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FOOD SCIENCE AND BIOSYSTEMS SCIENCE AND ENGINEERING 

INVESTIGATORS: Alfred A. Bushway, Professor of Food Science 
Bodhan Slabyj, Professor Emeritus of Food Science 
Russell Hazen, Graduate Research Assistant 

1. TITLE: Effects of IQF Processing on Microbiological Quality of Maine Wild Blueberries 
( 1999 Season) 

METHODS: Blueberry samples were taken from various locations during processing in order 
to determine where reductions or increases in microbial numbers occur. Points identified for 
those lines using sugar floatation were (1) prior to the initial water wash, (2) following water 
wash, (3) following sugar floatation, (4) following chlorine spray and (5) after freezing. For 
processors not using sugar floatation the points were (1) prior to initial wash, (2) following water 
wash, (3) following chlorine rinse and (4) after freezing. 

Three samples were taken at each point during early and late season harvest. Samples 
were transported to the Department of Food Science & Human Nutrition on ice and analyzed for 
total aerobic plate count, yeast, molds, coliforms, E. coli, Staphylococcus spp. and Listeria spp. 
Appropriate decimal serial dilutions were prepared and samples were plated in duplicate. Total 
aerobic plate counts were performed using Plate Count Agar. Yeast; molds, coliforms, E. coli, 
and Staphylococcus spp. were enumerated according to Standard Methods (FDA, Bacteriological 
Analytical Manual, 7th ed., 1992). Rapid methods for the enumeration of potential human 
pathogens such as E. coli 0157:H7 and Listeria spp. were evaluated. These included a seven 
hour antigen detection test (Morningstar Diagnostics, Inc., Naperville IL Catalogue #3 71-050) 
and a selective chromogenic culture medium to aid in the detection, isolation, and presumptive 
identification of verotoxin-producing strains of Escherichia coli, particularly serotype 0157:H7 
(Rainbow® Agar 0157, Biolog, Inc. Hayward, CA) and a direct label DNA probe kit from 
Gene-trak Systems. 

RESULTS: Two distinctly different process lines from a blueberry processing plant were 
examined and strategic locations were chosen to evaluate the effects of IQF processing on the 
microbiological quality of blueberries. These locations were sampled in triplicate and analyzed 
using Standard Methods. Throughout the process and sampling periods an average r~duction of 
1.86 log 10 occured. The greatest reduction occurred during the initial sampling period (8/3/99) 
and resulted in a reduction of 3.87 log 10• The reductions were achieved through the use of an 
initial water wash and a subsequent chlorine spray (50-100 ppm). 

The initial wash had little reducing effect on total aerobes, and in many cases actually 
increased the microbial counts. This increase is most likely do to the fact that it was an 
extremely dry year this year and the microbial population on the berries may have been stressed 
and did not result in growth initially. However, after being exposed to the water in the wash and 
allowed time in this improved environment the organisms were capable of growth. The greatest 
average reduction per sampling period obtained was a 0. 77 log reduction. However, this step 
also resulted in an increase of 1.16 log during the 8/19/99 sampling period. The chlorine rinse 
also had suiprisingly little effect on microbial numbers. The reductions ranged from 0.47-1.34 
log. However, after the chlorine treatment and freezing reductions of 0.63-3.72 logs were 
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o b s e r v e d . T h i s r e d u c t i o n w a s l o w e r t h a n p r e v i o u s y e a r s o f t h i s s t u d y , b u t t h e i n i t i a l m i c r o b i a l 
l e v e l s w e r e a l s o s i g n i f i c a n t l y l o w e r . I t i s b e l i e v e d t h a t t h o u g h t h e c h l o r i n e s p r a y d i d n ' t a p p e a r t o 
h a v e m u c h e f f e c t o n i t ' s o w n , i t d i d i n c r e a s e t h e s u s c e p t i b i l i t y o f t h e a e r o b e s t o m o r t a l i t y d u r i n g 
t h e f r e e z i n g p r o c e s s . 

S i m i l a r r e s u l t s w e r e s e e n i n y e a s t a n d m o l d s . T h e s e a r e s h o w n i n F i g u r e s 2 a n d 3 . T h e 
a v e r a g e r e d u c t i o n s s e e n p e r p r o c e s s i n g s t e p a r e s h o w n i n F i g u r e s 4 a n d 5 . 

Yeast: 
I n 1 9 9 8 , i n c o m i n g s a m p l e s h a d a n a v e r a g e y e a s t c o u n t o f o v e r 6 4 , 0 0 0 C F U / g ( 4 . 8 l o g ) . 

T h e s e v a l u e s a r e c o n s i s t e n t w i t h t h o s e e x p e c t e d . H o w e v e r , i n 1 9 9 9 t h e a v e r a g e y e a s t c o u n t w a s 
a m e r e 1 7 0 0 0 C F U / g ( 4 . 2 3 l o g ) . T h e a v e r a g e t o t a l r e d u c t i o n i n y e a s t w a s 1 .15 l o g s w i t h a 
m a x i m u m a v e r a g e r e d u c t i o n o f 2 . 8 2 l o g o c c u r r i n g 8 / 3 / 9 9 . T h e i n i t i a l w a s h h a d l i t t l e e f f e c t o n 
y e a s t . T h e a v e r a g e r e d u c t i o n o b t a i n e d w a s o n l y a 0 . 0 3 l o g r e d u c t i o n . T h e c h l o r i n e r i n s e a l s o 
h a d s u r p r i s i n g l y l i t t l e e f f e c t o n m i c r o b i a l n u m b e r s . T h e a v e r a g e r e d u c t i o n w a s 0 . 2 9 l o g . 
H o w e v e r , a f t e r t h e c h l o r i n e t r e a t m e n t a n d f r e e z i n g a v e r a g e r e d u c t i o n s o f 1 .15 l o g s w e r e 
o b s e r v e d . T h i s r e s u l t e d i n f i n a l s a m p l e s p o s s e s s i n g a v e r a g e y e a s t c o u n t s o f 2 4 0 C F U / g o r 2 . 3 8 
l o g . T h e s e v a l u e s a r e a l l v e r y c o n s i s t e n t w i t h t h e v a l u e s o b t a i n e d t h e p r e v i o u s y e a r . 

Mold: 
I n c o m i n g s a m p l e s h a d a n a v e r a g e m o l d c o u n t o f 7 2 6 C F U / g ( 2 . 8 6 l o g ) . T h e a v e r a g e t o t a l 

r e d u c t i o n i n m o l d w a s 1 .55 l o g s , w i t h t h e i n i t i a l w a s h h a v i n g v i r t u a l l y n o e f f e c t o n m o l d s . T h e 
c h l o r i n e r i n s e a l s o h a d l i t t l e e f f e c t , a c c o u n t i n g f o r a 0 . 5 l o g r e d u c t i o n i n m o l d c o u n t . H o w e v e r , 
a f t e r t h e c h l o r i n e t r e a t m e n t a n d f r e e z i n g , a v e r a g e r e d u c t i o n s o f 0 . 7 9 l o g s w e r e o b s e r v e d . 

Sugar Floatation: 
S u g a r f l o a t a t i o n a l s o a p p e a r e d t o h a v e l i t t l e e f f e c t o n t h e m i c r o b i a l p o p u l a t i o n , w i t h a n 

a v e r a g e i n c r e a s e o f o n l y 0 . 2 l o g f o r b o t h s a m p l i n g p e r i o d s . H o w e v e r , t h i s d o e s n o t m e a n t h a t 
s u g a r f l o a t a t i o n t a n k s a r e n o t a n a r e a o f c o n c e r n f o r m i c r o b i a l c o n t a m i n a t i o n . I t s i m p l y m e a n s 
t h a t i t w a s n o t a m a j o r f a c t o r i n t h i s s t u d y . T h e p o t e n t i a l f o r m i c r o b i a l g r o w t h i n t h e s u g a r r i c h 
w a t e r i s h i g h a n d f r e q u e n t c h a n g i n g a n d c o n s t a n t m o n i t o r i n g s h o u l d b e d o n e t o e n s u r e t h e s a f e t y 
o f t h e s e a r e a s . 

Escherichia coli and Coliforms: 
T h e e f f e c t s o f I Q F p r o c e s s i n g o n Escherichia coli a n d c o l i f o r m s w e r e a l s o e x a m i n e d . E. 

coli a n d c o l i f o r m s w e r e f o u n d t o b e p r e s e n t o n a l l i n c o m i n g s a m p l e s . W i t h c o l i f o r m s a n d E. coli 
a n d r e m a i n i n g t h r o u g h o u t a l l b u t t h e f i n a l f r e e z i n g p r o c e s s . O n l y o n e o f t h e f i n a l f r o z e n s a m p l e s 
w a s f o u n d t o c o n t a i n c o l i f o r m s a n d n o n e t e s t e d p o s i t i v e f o r E. coli. T h i s a d d s f u r t h e r e v i d e n c e 
t h a t c h l o r i n e b y i t s e l f i s n o t a n e f f e c t i v e a n t i m i c r o b i a l a p p l i c a t i o n , b u t i n c o n j u n c t i o n w i t h a 
f r e e z i n g s t e p i t i s q u i t e e f f e c t i v e . 

I n t h e l a s t t w o y e a r s o f t h i s s t u d y , 1 0 8 s a m p l e s h a v e b e e n t e s t e d . S i x t y f i v e p o i n t s e v e n t y 
f o u r % ( 7 1 s a m p l e s ) h a v e t e s t e d p o s i t i v e f o r c o l i f o r m a n d o n l y 3 6 . 1 1 % ( 3 9 s a m p l e s ) t e s t e d 
p o s i t i v e f o r E. coli. T h i s s h o w s t h a t t h e l i n k b e t w e e n c o l i f o r m s a n d E. coli m a y n o t b e as s t r o n g 
as i t w a s o n c e t h o u g h t . T h i s d i f f e r e n c e i s m o s t l i k e l y d u e i n p a r t t o t h e f a c t t h a t a n u m b e r o f t h e 
b a c k g r o u n d m i c r o b i a l f l o r a {Citrobacter, Klebsiella, a n d o t h e r s ) w i l l t e s t p o s i t i v e f o r c o l i f o r m s . 
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L i s t e r i a : 
I n c o m i n g f i e l d s a m p l e s w e r e a n a l y z e d for Listeria spp. u s i n g t h e G e n e - T r a k D UListeria 

D L P A s s a y f r o m G e n e - T r a k s y s t e m s . T h i s t e s t i s a D N A h y b r i d i z a t i o n t e s t , a n d e m p l o y s 
Listeria-s^QCiHc D N A p r o b e s f o r t h e d e t e c t i o n o f Listeria s p p . A t o t a l o f 3 2 s a m p l e s w e r e 
a n a l y z e d a n d o n e s a m p l e w a s s h o w n t o b e p o s i t i v e f o r a Listeria s p p . T h i s w a s n o t f u r t h e r 
c u l t u r e d a n d w e w e r e u n a b l e t o d e t e r m i n e t h e s p e c i e s o f Listeria p r e s e n t . 

Staphylococcus: 
A l l s a m p l e s w e r e s c r e e n e d f o r Staphylococcus s p p . N o s a m p l e s w e r e s h o w n t o c o n t a i n 

Staphylococcus s p p . 

RECOMMENDATIONS: T h i s s t u d y s h o w s t h a t t h e c o m b i n a t i o n o f v a r i o u s m i c r o b i a l 
r e d u c t i o n m e t h o d s u s e d i n m a n y I Q F p r o c e s s i n g p l a n t s ( f r e s h w a t e r w a s h a n d c h l o r i n e s p r a y ) i s 
e f f e c t i v e a t r e d u c i n g m i c r o b i a l l o a d . H o w e v e r , t h e r e i s s t i l l a p o t e n t i a l f o r p r o b l e m s t o o c c u r . 
T h e p o i n t o f m o s t c o n c e r n i s t h e s u g a r f l o a t a t i o n t a n k . T h i s l o c a t i o n s h o u l d b e m o n i t o r e d c l o s e l y 
t o e n s u r e t h a t m i c r o b i a l c o n t a m i n a t i o n i s n o t a p r o b l e m , t h e n e w R a p i d M e t h o d s b e i n g d e v e l o p e d 
m a y m a k e t h i s m o n i t o r i n g m u c h m o r e p r a c t i c a l . 
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FOOD S C I E N C E AND BIOSYSTEMS S C I E N C E AND ENGINEERING 

INVESTIGATORS: D a r r e l l W . D o n a h u e , B i o s y s t e m s S c i e n c e a n d E n g i n e e r i n g 
F r a n k A . D r u m m o n d , B i o l o g i c a l S c i e n c e s 
J u d y C o l l i n s , B i o l o g i c a l S c i e n c e s 
S t u d e n t , B i o s y s t e m s S c i e n c e a n d E n g i n e e r i n g 

2. T I T L E : S e p a r a t i o n o f M a g g o t - I n f c s t c d B l u e b e r r i e s i n t h e I Q F P r o c e s s i n g L i n e 

O B J E C T I V E : E x p l o r a t o r y r e s e a r c h f o r a m e t h o d t o s e p a r a t e m a g g o t - i n f c s t c d b l u e b e r r i e s i n a n 
I Q F p r o c e s s i n g l i n e . 

METHODS: F i e l d a n d s a m p l e p r e p a r a t i o n 
A f t e r f r u i t s e t , d u r i n g J u l y , 1 9 9 9 , t h e r e s e a r c h t e a m se t u p t w o i n s e c t c a g e s ( 1 0 f t x 3 0 f t x 

6 f t t a l l ) o n n o n - i r r i g a t e d p l o t s a t t h e B l u e b e r r y H i l l r e s e a r c h f a r m t o i s o l a t e a n a r e a f o r t h e 
i n o c u l a t i o n o f b e r r i e s w i t h b l u e b e r r y m a g g o t f l y . A s l a b o r a t o r y - r a i s e d f l i c s h a t c h e d t h e y w e r e 
r e l e a s e d i n t o t h e i n s e c t c a g e t e s t a r e a . D u r i n g t h e 1 9 9 9 h a r v e s t p e r i o d , a t o t a l o f 8 0 f l i c s w e r e 
r e l e a s e d i n t o t h e t e s t a r e a ( r o u g h l y 5 0 : 5 0 s e x r a t i o ; 4 7 f l i c s o n 15 J u l y a n d 3 3 o n 1 9 J u l y ) . A l s o , 
d u r i n g t h e 1 9 9 9 field s e a s o n , 2 0 0 + q u a r t s o f M a i n e w i l d b l u e b e r r i e s w e r e h a i - v c s t c d f r o m 
p r i m a r i l y t w o s o u r c e s ; o r g a n i c f a r m e r s i n t h e J o n c s b o r o a n d H a r r i n g t o n a r e a s as w e l l a s t h e t e s t 
a r e a a t B l u e b e r r y H i l l F a r m , J o n c s b o r o , M a i n e . T a b l e 1 g i v e s l o c a t i o n a n d a m o u n t o f s a m p l e s 
a n d p r e l i m i n a r y m a g g o t c o u n t s f o r e a c h h a r v e s t . 

Laboratory investigation 
E a c h t i m e a h a r v e s t w a s t a k e n , t h r e e o n e - q u a r t s u b s a m p l c s w e r e c o l l e c t e d t o p e r f o r m a 

s a m p l e m a g g o t c o u n t . T h e n o r m a l b o i l i n g a n d d i s s e c t i o n m e t h o d ( D i x o n a n d K n o w l t o n 1 9 9 4 ) 
w a s u s e d a t t h e B i o l o g i c a l E n g i n e e r i n g l a b o r a t o r y a t U M a i n c as a b a s e l i n e t e s t t o d e t e r m i n e t h e 
a v e r a g e n u m b e r o f m a g g o t s i n a g i v e n s a m p l e o f b e r r i e s . T h e f o l l o w i n g l a b o r a t o r y t e s t s w e r e 
p e r f o r m e d t o e v a l u a t e t h e e f f e c t i v e n e s s o f m a g g o t i d e n t i f i c a t i o n . 

Cold water tolerance. T h r e e t i m e s d u r i n g t h e 1 9 9 9 h a r v e s t s e a s o n q u a r t s a m p l e s w e r e e v a l u a t e d 
t o d e t e r m i n e c o l d w a t e r t o l e r a n c e . T h e p r o t o c o l w a s t o c r e a t e a 1-2°° C (34-36°F) w a t e r b a t h i n 
a c o o l e r s y s t e m . T h e q u a r t o f b e r r i e s w a s f l o a t e d i n t h e w a t e r b a t h f o r a p p r o x i m a t e l y 6 0 m i n u t e s , 
s t i r r i n g o c c a s i o n a l l y . A f t e r t h e f l o a t t i m e w a s a l l o w e d , t h e f l o a t i n g b e r r i e s a n d o t h e r m a t e r i a l s 
w e r e s k i m m e d o f f t o m a k e o n e s a m p l e a n d t h e m a t e r i a l s t h a t s a n k ( s u b m e r g e d ) w e r e s e p a r a t e d 
i n t o t h e o t h e r s a m p l e . T h e s e t w o s a m p l e s w e r e s u b j e c t e d t o t h e b o i l i n g a n d d i s s e c t i o n m e t h o d 
( D i x o n a n d K n o w l t o n 1 9 9 4 ) t o d e t e r m i n e m a g g o t c o u n t s . N i n e s a m p l e s ( t h r e e s a m p l e s a t t h r e e 
d i f f e r e n t h a r v e s t t i m e s ) w e r e e v a l u a t e d u s i n g t h e p r o t o c o l . 

U l t r a s o u n d evaluation. T h e P I c o o p e r a t e d w i t h t h e M e d i c a l I m a g i n g d e p a r t m e n t o f E a s t e r n 
M a i n e H c a l t h C a r c ( B a n g o r , M E ) t o a s se s s t h e e f f e c t i v e n e s s o f u l t r a s o u n d as m e t h o d o f m a g g o t 
i d e n t i f i c a t i o n . T h e s e i n v e s t i g a t i o n s w e r e p r e l i m i n a r y t o d e t e r m i n e t h e l i k e l i h o o d o f u s i n g t h i s 
t e c h n o l o g y i n a p r o c e s s i n g o p e r a t i o n . U l t r a s o u n d u s e s w a t e r b a t h s as a t r a n s m i t m e d i u m a n d 
m o s t b l u e b e r r y p r o c e s s i n g o p e r a t i o n s u s e w a t e r f l o a t a t i o n , s o u l t r a s o u n d t e c h n o l o g y w a s 
i n v e s t i g a t e d as a p o s s i b l e m a g g o t d e t e c t i o n m e t h o d . S e v e r a l t r i a l s w e r e u s e d t o o b t a i n t h e 
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c o r r e c t s e t t i n g s f o r f u r t h e r i n v e s t i g a t i o n u s i n g t h e m e d i c a l u l t r a s o u n d m a c h i n e ( m o d e l : S e q u o i a , 
w i t h a 1 5 L 8 W t r a n s d u c e r , A c u s o n C o m p a n y , M t . V i e w , C A ) . T h e u l t r a s o u n d f r e q u e n c y t h a t 
r e n d e r e d t h e b e s t r e s o l u t i o n w a s 1 0 . 5 M H z . W a t e r b a t h s ( w h e r e b e r r i e s w e r e f l o a t e d ) a n d a n 
u l t r a s o u n d g e l m e d i u m w e r e e v a l u a t e d as m e d i u m s f o r s o u n d t r a n s m i s s i o n . I n d i v i d u a l b e r r i e s , 
m a g g o t s a n d b l u e b e r r y s e e d s w e r e e v a l u a t e d u s i n g t h e s e t w o m e t h o d s . S e v e r a l t r a n s v e r s e a n d 
l o n g i t u d i n a l u l t r a s o u n d s c a n s w e r e p e r f o r m e d t o e s t a b l i s h b a s e l i n e i m a g e d a t a f o r i n d i v i d u a l 
b e r r i e s , m a g g o t s , a n d s e e d s . 

X - r a y evaluation. I n c o o p e r a t i o n w i t h t h e U S D A - A R S l a b o r a t o r y ( U S D A - C A ) i n A l b a n y , 
C a l i f o m i a , l i n e s c a n x - r a y s w e r e t a k e n a n d e v a l u a t e d f o r e f f e c t i v e n e s s o f m a g g o t i d e n t i f i c a t i o n . 
D i s c u s s i o n s w i t h t h e r e s e a r c h s c i e n t i s t s a t U S D A - C A a n d r e g u l a t o r s a t t h e C a l i f o m i a 
D e p a r t m e n t o f F o o d a n d A g r i c u l t u r e ( C D F A ) , l e a d t o t w o p r e v e n t a t i v e t r e a t m e n t m e t h o d s w h i c h 
w e r e u s e d t o e n s u r e m a g g o t k i l l p r i o r t o e n t r y i n t o C a l i f o m i a . F u m i g a t i o n u s i n g m e t h y l b r o m i d e 
as p e r C a l i f o m i a s t a n d a r d s a n d f l a s h f r e e z i n g t o —40°C (-40°F) w e r e t h e t w o m e t h o d s e v e n t u a l l y 
a p p r o v e d b y t h e C D F A . A p p r o x i m a t e l y 2 0 q u a r t s o f M a i n e w i l d b l u e b e r r i e s w e r e t r e a t e d v i a 
e a c h m e t h o d a n d s h i p p e d t o T h e U S D A - C A f o r x - r a y e v a l u a t i o n . T h e P I t o g e t h e r w i t h U S D A -
C A r e s e a r c h s t a f f p e r f o r m e d s e v e r a l p r e l i m i n a r y e x p e r i m e n t s t o d e t e r m i n e t h e b e s t r e s o l u t i o n 
w i t h a F a x i t r o n x - r a y m a c h i n e ( m o d e l # 4 3 8 0 N , B u f f a l o G r o v e , I L ) . T h e p r e l i m i n a r y 
i n v e s t i g a t i o n s y i e l d e d a n o p t i m a l r a n g e o f e n e r g y l e v e l s f r o m 2 8 - 3 5 k V a n d e x p o s u r e t i m e s 3 0 -
6 0 0 s e c o n d s a t 3 m A d e p e n d i n g o n b e r r y s i z e . T h e o v e r a l l b e s t x - r a y l e v e l w a s d e t e r m i n e d t o b e 
3 0 k V a n d 3 m A f o r 2 m i n e x p o s u r e . I n d i v i d u a l b e r r i e s w e r e s o r t e d b y s i z e a n d a p p r o x i m a t e l y 
6 0 b e r r i e s w e r e p l a c e d i n g r i d p a t t e m s o n c o n t a c t p a p e r s o t h a t x - r a y e x p o s u r e w o u l d b e 
t r a n s v e r s e t o t h e s t e m - c a l y x a x i s . F i g u r e 1 s h o w s t h e r e s u l t i n g p a t t e m as d e s c r i b e d . A f t e r x - r a y 
e x p o s u r e u s i n g t h e F a x i t r o n m a c h i n e , t h e s a m p l e s w e r e c o v e r e d w i t h a n o t h e r l a y e r o f c o n t a c t 
p a p e r s o t h a t b e r r y p o s i t i o n w o u l d b e p r e s e r v e d f o r l a t e r g r o u n d t m t h a n a l y s i s ( d i s s e c t i o n t o 
o b s e r v e p r e s e n c e o r a b s e n c e o f m a g g o t s ) . T h e s a m p l e s w e r e r e f r i g e r a t e d a n d s h i p p e d b a c k t o t h e 
U M a i n e B i o l o g i c a l E n g i n e e r i n g L a b o r a t o r y f o r g r o u n d t m t h p r o c e s s i n g . T h e x - r a y film s c a n s 
w e r e d i g i t a l l y s c a n n e d a n d s t o r e d i n c o m p u t e r files u s i n g P h o t o s h o p L E s o f t w a r e ( A d o b e I n c . , 
S a n J o s e , C A ) . S o m e p r e l i m i n a r y i n v e s t i g a t i o n s w e r e p e r f o r m e d u s i n g a p r o t o t y p e d i g i t a l x - r a y 
m a c h i n e c o n s i s t i n g o f a x - r a y t u b e ( m o d e l O E G - 5 0 , V a r i a n I n d u s t r i e s , S a l t L a k e C i t y , U T ) w i t h 
a P e n t a k c o n t r o l l e r ( A s t r o p h y s i c s R e s e a r c h , L t d . , C r e s s e x , H i g h W y c o m b e , U K ) , a n i m a g e 
i n t e n s i f i e r ( m o d e l T H X 9 4 6 7 , 9 i n c h , T h o m p s o n T u b e E l e c t r o n i q u e s L t d , V e l i z y C e d e x , F r a n c e ) , 
a V i d e k C C D d i g i t a l c a m e r a ( K o d a k , I n c . , F a i r f i e l d , C o n n . ) , a f r a m e g r a b b e r ( I m a g i n g 
T e c h n o l o g y , B e d f o r d , M A ) , a n d a p e n t i u m P C . T h e p r o c e d u r e s f o l l o w e d a t U S D A - C A w e r e 
s i m i l a r t o t h o s e i n v e s t i g a t e d p r e v i o u s l y ( s e e K e a g y a n d S c h a t z k i 1 9 9 3 , H a f f 1 9 9 9 ) . 

T h e d i g i t i z e d x - r a y s c a n s w e r e p r e p a r e d f o r v i s u a l i n s p e c t i o n u s i n g C o r e l D r a w ( v e r s i o n 
8 . 0 , C o r e l C o r p o r a t i o n , O n t a r i o , C a n a d a ) . A t o t a l o f 5 2 v i s u a l s a m p l e s o f t h e d i g i t i z e d s c a n s 
w e r e e v a l u a t e d v i s u a l l y b y f o u r i n d i v i d u a l s f o r g r o u n d t m t h a n a l y s i s . E x a m p l e s c a n s a r e s h o w n 
i n F i g u r e 2 . T h e d i g i t i z e d s c a n s w e r e v i e w e d o n a c o m p u t e r s c r e e n a n d t h e e x a m i n e r s w e r e 
i n s t m c t e d t o a s s i g n a ' Y ' t o i n d i c a t e s o m e s t m c t u r a l p a t t e m s v i s u a l l y p r e s e n t a n d a n ' N ' f o r n o 
a p p a r e n t p a t t e m r e c o g n i t i o n . T o d e t e r m i n e m a g g o t p r e s e n c e , t h e b e r r y s a m p l e s , w h i c h w e r e 
s h i p p e d f r o m U S D A - C A , w e r e d i s s e c t e d . T h e b l u e b e r r i e s w e r e d i s s e c t e d a n d a s t e r e o d i s s e c t i n g 
m i c r o s c o p e ( 6 0 X , W i l d e I n c . , S w i t z e r l a n d ) w a s u s e d t o a i d v i s u a l e v a l u a t i o n t o d e t e r m i n e 
m a g g o t p r e s e n c e o r a b s e n c e . T h e i n s p e c t i o n o f t h e d i g i t a l s c a n s w a s p a i r e d w i t h t h e a c t u a l b e r r y 
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d i s s e c t i o n s t o d e t e r m i n e s a m p l e g r o u n d t r u t h . A c o m p a r i s o n o f s t r u c t u r a l i n f o r m a t i o n f o u n d w a s 
m a d e t o d e t e r m i n e e x i s t e n c e o f r e c o g n i z a b l e p a t t e m s i n t h e d a t a . 

R e s e a r c h e r s a t U S D A - C A a l s o a s s i s t e d t h e P I w i t h s o m e p r e l i m i n a r y i n v e s t i g a t i o n w i t h 
n e a r - i n f r a r e d r a d i a t i o n ( N I R ) i n t h e 3 5 0 - 1 1 0 0 n a n o m e t e r w a v e l e n g t h s u s i n g a s p e c t r o m e t e r 
( M o d e l P C 1 0 0 0 , O c e a n O p t i c s , D u n e d i n , F L ) . I n d i v i d u a l m a g g o t s , b l u e b e r r y s e e d s , i n t e r i o r 
f l u i d s , s k i n a n d w h o l e b e r r i e s w e r e e v a l u a t e d . A t r a n s m i t t a n c e s p e c t r a g r a p h o f t h e s e 
c o m p o n e n t s i s g i v e n i n F i g u r e 3 . 

RESULTS/CONCLUSIONS: 
T h e 1 9 9 9 f i e l d s e a s o n w a s c o n s i d e r e d a v e r a g e w i t h r e s p e c t t o m a g g o t i n f e s t a t i o n s . T h e 

r e l e a s e o f l a b o r a t o r y - r a i s e d m a g g o t f l i e s y i e l d e d n o m a g g o t i n f e s t a t i o n i n t h e t e s t a r e a a t 
B l u e b e r r y H i l l F a r m : t w o h a n d - r a k e d h a r v e s t s , o n e w e e k a p a r t , y i e l d e d 0 m a g g o t c o u n t s . T h e 
m o s t l i k e l y c a u s e w a s n o t e n o u g h t i m e b e t w e e n t h e r e l e a s e o f f l i e s i n t o t h e i n s e c t c a g e s a n d 
h a r v e s t f o r e x p e r i m e n t a t i o n t o d e t e c t m a g g o t s . M a g g o t l a r v a e m u s t b e m o r e m a t u r e ( l a r g e r ) t o 
e n a b l e v i s u a l e v a l u a t i o n . I n a d d i t i o n , t h e r e m a y h a v e b e e n p r e d a t o r i n s e c t s i n t h e i n s e c t c a g e s 
t h a t p r e y e d o n t h e m a g g o t f l y . H o w e v e r , s a m p l e s f r o m o r g a n i c f a r m s y i e l d e d m a g g o t c o u n t s o n 
s a m p l e s r a n g i n g f r o m 6 t o 2 5 p e r q u a r t t h a t w e r e u s e d f o r e x p e r i m e n t a t i o n . S e e T a b l e 1 f o r 
f u r t h e r d e t a i l s c o n c e r n i n g m a g g o t c o u n t s . 

Cold water tolerance. M a g g o t s w e r e f o u n d i n b o t h t h e b e r r y s a m p l e s ( f l o a t s ) as w e l l as f o u n d i n 
t h e b o t t o m o f t h e c o o l e r ( s i n k s ) , s ee T a b l e 2 f o r r e s u l t s . T h e s e d a t a p r e s e n t m i x e d r e s u l t s 
c o n c e r n i n g c o l d w a t e r t o l e r a n c e . T h e l a s t s a m p l e w a s b e r r i e s i n t h e l a t e s t a g e s o f t h e f i e l d s e a s o n 
a n d i t w a s s u g g e s t e d t h a t m a g g o t s h a d b e g u n t o c r a w l o u t o f t h e b e r r i e s t o p r e p a r e f o r t h e n e x t 
l i f e c y c l e s t a g e . B a s e d o n t h e s e r e s u l t s , i t i s r e c o m m e n d e d t h a t c o l d w a t e r t o l e r a n c e s h o u l d b e 
e v a l u a t e d a n o t h e r f i e l d s e a s o n w i t h h i g h e r m a g g o t c o u n t s . T h i s f u r t h e r e v a l u a t i o n w i l l a s s i s t t o 
s o r t o u t t h e m i x e d r e s u l t s f o u n d d u r i n g t h e 1 9 9 9 f i e l d s e a s o n . 

U l t r a s o u n d evaluation. U l t r a s o n i c e v a l u a t i o n p r o v e d t o b e a b l e t o f i n d t h e m a g g o t i n i n d i v i d u a l 
b l u e b e r r i e s , i n b o t h t h e w a t e r b a t h s a n d u l t r a s o u n d g e l m e d i u m . H o w e v e r , t h e p r o c e s s w a s v e r y 
s e n s i t i v e t o b e r r y o r i e n t a t i o n , p o s i t i o n o f t r a n s m i t t e r a n d r e c e i v e r a n d p o s i t i o n o f t h e m a g g o t 
r e l a t i v e t o o t h e r i n t e r n a l b e r r y s t r u c t u r e . W h e n t h e m a g g o t w a s p o s i t i o n e d t r a n s v e r s e l y a n d n o t 
l o n g i t u d i n a l l y , t h e m a g g o t w a s m i s t a k e n f o r a s e e d . T h e u l t r a s o u n d p r o c e s s i s f a i r l y s e n s i t i v e t o 
c h a n g e s i n o r i e n t a t i o n a n d a l s o w a t e r b a t h d i s t u r b a n c e s . F o r t h e s e r e a s o n s w e f e e l t h a t c u r r e n t 
t e c h n o l o g y u l t r a s o u n d s h o u l d n o t b e c o n s i d e r e d as a d e t e c t i o n / s e p a r a t i o n t e c h n i q u e f o r m a g g o t -
i n f e s t e d b l u e b e r r i e s . 

X - r a y evaluation. B e r r y s i z e ( o r t h i c k n e s s ) w a s a m a j o r f a c t o r d e t e r m i n i n g t h e a b i l i t y t o 
a s c e r t a i n i n t e r i o r s t r u c t u r e o f t h e b l u e b e r r y . A f t e r s a m p l e s w e r e s i z e d , m o r e u n i f o r m s t r u c t u r e i n 
t h e i m a g e s w a s f o u n d i n b o t h t h e f i l m a n d d i g i t i z e d s c a n s . M o c k e d u p s a m p l e s , w h e r e e t h a n o l -
p r e s e r v e d m a g g o t s w e r e i n s e r t e d i n t o b e r r i e s , w e r e s c a n n e d f o r c o m p a r i s o n p u r p o s e s , s ee F i g u r e 
4 . V i s u a l i n s p e c t i o n r e v e a l e d n o d i s c e m a b l e p a t t e m s o r l a c k o f s t m c t u r e w h e n c o m p a r i n g 
m a g g o t - f r e e a n d m a g g o t - i n f e s t e d b e r r i e s . T h e c o n c l u s i o n o f t h e r e s e a r c h t e a m i s t h a t t h e d e n s i t y 
o f t h e m a g g o t i s c l o s e t o t h a t o f t h e i n t e r i o r p o r t i o n s o f t h e b e r r y , m a k i n g d i s t i n g u i s h i n g b e t w e e n 
t h e t w o n e a r l y i m p o s s i b l e w i t h c u r r e n t l y a v a i l a b l e x - r a y t e c h n o l o g y . T h e r e f o r e , i t i s t h e 
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r e c o m m e n d a t i o n o f t h e r e s e a r c h t e a m t h a t x - r a y n o t b e p u r s u e d as a m a g g o t 
i d e n t i f i c a t i o n / s e p a r a t i o n t e c h n o l o g y . 

N e a r - I n f r a r e d R a d i a t i o n (NIR). T h e p r e l i m i n a r y i n v e s t i g a t i o n s w i t h N I R t e c h n o l o g y p r o v e d 
i n t e r e s t i n g . A s s e e n i n F i g u r e 3 , t h e t r a n s m i t t a n c e o f t h e m a g g o t m a t e r i a l p e a k s a t a p p r o x i m a t e l y 
5 5 0 n a n o m e t e r s ( n m ) . T h e o t h e r m a t e r i a l s e x a m i n e d p e a k e d a t h i g h e r w a v e l e n g t h s ; t h e s e e d n e a r 
6 8 0 n m a n d f l e s h a n d w h o l e b e r r y n e a r 7 5 0 n m . T h e d i s t i n c t i o n b e t w e e n t h e s e p e a k a r e a s c o u l d 
p r o v i d e f o r a m e t h o d o f s e p a r a t i o n . N I R t e c h n i q u e s r e l y o n t h e b a s i c s t r u c t u r a l d i f f e r e n c e s 
( p r o t e i n , s u g a r s , e t c . ) b e t w e e n c o m p o n e n t s t o i d e n t i f y t r a n s m i t t a n c e o r r e f l e c t a n c e . F u r t h e r 
i n v e s t i g a t i o n w i t h t h e N I R t e c h n o l o g y w i l l b e r e q u i r e d t o d e t e r m i n e i t s u s e f u l n e s s a s a n 
i d e n t i f i c a t i o n / s e p a r a t i o n t e c h n o l o g y . 

RECOMMENDATIONS: 
T h e m e t h o d s i n v e s t i g a t e d a n d r e s u l t s f o u n d , d u r i n g t h e 1 9 9 9 f i e l d s e a s o n , s u g g e s t 

u l t r a s o u n d a n d x - r a y t e c h n i q u e s w i l l n o t w o r k t o i d e n t i f y m a g g o t s i n M a i n e w i l d b l u e b e r r i e s . 
C o l d w a t e r t o l e r a n c e s h o u l d b e s t u d i e d i n t h e 2 0 0 0 f i e l d s e a s o n t o s o r t o u t t h e m i x e d r e s u l t s f r o m 
t h e 1 9 9 9 f i e l d d a t a . T h e p r e l i m i n a r y w o r k p e r f o r m e d w i t h N I R s h o w s p r o m i s e as a m e t h o d o f 
m a g g o t i d e n t i f i c a t i o n i n b l u e b e r r i e s . T h e r e s e a r c h t e a m s u g g e s t s f u r t h e r r e s e a r c h i n t o N I R 
m e t h o d s a n d t e c h n i q u e s . 

T a b l e 1 . D a t e , l o c a t i o n , q u a n t i t y h a r v e s t e d , a n d l a b o r a t o r y t e s t o n m a g g o t c o u n t s . A l l l a b o r a t o r y tes ts 
w e r e p e r f o r m e d u s i n g b l u e b e r r y b o i l d i s s e c t i o n m e t h o d s 

D a t e F a r m l o c a t i o n 
Q u a n t i t y h a r v e s t e d 
( q u a r t s ) S a m p l e l o c a t i o n 

M a g g o t c o u n t ^ 

0 7 / 2 5 / 9 9 H i t c h i n g s F a r m , 2 5 ( a p p r o x i m a t e ) F i e l d 2 5 , 19 , 12 
H a r r i n g t o n 

0 8 / 0 4 / 9 9 B l u e b e r r y H i l l 15 I n s i d e r e s e a r c h 0 , 0 , 0 
F a r m , J o n c s b o r o T e n t 

U i t i t i t O u t s i d e t e n t a r e a 4 , 0 , 1 , 2 , 0 , 5 

0 8 / 0 5 / 9 9 B e d d i n g t o n R i d g e 7 5 P r o c e s s i n g l i n e 1 
F a r m ( R o n V a r i n ) 

« F i e l d , n e a r w o o d s 5, 5 , 0 
0 8 / 0 6 / 9 9 a 2 5 F i e l d , n e a r w o o d s 5 , 1 2 
0 8 / 1 0 / 9 9 a 2 5 ( a p p r o x i m a t e ) F i e l d , n e a r w o o d s 1 3 , 1 1 , 5 

^ M a g g o t c o u n t s pe r q u a r t as d e t e r m i n e d b y D i x o n a n d K n o w l t o n ( 1 9 9 4 ) b o i l a n d d i s s e c t i o n m e t h o d , 
each n u m b e r r e p r e s e n t s m a g g o t s f o u n d i n a o n e q u a r t s a m p l e 

T a b l e 2 . C o l d w a t e r t o l e r a n c e b y da te , p o s i t i o n , a n d m a g g o t c o u n t 

D a t e - T r i a l W a t e r t e m p e r a t u r e E s t i m a t e d m a g g o t F l o a t c o u n t S i n k c o u n t 
C ( F ) c o u n t 1 ( a v e r a g e ) 

0 7 / 2 9 / 9 9 - 1 2 .2 ( 3 6 ) 4 / q u a r t 3 0 
- 2 2 . 2 ( 3 6 ) " 2 0 
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- 3 2 . 2 ( 3 6 ) " 2 1 # 
0 8 / 0 5 / 9 9 - 1 1.7 ( 3 5 ) 5 / q u a r t 1 1 

- 2 1 . 7 ( 3 5 ) " 2 0 
- 3 1 . 1 ( 3 4 ) " 1 0 

0 8 / 1 0 / 9 9 - 1 1.1 ( 3 4 ) l O / q u a r t 12 5# 
-2 1 . 7 ( 3 5 ) " 5 5 # 
- 3 1.1 ( 3 4 ) 7 7 ^ 

i based o n p r i o r b o i l / d i s s e c t i o n m a g g o t c o u n t s 
^ s o m e s u n k b e r r i e s w e r e i n c l u d e d i n t b i s s a m p l e 
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a. Prepared sample trays prior to .x-ray 

b~ A single sample tray prior to x.-ray 

Figure 1. Blueberry samples for x-ray exposure 
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c . Digitized x-ray image of san1ple 

fi~u rc L (cont'd) 
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Figure. 2. Two example x-ray scans where ground troth dissection found presence -of a maggot 
(maggot presence is indicated by 4Y' or absence by iN~) 
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.Normalized Transmittance Spectra 
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Figure 3. Near-infrared radiation normalized transmittance spectra for various components of the blueberry 

O') 
lD 
0) 

a.. Mock up with maggot in frozen ber(y b. Mock up with maggot in natural berry 

Figure 4. Example x-ray scans with 'mock up~ blueberry with maggot present 
(arrows~ point to berry with inserted maggot "mock upH) 
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PESTICIDE RESIDUES IN BLUEBERRY CROP 1998 
A REPORT 

Investigators: Rodney J. Bushway, Professor of Food Science 
Alfred A. Bushway, Professor of Food Science 
Brian Perkins, Research Food Chemist 

Title: Determination of Pesticide Residue Levels in Fresh and Processed Wild 
Blueberries 

Methods: Blueberry samples ( 6 pounds each) were collected by the processors and brought to 
my laboratory in September 1998. Samples arrived frozen and were kept frozen until analysis. 
Pesticide residues in blueberries were analyzed using HPLC, GC-AED and ELISA methods 
developed in my laboratory. 

Results: Sixty-five samples were analyzed from the 1998 wild blueberry crop (Table 2). Only 2 
different pesticides-guthion and phosmet-- were found in the 1998 crop. Of these 65 samples 
21 had phosmet residues or 32% of the blueberries sampled and 26 samples were found to 
contain guthion (40% of the samples). The phosmet concentration ranged from 0.015 ppm to 
1.55 ppm while the guthion levels ranged from 0.008 ppm to 0.76 ppm. 

Conclusion: Considering the tolerances (phosmet 10 ppm and guthion 5 ppm) these positive 
samples have very low residues. 

Recommendations: I would suggest to continue analyzing future crops of wild blueberries to 
maintain a residue data base which is invaluable to the wild blueberry 
Industry. 

Future Work: Development of LC/MS/MS methods to look at possible breakdown products 
and new polar pesticides. 
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T A B L E 1 
1998 Blueberry Pesticide Results 

Phosmet Guthion Methoxychlor Carbendazim Hexazinone Propiconazole Captan 
Sample (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) 

1 ND ND ND * ND ND ND 
2 ND 44 ND * ND ND ND 
3 ND 72 ND * ND ND ND 
4 ND ND ND * ND ND ND 
5 ND ND ND * ND ND ND 
6 ND ND ND * ND ND ND 
7 20 17.7 ND * ND ND ND 
8 ND ND ND * ND ND ND 
9 ND ND ND * ND ND ND 
10 ND ND ND * ND ND ND 
11 164 67 ND * ND ND ND 
12 ND 44.2 ND * ND ND ND 
13 ND ND ND * ND ND ND 
14 ND 27.4 ND * ND ND ND 
15 ND 158 ND * ND ND ND 
16 102 ND ND * ND ND ND 
17 ND ND ND * ND ND ND 
18 ND ND ND * ND ND ND 
19 ND ND ND * ND ND ND 
20 115 ND ND * ND ND ND 
21 ND ND ND * ND ND ND 
22 100 53 ND * ND ND ND 
23 146 44.2 ND * ND ND ND 
24 ND ND ND * ND ND ND 
25 ND ND ND * ND ND ND 
26 ND ND ND * ND ND ND 
27 ND ND ND * ND ND ND 
28 ND ND ND * ND ND ND 
29 ND 62.1 ND * ND ND ND 
30 ND 757 ND * ND ND ND 
31 ND 167 ND * ND ND ND 
32 ND 44.0 ND * ND ND ND 
33 ND ND ND * ND ND ND 
34 133 615 ND * ND ND ND 
35 ND ND ND * ND ND ND 
36 200 ND ND * ND ND ND 
37 ND 27.4 ND * ND ND ND 
38 376 ND ND * ND ND ND 
39 110 ND ND * ND ND ND 
40 107 ND ND * ND ND ND 
41 57.1 58.7 ND * ND ND ND 
42 72.8 ND ND * ND ND ND 
43 1551 ND ND * ND ND ND 
44 ND ND ND * ND ND ND 
45 ND ND ND * ND ND ND 
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46 420 15.8 ND * ND ND ND 
47 ND ND ND * ND ND ND 
48 ND ND ND * ND ND ND 
49 ND 15.7 ND * ND ND ND 
50 900 ND ND * ND ND ND 
51 45.0 7.87 ND * ND ND ND 
52 ND 47.4 ND * ND ND ND 
53 15.1 ND ND * ND ND ND 
54 ND ND ND * ND ND ND 
55 ND 7.90 ND * ND ND ND 
56 420 15.8 ND * ND ND ND 
57 ND ND ND * ND ND ND 
58 ND ND ND * ND ND ND 
59 ND 15.7 ND * ND ND ND 
60 900 ND ND * ND ND ND 
61 45.0 7.87 ND * ND ND ND 
62 ND 47.4 ND * ND ND ND 
63 15.1 ND ND * ND ND ND 
64 ND ND ND * ND ND ND 
65 ND 7.90 ND * ND ND ND 

ND no residue detected at following limits: 
Phosmet: 1 ppb 
Guthion: 1 ppb 
Methoxychlor: 5 ppb 
Hexazinone: 20 ppb 
Propiconizole: 5 ppb (Orbit, tilt) 
Captan: 5 ppb 
Carbendazmin: 20 ppb (Benlate) 
*Using new equipment - analyzing over the next 2 weeks. 
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PESTICIDE RESIDUES IN BLUEBERRY CROP 1999 
A REPORT 

Date: February 7, 2000 

Investigators: Rodney J. Bushway, Professor of Food Science 
Alfred A. Bushway, Professor of Food Science 
Brian Perkins, Research Food Chemist 

Title: Determination of Pesticide Residue Levels in Fresh and Processed Wild 
Blue berries 

Methods: Blueberry samples (6 pounds each) were collected by the processors and 
brought to my laboratory in September 1998. Samples arrived frozen and were kept 
frozen until analysis. Pesticide residues in blueberries were analyzed using HPLC, GC­
AED and ELISA methods developed in my laboratory. 

Results: Fifty-five samples were analyzed from the 1999 wild blueberry crop (Table 1). 
There were 5 different pesticide-phosmet, guthion, methoxychlor, carbendazim, and 
propiconizole-- found in this crop. Of these 5 different pesticides carbendazim residues 
were found in 55%(range 0.025 to 0.87 ppm)of the samples followed by phosmet at 40% 
(range 0.006 ppm to 2.58ppm), guthion at 36% (range 0.01 ppm to l.21ppm), 
methoxychlor (0.08 ppm) and propiconizole (0.10 ppm). 

Conclusion: Considering the tolerances (phosmet 10 ppm, guthion 5 ppm, methoxychlor 
14 ppm, carbendazim 7 ppm and propaconizole unavailable) these positive samples have 
very low residues. 

Recommendations: I would suggest to continue analyzing future crops of wild 
blueberries to maintain a residue data base which is invaluable to the wild blueberry 
Industry. 

Future Work: Development of LC/MS/MS methods to look at possible breakdown 
products and new polar pesticides. 



TABLE I 
1999 Blueberry Pesticide Results 

Phosmet Guthion Methoxychlor Carbendazim Hexazinone Propiconazole Cap tan 
Sample (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

Detection 
Limit- I 0.001 0.001 0.005 0.02 0.02 0.005 0.005 

2 ND ND ND ND ND ND ND 
3 ND ND ND ND ND ND ND 
4 ND 0,079 ND ND ND ND ND 
5 0.116 ND ND ND ND ND ND 
6 ND ND ND ND ND ND ND 
7 0.023 ND ND ND ND ND ND 
8 2.558 ND ND ND ND ND ND 
9 ND ND ND ND ND ND ND 
10 ND ND ND 0.103 ND ND ND 
11 ND 0.055 ND ND ND ND ND 
12 ND 0.091 ND ND ND ND ND 
13 0.02 0.072 ND ND ND ND ND 
14 ND ND ND 0.247 ND ND ND 
15 ND ND ND ND ND ND ND 
16 102 ND ND 0.563 ND ND ND 
17 0.007 ND ND 0.163 ND ND ND 
18 0.028 ND 0.08 0.185 ND ND ND 
19 ND 0.051 ND ND ND ND ND 
20 ND 1.206 ND 0.047 ND ND ND 
21 ND 0.108 ND 0.037 ND ND ND 
22 ND 0.025 ND ND ND ND ND 
23 ND 0.025 ND 0.157 ND ND ND 
24 0.172 ND ND 0.275 ND ND ND 
25 ND 0.026 ND 0.456 ND ND ND 
26 ND 0.045 ND 0.09 ND ND ND 
27 ND ND ND ND ND ND ND 
28 ND 0.088 ND ND ND ND ND 
29 0.115 ND ND 0.228 ND ND ND 
30 0.023 ND ND 0.117 ND ND ND 
31 0.038 ND ND 0.305 ND ND ND 
32 ND 0.014 ND 0.064 ND ND ND 
33 ND ND ND ND ND ND ND 
34 0.024 0.01 ND ND ND ND ND 
35 ND ND ND ND ND ND ND 
36 ND ND ND ND ND ND ND 
37 ND 0.021 ND ND ND ND ND 
38 ND ND ND ND ND ND ND 
39 0.303 ND ND ND ND ND ND 
40 0.006 ND ND 0.212 ND ND ND 
41 ND ND ND 0.212 ND ND ND 
42 ND ND ND ND ND ND ND 
43 ND ND ND 0.272 ND ND ND 
44 ND ND ND 0.187 ND ND ND 
45 0.006 ND ND 0.129 ND ND ND 
46 0.013 ND ND 0.23 ND ND ND 
47 ND ND ND ND ND ND ND 
48 0.006 ND ND 0.206 ND ND ND 



49 ND ND ND ND ND ND ND 
50 ND ND ND 0.083 ND ND ND 
51 ND ND ND 0.039 ND ND ND 
52 ND ND ND ND ND ND ND 
53 ND ND ND 0.29 ND ND ND 
54 0.008 ND ND 0.117 ND ND ND 
55 0.006 ND ND 0.099 ND ND ND 
56 ND 0.032 ND 0.872 ND ND ND 
57 ND ND ND ND ND ND ND 
58 0.032 ND ND ND ND ND ND 
59 ND ND ND 0.025 ND ND ND 
60 ND ND ND ND ND ND ND 
61 ND 0.278 ND ND ND 0.104 ND 
62 0.029 ND ND ND ND ND ND 
63 ND ND ND 0.572 ND ND ND 
64 ND ND ND ND ND ND ND 
65 0.053 0.054 ND ND ND ND ND 
66 ND ND ND ND ND ND ND 
67 ND ND ND ND ND ND ND 
68 ND ND ND ND ND ND ND 
69 ND 0.043 ND ND ND ND ND 
70 0.038 0.081 ND ND ND ND ND 

Tolerances 10 5 14 7 0.2 NA 25 



ENTOMOLOGY 

INVESTIGATORS: 

University of Maine-Wild Lowbush Blueberries 

F. A. Drummond, Associate Professor of Insect Ecology 
J. A. Collins, Assistant Scientist of Biological Sciences 

1. TITLE: Control Tactics for Blueberry Pest Insects 

I. METHODS 
Evaluation of insecticides for control of secondary pest insects. 

Two laboratory control tests were conducted using a Burkard® computer controlled_ spray 
apparatus to apply Confirm®, an insect growth regulator and to evaluate its effectiveness against 
early and mid- to late instar blueberry spanworm larvae. The efficacy of phloxine b (the active 
ingredient in SureDye®), and spinosad (a derivative from the fermentation of the microorganism 
Saccharpolyspora spinosa) was evaluated in small cage studies with laboratory reared blueberry 
maggot adults. Surround Crop Protectant® (a particle film derived from the mineral kaolin) was 
applied to suppress feeding by blueberry flea beetle larvae and was tested by feeding field 
collected larvae blueberry stems. 

Field trials were conducted to evaluate the efficacy of SpinTor® (spinosad), Mycotrol® 
(GHA strain Beauveria bassiana), Javelin® (Bt), Confirm®, Imidan®, and a combination of 
Mycotrol® and Javelin® against blueberry spanworm larvae. SpinTor®, Mycotrol®, and 
Surround® were tested against blueberry flea beetle larvae. All materials were applied as foliar 
sprays. Effectiveness in all three trials was measured by taking pre- and post-treatment sweep­
net samples and by holding larvae in the laboratory for evidence of infection with Beauveria 
bassiana. Two trials were conducted against blueberry thrips. In one trial, Mycotrol® was 
applied as a soil drench to pruned fields. In a second trial, four materials (Diazinon®, Admire®, -
Esteem®, and Surround®) were applied as foliar sprays to a pruned field. Populations of thrips 
in both trials were monitored by counting the numbers of infested stems as evidenced by leaf 
curling. 

Treatments were applied and residue samples collected to aid in the registration of 
Esteem® (pyriproxyf en), an insect growth regulator. 

RESULTS 
In laboratory tests against blueberry maggot adults, yeast hydrolozate bait mixed with 

spinosad resulted in significantly greater fly mortality by day 1 compared to mortality of flies fed 
only bait as a control. Mortality of flies fed phloxine b + bait was not significantly different from 
that of flies fed only bait until day 3 (Table 1 ). Surround® was ineffective against blueberry flea 
beetle larvae (Table 2). Good results were obtained with Confirm® against blueberry spanworm 
larvae (Table 3). The results suggest that the recommended rate should be effective in 
controlling spanworm larvae in the field. 

In field tests, both rates of SpinTor® provided excellent control of a large flea beetle 
population. When adjusted to account for Beauveria bassiana induced mortality, Mycotrol® 
also performed very well. Surround® was not effective (Table 4). SpinTor® and Imidan® 
significantly reduced blueberry spanworm populations in two separate trials (Table 5). Larvae 
collected from sites treated with Mycotrol® developed a moderate to high level of infection 
immediately following the first application in both trials (56% on 4/23, 50% on 4/25 in trial #1; 
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90% on 4/30 in trial #2); however, there was a decrease in% infection on subsequent sample 
days. Mycotrol® 16 oz+ Javelin® (8 oz) performed slightly better; however, seasonal densities 
were not significantly different than the untreated controls. Populations treated with Confirm® 
were high in initial counts, but then declined rapidly. A spring drench with Mycotrol® did not 
significantly reduce populations of blueberry thrips (Table 6). Also, none of the materials 
applied as foliar treatments gave a statistically significant reduction in populations of thrips as 
evidenced by leaf curling. However, subjective visual observations suggested that plots treated 
with Diazinon® and Admire® were in better condition than those treated with Surround® or 
Esteem® (Table 7). 

CONCLUSIONS 
Of the materials tested in 1999, SpinTor® and Confirm® showed the most promise. 

Also, several years of data have now been collected on Mycotrol®, a commercially available 
formulation of the insect pathogenic fungus Beauveria bassiana. The poor results against 
spanworm in 1999 may have been due to the unseasonably hot, dry and sunny weather through 
the duration of the trial. Mycotrol® breaks down rapidly under these conditions; newly 
emerging larvae would likely be unaffected. 

II. METHODS 
Alternative chemical controls for blueberry maggot. 

The efficacy of four materials (Neemix®, Spin Tor®, Imidan®, and Surround®) was 
evaluated following ground applications with an airblast sprayer. Efficacy was evaluated based 
on numbers of maggots in fruit at harvest. Seasonal density of blueberry maggot adults was 
monitored with baited yellow Pherocon® traps. 

RESULTS 
Seasonal density of blueberry maggot adults was generally above the recommended 

cumulative threshold of 10 flies/trap (Table 8). Analysis of the trap data showed no significant 
difference among the treatments. Of the materials tested, only the standard Imidan® 
significantly reduced maggot populations in comparison with the 'no insecticide' control. 

CONCLUSIONS 
The search for alternatives to Guthion/Sniper® and Imidan® to control blueberry maggot 

has been slow. Results with Neemix® have not produced consistent results. Although 
SureDye® has performed very well in laboratory and controlled cage studies, field trials in 1998 
were inconclusive. The material was not available on a timely basis for field tests in 1999. 

III. METHODS 
Distribution and persistence of Beauveria bassiana. 
Assessing background levels of Beauveria bassiana in Washington Co: Soil samples were 
collected from Washington and Knox Co. and processed in the laboratory to assess 'natural' 
infection levels of this insect pathogenic fungus. 
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Persistence of Beauveria bassiana in soil: Mycotrol® was applied to the soil as a drench in a 
pruned bluebeny field. Soil samples were collected at monthly intervals to monitor residual 
levels of Beauveria bassiana. 

Effect of Mycotrol® on bumble bees: Commercial bumble bees were allowed to forage in field 
cages covering crop year wild bluebeny plants which were treated with the recommended field 
rate of Mycotrol® immediately prior to introduction of the bees. Evaluation of the effect of 
Mycotrol® on the bees was based on several factors including bee survival, health of queens and 
brood, bee flight activity, and bluebeny fruit set. 

RESULTS 
Assessing background levels of Beauveria bassiana in Washington Co: Natural infestations 
of B. bassiana were found in only one of 23 fields. The sample was collected from a crop field 
located on the barrens in Washington Co. This compares to 14of25 fields in Washington Co. 
having B. bassiana in 1998. 

Persistence of Beauveria bassiana in soil: More B. bassiana was recovered closer to the soil 
surface and less was recovered in deeper samples on the first sample date (Fig. 1). There was 
also a decrease over time with more B. bassiana being recovered immediately after application 
and less on subsequent dates. By the third sample date, little or no B. bassiana was found in the 
soil samples. The mean half-life of B. bassiana was 41 days. This compares to 45 days in 1998 
during a similar study. 

Effect of Mycotrol® on bumble bees: There was no significant difference in the number of 
live bumble bees collected from each hive at the conclusion of the trial (Table 9). An average of 
77.75 bees were collected from hives placed in cages treated with Mycotrol®; 81.25 bees were 
collected from untreated control hives. No differences were observed in queen or brood. There 
was also no difference in the number of bees flying during four, 1 minute observations. An 
average of 4.3 bees were observed in both treated and untreated cages. Counts of flowers prior to 
introduction of the bees and of fruit after bees were removed showed no significant differences. 
Treated cages had an average of 7.4 flowers and 4.1 fruits per stem; control cages had 7 .6 flowers 
and 3 .5 fruits per stem. 

CONCLUSIONS 
Assessing background levels of Beauveria bassiana in Washington Co: We suspect that the 
drought conditions in 1999 may have contributed to the absence o_f natural B. bassiana 
infestation in blueberry fields. This suggests that environmental conditions may have significant 
impact on the levels of disease that one might expect to find in blueberry fields. 
Persistence of Beauveria bassiana in soil: Applications of B. bassiana to the soil could have 
long lasting potential for mortality of spanworm or flea beetle pupating in or on the soil surface. 
To confirm this, field studies involving release of late instar flea beetle and spanworm larvae 
onto soil previously sprayed with B. bassiana need to be conducted. 

Effect of Mycotrol® on bumble bees: Mycotrol® apparently had no adverse effects on 
commercial bumble bees. 
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IV. METHODS 
Exclusion of blueberry maggot adults from field plots using mesh screening as a barrier. 

Three, 15 x 15-ft plots were set in a crop year wild blueberry field which previous 
observations had shown to be heavily infested with blueberry maggot. Each plot was enclosed 
with black fiberglass window screening, 4-ft high, and attached to wooden stakes. Sand was 
used to seal the bottom. A baited yellow Pherocon® trap was placed within each enclosure and 
checked at three to four day intervals for blueberry maggot adults. Three additional traps were 
set in adjacent areas of the field between 20 and 50-ft from the enclosures. Effectiveness of the 
enclosures to exclude blueberry maggot adults was evaluated by counting numbers of maggots 
found in fruit at harvest. 

RESULTS 
Enclosing small field plots with window screening resulted in a significant reduction in 

the total number of flies captured on yellow sticky traps over the duration of the trial. There was 
also a significant reduction in numbers of maggots found in processed fruit (Table IO). 

CONCLUSIONS 
Larger scale field tests still must be conducted to see if screening is useful in production 

level pest management. 

RECOMMENDATIONS 
With <.me exception, the list of recommended insect control materials will remain essentially 

unchanged for 2000. Mycotrol ES® will be added to the list of recommended materials for use 
against flea beetle larvae in 2000. At least one additional year of data is necessary on the 
effectiveness of this compound against spanworm larvae before any recommendation can be made. 
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I. EVALUATION OF INSECTICIDES FOR CONTROL OF SECONDARY PEST 
INSECTS. 

Table 1. Laboratory screening of insecticides for control of blueberry maggot adults, sprayed 
on six dates between 24 March and 4 April 1999. 

% Mortality (SD)* on post treatment day 

Material 1 2 3 4 
Mean days 
to death** 

phloxine b 0.48% +bait 
spinosad + bait 
yeast hydrolozate bait 

152 (16.9) 
55.8 (19.5) 
3.3 (8.2) 

47.5 (25.2) 
86.8 (10.8) 
25.0 (29.3) 

81.8 (18.8) 
95.8 (10.2) 
47.0 (33.2) 

100.0 (0.0)2.5 (0.18) c 
100.0 (0.0) 1.6 (0.15) b 
58.3 (29.0)3.3 (0.18) a 

* 
** 

Percent mortality for six trials, combined. 
Mean days to death out of a total of four days in the experiment. 

Table 2. Laboratory screening of Surround Crop Protectant for control of blueberry flea beetle 
larvae; sprayed 19 May 1999. 

Material 

Surround CP 
+ M03 sis 

No insecticide 

% Mortality (SD) 
Rate 5/21 5/22 

6% solids (50 lbs/100 gals) 0 (0.0) 0 (0.0) 
+ 1 pt/100 gals 

0 (0.0) 25 (12.5) 
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Table 3 . L a b o r a t o r y sc reen ing o f C o n f i r m 7 0 W P f o r c o n t r o l o f b l u e b e r r y s p a n w o r m l a r vae ; 
test # 1 t rea ted 2 6 A p r i l , test # 2 t rea ted 6 M a y 1 9 9 9 . 

TEST #1 
T r t . R a t e % M o r t a l i t v ( S D ) * 
n o . (oz /ac re ) 0 4 / 2 7 0 4 / 2 8 0 4 / 2 9 0 4 / 3 0 0 4 / 3 1 

1 . 3 2 . 0 0 ( 0 . 0 ) 3 0 ( 2 5 . 8 ) 5 0 ( 3 8 . 3 ) 100 ( 0 . 0 ) 1 0 0 ( 0 . 0 ) 
2 . 16.0 0 ( 0 . 0 ) 1 0 ( 1 1 . 5 ) 4 0 ( 2 8 . 3 ) 100 ( 0 . 0 ) 100 ( 0 . 0 ) 
3 . 3.2 5 ( 1 0 . 0 ) 1 0 ( 1 1 . 5 ) 2 5 ( 1 9 . 1 ) 100 ( 0 . 0 ) 100 ( 0 . 0 ) 
4 . 0 .32 0 ( 0 . 0 ) 2 0 ( 1 6 . 3 ) 55 ( 1 0 . 0 ) 8 0 ( 1 6 . 3 ) 100 ( 0 . 0 ) 
5. 0 .032 0 ( 0 . 0 ) 1 0 ( 1 1 . 5 ) 35 ( 2 5 . 2 ) 8 0 ( 1 6 . 3 ) 100 ( 0 . 0 ) 
6. C o n t r o l (H2O) 0 ( 0 . 0 ) 0 ( 0 . 0 ) 2 0 ( 1 6 . 3 ) 55 ( 3 4 . 2 ) 65 ( 2 5 . 2 ) 

+ L a t r o n s/s 1.5 o z 

* F o u r rep l i ca tes o f f i v e l a r v a e . 

TEST # 2 
T r t . R a t e % M o r t a l i t v ( S D ) * 
n o . (oz /ac re ) 0 5 / 0 7 0 5 / 0 8 0 5 / 0 9 0 5 / 1 0 0 5 / 1 1 

1 . 3 2 . 0 5 ( 1 0 . 0 ) 1 0 ( 2 0 . 0 ) 7 0 ( 2 0 . 0 ) 95 ( 1 0 . 0 ) 100 ( 0 . 0 ) 
2 . 0 .32 5 ( 1 0 . 0 ) 35 ( 3 0 . 0 ) 8 0 ( 1 6 . 3 ) 95 ( 1 0 . 0 ) 95 ( 1 0 . 0 ) 
3. 0 .032 15 ( 1 0 . 0 ) 5 0 ( 2 0 . 0 ) 8 0 ( 1 6 . 3 ) 8 0 ( 1 6 . 3 ) 8 0 ( 1 6 . 3 ) 
4 . 0 . 0 0 3 2 0 ( 0 . 0 ) 10 ( 2 0 . 0 ) 55 ( 1 0 . 0 ) 6 0 ( 1 6 . 3 ) 7 5 ( 1 9 . 1 ) 
5. C o n t r o l (H2O) 4 ( 8 . 9 ) 1 2 ( 1 1 . 0 ) 1 6 ( 8 . 9 ) 2 0 ( 0 . 0 ) 2 0 ( 0 . 0 ) 

+ L a t r o n s/s 1.5 o z 

0 5 / 1 2 0 5 / 1 3 

1 . 3 2 . 0 100 ( 0 . 0 ) 1 0 0 ( 0 . 0 ) 
2 . 0 .32 1 0 0 ( 0 . 0 ) 1 0 0 ( 0 . 0 ) 
3. 0 . 032 100 ( 0 . 0 ) 1 0 0 ( 0 . 0 ) 
4 . 0 . 0 0 3 2 7 5 ( 1 9 . 1 ) 85 ( 1 9 . 1 ) 
5. C o n t r o l (H2O) 2 4 ( 8 . 9 ) 3 2 ( 1 1 . 0 ) 

+ L a t r o n 1.5 o z 

F o u r rep l i ca tes o f f i v e l a r v a e ; f i v e rep l i ca tes o f f i v e l a r v a e f o r c o n t r o l . 
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Table 4. Field control of blueberry flea beetle larvae. 

Material Amt. form./acre Seasonal density* 
SpinTor 2 SC 
SpinTor 2 SC 
Mycotrol ES 
Surround CP 

+ M03 sis 
No insecticide 

5.7 oz 
2.8 oz 
32 oz 

6% solids (50 lbsllOO gals) 
+ 1 ptllOO gals 

6.8 c 
12.3 b 
16.0 b 
92.4 a 

79.2 a 

* Means followed by the same letter are not significantly different (P < 0.05; SNK). 

Table 5. Field control of blueberry spanworm larvae. 

Material 

TRIAL#l 
Mycotrol ES 
SpinTor 2 SC 
Imidan 2.5 EC 
No insecticide 

TRIAL#2 
Mycotrol ES 
Mycotrol ES 

+Javelin WP 
Javelin WP 
Confirm 70 WP 

+ Latron sis 
Confirm 70 WP 

Amt. form./acre 

32 oz 
5.7 oz 
16 oz 

32 oz 
16 oz 
8 oz 
16 oz 
8 oz 
1.5 oz 
16 oz 

Seasonal density* 

20.5 a 

1.7 c 
3.6 b 
14.8 a 

13.3 a 

8.1 a 

3.7 b 

3.2 b 

+ Latron sis 1.5 oz 2.4 b 
SpinTor 2 SC 5.7 oz 1.0 c 
Imidan 2.5 EC 16 oz 0.9 c 
No insecticide 14.9 a 
* Means followed by the same letter within each trial are not significantly different (P < 0.05; 
SNK). 
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Table 6. C o n t r o l o f b l u e b e r r y t b r i p s o n w i l d b l u e b e r r y w i t b M y c o t r o l E S , 
( G H A s t r a i n Beauveria bassiana), a p p l i e d as a s o i l d rencb. 

A v e r a g e / t i n 
A v e r a g e S t e m s w i t b cu r l s 

M a t e r i a l s t e m s / t i n n u m b e r %* 
M y c o t r o l E S 4 1 . 2 3 2 . 2 8 2 . 0 a 

N o i nsec t i c i de 4 7 . 4 4 1 . 6 9 0 . 0 a 

* M e a n s f o l l o w e d b y tbe same l e t t e r a re n o t s i g n i f i c a n t l y d i f f e r e n t {P < 0 . 0 5 ; A N O V A ) . 

Table 7 . F i e l d c o n t r o l o f b l u e b e r r y t b r i p s . 

A m t . A v g . n o . 
f o r m . / s t ems / % s tems w i t b cu r l s 

M a t e r i a l acre s q f t * A v g . / s q f t * 

D i a z i n o n 5 0 0 3 2 o z 104 .9 a 2 6 . 2 be 
A d m i r e 2 F 6.4 o z 100 .3 a 16 .9 c 
E s t e e m 0 .86 E C I G R 15 o z 96 .3 a 5 6 . 2 ab 
S u r r o u n d C P 6 % so l i ds ( 5 0 l b s / 1 0 0 ga ls ) 9 8 . 9 a 7 9 . 0 a 
+ M 0 3 s/s + 1 p t / 1 0 0 ga ls 
N o i nsec t i c i de - 1 0 2 . 6 a 3 3 . 6 be 

* M e a n s w i t b i n eacb c o l u m n f o l l o w e d b y tbe same le t te rs a re n o t s i g n i f i c a n t l y d i f f e r e n t {P < 
0 . 0 5 ; S N K ) . 
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I I . ALTERNATIVE CHEMICAL CONTROLS FOR BLUEBERRY MAGGOT. 

Table 8. F i e l d c o n t r o l o f b l u e b e r r y m a g g o t w i t b g r o u n d a p p l i c a t i o n o f insec t i c ides . 

A m t . A v g . A d u l t s / t r a p 
f o r m . / N u m b e r o f A p p l . m a g g o t s / seasonal 

M a t e r i a l acre a p p l i c a t i o n s dates qua r t * d e n s i t v * 

S u r r o u n d C P 6 % so l i ds + 1 2 % so l i ds 2 7 / 1 , 7 /12 2.3 ab 9.3 a 
+ M 0 3 s/s + 1 p t / l O O g a l 
S u r r o u n d C P 1 2 % so l i ds 1 7 / 1 2 3 .2 a 10.0 a 
+ M 0 3 s/s + 1 p t / l O O g a l 
S p i n T o r 2 S C 8 o z 1 7 / 1 2 1.8 ab 10.9 a 
I m i d a n 2.5 E C 3 2 o z 1 7 / 1 2 0.3 b 9.4 a 
N e e m i x 4 .5 W G / W D G 2 1 o z 1 7 / 1 2 2 .6 ab 13.9 a 

N o i nsec t i c i de 2 .8 a 10.9 a 

* M e a n s a m o n g t r e a t m e n t s w i t b i n tbe s a m e c o l u m n f o l l o w e d b y tbe same le t te rs are n o t 
s i g n i f i c a n t l y d i f f e r e n t ( P < 0 . 0 5 ; S N K ) . 
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I I I . DISTRIBUTION AND PERSISTENCE OF BEA UVERIA BASSIANA. 
Figure 1. Pe rs i s t ence of Beauveria bassiana i n t he s o i l . 

5 

• 27 May 

• 29 June 

• 26 July 

I 1 
2-4 4-6 

Soil depth (cm) 

Table 9. E f f e c t o f Beauveria bassiana ( M y c o t r o l E S ) o n c o m m e r c i a l b u m b l e bees. 1 9 9 9 
T r e a t m e n t H i v e # L i v e bees* Q u e e n C a p p e d b r o o d U n c a p p e d b r o o d 
M y c o t r o l E S 75 

6 6 
8 6 
82 

Y e s 
Y e s 
Y e s 
Y e s 

Y e s 
Y e s 
Y e s 
Y e s 

N o 
N o 
N o 
N o 

77 .8 ( 8 . 6 ) a 

U n t r e a t e d c o n t r o l 2 
4 
6 
8 

104 
83 
63 
75 

Y e s 
Y e s 
Y e s 
Y e s 

Y e s 
Y e s 
Y e s 
Y e s 

N o 
N o 
N o 
N o 

81 .2 ( 1 7 . 2 ) a 
M e a n s f o l l o w e d b y tbe same l e t t e r a re n o t s i g n i f i c a n t l y d i f f e r e n t ( P < 0 . 0 5 ; A N O V A ) . 
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IV. EXCLUSION OF BLUEBERRY MAGGOT ADULTS FROM FIELD PLOTS USING 
MESH SCREENING AS A BARRIER. 

Table 10. S u m m a r y o f y e l l o w s t i c k y t rap captures a n d m a g g o t i n f e s t a t i o n o f f r u i t c o m p a r i n g 
enc losed v s . o p e n f i e l d p l o t s 

T r e a t m e n t C u m u l a t i v e flies/trap ( S D i * M a g g o t s / q t ( S D ) * * 
E n c l o s e d 2 .7 ( 3 . 8 ) a 0 .1 ( 0 . 3 ) a 

O p e n 19.3 ( 9 . 0 ) b 7.9 ( 6 . 9 ) b 

* C u m u l a t i v e f l i e s per t rap i s tbe t o t a l f l i e s co l l ec ted o n eacb t rap o v e r tbe d u r a t i o n o f tbe 
t r i a l d i v i d e d b y tbe n u m b e r o f t raps ( 3 / t r e a t m e n t ) . 

** M e a n s f o l l o w e d b y tbe s a m e le t te r are n o t s i g n i f i c a n t l y d i f f e r e n t {P < 0 . 0 5 ; S N K ) . 
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ENTOMOLOGY 

INVESTIGATORS: F . A . D r u m m o n d , A s s o c i a t e P r o f e s s o r o f Insec t E c o l o g y 

J. A . C o l l i n s , A s s i s t a n t S c i e n t i s t o f B i o l o g i c a l Sc iences 

2. TITLE: I P M S t ra teg ies 

1. METHODS 

Within-field movement of blueberry maggot: 
I n l a te J u l y at B l u e b e r r y H i l l F a r m , 5 6 b a i t e d y e l l o w Pherocon® t raps w e r e d i s t r i b u t e d i n a n 8 x 

7 f o o t g r i d w i t b 2 0 feet b e t w e e n eacb r o w a n d c o l u m n o f t raps . O n t w o dates, b l u e b e r r y m a g g o t 
f l i e s w h i c h bad b e e n rea red i n tbe l a b o r a t o r y f r o m w i n t e r i n g pupae w e r e m a r k e d w i t b f l ou rescen t 
d y e a n d re leased i n t o tbe cen te r o f tbe f i e l d . T b e t raps w e r e checked d a i l y . A n y cap tu red f l i e s 
w e r e co l l ec ted a n d e x a m i n e d f o r d y e . 
Colonization of blueberry fields by blueberry maggot flies: 
O n 2 4 June, b a i t e d y e l l o w Pherocon® t raps w e r e p laced i n f o u r f i e l d s i n W a s h i n g t o n C o . T b e 
t raps w e r e d i s t r i b u t e d i n l i n e a r t ransects . F o r eacb t ransect , o n e t rap w a s set 3 0 f t o u t s i d e tbe 
f i e l d edge. T b e n e x t t rap w a s a t tbe f i e l d edge; subsequent t raps w e r e set 10, 2 0 , 5 0 , 100 , 2 0 0 , 
a n d 3 0 0 f t a l o n g a l i n e m i m i n g i n t o tbe f i e l d . A n a d d i t i o n a l t rap w a s set at 5 0 0 f t i n t w o o f tbe 
f i e l d s . T b e t raps w e r e checked at t w o t o t h r e e d a y i n t e r v a l s b e g i n n i n g o n 25 June a n d c o n t i n u i n g 
u n t i l 19 J u l y . A l l t raps w e r e rep laced a f te r t w o w e e k s . A n y cap tu red f l i e s w e r e co l l ec ted , r i n s e d 
i n ke rosene t o r e m o v e s t i c k y res idue f r o m tbe t raps , a n d s to red i n 7 0 % e t h y l a l c o h o l ( E T O H ) 
p r i o r t o i n s p e c t i o n i n tbe l a b o r a t o r y t o d e t e r m i n e gender a n d o v i p o s i t i o n s tatus. 

RESULTS 
Within-field movement of blueberry maggot: 
O f 4 0 f l i es re leased, e i g h t w e r e recap tu red ( 2 0 . 0 % ) . F l i e s m o v e d a n average o f 4 2 . 5 8 f t / day . O f 
tbe e i gh t f l i e s recap tu red i n 1 9 9 9 , f i v e w e r e recap tu red w i t b i n o n e d a y o f re lease. T b e d is tance 
t r a v e l e d b y these f l i e s r a n g e d f r o m 2 2 . 4 f t t o 9 2 . 2 f t . F i g u r e 1 s h o w s tbe d i s t r i b u t i o n o f d is tance 
f l i e s m o v e per d a y f o r flies c o l l e c t e d i n b o t h 1 9 9 8 a n d 1 9 9 9 . W o r k has b e g u n o n a c o m p u t e r 
m o d e l o f f l y m o v e m e n t . T h i s w i n t e r , da ta f r o m t h i s s t u d y w i l l be added t o tbe m o d e l a n d 
hypo theses w i l l be genera ted w h i c h can be f i e l d tes ted i n 2 0 0 0 . 

Colonization of blueberry fields by blueberry maggot files: 
A t t h ree o f tbe f o u r s i tes ( B l u e b e r r y H i l l F a r m w a s tbe e x c e p t i o n ) , f l i e s w e r e h e a v i l y congrega ted 
w i t b i n tbe l O - f t r e g i o n a r o u n d tbe f i e l d p e r i m e t e r ( F i g u r e 2 , g raphs 1-3). T b e f o u r t h g r a p h at 
eacb s i te s h o w s a p r o j e c t i o n o f tbe f l y ca tch across eacb f i e l d i f a o n e t i m e , 5 0 - f t w i d e , p e r i m e t e r 
sp ray o f Imidan® o r Gutbion® is m a d e a r o u n d tbe f i e l d . A f t e r t h i s s i m u l a t e d b o r d e r spray , 
t b r e s b o l d l e v e l s f o r b l u e b e r r y m a g g o t f l y ( c u m u l a t i v e o f 10 / t r ap ) w e r e g r e a t l y exceeded i n o n e 
( J o n e s b o r o ) o f t be f o u r f i e l d s s a m p l e d . 

CONCLUSIONS AND RECOMMENDATIONS 
R e s e a r c h i n 1998 a n d 1 9 9 9 f ocused o n w i t b i n - f i e l d m o v e m e n t o f b l u e b e r r y m a g g o t f l i e s a n d 
c o l o n i z a t i o n pa t te rns o f b l u e b e r r y m a g g o t f l i e s i n t o w i l d b l u e b e r r y f i e l d s . W o r k i n 1 9 9 9 
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suggests t ha t m o s t o f t h e m a g g o t f l y p o p u l a t i o n i n a f i e l d i s aggrega ted w i t h i n t h e f i r s t 100 f t i n t o 
t he f i e l d . O u r b l u e b e r r y m a g g o t f l y m o v e m e n t s tud ies suggest t h a t b l u e b e r r y m a g g o t f l i es m o v e , 
o n average, abou t 4 0 f t / day . T h e s e bas ic b i o l o g y da ta w i l l f o r m tbe bas is f o r f u t u r e t es t i ng a n d 
r e c o m m e n d a t i o n s o n tbe use o f s p r a y tac t ics such as s t r i p s p r a y i n g a n d f i e l d p e r i m e t e r 
t r ea tmen ts . 

I I . METHODS 
Economic threshold of blueberry flea beetle larvae. 
Crop fields: I n M a y , s e v e n w i l d b l u e b e r r y c lones w e r e se lec ted i n a c rop -yea r f i e l d at B l u e b e r r y 
H i l l F a r m ; eacb c l o n e w a s o n e r e p l i c a t i o n . E i g h t , 2 - f t d i a m e t e r p l o t s w e r e set i n eacb c lone ( f o u r 
pa i rs o f p l o t s / r e p ) . A n a r r o w s t r i p w a s m o w n a r o u n d tbe p l o t s t o reduce m o v e m e n t o f f l e a bee t le 
l a r vae . F o r eacb r e p l i c a t i o n , o n e o f f o u r d i f f e r e n t dens i t i es o f e a r l y i n s t a r f l e a bee t le l a r vae w a s 
p laced i n eacb p a i r o f p l o t s ( 0 , 5 0 , 100 , o r 150 l a r v a e pe r p l o t ) . I n l a te M a y , tbe n u m b e r o f l a r v a e 
co l l ec ted i n t w o sweeps w i t b a s tandard 1 2 - i n c b sweep ne t w a s d e t e r m i n e d f o r o n e p l o t at eacb 
d e n s i t y w i t b i n eacb r e p l i c a t i o n . A n e s t i m a t e w a s a l so m a d e o f d e f o l i a t i o n . T b e n u m b e r o f l a r vae 
w a s subsequen t l y c o n v e r t e d t o l a r v a e / 1 0 sweeps. I n m i d - J u l y , y i e l d w a s assessed based o n tbe 
t o t a l w e i g h t o f f r u i t h a r v e s t e d f r o m tbe second p l o t at eacb d e n s i t y w i t b i n eacb r e p l i c a t i o n . A l l 
be r r ies w i t b i n a s i n g l e r e p l i c a t i o n w e r e h a r v e s t e d o n tbe same day . Y i e l d data w e r e c o n v e r t e d t o 
y i e l d /ac re . 

Pruned fields: F o u r s i tes w e r e se lec ted i n a p r u n e - y e a r f i e l d a t B l u e b e r r y H i l l F a r m . F o u r , 2 - f t 
d i a m e t e r p l o t s w e r e set a t eacb s i te . A t eacb s i te , o n e o f f o u r d i f f e r e n t dens i t ies o f e a r l y t o m i d -
i ns ta r f l e a bee t le l a r v a e w a s p l aced i n eacb p l o t ( 0 , 5 0 , 100 , o r 1 5 0 l a r v a e pe r p l o t ) . E a c b p l o t 
w a s c o v e r e d w i t b a m e s h cage sea led w i t b sand a r o u n d tbe b o t t o m t o p r e v e n t m o v e m e n t o f tbe 
l a r v a e o u t o f tbe p l o t s . I n O c t o b e r f o l l o w i n g l e a f d rop , 5 0 s tems w i t b i n eacb p l o t w e r e cut a n d 
b r o u g h t i n t o tbe l a b o r a t o r y . A r e c o r d w a s m a d e o f tbe n u m b e r o f f l o w e r buds pe r s t e m at eacb 
dens i t y . A l i n e a r a n d quad ra t i c r e g r e s s i o n a n a l y s i s w a s c o n d u c t e d o n f l o w e r buds v s . i n i t i a l 
l a r v a l dens i t y . I n s p r i n g o f 2 0 0 0 , tbe n u m b e r o f a c t u a l f l o w e r s / b u d w i l l be d e t e r m i n e d f o r 2 5 - 5 0 
a d d i t i o n a l s tems f r o m eacb p l o t . 

RESULTS 
Crop fields: T a b l e 1 s h o w s tbe ave rage n u m b e r o f l a r v a e c o l l e c t e d at eacb d e n s i t y l e v e l . W e 
w e r e ab le t o create nea r o r g rea ter t h a n ' e c o n o m i c t h r e s h o l d ' dens i t i es ( 3 0 - 5 0 f l e a beet le 
l a r v a e / 1 0 sweeps ) at i n i t i a l dens i t i es o f 1 0 0 a n d 150 l a r v a e ( 2 7 . 9 a n d 4 2 . 9 l a r v a e / 1 0 sweeps, 
r e s p e c t i v e l y ) . F i g u r e 3 s h o w s tbe r e l a t i o n s h i p b e t w e e n i n i t i a l f l e a bee t le d e n s i t y a n d n u m b e r s o f 
f l e a beet le l a r v a e c o l l e c t e d i n sweep -ne t samp les . A s i n 1 9 9 8 , t h e r e w a s a s i g n i f i c a n t t rend . 
F i g u r e 4 i l l u s t r a t e s tbe r e g r e s s i o n t rends b e t w e e n i n i t i a l l a r v a l d e n s i t y a n d d e f o l i a t i o n r a t i n g ; 
t he re w a s a p o s i t i v e c o r r e l a t i o n . A s i n 1 9 9 8 , a n y d e f o l i a t i o n w a s g e n e r a l l y c o n f i n e d t o tbe center 
area o f tbe p l o t s . F e e d i n g d a m a g e w i t b i n t ha t area v a r i e d f r o m l i t t l e t o n o v i s i b l e damage ( r a t i n g 
o f 0 o r 1) t o h e a v y ( r a t i n g o f 3 ) w i t b severe d e f o l i a t i o n o f a c l u m p o f s tems b u t l i t t l e o r n o 
d e f o l i a t i o n t h r o u g h tbe r e m a i n d e r o f tbe p l o t . S i m i l a r l y t o 1 9 9 8 , desp i te tbe d e f o l i a t i o n response 
obse rved i n tbe p l o t s , t h e r e w a s n o t a s i g n i f i c a n t decrease i n y i e l d i n response t o i nc reas ing f l e a 
beet le dens i t i es ( F i g u r e 5 ) . 
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Prune fields: T h e r e g r e s s i o n ana lyses r e v e a l e d n o s i g n i f i c a n t c o r r e l a t i o n b e t w e e n i n i t i a l l a r v a l 
d e n s i t y a n d n u m b e r o f f l o w e r buds pe r s t e m ( F i g u r e 6 ) . O n e o b s e r v a t i o n o f i n te res t i s t ha t t he re 
w a s a s i g n i f i c a n t decrease i n f l o w e r buds at a n i n i t i a l l a r v a l d e n s i t y o f 5 0 . N u m b e r s o f f l o w e r 
b u d s / s t e m t h e n i nc reased w i t b i n c r e a s i n g l a r v a l dens i t y . 

CONCLUSIONS AND RECOMMENDATIONS. 
Crop fields: T b e response i n 1998 a n d 1 9 9 9 i n d e f o l i a t i o n i nc reas ing as f l e a bee t le d e n s i t y 
inc reases suggests t h a t o u r e x p e r i m e n t a l d e s i g n i s adequate f o r e s t i m a t i n g a n e c o n o m i c 
t b r e s b o l d . O u r o b s e r v a t i o n s o f d e f o l i a t i o n w o u l d seem t o c o n f i r m 1998 specu la t i ons t ha t as l o n g 
as s u f f i c i e n t f o o d i s a v a i l a b l e , l a r v a e w i l l r e m a i n w i t b i n a f a i r l y i s o l a t e d area. T b e fac t t h a t w e 
w e r e ab le t o p r o d u c e nea r o r greater t h a n ' e c o n o m i c t h r e s h o l d ' dens i t ies w i t b i n i t i a l dens i t i es o f 
1 0 0 a n d 1 5 0 l a r v a e w i t h o u t a subsequent decrease i n y i e l d w o u l d s e e m t o i n d i c a t e t ha t cu r ren t 
t h r e s h o l d s are l o w , o r a t leas t c o n s e r v a t i v e a n d can be used w i t b l i t t l e r i s k . S tud ies w i t b l a r v a l 
dens i t i es t h ree t o f o u r t i m e s tbe e c o n o m i c t b r e s b o l d o f 5 0 l a r v a e / 1 0 sweeps are needed i n tbe 
f u t u r e t o assess y i e l d l oss a n d n e e d f o r n e w a c t i o n t h resho lds . 

Prune fields: I t i s p o s s i b l e t h a t l a r v a e bad a ' p r u n i n g ' e f fec t o n tbe b l u e b e r r y s tems w h i c h l e d t o 
a s t i m u l a t i o n o f p l a n t g r o w t h a n d subsequent increase i n n u m b e r s o f f l o w e r buds . A d d i t i o n a l 
r esea rch i s needed b e f o r e a n y firm c o n c l u s i o n can be d r a w n . 

1. Within-field management of blueberry 
Maggot. 

Figure 1. D a i l y m o v e m e n t d is tance o f b l u e b e r r y m a g g o t flies ( 1 9 9 8 a n d 1 9 9 9 da ta ) . 
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Figure 1. F l i e s c o l l e c t e d pe r t rap ( m a l e s a n d f e m a l e s ) . University of Maine-Wild Lowbush Blueberries 
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I . Economic threshold of blueberry flea beetle larvae. 

Table 1. R e l a t i o n s h i p b e t w e e n i n i t i a l l a r v a l d e n s i t y v s . l a r v a e i n sweep samp les , c rop year . 

L a r v a l d e n s i t y 
A v g . 

l a r v a e / 1 0 sweeps 
A v g . d e f o l i a t i o n 

r a t i n g 
A v g . 
lbs /acre 

0 
5 0 
100 
1 5 0 

0.7 
19 .2 
2 7 . 9 
4 2 . 9 

0 .0 
0.7 
1.1 
1.7 

1 5 4 2 2 
1 4 5 8 0 
1 6 2 2 8 
1 6 2 8 1 

Figure 3 . R e l a t i o n s t q ) b e t w e e n in i t i a l l a r v a l dens i t y vs . la rvae i n s w e e p sanp les . 
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Figure 5. Re la t ionsh ip b e t w e e n in i t i a l l a r v a l dens i ty and y ie ld . 

30 1 

ZZ- 10 

0 50 100 
^ = ° Larval density 

41 



University of Maine-Wild Lowbush Blueberries 

Figure 6. Relationship between initial larval density and flower buds/stem 
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ENTOMOLOGY 

INVESTIGATORS: F . A . D r u m m o n d , A s s o c i a t e P r o f e s s o r o f Insec t E c o l o g y 
J. A . C o l l i n s , A s s i s t a n t S c i e n t i s t o f B i o l o g i c a l Sc iences 

3 . T ITLE: B i o l o g y a n d E c o l o g y o f B l u e b e r r y Pes t Insects 

I . METHODS 
Validation of a predictive model for emergence of blueberry maggot adults. 

I n 1 9 9 8 , m a g g o t i n f e s t e d be r r i es w e r e d i s t r i b u t e d i n a 1 t o 2 i n c b l a y e r i n t e n ( 2 sets o f 5 ) 
screened b o x e s suspended o v e r b l u e b e r r y p l an t s at B l u e b e r r y H i l l F a r m i n Jonesboro . F i v e 
a d d i t i o n a l b o x e s w e r e set at B l u e b e r r y H i l l i n W i n t e r p o r t . T b e boxes w e r e cove red w i t b m e s b 
cages t o p r e v e n t p r e d a t i o n b y m i c e , b i r d s , etc. T b e m a g g o t s w e r e a l l o w e d t o deve lop a n d m o v e 
i n t o tbe s o i l t o pupa te . T b e b o x e s a n d m e s b cages w e r e t b e n r e m o v e d . I n m i d - J u n e 1 9 9 9 , 
e m e r g e n c e cages w e r e p l aced o v e r eacb s i te . T b e cages w e r e m o n i t o r e d d a i l y a n d a n y b l u e b e r r y 
m a g g o t adu l t s w e r e c o l l e c t e d . 

O n 3 1 M a r c b at J o n e s b o r o a n d 2 A p r i l at W i n t e r p o r t , t w o HOBO® t e m p e r a t u r e data l oggers 
w e r e b u r i e d at eacb s i te t o m o n i t o r s o i l t empe ra tu res e v e r y t w o b o u r s t b r o u g b o u t tbe t r i a l s . O n e 
l o g g e r w a s 1- incb deep; tbe second w a s 2- incbes deep. T b e t e m p e r a t u r e da ta w a s d o w n l o a d e d at 
tbe e n d o f tbe season a n d used t o d e t e r m i n e tbe d a i l y percen t d e v e l o p m e n t o f b l u e b e r r y m a g g o t 
pupae t o w a r d s e m e r g e n c e o f a d u l t f l i e s . T b i s da ta w a s t b e n c o m p a r e d w i t b tbe p r e d i c t i v e m o d e l 
f o r e m e r g e n c e o f b l u e b e r r y m a g g o t adu l t s cons t ruc ted f r o m l a b o r a t o r y da ta o n emergence u n d e r 
cons tan t c o n t r o l l e d t e m p e r a t u r e s c o l l e c t e d i n 1 9 9 7 . 

RESULTS 
A s i n 1 9 9 8 , tbe e m e r g e n c e m o d e l p r e d i c t e d e a r l y t o m i d - e m e r g e n c e o f b l u e b e r r y m a g g o t f l i e s i n 

1 9 9 9 ( F i g u r e 1 ) . T e m p e r a t u r e s m e a s u r e d at a 1- in . s o i l deptb appeared t o p red ic t f l y emergence 
w i t b m o r e accu racy t b a n tbe 2 - i n . deptb . T b e emergence at tbe W i n t e r p o r t s i te w a s p red i c ted 
accu ra te l y t b r o u g b o u t tbe e n t i r e e m e r g e n c e p e r i o d ( e n d o f June t b r o u g b J u l y 2 0 ) . T b e emergence 
at b o t b Jonesbo ro s i tes w a s p r e d i c t e d w e l l u n t i l 5 0 % p o p u l a t i o n emergence at w b i c b t i m e tbe 
m o d e l p r e d i c t i o n s l agged b e b i n d tbe o b s e r v e d emergence b y as m u c b as 8 t o 10 days f o r p r e d i c t i o n 
o f 1 0 0 % emergence . 

CONCLUSIONS AND RECOMMENDATIONS 
A p r e l i m i n a r y v e r s i o n o f tbe p r e d i c t i v e m o d e l f o r b l u e b e r r y m a g g o t a d u l t emergence w a s 

i n c o r p o r a t e d i n a s o f t w a r e p r o g r a m f o r g r o w e r s . W e expec t t o re lease tb i s s o f t w a r e o n tbe 
U n i v e r s i t y o f M a i n e C o o p e r a t i v e E x t e n s i o n w e b s i te s o o n . A t b i r d y e a r o f v a l i d a t i o n s h o u l d shed 
l i g h t o n a n y f u r t h e r n e e d t o f i n e t u n e tbe m o d e l . 

I I . METHODS 
Growth and development of blueberry spanworm larvae. 
Growth and development on different wild blueberry clones: 

I n M a y , second a n d t b i r d i n s t a r b l u e b e r r y s p a n w o r m l a r v a e w e r e co l l ec ted f r o m a f i e l d i n K n o x 
C o . T b e l a r v a e w e r e b r o u g h t i n t o tbe l a b o r a t o r y a n d p laced i n i n d i v i d u a l p las t i c d ie t cups w i t b 
snap-cap l i d s . T b e cups w e r e t b e n p l aced i n a g r o w t h c h a m b e r at 25°C (77°F). L a r v a e w e r e f e d 
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f o l i a g e f r o m o n e o f s i x w i l d b l u e b e r r y c lones , 2 5 l a r v a e / c l o n e . C l o n e s w e r e cbosen so as t o be 
d i f f e r e n t based o n m o r p h o l o g i c a l cbarac ter is t i cs s u c h as s t e m h e i g h t , s t e m c o l o r a n d l e a f co lo r . 
H e a d capsu le w i d t h , as a n i n d i c a t o r o f i n s t a r stage, w a s m e a s u r e d a t o n e o r t w o d a y i n t e r v a l s f o r 
eacb l a r v a u n t i l dea tb o r p u p a t i o n . 

Temperature dependent growth rate: 
B e g i r m i n g i n M a r c b , s p a n w o r m eggs c o l l e c t e d i n 1 9 9 8 w e r e i n c u b a t e d at o n e o f f o u r 

t empera tu res a n d o b s e r v e d f o r emergence o f l a r v a e . I n c u b a t i o n t e m p e r a t u r e s w e r e 17, 2 0 , 2 5 , o r 
30°C ( 6 3 , 6 8 , 7 7 , 86°F). F o r i n c u b a t i o n , eggs w e r e p laced i n g r o u p s o f 5 o r 10 i n cove red p las t i c 
d ie t cups a l o n g w i t b a d i s k o f f i l t e r paper m o i s t e n e d w i t b d i s t i l l e d w a t e r . T b e cups w e r e t b e n 
p laced i n b e l l j a r s w i t b d i s t i l l e d w a t e r i n tbe b o t t o m t o m a i n t a i n h u m i d i t y a n d checked d a i l y f o r 
l a r v a l emergence . E m e r g i n g l a r v a e w e r e p l aced i n i n d i v i d u a l p l a s t i c d ie t cups w i t b f r esh b l u e b e r r y 
f o l i a g e , h e l d at tbe a p p r o p r i a t e i n c u b a t i o n t e m p e r a t u r e as o u t l i n e d above , a n d m o n i t o r e d d a i l y . 
L a r v a l ins tar , based o n bead capsu le w i d t h , w a s r e c o r d e d a n d f o l i a g e rep laced as necessary. 

I n M a y , e a r l y i n s t a r b l u e b e r r y s p a n w o r m l a r v a e w e r e co l l ec ted f r o m a n in fes ted 
field i n K n o x C o . L a r v a e w e r e p laced i n i n d i v i d u a l d i e t cups w i t b f r e s h b l u e b e r r y f o l i a g e . T b e 
cups w e r e t b e n p laced i n b e l l j a r s w i t b d i s t i l l e d w a t e r t o m a i n t a i n h u m i d i t y a n d rea red at 2 0 o r 
25°C ( 6 8 or77°F). T h i r t y l a r v a e w e r e rea red at eacb t e m p e r a t u r e . L a r v a l ins ta r , based o n bead 
capsule w i d t h , w a s r eco rded a n d f o l i a g e rep laced as necessary . 

RESULTS 
Growth and development on different wild blueberry clones: 

S u r v i v a l o f b l u e b e r r y s p a n w o r m w a s q u i t e h i g h o n t h r e e o f t be s i x b l u e b e r r y c lones , r a n g i n g 
b e t w e e n 8 0 and 9 2 % ( T a b l e 1 ) . T w o c lones , b e l i e v e d t o be o f tbe species Vaccinium myrtilloides, 
w e r e charac te r i zed b y v e r y p o o r s u r v i v a l ( 0 a n d 4 8 % ) . Spec ies i d e n t i f i c a t i o n s are n o t d e f i n i t i v e . 
C o l l e c t i o n s o f p l a n t m a t e r i a l w i l l be m a d e n e x t s p r i n g t o d e t e r m i n e tbe species o f Vaccinium used 
i n these e x p e r i m e n t s . B o t b o f tbe c lones w b i c b e x h i b i t e d p o o r l a r v a l s u r v i v a l w e r e charac te r i zed 
b y pubescent s tems. 

M o d e r a t e p a r a s i t i s m w a s o b s e r v e d i n tbe field c o l l e c t e d l a r v a e used i n t b i s s tudy . A l l pa ras i to ids 
w e r e o f tbe genus Erromenus. T b i s i s a c o m m o n p a r a s i t o i d w b i c b w a s f o u n d i n h i g h p reva lence i n 
1998 . 

Temperature dependent growth rate: 
T b e average n u m b e r o f days r e q u i r e d f o r eacb i m m a t u r e l i f e stage t o c o m p l e t e i t s d e v e l o p m e n t a t 

tbe f o u r t empera tu res s t ud i ed i s s h o w n i n T a b l e 2 . O n l y tbe egg, first, a n d second i ns ta r l a r vae 
c o u l d be s tud ied at a l l f o u r t e m p e r a t u r e s . Because o f h i g h n a t u r a l m o r t a l i t y at ITC ( 6 3 _ F ) i n tbe 
l a b o r a t o r y , tbe t b i r d a n d f o u r t h i ns ta r l a r v a e w e r e o n l y s t ud i ed at 2 0 , 2 5 , a n d 30°C ( 6 8 , 7 7 a n d 
86°F). F i f t h i ns ta r l a r v a e a n d pupae w e r e o n l y s t u d i e d at 2 0 a n d 25°C ( 6 8 a n d 77°F) due t o h i g h 
l eve l s o f n a t u r a l m o r t a l i t y at 17 a n d 30°C (63 a n d 86°F). T h e r e w e r e e n o u g h tempera tu res s tud ied 
f o r tbe egg, first, a n d second i n s t a r l a r v a e t o e s t i m a t e tbe p a r a m e t e r s o f a s i g m o i d a l g r o w t h ra te 
e q u a t i o n . 

A p r e l i m i n a r y s i m u l a t i o n m o d e l w a s cons t r uc ted f o r tbe egg a n d first a n d second i ns ta r l a r v a l 
stages u s i n g tbe t i m e - v a r y i n g d i s t r i b u t e d d e l a y a l g o r i t h m . A r e c o r d o f d a i l y average a i r 
t e m p e r a t u r e co l l ec ted at tbe B l u e b e r r y H i l l R e s e a r c h F a r m i n J o n e s b o r o w a s used as tbe i n p u t data 
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f o r t h e m o d e l . T h e i n i t i a l d e n s i t y o f eggs i n t h e s i m u l a t e d b l u e b e r r y field w a s 10 eggs per square 
y a r d ( F i g u r e 2 ) . 

CONCLUSIONS AND RECOMMENDATIONS: 
Growth and development on different wild blueberry clones: 

T b e resu l t s o f t b i s s t u d y c o u l d d i s t i n g u i s h c lones w i t b s p a n w o r m res is tance t h a t c o u l d be used t o 
fill i n ba re spots i n b l u e b e r r y fields. F u t u r e i n v e s t i g a t i o n s w i l l be a i m e d at d e t e r m i n i n g tbe 
m e c h a n i s m o f l a r v a l res is tance. 

Temperature dependent growth rate: 
T b e p r e l i m i n a r y s i m u l a t i o n m o d e l r e s u l t s suggest tha t o u r es t ima tes o f l a r v a l d e v e l o p m e n t need 
t o b e r e f i n e d . A l t h o u g h w e do n o t h a v e a n y field v a l i d a t i o n data t o c o m p a r e w i t b tbe s i m u l a t i o n 
r u n i n F i g u r e 2 , i t appears t ha t p r e d i c t e d d e v e l o p m e n t o f second ins ta r s p a n w o r m m i g h t be s l o w 
( p e a k i n c i d e n c e ca. 1 J u n e ) . T a b l e 3 suggests tha t a n y i nsec t i c i de t r e a t m e n t m a d e b e t w e e n peak 
first i n s t a r i n c i d e n c e a n d p e a k second i n s t a r i nc idence w i l l be e q u a l l y e f f e c t i v e i f f eed ing o f first 
i n s t a r l a r v a e i s i n s i g n i f i c a n t . I f f e e d i n g o f first i ns ta r l a r v a e does resu l t i n s i g n i f i c a n t d e f o l i a t i o n , 
t b e n s p r a y i n g at p e a k first i n s t a r i n c i d e n c e i s tbe supe r i o r s t ra tegy . F u t u r e s tud ies are needed t o 
add da ta t o tbe l a te l a r v a l i ns ta rs a t 17 a n d 30°C (63 a n d 86°F) a n d t o v a l i d a t e tbe s i m u l a t i o n 
m o d e l p r e d i c t i o n s b y m a k i n g o b s e r v a t i o n s o n ac tua l s p a n w o r m p o p u l a t i o n s t b r o u g b t i m e . 

III . METHODS: 
Growth and development of blueberry flea beetle larvae. 

I n M a y , e a r l y i n s t a r f l e a bee t le l a r v a e w e r e co l l ec ted f r o m a field i n T o w n s h i p 18 . T b e l a r v a e 
w e r e b r o u g h t i n t o tbe l a b o r a t o r y a n d p l a c e d i n i n d i v i d u a l p l as t i c d ie t cups w i t b snap-cap l i d s . 
H e a d capsu le w i d t h , as a n i n d i c a t o r o f i n s t a r stage, w a s m e a s u r e d at o n e t o t w o d a y i n t e r v a l s f o r 
eacb l a r v a u n t i l dea tb o r p u p a t i o n . L a r v a e w e r e f e d f o l i a g e f r o m o n e o f five w i l d b l u e b e r r y c lones , 
3 0 l a r v a e / c l o n e . C l o n e s w e r e cbosen so as t o be d i f f e r e n t based o n m o r p h o l o g i c a l cbaracter is t ics 
s u c h as s t e m h e i g h t , s t e m c o l o r , a n d l e a f c o l o r . F o u r o f tbe se lec ted c lones w e r e Vaccinium 
angustifolium a n d o n e w a s Vaccinium myrtilloidcs. T h e r e w e r e t w o t r i a l s ; at B l u e b e r r y H i l l , w h e r e 
cups w e r e h e l d i n tbe l a b o r a t o r y a t r o o m t e m p e r a t u r e . F o r tbe t r i a l at O r o n o , cups w e r e h e l d i n a 
g r o w t h c h a m b e r a t 24°C(75°F). 

RESULTS 
O u r a t t e m p t t o rea r b l u e b e r r y f l e a bee t l e l a r v a e o n d i f f e r e n t w i l d b l u e b e r r y c l ones w a s 

unsuccess fu l . W e d i d co l l ec t ca. 4 0 0 f l e a bee t le eggs t o s t u d y tbe r e a r i n g o f f l e a bee t le t b i s w i n t e r . 

CONCLUSIONS AND RECOMMENDATIONS 
C o n d i t i o n s f o r s u r v i v a l o f b l u e b e r r y f l e a bee t le i n tbe l a b o r a t o r y need t o be s t u d i e d i n m o r e d e t a i l 

so t h a t a l a b o r a t o r y c o l o n y can be es tab l i shed f o r f u t u r e l a b o r a t o r y i nsec t i c ide b ioassays . 

IV. METHODS 
Effect of windbreaks on insect predators in blueberry fields. 

I n e a r l y June , p i t f a l l t raps w e r e b u r i e d i n f o u r w i l d b l u e b e r r y fields i n W a s h i n g t o n C o . L a c b t rap 
c o n s i s t e d o f a 16 o z p las t i c cup filled w i t b 5 0 % e t h y l e n e g l y c o l as a p r e s e r v a t i v e . T b e t raps w e r e 
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d i s t r i b u t e d i n l i n e a r t ransects . F o r eacb t ransect , o n e t rap w a s set w i t b i n tbe p i n e w i n d b r e a k 
b o r d e r i n g tbe f i e l d , subsequen t t raps w e r e set 10 a n d 100 m ( 3 3 and 3 3 0 f t ) i n t o tbe f i e l d . T b e r e 
w e r e tb ree t ransects pe r field. T b e t raps w e r e cbecked at w e e k l y i n t e r v a l s b e g i n n i n g o n 10 June 
a n d c o n t i n u i n g u n t i l 16 J u l y . A n y predaceous a r t h r o p o d s i n c l u d i n g spiders, daddy l o n g l e g s , 
beet les , a n d ants w e r e r e m o v e d a n d s to red i n 7 0 % e t h y l a l c o h o l f o r l a te r i d e n t i f i c a t i o n . 

RESULTS 
F i g u r e 3 s h o w s t h a t sp iders a n d ants w e r e e x t r e m e l y abundan t i n tbe w i n d b r e a k s a n d 10 m (33 f t ) 

o u t i n t o tbe field. S p i d e r dens i t i es o n l y d ropped b y 5 0 % 100 m ( 3 3 0 f t ) f r o m tbe w i n d b r e a k ; 
w h e r e a s , an t d e n s i t y d r o p p e d b y 7 5 % at 100 m ( 3 3 0 f t ) f r o m tbe w i n d b r e a k . P redaceous beet les 
( t o t a l beet les a n d g r o u n d bee t les ) w e r e t rapped i n h i g h e s t n u m b e r s i n tbe w i n d b r e a k , b u t t h e i r 
n u m b e r s d r o p p e d o f f b y 5 0 - 7 5 % w i t b i n tbe b l u e b e r r y field. I n genera l , sp iders a n d ants w e r e tbe 
p r e d o m i n a n t p reda to rs f o u n d i n tbe f o u r fields. T a b l e 4 s h o w s tbe abundance o f bee t le species, 
f a m i l i e s , a n d gene ra across a l l d is tances o v e r tbe d u r a t i o n o f tbe s tudy . F i v e f a m i l i e s o f 
p redaceous beet les w e r e f o u n d . T b e g r o u n d beet les (Cambidae) w e r e t he m o s t c o m m o n a n d w e r e 
rep resen ted b y a d i v e r s i t y o f 2 2 species. 

CONCLUSIONS AND RECOMMENDATIONS: 
W i n d b r e a k s w e r e f o u n d t o be areas o f h i g h p reda to r c o n c e n t r a t i o n i n b l u e b e r r y fields. T b i s 

suggests t h a t i n s e c t i c i d e d r i f t m a n a g e m e n t r e l a t i v e t o p r o t e c t i n g field edges m i g h t be a n i m p o r t a n t 
c o m p o n e n t o f f u t u r e pest m a n a g e m e n t s t ra tegies. H o w e v e r , tb is m a y be i n c o n f l i c t w i t b t a r g e t i n g 
b l u e b e r r y m a g g o t f l y sprays s ince m a g g o t f l i e s a l so t e n d t o be m o s t abundan t near field edges. 

V. METHODS: 
Monitoring populations of thrips in wild blueberry (pruned year) fields. 

O n 14 M a y , t w o b l u e s t i c k y cards w e r e p laced i n a p r u n e d b l u e b e r r y field i n C o l u m b i a F a l l s 
w b i c b b a d b e e n i n f e s t e d w i t b t b r i ps i n 1 9 9 8 . E a c h card m e a s u r e d 3 x 5 inches a n d w a s b u n g j u s t 
a b o v e tbe f o l i a g e c a n o p y f r o m a w o o d e n l a the . B o t b cards w e r e rep laced at w e e k l y i n t e r v a l s f r o m 
2 1 M a y t o 6 A u g u s t . T b e n u m b e r o f t b r i ps o n eacb card w a s coun ted u s i n g a d i ssec t i ng 
m i c r o s c o p e . 

A t w e e k l y i n t e r v a l s b e g i n n i n g o n 11 June, 2 0 l e a f cu r l s ( o n l y 14 cur l s o n 9 J u l y ) i n f es ted w i t b 
t b r i p s w e r e c o l l e c t e d a n d b r o u g h t i n t o tbe l a b o r a t o r y . T b e cu r l s w e r e e x a m i n e d a n d tbe n u m b e r o f 
l i v e t b r i p s pe r c u r l w a s reco rded . 

RESULTS: 
P e a k captures o f b l u e b e r r y t b r i ps o n b l u e s t i c k y cards w e r e reco rded o n 18 June and 

23 J u l y . T b e h i g h e s t n u m b e r s o f t b r i ps i n cu r l s o c c u r r e d o n 9 J u l y and 6 A u g u s t . A s can be seen 
f r o m F i g u r e 4 , a l a g occurs b e t w e e n peak tb r i ps pe r card and peak tb r ips pe r c u r l . T b e n u m b e r o f 
t b r i ps pe r c u r l , w b i c b is a m e a s u r e o f t b r i ps p o p u l a t i o n d e n s i t y i n a field, starts t o rise a t abou t tbe 
t i m e w h e n tbe n u m b e r o f t b r i p s pe r m o n i t o r i n g ca rd nears p e a k n u m b e r s . 

CONCLUSIONS AND RECOMMENDATIONS: 
I n s e c t i c i d e sprays a p p l i e d at tbe onse t o f t b r i ps caugh t o n cards m a y h a v e p o t e n t i a l f o r o p t i m a l 

t i m i n g o f c o n t r o l m e a s u r e s . F u t u r e s tud ies w i l l test tbe use fu lness o f u s i n g t b r i ps t rap captures t o 

46 



University ofM~ine-Wild Lowbush Blueberries 

. time sprays compared to the existing method of waiting until ~ and Yz inch vegetative growth is 
observed on pruned plants. 
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h Validation of a predictive model for emergence of bluebeny maggot adults . 

Figure 1. Predicted and o b s o v e d emergence o f blueberry maggot adults, 

Blueberry Hill. Site #1 
Predicted and Observed Emergence 

I S O 1 6 0 1 7 0 1 8 0 1 9 0 2 0 0 

Blueberry Hill, Site #2 
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I I . Growth and development of blueberry spanworm larvae. 

Table 1. Pe rcen t s u r v i v a l a n d pe rcen t p a r a s i t i s m o f b l u e b e r r y s p a n w o r m l a r v a e rea red o n c lones 
o f w i l d b l u e b e r r y . 

C l o n e % S u r v i v a l * % P a r a s i t i s m * * C l o n e d e s c r i p t i o n 

A 6 8 . 0 be 1 6 . 0 3 - 4 i ncb , b r o w n s t e m 
B 0 . 0 a 8 . 0 6 - 7 i ncb , f u z z y pa le g r e e n s t e m 
C 8 0 . 0 c 1 6 . 0 5 - 6 i ncb , g reen s t e m 
D 8 8 . 0 c 2 4 . 0 6 - i n c b , r ed s t e m 
E 4 8 . 0 b 2 8 . 0 Myrtilloides 
F 9 2 . 0 c 4 . 0 6 - 8 i ncb , g rccn /o rangc s t e m 

M e a n s f o l l o w e d b y tbe s a m e le t t e r arc n o t s i g n i f i c a n t l y d i f f e r e n t ( P < 0 .05 ; W i l c o x o n s u r v i v a l 
t es t ) . M e a n s w e r e ad jus ted f o r ra tes o f p a r a s i t i s m p r i o r t o ana l ys i s so tba t tbe % s u r v i v a l docs n o t 
i n c l u d e p a r a s i t i s m . 

* P a r a s i t o i d s w e r e i d e n t i f i e d as Erromenus sp., f a m i l y I c b n c u m o n i d a c . 

Table 2. R e s u l t s o f r e a r i n g s p a n w o r m at f o u r t e m p e r a t u r e s a n d m o d e l s o f t cmpcra tu rc -dcpcndcn t 
d e v e l o p m e n t . 

A v e r a g e davs at stage 
T e m p e r a t u r e E * 1 * 2 * 3 4 5 P 

1 7 1 6 . 6 1 9 . 0 3 5 . 0 
2 0 1 3 . 3 1 0 . 4 6 . 4 7 . 4 8 . 0 7 . 9 1 6 . 0 
2 5 8 . 2 5 . 7 4 . 6 5 . 8 5 . 4 6 . 7 8 . 4 
3 0 8 . 3 5 . 5 3 . 2 6 . 0 3 . 0 

T c m p c r a t u r c - d c p c n d c n t d e v e l o p m e n t ra te equa t i ons f o r p r e d i c t i n g d e v e l o p m e n t . 

E g g : R a t e = 0 . 1 2 9 / ( 1 + c (5.059 - o.282*,emp)^^ ^ ^ Q _ 9 4 4 _ 
F i r s t i ns ta r : R a t e = 0 . 1 8 8 / ( 1 + c " ° * ''"^^ ri = 0 . 9 9 . 
S e c o n d ins ta r : R a t e = 0 . 3 2 9 / ( 1 + c (^ 656 - 0.305 * temp)^^ ^ ^ Q 9 3 

T b i r d i n s t a r - pupa : N o t e n o u g h da ta t o e s t i m a t e coe f f i c i en t s . 
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Figure 2 . D e v e b p m e n t o f b b e b e n y s p a n w o r m us ing 1 9 9 9 Jonesbo ro t empera tu re da ta , 
n o insect ic ides app l ied . 

28-Feb 14-Mar 20-Jun 

Table 3 . E f f e c t o f s i m u l a t e d i n s e c t i c i d e a p p l i c a t i o n s * o n n u m b e r s o f first a n d second i ns ta r 
s p a n w o r m l a r v a e ( s ta r ted w i t b 1 0 cggs/sq y d o f b l u e b e r r y g r o u n d . 

T i m i n g o f a p p l i c a t i o n F i r s t S e c o n d 

N o sp ray 1 0 . 0 1 0 . 0 

E a r l y first 9 . 2 9 . 2 
2 5 % first 2 . 8 2 . 8 
P e a k first 1 . 2 1 . 2 

E a r l y second 2 . 0 1 . 2 
2 5 % second 5.5 1 . 1 
P e a k second 1 0 . 0 1 . 0 

I n s e c t i c i d e w a s cba rac tc r i zcd b y 1 0 0 % m o r t a l i t y w i t b a t w o - d a y r e s i d u a l a c t i v i t y . 
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IV. Effect of windbreaks on insect predators in blueberry fields. 

Table 4. Abundance of and beetle species, families, and genera. 

Insect Abundance 
Ground Beetles (Carabidae) 
Carabus nemoralis 121 
Platinus melanarius 4 
Calathus ingratius 1 
Pterostichus adstrictus 27 
Pterostichus mellanarius 16 
Pterostichus femoralis 10 
Pterostichus covacinus 5 
Pterostichus lucublandis 5 
Pterostichus spp. 2 
Anisodactylus spp. 2 
Anisodactylus nivalis 17 
Harpalus spp. 4 
Harpalus rufipes 23 
Amara littoralis 1 
Amara spp. 11 
Agonum placidum 7 
Agonum muelleri 1 
Agonum cuprium 3 
Agonum retractum 7 
Unidentified carabid 11 
Unidentified carabid 9 
Unidentified carabid 4 

Other Beetles 
Elateridae 
Staphylinidae 
Ciccindellidae 
Coccinellidae 

85 
77 
13 
1 
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Figure 3. E f fec t o f d is tance from p ine w i n d b r e a k o n popu la t i ons o f p redaceous 
insects i n w i l d b l u e b e r r y frelds. 

• TOTAL PREDACEOUS BEETLES 

• TOTAL GROUND BEETLES 

10 
Distance (m) 

• T O T A L S P I D E R S 

• T O T A L A N T S — 
• T O T A L S P I D E R S 

• T O T A L A N T S — 
• T O T A L S P I D E R S 

• T O T A L A N T S 

0 10 100 

Distance (m) 
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V. Monitoring populations of thrips in wild blueberry fields. 

Figure 4. C o m p a r i s o n o f n u m b e r s o f ihnps cap tu red o n b lue s t i c ky cards and 
t b i p s i n cur ls . 

May May Jun Jun Jun Jun Jul Jul Jul Jul Jul Aug 

Date 
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DISEASE MANAGEMENT 

INVESTIGATORS: S.L. Annis, Assistant Professor of Biological Sciences 
C.S. Stubbs, Post-doctoral researcher in Biological Sciences 

1. TITLE: Survey of Stem Blight and Leaf Spot Diseases in Lowbush Blueberry Fields 

METHODS: Thirty-two blueberry fields, 16 non-bearing and 16 bearing fields, were 
chosen from 4 geographic areas of Maine and sampled for stem blight and leaf spot 
diseases. Twenty plots of 0.25m2 (0.3 yd2

) were equally spaced along a W transect of each 
field. All stems showing disease symptoms were collected and 5 stems showing leaf spot 
symptoms were collected. Total number of stems per plot were determined for 4 plots per 
field. Three soil cores were taken to determine the depth of the organic layer. All stems 
were rated for generalized disease symptoms, such as tip dieback, stem lesions and stem 
death. From each field, stem samples and leaf samples from 6 randomly chosen plots for 
each were sorted by symptoms and surface sterilized in 10% bleach and plated on malt 
yeast extract agar and water agar. Fungi isolated from the stems and leaves are being 
identified to genus and selected isolates of putative pathogenic fungi will be cultured. 
Information on cultural practices, including fungicide and other treatments of fields is 
being obtained from growers. To date, cultures from 8 fields have been examined and the 
fungi identified. 

RESULTS: The results from 8 fields are presented. The results of the stem symptom 
diagnosis for the rest of the fields is completed and is being analyzed. The identification 
of fungi isolated from leaves and stems of the other fields is in progress. The percentage 
of stems with stem blight ranged from it:6' 13.5 % with an average of 4.8%. Bearing 
fields typically had a higher percentage of diseased stems. At least 58 different genera of 
fungi have been identified from diseased stems and leaves so far. Sixteen genera are 
known to produce disease on blueberries or other members of the Ericaceae. Potential 
pathogens will be determined once the fungi from all the fields have been identified. 
Disease severity and incidence and identification of frequent potential pathogens will be 
analyzed with the data of cultural practices obtained from growers to develop hypothesis 
for methods of disease control. 

CONCLUSION: Stem blight is a common disease of lowbush blueberry fields and 
appears to have higher incidence in bearing fields than non-bearing fields. There are many 
potential pathogens of blueberry that have been isolated from diseased stems and leaves 
and a complex of fungi may be causing stem and leaf diseases. 

RECOMMENDATION: Recommendations to growers on disease control cannot be 
made at this time. It is recommend that the disease survey be repeated next year to 
confirm the levels of disease incidence and potential fungal pathogens identified in fields 
this year. In next year's study it is also recommended that some fields surveyed this year 
be examined again to determine persistence of potential pathogens. 
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Table 1. Percentage of diseased stems in 8 blueberry fields 

Field la lb 2 3 4 5 6 7 8 

Year Bearing Bearing Bearing Non- Bearing Non- Non- Bearing Non-
bearing bearing bearing bearing 

%of 5 5.75 13.5 3 5.2 1.6 0.5 7.1 2.4 
diseased 
stems 

Average percentage of stems with disease 4.8% 

Table 2. Stem and Leaf Disease Survey Results from 1999 
Genera and number of samples of fungi identified from diseased stems or leaves from 8 blueberry fields 

Field 1 Field I Field2 Field 3 Field4 Field 5 Field6 Field 7 Field 8 Total# in 

fields 

Bearing Bearing Bearing Non- Bearing Non- Non- Bearing Non-

earing bearing bearing bearing 

Genus 

Acrospeira x L 2 

Alternaria x x x X, L x x, L L 7 

Ascochyta L 1 

Aspergillus x 1 

Aureobasidium x x x, L x x, L x x, L 7 

Bactrodesmium x x, L 2 

Bipolaris ?L ?1 

Botryodenna ? ?I 

Botryodiplodia ? ?1 

Botrytis x I 

Chalaropsis ? I 

Cladosporium x x x x, L x, L x x, L 7 

conidia, orange L l 

coaidia, yellow x l 

Coniochaeta x x x 3 

Curvularia x l 

Cylindrocarpon ? ?1 

Cylindrosporium ? ?I 

Cytospora x x x x ? 4+? 1 

Cytosporella x x 2 

Dendrodochium x 1 

Dichomera ?L ?1 

Diplococcium ?L ?I 

Dothiorella x X, L x x x, L 5 

Drechslera x 1 

Epicoccum x x x 3 

Fusarium x x x 3 

Fusicoccum ?L ?1 

Geotrichium X, L I 

Gloeosporium x x 2 

mycelia, black x x L 3 

55 



University of Maine-Wild Lowbush Blueberries 

mycelia, brown x x x x 

mycelia, dark green x x x 

mycelia, gray L x 

mycelia, green-gray x 

mycelia, olive x 

mycelia, red x 

mycelia, white x x x x x x 

mycelia, yellow x x 

mycelia, white2 

mycelia, white3 

Oidiodendron 

Oidium 

Pestalotia x 

Field 1 Field I Field 2 Field 3 Field4 Field 5 Field 6 

Bearing Bearing Bearing Non- Bearing Non- Non-

earing bearing bearing 

Phom a x 

Pho mo psis ? x x, L x, L x 

Phyllosticta ? 

pycnidia x x x. L x x, L 

Scytalidium ?, L L 

Sepedonium ?L 

Septocylindrium x x 

Septoria ?L L 

Sphaeropsis 

sporodochia x 

Stagnospora 

Steganosporium L 

Strasseria x 

Xylohypha ? ? ? ? x 

total genera/field 11+2? 10+?2 4+?1* 17+3?* 17+2? 8* 14+2? 

*not finished 

x= present from stem, L = present from leaf, ?= uncertain from stem, ?L= uncertain from leaf; 

Genera in bold are possible pathogens of blueberry. 
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PLANT NUTRITION 

INVESTIGATORS: John M. Smagula, Professor of Horticulture 
Walter Litten, Faculty Associate 
Richard Dyer, Research Assistant 
Karen Loennecker, Research Assistant 

1. TITLE: Phosphorus/Nitrogen Fertilizer Ratio 

OBJECTIVES: To evaluate the growth and yield response of lowbush blueberries to fertilizers 
containing different phosphorus to nitrogen ratios. 

METHODS: Three fields previously used in the phosphorus dose/response study were used in 
this study. Since the control plots had a known history of leaf nutrient concentrations (low leaf 
phosphorus) and a consistent yield, they were enlarged to include four 5 ft x 20 ft treatment plots 
for the following treatments: 

I . Control - no fertilization 

2. Phosphorus (60 lb P/acre, using triple superphosphate (TSP)). 

3. Phosphorus+ nitrogen (60 lb P/acre + 28.8 lb N/acre, using monoammonium phosphate 
(MAP)). 

4. Phosphorus+ nitrogen (60 lb P/acre + 54 lb N/acre, using diammonium phosphate (DAP)). 

TREATMENT SUMMARY TABLE 
TRIPLE SUPER MAP DAP 

PHOSPHATE (11-52-0) (18-46-0) 
ACTUAL P (LB/ACRE) 60 60 60 
ACTUAL N (LB/ACRE) 0 28.8 54 
RATIOP/N 1/0 2.1/1 1.11/1 

Treatments were replicated 12 times at each of the three locations. Nutrient uptake in response to 
treatments applied May 1995 and 1997 were evaluated by analyzing composite leaf samples 
taken from 30 stems randomly selected across each treatment plot in July 1995 and 1997. 
Growth characteristics (including stem height and flower bud formation) were assessed on stems 
cut at ground level in four, 114 ft2 quadrats/treatment plot in October 1995 and 1997. Yield was 
determined in August 1996 and 1998 by hand harvesting the plots, winnowing the berries and 
recording the weight. 
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RESULTS: 
1995 Leaf Tissue Nutrient Concentrations 

Leaf P concentrations in control plots at the three locations averaged 0.100%, considerably less 
that the new 0.130% standard (Fig. 1 ). All fertilizers raised the leaf P concentrations compared 
to the controls. However, P concentrations were not raised to the new standard (0.130%) at the 
rate used (60 lb P/acre). We also noted that there was no difference between TSP, MAP, or DAP 
in raising the leaf phosphorus concentration when the three locations were averaged. There were 
differences among locations and they are illustrated in Figures 2, 3, and 4. Controls had 
phosphorus concentrations of 0.108, 0.102 and 0.091 % for Location 1, 2, and 3, respectively. 
The ratio of leaf P concentrations from plots receiving DAP to the control plots was 1.16 for 
locations 1 and 2, but for location 3 it was 1.24. In other words, the response to DAP was greater 
at location 3 where concentrations were raised .022%, compared to 0.017% and 0.016%, at 
locations 1 and 2, respectively. 
N concentrations were higher in leaf tissue samples from MAP and DAP treatment plots which 
received N along with P (Fig. 5). N concentrations in leaves from control plots were much 
below the 1.6% standard. DAP raised N concentrations more than MAP, but neither source 
brought the concentration up to the l.6% standard. TSP had no effect on leafN concentrations. 
While leaf P and N concentrations rose in response to fertilizer treatments, Mg, B and Cu leaf 
tissue concentrations declined in response to fertilizers containing N (Figs. 6, 7, and 8). This 
relationship has been previously noted and may not be very important since concentrations of Mg 
and Cu did not decrease to deficiency levels. The standards reported by Professor Trevett in 
1972 for Mg and Cu are 0.13% and 7 ppm, respectively. B was deficient (<24 ppm) at all 
locations and leaf B concentrations were lowered by N-containing fertilizers. Leaf Ca 
concentrations were also lower at one of the locations. The decrease in leaf Mg, B and Cu 
concentrations may be due to competitive uptake between N and these nutrients or a dilution 
effect resulting from increased growth due to the N component of the fertilizer. 

1995 Soil Nutrient Concentrations 

Soil P concentrations averaged across locations showed a similar pattern to that found for leaf P 
concentrations among treatment plots; all fertilizers raised soil P concentrations, compared to the 
controls (Fig. 9). However, MAP or DAP did not raise soil P concentrations higher than TSP, 
according to logical contrasts to statistically compare among the fertilizer treatments (Table 1 ). 
That leaf P concentrations were slightly higher in plots treated with DAP or MAP than TSP even 
though soil P concentrations were the same suggests an interaction of N and P in the plant's 
ability to absorb and translocate P. 

1995 Stem Characteristics and 1996 Yield 

The effect of fertilizer treatments on stem height and flower bud formation was determined 
through measurements on stems sampled from four, 1/4 ff quadrats per treatment plot. The 
density of stems was increased by MAP and DAP, but not by TSP (Table 2). Stem length, 
flower buds per stem, and flower bud density were also increased by both MAP and DAP, but 
not TSP. Averaged across all three locations, fertilization with DAP resulted in the tallest stems 
and the most flower buds per stem. Potential yield (flower bud production) differences among 
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treatment plots resulted in similar differences in actual yield. Fruit yield was highest for DAP 
compared to the control plots (Fig. 10). 
1997 Leaf Tissue Nutrient Concentrations 

The 1997 leaf P concentrations, averaged across locations, indicated that plants responded to the 
treatments as they did in 1995; P concentrations ofleaves in control plots (0.97%) were well 
below the standard (0.125%) and were significantly raised by TSP (0.125%), MAP (0.128%), 
and DAP (0.129%) (Fig. 1). The responses to treatments at individual fields (Figures 2, 3, and 4) 
indicated that while leaf P concentrations of control plots differed somewhat, the general 
response to TSP, MAP, and DAP was similar. 
Nitrogen was raised to concentrations above the standard (1.6%) by treatments contributing N 
(MAP and DAP) (Fig. 5). 
Leaf Mg and B concentrations did not decrease in leaf samples from treatment plots receiving 
MAP or DAP as was the case in 1995. Leaf Cu concentrations did, however, follow the same 
trend as in 1995 and were lower in treatment plots receiving MAP or DAP. 

1997 Soil Nutrient Concentrations 

Analysis of soil samples taken in July 1997 indicated that, as in 1995 soil samples, all fertilizers 
raised soil P concentrations, compared to the controls (Fig. 9). Soil P concentrations in plots 
receiving DAP, were slightly higher than those receiving TSP but not different than those 
receiving MAP. In general, the soil P concentrations were about half that found in 1995, 
including the control. For this we have no explanation. 

1997 Stem Characteristics and 1998 Yield 

Stem density (Table 3), randomly sampled in the fall 1997 from each treatment plot using four, 
114 ff quadrats, was remarkably similar to the 1995 data (Table 2). Stem length was increased 
by N-containing fertilizer treatments but not by TSP. DAP treatments resulted in taller stems 
than MAP, presumably due to its higher concentration ofN. The number of flower buds per 
stem also showed this trend. Flower bud density (flower buds per unit area) was not statistically 
different between MAP and DAP treatments but both were higher than the TSP treatments and 
the controls. Averaged across all three locations, fertilization with DAP resulted in taller stems 
with more flower buds per stem and the highest yield, although MAP also increased yield 
compared to the controls (Fig. 10). TSP, while elevating soil P and leaf P concentrations, did not 
result in an increase in growth, flower bud formation, or yield compared to the controls. 

1999 Leaf Tissue Nutrient Concentrations 

Plots at location 1 were abandoned due to circumstances beyond our control. Averaged across 
the two locations, the leaf P concentrations were greater in plots receiving TSP, MAP, or DAP, 
compared to the control as was the case in 1995 and 1997(Fig 1). It appears that in 1999 
differences in leaf P concentration are beginning to appear among the P containing fertilizers. 
However, there was a significant interaction between treatment and location for the leaf P 
concentration response to treatments. This means that one field responded differently from the 
other and is apparent when responses at location 2 (Fig. 3) and location 3 (Fig. 4) are compared. 
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The difference in the average is due only to the response at field 3. Leaf P concentration in 
control plots at both locations are below the standard suggested by Trevett (0.125%). At location 
2 (Fig. 3), TSP has been as effective as MAP or DAP at raising leaf P concentrations but this is 
not the case at location 3 (Fig. 4), where MAP and DAP have been somewhat more effective than 
TSP. Could it be the inherent difference in soil N availability between the two fields? 
The leafN concentrations averaged across 3 locations in 1995 and 1997 and 2 locations in 1999 
increased when MAP and DAP was applied (Fig 5). However, there is a difference between 
location 2 and 3 in control plot leafN concentrations; higher levels were found in location 2 that 
in location 3 (Figs 5b and 5c). The leafN concentrations were raised in location 3 to the 1.6% 
standard only in 1999, when plots received DAP (Fig. 5c). At location 2 this level ofleafN 
concentration was reached in 1995 when DAP was applied. In 1997 and 1999, control plots had 
leafN levels above the 1.6% standard and this concentrations was raised by MAP and DAP but 
not TSP. These differences in N availability at these two fields could explain the difference in 
response to treatments with regard to P uptake. Available N seems to be important in absorption 
and translocation of P from the soil into the leaves. 
At both locations in 1999, leaf Mg concentrations were highest in plots treated with TSP (Fig.6). 
The lower leaf Mg concentrations in other plots were not, however, below the satisfactory 
concentration (0.13%). Leaf boron concentrations also showed a similar trend in 1999 (Fig. 7). 
Copper concentrations in leaf tissue were reduced by MAP and DAP but not TSP(Fig. 8), 
suggesting that this is a dilution effect resulting from N-stimulated growth. 
Analysis of soil samples has not been completed. Stem characteristics on samples collected in 
October 1999 have not been determined at this time. 

CONCLUSIONS: No conclusions can be made until the study is completed and all the data is 
completely analyzed and interpreted. 

RECOMMENDATIONS: No recommendations can be made at this time. 
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Figure 4 P / N R a t i o S t u d y 
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Figure 5c P / N R a t i o S t u d y 
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Table 1 
P/N Ratio Study 

Treatments p (%) 

Control 11.7 

TSP 14 
MAP 13.2 

OAP 13.8 

Contrasts SIGN LEVEL 

Fert vs Control 1% 
NP vs P ns 

MAP vs OAP ns 

Table 2 P/N Ratio Study 

Treatment 
Stems per Stem length Flower buds Flower buds 

1/4sQ tt' (in) per stem per 1/4 SQ tt ' 

Control 21 b 2.9 c 1.8 c 37 b 

TSP 22 ba 3.0 c 1.9 Cb 41 b 

MAP 24 a 3.3 b 2.1 b 50a 

OAP 24 a 3.5a 2.4 a 55a 

Table 3 P/N Ratio Study 

Treatment 
Stems per Stem length Flower buds Flower buds 

1/4 SQ ft
2 

(in) per stem per 1/4 SQ ft 

Control 21 b 3.2 c 2.1 c 41 b 

TSP 23 ba 3.2 c 2.0 c 42 b 

MAP 24 a 3.8 b 2.6 b 57 a 

OAP 24a 4.0a 2.9a 63 a 
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PLANT NUTRITION 

INVESTIGATORS: J o h n M . S m a g u l a , P r o f e s s o r o f H o r t i c u l t u r e 
W a l t e r L i t t e u , F a c u l t y A s s o c i a t e 
R i c h a r d D y e r , R e s e a r c h A s s i s t a n t 
K a r e n L o e n n e c k e r , R e s e a r c h A s s i s t a n t 

2 . T I T L E : E f f e c t o f F e r t i l i z e r T i m i n g o n L o w b u s h B l u e b e r r y G r o w t h a n d P r o d u c t i v i t y . 

O B J E C T I V E S : T o d e t e r m i n e t h e e f f e c t o f t i m e o f f e r t i l i z e r a p p l i c a t i o n o n n u t r i e n t u p t a k e , 
s o i l n u t r i e n t a v a i l a b i l i t y , p l a n t g r o w t h , a n d y i e l d . 

Fertilizer Timing Study I (1998) 
METHODS: T w o l o c a t i o n s w e r e u s e d i n t h i s s t u d y : L o c a t i o n 1 i n L i n c o l n C o u n t y w i t h a 
h e a v i e r s o i l a n d L o c a t i o n 2 i n W a s h i n g t o n C o u n t y w i t h a t y p i c a l g r a v e l l y , s a n d y l o a m s o i l . A t 
b o t h l o c a t i o n s , f e r t i l i z e r w a s a p p l i e d a c c o r d i n g t o t h e U n i v e r s i t y o f M a i n e A n a l 3 4 i c a l L a b 
r e c o m m e n d a t i o n s b a s e d o n l e a f t i s s u e s a m p l e s s u b m i t t e d i n J u l y 1 9 9 6 . F e r t i l i z e r 
r e c o m m e n d a t i o n s w e r e : A t L o c a t i o n 1 , 8 0 l b s P / a c r e f r o m M A P a n d a t L o c a t i o n 2 , 8 0 l b s 
P / a c r e f r o m D A P . T h e s e w e r e a p p l i e d t o 5 f t x 5 0 f t t r e a t m e n t p l o t s i n p r u n e d fields o n M a y 
1 9 , J u n e 2 , J u n e 1 6 o r J u n e 3 0 , 1 9 9 8 . A t e a c h l o c a t i o n a n u n f e r t i l i z e d p l o t s e r v e d as a c o n t r o l . 
A s p l i t a p p l i c a t i o n o f h a l f t h e r e c o m m e n d e d f e r t i l i z e r r a t e o n M a y 1 9 a n d J u n e 1 6 w a s i n c l u d e d 
as a s i x t h t r e a t m e n t a t e a c h l o c a t i o n . T r e a t m e n t s w e r e r e p l i c a t e d 8 t i m e s a t e a c h l o c a t i o n . 
T o d e t e r m i n e t h e e f f e c t o f t i m i n g o n n u t r i e n t u p t a k e , l e a v e s w e r e r a n d o m l y s a m p l e d f r o m a l l 
t r e a t m e n t p l o t s a t t i p d i e b a c k d u r i n g t h e first w e e k i n J u l y 1 9 9 8 . S o i l s a m p l e s w e r e a l s o t a k e n 
a t t h i s t i m e . S t e m s w e r e s a m p l e d i n O c t o b e r 1 9 9 8 t o d e t e r m i n e t r e a t m e n t e f f e c t s o n s t e m 
l e n g t h a n d f l o w e r b u d f o r m a t i o n , a n d h a r v e s t y i e l d s w e r e m e a s u r e d i n A u g u s t 1 9 9 9 . 

RESULTS: 
L o c a t i o n 1 
N a n d P l e a f c o n c e n t r a t i o n s w e r e a f f e c t e d b y t h e d a t e o f f e r t i l i z e r a p p l i c a t i o n ( M A P a t 8 0 l b s 
P / a c r e ) a t L o c a t i o n 1 ( F i g s . 1 & 2 ) . A l l f e r t i l i z e r a p p l i c a t i o n s i n c r e a s e d t h e l e a f N 
c o n c e n t r a t i o n s c o m p a r e d t o t h e c o n t r o l s ( F i g . 1 ) . L e a f N c o n c e n t r a t i o n s i n l e a f s a m p l e s f r o m 
c o n t r o l p l o t s a v e r a g e d 1 . 7 8 % , w h i c h i s a b o v e t h e 1 . 6 % s t a n d a r d p r o p o s e d b y P r o f e s s o r T r e v e t t 
i n 1 9 7 2 . T h i s i s n o t s u r p r i s i n g c o n s i d e r i n g t h e h e a v i e r s o i l i n t h i s field. P r e v i o u s l e a f t i s s u e 
s a m p l e s s h o w i n g a d e q u a t e N r e s u l t e d i n a r e c o m m e n d a t i o n f o r M A P a n d n o t D A P . T h e J u n e 
1 6 a p p l i c a t i o n a n d s p l i t a p p l i c a t i o n o f M a y 19 a n d J u n e 1 6 r e s u l t e d i n t h e h i g h e s t l e a f n i t r o g e n 
c o n c e n t r a t i o n . L e a f P c o n c e n t r a t i o n s w e r e r a i s e d b y M A P f e r t i l i z a t i o n o n a l l d a t e s e x c e p t t h e 
l a s t , J u n e 3 0 ( F i g . 2 ) . A s p l i t a p p l i c a t i o n o f h a l f o n M a y 1 9 a n d h a l f o n J u n e 1 6 w a s a l s o 
e f f e c t i v e i n r a i s i n g l e a f P c o n c e n t r a t i o n s t o a l e v e l o f s u f f i c i e n c y . 
S o i l P c o n c e n t r a t i o n s i n s o i l s a m p l e s t a k e n i n 1 9 9 8 s h o w a s i m i l a r p a t t e r n f o u n d f o r l e a f P 
c o n c e n t r a t i o n s ( F i g 2 ) . A l l t r e a t m e n t s r a i s e d s o i l P c o n c e n t r a t i o n s , c o m p a r e d t o t h e c o n t r o l . 
T h e h i g h e s t c o n c e n t r a t i o n s r e s u l t e d f r o m f e r t i l i z e r a p p l i c a t i o n o n M a y 1 9 , J u n e 2 , J u n e 1 6 , a n d 
t h e s p l i t a p p l i c a t i o n o f M a y 19 a n d J u n e 1 6 . 
S t e m d e n s i t y w a s i n c r e a s e d b y l a t e M A P f e r t i l i z e r a p p l i c a t i o n ( J u n e 3 0 ) c o m p a r e d t o a l l o t h e r 
a p p l i c a t i o n d a t e s a n d t h e c o n t r o l ( F i g . 3 ) . S t e m l e n g t h w a s i n c r e a s e d b y f e r t i l i z a t i o n o n M a y 
1 9 a n d J u n e 1 6 , c o m p a r e d t o t h e c o n t r o l ( F i g . 4 ) . V e r y l i t t l e b r a n c h i n g w a s o b s e r v e d o n s t e m s 
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s a m p l e d a t L o c a t i o n 1 ; a s m a l l b u t s i g n i f i c a n t i n c r e a s e w a s a t t r i b u t e d t o f e r t i l i z a t i o n a t a l l da tes 
e x c e p t J u n e 3 0 ( F i g . 5 ) . T b e J u n e 1 6 f e r t i l i z a t i o n r e s u l t e d i n t b e g r e a t e s t b r a n c b i n g . T b e 
g r e a t e s t n u m b e r o f f l o w e r b u d s p e r s t e m w a s f o u n d i n p l o t s r e c e i v i n g M A P o n J u n e 1 6 ( F i g . 6 ) . 
H o w e v e r , f l o w e r b u d d e n s i t y o r t b e n u m b e r o f f l o w e r b u d s p e r u n i t a r e a w a s n o t b i g b e r i n p l o t s 
r e c e i v i n g M A P o n J u n e 1 6 , c o m p a r e d t o o t b e r d a t e s o f a p p l i c a t i o n o r t b e c o n t r o l . T b e p l o t s 
r e c e i v i n g f e r t i l i z e r o n t b e l a s t a p p l i c a t i o n d a t e , J u n e 3 0 , b a d a s i g n i f i c a n t l y b i g b e r f l o w e r b u d 
d e n s i t y p r e s u m a b l y d u e t o t b e g r e a t e r d e n s i t y o f s t e m s p e r s q u a r e f o o t ( F i g . 7 ) . T b e r e w a s n o 
e f f e c t o n y i e l d i n 1 9 9 9 ( F i g . 8 ) . 

L o c a t i o n 2 
O n t b e s a n d y s o i l o f L o c a t i o n 2 , l e a f n i t r o g e n w a s b e l o w t b e s t a n d a r d ( 1 . 6 5 % ) i n l e a v e s 
s a m p l e d f r o m t b e c o n t r o l p l o t s ( F i g . 9 ) . T b e l e a f N c o n c e n t r a t i o n s w e r e r a i s e d a b o v e t b e 
s t a n d a r d b y D A P f e r t i l i z e r a t a l l a p p l i c a t i o n d a t e s ; t b e b i g b e s t c o n c e n t r a t i o n r e s u l t e d f r o m 
f e r t i l i z i n g o n J u n e 2 a n d J u n e 1 6 a n d f r o m t b e s p l i t a p p l i c a t i o n o n M a y 1 9 a n d J u n e 1 6 . W b i l e 
l e a f s o i l a n d l e a f P c o n c e n t r a t i o n s s e e m t o f o l l o w a s i m i l a r t r e n d w i t b r e g a r d t o t r e a t m e n t s , o n l y 
l e a f P c o n c e n t r a t i o n s w e r e a f f e c t e d b y d a t e o f f e r t i l i z e r a p p l i c a t i o n ( F i g . 1 0 ) . T b e J u n e 2 
a p p l i c a t i o n d a t e r e s u l t e d i n t b e b i g b e s t l e a f P c o n c e n t r a t i o n , b u t a l l a p p l i c a t i o n s o f D A P 
( i n c l u d i n g t b e s p l i t a p p l i c a t i o n ) r a i s e d l e a f P c o n c e n t r a t i o n s a b o v e t b e 0 . 1 2 5 % s t a n d a r d 
p r o p o s e d b y T r e v e t t i n 1 9 7 2 ) . T b a t w e b a v e r a i s e d y i e l d s i n r e s p o n s e t o P f e r t i l i z a t i o n w b e n 
l e a f c o n c e n t r a t i o n s w e r e a t t b e 0 . 1 2 5 % s u g g e s t s t b e s t a n d a r d s h o u l d b e r a i s e d t o 0 . 1 3 0 % . S t e m 
d e n s i t y w a s n o t i n f l u e n c e d b y f e r t i l i z a t i o n ( F i g . 1 1 ) . S t e m l e n g t h w a s i n c r e a s e d b y e a r l y 
f e r t i l i z a t i o n o n M a y 19 o r J u n e 2 , c o m p a r e d t o o t b e r d a t e s a n d t b e c o n t r o l ( F i g . 1 2 ) . B r a n c b i n g 
w a s i n c r e a s e d b y f e r t i l i z e r a p p l i c a t i o n o n J u n e 2 a n d J u n e 1 6 a n d b y t b e s p l i t a p p l i c a t i o n o n 
M a y 19 a n d J u n e 1 6 , c o m p a r e d t o o t b e r d a t e s a n d t b e c o n t r o l ( F i g . 1 3 ) . T b e a v e r a g e n u m b e r o f 
f l o w e r b u d s p e r s t e m w a s i n c r e a s e d b y a l l f e r t i l i z e r a p p l i c a t i o n s , e x c e p t t b e e a r l i e s t ( M a y 1 9 ) 
a n d t b e l a t e s t ( J u n e 3 0 ) , c o m p a r e d t o t b e c o n t r o l ( F i g . 1 4 ) . F l o w e r b u d d e n s i t y w a s a l s o 
i n c r e a s e d b y f e r t i l i z a t i o n a t a l l d a t e s , i n c l u d i n g t b e s p l i t a p p l i c a t i o n , c o m p a r e d t o t b e c o n t r o l 
( F i g . 1 5 ) . Y i e l d w a s i n c r e a s e d b y a l l f e r t i l i z e r t r e a t m e n t s b u t w a s b i g b e s t w b e n f e r t i l i z e r w a s 
a p p l i e d o n J u n e 2 c o m p a r e d t o o t b e r d a t e s ( F i g . 1 6 ) . 

Fertilizer Timing Study II (1999) 
METHODS: 
R e s u l t s o f F e r t i l i z e r T i m i n g S t u d y I i n d i c a t e a n e f f e c t o f t i m e o f f e r t i l i z e r a p p l i c a t i o n o n 
n u t r i e n t u p t a k e . H o w e v e r , a p r e e m e r g e n t t r e a t m e n t w a s n o t i n c l u d e d . T o c o n f i r m t b e r e s u l t s 
o f t b e 1 9 9 8 s t u d y a n d t o i n c l u d e a p r e e m e r g e n t t r e a t m e n t , a f i e l d w a s s e l e c t e d i n t b e A p p l e t o n , 
M a i n e a r e a . A l t h o u g h w e b a d h o p e d t o i n c l u d e a s a n d y p o d s o l s o i l , t y p i c a l o f t b e b l u e b e r r y 
' b a r r e n s ' , o n e w a s n o t a v a i l a b l e t b a t b a d p r e v i o u s l e a f t i s s u e a n a l y s i s a n d b a d n o t b e e n 
p r e v i o u s l y f e r t i l i z e d . F e r t i l i z e r w a s a p p l i e d b y b a n d s p r e a d e r t o 5 x 5 0 f t t r e a t m e n t p l o t s a t t b e 
r a t e r e c o m m e n d e d ( 8 0 l b s P f r o m D A P ) , b a s e d o n l e a f t i s s u e a n a l y s i s . T r e a t m e n t p l o t s 
r e c e i v e d a p r e e m e r g e n t f e r t i l i z e r t r e a t m e n t o r o n e o f f o u r a p p l i c a t i o n s a t t w o w e e k i n t e r v a l s o n 
M a y 1 2 , M a y 2 6 , J u n e 9 , J u n e 2 3 , o r J u l y 7 . A n u n f e r t i l i z e d p l o t s e r v e d as a c o n t r o l . L e a f a n d 
s o i l s a m p l e s w e r e t a k e n o n J u l y 2 , 1 9 9 9 a t t b e t i p d i e b a c k s t a g e o f s t e m d e v e l o p m e n t . L e a f 
s a m p l e s w e r e t h e r e f o r e n o t t a k e n f o r t r e a t m e n t 6 a p p l i c a t i o n o n J u l y 7 . A r a n d o m i z e d c o m p l e t e 
b l o c k d e s i g n w i t b 8 b l o c k s w a s b e u s e d . 
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RESULTS: Fertilizing with DAP increased N and P leaf concentrations, compared to the 
controls (Figs. 17 & 18). For leafN concentration there was a significant linear and quadratic 
trend over date of fertilizer application. Fertilizing after emergence resulted in higher lead N 
concentration than fertilizing before shoots emerged; the later the application date the higher 
the concentration until June 9. The leafN concentration resulting from the June 23 application 
of DAP was similar to that on June 9. Leaf P concentration exhibited a quadratic trend over 
fertilizer application date. The leaf P concentration increased with the May 26 application date 
compared with the preemergent application on May 12 but did not increase with later 
application date. In fact, the leaf P concentration of plots receiving the last application date, for 
which leaf samples where taken, was not different from plots receiving the fertilizer 
preemergent. 
It is interesting to note that B and Cu showed a negative quadratic response to later application 
ofDAP (Fig. 19). Perhaps the increased N and P uptake that appears to be occurring at the 
May 26 application date has stimulated more growth (including larger leaves) resulting in a 
dilution of Band Cu that was taken in through the roots system of the lowbush blueberry. 
Magnesium (Mg) concentration also decreased linearly with increasing date of DAP 
application (Fig. 20). 

CONCLUSIONS: Although no conclusions can be drawn until further studies are conducted, 
it appears that timing may be important for maximizing lowbush blueberry nutrient uptake. 
Future studies should concentrate on the stage of growth at time of fertilization rather than 
date. 

RECOMMENDATIONS: No recommendations can be made at this time regarding timing of 
fertilization. 
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PLANT NUTRITION 

INVESTIGATORS: John M. Smagula, Professor of Horticulture 
Walter Litten, Faculty Associate 
Richard Dyer, Research Assistant 
Karen Loennecker, Research Assistant 

3. TITLE: Effect of Soil pH on Nutrient Uptake 

OBJECTIVES: To determine the effect of soil pH adjustment on nutrient uptake, available 
soil nutrients, plant growth and yield. 

METHODS: An experiment to determine the effect of soil pH adjustment on nutrient uptake, 
plant growth, and yield was established at two locations in 1994. Eight clones were selected at 
a field in Lamoine that had shown a history oflow soil pH (3.9) and 8 clones were also chosen 
at a field in NO 14 TWP with a history of high soil pH (5.3). Within each clone, two 4 ft x 8 ft 
plots were established. One of these plots was a control while the other plot was to have its pH 
adjusted toward the optimum pH 4.8 recommended in Blueberry Fact Sheet No.220. 
The field in NO 14 TWP was part of the Washington County Integrated Crop Management 
(ICM) program, and soil test results indicated this field had a soil pH value of 5.3. The soil 
. within clones but outside of treatment plots at the NO 14 TWP site was sampled in October 
1994. Results indicated that pH averaged 4.75 for the 8 clones, much lower than expected. 
Since this was not the normal time of year to take soil samples for pH, it was felt that the pH 
would rise during the growing season and approach 5 .3. The other treatment plots within each 
clone were treated in May 1995 with 450 lbs sulfur/acre to adjust the soil pH downward. 

The pH of soils under the selected clones in Lamoine, assessed in May 1995, averaged 
4.6, considerably higher than 4.0, so one of each pair of plots was treated with 700 lbs 
sulphur/acre to create a pH 3.9 treatment plot. 
The difference in pH between that measured for previous samples and that measured in soil 
recently sampled raised questions. Was there an error in analysis? Soil samples taken in July 
1993 as part of a phosphorus study indicated that the Lamoine field had a fairly uniform pH of 
3.9-4.0. When some of these samples were re-analyzed for pH, the results were similar. Could 
the discrepancy be due to the time of the year that samples were taken? The NO 14 TWP soil, 
sampled in October 1994, had a lower pH than those sampled in July in the ICM program. This 
prompted a study of the change in pH over the course of the 1995 growing season. At both 
sites, soil pH was tracked bi-weekly from May 5 to October 20, 1995 by taking ten, 3-inch 
deep cores with a soil sample tube just outside the treatment plots to avoid affecting the plots 
themselves. Also, to determine the spatial variability in pH within a clone, two, 3-inch cores 
were taken every 2 feet along a straight line in an East-West direction across the clones outside 
the plots in Lamoine. 
In July 1995, leaf tissue samples and soil samples were taken in each plot at both locations to 
assess plant and soil nutrients. 

Stem length measurements and flower bud counts were made on stems cut from within 
one randomly selected 4 in x 2 ft quadrat in each treatment plot in November 1995. A non­
destructive count of stem density was also made in each of three randomly selected 4 in x 1 ft 
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permanent quadrats. The destructive sampling each prune year will avoid a previous sample 
location and be taken at least 4 inches from the other samples. 
Pre-treatment yield was collected in August 1994 and the effect of treatment on yield was 
determined in August 1996 and 1998 and will be collected again in 2000. 

RESULTS: August 1994 yields of the two 4 ft x 8 ft plots within each clone revealed large 
differences in yield from clone to clone and considerable differences within clones (Figs. 1 & 
2). The average August 1994 yield of all clones at the high pH NO 14 TWP field was 8,290 
lb/acre compared to 6,077 lb/acre at the low pH Lamoine field. Yields from the entire field 
would likely be lower than these figures since clones were selected for good cover, minimal 
weeds and no apparent pest damage. As did yield, the availability of soil mineral nutrients 
varied widely over the 16 clones of the study at the two locations (Tables 1 & 2). 

Table 1. 

Table 2. 

Soil pH and Nutrients Among Clones 
NO 14 TWP 

Clone pH Ca K Mg p Al Cu Fe Mn Zn 

1 4.8 504 60 105 15 243 0.11 14 35 1.7 

2 4.6 328 58 69 18 315 0.1 13 34 1.8 

3 4.6 368 45 67 17 293 0.08 13 36 1.6 

4 4.7 329 50 54 18 289 0.12 12 30 1.8 

5 4.7 271 44 45 15 314 0.08 11 34 1.6 

6 4.6 294 51 53 19 322 0.08 15 37 2.2 

7 4.6 197 47 39 18 344 0.09 13 27 1.3 

8 4.7 276 51 56 18 287 0.1 12 36 1.9 

Concentrations in mg/kg. Values for pH, Mg, and P were significantly different among clones 

Soil pH and Nutrients Among Clones 
Lamoine 

Clone pH Ca K Mg p Al Cu Fe Mn Zn 

1 4.2 93 58 28 17 344 0.16 36 16 1.9 

2 4.2 121 43 27 12 379 0.08 23 14 1.5 

3 4.3 132 47 31 13 396 0.06 20 21 1.5 

4 4.1 229 57 45 19 325 0.08 36 20 2.6 

5 4.3 137 51 28 15 412 0.06 24 25 2.3 

6 4.2 120 51 27 17 404 0.08 28 25 2.2 

7 4.1 115 38 25 12 330 0.06 30 16 1.3 

8 4.3 79 32 20 11 390 0.11 24 20 1.3 

Concentrations in mg/kg. Values for pH , Mn and Zn not significantly different among clones a 
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The soil pH at each location varied from clone to clone (Figs. 3 & 4). This reinforces the need 
for blueberry growers to take a large number of samples to get a true representation of the pH 
in their field. 
How does the pH vary across a clone? When soil samples taken 2 ft apart along a transect on 
one side of the clones in Lamoine were compared to those taken from the other side (about 10 
ft apart), we found the pH fairly uniform. For all the clones, the pH varied by .04 pH units 
from one side to the other. Along the transect the pH variation was also about .04. These are 
very minor compared to the differences among clones, which were scattered over this 5 acre 
field. 
Did the pH vary over the growing season? A change in pH was found during the growing 
season (Fig. 5) and this reinforces the need to be consistent in the time that soil samples are 
taken. The current recommendations are that soil samples be taken at the tip dieback stage of 
growth which occurs the last week of June or the first week of July, depending upon the 
weather. 
Destructive and non-destructive stem samples taken in 1995 characterized the clones used in 
this study but no changes in stem characteristics were brought about by pH adjustment 
treatments. This was expected as pH adjustment in an unplowed soil is slow due to the high 
organic matter content. No pH differences were found between the control and treatment plots 
in the NO 14 TWP field, while only a small decrease (0.09 pH unit) was found in the treatment 
plots at the Lamoine field, sampled in July 1995 (Table 3). 

Table 3 
Soil pH, July 1995 

Treatment Lamoine N014TWP 
Control 4.24 a 4.65 a 
Sulphur 4.15 b 4.65 a 

Non-destructive stem density measurements gave a range of 50 to 95 stems/ff among the 
clones in the NO 14 TWP field and 131 to 192 stems/ff among the clones in the Lamoine field 
(Table 4). Destructive stem density measurements gave similar results. The average stem 
height ranged from 4.0 to 6.8 inches and fruit bud formation ranged from 1.2 to 3.8 buds/stem 
among the clones in the NO 14 TWP field. In the Lamoine field average stem height ranged 
from 3.0 to 5.3 inches and fruit bud formation ranged from 0.4 to 2.0 among the clones. While 
stem density was considerably higher in the Lamoine field, stem height and the number of fruit 
buds/stem were lower. Stem density, measured by non-destructive counts, was no different 
between control and sulphur-treated plots (Table 5). Stems cut from randomly selected sub 
plots (destructive samples) for stem density, length and fruit bud counts also showed no 
difference between control and treatment plots (Table 5). These base line data will be valuable 
in assessing the effects of future soil pH changes. 
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Table 4 
Octoberl 995 stem characteristics of non-destructive and destructive samples among clones. 

Non-destructive Destructive 
Stem density (sq ft) Stem density (sq ft) I Length (in) l Fb/stem 

NO 14 NO 14 NO 14 NO 14 
Clone Lamoine TWP Lamoine TWP Lamoine TWP Lamoine TWP 

1 151 68 118 53 3.7 5.2 1.1 2.3 
2 164 78 126 73 3.3 4.0 1.1 2.6 
3 131 82 99 50 5.0 5.6 2 3.5 
4 158 ·so 143 30 5.3 6.8 0.7 4 
5 159 77 179 72 3.0 4.7 1.6 3.4 
6 165 95 243 84 3.7 6.0 0.8 3.8 
7 192 73 206 90 3.8 4.8 0.4 1.2 
8 134 68 120 80 4.2 5.9 1.7 1.5 

Table 5 
October 1995 stem characteristics of non-destructive and destructive samples, as affected by sulphur 
treatment. 

Non-destructive Destructive 
Stem density (sq ft) Stem density (sq ft) Length (in) Fb/stem 

NO 14 NO 14 NO 14 NO 14 
Treatment Lamoine TWP Lamoine TWP Lamoine TWP Lamoine TWP 

Control 155 a 76 a 150 a 65 a 4.2 a 5.5 a 1.4 a 
Sulphur 159 a 71 a 158 a 63 a 3.8 a 5.3 a 1.0 a 

Leaf samples taken in July 1995 showed no differences in leaf nutrient concentrations between 
pH-adjusted and non-adjusted plots at both sites. 
An extremely wet spring in 1996 resulted in fungal disease in some clones at the N014 TWP 
field, so berry yield was not taken from the affected clones. The yield was not influenced by 
pH adjustment treatments at either Lamoine or NO 14 TWP (Fig. 6). 

1997 Results 
Management problems at the NO 14 TWP site (poor weed control, extremely late pruning, and 
destruction of treatment plots by rock removal activity) resulted in our abandoning this site. 
Soil samples taken in July 1997 to monitor changes in pH at Lamoine indicated that pH had 
decreased by an average of 0.33 pH units for soil beneath the 8 sections of clones treated with 
sulphur (Table 6). July 1997 leaf samples from treatment plots at the Lamoine site indicated 
that N, P, K concentrations were raised by sulphur treatment and Ca and B concentrations were 
lowered by this treatment (Table 6). 
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Table 6 
July 1997 soil pH and leaf nutrient concentrations at Lamoine as affected by sulphur treatment. 

Leaf Nutrient Concentrations 

Treatment Soil pH 
N(o/o) P(o/o) K(o/o) Ca(%) B (ppm) 

Control 4.39 a 1.62 b .114 b .493 b .431 a 32 a 
Sulphur 4.06b 1.68 a .121 a .575 a .413 b 29 b 

Stem samples were taken in October 1997 because leaf sample data suggested significant 
change in leaf nutrient concentrations and a possibility that stem characteristics and density 
could be affected by the sulphur treatment. Stem characteristics were not, however, affected by 
sulphur treatment (Table 7). 

Table 7 
October 1997 stem characteristics of non-destructive and destructive samples at Lamoine as 
affected by sulphur treatment. 

Non-Destructive Destructive 
Stem Density Stem Density Stem length Flower 

Treatment (no stems/sq ft) (no stems/ sq ft) (in) buds/stem 
Control 144 a . 129 a 4.0 a 1.7 a 
Sulphur 138 a 120 a 3.7 a 2.0 a 

1998 Results 
The pH of soil samples taken in July 1998 indicate that the pH of control plots continues to 
increase and the pH of sulphured plots continues to decrease (Fig. 7). 
Yield data taken in Lamoine in 1998 (Fig. 8) showed no difference between sulphured and 
non-sulphured plots. The 1996 Lamoine yield is also given for comparison. The yield 
variation (1994, 1996, and 1998) among the control and sulphur-treated plots within the 8 
clones in Lamoine is presented in Figure 9. It indicates that weather affects yield far more than 
does pH adjustment with sulfur. 

1999 Results 
Leaf tissue analysis indicated no significant difference between the control and sulphur­

treated plots in 1999 (Table 8). Soil data is not yet available. 
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Table 8 
July 1999 soil pH and leaf nutrient concentrations at Lamoine as affected by sulphur treatment. 

Leaf nutrient concentrations 

Treatment Soil pH 
N(o/o) P(o/o) K(o/o) Ca(%) B (ppm) 

Control 1.98 a .133 a .474 a .405 a 27 a 
Sulphur 1.99 a .137 a .497 a .396 a 25 a 

Stems cut from within 4 inch x 2 ft quadarats indicated no difference in density of 
emerging stems, stem length, branching, or flower bud formation between the control and 
sulphur-treated plots (Table 9). 

Table 9. October 1999 stem characteristics of destructive samples at Lamoine as affected by 
sulphur treatment. 

Stem characteristics 

Treatment 
Stem Density Stem length Stem Flower 
(no stems/sq (in) branches buds/stem 

ft) 
Control 138 a 4.05 a 1.06 a 1.82 a 
Sulphur 132 a 4.41 a 1.31 a 1.78 a 

CONCLUSIONS: No conclusions can be made at this time. 

RECOMMENDATIONS: No recommendations can made at this time. 
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PLANT NUTRITION 

INVESTIGATORS: J o h n M . S m a g u l a , P r o f e s s o r o f H o r t i c u l t u r e 
W a l t e r L i t t e n , F a c u l t y A s s o c i a t e 
R i c h a r d D y e r , R e s e a r c h A s s i s t a n t 
K a r e n L o e n n e c k e r , R e s e a r c h A s s i s t a n t 

4 . T I T L E : L f f e c t o f B o r o n ( B ) A p p l i c a t i o n M e t h o d s o n B o r o n U p t a k e i n L o w b u s h 
B l u e b e r r i e s 

OBJECTIVES : C o m p a r e t h e u p t a k e o f b o r o n i n t o l e a f t i s s u e s f r o m s o i l a n d l e a f a p p l i c a t i o n s . 
B o r o n a v a i l a b i l i t y m a y b e l i m i t e d i n t h e a c i d p o d s o l s o i l s i n w h i c h m o s t o f M a i n e ' s l o w b u s h 
b l u e b e r r i e s a r e g r o w n . I n 1 9 8 4 , a c o m p a r i s o n o f s i x g r o w e r - c l a s s i f i e d ' g o o d ' a n d s i x ' p o o r ' 
fields i n d i c a t e d t h a t t h e y h a d e q u a l n u m b e r s o f f l o w e r b u d s p e r s t e m b u t t h a t h i g h e r l e v e l s o f 
b o r o n a n d c a l c i u m ( C a ) w e r e f o u n d i n t h e l e a f t i s s u e o f t h e ' g o o d ' fields. A s u r v e y o f l e a f 
n u t r i e n t c o n c e n t r a t i o n s i n c o m m e r c i a l l o w b u s h b l u e b e r r y fields c o n d u c t e d i n 1 9 8 7 a n d 1 9 8 8 
i n d i c a t e d t h a t 3 9 o u t o f 7 5 fields h a d b o r o n c o n c e n t r a t i o n s b e l o w t h e s t a n d a r d o f 2 4 p p m , 
e s t a b l i s h e d b y T r e v e t t i n 1 9 7 2 . 
I n s u f f i c i e n t b o r o n c o n c e n t r a t i o n i n flowers h a s b e e n a s s o c i a t e d w i t h l o w f r u i t se t d u e t o 
i n a d e q u a t e p o l l e n g r o w t h t h r o u g h t h e s t y l e i n t o t h e o v a r y , w h e r e f e r t i l i z a t i o n o c c u r s a n d s e e d 
d e v e l o p m e n t b e g i n s . B e r r i e s i n c r e a s e i n s i z e as m o r e seeds d e v e l o p . R e m e d y i n g b o r o n 
d e f i c i e n c y b y s u p p l e m e n t a t i o n t h r o u g h s o i l o r l e a v e s c o u l d i m p r o v e f r u i t se t a n d i n c r e a s e f r u i t 
p r o d u c t i o n . T h e r e i s l i t t l e i n f o r m a t i o n c o m p a r i n g t h e e f f e c t i v e n e s s o f s o i l a n d f o l i a r b o r o n 
a p p l i c a t i o n i n c o r r e c t i n g b o r o n d e f i c i e n c y o f t h e l o w b u s h b l u e b e r r y . 

METHODS: Boron Application Study I (1997) 
O n e c o m m e r c i a l l o w b u s h b l u e b e r r y field w a s u s e d i n t h i s s t u d y . T r e a t m e n t p l o t s m e a s u r i n g 5 
f t X 2 5 f t r e c e i v e d t h e f o l l o w i n g t r e a t m e n t c o m b i n a t i o n s o f s o i l b o r a t e , f o l i a r Solubor®, D A P 
( 8 0 l b s P ) , o r Z i n c ( Z n ) ( 3 l b / a c r e ) : 

S o i l T r e a t m e n t s 
T l ^ C o n t r o l + D A P + Z n T 9 = C o n t r o l 
T 2 = 1 . 0 l b B / a b o r a t e + D A P + Z n T l ( ) = 1 . 0 l b B / a b o r a t e 
T 3 = 2 . 0 l b B / a b o r a t e + D A P + Z n T i l = 2 . 0 l b B / a b o r a t e 
T 4 = 3 . 0 l b B / a b o r a t e + D A P + Z n T 1 2 = 3 . 0 1 b B / a b o r a t e 

F o l i a r T r e a t m e n t s 
T 5 = C o n t r o l + D A P + Z n T 1 3 = C o n t r o l 
T 6 = 0 . 2 2 l b B / a Solubor® + D A P + Z n T 1 4 = 0 . 2 2 l b B / a Solubor® 
T 7 = 0 . 4 4 l b B / a S o l u b o r ®+ D A P + Z n T 1 5 = 0 . 4 4 l b B / a Solubor® 
T 8 = 0 . 6 6 l b B / a S o l u b o r ®+ D A P + Z n T 1 6 = 0 . 6 6 l b B / a Solubor® 

T h e s e t r e a t m e n t s w e r e r a n d o m l y a s s i g n e d t o t r e a t m e n t p l o t s i n a r a n d o m i z e d c o m p l e t e b l o c k 
w i t h 8 b l o c k s . P r e e m e r g e n t s o i l a p p l i c a t i o n o f b o r o n w a s m a d e M a y 2 8 , 1 9 9 7 a n d f o l i a r 
a p p l i c a t i o n o n J u n e 1 7 , 1 9 9 7 . T o t e s t i f r e s p o n s e t o b o r o n t r e a t m e n t c o u l d b e m a s k e d b y 
d e f i c i e n c y o f o t h e r n u t r i e n t s , a field l o w i n N , P a n d Z n w a s u s e d a n d h a l f o f t h e p l o t s ( T 1 - T 8 ) 
r e c e i v e d D A P p l u s Z n a n d h a l f ( T 9 - T 1 6 ) d i d n o t . C o m p o s i t e l e a f t i s s u e s a m p l e s w e r e t a k e n i n 
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J u l y 2 3 , 1 9 9 7 i n e a c h t r e a t m e n t p l o t . S t e m s a m p l e s f r o m 4 r a n d o m l y p l a c e d 1/4 f t ^ q u a d r a t s 
w e r e c o l l e c t e d i n O c t o b e r 1 9 9 7 a n d m e a s u r e d f o r s t e m l e n g t h a n d f l o w e r b u d f o r m a t i o n . Y i e l d 
w a s d e t e r m i n e d i n A u g u s t 1 9 9 8 . S o i l a n d l e a f s a m p l e s w e r e t a k e n i n J u l y 1 9 9 9 t o d e t e r m i n e i f 
t h e r e w a s a c a r r y o v e r e f f e c t f r o m t h e 1 9 9 7 t r e a t m e n t s . 

RESULTS: Boron Application Study I (1997) 
B o r o n l e a f c o n c e n t r a t i o n s w e r e i n c r e a s e d b y b o t h s o i l a n d f o l i a r t r e a t m e n t s , c o m p a r e d t o 
c o n t r o l s ( F i g . 1 ) . T h e l e a f B c o n c e n t r a t i o n s i n c o n t r o l p l o t s w e r e a b o v e t h e 2 4 p p m s t a n d a r d 
a n d w e r e r a i s e d b y a l l s o i l a p p l i e d b o r a t e t r e a t m e n t s a n d b y t h e f o l i a r Solubor® t r e a t m e n t s a t 
0 . 4 4 a n d 0 . 6 6 l b s B / a . A r e d u c t i o n i n l e a f B c o n c e n t r a t i o n w a s n o t e d w h e n p l o t s r e c e i v i n g s o i l 
a p p l i e d b o r a t e ( 2 o r 3 l b s B / a ) a l s o r e c e i v e d D A P a n d Z n f e r t i l i z e r . T h i s c o u l d h a v e b e e n t h e 
r e s u l t o f a d i l u t i o n e f f e c t c a u s e d b y i n c r e a s e g r o w t h f r o m t h e D A P . 
N a n d P l e a f c o n c e n t r a t i o n s w e r e i n c r e a s e d w h e n D A P a n d Z n w e r e i n c l u d e d i n t h e f e r t i l i z e r 
t r e a t m e n t , p r e s u m a b l y d u e t o t h e D A P c o m p o n e n t ( F i g s . 2 & 3 ) . P h o s p h o r u s l e a f 
c o n c e n t r a t i o n s s h o w e d d e f i c i e n c y i n p l o t s n o t r e c e i v i n g D A P . 
M o s t o f t h e t r e a t m e n t p l o t s t h a t r e c e i v e d D A P a n d Z n f e r t i l i z e r h a d t a l l e r s t e m s t h a n t h o s e t h a t 
d i d n o t ( F i g . 4 ) . B a p p l i c a t i o n d i d n o t a f f e c t s t e m l e n g t h . A c o m p a r i s o n o f f l o w e r b u d 
f o r m a t i o n a m o n g t r e a t m e n t p l o t s r e c e i v i n g b o r a t e s u g g e s t s t h a t a n i n c r e a s e i n f l o w e r b u d s / s t e m 
r e s u l t e d f r o m a c o m b i n a t i o n o f D A P a n d Z n f e r t i l i z e r a n d 2 l b s B / a ( F i g . 5 ) . W i t h f o l i a r 
a p p l i c a t i o n o f B , t h e g r e a t e s t f l o w e r b u d f o r m a t i o n a l s o o c c u r r e d w h e n D A P a n d Z n f e r t i l i z e r 
w a s c o m b i n e d w i t h B a p p l i c a t i o n (Solubor® a t 0 . 6 6 l b B / a ) . F l o w e r b u d d e n s i t y ( f l o w e r b u d s 
p e r u n i t a r e a ) a l s o s u g g e s t s a n i n t e r a c t i o n b e t w e e n D A P a n d Z n a n d b o r o n t r e a t m e n t s ( F i g . 6 ) . 
T r e a t m e n t s w i t h t h e h i g h e s t p o t e n t i a l y i e l d b a s e d o n n u m b e r o f f l o w e r b u d s / s t e m a n d f l o w e r 
b u d d e n s i t y a r e s u m m a r i z e d i n F i g u r e 7 . T r e a t m e n t p l o t s r e c e i v i n g D A P a n d Z n p l u s 2 l b s B / a 
f r o m b o r a t e a n d t h o s e r e c e i v i n g D A P a n d Z n p l u s 0 . 6 6 l b s B / a h a d a b o u t t h e s a m e l e a f B 
c o n c e n t r a t i o n s , 5 9 a n d 5 2 p p m B , r e s p e c t i v e l y . T h e y a l s o h a d s i m i l a r l e a f N a n d P 
c o n c e n t r a t i o n s . 
T h e p o t e n t i a l y i e l d t r e n d s w e r e n o t s e e n w h e n a c t u a l y i e l d w a s t a k e n i n A u g u s t 1 9 9 8 
( F i g . 8 ) . A s p r i n g f r o s t d u r i n g b l o s s o m i n g r e s u l t e d i n s l i g h t d a m a g e t h a t w a s c o n f o u n d e d b y 
m u m m y b e r r y f u n g a l d i s e a s e (Monolinia vaccinii) a n d r e s u l t e d i n l o w e r t h a n n o r m a l y i e l d . 
T h i s a f f e c t e d y i e l d r e s u l t s a n d c o u l d h a v e c o m p r o m i s e d t h e b e n e f i t o f b o r o n a p p l i c a t i o n . 
A p p l i c a t i o n o f b o r a t e w i t h o r w i t h o u t D A P p l u s Z n r e s u l t e d i n l e a f B c o n c e n t r a t i o n s a b o v e t h e 
2 4 p p m s t a n d a r d , w h i l e t h e l e a f B c o n c e n t r a t i o n s i n t h e c o n t r o l p l o t s w e r e b e l o w t h e s t a n d a r d 
( F i g . 9 ) . Solubor® a p p l i c a t i o n s w i t h o u t D A P a n d Z n i n 1 9 9 7 a t 0 . 4 4 o r 0 . 6 6 l b s B / a a l s o 
r a i s e d 1 9 9 9 l e a f B c o n c e n t r a t i o n s a b o v e t h e s t a n d a r d . W h e n p l o t s w e r e t r e a t e d w i t h Solubor® 
p l u s D A P a n d Z n , o n l y t h e 0 . 6 6 l b B / a r a t e r e s u l t e d i n l e a f B c o n c e n t r a t i o n s a b o v e t h e 
s t a n d a r d . A c a r r y - o v e r e f f e c t o f b o t h s o i l ( b o r a t e ) a n d f o l i a r (Solubor®) a p p l i c a t i o n s w a s s e e n . 
H o w e v e r , w h e n c o m p a r e d t o t h e l e a f c o n c e n t r a t i o n s i n 1 9 9 7 w h e n t h e t r e a t m e n t s w e r e m a d e 
t h e c a r r y - o v e r a p p e a r s s m a l l ( F i g . 1 0 ) . 

METHODOLOGY: Boron Application Study II (1999) 
A s p r i n g f r o s t f o l l o w e d b y f u n g u s b l i g h t m a y h a v e a f f e c t e d y i e l d d a t a a n d m a s k e d t h e p o t e n t i a l 
b e n e f i t o f b o r o n p l u s D A P i n t h e 1 9 9 7 b o r o n a p p l i c a t i o n s t u d y . A s m a l l e r f o l l o w - u p s t u d y w a s 
i n i t i a t e d i n 1 9 9 9 t o e v a l u a t e j u s t t h e m o s t p r o m i s i n g t r e a t m e n t s : D A P p l u s s o i l b o r a t e 
a p p l i c a t i o n a t 2 l b s B / a c r e a n d D A P p l u s f o l i a r Solubor® t r e a t m e n t a t 0 . 6 6 l b s B / a c r e . A 
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t r e a t m e n t p l o t r e c e i v i n g o n l y D A P a n d o n e r e c e i v i n g n o f e r t i l i z e r a p p l i c a t i o n ( c o n t r o l ) a l l o w e d 
u s t o s e p a r a t e t h e t r e a t m e n t e f f e c t s o f b o r o n . 

T r e a t m e n t S u m m a r y 
T r e a t m e n t 1 C o n t r o l 
T r e a t m e n t 2 D A P 
T r e a t m e n t 3 S o i l B o r a t e ( 2 l b s B / a c r e ) 
T r e a t m e n t 4 S o i l B o r a t e ( 2 l b s B / a c r e ) + D A P 
T r e a t m e n t 5 F o l i a r Solubor® ( 0 . 6 6 l b s B / a c r e ) 
T r e a t m e n t 6 F o l i a r Solubor® ( 0 . 6 6 l b s B / a c r e ) + D A P 

A p p l i c a t i o n t o 5 f t x 2 5 f t t r e a t m e n t p l o t s w a s as d e s c r i b e d i n t h e 1 9 9 7 s t u d y a n d t r e a t m e n t s 
w e r e r e p l i c a t e d e i g h t t i m e s i n a r a n d o m i z e d c o m p l e t e b l o c k d e s i g n . C o m p o s i t e l e a f t i s s u e 
s a m p l e s w e r e t a k e n i n J u l y 1 9 9 9 a n d s t e m s a m p l e s w e r e t a k e n i n O c t o b e r 1 9 9 9 . Y i e l d w i l l b e 
m e a s u r e d i n A u g u s t 2 0 0 0 . 

RESULTS: Boron Application Study II (1999) 
C o n t r o l p l o t s w e r e b e l o w t h e s t a n d a r d 2 4 p p m l e a f B c o n c e n t r a t i o n . L e a f B 

c o n c e n t r a t i o n s w e r e r a i s e d a b o v e t h e 2 4 p p m s t a n d a r d b y b o r a t e w i t h o r w i t h o u t D A P ; 
h o w e v e r , t h e c o n c e n t r a t i o n w a s c o n s i d e r a b l y h i g h e r w i t h D A P ( F i g l 1 ) . T h e l e a f B 
c o n c e n t r a t i o n s i n l e a f s a m p l e s f r o m p l o t s r e c e i v i n g Solubor® w i t h o r w i t h o u t D A P a l s o 
a v e r a g e d a b o v e t h e 2 4 p p m s t a n d a r d , b u t w e r e n o t s t a t i s t i c a l l y d i f f e r e n t f r o m t h e c o n t r o l . 
N a n d P w e r e a l s o d e f i c i e n t a n d t h e s e d e f i c i e n c i e s w e r e c o r r e c t e d b y D A P , b o r a t e p l u s D A P , o r 
Solubor® p l u s D A P t r e a t m e n t s ( F i g s . 1 2 & 1 3 ) . 
L e a f I r o n ( F e ) c o n c e n t r a t i o n s w e r e a l l b e l o w t h e 5 0 p p m l e a f s t a n d a r d , b u t a p p e a r t o b e 
e l e v a t e d b y b o r a t e p l u s D A P a n d Solubor® p l u s D A P ( F i g . 1 4 ) . 

S t e m s s a m p l e d f r o m p l o t s i n O c t o b e r 1 9 9 9 i n d i c a t e d t h a t s t e m l e n g t h a n d b r a n c h i n g 
w a s i n c r e a s e d b y a l l t r e a t m e n t s t h a t i n c l u d e d D A P , c o m p a r e d t o t h e c o n t r o l ( F i g s . 15 & 1 6 ) . 
F l o w e r b u d f o r m a t i o n w a s a l s o i n c r e a s e d b y D A P t r e a t m e n t , c o m p a r e d t o t r e a t m e n t s w i t h o u t 
D A P ( T a b l e 1 a n d F i g s . 1 7 & 1 8 ) . 
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Table 1. Effect of 1999 boron treatments on flower bud formation. 

Treatment Flower buds/stem Flower buds/sq ft 

Control 1.14 146 

DAP 1.81 266 
Borate 1.15 167 
Borate+DAP 1.56 189 
Solubor® 1.32 161 
Solubor® + DAP 1.62 178 
Contrasts Significance level Significance level 
DAPvsNoDAP 0.5% 1.8% 
Boron vs No Boron NS NS 
Boron vs Solubor® NS NS 
Borate vs Borate + DAP 6.5% NS 
Solubor® vs Solubor® + NS NS 
DAP 

CONCLUSIONS: Spring frost damage in 1998 prevents conclusions about effect on yield of 
DAP and Zn plus borate or plus Solubor®. Leaf B concentrations can be raised in fields with 
B deficiency by either soil-applied borate or foliar-applied Solubor®. DAP and Zn treatments 
raised leafN and P concentrations and resulted in taller stems. Under the conditions of this 
study, flower bud formation was increased by a combination of DAP plus Zn and 2 lb B/a 
borate or 0.66 lb B/a Solubor®. With no additional treatments applied in 1999, leafB 
concentrations were slightly higher in soil-treated and foliar-treated plots than in controls 
suggesting a small carryover from 1997 applied B. In 1999, borate was more effective in 
raising leafB concentrations than Solubor®. The N and P from DAP appears to be having the 
major effect on stem growth, branching and flower bud formation. 
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Figure 1 
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U n i v e r s i t y o f M a i n e - W i l d L o w b u s h B l u e b e r r i e s 

Figure 3 L e a f P h o s p h o r u s C o n c e n t r a t i o n s 
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U n i v e r s i t y o f M a i n e - W i l d L o w b u s h B l u e b e r r i e s 

Figure 5 
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Carry-over effect of soil and 
foliar Boron applications 
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Figure 11 B o r o n S t u d y - 1 9 9 9 
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Figure 13 B o r o n S t u d y - 1 9 9 9 
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Figure 15 B o r o n S t u d y - 1 9 9 9 
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Figure 17 B o r o n S t u d y - 1 9 9 9 
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University of Maine-Wild Lowbush Blueberries 

PLANT NUTRITION 

INVESTIGATOR: John M. Smagula, Professor of Horticulture 

TITLE: Effect of Nutri-Phitetm P+K on growth and yield of lowbush blueberry (Vaccinium 
angustifolium Ait.) 

OBJECTIVE: To evaluate the effectiveness ofNutri-Phitetm P+K on growth and yield of wild 
blueberry 

METHODS: 
A field was selected in Appleton, Maine which had low leaf N and P concentrations in 

1997 leaf samples. Hexazinone was applied to the field in which the experiment was being 
conducted to control herbaceous flowering weeds and some grasses. The following fertilizer 
treatments were applied to 5 ft by 50 ft treatment plots (see Fig. 1): 

1. Control 
2. 80 lbs P from DAP 
3. 80 lbs P from DAP plus Nutri-Phitetm P+K at 2 pt/acre 
4. 80 lbs P from DAP plus Nutri-Phitetm P+K at 4 pt/acre 

A randomized complete block design was used with 6 blocks. DAP was applied using a hand 
spreader on May 21, 1999 and Nutri-Phitetm P+K (0-28-26) was applied in a spray volume of 
57.5 gal/acre on June 17, 1999. Leaf nutrient concentrations were determined by analyzing 
composite leaf samples taken from 50 randomly sampled stems per plot on July 6, 1999. Growth 
characteristics (including stem height, branching, and flower bud formation) are being measured 
on stems cut at ground level in four 1/4 ff quadrats per treatment plot on November 5, 1999. 
Fruit yield will be determined in August 2000. 

RESULTS: 
Leaf N and P concentrations were raised by DAP with or without Nutri-Phitetm P+K, 

compared to the control (Figs. 2 & 3). Leaf P in control plots was below the 0.125% standard 
and above the standard in treatment plots receiving DAP with or without Nutri-Phitetm P+K. 
Leaf K was above the .400% standard in control plots and not affected by any treatment (Fig. 4). 
Leaf Cu and Mn concentrations were lowered by all treatments containing DAP, presumably by 
a dilution effect as growth of stems and leaves was increased (Fig. 5). 

Observations in August revealed differences in plant cover in plots receiving DAP or 
DAP plus Nutri-Phitetm P+K, compared to the controls . Stem density (stems/ff), and stem 
length were not affected by treatments (Figs. 6 & 7). However, DAP or DAP with 2 or 4 pt 
Nutri-Phitetm P+K increased branching (Fig. 8), resulting in a greater plant cover appearance. 
This increased cover implies more leaf area to undergo photosynthesis. Flower buds per stem 
were increased by DAP and DAP plus Nutri-Phitetm P+K at 2 pt/acre (Fig. 10). Flower bud 
density (flower buds/ff) was increased by DAP, DAP plus Nutri-Phitetm P+K at 2 pt/acre, and 
DAP plus Nutri-Phitetm P+K at 2 pt/acre (Fig. 11 ). 
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Nutri-Phite Study 
Plot layout and Randomization 
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PLANT NUTRITION 

5. TITLE: Effect of Crop-Set on growth and yield oflowbush blueberry (Vaccinium 
angustifolium Ait.) 

INVESTIGATOR: John M. Smagula, Professor of Horticulture 

OBJECTIVES: To evaluate the effectiveness of Crop-Set on growth and yield of wild blueberry 

STUDY I Effect of CROP-SET applied at 10-20% bloom 

METHODOLOGY: Study I 
Four discrete lowbush blueberry clones were selected at Blueberry Hill Farm, Maine Agricultural 
Experiment Station, Jonesboro, ME. Within each clone, 4 ft x 4 ft treatment plots received 
nothing (control) or Crop-Set at the recommended rate (8 oz/40gal/acre) using a single nozzle 
spray wand and a C02 backpack sprayer. Shields were used to protect adjacent treatment plots 
from spray drift. Treatments were replicated 4 times within each clone in a randomized complete 
block design. 

To evaluate the effect of Crop-Set on fruit-set and fruit development, 10 stems per plot 
were tagged at the pre-bloom stage, each having same number of flower buds . Clone 1 stems 
had 5 flower buds and the tagged stems of the other clones had 4 flower buds. The number of 
blossoms on each tagged stem was determined on 27 May 1999. This number and the number of 
fruit that subsequently developed on each stem was used to calculate average fruit set (number of 
blossoms developing into fruit) on the 10 tagged stems in each treatment plot. On 27 July 1999 
tagged stems were cut, placed in bags and frozen for later determination of fruit set and berry 
maturity. The effect of Crop-Set on stage of fruit development (ripening) were evaluated by 
classifying the fruit as green, green pink, pink red, red blue or blue. Treatment plots were also 
harvested using a metal hand rake to determine plot fruit yield. Berries were frozen for later 
determination of fruit size (number of berries per cup). 

RESULTS: Fruit set was not affected by Crop-Set (Fig. 1 ). Berry ripening was not affected by 
Crop-Set as the number of berries in each color classification was similar in control plots and 
plots sprayed with Crop-Set (Fig. 2). Plots were harvested on 6 August 1999 and there were no 
differences in yield·(Fig. 3). Berry size, measured by counting the number of berries per cup, 
was not affected by Crop-Set (Fig. 4). 

STUDY II Effect of CROP-SET applied at 0-20% bloom and at 90% petal drop 

METHODOLOGY: Study II 

To determine the effect of two applications of Crop-Set on yield and fruit size, 2 ft x 4ft 
treatment plots were established in each of four clones. Crop-Set was applied at the 
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r e c o m m e n d e d r a t e ( 8 o z / 4 0 g a l / a c r e ) f r o m a s i n g l e n o z z l e C O j b a c k p a c k s p r a y e r t o t r e a t m e n t 
p l o t s o n 1 7 M a y 1 9 9 9 a n d a g a i n o n 1 J u n e 1 9 9 9 . D u r i n g s p r a y i n g s h i e l d s p r e v e n t i n g , d r i f t t o 
a d j a c e n t p l o t s . A r a n d o m i z e d c o m p l e t e b l o c k d e s i g n w a s u s e d w i t h t w o t r e a t m e n t s ( c o n t r o l a n d 
C R O P - S E T ) a n d f o u r r e p l i c a t i o n s . T r e a t m e n t p l o t s w e r e h a r v e s t e d o n 6 A u g u s t 1 9 9 9 u s i n g a 
m e t a l h a n d r a k e t o d e t e r m i n e p l o t f r u i t y i e l d . B e r r i e s w e r e f r o z e n f o r l a t e r d e t e r m i n a t i o n o f f r u i t 
s i z e ( n u m b e r o f b e r r i e s p e r c u p ) . 

RESULTS: B e r r y y i e l d w a s n o t a f f e c t e d b y C r o p - S e t ( F i g . 5 ) . T h e n u m b e r o f b e r r i e s p e r c u p 
w a s s i m i l a r f o r c o n t r o l a n d C r o p - S e t t r e a t e d p l o t s ( F i g . 6 ) . 

Crop-Set Study I 

7 0 

6 0 

Fruit Set (%) 

5 0 

4 0 -.-

3 0 

2 0 

1 0 h 

Control 

/aiues. avaraass cv c,:: 
Ifveran-: ai ina 5% lave.. 

Crop-Set 

, veviiGavioa/cions anc 10 sievne/tveatmeni pica, aiv; rcu signifioEcvi 
B.ossorris and fruit counted 5-27-99 and 8-6-93, resceotiveiv-. N = i60. 
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Crop-Set Study I 
izfrect on Berry Uotufiiy 

Average No. Berries/color class 

• B l u e 

• Red/Blue 

• Pink/Red 

• Green/Pink I 
• G r e e n 

Control Crop-Set 

Vaues represent average num&er of fruiir'stem on 10 stems in eacn treaimen: oiot harvesied 6-6-S8 
No ainerence in ber;iea--£ts.T: o-- oernes per oorcr oiassificabon ;5% iev'eii. 

' Crop-Set Study I 

Yield (lb/acre) 

Control Crop-Set 

Values,average of 4 reprcations and 4 clones, are net signifioanpy diftarent aithe 6 % ievei. 
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Crop-Set Study I 
Berry Size 

5 0 0 

4 0 0 

3 0 0 

2 0 0 

1 0 0 h -

Berries/cup 

Control Crop-Set 

a \e , r r „ l - 4 

wL —* £ Z Crop-Set Study II 

Yield (lb/acre) (Thousands) 

Control Crop-Set 

Values,average ore rapiications and 4 clones, are noi signincan^.y different at the 5 % ievs:. 
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Crop-Set Study 
Berry Size 

6 0 0 
Berries/cup 

Control Crop-Set 
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PLANT NUTRITION 

INVESTIGATORS: J o h n M . S m a g u l a , P r o f e s s o r o f H o r t i c u l t u r e 

W a l t e r L i t t c u , F a c u l t y A s s o c i a t e 

6. T I T L E : C r o p y e a r f e r t i l i z a t i o n o f l o w b u s h b l u e b e r r y 

O B J E C T I V E S : T o d e t e r m i n e t h e e f f e c t o f c r o p - y e a r f e r t i l i z a t i o n o n p l a n t g r o w t h a n d y i e l d . 
METHODS: A c o m m e r c i a l l o w b u s h b l u e b e r r y f i e l d t h a t w a s s a m p l e d b y t h e g r o w e r i n 1 9 9 5 
a n d f o u n d d e f i c i e n t i n P a n d N w a s u s e d i n t h i s s t u d y . T o d e t e r m i n e i f c r o p - y e a r f e r t i l i z a t i o n i s a 
f e a s i b l e a l t e r n a t i v e t o p r u n c - y c a r f e r t i l i z a t i o n , d i a u i m o u i u m p h o s p h a t e ( D A P ) w i t h a n d w i t h o u t 
Z u w a s a p p l i e d t o 5 f t b y 5 0 f t t r e a t m e n t p l o t s i n t h e f o l l o w i n g t r e a t m e n t s : 

1 . C o n t r o l 
2 . 8 0 l b s P f r o m D A P p l u s 3 l b s Z u / a c r c , a p p l i e d s p r i n g 1 9 9 7 ( p r u n e y e a r ) 
3 . 8 0 l b s P f r o m D A P p l u s 3 l b s Z u / a c r c , a p p l i e d s p r i n g 1 9 9 8 ( c r o p y e a r ) 
4 . 4 0 l b s P f r o m D A P p l u s 1.5 l b s Z u / a c r c , a p p l i e d s p r i n g 1 9 9 7 ( p r u n e y e a r ) a n d 4 0 l b s P 

f r o m D A P p l u s 1.5 l b s Z u / a c r c , a p p l i e d s p r i n g 1 9 9 8 ( c r o p y e a r ) . 
5 . 8 0 l b s P f r o m D A P , a p p l i e d s p r i n g 1 9 9 7 ( p r u n e y e a r ) 

A r a n d o m i z e d c o m p l e t e b l o c k d e s i g n w i t h 9 r e p l i c a t i o n s w a s u s e d . L e a f s a m p l e s w e r e 
t a k e n J u l y 1 1 , 1 9 9 7 a n d a g a i n o n J u l y 2 , 1 9 9 8 t o assess c o r r e c t i o n o f l e a f n u t r i e n t d c f i c i c u c i c s . 
S t e m s a m p l e s w e r e t a k e n ( t h r e e 1/3 sq . f t . q u a d r a t s / p l o t ) o n O c t o b e r 7 a n d 8, 1 9 9 7 t o e v a l u a t e 
t r e a t m e n t e f f e c t s o n p l a n t g r o w t h a n d p o t e n t i a l y i e l d . B e r r y y i e l d w a s t a k e n i n A u g u s t 1 9 9 8 t o 
d c t c r m i u c t h e e f f e c t o f t r e a t m e n t s o n c r o p p r o d u c t i v i t y . 

RESULTS: I n 1 9 9 7 , l e a f N c o u c c u t r a t i o u s w e r e i u c r c a s e d b y p r u n c - y c a r a p p l i c a t i o n s o f D A P o r 
D A P p l u s Z u , c o m p a r e d t o t h e c o n t r o l ( F i g . 1 ) . T h e h a l f r a t e ( 4 0 l b s P / a c r c ) w a s as e f f e c t i v e as 
t h e f u l l r a t e ( 8 0 l b s P / a c r c ) f o r t h e D A P p l u s Z u t r e a t m e n t s . 

L e a f P c o u c c u t r a t i o u s s h o w e d a r e s p o n s e t o f e r t i l i z e r t r e a t m e n t s s i m i l a r t o t h a t o f l e a f N 
c o u c c u t r a t i o u s ; c o u c c u t r a t i o u s w e r e r a i s e d a b o v e c o n t r o l s t o t h e s a m e e x t e n t b y D A P , D A P p l u s 
Z u , a n d t h e h a l f r a t e D A P p l u s Z u ( F i g . 2 ) . 

A l t h o u g h K w a s n o t c o n t a i n e d i n t h e a p p l i e d f e r t i l i z e r , l e a f K c o u c c u t r a t i o u s w e r e r a i s e d 
b y t h e D A P a n d D A P p l u s Z u t r e a t m e n t s ( F i g . 3 ) . P r u n c - y c a r D A P p l u s Z u t r e a t m e n t a l s o r a i s e d 
l e a f F c c o u c c u t r a t i o u s ( F i g . 4 ) . H o w e v e r , l e a f M g c o u c c u t r a t i o u s w e r e d e p r e s s e d b y a l l o u r 
p r u n c - y c a r t r e a t m e n t s ( F i g . 5 ) , b u t n o t b e l o w t h e 0 . 1 3 % s t a n d a r d . 

S o i l - a p p l i e d ZUSO4 a t 3 l b Z u / a c r c r a i s e d l e a f Z u c o u c c u t r a t i o u o n l y i f a p p l i e d w i t h D A P 
i n t h e p r u n e y e a r ( F i g . 6 ) . T h i s s u p p o r t s t h e f i n d i n g s i n t h e z i n c s t u d y t h a t a p p l i c a t i o n o f ZUSO4 

a t 3 l b Z u / a c r c d i d n o t r a i s e l e a f Z u c o u c c u t r a t i o u s . 
A n a l y s i s o f 1 9 9 8 l e a f s a m p l e s i n d i c a t e s t h a t f e r t i l i z i n g w i t h D A P p l u s Z u t h e c r o p y e a r o r 

t h e s p l i t a p p l i c a t i o n o f D A P p l u s Z u b e t w e e n t h e p r u n e a n d c r o p y e a r r a i s e d l e a f N 
c o u c c u t r a t i o u s , c o m p a r e d t o t h e c o n t r o l s o r t h e p r u n e y e a r f e r t i l i z e r t r e a t m e n t s ( F i g . 7 ) . 
S i m i l a r l y , l e a f P c o u c c u t r a t i o u s w e r e h i g h e s t f o r t h e s e s a m e c r o p - y e a r t r e a t m e n t s , b u t l e a f P 
c o u c c u t r a t i o u s w e r e a l s o h i g h e r i n s a m p l e s t a k e n f r o m p l o t s r e c e i v i n g D A P o r D A P p l u s Z u t h e 
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prune year (Fig. 8). Leaf K concentrations were not significantly higher in fertilized plots 
compared to the controls in the 1998 leaf samples (Fig.9). LeafFe concentrations were raised in 
treatment plots receiving in the crop year 80 lbs P/acre from DAP plus 3.0 lbs Zn/acre but not the 
split-application treatment in which only 40 lbs P/acre and 1.5 lbs Zn/acre was applied in 1998, 
the crop year (Fig. I 0). Similarly to the findings in 1997 leaf samples, leaf Mg was depressed by 
the full rate ofDAP applied the crop year but not by the split application (Fig. 11). Leaf Zn 
concentrations were not affected by any of the treatments (Fig. 12). 

Soil samples taken in July 1997 and 1998 indicated no significant increase in extractable 
Pin treatment plots receiving fertilizer treatments, compared to the controls (Fig. 13). Soil Zn 
concentrations showed no significant increase due to fertilizer treatments in 1997, but in 1998 
higher levels of soil Zn were found in plots fertilized with DAP plus 3.0 lbs Zn/acre in the prune 
year compared to the controls (Fig. 14) . 

. Stems sampled in treatment plots in the fall 1997 were taller and more branched due to 
prune-year fertilizer treatments, compared to the controls or those plots that would receive only 
crop-year fertilization (Fig. 15). A prune-year application of 80 lbs P/acre from DAP with or 
without Zn increased stem length and branching more than the split application treatment in 
which only 40 lbs P/acre and 1.5 lbs Zn/acre was applied the prune year. However, flower bud 
formation was not increased by any of the fertilizer treatments, compared to the controls (Fig. 
16). 

Although there was an average yield differential of about 1,500 lbs/acre between some of 
the treatments and the control, there was no statistical difference (Fig. 17). This implies great 
variation in yield among plots. 

CONCLUSIONS: Since prune year applications ofDAP did not increase yields it is difficult to 
draw conclusions about the effect of crop-year fertilization and split-year fertilizer applications 
on yield. The heavy soil, representative of this blueberry production area, held adequate N and P 
for growth during the 1997 prune year; the leaf concentrations of these two elements were above 
the standards in leaf samples taken from control plots. Fertilization the prune year did increase 
stem length and branching but not flower bud formation. Additional fertilizer did not increase 
yields, lending support to the leaf nutrient concentration standards. 

RECOMMENDATIONS: No recommendations can made at this time regarding crop year 
fertilization. This study should be repeated in another field in which N and P are deficient. 
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Crop Year Fertilization Study 
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ICSwiii. £ A Crop Year Fertilization Study 
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lure c Crop Year Fertilization Study 
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=" Crop Year Fertilization Study 
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i g y r s i Cfop Year Fertilization Study 
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F i g u r e %i Crop Year Fertilization Study 
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fmm 7 Crop Year Fertilization Study 
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W E E D MANAGEMENT AND F I E L D C O V E R 

INVESTIGATORS: D a v i d E . Y a r b o r o u g h , A s s o c i a t e P r o f e s s o r o f H o r t i c u l t u r e 
T i u i o t h y M . H e s s , R e s e a r c h A s s o c i a t e 

1. T I T L E : A l t e r n a t i v e M e t h o d s o f G r a s s C o u t r o l . 

METHODS: A u e x p e r i r u e u t w a s c o u d u c t e d i u s p r i u g 1 9 9 8 a t G u p t i l l ' s B l u e b e r r y F a r u i i u 
W e s l e y , M E o u r u o w e d a u d b u r n e d , 1 2 ' X 4 0 ' p l o t s t o assess d i f f e r e u t c o u t r o l m e t h o d s f o r l a t e 
e m e r g i u g g r a s s e s . T r e a t m e u t s i u c l u d e d p r e e m e r g e u c e V e l p a r DF® a t 1.3 l b p r o d u c t / a f o r a l l 
p l o t s e x c e p t a u u u t r e a t e d c o u t r o l a u d e i t h e r P r o u o u e MG® a t 1 0 o r 2 0 l b s p r o d u c t / a i u m i d 
J u u e ( 6 - 2 2 - 9 8 ) ; P r o u o u e MG® a t 1 0 o r 2 0 l b s p r o d u c t / a i u m i d J u u e p l u s c l e t h o d i m ( 8 - 5 - 9 8 ) , a 
g r a s s - s p e c i f i c , p o s t e m e r g e u c e h e r b i c i d e , a t 6 o r 8 o z p r o d u c t / a ; o r a l a t e r , m i d J u l y ( 7 - 1 9 - 9 8 ) , 
a p p l i c a t i o u o f 1 0 l b p r o d u c t / a P r o u o u e MG® a l o u e . E f f i c a c y w a s assessed i u m i d A u g u s t 1 9 9 8 
a u d a g a i u i u J u u e 1 9 9 9 . P l o t s w e r e u o t h a r v e s t e d . 
T r i a l w a s r e p e a t e d a t a u o t h e r , m o w e d o u l y s i t e a t B l u e b e r r y H i l l F a r m ( B B H F ) w i t h h e a v y 
g r a s s p r e s s u r e i u s e c t i o u 1 2 i u t h e l o w e r f i e l d . T r e a t m e u t d a t e s w e r e 7 - 6 - 9 8 f o r Prououe® a u d 
7 - 7 - 9 8 f o r c l e t h o d i m p l u s a l a t e r , 7 - 2 0 - 9 8 , Prououe® a p p l i c a t i o u . P l o t s w e r e assessed f o r w e e d 
c o v e r a u d w i l d b l u e b e r r y p h y t o t o x i c i t y S e p t e m b e r 1 0 , 1 9 9 8 . C a r r y o v e r e f f e c t s w e r e e v a l u a t e d 
J u u e 2 9 , 1 9 9 9 a u d p l o t s w e r e u o t h a r v e s t e d . 

R E S U L T S : F o r b o t h s i t e s t h e b e s t g rass s u p p r e s s i o u w a s a c h i e v e d w i t h t h e p o s t e m e r g e u c e 
c l e t h o d i m a p p l i c a t i o u s r e g a r d l e s s o f Prououe® a p p l i c a t i o u . T h e W e s l e y s i t e a s s e s s m e u t s t a k e u 
i u J u u e 1 9 9 9 w e r e u o t u s e a b l e b e c a u s e o f a m a j o r w a s h o u t i u t h e m i d d l e o f t h e p l o t s . T h i s m a y 
h a v e b e e u d u e t o a h e a v i u g o f b l u e b e r r y r h i z o m e s t h e p r e v i o u s w i u t e r . F o r t h e B B H F s i t e , 
e f f i c a c y r a t i u g a s s e s s e d i u S e p t e m b e r 1 9 9 8 i u d i c a t e d p o s t e m e r g e u c e g r a s s t r e a t m e u t s h a d b e s t 
c o u t r o l o f g r a s s e s , w i t h Prououe® a l o u e t r e a t m e u t s a p p l i e d e a r l y o r l a t e u o t d i f f e r e u t f r o m 
u u t r e a t e d p l o t s . Q u e y e a r l a t e r a l l p l o t s h a d a r e d u c t i o u i u g r a s s c o v e r ( F i g u r e 1 ) . 

CONCLUSION: A p p l i c a t i o u s o f Prououe® a p p l i e d e a r l y o r l a t e w i l l u o t c o u t r o l g rasses . 
P o s t e m e r g e u c e t r e a t m e u t o f g rasses , w i t h c l e t h o d i m , s e t h o x y d i m , o r f l u a z i f o p - p - b u t y l r e m a i u s 
t h e b e s t c o u t r o l m e a s u r e f o r t h e s e s l a t e e m e r g i u g w e e d s 

RECOMMENDATIONS: C o u t i u u e s t r e s s i u g t o g r o w e r s t h e i m p o r t a u c e o f k e e p i u g g r a s s 
w e e d s u u d e r c o u t r o l w i t h t h e s e p o s t e m e r g e u c e m a t e r i a l s , a u d p u r s u e e v a l u a t i u g p e u d i m e t h a l i u , 
a p r e e m e r g e u c e , g r a s s s p e c i f i c h e r b i c i d e f o r c o u t r o l o f t h e s e l a t e g e r m i u a t i u g g rasses . 
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Figure 1. Effect of Treatment on Grass Cover at 

2 and 12 Months Post Treatment-BBHF 

Percent cover/plot 

Before treatment 2 Months Post 12 Months Post 

Hexazinone Form 
• UTC H I O ib Pronone MG m20 ib Pronone MG 

• 10 ib MG+Seiect iZ320 ibs MG+Seiect EOIO ibs Pronone MG Late 
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University of Maine-Wild Lowbush Blueberries 

W E E D MANAGEMENT AND F I E L D C O V E R 

INVESTIGATORS: D a v i d E . Y a r b o r o u g h , A s s o c i a t e P r o f e s s o r o f H o r t i c u l t u r e 
T i u i o t h y M . H e s s , R e s e a r c h A s s o c i a t e 

2. T I T L E : C u l t u r a l W e e d M a u a g e m e u t U s i u g p H . 

METHODS: A f t e r f i e l d s i t e s h a v e b e e u i d e u t i f i e d i u S p r i u g 2 0 0 0 , a t w o - f a c t o r , s p l i t - b l o c k 
p l o t d e s i g u w i l l b e u s e d w i t h p H l e v e l s a d j u s t e d t o > 5 . 0 , 4 . 5 , o r < 4 . 5 w i t h g r a u u l a r s u l f u r a u d 
w i t h h e x a z i u o u e a p p l i e d i u s t r i p s a t r i g h t a u g l e s a t 0 , 0 . 5 , o r 1 l b a i / a e v e r y o t h e r y e a r . W e e d 
a u d w i l d b l u e b e r r y c o v e r w i l l b e a s c e r t a i u e d a t e s t a b l i s h m e u t a u d d e t e r m i u e d e a c h y e a r . W i l d 
b l u e b e r r y y i e l d w i l l b e t a k e u e v e r y p r o d u c t i o u y e a r . 

R E S U L T S : N o u e a t t h i s t i m e . 

RECOMMENDATION: C o u t i u u e w i t h t h i s f i r s t p h a s e o f t r i a l . 

CONCLUSION: N o u e c a u b e m a d e a t t h i s t i m e . 
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E. WEED MANAGEMENT AND FIELD COVER 

INVESTIGATORS: David E. Yarborough, Associate Professor of Horticulture 
Timothy M. Hess, Research Associate 

3. TITLE: Investigation of Hexazinone Alternatives for Weed Control. 

METHODS: Several new compounds were identified as potential weed control materials and 
tested this spring for use in wild blueberries. 

Azafenidin-A trial was initiated in April 1998 in sections 6 & 7, lower field at BBHF, 
Jonesboro, ME. Two blocks with 6' by 90' plots were treated preemergence on 5-1-98 at 5, 10, 
15 or 20 oz product/a. Additional treatments applied 5-16-2.8 included 5 oz/a azafenidin 
+Velpar DF® 1.3 lb/a, 10 oz /a azafenidin +Velpar DF® 1.3 lb/a, IO oz/a azafenidin + Velpar 
DF® 2.6 lb/a, 30 oz /a azafenidin alone and an untreated control. Cover assessments were 
made one and two months post treatment. Stems were cut October 5, 1998 and measured for 
stem and bud number and stem length. Carryover effects were assessed in June· 1999 and plots 
harvested in August 1999. 
Another trial was initiated in the fall of 1998 to compare fall/spring applications. Azafenidin 
was applied at 0, 10 or 15 oz product/a on 10-26-98 with the spring application on 5-17-99 to 
12'X40' plots in section 2, BBHF. In addition, one half of each plot received 1 lb ai/a 
hexazinone on· 5-14-99. Weed cover was first assessed in late June 1999. 
A final trial, with 6'X40' completely randomized plots sprayed 5-7-99 with the same rates, was 
conducted at Gordon Scott's field in Waldoboro to see if different soil properties affected 
herbicide activity. Carryover effects were evaluated 1and2 ~9nths post treatment 

Rimsulfuron-Sixteen, 6' by 15' plots were established and treated with 0, 0.5, 1 or 2 oz 
product/a preemergence on May 14, 1998 in section 6, lower field, BBHF. Evaluations were 
assessed one and two months post treatment. Stems were cut October 5, 1998 and measured 
for bud and stem number and stem length. Carryover effects were conducted in June and plots 
harvested in August of 1999. 
Another fall/spring trial, similar to the azafenidin trial above, was applied on 10-26-98 and 5-
12-99 with 0 ,1 or 2 oz product/a to 6'X40' plots in section 1, BBHF. Weed cover was 
observed 1 and 2 months post spring treatment. 
A spring only trial, with 6'X40' plot size and same rates, was conducted at Gordon Scott's in 
Waldoboro and was sprayed 5-7-99 with weed cover assessed 1 ~nd 2 months post treatment. 
Rimsulfuron is also registered in potatoes for postemergence weed control :so a trial \Vas 
established to evaluate a postemergence spray at the above rates on 6-18-99 in section 6, upper 
field at BBHF to an area with heavy dogbane cover in order to assess its effect on dogbane and 
wild blueberries. Carryover effects were taken 1 and 2 months post treatment. 
Pendimethalin-A trial with this preemergence, grass specific herbicide was established and 
treated on 5-8-98 at 5 rates to 20 completely randomized, 6' by 50' plots in two blocks in 
sections 9 & 10, lower field, BBHF. Rates applied were 0, 2.4, 4.8, 9.6 or 19.4 pts product/a 
with 4 replications. Phytotoxicity to weeds and wild blueberries was conducted one and two 
months post treatment and stems were cut in October 1998 and measured for bud number and 
stem length and number. Carryover effects were assessed in June and plots harvested in 
August 19, 1999. 
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A f a l l a p p l i c a t i o n w a s m a d e i n l a t e S e p t e m b e r a t t h e s a m e r a t e s t o 1 2 ' X 4 0 ' p l o t s i n s e c t i o n 7 , 
u p p e r f i e l d , B B H F . W e e d c o v e r w a s assessed i u J u l y 2 , 1 9 9 9 . 
A u o t h e r , s p r i u g t r i a l w a s t r e a t e d w i t h t h e s a m e r a t e s o u 5 - 2 7 - 9 9 t o a u a r e a w i t h h e a v y g rass 
p r e s s u r e i u s e c t i o u 1 , u p p e r f i e l d , a t B B H F t o 6 ' X 4 0 ' c o m p l e t e l y r a u d o m i z e d p l o t s a u d 
r e p l i c a t e d 6 t i m e s . C a r r y o v e r e f f e c t s w e r e t a k e u 1 a u d 2 m o u t h s p o s t t r e a t m e u t . 
A f i n a l , 6 ' X 4 0 ' c o m p l e t e l y r a u d o m i z e d t r i a l w a s e s t a b l i s h e d a t M o l l y S h o l e s i u W e s t R o c k p o r t 
a u d w a s s p r a y e d 5 - 1 3 - 9 9 w i t h t h e s a m e r a t e s . W e e d n u m b e r s w e r e a s s e s s e d 1 a u d 2 m o u t h s 
p o s t t r e a t m e u t . 

RESULTS: Azafenidin-Treatmeut a b o v e 5 o z / a p r o v i d e d e x c e l l e n t w e e d c o u t r o l b u t r e s i d u a l 
c o u t r o l w a s b e t t e r w h e n m i x e d w i t h Velpar®. B l u e b e r r y y i e l d s f r o m t h e i n i t i a l 1 9 9 8 t r i a l w e r e 
u o t a f f e c t e d b y t r e a t m e u t u p t o 3 0 o z p r o d u c t / a c r e ( F i g u r e 1 ) . T h e f a l l 1 9 9 8 / s p r i u g 1 9 9 9 t r i a l 
h a d n o s i g u i f i c a u t e f f e c t o f r a t e o r t i m i n g o f a p p l i c a t i o u o u w e e d c o v e r o r w i l d b l u e b e r r y 
p h y t o t o x i c i t y . T h e t r i a l i u W a l d o b o r o h a d s i g u i f l c a u t l y b e t t e r w e e d c o u t r o l w i t h t r e a t m e u t 
f r o m a z a f e u i d i u t h a n f r o m h e x a z i u o u e , w h i c h m a y d u e t o a u e a r l i e r a p p l i c a t i o u d a t e ( 5 - 7 - 9 9 v s 
5 - 1 7 - 9 9 ) ( F i g u r e 2 ) . A f t e r o u e m o u t h , w i l d b l u e b e r r y c o v e r w a s s i g u i f l c a u t l y r e d u c e d d u e t o 
a z a f e u i d i u t r e a t m e u t s s t u n t i n g t h e p l a n t s b u t r e c o v e r e d a f t e r t w o m o u t h s ( F i g u r e 3 ) . 

Rimsulfuron-Yields f r o m 1 9 9 8 t r i a l w e r e u n a f f e c t e d b y t r e a t m e u t ( F i g u r e 5 ) . 
T r e a t m e u t h a d a s i g u i f i c a u t e f f e c t o u i u c r e a s i u g s t e m b u d u u m b e r b u t t h a t d i d n o t t r a n s f e r t o 
g r e a t e r y i e l d s ( F i g u r e 4 ) . A s w i t h a z a f e u i d i u , t h e f a l l / s p r i u g t r i a l h a d n o e f f e c t o u w e e d 
p o p u l a t i o n s . T h e p o s t e m e r g e u c e a p p l i c a t i o u a l s o h a d n o e f f e c t o u t h e d o g b a u e o r o u w i l d -
b l u e b e r r y p h y t o t o x i c i t y . 

N o t r e a t m e u t e f f e c t f r o m pendimethalin w a s s e e n o u b l u e b e r r y s t e m u u m b e r , l e u g t h o r 
b u d s . B l u e b e r r y y i e l d s w e r e i u c o u s i s t e u t w i t h t r e a t m e u t r a t e b u t t h e 2 . 4 a u d 4 . 8 p i n t r a t e h a d 
t h e h i g h e s t y i e l d a u d t h e 9 . 6 p i n t r a t e t h e l o w e s t ( F i g u r e 6 ) . N e i t h e r t h e f a l l 1 9 9 8 o r s p r i u g 
1 9 9 9 a p p l i c a t i o u s h a d a n y e f f e c t o u w e e d n u m b e r s o r w i l d b l u e b e r r y p h y t o t o x i c i t y . I u 
a d d i t i o u , t h e t r i a l i u W e s t R o c k p o r t h a d n o s i g u i f i c a u t e f f e c t o u w e e d c o u t r o l , w h i c h m a y h a v e 
b e e u d u e t o e i t h e r a l a t e r t r e a t m e u t d a t e o r i u s u f f i c i e u t w e e d p o p u l a t i o n p r e s e n t f o r a n y c o u t r o l 
t o h a v e a u e f f e c t . 

CONCLUSION: T h e s e h e r b i c i d e s p r o v i d e w e e d c o u t r o l o f s p e c i e s u o t c o n t r o l l e d w i t h V e l p a r 
o r P r o u o u e w i t h o u t s i g u i f i c a u t i n j u r y t o w i l d b l u e b e r r i e s p l a n t s . T h e a p p l i c a t i o u s m a d e t h i s 
s p r i u g w e r e a f f e c t e d b y l a c k o f r a i n f a l l , s i n c e r a i n i s r e q u i r e d t o m o v e t h e m a t e r i a l s i n t o t h e s o i l 
b e f o r e h e r b i c i d a l a c t i v i t y c a u t a k e p l a c e . P o s t e m e r g e u c e a p p l i c a t i o u s o f r i m s u l f u r o u a l s o 
r e m a i n a p o s s i b i l i t y s i n c e n o p h y t o t o x i c e f f e c t s t o b l u e b e r r i e s w a s o b s e r v e d . 

RECOMMENDATIONS: C o u t i u u e i u v e s t i g a t i u g t h e s e p r e e m e r g e u c e a p p l i c a t i o u s w i t h 
d i f f e r e u t t i m i n g s , i u c l u d i u g e a r l y d a t e s t o a c c o m m o d a t e t h e n e e d f o r r a i n f a l l . C o u t i u u e w i t h 
p o s t e m e r g e u c e a p p l i c a t i o u s o f r i m s u l f u r o u a t h i g h e r r a t e s o u d i f f e r e u t w e e d s t o a s c e r t a i n a n y 
s e l e c t i v i t y i t m a y h a v e o u w e e d s g r o w i n g a m o n g w i l d , b l u e b e r r i e s . 
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Figure 1 . Effect of Azafenidin 

on Weeds -1998 

Percent cover/plot Treatment Rate=Highly Significant 

1 Month post treatment 2 Months 12 Months 

• UTC IBS oz/a B I O oz/a 

• 15 oz/a • ^ 2 0 oz/a i 35 oz + 1.3 lb/a Velpar 

• 10 oz + 1.3 lb/a Velpar 0 1 0 oz + 2.6 lb/a Velpar mSO oz/a 

Aii rates are sn proGuct/acre 

Figure 2. Effect of Azafenidin on Weed 

Cover-Waldoboro, ME - 1999 

Treatment=Highly Significant at One and Two Months Post Treatment 
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Figure 3. Effect of Azafenidin on Wild blueberry 

Cover-Waldoboro, ME - 1999 
Percent Cover/Plot 

Treatment=Highly Significant at One and Two Months Post 

Figure 4 . Effect of Rimsulfuron 

on Bud Number - 1998 Trial 

Buds/ft Treatment=Highly significant 

Rimsulfuron Rate (oz prod/a) 

UTC mO.5 i l l m2 

Aimsuifuron appiiec 5-'IA-9£ 

1 3 0 



University of Maine-Wild Lowbush Blueberries 

Figure 5. Effect of Rimsulfuron 

on Yield - 1998 Trial 

Yield/acre Treatment=Not significant 

Rimsulfuron Rate (oz prod/a) 

: UTC mo.5 m^ m2 

inisuit jron asDheo b-i4-t 

Figure 6 . Effect of Pendimethalin on 

Wild Blueberry Yield 

Yield lb/a Treatment=Significant 

Rate in Product/a 
• UTC HZApts/a 114.8 pts/a 0 9 . 6 pts/a •19.4pts /a 

idinieinSiir; appuec D - 3 - S L 
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W E E D MANAGEMENT AND F I E L D C O V E R 

INVESTIGATORS: D a v i d E . Y a r b o r o u g h , A s s o c i a t e P r o f e s s o r o f H o r t i c u l t u r e 
T i u i o t h y M . H e s s , R e s e a r c h A s s o c i a t e 

4. T I T L E : C o m p a r i s o u o f S u l f o s a t e w i t h G l y p h o s a t e f o r W e e d C o u t r o l 

METHODS: A c o m p l e t e l y r a u d o m i z e d d e s i g u e x p e r i m e u t w a s e s t a b l i s h e d w i t h B B H F a u d 
W e s l e y , M E as e x p e r i m e u t a l s i t e s f o r f i v e w e e d s p e c i e s t o e v a l u a t e t h e i r r e s p o n s e t o s u l f o s a t e 
a u d g l y p h o s a t e w i t h a u d w i t h o u t a m m o n i u m s u l f a t e ( A M S ) . I n d i v i d u a l b u u c h g r a s s p l a n t s o r 
m e t e r s q u a r e b u n c h b e r r y p l o t s w e r e s p r a y e d w i t h e i t h e r 1 o r 2 % s u l f o s a t e o r g l y p h o s a t e w i t h o r 
w i t h o u t A M S o u 6 - 3 0 o r 7 - 1 - 9 9 . M e t e r s q u a r e d p l o t s o f d o g b a u e , b r a c k e n f e r n o r m i x e d 
h a r d w o o d i n d i v i d u a l p l a n t s w e r e w i p e d w i t h 1 0 o r 2 0 % s u l f o s a t e o r g l y p h o s a t e w i t h o r w i t h o u t 
A M S o u 7 - 8 - 9 9 . P h y t o t o x i c i t y w a s a s s e s s e d a t 7 , 1 4 , 2 1 a u d 4 2 d a y s a f t e r e a c h t r e a t m e u t . 

R E S U L T S : O v e r a l l , T o u c h d o w n a u d R o u n d u p p e r f o r m e d e q u a l l y w e l l a t c o u t r o l l i u g m o s t 
w e e d s p e c i e s a t t h e v a r i o u s r a t e s . T r e a t m e u t s a t 1 4 a u d 2 1 D A T f o r b u u c h b e r r y w e r e 
s i g u i f l c a u t l y a f f e c t e d b y r a t e a u d c o m p o u n d w i t h t h e 1 0 % T o u c h d o w n b e i n g l e a s t e f f e c t i v e . 
A f t e r 4 2 D A T t h e r e w a s s i g u i f i c a u t r e g r o w t h i u p l o t s w i t h o u t A M S ( F i g u r e s 7 , 8 ) . F o r 
d o g b a u e , t h e r e w a s 1 0 0 % c o u t r o l f r o m a l l t r e a t m e u t s a t 2 1 D A T w h i l e a t 7 D A T b o t h 1 0 % 
t r e a t m e u t s w i t h o u t A M S w e r e s i g u i f l c a u t l y m o r e e f f e c t i v e ( F i g u r e s 1 ,2 ) . L e s s e f f e c t i v e b u t 
s t i l l g o o d c o u t r o l w a s n o t e d f o r b r a c k e n f e r n w i t h a m m o n i u m s u l f a t e a u d 2 0 % s o l u t i o n s b e i n g 
s i g n i f i c a n t l y m o r e e f f e c t i v e ( F i g u r e 3 , 4 ) . V a r i a b l e r e s u l t s o c c u r r e d i u h a r d w o o d s w i t h o u t t h e 
A M S a d d i t i v e w i t h r e g r o w t h o c c u r r i n g a t 1 4 D A T i u t h e 2 0 % R o u n d u p a f t e r t o t a l c o u t r o l a t 7 
D A T . A f t e r 1 4 d a y s t h e b e s t c o u t r o l w a s o b s e r v e d w i t h 2 0 % T o u c h d o w u w i t h a u d w i t h o u t 
A M S w i t h t o t a l c o u t r o l f r o m a l l m a t e r i a l s a f t e r 2 1 d a y s w i t h A M S ( F i g u r e s 5 , 6 ) . F o r b u n c h 
g r a s s t h e r e w a s 1 0 0 % c o u t r o l f r o m a l l t r e a t m e u t s a f t e r 7 D A T w i t h o u t a n y r e g r o w t h . 

RECOMMENDATION: B o t h m a t e r i a l s c o n t r o l l e d a l l w e e d s , e x c e p t b u u c h b e r r y , e q u a l l y 
w e l l . T h e a d d i t i o u o f A M S i s u o t n e c e s s a r y b u t m a y b e u s e d t o e n s u r e a d e q u a t e c o u t r o l 
e s p e c i a l l y i u h a r d w o o d s 

CONCLUSION: S u l f o s a t e i s as e f f e c t i v e as g l y p h o s a t e . T h e a d d i t i o u o f A M S i s b e u e f i c i a l i f 
t r e a t i n g h a r d w o o d w e e d s . A d d i t i o u a l c o u t r o l m e a s u r e s n e e d t o b e d e v e l o p e d f o r b u u c h b e r r y 
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Comparison of Sulfosate and Glyphosate 

for Dogbane Control with AMS 

7 DAT 14 DAT 21 DAT 42 DAT 

Treatment 
-^10%RUP -^10%TDN ^20%RUP ^20%TDN -*-UTC 

F i g u r e 1 . 

Comparison of Sulfosate and Glyphosate 

for Dogbane Control W/0 AMS 
Percent Phytotoxicity 

120 I 1 

7 DAT 14 DAT 21 DAT 42 DAT 

Treatment 
-i-10%RUP ^10%TDN ^20%RUP ^20%TDN +-UTC 

F i g u r e 2 . 
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Comparison of Sulfosate and Glyphosate 

for Bracken Fern Control with AMS 
Percent Phytotoxicity 

120 

100 

80 

60 

40 

20 

0 

7 DAT 14 DAT 21 DAT 42 DAT 
Treatment 

— 10%RUP ^10%TDN •^20%RUP -^20%TDN ^ U T C 

F i g u r e 3 . 

Comparison of Sulfosate and Glyphosate 

for Bracken Fern Control without AMS 
Percent Phyotoxicity 

120 

100 

80 

60 

40 

20 

0 

7 DAT 14 DAT 21 DAT 42 DAT 
Treatment 

-^10%RUP ^10%TDN ^20%RUP -^20%TDN ^ U T C 

F i g u r e 4 . 
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Comparison of Sulfosate and Glyphosate 

with AMS for Hardwood Control 

120 
Percent Phytotoxicity 

7 DAT 14 DAT 21 DAT 42 DAT 

Treatment 
-^10%GLY ^10%SUL ^20%GLY ^20%SUL ^ U T C 

F i g u r e 5 . 

Comparison of Sulfosate and Glyphosate 

without AMS for Hardwood Control 

120 
Percent Phytotoxicity 

7 DAT 14 DAT 21 DAT 42 DAT 

Treatment 
-^10%GLY -f-10%SUL ^20%GLY ^20%SUL -^UTC 

Material=significant at 7 DAT and highly significant at 14 and 21 DAT, Rate=highly 
significant at 7 DAT, and 21 DAT 

F i g u r e 6 . 
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Comparison of Sulfosate and Glyphosate 

for Bunchberry Control with AMS 
Percent Phytotoxicity 

100 I 1 

7 DAT 14 DAT 21 DAT 42 DAT 

Treatment 
-i-10%RUP -4-10%TDN -^20%RUP ^20%TDN +-UTC 

F i g u r e 7 . 

Comparison of Sulfosate and Glyphosate 

for Bunchberry Control without AMS 
Percent Phytotoxicity 

100 I 1 

7 DAT 14 DAT 21 DAT 42 DAT 

Treatment 
-^10%RUP -^10%TDN Hr-20%RUP ^20%TDN ^ U T C 

F i g u r e 8 . 
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W E E D MANAGEMENT AND F I E L D C O V E R 

INVESTIGATORS: D a v i d E . Y a r b o r o u g h , A s s o c i a t e P r o f e s s o r o f H o r t i c u l t u r e 
T i m o t h y M . H e s s , R e s e a r c h A s s o c i a t e 

5 T I T L E : E v a l u a t i o n o f V C 1 4 4 7 f o r W e e d C o n t r o l i n W i l d b l u e b e r r i e s . 

METHODS: V C 1 4 4 7 i s a V a l e n t p r o d u c t w h i c h h a s p r o p e r t i e s l i k e a z a f e u i d i u . T h e p r o d u c t 
w a s r e c e i v e d t o o l a t e i u t h e s p r i u g f o r t h e e s t a b l i s h m e u t o f a t i m i n g t r i a l . A s m a l l e r t r i a l w a s 
s u b s e q u e n t l y e s t a b l i s h e d i u s e c t i o u 8 , u p p e r field a t B B H F a u d a p p l i e d w i t h 0 , 6 o r 12 o z 
p r o d u c t / a o u 5 - 1 8 - 9 9 w i t h c a r r y o v e r e f f e c t s e v a l u a t e d o u e a u d t w o m o u t h s m o u t h p o s t 
t r e a t m e u t . 

RESULTS: N o e f f e c t o f t r e a t m e u t o u w e e d c o u t r o l w a s o b s e r v e d . 

RECOMMENDATION: V a l e n t h a s b e e u v e r y c o o p e r a t i v e i u r e g i s t e r i n g p r o d u c t s f o r t h e 
i n d u s t r y ( t h e y m a r k e t Select®) s o c o u t i u u i u g r e s e a r c h i u t h i s m a t e r i a l s h o u l d c o u t i u u e i u case 
p r o b l e m s a r i s e w i t h a z a f e u i d i u . A t r i a l w i l l b e r e p e a t e d i u 2 0 0 0 t o e v a l u a t e b o t h t i m i n g a u d 
f o r m u l a t i o n ( a g r a u u l a r p r o d u c t i s a v a i l a b l e ) o u w e e d s p e c i e s c o n t r o l l e d . . 

CONCLUSION: N o u e c a u b e m a d e a t t h i s t i m e . 
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WEED MANAGEMENT AND FIELD COVER 

INVESTIGATORS: David E. Yarborough, Associate Professor of Horticulture 
Timothy M. Hess, Research Associate 

6. TITLE: Comparison of Mowing versus Burning for Bunchberry Control in Wild 
blueberries. 

METHODS: Section 4 in the upper field at BBHF has been split in half and subsequently 
either mowed or burned for the past 18 years. Thirty, one yard squared cover plots from 5 
different transects per pruning method were evaluated for bunchberry cover after harvest on 
August 30, 1999. 

RESULTS: The burned section had significantly more bunchberry than the mowed plots 
(Figure 1). 

RECOMMENDATION: In addition to continuing the split treatments, expand on the trial by 
oil burning 5 transects, 2 meters wide in the mowed only section repeatedly for 5 complete 
cycles and continue to monitor bunchberry density. 

CONCLUSION: While the first assessment of this trial indicates mowing results in fewer 
bunchberry no conclusions can be made until treatments have been monitored for several more 
cycles. 

Bunch berry 
Cover/m 

2 

30 

25 

20 

15 

10 

5 

0 

Comparison of Mowing vs Burning 
on Bunchberry Cover 

/ 
/ 

/ 
/ 

Treatrnent=Highly significant 

Burn mm::1 Mow I 
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EXTENSION 

PRINCIPLE INVESTIGATOR: David E. Yarborough 

1. TITLE: Blueberry I Cranberry Extension Education Program in 1999 

METHODS: Conduct an educational program that will stress the use of best management 
practices in an integrated crop management program which will improve the efficiency of culture 
and minimize the use of unnecessary pesticides and fertilizers. Conduct Spring grower meetings 
and field days to introduce and reenforce the use of best management practices, integrated crop 
management and sound business management principles. Provide management information 
through the blueberry newsletters, through fact sheets in the wild blueberry growers guide, 
telephone and correspondence, and conduct field visits as appropriate. Cooperate with County 
Educators and provide support for blueberry initiatives requested by the County office. 
Cooperate with the Blueberry Research Advisory Committee, the Wild Blueberry Commission 
of Maine and the Wild Blueberry Association of North America on blueberry related matters. 
Cooperate with county (Soil and Water Conservation Districts), state (Department of 
Agriculture, Board of Pesticides Control) and federal agencies (USDA, IR-4) on blueberry 
related matters. Needs are determined from Blueberry Advisory Committee long range plan, 
Wild Blueberry Newsletter survey, and from individual client contacts. The advisory committee 
gave priotjty to grower outreach, IPM, pesticide recommendations for weeds, insects and 
diseases, food safety and groundwater. Needs identified by the survey include weed 
management, economics/ marketing, pest management, general information and fertilization. 
Needs identified by individual grower contact reinforce those previously identified but also 
added the need for blueberry quality and groundwater concerns. 

RESULTS: 

Educational Activities: 
This year the Blueberry Integrated Crop Management program consisted of field demonstration 
sessions conducted in three counties. Program requirements have been better defined over the 
past years, new fact sheets have been developed and better examples have been provided, such as 
the weed mapping and explanation of decision making for blight control. 

Professional Improvement Activities: 
Participated in the Northeastern Weed Science Society meetings on January 4-7 in Cambridge, 
MA. Presented Affect of Azafenidin and Rimsulfuron on Weeds in Wild Blueberries and Grass 
Control Alternatives for Wild Blueberries. Learned of most recent research activities and met 
with weed specialists to discuss problems and solutions for the Maine Blueberry and cranberry 
industries. 

Presentations: 
Blueberry Pest Management, Augusta Agricultural Trade Show, February 14. 
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Met with hexazinone best management committee to review and make changes to Hexazinone 
Best Management Practices on February 26 in Augusta. 

Wild blueberry Culture, Fort O'Brian School, Machiasport, April 6, Robinston grade school, 
November 1, Yarmouth/Cumberland School District, November 9. 

Grass Control in Wild Blueberries, Blueberry Growers meetings, March 11, Milbridge; March 16 
Machias; March 23 Calais. 

Granular Herbicide Application and Calibration; Wild Blueberry Spring Meetings Union, March 
17; Ellsworth March 18; Machias, March 20. 

Organized Wild Blueberry Research and Extension Workers Conference in Bangor, Maine on 
March 30-31; presented, Affect of Azafenidin and Rimsulfuron on Weeds in Wild Blueberries, 
and Grass control Alternatives for Wild Blueberries. 

Blueberry Equipment, Blueberry Production Workshop 1999, April 9-10 PEI. 
Cost of Production, Blueberry Production Workshop 1999, April 9-10 PEI. 
Maine's Experience with Velpar, Blueberry Production Workshop 1999, April 9-10 PEI. 
Blueberry Insects, Blueberry Production Workshop 1999, April 9-10 PEI 
Industry Overview, Cranberry Production Workshop 1999, April 9-10 PEI 
Cost of Production, Cranberry Production Workshop 1999, April 9-10 PEI 
Weed Control, Cranberry Production Workshop 1999, April 9-10 PEI 

Conducted IPM field training sessions in Knox/Lincoln Counties on May 4, June 1 & 29 in 
Washington County on May 5, June 2 & 30 and in Hancock County on May 6, June 3 & July 1 
at Allen's Freezer on Route 15 in Orland. The sessions included training on granular herbicide 
calibration, blight identification and control, and insect sweeping and identification, weed 
identification and management, blueberry maggot fly trapping, and leaf and soil sampling. 

Discussed blueberry research and Extension program with members of the Blueberry 
Commission in Ellsworth on June 21. 

I made a visit to determine the feasibility of wild blueberry sites in the St. John Valley on June 
21-22, and October 27, further development is dependent on funds from the Maine Agricultural 
Center. 

Held Annual summer field day and crop guesstimate at Blueberry Hill Farm in Jonesboro on July 
21. A review of the weed control alternatives and the insect control and IPM strategies research 
was demonstrated and discussed. This annual meeting gives researchers and Extension faculty 
an opportunity to review and discuss programs, and to get grower input. 

Organized tour of wild blueberry fields in Grey, ME and explained wild blueberry culture for 
National Pesticide Certification and Training Workshop group on August 7. 
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Participated in Downeast legislative tour sponsored by the Wild Blueberry Commission on 
August 10. 

Participated in Wild Blueberry Association of North America health Summit in Bar Harbor on 
August 12-13. 

Wild Blueberry Production in North America at the Jilin College of Forestry, in Jilin City China 
on 5 September. With Chad Finn ,USDA-ARS, Oregon State University, evaluated highbush 
and lowbush plantings and indigenous blueberry fields at nine sites located throughout Jilin 
Province, China. 

Participated in the IR-4 annual meeting in Washington, DC on October 4-7 to establish priorities 
for Maine for minor use pesticide trials. 

Met with Maine Blueberry Advisory Committee on February 25, October 19-20 and November 
10 to surrimarize blueberry research and Extension education program and propose program for 
2000. 

Wild Blueberry Culture in Maine, Robinston grade school, November 1. 

Wild Blueberry Culture in Maine, Cumberland-N. Yarmouth SAD 51, November 9. 

Wild Blueberry Culture and Wild Blueberry Pest Management; LHC 110 class , November 17. 

Wild Blueberry Irrigation in Maine and Best Management Practices for Wild Blueberries at Wild 
Blueberry Producers Association of Nova Scotia, Truro, Nova Scotia, November 19-20. 

Blueberry Weed Management New England Vegetable and Berry Conference, Sturbridge, MA, 
December 14-16. 

Lowbush Blueberry Production - An Overview. New England Vegetable and Berry Conference, 
Sturbridge, MA, December 14-16. 

Public testimony: 
Board of Pesticide control: 
May 14, 1999- Best Management Practices Update and Results of water sampling program for 
hexazinone. 
December 8, 1999 - public hearing. 
December 1 7, 1999 - meeting. 
January 1, 1999 -: meeting. 

Television/radio/newspaper Interviews: 
Bangor Daily News: May 14; May 17; May 20; June 18; June 25; June 30; July 21 
Bangor Business Monthly: June 3; August 17 
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Currier Gazette: July 29 
Downeast Coastal Press: November 22 
Ellsworth American: May 17, December 29 
Ellsworth Weekly Packet: February 19, July 27, August 4 
Maine Public Radio: May 10, August 2 
Maine Sunday Telegram; August 18 
Quoddy Times: November 19, March 4 
TV CH 5: May 20, August 24 
WKIT Radio: May 17 
Times Record (Brunswick): November 6 
USA Today; June 24 
Wall Street Journal: June 24 

Other Activities: 

University of Maine-Wild Lowbush Blueberries 

I am on the Health Research Committee of the Wild Bluebeny Association of North America. 
The purpose of the committee is to determine health research needs of the wild bluebeny 
industry and to help coordinate programs, and to enhance communication among researchers and 
WBANA members. Food Science research projects are being coordinated in this committee to 
reduce duplication and foster cooperation on projects between Maine and Canada. 

I am IR-4 liaison for the state of Maine. IR-4 is a federal agency which facilitates the registration 
of pesticides on minor use crops. Assistance is given for registration when the need is 
demonstrated but the chemicals are not economically feasible for companies to register. This 
allows for the use of materials needed in IPM programs that would have been lost. Four IR-4 
projects were done in Maine in 1999. 

I am coordinator for the CSREES special research grant 'Lowbush bluebeny production and 
processing technologies' which is granted by the USDA; $205,832 was awarded for 1999. I 
coordinate proposals and reports from the researchers involved. 

I have reviewed manuscripts for HortScience, American Society for Horticultural Science, 
Canadian Journal of Plant Science and the Maine Agricultural and Forestry Experiment Station. 

CONCLUSION: Growers are participating in IPM programs in the four primary bluebeny 
growing counties, Washington, Hancock, Knox and Lincoln. The skills survey results indicate 
that growers are learning new skills and making positive changes in their management practices. 

A high percentage of participating growers indicated they had learned new skills and changed 
their practices in calibration, reducing the rate of hexazinone used, being able to control blight, 
and identify and control weeds, being able to detect and control insects and the bluebeny maggot 
fly, and that they used soil and leaf samples to determine fertilizer rates. Adoption of these 
management practices enable growers to improve the efficiency of bluebeny culture by reducing 
unnessary pesticides and fertilizers. 
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The hexazinone groundwater survey I have conducted from 1992 to 1999 continues to provide 
information on the movement of this herbicide into the groundwater. I have sampled test and 
drilled wells and surface water in blueberry fields over 7 years. This information has been used 
by the Department of Agriculture in both developing and in updating Best Management Practices 
and by the Board of Pesticides control in deciding to continue use of hexazinone in Maine. 

The survey indicates that growers need the information provided by the meetings, fact sheets and 
newsletters. It also indicates that many growers are using integrated management techniques. 
Adoption of best management practices enable growers to improve the efficiency of blueberry 
culture by reducing unnecessary pesticides and fertilizers. More efficient management will 
results in greater returns and a stable, sustainable industry. 

RECOMMENDATIONS: Continue to support Extension educational program. 
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EXTENSION 

INVESTIGATOR: David E. Yarborough, Extension blueberry specialist 
Timothy M. Hess, Research Associate 

2. TITLE: Effect of Rate, Formulation and Application Method on Efficacy and Phytotoxicity 
of Granular Hexazinone in Wild Blueberry Fields 

METHODS: Granular hexazinone was applied as Pronone MG® on 6/16/99 with either an air 
assist spreader or Vicon® spreader at 1 or 2 lb ai/a in a 5% or 10% formulation to 1.5 acre blocks 
on a commercial blueberry field on Township 18 MD, Maine. Ten, 1 meter square transect per 
treatment block were evaluated for two untreated blocks and for each application equipment, 
formulation and rate (2x2x2= 8 treatment blocks) on 8/6/99 for weed cover and phytotoxicity to 
blueberry plants. 

RESULTS: The effect of equipment was highly significant with the air-assist application 
having a greater weed cover and less phytotoxicity and the Vicon spreader with less weed cover 
and a higher phytoxicity rating. With both the air-assist spreader and the Vicon® spreader, weed 
cover was reduced for the treated vs the untreated and was lower for the 2 lb vs the 1 lb rate but 
formulation percentage had no effect on weed cover. Phytotoxicity was significantly higher on 
the 10% vs the 5% formulation, when applied with the Vicon® spreader, but neither rate or 
formulation had any significant effect on phytotoxicity when applied with an air assist spreader. 

CONCLUSION: The 5% granule would provide better crop safety when used at the higher rate 
in the Vicon® spreader but had no significant effect on weed cover. No effect on weed cover or 
phytotoxicity for the 5% vs 10% formulation was seen when applied with the air-assist spreader. 

RECOMMENDATION: Use an air-assist spreader if applying Pronone over 1 lb/a or pursue a 
5% granule formulation to increase crop safety when using over 2 lb/a. 
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Effect of Pronone Applied with Air Assist Spreader on Weed Cover and 

Blueberry Injury 
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EXTENSION 

INVESTIGATOR: David E. Yarborough, Extension blueberry specialist 

COO PERA TOR: David Lambert, Associate Professor of Plant Pathology 

3. TITLE: 1999 Fungicide evaluation field trial 

METHODS: Two sites were used, Blueberry Hill Farm Agricultural Experiment Station in 
Jonesboro, Maine and Cherryfield Foods Inc. Section MN5B on T-19 MD, Maine. Fungicides 
were applied with an air blast sprayer in 20 gpa on 516199 in Jonesboro and on 516199 and 
5/17/99 in T-19 MD, with the exception of Bravo Ultrex, which was applied by aircraft in 5 gpa 
on 517199 on T-19. On 614199, 40, 0.25m2 quadrats on the treated and an untreated block were 
assessed for the number of flower buds and leaf infected by Monilinia vaccinii-corymbosi. Leaf 
spot disease symptoms were evaluated for the treated and untreated areas on 7 /22/99 on four 
replications within 4 clones using a CRB design and a 0.25 m2 quadrat. Ratings used were O= no 
disease, 1 =light disease, 2=moderate disease, 3=high disease incidence. Leaf tissue was sampled 
on 6125199 and plated on 7 /1/99 and of 166 plates, 33 have been examined. 

RESULTS: At Blueberry Hill Farm only one infected leaf and no infected blossoms were 
found. Because there was not enough infection at the site, the pots were not rated. In T-19 Orbit 
at 4 and 6 oz/a and Indar at 2 oz had fewer infected flowers and leaves than the control, but there 
was no difference between the rates. The Bravo and Abound treatments were not different from 
the untreated check for blight infection. At BBHF there was no significant difference in the 
check versus the treated for leaf spot rating, but on T -19 all of the fungicides reduced leaf spot 
compared to the control, with Orbit, lndar and Bravo L having the least symptoms. Fungi 
isolated from plated stems include: Alternaria, Aposphaeria, Aureobasidium, Cladosporium, 
Dendrodochium, Dothiorella, Epicoccum, and Phomopsis. Fungi isolated from plated leaves 
include: Alternaria, Dothiorella, Epicoccum, Phomopsis, and Septoria. 
CONCLUSION: Orbit and Indar are most effective fungicides for the conrol of mummyberry 
and leaf spot dieseases. 

RECOMMENDATIONS: Continue to pursue Section 18 label on Orbit until Orbit or Indar 
receives a Section 3 label. Until that time there are no effective fungicides registered to control 
mummyberry disease in wild blueberries. 
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Effect of Fungicide on Mummyberry control 
T-19 MD - 1999 
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Effect of Fungicide on Leaf Spot Disease 
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EXTENSION 

INVESTIGATOR: David E. Yarborough, Cooperative Extension blueberry specialist 

COOPERATOR: John Jemison, Cooperative Extension water quality specialist 

4. TITLE: 1999 Hexazinone groundwater survey 

METHODS: Seven wells and four streams or ponds adjacent to, or in wild blueberry fields in 
two counties, were sampled in 1999 in May, June, July, August, and October. Three wells were 
put in by tl;ie Maine Department of Conservation in 1986 and the others were drilled. Well sites 
were chosen on the basis of a high probability of finding hexazinone. Fields may be grouped by 
hexazinone treatment: sites 11 and 12 received Velpar® L preemergence; site 23 received 
Velpar® L impregnated on diammonium phosphate (DAP) fertilizer; sites 31, 32, and 36 
received Pronone® MG and sites 9 and 13 were not treated (Table 1). Residue analysis of the 
water was performed at the University of Maine Food Science & Human Nutrition Department 
with a high pressure liquid chromatograph which has a detection limit of 0.1 parts per billion 
(ppb). The objective of this study was to survey wells with different treatments to determine if 
the Best Management Practices (BMP's) followed reduced the potential intrusion of hexazinone 
into groundwater. 

RESULTS: In 1999, no increase in the levels ofhexazinone was found. Site 32, previously 
reviewed by the Board of Pesticides Control with the highest level, but the cause was determined 
to be a point source contamination. The level on site 32 varied from 13 to 18 ppb, which is 
down from the high of 105 ppb in April of 1997. The 1999 monitoring data are consistent with 
past results, showing seasonal changes but no trend of increasing levels, under current use 
patterns. Figure 1 gives the long-term trends over 10 years and 55 sampling dates. Site 12 was 
treated with granular hexazinone from 1993 through 1996 and had the lowest level of hexazinone 
but is now above site 11 which was treated with a liquid and had higher levels. Site 9 has not 
been treated with hexazinone but with alternatve herbicides since 1993 and the hexazinone level 
has been declining steadily over the years from 27 ppb to less than five ppb. 

CONCLUSION: These data further substantiate that the current use patterns are not resulting in 
any increase in hexazinone levels in the groundwater 

RECOMMENDATIONS: Continue to sample wells to ensure best management practices do 
not result in hexazinone detections above the health advisory limit (HAL). Continue to vary 
management practices to determine how they influence hexazinone movement in wild blueberry 
soils and review and update practices as new information becomes available. Continue to 
emphasize best management practices to growers in educational programs and increase 
awareness of the solubility of hexazinone and potential for well water contamination. 
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Table 1.1999 Hexazinone Test Result Summary 
University of Maine Well Water Survey 

H e x a z i n o n e i n parts per b i l l i o n 

Site/Treatment May June July August October 
Wells 

9 tes t /un t rea ted 8.4 4 .5 5.2 4 .5 4 .5 
11 t e s t / l i q u i d 5.8 7 .0 4 . 6 6.3 4 .8 
12 t e s t / l i q u i d 4 . 6 6.8 8.5 7.6 -

13 d r i l l / u n t r e a t e d 2 . 4 1.9 2.3 1.5 2 . 0 
2 3 d r i l l / l i q u i d + D A P 2 . 0 - - - -

3 1 d r i l l / g r a n u l a r 5.7 5.7 4 . 9 4 .9 4 .3 
3 2 d r i l l / g r a n u l a r 15.3 14 .0 18 .2 13.3 16.7 
3 6 d r i l l / g r a n u l a r 4 . 8 4 .8 5.0 4 .4 2 .7 

Surface 
9 s t r e a m / u n t r e a t e d N D N D 0.3 0 .4 N D 

11 p o n d / l i q u i d 5 .0 5.7 6 .6 2 .0 3.8 
12 s t r e a m / l i q u i d - 4 .4 3.6 4 .8 4 . .4 

13 p o n d / u n t r e a t e d 0.7 N D 0.3 N D N D 

F i g u r e 1 . H e x a z i n o n e i n g r o u n d w a t e r 
L o n g t e r m t e s t w e l l d a t a 1 9 8 9 - 1 9 9 9 

0 5 1 0 1 5 2 0 2 5 30 

Hexazinone in Parts per billion (ppb) 

^ S i t e 1 2 - + - S i t e 9 — S i t e 1 1 
1 4 9 



POLLINATION 

INVESTIGATORS: 

University of Maine-Wild Lowbush Blueberries 

F. A. Drummond, Associate Professor of Entomology 
C. S. Stubbs, Post-Doctoral Research Scientist 

TITLE: Sustainable pollination of wild lowbush blueberry 

OBJECTIVE: Conduct pollination field trials and develop management practices for the use of 
the fuzzyfoot bee, Anthophora pilipes. 

Revised Objectives: 
1) Conduct pollination field cage trial and population build-up of the fuzzyfoot bee. 
2) Determine over-wintering survival of fuzzyf oot bee in Maine. 
3) Produce University of Maine Cooperative Fact Sheet on native leafcutting bees and their 
conservation. 

METHODOLOGY: 
Five blueberry fields of similar size were used. Traditional management practices were used in all 

fields, except that no insecticides or fungicides had ever been used in the field designated for the 
release of the fuzzyfoot bees. Honey bees were stocked at 3 hives/acre in two fields and commercial 
bumble bees were stocked at 1-2 colonies/acre in two fields. Two wooden shelters for fuzzyfoot bees 
were set up in the remaining field. Eighty meter transects were established from each cluster of 
hives/colonies/shelters ( one--three transects per cluster). In all fields, except one honey bee field, ten 
blueberry stems were marked at distances of 15, 30, 45, 60, and 75 meters (16.35, 32.70, 49.05, 65.40, 
and 81.75 yds.), and the number of flowers per stem recorded when bloom was approximately 5%. 
For that honey bee field, marked stems were at 4.51, 9.03, 13.73, 18.30, and 22.86 meters (3, 10, 15, 
20, and 25 yds). In mid-May, when the Maine Department of Agriculture determined that we could not 
field release the fuzzyfoot bees, 10 additional fruit set-yield stations were established (five stations per 
cage, each with 10 marked stems to a total of 50 marked stems per screen cage). The field transects 
previously set up for the fuzzyfoot release were then used to assess wild native bee performance as 
pollinators compared to the fuzzyf oot in the two field cages and to the fields with honey bees or 
commercial bumblebees. 

Measurements of bee density (15, one m2 .plots), recording number of bees, species, and foraging 
behavior (pollen and/or nectar collecting) were made at the five study sites. Two weeks after bloom 
the stems were reexamined to determine percentage fruit set. Berries were harvested in late July and 
berry number per stem, berry weight, and seeds per berry recorded. Percentage fruit set and 
percentage yield (based on the number of harvested berries from the flowers on marked stems) were 
compared with descriptive and inferential statistics (Kruskal-Wallis p _:::: 0.05). 

In mid-May we received four shipments of adobe nest blocks containing a total of 21 nests of 
fuzzyf oot bees that had been kept in quarantine since July 1998 at the USDA Containment Laboratory 
at the Beneficial Insects Introduction Research laboratory, Newark Delaware. These blocks, plus the 
11 nests in adobe blocks in cold storage (36°F) at the University of Maine from the previous field 
season, were set out in the wooden shelters. 

During bloom we compared fozzyfoot bee flower handling time to two commercially available 
bees (honey bees and bumble bees, Bombus impatiens) and to native orange-belt bumble bees (Bombus 
ternarius). After bloom, because the fuzzyfoot bees were still alive, we provided them with a variety 
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O f w i l d flowers o n a d a i l y b a s i s ( e . g . l u p i n e , w i l d c b e n y , b l a c k b e n y ) i n o r d e r t o k e e p t b e m a l i v e a n d 
r e p r o d u c i n g . A s m t b e p r e v i o u s y e a r , w e a s s e s s e d n e s t i n g b e b a v i o r , success o f n e s t i n g , ease o f 
b a n d l i n g , a n d r a t e o f p a r a s i t i s m , i f a n y . 

T b e l a s t f u z z y f o o t f e m a l e a d u l t a c t i v i t y w a s o b s e r v e d o n 2 5 J u n e . A d o b e n e s t b l o c k s w e r e 
r e m o v e d f r o m t b e f i e l d o n J u n e 2 7 a n d s t o r e d i n d o o r s a t r o o m t e m p e r a t u r e u n t i l O c t o b e r 5 a t w b i c b 
t i m e t b e y w e r e p l a c e d i n c o l d s t o r a g e (36°F). 

T b e o v e r - w i n t e r i n g s t u d y w a s i n i t i a t e d o n D e c e m b e r 5 . H a l f o f t b e n e s t s ( n = 1 8 ) w e r e m o v e d t o a 
b e a v i l y s e c u r e d w o o d e n s b e l t e r i n W i n t e r p o r t w b e r e t b e a i r t e m p e r a t u r e i s b e i n g m o n i t o r e d . T b e s e 
f u z z y f o o t n e s t s w i l l r e m a i n a n d b e m o n i t o r e d a t t b e W i n t e r p o r t s i t e u n t i l M a r c b 3 0 i n o r d e r t o 
d e t e r m i n e i f t b e f u z z y f o o t c a n o v e r - w i n t e r o u t d o o r s i n M a i n e . 

RESULTS AND DISCUSSION 
F l o w e r b a n d l i n g t i m e ( n = 5 0 s i n g l e f l o w e r v i s i t s p e r s p e c i e s , e x c e p t n = 2 5 f o r t b e n a t i v e 

o r a n g e - b e l t b u m b l e b e e ) w a s s i g n i f i c a n t l y d i f f e r e n t ( p = < . 0 0 0 1 , K r u s k a l - W a l l i s ) f o r t b e 
f u z z y f o o t , b o n e y b e e , c o m m e r c i a l b u m b l e b e e (Bombus impatiens), a n d o r a n g e - b e l t b u m b l e b e e 
(Bombus ternarius). F l o w e r b a n d l i n g t i m e r a n g e d f r o m 1 -36 s e c o n d s . A v e r a g e f l o w e r b a n d l i n g 
t i m e f o r ^4. pilipes w a s 3 . 4 ± 2 . 8 sec, 9 . 1 ± 1.2 sec f o r t b e b o n e y b e e , 3 . 9 ± 1.6 sec f o r B. 
impatiens a n d 1.6 ± . 1 9 sec f o r t b e o r a n g e - b e l t b u m b l e b e e , B. ternarius. A l l b e e s o b s e r v e d 
c o l l e c t e d b l u e b e r r y p o l l e n , e x c e p t f o r t b e b o n e y b e e s . O n l y s i x b o n e y b e e s w e r e o b s e r v e d 
c o l l e c t i n g p o l l e n ; t b e o t b e r 4 8 w e r e c o l l e c t i n g n e c t a r . 

T b e r e w a s n o s i g n i f i c a n t d i f f e r e n c e i n p e r c e n t a g e f r u i t se t ( m e a s u r e d t w o w e e k s a f t e r b l o o m ) 
f o r t b e f u z z y f o o t , t b e b o n e y b e e , c o m m e r c i a l b u m b l e b e e (Bombus impatiens) a n d t b e n a t i v e w i l d 
b e e s . ( S e e F i g u r e 1.) A v e r a g e p e r c e n t a g e f r u i t se t f o r t b e f u z z 3 T o o t , A. pilipes, w a s 7 9 . 3 + 
5 . 6 7 % ( r a n g e 6 5 - 8 5 % ) ; f o r b o n e y b e e s 8 2 . 4 0 ± 1 1 . 4 9 % ( r a n g e 6 3 - 9 6 % , f o r 5 . impatiens 8 5 . 3 ± 
4 . 4 2 ( r a n g e 8 0 - 9 5 % ) ; a n d f o r w i l d n a t i v e b e e s 8 6 . 2 6 ± 8 . 1 3 % ( r a n g e 7 3 - 9 9 % ) . 

A v e r a g e p e r c e n t a g e y i e l d ( b a r v e s t e d b e r r i e s f r o m t b e f l o w e r s c o u n t e d o n t b e m a r k e d s t e m s , 
w b i c b w a s m e a s u r e d i n l a t e J u l y ) w a s s i g n i f i c a n t l y d i f f e r e n t ( p = . 0 0 0 2 ) . ( S e e F i g u r e 2 . ) 
P e r c e n t a g e y i e l d f o r t b e f u z z y f o o t , A. pilipes, w a s 4 5 . 6 0 ± 1 0 . 4 6 % ( r a n g e 3 5 — 6 8 % ) ; f o r b o n e y 
b e e s 5 9 . 6 0 ± 1 7 . 2 7 % ( r a n g e 3 5 - 8 9 % ) ; f o r B. impatiens 5 0 . 0 ± 1 1 . 6 5 ( r a n g e 3 7 - 6 7 % ) ; f o r n a t i v e 
b e e s 6 8 . 4 + 1 1 . 9 1 % ( r a n g e 4 2 - 8 5 % ) . I t s b o u l d b e n o t e d t b a t g r o w i n g c o n d i t i o n s f o r b l u e b e r r y 
w i t b i n t b e s c r e e n cages w e r e n o t as f a v o r a b l e as t b o s e o u t s i d e t b e cages . R e d u c e d l i g b t w i t b i n t b e 
cages d o u b t l e s s c o n t r i b u t e d t o b e r r y d r o p as d i d o u r w a l k i n g i n t b e c a g e s i n o r d e r t o b r i n g 
a l t e r n a t e f o r a g e i n o r d e r t o k e e p t b e f u z z y f o o t b e e s a l i v e . T b u s p e r c e n t a g e b a r v e s t e d b e r r i e s f o r 
t b e c a g e d f u z z y f o o t bees a n d t b e o t b e r b e e s a r e n o t t r u l y c o m p a r a b l e . I n o t b e r w o r d s , w e s u s p e c t 
t b a t t b e r e w o u l d b a v e b e e n n o s i g n i f i c a n t d i f f e r e n c e i n p e r c e n t a g e b a r v e s t e d b e r r i e s i f t b e 
f u z z y f o o t b a d b e e n a l l o w e d t o field p o l l i n a t e t b e b l u e b e r r y p l a n t s a t t b a t s t u d y s i t e b e c a u s e 
p e r c e n t a g e f r u i t se t a n d b e r r y w e i g b t s w e r e n o t s i g n i f i c a n t l y d i f f e r e n t (see below). 

B e r r y w e i g b t s w e r e n o t s i g n i f i c a n t l y d i f f e r e n t a m o n g b e e s ( F i g u r e 3 ) . A v e r a g e b e r r y w e i g b t 
f o r t b e f u z z y f o o t , A. pilipes, w a s . 4 5 4 + . 1 3 2 g r a m s ( r a n g e . 3 5 0 — . 6 6 0 g ) ; f o r b o n e y b e e s . 4 5 2 + 
. 1 5 8 g r a m s ( r a n g e . 1 8 0 - 1 . 0 g ) ; f o r R impatiens . 4 3 6 + . 1 4 3 g r a m s ( r a n g e . 3 6 0 - . 7 4 0 g ) ; a n d f o r 
n a t i v e b e e s . 4 2 9 + . 1 5 8 g r a m s ( r a n g e . 2 8 0 - . 8 5 0 g ) . T b e f a c t t b a t b e r r y w e i g b t s f o r t b e f u z z y f o o t 
w e r e s i m i l a r t o t b e o t b e r b e e s , d e s p i t e b e i n g i n cages , f u r t b e r i n d i c a t e s t b e e x c e l l e n t p o t e n t i a l f o r 
t b i s b e e as a p o l l i n a t o r o f l o w b u s b b l u e b e r r y . 

A v e r a g e seeds p e r b e r r y w e r e s i g n i f i c a n t l y d i f f e r e n t ( F i g . 4 - N o t e t b a t t b e s a m e l e t t e r i n t b e 
f i g u r e i n d i c a t e s n o s i g n i f i c a n t d i f f e r e n c e . T b u s t b e a v e r a g e n u m b e r o f seeds p e r b e r r y f o r b o n e y 
b e e s a n d f u z z y f o o t b e e s w a s f a i r l y s i m i l a r ) . T b e a v e r a g e seeds p e r b e r r y f o r A. pilipes, w a s 3 1 . 5 
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± 11.7 seeds (range 38--53 seeds); for honey bees 29.95 ± 13.39 (range 11--69 seeds); for B. 
impatiens 37.64 ± 12.06 (22--71 seeds); and for native bees 36.15 ± 11.41(range18--69 seeds). 
The significantly lower number of seeds per berry for the honey bee is consistent with earlier 
findings and this field season's obseivations that most honey bees collect nectar but not blueberry 
pollen. 

No parasites were obseived in the field cages. At the end of the field season there were 36 
new fuzzyf oot nests produced, which was a net gain of 3 nests. In part, this gain may be due to 
wild blackberry pollen and nectar, being added to the forage after bloom. (In 1998 there was no 
net gain in nests produced, blackberry was not available that year.) However, further testing 
would be necessary as other factors may be contributing to increased fecundity. 

Our minute observations of the one m2 plots of bee density indicated higher than average 
densities of native bumble bees in two fields. These fields had more than 1 bumble bee queen per 
m2 foraging per minute. In fact, one of the fields had an average of 2.6 bumble bee queens per 
m2 foraging per minute. It is thought that additional stocking with honey bees is unnecessary 
when there is at least one wild bee per m2 per minute. 

A Cooperative Extension Fact Sheet on native leafcutting bees and their conservation, which 
includes color photos to help identify them and instructions on the building and placement of 
wooden nest blocks, is in the final stages of publication. 

RECOMMENDATIONS: 
In 1998, the fuzzyf oot, Anthophora pilipes, performed as well as the commercial bumble bee, 

B. impatiens, and better than the alfalfa leafcutting bee in our flight cage studies conducted at 
Blueberry Hill Farm. In 1999, the fuzzyfoot performed as well for fruit set as the honey bee, the 
commercial bumble bee B. impatiens, and native bees in the field. This coupled with its good 
performance for berry weight and seeds per berry provide further evidence that A. pilipes has 
potential as an inexpensive, easy to handle alternative to the honey bee for lowbush blueberry 
pollination. 

If the fuzzyfoot bee does not over-winter outdoors this winter, it could not compete for nest 
sites with our native species. (It should be noted that Dr. S. W. T. Batra reported that it could not 
over-winter outdoors in Maryland.) Therefore, we await the results from the over-wintering 
study and discussing these results with the Blueberry Advisory Board and the Maine Department 
of Agriculture before field release of this bee in 2000. 

Our previous research, in conjunction with the 1999 findings, has demonstrated that the 
contribution of native bees to lowbush blueberry pollination can be substantial, especially by . 
bumble bees. Pollination continues to be the major economic expense for most growers .. With 
the exception of the leafcutting species of Osmia, little is known about our native Maine . 
pollinators. Therefore we recommend that research should be initiated to examine what facturs 
contributed to significantly above average bumble bee densities in certain fields and not in1>; 
others. 
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Figure 1. Percentage fruit set for fuzzyfoot bees (caged), honey bees, commercial bumble bees, and wild native 
bees. 
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Figure 2. Percentage harvested berries for fuzzyfoot bees (caged), honey bees, commercial bumble bees, and wild 
native bees. 
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Figure 3. Average berry weight for fuzzyfoot bees (caged), honey bees, commercial bumble bees, and wild native bees. 
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Figure 4. Average seeds per berry for fuzzyfoot bees (caged), honey bees, commercial bumble bees, and wild 
native bees. 
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