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Abstract. It is thought that a severe food shortage will occur in the future as the world’s population increases. As a
countermeasure against this problem, a food production increase is believed to be a strong solution. Therefore, agricultural
technical support is being provided to improve productivity of crops in developing countries. However, it has also been
considered that these measures, which are only focused in securing food volumes, will not lead to the construction of
sustainable food systems. This paper summarizes current knowledge on the nature of human food and food systems from
production to consumption, the significant changes they have had with modernization, and the necessities that must be covered
to reach a solution to the food problem. The original diet of human beings was omnivorous. However, it has diversified and
ranges from carnivorous to vegetarian. In a society where modernization has not finished, a wide range of animals and plants
have been used as food, and their diversity is often related to the environment of each region. Besides, the procurement and
production of each region’s animals and plants are accompanied by social mechanisms such as local technology and culture,
which are very different among developed and undeveloped countries. Therefore, it is necessary to consider and, if possible,
to measure these differences to establish the appropriate mechanism to propel each society toward sustainability.

Key words: Modern Agriculture, Industrial Agriculture, Food Problem, Food, Culture, Rural Society

00 0000000000000 0000000000000000000000000000000000000000000000000000000000000000 0

1. RUDIC 20504EF TICHAEL Y B 60%% L DK 2 AT B0
TERHLERED ONTWED, — I AR &
R AT ORME EAGEOZALZEETHE,  IZND ZOMEOHIEE L THEED 2 Wil o tHHL

2 JIntl Cooper Agric Dev 2020



AR OREN. & & B IR OB E O VB IR T % i
%L 29, BEEZ NG E L mERMRICB VT
bEROMEZ AN E L REOHMOEAZH
B E L2 5T v b4, ZoEMREEOR
W2 X 2 ThkoHidy ] 1d. 19604548 & 1970 4E4C D RTLC
FIER EENZIAATY . W e i, B RSB
KOEHBAN O R DR E 725 Lz, ZO5EE.
W B PE L 1961 4E 7> & 2000 4E 1222 F T 884 & 2214 b
YRR U, #2550 4FE B o NI WA 9 R
EL L ZCTELED, Co oY a] 2L Lk
R REHAN O Jd, REWOEERORINE b /-
BLVRBARD AN XD E R S ZLTRENO AL
DEWHI R DIAEN LN 5728,

L2 L R OTRTOHIR F 721395 RTO RRD [ f%
O¥M N EoTH b SNz lE» %L BEEZ
FTWA DI TlER v, 72, MROFEMmZE L CGEA
ENTHAM IS BB, LHOHL, BT KROK
B, HERLKOHY, EROAN, EWELEREO L
OGN o7- b Hohz9 5120 204E/MICDH
720 BERAMOARE., T KOBA O, A
W Ofilits 5B X OFEE ) 2 LI B RER,
ABEERIEE DIETICR D, BR2HHENE 2 LA
TERL hol2ilgd dr L vbhTns b, F2, it
R BEDOEFERC S 20 b 53, B, 7R
OEFHIWMEL TBY ., ZORE. T I8 7000
FADNADERERRL Y VN7 HDORZIZEST
Gl&EZ SN HEMEN L ARARORBIZE AN T
100, 20 CIIRFMICALVE L, flZ Y7
PNFUEOT 7)) OELAT6HE, Dot
ET7THDIIRERNTELTAATH S,

ETIICH 2 & AR DREZEDHK 73% % 1 ha Al D
ANBIBERZE T, BB - RIEEKZ, HADOREKDI
Hae ko, ARO8HEZEELTWEY, LT,
BLEK R FR R AR I, S S O/ - Rk
EWZEZDHTLIETET, Rl IO SUIRT R
BNH 7 EAIY T HNDLBRIE, AR ERE & KRR
HIREHICB W CONAERS R THRENCEH LREE
ORI T 5720 DLRDLENED D 5 119,

EIZAMIZE o THIZEF IO ERESL AT Y —R
KBEFOBWIZTZERTL200TIE RV, NEHOK
BEMOELIZ-HEBLTEY., HA»SOERD
FEN ST, B, WEFE CoOMRBIIEMET, O,
MWIFIZX>THEME R 2B OMEL R 25 E
ZHTH DLW, SHICRERKE L EHR» S OEF
MEOHAMAL LTOREIZIZINEEOCALDIET S

HAOEERMEMIE R &2 G HMMA L D ERICY
FRLUTHD - TEAB0, §55 0% 13w F 22120
R ERGCENEBELHEATHDLEEZD
MBI, T Vol RFHIEDRPOERIZH 2 Ml
DEFEZ, ARSI NRFEL KT 2 LEREATH
B RERE T 72 ) EEDARLE ThH o7 ) §5HH5,
HROHR 2L AR Z2FEL, 3 - T3 2 Bioh
WAL SERAN 2 o, EHOEM R MEANL I T
WBIREMED B B 19,

AEE AR E ORI N O B OARY % PR
THOOMBEEREL TR L, ERMEOAREN
IR UM AL ENICOVWTER LML L2 H
MELTwb, 9. AEoEN, ARFEL LTo
Az i T O R B o0 $ely 0 Bl <2 R B & A 2 S RS
ZELEZO TR ANEHOE LI ED X ) L% HEo
TWAONEHT L, 209 2T, ERBREOHM A
BA SN DO 2 R E oM AD & L
TORELRLOMBRRVEBELZNEEDLNADTE
KT 2HERDIFEICOVWTERT 5. Z LT, it
W RRIZAY (HAROH I EICHREORFERED
HIET), TNOHPREDIHITELL T EHTELED X
I BRREIZHLOD % HAOBITHHLZH 2T, &
EEEOHMRWBEIIOWTERNS, 2L T, £RH
FELAIM A, Fo RIUCITICEE T RENICON
TEET Do

2. AHORMEDSH

NEIBUE RS % B < T X CTOKREE R OHER Eo)ks
WHIIFZ A5 5% DB AITHEEIICEDS LTWwb,
COL) RIRIECERB B CEoE, AELE
HWo—o2bksNTwb, HI0TERIIZT 7)) A Kbz
T, 6 HE~SHEMICTIETERBICEEL, 5H
ERNCA =R M) 7 REE, 475 2 T4ERNIC I —1 w8,
SHAE~ATERICHE T V7 &I Z 04 GE % LT,
LAFAET AR V7l EE) . 173 FHETAIC
ORI F CTHIGEZ L7219 ERoT) IR F
YRy I—Tp Sk R e LT B R OO LIk R
0. ABERE LTHHET2EMOPIZIERERICT
L2 TR L, PIKIERHEEICED AL &
FNTEY, EHROZRFOABIAT 7Y 71 KEEIZ
LEFo0 L T D e RE S RL D A FO D,

2-1. HRMCVLIBRM
NFO E MR TS N, By & R O )

J Intl Cooper Agric Dev 2020 3




AERLLTHHTEINEEZ DL, ZOZEAER
BWEIRITAZ 22 hd otz $72, ML
BEICI-oTREDHREZEIEIER R DDICL7,
NEDSEGT D HimAT. WA, FE IR £ TR %
A e ERBBRBEOIC, HAROW D & &R E 7 5 Bl
AN - PREE LIRS AEGE AT A S LS TE
720k, MEMTHEZENKRELLEHRLZES DN
%, RO LG RERE, B HE.
FE LT ONEDS, EHEESR UL BRER
ROMHOE R EOHOEEGZ HEIIRESER
bo FHIREERIEARL LAGTIR, EGEOARE
ICHEL, HAOREMHDUEDND L. FHRER
EEMER LD b — IR L LTHAT 288 o
FEIPLZ L, A - ATV TORERTR) V=T
500ff, dbXDA ¥ 747 ¥ TLOOREIZ 2 5. F 72,
FOMBEITHIIC Lo THEMRICIoTH B2 525
MXNTIZERIUN OB b &R T 2R L A
HLTWwikan®, NESfRTEMwEzhLE LT

1 TR 35 S 2 2 B oY % 8k L LCHH
LTCELEDLNED,

WER DD S5O LEBEOT TRk LVWEEO—D
WML, €2 COREERMHELLZA XAy PO A%
DOEFFALIIRESRL L, HHIFITH~2H T,
JCREOMRIIED ) Kl d <A FA25FELFOH
PR BRBETICBWTAyFar s V5ofilEL 2o
PR 2R LzFa—L b ek 10 =
BIHHE L7229 15 13K THE-2FHX T~ MES
12K B Ly TR -7 % KIE DO HL O KIR OV e
WCH O FRAF TS, TN BETHEIIERS
ZFEYIIL, BIZHLENTWEIZAFE—F A
TTHIZAZ RE S -7, AT FARLED,
—J 77U AR T V7 O4ER KR 2500 mm
DUF O BB S 2 WIS B W TR E 2 R Lk
AOHAEL TWERERDO N2 B HR O R
Polhb, F=TIAIOIT 7y E b LE TS
GIVRVDOANADOLRII b7 EOa TR EBWEALT
BXRTIFVEH, BFROPLIET 7 ¥ DI TH L%,

FR LB Y o8y R ERE T 5 ALIX
10D NHODFIT#EE v NEHOL (IEZ AV F—
BTy 7o P BT 52 8FRELZ LTV D,
£ O NBEIZEHKRE L TERZHETVLEWVR 5,
B2, 7Y T7RTIVA. FT T A HIIBVTIE
BRIZBIT LT 7 OEGIL6ED S EVIKEZILEH
WCHEL, TELHEETDH % ~50%FED AT ) —%
FAAEH THEIL TW5 L w2, MEREERTORY

AR 2008600007 b D9 B T A FH35££8000 k>
IAN6EN Y, PYETITH6E R HEDTHY
INTEYWEROFHZT% % D, HHRADL DA%
RIS OVEPIHAE L CTHRARIE 2B L Tnw5 &
EZZoNb, LML, ke L TR oK OV 5R
7 B BRIZ X o TRAALY % 14 2 72 O T o> Ff 56
WIZE RS AR SN S,

y =T ORI ORI ES T Y Y
DANZIF Y rExs2®, 254 ET7 TEA 2FO
77 EMHENAEM T V2T &) SRR 2
DZENZEFELLTELTVWAEALLHHO, 7
P77 M) THHRBICESTANAYRH A V—r
DB CTREESMZ EARPOSEL TN AV Ry
DNAE, NFFeFEELTBY., BT % 5Kt
ML BNFFIKFEL TR TWAE RS, =FF K
Ty be—F I NFFEREANY a RO
WOFEROETEMEIIEZOND Ty Ty 2L,
RESETEPFELELTVAALDL VSN, ZoOMIzZd
AV FRAYTIZEY I YOHBNS Ty TR L
THTVALTLRRLHT L FREE VST ANLD B D D),
TYTFRZESTA Y HOKRBIEI YA TR ERE
BELEELL, ZOENCLELOT VT Nl %E
FHLTBY, FXURLA=T EENL T 7RO
RIS BRROIE D ERE LTHHLTW3 3,

2-2. NBEOFREEDH

ZOEHIE NHEO GRS TDH D ML R
ELTHML ) 2O %2 KE RF, 2o,
WEBENEEAT MATIEE LRI L) -
MLy aPMzHoc L cEoFFTCRILTE W
bORHHEOH LML EME LTHHT LI LHNTE
L)V EHERZERPOIRIEE SILA 72,
AN EWEATT 5720, HEDI VL DOEEKL,
BEAL, RHELZHRDLE L LI, TNHEFHT A
O EEES729 2T HIZETR T, HIZARL
BRTWVWIEANICEZTE, BOLZHL-ATHE
BRINOOWEHHT LT RXTE [ILFRORMA] &g
FLTVDH, 52F ), AEOERTITEICHED
HR»L B 2157200 HHO TR LTEINS,
BELEOBRMARIGEVES LOPTIEELTERE
HOHRT20T, FEOEVIREDENL 2o
THNS, B LLEORFEROBFIREOHN LTV
HARORHAEZFH L 280 LTwb, —iT5L
JEIRIIC D A A REFAEOBETIEH 5705 HRD
LEREZEETIRVEEZNELL TS, B TE

4 J Intl Cooper Agric Dev 2020




e WELREHICBWT, v a— AT E 2w AR
Wb, HEROBHWORNEZFEL, ZoHH%E
Flowv, ARWZEE - BEICHHT24ETH 55,
BYHROEREFHT L L) ek, 4
ALy FDOANLEFRLUTHDH, WMEDHRE A SR
CHEMEIIRELS B oTWb, £ X4y D AXIZ10
AL BE TRy Far 7 V5 AR E L TR
TAHENEZ RO, RERIAPLIECFED 15, 6
RIS E—ZITZE L2 bic e b evbRvFar s
DI OAEAFBHIE ) AL 72e Z OB T E
STWIIRTILTTHI I ERIILDE T L EE, Ky
Fa s A FREOHE, W F I TR EOBEH, T
=R =7 ED L x 9 RE A &Lk BRI~ DARAT
ZIILw, BRLLTCELBYOERZ LIS
W L7ZEWnIH, ZOLHITL XA v MPBRBEOE
it LH S o &R oM 2L S xhn L7z 0k
L. BERKETIIAMAELOFTHRICEH X 20T,
EDZEZFHLTE7Z,
BEROEZWM U/, HEIREL VI BR) K
FOEE o] Lk L TWBA, El 7Rz
RFFAMBIIH B L L TR, FHERIEEOBY
PHOAEES VY, AMOERO, AELES Z
&R BRI L B O ML L TS T
B L V) BV AT o7z, ALIEEMHAED
THEECLHRERERAT, HHELIEIIYXRYTTO
FHAL O ERE, ERNICAZAMATLZ LT
ELREGERFRTIHEEZ VW, THRBOMFEIIH
FHLRIFE RV, RELOBRBETARDS VWRE L
NABNZIRIR L. 2 OfGRBE RIZ BRI & PRI
HEAL EBRCE S WX DR L 72 IS LT
72bDEERZOLND, WERO FELREFEERIC 2o
TWwb0IEFF. M. ZLTCHOSHETH %, L v
BRBOMTH L 25 HEMMR L, AIHICLERILE A,
KEORZ MYNEHT L HEMITEREEIEEND
A 0DEI S, SN Tz, TFF T HETO
BERRT 4 HETIE WO 2B EEN: %2 SHEICA
N7 AT L2 WoT WD EEZ BN, RNV —
FHEOKREOMBIOHIZL-oTEOLNTED,
AEDPEL DML RN ED L R HFEOW ) %
BNTE L) IC—HOI—2A2RE L, KEIEE
WCHoTHZOR LHEHA T2 ENSEL LI R TL
FLAWLERET L E W) ),
IANF—FHELTOF YT v 2B 5700w,
RBHEEABHICH T OND, 4 AFHEEHECTHAL
RITVDITK L. A EIZHPFIICHSL LB, 5 %

LENTy Ty EERLTERL, BXLAL DT,
HREHICIIH LA EBRALNL, £ EIZWbITHE
WA R BT 2 TG 2 E R D IEE L DT,
ZOWMBEICEMICERSNTLELLVE ) ITERE
FoTwizh, FHETHo7720 35, LT, H
FECTHED WA EPEAN SN URTOERD A €I
BRLICEFHBHEO TP ELEINL, V¥ HA4E
Ry =V EMENL BRI EENR TV D, Uy
LBV SN T v TFATEONS Fa—=3lFTx
AT WA STk & EIREICE L - e
LTESN, RES ZRITIMETORAEL TBY
L0 0 NT AL DHYEEDO—DTdH LR A K
M EE—EWTT2LTIORL, MOPRTH
I TEDW, /-, #RAoOFOWLLEZATH
WOHONZIEMBAKRSI L LILIIAER2TDBALENE
RKEDOKTES LTHBERTZM LT HiETHL Y,
FRT =V VI & i & § % B AR 5 72 &°C
HREEN T HHEF Yy IR H A N—VETRENR
bharufEd oz wTEk&E s, ¥
2SN TWB D, BEREECTBAE N A BREH R &
LCOEEENHT I v/ ¥ 7 VUL &t
TENDLWMEDD ) FEAR GHE O T5 AN DY
Vo T7UHTFr PN EEICLTWDALDRIC
W OFHEOHEDHITIZ X > TRE-TED, K&L
GRS E L HELERICE LT HEL DD LY,
FELETIZBEYOTEOWHNEE DENDBZENS
DB EDE NGO &, ThEh e T 5L
LB DR RLEDEREDOENE S IZZZFh 2 E5E A
DEWIZH IOV TWE®, axEaAF LTI,
ENZENOROREEDS R >TWB D, I X ORILH
MESENOT, HEEH S EH—IZHI ) o Th & LT
T ZENTE D, HIZHBOIZODOKRE M
ANF=HPVD, T T, IAOYE, HEEFERL
LT3 LIARIEBEALLRL NAESNDZ NS
W, L7225 T, HBEOMEHIZHARD T X X912k
KM RL=YT7, TF A, Ixy~<v—DLHIZHELT
BARLED, ¥ 70X DB TREMZ THKL
T A T4 RO XN L7 fix i
TR EVETKLS ZETVTROR O T T THHA
ENAHD, —F, TAFE, MFELIENSEIZADND
DT, TADXHITHMID S HI - THEE 2 JLD B <
CEDVHEETH Y, »OAIEERESTHIDIZC L, 1
DIEFLIZ D AL THART WO T, RIS DFE %R
DEFFRIIEDNHLVWDY, 22T, U=V Tar¥
ZHLOAL, S0 EHEVELTHE L THY

J Intl Cooper Agric Dev 2020 5




bNb. ZOA XFOEMOMEE Dby, 2 oHE;
RS % 3, fha, AESHBEO TR THY N
HEHE L ICFTHELY RITTI LIRS TWD, T T 7,
7 70H, I—av)RFTLH ST LF AL TIE,
TS -RODOBEENEEL, N E2ELZDD
NUBEEZBICHILEEAASND Y,

DEDEI I EROFECHETIHO0 LG8 %[ )4
FORA] CHELLERT L L. BEIHROF NS
B ERETHIROOBELE LTANDZ LB TED),
ZOFETIIAEME LTHH LIS WEEDIED 2D
B 2fnwe s LTAEEL. TE S HICHIE.
ML, M7 EOMBAEBLTLY) AL TWIRICE
A BY2EFCo—#Homhi, EoEMRLEYE &
AL LTHETLIONE V) ZEnbIFE S, £L T,
ZNEIMLT A MEOEN, NTICHW S EEDEN,
AR B O E W IC 2o THIRT & DV E 2o
THNL ),

2-3. HEBRZEEET DS TORDEE

B E I -ATEL I EIINEETH 5, NI
EoTHEBOAER P ENZERT B0 DFEIL.
LI LIS SBEROBEICBVCIEFICRE L E®RE
FoT& 7, ERFICL > TEYIZME L o1z
WA G| ERITITH Y. ZNEET B 72D H W ITHE
NTHETS L), FEFARPDAMORZREICIZR
LNV DL W) B, OB TH 2 AR
HROHh 5 R Z R L 2250 2N 2ok B
WAL, HH5VIE—/HICAEFE L 52 L THREE
FNTE2 ¥ =T OWNHOBHKICEST M 7o
DN A D 2 FAE L - BHGE0ES 04 & IR E
RIS oEmEE B L7219, B S 057 & ik KRR
ALTHEMOA MR EZ XD Z HERT 2812 LTH
ZEHM L WEBEOIL TR ZOS NI DL
ELLIELWED D, T Vot ANLEREBEDO T TH
EWL-DIE, BRAELZHS OIS TH
BHLTBIRH) LD b, EMRSEHDZ0 O NH R
FCEDLRUIMET LI LB NEEE, wEEWw)
EEIHITTHH 25 L) RHRMEEZESE NI EZLT
BOI PR EROBMERB EBLIEDVHDB, b=
DANLZERPAR LG EIREEHLANDETH
ANVSTERZFFTH SV, ZOHEDVHIZ R IE
FTREZDFGRADEV)TEEHRYEL TV, T
DRI %58 L TEFOYHALZKY . Zh H
B e LT T Wi, L L, TOMBREEZ
TV E 2 2T El b s & v ) B C,

FOMBEIZIHERPHENDENR D72 ) 1),
Z 9 LA & oA TIIEADH S 0578 % i
KEEF U T % £ AL LT, B4kt
Ko TR ISR LB D ETT D B h BT
Bbh/zL LT, 205 Mo NIZEXRSN L&D
WMzTLE)e COXIBEROIT, HY OBEOH
THR/NDBNTTEBZTRELIZERHERE L LD
ETLHAMEREOIRAMEL A L OB B L
DDF LWAEEENLZ LN T,

INY D ANy 7 TR ZAEHE, A0 ke
W) BIEEIC B 2B L oLE SN EETE T 5. R
KROWEZIEA A LD TRXTHETH L, 7=7=
(k) B S72H0A) D 13 TR A O LA B L
LT TIibh b, $HEOBOKREZRS O3B
B, TR E T 5, T2 B KOEHIZ
BUDL D, WO FED AL ESRDOI LMD
HHECTHLH PHEL-a A 2B L, T ARIZIND S
DIEFBHEOHF L R->TWD, ANy 7 DEERDISLC
HZERTHMOBREICHETBI2bNANY bV Ky
OBRIFLHEIHYB L TV B, KO (BetaraWisnu)
ROt (DewiSri) %47z &o7z AEEE->Ta #
B B JHERT DR AT b B 1,

BEORH Lo TH ORI E O RV EME % o3l
bHROLND, HEROETH Z2FIIRAELZHIIRE LT
WHRWZ ERS LM AERE LT, JE/EE R
/e ) EE2D CHMBIC L TEAEFICTITE
BT A ENE AR T AR A BV, Y Ry
BoTe st BEOWK) LWI)BEETF TR, AT
FTADIHHWEZETORERNDAN T4 THFHIDH B
WCHRMTIENTEL®, 4 Y FRIELoE LT
AT HERAERDOANLICE > TREWHEOARICIT L
AERAET 5 2 e iRl 2oL t%:
BLOETLEEEEATEZ, FEFHROPTLRH
L TREZ#MITE VXA FHICE->TRIEOTO
EWafFT I erlliv., Yy i A4 TR EORFERIIO
LB,

2-4. NHEICELTRER

AN OWREIZIBERD 5 B2 558E LD, 1358 T
R D T E L. B, R BB, WA O F
ADH B, HARICHIEIZ R 29, Lzd-T, #HiER
DZAPELTREICET 2 EEIIEEL TS, 4
W25 0 HEARO R TORATFTOEY KL OHFT
BEOWIFELTER SO T, FU LD HEEEL R
O —XALEDOANLEF L &5 2 EOEIFEZ LD LS

6 J Intl Cooper Agric Dev 2020




X% B &), BZ KT % alkae Al BHE 6 ST
DB Z T HHOBBOFEOH T2 L L EH LT
WHLEEZLNO, RTT Za—F =7 TR
AR 2 IS FAN B CEM 2T 5 A 41X
KoORERBTHEEDRVEVDOATY YTV T
BB, 7o, WO HEEWEFHA L TE Mk
BOTIRMo®E KRBT L2 5HENH LT, HRR
W7 VT7HRETRTI /MO THREEBT 5 5H
Bdbb, TNHIE, WHEXHOBEZZIT, LW
ERECEILL TEV D05 ENLLAT ORI L
T2 ENENOMIE THE S NS EM OB AL D
WEEMLTHRLTWEY, jgIncfEd A AR T
%mmﬁk TV B ZFHLTBH, 7 v—
WKLo TEYD X =2 —13HEM T & IR R T
hb bR NV—FT T k| E&otﬁ@im%%of
wétwo“>mm@%®ﬁ%%%\ﬁ Z= i
ft@ﬁ%@k@ﬁﬂﬁﬁﬂtﬁboé#kwoﬂ%
RS TFNHEOREZB L TR ObNA, HAR
BREWKT 5 & AMOBIZLEETHEMICIZ R A F
BIREE, &, HAROK MO B OWT L 2D )k
bEOEREHMRET L DILELBEFOBBIIN N A
Mh, BRXRBEROCHIBOM A2 B THEIRELH
LTV E W) I L TR B D TIER\WEA 9 h

ANEOE LD &b LML V) FERNEED
i, 20 F FTEWHMNIZH 5\ I LA MICE-H &
LGS 2WEMEZML - #ELAXONS L) ITT
LEMAMRMAZTEHVAIREE, TNEEARL TV L
WAL ) . KSHILTE L TEREO LT
ENTELW, /2, PRI zoAELLEDOR
THIN, HAOKRERL I 2 MEME, LR
CIZHEOEZM LU T IN T W, BioaH
HEEDN S 720 DOREFROBILE W AR E VD
WL, AMofid, E&57-00%EHD 50
ANV F—FOBEINE W) BIRICRESNTE LT, 5
e, txohoaEo FTEXLh A WER
ROENBVWLOPHESND, BFITBIT L MER
EMOMRICET I AEEHTZOHDITHHELH
POV TW2) LTHRY > TE,

S B R A ORI 355D —1224725 20
BADDOA AT ZHHED I L ThE L Wil % #52
N4 ThHb, I—=F v OPIEPARN GBI TH S L W]
MENTVRIEPLHEAZEHE LTHHT S LI
BolINbIL3AHTH LA, EIIHT LRI
IR A, MR XS THRLEZ39, AL LTOARM
X, ENZENDBET HHEORICE T 5 L. EE

MWIEBE OB TAE, ﬁ% UCHAEL DO %I %
HELTEW, Fo HICEICHTAMEBILAERD
h%%@&ﬁ«%h&w%@@%i%@@k#ﬁ#é
o THEST, KENITETHLILE, £
DAFICES>TERTH L0 DL, L LAKS
OWEOHBBEBERE LTRELBIEGELH AW,

3. HERICSIIHiFOFMIDORHE
{034 |4

FiaR L7z & 912, BUEHER FICANET 5% < o AH
TS MBI BECERE L TEREZE T
%o MRAZHMOAFEOREIZIA T N 5 EHHE
R D REDEN DI CFE K ->TWD, 22
POMRLH TR S BPFFOBBORE L £Fb X
CEOALDOIEOEBR L ENCOVTERT %, 1
TS5 TAEIE ERIC A=) ¥ Fiplk 200 7 A1) 7 oKk
2 F THEM L 22 NBDYE ATV 72 DI SFIRE 2 ol
ELIAEETHH72%, Z0H%,. HRPLERZH5
FELELTOENPHEET V70K (24F, 44
LAF, ZUVFRIIA, LVYATA, VY, ¥YF, 7
Z 7)) % = AR C120004E RIS Z 5720 2 1Z Lo,
HEORIT E #M OB Tk (£ . 77, % ORE-
REF, 75, REF), —a—F=T7EONER (¥
04 E, Y hIFE, NUFFA, NFF), BHILT X
) A REEOBG IR (MY ET Y, B, AERFy.
R=F 7 B ORFE-RER), 7T A) AEREOA—
AF Yy RI YR (BRFx ROBA 2 F9 % FIH
LR KROT 7Y AHEE R T 7Y DBk
WHodt (Y a4 LT 7Y HK), DEF6ODOHLM
WTENZNIMAICHEY OREALAEZ Y, HED

JEBEASIEIE L Cuo 755, b3 22200 4E R 4G £ 5 B
SEHG X DI PHNC RO Zh T h o MR T -

R, MR EAZBIETH R DL < Dbl
DEELBEFEIZREEELTWD, fYLLET o7
WKhs@EEEV)EADOREOREZHIT L7720
W2V ZENENOHIR CTE 572 23 L EORF L 2 FHW L.
ENHDRCNICHAE T TEDOILE L L & IR
WTWEDMNIZDONWTIHRR S,

-1, HRICBITDEMOREEZLLERUORDONIL
FERESALIZ T ST E OB K 0N B & HEE
fEL. ZN5 DY & BREPAIEAORE & & b IZH
WOWITNZILA ST Vo7®, L7zhto T, B OMH
DEVIET b B HIMEN SN AW OV Z/R LT

J Intl Cooper Agric Dev 2020 7




WEOTIE% K ADBENIE S TERE L Teo 75l
HEDEHZzObODEVLETNTWD, 6 K5
YALEOHFTE B IZ—F Y T RETHRELZZT LY
RARFEAL U2 B L o X B EEME L 2 s
e LTENENPEHE L T2 TOEDOIE
BOEWE EERIZOWTHRRS,

T AFIXA VAT TR 11000 48 R 12 BB L &

Ny A RTRILHEIBE O Z R TR 9000 4EHTIC E 2
BREAbs N ENb, IAREFHELOHET V7.
HE, HARICE CTRIEL. MfERP U 2 R L7
(K1) ZNASZ DOF500 45T D EERE & BIZBIT 21
ROMATH B, W7 VT IRFERZOMRTHY, &
T IVT7TOWRIZIE VD b DO ERIEHMICEE 2 LRHE
BELTH) ZENEFEAE RS (K2, 2D T

X1 154 E O T 28 05T
(ML« 35 frofb #—% - Ao k)

K2 15 Ar0F4EH - LRSS D5
(Mgt - 8 ot #—% - NFHoEL)

8 JIntl Cooper Agric Dev 2020




LA ERETLIHEMT V7 OL L O TIHEL
THALNE®, Zhzh URR b 2R o H
BB B EOREI T M HL Y 70 B S b D& WIS
L2EDERIAONTHE BB RS RSN
EDG A BlZIE. WE T VT 06 HER LS
DR, HARIZE TADBMERMULBEICES 7 2
TOARXAEFRLE LTI HIBOROEEIX, AT
HHRED AR EEFNRE L EORIFETERDLEH
Zv, ROV I —DERIILL—EELLEV) D
. —AIC—HIAS58%2WET S LV B TH S,
—HIZT A58 (700 gif) L\WVIHIDFaxDy 8L
ZOARREMIVEOEARE %5807, Bl IXK
BWEDPTEDE) RdbOBHNILFTEBY) A LD
MEZHERTEBLLNLVOEIZE D L WD 3,

—F, PEoOBEBFEEOZFLL L, I LXEER
ETHMBTORANGIZ, HEL LY MIhoTRHE
BV LTW5B2S (M2), ZOHED I LFIIHTEN
BIZAEEDEICROD DL ENTED, W7 YT T
70004 1F ERICR B SN2 BRI L Eo729%
FAT2HEOALIEF L LT V7 THEML S e
TLFELLHIZIT—T I RINEENR>T Vo728, —)
T, FfESALETIX, REOAXFHT 5 L v ) vt
EERMICR SN hoze REFAZFAL 2K
R T ZOADPHHEINTELEETH-129, KT
VT EWET VT OBIEORALIRIEFIILETDH B
A RN ZERE LTI LW S 5 Y, Zhd,
IRXRERLE LIZBEETHLEN) T LETHS, T
EEEL OB AT 2R e, AF2EEE T T
DEEFTIIHE L —F L TWb, N LI E A
HAGDLETHFEOBIZ o T WA, I ADIE
POBPTEARTIZILFDNS Y 2EFTARICLE
GI2AEKHEEZERA ) L 55, —HIZ2kgl s
CEAENGL TR SR\, 2kgD/ ¥ F R H AL DI,
Wi TH b, ZITy Ny EELMH TR, v
—HICERLZABBRPADSLAECEZMS L)
BAGEIC D, ZZTETEEI LV BIEIFEEL L
WOT, S-uy I NOFETERICYZLFHEIRIITIT
Bl NUET=TNVICERDDODO—DTL e\,

EHIT, INLOBYOENIZDKN % X Z A
RORFEDBNCE DLW H B v, B
BERE N ETH AR X B &L MM IC R E
b THMER B % 33 5O T, AEREBRRD VI
REITIEIAMEDIITER VD, Fo MifETidk
e LTHELBAL, KHIZHTAREENWIZLAD,
YOS HEZRAA L7720, Y OBRBEEZRES IR

OVERINH B L)%, BRI S L, HROAER
Wb LT H DI AR EHE R T
DI TH 2D, — Ty I AFIRILWAIE S AN
MERL, FEECZRIIMATTHL T2 LEN A
v BAFUIPLBROTHREOLEDS v, L2255 T,
EEBEROLVIGRTHRETE S, 2H) LAEERD
b & TAF R KT B MVERE RSO O 7T TG
SNREL, BRIIWGEE LCTAEEICRET L L0
AT SCHASEAL L7z MBI RSB W T EA S
Ly RWIcL, BREELICEHL ZERTOME
LEN, THHTH B LAERM] &) M E
nf: 55, 57)0

HARD REMI S X OSSR QAT L 7 A S
RTid, BEMIT, WAt (BE 5 0% BE
THME) A5 FRIOKHERRED A 2 IS T2 D13 h
DHIF L Y D EVEVIEHFIAE SN, S HICTNIE
BRI BT A IR OSINEN—H & LoTWw
% T ERENTD, KHEMEDREA 2T TIZAN 2D
KB BERPERICHE L SNTELEEZ
SN, INPHIOEKE =) BRI T
X7

3-2. FERICHITIRBRREBEEEDEIL
HARDBODZEEZHIIC

R L2 BH b ) b o 2o o LB T E
e SNTELaXLLFETRF YT ELTD
REMIZIEFITUT LD, L, HEINDIED
PR D& IZF BT DR F AR 58 %
B0, 72 AL CEOME O TS DB
DFENZHOLRNY, BHROBEBOKRKE ENIZED
o TVBUREEN Do X512, B RE A
HEOFEER VTR ZENZE L ADOKEICE TIEH
FTHUREDIFEM I TwE, ki, ALIZTh
RIET L TFETH L [ILFROHRA] OBBEIHZODH
DRRICRE Y LI L TV B IR R V. — 7. JEiE
FE &IN5 E 212 BV TH AT OE A I1Z#K 8%
ELD, FTRBZREEEZFLE LEEIIEZ D
NADHEFL oA L. it sicB 548
BHEOHTT L IIRESERLLIMAMADTTES LT
Wb HMHEICEWEDS LICB T2 8L ZBEOMR
T O & D45 E L e E O #B T CTHIE T A N2 DR
FNEHRLBELODENVEELETLIZDIC, 220
SIFHAZHEFE LTHEROERED L) HRdDT
Hoty LT, LIRSS ED L ) ITE
fELTWwE, BRELEZEOMMARZNE L Z 5B

J Intl Cooper Agric Dev 2020 9




BENEDLIEN L TOo72DPIOWTENT 5,

3-2-1. SERERRILUAIOBRICEIIZR

HAR R ESALE O W obi 12 A0l L, FREESH b
DHLTARERGEAEFE L THRLIEET IV T7HH
W7 IV TIEhTTHEBEBLTALNLE EFOLZE LR
LTWize 20124F12 2 % A 2 DI ALERE L L TH
Frshiz—i—Rx2 R T2HMEOREIL. JED
SOALE Y ANFEE L 728050 L M E 038R % B
72HG DREN S - T WD, FF, HRUHE SR,
HEOSERI AR L NS i 72 o 72 PE H AR 2 b IR
BEd D N AL, RATCTAKA (B 0% il
LA S E . EMEDORILIZD 55 Tno 729,
TR L& LA SATER S TR, R
ZERRDO AL KEN LD AN b, $h4 MLOff
MEHEARE L-HAMA O BFREIRREZITB W
TH T KRER A A H SN 720, REASICEY .,
HHETHEEAN MMEEZEA U LAEIELL TS D,
RERHZ AR L L-AFORBISHERES . SR
FACARKRL L, TR R IR R A L L. 258
L7z E o TE P ho 7z REM S O TR R
AR Sz BRARRICA D, TR e L L &
HICERDFH S NGO, 25 R AZURE o5
Bob L1000 72 ERICHT 222 b IR 4I12H K
LTWwo7z,
FRL72EH)ICHAOEROBREIIRFR E & IR~
WL TE&72b 00, hxllxfis7-AFDOER
EZF OIEARIIZ 10004 DL EF OFZEACIC E 13-
TR EINTZDDTH 5, HIHRICA->THEROM
Tid, WhoHZRE, —it—F2 5K L 3254800
MoOMP I N, TG, KET7T Y72 5H
AFEFCTHBLTRONLEKED I X ZHFVEIFRTE
RLEEFLILBL TS, LOALEROEZICKELE
LB A SN0, B T04ER T, BRICA-TD
— D EREERE R & FRICEM B T E LU
DR EIFEALEDLLLVWEFONETHo L%
Ay (W

BCimo TR REESE] Tld. HRHEISDW
HOLLOPTHEIFNTE-EDOREIFLEHFINT VS,
ATHRENF IR D & HIZ[E TR T b & I R 7okt
WL ZORMICHT 2THERLMHEROE Y OBFEOVD
EIRLEDL) EMBPELON TV, £/, £
DOFBIEICE TRBA LA TV S, AL OETIEA
ZHBTRIND =¥ LI 5% HOFEKRIEA 2.
RIDHZIZLTIMICRE AR T84 &AW S
NTHEH 2, BRAETHALREOFIRETIIEDT-

WHRITRESG LoD Z2EN, o FROEAF
DO ETIEWD2\ T O IR TG S 2 B OKE 4 70k
B ENT VS D, FEARDKEID 2 WIRIETIE
LAF, T, ZIEFE, BRI EMECD ) MR E T
AIZHLY AN bk 4 BB A LN, FIEHhE#oT
MFICL72d 0 RRRPHELR EFHOBFE L —H1C
BT A DI TV TEBAZESH] 2L
ETDERARIZTHNALNE S, Mol e
FBoBRBEOR TR, BB, ILERED
MYEFH L, HAOEHRIER I N T L2595
5o MALICRSEHABERICE I N ARG EDOL
BOREC RS BEMEHCTEFIEEINTS
D, FUETH LML oM TIIRE {7
BOBEBRALNL, Tz BESLHTNZ HLOISFE
TLIATON DL RITHICH bR B i R 5
RS EMEZR TR R HIBOERIZE>THD
NTWDOTENENDOHIE TR o7 EDAR S
N7zo FEERTENRN L WLADOMORAFERE L TO
EWOBIED BRETIT>TW2DT, EYHP A AZ
ML EREICRELTHY, EMEFHI LI
DY OBFEORHNS S T LAZEL, ML, #iiko
THER LI DLERAETHA L T8 LS
o729,

HARODEE L W55 CIEBRETIEGTE LW
BHREHBEORL LT, A4 5 304F12h 0T
DHAROREH, N5, WHEXY, Wiz & TEFLT
W72 NADEFIZOWTRR L RIBFEEARE —D
ZHEZIATH LY, BEREBPERABTRIERLLT
A4 ELERZREDOE, RKBPEETIIYY~
AEBEATVOHER T HETW, F/2. HRI25
FICHHE RN ZBICE. 4 PN D FHIICHZD .
EERIIEMEERTVDINA DT EEAR) VW IE
WANRTW2ERBLTWS, HEEMETIE, 25HH
H—HEBEWE T LALERT, A 7 E0) 2AEXT
Wik wi, BRIIZA-TH S EFICHAROHAHE
e L7z OEDS LORTiE, 2 XIEHELOHD
FER e EFTH 7200,

AR OBz axEERALE LEROH
KEDA A=V LI RES BRLZBERBOLHEIALN
%o Mamd 5 & HRANERD T X &2 BARIEL 720130k
GO DI EREATI ST OIS X)X halah b7
LWV, =/ T, HEANERKZ 2 5 L TALRIZ,
JERMIZR T ERZBEWOEFUL IZ T A TH - T
ETWVWDLDOT, HRADFERRFRIIVIATHL LW
258, W7 V7 hHHEORIBE L O HASEIC

10 J Intl Cooper Agric Dev 2020




T TIRAS B R EFE SN L8 L 72 O T RED R
LN7zZEZIRIEL TN,

3-22. BRERELERDEE

WO HAROEIIBAELIIRESELRLLDTH-
720 HROZMRARBREORCENZROMIBOH
Romins LB B AR LOBRFEOZL L
BHEPOEZ L LIBICEELIOTHS72. 2
DL O B EERE BN IS BT 2 REREL L B ICH
KOBDOBEIIKRE SZL L2, ZORE. EFHON
BETPELERTIE 2 WIS X, FELLET O %
bdHo THARANDFIH b k721 T304 i
O, D EOHEENENII RS9, LarLl, &)
HREZPEZT L= THRDOEIZ 70— VR I3
CHifE s, ZORED ST BT O»EE L WHELC
EoTWwr O, MEAARAOE L BERTZFNELZD
BRI LD X ) REALDHEZ 572 D9 Z O FEM 2 R
72 ZTCHEOHARZIZILD LT 50 HEE & MFEEN S
EOEAHEAZ B HEIZOWTHBRRTW L,

323 ARICHEWIZROE(LE TR XTLDOZH
EBRUBHEEEFOEIL

HARIZ BT % ik ORF RIS D ZIZ R o
FEAE VI ERIMICEE L7229, gk L7z k912
AL SER IR LD a2 & E L-ED
RN R, EAEATREZ W2 5 S ERFRE
WO D ICEE 2 W 2 720 ZOZAbIZ A O,
B, BES LR LD s, MTHRELE
fb& LT6mED AL T LSRFEEMIZEL 5T
ELBEWORMADPHB SN EPETON5, W
BRSPS O St & & b ISR O IR AT
bil. BRVPHBH IS, HEP - BICER LD
BB TH D, MEHARD T AEEIMZ, AL
IR ST BB Y. 1954 4E IS L 72 2kt ik
Db &, NFR BRI (el & LT [V 8
BEBRIL IV 7. Bed ] Lol Tt s
NDBEHITHo72T, ZHIEWFEEICHEEHhRE X,
ISR E L & L 72 O RCRAL DS D FE R
BZELTWoT2,

COL) BEALLE KIS, HRORZ LR TERE
Mz B b hsiin gz BRI T TITEN DS
HHANONDOFEHIZ I S N2, 55— KK DL
FLEDTEE LIGD 5 F T8 oI 3 <,
BEA L E LCAZREIHM L2720, B A
HEL LABRTH 7™, L LBkt KD
Beid, ETEOLERIEIC Lo THWIC BT 251
DARIEF Y T OPUAKE 2 041 E RE Y

DA & B TAEAE N B 0@ 125K &I
AU L HAD B & BEOTRICO R D572,
B HERELR LOE ZREEDOTEI1E8~10%
D& IR L7225, BIEIMMLHE I 3% R E DA A
W 7ze IERFEFTM~NO— 1% 2 2 %2 578 ) O
2L b o TREDEMALIIE £ 5720 1950 4-4X
(BRI 204 12 A D | Bt oSS K Ly Bk,
s AL IR OIS & B SR SRR A D
HRIADSHEA TVo7z, 1961 (HHI136) AFICHIE S iz i
ERARTNE, FHEROBEZMRT & &I, KK
MICEDP R REICEMOEREZ XS Hig b o725
DO, FHERMIZIZZ C ORRIVHFENLL V) EERA
2o L L. #ilifbo#EdTE & IHH TAIE L. 4t
Weasn-& (BROEE»SHET TORO 70X
ADEL BRENTE Y R ALENE) ITHEIFL T
BREEL ADPEHICHEZ, T L DITHAETED
FTANADOEELZ BIRATRMEMADPIEE LD, &I
B9 2 BRI A4 A% (A 1219704
T2 1496 75 A 1990 4E T 115375 Ay 20104E T 110375
N E WAL D B AR ThHolze THITH L,
mE T, 9l - Woed 2 EECHEH T2 A 20H
FIFEEICHZ, 19704FERITIIH 3B TH - 72 A IE
EDREFEFIF 1990 LI I1Z 65, 20104F TIX 7 ET5E
L7z—hT™, BHKEEDRFEEOE A, 19704
WX 7HEE D72 DIk Ly 2N 7OV AT 0 1995 4E12
5D 37.3% IR L72™s Lo T, 2050
ERICRBEOFRBE L ICADEER T, Z0HEED
MR D B L7z R %,

5T ERBEGEELNEEEOBBOHERICHEH
F5E, 196040 T ) —R—2TTEPLE, AR
N—ATIHIFIE Do/ AR AT, HFREDS X
ORI DHEATEEBE 12 B o 72 8O4EAC A & 90 4RI b
T Ukt 72—, SV OBIBIL 70 42480
ETIZAIRM LT TH o725 80HEALAH 5 0 4EA 1T
W TR K E Ad, W0FERFITOE—TIFIZIE
30JRMIE IS E TIZEL 2™, 20004E L%, GDP @
EAMERT 5 & & DI EEEORED AR EGE
DWW D FIFIEF ) % A28 iz a ) —~—
ATAEEYLFETICR>TLESRD, ZOR. £
DHARE - JiLdl - HEDOERE DL T7—FY AT A
BHMICHEEL, AEOE ) ANVFry—ib (T.¥L)., &
DL RAL, ik - Gl - et E R (Edi1k)
MW=L EBAT L THATL 727, HARDREFEL
EhERE OMR (REBCRE EMEXE OMR) 1%,
VP LOMADH I LE ) RIFLBICHo72bIiF TR

J Intl Cooper Agric Dev 2020 11




otz My NEEENEHNOREL) V7552 L
BAEEL, HMEPRHIE T LTV E 25
Nb, 3. HEADORELBOGWALAHEA, HA
DEHEROEZ LI O—N LV T—F Y AT A1
W s, SRR A EEREOEBILZ
AR LE D725 LT L E-7,
BAEOHRIZBWTIE, FKEED L O = WRE
Exul b LEEMEZR-TBY, A THEST
KT7THONAZHETERZBAZITNE RS Vi
EMEEPHEENSTLEoTWD, — T BER
BRI 2 BT AOP IR L7250 BA s B v Tid,
WERRICI-TREI DN TEZDOD®, BR
OE L E S5 7% BB L0 MEAT & b ICHHERE L
K7 EOMBEDPHEIELL TV D™, K2, KHZ L
ZBKRPBEMFET D L CEEREEH AR L TCE P
L I D B 0 BB L O AT IZEES T, BRAEE &
FHENERO BRSNS & 9 128727,

4. SBEEDHEICBIIDRERANRE

Job [ & FIEN 2 E O 8HN b L SE A H O
FEALIE. BSIRERAEREICEDLLZ LR, KD
DI TSN BY, SR, Zmx—h—,
ER/NGENE, B3E - RRERM AL, 2l TR 2 £ %
ROLMBEREMART 75—V AT LAY
H7UO=NVTERGET—F I ATAICIoTEHZON
TWwh, fROP Tl FERN 2 EHIERICHL 7268
N FIOF BHFIHFEBERSTWZEBEL DAL
DONEDOHW & 7 1) 808D Z DAL A O TG i
BEZHLNT WD, HEGDP R TIODERTH
By AR, BAREAR. HiERD 9 b EHRA
wOWNINEEDERPSNANDDH V) 3D, FE&5@H
EAEDOK DR Z 7@ TU ) &L Sk
DOET) R BT eSO HEEEEE D, KRR
] % Al > THEHEA L2 UL 6 2 WIRPIZH 5 8,
Z9 Lo LT LT &L HRF o fiifl
KFZDOTFTTHL 70— N L 7—FY A7 LIS h
NEFEEDOFRE R RO EE L., ERE, S -
I, HEETOMEDIFEA LRI LS,
LEGHIZ o728, FREIZE TR, MRk 2
2R R A EH SN LI H ) BN <
FEH S5 880, BRI S AIZ RAUE, 19 A 53
TRFELMHE LTV, DIERER BEREZ &I
ATWBIREIZH D, TORIIIFEAIEL T 5B D,

20 A B IC BRI 7y a— Ny 7—F

VAT AFERZEBAEICLI > TXRINTBED,
MOy TOYATARHRER, K Kk Ehk AR
FTTMIZESTREE L. B L 2R VIEFICHE
B DT Y Vo TWAHY, 20 k) i
ZROBAED 7—F Y AT L 3MRAET 5 AR oM R
BCOME M E kT 2 — 5T hkkitie
L-BROAYE R RE SR LTS, HAE
DX REHEEE IR L ETIERVEFICZZ SN
TREXHZT AL ET L —FHT, HRICHE
By ERA2ARMEL I ERITHERELE S ZoTw
% o Bl ZAX2007 475 20084 122 T THEFHA [ £kt
W L 720 SAUEKREDED L7z T A oMl A
HHE b, B OREEZ B EZR 0513
TWETHo72hN TR OF5 38R~ A — =0 fi 8L
ThotzbdNn b, MROFYIG O 7H DL FIZ MK
WZZEDOAREZE L ARED X Vr— L BREN LRI
o THbITwE O, fitFARm L & IFiEh
% 2007/2008 45 %> 2010/2011 4F D Z Wy i k5 Bl T % 38 U
THLPII o722 Eid ) A2 & SR K
WL A V=25, BEWO 7 Ta—N )V 5% - B
Gle—dmL, FEFNT MM L EIC Lo TG &
HOFBANRE AL 25, iSRS T
D —H L CREMEFEEOFGEE RIF-2 8 Tho
7290, L CTHAOHEA LI ML, S TERE
%o <% BEHHTE L 720

F7o, BREEM. QRMEE, REDTE - ZY -
T E%Icblb 70—V T— RV AT A% FX
ATAHT7UEIRABT S EEEAEITERRYZIE
L LPMciibhTwd, EELRGEZEBE LL
AR L IR R RIS A > TR L7z A& 2
% 720 R E LR ERAN OB & BB TS
EF ML, TOFEHST, WELEHRKICH LT
HIKIEH 5D DODOREIIZETIEE STV, LA L,
A BEPE RS & B3R LoD T X 7= L 2% % LA
& L7z T2 S BRI U A R 2 T % 35 6
ZDOFGEA T FETEA T & 2o T B, AR 72 2
FIIBIT B RERACFIERIC X 2GR E R ER L
o THADORBHD 40% DL L35GB EA4ED 5 H I
BT HBENNDH L LT HMEVHER SN, [RRO
WA % EIRD, BRI R 2 BRI
572012, BUEOREY RET &2 L 3%,

12 J Intl Cooper Agric Dev 2020




5. ASORRURFRERFIRE

FEDICHAT

JeAEE DK 8FNZ T ST THIGT 2 A4 DRI
RESFEEGEL L THENRELEMOTEDLI SR
ML, WMeETEEI 70—V 7= F T AT A
LW HHADITLTHEZ HLNT WA, TEEIC
DVWTERPGRENDL Z =NV T7— Y AT LD
HHADITTIZIERBETORRORENEFTNTH
0. JoiEE A RIS AR L B LA v, i
BB, BERIR R EICRA TV D N DSFAE L, EE
RV K OV 2 D S8R TUE 33% D B FEW HSAT R
ENFTREIND, BYWDOI0%HREOHFF L 2oT
WB M, — T, BN R ERA R OREBIZE N T
WH N AHELEEFIEN D E A% FOICHEET S,
ERORAKROARRPFHMENLHRTIIERZD
LEAIIESICEIMET B L P END, ZORIED
=Dt LT EEICBIT 2 REYOHEEZHNE L
TEDSBAE ST T B Y,

EEEOBRERNGE LBTORERNEE TR
TR FZE L U7 EEE O A 72 EIERIN 2 V202
& R E O REOBIYGHFRMIE K LA o A L
REOFHFN LIS oMb 0 EEREE LT
‘P SN, EOHMEITH 723 RA T Th LT 5 9,
L2 L. EfUERZEOEM 2 L LRk ADEED
BAR. AR D H 5. 7 VT ORMIZBWTIE,
TR Y e BN R AR T N T AT, B
AR OAFH AT REE AT 5 L) 10k
5 LM, EREOMEPETIEERL, B
BABGME N2 E VbR TWE D, 72, Ko,
bR T AN F—% WD LEME ) hNVF¥—TC
& RO REY ORI 12 08 & 23O B
WHEHSNTLESTED R, SHICRE~NDOHADA
YN SOFHRA R BEOTRRE L L T ALK
EDPTRERBMEO 2L LTLEITFSRTWVS Y,
B AN =3 ERPLRELEE) 5 S LD T
feg9Cc. MEICA YRR TANVT Y K i#lo7o K
BLEE D BRI — 2 BENB VR THo72 L S
59,

R ANFOREEFHANEE V) Ao, AEZ T
Dk L2 BEDP SERT TIHWICEMRT, HERIL2E
ATORWVHERICBL TR &R LTHHT AR
BEAFAET 5 7 &100 BRSO BRTHEDO LR &
HOBEIZIZZHUERA SN L0, Ak & 74 2Bkl
WORED HITIC L ->TRLE Y, ZOEEEZHHIE

R RZEFAFEIIC & D IO FARBRIEICH L - F¢
B2 TERE T, o, A HARBREZ IS 3 RV
A HD AIERHAM 2 NE LT B B S 5 3,
F 7o, [RFOFTA] (BT L HAM R MK E NS & 3
A LA L T stz Zottsohmofky & 55
% 72O OEBCMEMEA Ly b &) AAH Y 3. -
Tz 100,

R 2 R Y A 7 2 O ICHT A RERE O
BITEDOKGED SNTVD AR ED BREY A T T,
PO KBS LETH o720 FEDOBIE WA L
7203 5% EHED BB WMERRET A OPEH A
DF 5% EEBOMBEWEIN L, EEZTTRL,
HHRPHEE, GHELEFONT Vv 2EEBTIELY
T 22 R Y AT D OREED RIS R 5725 ) ik
LT WE D, FABARERLHE LR 5 B
LA - E 2 R4 7 70z an o—
EIFIEN D SIS NIBEO TN 5%, 77 uxa
O Y—Cld, BELIFEEEZ Vvl LR
WREDP DO T 0 R EROWEL EHTE L1 EHET S
T2ODED D HNT WD, EREA IR Rl
W SER, ABRTE. ANFEE L EROFHEN
SISO & BEIY COBMBOEBERMNEE B %
ILDT, BROGHEMEELEMT L% L 5. 6
E S TE O ND A TEET 2 & EEE IR S
ENZBWT, HHMIOEREFEOEMN O LI k% H
B2 L3RR A SOEREEZ L & RVRERREK
ERVABRVDOTIRZWES ) e —H. BHAD X
278NV 7= Y X7 ARSI N #HEED
1ZE AL DN ADHIEBL S N BITRAE L - IR IS H
D, 2O, BRNHAEOEBL N TETWw L EOEA,
FEREH 2 AL X ORI 72k Ic 7 e an U—
FREEICD ANSZ L IZEMMICEELVWEVZD
7259,

EDL ) BHATEIETAED L) L EFREL A
TEANADERNEIARLTDLDN, Thi L)
W) IRE 2 H BRI IANT 7238 & B W IZFE B & R
ADLREX GO0, HHND 5 VIZEHNICSERE T
BERAELEZS AT TNENOHEOBIRITIE LT
W) 2 BN IR IOR 2 ZE L. RikE X2 DODEKRD
BEDPRLTHRE LD TIIRWES ) D TOHA,
TE 2R RS0tz BIsTRE&725 9,
HTRMEE/RL, BRTOAEOBTRICHLILEEDD
DR ZEET. RALDIEERONM EEZHIRL
HAi OSSR O EH T 5 2 L oEW®E E 2 RIS
ETWBEVRLESLD,

J Intl Cooper Agric Dev 2020 13




5 | AR

1.

10.

IFAD. (2013) Smallholders, food security and
the environment(Issues and perspectives from a
review of IOE evaluation reports and recent IFAD
country strategies and project designs. Rome:
International Fund for Agricultural Development.
Feeding the undeveloped world. https://www.ifad.
org/documents/38714170/39135645/smallholders
report.pdf/133e8903-0204-4¢7d-a780-bca847933f2¢
(20204E3 H4 H)

Smil V. (2001) Feeding the World: A Challenge
for the Twenty-First Century The MIT Press 390
UNCTAD/UNEP (2008) Organic Agriculture and
Food security in Africa. United Nations. New York.
https://unctad.org/en/Docs/ditcted200715_en.pdf
(20204E3 H4 H)

. Charles H, Godfray J, John R, Beddington I, Crute

R, Lawrence H, Lawrence D, Muir JF, Pretty J,
Robinson S, Thomas SM, Toulmin C. (2010) Food
Security, The Challenge of Feeding 9 Billion People.
Science. 327:813-818.

KFFEZRB (2019) 7TH 0T - 77U BB S
I X DFkDHAyE HE LT, https://www.jica.go.jp/
jica-ri/ja/publication/policynotes/175nbg000018ti7i-
att/policy note 05.pdf (20194-7 H 29 H)

Tester M, Langridge P. (2010) Breeding Technologies
to Increase Crop Production in a Changing. World
Science. 327: 818-822.

Green RE, Cornell SJ, Scharlemann, JPW, Balmford
A. (2005) Farming and the fate of wild nature.
Science. 307: 550-555.

Ramankutty, N., Evan, A., Monfreda, C. and Foley,
J.A. (2008) Farming the planet: 1. Geographic
distribution of global agricultural lands in the year
2000. Global Biogeochemical Cycles 22: GB1003.
Cervantes-Godoy D,. Dewbre J. (2010) Economic
importance of agriculture for poverty reduction.
Food, Agriculture and Fisheries Working Papers No.
23. Paris: OECD.

Hazell PBR. (2003) The green revolution. In the
Oxford encyclopedia of economic history, ed. J.
Mokyr. Oxford, UK: Oxford University Press.
Graham RD, Welch RM, Saunders DA, Ortiz-
Monasterio I, Bouis HE, Bonierbale M, de Haan S,
Burgos G, Thiele G, Liria R, Meisner CA, Beebe

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

SE, Potts MJ, Kadian M, Hobbs PR, Gupta RK,
Twomlow S. (2007) Nutritious subsistence food
systems. Advances in Agronomy. 92: 1-74.

FAO. (2011) Payments for ecosystem services
and food security. Rome: Food and Agriculture
Organization of the United Nations.www.fao.org/
docrep/014/i2100e/i2100e.pdf. (20194-4 H 12 H)
United Nations,Department of Economic and
Social Affairs, Population Division. (2018) File 1:
Population of Urban and Rural Areas at Mid-Year
(thousands) and Percentage Urban, 2018, https://
population.un.org/wup/Download/ (20194E4 7 12 H)
el e A AR R R H R IR N A LAV p
(2014) RIERFEPHRORKEZIH L, BRAERED
72D D/NBIBEEENOIE, KIEEREN e - (BR)
R SRS IEZEAT LR, RS

) (2005) BN EAES, 55 T BRIEL O
R fAl, el R ERITS .

BiAEE— (1989) ARIC & o TRFELIE, %#PEp .
1 2 REHT (1998) gt & B Hk & SUfb—2 D 22R%
DK, KB,

SRt (2010) FSERHIEE Mm% —RJEE o
B - RATBZEIC DT, WRURKRPER, 54
230-247.

<*NhET T4y LTIV (2018) Ty Ly b
M FFE T, X< bh b EHERRREFED 104 L
INROMERE S, IMRBL- KRR A Y bT—2 Ux
s3> (SFENJ) #i, BEXWh7> 2 L b, 10-13.
HEERE A (2013) 77 V) 7 Tl L7z NEO R WK,
NHEOREL, ENHGEF 8, BR)EE, 10-24.
A — (2013) BB OLB 2 ERBUCHE S, AH
DOFEYSR, FIHSEE M, B, 38-47.
KHIFE (2013) RAZARAETES 2 & A7z N OB E),
BAROMLA LR 72 NEHOIHEL, NEOBEH) L,
FVSRE ¥, BRI E, 315-327.

WA (2000) NLI2» S 5cde HADEN, Gkt
fii & RiFE—HB (2016) O NFLR, 2—F ¥ 7 DFF
B - BREE - RHE - R P

7 B (2005) 71 F S RRAL D SAE R A X 4 > b,
b, B AR RER S, RO, AT
WEAE, B3I, 122-195.

KL r— (1986) 7 F 5 T AFE—, AEPAH
et .

WAFIE (2006) B OBGE K, w2 bIRoE S L,
mi gk, 202.

14 J Intl Cooper Agric Dev 2020




27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

FAO. (1997) Human Nutrition in the development
world. Chapter 9. Macronutrients: carbohydrates fats
and proteins.

HIFGERR (2005) AMIC & o TR L3, T
JUR LS

NEHFEL (2012) ¥ Y HF =T OH > ¥y R E
\F BRI L AR OZL, FARERES
DEFIZHS BER, FHRET 7 ) AR ) —
A, MEEE)E.

BeAEY (1969) 7€y =7 EE, IR RED
RQ), fba=& A, 7:431-436.

R HER] (2007) HIBNE DT ¥ 7 A OHER
FXTENZT, T YT AR, ALK - A
RIS, BOARRZESAA NS, 155-181.

AR (2002) N FF EIICHZDZ AL, F =
TALWER - NY DRSS, T 7Y A EPROHR
ZDOAERNE &, BN, SO RS IR,
108-134.

P75 (2013) BEHIOWEAET)—T7 7 U 71 B AR O
JREATERE, AN

FHEZ (2002) 77 V) HITBUF D FRRG 2 44 B2
FOWREN : 2y b—T 2L T LI TFAET
PR E DR REL FH L LT, BaWm, 77
D A RBER OS2 Ok L AT, PR
PSS, 163-195.

HHEM (1993) Zo0HT7 > 7 U RER, B
DEA &AL, A AR, 3Rk, 139-160.
AEHEIE (1999) B OB ELE, FH L 72X
bo, @WEEOAt, AEEEREE, MHE—-T
fEMi g, 48-65.

3% (1998) 7 7 V) A O R & 4k, w2 -
IRYCE - KM, HAROEER, e tamirtd.
#4% (1998) WFER o', NHoOEXL, #EEO
AL, W HEMEEmE, MEEAROFZ AL
v F—, 151-167.

e (1987) BEHE~0OT 7u—F L
fadE R - R, BE LD G, HARRGE
iRl 2, 3-60.

IAKL R (2004) L& EAZZRER), x4 €L
A i, RERA RS

TIRET (2003) Fx v ¥ NORIzHE, BHKEEO
HEIZ X 27 70 A AL DFRA, 205-228.

B HES (1998) fimFBEM OB BAE, ax L al
¥, Lo L, WL XY, AEHEEE,
HMHE— B M, 179-197.

43.

44,

45.
46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

59.

AEBEIE (1998) /7 V7 OEDOAL, #EEDL
b, NEoffL, ABEERERE, FHEBMNE
MidE, 309-333.

FHE— (1998) THESALOAIE & A%, HERD
AL, AELE AN, ATEEES, PHE-R
fEmisE, 11-26.

i — (2009) W1 H ik, 11 A 30 H

PR (1991) FRVEE A TFEEDIRSE, by
v xR ORIEE, v o BIKES, HP TR A,
AL, 59-88

KEFHAL Y (2012) 4 ¥ KA 7 - 3 BOKFH
(AN 7)I2BT B NHOEROIVED 27 4,
INF IRy T A N4 M OGBI, Hs AR
ame, AR, 12:81-98.
JNPEIEHE(1998) & v By — o B, AFHO 3L,
ATHEBEE, HHEMFEHE 369-407.
AFRES (1998) FHEDFEH & B FBIOM—ES: -
EWFEONE A OEZ L, BEORMBETE),
o, ATHEEEE, HHENERE B
M ARO# bt~ 5 —, 263-279.

i H AR (1998) BROFEH & AR OFH, DL
b, NEofxfb, ATEERN, HHENHE
Mitk, 369-407.

AFHE—(1998) EATEI D /35 > DK, O,
OB EATE), ATHEEE, 82 R
%, 280-317.

PEHE—HE (1998) ERF O, NFHoLXL, #
FEE DAL, ABEEEE, W4 A,
WHEANROFR AL > ¥ —, 103-121.
Ny K, E=%— (2008) FEHHEIEO AL,
R H AR - ok i — B AR, B5UR R 2 &,
560.

TR (1966) FRBGHE & BRBFORIR, HkEE .
D) (2004) HREBEAESE, H1E RO
SR & ARBE R, AiEE R E AT &
ZHFEE (2015) IV 7 2R E W], BACPE
SO & TR 7 I o bR, FEhtat.

i B — (1991) HADK L B3, FBEE.

1l 4 AR (2000) 2 SUALORAR 2 42 & 52— H AL
b HetE, NFAfH.

Uchida Y, Takemura K, Fukushima S, Saizen I,
Kawamura Y, Hitokoto H, Koizumi N, Yoshikawa S.
(2019) Farming cultivates a community-level shared
culture through collective activities: Examining

contextual effects with multilevel analyses. Journal

J Intl Cooper Agric Dev 2020 15




60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

of Personality and Social Psychology. 116: 1-14.
% AR (1993) B oHAM & 3efb, i e
VAT DR & IR TGS, REAEE, 21-46.
AEEE (2015) HAROEZALE, [HA#HRE{2 5
Bt E T, BHUHEIE, 304

Bkt (1989) X HEFMOAEH, HARAOREFRSE
423, Bl

MR (1986) B & HRFOLE, HAOLANE
420, B

ANHRIE= (1987) Bl & HREAD EH, HADO AL
G443, B

AR — - W SR HE (1978) AT O, SEHIEE.
AEHEE (2013) AR OEXY, EobibH, &#
FRAL AT SO, 186-187.

EARE— (1999) HRADOEL, HAOEOIIL,
R OL, AEEERENE, REYYRETREE
48-73.

JEANDUER (2010) HARAOF ik, ZEH L R
%, BIANEABOE Y I F—, BHEEG, BRO
FHarfi R & HARM S OME, ADIRERTSE, 40-49.
VDR (2004) £ L Hm—EEREERE B L LT, F
B4R H AR - RS - HARRM LY R,
RALLEEF Y R A [T SO/ E %
i1, HARKSE - SRRk B57% Bl
15-19.

Friups 7 (2018) 7—F Y A5 Ak HARE,
NHK R .

S (2010) BEOfE L BOFA—ZOBITE T
Mz, =S,

iR (2006) FACH A B 2 AT E A5 &
B o, B ULW%E, 36: 157-172.
22 (1993) ik HARIC B 5 2 REEEOZD),
MEIEBLG - KB I M, SR 7 27 BT R g D 258,
T VT REEZERT,  1-40.

R ILO A & - FEREE (2013) 7— RV AT A
DOREFF, BRI R A

ARFE— (2019) #h A% LA 5 HE - BN, B
MEEDOARY, BRERE MASMILEE R
2T, BHRRAAREE W FE T I8 S v BOR 4 M F 7E
vy — s, RPEREFE L, 71-105.
HEEF (2018) AAEEROBIRE Zhr s, 7—
FYATAEHARRE MERFHERAS,
121-135.

R (2016) #am (bErts), oI
BREANFLWESE, REEZ - ROFAES,

78.

79.

80.

81.

82.
83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

IR - AR, RS T IR a L
(AT —, RAGHERENHR, 1-27.

HEJRSFE— (2006) BUE H A D REEE, HWHIKSE
eSS

it | H— (2017) REOHEAL & BA ORI, /D
{WEY - Bk - Aol F—7— F Tt
A<, BUURSE & fOB - BR8E, IS, 100-101.
it b H— (2017) FRAME, /NBES - Frilks 1 -
R oM, F—7— FCaAfd. BUUEEL
FORL - BRBE, BAIGE. 102-103.

PILIET (2015) Pl BR 720 Thv, 2640
OB, f)IE)E.

W47 A (2010) HEFUR RS, S EF)E .
KEFFIFE (2017) PHU T AFE & 3o 21 Al
REV, RIALBIE.

AT4 7Yy - Yat7 (2012) HHRO100% %
BN S 280, WIE— - LA FIBGER, AR5
THERA (2018) AN &k, f3fb, 7—F ¥
AT A EHAREFE NHK IR, 220-236.

HEEUR S (2018) HDZER 7—Fa—FTER 5,
HEROWE, B — - Bl Fh =
T HUR,  6-53.

i EH— (2018) AL EOVWE, BEMIPLEZ S
[BER]OVE, R MRIMVOBENILAZ S
5, Fh =X, 25-57.

ON— - K—=)b (2015) [flH) ] TR & N5 4,
T L 2WHEE MR RO T, MRETR
fEst, WOTHESEER, ¥4 Y'Y M.

ON—> - K=l (2012) BOMRE, 7a— ik
FHH 720 Lzd ) —DoDfahk, fhiRdr Rk gt
YA XEY N

RBE = (2015) ZeydkER ARk Z <, R
MR H R

ABF . (2017) B A Vv — L BEWE S, /N
A5 - Bl - - D e, F—7— N TRt <,
BURRSE & 08 - B, WA, 12-13.

Ripple JW, Wolf C, Thmas M, Newsome MG,
Mohamed A, Crist E, Mahmoud I, Mahmoud W,
Laurance F. and 15,364 scientist signatories from
184 countries. (2017) “World Scientists’ Warning to
Humanity: A Second Notice” Bio. Science. Vol. 67
No. 12. pp. 1026-1028.

Sanchez-Bayo FK, Wyckhuys AG. (2019) Worldwide
decline of the entomofauna: A review of its drivers,

Biological Conservation, 232: 8-217.

16 J Intl Cooper Agric Dev 2020




94.

95.

96.

97.

98.

Jenny Gustavsson. (2011) Christel Cederberg
Ulf Sonesson Swedish Institute for Food and
Biotechnology (SIK) Gothenburg, Sweden and
Robert van Otterdijk Alexandre Meybeck FAO
Rome, Italy. http://www.jaicaf.or.jp/fao/publication/
shoseki 2011 1.pdf (20194£7 29 H)

PR BT, BRI —, PR © pESEHEBIRIC X B3R
B A JELHLAE 7 — & 77 2 (2000) (http:/wwweger.
nies.go.jp/publication/D031/jpn/table/embodied/f
embodied.htm (%7 27 £ X H 2009/4/15)
FEMOKER (2012) 2050 4E12 B 5 HR o LB
ey b Ut R o R R R T S X 7 A
KB NRX=2F 4 X FWRA, 5H . htp://www.
maff.go.jp/j/zyukyu/jki/j _zyukyu mitosi/pdf/base
line_bunseki.pdf (201943 20 H)

Hayami Y, Kikuchi M. (2000) A Rice Village
Saga: Three Decades of Green Revolution in the
Philippines, Macmillan Press.

VURTSEE (2009) F3E - RASBHSE & Bl sE - il
s, KPR - AR RAE - Prfk - mo, 1R 5 o
A ISR OSFBRINESE, ShEEEDr, 334-343.

99.

100.

101.

102.

103.

IF—VATNVTATY, 755 ]-=2a2—) X,
GZV7-7xAbIyF, UAh-—F(2017)
TruranY—REARRS, BAIKR R, SR
WI-aR, RZEIER A B NN SCALAF 7E b, 48
U ERBRIEIIZERT, IS U 7/ BB Ui
B & REIMFR T RENE 72 =7 b (1420094) .
FIHFEY] (2010) FEIZHERZ $09 , 1EM OB L
OEETHARZIEW T, S-S OPURALLE &
DR SRR - RO IfEZ HIE L C, Witk
SCATRBCH AR, 350 123-180.

WEFHE (2019) HEZBEXL-ZFAETOTT Vv
ZHEHIL LT, A

WL (2011) JLFEA D IEREGREE, FR E AR O3k
JE@h 5, ) =X 2, RS

Adrian M, Christian S, Nadia EI-HS, Judith
Briiggemann, Anne Isensee, Karl-Heinz Erb, Pete
Smith, Peter Klocke, Florian Leiber, Matthias Stolze
and Urs Niggli (2017) Strategies for feeding the
world more sustainably with organic agriculture.

Nature communications 8; 1290 1-13.

J Intl Cooper Agric Dev 2020 17




J Intl Cooper Agric Dev 2020; 18: 18-28 Journal of

International Cooperation for
nsé‘(’o Agricultural Development

Original

Evaluation of Backcrossed Pyramiding
Lines of the Yield-related Gene and
the Bacterial Leaf Blight Resistant Genes

Shuto YamadaV, Yusuke Kurokawal), Keisuke Nagail, Rosalyn B Angeles-Shim1: 9,
Hideshi Yasui?, Naruto Furuya?, Atsushi Yoshimura?, Kazuyuki Doi¥,

Motoyuki Ashikaril), and Hidehiko Sunoharal- ¢

DBioscience and Biotechnology Center, Nagoya University, Chikusa-ku Furo-cho, Nagoya, 464-8601 Japan
2Plant Breeding Laboratory, Faculty of Agriculture, Kyushu University, Nishi-ku Motooka, Fukuoka, 812-8581 Japan
3 Laboratory of Plant Pathology, Faculty of Agriculture, Kyushu University, Nishi-ku Motooka, Fukuoka, 812-8581 Japan
4 Graduate School of Bioagricultural Sciences, Nagoya University, Chikusa-ku Furo-cho, Nagoya, 464-8601 Japan
5 Current address: Department of Plant and Soil Science, Texas Tech University, Lubbock, Texas, USA 79416
6 Current address: Faculty of Advanced Science and Technology, Kumamoto University, Chuo-ku Kurokami,
Kumamoto, 860-8555 Japan

Received: September 12, 2019 Accepted: December 30, 2019

00 0000000000000 0000000000000000000000000000000000000000000000000000000000000000 0

Abstract. The yield-related gene, WFP increases grain number by increasing the primary branch number per panicle in rice.
In the present study, WFP was introgressed from ST-12 to IRBB60, a pyramiding line having the genes Xa4, xa5, xal3 and
Xa21 for BLB resistance in the IR24 genetic background. The pyramided lines PL-1, PL-4 and PL-5 that were included in the
initial BC,F, selections based on their improved PBN were selected for further agronomic evaluation and generation advance
up to BC,F;. All three lines recorded significantly higher PBN and GN due WFP introgression, although the loss of at least
two BLB genes during the breeding process resulted in the variable response of the lines to the different BLB races. Among
the lines, only PL-5 showed a significantly higher estimate of actual yield measured in terms of panicle weight per square
meter compared to IRBB60. PL-5 also exhibited resistance to five out of the six BLB races used for resistance screening.
Despite the negative effects in grain size, the improved yield estimates, as well as the validated BLB resistance of PL-5 makes
it a suitable candidate for cultivar adoption under the tropical rice ecosystem of Southeast Asia.

Key words: Rice, Wealthy Farmer s Panicle (WFP), bacterial leaf blight (BLB), pyramiding, high-yielding
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Introduction next 34 years).

Rice, wheat and maize constitute approximately

By 2050, the current world population is expected to
reach 9.7 billion (https://www.un.org/development/desa/
en/). An increase of this magnitude poses a very serious
threat to the current state of global food security (http://
www.fao.org/home/en/). To feed 9 billion people, global
cereal production alone needs to increase by 38% in the

Corresponding author: Hidehiko Sunohara, e-mail: hsunohara@
kumamoto-u.ac.jp

50% of the calorie source of the human diet?. Among
these three, rice serves as a staple for more than half of
the world’s population. Although rice is cultivated in more
than 100 countries across the globe, more than 90% of
rice is still produced and consumed in Asia (GRiSP, http://
www.grisp.net/main/summary). In recent years, a drastic
increase in demands for rice has also been reported in
Africa?
Given the importance of rice as a staple food, increasing

(GRiSP, http://www.grisp.net/main/summary).
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rice production would play a critical role in securing world
food supply.

Marker-assisted selection (MAS) is powerful tool
for an efficient breeding. Since MAS makes it possible
to distinguish plants into which target genes/QTLs have
been introgressed during nursery, field area and efforts for
individual selection of breeding reduce. Also, target genes/
QTLs can be introgressed more reliably than visually
selection. MAS has been successfully used in breeding
programs to improve agronomic traits, as well as biotic
and abiotic stress resistance in rice. In the past decades,
MAS have significantly shortened the time requirement
while increasing the precision and efficacy by which
target genes/QTLs are transferred across different genetic
backgrounds* 9. To date, several rice cultivars have been
improved through MAS and these include the improved
varieties developed under the Wonder Rice Initiative
for Food Security and Health (WISH) project (http://
motoashikari-lab.com/wp/wp-content/uploads/2018/11/
WISH_catalogue_lite4.pdf).

To effectively utilize MAS in breeding programs,
genes/QTLs underlying important traits need to be mapped
and identified. In rice, many genes/QTLs that are related
to the sink ability have been identified including GN/a/
OsCKX29,  WFP/IPAI"-®, NALI/SPIKE/GPS9-10-11,
APOI1/SCM212.13. 14 gSW215), GW219, GW6a') and
GS318. 19 Conversely, several genes/QTLs that are related
to the source or translocation ability of rice has also been
reported?®-21.22) that includes AMY2A423), BAM2?) and
GWDI.

Wealthy (WFP)/Ideal Plant
Architecture 1 (IPA1) is a yield-related gene that encodes
the plant-specific transcription factor OsSPL147:8). OsSPL14
contains a microRNA-targeted sequence in an exon that is
targeted and cleaved by OsmiR156. OsSPL 14 functions in
the regulation of primary branch number and is therefore
associated with grain number. The WFP allele from ST-12
has been reported to increase grain number per panicle in

Farmers Panicle

rice?. Advanced breeding lines of the japonica rice cultivar
Nipponbare and several other indica cultivars having the
WFP allele from ST-12 showed at least 28% increase in
grain yield compared to the original varieties’-25.

Bacterial leaf blight (BLB) caused by Xanthomonas
oryzae pv. oryzae (Xoo) is one of the most serious diseases
of rice throughout the world. In some regions in Asia,
BLB can cause yield losses of up to 50%?29. The most
effective approach to combat BLB is the use of resistant
cultivars?”. To date, many resistant genes against BLB
have been identified. Huang et al. focused on four BLB
resistance genes/QTLs namely Xa4, xa5, xal3 and Xa21,
and pyramided all four resistance genes in the IR24 genetic
background to generate IRBB602%). IRBB60 has resistance

to six races of Xoo from the Philippines?®. Currently, the
BLB genes xa5, xal3 and Xa21 have been identified and
characterized?- 30,31,

In this study, we aimed to pyramid WFP from
ST-12 to IRBB60, a rice cultivar having four genes for
BLB resistance. The resulting pyramided lines were
evaluated for yield and yield components, as well as for
their resistance to BLB races from Vietnam, Myanmar
and India. Results of the preliminary assessment of the
agronomic performance of advanced backcrosses lines
identified PL-5, a pyramiding line with higher yield
compared and comparative BLB resistance relative to the
recipient parent IRBB60.

Materials and Methods

Marker-assisted introgression of WFP in the pyramiding
line IRBB60

IRBB60, IR24, ST-12 and three pyramiding lines
(PL-1, PL-4 and PL-5) at the BC,F, generation were
used in the study. IRBB60 is a pyramiding line having
the four bacterial leaf blight (BLB) resistant genes, Xa4,
xa5, xal3 and Xa21 in the genetic background of IR2428),
whereas ST-12 is the donor of the yield-related gene,
WFP?D. Phenotype and marker-assisted backcrossing
of the initial hybrids generated from crosses between
IRBB60 and ST-12 was carried out up to the BC,F,
generation (Fig. 1). An SSR marker (forward primer:
GCGGTAACAAACCAACCAACC, reverse
AAAGCAGGACACAGTCACACAGG) was  used
to monitor the introgression of WFP in the IRBB60
background. In 2016, six BC,F; lines (PL-1, PL-2, PL-
4, PL-5, PL-6 and PL-7) were selected for preliminary
evaluation of yield and yield components in the field.

primer:

Based on this preliminary investigation, three pyramiding
lines namely PL-1, PL-4 and PL-5 were selected and
advanced for further performance evaluation in the field.

All test materials were raised in the greenhouse for
four weeks before transplanting them in a rice paddy at
the Togo Field Center for Research and Education of
Nagoya University in Aichi, Japan (35°06' north, 137°04'
east) in 2017. The seedlings were transplanted separately
in 3 rows (1.2 m) at a density of 22.2 plants/m? and at a
plant spacing of 30cm x 15cm. All materials were grown
in three replications in randomized blocks and under low
fertilizer conditions i.e. 300 kg K-P-N (16-12-14)/ha only
before transplanting.

Evaluation of the pyramiding lines for agronomic traits

Before sampling panicles from all materials, data on
the days to heading (DH), plant height (PH) and panicle
length (PL) of five plants per block were recorded from
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Fig. 1. Process of developing the pyramiding lines. X mark in a circle means selfing. The introgression
of WFP from ST-12 was confirmed by MAS in BC,F,, BC,F, and BC,F;.

plant stands in the paddy. At 40-45 days after heading, all
panicles from five plants from each block were sampled.
After sampling, panicle weight per plant (PW), panicle
number per plant (PN), primary branch number per main
panicle (PBN) and grain number per main panicle (GN)
were measured. To estimate the actual yield of each
pyramiding line in the field, panicle weight per plant was
measured and converted to panicle weight per square
meter (PWm?2). Only plants within rows were sampled to
avoid border effects. All panicles were dried for a week in
an incubator set at 42°C. To determine fertility ratio (FR),
the three largest panicles including the main panicle were
chosen from each plant. FR was calculated by dividing the
number of filled spikelets by the total number of spikelets,
multiplied by 100. The grain weight and number of filled
spikelets of the three largest panicles were measured and
converted to 1000-grains weight per main three panicles
(TGW). Grain shape based on grain length (GL), width
(GW) and thickness (GT) was determined from ten
randomly selected spikelets in each plant. For the statistical
analyses, plants showing maximum and minimum PW in
each plot were excluded.

Evaluation of the pyramided lines for bacterial leaf
blight resistance

Six races of Xanthomonas oryzae pv. oryzae (Xoo)
causing bacterial leaf blight (BLB) from Vietnam
(HAU01043, HAU0209, HAU02021-2 and HAU02024-
6)32, Myanmar (HKM13)33) and India (IND2-3) were used
to evaluate the resistance of the experimental materials to
the pathogen. At booting stage, the plants were inoculated
with Xoo using the leaf clipping method3#. A preliminary
test was conducted using IR24 to confirm the pathogenicity
and virulence of the six BLB races. Immediately after
that, all the experimental materials including IR24 as the
susceptible control and IRBB60 as the resistant control,
were screened against the pathogen. After two weeks
from inoculation, lesion lengths were measured, and the
resistance/susceptibility of each material was evaluated.
Classification of the response of materials as resistant,
moderate, susceptible or partially resistant was carried out
based on a comparison to the response of the susceptible
reference IR24 and the resistant reference IRBB60 using
Tukey’s HSD (Table 1). Screening for BLB resistance
including maintenance and culture of the pathogen was

Table 1. Classification of the response of materials to the BLB races based on a
comparison to the response of the susceptible reference IR24 (S) and
the resistant reference IRBB60 (R).

Statistical difference to

Statistical difference to

IR24 (S) IRBB60 (R) Response
Significant™® Not significant Resistant
Significant Significant Moderate
Not significant Significant Susceptible

Not significant

Not significant

Partially resistant™*

*; significant according to Tukey’s HSD (p<0.05).
**; only in the case that evaluation value is between the values of the references.
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carried out in Laboratory of Plant Pathology, Faculty of
Agriculture, Kyushu University.

Genotyping-by-sequencing analysis of the pyramiding
lines

Genotyping-by-sequencing (GBS) was conducted for
the three pyramiding lines at the BC,F, generation using
the Illumina Miseq sequencing system and Illumina Miseq
Reagent Kit v3 (150 cycles)3%-39). Three plants from each
of the pyramiding line, as well as IRBB60 and ST-12 were
genotyped by GBS for whole genome. After sequencing,
the reads were trimmed, and genotypes were called and
filtered using TASSEL-GBS37. SNPs with minor allele
frequency (MAF) of >0.02, as well as lines with >0.2 lost
genotype data and with >0.125 degree of heterozygous
sites were removed from genotyping. Finally, imputation
and error correction were carried out with FSFHap in
TASSEL 4.03%).

Statistical analysis

T-test and Tukey’s HSD were performed using the
free statistical software R (https://www.r-project.org/).
A significant difference in Tukey’s HSD was set at p<0.05.
R was also used for the randomization of blocks in the
field design.

Result

Phenotypic evaluation of the three pyramiding lines
for yield components

The pyramiding lines PL-1, PL-2, PL-4, PL-5, PL-6 and
PL-7 in the genetic background of IRBB60 were selected
visually from a BC,F, population for their high primary
branching number. The introgression of WFP from ST-12
in these six lines at the BC,F; generation was confirmed
by MAS. Evaluation for agronomic and yield-related traits
showed that except for PL-6, all the pyramiding lines had

significantly more PBN than IRBB60 (Table 2). PL-6 and
PL-7 recorded significant lower PN (panicle number per
plant) than IRBB60. The reduction of PN is the negative
effect for actual yield, hence both PL-6 and PL-7 were
removed from the candidate lines. Similarly, PL-2 was re-
moved from the candidate lines because of comprehensive
gross morphology. Based on the overall agronomic per-
formance and gross morphology of the pyramiding lines,
we selected PL-1, PL-4 and PL-5 for further generation
advance and agronomic evaluation (Fig. 2).

At the BC,F, generation, PL-1, PL-4 and PL-5 were
evaluated for yield components including DH, PH, PL,
PN, GN, PBN, FR, TGW, GL, GW and GT (Table 3).
Compared to IRBB60, PL-1 recorded a significant 4-day
delay in a heading, whereas PL-5 was significantly early
by 4 days. Heading date in PL-4 was equivalent to that of
IRBB60. PN decreased by 0.33 to 1.33 in all pyramiding
lines compared to IRBB60. GN (grain number per main
panicle) and PBN (primary branch number per main
panicle) of the three pyramiding lines were significantly
higher than those of IRBB60, suggesting the positive
effects of WFP introgression from ST-12. The PBN of
ST-12 was twice higher than that of IRBB60 and IR24.
FRs (fertility ratio per three main panicles) of IRBB60,
IR24 and PL-5 showed high values, while those of ST-12,
PL-1 and PL-4 were low, below 77%. Among the three
pyramiding lines, PL-5 showed the highest FR (92.56 =
0.40%). The FRs of PL-1 and PL-4 were 76.84 = 2.37%
and 72.64 + 0.61% respectively, which were equivalent to
that of ST-12.

In PWm2, PL-5 recorded a significantly higher yield
(845.50 + 57.20 g/m?) than IRBB60 (782.42 + 47.90
g/m?), with the rate of increase in PL-5 reaching up to
8.1% of IRBB60. ST-12, the donor of WFP, had signifi-
cantly lower PWm?2 (712.4 + 43.5 g/m?) than IRBB60 (Fig.
3). The panicle weight of PL-1 and PL-4 were statistically
equivalent to that of IRBB60.

Table 2. Yield-components of the pyramiding lines at BC,F; in the IRBB60 background.

PH (cm) PL (cm) PN GN PBN
IRBB60 97.00 £4.36 ac* 26.40+0.51 ab 11.33+£0.58 a 203.33+17.79 a 12.334£0.58 a
ST-12 115.00 £ 7.55 bd 2543+133 b 7.00+1.00 be 280.67 £43.35 ab 21.00 £4.00 bc
PL-1 119.33£321 b 29.26+0.61 a 8.67+0.85 ac 314.67 £ 66.83 ab 2333+1.53 b
PL-2 98.50 £ 6.36 ac 2548 £1.52 ab 11.00+ 1.41 ad 281.00 = 31.11 ab 23.00+1.41 b
PL-4 114.33 £2.52 bd 26.40+1.03 ab 11.33+1.53 a 312.67+£33.56 ab 24.67+0.58 b
PL-5 102.33 £5.13 acd  23.43+£0.99 ab 833+ 1.53 ab 27433 +£15.53 ab 20.33 £1.53 be
PL-6 8933+643 a 2490+ 1.73 ab 533+0.58 b 204.00 +33.05 a 17.00 £ 1.00 ac
PL-7 103.67 £ 1.15 cd 2530+1.63 b 7.67+1.53 bed 354.33+62.01 b 21.00+1.00 be

Numbers represent average + standard deviation.

PH=plant height; PL=panicle length; PN=panicle number per plant; GN=grain number per main panicle; PBN=primary
branch number per main panicle.

*; different letters indicate significant differences at p<0.05 by Tukey’s HSD.
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Fig. 2. Gross morphology of the plants and panicles of the experimental materials. A-F: Gross plant morphology at the
ripening stage, G-L: Gross panicle morphology at the ripening stage. A and G: IRBB60, B and H: IR24, C and
I: ST-12, D and J: PL-1, E and K: PL-4 and F and L: PL-5. Bar = 20cm (A—F), Scm (G-L).

Table 3. Yield-components of the pyramiding lines at BC,F, in the IRBB60 background.

Line Name DH (days) PH (cm) PL (cm) PN GN PBN
IRBB60 105.00 £ 0.50 94.67 £ 1.55 23.89£0.44 10.44 + 0.65 160.22 £9.47 12.00 +0.37
IR24 109.44 £0.33%* 83,89+ 1.38**% 2222 +(.58%* 10.33 £0.80 161.33£10.07 12.78 £ 0.37*
ST-12 95.78 £ 0.33** 101.89+1.14**  23.78 £0.53 8.89 £ 0.50** 283.11 £ 15.61** 22.33+0.96**
PL-1 109.11 £ 0.44**  103.33 £2.39*%* 2578+ 1.14* 9.11+0.93 219.89 £ 16.68**  20.11 £ 0.65**
PL-4 105.22 £0.53 96.67 £1.98 23.22+£0.50 944+ 041*  231.78 £10.14**  21.44 + 1.40**
PL-5 101.11 £0.67** 9589+ 1.71 22.00 £ 0.24%* 10.11 +£0.80 239.89 4+ 9.29%* 20.56 + 0.75%*
Line Name FR (%) TGW (g) GL (mm) GW (mm) GT (mm)

IRBB60 94.90 £ 0.26 26.45+0.08 9.46 £0.02 2.41+0.01 1.96 £0.01

IR24 88.14 £ 0.79*%*  25.65+0.11%* 9.11 £0.03%* 2.52 +£0.01%* 1.97+0.01*

ST-12 72.75 £ 1.14%*% 2373 £0.11** 9.87 £ 0.02%* 2.33£0.01%* 1.94 +0.01**

PL-1 76.84 £2.37*%*  27.55+0.40%* 9.56 + 0.06** 2.45 +0.02%* 1.91 £ 0.02%%*

PL-4 72.64 £ 0.61*%*  24.40 £ 0.09** 9.47 +0.02 2.41+0.01 1.86 +0.01**

PL-5 92.56 £ 0.40**  20.83 £ 0.11%* 8.60 £0.01** 2.22 £0.01%* 1.79 £ 0.01%**

Numbers represent average + standard error.

Based on these results, the high yield of PL-5 can be
attributed to the increase in GN and PBN. In spite of PL-5
having 49.7% higher GN than IRBB60, PWm? of PL-5 was
only 8.1% higher. As a major cause of this phenomenon,
we focused on grain size. The grain size is expected to
affect TGW (1000-grains weight per main three panicles).
Compared to the TGW of IRBB60 (26.45 = 0.08 g), the
TGW of PL-5 (20.83 + 0.11 g) was significantly lower
(Table 3). Similarly, PL-5 recorded smaller grains in terms
of GL (8.60 = 0.01 mm), GW (2.22 £ 0.01 mm) and GT
(1.79 £ 0.01 mm) compared to those of IRBB60 (9.46 +

DH=days to heading; PH=plant height; PL=panicle length; PN=panicle number per plant; GN=grain number per main panicle;
PBN=primary branch number per main panicle; FR=fertility ratio per three largest panicles in a plant; TGW=1000-grain weight per
three largest panicles in a plant; GL=grain length; GW=grain width; GT=grain thickness.

* *%; indicate significant difference from IRBB60 at p<0.05 and p<0.01 by t-test, respectively.

0.02 mm, 2.41 £0.01 mm, 1.96 £ 0.01 mm) (Table 3). The
smaller grains of PL-5 negatively affected its yield.

Evaluation of the pyramiding line for resistance to
bacterial leaf blight

The response of the experimental materials when
challenged with BLB races from Vietnam (HAU01043,
HAU0209, HAU02021-2 and HAU02024-6), Myanmar
(HKM13) and India (IND2-3) are shown in Fig. 4.
IRBB60 showed strong resistance to the six BLB races,
with lesions lengths ranging from 0 to 1.2 cm. In contrast,
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Fig. 3. Panicle weight per square meter (PWm?2) of the
experimental materials. * and ** indicate significant
difference from IRBB60 at p<0.05 and p<0.01, re-
spectively, by t-test. Error bars show standard error.

IR24 and ST-12 were susceptible to the six BLB races,
with lesions lengths ranging from 13.3 to 25.2 cm in IR24
and from 10.5 to 26.8 cm in ST-12. The pyramiding lines
PL-1, PL-4 and PL-5 showed differential responses to
the six BLB races. PL-1 exhibited resistance to the five
BLB races from Vietnam (HAU0209, HAU02021-2 and
HAU02024-6), Myanmar (HKM13) and India (IND2-3),
and moderate to HAUO01043. PL-4 exhibited resistance
to HAU0209, moderate to IND2-3, partially resistance to
HKM13 and susceptibility to HAU01043, HAU02021-
2 and HAUO02024-6. PL-5 exhibited resistance to the
five BLB races from Vietnam (HAU01043, HAU0209,
HAU02021-2 and HAU02024-6) and India (IND2-3), and
partially resistance to HKM 13 from Myanmar.

Confirmation of introgression of targeted genes
with genotyping-by-sequencing

GBS analysis validated the introduction of the WFP
allele from ST-12 and the segregation of the four BLB
resistant genes of IRBB60 in each of the pyramiding
lines at BC,F; (Table 4). All pyramiding lines carry the
Xa21 allele from IRBB60 and the xa/3 allele from ST-12.
PL-1 and PL-4 have the Xa4 allele from IRBB60 but not
PL-5 which has the Xa4 from ST-12. The xa5 allele from
IRBB60 was introgressed in the homozygous form in PL-5
but occurs in a heterozygous form in PL-4. PL-1 has the
ST-12 allele for xas5.

Discussion

The pyramiding lines (BC,F,) reported in the present
study were developed from the cross between ST-12 (used
as the donor of WFP) and IRBB60 (used as the recipient
parent with BLB resistance). Introgression of WFP from
ST-12 in the PLs was confirmed by MAS and GBS (Fig.
1, Table 4). As a result, we developed PL-5, a pyramiding
line with higher yield compared to the recipient parent,
IRBB60 (Fig. 3). The high yield of PL-5 can be attributed
to the increase in both GN and PBN (Table 2, Table 3)
due to the introgression of WFP from ST-12. Miura et al.
reported that the introgression of WFP from ST-12 can
significantly increase both GN and PBN in lines having the
genetic background of the japonica rice cultivar Nippon-
bare?. Similarly, introgression of WFP has been reported
to increase GN and PBN of several rice cultivars with
indica genetic backgrounds?®. In the present study, the
positive effects of WFP from ST-12 was also observed in
the genetic background of IRBB60, suggesting that WFP
expression can increase GN and PBN in both japonica and
indica rice backgrounds, and that WFP from ST-12 is a
useful genetic resource that can be used to significantly
improve the yield of rice.

PL-5 recorded 49.73% higher GN and 71.33% higher
PBN compared to IRBB60. Despite the significant increase
in GN and PBN, PL-5 recorded a remarkably low increase

Table 4. Genotypes in targeted genes/QTL in the three pyramiding lines in the previous generation (BC,F;).

Chromosome RAP-ID QTL location*  IRBB60 ST-12  PL-1 PL-4 PL-5 Exp**
Xa4 11 - Around 28.5Mb A B A A B A
xa5 5 0s05g0107700 - A B B H A A
xal3 8 0s08g0535200 - A B B B B A
Xa2l 11 Os11g0559200 - A B A A A A
WFP 8 0s08g0509600 - A B B B B B

*; physical distance showed in RAP-db site (https://rapdb.dna.affrc.go.jp/).

**; expected genotypes.
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Fig. 4. The response of the experimental materials to the six races of Xoo. A: Lesion length on leaves of the experimental
materials. Different letters indicate significance at p<0.05 by Tukey’s HSD. Error bars show standard error. B: Le-
sions in leaves infected by the six BLB races. The reaction of the experimental materials to the BLB races is shown
in two leaves each. The order of BLB races in each panel is HAU01043, HAU0209, HAU02021-2, HAU02024-6,
HKM13 and IND2-3 from left to right. The inoculation site corresponds to the top of each panel. Bars = 5cm.
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of 8.06% in yield (PWm?2) compared to IRBB60. A similar
phenomenon was observed in PL-1 and PL-4. Rice yield
has four important components namely PN, GN, FR and
TGW. In PL-5, the main negative factor was TGW, which
was 21.25% lower than IRBB60. Based on the results of
the current study, an improvement in TGW can further
increase rice yield. In PL-1, the main negative factors were
PN and FR which were 12.74% and 19.03% lower than
IRBBO60, respectively. In PL-4, the negative factors were
PN, FR and TGW which were 9.58%, 23.46% and 7.75%
lower than IRBB60, respectively.

The low TGW of PL-5 may be unrelated to the function
of WFP. PL-5 has smaller grains, giving it lower TGW
than IRBB60. The donor parent ST-12 do not have small
grains, and WFP/IPAI from ST-12 has not been reported to
be involved in the regulation of grain size. We hypothesize
that the genetic background of PL-5 which resulted from
random recombination between the ST-12 and IRBB60
genome contributed to its smaller grains.

Miura et al. suggested that WFP from ST-12 is involved
in the regulation of shoot branching in the vegetative
stage”. It was also suggested that WFP/IPAI from the
Japonica cultivar Aikawa 1 and from the japonica cultivar
Shaoniejing reduces tiller number’- ®. While the presence
of WFP/IPAI allele may increase GN, it may have nega-
tive effects on PN. In the present study, an increase in GN
due to WFP/IPAI introgression resulted in a concomitant
decrease in PN. To suppress any reduction in PN due to
WFP introgression, it is necessary to modify factor(s) re-
lated to controlling PN specifically in the vegetative stage.

It is considered that the low FR of PL-1 and PL-4 oc-
curred as a result of the inability of the source to keep up
with the improved sink ability of both lines as conferred
by WFP. In PL-5, a remarkable reduction in grain size has
been confirmed that allowed the source to cope with the
increase in sink. In the context of sink-source relation-
ship, WFP is a sink ability-related gene. Improvement of
the sink is necessary to improve yield, but this requires
a concomitant improvement in the source3?. Efficient
breeding for high yield in rice requires elucidation of
the genetic factors regulating the ability of the source to
generate photosynthetic assimilates that will fill the sink.
Improving the photosynthetic ability of plant tissues with
source functions may be the key to breaking through the
yield potential of the current high-yield varieties*0).

The present study aimed to pyramid WFP with four BLB
resistant genes already present in the IRBB60 background.
The three selected pyramiding lines however, had WFP
and at least two BLB resistant genes each (Fig. 4, Table
4). The incomplete maintenance of all four BLB resistance
genes in the pyramiding line accounts for the variability in
the response of each line to each of the BLB races. While

the BLB resistant genes are not linked, xa/3 is linked to
WFP at approximately 1.5 Mb distance downstream. In the
process of developing these pyramiding lines, genotyping
was carried out to monitor the introgression of only WFP.
To ensure that all four BLB resistant genes are maintained
in the pyramided line, these genes should also be moni-
tored in the backcrossed and selfed generations by MAS.

Despite losing at least two BLB resistant genes, PL-5
remains resistant to four BLB races from Vietnam and a
race from India, whereas PL-1 is resistant to three races
from Vietnam and races from Myanmar and India. These
results indicate the both PL-1 and PL-5 can be cultivated
in areas with a reported incidence of the specific BLB in-
fection. Overall, the significantly improved yield of PL-5
in combination with its resistance to five known BLB races
from Vietnam and India makes this pyramiding line a vi-
able candidate for high yield line with adoption in tropical
rice ecosystems in Southeast Asia.
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Abstract. In developing countries, normally consumption of vegetables, fruits, and livestock products is expanded in addition
to cereals consumption, as an income level of people rises. At the same time, consumers’ interest in quality and safety of
those products is also enhanced. Regarding agricultural marketing, modern distribution channels such as supermarkets are
increased in addition to traditional distribution channels following the progress of economic development of a country, and
it is one of the major challenges for small and medium farmers to join the modern channels.
Firstly, this article identified items for improving agricultural marketing from the viewpoint of producers. Secondly, it clarified
characteristics of policies/institutions, marketing environment and farmer’s organizations which affect agricultural marketing
in the Red River Delta in Vietnam. After that, it took up a technical cooperation project conducted by Japan International
Cooperation Agency which aims at promoting safe vegetables in the Red River Delta as a case study. Concretely, it analyzed
which item for agricultural marketing improvement each component comprising trial activities of the project addressed. As
a result, it proved clear effects of components such as dialogue with the market, establishment of a joint cultivation plan
based upon market demand, post-harvest processing, and collection and delivery of products for agricultural marketing
improvement.

Key words: Agricultural Marketing, Vietnam, Safe Crops, Vegetable, Good Agricultural Practice (GAP)
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Abstract. Farms in Southeast Sulawesi Province, Indonesia, historically grow upland rice crops that utilize the slash-and-burn
farming system. However, little is known about grain quality and the differences between upland rice varieties in this region.
In the present study, growth and grain yield were measured to elucidate the characteristics of traditional upland rice varieties
grown by local farmers. Additionally, amylose and protein content were measured to understand their characteristics. In this
region, farmers predominantly grew traditional rice varieties, which were deemed as tropical japonica based on the measured
agronomic traits. These traditional varieties were highly varied in terms of grain appearance and yield-related factors. Grain
yield in the traditional varieties (3.0 t ha'! on average) was inferior to that of Lampung (4.0 t ha! on average), an improved
variety newly introduced from outside the region. In particular, Lampung tended to have a higher spikelet number per m?2
than that of the traditional varieties. The protein and amylose content varied depending on the different varieties. Amylose
content of eleven upland rice varieties was determined, with eight varieties characterized as sticky rice, two as non-glutinous
varieties, and one as an extremely low amylose variety. These results indicate that this region contains valuable upland rice
varieties, and this information is useful for future genetic resource studies.

Key words: Indonesia, Upland rice, Agronomic trait, Protein content, Amylose content
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Introduction world’s rice is produced, upland rice remains an important

crop for traditional smallholders".

Rice growing ecosystems are broadly classified into
three types based on soil-water conditions: irrigated
lowland, rainfed lowland, and upland; accounting for
approximately 75, 19, and 4% of global rice production,
respectively!). Therefore, the contribution of upland rice
to global rice production is not as great as that of low-
land rice. However, in Asia, where more than 90% of the

Corresponding author: M Kikuta, e-mail: mkikuta@agr.nagoya-
u.ac.jp

In Southeast Sulawesi Province, Indonesia, upland
rice has been cultivated by the traditional slash-and-burn
system during the rainy season for many years 3.4 9. In
this province, the upland rice cultivation area is relatively
higher than in other regions and has been estimated at
approximately 8,000 ha—10,000 ha (12% of the total
rice cultivation area), with annual production estimated
between 25,000 t and 32,000 t (8% of the total produc-
tion)* 3. Therefore, upland rice has played an important
role as a staple food item for local people®. Farmers in

J Intl Cooper Agric Dev 2020 41




this region grow upland rice of traditional varieties mainly
for personal consumption?. This is because farmers prefer
the eating quality of these traditional varieties. If upland
rice is sold in the market, its selling price is double that of
lowland rice®. Recently, some upland rice farmers have
shifted from traditional varieties to improved varieties> 9.
Therefore, there is a possibility that the improved varieties
might replace the traditional varieties in the future.

Traditional varieties have been selected by local people
in the past in line with local ecological characteristics;
therefore, some traditional varieties possess superior
characteristics and can grow under severely stressful en-
vironmental conditions, such as drought and aluminum
toxicity?. Traditional rice varieties in Southeast Asian
countries have been recognized as a valuable source of
tolerance genes?). The traditional rice varieties in Indone-
sia have been used as breeding materials®. It is important
to obtain information about traditional upland varieties in
this area for studying genetic resources.

In the present study, growth and grain yield were
measured to understand the characteristics of traditional
rice varieties, with these characteristics compared with an
improved rice variety. Additionally, amylose and protein
content was measured to understand their abundances be-
cause there is currently no information about these factors
in this region.

Materials and Methods

Study site

The study sites were located in the southeastern part
of Sulawesi Island (Fig. 1). The survey was conducted in
farmers’ fields on a hillside in Palangga District, South
Konawe Regency, Southeast Sulawesi Province, Indonesia,
in 2010 and 2012. During the rainy season (late Novem-
ber to late July), the area receives more than 150 mm of
rainfall each month. The annual rainfall in this region is
approximately 2,000 mm and the average temperature is
24-29 °C9.

Upland rice was cultivated in the traditional slash-and-
burn farming system by Tolakinese farmers during the
rainy season. The upland fields were prepared by cutting
down the trees in late September, and burning the fields
in the end of the dry season (late November)?. In the be-
ginning of the rainy season rice seeds were sown directly
into the prepared soil in upland field. The upland rice was
harvested around May. The plants were grown without the
use of fertilizers or pesticides.

Growth and yield surveys

The surveys were conducted twice, in 2010 and 2012,
prior to rice harvest. The first survey was performed from

South Konawe
Regency

60km

500 km
| I |

Fig. 1. Map of the study site in Southeast Sulawesi Province, Indonesia.
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late April to early May in 2010 in Kiaea and Wawonggura
villages. Farmers in Kiaea grew three rice varieties: Dai
Hoani, Moku, and Undolia, and farmers in Wawonggura
grew one rice variety, Dai Wolio. The second survey was
undertaken at three fields in Palangga village from late
April to early May in 2012. One farmer grew Uso and two
farmers grew Lampung. According to the farmers, Lam-
pung is an improved variety that originated from outside
the region in the 2000s, and the other five varieties are
considered as traditional varieties. In the 2010 survey, 20
hills per variety were randomly selected to measure plant
length, culm length, panicle length, and flag leaf length in
the field. In the 2012 survey, these traits were measured for
hills sampled from an area of 1 m? (approximately 10 hills)
with three replications.

During both surveys, to determine the shoot fresh
weight and yield components, plant samples were taken
from three square plots (1 m x 1 m) per variety. For each
square plot, the number of hills per plot and the number of
panicles per hill were counted, after which all the hills in
the plot were cut at ground level. Panicle morphology was
photographed, and we recorded whether grain awns were
present based on our observations. To determine the num-
ber of spikelets per panicle, percentage of filled grains, and
1000-grain weight, 20 panicles were randomly selected
from each plot during the first survey and one representa-
tive hill with an average number of panicles per hill was
measured during the second survey. After hand-threshing,
filled and unfilled grains were separated using fresh water
and were counted from each plot. The 1000-grain weight
of rice was adjusted to a 14% moisture content. Grain yield
was calculated from all yield components.

Amylose and protein content

The brown rice samples were collected from the same
growing regions with yield survey areas. Ten upland rice
varieties (Biu, Dai Hoani, Dai Wolio, Lampung, Lang
Gandobu, Moku, Nggalaru, Undolia, Wolasi, and Wulu-
mata) were collected from the fields around the Palangga
District, and one upland variety was collected at a market
in Kendari in Southeast Sulawesi Province. However, the
variety collected from the market was unknown and the
code name “red upland rice” was conferred based on the
grain color. For brown rice in these 11 varieties, amylose
(Auto-analyzer 1I, Bran+Luebbe, Germany) and protein
content (Infra Alyzer500, Bran+Luebbe , Germany) were
measured.

Results

Growth and yield survey
Growth and yield measurements were collected from six

rice varieties in our two surveys, have awn (Fig. 2). Grain
color was white in six varieties, brown in four varieties,
and blackish in one variety (Fig. 3). Plant and culm lengths
of the six varieties ranged from 166 to 196 cm and 125 to
154 cm, respectively (Table 1). Plant length of Dai Hoani
and Dai Wolio was longer than the other varieties. Panicle
length, and flag leaf length ranged from 25.6 to 36.8 cm
and from 36.8 to 50.6 cm, respectively.

Hill number per square meter ranged from 9.0 to 12.0
(Table 2). Panicle number per hill and per square meter
ranged from 9.6 to 13.1 and from 86 to 136, respectively.
Dai Hoani and Moku had lower panicle numbers per hill
and per square meter than those of the other varieties.
Spikelet number per panicle ranged from 101 to 183, with
Dai Wolio and Uso having fewer numbers of spikelets than
that of the other varieties. Spikelet number per square meter
in the traditional varieties ranged from 13,000 to 17,000,
whereas the number in the improved variety (Lampung)
was approximately 21,000. The percentage of filled grains
ranged from 60.4% to 89.3%. The 1000-grain weight was
less than 25.0 g (21.7-23.2 g) in Moku, Uso, and Lam-
pung, whereas it was greater than 25.0 g (27.3-33.2 g) in
Dai Hoani, Undolia and Dai Wolio. Brown rice yields from
all rice varieties ranged from 203 to 429 g m2. Lampung
showed the highest yield out of the six varieties.

Protein and amylose content in brown rice

The 1000-grain weight ranged from 20.7 to 33.5 g be-
tween the 11 rice varieties (Table 3). The protein content
in the 11 varieties ranged from 7.8% to 10.7%. Amylose
content was 0% in Biu and Dai Wolio, and 5.9% in Wulu-
mata. Amylose content in the other eight varieties ranged
from 14.8% to 19.7%.

Discussion

Characteristics of cultivated varieties

In previous studies, more than 20 varieties of tradi-
tional upland rice varieties have been examined?, with
one improved rice variety also observed in this region? ©.
Similarly, in our survey, farmers grow both traditional and
improved rice varieties (Table 1); however, the traditional
rice varieties still predominate in the region. The traditional
rice varieties were widely different in terms of grain shape,
size, and color compared to the improved rice variety
(Figs. 2 and 3, Table 3), suggesting that these traditional
rice varieties have retained their diversity. This might be
because farmers grow several different rice varieties to
ensure risk distribution, resulting in the diversity of the
varieties being maintained.

Most of the upland rice varieties are classified as
tropical japonica, as shown in studies on upland rice in
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Fig. 2. Panicles of rice varieties that are used to determine the growth and yield components.
Undolia, Moku, Dai Hoani, and Dai Wolio collected in 2010 (upper left), Uso collected in 2012 (upper
right), Lampung-1 collected in 2012 (lower left), and Lampung-2 collected in 2012 (lower right).

Undolia Wolasi Wulumata Red Grain Upland

Fig. 3. Grain color and shape variation in rice varieties that are used to determine protein and amylose content
in brown rice.
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Table 1. Growth characteristics of upland rice varieties in Southeast Sulawesi Province, Indonesia.

Year Variety Researched village Awn Plant length ~ Culm length  Panicle length Flag leaf length
(cm) (cm) (cm) (cm)
Dai Hoani  Kiaea long 196 £7 154 £38 36.8+1.2 48.1 £2.4
2010 Moku Kiaea long 175 +6 144 +7 28.1+0.6 37.0+2.0
Undolia Kiaea long 174 +£9 137 £ 11 339+1.1 41.8+22
Dai Wolio ~ Wawouggura long 184 + 11 143 +6 354+1.1 48.1+3.3
Uso Palangga long 169 +6 133+5 27.6 1.1 36.8 1.7
2012 Lampung-1 Palangga (Farmer 1) long 172 +£2 125 +4 27.8+0.2 50.6 £2.5
Lampung-2  Palangga (Farmer 2) long 166 = 11 130 £38 25.6+0.9 42.1+£24

Data are mean values with S.D.

Table 2. Yield and yield components of upland rice varieties in Southeast Sulawesi Province, Indonesia.

. . . Percentage of 1000-grain  Brown rice
Year Variety No. of hills Panicle number Spikelet number filled grain weight yield
(m?) (per hill) (m2)  (per panicle) (m?) (%) (8 (gm?)

Dai Hoani 9.0+1.0 9.7+20 87+10 174 £27 15172 £1718 712 +9.1 33.0+0.7 353 +71

2010 Moku 9.0£0.0 9606 86+6 183 £12 15797 £1752 725 +6.7 23.2+0.7 267 £33
Undolia 93+£15 124+£12 115+12 150 £1 17241 £1786 779 +72 273 +0.7 363 £47

Dai Wolio  120+2.6 10.5+28 126=+15 101 £22 12786 +3952 772 +7.0 33.24+0.6 316 £71

Uso 10.0+£0.8 13.0+1.2 131+22 118 £18 15903 £ 5005 60.4 +6.7 21.7+0.8 203 +£48

2012 Lampung-1 113 +1.7 10.7+1.1 121 £21 175 £18 21019 £2967 76.5+103 232+13 366 £ 24
Lampung-2 11.0+£2.0 13.1 +43 136=+21 161 £42 20914 +2233 89.3+2.7 229+14 429 + 58

Data are mean values with S.D.

Vietnam and Laos!%: 1. The morphological traits of tropi-
cal japonica varieties include greater than average plant
length (120-180 cm), longer leaves, larger but fewer
panicles (2—4 panicles per hill), and more (150-300) grains
per panicle!2 13. 19 The morphological traits of the five tra-
ditional upland varieties sampled in our study were similar
to those of typical traditional upland rice, except that they
had more panicles than typical upland rice (Tables 1 and
2). The higher panicle number may be a unique trait of the
upland rice varieties in this region.

Yield levels among collected varieties

In our surveys, the yield of the traditional varieties was
3.0 t ha! on average, whereas that of the improved variety,
Lampung, was 4.0 t ha-!, that is, the traditional varieties
had no yield advantage over the improved upland variety
(Table 2). Lampung tended to have a higher spikelet
number per square meter than that of the traditional va-
rieties. This result supported our previous study, which
showed that yield potential might be different between
the traditional and improved varieties®. The highest yield
difference among the traditional varieties was 1.6 t ha'l,
with the highest yield in Undolia variety (3.6 t ha'!) and
the lowest yield in Uso (2.0 t ha'!); and characteristics
of the yield component were different depending on the

Table 3. The 1000-grain weight and amylose and protein
content of upland rice varieties in southeast
Sulawesi Province, Indonesia.

. 1000-grain weight ~ Protein ~ Amylose

variety (® ) )
Biu 25.2 9.8 0.0
Dai Hoani 333 10.2 14.8
Dai Wolio 335 9.6 0.00
Lampung 239 9.3 19.7
Lang Gandobu 20.8 9.6 18.2
Moku 23.4 7.8 19.5
Nggalaru 21.7 7.8 19.3
Undolia 27.6 8.3 19.2
Wolasi 22.2 10.2 18.7
Wulumata 20.7 10.7 59
Red Upland Rice 20.7 8.7 18.4

variety (Table 2). It appears that the selection of rice
variety by farmers is more complex than just the yield
or morphological traits. These results imply that farmers
select rice varieties through comprehensive analysis of the
interrelationship among crop traits, environmental factors,
social factors, etc. Further studies are needed to understand
farmers’ strategies for variety management.
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Characteristics of protein and amylose content

Protein content in brown rice is closely related to eating
quality'>- 19). In our study, the protein content varied from
7.8% to 10.7% depending on the rice variety, with an aver-
age of 8.7% (Table 3). These values fell within the range
(4.3%—-18.2%) of the IRRI’s World Collection (17,587 cul-
tivars)!9). Taira and Taira!? reported that protein content in
brown rice was greater in rice grown in uplands compared
with rice grown in lowlands. It has also been reported that
high N fertilization at heading stage increased protein
content in brown rice!?. In our study, the protein content
in brown rice, despite being grown in the upland field,
tended to be lower than the average of the IRRI’s World
Collection (9.5%)!0. This may be because in this region
rice was cultivated without fertilization.

Damardjati and Oka!® have reported that a major factor
in determining eating quality is the amylose content, but
consumer preferences differed widely in the Indonesian
region. According to Gomez (1979) 19, amylose content in
rice was classified as waxy (0%—2% in brown rice, 0%—2%
in milled rice), very low (0%—-9% in brown rice, 2%-9%
in milled rice), low (10%—-19% in brown rice, 9%-20%
in milled rice), intermediate (20%-24% in brown rice,
20%—25% in milled rice), and high (> 25% in brown rice,
> 25% in milled rice). In our studies, amylose content of
non-glutinous rice was 14.8%—-19.7% in brown rice, which
was estimated at 15.8%-22.5% in milled rice, based on
a previous study that compared the amylose content of
brown and milled rice!?. Damardjati and Oka'® collected
rice samples from three large regions (Jakarta, South Su-
lawesi, and North Sumatra) in Indonesia and reported that
the amylose content of 469 samples of milled rice ranged
from 17.2% to 27.3% (low to high). They reported that
most people in Sumatera and Sulawesi preferred the less
sticky rice, whereas people in Java preferred sticky rice. A
similar low to intermediate amylose content (10%—-25%)
was found in our study, which was conducted in Southeast
Sulawesi. Additionally, it has been reported that most
traditional upland varieties were placed in the intermediate
category for amylose content??). Therefore, farmers in this
region may prefer normal amylose content rice varieties
rather than high amylose content rice varieties.

Besides non-glutinous rice, two glutinous rice were
found with amylose content of 0% (Table 3). However,
the ratio of glutinous rice varieties was less than 20% of
the collected samples. Similarly, Pasolon and Borromeu?
reported that glutinous rice occupied 15% of the collected
upland rice in the same region. Thus, non-glutinous rice
predominates in this region. Glutinous rice is generally
cooked by steaming and is mainly eaten during festivals or
gatherings?. Farmers might have consciously cultivated the
sticky rice varieties in certain ratios. Wulumata had less than

10% amylose content (Table 3). This rice is categorized as
having a very low amylose content. Similar to our results,
very low amylose content rice was found from landraces
in mountainous areas in Southeast Asia?l: 22. In Japan,
rice with low amylose content is becoming increasingly
popular because it is being developed as one of the new
types of rice by breeding to expand rice demand??). Thus,
this type of unique characteristic might be important from
the point of view of genetic resources.

Conclusion

Upland rice grown by farmers in the Southeast Sulawesi
Province was highly diverse in terms of grain appearance
and yield-related factors. Almost all studied rice varieties
were traditional varieties categorized as tropical japonica
rice. Although, amylose and protein content differed de-
pending on the rice variety, there were no high values of
protein and amylose content in non-glutinous rice from our
surveys. However, we observed a rice variety (Wulumata)
with extremely low amylose content, which is a unique
characteristic. Our results show that this region has valu-
able upland rice varieties, and these characteristics are im-
portant when considering these varieties for their genetic
resources. Eating quality was only partially researched
in the present study; therefore, future research should be
undertaken to study a wider range of eating qualities.
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Abstract. Lateral roots (LRs), which largely constitute the root system, allow the entire root system to expand to a larger

area to efficiently capture water and nutrients from the soil. Thus, the optimization of LRs should be considered for the
genetic improvement of root system architecture to most notably impact plant acquisition of soil resources for productivity.
In this study, we newly identified a rice mutant, 11NB10, which has a high number of thick, long, and highly branched LRs
(L-type LRs) with promoted parental root growth. We evaluated the root performance of this mutant under various nitrogen
(N) regimes, including 30, 60, and 120 mg N corresponding to low, standard, and high N conditions, respectively. The
results showed that under low N conditions, the 11NB10 mutant had a larger root system based on its total root length, which
increased further with increasing N levels, compared to its wild-type, Nipponbare. This promoted root system growth could
be attributed to the development of highly branched L-type LRs, which in turn might contributed to higher leaf area and shoot
dry matter production. These findings suggest that the 1 INB10 mutation gene promotes a highly developed root system under
low N conditions, and its root performance could be further improved by enhancing LR development through N application.
Thus, the 11NB10 mutant is a promising line for the breeding programs targeting root system architecture in rice.

Key words: rice, lateral root, nitrogen, root system architecture, mutant
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Introduction such as rainfed lowland or upland ecologies, are more vul-

nerable to variable weather events, leading to constrained

Rice (Oryza sativa L.) is consumed as a staple cereal
crop by half of the world’s population! and is cultivated on
over 150 million ha of land globally. However, the recent
climatic conditions pose serious risks to rice production,
thereby threatening food security?. Irrigated rice fields,
where water-saving technology (alternating wet and dry
conditions) is practiced, and less favorable environments,

Corresponding author: Y Inukai, e-mail: inukaiy@agr.nagoya-u.
acjp

rice production in these areas® 4. In such uncertain situa-
tions, optimizing root system architecture has been sug-
gested as a rational strategy to improve nutrient and water
acquisition? in plants and, thus, to achieve food security.
The root system architecture in rice is determined by
the overall growth and angle of its various components,
including the seminal, crown, and lateral roots (LRs)% 7.
Being the root component that constitutes approximately
90% of the root system, the LRs predominantly determine
the overall function of the root system® in a large variety
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of environmental and soil nutrient conditions to optimize
plant growth, adaptation, and productivity?® 19, In rainfed
lowland fields in developing countries, wherein a hardpan
is located approximately 20 cm below the soil surface!!:12),
the roots are almost entirely restricted to water and nu-
trients found above the hardpan. It was reported that in
such cases, the branching and elongation of LRs contrib-
uted greatly to the total root length, which consequently
produced greater total dry matter, especially under mild
drought stress!?. Further evidence was provided that LR
production contributed to plant yield under soil moisture
fluctuation regimes'4. Additionally, the development of
a deeper root system and LR growth promotion at 30-45
cm soil depths as a response to periods of progressive
drought stress alleviated the effects of water deficit on
grain yield!'®, and similar root phenotype at the same soil
depth was likewise reported to maintain shoot dry matter
production under progressive drought stress'®. These root
characteristics are associated with increased root water
uptake and, to some extent, nutrient uptake. Furthermore,
total root length development, which is contributed by LR
branching and elongation, could be enhanced by standard
and high nitrogen (N) applications. This, in turn, could lead
to increased shoot growth under drought conditions!7-19.
These results indicated that LR growth could be induced
by controlling the level of N in soils. In this regard, we
identified a rice mutant, 1INB10, that exhibits a high
number of thick, long, and highly branched LRs (L-type
LRs) with normal and promoted parental root growth at
the seedling and higher growth stages.

In Philippines, the rainfed systems (upland and lowland)
cultivated for rice occupy 1.51 M ha of the 4.8 M ha total
rice production areas2?. In 2018, these production areas
produced 3.12 mt yield ha'!, which is significantly lower
than their irrigated counterpart that produced 4.37 mt yield
ha'l. It is anticipated, therefore, that any improvement in
these production areas might contribute to the overall yield
increase performance of the country. As 11NB10 mutant
line showed promoted root system traits, we further used
this material to evaluate the utilization of its root traits
under various N regimes and their overall effect on shoot
development under Philippine conditions.

Materials and Methods

Plant Materials

The rice mutant, 1INB10, and its wild-type, Nip-
ponbare, which differ in root system development, were
utilized in the study. The 11NB10 mutant is an N-methyl-
N-nitrosourea (MNU)-induced mutant, in which the root
system development is more promoted compared to Nip-
ponbare.

Pot experiment
The 11NB10 mutant and Nipponbare were evaluated in

a pot experiment conducted in a glasshouse located on the
campus of Nagoya University, Nagoya, Japan (35°6'42"
N, 137° 4'57" E) from July to August 2017. The seeds of
the 11NB10 mutant and Nipponbare were pre-germinated
using tap water mixed with fungicide (benomyl benlate,
0.15% w/v) and incubated in a growth chamber maintained
at 28°C under continuous light. The pre-germination of the
1INB10 mutant occurred 2 days earlier than the wild-type
plants sowed at the same time (wild-type: 3 days; mutant:
5 days). Three pre-germinated seeds from each line were
sown in a 1/5,000 Wagner pot (16 cm diameter, 20 cm
height) filled with 4.0 kg air-dried sandy loam soil. The
soil in each pot was pre-mixed with fertilizer at the rate of
60-60-60 kg ha! NPK. The seedlings were later thinned to
one seedling per pot at 10 days after sowing (DAS) with
water level maintained at 2 cm above the soil surface until
the termination of the experiment.

Rootbox experiment

Time and Location

This experiment was conducted in a screenhouse at the
PhilRice Central Experiment Station (PhilRice-CES), Sci-
ence City of Mufioz, Nueva Ecija, Philippines (15°40" N,
120° 53'E, 57.6 m altitude) between January 15, 2019 to
February 22, 2019.

N Treatments and Plant Sampling

Two plants each of the 11NB10 mutant and Nipponbare
were targeted to be grown at both sides of a polyvinyl
chloride (PVC) rootbox (25 cm x 2 cm % 40 cm, L x W
x H)2D. Firstly, six pre-germinated seeds, i.e., three seeds
each of the 11NB10 mutant and Nipponbare, were sown
at approximately 5 cm away from both ends of the PVC
rootbox (Fig. 3a). The seedlings were later thinned into
one seedling each of the PVC rootbox sides after 5 DAS.

As described previously!3- 18.22), three different levels of
N fertilizer (urea: 46% N), including 30 (low), 60 (stan-
dard), and 120 mg (high), each thoroughly mixed with 80
mg phosphorus (single superphosphate: 17.5% P,0O5) and
70 mg potassium (KCI: 60% K,0O), were added into 2.5 kg
air-dried soil per rootbox prior to seed sowing.

Physiological Measurements

Leaf photosynthesis of the second youngest fully-ex-
panded leaf was measured using a portable photosynthesis
system (Li-6800, LiCOR Inc., Lincoln, Nebraska, USA)
starting at 1000 h. The relative chlorophyll content was
measured using a chlorophyll meter (Soil and Plant Analy-
sis Development, SPAD-502, Minolta) and expressed as
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SPAD value. All measurements were performed at 36
DAS, two days before the termination of the experiment.

Shoot and Root Growth Measurements

Sampling was performed at 38 DAS. The shoots were
cut at the stem base and oven-dried at 70°C for 2 days
prior to the recording of the dry weight. The roots were
sampled using a pinboard and transparent perforated
plastic sheet as described previously?!-23). The extracted
root systems embedded in plastic sheets were stained with
0.25% Coomassie Brilliant Blue R 250 aqueous solution
for at least 24 h. This staining procedure was indispensable
for taking high-resolution digital scans of the entire root
system, including the fine LRs, using an A3-size scanner
(EPSON 10000G) at 300 dpi. Subsequently, the total
number of crown roots was manually counted, and the
root samples were stored in 95% ethyl alcohol for further
measurements. For root length measurements, the roots
were cut, spread on transparent glass trays with minimal
overlapping and scanned at 600 dpi with a pixel threshold
value of 175 using an A4-size scanner (EPSON 4990).
The scanned images were analyzed for root length using
the WinRhizo software (Régent Instruments, Québec,
Canada) and categorized according to LR diameter. Previ-
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ously, LRs have been classified into two types according
to diameter and length, the S-type and L-type LRs. The
L-type LRs are thick, long, and branched into the higher-
order LRs, whereas the S-type LRs are slender, short, and
non-branching?. The LRs with diameter sizes of 0 < 0.08
and 0.08 < 0.30 mm were classified as thin and thick,

respectively?9).
Results

11NB10 mutant selection and performance under
soil conditions

The 11NB10 mutant was observed to have a promoted
root system compared to its wild-type, Nipponbare, under
tap water conditions at the seedling stage (Fig. 1a-b). The
mutant had remarkably longer parental roots and higher
number of long and thick LRs (L-type LRs), but the same
LR density and number of crown roots as that of the wild
type (Fig. lc-f); thus, it was selected as plant material in
our study. These root development differences were con-
sistently observed under soil conditions using pot set-up
at the maximum tillering stage (Fig. 2a-b). The whole root
system of the 11NB10 mutant appeared to have longer pa-
rental roots and highly branched LRs despite the observed
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Fig. 1. Root morphological features of 11NB10 mutant at seedling stage.

Shoot and root system of Nipponbare (a) and 11NB10 mutant (b) and their roots traits (c—f) at 15 days after germination
grown under tap water conditions. Values represent means + SE (n=10). ** and *** indicate statistically significant at P<0.01
and P<0.001 in the means between genotypes as revealed by two-tailed Student’s T-test, respectively (ns, non-significant).
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Fig. 2. Shoot and root system profiles of 11NB10 mutant plants under soil conditions at maximum tillering stage.
Pot experiment set-up in a glasshouse (a) to evaluate shoot phenotypes (b), shoot traits (c—f), entire root system formation
(g) and root traits (h—j) of Nipponbare (left) and 11NB10 mutant (right) grown in soil supplied with 60-60-60 kg ha-! NPK
under irrigated conditions at maximum tillering (65 days after sowing). Values presented for total shoot dry weight, total root
length, total CR and LR length were ratio of the whole plant traits to the stem number for direct comparison of these traits.
CR, crown root; LR, lateral root. Values represent means + SE (n=4). * and ** indicate statistically significant at P<0.05
and P<0.01 in the means between genotypes as revealed by two-tailed Student’s T-test, respectively (ns, non-significant).

lower number of parental roots from the base (Fig. 2g),
which was due to the reduced stem number as shown in
Fig. 2b. Because of these differences in stem number (Fig.
2¢), the shoot and root traits were directly compared by
obtaining the ratio of the trait to the stem number, and we
found that the shoot dry weight of the 11NB10 mutant
was not negatively affected by the mutation (Fig. 2e). In
addition, the 11NB10 mutant had taller plant height and
comparable net photosynthesis to the wild-type Nippon-
bare (Fig. 2d, f), revealing that the mutation negatively
affected the stem number only of the shoot part. Notably,
the total root length and total LR length per stem number
of the 1INB10 mutant were significantly higher than
the wild type (Fig. 2h, j), while their crown root lengths
were similar (Fig. 2i), confirming that the gene mutation
promoted root system development through enhanced LR
development despite negatively affecting the stem number
of the shoot part.

Shoot and root system developmental responses of
the 11NB10 mutant under various N conditions
The 11NB10 mutant performance was further evalu-

ated under various N conditions (low, standard, and high
N) following the same treatment method as described
previously'3- 18: 22 N is the mineral nutrient required in
the greatest amount, and its availability is a major factor
limiting growth, development, and yield2®. To precisely
evaluate the root system development differences of the
IINB10 mutant and Nipponbare, the rootbox-pinboard
method was utilized to collect the whole root system with
minimal damage and preserve the resulting root architec-
ture (Fig. 4)21-23). Furthermore, because of the differences
in the stem number between the 11NB10 mutant and wild-
type, the tiller outgrowth was cut to maintain the growth
of the main stem (Fig. 3b) during the entire duration of
plant growth, making the direct comparison of the shoot
and root traits feasible.

The net photosynthesis and SPAD value of the 11NB10
mutant and Nipponbare did not differ (Fig. 3¢c-d), whereas
the plant height and leaf area were significantly higher in
the 11NB10 mutant than in Nipponbare (Fig. 3e-f) under
different N conditions. On the other hand, the shoot dry
weight of the 11NB10 mutant was slightly higher than
Nipponbare at low and standard N levels and was signifi-
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Fig. 4. Root system profiles of Nipponbare and 11NB10 mutant plants at different nitrogen (N) conditions.
Root system profiles of Nipponbare and 11NB10 mutant grown under different N conditions (low,
standard, high N) for 38 days. The intact whole root system was extracted from a rootbox using a
pinboard?’- 1), Prior to taking digitized photographs in a scanner, the root system were stained with
0.25% Coomassie Brilliant Blue R solutions for at least 24 h.
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Fig. 5. Root system development of Nipponbare and 11NB10 mutant plants grown under different Nitrogen conditions.
Root lengths (a—c), number of crown roots (d), lateral root length according to diameter sizes (e—g) and root dry weight (h)
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cantly higher under high N level.

The root system profiles of Nipponbare and 11NB10
mutant grown under different N conditions are shown in
Figures 4 and 5. Under low and standard N conditions, the
total root length of the 11NB10 mutant was significantly
greater than that of Nipponbare, and it increased under
high N level (Fig. 4 and 5a). The total root length of the
1INB10 mutant was significantly higher than that of Nip-
ponbare by 8.3% and 22.5% at low and high N conditions,
respectively. Between the crown root lengths and LR
lengths that comprised the total root length, the lengths
of the LRs were more promoted than those of the crown
roots and further enhanced under higher N conditions
(Fig. 4 and 5b-c). The LR length of 1INB10 mutant was
significantly higher than that of Nipponbare by 10.6% and
25.7% at low and high N conditions, respectively, sug-
gesting that the enhanced root system development of the
1INB10 mutant was due to greater LR development and
its response to N level. Furthermore, the LR lengths were
categorized into different diameter sizes: thin, middle, and
thick corresponding to the diameters sizes of 0 <D <0.08
mm, 0.08 mm <D <0.15 mm, and 0.15 mm <D <0.30
mm, respectively. The 1INB10 mutant showed greater
LR lengths because of the LRs with thick diameter sizes,
which are capable of higher order of branching (Fig. Se-g)
and, thus, a highly branched root system. In addition, the
mutant had significantly higher root dry weight than Nip-

ponbare at all levels of N (Fig. 5h), while its crown root
number was higher only at high N level (Fig. 5d).

Discussions

The ability of rice plants to promote root system devel-
opment, especially LR development, is a favorable trait
to efficiently acquire water and nutrients from a larger
soil area for productivity, given the highly dynamic soil
environments due to the changing climatic conditions per-
sisting in agricultural areas?). This root characteristic was
associated with the 11NB10 mutant that showed highly
branched root system under various N conditions (from
low to increasing N levels), resulting in higher shoot dry
matter production than Nipponbare. Remarkably, the root
system of the 11NB10 mutant was further enhanced under
high N level based on its total root length, which was
greatly contributed by LRs with the thick diameter and
branching (L-type LRs). Promoted LRs are linked to the
enhanced uptake of N as well as other nutrients in different
crop species?’29, implying that these acquired nutrients
will be available for growth and development of the shoot
part. Increasing N levels did not improve leaf chlorophyll
content and photosynthesis in the 1INB10 mutant, but
caused a slight increase in shoot dry weight, which could
be attributed to the higher number of main-stem leaves
(data not shown) that contributed to greater leaf area. It
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was reported that N is always distributed mostly to the
new growing organs, regardless of the growth stages of the
rice plant3?. Thus, the absorbed N might be preferentially
used in the expansion of developing leaves rather than
in increasing the chlorophyll content. Moreover, N can
stimulate leaf synthesis and growth through the synthesis
of proteins involved in cell growth, cell division, and
cell wall and cytoskeleton synthesis?), thus leading to an
increase in the leaf area and hence in shoot dry weight.

The findings presented in this report might have impli-
cations for genetic improvement and breeding programs
in rice that can be utilized under different rainfed lowland
and upland fields. The availability of this mutation gene
promoting LR development is important for the improve-
ment of root system architecture, and such mutation gene
can be used more effectively by understanding proper N
levels to further improve LR growth. The root perfor-
mance of this mutation gene further provides information
on natural resource and crop management practices??. Un-
like in irrigated rice production system, wherein water is
available in the fields, the rainfed lowland rice production
system is highly drought-prone and dependent on rainfall.
Thus, timely N application (i.e. after sufficient rainfall)
should be considered to further improve the development
of L-type LRs for a more vigorous root system, which will
then be useful for overcoming stressful conditions, such
as drought and soil moisture fluctuations, as demonstrated
in several studies?). Further work is required for evaluat-
ing the root performance of the 11NB10 mutant under
different water regimes (different drought intensities, soil
moisture fluctuations, upland conditions) and to further
elucidate the importance of promoted root response under
N fertilizer and then to water stress conditions.
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Abstract. This paper summarizes the presentations at the JICA-JISNAS Forum held at Tokyo JICA Research Institute on
Wednesday, December 11, 2019. In this paper, we report the Kyushu University’s JICA-Development Studies Program
(JICA-DSP) and its implementation system, the overview of the courses taken, and the students’ evaluation of this year’s
courses. It points out that the significance of conducting a JICA-DSP is to provide a place to systematically learn from the
workplaces in Japan and from Japanese experience. This has the advantage of fostering international students who share the
vector of international cooperation between Japan and the international student’s home country by systematically learning
actual issues through lectures and field visits. Also, it is thought to contribute to regional revitalization as well as global
human resource development of Japanese students who can understand the history of Japan’s development and be able to
explain widely in English. It also points out that the necessity to evaluate the program from a long-term perspective.
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Abstract. Rice is a staple food in the Sahel countries. However, the crop production does not match population growth and

demand. Hence, it is important to enhance rice yield to meet the demand. Achieving greater yields depends on increasing total
crop biomass, because there is little scope to further increase the proportion of that biomass allocated to grain. Total crop bio-
mass is determined mainly by crop photosynthesis and respiration losses, both of which are sensitive to environmental factors
such as temperature. Rice cultivation in Niger is practiced during two cropping seasons yearly. Climate parameters change
radically through the year across cropping seasons. The aim of this study was to assess intra-annual variation impact on rice
genotypes productivity. Hence, 35 breeding lines were evaluated during two cropping seasons in an alpha lattice design
with three replications. The results showed that the two cropping seasons were significantly different mega-environments.
The mega-environments impacted significantly and differently genotypes performances. Some genotypes performed well
in wet season while others did in dry season. The ideal genotype across cropping season was the genotypel. Both cropping
seasons were ideal for some genotypes. But none of them was for all the genotypes. To increase the yield and production each
genotype should be cultivated during the ideal cropping season.

Key words: Rice, cropping season, influence, Sahel, yield
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Introduction respiration losses, both of which are sensitive to environ-

mental factors such as temperature®). Despite tremendous

Rice is one of mankind’s major food staples. Due to the
continuing growth of the global population and a decrease
of availability of arable land, increasing grain yield is an
important goal of scientists and rice breeders particularly?.
Hence, world rice production must increase by 1% annu-
ally to meet the growing demand for food that will result
from population growth and economic development?.
Most of this increase must come from greater yields on
existing cropland to avoid environmental degradation, de-
struction of natural ecosystems, and loss of biodiversity?.
Achieving greater yields depends on increasing total crop
biomass, because there is little scope to further increase the
proportion of that biomass allocated to grain. Total crop
biomass is determined mainly by crop photosynthesis and
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improvements in technology and rice yield potential, the
production remains highly dependent on climate, because
solar radiation, temperature, and precipitation are the main
drivers of crop growth.

Temperature is a major environmental factor affecting
the rice growth and development worldwide. Low and
high temperatures are considered as the major environ-
mental stresses for this crop plants. Both these stresses
have devastating effects on metabolism, growth, and
development of plants. Rice is sensitive to low and high
temperature stresses. The optimal temperature for the rice
cultivation is 25-35°C, and temperature below or higher
than optimal negatively affects the growth, physiology,
and yield of crop®. High temperature negatively affects the
growth of roots and shoots, hampers pollination, causes
poor anther dehiscence, and leads to spikelet sterility.
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Likewise, low temperature delays rice germination and
seedling establishment, hampers tiller formation, affects
flowering, causes panicle sterility, and finally leads to
lower grain yield® 7. According to previous study? in the
dry season, maximum temperature was not related to grain
yield. There was a negative relationship between grain
yield and minimum temperature and a positive relation-
ship between grain yield and radiation. Grain yield was
related more closely to minimum temperature than radia-
tion. They indicated that increases in night temperature,
even small in magnitude, had a negative effect on the yield
of irrigated rice in the dry season and that the effect was
independent of radiation. In the wet season, grain yield and
yield attributes were not related to minimum temperature,
maximum temperature, or radiation. Furthermore, the oc-
currence of storm in the wet season caused crop lodging in
some years, which could weaken the relationship between
yield and climatic parameters. Day high temperatures have
been implicated to cause reductions in rice yield in many
rice-growing areass-10),

Rice cultivation in Niger is practiced during two crop-
ping seasons per year: wet season (from June to October)
and dry season (from December to April). The climate of
the country is an arid and semi arid tropical type. Niger
is one of the world hottest areas and is characterized by
three types of seasons namely: the cold season (from
mid-December to mid-February), the dry hot season (from

year. Therefore, it is important to know the effect of these
changes on rice production. Hence, the goal of this study
is to assess intra-annual variation impact on rice genotypes
productivity.

Material and Methods

Plant materials were composed of 35 breeding lines
including 5 checks (Table 1). The experimental Design
was an alpha lattice design with three replications. Each
replication was made of 7 incomplete blocks of 5 entries.
The experiment was conducted through 2 cropping
seasons: the wet season and dry season 2015. Each plot
consisted of 5 rows of 5 m long. The distance between
and within the rows was 20 x 20 cm. Fertilizer applica-
tion was done as follow: A pre-drilling base application of
200 kg.ha! of NPK (15-15-15) was made at transplanting
stage. A total of 100 kg.ha! of urea was made at panicle
initiation. Weeding was done before fertilizer application.
Hand weeding was also done when needed. The harvest
was done by eliminating one row from each side of the
plot. (4.6 m x 0.60 m). Winnowing and weighing were
done at 14% moisture content. Agronomic traits in the
Table 2 were collected in all the trials. Statistical analysis
was performed using Genstat software version 18th. GGE
by plot method was used for genotypes by environment
interaction. Each cropping season was considered as an

March to May) and the rainy season (from June to Septem-  environment

ber). Thus, climate parameters (Temperatures, day light,

radiation, relative humidity) change radically through the

Table 1. Entries list
Variety Number Variety Number

WAB 2101-WAC1-1-TGR5-WAT B6 1 WAB 2056-2-FKR2-5-TGR1-B 19
DKA-M2 2 WAB 2066-6-FKR4-WAC1-TGR1-B-WAT-B11 20
FAROX 508-3-10-F43-1-1 3 WAB 2076-WAC1-TGR1-B 21
IWA 2 4 WAB 2076-WAC2-TGR1-B 22
JARIBU 220 5 WAB 2094-WAC2-TGR2-B 23
TXD 88 6 WAB 2098-WAC3-1-TGR1-4 24
WAB 1436-20N-3-B-FKR2-WAC1 7 WAB 2101-WAC3-1-TGR1-WAT B6 25
WAB 2060-3-FKR1-WAC2-TGR4-B 8 WAB 2101-WAC4-1-TGR1-WAT B6 26
WAB 2060-FKR4-WACI1-TGR5-B 9 WAB 2125-WAC B-1-TGR3-WAT B1 27
WAB 2061-2-FKR1-WAC2-TGR4-B 10 WAB 2125-WAC B-1-TGR3-WAT B8 28
WAB 2081-WAC2-2-TGR2-WAT B3 11 WAB 2134-WAC B-TGR1-B 29
WAB 2094-WAC2-TGR4-B 12 WAB 2153-TGR3-WAT B5 30
WAB 2095-WACI1-TGR1-B 13 NERICA-L19 (Check 1) 31
WAB 2098-WAC2-1-TGR2-WAT B2 14 WITA 4 (Check 2) 32
WAB 2098-WAC3-1-TGR2-WAT B5 15 WITA 12 33
L-22-26-WAC B-TGR4-B 16 NERICA-L49 34
SK-19-38-2 17 GAMBIAKA 35
WAB 2056-1-FKR-4 18
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Table 2. Data collected and collection methods

Agronomic data collection Method
Seedling/vegetative vigor (21 and 42 days after seeding) Visual rating (SES)
Date of 50% flowering Record
Date of maturity (85% of grains on panicle are mature) Record
Rate of final plant stand at harvest (%) (100% indicates that there are no missing plants/hills) Visual rating
Lodging incidence (%) Visual rating (SES)
Phenotypic acceptability at maturity Visual rating (SES)
Spikelet fertility (%) Visual rating (SES)
Panicle exsertion Visual rating (SES)
Plant height at harvest (cm) (soil surface to the tip of the tallest panicle (awn excluded)) Measurment

(3 randomly selected plants)

Grain yield and moisture content (border rows should be excluded; 0.6 m x 4.6 m) Measurment
Panicle length (for 3 panicles of the plants used for measurement of plant height) Measurment
Panicle number (the 3 plants used for measurement of plant height) Measurment
1000-grain weight Measurment

Results and Discussion

Results

The analysis of variances (Table 3) shows highly
significant differences among cropping seasons. Hence,
genotypes yields significantly change along the year from
season to season.

The Fig. 1 shows two mega environments. Thus, each of
the cropping seasons constituted a distinct mega environ-
ment. The cropping season 1 (wet season) has the longest
vector, thus, it discriminates better the genotypes than sea-
son2 (dry season). WAB 2101-WAC1-1-TGR5-WAT B6,
DKA-M2 and FAROX 508-3-10-F43-1-1 performed well
in dry season but had poor performances in wet season.
Most of the genotypes gave more yield in environment 2
(dry season) than in environment 1 the best among them
are 15 and 18. Genotypes (1) WAB 2095-WAC1-TGR1-B
wone in one sector while genotype WAB 2098-WAC3-1-
TGR2-WAT B5 (genotype 15), WAB 2153-TGR3-WAT
B5 (genotype 30), WAB 2134-WAC B-TGR1-B (genotype
29), and WAB 2094-WAC2-TGR4-B (genotype 12), wone
in the other sectors.

The highest average yield across cropping season was
observed in with genotypes 1 (WAB 2101-WACI-1-
TGRS5-WAT B6) followed by genotypes 15 and 18 (Fig.
2). However, all these genotypes were very sensitive to
environment effect. Hence, cropping season have influ-
ences on genotypes yield.

The genotypes comparison plot (Fig. 3) showed that the
ideal genotype is the genotype 1 (WAB 2101-WACI1-1-
TGRS5-WAT B6) followed by genotypes 7, 2 and 3.

Environments comparison plot (Fig. 4) showed that
both cropping seasons were ideal for some genotypes. But
none of them was for all the genotypes.

Table 3. ANOVA of variable yield across cropping seasons

Source of

variation d.f. SS MS vr F pr.
Season 1 7.183  7.183 3220 <0.001
Residual 66 14724 0.223
Total 67 21.906

Scatter plot (Total - 100.00%)

PC2 - 27.97%

PC1-72.03%

Genotype scores
+ Environment scores
Convex hull
Sectors of convex hull
—  Mega-Environments

Fig. 1. Genotypes yield comparison plot
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Ranking biplot (Total - 100.00%)

P-4
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PC1-72.03%
. Genotype scores
t Environment scores
o AEC
Fig. 2. Genotypes ranking plot
Comparison biplot (Total - 100.00%)
2
I~
@
I~
o™
]
o
Q
o
PC1-72.03%
. Genotype scores
+ Environment scores
] AEC
Fig. 4. Environments comparison plot
Discussion

Results showed that there were two different mega-
environments. Thus, the intra-year cropping seasons were
different. These differences may be due to environments

Comparison biplot (Total - 100.00%)

PC2-27.97%

PC1-72.03%

Genotype scores
Environment scores
AEC

O+

Fig. 3. Scatter plot showing mega environments and sectors

factors, especially climate factors, hence, edaphic ones
remains the same. Results also showed that genotypes
performed better according to mega-environments.

The temperature appears to be the critical determinant
for the rice growth. Rice, being a tropical and sub-tropical
plant that requires a fairly high temperature ranging from
20° to 40°C. Crop is adversely affected by high tempera-
ture in the lower elevation of the tropics. This critical tem-
perature differs according to variety, duration of critical
temperature, diurnal changes and physiological changes of
plant!). According to previous study!?, low temperature
depresses the rate of germination and prolongs it beyond
the desirable span of 6 days while, high temperature of
35°C or more halted the germination because of high res-
piration rate. As reported previously!3), temperature has a
large influence on germination, especially in the first week
of post germination growth it also affects the rate of leaf
emergence. A long germination period may imply weaker
plantlets and less vigorous rice plants at vegetative stage.
Low temperature occurring during booting and/or heading
stage induces spikelet sterility!D. Hence, dry cropping sea-
son that generally starts in November during cold period
may negatively impact the crop yield unless the variety
is not tolerant to this stress. High temperature provides
more tiller buds and thereby increases tiller number!4.
Higher maximum and minimum temperature during tiller-
ing reduce the yield and depress the yield during panicle
initiation'®). According to previous study!9), tillering rate is
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inhibited by low temperature, but the period of tillering is
prolonged, resulting in more tillers and more panicles than
at high temperature. High temperature induced spikelet
sterility as stated previously!D. They additionally, showed
that rice is very sensitive to high temperatures at heading
and next most sensitive at about 9 days before heading.
One or two hours of high temperature at anthesis has a
decisive effect on the incidence of sterility. Consequently,
the yield will reduce as a result of poor pollen shedding
as well as inadequate pollen growth in temperature above
about 34°C!7. This phenomenon may occur in Niger rice
cultivation during the dry season. Hence, the booting and
anthesis stages may coincide with high temperatures of
March and April months unless the seeding and transplant-
ing were performed too early to avoid the stress. This may
result in reduced yield.

Solar Radiation may differently impact on rice produc-
tion according to the two cropping seasons. As reported
previously!®), sunshine in a week prior to transplanting
and the two weeks period coinciding with the grand
period of elongation is conducive for better yield. Con-
trastingly, shading delays tillering and decreases tillering
rate. Irrespective of varieties, shading increases the plant
height; leaf area index and total chlorophyll content and
significantly reduces the tiller number and total dry mat-
ter production'?). Solar radiation and temperature during
reproductive stage (before flowering) had the greatest
influence on rice yield because they determine the number
of spikelets m2 and the most critical sunlight requiring
period is around the heading stage2?. Thus, high rainfall
in rainy cropping season may result in the decreased avail-
ability of sunlight.

Rainfed pattern discriminates significantly the two
environments and may differently impact genotypes yield
throughout the year. The rains that only occurred during
the wet season facilitate irrigation by providing water free
of cost. Furthermore, as reported previously?)), an amount
of dissolved substances deriving from the weathering of
rocks and soil were included in irrigation water. These
substances were higher in wet season than dry season and
will contribute to soil fertilization and plant nutrition. Dur-
ing the wet cropping season the relative humidity is also
high. This can positively impact rice growth and develop-
ment, hence, increase productivity. Nevertheless, rains
may severely interfere with irrigation water management
and cause flooding that can reduce yields.
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Abstract. This article describes possible solutions to the challenges of (1) obtaining private grants, (2) human resource
management, and (3) cooperation with government-affiliated agencies, which arose at an international student forum held by
BRIDGE in September 2019. BRIDGE is a circle for global-minded students, which is recognized officially by the Faculty of
Agriculture, Niigata University. We describe reasons why applications for private grants were rejected, and make suggestions
for the preparation of more effective applications. Concerning human resource management, we suggest organizational
structure of BRIDGE from a point of view of leadership and management skills. In regard to cooperation with government-
affiliated agencies, we suggest Japanese university students and graduate students use English educational content for
trainees belonging to JICA, and plan for the expansion and renovation of educational contents with collaboration between
JICA trainees and Japanese students. By sharing knowledge and experiences with other Japanese agricultural students, we
hope that student organizations related to agricultural international cooperation can be founded throughout Japan. This could
be an opportunity to build a student version of JISNAS (Japan Intellectual Support Network in Agricultural Sciences) as a
foundation for future resources in agricultural international cooperation.
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Abstract. This article is to explain the work of secretariat of international organizations with a view to recommend
researchers who are about to or have earned doctor’s degree to choose international organizations positively as their career
path. Once he/she joins the secretariat of an international organization, he/she can work as a member of the dynamic and
capable professional group who apply their expertise in wide range of areas such as planning policy, providing information,
and operating in the field for better livelihood of people in the world. Holding a doctor’s degree works to his/her advantage
for working at an international organization, and the experience of working for an international organization creates valuable
asset for developing his/her career. Various posts are available in the field of agriculture, forestry and fisheries at development
organizations, and it is relatively easy to find posts suitable for his/her professional areas.
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