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THEORY AND PRINCIPLE

1. Co-evolution under population pressure: From domestication to agriculture

Exploring theories of agricultural origin has always been popular, with not one confirmed. Four hypotheses and theories of Western anthropologists and other scholars may be summarized as:

1. Agricultural origin is a kind of invention; i.e., individually or culturally created and spread.

2. Climate change in the Late Ice Age initiated its invention.

3. Population growth motivated change from hunting and gathering to agriculture.

4. It was facilitated by co-evolution of animal domestication, human behavior and social structure.

Population pressure theory was the rage after the 1960’s, becoming the base in the 1980’s for co-evolutionary theory advancing with the study of human ecology. As it included three other theories on agricultural origin, co-evolutionary theory is difficult to explain fully here. We can only introduce it, from establishing human ties to animals and plants motivated by population growth, to the invention of agriculture.

The co-evolutionary concept, originating in biology, refers to a process where organisms establish systematic relations to each other, enhancing their adaptability within the system and creating anew (1). A co-evolutionary tie often exists between predator and prey populations (2), the same kind of tie between people and animals and plants. Norgard extends it to correlation growth, where agricultural origin and growth can be regarded as co-evolution of social and ecosystems (3).

Animals taken from areas of abundance were tamed long before stock-raising. Hunter-gatherers unconsciously affiliated with animals and plants in the area, some believing domestication can be defined as high interaction.

Conscious and unconscious plant and animal manipulation led to huge co-dependency between humans and their domesticates, with population pressure critical but not necessarily the first or decisive factor. It forced people to use domesticated resources or was initiated by occasional domestic use, and became problematic when it outran domestic resources, with three possible situations:

1. “Stable state mechanism” (homesis), an ecosystem’s ability to recover when displaced and overrun under population growth, occurred when population is reduced to balance domesticated resources, often via war before civilized society.

2. Outmigration to new domesticated resources to reduce population pressure; i.e., expansion. (p.58) 

3. Intensify existing plant/animal domestication to evolve to agriculture and civilization - a co-evolutionary process.

This long-term changing process stopped when people constantly migrated and changed ecozones. Rather than population pressure initiating domestication, it and population growth alternated.

Rindos defined three domestication stages:

1. Human behavior in crop protection and spread.

2. Establishing special ties with domesticated species.

3. Stable agriculture, with human behavior effecting evolutionary direction, just like modern breeders practice on plants and animals.

Agriculture began between 2 & 3, where special domestication was co-evolutionary. Domestication increased both workload and items consumed or harvest, while co-evolutionary absence reduced prey (Table 1-1).
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Fig. 1-1a. Population distribution under co-evolutionary absence between human and prey number. (5) 

Fig. 1-1b. Population distribution under co-evolution between human and prey number. (p.59) 

Hunting ranges under unceasing human growth and co-evolution differ greatly between early and late domestication periods, with pressure limiting resources to co-evolving plants and animals, with other large species vanishing that did not bond to humans. As agriculture began when people limited food resources to co-evolving plants and animals, many scholars time its onset to the proportion of potentially domesticatible resources at certain periods (6) using the formula: 

U = α + P 

 
 A + P

Where α + P = no. of domesticated animals + plants; A + P= no. of animal + plant resources

Historic process shows U value low when domesticates were animals and high when plants, with agriculture beginning when U was highest, as calculated below:

U = _Pd__

      α + Pw

Where ratios of α (domesticated animal), Pd (domesticated plant) & Pw (wild food) are compared to total food 

Just as industry soars under certain economic parameters, agriculture began with harvest and population parameters. The most important was U value, which MacNeish used to time agricultural onset in 8 prehistoric sites in Mexico’s Tehuacan Valley (7). When U surpassed 0.6, population and domestication soared.

Domestication was simultaneous in animals and especially plants, where varieties were selected, their output and areas optimized, etc. As ecosystems changed with crop selection, they became less natural, increased their human dependency and concentrated peripheral to villages. As people relied more on these ecosystems, they abandoned products of hunting-gathering, which returned to the natural ecosystem.

2. Integrated expansion of population and agriculture ecosystem 

In discussing regional farming population, we first determine the population load concept, a term introduced to China in the mid 1980’s, arousing interest in many geographers. Overall population load or regional land capacity means average population referred by Malthus or technological and environmental limits at that population level. Over a short stable period, the technological level corresponding to population is the technological load capacity. Population size without negative environmental effects on production is the population’s environmental load capacity.

As hunter-gatherers ate more food species, environmental load stabilized, but since domestication selected species easily subjected to environmental change, system load stability was quite low.

As agricultural growth centralized crops in ecotones, synergistic effects consolidated human village. David Harris said settled life evolved from unstable or changing conditions (8), with mobility reduced when broad spectrum food resources changed. Reduced mobility hastened conditions for increased population growth and pressure. As recent hunting-gathering women bore 4-5 children and earlier farm women 6-9 children, agriculture rose to meet more births, making is increasingly difficult to return to hunting-gathering.

As farming discarded the need for distant hunting-gathering, women found time to gather, harvest and process locally, with children active contributors, unlike their earlier role. Village life impelled agricultural adoption (9). (p.60)

Village life hastened population growth and expanded farming, with competition and war encouraging reproduction such that territories surpassed sustainability and created population pressure which destabilized agriculture. Fewer hunter-gatherers in large low-capacity ranges were quite uninfluenced ecologically, a situation unlike agriculturists, where drought influenced whole regions and forced outmigration and warfare.

There were advanced options because technology advanced under population pressure and labor invested on the land. But not all palaeo-ecotones allowed this kind of growth; e.g., no rivers meant no irrigation, with agriculture limited by soil condition. China's primitive loess agriculture grew quickly because loess plowed easily.

Even when enticed by newly developed zones, farmers maintained an archaic labor force as they raised protein intake from some hunting and fishing. Domesticated disease & insect-free plants from original habitat were often superior in new habitat, an almost universal trait with comparative yield (Table 1-1).

Crop
Origin
Yield in habitat core area

(100 kg/hectare)
Yield outside habitat 

core area (100 kg/hectares)
Exponent

wheat
Near East
11.0
16.3
148

paddy rice
Near East
18.2
30.4
167

corn
Mexico
11.9
29.0
244

potato
Latin America
7.5
13.8
184

cassava
Guatemala
8.0
9.5
119

soybean
China
8.0
16.8
210

sugarcane
Far East
49.3
55.5
113

banana
Far East
11.3
17.0
150 

Table (1-1): Comparison of various crop yields within and beyond their area of origin (10).

As old technology failed in new environments, newly-adapting farmers expanded agriculture and technology, with intense growth motivated by population pressure in original areas. Just as slash & burn cultivators changed to hoe & plow in N arid land, arid cultivators adopted paddy rice methods in wetland. Rindos’ early technological innovation was often manifested in agricultural dissemination.

In sum, pre-2000 BC farming, population growth and agricultural proliferation were on nearly all suitable land in the world and very different from their origin. (p.61)

3. Boserup’s theory on the growth of primitive agriculture under population pressure

Under population pressure, primitive agriculture slowly evolved from slash & burn cultivation to intensive hoe & plow agriculture. Comparing world cultivation, Boserup (1965) wrote Conditions for Agriculture Maturity, initiating the theory of population pressure to analyze agriculture stages of forest cultivation, irrigation cultivation, short-term suspension and continuous cropping. In 1981, she determined regional cultivation type corresponding with population density, as seen under production curves at different technical levels.
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Fig. 1-2: Economic analysis when period of suspended cultivation is reduced (11) 

“Pol. O” is the minimum size of a slash & burn-based village occupied by ca. 100 people, with “N” initial production exceeding survival needs. When population growth reaches P on the curve, food production equals minimal food needs, with famine occurring if surpassed, destabilizing society if new technology was not adopted. Historically, people usually shortened this destabilization period, with food production rising from P to S to exceed survival levels. When population grew to R, short-term destabilization could no longer maintain survival and farmers adopted continuous cropping to boost productivity to T. Historically, the NPESRT curve is logistic.

AGRICULTURE OCCURRENCE AND PREHISTORIC POPULATION 

1. Epi-Pleistocene population pressure and cultural change

When anatomically-modern man emerged, history entered a new stage, with enhanced physique and thinking main driving forces motivating agricultural and industrial civilization. 40,000-10,000 year-old pre-Epi-Pleistocene people spread rapidly worldwide, forming different cultures and conditions motivating growth in environments encouraging the origin of early agriculture.

Anatomically-modern humans separated cultural and population growth. Earlier population pressure existed, especially in glaciations (p.62), but cognitive and technological ability was insufficient to expand survival space, with early activity confined to the tropics where it was very laborious to compete with wild animals for food. While early humans did not produce agriculture, new humans chose their technology and culture.

Early humans competed with animals for prey, while intelligence and social unity in new humans achieved new levels of hunting, survival and environmental adaptation, the latter no longer limiting hunting as it had. As fewer species became a threat in livelihood. It was precisely under this condition that population pressure began its huge impetus from the origin to growth and domestication to the origin of agriculture.

100,000 years ago before modern humans, Early Palaeolithic man occupied Old World N latitudes, while Homo erectus occupied the vast Temperate Zone. 40,000-100,000 years ago, he expanded N in the Old World to central Germany, S Poland, S Russian Plain and China’s Choukoudian Cave near Beijing (12).

Middle Pleistocene human progress was sluggish, but technological advances occurred, with J.D. Clark saying some techniques evolved like contemporary gathering involving 60-80% plants [13]. But most scholars persist in believing people were mainly hunters of big game which outnumbered them, with dietary meat surpassing that of recent hunters. The key change was late period technological advance through improved toolmaking, which increased hunting ability and population.

Late Pleistocene big game trapping and hunting was universal, but population pressure forced use of smaller game, plant, aquatic and marine products. Marine foods were absent in the Early and Late Pleistocene.[14]

Plant food was mainly fruit and nuts then, but ancient game-processing tools outnumber plant-processors.

Middle Pleistocene Chinese were mostly confined S of the N Loess Plateau, where plant and aquatic foods were not major resources and population pressure had not yet impelled big change.

As worldwide Pleistocene population growth rate was ca. 0.003%, Epi-Pleistocene population was only three million [15], but Late Pleistocene technological advance 10-25,000 years ago allowed population rise from 300 to 800 million, impelling village life and agriculture, especially in Africa, where J.D. Clark’s 60,000 year-old sites show this rise [16], along with new humans and early advanced Acheulian hunting culture.

Rising human density saw more small game hunting and aquatic and plant food gathering, most obvious in the Nile Valley 17,000 years ago. As large mammals disappeared, more dietary fish and polished stone tools not only show rising skills but the onset and growth of domestication. Mollusks and small game hunting were targetted.

As Middle East agriculture began without marine products, people relied on land resources. Hunting changed before 20,000 years ago, polished stone tools appeared 16,000 years ago, regular harvesting of wild plants 15,000 years ago, and villages 11,000 years ago. The agricultural ecosystem and domesticated crop genetics stabilized. Civilization began when domestication changed from quantitative to qualitative, with population rising rapidly at 1%; e.g., Reed estimates 6000 Palestinians 11,000 years ago rose to 16,000 after a millenium, and 45,000 after another millenium [17]. This hastened agricultural expansion, motivating evolution of agricultural civilization.

2. Chinese agricultural onset

37,000-50,000 year-old Hetao was the more noticeable NE Chinese Epi-Pleistocene culture, and exempt from population pressure. Ca. 30,000 years ago, bone analysis of prairie-forest border sites on the Shala­Wusu River of Inner Mongolia show rich big game hunting of woolly rhinoceros, camel, Hetao big-antlered deer, cows, horses, sheep; etc., later changing to small animals and aquatic products.

Population pressure was earlier in this loess area, most notably at the 15,000-23,000 year-old Shuoxian Valley site, Shanxi Province. Plentiful bone in its wide hunting area was crushed to remove grease for human consumption. Earlier big game changed to more species with higher overall meat yield. As population pressure revealed in plant food processors (3 stone mortars & 2 pestles for grinding) in the 50,000 year-older Xia Chuan site shows co-evolutionary ties between plants and humans in (18), China already had all conditions for the origin for domesticated agriculture.

As stone mortars & grain millers are in a Qinghai Epi-Pleistocene site, cultural exchange may have existed between Qinghai and the Middle East. Agricultural origin in the Loess Plateau possibly began and ended in analogous independent domestication.

The Loess Plateau went from intensive 10-7,000 year-old plant domestication to Cishan and Peiligang stable primitive agriculture. Comparably similar evolution elsewhere raises the question of inevitable inner ties between intensive plant use and agricultural onset, a common process under population pressure without sudden evolutionary change. Ties between people, animals and plants in domestication onset is a more significant cultural advance than the stereotype of agricultural origin. As aforementioned, change from hunting-gathering to processing to village agriculture is a denaturalization process where rate of dietary plants unceasingly increased, with the concept of planting conceived earlier without population pressure.

Village life and domestication were asynchronous because movement was fluid. Agriculture rose in different areas in a 5,000 year period, so population exchange and movement in Central Asia, N China, SE Asia and Indo-China were much more frequent than later villages. Distantly, it seems it happened simultaneously, but important things are the growth of civilization and technology, and appearance and spread of new humans, needed factors for domestication and agriculture.

Population pressure pushed intensive plant domestication to agriculture. Population on the Loess Plateau rose quickly 8-15,000 years ago because its Early Pleistocene geography and climate favored domestication and agriculture. Stone tool cultivation in the cold N and E brown earth belt was much more difficult than the Loess Plateau because the latter’s million year loess accumulation gave ideal sowing for primitive farming, aided by good rainfall, 10,000 year-old temperate forest conditions (mean temperature 1-2° C above present [19] and sufficient forest and prairie resources for domestication and hunting. Widespread rivers supplied sufficient water for settled life.

S China agriculture was not later than N China because 9,000 year-old domesticated paddy rice appeared in the middle Yangtze Basin, while Hemudo site in the lower Yangtze was a very mature S rice agricultural culture. But as middle Yangtze Pengtoushan culture predates Hemudo by 3,000 years, agriculture was earlier there. Hunan also has 7-8,000 year-old Lixian’s Zhijia Village culture with both settled agriculture and livestock [20]. Why did primitive agriculture spread from middle Yangtze Basin?

(1) we must analyze early SE Asian tropical & subtropical plant-animal domestication centers as their co-evolution began there 14,000 years ago, despite unproven village agriculture. Domestication and population growth began S, with Hunan closest to the subtropical center and nearby domestication earlier. (2) S & N village agriculture differed due to environment. N villages were established along rivers, mainly for water supply, while S villages were placed to avoid floods. NW Pleistocene ice and snow melt caused widespread flood and high sealevel on the lower floodplains, with village agriculture difficult to establish. Hilly plains interlocking S China and the middle Yangtze were ideal for early villages, with rice planted on the mountain flanks; e.g., Hemudu near the Yangtze estuary.

POPULATION PRESSURE AND THE GROWTH OF PRIMITIVE AGRICULTURE IN CHINA 

1. Chinese Neolithic Population growth

As mentioned, Early Pleistocene ecological change and hunter-gatherer technological growth enhanced living space and survivability, with human adaptability to nature heightened since village agriculture began. Objectively, this means population growth, especially local.

As analyzing ancient growth is highly complex with questionable precision, most anthropologists extrapolate ancient population from village analysis. Naroll thought each Neolithic man used 10 sq. m in villages of 150 people or 10,000 sq. m, or family living space 67 sq. m for 5-6 people. A village needed 5,000 mu (mu=1/6 acre) [21].

From the above, Kwok Fen estimated 4-9,000 year-old middle Yangtze River population growth by selecting 1,200 Neolithic tools from completed sites, showing mean village size and population was 8,000 sq. m and 120 people. He then deduced mean size and population of other Neolithic sites, calculating population growth rate (Table (1-2).

Cultural sequence/item
Early civilization
Daxi Culture
Qujialing Culture 
Longshan Culture

Size of village m²
8,000
17,000
48,000
43,000

Population
120
254
716
640

Sample population 
5400
40,640
136,040
486,400

Yearly growth rate (%)
0.12
0.21
0.15


Population growth per century (%)
12.8
23.33
15.58


Table (1-2): Population growth in different periods in middle Yangtze River Basin [22].

Table 1-2 shows village size and population growth in Qujialing and Daxi cultures were highest, then falling in Longshan culture. Evidently, Longshan population pressure problems became serious enough to counter.

Early population growth of 0.12% resembles mean world Neolithic population growth, reaching 0.21% in Daxi culture when agriculture affected growth, and later receding. Growth peaked precisely in the first 2000 years with settled life and general agricultural production.

Post-Neolithic Yellow Valley population growth, especially the Loess Plateau, remains unclear but obvious. Hundreds of 10-20,000 sq. m pre-Yangshao villages equate with medium sized Yangshao villages, their accumulation quite shallow (50-70 cm), with agriculture unstable and some reliance on hunting and regular movement. (p.65) House floor number and site size reflect population density; e.g., 8,000-sq. m Ergou site with 6 house floors and ratio 1333:l. But Yangshao culture 10,000-sq. m Banpo sites have 346 buildings (23), with ratio 218:1. Ratios of 23:1 in Longshan’s Tangyang White Camp (Henan Province) and 16:1 in Houkang site (24) has a mean ratio of 20:1. Annual increase in ratio is 0.09% over 2000+ years from Ergou to Banpo time, with a later annual increment rate of 1.2%. In theory, this yearly increase matches population increment rate, its value like other Neolithic areas. Even if estimated annual rate slightly varied from actual, the later population increment rate surpassed the earlier. Agricultural sites spread on the Loess Plateau in the 2000 year transition from Yangshao to Longshan periods. Compared with the S China center of agricultural origin, N population growth lagged but endured, their difference based on potential ecological influence on Neolithic agricultural growth endurance. Fertile easily plowed loess suited stone tool agriculture, further strengthening hoe plow dynamics and reducing farming down time. But S in middle Yangtze Basin, slash & burn was needed on the thin toughly plowed weedy soil with widespread wild plants, making stone tool cultivation difficult to develop.

2. EVOLUTION OF PRIMITIVE YELLOW VALLEY AGRICULTURE
1. Ancient Population and Environment

If the first Yellow Basin plow cultivators numbered 100,000 and grew 0.1% annually in the first millennia, the population would be 250,000 before Yangshao period. If it grew 0.2% in a second millenium, population would be 2 million by 3000 BC and if kept at 0.2% rate, 1.5 million by 2000 BC. If Yu the Great’s Kings’ Century population of 13,553, 923 is too high, it should be at least 10 million, the base forming the early city-state and much smaller than the contemporaneous Babylon.

The first northern cool period occurred from Mesolithic to earliest Neolithic Cishan and then Peilijiang, while Yangshao had a second cool period, Longshan Culture a third, and Iron Age agriculture a 2500 year-old dry cool period. New agricultural cultures often began within 4-500 years of temperature drop with a sudden rise in population pressure. As cold, dry weather reduced hunting, gathering and agriculture, with original, crude undisciplined farming no longer producing enough food to satisfy demand, people have no alternative but improve their agricultural technology and intensify labor.

2. Primitive Agriculture on the Loess Plateau

Pre-Iron Age agriculture generally evolved along the following: (1) hunting-gathering fell as cultivation rose; (2) increase use of hoe-plow, with trend to long-term slash & burn cultivation and short-term suspension to restore soil fertility by burning bush, grass and forest, supplemented by frequent hoe plowing and fertilizer; (3) more and diverse animals and plants were domesticated and introduced to the agricultural ecosystem, included outside domesticates; and (4) some hunters became nomadic pastoralists under population pressure.

1) When cultivation adopted short-term suspension, hunting-fishing resources slowly vanished with rise in population, as their habitat, especially forests, were destroyed or reduced. Archaeological sites show fewer hunting and fishing tools and more cultivation tools (Table 1-4)(p.66).

Site type
Cultivation tools %
Fishing/hunting tools %

Temple Ditch (Miaodigou) period 1
73.31
26.69

Xiwang village period 1
81.72
18.23

Temple Ditch (Miaodigou) period 2
52.00
48.83

Kesheng village period 2
64.12
35.88

Table 1-4. Cultivation and fishing/hunting tool ratios in a sequence of four sites on the Loess Plateau (25)

Crop varieties rose with enhanced cultivation; e.g., first millet then wheat on the Loess Plateau, strengthening adaptation under different conditions and allowing population rise.

2) Changes in cultivation system

Ancient Loess Plateau cultivation was interlocked with prairie and forest vegetation. Ling says 45% Shaanxi’s Loess Plateau was forested at 2700 BC or Late Longshan period, with 63% of Shanxi Province (26). As pre-5000 BC climate was much warmer and damper than Late Longshan, it has good conditions for slash & burn cultivation.

 EQ 
Village agriculture often began in valleys with good water resources, surrounded by forest and prairie above, areas generally used by hunter-gatherers; e.g., Cishan, Peiligang & Egou sites are on hillsides above rivers, their foreground open grassland suitable for slash & burn cultivation, their background forest piedmont protecting the living area or as hunting ground.

Food plant ratio U in the earliest N agricultural village can be found. Using Cishan cave accumulation, Tong Weihua calculated grain storage capacity >100,000 catties (1 catty=1.33 lbs) (27). As Cishan population P=20,000 sq. m site area/67 sq. m per person =300 and mean amount of grain per person=100,000/300=333 catties, a person used 1.5 catties/day or 547.5/annually. At that time, U value=333/547.5 x l00%=61%, which equals Mexico’s pre-3000 BC Tehuacan Valley because it also had similar U value.

We infer cultivation suspension time then with the population load formula for slash & burn cultivation: 

P = T (28)


    (R+Y) Y

        A
R = TY - Y

       PA

P=Population; T=total cultivatible area; R=time of cultivation suspension; A=annual cultivated area needed per person;

Y=fixed number of cultivation years

If slash-and burn cultivation was on open space facing village and radius of human activity area ≤2 km, cultivation was ≤10 sq. km/person for a total of 15,000 Chinese acres. If P=300, A=3.3 Chinese acre/person [estimated ancient cultivation yielded 100 catties per mu to satisfy each person annually or 333/1000=303 Chinese acres], Y=3 (estimated number of years of cultivation was 3). Substituted into the formula:

R = TY –Y = 15000x3 – 3 = 42 (years)

       PA 
         300x3.3

The longest modern tropical and subtropical cultivation suspension period in slash & burned forest is ≤20-30 years, but 40 years in loess is inevitable, due to different climate, especially rainfall. While this refers to full forest destruction, two kinds of mutual rotation occur in loess with frailer ecology, forest and prairie, where full forest restoration is difficult, with a grassland ecosystem instead. To maintain slash & burn cultivation, forest is only partly destroyed. In cultivation suspension, only smaller partial reclamation is effective. With more damage, slash & burn was  less effective than reclamation, with forest difficult to restore.

Until Banpo time, increased village size and lengthier residence reflect growth of population agriculture, with Banpo Village ca. 50,000 sq. m and population 750.

R=TY-Y=15000x3 -3=18-3=15 (years)


     PA        300x3.3

Game and fish/shellfish resources became less important with population rise and reliance on cultivation, with A rising from 3.3 to 5 Chinese acres and R=9 years, leaving cultivation suspension suitable for small shrubs and bushes and too short for forest restoration of 9-15 years; i.e., Yangshao Loess Plateau agriculture evolved to shrub and bush without weed suppression (p.67). As it did not possess enough dry matter, prevailing weeds needed stone hoes.

Cishan stone hoe weeders and digging shovels are rare, but stone knives and felling axes occur. Stages 1 & 2 ax:shovel ratios are 103:21and 330:58, with shovels rising until Yangshao period, with hoe weeders already present. As 13 shovels, 71 adzes & 19 hoes are in Banpo sites, shovels were only for digging and a small part of inventory, while adzes and hoes for loosening and weeding soil were important, as seen in the important status of hoe plows in Banpo agriculture. Regular cultivation suspension periods were simultaneous, while shrub, bush and tree removal were routine. 40% of Banpo farm tools were axes (29), but axes and hoe plows dropped to 3:1 from Cishan’s 5:1.

As shorter suspensions could not sustain slash & burn cultivation, post-Banpo agriculture plummeted from general forest destruction in Yangshao culture, where even bush and shrubs were lost. Agriculture with short suspension involved mainly grass, with Loess Plateau villagers using hoe plows.

That Henan’s post-Banpo Miaogou site has fewer knives and axes than shovels and hoes does not imply plows vanished, but shows shorter suspension with mainly weed vegetation.

Until iron tools, loess agriculture was mainly continuous cropping or short suspension, with slash & burn persisting. In Western Zhou Dynasty, cultivation suspension persisted with some shrub and bush, with Shenghan Si saying land was used in three stages of “taken (weed-covered fields), uncultivated (new shrubs after several decades) and rejuvenated (zi or wheat stubble staying in soil). For wasteland return to cultivation, slash & burn was considered. Western Zhou used land terms of ‘unchanged’, ‘once-changed’ and ‘repeated-change’, meaning continuous plow and short term cultivation suspension became prominent in Loess Plateau Terminal Neolithic agriculture.

Population pressure-induced farming change is the main aspect of Neolithic agricultural growth, then climate change. Post-Cishan agriculture intensified after each cold dry period. More N rainfall and forest in moist periods allowed quicker restoration. Levels in the three black earth sites buried 10,000 years in Malan Loess correspond to warm moist periods. More forests in turn provided more space for slash & burn cultivation and alleviated population pressure. Pre-Longshan loess climate was quite moist with mainly broad-leaf forest-prairie, while cold dry vegetation was mainly birch forest. As broad-leaf forest recovers faster than birch forest, it could resist slash & burn cultivation longer. As forest diminished in cold dry periods with intensified slash & burn, only shrub survived the long recovery, just like little old trees on modern loess.

Some customs of northern and tropical-subtropical slash & burn cultivation are alike. The Zhou Ritual mentions special personnel for “attacking wood”, when a woodchopper slashed outer bark until the tree wilted and fell, the ground then burned and cultivated, just like today.

In sum, ancient loess did not erupt to hoe plow agriculture because the forest transformed slowly to continuous land production. Agriculture evolved quicker than other areas because climate was even and loess easily plowed. Later population growth was also faster because the Loess Plateau had thick, retentive, easily-cultivated soil allowing stone tools.

3) Family style animal husbandry and nomadic husbandry 

Animal husbandry happened very late due to excessive dependence on agriculture. It differed from the Middle East, where it was nearly simultaneous with agriculture. Specialized animal husbandry intensified prairie use.

Upper Yellow Basin Qijia culture had the earliest independent nomadic animal husbandry ca. 3000 B.C. under cold dry climate. Central Yellow Basin agriculture advanced to nationally-controlled waterways because NW Chinese upper drainages had little rainfall, limited forest and frail ecology; i.e., some people in poor ecotones were forced to the prairie, raising sheep on sparse hillsides. (p.68) Past prairie food production and population load was less than nomadic shepherds. Yu Wei Chao studied the post-Qijia Wang Shui Basin, noting ideal conditions on the rivers and population growth maintained by agriculture, but herding occurred farther away (30).

As nearly half was prairie, why was animal husbandry absent earlier in the Loess Plateau, where rainfall would have allowed greater population load than upper drainages? 

While its forest was limited and its land threatened by desertification, we use the Middle East to explain the origin and growth of animal husbandry. A nomadic economy survives environmental change better than village agriculture because excessive land use by the latter could elicit soil erosion and desertification. On the Tigris-Eurphrates, agriculture focussed on Mesopotamia’s few millions acres of fertile plains because long-term agriculture was unsustainable elsewhere. This lack of agricultural resources stimulated animal husbandry, a situation unlike China where the Loess Plateau’s many forests, rich rivers and sufficient rainfall endured, its thick loess able to sustain larger populations. As farmers would not renounce their village lifestyle for a nomadic life of “following grass and water to live”, animal husbandry arrived very late. Invaders of ancestral Zhou agricultural villagers forced them to poorer areas where they became nomads, but they retained the agricultural concept and returned as farmers. This explains why farmers lacked animal husbandry. (p.69) When war and population pressure came later to Bronze Age nations, people in marginal ecotones developed animal husbandry.

3 – Traits of Primitive Agricultural Growth in Lower Yellow Basin 

Differing from the Loess Plateau was the lower Yellow River’s rich forest resources and arable land, but soil looseness made it inferior and pre-Iron Age plowing was difficult and ineffective. Rising sealevels also covered much cultivated land, forcing people west.

But its earliest agriculture was identical to the Loess Plateau. Yellow River 5400-4300 BC Beishen cultural tools being mainly stone axes meant slash & burn cultivation was very popular, and it was not until Late Dawenkou and Longshan periods that axes slowly decreased and hoes rose. The early cultures used stone, mollusk or bone shovel-like plows, with plows appearing later on consolidated areas near rivers and deltas. As high humidity and hard soil made plowing difficult, slash & burn was used, possibly continuously because forests regrew faster than on the Loess Plateau.

Longshan was more advanced agriculturally than Yangshao culture, with China’s earliest city in E Shandong Province. Population pressure and stratified society also appeared earlier, and pottery was more advanced. Longshan sites were also larger and endured longer than Yangshao, with many signs of irrigation, wheat and rice which spread to the middle Yellow and middle and lower Yangtze Basins, showing this culture’s vitality.

Some pre-Iron Age population pressure existed in lower Yellow Basin, and for a while exceeded the central basin. Sealevel rise was the main reason why agriculture advanced. The area flooded 10,000 years ago, and again at 4000 B.C. as high as 2-4 m along the coast, a crisis creating Longshan culture. At 3000 B.C, another flood caused cultural movement west, characterized by black pottery and ancient cities.

Longshan ditches were used for drainage because flooding was more serious in the lower basin, an initial stage of irrigation, with smaller free flow. (p.69) Moving west, Longshan slowly diminished from less rainfall on the Loess Plateau and more arid land, with irrigated harvests small. Tribal organization needed strengthening to adapt to this kind of technology, eventually propelling the country’s production (21).

3. PRIMITIVE AGRICULTURAL EVOLUTION IN THE SOUTH AREA

Contemporaneous agricultural growth also differed in the S due to different geography and ecology:

1. Rich rainfall, forestation and crops, esp. rhizomes, allowed slash & burn cultivation to persist.

2. Laterite soils were very thin in southern hills and easily leached. Continuous cultivation was often difficult before terracing and water and soil conservation, but forest restoration and unique lengthy suspension of slash & burn cultivation maintained soil and hence agriculture.

3. Freshwater fish resources were more abundant.

4. Rice agriculture was intense, needing more labor, better soil and irrigation, but even then the Yangtze was unequal to the Yellow River due to limited pre-Iron Age technology, especially on the Late Palaeolithic Loess Plateau; i.e., civilization began on N loess and not in the S.

Early rice and rhizome agriculture was mainly S, sustained via slash & burn. Taiwan retained slash & burn (32), as did Yangtze Basin indigenous people until the Han moved south. But intense stable agriculture must use lower elevations, meaning a change to rice from rhizomes and arid crops. As large southern areas are low-lying and rainy, rice was ideal.

Pengtoushan site rice in Hunan Province was partly domesticated, its ancient lower temperature slowing its spread NE to the Yangtze Valley. With amelioration, paddy rice expanded quickly, a situation seen now at Hemudu site at Yuyao, Zhejiang Province.

You Shouling thinks japonica rice began with paddy rice spread (33), slowly rising in frequency in Zhejiang sites. Early Luojiajiao sites have 23.54-35.26% japonica; Hemudu 20.59-39.68%, while a late Caocishan site has 40%, with japonica predominant until the Songze site (34).

Northern rice expansion was inevitable because: (1) Neolithic temperature rose, allowing Pearl Basin and Yunnan common wild rice to become cultivated to early paddy rice on the middle and lower Yangtze River; and (2) S China is basically hilly with thin soil, as opposed to ideal soil and water north. As southern agricultural growth was limited like the upper Yangtze River, population pressure forced intense rice cultivation and irrigation in the vast plains, complex drainage and thicker richer organic soil of the lower Yangtze, which determined rice intensity.

It’s possible ancient rice agriculture entered the “slash & burn/flood-weeding” stage using short cultivation suspension, as described for Han dynasty. Late Neolithic rice agricultural growth focussed on the richer lower Yangtze, with Guo Fan finding early Late Neolithic population low on the middle Yangtze due to geographic conditions.

As "slash & burn - flood weeding” allowed farmers to spend less time in hoeing weeds like northern farmers, Neolithic people likely adopted this method very early. It was hard to believe it intensified Hemudu rice production. (p.70). By flood weeding, people overcame some losses due to slash & burn-cultivation by increasing dry matter before planting. Thus, this method persisted on the plains in low population areas, with paddy rice cultivation and suspension elsewhere. Early Neolithic agriculture centred on the Loess Plateau (fertility) and lower Yangtze Basin (irrigation), with plowing on the latter in Terminal Neolithic (35) as an adaptation to poor soil. As plows were insignificant, it is wrong to think they represent a stage of primitive agriculture.
Besides feasibility of “slash & burn - flood weeding”, population pressure further strengthened lower Yangtze agriculture; e.g., Hemudu site’s 400 sq. m 10-80 cm thick rough rice and straw in level 4, equivalent to 120 tons (Li Wenming 36). With mean consumption of 300 catties/person, village population was about 800.

The mix of draught and rising Terminal Neolithic seawater constantly flooding the lower Yangtze Basin was unalleviated by cultivation suspension like the Loess Plateau. Rather, it was by water conservation, but there were few irrigated areas with freely flowing water. In low areas, dikes controlled water resources, allowing population and environment pressure, but needing more irrigation and drainage labor. As forests were absent later, rice cultivation began with intensive slash & burn, then turned to flood weeding. Hemudu is on a lonely hillock on the plain beside the Yao branch of the Yongjiang. With more farms moving to lower areas where people learned to control water resources, japonica harvest increased, but it may have related to Late Neolithic draught.

In sum, better lower Yangtze Basin Neolithic geography and water conservation allowed it to become a main paddy rice cultivation area. S China and middle Yangtze Basin wild rice and slash & burn - flood weeding made the lower Yangtze the fastest area to achieve the highest and fastest population growth, with 2/3 of all Neolithic paddy rice remains in the central and lower Yangtze Basins (37). Superior lower Yangtze soil and geography allowed paddy rice to be more developed.

The Neolithic lower Yangtze Basin Liangzhu culture entered a new stage of intensification under population pressure, when temperature fell 2 deg. and rainfall was ca.700mm (38). Although Tinglin site pollen shows aquatic plants were fewer than Majiabing site, with more pine and elm, the many contemporaneous S Yangtze Delta wells show population growth and agricultural expansion, with >300 Liangzhu sites on the Tai Lake plain. As this was the area with China’s highest distribution of Late Neolithic sites, population and agriculture peaked. Although dry and low, Yangtze and Qiantang Plains were unaffected by flood and population grew, based on 62% rice remains, rising to 80% in Liangzhu culture. Unaffected by past flood, the higher Yangtze Valley and Delta had 38%, falling to 20%. Plows appeared in low-lying areas, stones ones at Qinshanyan, Qiu City and >100 since 1949 in Jiangsu and Zhejiang (39). With other basic paddy rice cultivation tools and environmental change, Liangzhu population and agriculture grew, with the early lower Yangtze state based on quite intense paddy rice agriculture.

As rice cultivation expansion was difficult in Yangtze’s hills and mountains, slash & burn cultivation persisted using millet and rhizomes. It survived to the 20th century on mountainous Taiwan and was widespread in S China, with many areas without intense paddy rice cultivation. Rapid forest restoration caused slash & burn cultivation to persist under population pressure; e.g., cultivation suspension of Yunnan’s pre-1949 Jilou tribe was 13 years (40). S China population pressure was always unequal due to plentiful food resources; e.g., pre-1949 Durung spent 2/3 of their time gathering wild food. A 1950’s record cites two old men recalling their food was hunted to feed a family for 5-6 months at 20th century onset (41). Ancient tropical and subtropical agriculture was mainly slash & burn, but S Chinese tribal growth was slow due to restrictive marriage and birth method (42)(p.71) This arju marriage and the social system cared for the aged and safeguarded the tribe, reducing the need for more population. Modern tribal customs, habits and social system transposed to the Neolithic shows the S Chinese adopted good environmental protection. As tribes slowly fled S from the Yangtze Basin with Han invasion, early Yangtze slash & burn cultivation resembled that of S China today.
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