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PREFACE

Dryland Agriculture, or Rainfed Agriculture, or Rainfed Farming, or Dryland Farming, is de-
fined as the stable and high vield sustainable agriculture by rationally established farming struc-
ture and a series of technical measures good for increasing soil fertility and rainwater use effi-
ciency specially for dryland conditions mainly depending on the natural precipitation including

arid, semiarid and subhumid to arid areas.
The Types of Dryland Agriculture in the World

The arid and semiarid areas are widespread on every continent in the world, covering more than
50 countries and districts, occupying about 34.9% of global land area (except the Antarctic),
totaling 54.7 million km?. Among which, the arid area is 31.4 million km?, and the semiarid
(plus most of the subhumid to arid) is 14.3 million km?, or 24.0% and 10.9% , respectively,
of global land area. The main types are as follows:

(1) The tropical arid type: It is the tropical desert climate with the characteristic of hot and
dry. The temperature is relatively high with big amplitude between day and night. The
diurnal temperature is very high but the nocturnal is very low. The annual precipitation is
less than 100 ~200 mm with great fluctuation. Sometimes, no rain falls for many years.
The annual precipitation is often concentrated in a few storms. The dry season is often
longer than half a year. The crop-growing season is only 12~24 weeks long. It is located
mainly in hinterland or west bank areas between the Tropic of Cancer to 30°north latitude
and the Tropic of Capricorn to 30°south latitude. Most of the people live on nomad.

(2) The tropical semiarid type: It is the tropical grassland climate with relatively stable tem-
perature without extremely cold weather. It is featured by obvious alternation of dry and
wet seasons. In rainy season, plants grow vigorously, whereas in dry season the landscape
turns yellow. The annual precipitation is around 500 ~ 750 mm or more. It is located
mainly along the edges of the tropical desert climate areas, approximately between the
Tropic of Cancer to 10°north latitude and the Tropic of Capricorn to 10°south latitude.

(3) The subtropical semiarid type: It belongs to the Mediterranean climate, mainly locating in
west banks of European and American continents between the 30° ~ 40°both north and
south latitudes, southeast Australia and southwest Africa. There are hot dry summer and

warm rainy winter. The farming largely relies on rainfall in winter. The growing season
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in southern Australia is longer than those in northern Africa and western Asia.

(4) The mid-latitude semiarid type: It belongs to the continental climate, mainly distributed
in the hinterlands of Asia-Europe continent and American continent and the east banks of
the North America and South America between the 40° ~ 60°both north and south lati-
tudes. It is dry and lack of rainfall, with cold winter and hot summer. The semiarid area
has synchronized rainy and warm season that is good for farming production.

As for the acreage of arable land, the total area in the world today is 1.4 billion hm?. Among
which, 15.8% has irrigation condition. The rest is depending on natural precipitation. So, it
names as rainfed farming. Among which, 0.6 billion hm? (or 42.9% of global farm land) be-
falls into the range of arid and semiarid areas with annual precipitation less than 500 mm, while
the evaporation more than the precipitation. Nevertheless, these areas are producing most of
the food for people.

Based on the situation mentioned above, the reasonable utilization of natural resources, soil pro-

tection, ecoenvironment improvement and development of dryland farming are being paid more

and more attention by relevant countries and international organizations. They summarize and
extend practices, basic theories and advanced technologies on dryland farming production devel-
opment.

The Dryland Farming with Long History

The appearance and development of the worldwide dryland farming is the outcome of the strug-
gle against adverse natural conditions for thousand years by peoples. The two origins of the
world agriculture, namely the twin-river (Euphrates and Tigris) valleys and lower reach of
Nile, both affected by Mediterranean climate. The West Europs is influenced by the Atlantic
warm ocean-current. The weather in these two parts is warm with rich rainfall good for farm-
ing with little impact by drought or flood. Only the South Asia and Middle and Near East are
dry and short of rains. As early as 7 000 years ago, the wild wheat, barley, pea, lentil and
chickpea were planted. In Egypt and Sudan the pearl millet and sorghum were grown. It is
found that in India Subcontinent, maybe in the western Pakistan or the Indus River valley, the
wheat, soybean, pea, lentil and flax were planted. During the American Neolithic Age, or
7 000-6 000 B.C., the Indians has acclimatized local plants and animals. In the Teotihuacan
relics in Mexico, the corn, pumpkin and sea-island cotton were planted. The weather there
was dry and hot, the rainfall befell into 2 months in summer. Until 2 500-2 000 B.C., corn,
pumpkin and beans planting was expanded to north Mexico and to the places where belong to
the United States territory today. The dryland farming technology had been developed to a rel-
atively high level.

China locates in the East Asia monsoon region with frequent drought and flood. The Yellow
River valley affected by continental climate is with “windy and dry spring” and “rare vernal
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drizzle” . Spring drought spells threaten agricultural activities. Under such adverse conditions,
farmers were enforced to assume various measures for chasing benefits and escaping losses.
Therefore, with thousands years practices, Chinese dryland agriculture has become one of the
longest lasting one full of resistance against adverse conditions.

The traditional Chinese dryland farming was developed along the route of labor intensity. As
said by ancient scholar in the Labor Employment Chapter in the ancient works of Luishi Ency-
clopedia: “in order to exploit the fertility to a full extent, use intensive labors.” The funda-
mentals of Chinese dryland farming have been figured out by another ancient book: The Impor-
tant Know-how for Farmers in Qi Country. The ancient theory is very similar to the modern
one. The difference is that it appeared 2 000 years ago. The historical and unique traditional
Chinese dryland farming technology exists in intensive tillage and cultivation, resisting drought
by preserving soil moisture. Ridge plowing method, furrow - seeding method (or Daitian
method: ridge-furrow plowing and seeding in furrows for keeping soil moisture, to level the soil
on ridges when hoeing and weeding, to exchange the positions of ridge and furrow next crop)
and square-pit method (or Qutian method: dig a square pit, putting manure on the bottom,
then cover with soil and watering before seeding) were applied. The soil fertility exploitation
was with betterment. Taking measures timely in accordance with weather and soil conditions.
Choosing drought tolerant crops and varieties. Combining crop cultivation with animal hus-
bandry and forestry. Kecping the balance of eco-environment.

From what above mentioned we see that the experienced Chinese traditional dryland farming
was based on the plowing, raking and harrowing. The Chinese traditional dryland farming is
with not only long history, but also fruitful achievements, having great contribution to the
world agriculture. Since the Renaissance, there were numerous famous scientists paid great at-
tention to Chinese early records on dryland farming. The Swedish biologist Mr. Linné in 18th
century, the British biclogist Mr. Darwin, the German agro-chemist Mr. Libig and the Rus-
sian chemist Mr. Mendelev in 19th century all took instances from ancient Chinese agricultural
scientific achievements when establishing their own doctrines. The great biologist Mr. Darwin
appraised the ancient Chinese agricultural works as clearly explained the rationale on species se-
lection in his first chapter of The Origin of Species. He also cited the contents from ancient
Chinese agricultural works The Important Know-how for Farmers in Qi Country and from the
medical works Compendium of Materia Medica as one of the historical bases when he created
his evolution doctrine. The agro-chemist Mr. Libig took the advantage of Chinese dryland
farming achievements on intensive cropping, soil amelioration, applying farmyard manure and
planting green manure for soil betterment, increasing water use efficiency by fertilization when
he studied the theory on soil fertility.

The Chinese traditional dryland farming has got great reputation and appraisal worldwide. The
famous American agronomist and Nobel Prize winner Mr. Norman Brog said that it is the most
astonishing achievement known in the world. Mr. Blowbomb also said that Chinese agriculture
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has presented for farmers in the other countries a good experience on using organic matter effi-
ciently.

With traditional Chinese dryland farming characterized by the intensive cropping, resisting
drought and preserving soil moisture, and exploiting with keeping soil fertility has fed the Chi-
nese people for thousands years. It is a treasure for this nation. When we speeding up to realize
the agricultural modernization today, we have to learn from foreign advanced technology and
from the precious heritage of our ancestors, too.

The Spreading of Dryland Agriculture

In order to develop agricultural production in arid and semiarid areas, as early as 1951 soon af-
ter the foundation of United Nations Education, Science and Culture Organization, the large-
scale study program on dry areas was worked out. Widespread studies have been conducted on
arid and semiarid regions focus on water issues. Since 1970s, the International Center for Agri-
cultural Research in the Dry Areas in Syria, the International Crops Research Institute for the
Semiarid Tropics in India and the International Institute for Tropical Agriculture in Nigeria
were built up one by one by the Consultative Group on International Agricultural Research.
They cooperated with each other on global agricultural research on arid and semiarid regions.
Concurrently, there were 40 countries in the world established relevant scientific research insti-
tutions in arid and semiarid regions, in order to study dryland farming from theory and practice
aspects. The important progress has been made and used on production. The achievement is
great.

Small grain cereals, millets, sorghum, drought tolerant pulses and oil-bearing crops, and pota-
to are crops requiring less water and suitable for dryland farming. Their seeding acreage is
growing consistently. Both their yields and drought tolerance have been being improved cbvi-
ously. For example, the hybrid sorghum bred by the International Crops Research Institute for
the Semiarid Tropics was planted 1.7 million hm? in 1970s, then 50 million hm? in 1980s in
India. The millet developed by this institute had features of high-yield, disease resistance and
wide adaptation. Its yield per hectare increased by 45% in 1980s against 1970s on million
hectares.

Correspondingly with the planting of drought tolerant crops, the drought resistant varieties
breeding was being paid more and more attention. The dwarf hybrid sorghum Dekarp 43 devel-
oped in Taxes, US had the plant height of 1.5 m, big ears and high yield. It was able to use
nutrients and water effectively and easy for mechanical operations. In Nebraska State, many
drought resistant wheat varieties were developed such as Scout 66, Cody, Buckskin and Sloux-
land. From 1980s on, some international research centers and national research institutions
have developed drought and diseases resistant trans-gene varieties with modern biological tech-
nology very successfully.
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Conservation tillage aiming at preserving soil and moisture developed rapidly. Less till or no-till
including shallow plowing with stubble elimination, subsoiling with crop residues and the appli-
cation of herbicides had been extended in the USA, Canada, Australia and Russia with signifi-
cant effects. As for the no-till in Akron, Colorado, US, the plowing frequencies reduced from
7~10 times to 1~3 times, the soil moisture retention on fallow field increased by 55 mm on
the basis of 102 mm (19% of the precipitation), accounting for 33% of the precipitation. The
yield of wheat was doubled. At present, in middle and west US, the less till or no-till is applied
popularly. The origin of “Black Storm” in the past has become commercial grain production
base today with 63.7% of total wheat output in USA.

Mulch cultivation enables to increase soil nutrient and moisture retention, enhance soil tempera-
ture, protect soil surface, reduce run-off and resist wind erosion. A better eco-environment
condition will be created for crop growing. The middle and west US regions with less till or no
-till usually assume mulch technology. The mulch with high stubble standing on the fields has
good effect on drought resistance and yield increase. In the semiarid areas in China, the mulch
by stubbles or plastic films was extended for the purpose of moisture collection, retention and
supply for increasing water use efficiency, hence the yield increase. According to survey in
many sites, crop yields normally increased by 20% ~50% or even doubled, besides the quality
improvement.

Many types of rotation systems have the function of nutrient and water retention, as well as ex-
ploiting with keeping fertility. The system of 2 crops in 3 years, such as wheat-fallow {1st
year), sorghum (2nd year), and fallow (3rd year) was applied on the Great Plain in the mid-
dle and west US. This kind of rotation is able to utilize moisture and recover fertility efficient-
ly. Nowadays, it covers 40% of the arable land. According to the test in Taxes state, there are
80% years saw the yield up to 670 kg/hm? from rotation system, whereas only 50% years saw
the same yield from continuous cropping. Pasture-cereal rotation system is assumed in dryland
in Australia, or alfalfa (for 1 ~2 years) - wheat or barley. In much rainy areas, the system of
clover (2~3 years) - wheat or barley is applied. The complete fallow can be added into these
two systems, resulting in significant increasing cereal yields. Based on the statistics, the aver-
age annual yield increase was 86 kg for the period of 1952-1981. Comparing with in the decade
of 1952-1961, the yield increased by 8% and the output by 131% in the decade of 1972-1981.
In recent years, the average yield broke through 4 500 kg/hm?.

Water harvesting agriculture, or run-off agriculture, or micro-water collection agriculture, is
emphasized and developed fast. It has obvious effect. India is a rainy country. But because the
evident division of rainy season with dry season, the wet season has only 4 ~ 4.5 months.
Therefore the dryland farming plays an important role. Since 1970s, the collection of run-off
water for agricultural production, otherwise it may cause soil erosion, was highlighted and dis-
played good results. It is developed rapidly in Israel, Australia and Mexico, where a number of
run-off farms were built up. In the recent years, Gansu Province of China encouraged water-
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harvesting agriculture for the “Active Drought Resistance” strategy. On the basis of summariz-
ing traditional experiences and studying foreign experiences, a Chinese characterized high effi-
ciency water harvesting agriculture is being established.

With the development of the modern scientific technology, the newly physico-chemical method
for moisture retention has made some advancement, such as the initial application of chemical

mulch materials restricting evaporation, transpiration inhibitors and soil structure conditioners.
The Dryland Agriculture Facing New Century

With the dramatic growing of world population in recent years, arable land decreasing, lack of
water resources and degradation of environment, the food production is facing a new challenge.
Especially the sustained drought spell since 1980s spreading in major grain production coun-
tries, the global cereal output is stagnating by 1.8~2 billion tons, with trading tonnage by 150
million tons. The storage of cereal dropped to the lowest point after the World War 11, only at
16% of consumption. It is lower than the safe grain line of 17% ~18% of consumption.

This situation has attracted highly attention by governments of countries and by international
organizations. In 1988, the International Dryland Agriculture Conference was held in Taxes,
USA. Representatives from 47 countries and 25 states in US participated this meeting. They
discussed on emphasis about the progress on dryland farming made in the past and the challenge
be faced in the future. Then seminars on dryland farming were held in pre-USSR, Australia
and Thailand. The technology and experiences on dryland farming were exchanged in order to
face the new challenge ahead for the whole world.

Generally speaking, the following countermeasures had been raised: 1) The governments of
countries put the dryland agriculture research on an important strategic position. Based on the
newest investigation, there are nearly 289 research institutions on dryland agriculture in more
than 40 countries in the world today. Among which, 43 is in Africa, 69 in Asia, 45 in Ocean-
ic, 36 in Europe, 73 in North America and 23 in South America. The Consultative Group on
International Agricultural Research set up dryland farming research centers in Syria, India and
Nigeria. The dryland farming research in West Plain of US had explicit objects, which was rel-
atively stable. It combined the scientific research with education and extension. It was not only
for production, but also emphasized fundamental studies. It had rich scientific reserves. The
Russian and Australian research institutions on dryland farming studied for the production, as a
strong scientific basis. 2) Some research institutions on dryland farming organized multidisci-
plinary studies. For example, the International Center for Agricultural Research in the Dry Ar-
eas in Syria had Departments of Cereals, of Edible Pulses, of Pasture and Fodder, and of Ani-
mal Husbandry. They were composed of by specialists on genetics, breeding, physiology, ecol-
ogy, pathology, entomology and agro-economy. The highlighted study was on the evaluation
and utilization of genetic resources. Many achievements had been obtained. It not only solved
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