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Abstract .-- Different ~~ounts of sewage sludge from Norman , Okla­
homa and Athens , Georgia, and inorganic fertilizer were compared as 
soil amendments for grmring lobl olly pine seedlings in pots . Norman 
sl udge contained higher concentrations of major plant nutrients t han 
Athens s l udge , but also contained higher concentrat i ons of the unde­
s irabl e e lements sodiwn and cadmi um . Seedlings grew as we l l in Athens 
sludge at 15 t ons /acre as in 500 lbs/acre of 10- 10-10 fert ilizer . Sig­
nificantly l arger seedlings , however , were produced \oihen the rate of 
At hens sludge appl i cation was 30 tons/acre rather t han 15 t ons/acre . 
Seedlings grew significant ly l arger and heavier with 1 5 tons /acre of 
Norman s ludge than with 30 tons/acre of Athens sludge . Seedlings also 
grew l arger in 15 tons/acre than t hey did in 30 tons/acre of Norman 
sludge . These data indi cate t hat Norman sludge is a n excellent s oi l 
amendment at a rate of appli cation of about 1 5 tons/acre . Above this 
r ate however , some other fac t or, or factors interfere wi t h pine seedling 
growth . 

Addi tional keyyrords : Cqdmium, s odium , nutrients , Pinus taeda . 

A comprehensive di scussion of t he funct ions and maintenance of organic 
matter in forest nursery soils -vras recently presented by Davey and Krause ( 1980 ). 
Although sewage s l udge can supply organic matter as well as nutrients to nursery 
soils, many sludges contain heavy met a l s , excessive amounts of salts , and high 
concentrations of s odium that are potentially ha r mful to s eedl i ng gr mrth 
(Bickelhaupt 1980) . Favorable results were obtained i n Fl orida where sewage 
sludge produced larger slash pine seedlings than the standard nursery fertilizer 
appli cat i ons (Berry 1981) . Screened compost ( sewage sludge compost ed '\vi th wood 
chips) has been used successfully for product i on of h igh qual i ty hard1mod s eed­
lings in Maryland (Gouin and Walker 1977, Goui n and others 1978) . 

Thi s pot experiment was car ried out in Athens , Georgia to compare the effects 
of se•.rage s ludge from Norman, Oklahoma and Athens , Georgia on gr owth of lobloll y 
pine seedlings as a preliminary t est of' the suitability of Norman sludge for use 
in forest nurseries. 

MATE3IALS AND HETHODS 

Batches of dried sevage slude;E from Norman , Oklahoma and Athens , Georgi a 
were mixed with a basic soi l - mix (2:1:1 , forest cl ay loam : sand :milled pine bark) 
at rates of 15 a nd 30 tons/acre . Athens s l udge had been stockpiled out of doors 
f or 1 year before use . Control pots received 500 lbs/acre of 10- 10-10 fert i l izer . 
Before amendments were added , t~e soil mix was chenlically anal yzed after extract ion 
with a doubl e ac id solution ( 0 . 05 N HC1 + 0. 025 N ( H2S04) . Phos phorus "\vas deter­
mined calorimetrica l l y and cations by atomic absorption spectroscopy. Total N 
was determi ned by K,jeldahl , organi c matter by wet oxidation chromic acid di gestion , 
and pH by gl ass electrode i n a mixture of 2 parts water i n 1 part soil ( v :v) . 

Pl ant Pathologist , Institute fo r Hycorr hizal Research and Development, Sout h­
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Soi l analyses are as follmlS : 

Eleme nts .E_Pm Elements ~ --- - -
N 330 . 0 Na 7.3 
p l 3.6 F·-. c )15 . 3 
K 6G.o ('·. 

~ ..-
') 
le. o 7 

Ca 189. 4 Zn 7.7 
I-1g 30.0 ca. 0.03 
Mn 114.6 

The soil had a pH of: 5. 2, or ganj_c matter \VR.S 2. 3 _percent, a nd a mec hanical analysis 
of 83 : 7:10 (sand :silt:clay). Soi1 analyses "•rere pe;:-formed. by C. G. 'tle Jls , US:UA 
Forest Service, Forestry Sciences Labor3.tOJ':f , Hesc:e.:rch Triang l e l'ark , North 
Carolina . 

Sewage sludge analyses '.'rere carrie d o ut a;:; ~·o.:..lm"~:; : 'J'otal l\] by Kj eJ..dahl , 
organic matter by gravirne t::"ic a nalysis a fter <wh i n,':.:: g;l.. 500°C fo:r· l, hou:r.·,; , and 
P and cations by extract io:'l with concentrG.tcd H\'"!1) 3 .!:'cll01,-red by :pla s r-:.a enission 
spectroscopy (Table 1). 

f "" · O · r · l Table l. --Comparison o . sewae;e slug.fleS i rom Norma!]._, kll:i.hmn:a an(l Athens , u·eore;la 

N p i( Ca Mg Mn "!"e o:v. Na Cu Zn Cd 
- - - - - at 

/<1 -· ·- - - - ppm -
~~o::man, OkJanoma 

2 . 24 1. 79 0 . 07 2 .1 ·). 38 0.01? ~ 1!? 
'-' "" • r-' 4) lf36 lGl! '(93 22 

Athens , Geo:r.gia 
l. 50 0 .45 0 . 01 0. 4 0.02 0.004 0.38 50 10 110 ln 8 

1Sewage sludge analyses were perfor med by t ne In;;t i tute of EcoJo[;y a.nd the Labor-
a tory for Soil and Plant Analysis, Uni ve.c :1!.. ty of G eor c,tu, , Atht~ns . 

The soil mix, v1 ith a.Men dmen!.;s adci.ed, \•m.s p]aced in s i x-inch black p las tic 
pots . Stratified loblolly pine seed, obta:l.ned. fro::1. t.he Norn:.a.n nurse-r-y, \-i'E:re 
germinated i n fla ts of :noist ve.rrr.iculi tc .'3,nd tr,.nsrl·.mt.ed three tc a pot in mid­
July . After survival -vras a ssured t he t '.-to smallest s:eedlings were cut f rom each 
pot . Five pots for each of the f' i ve treatments •rcr·c then placed in eac~h o£' five 
repli cat e blocks in a lath .house . Jl.ll pots ,,ren:: ',-ratered to saturation two or 
three times a i-ree.k as n eeded . In Janua ry sc0 dlingtl •,rere caxefu.lly removed f:rom 
each pot, separated fr om the ~::rm.ring mediwn and flTOi¥th dat a >rere r ecor ded . 

R.l!:SUI,Tf3 AJ'D ulGCUSf-IO(~ 

Athens sludge , at the 1m-rest rate ·;sed. ( 15 tons/ acre) indue ed about the same 
r ate of g rowth of loblolly pine seedlings as a single pre- planL application of 
10- 10- 10 fer tilizer, equal to 500 l"bs/n.c·r-e: (T::J.ble 2) . Seed l ings in poLs with 
fertilizer or 'v:Lth 15 t ons/acre o f Athens slu.o.e;e .,.;ere sma)_l and. ~ad signs of 
nitrogen defi ciency . Athens sj udr::;e at. 30 tons/;:t~:re ) ;,o~wve:r , pernit ted g rovrth of 
slightly l arger and heavier s eedlini;s which , thotlf,h ,)f only mcdi u.r.1 size, d i d not 
display signs of nutrie nt deficie nci es. 

The 15 tons/acr e rate of 1'\o:cnan s ludt;e sti:m.t} ~-.;."~<'d raore seedling e;rm.rth than 
30 tons /acre of Athens sludge , reflect~Lng the hi.:::;··~er concentrations of nutrients 
i n t he Norman sludge. Increasing the ral:e of a:ppli cELtion o::· Nor1:1an slu:J.ge to 30 
tons/ acre, hovrever , did not ca\.lse tt.e: seed1in r~;s to grov fast f:r ; instead they vere 
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smal·ler, did not weigh as much and displayed some foliar chlorosis (indicating 
a nutrient deficiency , nutrient imbalance, or microelement toxicity) compared 
t o seedl ings in pots amended with 15 tons/acre . The possibility of toxicity 
caused by the high concentration of sodium in t he Norman sludge (60 times more 
t han the Athens sludge) needs further study . 

Table 2. --Effects of dried sewage sludge on loblolly pine seedlings in pots 1 

Stem Stem 
height diameter Green weight ( gl 

Treatment (em) (mm) TOES Roots Total 

Fertilizer 
10- 10- 10 at 500 lbs/A 7.lcd 2 .0d o.6c l.3b l. 8c 

Athens sludge 
15 tons/A 6 .2 d l. 8e o . 4c l.lb l. 5c 
30 tons/A 8.lc 3.2c l. 7b 3 . 2b 4 . 9bc 

Norman s l udge 
15 tons/A l 3.la 3 . 7a 2 . 8a 6 . 2a 9 . 0a 
30 tons/A ll . Ob 3 . 6b 2 .5a 3 .6b 6 . lab 

1Means within a column .followed by the same letter do not differ significantly 
at P :::: 0 . 05. 

While cadmium i s also somewhat higher in the Norman sludge, it is not re­
garded as a cause of reduced growth since in other work (unpubl ished) , normal 
size seedlings were produced with a sludge containing 10 t imes more cadmium than 
Norman sludge. 

Sewage sludge can be a worthwhile amendment that will furnish nutrients and 
organic matter for forest nursery soils. The amount of nut r ients available, how­
ever, in sludges from different localiti es , or in batches of sludge of different 
ages from the same source may differ . In thi s experiment, it was found both from 
soil analyses and from seedling growth that the Norman sludge contained more 
nutrient s than the Athens sludge . In later work (unpublished) , it was found , 
however, that fresh Athens sludge contained more nutrients and induced a greate~ 
growth response of pine seedlings than Athens sludge t hat had been stored uncovered 
out of doors a year or more . 

Therefore a direct comparison of chemical analyses of sewage sludge from 
different sources should be made only on samples fresh from t he digesters, or at 
least stored under similar conditions for the same lengt h of time. The pri mary 
reason for including Athens sludge in t his experiment was to permit comparison of 
Norman sludge with a sludge of similar bulk density and organic matter content . 

A small pot experiment similar in design to the one ~eported here is recom­
mended as a study preliminary to applying sludge to a nursery . Since it i s so 
difficult to duplicate field conditions, extreme caution is advised in field trial s 
even after the completion of a pot experiment . There is a good probability that 
the local water supply woul d tend to accentuate many problems detected in s ludges. 
In this case, Athens water is relatively low in sodiun and dissolved salts and 
would tend to lessen the effects of these factors in Norman sludge by leaching. 
Norman sludge coupled wi th Norman water might induce worse symptoms of salt or 
sodium toxicity . 
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In swnmary, these dat a shovr that Norman sewage s ludge has an adequate supply 
of nutrients to support good seedling gro-vrt11 for at l east l year when appl ied at 
the 15 tons/acre rate . It appears, however that a small scale field test should 
precede full scale use of this sludge in order to understand better the factor 
or f actors that limited growth of seedlings when the sludge was applied at 30 
tons/acre. 
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