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Preface

Wheat blossom midges are the serious pests of wheat, outbreaking and plaguing sporadically.
They hide within the glumes of wheat during the larval stage, feeding on the developing wheat ker-
nels within the glumes, causing the kernels to shrivel and deforme. Kernels may be aborted entirely,
not fully develop, or only be slightly damaged. As feeding increases, yield and quality of wheat are
reduced by 10 to 20 percent, even 70 to 90 percent when outbreaking. The loss of kernels lowers
the yield, whereas damaged kernels reduces the grade of the harvested wheat.

The wheat blossom midges damaging wheat have two main species: Wheat midge ( Orange
wheat blossom midge), Sitodiplosis mosellana (Gehin), and Wheat blossom midge ( Yellow wheat
blossom midge), Contarinia tritici (Kirby). Taxonomically, they belong to the family Cecidomyi-
idae in the order Diptera. They are mainly found in Asia, Europe, and North America wherever
wheat is grown, causing significant damage to wheat in China, Germany, Finland, the United
Kingdom, Canada, and the United States of America, etc.

As for when the wheat blossom midge, occurred in China is not clear from the textual criticism,
but in the book Synopsis on Farming and Sericulture written by Lu Mingsan in 1314 ( Yuan Dy-
nasty), there was the description on controlling the wheat midge. From Ming Dynasty, Qing Dy-
nasty, to the Republic of China, there often were plague records on the wheat midge in the such
provinces as Jiangsu, Henan, Shaanxi, Hubei, etc. During from 1946 to 1952, the wheat midge
outbroke in all the main wheat growing regions in China. The Central People Government, the Peo-
ples Republic of China, organized entomologists to study the bionomics and control measures of
wheat blossom midges. By 1950, the effective control measures were put forward. By 1955, their
serious damage was effectively controlled in China. During the 27 years period from 1956 o 1982,
they did not cause any serious damage to wheat in China. However, from 1983, the wheat midge
caused damage to wheat in some areas in central Shaanxi again. From 1984 to 1991, they outbroke
widely in the winter wheat growing areas in the Yellow River valley, and the damaging acreage and
the population abundance were much higher than those in 1946 ~1952. Under the leadership by the
government, entomologists conducted research on their resurgence, their damage was controlled in
the most areas by 1992. However, from 1997 to 2001, they still outbroke in Chang’an County,
Shaanxi Province, and Nanhe County, Hebei Province.

It can be seen from above that there occurred twice serious damage of wheat blossorn midges to
wheat in China during the period of 50 years since the establishment of the Peoples Republic of Chi-
na. A lot of research and work have been done on the bionomics, occurrence, and control, and made
a great progress. But the fact tell us that the wheat blossom midges still are the big barrie'r to the
wheat production of high yield, high quality, and high effectiveness in China. In addition, as the
continuous progress of the irrigation works construction, the acreages of arid land becoming irrigated

fields will increase further, the suitable areas for the wheat blossom midges are increasing. There-
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fore, the wheat blossom midges are still the potential threat to the wheat production in China.

Remembering the preceding matters can be the teacher of later affairs. In order to summarize
the outbreak and plague history on the wheat blossom midges and the experience of controlling
them, and to provide a theoretical basis for their forecasting and control, under the financial support
by the National Natural Science Foundation of China, we undertook the research program “ The
Outbreak and Plague Law, Control Strategies and Methods of Wheat Blossom Midges ”  (No.
39770499) . During the 4 years period from 1998 to 2001, our researches stress mainly focuses on
the following three aspects:

1. The plague principle of the wheat midge.

According to the principle and methods of the science of agricultural catastrophology and sys-
tematic cybernetics, with central Shaanxi, one of the main outbreaking areas of the wheat midge, as
the research base, we systematically collected and analyzed the historical data of the plague and out-
break of the wheat midge, the meteorological data from 1932 to 2001, and the evolutions of the irri-
gation conditions, cultivation, and tillage éystem. In combination with field investigation and experi-
ments, the main factors influencing the population dynamics and plague of the wheat midge were
studied in the green house. Through analysis and study, the spatial distribution patterns of the
plague of the wheat midge are described to be unevenly distributed and various sized masses. The
wheat midge damages, from light plague to heavy ones (grade [, IV, and V), did not show any
distinct periodicity. The sustainable heavy plagues occurred twice from 1950 to 1952 and from 1985
to 1987, separated by 32 years. Whether there occurs a heavy plague every 30 years or so, howev-
er, needs ta be confirmed in the future.

The characteristics of wheat and the wheat midge are analyzed in detail. The influences of the
natural environmental factors (such as topography, soil composition, temperature, Precipitation,
light, wind, and natural enemies) and the farming practices (such as irrigation works and irrigation,
variety replacement, planting system, soil tillage, pesticide application, fertilizer application, and
sowing time, etc) upon the outbreak and plague of the wheat midge and their interactions are also
studied. The key and principal factors influencing the population dynamics and the plague of the
wheat midge were made clear. The plague process of wheat midge can be divided into seven stages:
sprouting, incubation, presage, erupting, sustaining, diminishing, and subsiding periods. Based on
the characteristics of the various stages of the plague, the strategy and measures to control plagues of
the wheat midge are put forward.

2. Researches on the wheat midge diapause and its chemical changes.

The wheat midge over-summers and overwinters in diapause state. However, it differs from
other insects in that it has a character of prolonged diapause. Over-wintering larvae may remain dor-
mancy until conditions are favorable for development, whether the following spring or several years
later. This brings a great difficulty to forecast the adult abundance from the larval population in the
soil. In order to discover the relationships between the morphological, physiological-chemical, and
genetic characters of the wheat midge, the diapause and the chemical changes of the wheat midge
were studied. The results showed that the wheat midge has polymorphism in diapause. They can be

divided into non-cocooned and cocooned larvae based on diapause state, overwintering diapause,
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over-summer-wintering diapause, re-diapause, and prolonged diapause based on the longevity of dia-
pause. The wheat midge diapauses in soil mainly in cocooned larvae, the frequency of non-cocooned
larvae varies with seasons. During the diapause period, there are not only individuals of various dia-
pause strengths, but also the diapause strength varies with the environment conditions. The changes
of some chemicals, such as glycogen, glycerine, free amino acid, protein, and RNA etc. were ana-
lyzed, indicating that some chemicals can be regarded as the indicator of diapause strength of the
wheat midge.

3. The geographical distribution, genetic variation, and gene flow of the wheat midge geo-
graphical populations.

According to the data recorded historically and from our investigation, the wheat midge is found
in 23 provinces (autonomous regions, cities) in China, from 48.3 °N (Keshan Co., Helongjiang)
to 27°N (Ji’an Co., Jiangxi; Shaodong Co., Hunan; Tongren Co., Guizhou), from 100°E
(Huangyuan Co., Qinghai) to 131.8°E (Mishan City, Heilongjiang). But they mainly occur along
the banks of rivers in the plains, such as the Guanzhong plain of Weihe River valley, Yihe-Luohe
River valley and along the banks of Yellow River, Yangtzi-Huaihe River valley, Nanyang Basin by
Hanshui River, east Gansu and Ningxia Irrigation District of Pumping Water from Yellow River,
the four lakes in Shandong Province (Nanyang Lake, Dushan Lake, Zhaoyang Lake, and Weishan
Lake) and irrigation district using reservoir, Xingtai irrigation district using ground water, Hebei,
etc. As the development of irrigation works construction and the expanses of the irrigation district
areas, the damage of the wheat midge to wheat has a tendency to expand and spread greatly.
Through the analysis on the isozymes and RAPD of various geographical populations of the wheat
midge from Henan, Shaanxi, and Gansu, it indicates that the different geographical populations
have some degrees of genetic variations. There exist gene flows between the populations of winter
and spring wheat areas. There also exist mechanisms to hinder the gene flow, making the genetic
drift plays a part, causing the gene loss and purity to increase. In the two large ranges of winter and
spring wheat, the gene flow between populations tends to be the continent-islands pattern. The win-
ter wheat areas of central to west China are the center of genetic diversities in the wheat midge. The
spring wheat area of northwest China is the spreading region of the wheat midge.

The first part of the research results was compiled into chapter 5, the plague of the wheat
midge and its emergent principle; the second part of the results into chapter 4, diapause of the wheat
midge; the third part into chapter 2, geographical distribution and genetic diversity of wheat midge.
The main results of the latter two parts were written in their Ph. D. dissertations by Wu Junxiang
(2002) and He Chungui (2000).

Apart from the three main aspects of research mentioned above, we also conducted other as-
pects of research. The literature on researches of the wheat blossom midgs was collected from both
China and abroad, especially the research literature in the Northwest Sci- Tech University of Agricul-
ture and Forestry at various periods, such as Chou lo, Zhu Xiangsan, Zhang Kebin, Li Xiulian. The
objective of compiling this book is to summarize the achievement and progress on researches of the
wheat blossom midges both of Chinz and abroad comprehensively and systematically from the follow-

ing 12 aspects: species and morphology, geographic distribution and genetic diversity, biological
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characteristics, diapause, plague and its emergent principle, effects of climate, soil, natural ene-
mies, pesticides, topography, planting systems, and varieties on the wheat blossom midges, field
investigation and forecast, and control strategies and methods. The main distinguishing features of
this book are that it not only summarizes the research achievement of the wheat blossom midges
comprehensively and systematically, but also highlights the recent research achievements

According to the individual speciality of each contributor, the compilation of the book is divided
in labor as following: Yuan Feng, the editor-in-chief, made the compilation principle and outline,
and wrote the preface, Chapters 1, 5, and 9. Hua Baozheng compiled Chapters 3 and 7. Wu Junxi-
ang wrote Chapter 12, and co-wrote Chapter 4 with Hu Mulin. He Chungui contributed to Chapters
2, 8, and 10. Dong Yingcai compiled Chapters 6 and 11. Yuan Feng corrected the manuscript of
the whole book with assistance of Wu Junxiang and Hua Baozheng.

One of the reasons that we can complete the research program The Qutbreak and Plague Law,
Control Strategies and Methods of the Wheat Blossom Midges within five years and publish this
monograph is that we received warm encouragement and great support from many institutions and
colleagues.

We wish to thank the leaders and specialists in Division of Agronomy, Department of Life Sci-
ences, the National Natural Science Foundation of China, for their guiding and helping our selecting
the topic and providing us financial support.

We thank Prof. Chou lo, Zhu Xiangsan, Zhang Kebin, Li Xiulian ( Northwest Sci-Tech
University of Agriculture and Forestry); High-level engineer Ye Shiguang { Nanning Development
Area, Guangxi), Prof. Ye Zhengxiang (Jiangxi Academy of Agricultural Sciences), High-level
agronomist Zhao Shide (Xianyang Station of Plant Protection and Quarantine), Prof. Du Antai
(Yizi Agricultural School of Shaanxi), Prof. Bu Wenjun (Nankai University) for providing us liter-
ature. ’

We also wish to thank the following people for various helps: High-level agronomist Liu Yan-
hong (The General Station of Shaanxi Plant Protection) helps us to treat the file data of the wheat
midges occurring and control acreages from 1951 to 1999 kept in the station. Research fellow Zhang
Shengfang ( The Meteorological Bureau of Shaanxi) provided with the meteorological data of Xi'an
from 1932 to 2000. High-level agronomist Cai Tonghai (Xingtai City Station of Plant Protection,
Hebei Prov. ), High-level agronomist Li Shanhe (Head of Agricultural Bureau of Nanhe Co. Hebei
Prov.), and High-level agronomist Li Yuefen (Nanhe Station of Plant Protection and Quarantine)
supported and assisted us to carry on the local investigation and control experiment at Nanhe County,
Hebei Province, Agronomist Xuve Likao and Agronomist Zhao Tingxuan supported and assisted us to
carry on the local investigation and control experiment at Chang’an County , Shaanxi Province, and
many agronomists helped us to collect the specimens of the wheat blossom midges.

. The publication of the monograph was financially supported partially by the Key Laboratory of
Plant Protection Resources and Pest Management of Minisery of Education, and the Entomological
Museum, Northwest Sci-Tech University of Agriculture and Forestry.

Editors Huo Chunyan and Mr. Li Feng (Scientific Press, Beijing, China) try very hard to
reading and revising the manuscript.
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The fact and the experience tell us that the wheat blossom midges used to be, are, and will con-
tinue to be the big foe to threat the wheat production in China. As the development of agricultural
production, adjustment of the structure of production, the change of agro-ecological environment,
and the increase of the cultivation and management levels of wheat, the outbreak and plague features
will also emerge many new variations. These require that we should continue to investigate and study

the wheat blossom midges in deep and further, monitor the population dynamics of the wheat blos-

som midge, and control their outbreak and plague.

Yuan Feng
5th April, 2003
Northwest Sci- Tech University of Agriculture and Forestry,

Yangling, Shaanxi, China
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