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A nsing concen with the application of dairy wastes to agricultural fidd dsisthe accumulation of
copper (Cu) in the soil. Copper sulfate (CuSTM ) from cail e foothaths is washed out of dairy bams and
into wastewater lagoons. The addition of CuS0Cd baths on danes can increase Cu concentration
significantly in manure slurry. The Cu-enn ched dary waste 1sthen applied to agncultural crops, thus
rasng concerns about how soils and plants are impacted by these Cu additions. R epeated applicat ons
of lagoon water could potentially raise Cu concentrations to toxic levels for agricultural crops, with very
limited poss bilities for remediation. 1t has been stated that most arops can only remove 0.1 pound of Cu
per acre per vear. [f a grower waits until Cu plant toxiaty symptoms occur (induding plant death ), they
will continue to see Cu toxicities in that field inde finitely.

Most Cu that 15 added to sol will srongly adsorb to sml surfaces (o so referred (o as cation
exchange sites). As sandv-textured soal s have fewer cation exchange sites than saltv-textured sols, the
Cu will not tend to bind to sandy soils as srongly as slty sails. For this resson, more Cu wall be left in
soil solution as plant avallable Cu, therefore potentially increasing the nsk for IE'u toxicit es on sandy
soils.

Potato growers are concemed about thisisue, asmany of the predominant dairy produang areas
in southern Idaho are also in Idaho’s established potato product on regions, Spea fically, these growers
are concermed that fields currently suitable for potato production may no longer be productive after
excesd ve lagoon water applic'di ong, with high concentrations of copper, have been appli ed. The
obyective of this project is to evaluate potato growth and copper plant uptake for potatoes grown under
low, moderate, and excesavey high soil copper concentrations.

METHODS AND MATERIALS

This siudy was conducted in a greenhouse setting at the USDA ARS Kimberly Research Station.
To esiablish an effective copper response curve, 6 rates of copper sulfate (0, 50, 100, 250, 500, and 1000
mg Cu' kg soil) were applied to elther a Portneuf a1t loam or a (uincy sand. Two Russet Burbank
potato seed tubers were planted at a depth of 3 inches in each pot. Plants were thinned down Lo one
surviving plant at the two-leaf sage. Trestments were replicated four imes in a complete randomi zed
block design. After 130 days of growth, plants were harvested, separated i nto shoots, roots, md tubers,
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and were mal yzed for copper concentration. Soil s were also analyaed for sol ted copper concentration
using the comm only used DTPA extractant.

BESULTS AND DISCUSSION

Plani uplake of copper

Potato plants grown on sandy soil textures absorbed copper more readily than slt loam textured
soils, as ind cated by increased concentrations of ¢ in pl ant roots and shoots (Figurel ). This finding
llustrates that slty textured soils likely bind more Cu than sandy soils, leaving more copper avail able
for plant uptake on sandy soils. Comparing shoots to roots, we al so found between 10 and 17 times
greater Cu accumulation in rootsthan shoots for both sml types at varving soil copper levels (Figure 1)
This finding validated what i s currentl y known about copper movement in pl ants, with copper
accumul sting in roods rather than shoots
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Figurel. Increasing copper concentrations in Russet Burbank potato shoots and roots with mcoreasing

soil DTPA copper concentrab ons, asinfluenced by soil texture.

Figure 2 Koot mass is snall er and darker for the 1000 mg Cukg trestment (nght) compared to the 0 mg
Cukg (left) (Photos from Portneut st loam soals).
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While there was greater Cu uplake by potato plants on sand than st | oam, the sall copper levds
were lower on the sand than the st loam with inoreasng soill copper concentration (Figure 3). The only
expl anation that we have for this rd ati onship is that the DTPA sl Cu test wasnot designed to handle
signifi cantly high level s of Cu concentrat ons, and may not be ideal for rel ating to Cu uptake at
extremely high soil test Cu level s Regardless, thisillustrates that different thresholds for copper toxiaty
need to be established, based on soil texture.
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Figure 3. Effect of copper application on soil test DTPA copper on two contrasting soil textures
Biomass effects

AsCu concentration increases in roots and shoots, dry weaight biomass decreased (Figure 4). This
finding suggestsreduced potalo productivity and vield with increasing soil copper leves from 7 to 350
ppm. For the Porineuf silt loam, Cu concentrations greater than 90 ppm appeared to signi ficantly
decrease both root md shoot bi omass. In the (uincy sand, soil Cu levels above 25 ppm decreased shoot
bioim ass (Figure 4). (Rootballs were rlatively small for all Quincy sand treatment s, which limited the
potential for restn ded root growth rel sted to high copper levels). B ased on our findings, we would
recommend setting limits for potato production at 25 ppm for sandy soils snd 90 ppm for a1t oam smls

Heallh concems

Greenhouse condit ons limited tuber formation on both the sand and slty soal textures, although
small tubers did form in two pots containing 50 mg Cu'kg treatments, and one pot containing the 1,000
mg Cu'kg treatment. Tuber Cu concentrati ons among the three treatments ranged from 11 to 20 ppm,
which equatesto 0.1 to 0.3 mg Cu/ 100 g fresh tuber weight. Nationad Academy of Sdences(2011)
recommendation for tolerable upper intake leves of Cu for children ages 1-3 is | mg Cu/100 g fresh
weight. At these level 5 copper toxi aty does not appear to be an issue toward humans ingesting potatoes
_m:nwln on soils contaiming up to 300 ppm Cu, although further study 1s needed to confirm this
conclusion.
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Figure 4. Changes in dry matter weight for Russet Burbank potato shoots and roots with increasing soil
DTPA copper concentrations, as influenced by sml texture.

Response lo copper in comparison o afther crops

Ippolito et al. (201 1a; 201 Ib) conducted a smil ar study, evaluating the response of corn and
al falfa growth to increasing copper levels in a greenhouse setting in Kimberly, Idaho, At soil DTPA Cu
concentration values of 160-180 ppm, the decrease in plant biomass in comparison to non-copper
am ended controls was 0% for com, 7% for potato, and 22% for alfal fa. Based on this compan son, it
appears that copper sensitivity follows as alfalfa being the most senstive, and potatoes and com bang
the least senstive.

Copyper remediation with polatoes?

ltisofien stated that a typical arop can only rem ove 0.1 Ib Cu/acre/year. Potatoes grown on the
control soils in this sudy removed an equivalent of 0.06 — 0.1 Ib Cu/acre, supporting the commonl y
made stal ement. However, at the highest Cu rate of 1000 mg Co/'kg, potatoes removed an equivalent of 2
Ibs Cu/acre on the st loam, snd 6.6. Ibs Cu/acre on the sand. These findings suggest that potato plants
coul d potentialy be used to remove s gnificant amounts of Cu from Cu-affected soils.

Growers are strongly urged to sodl test agriculture land that has recaved lagoon water
applications for DTPA soal test Cu to svoed crop losses related to Cu toxiaties We recommend
threshold levels for potato produch on to be 25 ppm Cu for sandy soils and 90 ppm Cu for st loams. At
sotl test Cu levels up to 375 ppm, tubers do not appear to pose any copper toxiaty health nsks to
humans, although this needs to be venfied
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