422 104 448 8.0 5.35 5.6
4 3.79 0 3.89 0 4.38 56 4.22 0
5 3.79 0 3.73 0 3.73 0 4.05 0
NPK | 3.90 827 478 609 549 728 5.75 76.0
2 395 135 459 213 522 144 5.63 14.0
3 3.88 3.8 466 163 495 107 5.03 9.4
4 3.76 0 4,27 1.5 4.18 2.0 4.67 0.6
5 3.77 0 4.04 0 3.96 0 3.79 0
¥1:0-5, 2:5-10, 3:10-15, 4:15-20, 5:20-25 cm.
6
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Fig. 3. Relationship between soil acidity (pH) and root Fig. 4. Relationship between root weight and shoot weight of

weight of maize at 35 days after sowing (O:0,

A:NK, V:PK, [1:NP, @:NPK)

maize at 35 days after sowing (Statistical relationship
was calculated using the data excluding LO plot and

X in the equation should be larger than 1.0)
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susceptibility to the depletion of water and plant
nutrients, hence enhancing the adverse effects of
the soil acidity. This phenomenon can be
attributed to the fact that charge imbalance and the
pH gradient between root and soil which normally
promote nutrient uptake were absent in a medium
with a low pH".

In conclusion, based on the present field
experiment it was suggested that better growth
and/or higher grain yield of maize in acidic peat
soil could be obtained by the amendment of soil pH
in deeper layers to enable maize roots to grow in a
larger rhizosphere volume. From the viewpoint of
sustainable agriculture, however, application rate
and depth of liming should be limited as much as
proper maize growth permits it, since the loss of
peat soil organic matter by decomposition in soils
with a higher pH value and/or higher ash content
has been known to be greater than in soils of

. 19,20
adverse properties .

References

1) Ambak, K. et al. (1991). Effect of liming and
micronutrient application on the growth and
occurrence of sterility in maize and tomato
plants in a Malaysian deep peat soil. Soil Sci.
Plant Nutr. 37 689-698.

2) Aranon, D.I. & Johnson, C.M. (1942).
Influence of hydrogen ion concentration on the
growth of higher plants under controlled
conditions. Plant Physiol. 1'7: 525-539.

3) Chew, W.Y. (1971). Yield and growth
responses of some leguminous and root crops
grown on acid peat to magnesium lime.
Malays. Agric. ]. 40: 142-158.

4) Chew, W.Y. & Yeong, N.H. (1974). An
observation on the yield of some vegetables
grown on Malaysian peat. Malays. Agric. J. 49:
433-436.

5) Chew, W.Y. et al. (1976). The influence of lime
and nitrogen fertilization on the yield and
nitrogen uptake of napier grass on Malaysian
peat soil. MARDI Res. Bull. 4:43-50.

6) Chew, W.Y. et al. (1981). Relative availability to

plants of phosphorus from rock phosphate and
triple superphosphate in relation to liming on
Malaysian peat. MARDI Res. Bull. 9:49-57.

7) Dent, F.J. (1986). Southeast Asian coastal
peats and their use. An overview. Proc. The
Second International Soil Management
Workshop, Thailand/Malaysia, Thailand, 27-
53.

8) Hokkaido Natl. Agri. Exp. Sta. (1988).
Diagnostic standards in soil and crop nutrition
in Hokkaido. In Review of diagnosis of soil
and crop nutrition in Hokkaido, 259-297 [In
Japanese].

9) Inoue, K. et al. (1988). Effect of Ca in the
medium on root growth under low pH
conditions. Seil Sci. Plant Nutr. 34: 359-374.

10) Ismail, A. B. (1984). Characterization of
lowland organic soils in Peninsular Malaysia.
Proc. Workshop on classification and
management of peat in Malaysia. Malays. Soc.
Soil Sci., 19th March, Kuala Lumpur, 109-126.

11) Joseph, K.T. et al. (1970). Assessing the
nutrient status of a peat soil from the Klang
area. Malays. Agric. J. 47:338-343.

12) Kamarudin, A. et al. (1989). Ecology and
conservation of Malaysian peatlands. Papers
of National Workshop on Research and
Development of Peat Soils, Feb. 21-22, MARDI,
Serdang, Malaysia.

13) Kanapathy, K. & Keat, G. A. (1970). Growing
maize, sorghum and tapioca on peat soil. Proc.
Conf. on Crop Diversification in Malaysia, 25-
35.

14) Kanapathy, K. (1976). Fertilizer requirement
on peat soils. Malays. Agric. J. 50: 292-313.

15) Kyuma, K. (1984). IV. Distributions and
characteristics of lowland wet soils in tropical,
especially Southeast Asia. In Acid soil and its
use by agriculture. ed. Tanaka, A., Hakuyusya,
Tokyo, 101-142 {In Japanese].

16) Leong, A.C. et al. (1989). Agronomic
requirements of crops on peat. Papers of
National Workshop on Research and
Development of Peat Soils, Feb. 21-22, MARDI,
Serdang, Malaysia.



Katsuyuki KATAYAMA et al. : Effects of pH Amendment and Fertilizer Application on Root Growth of Maize 71

17) Lucas, R.E. et al. (1975). Lime and fertilizer
requirements for peats. In Peat in Horticulture.
eds. Robinson, D.W. & Lamb, J.G.D.,
Academic Press, London, 51-70.

18) Md. Sharif, A. et al. (1986). Agronomic
consideration on peat land development; A
Malaysian experience. Proc. 2nd Intl. Soil
Management Workshops, Thailand/Malaysia,
195-212.

19) Murayama, S. & Zahari, A. B. (1996).
Decomposition of tropical peat soils. 1.
Decomposition kinetics of organic matter of
peat soils. JAR® 30:145-151.

20) Murayama, S. & Zahari, A. B. (1996).
Decomposition of tropical peat soils. 2.
Estimation of in situ decomposition by
measurement of CO, flux. JARQ 30:153-158.

21) Ogango, K.O. & Teyker, R.H. (1991). Effects of
lime rate on corn root characteristics under
enhanced ammonium supply. J. Plant Nutr.
14:663-673.

22) Polak, B. & Soepraptohardjo, M. (1951). Pot
and field experiments with maize on acid forest
peat from Borneo.Conts. Gen. Agric. Res. St.,
Bogor, 125.

23) Schubert, S. & Mengel, K. (1989). Important
factors in nutrient availability: root morphology
and physiology. Zeitschrift fiir Pflanzen-
erndhrung und Bodenkunde 152:169-174.

24) Tanaka, A & Hayakawa, Y. (1975). Comparison
of tolerance to soil acidity among crop plants.
Part 3. Tolerance to soil acidity. -Studies on the
comparative plant nutrition- Jap. J. Soil Plant
Nutr. 46:26-32 [In Japanese].

25) Yan, F. et al. (1992). Effect of low root medium
pH on net proton release, root respiration, and
root growth of corn (Zea mays L) and broad
bean (Vicia faba L.). Plant Physiol. 99: 415-421.

26) Zahari, A. B. ef al. (1981). Distribution,
characterization and utilization of problem
soils in Malaysia, A country report. Trop.
Agric. Res. Ser. 15: 41-61.



72 JIRCAS J. No.4, 1997

ek TS B B BRIEEIE R Uhe ABALIE »

FYEOOILDORODEBICRIETHE

[T

s, ¥Ay 7T

. ©)
Ny —

OV g bk R 4 & — B

(¥305

RO CIEHRkbLLI—2)

Vo LA LT S

(wbAv7, 5 T-—

WX 7 )

R

%%ﬁﬁi%iﬁ%%ﬁuéb<,ﬁﬂﬁf%étb
DEERMIZH 2> T, HBEOBUESIE LR
T%%(@W%#&éﬂfétﬁ,%@ﬁtk&dﬂi
HOLEFDH BHVIZINE L ORRTHIITSATED, Ro
EFIZOWTRIBEAE R SN TRV, £2°C, &K
T~ VA T TREERBWIZER Y v 7 7 7 Vil
BV, RRTEICBT ABEOEIES L U=EHE
e by eual, BIEOBROEFIZED L I8
ThH0R, BEGIEL IV E 4 BR (0, 125, 25.0,
500tha #HAK) & L, FRENICZEEILERR
(0, NK, PK, NP, NPK) %\ THES L7
7D O U HEOBRMESIE R L TIINPK 26 L
THEGHLAEF LIRS, MRS L7, b
w03 Y ORISAIREARX TIE, 4%LE, AIRERG
AR T %BLEVEBS emiZnAi Lz, 7, #L
BRI & BEEEAEIE AL % W pH3.8 LT O T IZIEAR

F—U— R EREREE, ORGH, RAETE, Buisk

DOHERRLNT, THEEMEIIL > TROEFHFHE S
Ni-eEZ o7, THEOBMEBEZL VIROEFTRD
i FEOEF IR SN, B 51, BoEFICH
45 =EEEHORRIEL, $kN&PT@%T&otO
FEFEI% 35 FIZHIsE L7-ARE & EEREILZIZE VW IEOHER
BURARO b7z, boEna LT (AR O
B AR 25tha” & NPKEEHX TEB S, @R
AR TIEEMCFS Leh o7,

Db &b, BiFlrHETOEYOMIEET I
B OBMESIE & RS LETH 55, S HITHINE
Bigs 720123, REDIK, $4bb, BRUEBIEORE
BERELTHIEPEDHE LA EVRE SN, L
PLAEDE, AIREHRREEEDOM Rz ET S
EDHLNTEY, BEFEORE B, TiEkse
& B \VIIFHRIEERH OS5 D FE I Nz T
b,

Y

VAR T S

REMFELY—70T 27 MIEE2F— 4 (T305 KRS JISTHEES
TRIEE (7305 KRS B

3—1—1)
#3—-1—-1)



