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Abstract

In this study, avocado, Lorus plum, selected persimmon (52 UN 13), Hayward kiwifruit,
aubergine, pepper, cucumber, Black grape (Vitis labrusca L.), Narince (Vitis vinifera L.). red-
currant, summer squash, runner bean, Heritage red raspberry and Chester blackberry plant species
were used to validate the regression equations of UZCELIK-I. The actual leaf area of the plants
were mceasured by PLACOM Digital Planimeter and predicted leaf area by using UZCELIK-1
equations based on widest Jamina width and length of leaves. The equations were validated using
the residual values between predicted and measured leaf areas. R? values for the relations between
actual and predicted leaf areas of the tested specics were found to be 0.972, 0.918, 0.983, 0.971,
0.949. 0.988, 0.9606. 0.846, 0.953, 0.953. 0.943. 0.950, 0.950 and 0.925 for avocado, Lotus plum,
selected persimmon (52 UN 13), Hayward kiwifruit, aubergine, pepper, cucumber, Black grape
(Vitis labrusca L)), Narince (Vitis vinifera L.), red-currant. summer squash, runner bean, Heritage
red raspberry and Chester blackberry . respectively.

Introduction

Mathematical modelling provides a particularly powerful tool for the formulation of
hypotheses and the quantitative description of plant function (Evans, 1972). As modelling
techniques are being used increasingly in all areas of plant science, we think that leaf area
prediction models are the first step to get into more detailed analyses of plants (Jones,
1992). Models have great potential for practical use but they have as yet not left the
research environment (Seligman, 1990; Uzun, 1996). It is the first desire of model users
that models testing results confirm the initial hypotheses of model makers. An equally
important step, however, in the development of useful models is their validation and
testing (Bindi er of., 1997). Without proper experimental and statistical validation, models
which attempt to predict any variable of plant growth must be viewed with caution. In
regression analyses, the proportion of the variation accounted by a rclationship is
equivalent to the cocfficient of determination (rz) (Evans, 1972).

Validated and accurate, non-destructive methods of estimating leaf area are useful in
the study of the relationship between leaf arca and plant growth. On the other hand
validated models climinate the need for expensive leaf area meters or time-consuming for
geometric reconstruction (Elsner & Jubb. 1988; NeSmith, 1991). Additionally, these
methods permit repeated sampling of the same plant over time, thus reducing some of the
experimental variability associated with destructive sampling procedures (NeSmith,
1992). Many researchers find it easy to construct a mathematical model based on
regression analyses (Robbins & Pharr, 1987). However, the objective of regression
analyses and modelling is to maximise the proportion of the variation accounted for by
the model, whilst minimising the unattributable variation. ’
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[eal arca is a critical parameter in the derivation of many indices ol plant growth
since an estimate of leat arca is required in most rescarch efforts involving plant growth
(Celik e wf. 1982). Some models for the simulation ot leal area in some horticultural
plants were suggested by Uzun & Celik (1999) previously, These models were based on
the relationship between leaf arca and leal” length. Teal width and a lixed plant species
number. In this paper. validation ot these models were performed where the original
model of Uzun & Celik (1999) (UZCLELIK-T) was used o simulate the leat arca ol some
horticultural plants which were utilised to construct the above model.

Muterials and Methods

Leal samples used in this research were selected randomly from fourteen different
horticultural plants during the summer of 1999. Tropical. subtropical. currant. grape and
berry-like (small fruit) plants were selected from the horticultural rescarch area and
vegetables from unheated greenhouses. A total of 206 leaves were measured from the
sclected plants that are widely grown under Samsun ¢cological condition and used in
rescarches for Bluck Sca Region. Leal samples of the plants tried in the present study and
their fixed plant numbers were avocado [ 1], Zorus plum [2], selected persimmon (52 UN
13) [3[. kinifruit [4]. aubergine |31 and pepper [6] for the tirst model:  cucumber [7],
Black grape (Fitis labrusca 1.0y [8]. Narinee (Vitiy vinifera 1..) [9]. red-currant [10] and
sunumer squash [ 1H for the second model; runner bean [13], Heritage red raspberry [14]
and Chester blackberry [ 15 for the third model. The plant species (PS as numbered in
the brackers) and the models (Uzun & Celik, 1999) used to predict leat areas of the
ditferent plant groups are as tollows:

LA =50.63-1.353%1/WxPS+5 347 W+0.06x W sPSH+5.489«1. .................. (1) for
avocado. Lotus plum, selected persimmon (52 UN 13), Hayward kiwifruit, aubergine and
pepper.

LA 1T A3-7 3 L/ WHPS+0,651 W +210.80+1/W e (2) for

cucumber, Black grape  (Vitis labrusca 1), Narince (Vitis vinifera 1.), red-currant and
summer squash.

FA= -148.65-2.394L LL % PSH2.1 26+U1L1«PS+29.724LLE . (3) for
runner bean, eritage red raspberry and Chester blackberry, where LA is leal arca. L is
leal length, Wois leaf width, ULL is upper leaf Jobe length and LLL is lower leallet length.

The leaves were held in a moist environment while being transported in the
laboratory. Once in the laboratory. the leaves were removed from the petiole, placed on
the photocopicr desktop by holding tlat and secure and copied on As sheet (1:1) one by
one. A Placom Digital Planimeter (SOKKISHA Planimeter nc., Model KP-90) was used
to obtain actual feal” arca. [n addition o the area measurement, a series of linear
measurements such as leat width (W) leaf Tength (L), were collected. Values for both of
them were recorded to the nearest 0.1 em. The EXCLELL 7.0 package was used in modcel

validation procedures.
Results

Plotting processes were carried out between actual being  calculated by using

PLACOM digital planimeter and predicted leal” arcas of the tested plants that are
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calcufated by the model UZCELIK-T (Uzun & Celike 1999) to hind out the degree of
accuracy ol the mentioned model. Fig. 1 shows actual leat arca plotted against the values
predicted by the model Tor avocado (a), Lotus plum (b)) selected persimmon (32 1N 3}
(<), Hlayvward Kiwilruit (di. aubergine (¢) and pepper (1), It was tound that the relationship
(r~ values) between actual and predicted leal arcas varied from 0.918 10 Zormus plum o
0.988 in pepper (from the lowest to the highest value). As it can be seen from the Fig. la.
¢, d and c. the Model 1 predicted leaf arca ol the plants reasonably well lor avocado
(0.972). sclected persimmon (52 UN 13) (0.983). ayward Kiwilruit (0.971) and
aubergine (0.949). In general, Model 1 predicted that teatf area of avocado and Lorus plum
would be systematically greater than the measured values, On the other hand. the sume
model underestimated the leal” arca for selected persimmon (32 UN 13). Hayvward
kiwilruit and aubergine. The predicted leaf avea values in pepper closely resembled the
measured data.
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Fig. 1. Relationships between actual and predicted leaf area (cm’) for the plants of group 1. namely.
avocado (a), Lotus plum (b), sclected persimmon (52 UN 13) (¢). Hayward kiwifruit (d). aubergine
(e) and appear (1).
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Model 2 was applied to the second plant group. As seen in Iig. 2a, b, ¢, d and ¢, the
r values showing the degree of relationship between actual and predicted leaf arcas of
cucumber, black grape (Vitis labrusca 1..). narince (Vitis vinifera 1. ), red-currant and
summer squash were found to be between 0.846 (in Black grape, Vidis labrusca L) and
0.987 (in Narince. Viris vinifera 1..). 1lowever, the Model 2 overestimated leal aveas of
tested plant species.
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Fig. 2. Relationships between actual and predicted leal arca (em?) for the plants of group I1.
namely. cucumber (a), black grape (Vitis labrusca 1.0y (b). Narinee (Fitis vinifera 1.} (¢). red-
currant (d) and summer squash (e).

Model 3 was applied to the third plant group. As scen in Fig. 3a. b and ¢, the 17
values was between 0.925 (in Chester blackberry) and 0.950 (in runner bean and Heritage
red raspberry). On the other hand the same model underestimated the teaf area for Chester
blackberry and runner bean while overestimated the leaf area for Heritage red raspberry.
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Fig. 3. Relationships between actual and predicted leaf arca (em?) for the plants of group 111
namely. runner bean (a). Heritage red raspberry (b) and Chester blackberry (¢).

Discussion

It is obvious that without proper experimental and statistical validation, models
which attempt to predict leaf arca of the crops must be viewed with caution. In regression
analyses, the proportion of the variation accounted by a relationship 1s equivalent to the
coefticient of determination (1'3) (Bindi ef af., 1997). The objective of regression analyses
and modelling is to maximise the proportion of the variation accounted for by the model.

The models used in the present study performed reasonably well when used to
simulate leat arca of tested plant species with an exception that 1 value of the relationship
between actual and predicted leaf area of Black grape (Vitis lubrusca L.), (0.846). We
suggest that the constructed models (UZCELIK-I) can be used to calculate the Jeal areas
of mentioned plant species although there are slight tendencies of the models to over or
underestimate the leal areas depending on tried plant species. Morcover, the models can
be of value in the evolution ol new models which can be thought ol by the researchers in
this ficld.
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