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Effects of field infiltration on Delaware wine grape quality
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Abstract

We aimed to clarify the effects of field infiltration on the quality of Delaware wine grapes. In an experimental field
where soils with different textures were partitioned by blocks, we measured saturated hydraulic conductivity, soil water
potential, water saturation deficit (WSD) of leaves, and grape berry composition. We found that soils with lower infiltration
rate showed higher soil water tension during the high-temperature season, and there was a significant positive correlation
between soil water tension and WSD. These results suggest that grapes grown in soils with lower infiltration rate have higher
water stress levels. We also found that WSD had a strong negative correlation with titratable acidity and malic acid content,
but not with berry weight, sugar content, or tartaric acid content. We conclude that soils with lower infiltration rate give

higher water stress to Delaware grapes, which can result in lower titratable acidity and malic acid content of grape berries.
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Z ZCRIZETIE, HARTIL B SN TV 2R
7o 27 xR, TEEOFEKRMEDTEK L
REMEICRIZTEZELYHOPIITAILZHBL
L7,

PR E ik

1) GR35

FRBR LR 7 BR B AR EERR A WEFE BT O 85 1 7
Iy LT TITo7 F6mxTmDXEIZT T
T T EMBETIE T ORIRINTED, R®S
50cmbPlboar ) —bT7ay 7 THE LT
L. e n-EnENoX L, #EEs S OE
A X ) 2R 5T D, RRFETIE, B3
DB (B 5-104F) 777 = 7 848 % 3k
R E L7z (Fig. 1), FEEHEIMHALTT, HEHF
BB CTH 5. 4 FITBRERIFAC L) BRE L 721%, ML

Block 8
Block 7 Block 6
Block 5 Block 4 Block 3
Block 2
Block 1 6m
7m

Fig.1 Experimental field of Delaware wine grapes.
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% SHI9OHIZEHRI L 72 REE wipkds L&KL
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Dk, VETED60%27 5 L) 1oyt L, s bhts
(WEHRE), HERE, pH, V) ¥ JiREB X AR
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Table 1\Z7R L7z, HPEXAME ERETIEIXE T, 2, 4
A1 15 % UL &G EIEE T, 2O X
i EE 15 B RMOWIELTH-72. TETIE, X
138 L 020 EIEIEL C, ZOMOXE LT RT
WigE+TH -7z,

2) fFE KR

F— =R = EIC L B EKEREORKE, X
3, 6, 7, 8 TIXEWZZT XTOKRDPFHUFIEA 5 20
VAP LA S 7z, BB A, X
32562 x 10° m/ B L g b, RWCIXME 7, [XH
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otz (Fig.3). —7, XH1, 2, 4, 513KEZOEK

Table1 Soil characteristics of each block.

BRI 75 2 7 ORF

VI AE ey 7

TAHER 2T, BHIERAREN S X 1752.3 X 10° m/
Wemb<, ROWTXH2, X4, [XHS5D7.0 X

TruogP ~ Exchangeable cation (mg/100g) Particle size fraction (%)
Soil  pH EC (mg T-C TN . .
Block layer (1:5) (mS/cm) P,05/100g) K,O Ca0O MgO Mn @ (%) C/N  Clay Silt  Sand Soil texture
1 A 517 0.1 25.1 153 950 16.7 1.6 1.09 0.10 108 204 9.3 70.3 sandy clay loam
2 A 6.06 0.2 30.9 8.1 243.0 22.1 05 190 0.15 12.8 194 18.1 625 sandy clay loam
3 A 544 0.0 17.6 64 690 13.1 06 1.03 009 109 109 49 84.2 sandy loam
4 A 542 0.1 174 8.0 8.0 172 08 172 0.5 11.3 151 140 70.8 sandy clay loam
5 A 475 0.0 20.1 9.8 380 7.7 03 096 0.09 112 113 50 836 sandy loam
6 A 4389 0.1 16.2 1.2 93.0 195 09 1.62 0.15 10.8 108 99 793 sandy loam
7 A 5.66 0.1 17.5 12.0 101.0 22.1 07 097 009 106 109 438 84.3 sandy loam
8 A 571 0.1 12.6 9.5 940 190 06 1.03 0.10 104 105 9.6 799 sandy loam
1 B 544 0.1 9.6 92 176.0 248 31 014 0.02 84 162 99 739 sandy clay loam
2 B  4.66 0.1 31.1 3.8 65.0 6.1 02 042 0.04 107 210 9.6 69.4 sandy clay loam
3 B 474 0.0 24.0 50 250 47 06 0.18 002 82 104 95 80.1 sandy loam
4 B 481 0.0 20.3 5.1 520 73 05 030 0.03 104 106 96 798 sandy loam
5 B 474 0.0 18.8 5.8 150 23 06 024 003 85 106 96 798 sandy loam
6 B  4.64 0.1 28.2 3.7 320 36 1.3 028 0.03 107 103 142 755 sandy loam
7 B 479 0.1 12.2 5.1 49.0 122 1.9 039 004 89 53 14.1  80.6 sandy loam
8 B 475 0.1 17.6 62 440 66 1.0 034 004 84 109 48 84.3 sandy loam
Soil layer A, upper soil layer (0-10 cm); B, lower soil layer (15-25 cm).
Block 1 Block 2 Block 3 Block 4
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Fig.3 Water level variation with time in auger holes. Saturated hydraulic conductivity K (m/s) is shown at the upper right corner of each graph.
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3) hHEKGHRT)

+HEOKSESE, KE1, 2, 40 EEIZBWT, 7
H N AR O R IREE % 7R 37 100 kPa & 5% L 72
(Fig. 4). 8 A EMIZE SIS, Klil, 2, 4
IE EETI50kPaZ L, TRETH100kPall k|2
¥ X3, 5, 6, 7, SICEALTIE, XHEI, 2,
4IZHARTHOZEE IS, HEHEIRFEIZ 100 kPa
EHEETLI EE o B, KE6D LEIZB
7% 8 A A LD O 28 ZBE, RUHZ O+
CH—=F v XD EREPHERINTZ LD,
LA EDbDEEZLNS.

4) KR7
SHIHODOAREIZXE 1L 4539.4% % 9.8% Th

=iiFT - THHER - =i - BETRE

bE L, ROTKXH2080%TH Y, X3, 5, 6,
7, 8135-6% LKA~ 7= (Fig. 5A). 8 H22HIE, X
H1E2379%E80%THiedE <, IWNTXHE4D
71%THY, XH3, 5 6, 7, 8124-6% &Ko
7= (Fig. 5B).
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F, FRERTIIAERMHBEERD SN -7 (Fig.
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Fig. 4 Soil water tension measured by a Watermark soil moisture sensor. Solid line, upper soil layer (7-15 cm); dotted line, lower soil layer

(22-30 cm).
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Fig.5 Water saturation deficit (WSD) of Delaware grape leaves. A, leaves sampled on 1 August 2022; B, leaves sampled on 22 August 2022.
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Fig. 6 Relationships between saturated hydraulic conductivity and maximum value of soil water tension for each block (A, upper soil layer; B,
lower soil layer). The linear regression line indicates a significant correlation between the two variables (p < 0.05). r, Spearman’s correlation
value.



J.ASEV Jpn., Vol. 35, No. 1, 23 -34 (2024)

ZNOFEOLRICH LIRSl & 7z ks R I E
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57z (Fig. 7).
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=iiFT - THHER - =i - BETRE

L7z, 7B, e E QR K & i/ MED X T,
R A FFET0.30 g/100 mL, SEHFEFET0.17 g/100
mLDEDH -7 T, )Y IRERIZBWTIL,
BRARFEB L OEHAREL S ITHELZADOHMD
b, FEERRE L FRICENOKRT PR L TS
BHIERED) v IR EE Ko7z ) v THE
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DEVH -7z, =B, KRELEAREEOMIZIE
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Fig.7 Relationships between maximum value of soil water tension and average WSD value for each block. A, leaves sampled on 1 August
2022; B, leaves sampled on 22 August 2022. Linear regression lines indicate a significant correlation between the two variables (p < 0.05). r,

Spearman’s correlation value.



0-7
N ®5 3 .
S QA 5’?7 s, =4
& <
-
ey
o O H
2 2
=
e
5 O
[an]
0.7
o
< o
=)
- 6 5 .3 1
= "0"7 *2 a4
o) n 8
9
S
s 27
@
oD W0 |
=]
(7p] _
o
N =
\—.7 Tl _.\6 83
.‘é\ = g“fi\\_\ .
82 @ paaE—
© E o 1 -~
°g
o)
©c T <
B3 S
Ev
£ |
o | r=—083
o T T
Q -~
o c°.7 ‘;\‘\\‘.8
o © %3
= 587~ e
2 g’ ®2 F1
.'g S~
o
o N+
o °
T o | =062
= o \ T
(\!7
—_ ~
.| -
S
S ©- 5 o
< o PR 4 82 L®4
S 58 !
o <
5
g o
Q ]
5
= o i T T T T T T T
©c ©
— 0 2 4 6 8 10 12

W.S.D (%)

FIEE KD EER 7T Y 2 7 ORFEREI T T
B

o. —
N 6
ol 5' o2’ 0432
— 38 1
o. —
Lq —
o
o. -
o

§ J

e5% 43 &2
®6 ®4

o e7 1
N
o -
o
o -
N
-—
@Q |
© -

T T e -
< | .
o 5 3g z 112\ S

| r=-087
© T T
CD_ ]
o
®. |
o
A
(&) BN

Y
N e 7
e ° g\g\’ 22
o | r=-086 4 T
o T T T
N —
-~ ®5
@ ®c®3 7 &1
© | ®3 ¢,%2
q: ]
o
O —
o T T T T T T T
0 2 4 6 8 10 12

W.S.D (%)

Z81

=2
=

Fig. 8 Relationships between average WSD value for each block and grape berry composition. A, WSD of leaves sampled on August 1 and
composition of early harvest berries. B, WSD of leaves sampled on August 22 and composition of ripe berries. Linear regression lines indicate
a significant correlation between the two variables (p < 0.05). r, Spearman’s correlation value.
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% %

THEEFORFIETEBBRIC RSN T 528, &
FE10 pm & ) KREWILBNOKIZEIZ LY FHE
B350 BRI ICWw. —JF, HEE0.2
um Al D /N S WALBR TIEBR W EBE R AE < 72
O, 7R OBIIIKTE v, BEE0.2 um P 7
510 um LT OFLBRANIZ & 2 KITHEE I BREES 1,
WHWAKTE L, —MIZ, RONSVWERTTH
LRt (<RfE2 um) %% < &t L ITE R
<, KRGBRFEDDE. —F, B (ChifE62.5 um-2
mm) % % & BIEIZEKRMED R <, KRR
v, KEFROMERTDH, #iLEEOIENE WX
] C 3 E KA E % 7R L 72 (Table 1 ; Fig.
3). 2L, HEEKEOE XEHEKSTRIIEAS
@, BRICEEOWEIRELZR L (Fig. 4).
72, EOKRENE P22 5L, B
WX O FASERED A X L) b FEERIC X BK
ANV ADTRWVIREETH B 2 L AURE N7 (Fig.
5:Fig. 7). BERMEDE N TIEO J7 955h B ERIREE &
RUZZEME LCid, Kbk &M
EHRICE ) EA LT, minkecid g Rm s
DIRDPHERAZZZSEE LT/ EZ 6D, &6,
Ferk L7z & 912, Ktk F-M oKW 25FH T
ERWVITIEREIFEIN D 20, SURDE S D
fe &, BwAREDBN AL B o T TR AR H
TELKDBRONLLEEZONL. 7T ADK)
R =g cirbn AT, M HEO T
BAIELD 7 FIIZEGKGA N LA 0E I L
FRTRE R HE ST B Y (Tramontini et al. 2013,
P30 2015), ARBFZERS R L —B T %

TR = D EEOGIRIREEZ R LT H
TH»S8H FAIE, REOKMAIMNEELR 2720,
BEWEICLHENPRREEZ SND, Lk
ERAMEICE L I BEN RO b k0 - 72 (Fig.
8). WZJEA ML AWK DMEENEE S A= XL
X, RATOKRBIBIN L DO E R END D
(Xiao et al. 2018). HARDOEIIM AL 7210,
OISR TH o722 L0 s, REOKS
BEIIHEYT, RIEITVIRME S N 0o 72T R
WhrEZ oA Tl ETWZRICLNE, NL
V= Y RBRRPHERT ORI A b L AIFAE A 5 N
V= VETOKRG A N L AN TR R e A

=iiFT - THHER - =i - BETRE

RN e\ ET 5213/ 2> (Levin et al. 2020, McCarthy
1997). KRifzeCix, BIEMIAS XL Y — Vi E Tl
NV = VBRI ETIEPGZRE L 2o l22 b,
FRERHEE IR ESI N o/ ZE2 N5,
—0, BREEICBE L Tl RMEIC L 2SR o
7o, BREEERICOWTE, HARE=ICETROLN
ol )y IMERIIRENR S N7 (Fg.
8). WHEDAEEHTI 7 27 ORAETH, AE
TRAREL DB B 3 B A & DRI 221 T Dok
TEEIMEDRE L, T I 2 T OBEGEEN Vo7
epHE SIS (), #H 1985). st o
FeTd, KPAFLAEY) Y TRREEDOMIZE N
MBI RS ST b (Deluc et al. 2009, Mirés-
Avalos and Intrigliolo 2017). L 2>L, /K4 A b L A28
) 2 OBROGHICERER S L T A2l S TR
<, KIGANVAPBEEIIREST LI LT, fiED
WAL (Ril) PWELT A2 ENELRBEREEZ S
TV 5 (Hewitt et al. 2023, Keller 2023). — 75, 2018
AT 5 72 KRN T A 5V —OR#FETIE, &
KVEEBBEEICHEAHEII RSN Do 72 (ZHl 5,
2020). KBFRIZBWTIE, BEER 7 R o3&
TR EERY, EPEE T % RSO
B AS LB 2o, FAREE LIRS Cld gk
GOFEIEORREIEDN DY), EREOEEL R, L
TREMEDH 5. F72, L =S (2020) OFAT
&, BEAKREEAEE OIS IEOMBEA R S /208,
AWFZE TIIHEE~NDEBIIRD SN h o7z BEK
PEiZxt 9 28RO RS, RAEEte LiEEs 7 &
MWOERIZIIS U TEELEEZLNDL. 51, T
FEP DR D LT TOBKEDKEIZONTY
FHLAMMHT2UEDD 5.
KIFFEOFER, FARMEORK N T TIE, EARED
EWTIE LD TI Y 2 T REOWHERES Y » T
GEME 5 2 EATRENT. THUE, EAKMEDS
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