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Abstract

Napiergrass (Penniselrim pirpurern Schumach.), a well known tropical forage crop for its
high biomass production, can be a worldwide important source of biomass energy and non-
wood source as pulp for paper fabrication and lignin for construction materials. In order to
back up the research about the dry-matter production of this plant, a simple method to esti-
mate its leaf area was examined using simple regression analysis basing on the measurement
of leaf blade length and width, Leaf area measurement was done on leaves taken from plants
grown in the experimental field, the Agricultural and Forestry Research Center, University of
Tsukuba. It was found that the leaf area of this crop could be easily estimated by the follow-
ing equation: Y=0.74X—11.8 (¥: leaf area, X: lengthXwidth).
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Introduction

Napiergrass or elephant grass {(Penmisebumn paerpurewon Schumach.), is a famous perennial
forage crop having the highest productivity of biomass (Snaydon 1991). Originally it has
grown in tropical Africa within the latitude range of 10° north to 20° south (Sasaki 1964).
However, it is now widely cultivated as a forage crop in trepical regions in South America
including Hawaii (Heath et al. 1973} and tropical Asia, mainly, Thailand (Ishii 1997). The
introduction of the crop into Japan, Okinawa and Kagoshima Prefecture, was from 1959
(Sasaki 1964) and, nowadays, it is also grown as a forage crop for beef cattle in Miyazaki
Prefecture {Ito and Inanaga 1988).
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Because of its high biomass productivity, this plant is focused as an important source of
biomass energy (directly as fuel or methane fermentation), and as non-wood sources for
paper pulp and lignin for construction wmaterials. Therefore, the cultivation of this crop for
mass consumption could be promoted so that it is possible to reduce the actual deferestation
rate and the increasing COz concentration in the world, From this point of view, a relative
importance of this crop might be clearly emphasized as the world greenhouse effect is
approaching critical situation, Toward this tremendous situation, it is very important to
accumulate basic information in terms of physiology, morphology and cultivation of this crop,

The crop productivity is generally evaluated by the crop growth rate (CGR) which is
divided into net assimilation rate (NAR) and leaf area index (LAI). NAR is limited by the
photosynthetic rate of each leaf. Napiergrass is known as C4 plant with high photosynthetic
ability. Therefore, to spread the cultivation of this crop, it is important to evaluate the leaf
area in plant community, Leaf area can be measured by several types of auntomatic area
meters or by image analysis using a scanner, Because of their costs and applicability, these
apparatus are not always available in a field experiment or in economically less-developed
tropical countries. As a height of Napiergrass is as high as 4m, it is necessary to develop a
simple method to estimate leaf area with time-saving and without expensive machine for the
productivity research. The study reported here describes that the leaf area of this plant could
be estimated accurately from the regression equation based on its leaf blade length X width,

Materials and Methods

Sprouted seedlings of Napiergrass (Pemnisefum purpurewm Schumach. cv. Wrukwona)
were chtained from the Faculty of Agriculture, the University of Miyazaki, They were planted
at lm X 1Im spacing in the experimental field of the Agricultural and Forestry Research
Center, University of Tsukuba on May, 28, 2000. Nitrogen, phosphorus (P20s) and potassium
(K20) were fertilized at rate of 15kg/10a as a compound fertilizer, During cultivation, weeds
were removed by hand and watered properly. From the establishment of plants until harvest
time at Oct. 16", 6 hills with 29 tillers were sampled randomly and divided into tillers,
Plant height, leaf blade length, width at the half point of the blade were measured for all
leaves attached to a tiller. The actual leaf area was measured by an automatic area meter
{Hayashi Denke, AAM-9). The relationship between the products of leaf blade lengths X leaf
widths, and the actual leaf areas, and a derived regression equation were examined, At last,
370 leaves were sampled for this investigation. On the other hand, in order to describe the
leaf blade shape, leaf blades having length of about 95 cm to 105 cm were cut into sections
at 10 c¢m long from the base, and the distribution of leaf area and width along leaf length
were measured.
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Results and Discussion

The averages of length, width and area of leaf blades in Napiergrass were 128.7 cm £
20.3 (standard deviation), 4.6 em + 1.1, and 443.7 em? £ 138.1, respectively (Table 1)
Plant height of tillers ranged from 95 cm at plant establishment to 455 cm at final harvest.

Leaf area distribution along the leaf length in leaves with about 100 cm blade length is
shown in Fig. 1. As the leaf changes its width from the base toward the tip, the area
increases and reaches a maximum level at the position of 50~60 em (Fig. 1), The leaf width
distribution along the leaf length of the same leaves is shown in Fig. 2. The maximum leaf
width fell on the portion of 50-60 cm from the blade base. This position was about the

Table 1 Size, areas and number of leaves used in the investigation

Size ranges

(crm) Numhers Length (em) Wideh (cm) Area (cm®)
60— 70 11 63.1(x 2.8) 0.44 (£0.08) M.6{x 9.5
70— 80 10 76.4(x 2.1) 2.33 (£0,79) 145.9(%= 33.8)
80— %0 9 88.0(+ 2.4) 3.31 (£1.05) 191.3{:% 65.1)
90— 100 10 93.4(x L.4) 4.19 {(£0.89) 236.4(x 42.1)
100—110 14 104.8(x 2.4) 3.76 (£0.74) 267.6(x 39.2)
110—120 14 114.6(x 1.6 4,96 {20.50) 379,6(% 37.8)
120—130 37 124.1(+ 3.0 4.74 {£0.51) 425.5(+ 62.0)
130—140 133 135.7(= 2.8) 5.01 {+0.55) 494.8(x 76.0)
40— 132 143.3(x 2.7) 5,01 {-0.46) 523.5(+ 62.4)
Averages 128.7(20.3) 4.60 (£1.10)  443,7{£138.1)

Notes: Total leaf number used was 370. Figure in ( )} is standard deviation,
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middle of the leaf blade (Fig, 3). The estimation of leaf area using simple regression analysis
in this study was hased on the width at this point of the leaf blade.

Fig, 4 shows a relationship between the actual leaf area (Y axis) and the product of the
length of leaf blades times width at the middle of leaf blades (X axis), It shows that the actual
leaf area was highly correlated with the value of length multiplied by width with r=0.9766**.
A regression equation of Y=0.74X—11.85 (Y: area, cm?% X: leaf length X width, cm® was
derived from 370 ohservations,

Fig. b shows a relationship between actual leaf area and estimated leaf area derived
from the regression equation. The regression coefficient of this relationship was 0.74. Leaf
area could be estimated from this equation accurately (R2=0,954).

Regression equations of Y=0.802X, and Y=0.72X+1.20 for rice were observed by
Bhan and Pande (1966} and Kawashima and Hirano (1982), respectively, even though their
leaves are much shorter than Napiergrass. Using a similar method, Kato et al. (1989)
calcutated out a regression equation to simulate the leaf areas of edible canna (Canna edulis
Ker). The equation reported by Kato et al. was Y= 0.704X (Y: area, cm? X: length X width,
cm?), The leaf shape of Napiergrass is quite different from that of edible canna. The average
rectangular dimensions of Napiergrass in this study were 1287 cm (£20,3) length by 4.6
cm (£1,1) width, while the shape of edible canna leaf was circular. Since the Napiergrass
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Fig. 3 Leaf length and leaf blade width of Napiergrass
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leaf shape was not perfectly rectangular, some difference between the actual area and the
calculated one was inevitable. In this study, the calculated area should equal approximately to
417.3 cm?® which was about 26.3 em? or 5.93 % smaller than the actual value. In the case
of edible canna, this kind of difference was from 1 to 3 %.

Notwithstanding the above facts, leaf area of Napiergrass could be estimated easily by
the equation similar to other plants such as rice and edible canna, irrespective of the
difference in shape and size. This method could be used in the field experiment in which a
large area had to be measured, or in tropical or subtropical countries where the use of area
meter is difficult because of its cost. As Napiergrass has several tillers which have 2-3
leaves, leaf area per tiller and that of plant should be estimated by accumulating each leaf
area, Leaf area index (LAI) could be also revealed when the planting density was employed.

Acknowledgement: This study was carried out under the support from an internal project
of the University of Tsukuba given to Keo Intabon for the year 2001.
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