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X080 B BMBoB30s 43530¢MBS
Q3bsfigolio ©3LsLGMEo 3Usfigolso 5LbEMENo
035b530 236oob I dsobob II s3Gognols 111 036obob I
(Iwasaki) Q93P Q93P 003005 093005
BoBobsbo 23600l I dsobols I s3Goenols 11 dsobols IIT
(Nichinan) 093509 093509 ©935Q09 ©)35@>
A5ambo 3ol 23Gogob I doobob 11 33Mogol 111 0gbobob II
(Taguchi wase) ©)3PP> ©)3PP> Q93P 003005
bs53. 3esybenobs 23G0ogob 11 doobob IIT doobob I 0gbolob II
(Satsuma clauselina) 0935900 0935900 093900 Q93505
09300505 236Gool 11 doobob 11T doobob I 0gbobob II
(Mukoiyama) ©)3505 Q93509 Q73909 00359
NgtileiiN 236Gogol 11 dsobob 11T doobob I 0gbobob II
(Aoshima) ©)35Q> ©)35Q> ©)35Q> 093505
303 23600l dsobob 11T doobob I 0gbobob II
(Ohtsu) 1100935000 ©)35Q> ©)35Q> 093505
LosgmbBHoamn
RsOHO. Brm.xbdor | s3M0owol 11 dsobob 11T doobob I 0gbobob II
(Unshiu) 093509 093509 ©035Q0° ©)35@>
®303v) 3oLy (Okitsu 236Gogob I doobob II 33Mogol 111 0gbolob II
wase) SHRENY SHRENY SHRENY SRR

Mmameg  99-3  bOodo  dm@Eebowo  dmbogdgdosb  Bsbl,
0EHMboDBO300L 39MH0MEO (35390 xodol dobggom d9@-bozwgdo
396Lb30398M0s.  3EBHMBoBsgool  ©sfygdol  yzgmsbg  sMgMo
3960M©0, ©sg8mbgs domEH0ob 89-3 ©g35sL, bam 230560 3gMomo 30
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3360¢ob 89-2 ©g35sL. 35LgL XaMBOL LosMgm x0dgddo (bohobsbo,
Aoaho 30Lg, 0351530) ¥YEHMBOBIGOOL IfYIds OBOJLOMES s3HOEIOL
30039  ©93500580, bmwm  Mm35MH0L  XyMRolL  Fsbsobol  x0dgddo
8360¢ob 09-2 09350530 5 X0dgdL MmOl (335¢9d5MdOL EOO35DMbIS
895009005 10-15 mg. x08908s, MMIgddsg 509 s0fygl d@mboBsgzos
d950530L5, 5QEMY 0fYM Y3530MBS S 30M0JOM.

306MEMyo6  ©o33003900L 99gRe©, JoMadMwo dmbsgdgdo
3bo©Yymxzgb, ™A 3sbigl (Bogors) xamndo 9gdsgods x0dgdds, odmog-
@obgl  BOEI-29630M00L  JgsMgdom  bobdmzwg  3gHomo,
ooLMMEgL  1O39IAOGOM 3JMOMPO s SOMY 306 BsdmEOl
d91396900L  FEAMBsMGMd5T0, o3 F0MOmMGAL Tom SOMIMEIMdILS
gobgog00dgmds®y. Mo dggbgds m356m0L  (Ls3ds) x3MBRTo  Fgdego
x009080, B  A9b30m9MgdOL  RsHBdOL  F00EOobsGgMds o
boba®dogmds  9sb@stob  BomommBmmEmgzsh  Mbdoml  0ab@Hoy,
019935 BMaogmHmOo Lbgs LsdgMMHbgm 60dsb-mgz0Lgdom 390905 FomBy.

3. 2. bagmgol Lodjogols g3sbgdo
15331930 X03d9d0L LodFoxzgol BsBIdOL oYBOLLL, Tsbwsmobo
Lbgs  Lobgmdgdmsb  9gsMgdom, bsbosmgds  dm3wg  Lo3939GHE0M
3960M©om s dgbodsdolvo bobgmdgdl ImMob, sMg dgool Lodfoxol
535Bsdo.
gbGowo 4
0566060l bsggmgg x08gddo bogmgzol Lodfogol gsbgdo
(2020-2022 §jemols dmbs399900)

Lodfogol gsbgdo
2020 2021 2022
bodfogo | Lsdmdbd
X080 bodfogols 538006885 bodfjogol 380369 b 056r90¢m
6900 36GYdEm
qsbsfigolio oo qsbsfigolio BodFo sbsfigo ©
B3I 30 o bodfogy
1 2 3 4 5 6 7
0396530 2330LGHML | bgdGHgddMOL b9dH9dd L9dH9dd | LydBH9gdd | Loddgdd
(Iwasaki) 11 ©g3- [ @3- I 93 I | T oy3 | Mg
830059 0BG, | 0GHmIdOOL | md@Bmde. | md@mdd | mgdmad. 6mgdd.
(Mukoyama) T ©g3- 1T ©935@> T ©33- g3 | T g3 | T3
BoR0BsBO 53306 | bodHgdd. bd&gdd. | Laddade. | bgddgdd. | LodHgdd.
(Nichinani) 1T ©93- I @3- I3 I ©g3. Ty | IHIwoys
BsgmBo 3559 19d&9ad. 19d&9ad. LodBHodd. | md@Hmad. | LgdBHgdd. | mg@Hmdd
(Taguchi wase) 1I g3 1T 93- 11T g3. I 13- 11T og3- I ©93.
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1 2 3 4 5 6 7
b5@3.3snbg | Bmgdd®mol | 6mgdd@oL II | 6mgddmol Bmydd. Bmgdd. Bmydd.
0B T ggod ©)3P> Teopees | gy | Moo | Megs

(Sat.Clauselina)

508005 BmgddeMol Bmgddeol Bm9ddM0L 609dd. Bmgdd. 6090d.
(Aoshima) I g3 T ©g3- I g3 Ty | Tei | e
®30p2 BmgddeMol Bmgddeol Bm9ddM0L 609dd. Bmgdd. 6090d.
(Ohotsu) I ©g3s@> 1T 930005 T ©g3vs T @3 Mg | IT@ya.

LsgmbaOhmwnm

RO, bmgddMol Bmgdd™ol | bmgddmol Bgdd. Beqdd. Bmgdod.
Ram.m6dov I 935> IT ©g3s005 | I g3s0s 1T 93 1I 093. III g3.
(Unshiu)
L9dH9gddMOL | MgBHgIdGO | MmdBHgddMmo | MmBHM™IDd | @™ | mgGHmId
306 3369
(Okitsu Wase) 11T o359 b b 6o 11 6ol 11 6ol 111
T1©93005 | 103505 | ©93905 | ©93p©> | ©935©°

Lodfoxgol 3gMomEBy  Lod(erosbds 03306039050 agz0h39bs, ™I
056oM0bol  bboolbgs xo0dolb  Lodfoxol gsBgdo, gOHMIbgmoLsysb

2496Lbg93989os.

3oboMobol  Bmaoghm  x0ddo  (boBobsbo, 03sLs30)  Lodfogol
sbsfigobo  (BHgdbozmMo  Lodfoxg), sxgodioMs  s330LGML  Tglsdg
0939030, beawm LsdmdbIsmgdwm  (domEmyo©o) Lodfoggl doswfiogl
L9JBHIdMOL 30M39¢ ©Y39s30. BMYoghmTs K0dds (Gogmbo 3sLg) 30
Lbodfogol gsBsdo Fgbgas sofiym LgdBHgddMmol dgmeg Y3980 ©
LodmabIomgdwm  Lodfoxzgl doswfogl LgdBgddMol dgbedy 93930,
bowm  bogz00bm  x09900s  (sm8ods, Mm3miEy, Logds 3o bgwrobs)
Lbodfogol gsbsdo Tgugars s0fYygl LogmbEOMm® JsbEsmob MBIomlmsb
96050 bragddMHol 306390 ©H390sT0.

Bogos (33L9L X3IRB0L) 5QMgdfogsMmdOlL Bodsbo,
396300Md9dMos BOEOL  BI6MBsBIBOL (BOIEOL  GHowegdol) LHMsgo
39300, 5EMJIFoBIMdS 3000 3NMYs(305005, DBOO-Fob3oms-
900l OLOMEGOSLMSD, Gl MBOM Toeg 580030 I39bsMg BOEL,
900 MRO® 56 Ijoxzgds bogmao.

3.3. BMs-256300509080L doMMY0HO MSg0LHOMMIdYd0
b53393 x0d90d0 g4em®GHgool DO -2963056M 900l
0530L90MMgdgdoL qbfagerol Jobbom, 330603900l MM JOMOMSI©
30m35¢olfjobgdom 306H39w0 s 3gmOY 392939300l 39M0MmET0 Yyerme-
G900 (bsBatrgdols) LogMdgl s LE39aIGSE0M 39MHO0MEOL {5BTs3MdsTo
BoBoMgdoL K5AL. Fsbstbol Luzgwrgs x0dgddo, 300390 392939300

11



BsBoOEL gLEBOZIMIZPOM 30M39W0 3939ASGO00L ELMMEadOL 909y,
bowe dgmegb 30 dgmdg 3939393008 ©ILOWMdOL 890y bmem
BoBogdol  Loghomm  xsdb 30  3oM3gmo s  Fgmeg  39393O300L
ILEOWEgOoL d90IR.

3bGowo 5
9560o(0b0b 15533093 X 099090 MO EHOL BMHEOL dBoMEMYR0s
B5BtgdoL LsBryserm bog®dg (10)
dols sliabgegds
XO00b @By 306390 dgmey fonco
3080G5300b 3039035600b 65%s6o
B>bsto (3) 65%s00 (53) 9)
0356530 (Iwasaki) 2252 13.18 35.7
BoBobsbo (Nichinan) 22.07 125 34.57
&o39Bo 3obg Taguchi wase 20.42 11.9 32.32
B3 3eseybgemobs 25.6 13.6 39.2
(Satsuma clauselina)
99300595 (Mukoiyama) 24.1 14.2 38.3
508005 (Aoshima) 29.9 13.9 43.8
m30ge (Ohtsu) 28.8 11.8 40.6
LogmbdHomwmn
RoMo. Mb3ov (Unshiu) 30.11 13.4 43.51
303 3sbg (Okitsu wase) 27.6 10.9 38.5

OO 3 3BOOWOo 5-0b Jmbs3gdgsb Bsbl, Mdg@Egl x0dgddo BHOL
300390  GHOowEol  ©@OHML,  YwmOGgool  dgBHo  MomEgbmdom
§o03mgddbslmsb ghmo, Fomo Lsdwmswm LogMdgs 99@0s, 30Mg dgmey
OOl EOMUL. 53M9gm3g dgBos 300390 BOHEOL 3gHhomdo digbstrol
Lbodsmergdo Bogdsa,

0530 4. 356sM0bol Lszgzmgz0 }087d0L JMORMEMYOIBO s
®6356mmg3303600 603690l (335¢0B5MIOL MS30LgdYIMYdGBO
4.1. dmORME®0v)Ho Jobslosmgdegdo
153393  x099030, IMOBMEMFOMOHO  ©s  MOYBMEg3EH03M0
(339¢90sMdol  dgbfiogarol  dobboom, dgbfagowo  odbs  Fgdgyo
Fobsllosmgdgdo: 9396l 3sd0FEHHbo, Lodserg, 35MXOL FmMTs, Qo6-
399mf9mH0Mds, bsdoMols s LEbsdygbol osdgE Mo, Lbgswalbgs MMASBML
IO BMEm05: bogmaol Loowy (Log®Mdyg, Loasby, HGdOWMdOLS s 3obol
§™bs), 3mEos, 3560L BYMHO, HBgs3060, BMMNEOL Lowog (Loa®dg, Logsby,
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Lodoag,  BoMHmMMdo), gmbfiol  LogMdg.  obmdgomo  Lsdmdsmgdo
G¥MHJOM©S 153939BGOM 39MHOMPOL LMoL J90IY.

330930l 8909250 3959Mm3w0bs, HM™I Lszzwgizo x0dgdo gHmo ©s
03039 9bs30L  Jowbgsgs  ImOBmmyonmo  bodbgdol dobggzom,
36003690mgbo  AobLb3s3Yd0B, OMAMOE  9gPMTsbgmologeb  slggzg
Lo3mbGHMMEM 3560563 7d0LYE.

3bHowo 6
056036060l bszgzmgao x0dgdol d3gbstols 3s6s9gEMYdO
93gbsé | gstaxol | Lsdobols | lsbodygh Bhol GHodo
Xodob ob 3503900f | ©0599% qb Q5 356x 0L BmMAs
©sbobgmgds | Lodsw . (d) o (09) ©0509¢)
g () ®o (88)
1 2 3 4 5 6
0351530 270 9.05 107 99 1539950 EIBIGEO, dMIM-
(Iwasaki) 330w,  BoOOmE  3db-
A™GH300, 30335dBHco
3560%0
BoBobsbo 250 10.13 115 104 L535EMEIBIMO,
(Nichinani) BIONM 3065300,
399000, 30335JGHO0
Aopho 220 5.47 81 64 05 IBM0,30m6bMEOO
(Taguchi A0EIdo bgz300 sboywo.
Wase) 30835dBco
09350585 20 281 78 63 505 3DoM©0,305MM
(Mukoyama) 30653090, 9300
sBoo, dwog®
QMO0
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1 2 3 4 5 6
508005 3.0 7.25 105 90 05053DsM©O, BsONM 30-
(Aoshima) G580©o, Qob.
AGHY00m
bsgmds 3.0 8.12 124 101 05008BsHEO, 3065900
3wsbgo o, 5035 dbsHO
6o (Sats. GOGgdom,
Clauselina)
®3m3 2.80 6.20 104 72 0005 dBMHO, 036-
(Ohotsu) 33500, 29800
A" H9dsbGowo
LsgmbHoawm
RO, 3.0 6.42 107 85 0o0oIBIOEO,  FoOHOMO
Ram.m6dov 39053woo,  IMIGY3oE®
(Unshiu) 20353DoMEO BHMEHJO0
®303Y) 3b9 270 9.61 104 105 LodwgsmEdBoMO,
(Okitsu 30935 G0EObEGWO
Wase)

330939000 OEILEGHMMIOM0os, Gmd  Lododg 860dzbgarmgb
2393@9bsl  sbgbl  93gbotol  bMsby, 39600l gm®IsDY,
g40b30999dgmdsBy, 235w 3ogsddgmdsBy. JoMmzgge Igzbogdoms doge,
390Mm30w0s 86350 BsdoMy s B30l LdEGMHM3039080 Bsm39gmalicm©
90Bbgmo0s BHOHogmEosds (Poncirus trifoliate Raf).

MBS 500b0dbml, ®mAd 2011 gl 0b@M®Mm©mEoMHqdmeE dsbsto-
Bol x0dqd0lL MIMIZ3EglmdOL BadoMg gow9M33939w0s. BMY0gMo x0dgddo
(BoBobobo, 035L530, Lognmds 3w bgwobs)  goM33gmwo  3gHomool
296853@mdsdo LodoMg s LEbsdYgby gMMbsoMO© 0HBOHEIdIM©S, MYI3e
3990mddo Lobsdygbgd sofiym LHMsxns© BOEs Lodlbmdo s Jrwozom
23999RBM  Lodo®Mgl.  0dgsb  godmdobatyg  860d3bgermgsbos  Bggbl
3060Hmd70d0 250Mm3EE0o LSAOMOL- GHMORMEO0SE DY, b53ggbo I;39b509gd0L
DO-2963005M0905Bg 5330603905, 3065006 LodoMg 256LS3MPOYdIYP
2493¢09bsb sbgbl Labsdynbgls 393939(30M0 MMABMGdOL BMHsBY.

33930L 9900939005 3boym, M dmORMEMmA0mmHo 50dbgdosb
09boM0bol Lbozzergg x0d9dd0 sbggg 9600369wM3bs©  (339¢gd5MBL,
gmmnwol Loowg (Loa®mdg, BoMMMdo, Loasby) gmbfiolb LogMdg s Lbgs
JobslosmgdEgdo.

4.2. Bogmxzol Ggdbozmmo dsbsliosmgdergdo

BOGHOHNMLMZ6 39 EHYMHJBT0, (339¢9d5MdSL 9J39dWIOIMGDS, 50
dbnwnE InOxmmemyomco Bodbgdo, 69y gdbogmMo Tobsliosmgd-
3003, MMIgoE  3oblLogmmmgdoo  dglsldhbggzos  bogmazol  Hmbsby,
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Lodogby, ©0s9gBHMDBY s Lbgs 60dbgddo. 3FoGHGMLYdTdo  boymaol
ROIL  JoMOMOEOE  2obLODBW3ML3L,  Lodo@rols S OsTgGHMOL
00650350 Mds.  Lo3zwg3o  GgMPgMmo  x0dgdo s3> vy 00 bodsb-
03090900 dobgz0m, 99FH-6530gds© 99390 OMGB06  50boTbMOo
G030b (3350gd5EMBL.

M0amOE 3bOowo 7-I dmbszgdgdo@sb BsbL, M™I bogmgol fmbs
bo3gmgg x0dgddo  9gMyggmdl  (6536M-sb 97¢M-0g). Bogmgol Fmbol
dobg300m 259m0MB3056 Mm3sm0OL (Logwydsl) Xawzol Jsbwamobol x0dgdo,
bom 35Lgb xR0l Bogows x0dgdl sboliosmgdl dgsMgdom oMy
bmdol  bogmayzgdo.  ™mz35Mm0L  xaMaol  BobsMobgdol  yzgs  xodo
299m0Mbg3s Abbgowo Bogmaom. 5m800s-9736, m3mazy 9536 ©s Logwds
3o bgeobs  9596. 50bodbmeo 35639690 gd0m  5©gds@gds  MmM0gzY
L53MBEMMEM 35M0BAEL - FoOPOMFMMNEMZ9b MBIomls (9096M), m3032) 3519
(7636). o3 999bgds 35L9L X3MBoL Boygmagdl, dsom Mol 0gsbszo (956M),
Aoaho (9036) s 3300505 (9036) v390m9L0s, 3oLIL XyIBOL LEIMBEHOM-
W 35605BFL - ™3035 35LgLMSL, ML Lodrsm fmbs Fgoagbl
7636-b. x0dgdl Mol yzgwsbyg dzomg Bmdol boymagdom godmombgzs
B0B0bs60 (6536), M0moE BoBMGBIdS MmM039 LoZMBEHMMEM Fo6MH0sBEU.

3bcowo 7
05650060l iszgamggo x0dol bsgmaols mMysbmnmyd@ozn®o
Jsboliosmgdegdo
xodol Bsgmaz0l gmes s 3960l gg®o 290m Bogmagol | ULyadabd
qslsbgmgds 533056mds Bs3rgoenm 9%0l
fmbs ©5m0.
1 2 3 4 5 6
0351530 IMdMEBYM- 43090 bbBo 95 10-11
(Iwasaki) 0m0M35M, 3w9dy 9dz93m-
9mIMY35gdwa0, I3 3Id™
53305605 Lsdvgsgrm
BoBobsbo IO 005 9 G3dm- 65 8-9
(Nichinan) dmdOGYM, B9y 94300090 0m3z53m
0361350900
5330565 mbgaro
093m0595 3m0tpgowm- 00O 0005530~ 90 9-10
(Mukoyama) BmdGEHYM, By 430090, 9B 3dm
LbrbEo© 9mdf3o6m
Boggeodowo I BIH0»
533006000 bodmoem
&sgmbo 3mMy350m 3d dmygzomomwm | BH3doo, 91 8-9
(Taguchi) dOGHYI0, 53305600 - Lo
ombgwo BoMobyxolyng d3g53m
60

15




1 2 3 4 5 6
bsG. IdOGHYM- d9do 9dg93m- 95 9-10
3worbgmo | 9mdmyzswm §3ghm | Bsmobyxolgg d@3dm
65 (Sats. LmbBo BaBbgdoero, 60
Clausellina) 533006mds vbgdo dmffomsom
ILBIH0»
®3m3y 8m06p3ocm- 3503585 0005530~ 96 10-11
(Ohotsu) IdOGHYM, Bdg 4300090 9B 3dm
30600 bogbéee B9GOL
BaBbgdowo
533056005 dmvgbgdm
508035 0MGHY90 533056Mmds 903fgo6m 9B593m- 97 9-10
(Aoshima) Lo3wgsrm Bs6obyxobgg 9B 3dm
60
LogmbdG o
®303v9 39b9 903635, 833y ©Od 33d0wo0- 76 8-9
(Okitsu D306 Bs®0obxobgg | byb@eo
wase) 993LgdEro, 60 dmdgogm
5330065 mbgaro
RO, 8m0ep3ocm- dmyzomomem | 0m0g53m 90 8-9
mb3owy IBOGHYM, 533056t - 9B 3dm
(Unshiu) Lowgocom Bs6obyxobgg
6o

apan g Memmtt

by, 2. 956sM060l bs3gzwg30 X0dgdol bogmugdo

M0amOE  9mbo3gdgdosb  Bobl, Fobotobol Logzzwgg x0dqddo
(33909050005 bogmxmol Lodswmyg s osdgGMog, 4000-sb 45-38-8),
54080-sb 6400-0009. 5060360 dmbsggdgdo a30h39690L, GMI Lszgzargzo
X03900L  »IM53gLmdL,  bOLOSMGOL  FMIMAZIM-BMOOGHM BTl
Bogmao, Mmool  ©osdgBHemol  8sB396909wo0,  50gdoBgds  LoTomergls.
39000090000  IMIMR35¢M-00dOGHYMm  RMGIoL  Bogmgzo  sbslomgdl
0993005050, GMIolb LoJsMEWOLs s OLTGEHMOL MsbsBsMEMdS - 41/5500-
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05 5 b0oBobsbl, HMIwol Lodsols s OsTgEHOOL MbOBIOOMBsS
42/56080. ©s656:PFgb0 %x08900 oMM IMIMGHYM BMEMIoL, bogmagdoom
baliosm©godos.

0565M0boL  Loggergzo x0dol  bogmazgdol  mGmysbmerg3@EHozm®o
Fobslosmgdgdol  v3gm  dgbfiagerol  dobbom, BRo@oMgdwo  odbs

©9379LG305 HBmdE0s6o LolEgdom. 8gwgagdds 5B3z96s, MM Lszzwgzs©
509090 439 X0dol bogmxzo boliosmgds, 3900 MmEmybmegdEozmo
05839690900 ©o gMmMTobgmologsb dbodzbgermm  oblbzegwd0sb.
L5509 F56EMObOL K0dOL FmOOL, Y3zgmabg dowowo Tgx3sligds (48
Jmas) doomm Gogmbo 3s19d. 47 Jaoo; dgxolis bohobsbo s 33m050s.
bo23056Mm X%08gdl mMmOL 439Dy Jowowo Jowoom (48) dgxuolis smdods.
0md3s 1 dmwoom  Bs0mz56MH©gds  Logmb@GHMmem  35M0sbEL
(FoODMGFMNE™M3560 vb30v)-49 Jyas. F9MHJd0m BIO Jeoo (45)
Fgxuobos  Lognmds  Jamongbgeobs,  GmIgeog bbgs ogdomo
130653 gbmdgd0m 2580MBI35 Lbgs % 08gd0Loysb.

530 5. 19330930 X08gdol bsgmgzols dBomdodom®o dsbsliosmgdergdo
5.1. Bagmgdo {iggbols 358mlisgeosbmds s 8553056mds

v0mdodow®mo  993s@qbermdol  dglifogerols doBbom, bBoymagdol
50905 bgdms Bb3s@olbgs 39M0m©do, 30650sb 33930l Mmdogd@o©
50900 x0dgdol Lodfoxzol 39Mm0mo, JMmTsbgmoliogsb dbodzbgwrm-
3650 9bLbb3zs390@0s. LosboeroBm 60dwdgdo 03M0x8gdM©s, I3gbsMol
mombogg dbO0L, Gmym®E 3s0xol dogs GHMEGId0b, b3y 39M0xng-

600 Bsffowosb.

3bcowo 8
056360b0b 155336930 % 08980l bagmgzols domgodor®o Tsbolinsmgdergdo
$i3gbols 33Bon®o GodOwmo | Brix | Bogs®dgogs
60330l 3°3mlisgmmo 0553980 0553056md5 % 0bgdlo
slsbygds 36035 % PH % %
(Bergwo/g)
1 2 3 4 5 6
BoBobsbo (Nichinan) 44.02 4.19 0.90 9.6 10.66
035530 (Iwasaki) 45.91 4.16 0.83 9.5 11.44
®3m3) (Ohtsu) 40.17 4.72 0.96 115 11.97
503035 (Aoshima) 41.95 4.64 1.09 10.2 10.50
B9mBo 3559 51.61 4.05 0.62 10.6 17.09
(Taguchi wase)
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1 2 3 4 5 6

8350085 4283 487 124 95 7.66
(Mukoiyama)
b53. 3e0smbgeobs 40.86 4.84 1.26 9.1 7.22
(Satsuma clauselina)
Lsgmb@BGmwm
B56®. 9630w 4254 415 0.90 10.7 11.88
(Unshiu)
®393e 3Ly (Okitsu 48.52 4.13 0.90 9.4 10.44
wase)

MMamOE  330930L 9909390006  Bsbl, Fsbsmobol Lsgzwrgzo
650993900 259m0Mbg3006 Togdo®Tzo35L 0bgduol dowso dshz969dwgd0m
©5 GHoGHOHMWo 055399008 B0 F99339MdOm, M3 FoblabL3zMI3L
05650060l bagmagzol bomolbl, dol boggdmgbm ™mM30lgdgdL. ymggwrogg qu
30 B39b80  [oMmBmgdmer  9mbogoml,  dolowgdl  bool  93dm3wwo
05BMHOLIMZOU.

5.2. Bagmxdo Bsbdomfigergdol Hsm@gbmdmogo ©s mgobmd®ogo
332030L 89eg39%0
8540900 30GHOMLMZBMs bogmazol blbswo, dgsto bogmogMgdgdols
doMm0mo0 899509690 3md3mbgb@Eos, LimMgo dogdmgdols 899:339wmds
360 30EOMLMZ56ms bogmgzdo Lo@dmb As6aLIBOZMgErO.

gb®oo 9
056036060l bszgzmggo x0dgdol bogmeaols §i39680 babdoGfyamgdols
8863wemds
6obdomfiyergdolb 899339wmds %
608¢80b @sLsbgEgds RONIEHMB A0 | LagsBeds Babdodfigangdols
x50
6oBobsbo (Nichinan) 1.75 1.95 423 7.93
0355530 (Iwasaki) 1,92 2.34 4.34 8.6
m30@ge) (Ohtsu) 2.46 2.9 486 10.22
&oa9Bo 39U (Taguchi wase) 2.18 2.66 4.82 9.66
0993020505 (Mukoiyama) 1.74 2.19 4.32 8.25
b26. eafbyerobs 1.72 2.04 3.98 7.74
(Satsuma clauselina)
503035 (Aoshima) 252 294 4.62 9.78
LogmbdHomwn
3o6m. «bJov) (Unshiu) 2.25 2.68 4.6 9.53
3037 35bg (Okitsu wase) 1.89 2.31 3.91 8.11
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Bobdomfyargdol Loghomm  GomEabmds x0dgdl dmMol  Ighygmdl
7.74%-5b 10.22% Tdm60ob. Lo33erg3 x0dgdL Mol yzgarsbg domowo
95h396909w0, ©sx30dboMs FobEsMmOb ™m3manbs (10.22%) ©s Goambo
39b9d0 (9.66%), bergrm y39wsbHg sdswo bogwds JesmBgwobsdo (7.74%)
5 boB0bs6d0 (7.93%). Bobdomfyargdol 8gsmgdom dsmaoco 363969090
0ygm Lo3mbGHOMEM 35605630303 («9680v1-9.53%, Mm30331-8.11%).

5.3. 396Mm@d0, Bes356M0gd0 s BE0MJloEBEHYGO
53B0OHMdS
056oM0bol  Lozzergy  x0d9ddo, dglfogerowo  0dbs  LagMom
1396mEgdol o  BEW356MmoEIdOL  MomEgbmdMmogo 8993339 ™Mds s
5039600 0dbs, Bsmo 9bEH0MJLoBEHMMO 59EGH0MOHMBdS. Lssbserobmo
5©0gdwo 356sMobols 608wdqddo, ggbmwmo bsgHmgdol 890339wMmds
J96ygmdl  707.130y/33—s6  1234.5603/33-0g (gb®. 10), ggbmegdol
Jowoo 9993390 ™Md0m 58m0MBg3zs Bv3mosds (1234.5609/3p) ©o Logwyds
3WomBgEobsl bogmao (1232.1539/3y), 90bodbmwo 30d3mbgb@EHo dgwatyg-
000 BIW0S - BHoanhol 3oLgL (707.1309/33), 035b530L (774.8009/33) o
Bohobsbol (809.1209/32) bogmazol §39680. Logmb@EHMmenm 3560563 9dd0
1396mE©Ho BogMmgdol Mom@gbmds dgMmygmdl 1032.528y/3%-©6 (m303v
39b9) 1060.530/33-0009 (BoOOMBMNEM3560 MBI0vw)). 00040l Lsgmbd)-
el 00g6GMMm0s smdodsl (1119.273y/33) ©s m3manl (1049.12.523y/33)
X00900.
gbMoero 10

Lbgogslibgs xodol 356es®mobols §j3960L LsgMamm ggbmergdols,
RE30m6m0Egdol Gomgbmd®Mogzo d73(339wmds ©s 3s0o0
5b6G0mgloBEHMMO 5JBHoIMHMds

bsgBom ggbmem®o }Es306mogdo 6@ omglosbEm®o
6s9®Hogdo gogrol 39L396006%by 3d@omemds DPPH
%0Bols 07535%9 390055635603gd00m, ©500035¢00ols 50%-
@slssbgangds 3500556996M00900m0y/ |  dy/3p (Bgom Bslsby 0560 063003063300
33 (6o dsLsby 39005565608gd0m) 99 600189
3500556350039d0m) 25005569500839800
1 2 3 4
6oBobsbo 809.12 712.93 85.62
(Nichinan)
039530 774.80 731.45 80.75
(Iwasaki)
Gs3mbo gslg 707.13 589.54 87.71
(Taguchi wase)
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1 2 3 4
b3, 1232.15 933.12 50.4
3wsgbyobs
(Satsuma
Clauselina)
013005095 1234.56 949.61 43,18
(Mukoyama)
®3myy (Ohotsu) 1049.12 805.07 59.12
508005 1119.27 913.16 55,40
(Aoshima)
LogmbdOHmmwn
®303Y) 3L9 1032.52 817.2 79.8
(Okitsu wase)
BSOO. 1bdow 1060.53 860.17 62.13
(Unshiu)

056oM0bol Lo3zwrgg x0dgddo, dgbsdhRbyzo (335¢gdoEMdL 6@ 0-
mdbosbGHWMOO  odBHoMEOMdS,  MMIJOE  JMOIWSE0530s  BgbMmEo
BogMogdol 89933900 dLb.

0530 6. 1533930 X0doL LadgmMBEgm Asbsliosmgdergdo
6.1. 9mlisge0sbmds
Lodorm39wmlb  3930GHGHMLYMdsdo  sOLYdIWE  3OMdEYIFRL BmEOL,
geo-ghmo  360836gcmgzsbo  30GHOWLIdIOL  @odogo  LoadgdGHotm
9oz 0obmds s 5MLEBIMEHMEo
Bogmagzol  Fomoo  253mbogE0sbmdss,
G0Igoi 80osbo Homgbmdol 1/3
9950099bU.
0mbg30sbmds  ggoligds  ghom
39J&o6 RFoOOMODBY,  I39bsIgms
©5mgbmdoLY s 3MMEYYIEH0EMdOL
dobgzom. dbg39wmdsdo doLowgdos
d3gbool  sbogo, 9o 39dBHoM
GoOmmdbg  I3gbsdgms  Momgbmds,
9396560l BOOL boliosmo (bogows ¢y
0500 dboM0) o 5.0.

TH saf A
& 4 |

L. 3. Asbstobo @sgumbo
3319 (Taguchi wase)
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gbMoo 11
03560oM0b0L 155331930 X03900L ImbsgErosbmds (2020-2022¢§-30)

2020 fgero 2021 §gemo 2022 oo
¢ | 3 o ¥ |3 g |z
eubieg | SF S | BE o8 S | B%| 583 | B
53|35 |35 5335 3y 535 |3
:{év c 3 ¢ Ev c > éo ‘Ev c 3 éo
i)
£ €| Z€ 8| §|% [£]| E
60BoB6
OPOBDO 215 | 17 | 14 | 482 | 38 | 32 | 507 | 40 33
(Nichinani)
035L530
(Iwasaki) 317 | 25 | 21 | 528 | 42 35 549 | 45 37
O5329Bo 33bg
(Taguchi Wase) 190 | 15 | 12 | 380 | 30 25 406 | 32 26
bsGs.
JEsegfgE0bs 325 | 25 | 21 | 533 | 42 26 558 | 45 28
(Sat. Clauselina)
0993020595
(Miakoyama) 152 | 12 | 10 | 253 | 20 17 317 | 25 20
s0800> 301 |25 | 21 | 517 | 2 | 35 | 552 | 45 37
(Aoshima)
®30ggy (Ohotst) | 50 | 18 | 15 | 406 | 32 27 444 | 35 29
LogmbBOHoawn
03062 35U
(Okitsu Wase) 253 | 20 15 520 41 29 571 | 45 | 32
RO,
BOm.29630 279 | 22 18 501 40 33 530 | 45 | 37
(Unshiu)

33w930L 99009399006 (b®.11) BsbL, M™A 3 Herosbo s3zz0M3z9d0lL
8900099, Y39woBg ©ds0 FMsg0sbmds asgoduio®s 2020 Fawl, Gos
3odmfiggmeo ogm 2019-2020 fergdolb 935300 bodmGom. dowbgsgs©
00d0bs, HMI EOMMESE FobbmM309w©s 65339030 yobzgdologsh sggzomo
0mbolidogdgd0, 33gbatgoms MIgEglo bofowo 2-3 dswroom 85063 sB0sbs,
000Jdol gggs 93gbstgby Bsdm(3303s BMmEgdo, bmyogho xoddo
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9O0fosbo bsBoM©gdoi3 30 3o0g4obs, Gz 9339mMo s0lsbs 55 BoMGHMm
2021 Heools, 56159900 2022 Ferol Imbisgsebys.

1533930 X00900, gOMO S 03039 SBO30L 60D s 0IbGHME
29099 306Md9dd0 00YmBqd0sb, Foa®od FmbogEr0sbmds x0dgdL Fmeob,
bogdom@  aoblbgsgadm@os, Mo3g doMOMOEOIE  X0AOL  BOMEMYO0MO
05309090 V0m  5MHOL  2oB30MHMBFIMWO.  s©bsbodBsgz0, olog G™A
9003 00bMdsBY, 2ogegbol sbgbl Lbgs godBHmMgdog. Imbogeosbmdols
dbgzmog, 39630 dmbogowo o0dbs BogdMEo Mm35M0L Xamzol Lsagzosbm
X0390803 (508005, Mm3mEy), 3wombgEobs), obobo Bmbsgwosbmdom 56
Bo0Mm3060q0056 LOZMBEHOHMWM FoOOMBMMEMZ56 »bTorml. dobotobo
530dol Ibog0sbmds 50983 gdMms LoMBEHMMEW® 356M06BL (/bdow),
Lo@lbwds 3aorbgeobs 30 Fmbogwosbmdom MEHMm©Yds Lo3MbEHGME ML,
bomn m3mEe) 0ombgoegs 0dobs, MM Lamzgmgbm bsGolbol boymal
009395, 3mbs3056Md0m BsdMmY356M90s Ls3mbEmMmem xodl.

15330093 X0090%Dg, Bodo®madmemds 3306039050  sB3zgbs, OMT
Bob33900lL  Bodmi39bs 439Dy OO  MmIMEIbMdom, 500b0dbgdM©
0360L0b 9995 GoEbggddo. Lodfeosbo ©s3306M3980L 89wYRJdTs 5h39bs, M™MI
Loo®gm (bogos) x0dgdol MIMsgeglicmds (035530, Bohobsbo, Eopmho
39b9), 2959Mm0MB3056 Foeswo Lo3gdGHoMm FmbogEosbmdom. Moz Tggbgds
1533006 x009dL  LogmbEHMMEMLMD  (FosOnmzmmwmgzsb  «bdow),
900560090580 256153900 9dYs T9odEgds 4odMmOBIMo 0gbsl La@lwyds
3o bgeobs, Gmdgmwog 9®s  dbmErmE  ImbgzEr0sbmdom, 3gmaLos
05605006 BoMPMIBMMHEM3zs0  bJonby, M8 ToLmb  FgsMgdom
299m0Mbg3s LBbzs Hoyo M30MsEqlmdgdom (bogmxaol ggMo, Bmds, 3gbol
299mb3w056Mds s Lb3Zs), Imboge0sbmdoom 56 BsdmmzsMgds 5m80dss.

6.2. 4obg35958dangmds

3OGO®NLYdOL  HoMIMmgdolomgol, oo  860d3bgarmds  5g3L
g4ob3o59derg  939bs6qd0lL  998myzsb65L,  MOLMZOLYE  SMEOW YO0
bgargdzowm®  3OmEgbgddo  yobgoasddwg  x0dgdol  Bsdmgs. dmbgdMog
3060mdqdd0,  g4obgzqdologob  @sB0sbgdol  bsGolbol  Fqloggsligdars,
Logmangdgom B6s33900bg dmbodmMmobyo doGomss bmMEogegdms
239Bogbmanbg, 93gbotgms  godmBsdmMmgdol s bBMEOL  gobobegdols
(L53939G°300 39M0MEOL) sFYgool 3999y s JMIJEEIOMES Fgmg Lo-
39390530  3960mEOoL  EILOMEYdBEY.  YobgzoLogsb  sB0sBIdOL
bo®obbol  LsdmeErmm  Fgxolgdsl, 3sbgbom 8sdob, Gmas 9Egbsdob

©5H056900L J99ga0 LOWLE 0gm odmgzwgbowo.
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899835Lgd0LOL Q935 oLHobIdMo 0dbs, sGs TbmErmE gMMYMo
9396569900l oB0sbgdoL  botolbo,  sMedg  bs3z3g9mol  LagBom
90T gmds o 9;3965Mm0L bbgoaolbgs mMmasbmgdol (Bmommo, sbow-
2906 65BsMI©Yd0,  JoM0mMOI©O  BHMGHIO0)  ©IB0sBYdOL  boMolbo,
OmIgog  290m0obsbgdmEs  3MMm3gb3JdTdo.  ©sH0sbgdol  Lodmemm
395350905 bgdMmEs brymdswosbo d35¢ol dobgom (3b®M.12)

Lodo@m3zgemb  bmd@G®H™M303mer  Dmbsdo s asblsgMmmMgdom
0356580 2019 ferol bmgddgm-939d0960, godmombgm@s Logzdsm@ 0MdOEO
©5 bm@Gom 530bgdom, Msds3 9bs30MHMds F3gbstrggdol s30569300m
23905L3Ws BdMOL Fmbzxbgdol IEyMIoMmgMdsdo. 3ol ogds@s obogs,
Mmd 2019 Hgeb domowro ogm dmbogeosbmds, sdo@mdsi BmmEgdol doge
fo00mgddboo LsdsGogm 133900 503M0gMHJd9d0 FNE0sBIE IObIGIKS
Bogmazol gm®mIoMGOsDY. 3939G9GOMO MmMRBMYdTs, 396 Fmsbfitgl bsdo-
MoLsm30L IMIBHIds s 839bsMg 305690000 Fosz0s BmMbzgbgdols
9yMdsMgmdsdo, 853 86003bgarmgsbo 2s3agbs odmbos ©sBosbgdol
bo®obbby.

gbeoo 12
056036060l sggzmgzo x0dgdol gobgolsysb sBosbgdol bsGolbo
2020 Hgemo
X080 ©5BosbBgdmmo ©5B0sbgdwo ©5DosBgdmo LagHoM
BNOIGO0 9omfierosbo d06M00SEO ©5b0sbgds
% geoaddgdo % AmEd0 % (do¢r0)
60B0bs6o 100 9oomferosbo 0 3
(Nichinan) gam®Edo
035b530 100 9mM9 3989G5300L 0 2
(Iwasaki) gam®Egdo
3,3y 80 3969 3989G°300L 0 1
(Ohotsu) §396mb bsfoemo
5080ds 70 39m69 39393>300L 0 1
(Aoshima) §396mb bsfoemo
AspmBo 90 39m69 39393>300L 0 2
(Taguchi) gam®Ggdo
093505085 100 39m69 39393>300L 0 2
(Mukoyama) gam®@gdo
bsgm0s 80 39m69 39893>300L 0 1
357 Bgewobs §396mL bsfowwo
(Sats. Clauselina)
bogmbdOHmmn
RoOm. vb3ovy 60 39m69 398935300L 0 1
(Unshiu) §396mb bsfoo
03039 3315 100 9eofieosbo 0 3
(Okitsu Wase) gam®E9do
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2020 farol 0gdgMzwol mggdo bs33wg3 bs339mby onoJloMs
30bmL 12°C 35839G9@vMs, 099i3s ©IB0sBIdOL baMolbo 56 oym Joswoqro.
053306039000 §398 gm0 x0d900@b (3 B3om) BB goLIL X MRl
Bogows x0dg00 (Bohobsbo, @ogmbo 3og) s Fgbodsdolo, LogzmbEmmeEm
395605630-m3034 35L9. 50bodbmw %0903, sH0BES FGmmEgdol 100%
5 9000560 BsboMgdo. d9s6gd0m Bozwgds (1 dowro) sHosbs
Logdsly xama30L 856sM0bols x0dgdo (Logmds 3esvBgEobs, smdods s
m3m3v),  9gLodsdols  Bo3wgds©  oHosbEs  Ls3MBEB®ME™  xodo
(BoOHDMAMNEw™3560 MbIovy).

6. 3. 3536909¢ - ©55335¢09dgdOL FoTsM gsddegmds
33930l 3gMomedo  (2020-2022(F),  9536909-0553500909d0L
9005600 258d@gmdol dgbfiagarol doBbom, dsmwdols dmms Grmlmsggerols
Lobgedfogm  1bogzgMlodgBol  Bo@GM3smMmEmyools s  d0mIMms35-
©WxggmH 36900l 0bLEBHOGHEOL 139309 oLEBHIPME JOmsE, L3939BEOM
39600m©olL  gobdsgwmdsdo  GHoMmIdIM©s  BoGMLIboGIOHWwo  dmbod-
mMobyo, MMIol  Jgogye  F9bsM0bol  Momddol  gzgws  xodol
BoM5390%g,  890b0dbgdMm©s  BsM0sBYdO,  3OMRBIMO6gd0,  dMAMYdO,
30306mdggd0, BOMMNINMYD0, 3306900, sHOMMHO BoMMbLbs, M-
003 HHbom sD0sbgd9b d3965M0L Yyerm®EGHadlL, BmmEgdl, boymaygdl s
bbgs mG9bmgdL. Bsdmmzwowmsgsb 35bls390Mgdwo Bosbols 8mdEsboy,
hmfbogo 953690 gd0 (BoM0563d0 o FMWBM0sDIO0), GMIWIdOE B30
39096 9B, Bo30smE 5B0sbgdY6 I(39bMgL. 39MdMm, 0fj393L BOHOL
396900905, gem®EHJOOoLs O BMMEGIOL EIBMOT5305L, dbogEol Mom-
©gbmdM03 o HoMOLbMdMOZ Fgd30MmgdsL s bdoMo F3gbsol oww3-
3obog 30. 2020 Harol gobzgdds bgwo dgnmfigm, 0635B0mm 3OHMI0gmMSL
M0 Lobgmdol (Aleurocanthus sp. o Aleurothrixus sp.) 3m3weogool
890306M90sL, MHMIgos dmerm Hergdol Asb3s3¢MdId0 FoOmMME 4530 39-
WS 30GHOHMLMZDM 3¢sbEo30gddo.
gb®oo 13
2020-20226% 5(03) sg®emlig®zolgb@®ob bszmemgdgom 6s3390by
©5530gb06GYdo dogbgdangdo

GOGOMLMZsbms 3s369de0gdo 2020 . | 2021%. | 2022f.
1 2 3 4
1J300LgdGMO (3Rs0056s (Planococcus Citri) + + +
33030LgdGMO Boc0sbs (Lepidosaphes Beckii) - + +
Bo60bx 356000 Y30m9e0 BoM0sbs (Aonidiella citrina Goq) + + +
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1 2 3 4

90bs30b839MH0 Bs®0s6s (Chrysomphalus Dietyospermi) - - +
05005 303500565 (Choropalvinaria Aurantii) - - +
23LGMOWONMO  MMJO0s60 (3OReM0sbs (Icerya purchasi - - -
Mask)

BobMo (33000LgdMO (3MRsM0sbs (Ceroplastes sinensis - + -
Del Guer)

053mbwM0 BHoMobgd®O 35M0s6s (Lopholeucaspis japonica); - - -
00 30500565 (Coccus hesperidum L.) + - -
39603baolgg®o 33035 (Phyllocoptruta  aleivorus Ashm.) + + +
fomgaro dgfig0560 33035 (Panonychus citri - + +
3oGMMLbMZsbms  BOMIMgm®s (Dialeurodes citri Rileyet + + -
How).

Fo¢obgdMo Bmomgom®sl (Aleurothrixus Floc.cosus). + + +
930560 OGS (Aleurocanthus Shinifeerus) + + -
Bo0byx mz0600 daco (Toxoptera aurantii) + + +
05306960 F0Fobmdgems (Ricania japonica) + + +
D00 BsGMLbs (Halyomorpha halys) + + -

2021 Hgeob Bo@o®mgdero dmbo@mMobaol 89wgasm, Lsgmergdsom
6533900y 95369890l GmMol 03039 bobgmdgdo sxoJuloMEs, Moz 2020
Pob. omdgs fobs Pgwrosb dgsmgdom dzoMy Gsmgbmdoo (10%)
33H3090M©s (30GHOMLMZBMs BOMsMgmE™s (Aleurothrixus flo ccosus) o
sBoMMo  GoMmbsbs (Halyomorpha halys). 2022 fgaol  Bo@oMgdoyemo
dmbo@m®mobyol 8909250, Y39wsbg Fo®owo 493M39wgdom (80%) s 496-
30056Mgd0L  Joogro  0bFGHPLoWGMdom  (70%) @go8mgzgeobs  Lodsgol
2450mdf3930 (Capnodium spp) s Jgagob 309mdf3g30 Lmzm (Elsinoe fawsetii
Spaceloma spp), ®®3gEms 353039 gds 89500396 40%-b, bmeom 4963-
00Ol 0bEHIBLOYOHMDS 50%-.

0530 7. 856050060l Ls3zeg30 %0T7d0L S53MMBOMEMYOMMO S
L539MEBIM EIBLBOSMNGdS

039530 (Iwasaki) 3o9myzsbowos 053mbosdo 1994 §ganl, dsbs®ob-
kitsu Satsuma-as56 3mbmeo  bgegdgool gbom. Lsdwswmo  IboGEo
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Bobgz®o bogows x0d0s, sboloomgdl mbgs dgnmmemowo, 3md3sddv-
Mo 99300, ImIMHazsm  350%0. GMGJd0  J3gdmm  sbGowo. 13
fosbo  93gbotol Lodswerg — 2.70 3-0s, LsdoMol OsdgGHMo-107 3a,
L5659gqbol — 99 83. FmmMmEo F0{OM-M35MMHO, BnmErol Log®dg -10.2
19, Loasby - 4,7 1O. ymbfo aMdgwo (1.8 1), BO™s Fofitrm, mbsg dqLsd-
Bbg30. Bgs dbstg dmdo Y3569 KgMOL, BHYsz30L9dIMHO, 305w, J39W
- oo 943569, yz9300 gMmgMwo, 43060330606 BWOEgEo -5. 3BHZM0sbs
dMogowo  (14-22), LsdBHzmg doggdo 2-3 gMomo@ dgbOoo, Lsd@zmg
3563900 430m90 g9gMob, LGHIHOWMO.

¥

L. 4. Asbadobo ogsbisgo (Iwasaki)

Bogmagzo  dbbgowo, gMmo bogmaol  Lodwowm  fmbs 90-95 6.
bodsmeng -42 89, ©osdg@®o 61 83. 3sbo Lodwmsgm Loligol, gzomgero
3YOOL, 530S  LEOWPEIdS  MOOEEMAL. MdOWMdO dMJo  Yz30mYo
13960, 1gadgbdo — 11, sE30Ws© bEowrEgds GOMMABINL, Mbgfhgbosbo,
3900 - 8m35o3m-00m@30m, ogberm. 3960l godmbiogerosbmds - 44.02%,
Bobdomfyargdol Loghmm Mom@bmds - 8.6%, Go@®mwwo 8753056mds -
0.83%, Bogo60s035L 0bgduo - 11.44%. 13 fiewosbo 93gbstg odenggs 4539,

035L530, 9600l xaMgol  Lbbgs  x0dgo0oLogsb  godmo®mBggs
50M90f0x8I©Mdom, 35M0 Lobodmberm bsbom, dgbsbgolrbsmosbmdoms
©5  BHMBLEIMOGDIwMdom.  B3z9bL  30MMdgdTo  Lodhoxgl  offygdl
L9dBgdMoL I 96 II 93900 s Mg gds Brmgdd®msdy. gu3sbgomdo
Lbodfoggdo Fgol bydEnddgHdo, dgduozsdo - saz0LGHMTo. ob@EHMmovyso-
M90wos gi3sbgmosb 2011 Fgamb. dg@sboeos 30G®MLgdoL dbmgwom
39Gowmydo.

6oBobsbo (Nichinan) (jo60mopgbl m35G0L xamxaol dsbs®obol
3300@M@ IMGEosL. 93gbsty Lsdmowme IHBsMo, bobgz®o bogows
Xx0005. 13 §erosbo 93gbs®ol Lodowerg — 2,53, Lsdo®ol osdgEmo-115 43,
Lobsdggbol — 104 83. 3sGrxo  306500MO, MHZO©  FIBMOEOWO,
300353960, GHm@goo bgdmm dodsGrowo, IMbemsdmn®olgdo dmawy,
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93, BMMEo  Lsdmsmmm  HBmdol, boa®mdg - 11.1 LI, Loysby 4.6 1D,
gmbfo 9Mdgwo (1,5 bd). bogmago bsdmowm Bmdob (6546M), FmIMmY3oEm-
dmdOGHYM, bodswrg -4280, osdgEemo 56 3d. i3gOm - bLrb@o BsHbgdo-
wo, ®wdg -  mIMa35gdo.  3bo 3503505  dmyz000m—
BoMobxobggMo, guwgzo, mbywo, 5©30Ws©  LEOWEIds  MHBIOEWMAL.
Md0wmdo  bgfizbosbo, bgadgb@Go - 10-11, sbsdo®o bmdol, wgdbydol
0330  obgwo.  §3gbo  Lobosdmzbm, sMMIsGHIao, TG JOM-0mTgo3m
3990b0, Lssg 39MmIMBosEss IgbgqdveEo dodoMo s 87535. §3gbol
290mb3w056mds - 44.02%, bsbJoMfigwgdol Loghmm Mom@gbmds - 7.93%,
AOGOWOo 35530060ds - 0.90%, Godo®zgo35L 0bgdlo - 10.66%.

¢ \,‘ -~
n)

V B‘gﬁ). 5. 8.55@‘;(?;050 BoBobaGo (Nichina:

X030 24500m060Bg35 SMmIMEMdom, MH3f3bosbmdom, Mgymwsmmwo
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General description of work

Relevance of the topic. Despite the challenges faced by citriculture in
Georgia, mandarin oranges remain one of the primary agricultural exports,
contributing significantly to the nation's annual revenue.

The majority of the land allocated for citrus cultivation (92%) is
dedicated to mandarin oranges, establishing them as one of Georgia's leading
agricultural export products. According to FAOSTAT data from 2016, Georgia
is ranked 30th among the 73 Mandarin-producing countries globally in terms
of production volume.

The citrus industry in Georgia was significantly weakened during the
1990s due to the country's challenging political and socio-economic landscape,
compounded by the loss of key export markets.

In recent years, the revival of citrus production has been facilitated by
initiatives undertaken by the Ministry of Agriculture of Adjara. In 2011,
mandarin varieties were imported from various countries and planted at the
(NNLE) Adjara Agro-Service Center's Citrus Demonstration Farm in Chakvi.

The study of the agro-biological and agricultural characteristics of these
mandarin varieties, to identify the most promising early-maturing cultivars and
develop recommendations for their commercial introduction, is both essential
and timely. This process requires comprehensive research.

Aim and Objectives of the Research. The regions of Georgia where
subtropical crops are cultivated are characterized by a rather cold climate.
Therefore, the correct selection and cultivation of agricultural crop varieties are
crucial. This process should be based on the study and analysis of the agro-
biological and economic characteristics of the varieties. Additionally, in
orchards planted a century ago, particularly with mandarin trees, biological
aging necessitates constant renewal. Consequently, new mandarin plantations
with varieties that are early-ripening, highly productive, and resistant to pests
and diseases must be cultivated.

The following tasks have been established for the implementation of this
research:

e The study of Mandarin research varieties, including the phenological
phases and the main features of growth and development.

e The analysis of the pomological and technical characteristics of the
fruit.

e The examination of the biochemical characteristics of the fruit,
including acidity, sugar content, phenolic compounds, and antioxidant
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activity.

e The evaluation of the economic characteristics of varieties, such as
yield and maturity phases.

e The assessment of resistance to frost and harmful diseases.

e The identification of promising varieties from the studied varieties and
the development of recommendations for their introduction into
production.

Scientific Novelty. The scientific novelty of this work lies in the
development of agrotechnics for introduced early-ripening mandarin varieties,
a first in the practice of mandarin cultivation. To enhance productivity and
regenerative ability, the morphogenesis, agro-biological, and economic
characteristics of these trees were studied. Based on these studies, the most
promising varieties were selected, and specific recommendations were
developed.

Furthermore, this research integrates organizational and economic
measures within the framework of intensive technology. These measures
address fundamental issues in the organization and management of the field,
aiming to improve efficiency and effectiveness.

Theoretical and Practical Importance. The research conducted holds
both scientific and practical significance. The conclusions and
recommendations derived from this study will be applied in the cultivation of
early mandarin varieties. The results obtained will significantly contribute to
the restoration of old mandarin orchards in Georgia, improve the economic
conditions of farmers, and advance the citrus industry.

In the restoration process of citrus plantations, the inclusion of selected
early mandarin varieties will extend the storage period of mandarin fruits.
Furthermore, the developed recommendations regarding these mandarin
varieties will facilitate the practical implementation of the targeted program of
the Ministry of Agriculture of Georgia.

The selected varieties will enable the establishment of mother
plantations, providing elite planting material. Additionally, these varieties will
be incorporated into the citrus gene pool of collection plots at scientific
research institutions. These collection plots will serve as invaluable resources
for agricultural and biology students conducting bachelor’s and master’s theses.

Publication of Research Findings. The findings of the PhD Thesis were
presented and discussed at meetings of the Subtropical Crops Department,
Faculty of Agriculture, Akaki Tsereteli State University, from 2021 to 2023.
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The dissertation's core materials have been presented and validated at both
local and international conferences. Five scientific publications have been
published based on the research.

Structure of the PhD Thesis. The dissertation comprises 157 printed
pages, organized into 8 chapters and 21 sub-chapters. It adheres to the
formatting guidelines for doctoral dissertations. The content includes an
Introduction, a Literature Review, an Experimental Section, Conclusions,
Recommendations, and a Bibliography, which encompasses 161 references in
both Georgian and foreign languages. The dissertation is illustrated with 23
tables, 11 diagrams, and 28 Figures.

Chapter I. Literature Review

The first chapter of the dissertation explores the history of citrus origin,
its introduction, and subsequent spread in Georgia. It delves into the
agricultural and nutritional significance of «citrus fruits, providing a
comprehensive analysis of the botanical and morphological characteristics of
mandarin oranges, including their diverse cultivars. Furthermore, the chapter
examines the current state of the Georgian citrus industry and outlines
potential prospects for its development.

Citrus fruits, known for their pleasant taste, aroma, and medicinal-
dietary properties, have always attracted attention and interest, particularly
after their health benefits became widely recognized. Initially considered
exotic in many countries, citrus fruits have now become an essential part of the
diet due to their unique properties, providing essential vitamins and
microelements. This is especially true in countries with cold climates.

The popularity of citrus fruits can be attributed to their rich content of
organic acids, carbohydrates, mineral salts, vitamins (C, A, PP, B), phenolic
compounds, and other beneficial substances. Although many fruits contain
vitamins, vitamin C is particularly stable in citrus fruits, remaining intact even
after storage, unlike in most other fruits and vegetables. Citrus fruits are
notably distinguished by their content of anti-aging vitamins; for example, 100
grams of lemon juice contains up to 60 mg% of ascorbic acid, with the
concentration in the peel being 3-4 times higher than in the pulp.

Chapter 2. Materials and Methods

The research focused on the following mandarin cultivars (Table 1),
which were introduced from various countries (Spain, Turkey, China, and
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Japan) in 2011 under the initiative of the Adjara Ministry of Agriculture (Table
1).

The research cultivars, with their distinct maturity phases and other
agrobiological features, differ from the broad-leaved Unshiu (Unshiu)
commonly cultivated in industrial plantations. Therefore, broad-leaved Unshiu
was used as a control for comparison, alongside Okitsu wase (Okitsu wase). The
research was conducted from 2020 to 2023.

Table 1
Mandarin Varieties Introduced for Research in 2011
. . Origin Introduction Location
Variety Name Origin Location Year and Year
| Iwasaki || Unshiu bud mutation || Japan, 1994 || Spain - 2011 |
| Nichinan || Satsuma bud variation || Japan || China, Japan - 2011 |
| Mukoyama || Unshiu bud mutation || Japan || Japan - 2011 |
| Taguchi || Unshiu bud mutation || Japan || Japan - 2011 |
| Clausellina || Owari bud variation || Spain, 1962 || Spain - 2011 |
| Ohotsu || Satsuma bud variation || Japan, 1994 || Japan - 2011 |
| Aoshima || Owari bud variation || Japan, 1950 || Japan - 2011 |
| Control |
. Miyagawa nucellar seedling Japan - 1972,
Okitsu wase crossed with a trifoliate Japan, 1940 Turkey - 2011
Brojg;fiived Unshiu bud mutation Georgia, 1929 Japan - 1927

Before commencing work, an agrochemical analysis of the soil was
conducted. This analysis was performed at the Laboratory Research Center of
the Adjara Ministry of Agriculture (Table 2).

Table 2
Agrochemical Indicators of the Soil of the Study Area
PH Excha | Mobile Forms_ mg/100g
Tot | Tota nge of Soil
. Total | Total .
Samplin | al 1 Capaci
. Phosp | Potas
gDepth | Hu | Nitr . ty )
horus | sium @
(cm) mus | ogen %) %) (mg/10 %
(0/0) (0/0) © © KCl H20 Og _e Z. P20s K20
soil) f
10-30 42 | 0.16 0.22 0.34 5.9 6.2 14.2 8.4 215 26.5
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Table 2 indicates that the humus content of the soil is within the average
range for this region. The soil exhibits a slightly acidic reaction. While mobile
phosphorus and exchangeable potassium levels are considered average,
hydrolyzable and mobile nitrogen levels are found to be low. Despite the
nitrogen content being within the typical range, periodic application of
nitrogen fertilizers remains essential. It is also important to note that red soils
generally exhibit low concentrations of micronutrients.

According to the thesis plan, the research involved both field and
laboratory work. Field activities included land cultivation and plant care,
conducted in strict adherence to agricultural practices. Laboratory work
involved the analysis of fruit morphology, pomology, organoleptic properties,
technical characteristics, and biochemical traits.

Biochemical studies were performed at the West Georgia Regional
Chromatography Center of Batumi Shota Rustaveli State University. Other
laboratory work was carried out at the Institute of Phytopathology and
Biodiversity of Batumi Shota Rustaveli State University.

Experimental Part
Chapter 3. Phenological Phases and Growth and Development
Characteristics of the Studied Mandarin Varieties
3.1. Phenological Phases

Phenological observations conducted at the Chakvi Citrus
Demonstration Farm revealed that nearly all mandarin cultivars exhibited two
distinct growth periods during the vegetative season. A third growth wave was
observed only in a few varieties (Nichinan, Iwasaki) and only on a limited
number of branches. The duration and progression of the vegetative and
dormant periods varied among different mandarin cultivars. The vegetative and
dormant periods of the Nagala varieties within the Wase group were observed
to coincide with the control, Okitsu Wase. Conversely, the periods of the Ovari
group cultivars coincided with the control, the broad-leaved Unshiu.

Regarding the onset of the first vegetative period, a significant difference
was observed between the experimental and control varieties. Data revealed
that none of the mandarin varieties exhibited the commencement of the first
vegetative period earlier than the third decade of March (early period), while
the late period coincided with the third decade of April.

The duration of the first vegetative period fluctuated considerably
among the varieties, ranging from 48 to 66 days. The shortest vegetative period
was observed in the Wase-type Nagala varieties (Taguchi Wase, Nichinan,
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Iwasaki, Mukoyama), while the Owari group mandarin varieties (Aoshima,
Ohotsu, Satsuma Clausellina) demonstrated an extended vegetative period.

The control variety, the broad-leaved Unshiu mandarin, initiated
growth in the second decade of April and concluded in the first decade of
October. The onset and conclusion of the second growth wave, along with its
duration, varied significantly.

Phenological observations revealed that the formation and
differentiation of floral buds in citrus trees occur primarily on the current
year's spring growth, with occasional instances on previous years' growth. As
illustrated in Table 3, the budding and flowering of the investigated mandarin
varieties proceeded concurrently with the vegetative cycle.

Table 3
Flowering Periods of the Studied Mandarin Varieties (2020-2022)
Varieties Budding Flowering
Start End Start End
Iwasaki 1st decade of 2nd decade of 3rd decade of 1st decade of
April* May April June
Nichinan 1st decade of 1st decade of 2nd decade of 3rd decade of
April May April May
Taguchi wase 1st decade of | 2nd decade of 3rd decade of 2nd decade
April May April of June
Satsuma clauselina 2nd decade of | 3rd decade of 1st decade of 2nd decade
April May May of June
Mukoiyama 2nd decade of | 3rd decade of 1st decade of 2nd decade
April May May of June
Aoshima 2nd decade of 3rd decade of 1st decade of 2nd decade
April May May of June
Ohtsu 2nd decade of 3rd decade of 1st decade of 2nd decade
April May May of June
Control
Broad-leaved 2nd decade of | 3rd decade of 1st decade of 2nd decade
Unshiu April May May of June
Okitsu wase 1st decade of 2nd decade of 3rd decade of 2nd decade
April May April of June

Note: *“Decades-the table uses the concept of "decades" (periods of ten days) to specify
the timing of events within each month

As evident from the data presented in Table 3, the period of budding
varied considerably among the individual varieties. The earliest onset of
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budding was observed in the third ten-day period of March, while the latest
onset occurred in the second ten-day period of April.

The early-maturing varieties belonging to the Wase group (Nichinan,
Taguchi Wase, Iwasaki) initiated budding in the first ten-day period of April,
whereas the Owari group mandarin varieties entered this phase in the second
ten-day period of April. The range of variation in the onset of budding among
these varieties spanned 10 to 15 days.

Phenological observations revealed that the varieties belonging to the Wase
(Nagala) group exhibited a relatively short growth and development period,
concluding their vegetative cycle earlier and entering dormancy sooner. This
indicates their early maturity and frost resistance.

For the varieties included in the Owari (Satsuma) group, the progression and
duration of their growth and development phases mirrored those of the broad-
leaved Unshiu mandarin. However, these varieties demonstrated superior
characteristics in terms of certain other agronomic traits.

3.2. Fruit Maturation Stages
When determining the maturation stages of the investigated varieties,
mandarins, compared to other citrus species, exhibit a shorter vegetative period
and, consequently, enter the maturation phase earlier.

Table 4
Maturity Stages of Studied Mandarin Cultivars (Data from 2020-2022)
Maturity Stages
- 2020 2021 2022
arieties Early Full Maturi Early Full Early Full
Maturity Y | Maturity | Maturity | Maturity | Maturity
1 2 3 4 5 6 7
III Decade of I Decade of I Decade II Decade II Decade IIT Decade of
Iwasaki August September of of of September
September | September | September
II Decade of III Decade of II Decade III Decade | III Decade I Decade of
Mukoyama October October of October | of October | of October November
III Decade of I Decade of I Decade II Decade II Decade III Decade of
Nichinani August September of of of September
September | September | September
II Decade of III Decade of III Decade I Decade III Decade I Decade of
Taguchi wase September September of of October of October
September September
I Decade of II Decade of I Decade II Decade II Decade III Decade of
Sat.Clauselina November November of of of November
November | November | November
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1 2 3 4 5 6 7
I Decade of II Decade of I Decade II Decade II Decade IIT Decade of
Aoshima November November of of of November
November | November | November
I Decade of II Decade of I Decade II Decade II Decade IIT Decade of
Ohotsu November November of of of November
November | November | November
CONTROL
) I Decade of 1T Decade of I Decade II Decade I Decade 11T Decade of
‘Wide-leaved
Unshiu November November of of of November
November | November | November
III Decade of I Decade of I Decade II Decade II Decade IIT Decade of
Okitsu Wase September October of October | of October | of October October

Three years of observations on fruit maturation periods demonstrated
significant differences in the maturation phases among the various mandarin
varieties.

For some mandarin varieties (Nichinan, Iwasaki), the onset of
maturation (technical maturity) was observed in the third ten-day period of
August, with consumer (biological) maturity reached in the first ten-day period
of September. Other varieties (Taguchi Wase) entered the maturation phase in
the second ten-day period of September, achieving consumer maturity in the
third ten-day period of September. The late-maturing varieties (Aoshima,
Ohotsu, Satsuma Clausellina) began their maturation phase concurrently with
the control variety, Unshiu mandarin, in the first ten-day period of November.
The early maturity of Nagala (Wase group) varieties is attributed to their rapid
progression through growth phenological phases (growth waves). Early
maturity is directly correlated with the completion of growth and development
phases. The sooner the plant concludes its growth, the earlier its fruit matures.

3.3. Biological Characteristics of Growth and Development

To investigate the specific characteristics of shoot growth and
development in the studied varieties, observations primarily focused on the
length of shoots (new growth) during the first and second vegetative periods, as
well as the total shoot length accumulated throughout the vegetative period.

For the mandarin varieties under investigation, the first vegetative shoot
length was measured after the end of the first vegetative period, and the second
vegetative shoot length was measured after the end of the second vegetative
period. The total shoot length was determined by summing the lengths of the
first and second vegetative shoots after their respective periods.
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Table 5
Biology of Shoot Growth in Studied Mandarin Varieties

Average Length of Shoots (cm)
Name of Variety First Vegetative Second Vegetative Annual Growth
Growth (cm) Growth (cm) (cm)
Iwasaki 22.52 13.18 35.7
Nichinan 22.07 125 34.57
Taguchi wase 20.42 11.9 32.32
Satsuma clauselina 25.6 13.6 39.2
Mukoiyama 24.1 14.2 38.3
Aoshima 29.9 13.9 43.8
Ohtsu 28.8 11.8 40.6
Control
Broad-leaved Unshiu 30.11 13.4 43.51
Okitsu wase 27.6 10.9 385

As indicated by the data in Table 5, most cultivars exhibit more shoot
production and greater average shoot length during the first wave of growth
compared to the second wave. Additionally, the increase in plant height is
more pronounced during the first growth period.

Chapter 4. Variability of Morphological and Organoleptic Traits in
Mandarin Cultivars
4.1 Morphological Characteristics

To study the morphological and organoleptic variability in the
investigated cultivars, the following characteristics were analyzed: plant habit,
height, tree form, canopy spread, rootstock, and scion diameter, and the
morphology of various organs. These included fruit size (length, width, pulp
weight, and peel weight), shape, peel color, peel surface, leaf size (length,
width, height, and area), and petiole length. Measurements were conducted
after the end of the vegetative period.
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Figure 1: Diameter of Trunk and Canop;r

The research revealed that, despite being of the same age, significant
differences were observed in the morphological characteristics of the
investigated cultivars, both among themselves and compared to the control

groups.
Table 6
Plant Parameters of Studied Mandarin Varieties
Name of Plfmt Canopy R(?otstock ?cion Growth Type and
Variety Height Spread Diameter Diameter Canopy Shape
(m) (m) (mm) (mm)
1 2 3 4 5 6
Medium growth,
. rounded, widely
Iwasaki 2.70 9.05 107 99
branched, compact
canopy
Medium growth,
Nichinani 2.50 10.13 115 104 broad pyramidal,
spreading, compact
i Low growth, conical
Taguchi Wase 2.20 5.47 81 64 braf’l’ches upright,
compact
Low growth, narrow
ramidal, upright
Mukoyama 20 281 78 63 I{)’Lamhes, del;sfly
branched
High growth, broad
Aoshima 3.0 7.25 105 90 pyramidal, downward
branches
Sats. High-growth,
Clauselina 3.0 8.12 124 101 pyramlldal, upward-
growing branches
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1 2 3 4 5 6

High growth,
Ohotsu 2.80 6.20 104 72 rounded, spreading
branches downward
Control

Wi e o

Unshiu 3.0 6.42 107 85 preac, o

upward-growing

branches
Okitsu Wase |  2.70 9.61 104 105 Medium growth,

rounded cylindrical

Research has confirmed that rootstock significantly influences various
aspects of plant development, including growth, tree form, frost resistance, and
drought tolerance. Extensive evaluations by Georgian scientists have identified
trifoliate orange (Poncirus trifoliata Raf.) as the most suitable rootstock for our
subtropical region.

It is noteworthy that the rootstock of many mandarin cultivars
introduced in 2011 remains unidentified. The rootstock and scion initially grew
similarly in certain cultivars, such as Nichinan, Iwasaki, and Satsuma
Clausellina. However, the scion subsequently exhibited rapid growth, resulting
in its canopy overshadowing the rootstock.

Therefore, it is crucial to monitor the growth and development of
grafted mandarin plants on trifoliate orange rootstock in our region, as
rootstock significantly influences the vegetative growth of the scion.

4.2. Technical Characteristics of Fruit

In citrus crops, variability extends beyond morphological traits to
include technical characteristics. This variability is particularly evident in fruit
weight, height, diameter, and other attributes. The shape of citrus fruit is
primarily determined by the ratio of its height to diameter. The cultivars
selected for this study exhibit varying degrees of variability in these
characteristics.

As indicated in Table 7, fruit weight ranges from 65 g to 97 g across the
investigated cultivars. Mandarin cultivars belonging to the Owari (Satsuma)
group are characterized by larger fruit weights, while those in the Wase group
exhibit relatively smaller fruit. All cultivars in the Owari group are
distinguished by their large fruit sizes. Specifically, Aoshima displays a weight
of 97 g, Ohotsu 95 g, and Satsuma Clausellina 95 g. These values exceed both
control groups: broad-leaved Unshiu (90 g) and Okitsu Wase (76 g). Among the
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Wase group, Iwasaki (95 g), Taguchi (90 g), and Mukoyama (90 g) demonstrate
superior fruit weight compared to the Wase group control, Okitsu Wase, which
has an average weight of 76 g. Notably, Nichinan exhibits the smallest fruit size
among the cultivars, weighing 65 g, falling short of both control groups.

Table 7
Organoleptic Characteristics of Studied Mandarin Varieties
Average
Name of Fruit Shape and Peel Peel Color Teste Fruit Number of
Variety Texture Weight Segments
@
Oblate-rounded, Slightly
Iwasaki rounded base, Yellow acidic- 95 10-11
medium peel texture sweet
Rounded-oblate,
. 0. . . Sweet-
Nichinan rounded base, thin Light yellow acidic 65 8-9
peel texture
Rounded-oblate, base Light yellow
Mukoyama slightly indented, with a S.;Zi(::leiz 90 9-10
medium peel texture greenish hue
Sweet,
R , 1l , Yellow- .
Taguchi ounded, fla base erow slightly 91 8-9
thin peel texture orange .
acidic
Sats Oblate-rounded, tip Dark orange Sweet-
Clausellina slightly indented, w1tb ared acidic 95 9-10
rough peel texture tinge
Rounded-oblate, base,
and tip slightly . Sweet-
Ohotsu indented, rough peel Bright yellow acidic 96 10-11
texture
Aoshima Flattened., medium Greenish- Sw.ee.t— 97 9-10
peel thickness orange acidic
Control
. Sweet,
Okitsu Round, ﬁllﬁ:d surface Light orange dlightly 76 8-9
wase base, thin peel .
acidic
Wide- Round-flattened, Yellow- Sweet
leaved medium peel oranV:: ;Vd dic 90 8-9
Unshiu thickness 8

Analysis of the data revealed variability in fruit height and diameter
among the investigated mandarin cultivars. Fruit height ranged from 40 mm to
45 mm, while diameter ranged from 54 mm to 64 mm. These findings indicate
that the majority of the studied cultivars possess a rounded-oblate fruit shape,
with the diameter exceeding the height
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Figure. 2. Fruits of Studied Mandarin Varieties

Mukoyama and Nichinan exhibited a relatively more rounded-oblate
fruit shape, with height-to-diameter ratios of 41/55 mm and 42/56 mm,
respectively. The remaining cultivars were primarily characterized by oblate
fruit shapes.

To further evaluate the organoleptic characteristics of the investigated
mandarin cultivars, a sensory evaluation was conducted using a five-point
scoring system. Results indicated that all studied cultivars displayed favorable
organoleptic properties and exhibited significant differences from each other.

Among the early-maturing mandarin cultivars, Taguchi Wase received
the highest score (48 points), while Nichinan and Mukoyama each received 47
points. Aoshima, a late-maturing cultivar, received the highest score (48 points)
among its group, though it lagged behind the control group, broad-leaved
Unshiu, by one point (49 points). Satsuma Clausellina received a comparatively
lower score (45 points), despite possessing other positive attributes compared to
the other cultivars.

Chapter 5: Biochemical
Characteristics of Fruit in Investigated Cultivars
5.1 Juice Yield and Acidity
To study the biochemical composition, fruit samples were collected at
different times, as the ripening periods of the investigated cultivars varied
significantly. Samples were collected from all four sides of the trees, including
both interior branches and the periphery.
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Table 8

Biochemical Characteristics of Studied Mandarin Varieties

Varieties Juice Yield Active Acids, Titratable Brix | Sugar-Acid
(%) pH (inmol/L) | Acidity (%) % Index %
Nichinan 44.02 4.19 0.90 9.6 10.66
Iwasaki 4591 4.16 0.83 9.5 11.44
Ohtsu 40.17 4.72 0.96 11.5 11.97
Aoshima 41.95 4.64 1.09 10.2 10.50
Taguchi wase 51.61 4.05 0.62 10.6 17.09
Mukoiyama 42.83 4.87 1.24 9.5 7.66
Satsuma clauselina 40.86 4.84 1.26 9.1 7.22
Control

‘Wide-leaved Unshiu 42.54 4.15 0.90 10.7 11.88
Okitsu wase 48.52 413 0.90 9.4 10.44

The analysis of investigated mandarin cultivars exhibited a high sugar-

to-acid ratio and low titratable acidity levels. This unique biochemical profile

contributes significantly to the quality and taste of the mandarin fruit, making
it highly suitable for the European market.

5.2. Quantitative and Qualitative Analysis of Carbohydrates in Fruit
Sugars constitute a major portion of the soluble solids in citrus fruit, directly

influencing its sweetness.

Table 9
Carbohydrate Content in Juice of Studied Mandarin Varieties
Carbohydrate Content %
Varieties Fructose Glucose Sucrose Total
(%) (%) (%) Carbohydrates

Nichinan 1.75 1.95 423 7.93

Iwasaki 1,92 2.34 4.34 8.6
Ohotsu 2.46 29 4.86 10.22
Taguchi wase 2.18 2.66 4.82 9.66
Mukoiyama 1.74 2.19 4.32 8.25
Satsuma clauselina 1.72 2.04 3.98 7.74
Aoshima 2.52 2.94 4.62 9.78

Control

‘Wide-leaved Unshiu 2.25 2.68 4.6 9.53

Okitsu wase 1.89 2.31 3.91 8.11
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The total carbohydrate content among the varieties ranged from 7.74%
to 10.22%. Among the studied varieties, the highest carbohydrate levels were
observed in Mandarin Ohotsu (10.22%) and Taguchi Wase (9.66%), while the
lowest levels were found in Clausellina (7.74%) and Nichinan (7.93%).
Carbohydrate content was relatively low in the control group (Unshiu - 9.53%,
Okitsu - 8.11%).

5.3. Phenols, Flavonoids, and Antioxidant Activity
The quantitative content of polyphenols and flavonoids in the mandarin
research varieties was studied, and their antioxidant activity was determined.
In the samples of tangerines taken separately, the phenolic content varied from
707.13 mg/kg to 1234.56 mg/kg (Fig. 10). The highest phenolic content was
observed in Mukoyama (1234.56 mg/kg) and Satsuma Clausellina (1232.15
mg/kg), while the lowest was found in Taguchi Wase (707.13 mg/kg), Iwasaki
(774.80 mg/kg), and Nichinan (809.12 mg/kg). The amount of phenolic
compounds in the control variants ranged from 1032.52 mg/kg (Okitsu Wase)
to 1060.53 mg/kg (Broad-leaved Unshiu). The Aoshima (1119.27 mg/kg) and
Ohotsu (1049.12 mg/kg) varieties showed phenolic content almost identical to

the control.
Table 10
Quantitative Content of Total Phenols, Flavonoids, and Antioxidant
Activity in Juice of Different Mandarin Varieties

Total Phenolic Flavonoids expressed Antioxidant Activity
Compounds expressed o
Varieties as Gallic Acid as hesperidin (mg per sample,
- equivalents (mg/kg DPPH Radical 50%
Equivalents (mg/kg fresh weight) Inhibition)
Fresh Weight)
Nichinan 809.12 712.93 85.62
Iwasaki 774.80 731.45 80.75
Taguchi wase 707.13 589.54 87.71
Satsuma Clauselina 1232.15 933.12 50.4
Mukoyama 1234.56 949.61 43,18
Ohotsu 1049.12 805.07 59.12
Aoshima 1119.27 913.16 55,40
Control

‘Wide-leaved Unshiu 1032.52 817.2 79.8
Okitsu wase 1060.53 860.17 62.13

In the mandarin research varieties, the antioxidant activity, which correlates
with the content of phenolic compounds, varies significantly.
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Chapter 6. Agricultural Characteristics of Research Varieties
6.1. Yield

One of the significant challenges in citrus growing in Georgia is the low
yield per hectare and the high proportion of non-standard fruit, which
accounts for one-third of the total production.

Yield is calculated per hectare based on
the number of plants and their productivity.
Factors such as plant age, the number of plants
per hectare, and plant growth quality (low or
tall) are considered in these calculations.

Figure 3. Taguchi wase

Table 11
Yield of Studied Mandarin Varieties (2020-2022)
2020 2021 2022
i) [ ()
2 g = 32 g = = g =
E Sole |8 |5 | ¢ 5 ° g
.. = g2 —~ [ = 2 —~ [} = g o~ 7]
Varieties % L S | T m = & °w T = o @ o B fs] =
Bl eS| g 25| B2 &< cE s g <
8y cg| A Byl 28 RE| By | Sg AS
ES BT |8 | EXM BT = ESl ST =
=1 3] 9 =] (3] Y = 3] 9
Z, = e Z, = = z = e
Nichinani 215 17 14 | 482 | 38 32 507 40 33
Iwasaki 317 25 21 528 | 42 35 549 45 37
Taguchi Wase 190 15 12 | 380 | 30 25 406 32 26
Sat. Clauselina 325 25 21 533 | 42 26 558 45 28
Mukoyama 152 12 10 | 253 | 20 17 317 25 20
Aoshima 301 25 21 517 42 35 552 45 37
Ohotsu 220 18 15 | 406 | 32 27 444 35 29
Control
Okitsu Wase 253 20 15 520 41 29 571 45 | 32
Wide-leaved 279 2 18 501 40 33 530 | 45 | 37
Unshiu

As evident from the data presented in Table 11, the lowest yield was
observed in 2020 following the severe winter of 2019-2020. Despite the timely
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implementation of frost protection measures in the orchard, the majority of
trees sustained moderate damage (2-3 points). Leaf drop occurred on almost all
trees, and in some cultivars, even one-year-old shoots were affected by frost.
This damage significantly impacted the yield in both 2021 and 2022.

The studied varieties are of the same age and are in identical
environmental conditions, yet their yields differ significantly, primarily due to
the biological characteristics of each variety. It should be noted that other
factors also influence the yield. Despite the generally low yield, the late
varieties of the Owari group (Aoshima, Ohotsu, Clausellina) produced good
harvests and were not inferior in yield to the control broad-leaved Unshiu.
Specifically, the yield of mandarin Aoshima was higher than that of the control
variant (Unshiu), while the yield of Satsuma Clausellina was equal to the
control. Although Ohotsu produced the best quality fruit, its yield was lower
than that of the control variety.

Observations conducted on the investigated cultivars revealed that

fruitlets drop was most pronounced in mid-June. Over a three-year observation
period, the majority of early-maturing (Wase) cultivars, including Iwasaki,
Nichinan, and Taguchi Wase, displayed high yields per hectare.
Among the late-maturing cultivars, Satsuma Clausellina stands out in
comparison to the control group (broad-leaved Unshiu). This cultivar not only
yields better than broad-leaved Unshiu but also exhibits several other
advantages, including superior fruit color, size, and juice yield. Aoshima also
demonstrates comparable yields.

6.2. Frost Resistance

Breeding frost-resistant plants is of great importance for citrus
production, necessitating the inclusion of frost-resistant varieties in selection
processes. To assess the degree of frost damage under natural conditions,
monitoring of the collection plot was primarily conducted in the spring, after
the onset of plant dormancy and the renewal of growth (vegetation period),
and continued until the end of the second vegetation period. The final
assessment of frost damage was made when the extent of plant damage was
fully revealed.

Damage assessment considered not only individual plant injury but also
the overall condition of the orchard and the severity of damage to various plant
organs, including leaves, newly formed shoots, and main branches. Damage
was expressed as a percentage. A five-point scale (Table 12) was used for the
final damage assessment.
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In the subtropical zone of Georgia, particularly in Adjara, November-
December 2019 was characterized by rather warm and humid weather, which
resulted in the prolonged growth of plants and delayed transition into winter
dormancy. Additionally, the yield was high in 2019, leading to the complete
utilization of stored nutrients produced by the leaves for fruit formation.
Consequently, vegetative organs did not have sufficient time to prepare for
winter, and the plants entered dormancy prematurely. This situation had a
slight effect on the quality of the assessment.

Table 12
Frost Damage Severity in Studied Mandarin Varieties (2020)

D
. Damaged Leaves Damaged One-year-old ama_ged Overall
Variety (%) Shoots (%) Main Damage
Branches (%) | (Score)
Nichinan 100 One-year-old Shoots 0 3
Iwasaki 100 Second Vegetative 0 2
Shoots
Ohotst 80 Part of the tip of the 0 1
second vegetation
Aoshima 70 Part of the tip of the 0 1
second vegetation
Second Vegetative
i 2
Taguchi 90 Shoots 0
Mukoyama 100 Second Vegetative 0 9
Shoots
Sats. Clauselina 80 Part of the tip Ot,ﬂ the 0 1
second vegetation
Control
Wide-leaved Part of the tip of the
. 60 . 0 1
Unshiu second vegetation
Okitsu Wase 100 One-year-old Shoots 0 3

In February 2020, a temperature of minus 12°C was recorded at the
research plot. Although the overall degree of damage was not high, some
varieties were affected to varying extents. The varieties in the Wase group
(Nichi Nani and Taguchi Wase) and the control variant, Okitsu Wase, were
notably impacted, each receiving a damage rating of 3 points. In these varieties,
100% of the leaves and one-year-old growths were damaged.

In contrast, the tangerine varieties of the Satsuma group (Satsuma
Clauselina, Aoshima, and Ohotsu) sustained less damage, each receiving a
rating of 1 point. The control variety, broad-leaved Unshiu, also exhibited
minimal damage.

57



6.3. Resistance to Pests and Diseases

During the research period (2020-2022), resistance to pests and
diseases was studied in collaboration with specialists from the Phytopathology
and Biodiversity Institute of Batumi Shota Rustaveli State University.
Phytosanitary monitoring was conducted throughout the growing season. As a
result, almost all mandarin varieties were found to be infested by scale insects,
unarmored scale insects, aphids, Cicadidae, whiteflies, Roman snails, and the
brown marmorated stink bug. These pests were observed to damage the shoots,
leaves, fruits, and other plant organs.

Scale insects and unarmored scale insects, along with mites, were
particularly harmful to the plants. These pests caused growth retardation,
deformation of shoots and leaves, significant reduction in crop yield, and, in
severe cases, plant death. The frosts of 2020 contributed to a reduction in the
population of two invasive whitefly species (Aleurocanthus sp. and
Aleurothrixus sp.), which had proliferated in citrus plantations in recent years.

Table 13
Citrus Pests Recorded at the Agroservice Center Collection Plot (2020-2022)
Citrus Pests 2020 2021 2022

Citrus Mealybug (Planococcus Citri) + + +
Citrus Mussel Scale (Lepidosaphes Beckii) - +
Yellow Scale (Aonidiella citrina Goq) + +
Dictyospermum scale (Chrysomphalus Dietyospermi) - - +
Orange Scale (Choropalvinaria Aurantii) - - +
Cottony Cushion Scale (Icerya purchasi Mask) - - -
Chinese wax scale (Ceroplastes sinensis Del Guer) - + -
Japanese long-scale (Lopholeucaspis japonica); - - -
Brown soft scale (Coccus hesperidum L.) + - -
Citrus rust mite (Phyllocoptruta aleivorus Ashm.) + + +
Citrus red mite (Panonychus citri - + +
Citrus whitefly (Dialeurodes citri Rileyet How). + + B
Woolly whitefly (Aleurothrixus Floc.cosus). + + +
Citrus spiny whitefly (Aleurocanthus Shinifeerus) + + -
Black citrus aphid (Toxoptera aurantii) + + +
Japanese planthopper (Ricania japonica) + + +
Brown marmorated stink bug (Halyomorpha halys) + + -

As a result of monitoring conducted in 2021, the same species of pests
were observed in the collection plot as in 2020. However, compared to the
previous year, the populations of the Citrus whitefly (Aleurothrixus floccosus)
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and the brown marmorated stink bug (Halyomorpha halys) were reduced by
10%.

In the 2022 monitoring, Sooty Molds (Capnodium spp) and scab fungus
(Elsinoe fawsetii, Spaceloma spp) were identified with the highest prevalence at
80% and a high development intensity at 70%. The prevalence of these
pathogens was 40%, with a development intensity of 50%. Additionally, the
80%, with a development intensity of 60%. Melanose (Phomopsis citri) and
alternariosis (Alternaria spp) were also found with a high prevalence of 70%.

Chapter 7: Agrobiological and Economic Characterization of Mandarin
Research Varieties

Iwasaki, a mandarin variety, was developed in Japan in 1994 through
clonal selection from the Citrus unshiu (Satsuma). It is a moderately growing,
semi-dwarf variety characterized by a densely foliated, compact, rounded
canopy. A 13-year-old Iwasaki tree typically reaches a height of 2.70 meters,
with a rootstock diameter of 107 mm and a scion diameter of 99 mm. The
leaves are narrowly oval, measuring 10.2 cm in length and 4.7 cm in width.
The petiole is long (1.8 cm) with a narrow, slightly noticeable wing. The upper
side of the leaf is dark green, leathery, and glossy, while the underside is light
green. The flowers are solitary, with five petals. Numerous stamens (14-22),
with 2-3 filaments fused. The anthers are yellow and sterile.

Figure 4. Iwasaki, amandarin variety

The fruit is large, with an average weight of 90-95 grams. Its height is 42
mm, and its diameter is 61 mm. The peel is of medium thickness, yellow, and
easily separates from the pulp. The pulp is dark yellow, consisting of 11
segments that separate easily and are very juicy. The taste is sweet and slightly
sour, and the fruit is seedless. The juice yield is 44.02%, with a total
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carbohydrate content of 8.6%, a titratable acidity of 0.83%, and a sugar-acid
index of 11.44%. A 13-year-old Iwasaki tree yields approximately 45 kg of fruit.

Iwasaki distinguishes itself from other varieties in the Unshiu group by
its early ripening, good commercial appearance, storage capability, and
transportability. Under local conditions, the fruit begins to ripen during the
first or second decade of September, extending until November. In Spain, the
fruit matures in September, while in Mexico, it matures in August. The Iwasaki
was introduced to Georgia in 2011 from Spain and is now listed in the World
Citrus Catalog.

Nichinan represents a bud mutation of the Owari group of mandarins.
The plant is a moderately growing, semi-dwarf variety. At 13 years old, the
plant reaches a height of 2.5 meters, with a rootstock diameter of 115 mm and a
scion diameter of 104 mm. The canopy is pyramidal, densely foliated, compact,
with upward-directed branches and short internodes, and is thornless. The
leaves are of medium size, measuring 11.1 cm in length and 4.6 cm in width,
with a long petiole (1.5 c¢cm). The fruit is of medium size (65 grams), round-
flattened, with a height of 42 mm and a diameter of 56 mm. The apex is slightly
concave, and the base is rounded. The skin is bright yellow-orange, smooth,
thin, and easily detachable from the pulp. The pulp is very juicy, with 10-11
segments of uniform size and thin segment membranes. The juice is pleasant,
aromatic, and sweet-tart, with a harmonious balance of sugar and acid. The
juice yield is 44.02%, the total carbohydrate content is 7.93%, the titratable
acidity is 0.90%, and the sugar-acid index is 10.66%.

N e .

,E*), :

Figure.u5. Mandarin Variety (Nichinan)

This variety is notable for its early maturity, high juice content, and
consistent and abundant fruit production. A 13-year-old tree vyields
approximately 40 kg of fruit. Under local conditions, ripening begins in the
second decade of September and continues until October. The Nichinan
Mandarin is listed in the World Citrus Catalog and was introduced to Georgia
in 2011 from China.
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Taguchi Wase was developed in Japan through bud mutation from the
Satsuma group of mandarins. The plant is a weak-growing, dwarf variety with
compact, tightly arranged branches that grow upwards. At 13 years of age, the
plant reaches a height of 2.20 meters, with a rootstock diameter of 81 mm and a
scion diameter of 64 mm. The leaves are oval-shaped, with a blunt apex and a
narrowed base. They are dark green, leathery, and slightly serrated. The leaves
have a long, slightly curved petiole with an inconspicuous wing. The leaf
length is 11.1 c¢m, the width is 4.4 cm, and the area is 32.7 cm?. The petiole is
long (1.8 cm). The flower is white, solitary, and fragrant, with a round-oval
bud. The corolla has five petals, and the calyx has five fleshy, separate sepals.
There are numerous stamens (14-22), with yellow sterile anthers.

Figure 6. Taguchi wase

Among dwarf varieties, Taguchi Wase
produces large fruit (90 grams), with a rounded-
flattened shape, a height of 45 mm, and a
diameter of 60 mm. The base is slightly raised
and wrinkled, while the apex is flat, glossy, and
prominently marked with oil glands. The peel is
dark yellow, of moderate thickness, slightly
bumpy, and easily separates from the pulp. The

pulp is very juicy, with 11 segments of uniform
size that easily separate from each other. The
juice vesicles are large, and the taste is sweet-tart. The juice yield is 51.61%, the
total carbohydrate content is 9.66%, the titratable acidity is 0.62%, and the
sugar-acid index is 17.09%. The variety is characterized by a short vegetative
period and ripens early, in the first or second decade of September. It is
considered a superior cultivar for subtropical regions, exhibiting abundant fruit
production. It was introduced to Georgia in 2011 from Japan and is included in
the World Citrus Catalog.

Mukoiyama, a mandarin variety, was bred in Japan. It is a medium-
growing, semi-dwarf variety. he branches are upward-oriented, forming a
densely foliated, compact canopy. At 13 years of age, the plant reaches a height
of 2.0 meters, with a rootstock diameter of 78 mm and a scion diameter of 63
mm. The leaves are oval, leathery, glossy, with slightly serrated edges and a
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split tip. The upper side of the leaf is dark green, while the underside is light
green with prominent veins. The petiole is long (1.7 cm) with a noticeable
narrow wing. The leaf length is 10.3 c¢m, the width is 4.8 cm, and the area is
33.1 cm?. The flower is white, medium-sized, with sterile pollen. The flowers
are white, of average size, and have sterile pollen. The fruit is of average size
(90 grams), rounded-flattened in shape, with a slightly concave apex and a flat
base. The fruit height is 41 mm, and the diameter is 55 mm. The peel is smooth,
of medium thickness, light yellow, with noticeable oil glands, especially at the
base where small bumps are present. The segments' separating walls are visible
from the outside.

Figure. 7. Mmyama Figure 8. Aoshima

The peel easily separates from the pulp. There are 11 segments of
uneven size, with medium-thickness segment walls that are easily removable.
The pulp is juicy, with a pleasant sweet-tart taste. The juice yield is 42.83%, the
total carbohydrate content is 8.25%, the titratable acidity is 1.24%, and the
sugar-acid index is 7.99%. The fruit reaches maturity during the first or second
decade of October. This variety was introduced to Georgia in 2011 from Japan
and is included in the World Citrus Catalog.

Aoshima was selected in Japan in 1950 by F. Aoshima and represents a
bud variation of the Owari group of mandarins. The plant is relatively tall-
growing, reaching a height of 3.0 meters at 13 years of age, with a rootstock
diameter of 105 mm and a scion diameter of 90 mm. It is characterized by a
densely foliated, compact, pyramidal-shaped canopy. The leaves are broad-oval,
sharp, and have a bifurcated apex, dark green, glossy, and symmetrically
veined. The leaf length is 11.8 c¢m, the width is 5.0 cm, and the area is 39.6 cm?2.
The petiole is elongated (1.8 cm), and slightly curved, with a noticeable narrow
wing and serrated edges. The fruit is large, the largest among Citrus unshiu
varieties (97 grams), with a rounded-flattened shape. It is 40 mm in height and
64 mm in diameter, with a slightly concave apex marked by a small black spot.
The base is rounded. The skin is relatively thick, and smooth, with prominent
oil glands, and easily separates from the pulp. There are 11-12 uniformly sized
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segments. The membrane is noticeable when eaten, and the juice vesicles are
short and very juicy, with a pleasant sweet-tart taste. The total carbohydrate
content is 9.78%, titratable acidity is 1.09%, and the sugar-acid index is 10.50%.
The fruit ripens in the first or second decade of November and is known for its
good storage capability and transportability. It is a relatively late-ripening
variety, introduced to Georgia from Japan in 2011, and is included in the global
catalog of citrus varieties.

Clausellina (Satsuma Clausellina) was identified in Spain in 1984 (in
Castelléon) from Owari group mandarin plantations and represents a bud
mutation. The plant is tall-growing, reaching a height of 3 meters at 13 years of
age. It has a pyramidal, densely foliated, tall-growing canopy. The rootstock
diameter is 124 mm, and the trunk diameter is 101 mm. The plant is thornless,
with egg-shaped oval leaves similar to Unshiu varieties. The leaf blade is
smooth, with a sharp apex that is split, and a petiole length of 1.8 cm with a
small wing. The flowers are large, white, and abundant. There are numerous
but thin stamens, with two or three fused. The pollen is sterile, and the pistil is
rounded and flat-topped.

L 4

Figure 9. Satsuma Clausellina

The fruit is rounded-flattened in shape, with a concave apex in most
fruits, marked by a grey spot in the centre. The base is rounded and slightly
bumpy. The fruit is large, with an average weight of 95 grams. The skin is of
medium thickness, dark orange with a reddish tint, uneven, slightly rough, and
contains a large number of deeply embedded oil glands. The albedo is thick and
yellow. The skin easily separates from the pulp, which is dark orange and very
juicy. There are 10-12 segments that separate easily. The juice is yellow, with a
pleasant sweet-tart flavour. The juice yield is 40.86%, the total carbohydrate
content is 7.74%, the titratable acidity is 1.26%, and the sugar-acid index is
7.22%. The fruit ripens from the first decade of November and is abundantly
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productive, making it one of the most popular varieties in Spain. This variety
was introduced to Georgia in 2011 from Spain and is included in the World
Citrus Catalog.

Ohtsu was identified in 1994 from nucellar seedlings of Owari
mandarins in South Africa. The variety is moderately growing, with a 13-year-
old plant reaching a height of 2.80 meters and a canopy circumference of 6.20
meters, with a trunk diameter of 72 mm. The plant is densely foliated, with
leaves that are broad-elliptic in shape, and medium-sized, measuring 11.5 cm in
length and 4.9 cm in width. The petiole is long, and curved, with a slightly
noticeable narrow wing.

The fruit is large (95 grams), round-flattened, with a depressed apex and
a smooth, slightly wrinkled surface with a grey dot in the center. The base is
flat and slightly rough near the apex, and the skin is medium-thick, bright
yellow, and easily detachable from the pulp. There are 10-11 segments, and the
juice is yellow with a pleasant sweet-tart flavor. The juice yield is 40.17%, with
a total carbohydrate content of 10.22%, titratable acidity of 0.96%, and a sugar-
acid index of 11.97%. The fruit ripens in early November. It was introduced to
Georgia from Japan in 2011 and is included in the global catalog of citrus
varieties.

Figure 10. Ohtsu

Chapter 8. Economic Effectiveness of Intensive Technology for
Introduced Mandarin Varieties
The determination of the economic effectiveness of the international
technology employed at the demonstration farm of Chakvi Citru Sovans, under
the Ministry of Agriculture of Adjara Agro Service Center, does not provide a
complete representation of the entire process. The complex nature of the farm's

64



operations means that simply summing the economic effectiveness indicators of
individual methods cannot accurately reflect the overall trends due to the
variability of the data.
Therefore, it was considered expedient to determine the overall
economic effectiveness of the intensive technology (Figure 14).
Table 14

Economic Efficiency of Intensive Technology for Introduced Mandarin
Varieties (2020-2022)
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Based on the agro-technical measures carried out, a cost estimate was
made in GEL. Specifically, the net profit was calculated by subtracting the total
costs from the profit generated by the sale of the crop. Since the agro-technical
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measures were consistent across all varieties, the cost was 10,688 GEL for all of
them. The variation was only observed in the picking costs and person-days
required, as a larger harvest necessitated a longer picking duration.

The largest harvests were recorded for Iwasaki and Aoshima, resulting in
higher costs of 13,088 GEL, while in the other cases, the costs ranged from
11,888 to 12,848 GEL.

Regarding net profit, Iwasaki and Nichinan yielded the highest profits
among the early varieties due to their high market prices. Among the late
varieties, Aoshima was relatively the best, slightly surpassing Ohotsu and
Satsuma Clauselina. It is important to note that 25-30% of the harvest
comprised non-standard fruit, though these varieties were superior in terms of
taste, storage capacity, and transportability compared to others.

Based on our observations, it can be concluded that Iwasaki, Nichinan,
and Taguchi Wase are the most favorable early varieties compared to the
control variety Okitsu Wase. Among the late varieties, Aoshima proved to be
superior to the broad-leaved Unshiu. Therefore, these varieties are
recommended.

Conclusions
Based on the findings of this research, along with the consideration of the
natural and climatic conditions of the humid subtropical zone and the
challenges facing citriculture, the following conclusions can be drawn:

1. The soil of the Chakvi Citrus Demonstration Farm, managed by the
Agro Service Center, a public institution under the Ministry of
Agriculture of Adjara, is classified as medium loam based on its
mechanical composition. The humus content is relatively low, with a
weakly acidic soil reaction. The levels of calcium, magnesium, total
nitrogen, phosphorus, and potassium are within the average range;

2. Given the annual variability in meteorological conditions, the
vegetative and reproductive activities of the plants fluctuate
accordingly. Three years of observations revealed that the onset of the
first vegetative period in the investigated mandarin cultivars never
occurred earlier than the third decade of March, while the latest onset
coincided with the third decade of April. The duration of the first
vegetative period ranged from 48 to 66 days, depending on the
cultivar;

3. Two vegetative periods were recorded throughout the year for all
mandarin cultivars included in the study. The timing of the onset and
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conclusion of each vegetative period exhibited variability depending
on genotypic characteristics. Observations indicated that the shortest
vegetative period was found in the Wase (early-maturing) group
cultivars (Iwasaki, Nichinan, Taguchi, Mukoyama), while the longest
vegetative period was observed in the Owari (Satsuma) group of
mandarin cultivars (Aoshima, Satsuma Clauselina, Ohotsu);

All studied mandarin cultivars exhibited two distinct vegetative
periods throughout the year. The timing of these periods varied
somewhat based on the specific genotype. Observations revealed that
the shortest vegetative periods were observed in the Wase group
(early-maturing) cultivars (Iwasaki, Nichinan, Taguchi, Mukoyama),
while the longest vegetative periods were observed in the Owari group
(Satsuma) mandarin cultivars (Aoshima, Satsuma Clausena, Ohotsu);
Significant variability was observed in the reproductive activity among
the cultivars, including the timing of budding, flowering onset,
flowering end, and duration. Mass budding began in the first decade of
April and continued until the third decade of April. Flowering
commenced in the third decade of April and extended until the first
decade of June, with peak flowering occurring in the second decade of
May across most cultivars;

Notable differences in maturity phases were observed among the
mandarin cultivars, primarily due to their distinct biological
characteristics. The earliest maturity (September) was observed in the
Wase group mandarin cultivars (Nichinan, Iwasaki, Taguchi,
Mukoyama), while the latest maturity (November) was exhibited by
the Owari (Satsuma) group cultivars (Satsuma Clausena, Aoshima,
Ohotsu). Based on three years of observations, the experimental
Mandarin cultivars were categorized into three maturity groups:
super-early (Nichinan, Iwasaki), early (Taguchi, Mukoyama), and late
(Satsuma Clausena, Ohotsu, Aoshima);

Despite the differences among the studied mandarin varieties, all
research varieties exhibited a higher number of sprouts during the first
wave of growth compared to the second vegetative period. This
phenomenon is primarily attributed to the genetic nature of the
varieties;

Varieties differ significantly in yield as well. The majority of the early-
harvest varieties of the Wase group (Iwasaki, Nichinan, Taguchi Wase)
show yields nearly comparable to the control variety (Okitsu Wase).
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Among the late-maturing varieties, Aoshima exhibits a higher yield
compared to the control variety (Broad-leaved Unshiu);

The mandarin varieties selected for research exhibit some variation in the
biochemical characteristics of the fruit. The active acidity (pH) indicator
in the samples taken for research and the control variants slightly differs,
ranging from 4.05 to 4.87 mol/L. However, the resistance level in the
juice of all researched cultivars is higher compared to the control variants;
The dry matter (Brix) content in the researched mandarin varieties ranged
from 9.1% to 11.5%. Ohotsu (11.5%) and Taguchi Wase (10.6%)
exhibited the highest Brix content, while the content varied
insignificantly between 9.1% and 9.6% in the other varieties;

The juice yield from the fruit varied from 40.17% to 51.61% among the
mandarin varieties. The lowest yield was observed in Ohotsu (40.17%)
and Satsuma Clausena (40.86%), while the highest yield was observed in
Taguchi Wase (51.61%). In the other varieties, the juice yield ranged
from 42.54% to 48.52%;

The highest sugar content among the researched mandarin varieties
was found in the Nagala varieties of the Wase group (Taguchi Wase,
Nichinan, Mukoyama). In contrast, the sugar content was relatively
low in the Owari (Satsuma) group of mandarin varieties (Aoshima,
Ohotsu, Satsuma Clausena) and was comparable to the control
variants;

The research samples of mandarin are characterized by a high sugar-acid
index and low titratable acid content, which determine the quality and
taste properties of the fruit. These attributes make the harvested mandarin
acceptable for the European market. Among the varieties, the highest
sugar-acid index was recorded in the fruits of Taguchi Wase, while the
lowest was observed in the fruits of Satsuma Clausena;

In the studied mandarin varieties, the content of cations varies within the
normal range, although there is some variability among different
varieties. A high content of calcium (29.14 mg/L) and potassium (791.91
mg/L) was observed in Taguchi Wase, while Nichinan exhibited the
highest ammonium content (69.01 mg/L);

In the researched mandarin varieties, the content of phenolic compounds
ranges from 707.13 mg/kg to 1234.56 mg/kg. The fruits of Mukoyama
(123456 mg/kg) and Satsuma Clausena (1232.15 mg/kg) are
characterized by high phenol content. In contrast, this component is
relatively low in the fruit juice of Taguchi Wase (707.13 mg/kg), lwasaki
(774.80 mg/kg), and Nichinan (809.12 mg/kg);

The Nagala (early-ripening) mandarin varieties have several advantages
compared to high-growing, late-ripening varieties. These include ripening
a month earlier, which facilitates timely market realization of the fruit,
and early fruiting, which occurs within 3-4 years from planting.
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Additionally, these varieties are suitable for cultivation and harvesting,
leading to lower labor costs and higher productivity. They are also easier
to cultivate in harsh and snowy winter conditions;

Almost all the tested mandarin varieties have adapted well to the local
climatic conditions and meet the required standards for the variety. Some
of these varieties are distinguished by early ripening and high yield, as
well as good organoleptic and biochemical characteristics. These qualities
make the majority of these varieties promising candidates for widespread
distribution in the future;

Frost damage in the research orchard was not solely attributed to low
temperatures. Additional contributing factors included an elevation of 20-
25 meters above sea level, the absence of a windbreak around the orchard,
and the unrestricted penetration of cold air masses from the mountains
into the orchard area. Despite experiencing moderate damage (3 points),
90% of the plants survived. It is crucial to consider establishing
plantations with grafted trees on frost-tolerant rootstocks;

Nearly all mandarin cultivars exhibited signs of infestation by various
pests, including scale insects, unarmored scale insects, aphids,
whiteflies, snails, and the brown marmorated stink bug. These pests
damaged various plant organs, leading to deformed shoots and leaves,
reduced yield quantity and quality, and often, plant mortality;

The economic viability of introduced mandarin cultivars using
intensive cultivation techniques is significant. Observations revealed
that Nichinan and Iwasaki are economically more profitable than the
control cultivar, Okitsu Wase. This advantage stems from their earlier
maturity, occurring 20 days sooner, and their higher market prices.
While Aoshima and Broad-leaved Unshiu reach maturity
simultaneously, Aoshima leads a significantly higher price due to its
superior visual appeal and larger fruit size, making it economically
advantageous for farms and individual entrepreneurs.

Recommendations

Based on the evaluation of mandarin cultivars introduced to Georgia in

2011 and studied in this research, the following cultivars are

recommended for the establishment of new plantations and the renewal of

existing orchards:

1. Among the early mandarin varieties of the Wase (Nagala) group,
Nichinan, lwasaki, and Taguchi Wase are promising. These varieties
are distinguished by the following characteristics: earlier entry into
production, high yields, early maturity, ease of management with
agricultural practices, and ease of harvest even in harsh, snowy
winters;
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2. When renewing aged citrus plantations or establishing new orchards,
farmers should consider not only early varieties but also late
varieties. This approach significantly contributes to extending both
the fruit consumption and sale period. For this purpose, the late
Mandarin varieties Aoshima and Satsuma Clausena of the Owari
(Satsuma) group are promising and recommended. These varieties
are characterized by strong growth, compact trees, large fruits
(average weight of 80-90 g), good marketable appearance, and a
reddish-orange skin color, which enhances the fruit's attractiveness
and makes it suitable for the European market.
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