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Symptoms of drought stress following rainfall interception
in sugi (Cryptomeria japonica) and hinoki (Chamaecyparis obtusa)
trees planted in lysimeters filled with soil of different textures

Junko NAGAKURA"", Hidetoshi SHIGENAGA? and Satoru MIURA"

Abstract

To examine the symptoms of drought stress and determine the number of non-rainy days before the
occurrence of such symptoms, we performed a drought experiment in which we intercepted rainfall to keep
it from reaching 24-year-old sugi (Cryptomeria japonica) and hinoki (Chamaecyparis obtusa) trees planted in
lysimeters filled with clay loam or sandy loam. Drought treatment started on 29 July 2004. Soil drying progressed
more rapidly in the sugi clay loam plot than in the sugi sandy loam plot. In the sugi clay loam drought plot, the
soil water potential reached -80 kPa after 30 days of drought treatment, whereas the sugi sandy loam drought
plot required 18 more days to reach this state. Among the treatments, drought symptoms were first observed in
the sugi tree planted in clay loam, with trunk shrinkage and needle discoloration confirmed 48 and 79 days after
the start of drought treatment, respectively. Needle discoloration started around the main shoot, although the tips
remained green initially. The discolored area spread gradually, and the tip of the main shoot turned brown 100
days after the start of drought treatment. Trunk shrinkage of the sugi tree planted in sandy loam was detected
110 days after the start of drought treatment, and the whole crown turned reddish-brown due to low temperature
before the needle discoloration caused by drought. The old needles of all hinoki trees became brown and defoliated
in mid-November regardless of rainfall conditions. The hinoki planted in sandy loam that was denied rainfall
exhibited far more brown needles, particularly on the lower branches, although the main shoot remained green.
This experiment demonstrates that symptoms of drought stress in sugi and hinoki trees progress differently, and
the number of non-rainy days before the occurrence of trunk shrinkage or needle discoloration varies depending
on soil texture.
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Table 1.
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Monthly mean precipitation and temperature between 2003 and 2005
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Photo 2. AU LH MK DB \
a: FALCHHAZAURARERA, b, ¢ @ FRAUTHHAZHNC B> TS

Changes in the crown of the sugi tree in the clay loam drought plot.
a: The blue circle indicates the target tree; b, ¢: The main shoot tip remained green (red circle)
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Changes in the crown of the sugi tree in the sandy loam drought plot. a: The blue circle indicates the target tree
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Photo 4. b/ FRVEIE LR OBIEMOZ(E a, b @ HALTHAIZMEEIEEA

Changes in the crown of the hinoki tree in the sandy loam drought plot. a, b : The blue circle indicates the target tree
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and hinoki (Chamaecyparis obtusa) trees planted in lysimeters filled with soil of different textures
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April 22, 2005. a. Distant view, b. sugi sandy loam drought plot, c. sugi clay loam drought plot, d. hinoki sandy loam drought
plot, e. the tip of the main shoot in the Ainoki sandy loam drought plot.
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D, FORRZICEBRICAZBLEXERELEZM T
(Photo 5d, 5e), 2005 4F 8 H DKEIRFICIE, MR D
AF, B/ FEMELTHED., AFDOERFREEICE
DRI DHRIRICHE S, &/ FORHE EEEICIERE
BDENE > TOIMN TFRICIFIZEEAEENE > T
Bhofee AFFARKOMEFTE FICIE BB OE KD
ZLRLNTEHD, AEBHREMEDNT <, B LI
IET % T 4+ — < EMIHE (Phoma cryptomeriae) 12
o7z GRMAEHT , BB &, FAE).

B O UNHa

TR OFE (2003 ) 1TiE, SA Y A—X
WHADHESNTVERVWAF, e /FD0ZIk4HE
ACEZRPEMLIE TS, 6 A THE TREMICHEML
7z (Fig. 4a, 4b, 4c, 4d), 7 A LIRIE KE#HE D REPH
WKk 5H 0D 12 A £ Mz Lk,

TEG IR E 1T o 72 2004 FEICAFDIERELE %
BMR LT DB L RIS 4 A FAIE 5Tz AF0R
KD2ADS>H1KRE6ATA, &5 1ARIE7H LA
FTCRBICEENEML, Z0®%IE 8 AMA—9 A K
AR REEMUZLIANE 10 A TA X TR
MWz (Fig. 4a)s FA Y A—ZNDAFD
Z<% 6 A FTHETRBMCERNMEINL T, Z0% 10
HTAETESMCEMLED 2 (F— 24818, %
X LIS O Z F1d 2005 4F 4 A EANCAEK AR Z BB
Ulco AFHBEX TIIREE L, HELLEIZ, 6 H
TAETERNRBICHEM L., ZOBRIEHMDRES,
&>t TIBRIRIEERIG (7 A 28 H) % & AFH
X ORKKERIN 1 7 A&, 8 APA—9 A LA
WIE IR & AR K E S EERMEmML 72 (Fig.
4b), AFIHBEHEIRX TIZ9H 14 H, AFmpEEt
HRIX T 11 A 15 HICEROBADHEZR SN, 2005
ERICEREDIEMT S T Lidx <. 2005 4 8 HIT(R
B9 % £ TERZIRD L7z (Fig. 4b),

2004 Flc e S FDIERKEZHBLIZDOE, AF L
Ffkic 4 H EAITE>Te, &/ FHBXR 3 ARDS BHE
TNTVE 1A GHEX 1) &, 2003 — 2005 FDfH,
EEALRARE LD >7h, o 2 KO KKE
310 A FAIE THWE (Fig. 40). b/ TRIEIE L
BEX D 2RO S B EmOEOEA (WEEL 1) &,
TR RNERE%E 9 AMEE TRESERELEL
GF. 10 A 1 AR EEORDPHRE N (Fig.
4d), RRWEE N T Wk (WEEL2) DK
REFXS A FATIEEEIELEN, I0HISHETHE
ZOBMmPIHEEES N AN o>z (Fig. 4d), b/ F00E
BT XTI 2005 ERICEZENMENT 2 2 Lk
<. 20054 8 HICIM I 2 F CHEHRIEWD LT
(Fig. 4d),

TR TR Q0058 H2—3H) &k
FBEDEARIE, KO AR 0.61 g g’ & 0.63

g g THolh, LEROALTIRHER L, i+
EBIC014gg' ERELBOL TV, B/ FOHE
DEIRFIIRIAKX TIX 048 — 0.66 g g' TH - 7z h,
WX TIR2ALEE022gg! EREDRKELHDL
TWiz (Fig. 5), # EmANCHE L7z gD &7k i,
AR DAFIX0.14 — 030 g g KO/ FiX
0.21 —0.30 g g' T, AFDRIIMIFICEVIE EFK
HMEWERA AR SNz (Fig. 6), WIRK OO S
KEE, AF1F052—066¢gg'. v/ F13032—
054gg' T AFXWEL /F XD EBOEKILNED
o7z (Fig. 6)o 3. MEEHREUREICIE. MK O+
HIE G E 20cm T LK KT 2 v LAY -10kPa &
FEE > Tz (Fig. 30,

fEET 1 X

WIRKOAFREE L e WERELICHKT 2. W
HERZEZFNZEN132cm & 13.1cm, BERZZNE
N 143m & 142m TEIFFE UM o7 (Table 2), B%
gL e WEE L THET S & BIZZNZN 215cm
& 175em, EEWEZN LN 110cm & 95cm, # & i
ZRZH 11.6kg & 9.5kg T (Table 2). WEHT LD
@+ Tt KRKkED > (Photo 6a), BT TIREE 50
— 80cm FFICHIAE N4 LTz (Photo 6¢), fHEEHE
+CIREE 40 — 70cm FEIC L T A E T AMEN K
Hahd2EODMBENEE LICHANT G e
(Photo 6b), AFXHEXEIEELTH D, FIHEKXD X
F L EMBICHRDIELE LT,

KO XF2AE. MEEREE2.0Icm &
12.6cm, ¥f&Ei& 14.1m & 13.9m T. #EKOFEEKIC
FERTRRNE N> 7z (Table 2), AKX D 1 ffH{kDH
7O DERIF, AFIF 44— 47 kg CHEEL[HED
BED. B/ F1309-19kgTHDH, AFDERIZ
L/ FD25-5HoTce AFOEERKITLHD D
WAEEDEGIZN 28 >z, &/ FHIBXD 3 AD
95 2003 — 2005 FIIF & AEIKKE Liah o 72
& (Fig. 4¢) & (B ED 26.1 kg T fthod 2 4 (37.2
ke BE U 51.6 kg) ICHRT/IhE o7, TR (Hi
Lt RO ER) X, AFES51—-56, &/
F1d 63 — 8.0 T, HIFHANDEMHEIFAFLOE
JFT/NE o7z (Table 2),

AFOEOERTRITYELET 128 — 14.0 mg g\
[H#EX 9.0 mg g' TUFEEIXIHEICXRTEESTH
EWEM oz (Table 3), b/ FOEOERGHEIX
107 — 128 mg g' 725 tzo

4. B
AMETIETA T A—Z LWV EOFENHIE T N
SEETABT LUIERZRHA LD, @Y okd. AR
KE., EOERTHEEZ XE L LR LD, Y
DRSNS KR EL BB M3 ah o7z, TR I, F
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Fig. 5. 2005 £ 8 H DIED E/KK ‘ ‘

Needle water content in August 2005. 0.0 0.5 1.0 15 2.0
&K (997

Fig. 6. 2005 /£ 8 H OO EIKLE
Water content of a tree disk in August 2005.

Table 2. AF. & /FDIUAY A XL ZENRIRER
Size and dry weight of each component of the sample trees.

fotd T B R DBH* i MRIE  ARORS  HEHE B R 53 R MR B Mk fE TR

No. cm m cm cm kg kg kg kg kg kg kg kg kg kg kg k!
AX R WX 1 12.1 14.1 163 140 0.9 35 03 1.4 0.17 0.03 342 73 406 478 56
AX hgEL AR 2 12.6 13.9 190 110 0.8 39 0.4 1.9 038 0.00 34.0 8.1 414 495 5.1
eo% i RHEK 1 9.3 13.1 140 70 0.9 - - 0.6 0.01 0.7 21.1 29 232 261 8.0
v/%  higiE 3 RK 2 9.6 142 130 120 1.9 - - 14 0.06 1.7 28.7 53 338 392 6.3
v/%  ffHil dHRX 3 12.1 14.2 140 80 15 - - 1.0 0.18 2.5 359 55 41.1 46.6 75
AX HiHEE R 132 143 215 110 - - - - - 52 4.1 1.6 493 609 42
AKX WEHEL WX 13.1 142 175 95 - - - - - 6.2 2.0 9.5 482 577 5.1
v/%  WEHEL WX 1 142 129 130 82 - - - - - 5.1 39.8 6.7 49 516 6.7
vk WYEHET WK 2 102 118 140 80 - - - - - 6.5 26.7 39 333 372 8.6

*DBHIE - SR 8RB B BT 002004457 H ORE AR, 113200548 A ORI EE THH7- 0, HLEBEK OERITFEIEL TVB,
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Table 3. RXEROEDOERTHE

Photo 6. a.
c.

! mmmum g

sugi tree in the sandy loam droug

NAGAKURA, J. et al.

IIIII'“II!IIIIIIIII||IIIIIIII'

Nitrogen content of needles in August 2005.

WiE ALER {4 WAL EEEAR
No. (mggh)
AX HEEEL RHHEX 1 WAELE 12.8
[EE:S 9.0
AX HEEEL RHEEK 2 WAEIE 14.0
IEES 9.0
v/%x ML MK 1 # 12.8
v/% L SRK 2 i3 10.7
v/% HEE SRK 3 s 12.8

WHEIE Lz (f5) LTI () OAFOMR, b, BEEHEERXOZAFOMR,
hﬁ%iﬁik%E@X# .
a. Roots of sugi trees in drought lots (left: sandy loam plot, right: clay loam plot), b. Roots of the
t plot, c. Roots of the sugi tree in the clay loam drought plot.

HEZ3Sem UL TOMOXF T35, v/ FT32
EHEINTVWSDICHL RIEO5,1983), T4 A
—ZHNDAFOTRIESE e /FiF6lEEmEm<
(Table 2). T4 ¥ A —ZHNOEKIGH NHNDEY)
B DR NREER D > Tz AF, B/ FOIEKKED
FHIZIE. RS TEATE M (R D <)
DAFBIUCTFREFABHOL / FITDONT 2 KEM
IKbleo TRMICHNEN TS (LTS, 2006),
CTOMHFICEINE, AFOFEMEERING 4 A EAICHA
0. 6 HFTHXETHREERENMKEL, 10— 11 A%
THMMKEE, ¢/ FORFEEMME 3 AKRICHED.
6 HFTAE THERENKE L, 11 H X THEMM
o AMIBICHWIEAF L /FE, HEINTVE
fE A Z BRI IE, 2003 — 2005 DR EKX, XU+
R BRAT O EX TR IF AR DAL KLE R Z— D
HbNTz (Fig. 4)o HRICE I B AT ERESHE
DOFHfEE 14.0 mg g' THBH (FEKD, 2008). T
AYVA—=RZHNDOZFTYEEDLELREHEIT 12.8 mg g
£ 14.0mgg' THH (Table 3). AFWMADYELE L

BKR BB ATBERS 55 10 % 4 5, 2011
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LCHEENEETH -2, B/ FOEDEESHEIR
10.7 — 12.8 mg g' T & » (Table 3). Inagaki et. al
(2010) 217 AFRDO ./ FHRTHNLEDERETHE
DFME 10.2 mg g' KO RREM o7z, LEh > T,
AMFTHNWET ATV A—ZNDORAF, b/ FiEH L
e NEANDIIAEINE T A ¥ A — RO EERZ S
TWViEDOD, PREEDNSZ—VUREDERTHE
DRICBO TR REEE TR AN >TZE VR B,
TBEROETICE RV, AF, v/ FELBICE
TEHOWNMMHERE TN, BN TEOLZOIVERI NG
(Table 1), BPEFF. ZEBOBAGLHPICHEH DL, ®
MICEET 2 HERET 20, KW RZT 3 LMl
DIERP AN HIENEIE LE< %5 (Abe et al,,
2003), HIERXOEAKTEHRINICBRERORHMNA
WAE. BARICK > THA LB ERDOBIED T8
BOEDAEINTHERIZEEZIONS, BFEEOE
bid, THEEZRICER T 2 EDLEAPHIE L W 7]
P FEDEBMDEIICHTZ > TEUZFHME VR S,
AFOEIERICB O TR, WEE LI THEE L
TEHEKDPRT Vv VDK TFHELIEITL, BOE
BRHDREOLEN R IR SN, TEKSRT
VR IVOMRTEEZ. LEMLOKpELE (T
BIKBEDOMET) I ThL. HEOILBRMERICHEKT
BIKDRFMHEIC K > TRE B, BEMRIER 217 > Foi g X
BT HHEEKEOMT T HRIKIE. OHIERmMD
50T, OBIARDZER. QEEMNS DRH., O 3D
THd, HELLWHELT OMI RTGIEX Tl
IKDRT Vv VORI -l eh b (Fig.
3d, 3e). TEBEMmMMD S OAFEPEILN S ORL R
Dol b HETE %, AKDID DEKREIZ, B
NEEHODOEBELMEARERELOBEE LTKRDS
N3, FI'F (1987) MIrEHORZ S 19 FEXF
MRICBOTEBERZNE LIER, FEBREO N
WEREBEMNELS, BAERDH D OFEEBRICIE T
HZMFIC KB REZBVD G-, LW -> T, H
MNIERHD OERNBIIERE L CWEELETRERE
Wit ol etEEI NS, EREREMEER L SWVHE
BBERICHZ ML NTED JFF5, 1990 ; &
A IR, 1995, WHEIBETHEX L HEEHIRK O
AFEMEEREMEIEFF LN o7 (Table 3), LA L.
ERENRMPEE L X 0 EE L TREL (Fig. 4b).
60cm ETO KD KT > ¥ v VO FEE & HE
TTRESTZT NS (Fig. 3a, b), AFDIEAC
KB THDLDOKSIBREIIWDEE T TZREX X0 HHEEE
THWRK TRENSTZEEZENS,
TEOEKBELIKSRT VY v )L & OBEKRIEALER
MW REZ EE(kTEZ o N, EELEW
BETICHRT, GKROEKFICHT 2 LHKky R
TUVYIVDETRREVEVWS FEZED (K2
¥ ,1997), Lizhi> T, AFMEEIGZEXRICEN
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TAFHEBELTZRKX T LEBKSRT VY v VDK FH
BOET LB, ZBEDOEVWRZIT TR, +
BOKDREOEZREBESGLTVEEEZLNS, H
BIOZAFRIWHEHBELOZAFLXOENFEL TVED
(Table 3. Photo 6a), THIKZART > v )VOK D
BWHETEBLEEDICKA L AZZIFRT L,
HWOWREMEET NI ENE LNEw (Gregory,
2006), b/ F T, WEXOTBEIMEELTH O,
WX O TBIEE T TH S, LiblizkHic, HHE
IR BRI AR THK R T V2 v VDMK F L
T VA, X T B e R i R AR < Fo kR
2T otz s (Fig 3, EIEEERE
HHEMCT BT ENHNTH B AMBOMERICIXIZ &
WEFLELah-TzEZABNS,
TR X S HEER. AFEHIRALDOED
25, b/ FETRZTLE LUIHEDEE M
MHEITT L, TNETIKERBICK>TAF, v/
FHARDNHEGHBDOENSHENTHZ T EHAMEEINT
WA (BRS. 1980). mUICE®ET % DA R T
BV LI ERLTWERY, AFHE LR,
AXFWEELGEX E SIS, MR ot EE 13.2m
TR UZZMBOEKENREMKL (Fig. 6a). AF
DO TIZAIH(L RN TZIREEZ T 2T L 2 KBk
LTWaEEZLNDS, b/ FIXEREDOBARIZN,
WHE10 ANS 12 BICEP L TEET % (Inagak i et.
al, 2010 ; =j#, 2000 ; Yamashita et. al, 2004), 7AWt
HTEE /FIE 1 ANSIHENMEE LIBRICTEREL
e, HIEX O/ FIFEFOMAKK D & HEDEE
NEL AbNT, HEKOL / FOBEHEICIE. FHi
PRCEB LIS, KA PLAICKDEELLEE
Nz DOhEENTVEEEZILONS, & /FAHK
DFEEEICOVTIE, RGO ENH > I ET
L. 1T 2 EMERZ T H 2 OIEBHE O 20448
BICEE LTz, L O NS , 1989) Bd 5 —F5 T,
RIS EN TR, BED M5 LA, KOHE
HhSREICTERPEITL T, EWVHIREEDH
% (AR, 1996), AWIFE TR/ T DR ENHE
DEEDEINA SET LD, BERPEELR ST
TEDNEHELTCVWSAEREHDD. T5EZHFDOE
BHEHEEAONS,
CNETOTREEORSE & LT, AP TRIERN
WERTIC & 0 HEREKIREEIC AR > TH S EOEOREE T
WKELEHENEN 2Tz, AF, b/ FOY i AEN
HICTHIRENFETZIHRZE, ZRELLTVILHITR
BT 30 HLLE, ZHITIE 40 HLLEOEREKH O
BIEEVLDN TV S, /N (1996) &4 (5 HIA)
WEN 10mm LU OMAMMNEIT 6 fh), LT 8 ¥
AL FERET 5 LB EREOBLZ LRSI LR
FRLTWVWE, AF. B/ FHARICDONTIE., HimR
TH s HEHICTZIEEDRELEEEORRT — 2 27
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Mr Uk, BT A & FARIC 30 HEig. KE
RIEHAICIE 100 Hiig O EREKH (20mm LT DA
EEL) OB TRELECEDPRESATVS B
L 1996), LAL., A TERE RIEDOEAD
ERE & Nz A FHEE TR X T & LR R LB BA A A
579 HZEL, AFMHEELZEX TEHRICED
B R T E O B IR NEEBN 559 8 7 A
BoTz2005FE4ATH o, COREKDVEDE LT,
T R ER 2 1T o 72 2004 £ X FE R 2 BRIG L 72
E%D 8 ADFEEIED 25.7°C L ZFROHNC LEXRT
B, BRENKEE LIS WEETE ST %5
Nz (Fig. 2), BEEEOH < LRz E . HEo
7K D OIS, T R K F O B 72 TR E D
e, 7— 8 HOFEHSEMNFEELD 1 CLULEFHWVE
(7H :269°C. 8 A :27.2°C) IKHELTWVS GE,
1998a), F7z. BIENDENIZEH TN TWEDI > T
T EBIERDETHEN S FERDOT EDICEITEN
%o HTRF (2008) 1 XA, BERFAICIZEERE D 5 Tk
MFEEL, ZOREENENRED 1/3 LREEENT
W5, BIRRHICEE,STKT ST EIc k> TiEK
DIAAEDIKA B L ADBRE Nzl getEN D 5, i
H, AR LER T ORUKE B THBRMBLIET &
TAVA—ROTBIIAEZIZEAETE R NZH T
BORKEEN BN RKEM>TT %L, EOEM
MWRETZETICEHMZELEZEREEZ 5N S,

AL T IR K H OEfi 2 EBRICHEET 52 &
WCE->T. AF, B JFHAKRICDNWT, HEADKSY
i mEE LT 5 48 — 110 HBIC B A INHE L.
BN TEOZCERNREET S Z R Lz, AFD
IR EEREIWEE L X OEBE LI TRIBELTS
D, THOMEICK > TEREFORERHNELS T
EWRBENT, SRIEGFEIEFOFAE L IiEicOn
THBEORIKIT I X CIKRDFEEICBE T % iz s %
TEMN, MAROEBREREDRRKZHMET 2 ETHEHE
EEZBN5,
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