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Abstract
|
! 0)12-13@ (+.14)1-9-)4-4B314%<"(;-18-+QU) #+3< Al -+3 #<'1C- 3Z(AIP-3(14&b!

0'-)&-! 1#&'-B-<3%('N-)UDEJ.|BEP+ WMW/N1)' AB3-&-)' &t P6) (_ %61PP13'%)(‘#!-&'+C, (&A!
1#&'-31+_%+<%,'%3-1() A%& 3B 2(,4-+&'-3)1#&'-3rassostrea virginica U?N-,().N]" 1Z.1&P+"!
<1,,-<'(1)")4@312K1%UB-&-+3<A<%&I4! 4-'-3N() ) @A-11P'(N+N-'A141>1341,,-<' () @!
2(,41&P+'L116-1-NP,1#-4I'A-1>1,,12() @""-<A) ( ANNI3<(+ R -3I&P+'1&7&.10[G!&'(<7&!<1+'-4!
0!<-N-)'l 8%33#)4IC+NC1R'+7-&, #33+) @WH)1+33+#! 1>IH\I&'(<7&!P-3laELXIN-"-3!& %-+3-L!!
144((1)+,'3-+'N-) '&!12-3-1P ,+&'(<!2{] 2!&<3--)) @41+'-4()!<-N-)" &,%83)4A1%EA()Q@,-B}"!
2-3-14+"+<A-4I'11()4(;(4%+,'1aELXIN-"-31&_%MN3&BBAIH\IP+)-,&!P-313-P,(<+-LIIMA3--13-P,(<+'-&!
P-313-+'N-) 'I'#P-2-3-130 41N, #4(&'3(C%'ON3'(4+ 4 4+H4Q<) "' 11-+<AT A+ ' A 1&N- 1& - |
4%3()@B(, DEEY)!:+P-,11:1%)4.?-13@ (+M3-+'N-)'&2-3-13-'3(-;-414%3() @ @ YR EE\t)4!

-+, %+'-41>1311#&'-3I4HR(DLX IR MA-P-3<-) '+ @1b&() @ 1H&'-38A+'R+&4+N+@-4%3() @!
3-N1;+,2+&+8&&-&&#4A'A-IN-+)| &A |A-(@ANNZ!1>!, (;-11#&'-3&!12+&14;8&3N()-41>13!-+<Al
'3-+'N-) 'LIIM3-+'N-) & D@ 10[G!&' (<7&I<1+-412(Al+1<-N& 06 33#!3-<134-41'A-| @B#&E3!
4)&(#IDN-HXL\IIYIELHJIU:L8LZ!1#&'-38& WD) A NL Nt & ) %N C-3M3 1 #&'-384+'2 -3-I>H'+ #
4+N+@-4!14%3()@'<1,,-<'(1)!UN-+)I\LH I YIHE ENOZHIN-)' &! )<13P 3+ () @!'A-1<-N-)"!
&,%33#.18<3--)1+)410[G!P(P-&.!#(-,4-4I'A-| @B 2 A2 (' AIN-+)! 1#&'-A-(@A-() @GHILDE!
ILJE!NN!+)4!DeL]E!Y!DLIe!NN.!3-&P-<'(;- #IONEN+4A-1, 12-& N #&'-31-) &(‘HUN-+)EL\\Y!
ELDH!1#&'-3& WDEA#MNINN-3<(&P+'1&'(<7&IA+4I'A-IA(@A-& HREBXL P! 1#&'-3&'A+'12-3-
>+'+, #4+N+@-414%3()@'<1,,-<'(IQ-RYMN-+)! &A-, JA-(@A'TUN-+)ILDIY 111! 4+N+@-4!&A-, & f!
N-+)IIXL\E!IY!L\e!NNZL!!5-&%,'&!1>I'A(&!3-&HBLALY 12 (411 #&'-RP+E1,-<'(1) | &+t (+C)

1P (1)!OIA-I)((+(1)11>1+)11#8&'-3104&'3#1()12-3Q (+1+) 4 A+ @312-3&&A1%, 41%&-1< 1 &'K->>-<'(;-!
O[G! P(P-&l1+"-4R('ArA()!<-N-)'! &%33#L!



Introduction

! ?2-13@(+11)<-!,-4!' A-) ()!-+&' -3\ 1#&' -3 rassostrea virginica UPN-,().11]1Z.1A+3;-&'() @!
N+(),#b13A-1<+))-3#13+4- 2('Al1;-3leN(,,(1) P1%6)48&!1>11#&'-3IN-+'&!C-() @!A+3;-&'-4!()!I'Ee!
Ug+33(&!I'eEZL!O) DEREE-3()4%&'3BA&'-4!1) #11J.JeE!P1%)4&!1>IN-+'&L!/,'A1%@A!'A-!

)+ %3+AH3;-&1>1#&'-388,112!'1 4+#.A-3-1(8<1)&4-3+C,-1()-3&'1+N1) @!<1NN-3<(+,!>(&A-3N-)!
+YAA+341<,+Nibreenaria mercenarid UB())+-%&NeZ H+3N-3814-;-, 1P () @!+)! 1#&'-3%0+<%,'%3-!
()4%8&'3#!()1?-13@ (+L!!!

!

! ?2-13@ (AH+&)1-9)&(;-! 1#&'-FP1P%, +'(1)g-B3(&!I'eEZ.1C%'141-&1)1'1P314%<-IN+)#A+,>K!
&A-, 11#&'-3&!>131)+'(1)+,!13!()'-3)+'(1)+,!N+37-'&L!1?-13@ (+!A+&!+)!1;-3+C%)4+)<-11>1)+'%3+,!
3-<3%('N-Yh<A#-+3IF#&'-38P+2)>3N*+3<AWWP3(,!I'lIF<'1C-3!1Ug->>-3))lul! e ZLIF#&'-3!
3-<3%('&!<+,,-4I&P+EAHIR/IP3(\W*+# @312!3+P(4,#1+)41C-<1N- 84006 %p3-12('A()!"21!
N1)'A&!+)41&P+2)I'A3A %' A-13-N+()4-311>!'A-1&%NN-3!1() 11>+, IURRAB) \+ZL11/&!+!
3-&%NH&&(;&-",-N-)"l 1<<%3JI-9(&'() @H&'-B-->&LIIF#&'-313-<3%('N-)'13+"-&!+3-IA(@A!()!
2-13@(HUFh™@WALEI X! \+.! C.I7]Z.! 2('Al3-<138+-&!+&!A(@A!+&!DEJ.|EE!&P+'1P-3IN-"-3!
& %+3-1&-"@!()!+!N1)'AIUMA13-&A)LIDEEXZLIIMA-13-&%, 1 1>I'A(&IA(@A!&-" 1)) &&!" A+
<INP-'((1)>1RP+<+)41>114P314%<;R)@'A()!+)4)+331 21 #&'-384+1+3-N+(),#k1)&%N-4!

A<+, #9%3()@12()'-3! 1#&'-B1L+&& +&1)LL!

!

! [IN+Q13(‘#H3-&-+3<Al();-&'(@+'() @!"'A-1PELB R 1#&'-31<%,'%3-1()! ?-13@ (+!A+&!>1<%&-4!
1)!1()<3-+&()@"A-IN+37-"+C(,(‘#%6;H#E&, - 3&HB-4%< () GP+3 1%) OF && 1< (+'2ArA-11#&-3!
3-P314%<'(;-1&-+&1)!Ug33+)!+)416+,7-31 eef/4+N&F oAl * * | fix 137) -#+4) 416+ ,7-3! " AU
MA1%@A!1#&'-31&P+'1>1%,()@!(&!+!&-3(1%&!P31C,-N!>+<() @' A2 1 348 B QU A(GH ARL#& - 3!
3-<3%('N-)"'8-&IN#I&N-4+#!1>>&-"1'A-1<1&'&!'ABPBE&(1I>KA-+PIH& - R/--41F1&'1 1#&'-3!
&P+'1>131<INN-3<(+,|@312K1%'I()I'A-1<1) () { 4!+ & | (&P 314%<MA+'<A-3(-&k'P31; (4-!
&1IN-1,-;- 11>1<1)&(&'-)<#!>13!1#&'-3! @312-3§@R)BHI-+&12A-3-1 1#8-83% ('N-)(812!+)4!
1>'-)1&P13+4(<LN/3-+&!1>I'A-121 3 MA-IN13-B-,(+C,P-3(14&PL#&"-B-<3%('N-)A+;-!

<1)'()%+, #!+)418%<<-&&>%, #!%'(,(i-4!N-' A14& H'2(, L& P) L 'M3+4H11#& - 3! ()4%&'3(-&!()!
&IN-B-@(1)820'+ #R3+)<-GA()++4)41$+P+8'(,3- #1I&IN-4-@3-1)! 2(, AN #&'-RP+HL1, -<'-4

1



1)IN+-3(+,&26<AR14(>(-D[G! P(P-U<INN-3¢(I&P+'I<1,,-<'13&Z.!,(N-K<1;-3-4!'(,-&.IC+NC11!
&'(<7&.1+)41&'3() @ &! -8H&I& <+, 1PI&AJIRIZIU*+"A(-&&-) ' DEEIZL!!:-;-3+,! 1B-@H)1
[%&'3+1+)AV-2 lj-+, +)41<1,-<'12 (4A11#&'-31&RP3(N+3(,#'A31% @A!'A-1%&-11>10[G!P(P-&!<1;-3-4!
(0!<-N-)"1&,%33#L!/,1) @'?-13@ (+h&!<1+8&(WAN2L();-&'(@+'-I'A-1->>(<+<#I 1>+ +3(-#! 1>
N-'A1481%&-4!()1#8&'"-31()4%&'3(-&1213,4224- &) -2+ '-B+'(;-IN-'Al 4&1>13I<1,,-<')@!,+3@-!
_%+)'((-&11>12(,411#&'-3I&P+IAHSRINI<1)&'-)  #A(@PH&'-38-<3%('N-)3+-&IMA-P%3P1&-!
1>11%313-&-+3<Al2+&HWb4"-1>(-I'-<A) (_%-B18) @,-12(,4!1#& -3 &P+4%1)! % & () @! 1#&'-3!
4)&(#.IN13'+,(#.1@312'A.1+)41&P+12('Al4+E @+A!-31-9'3+<'(1) I+ &IB(<&!'1 1+ &&-& & &Y< <-&&L!!
|

Materials and Methods

[ M114--3N(} 1+!1>+&" 1->>(<(-)'14+)41@-9&(;-IN-+) &!1>1<1, -<'()@!)+'%3+, ! 1#&'-31&P+'1>13!
P1&&(C,-11#&'-3!<%,'%3-1()1?-13@ (+.!; + KE Y& R@'N-' A& !2-3-14-P1#-411)1]!/P3(,!DEE]!
2(AQVA-1()-3'(4+,11)-! +TA-I'"21KAL1%3K+CHl=)!, 1212+'-3IN+37()!+,(@)N-) 2(A)+'%3+,!
1#8&'-313-->8BA@-!5(;-31*1%'A.1G3-(@A'1) OQHAA!+P-,11:1%)4.172-13@(+L!1/,,1P,1'&!2-3-!
3N()+-4!1) 11/%@%& ' DEE]L!

!

! R(;-1'3-+'N-)'&!2-3-1'-&-41'114-"-3N()-12A(<AIP314%<-4! INPK( | &--41 1 #B&>13!-;-) %%+,
@312K1%''"11+IN+37-"+C,-1&(i-1 1>\INNLNF)3K, 1) @.1+PP319(N+'"- # XK<N!4(+N-'-3.IC+NC11!
&'+7-&!U)11<-N-)'ZfIDLEK<N!4(+N-"-31<1NNP3%£t,18&<' 18N +4-11>10[G!,1) @ (%4()+, # @311;-4!
P(P-2('AlAP&L>k+, <(%&H3C1)+-NC-44-412('A()!(‘fl+)4! DLEK<N!4(+NO[G!&<A-4%,-JE!
P(P-1;-3-4()!+k-N-) '| &,%3343-14-P,1#-40)!4-)&('(-&1>H\IP(P-&J\D\ZIP-3REL XL !I!G-N-)'!
&,%33#BN+4-1)!+RA-- C+3312&() @LN@H013',+)4!<-N-)".IH\LD!7 @!&+)4.!+)4!H\LD!7 @!
@+34-)!,(N-14)4IN(9-41%)'(,1+,,1<1)&'('%-)'&12-8# 4(&'3(CY%'1BH!-312+8+44-49% '(,'A-!
N(9'%3-IA+41+1<1)&(&"-)<#&(N(,+3!'LI'A+'1 1 J0MG)-&l(K 7 &) 41A1%&-K&<3%)('&-3-1<1+"-4!
O!+!,+#-311>1<-N-)'1&, #B8BP319(N+- #! XKNAIMA3-3-P<+'-P1'&P-313-+'N-) '12-3-!

4-P, 1#-41'(<782-3-143(;-)! ()’ 11'A-IN%4& % C&'3+ 1) @V'A-1<3--7IC+) 71&1IA+EL\INI1>I'A-1&'(<7!
2+&1+C1;-'A&YCE&'3+98& +<-LI/44('(1)+,1'3-+N&!2-3-'A(3#K&(9!]Le R& %+3-12()412!
A1%8&-K&<3--)1%)('&14(PP-41()|<- 6B +) 4! A(3#K&(9!]P&I<H6+3-.1P, +()! A1%&-1&A() @, () @!U) 1!
<-N-)ZLI:A)@,-&!+)41&<3--)12-3-RRI& ! +'1+,1>1%31<13)-3& I C#!<+ 3318 +!0[G!>3+N-!

2



C%(,"11>!DLEK<N!&<ARDYGB(P-12A-3-1 (A (;(4%-+§<3--) IBRA() @, B B- & P+<-4!
+PP319(N+'-#DLXJK<N!+P+3'14)@(NPRP3HDEK<N!1>>!'A-IN%4I CHRMIN-&!3-&-NC,-4!
A1,,12!1C19-&!12( AIINIOIDXK<N!2(4-13%))-3&!+C1;-14)4IC-, 121 &<3A)@4!86) ('&L!18+<A!
>3+N-1&'11411)1>1%3!,- @&!'A+'12- BNEN) @MAE-&-! - @&!2-3-19%&-41"11&'+C(, (i-'A-1%) (&! ) 'A-!
N%41&%C&'3+'-LII0)4(;(4%+,1&+NPLRBKE:-) 1 +)41&A()@,-!'3-+8D-3-1<1)<-)'3+41 () 'A-!
<-)-311>1-+<Al%) (1114, 121513144 %+-1232BIMA3-3-P, (<+P, 1'8P-313-+'N-)'| '#P-D-3-!
4-P,1#-4L!

!

! F)! 11 /%@%REE},,13-#N-)'&! 2-3-1-3N()+-4LIP>13N+'(1)!1)!11#&'-31&A-, IN13PAL, 1@#.!
1#&'- 13 4(#. 1) A A-IP-3<-) +@LH1#&'-3LAl>+'+, #14+N+@-41&A-, &!3-&YN (@ £3]!
2+4&1<1,,-<'W31N!1)-IDLXJIEH NP, -1+ 3-+1>13AH >IHDI3+) 41N, #1&- -<'-41&+NPEIOK(-L. 1 +!
&()@,-'<1INN-3<(+,!&PF B¢ NC111&'+7-.10[GI€712('Al<-N-)"1&,%33#.1A1%&-K&<3--)P+)-,12(Al
<-N-)'1&,%3813'A1%&-K&A()@,-1P+)-,Z1>1 BAB<ABIR+-&IP-3I'3-+)I'#P -LIIS+H12+&!
<1,,-<-4R('AQVA-1+3->H&'+)4+34(I-DLXINY @3(4!'11+&&%3-1<1) &(&'-) <#!1>18&%3>+<-14+3-+1>13!
O>13N+(11,,-<'(1)C-"2-)! '3-+'N-)'! '‘HP-&UF #8-3&UVKIEF2-3-13+)4N #B- -<'-4b3LNH-<Al
3-P,(<+'$134<AB-+N-)'l #P-H)4IN-+&%3A1BA A-(@A'IU>3INIA()@-I"1!,(PZ.!,-) @'Al+)4I12(4'Al
U+<3188&%+,-&ZN1'A-1)-+3-& ELINN! 2 (Al[-3)(-3!<+,(P-3&L!!S-)&('#&24-'-3N()-4C#!
<1%)'()@"A-)%NC-311>1&P+1P-31BLMIHRIE3+, IN13'+, (RR-3N()-ACHIN+) %+, #1<1%) () @!
'A-1)%NC-3>4-+41-38%6&H! 1#8-3R-38+NP, 43-+LIF#8&D-3-IN+)%+, #13-N1;-41>31N!-+<Al
&+NP,-1+3-1B3-+<AI&ANIG) (L 1+)4I'A-IP-3<3@-11>13-&%, () @!>+'+, #14+N+@-41&A-, &1 4%-1']
3-N1;+,2+&4--3N()-4L!

!

! F)-K2+#/) +#&(&I1>1[+3(+)<-IUNE+)AMIYT -#h&!:'%4-) (i-415+) @81 Wk BEXZ

08) @/ : 130G/ : 1Q&( % IQ<LIl " e Z2-3 I<+T-A1%H1Y | IPALPL3 (L) +14+ 42 -3 1438) -!

'3) &AN-AIPILT L8+ (&(<k+) + #& (&L 7+4)4I51A S el ZL !

|



Results

! MA-8-8&%, BM#&'-BP+&-" -N-) ".|@312&)4!)+%3+,IN13(#!+3-1@(;-)!)!'R(@L!IL!
F#&'-313-<3%('N-)'12+&!1&(@)(>(<+)', #H UEAGRBE3!1)!'A-1&P+'1&' (< 7&!bN-+) ELIVEU: L 8L Z!
P-3IDLXJIRND[G!P(P-&!UN-+)!XL\IEh HJ!P-3!DLXALMN) 418 <3--)UNB). | mBH)IP- 30X!
NOZ<I+-412 (A<N-) "' AH 11) 'A-18A) @ ,-&!UNMEL]X!IHED, |P- 3! <N Z1+)4IC+NC11!&' (<7&!
UN-+)IEL\IHELDH!P-3!DLYRAINP+'I&A-,,|A-(@A'&!2-3-1 &G IPHEEEEI A (@ASBLINA-!
&<3--)IUN-#HILBHILINNZH#)4I0[G! <-N-)'K<1+'-4&'(<7T&N-+)DeL} DLI'INNZI'A+)I'A1&-!1)!
C+NC11IUN-+)IeMLXIINNZ.I&A()@,-&!UN-+)IXL\BINNZ!+)41&P+'1&' (< 7&!UN-+)4XIDH
NNZUY+'063 IN13'+,(‘A>1#8&'-3@A(,-YU-P, 1#-42+8& (@) &+ #A(@ALBDIELEEELI'A- I &P+'!

&' (KTE&IN-H)IL]IMHL\IZI'A+)11)!'A-13-N+() ) @!"3-+'N& T!0[G!&'(<7& UN-+)! X L R Finh Z!
C+NC11!UN-+)!XLHne|dZ.1&<3--)IUN-+)ILEXB]dZH)4I&A() @ A8N-+)EL Hi B HI At

!

! MA-I13+'(111>11#&"-31&AL@A'I'1I&A-,,|,-) @8!'3-+'N-Y (& @(;-)!()!'R(@L!DL!!5+'(1&12-3-!
&(@)(>(<+)BIELEEEM@ AR -3&!>31N!&<3--)IUN-+)!ILIEDEXYHO[G!&' (<7&!IUN-+)!!

| U\ IMELEXZI2A(<AIR-BH@!'A+)11#&'-3&!>31NI&P+'1&'(<7&!UN-HEILEXT 2A(<Al2-3-1, +3@-3!
'AH)I'AL&-HENIGA()@,-&!UN-+) ILMEREXZ!+)41C+NC11!UN-+)IHIEHXZL!

!

! MA-13-&%,'() @!P-3<-)'H4@N'111#8'831)<-13-N1-4!>31NI'A-I&P+'<1,,-88!(&! @(;-)!UR(@L!
HZIMA-32-3-1&(@)(>(<YQIELEEEMS>-3-)<-QI'A-1+N1%)'11>14+N+@-I"111#&8'-3& TI&P+'1&' (< 7&!
UN-+)I"LH!{BLIDdA!C+NC1UIN-+)XLENXLI\dZ!n!&<3--)IUN-+)!IDUIXM]dZk! RA() @ ,-&!
UN-+)!HDLJId. dZ!+¥I0[G!&'(<7&!2(‘'Al<-N-)'1&,%33#I UN-+)! N HIE ZL !

!

|



Figure 1: F #&'-31&P+14-)&(# UV 1L 1#&'-3& WDINLBKR. IN13'+,(#13+-1UP\RD) XJ 12N
'L8LZI+)4I&A-, JA-(@ATUNNIY!:L8LZ!>13! 1#8- BEBANA % &8 <3--)2(Al<-N-)'"! & %3368
&A)@,-.10[G!&'(<7T&I2('Al<-N-)"1&, %3S BL(+&P+&'(<7&)4IC+NC113-+'N-) &L!
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Figure 2: F#&'-31&A-, |A-(@AT1I&A- | -) @ A (BLZ!>1311#8&'-3&!<1, -<'-41>31NIA1%&-!
&<3-)12('Al<-N-)'1&,%33#.1A1%8&-1&A() @ ,-(XTGIRC Al<-N)&, %33#.1<INN-3<(+, I&F<7&...
+)41C+NC11B-+'N-) '&L!
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Figure 3:10-3<-)'+@-11>11#&'-3&!2(AL#M+N+@-41&A-, &IUY:L8LZI>13!1#&'-3&!<1,,-<"-4I1>31NIA1%&
8&<3--)12('Al<-N-)'1&,%33#.1A1%8&-1&A() @, -.\ORBIB<-N-) "1 &, %33 NN-3<(+4IP+&'(<7&)4!
C+NC11!'3-+N-)y&L!

!
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Discussion

! G1NN-3<(+§IP+&'(<7&3>13N-A113 2A-)! %&4I'11<1, -<'&()@ HH&'-BP+3131-)'Vo+,!
@312K1%'"()!13+<7&!+)4IN-&AIC+@ &L ONRELELBA'1!3-N1;- &N+, K& (i-4!1#&'-3&!>31INI"A(&!
'3-+'N-) T#P-12('A1%' &' +) ' (+,! &4+ N+ @HUA-A( @A %3 H B& - 13"+, (‘18 +'-11) &P+']

&' (<T&I2+&!, (7- #I+1>PYEHIA- I A(@A!) YN IR+, -AHE& -38+'D-3-IN13-KR%6&<(L,-11!
P3-4+'(14%-1!"A())-3!&A-,,&)4-+& (- #<<-&R(, (‘#!CH#!P3-4+'13&LF#&'-3IN13'+,('#!3+'-11)!
C+NC111&'(<7&!12+&!()'-3N-4(+'-1&)4N-) "11H1#&"-3&!I1)I'A(&!"3-+'N-)'T'#P-12+&L1B12!
1#&'-3IN13,¢#!1)IC+NCL!,(7-,#!3-&%,'-4!>31NPR-K-)<1>b-2-31#&'-3&)4TA-I&QNTL'A U (& 7K
&A+P-411#8&'-3'@312'Al1)'A(&!P+3'(<%, +3NEP+HNH!, (7-,#£1)>1%)4-P3-4+'130Q, (‘#11.!
N+)(P%,+4 41<1)&%NH#H1%) @A&'-P 3-#IB(71&P+1&'(<7I"P+)'&.I'A-3-12+&!+@3-+'-3!
P-3<-)'+@1bL#&-RP+A(Al>+'+, AHN+@-&A,,&!4%3()@!B-N!1)IC+NC11!&'(<7&!4%-!"1!>(3N!
+'4<AN-) TINEN +,- J1H&-R 1 A & "3+ N-) '8U0[G! &'(<7&(L'A<-N-)" &,%32#3-1&%P-3(28A!
3-&P-<1I'A-1-9'3+<)! 131 #&'- /P +1+8&1-9P3-&&-4ICHIH FEYP @ I>1#&'-3Q [ Al>+'+, #1
4+N+@-&A-, &) 'A(&B-+'N-)"! '#P-UF#&'-3&-3!,+3@!1)!0[G!&'(<7&!RAI<-N-)'I() 4<+|@
'AHIIHE -3&INHHIA+-1&-" -41-+3,(-311) 'ALR'Y ' AR 1413 N-) ' (1) -4 3+ N-) ' I'HP- &2 A<A!
<1%,41A+;-1<1)'3(C%"-41'1],-&&I&A-,,14+N+@-H RRAMK(<7-IH& -, &IMA-A()!<-N-)'!
&,%33#-3()@I[G! &'(<7&+&C3(",-4+)4<3+<A-+&(,8-'2--)! +4Q+<-1H&'-3&.12A(<AIN()(N(i-4!
A+N+@1!1 8+ )-+31A I QA+ +<A- )T +3-+HIMAREY @ @-&'&!'A+I'A(&I<L,,-<' (1) '-H\B. oA!
&1IN-14-@3--.IP31'-<'I':3&!>31N!&%&'+() ) @'&A-,,!4+N+@-L!'O) <338 4 18N BY6 (%!
+&&1<(+-4B(@3-+'-3I1#&'-3!@312'Al+) 41986, 4! A+;-1<1)'3(C%'-41243IN13'+,('#!1)!0[G!
&'€7& (AK-N-)'1 'A+)I1)! &P+&'€713-+'N-) '&4%!'1IP31'-<'(1)!>31N!P&+'(1)L!'g1%&-K&<3--)!
<1;-3-412('‘A<-N-)"1&,%3BA+41'A-1, 2-&'11#&'-3IN1F, (‘H#B+'- 1>+, 13-+'N-)'&!14%- 1L 'A-12+#1A(&!
'3-+'N-) T#P-12+8&1<1)&'3%<"-41JR 88)('&2-3-1;-3'(<+, #13(-)'-41+)41&'€7-4IDLXII<N!+P+3'ZL!!
MA(&!21%,41A+;-1A()4-3-41P3-4KE3&K&!'1IP3IRRI+-311#8& -3 @312'Al+)414-) & (HEUII&A-, !
A-(@A"2+&!@3-+'-&'I1)I'A(&!"3 P21 1) A1%I& <3--)12('A<-N-)'I-)A H<-4IPA#&(<+,!
<INP,-9(‘#)I'A-&-!'3-WN-)'&.I2A(SAIN+#IA+-I<INP, (<+-4'A-1>--4() @!&'3+-@(-&! 1>!P3-4+'13&L !
:1)(+' et s UDEE3Z%)4A+'t-3'(<+#13(-)'-4!&'3'98-&A+'P31;(4-4P31'-<'(;-K1;-3'11 1 #&'-3&!
3-4%<-4¥&'-N13'+,("#H%-11&(,'+1)! +)4IP34+' (1) LIMA-P31P13' (1)H>1#&'-3&' Al>+'+, #!
4+N+@-418A-, &14%3G@19)!>31NIA1%&-IGRBAI<-N -)' 12+ &IA(@A-3I'A+)1-9P-<"-412A-)!



<INP+3-4I'D[G!2('Al<-N-)"1+)41A 1%&-K&A()@:+'N-) '&UF#&'-3&)! &3--)! 2 (Al-N-)'!
&%&'+()@3-+'BN+@%3() @NL+,'A+)I0[GI2(Al<-N-)'1+)4IA1%&-1&A() @ ,-&!4%-!"1!
()<13P13+'(1)!1>I'A-18&<3--)IN+-3@-d4#! () 1I'Al1#&'-3& & A+&!+13-&%,'11>1@312'Al<3-+' () @ +!
)1)KP,(+C,-1&'3%<'%3+,1%)('L!Ig1%&-|&AQ@, O BI#&.-AN-)&(‘#.1@312'A)4IA-1,12-&'!
1#&'-3INI3E#I3+-11>14+, I'3-+'NIRP-&LI/&IIC&-3;-411)1&<3--)!'3-+N&!, 12IN13"+,(‘#13+-12+&!
(7-#14%-1"11:-3'(<+,113(-)'+'(1)+)41R8' (1)!P31 (4-4!;(+I'A-12+#1&A() @, -1%) (‘'&! 2-3H}B-4L!!
MA-IP31P13'(1)!1>1&P+'12(Al>+'+, #14+N+@WEN@!-9'3+<'(1)1>31NIA1%&-I&A) @, @!2+&!
(0'-3N-4(+'-14)41, 1212A-)! <INP+3-211+, 13-+N -)'l ‘#P-&9<-P'D[G! & (<7&('Al<-N-) 'L!

S--3(13+' (1 11>8A() @NH'-3(+ N+#A+;-1&, (@ALYA+)<-41-9'3+<'(1L>1#&'-3&!,12 () @1L3A-!
+&1P-- () @I >1#&-3&R+131INKA() @, (MB!-3(+, L!

!

! F#&'-31&P+KBY%('N-)'12+&!>(;-I'(N-&I A(@N-R<3--)P+)-, & 1+'-4P(‘Al<-N-)'! &,%33#.!
0[G! &'(<7&LA<-N-)'"! &,%3344!A-I<INN-3<(&P+1&'(<7&'A+)!1)' AN ,-&!13!1C+NC11!
'3-+'N-) '&LIG(@A-3!3-<3%('N-)"1 1R:A& U CE&&I2+&!, (7- #!14%-1"1I'A-IP3-&-)<-11>1<+ <(%N!
<+3C1)+ @ 'A-I<-N-)"l 13INC-44-41) I'A-1&P+&(<T &IG+ <(%kH3CL)+(&A-IN+()() @3-4(-)'!
)--4-41>131C%(,4() @!1#&'-3!&A-, LII:(@)(>(<+) #A(@A-3! @312'Al 1> &P+ 1 § GHBF<AQ['Al'A-10
+)418&<3--)1<-N-)"1&,%33#K<1+"-AN &!2('AI&P+'IC-() @ FB1I(N+'- #'2(<-I'A-I&L>'A1&-11)!
1'A-3I'3-+'N)' &LIMA-14(&P+3('# ()| 1#&-BUG(@--)! 1#&'-B1)!'3-+'N-)'&I2 (AH)412 (A1%'!
<+,<(YoRH3D)+-1 <1%, M+;-11 <<% 33+t B-& %] B-+3 #11#&'-31&-" -N1)1) 1<+, <(MK<+3C1)+'-K
-)3(<A-41&'3%<'%3-&L!

!

! SH)&(#U(4)1' +>>-<QIA, IA-(@ACKL(IA(A%>>-<TA-IA-(@A'K'LK,-) @'Al3+'(1L!I"T'Al'A-]
&<3--)14)410[G!<-N)'K<1+-4IN+3(+,|A+4IA(@RBN-) '13¢ - &+) 4IP3 4% 4I' A | @ +- &11#&-3
@312'Al()!"-3N&!1>I8&A-,,|A-(@A'LI'MA-&-1'21!'3-+'N-)'&! PBAZIBE2(IA(@A-3!&A-, !
A-(@A'W&A-,,-)@'Al3+ (1&IUR(@LIHZL!IBAASHE 3D 1PHRY'-3813-1&(N(,+#3I'A1&-1#&'-3&!
>1%)411)1)+'%3+,13-->&I2A-3-I'A-RT)>131&R+3-&%, BN #&'-38+'H3-11) @)+3312+)4!
'AOLIMA-211'3-+'N-)'&I2('Al'A-1,12-&'3-<3%()".1&A() @ ,-&!+)4!C+NC11.IP314%<-41+IA(@A-3!
P31P13'(1)!1>!<(3<%, FRKAA& -3BA-3-'A-13+'(112+&!<,1&-31"111)-LIIO" I (&!I(NPL3'+) 'L 1'-I'A+'!
1#&'-31&P+'1<1,,-<"-41>31NI0[G!&'(<7&!+) 41 &EBIQN-) ' I§IBH+PP- 13 41'11-9A(C(#1@ 3-+'-3!
4-@3--11>1<%PP()@!"A+)!1#&'-38!-9'3+<"-4!>31N!1'A-3I'3-+'N-)'&L
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'3-+'N-) '&IUR(@%3-IXZIA+;-I'A(PISL3IKIN-3<(+#PP, (<+'(1)GILNN-3<(+&P+41,,-<'13&!
2-3-)1'11P'(N+,!+'1-9'3€¢' ) @#1%) @!&P+'1> 1 B@BUP3+<7&!13!C+ @& A1 2 INB<N!&P+'!
<1,,-<'13&IAKR137-412- |)I'A-IP+&8+'1<1, -<'(B!+)4!@312()@!,+3@-!1#&'-3&!U*+),-#IDEE]ZL!10'12+&!
+1P3-;(1%&11#&'-313-->13-&'13+'(1)1&'%4#! A+ B G<ARRB 1 BN ) 1+3' (> (< B~>1A+'-419%6. 811
'A(&OP-3(N-)'+)4IA-1G  (->"A+H) 1+ %+<%3{)4%& 3HL AH&'-3&1%, 0-U-;- 1P-41()!
2-13@(WF+),-#DEE]ZIR+'&' (<7&P,1#-4()!/P 3(1+"3+<"-41#&'-3I&PEW+#.1+) 411 #&'-38 3-2!
"114+N-+)IN437-"8i! UN<NZC#A-13,12 ()@ +3<ALIMA-I1-9P-3(N-)'12+&!P-3>13N-41()!+)1+3-+!1>!
N14-3+"-1&P'13-<3%('N-)".'A%&!1#&'-3&)2 31 ;-3<3124-44)41@3-2-,,' 4%-11,12!
<INP-'((1)>1RP+<IEH&'-3&®312)11+N+37-€ -1&(i-11)!<INN-3<(+,!&P+'1&' (<7 & A+;-I'A(<7-3!
&A-, &)AI&IN-K+)C-L+&(,18-N1;-412(A1%4AN+@L!1 0> -BR+31%&-&I&P+18'(<7&!'"1! @312!11#&'-3&!
"1IN+37-1&(i-.|A-1131&A-12(,,1)--41"11(NP,-N-Y @ 3+4(S@& -N+ 1 R-P+3+' ) @& - 38N A1 886 &-4!
>1B1+&'@IPP1&-M!1#&'-3&130-IA+,8A;, IN+37-ZL!I1=&%+, #!#1%) @!1#&'-3&!1>1%)(>13N!&(i-.!
8&Y%<Al+&IA+'<A-3H#I3PHIBREN+,,12(,4K<1, AP +'A+'H3-@3+4-3H@ %, +B)A#IN-<A+) (<+,,#!

&' (NY, +'-4H2+:-&!131&<A-4% - AI)}@!+)4131'+'(1).| @312!'1!C-1+4%848813- 4| &A+P-1>13I'A-!
3+21A+,>18A-,I'3+4-LII*+) -#IUDEE]Z!+33+) @B 18I K& ! )14-) & ('(-&11>1ell&' (< 7&!P-3!1)-K
N-'-3K& %+3-1P,1'12A(<Al+>"-31" 288 41+ PILI(N+'- #IXXI7@!UHJI!, C&Z!1>!, (;-11#&'-3!
&A-,,&'1<T7!;+,%-4!1+'1a0DHELEE!C+&-4!1)I'A;{PBed 1 +!C%&A-,UXDK\E!,CZ!1>!31+&"11#8&'-3&!()!
?-13@(+!UoHXLEEZL!IMA-<1&'11>1el!1)-KNLSKLAS@ &1 &' (<7 &!(&!aoDeELEEL!IMA-3->13-I('!
(&)1'1P3-&-)" #I-<1)IN(<+, #;(+C,-I'11%&- < IHN'&P+'&'(<7&!>13!+IN+37-'1C+&-411)!31+&"!
1#&'-3&1()1213@ (+L!1g12-;-3!+'TaceXLEEIUN+-3(+,1+)4!, +C13!<1&'Z!P-3lelI0fG!&I (R 7&!<1
<-N-)'1&,%38(121%,4!C-1-<1)1N(<+,I'11P31494<81#&-386& () @!!+>13-N-)'(1)-4'3-+'N-)'!
HP-UMAYEG! 2('AIP-3A+P&IA(<7-341+1>k-N-)'1&,%33#!(&!+!;(+C,-11P'(1)!>13!1+!@312K1%'!
N+37-TA+12<%&-&!1)!31+&' 1 1#&'-3&.1+&!2-, HHRA KR (1) P-3+'(1)!"1&%PP13'1+) 1 1#&'-3IA+,>K
&A-,,1(4%8&'3#!()!?-13@(+L!'G1,,-<'() @!&RFHENB{-N-)"! &,%33#06& R EA+N+@1! ;-3#!
#1%)@.!4-,(<+-11#&'-3&L11/)1'A-31*H4E@) (&' AA-& -1 #&'-3&H) C-K 1, ,-<"-4# INU< A&N+, ,-3!
&(I-&H)AIA-#N+()'+)H) +PP-+,) @4 1%) (>IN &A+P-LIIG 1, -<' () @!&P+"12('Al<INN-3<(+,|&P+'l
&'(<7&!>13IP314%<()@'&() @ ,-!1#&'-38&!> 1B SMBIABI<ELi- A+§1! <INN-3<(+HPP,(<+'(1).!
&()<-IIEEdI1>I'A-1#1%) @!1#&'-3&!&% & +()-4 AWN#B 348 N1;-4!>31NA-1&' (< 78B(7-2(&-!
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A-+#11#8&'-314+N+@- BEAIRA(,-13-N1; ) @"A-NB1INIC+NC11L!:A(B@1%,4!C-1%8&-41 ()1 +3-+&!
2A-3-18P+1%6,() @!3-)4-3&!+) 1+ 3-+196) >+ EBIE+ 1<L, -< (1) 14%!' 11-F 3N-11; - ' 148
1C&-3;-4"'A-IN1%'Al1>I'A-IS%P, ()15(;-3.1:4+P-, 110&, +)4 YMAIBREE XL Z!
!
I IG+P('+,1<1&'1+)4!, +C13.1+&12-  1+&13-" %3 NH)H+3-1<3('(<+,I'LIA-1&'+3'K%P1+)4 @312'All
1>141<INNG+, #;(+C,-IA+ >K&AL 3IFE 8 BY ?-13@ (+LIIMA-IN+ BE4!-<A) ( %-&1%&-41()!
'A(83-8-+3<AB(-4@3-+ P 3(<H#)4r'11+1-&8319")'1 +C13bk1)&'3%&YP-31%)(1U(L-L.1+1&()@,-!
8<3--)P+)- K1+-4()!I<-N-)"l & %3RN)@RY)-,.10[G!&'(<7!<1+"-41()!<-N-)'1&,%33#.1<INN-3<(+,!
&P+'1&8'(<7.14)4IC+NC111&+7-ZLI0[G!2('Al<-N-) IR BBE+>+3! @3-+'-31;+,%-1()!-3N&! 1>1<18&!
+)41,+C13IC+&-411)13-'%3)'A+) H)# 1'A-3I'3-+MR)IR ( A4 1+ (- H13+)1-& (N+-4]11! 1#&'-3!
&P+'18%<IBEB<1, -<'HA3INI-+<AI&'(<7IUM+C,-ZLI: <BLHR(NE, %6 3R +&I'A-L 48
-OP-)&(;-13-+'N-)'1 '11<1)&'3%<HI0ELEERH3RY@, %) (' UP3(d3+3+N{)<,%4-4F) 412+ &A-!
&-<1)AIN1&1->>(<(-)13-+N-)12(Al+ (< (-)<#13+'-11>ID) éXNk @-4!&P+1P-3I DLXIMMC,
IZLIIB('Al,+C131-&'(N+'-41+'10]LEE!P-31A2%88 40k 1&'10eL] '11&-<%3-14)!-_%+,!:1,96N-11>!
9%)4+N+@-41&P+1>13!P,+)'K1%'I C#1%& () @& )R 06 3B! MA-1<1&'1>131%& (RERTK 7!
<1+'-41()1<-N-)'1&,%33#12+&!-&4¢N'11C-10ILE\IP-36) ('U()<,%4() @3 13! 0] LEEWASZ4 CIZLD'!
21%,4C-A(@A%)-<1)IN(<+LI%&A-11'A-313-+'N-)'T ‘#P-& -+, Yo+'-449B() @A(&3-&-+3<BL - #!
>131&P+'1<1,,-<'(1)L!: PR |C+NC11!+)41&AQE1%,41<1&'1%P!"110JI"LXe.!0J]BldH) 1].!
3-&P-<'(:- #11@-"A-1&N-1)%NC-A>BP+41,,-<'-411) 1 +1&@!0[G!&'(<7!<1:-3-41()1<-N-)'!
&,%33# UM+C,-11ZL11g12-:-31(' (& (NPL3+) ' )CAHMC L {85 +(3 &AL <%, (;+'-#)41(>1)-!
2+)-41'119%&G+NCLIA-1<1&%1%, M-U3+NH<+, #13-4%<-41CH#()4-P-)4-)1<%, "+ (1)L!
!

0)I<1)<,%&(1).MA-IA+3:-&'11>! +3@-!_Y+E((@A2#& -31&P+1%&()@!0[G!&' (<7&I<1+'-4!
2('Al<-N-)'1>13I<1NN-3<(+,! @312K1%'| (&I ARED)# 13V A-1?-13@ (+11#&-31()4%8& 3H LI F#&.-3!
&' ~-N-)"11) '3 +N-) 82 (A<N-) ' 189682 +4@) - 3+, A(@ARY)(12+8&1)! 1'A-3N+-3(+,8L !
R,-9(C,-10[G!& (<7T&I2(AN-)1P3L; (4-41@3-+-Bo+)'((-A5Y)4+N+@ &) @ L& -38+)!1'A-3!
'3-+'N-) '&H) 4IN+#P1'-)'(+#C-HN-'A143K9%63() @!<,%&-3&! 1> 1#&'-3&!>13!'A-131+&'IN+37-'L!!
O[ Gl<l+-412 ( A< N-) ' 1832 +& A IN1&I<L&I->>-<'(:-N+-3(+ P31 (4() @'+)!-&'(N+-41]II!
(+C,-1&P+1BI1%%)("1+'1+1<1&'11>1a0ELXE!P-BME & LI (NPL3'+) I LYB+'11) #\! <NI>#IDK
<NR/(<P+8& 9P 18&-48&() <-4+ P13 (L)L>H+<AR[<TP+&F)<AL3-4)I'A-IN%A&IC&'3+H () @F!
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8963>+<-143-+11>1+PP319(N+'- # ReH(BEN>13! 1#&'-31&-",-N-) LII#4&- 1>10[G!>%3'A-3!
3-4%<-81<18&'&1&()<-1(1(&!3-&(&PBI18H (1)1 +&& 1 <(+-4IPBAAN+3()-1-):(31)N-) 1+)41<+)IC-!
3-%8&-ALIMAY%E. I'A(&!&'Y4#! (&) A-1> (38, P (RENEI6<<-&NIAL 4> 13406, %3 (F@Yo+, (‘#!
&()@,-11#8&'-31()1?-13@ (+LIIMA-1)-9'1&'-PY&IRIA-11P' (N, IN-'A141>31<%, '%3() @!'A-1&P+1'11+]
N+37-+C,&! CH#2() -31>1 R+, {)1'A-12()'-3! 32! 1#&'- A+ "A-, )43 L&' IN+37-'LI"#HN+37-' () @!
1#&'-3&!P3(13I'11&P3()@.! @312-BEI4#RHE>1%, () @ 'PN&LI&'+3' () @!12(Al'A-1)-9'11#&'-3K
&P+2)()@!&-+&1).1+&12- 1+ & | 1#&'-314(&-+&-BNABOH UerLinsus marinus 2A(<AI21%11<<%3!
1:-31&%NN-31+)41()' 114>+, IUFh"-(3) LAl "\ CIL

!

R%'%3% @ @-&¥LBP+41, -<'(1)()<,%43-4%<() @!'A-'A(<7)-&&!1>I'A-1<-N-) &, %33
<1+()@'1)"A-10[G!&'(<7&LNO'12+&11C&-3;-H ABBER@3LA+)! +3-H A-3-IA-I<-N-)'
<1+ ()@'12+&@A #'A()-3.1>-2-311#&-318A3:&4+N+@-498() @!-9'3+<'(1)LIIR%'%63-13-&-+3<A!
<1%, 41 <081 :+3#() G- I'A(<T7)-&&PIA-I<-N-) '1<1+'()@)!'A-10[G! +)4I1'A-3&P+41, -<'(1)!
N+-3(+,&.1+&12-, 1+&.I'3#() @!4(>>-3-)'1<1) <EBH(@Y-! () 'A-1<-N-)1&%33#L!I!

|
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Table 1. !Comparison of the commercial applicability of each treatment type by unit based on

cost, labor investment, efficiency, unit surface area, and estimated harvest.!
|

MB+N-) M-I =) (1G1&d B+C13 8 %3>+4 34 8&LA+3:-&M
WWO6)E Q;-&N-)'d  U=)L:PLWDLXJ! WN©Z ULLEPW)T
UA3&WZo)(" NoA

3 )VWG-N-) ! AEE! B! DeX L B! HLE

! ! ! ! ! !

N @& AL J! HEX X! H B JLE

! ! ! ! ! !

O[ GVB-N-)'! X AFe! Jgit HeHDE 1181

! ! ! ! ! !

PHl (<78 HXE HEE ! HE)! HeHDE \IEH

! ! ! ! ! !
"+NC11! HLEE HEX AL]! Xell B \JLe

*=)(1 3-P3-&-)'&& ()@ <INP1)-)"1 1>4+<AB-+'N-) I'#P-IUAL.I+1&() @ ,-1&<3--)IP+)-, 1< 1+"-41()!
<-N-)'1&,%38&A()@,-!P+)-,.10[G!&'(<7!<1+-41§L)'1&,%33#.|<INN-3LP#'1&'(<7.1+)4IC+NC11!
&'+7-ZLNm

A=)(-41:'+-&141,,+3&!P-31()4(;(4%+,1%) ("1 UoW%%)(‘Z!
IB+C13!();-&-)'1()!A1%3&!P-31()44%6+,1%) (TUA3&WY%) (‘'ZL!IB+C13!(&!-&'(N+'-41'1IC-10] LEEWA1%3L!
“2)4+N+@-4!&P+14%3()@!-9'3+<'(1)!P-31DEMP<N3-+!JE:PLWDKXPZ 3- +<A'3 #N-) '!
HP-LL

1:963>+<-1+3-+1-9P1& M) (,+C,-1>1318-",-NHP-31%) (1 U LK
18&'(N+-4A+3;-8&1>%)4+N+@ &1P-31%) ('1U) 1LI&P+'W%) (‘ZL!!!

@' +NC11!;+,%-12+&!IC+&-4!1)!<INN-3<(+,!-8&N#"+NC11!%&-414%3() @!'A(&!3-&-+3<Al2+&!
41)+-4ICHA-1=)(;-3&(#1L>P-13@ (HNC11R+3N!+)4!G1+&'+,1?7+34-)1>3--11>1<A+3@-L!
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