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ABSTRACT

As suggested by the well­known gestalt concept the immune system can be regarded as an integrated 

complex system, the functioning of which cannot be fully characterized by the behavior of its constituent 

elements. Similar approaches to the immune system in particular and sensory systems in general allows 

one  to discern similarities and differences  in  the process   of distinguishing  informative patterns  in an 

otherwise random background, thus initiating an appropriate and adequate response. This may lead to a 
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#&%!#//+-'#$%7! '($+!(%$:+&J9!C--+&7'(8! $+!5+7%&(!-+(­

-%.$/!*#/%7!+(!-+((%-$'+('/56![$)%!(%$:+&J!'$/%"3!7%-'7%/!

)+:!$+!$2(%!'$/!-+5.+(%($!%"%5%($/!'(!52$2#"!&%"#$'+(­

/)'./!$)#$!8';%!$)%!%($'&%!/1/$%5!#!-#.#-'$1!<&%-+8('$'+(6!

5%5+&16!%$-9?!:)'-)!'/!(+$!#;#'"#*"%!$+!$)%!-+5.+(%($/!'(!

'/+"#$'+([!<LH?9

]%!)+.%! $+! /)+:!)%&%! $)#$! $)%! '552(%! /1/$%56! #/! #!

/%(/+&1!/1/$%56!'/!#*"%! $+!/+";%!/'5'"#&!.&+*"%5/!+3!.%&­

-%.$'+(6! .&+-%//'(8! +3! '(3+&5#$'+(! #(7! #..&+.&'#$%! &%­

/.+(/%!*1!2/'(8!.&'(-'.#""1!$)%!/#5%!/%$!+3!*%)#;'+2&!.#$­

terns (Table 1):

T!4)%!.%&-%.$'+(!+3!(%:!'(3+&5#$'+(!:)'-)!;#&'%$1!%B­

-%%7!-+(/'7%&#*"1!$)%!#-$2#"!(25*%&!+3!&%-%.$+&!$1.%!

</%(/'$';'$1!#$!$)%!%B.%(/%!+3!/%"%-$';'$1?,!

T!Z+($&#/$'(8!+3!!$)%!#($'8%('-!'5#8%!'(!-+2&/%!+3!'5­

52(%!&%/.+(/%!5#$2&#$'+(!<"#$%&#"!'()'*'$'+(?,!

T!4)%!2/%!+3!&%-%.$+&/!7'33%&'(8!'(!$)%'&!#7#.$'(8!#*'"'­

$'%/!$+!'(-+5'(8!/$'52"'!<-+5."%5%($#&'$1!.&'(-'."%?9!!!

THE  RECEPTIVE  FIELDS  OF  THE  IMMUNE 

SYSTEM

4)%! /$&2-$2&#"!+&8#('R#$'+(!+3! $)%! '552(%! /1/$%5! '/!

-)#&#-$%&'R%7!*1!;%&1!/'5'"#&!%"%5%($/!$+!$)+/%!:)'-)!#&%!

$1.'-#"!3+&!+$)%&!/%(/+&1!/1/$%5/9!A'552(+-+5.%$%($!-%""/!

)#;%!&%-%.$+&/!#*"%!$+!7'33%&%($'#""1!/%(/%!#($'8%('-!'(3+&­

Table 1.!Z+55+(!/+"2$'+(/!+3!$)%!/'5'"#&!.&+*"%5/!+3!.%&-%.$'+(!#(7!.&+-%//'(8!+3!'(3+&5#$'+(!
'(!/%(/+&1!/1/$%5/!#(7!'(!$)%!'552(%!/1/$%59

Reception
Prevention of signal 
dissemination 

Information 
processing

Image contrast Receptor adaptation 

O%(/+&1!
/1/$%5/

Y'8)!/%(/'$';'$16
a+:!/.%-'0-'$1

Lateral inhibition 
W!'()'*'$+&1!'($%&#-­
$'+(!*%$:%%(!#7\#-%($!
/%(/+&1!(%2&+(/

4&#(/5'$/!/%(­
/+&1!'(3+&5#­
$'+(!-+""%-$%7!*1!
receptors to the 
ZUO

Lateral inhibition  
$)&+28)+2$!$)%!%($'&%!
$&#(/5'//'+(!.#$)6!
%(7'(8!:'$)!'(3+&5#­
$'+(!#(#"1/'/!'(!ZUO!
/%(/+&1!-%($%&/

4+('-!&%-%.$+&/!W!/"+:"1!#-$'(86!(+!
#7#.$#$'+(9
O$'52"2/!b!$)%!.&%/%(-%!+3!/'8(#"9!!^'&­
'(8!2($'"!$)%!/$'52"2/!'/!)%&%9
X)#/'-!!&%-%.$+&/!W&#.'7"1!#7#.$'(8,
O$'52"2/!b!!$)%!-)#(8%!+3!$)%!/'8(#"
O$+.!0&'(8!:)%(!/$'52"2/!'/!-+(/$#($9

A552(%!
/1/$%5

4)%!(25*%&!+3!
#($'8%(!/.%-'0-'­
$'%/!:)'-)!$)%!'5­
52(%!/1/$%5!-#(!
.%&-%';%!#(7!7%$%-$!
5#1!%B-%%7!$)%!
%B'/$'(8!&%-%.$+&W
-%""!;#&'%$1!#$!#(1!
8';%(!5+5%($

!P"%5%($/!+3!"#$%&#"!
inhibition in cell­cell 
-+552('-#$'+(/9
C($'8%(!-+5.%$'$'+(9
Notch!/'8(#"'(89!
X&%;%($'+(!+3!'552(%!
&%/.+(/%!$+!/%"3!#($'­
8%(/!*1!8%(%&#$'(8!+3!
&%82"#$+&1!4!-%""/

Z+)%&%(-%!
$)&+28)!'($%&#-­
$'+(!*1!3+&5'(8!
#!(+(W/.%-'0-!
)25+&#"!!*#-J­
8&+2(7!#(7!8%(­
%&#$'(8!/.%-'0-!
interconnec­
tions

A552(%!&%/.+(/%!5#$2­
&#$'+(!'(-&%#/%!+3!-%""!
/.%-'0-'$19
c'5+7#"!!7'/$&'*2$'+(!+3!
#($'*+71!#30('$1

4+('-S!!/.%-'0-'$1W)'8),!/%(/'$';'$1W"+:
O$'52"2/!b!$)%!.&%/%(-%!+3!$)%!3+&%'8(!
#($'8%(9
X)#/'-S!!/.%-'0-'$1W"+:,!/%(/'$';'$1W)'8)
O$'52"2/S!!
b!$%5.+&#"!;#&'#$'+(,!
b!/.#$'#"!;#&'#$'+(!<#..%#&#(-%!+3!#(1!
#($'8%(!'(!(+(!#7%@2#$%!%(;'&+(5%($!d!
/.#$'#"!!)%$%&+8%(%'$1?!9
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5#$'+(9!4)%!'552(%!/1/$%5!#"/+!)#/!$)%!5%-)#('/5/!3+&!

%(-+7'(8!#(7!$&#(/.+&$#$'+(!+3!'(3+&5#$'+(6:)'-)!$#J%!$)%!

3+&5!+3!#($'8%(!.&+-%//'(8!3+""+:%7!*1!#(#"1/'/!+3!'(3+&­

5#$'+(!#$!$)%!"%;%"!+3!/$#*"%!3+&5/!+3!.%.$'7%!3&#85%($/!'(!

#//+-'#$'+(!:'$)!5+"%-2"%/!+3!$)%!5#'(!)'/$+-+5.#$'*'"'$1!

-+5."%B!<IYZ?!"+-#$%7!+(!$)%!5%5*&#(%/!+3!$)%!#($'8%(W

.&%/%($'(8!-%""/!<KD?9    

e;%&"#..'(8!/.%-'0-'$'%/!#&%!-)#&#-$%&'/$'-!+3!/%(/+&1!

/1/$%5/!'(!8%(%&#"!#(7!$)%!'552(%!/1/$%5!'(!.#&$'-2"#&9!

4)%!(25*%&!+3!#($'8%('-!/.%-'0-'$'%/!:)'-)!$)%!'552(%!

/1/$%5!-#(!%;%($2#""1!.%&-%';%!#(7!7%$%-$! '/! '(!.&#-$'­

-#"! $%&5/!%//%($'#""1! "'5'$"%//!72%! $+! $)%!8%(%&#$'+(!+3!

$)%!7';%&/'$1!5%-)#('/5!<KD?9!!C/!#!&2"%6!)'8)!/%(/'$';'$1!

#(7!-+5.&%)%(/';%! '(3+&5#$'+(!.%&-%.$'+(!#$! $)%!%#&"1!

/$#8%/!#&%!#$$#'(#*"%!#$!$)%!%B.%(/%!+3!/%"%-$';'$19!O+5%!

"15.)+-1$%/!d!.&%/%($!'(!;';+!'(!#(!#-$';#$%7!3+&5!5#1!

$#J%!+(!$)%!&+"%!+3!&%-%.$+&!-%""/!72&'(8!$)%!.&'5#&1!'5­

52(%!&%/.+(/%9!A(!$)%!-#/%!+3!$)%!)25+&#"!'552(%!&%­

/.+(/%! $)%! &%-%.$+&!-%""/!:'""!*%!cE#W"15.)+-1$%/! $)#$!

#&%! '('$'#""1! &%/.+(/'*"%! 3+&! 3+&5'(8! $)%! *#/'-! /.%-'0-!

A8I!*#-J8&+2(7!'(!#!/%&25!#(7!3+&!(#$2&#"!#($'*+71!/%­

-&%$'+(!<N6!GD6!DG?9!O2-)!#($'*+7'%/!%B.&%//%7!+(!$)%!-%""!

/2&3#-%! %#&"1! '(! #! &%/.+(/%! 7'/."#1! .+"1&%#-$';'$1! #(7!

"+:!#30('$1!$+!#2$+W!#(7!%B+8%(+2/!#($'8%(/!'(!-+($&#/$!

$+!8%(%&#""1!)'8)W#30('$1!#($'*+7'%/!<5#'("1!A8Q?!:)'-)!

#..%#&!72&'(8!#!5#$2&%!.)#/%!#($'8%(W%;+J%7!&%/.+(/%9!

4)%!'(-&%#/%!+3!#30('$1!+3! $)%/%!&%-%.$+&/!5#1!'(;+";%!

#!-+5.%$'$';%!/%"%-$'+(6!5%7'#$%7!*1!7%-&%#/'(8!3&%%!#(­

$'8%(!<KD?9

42&('(8!$+!4W!"15.)+-1$%/6!+(%!5#1!(+$%!$)%!/#5%!7'­

-)+$+516!:)%&%!$)%!&+"%!+3!.&'5#&1!&%-%.$+&!-%""/!5#1!*%!

#//'8(%7!$+!!(#$2&#""1!#-$';#$%7!!*"#/$!-%""/!:)'-)!-+5.&'/%!

#*+2$! GFf!+3! $)%! $+$#"! (25*%&! +3!4! -%""/6! #(7!:)'-)! '(!

$)%!.&'5#&1!&%/.+(/%!.%&3+&5!#!&%82"#$+&1!32(-$'+(6!:)'"%!

$)%'&!-+2($%&.#&$/!W!/5#""!&%/$'(8!4!"15.)+-1$%/!W!#-$!#/!

%33%-$+&/!<ED6!LE?9

M2&'(8! #! )25+&#"! '552(%! &%/.+(/%! $)%&%! '/! #(! '(­

-&%#/%! '(! (+(W/.%-'0-! *#-J8&+2(7! <&)%25#$+'7! 3#-$+&?!

:)'-)!.#&#""%"/!#!/'5'"#&!'(-&%#/%!'(!(+(W/.%-'0-'$1!/%%(!

'(!+$)%&!/%(/+&1!/1/$%5/9!O2-)!#(!'(-&%#/%!'(!(+(W/.%-'­

0-'$1!5#1!7%&';%!3&+5!#!/$#$%!+3!%B-'$#$'+(!/.&%#7'(8!3&+5!

-%""! $+! -%""9! A$! )#/! *%%(! )1.+$)%/'R%7! $)#$! $)%! '(-&%#/%7!

8"2-+-+&$'-+'7!*"++7!"%;%"/6!+*/%&;%7!#$!+&!(%#&! $)%!$'5%!

+3!.%#J!'552(%!&%/.+(/%6!5'8)$!.&%;%($!$)%!(+(W/.%-'0-!

/.&%#7!+3!#-$';#$'+(!#(7!-+($&'*2$%! $+! $)%!3+&5#$'+(!+3!#!

/.%-'0-!'552(%!&%/.+(/%!<_6!g6!Eg6!Kg?9!4)%&%!#&%!#"/+!+$)­

%&!.+$%($'#"!5%-)#('/5/6!/+5%!+3!$)%5!/'5'"#&!$+!"#$%&#"!

'()'*'$'+(6!:)'-)!-+2"7!#"/+!-+($&'*2$%! $+! $)%!.&%;%($'+(!

+3!(+(W/.%-'0-!"15.)+-1$%!#-$';#$'+(9

CONTRASTING  OF  THE  ANTIGENIC  IMAGE 

IN  COURSE  OF  IMMUNE  RESPONSE  MATU­

RATION 

4)%!'('$'#"!.)#/%!+3!'552(%!&%/.+(/%!#/!#!.%&-%.$'+(!

.)#/%! +3! #(1! /%(/+&1! .&+-%//! /)+2"7! *%! #(7! '/! +3! ;%&1!

"+:!/.%-'0-'$19!A$!-#(!*%!%B.%-$%7!$)#$!'(!-+2&/%!+3!'5­

52(%! &%/.+(/%! /.%-'0-'$1!:'""! *%! '(-&%#/%7! #/! #! &%/2"$!

+3! /%"%-$'+(! .&+-%//%/9! h(7%&! -+(7'$'+(/! +3! 7%-&%#/'(8!

-+(-%($&#$'+(/!+3!#($'8%(!$)%!7%8&%%!+3!#30('$1!/%"%-$'+(!

$#J%/!."#-%!/2-)!$)#$!+("1!"15.)+-1$%/!$)#$!-#(!&%/.+(7!

$+! "+:! -+(-%($&#$'+(/! +3! #($'8%(! 8';%! &'/%! $+! 5%5+&1!

-%""/9! A(7%%7! '(! $)%! -+2&/%! +3! $)%! #($'8%(W/.%-'0-! '5­

52(%! &%/.+(/%6! $)%! #30('$1! +3! /%&25! #($'*+7'%/! 8&+:/!

:'$)! $'5%6! #! .)%(+5%(+(! :)'-)! '/! J(+:(! #/! '552(%!

&%/.+(/%! 5#$2&#$'+(! <KG?9! U+:! $)%&%! #&%! +*$#'(%7! %;'­

7%(-%/!$)#$!/'5'"#&!.&+-%//!+3!&%/.+(/%!5#$2&#$'+(!$#J%!

."#-%!#"/+! '(! -#/%!+3!4!-%""! &%/.+(/%9!4)%!7%;%"+.5%($!

+3!4!-%""!'552(%!&%/.+(/%!'/!#"/+!'(-"27%/!/%"%-$'+(!#(7!

#--+5.#('%7!*1! &%72-$'+(! '(! $)%!)%$%&+8%(%'$1!+3!4ZV!

8%(%!2/#8%!<L_?9!4)%!&%.%&$+'&%!+3!$)%/%!-%""/!'/!"%//!7'­

;%&/%! #(7! $)%&%3+&%! "%//! -&+//&%#-$';%! $)#(! $)%! .&'5#&1!

+(%!*2$!'$!/$'""!7+%/!(+$!%B."#'(!$)%!/.%-'0-'$1!+3!'552(%!

&%/.+(/%9!A(-&%#/%7!#30('$1!+3!!'552(+-+5.%$%($!-%""/!

3+&!'('$'#$'(8!#($'8%(!'/!(+$!(%-%//#&1!#//+-'#$%7!:'$)!'(­

-&%#/%!/.%-'0-'$1!+3!$)%/%!-%""/9!C30('$1!+&!$)%!/$&%(8$)!

+3!*'(7'(8!*%$:%%(!&%-%.$+&!#(7!"'8#(7!'/!(+$!#!/1(+(15!

+3!/.%-'0-'$1!+&!#*'"'$1!$+!7'/-&'5'(#$%!#($'8%(/!+3!7'33%&­

%($!.&+B'5'$19!Z+(/'7%&#*"%!-&+//&%#-$';'$1!/2-)!$)#$!+(%!

4ZV!-#(! &%-+8('R%!#!(25*%&!+3!7'33%&%($!.%.$'7%/! $)#$!

7+! (+$! (%-%//#&1! /)+:! /$&+(8! /%@2%(-%! )+5+"+81! <EL6!

HK?! '/! 7%5+(/$&#$%7! 3+&! 4! -%""/! .#//%7! $)&+28)! /%;%&#"!

-1-"%/!+3!#-$';#$'+(W&%/$!/%"%-$'+(/9

Y+:%;%&! #""! '552(%! &%/.+(/%! 5#$2&#$'+(! $)%+&'%/6!

$)+28)!*#/%7!+(!$)%!'7%#!+3!$)%!#($'8%(W7%.%(7%($!.+/'$';%!

/%"%-$'+(!5#1!(+$!%B."#'(!/#$'/3#-$+&'"1!$)%!7%;%"+.5%($#"!

5%-)#('/5/!+3!$)%!'552(%!&%/.+(/%!5#$2&#$'+(9!U+!'($%"­

"'8'*"%!%B."#(#$'+(!)#/!*%%(!8';%(!$+!$)%!$&#(/3+&5#$'+(!+3!

$)%!+&'8'(#"!*&+#7!Q#2//!7'/$&'*2$'+(!+3!#30('$1!.&+72-%7!

#($'*+7'%/!<NF?!#(7!+3!-%""/!*1!$)%'&!32(-$'+(#"!#-$';'$1!<DG?!

$+!#!*'5+7#"!7'/$&'*2$'+(!#$!$)%!0(#"!/$#8%!+3!$)%!&%/.+(/%9!

X+/'$';%!/%"%-$'+(!#"+(%!'/!#..#&%($"1!2(#*"%!$+!%B."#'(!$)%!

#*/%(-%!+3!5#(1!5%7'25!#30('$1!$1.%/!'(!$)%!0(#"!.#$$%&(!

+3!#($'*+71!#30('$'%/9!

M&#:'(8! #! .#&#""%"! *%$:%%(! 5%5+&1! 3+&5#$'+(! #(7!

'(3+&5#$'+(! .&+-%//'(8! '(! /%(/+&1! /1/$%5/6! %(#*"%/! #(!

'($%&.&%$#$'+(!+3!'552(%!&%/.+(/%!5#$2&#$'+(!#/!$)%!.&+­

-%//'(8!+3! '(3+&5#$'+(! $)&+28)!/%(/'$';'$1! $+!-+($&#/$'(8!

-)#&#-$%&'/$'-/9!X&+*#*"1!$)%!.#&$'-'.#$'+(!+3! "#$%&#"! '()'­
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*'$'+(!'(!'(3+&5#$'+(!.&+-%//'(8!"%#7/!$+!#!0%&-%!-+5.%$'­

$'+(! #5+(8! "%#7'(8! +.$'+(/! $)2/! 3#-'"'$#$'(8! /%"%-$'+(! +3!

$)%!*%/$!&%-%.$+&i"'8#(7!0$9! A(!#77'$'+(6! "#$%&#"! '()'*'$'+(!

5#1!.&+;'7%!#!-+(-%.$2#"!*#/'/!3+&!#(!%B."#(#$'+(!3+&!$)%!

.&%/%&;#$'+(!+3!-"+(%/!%'$)%&!%B.&%//'(8!"+:W#30('$1!&%-%.­

$+&/!+&!-+5."%$%"1!2(#*"%!$+!*'(7!$+!$)%!'('$'#$'(8!#($'8%(9!

A(!+$)%&!:+&7/!$)+/%!&%-%.$+&!-%""/!:)'-)!%/-#.%!/%"%-$'+(!

*%-#2/%!$)%'&!('-)%/!7+!(+$!+;%&"#.!<E6!L?9 

4+! $&'88%&! #! )'8)"1! /.%-'0-! %33%-$+&! .)#/%! +3! #(! '5­

52(%! &%/.+(/%! +(%!5'8)$! %B.%-$! $)#$! $)%&%! /)+2"7! *%! #!

-++.%&#$';%!5%-)#('/5!#(#"+8+2/!$+!$)%!"#$%&#"!'()'*'$'+(!

'(!+$)%&!/%(/+&1!/1/$%5/9!4)%!-+(-%.$!+3!"#$%&#"!'()'*'$'+(!

'/!(+$!#!.&%W&%@2'/'$%!+3!(%2&+(#"!'($%&#-$'+(/!#(7!)#/!*%%(!

#7#.$%76! 3+&!%B#5."%! $+!7%/-&'*%!.&+-%//%/! '(! $)%!7%;%"­

+.5%($!+3!-%""! $1.%/!#(7!*'+"+8'-#"!.#$$%&(!3+&5#$'+(!<K6!

LH?F9!A$!'/!#!$1.%!+3!-%""d-%""!'($%&#-$'+(!:)%&%*1!#!-%""!$)#$!

%($%&/!#!.#&$'-2"#&!7'33%&%($'#$'+(!.#$):#1!'()'*'$/!'$/!'5­

5%7'#$%!(%'8)*+2&/!3&+5!%($%&'(8!$)%!/#5%!.#$):#19!4)%!

$&#(/5%5*&#(%!.&+$%'(/!U+$-)!#(7!M%"$#!<+&!$)%'&!)+5+­

"+82%/?!)#;%!*%%(!'7%($'0%7!#/!5%7'#$+&/!+3!$)%!'($%&#-$'+(!

<DLWD_?9

a15.)+-1$%/!&%/.+(7'(8!$+!#($'8%(!/$'52"#$'+(!/)+2"7!

)#;%!#(!+..+&$2('$1!$+!'($%&#-$!:'$)!%#-)!+$)%&!7'&%-$"1!+&!

$)&+28)!&%82"#$+&1!-%""/9!4)'/!'($%&#-$'+(!/)+2"7!*%!'(!3#­

;+2&!+3!5+/$!#-$';#$%7!-%""/!*%#&'(8!&%-%.$+&/!)'8)!#30('$1!

3+&!#($'8%(9!C-$';'$1!+3!-%""/!:'$)!"+:%&!#30('$1!&%-%.$+&/!

3+&!#!8';%(!#($'8%(!/)+2"7!*%!'()'*'$%79!A$!'/!.+//'*"%!$)#$!

3#-$+&/!/2-)!#/!U+$-)!#(7!M%"$#!."#1!#!&+"%!'(!"#$%&#"!'()'­

*'$'+(!#5+(8!'552(%!-%""/!<EH6!GF6!D_?9

])#$! J(+:(! 3#-$/! -+(0&5! $)%! .#&$'-'.#$'+(! +3! $)%!

"#$%&#"!'()'*'$'+(!5%-)#('/5!'(!$)%!#($'8%('-!'5#8%!-+(­

$&#/$'(89!C(!'()'*'$+&1!'($%&#-$'+(!*%$:%%(!4!"15.)+-1$%/!

&%/.+(7'(8! $+! #($'8%('-! /$'52"#$'+(! :#/! 7%5+(/$&#$%7!
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(%-$'+(/!*%$:%%(!#-$';#$'+(!#(7!32(-$'+(!+3!&%-%.$+&!-%""/9

4)'/!5#1! )%".! '(! #! (%:! '($%&.&%$#$'+(! +3!5#(1! +*/-2&%!
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5#&1! #(7! /%-+(7#&1! #7+.$';%! '552(%! &%/.+(/%/! +3! 5'-%! $+! *2&&+!

%&1$)&+-1$%/9!Cellular Immunol9!EggF,!EGNS!HFKWHEg9

DF9!M&%//%&!M]9!4+"%&#(-%!'(72-$'+(!#/!#!5+7%!+3!-%""!7'33%&%($'#$'+(9!Br. 

Med. Bull.!EgNL,!DG!<G?S!EHNWEKE9

DE9!M&%//%&!M]6!I'$-)'/+(!UC9!4)%!5%-)#('/5!+3!'552(+"+8'-#"!.#&#"1­

/'/9!!Advan. Immunol. EgL_,!_S!EGg9

DG9!M2#(!c6!I+&%"!a9!V+"%!+3!cWE#!-%""/!'(!#2$+'552('$19!Autoimmun Rev9!

GFFL!p2",!K!<L?S!HFDWHF_9!P.2*!GFFK,!g9

DD9!M2$)+'$!Z46!U821%(!X6!Q%'8%&!4a9!C($'8%(!(+(/.%-'0-!/2..&%//'+(!+3!

4!-%""!&%/.+(/%/!*1!#-$';#$%7!/$'52"#$'+(W&%3&#-$+&1!ZMHn!4!-%""/9!J. 

Immunol9!GFFH!^%*!EK,!ENG!<H?S!GGD_WGGHL9

DH9!P3&+('!O6!Z+)%(!AV9!O'5."'-'$1!*%"'%/!#!-+5."%B!/1/$%5S!#!&%/.+(/%!$+!
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c#1%/'#(!#..&+#-)9!J. Agricult. Biol. And Environ. Stat9!GFFD,!_S!DLNW

D_G
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