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Abbreviations and notes: K = potassium; P = phosphorus; N = nitrogen; 
S = sulfur; ppm = parts per million; CEC = cation exchange capacity.

NORTH AMERICA

The soybean aphid, Aphis glycines Matsumura, is an inva-
sive species that was first discovered in the United States 
in 2000. On-farm visits and observations in Wisconsin 

and Michigan indicated that many of the soybean fields most 
heavily infested with soybean aphids were also exhibiting 
symptoms of K deficiency. This article summarizes results 
from recent research conducted to examine the association 
between aphids and K, in order to determine the appropriate 
role of plant nutrition in the management of the aphid pest.

Wisconsin, 2001-2002
In a controlled field experiment in which K fertilizer had 

been applied at different levels, soybean leaf K and yield 
increased with increasing soil test K (Table 1), but no differ-

ences were observed in aphid populations (Myers et al., 2005). 
Repeated foliar insecticide sprays reduced aphid populations 
and increased yields, but there was no interaction between 
spray and K on either parameter.

Yet, aphid populations were very high in both years in this 
experiment, substantially higher than those in farm fields. 
For example, in 2002 peak abundance in the unsprayed plots 
eclipsed 1,600 aphids per plant, compared to an average peak 
abundance of 280 in a survey of southern Wisconsin fields. 
It is possible that owing to the close proximity (< 3 ft.) and 
small size (10 by 23 ft.) of the plots, severe K deficiencies 
attracted and supported large aphid populations that led to 
colonization of plants both deficient and sufficient in K. Thus 
the design of this experiment may have hindered the ability 
to detect the observed effects that appear to be operational at 
the whole-field scale.

Wisconsin, 2003
A laboratory experiment examined performance of aphids 

on leaf material collected from healthy and visually K-deficient 
soybean plants growing in an experimental field in Arlington, 
Wisconsin, in 2003. The number of nymphs per adult and 
the population increase rate were substantially higher on the 
leaves low in K (Table 2). This effect indicates that K-deficient 
soybeans provide for greater potential expansion rates of aphid 
populations. These controlled laboratory conditions, however, 
do not allow expression of factors such as natural predators 
and parasites that would be operational in the field.

The mechanism for this effect was not identified, but others 
have noted that aphids are dependent on soluble amino acids 
for their nutrition, and that K deficiency can cause increased 
concentration of such amino acids in plant tissue. 

Wisconsin, 2004
In 2004, a year with low aphid pest pressure, soybean aphid 

populations were monitored in 34 production soybean fields 
across Wisconsin, ranging in soil test K from 80 to over 200 
ppm (Myers and Gratton, 2006). These fields included some 
soils of sandier texture, whose critical level for soil test K (up-
per limit of the “low” range) is as low as 60 ppm. Across these 
fields, aphid population growth rate was negatively correlated 
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How Potassium Nutrition 
Can Suppress Soybean Aphids

Table 1.  Soybean leaf K and yield increased with increasing soil 
test K in a field experiment in Arlington, Wisconsin 
(means of 2 years, 2001-2002; adapted from Myers et 
al., 2005).

Soil test K1, 
ppm

Leaf K, 
%

 - - - - Soybean yield, bu/A - - - -
Sprayed Unsprayed

           60 0.76 33 26

           93         1.2 47 38

114 1.43 52 41
1Soil test K in Wisconsin is by the Bray-1 extractant. Values below 80 
and above 100 are considered low and high, respectively.

Table 2.  Aphids in a 2003 lab study grew more rapidly on 
soybean leaves with less K (adapted from Myers et al., 
2005).

Soil test K, 
ppm

Leaf K, 
ppm

Petiole sap K, 
ppm

 - - - - - - - - - Aphid - - - - - - - - -  
Fecundity, 

nymphs/adult
Population 
growth rate

  60 0.55 1,000 68 0.48
160 1.68 2,493 49 0.42

Close-up photo of an individual aphid (Aphis glycines Matsumura).
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with soil K and P and leaf K, N, P, and S. However, peak aphid 
densities were positively correlated with the same suite of soil 
and leaf nutrients. 

In the same year, a controlled K response trial in field 
plots showed that medium and higher soil test K levels de-
creased aphid reproductive rates, slowed rates of population 
increases, and lowered peak abundance of naturally occurring 
aphid populations (Table 3). Clip-cages placed on leaves of 
intact plants allowed the study of reproduction of single aphids 
placed on single leaves in a small enclosure, isolated from 
other aphids and protected from predators and escape, but in 
the field environment.

The reasons why aphid populations were reduced by higher 
K levels in 2004 (Table 3), but not in 2001 and 2002 (Table 
1) are not clear. It may be related to the lower pest pressure in 
2004 which made it possible for the effects of plant nutrition 
on aphids to be detected without high overall aphid numbers 
swamping out any effects. Plot size in 2004 was the same as 
in the earlier studies.

Michigan, 2003-2004
In mid-August of both 2003 and 2004, five to eight com- 

mercial soybean fields in southwest Michigan showing symp-
toms of K deficiency were surveyed (Walter and DiFonzo, 
2007). Within each field, pairs of samples were selected such 
that one was in the center of an area of severe visual symptoms, 
and the other was in a nearby symptomless area. At each of 
the areas, soils, plant phloem, and aphid populations were 
sampled. Soil test K levels were found to be lower in areas 
showing symptoms in both years.  In 2003, an outbreak year, 
aphid density was higher in the K-deficient sample areas 
(Table 4). In 2004, aphid populations were too low to detect 
differences in density.

In 2004, in a commercial soybean field with low soil test 
K in Van Buren County, Michigan, a field trial was established 
containing five plots, each 20 by 120 ft., with and without 

application of potash fertilizer at a 
rate of 140 lb of K

2
O/A. Clip cages 

and exclusion cages were used to 
monitor reproductive performance 
of aphids. A clip cage was a small 
predator-proof enclosure clipped 
to a leaf to measure the growth and 
reproduction of individual aphids. 
Exclusion cages were 6 x 6 ft., cov-
ering 10 plants each, and prevented 
predation on the introduced aphids, 
but allowed escape of any aphids 
which morphed into alate (flying) 
form. 

The first set of clip cages, in-
stalled on 10 June, showed no 
differences in aphid reproductive 
performance. The second set, installed 14 July, produced 
nymphs earlier and in greater numbers on soybeans that had 
not received K fertilizer (Table 5). In the exclusion cages, 
significantly higher populations of aphids were observed on 
the zero-K treatment from 30 June onward.  

Samples of phloem sap were analyzed from all studies 
conducted in Michigan in 2003 and 2004. The sampling 
method measured the ratios of 18 common amino acids in the 
sap, but not the total amounts. The relative proportion of the 
amino acid asparagine was found to correlate negatively with 
soil test K, while the other amino acids showed no relationship.  
That is, asparagines levels in plant sap increased as soil K 
tests decreased: at a soil test K level of 120 ppm, asparagine 
comprised 3 to 10% of the total amino acids but increased to 
8 to 20% when soil tests were at 20 ppm.

Asparagine may play a critical role in relieving N-limitation 
of aphids. Weibull (1988) noted that sap from the most aphid-
resistant accessions of oat and barley contained relatively low 

Table 4.  Surveys conducted in Michigan found higher numbers 
of naturally-occurring aphids in K-deficient field areas 
in 2003 but not in 2004 (Walter and DiFonzo, 2007).

Within-field 
area 

surveyed

- - - - - - - - 2003 - - - - - - - - - - - - - - - - 2004 - - - - - - - -

Soil test K, 
ppm Aphids/leaf

Soil test K, 
ppm Aphids/leaf

K-deficient 15-65 174 28-83 3

Symptomless 22-83 103 38-83 3
1Ammonium acetate extractable K; critical levels 75-100 ppm.

Table 5.  Aphid populations in a K-deficient commercial soybean 
field in 2004. Exclusion cages were infested with one 
aphid per plant on 28 May. Initial soil test K was 67 
ppm1 (Walter and DiFonzo, 2007).

KCl 
applied, 
lb K2O/A

- - - - - - Clip cage - - - - - - 
14-Jul

- - - - Exclusion cage - - - - 
30-Jun           15-Jul

Age at first 
nymph

Nymphs 
/adult - - - Aphids/plant - - -

           0        8.8 88 703 6,858

       140      11 71 233 2,315
1Critical level for this soil (CEC of 8.6 meq/100g) is 96 ppm.

Table 3.  Leaf K and soybean yield were increased, and aphid 
infestations were decreased, by addition of muriate of 
potash to bring soil test K to 113 and 142 ppm, in an 
open field trial in 2004 in Arlington, WI. (adapted from 
Myers and Gratton, 2006).

Soil 
test 

K, ppm

Leaf 
K, 
%

 - - - Clip-cage aphids - - - Natural aphids/plant Soybean 
yield, 
bu/A

Fecundity, 
nymphs/adult

Population 
growth rate 19-Aug 26-Aug

60 1.5 42 0.31 107 251 24

113 2.4 27 0.28 56 72 47

142 2.4 26 0.27 54 72 46

Potassium deficient (left); healthy 
leaf.

Aphid infestation on a soybean leaf.
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Soybean leaves showing symp-
toms of K deficiency.
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levels of asparagine. Richards and Berner (1954) reported that 
K deficiency caused higher asparagine content in barley leaves. 
Barker and Bradfield (1963) reported that higher levels of K in 
a nutrient solution resulted in reduced concentrations of free 
amino acids, especially asparagine, in young corn seedlings.

Aphids are thought to obtain all of their dietary N from 
amino acids translocated in the phloem sap. Aphids are not 
known to use proteinases as part of their nutritional digestion, 
probably because high levels of proteinase inhibitors and ex-
tremely low protein concentrations in typical phloem sap make 
plant proteins a poor N source. Godfrey and Hutchmacher 
(1999) reported that K applied on California cotton at 100 
to 200 lb K

2
O/A had a “moderate negative effect on both the 

generation time and the fecundity of the aphid.”  So, as plants 
become more stressed due to K-deficient soils, their response 
is to release more free amino acids such as asparagine into 
the phloem to counterbalance osmotic imbalances in plants.  
However, aphids can take advantage of these free-flowing and 
easy-to-digest N-containing compounds to develop faster and 
produce more offspring per female.  This results in faster aphid 
population growth and ultimately higher population densities 
on soybean which further exacerbates yield loss.

Conclusions
In both Wisconsin and Michigan, low soil K was associated 

with increased aphid populations only at the low end of the 
range of soil K in production fields, and well below the K levels 
recommended for soybean production. Soil test summaries 
conducted in 2005 for these two states indicate a median soil 
test K of 125 to 149 ppm, and that only about 10 to 15% of 
soils are expected to test below 80 ppm.

While these results from Wisconsin and Michigan show 
a strong “bottom-up” effect of soybean K nutrition on the 
soybean aphid, it does not imply that adequate K is a reliable 
control for aphids. Aphid populations are also affected by 
natural enemies such as Asian lady beetles, and by natural 
parasites. Both are examples of “top-down” factors that may 
be more or less important, depending on the year and the site, 
than “bottom-up” factors such as host plant nutrition. Aphid 
infestations can still occur when K nutrition is adequate. 

However, preventing deficiencies provides at least one 

degree of protection or insurance against yield loss from these 
potentially damaging and disease-transmitting insects. From a 
practical standpoint, this means that soybean growers should 
manage soil K levels in their fields as part of their integrated 
pest management plan for the soybean aphid. BC
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Predator-proof cages used to measure population growth rate of aphids on K-deficient and K-amended soybean, southwest Michigan, July 2003. 

A clip cage to measure growth and development of single aphids.


