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Summary : Dwarf napiergrass (Pennisetum purpureum Schumach) is a promising C, species as a bio-energy crop.
This study investigated the effects of nitrogen (N) fertilizer sources on the dry matter production and energy effi-
ciency of pot-cultured napiergrass from May to September 2010. The treatments were three types of organic sources
(Manure, Solid-DEM and Legume), chemical fertilizer (Chemical) and the control (No-fertilizer). Manure, Solid-
DEM and Legume treatments applied a single dosage (10 g N pot™) of commercial cattle manure, solid-digested ef-
fluent of swine manure and dried ground clippings of greenleaf desmodium (Desmodium intortum, Legume),
respectively. Chemical treatments applied the same N rate in four equally split amounts at monthly intervals. Energy
input as labor for cultivation plus fertilizer was highest in Chemical (222 MJ m?), followed by the three organic fer-
tilizer treatments (207 MJ m?*) and No-fertilizer (184 MJ m™®). Annual dry matter yield and energy output were
highest in Chemical (623 g m* and 9.6 MJ m*) and Legume (612 g m? and 9.4 MJ m ™), followed by Manure (552
g m~ and 8.5 MJ m~), Solid-DEM (540 g m* and 8.3 MJ m~) and No-fertilizer (20 ¢ m* and 0.3 MJ m™). As a
result, the energy efficiency was highest in Legume (4.6%), followed by Chemical (4.3%), Manure (4.1%), Solid-
DEM (4.0%) and No-fertilizer (0.2%). The results suggest that using self-supplied legume clippings as an N source
is advantageous in the cultivation of dwarf napiergrass, because it requires less input in energy and is as productive
as chemical fertilizer supply.
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Introduction fertilizers are thus considered to play a key role in es-

Napiergrass (Pennisetum purpureum Schumach) is
a promising C, species as a bio-energy crop. One of
the central challenges in the cultivation of energy
crops is to explore how biomass yield (energy output)
can be maximized with minimal energy input. Al-
though biomass production in napiergrass can be en-
hanced by fertilizer application (Sunusi et al. 1997 ;
Wadi et al. 2003), use of chemical fertilizers is not fa-
vorable as it increases energy input and production
cost (Mandal ef al. 2002 ; Ozkan et al. 2004). Organic

tablishing a low-input, productive system of napier-
grass as a bio-energy crop.

Organic fertilizers originate from plants and ani-
mals. Green manure, as clippings of plants (particu-
larly nitrogen (N)-fixing legumes), has been reported
to improve crop yields and soil fertility with reduced
use of chemical fertilizer (Biederbeck er al. 1998
Rochester et al. 2001 ; Njiru er al. 2006 ; Park er al.
2010). Animal manure is used as a fertilizer in varying
forms ; e.g. fresh or fermented manure, slurry and di-
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gested effluent. These animal manures have also been
known to maintain or improve crop yiclds. soil fer-
tility and/or carbon scquestration  in the  soil
(Lithourgidis er al. 2007 : Mandel ¢f al. 2009 ; Thelen
et al. 2010). Hasyim et ul. (2010) reported that dwarf
napicrgrass fertilized with digested cftluent of swine
manure (DEM) showed similar production ctficiency
(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 cvaluated three types of organic
fertilizers (both plant and animal origin) and chemical
fertilizer for dry matter production, cnergy input (as
labor for cultivation + fertilizer) and energy efficiency
in pot-cultured dwarf napiergrass. The objcctive of the
study was to obtain some basic information for devel-
oping a low-input, productive system of napiergrass as
a bio-cnergy crop.

Materials and methods
Environmental conditions and planting procedures

This study was carried out in a vinyl house in Fac-
ulty of Agriculture, University of Miyazaki, Miyazaki,
from May to Scptember 2010. Single nodal stem-
cuttings of dwarf-late variety (DL) of napicrgrass
were transplanted into cell-tray filled with nursery soil
on 4 May 2010 under natural conditions. Thirty
healthy plants were sclected and transplanted at a den-
sity of | plant pot - in sandy soil of 1/2000 a Wagner
pot, 25-cm of diameter and 30-cm of depth, on 3 June
2010. The pot was covered 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 density of 4 plants m~ and surrounded by two
rows of bordering plants.

The treatments were three types of organic sources
(Manure, Solid-DEM and Legume). chemical fertil-
izer (Chemical) and the control  (No-fertilizer).

Manure, Solid-DEM and Legume treatments applied
a single dosage (10 g N pot') of commercial cattle
manure, solid-digested effluent of swine manure and
dried ground clippings of greenleaf desmodium
(Desmodium intortum, Legume) , respectively. Chem-
ical treatments applied the same rate of N with P.Os
and K.O in four equally split amounts at monthly in-
tervals. lrrigation was conducted every day, depending
on growth conditions of each plant. Air temperature
inside the vinyl house was recorded by air temperature
sensor and logger (Theromoleaf TL-T1, Taisei E and
L Ltd., Tokyo, Japan). Photosynthetic photon flux
density (PPFD) was measured by quantum light
meter (Spectrum Technologies, Inc., Plainfield, IL,
USA) diurnally on 4 and 11 June 2011, to estimate the
percentage of solar radiation transmission.

Fresh legume was sun-dried and ground to analyze
N content. Nitrogen contents in Manure, Solid-DEM
and Legume were analyzed by an N/C analyzer
(SUMIGRAPH NC-220F, Sumika Chemical Analysis
Service Ltd., Osaka, Japan) to calculate fertilizer ap-
plication rate in this experiment. Nitrogen contents in
the examined fertilizer were 2.32, 2.11 and 2.72 %
DM for Manure, Solid-DEM and Legume, respec-
tively (Table 1).
Treatments and experimental design

Plants were arranged in a completely randomized
design with 6 replications cach contained 5 randomly
allocated trcatments, to have totally 30 plants. Trcat-
ments were 5 levels of fertilization, comprised of 4
different fertilizers (Manure. Solid-DEM, Lcgume
and Chemical) and No-fertilizer (control). Napier-
grasses were harvested on week 8, 12 and 16 after
transplanting (on 2, 30 August and 27 September
2010, respectively).
Plant measurements and chemical analysis

Plant height, plant length, leaf and tiller numbers
were measured every week from one week after trans-
planting to the end of September 2010, At ecach har-
vest, grasses were cut at 10 cm above ground level.
Grass samples were weighed for fresh weight, sepa-

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

Rate of N Amount of fertilizer

Treatment (%) (g N pot'} (g pot") Application method
1. Commercial cattle manure {Manure) 2.7 10 71.4 Basal, once
2. Solid type of digested cffluent of swine manure
il - 2, 526. asal, :
(Solid-DEM) 10 6.1 Basal, once
3. Dried legume (Legume) 2.72 10 363.5 Basal, once
4. Chemical fertilizer (Chemical) 14.0 10 714 Split 4 tmes

5. No-fertilizer

(17.85 g pot ' time '}
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rated into leaf blade, stem inclusive leat sheath and
dead leaf and dried at 70°C for 72 hr in a hot ventilat-
ing oven to determine dry matter weight.

At the first harvest, chlorophyll value was meas-
ured on the uppermost-expanded leaf by handheld
chlorophyll meter, SPAD-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 nm (Des and D,
respectively) in a spectrophotometer SFP-3 (FHK
Fujihira Industry Co. Ltd., Japan) to calculate from
Arnon’s equation (Armon 1949) :

Total chlorophyll content (mg dm*)=

8.02 D + 20.2 Dese-+[1]

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

y =0.101 x — 0.580, r = 0.963, P<0.001---[2]

where ; y = Total chlorophyll content (mg dm*),

x = SPAD value.

Grass samples were determined for neutral deter-
gent fiber (NDF), acid detergent fiber (ADF) and
acid detergent lignin (ADL) by filter bag technique
(ANKOM Technology, USA). Cellulose and hemi-
celluloses contents were derived from ADF—-ADL and
NDF-ADF content, respectively (Moran 2005).

Energy input and output were estimated based on
the energy equivalents suggested by Singh er al
(1997), Fadare er al. (2010) and Rengsirikul et al.
(2011) as presented in Table 2. Energy efficiency
(%) was derived from dividing the energy output by
the cnergy input (Mandal er al. 2009).

Statistical analysis
The entire data were analyzed with the Sirichai

Statistic program (Unsrisong 2003) by using the
ANOVA procedure. Duncan’s multiple range  test
(DMRT) was used to compare means between treat-
ments at a probability level of 5%.

Results
Climatic conditions

Scasons in the experimental periods are spring
(May) and summer (June, July and August). In sum-
mer, the climate 1s hot and humid together with rainy
season in June. The highest air temperature recorded
in a vinyl house exceeded 42.0°C and the highest re-
cord was 45.5°C in August. Daily lowest temperatures
ranged in 14.5-23.0°C and average temperatures were
around 27.7-30.6°C. Percentage of solar radiation
transmission in a vinyl house, measured by PPFD,
ranged in 78.7-83.4% on 4 and 11 June 2010.
Growth characteristics

Plant height (Fig. 1) and length (data not shown),
expanded leaf number (Fig. 2), tiller density (Fig. 3),
leaf area index (LAl, Fig. 4) and total chlorophyll
content (Fig. 5) of rapiergrass were highly responded
to fertilizer applications (P < 0.05). Fertilized grasses
had similar heights averaged at 104 and 65 c¢m in the
first and second cutting, respectively, compared with
the lowest height in No-fertilizer at 57, 27 and 29 cm
in the first, second and third cutting, respectively. The
difference in plant height between fertilized treatments
was observed in the last harvest, when Chemical had
the highest height (65 cm), followed by Legume (62
cm), Manure (56 cm) and the lowest in Solid-DEM
(46 cm, P < 0.05). Fully expanded leaf number dif-
fered significantly between treatments in the first and
last cutting (P < 0.05). As expected, inorganic Chemi-
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.

Energy equivalent

Particulars Unit (MJ unit) Reference
1. Input
1.1 Human labor
il Adult man Man-hour 1.96 Singh er al. (1997)
i) Adult woman Woman-hour 1.57 Singh er al. (1997)
1.2 Chemical fertilizer
i) Nitrogen kg 60.6 Singh er al. (1997)
ii) Phosphate (F.O:) kg 1.1 Singh er al. (1997)
iii) Potash (K.O) kg 6.7 Singh er al. (1997)
1.3 Farm yard manure kg (dry mass) 0.3 Singh er al. (1997)
|.4 Organic fertilizer kg (dry mass) 0.3 Fadare er al. (2010)
2. Output
2.1 Biomass yicld (2 month-interval) kg (dry mass) 15.4 Rengsirikul er al. (2011)
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Fig. 1. Changes in plant height of napicrgrass. Means with different letters (a-d) are
significantly different among fertilizer treatments in each harvest (P < 0.05).
Arrows indicate time for the first (A), second (B) and third (C) harvest.
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Fig. 2. Changes in number of fully expanded leaf of napiergrass. Means with different
letters (a-c) are significantly different among fertilizer treatments in each har-
vest (P < 0.05). Arrows indicate time for the first (A), second (B) and third
(C) harvest.
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Fig. 3. Changes in tiller density of napiergrass. Means with different letters (a, b) are
significantly different among fertilizer treatments in each harvest (P < 0.05).
Arrows indicate time for the first (A), second (B) and third (C) harvest.
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nure and Solid-DEM at 4.4, 4.1 and 4.1 leaves per
tiller. respectively and the lowcest in No-fertilizer only
at 3.3 leaves per tiller (Fig. 2).

Tiller density revealed that tillering ability of fer-
tilized grasses was 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, 110-127 and 60-95 tillers
m ° in the first. second and third harvest. respectively
(Fig. 3). Likewise LAl 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-
month old differed significantly among treatments (P
< 0.05. Fig. 5}, where highest content was observed in
Chemical at 3.61 mg dm”. followed by Solid-DEM,
Manure and Legume at 2.35, 2.23 and 2.20 mg dm ",
respectively and lowest content in No-fertilizer at 1.81
mg dm ", This phenomenon also occurred in the sec-
ond harvest (data not shown).

Biomass vield

Dry matter yield (DMY) of napicrgrass was low-
est in No-fertilizer among trcatments at 13.3, 2.5, and
3.7 ¢ m~ in the first, sccond and third cutting, respec-
tively, and the annual total was lowest only at 19.0 g
m~. Variation in DMY among fertilized treatments
differed depcnding on the cutting times. In the first
cutting, DMY at 8-week old did not differ (P > 0.03)
among treatments in a range of 428-453 g m™, and in
the second cutting in the end of August for 4-week old
plants. Chemical had highest DMY at 107.8 ¢ m *, and
lowest in Solid-DEM at only 52.7 g m~ among fertil-
ized treatments. In the last cutting. performed in late
Scptember when air temperature gradually decreased.
DMY in all fertilized grasses lowered down to 75.3.
70.8, 55.5, and 37.7 ¢ m " in Chemical, Legume, Ma-
nure, and Solid-DEM, respectively (Fig. 6). Annual
total of DMY showed that Chemical as well as Leg-
ume had highest yicld at 622.5 and 612.3 g m ", re-
spectively, followed by significantly lower DMY in
Manure and Solid-DEM at 551.6 and 540.4 ¢ m ", re-
spectively (Fig. 6).

1st harvest

D2nd harvest

Manure  Solid-DEM  Legume

Chemical  No-fertilizer

Fig. 4. Leaf arca index (LAI) of napiergrass in the first and second harvests. Differ-
ences in the first harvest were tested by DMRT. Means with different letters
(a, b) in each harvest are significantly different among fertilizer treatments at

P < 0.05.

Manure Solid-DEM Legume Chemical No-fertilizer
T-Ch1=2.23" mgdm*®  T-Chi=2.35" mgdm®  T-Chl=2.20" mgdm*®  T-Chl=3.61"mg dm”’ T-Chi=1.81 mg dm?

Fig. 5. Total chlorophyll content (T-Chl) of napiergrass in the first harvest. Means
with different letters (a, b) are significantly different among fertilizer treat-

ments at P < 0.05,
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Fig. 6. Dry matter yicld of napiergrass fertilized by several fertilizer sources. Means
(ST + LB + DP) with different letters (a-c) are significantly different among

fertilizer treatments in cach harvest at P < 0.05. Treatment: Manure

(MN),

Solid-DEM  (SDEM), Legume (LG). Chemical (CF) and No-fertilizer
(NF). Plant part: stem inclusive of leaf sheath (ST), leaf blade (LB) and

dead parts (DP).

Table 3. Cecll wall components in plant parts of napicrgrass among fertilizer treaiments at 8-week old.

™ Cellulose Hemicelluloses Lignin
Fertilizer :
LB ST DP LB ST DP LB ST DP

Manure 28.7" 30.1° 3.7 232" 256 9.3 44" 5.0 8.8"
Solid-DEM 303" 28.6 329" 21.5° 24.6 11.0* 4.4° 54" 7.5
Legume 312 29.9 31.2° 257" 21.1° 73 38" 5.2° 8.3%
Chemical 30.7° 29.8¢ 38.0¢ 21.6° 19.4' 12.2° 45" 4.8" 10.2°
No-fertilizer 31.7° 3210 33.0° 21.5" 20.5" 9.5° 5.6 6.6 7.8°

“* Different letters indicate significant differences among fertilizer treatments in cach parameter at P < 0.05.
LB = Lecaf blade, ST = Stem inclusive leal sheath, DP = Dead parts.

Cellulose, hemicelluloses and lignin contents
Contents of cell wall components in leaf blade,
stem inclusive leaf sheath and dead parts differed
among treatments (P < 0.05, Table 3). Cellulose con-
tents in leaf blade, stem and dead parts ranged in 28.7-
31.7%, 28.6-32.1% and 31.2-38.0%, respectively.
Hemicelluloses contents in leaf blade and dead parts
were not as variable in a range of 21.5-23.2% and 7.3-

12.2%, respectively, as those in the stem which dif-
fered significantly among treatments in a rage ot 19.4-
25.6%. Lignin contents seem to be higher in dead
parts at 7.5-10.2% across all treatments than those in
stem and leaf parts at 4.8-6.6% and 3.8-5.6%. rcspec-
tively. In this experiment, unfertilized grass contained
highest level of cellulose and lignin contents uni-
formly in leaf blade, stem and whole plant (Tables 3
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Table 4. Percentage of the cellulose, hemicelluloses, and lignin in whole plant and
cellulose yield of napiergrass among fertilizer treatments at 8-wecek old.

. Cellulose Hemicelluloses Lignin Cellulose yicld

Fertilizer e fo/) (/) ( 3

(%) (%) (%) fgm’)
Manure 29.7¢ 21.8° 5.2 127.2
Solid-DEM 30.0" 21.5° 49’ 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° 6.3 43"

““Different letters indicate significant differences among fertilizer treatments in cach parameter

at P=0.05.

Table 5. Lncrgy input. output and efficicney of napicrgrass production fenilized with
inorganic and organic sources.

Treatment
Manure  Solid-DEM  Legume Chemical  No-fertilizer

Input (MJ m*)

1. Human labor 206.1 200.1 206.1 204.3 183.8

2. Fertilizer 0.9 0.6 0.5 17.3 0.0

Total 207.0 206.7 206.6 221.6 183.8

Output

1. Encrgy in grass (MJ m”) 8.49 8.32 9.43 9.59 0.30

2. DMY of grass (g m”) 351.6 540.4 6123 622.5 19.7
Efficiency

1. Energy (%) 4.10 4.03 4.56 4.31 0.16

2. Production {g DM MJ ") 2.66 2.0l 2.96 2.K1 0.11

The energy inpul and output were estimated based on the energy equivalents in Table 2.

and 4). However, cellulose yield was highcst at 140
gm” in Legume, followed by 127-137 ¢ m "~ in Chein-
ical, Solid-DEM, and Manure and lowest at only 4.3
g m* in No-fertilizer (Table 4).
Energy balance and efficiency

Energy input was consisted 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.
Chemical fertilizer needs higher energy for the pro-
duction than organic fertilizers (Table 2). Thus,
Chemical needed highest energy inputat 7.3 MJ m*,
followed by Manure, Solid-DEM and Legume at 0.9,
0.6 and 0.5 MJ m”, respectively. In total, Chemical
needed higher in energy input (221.6 MJ m”) than
Manure, Solid-DEM and Legume similarly at 207 MJ
m°, and lowest input was observed at 183.8 MJ m”~ in
No-fertilizer.

Energy outputs were estimated based on dry mat-
ter vicld and encrgy content in napicrgrass. Even
though Chemical produced highest encrgy output at

9.59 MJ m * due to highest DMY at 622.5 ¢ m ", it also
consumed highest energy input at 221.6 MJ m * among
trecatments. Therefore, efficiencies in both energy and
dry weight bases were highest in using clippings of le-
guminous plant as alternative fertilizer at 4.56% and
296 ¢ DM MJ™', respectively, among treatments
(Table 5).

Discussion

Napiergrass performed well when received all 4
fertilizers and yielding ability can be clearly divided
into higher yielding groups in Legume and Chemical
and slightly lower ones in Solid-DEM and Manure
(Fig. 6). Highest efficiency in Legume was derived
from containing readily available N source (Valus and
Jones 1973) and easily mineralized compounds ab-
sorbed by plants and microorganisms (Astier e/ al.
2006) .

Digested cffluent of antimal manure from biogas
plant or cattle dung also enhanced biomass yicld and
tended to incrcase quality of napiergrass forages, such
as crude protein content and digestibility (Sunusi er
al. 1997 ; Hasyim et al. 2010). In this aspect, cell wall
components differed slightly among the examined
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treatments. This may be brought about by the eftects
of other growth essential elements, such as phosphorus
and potassium in animal manure. Growth components,
such as plant height, tiller number, leaf area index and
total chlorophyll content, were uniformly increased in
all of organic and inorganic fertilizer applications
from No-fertilizer.

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

Leguminous plants are used as a fallow crop and
green manure so as to reduce N fertilizer application,
confirmed by Rochester ef al. (2001) and Park et al.
(2010), that asserted that soil chemical and physical
properties were considerably improved by using legu-
minous crops, which substituted chemical fertilizers.

Conclusion

The results suggest that using sclf-supplied legume
clippings as an N source is advantageous in the culti-
vation of dwarf napicrgrass for bio-cnergy production,
because it requires less energy input and is as produc-
tive as chemical fertilizer supply.
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