Click www.researchjournal.co.in/online/subdetail.html to purchase.

Agriculture Update

Volume 12 | TECHSEAR-10 | 2017 | 2974-2978

Visit us : www.researchjournal.co.in

A[_ijl

H e ISSN-0976-6847

ressrcen Armcie: PULDING @Nd Strength properties of Bamboo genetic
resourcesat variousagegradations

B R. THIRUNIRAI SELVAN, K.T. PARTHIBAN AND B. PALANIKUMARAN

ARTICLE CHRONICLE:  SUMMARY : Seven bamboo speciesviz., Bambusa bambos, Dendrocalamusstrictus, Bambusa vulgaris

Received : var. vulgaris, Bambusa vulgarisvar. striata, Bambusa bal cooa, Bambusa tulda, Bambusa polymorpha
11.07.2017; with five age gradations were taken for the study. The pulping and strength properties were analysed
Accepted : for Bamboo genetic resourceswith al age gradations. With regardsto pul ping properties, five-year-old
25.08.2017 Bambusa bal cooa has recorded higher pulp content (50.06 %) with optimal kappanumber (18.50). The
strength properties of five age gradations revealed that the superiority of five-year-old Bambusa
balcooain termsof tensileindex (78.34 NM g?), burst index (24.87 mNm? g) and tear index (7.54 KPa
m? g) of unbleached pulp. Considering al the parameters into account, the five-year-old Bambusa
balcooa species proved superior in terms of pulp yield, kappa number and strength properties and
hence this study recommends five-year rotation for pulpwood plantation of Bambusa balcooa.
How to cite this article : Selvan, R. Thirunirai, Parthiban, K.T. and Palanikumaran, B. (2017). Pulping and
Key WORDS: strength properties of Bamboo genetic resources at various age gradations. Agric. Update, 12 (TECHSEAR-10):

Bamboo genetic
resources, Pulp yield,
Kappanumber,
Tensileindex, burst
index, Tear index

Author for correspondence :

R. THIRUNIRAI SELVAN
Forest College and
Research Institute,
Tamil Nadu Agricultural
University,
METTUPALAYAM (T.N.)
INDIA

Email : selvanforester
@gmail.com

See end of the article for
authors’ affiliations

2974-2978.

BACKGROUND AND OBJECTIVES

Bamboo, a versatile group of woody
grasses belonging to the subfamily
Bambusoideae of the family Poaceae
containing more than 1250 species coming
under 75 genera were seen unevenly
distributed in the various parts of the
humid tropical, subtropical and temperate
regions of the world. India has an abundant
bamboo resource. There are about 24 genera
and 138 species. Among these, three genera
areexotic and theothersareindigenous. India
possesses 25 per cent of the speciesfoundin
the world and 43 per cent of speciesfoundin

Asia and has rich species diversity and world’s

largest reserves of bamboos after china(Negi

and Naithani, 1994). Bamboo grows
extensively in the Western Ghats and in the
North eastern States. There are about 1,
39,577 kn? of bambooforestsinIndia (15.67%
of total forest cover), which yield about 4.5
milliontonsof bamboo per annum (FSI, 2011).
Out of the 138 species found in India, only
thefollowing 13 speciesareused commercialy
in various states viz.,, Bambusa
arundinacea, B. balcooa, B.

polymorpha, B. tulda, B. vulgaris, B.
Nutans, Dendrocalamus brandisii, D.
hamiltonii, D. strictus, Melocanna
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baccifera, Ochlandra scriptoria, O. ebracteata
and O. Travancorica (Hague 1984).

Bamboo has not only gained importance as raw
material in cottage industries but is also used in large
scale industries as pulp and paper (Maheswari and
Satpathy, 1990). About 30 per cent paper mills spread
over the country meet about 60 per cent of their fibrous
raw material requirement from bamboo. As indicated
above, industrial demand for paper isrising but bamboo
reserveisdwindling fast. Against thisbackdrop, the study
was conducted to identify the high pul p yielding bamboo
genetic resource with optimal age gradation.

RESOURCES AND METHODS

Pulping properties :

Four hundred gram of OD chips were cooked by
kraft processin an electrically heated glycol bath series
digester consisting of six bombs each 2.5 lit. Capacity
under thefollowing constant pul ping conditions.

Parameters Conditions
Chemical added as Na,0 (%) : 17

Bath Ratio : 128
TAA inwhiteliquor (gpl) 85
Cooking temperature (°C) : 170
Cookingtime (min.) : Q0

H - Factor 1600

At the end of the cooking, the bombswereremoved
from the digester and cooled by immersing in water.
Bombswere opened and spent pul ping liquor wasfiltered
off on double fold nylon cloth. The pulps were washed
until the filtrate became colourless. The washed pulps
were screened on aflat screen (slot 0.3 mm). Thedryness
of the pulp was determined and thus the pulp yield was
calculated on the basis of dryness of pulp. Kappa number
of each pulp was determined as per the TAPPI method.

Srength properties of unbleached pulp :

The dried sheets were air dried and were again
conditioned at 27 + 1°C and 65 per cent + 2 RH for four
hours before testing. The tensile strength, bursting
strength, tensile energy absorption and €l ongation of paper
sheets were measured according to TAPPI standard.

Satistical analysis :

The estimates of mean, variance and standard error
were worked out using the method described by Panse
and Sukhatme (1978). The significance test was carried

out by referring to the standard ‘F’ table of Snedecor
(1961).

OBSERVATIONS AND ANALYSIS

Pulping properties :

Among various Bamboo speciesthe age gradations
of Bambusa vulgaris var. vulgaris showed the lowest
unbleached pulp yield ranged between 42.54 per cent
(One-year-old) and 46.18 per cent (Five-year-old). Other
age gradationsviz., four, threeand two years old recorded
the pulp yields of 43.68, 44.14 and 45.08 per cent,
respectively. Maximum unbleached pup yield was
observed in age gradations of Bambusa balcooa viz.,
one (45.26 %), two (46.63 %), three (48.10 %), four
(49.39 %) and five-year-old (50.06 %). Followed by, the
age gradations of Dendrocalamus strictus recorded high
unbleached pul p yield than the grand mean. Thesevalues
show that unbleached pulp yield wasincreasing with an
increase in age (Table 1).

Thekappanumber isan indicative of lignin content
of pulp and gives an idea of bleaching demand in
manufacturing process. Within the different age
gradations of various bamboo species one-year-old
bamboo speci es has the minimum kappanumber. In one-
year bamboo speci es minimum kappanumber wasfound
in Bambusa tulda (12.45) and maximum in
Dendrocalamus strictus (21.42) at 18.0 per cent of
chemical charge. The other age gradations of Bambusa
tuldaviz., two (13.60), three (13.70), four (15.20), five-
year-old (16.40) also showed minimum kappa number.
It isalso revealed that kappa number isincreasing with
anincreasein age (Table 1).

Srength properties of unbleached :

The tensile index of refined unbleached pulp was
found maximum in five years old Bamboo speciesranges
between 72.18 Nm g (Bambusa tulda) and 78.34 Nm
g! (Bambusa balcooa). The maximum tensile index
was found in the age gradations of Bambusa balcooa
viz.,one(72.78 Nmg?), two (74.29 Nmg?), three (75.84
Nm g?) and four-year-old (76.27 Nm g?') among the
various bamboo species. Followed by the age gradations
of Bambusa vulgaris var. striata shows higher tensile
index. The lowest tensile index was observed in the age
gradations of Bambusa tulda viz., one (63.47 Nm g?),
two (65.49 Nm g?), three (68.24 Nm g*) and four-year-
old (70.84 Nmg?). Thisresult showshigher tensileindex
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in the five-year-old gradation of Bambusa bal cooa and
tensileindex isincreasingwith anincreasein age (Table
2).

Maximum Tear index wasrecorded in thefive-year
age gradation of Bambusa balcooa (24.87 mNm? g?)
and the minimum was recorded in the Bambusa tulda
(15.86 mNm? g. The age gradations of Bambusa
balcooa viz., one (23.57 mNm? g?), two (23.84 mNm?
g?), three (24.08 mNm? g?1) and four-year-old (24.59
mNm? g1) shows higher tear index comparing all the
other age gradations of various Bamboo species.
Followed by the age gradations of Bambusa vulgaris
var. striata has the highest tear index among various
Bamboo species. The lowest value was recorded in the
age gradations of Bambusatuldaviz., one (13.76 mNn»?
gl), two (14.67 mNm? g1), three (14.92 mNm? g?), four
(15.47 mNm? g1) and five-year-old (15.86 mNm? g?). It
revealed that five-year-old age gradation shows higher
tear index than the other age gradations and among
various bamboo species Bambusa balcooa shows
higher tear index and it isincreasing with anincreasein
age (Table 2).

In regard to burst index five year age gradation of
Bambusa balcooa (7.54 KPa m? g') shows maximum

burst index and minimum was recorded in the age
gradation of five year in Bambusa tulda (6.56 KPa nv?
g'). Among various Bamboo speci es the age gradations
of Bambusa balcooa viz., one (6.82 KPa m? g1), two
(6.94 KPa m? g1, three (7.01 KPa m? g*) and four-
year-old (7.24 KPa m? g?) shows higher burst index
followed by the age gradations of Dendrocalamus
strictus shows higher value. Thelowest burst index was
recorded in the age gradations of Bambusa tulda viz.,
one (6.32 KPa m? g?), two (6.39 KPa m? g1), three
(6.46 KPan? g1, four (6.41 KPam? gt) and five-year-
old (6.56 KPa m? g%). These results shows that burst
index is increasing with an increase age and five-year
age gradations of Bambusa bal cooa shows higher burst
index (Table 2)

Pulping properties :

Unbleached pulp yield ranged between 50.06
(Bambusa balcooa) and 46.27 per cent (Bambusa
tulda) in the five-year age gradation. Among all the age
gradations, five-year-old sampl e showed maximum pulp
yield. The age gradati ons of Bambusa bal cooa recorded
lowest kappa number among various bamboo species
(Fig. 1 and 2). Similar results were reported in

Table1: Comparison of pulping propertiesfor different bamboo species at different age gradations

Spedies - > mlpgleld . - - > Kappal?:lumber . -
Bambusa vulgaris var. vulgaris 42.56 43.64 45.57 46.04 47.44 14.20 15.80 16.70 17.20 18.90
Bambusa vulgaris var. striata 4254 43.68 44.14 45.08 46.18 15.70 16.40 17.20 18.60 19.30
Bambusa balcooa 45.26 46.63 48.10 49.39 50.06 15.20 15.80 16.90 17.40 18.50
Bambusa tulda 42.85 43.69 44.20 45.10 46.27 12.45 13.60 13.70 15.20 16.40
Bambusa polymorpha 42.97 43.78 45.67 46.56 4757 18.72 20.48 22.16 23.27 24.00
Dendrocalamus strictus 46.38 47.07 47.93 49.01 49.78 19.75 21.42 23.16 24.58 25.40
Bambusa bambos 45.82 46.09 46.75 47.04 47.84 19.40 20.50 21.10 21.90 23.80
Table 2 : Strength properties (300 ml CSF) of bamboo species at different age gradations
Spedies Tensileindex (NM/g) Tear index (MNm?/g) Burst index (KPa m?/g)

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Bambusa vulgaris var. 66.48 6841 7086 7138 7318 2040 20.60 2110 2130 2160 624 638 642 648 659
wulgaris
Bambusa vulgaris var. 7249 7423 7562 7621 7818 2348 2382 2399 2443 2482 646 657 662 668 7.04
striata
Bambusa balcooa 7278 7429 7584 7627 7834 2357 2384 2408 2459 2487 682 694 701 724 754
Bambusa tulda 6347 6549 6824 70.84 7218 1376 1467 1492 1547 1586 632 6.39 646 641 656
Bambusa polymorpha 6475 67.81 6948 7128 7381 2324 2357 2372 2397 2413 627 641 648 652 664
Dendrocalamus strictus ~ 68.24 70.84 7248 7584 7687 2326 2338 2362 2387 2391 661 676 686 691 7.14
Bambusa bambos 68.47 7046 7328 7554 7794 2084 2121 2157 2197 2231 667 686 6.98 718 7.29
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Anthocephalus cadamba at different age gradations
(Lal, 2010) which lend support to the current study.

Pulp Yield

Fig. 1:  Pulp yield of various Bamboo species at different age

gradations
Kappa Number

Fig. 22 Kappa number of various Bamboo species at different

age gradations

Srength properties of unbleached pulp :

The strength properties of any manufactured paper
in terms of tear, burst and tensile factors are very
important for paper quality (Anon., 1982) (Plate 4). In
the present study, the strength properties of all species
were investigated for bleached pulp. The strength
properties indicated that the burst and tear index were
maximum in thefive age gradation of Bambusa bal cooa
viz, tensleindex (78.34 NM g?), tear index (24.87 mNm?
g?) and burst index (7.54 KPan? g') and minimumwas
recorded in the five year age gradation of Bambustulda
(Fig. 3, 4 and 5). In the one-year age gradation, strength
properties of unbleached pulp were very low. Strength
properties were increased with an increasein age. This
reveals that five-year age gradation supports bamboo
speciesfor quality pulp and paper production. Withinthe
five-year age gradations Bambusa balcooa showed
superior pulping and strength properties followed by
Bambusa vulgaris var. striata and Dendrocalamus

stictus. Similar results were earlier reported in tensile
and burst indices of paper obtained from one-year-old
Leucaena leucocephala (Lopez et al., 2008), which
supports the findings of current results. The pulp and
paper property are highly dependent on fibre morphol ogy
and sheet forming processes (Pavilainen, 1993 and Seth
et al., 1997).

Tensile index {NM/g)

> sy
> ayearoid

# 3w id

mbisa fambuss tukds gambus £
pehymopha us bambacs.

Fig. 3: Tensile index of various Bamboo species at different

age gradations

Tear index (mNm2/g)

B yew chd
W7 yearcld
B3 yoa ol
B ayeacld

Bbyear chd

Bambsa wilza  Bandisavigars  Bavbusi bakoa  Bambusa bakda Bawbusi  Dendbocalanis  Dambisa banboss
v, wigaris var sirta polymurpha strctus

Fig. 41 Tear index of various Bamboo species at different age

gradations

Burst index (KPa m2/g)

Fig. 5: Burst index of various Bamboo species at different

age gradations
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Conclusion :

Pul ping experiments were carried out for 20 kappa
for each age gradations. Among the various bamboo
species, Bambusa balcooa recorded highest pulp yield
and lowest kappa number. The unbleached pulp yield for
al the age gradations were found between 45.26 and
50.06 per cent. The kappa number was found to be
satisfactory with minimum chemical charge. The
maximum pulp yield was recorded in five-year-old
sample. Similarly, kappanumber wasfound low in one-
year-old samples of different species. Among all the age
gradation of Bambusa balcooa investigated, five-year-
old sample recorded superior tensile, burst and tear
strength properties (78.34 Nm g, 7.54 kpa. m? g* and
24.87 mN. m? g1), thus most suited for pulping. It is
concluded that five-year age gradation of Bambusa
bal cooa showed higher pul ping character and strength
properties followed by Bambusa vulgaris var. vulgaris.
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