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Response of Setaria F aberi i 
to High Lime Soi Is 

NANCY HUANG,* R.S .ADAMS , JR .** 

ABSTRACT • Setaria faberii (giant foxtail) was observed to grow poorly in some calcareous soils or 
upon the addition of calcium carbonate to some acid soils . The data suggest that lim ing might be a 
feasible and practical tool in the cont ro l of this major weed pest. 

EDITOR'S NOTE: Figures 2 , 3, and 4 relating to this paper appear on the cover of this issue of 
the Journal of the Minnesota Academy of Science . 

Setaria fab erii He rrm. (giant foxtail) is known as one of 
the most prevalent weed problems in cultivated field crops 
in the central United States (Santlemann et al. I 963). One 
S. faberii plant per foot of row has been shown to reduce 
yields of maize (Zea mays L.) by 7 to 10% (Meggitt , 1970). 

In spite of it s relative importance little is known about th_e 
phy siology of giant foxtail. In its early stages of growth 11 
is not competitive for light, moisture or nutrients (Schreiber 
and Williams, 1967). Dry weight production decreases 
linearly with increases in shade intensity (Knake, 1972; 
San telmann et al. 1963) . Reduction in maize yields by 
gjant foxtail occurs early in the season. Any factor that 
;educes giant foxtail growth early in the season will increase 
the competitive advantage of the cu ltivated crop. 

In unreported work of the second author S. faberii had 
been obse rved to be le ss vigorous and productive in the field 
with high lime treatments. This study was initiated in the 
oreenhouse to evaluate that phenomenon. Retarded growth 
~f the giant foxtail by lime might be due to increased growth 
and competition by the maize o r some physiological or 
metabolic effect. 

Liming of acid soils is known to increase the yield of 
maize and other crops (Fisher , 1969; Pearson and Adams, 
1967). Corbin et al. (I 971) noted that liming up to a _pH of 
6.5 appeared to enhance the phytotoxicity of herb1 c1des. 
Thorup (1969) proposed that where reduced growth or 
yields are observed with liming the effect may be due to 
curtailed water uptake by the plant. Meyer and Anderson 
(1956) suggested that the hydrogen ion concen_tration in 
soil might directly affect enzyme activators or 1nh1b1tors. 
Trace element availability may also be influenced by soil pH . 

This study was initiated to determine the growth of S. 
faberii in several different soils types and in acid soils re
ceiving calcium carbonate treatments . Attempts were made 
to examine the mechanisms of these responses. 
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For this study 14 Minnesota soils were selected from the 

*NANCY HUANG, a junior scientist in the Soil Science De
partment at the University of Minnesota when this pa~er ":'as 
presented, received the B.S. degree from Boston University 
and M.S. from Lehigh University, both in biology. 
**RUSSELL S. ADAMS , Jr., is a professor of Soil Science at 
the University of Minnesota. He holds degrees in soil science 
and soil chemistry from Kansas State University and the Ph .D . 
in Soil Biochemistry from the University of Illinois . 

collection described by Pluth et al. ( 1970). These soils 
varied widely in several properties. Pertinent soil data are 
given in Table l. 

Procedure in the greenhouse 
In the initial screen 400 g of air dry soil were placed in 

1.06 liter wax coated cardboard containers and then 40 S. 
faberii seeds were planted one cm deep . The seeds were pre
treated for 3 minutes with 2.5 percent perchlorate bleach 
just prior to planting. Pots were watered daily to approxi
mately field capacity. Seedlings were thinned to 20 plants 
after two weeks. Afte r five to six weeks the plants were 
harvested at the soil surface , oven dried at 50° C, weighed , 
and the plant material saved for further analyses. Treatments 
were prepared in duplicate and the experiment was conducted 
twice. In one se t , the treatments were grown in the green
house with natural lighting and in the other with supple
mental lighting. In the latter case the treatments received 
natural daylight supplemented with fluore scent lighting for 
a 16 hour day. The intensity varied between 350 to 700 
quantum microeinsteins m·2/sec. Temperatures in the green
house varied be tween 25 and 28°C. 

Six soils were selected for the liming experiments . The.· 
were Blue Earth sil , Brainerd fsl, Leste r fsl. Miiac f-1. 
Ontanagon c, Svea sil. These soils were modified by addL g 
0.5 , 1.0, 2.0 or 4.0 percent Reage n t Grade calcium carbon3i•? 
powder by weigh t. The m od ifi d mil we re tumbled on J.P. 

end over en cl shaker for 15 minu!es to in H'3Si' mixir,g . A -
above. 400 g of air-dried soil\ ere weighed inio wa.: -oated 
ca rdboard containe rs. Treatments were planted in dupli ate . 
The so il was brough to approxirnarel\· fiel d capa iry :m d 
incubated at 25 ° C for 10 day 10 :illow equilibration of the 
lime with the soil. Pianting. watering and harves ting were 
conducted as above. For emission spectrograph an~lysis 
I g of dry plant mate rials were ashed in a muff1e furnace at 
550 ° C for 8 hours. The ash was dissolved in JO ml 0.5% 
LiCL2and 1.5% HC 1 solution and analyzed by emission 
spectrography using a Jarrell-Ash Model 66-000. 

In a similar experiment the lower limits of CaCO3 effec
tiveness was determined by mixing with soil as above CaCO3 
at rates of 0 , 0.1, 0 .25, and one percent by weight. Pro
cedures followed those above, except that plants were 
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harvested after four weeks and Nicollet 1 and Zimmerman 
fs were substituted for Blue Earth sil and Brianerd fsl . 

After treatments containing CaCO3 were harvested soils 
were analyzed to determine soil pH, 1/3 and 15 bar moisture 
and rate of water loss according to procedures described 
by Pluth, et. al. (1970). 

Living S. faberii plants were carefully extracted from the 
control Fayette sil treatment, the roots thoroughly washed 
and the plants transferred to, and grown in, Erlenmeyer 
flasks in full Hoaglund's solution (Hoaglund and Arnon, 
1938) buffered from 3 to IO pH in unit increments using 
IN HC I or 1 N KOH. The plants were grown for two weeks. 
The Hoaglund's solution which was continuously aerated was 
changed after one week, its pH being adjusted every second 
day. The roots were examined under microscope. 
Prediction equation developed 

Data from the sueening of several Minnesota soils are 
shown in Figure 1 and statistical analysis in Table 2. While 
soil pH had a significant effect on the growth of S.faberii, the 
variability was high and a contribution from other factors 
was apparent. A linear regression equation using pH and 1/3 
bar moisture accounted for only 30 percent of the variability. 
As other properties were introduced into the equation 1/3 
bar moisture became less significant as indicated by the 
partial corre lation coefficient. 

The best fit prediction equation was determined to be as 
follows: 
DW c = 12.001 - 2.957 pH+ .l 95 pH2 - .013 Fe+ .001 FexpH 
where DWc = es timated dry weight of S. faberii 

pH= soil pH 
Fe= acid (0. IN HCL) extractable iron 
N = 47 
R2 = 0.663 
Calculated F = 21.185 
Standard error of estimate= 0.279 
All partial correlation coefficients included in the equation 

were significant at the 5% level. 
Precisely what is measured by acid extractable iron is not 

known. Presumably it represents in part colloidal and amor
phous iron serving as cementing materials in the soil matrix 
or associa ted wi th soil organic matter. Statistically it is re
lated to sand and silt contents, exchangeable calcium, po
tassium, and sodium, and moisture capacities. 

Because of their lack of independence these soil properties 
give no clear indication of the mechanism of the response. 
Differences in these properties cannot be considered as 
causing the growth differences of S. faberii; only that they 
are predictive of the response. 

Data from the experiments studying the influence of the 
addition of CaCO3 are given in Figures 2 and 3. Figure 4 
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shows the response of S. faberii to Ontonagon c. Adding 
large quantities of calcium carbonate to acid soils signifi
cantly reduced the growth of giant foxtail. At levels of 
CaCO3 normally applied in the field to modify soil acidity 
significant reduction in giant foxtail growth was also ob
tained. Table 3 shows soil pH at the conclusion of the 
latter experiment and plant heights at two time periods as 
compared to the untreated check. As early as two weeks 
after seeding slight retardations in plant heights could be 
observed. According to Knake and Slife (1969) as soon as 
corn or soybeans are tall enough to produce shade, com
petition from giant foxtail is substantially reduced. Thus, 
any delay in development in the early stages of growth due 
to liming would give the crop a more competitive advantage. 

However, the responses obtained in this study may not be 
a direct effect of the addition of CaCO3. This treatment 
with the Blue Earth sil, a calcareous lacustrine soil , resulted 
in improved S. faberii growth . Furthermore, giant foxtail 
appeared to do well on some calcareous soils in the initial 
screen. The strong correlation between growth and acid 
extractable iron in the first experiment suggest that the 
response may be due to an effect on iron availability. 

Efforts to identify other factors .that might be affected by 
liming and provide a mechanism for growth retardation were 
inconclusive. No obvious effects of the CaCO3 were ob-
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served on 1/3 or 15 bar moisture retention by the treated 
soils. The rate of evaporation of water from the soil also 
was unaffected by the CaCO3 . These data are not reported. 
Other than an increase in uptake of calcium the CaCO3 did 
not appear to significantly affect mineral nutrition. There 
was some evidence of borderline zinc deficiency, but these 
differences were neither consistent nor significant. There 
was no consistent response of iron uptake with treatment. 

However, when S. faberii plants were transferred to 
Hoaglund 's solution buffered over a range of pH, differences 
in treatment did occur. After two weeks in Hoaglund's 
solution marked differences in growth occurred. Plan ts 
grown at pH 3 and pH 4 advanced to maturity, setting 
seeds. The roots of the giant foxtail in these treatments 
were turgid with well developed primary and secondary 
systems. Plants in pH 6, 7, 8, 9, and 10 treatments showed 
little development and flower heads did not form. A general 
browning and discoloration of the roots were observed. 

Upon microscopic examination (Cover), roots from pH 
3 and pH 4 treatments were clean and free from fungal and 
bacterial infection. Roots from the other treatments were 
heavily infected with fungi and bacteria. At this point one 
must question whether the S. faberii root growth was poor 
because the roots were infected by fungi and bacteria or 
whether the roots became infected because the plant was 
weak and susceptible. This aspect needs to be evaluated. 
Also, this study needs to be extended to the soil treatments 
to determine if root development is affected by the CaCO3 
treatments in soil. These observations were consistent with 
qualitative field observations. In the field giant foxtail 
appeared to be smaller and less mature in the high lime 
treatments. 
Negative response observed 

There seems to be a significant, but inconsistent negative 
response of S. faberii to the additiou of CaCO3 to soils . 
This response appeared not to be a direct effect and may be 
due to an effect on the availability of some other nutrient. 
This response occurs at rates well within those normally 
used in soil acidity modification. and were effective with 
some acid soils. Consequently, the practice would be con
sistent with conventional systems of good soil management. 
The data suggests that liming could become an effective 
cultural tool in controlling a major weed pest, reducing the 
need for herbicide applications. Soil pH may also be a 
factor in restricting the spread of giant foxtail into western 
Minnesota. Efforts to determine the mechanism of this 
effect need further study. 
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FIGURE 1. Ory matter production of S. faberii in two experiments, 
one (open bar), under natural lighting and two (solid bar), under 
supplemental lighting on 14 soil types. There were no significant 
differences due to time and/or lighting. 
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