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Determination of thresholds to trigger irrigation of ‘Kyoho’ grapevine
during berry development periods based on variations of shoot diameter
and berry projected area
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Abstract: [Objective]lrrigation is an important management practice in viticulture. Currently available
reports mainly focus on the selection of water status indicators and the impacts of different irrigation
treatments on fruit trees. Studies about determining the suitable soil water potential ranges at different
phenological periods based on the real-time response of plant organs to soil water potential have not

been reported. In this study, we conducted the experiment to determine suitable soil water potential rang-
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es for ‘Kyoho’ grape.[Methods]In the experiment, eight-year-old potted ‘Kyoho’ grapevines were
used as the experimental materials. During the first rapid growth period and veraison, the relationships
between shoot growth, berry expansion and leaf net photosynthetic rate and soil water potential were an-
alyzed through the photogrammetry of plant organs, real-time monitoring of soil water potential and
measurements of leaf photosynthetic traits. Besides, cubic spline interpolation based on MATLAB soft-
ware and time series model were applied to selecting soil water potential thresholds for irrigation. They
generated smooth function curves of berry expansion rate against soil water potential. Then changes in
slope of the regressed curve were used to distinguish stages of berry development.[Results]During ber-
ry first rapid growth period and veraison, shoot diameter decreased in daytime and increased at night,
forming an irregular serrated growth curve in this period. MDS increased significantly when wysoil
was —8.89 kPa during the first rapid growth period and —9.21 kPa at varaison. In addition, MXDG and
MNDG of shoot showed a significant daily decrease when ysoil was below —17.34 kPa during the first
rapid growth period and —16.46 kPa at veraison. The daily changes in berry projected area under timely
irrigation and under water withholding both presented a regular diurnal pattern of shrinking in the day-
time and expanding at night. Berry projected area presented a spiral cyclical growth under timely water
supply, while its increase slowed down and finally shrank under no water supply. With the decline of
soil water potential, berry growth presented four phases, the high speed growth phase (HSGP), rapid
growth phase (RGP), slow growth phase (SGP) and shrinking phase (SP). During the first rapid berry
growth period, the soil water potential ranges of the above four stages were >-9.37 kPa, -9.37 kPa
to —21.14 kPa, —21.14 kPa to -27.86 kPa and < —-27.86 kPa, respectively, and the berry expansion rates
in the corresponding stages were 0.10 mm*-h"'to 0.31 mm*-h™", 0.03 mm’-h"' t0 0.10 mm’-h"', 0.00 mm*-h"'
t0 0.03 mm*-h"'and < 0.00 mm’-h", respectively. Meanwhile, the soil water potential ranges of the four
stages at veraison were >—10.31 kPa, -10.31 kPa to —22.05 kPa,-22.05 kPa to -32.83 kPa and < -
32.83 kPa, respectively, and the berry expansion rate was 0.11 mm*-h" to 0.26 mm’-h", 0.02 mm’-h"' to
0.11 mm’-h"', 0.00 mm’-h"' to 0.02 mm’-h'and < 0.00 mm’- h’', respectively. Leaf P, presented diurnal
variations. It increased rapidly after sunrise and generally peaked around 10:00 am, then decreased with
a midday rest. In the afternoon, it recovered slightly and fell to zero after sundown. During the experi-
ment, the diurnal variation pattern of P, was not significantly influenced by the decline of soil water po-
tential, while the diurnal maximum of P, showed a trend of decline. During the first rapid growth peri-
od, the diurnal maximum of P, was not significantly influenced by soil water potential within a range of
0 to —27.3 kPa. However, it decreased significantly when rooting-zone soil water potential declined to —
36.8 kPa at veraison.[Conclusion] The reasonable soil water potential ranges for eight-year-old ‘Kyo-
ho’ grapevine was determined based on the expansion of berries, the leaf net photosynthetic rate and the
growth of shoots. The suitable irrigation thresholds for ‘Kyoho’ grape during berry first rapid growth pe-
riod and at veraison are —12.83 kPa to —15.67 kPa and —16.46 kPa to =22.05 kPa, respectively.

Key words: ‘Kyoho’ grapevine; Plant growth; Soil water potential; Cubic Spline Interpolation; Net
photosynthetic rate
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Table 1 Effects of soil water potential on the microvariation of shoot diameter during the first rapid growth period in

‘Kyoho’ grapevine

H 3 3K [EESFNI &/ i Hi KR K= H e/ MaE K=
Date ysoil/kPa MDS/mm MXDG/mm MNDG/mm
2018-06-12 -5.34~-8.39 0.129+0.003 - -

2018-06-13 -8.89~-10.32 0.145+0.004* 0.038+0.008 0.029+0.001
2018-06-14 -10.32~-12.83 0.15440.003** 0.019+0.006* 0.015+0.002*
2018-06-15 -12.83~-17.34 0.162+0.004** 0.005+0.003** 0.003+0.004**
2018-06-16 -17.34~-21.56 0.159+0.003** -0.004+0.003** -0.006+0.002**
2018-06-17 -21.56~-25.31 0.157+0.002%* -0.010+£0.002%** -0.019+0.003**
2018-06-18 -25.31~-34.23 0.155+0.003** -0.023+0.007** -0.026+0.003**
2018-06-19 -34.23~-43.67 0.146+0.002* -0.028+0.008** -0.029+0.004**

Ve BUE = THME + ARdER, s o AR R SR 1 Reis 2 K6 A 12 HE 6 A 13 HDRAM RIS 84 0.05.0.01 KF 255

e

o

Note: Values are means =+ standard error. The * and ** show significant difference between means at the first day and the second day (Junel2 vs

Junel3) at p <0.05 and p <0.01, respectively.
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Table 2 Effects of soil water potential on the microvariation of shoot diameter at veraison in ‘Kyoho’ grapevine

H 3% K EEFFNE i3 EECUNEEERNS S H e ME A K&
Date ysoil/kPa MDS/mm MXDG/mm MNDG/mm
2018-07-24 -3.81~-5.37 0.115+0.002 - -

2018-07-25 -5.37~-9.21 0.121+0.001 0.027+0.002 0.022+0.002
2018-07-26 -9.21~-16.46 0.134+0.004* 0.012+0.003* 0.009+0.002*
2018-07-27 -16.46~-24.15 0.145+0.007** -0.002+0.001** =0.003+0.001%**
2018-07-28 -24.15~-33.58 0.148+0.006** -0.010=+0.002%* -0.012+0.001%**
2018-07-29 -33.58~-39.97 0.143+0.004** -0.008+0.002%* =0.10+0.003**
2018-07-30 -39.97~-46.32 0.139+0.002* -0.017+0.003** -0.018+0.002%*

W BUE = T + bR, F o Bl R 5 S 1 OREGE 2 R(7T H 24 HEC7 A 25 FDRIMIFETEdRZ[H7E 0.05.0.01 /K EZ R E

Fo

Note: Values are means + standard error. The * and ** show significant difference between means at the first day and the second day (July 24 vs Ju-

ly 25) at p < 0.05 and p < 0.01, respectively.

22 BERILABEARAMAERETIEARBTHIT
ES PN A

FH SR S5 B — IR i K A I £ A SR R 4% 5 T
TR S A o 1T ] (1 A8 4 5 22 0] T (P 1), 7 S 34 1 ot
2275 FE 4> N v =-0.002 8 x* + 0.568 6 x; + 203.32
Ay, =-0.001 2 x*+ 0.345 7 x;+ 361.90 , x; £ /- M1, 1

BEFR I S 2 /N (D i 3R s R RS T
FUEFAE (mm®) o 7 P06 HT SR L 8% K 3ok 26 1) o 1 38
TR A B I AR T DN, SRR I K R A KA o R
0.31 mm*-h"' (& 2-a)f10.26 mm*-h' (& 2-b) . K H
P 34 SRR 5 K 3 R 56 T A 3 /K B Qysoil) 1 BR $i
L1 A B S AT — M SR ST A (B 3D, FE R S



616 E N I S 364
P iV S/SU N b el
The first rapid growth period i Veraison
400
240
E
‘g 230
E %3
= < Ik O
ST 20 i
%3 2
> 210 r:%
2
[O
(0]
200 B
Il 1 Il 1 1 1 1 1 1 L 1 L 1 1 L 1
0 24 48 72 96 120 144 168 0 24 48 72 96 120 144 168 192
7553 HEL I I ) FLIT B 1
Time after sufficient irrigation/h Time after sufficient irrigation/h
B A M o B PP i 2 SORE B T AR 54
Data are means.The smooth curves are the trend value of berry projected area.
E1 ‘El#@8EE - RRERXBAMEEARSERERAR S ERMENE T L%
Fig. 1 Changes in berry projected area after sufficient irrigation during berry first rapid
growth period(a) and at veraison(b) in ‘Kyoho’ grapevine
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Fig. 2 Effects of soil water potential on berry projected area increment and berry expansion rate

during the first rapid growth period(a) and at veraison(b) in ‘Kyoho’ grapevine
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Fig. 4 Effects of soil water potential on leaf P, during berry first rapid growth period(a) and

veraison(b) in ‘Kyoho’ grapevine
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