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trees placed in a hybrid poplar plantation near Rosemount. MN. and on field-planted tree5 in spore suspension @‘ \poses/mi) of t; 9 
1998 at St. Paul. At both locations, one resistant and three .;uiceptibIe hybrid poplar clones \+ere a s~ngle strain of Streptoiiiyces. Inoculated 
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sprayed with Streptoruli\ces spore suspensions and exposed to natural field inoculum of Septoriu 
,narivo. In the 1998 potted-tree experiment. \trains GS-93-3. 93. and Myco\top in Tesgitol or leaf piantlets were planted in plastic 
Triton X-100 solutions applied every 7 days significantly reduced leaf disea5e by 29 to 83% (53.5 by 27.7 by 7.3 cm) containing 

compared with the controls. In the I999 potted-tree experiment, Streptornyr.p\ strain mixtures in 3,000 of moistened with 
Tergitol solution applied every 5 days significantly reduced leaf disease by 50 to 87% compared 2-0 $2 of M I m C I D  Soil Acidifier Plant 
with the controls. In the 1998 plantation experiment. \wains GS-93-3, 91, or Mycastopin Tergi- Food (N:P:K = 70: 11):lO) in 1.000 ml of % 
to1 solution applied weekly, hi-monthly, or monthly significantly reduced leaf disease in all stesile deionized water. A plastic-coated 
treatment? by 64 to 78% compared with the controls. 8 wire mesh was placed approximately 2 cm 2 +a 
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above the sand to support the plantlets until F 
they rooted. The plantlets were covered L=I. 

ia 
with a transparent plastic lid to maintain 
high humidity and grown at room 
temperature under an 18-h light and 6-h 

Interspecific hybrid poplar clones are tant clones is limited, making biological dark period. Thirty-one days a&er inocula- 
planted in many parts of the world for the control an attractive disease-control tion, ^the percent&e of leaf necrosis was - 
production of wood, fiber, and energy (1 2). alternative (8). measured using a leaf disease severity 
The area planted with poplars is rapidly The potential of biological control of scale of 0 to 8, where 0 =. 0, I = 1, 2 = 2 to 
increasing in the north-central region of the Septoria leaf spot has been investigated in 3. 3 = 4 to 8, 4 = 9 to 17, 5 = 18 to 25. 6 = 
United States. However, the expansion of previous studies. Yang et al. (16) used a 26 to 50, '7 = 51 to 75, and 8 =: 76 to 100% 
poplar culture is limited because many spore suspension and culture filtrate of necrosis. Differences in disease severity 
poplar clones are susceptible to leaf spot Phaecttheca dimorphospo?-a to inhibit S. between the two sides of the same leaf 
and canker disease (7,8) caused by musiva under laboratory and greenhouse were determined. 
Septoria musil-,a Peck (teleomorph = My- conditions. Shimizu (1 1)  found that sup- Three Stre~~tomvces strains (93, GS-93- 
corphnerelln populof-t~ii~ G. E.  Thompson) pressive strains of Strel,tonlyres inhibited 3. and ~ ~ c o s t o ~ ) -  that showed the highest 
(14). Ascospores and conidia of S. mcrsiva growth of several Septctria musiva isolates inhibition in the co-plating, bacteriocin, 
are present in plantations throughout the in culture and leaf-disk assays. Two of the and the single-leaf plantlet assays were 
growing season. On susceptible clones, S. Strepfonzyce.~ strains used in Shirnizu's selected for the field experiments. Sfrepto- 
lnusiva can cause early-season defoliation, study also were used in this work. myces strains 93 and GS-93-3 (not related 
and stems and branches often break at 
cankers in strong winds, which can result 
in plantation failure (7). 

i, Various agronomic practices can be used 
for disease prevention 191, but high-yield- 
ing, susceptible clones require repeated 
fungicide applications (71, raising environ- 
mental concerns. Use of resistant clones is 
one of the best disease-control rtrategies 
(9); however, the number of highly resis- 
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Str*q?torn~ces spp. are gram-positive, fil- 
amentous, soilborne bacteria that also occur 
in the phylloplme 16), especially on dust- 
covered leaves (4). Hodges et al. (2 )  used 
S t r e p t o ~ ~ c e s  spp. to control leaf pathogens 
of Poa pmtensi.5 in the greenhouse. 

The objective of this study was to evalu- 
ate the potential of Str-eptom~ces strains to 
control Septoria leaf spot disease of hybrid 
poplar exposed to natural inoeulum of 
Stiptoria nzusii~a in the field. 

&%ATERIALS A3D kfETHODS 
Selection of Strepto~nyces strains. The 

co-plating method of Liu ( 3 )  and the 

(;trains) tired in these field experiments 
were isolated from a Millneslota potato 
ccab suppressive soil (3, LO), and the My- 
costop strain of Streptonaycer wac obtained 
from peat \oil in Finland ( 1  3). Two addi- 
tional Strej?tocimyce~ strains were wed in 
the 1999 potted field trial\. Strains LRI 
and LR2. were re-isolated from hybrid 
poplar leaves 197 daj  i after \praying uith 
GS-93-3 or Mycoitop. respect~\lely, in the 
single-leaf plantlet aisay ( i ). 

Plant material. Greenhou\e-grumrn pot- 
ted trees of four inter\pecific h> brid poplar 
clones were used in a11 field experiments at 
the Universitj of Minnecota Experiment 

bacteriocin assay described by Vidaver et Station near Ro\emount. Clone NM2 
T h ~ i  reieitrch -ilia% rupported Fip grants from the 
Mlniie50ta Ap ncilli urr Biologlcul al. (15) Mere used to select St,-eptcjniyce (Poj?uiur nigrci L. x P rnilirmoii.ic:ii A. 
Control Program alld bk the WrlIlarll F. Heckrodl SpP. strains for their ability to compete Henry) was resistant and the other three 
Plant Science Re\earch Fund. with and produce antibiotics against Septo- clones-YE232 iR delioi&.\ Bartr. ex 

ria musivtl isolates in agar plate assays. Marsh. x f? ~l'gf-cl bar. piatztzeren~is), 
Accepted for pribl~cat~on I February 3003. Selected Stt-e~?tornjce.s strains with the best DTAC26 (I? &ltotiks x P. trichocur-r/n 

biocontrol potentials also were evaluated Torr. & A. Gray) and NE299 I R  r~igrzi var. 

Publrcat~on no. D-2003-0421-05R using a single leaf plantlet assay (1). A heiuiifoiiu x 19 rrichoca?yct)-were 
O 2003 The American Phytopatholog~cai Soc~ety fully expanded healthy leaf on a 10- to 12- susceptible to S. ~nus i t*~l .  
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Two rooted cuttings of the same poplar 
clone were planted in a piastic pot (21.7 
cm in diameter and 20.5 ern high) eontain- 
ing \reamed soil 14 hi. \ermiculite. and 
pear rnos\ in a, ratio of 5: I :  I .  Trees were 
grown in the greenhouse under a cycle of 
18 is of light and 5 h of d x k  at temperature\ 
of 25 and L 8°C ids? and night, re i~ct ively)  
and recerced Peters water-soluble fertili~er 
(S:P:K =. 20:20:20) ever5 3 weeks. Monthly 
application5 of &\tar If (S-Kinoprene [GAS 
# 65733-30-21) and Peniac iDeeachloro 
b1s[2,4-cqclu-penkadiene- I --\ill were used to 
control in\ects and mites. Six x~eeks before 
trees were piaced in a hybrid poplar 
plantation. they were pruned to 3- to 4-crn 
stump\. When the nebJ shoots on the stumps 
were 2 to 3 cm tall, all but two shoots of 
\imilar sire on each stump \$ere removed. In 
the lieId, tvooden kames uere used to 
support four pots and two 2-Liter plastic 
bottles of water in~erted into a saucer under 
each pot that provided a weekly supply of 
water for the trees. 

Preparation of inoculum. Streptofnyces 
\trains were grown on oatmeal agar ((3 and 
incubated in the dark at 30°C for 7 days. 
Tergitol (0.05%) and Triton X- LOO (0.059;) 
were u\ed to keep S t r e p t o ~ ~ ~ c e . ~  spores in 
\u\pension. Spores were harvested from 
the oatmeal agar and suspended in the 
adjuvant solution ( 1  o6 to 10: sporesiml) 1 
day before application. 

Evaluation of single Streptomjces 
strains on potted exposure trees. In 1998, 
Strepfomyces strains CS-93-3, 93. and 
Mycostop in 0.05% Tergitol or 0.05% 
Triton X- 100 solutions were applted every 
7 days to potted trees placed within a hy- 
brid poplar plantation containing a large 
number of interspecific poplar clones sus- 
ceptible to Septoriil musi~>u. Trees were 
sprayed until runoff using an electric mist 
blower in the field. After treatment. the 
treer were placed in the wooden frames 
ucling a randomized complete block design. 
Trees were exposed to natural S. musi~lu 
inoculum for 3 to 4 vreeks and then 
returned to the greenhouse. Sets of 96 trees 
\\ere expoied in five inocndurn exposure 
periods IIEPs) \tarling 5 June (IEPI), I 
July (fEP3), 22 July (IEP3), 19 August 
(YEP4), and 16 September. (IEP5). One 
tree with t ho  shoots was sprayed until 
runoff w t h  a single ftrep~ot~r\-c.er main 
\pore ilurpended in il.tlSc"cergftol solu- 
tlon, and the other tree in the pot was 
\prayed uith the \ame \train but in 0.05% 
Triton X- 100. Each conibination (Strepto- 
nzvcer \train x adjuvant x clone) Miai repll- 
cared three times. Three cur-rtrols were 
used: one tree was Ief't untreated, one shoot 
cff the other tree in the 3ame pot %as 
\prayed with 0.05% Tergltol only, and the 
other shoot with 0.05% Trrton X- 100. The 
mist blower was disinkcted with 1 %  
XaOCi :md r~nsed with deionired water 
between applications of different Strepto- 
I-uzyce, strains. At the end of each IEP, the 
tree\ were returned to the greenhouse and 

evaluated for Septoria leaf spot severity 
and defoliation 5 weeks after being piaced 
in the hybrid poplar plantation. Eight ran- 
domly selected treatment teakes and six 
leave.; from Tergikol or Triton X-100 ton- 
trols tcere scored from each treatment us- 
ing the (3-to-B Leaf disease secerity rating 
scale. De-fotitition wai determined by visu- 
all) ektimating the percentage of missing 
leak es on each stern. 

Evaluation of Streptomyces strain mix- 
tures on potted exposure trees. In 1999, 
three combinations of Strepti~r~zyce~ ctrains 
uere  ekaluated for their ability to control 
Septifriti ~"?zL~J~L*u on poplar chmes in the 
field. A method described by McQueen ei 
al. ( 5 )   as used to test compatibility reac- 
tions bet\%reen paired Stveptoi~zyces strains. 
Streptoi?zyces selections consisted of pairs 
exhibiting varying levels of inhibition, 
ranging from none to high. to determine if 
different levels of antagollism between 
Strelft(>n~yces strains can increase the effi- 
cacy of biocontrol. Streptumyces strain 
pairs either were grown together ic) on the 
petri plates or were plated separately ( i )  
and then mixed when inoculunl was har- 
vested for spraying. Streptc)l~yce.s strains 
were suspended in 0.05% Tergitol solution. 
As in the 1998 experiment, one tree with 
two shoots was sprayed with a Strep- 
to1izyce.s nlixture (c) and the two shoots of 
the other tree in the same pot was sprayed 
with the same Streptor?zj~ces strain pair but 
mixed after growing them separately (i). 
Three replications of each combination 
were evaluated. For controls in each repli- 
cation, one tree in a pot was left untreated 
and the other tree was sprayed with the 
Tergitol solution only. Five sets of 96 trees 
each were sprayed and exposed to field 
inoculum between 3 June and 25 August 
1999. During the first three IEP exposures, 
starting on 3 June IIEPI ). 16 June (IEP2), 
and 30 June IIEP3). the trees received the 
S~F-eptcjmyces spray ewry 5 days and were 
exposed to natural Sej2torin fr-tusiva inocu- 
lum for 2 weeks. From I4 July IIEP4) and 
4 August tIEP5). trees were sprayed every 
7 days and were exposed to natural inocu- 
lum for 3 weeks. '4s in 1998, eight ran- 
domly selected leaves from each treatment 
were scored for disease severity using the 
0-10-8 scale and the extent of defoliation 
was determined on each stem 5 weeks after 
the trees were placed in the hybrid poplar 
plantation. 

E-\ralualion of Sfreptctm_yces spray 
schedules in a pIanCation. Fifty trees each 
of the four hybrid poplar clones were 
planted at a 2.4-by-2.4-rn spacing using a 
randomized complete block design in 
spring 1997 at the University of Minnesota 
Experiment Station. St. Paul. The trees 
Mere exposed to natural inoculum of 5'. 
m~rsivn from a nearby hybrid poplar 
plantation. In early spring 1998, all trees 
were pruned to a height of 90 to 100 cm. 
Starting the first week of June 1998 until 
mid-September, new shoots were sprayed 

weekly, bimonthly, or monthly with spore 
suspenrions of one of three Streptcnnyce~ 
strains (CS-93-3, 93, or Mycostop) sus- 
pended in 0.05% Tergitol. uring a SOLO 
Junior 3 5 0 gasoline-pox% ered mistblower. 
Each tree receiked a 100- to 150-rnl 
strspension of Strept i~nyce~ spores, and the 
sprayer was dizinfected with 144 NaOCI 
and rinsed with deionized water b e t ~ e e n  
applications of different Streprrjmycer 
itrain\. Untreated control trees were cor- 
ered uith trallsparent plaitic sheers during 
$pray applications. After the Srreptri-~qces 
spray application was completed, the con- 
trol tree5 were uncovered and five branches 
on each tree uere rprayed with a 0.059% 
Tergitol iolution. Each combination 
(Streprr~myce.~ strain x each spray period x 
clone) was replicated five times. The foli- 
age of each tree was scored for Septoria 
leaf disease qeverity using the 0-to-8 scale 
the first week of August and the first week 
of September, and the extent of defoliation 
was recorded. 

Experimental design and data analy- 
sis. A split-plot experimental design was 
used in all potted tree experiments. The 
growing season was split into IEPs in both 
years to test the efkctiveness of Streptonzy- 
ces strains. mixtures, and spray schedules. 
The 1998 and 1999 potted-tree experi- 
ments were evaluated separately and each 
IEP was treated as a s~~bp lo t  in the statisti- 
cal analy sis. A randomized complete block 
design was used in every IEP and an 
analysis of variance (ANOVA) was done 
according to the split-plot design. Initially, 
all interaction terms were tested (clone, 
treatment, and IEP) at the P = 0.05 level. 
An ANOVA indicated significant (P < 
0.0001) differences among the IEPs in both 
years for leaf disease severity and also for 
defoliation; therefore, each IEP was 
analyzed separately for leaf disease 
severity and defoliation. Next. an ANOVA 
was done to determine if there was a 
clone-treatment interaction and also if the 
variation was due to the treatment or the 
clone. If there was no significant clone- 
treatment interaction and the treatment 
effect was significant (P < 0.05). the 
PROC GLM procedure of Duncan's multi- 
ple range teit (DMRT) of SAS (SAS Insti- 
tute Inc., Gary. NC) was used to compare 
treatment means rP < 0.05). If there wa\ a 
significant clone-treatment interaction, 
data on resistant and susceptible clone\ 
were compared ceparately. In n~ost case\, 
by analyzing resistant and susceptible 
clone data separately, the significant ( P  < 
0.05) clone-treatment rnteraction was 
eliminated, but if the treatment effect wa$ 
significant ( P  < 0.051, the DMRT was used 
to compare treatment rneanr. However, if 
the clone-treatment interaction was $till 
significant, the data for each clone were 
analyzed 5eparately. If the ANOVA showed 
that: the treatme~lt effect on the clone was 
significant if' < 0.05). the DMRT was 
applied to treatment means. 
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In the I999 plantation experiment, a 
randomized complete block design was 
used. As in the potted-tree experiments, an 
ANOVA was used to determine uhether 
the 'ilariation was due to the treatment or to 
the clone and, also, whether there was a 
significant clone-treatment interaction. 

RESULTS 
Single strains on potted trees. The re- 

sults of using single Sfveptuiiiiyce~ strains to 
control Septoria leaf disease on potted 
trees in 1998 are presented in Table 1. 
Only IEPs 1 to 3 are included because 
severe leaf rust on trees in IEPs 4 and 5 
pret ented us from detemining Septoria 
leaf spot disease severity. An ANOVA 
indicated that the clone-treatment interac- 
tion was significant ( P  < 0.0001) only in 
IEP2; thus, data for indi\~idrial clones are 
presented. Septoria leaf disease was most 
severe in IEPl and, in five of six Strepro- 
nzyces treatments, leaf disease severity was 
significantly iP < 0.0001) reduced com- 
pared with the adjuvant controls. 

Leaf disease reduction was calculated by 
convefiing each mean disease rating $eale 
value to a percentage of leaf area diseased. 
We considered that the diseased area on the 
adjuktmt control wai 100% and calculated 
the percentage of disease reduction in each 
S~repiilmyces treatment compared with the 
adj juvant control. The M) costop strain 
probided the best control in IEP I ,  reducing 
the disease by 5ZG5 compared with the 
adjuvant controls. i n  IEP2, significant leaf 
disease control titas achieked on all three 
susceptible clones, NE232 ( P  =. 0.0002). 
DTAC26 ( P  < 0.00011, and NE299 iP  = 
0.006), compared with the adjuvant con- 
trols. The best control was on clone 
DTAC26, and leaf disease was reduced 
83% with the M>icostop!Triton X- 100 
treatment compared with the Triton X- 100 
control. In IEP3, leaf disease was signif- 
icantly reduced ( P  < 0.0001) with all six 
Streptomyees treatments. The most effec- 
tive control was with the GS-93-3Rergitol 
treatment, which reduced disease bq 44% 
compared with the Tergitol control. 

Del'otiarion was significandy reduced by 
the Srrepfomyces treatments in IEPt ( P  = 
0.0017) and IEP2 ( P  = 0.0302). as shown 
in Table I. The ANOVA of the defoliation 
data did not indicate a \igntficant clone- 
treatment interaction in an> IEP. DefoIia- 
tion uali most severe between 5 June and 1 
July IIEP I ), and defoliation watt signifi- 
cantly reduced by 15% 'c~ith the GS-93- 
3mergitol and the 431Tergitol treatment\ 
compared with the Tergitol control. In 
1EP2, the 93iTergitol treatment signifi- 
cantly reduced defoliation bq 33% corn- 
pared with the Tergitot control. 

Strain mixtures on potted trees. The 
1903 results of biocontrol of Sepmria leaf 
disease with strain mixtures in IEPs 1 ti:, 
3 are presented in Table 2. As in 1998, the 
potted trees exposed in IEPs 4 and 5 had 
severe leaf rust, and these data were omit- 
ted horn the analysis. Septoria leaf 
disease dekeloped on clone NM2 only in 
IEPI; thus. NM2 data from IEPs 2 and 3 
were not included in the statistical 
analysis. 

Table 1. Septona leaf spot d~sease severtty and defoliation caused by Septonu rnuszvcr on potted poplar trees sprayed w~th sl~lgle Streptomtcer \tram\ In 
1998' 

Leaf disease severity Defoliation (96)  

IEPlY IEP2 IEP3 IEPl IEP2 IEP3 

Treatmentsz All NM2 NE242 DTAC26 NE299 All A11 All All 

Untreated control 
Tergitol control 
Triton X- I00 control 
GS-93-31Tergitol 
93iTergitol 
MycostopiTergitoI 
GS-93-3iTriton X- 100 
93iTriton X- 100 
MycostopiTriton X- 100 

3.8 a 
3.4 ab 
3.0 abed 
2.8 bcd 
2.8 bcd 
2.3 cd 
3.2 ab 
3.1 abed 
2.3 d 

66 abc 
68 ab 
70 a 
58 d 
58 cd 
60 bcd 
62 bed 
58 d 
58 d 

16 a 
15 ab 
13 abc 
I t bc 
10 c 
12 abc 
9 c 

12 abc 
1 1 be 

* Mean leaf disease seventy uslng a 0-to-8 scale and mean percentage defollat~on of each treatment. S~gnlf~cant ( P  e: 0.0001) treatment-clone Interactton 
in IEP2 required the analysis of leaf drsease severity data by clone. All = all clones. Wtthtn each column, the means of three replication\ wlth unl~ke 
letters were stgnificantly different (P < 0.05) aceordlng to Duncan's mult~ple range test. 
Potted trees were exposed to natural S. rnurrt3a rnoculum In three inoculum exposure perrods (IEPs): 5 June to 1 July (IEP1 j. 1 July to 22 July (IEP2), 
and 22 July to 16 August IIEP3). At the end of each IEP, trees were returned to the greenhouse for evaluat~on and a nevi set of tree\ wa4 wed In the 
following IEP. 

' Spores of all Strqrontjce, ctrdlns were suspended tn etther 0.05q Terg~tol or 0.05% Triton X-100 and the tree\ were sprayed a e r y  7 days. startlng on 
the first day of each IEP that the tree, were In the plantatron. 

Table 2. Septor~a leaf \pot disea.ie \everit> and defol~at~on caused bq Septor~cz M Z U I I : ) ~  on potted poplar tree\ sprayed wrth mixture\ of Str~ii)m\,tc.,  \train\ 
111 1999" 

Leaf disease severit3 Defoliation (%) 

IEPl-" IEPZ IEP3 lEPI IEP2 IEP3 

Treatmentsr All IVM2 Susc. NM2 Susc. MMd Susc. NR12 Susc. KM2 Susc. 

Entreated control 
13.05C'c Tergltoi 
GS-93-3 LR 1 
GS-93-3iLR 1 
93 -i- LR2 
93iLR2 
Myco5top i LR2 
MycostopiLR2 

- -- 

W e a n  leaf d~sea.ie severfly u m g  a 0-to-8 \ ~ a l e  and mean percentage defollatron. Ail = all clones and Susc. = suiceptrble clone\ Wlthtn each column. the 
mean\ of three repl~cations with unlike letters were \~gnrfrcantly drfferent ( P  < 0.05) dccordrng to Duncan's multtple range teit. 

' Trees were exposed to natural S. mu.rrca ~noculum In three tnoculunl exposure per1od.i IlEP5): 3 June to 16 June (IEPI). 16 to 30 June (IEP21, and 30 
June to 14 Ju1y (IEP3). At the end of each IEP. tree\ were returned to the greenhouse for evaluatron and a new \et of trees were used rn the following IEP. 
Spore\ of all Streptrirn~cet strain5 were suspended In (1.05% Tergrtol and trees were \prayed ekery 5 day\, \tarling on the first daj of each IEP that the 
trees were In the plantation. Inoculum of the Srreptonzycer pairs were prepared from cultures groRn together (i) or on separate (1) petn plates. LRI was 
derived from GS-93-3 and LR2 was derived from Mycostop. 
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Septoria leaf ipot was most setere on 
the susceptible clones in IEP3. In IEPs 1 to 
3. a11 Srrzptonz) ces treatments iignificantly 
i P  < 0.(1001) reduced Septoria leaf disea\e 
compared with the Tergitol controls and 
there %ere no \ignificant clone-treatment 
interaction\, h disease reduction of 64 and 
87% in the IEPI and IEP1, reipectivetc, 
was achieved with a mixture of Mjcostop! 
LRXderived from Mjcostop) when \trains 
were plated 5eparateIy compared with the 
Tergitol control\, In IEP3, the \ame strain 
mixti~re grown together protiided the 
greatest &\ease reduction (70%) conlpared 
~ i t h  the Tergitol control. Houeter, no 
significant differences were found whether 
the itrain pairs were plated together or 
\eparately, and no significant difference in 
disease reduction atas found among the 
different paired \trains of Stf*eptomycc.r. 

The effectiveness of Srreprorrz7ce.s mix- 
tures in reducing defoliation also is pre- 
sented in Table 2. An ANOVA of the per- 
centage defoliation in IEPl showed 
significant (P =. 0.0 1 ) clone-treatment 
interaction when the data of all four clones 
were analyied together. When data of the 
resistant and susceptible clones were ana- 
l y ~ e d  separately, there was no significant 
clone-treatment interaction ( P  = 0.063 1). 
In IEPI, the A N O W  of the defoliation 
data of clone NM2 indicated significant ( P  
= 0.0182) treatment differences. Defolia- 
tion of clone NM2 in IEPI was signifi- 

used in the statistical analysis because of 
severe leaf rust on the trees by the first 
week of September. The ANOVA did not 
indicate a significant clone-treatment 
interaction. and treatment effect was 
\ignificant i P  .= 0.00011. Disease mas re- 
duced 63 to 75% t\ith all Strepto~1~)ce~ 
treatment5 compared uith the untreated 
controI (Table 3).  No difference in disease 
severity wai  noted between the 0.05% 
Tergitol-treated and nontreated part of the 
\ame tree, and these data were not included 
in the statistical analy5is. Generally, the 
weekly and bimonthly applications 
prot ided slightly better control than the 
monthly application, but these differences 
were not significant ( P  = 0.05). 

There was no significant difference in 
defoliation among the different spray 
schedi~les (Table 3). The A N O W  indicated 
significant treatment effect iP  =: 0.001 1 )  in 
reducing defoliation of the si~sceptible 
clones but no significant clone-treatment 
interaction. All Str-eptonzjces treatments 
significantly reduced defoliation from 55 
to 91% compared with the untreated 
control. 

DISCUSSION 
This is the first report of effective bio- 

logical control of Septoria leaf spot disease 
of hybrid poplar using Streptonzyces strains 
in the field. Septoria leaf disease was less 
severe at the St. Paul than at the Rose- 

cantly less in five of six treatments com- moiint location, and the level of control 
pared with the Tergitol control, and disease 
was reduced 93% with the 93LR2 strain 
mixture. Defoliation of susceptible clones 
was significantly reduced in IEP2 (P < 
0.0001) and IEP3 ( P  = 0.0090) compared 
with the Tergitol controls. The My- 
costopiLR2 strain mixture provided the 
best reduction (69%) in defoliation in 
IEP2: and, in IEP3, the GS-93-3iLRI (de- 
rived from GS-93-3) strain mixture was the 
most effective, reducing de-froliation 39% 
compared with the Tergitol control. 

Streptonzyces spray schedules in a 
plantation. Only the Artgust data were 

varied between years and locations. The 
potted-tree experiments enabled us to test 
spray schedules during different times of 
the growing season and inoculum exposure 
periods. 

The selection of single strains of Strep- 
torn2.ce.s for this study was based on their 
competitive and antibiotic activity against 
Septoriu nzusiva isolates in vitro and on the 
single-leaf plantlet test. Although use of 
these isolates singly reduced disease in the 
field, it has been suggested that mixtures of 
strains may enhance and provide more 
permanent disease control ( 15). Our 

Table 3. Effecrlveneit of drff-erent S r r e p f o ~ ? ~ ~ ( ~ \  stralnc, and ipray schedulei in controll~ng Septor~a 
leaf \pot In ti h j  brtd poplar plantat~on 

Leaf disease severitj " Defoliation (%I-" 

Treatments7 All clones NRlZ Susceptible clones 

UntreareJ cot~trof 3.0 a 0 1 1  a 
GS-93-3. monthly 1 5 b  0 i b  
CS-93-3. brrnonthly 1.9 b 0 2 b  
CS-93-3, weekly 1.8 b 0 3 b  
93. monthlq 1.3 b O 2 b  
93, b~n~ont-hl> 1.4 b 0 2 b  
33. ueeliiy 1.8 b 0 I b  
;\itycostop, monthly 1.5 b 0 5 b  
%lq cnitop. bin~onthly 1.5 b 0 3 b  
Mvcostop, weeklc f . 4 b  0 l b  

" Leaf &\ease ievertty bas  aiie\ied w n g  a 0-10-8 scale. Means of fxfir e rtplrcates in the column bt~th 
untrke letter\ were s~gnlf~cantly d~fferent tP < 0.05) accord~ng to Duncan's mult~plc: range te\t. 

\ Mean\ of five repl~c~itei In the column with unlike letter5 %ere signtficantly different ( P  < 0.05) 
accordirlg to Duncan's lnult~ple range teit. 
' Single Streprt?n.rtce, \tram\ were sprayed i5tartlng the first %eel\ of June and ending in mld- 

September rn 1998) on poplar clones planted rn a field plot in St. Paul, MN. 

experiments with strain mixtures were 
limited; however, slight increases in dis- 
ease control mere achieted, Weekly or 
bimonthly applications resulted in sorne- 
what better control than monthly applica- 
tions; h o ~  ecer. the differences were not 
significatlt. 

Septoria canker doe\ not become a sig- 
nificant problem in hybrid poplar pianta- 
tioni until the third or fourth year after 
planting 17). Few cankers developed on 
susceptible tree\ in our experiments be- 
cause of the short exposure times of the 
potted trees to natural Septoria inoculum, 
and the planted trees were exposed to in- 
oculum for only one field season. There- 
fore, the eilfectitieness of Streptonzyce.~ to 
prevent or reduce the incidence of Septoria 
canker is unknoun. 

Genetic resistance is considered to be 
the most effective way to reduce the dam- 
age caused by Septoria leaf spot (9). How- 
ever, the number of resistant clones that are 
available at this time are limited; therefore, 
biocontrol using Streptomjces may be an 
effective way to manage this disease in 
nurseries and plantations. Further research 
is needed on selection of Str-eptornyces 
strains and combinations of strains, and on 
the longevity of their activity in planta- 
tions. 
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