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ummary : Dwarf napiergrass (Penniselum purplirelll11 chumacb) is a promising • species as a bio-energy crop.
This study investigated the effec1 of nitrogen ( ) fertilizer sources on the dry matter production and energy effi
ciency of pot-cultured napiergrass from May to September 20 IO. The treatments were three types of organic sources

( anure, Solid-DEM and Legume) chemical fertilizer ( hemical) and the control ( a-fertilizer). anure, olid
DEM and Legume treatments applied a single dosage (10 g poC I

) of commercial cattle manure solid-digested ef
fluent of swine manure and dried ground clippings of greenleaf desmodium (Desl11odiul11 inforfum Legume)
re pectively. Chemical treatment applied the ame rate in four equally plit amollnt at monthly interval. Energy

input as labor for cultivation plus fertilizer was highest in Chemical (222 MJ m-2
) followed by the three organic fer

tilizer treatments (207 MJ 1ll-
2

) and a-fertilizer (184 MJ 1ll-
2
). Annual dry matter yield and energy output were

highest in Chemical (623 g m-2 and 9.6 MJ m-2
) and Legume (612 g m-2 and 9.4 MJ m-2

) , followed by Manure (552
g m-2 and 8.5 MJ m-2

) , Solid-OEM (540 g m-2 and 8.3 MJ m-2
) and o-fertilizer (20 g m-2 and 0.3 MJ m-2

). As a

result, the energy efficiency wa highest in Legume (4.6%), followed by Chemical (4.3%), Manure (4.1 %), Solid

DEM (4.0%) and o-fertilizer (0.2%). The re ult ugge t that u ing elf- upplied legume clipping a an N ource
is advantageous in the cultivation of dwarf napiergrass, because it requires less input in energy and is as productive

as chemical fertilizer supply.

Key words: Dry matter productjon Energy efficiency, aplergrass, itrogen fertilizer.

Introduction
apiergrass (Pennisellll11 pwpurellm Schumach) is

a promi ing C. pecies a a bio-energy crop. One of
the central challenges in tbe cultivation of energy
crops is to explore how biomass yield (energy output)
can be maximized with minimal energy input. Al
though biomass production in napiergl'as can be en
banced by fertilizer application (Sunu i el 0/. 1997'
Wadi el 0/. 2003) use of chemical fertilizers is not fa
vorable a it increases energy input and production
co t (Mandai el 0/. 2002 ; Ozkan el 0/. 2004). Organic
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fertilizers are thus considered to playa key role in es
tablishing a low-input productive sy tem of napier
gra as a bio-energy crop.

Organic fertilizers originate from plants and anj

mals. Green manure, as clippings of plants (particu
larly nitrogen (N)-fixing legume ), ha been reported
to improve crop yields and oil fertility with reduced
use of chemical fertilizer (Biederbeck el al. 1998;
Rochester et 0/. 200 I' j iru el 01. 2006' Park el 0/.
2010). Animal manure i u ed a a fertilizer in varying
form ; e.g. fre h or ferm nted manure, lurry and di-
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ge ted effluent. The e animal manure have al 0 been
known to maintain or improve crop yield, oil fer
tility and/or carbon eque tration in the oil
(Lithourgidis el al. 2007 . Mandel e/ al. 2009 . Thelen

el al. 20 I0). Hasyim el 01. (2010) reported that dwarf
napiergrass fertilized with dige ted effluent of swine
manure (DEM) showed similar production efficiency
(energy output/input) to that with chemical fertilizer.
However to our knowledge, no studies have com
pared biomass production and energy efficiency of
napiergrass under a range of fertilizers covering differ
ent types of organic fertilizers as well as chemical fer
tilizer.

In this study, we evaluated three types of organic
fertilizer (both plant and animal origin) and chemical
fertilizer for dry matter production, energy input (as

labor for cultivation + fertilizer) and energy efficiency
in pot-cultured dwarf napiergrass. The objective of the
study was to obtain some basic information for devel
oping a low-input, productive sy tem ofnapiergra as
a bio-energy crop.

aterials and methods
Environmental conditions and plantino procedures

This tudy wa carried out in a vinyl hou e in Fac
ulty of Agriculture, Univer ity of Miyazaki, Miyazaki,
from May to eptember 20 IO. Single nodal tem
cutting of dwarf-late variety (DL) of napiergra s

wer tran planted into cell-tray filled with nul' ery oil
on 4 May 2010 under natural condition. Thirty
healthy plants were selected and lransplanted at a den

sity of 1 plant pori in sandy soil of 1/2000 a Wagner
pot, 25-cm of diameter and 30-cm of depth on 3 June
20 IO. The pot wa cover d by plastic dome with 35
cm of diameter and 25-cm of height and set on a bowl
to block nutrient loss from the pot. Pots were arranged
at a den ity of 4 plants m-2 an uITounded by two

rows of bordering plants.
The treatments were three types of organic sources

(Manure olid-DEM and Legume) chemical fertil
izer (Chemical) and the control ( o-fertilizer).

Manure, olid-DEM and Legume treatment applied
a ingle do age (10 g pori) of commercial cattle
manure, olid-dig ted effluent of wine manure and
dried ground clippings of greenleaf desmodium
(De modium intor/lIIn Legume), respectively. Chem
ical treatment applied the ame rate of N with PIOS
and ~O in four equally split amounts at monthly in
tervals. Irrigation was conducted every day, depending
on growth conditions of each plant. Air temperahlre
inside the vinyl house was recorded by air temperature
sensor and logger (Theromoleaf TL-TI Taisei E and
L Ltd., Tokyo, Japan). Photosynthetic photon flux
density (PPFD) wa mea ured by quantum light
meter ( pectrum Technologies, Inc. Plainfield, IL

A) diurnally on 4 and II June 20 II to e timate the
percentage of solar radiation transmis ion.

Fresh legume was sun-dried and ground to analyze
content. itrogen contents in Manure, Solid-DEM

and Legume were analyzed by an N/C analyzer
(SUMIGRAPH NC-220F, Sumika Chemical Analysi
Service Ltd., Osaka, Japan) to calculate fertilizer ap
plication rate in thi experiment. itrogen content in
the examin d fertilizer were 2.32, 2.1 Land 2.72 %
OM for Manur , Solid-OEM and Legume, r sp c
tively (Table I).
Treatments and experimental design

Plant were arranged in a completely randomized
de ign with 6 replication each contained 5 randomly
allocated treatment to have totally 30 plants. Treat
ment were 5 level of feltilization compri ed of 4
different fertilizers (Manure, Solid-OEM, Legtune

and hemical) and o-fertilizer (control). apier
grasses were harvested on week 8 12 and 16 after
transplanting ( n 2, 30 Augu t and 27 September
20 I0 respectively).
Plant measurements and chemical analysis

Plant heigbt, plant length, leaf and tiller numbers
were mea ured every week from one week after trans

planting to tbe end of September 20 LO. At each har
ve t grasse were cut at 10 cm above ground level.
Grass ample were weighed for fresb weight, epa-

Table 1. ource and amount of fertilizers used in the present experiment.

Treatmcnt

1. Commcrcial callie manurc (Manure)

2. Solid typc of digcsted cfflucnt of swinc manure
( olid-DEM)

3. Dried legllme (Legume)

4. Chemical fertilizer (Chemica))

5. o-fertilizer

2.11

2.72

14.0

10

10

10

Amount of fertilizer
(g pOL')

7 \.4

526.1

363.5

7 \.4

Application mcthod

Basal, once

Ba ai, onee

Basal, once

Split 4 times
(17,85 g POI' limc ')
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rated into leaf blade, tem inclu ive leaf heath and
dead leaf and dried at 70 ° for 72 hr in a hot venti lat
ing oven to determine dry matter weight.

At the first harvest chlorophyll value was meas
ured on the uppermo t-expanded leaf by handheld
chlorophyll meter, PAD-502 (Minolta, Co. Ltd.,
Japan) as SPAD value and as chlorophyll concentra
tion by the Arnon's method (Arnon 1949) on 31 July
2010. The total chlorophyll content was determined by
the optical density at 663 and 645 ill'll (D663 and D",~

respectively) in a spectrophotometer FP-3 (FHK
Fujihira lndustty o. Ltd., Japan) to calculate from
Arnon' equation (Arnon 1949) :

Total chlorophyll content (mg dm-2
) =

8.02 D((;J + 20.2 D"'~"'[I]

From this equation [1], the data of chlorophyll
content wer used to make a relationship to SPAD
value by regression [2] to predict the total chlorophyll
content in the following harvests.

y = 0.101 x - 0.580, r = 0.963, P < 0.001"'[2]
where; y = Total chlorophyll cont nt (mg dm-2

) ,

x = PAD value.
Gra ample were determin d for n utral deter-

g nt fiber (NDF), acid d terge t fib l' (ADF) and
acid detergent lignin (ADL) by filter bag technique
(ANKOM Technology U A). Cellulo e and hemi
cellulo e content were derived fTom DF-ADL and

DF - ADF content re pectively (Moran 2005).
Energy input and output were e timated ba ed on

the energy equivalent uggested by ingh el al.

(1997), Fadare el al. (20 I0) and Rengsirikul el al.

(20 I I) as presented in Table 2. nergy efficiency
(%) was derived from dividing the energy output by
th n rgy input (Mandai el al. 2009).

Statistical analysis
The entire data were analyzed with the iricl1ai

Stati tic program (Un ri ong 2003) by u ing the
A OVA procedure. Duncan multiple range te t
(DMRT) wa u ed to compare means between treat
ments at a probability level of 5%.

Results
Climatic conditions

easons in the experimental periods are spring
(May) and summer (June, July and August). In sum
mer the climate is hot and humid together with rainy
season in June. The highest air temperature recorded
in a vinyl house exceeded 42.0 0 and the highest re
cord was 45.5 °C in Augu t. Daily lowest temperatures
ranged in 14.5-23.0 cC and average temperature were
around 27.7-30.6°C. Percentage of olar radiation
transmission in a vinyl house measured by PPFD
ranged io 78.7-83.4% 00 4 and II June 20LO.
Growth characteristics

Plant height (Fig. I) and length (data not hown) ,
expanded leaf number (Fig. 2), tiller den ity (Fig. 3),
leaf area index (LAI, Fig. 4) and total chlorophyll
content (Fig. 5) of napiergra were highly re ponded
to fertilizer application (p < 0.05). Fertilized gra e
had imilar h ight av raged at 104 and 65 cm in the
fir t and econd cutting re pectively compared with
the I we t height in o-fertilizer at 57, 27 and 29 m
in the fir t econd a d third cutting re pectively. The
difference in plant height between fertilized treatment
wa ob erved in the la t harve t, when Chemical had
the highe t height (65 cm) followed by Legume (62
cm), Manure (56 em) and the lowest in Solid-DEM

(46 em P < 0.05). Fully expanded leaf number dif
fered significantly between treatment in the first and
la t cutting (p < 0.05) . A xp cted, inorganic Ch mi

cal made grass to emerge new leaf per tiller at higher
rate (5.4 leaves per tiller) than organic Legume Ma-

Table 2. Energy equivalents in different sources of input and output.

Particulars nit
Energy equivalent

Reference(MJ ullie')

I. Input

I. I "!uman labor

il Adult mall Man-hour 1.96 ingh el 01. (1997)

ii) Adult woman Woman-hour 1.57 ingh el 01. (1997)

1.2 hcmieal fertilizer

i) itTogen kg 60.6 Singh el 01. (1997)

ii) Pho phate (P,O ) kg ) 1.1 ingh el 01. (1997)

iii) Potash (K,O) kg 6.7 Singh el 01. (1997)

1.3 Farm yard manure kg (dry mas ) 0.3 ingh el 01. (1997)

1.4 Organic fertilizer kg (dry mass) 0.3 Fadare el 01. (20 I0)

2. Omput

2.1 Biomass yield (2 momh-interval) kg (dry ma s) )5.4 Rengsirikul el 01. (20 I I)
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Fig. 1. Changes in plant height of napiergrass. Means with different letters (a-d) are
significantly different among fertilizer treatments in each han'esl (P < 0.05).
Arrows indicate time for the fir t (A), econd (B) and Ihird (C) harve t.
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Fig. 3. Changes in tiller density ofnapiergra s. Means with dilTerent letters (a, b) are
ignificantly differenl among fertilizer treatment in each han'e I (P < 0.05).

Arrows indicate time for the first (A), second (B) and third (C) harvest.
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nure and olid-D M at 4.4, 4.1 and 4.1 leave per
tiller re pectively and the lowe t in a-fertilizer only
at 3.3 leave per tiller (Fig. 2).

Tiller density revealed that tillering ability of fer
tilized gra se wa significantly higher than those in
unfertilized grass in all cuttings (p < 0.05), while
tiller density of fertilized grasses did not differ signifi
cantly in a range of 62-74, II 0-l27 and 60-95 tillers
m-2 in the first, second and third harvest, respectively
(Fig. 3). Likewise LAI values differed significantly
(p < 0.05) between fertilized and unfertilized groups
in both the first and second cuttings (Fig. 4).

Total chlorophyll content in the first cutting at 2
montb old differed significantly among treatments (p
< 0.05 Fig. 5) where highe t content wa ob erved in

bemical at 3.61 mg dm-2 followed by olid-DEM
Manure and Legume at 2.35, 2.23 and 2.20 mg dm-2

,

respectively and lowest content in No-fertilizer at I. 1
mg dm-2

• This phenomenon also occun'ed in the sec
ond harvest (data not shown).

Biomas yield
Dry matter yield (DMY) of napiergra wa low

e t in a-fertilizer among treatment at 13.3,2.5, and
3.7 g m-2 in the first second and third cutting respec
tively and the annual total wa lowe t only at 19.0 g
m-2

• Variation in DMY among fertilized treahnent
differed depending on the cutting times. In the first

cutting DMY at 8-''''eek old did not differ (p > 0.05)
among treatments in a range of 428-453 g m-Z, and in
the second cutting in the end of August for 4-week old
plants Chemical had highest DMY at 107.8 g m-2 and
lowest in oLid-DEM at only 52.7 g m-2 among fertil
ized treatment. In the last cutting perfonned in late

eptember wben air temperature gradually decreased
DMY in all fertilized gra se lowered down to 75.3
70.8, 55.5, and 37.7 g m-2 in Chemical, Legume, Ma
nure, and Solid-DEM, respectively (Fig. 6). Annual
total of DMY showed that hemical as well as Leg
ume had highe t yield at 622.5 and 612.3 g m-2

, re-

pectively, followed by significantly lower DMY in
Manure and Solid-DEM at 551.6 and 540.4 g m-Z, re
pectively (Fig. 6).

0.5

0.4

0.3
::(
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o 2nd harvest

Manure Solid-D M Legume Chemical o-fertilizer

Fig. 4. Leaf area index (LA!) of napiergrass in the first and second barvests. Differ
ences in tbe first barye t were te ted by DMRT. Mean with different letters
(a b) ill each harve tare ignificantly different among fertilizer treatment at
P < 0.05.

Fig. 5. Total chlorophyll content (T- hI) of napiergrass in the first harvest. Means
with dilferent I tter (a, b) are ignificantly different am n fertilizer treat
ments at P < 0.05.
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Fig. 6. Dry matter yield of napiergra fertilized by several fertilizer oure . Mean
(ST + LB + DP) with different letter (a-c) are significantly different among
fertilizer treatments in each harvest at P < 0.05. Treatment: Manure (MN),
olid-D M ( D M), Legum (LO), Chemical ( F) and o-fertilizer

( F). Plant part: tern inelu ive of leaf heath ( T), leaf blade (LB) and
dead part (DP).

Table 3. Cell wall components in plant parts of napiergrass among fertilizer treatments at 8-week old.

Cellula e Lignin
Ferlilizer

LB ST DP LB T DP LB ST DP

lanure 28.7' 30.1" 33.7' 23.2' 25.6' 9.3' 4.4" 5.0' 8.8'

olid-O M 30.3" 28.6' 32.9' 21.5' 24.6' 11.0' 4.4" 5.4' 7,5'

Legume 31.2 ' 29.9" 31.2 ' 21.7' 21.1' 7.3' 3.8' 5.2' 8.3"

hemieal 30.7' 29.8" 3 .0' 21. ,
19.4 ' 12.2' 4.5" 4,8" 10.2'

o-fenilizer 31.7' 32.1' 33.0 b 21.5' 20.5' 9.5' 5.6' 6,6' 7.8"

"'" Differenl lellers indicate significant differences among fertilizer treatments in eaeh paramcler at P < 0.05,
LB = Leaf blade, T = tem inclu ive leaf heath, DP = Dead parts.

CelluJose, hemicelluloses and lignin contents
ontent of cell wall components in leaf blade,

stem inclusive leaf sheatJl and dead parts differed
among treatment (p < 0.05 Table 3). Cellulo e con
tents in leaf blade tern and dead part ranged in 28.7
31.7% 28.6-32.1 % and 31.2-38.0%, respectively.

Hemicellulo e content in leaf blade and dead part
were not a variable in a range of 21.5-23.2% and 7.3·

12.2%, re pectively, a those in the tem which dif
fered ignificantly among treatment in a rage of 19.4

25.6%. Lignin contents seem to be higher in dead
part at 7.5-10.2% aero s all treatments ilian those in
tem and leaf part at 4.8-6.6% and 3.8-5.6%, re pec

tively. In tJ1i experiment unfertilized grass contained

highe t Ie el of cellulo e and lignin contents uni·
formly in leaf blade, tern and whole plant (Table 3
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Table 4. Percentage of the cellulo e, hemicellulose and lignin in whole plant and
cellulose yield of napiergrass among fertilizer treatments at 8-week old.

Fertilizer Cellulose Hemicelluloses Lignin Cellulose yield
(%) (%) (%) (g nl')

M nure 29.7' 21.8' 5.2' 127.2'

Solid-DEM 30.0" 21.5' 4.9' 135.2'

Legume 30.8' 20.0" 4.7' 139.6'

Chemical 31.2" 20.2" 5.0' 137.0'

No-fertilizer 32.0' 18.7' 6 ~ • 4.3'. J

'''Different letters indicate ignificant differences among fertilizer treatments in each parameter
at P<0.05.

Table S. Energy input, output and efficiency of napiergrass production fertilized with
inorganic and organic ouree.

Treatmcnt
Manure olid-DEM Legume o-fertilizer

Input (MJ m )
I. Human labor 206.1 206.1 206.1 204.3 183.

2. Fel1ilizer 0.9 0.6 0.5 17.3 0.0

Toml 207.0 206.7 206.6 221.6 183.8

Output
I. Energy in grass (M] m') 8.49 8.32 9.43 9.59 0.30

2. DM Y of grass (g m') 551.6 540.4 612.3 622.5 19.7

Efficiency
I. nergy (%) 4.10 4.03 4.56 4.31 0.16

2. Production (g DM MJ ') 2.66 2.61 2.96 2.81 0.11

The energy input and output were estimated ba cd on the energy equivalents in Table 2.

75

and 4). H wever cellulo e yield wa highe t at 140
g m" in Legume, followed by 127,137 g m" in hem,
ical, Solid-OEM, and Manure and lowest at only 4.3
g 111-' in o-fertilizer (Table 4).
Energy balance and efficiency

En rgy input was con i t d of that with human
labor, including land preparation fertilizer application,
irrigation and herbage collection, and with fertilizer
(Table 5). Labor input tended to be lower in unfertil
ized grass at 183.8 MJ m-\ compared with the same
amount of energy consumed for labor at 204-206 MJ
m" in Manure Solid-DEM Legume and Chemical.

hemjcal fertilizer needs higher energy for the pro
duction than organic fertilizers (Table 2). Thus,

hemical needed highe t energy input at 17.3 MJ 111"

followed by Manure, olid-DEM and Legume at 0.9
0.6 and 0.5 MJ m-' respectively. 10 total, hemical
needed higher in energy input (221.6 MJ m") than
Manure, Solid-DEM and Legume imilarly at 207 MJ
m-l, and lowe t input wa ob erved at 183.8 MJ m-' in

0-fertil izer.
Energy output were estimated ba ed on dry mat

ter yield and energy content in napiergra . E en
though hemical produced highest energy output at

9.59 MJ m" due to highest DMY at 622.5 g m" it al 0

consumed highest energy input at 22 1.6 MJ m" among
treatments. Therefore, efficiencies in both energy and
dry weight base were highest in using clippings of le
guminous plant as alternative fertilizer at 4.56% and
2.96 g OM MJ", r pectively, among tr atment
( able 5).

Discussion
apiergrass perfonned well when received all 4

fertilizers and yielding ability can be clearly divided
int higher yielding group in Legume and Chemical
and lightly lower ones in Solid-DEM and Manure
(Fig. 6). Highest efficiency in Legume was derived
from containing readily available ource (Valu and
Jone 1973) and easily mineralized compound ab
sorbed by plants and rnicroorgani m (Astier el al.

2006) .

Dige ted effluent of animal manure from bioga
plant or cattle dung al 0 enhanced bioma yield and
tended to increase quality of napiergrass forages such
a crude protein content and dige tibility ( unu i el

01. 1997; I-Ia yim el 01. 2010). In thi a pect, cell wall
components differed slightly among the examined
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treatment . Thi may be brought about by the effect
of other growth e ential elements uch a pho phoru
and pota iwn in animal manw·e. Growth component,
such as plant height tiller number leaf area index and
total chlorophyll content were unifonnly increased in
all of organic and inorganic fertilizer applications
from o-fertilizer.

An advantage of using chemical compound fertil
izer to enhance crop productivity (Wadi et 01. 2003)
was achieved in the present study while some weak
points have been disclosed in telm of energy input and
adverse effect on long-term soil fertilities (Mandai el
01. 2009). Chemical fertilizer needs high level of en
ergy to produce at 60.6 MJ kg-I of fertilizer such a
urea containing 46% N while only 0.3 MJ kg I energy
was needed to produce farm yard manure or organic
fertilizers (Singh et 01. 1997; Fadare el 01. 2010). The
present study revealed that energy input from hemi
cal repre ented 7.8% of total energy used whil tho e
from other sources, i.e. Legume, olid-DEM and
Manure, represented 0.2, 0.3 and 0.4%, respectively.

Leguminou plant are u ed a a fallow crop and
green manur 0 a to reduce fertilizer application,
confirm d by Rochester el 01. (200 I) and Park et al.
(2010), that asserted that oil chemical and phy ical
propeltie were con iderably improved by u ing I gu
minou crop, which ub tituted chemical fertilizer.

Conclusion
The re ult sugge t that u ing elf- upplied legume

clippings as an source i advantageous in the culti
vation of dwarf napiergrass for bio-energy production
because it requires less energy input and is as produc
tiv a ch mical fi rtilizer upply,
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家畜堆肥,マメ科乾草および化成肥
料を施用した矯性ネピアグラスにお
ける乾物生産とエネルギー効率
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要 約

倭性ネピアグラスはバイオエネルギー作物とし

て有望なC.植物種である.本研究では窒素肥料源

が本草稀のポット栽培下での乾物生産とエネルギー

効率に及ぼす影響を2010年 5- 9月に検討 した.

処理としては,3種の有機質肥料区,すなわち市

販家畜堆肥 (堆肥),固形有機発酵消化液 (固形

DEM),乾燥し粉砕したグリーンリーフデスモディ

ウム乾草 (マメ科草)を基肥としてポット当たり

各々年間10gN施用 した区,旧行法として4回に

分施 した化成肥料を年間同N量施用 した化成区お

よび対照として無施肥区を設けた.栽培に係る労

働力と肥料に基づくエネルギー投入壬副ま化成区

(222MJlll-2)で最も高く,次いで 3種の有機肥

料区 (207MJm-2),無施肥区 (L84MJm I2) の順

となった.ネピアグラスの年間乾物収亜およびエ

ネルギー産出-HLi-は化成区 (623gmー2,9.6MJmー2)
とマメ科葛 (6128m~2.9.4MJm12) で最も高(,

次いで堆肥区 (552glTr2,8.5MJn3-2),固形DEM

区 (540gm~2,8.3MJmI2)の順であり,無施肥区

(20gm~2,0.3MJm~2)で最も低くなった.したがっ

て,エネルギー効率は,マメ科草区 (4.6%)で最

も高く,化成区 (4.3%),堆肥医 (4.1%).固形

DEM区 (4.0%),無施肥区 (0.2%)の順となった.

本研究から,自給マメ科乾草をN源として用いる

ことは,燥性ネピアグラス栽培にとってエネルギー

投入量を削減 し,化成肥料施用と同等の生産性を

維持できることから有益であると推察された.

キーワー ド:エネルギー効率,乾物生産,窒素

肥料,ネピアグラス


