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TAC PONG CUA BIEN POI KHI HAU PEN NGANH SAN XUAT CHE
TRUONG HQP TAI TINH THAI NGUYEN, VIET NAM

Aaron Kingsbury', Dwong Hoai An’,
Pham Vin Tuan®

Tom tat
Thai Nguyén 1a tinh 6 sdan lirong ché 1én nhat ¢ khu viec mién Bdac Viét Nam. Bién doi khi hdu dang c6
nhing dnh hirong tryc tiép d@én nhisng diéu kién sinh truong va phat trién cua che. Tuy nhién, nhing
nghién ciru danh gid tac dong tiéu cuc cua bién d6i khi hdu dén ndng sudt va san lwong ché trén dia ban
tinh Thai Nguyén dé tir d6 dwa ra cdc bién phap giam thiéu nhifng tac dong nay chwa nhiéu. Nghién citu
nay nham lap 16 hong nay. Cu the, thdng qua cac cugc phong van slu véi céc bén lién quan trong nganh
san xudt ché cho thay rang heong, tan suat va mize dé nghiém trong ngay cang tang cua cdc con mua,
dot han han va ndng néng ciing nhw nhitng thay d@oi bat thwong vé hinh thai mia vu trong nam la nhimg
yéu té anh hwong chi yéu dén nganh sdan xudt ché trén dia ban nghién cizu. Ngoai ra, hiéu biét cua
nguwoi san Xudt ché vé nhiing tdc dong cua bién doi khi hdau ndi chung va dén nganh cheé néi riéng con
kha han ché. Ho thurong doi pho véi bién doi khi hdu mét cach kha thu dgng. Nghién citu ndy ciing dé
Xudt mét sé gidi phdp d@é phét trién bén vieng nganh ché trén dia ban tinh Thai Nguyén.
Tir khod: San xudt che, ing pho6 véi bién doi khi hdu, Thai Nguyén, Viét Nam
THE IMPACT OF CLIMATE CHANGE ON TEA PRODUCTION
THE CASE OF THAI NGUYEN PROVINCE, VIETNAM
Abstract
Thai Nguyen Province is at the centre of tea production in northern Vietnam. Changing climate
continues to directly impact the ways and conditions under which tea is grown. Despite the importance
of this crop to the Vietnamese economy, how these changes in climate affect production and how to
optimally mitigate adverse effects remains little studied. This paper helps to fill this gap. Specifically,
interviews with industry and farmer respondents uncovered an increased amount and intensity of
precipitation, an escalation in the frequency and severity of droughts, a rise in the frequency and
severity in periods of elevated temperatures, and a shift in seasons for the optimal production of tea are
the major factors affecting the tea production in the studied area. Overall, farmers had only minimal
understanding of how climate change affects their production, and tended to react to rather than
proactively prepare for change. This paper then records and assesses agronomic responses by farmers
to those changes, and posits agronomic and cultural recommendations to make production more
economically and socially sustainable.
Keywords: Tea production, Climate Change Adaptation, Vietnam, Thai Nguyen Province.

1. Introduction

Climate change refers to any change in
climate over time. In order to adapt to these
changes, individuals and communities must alter
their habits. This is particularly true with
activities related to agricultural production, and
failing to do so negatively increases socio-
economic risk, decreases food security, and
further limits adaptive capacities of communities
and producers. Producers in countries with
developing economies, such as Vietnam, are no
exception and require a more immediate
reorientation and collaborative response in
agriculture and policy making (Viet, 2011,
Thanh et al., 2013; Tran et al., 2016).

According to Tran (2007), the average
temperature in Vietnam increased by 0.32°C
between 1961-1990 and will continue to rise in

the following decades. For example, the average
temperature in the capital, Hanoi, is predicted to
increase between 2.5 to 4°C by 2100. Similarly,
rainfall patterns have changed, increasing in the
northern and decreasing in the southern part of
the country. Rainfall in Hanoi is predicted to
increase by 2-5% by 2100. The increase in
temperature and precipitation will intensify the
frequency and severity of both droughts and
floods across the country (Chaudhry and
Ruysschaert, 2007; Viet, 2011).

According to a report issued by the FAO
(2011), the impacts of climate change on
agriculture in northern Vietnam are also
pronounced. Between 1958 and 2007, the annual
mean temperature rose approximately 0.5-0.7°C.
The region now experiences higher winter
temperatures and a marked decrease in average
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annual rainfall. This has resulted in severe
droughts, considerably increasing the demand for
water in agriculture. It has been predicted that
this demand may double or even triple by 2100
(FAO, 2011). Higher temperatures and changing
rainfall patterns also continue to increase pest
and fungal pressures. Perhaps most significantly,
growing seasons, particularly in the production
of tea in areas such as Thai Nguyen Province, are
shifting. If there is not a timely and coordinated
response, the potential for dire consequences to
local agriculture is real.

This importance of climate change to
Vietnamese agriculture has received considerable
treatment in the literature. Studies range from
focusing on the adaptability, resilience, and food
security in relation to agroforestry (Nguyen et al.,
2013); building stronger rural-urban links to
improve food security (Thanh et al., 2013);
identifying ingenious or folk knowledge in coping
with climate change (Ngoc and Hanh, 2015); and
determining how the perceptions of climate

change of provincial officials affect mitigation
strategies (Van et al., 2015). Yet, the effects of a
changing climate on the production of tea remain
little explored. This is particularly troublesome as
climate is a decisive factor in determining optimal
crop development and the industry provides
considerable employment in areas more remote
and economically disadvantaged (Viet 2011;
Chang and Brattlof, 2015). This paper helps to fill
this gap by focusing on tea production in the
northern Vietnamese province of Thai Nguyen to
determine how climate change is affecting
farmers, how farmers understand and are
responding to those changes, and what effective
adoptive measures would make production more
economically and socially sustainable in the face
of continued environmental change.
2. Study Area

Thai  Nguyen Province is located
approximately 80 kilometers from Hanoi in the
north of Vietnam (See Figure 1).

Thai Nguven Provinoe

Figure 1. Map of Vietnam with Thai Nguyen Province
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Thai Nguyen is the second largest tea area
in Vietnam in term of production and area
cultivated. Currently, there are 21,000 hectares
of tea grown in the province. The average yield
is approximately 1.09 tons of dried tea per
hectare. The annual dried tea production in 2016

was 185,000 tons. Tea exports and export
turnover slightly increased between 2015 and
2016 (Figure 2). This is a trend expected to
continue in the near future.
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Figure 2. Thai Nguyen Tea Exports and Export Turnover

There are a number of steps in the Thai
Nguyen tea production value chain including
planting,  cultivation  habits,  collecting,
transporting, processing, packaging, labeling,
storing, and selling. In 2016, there were 29
businesses, 30 cooperatives, 50 trade villages,
and 60,000 tea farming-households that
participated in this value chain (Nguyen, 2016).
Overall, tea production in the province can be
classified into three main regions or
macroclimates based on a variance in climate
due to elevation. This study was operationalized
to identify how changes in climate have affected
the production of tea across these three
macroclimates, record indigenous agronomic

Source. Adopted from Nga, 2016
responses by farmers to those changes, and then
posit specific suggestions for more sustainable
production in the face of continued
environmental change. Based on Nguyet (2015),
the three macroclimatic regions in Thai Nguyen
are as follows:

- Tan Cuong, Phuc Triu, and Phuc Xuan
communes in Thai Nguyen City form the lowest
elevation at 30-100m

- Song Cau town in the Dong Hy district
forms the medium elevation at >100 - 200m

- Trai Cai of the Dai Tu district and Vo
Tranh and Duc Tranh of the Phu Luong district
form the highest elevation at >200 - 400m (See
Figure 3).
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Figure 3. The macroclimatic regions of tea production in Thai Nguyen Province

3. Methodology

Data was collected using interconnected
methods. First, deep interviews were conducted with
local tea experts. Then, full-time tea farmers,
producers, and traders representing each of the three
macroclimates were interviewed. Guided in design
by Boyce and Neale (2016), interview schedules
were constructed to obtain detailed information
about the thoughts and opinions of individual
respondents. Interviews were largely unstructured
and following Zang and Wildemuth (2009), typical
‘conversations’” were conducted without hypotheses
and to develop, rather than test, theory. Interviews
with farmers occurred in their homes and tea
plantations, permitting opportunities for micro-
explorations of social dynamics through participant
observation. As per Sin (2003), this place-ness of
respondents and its relation to the interviewer were
regularly reassessed during fieldwork

A total of 26 farmer respondents were

interviewed as case studies, many of whom were
also later re-interviewed for further clarification. It
is interesting to note that while interviewed farmers
typically completed only ten years of formal
education, they averaged over 25 years of practical
experience in tea production. The mean cultivation
area was 0.59 hectares producing a higher than
average 1.67 tons of dried tea annually.
4. Results

Based on interview data (i.e., with tea farmers,
producers, traders, and experts) and our
observations, climate change was found to have
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Source. Adopted from Nguyet, 2015
had a number of direct impacts on tea production in

Thai Nguyen Province. Although tea comprises a
major agricultural crop of Thai Nguyen and local
changes in climate have been obvious in recent
years, there have not been any studies specifically
examining how it affects production. Each major
change will now be discussed in terms of this
impact and the resulting agronomic responses of
local farmers. Importantly, during the data
collection process farmers often mentioned that
both the occurrence and severity of these climatic
changes are more recent phenomena, and noted that
adequate, on-farm, and currently practiced
solutions remain rare.
4.1. Increased amount and
precipitation

The amount and intensity of rainfall across
the region is in flux. This has accelerated rates of
decomposition and the rotting of both the roots
and young leaves of tea plants. Additionally, the
rise in intense precipitation events have led to
more severe pressure from fungal pathogens and
have resulted in increased soil erosion. In
response, farmers have largely sought shorter-
term and more immediate solutions rather than
proactively managing future potential risks.
Perhaps the most common practice is the digging
of temporary ditches during and following larger
precipitation events to drain excess water from
fields. Additionally, farmers are now creating soil
beds that incorporate larger rocks to facilitate the

intensity  of
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draining of water at quicker rates. This practice
was more commonly found in flatter areas. The
use of mulches to cover rows was also noted,
although not yet a universal practice. In response
to increases in pest pressures, farmers have been
forced to employ more part-time labor to increase
the number and intensity of pesticide applications.
The timing of these applications will be discussed
in a later section.
4.2. Increased frequency and severity of
droughts

Along with an increase in the amount and
intensity of precipitation, farmers now struggle to
cope with more common and severe droughts. A
lack of precipitation prevents tea from reaching
maturity, and if coupled with high temperature
can kill plants. As a response farmers are again
being forced to employ more labor to water fields

regularly, although the timing of these
applications is not always optimal.
4.3. Increased frequency and severity of higher
temperatures

The third major change is the more frequent
periods of severely high temperatures. High
temperatures burn both tea buds and young
leaves. Tea propagated by fasciculated roots,
such as is common with hybrids varieties, are
particularly vulnerable. During fieldwork in the
summer of 2017, the region experienced long
periods of heavy rain combined with
temperatures over 37 °C. Respondents noted that
tea roots appeared “cooked” (Figure 4). The
percentage of damage (i.e., defoliation and/or
death) and loss (harvest rounds missed) ranged
from 20% in more sloped areas to 70% in flat
areas. Finally, the rise in temperatures has
resulted in an increase in insect pest pressure.

Figure 4. Damaged tea as a result of a combination of increased precipitation
followed by high temperatures

Similar to the threat faced by the increased
frequency and severity of droughts, farmers are
again employing more labour to meet irrigation
demands. Additional labour is also being used to
apply more pesticides. Some farmers noted they
cover their tea with black netting to reduce the
impact of heat on plants.

4.4. Shift in growing seasons

More traditionally, farmers harvested during
the year and pruned in winter, with the most
valuable crop being the first harvested in spring.
One interesting finding of this study was that an
entire shift in growing seasons has occurred. With

Source: Photographed by the authors
winter climates now warmer, farmers are
investing considerably more into winter tea
production. The quality of the leaves and flavor
are better, resulting in prices more than double or
even triple previous harvests. As a result, pruning
now happens in spring.

5. Discussion

There are a number of considerations that
merit discussion when considering how to best
mitigate the negative effects of and possibly even
take advantage of the potential benefits of climate
change. First, this study surprisingly found no
significant differences in how climate change is
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affecting tea production across the three
macroclimates in Thai Nguyen Province. For
example, even at areas of higher elevation,
prolonged rain incidents adversely affect
production when water cannot drain. Stated more
broadly, although it is believed that tea grown at
higher elevations will suffer less adverse effects
due to climate change, no clear relationship
between elevation and manifestation was found.

Secondly, one of the key findings of this
study was that tea farmers in Thai Nguyen
Province are not always aware of the realities of
climate change or how to efficiently adopt their
practices to best mitigate that change. The
majority of respondents were reactionary, rather
than having specific plans of preemptive action to
implement techniques appropriate to evolving
local conditions. This is something that needs to
change as more complicated solutions to ever
more severe climate will be required. Extension
agencies should encourage farmers to design solid
plans to better prepare for and adapt to climate
changes. A first step would be the establishment
of seminars and workshops on climate change in
both agriculture and tea production more
specifically.

Next, the present planting density of tea trees
needs to be reduced. While such high densities are
maintained with the idea of an increased harvest
and to avoid additional spraying and cutting
between rows, they are no longer practical. A
crowded canopy greatly limits the circulation of
air, providing optimal conditions for an increase
in fungal pathogens. While under previous climate
regimes such agronomic practices may have been
suitable, this is no longer true. The expanded use
of mulch between tea rows would provide a good
solution to deal with soil erosion (caused by larger
volume and more intense precipitation events),
droughts, and high temperatures, while reducing
the labor requirements attributed to grass cutting.
Furthermore, the creation of soil beds with layers
of materials that help remove water quickly is
now necessary. The soil beds should be high and
the ditches between rows should be deep enough
for tea roots to avoid flooding.

Next, there has been a considerable effort by
the provincial government to expand the acreage
of tea under hybrid varieties. The impetus for this
is largely to reduce the lengthier period of time
from planting to harvest common with traditional
varieties, increase harvest yield rates per hectare,
and take advantage of higher market values all to
increase profits. This paper argues that the further
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expansion  of  hybrid  varieties  merits
reconsideration, specifically as many have been
found to be ill-suited to the effects of climate
change under local conditions. In particular,
hybrids are best grown on flat areas as their roots
do not penetrate deep into the soil (i.e., and
therefore also tend to accelerate erosion on slope
lands). Having roots located near the surface
increases the possibility of damage due to high
temperature and precipitation events.
Furthermore, it must be considered that most of
the flat areas converted to tea were previously
under wet paddy rice. Hybrid tea roots struggle to
break the previous hardpan, remain near the
surface, and are therefore prone to increased rates
of decay. If hybrids are planted, the creation of
high soil beds through layers of materials
underneath that can quickly drain water from
fields would benefit farmers, particularly in lower
elevations. Of the two commonly hybrid varieties
grown locally, “Kim Tuyen”, is best adapted to
changing conditions. On the other hand, “777”
fairs worst under local conditions and is therefore
not recommended for future plantings.

This study also found that tea grown from
seeds is better adapted to the changing climate.
For example, tea grown from seeds has roots that
reach deeper into the soil profile than tea
propagated. As a result, if a plantation is flooded
for a shorter period of time, the deeper reaching
roots ensure higher rates of survival. However, if
the plantation is flooded for more than a week,
both tea grown from seeds and from propagation
will be adversely affected and likely die.

Recommendations for adapting to both
drought and elevated temperatures focus largely
on gaining some control over temperature and
available water through lower cost technology
advancements. The most obvious type of water
management is to introduce some form of
sprinkler watering system. If possible, a drip
irrigation system would permit the highest level of
control while reducing runoff and waste. An
expansion in the use of black netting would also
help to reduce the negative impacts of extreme
temperature. Watering should only occur at dawn
or dusk to prevent loss though evaporation.
Fertilizers and pesticides should not be applied
before watering or large precipitation events.

Furthermore, glass houses made with durable
frames (e.g., from steel), covered with clear
plastic sheets, surrounded with black netting, and
with sprinkler water systems would considerably
reduce some of the adverse impacts of climate
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change in local production. Such systems would
help to reduce flooding by rain water, allow for
the reduction of heat (i.e., in summer), and help to
increase temperatures when it is colder (i.e., in
winter). Additionally, the use of such glass houses
would permit an additional two harvest rounds per
year for a total of ten while advantageously
offering reductions in disease and pest pressures.
Installation costs of over US$100,000 per hectare
are relatively high when compared to the income
of tea farmers, but considerable benefits would be
accrued if those costs were subsidized by a
government or development program.

Cultivation habits were also found to
significantly impact the ability of tea to cope with
climate change. As an example, if fertilizers were
uniformly scattered across the top of a field, tea
roots would remain closer to the surface.
Consequently, in periods of elevated perception
and temperature, the roots are more prone to rot or
burning. As such, it is recommended that
fertilizers be applied to holes and ditches between
tea rows.

Some studies have suggested that at lower
ele‘\./sations tea should be replaged with crops that
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Due to the potential concerns surrounding
the use of Popcorn cassia noted by many tea
growers, Tephrosia candida merits considerable
future research as a viable and more sustainable
alternative.

6. Conclusions and Recommendations

This study found that climate change is
directly impacting tea production in Thai Nguyen
Province in northern Vietnam. Unprecedented

are better suited to flooding such as rice (FAO,
2011) or by extension possibly even lotus root
(Kingsbury et al., 2010). Under local conditions
however, tea has considerably higher income
earning potential. While such a replanting may
make strong agronomic sense, farmers are
unlikely to be willing to make these transitions.

Finally, this paper argues for the reduction of
tea produced as a monoculture. Intercropping tea
with nitrogen-fixing crops would provide one part
of the solution to climate change. In particular,
Popcorn cassia is known to advantageously
provide shade through its canopy and improve soil
quality. It has also been recommended by
extension agencies in the past. However, further
research is needed as to its suitability and the
specific adaptation of this plant to local
conditions. While no academic research was
found that supported these claims, some farmers
believe Popcorn cassia has a tendency to harbor
pests and/or compete with tea for nutrients. As an
alternative, tea farmers preferred planting
Tephrosia candida to provide shade to their tea
farms and improve the soil (Figure 5).

Z e e < =i -f'-\‘
Figure 5. Young tea plants intercropped with Tephrosia candida

Source: Photographed by the authors
durations and intensities of rainfall compiled

with increased temperatures are affecting
growing conditions, shifting growing seasons,
and adding new levels of economic and
agronomic  stresses to  farm  families.
Surprisingly, these changes varied little across
the three macroclimates within the region.
Overall, this study used a mixed method
approach of data collection to document current
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practices of farmers seeking to circumvent issues
related to climatic changes and to posit a number
of recommendations to improve the economic
and environmental sustainability of local
production. In so doing it identifies research and
development needs, a fundamental background
step to dealing with issues of climate change in
agriculture (Simelton et al., 2014).

More specifically, this study recommends the
selection of specific varieties of tea better capable

addition of piping to more easily apply liquid
fertilizers and bio-pesticides in plantations would
also reduce labor costs.

Perhaps most importantly, this study found
that farmers were not always aware of climate
change or how to mitigate its adverse effects in
their fields. With no preemptive plan, farmers
were often making important decisions to reduce
damage following more severe climate events.
Extension services should encourage farmers to

of coping with more extreme flood and heat events. better prepare for changes prior to their
Additionally, the creation of high soil beds to occurrence. An initial step would be the
facilitate the flow of water away from fields should establishment of basic and intermediate level
be encouraged. Alternatively, intercropping seminars and workshops on both climate change
Tephrosia candida with tea would help to provide as a concept and also its effects in tea production.
shade for tea and improve the quality of the soil. As climate continues to shift, more
Finally, while initially expensive, infrastructural comprehensive  preemptive  planning  and
investment in glass houses and/or drip irrigation extensive collaboration between all stakeholders
systems would optimize the ability of farmers to will be invaluable.

better control facets of their production. A simple
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