BuLG. J. Prant Puaysior., 2003, 29(1-2), 96—-100

SHORT COMMUNICATION

PREDICTION OF LEAF AREA IN PHASEOLUS VULGARIS
BY NON-DESTRUCTIVE METHOD

Bhatt M. and Chanda S.V.*
Department of Biosciences, Saurashtra University, Rajkot 360005, India
Received May 21, 2003

Estimation of leaf areaisan essential component of plant growth analysis and evapo-
transpirational studies. Leaf areaisimportant for crop light interception and therefore
has alarge influence on growth (Boote et al., 1988), transpiration (Enoch and Hurd,
1979) and growth rate (Leith et al., 1986). L eaf areaproduction is essential for energy
transference and dry matter accumulation processesin crop canopies. It isalso useful
in the analysis of canopy architecture as it allows determination of leaf areaindex,
which isimportant for light interception, radiation use efficiency, plant growth, etc.
However, measurement of leaf area of al the leaves of any single plant is not only
time consuming but also involves alarge amount of labour. But, one cannot do away
without measuring leaf area because estimation of leaf areaisan essential part of plant
growth analysis. Although many methods are available for |eaf area measurements,
the use of leaf areaasavariablein plant growth analysis and physiological studiesis
limited owing to the time consuming and laborious methods involved in its measure-
ment and though sophisticated el ectronic instruments provide accurate and fast |eaf
area measurement, is expensive especialy in developing countries. Hence the need
to develop economically cheaper and technically easier but sound method is needed
for leaf areameasurement (Korvaand Forbes, 1997).

Montgomery (1911) first suggested that |eaf areaof aplant can be calculated from
linear measurement of leaves using agenera relationship A=bxIxW where b isacoef-
ficient. Such amathematical equation for estimating leaf areareduces sampling effort
and cost, may increase precision where sample of leaf size are difficult to handle. There
are anumber of prediction equationsfor leaf area measurement of several crops such
asjute (Chaudhuri and Patra, 1972), cotton (Ashely et a., 1963), Blackgram (Bal ak-
rishnan et al., 1987), soybean (Wiersma and Bailey, 1975), frenchbean (Rat et al.
1988), pearl millet (Chandaet al., 1985), sunflower (Chanda and Singh, 1997), ramie
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(Sarkar and Maitra, 2001), wheat (Chanda and Singh, 2003), etc. However, there is
no prediction equation for Phaseolus vulgaris for estimation of |eaf areathrough non-
destructive method. Therefore, in the present investigation an attempt has been made
to develop a prediction equation which is simple, accurate and time saving method
of leaf area determination in Phaseolus vulgaris.

The experiment was conducted at Rajkot, Gujarat, Indiain 2002. Rajkot is situated
at N 20°58' to 23°08' latitude and N 70°20' to 70°40' longitude. The ecoclimate of
Rajkot isarid to marginal semiarid. The present investigation was carried out in agreen
house on the black cotton soil (vertisol) whichisusually found in agricultural fields
in the western region of Gujarat. Certified seeds of Phaseolus vulgaris (L) were pur-
chased locally. Three different saltsviz, NaCl, KCl and N&,SO, were used for impos-
ing salinity. A number of concentrations of each salt were taken and their effect on
seedling growth was studied in the pil ot experiment. Finally, three concentrationswere
selectedi.e. Treatment 1 (T1) =0.2%, Treatment 2 (T2) =0.5%, Treatment 3 (T3)=1%
for our study. T3 was harmful for the plants when the saltswere NaCl or KCI; beyond
this concentration plants did not survive. Therefore only two concentrations were used
in these two salts. But in case of Na,SO, plants were able to survive in T3 concentra-
tion also. The plants where no salt was added served as control.

For each treatment hundred polythene bags were taken and filled with 4kg of
black fertile soil. They were divided into 34 sets. One set comprised of control, while
the othersthree setswere of T1, T2 and T3 treatment of each salt. Seven-Eight seeds
were sown in each bag at a depth of 5-10mm., immediately after sowing, soilswere
watered with water or salts solutions. And there after simple tap water was added as
and when required. Seedlings germinated within two days, after sowing. Sampling
started from seventh day and continued up to maturity

Sampling wasdone at an interval of 7 days and on each sampling day, 3 bags (of
control and treatment) were harvested and about 15-16 plants were harvested in each
concentration of each treatment and brought to the laboratory. The plants partswere
separated into root, hypocotyl and leaves. All the organs were separately oven dried
at 65° to constant weight for dry weight measurement. The length of root and shoot
was measured to nearest cm. The length and maximum width of all leaves was also
measured. The outline of al the leaves from each plant wastraced out on agraph paper
which had auniform distribution with area. The leaf shape was cut out from the graph
paper and the copies were weighted, the leaf areawas then gravimetrically evaluated.

Correlations coefficients for the gravimetrically determined leaf area per plant
and for the dependant variables L, W, their squares (L2 and W?2), sums of length and
width (L+W) and the products of length and width (LW) were calculated for each salt
treatment and together (Table 1). As ameasure of fit of the regression equation, the
coefficient of determination (R?) defined astheratio of the sum of the squares dueto
regression and the total sum of squares, had been considered. Regression model with
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highest R2 value was considered as best prediction equation (Abraham and L edolter,
1983).

Table 1 Correlation coefficients r between L (length), W (width), L2, W2, L+W and LW of leaves and
the total area per plant. All r values were significant at p<1%.

Treatment L W LW L? W2 L+W No. of observations
NaCl 0.764 0.755 0810 0.755 0829 0.776 126
KCI 0916 0.903 0927 0.903 0914 0.922 230
Na,SO, 0760 0.889 0884 0.625 0.860 0.856 234
All together 0.82 0.86 0.87 0.74 0.86 0.86 590

Inall cases correlation coefficientswere significant at 1% level. The best correla-
tion existed with L+W and with LW. The dataon LW and L+W of all leaves and total
leaf area per plant of al the three treatments were fitted separately and together to a
linear regression equation Y =a + bx, wherey representsthe leaf area(Y) and x either
LW or L+W (Table 2).

Table 2 Relationships between product of length and width (LW) and sum of length and
width (L+W) and total leaf area per plant

Treatment Regression equation Standard error
NaCl Y=11.01 + 0.07LW 0.004
Y =-2.65 + 1.06(L+W) 0.077
KCl Y =10.92 + 0.56 LW 0.001
Y =-1.36 + 0.90 (L+WJ 0.250
Na.SO Y =12.10 + 0.05 LW 0.002
2 Y =1.60 + 0.81 [L+W) 0.032
Y =11.98 + 0.06 LW 0.001
All together Y = 0.11 +0.88(L+W) 0.022

The slopes (b) of the regression equation did not revel any significant difference
amongst individua treatments when the independent variablewasL+B. Using L+W,
the Y -intercept (a) was not significantly different from 0. Hence the leaf area per plant
may be calculated by the equation y=0.88(L+W). Further “t” test was performed to
assess the significant difference, if any, between the calculated leaf area (using the
above equation) and the gravimetrically determined leaf area, and it was found non-
significant on all harvest dates. Hence this equation can be used to estimate |eaf area
in Phaseolus vulgaris.
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There are many reportswhich suggest calculation of |leaf areafrom leaf dry weight
data (Sharrett and Baker, 1985; Maet al., 1992) since these two parameters showed
significant linear correlation. However, Marshall (1968) suggested that this rel ation-
ship changes during plant growth and aong with changesin environmental conditions.
Studies of Chanda et al. (1995) support this conclusion. In the present study also | eaf
areaand leaf dry weight values of all three sets of experimental datawerefitted to a
linear regression analysis separately as well as combined data but it did not shows
significant correlation and hence leaf dry weight cannot be substituted for leaf area.

References

Abraham B., J. Ledolter, 1983. Statistical Methods for Forecasting. John Willey & Sons, New
York.

Ashley D. A., B. D. Doss, O. L. Bennett, 1963. A method for determining leaf areain cotton.
Agron. J., 55, 584-585.

Balakrishnan K., K. M. Sundaran, N. Natarajaratham, 1987. L eaf area estimation by non de-
structive method in blackgram. Indian J. Agric. Sci., 57, 286-288.

Boote K. J., J. W. Jones, G. Hoogenboom, 1988. Research and management application of
the pnutgro crop growth model. Proc. Am. Peanut Res. Edu. Soc., 20, 57.

ChandaS. V., Y. D. Singh, 1997. A rapid method for determining leaf areain sunflower. Acta
Agron., 27, 70-75.

ChandaS. V., A. K. Joshi, P. P. Vaishnav, Y. D. Singh, 1985. L eaf area determination in pear!
millet using linear measurements — area and matter — area rel ationships. Photosyn-
thetica, 19, 434-427.

Chanda S. V., Y. D. Singh, 2003. Estimation of |eaf areain wheat using linear measurement
arearelationships. Plant Breed. Seed Sci., In Press.

Chaudhuri B. B., A. P. Patra, 1972. Note on rapid method of determining leaf area in tossa
jute. Indian J. Agric. Sci., 44, 1142-1143.

Enoch H. Z., R. G. Hurd, 1979. The effect of elevated CO, concatenation in the atmosphere
on plant transpiration and water use efficiency: A study with potted carnation plants.
Int. J. Biometer., 23, 343-351.

Korval. T., G. A. Forbes, 1997. A simple and low cost method for |eaf area measurement of
detached leaves. Exp. Ag., 33, 65-72.

Leith J. H., J. P. Reynolds, H. H. Rogers, 1986. Estimation of leaf area of soybeans grown
under elevated carbon dioxide levels. Field Crops Res., 13, 193-203.

Mal., F. P. Gardner, A. Selamat, 1992. Estimation of leaf area from leaf and total mass
measurements in peanut. Crop Sci., 32, 467-471.

Marshall J. K., 1968. Methods of leaf area measurement of large and small leaf samples.
Photosynthetica, 2, 41-47.



100 M. Bhatt and S. V. Chanda

Montgomery E. G., 1911. Correlation studies in corn. Nebraska Agr. Exp. Sta. Annu. Rep.,
24, 108-159.

Ra A., P. B. Alipit, M. B. Toledo, 1988. Estimation of leaf area of frenchbean using linear
measurement. Indian J. Agric. Sci., 58, 727.

Sarkar S., D. N. Maitra, 2001. Prediction of leaf areain ramaie (Boehmeira nivea L.) gaud.
By non—destructive method. Indian J. Plant. Physial., 6, 403—405.

Sharrett B. S., D. G. Baker, 1985. Alfalfaleaf areaasafunction of dry matter. Crop Sci., 26,
1040-1042.

WiersmaJ. V., T. B. Bailey, 1975. Estimation of |eaflet, trifoliate and total leaf area of soya-
bean. Agron. J., 67, 26-30



