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i about this bulletin 

I S cientists in the rice-producing nations can help both rural and 
urban populations by directing agricultural research to find 

Among the poorest of these subsistence farmers are those 
who grow upland rice. Few share the benefits of the new rice 
technology. 

This is partly because most - but not all - experiment sta- 
tions have emphasized irrigated rice research. Significant research 
on upland rice has been conducted, however, at stations in Asia, 
Africa, and Latin America, as well as at the International Rice 
Research Institute. 

Like the research itself, scientific literature on upland rice is 
scarce and scattered. 

At IRRI, research on selected aspects of upland rice started 
from the beginning of our research program in 1962. The material 
included in this bulletin summarizes the results of these and other 
experiments conducted through 1973. This information was used 
to develop the future direction of our research on upland rice. We 
hope that scientists around the world find it useful for their own 
research programs. 

IRRl scientists wrote chapters related to their particular 
fields. Our editorial staff coordinated and edited these chapters, 
and designed and illustrated the publication. 

Like all of IRRI’s scientific publications, the primary purpose 
of this bulletin is to help fellow scientists, both in the national 
programs and at IRRI, develop improved rice varieties and tech- 

I ways to increase the yields of mitlions of subsistence rice farmers. 
I 

1 

I nologies for the world’s millions of small and poor rice farmers. 
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chapter one 

UPLAND RICE 
AROUND THE WORLD 

Agronomist, International Rice Research Institute 
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Upland rice around the world 

Surajit K. De Datta 

U pland rice, in this publication, refers t o  rice grown on both flat 
and sloping fields that are not bunded, that were prepared and 

seeded under dry conditions, and that depend on rainfall for mois- 
ture. 

Upland rice is grown on three continents, mostly by small or 
subsistence farmers in the poorest regions of the world. Grain 
yields are generally low: from 0.5 to  1.5 tons per hectare (t/ha) in 
Asia; about 0.5 t/ha in Africa; and from 1 to  4 t/ha in Latin 
America. 

But the area planted in upland rice is so large (nearly a sixth 
of the world’s total rice land) that even a small increase in yield 
would substantially influence total rice production. 

High yields under upland conditions are indeed possible. Un- 
der ideal conditions on experiment stations, yields of 7 t/ha have 
been recorded in the Philippines (De Datta and Beachell 1972). 
Yields of 7.2 t/ha have been recorded in Peru (Kawano e t  al. 
1972), and 5.4 t/ha in Nigeria (Abifarin et al. 1972). 

Much of the future expansion of the world’s rice land will 
probably be in upland rice because most of the land suited to  irri- 
gated paddy culture is already planted in lowland rice. Such ex- 
Fansion is more feasible in some parts of Africa, and in the “cerra- 
d o  savanna” area in Central West Brazil and the Amazon basin area 
of South America, than anywhere in Asia. 

Upland rice grows under a wide range of conditions from shift- 
ing cultivation in Malaysia, the Philippines, West Africa, and Peru, 
to highly mechanized systems in parts of Latin America. Soil types 
vary: infertile acid sand in West Africa; oxisol in the Llanos Orin- 
tales region of South America; fertile acid soil formed from vol- 
canic tuff in the Philippines; saline soil in coastal areas of India. 
Most upland rices are of the tall, lodging-susceptible, low-tillering 
type. They are either bred specifically for upland cultivation o r  
selected locally on the basis of performance under poor moisture 
conditions. 

\ 
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Table 1. Total rice area and percentage of upland rice in 
selected Asian countries. 

Country Total rice areau Upland rice areab 

(thousand ha) (% of total) 

Taiwan 

Ceylon 

Indonesia 

Malaysia 

Nepal 
Bangladesh 

Philippines 

South Vietnam 

Japan 

South Korea 

India 

Thailand 

Burma 

Mainland China 
(1952-1956) 

787 

67 lC 
7,348 

448 

1,200 
10,200 

3,17SC 

2,296d 

3,28Ic 

1,236 

36,000 

6,697 

5,057 

29,597f 

3 

2 

21 

5 

9 
23 
20 

3 

4 

1 

n.a.e 

n.a. 

n.a. 

2g 

u1967-1968 (U.S. Department of Agriculture 1968). 
1960- 1964 (Food and Agriculture Organization of the 

United Nations 1966). c1968-1969. d1966-1967. en.a. = 
not available.fl952-1956 (Food and Agriculture Organiza- 
tion of the United Nations 1967). gTing 196 1. 

UPLAND RICE IN ASIA 

In Asia, upland culture is an important, although not the major, 
system of growing rice (Table 1 ) .  The largest areas of upland rice 
are found in India, Indonesia, Bangladesh, China, and the Phil ip 
pines. Varietal traits and production practices vary considerably, 
not only between countries but also within countries. For  exam- 
ple, in Assam state, India, early maturing upland varieties that are 
tolerant to cold are grown in both hilly areas and in the valleys of 
the Brahmaputra and Surma Rivers. 

India. Upland rice culture seems to  be found in all ricegrow- 
ing regions of Eastern India, including Assam, West Bengal, Orissa, 
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and eastern Uttar Pradesh. Early maturing varieties are planted o r  
broadcast-seeded in March and April and harvested in July o r  
August in West Bengal, India. Upland rice is grown in some areas 
of Madhya Pradesh and Gujarat states during premonsoon rains. 
On the west coast of India, rice is seeded on  dry soil in areas with 
a heavy but short rainy season. In the state of Kerala, dry soil is 
prepared with a country plow and rice seed are dibbled in. Yields 
average about 2.0 to  2.5 t/ha. 

Indonesia. Indonesia has about 1.3 million ha of upland rice. 
distributed as follows: Java, 324,000 ha; Sumatra, 480,000 ha; 
Borneo (Kalimantan), 254,000 ha; Celebes, 91,000 ha; Moluccas, 
5,000 ha; and other islands, 126,000 ha. The upland rice 
area is expanding gradually in the southern parts of Sumatra and 
Borneo. I t  may increase further if weeds such as Imperutu cylindri- 
cu and Cyperus rotundus (nutsedge) can be effectively controlled. 

In Indonesia, upland rice is grown under a variety of cultural 
and environmental conditions. Upland rice grows under shifting 
cultivation, in continually dry fields, and in dry and wet fields 
(where rice begins as an upland and is harvested as a lowland 
crop). It’s usually planted in November o r  December, depending 
on the rain. Upland rice is often grown with other crops such as 
corn or cassava. 

Upland rice is grown at  altitudes ranging from sea level to  
2,500 meters and higher, so varieties and cultural practices should 
be developed to suit both high and low temperatures, and to  fit 
the varying rainfall patterns of Indonesia. 

Bangladesh. Estimates of upland rice in Bangladesh range from 
24  percent t o  35 percent of the total rice land. Upland rice in 
Bangladesh is seeded in late March in dry soil. Monsoon rains and 
rivers provide moisture until vast areas are inundated. Late seeding 
on dry soil may continue until May, depending on  moisture s u p  
ply. Grain yields vary from 0.8 to  1.2 t/ha, with top yields reach- 
ing 2.5 t/ha. 

Philippines. Estimates vary widely of upland rice areas in the 
Philippines. In 1966, the Food and Agriculture Organization of 
the United Nations estimated that 20  percent of the country’s 
total rice area was upland (Table 1). But in 1972, the Philippine 
Bureau of Agricultural Economics estimated that roughly 366,200 
ha were planted to upland m e ,  about 1 1  percent of the total rice 
area (Table 2). The province which produces the largest amount of 
upland rice in the Philippines is Cotabato, Mindanao, which has 



UPLAND RICE AROUND THE WORLD 5 

Table 2. Total rice area and percentage of upland rice by legion. Philippines. 
1972u 

Upland Total Upland rice area 
rice area rice area (%I Region 

Ilocos 

Cagayan Valley 

Central Luzon 

Southern Tagalog 

Bicol 

Eastern Visayas 

Western Visayas 

Northern & Eastern 
Mindanao 

Southern &Western 
Mindanao 

Total in Philippines 

4,030 

2 1,870 

3,260 

106,040 

32,950 

19,300 

36,610 

145,610 

383,910 

67 1,070 

408,780 

273,560 

270,730 

424,950 

2.8 

5.7 

0.5 

25.9 

12.1 

7.1 

8.6 

47,480 

94,660 

366,200 

229,860 

437,910 

3,246,380 

20.7 

21 .6  

11.3 

aSource: Bureau of Agricultural Economics 1972, unpublished. 

1 1  5,926 ha of upland rice out  of a total rice area of 25 1,279 ha 
(Table 3). In Batangas province, which has the second largest up- 
land area, 49,000 ha are planted in upland rice, c d t  of a total rice 
area of 70,000 ha. Much upland rice in Batangas is grown under 
coconut groves. 

Nepal. Nine percent of Nepal's rice is upland. It grows under a 
wide range of ecological conditions, including both tropical and 
sub-tropical plains. 

Sri Lanka. In the northern part of Sri Lanka's Jaffna district. 
rice is seeded in October on well-drained to moderately drained 
fields which may or may not be bunded, but it may be harvested 
under partially flooded conditions. The grain yields vary from 1 to  
2 t/ha. Rice production in these areas depends on  rainfall distribu- 
tion and the yield potential of early maturing varieties. 

Burma. Most of Burma's 400,000 ha of upland rice is grown 
on  rolling land in the northern states. It is planted in May and har- 
vested in October-November, with average yields between 0.75 
and 1.1 t/ha. 

Thailand. Hill tribes grow upland rice under shifting cultiva- 
tion in Thailand. Upland rice is an insignificant part of Thailand's 
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Table 3. Philippine provinces with at least 5,000 ha of 
upland rice.= 

Province Total rice area Upland rice 
(ha) (ha) 

Albay 

Aklan 

Antique 

Batangas 

Bukidnon 

Camarines Sur 
Capiz 
Cavite 
Cotabato 
Davao 

Iloilo 

Isabela 

Lanao del Norte 

Lanao del Sur 

Leyte 

Masbate 

Mountain Province 
Negros Occidental 
Oriental Mindoro 

Palawan 

Pangasinan 

Quezon 

Samar 

Sulu 

Tarlac 

Zamboanga del Norte 

Zamboanga del Sur 
Total 

50,476 

24,150 

39,978 

69,799 

23,556 
112,117 

54,2 14 
34,557 

25 1,279 
43,99 1 

157,700 

112,879 

24,852 

54,4 16 

74,689 

28,602 

56,035 
83,477 
45,957 

19,853 

124,902 

60,634 

102,133 

14,917 

97,114 

18,548 

68,349 
2,730,394 

13,213 

5,668 

9,009 

48,995 

18,980 

43,554 
11,123 
14,705 

1 15,926 

25,282 

32,962 

16,536 

16,784 

32,694 

11,125 

11,132 

8,48 3 

27,s 16 
16,046 

16,236 

9,03 1 

2 1,302 

22,616 

14,144 

7,926 
8,806 

41,274 
7 13,347 

“Source: 1960 Census of Agriculture (Philippine Bureau of 
Census and Statistics [Undated]). 
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total rice area of 6.7 million ha. In May, tribesmen dibble rice 
seeds about 3 cm deep in dry soil with bamboo sticks. In southern 
Thailand, rice is grown under rubber trees, as well as with other 
upland crops such as corn and cassava, on newly opened land 
cleared by the “slash and burn” technique. 

South Vietnam. In South Vietnam, mountain farmers use tra- 
ditional methods to grow upland rice from Quang Tri south 
through the central highlands (Table 4). Upland rice covered 
70,000 ha in 1972. Production was previously higher but extensive 
warfare has reduced the areas planted to upland rice. Efforts are 
now being made to  increase both the range and the productivity of 
the upland areas through improved varieties and cultural practices. 

Table 4. Area planted to upland rice by province in South 
Vietnam.O 

Province Area planted 
(ha) 

Quang Tri 

Quang Ngai 
Quang Tin 

Binh Dinh 

Kontum 

Pleiku 

Phu Bon 

Darlac 

Quang Duc 
Tuyen Duc 

Lam Dong 
Phuoc Long 

Binh Long 

Binh Tuy 

Long Khanh 

Total 

2 00 
366 

150 

20,000 

7,200 

5,500 

3,700 

17,000 

1,943 

2,600 
2,000 

4,160 
2,300 

278 

3,000 

70,397 

aSource: Directorate General of Agriculture, 1972. 
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Table 5. Total rice area and percentage of upland rice in 
West Africa.a 

Country Total rice area Upland rice Upland,rice 
(thousand ha) (thousand ha) (% of total) 

Sierra Leone 320 194 60  

Guinea 280 168 60 

Nigeria 160 100 62 

Ivory Coast 290 260 89 

Mali 190 - - 

Liberia 280 280 100 

Senegal 90 - - 
Ghana 42.5 32.5 76 

Gambia 28 3 10 

Upper Volta 45 5 11 

Togo 29 28 96 

Niger 13 - - 

Dahomey 2 1.8 90 

Mauritania 0.5 - 0 

Totalb 1770 1072 60  

“Adapted from Food and Agriculture Organization Inven- 
tory Mission 1970. bStatistics are not available for upland 
rice for several countries. 

UPLAND RICE IN AFRICA 

About 75  percent of Africa’s total rice is upland, planted in the 
humid regions of West Africa. Yields average only about 0.5 t/ha 
(Abifarin et al. 1972). All of West Africa’s 1.77 million ha, how- 
ever, comprises only 1.4 percent of the world’s rice area. The im- 
portant upland rice-growing countries are Sierra Leone, Guinea, 
Nigeria, Ivory Coast, and Liberia (Table 5 ) .  The dates of planting 
and times when upland rice is grown depend entirely on the rain- 
fall patterns. “Slash and burn” clearing of the land, followed by 
intercropping of upland crops, is common in the forest belt; shift- 
ing cultivation is also common. In Liberia and Sierra Leone, up- 
land rice is intercropped with cassava. Yams are grown with u p  
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land rice in Ghana, Togo, Dahomey, and Nigeria. Both cassava and 
yams are widely intercropped with rice in the Ivory Coast. 

Land preparation in Africa is primitive. Only about 2 percent 
o t  the total area is prepared with animals or equipment; female 
laborers are the primary source of power. Annual rainfall exceeds 
1,500 mm in about 60 percent of the rice fields. Rice seeds are 
broadcast on dry soil and covered with a short-handled hoe. In 
other rice areas, seeds are dibbled with a stick or a narrow blade 
(Food and Agriculture Inventory Mission 1970). 

I 

Table 6. Total rice area and percentage of upland rice in 
key Latin American countries. 

Country Total rice area" Upland rice areab 

(thousand ha) (% of total) 

Brazil 

Colombia 

Guyana 

Mexico 

Panama 

Ecuador 

Peru 

Central America 
Venezuela 

4,979 

275c 

1 38d 

1 67c 

130 

105 

50 
140 

139 
Total - Latin 6,123 America 

77 

65 

5 5  

25 

95 

63 

21 
90 

80 

7.5 

a1967-1968 (US.  Department of Agriculture 1968). 
*1960-1964 (Sanchez 1972). c1968-1969 (U.S. Depart- 
ment of Agriculture 1968). d1966-1967 (U.S. Department 
of Agriculture 1967). 

UPLAND RICE IN LATIN AMERICA 

About 5 percent of the world's total rice is grown on 6.5 million 
ha in Latin America. Brown (1969) reported that about 65 per- 
cent of Latin American rice is grown under upland conditions; 
Sanchez (1972) estimated 75  percent (Table 6). Although it may 
seem insignificant compared with the rice produced and consumed 
in Asia, rice is an important ingredient in Latin American diets. 
Perhaps more important is the potential for increased rice produc- 
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tion - especially of upland rice - in Latin America. Vast areas suit- 
able for rice, if brought into production, could help meet future 
world demands. But the present picture of rice production in Latin 
America is not particularly bright. Grain yields average only about 
1.3 t/ha. Hundreds of thousands of families are involved in the 
small upland rice operations (CIAT 1973). 

Rice is the second most widely consumed food crop in Brazil 
(next to  cassava). Brazil, the largest country in Latin America, also 
has the largest area of upland rice, about 3.5 million ha out of 5.2 
million ha (De Datta and Beachell 1972). 

Most of the upland rice in Brazil is grown on small and medi- 
um-sized farms with somewhat r o w  topography. In these areas, 
the average yields are low, from 1.2 to  1.5 t/ha. Table 7 shows the 
relative importance of rice-producing states in Brazil for 1970. In 
the northern states, including Maranhao and Para, upland rice is 
grown under shifting cultivation and in mixed cropping patterns 
with corn, beans, squash, bananas, and cassava. About 15 percent 
of Brazil’s total rice is produced in the northern and northeastern 
regions. In central-west “cerrado savanna’ area in Brazil which in- 
cludes portions of Goias, Minas Gerais, Sa0 Paulo, Maranhio, 
and Mato Grosso states, rice culture is semi-mechanized; rice is of- 

Table 7. Area planted and production under upland and lowland rice culture 
in states of Brazil, 1970.n 

State Production Area planted 
(000 tons) (000 ha) 

Culture 

Rio Grande do SUI 1543 43 1 lowland 

Goiis 1217 1098 upland 
Minas Gerais 1165 877 upland 
SHo Paulo 1053 703 upland 
MaranhHo 675 553 upland 
Mato Grosso 616 32 1 upland 
Parani 590 432 upland 
Santa Catarina 214 86 lowland 

Pari 73 75 upland 
Bahia 58 39 upland-lowland 

Total 7553 4979 

‘De Souza 1973. 



UPLAND RICE AROUND THE WORLD 1 1  

ten the first crop on newly cleared savanna lands. This area, about 
3.7 million ha, is probably the world’s largest continuous upland 
ricegrowing area. It produces 70 percent of Brazil’s rice. 

Colombia, Guyana, Panama, Ecuador, Peru, Venezuela, and 
several Central American countries are other important upland 
rice-growing countries. Twenty-one percent of Peru’s rice crop 
comes from upland rice grown under shifting cultivation in the 
Amazon basin (Sanchez 1972; Cha 1967). In this vast ecological 
region, which covers half of Peru’s land surface and extends deeply 
into Brazil, Bolivia, Colombia, and Ecuador (Sanchez and Nurefia 
1972), upland rice is grown on both flat and ,sloping areas. The 
main cropping system is locally known as “altura” or “tacarpo” 
(meaning “using a pointed stick”) because it involves cutting and 
burning of mature secondary forests during the drier months, from 
July to September, then dibbling seeds into holes made with a “ta- 
carpo” (Sanchez and Nureria 1972). Grain yields are extremely 
low, from 0.5 to 0.7 t/ha. 

POTENTIAL FOR IMPROVEMENT 

We can see that upland rice production is an important component 
of the agricultural economies of many countries. The yields are 
generally low, but can be increased by the development of im- 
proved varieties and cultural practices to  suit the soil, climatic, and 
soc ia l  condi t ions .  These improvements are entirely possible 
through research and extension, and through changes in national 
policies. 



chapter two 

CROP ENVIRONMENT 
OF UPLAND RICE 
Climates of upland rice regions 
Surajit K. De Datta' and Benito S. Vergara2 
Soils on which upland rice is grown 
Surajit K. De Datta and Reeshon Feuer3 
Growth-limiting factors of aerobic soils 
Felix N. Ponnamperuma4 

The crop environment of upland rice must be thoroughly un- 
derstood before one can explain the variability in grain yields and 
find ways to increase production. In this chapter, the crop en- 
vironment includes &he weather, the soil, and the biotic factors 
that affect upland rice. 

Agrono ist, International Rice Research Institute. 'Plant physiologist, 
{ M I .  'Crop production specialist. Philippine outreach program, IRRI. 

Soil chemist. IRRI. 
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Climates of upland rice regions 

Surajit K. De Datta and Benito S. Vergara 

A 
RAINFALL 

vailability of water is more uncertain for upland than for low- 
land rice because upland fields are not bunded. Because upland 

rice depends entirely on rain water, both the amount and the dis- 
tribution of rainfall are important. Low rainfall during the growing 
season generally means decreased rice yields. But research at IRRI 
and other experiment stations and in farmers’ fields indicates that 
the distribution of rainfall is also a major influence on yields, even 
In areas with as high as 2,000 mm annual rainfall (Jana and De 
Datta 197 1 ; De Datta et al. 1974a). 

Amount of rainfall. In monsoon Asia, the amount of rain and 
the duration of the rainy season vary not only between countries 
but also within countries. Upland rice is grown under heavy rain- 
fall in Assam and West Bengal states of eastern India, and along 
the coastal areas of Kerala. It grows under low rainfall conditions 
in Madhya Pradesh. The growing season is extremely short qnd 
rainfall is highly variable in eastern Uttar Pradesk The upland 
areas in Bangladesh are similar to  those of eastern India. In the 
upland rice areas of northern Sri Lanka, from 875 to  1,000 mm of 
precipitation falls during 3% to 4 months of the year. In the up- 
land areas of Burma, rainfall from May to November can be as low 
as 500 mm or as high as 2,000 mm. 

In Indonesia, rainfall is well distributed in the humid and semi- 
humid western regions. The rainy season is very short and the rain- 
fall is unevenly distributed in the eastern regions. Upland yields 
are very unstable in these areas. Varieties with growth durations of 
from 90 to  135 days are highly desirable for all of Indonesia. 

Thailand’s rainy season lasts from May to  October, indicating 
that varieties which are medium in growth duration and slightly 
sensitive t o  photoperiod may be desirable (fig. I ) .  

Upland rice yields in the Philippines are closely associated with 
climatic zones and rainfall patterns. Yields average only 0.66 t/ha 
in the low rainfall areas (where rainfall is sufficiently distributed, 
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1.  Rainfall patterns of selected upland rice regions. 

c 
but with a maximum period of 4% dry months). Average yields 
reach 1.1 t/ha in high rainfall areas (where rainfall is evenly dis- 
tributed throughout the season, but with 3 dry months). The 
national average of upland rice in the Philippines is about 0.9 t/ha 
(De Datta et al. 1974b). 

In West Africa, where most rice is upland, both the amount 
and the distribution of rainfall are of paramount importance. The 
West African rainy season may be continuous, or it may be inter- 
rupted, depending on the latitude. It may begin anytime from 
March to  July (it begins later at  higher latitudes). Rainfall distribu- 
tion is unimodal (having one peak) in areas with short rainy sea- 
sons, but it is bimodal (having two peaks) with a l -  to  2-month 
break from July to  August, in areas with long rainy seasons. The 
region of bimodal rainfall includes southeastern Ivory Coast, 
southern Ghana, southern Togo and Dahomey, and southern Nige- 
ria, up  t o  a maximum latitude of 7"N (fig. 1). Less important 
areas of bimodal distribution include southeastern Guinea and 
northeastern Liberia. In areas of less than 1,QOO mm annual rain- 
fall, the rainy season lasts from June t o  October. In areas of more 
than 1,800 mm annual rainfall, it may begin as early as late March 
(Food and Agriculture Organization Inventory Mission 1970). 
These rainfall data indicate the need to  develop varieties with wide 

k 
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ranges of maturity and cultural practices that conform with rain- 
fall distribution patterns. 

For Latin America, Brown (1 969) reported that 1,000 mm of 
annual rainfall, with 200 mm monthly rainfalllduring the growing 
season, is adequate for growing upland rice. 

Brazil, which has, by far, the largest upland rice area in Latin 
America, has a distinct rainy season which begins in October and 
ends in April (fig. 1). The average annual rainfall varies from 1,300 
t o  1,800 mm; 7 0  to  80 percent of the rain falls during the upland 
rice-growing season. The rainfall tapers off in February, leading to  
an ideal harvesting period during the drier months, resulting in 
milled rice of better quality (de Souza 1973). 

Rainfall in most of the Amazon basin of Peru ranges from 
2,000 t o  4,000 mm annually, far more than enough t o  grow one 
upland rice crop (Sanchez 1972). Kawano et al. (1972) reported 
yields of more than 4 t/ha in Peru’s Amazon basin, with rainfall 
averaging 200 mm/mo. during the growing season, confirming 
Brown’s contention. 

Rainfall pattern and distribution. The daily rainfall is actually 
more critical than the monthly or  annual rainfall. Moisture stress 
can damage or  even kill plants in an area which receives as much as 
200 mm of precipitation in 1 day, and then receives no rainfall for 
the next 20 days. A precipitation of 100 mm/mo., distributed 
evenly, is preferable to 200 mmlmo. which all falls in 2 o r  3 days. 

We examined the rainfall patterns of some upland rice areas 
taking 200 mm/mo. as the base line (fig. 1). In some areas, such as 
Uberaba, Brazil, the rainfall pattern is unimodal and of short dura- 
tion. Varieties that mature in less than 100 days would be prac- 
tical for upland conditions. In other areas, such as Malaybalay, Bu- 
kidnon, Mindanao, Philippines, the rainfall pattern is also unimodal 
but the duration is long; varieties that mature in 100 to 150 days 
should perform well. In Davao, Philippines(fig.2), where the rainfall 
pattern is bimodal, early maturingvarieties, ifplanted in April, might 
suffer from moisture stress at  flowering time. Perhaps planting 
130- t o  150-day varieties in June would insure sufficient water at 
panicle initiatim and development. This would give the plants 
time to  recover from early stress. The rainfall pattern in Ibadan, 
Nigeria, is also bimodal, but monthly rainfall is lower than the 
minlmum requirement (Brown 1969). If, a s  Brown reported, 
upland rice cannot be grown with less than 200 mmlmo. 
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2. Average monthly precipitation in Davao City, 
Philippines from I964 to 1972. 

of rainfall, then many areas of the world, including West Africa 
and northeastern Thailand, are not suited for upland rice produc- 
tion. 

Tropical cyclones (typhoons and hurricanes) usually occur 
during the monsoon season, when upland rice is planted. The 
strong winds may cause lodging in upland rice areas of the north- 
ern Philippines, eastern South Vietnam, and western Burma. 

SOLAR RADIATION 

The fact that upland rice is grown during the cloudy monsoon sea- 
son puts a ceiling on yield. At best, the potential of upland rice is 
no higher than that of rainfed lowland rice. 

Little data is available on intensity of solar radiation in rice- 
growing areas. Most of the principles discussed, therefore, are 
based on information gathered in the Philippines. 

Because the effects of solar radiation are closely associated 
with moisture supply, both will be examined together. 

The simplest method of examining the effects of solar radia- 



18 UPLAND RICE 

Table 1. Effects of date of planting on the grain yield of 
upland rice. I R R I ,  1967 wet season." 

Planting Yield (t/ha) 
time IR8 IR400-28-45 Milfor-6(2) Palawan 

June 4.7 4.9 3.1 2.5 

July 5 .O 5.3 2.8 2.2 

Aug. 1.7 2.0 1.5 0.6 

Sep. 0.7 0.8 0.5 0.4 
Mean 3.0 3.3 2 .o 1.4 

uSource: Jana and De Datta 1971. 

tion and rainfall on  grain yields is to plant upland rice at several 
dates during the wet season, then ..critically examine crop per- 
formance. This was done in experiments at  the IRRI farm and at  
several locations in the Philippines. The varieties and lines used in 
these trials varied from year to  year. One recommended upland 
variety from the Philippines was included in each trial. 

The yields of two semidwarfs, IR8 and the line IR40Cb28-4, 
responded postively to increased solar radiation during their repro- 
ductive periods in 1967 trials at IRRI.. The yields of Milfor 6(2) 
and of the upland variety Palawan did not respond to  increased 
radiation (Table 1). The yield of the crop seeded in September was 
extremely low, primarily because of soil moisture stress during'the 
reproductive stage (Table 2), rather than because of the level of 
solar energy (the solar energy values were comparable to those of 
the Juneseeded crop). To evaluate the earlier findings, additional 

Table 2. Solar radiation, rainfall, and grain yield of upland rice. Average of 
four varieties and lines. I R R I .  1967 wet season! 

Planting 
time 

Vegetative stage 

Solar radiation Rainfall 
(kcal/sq cm) (mm) 

June 29.3 40 1 

July 24.7 435 

Aug , 24.6 650 

Sep. 24.5 783 

Reproductive and ripening stage 

Solar radiation Rainfall Yield 
(kcal/sq cm) (mm) (t/ha) 

19.0 466 3.8 

20.2 34 I 3.8 

16.7 5 10 1.5 

16.8 84 0.6 

"Source: Jana and De Datta 197 1. 
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3. Nitrogen response of IRS, IR442-2-58, and M1-48 under 
upland conditions at four dates of seeding with solar radiation 
total for reproductive and ripening periods of the crop. IRRI, 
1970 wet season (De Datta et d. 1 9 7 4 ~ )  

field experiments were conducted at  IRRI and Maligaya using four 
planting dates during the 1970 wet season (Jana and De Datta 
1971). Despite low soil moisture stresses (fig. 3), the high-yielding 
lowland varieties consistently outyielded the upland variety M 1-48 
at the IRRI farm. 

The crop that was seeded on May 31 received the most solar 
energy during the ripening period; the crop seeded on July 23 
received the least (fig. 3). Grain yield was low for the July 23 
crop, partly because solar energy was low during the ripening peri- 
od. 

IR5 consistently yielded higher under upland conditions than 
did the upland variety M1-48 o r  the early maturing line IR579- 
48-2 on a clay loam soil with flat topography at Maligaya (fig. 4). 

A crop of IR5 which was seeded on June 17, and which re- 

yielded 7 t/ha. This was the highest grain yield obtained in any of 
L ceived a good level of moisture throughout the growing season, 
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4. Nitrogen response of IRS, IR579-48-2, and M1-48 under upland 
conditions at four dates of seeding plotted with solar radiation total for 
reproductive and ripening periods.of the crop. IRRI-BPI Cooperative 
Soil Fertility Experiment, Maligaya, Philippines, 1970 wet season. 
(De Datta and Beachell, 1972). 
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6. Nitrogen response of four varieties grown under 
upland conditions at two dates of seeding with solar 
radiation total for reproductive and ripening stages. 
Maligaya, Philippines 1972 wet season. 

IRRI’s upland experiments (and higher than the yields of any low- 
land experiments conducted at Maligaya) (IRRI 197 I ). The 7-ton 
yield probably approaches the upper limit for 1K5 during the wet 
season, when the total solar energy during the ripening period sel- 
dom exceeds 16.5 kcal/sq m (De Datta and Beachell 1972). 

The highest grain yields came from fields seeded at the earlier 
dates at Maligaya and from a farmer’s field in Batangas. Philip- 
pines, during the 1972 wet season. This was probably because of 
higher solar radiation and better rainfall distribution (Jana and De 
Datta 1970; De Datta and Beachell 1971). IR5 and the line IR66.5- 
8-3 yielded more than 5 t/ha in both locations. The upland variety 
M1-48 yielded 4.5 t/ha in Batangas (fig. 5 ) .  and 3 t/ha in Maligaya 
(fig. 6). 

In Batangas (Lipa clay loam. pH 5 .1 .  an alfisol). rainfall began 
to taper off in mid-August and soil moisture tension increased 
from September to  December (fig. 7). Because of higher soil mois- 
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7. Rainfall and soil moisture tension in the date 
of seeding experiment for upland rice. San Pascual, 
Batangas, Philippines, 1972 wet season. 

ture tension, the crop which matured in late November and early 
December was affected by severe moisture stress which substan- 
tially reduced grain yields. Unllke rainfall, solar radiation values 
were relatively constant during the ripening period for all four 
seeding dates (fig. 5 ) .  The reduced yields at later seeding dates, 
therefore, were due not to low solar energy but to high soil mois- 
ture tension. In Maligaya, the rainfall during the vegetative period 
was adequate. The crop that was seeded on June 30, however, 
matured in October when the rainfall had virtually ceased, increas- 
ing the soil moisture tension (fig. 8). Only I R 5  matured during this 
drought period, however, because its growth duration was longer 
than that of the other varieties. Because of moisture stress, the 
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8. Rainfall and soil moisture tension in an 
experiment on date of seeding for upland rice. 
Maligaya, Nueva Ecija, Philippines, 1972 wet 
season. 

crop seeded on June 30 yielded less than that seeded on June 14 
(fig. 6). 

These studies, conducted over 4 years, suggest that moisture 
supply during the crop's growth is far more important than is vari- 
ation in solar energy during the reproductive and ripening stages. 
When the moisture supply is adequate, however, grain yields and 
nitrogen response are closely related to the amounts of solar ener- 
gy during the reproductive and ripening stages. 

DAYLENGTH 

In the monsoon areas, upland rice fields are generally prepared and 
sown at the start of the monsoon season. Upland rice is planted as 
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9. Daylength of selected upland rice areas. Heavy lines indicate the cropping 
season. 

Table 3. Response of some upland rice varieties to  different photoperiods.a 
Time t o  Basic Photoperiod 

floweMgb vegetative sensitive 
(days) phase phase 

1 0 h  14 hE (days) (days) 

Variety Country 

Pate Blanc MN3 

Colombia 1 

IAC 1246 
Seratus Molam 

E425  

Perola 

&mil 
Miltex 
Moroberekan 

Y assi 
os 4 
Palawan 

63-83 
LAC 5 

Cartuna 

LAC 23 
IR442-2-58 

Ivory Coast 

Colombia 

Brazil 

Indonesia 

W. Africa 

Brazil 

Philippines 
Philippines 
Guinea 
Ivory coast 
Zaire 
Philippines 

Ivory Coast 

Liberia 

Indohesia 

Liberia 

Philippines 

Photoperiod insensitive 

113 

98 

85 

93 

93 

a2 

90 
9s 
94 
99 
88 
99 

84 

96 

72 

98 

84 

113 

101 

91 

99 

100 
89 

98 
1 04 
1 04 
110 
100 
112 

98 

111 

89 

119 

108 

78 

63 

50 

58 

58 
47 

5s  

60 
59 
64 
53 
64 

49 

61 

37 

63 

49 

0 

3 

6 

6 
7 

7 

8 
9 

10 
11 

12 
13 

14 

15 

17 

21  

24 
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(Table 3 continued) 

Time to Basic Photoperiod 
Variety Count,,, floweringb vegetative sensitive 

(days) phase phase 
1 0 h  14 hc  (days) (days) 

Weakly sensitive 

M148 Philippines 78 1 12 43 34 

IR5 Philippines 93 128 58 35 

KU 70-1 Thailand 58 106 23 48 

Khao Lo Laos 54 130 19 76 
KU-104 Thailand 55 205 I 20 150 

Khao Phe 

Ku-113-1 

Moddai Karuppan 

TD-47 

TD-48 

TD-5 1 

Thiorno 

Vanam Villai 

Laos 

Thailand 
Sri Lanka 

Thailand 

Thailand 

Thailand 

Senegal 

Sri Lanka 

Strongly sensitive 

59 - 24 

64 - 29 

84 - 49 

75 - 40 

71 - 36 

70 - 35 

77 - 42 

84 - 49 

Wnpublished data of K. Alluri, I R R I .  bAt different photoperiods. - means 
no panicle primordia after 200 days of growth. 

early as April in Vietnam, and as early as May in the Philippines 
and Thailand (fig. 9). 

Upland rice is generally planted during the periods when the 
daylength is increasing, as in Brazil, the Asian countries, and most 

Varieties which are insensitive to  photoperiod are needed in 
the areas where upland rice is planted when the days are becoming 

upland varieties tested are insensitive to  photoperiod (Table 3). 
Mdst of the upland varieties tested flowered at long daylengths 
and most have long basic vegetative phases. All varieties tested, ex- 
cept Curtuna and Perola, generally have longer growth durations 
than does IR8.  

In the regions of India where upland rice is drilled during the 

I 

I African countries. 
! 

1 
I longer and flowering occurs at relatively long d a y s  Most of the 
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10. Temperature variation during the cropping seasons of selected upland 
rice areas. 

last week of June, sensitivity t o  photoperiod probably makes no 
difference. 

Almost all of the improved lowland varieties are insensitiue to  
photoperiod; they should present no flowering problems if used for 
upland culture. 

TEMPERATURE 

Most upland- rice is grown in plains, with high temperatures which 
range from 24 t o  26°C (fig. IO). Low temperatures can be a prob- 
lem, however, in the high-altitude areas of India, Indonesia, Bur- 
ma, Vietnam, and several South American cauntries. Upland rice is 
often planted on rolling hills; levees are often difficult t o  construct 
and water percolation and runoff are problems. 

Japanese workers reported an association between drought tol- 
erance and cold tolerance (Hasegawa 1963). 4 graduate sudent re- 
ported similar findings using tropical upland varieties (A.B.M. Sala- 
huddin, M.S. thesis, University of the Philippines at Los BaAos, 
1972, unpublished). If these findings are substantiated, then the 
problem of low temperature in upland rice should be of minor im- 
portance. 



Soils on which upland rice is grown 

Surajit K.  De Datta and Reeshon Feuer 

T he characteristics of soils on  which rice is grown are as diverse 
as are the climatic conditions to which rice is exposed; soil tex- 

ture varies from sand t o  clay; pH varies from 3 to 10; organic mat- 
ter content varies from 1 to 50 percent; salt content, from almost 
0 to 1 percent; and nutrient availability, from acute deficiency to  
surplus. Rice is also exposed to dynamic changes in moisture re- 
gimes, which vary from dry land to various depths of flooding 
(Ponnamperuma 1972). 

The following sections deal with the physiography, texture, 
and structural properties of upland rice soils and with the major 
soil groups on  which upland rice is grown in Asia, Africa. and 
Latin America. 

SOIL TEXTURE 

Texture may be the most important property of rice soils. when 
moisture regimes are equal and mineral compositions are comparable 
(Moorman and Dudal 1965). Soil texture affects the moisture 
status of a soil more than any other property except topography. 
Texture is particularly important in upland rice fields which have 
no bunds t o  hold moisture. 

The textural profile includes not only the surface layers but 
also the layers below. If the sub-soil has sufficient clay content. 
the importance of the surface soil texture diminishes. In a clayey 
profile, a surface horizon that is of medium texture may be the 
most favorable rice soil, possibly because of greater pore space 
(Grant 1960). A surface soil of medium texture can also be easily 
worked. Less water is necessary for initial rice growth because less 
water is lost through cracks than from a soil with a clayey surface. 

The soil textures of upland rice vary greatly. For. example, 
loamy and sandy soils are typical of the slightly elevated areas of 
Thailand’s foothills and flat lands, but most upland rice in the hi4ls 
is cultivated on clayey and clay loam soils. In Batangas. Philip 
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Table 4. Soil orders; comprehensive classification system ( U S D A ) . ~  

Order Key profile characteristics 
~~ 

entisols recent soils; little or no change from parent material 

inceptisols light colored subsoils; weak soil development 

mollisols soft, deep, dark soils; high base status of surface horizon 

alfisols subsoil horizon of accumulated clay; high base saturation; 
high in weatherable minerals 

ultisols subsoil horizon of accumulated clay; low base saturation; 
few or no weatherable minerals 

oxisols uniform textured; friable profile high in oxides of iron 
and aluminum with kaolin clay; no weatherable minerals; 
low cation exchange capacity 

vertisols dark soils; high in montmorillonitic clay, prone to  shrink 
and swell; high cation- exchange capacity 

aridisols mineral soils of dry regions with either calcium carbonate 
or salt accumulation 

spodosols strong brown subsoil underlying a gray to  brown surface 
horizon; strongly acid 

histosols soils with more than 30 percent organic matter to  a depth 
of 40 cm 

=Source: U S D A  1960; revised 1967; supplement 1970. 

pines, where upland rice is widely grown on  alfisols, the soil tex- 
ture varies from clay loam to  loam. 

The frequency and duration of moisture stress will be affected 
not only by rainfall distribution but also by the capacity of the 
soils to  retain water. 

Soil surface structures may develop under dry conditions, de- 
pending on the soil texture and the nature of clay minerals found 
in the soil. The surface structure of dry sandy soils is usually weak 
and crumbly, and that of medium-textured soils may be slightly 
more crumbly or granular. Polygonal cracks may form upon dry- 
ing of soils which have sufficient clay of the shrinking-swelling 
type. The crumbly and granular structures are common in upland 
rice soils, although the highest yields are generally obtained on  
clayey soils. 

Because upland'rice is grown on many kinds of soils, and be- 
cause different countlies and authors classify and describe soils by 
different systems, Tables 4 and 5 are presented to facilitate better 
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understanding of terms used in this section (Buol ef al. 1973; 
Aubert and Tavemier 1972; United States Department of Agricul- 
ture 1967; Mariano and Valmidiano 1972; Brady 1974). 

SO1 L GROUPS 

In Southeast Asia, the major soils of the sloping unterraced land, 
where most upland rice is grown. are ultisols and alfisols, using the 
USDA system (Table 5) (working group on establishment of 
Southeast Asian cropping systems test s:;es. IRRI 1974, unpub- 
lished). 

Ultisols are much more common, particularly in Sumatra and 
Kalimantan, Indonesia, and in Thailand. These soils have a sandy 
surface texture, and a more clayey subsoil. The base saturation is 
low, and the clay type is 1 : 1. They are found in the older (but not 
in the oldest) geomorphic landscape surfaces in the tropics. Ulti- 
sols are easy t o  cultivate but because the clayey subsoil is com- 
monly closer t o  the surface than the subsoil of alfisols, they are 
more subject to  erosion during heavy rainfall; the surface soil be- 
comes saturated, causing runoff of excess water from sloping 
areas. 

Alfisols have more clay (including layer lattice clay) in the B 
than in the A horizons. The base saturation is high. Alfisols are 
more common in very dry zones and developed from basic mate- 
rials, on geomorphically young landscapes. Alfisols are easy to  till 
because of their typically granular surface soil structure. These 
soils have a high capacity t o  retain rainfall because the more 
clayey €3 horizon retards percolation losses. 

Oxisols cover minor upland rice areas in Southeast Asia. They 
are found in the lower areas in Sarawak, Malaysia (United States 
Department of Agriculture 1966) and in the mountainous Ban 
Me Thuot area of South Vietnam (Tung 1973). Oxisols are the 
most important rice soils in Java; they art: locally classified. how- 
ever, as latosols. 

Oxisols in Southeast Asia are found on materials derived froln 
volcanic rock. These are highly weathered soils with few tcxtural 
changes throughout the profile. Oxisols are high in clay content. 
mostly kaolin with oxides of iron and aluminum. However. they 
have only small proportions of water-dispersable clay, and. usual- 
ly, high water infiltration rates. 

The soil is acidic in many upland rice areas of Southeast Asia. 
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The pH, for example, in Ban Me Thuot, Vietnam, and in Batangas, 
Philippines is from 4.5 to 5.8. 

In West Africa, both the capacity of the soil to retain water 
and the pattern of rainfall distribution particularly help,determine 
the success or failure of upland rice. Most upland soils in West 
Africa have low capacities t o  hold available water, so even dry 
spells of short duration significantly reduce grain yields (Moorman 
1973). In flat areas, on the other hand, percolating rainwater often 
saturates the soil profile, providing a buffer against dry spells, such 
as on soils classified as gleyic luvisols by the F A 0  system (Table 5 )  
in the  Laina Kard region of Togo or in the Abeo-Kuta region of 
Nigeria. Some rice varieties can withstand recument dry spells on 
these soils, although prolonged drought would kill the plants or 
cause low yields. 

In areas of lower slopes, the land forms offer better edaphic 
conditions for growing rice. In the dryer parts of West Africa. 
these may be the only areas suitable for rainfed rice culture (Moor- 
man 1973). The small quantities of water from runoff, however, 
can seldom avert moisture stress damage t o  the rice crop during 
prolonged drought. 

Hydromorphic soils (soils in which groundwater is shallow or 
at  the surface during part of the growth cycle) are considered suit- 
able for upland rice. Research at the International Institute of 
Tropical Agriculture (Moorman 1973) shows a marked correlation 
between the depth of groundwater and the growth and production 
of upland rice. OS 6, an upland variety from West Africa, was 
more tolerant of drought than was IR20 when the depth of 
groundwater was about 80 cm. 

Moorman and Dudal ( 1  965) and Higgins (1964) also found 
satisfactory correlations between yield levels and textures of the 
soils in northern Nigeria; coarse-textured soils produced the lowest 
yields. 

At IITA, scientists found that the negative effects of a sandy 
soil structure can be largely overcome by applying fertilizers, pro- 
vided that moisture is not limiting. 

Surface soils with medium to  sandy texture overlying a subsoil 
of finer texture are often considered best for upland rice because 
they are easy to  cultivate (Moorman 1973 ). 

Soil structure helps determine a soil’s capacity to hold mois- 
ture, as well as the plant’s capacity to develop roots. Soils which 
are prepared dry d o  not lose their original structure. For upland 
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rice culture, subsoils with open structure favor good root develop 
ment. However, they also retain water poorly, thus increasing the 
chance of moisture stress. 

The inherent fertility levels and chemical composition of soils 
often explain yield differences and even cultural practices. Shifting 
cultivation is common in West Africa, for example, largely because 
most upland rice is grown on hghly weathered oxisols which have 
high rates of leaching. A review of fertility levels of West African 
rice soils by Kang (1973) indicates that these infertile oxisols can- 
not sustain continuous rice culture without added fertilizer (Moor- 
man 1973). 

No data are available on the relationship between the organic 
matter content of the soil and the productivity of upland rice. 
Field observations indicate, however, that low organic matter 
negatively affects the yield of upland rice. Although the pH of rice 
land in West Africa varies from 4.5 to 6.5, most upland rice is 
grown on  acid soils. 

MOISTURE GROUPS 

The rice-growing soils of West Africa can be divided into two main 
groups: freely drained soils, and hydromorphic soils (which have 
high water tables and receive supplemental water through surface 

Rice depends entirely on rainfall for water in the freely drained 
soils. It is limited to  high rainfall areas with good rainfall distribu- 
tion. These soils, classified by the F A 0  system (Table 5), include: 
nitosols, acrisols, luvisols, ferralsols, and cambisols. 

Because 'areas with hydromorphic soils receive supplemental 
water through surface runoff, rice production is not limited to 
rainfall distribution patterns. The main soils of this type are enti- 
sols, ultisols, and vertisols. 

In West Africa, a number of level, fine-textured soils have been 
classified as particularly suitable for rice culthre. Gleyic cambisols, 
humic gleysols, and eutric fluvisols ( F A 0  classification) have been 
planted to  rice where climatic factors are favorable (Riquier 
1971). Orthic ferralsols are considered marginally suited for rain- 
fed rice. Riquier (1971) also suggested that fine-textured soils are 
preferable for rainfed rice because the hydromorphy and even the 
bedrock at a given depth were considered favorable. 

runoff>. 
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Accordingly, the potential of the soils in West Africa has been 
outlined in maps. These subuni ts  (gleyic cambisols, humic gley- 
sols, and eutric fluvisols) represent a large proportion of actual and 
potential rice areas in humid parts of West Africa (Moorman 
197 3). 

Riquier (197 1)  made these generalized comments on the suit- 
ability of upland rice in various countries in West Africa,: 

0 In Senegal, upland rice can be grown on ferric and gleyic 
luvisols in the region south of the Casamance River, where rainfall 
is satisfactory. 

0 In Portuguese Guinea, upland rice is grown on mangrove soil 
as well as o n  low fertility ferralsols. 

0 In Guinea, despite steep slopes and intensive erosion, upland 
rice can be grown on humic ferralsols. 

0 Numerous poorly-drained areas in Sierra Leone are suitable 
for upland rice. 

0 In Liberia, upland rice productivity is low becaushthe soils, 
mostly oxisols ( USDA classification system), degrade rapidly. 

0 The soils of the region north of Upper Volta are dry and fine 
textured, similar to  sodic soils (aridisols, Table 4) and are difficult 
to  cultivate. The valleys of northern Niger are often too sandy for 
upland rice. 

Good areas for upland rice are found in the central and 
northern Ivory Coast. Nigeria has large areas suitable for rice pro- 
duction, including upland rice. 

Scientists at JITA (1972) studied and compared soils which 
originated from the same parent materials but which developed 
under different climatic conditions. Table 6 shows ihe relation- 
ships between rainfall and certain chemical characteristics of such 
soils. As annual rainfall increased, the soil pH dropped from 6 to  
4; the cation exchange capacity (CEC ).increased from 2.2 to 4.4 
m e / l 0 0  g soil; and the base saturation decreased 'from 77 to  16 
percent. For these modal, well-drained soils, each having the 
same or similar parent material, the break between high and low 
base saturation and high and low pH appears between 1,750 and 
1,850 mm of rainfall (Table 6). Thus, the soils in eastern Nigeria's 
high rainfall zone may be classified as ultisols (USDA classification 
system), while the western soils are classified as alfisols. 
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UPLAND RICE REGIONS OF LATIN AMERICA 

In the tropics of Central and South America. the following regions 
either produce, or  have the potential to produce. upland rice (Buol 
197 2). 

Savannas of infertile soils. Oxisols (USDA classification sys- 
tem) of extremely low fertility with high iron and aluminum con- 
tents are prevalent in the vast areas of first peneplain' and second 
peneplain' erosion surfaces in the Cerrado of Brazil (Feuer 1956: 
Cline and Buol 1973), and the upland Llanos of eastern Colombia. 
The dystrophic clayey, dark-red latosols on the gently sloping first 
and second surfaces are very old, devoid of weatherable minerals, 
and very low in bases. These soils are not suitable for upland rice 
except for localized areas of high base status. Such eutrophic, 
dusky-red latosols from diabase sills are found in the eutrustox 
areas of the Brazilian Cerrado. 

Upland rice is commonly grown. however. on the eutrophic 
reddish-brown latosols of the sloping third peneplain erosion sur- 
faces. The soils have some weatherable minerals and are able to 
support semi-deciduous forests. Upland rice is also grown on some 
second erosion surface soils, derived from basic rocks. which still 
have weatherable minerals and can support semi-deciduous forests 
(Feuer 1956). 

Tropical rain forest soils. Tropical rain forests cover large un- 
derpopulated areas of Latin America. In Peru. ultisol and alfisol 
soils predominate both well-drained and poorly drained areas (Ofi- 
cina Nacimal de Evaluacion de Recursos Naturales 1967). A few 
young alluvial soils are found along the river margins (Zamora 
1966). A low proportion of true oxisols are found in the Selva 
Baja. Upland rice is grown on both acid and fertile alluvial soils 
which are not subjected t o  permanent flooding (Sanchez and 
Nurefla 1972). 

Mountainous areas with soils of volcanic ash origin. Because of 
the dominance of amorphous clay mineral, phosphorus deficiency 
is acute in these soils, and phosphorus fertilizers are difficult to 
manage (Buol 1972). 

Seasonally flooded plains and desert areas. In Central and 
South America, these areas have no potential for upland rice cul- 

'Highest and oldest landscape. 
'Next landscape, lower and younger than thc first peneplain. 




