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HorTScience 35(4):696—698. 2000. depending on phenological stage, cultivar,

. . plant age, density, and the amount of irrigation

received (Epstein and Robinson, 1965;

Nondestructive Methods to Estimate  [eceived (Epstein and Robinson, 1965
Bhattacharyya, 1984).

Leaf Al’ea |n VltlS Vlnlfel'a L In some studies, LW has been used to

estimate LA. Both dry and fresh weight (Win-
F.J. Montero, J.A. de Juan, A. Cuesta, and A. Brasa ter et al., 1956) appear highly related to LA
Departamento de Produccion Vegetal y Tecnologia Agraria, Escuela Técfigge: 1978; Payne et al,, 1991), but this
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Campus Universitario s/n, 02071-Albacete, Spain development and environmental conditions
ackman, 1956).

While mathematical models have been
grape widely used to estimate LA in many arable

Abstract. The importance of rapid, nondestructive, and accurate measurements of leafcrops, little modeling has been doneMitis
area (LA) in agronomic and physiological studies is well known, but a search of the Vinifera. Manivel and Weaver (1974) found a
literature revealed little information available for grape (Vitis vinifera L.). The results high correlation between the length of vine
described herein include a comparison of 12 different mathematical models for estimating€aves and their areR4= 0.91). Carbonneau
leaf area in ‘Cencibel’. The simplest, most accurate regression equations were: |:40.587 (1976) and Carbonneau and Mabrouck (1996)
LW (R2= 0.987) and LA= 0.588 LW (R?= 0.994), where LAis leaf area measured using Proposed a method using a number of linear
image analysis and LW is leaf lengthx maximum width. Use of maximum width (W), leaf Parameters to estimate LA. The best results
length (L), petiole length (L,), and dry weight of leaves (DML) as single variables in the Were obtained by adding the lengths of the two

regression equations were not as closely associated with total leaf area, although tiRéir main lateral veins. The coefficient of determi-
values were also highly significant. nation was=0.95 when 30% of the leaves on

one stem were measured.
The objectives of this research were to: 1)

The importance of vineyards in semiarid/ariable is seen in its widespread applicationgiesign and evaluate a number of regression
regions is recognized worldwide for theirf@nging from modeling biomass productivitymodels to estimate vine LA by nondestructive
social, economic and environmental effectdMcLeon and Running, 1988) to studyingmethods; 2) determine whether leaf weight
Europe contains 57% of the world surface arég@diative transfer (Lang and Kiang, 1986can be used to estimate LA; and 3) evaluate
of vineyards, and 53% of the total world pro]Norman and Campbell, 1989). With increaseomputer-aided methods in morphological and
duction (Food and Agriculture Organization, N9 émphasis on the use of remote sensing datforphometric studies of vine leaves. All mea-
1993). Spain (1,250,000 ha in 1994), Francl® characterize the underlying canopy, LAlsurements were made on a single cultivar,
(950,000 ha) and Italy (940,000 ha), are thwill increase in importance in climatological ‘Cencibel’.
main producing countries. research (Spanner et al., 1990). _

Todescribe the characteristics of vine cano- LA has been estimated by many different Materials and Methods

pies, leaf area index (LAI) is one of the mostnethods. Marshall (1968) classified these _
commonly used parameters, along with |eginethods into two broad classes: 1) destructive Data were collected during 1995 and 1996

distribution and level of radiation intercep-2nd nondestructive, and 2) directand indirecht a rainfed cropping farm at Tomelloso (lat.
tion. Leaf area (LA) is associated with many! N€ simplest method is based on drawing le®o° 10N, long. 31'W), Castilla-La Mancha,
agronomic and ecological processes, includiontours on a paper, and determining LA byn the central plateau of Spain, in an almost
ing photosynthesis, transpiration, and energy’€asuring the area of the paper with a planimélat plain with altitudes700 m. The climate is
balance (Gardner et al., 1990). Plant physiold®r O by weighing it. Other methods use opticalemperate Mediterranean, with sudden changes
gists and agronomists have demonstrated tié Photoelectrical instruments, air currents, ofrom cold to warm months, and high daily
importance of this parameter in estimatingYdraulic planimeters. Kvet and Marshalloscillations in maximum and minimum tem-
crop growth, developmental rate, and yield1971) concluded that the best method is dgeratures. Spring frosts are very unusual. The
potential (Gallagher and Biscoe, 1978). Th@endent on how much plant material can beoils are Calcixerollic-Petrocalcic Xerochrepts
biomass produced by a plant is more cloself?€asured, the accuracy required and the tinggd are sandy-loam textured, showing a cal-
associated with the total size of its assimilativénd personnel available. Today methods basegdreous crust layer, 20 cm thick, 40-50 cm
system than with the photosynthetic rate ofn Photoelectrical instruments are the mosielow the surface, which is the main limitation
single leaves (Watson, 1952). common, although destructive methods arforvine roots. Average annual rainfab360—
The accurate determination of LA is a key?!SO used. , 400 mm, making Castilla-La Mancha one of
issue in crop growth analysis (Hunt, 1982), as A number of simple methods are currentlyhe driest regions in Europe. During the study,
simple regression models relating LA and?€ing used to estimate LA (Gamiely et al.1996 was a typical year, but there was a late
crop growth rate are commonly used to estit991; Payne et al., 1991; Robbins and Pharffost in March, and an unusually dry period
mate crop yield (Aase, 1978; Knisel, 1980)1987) including: 1) linear measurements ofrom May to October in 1995.
The importance of LAl as a surface staté®@f length (L); 2) maximum width (W); 3)  The study was conducted in a 2.5-m square
petiole length (L); 4) leaf length maximum  plantation, in the middle of a 3-ha area of high-
- width (LW); 5) the square of the lengtt?}16)  yielding (2500-3500 kg-h4‘Cencibel’ vines
Received for publication 20 July 1999. Accepted fothe square of the width (% or 7) some (Rodriguez de la Rubia, 1996). The rootstock
publication 11 Nov. 1999. This work was partlycombination of these variables (Robbins angias 41B, known to have high resistance to
funded by the Commission of the EuropearPharr, 1987). Kemp (1960) and Marshall (1968)ctive limestone.
Eg?\'}”gq{g%ség?;)gh_mz EZEDQrFVOiJ\?g;(?m{ﬁSndicated that these methods are popular Leaves were collected from four plants
Regional Government of ggstillag-La M;’nchabecause they are simple, nondestructive, asglected at random every 10 d during the
through the Experimental Research Vine Centre iflo notrequire expensive instruments; howevegrowing season. Measurements were begun in
Tomelloso, is most gratefully acknowledged.Thdn€@surement of large plants is time1995, when the vines were at the H phenologi-
cost of publishing this paper was defrayed in part bfONSuUmMIng. _ _ calstage (inflorescences were well developed
the payment of page charges. Under postal regula- Another accurate technique often utilizecand single flowers separated) (Baillod and
tions, this paper therefore must be hereby markdé the ratio of LA : leaf weight (LW) Baggiolini, 1993), and continued until har-
advertisemensolely to indicate this fact. (Palaniswamy and Gémez, 1974). Values varyest. In 1996, sampling was begun at the J
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Fig. 1. The relationship of() LA, estimates derived from Eq. [5] with measurements of grape leaf length (L) and width (VB), bAddstimates derived from Eq.
[1] with mesurements of grape leaf length (L).

stage (when the young berries were enlargingletermined by image processing was very LA =a (DML)° [8]
and continued until harvest. high (>0.99). Nevertheless, the value obtained | A = a + b DML + ¢ DML? [9]
During 1995, stems of each plant werdy image processing was selected because °fLA —a+bl, [10]
classified according to their origin and posiits lower possibility of human error. Image _ )
tion within the plant: 1) shoots originating processing was superior to the other methods LA=a+bl,+cl, (11]
from dormant buds; 2) forward shoots origi-in several ways: 1) more samples could be P =a (LW} [12]
nating from the first fruit buds; and 3) back-analyzed; 2) the experimental error was re- ] )
ward shoots also emerging from the seconduced; 3) subjectivity was minimized; 4) time ~ Ed. [5], which relates LA with LW, had
fruit buds. In 1995 and 1996, LA was deterof sampling was reduced; 5) visual informa©ne of the highest correlation coefficients with
mined using an automatic analyzer (modetion could be permanently filed; and 6) oncd-A (Table 1, Fig. 1) and was preferable to
3100; LI-COR, Lincoln, Nebr.). The leaflengthleaves were scanned, the detailed analyspsher models, which are slightly more accu-

was measured from the upper edge of the leabuld be performed later. rate but more complicated. LA could be
to the lowest point (but not to the petiole Twelve mathematical equations were usefle€asured accurately by just knowing coeffi-
insertion as in other studies). The width wao estimate LA: cienta, and measuring length and width. The
measured at the widest point perpendicular to leaf factor defined as LAW had a value of
the longitudinal axis of the leaf. The petiole LA =al® 11] 0.587 inboth years, showmg cultivar stability.
length was also measured. Leaf dry weight | o — 5 1| 4 ¢ |2 2] Among the models using only one mea-
was recorded after drying to constant weight at surement to estimate LA, Eq. [1] was the most
80°C. LA=a+bW+cW [8]  accurate (Fig. 1). This model has the advan-
Linear and LA measurements were also LA =a+b W [4] tage of measuring only one leaf parameter, but
made both years using an EPSON GT-8000 | o = 4 LW [5] was not as constant from year to year as Eq.
scanner (Seiko Epson Corp., Nagano, Japan). [5]. Because it contains two coefficierasafid
The following parameters were evaluated: -~ =a (LWY [6] b), both of which vary from season to season.
leaf area (LA, maximum leaf width (W, LA = a DML [7] Length alone and width were also good pre-

maximum leaf length (), leaf perimeter (P),
and roundness index (RI) (3i4A/P?). Im- . ) ) ) )
ages were downloaded and processed on gﬁble 1. Coefficients of the models used to estimate grape leaf area (LA) and perimeter (P) in Castilla-La

IBM 512 K computer. The image processing Mancha, Spain, during 1995 and 1996.

software used was GLOBAL LAB Image Equation Year a b c R
version 2.10 (Data Translation, Marlboro,LA, =al® 1995 0.647 1.956 0.968
Mass.). 1996 0.656 1.946 0.988
Correlation coefficients were calculatedLA;=a+bL+cB 1995 -20.207 5.441 0.298 0.946
between all the parameters measured. An ex- 1996 -17.114 3.849 0.401 0.974
tensive range of mathematical models wasi =2 +bW+cW 1995 -16.283 3.032 0.483 0.942
tested to forecast LA, incorporating all the , _ 1996 —21.833 4.460 0.433 0.971
. . LA,=a+bW 1995 -1.563 0.609 0.941
independent variables (LZLW, WA, LW, L, 1996 3.025 0.602 0.969
DML) individually or in combination. The | p =4 w 1995 0.587 0.987
least squared method was utilized to develop ' 1996 0.588 0.994
the models. Statistics were analyzed usingA, = a (LW} 1995 0.796 0.944 0.959
Statgraphics version 5.0 (Statistical Graphics 1996 0.599 0.997 0.992
Corp., 1991). LA, =a (DMLY 1995 120.084 0.758 - 0.921
1996 128.805 0.851 --- 0.980
. . LA, =a+b DML + c DMI2 1995 6.371 134.743 —18.786 0.922
Results and Discussion 1996 3.653 146.330 -16.607 0.962
All the individual measurement traits e_x_-LAi =arbh iggg _g:ggi gé:g?g 8:;32
cept for specific leaf area (SLA) were signifi- o, = 3 + b L+c L2 1995 _9.683 23.785 ~0.197 0.724
cantly correlated (data not shown). The mea- 1996 ~15.012 29.549 —0.543 0.899
surements made on the different types of shools= a (LWY 1995 4.631 0.534 0.897
did not differ significantly. 1996 4.030 0.554 0.962

The correlation coefficient between LAz =|eaflength; W = leaf width; L4 leaf area (by image analysis); LW = lengihiidth; L, = petiole length;
calculated using the LI-COR 3100 and LAP = perimeter; DML = leaf dry weight.
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Table 2. Change in specific leaf area (SLA) duringvay at the Dept. of Plant Production and of methods. Dr. W. Junk N. V., The Hague,
1996 and its use for estimating leaf area WiﬂAgricuIturaI Technology of the Univ. of Netherlands.

Eq. [7] LA, = a DML? Castilla-La Mancha. Lang, A.R.G.and Y.Kiang. 1986. Estimation of leaf
— — area index from transmission of direct sunlight
5?":“; Coe;ffloe;a SLA (T7k599) in discontinuous canopies. Agr. For. Meteorol.
une . . ; ; 37:229-243.
25 June 12.88 15.93 Literature Cited Manivel, L. and R.J. Weaver. 1974. Biometrics
02 July 12.60 15.06 Aase, J.K. 1978. Relationship between leaf areaand correlations between leaf area and length
16 July 11.62 13.85 dry matter in winter wheat. Agron. J. 70:563— measurements of ‘Grenache’ grape leaves.
30 July 11.38 13.22 565. HortScience 9:27-28.
13 Aug. 10.69 11.98 Baillod, M. and M. Baggiolini. 1993. Les stadesMarshall, J.K. 1968. Methods for leaf area measure-
27 Aug. 10.56 12.08 repéres de la vigne. Rev. Suisse Viticult. ment of large and small leaf samples.
12 Sept. 11.34 13.65 Arboricult. Hort. 28:7-9. Photosynthetica 2:41-47.
7L A, = leaf area (by image analysis); DML = leafBlackman, G.E. 1956. Influence of light and tem-McKee, G.W. 1964. A coefficient for computing
dry matter. perature on leaf growth, p. 151-167. In: F.L. leaf area in hybrid corn. Agron. J. 56:240-241.
Milthorpe (ed.). The growth of leaves. McLeon, S.D.and S.W. Running. 1988. Comparing
Butterworths, London. site quality indices and productivity in ponde-

dictors of total LA, although the? was lower ~Carbonneau, A. 1976. Analyse de la croissance rosa pine stands of western Montana. Can. J.
and the mean square error (MSE) was higher des feuilles du sarment de vigne: Estimation ~For. Res. 18:346-352.

than with Eq. [5] de sa surface foliare par echantillonnageNorman, J.M. and G.S. Campbell. 1989. Canopy
L . . Connaissance vigne vin 10:141-159. structure, p. 301-325. In: R.W. Pearcy (ed.).
Among the models using DML, Eq. [8] is ¢, A. and H. Mabrouck. 1996. A simple ~ Plant physiological ecology: Field methods and
he bestin combining ease and acouracy Therear onneau, A. and H. Mabrouck. . Asimple  Plant physiological ecology: Field methods an
_t - o A : method for determination of grapevinétis instrumentation. Chapman and Hall, London.
is a highly significant correlation betweendry  yinifera L. leaf areaProgrés Agricole Viticole Palaniswamy, K.M. and K.A. Gémez. 19Zéngth—
matter of leaves and LA, but its main disad- 18:392-398. width method for estimating leaf area of rice.

vantage is that the leaf has to be destroye@pstein, E.and R.R. Robinson. 1965. Arapid method Agron. J. 66:430-433.
Using one single coefficient could result in  fordetermining leafarea of potato plartgron.  Palit, P. and A.C. Bhattacharayya. 1984. Measure-
good fit, but SLA is not constant and changes J. 57:515-516. ment of leaf area per plant of white jute
with time during the growing season (Table 2)’FOOSA%I%A?:”CE“WQ'?é%\%]izgion' 1993. Anuario ((ll_tort_:ho[u)s c_apstﬁlarisl_.) and tos_fs_aI ju:{eq_ o
. ; i e Produccid , Rome. olitoriusL.) using the average specific leaf weig
??):JiazgﬁL::)Iﬂggcflgegiggllcsltla?itcl)%n of CoemCIentSGaHagher, JN and R.V. Bis_coe. 1978. Radiation, value. Trop. Agr. 61:59-60, 80.
L ’ . absorption, growth and yield of cereals. J. AgrPayne, W.A., C.W. Wendt, L.R. Hossner, and C.E.
The_ poorest assouatlons c_)bserved Inour g Cambridge 91:47-60. Gates. 1991. Estimating pearl millet leaf area
analysis were those using petiole length as igamiely, S., W.M. Randle, H.A. Mills, and D.A.  and specific leaf area. Agron. J. 83:937-941.
Egs. [10] and [11]. However, Manivel and  smittle. 1991A rapid and nondestructive method Robbins, N.S. and D.M. Pharr. 1987. Leaf area
Weaver (1974) concluded that petiole length  for estimating leaf area of onions. HortScience  prediction models for cucumber from linear
in the cultivar Garnacha was one of the best 26:206. measurements. HortScience 22:1264-1266.
parameters to estimate LA. We do not knowGardner, F.P., R. Brent, and R.L. Mitchell. 1990Rodriguez de la Rubia, E. 1996. Situacion en Castilla-
why our results differ, but the number of  Physiology of crops plants. lowa State Univ. Laé\/lancheé, p.27—?a7. Iln:A.iaIir(\ag, F).J.Morcllltero,I
; . Press, Ames. and E. Rodriguez de la Rubia (eds.). La vid y el
lsetﬁ\cljf/s analyzed was much lower than in thell':mffmam,G.J. 1971. Estimating leafareafromlength  vino en Castilla-La Mancha. Junta de Comun-
' . . measurements for hybrid granex onion. Agron. idades de Castilla-La Mancha, Albacete, Spain.
The leaf pel_’lmeter could be es“ma_ted ac-  j.63:948-949. Spanner, M.A., L.L. Pierce, A.L. Peterson,and S.W.
curately following Eq. [12] from two linear pynt, R. 1982. Plant growth curves. The functional  Running. 1990. Remote sensing of temperature
measurements, length and width, because of approach to plant growth analysis. Edward ~coniferous forest leaf area index: The influence
its high coefficient of determination. Indices  Arnold, London. of canopy closure, understory vegetation and
like RI can be obtained by relating perimeterkemp, C.P. 1960. Methods of estimating the leaf background reflectance. Intl. J. Remote Sensing
and LA. This index cover depends on plant areaof grasses from linear measurements. Ann. 11:95-111.
morphology and is included in studies that _Bot. N. S. 24:491-499. _ StatisticalGraphi_csCorpor_ation.1991.Statgrapr_1ics
characterize cultivars. KmseI,dV\I/.fG., \:]r. 1_98?. CRE#MS:dA f|el_d-5(f:ale \éTSS% Séaﬂitlp”al gl\;le:jphlcs system. Users guide.
. . model for chemicals, runoff, and erosion from , Rockville, Md.
. The V',ne parameters that we r_neasured in agricultural management systems. Conservatiowatson, D.J. 1952. The physiological variation in
Cencibel _ShOUId be Cqm_p?f?d ‘W'th those'of Rpt. No. 26. U.S. Dept. Agr., Washington, D.C.  vyield. Adv. Agron. 4:101-145.
other cultivars (e.g., ‘Airén’, _Garnacha, Kvet, J. and J.K. Marshall. 1974ssessment of leaf Winter, E.J., P.J. Salter, G. Stanhill, and J.K.
‘Macabeo’, and ‘Cabernet Sauvignon’), tode-  area and other assimilating surfaces, p. 517— Bleasdale. 1956. Some methods of measuring
termine if the same methods are as accurate. A 555. In: Z. Sestak, J. Catsky, and P.G. Jarvis leaf area, p. 151-167. In: F.L. Milthorpe (ed.).
study with such characteristics is now under (eds.). Plant photosynthetic production: Manual ~ The growth of leaves. Butterworths, London.
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