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Fig. 3. Example of local classification of tea types in Baljalpuxeevq. 

Cooperation with tea industry agents, combined
with customary strategies of experimentation, risk
management, and the transmission and development
of knowledge, has provided a competitive market
advantage. These factors have resulted in a distinct
situation that both corroborates and diverges from
previous studies and highlights the complex nature
of the impacts of increased market integration and
state development efforts.

Land use simplification during the study period
reflects trends of land use and land cover change
documented in other communities in southern
Yunnan and regionally in response to state projects
and globalization (Sturgeon 2005, Xu et al. 2005,
Fox 2009, Xu et al. 2009, Zeigler et al. 2009). The
cultivation of tea plants in previous swidden areas
by the community and private enterprises supports
a general trend across Southeast Asia of the
transformation of former swidden areas (Mertz et

al. 2009) to commercial agriculture and tree farming
(Fox et al. 2009). However, in contrast to some other
communities in the region that have converted their
land use to monocultures of cash crops,
Baljalpuxeevq’s smallholders have maintained a
diversified portfolio of subsistence activities to
account for market uncertainties. They are
cultivating new tea agroforests rather then planting
monocultures as in some other communities. The
divergent patterns witnessed in Baljalpuxeevq are
likely a function of its relative inaccessibility that
allowed customary practices to persist. Additionally,
its upland location above the altitude where rubber
can grow (1100 m) enabled it to avoid state-
promoted rubber projects.

Refined folk taxonomy of tea varietals in response
to heightened valuation of tea agroforests and the
shift in this agroecological knowledge from women
to men points to the complexity and difficulty of
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BIOCULTURAL DIVERSITY & MANAGEMENT OF TEA PRODUCTION SYSTEMS  
IN YUNNAN, CHINA
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Focal Study Site 

Ecology and Society 15(4): 27
http://www.ecologyandsociety.org/vol15/iss4/art27/

Fig. 2. Study site in the Bulang Mountains, Menghai County, Xishuangbanna Dai Autonomous
Prefecture, Yunnan, China. 

midlevel montane location above the altitude where
rubber can grow (1,100 m) allowed it to avoid state-
promoted rubber projects. However, with the recent
tea boom, Baljalpuxeevq’s agroforests have
become one of the most sought after sources for
‘ecological’ pu’er.

In 2008, 427 Akha inhabited Baljalpuxeevq in
family units of 88 households. The Akha arrived in
the Bulang Mountains in the mid-19th century from
a nearby area. The Bulang previously inhabited
Baljalpuxeevq. They created and managed many of
the agroecosystems that the Akha now steward,
including tea agroforests. Local households are
organized in a nuclear structure with a portfolio of
land use surrounding the settlement. The nearest
market town is six hours by foot or 1.5 hours by
automobile (45 kilometers) on unpaved roads
developed by the state in the 1960s. Historically,
agriculture was predominantly based on swidden
cultivation where forests were cleared for crop

production and then regenerated back into forests
during a fallow period to replenish soil fertility.
Agricultural land was communally managed in
Baljalpuxeevq during China’s collective period
(1958-1982). New state demarcations were
imposed following policy reforms of 1982-1983
when communal agricultural and forest lands were
distributed to households under the liangshanyidi 
policy, as in other rural communities in the region
(Xu et al. 1999). Current land tenure combines
locals systems negotiated with state policy. Sections
of forestlands are demarcated as household,
community, and state forest. Since 2006, the
provincial government has facilitated commercial
tea enterprises to sublease land from communities
in the Bulang Mountains previously managed for
swidden cultivation for the creation of terrace tea
plantations. These enterprises hire migrant workers
and have created laborer settlements in land
contracted from Baljalpuxeevq and neighboring
communities.

Indo-Burma Hotspot 
of Biodiversity

44

Akha headdress 1

Of all the mountain-dwelling groups of mainland Sotheast Asia, the Akha have
notably preserved traditional culture, many aspects of which are gathered
into the ‘Akha Way’, or Akhazang. This is now rapidly disappearing, however,
and one outward sign is the infrequency with which women wear the complex
silver headdress. Whereas once an Akha woman would hardly ever remove the
base of the headdress, it now tends to be worn only for special occasions, and
is usually made of aluminum in any case. An elderly inhabitant of Baljalpashu
village makes repairs to hers.

Akha woman

Thirty years ago, all of the women in this Akha community on the Burmese-
Thai border wore silver headdresses, removing the metalwork only for sleep.

Akha silversmith

The small metal hemispheres used in many of the different Akha women’s
headdresses were traditionally made by hammering silver coins into moulds
like this one, carved into a buffalo horn. In some headdress designs, pairs 
of these hemispheres were annealed to make hollow silver balls. Nowadays,
these have been replaced by machine-stamped aluminium.
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C. sinensis
C. tachangensis

C. grandibracteata
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SOCIO-LINGUISTIC GROUPS

BULANG AKHA YAO LAHU

Tibeto-Burman, Mon-Khmer and Miao-Yao Language Families
Indo-Burma and Mountains of Southwest China Hotspots of Biodiversity

Co-existence of Biological and Cultural Diversity

Two Vavilov Centers of Crop Domestication 
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Tea picking 2

Bulang women from Mang Jing village make a ritual collection of leaves in
one of the mountain’s agro-forest tea gardens.
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Tea estate

Terrace tea in rows following the contours of the lower slopes of Jingmaishan,
in the far southwest of Xishuangbanna, on the Pure Pu’er tea estate. The 23
teams of pickers live in hamlets dotted around the estate; here, members of
Team #14, all from the Akha ethnic minority and re-located here, tend the
shrubs. In an effort to improve biodiversity in this monoculture plantation, trees
of a variety of species have been planted among the terraces, a process that
aims to increase biodiversity. Rainforestation, as this is known, is the term
introduced by Dr Josef Margraf, who undertook these plantings. 
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Yiwu & Yibang tea mountains

75-year old Li Yingchang, a key figure in the tea business of Yiwu, drinks tea
produced by his own household factory, served by his son-in-law Huang
Dingfu. Since 1949 this courtyard house, actually ‘no. 1’ on the Tea Horse Road
that begins here, has processed tea from Yiwu.

Puer Bing

A 350gm, 17-cm diameter, bing of Pu’er tea pressed in 2009, from the Pure
Pu’er tea estate on Jingmaishan. This disc shape is traditionally formed by
pressing the freshly processed tea, wrapped in a cloth bag, between two
stones that have a shallow circular depression. The knot tied in the cloth bag
gives the central indentation on the reverse side. This variety is known as
‘moonlight’ tea, dried in darkness.
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Tea-tree

From the same community, a young Akha woman climbs a ladder into the family’s

most treasured possession, a large, old tea tree. The leaves from old trees in agro-

forests are highly valued, not only for the maturity of their taste but also because

of the rarity of great age, which in the case of this specimen is probably close to 300

years judging by its girth. This year the family negotiated a price with a Taiwanese

buyer, ten times that of the average for the mountain.

Tea picking

An Akha man from Baljalpashu village on Bulangshan tea mountain picks
leaves from his tea garden, an hour’s walk from the settlement. An infrared
sensor in the camera differentiates the many degrees of chlorophyll
reflectivity of the surrounding trees in this richly bio-diverse habitat. Such
diversity stimulates the tea plants to produce chemical compounds for
defence, which in turn contribute to its taste and health-giving properties.
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Poo for Tea: China's Pandas Brew a Top Drop
Chinese tea plantation gets boost from panda poo fertilizer. 

YA'AN, China (Reuters) - By Royston Chan

Mon Mar 19, 2012 12:59pm EDT
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Tea tree ceremony 3

The Dazang, spiritual leader of the Bulang, reads from a text in Dai script 
that has been prepared earlier.

Tea tree ceremony 4

The ceremony concludes with a communal dance that closely resembles the
lam vong of Laos and its Thai and Khmer equivalents – a circle dance 
with sweeping yet delicate and precise movements of the hands and arms.

Tea tree ceremony 1 (previous spread left)
Bulang villagers, dressed for the occasion of the annual tea tree ceremony,
light candles in front of the altar that is the focus of the event, on one of
Jingmaishan peaks. 

Tea tree ceremony 2 (previous spread right)
The Bulang community leader lights a candle and begins the annual ceremony
giving thanks to the ancestral founder figure Pa Ai Leng for the gift of tea trees.
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Tea tree ceremony 5

Towards the end of the ceremony, the whole community presses around the
altar to offer a small handful of glutinous rice.

Tea picking 1

Ritual tea picking in ceremonial clothes follows the ancestor rite.
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Bulang women

Bulang women in a household in Laomange village prepare the afternoon
meal in the kitchen, which is part of the open-plan interior, raised on stilts
above the sloping ground of the hillside.

Bulang spiritual leader

The Dazang, or spiritual leader of the Bulang community at Laomange 
on Bulangshan.
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Ya Jang makes tea

Ya Jang, a Bulang woman in her seventies, prepares a mug of tea with leaves
picked from her own tall tree in her forest tea-garden.

Zhanglang village

Zhanglang village, a Bulang community in the mountains southwest of
Menghai, south of the Mekong and close to the Myanmar border.
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Sorting tea

Akha women sort dried tea leaves by picking out those that have yellowed by
receiving too much heat during the pan-frying. These rejects will not be
wasted; they are mixed with fodder for the village animals.
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FROM FARM TO TEACUP
Harvest Steam / Pan Fry Roll Dry

37

Panfrying tea

The first step in processing the freshly collected leaves is to pan-fry them. This
halts oxidation and deactivates enzymes. In the home of Ligan, the Communist
Party leader of this group of Akha villages on Bulangshan, his daughter is being
taught the process by her mother. This requires the mass of leaves to be kept
in constant motion to avoid burning. Still warm from the wok, the leaves are
then rolled briskly between the palms of the hands. This breaks the cell walls,
releasing the trapped moisture and shaping them into strands.
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During the 7th century, Tibet’s power and influence rose suddenly and, for China,

unexpectedly. Under King Songtsän Gampo (604-650), Tibet, united for the first

time, began military expansion, leading to the creation of one of the most important

trade routes of the ancient world, economically, politically and culturally – a network

of trails extending more than 3,000 kilometres, travelled by horses, mules and

porters, that became known in Chinese as the Cha Ma Dao, the Tea Horse Road.

Tibet expanded east into Nanzhao (now Yunnan). To the south of Nanzhao, where

the Mekong River begins to flow southeast, then east, is the centre of bio-diversity

of tea, Camellia sinensis, and it is likely that Tibetan expansion brought them into

contact with a drink that would soon become central to their diet. At the same time,

the new Tibetan Empire’s relationship with China involved dialogue and contact

with the capital Chang’an (now Xian), and the emperor Taizong. Exposure to tea

drinking may also have begun here, or on the occasion of the marriage of the

Chinese Princess Wencheng to Songtsän Gampo, a high-profile attempt at political

alliance. Although this has since become mythologised, there are accounts that the

Princess took tea with her to Lhasa as part of her dowry. 

Tea did not grow on the Tibetan Plateau, but the Tibetans soon developed a need

for it, not only as a stimulant, but also for its properties in reducing the oxidative

stress of high altitudes, and as a dietary supplement in an environment that could

not support fruit or vegetables to any significant extent. Their taste for tea began as

a refined pastime among the elite, but spread socially downwards as the way it was

consumed also evolved. If Westerners and the British in particular, took culinary

liberties with tea by adding milk and sugar, the Tibetans went further and turned it

into a food supplement, even a meal in itself. They added butter from yak milk, salt,

and, after several-bowls of this at a single sitting, mixed in finely ground barley

flour to make a paste that was eaten. On average, they drink around 15 cups a day. 

Although tea comes from a single species, there are two varieties, and within these

a huge range of cultivars and land-races. The variety that grows in Yunnan and

also in Sichuan is the broad-leaf assamica, differentiated from the small-leaf sinensis

found throughout the east of China. The tea mountains of southern Yunnan produce

a particular tea that came to be known as Pu’er, named after the prefecture that

became the central point for its distribution. It has one special characteristic: the

immediate processing to which tea leaves are subjected straight after picking, to

‘fix’ them and prevent deterioration, does not, in the case of Pu’er, completely

deactivate the enzymes. The result, unique among teas, is that Pu’er cakes age like

good wine, acquiring a flavour profile that has always been highly regarded by

connoisseurs. And ageing, meaning oxidation and fermentation, was of course

inevitable on the long road to Tibet. The bamboo packaging was semi-permeable,

and the rich combination of horse sweat, rain, and atmosphere on the months-long

journey gave it an identifiable flavour by the time it reached Lhasa.

But tea was only one side of the equation. The other was the continuing search for

war horses to protect China’s northern frontiers against peoples who were more

culturally attuned to horses and could make better military use of them. The need

for war horses was paramount and crucial. When the empire was strong, it could

deal easily with the nomadic peoples of the central Asian grasslands, but when

weak it had an even greater need for horses to match those of the Mongols. These

horses had to be paid for, and by the middle of the first century CE, China had lost its

monopoly on silk, which had stood it in good stead for perhaps two millennia. How

fortunate, then, that tea became such a valued commodity for China’s neighbours.

The state assiduously promoted this, and under the Song took control over the trade

via the Tea Tax Bureau and the Tea and Horse Trading Office. Among Tibetans, the

preferred tea for taste was Pu’er, from the south, but government manipulation of

the trade led to large tracts in Sichuan being planted with lower quality monoculture

tea. From these two sources, southern Yunnan and the part of Sichuan around Ya’an,

the two principal roads led towards Tibet, meeting at the trading town of Mangkham

near the Mekong and continuing west to Lhasa. The trade continued into the 20th

century, but declined naturally as horses ceased to have a major military use, and

as roads were paved for more efficient transport. For a couple of years in the middle

of the century there was one last burst of activity, as the road and the horse caravans

became the commodity lifeline for western China, which was cut off by the Japanese

armies advancing from the east. By 1945 this was over, and the collective era that

followed 1949 brought final closure to the trade.

Pu’er tea and the Tea Horse Road have new lives, albeit very different from before.

The market for fine Pu’er tea has recently boomed throughout China, with buyers

in Hong Kong, Taiwan and Guangzhou being particularly active. Prices began to rise

in the early years of this century, reaching a peak in 2007, by which time aged

individual bing (the discus-shaped compressed tea cake) were fetching as much as

300,000 RMB (roughtly $US44,000) at auction, making some individual tea-growers

very wealthy. It resembled the market for investment wine, attracting the less

scrupulous, with practices such as false labelling and inferior product masquerading

as the best. The bubble burst, leaving Pu’er with a damaged reputation. However,

demand for high quality Pu’er still remains strong, and its unique characteristics

keep it prominent in the overall spread of Chinese teas internationally. 

The Tea Horse Road and its history, has become a vital component in a drive to

promote tourism in Yunnan, Tibet and Sichuan. Everything that can be linked to the

old trade is now so labelled. The Cha Ma Dao (Tea Horse Road) has become the

Cha Ma Gu Dao (Ancient Tea Horse Road), as roadside posters from Yunnan to

Tibet, and travel agents’ websites and brochures now proclaim. Perhaps inevitably,

some of this is becoming reconstructed history, perhaps even invented. Certainly 

in the main tourist centres, it is neatly packaged for easy digestion by visitors. 

What saves the real history is the sheer size of this ancient trade route. In its day, the

Tea Horse Road was an enterprise that touched the lives of many, beginning with

the tea farmers on the southern mountains. The men who travelled the road and

gave it its spirit led hard, often, bitter lives. They included the caravan leaders or Ma

Guo Tou (‘Head of Horses and Pots’), Muslim guilds descended from the invading

armies of Kublai Khan, Tibetan lados adept at negotiating the dangerous high passes

of the plateau, and porters who struggled with 100-kilo loads strapped to their backs,

as they climbed the freezing heights of Erlangshan. A few are still alive; we have

interviewed them and walked with them. In a sense, through all the changes that

have happened to this old trade route, this is their story, told against the backdrop

of some of the world’s most rugged and powerful landscapes.
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 Tea Horse Road (South West Silk Road)

151150

Tibetan monastery

A pilgrim stands at the entrance to the Tibetan temple in Hanpi. Tibetans follow

Mahayana Buddhism (the ‘Great Vehicle’) rather than the more conservative

Theravada Buddhism practised in Xishuangbanna in the south of the province.

Chien, veteran

At Adong, another retired lado from the road. Chien, now 71 years old, lives with

his extended family in a large, two-storey Tibetan house in the upper village.
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Ye La Pass

A brief break in an evening storm over the Ye La. This 4,600-metre pass leads
south up from the old trading post of Bangda, heading towards the gorge of the
upper Nujiang (which eventually becomes the Salween in Burma).
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Tea picking 2

Bulang women from Mang Jing village make a ritual collection of leaves in
one of the mountain’s agro-forest tea gardens.
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Herding yaks (previous spread)
In the high grasslands of western Sichuan, the sturdy yak and its half-breed
cousin the dzo are better suited to carrying heavy loads than horses, which the
Kham prefer to ride. The yak provides transport, clothing and food (as butter
and milk, and as meat). A group of Kham herd their animals in preparation for
crossing Route 318 near Zhe Duo Mountain, west of Kangding.

Yak caravan

Passing black nomad tents on the grassland slopes near Daofu, a heavily laden
yak caravan, herded by horsemen and their mastiffs, works its way east into
the mountains from the Xianhui Valley.
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Ganzi Monastery 3 (following spread)
Old horse tackle from the monastery’s former pack train’s hang on a wall,
together with a bizarre collection of arms, from knives to a machine pistol.
The arms were confiscated by monks over a period of time from surrounding
Khampa communities in an attempt to quell periodic violence.

Ganzi Monastery 2

Sensing victory in a debate in the monastery cloisters, one young monk leaps
and slaps his hands together, crowding his now-silent opponent, taunting him
with what he believes to be superior logic.

Ganzi Monastery 1

Ganzi (also known as Garze and Kandze) Monastery, built in 1642 CE, is the
region’s largest, and formerly one of the wealthiest. Like many monasteries of
the grasslands, it was heavily involved in the tea trade, with its own caravans.
It still maintains a tea warehouse, though much reduced in size from the old
days. Monks stack woven bamboo containers of tea from Ya’an.
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Yiwu & Yibang tea mountains

75-year old Li Yingchang, a key figure in the tea business of Yiwu, drinks tea
produced by his own household factory, served by his son-in-law Huang
Dingfu. Since 1949 this courtyard house, actually ‘no. 1’ on the Tea Horse Road
that begins here, has processed tea from Yiwu.

Puer Bing

A 350gm, 17-cm diameter, bing of Pu’er tea pressed in 2009, from the Pure
Pu’er tea estate on Jingmaishan. This disc shape is traditionally formed by
pressing the freshly processed tea, wrapped in a cloth bag, between two
stones that have a shallow circular depression. The knot tied in the cloth bag
gives the central indentation on the reverse side. This variety is known as
‘moonlight’ tea, dried in darkness.
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The Ming tea-horse trade, like that of the dynasty before it, had been unable to

generate sufficient revenues to support the military, and the Ming fell to domestic

rebellion and the Manchu invasion of 1644. The Qing, however, were able to achieve

most of their goals for the frontier tea-horse trade, though not without setbacks.

One of these was the change in relations between Tibet and the Mongolians. 

In the 16th and 17th centuries, there was a huge conversion of Mongols to Tibetan

Buddhism. These converts allied themselves with the Gelugpa or Yellow Hat Sect 

of lamas in Lhasa. In fact, it was a Mongolian leader, Tümed Altan Khan who

presented the title of Dalai Lama to the Tibetan Sodnomjamts of the Sect in 1577.

Dalai means ‘ocean’ in Mongolian and lama means ‘upper’ or ‘superior’ in Tibetan;

Dalai Lama came to mean ‘teacher’. Mongol trade with Tibet naturally increased

with their conversion to Tibetan Buddhism. Waves of Mongol caravans journeyed

to Lhasa to present tea to the Dalai Lama, returning with gold, silver, and Buddhist

artifacts. This must have infuriated the Qing rulers, who became determined to cut

off autonomous ties between Lhasa and the Qing’s enemies the Mongols. They of

course wanted their own ties to Lhasa and its resources, and proceeded to conquer

the Tibetan and Mongolian territory of Qinghai, through which caravans passed on

their way to Lhasa. They then burned Tibetan Buddhist temples and put Mongol and

Tibetan communities under strict military rule. Next, they imposed restrictions on

the caravan trade, controlling the frequency of exchange. These economic sanctions

consequently enabled the Qing to eliminate the rival Zunghar Mongol state by the

mid-18th century. As we see, tea is not the story of just one empire. It is a multi-

dimensional story of collaboration and competition revolving around a single product

that was able to capture many socio-linguistic groups, nations and religions.

The Tea Horse Road starting in Ya’an had a southern and northern path, both meet-

ing at the commercial centre of Kangding (Dartsedo as it was known). The southern,

or Big Tea Path, developed during the late 6th to 9th centuries, ran through Yingjing

and Lizhou (modern Hanyuan), and ascended Mt. Daxiang and Mt. Feiyue. The

northern, or Small Tea Path, emerged a little later, during the 7th and 9th centuries,

and passed through Diaomen (modern Tianquan). The first formidable barrier to

cross on the road to Tibet was the 3,437-metre Erlangshan – Two Dragon Mountain

– and much of the transport was undertaken by porters. Andrew Forbes notes: 

‘As recently as the first decades of the 20th century, much of the tea transported by 

the ancient Tea Horse Road was carried not by mule caravan, but by human porters,

giving real substance to the once widely-employed designation ‘coolie’, a term thought

to have been derived from the Chinese kuli or ‘bitter labour’. In 2003, China Daily

interviewed some former porters, who described the conditions on their leg of the

journey, from Tianquan to Kanding, a journey of 180 kilometres. A standard load

was around 100 kilos, with the strongest porters managing 150 kilos, and this had

to include grain for their food. To assist in the climb over Erlangshan, they carried 

T-shaped sticks, which doubled as supports to lean back on when they rested. They

also carried ‘five or six pairs of homemade straw sandals to change on the way.’

The poet Li Bai wrote about the high mountain roads leading out of Sichuan west

to Tibet, ‘Getting out of Sichuan is more difficult than getting into heaven.’

At Kanding, the road diverged again into northern and southern paths through

Ganze Prefecture in Sichuan and the Kham areas of Qinghai Province. They

reconnected in Qamdo in Tibet and again diverged in northern and southern routes

to Lhasa. The earliest paths of the Road linking Sichuan and Tibet are sometimes

called the Shu-Du Path, after ‘Shu’ for Sichuan for ‘Du’ for India. An historical

record documented in Lainchung Nangsa’s account of the Sichuan-Tibet Road

describes the complex journey: ‘The path extends about 2,350 kilometres, having

about 56 relay stations along it … The trail passes over 15 rope bridges and 10 iron

cable bridges, climbs over 78 mountains with eleven elevated to over 2,700 metres

and twenty-seven elevated to over 1,650 metres. To travel from one end to another

will take at least three months.’

West from Kanding, the terrain rises and changes to high grassland – the land of

the Khampa horsemen and nomads – and with the change of altitude, yaks took

over more of the burden of carrying goods. Peter Goullart wrote that ‘Yaks cannot

stand warm weather at all and, therefore, their operation is confined to altitudes over

ten thousand feet and they are at their best when they graze on the alpine meadows

above twelve thousand feet.’ But also, they are less tractable than horses and mules:

‘...there was nothing orderly about the yaks, and they never proceeded in a single

file... Sometimes they slowed down, sometimes they rushed ahead, jostling and

pushing each other. They did not seem to know or care where they were going, trying

to squeeze between two rocks or between two trees although there might be plenty of

space around.’

The key town of the grasslands is Litang. At 4,680 metres, this is one of the highest

large communities on the planet, and is the historic centre of Kham, one of the

three strongholds of Tibetan culture. Tibetans were distributed in three main areas

defined by dialect: Amdo, Kham, and U-Tsang. Kham covers the area where the

Tibetan Plateau meets the Hengduan Mountains, and encompasses roughly today’s

Qamdo in Tibet, Ganze Prefecture in Sichuan, Yushu Prefecture in Qinghai Province

and Deqin Prefecture in Yunnan. Traditionally, a horse racing and religious festival

is annually held in the grasslands of Litang during the sixth month of the Tibetan

calendar. An immense flow of caravans, people, and goods enters the grasslands,

across which are scattered thousands of white Tibetan tents. Litang’s strategic

location made it one of the main relay stations on the Tea Horse Road. More recently,

these trails established by foot porters, horses and yaks have been paved into a

national highway. In 1958, the old Road was developed into the Sichuan-Tibet

Highway and this has now become National Highway 318. 

As political relations between China and its neighbors shifted and new threats arose

while others subsided, merchants became more prominent in the exchange of tea.

They could purchase a license from the state for a fixed quantity of tea to sell within

a fixed period of time, usually a year. A Tea Control Station carefully recorded

merchant names, family relations, and the quantity of tea allotted to them, with

penalties for those who dared to break the state’s rules. Suppliers bold enough to

illegally export tea across China’s borders faced the most severe penalty, death.

Nevertheless, the state’s control of the tea-horse trade declined as merchant involve-

ment increased. Individual traders eventually replaced some of the government

officials handling the posts, and Buddhist priests were also granted the right to 

export tea. Author Martha Avery of The Tea Road: China and Russia Meet Across the

Steppe notes, ‘As the market for tea increased, so did tea merchants’ profits. Merchants

expanded their networks, capitalised on economies of scale, and soon found they

were dealing in one of the first mass commodities in history. The mass consumer

market encouraged the growth of banking systems that funded overseas trade.’ A

permanent market developed in Litang, where merchants and chiefs would trade

with passing caravans. They exchanged tea, salt, cloth, gold, caterpillar fungus

(Cordyceps sinensis), musk, furs, and other local products. 

During the Ming Dynasty, over 10,000 horses and 250,000 kilograms of tea were

recorded to have passed though the trade routes starting in Ya’an, Sichuan and

Linxia, Gansu. The Chamasi (Tea and Horse Trading Office) was responsible for

assessing quality. Horses, like tea, were rated on a system: superior horses, average

horses and inferior horses. The rating system was apparently more refined than

this, and horses were also categorised according to their place of origin. For

example, the strong horses from present day Uzbekistan were referred to as

‘heavenly horses’. Such a horse might have fetched 450 kilograms of tea during the

Ming Dynasty, while a lower level horse may have been traded for around 200

kilograms. As we will see in the last chapter, when our Road reaches the high

plateau, the value of Tibetan horses lay primarily in their adaptation to high

altitude, which gave them great endurance and made them particularly attractive

for cavalry. Interestingly, recent analyses of their genome reveals high genetic

diversity with the implication that they came from a mixed ancestral population.

Indeed, some have been found to be more closely related to horses from Mongolia

(including Przewalski’s Horse) and Yunnan, than they are to each other.

Tea porters on the road in western Sichuan, resting on the T-shaped sticks that were

also used as walking sticks, 1908. 

Weighing tea at a tea processing factory, c.1875.

A horse acupuncture diagram from Bo Le’s classic equestrian study, c.7th century BCE.
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The Ming tea-horse trade, like that of the dynasty before it, had been unable to

generate sufficient revenues to support the military, and the Ming fell to domestic

rebellion and the Manchu invasion of 1644. The Qing, however, were able to achieve

most of their goals for the frontier tea-horse trade, though not without setbacks.

One of these was the change in relations between Tibet and the Mongolians. 

In the 16th and 17th centuries, there was a huge conversion of Mongols to Tibetan

Buddhism. These converts allied themselves with the Gelugpa or Yellow Hat Sect 

of lamas in Lhasa. In fact, it was a Mongolian leader, Tümed Altan Khan who

presented the title of Dalai Lama to the Tibetan Sodnomjamts of the Sect in 1577.

Dalai means ‘ocean’ in Mongolian and lama means ‘upper’ or ‘superior’ in Tibetan;

Dalai Lama came to mean ‘teacher’. Mongol trade with Tibet naturally increased

with their conversion to Tibetan Buddhism. Waves of Mongol caravans journeyed

to Lhasa to present tea to the Dalai Lama, returning with gold, silver, and Buddhist

artifacts. This must have infuriated the Qing rulers, who became determined to cut

off autonomous ties between Lhasa and the Qing’s enemies the Mongols. They of

course wanted their own ties to Lhasa and its resources, and proceeded to conquer

the Tibetan and Mongolian territory of Qinghai, through which caravans passed on

their way to Lhasa. They then burned Tibetan Buddhist temples and put Mongol and

Tibetan communities under strict military rule. Next, they imposed restrictions on

the caravan trade, controlling the frequency of exchange. These economic sanctions

consequently enabled the Qing to eliminate the rival Zunghar Mongol state by the

mid-18th century. As we see, tea is not the story of just one empire. It is a multi-

dimensional story of collaboration and competition revolving around a single product

that was able to capture many socio-linguistic groups, nations and religions.

The Tea Horse Road starting in Ya’an had a southern and northern path, both meet-

ing at the commercial centre of Kangding (Dartsedo as it was known). The southern,

or Big Tea Path, developed during the late 6th to 9th centuries, ran through Yingjing

and Lizhou (modern Hanyuan), and ascended Mt. Daxiang and Mt. Feiyue. The

northern, or Small Tea Path, emerged a little later, during the 7th and 9th centuries,

and passed through Diaomen (modern Tianquan). The first formidable barrier to

cross on the road to Tibet was the 3,437-metre Erlangshan – Two Dragon Mountain

– and much of the transport was undertaken by porters. Andrew Forbes notes: 

‘As recently as the first decades of the 20th century, much of the tea transported by 

the ancient Tea Horse Road was carried not by mule caravan, but by human porters,

giving real substance to the once widely-employed designation ‘coolie’, a term thought

to have been derived from the Chinese kuli or ‘bitter labour’. In 2003, China Daily

interviewed some former porters, who described the conditions on their leg of the

journey, from Tianquan to Kanding, a journey of 180 kilometres. A standard load

was around 100 kilos, with the strongest porters managing 150 kilos, and this had

to include grain for their food. To assist in the climb over Erlangshan, they carried 

T-shaped sticks, which doubled as supports to lean back on when they rested. They

also carried ‘five or six pairs of homemade straw sandals to change on the way.’

The poet Li Bai wrote about the high mountain roads leading out of Sichuan west

to Tibet, ‘Getting out of Sichuan is more difficult than getting into heaven.’

At Kanding, the road diverged again into northern and southern paths through

Ganze Prefecture in Sichuan and the Kham areas of Qinghai Province. They

reconnected in Qamdo in Tibet and again diverged in northern and southern routes

to Lhasa. The earliest paths of the Road linking Sichuan and Tibet are sometimes

called the Shu-Du Path, after ‘Shu’ for Sichuan for ‘Du’ for India. An historical

record documented in Lainchung Nangsa’s account of the Sichuan-Tibet Road

describes the complex journey: ‘The path extends about 2,350 kilometres, having

about 56 relay stations along it … The trail passes over 15 rope bridges and 10 iron

cable bridges, climbs over 78 mountains with eleven elevated to over 2,700 metres

and twenty-seven elevated to over 1,650 metres. To travel from one end to another

will take at least three months.’

West from Kanding, the terrain rises and changes to high grassland – the land of

the Khampa horsemen and nomads – and with the change of altitude, yaks took

over more of the burden of carrying goods. Peter Goullart wrote that ‘Yaks cannot

stand warm weather at all and, therefore, their operation is confined to altitudes over

ten thousand feet and they are at their best when they graze on the alpine meadows

above twelve thousand feet.’ But also, they are less tractable than horses and mules:

‘...there was nothing orderly about the yaks, and they never proceeded in a single

file... Sometimes they slowed down, sometimes they rushed ahead, jostling and

pushing each other. They did not seem to know or care where they were going, trying

to squeeze between two rocks or between two trees although there might be plenty of

space around.’

The key town of the grasslands is Litang. At 4,680 metres, this is one of the highest

large communities on the planet, and is the historic centre of Kham, one of the

three strongholds of Tibetan culture. Tibetans were distributed in three main areas

defined by dialect: Amdo, Kham, and U-Tsang. Kham covers the area where the

Tibetan Plateau meets the Hengduan Mountains, and encompasses roughly today’s

Qamdo in Tibet, Ganze Prefecture in Sichuan, Yushu Prefecture in Qinghai Province

and Deqin Prefecture in Yunnan. Traditionally, a horse racing and religious festival

is annually held in the grasslands of Litang during the sixth month of the Tibetan

calendar. An immense flow of caravans, people, and goods enters the grasslands,

across which are scattered thousands of white Tibetan tents. Litang’s strategic

location made it one of the main relay stations on the Tea Horse Road. More recently,

these trails established by foot porters, horses and yaks have been paved into a

national highway. In 1958, the old Road was developed into the Sichuan-Tibet

Highway and this has now become National Highway 318. 

As political relations between China and its neighbors shifted and new threats arose

while others subsided, merchants became more prominent in the exchange of tea.

They could purchase a license from the state for a fixed quantity of tea to sell within

a fixed period of time, usually a year. A Tea Control Station carefully recorded

merchant names, family relations, and the quantity of tea allotted to them, with

penalties for those who dared to break the state’s rules. Suppliers bold enough to

illegally export tea across China’s borders faced the most severe penalty, death.

Nevertheless, the state’s control of the tea-horse trade declined as merchant involve-

ment increased. Individual traders eventually replaced some of the government

officials handling the posts, and Buddhist priests were also granted the right to 

export tea. Author Martha Avery of The Tea Road: China and Russia Meet Across the

Steppe notes, ‘As the market for tea increased, so did tea merchants’ profits. Merchants

expanded their networks, capitalised on economies of scale, and soon found they

were dealing in one of the first mass commodities in history. The mass consumer

market encouraged the growth of banking systems that funded overseas trade.’ A

permanent market developed in Litang, where merchants and chiefs would trade

with passing caravans. They exchanged tea, salt, cloth, gold, caterpillar fungus

(Cordyceps sinensis), musk, furs, and other local products. 

During the Ming Dynasty, over 10,000 horses and 250,000 kilograms of tea were

recorded to have passed though the trade routes starting in Ya’an, Sichuan and

Linxia, Gansu. The Chamasi (Tea and Horse Trading Office) was responsible for

assessing quality. Horses, like tea, were rated on a system: superior horses, average

horses and inferior horses. The rating system was apparently more refined than

this, and horses were also categorised according to their place of origin. For

example, the strong horses from present day Uzbekistan were referred to as

‘heavenly horses’. Such a horse might have fetched 450 kilograms of tea during the

Ming Dynasty, while a lower level horse may have been traded for around 200

kilograms. As we will see in the last chapter, when our Road reaches the high

plateau, the value of Tibetan horses lay primarily in their adaptation to high

altitude, which gave them great endurance and made them particularly attractive

for cavalry. Interestingly, recent analyses of their genome reveals high genetic

diversity with the implication that they came from a mixed ancestral population.

Indeed, some have been found to be more closely related to horses from Mongolia

(including Przewalski’s Horse) and Yunnan, than they are to each other.

Tea porters on the road in western Sichuan, resting on the T-shaped sticks that were

also used as walking sticks, 1908. 

Weighing tea at a tea processing factory, c.1875.

A horse acupuncture diagram from Bo Le’s classic equestrian study, c.7th century BCE.
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Yangtse River

Approaching Lijiang from the south, the road passed close to the first bend of
the Yangtse River. Flowing south from the Hengduan Range, the river meets
the Hailuo Cliff at Shigu, which forces it to change direction to the northeast.
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Shi Dong Si

Shi Dong Si (‘Stone Hall Temple’), a Taoist temple in the hills between Yuxin and

Fengqing, and its resident priest, a renowned practitioner of kung fu. The Shunning

branch of the Tea Horse Road passed by here.
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Shizhong temple

Shizhong temple on Shibaoshan (‘Stone Treasure Hills’), above Shaxi, is
famous for its grottoes, excavated between the Tang and Song dynasties,
contemporary with the beginnings of the Tea Horse Road that passes here 
on its way north the Lijiang.
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Giant Buddha of Leshan

Facing Emeishan and at the confluence of the Min, Qingyi and Dadu rivers,
the 71-metre Giant Buddha of Leshan is the world’s largest stone Buddha
image, and at the time of building, between 713 and 803, was the world’s
largest statue 90 kilometres from Ya’an, the Buddha now attracts huge
numbers of visitors and has helped to alter Leshan’s skyline from a sleepy
village to a thriving urban centre. One elderly man takes a sip from his tea
flask, a common accessor for many Chinese.
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Lijiang

Lijiang old town at night, with the moon setting close to the ‘Looking to the
Past’ pavilion. The history of Lijiang, now a World Heritage site, goes back
800 years and is intimately connected with the Tea Horse Road, on which it
was a major trading post.
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Nobu Qili, veteran (previous spread, left)

Nobu Qili, an 81-year old veteran of the Tea Horse Road, from Tangpeicun village,

near Zhongdian. The felt hats worn by most lados bears more than a passing

resemblance to the stetson. It was an American, Fred Schroeder, who in 1913 gave

his own hat to Thubten Choekyi, the ninth Panchen Lama. This began the vogue

which continues to this day, though the Tibetan ‘stetsons’ are made of local felt.

Qili Nuojie, veteran (previous spread, right)

72-year old Qili Nuojie, another retired lado, as muleteers are called in Tibetan,

from the same village.

Zhi Shi Dun Zhu, veteran

Zhi Shi Dun Zhu, a 75-year old veteran of the road, concentrates on weaving a

large basket, a particular skill he has developed since he retired.

Jiang Jiu, veteran 

Jiang Jiu, an 82-year old veteran, reminiscing in his house in Adong, describing

how the Pu’er toucha tea cakes were stacked for loading onto the horses. He

began walking the Tea Horse Road at 21, and in addition to tea carried forage and

grain to Yanjing to exchange for salt, which was then taken to Weixi to exchange

for rice needed in Deqin. His years on the trail were interrupted briefly when he

was recruited for the Liberation Army, where he was issued with a Lee-Enfield

rifle but only 50 rounds of ammunition. When his ammunition was finished, he

returned to the village, but most of the fifteen or so other young men with him

were killed in the fighting.
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The Ming tea-horse trade, like that of the dynasty before it, had been unable to

generate sufficient revenues to support the military, and the Ming fell to domestic

rebellion and the Manchu invasion of 1644. The Qing, however, were able to achieve

most of their goals for the frontier tea-horse trade, though not without setbacks.

One of these was the change in relations between Tibet and the Mongolians. 

In the 16th and 17th centuries, there was a huge conversion of Mongols to Tibetan

Buddhism. These converts allied themselves with the Gelugpa or Yellow Hat Sect 

of lamas in Lhasa. In fact, it was a Mongolian leader, Tümed Altan Khan who

presented the title of Dalai Lama to the Tibetan Sodnomjamts of the Sect in 1577.

Dalai means ‘ocean’ in Mongolian and lama means ‘upper’ or ‘superior’ in Tibetan;

Dalai Lama came to mean ‘teacher’. Mongol trade with Tibet naturally increased

with their conversion to Tibetan Buddhism. Waves of Mongol caravans journeyed

to Lhasa to present tea to the Dalai Lama, returning with gold, silver, and Buddhist

artifacts. This must have infuriated the Qing rulers, who became determined to cut

off autonomous ties between Lhasa and the Qing’s enemies the Mongols. They of

course wanted their own ties to Lhasa and its resources, and proceeded to conquer

the Tibetan and Mongolian territory of Qinghai, through which caravans passed on

their way to Lhasa. They then burned Tibetan Buddhist temples and put Mongol and

Tibetan communities under strict military rule. Next, they imposed restrictions on

the caravan trade, controlling the frequency of exchange. These economic sanctions

consequently enabled the Qing to eliminate the rival Zunghar Mongol state by the

mid-18th century. As we see, tea is not the story of just one empire. It is a multi-

dimensional story of collaboration and competition revolving around a single product

that was able to capture many socio-linguistic groups, nations and religions.

The Tea Horse Road starting in Ya’an had a southern and northern path, both meet-

ing at the commercial centre of Kangding (Dartsedo as it was known). The southern,

or Big Tea Path, developed during the late 6th to 9th centuries, ran through Yingjing

and Lizhou (modern Hanyuan), and ascended Mt. Daxiang and Mt. Feiyue. The

northern, or Small Tea Path, emerged a little later, during the 7th and 9th centuries,

and passed through Diaomen (modern Tianquan). The first formidable barrier to

cross on the road to Tibet was the 3,437-metre Erlangshan – Two Dragon Mountain

– and much of the transport was undertaken by porters. Andrew Forbes notes: 

‘As recently as the first decades of the 20th century, much of the tea transported by 

the ancient Tea Horse Road was carried not by mule caravan, but by human porters,

giving real substance to the once widely-employed designation ‘coolie’, a term thought

to have been derived from the Chinese kuli or ‘bitter labour’. In 2003, China Daily

interviewed some former porters, who described the conditions on their leg of the

journey, from Tianquan to Kanding, a journey of 180 kilometres. A standard load

was around 100 kilos, with the strongest porters managing 150 kilos, and this had

to include grain for their food. To assist in the climb over Erlangshan, they carried 

T-shaped sticks, which doubled as supports to lean back on when they rested. They

also carried ‘five or six pairs of homemade straw sandals to change on the way.’

The poet Li Bai wrote about the high mountain roads leading out of Sichuan west

to Tibet, ‘Getting out of Sichuan is more difficult than getting into heaven.’

At Kanding, the road diverged again into northern and southern paths through

Ganze Prefecture in Sichuan and the Kham areas of Qinghai Province. They

reconnected in Qamdo in Tibet and again diverged in northern and southern routes

to Lhasa. The earliest paths of the Road linking Sichuan and Tibet are sometimes

called the Shu-Du Path, after ‘Shu’ for Sichuan for ‘Du’ for India. An historical

record documented in Lainchung Nangsa’s account of the Sichuan-Tibet Road

describes the complex journey: ‘The path extends about 2,350 kilometres, having

about 56 relay stations along it … The trail passes over 15 rope bridges and 10 iron

cable bridges, climbs over 78 mountains with eleven elevated to over 2,700 metres

and twenty-seven elevated to over 1,650 metres. To travel from one end to another

will take at least three months.’

West from Kanding, the terrain rises and changes to high grassland – the land of

the Khampa horsemen and nomads – and with the change of altitude, yaks took

over more of the burden of carrying goods. Peter Goullart wrote that ‘Yaks cannot

stand warm weather at all and, therefore, their operation is confined to altitudes over

ten thousand feet and they are at their best when they graze on the alpine meadows

above twelve thousand feet.’ But also, they are less tractable than horses and mules:

‘...there was nothing orderly about the yaks, and they never proceeded in a single

file... Sometimes they slowed down, sometimes they rushed ahead, jostling and

pushing each other. They did not seem to know or care where they were going, trying

to squeeze between two rocks or between two trees although there might be plenty of

space around.’

The key town of the grasslands is Litang. At 4,680 metres, this is one of the highest

large communities on the planet, and is the historic centre of Kham, one of the

three strongholds of Tibetan culture. Tibetans were distributed in three main areas

defined by dialect: Amdo, Kham, and U-Tsang. Kham covers the area where the

Tibetan Plateau meets the Hengduan Mountains, and encompasses roughly today’s

Qamdo in Tibet, Ganze Prefecture in Sichuan, Yushu Prefecture in Qinghai Province

and Deqin Prefecture in Yunnan. Traditionally, a horse racing and religious festival

is annually held in the grasslands of Litang during the sixth month of the Tibetan

calendar. An immense flow of caravans, people, and goods enters the grasslands,

across which are scattered thousands of white Tibetan tents. Litang’s strategic

location made it one of the main relay stations on the Tea Horse Road. More recently,

these trails established by foot porters, horses and yaks have been paved into a

national highway. In 1958, the old Road was developed into the Sichuan-Tibet

Highway and this has now become National Highway 318. 

As political relations between China and its neighbors shifted and new threats arose

while others subsided, merchants became more prominent in the exchange of tea.

They could purchase a license from the state for a fixed quantity of tea to sell within

a fixed period of time, usually a year. A Tea Control Station carefully recorded

merchant names, family relations, and the quantity of tea allotted to them, with

penalties for those who dared to break the state’s rules. Suppliers bold enough to

illegally export tea across China’s borders faced the most severe penalty, death.

Nevertheless, the state’s control of the tea-horse trade declined as merchant involve-

ment increased. Individual traders eventually replaced some of the government

officials handling the posts, and Buddhist priests were also granted the right to 

export tea. Author Martha Avery of The Tea Road: China and Russia Meet Across the

Steppe notes, ‘As the market for tea increased, so did tea merchants’ profits. Merchants

expanded their networks, capitalised on economies of scale, and soon found they

were dealing in one of the first mass commodities in history. The mass consumer

market encouraged the growth of banking systems that funded overseas trade.’ A

permanent market developed in Litang, where merchants and chiefs would trade

with passing caravans. They exchanged tea, salt, cloth, gold, caterpillar fungus

(Cordyceps sinensis), musk, furs, and other local products. 

During the Ming Dynasty, over 10,000 horses and 250,000 kilograms of tea were

recorded to have passed though the trade routes starting in Ya’an, Sichuan and

Linxia, Gansu. The Chamasi (Tea and Horse Trading Office) was responsible for

assessing quality. Horses, like tea, were rated on a system: superior horses, average

horses and inferior horses. The rating system was apparently more refined than

this, and horses were also categorised according to their place of origin. For

example, the strong horses from present day Uzbekistan were referred to as

‘heavenly horses’. Such a horse might have fetched 450 kilograms of tea during the

Ming Dynasty, while a lower level horse may have been traded for around 200

kilograms. As we will see in the last chapter, when our Road reaches the high

plateau, the value of Tibetan horses lay primarily in their adaptation to high

altitude, which gave them great endurance and made them particularly attractive

for cavalry. Interestingly, recent analyses of their genome reveals high genetic

diversity with the implication that they came from a mixed ancestral population.

Indeed, some have been found to be more closely related to horses from Mongolia

(including Przewalski’s Horse) and Yunnan, than they are to each other.

Tea porters on the road in western Sichuan, resting on the T-shaped sticks that were

also used as walking sticks, 1908. 

Weighing tea at a tea processing factory, c.1875.

A horse acupuncture diagram from Bo Le’s classic equestrian study, c.7th century BCE.
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Cliff trail

Upriver from Wuli village, close to the Tibetan border, the vertical limestone
cliffs made it necessary for muleteers to cut the path directly into the rock.
The upper Nujiang here is blue during the winter months from meltwater.
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Xidang

1,400 metres directly below Fei Lai Si, the Rongzong footbridge crosses the Mekong

River at Xidang. One trail of the Tea Horse Road crossed here on its way over the

pass skirting Mount Kawakarpo.

Mount Kawakarpo

At 6740 metres, Mount Kawakarpo is the highest peak of the Meili Xueshan

(Beautiful Snow Mountain), a sub-range of about 20 peaks in the Hengduan

Range. The small town of Fei Lai Si on the opposite bank of the Mekong gorge

offers a famous pristine view, and in an effort to exploit this, local authorities in

2009 built a three-metre wall along the road to block the view to passers-by

unwilling to pay a fee to enter a viewing platform.

Yalong River Gorge (following spread left)
The Yalong River Gorge, of which the explorer Joseph Rock wrote in The
National Geographic in 1929 ‘Where Muti Konka rears its eternally snow-
capped crown 19,000 feet into the sky, the Yalung flows 12,000 feet below...’,
adding ‘For centuries it may remain a closed land, save to such priviledged few
as care to crawl like ants through its canyons of tropical heat and up its
glaciers and passes in blinding snowstorms, carrying their food with them’. 

Shi Yi Luo Bridge (following spread right)
Pack horses cross the Shi Yi Luo bridge across the Yalong River south of 7000
metre Gonggashan. Ponies and mules are used regularly here to support small-
scale mining operations in the mountains.
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Nujiang Bridge

Horses crossing the Nujiang gorge near Fugong over a narrow 
suspension bridge.
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Lake Manosarovar

Relieved of their packs for the night, horses are led by their owner along the
banks of a stream flowing into Lake Manasarovar, close to Mount Kailash.
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Yak caravan 3

The small caravan, accompanied by Khampa horsemen, passes a stand of
Buddhist flags on its way deeper into the mountains. Most of Kham is without
roads, and yak are the normal means of transport. Just outside the settlement
of Manigange, a team of Khampa load up a caravan of yak with sacks of flour
bound for Dege, which the men estimate will take four or five days. For the
most part, traditional leather sacks are still used, as they were when caravans
like this one carried tea westward towards Lhasa.
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Tibetan monastery

A pilgrim stands at the entrance to the Tibetan temple in Hanpi. Tibetans follow

Mahayana Buddhism (the ‘Great Vehicle’) rather than the more conservative

Theravada Buddhism practised in Xishuangbanna in the south of the province.

Chien, veteran

At Adong, another retired lado from the road. Chien, now 71 years old, lives with

his extended family in a large, two-storey Tibetan house in the upper village.
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Gum Chu Tea House (left)
The Gum Chu Tea House, one of the oldest and best known in Lhasa, around
the corner from the Jokhang, serving sweet milk tea rather than bod ja.

Lhasa teashop (above)
Lhasa tea shops selling brick tea imported from the Ya’an area of Sichuan.
These arrive by truck rather than horse caravan.
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Harvest

Carrying bales of cut barley in a communal effort to bring in the community’s
harvest in Wu Ya village, eastern Tibet.

Women carrying bales (following page)
Women from Guo Re village, eastern Tibet, carrying bales back from the fields.
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Mount Kailash 1

A Tibetan woman, exhausted by the climb, waits to recover before continuing
towards the Drolma La, the highest point on the kora. Most Tibetan pilgrims
accomplish the circuit within a single day. In 1985 the German mountaineer
Reinhold Messner completed the climb in 12 hours.

Mount Kailash 2

A pilgrim presses his head against a sacred rock called Drubtak Shabje, believed
to contain the impression of the Buddha’s footprint.
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Litang nomads

Khampa nomad children haul a ram back to its herd in the Litang grassland.
These 4,000-metre pastures support yak, cattle, horses, sheep and goats.
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Butter Tea 1

A family in Hanpi prepare butter tea by churning, for guests. Etiquette
demands that each person’s tea bowl is constantly refilled after each sip
and so is never left empty.

Butter Tea 2

The butter is then added to tea that has been boiled for over an hour, and
mixed together with salt in a churn known as a mdong mo.

Butter Tea 3

A parabolic reflector outside a Tibetan tea house takes advantage of the high
solar energy at an altitude of 3100 metres at Shade.

Butter Tea 4

The essential ingredient for bod ja, Tibetan butter tea, is the butter from the
dri, the female of the yak. In a tea house in the town of Shade, a small town
on the Tea Horse Road near Gongga Shan, the Tibetan owner first partially
clarifies the butter to boil off the water content.
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Cultivate for Quality 



Principle #2: Quality is Multidimensional 
(Flavor, Medicinal Attributes, Resilience)

Author's personal copy
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Fig. 7. Mean of TCC (Total Catechin Content), TMC (Total Methylxanthine Content) and IC50 values (free radical scavenging capacity) by taste and color intensity ranking.
Horizontal lines represent mean values.

color and TCC (P < 0.6804). Means comparisons of TMC for all pairs
of color rankings found significant variations between levels 1 and
3 (P < 0.0018), and levels 1 and 4 (P < 0.0122). Mean comparisons of
IC50 for all pairs of color rankings were significant except between
levels 2 and 4 (P < 0.2107), and levels 3 and 4 (P < 0.7952).

4. Discussion

4.1. Perceptions of pu-erh tea tasting

The dichotomies of nature and culture, bitter and mellow, and
raw and cooked (Levi-Strauss, 1997) resonate with informants’ per-
ceptions of pu-erh and can be linked with cultural identity and
environmental history. Key informants perceived green or ‘raw’
(sheng) pu-erh samples to be bitter. ‘Cooked’ (shu) pu-erh sam-
ples were perceived as smooth tasting. The bitterest tasting green
pu-erh samples were discerned as sourced from ‘ecological,’ ‘nat-
ural,’ or forest production environments that lack the input of
pesticides, herbicides, and fertilizer. Rural upland communities in
southern Yunnan have customarily produced and consumed bit-
ter loose green pu-erh. Alternatively, ‘cooked’ or black pu-erh was
consumed in urban areas. Urban tea drinkers developed a palate
for artificially-aged pressed black pu-erh tea in the 1970s during
China’s drive towards modernization, away from the ‘backward-
ness’ associated with rural mountain cultures. However, the global
urban green-food movement and attention to health-centered diets
have revitalized a taste for bitter, ‘ecological’ and ‘natural’ pu-erh,
now a prized commodity among urban tea drinkers.

4.2. Variation of phytochemical constituents and free radical
scavenging capacity

This study contributes to the literature on the variability of
production and preparation practices of tea on TCC, TMC, and anti-
oxidant activity profiles (Lin et al., 2003; Peterson et al., 2004;

Unachukwu et al., 2010). The values of TCC and TMC of aggregate
infusions of individual samples are in accordance to previous stud-
ies on pu-erh that use protocols involving a longer extraction time
(Wang et al., 2010). However, the 10th infusion of each sample
indicates that the TCC and TMC have not been exhausted and that
additional compounds remain to be extracted during additional
infusions. These findings help validate the effectiveness of gong fu
cha dao preparation in gradually extracting tea compounds. Future
studies should employ a preparation protocol of a greater number
of infusions.

The higher TCC and free radical scavenging capacity of green
pu-erh samples compared to aged green and black pu-erh samples
are consistent with previous studies on a decrease in polypheno-
lic levels and anti-oxidant activity of pu-erh and other teas with
an increase in processing and aging (Qian et al., 2008; Ku et al.,
2010; Wang et al., 2010). The variability between samples based
on production and processing highlights the importance of sam-
pling protocols to include a range of production variables. This
study was limited in quantifying 12 analytes and did not account
for the oxidative products, polysaccharides, and pigments formed
during the processing from green to black teas (Wang et al., 2010).
These compounds also have free radical scavenging capacity and
may contribute to the greater variation in free radical scavenging
capacity of black pu-erh tea samples compared to their TCC.

4.3. Relationship of phytochemical profiles and perceptions of
pu-erh tea tasting

The significant variation for TCC, TMC, and IC50 by taste rankings
supports the role of taste in recognizing phytochemical properties
of tea. Informants’ perceptions that bitter taste profiles of pu-erh
indicate medicinal attributes are in accordance with previous stud-
ies on the taste of constituents in tea (Rouseff, 1990; Ding et al.,
1992; Drewnowski and Gomez-Carneros, 2000). Key experts’ per-

Teas Rated with Higher Taste Intensity and Preference Had Significantly 
Higher Secondary Metabolite Concentrations 

Ahmed et al.  Journal of Ethnopharmacology 36 (2010)
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Tea mountain landscape

Early morning clouds hang in the valleys below Yibang tea mountain, one of the

traditional Six Famous Tea Mountains. In the distance on the left rises Mansa, 

another tea mountain in the group
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Phytochemicals serve an ecological function in plants for defense and protection against 
environmental stress 

The presence and concentration of secondary metabolites varies widely with biotic and abiotic 
environmental conditions
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Fig. 2. Chromatogram of an aged green pu-erh tea sample analyzed using Synergi
Fusion C18 reverse phase HPLC column 4 !m, 250 mm × 4.6 mm ID by gradient elu-
tion during method development of this study. Detection was carried out with UV at
A280. Peak identification are as follows: (1) gallic acid (GA), (2) (−)-epigallocatechin
(EGC), (3) (+)-catechin (C), (4) caffeine (CAF), (5) (−)-epigallocatechin 3-gallate
(EGCG), (6) (−)-gallocatechin 3-gallate (GCG), and (7) (−)-catechin 3-gallate (CG).

of pu-erh representing each processing method from agro-forests
were selected for DPPH analysis. Gallic acid (0.015625–0.25 mg/ml)
and ascorbic acid (0.03125–0.5 mg/ml) were used as positive con-
trols. Fifty !L of extracts and control dilutions was mixed with
150 !L of 400 !M DPPH solution; each mixture was prepared in
quadruplicates of five concentrations. The mixtures were incubated
for 30 min at 37 ◦C. Absorbance values were measured at 517 nm
using a Softmax Pro 3.0 microplate reader (Molecular Devices,
Sunnyvale, CA). Radical scavenging capacity of each sample was
calculated as the percentage of DPPH free radicals inhibited by the
sample in comparison to radical inhibition in the negative water
control using the following formula:

ABSnegative control − ABSsample

ABSnegative control
× 100.

Values obtained were plotted against concentration (!g/ml) of
sample dilutions. Free radical scavenging capacity was expressed
as IC50 values (concentration of sample required to scavenge 50% of
DPPH radicals; the lower the IC50 value, the higher the anti-oxidant
activity).

2.7. Statistical analysis

Results were analyzed statistically using JMP 7.0 software (SAS)
to determine mean values of quantified masses of compounds ana-
lyzed by HPLC and IC50 values assessed by DPPH. Total Catechin
Content (TCC; expressed as mg/g dry tea) was determined by the
addition of the individual amounts of catechins quantified from
HPLC results (EGCG, ECG, EGC, GCG, CG, GC, EC, and C). Similarly,
Total Methylxanthine Content (TMC; expressed as mg/g dry tea)
was determined by the addition of the individual methylxanthine
compounds quantified from HPLC results (CAF, TB, and TP). Aggre-
gate values of analyte quantities for each sample were calculated
by the addition of the 10 infusions brewed per sample. The rela-
tionship of production, processing, color, and taste variables to
TCC, TMC, and IC50 were determined using Analysis of Variance of
pooled means with a significance level of ˛ = 0.05%. Tukey–Kramer
HSD was performed to compare all mean pairs. Differences with
P ≤ 0.05 values were considered significant.

3. Results

3.1. Perceptions of pu-erh tea tasting

Informants used multiple taste and physiological descriptors
to capture the sensory experience of pu-erh tea tasting. The most

prevalent taste terms used by informants included bitter (58%), bit-
ter with a sweet aftertaste (57%), and sweet (54%). Table 1 lists the
taste terms used by informants to describe pu-erh. A total of 73% of
informants said that bitter or bitter-sweet taste indicates medicinal
properties of tea. Informants perceived tea with a bitter and bitter-
sweet taste to be grown in a forest, ‘ecological,’ ‘natural’ or ‘healthy
cultivation environment.’ Urban informants referred to bitter pu-
erh from forest and agro-forests as ‘bitter tea’ (ku cha), ‘ecological
tea’ or ‘natural tea’ (sheng tai cha), ‘big tree tea’ (da shu cha), or
‘ancient tree tea’. Informants recognized numerous factors asso-
ciated with production environment to impact the taste of pu-erh,
including harvest time, season, location, plant height and age, culti-
var or landrace, altitude, fog, slope, temperature, canopy cover, soil,
rain fall, and humidity. The experience of the pu-erh tea tasting is
additionally described based on physiological sensations (uplift-
ing, mouth-watering, throat drying, calming), fragrance (sweet,
floral, citrus), color (golden, amber, red), and clarity (clear, dusty,
cloudy).

All key experts rated green pu-erh samples from agro-forests
with the strongest taste and described these samples as either
bitter or bitter with a sweet aftertaste. Key experts were able to
identify between tea samples from agro-forests and terrace plan-
tations because of the more bitter taste of the former. Green pu-erh
samples were also perceived to contain the greatest medicinal
and stimulant properties. Key experts rated black pu-erh with the
mildest taste and the least caffeine content. They described this tea
as smooth and perceived it to contain the least medicinal and stim-
ulant properties. Aggregated informant responses indicated that
infusions 4–7 had the strongest taste and infusions 1, 9 and 10 were
rated with the mildest taste.

3.2. Variation of phytochemical constituents and free radical
scavenging capacity

Total Catechin Content (TCC) of aggregate infusions of individ-
ual pu-erh samples ranged from 1.35 to 238.52 mg/g dry tea with
a mean of 71.90 mg/g dry tea. ECG had the highest mean value of
all catechins quantified, and was found in greatest quantity in a
green pu-erh sample harvested from an agro-forest (91.71 mg/g dry
tea for aggregate infusions). Total Methylxanthine Content (TMC)
of aggregate infusions of individual samples ranged from 43.83 to
98.27 mg/g dry tea with a mean of 58.67 mg/g dry tea. Caffeine had
the highest mean value of all methylxanthine compounds quanti-
fied and was most present in a sample of aged green pu-erh from a
terrace plantation (94.60 mg/g dry tea for aggregate infusions).

Results show significant variation among samples based on
mode of production for TCC (P < 0.0001) and TMC (P < 0.0265)
(Fig. 3). Samples from agro-forests had higher mean TCC than
samples from terrace plantations, and samples from terrace plan-
tations had higher mean TMC. Significant variation was also found
among samples based on processing method for TCC (P < 0.0001),

Table 1
Most prevalent taste terms mentioned during interviews in Yunnan to describe the
pu-erh tea tasting experience.

Taste term Frequency (%) Taste term Frequency (%)

Bitter 58 Smooth 26
Bitter with a sweet aftertaste 57 Mellow 23
Sweet 54 Full 22
Sour 39 Fishy 22
Salty 34 Moldy 21
Astringent 33 Earthy 21
Acidic 33 Metallic 19
Floral 31 Acrid 17
Smoky 34 Vegetal 12
Fruity 27 Burnt 2

Peak Identification: 1. Gallic Acid (4.877); 2. Theobromine (5.354); 3. Gallo Catechin (6.289); 
4. Theophylline (6.624);  5. Epi Gallo Catechin (8.385); 6. Caffeine (9.984); 7. Catechin 
(10.629); 8. Epi Catechin (13.148); 9. Epi Gallo Catechin Gallate (15.788); 10. Gallo Catechin 
Gallate (18.653); 11. Epi Catechin Gallate (24.761); 12. Catechin Gallate (27.004)
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>218 mg TCC / g tea 86 mg TCC / g tea

Total Catechin Content (TCC)  

Agroforests Had Higher Secondary Metabolite 
Concentrations than Plantations

(a) (b)

p < 0.0001 



Principle #4: Mimic Natural 
Ecosystems for Ecosystem Services





Principle #5: Manage for 
Diversity at Every Level

LEVELS OF MANAGEMENT INTENSIFICATION
SMALL HOLDER TEA PRODUCTION SYSTEMS

Level of Management Intensification 

Forest Agro-forestry Mixed crop

Small Holder Tea Production Systems

Low                                        Management Continuum High

Monoculture

9
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Intensification of ManagementAhmed and Stepp. In: Tea in Health (2012)



Landscape DiversityEcology and Society 15(4): 27
http://www.ecologyandsociety.org/vol15/iss4/art27/

Table 1. Comparison of land use categories documented during 2005 and 2008 data collection periods in
Buljalpuxveeq.

Land Use Categories Year Documented

2005 2008

Al baol dev mil caq A type of forest x x

Al du yal Corn field / mixed crop land x x

Al haq yal Type of bamboo stand x x

Al siq yal Fruit orchard x x

Cal kol yal Cardamon (Amomum tsako) land x x

Dal hml / al neiq yal / ha qil yal Rattan stand x x

Dei ma Wet rice paddy x x

Haq geeq yal Type of bamboo thicket x x

Hhaoq niyul yal (1) Seasonal forest vegetable garden x x

Hhaoq niyul yal (2) Home vegetable garden x x

Jiefang cao (Mandarin) Ageratina adenophora / weed fields x x

Laol baoq yul Old tea field / tea agro-forest x x

Laol baoq xeevq New tea field / new tea agro-forest x x

Li hhei (yal saq) / dal piav yal New fallow / barren or bracken land x x

Mal dao xeel Canna edulis / Bajiaoyu plot x x

Neev paoq yal Peanut field x x

Neev piav yal / al neev yal Soybean / bean field x x

Nga beiv yal Banana stand x x

Nioq hyuv / dal deq yal / li hhei (yal saq) Grazing pasture x x

Saoq hav / al baol saoq hav Old forest / dense forest area x x

Ssavq peel yal Type of bamboo stand x x

Uq jil yal Thatch grass field / type of fallow x x

Ya haoq yal Tobacco land x x

Yao ssavq yeiq mil caq Unfrequented place (Watershed forest) x x

Yaq il yal Potato land x x

Ziq yal / yuf maf yal Hemp field x

Qeil yal Upland dry-rice field x

(con'd)
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DISCERNMENT OF TEA LANDRACES

LOBOH BAH JAH
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DHA PHU LOBOH
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BAH LOBOH BAH HAH
BITTER TEA
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LABU LOBOH
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LOBOH BOH NUI
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LOBOH BAH MAH 
BOW NEI

BIG RED LEAF TEA

HU JAH NAH PAH
MOUSE EAR

BAH ZAH BAW NEI
SMALL RED LEAF

BAH ZAH BAW NEI
SMALL RED LEAF

LOBOH BAH MOUNG
GOOD TEA

LOBOH BAH NAH
BLACK TEA

LOBOH BAH JUH
NO HAIR TEA

LOBOH BAH BOH
WHITE TEA
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Microbial life in rhizosphere of tea 
roots



Microbial life in phyllosphere of tea 
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Principle #6:  
Manage for the Long-term and the  

Worst Case Scenarios

Tea and
the Taste of

Climate Change
Understanding Impacts of 
Environmental Variation on 

Botanical Quality
By Selena Ahmed, PhD
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Tea
Effects of Global Change 
on Specialty Crop Quality 

and Agroecological 
Management



Dilution Effect and Water Stress 

Image Source: Illustrator



Monsoon Onset Associated with 30-50% Drop  
in Tea Prices

Figure 6. Effects of Precipitation Variability on Tea Prices. Farmers at the study site have experienced an average decrease of 51% in on-farm
tea prices received during the Monsoon tea harvests compared to the dry spring tea harvests.
doi:10.1371/journal.pone.0109126.g006

Figure 7. Increased Inter-annual Variability and Total Precipitation. Precipitation data at the study site shows inter-annual variability from
1979 through 2010. The shaded section of the figure represents the period comprising 90% of annual rainfall. In addition to increasing variability
since 1990, the monsoon season is arriving earlier as indicated by the downward shift of the trend line.
doi:10.1371/journal.pone.0109126.g007

Climate Change Effects on Tea Phytonutrient and Sensory Quality

PLOS ONE | www.plosone.org 8 October 2014 | Volume 9 | Issue 10 | e109126

Ahmed et al. PLoS One 9 (2014)



of the models. We estimated the mean precipitation rate from the
ensemble mean of the 20th Century runs and compared the mean
precipitation rain rate of the dry spring season and the monsoon
season over the following five-year periods: (1) 1979–1984, (2)
1985–1989, (3) 1990–1994, (4) 1995–1999, (5) 2000–2004 and, (6)
2005–2010. We then employed the ensemble mean of the SRES
A1B scenario runs to create future climate scenarios for 2050–
2079 to understand possible climate change scenarios and their
implications for tea quality and farmer livelihoods at the study site.

Statistical analysis
A Fit Model using a Standard Least Square Means personality

function and Analysis of Variance was performed using JMP 10.0
(SAS Institute Inc.) to determine how leaf growth and tea
functional quality parameters vary with increasing precipitation
from the spring drought through the monsoon onset and monsoon
tea harvests. Least Square Means of tea growth values, functional
quality values, and farmer perceptions of tea quality (categorized
as high, low or medium quality) were plotted against the three tea
harvest sampling periods. A multiple comparison using the Least
Square Means Tukey HSD method was applied to examine if tea
growth and quality significantly increased or decreased with
increasing precipitation from the spring drought through the
monsoon onset and monsoon tea harvests. Plot and sampling day
were used as random variables. Finally, we applied regression
analysis to evaluate the relationship between leaf growth
measurements and secondary metabolite chemistry with plot as
the unit of replication.

Results

Tea growth and functional quality
Tea leaves harvested during the spring drought appeared drier

compared to the leaves sampled during the monsoon onset and
monsoon tea harvests that appeared tender. Leaf length
(n = 2,250) and leaf weight (n = 225) increased significantly (P,
0.01) with the increase in precipitation over the sampling periods
from the spring drought to the monsoon onset and monsoon onset
to monsoon tea harvests (Figure 2).

The concentration of six major tea polyphenolic metabolites
(EGC, EGCG, ECG, GCG, C and GA) that determime tea
functional quality decreased (P,0.05) with the onset of the East
Asian Monsoon from the spring drought to the monsoon tea
harvest (Figures 3). The compounds with the largest change in
concentration during the transition from the spring drought to the
monsoon tea harvest were EGC, EGCG, and ECG. These

metabolites were also found to have the highest concentrations
during all three seasonal tea harvest periods. In addition to
changes in these polyphenolic metabolites, total methylxanthine
concentrations (TMC) significantly decreased from the spring
drought to the monsoon onset as well as to the monsoon tea
harvest (P,0.05; Figure 4). Concurrently, total phenolic concen-
tration and antioxidant activity of tea leaves increased from the
spring drought to monsoon onset and monsoon tea harvests
(Figure 5). No difference was found between the monsoon onset
and monsoon for total phenolic concentration but a significant
difference was found for antioxidant activity. Overall, seasonal tea
harvest period and samples categorized as ‘high quality’ by
informants were both found to be significant (P,0.02) for
secondary metabolites analyzed, total methylxanthine concentra-
tion, total phenolic concentration, and antioxidant activity
independent of plot effects (soil characteristics and minor elevation
differences).

The increase in leaf weight was correlated with a decrease in the
concentrations of individual phenolic compounds (CAT, ECG,
EGC, EGCG, GA and GCG), TMC, and antioxidant activity (P#
0.05). Total phenolic concentration did not significantly change
with leaf weight.

Farmer knowledge, sensory preferences, and tea prices
We found a high degree of agreement between farmer responses

to structured survey questions on observed climate patterns and
the effects of precipitation variability on tea quality. The
eigenvalue ratio between the first and second factors was 10.83:1
and the average competency (or agreement) score was 0.8260.13.
The first eigenvalue of the informant response matrix accounted
for 85% of the total response variance. There was complete
consensus for 16 out of 23 questions including agreement that
precipitation changes during informants’ lifetimes have impacted
tea yields, quality, and associated livelihoods.

Coded interview responses found that informants perceive that
precipitation patterns have changed during their lifetimes includ-
ing observations of increased duration (78%), strength (78%), and
unpredictability (78%) of rains. Additionally, informants perceive
that temperatures have increased (78%) during their lifetimes
resulting in fewer cold days (78%), warmer winters (78%), warmer
summers (72%), and less frequent occurrence of frost (72%).
Informants noted these changes in climate patterns have impacted
their tea agro-ecosystems with earlier spring tea harvests (94%)
and monsoon tea harvests (78%). Field observations with farmers
in December 2012 found the unusual occurrence of a fourth tea

Figure 2. Effects of Precipitation Variability on Tea Growth. Increased precipitation from the spring drought to the monsoon tea harvest
significantly increased tea leaf weight and length. Sampling periods not connected by the same letters are significantly different. Values are means 6
one standard error.
doi:10.1371/journal.pone.0109126.g002

Climate Change Effects on Tea Phytonutrient and Sensory Quality

PLOS ONE | www.plosone.org 5 October 2014 | Volume 9 | Issue 10 | e109126

Leaf Biomass and Length Significantly 
Increased with Monsoon Onset 

Ahmed et al. PLoS One 9 (2014)



Figure 3. Effects of Precipitation Variability on Tea Polyphenolic Catechins. Increased precipitation from the spring drought to the
monsoon tea harvest resulted in significantly lower concentrations of (a) epicatechin 3-gallate (ECG), (b) epigallocatechin 3-gallate (EGCG), (c)
epigallocatechin (EGC), (d) gallic acid (GA), (e) gallocatechin (GC), (f) gallocatechin gallate (GCG) as well as catechin (C) and catechin gallate (CG; not
shown). Sampling periods not connected by the same letters are significantly different. Values are means 6 one standard error.
doi:10.1371/journal.pone.0109126.g003

Figure 4. Effects of Precipitation Variability on Total Methylxanthine Concentration. Increased precipitation from the spring drought to
the monsoon tea harvest resulted in significantly lower total methylxanthine concentration (TMC) of tea leaves. Sampling periods not connected by
the same letters are significantly different. Values are means 6 one standard error.
doi:10.1371/journal.pone.0109126.g004

Climate Change Effects on Tea Phytonutrient and Sensory Quality
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Significantly Decreased with Monsoon Onset 

Ahmed et al. PLoS One 9 (2014)



>-24.9 mg TCC / g tea -32.2 mg TCC / g tea

Change in secondary metabolite concentrations between  
Spring and Monsoon harvests

Crop Quality of Agroforests was Significantly More 
Resilient to Seasonal Variability

(a) (b)

p < 0.0001 



Figure 3. GC/MS total ion current (TIC) chromatograms for the spring (left, top) and monsoon 
(right, top) teas on Rxi-5MS. Spectral deconvolution of the data produced the reconstructed ion 
current (RIC) chromatograms (bottom), revealing 166 spring and 158 monsoon metabolites. 

 

Kowalsick et al. Journal of Chromatography A 1370 (2014)

Aromatic Quality Parameters Significantly 
Decreased Overall with Monsoon 

Compound Pre+(RPA) Post+(RPA)
α"Terpinene 0.02394 0.01932

γ"Terpinene 0.05809 0.04056
Terpinolene 0.17686 0.14478
(Z)"Jasmone 0.13577 0.07111

Unique to spring samples: 
cis-edulan (floral) 
γ-decalactone (sweet) 
2-phenoxyethyl isobutyrate (honey) 

Unique to monsoon samples: 
(2E)-octen-1-ol (green) 
benzothiazole (sulfury, vegetal) 
isophorone (green, woody) 

11 metabolites were found unique to spring teas and 3 unique to monsoon 



Climate Scenarios Predict Drier Spring Seasons and 
Wetter Monsoons at Focal Site
Spring: 4-6% decrease

Monsoon: 6-8% increase

Ahmed et al. PLoS One 9 (2014)



Response No response  Inadequate 
response 

Farmer&Responses&to&Climate&Change&

Tree planting

Migration and relocating of 
agro-ecosystem

Changing farming practices on the 
basis of utilization efficiency

Altering in post-harvest processing 
and repurposing end-use of product

Create new marketing schemes and 
promote new attributes

Changing harvest and/or labor 
calendars

Management of soil organic matter 
and carbon sequestration

Controlling pests and disease

Use of biotechnology

Agricultural diversification Environmental modification with 
technology and/or other practices

Varietal and/or crop substitution

Water management Adaptive governance

Management Strategies for 
Climate-Resilient Agroecosystems

Farmers Variably Manage for Climate Resilience  

Ahmed and Stepp Elementa (In press; 2016)



Introgression from Natural Processes + Farmer Management => 

Hundreds of Landraces


Principle #7:  
Experiment with Innovation



Principle #8: Share Your Knowledge and 
Germplasm through Developing Norms of 

Cooperation



Ecology and Society 15(4): 27
http://www.ecologyandsociety.org/vol15/iss4/art27/

Fig. 4. The process of ecological knowledge development of tea resources in response increased market
integration. 

agricultural production and reduce rural poverty.
Likewise, Li (2007) contends that social
dispossession results from growing capitalist
economies. She supports that intervention is
necessary to maintain growth of capitalist
economies, and that such intervention dispossesses
sections of the population. Rigg (2006) highlights
that poverty in rural areas is becoming progressively
delinked from agricultural resources as nonfarm
opportunities expand and increased mobility leads
to the delocalization of livelihoods.

The state-facilitated subleasing of village lands to
commercial tea enterprises to establish expansive
terrace tea plantations is expected to further
influence local values and may have adverse

environmental and health implications. Run-off
from fertilizers, pesticides, and insecticides used by
commercial tea enterprises may have negative
consequences to surrounding land use, particularly
to the village paddy rice fields in the valleys
immediately below the new tea terraces and to
aquatic fauna in the stream below the village. The
tea clones introduced to the uplands by commercial
enterprises poses the risk of genetic pollution
(Altieri 2003) to the reservoir of tea diversity
managed by local communities. The new tea
enterprises are able to benefit from the environment
that upland groups have managed for hundreds of
years, and from the esteemed ‘ecological’ labels and
terroir of the Bulang Mountains that locals have
branded. The influx of hundreds of lowland migrant
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Research Results
Manipulative greenhouse experiments

No Jasmonic acid  Jasmonic acid 

Typical Spring 
(24-32% soil 

moisture) 

Drought 
(8-16% soil 
moisture) 

Monsoon  
(40-48% soil 

moisture)  

x 20 
replicates 
(Control) 

x 20 
replicates 

x 20 
replicates 

x 20 
replicates 

x 20 
replicates 

x 20 
replicates 

N=120 



Interactive Effects of Herbivory x Water Treatment  
Offset the Effects of Increased Precipitation 

Discussion
This study supports the view that an increase in water
availability results in a significant increase in growth of
potted tea plants on the basis of both plant height and
new leaves while the effects on secondary metabolites
vary depending on chemical class. Higher water availabil-
ity increased TMCs, decreased ECG levels and decreased
TPCs of tea leaves. Epigallocatechin 3-gallate was the
only tea functional quality parameter measured that
was not significantly impacted by water availability treat-
ments. Surprisingly, pest pressures as simulated by JA
increased plant growth on the basis of new leaves, indi-
cating that potted tea plants in a greenhouse setting
may respond to pest pressures by prioritizing new leaf
growth. Unexpectedly, JA had no significant effect on sec-
ondary metabolite chemistry. However, the interactive ef-
fects of water availability and simulated pest pressures
show a trend to offset the direct effects of water availabil-
ity on TMC and TPC. These findings point to the fascinating
dynamics of climate change effects on tea plants with off-
setting interactions within agro-ecosystems and the need
for future climate studies to examine climate variables and
pest pressures as well as their interactive effects.
In general, our findings concur with previous studies

which found that altered water availability is a key driver
of plant performance (Gulati and Ravindranath 1996;

Dou et al. 2007) and significantly impacts both growth
and secondary metabolite concentrations of tea plants
(Gulati and Ravindranath 1996; Yao et al. 2005; Schepp
2009; Honow et al. 2010; CIAT 2011). Given the slow-
growing nature of woody tea plants, the less notable
effect of the treatments on plant height compared with
leaves is expected. The reduced growth of plants under
drought treatment in this study concurs with the widely
accepted recognition that lower soil moisture content
reduces photosynthesis, growth and survivability of
plants (Kozlowski et al. 1991; Condit 1998). Shrubs with
shallow roots, such as clonal tea shrubs, are particularly
susceptible to drought effects and show severe water
stress during the dry season (Tobin et al. 1997). Plants
may respond to drought by closing their stomata to re-
duce water loss at the cost of eventually facing carbon
starvation, or may keep their stomates open and face
the risk of hydraulic failure (Zeppel et al. 2011).
The variability of the response of specific secondary

metabolite concentrations to water variability empha-
sizes the complex changes in tea functional quality with
forecasted climate change and concurs with studies
showing idiosyncratic responses of individual compounds
to environmental stress (Glynn et al. 2007). Caffeine is the
primary secondary metabolite responsible for tea’s
stimulant properties and contributes to its bitter taste.
Epicatechin 3-gallate and EGCG are prominent poly-
phenolic catechins in tea that contribute to tea’s bitter

Figure 5. Effects of water availability and JA on the concentration of
ECG. Higher water availability (P ¼ 0.02) resulted in significantly
lower ECG but the effect of JA (P ¼ 0.982) and their interactive
effects were not significant (P ¼ 0.138). Values are means+1
standard error.

Figure 6. Effects of water availability and JA on TPC. Higher water
availability (P, 0.0001) resulted in significantly higher TPC but
there was no significant impact of JA (P ¼ 0.89) and their interaction
(0.09). Values are means+1 standard error.

6 AoB PLANTS www.aobplants.oxfordjournals.org & The Authors 2013

Ahmed et al. — Effects of water availability and pest pressures on tea
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Principle #10: Develop Direct 
Social Bonds with your Consumers
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Medicinal HerbsFruit and Nut Trees / 
Shrubs

Sap and Medicinal 
Trees Species

Sugar Maple 
Red Maple 

Silver Maple 
Birch 
Ash 

Dogwood 
Juniper 

Pine 
Elderberry 

Slippery Elm 
Willow 
Oak

Blueberries 
Bilberries 

Grape 
Strawberry

Bloodroot 
Milkweed  

Nettle 
Plantain 

Barberries 
Yarrow 

Witch Hazel 
Golden Rod 

Vegetables

Livestock
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Fig. 1. Cyclical nature of traditional tea production systems in southern Yunnan between forest,
agroforest, and mixed-crop plots. 

The Chinese state recently strengthened incentives
for planting terrace tea plantations with the
implementation of the Grain for Green campaign
that was piloted in 1999 to increase forest cover and
prevent soil erosion on sloped cropland (Xu et al.
2006). Smallholders were offered grain subsidies in
exchange for replacing grain fields with permanent
cash cropping classified as forest or ‘green cover.’
Rubber and tea plantations fit as ‘green cover’ and
have been extensively promoted since 2002-2003
to replace swidden agriculture in southern Yunnan
because they conform to the state’s dual
environmental and development priorities (Sturgeon
2005, Fox 2009). These environmental priorities
stem from the state’s response to the Yangtze River
flood damage in 1998 and attribution of blame to
farmer practices; the state consequently reclaimed
forests from communities and discouraged swidden
cultivation (Sturgeon 2007). The state has

additionally encouraged private enterprises to
cultivate terrace tea plantations in southern Yunnan
by facilitating the sublease of land previously
managed as swidden areas by upland communities.

Market integration of tea resources

Tea developed as a key commodity by the Ming
Dynasty (1368-1644) between Yunnan and Tibet
on the Cha ma dao (Tea-Horse Road), a trade route
part of the caravan network (Xi’nan sichouzhilu /
Southwest Silk Road) connecting Southwest China,
Tibet, Southeast Asia, and south Asia (Yang 2004).
During the Qing Dynasty (1644-1912), districts
such as the ‘Six Great Tea Mountains’ (Liu da cha
shan) of Sipsongpanna (Xishuangbanna) were
promoted because of their excellent tea-growing
environment. The tea trade in southern Yunnan
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