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Ponderosa Pine Seedling Response to Planting-site Soil Fumigation
and Fungicide Application

Abstract
Ponderos.r pinc (Prrr! r,'/"tr,J, L.rlvs.) $rs ured as r biological odel Io determine the etiects ol pl,rnling \ilc loil tir igati(rn
. lnCl iun! ic idct Ippl icat ionsonstockp1. lntedinnodcr l |ch"1i f i lcsoi lsol theIntennounI lL i I \ \ reSt0
fumigat ion(V.rp ln) l IcannenIs.s ingu|a| | , ' .andinconblnl l ion$i i l r tungic ide(I . i ld imef in l )appl ic . t t i IS.
control. cfo\ith ch.ractcrislics. nulririon. and ect(m)cofrhizal colonizalion $crc cvalLrated. Seedlings $ere signilic.rnLl) lrllcr rn
rhe spdng fuig.Lrion treLrtmcnl rl lhc e.d of lbuf grlNing \e.rs(rs. Grc.rL.st cclonlcorrhizal col( iz.rtiorr occurred in the ron
irrlnigated neanrenr $ith fungicidc applicd bclbre pl:rnting Gener.rll). sprins or lrll irrrrigation trelt,nents. $irbout fungicide
applicadons. troduced the t|llesr sccdli.gs. These results sug-cest thrt soil fun1igalio. applications hef(ne oLrIplrLnling could
j 'npro!eea|1! 'pedi) | f tnce01p0.dcrosapineg'hen|efo|est ingsi les$i lhrbunda!.nat i r 'eeci( l |n}co| |h iz]

suggests lh.r I i f fumig. t t i0I is j l l lpract ical . reduct ionof !egel | l i !econpct i l i0nlna,"-g i \esimi |a|g|owlhg. l ins 'El i l1 l in l jon| 'n | I ]
nrtive ectonllcorrhizac in (hc nurser) Jnr,v impft^e colonirtrtfun rlicr ounlanting.

lntroduction

Ponderosa pine (Pi?rJ ltondentsu Laws.) is an
impofiant specics on dry sites in the western U.S.A.
(LiDhart 1988). Rapid ach ievemcnl of full stock
ing tbllo* ing harvcsting is tiequently difficult firr
ponderosa pine. Most regencration failures in the
\\"ester-n U.S.A. rcsult from lolg periods ofevapo-
rative dcnrand conbined *ith low soil moislure
during the grorving season lCurris ancl Lynch 1957.).
Low soil nutrient lcvcls. particularly nitrogen (N).
oticn compound moisture problems (JurgenseD
et al. 1986). Competit ion fron invading or rc-
sidual plant regr-o$'th at'ter harvesl can further
Leduce amounts of water and nutrieDts available
to conil'cr rcgeneration (Miller 1987; Stewan 1974).
Nonconifer vegetation that conrpcles with tree
crops fbr moisture can increase the risk ofregen-
eration failure and reduce growth of cstablished
stands (Bo)d 191J5).

On sites with scvere competit ion. comnx)n sltc
preparation practices (i.e. scalping and burningl
may not be adequate to rcduce invading herba-
ceous species. Thcsc sites often must be repll inted
selcral times belbre stocking is rdequab for stand
development (Cotl'rnan 1 982). Altemative meth-
ods to reduce seedling mortrl i ty rnd/or increase
grorvth during carly yeals may giYe lbresters valu-
able optioDs in treatjng and regcncraling such sites.
Options could include soil fumigation betbre plturt-
ing and/or sccdling treatment uith fungicidcs
bcforc plirnting.

Soil lirmigants are routinely uscd in barcrool
lbrest ffee nursely manNgcmcnl to decrease weed
compctil ion. eliminate soil borne pathogens. and
reduce nenatode intection (Jamcs ct al. I990;
Tanaka ct al. 1986). Funigation usuaily results
in superior seedling growth in nursery soils. which
can continue after seedlings are outplrnted
(Benzian 1965;Danielson and Davcy I9691Janes
et al. 1990; Thies rnd Paltm l97l).

Klock (1980) used methyl bronide to tumi-
gale planting spots dur-ing a field stud)' in castcm
Washington. Survival and glorvth of Douglas-1ir
l .Pseudot \ugo n ten ; ies i i  var . ,g la r ic r r  {Be iss I t . l
Franco) ancl ponderosa pire plaoted on these dr!
sitcs more than doubled conrpared to controls atfcr
5 years. He speculated that fumigant induced
chrn !es  in  * ' i l h i , ' l o ! )  c f fec leJ  d i .e rse  fe . i . t J I (e .
soil nutrient availabil it!. or ectomycorrhizrl dc-
velopment. but dctailed measwelrlents \\"ere not
taken (Bengtson aod Smrrt l9lj I : Klock 1980).

In the \\ 'estern U.S.A.. Vapam (sodiun N
methyl-dithiocarbanate) is ofien used as a soil
fumigant in forest nurseries and may bc nrorc
amenable lbr use in field outplanting situatiol 'rs
since it docs not require that the soil be coveled
with plastic atier treatnrent. Vapam is less vola
ti lc than other tlmigants, such as methyl bromidc
: l r )d  i .  re ! i \ l ( reL l  l r r r  lumiBr r t r r rn  o fp l , rn l in i  . i l c \ .
While rcsulls were preliminary (first year). fu-
migation u'ith Vapam produced Douglrs-tir and
rvestern rvhite pine (Pittus trutntk:olu Dougl. ex.
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D.Don) seedlings u,ith increased root growth and
total weight as conpared to seedlings planted in
non-fumigated soil. Vapan fumigation also elimi-
rated competing vegctation (Cornwal] 1985;
Rainvil le 1987). Howeveq changcs in plant nutd-
tion or ectomycorhizal function were not neasured.

Application of triadirnelbn. l-(4-chloro
phenoxy)-3.3-dimerhyl l-(1H-1.2,.1 triazol-t-yl)-
2-butanone. a systemic fungicide. inhibits
ectonycorrhizal short root development in tbr-
est nurser-ies (South and Kelley 19ii2). Hou'ever,
Kelley ( 1987) noted that after I year, greenhouse-
grorvn loblolly pinc (P&ls /.r.rdd L.) seedlings
treated with triadimefon had significantly more
ectomycorrhizal shofi roots than contlol seedlings.
Survival and gro!\th of seedlings treated wilh
tl iadimcfon uere similar to control secdlings af
tcroutplanting into plantations (Rowan and Kelley
1986) .

Increases in growtl] that continue even atter
competing vegetation has reoccupied the site in-
dicatc a basic changc in soil/tree root biologv.
Applying triad irnefbn in thc nursery may encouri,ige
faster seedling root colonization by nativc
ectomycorrhizal symbionts after outplanting to a
lbrest site. Thus. soil sterilization as a method
lor conpetition contlol (both microbial and plant)
and reductionof non-native ectonrycerrhizaemay
havc an additive efllct and prove ct'fective re-
generation tools.

The objcctives of rhis study u'ere to: (1) ex-
anrine the impact of planting site fumigation with
Vapam and fungicide applications of triadimcfon
on survival and g[owth ponderosa pinc seedlings.
and (2) detcrmine seedlitg cctornyconhizal colo-
nization, height, diameter, andnutrition, and evalu-
ale soil amtnonium and nitrate levels in a noder-
ately fertiJc, tbrested environment rvith high levels
of native ectonycorrhizal inoculum.

Methods and Materials

S te Descr ipt  on

The study sitc is located al an elevation of 800 m
oD lhc Priest River Experintental Forest l9 km N
of Priest River. ID. U.S.A. The previous stand
whiclr consisted of westem white pine, Douglas-

' lhc usc of tfade or tirnr nlmes in $is papcr is fir| feader
r . lornat ion and docs nor i rnplv endorscmenr b)  the U.S.
I)cpaineDt ofAgricLrhure of an\ producr or sefvlce.

1ir, lodgepole pinc (Plnris tontorta Doug1. ex
Loud.) and westem Iarch (.Iarir o..identalisNrLt.)
was cleared in 1985 and the soil rototi l led to a
depth of30 cm. The soil is a coarse. loamy. mixed
lrigid Typic Xefochrcpt (Soil Survey Staff l975).
Meln annual precipitation and temperature are
84 cm and 6.6" C, respectiveiy. Approximately
80% of the precipitation talls as snow (Wellner
t9'7 6).

Study Des gn

A ranclomized complete block dcsign was estab-
lished on this site in l988, with three replications
offive treatnents and an untrcated control. Treat
ments consisted of:

(1) tall soil fumigation with Vapam'.
(2) spring soil fumigarioD wirh Vapam.
(31 lall soil lumigation with Vaprm and

triadimefon applied to seedlings in the
greenhouse before outplanting.

(4) tall soil funrigariol with Vapam and
rriadimefon applied to seedlings in the
greenhouse betbre outplanting plus firur
additional times t.hroughout the first grow-
ing season.

(5) no soil lumigation and triadimefon applied
to seedlings in thc greenhouse befbre
outplanting.

Seedlings treated with fungicide beforc plant
ing (treatments 3.4, and 5)had rriadimefon ap-
plicd three times at 2-week intervals. while ac-
tively gro\r,ing in the greenhouse. Triadimefon
was selected because ofits suppressive effcct on
ectomycorrhizae development on pines (Man and
Cordell 1987). The concentration was 1.8 ng acrive
ingredient/seedling mixed with a surfactant (MaIX
l98?). Plots were 30 m * 30 m in size with a 1 m
bufter.

Soil Treatment App cation

Fall and spring soil fumigations were achieved
with ,150 ml/mr of Vapam afier thc soil had been
soaked to a depth of 30 cm by rain. Vapam was
applied usirg a l0liter watering can. Treatcd ar-
eas were water-sealed (surlace soil soaked rvith
walcr) to move thc Vapam into the soil. Fall fu-
migation plots were treatcd the second week of
October (1988). The soil was covered with black
plastic until4 weeks before spring planting. Spring
lumigation plots were trcated approximately 6
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weeks befbre planting (1989.). The plots $'ere
covered with black plastic lbr 2 weeks. but wcre
uncovered for'1 u'eeks before planting to allo$'
the funigant to dissipate. Control plots were cov
ered rt the same timc spring t'umigation plots \\, ere
covered. Plots were covered *ith black plastic
so they \\,ould be uncovercd a unifom time be-
lh re  p lJn t i r rs .  P l . ' r \  \  c re  le . l<d  lb r  i ln )  remuin-
ing  fu r  igan t  h )  phnt in i  h i :h ly  .en . i t i r  e  t , 'mr t , '
plants as an indicator I week before seedlings
wcrc outplaDted. Plots \\"ere phnted with 100 I
yr-old containcr-grown ponderosa pine seedlings
o n a l b y l m s p a c i n g .

Seedling Sampling and l\,4easu rements

Before outplanting, 5 seedling rool systens from
each treatment $'ere examined for ectomyconhizal
rL lo l  t ip \ .  Ac t i \e  e r l ( 'm\c  r rh i , / i i l  roo l  l ip5  com-
pised approx imatcly I 0 percent of the r oot sys-
tem in eiich treatmcnt cxcept the tdadimelbn treated
seedlings which had nonc. After budset of the lirst
and second growing seasons, 5 scedlings fiom
cach treatment and replication wcrc carefully
excrvated. Top height, rooting depth. and root-
collar diameter u ere measured. Tops of seedlilgs
were severed fiom the roots. dricd al 60" C for 2:1
h. u,eighed, and ground to pass a 20 mesh sieve.
Seedling shoots (rtem, branches, and needles
combined) were prepared 1br analysis ofTotal N
and phosphorus (P) by Kjeldahl digestion meth-
ods using the salicylic acid-sodiunr thiosulfate
modification (Bremner and Mulvaney 1982). Thcy
rvcre analyzed on an Alpkenr Rapid Flow Ana
lyzer l l  Model 300. Calcium (Ca) and magne
sium (Mg) u,ere analyzed by trlomic absorption
spectroscopl,, potassiurn (K) was analyzcd by fl ame
emission after samples had been dry ashed at.l50"
C and leachcd with 2\ HNO.. Alter seedling
roots were washcd. total ectomyco[hizal tips were
counted with a 20x binocular lnicroscope. Roots
wcrc subsequently dried rt 60" C tin 2.1 h and
weighed.

So Sampl  ng  and Anays  s

Five 20 g random soil corc samples were col-
lectecl k) a deplh of l5 cln in each treatment rep-
lication I d befbre fumigation. and 14 and.15 d
afier funigation. They were sieved to pass a 2
mm screen. Control soil sanples were collected
rt the same tine as the t-all lumigation samplcs.
Undried soil samples were extracted using 1N KCI
and anal,vzed tbr ammoniunl-nitrogen and nitrlrte-

nitrogcn using an Alpkem Rapid FIow Analyzer
II Model 300 (Keeney and Nelson 19821.

Stat stical Ana ys s

Thc significance of dilference anong treatmenls
was tested using a one-way analysis of variance
(ANOVA) tbr a ranclomized complete block de
sign tbllowed by Scheffe's multiple range test
(Scheffe 1953). A type I error rate of p 3 0.05
was applicd.

Results and Discussion

Seed ng Growth Characteristics

After the first gro\\, inlg season. height growth was
grealest iu the fumigation only trcatments. and
least in the iall fumigation treatment with coD
tinuous t adimefor applicatien (nrble 1). Root-
ing depth through year four was unaftected by
these featments (data not shown). Survival aticr
the llrst growing season was 707c in the control.
71 7r in the no fumigation-triadinefon treatnent.
R 5 ' :  i n  I h e  h l l  l i t m i g r t i u n  r r n r l  r ' , , t t t i n u l u .
triadimefbn treatment,87% in the fall luniga
tion pre-plaDt triadinetbn treatment. 904/r in the
tall fumigation trcatment, and 96*,in the spling
fumigation treatment. Root-collar diameter was
grcatest in the fumigation only treatnents. Sec
ond-year seedlin-q growth was similar to the 1lt.st
ycar. Seedlings growing in the tumigated treaF
ments had greater hei-qht growth. root growth.
cliameLer, and biomass than the other trgitments,
but, as with the tirsflcar, the dit'ierences wefe
not always signiflcant. By the end of the ti)urth
season the seedlings growing in the spring funi
gation plots had significantlSr greater height than
thosc in the other treatments (Table 2).

Spring fumigation betbrc outplanting may pro-
yide the necessary environment (i.e. control of
resident fungi adversely aflecting root systcms)
fbr improvecl sccdling growth. Fall funigation
may allow recolonization ofthe soil belirre spring
outplanting. Other investigators have notcd striking
increases in seedling height and biomass in 1ir
nrigated soil compared to conffols that were not
fumigated (Anderson and Libcna 1992; Com*all
1985: Henderson and Stone 1970; Jarnes et al.
1990; Klock l9li0; Rainvil le 1987).

The r ' r rs t  r r f  u . rng  V i rpcnr  acros \ : ln  en t i re  \ i le
rnay bc prohibit ive ($2470lha) (Landis xnd
Campbell 1989). However. soil tumigation as a
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'IABLE 
l. ciro\\'th chaructefislics of pondcro\r finc seedlings rs affecrcd by sjtc rre tmenr one and r\ro vears attef trcrtment.(n=20 for  yerr  I  andn=lofor leu:)

Year I Year :

Heighl

l 8 . r r
(0.-rl"

l  8 . l  r L
i ( ) .3)

l l  6 r b
( ) . t )

r6 .8b
i0.3)
17..1 lb
(0 . t )

17.6ab
(0..1)

Height
(cn)

T0tal
Cr l iper Biomass
(ml l l i  (e)

.l.7.rb 6.0ab
(0.2) (0..1)

5 .2a  6 . l a
().1) i0.:r)
'1.5rbc 6.2a
(0.2) (0..1)

.1.6ab 5.7ab
(0.1) (0.,r)

- l .Ec  5 .1b
(0.3) 0.3)
:r. :+bc 5.2b

(0.- l)  (0. '1)

Tdal
Caliper Bi0nas!
(ml l l )  (g)

Spr ing l ln igat jon

FNl l  tumigat i0n

Fall llllligatjon |ncl rriadnnefon

Fal l  fumigat ior . rnd
cont i  r ( )us t i Id imefon\

No fumigut ion and t r iadimel0n

Control

T,{BLFi 2. Heighr ol ,l yeaFold ponderosr pine sccdlirgs as
alltcted bt site trcatlnenr (n=250r.

Heighl

3 6 . 1 , 1
(0.el

- l l .5rLb
i0.9)

l2 -rb
(1.9)

: l l .7ab
(0.9)

30.8h
(0.9)

33.2ab
(0.9)

t2.1,t .19.9a
(0,1) 13.2)
11  9a  15 .7ab
(0..1) ( l . l  )
l l . 7 rL  . 11 .4ab
(l). ' l )  ( l . l )

11 .8 r  . 11 . l ab
(0..1) (1.:)

10.0b 3,1.9b
(a).,+) (3.3j

I  l .8a ,12.9b
()..r) (-r.2)

microbes or a reduced level ofweakly pathogenic
fungi (fungi that slowly dcteriomte root systents)
(Jamcs et al. 1990: Munneckc et al. 1978; Smirh
and Bega 1966). Although no biomass measure-
menls ofherbaceous compelit ion wcre taken, vi
sual assessment indicated the fumigatccl plots had
substantially less conlpetition than plots that were
not lumigated. This rna]r also contribute to growth
increases. More moisturc nav lrrve been avail-
able l irr seedling uprake.

By the end of the second ycar, seedlings that
had triadimelbn applied. either betbre planting
or continuousl)', had reduced height growth. root
c(tlar diameter and total biomass comparecl to
the ftmigation ffeatments. Miin( (1987) and Rowan
and Kelley ( 1986) found no significant effects of
tiadimefon on first-vear growth of nursery-grown
bareroot loblolly or slash pine seedlings compared
to control seedlings. However, Davis (1991) lbund
that triadimetbl can act as a potent inhibitor of
shoot growth with eft'ects pcrsisting fbr scveral
year-s.

Ectomycorrhizae Co onlzation

Therc rvere no signilicaDt treatment dillerences
during the first year in total ectomycorrhizal root
t ip '  he l \ \  (en  I rc l rn . 'n t .  rT r rh lc . l )  I  h is  i s  c , ,ns i . -
tent with results from the southeastern U.S.A.

rcontinuous triadllnet()n duing Iear I t)nl).
tsDittefenl iclters i.dic.rte signilic nt dilicrences (p<0 05) anrong treatments. value\ in p|renthescs .tre srandafd enor of thc

Spring lu rigarion

Fal l l -urr i {ut ion

F.rll fu|nlgxtion and rli dimclon

Fall lumigalion md continuou\

No lumigrLrion and rriadir)letirn

Cbnrrol

7.1.8r (0.8)B

68.5b (0.9)

68.5b (0.9)

61.9b (0.9)

60.6c (0.9)

68 .1b  (0 .9 )
trC,rnlinuous lrirdinetbn during ]crr I onty.
riDifferenl letters iidicrLre significant difierenccs (p<0.051

:il'51::.J..^' 
vrrues in parenthc\cs ar.e srandurd error

site prcparation technique in thc western U.S.A.
could be used on ceftain problem sites rvhich have
a long history ofregcneration failure or inadequate
seedling establishment.

Thc lack of many signiticant dilfercnces bc-
tween tteatments and controls during the first
e |ou  ing .e l .o | l  rnur  be  r lu<  lo , ,u lp l rn l inp  u t \ -
ery stock with pre-set buds and a high nutrient
status (Kozlowski et al. 1973.). The gr.owrh changcs
in funigated soil treatmcnts may be at lcast par-
tially associated with altercd populations of soil
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t'r\BLE 3. Toul ectom)conhizal short ftxn (EtrlSR) colonization and hN{SR/gr.rm oIdry root ofponderosapine seedlings onc

and lxo ,_eaf\ dter silc lrealment. (n=10 ibr ]ear 1 lllld n=20 for \ear 2)

Ycar I Year 2

Trcllrrcnt

El\'lSR-/grrm ENISR/grain

3 a  ( 2 )

8a ( l )

.h (2)

Ea ( l )

9a (2)

5a (1)

Toral
ET{SR

Toral
ENISR

Sprjng linnigation

Fal l  fumig.r t io i

Frll fumig$ion and triadinrclon

Fal l  fumigrt ron xnd conl inuous t r iadinrc ibn

No fumisalion and rri dnnclon

Control

30a (,1)B

2Ea ('1)

2,la (,1)

.19a (.ll

i2a ( .1)

15b (3)

l3b (2)

20b (2)

10b (10)

- l6a ( l)

22rb (3)

l tb (6)

12ab (61

39ab (61

s9a 16)

62r (6)

:l2ab (6)

\Cont inuous t r iadimefon dur ing tcrr  I  onl) .
lDiftercnl lctters indic|te signiticant diftercnccs (p<0.05) among rreaiments. Valucs in parentheses arc standard error of thc

where incrcasing rates of triadimelon did not al-
ter- firs1 yeal ectomyconhizal colonization of leeder
roots (Kelley 1 987). However. cctomycorrhizal
Ioot tips per -slan of dry root were significantly
greater in the no funligation. betore plantlng,
niadimefbn application trertmcnl compared to the
others. This is probably related to the sljghtl)
greater number of total ectomycorhiztl tips on
these scedlirgs. In this study. tumigation alone
did not improvc ectomycorrhizal coloniTation of
ponderosa pine. In tact. soil fumigation has been
shown to reduce populations of ectollyconhizal
fungi (Johnson and Zak 1977). lnterestingly. sup
pression ol ectomycorrhizae in the nursery and
during the first growing season by triadimclbl
resultcd in a general increase in total ectomy-
corrhizal t ips thc second growing season. How-
cvel. on seedlings that were not reinoculatcd with
ectomycorrhizae or without lalle natlve popula-
tions of ectomycolrhizae available. colonizrtion
can be slorv (Henderson and Stone 1970).

Triadimelbn may rid seedlings of non-site-
specific ectomycorhizae early in the tlrst grow
ing season and allow site-specif-tc ecttlmyconhlzae
to colonize roots more vigorously (Han'ey et al.
1991:  Page-Dunroese e t  a l .  1990) .  A l though
triadirnetbn suppresses cctonycorrhizae devel-
opment on pines (Marx and Cordell 1987). it ap-
pears thal maximum seedling growth can be
achieved vith a moderatc number of native
ectomycorrhizae. In this study. greater ecto-
mycorrhizal colonization did not translate into
greater seedling biomass.

Seed l lng  Nut r i t ion

Seedling nutricnt concentrutions did not al$'ays
conespond to sccdling growth characteristics. Atter
the lllst growing season. scedling K concentra-
tion among ffeatments was unchanged (Table:i).
ln the lall fumigation teatment with tdadimefi)n
app l ied  bc lo re  phnt inB.  Mg ionc(n l r . r l  i r \n :  \ \  c re
greatest comparcd to nost other treatments- ex-
cept the no fumigation tiadimefon tleatment bc-
fore planting. Results were similaf tbrCa. Grcater
concentrations ofCa and Mg in triadimefi)n-fieated
seedlings may be caused by residual triadimefbn
and its metabolite triadimenol in the needles. Attcr
fitiar application oftriadimefon, it remains in the
spmyed porlion of the plant and is usually not
redistributcd except fbr movement to the lcaf
margins (Davidse and DcWaard 1984). Triadi
metirn has been sho*'n to reduce transpiration and
produce thicker, darker leaves on many plants
(Fletcher and Nath 1984).

While there werc significant differcnces in lirst
year total secdling P. the actual values diff'ered
by very little and are probably not biologically
significant. By the end of the second year differ
enccs werc no Ionger important. Becausc endemic
ectomycorrhizae were likely eliminated liom the
lurnigation plots. we cxpected that secdling P
would be depressed (Anderson and Liberta 1992:
Henderson and Stone 1970). Apparently. in this
soil typc, P was available in sufticient quantity
fbr normal seedling uptake.
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Tr\Bl-E '1 Nutrienl concennaiion\ ol .r)mhined pordefo\a pjnc seedling tbliage and stems one and two veirrs after site rreai
ment. (n=2{l t(n ,vear I rnd n=20 tor ycrr 2).

Year l

Trr .unrent

Sprmg l i rn igxt ion 0.79i1 0. lorb
10.05) i i  (0.06)

Tolrl N lbtal P Ca NIg K
(pefcenl) - (up/S)---

Tourl N lbtal P
(pefcent)

C ]  N I U  K

F l l fnmigl l ion

Fxll lu ig|tion
und t f iadirncion

0 .81a  0 . l o l b
(0.05) (0.06)

0.76ah 0.09b
(0.0.1) (0.05)

2l6iJa 89lb
(192 )  (E7 )

l iz5ab 905b
( t11 )  09 )

2565i 1l, lsa
0 6 r )  ( 7 3 )

212.1b 88.1b
d71 )  {79 )

2-l5srb 982ah
(192 )  (  87 )

20.15b 859b
(165 )  (751

F.r l l fumigal i t )n.rnd 0.78ab 0. loeb
rontrnuoust id inefon\  10.05) (0.06)

No fuDr igLrt ion rnd 0.69b 0. lo lb
rriadnnelbn (0.05) 0.06)

Cunrol  0.761b O. l la
() .0.1)  (0.05)

Ponderosa pinc total N was greatest in the two
t'umigation<rnly treatmcnts. Second-year fall fu-
migation u'ith continuous first year triadimetbn
had the lowcst rotal N values. This nav be due to
the plant growth-regulatin-S properties of
triadimefon (Davis l99l: Fletcher and Nath 1984).
\lhng et al. (1986) reported that triadimetbn ap-
plications increased the mincral nutrition ofapple
seedlings. Most differences associated with
ti ldimefbn applications have likelv becn caused
by variations in application lates and fiequencics
or by variations in cnvircnmental conditions. Soil
tumigation has been shown to increase tree nu-
trient uptakc ( Benzian I 965). In this study, fumi-
galion alone slightly increased seedling N con
c ( n l r r l i , ' n .  d t t r i n g  t h e  l j 1 . t  g h ' u l n g  . s . 1 s 1 ' n .
Horvever. sccond year rcsults indicate that total
N rvas not di1l-erent tiom the contro,..

So N Transforrnattons

Al th , 'u !h  there  u  i r .  rn  i lnn t r .d iJ te  inc rc rse  in
anrmonium-N in l irmigated soils. levels had
dropped olf to ncar those befirre firmigation lev
e ] '  h }  J 5  J  r l i e r  [ u r r i g r r r i , ' n  r F i ! .  l ) .  S p r i n g  t u -
mrgation was the only treatment $'ith significrndy
hi-eher arnmoniun at planting time. Higher con-
centratiolrs ill the spring lumigation treatmcnt may
be attdbuted to warnt soil tempcratures immedi-
ately alier fumigation. The sholt clapsed time

1 .78a  0 .35 r
(0.32) (0.03)

1.731 0.,15r
(0.31) 0.03)
1.72r 0.16!

(0.32) (0.r-)t)

1.55b 0.36x
(o.rs) (0.03)
1.68ab 0.37r

(0.33) (0.03)

L ] ] a  0 .19a
( ) . 1 l )  ( 0 .01 )

l i J 6 3 c  8 l 3 a
1l 12) (.r0)

l982bc iJ:3a
( lr)6) (.10)

20.12bc 8.18a
(l I  l )  ( ,11)

2l.1la 8,19r
(12 r )  ( . 15 )

zl5lab 809b
(112 )  (12 )

202lbc 8361
(l0l) ( ,10)

5751a
(280)

5279
(265)

5,1l6l
(276)

5528u
(301 )

between fumigation and pliinting in this treatment
may have allowed seediings to capitalize on N
releases. This likely contributed b the inproved
seedling growth in this treatment. Similar results
are reporled elsewherc (Munnecke and Ferguson
1960:  S ingha e t  a l .  1979) .

Soil nitrate-N levels fbllowed the same trend
rs urnmoniurn-N. u irh rhe spring fumiglrion treat
ment having the highest concentration at plant-
ing tinc (Fig.2). Other studies have shown thal
fumigation had a strong, initial eflect ofdepress
ing nitritication (Munnecke and Ferguson 1960:
Singha et al. 1979). The roxic effect ofVapanr on
nitritiers has been attributed to the highly toxic
compound methyl isothiocyanate (Tu 1972). Thh
\l,as apparently not the casc here sincc fumiga-
tion ratcs were low and Vaparn was watergd into
the soil after application and its toxicity nrry have
been rcduced.

Conclusions

Furnigation ofters an cfTective way to dd a site
. ' l  r l l compc l i t ion  b)  c r \n l ro l l in "  b , , th  vegc l . r t  on
and microorganisms in the rooting zone. This treat-
ment alone provides an environntent conducive
fbr enhanced rcgeneration performatce. Spring
fumigation provides the greatest oppofiunity for
lmprovrng  ponderosa p ine  seed l ing  growth .

5.16'1lr
(5-s )

5076a
(50)

1937a
(.16)

5186a
(50)

5009.r

51 .16a
111)

5.184a
( l 8 l )

569,Ia
f268)

'ConI inuo!r . ,  l r i |d imefol  dur i rg )ear I  ont) .
slljtlircrt letters indictrte \ignifictrnl difiefencc! (pS0.05) amonS rreatmenls. \'alues in parcntheses arc standar{l cnor of the
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ho* ever tall lumigation rvas also successful. Fali
lunrigation mav be norc cfl 'ective ifseedlings arc
planted.l to 6 rvcoks atter the funigation instead
olthc tir l lorving spli ltg. Ho\\'cver. f i l l l  $,eatlter ir)
the u,estern L.S.A. is often unlavorablc to either
fumigation or plalt ing. lnirial -srouth increases
lion fumigation, paticularl) i l  conducted in rhe
spril]g prlor to p]anting. appear to lasl well be-
yond the tirst growing scason.

While ncchanical site pleparalion ancl burn
ing nray be the standard tools of a land manager.
tumigation night provide a viable alternative tbr
sLrcccsst'ul regenelation on htrsh sites witlt abun-
dant compctit ion. Fumigation is a method that
can increase sccdling survir,al and growth imrne-
diately l i fter planting. a chuacteristic potentially
extremel) valuable $ hen retbresting harsh sites.
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