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This pape/ eietus the ttilizatbh of riLz :trN in the world, ircludins the pnductio and
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INTRODUCTION

In 2015 rhe world produced over 700
million rois (M0 olpaddy. of Bhich 4l Mr
lrom viehan (CSO 2015)i wirh a quanriry
ol nw,sabourequal tolhstof smin. Straw
oncc w,s consdered as a rcsidue or vastc
fom rice, thus *as incorJFrared or bumcd
in the field, or *asju* used a lnnc for c.tl.
feeding. Larer, st6q is supplicd for diferenr
processes, sucb as musnroom productio.,
buildins mareriah, or for powci generation
The rice po harvei rechnoloBy is no longcr
l,h,red in paddy and milled rice. si.cc n6s
therc \s a .tria.E\e ol PaAly MillelRirc StN
In Melnam, fiom 2012 to 2011. fie Nltional
Extension Cenld and rhree collaboBtion
Projecls halc dcan Nnh rice Esidues including
slra$, namclyr l/ SNv ProjectolNerherlands
arQuang Binh and Binh Di.hr.vinces(Phan
Hicu Hicn and Neuyen Thanh Nghr,20l3)i
2/ IRRI (Inrenatonal RiceResearch Instilut)
,n collaboralion wilh Nons-Lam Universily
(NLU) by (Neuyen Thanh Nshietal,20l5)il/

PireaCilyofSreden Nilh An Cians Provincc
(An Ciang Sweden Prcject2014)

Thispapeneviewstheuliliztionof riccsraw
in the world and comparativcly in vicr.am,
includins the svailable hancstcd qurnlity and
propenies of stras, description of difcront
equrpmenl for satherins and proccssing oasimw
relaled to lhe costs in handling opcrations, sihs
slorase. a.d u liztionofncestm* loi field
buminB and canlc accding ro clectical power
geneEtion. elc. straw uiili2,rion in vieinam n
presented with emph.sison idc.lifying specilic
problems to be slxdicd and vcn6cd!e6usorher

YIELD A\D PROPERTIES OF RJCE

Dala below was aom r nudy ol Sunme^
et al. (2001) on 8 ricc variciics in califomial
Stras yield was 7.0-13.6 rha a.d 9.3l rE on
avemse. SIE*/Crain Ralb (dry ma$) *as
0.89-l.l with 1.27 on,verage.
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rhc percentasc ol srnbl. len in r[c nctd
rarics in cuning hciSdr (Figure l). Ar ol5to
.trn,ng heisrhr. o.lt s0% olslmw h garher.d

ti
Bhilc $c orherhalfumains a\ duhbLc on ficld

Thc chcnical anal_vsh olsra* ,s shoBD in

Table l. U r'nae dah\. rn. onirmdre 4nrty!! roo dD bd..r.r n.e.trr' in.a om r

c,oi H,00 (),oo N.,o
4r.68 4.63 36.5? 070

Wlathered nraw l4 60 :l 9:1

Nor thc u. cleh distribuion: ,bour halfot
rhe biomas h at rhe lower lhnd ol$e ptanli
6:% isi.thcl.af,ndshe.lh.only33% is in lhe
nem and Fnicle (nor including gEin). Silica
Ekcs l5% ln the leal b onl! 5% in lhe slcm.

K

Sanne S nde6.t ul.. 2t)01

Tabl.I sho$s rhc chcfrrcal elcnrcnB in rhc
ricc tudr (Rosnriza ct xl. 201.1). Slra$ docs
nor h3\. much N. P, K bur n \upplies. ercd
dc.l .l organic matrcr ti.n 6oul409:0 C. and
r.reral olilo.clcmcn6 needcd for $c planr

'lable 2. P.r.enrlgc ofchcni.rl .lcnrcn6 in ricc nrds c;

Chcmin.rlslenrens Percenragc(%)

Me
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Fisurcl. IlEfcice.rageof stubblcrcminedinrhe6eld
vari.s snh rhe cdins hcighr. (summes er al.,2001)

To cnimate $c han.sted sraw or aviilablc
.ut(ra!laStm*/GftinRarioof 1.0(by*cight)
is senemlly assumcd wnh lhe cutlin8 heighr
at the lround lelel. 4en thal lhc ratio !an6
slishdy snh vanelies. As lhc culring heighl
incrcascs. thc cut Srraw/GEin mtio dccredes
as rhc tn $ubble incEases. Ijiguro I shows
thes relationsh,p\ wnh dala from 3 laricries in
Calilomi.ino slhila!,lcta G a!ailablc in Asia.
ln victn,n. a study fo! rAO (Phm Hieu Hien.
2009) csrimated the cur straw was 21.5 Mti fih
Nas br*d oo rhe paddy Dmducaoh ol16 Ml i.
2007, and ice plaDh ata.uili.g heishtbetwccn
0 2 n,nd0I n, meannrSa Cusraw/cainof
0.60. oi40%ofdE residuc was lct 6 stubble.
lr 2014. Fddy ploduction incre6.d ro45 M(
thus thecorespo.dingcstinacd strawqunfiy

In China- lhe rice sra$ *as 136 Mr in 2no,l
.ompared lo 226 Mt oa com srover and 116
Mt oa *hear slraw (Hu. 20lll. Note that the
srimare was based on. high Cut StraB/Cnin

Thus lhe availablc st,s depends on $e
specific yeara.d rhc c maledCutSlE",/6min

DQUIPIIIENT FOR CATHERING AND
PROCESSING OF STR]TW

lnncad oa nold bunrinB, sraw ca. be

Eathered nai.ly b), t$o rypesofbalc6 besides
some otncr l@sc sla* sa$ereu. Sraw bale6

L,n b. dilidcd in tfts of the balc\ bulk

Low: < I00 kg/mr. apphed lor wel straw ol
abour 40% mohore content (MC). Batcs later
should b. dricd ftr (o.!se. Dryi.g h, lorced
aerarion ol {.t n(w yields norc nur ional
value than sun drying in the licldr lnr cxample,
prolein contcm n 50% hishcr (Klcnin er al..
l98s) Th. dara should bc vcnficd under the

Mcdiun: 100- 200 kg/mr, applied for sraw
wnh MC nol exccedi.g 25%.

Ilighr > 100 ts/mi, applied ror slraw with
MC under20%. Evidcn y,r rhis MC. ditrcrcnt
bulk densny from baling crn be obt ined. Thc
power for balin8 n the lowest for straw ar
l3 25% MCi ioo dry sraw (MC undcr ll%)
inceases lhe po*er consuDption forb.ling.

Straw is bale,l into rccbngularcubes. Largc
units.suchaslhe/Y.snrn lSr0balerinthc Us,-1

(Figlr 2) producc bares thal N 2.5 m long,
1.2 m *ide, and 1.2 m high. weighing 370 kC
Bith n6w ar I4olo MC. a.d bulk densiry of 240
ke/frr. Balins capacny n I0,,br A lracnrr with
two rEile^ c carry 28 nr of strlw, which is
equivalenllo l9 ' 25 rons dependine on rhcMc.
The losdinSmd u.loadinB rime onro and ou or
the lrilcB ar 52 and l5 minurcs rcspecrively
(Jentinset al.. I985). Thisbalermodel sas ti6!
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pmdnced in l9?8, u.deNe.i modincadons and

15- 0o0 units wee $ld !p to 2007 (Sor€nscn,

Fiqure 2, H.Jsro, 4an, .dhic.bale nms balf

FiguF 4. A largc sizc baler (160 kg balc,
with bucket 2hd rakc in fronl for load,ng halcs

itu.rh.rBiler

r)
Figurc6. Schen,ric ofloaning bllls ln'

iound balers (Rich., d a1..1960)

rlgtr.. 3. cubic-bale strar balen itbri.alcd
by 2755lrtory in the I99O's

victn.m in lhe 1970\ bad cubic-bale sl.ar
bale6 a.d uscd for the pdper nills i. Dons
\a, Prcvincc. The fabncalion ol thcsc baler
resuoed in ihc 1990\ by 2755, , mililary
mechsnical l,clory (Fisuc l) bul ndmcd afer
a decade whm lhc Mckons Dell! shitted to fic
.omblne hafrcncr. because slztiontry halcu
need naw from stationary thtshs, wnerein
paddy and stmv arc salheed lo nxcd placcs,

not scanered throughoul lbe field.

Round-bde sln{ bder

I. the USA and Euope laree baler arc usen i

for epmple, balcs .rc O 1,6? n x 1,67m
heignt, weisht 160 k8(Dobie€!al., 1977).3.d
have bulk de.sity of lo0 ke/n' with &y slras

rigu.e s. A Nllcd-behind rracl.r balcr
for 410-ks bales

Anolher brand (fifluE 5) s,res out halcs

lhat aF O l,l r x 0,95 n heiEl'l. *cighl42.l
ks. and have bulk dc.sily of4?0 Lgir (Chan8

ct al., 2012). Tcn of lhis b5le6 in r,u, in
conjunclion wilh a,17-kw lraclor indicates thar

ihc balinB poser varics, avcmsins fom 15 I

kw lo a maximuB of ll 4 kw
,/,.ti,sp,.rr ol a halcr includer st6y pic*

up Srrherer stra* bahng component *hlch crn
bcenherromingbehs(Fieurc 6) or steel rollcr
It ipuE ?). slEwelect.r, andkDo!.r(Fi|Ilrc 81.

NoN.ir^M {rNrvrRsr r HcM( Ldnrl I 
^!ncu 
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FiSurc 7. Foming slcclrollc6
(Wane cr al..20ll

ln China, delelopmcnr oi sfta* hanestine
nachiiery stancd around 2000. bsedcr wnh
iDponcd modcls lrom cl&s. .rohn Dccrc. crc
Ln!|2006. rhcrc wcn abour 1000 small bal.n
(bal. mas! 15 - 20l(gt, rhich only handlcd lcss
$an l% oflhc saw,moun! in the country.
From lhen. faslcr dclclornent bok placc wnh
a douen of balcr mnufaclurem. ln panllcl.
rta* choppcFsprcadeN for retumine stm* to
the field incrcascd rapidly wnh 59t 000 unirs in
2007i phicb was a 25% incrq* conparcd to
2005 01an,2003i Hu er ar..201t).

ln Vietnam. cumni bale6 producc small
halcsthalarc()0.5 fr r 0.7nrheighrorO0,45 m
x 0.75 m hcigtu andhavebulk dcnsnyorabout
100 k8/mr from drr" nras at 15% MCI
hosclcr. siih lery ret stmw ol =70% MC,
c{ch balc h hcaur than 50 ke, which neans
bale dcnsny is frore rhan 300 kg/mr

ln 2016, a Sehinar and Dcmonst6tion on
'E4tipn" atd tc.lhonw lar Eotheri.s a .1

trettunl oIri.e Tran was joinr]Ly.ryanized
in Cab Tho Cny by the vlchanese Nalional
Extc.sio.. Nons Lam Unive^,ly- and lRRl.
Ccnral and Prclincial authonries conliburcd
l0papcs rorheSeminar slx manufacturcsmd
dcalc$ olimponcd m.dels paniciparcd in rhe
d.monstfttion. Mea\ursnrnh wcrc lakcn on4
baleR on a rypi.al lield wirh 4.6 roni dlnra\l
hc.tarc: preliminar) Esults lrc summfl^d,n
Trblc 3 (Phan Hicu H,encraL..l0t6).

/*1

Figum 3. K (ci lorbaL^

TableJ.P.'1,T.r..,t-.,. n.iq o.tc\i I 
'n 1,, J.r,l

Balcd.nsny rleLd capacn, Fieldcapacity Un sarheredkd.' h&/ hr ,hr %(los)

6

123=t.l t3t=071
lt!!: Lnb.6 on nthih( 01 .l.r a s.lfttu?ctlctt thr: 02brup t.*behind tqt unjt
Ldbar:.br balc cole.tihe: no,e for akll pn?etted unn:B.bapu cd-b.hih.t baLtu u"t

Lar$ in 1017. tvo models aE sidcly rh.6etd bordc. Mo,eor€!. as rhc Mcror teads
.ommercialized $nh \pecificadons llsted in rhc$ay.batesaemud-dinyinmuddy6clds.
lhblc4 . phan tan pl:cR57 baler lfabristed in

. u!.an-s. aR VPBn85j batcr, nni,1.J, DorSlhdfp.o.rnce'n.e -prop(ltr,tonrubber
.. \cmr noLlred behjr r Lirur of:o Hp .rdc\|,\.... tr.rh a ptd otr collarnrns obour
minimum aFiere 9). Thh batr is l.wcosr l0baleslFiEUE l0).The PT CR57 cosls much

,o( 4r b(;jc n njs !\,.nnr h.r.^ h,r Tor.. b i\. | ..(lf pro*l'co.1d durr\
etN,b3tc,o\.,rn!6.to,h,\i.,l".,i,.,t bdl(,olro,\c 6eto bdJd. rh:unn.r\.. t,m,.

,a. .,o. .urh.,nE . ;.,";.;;";i;;i.. -, l:,11.,;*":J1,..:"1..';j: l,fl ^.'*
run lurrr.! r \ccn\?.ndr!\hr t!iNuot0 l



O,*ll di,r.rri-.
bale6 and lhen pnces as quotud by rhc manula.turcr/ dealer

--. .,. Encrn. B,le.iiao LnLpri..,wnc (u 
Dos r HP ! lma mm usl)

rytr:

t.) Pri.et ronr. !1tr|IUSD=

45 500.700

000 heka@ do4s (wD) (in

4500r21s0r2450 l3 000

M*h rOA22

Figure 9. (a) Galan IHI STAR
MRB0855 bals la)

bchind.l0-llPtBctor

Oiher st.!w collectinq equipm€nts

ln the I 970s, tbeUSAhadaraki.gequipmcnt
ih,ch pushed slra{ inlo piles at rhc ncld
\dci and stBw pas ei$er gou.d or balcd.
Ih. ftN pile was loose *ith a bull dcnsity ol
rrl 50 kg/n't tanspoiltion cost w6 high ,nd
rree noBge sprcc sas needed. Thererot, ihis
rclhod s no lonScrapplied.

In 20i4, Ph Tan company in Dong Tiap
r1\in.. .f vletmm fabncabd rhc rrz,r

Figurc ll.The Hal Tinh sh\
Preblens rclrled to rhe use of combi.e-
hrnesrers (CBtt) .nd sirN btlers.

The CBH usually opcalcs al culting herghts

of 0.4-0.45 m for e6ciencx me,ning hieh
capacity. sood Exai. sepanrion, and clean
gDin. Low cuningneish(0.2 0.1h) iso.lyi.

hulldazer 'lhe machi.e plshcs slraw alons
into a colleclina Dlace Horclcr, rhis mLiel
wirhjusra fev cunonen was nor popul .

In 2015. Hai Tinh workshop in An Ciang
province fabicated rhe s/ra .a/./..rar. StBw
is rakcd i. the same * ay as a balci bul lherc is
n. b,ling componcnl (Figut ll). Loosc stm!
s c.nvcycd to a tBiler which leads to bulky

..llecror lronr and rcar!icws.

On rhc otbcr hand. as shosn in FiEure l, at
rhe usul cuning height, only 40% oflhestEw
canbecollectcd.thcrcmoinins60%is stubble
rft,ted in rhc 6c1d. Thus $e CBH tnd the st6w
balcr Nort assinsl each olhcr in tems ol
..nnomic Erufr ThcrcfoE. research ir nccdcd
in vieham on tnc efectolcuuinghciehtonlhe
tadc-ofbetwcen$ese rNocquipnent.

(b) Bales dunped rom cR57
plarfom o.io $e 6eld boldcr

\oN(il AM l]NlvFRslTY lI.Mc Juum, n qgnc!rurL 5r'cnreindTe.hnolug\N!6lnl?
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Stra* is not uscd riehl aftcr coll*ing, fius
it .eds storagc. wct shw n jusr suillble in
natins silasc for canlc oi producing biosas.
which means for snon{.m ues

W.rehouss for soraee lie sunabD ro.
comprc$cd bales, eithe!with cubic Etansular
(bulk densny l3G 145 rs/m) or mund (bu[
density 100 I l0 kry'nr) shapes. Bales takc up
less space (Dobie, l9?7), only:.0-2.1 mlbn
lor cubic bales and 2.1 2 3 nrbn for onnd

Fiqurc 12. Thc cquilibrium Mcofnce sl6w
at 25 t1. (Thompson 1974)

A she'l shelter or tapaulin b colcr the bale
pile is needcd. cspccially on seleral layen of
bales. Becausc worer lron a heavy rain mieht
penet6te as dccp as 0.I 5 m inro rhe surface layer
and innkrate inro lo*cr laycft ro decompose

Srlaq like orhcr organic narqials
conlainins ccllLrlosc, can b€ sto6d ifdned lo

lhc equilibrium moisture conlent (DMC) vitb
lhc air rclatilc hmdny of about ?@/o. Thu,
consid.ring the EMC chan (FisuE 12) yilh
Bca$$ tfrD.ratures of the Mekons Deltl i.
lhc mngc or 2+13 qC, $e stB* should be dned
ro about I l% (wcr basn) lor sloBse.

stas hancsrcd dunng rainy seasons in the
Mckong Dclra is ei6er lery wer o. submeryed
in sarci w h MC of 50% or noE. thus could
not sl.( r.r on€ weer. Ildried dom to I l% by
convemional heared airdryi.g, rhe @st *ould
bcloohigh conpaEd to lhe sfiawlslue. Maybe
rhc a.iaiion dryins is appropnate brcause it uses
a frihinum aidow wi th amb ienl un-heared an
lo sve e.ersyi the dryin8 time may lasl sdml
days helorc lhe stra* EMC is reached. Tnn
n anorher lopic b be verilied under *ea$er
cond,lions o I the Mekong Deha.

COSTS OF BTTLING AND TRANSPORT
oF Rrcli sTR\w

In 1975. esarch on lhe balins cosLs in the
USA w,rh equipmfl ts shown in Figure 4(Dobie
cl al., 1977) is sumadred in Table 5. for easy
companson, the fouowins conveuion mlcs arc

1 USD in 1975 = l.s USD in 2015
(SouEe: htlpr/stah.ato?pim.convcalc/calc

I USDin 2015 =22000 vND in 2015.

so: 1 USD in 1975 (USD,!,) = 3.s i2200o

Trbl.5. Cos6ofslrawbalingandcoll*nnginCalifomiain 1975
(conr.ded ro USD,uL. and vND.0,.). Bdtet vrh nacbr PTO-diwn, bale! of 360 lC,

Field caprcity 5.4 ,ontu Oales drcpped d lEl.l).

\ lt)
Equiprenr purch6e price, ?595 USD 1,5

(Equipmcnt life 6 yeas)
26 600

Costs of depr€ciarion& inhn ad 3% /year

b) Totll opeBlins cosls per ron

c)Tohl cosr per ron ol$ms bale

lirr 220O lon annualcapaciry: 2.61

19.11

57 800

162',11)0

Joun, oJ Arncuhuial Scrcn.c aid Te.hnobgy No 612017



i Ca of.olectin:a bale! to the leld lbxler/1oh 12 95

e) Ioral cost (baling &colledins)= c+d= 12.06 70s 400

, r Tmnspon to $e site ( l6 k,! !!4I)

\.,e Trantp. .ast pt (|on kn)

Trbl€ 6. Shw collectins

usD_t5= t8 800 vND,,)3,

Mclong Delt ofMetnm (2015)

Osn€r (coded): 5,A (Tien Cims) 6D (An Cimg) Note Ni
a r CollNtirg con on neu
sMP purchase (lo fmer) 5 000

I 000

r 000

I 000

r 000

1000

I 000

700

b) Labor(uansponrorheburo

l5 kB

367 000 vflD 654 000 \,ltD
=_ Co ofcollelrng I ron olemw: = 39.4l USD

:;d!: NCI . I Tien GianA, strN purch$e n 600 llD vND/ha, |i.lding I 20 bala-

ln Ah Giang, snb is nuch cheaper becae bdli"C equipnat is not co a.-

Nl2: Sef-prcpelled bdlea 6A HP Nd3: Bol4 n ptll.d behind a 3A-HP nacbr 9 lnet/.!ar.

Nn4: Labar fot carrri.s boles Jnn leld boe!.ts to boats at nru buk Labor rote i
.heap.tik,4hCia g.th6cohpensotesforod.hionaltdpa ltu i$dehelul.ltoiel.lborde.

Tahlc 5 shows rhal lhe on-6eld bali.s cost
s only l/r of tnc btal cosir lhe othq 2/3 is
tmnsporl cost, ev€n with only 16 km. Thus loi
any schemc, lhc price of staw as i.put material
shoud be bascd at tnc udliztion site.

In vietnam, similar published data is
scarce, so *e inleflieNcd lwo baler owners
in Tien Cl,ng a.d An Gians Provinces in

O.e inercsing mindidence (Table 6) n $at
lhe collecrine c6t i. the USA (1206 USD ,
Table 5) liedberwee. $ose in Tien GianSa.d
AnCi s(19.41 and 29.71UsDxon).

UIILIZ.\TIOI OT ruCE STRAW

Strop, vi€wed as a supply matnal for some
hnsin.s mrivities sh.nld be sel in ils $lue
chai. Thus slBw ulilialion should considcr
irs economic !alue in thechain, ar leasl iehting
lo $e coss. Slraw balins and collecring
should aim al some specifc ues iion diferenl

standpoinc of famcr's. lradcas. and useis;
baling is $e ihird wry of usins staw ve6us
rwo hdnio.al vays wnich e bmins and

Take ihe simplc cxamplc of incorpoEtin8
stuw ba.k b $e soi| how much does il cosd
Frcm a tudy 1n the l99o's in lhc USA(Blank
er al., 1993), this cosr (crlcularcd wilh 2.5 ,
ha) *as 5? UsDr /lta, as conv€rled from
I USDLsT re,= 1,58 USD,!,,.

Ercn Metnam's newspapcr in 201s, some

local companies planned ro exporl slraw lo
,apan. The questron is: besides a.teig.-crcrcy
emins, for one ton of erportcd stEN, how
mn.h diEs the local soil losc in rtri€nls. and

at whar cost? A study i. rhe usA (Blank, 1993)

showed renolins sftv lrcm lhe 6c1d did not
3f{r thc nirogen 1N), bul the @noled K. B
zn, and S pee valued al4.1USD,er Ls,. or6.3
UsD-,,, or I s0 000 \4.,lDrL, p{ lon.

\ONG I AMIINIVFRSITY HCMC loumal nf AgrnulruBl S!irnc rJ Trhnoloey No 6/1017
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In Chin3. util'z,r'on ofnra$ wa\ (ompited
by Hu er al r20llt Ho$erer, rhe motor u*
ol slraw as cookins tuel (Figurc l3) in tu.at
arcas has stcadlly decrcased sincc I 995 and the

rigure 13.

Thisn theoldes ulilizarion , method snd n
n convmimt for lames: simple and teast cosly.
Il al$ has sone added nutricn ts a.d tiiel incss
of planting. tsut appaEnr consequences a,e
emissionsofCO. and NO, into lbe annospnere
and .ven 20- 25% of P and K nutiots are lo.!

ln Calilomia, in 1991. wnh the Rice Sraw
Bumi.8 Reducdon A.t (Sumnen LLC, 20 l2),
lhe neu stEw bumins ol95% ofnce aEa in
rhe 1930 r90t decreoscd lo undei lo% in
2010. ln the ene periodi sraw incor?orarion

and Nlated to lhc deBm ot aw field bumine,
*hich is a$er 'qualnaive,. i. inreniews_
with sreps ot 20% (0, 20, 40. 60, 80, loo%
field bumins). Rcsulrs arc pE*.rcd in Table
7. These rcsuhs in Dong Thap and An cian,lat simil& ro lhose obbincd Foh Can-Th.

conhuins Dse as comheEial enersy supplies
(oil, sas and coal) hrs Ehar*abty i..reased.
Consequcmlt morc un-uscdorbumcd in 6etd

E?E
d r8

I

S,1R (Slrar /Arihal Rati.\ =
O, tity (on.e) olsbtu lton rice ercdrctioh

Lrrilizanun ofiatt) cmp {Bs rnCh,na,2O0s

increased froh 5% to 9O%, wh'le batinC lice
sraw only increased stightly fom O% ro 3%

In Vlernam. a tud, i Can Tho llntr6rry
in rhe MelonA ar(lb rn zot2 e h,nknrcw\.r
lL\0 lrmeB 

'n 
4 pro\ n€s ot An Ciana, K,en

Clang, Dona ThaD. c,n Iho lTan sv N;n H
a1.,2014). Results showed thar rorau;ice crcp
*&ns. morc than 90olo of straw ws buht in
rhe fieldsj *hile str.w for mushrcom gtusins
and caltlc fccdinE rook tess th,n 1% cach.

Howcvcr, a prclious sludy (phan Hieu
Hien,2009) showcd a morc deraited piclure. x
c,lculat.d lor pro!inces visited for inreNicws

Hedds ofAninal (Lud. + buflalo)

Unlletsnys nudy for prcvinccs in Ccm6l
Victnam as uell as Ben Trc in rhc Mekona
Delt , the S,rR rario is !e,y low, mcaninn shs
k uscd lor caulc tccdins and no lield bunnrs

T.ble ?. Surus of6eld buming ofsrra{. as nlated to.S,tp in zons

M"*",- p"i;-
L]

).1.,

Morc than 80ro/o FB
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rnJfr r0l4ro20l6 snh$cfanincreascol'
-. ri resrinard ar abour 2000 units in 2016)

- i nrons rec.nncndalion ol nor bumi.s
. n lroto E(c.sion *orkes. buming Eie
.. d.crcascd apprcoubly lior exafrplc.
.r 6iang provlncc used to bum hall oa ns

. _.r\ (Tablc 7). bul from 2016 nor mtrch ficld
- -rng .an be seen. as .o.6mcd by leveral

-$. tmdc6. exrension Borlcrs, 11.. thar

: rudror inlen-,cwcdas well a! lrom nisosn

field i n co rporation of ttrrs
(rhlamia iD 2010 has 90!,'o olns nce aica

25

with nraw inco+rrarion on 6eld. Rctuming
organic maneN back io rhc lield h clearly scc.
i. thc rcgion. although ns modcm ag.culrurc is

using quiic a lol olinorga.ic fcnilize$. Tscnty
t*o mdhods snd equipmcnt (dail chopp*,
dnc plow. cage$hcel, etc ) *ere dcuhentcdi
Tablc lt shows some typical Esults (Blank cl
al.. l99l). Apparenrlt $ra* incorpor,io.
costs 5 18 rimcs compared to 6eld buning
llowever, ir btings *veal advanlages such as

imptuvins rhc soil fenihry and abilizing $c
ice yield in spnc olconrinuous ricecuhirxtion.
rhus compcnsatcs for the add.d cosu

Iablc8. Concompanson ol dircrcnl incorporation melhodsre6us ffcld bumingol{m*

an( Ri,i.b

i,ppcd rnh nril morer s01l tt5
hhl(Js.rlrn(6Fr pr+)

F nr,h'ngdi( b.l m lz nas) 24l5

)!E: Conft tsion ruk! I UsD ry ) b", = I 53 U SD !,, ! ar.l I U 5D.,,,.= 2 2 Aqa W D.t) |

The con for catlle feed may take mole lhan

aoo o or tobl cost. ln Vieham, ar€os for folage
.ulrivation arc much le$ rha. i. tenperate
..unLaes in Europe or Amcrica. Thelefore.
nru* lor canle feedins is, raiionalchoice eve.
lhoush ftN has less nudlioml value than

The quantiry (dry basis) of canle feed.

riom srlsw or fomse, usually cquals l% or
rhe carle *eieht (Chau Chau Hoang, penonal

.ommunration). Thus rron bhh seishl ar

ll ks to adult weislt a1200 250 k8. a catle
ronsumes 5 kg of feed per day on ave6ge,

which isl.8 lon acr ycar ln pdcticc. f.mer
in victnm feds 7 l0 kB a day. The slraw nay
ure 60% ofthe fed; a norc anounl may allccl
rhe wciBh sain. Thu! an casyro{enenbcr
nunb.t lot cattle is t bn afnru\/yeanhea.l.
This number is used i. tnc balance betq.cn
srraw supply inaspecihc ricc-sro*ing area and

sra* dcmand lor catlle in lhal arca.

Sraw for canl€ ieed is to bc tealed wnh sn.
lime. urca, elc for digcnibilily and nuhrion.
ln thc USA (Tablc 9). cxpe.imen( Ncrc
c.nductcd on lhe lation olmcat caftle and milk
cows (Dobi€ et al.. 1973). Nolc lhal slraw bok
?0% oltnc *eisbl ollhe caltlc ralion.

\ONG L M U}iIVTRSITY. HCMC Jiu rlor\!ncdl'us \!'en!c ond Te.hnolu$ \o 6 201?



Table9. composilionandcostofriccniawEiionforcarrLe(Dobiccral., ltrt)
USD,,

15.0

5.0

1.0

0.5

0.2s

'1.20

3.50

0.80

020
0.21

15.75

t.60

891000

?t2 800

?9 200

20 800

2 965 800Pqto oJnrN: 29.96

N4!: A"wrsion rat : I USD),tt= 1,50 USD_|,ant t USD,.jr= 22A00 yNDaF

For chemical Ee.tr ent, baled slEw is noe aboul ls 2(r/o conpa,cd to the pm6r f,.n
sdva.beeouswithalaborprcductiviryofto t5 Flling paddx dd at a shoner penod (phan
limcs comi8red lolmsc st6v !o oblain a eme ltieu Hie.,2Ot3). l-urih€mo.e, this docs noi
quonfty (interiew wnh Nsuyen Loi Duc. An ycl include the bencnls liom aner-nushmom
Ciang); tte unloading lron the ftared shelrer staw esidues as orBanic renitizer
is al$ noE handy Bnh baled snzv.

With fas increMs ol hald in 201+2016_
straw n much mor€ Msily transportcd loh
suDlus are6 such s Dong Thap and Lons
An b nearby prcvir*s with nunmus catle
hqds such as Ben-TE, Tra Mnh (Table ?) or
IIo Chi Minh city. Moreoler, staw beein ns
jouncy of 1500 km to Nghe An a.d Thanh
HG Provihces, wncrc laree dairy fams have
been esablnhed. Assufre a ninimun of 0.5
tg slraw pEr head pcr dax a 20 0oO cos fam
would requiE 4000 rons of balcd md dry stm*
annually lo b€ shipped nonhbound.

Shw nushr@m (,/,/va,era yD1,a.?a) is
a nudtious food that is hrshly valued in the
wond nartet and cxponed at t20o USDton.
The $raw om hatuesti.s onc heclac of ricc
is enough lor 200 n) of mushrmn bed. which
rhen poduccs I80 300 k8 ofnushroom (250
ks on avcEge) ane.o.e mo.th E$imalingasa
rule-of-thunb on prices ( I lg hushroom : :t tg
nilled rice = I /3 k8 pork neao, thc famr can
gcl a net prcfil ofone nillion VND (:,r5 USD)
|'on that 200 nr ofnushr@m bcd. This is

Vctn,fr in 2009 pGluced 64 000 lon oirice
nustroon, 8e/o ofwhich eme lion Mckong
Delta. This qumliry is ,tnosl equal b rhar ot
Orslcr mushrcom (P1"arcr,s osrpzr6) d is
ab.ut half of Dar nushmm (,,1,/i.z/ar6).

of 50 000 tons frushr@m in lhe Mekong
Dclb, aboul 10 000 t comes trcm Dons lhap
Prollncc with thc mxjo.ty from Lai Vuns
Dndci. Fameu in L,ivunsas wcll asin somc
oihrplacesof LongAn andCanThoprovinccs
are s*illful wilh nushrcom grcwinsj 1000 m:
(0.1 ha) of mushroom bed can yield I lon of
nushroom h conion for a household *hl.h
n had lo imagine 20yeaBago. The yield k 2l
tons of mushroom per year on a I habed.

Nor only giowing musn@n, some Lai
vunsfarmcualecullivatcinoculunspaM.or
prcess into salted and dricd mushtroom. orh*
prc!inces Nnh annual prcdu.rion of 4000-8000
/yed i.cludc Soc TBng, An ciang, Ca Tho,
vinh Long 6u $eir yicld (in rems of k8 of
mushMm per 100 ks of str,*) n only abour
halfofrhe yield in Laivung

Mushrooo cullivation in rhe Mekone Dehr
has laccd thre .,,rrrr,^'

NONG L V LIN IVFRSITY . H''M' Joumrl ofAg.iculrunl Scienceatrd Tc.h.otogy N.610 L7



Consndint d@ to the ase ol conbine
,dh.sr.A: In20l G2013, mushrmn producrion
j.re.ed signi6cantly. Fot example, An Cia.g
_ l0l: pioduced only l000ton (l) mushroofr.
' nn. clghih compared ro 35 000 lons in 2009

:r major caus w6 rhe usc of conbine
_:f,ester lhar sanered st6{ ord the 6€ld

.1 pilins slrd$ fron rice thEshN ts before)

f.ior for sa$ennA stmw was lacking o.
riril$I. ar hid con, thus sEw cost rncrcased

:.,m lO0 V]{D/kg in 2009 ro 1600 VND/kg in

Luckilx lhe abovc const6int h,s ben
,{a$edby the in.i.asc oabale^since 2014.
\lulhroom produclion has recoveEd in An
nung,nd other prcvinces ar lcast 10 lhe 2009's

Co^ttuiit tbc to t chticol Ptuht N
:ie lechnique for growing mushrcoo is not

lnbilized, spaNns de oncn contaninarcd,
r hich declees rhe yield dorn lo l/] compa.ed

a'the abore avcrase 250 kg ofmusbroom pft

The porcnlial for ftushmom should bc

recogniT.d. Although r,mcs in Lai Vung
r.hieved l0 12 ks nushr@m pcr 100 ks dry
nEs. the emaininE mjorily only Aot 5-7 kg.

Production ar an i.du$.ial scalc cm reach l0
.l ks mushoom/100 ks stBw o.aside.ole,
iicld is the lorcnost cnl{ia ro dcrcmine $e
.ronomics oamusnmm culrivarion.

CMtNi"t due loth. no .et Th.foshtom
markr is nor srable. Aboul 80% or nushmm
qua.riiy is consuncd l@allx a.d 20il" is

.\poicd as slled. cmned, or dned prcducts,

\ iin expon pnce of about 2Oo0 UsDl. In
Ihc local malkei. mushroon is considcred a

/zs, vegelable. Thc consumplion iuctuates
*rh top sales only in 2 .lays (66t c.d nftcenlh
dly ol cach lunar nonrh). On a side iole,
Ho Chi Minn Ciry consomcs aboul I 0 tons oa

mushfton a dax or 4000 t/Yce

Murhioom cullivation in vietnan n .ol vet
ar m industdal *ale b meer rhc expon maitet.
which requne hi8n volrme, sublc qualily, ud
a conpelitire prie. 11 i3 mainly a ua,!41

27

production, i. Nhicb labor c6t 6kcs 40- 5cplo

of rot.l cosrs (Phrn Hieu IIim et ,1.. 2013).

Annouqh socialu n crc.l€s employmcnti bul
in thc long run, rhe production cost conld nol

b. dccrc.sd with i.cEasinE labor rate Tne

dccGascofmush@m production in An 6i 3
in 201 l-2013 isatimelywamins.ThusOetulre
path for mushmom 6uqt go for mecha.iution
tobeable to conpele in $e slob.lmarker Iln
not merely by addins one or two machinesi bul
n should be in a value chain liom culdvalion lo
processing and marketing.

ExDoded mushMm in dncd or elted fom
are nor apprccialed as lhey do nol keep thc

orisinal flavor Fresh mushroom h nomally
kcpl foroneandrhtlfdsy5nd it is impossible

to lcep il &esh aor cisht days, *hict is lhe
minimum limespan for a piee of mushrun
ro 'lBvel lrom lhc bed oul or$e comny and

rhc. wait for 2 3 days al supemarlcls unlil it

Togelher rith muskoom production. ils

elobrl markel should bc mnsidered. To enimle
consuneB nEnd. we can look at lhe America.
narkci ln 2012,lhe usA pmduced 4l ? 000lons
mushmm. Rhich lalued al about one billion
USD. The sh.re ofreslr z,srrco, is 87%

in qua.dy, and 93% in valuei thc Enaining
minor ponio. is p@ssed nuslmm with a

fam gai€ pricc ofonly L4 USD/Le or one halr
compaled ro frcsh musttrooh at 2.3 USD/ks.

The price of fesh mEbroom rl the USA
supemartets is aboul l0 USD/kg, while
salted mushtmm is only 5 USD&g (Metnm
is qponing ,i I USD/ks). China n amually
expoding 1000 bn frcsh mushmom ro Texrs
sine mushroon can be cocidered a clean"
product in order io pen€ftlte $e usA mdkell
Cnim has deleloped t€chnolosies lo prcserye

lrcsn mushrcofr for 7 days which is moush
fo. la.sporr.tion and mrk€ing (pcBonal

comunicalion wnh L€ Duy Thang. 2013).

h shon, thc global markel's demand to
pEsefe nesh nushroom for .i leasl 8 dars

is thc Srealesl constrainl to boosl mushroor
production, or incteBe the us of rice snaw

NONU LAI! UN \'EP!LIY. TICM(] ,oumd ofAFculMal Science rd Tehnology No 6/201 7



tuccslns fo. the plper lndwtry
Ric. nra* sas uscd lor papeFmaking tons

ago Sta$ Bas boilcd wnh NaOH ro dcconpose
lignine d elimlnare some silica (Rymsza.
200,1) A mirturc of70 30% ol ras putp and
20 ]0%of EcycledpaperxasScncDllyused
Due to dtudvanhges such as rhc complicared
prcccss and hish cost ol ra$ collecriotr and
iomge, compared ro mor.adranced proccses
using olher maleriah. no$ rhe paper indusr]
no loneeruses staw har$ial

ln Bien Hoa, befor 1975. Cogido Pap.r
lndus.ies (ldBest papft company in Sourhcn
vicham) did use sraw lor paper pulp. Bur
nowrday\, no papcr mrnuladurer uscs raw
duc ro rhe same rcasonsabove.

Sir.w for e.cr$r, therm.l tnd electrical g€n-

Technologies lor conrening nr.rr {raw ro
cnersy haE bccn applied in Europc, *irh atl
mechlnized opcraiions rrom field collccrion to
pow er generat ion. Wnh rn? stmv. onll, Chr.a
has appliedtheBasi6caiion rodisdburc heati.s
gascs lor households in tural arcas. Sucesss.
ilanx a.e lescr tnown compared ro lhe nce
husk gasifica o. for elecl.ical poNei, and unlil
r.day rho$e tcachnolosies aE .ot applied i.

In rhe USA, rbcrc *eE pilor rs6 on usjns
rice straN in a bigc po*er insallattun. but
jusr ro supplcmcnt ro lbe existing ruet *ood
(Jenkins. 2000) The rokl stmv con (haBe$ing.
lEnspon, a.d sto6se) was 51.81 LJSD,$.
or 71.35 USD.o,./ton. or la)00 VND,",./kg
(convcBion me I USD s : 1.16 USD,.i I
USD. . : 22 000 VND.{r.). A blend of2o%
of slraw a.d 80% olwood decEased hcari.s
valuc by ll%, increascdN, S. SiO. (compai.d
ro aucl wood) by 4-,1. 53. 94% respccrivcty.The
\O, geneBted was 2 9 ks /ton blcndcd luel.
compa(i b 2.2 tenon *@d, or32% incrcase.
which *as avc^c ro rhe enlironncnr Thc ash
handlins cosr l.crealed from 069 USD.lirron
tor sood lo I 26 USD. .rion aor fie blend

Thcpowercosl incrcascd l6m 0.08 USD,".l
kwh (1300 vNDrJ lor $c ruel wood;
0.10 UsD!.&wh (2100 vND.,r) aor rhc

hlend due to the increase in ash hahdlins.nd
{6v lBnspon cost. This tmnsFn cost was
0.106 LJSD.,,r./kwho.234\a\D&wh at32-kn

'listancc. If$e po{er plam c.nsumed 50 000
n'ns a ycar. the tanspoft co{ al.ne vould bc
260 000 UsD,rL.. Po$ibl, due lo rhal rcason,
no tunbft dcvelopment Nas seen.

l. Victnan- srBw has nclerb.en con\idcr.d
as a source ror porer genemrtun. whclher ar
lhe adr.ininradve or rcscarch lerel! exccpr
lor somc laboBrory{calc rc(s There are two
rcaons:1) wnh $e dispcnny of nrsw supply,
thc tmnspon cost is high The cheapestwayby
boat is estinated at20 USD^on .r,rtn VND/
kB lora dislancc berween 30-50loi 2) More
rcruns frcm a hcmatile uses of straw lorcartle
led or mushr@m gn,*ing. Wc can rccrprure
byconsideinsthrce ronsof straw(from()l ha)
*nh a rotll pricc ol 120 180 USD:

03lons of stra{ 1n three yea6 conLnburcs.
toeetherwnn orherinpuls, ro a c,nbweishrol
200 ks. valucd d l0 USD/kg or a roralproducr

0l tons ol raw yields a nci income of
200-250 USD throush cultilating toushroom
in about one nonth after the ricc haRed rnn
rcplicarcs ior a scond hafren olthe ycan

03 tons ol n.as can yi.ld 1000 kwn ol
eleclricirr. ar 3 dkwh(c = UsD cenr, ora rotal

so$ Etum or80 USD, shich is les rhan th.
cosrof$a* afihe po*$planr (to yield I kwh
rcquircs I ks straw, cosrns 22 ccnrs). The
fecd in hrift-(FiT) of ll cAWh as rcquesred
by rh€ Vietnamesc wind energy sector in 201l
was only accepted al 3 c&Wh A fiT ol nore
lhan 22 c/kwh for clccdcny fiom stra* seeos

ls!r: . Forcanlcraisins,besidcsrhe I kmsol
raw- anothcr I rons orgsssrha, orequitalcnr

3re .eeded: rhc invcslnenr includ.s lhe bleed
yomg calf at l2 million v^-D (600 USD): the
orher major co n cae labor. usually suptlied
by spaE tine family memben.

. For nushroom culrivarion_ rhree
rons of sh{ yields 250 k8 nushroom. The
prcduction cons include: ino.ulum spavn,60
kg limei onc oathe main aactor lor nushroom
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culiv.tio. is labor for anEnsing lhe bed,
$ardin8. hNestinS. €tc and supposed ro come
lom rhe fanily mcmbcu.

. Thc Elio 3 k3 of biom s Gice
hust, sraw. w@d. etc.) lo I kwh elecrricity
s considebd common from vanous lileratuE
lourees. A betei iatio of 2 k8,&wh can be

achieved wilh moE hodcm a.d cxPcnsivc

A study was conducred by FAo at four
countiies of Asi! in 2008 a.d sunmarizcd
by Sieme6 (2012): Proposed FiTs for China,
Thailand. and India lere l.? 5 2, 3 2 8 3. a.d

-i.0-4.7 c&Wh rcspeclively. For Vletnan. rhc
.1'' counrry of rhe udy, no FiT was proposed

duc b ns unlikeliness as slaled above. Srraw
6r powcr n not economical !6us orher

For mvionmenLl co.cems, both buning
nraw aoi ,owci and neu bumins emil abour
fie sane amounr ofgEen-hous sas CO. bolh
rls. in.Eas thc canh tmperatuE vhich G a
buning issDc rh.t causes eanh danasq and
borh btc away o8a.ic martes - a pEcious asse!

rhdrhe Sun Fathcl ofes lo mankind th.ough
the phorosynrhcsis pmcss. On the olher hand,

al I othei ne tods ol usin g sraw ( i ncorporation,
nushroon, carle feed) retum oEanic matets
o ihe Morhr Eanh in thcir li.alstsre.

only onc possiblc way ofconvenins slraw
ro enerCy remains Nhich is to prcducc biogas
Residu€s anr gas production sill conbin
orga.ic maneN for the edh. The popular
method G ro mix staw *irh caule nanure ar

rhe prcponion l:l so d to obrain rbe suibhlc
CN Blio for bioels generation (Kaln, l9lt6).

Productlon of llquld fuel from srnw

conrening n6w inlo liquld bio luel k
another re*arch lopic in lhe *orld, especi.lly
inJapan. I lon ever,lo dare all Esults are ju$ at

the laboratory scale, nol comoerciali4d

CONCLUSION

As prcscnted, slEw ulilialion can be

dilided inlor ia) usc in rhe 6eld (bumms or
incoapoiaiion), or(b) usc out ofthe freld (baling
and couccrioh) by various equipnent.

29

Il ca. aha bc classifcdas:

(cl): Desttucrion of slraw oqanic malle$
(field buhing, .ombDstion for poBe.

(i2): Prcscnari.n of orsanic maircB
(i.co.porarion. mushroom poductionr, canle
feed, biogas podu.rion crc.)

For lhe lJtrer .l.si6carion, melhod (41)

should be dncourxged and climinatd, medod
(12) should b€ promorcd in order b rclum
organrc maue6 to rhc soil. whether these
promotions are crfied our witnin or outside
rhc licld, they nced mechani?ed eqDipmcnt for
stmw, in similarBays wnh exrsring equipmcnt
for ncchanizins paddy produclion a.d mill.d
riccpmccssinE. The st6s balerasbeinsatdied
in vicrnam about 20ll- :01.1 is rhe {aning
scp for an aEay olequipmentlo hawesr a.d ro
pioccss su,w, soas to elevare fie nras rllue in
lt.c'ti,nelc ol Pa.Llt- Mille.l Ricc-StrN.
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