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Mathematical constants for multiplication with leaf
length (1) or breadth (b) or 1 X b have been worked out
for determining leaf area in promising mulberry geno-
types viz., Chinese White, S-146, Chak Majra and
Sujanpur Local of sub-tropical India. When pooled,
the mathematical constants worked out were 8.1132,
10.1019 and 0.5992 for multiplication with leaf length,
breadth and 1 x b, respectively, for genotypes bearing
un-lobbed leaves and 6.9447, 8.2761 and 0.5009 for
multiplication with leaf length, breadth and 1xb,
respectively for genotypes bearing lobbed leaves. Leaf
area can be worked out by using any constant by mul-
tiplying either with leaf length or breadth or both
(1x b). Estimated leaf areas worked out were found
significantly and positively correlated with actual leaf
area (r = 999**), The suggested present non-destruc-
tive method by using mathematical constants is very
quick and alternative to electronic leaf area meter for
spot leaf area determination in mulberry which is the
only food source for mulberry silkworm in sericulture
industry.
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Introduction

The mulberry (Morus sp.) leaf is the sole food source for
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rearing of silkworms (Bombyx mori L.) in sericulture
industry. In India, silk productivity per unit of area is very
low as compared to China, which is mainly due to poor
yielding mulberry genotypes. The economy or profitabil-
ity of sericulture depends primarily on yield and quality of
the mulberry leaf produced. Various studies on silkworm's
nutrition have established the role of leaf quality on
growth and development of the silkworm and its impor-
tance in overall silk production (Shankar et al., 1994; Sin-
ghal et al., 1998a, b; 1999a, b; 2001; Singhal and Mala,
1998; Subburathinam et al., 1993; Subburathinam and
Chetty, 1991). Thus, for improvement in overall silk pro-
duction, there is an urge to develop more productive mul-
berry genotypes with superior leaf quality which
contributes as high as 38.2% in getting successful silk-
worm cocoon crop than the climate (37.0%), rearing tech-
nique (9.3%), silkworm race (4.2%), silkworm eggs
(3.1%) and other factors (8.2%) (Miyashita, 1986).

In mulberry, leaf is the desired organ for sericulture
which plays an important role in the photosynthetic activ-
ity of the plant and leaf area is considered as a reliable
index for determining the overall metabolic efficiency
(Singhal et al., 2000). For all mulberry improvement pro-
grammes, leaf area is the most desired parameter to be
measured at various stages of plant growth without pluck-
ing of leaf for selection of improved genotypes in breed-
ing programmes.

At most of the research stations, portable leaf area meter
is not available due to non-affordable cost and it has
become utmost necessary to devise some alternative non-
destructive method for leaf area determination in mulberry
under sub-tropical condition of Jammu province where lot
of mulberry wealth is available to explore for developing
more productive genotypes by breeding techniques, so
that the bivoltine sericulture industry of this province can
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be made more profitable with superior quality of silk.

Non-destructive methods of leaf area determination by
using factor are found successful in many agricultural
crops like Cocoyam (Agueguta, 1993), Linseed (Dixit et
al., 1982), Maize (Francis et al., 1969), Brinjal (Moham-
mad and Krishnamurthy, 2001), Cotton, Green gram and
Groundnut (Musande et al., 1982), Opium Poppy (Nigam
et al., 1987), Asgandh (Patidar et al, 1990), Sorghum
(Stellers et al., 1981). In the present investigation, math-
ematical constants were devised for non-destructive
method of leaf area determination in mulberry and esti-
mated leaf area obtained by applying such constants were
also tested for accuracy by regression models and single
constants.

Materials and Methods

The present study was carried out at mulberry farm of
Regional Sericultural Research Station, Miran Sahib,
Jammu, India situated at the latitude and longitudes of
32.0 17" and 73.0 26, respectively. The mulberry plants
were grown under bush type of plantation with 3'x 3'
spacing in between the plants and rows. From three years
old plantations, all the leaves of 10 random plants of dif-
ferent plant populations from four most promising mul-
berry genotypes, namely, Chinese White, S-146, Chak
Majra and Sujanpur Local, were sampled. Actual leaf area
(LAA) of all the leaves was measured by computerized
Licor leaf area meter. Apparent leaf area (LAP) was cal-
culated by multiplying leaf length x breadth at maximum.
The mathematical constant (C) was worked out by the for-
mula C = LAA/LAP. Similarly, in all the four genotypes,
single constants were also worked out for multiplying
them either with leaf length (1) or breadth (b) by dividing
actual leaf area with leaf length or breadth for finding out
estimated leaf area (ALE). Deviations from actual leaf
area were calculated and significance was tested by paired
t-test. To minimize the error of independent variables, viz.,
the linear measurement of leaf length, breadth and 1 x b,
were regressed on the dependent variable - actual leaf
area. The best fit curve was chosen and the linear regres-
sion model of the form y = a + b x was found appropriate.
Simple constants were also determined as the coefficient
of actual yield area and leaf length, breadth or 1 X b. The
leaf area was estimated by employing the regression
model and the simple co-efficients for total leaves. The
accuracy of each method was detected by employing
paired t-test in comparison with actual leaf area (Zaman et
al., 1982). Data of three genotypes (Chinese White, S-146
and Chak Majra) bearing un-lobbed leaves were finally
pooled and three constants for leaf length, breadth and 1 x

b were worked out. Similarly, data of different plant pop-
ulations of the genotype Sujanpur local bearing lobbed
leaves, were also pooled and three constants were worked
out. Any constant depending upon the leaf length or
breadth or 1 xb can be employed for leaf area determi-
nation. Deviation from actual leaf area was calculated and
significance was tested by paired ‘¢’ test. Correlation coef-
ficient and regression equations were also worked out.

Results

The regression model developed through each of the three
leaf variables and their respective coefficients of determi-
nation in four genotypes are presented in Table 1, 2, 3, 4.
The mathematical relationship of leaf area estimation
through leaf length, breadth and 1xb through linear

Table 1. Regression equations for leaf area estimation of mulberry
(Morus sp.), genotype-Chinese white, through leaf variables

Regression equation

Variancer
r a b 2
Length 0.97 —-98.48 13.43 0.94
Breadth 0.97 -96.73 17.53 0.94
Length (I) X Breadth (b) 0.99 040 0.59 0.98

Table 2. Regression equations for leaf area estimation of mul-
berry (Morus sp.), genotype-S-146, through leaf variables

Regression equation

Variancer
r a b ?
Length 0.94 -99.92 14.64 0.88
Breadth 0.64 -108.32 17.78 0.40
Length (1) X Breadth (b)  0.86 385 0.58 0.73

Table 3. Regression equations for leaf area estimation of mul-
berry (Morus sp.), genotype-Chak Majra, through leaf variables

Regression equation

Variancer

r a b 2
Length 0.93 -83.86 13.17 0.86
Breadth 0.93 -103.21 17.77 0.86

Length (1) x Breadth (b)  0.99 -0.33  0.60 0.98

Table 4. Regression equations for leaf area estimation of mulberry
(Morus sp.), genotype-Sujanpur local, through leaf variables

Regression equation

Vari
ariancer - . b >

Length 096 -163.22 17.08 0.92

Breadth 0.97 —68.75 13.35 0.94

Length (I) X Breadth (b)  0.97 -6.43 047 0.94
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Table 5. Estimated leaf area of mulberry (Morus sp.), geno-
type-Chinese white, by different methods and their compara-
tive test with actual leaf area

Table 7. Estimated leaf area of muiberry (Morus sp.), geno-
type-Chak Majra, by different methods and their comparative
test with actual leaf area

Leaf area Paired Leaf area Paired
Method cm®)  test Method (cmd)  ttest
1. Actual leaf area on 1. Actual leaf area on
computerized electronic 110.61 Computerized electronic 135.64
leaf area meter (cm?) Leaf area meter (cm®)
2. Estimated leaf area (cm?) 2. Estimated leaf area (cm?)
by regression models by regression models
a. leaf length (1) 110.54 0.01 a. leaf length (1) 135.42 0.05
b. leaf breadth (b) 110.47 0.03 b. leaf breadth (b) 135.44 0.05
c. Leaf length x breadth (1 x b) 110.65  0.008 c. Leaf length x breadth (1 x b) 135.04 0.11
3. Estimated leaf area (cm?) Constants 3. Estimated leaf area (cm?) Constants
by single constants by single constants
a. leaf length (1) 7.1068  110.59 0.005 a. leaf length (1) 8.1426  135.62 0.005
b. leaf breadth (b) 93579  110.58  0.007 b. leaf breadth (b) 10.0968 13562  0.005
c. Leaf length x breadth (I1xb) 0.5919  110.44  0.020 c. Leaf length x breadth (1xb) 0.6012  135.60  0.007

Table 6. Estimated leaf area of mulberry (Morus sp.), geno-
type-S-146, by different methods and their comparative test
with actual leaf area

Table 8. Estimated leaf area of mulberry (Morus sp.), geno-
type-Sujanpur Local, by different methods and their compara-
tive test with actual leaf area

Method Leaf azrea Paired Method Leaf azrea Paired
(cm?) t-test (cm?) t-test
I. Actual leaf area on Actual leaf area on
computerized electronic 158.06 computerized electronic 118.81
leaf area meter (cm?) leaf area meter (cm?)
2. Estimated leaf area (cm?) 2. Estimated leaf area (cm?)
by regression models by regression models
a. leaf length (1) 157.89 0.04 a. leaf length (1) 111.76 0.009
b. leaf breadth (b) 15446 093 b. leaf breadth (b) 111.60  0.030
c. Leaf length X breadth (1 x b) 155.93 0.40 ¢. Leaf length X breadth (I1x b) 11136  0.050
3. Estimated leaf area (cm?) Constants 3. Estimated leaf area (cm?) Constants
by single constants by single constants
a. leaf length (1) 89756  157.85 0.05 a. leaf length (1) 6.9447  111.73 0.010
b. leaf breadth (b) 10.6884  157.85 0.20 b. leaf breadth (b) 8.27614 111.72  0.010
c. Leaf length X breadth (Ixb) 0.6028  157.33 0.14 c. Leaf length X breadth Ixb) 0.5007  111.81  0.010

regression models were found to have a positive and
highly significant correlation with actual leaf area deter-
mined through computerized leaf area meter. The mean
leaf area estimated by regression models and simple co-
efficients and test of significance through paired t-test val-
ues in all four genotypes are presented in Table 3, 6, 7, 8.
The results indicated that the leaf area estimated by
employing the linear regression model through the mea-
surement of leaf length, breadth and 1xb was 110.54,
110.47 and 110.65 sq. cm. in the genotype Chinese White;
157.89, 154.46 and 155.93 sq. cm. in the genotype S-146;
135.42, 135.44 and 135.04 sq. cm. in the genotype Chak
Majra and 111.76, 111.60 and 111.36 sq. cm. in the gen-

otype Sujanpur Local. These estimates were close to the
actual leaf area of 110.61, 158.06, 135.64 and 111.81 sq.
cm. in the genotypes Chinese White, S-146, Chak Majra
and Sujanpur Local, respectively as indicated by non sig-
nificant differences by paired t-test value. The multipli-
cation of leaf length by the constant 7.1068, breadth by
9.3579 and 1 X b by 0.5919 revealed mean estimated leaf
areas of 110.59, 110.58 and 110.44 sq. cm. in the geno-
type Chinese White (Table 5). Similarly, the constants for
length, breadth and 1 x b for all three other genotypes have
also shown the estimated leaf areas significantly closer to
the actual leaf area measured by the computerized leaf
area meter (Table 6 to 8). The paired t-test values con-
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Table 9. Pooled analysis for estimated leaf area in promising
mulberry genotypes bearing un-lobbed leaves

L
Mulberry eaf area -
genotype Actual Apparent Estimated eviation
from actual
Chinese White 110.61 186.87 111.97 1.36
S-146 158.06 26222 157.12 -0.94
Chak Majra 135.64 22562 13520 -0.44
Pooledoverallthe ., 27 2r400 13476 —0.01
3 genotypes
Constants
Length (1) = 8.1132
Breadth (b) = 10.1019
I xb=0.5992
Correlation coefficient (r) = 0.999%*%
't value = 0.004

Linear regression equation : Y = a + bx
= 6.586 + 0.951x

Table 10. Pooled analysis for estimated leaf area from different
plant populations of promising mulberry genotype- sujanpur
local bearing lobbed leaves

Leaf area
Mulberry Deviat
. eviation
t

genotype Actual Apparent Estimated from actual
Sujanpur local 111.81 22322 11177 -0.04
Constants
Length (1) = 6.9447
Breadth (b) = 8.2761
1 x b = 0.5009
Correlation coefficient (r) = 0.999%*
't' value = 0.008
Linear regression equation: Y = a + bx

= 7.07 + 0.994x

firmed that the leaf areas estimated by these methods were
not significantly different from the actual leaf areas. The
data collected for three genotypes (Chinese White, S-146
and Chak Majra) were pooled and constants for leaf
length (8.1132), breadth (10.1019) and 1xb (0.5992)
were worked out for genotypes bearing un-lobbed leaves
(Table 9). The constants of 6.9447, 8.2761 and 0.5009 for
multiplication of leaf length, breadth and 1x b, respec-
tively were also worked out from pooled data of ten dif-
ferent plant populations of mulberry genotype Sujanpur
Local bearing lobbed leaves (Table 10). Actual leaf area

was found significantly and positively co-rrelated with
estimated leaf area of un-lobbed and lobbed genotypes (r
= 0.999*%), The utility of these single mathematical con-
stants to be multiplied with only leaf length or breadth or
Ixb in determining leaf area in either un-lobbed or
lobbed mulberry genotypes is very easy and quick as well
as non-destructive.

Discussion

Reddy (1999) has screened the mulberry genotypes
Mysore local, M-5, S-36, S-54, §-34, MR-2, DD-1 of
tropical India and advocated the correction factors of (.54,
0.67, 0.72, 0.72, 0.60, 0.66 and 0.75 for respective gen-
otypes. Mean correction factor found was 0.69 and further
reported that such correction factors should only be used
for a specific leaf in the branch to calculate the total leaf
area of a plant. This method may not be found applicable,
as, depending on the study, area needs to be found out for
any desired leaf and not for the specific leaf. Moreover,
specific correction factor for the individual genotype
highly restricts its application. It is reported here that the
single mathematical constants for length or breadth or 1 x
b worked out in the present study can safely be employed
for determining leaf area of any un-lobbed or lobbed mul-
berry genotype of sub-tropical India as evidenced by non
significant differences in actual and the estimated leaf
areas. These constants even can be tried in genotypes of

other eco-climatic zones for their applicability in leaf area

determination of mulberry for widely using them for mul-
berry improvement programmes.
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