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Development of technologies and crops for stable food production under adverse environments and changing climate conditions

The file "Development of technologies and crops for stable food production under adverse
environments and changing climate conditions" presented at the International Soybean Conference in Brazil
on June 14, 2018, is attached at the end of this article. This presentation file contains information on other
research related to the development of drought-tolerant GM crops. The file can be found at the following

site: https://www.cbsoja.com.br/images/cbsoja2018/docs/palestras/Kazuo Nakashima.pdf.




101

Kazuo Nakashima / JIRCAS Working Report No.91

v 991.29Gu-uoibeu-Buoy 1 -ajl|-sjdnusip-sapeoap-Jybnop: 1 'SMaLOGU-MMM//:dNY

m<u~___. pHOM 3y} punoJe sin220 jybnoiq

" Apanod swanxe pue Yjunoasul pooy ‘swajgoud
WU [2qoil o) suopnios Buiposd jo

wee ay) v ‘veder ul yareasal Susysy pue ‘Anseuc)
‘aunynoube jo piay ey) w1 saagenul uojesadooo pue |
UORNOUIUOD [PUOHELLII LI 340l erquao e sfeidy F
‘suoiSias Buidojanap ur seLsnpul

fosysy pue “Ansaioy ‘asmynoubie auy soj saibojouyga)
panosdiul dofnsp 0f YoIESSal SPNPU0S SYOHIN

(swouIr) seausiag [eanynouby 104 Jejuag Yoseasay |eucheusaju) ueder

uoisnjouod g
(LEGN) ABojouyoa) Buipaaiq maN ‘¥
(yoajo1g) uonesyipow 233U °¢
(SVIN) uonoa|as pajsisse-1aye|y 'z
uononponuj °|

swoulr SjuaU0H

—— BRI <

awuwesboid

s
BISY pUe BoLIJY Ul Judjeaasd si Ayunosasul poo

2 A I W\ A/

swouIf uol3onpou|

SwouIf

SIS [anynouby 10y JsUsn Yueasay [eudnewsiu) ueder
weuboud vonanpold Eanynouby spgers opsig wesbold
BUIIYSENEN ONZEY

suonipuod ajewls Guibueyo
PUE SJUIWUOIIAUR 3SIaApe Japun uopanpoud pooy
ajqe}s 1o} sdoso pue saifojouyosa) jo Juswdojaaag

2102 ‘¥l aunp

a0 v

#.I.:DW



nditions

ironments and changing climate co

adverse envi

nder

nd crops for stable food production u

Development of technologies a

102

E#!_Bsonuo_ﬂtsnoﬁﬂuﬁ £
pue saaunosal seush Busn fg - 4
seasebepey jo uonuynu pue awoow &
@ SJauuey pue plaik asu anosduwy -
uswahosdu uolyeyuataduwy

m=

-adueyusa |uoneznmn :ann.!ﬂ_nu_..!._i:..
PIBIA W3)|33X3 YRM. 5|2 53R
\_ Bumpasua jo uogeznnn

weyqood el (ssausng [TETTL P By URIBYRS

P p———— pue pooy eydeys) sdaso Kmruey moy [ nduy moq) -qng un Anunoeo
SWINIF §0 BonEBE 20U Jo uorneuliers ay) o afiepoys ey Buronpoud aou ysafise
anp Jabuny pue SuEaod + P05 PRUSAEDNN ) = reoseBepen

mﬂuﬂ_ —. (sd3uLvs) eouyy ul sanbiuyse) Busuag ANy pue juswanosdw)
opauag £q aory Joj Louapyy3 asn Juany vl yBnoaypeaig

eaLyy ul Kunses pood [1]
SjuswuoIAUR SSIBADE JSLJ0 pUuR ﬂi—ﬂ.ﬂ!ﬁ
\_ stnpoud jeinynaube jo uononpoud 3|geyS 104 Ju .

1 — Iﬂ_Jlr.Il.Ulu
wawanosdw| UoRLINL pue u

SVDAIl wesBoid uononpoud _Ezu_:u_._m_q s|qe1s

afesn uaboqu pasoudun Yy sanauea jo Juawdo@aap
_.—m...EE suoissiwa O°N OHO Bulanpal Aq abueys apewnp sjemaie o) Bugnguuo

oW Aq esn uabioupu pue snouoydsouyd se yons syes {reasefiepep) (xwouq) vy ¢

By 0G 04 pasediuca peq Kjlewaupe
panoudun yum sans :whﬁucﬂ.su_u_@:mbﬂnﬂucaanSU Pl Koud o Tepie

W04) 1 WOIRIEN 50 yimosb s

Kauapysp uaboniu oy Kouapoysp snosoydsoyd [
anp piRIf uo UCHIMISAY | | 03 enp PIAIK JO UOREIWIT

m._ﬂuwﬁazﬁmma@

SUUCO|anaD ADOROUILDE) YoNom) S& W) 3 LYY
T o] U !..FEEE UORINPOI FIrT ___._qu zﬂms -
_amynoubie ajgeureysns syowand pug

“uogLInu panosduul pue AUNDSs pooy anagoe Rbuny pua, o) suogeu e uo sEed fquassy
[esauag) NN 2y A pardope ($90S) S1eog JuswdoRra SIGBEUEISNS [ BYI JO PUODSS BUL <
‘M| Ajanera paurewsay Sey AUNIas UoLINU pue pooj Apuanbasuon «

ybnoup pue Ajpay pOS MOj SE LONS SUOHIPLCO SSISADE JO BSNEXS] pazijeal Ajuatiyns
uaaq Jou sey [epuaod wogonpoud (inynoubie ‘eoupy Buipnpu suoiba Budopnap uy «

suojfias Bujdojaaap uj uoINU jo Juawarosdiug
mﬂuum—. pue uoponpoid |einynaube ajge)s ayj piemo]
I



103

Kazuo Nakashima / JIRCAS Working Report No.91

oddyousgd uy yueljescs sie pue Ssush ¢ aney ew soup

o atza

WEISISS) jor EEER :n

vepees pos L

SR MOR-mOUY P
sjqudaasng X -li!ﬂ.-!.” 6
sedejad SYOMIF NIl

‘Renbiered ul sedejag-RupiN Y UORRIOQEN0S Ul BIOIMY JO SSejagNS e Se
pasapsifial sem 2I0UMy ) Jepusts sl dlwouoibie pue souelsisay Yoy uw LONJE BU auL .

“Buipaasg ssoimieq paseq-Siy Aq isTu o) agndacsns
Kpauen [220] B 1 LOILM BI0UM 0JUI pSONPOqUI suaw seusl sourisisal jsnu weaghos eaiy)  »

r (AenBeieyd) Buipaaiq ssolayoeq paseq-SyiN Ag
wﬂuu___ saljalIeA Jue)sisal Jsni ueaqhos jo uonensibay

IR 5 hin'

mﬂuu____. ueagAos juesajo} Ajuijes jo yuawdojarag

‘gﬁzzéﬂiﬂ
s 1 ‘sueaghos u sausb & 1

0 spuny wﬂsgmﬂ -

“ablie| S1 SGALIRA JIEISISA 303 PUBLIID
a1 pue ‘peonpal Laaq sey sopiibung

10 faERy s 8L JEY) PRULYUCT
- e Apeaue S| | “BoUSLN LANOG LY -

el
Jof pasn 1 sapibuny go junouse abiey
e pue ‘vogonposd weaglos jo %G se
LOMU SE 1 PUOM B[} U ISTU UBBGADS

J0 aBeusep s jey pajewgsa sl -

“SSSEAsIp pUe S15ad J0 OUALNDING
snBuny jsmu suaboyyed Ag uogonposd esodg b e i o R

swoulIr paiinbos 51

. SaljaLleA Juelsisal jsni ueaqhos jo juawdojanag

uopeniods apy|| 5 eyl

L=

e

Buuamoy e ade ul asqoaya s1 BussmoBuiuow-£ ey

o | | i

[ a%uela|o} Jeay jo Juawanosduwi Joj pesy Buiamopy
mﬂuu_m Bujuiow-Apea ypm (7IN) 2uy ouabosi-ieau aapy

E—



Development of technologies and crops for stable food production under adverse environments and changing climate conditions

104

302zS0Ol  jeaue) S—

p
“sisdopigesy b
e e ;s wﬂ.J.wnm socng  PpeRD
anouduw ued aseyjuls - -1 . B, :
jounoeed jo voissaudxalang @r. M_M.;\o = ﬁe@f. ~ ..R._“r..m...V
“BOURISI0) SSAUIS 10} UoHoUny Eﬁvq -
pue ‘ounoeled wouy pazisaljuls jougoeieng
ase (soJu) sepueyasesobijo ﬁ . i ai e
Ajwey asoulyey - - - P’
( yE =
“sjueid passaus pue Mv mwﬂwﬁ
SpPAas Ul S)BINUNJIOE |OUIB[BE) leunsREg
_.- m_mn_o_u__ﬂm..{_ ul aduela|o) :D__.M._Bhﬁmﬂ _.- (108foad 44w N ueder) saunoa
M‘UH_. anoadwi ues wmmr_u.:hm |jouljoejes)y M‘UH_. Buidojanap 10y sdosd Juessjol-pybnoip jo Juswdojaaag

29UBIB|0L PUE
asuodsay ssansg

b A A4 p_ A

"318 S109_V il

fyuyjes ybiy

4

/

@0 ey mesadwsy mo ybnoag

aumesadwsay Aypuyes ybiy sasuodsal ssans JRoiqe
Mo » wbnoag Ul syJomiau Je|nda|oy
SWOUIlN sjuejd swueBsuen sy Jo eueisio) JyBnoig swouIl (Yoajoig) uonesyipow o13aud9
I I




105

Kazuo Nakashima / JIRCAS Working Report No.91

O e

tLLERERNRUALET LT
L]

nm
LUVERRRUUN Y LEEE]

*
bhoos b bbb

b=

—

-

R R o e
1

e 5

BIquiojo) ul 1] JO uoljeis esoy Br_mm je
swouIl sa9u o1uabsue) Jo uonenjeas pjei4

I yoeong wend (210Z) e @ leenes

zsroonran
N FITE D€ DT 065 08ST

W

WO
]...-..ﬂﬂi.if—ﬂ

h-llllld'll
(AdiB) pioiA upeall ued siBuig

g
z

1N FIZE & (_H [EES nm 0! IN P S00¢ _ucun Nra RELE 055 OehT

S Y
MM m H
,um -m
YONRIND ® E
EEuL-3sOn-eesees Lp-Z10T @ = ikwu.l-.:olb!r.l.n—-n o =
(0 ]
rlm._.gu_ BllW|ed ‘1¥]9 ‘sjuswuadxa Jajjoys Jnouley
gﬂ_ _.- — suoseas Bumoub auy Jano (3SQIN) JUPWUOIAUT SSBNS

Wbnoug pabeuep w piaik uiesb asu saaocsdun zgjoayy:ign

I yaon meid (L10Z) 1 1o lvenps

SVME SYM T SWM L 58

TERERE
[T

2

u.honma. DS5T

T

1HID

rm leul-3san-Auterf|oz ui saul| susbsuey gzglo0iy:qn

gﬂ_ __- ebuung ay) Buowe siajawesed [eaibojoisiyd ul uoneuep,
»

;m:x.m qv.-js

ERREEZRES
L]

E

£

TSeDeV-En SSrOSIV-an
AM THET 1SET WRET WEOT LIS SESE UM -—ﬂ*!gg’ap.
£
le &
Fl
Lo 2
- m
"
'® % susne sou suabsuey
R s "% Zgponyan ul ouroeied
o O UoRRINWINIOY
WWOREN sty
___gswoaen __ ____ mwowmn
AN T9EZ 19CZ TPCT TSOT LISH SUSI AN PLIC SDOC 0000 TRLT DE5T 05T "
“p
=¥
®w i SjusAs 30U swabsuen
o m ZSI00Ign W
- w® CSIO9IV jo uoissaudx3
ESOmIY o uomsandny =
I yeapg jueid (£1L02) ‘|2 12 fesenas 29U $YIININ pue eBuung

syouIl ojuabsuely uo uone|nwnaoe jounoe|eb Jaybiy
siajuoo auab zgjooyy jo uoissaidxasano aidojag



Development of technologies and crops for stable food production under adverse environments and changing climate conditions

106

pE0S|3S I BOUSIDI0] SSBNS

[EIUBULOIIAUS Uy Saul beaqhos Juabisuel) ¢
“paonpoud suam seusd yasn pue siegowoud Jo

sjonsuoo Guwseywoo sauy weagkos owabisues) g
Buam sauab |NYSN YW SUOHELGWOD BBy

pue peyeIos! suaw ssepowaud ansuodses-ssang "z

SSaUS [EJUSLILCRAUS O} pajef) ssush ingasn ©|

[sinding]

SOUBIS|D} SSBS [EJUSLULICIALS UM SUBSG/DS
Joy ABetounpa) Buwsauibua apaust dojenap oL
[2anafa0]

E2ZRig Ul vofonpoxd weagAos Jo uonezpge)s au)
0} BunngLIuon J2 P ‘SaSSAUS (BSOS

juawuosiaug [eqols jo uonepeibag

jsuiebe aosuelajo] ssang yum sdoid Joj
E KBojouyose) Buusswbu3l saues jo juswdojarsq
SWOUIM (U (80 (g10z-0102) 398f01d SATULYS
S
2 FEFF FELEPE skep 6 :S1-vI0Z

— wi LI N et (R
snnm o= sgps oo §
= - pouad

S ook g uopepdioaud oN
_|_U|. nnn.m e

S1-PLOZ (WYIMAN PL-EL0Z SPYIIIAN
Fesse P Sessd
E u]

..-: wi L=

*IS1 000 W L Do0Z M

I s — SO o g

m asm

SI-¥LoZ nm___.:u rL-EL0Z um::..c £1-Z10Z _a::__u
£t W (1167) W10 i oD
juswiuoaug jabie)
m_ﬂuu_m__. ui pratf uresb yyoIMaIN pue eBuung sanoidwi 2S00y 1qN
[

_ rwanigued (£102) e e fereseg

eseaga ssaud pue
Jewnor ASopumaeion jueld, Ul paysikgng

uompuod Wbnosp Japun pray w ppaik jo Juswaacudu) u__.a...o.m.mzu o
Siegny + ebuung ebuung

"SUOHIPUOT JYBN0UP JSpUN SSEIL HGESS o) Bunuie
Smap [2UOGEN HHN Ul pAtnpanLy “0}3 BOLY U SIS3) UOREATIND JINDUOD [[IM 3W “2UMNy au3 U] «

(LIOE “p B L) ¥OBYD) SMap)

YBNOUP JO SUOMPUCD JURIYP JSpUN
safauen [ewbuo uey) prk seybiy moys o) pejeqsucwa -
“sisdopigesy Jo 2509y aual aouelsisat-uonespiyap
Buzygn aou peispEj-yBinaup Budopasp W papesaong  «

“SUOHIPUOD
[~ wbnoup sepun uana paunbey aue Spagonpord ybiy ypw sdosgy
= sdoud weaup yo vonesydde jeagoeid premoy days Big g -

SVl _.- RBojouysejoig Guisn

. WBnoJp o) Jueisisal 834 JO UOHEAIIND UOHEASUCWSP [NjSSa2INS

lcti_..zu ﬂﬁﬂuﬂm!ﬂmnh—nﬂ_i—w.l%w
$ s e W £ ST O B

r :__J [

(i) uepe)|diseig

fEggzsgn"

a2
T
=

:
DR

Z

ﬂﬂﬂﬂﬂﬂﬂﬂ

usiiedisaig

)

i3 3 5 &
.w E e L A S O N | (P

§_
s

m_ﬂuu__ [ uones pueidn esoy ejues 'LviD ‘€M) PIY Pajules pauyuod
puejdn w pousad dosos Guunp weaped sinjesadwa) pue [[elUIEY




107

Kazuo Nakashima / JIRCAS Working Report No.91

gﬂwggguﬂggg
Burdojanap £q ppom auy u) voganpoud [einynoube apgeuEisng

o0
| smakoy g v conalipgoct g™ o
= _ emooow 3 &.:mnm—.\__

]
_—y (SdauLYS) Juawuosnaua [egolb jo uonepesbap jsuiebe sauesajoy

PPOMm Jo
@Uﬂt ssans yim sdoud jo AGojouyos m.__.Ea..__m.:m anauab jo Juswdojarag

SVDUIM 308f01d SATULYS 2u3 jo 2umjonss uopejusw|dw)




Development of technologies and crops for stable food production under adverse environments and changing climate conditions

108

“fuesseosuun aq o} pajpadxe aq ued

ssaooud uonejnbasap s,W9 ‘WD-uou se pajeay) sijuebaibag NNy~
‘Juebaibag (InN, — susbsuel) UIBJUCO 0} JOU PaJIONUOD ST WD BU)

jo Buudsyo se siawnsucdy/siswue) Aq pajdsode aq jw Bunips swousg s

-

NN, — 8uabsuel} UlBjuod 0] JOU Pa[joXjuoD Sl 8zlew

WD SIU} JO DUNOSHO 8y} asnessaq S| UOSEa) UBW ay]
‘meT euabepen) sy o) Joalgns
Jou paJapisuco S| ‘ueder o) papodw aq (i yoym © (|
-8£12£-da) eziew wo Buisn ssesoud (1d4S) ABojouyos)

uononpold pees woy pasuap Jo Ausbosd ayj «

T Juebalbag

mduu___. uoljenjeAs paseq-jonpoud jo ajdwex3y

 bumps sWousS
sSWuIl  (1gN) ABojouyas) Buipasaiq manN

auabsuen Jnoyym o jo Ausboud :Juebaibeg |InN

'

) (e )

~_uegeindod *4

. FL\\..
SR o Buyies M
auslisuen inouim 7 T N9 Jo spobifzousieH=
juebaibag NN : 't . renpwpu’y
Jeang Wo-uoN o JeAgnd WD
oy # e
uonEyn ' —_ _ _ x 'c f
susbsuen : P W, B
swoalIl Juebaibag |InN,, Jo }dasuon
I

PS5 e [yl02) e 38 sEy.

shep Tz Joy uonediu)
Buipjoyyiim Aq yayap
Jajem 0} paywigns pue sjod
anse)d sa3y-8 u) umoas auam
(2} [z vz} wana yuadsuen
pue (q) ueyd nualsuen
~UoU [C.[U0D PIO-YILOW-3UQ

(2prs wy3u)

sjuana Muadsuesy pue (aps
421) sauepd uadsuesy-uou
[osuey agem Juipjoyyiim
jo skep g 03 payuwigns
sjue|d pjo-yuow-aasyL

s &
S)s3) aduels|o)

svouIlr WyBnoup jearuns, Aeujwyaad Bupnp v yZza3duaiv jo
. uolssasdxe ajqionpui-ybnosp ypum auessebns yo Joineyag




109

Kazuo Nakashima / JIRCAS Working Report No.91

BRI 3 2= R Y o & 55

[raun agem) N ewepysa, W sBews ), (SyoHr) 4 swing ° '), wsoiefiey ) 23260 © weaglos SOIA
(SN L DIETaES) B0y 6520/ UISIED

18N
18 30 {0 40 ARy A * {RBsus0uby etesqus) JEH Leuon :euseBng
'

(Swoer) N poweusy * (adyay jo aun) ¥ pEzouys-tonbewe,, ‘(ueagiog edeigu) Ty N
TR (SYIUIN) L BRTis ‘(eqryns | 4o annh iy ouesmy (NIMRS) 3 HEZ0US (LVID) N MEyS) DI feseaes 8oy

yoajoI8

(Henbesy edeian-ropuN) | Bwefyg ) Bpuds3 NN eweymng (SYIHIN N Sfeume), ueeqhog 1y
‘18 18 (580Usr runiinouby jo Awapedy Guelund) H Lo A UeA, ‘(M0 OGO L) L MBS ‘(AN
OpEPIoH) | BpewR A, ISWOHIN) W usvAEH “LITH M H USUD 0L 00 ‘W #Beusng W ouous 0 M UegRes: KeN
12 13 (oueg
2] “seuddipug 0 (1) SN 0oPURN YN SN (U1 ASH ysmeber 0g s:ibuewn |3 uowss gy ueqeuuen
“todx0 Jo Munh N pRsES * (0uYND O euling ‘N ayseleqoy H wsedegeas (ORYIN/SYOGIN L NUsiS 80 NG
12 13 (4130 -) H OACIEY-BAY Y PUOWABY Y BULIEOSIUEUBIEY {DALBUBUEIMY JO AN 1) 1 OISCRILETEY
“(onaky go an) N ERsLo {SYDHIr S ewelooy, W emnssyp 4 ocwsins | eoselepery Sa3ULVS

T 32 [oueq =07 “seuddgug po aun) NG ezopuayy-uesae) ouemyy 30 ) d Sauesag eadl
*5 JanaH 1 UIPACT-IBWENS ") PERQ 'S weshele]) T unoy Ty oednuen SWIHIN L-d UBN[ ‘W EMNSSUN (80 d
18 13 (OHYN) O #ng N MseRegay (OUWNISHOINY L nuewys] (SN A SR W e3eq0 8o N

SYW
swoalIl juawabpajmounoy

ONEDIUNIIIOD AEM-0M] JO S0A] UONEdIoIHed i) -S[JEX
UOREIIUNWWOD AEM-0M) PUE SUOE|8 J|qNd
islayaieasad J0j Kjanae juepoduw)

-suolbai Burdojaaap u) fjunoas uonuinu pue pooy Bumaiyoe
0} 8INquUIUoD pINo2 sjeuajew pue saibojouyos) asay) adoy ap g
“Bumps swousb se yans
19N Buiznn sdouo juess|ol-ssags sjessusb o) Buibus|eyo aue spy (LGN
20U pue ueaghos se yons sdosa
oluabsuen u aouess|o) Jybnoup pasoudw (aseyuls jounoeped ©6a)
sawdfzua pue (g34v ‘g34q “6°8) suojoe) uondussues paje|ar-ssans
Buipoous sausb Jo uoissaldxalsns JEU} UMOLS SABY 8 JU2810Ig ¢
gy Bursn sou pue ueaqghos se yons sdouo Jo soUBIS|0)
ssans ypm (sTIN) sau) slusbosi-reau padojanap saey ap : SYIN 2
“suoppuod ajewp Buifueyo pue syUSLWILCIIAUS SSIBADE
o} fypgerdepe pue Apagonpoad yBiy yum sdouo pue saifiojouyaa)
dojaasp 0] JOABSPUS [|IM 8 AIUNJSS UORLINU PUB POO) SUNSUS O] |

swouIl uoisnjouo)

BupsIg IO 5 5
{0102) L eS| .

80U BAY oW WHSKS GSEDH4SRID B pauuysues fnjssaoans so/iiqua sunyewn Busn

SPOUISW pajeIpaw-wnyuaego.lly “sisauabeimu pajabie) soj (00 [BA0U B S| GSEDHISIHD

uoneynw snobAzowoy

r auall pajejal-ssans Jo sishjeue [euonouny r yam sjuenw padisap Buionpoud Joj ABajens

SYOUIl oy ejessjoooe jim uopenBas-umop paanpur-sniip Svoul puE S1eARInD 301 Ul swasAs Bupips swousg
I [

“ueagfos Ul soueysisal JuBnolp pue poe aissge o) asuodsal
[e1ewo)s 3y} ssoueyua sauab | yyyFwo Jo uonenbas-umop paonpu-ASTY



Development of technologies and crops for stable food production under adverse environments and changing climate conditions

110

(1w12) 1 ruenys)
= ® @ Bunapew-aud ‘dn-yng paas
uonesauad eep fuogendas pue g g sﬁw_:ﬂ_cﬂu“
Supsay pjay ‘UoReIFaN) Wer SAnIY ®
() wewdopaag pasueapy Al @seyd o
e
@ 11i @seyd @
L] yaun e w
UOIEULICYSUES 3yeds adlie] pue
JuBUGO|aASP NEX) (SN
wawdoaaag Apel
11 5eyd
o
& uoneuwuojsues) doo pue
@ uvonezwndo SUSS SSIUANNY
daouo) yo yooud Sunsay doud ppow pue
| aseyd Buiuaaus yndydnosyl-yBiy sananny
UONEMNILDP] WeLLfIUD
& o * Aianoasig
swoall juawdojaAag pue yoieasay
I






