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Abstract

Aim: To investigate the effects of different levels of temperature and light intensity on grapevine vegetative
growth and bud fruitfulness, which includes the number and size of inflorescence primordia in primary buds.

Methods and Results: Five hundred Semillon cuttings were collected from field during dormancy. After rooting,
the cuttings were propagated in growth rooms under six different controlled environments, including two
temperature regimes (30 °C day to 25°C night, and 20°C day to 15°C night ), and three levels of light intensities
(90, 200, and 600 PAR, respectively) within each temperature regime. Light intensity and temperature at the bud
zone were measured for each newly grown shoot at two stages to confirm the effectiveness of treatments.
Vegetative growth, including leaf area, shoot weight and length, number of nodes, and internode length were
recorded before all shoots were trimmed to 10 nodes each. Bud fruitfulness was assessed by bud dissection
analysis at three stages according to the development of shoots. The number of anlagen and inflorescence
primordia were recorded and the cross-sectional area of inflorescence primordia were measured. Results
demonstrated that vegetative development was accelerated by higher temperature (with more nodes each
shoot), but was negatively correlated with light intensity. Moreover, shoot leaf area, the weight and length of
shoots, and internode length were higher under the lower temperatures and lower light intensities. There is a
positive linear relationship between bud fruitfulness and both temperature and light, with more and larger
inflorescence primordia under higher temperature and higher light intensity.

Conclusions: This study showed that the vigour of grapevine can be advanced by higher temperature, however,
the vine capacity was negatively correlated with both temperature and light. For bud fruitfulness, the
temperature and light can have a significant and synergetic impact both on the number and the size of
inflorescence primordia in primary buds.

Significance and Impact of the Study: Bud fruitfulness is a key component of reproductive performance of
grapevine and it plays a significant role in annual production of vineyards. Environmental factors such as light
and temperature are important parts of terroir and can have a strong impact on the formation of inflorescence
primordia in latent buds, which determines the potential yield for the coming season. This study provides a better
understanding on how temperature and light can change the vegetative growth and bud development of
grapevine. The findings will be helpful for the management of vineyards to regulate yield in a changing climate.
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Background & Aims

@ In grapevine, bud fruitfulness is defined as the formation of inflorescence
primordia (IP) in mature latent buds (Srinivasan and Mullins 1981). The
number and size of IP play a key role in yield variation as they form the
potential yield for the next season (May 2000).

# It is well established that the main components of grapevine yield are
bunch number per vine and berry number per bunch, which together
account for about 90% of seasonal yield variation (bunch number 60%,
berry number 30% and berry weight 10%) (Clingeleffer et al. 2001, Guilpart
et al. 2014).
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+ Bunches per vine — 60%

+ Berries per bunch — 30%
+ Berry weight — 10%

Bunch number
# This study aimed to investigate the effects of different levels of temperature
and light intensity on grapevine vegetative growth and bud fruitfulness,

which includes the number and size of inflorescence primordia in primary
buds.

Design & Methods

o Growth rooms: Waite Campus, University of Adelaide
u Grape variety: Semillon from cuttings, season 2018-19
o Treatments: temperature and light

Table 1. Light and temperature treatments on grapevines

High temperature Low temperature
Treatments

Light1 Light2 Light3 Light1 Light2 Light3

Lightintensity (PAR) D] 200 600 80 200 600

Day temperature 30°C 20°C

Nighttemperature 20°C 15°C

Photo period 16hr 16hr
Humidity (%) 50-60% 50-60%

Light and temperature measurements in growth rooms at two stages

=1 —

0

g5 HE

Temperature (:C)
Light intensity (PAR]

b

u 2 ou u 2 u
Low temperature

High temperzture.

mmTemperature  —Light

&

100
— —_— |0

1

Temperature (°C)
g 8
Light intensity (PAR}

&

a

u o2 oB LRI

High temperature Low temperaturs

ARC TRAINING CENTRE FOR

INNOVATIVE
WINE PRODUCTION

< \Vegetative growth

Shoot length Shoot weight
e a0
™ S
- Y
E%0 E]
w0 =5
£ &
4 2
EEl H
g g1
&0 &
10 5
a o
u BB U 2z o3 uozos uozos
1
Lo L oLz u High Low Han .

High temperature Low temperature

Shaot leaf area

Inmemode length
140 5

Number of nodes

5
120 4
T . I 0 £
Highertemperature  E1oo g
< . " . =3
* B 80 15 £
LB 7 3
higherlightintensity 2 £ ]
@ 60 e 82
2 0 2
l H 2 £
2% s
@ 5 L1
More advanced growth, 20 ;
butshortand small ) B B
L 13 1 o2 o3 ez 13 o L3 [S IRV R ) (SRS ENE )
High L High L High Low
% Bud dissection analysis
o Samplingstages 1 Data collection (node 4-8)
- Stage 1: shoots half lignified - Anlagen number
- Stage 2: shoots fully lignified - IP number
- Stage 3: leaf fall - IParea
Low light Mid light High light
250 250 150
200 200 200
173
Low 150 150 150 1.24
104 102
temperature gy | 091 . 1oo | 096 il o 93k.00 100 e
58
asa 030 aso 050 o.47
- 0.24 0.22
aoo 400 ag
Stage 1 Stage 2 Stage 3 Stage 1 Stage 2 Stage 3 Stage 1 Stage 2 Stage 3
w Anlagen m P / W Anlagen mIF / manlagen miF
250 250 250 235
200 200 180 200
High 150 50 150 138
SMDErs 3 109 oz 109
temperature oo 0.0 oo Loo
0.76) 067067 0T
asa b33 050
000 000
stgel  Swgel  Swped stage 1 Stage 2 Stage Stage 1 Stage 2 Stage 3
w Anlazen WP waniagen mIP wanlsgen WP
Higher temperature + higher light intensity Similar effect:
l Low temperature + mid light -——— High temperature + low light
Anlagen were significantly promoted into IP Low temperature + high light —- High temperature + mid light

Conclusions

4 Higher temperature and higher light intensity advanced vegetative growth of Semillon
vines, with more nodes on shoots. However, the size of the grapevines stayed small,
with lower leaf area and shoot weight, and shorter shoot length and internode length.

4 Higher temperature and light promoted the differentiation of anlagen into
inflorescence primordia, while the lower temperature and light can slow down or even
inhibit the development of anlagen, hence resulted in less inflorescence primordia in
the bud.

4 Bud fruitfulness was positively related to temperature and light, including both number
and size of inflorescence primordia. Moreover, temperature and light had a synergetic
effect on the development of inflorescence primordia.
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