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Abstract

As awaste product that has plagued the beef and dairy operations for decades with the
problem of environmentally sound disposal, cattle biosoligs patential for being an
economical and sustainable pottingcramendment, both as a mext substrate and a fertilizer
amendment in nursery container productiorthis study, we added aged cattle biosolids to a
bark and sand mixture in 0, 15, 30, 45, @¢6concentrations (by volume) to make fpating
mixes We planted dur species of native perennialglolodiscus discolofoceanspray),
Philadelphus lewisi(syringa/mockorangeriogonum niveunfsnow buckwheat), and
Penstemon strictu®lkocky Mt. pensteimn)d into the variousnixesand grew them for four
months in igallon containers in field blockitial physical and chemical propertiekthe
mediawere analyzed includingeration, wateholding capacity, total porosity, bulk density
media shrinkageC:N ratio, electrical conductivity, pH, cation exchange capacity, and mineral
concentrations includingitrate N, ammoniumN, availableP, availableK, B, S, and extractable
K, Ca, Mg,Na, and CIAll plant heights and penstemon widths were measured dwvexy
weeks. Whemlants stopped growing after two months from low nutrient availability in the
mixes, we began weekly supplemental fertilizatidnthe end of the experiment plant leaves
from 60 plants per species were collected for foliar mineral aisafysdthe plantshemselves
were harvested for biomasscompare growth among the mixd&edia physical properties were
good for all mixes containing biosolidglost chemical properties improved with increasing
biosolids concentrations. Electrical comtluity was too high5.1<EC<7.8 dSif) in media
containing O30% biosolids by voldaomed% however,
biosolids amendehedia sifered salt damagd.he biosolids proved to be a nutrient source with
mineral concentrationacreasing, for the most part, with increasing percentages of biosolids.
Over all, plant growth, as determined by height and width measureamehgdant shoot and
root biomassimprovedwith increasing biosolids concentration up to 45solids by volume
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Aged cattle biosolids appeared to have some potential for a stable potting media amendment that
can improve a barkased media and provide an additional fertilizer source to native plants
grown in amended media.

Materials and Methods

The experimentproducing native plants in potting media amended with flushed cattle
biosolids, was startesh May 7, 2007. Unprocessed cattle manure, aged in a waste pile 9 to 12
months, was substituted for fliethbiosolids since thitatterwaste product was unavailable for
starting the experiment. Five potting mixes containing either 0, 15, 30, 45, or 60% biosolids (by
volume), 10% sand, and 90, 75, 60, 45, and 30% bark, respectively (to bring the volume of each
mix to 100%), were thoroughtyixed and supplemented with MicroMax (micronutrient)
fertilizer at 1.5 Ibs. per cubic yardihe contro] 0% biosolids mixhad a pH of 3.74 and required
the addition of ground agricultural limestone at 2.25 Ibs. per cubic @aréilay10, 10-cubic
inch plugs of the native specié®lodiscus discolofoceansprayfhiladelphus lewisii
(syringa/mockorangeEriogonum niveunisnow buckwheat), anlenstemon strictudgocky
Mt. penstemon) were planted integallon pots. The plants were established for fourkaee
before being placed in a randomized complete block design (5 replicates per block x 4 blocks x 5
media x 4 species) on a mulch bed starting June 5. Four hundred plants were used in the study
with 100 plants per species and 20 plants of each speciegedam.

All mixes were tested fanitial aeration, wateholding capacity, total porosity, and bulk
density.Media shrinkage was determined by measuring the net change in Voluatigoots
from the beginning of the experimaunitil harvest(17 weeks)Initial electrical conductivity
(EC) and pH measurements were taken in the field before planting by using the saturated
extraction methodl'he mixeswere laboratory tested famitial pH, electrical conductivity, CEC,
C:N ratio, soluble salts, and available phosphorus, potassium, #NtratemoniaN, and sulfur.
Later, chloride levels were also analyzkdearly August, pH and EC measurements were taken
by pourthrough extractionrbm four randomly selected pots per mix per species.

Since soluble salt levelgerehigh (5.1<EC<7.8dSmM)i n medi a contai,ni ng
plants were not fertilized as originally planned in order to compare the fertilizer value of the
different perentages of biosolidé\fter we determined the plangsewlittle over a 3week
period, all plants in all treatments were fertilized on JulwitB Peters@30-10-10 (iquid)
fertilizer at 100 ppm N. Aollow-up applicationof 1®-1 2 Scot t 6 s @brefeaseot e E
fertilizer was added at 12 grams per plaortall treatment®n July 16. Plants were then
fertilized weekly with 3610-10 until Septembet. Plants were watered with an automated
micro-emitter irrigation systerfitted with spray stakes. Planigere irrigated every other day,
and watering was increased to every day during hot weather to cool the potting medium. The
snow buckwheatvas removed from automatic watering July 10 and watered only during
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fertilization dwe to root sensitivity tonediasaturationToward the first of Augusthe water to
the oceanspray was also cut back to four days a dusekoplantstress symptoms from the
saturated medjand the snow buckwheat was reset to receive water twice aaveeibat
wilting brought on bythe heat andn early summegrowth flush

Height measurements were takKenall plantsand width measurements for pensteragary
three weeks beginning Jub® until harvestAt harvestfinal heights for all plants and final
widths for penstemon and®n buckwheat were takeB8ince the biosolids percentage appeared
to have some influence on weed presence in the media, weeds were collected every three weeks
beginning June 20 and their biomass recorded by treatment. Beginning September 14, 2007, all
plants were destructively harvested for tissue analysis and biohessgesfrom three randomly
selected plants per treatment per blo&tecollectedfor foliar analysis. Five to eight leaves
were removed from most stems on the plants. Usually the three mpgeteaves on the stems
were excluded, as were the basal leafrem those used for foliar analysis. Leaves wereedns
with tap waterthenrinsed with distilled water for approximately 5 secofatseach sampleand
finally dried in a drying oven at apoximately43°C for approximately 10 days until thoroughly
dry. The dried leaves were thareighed, ground, and sent to a laboratory to be analyzed for N,
P, K, Ca, Mg, SFe,Cu, Zn, Mn, B, Na, and CI. The plants themselves weweredt the root
crown,and shoots werdried in a drying oven a3°C for 21 days until drghenweighed for
biomass. Tmbtaina rough idea of the influence of biosolids percentages on root growth, roots
were collected from two speciddolodiscus discoloand Eriogonum niveunRoot systems
from tworandomly selectedlantsfrom each treatment per block per spewiesewashedree
from the mediumand the wash water filtered througmm grain sieve® collect as much of
the root material as possible. Roatsre then dried in a drying oven4®°C for 21 days until
dry and weighed for biomass.

After final data collectiongnedia chemical and physical properties, plant ginoiveight and
widths), foliar minerablata, and final biomass for shoots and roots were statistically analyzed for
treatment significance by analysis of variance procedliests for normalityf the data were
determinedy residual and normality plo&nd univariate procedurds.i s hLeast 8ignificant
Difference(LsD) testwas used at the 5% level to determine significant differences between
means. If a plant died differences between means for growth parameters were determined by
least square mean comparisons at the 5% level.

Results ard Discussion:

Initial physical and chemical propest of the media were, for the most peetatedto the
concentration of biosolidg the potting mixesAeration capacity was highly significant across
potting mixes decreasing with the increase fr@ to 60%of biosolidsvolume(Tablel).
Waterholding capacityvas inversely related to air capacitygreasng by at least 56%wvith
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increasing biosolids percentages, as did bulk defwsltich increase®8% compared to the mix
without biosolids) but tdal porosty wassimilar for all media (average of 75.186ross all

mixe9. The increased level of watplding capacity could have allowed for less frequent
irrigation of media containing over 30% biosolids by volume, but to maintain consistency across
the experiment, water was appliedsimilar volumes at the saméme across treatmentMedia
shrinkagewasnon-significant, for all treatments (data not shgwThe biosolids materiahost

likely decomposed only to a minimal extent, leading to minor decr@asetume oveitime or

soil contaminants in the agethnure may havstabilized the material. Root growth also played

a critical role by actuallyncreagng root ballvolume, resulting ifinegativé shrinkage.

The concentrations of biosolids in the mixes strongly influenced their initial chemical
properties (Table 2)nitial C:N ratio was highest in medwathoutbiosolids and decreased with
increasing biosolids concentratidnitial cation exchange capaci(EC) of themedia lacking
biosolids(controls)was significantly higher than that of the media that contained aged cattle
biosolids.Initial EC andpH increased almost linearly with increasing biosolids percentages.
Soluble salt level§éas indicated by EC readingsgre high in media containing biosolids.
Electrical conductivity of th&80%,45% and 60% biosolids mixesas well above the threshold
for solublesalt toxicity for even salt tolerant speci@siple2). Plants imall media were heavily
watered the first week. Salts, however, still caused a problem and damaged some pladés in the
or 60% biosolids amendededia by May 30. Symptoms of salt damage seemed to decline
around midJune butonly afterfour Oceanspray plantsed and onevasheavily damagedrhe
other species showed only rairchlorosis and recovered well following heavy irrigatiBrants
in the15% and 30% biosolids mixes had excellent initial plant growth with only retorosis
on the plant$n the 30%biosolids medium

The concentrations of biosolids in the mixes also strongly influenced their initial mineral
concentrations (Table 3xxcept for ammonium nitrogemutrientconcentrationsncreasedvith
increasing biosolids percentageshe potting mixesAged manurg@rovideda source of nitrate,
available potassium, available phosphorus, boron, and stilfermanurevas also a fairly good
source of extractable nutrient catiddsMg, and C& which include both nutrients in solubn
and at cation exchange sif@®&ble 4) Thesaminerallevels were high enough, however, to
provide an initial reservoir for plant use. Wéhsodium levels were higher in the media
containing higher biosolids percentages, tveye too lowto be the source of the salt toxicity
observedn plantsin the 486 and 60% treatments. Extractable chloride was high in all mixes
containing biosolid¢Table 4)and was probably one source of the salt problems observed early
in the experimentSince chloride is readily leached through media substrat®ss by leaching
would also explain the eventual recovery of mildly affeqilzshtsafterincreased gquency of
irrigation. Due to low nutrient contentutrient deficiencysymptoms wereisible on plantsn
themix without biosolidswithin a week after being planteaind plants in this megin failed to
grow much during the first month of the experim@agures3 through?).
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Nutrient deficiency became eviddot dl plantsaround July Zegardless of biosolids
percentages thepotting mixs Plant keights and widtls measurd every 3 weekicreasedrery
little from June 18 to July @Figures 3 through 7As a result, fertilization was begun on July 13.
A quick field test by pouthrough extraction for EC and pH conducted August 8 provided some
reasons for the increasing nutrient deficiency. Electrical conductivity was verinitieating
nutrientdeficiencywithin the mediawhile pH levels had increased by a full uaitd were high
enough(data not shownip reducemicronutrient availability in the medidhedecreasen EC
over timewas due tdhe daily irrigation that constantly leached ions from the medsa
lowering nutrient content from the biosolids amendment

More weeds grew in mixes with higher percentages of biosolids than in those with lower
percentage@ata not shown). Most wegdrew during cooler weather immediately after
plantingor againin early fall before harvest. Weed species present biosatidshded media
included common | ambdés quarters, red root pig
Theweed growthn the mediacontaining manurevould necessitate herbicide application were
aged cattle biosolids to be used in a commercial nursery setting.

The relationship between plant growth and biosolids percentage was apparentJoyenid
In spite of initial salt damage plantsin the 45% and 60% biosolids potting mixes, the manure
did provided a fertilizer boostomparedo mediawithout biosolids(Figures 3 through7). Plants
grownin mediawithout biosolids(controls)failed to grow after establishment in the field
(Figure 1)until supplemental fertilization was begun. Once fertilization beglanfs inthis mix
grew rapidly andy the end of the experimelnddcaught up tdhe final heights and widths of
the plants grown in media containing biosol{figures2 and 3 througf). Penstemorplantsin
the 0% and 60% biosolids treatmegtew the most over timegflecting the recovery of the
plants in the 0%nix from nutrient deficiency and in the 608tx from the salt stress at the
beginning of the experimefigures 12, 6 and7). Plants in § mediaresponded strongly
supplemental fertilization following theecond height measurement (compageifes 1 and 2
and3 through?). This response was strongest for the mockorange and the penskgunes3,
6, and7), indicating these species are capable of using higher quantitiegriehtsandbetter at
adaptingheir usage tautrientavailability. The mockorange, in particular, grew rapidly and
continued to grow up to the final height measurenéigiure 3. Penstemon planted imedia
lacking biosolidsesponded the mosgsulting in similar overall growttoward theendof the
experiment. Both snow buckwheat and oceanspray were less resporsipplemental
fertilization (Figures4 and>5, respectively, which would indicate a lower nutrient requirement
by the plantsThe higher incidence of salt damageite oceanspragupports this species
preference for lower nutrient concentrations in the medium
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Figure 1.

Figure 2.

Penstemon plants in a field block on June 18, 2007, showing fertilizer effects from
increasing biosolidspernetages This block is sequenced 0%, 15%, 30%, 45%, and 60%
biosolids concentrations in potting mixes in each row from left to right in the pictureln
the row far left, plants in the 0% treatment showed nutrient deficiencysymptoms and
plants in the row far right (the 60% treatment) showed some salt damage

Penstemon plantgphotographed at harvest(September 24) The plantswere arranged
from the left by biosolids concentrationsn the potting mixes (by volume) Plant growth
in the differing media was similarfor plants in different media by the end of thestudy
due tosupplemental fertilization, exceptfor the relative number of flower spikeswhich
reflect earlier nutrient imbalances.



