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ABSTRACT

Mined areas near the city of Galena, Kansas, are a continuing source of Pb, Zn, and Cd contamination
that move off site in response to erosion by wind and running water. Revegetation of the mine tailings (chat)
could limit the spread of these heavy metals. In this study, treatments that included the addition of manure, as
well asinoculation with mycorrhizae or the addition of benomyl fungicide, wereimposed on 24 test plots. Tall
fescue grass was established in all seeded plots, and by the end of the third growing season, the vegetative
cover for seeded treatments averaged 28.5%, and basal cover averaged 10.4%, indicating a decrease in vegeta-
tive and basal cover from amaximum during the course of the experiment. Zn, which the addition of manure had
earlier significantly concentrated in the organic-bound fraction of the chat, has more recently been significantly
concentrated in the more bioavailable exchangeabl e fraction of the manured plots. Together with the decrease of
vegetative and basal cover, and with a significant decrease in available K in the manured plots, this may indicate
adecrease in effectiveness of the manure treatments over time.
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INTRODUCTION

From the mid-1800’sto approximately 1970, the Tri-State district of southeastern Kansas,
southwestern Missouri, and northeastern Oklahomawas one of the most important Pband Zn
mining areas of theworld (McKnight and Fischer, 1970; Spruill, T., 1987). Surface mine spoils
(alsocalled chat) arestill present inthecity of Galena, Kansas, and adjacent areas (Figure 1),
creating asource of heavy metal pollution that can spread to outlying areas by the action of wind
and running water. Sourcesof the Pb and Zn areresidua galena(PbS) and sphalerite (ZnS) ore,
and Cdisalso present whereit substitutesfor Znin sphaerite (Berry and Mason, 1959; Kleinand
Hurlbut, 1977). Despitethe passage of time, vegetation hashad difficulty in establishingitself onthe
pilesof chat. Revegetation has been shown to decreasethe off-site spread of chat (Darmer,
1992), and would a so decrease the possibility of off-site heavy meta pollution because of the
association of galenaand sphal eritewith the chat. In thisexperiment, test plotswere establishedin
order to determineoptimal conditionsfor revegetation with tall fescue grass. Previousmathematical
modeling for the Galenaarea (Green et al.,1997) hasindicated that grass buffers could reduce
sediment loss by 18% to 25%, and that 100% grass cover would reduce sediment loss by nearly
70% compared to bare soil.

PROCEDURE
Six treatmentswith four replicationswereimposed on 24 plotson chat materia withinthecity
limitsof Galena, Kansas. Thetreatmentsincluded amanure-amended and seeded control (SC);
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two treatmentsthat were manure-amended, seeded, and inocul ated with mycorrhizaefungi (I-1and
I-2, one of whichwasoriginally planned to have been planted with poplar trees); and amanure-
amended, seeded treatment on which benomy! fungicidewas applied (BF). Mycorrhizae inocula-
tionwasintended to assist thetall fescueinresisting Zn phytotoxicity by preventingitsuptake by the
plants, whileby contrast the benomyl fungicidetreatment wasintended to prevent any mycorrhizae
activity. Alsoincluded were an unseeded and manure-amended control (UM C), and an unseeded
control which wasnot manure-amended (UC). After thetall fescue was established in satisfactory
stands, Pb, Zn, and Cd in the chat were sequentially extracted according to the methodol ogy of
Tesser (1979), alowing the heavy metal concentration of the exchangeabl e, carbonate-bound, Fe/
Mn oxide-bound, organic-bound and residual fractionsto beanayzed. Zn concentrationsare
reported here. The exchangeablefraction isconsidered to be the most bioavailable (most available
to organisms), and theresidual fraction theleast, with the other fractionshaving intermediate degrees
of bioavailability. Theamount of vegetative and basal cover inthevegetated test plotsand available
soil nutrientswere also measured. The SC, 1-1 and -2, and BF treatments were seeded and
became vegetated with tall fescue. All treatments except UC had manure added to themtoinsure
availability of plant nutrientsfor thefescue.

RESULTS

Figure 2 showsvegetative (crown) cover and Figure 3 showsbasal ground cover for thetest
plotsover atwo-year period beginning in September 1996 and ending in October 1998. Vegetative
cover (28.5%) for October 1998 was|ower than previous point countsin May 1997, October
1997, and May 1998 (71.7%; 60.2%, and 51%, respectively), athough not aslow asreportedin
theinitial vegetative cover point count following planting of thetall fescue (26.7% in September
1996). The October 1998 basal cover (10.4%) wasactually thelowest recorded since planting the
tall fescue, when compared with previous point countsfrom September 1996 (11.8%), May 1997
(35.7%), October 1997 (23.6%), and May 1998 (36.9%). These decreases may indicatethat the
manureisno longer supplying nutrientsto thefescue, or possibly that itisno longer helpingto
adleviate problemswith Zn phytotoxicity ontheminespoilsmateria.

Extractabl e nitrate nitrogen, ammonium nitrogen, P, and K concentrationsin soil samples
collected during the spring of 1998 areshownin Table 1. Soil nitrogeninthetest plotsaveraged 3.4
mg/kg, up from an average 2.3 mg/kg in the spring of 1996 (not shown), and soil ammonium
nitrogen averaged 2.4 mg/kg (down from an average 7.0 mg/kg in the spring of 1996). Thereisno
ggnificant differencein soil nitrate nitrogen and ammonium nitrogen between thefirst fivetreatments
listedinTable 1 (SC; I-1; 1-2; BF, and UMC, all of which had added manure), and the unseeded
(and non-manured) control (UC). Soil Pissignificantly higher inthefirst fivetreatmentslistedin
Table 1 (an average 130.2 mg/kg, up from an average 91.8 mg/kg in the spring of 1996) thanitisin
the unseeded control UC (14.1 mg/kg). Soil K in Table 1issignificantly higher inthefirst five
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(manured) treatments (an average 43.1 mg/kg) than itisin thenon-manured, unseeded control UC
(23.2mg/kg), but isconsiderably below what it wasin the spring of 1996 (281.6 mg/kg). There-
fore, although there have not been major changesin soil nitratenitrogen and ammonium nitrogenin
the manured test plots, and soil Phasactually increased over timeasit apparently continuesto be
released from the manure, there has been asignificant decreasein the effectiveness of themanurein
releasing K. Assuggested earlier, themanure may nolonger be supplying essentia nutrientstothe
fescue.

Chaney (1983) considered Zn concentrations of 500 to 1,500 mg/kg Znin plant tissueto be
phytotoxic. Levy, Redente, and Uphoff (1999) grew switchgrassand big bluestemin chat collected
from the Tri-State mining district in southwestern Missouri, and concluded that therewaslittle
evidenceof Zn or other heavy meta phytotoxicity. However, tall fescue plant tissue Zn concentra
tionsfrom vegetated test plotsin the present study (not shown) averaged 490 mg/kg in the summer
of 1996, and 706 mg/kg inthe spring of 1997. Zinc phytotoxicity would therefore appear to have
become aproblem during the course of the experiment and may berelated to theloss of effective-
nessof the manurein concentrating soil Zn.

The sequential extraction schemeof Tessier et d., 1979, should alow theinfluence of vegeta-
tion and manure amendments on the fractionation of the Pb, Zn, and Cdin the chat to be evaluated.
Inthe spring of 1996, the presence of vegetation (first four treatmentsin Table 2) had not influenced
thedistribution of Zn. However, the presence of manureinthe SC; 1-1; I-2; BF, and UMC treat-
mentshad significantly reduced exchangeable and residual Zn concentrations (an average 218 and
7562 mg/kg, respectively) compared to the non-manured UC treatment (where exchangeableand
residua Zn concentrationswere 338 and 12,725 mg/kg, respectively). Meanwhile, the organic-
bound Zn concentration in thefive manured treatments (which averaged 683 mg/kg) wassignifi-
cantly greater thaninthe non-manured UC treatment (324 mg/kg). The presence of manure,
therefore, had the effect of moving Zn from the exchangeable and residual fractionsinto the organic-
bound fraction. By thefall of 1997, vegetation still did not influencethedistribution of Zn, but the
influence of the presence of manure on Zn distribution had changed (Table 3). ExchangeableZnin
the unseeded (and nonmanured) control (UC) waslower than in the manured treatments (357 mg/
kg versusan average of 714 mg/kg for the manured treatments). Because exchangeableZninthe
unseeded control wasessentially thesameinthefal of 1997 asit wasinthe spring of 1996 (357
mg/kg versus 338 mg/kg), thismay be another indication that the manure treatmentshavelost their
effectivenessover time. Further, theincreasein bioavail able exchangeable Zn have beenthe cause
of phytotoxiclevelsof Zninthetall fescue plant tissue. Residud Znin the unseeded control re-
mained higher than in the manured treatmentsduring thefal of 1997 (6,498 mg/kg versusan
average 4,295 mg/kg, respectively), but wasno longer significantly higher. Total Zn concentration
for al test plotsinthisstudy averaged 19,819 mg/kgin the spring of 1996, and 21,539 mg/kg inthe
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fall of 1997 (Tables2 and 3), within 8% agreement. Total Zn concentrationsfor individua treat-
mentsat thetwo sampling timesagreed within 13%, except for treatment 1-1 (15,460 mg/kg inthe
spring of 1996, and 19,649 mg/kg inthefall of 1997, for a21% difference), and I-2 (14,140 mg/kg
inthe spring of 1996, and 19,494 mg/kg inthefall of 1997, for a28% difference).

CONCLUSIONS

Whilethe presence of thetall fescue doesnot initself appear to reduce Zn content of the
Gaenaminetailings, model sthat incorporate vegetative buffershave shown areductioninthe
redistribution of theminetailingsby wind and water, thereby reducing the spread of heavy metd
contamination. Adding manureto test plotsnot only aidsin thegrowth of thetall fescue planted
there, it also tendsto cause theredistribution of the Zninto the organic fraction and away fromthe
more bioavailable exchangeablefraction. Thiseffect decreasesover timeasthe manuretreatments
becomelesseffective.
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Tablel. Extractablenitrate nitrogen, ammonium nitrogen, P, and K concentrationsfor soil
samplescollected in the spring of 1998. Numberswithin acolumn followed by the samel etter are
not sgnificantly different at P=0.05.

TREATMENT NO,-N NH*,-N P K

Seeded Cortrol (SC) 4.2a 2.4a 116.4ab 43.2a

Inoculated-1 (I-1) 2.7a 21a 161.4a 44.2a

Inoculated-2 (I-2) 2.1a 2.9a 145.5ab 130.2 ave. 39.5a 43.1 ave.
Benomyl Fungicide (BF) 5.0a 2.3a 124.4ab 48.0a

Unseeded Manured Control (UMC) 3.4a 2.4a 103.3b 40.7a

Unseeded Cortrol (UC) 2.8a 2.2a 14.1c 23.2b

3.4 ave. 2.4 ave. 111.0 ave. 39.8 ave.

Table2. Fractionation of Znin soil collected during the spring of 1996 into exchangeable, carbon-
ate, Fe/lMn, organic-bound, and residud fractions(in mg/kg). Numberswithinacolumnfollowed
by the sameletter arenot significantly different at P=0.05.

TREATMENT EXCHANG. CARBONATE Fe/Mn OXIDE ORGANIC RESIDUAL TOTAL Zn

Seeded
Contral (SC)

Inoculated- 1

(-1)
Inoculated-2 3, 6080c 13250 | oo | 7472 57454 14140

(-2 218 8069 ave 683 7562 19819
Benomyl ave. ave. ' ave. ave. ave.
Fungicide 174c 9512b 2112a 669ab 8253b 20720

(BF)

Unseeded
Manured
Control
(UMC)

Unseeded
Cortrol (UC)

239b 8068hc 1557ab 788a 7499bcd 18151

194bc 6491c 1130b 661ab 6984cd 15460

242b 10194ab 2182a 548b 9331b 22497

338a 12500a 2060a 324c 12725a 27947
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Table 3. Fractionation of Znin soil collected during thefall of 1997 into exchangeable, carbonate,
Fe/Mn oxide, organic-bound, and residud fractions (in mg/kg). Numberswithin acolumnfollowed

by the sameletter arenot significantly different at P=0.05.

TREATMENT | EXCHANG. | CARBONATE | Fe/MnOXIDE | ORGANIC | RESIDUAL TOTAL Zn
Seede(’dscc)"mo' 677ab 6767a 5852a 1969 3676¢ 18941
'mc(f_alt;ad'l 556hc 7570a 5836a 1574a 41130 19649
Inoculated-2
2 793ab | 714 | 7021a | 7843 | 5781a | 6390 | 1709a | 1744 | 4190b | 4295 | 19494 | 21539
(-2) ave. ave. ave ave. ave. ave.
Beromyl | ooy 8935a 6874a 178% 46872 22097
Fungicide (BF)
Unseeded
Manured Control | 831a 8923a 7605a 1677a 4807ab 23843
(UMC)
Unseeded
Cortrdl (UC) 357c 7247a 9398a 813a 6498a 24313
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Figure 1. Map showing thelocation of the city of Galena, Kansas, inthe Tri-State mining district
of southeastern Kansas, southwestern Missouri, and northeastern Oklahoma (base map of the
United States after Moore, 1998).
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Figure 2. Average vegetative cover over time. SC = Seeded Control; I-1 =Inoculated-1; I-2 = Inoculated-2; and
BF =Benomyl Fungicide.
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Figure 3. Average basal cover over time. SC = Seeded Control; I-1 = Inoculated-1; I-2 = Inocul ated-2; and BF =
Benomy! Fungicide.
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