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Analysis on Pollution Factors in Asparagus Production and Re-
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Abstract Based on the analysis on the infection degree, infection law and influencing factors of the main diseases on asparagus and the analy-

sis on the pollution factors in asparagus production such as blind pesticide use, atmospheric pollution and acid rain, the pollution of soil and

fertilizer, this article proposes asparagus safety production technologies which include the selection of disease-resistant variety and suitable

planting field, scientific and reasonable disease control, balanced fertilization, rational irrigation, making a good job of field management,

etc. , to reduce pathogenic factors.
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1 Introduction

Asparagus is one of the world’s top ten famous vegetables planted
in many provinces and regions in China which has high nutritive
value and economic value. It is perennial root herb plant with long
growth period and great disease incidence. Stem wilt, fusarium
wilt and root rot-based asparagus diseases have become the promi-
nent problems influencing the production currently. The control of
asparagus disease mainly depends on chemical pesticide currently,
but the misuse and excessive input of chemical pesticides may ex-
ert serious effects on asparagus safety production and foreign ex-
change earnings. With the acceleration of globalization pace of ag-
ricultural products trade, the international and domestic market for
asparagus will be more expansive and the quality requirements on
asparagus products will be improved increasingly. As a member of
WTO, China has taken the safety and quality of vegetable products
(such as asparagus) as the key factors for its vegetable products
participating in the competition in the international market. There-
fore, to ensure the quality safety of agricultural products, it is re-
quired to put the minimization of pre-production, in-production
and post-production pollution, especially the minimization of resi-
due and pollution of chemical pesticides in production, on the im-
portant agenda. This article analyzes the pollution factors of aspar-
agus and puts forward some suggestions on its safety production

technology for reference.

2 Main diseases of asparagus and current infection
situation

The main diseases of asparagus are stem wilt, fusarium wilt
(' damping off) and root rot in China, followed by brown spot, die-

back, etc. The disease causing the damage of overground part is
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mainly stem wilt, and the diseases causing the necrosis of under-
ground roots and rotten root are mainly fusarium wilt and root rot.
The circumstances are as follows: the disease of old asparagus
field is more serious than new asparagus field; the wet land in the
hollow is more serious than sandy field; the field under improper
management is more serious than the field in good management;
and the out-of-management or pesticide-abuse field is more serious
than the field under reasonable control. For the same field, the
disease in later period is more serious than that in early period,
and the disease in the year with frequent rain is more serious than
that in ordinary year. According to the investigation conducted by
the researchers in our laboratory in Shanxi, the incidences of the
disease in 2006 with less rain were as follows: 19.4% for stem
wilt, 11.5% for fusarium wilt, 11.0% for root rot, 10.7% for
brown spot and 6. 0% for die-back. However, the incidences of
the diseases such as stem wilt and fusarium wilt could rise to 40%
to 50% in general and 60% to 70% or even 100% in individual
fields in 2007 due to its frequent rain, especially, the continuous
rain in September and October made the asparagus suffer from in-

fection in general.

3 Analysis on infection law and influencing factors of
main diseases on asparagus

3.1 Infection law of the pathogen of asparagus stem blight
The pathogen of asparagus stem blight lives through the winter in
the diseased plant mainly in the form of resting mycelia and pyc-
nidium. Upon examination, the resting mycelia, hosting on the
overwintering disease stem and tissue which are located on soil
surface and under 5 to 20 cm from the soil, survived 100% . The
overwintering pathogen will pour out conidium from the pycnidi-
um, thus leading primary infection. The pycnidium produced from
scab is the secondary source of infection in the field, and the high
humidity caused by rain, fog, dew and booming branches and
leaves will make mature conidium release from the pycnidium, so

as to spread and make secondary infection on healthy tissue. In
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dry weather, the conidium will fly upward and spread with the
air'''. The infection laws of stem blight pathogen are not the same
in harvested asparagus field and un-harvested asparagus field, so
are they on white asparagus and green asparagus. According to the
biological characteristics research conducted by project team of
Shanxi Key Laboratory of Pesticide Science, the pathogen of as-
paragus stem blight can grow in the temperature of 13 °C to 38 °C,
and the optimum temperature is between 23 °C and 28 °C. Within
this temperature range, the mycelia grow fast and produce a large
amount of spore.

3.2 Infection law of the pathogen of fusarium wilt of aspar-
agus Asparagus fusarium wilt is a kind of soil-borne disease
caused by the asparagus specialized form fusarium oxysporum. The
pathogen is a kind of soil inhabitant which lives through the winter
with the diseased plant in the soil in the form of chlamydospore.
The primary sources of infection of the pathogen include chlamydo-
spore and conidium. The enabling of secondary infections mainly
led by conidium with the help of rain and irrigation water. The
pathogen invades into the plant from the wound, enters into vascu-
lar tissue from host parenchymal cell and reproduces in the tissue,
then breaks host transfusion tissue by blocking the vessel and pro-
ducing toxin, thus leading the plant wither and dead. The patho-
gen can survive in the soil for decades, so it is easy to induce fu-
sarium wilt in continuous cropping plant or under the condition of
applying immature organic fertilizer. The disease is most suscepti-
ble with heavy soil and impeded drainage. The pathogen of fusari-
um wilt of asparagus can grow in the temperature of 13 “C to 38
°C, and the optimum temperature is 28 °C. Within this tempera-
ture range, the mycelia can grow fast with the average rate at 1. 21
cm/d; and the output of big or small conidium is great. However,
when the temperature is below 13 °C and above 38 °C , the mycelia
will grow at a slow rate which decreases 27.3% to 33. 1% com-
pared with the temperature of 28 °C, and the conidium output also
has a significant reduction.

3.3 Infection law of the pathogen asparagus root rot The
pathogenic bacteria of asparagus root rot is mainly caused by heli-
cobasidium mompa tanaka and fusarium. The pathogen makes the
xylem and phloem of root rot gradually after infecting the root sys-
tem, resulting only skin and vascular bundle left as well as ama-
ranth root surface. For the root system is corrupt, the growth of
plant over the ground is poor, stalk is dwarf and the stem branch
and needle turn yellow, thus causing the death of the whole plant
finally. The pathogen reproduces and lives through the winter in
the soil, spreads in the form of mycelium and sporangium and in-
fects the plant by the methods of irrigation and farm operation re-
peatedly”’. In general , the incidence of a disease in old aspara-
gus region where the asparagus has been harvested for many years
is above 60% and more serious than that in new asparagus region.
The attack of root rot is more popular and synchronizes with stem
wilt usually.

3.4 Analysis on influencing factors of asparagus diseases (1)

Atmospheric humidity. Under the mild temperature, atmospheric

humidity becomes the key factor influencing the popular occur-
rence of disease. In the temperature range of 23 C to 28 °C, the
asparagus grows fast and the pathogenic bacteria also reproduces
fast. Within this temperature range, disease will get more serious
with more rainfalls. (2) Soil moisture. The diseased plant in the
soil is the main habitat for pathogenic bacteria. Under the mild
temperature, the reproduction speed of pathogenic will grow faster
and the disease will get more serious with the greater soil mois-

turem

. (3) Planting period. Asparagus is a kind of perennial
root herb plant. When planted in the field without proper control,
the longer the planting period, the larger the base number of path-
ogenic and the more serious the disease, otherwise lighter. (4)
Variety. The strong disease-resistant varieties with high yield have
higher disease resistance and tolerance to diseases due to their ge-
netic factors, and the ordinary varieties can not be compared with
them. Above 20% of asparagus suffered stem wilt in Yongji City
of Shanxi Province in 1998, which was caused by the planting of
old varieties without disease-resistance, such as UC15, etc. (5)
Scientific management. When planted in out-of-management field,
the asparagus may have the features of high incidence of a dis-
ease, low yield, short harvesting time and short asparagus life
which is 3 to 5 years in general ; but when planted in the field un-
der precision management, the asparagus will suffer slight pest
and disease damage with a longer harvesting time and 8 — to 10 —

year life.

4 Analysis on pollution factors in asparagus produc-
tion

4.1 The pollution due to blind pesticide use (1) Direct pol-
lution on asparagus by pesticide. The pesticide will adhere to the
surface of asparagus plant or penetrate into the plant to cause pol-
lution with its residue after applying. (2) Indirect pollution on as-
paragus by pesticide. The pesticide will spread in the air, water
and soil, thus pollution asparagus indirectly. Meanwhile, the
blind use and abuse of pesticide aggravate the degree of direct pol-
lution and indirect pollution. The research conducted by Shanxi
Key Laboratory of Pesticide Science shows that safety, reasonable
and scientific use of pesticide (the use frequency is 3 to 4 times
during key periods of each year) can reduce field inputs of pesti-
cide and lower the asparagus pollution degree effectively.

4.2 Fertilizer pollution China has become one of the coun-
tries which use the most fertilizer and pesticide in the world. But
the utilizations of fertilizer in China are generally low, with 30%
to 35% for nitrogen fertilizer, 10% to 20% for phosphate fertilizer
and 35% to 55% for potash fertilizer. A large amount of fertilizer
nutrients failing to be absorbed and utilized by crops will pollute
agricultural products, soil, environment and the air by the meth-
ods of retention, adsorption, runoff with the water, anti-digesting,
eic.

4.3 Water pollution Numerous water sources are polluted by
a large amount of production and domestic water which is drained

into rivers and lakes and penetrated into the ground. Therefore,



Liping MA et al. Analysis on Pollution Factors in Asparagus Production and Research on Safety Production Technology 81

ammonia nitrogen and oxygen — consumption organic matter in the
water are out of limits seriously, and the polluted water contains
many chemical elements such as pesticide, polychlorinated bi-
phenyl, polycyclic aromatic hydrocarbon, phenol, mercury, chro-
mium, lead, cadmium, arsenic and cyanogen as well as harmful
matters such as pathogenic bacteria.

4.4 Atmospheric pollution and acid rain pollution The for-
mation of acid rain is related to atmospheric pollutants which
mainly consist of sulfur dioxide and oxynitride. The annual dis-
charge of sulfur dioxide reached 18 million tons in China current-
ly, and the area of acid rain region is enlarging sharply, account-
ing for 29% of the national land area. Southwest and southern are-
as have become world’s third acid rain area. And it has the trend
to spread to the central, eastern and northern parts of the country.
4.5 Soil pollution When the soil takes in too many wastes and
some pollutants failing to be degraded and accumulating in the soil
influence or exceed the self cleaning capacity of the soil, the soil
pollution will be caused. Soil pollution can be divided into three
classes. The first one is pathogenic bacteria (including pathogenic
entero becteria, virus, etc. ), which is mainly from human and
animal excreta, rubbish, sanitary sewage, etc. The second one is
toxic chemical matters (including heavy metals such as cadmium
and lead, organochlorine pesticide, etc. ) which mainly come from
emissions of industrial production and a large amount of pesticide
and fertilizer applied in agriculture. The third one is liquid and
solid radioactive substance wastes produced from industry and
medical institutions. The increase of soil pollution and the en-
largement of influence surface should be paid high attention in as-

paragus safety production.

5 Safety production technology of asparagus

A great deal of factors will influence the safety production of as-
paragus. For asparagus farmers, taking main considerations on the
following factors is practical.

5.1 Selecting disease-resistant variety Asparagus is perenni-
al herb. Once planted, it will generally keep on growing for many
years. The selection of disease-resistant variety mitigates the dis-
ease significantly at the source, and the dramatical reduction of
pesticide inputs in production results the decline of asparagus pol-
lution. When selecting asparagus variety, all regions must be sub-
ject to their local conditions and select disease-resistant varieties
with high yield.

5.2 Seed disinfection The control of seed quality is an impor-
tant part of safety production. Sand pathogenic bacteria can propa-
gate for a long distance by adhering to the surface of seed. The
seeds imported from other places must be conducted plant quaran-
tine, and should be made seed disinfection when planting. Seed
dressing or seed soaking under high temperature can be applied:
(1) Seed disinfection under high temperature; flush dry seeds
with the water of 50°C to 60°C and stir them for 30 minutes, pre-
serve them in the water of 25°C to 30°C for 36 hours, then accel-

erate germination 2J(2) Soak the seed in 10% of potassium

permanganate solution, preserve them in the water of 25°C to 30°C
for 36 hours, then accelerate germination after scrubbing. (3)
Disinfection by fungicide: use 5 to 10 g 50% of carbendazim or 4
to 5 g thiophanate methyl to disinfect 1 kg seeds, soak the seed for
36 hours, and then accelerate germination.
5.3 Selecting suitable planting field In the place far away
from pollution sources, select a planting field with high and dry
terrain, the convenience for drainage and loose and fertile soil tex-
ture. Avoid to plant in old field, to prevent fusarium wilt.

5.4 Conducting scientific and reasonable disease control
The asparagus has a long growth period which may suffer damage
from complex kinds of diseases and pests. So conducting control in
critical moment based on occurrence characteristics of main disea-
ses and pests can get twofold results with half the effort. (1) The
selection of control time. Using pesticide outside asparagus har-
vesting time can reduce pollution possibility greatly. In general,
the control periods are from the last third of March to the middle
third of April before asparagus harvesting and August to September
after asparagus harvesting. Pre-harvesting control mainly aims to
cut off primary infection sources of bacteria, so as to nip them in
the blossom. Post-harvesting control mainly aims to block and re-
duce secondary infection pathogenic bacteria. (2) The selection
of control method. Soil disinfection is an effective measure to con-
trol stem wilt, fusarium wilt and root rot. Though the symptoms of
stem wilt and fusarium wilt mainly show on the stalk, the habitat
and overwintering place of pathogenic bacteria are mainly located
in the surface of ground and underground. Soil disinfection in
spring can inhibit the pathogenic bacteria in the blossom effective-
ly and play a critical role in reducing bacteria sources of current
year. In addition, compared with foliar spray, root-irrigation can
reduce the drift of pesticide, thus decreasing environment pollu-
tion. It is recommended to conduct the first soil disinfection, i. e.
root-irrigation treatment, before banking up; then after stopping
harvesting and laying down the ridge, remove the earthing and
stubble on asparagus plate and conduct the second root-irrigation
treatment. Irrigate the liquid pesticide on asparagus plate evenly
and thoroughly. The overground part of asparagus grows vigorously
in July to September, so we should pay attention to preventing and
curing disease under frequent rain by a combination of root-irriga-
tion and foliar spray. And the pesticide spraying of central infec-
ted plant should be paid particular attention, to reduce secondary
infection and spread of diseases. (3) The selection of insecti-
cides. To reduce the pollution on asparagus by chemical pesti-
cide, ¢382 should first select biological pesticide which can inhibit
pathogenic bacteria directly and continuously. For example, the
broad spectrum growth-promoting microbial fungicide - fermenta-
tion broth for bacillus B96 —1I, which is filtered and developed by
Shanxi Key Laboratory of Pesticide Science, not only has signifi-
cant inhibition effects on various pathogenic bacteria, but also has
more continuous bacteriostat action compared with chemical pesti-
cide. In addition, the biological pesticides such as TF 120,
Caifengning (bacillus subtilis) and zhongshengmycin, which have
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been applied in production, can also be used in asparagus. Sec-
ondly, chemical pesticides with high efficiency and low toxicity
should be selected. By the tests on 32 bactericides commercially
available, the following 6 pesticides which have significant inhibi-
tion effects on asparagus corynespora cassiicola and wilt fusarium
are picked out; 50% of carbendazim, 400 g/L. of Nustar, 70% of
thiophanate-methyl, mancozeb, bromothalonil and 75% of chlo-
rothalonil. These pesticides all deliver a good effect proved by
field trial, it is recommended to use in turns.
5.5 Balanced fertilization and reasonable irrigation To pre-
vent pathogenic bacteria being brought into field, we should heavi-
ly dress mature organic and biological bacterial manure, topdress
moderate potash fertilizer and phosphatic fertilizer according to soil
fertility and control the application amount of nitrogen fertilizer, so
as to facilitate the plants to grow healthily and improve their dis-
ease-resistance. The application of organic fertilizer in autumn can
deliver a greater result of disease prevention and yield increase
than that in winter. It is easy to make deeper application of organ-
ic fertilizer in autumn, and this feature meets the requirements of
the deep rooted plant asparagus, is in favor of recovery growth of
asparagus plant in autumn and increasing the number and activity
of antagonistic bacteria and competitive microorganisms in the soil
as well as has a active significance in reducing pathogenic bacteria
#0000 800800800800 e00 60000 e00 e
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(From page 78)

enough with weak administrative base. It faces a high pressure
that a large amount of capital should be paid on time, and part of
the mass have been treated unfairly in insurance, especially the
unbalance and no joint between the urban and rural area. Then,
the insurance in rural area is still weak. First of all, rural sub-
sistence security system has been just established, basic liveli-
hood security of impoverished farmers calls for improving. Sec-
ondly, cooperative medical service supporting funds are not in
place and the security level is relatively low. Thirdly, rural so-
cial endowment insurance system has failed to be oriented, and
there is obviously lack of system in rural social security for the

elderly.

4 Conclusions

In the 21st Century, the urbanization in China has embarked on
a key period for rapid development. The rapid growth in the
number of cities and towns and the continual expansion in their
scales have driven the rapid economic development, as well as
brought great pressure to the infrastructure of urban and rural ar-
ea and their ecological environment. Under the given condition of
ecological capacity, technologies and economic scale, as com-
mitted to developing to a international metropolis, it is of impor-

tant theoretical and practical significance for Xi’an to take the

in the soil. We should irrigate the asparagus reasonably based on
the weather, the soil condition and the sprout and prevent slow ir-
rigation, thus avoiding the disease being epidemic due to excessive
humidity in the field.

5.6 Making a good job of field management Pay attention
to the drainage in rainy season to avoid water accumulation in the
field. Cultivating and weeding should be conducted duly and the
diseased stem should be cut out in time. A research shows that the
incidence of a disease and its severity have significant difference
in the spring of next year when comparing the situation that remove
the diseased stems remaining on the root plate and burn them out-
side the field in winter to the situation without cleaning up. Clean
up the fields and gardens means to clear of the overwintering place
and habitat for pathogenic bacteria, which has a very significant

effect on the reduction of primary infection source in next year.

References

[1] LIANG XY, WANG ZY, ZHOU HJ, et al. Asparagus officinalis stem blight
control key technology and application research[J]. Zhejiang Agriculture
Journal, 1996, 8(6) : 362 —367. (in Chinese).

[2] ZHOU Q. Harmless high-effect cultivation of Asparagus officinalis[ M]. Bei-
jing: Jindun Publishing House, 2003. (in Chinese).

[3] YE QM. The research status of Asparagus officinalis stem blight in China
[J]. Plant Protection, 1991, 17(1) ; 30 =32. (in Chinese).

0@00S00S00S00S00S00S00S00S00S00S00S00S00S00SC0SO0S00S00S00SO0S00 SO0

successful experience and lessons from the gradual process of in-
ternational metropolis space as reference, follow the law of cen-
tralization and diffusion of population and industries, make ad-
justment of the layout in urban-rural spatial function, optimize
the distribution of urban-rural population, and realize the sus-
tainable of urban-rural economic society and promote the urban-

rural spatial optimization and integration.

References

[1] HUANG X. Study on coordinated development between urban area and rural
area of Beijing [ M ]. Beijing: China Building Materials Press,2004. (in
Chinese).

[2]SUN QL. Study on American suburbanization [ M]. Beijing:The Commercial
Press,2005; 152 —157. (in Chinese).

[3]Allan W A. Studies in African Land Usage in Northern Rhodesia[ M]. Cape
Town: Oxford University Press, 1991 156 —159.

[4] GU HH. A successful case of regional planning leading by the third sector:
Regional planning in New York metropolitan region [J]. Urban Planning
International ,2007 ,29(5):36 —41. (in Chinese).

[57J. H. Boeke. Economics and Economic Policy of Dual Societies as Exempli-
fied by Indonesial M]. New York: Instiute of Pacific Relations, 1953. 168
-171.

[6] ANGEN ZL. The territorial planning of 21" century [ M]. Beijing;Science
Press,1990. (in Chinese).

[7] HUANG KM. Study on route evolution of city and countryside integration
[M]. Beijing:Science Press,2009. (in Chinese).



