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Characterization of Rice Straw for Different Parts
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Abstract: Utilization of rice straw m various approaches had been an important measure to increase economical
benefits from agricultural production. To explore the resource efficiently, a better understanding of the

characteristics of rice straw as detailed as possible 1s necessary for the choice making. In this study, the straw
samples from Heilongjiang province of China were evenly cut to two halves for laboratory analysis. Results
showed that the contents of ash, N, K, Ca and Mg were increased in the upper parts and the contents of volatile

matter, fixed carbon, lignin, calorific value, P, Na and Fe in the upper parts were lower than those mn the

lower parts.
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INTRODUCTION

Heilongjiang province, which is located mn the
northeast of China, is well known for its great rice
production and high rice grain quality. With annual yield
of about 11.22 million tons of grain [1], the straw output of
Heilongjiang reached 7 million tons if the grain-to-straw
ratio [2] was employed for calculation.

Present utilization of rice straw mainly focuses on
feed, fertilizer and energy conversion. Feed use of rice
straw include direct feed with untreated straw, silage,
ammonia treatment and so on. Using straw for fertilizer
can be either by straw-returning or composting. And
energy conversion of rice straw was usually practised by
direct combustion, gasification, briquetting, liquefaction
(biochemical conversion to produce ethanol and thermo-
chemical conversion to produce bio-o1l) [3]. The decision
of which technique to apply is often close related to the
characteristics of straw.

Characterizations of rice straw were frequently
reported by literatures. Study of TJin and Chen [4]
suggested that the total ash, msoluble ash (silicon),
cellulose, hemicellulose and Klason lignin contents varied
greatly among rice straw samples from the different rice
straw varieties, the various tissue parts and the different
producing area. More specifically, Vadiveloo [5] found
that the leaf ranked higher in nutritive value than the stem
before and after chemical treatment. From the point of
view of breeding application, varieties that with hugh leaf

content were therefore favoured to promote the utilisation
of rice straw as a ruminant feed.

However, separating leaf from stem is an intractable
and relatively expensive task for current lever of
mechamcal process. Usual way of utilization 1s to take the
whole plant of straw into a single process, which lead to
many problematic obstacles since different parts varied
much in relevant properties. In this study, straw samples
were simply cut to halves and several components
relevant to straw utilizations were analyzed to help decide
which utilization method is more reasonable for each part.

MATERIALS AND METHODS

Samples Collection and Preparation: Five varieties of rice
straw, collected from local farms in Heilongjiang Province
of China, were harvested in the year of 2006. Widely
grown in Heilongjiang and the rest of northeastern China,
the collected varieties were named Jingyou 9, Yinyou 3,
Yinyou, Longgeng 14 and Xiangdao, respectively. The
samples were all reaped at maturity, approximately 10 ¢cm
above the ground.

The rice straw samples were directly cut to two
halves rather than divided up into leaf and stem based on
morphology. Then each half of the sample was presented
to 24 hours’ oven drying at 70° and milled in a standard
laboratory knife mill to pass 1.0 mm screen. The dried
milled samples were stored in a desiccator before chemical
analysis.
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Laboratory Analysis: Prepared samples were sent to
chemical analysis, determining the contents of ash,
volatile matter, fixed carbon, ligmn, calorific value, N, P, K,
Na, Ca, Mg and Fe. Among the components and
properties, ash, volatile matter, fixed carbon, lignin,
calorific value were classified into energy relevant
properties; and N, P, K, Na, Ca, Mg and Fe were classified
mto fertilizer relevant properties.

Ash content of rice straw was determined as residual
weight after calcining at 550° [6]. volatile matter was
determined by heating the straw sample to 900+5° under
anaerobic condition in a muffle furnace [7]. and the fixed
carbon content is determined by subtracting the
percentages of ash and volatile matter from a sample.
Ligmn content was measured by the method of Van
Soest based on the dry weight [8] The calorific value [9]
of the straw was measured using an automatic adiabatic
bomb calorimeter [10].

Nitrogen of rice straw was determined by
combustion method with a Vario EL II analyzer
(Elementar Analysensysteme GmbH, Germany). To
quantify the contents of K, Na, Ca, Mg and Fe, straw
samples were digested using Ethos Touch Control
advanced microwave labstation (Milestone Italy,
equipped with HPR 1000/68S rotor) with 1200 W microwave
oven. Recommended by the manufacturer, the microwave-
assisted acid digestion of straw was performed according
to the Milestone research report (code 18). About 0.5 g of
dried milled straw sample was digested with ¢ ml of
concentrated nitric acid and 1 ml of concentrated
hydrogen peroxide m a closed reactor in microwave
oven. The resulting solution was quantitatively
transferred into a 100 ml calibrated flask, where it was
diluted to volume with ultra pure deionized water. Blanks
were prepared with the same reagents undergoing a
similar treatment. Finally, all solutions were stored in
polyethylene bottles at 4°C.

For K, Na, Ca, Mg and Fe quantification, 0.5,1, 1.5, 2
and 2.5 ml of the resulting solutions were diluted at 50 ml
calibrated flask and determined by flame atomic
absorption spectrometry (AAS Vario6, Analytik Jena AG
Germany). In Ca and Mg quantification, 1ml of lanthanum
chloride solution was added to the calibrated flask as
releasing agent.

All the components were measured in duplicates.
On dry basis the contents of ash volatile matter, fixed
carbon, lignin and mtrogen were expressed in weight
percentage, calorific value in I/g, K, Na, Ca, Mg and Fe
inmg g™, respectively.

RESULTS AND DISCUSSION

Energy Relevant Properties of Rice Straw: According to
the previous classification, energy relevant properties
and fertilizer relevant properties of five varieties of rice
straw were listed in Table 1 and Table 2, respectively.

Calorific values of the rice straw samples were
between 15000 J/g and 16500 J/g, indicating that about
2 kg of rice straw was sunilar to 1 kg of standard coal.
The upper parts were comparatively richer in ash, but
have lower contents of volatile matter, fixed carbon, lignin
and calorific value. Judging from the contents, the lower
part of rice straw is better than the upper part for energy
conversion.

The differences of energy relevant properties
between the upper parts and the lower parts were not
independent. Except for the supplemental relationship
among ash, volatile matter and fixed carbon, one property
may positively or negatively relate to another property.
For example, calorific value is often reported to be
negative correlative with ash content and positive
correlative with lignin content [11]. In this study the
authors plotted the calorific value of rice straw against the
contents of ash and ligmin mn Fig. 1. Both of the pairs
presented high correlatior, similar with literature report.

Table 1: Energy relevant properties of the upper parts and the lower parts of rice straw

Varieties Parts Ash (%) VM (%) FC (©0) LIG (o) CV (/g
Jingyou 9 Upper part 12.33 71.88 15.79 4.21 16137
Lower part 9.71 73.84 16.45 572 16328
Yinyou Upper part 13.81 70.39 15.80 5.38 15910
Lower part 11.00 71.79 17.21 5.96 16051
Yinyou 3 Upper part 16.10 68.82 15.08 4.46 15381
Lower part 12.84 71.04 16.12 4.57 15521
Longgeng 14 Upper part 15.52 68.89 15.59 4.55 15568
Lower part 14.26 69.56 16.18 5.08 15700
Xiangdao Upper part 12.41 71.69 15.90 6.25 16103
Lower part 10.46 73.13 16.41 7.69 16269
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Table 2: Fertilizer relevant properties of the upper parts and the lower parts of rice straw

Varieties Parts N (%) P{mgg™) Kimgg™) Na{mgg™) Ca{mgg™) Mg (mgg™h) Fe (mgg™")
Jingyou 9 Upper part 0.72 1.40 16.40 0.60 3.51 2.30 0.16
Lower part 0.66 2.4 716 4.67 1.70 1.66 0.39
Yiryou Upper part 1.05 1.21 17.33 0.41 3.46 2.22 0.18
Lower part 1.01 2.05 11.14 3.98 1.79¢ 1.68 0.67
Yityou 3 Upper part 0.90 1.06 18.80 0.40 2.12 146 0.18
Lower part 0.63 2.05 14.11 2.61 1.09 1.32 0.26
Longgeng 14  Upper part 1.00 1.33 20.21 0.67 27 2.04 0.23
Lower part 0.93 2.53 17.59 3.81 1.59 2.10 0.48
Kiangdao Upper part 0.94 1.51 16.52 1.24 3.65 2.64 0.23
Lower part 0.82 317 885 7.04 1.68 212 0.99
Table 3: Pearson correlations among fertilizer elements
N P K Na Ca Mg Fe
N NS NS N8 NS NS N8
K 0.48 -0.75% i NS NS #
Na -0.29 Q.07 ** -0.83** * N8 R
Ca 0.40 -0.66% 0.48 -0.6T* i NS
Mg 0.39 -0.10 0.25 -0.16 Q.77 NS
Fe 0.01 0.86%* -0.67% 0,92 st -0.52 -0.04
NS, not significant * p<i0.05 ** p<i0.01 **#* p<10.001
16500 16500
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Fig. 1: Correlation between calorific value and ash, between calorific value

The calorific value of Jingyou 9, Yinyou and
Kiangdao significantly  higher than those of
Yimyou 3 and Longgeng 14 (p<0.05). For comprehensive
evaluation of crop production, the energy in rice straw

were

should be calculated combined with gramn yield.

Fertilizer Relevant Properties of Rice Straw: The
contents of N, P, K, Na, Ca, Mg and Fe in the upper parts
and the lower parts were listed in Table 2. Results showed
that the main fertilizer compositions in rice straw were N
and K, whose contents were both around 1%. On average,
the contents of P, K, Ca, Mg and Fe were quite stable
among different varieties and higher vanations were

observed for N and Na. Comparatively, the contents of N,
K, Ca, Mg in the upper parts were higher than those in the
lower parts, the contents of P, Na, Fe in the upper parts
were lower that those in the lower parts.

The accumulation and distribution of fertilizer
elements in rice straw were mfluenced by many factors,
such as soil conditions and varieties. The relationships
among fertilizer elements were mvestigated by Pearson
correlation (Table 3). The correlations between P and Ca,
between K and Fe, between Na and Ca were sigmficant at
0.05 lever; the correlations between P and Na, between P
and Fe, between K and Na, between Na and Fe, between
Ca and Mg were significant at 0.01 lever.
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DISCUSSION

The characteristics of rice straw have much impact on
the utilization techniques. The analysis of different halves
suggested that the lower parts were more suitable for
energy conversion than the upper parts. For fertilizer use,
generally rice straw was returned to increase N, P and K
contents of soil [12, 13], since that total content of N, P
and K was an mmportant mdex for the evaluation of
organic ferterlizer. Tt was therefore suggested from the
compositional comparison that the upper parts were more
preferable for fertilizer.

CONCLUSION

Rice straw samples from Heilongjiang province of
China were cut evenly into halves and characterized in
both energy relevant properties and fertilizer relevant
properties. For energy conversion, the lower parts were
advantageous due to the higher calorific value and lower
contents of K, Ca and Mg. For fertilizer relevant
properties, the upper parts have greater N, K, Ca and Mg
but less P, Na and Fe.
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