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shown by ‘FHIA-18’ in greenhouse con-
ditions was found to coincide with the
response of both cultivars in natural
conditions.

These results confirm the possibility of
evaluating the early response of different
cultivars of Musa at an early stage against
the causal agent of black leaf streak 
disease. ■
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A new factor for estimating total leaf area 
in banana

Short communication Measurement of leaf area

N. Kumar, V. Krishnamoorthy, 
L. Nalina and K. Soorianathasundharam

Leaf area is one of the parameters
used to determine a plant’s photo-
synthesis potential. Watson (1947)

applied the concept of leaf area to mea-

sure the productive potential of field
crops. He defined a leaf area index as the
area of green leaf per unit area of land.

Leaf area can be measured by destruc-
tive methods, but the non-destructive
method of linear measurement was found
to be simple, inexpensive and accurate
(Yeboach et al. 1984). For bananas,

Murray (1960) suggested a ‘K’ factor of
0.80 to be multiplied by the length and
breadth of the leaf. This method gives the
area of the leaf in question but not the
total leaf area of the plant, which is of
more interest to researchers. One way to
obtain the latter is to estimate the area of
each leaf, using Murray’s method, and to

Table 1. Total leaf area.

Column number
1 2 3 4 5 6 7 8

Plant Number Estimated Estimated total Actual total Individual Predicted total Difference Difference (%)
No. of leaves area of third leaf area (m2) leaf area K2 factors leaf area (m2) between 

per plant leaf (m2) (1 x 2) (m2) (4/3) (2 x 1 x K2) predicted 
and actual

(6-4)
1 15 1.689 25.3320 16.663 0.658 16.775 0.112 0.667
2 15 1.715 25.718 16.155 0.628 17.030 0.875 5.139
3 18 1.593 28.674 18.581 0.648 18.988 0.407 2.144
4 16 1.741 27.854 18.469 0.663 18.445 -0.024 -0.128
5 15 1.766 26.496 16.824 0.635 17.546 0.722 4.115
6 16 1.705 27.286 17.031 0.624 18.069 1.039 5.747
7 14 1.389 19.449 13.41 0.690 12.880 -0.538 -4.176
8 14 1.777 24.878 16.699 0.671 16.474 -0.225 -1.365
9 15 1.669 25.041 15.897 0.635 16.582 0.685 4.131
10 14 0.990 13.866 9.152 0.660 9.182 0.030 0.321
11 13 0.966 12.563 8.156 0.649 8.319 0.163 1.960
12 12 0.841 10.090 6.584 0.653 6.681 0.097 1.455
13 12 0.875 10.502 6.845 0.652 6.955 0.110 1.574
14 12 1.131 13.574 8.951 0.659 8.989 0.038 0.420
15 14 0.287 4.017 2.825 0.703 2.660 -0.166 -6.226
16 13 0.446 5.795 4.003 0.691 3.838 -0.165 -4.294
17 13 0.469 6.101 4.124 0.676 4.040 -0.084 -2.067
18 13 0.579 7.532 5.213 0.692 4.988 -0.225 -4.515
19 14 0.348 4.869 3.254 0.668 3.224 -0.030 -0.922
20 14 0.584 8.172 5.269 0.645 5.411 0.143 2.633
21 15 0.422 6.330 4.256 0.672 4.192 -0.065 -1.541
22 13 0.509 6.620 4.622 0.698 4.384 -0.238 -5.430
23 14 0.389 5.445 3.626 0.666 3.605 -0.020 -0.565
24 13 0.421 5.476 3.626 0.662 3.626 0.000 0.004
25 14 0.401 5.615 3.689 0.657 3.718 0.029 0.791
Mean 14.04 0.99 14.29 9.357 0.662 9.378 0.107 -0.005
t-test 0.950
r 0.986* 0.999** 0.999 -0.536 0.999 ** 0.533 0.536

* Statistically significant at probability 0.05

** Statistically significant at probability 0.01.
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add them up, but this is cumbersome and
time consuming. Instead, many workers
just measure the leaf area of the third
leaf, using Murray’s method, and multiply
by the total number of leaves, but this is
unsatisfactory as leaf size varies during
development. The objective of this study
was to estimate a second constant ‘K2’ to
obtain a better estimate of the total leaf
area of the plant.

Materials and methods
Twenty-five plants of banana comprising
15 ‘Robusta’ (AAA), 5 ‘Rasthali’ (AAB)
and 5 ‘Karpooravalli’ (ABB) were
removed at various stages of growth: 3
months after planting, 5 months after
planting and at shooting. The number of
leaves were counted and the area of the
third leaf was estimated using the for-
mula A=L x B x K, where A= estimated
leaf area, L= leaf length, B= leaf breadth
and K= 0.8. The estimated area of the
third leaf was multiplied by the num-
ber of leaves to obtain the estimated
total leaf area. The actual total leaf
area of each plant was measured in a

conveyer belt leaf area meter LICOR
Model 3001.
An individual K2 value for each plant
was obtained by dividing the actual
total area by the estimated total area.
Then the mean of all individual K2 val-
ues was calculated to obtain the value
of 0.662 for the constant K2. This value
was used to calculate the predicted
total leaf area which was then com-
pared to the actual total leaf area. A t-
test was carried out and the difference
between actual leaf area and predicted
area was worked out.

Results and discussion
The difference between the estimated
total area using the third leaf method and
the actual and predicted total areas was
large for all 25 plants (Table 1). A t-test
performed on the estimated and pre-
dicted leaf area showed that they were
significantly different.

A positive and significant correlation
was obtained between actual and pre-
dicted leaf area (r=0.999), suggesting
that a value of 0.662 for K2 is a good way to

estimate in situ the total leaf area of a
banana plant.

Based on this result, we propose to
measure the total leaf area of a banana
plant by counting the total number of
leaves (N), measuring the length (L) and
breadth (B) of the third leaf from the top
and calculating the total leaf area (TLA)
as follows: TLA=L x B x 0.80 x N x 0.662. ■
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Postharvest characteristics of ‘Rasthali’ bananas
grown under different polyethylene covers

Short communication Cultural practices

K.A. Shanmugasundaram 
and R.S. Azhakia Manavalan

In the tropics and sub-tropics,
bunch covers are commonly used 
to protect bananas from rust 

thrips (Smith 1947, Simmonds 1969,
Sivakumar and Mohanasundaram
1971, Wardlaw 1972). We tested trans-
parent and non-transparent polyethyl-
ene covers to compare their effective-
ness in eliminating blemishes and to
examine their effect on the post-har-
vest characteristics of the ‘Rasthali’
banana.

Materials and methods
Five 100 cm x 60 cm polyethylene materi-
als were tested:
• 50 gauge high-density transparent

white polyethylene (HDT White)
• 150 gauge low-density transparent

white polyethylene (LDT White)
• 150 gauge reprocessed transparent

blue polyethylene (RT Blue)
• 200 gauge reprocessed non-transpar-

ent blue polyethylene (RNT Blue)

• 200 gauge reprocessed non-transpar-
ent black polyethylene (RNT Black).
Bunches of ‘Rasthali’ bananas were

covered when the first hand opened and
0.4% ventilation was provided (Stover and
Simmonds 1987). Control bunches were
not covered. Three of the five plants per
treatment were maintained separately to
record the number of days to maturity.
The covered bunches were harvested
when the angularity of the fruits was
about to disappear. The bunches were
dehanded with a curved knife to mini-
mize damage during transport. The hands
were brought to the laboratory and kept
under ambient atmosphere for observa-
tion. The second hand was used for qual-
ity analysis (Dadzie and Orchard 1997).
Fruit characteristics, quality, mechanical
damage and thrip damage were statisti-
cally analysed using a randomized block
design.

Result and discussion
The results show that covers reduced
thrip damage (rusty spots) by preventing
thrips from reaching the flowers (Table 1).
These results agree with the findings of

Bhaktavatsalam et al. (1968), Hinz 
et al. (1999) and Jager and Daneel
(1997).

Hard lump formation was nearly
absent on the fruits kept under a trans-
parent cover (Table 1). This is attrib-
uted to the increase in temperature
caused by the polyethylene cover as
higher temperatures increase the con-
version of starch into sugar (Ganry
1975, Reddy 1989). Interestingly, hard
lump formation was higher in bunches
grown under non-transparent covers
than in the control ones because light
is necessary for normal fruit develop-
ment and ripening. Stover and
Simmonds (1987) also reported that
the use of pigmented bags had not
improved quality.

At harvest, the skin colour of the cov-
ered fruits was exceptionally uniform:
attractive and clear, without any
patches or blemishes (Figure 1). The
fruits grown under transparent covers
were more attractive, with a uniform
dark green, than the fruits covered
with non-transparent polyethylene.
This is because the filtered sunlight

gponsioen
Postharvest characteristics of ‘Rasthali’ bananasgrown under different polyethylene coversShort communication Cultural practicesK.A. Shanmugasundaramand R.S. Azhakia ManavalanIn the tropics and sub-tropics,bunch covers are commonly usedto protect bananas from rustthrips (Smith 1947, Simmonds 1969,Sivakumar and Mohanasundaram1971, Wardlaw 1972). We tested transparentand non-transparent polyethylenecovers to compare their effectivenessin eliminating blemishes and toexamine their effect on the post-harvestcharacteristics of the ‘Rasthali’banana.Materials and methodsFive 100 cm x 60 cm polyethylene materialswere tested:• 50 gauge high-density transparentwhite polyethylene (HDT White)• 150 gauge low-density transparentwhite polyethylene (LDT White)• 150 gauge reprocessed transparentblue polyethylene (RT Blue)• 200 gauge reprocessed non-transparentblue polyethylene (RNT Blue)• 200 gauge reprocessed non-transparentblack polyethylene (RNT Black).Bunches of ‘Rasthali’ bananas werecovered when the first hand opened and0.4% ventilation was provided (Stover andSimmonds 1987). Control bunches werenot covered. Three of the five plants pertreatment were maintained separately torecord the number of days to maturity.The covered bunches were harvestedwhen the angularity of the fruits wasabout to disappear. The bunches weredehanded with a curved knife to minimizedamage during transport. The handswere brought to the laboratory and keptunder ambient atmosphere for observation.The second hand was used for qualityanalysis (Dadzie and Orchard 1997).Fruit characteristics, quality, mechanicaldamage and thrip damage were statisticallyanalysed using a randomized blockdesign.Result and discussionThe results show that covers reducedthrip damage (rusty spots) by preventingthrips from reaching the flowers (Table 1).These results agree with the findings ofBhaktavatsalam et al. (1968), Hinzet al. (1999) and Jager and Daneel(1997).Hard lump formation was nearlyabsent on the fruits kept under a transparentcover (Table 1). This is attributedto the increase in temperaturecaused by the polyethylene cover ashigher temperatures increase the conversionof starch into sugar (Ganry1975, Reddy 1989). Interestingly, hardlump formation was higher in bunchesgrown under non-transparent coversthan in the control ones because lightis necessary for normal fruit developmentand ripening. Stover andSimmonds (1987) also reported thatthe use of pigmented bags had notimproved quality.At harvest, the skin colour of the coveredfruits was exceptionally uniform:attractive and clear, without anypatches or blemishes (Figure 1). Thefruits grown under transparent coverswere more attractive, with a uniformdark green, than the fruits coveredwith non-transparent polyethylene.This is because the filtered sunlight


