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Know Your Asparagus Physiology  
For Improved Crop Management 

 
Mathieu Ngouajio and Drey Clark 

Department of Horticulture, Michigan State University 
Michigan State University Extension, Oceana County 

 
Asparagus is an interesting vegetable crop because of its perennial nature, its physiology, and its growth 

cycle. Management practices in any given year have significant impacts on spear production and yield the 

following years.  Therefore, it is critical to adopt management strategies that will optimize long-term 

productivity by better utilizing our understanding of the asparagus physiology. 

 

The asparagus plant 

 

Figure 1 shows an asparagus plant 

with different parts.   The fern is the 

plant part that is used for 

photosynthesis.  The crown is buried 

in the ground and is composed of the 

rhizome with bud cluster and roots.  

Spears are produced from the bud 

cluster.  There are two types of roots: 

the fleshy roots also called storage 

roots and the fibrous roots also called 

lateral roots.   The fleshy roots can last 

for up to six years before senescing 

and are primarily used for 

carbohydrate storage.  Fibrous roots on 

the other hand have a more rapid turn 

over as the last only for about one year.  

Fibrous roots are primarily used for 

nutrient and water uptake. 

 

 

 

 

 

 

 

 

 

 

 

  



Crown production for field establishment 

Asparagus fields can be established from either direct seeding, greenhouse-grown transplants or crowns.  

In Michigan, asparagus fields are typically established from one-year-old crowns grown in crown 

nurseries.  Figure 2 shown the timeline of one-year-old crown production under Michigan conditions. 

 

 
 

Growth cycle and carbohydrate dynamics 

The diagram in Figure 3 shows a simplified growth cycle of asparagus with special emphasis on 

carbohydrate dynamics in the crown. It is important to remember that a key factor contributing to yield in 

asparagus is the amount of carbohydrates stored in the crown (root system) at the moment when the crop 

goes dormant. Some people have referred to that amount of carbohydrates as the “energy of the crown.” 

 

 

During the harvest period, the amount of 

carbohydrates stored in the crown is depleted 

to sustain continuous spear production. 

Therefore, a crown fully charged with 

carbohydrates is necessary for optimum yield. 

Dan Drost has compared the asparagus crown 

to the gas tank of a car, and the carbohydrates 

to gasoline. Just as a large and full tank is 

necessary for a long trip, large crowns full of 

carbohydrates are necessary for optimum 

yield. 

 

During the initial phase of fern development, 

there is further decline in the carbohydrate 

content of the crown. However, once the fern 

has reached maturity and photosynthesis is 

fully operational, the crown is recharged 

rapidly with carbohydrates. The tiny “leaves” 

called cladophylls on the fern are responsible 

for most of the photosynthesis in asparagus. 



The amount of sugar produced during photosynthesis depends on light and temperature, and varies among 

cultivars. However, there are several management practices that can easily be manipulated by growers to 

improve photosynthesis and the amount of carbohydrates stored in the crown. These factors include 

 

 The length of the harvest period 

 The fern development period 

 The total photosynthetic area (fern) of the crop, and 

 Fern health. 

 

The length of the harvest period determines the amount of carbohydrate left in the crown. In regions with 

a temperate climate like Michigan, there should be an adequate balance between the length of the harvest 

period and that of fern development. The length of the fern development period should allow the crop to 

fully recharge the crown with carbohydrates before the dormancy period that follows fern kill by frost. 

 

The total photosynthetic area of the crop depends on both the number of shoots and the size of individual 

shoots. Once the first spears are allowed to develop into fern, there is a feedback inhibition to the crown 

that prevents subsequent spear formation. Therefore, it is important to prevent shoot death or poor growth 

during the fern development phase of the growth cycle. 

 

Shoot formation and biomass allocation 

Figure 4 show shoot production by 

asparagus under Michigan growing 

conditions.  Following the end of the 

harvest period, asparagus spears are 

allowed to develop into fern.  As spears 

develop into new shoots there is feedback 

inhibition to the crown to stop formation 

of new spears.  Formation of new shoots 

usually ends near mid August.   

 

 

 

Between the last week of August and the 

first week of September, shoot biomass 

begin to decline indication a significant 

movement of sugars and nutrients from 

the shoot to the crown (Figure 5). It is 

likely that this significant change toward 

storage of carbohydrates and nutrients in 

the root system is triggered by weather 

conditions like day length (photoperiod) 

or air temperature.  During this period 

growers should avoid any management 

practice like irrigation that may result in 

parasitic spear emergence and fern growth. 

It is also likely that fertilizer application 

during that phase would have limited 

benefits. 
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Nutrient dynamics in the shoot 

Around the first two weeks of September the total nutrient content of the shoot (fern) begin to decline 

(Figure 6).  This is true for both macro elements and micro elements.  This period is critical for crown 

recharge and crop performance the following years. 

During this period growers should avoid 

any management practice that may 

damage the fern.  In particular, fern 

removal at that time would be 

devastating for future crop performance.  

In early November when the fern is 

completely dead, its nutrient content 

becomes constant.  Fern chopping at that 

time would have no impact on crop 

performance. 

 

 

In conclusion, a vigorous and healthy fern is critical for adequate carbohydrate content in the crown at the 

time when the crop goes dormant. The carbohydrate content of the crown is the driving factor for yield 

the following year. To optimize yield, growers should adopt management practices that promote vigorous 

and healthy ferns. Any abiotic stress, such as drought and low fertility, or biotic stress, such as weeds, 

pests, and diseases, during fern development can compromise next year’s yield. 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

7‐Jul  21‐Jul  4‐Aug  18‐Aug  1‐Sep  15‐Sep  29‐Sep  13‐Oct  27‐Oct 

g/
p

la
n

t 

Nitrogen (N) 

2010  2011 



Ir

 
INTROD
asparagus
practices 
harvest. T
overhead 
Jersey Sup
 
METHO
density of
per acre in
Jackson R
drip treatm
the crown
moisture 
multiple d
moisture 
In 2011 a
to mainta
50% avail
fern was s
determine
quality as
the 2012 h
 
RESULT
Rainfall 
below lon
and 2012
drought o
1).   At ou
occurred 
in 2011, a
Approxim
was appli
7 (2012)
Overhead
soil mois
soil moist
surface dr
 

rrigatio
Da

DUCTION. Ir
s resilience to

including co
The long-term
or sub-surfac
preme) on san

DS. Crowns 
f approximate
n spring 2010
Rd, Hart, M
ments, tubing
ns at planting

content w
depths with a
probe throug

and 2012, irrig
ain soil moist
lable.  In both
sampled in la
e fern biom
sessment was
harvest season

TS 
and irrigati

ng-term avera
2, with signi
occurring in b
ur experiment
mostly durin

and mostly du
mately 6” of o
ied in both ye
) separate a
d irrigation r
sture at the s
ture at depth 
rip irrigation. 

on Boo
aniel C. Brainard a

A440A P
email

rrigation is a
o disease.  I
over-cropping
m objective 
ce drip) on yi
ndy soils in M

were planted
ely 16,600 cr
0 on sandy so
I.  In sub-su

g was placed b
g. Volumetri
as monitore

a Diviner 200
ghout the sum
gation was ap
ture content a
h years, Aspa

ate fall and dr
mass. Yield 
s conducted d
n.  

on.  Rainfal
ages in both 
ificant perio
both years (F
tal site, dry pe
g July and A
uring June in 
overhead irrig
ears in 6 (201
pplication ev
resulted in h
surface, but 

compared to
 

osts As
and Ben Byl, Depa

Plant and Soil Scie
l: brainar9@msu.e

a potentially v
rrigation may

g, higher den
of this study
ield and profi
Michigan. 

d at a 
rowns 

oils on 
urface 
below 
c soil 

ed at 
00 soil 
mmer. 
pplied 
above 
aragus 
ried to 

and 
during 

l was 
2011 

ds of 
Figure 
eriods 

August 
2012.  

gation 
11) or 
vents. 
higher 
lower 

o sub-

sparag
 

artment of Horticu
nces Building, Ea
edu phone: 517-35

valuable tool 
y also allow 
nsity planting
y is to evalu
itability of tw

gus Yie
ulture, Michigan St
st Lansing, MI 488
55-5191 ext 1417 

 for reducing
growers to 

gs, chemigat
uate the impa
wo asparagus 

elds in
tate University 
824 
 

g drought stre
support usef

tion, and spe
act of irrigat
varieties (Gu

n 2012 

ess and impr
ful compleme
ear-cooling d
ion system (

uelph Milleniu

 

roving 
entary 
during 
(none, 
um or 



Fern growth and dry weight. No statistically 
significant effect of irrigation on total fern dry 
weight was detected for either variety in either year 
(Figure 2).  However, for Jersey Supreme, 
cladophyll dry weight was increased under sub-
surface irrigation in 2011, and by overhead 
irrigation in 2012.  
Yield and revenue effects, 2012. Asparagus yield 
in 2012 was improved with irrigation for both 
varieties (Figure 3).  For Jersey Supreme, yields 
were improved by 8% with drip.  For Millenium, 
yields were improved by 11% with drip and by 
17% with overhead.  These yield increases 
corresponded to an annual increase in gross revenue 
in 2012 of between $100 and $600 per acre (Figure 
4), depending on variety, irrigation type and market 
price.  For comparison, the approximate cost of 
installation of either of these irrigation systems is 
approximately $1,200 per acre, with expected 
lifetimes of 20 years or more.   
 
Conclusion and ongoing research.  If dry weather 
patterns continue, irrigation is clearly a worthwhile 
investment for Michigan asparagus production on 
sandy soils.  Our ongoing research will continue to 
monitor effects of irrigation on quality, yield and 
profitability.  We also are evaluating options for 
lowering costs of irrigation and increasing benefits 
through complementary cover-cropping, spear- 
cooling, and fertigation strategies. 
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Asparagus Miner Integrated Management 

 
Zsofia Szendrei (szendrei@msu.edu), Adam M. Byrne and William R. Morrison 
Department of Entomology, Michigan State University, East Lansing, MI, 48824 

Lab website: http://vegetable.ent.msu.edu/ 

 

 

Research in the MSU vegetable entomology lab focuses 

on the IPM of the asparagus miner (Ophiomyia simplex 

(Loew), Diptera: Agromyzidae). This insect is a putative 

vector for pathogenic species of Fusarium fungus, which 

is the causative agent for “early decline syndrome” in 

asparagus fields. Fusarium can decrease the life span of an 

asparagus field by 5-8 years, making it economically 

unsustainable to continue production.  

 

 

 

 

Currently ongoing projects: 

 

1. ASPARAGUS MINER DEGREE DAY MODEL  

Currently weather stations are set up at growers farms and we are monitoring for different life stages of 

the asparagus miner to determine the growing degree days when key events happen. This information will 

be shared with growers through MSU’s Enviroweather website. 

 

2. ASPARAGUS MINER MONITORING WITH BAITS 

We are exploring the chemical interaction of the asparagus miner with the asparagus. In particular, we are 

looking for plant volatiles involved in the attraction of the miner to plants. Plant volatiles can be used in 

management by incorporating them into baits on traps to improve monitoring or using them in the 

population management of adult miners.  

 

3. ASPARAGUS MINER BIOLOGICAL CONTROL 

We are currently in the process of identifying naturally occurring arthropod parasitoid species of the 

miner pupae, as well as examining their abundance in commercial asparagus fields. So far, parasitoids 

have been identified from the Pteromalidae, Eulophidae and Braconidae insect families. These all belong 

to the larger group of parasitic wasps. About 14% of the asparagus miner pupae were parasitized by the 

two most abudant groups.  

 

mailto:szendrei@msu.edu
http://vegetable.ent.msu.edu/


4. ASPARAGUS MINER CHEMIGATION TRIAL 

Since asparagus miner larvae feed inside the stems, contact insecticides are unable to reach or control 

them. Growers are looking for ways to minimize damage by the larvae using chemigation. Increasing 

drought periods during Michigan summers are forcing growers to invest into watering equipment for their 

asparagus fields, therefore using a drip system to deliver a systemic insecticide to reduce asparagus miner 

larval populations is currently being investigated. 

 

In 2012, we planted a new asparagus plot to investigate the efficacy of drip irrigation to distribute 

insecticides to asparagus plants.  After planting, sub-surface irrigation lines were installed and 

insecticides were administered through the irrigation lines twice during the growing season. First 

application occurred when new growth was starting to emerge, in an attempt to encourage insecticide 

uptake during a period of active plant growth, and second application was made in the middle of July, 

when the summer generation of miners was actively laying eggs.  A couple of insecticides significantly 

reduced the percent of damaged stems, with the thiamethoxam-based compounds (Platinum and Durivo) 

being the most effective (Fig. 1). Asparagus miner damage in plots protected by these two products fell 

from 14% to about 7%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Percent of damaged asparagus stems in an experimental drip irrigation trial.  Drip applications 

were made on two dates, 21 May and 13 July.  Rates applied: Platinum (5.67 oz/A), Durivo (13 fl oz/A), 

Admire (high) (14 fl oz/A), Admire (low) (10.5 fl oz/A), Scorpion (low) (10.5 fl oz/A), Scorpion (high) 

(13 fl oz/A), and Coragen (7.5 fl oz/A). 



Asparagus Disease Update 
 

Dr. Mary K. Hausbeck (517-355-4534) and Dr. Leah L. Granke  
Michigan State University, Department of Plant Pathology, East Lansing, MI 

 

Soilborne diseases.  The main soilborne pathogens of asparagus are the fungus Fusarium spp. and the 

oomycete Phytophthora asparagi.  Both cause crown and root rot of asparagus, and Phytophthora also 

causes spear rot.  Infection by Phytophthora is more likely when soils are saturated, and infection by 

Fusarium is more likely when plants are stressed by drought.  Crown death may occur in nursery and 

commercial fields due to soilborne diseases.  Chemical and cultural control options to manage these 

diseases are limited and have been relatively ineffective.  Fungicide soaks of crowns prior to planting 

show some promise to reduce soilborne diseases.  However, only one product (Cannonball 50WP) is 

registered for this use.  Fumigation of crown nurseries and production fields may reduce the amount of 

soilborne pathogens present in a field, which may limit the amount of disease in the crowns.  

Management of soilborne diseases extends the longevity and increases the productivity of asparagus 

fields. 

 

Using crown fungicide soaks for control of Fusarium crown and root rot and Phytophthora spear, 

crown and root rot of asparagus.  One-year old ‘Millennium’ crowns from a fumigated crown nursery 

were soaked for 10 minutes in a fungicide solution.  After the crowns were dried, they were planted into 

an old asparagus plot that had a history of Phytophthora.  The experimental treatments were planted in a 

randomized complete block experiment.  Before the crowns were buried, they were inoculated with 

infested millet to promote even disease across the plots.   

None of the treatments improved stand density as compared to the untreated control at the end of 

the season (Table 1).  Some control was seen with the high rate of the Experimental and Ridomil Gold EC 

(data not shown) earlier in the season, suggesting that further research is necessary to determine the best 

way to manage soilborne diseases of asparagus using crown soaks. 

 

Table 1.  Field planting evaluation of crown fungicide soaks for control of Phytophthora spear, crown and 

root rot of asparagus, 2012. 

Treatment and rate/A, 

applied as a crown soak 

Fern Crown 

Total (no.) Infected (%) Infected (no./25) Disease severity
*
 

Untreated ...............................     184.3
**

 24.9 15.8 2.0 

Untreated inoculated .............  194.8 25.5 16.5 2.8 

Experimental extra low rate ..  197.8 16.5 15.8 2.0 

Experimental low rate ...........  207.5 27.6 19.0 2.8 

Experimental medium rate ....  182.3 19.9 14.8 2.3 

Experimental high rate ..........  194.0 16.9 12.8 1.5 

Ridomil Gold EC 1 pt ...........  191.5 17.0 13.8 1.8 
*
Rated on a scale of 1-5, where 1=0-10% of fern infected per crown, 2=10-25%, 3=25-50%, 4=50-75%, 

5=75-100% of fern infected per crown. 
**

There were no significant differences among treatments (Fisher LSD Method; P=0.05).



To determine the efficacy of fungicide soaks in controlling both Fusarium spp. and Phytophthora, 

another replicated study was performed using 1-year old ‘Millenium’ crowns recently harvested from a 

fumigated crown nursery.  The crowns were sorted to a uniform size and soaked in various fungicide 

solutions for 10 minutes.  The crowns were inoculated with either Fusarium spp. or Phytophthora spores 

to ensure infection.  Each treatment was replicated 10 times and planted in a randomized order.  The 

treated and inoculated crowns were planted in 5-gallon pots containing soil from an Oceana asparagus 

field.  The potted asparagus was grown during the summer outside on wooden pallets and watered 

excessively to promote disease.   

None of the fungicide soaks significantly reduced the percentage of the fern showing symptoms 

of Fusarium or Phytophthora diseases in the potted asparagus studies (Tables 2-3).  We believe the 

inoculation method was too severe in the small-scale pots to allow adequate control. 

 

Table 2.  Evaluation of crown fungicide soaks for control of Fusarium crown and root rot of potted 

asparagus, 2012. 

Treatment and rate/A Fusarium-infected fern (%) 

Untreated ............................................................................................  14.2
*
 

Cannonball 50WP 7.5 oz ...................................................................   5.0 

Topsin M 1 lb .....................................................................................   3.3 

Fontelis 1 pt........................................................................................   0.0 
*
There were no significant differences among treatments (Fisher LSD Method; P=0.05). 

 

Table 3.  Evaluation of crown fungicide soaks for control of Phytophthora spear, crown and root rot of 

potted asparagus, 2012. 

Treatment and rate/A Phytophthora-infected fern (%) 

Untreated ............................................................................................     7.3
*
 

Presidio 4 fl oz ...................................................................................    9.2 

Experimental lowest rate ....................................................................  10.8 

Experimental low rate ........................................................................  12.5 

Experimental medium rat ...................................................................  11.7 

Experimental high rate .......................................................................  2.5 

Ridomil Gold EC 1 pt ........................................................................    8.7 
*
There were no significant differences among treatments (Fisher LSD Method; P=0.05). 

 

Foliar Diseases.  Fungicides are applied to asparagus ferns to manage rust and purple spot, two important 

foliar fungal diseases of asparagus.  Purple spot (caused by Stemphylium vesicarium) may be observed on 

both the ferns and the spears.  Purple spot lesions may result in spears being rejected for the fresh market.  

Rust (caused by Puccinia asparagi) only affects the fern.  Both rust and purple spot can be present on 

main stem, secondary branches, and cladophylls of ferns at the same time, which may result in severe 

defoliation.  Defoliation caused by each of these pathogens separately or by both of them together results 

in decreased carbohydrate stores in the crown, which may limit yield in subsequent years.  In addition, 

plants stressed by foliar diseases may become more susceptible to soilborne diseases.   

The tomato disease forecaster TOM-CAST has been successfully adapted to predict purple spot 

outbreaks in asparagus.  When the fungicide chlorothalonil was applied using TOM-CAST, adequate 

disease control was achieved using fewer sprays than with a calendar-based spray schedule.  Overhead 

irrigation of asparagus may result in more vigorous fern growth, which may result in higher yields the 

following year and may reduce susceptibility to Fusarium.  However, more frequent periods of leaf 

wetness may also favor development of foliar diseases.  TOM-CAST was adapted for use in asparagus 

prior to growers using overhead irrigation.  Because of this change in production practices, we established 



a fungicide trial using TOM-CAST to initiate fungicide sprays in an overhead-irrigated asparagus field.  

In addition, we wanted to investigate the utility of alternating a strobilurin fungicide (pyraclostrobin) with 

chlorothalonil.   

Currently, there is no disease forecaster available for asparagus rust.  The first step in 

development of a forecaster is to understand how environmental conditions influence infection of 

asparagus and disease progression.  Some “slow-rusting” varieties of asparagus are less susceptible to 

rust.  Puccinia asparagi produces several types of spores over the course of the growing season: 

aeciospores, urediniospores, teliospores, and basidiospores.  The aecial stage occurs in the early spring 

and is key to providing inoculum for later disease development.  The uredinial stage is the repeating stage 

(mid- to late-summer) and is responsible for most of the damage to the fern.  A relatively small number of 

urediniospores can reproduce rapidly to cause significant and damaging levels of disease.  We aim to 

better understand the roles of host resistance and environmental conditions on rust development and to 

use this information to develop an integrated pest management strategy for rust, which may include the 

use of a disease forecaster.  

 

Using TOM-CAST to trigger foliar fungicide applications in irrigated asparagus fields.  A study was 

performed in a four-year-old field of ‘Millennium’ with overhead irrigation on a grower cooperator farm 

in Oceana Co., MI.  Foliar fungicide applications were made every 10 or 14 days (calendar-based 

schedule) or when on-site weather equipment indicated that 15 disease severity values (DSVs) in TOM-

CAST had been reached.  Treatments were applied in a randomized complete block design, with four 

blocks for each treatment.  Weather data was downloaded twice weekly to calculate DSVs.  Purple spot 

severity in each plot was rated weekly for the center 8 feet of each plot using a 1-7 scale where 1=no 

infection and 7=81-100% of the foliage covered with purple spot lesions.  On 5 Oct, three ferns were 

removed from each plot in the field and brought back to the laboratory, where all of the purple spot 

lesions on each fern were counted. 

Because of low rainfall, significant disease was not observed until later in the growing season 

(August onward).  All of the treatments resulted in lower disease severity than the untreated control 

(Figure 1).  Bravo (chlorothalonil) treatments resulted in fewer lesions on fern than all of the other 

treatments, except Cabrio (pyraclostrobin) alternated with Bravo on a 10 day schedule.  Other than the 14 

day Cabrio alternated with Bravo treatment, when two applications of Cabrio were alternated with one 

application of Bravo, the number of lesions present on the fern was significantly greater than any of the 

other treatments. 

 

Understanding the relationships between weather, airborne urediniospore concentrations, and 

asparagus rust development.  A study was performed in an unpicked ‘Millennium’ field at the 

Asparagus Research Farm in Hart, MI.  No fungicides were applied to the plot, but insecticides were 

applied as needed.  Airborne urediniospore concentrations and environmental conditions (leaf wetness, 

relative humidity, temperature, rainfall, solar irradiance, and wind speed) were monitored on-site 

throughout the growing season using a spore trap and weather equipment.  In addition, from 19 Jun until 

28 Aug, ten two-month-old potted plants each of ‘Millennium’ and ‘Jersey Giant’ were placed in the field 

for one week to determine field conditions conducive for infection.  Over the course of the growing 

season, eleven sets of trap plants were placed in the field for one week.  These plants were then moved to 

the greenhouse and checked for rust lesions two weeks later. 

Few airborne urediniospores were trapped overall (4 urediniospores/day), which is likely due to 

low levels of disease in the field (Figure 2).  Since the field was unpicked and unsprayed, the lack of a 

severe epidemic in this field was likely due to the hot and dry weather we experienced this summer.  In 

general, ‘Millennium’ trap plants were more susceptible than ‘Jersey Giant’ trap plants.  No disease was 

observed on trap plants exposed in June, but disease was observed in July and August.  Disease on trap 

plants was associated with higher levels of airborne urediniospores and lower morning (6 to 9 am) levels 

of solar irradiance.  In addition, rainfall may play a role in disease development, with higher amounts of 

rainfall in the morning hours (6 to 9 am) favoring disease, but this relationship was not as clear.  Future 



growth chamber studies will precisely characterize the relationships between weather, urediniospore 

concentrations, and disease development, which may be combined with field results to determine 

conditions favorable for Puccinia asparagi infection of asparagus fern.  
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Figure 1.  Foliar fungicides were applied on a 10 day, 14 day, or 15 DSV (as calculated by 

TOM-CAST) schedule.  Disease severity and defoliation ratings from 28 September and lesion counts 

from 5 October are presented. 



 

 

Figure 2.  Relationships between A, weekly airborne urediniospore concentrations, C-E, 

environmental conditions, and B, Puccinia asparagi infection of two-month-old trap plants 

(‘Millennium’ and ‘Jersey Giant’) exposed to natural inoculum and ambient environmental 

conditions for one week in an untreated planting of ‘Millennium’ asparagus.  Trap plants were 

incubated in the greenhouse for two weeks following field exposure to determine the number of 

plants that became infected in the field. 




