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Effects of Reduced Irrigation on Blossom-end Rot Incidence and
Increases in Soluble Solids in Early Autumn-cropping Tomato

HIEI Kiyotaka, ITO Midori, TAKAGI Shunsuke, BAN Yoshihiro
and TSUNEKAWA Yasuhiro

Abstract : Reduced irrigation causes severe blossom-end rot (BER), as well as an
increase in soluble solids (Brix) in tomatoes. We attempted to model the
relationships between reduced irrigation and either BER incidence or Brix increase
in the early autumn-cropping season using regression analysis. Tomatoes were
cultivated through fertigation in isolated beds filled with sandy loam.
Experimental plots were drip irrigated to maintain several predetermined soil—
water tension levels within pF 1.8-2.6 under a common fertilizer application
regime. The performances of two cultivars, Rinka 409 and Ringyoku, were
examined over four and two years, respectively. Data acquired were analyzed using
generalized linear mixed models with the number of fruits affected by BER or the
mean Brix value as response variables, relevant soil-water tension level as an
explanatory variable, and trial year as a random effect. Regression models,
involving a logistic function for BER or a linear function for Brix, were derived for
each cultivar. BER incidence and Brix level had mutually different response
characteristics to soil-water tension. The response of the BER incidence trait
showed nonlinearity and larger annual fluctuations than did the Brix value. In
addition, the degree of reaction differed between cultivars. In particular, BER
incidence in cultivar Rinka 409 sharply increased under reduced irrigation. These
models are useful for evaluating the risks of BER incidence associated with Brix
increase and can inform irrigation management according to a particular business
strategy.
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Generalized linear mixed model

AHFFED — L E = R EIVEEHEZS RS Q018FE3A)ICBWTRE L, 2. AWFZEIL TSP
RBMKPEREAIERM ) kv Ehig L7z, VESHZEE 2 RS e (SR R AR K E FH AT
(2019. 10. 105 ¥1)



BEITIED @ b~ b

BTN RIEA K OB |- 5

B\ E 3 HE KR O 522 24

&

i

b~ MRS T D RENE (blossom—end rot, LLF
BER) @%ﬁﬁig[ﬂ ITEARTH LAY FEEERY X, -
BETE RO K AIRTEDS & 1) o RO A KT L FRlE

LTW5, —FHT, FEED EFIZONTY, HE Tk
DOARTREEITIRS B SN D Z ERMONTE D™ 1

*&Jlli”@ﬁ&i T, FEEZED BT, K
ORI I b AN OMEF I FIEE STW5, 25 Lz
NG, PEELZEAT S EmAEEMOFE T, #AkD
B JHEZHIRT 5720, BERDISAEY 27 BNEITES
L2>L, BERFEAE L HEFE LA & OBRMEZ iR Ul ST R
BT B2,

FEOKENDIRWTE LY, BEROFAENZ N LIFEEIC S
%&iéﬂfwé‘”’”’”o 72720, WIS AR IEL D 7
<L WIEZ LT - AN RR D Z NG, FRb

OIERITERI T, FROSMRBGER LIZ VW, B
REPEES LIL) 0ESE AR L 9 DR R HRE I T
1Z. BEEE & PP CBEROBAICHIER SND ., T bHD
WFFEAE R G AR B TH 510, 2o X 91T, HEKH

WD BERFEAE U R 7 DFERIZMNTIZHE A TV 0,

TR T, TEAEREEOMRIZIE. EORED
HKEHDNNRAITH D h, TORFOBEREAY 27 % L
OEREABLIUZI DD IZOWTHLMNZT D720, [FH
— AR E D T CHEAMMBLO K AEE IR < 3T, FREE
EE LN SRS L BERFE A - BEE B R L O BMRARIA
BT, FORR, BEKHIR & BERFA - HEEE A Lo
BafrE T AL L, B#EKEESHOREITH 22 m AN E
SO THET B,

MHRUVTE

1 HIIREE

SR T3 B R SERR B BRI N O R s~ 7 A
(266 m") & L. 2015~20184EIZHMfiHsE T4l OB %2 H
M U7z S HR AR DT RIR (R —/ =L

1 RERAFER O LR

TS

v B, BE65 om, EFERFEHFMOESS, B &L,
PR [Tt AR R 1) 5 A CEks B L7z,

2 MEBERXEUVEKER

LR IIR U8 Y THK SR EE S < KBS
BE L, RBRERIZLEV2~5KEEZHE L, WThd,
EAmEEEE L THE iﬁ}mk@%ut#lk Lz, 72720, &
FE 3G 2 AL 372 DI K B OE/K BilAf SipF L. 812 &
5 HEEKCEE L, BUEREOHE (8H /) 7 & Let
ZBE LT, RBRFHBILIX5RE (0154E DA 108K) X 4518
E L7,

@K%ﬁfiﬂi\ LT 52O HFEERE » T B R

& (DIK-6550, KEI LT EEMASt, B & Tl
ﬁﬂb THOKSEHAEOT oA A — 2 ZPRE15 emlTH

LT, WEKOERRIEIXTHE~15M & L, Z ofic 8k
/\zﬁﬁﬁfﬁoﬂ%kﬁﬁﬁ“ﬁ (pFf) % ElA] 2 & #RY 720 200 mL%
FERE, SOREEK L7, Z ORFMHENCIE, ERIOBEKERZIC
IRIERF# 2 30208% 1 TRV . IRIEREE2NEEE Lsn & O

TR TERVWERE L L, #KEMIZIE, MEAHT = —
7 (PL-ND1620K, m:HIERE20 cm, FRXESttEY o HR—7 B
) & AWz,

3 i tiE

HE I IE L, ERIEIMRNSZV R4 LE L, R
BRai (20164F7 H24 H) ICEREL L 7= B DAL F M 1%
EC(1:2.5)1.07 dS m'. pH5.6, CEC9.8 me 100g", AZf#aff:
APR172 mg 100g™, [FE 421 mg 100g R OFA U 7 A 45
mg 100g T o7, ERBRB O EER L, S/EE LT
DIREREIZL Y b~ D& RS U~ A L, &
W2, V== T ray e LTIV LR R (GRS

m?, FA0HM) L7z, £EE LY VT LD K OZEESS
W, TARTESEIA~F L Lz, 20, BBRATZITR
N HEE (A LY | FlRAM RS RS R, FokiL) &
6 L m2iH L., FhEgicmckibsE Lz,

7285, AR ET L X RPN B W CHER LB oY
HEZFAE LR, WHEKIZRE L7ZpFL.8, 2.0,
2.1, 2.2, 2.4} 0U2.61F, FNENKRT v (= K
Uy RT3 pL)-6.2, —9.8, —12.3, —-15.5, —24.6}%
U-39. 0 kPalZFHY ¥ Z L MR ST,

FERE « TEAE K% OMLER X

=n 2)
ﬁf RAED LRk E F,;%ﬁ T WE\'Z
K HHOKYED
2015 VD A7»409  6/23 7/27 8/12 2 pF1.8, 2.6
2016 VD A7»409  6/22 7/29 8/15 4 pF1.8, 2.0, 2.2, 2.6
2017 VD A7»409  6/22 7/28 8/15 5 pF1.8, 2.0, 2.1, 2.2, 2.6
2018 VD A7h409  6/22 7/27 8/13 3 pF1.8, 2.0, 2.4
2017 #E 7/ 3 7/28 8/15 3 pF1.8, 2.1, 2.6
2018 BE 7/ 2 7/27 8/13 3 pF1.8, 2.0, 2.4

D [0 An409] IZEAR THAA
2) FEKBRMER (EX15 cm)
3) FBUEEOHEH

THIR3G ) ITHEAR LT,



25 ST R S A B AR AT SR S 5 51 &

4 MEME

BEERSRRIE, T Ah09] (RREHY I F D Z x|
M) LN 85K (ERUHER) & L7z, aiEidaA I
ME DRI RS, B IcEERL, #%
FIFERETITH W, - B IIRIRTEY
LU eI IRRRT 18 em X HANRI80 cmTIREZ &IZHR
DANTFCEHRI LT, RO~ F o ZIT BT L~
LT E RV, AR EZ R U CRREER o - Kk OvRIlT &
WHE L, BRLEEZKNDH1-0, FHEHTZ 0 I~5EN
BAAE L 7o R sUCA-CPARAI ( b~ b h— | A RPEZEM
St KBR) Z100F5I IR L THEZE L, REYT- &E
TARZEHR LU THE L, HF10H TaIZIX, HeEED
B3R UL Uiz, UINHERINIZ9 A 1 an 5104
SIHETE Lz, T OMOFEFEH L OB RE T Y 5
DOIEATEICHE U 72, SR E AL ST & B RO e
RV, REETH035D 5 FTAEFITG U THRY 72 0 EHE
HEH0~200 mg d'EEHIGRHIALE L7z, R—FKT
I, TARTOLBX & [F MR ECTER L7, HERERH
WOEREH ~10H31H) ORYS7- 0 fEfE &1L, F¥T 5L
EH-0 ABE-INE (K,0) —A K (Ca0) -7 1= (Mg0) =11. 0 (I
0106~ % 12.1)-4. 7([Al4.5~5.1)-18. 6 ([A] 17. 8 ~
20.3)-11.0([A]10.6~12.0)-4.0([F]3.8~4.4) ¢ Th »
77 728, METEFE (AT N A55-, 0ATT 7' U AR S
1, R Z100f5ICFIR L, WRAE100 LY72 925 mLA&HS
mirz,

5 SAEANE

(M) NHIRARBERULEKS

SN OEZEIT, AT ZND 3 FT (O TS E S 2 m)
WCERE L7 B fEOERGE N (RGE 4~5 s m?) CHIE L7,
HIEC I E SRS 3 (MR6662. KREattTF ) — . Hm)
ZRV, 5 EICEES LT, B EIZ, ~NTARD 1 2FE
(5 & 3 m) lT2K HHEF(MS-6-01, #aLksikaatt, )
FOERE L, 5 DEICIIE Lz, B8k, mikod
B SRS E A PV T 5 A ARICIE LT,

(2) INFERIZH T ZBEREAERUKEE

AMFGETIE, BERFEAE NS Do T-INHERH 167> 5510 H 31 H
FCICNHEL - RE(EI~3REORE) WL L
U, KRR OALERZH 5L 2 AT U 7=, BERFSAAHE DA
T, IR ZBERIEROF I IV L TENZEND
REAEEH LT, FEEEHA T, BEREIIEL TR WA]
IRFEZEGE L, FI~3REZRBEINCERF L, &5
AN VLB AR O H s & R4S RF SR L, HF
FEREICHE UTe, REZRER CUIWIR, - Ficydl
SINT-RERFZNET0 BN U CRITHEE ST (PAL-1,
MASHT 2 =, R CHEEEHIE L, WRES OFHE
AW,

6 #rREtARAT

(1) BAEE

FE/K IR & BERFEASUIHEEE LA & OBIFRIZOWT, 4
WREG 2T o H NEEE L TR —RILIBIREGET L

(— AR AR T L. LU FGLMM) XUFFERIIR G
HERE TV (LLUFNLM) &2 AW CTRRT L7z, 2 HIRERD
BET ML, —BALBIEE T NV SUIIERIE T V& JEE
U 7= fRHT T35 CL BN 03 HBE C & e MEHR GB BRI
) - BT - HERESEOEEZ AL S 8E L CIER
A CEYI0, 538 o DD TV X LR (T v B2
B) L LTHHIPY, JU A LERIT - ElE L THES
nNT. ROITEOE (EOUIMEERE) IZX > THS
ﬂéls)o
ETVOBRITIL, ARULE HEIAEY (LLTAIC) 2 A
7o ETo. T—EZBIRE TV ADM09] Tld, FEMREE
LR THEE L, Tty FERBRERIICYTT
—HtEy MIEIL, 20O b—2%7T A M, &V %
R LT DA EIEERERCHE L., T A FHOY TS
—Zy MINERAINE X, BGEEEEZARRRD KL, ]
HZ L YRoot Mean Squared Error (LA FRMSE) ZHiH L
T, BT NVORBEZFN LIz, 228, —EHOMFEENTIC
X, 7V —Y 7 h = TR3. 4.2V % V-, HRICBER KN
BEEE I 2A% 5 GLMMIZ (3 1med Sy 7 — P % | HEEEIZ4R D NLMM
IZiEnlme Xy 4 — % -,

RVSE— J 1n 3 GERETE — BLHD?
N N A 2

(2) BEREEIZHRDETILDEE
F2ITRTET VA « BTIEL, BEREAR (%) ZIEE
. HEKBASAA PFFRoR, LUFAER) 23l L, &
BRAEWR BT A LR E L TCETAROE I L
Tro ISBEHEDNE D MRS Z ERMmE L, Vo3
OISR L LT-, EF/LCTIL, BERFEAH M OJEBER
FEART A IS E R, VEKBRIAR S A TR, BBk &
TR NNR, MRS A CH A, VA a Y
v FEE Uis, THEAOARIE. BHER - AEREOEIS
FHZHASND Z ENEL Y AHFZET BRI
ZTre TP LFR2TIE, ySBERFRAER L 25 L HITET L
RELERL TRLE,

Q) HEEIZRIETILOEE

TR TETNAD~FTIL, FEE & INEEE, REKBHEA
REDAZSEE L, BBERE T VX297 LTH-
oo WENDOET VG| REEHDE D HeF o4 % IEH
SAie Lz, BFAD - ETIX. T2 28R 2T
OEIFITANL, U7 BRESEREE Lie, ETAF
Tk, AEMUGHR (7T FBI%) o 25 |
NLMWZE 2, T v DR A BERE D B KAE - e/ Ml (X
T A—Ha ) IZENENIN LT,

AERHER

1 NDRRRER VP TEKS
REBHM O N ARNEREA FATR Lz, K[UEROEZE
IZOWTIE, SAMBI0F T TR F L=, HEEIZS



BEITIED @ b~ b

(B VTR R A K OB E 5T

B\ E 3 HE KR O 522 26

&2 b~ MIFIHEFCB T S

JRBSVARFE A3 & HEKBRLA R & ORISR A FLik L7z [mlife 7 1Y

EFAKDNT A —H

nap THE ﬁ% 7R 2 B S DR

a b c o »

A M ymaxtbir 72.60 -124.36  — 5.85

U:(‘)’g?” B IEM y=axPtbxtctr 57.29 -179.17  146.57 5.33

C T IH  y=exp (axtb+r) / (1+exp (ax+b+r)) X 100 3.63 -8.75 — 0.27

A IEB yeaxtbir 23.34  -42.05 — 0. 00

$BE B IEB ymaxtbxtotr 18.88  -59.12 46. 22 0. 00
C TIH y=exp (ax+b+r) / (1+exp (ax+b+r)) X 100 3.44  -10.21 — 1.1x10°°

D Y ADM09 : 20156~20184EDFERT — & (n=56) . #TE : 2017 ~20184FEDFERT — # (n=24)

2) INEEEDNE D LAE LI MR

3) v PUBIVEFEAERE (%) x : WOKBALE S OFE) | 1@ 7 v & KR (FFRRZSHEY) ~N(0, ¢9)
4) o : rOIEURERE
#3 b~ MIHIEEHC BT DB & HEKBRA R & OBRE SR L ERE T LY
EFETNADNRT X —H
bet w5 zrax? EEBR 7S LR
a b c d o 13) o 23)
D y=axtbtr 2.91 -0.17 - 2.4x10"° —
) 4/3975) E  y=ax’tbxtctr 1.45 -3.47 6.71 — 0. 00 -
F o oy=(atr,~b+ry) /(14105 ) +b+r,  7.39 5.23 567 2.21 1.1x10° 1.8X10°
D y=axtbtr 2,22  1.41 — - 0. 00 —
$E B y=ax’thxtctr -0.20 3.10 0.52 — 0. 00 —
Foy=(atr=b+ry) / (1410°“ ) 4b+r,  7.12 554 8.54 2.14 L.7%x10° 3.3X10°
1) Y AHM09 : 2015~20184EDIERT — & (n=42) . #E : 2017~2018EDHERT — Z (n=18)
W BISEEEIIER AR D L E
2) y:BEEC Brix), x : HKBHLER QFfE), r1ROY2 @ 7 & A5 R (FFIRZEH) ~N(0, o?)
3) o K Wa,: TNEIr L L Or2 OIEHERZ=
F4 FHERWIM O T ANEREE
wgEE 8 oA 10 T L
tR R FA) tH) R A R R FA) T
2015 30.6 28.1  26.5 24.8  23.0 23.3 19.7  18.7  18.4 22.8
;Tg 2016  29.5 29.4  27.8 27.8  25.4  23.9 23.0 20.7 18.5 24.6
) 2017  28.9  27.7  28.2 25.2  23.8 23.1 21.4  19.0  17.4 23.2
2018  31.7 28.3  29.1 26.2  23.4  21.9 22.0 18.5 17.1 23.3
2015 1.5 1.0 0.8 0.6 0.8 0.8 0.6 0.6 0.6 0.7
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