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Genotypic variation root morphological traits involved in deep root development and root
plasticity of upland NERICA under water deficit conditions.
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Bioagricultural Sciences, Nagoya University, “International Cooperation Center for Agricultural
Education, Nagoya University)
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trunk COz efflux after pulse labelling: variations among tree species and seasons, New Phytologist 190, 181-

192, 2011. DOI: 10.1111/1.1469-8137.2010.03599.x
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O-4 Soil compaction effects on the expression of developmental plasticity of root system
triggered by mild drought stress x nitrogen application in rice

Thiem Thi Tran?, Mana Kano-Nakata?, Daniel Menge?, Roel R. Suralta!, Shiro Mitsuya®and Akira Yamauchi*
!Graduate School of Bioagricultural Sciences, Nagoya University;
2International Corporation Center for Agricultural Education, Nagoya University.
Corresponding author: ayama@agr.nagoya-u.ac.jp

We previously found that the expression of plasticity in root system development was triggered by mild drought stress (MDS)
and nitrogen (N) levels interaction. Root growth is also affected by soil compaction, which is in turn influenced by soil moisture
conditions. This study therefore aimed to examine whether soil compaction affects the expression of plasticity in root system
development that is triggered by different levels of N application under MDS conditions. CSSL50 derived from
Nipponbare/Kasalath cross and Nipponbare were grown in PVC root boxes (25 cmx2 cmx40 cm, LxWxH) with two water treatments:
continuously waterlogged (CWL) as control and MDS conditions (20% wi/w). N fertilizer (urea: 46% N) was applied with three levels: 30
mg (low), 60 mg (standard) and 120 mg (high) per root box that was filled with air-dried soil at bulk density of .25 g cm® (low compaction)
and 1.50 g cm® (high compaction). Results showed that root growth as total root length, nodal root number, nodal root length and lateral
root length was not significantly different between CSSL50 and Nipponbare in any of the N levels nor any of the two bulk density
treatments under CWL. In contrast, under MDS, those root traits were significantly higher in CSSL50 than in Nipponbare but the
differences varied with N level and bulk density treatments. The significantly higher total root length of CSSL50 than Nipponbare was
expressed more clearly at high N level than at low N level in both soil compaction treatments due to promoted nodal root as well as lateral
root length. These results confirm the previous studies that the expression of plasticity in root development was promoted at high N level
than at low N level (Tran et al., 2012; 2013). Furthermore, at high N level, the CSSL50’s greater lateral root length than Nipponbare was
more pronounced at high soil compaction (45-58%) than at low soil compaction (29-30%), which led to the greater difference in total root
length between CSSL50 and Nipponbare at high compaction (38-42%) than at low compaction (28-30%). These results suggest that the
expression of developmental plasticity of root system triggered by MDS x N level interaction was expressed more pronouncedly at high
compaction than at low compaction, which contributed to promoted dry matter production.
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Rainfed lowland (RFL) rice fields are typically characterized by soil moisture fluctuations (SMF) and the presence of hardpan
whose degree of hardness interacts with soil moisture. Typically, genotypes adapted to RFL have roots that penetrate beyond
the hardpan. This study examined the plasticity of hardpan penetrating roots and the timing of its occurrence in relation to soil
moisture during SMF. The ability of the hardpan penetrated roots to access soil water below the hardpan and its contribution
to shoot dry matter production were also quantified. Three genotypes: IR64 (control) and two of its introgression lines such
YTK191 and YTK313 were grown in root boxes under well watered (WW) and SMF treatments. A 5-cm thick artificial hardpan
with bulk density (BD) of 1.5 g cm™ was placed at 15 cm below the soil surface. The BD of the soil above and below the
hardpan was 1.25 g cm™. In WW, the soil moisture was maintained above 25% throughout the experiment. In SMF, the plants
were subjected to WW from 0 to 21 days after sowing (DAS); progressive drought from 21 to 40 DAS; rewatered from 40 to
47 DAS and final progressive drought from 47 to 60 DAS. A minirhizotron tube was installed beneath the hardpan to monitor
roots. Water uptake of hardpan-penetrated roots was quantified using the “marriott bottle” technique. The stomatal conductance
during the first progressive drought was significantly reduced in all of the genotypes but the reduction was higher in both
YTK191 and YTK313 than in IR64. Stomatal conductance recovered back to the level of the WW for all genotypes after
rewatering. During the second progressive drought, the stomatal conductance was significantly reduced for all genotypes but
the reduction was less in YTK191 and YTK313 than in IR64. Hardpan penetrated roots was not observed during the first
progressive drought. However, after rewatering, they were observed and more plastic (higher rate in SMF relative to WW) in
YTK191 and YTK313 than in IR64. During the second progressive drought in SMF, YTK313 and YTK191 had higher increase
in water uptake from the soil below the hardpan than IR64. Finally, the shoot dry matter of YTK313 was not affected by SMF
but maintained while those in YTK191 and IR64 were significantly reduced. The results imply that the plasticity in hardpan
penetration by the roots evidently occurred when soil was wet after rewatering and relived from drought rather than during
progressive drought. Consequently, the hardpan penetrated roots were able to access soil moistures available below the hardpan
when the shallow soil layer was droughted, which contributed to the maintenance of dry matter production.
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P-10 Genotypic variation in root morphological traits involved in deep root development

and root plasticity of upland NERICA under water deficit conditions
Daniel Menge'™, Daigo Makihara? Shuichi Asanuma® and Akira Yamauchi'®
('Graduate School of Bioagricultural Sciences, Nagoya University, ZInternational

Cooperation Center for Agricultural Education, Nagoya University)
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We previously reported that the plasticity in deep root development and branching at the shallow soil layer (0~20 cm) were
key root traits for upland NERICA adaptation to water deficit conditions (Menge et. al 2012). In this study, we aimed to identify
specific root morphological traits that determine such plasticity under water deficit conditions. We used NERICA1, NERICA4
and IRAT109 (upland deep-rooting), which were grown in a shallow experimental field (20 cm in depth) that was equipped
with a line source sprinkler (LSS) system creating a soil moisture gradient, and a sloping bed (SB) experimental system with
increasing soil depths from 30~65 cm. Shoot samples were collected at 66 days after transplanting (DAT) and at 98 DAT in
LSS and SB, respectively. Root samples were collected with a round monolith sampler. We defined deep root as those below
20 cm from the soil surface. In both experiments, soil moisture content at the sampling day was measured using TDR and
ranged from 5~40% v/v. NERICAL maintained shoot dry weight (SDW) under mild water deficit conditions at the LSS while
NERICA4 and IRAT109 maintained SDW at the SB under mild water deficit conditions (11~18% v/v). At the LSS, NERICAL
had higher specific root length (83.5 m g %) than the rest, which shows vigorous lateral root development in shallow layer, while
at the SB, NERICA4 had higher deep root length density (2.35 cm cm-3) and deep root ratio (0.49) than the rest specifically
under mild water deficit conditions. IRAT109 was characterized by quite high specific root length of deep roots (254 m g2),
which was the key root trait under mild water deficit. These results confirmed our previous findings on the existence of
genotypic differences among varieties in the expression of root plasticity that is triggered by mild water deficit conditions.


mailto:tniki@la.takushoku-u.ac.jp
mailto:ayama@agr.nagoya-u.ac.jp

P-11 [FSHBRICHE TR MEEL D LDRME~NDEE
O TMRIELRS » A - PP R BE R - P P AT (RO RS2 RSB A i B 7E )

anaoto@mail.ecc.u-tokyo.ac.jp

[BR-B8M] "EERIERL WD REMOBRSFREMNRE=4 ) 7LD L, BUMEE Y U LRE
WA R T L T D0IZxt L, #A ATl 100Bo/kg PLE L 22 BEIEGRE, L L, A XDk ER v
U AERENEOER, LN, AT ARRFEN Y A ROFETEE ST AR ED LS IZBEE L TWh A )
VEEIRE T2, & 2 TR EE U 7 AORIUTARKIE A B G- L TV DN E ) mEFHRD 720, A4 XM F L
TARRIE O 7 MRS 2 HE LT,

[(## & AE] AARX (fi4  HNEE) BRBRMEEF T 201346 A 29 AR CREE L7 (W
#)80cm, FRM 10cm) . (FHBOMKEETE > 7 L1345 13000Bg/kg (BE 20cm) . HES D U AT
15.8mg/100g. pH £ 6.2 ThHo7-, #&H% 11 AR EFOY 7Y v 7217 BITEHILARE . 8 TS ARk 2 87
WLz, TP NEKRTHITHEE LIZtE, 20ml BEIZFED. Na(T)l o FL—rarv vy g — (R—F v
T —tEE) CHMEE U A ERRIE LT,

(&R - BE] BRTEHN AR 1T 60 8/ ARFH3E LTz, XA A EEo e > o AR, BITESIRT
F TIFR 450Bq/kg T o724, BIEBILARE I8 L 100Bg/kg & 72 - 7=, HKIEIZBITERI < 1000Bg/kg TH -
TN DRI Uiz, MAPNCIREZ A D &, M ESOBEHEE v AREIIESIEN >X L0 ITETE
AR =ARKIEE > FAR TH o 7,

GBI, B VU AORKIENOER M0, T OEBN G 2554 A4 RO > 7 ARINA~D5 24
WE 5,

P-12 roERav TALr bEHWEZBRRREANY 7 EEBE DT
PEBTZRER 1% PN 1, KRS R 2, RIS 5RR 2, HEERA 1
V4 BRI EBE A B AR 2 PRSP B ORI 22

(*watanabe.kohtaro@a.mbox.nagoya-u.ac.jp)

hvEw Y (Zea maysssp. mays) (FMHEMEMELS , @B T CREZZITOTV, ZOEKDO—2IZ,
MHEMEIC R & < BIET 2 MOMFBEREN BN EREBEX OND, MYEr 3 T, BRI E TERS
ALHBE, MEREIERE Th 2 BRAMMNOIE L TLE > 72D, HinE THalIcde &y, —JF, ekt
BV hTER 2T ORBET 4 b (Zea nicaraguensis) TiL, XD D OBEFE O % I3 2 BE R E
AU T BRBREND T2, BRITRMIRREE CERSN D, 2074 r MIMREEOERW F T ERr a2
FIERT Mi29 &AM FIRECTH Y . b U Ew a VY@K O —#iz 7 A4 2 > MY IRl R I B L7255 iE
#1%%% (Introgression Line: IL) ZMEHINTWD, &2 TAMETIE, 41 ZfO IL OBFRH Y 7IEEHE
NEFET 2 2 & T, BRBHANY THRBICEDD T A v soQ bkl #7532 ILZRET L2 L% H
fEL7z, & ILICX L 4 HORFRBEAT o728, MRS T TT R, BRSME T T 10~13 ARAEF &
B, MERESREG 2 AV TR O OBFRILELZIE Lz, TORR, T4 b EAEOBRERL A 7
ZURT 5 ILBFET D Z ERHA LN E STz,



P-13 FREAREEMTI 7O HREFALEARERTEOI7AN AT -3y
TEEE - PERE - HE S - RERL
EHAARERGS 2. RRXRZERZAGRZMER 3 AMPEBRTHE 52—
*E-mail:doi@jora,jp

i B T A TTE R S L S D AR BT H Y, TG R LT B 72 O 22l CEE e H Al
FEDORRERR RO BN TWDR, BEE THZ R TIENHIL SN TV, 22T, RIBMOZEAE A RHE
Wy CA A=z ) — VRO B 2T BT A U 7 Y A (Erianthus arundinaceus) %, £G4 H#E DB
% (WO RTRH) BLOKRy b GHRKY) THEEL, XEROEF, RO, AHMMEDRE O E2 i
LT, mUTUHRCLDT 74 ML AT 4 =— a (BB L)OEZINEE ME LT,

ZOFEER, A IEED 1,000~30,000 ppm O HEICB N T U 7o 2T+ AEBTE R L. BEOEY
EEIIZHADLT, MIXIm L EORS ETREEL, RE LEE I A MMM R S v7e. HEEO A
Sy B EERIRGRIC - TR TBAZ R L, 2D Z E0nd, = U 7oV 2&HMATE, BHEEmHOFES
) 1m £ TOHFIEIZIBNT, AWBERTEDO 7 74 P AT 4 == 3 URFRETH D Z ERRIRB I N, K
WFZEIE TIX B8R A AT RV F— « BWECRY: - JUNIRRERET 81 o 2 —JLRpTSE) & L CiThod, BUERF
HCH H(HREE S : FFRE 2013-16410, HFEHA : 2013428 H 2 A, 4% NEERIEOE(LHIE] ).

P-14 Y <A EOHBRRICEB LIZTIREOZKELB LV COREDEE
OMFZEE > « b T - SR - BBk - E=ERE
KBRIFSE KPR F e A v BR BE R 2228 (*E-mail:  siginbatu8080@yahoo.co.jp)

SRR DD 72 BT, K E RN T E DEMERES AT LRER I N D, ABFZE TR, AT
BHERMEM TH LYY ~ A Lt COIRMICAFET SHINOBRE A2 BIE LT, MREAFREZIMH T 54
HHEKIC & DI EREIC OV TRET LTz, 22 T, VY~ A EOIURMEIC KT TRE O EKEL L O A
BEORBICIONWTHET 5, HBih: LTHEANEARTY YA T2 L, BT OEKRELEZ L0
(2, HURKRAL AR IR A5 15, 20, 25 B LN 30em TR E Lz, HITFRAZO BRIV, i o5k ERix
BEANL, RPEEHIR R 2N DS 20 cm TO CO2 JREEIE 3.5%F THIMN L7z, Ko O 1L 18.1~19.6% CTh -
7o BUROEEITH T KA 25ecm TR E 72 Y, 30em T 2o Tz, RIT, B COIEDEBT~DE
AT DT20I2, COIREEMEiAIZ AT, MR IR T HIR S 10~40 cm TOFH COz IR % 1.8%. 2.5%35
L 49%ICFH LTz, ZDRER, B o> COIREE DML, BMARME 24 L7z, B & KERBMERW &K
AINFNAE D BUARRLE OGN AT, WICEKRERENE | O COz B O _EF-NHURKRE % #if 35 —K
R RS A oY g W


mailto:siqinbatu8080@yahoo.co.jp

