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Abstract
Cirape beery composition in terms of sugars and ticeatable acidity is strongly
tependent o vine water status. The objective of this study was to evaluate the
feasibility ol wsing airborne derived Plant Cell Density (PCD) amd  canopy
relleciance derived Simple Ratio (SE) measurements — hoth remete indicators of leaf
aren and intercepted light ot estimating berry vield and composition in vineyards
experiencing water deficits, In addition, the capability of the Water Index (W1 - o
hyperspectral reflectance based indicator of water status — derivead fram canapy
reflectance ot estimating berry sicld and eomposition was tested. The study was
conducted in vineyards of Fédy vindfere Lo Chardonnay’. Remote optical imagery
wis acquircd at veraison amdl POD derived, Fileld measurements of fractional
intercepted Photosynthetic Active Ruadiation (fIPAR), predawn water potential (‘£),
cunopy o air wperature difference at midday (A g ) and canopy hyperspectral
reflectance were also conducted at the stage of veralson, Yield, Total Soluble Solids
{T585), Titratable Acidity (1A) and maturation index (IMAD) were determined al
hurvesl. Predawn water potential ranged from -0.85 + 0,06 MPa to -0.50 + 0.07 MPa
among the vineyards studied indleating moderate to severe waler stross at the stape
ol veraison. Berry quality attributes did not show significant relationships apains
MPAR but were related 0 AT migas in a variable extend. Consistently, PCTY derived
| from airborne imagery, as well as the SR. did ool shew siznificant correlation
against berry quality attributes. On the other hand, the WT derived from canopy
reflectance showed significant correlation against AT quaa (¢ = -0L82, P=0L05) and
successfully estimated TA and IMAD ir = 0,70, P<0L05, for hoth indices). | he results
obtained suggest that, in vineyvards experiencing water deficits, remote estimates of
vine water status through the W1 might be more appropriate to characterize herry
composition than remote estimates of vine vigor such as SK or PCD.

INTRCHILCTION
Current remaote sensimg methods in precision viticulture use vegelation indices
tdertved from reflectance i the red and near-infrared regions of the spectrum Lo estimule

ving biophysical variahles such as size and vigour (Hall et al., 2002: Johnson el al., 20017,
Skce vine vigor has 3 considerable effect on yield which, in tum, relates o bherry
composition {Chaves ¢1al,, 2010; Medranoe et al.. 2003), remote messurements of canopy
| vigor {e.z., PCD or NDVI) have been used o estimate berry yield and quality (1Tall et al.,
2002, 2011, Johnson et al., 2001) However, recent stidies conducted in vineyards
experiencing water deficits showeed that while NDVT was related to vine vigor and yield,
it failed 1o predicl berry guality attributes (Acevedo-Opazo et al., 2008: Serrano et al.,
20123, Relectunce mdices such as the WDV are related to canopy structure and leal
pigmenl concentration, and, thus. potennal photosynthetic activity, but have proven less
wsielul for monitoring photosynthetic functionmg under stress conditions, particulurly,
waler slross (Camon et al, 19950 In vineyards, waler status has been recognized o
larpely influence berry nipenimg and composition (Chauves et al, 2010, Medrano et al.,

2003 Konndouras et al, 2006 Yan Lecuwen and Seguin, 1994, Recent studies have
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shown the capability of the WI (Pefiuelas et al, 1993) derived from hypurspectral
reflectance for monitoring variation in stomatal aomductance in vineyards (Scerrano et il
20100 Therefore, the capability of the W1 to monitor vine waler status migh! he of greal
value in the context of precision viticulture us 5 potential tud for the estimation of frage
yicld and quality.

The objective of this study was o evaluate the feastbility ol using remote
mcasurements of PCD g remote indicator of leaf ares and mntercepled lght — derived
frimm airborme imagery 1o cstimate berry yvield and quality atributes, In addation, (he
Errcmm[iw of the Water Tndex — a remote indicator of vine water stalus — at estimating.

erry yield und quality in vinevards ex penencing waler deficits is assssed,
MATERIALS AND METIHODS

The study was camied out in nine vineyards of Vitiy vinifora L. Chardonnay!
plams (K5SVI clone) located 0 the Cava Lresignation of Origing repgton (Catalonia, Spam,
I 4RT2IWL 41" 28°547N) in 2008 The region has a Mediterranean climate with g
dverape annual temperature of 15°C and ean annual rainfall ol 3500 wmm. A paoge
detailed description of the vinecyards studicd in terms of ol propertics and plantation
chirereristics iy provided in Scrmano et al, (2000, 2012y, In each vineyard, 3 vines wilh
contrasing vigor were chosen to carry oul measurements at the swige ol vernisin,
Subsequently, ut harvest, yield and quality attributes were determined on the same vines,

Preduwn water potential (*Fpa) was measured on a randomly sclected mature loaf
using a pressure chamber (Soilmolsture 30 105, Soll Moisture Coy i Santa Barbars CA,
LSA)Y In addition, the cunupy minus eir temperature (ATg g40,) was measured ut mmielifiy
{solar noon) using a hand-keld infrared thermometer {S1' Pro Plus, Faytek o, Santy
Cruz CAL TISA in 2008). Transmitted PAR (PAR howis measwred o regular inlervals Ly
placing 1 ceptometer (Accupar, Ducagon Devices Inc., Pullman, WAL USAY al ground
level while incident mdiation (PAR)) was maesured above the vines, Subsequently,
Fractional intercepled Photosynthetic Active Rudiation (1IPAR) was caleuluted as {PAR -
PAR b [..n'iL!':.j.

Canopy madiance was measured oy or each vine using a specrroradiomeler
UNISPLEC (PP Systems Lid., Havervill, MA, USA) with a 122 field ol view Foreaplicy
(UNE- 710, PP Systems Lid., Havervill MA USA) mounted on g tripestd and held in g
nadir orientation ar ~0.75 m sbove the canopy and expressad as apparent reflectance affer
standardizing by the irradiance determined using a vosine corrected detector lens {TIMI-
83, PP Syslems Lid., Havervill MA, USA) positioned above the canopy, The Simple

Ratio (SR) und the Normalized Difference Vegetation Index (NDVI) were derived to
provide vine vigor eslimates while the Water [ndex {(W1) was chosen to estimate vine
water status. Hyperspeciral indices were derived from each colleeted spectra using narrow
band apparent refleciance values as follows:

SE = Rau / Rasa {]]
NDVT = (Rags — Bss) ¢ (Rana — Fasy) ()
WI= Ry / Romy (3

where R indicales apparent reflecrance and the suh indices the respective wavelengths in
Danometers. Digilsl multispeciral imagery was acquired in July 2008 at 0.50 m spatii
restlution using narrow band-pass interference filters (20 nm) and PCD derived as (he
ralie between near infrared (780 nm) and red reflectance (675 nm). Gicoreferencing of the
PCD individusl images 1o histarical ortuerectified aerial photography iy doe, cal ) wag
performed by means of a second-order polynomisl warping and naarest neighbor pe-
sampling using GVSIG 1.11 (GVSIG Association. Valencia, Spain) and ARCGIS
(LSRI Inc., Californiu, USA). Within cach vineyard. the vines under study were spartially
located using a differentinl GPS fLeica Viva G515, Leica Gieosystemns AL, Heerbrugg,
Switzerland). At each vine, PCD was determined by choosing the highest value within g 3
4 3 neighborhood pisel window,

R



Harvest ook place ullm burries were sl optimum ripeness (Lo, al TS5-15 “Brix
and TA-10 g lararic acid 1) for cava (sparkling wine) elahomtion. Yi il was measred
anel. allerwards, hermes were cammicd o the Tab in coolers and pressed, The muost, aller
fillralion, was analyzed to defermine total soluble solids (TS5, “Drix) by refractometry
(WM-7. ATAGO Co. Ltd., Tokye, Japan) and niratable acidity (1A, g tartaric acid L")
hy fitration with 0.1 M NaOll Matorty index (IMAL) was calculated as the ratio
hetween 1SS and |'A.

L¥ata were analyred using the statistical package 5P55 20,0 (5P5S [ne., Chicago
ILL, USA), Correlanen and regression analyses were used to study the relationships
fimong vine vigor and water status parameters. vield and quality attnibutes and spectral
indices. Difterences pmong vinevards in the variables studied were evaluated by analysis
ofvariance (ANOVA} amd means were compared using the Tubey's lesl,

RESULTS AND DHSCUSSION

Temperabiores Trorm budbreak o harvest soere elose to the Tong-term avernge while
eormelative precipitnion was 347 mm The weather waler balance indicaled  moderie
waler deleits over the prowinp season (I - Ty = 235 mm) with larger incidence frnm
vermson 1o harvest (1 - s = 130 mmi {see Serrano et al., 2002 for more details),

Water status parameters (e, Mo and Al yigae) showed significant {P<0.05]
variation among vineyards, [hus, ', ranged from -085 + 0,06 MPa to <0030 1 007 M,
indicatmg moderate o severe water deficns ot the stage of veraison (Carbonneau, 194948),
while AT gjaeey ranged from -5.0 + 0.757C 1o 042 = 0.34°C. Contrastingly, no signiticant
differences in 11IPAR emerged nmong vinevards, which might be atrributed to the minor
incidence of water deficits over the vepetative goowth period (Le,, From budbreak o
VCTUEsUML).

The cliieets of water deficis on vine vigor and vield have been long documented
(Chaves et ul, 2010 Sehulie and Matthews, 1985 Van Leeuwen sand J"~'.|._L-L|!r1 945y, I
contrast with these previons studies, vield was found 1o decrease along with incrensing
fIFAR {Table 1y, which might be anributed 1o a competition effect between vegetative
md reproductive prowth. ln agreement with previous smdies (Chaves et al, 20100
hedrano er al.. 20031, higher vaeld was accompamed by a decrease in quality arributes as
indwcated by the correlation between vield and both T'A and [MAD (r=0.75 and r=-0.74,
| P05, for TA and IMALD, respectively). In addition. & marginal relationship between

vield and TSS was observed {1 -0.57, P=0.10), These resulls are consistent with

previous reports under rain fed conditions with decreased TSS and titratable acidity at

lrarvest when water deflicit progresses from moderate o severe (Koundoueas et al., 2006,
| Van Leewwen el al. 20090 In addition. berry guality atributes were oot sianilcantly

related W (TPAR bul Lo vine water stalus 2 indicaled by the significant correlalion againsl

AT s (T'Hhh_ 1), suggesting that vine water status was an important determinant of
varidtion in grape composition.
| Spectral indices were variably related 10 vine biophysical properties (Table 7)
& Thus. higher PCLY was associated 10 fower Al zisey, although marginally, suggesting thar
mare vigorous planes had higher ranspiration rates. Contrastingly, and despite the Tlose
correlation between PUL and both SE and MOV (Vg L), 5B and MDY were not telated

10 AT wigdne but were significantly related to o (R = 0.4%, P<0.03; Table 2). suggesting
i that water avallability largely determined vine vigor, in agreement with previous studies

canducted in rain fed vinevards (Acevedo-Opazo et al, 20087, In addition, none of the

speciral indices showed significant correlation against f1IPAR. which might be attributed

Lo the nacrow range of variation in TPAR encountered in our study (see above).

In contrast with presioos studies (Acevedo-Opago el al, 2008 Hall e al, 2002,
| 201, yield was poorly related o NDVT but related o WIHir= 0054, P=<0 10 und = 0173,
P={1.03, for WOV and WT, respectively) (Fig. 20 Water defieil decroases yield due o
redoced leal area and intercepted ieht (Pellegrinoe et al, 2003) but also due g deerense
in (e pradiction of asstmilstes s a result of stomatal closore (Flesus el al,, 2002) Thas,
hecanze the W1 has been shown to respond to the water condent of 1.n'.';v_'L'.i:l.Ti-:'lr: (1.e, leal
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arca and relutive water content) as well as to changes in vine stomatal aperture (Serrano el
al.. 2000, 20000}, W1 miglit better charactenize the effects of water deficits on berry vield
than remote estimales of intercepted light (e, SR or RDVI) Moreover. in our study,
berry quality atiributes were found w be dependent on vine warer status rather than on
vine vizor { able 1), Consistently, W1 was significantly related to TA and TMAD {1 -
170, P<0.05, for both TA and IMAD) and marginally related w ‘I SS (r=-(1.59, P<0.10)
(Fig. 3} while no sipmficant relationships cmerged between NDWVI and herry qualily
attributes (results not shown). In contrast, PCD did not show significant relationships
aeninst berry quality atributes (Fig 3), probably due to the low dependence aof berry
cimposition on vine vigor (see lable 1) The results oblained suggest that remaote
eslimales of vine water status through the WT might he more uppropriate to characterize
bierry quality attributes than remote esumates of canopy structure (e, PCDY in vineyards
experivnoeing waler deficits,

Chir results add on o growing body of studies in precision viticallure that attempt
tor assess vine vield and quality attributes using hvperspectml indices ol physiological
condition {Marlin ¢l al., 2007, Meggio et al,, 2000; Suarez er al, 2010, Sereanw et al,,
2012 Zarco-Tejada ¢t al, 20051, More studies are needed, particularly at the Tield seale
(i.¢., lram airborne platforms), amd under o wide range of conditions and euliivars, i
arder (o ensure the apphicability of the Water Index to management practices,

CONCLLUSIONS

In our study, berry yield and guality attributes were found to be significantly
dependent an vine water status rather than on canopy vigor. Accordingly, and despiie the
depemdence ol vine canopy vigor on water availability, POD wd KDV tailed 1o predict
burry yicld and quality attributes whnle the Water Index, an indicator ol stomatal aperture,
provided relinhle estimates of tiratable acidity and maturity index in the vineyards under
study, Our results suggest that remete esnmates of vine water status through the Wl might
provide a valiable tool W predict berry composition 1n vineyards expericncing waler
defieirs.

ACNOWLEDMGEMENTS

We acknowledpe Codomin S.A (or providing PCD imagery and Mr, Antoni Ahad
for his assistance in feld data collection, This sty was carried out with the financial
support of AGL2009-13105-C03-03 ( Ministerio de Clenciu ¢ lunovacion, Spain).

Literature Cited

Avevedo-Opazo, C.. Tisseyre, B, Guillaume, S, and Ojedw. H. 2008, The potential ol
high spatial resolution information to define within-vincyunl wones related to vine
witlor slatus. Precision Agric, %:85-302.

Carbonnean. A. 1998 Imigation. vignoble et produit de la vigne. p.257-298. In: LR,
Tiercelin (ed.), Traie dimigation. Chapitre 1V, Aspects Qualitatifs. Lavoisier Tee and
L¥oic, Paris

Chaves, M.M_. Zarrouk. O, Franciseo. R.. Costa, LM., Santos. 1., Repalalo. AP,
Rodrigues, M.L. and Topes, C.M. 2010, Grapevine under deficit irrigation: hinls [rom
physiological and molecular date. Ann, Bul, 103661670,

Flexas, J.. Bota. ). Uscalona. J M, Sampol. B. and Medrano, H. 2002. liffects of drought
an photosynthesis m grapevines under field conditions: an evaluation of stomatal and
mesophy]] limitations. Funct. Plant Biel. 25461471,

Camon, LA, Field. C.. Goulden, M.. Griffin. K., Hartley, A.. Jocl, G., Pefivelas, J. and
Valentinh, R, 1995, Relationships  between  NDVL canopy  slructuce,  and
pholasynthesis in three Califorman vegetation tvpes. Ecol, Appl. 5:28-41.

Mall, A, Lamh, 0. Holzapfel, B. and Lows, J. 2002, Optical remate sensimg applicalion
movitienlture. A review, Aust, ], Grape Wine Res: 8:36-47

AR




Hall, A., Lamb, D., Holzapfel, B. and Lowss, ). 2011, Within-season lemparal varation in
correlations between vinevard canopy and winegiape composition and vield, Int J,
I'recision Agrie, 12:103-117

Johnson, L., Bosch, 1., Williams. D. and Lobite. B 2001 Remote sensing of vineyard
management womes: implicatons for wine quality. Appl. Fng. Apric, 17:557-560.

loundouras, 8., Marinns, V.. Gkoulioti. A, Kolseridis, ¥, and Van Leeuwen, C. 206,
Influence of vineyard location and wvine water starus on fruit matwiadion of
nonirripated ey Agiorgike (Vs vomifira 1), Cffects on wine phenalic and s
compunents | Aeric. Food Chem. 54:3077-5086

Murtin, P.. Zarco- l'ejada, P.. Goneales, M. and Beron, A. 2007, Using hyperspectral
remole sensing to map wrape guality o lempranillo’ vineyvards alfecred by iron
duficiency chlorosis, Vilis 46:7-14

Madrano, 11, Liscalona, 1., Cifié. 1., Bota, J, and Flexas, J, 2003, A en=year study on the
hysology of two Spanish prapevine cultivars under (ield conditions: eifects oF wiler
availability fram leal phanosynthesis o grape yield and quality. Funet. Plant Biol,
MEGLFT 6] B

Meggio, F., Zavco-Tujuds, P Nuiez, L., Sepulere-Cantd, G, Gonzales, M, and Mariin.
Eo HHOL Girapne qualiny assessment i vigevards affected By aron deficiency chilormsia
st nwmne-bund - physiological remote sensing indices. Remote Sens. Environ.
L 19081980

Pellegring, A, Debon, L, Simonneay, T, wd Werve 1 2005 Towards w simple indicaor
ol witler stress i grapevine (Virs vinfiera 1) based on the ditterentiul sunsitivities of
vigelative prowth components. Aust. | Grape Wine Res, | 1:306-315,

Peiueles, 1, Uilella, 1, Biel, C., Sersmo, L oand Savd, B 1993, The relNectance al the
9S00 nm region as un indicator of plant water status, lnt L Remole Sens, |40 1887
R

sehultz, 1L oand Matthews, M A 1988, Vegetanve erowth disrrtbunon during  waler
deficits in Mitis-vinilir 1 Aust. ), Plant Phvsiol | 3:641-636,

servang, L., Ustin, S0, Roberts, DAL, Gamon, LA, and Peduelas. ). 2000, Dheriving
water content of chaparral vegetation from AVIRIS data. Remote Sens. Environ,
T4 5TO-551.

serrang, Lo, Gonzdlez-Flor, (, and Gorehs, G, 2010 Assessing vinevard wuler sialus
using the reflectance based Water lndex. Aoric, Lcosys, Environ, 130:400-499

Serruner. 1, Gonsdlez Flor, C. und Gorehs. G. 2012, Assessment of erape yield and
compasition using the seflecianee based Warer Index in Muedilerrangan rainfed
vineyards. Remote Sens. Environ | 18249258,

suaree, L Zarco-Tejada, P.. Gonzlez-Dugo, V., Bemi. L. Sapardoy, R and Morales, F,
2010, Detecting water stress effects on fruit guality in orehards with time-series PRI
airborne imagery. Remoie Sens. Loviron, 114,286-294.

Van Leeowen, C.. Trégoal, O, Choné, X., Bois, B., Pemet, T, and Gaudillers, LP. 2009
Vine water slalus is a Key factor in grape ripening and vintage quality lor red
Bordesux wine. How can 1t be assessed (or vinevard management purposes? 1 Int
ol Wiene Vin 43-121-134,

Van Lecuwen. . and Seguin, G. 1994, Incidences de |'alimentation en eau de la vigmne,
apprivice par I"étar hydrigue du feuilluze. sur e développement de M apparat] viégclanf
el la maturation du raisin (Vi vimifira vunétd Cabemet franc, Saint- Emilion, 199101,
IoInl Sci, Vigne ¥Win 28:81-110

Zareo-Tejada. P., Berjon, A.. Lopez-lozano. K., Miller, J.. Murtin, P Cicharro. V..
CGonzalez, M, and Frutos. A 2005 Assessing vineyard condition with hyperspectral
indices: leaf and canopy reflectance simulation in 4 rowsstructured discontinuous
canopy. Remole Scns. Enyviron 99:27] 247,

Lt



Tuhles

Table 1. Pearsom correlation eocfficients between vield and quality attributes (TSS: Tostal
Soluble Solids. TA: Titratable Acidity, and TMAD: TSSTA) and vine vigour ang
water status (fIPAR. mctional Intercepted PAR: AT, CAnopy minus i
temiprerature at midday) (r=9). '

== Yl IS5 TA IMAD
MPAR (%) -0.62% 0.39 047 0.5]
A gaay ("C) (1,49 0.6fy% .61 (66

" and " indivate sigmificam corelutmns at o0, 10 awd B 1.0, respectively,

Fable 2. Pearson comclation coefticicnis hetween spectral indices and vine vigoue
(MPAR) and water status ("Yeaand AT.uy) At veraison (#=9),

1IPAR (%) W ﬂ_f_h"TFH-_I A T.|11I|:I|L5:E !"C}

PO 014 019 .72%

NDVI 028 01,72+ 00,40

SR 025 0,74+ 01,50 !
Wl 0,21 0.30 ) By

*and ** indicate sigmificant correlations ar P20, 10 and Pe (L5, respeetively,
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respeciively)




