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Abstract 
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Also: Doctoral thesis, Wageningen. 

The influence of tillage on rice grown on heavy Surinam clay soils was inves­
tigated in pot and field trials. Included were interactions with seed rate, 
nitrogen dressing and distribution, water management, and variety. Four 
procedures for tilled layer and seedbed preparation were studied morpholo­
gically, physically and chemically: wet, dry/wet, dry and zero. 

Differences between tillage treatments were found in sedimented layers, 
fragmentation, moisture contents, bulk density, dehydration curves, amount 
of moisture extracted by suction, permeability, moisture potentials, structural 
stability, content of extractable ammonium, and iron and potassium concentra­
tions in soil moisture. Plant growth and grain yield were influenced by 
tillage through seedling establishment and growth, nitrogen mineralization in 
the soil, recovery of applied nitrogen in the rice plant, total amount of 
applied nitrogen and its distribution, surface drainage, and mutual shading. 

Shaddow tillage, a few times in tilled layer preparation and a large 
wooden beam in seedbed preparation gave highest yields. The effect of the 
easiest procedures - dry and dry/wet tillage - depended on the weather during 
the operation. The customary dry/wet tillage seemed harmful as it induced 
mutual shading thus reducing grain yield. Dry tillage was most beneficial 
to grain yield because of the high recovery of applied nitrogen. Wet tillage 
should be performed only when weather is unfavourable. Zero tillage is prac­
ticable, but weed control is troublesome. 
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1 Introduction 

1.1 OBJECTIVE, MODEL AND AREA 

The objective of this study was to investigate the growth and yield 

of rice on heavy soils in Surinam, as affected by 4 tillage methods. The 

result should contribute in various practical situations to decisions about 

tillage method and about crop management (seed rate, water management, nitogen 

fertilizer) for each tillage method. The discrepancy between data from the 

literature and local experience on the effects of puddling also needed 

clarification. 

The model of the subject matter is presented in a scheme (Fig. 1) showing 

two approaches (Kuipers, 1963). The first approach occupies the upper half of 

the figure and compares the returns and costs. In my study only direct costs 

will be dealt with. 

The second approach in the lower half of the figure is the path, along 

which tillage influences grain yield. Tillage is seen as part of the land 

preparation between two crops. The other parts of land preparation, stubble 

treatment and field trenching, are described but not analysed. 

Tillage influences soil structure, which has been investigated physically 

and morphologically. The physical properties influence in turn, the chemical 

and biological properties of the soil. Biological properties were not con­

sidered separately in this study, though most chemical soil components dealt 

with, originate from microbial activity. 

The interaction between tillage, water management and nitrogen fertili­

zation will be treated separately. I also studied plant growth as influenced 

by physical and chemical changes caused by tillage. The relations between 

nitrogen dressing, tillage, plant growth and grain yield are studied by 

different trials. 

The area was part of the young coastal plain of Surinam with very heavy 

clay soil: the Wageningen Polder reclaimed 20 years ago. 
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Figure 1. Model indicating the subjects investigated and the corresponding 
sections. 

This study was made possible by the Foundation for Development of Mecha­

nized Agriculture in Surinam in cooperation with the Agricultural University 

at Wageningen, Netherlands. 



1.2 SOIL TILLAGE IN LOWLAND RICE CULTIVATION 

In Asia, tillage of wet or inundated soils ('puddling') has, for millennia, 

played a dominating role in continuous rice cultivation. It had, and still has, 

many advantages over dry tillage in loosening the soil for the preparation of 

the seedbed, and is generally said to have only a few drawbacks. 

1.2.1 Advantages and disadvantages of puddling in traditional vice production 

The advantages of puddling were of major importance: 

(1) Tillage when the soil is flooded is much easier than when it is dry, es­

pecially because rice cultivation is usually concentrated on heavy soils 

whereas lighter soils are used mainly for other crops. No strong tools are 

needed; those of wood last long as abrasion is slight and brakages are few. 

Traction is no limiting factor: one man or one animal can be sufficient. They 

even contribute to the tillage process by moving around. 

(2) A wet puddled soil makes it simple to transplant rice plants from the 

nursery with little injury, while optimum use of the available land and seed, 

is made. 

(3) Soil preparation can be delayed till the rainy season starts, which also 

guarantees sufficient water for the young stand. Except with puddling, weeds 

easily become reestablished when the still dry soil is tilled (and are then 

hard to combat when the rains start). 

(4) Continuous rice cropping may result in an unsurmountable weed problem; 

the puddling system, combined with previous flooding before planting and during 

crop growth, avoids this. 

(5) Puddling establishes a less permeable layer in the soil and prevents high 

water loss by seepage. Such losses are dangerous mainly where only a limited 

supply of irrigation water is available. 

(6) Puddling itself may remove, to a certain extent, the unevenness of the 

soil surface. Greater differences in height of the surface can easily be 

corrected under water with simple implements. 

The disadvantages of puddling are usually considered to be of minor im­

portance . 

Indeed it is troublesome to work in a wet field, both for man, and animal 

but this trouble is not important as long as available land, water, seed and 

animal traction are more limiting than manpower. 



1.2.2 Present situation 

In Asia, where puddling is still widely practised in rice production, the 

introduction of tractors and of stronger tools has allowed clod-making on the 

dry soil. After this dry tillage a wet tillage is performed, involving one 

or more puddling treatments. 

In North and South America, however, the situation is often different: 

heavy machinery is used on the large farms only for dry plowing. Puddling and 

even tillage of moist soil are avoided as much as possible. One of the reasons 

is that in many rice-producing areas there (United States, Mexico, Colombia, 

Peru) the climate is characterized by long periods of low rainfall, so that 

most of the irrigation water has to be transported from catchment areas out­

side the growing region. Only where high rainfall throughout the year pre­

vents a thorough drying of the soil, dry tillage is impossible. This does not 

apply to the Guyanas where, puddling is still customary on small farms and 

executed on larger farms when weather conditions are unfavourable. 

The advantages of puddling disappear or change into disadvantages in 

mechanized rice farming on heavy clay soils in Surinam. The advantages (p. 3) 

of puddling in the traditional rice production system will be re-examined 

therefore with reference to the Wageningen Polder: 

1 The high power of tractors allows dry plowing with few repetitions. The 

strength of the tools is not longer a limiting factor. 

2 Transplanting was abandoned as labour is relatively expensive while suffi­

cient seed and land is available. It has been replaced by sowing soaked rice 

seeds distributed by hand or from a plane. 

3 Adjusting the time of tillage to rainfall had to be replaced by an irrigation 

system allowing double cropping based on a more rigid time schedule. 

4 Post sowing weed control, if needed, has become possible by applying chemi­

cals and is therefore less dependent on tillage. 

5 In the Wageningen Polder, it is not necessary to reduce water losses by 

seepage: the permeability of the heavy clay is so low that water movement 

through the profile is severely restricted. 

6 It remains possible to level the soil by puddling (or this even occurs 

automatically) as long as the surface is not too uneven. 

Larger areas with greater differences can be levelled with special tools, 

on dry soils only, to avoid local drowning of seeds in soft mud and sinkage 

of combines and machines into the subsoil. 



Doubtless the use of machines on a flooded field has its disadvantages. 

The maintenance costs of the machines are high and their use during tillage 

is rather troublesome. The machines may get stuck in the unripened subsoil, 

especially when the fields are kept too long under water in a double-cropping 

system without adequate periods of partial drying (which increases the bearing 

capacity of the top soil) . 

In rice cultivation, tillage is nearly always associated with puddling 

soils. To plow when the soil is still dry is a method introduced only rela­

tively recently in the history of lowland rice cultivation. Though in Surinam 

it results in higher grain yields, this is not in accordance with most lite­

rature available on this subject. 

1.2.3 Tillage in Surinam 

Rice was introduced in Surinam by immigrants from India and Indonesia, 

together with the practice of its cultivation which included puddling. This 

process was first carried out by hand and feet. Afterwards, oxen were intro­

duced as draught animals, and in the 1930s the use of tractors started. 

Nowadays, in the more advanced rice-growing district of Nickerie, almost all 

ricelands are tilled with the aid of such machines. 

Originally, one crop was cultivated each year, followed by a fallow 

period in which the field was surface-drained to allow dry plowing after 

drying of the soil. It lasted until the 1970s before double cropping (two 

harvests a year) became popular. The examples in the Nickerie district, and 

its start on some large rice estates, also induced farmers elsewhere to 

switch to this method. Because of unstable weather puddling is often still 

necessary on soils not sufficiently dried. 

In general, dry tillage is considered superior to puddling because it 

results in higher yields (Fortanier, 1962; Hasselbach et al., 196S; ten 

Have, 1967), though the reverse may occur. Those authors assume that the 

deterioration of soil structure by puddling, depresses grain yields, through 

stimulation of soil reduction. 

Elsewhere, several papers reviewed by Sanchez (1968) have compared the 

influence of mud and clod structure on the growth of rice. With the exception 

of Dei et al. (1973), they all conclude that mud is at least equivalent to 

a clod structure for rice production. 



The inconsistency of the beneficial effect on grain yield of dry plowing, 

the discrepancy of this effect with literature and the frequent uncertainty 

of obtaining this effect were associated with unfavourable weather. 

Recently the view that for proper crop growth, soil tillage is a necessity, 

has been challenged. These considerations resulted in trials in which zero 

tillage treatments were included. 

1.3 GENERAL DATA OF SURINAM 

Surinam belongs to the Guyanas located on the north-east coast of South 

America. Surinam is situated between Guyana and French Guyana (Fr.Quiana). On 

the south it borders Brazil (fig. 2). 

Geomorphologically six-sevenths of Surinam is covered by residual soils. 

But northwards are the Zanderij formation, and then the old and the young 

coastal plain running parallel to the coast. 

Rice production in Surinam is concentrated in the young coastal plain. 

This plain consists of Holocene sediments of the Coroni deposits (Brinkman, 

1968), originating from the Amazon region transported along the coast by the 

Guyana stream (Reyne, 1961). 

The Wageningen scheme is in east Surinam in the Nickerie District. To­

gether with the other rice polders in this district, it is situated on soils 

of the Moleson phase (2500 to 1300 BP) of the Coroni deposits in the young 

coastal plain. The sediments occur at the present high-tide level: they have 

a high base saturation and the process of desalinization has not gone deeper 

than 100 to 150 cm. The lowest parts of this sediment are unmottled, are only 

partly ripened and are impermeable. 

The soils consist mainly of very heavy clays, in which the sand fraction 

is almost absent (Table 1). The mineralogical composition of the clay fraction 

Table 1. Average particle-size distribution of soils in the Wageningen Polder 

Fractions 

< 2 ym, 
2-20 ym, 
20-50 um, 
> 50 ym, 

in % 
in % 
in % 
in % 

Depth 

0-20 

82 
27 
0.6 
0.2 

(cm) 

20-40 

73 
26 

1.5 
0.1 

60-80 

69 
29 

1 .7 
0.2 

120-140 

71 
29 
0.0 
0.1 

180-200 

75 
25 
0.0 
0.2 



i s about 20% inac t ive s i l i c a , 40°& k ao l i n i t e , 20% i l l i t e and 20°& montinorrillo-

n i t e and c h l o r i t e (Brinkman, 1960). 

FRENCH GUIANA 

young coastal plain 

old coastal plain: 

zanderij formation : 

cristalline basement: 

young unripe and ripe marine clay soils 

|-fijftftC| sand and shell ridge soils and peaty soils 

feSS^^I °^-à marine clay soils, river bank soils, 

silty clay terrace soils 

h>V°°»V| coarse sand soils 

| l undifferentiated soils 

Figure 2. Surinam and its main soils. 



Some chemical data on soils in the Wageningen Polder are given in Table 2 

and 3. These data refer to the soils of the "Experimental Field 4th reeks", 

which is in the centre of the polder, where most field trials were carried out. 

The magnesium occupation of the absorption complex is higher than that of 

calcium. But a negative influence on mechanical soil structure stability is 

not expected (Scheltema, 1965). 

The Wageningen Polder has been reclaimed out of a swamp forest and her­

baceous swamps. The reclamation started in 1951. Detailed information of the 

reclamation is given by de Wit (1960). From north to south in the Wageningen 

Polder the desalinization of the marine sediments decreases. Almost parallel 

to the decreased desalinization the physical ripening has been less intense. 

As the clay contents are equal, moisture contents are given in Table 4. 

Table 2. Composition of cation-exchange complex of soils in the Wageningen 
Polder (after Kamerling, 1974). 

mmol 
dry s 

Na 
K 
î Mg 
J Ca 

per 100 g Depth 

0-12 

1.9 
0.6 

18.7 
9.7 

(cm) 

12-22 

3.4 
0.7 

19.7 
10.1 

35-45 

3.7 
0.9 

17.7 
9.1 

60-90 

3.8 
1 .0 

14.8 
8.1 

100-150 

4.6 
1 .7 

14.7 
10.0 

Table 3. Some chemical data on the upper soil layers in the Wageningen 
Polder. 

Depth Ca Mg K NH, 
(cm) (mg/litre)2 

0-10 
20-40 765 715 23 10.0 
40-60 705 813 40 6.8 

% org. 
matter 

7.2 

% N 

0.35 

pH-
KC1 

4.3 

N03 

10.0 
4.5 

'e2°3 
in 

Fe 

167 
80 

10% 

Al 

63 
34 

HCl1 

Mn 

12 
9 

SO. 
4 

17 
9 

Cl 

30 
178 

0-10 7.2 0.35 4.3 4.5 

1.After Dirven, 1967. 
2.Based on the Morgan-Venema extraction (R.Neth.Trop.Inst., Amsterdam) 



Table 4. Soil salinity and soil moisture in extreme parts of the 
Wageningen Polder. 

NaCl in dry soil (g/100 g) Moisture as % (w/w) 

depth (cm) south north depth (cm) south north 

10 0.04 0.18 25-50 53 77 
50 0.15 0.46 50-75 56 82 

0.04 
0 .15 
0 .24 

0 .18 
0 .46 
0 .60 100 0.24 0.60 75-100 56 85 

South/north refers to sites in the southern and northern parts of the 
Wageningen Polder, the latter closer to the sea. 

The soils of the Wageningen Polder are mapped by van der Broek (1968). 

Two soil descriptions from the author and others of representative areas of 

the polder are given: one representative for the southern part and one for 

the northern part. 



PROFILE: WAGENINGEN POLDER, NORTH (reeks 8, perceel 493) 

Described by S. Slager, W. Scheltema and G. Kamerling (12-4-1967) near end of 

short dry season in which evaporation had exceeded rainfall. 

Fluventic Hydraquentic Tropaquent (7th Approximation with amendments, 1967). 

Climate: according to data for Nieuw Nickerie Meteorological Station (Table 7). 

Geology: heavily textured holocene marine deposits (Demarara clay) 

Physiography: centre of swamp 

Alt. 0.9 m + NSP 

Slope, relief and microrelief : flat 

Stoniness: class 0 

Depth of undisturbed subsoil: > 2 m 

Hydrology: poorly drained; groundwater table at 125 cm, presumed lowest at 

150 cm, highest above surface: flooded twice a year for about 200 days arti­

ficially drained 

Biological activity: few to no roots, few to many very fine to fine biopores 

in peds, few on ped faces, depth of undisturbed subsoil: > 2 m 

Land-use: 16 years rice 

Soil description 

Ap (g) 0- 15 cm very dark to dark-gray (7.5YR 3.5/2) when dry; clay; strong 

very coarse prismatic with few very fine biopores; very hard; 

common fine faint brownish-yellow (10YR 6/8) iron mottles 

concentrated on ped faces; pH (Heilige) 6.5; abrupt wavy 

boundary. 

Big 15- 35 cm gray (N5/0) in peds, light-gray to gray (N6/0) on ped faces 

when moist; clay; moderate coarse prismatic, very sticky and 

plastic ; abundant, medium distinct brownish-yellow to 

yellowish-brown (10YR 5.5/6) iron mottles; pH (Heilige) 

7.0; clear, smooth boundary. 

B2g 35- 80 cm light-gray to gray (N6/0) when wet; clay; moderate, medium 

smooth prismatic, with many stress cutans and few to many 

very fine to fine biopores in peds, common large biopores; 

very sticky and plastic; common large distinct yellowish-

brown (10YR 5/8) iron mottles, mostly concentrated along 

root holes; pH (Heilige) 8.0; diffuse and smooth boundary. 

10 



B3g 80-125 cm+ gray (N5/0) when wet; clay; hole structure with common 

stress cutans; many large biopores and common to few 

very fine to fine biopores on ped surfaces; very sticky 

and plastic; common medium prominent yellowish-brown 

(10YR 5/8) iron pipes especially along root holes; pH 

(Hellige) 8.0. 

Detailed description of soil structure (after Jongerius, 1957): 

0- 15 cm Ap (g) 

15- 35 cm Big 

35- 80 cm B2g 

80-125 cm B3g 

Data on occurrence of biopores are given in Table 5. 

Table 5. Distribution of numbers of biopores in the Wageningen South 
profile. 

B5a 

B5a 

B5c 

G3b 

V 

IV 

III 

3 

2 

2 20-501 

101 

sc 

sc 

Depth 
(cm) 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

Size and position 

fine (< 2 BI/I 
peds 

individual 
values 

16-9-11-6-14 
8-7-15-12-10 
7-8-6-4-5 
3-5-4-6-4 
5-6-8-9-4 
1-3-6-6-7 

cm2) in 

mean 
values 

11.2 
10.4 
6.0 
4.4 
6.4 
4.6 

fine (< 2 mm/ 
ped faces 

individual 
values 

6-4-1-3-7 
3-5-3-1-7 
7-2-11-7-2 
6-5-2-2-2 
1-4-3-5-0 
2-0-1-0-1 
2-3-4-2-3 
2-4-4-1-2 
5-3-5-6-7 
2-4-1-3-5 

cm2) on 

mean 
values 

4.2 
3.8 
5.8 
3.4 
2.6 
0.8 
2.8 
2.6 
5.2 
3.0 

large 2 

(> 2 mm/dm ) 

range 

0-5 
0-5 
0-5 
5-10 
5-10 

11 



PROFILE: WAGENINGEN POLDER, NORTH (reeks 8, perceel 493) 

Described by S. Slager, W. Scheltema and G, Kamerling (11-4-1967) near end 

of short dry season in which évapotranspiration exceeded rainfall. 

Fluventic Hydraquentic Tropaquent (7th Approximation, 1967) 

Climate: according to data for Nieuw Nickerie Meteorological Station (Table 7) 

Geology: heavily textured holocene marine deposits (Demarara clays) 

Physiography: swamp center 

Alt. 0.80 m + NSP 

Slope, relief and microrelief: flat 

Stoniness: class 0 

Hydrology: poorly drained; groundwater table below 100 cm, presumed lowest at 

150 cm, presumed highest about 15 cm above soil surface: flooded about 200 

days, artificially drained 

Biological activity: few or no roots, few to common very fine to fine and 

abundant large biopores; depth of undisturbed subsoil: > 2 m 

Land-use : 6 years rice 

Soil description 

Ap black (10YR 2/1) when moist; clay with common organic matter, 

0- 10 cm moderate fine cloddy subangular blocky with few very fine 

to fine biopores; firm; pH (Heilige) 6.0; clear and smooth 

boundary 

Big light-gray to grayish-brown (2.5Y 6/1) when moist; clay; 

10- 18 cm strong, very coarse compound prismatic subdivided into weak 

very fine angular blocky with coatings of loose organic 

matter on ped faces and few very fine to fine biopores; 

sticky, non-plastic; common fine distinct strong-brown 

(7.SYR 5/6) iron mottles; pH (Heilige) 6.5; gradual and 

smooth boundary 

B2.1g light-gray to gray (5GY 6/1) when moist; clay; strong, very 

18-40/55 cm coarse compound prismatic, subdivided into weak very fine 

angular blocky and moderate to weak very coarse prismatic 

with coatings of loose organic matter on ped faces and few 

to common very fine to fine biopores; very sticky, very 

plastic; many medium prominent strong brown (7.5YR 5/6) iron 

mottles; pH (Heilige) 8.0; diffuse and wavy boundary 

12 



B2.2g light-gray to gray (5GY 6/1) when moist; clav; moderate to 

40/55- 73 cm 
weak very coarse prismatic with common very fine to fine and 

abundant large biopores; very sticky, very plastic; abundant 

large faint strong brown (7.5YR 5/6) iron and manganese, and 

few fine faint dark-brown to brown (7.5YR 4/4) iron mottles; 

pH (Heilige) 8.5; diffuse and smooth boundary 

B3g 73-117 cm gray (5Y 5/1) when moist; clay; moderate to weak coarse 

rough prismatic with common to few very fine to fine and 

abundant to many large biopores; very sticky, very plastic; 

many fine distinct pale-olive to olive (5Y 6/3) iron mottles 

along root channels; few to common medium distinct siltballs 

with iron; pH (Heilige) 8.5 

Detailed description of soil structure (after Jongerius, 1957): 

0- 10 cm Ap S A4 IV 11/2 

10- 40 cm Big + B2.1g B3a VI 3/A5 III 1/2 

40-100 cm B2.1g + B2.2g + B3g B5a V 0 

Data on the occurrence of biopores are given in Table 6. 

Table 6. Distribution of numbers of biopores in the Wageningen North 
profile. 

Depth Size and location 
(cm) 

fine (< 2 mm/cm2) in peds large (> 2 mm/dm ) 

individual values average values range 

2 .8 
5 .6 
5 .0 
5 .4 10-15 
4 . 2 10-15 
5.8 10-15 
4 .2 10-15 
2 .2 10-15 
2 . 8 5-10 

10 
20 
30 
40 
50 
60 
70 
80 
90 
00 

2-2-1-5-4 
4-4-6-7-7 
2-7-7-5-4 
5-7-4-5-6 
4-5-2-4-6 
7-8-6-4-4 
5-7-3-3-3 
3-1-2-3-2 
3-3-2-3-3 
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The climate is summarized by meteorological data of Nieuw Nickerie in 

Table 7. Nw.Nickerie is a 30 km from the Wageningen Polder, and its data are 

representative. 

The major variation in weather throughout the year is the distribution 

of rainfall. Four seasons are distinguished on basis of the frequency of 

monthly rainfall (Fig. 3). 

long wet seasons: from April till August 

long dry season: from September till November 

short wet season: from December till January 

short dry season: from February till April 

rainfall (nun) 

400-

N D 
months 

Figure 3. Curves indicating probability of less rainfall than the amount on 
the ordinate, calculated over the period 1907-1952 (after Krass, 1953). 
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The long dry and wet season occur rather regularly. The short wet season 

is sometimes absent, the long dry season then extends to the next long wet 

season. But the short dry season is rather wet if there is a short wet season. 

Within the Wageningen area there are slight differences in annual 

rainfall: a general decrease in precipitation with decreasing distance to 

the coast. In the south of the polder, the average annual rainfall is 1900 mm; 

in the north it is 1600 mm. The number of sunshine hours increases nearer to 

the coast proportional to the decrease in rainfall. 

1.4 LOWLAND RICE PRODUCTION IN SURINAM 

There are three types of rice farms in Surinam: 

(1) Small farms (0.1-2 ha) on which young plants are reared on special beds 

and are transplanted to the puddled field and on which machines are not used 

or are limited to tillage. This type of farming is practised in the central 

and eastern part of the coastal plain in the Districts Coroni, Saramacca, 

Paramaribo, and Commewyne, where the quantity of irrigation water is limited 

or drainage is poor. 

(2) Medium farms (1-30 ha) with direct seeding, mechanized tillage and har­

vesting, top fertilization with nitrogen, and limited chemical weed and insect 

control. This method is practised in the Nickerie District only. It needs an 

irrigation and drainage system. 

(3) Large farms (100-10.000 ha) with highly mechanized (plane) direct seeding, 

fertilization and intensive chemical weeds and insect control. Heavy equipment 

and tractors are used for tillage, trenching and harvesting. The well de­

veloped irrigation and drainage system is facilitated with a fixed tertiary 

part and the use of pumping installations in the primary part of this system. 

This type of farming is found in the Nickerie district and in some other parts 

of the coastal plain. 

The following discusses only large-scale farming, as used in the Wa­

geningen scheme, but most of it also applied to the medium farms. For details 

on small-scale farming see Hasselbach (1965, 1966), Übels (1964). 

1.5 CROP MANAGEMENT OF LOWLAND RICE IN THE WAGENINGEN SCHEME 

Extensive information on history, land reclamation, varietal breeding 

and cultural practices in the Wageningen Polder is given by de Wit (1960), 

Fortanier (1962), ten Have (1967), van der Broek (1969), Overwater (1960, 1971) 

16 



de Boer. (1971) and van Dijk (1971). Here only the present situation will be 

discussed. 

Large-scale farming requires a rigid planning for the preparation of 

the seedbed, seeding, water management, harvesting and various additional 

activities (see Table 8). 

In the Wageningen rice polder, planes play an important role in sowing 

and in application of fertilizer, weedkillers and pesticides. Only with the 

use of planes is it possible to deal with heavy infestations of insects in 

the monocultured area of 9000 ha, surrounded by swamps. Their application 

excludes the necessity to enter the field with machines in the period 

between tillage and harvest, which may cause considerable harm to the crop 

and dams. 

Traffic over the soil is absent during the growing season (Table 8). 

No compaction due to machine operations exists after seeding. Soil traffic is 

limited to combine-harvesting, stubble treatment and tillage. 

Two special circumstances in the Wageningen scheme affect rice crop 

management: (1) the large scale heavy mechanized farming and (2) the absence 

of limpid irrigation water. They will be dealt throughout this section. 

Land preparation practices dealing with stubble treatment, soil tillage 

and trenching will be dealt with in Chapter 4. In the following sections those 

crop management aspects related to tillage treatments or interfering with 

their effects on crop growth are discussed. 

1.5.1 Seeding 

Seeding on a dry soil with emergence depending on rainfall does not fit 

in the rigid planning. The use of dry seed on a wetted soil gives the young 

plants no lead over the weed plants, as their emergence start together, 

necessary to effectuate chemical weed control. Pre-soaked seed is therefore 

used. 

To avoid a layer of dirty water, in which young rice plants do not 

develop well, the fields must be surface drained for some time after seeding 

(though the soil has to be kep moist, otherwise the plants will dry out). 

This would not be necessary if sufficient limpid irrigation water was avail­

able, but the water of the Nickerie river contains so much silt (partly due 

to the stagnation in its discharge by the tides in the long dry season) that 
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it is suitable . Here the advantage of using soaked seed is obvious. 

The amount of seed ranges from 80 to 120 kg/ha, according to the variety 

and the properties of the seedbed. When locally many plant residues are 

present, or some pools are present where emergence is expected to be too 

low, an increased seed rate does not necessarily result in a better stand: 

the abnormal spots may not profit and on favourable places plant density 

may become too high. 

Before sowing, the rice seeds are soaked for 24 h in water and after­

wards kept moist for 24 h when seed-bed conditions are favourable, for 36 h 

when they are unfavourable. The seed is sown in a layer of water mostly. This 

water layer avoids sinking of the seeds too far into a soft, puddled soil, 

otherwise the growth of the rice seedling would be retarded and lose its 

advantage over weed seedlings. When the surface of the soil is covered with 

to many plant debris, the seeds may dry out so that drainage of the field 

has to be postponed. When unevennes of the field results in pools, flattening 

or trenching on a drained field may be necessary before seeding. The seed is 

then sown on a drained field. 

1.5.2 Weed control 

Stubble treatment only slightly influences weed growth. Though the aerial 

parts of the plants are attacked, most of their seeds have already dropped and 

many species will form new sprouts from their subterranean parts. The pre­

paration of the tilled layer, and especially the drying of the soil after clod 

formation, destroys the pernicious weeds. Puddling and continued inundation 

cause the plant parts to rot, but only prolonged inundation largely destroys 

pernicious weeds. 

The last mechanical control of weeds is during seedbed preparation. It 

attacks only those weeds that have emerged after the preceding tillage. Light 

puddling covers them with a thin mud layer. 

If flooding could be continued after seeding, special weed control mea­

sures would be superfluous at this stage. Circumstances, however, enforce 

subsequently a two weeks' drainage period. They are: the muddy irrigation 

1. Even if the river water were suitable, the long transport through the 
canal between river and Wageningen Polder, while this canal also serves 
drainage, would make it so. 
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water, the deposition of mud by diatoms on seedling leaves, and the infesta­

tion of irrigation water with the rice weevil Helodytes and snails. 

Muddy irrigation water severely retards seed emergence and seedling 

growth (ten Have, 1967) because it decreases photosynthesis. Diatoms de­

posit mud on the rice seedlings, with the same effect, and during drainage 

intervals or changes in water level, they cause the leaves of the plants to 

stick to the soil so that growth may even stop entirely. 

Helodytes attacks young seedlings. The animals readily spread through 

the reuse of the drainage water for irrigation purposes. In a few days they 

can destory hectares. 

Drainage after sowing starts regrowth of weeds and the germination of 

dormant seeds. The soaked rice seeds get a lead of 2-3 days to overcome the 

threatening competition with the weeds. Afterwards monocots seedlings in 

the 2-3 leaf-stage can be effectively treated with pesticides not damaging 

the rice plants too much (with propanil) if they are already 10-14 days old. 

Heavy infestations of dicotyledons are attacked with 2-4-D in the 4th week 

after seeding. 

A delay of drainage after seeding slows down weed emergence. This is 

most obvious after dry and zero tillage, where the weed seeds are not covered 

by a sedimented layer. With dry tillage, the surface area of the soil is 

largely increased, promoting germination of weeds and their development so 

that the rice plants lose their favourable lead position. Under such circum­

stances, chemical weed-killers must be more carefully timed. 

After puddling, most weeds are incorporated in the mud. Their growth 

stops, but as a rule they are not killed by an inundation period of three 

weeks or less: then growth starts again and it becomes difficult to attack 

them with chemicals. The emergence of weed seeds is strongly retarded, after 

puddling as they are covered by a sedimented layer and to attack them with 

chemicals remains rather easy. 

With zero tillage, weed control is possible only by means of herbicides 

and flooding. On fields infected with weeds sprouting from their roots, 

zero tillage is impossible. After stubble treatment, weed growth can be 

avoided by flooding the field till the moment it is sown. A special treatment 

schematized in Fig. 9 is wetting of the soil after stubble treatment to pro­

mote weed emergence, after which weed growth is stimulated by surface drainage. 

At their susceptible growth stage (2-3 leaves), they are sprayed with chemicals. 

Then the field is flooded deep until seeding. 
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If the field is already heavy infected with weed plants, a more rigorous 

use of chemicals is needed, as they are less effective and less workable, in 

the older growth stages of the weeds. 

1.5.3 Watermanagement (Table 8) 

Irrigation and drainage system. Drainage and irrigation systems are 

separated. The fields (12-71 ha) have a system of parallel ditches at dis­

tances of 100-200 m, are 600 m long, with a capacity of 0.5 m per m length. 

They are connected with the drainage and the irrigation canals by closable 

tubes. All water movement is based on gravity flow, as the subsoil (at 20-50 

cm) is almost impermeable. The capacity of the system is such that the fields 

can be flooded and drained in 24-48 hours. 

To facilitate surface water movement, trenches are dug every season with 

the trench-wheel (4.5) before seeding, and by shovelling afterwards. The 

fields are levelled to within about 5-15 cm. 

Intercrop period. Fig. 9 shows the course of water management during the 

intercrop period. Water management during the intercrop period depends on 

tillage. Here it is sufficient to remark that this water management governs 

the time available for tillage especially at dry plowing. The harvest dates 

have to be fixed in accordance with the two dry seasons. The time needed for 

drying the soil, and precipitation, govern the tillage system. These aspects 

will be dealt with in 4.6. 

Ire-seeding flooding. It takes 24-48 hours to flood the soil. The snails 

hiding in the moist subsoil, need at least a day to reach the surface after 

inundation. There they are killed with a pesticide (sodium pentachlorophenol: 

2-5 kg/ha) which is also used in large quantities to kill weeds (it inter-

fers with photosynthesis). To avoid damage to the rice seed, this unstable 

compound has to be applied 3-5 days before seeding. In total the period of 

flooding last at least 7 days, at dry/wet tillage this period also includes 

seedbed preparation. 

lost-seeding drainage. The drainage starts in the period from one day 

before to two days after seeding. The time of drainage depends on weed con­

trol measures, and on weather conditions. The soaked seeds, whose root tip 

have already emerged, must touch the moist soil or water to stay alive. After 

surface drainage, cloudy weather or one or more showers of several millimeters 

allow the young plants to establish themselves, but a few windy and sunny 
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days may result in a too high evaporation retarding establishment or causing 

the death of the young plants. 

With zero tillage the topsoil quickly dries, and water supply soon be­

comes insufficient. The presence of plant debris on the soil surface is fatal 

for seeds lying upon them in these circumstances. The chances of failure are 

considerable, especially where some plant debris remain after burning (8.2). 

After plowing, the quickly drying tops of the clods form a nother 

source of failure, though sufficient open water spots between the clods 

remain available. 

Flushing. If évapotranspiration is high, flushing the fields during the 

post-seeding drainage period is necessary. If so, seedling establishment is 

difficult with zero tillage: the surface is rather flat so that small water 

pools are absent, little water is present in the top layer of the soil, and 

water supply from below is very low. 

After puddling, the quantity of available water is high in the top cen­

timeters. The roots of the seedlings have penetrated the soil and the plants 

have settled before heavy cracks occur. 

After dry tillage, drought kills most seedlings on top of the clods, but 

the quantity of water in the tilled layer is so high (all interclod pores 

are filled and serve as reservoirs) that the growing seedlings are regularly 

spread over the surface, though their establishment percentage is somewhat 

lower (8.2). 

In extremely dry periods, flushing is needed in all tillage treatments. 

According to the depth of the desiccated top layer and on field size, it 

then takes 24-48 hours. During this procedure seedlings can be damaged by 

sedimentation of mud on the leaves, and attacks by snails and water weevils 

(Herodytes). This has to be accepted, as without flushing the damage will be 

greater. Fortunately damage caused by flushing is mostly only local and is 

concentrated on low spots in the field. 

Inundation during crop growth. After post-seeding drainage, the rice-

field is flooded till two weeks before harvest. This is mainly necessary for 

weed control. During crop growth, however, intermediate periods with drai­

nage of the surface are needed to facilitate weed and algal control and fer­

tilizer application (Fig. 9 ) . 

Flooding is 10-144 days after seeding, one day after the application 

of chemicals against monocotyledon (if necessary). The water level is raised 

as high as possible to submerge the weeds, but the tops of the rice seedlings 
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have to remain above the water. During the following weeks (till 45-50 days 

after seeding) the rise has to keep step with seedling growth to retard 

weed growth and without too much retarding of tillering. 

Afterwards a deep water level causes excessive elongation of the rice 

stems, which may reduce grain yield through lodging. The water layer is there­

fore lowered. A lowering of the water depth causes higher infestation with 

weed seeds and faster weed growth. When the crop canopy closes, new weed 

growth is almost completely repressed. At this stage the watertable has to 

be lowered as much as possible, but with the highest parts of the field 

still just under water. 

After seeding, the weeds are treated twice if necessary: the mono­

cotyledons 10-14 days in the postseeding drainage period, the dicotyledons 

25-35 days after seeding. The application of 2-4D needs a lowered watertable 

to establish sufficient contact with the weeds, but the stem feet of the rice 

plants have to remain under water. This treatment is often combined with the 

first nitrogen application. After zero, dry and dry/wet tillage, monocotyledons 

mostly need a chemical treatment; after wet tillage this is not always 

necessary. Dicotyledons are only incidentally treated. 

Ten Have (1967) found the urea was most effective if the fields were 

surface drained for 4 days and the urea applied after the first two days. 

Only at the fourth nitrogen dressing (never carried out in practice, solely 

in the experiments) is surface drainage inadvisable, because of possible 

drought damage to the rice plant or panicle. 

Heavy growth of algae is often related with a poor crop, finding ex­

pression in slow length growth and a yellowish-green colour of the leaves. 

Application of nitrogen fertilizer on an already present cover of algal has 

usually little effect; extended drainage before fertilization causes them 

to dry and to die if weather conditions are favourable. Already after re-

flooding without fertilizing, the recovery of the crop is apparent. Recovery 

is better with nitrogen fertilizer at the right growth stage. 

Pre-harvest drainage. The field is drained about two weeks before har­

vest to promote even drying of the crop and to facilitate threshing after­

wards. As the paddy is handled in bulk, high percentages of green grains 

decrease the quality during storage before artificial drying. 

Drainage increases the soil-bearing capacity, facilitating traffic and 

thus increasing the threshing capacity of the combine. 
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The time needed to drain the soil, and the effect of drainage depend for 

the removal of the surface water on the: 

- evenness of the surface and the trench system 

for the removal of the soil water on the : 

- depth, structure and moisture content of the tilled layer 

- weather conditions promoting évapotranspiration in absence of precipitation 

- plant transpiration activity (stage of yellowing) 

Varieties with a short growing period are more sensitive to drainage, 

as the plants are still green and have relatively high transpiration rates 

at ripening. 

1.5.4 Fertilization 

Generally only nitrogen is applied (as urea). The profitability of phos­

phate and copper applications are indicated but will not be considered here 

(11.3). 

Urea application. Basal nitrogen application before sowing is absent. 

Four top dressings after sowing are possible, but they are never practised. 

The application times depend on the growth stages. For the long growth dura­

tion varieties they are shown in Table 9; the amounts vary from 0-80 kg urea 

per hectare, in experiments with up to 120 kg. The most favourable moment and 

the amount depend on soil tillage and will be dealt with in chapter 10. 

The second and third are standard; the first is always included after 

zero tillage, mostly after wet tillage, and for extremely yellow crops; the 

fourth is only experimental. 

nitrogen balance. Burning the stubble considerably reduces the quan­

tities of organic matter returned into the soil (Table 10) and the nitrogen 

contents and C/N ratios of these (Table 11). 

Table 9. Nitrogen fertilization and growth stages. 

1st 
2nd 
3rd 
4 th 

at early tillering after 20-25 days 
nitrogen at panicle initiation when first internode is 2 cm long 
application when panicle have differentiated when panicle inside sheath is 2 cm 

when 50% of the panicles flowers when 25-50% of the panicles flowers 
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Table 10. Quantities of plant material incorporated in the soil by dry 
tillage (dry weights). 

Untreated Stubble burned Stubble squashed Stubble cut and 
stubble only and burned burned 

4500 kg/ha 2850 kg/ha 2500 kg/ha 1750 kg/ha 

Table 11. Nitrogen content and C/N value of plant material incorporated 
in the soil. 

Old Stubble regrowth Mixed old and Combine Ash Fellow 
stubble and weeds regrowth stubble straw vegetation 

% N 0.5 1.3 0.7 0.8 0.1 1.1 
C/N 47 23 . 33 14 22 

. not estimated 

Tillage returns some 20 kg nitrogen into the soil per ha when the 

stubble is not treated, but only 0-2 kg per ha after cutting and burning of 

the stubble. After a fallow period, when burning is never practised, 10-40 

kg nitrogen per ha are returned with the old untreated partly regrowth 

stubble and weed vegetation. 

Nitrogen withdrawal by the rice crop is 80-100 kg N/ha. The rate of 

nitrogen through fertilizer is 40-100 kg N/ha. 

Every season 40-50 kg N/ha is removed from the soil with the paddy trans­

port. In combination with an intensive stubble treatment, a total of 60-70 kg 

N/ha is removed from the soil, in which losses due to denitrification are not 

incorporated. 

To the soil is added every season by fertilizers 40-100 kg N/ha, and some 

unknown amount of fixed nitrogen by algae and bacteria. 

The total of soil nitrogen (0.03°s N) accounts for 5250 kg N/ha in the 

upper 15 cm. The seasonal amount of 40-70 kg N/ha withdrawal from the soil by 

paddy transport and stubble burning amounts to 1-21,, the nitrogen withdrawal 

per crop to 2% of the total stock. A review on removed and added amounts of 

nitrogen are given in Table 12. 
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Table 12. Nitrogen stock, removal, and dressing (kg N/ha) for soil and field 
in the Wageningen Polder. 

Soil stock From and to the soil From and to the field 

removed returned removed added 

8-100 0- 20 40-50 40-100 
by crop by stubble and weeds by paddy by fer­

tilization 
40-100 0-20 .. by 

by fertilization by stubble burning fixation 

. . by fixation ..by denitrification 

, .=values unknown 
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2 Literature review 

2.1 REMARKS ON DEFINITIONS 

To avoid misconceptions, it seems desirable to explain the meaning of 

some expressions and terms used in the following chapters. 

In the rice cropping system have to be distinguished the origin of the 

water and its management, the crop establishing method, and the type of soil 

tillage. The different systems and their components are: 

production origin of crop establishment water management 
system water method 

lowland 

upland 

irrigation transplanting 

irrigation direct seeding 

rain 
rain 

transplanting 
direct seeding 

flooded 1 week after transplanting 
or seeding, sometimes with drainage 
periods till 1-2 weeks before 
harvest 

dependent on rainfall 
dependent on rainfall 

The study concerns only irrigated rice production. 

The terms used to describe soil tillage in the cultivation of rice are 

rather confusing. Plowing may refer to soil preparation in flooded fields as 

a start for aggregate destruction in the puddling system, but it is also used 

to describe clod formation on dried fields (after which the clods are left 

to dry further). To distinguish between these two treatments, it seems ad­

visable to use the terms wet plowing and dry plowing, respectively. 

2.2 TILLING METHODS 

Land preparation in lowland rice cultivation is usually associated with 

puddling, practised already centuries in Asia where circumstances favour its 

application. Nevertheless some 30 to 40% of the world's rice, including all 
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upland rice, comes from soils prepared when dry (Moomaw, 1971), mainly in 

North and South America (where puddling is entirely omitted) and in Japan, 

where dry treatment is followed by several puddling treatments. In America, 

dry land preparation is associated with the always rather long periods of low 

rainfall and the possibility of irrigation with water from catchment areas 

outside rice-producing areas, Japan uses dry-land preparation because of the 

usually rather coarse texture of the rice soils, whereas in the tropics with 

dominantly fine-textured soils wet treatment is favoured. In the tropics most 

of the rice is planted on land flooded naturally during the rainy season. 

These lands are only suitable for rice production in combination with wet 

tillage, as they are either too dry or too wet for upland crops and dry 

tillage. 

The depth of soil tillage is generally low: Moomaw(1971) mentions an 

average of 12-15 cm for Japan. The effect of soil depth on yield has been 

investigated by Briones (1969), who found a proportional increase between 

0 and 40 cm (without nitrogen dressing), whereas, beyond this depth, the 

yield increase was less pronounced. On plots dressed with nitrogen, the 

yield markedly increased with soil depth down to 30 cm, only slightly with 

soil depth down to 30-40 cm, and not at all with deeper soil. Dressing with 

50 kg N per ha led to an increase equalling that caused by an increase in 

depth of soil from 10 to 30 cm. 

An example of wet tillage operations has been supplied by RICE (1967) 

as cited by Sanchez (1969),for the Philippines. Four tillage operations are 

recommended in a period of 30 days. The first is plowing at the end of one's 

week's flooding. One week after subsequent draining, harrowing follows as 

the second operation; it serves to destroy aggregates and allows the newly 

exposed clods to soak. The third and fourth operations are harrowings at inter­

vals of a week. The ultimate result is a thick, plastic mud with a moisture 

content of some 60 to 90°s. All operations take place in a shallow laver of 

12-15 cm; deep tillage increases yields only in soils with a hardpan. 

Davis (1964) gives an example of dry tillage operations in the United 

States, where it is advised to apply deep plowing when the soil is dry and 

to wait, afterwards, 10 days to enable the clods to dry and to promote weed 

kill. Then the seedbed is prepared on a dry soil to promote seedling esta­

blishment, resulting in a heavier crop. For Surinam, ten Have (1967) gives 

the same advice, but he prefers wet seedbed preparation. 

The purposes of tillage in rice production are usually taken to be 
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aeration of the soil, incorporation of organic matter, loosening of the 

soil to increase the permeability in the plowed layer, creation of a hard 

layer to reduce losses of water and nutrients, and making of conditions fa­

vourable for seed germination or transplanting (e.g Garrand, 1966; 

Madramootov, 1971). This list may suggest that tillage aims at benefiting 

the soil,whereas the main purpose is to benefit the economy of rice pro­

duction. More serious is the objection that many experiments contradict the 

useful effect of tillage carried out as described above: aeration of the 

soil induces losses of nitrogen (IRRI, 1972), aeration and loosening of the 

soil are not directly advantageous to the rice plant. Indeed, Matsubuayashi 

(1967) has reported an increased mineralization caused by intensive drying 

of the soil, and in coarse soils bulk density increases through compaction, 

causing higher grain yields (Moomaw, 1971). 

The supposed increase in permeability of the plow layer is absent; on the 

contrary, puddling of the soil after clod-making reduces it a hundred or 

even a thousand times (Sanchez, 1968). Churning the soil is in itself hardly 

profitable, and onlv in combination with a preceding nitrogen dressing may 

it be useful in bringing the fertilizer below the oxidized layer, thus in­

creasing yields (Matsubuayashi, 1967). However, puddling fine-structured 

soils in the tropics does not result in hard layers (Sanchez, 1968); seed­

ling establishment is reported to be superior on unpuddled beds (Davis, 1964). 

The incorporation of organic matter usually increases the amount of 

ammonia released after flooding (Aspira, 1966), but in soils low in organic 

matter the incorporation of weeds and straw may have the opposite effect of 

immobilizing the nitrogen. Other authors, however, report little or no danger 

of nitrogen immobilization in reduced soils. The level of fermentation 

energy release is low at the different stages of organic matter breakdown 

by anaerobic bacteria, causing no soil nitrogen to be immobilized in bac­

terial body increase (Williams, 1968; Ponnamperuma, 1964). 

To throw some light on the problem of dry tillage versus wet tillage, 

Sanchez (1968) has reviewd the data on performance of rice on puddled and 

aggregated soils. His experiments indicated equal growth patterns, yields, 

and nutrient uptake. The main effect of puddling he found was a drastic re­

duction in water movement with drainage rates reduced to a thousandth of 

rates in aggregated soils. 

In his pot trials, comparing dry and wet tillage (after a basal nitrogen 

dressing) in their influence on rice growth and production, the soils were 

exposed to alternate drying and wetting. This may have influenced his results, 
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and the effects were not analysed. From his field trials, he concluded that in 

in the aggregated treatment a permeable subsoil induces large nitrogen losses. 

But he did not mention exactly how he prepared the aggregated system so that 

discrimination between wet and dry tillage is not easy. Nevertheless he con­

cludes that the amounts of nitrogen in different forms in the puddled and 

the aggregated systems are different, and that a nitrogen management system 

known to be efficient in puddled soils may not be so in aggregated soils. 

Beneficial effects of dry tillage without subsequent puddling have been 

reported from Surinam (Hasselbach, 1966; ten Have, 1967), from Japan 

(Dei, 1973), and from the United States (Davis, 1964). Dry tillage has im­

portant advantages in management, and it increases the suitability of the 

soil for a multiple-cropping system (Sanchez, 1969). 

Tillage, as part of the agricultural production process has two roles: 

it is a management operation and a regulation of the physical soil condi­

tions, so that its benefits also have to be considered in the light of costs 

and returns (Kuipers, 1963) , which greatly influences the choice of pro­

duction system. 

The combination puddling-transplanting has been favourable in the past, 

and often continues to be profitable. Its main advantages are a reduction 

in occupation time of the land by the rice crop, and the establishment of a 

lead over the weeds for the crop (Greene, 1966). However, the recent shor­

tage of manpower favours sowing and hence the combination of transplanting 

and puddling looses ground. This means that puddling as a tillage treatment 

has to be reconsidered and to be compared with other soil treatments. 

In considering tillage and puddling in terms of costs, alternatives for 

the beneficial effect of tillage on weed control have to be evaluated, es­

pecially where other beneficial effects of puddling (lowering soil permea­

bility) or tillage (bringing fertilizers to greater depths) are absent. This 

especially applies to fertile heavy-textured soils rich in organic matter 

in tropical regions. 

Tillage in general, and puddling too, also encourage seed emergence and 

seedling establishment. Again the decision is partly a matter of costs. Though 

the old puddling system maintains a high nitrogen and organic matter content 

of the soil (Green, 1953), its favourable influence is more due to continuous 

flooding than to puddling (IRRI, 1972). The puddling system is suitable for 

the large area of fine-textured soils which depend on rainfall for flooding. 

The fine-textured soils consist, when dry, of large elements setting a 

limit to the use of traditional tools and power sources during dry plowing. 
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Khan (1971) reports that tillage and threshing form 50°6 of the total costs 

of rice production, based on contract operations. Indigenous mechanization 

is necessary to promote crop production, as the farmers in the developing 

countries pay considerably higher prices for machinery than in industrialized 

countries, whereas the returns are lower. Still the costs of machine-

tillage in contract operation is reported to be half of those when buffalo 

are used (Lenn, 1969). 

In considering zero tillage as a possible alternative in rice production, 

Moomaw (1971) reported zero and minimum tillage to be less successful on 

fertile, fine-textured and wet soils where it is difficult to destroy vigo­

rous weed growth by chemical means, so that costs are higher than those of 

tillage. Yields after zero or minimum tillage are reported to be equal 

(Mittra, 1968; IRRI, 1972) or even higher (Saha, 1968) than after conven­

tional methods. Mittra mentions that tillage reduces the time needed for 

land preparation from 30 to 10 days; IRRI (1972) and Seth (1969) consider 

it especially suitable for soft marsh soils, where normal cultivation is too 

difficult or involves excessive costs for land preparation. 

2.3 TILLAGE AND THE SOIL 

2.3.1 Morphologiaal soil chcœaoteristics 

The discussion on the morphological aspects of rice soils is limited 

to these relating to tillage. 

Sanchez (1969) observed a laminar structure in the tilled layer of rice 

soils which he ascribed to slow sedimentation of the puddled mass in the 

flooded field. With the aid of thin sections, Saito (1971) showed this layer 

to consist of three sublayers. The uppermost, about 15 mm thick, was built up 

of fine particles separated during flooding and puddling. The second was 

sandy, consisting of single grains. The third was again compact but showed 

no differentiation of particles. Throughout the plow layer, there were pores 

formed by gas developed during the reduction process. 

In heavy-textured soils in the tropics, plow pans or hard layers are ab­

sent in the lower part of the tilled layer (Sanchez, 1969). 

Bouma (1969) reported the advantage of micromorphological methods for 

studying the influence of tillage on the Dutch soil. 
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2.3.2 Physical soil properties 

In reviewing the influence of puddling in rice fields on physical soil 

properties, Sanchez (1968) defined it as the process of soil aggregate des-

struction by mechanical force in soils with a moisture content exceeding the 

moisture equivalent. He distinguished two phases in the process: (1) wetting 

the soils; (2) application of the mechanical force. Among the effects are a 

destruction of soil aggregates and macropores, an increase in microporosity, 

an increase in soil-moisture retention. Water movement is drastically re­

duced within the mass, and from it by evaporation, by percolation and pro­

bably by plant roots. 

During flooding, the soil first takes up water until it is saturated. 

Afterwards the already saturated soil continues to increase its moisture 

content by clay lattice expansion for 6 weeks in the upper 30 cm (Strickland, 

1969). 

Puddling largely reduces soil permeability to a low level as apparent 

from data supplied by Abe (1973) for heavy, gray lowland clay soils in use 

for rice production in Japan, which ranged from 0.1 to 2.3 cm per day. He 

also observed a decrease in permeability with increasing clay content; at 

50°6 clay the permeability is about 0.1 cm per day. He considered permeabi­

lity to be too low; addition of sand improving soil structure, pipe drainage, 

subsoil and mole drainage may change the situation. He mentions that 181 of 

the rice soils in Japan have clay contents above 25°s and need such improve­

ment in permeability. 

In rearranging Surinam data of Elders (1967), I noted a tendency for soil 

permeability to decrease with increasing number of years of puddling cul­

tivation. Van Amson (1968) reported in Surinam highly productive rice soils 

to have permeability above 100 cm/day; and less productive soils permeabi­

lities between 1 and 70 cm/day, despite the low pH of these soils (4-4.S). 

Puddling destroys some of the aggregates. For those remaining, stability 

increases due to the reducing conditions after flooding. This stabilization 

can be ascribed to an increase in ferric iron and to gas development in the 

soil, both encouraging aggregation (Ahmad, 1963). 

Continuous flooding and rice cropping cause a breakdown of waterstable 

aggregates resulting in deflocculation of the soil (Reed, 1939). 
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2.3.3 Chemisai soil properties 

The influence of flooding on the chemical properties and on the nutritio­

nal aspects have been thoroughly studied by Rodrigo (1961), and by Ponnampe-

ruma (1964) and his coworkers (IRRI, Annual Reports 1964-1972). 

Analysis of solutes in soil moisture, started by Gurgess (1922) and by 

Eaton (1959) for upland soils, have been used to study chemical aspects of 

flooding. Soil moisture is obtained by gravity flow (Rodrigo, 1961; Ponnampe-

ruma, 1964). To allow this extraction, clod structured soils stabilized with 

benthonite are used. Whereas this method cannot be applied when differences 

in tillage treatment are encountered. Yamasari (1972) and IRRI (1967) used 

soil moisture analyses to study nutritional aspects for rice. 

Flooding brings about drastic changes: oxygen disappears, the concentra­

tion of carbon dioxide increases, the redox potential decreases, pH and con­

ductivity increase, nitrate nitrogen disappears, while ammonium nitrogen 

accumulates, various organic substances are formed, iron and manganese phos­

phates, and silica increase in solubility, and divalent and monovalent 

cations move from the absorption complex into the soil solution (Ponnamperuma, 

1964). 

Flooding and pretreatment of the soil influences the nitrogen relations 

in lowland rice soils. The flooding induces a mineralization of the organic 

matter, causing an increase in ammonium production, but a loss of nitrate 

soil nitrogen due to denitrification. Patrick(1964) noticed that an increase 

in ammonia production after flooding was followed by a decrease (after 5 

weeks of flooding) to a low level. 

Ponnamperuma (1964) found an asymptotic increase in available (water-

soluble) ammonia after flooding. He found a linear increase in the maximum 

concentration of available ammonia after flooding with increasing organic 

matter content of the soils. In soils with a high exchange capacity, the 

ratio between the water soluble ammonia and the total amount is 1:10. 

Strickland (1968) found that the available soil nitrogen remained at the 

same level for 8 weeks after flooding: thereafter it decreased, both on 

cropped and uncropped fields. Neither did nitrate contents differ for 

cropped and uncropped soils. 

Koyama (1971) found the release of soil nitrogen to be dependent on the 

temperature during the growing season. During vegetative growth, only a third 

of the total soil nitrogen mineralizes in northern Japan, more than half of 

it in southern Japan. During ripening, these data are a third and a sixth, 
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respectively. For Thailand, he found an even higher increase during the ve­

getative period (Table 13). 

As already known in 1909 to Rüssel, drying and subsequent rewetting of 

the soil results in an increased decomposition of organic material. For 

Japan, Shiori (1954) calculated the increase at 20 kg nitrogen per hectare. 

This quantity is higher for lowland rice soils than for upland soils; in 

badly drained paddy fields, it is higher than under normal circumstances. 

According to Harada (1968), one drying/rewetting operation in Japan causes 

the breakdown of about 10% of the organic matter. 

For the United States, Patrick (1964) reports a total loss of 20°j in 

subsequent cycles of drying and submergence, by decrease in organic matter 

available to the micro-organisms. The main part of this loss occurred in the 

first cycle of wetting and drying. At a steady optimum moisture content 

(between field capacity and wilting point), no soil nitrogen losses seem to 

occur. In a continuously flooded soil, he supposes that all nitrogen losses 

are due to nitrification of the nitrogen already present before flooding. 

Briones (1966) has reported for the Philippines that puddling increases 

the soil ammonia level after flooding, but that in most of his experiments 

this increase is only temporary and disappeared after two weeks. The same 

seems to apply to Japanese soils (Sanchez, 1968). Several theories have been 

drawn up to explain this phenomenon, but no proofs have been given (Sanchez, 

1968). 

Dei (1973), has summarized the results of his investigations in Japan on 

the effects of plowing and puddling. He concludes that a decrease in size of 

aggregates from 5 to 0.5 mm diameter results in an increase in mineralized 

nitrogen. Agitation of submerged aggregates increases mineralization of ni­

trogen, agitation of a mud does not. After flooding, small aggregates of 

Table 13. Available nitrogen in kg per ha in the soil during four growth 
stages at different latitudes (after Koyama, 1971). 

Growing phase 

active vegetative phase 
vegetative lag phase 
reproductive phase 
ripening phase 

Northern 
Japan, 
45 °N 

6 
11 
26 
22 

Southwestern 
Japan, 
35 °N 

15 
15 
17 
9 

Thailand 
15 

17 
12 
4 
4 

°N 
Values 
considered 
optimum in 
Japan 

6 
13 
26 
9 
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