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SPECIFIC SOIL CHIEKCAL CHARACTERISTICS FOR RICE PRODUCTION IN ASIA1 

ABSTRACT 

Evaluation of both current and potential rice lands is necessary to meet the
joressing need for more rice in Asia. But because of the chemical changes

caused by flooding soils, this evaluation cannot he based on criteria
 
developed for dryland crops.
 

lhe chemical benefits of flooding can d-minish the need for initial and
recurrent financial inputs: but the opposite may also occur. Soils, which by
dryland criteria may be placed in the unsuitable class, may shift into the
 
suitable class or the conditionally suitable class and vice versa.
 

Vhen formerly nonflooded soils are flooded, pH approaches 7 from both the
acid and the alkaline sides, the elecs,rolyte content increases, the
availability of nitrogen, phosphorus, silicon, and molybdenum increases, theavailability of zinc and copper decreases, and harmful concentrations of
iron, hydrogen sulfide, and organic reduction products may build up.
 

The chemical changes brought about by flooding and inherent soils properties
complicate the evaluation of saline, sodic 
and peat soils. and soils with
 
nutritional problems.
 

There is promise that some of the chemical changes with implications forevaluation of land for use in wetland rice cultivation can be predicted, at
least qualitatively, from such properties of the dry soil as pH, cation
exchange capacity, exchangeable aluminum content, organic matter content,content and reactivity of the iron oxides, and content of and availability of
 macro and micro elements, conside.ed with soil temperature and percolation
 
rates.
 

1by F. N. Ponnamporuma. principal soil chemist, International Ri~e Research
Institute, Low ifdoe. Philippines. Submitted to the ResearchIR Paper

Srte Coemittee, 6 October 1976. 
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SPECIFIC SOIL CHD(ICAL CHALACTEUSTICS FOR RICE PRODUCTION IN ASIA 

Rice 1a the most important 1.rop in Asia, where more than 80%of the world's 
rice is grown and consumed and where pressure is mounting for an annual
increase of from 7 to 8 million tons in rice production to keep pace with
 
population growth. 
 That increase can be achieved by increasing rice yield 
per hectare or by extending the area under rice cultivation. Either way soil
problems are obstacles. This paper deals with soil chemical problems and
 
their implications for land evaluation for wetland rice.
 

In many parts of the world the new high-yield-potential rice varieties are
 
not doing well. Soil problems, which had gone undetected earlier because of

the low yield potential --
and low demnd on soils --
of the old varieties.
 
and perhaps also because of their tolerance to adverse soil conditions, are
 
now 
 assuming more importance. Examples are iron toxicity on acid soils;
 
phosphorus deficiency on ultisols, oxisols, vertisols, and a4depts; zinc
 
deficiency on 
odic, calcareous, peat, and waterlogged soils; 
iron deficiency
 
on hish-pH soils and. regardless of pH. on aerobic soils; and martaneee and
 
aluminum toxicitles on acid aerobic soils.
 

The extent of arable land in the densely populated countries of Apia is
 
limited and any additional rice cultivation must mo% 
onto lands that are
 
uncultivated largely because of soil problems such as salinity, alkalinity,
 
strong acidity, severe nutrient 
deficiencies, or unknown toxicities.
 

To evaluate current and potential rice lands, an understanding of the 
peculiar properties of flooded soils and of the physiology of tho rice plant is 
necessary because the chmical changes caused by soil submerkence and the 
peculiarities of the rice plant drastically alter the criteria used for
 
evaluating land for dryland crops.
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Th main cbemical chaOes in flooded soils (Ponaperuma, 1972) that have
 
implications for land evaluation for wetland rice are
 

1. depletion of molecular oxygen; 
2. increase in pH of acid soils and decrease in pH of calcareous and 

sodic soils; 

3. changes in electrical conductivity; 
4. reduction of Fe(IlI) to Fe(II); 

5. increase in supply and availability of nitrogen;
 
6. increase in availability of phosphorus, silicon, and molybdenua;
 
7. decrease in availability of zinc and copper;
 

8. generation of toxins such as organic reduction products, organic
 
acids, ethylene, and hydrogen sulfide.
 

The extent of 
these changes varies with chemical And physical properties of
 
the soil. water regime, and temperature.
 

Ote'pletion of oxygen 

WIthin a few hours of soil submergence, microorganisms use up the oxygen
 
present in soil air and water and render the soil virtually oxygen free
 
except ina thin layer at the soil surface (Ponnamperuma, 1965). The
 
exhaustion of oxygen causes reduction of 
the soil ikith its attendant benefits
 
such as increase in pit, elimination of aluminum and manganese toxicities.
 
and increased availability of nutrients. Rice is able to explhat the
 
chemical benefits of soil submergence because its roots receive oxygen
 
through aerenchyma in the shoot system and lysigenous channels in the roots 
(van Raalte, 1941). Thus not only can rice grow inoxygen-free soils but it
 
can also protect its roots against anaerobic poi.sons by oxygen secretion. 
Waterlogging, a drawback for plants that need aerated soils, is an advantage 

for rice. 

OkhaVe in p.N 
Wthin a few weeks of submergence the p" of acid soils increases and the pH 
of sodic and calcareous soils decrea;As (Ponnamperusa at a1., 1966). Thus 
subsergence causes the pH values of most acid and alkaline soils to converge 
between 6 and 7 (Fig. 1). The rate and degree of the pH changes depend on 
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thil properties and tempratire. Soils that hive adequite ,aounts of organi 
matter 02%)dandiative iron ( A,.) and are lou in )acidreserves attain a pH 
of about 6.5 within I w we'eksIofterence. It achid " are low inorganic matter i,r Iin -it I Ve trtll o~r ,are higyh t it iL d ft-%t.rrw*.., they 
ay not -itt .1 1n at pII mtrv, tha, ') e.vev, j I t r tikow h% ()I %,tbmer.,.l1te ( V K . 2) 

Organic a~itlrr ml.agniL ies. lte det rr~lote in p)tl oft - od dlt , a vt f~t soils 
throug~h c-at ,,)n, tlox lt,e ef t -t -.. IA~w telp.tItJtirte r,.t~trd%pit cti ges in both 
acid and alkalii,. %oik' ftf,(0h, '*,-mmperum= , 1911). rlf r pit viluoi of 
stubmerged ioillt. car, be. ,*.,J bhy the ejuA:lont0:
 

pe - 11.81 - pFV~ I PIt
 

ad pit 61 - 0.5, log "CO (acid *oil*)
 

pH * 6.1 - 2/3 P (calcareous soils)
 

pH a 7.65 - log hC0 - log PC (,odik soils)
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fig. 2. Kinetics of pH In three acid sulfte sois. 

The stabiligation of the pit of submerged soils at about 7 has several 
favorable consequences. 

1. Adverne effects of low or high pit per tie are minimized. 

2. Excess alminum amnd &mng(t.VsC in .cd soils are rendered haruless. 

3. Iron toxicity in scid soilm is lessened. 

4. Availability of phopoohrus, mokybdenum0 and silicon in increased. 

5. MneraltrAtion of o -,mnic nitrogen is favored. 

6. Organic cids sp'|,e 

7. Li.. aittinnoinr-srmy. 

Thus. in Ov41Utin.K 14 1. to rice production the pH of the dry soil may not 

be as imi,)rti.t atb the fItorm that influence pH kinetics on soil submergence. 

cluintas in itlc.trie'OmIM'*fdt 

The electrical conductivity of the %oilsolution after submergence increases 

vith rise, redches a peak. and then decreases (Table I). In 150 wetlend rice 

soils whose conductivity at 15"C iinediately after ,ubergemce ranged from 
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0.2 to 15.3 maoIcu, the peak values rned frou I.1 to 18.5 =6/cm. Ovly

six soils had peak values less thu 2 mImo/cm. Naturally, the intial 

conductivities are highest in the aline soils and lowest in the leached
 
ultLsols and oxisols, 
 but the kinetics, or the course of conductivity changes, 
varied markedly ith the soil. The changos in conductivity were highly

correlated with the concentration of bicarbonates, 
 chiefly iron and manganea,
in the soil solutions of acid soils and with the calcium and magnesium
 
bicarbonate concentration in alkaline soils.
 

Table I. Initial and peak electrical conductivities (£C) of the solutions of
 
five submerged soils.
 

Electrical conductivity
 

pH M
Soil (maho/cm at 25C)
Initial Peak 
 IEC 

Kalayan clay loam 5.7 
 1.3 0.27 1.55 0.38 
Luisiana clay 4.7 Z.8 
 0.50 2.61 
 2.11
 
Ia',has clay 
 6.6 2.0 1.37 2.47 2.10
 
Norong clay loam 
 7.7 4.8 
 5.80 8.91 
 3.11
 
Acid sulfate clay 3.6 
 9.5 4.95 10.30 6.65
 

Secause most submerged soils, regardless of their initial conductivities,
 
have conductivities exceeding 2 amho/c. during a 
 good part of the growing
 
season (Ponnamperma, 
 1972). are they to be regarded as sWtine soils as
 
defined by the VoasirW, o!' :" .
 r-r-v,v -, (Soil Science Society of 
America, 1975)? If the EC,(electrical conductivity of the saturation extract)

of the dry soil is to be used as a criterion of salinity, what %f soils that
 
produce high concentrations of electrolyte after soil submergence?
 

The salinity hazard in flooded soils may be greater than the CC values of 
the 
soil ismediately after submergence may indicate, because soil reduction and the 
solvent action of carbon dioxide release large autnts of ions into the soil 
solution, but due to dilution it may be lose than the Cq values may suggest. 



dwtk of Fag'ii) to FeLrr)
Tn most dramtic change that occurs 
reduction is that Fe(II) 

when & soil is submerged and undergoes
oxide hydrates are reduced to Fe(Il) compoundr.
Coosequontly, the soil color changes from brown to gray, and large mounts ofFe(II) outer the solution phase. The concentration of water-solublewhich at submergence rarely PPM, 

iron, 
excees 0.1 may rise to 600 ppm within a few 

woeks after flooding and then declines or 
roaches1972). a plateau (Ponnamparta,In acid sulfate soils the peak values may be as high as 5,000 ppm
(Ponnamperuma et al., 1972). 

rhe rate of 
increase of the concentration of water-soluble iron is determinedby the organic matter content of the soils nature and content of the Fe(III)oxide hydrates, pH of the soil. and temperature (FIg. I and 4). Strongly
acid soils with adequate amounts of organic m-atter and reactive iron oxidescan build up toxic concentrations of ferrous tron (Ponnampert. et at.. I'$5;Tanaka and Yosnida. '970; Ponn.mperuma et 4l.. 1972). These concentrations are enhanced by the presence of salt (Fig. 5). 
 Thus iron toxicity is 
 comon
in submerged ultisols, oxisols, and acid sulfate soils 
 in the tropics. It
say also occur in acid sandy soils and in peat *oils low in active iron, as 
in
Akochi soils. 
 Low temperatures (r20"*C). by bringing about late but 
high and
persistent concentrations of water-soluble 
rn. .ay cause 
iron toxicity in
soils in which, at 250 to 350C. high concentrations 
are shortlived 
(Cho and
Ponnaperuna, 1971). 
Criteria for the iron txi(k'it. h.,,.r.! .r,. -

1. pH of the dry soil;
 
2. amount of 
reserve acidity;
 
3. reactivity and content of 
re(Il) 
oxide hydrates;
 
6. soil temperature;
 

S. s"lt content;
 

6. percolation rate;
 
7. interfloVw from adjacent 4re..
 

Iron toxicity may be a hatard for wetland rice *nilon for which the main
drawbacks for dryland crops are manganese and aluminum toxcittes and sdeficiency of the macro elements.
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Soil pH O.M. Texture Act ive 
no. (Z) (M) .b (n )re 


21 .4.6 4.1 clay loam 2.78 0.02 
is 5.1 2.5 clay loam 0.91 0.05 

4W
19 5.5 4.2 clay loam 2.30 0.13
27 6.6 2.0 clay 1.60 0.11
26 7.6 1.5 clay loan 0. )0 O.0 
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Fig. 3. Klntlc '-4 Fe" In the solutions of live Iloodd soils. 
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hawa in mi4~ iw afiauit of nitiW., 

Lice has been row for centuries in many parts of Asia without tlw use of 
UdroSengs mmures or fertilizers. 
 Nitrogen addition& in rain oter and 

Irrigation water represent only a mall part of the nitrogen removed by the 
crop or loot from the soil. There must be other sources of nitrogen, 4itrogen
fiation by algae and anaerobic bacteria was once regrded as one of the main 
natural sources of soil nitrogen in flooded rice fields. Now there is evidence 
tbat aerobic bacteria living on the surface of rice roots in flooded soils fix 
about 50 kq N/ha per season (Vobbida and Ancajas, 1971).
 

The availability of nitrogen in flooded soils is 
 higher than in nonflooded,
 
aerobic soils. 
Although organic matter is mineralized at a slower rare in
 
anaerobic soils than in aerobic soils, the net amount mineralized is greater
bocauso less is imbobilized (Sorthakur and MarundA, 1968). Thus the A values 
of nitrogen in flooded soils are about twice as high as in nonflooded soils 
(Broadbent and Keyes, 1971). 
 The aailability of nitrogen in flooded soils
 
increase* with nitrogen content 
of the soil, soil pH. temperature, and previous 
desiccation of the soil (ronnamperma. 1965).
 

To obtain comparable yields, less nitrogen input is rtquired for wetland rice 
than for other cereals. This observation could be considered in evaluating
 
land for wetland rice.
 

The availability of phosphorus and ailiaun, whether judged by chemical
 
methods or by plant uptake, increases on submerginS a soil (Ponnamperua, 
1972), The increase in availability of the 
elements is often cited as one
 
of the benefits of flooding rice soils. 
 The increase in soluhilitv of
 
phosphorus, however, is low in ultlsl 
and oxisolo (rig. , and #'. 

The concentration of watoer-soluble molybdenum increases on floodil prosably 
as a resuli of d0sorption following reduction of ferric oxides. This may
beneftl n4tragen fsih4 o)Vo'et the surface, anaerobic bacteria In the 
reduced soil, ni4 aerob! bactiria on the roots.
 

The phospate isput for wetland rice ti loss than that for othnr cereals. 
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Dormee in oonoentrat ma of wator-aolubU xino and cope 
A Jecreas. in concentrations of water-soluble zinc and copper is one of the 

few disadvantages of flooding soils for rice (Tables 2 and 3). Since 1966 zinc 

deficiency has been recognized as a widespread nutritional disorder of rice 

on sodic and calcareous soils. Recent work suggests that zinc deficiency (and
 

perhaps copper deficiency) is a serious obstacle to the growth of rice on
 

continuously wet soils and peat soils (Katyal and Ponnamperuma, 1974; IRRI*, 

1974). The deficiencies may not be as acute for dryland crops grown on those
 

soils after they are drained.
 

The possibility of zinc and copper deficiencies should be considered in evaluating
 

land for wetland rice.
 

Table 2. Kinetics of water-soluble zinc in six submerged soils.
 

Weeks submerged

Soil pH 2 4 6
 

Zn (ppm)
 

Acid sulfate soil (1) 3.4 5.6 1.90 0.28 0.14 0.10
 
Acid sulfate soil (2) 3.6 9.5 0.65 0.48 0.42 0.32
 
Luisiana clay 4.8 3.2 0.18 0.09 0.06 0.05
 
Silt loam (Korea) 4.9 2.8 0.18 0.14 0.05 0.04
 

uashas clay 6.6 2.0 0.14 0.06 0.04 0.03 
Pils clay loam 7.6 1.5 0.11 0.07 0.03 0.03 

Table 3. Kinetics of water-soluble copper in six submerged soils.
 

Weeks submerged
pH
Soil 

12 4. 6
 

Cu (ppb)
 

Acid sulfate soil (I) 3.4 5.6 ISO t00 60 40 
Acid sulfate soil (2) 3.6 9.5 80 80 10 30 
Luisiana clay 4.8 3.2 60 40 30 30 
Silt lom (Korea) 4.9 2.8 70 60 30 30 
hahas clay 6.6 2.0 60 40 30 30 
FilM clay loam 7.6 1.5 60 40 30 30 

*Iutersationa. ice Research Institute 
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MAHOchto of tM.*W 
Uydtogea sulfide t produced in submerged soils a result of sulfate 
reduction and anaerobic decomposition of organic matter. In normal soils
it is rendered harmless by precipitation as ferrous sulfide, but in soils
high in sulfate and organic matter low inand iron, it may ham rice plants. 

Organic acids, ethylene, and organic reduction products harm rice plants. 
They are produced and persist in anaerobic soils (Takijima, 1963). Thetoxi:ity of peat soils for wetland rice may be due to hydrogen sulfide and

organic products of anaerobic metabolism. Thus a soil, which under dryland

conditions may not be injurious to plants, may become toxic to rice when it is 
flooded.
 

nplieatton. for land evaluation for we*tland rie 
The chemical changes brought about by soil submergence may alter drastically

the category in which a soil is placed on the basis of criteria for dryland

soil. Some soils may shift 
from suitable to unsuitable and vice versa. The
 
same chemical changes, along 
with inherent soil properties, complicate
 
enormously the evaluation of problem soils 
(Tables 4-8). 

Table 4. Saline soils.
 

Kind of soil 
 Other growth limiting factors
 

Arid saline soils 
 Alkalinity, zinc deficiency, N and P
 
deficiencies
 

Acid coastal saline soils 
 Iron toxicity, phosphorus deficiency, deep
 
water
 

Neutral and alkaline 
 Zinc deficiency, deep water
 
coastal saline soils
 
Deltaic and estuarine 
 Iron toxicity, phosphorus deficiency, deep

acid sulfate soils 
 water
 
Coastal histosols 
 Nutrient deficiencies, H S toxicity,
 

toxicity of organic subs ances, deep water,
 
re toxicity
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Table S. Acid sulfate soils. 

Mid of soil 

Coastal soils 

Old inland soils 

Hietosole 

Table 6. Iron-toxic soils.
 

Kind of soil 


Acid sulfate soils 


Acid oxisols and ultisols 


Histosols 


Other growth Uniting factors 

Salinity. Fe toxicity, N and P deficiencies, 
deep water
 

N and P deficiencies 

Fe toxicity, H S toxicity, nutrient
 
deficiencies, seep water, salinity
 

Other growth limiting factors
 

Salinity. N and P deficiencies, deep water
 
P deficiency, low base status, low Si
 
content
 

H2S toxicity, toxicity of organic
 
substances, macronutrient deficiencies, Zn
 
and Cu deficiencies, deep water
 

Table 7. Phosphorus deficiency in wetland rice.
 

Kind of soil 


Acid sulfate soils 


Acid oxisols and ultisols 


Vertisols 


Table 6. Zinc-deficient soils.
 

Kind of soil 


Saline-sodic and sodic soils 


Vertisols 


Calcareous soils 


Wet soils 


IUstosolss 


I 


Other growth limiting factors
 

Strong acidity, iron toxicity, low nutrient
 
status, base doficiancy, salinity
 

Iron toxicity, base deficiency
 

Zinc deficiency, iron deficiency, salinity,
 
alkalinity
 

Other growth limiting factors
 

Salinity; N. P, and Fe deficiencies
 

P and Fe deficiencies, salinity, alkalinity 

K deficiency
 

Cu deficiency?
 

N, P, K. Si, Cu deficiencies; H2S toxicity;
 
deep water 

IIIll i ij 
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ch work needs to be done before chemical criteria can be developed for a
 
systemtic evaluation of land for wetland rice. 
Multiple criteria may be
 
mre Important for wetland rice than for 
dryland soils. 

Progress in the development of rice varieties with resistance to adverse soil 
conditions will necessitate revision of land evaluation standards. 
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