Greenhouse Horticulture in China:
situation and prospects

report on a study tour 11 October - 2 November 2003

Editors-in- Chief:
J. Miguel Costa and Ep Heuvelink

Co-Editor
Niek Botden

Authors:

Niek Botden {(MSc.}

Susana M.P. Carvalho (Ph.D.)
J. Miguel Costa (Ph.D.)

Ep Heuvelink (Ph.D.)

Oliver Kdrner (Ph.D.)

Anke van der Ploeg (MSc.)

Horticultural Production Chains Group
Wageningen
March, 2004



1st print: 150 copies

Cover design: Oliver Korner
Photographs: Niek Botden, Miguel Costa, Oliver Kémer, Susana Carvalho

Greenhouse horticulture in China : situation and prospects
(report on a study tour 11 Oclober-2 November 2003

March 2004

ISBN 90-6754-744-1

Horticultural Production Chains Group

Department of Plant Sciences, Wageningen University and Research Centre
Marijkeweg 22, 6708 PG Wageningen

The Netherlands

Tel: +31 317 484096

Fax: + 31 317 484709

E-mail: ep.heuvelink@wur.nl (contact address)
E-mail: miguel.costa@wur.nl

E-mail: niek.botden@wur.nl

©2004 by the authors. All rights reserved. No part of this book may be reproduced and/or published
in any form or by any means, electronic or mechanical, including photocopying, microfilm and
recording, or by any information storage and retrieval system, without written permission from the
editors.

Printed by Ponsen & Looijen BV, Wageningen


mailto:ep.heuvelink@wur.nl
mailto:miguel.costa@wur.nl
mailto:niek.botden@wur.nl

Preface

Preface

About 4 years ago a group of Ph.D. students from our Horticultural Production Chains group visited
Spain and investigated the Almeria area for its horticultural potential. This resulted in a report
describing the situation on many different levels (Greenhouse horticulture in Almeria (Spain) -
report on a study tour 24-29 January 2000). From basic technical descriptions of the different
horticultural practices up to market analyses and assessments of the intemational position and
growth potential. The report was met with interest by the Dutch horticultural community as
growers and companies were assessing the possibility of year round production by opening separate
production units in Almeria. It was based on this (success} story that a new attempt was made to a
much more ambitious project.

China is considered (o be the potential world producer of horticulture with its one billion
farmers. Our Ph.D. students and Post-Docs cooked up a plan to take on China’s horticulture. First
an extensive literature survey on the subject was tumed into a written report. Dutch and foreign
industry was approached to support the project financially. Also our good connections to fellow
scientists of China were of great help. Most of the details for the field trip in 5 regions were
prepared by them and they connected us to Chinese industry and institutes which paid for most of
the expenses in China. As they were scientists and good long term friends they helped us also with
getting the real data of the sector, which would not be easily available otherwise. When everything
was prepared for the 3 weeks field trip of 6 members of our group in April 2003 the terrible
epidemic of SARS broke out and everything had to be postponed. It is mainly due to the tenacity of
one member of this group, Miguel Costa that the whole expedition wasn’t bogged down. He
invested every bit of spare time in preparing for the trip and wouldn’t hear of quitting even when all
the odds were against the success of the project. Finally the entire group left for China in October of
2003. They started out together in Shanghai and after that they split up in 3 groups of 2 students to
go to 3 different provinces (Shandong, Jiangsu and Yunnan). At the end of the trip they all joined
again in the Beijing area and finished their data gathering. It was due to their Chinese partners that
they were able to visit every possible location that could give them the information they needed.
Also the combination of visits to foreign companies and joint ventures and Chinese companies and
institutes gave a broad and detailed view of the horticultural situation,

Afler the group returned their minds were full of impressions, yet they immediately proceed
with the task of analyzing the data and creating a well funded SWOT analyses of every
municipality/province they had visited. It is especially the combination of technical knowledge with
marketing and logistic information that makes this analysis up-to-date, innovative and unique. [ am
very proud of these students and post-docs, for they have created a piece of work of very high value
to the Horticultural sector. And they have done it on a shoe-string budget and with a lot of support
of both the Dutch horticultural industry and of the Chinese scientific community. They are an
example of the traits that made Dutch horticulture successful in the last century, i.e. tenacity, co-
operation, efficiency, innovation and a strong urge to do things really right at the first try.

[ wish you a lot of informative joy reading this report.

Prof. Dr. Olaf van Kooten
Horticultural Production Chains group
Wageningen University

February 10, 2004
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The role of China in the world-wide horticultural sector changed considerably in the last decades.
China is at present the world's largest producer of fruits and vegetables with 350-400 million tons in
2001-26G02 and has also become the world's largest producer of ornamentals. China is the country
with the largest area of protected cultivation, which is estimated at 2 million ha. This area is mainly
located in the north and is almost fully occupied by vegetables. Plastic tunnels and solar (lean-to)
greenhouses are the most important greenhouse structures. Modern plastic multispan or Venlo-type
glasshouses occupy a minor area (400-700 ha) and are only used at demonstration centers, research
institutes or large private or state-owned companies, Chinese greenhouse horticulture expanded fast
since the 8('s but it also faces several constraints, which can limit its forther development. A small-
scale and scattered production structure makes it difficult to organise the sector and enforce the law
(e.g. breeder’s rights). On the other hand, it has guaranteed employment and social stability in rural
China. Land and water are scarce in China, The per capita availability of water is about 1/4 of
world's average and the per capita tillable land is about 1/3. Moreover, water use efficiency is low
(furrow irrigation is commonly used in open field or greenhouse) and problems with water and soil
pollution exist. Logistics, transport and storage structures need investment and meodernisation,
although the progress in road and railway infrastructures has been remarkable in some regions. The
greenhouse manufacturing industry has made a lot of progress and is now able to offer high tech
greenhouses at competitive prices. The Chinese seed market is the second largest on a global scale
{about € 2,440 million) and has still potential to grow. The new Seed Law approved in 2000 helped
to re-organise the sector and facilitated the activities of foreign seed companies. However, the
government still controls the seed industry. Breeder's rights are not totally guaranteed but the
situation is improving. Vegetables are commercialised via free and wholesale markets (both indoor
and outdoor) and more recently by supermarkets and hypermarkets. Pot plants and cut flowers and
cut foliage are sold via free and wholesale markets and florists. The auction system is also being
used (e.g. in Yunnan and Beijing for cut flowers). Like production, commerce lacks specialisation
as a way to decrease the risk and satisfy the customers.

Beijing and Shanghai municipalities are two of the most populated and rich urban areas of
China. As consequence they represent two of the most important consumption centres of vegetables
and omamentals in China. Both municipalities preserve a typical peri-urban horticultural activity
either in open field or greenhouses. Shanghai has about 2,700 ha of protected cultivation area
whereas Beijing has about 5 times larger area due to the cold winters. In both municipalities
vegetables are the most important greenhouse crops. Production of cut flowers and pot plant
(cyclamen, bromelia, poinsettia) is also becoming more relevant. Propagation in vitro of
phalaenopsis is also a relevant activity in both municipalities. Shandong and Jiangsu are two of the
five largest vegetable-producing provinces. Shandong has the largest cultivated area of vegetables
of whole China (1.8 million ha) and also the largest greenhouse area (400,000 ha), which is half
tunnels and half solar greenhouses. Cucumber and tomato are the most important crops. Fruit trees
and ornamentals (e.g. garden plants and bonsai) are also important in Shandong. The province has
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one of the 10 largest wholesale vegetable markets of China in the city of Shouguang which has
emerged as a competitive horticultural area in east China. Shandong s also producing and exporting
processing vegetables {(e.g. asparagus) and organic products. Jiangsu province is the most important
province regarding ornamental production especially that of ornamental trees. Cut flowers and pot
plants are mainly produced in the southern provinces of Yunnan (about 50% of China’s cut flower
production) and Guandong (largest area of foliage and flowering pot plants}. The ornamental
production in Yunnan occupies about 6,250 ha of which 60% is used for cut flower/foliage
production. Carnation and rose but also lily, gerbera, limonium, gypsophyla, statice and gladiolus
are produced. Large-scale companies, both governmental and private, are increasing mostly with
the aim te export. Yunnan has at present limited export possibilities as it is far from the main
consumer centres, refrigerated transport is hardly available and no direct flights to the main export
markets exist.

Regarding the future, Shanghai and Beijing are expected to remain as major markets for
vegetables and ornamentals {e.g. cut flowers, garden plants) coming from other provinces (e.g.
Shandong, Jiangsu, Yunnan) where they can be produced cheaper. Greenhouse pot plant production
is expected to be a competitive activity in those two municipalities due to the proximity of a high
market segment, the availability of know-how and research and the good quality of the product.
This could compensate an increase in the labour and land prices in both cities. The future of
Shandong province will emphasise on the optimisation of the greenhouse vegetable production and
the improvement of yields and quality by using more imported seeds, Regarding Jiangsu, the
province will keep playing a leading role in the production of ornamental trees and shrubs and also
keep an important position in vegetable production. It is quite possible that exports of processing
vegetables will increase for both Jiangsu and Shandong provinces. Yunnan is expected to lead cut-
flower production and the propagation material production. The competitiveness of the Chinese
greenhouse horticulture as a whole and regarding vegetables and possibly pot plants or cut foliage
will likely relay on the low price with an acceptable to high quality product and will compete
mostly with other Asian countries. It is expected that China will increase exports in the coming
years but the bulk of the Chinese horticulture produce will be sold in the domestic market. In this
sense, China could be considered as a huge "closed and internal” market that requires mainly high
quality starting material, know-how and innovative technology from abroad.
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Chapter 1

1.1 Protected cultivation world wide

Horticulture is an intensive form of agricultural production regarding the use of labour and capital.
This is specially the case for the protected cultivation of vegetables and ornamentals (cut-flowers,
ornamental pot plants). It has developed as a result of technological advancement and the rise in
demand for more expensive, out-of-season and exotic products related to the increasing prosperity
of a growing group of citizens {Bakker and Challa, 1995). At present cultivation in greenhouses
(protected cultivation) may be considered the most intensive and advanced form of crop production.
In fact, it has been frequently described as the "greenhouse industry”, which emphasises the
important role of technology in the whole process (Bakker and Challa, 1995).

Compared to open field cultivation greenhouse horticulture offers the possibility of year-
round production, higher yields by better control of pathologies and climate and higher water use
efficiency (Stanghellini et al., 2003). However, and in spite of the high economy/resource use
efficiency, production in greenhouses is an intensive production system which has a significant
environmental impact that needs still to be investigated and minimised (Stanghellini et al. 2003).

Protected cultivation ranges from row covers (small tunnels) to unheated and heated
greenhouses, and is mainly concentrated in the temperate latitudes (Hurd and Sheard, 1981). In
1999, the world's total protected cultivation area (small and large plastic tunnels and glasshouses)
was estimated to be 1.6 million ha with about 700,000 ha occupied by greenhouses and large plastic
tunnels and 900,000 ha occupied by low tunnels (Jougt, 2001).

The geographic distribution of protected cultivation shows different patterns for cultivation
under plastic or under glass. Asia has the largest concentration of plastic greenhouses in the world
(Table 1). The second largest concentration of plastic greenhouses is located in the Mediterranean
Basin which includes several South European countries (e.g. Spain, France, Italy, Portugal, Greece)
and countries from North Africa (e.g. Morocco, Egypt) and the Middle East (Israel, Turkey) (Pérez
et al., 2002). On the American continent, plastic greenhouses are mainly found in Latin American
countries and in the Southern parts of USA.

World wide, the total area of glasshouses has been estimated at 46,000 ha (Jensen, 2001). The
largest area is located in Europe, in particular in the Netherlands (10,500 ha) but also other
countries like Jtaly, Spain or France possess considerable areas (Table 1). On the American
continent glasshouses are located mainly in USA and Canada (Jougt, 2001). The area of glasshouses
in Asia is small, but countries like Japan and South Korea possess a considerable area and in
countries like China the glasshouse area is increasing {only 320 ha in 1999) (Zhang, 1999},
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1.2 Study Background

World-wide, greenhouse vegetable production is dominated by several countries from Europe
(Spain and The Netherlands) and from America {(Mexico, Canada and United States) (British
Colombia Ministry of Agriculture, 2003). Production of ornamentals (flowers and pot plants) in
greenhouses is dominated by some countries of Asia and Pacific (Japan, South Korea and
Thailand), America {Brazil, Colombia, USA and Canada), Africa (e.g. Kenia), and Europe (Spain,
The Netherlands, [taly) (AIPH, 2003).

However, the relevance of China in the context of world-wide horticulture increased
dramatically in the last decades in terms of production and protected cultivation area. According to
FAQ, between 1970 and 2002 there was a 700% raise in the production of fruits and vegetables and
China has become the world's largest producer with about 370 million tons in 2002 (Cody and
Blenkinsopp, 2003; Costa et al., 2003). Ornamental horticulture (cut flowers, pot plants and garden
plants) experienced also fast development in the last decade (Dutch Horticultural Board-LNV,
2002) and China is at the moment one of the largest producers of flowers and pot plants world wide.
The fast increase in vegetable and ornamental production occurred in parallel with the fast
expansion of the protected cultivation area which increased from about 10,000 ha in beginning of
the 80's (Jiang et al., 2004) to about 1.7-2.0 million ha (small tunnels included) more recently
(Zheng, 2003; Zhou et al, 2003). These fast developments in the Chinese greenhouse sector got
attention from the world wide horticultural players not only from those ones searching for business
possibilities but also because these developments may represent a threat to them, in particular, as
China became a member of the WTO.,

Greenhouse Horliculfure in China: 3
situation and prospects
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Table 1.1: Total protected cultivated area (greenhouses and large and small tunnels and glasshouses) in the
main horticultural countries (Adapted from Jouét (2001). Data from Jouét is relative to 1999, Other
references are more recent (2000-2003).

Area (ha)
Greenhouses and
large tunnels Small tunnels
Laocation (plastic) (plastic) Glasshouses
Europe
Total 160,000 90,000 -
Italy 61,900 19,000 5,800
Spain 46,852 17,000 4,600
France 9,200 20,000 2,300
The Netherlands 400 - 10,500°
UK 2,500 1,400 1,860
Greece 3,000 4,500 2,000
Portugal 1,177 450 -
Ex-Yugoslavia 5,040 - -
Poland 2,031 - 1,662
Hungary 6,500 2,500 200
Africa and Middle East
Total 55,000 112,000 -
Egypt 20,120° 17,600° -
Turkey 17,510° 26,780° 4,682°
Morocco 10,0007 1,500 500
Israel 5,200 15,000 1,500
Asia
Total 450,000 653,600 -
China 380,000 600,000 -
South Korea 43,900 -
Japan 51,042 53,600 2,476
America
Total 22,350 30,000 -
USA 9,250 15,000 1,000
Canada 600 - 350
Colombia 4,500 -
Mexico 2,023% 4,200
Equator 2,700
WORLD TOTAL 687,350 885,600

Sources: Joudt 2001; a) CBS (2003); b) Costa and Monteiro (2003); ¢) La Malfa (2003); d} New Aglnt,
2003; e) Oztiitk et al., 2001; f) Perez et al., (2002); g} Cantliffe and Vansickle, 2003); h) Park and Lee
(2001); i) Knaflewski (2003).

1.3 Aim and methodology of the study

The aim of this book and the project behind it ("Greenhouse horticulture in China: situation and
prospects") is to describe and analyse the current status and future trends of the Chinese greenhouse
horticulture using five major greenhouse horticultural provinces/municipalities as basis for the
study. Three of them are typical producer centers of greenhouse vegetables (Jiangsu and Shandong)
or of cut flowers (Yunnan). The other two, Beijing and Shanghai, are typical modern and large

4
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consumer centers of vegetables, fruits and ornamentals and also maintain a relevant peri-urban
greenhouse horticulture. Moreover, these regions, with the exception of Yunnan, are located in the

richest part of China, where the greenhouse horticultural sector is developing fast.

The study aims at compiling and analysing information regarding protected cultivation of
vegetables and ornamentals (cut flowers, pot plants, nursery-stock) and related aspects (e.g.
greenhouse structures, substrates, environment, the seed industry and research and education) for
the five above mentioned regions. It should help in identifying constrains and opportunities for the

sector it terms of business, training and research opportunities.

The study comprised three phases. The first included an extensive literature review and
writing of a preliminary report entitied "Greenhouse horticulture in China: situation and prospects”
{by J.M. Costa) and the elaboration of a MSc Thesis entitled "Market trends and scenarios for the
omamental markets of emerging China" (by P, Keijzer). The second phase of the project consisted
in a 3-week study visit to the above mentioned provinces/municipalities (see program in Appendix)
with a team of six researchers from Horticultural Production Chains group, Wageningen University,
The Netherlands. The visit was organised in co-operation with several Chinese Universities,
Institutes and Dutch diplomatic representations in China (e.g. NBSO) and received financial support
from several private partners from the greenhouse sector. The third and ultimate phase of the project
consisted in the writing, editing and publishing of the present report where previous literature

information is combined with data, impressions and experiences collected during the visit.

1.4 Report structure

The report gives in Chapter 2 a description of the most relevant historic and political aspects which
have influenced the greenhouse horticultural sector in China. It provides up-to-date information on
cultivated area of vegetables and ornamentals, type of greenhouse structures and equipment in use,
substrates, environment, seed industry, market and supply chain and research and education. It
incorporates literature and already some data collected during the visit. Chapters 3 to 7 are detailed
descriptions of the greenhouse horticulture sector in each of the 5 visited regions: Beijing,
Shanghai, Jiangsu, Shandong and Yunnan. The specific aspects of each of the
provinces/municipalities (e.g. climate, vegetable and ornamental production, production methods,
starting material, substrates, marketing, commerce and research} are described in those chapters.

Chapter 8 provides a SWOT analysis for each of the five provinces. Strengths and
Weaknesses, Opportunities and Threats for the greenhouse horticultural sector in each of the
provinces are presented. Major conclusions regarding competitiveness of the sector are discussed.

Greenhouse Horticulture i China: 5
situation and prospects
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China's greenhouse
horticulture: an overview

by J. Miguel Costa and Ep Heuvelink

Abstract

The role of China in the world wide horticultural sector has changed considerably during the last decades.
China has become the world's largest producer of fruits and vegetables with 350-400 million tons {2002) and
it is also the largest producer of ornamentals (cut flowers, pot plants, nursery plants). The area of protected
cultivation has grown from 10,000 ha in the beginning of the 80's to about 2 million ha (small tunnels
included), also the largest in world. Greenhouse horticulture is mainly located in the northern provinces (e.g.
Shandong, Jiangsu or Liaoning) and on almost the whole protected cultivation vegetables are grown, The
main greenhouse structures are plastic tunnels and solar greenhouses. Modern greenhouse structures occupy
only a small area (400-700 ha). Cuitivation is mostly done in soil as soilless cultivation (eco-soiless or
hydroponics) occupies only 1,020 ha. Shandong, Henan, and liangsu were the 3 largest producers of
vegetables in 2001. Jiangsu, Yunnan and Guandong are the most relevant provinces in terms of ornamental
production. Jiangsu is the largest producer of ornamental trees and Yunnan is responsible for 50-60% of the
total cut flower production in China. The greenhouse horticultural sector expanded fast but is still has
constraints. For example, the scattered and small-scale production structure makes it difficult to co-ordinate
and organise the sector and makes it difficult to provide governmental extension and law enforcement (e.g.
breeder's rights). Low water use efficiency and pollution due to the use of agrochemicals are other problems.
The government is promoting organic production estimated at about 100,000 ha. The Chinese seed market is
the world's second largest (€ 2,440 million} and has still potential to grow. Because of that foreign
companies are already present in China but the seed industry remains strongly dominated by the government.
In 2000, the new Seed Law represented progress for the sector as it provided the legal basis to go against
illegal propagation. It also allowed foreign companies to have easier access to the market. Even so, breeder's
rights are not always respected. Regarding research, institutes are undergoing major changes as
governmental funding is decreasing and they are being partly privatised. The universities are probably the
most international sector in China due to the active exchange of students and teachers with abroad. Research
is rather focused on yield optimisation {e.g. via bictech means, use of high tech greenhouse technology) but
the sustainable use of natural resources (e.g. biodiversity, water and soil) is receiving increasing attention.
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2.1 Brief characterisation of the country

China is located in Central and East Asia. [t makes borders with Mongolia, Russia and Kazakhstan
to the north, North Korea, the Yellow Sea and the East China Sea to the east, the South China Sea,
the Gulf of Tonkin, Vietnam, Laos, Myanmar, India, Bhutan and Nepal to the south as well as

India, Afghanistan, Pakistan, Tajikistan and Kyrgyzstan to the west.

China has an area of about 9.6 million km? and a total population of 1.3 billion inhabitants.
More than 66% of its territory is hill, mountain and high plateaux. The multiplicity of agricultural

systems one can find in China is a direct consequence of multiple climate specificities in different
regions (Table 2.1 and Fig. 2.1).

Table 2.1: The eight major agricultural climate zones of China according to Wittwer (1987).

Cold Plateau Tibetian Plateau of Southwest China. Sixty percent of the area 4,500m
above the sea level with. Average temperature in the warmest month <
10°C; No absolute frost-free period

Cold temperate Small area in the northernmost part of Heilongjiang;

AAHS < 1,600°C; Frost free period < 100 days.
Temperate Northeast provinces {(Heilongjiang, Jilin, Liaoning) and most of the

northern parts of North China;
AAHS=1,600-3,400°C; Frost-free period: 100-160 days

Warm temperate

Extends from the southern end of the medium temperate belt to the Qin
Ling Mountains and the Huai He River.
AAHS = 3,400-4,500°C; Frost-free period: 160-190 days

North subtropical

AAHS = 4,500-3,000°C; Frost-free period: 210-250 days

Middle subtropical

AAHS = 5,000-6,500°C; Frost-free period: 250-300 days

South subtropical

AAHS = 6,500-8,000°C; Frost-free period >300 days;

Tropical belt

Leizhou Peninsula, Hainan Island, the border areas of Yunnan and the
southern third of Taiwan.

AAHS: Annual accumulated heat sum > 10°C
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Fig. 2.1: The eight major agricultural climate zones in mainland China defined by Wittwer (1987).

Beijing is the sovereign administrative seat for the People's Republic of China and rules a total of
32 territorial districts (Fig. 2.2). Of these, 23 are provinces (Anhui, Fujiar, Gansu, Guangdong,
Guizhou, Hainan, Hebei, Heilongjiang, Henan, Hubei, Hunan, Jiangsu, Jiangxi, Jilin, Liaoning,
Qinghai, Shaanxi, Shandong, Shanxi, Sichuan, Yunnan, Zhejiang, and Taiwan), § are autonomous
regions (Guangxi, Nei Mongol, Ningxia, Xinjiang, and Xizang (Tibet) and 4 are municipalities
(Beyjing, Chongging, Shanghai, and Tianjin) which have their own local government.

After the death of leader Mao in 1976, China experienced a gradual easing of the political
system and the decentralisation of the economy. The adoption of reforms since 1973 (see Table 2)
boosted China’s economy. Since then, it has quadrupled its size and now its GDP is the 6" largest
in the world. Recent official estimates from 2002 indicated a growth rate of 8% and although many
independent economists believe this is an exaggerated figure, few doubt that China's economy is
booming (The Economist, 2003). Although reforms (Table 2.2) were very positive for the economy,
the political and economical decision-making remains strongly driven by the central government.
High levels of public burcaucracy limit the opportunities for foreign investors (SPI, 2002} and the
development of a globally competitive Chinese private sector (Huang and Khanna, 2003).

Moreover, the economic growth was not able to fully overcome poverty and unemployment
(SPI, 2002; Huang and Khanna, 2003). Another critical issue is the contradiction between the
market economic system and the political system which can facilitate the development of mal

management practices.

Graenhouse Horticulture in China: 9
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Table 2.2: Main reform steps in China from 1973 to today.

Year Reform steps

1973 Announcement of the Four Modernisation

1978 Deng Xiaoping establishes the Open Door Policy

1980 China becomes IMF member

1983 Patent law enacted

1986 China applies to join GATT

1992 Patent law revision: China joins World Intellectual Property Organisation

1994 IPR court established

1997 Announcement of the restructuring of the state enterprise sector including some
privatisation

2000 Conclusion of bilateral market access agreement with the EU (most commitments to be
implemented by 2005}

2001 China becomes WTO member

Adapted from SPI - Sociedade Portuguesa de Inovagio (2002)

Fig. 2.2: Provinces, municipalities and autonomous regions of China. Source:
http://www.chinaoninternet.com /area/areaindex.htm

The Agricultural Sector

China is recognised as feeding 22% of the world population with only 7% of the world’s farmland
(Weimin, 2001). The Chinese agricultural sector experienced big changes in the last century. Prior
to the 1949 Revolution and establishment of the People's Republic of China growers were farm
house holders who owned their own land or rented it from landlords. After 1949 agriculture become
fully planned and by 1958 most farmers were organised into communes (¢conomic collectives). The
communes prevailed ontil 1984 when a new rural management systern based on the Household
Responsibility System (HRS) was adopted (Shields and Tuan, 2001; Weimin, 2001). Since then the
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rural economy of China has been based on small family farms cultivating narrow strips of land.
This could be considered an inefficient organizational set up but was essential to maintain

employment and stability in the rural areas (Chang, 2002).

Chinese authorities face now the problem of a decrease in the rural income and a large gap
between rural and urban incomes (OECD, 2002). The rural income is less than 30% of the urban
income and according to OECD experts, this s largely due to economy-wide policies, which put
agriculture and rural areas at a disadvantage. The governmental priorities for agriculture shifted
from the strict aim of production maximisation to the improvement of product quality in order to
exploit China's competitiveness in world's markets (OECD, 2002). Joining the World Trade
Organisation (WTO) in 2001 was another determining step for the Chinese agricultural sector
because it not only meant new markets but also new pricing and trading rules (OECD, 2002).
Nevertheless, the Chinese fruit and vegetable industries seems to be also within the group of
competitive industries (OECD, 2002).

2.2 Greenhouse horticulture profile

2.2.1 Vegetables

Production of vegetables in China increased about 700% in the last 3 decades. In 2001, the total
production area (including melons) was estimated at 19 million ha with a total cutput of about 350
to 400 million ton (Qu, 2002; FAQ, 2003).

This dramatic increase in production was in part attributed to the economical reform and the
conversion of crop land into horticultural land (about 1.2 million ha between 1988-95). The use of
hybrid seeds, better production facilities and the establishment of a vegetable seed industry also
contributed towards the process (Agrifood-Canada, 2002; Qu, 2002). Important historical political
changes also contributed positively to the expansion of the vegetable sector (Ma et al., 2000}
namely the change from planned vegetable production to the family responsibility (partially
controlled) system (1978-1984) and the change from partially controlled pricing to market pricing
(since 1984).

China has rich vegetable germaplasm resources and thus an enormous diversity of vegetables.
Some of the most important are: Chinese cabbage, cucumber, tomato, caulifiower , glossy cabbage,
purple cabbage, broccoli, eggplant, celery, potato, mini tomato, peppers, peas, lettuce, melons,
mushrooms, chicory, brussels sprouts, asparagus, onions and mini radish (Feng, 2001; Jiang et al.,
2004).

Greenhouse production of vegetables emerged as an industry in the early 90%. In 1995, the
protected cultivated area of vegetables was estimated at 400,000 ha (Diankui and Mingchi, 1998}
predominantly in small and large plastic tunnels and in the solar greenhouse. In 2000, the total area
was estimated in about 1.4 million ha (Zhang, 2002). More more recent data for 2001 point to an
area varying between 1.7 and 2.1 million ha (Zeng, 2003; Zhou et al., 2003; Sun Zhong-Fu, pers.

Graenhouse Horticuiture in China: 11
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comm.). In domestic terms, this corresponds to about 10% of the total area producing vegetables
and to 20% of the consumed vegetables in China (Zeng, 2003).

Protected cultivation of vegetables expanded fast because yields are higher than in open-
field cultivation and it permits production during the winter when market prices of vegetables are
higher. Moreover, returns are larger than grain production.

Production structure and consumption

About 90% of vegetable production is based on farms operated by individual farmers who rent land
{(0.1-0.2 ha) from the local government (Diankui and Mingchi, 1998). This results in a highly
fragmented and small scale production structure which limits productivity, efficiency and proper

management,

In 2001, the five most important vegetable producing provinces were Shandong (1.8 million
ha), Henan (1.4 million ha} and Jiangsu (1.23 million ha) and Guangdong and Hubei with about 1
million ha each (Mello, 2003).

The Chinese diet is very rich in vegetables and the per capita consumption of vegetables is
clearly above world's average. Different types of cabbage, cucumber, tomato, radish, peppers,
celery, spinach, pak choi and kidney bean are among the most consumed vegetables (Diankui and
Mingchi, 1998). Progress and higher living standards modified consumption patterns and as a result
new species like asparagus, broccoli, American lettuce and comimon endive are being cultivated and
consumed (Songlin, 1997). In Shanghai for example, Western vegetable crops have been introduced
to satisfy the increasing needs of hotels and restaurants and of export markets.

2.2.2 Ornamentals (cut-flowers, pot plants, nursery stock, and foliage)

China's ornamental indusiry developed fast in the last two decades. In 2000, the area of
omamentals {(cut flowers, pot plants, omamental trees, young plants, bulbs and seeds} was almost
150,000 ha (Table 2.3) with a total output of almost 1.62 billion Euros {Dutch Horticultural Board-
LNV, 2002). Non-official figures point towards a much larger producing area in 2002 and that
should be around 300,000 ha.

Cut flowers and cut foliage

China's cut flower industry started in 1984 (Jiang et al., 2004). By the end of 2001, China had more
than 20,000 flower growing enterprises and over 2,000 flower wholesale markets, with about 1.45
million people working in the sector (Anonymous, 2002a). In 2000, rose, chrysanthemum, carnation
and gladiolus were the main cut flower crops (63% of the total production) but crops like gerbera,
lily, antirrhinum, cymbidium or anthurium are also grown (Wemett, 2000; Bent, 2000).
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The major greenhouse cut flower species are rose, gerbera, lily, anthurivin and limonium. The
production area of rose is estimated in 2,450 ha and is almost exclusively done in greenhouses
(Jiang et al., 2004). The Yunnan province is the largest cut flower producing region and accounts
for about 50% of the country's total production (NBSO, 2003). Guangdong and Sichuan are the
second and third most important cut flower producing areas (Dutch Horticultural Board-LNV,
2002) (See (Appendix 1). Guangdong and Fujian provinces, due to their warm and humid climate
are the most important production bases for cut foliage but also Hainan and Yunnan increased their
production in recent years (Wernett, 2000).

Cut flower production has the same production structure as vegetables and is mainly done by
small farmers cropping tiny strips of land of 1-2 mu (Imu = 666 m®), often organised into
collectives, alternating flowers with vegetables according to season. Flower quality is generally
very heterogeneous because of simple production facilities, bad quality of starting material and a
deficient extension service. Besides the domestic market is in general not yet sensitive 1o flower

quality. This means that low quality production keeps expanding.

Flower consumption is mainly a gift market (Keijzer, 2003). Flowers are used during the
holidays period (e.g. Chinese New Year), weddings (bride bouquet, cars), new births, birthdays,
funerals but also to decorate entrances of new restaurants, banks, shops or hotels (Bent, 1998;
Wemett, 2000).

Table 2.3: Total and protected cultivated area destined to each ornamental sector in China in 2000.

Sector Total (ha)®  In greenhouse
(ha)"
Cut flowers (cut flowers, cut leaves) 10,750 4,000
Pot plants (flowering pot plants, foliage pot plants, bonsai) 18,841 6,300
Omarmnental trees (plants for landscape and outdoors) 65,588 -
Medicinal flowers 14,801 -
Industrial flowers 29,479 -
Grass 11,120 -
Flower seeds 1,819 -
Young plants 2,824 -
Flower bulbs 1,281 -

Sources: a) Dutch Horticuitural Board-LNV (2002); b) Jiang et al. (2004).

Pot Plants

According to Jiang et al. (2004) production of pot plants developed faster than of flowers. The three
most important provinces producing flowering pot plants are Guangdong, Jiangsu and Fujian.
Azalea, cyclamen, phalaenopsis, bromelia, poinsettia, begonia, New Guinea Impatience, are the
most important flowering pot plants (Wernett, 2000; Dutch Horticultural Board-LNV, 2002; Jiang
et al., 2004). Cycas, tropical palms, ficus, pachira, Epipremnum aureum, are the major species of
foliage pot plants. The main production areas for these ormamental pot plants are Guangdong,
Sichuan, Hebei and Jiangsu (DPutch Horticultural Board-LNV, 2002) (Appendix 1)

Greenhouse Horticuiture in China: 13
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Nursery stock (ornamental trees, woody plants)

Nursery stock production is probably one of the most promising sectors within the Chinese
ornamental horticulture (Liang, 2000; Post and Zhang, 2003). Tree and shrub production
represented about 40% of the total production and sales value of the ornamental sector and occupied
the largest production area {65,600 ha) in 20600 (Table 2.3). Jiangsu is the province with the largest
area dedicated 1o the production of ornamental trees (Dutch Horticultural Board-LNV, 2000). The
combination of governmental afflorestation plans, with expansion of the gardening area makes the
nursery sector attractive for Chinese and eventually for foreign investors even though household
demand for nursery products remains limited {(Post and Zhang, 2003). Woody plants (trees and
shrubs) are commonly used in municipal landscaping of streets, public parks, residential areas,
highways and railroads (Liang, 2000). According to Bent (2003) the sector has potential to grow
and it is possible that Chinese nurseries will not be able to keep up with the demand for certain
types and sizes of container-grown nursery plants, ornamental trees and shrubs due to the rapid
expansion of the garden area. Moreover, the future organisation of the Olympic Games in 2008 and
the World Expo 2010 in Shanghai will also help to advance the sector. However, the number of
species available is small in particular in the regions located North of the Yangze river (Post and
Zhang, 2003). Lack of professional management and a good link between R&D and the sector are
another weaknesses of the sector (Post and Zhang, 2003). ‘

Flower seed production

Yunnan due to its mild climate, high irradiance, and low humidity from October until April
emerged also as an important flower seed production centre. Other provinces with good conditions
for flower seed production are Inner Mongolia, Shandong and Liaconing (Wemett, 2000).

2.3 The production systems

2,3.1 Land

Rural land belongs to the collective. Village leaders allocate land-use rights among village
households based on the family size and labour availability (Post and Weimin, 2002). Land can be
normally contracted for a period of 30 years and selling and buying of land is forbidden. Renting is
possible with governmental permission (Post and Weimin, 2002).

In Shandong farmers were paying the government € 40-60/mu/year (1 mu = 666m°). Tt is
expected that land rent will decrease to compensate for the decreased income of the rural areas

relatively to urban areas.
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2.3.2 Greenhouse structures

Greenhouse horticulture in China has experienced fast growth over the last decades. In the early
1930°s the protected cultivated area was less than 10,000 ha and in 1999 the area was about 1.4
million ha (Table 2.4). According to different sources, the are estimated for 2001-2002 should vary
between 1.7 and 2.1 million ha (Sun Zhong-Fu pers. comm.; Zheng, 2003; Zhou et al., 2003). This
makes it the largest area of protected cultivation in the world!

Vegetable or ornamental production in China is mainly carried out in small scale and cheap
greenhouse structures (plastic tunnels or solar greenhouse). The large scale and modern greenhouse
operations belong to village-state farms, demonstration centers or private companies. Research
institutes and Universities also use modern greenhouse structures.

The solar greenhouse

The Chinese solar greenhouse {also called lean-to or energy-saving greenhouse) originated in the
80s' in the Liaoning Province (Zhang, 1999; Jiang et al., 2004).

Table 2.4: Protected cultivated area in China since 1985 until 1999,
Type of Structure

Area (x10° ha)

1985° 1987° 1989° 199)* 1993* 1995* 1999°
Small plastic tunnel 30 69 104 129 186 333 568
Large plastic tunnel 8 17 24 50 80 133 459
Solar greenhouse (non- 4 12 16 26 74 160 352
heated}
Solar greenhouse 2 3 4 5 6 7 15
(heated)
Multispan greenhouse - - - - - - -
Glasshouse - - - - - 0.06 0.3
TOTAL 43 100 148 209 346 634 1,400

Sources: a) Zhang (1999) ; b) Jiang et al. (2004); -} not available by the time of publication

It may be considered as one of the most successful cases of a Chinese made greenhouse structure
(Chen et al. 2000) and permitted vegetable cultivation in extremely cold areas (32-41° N or even
43°N) without, or with little use of, heating (Chengwei et al., 1999), In 2001, the area of this type of
greenhouse was estimated at 350,000 ha (Jensen, 2001) and the current area is estimated in 500,000
ha (Sun Zhong-Fu and Chen Sheng, pers. comm.). The solar greenhouse is typical from North
China, in particular provinces like Shandong or Jiangsu. The main distinguishing characteristic of
this type of greenhouse compared to tunnels or glasshouse is that three-sides are non-transparent.
The walls (the back and the two side ones) are often built of soil or bricks to preserve the internal
temperature (Zhang, 1999; Yuan et al., 2001; Jiang et al., 2004) (Fig. 2.3). In cheaper structures

Greenhouse Horticulture in China: 15
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walls are made of clay soil and the cover supporting structure is made of bamboo. Other structures
use wood and wire and the most expensive have a metal or concrete structure. The construction
costs of the solar greenhouse vary between € 0.9-3.0/m”. The flexibility in terms of construction
materials and costs is another reason for the popularity of the solar greenhouse in Middle and North
China. Polyethylene (PE) film {0.08-0.1 mm thick) and Polyvinylchloride (PVC) are used as

covering materials.

Because the energy resources of the greenhouse come exclusively from the sun and only a
small part of the greenhouses is heated (Table 2.4), growers use straw mats over the plastic cover to
keep the greenhouse warm during the cold nights in the winter. The mats are opened after sunrise
and drawn before sunset (Yuan et al., 2001), These mats have a low surface heat conduction
coefficient (2 Wm™°C™' ) according to Chengwei et al., (1999) which permits them to maintain the
inside tetnperatures around 7-10 °C when the outside temperature can be as low as -10°C! The
straw mats have the disadvantage of damaging the plastic cover and they are easily wet by rain or
snow which diminishes heat preservation and makes them very heavy (Chengwei et al., 1999). At
present there are also synthetic mats with good insulation properties which are less heavy and easier
1o transport than the straw mats (Jiang et al., 2004).
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Fig. 2.3: Types of solar greenhouse structures: (A) Section sketch map of improved solar greenhouse in
Shouguang and (B) Section sketch map of Wutai type solar greenhouse in Shouguang (Chen Yungi 1998):
Source: He Qiwei and Lu Yuhua (2002). Systemic technique study and practice of Shandong new type solar
greenhouse vegetable, Shandong People Press.

The solar greenhouse is always oriented south or south by east or west within 15° and in general has
an area of 150 to 800 m” (width: 5 — 10 m, length: 30-80m) which can be easily managed by a 3-5
person family (Yuan et al,, 2001). The solar house is ventilated by moving up the plastic sheet
where it touches the ground and/or moving it down a little from the top (Sonneveld, 2002). Some
constructions also have openings at the North wall that permit ventilation in summer. These
openings are closed during winter.

Moreover, when it is heated, the solar greenhouse has a very low consumption of coal and
thus causes limited pollution (FAQ, 1994).

The solar greenhouse also has disadvantages. One is the little space for mechanisation (Zhang,
1999). Another is the restricted height at the low end (Fig. 2.3) which makes it impossible to grow
fruit or vegetables of more than about 1m high and limits the possibility to achieve maximum yields
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