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Abstract

This study aimed to investigate the characteristics and quantity of calcium oxalate crystals in 11 species
of C3 and C4 forage plants. The C3 plants included Leucaena leucocephala, Commelina diffusa, Alternanthera
sessilis, mung bean, ivy gourd, water hyacinth, and wild betel leaf, while the C4 plants included wild globe
amaranth, amaranth, Pennisetum pedicellatum, and wild cockscomb. The study consisted of two parts: (1) the
investigation of calcium oxalate crystal characteristics using the Free Hand Cross Section technique under a
microscope from stems, petioles, and leaves, and (2) the determination of calcium oxalate content using the
Permanganate Titration technique, in which potassium permanganate (KmnQ,) solution reacted with oxalate
extracted from plant samples and the calcium oxalate content was calculated according to the equation
Calcium Oxalate (g) = MKMNnO, x VKMnO4 x 5/2 x 128.1
| The results revealed three types of calcium oxalate crystals: raphides, druses, and prismatic crystals.
Raphide crystals were abundantly found in the petioles and leaves of Commelina diffusa and water hyacinth.
Druse crystals were commonly observed in the petioles and stems of Alternanthera sessilis and Commelina
diffusa. Prismatic crystals were found in the stems and petioles of amaranth. Regarding the overall calcium
oxalate content, the highest amount was found in Leucaena leucocephala (0.199 g), followed by wild betel
leaf (0.100 g), wild cockscomb (0.087 ¢), and amaranth (0.084 g), whereas mung bean contained the lowest
amount (0.041 g). |
: When considering different plant parts, leaves contained the highest calcium oxalate content. Leucaena
leucocephala showed the highest content in leaves (0.320 g) and petioles (0.186 g), while the highest amount
in stems was found in wild globe amaranth (0.068 g). In conclusion, both C3 and C4 forage plants contained
three forms of calcium oxalate crystals: raphides, druses, and prismatic crystals, with no significant difference
in calcium oxalate content between the two groups. The obtained data can serve as a foundation for

developing innovative applications of plants to reduce carbon dioxide levels in the atmosphere in the future.

Keywords: Characteristics and content of calcium oxalate / Permanganate titration
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Tudaqiu Usinameemsveulasenlen (CO,) luussenmafiugiuogineilesainianssuvomunss 1y n3
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ca [2] evslsfiony felufveyaisuifisuesdnauientunn unnnswesdnuusuasiamdnieadouoons
amspvsiiniaesngu Anzgdnvhisaulafnwdnunsvesndn uaadousonsiannielanaeansae warinsien
Unaueaifouooneiannieisnisiningn ielIsuifisuau uananssemnsiivewnsdningy C3 uay C4 Gawa
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Fuildlunismaaes

1. ns¥du (Leucaena leucocepphala) (C3 Plants )

v¥Wg (Piper sarmentosum Roxb.) (C3 Plants )
snUanuluwau (Commelin diffusa Burm.f) (C3 Plants )
fnuda (Alternanthera sessilis (L.) R.Br. ex DC.) (C3 Plants )
{NAUY (Fichhornia crassipe (C.Mart) Solms) (C3 Plants )
§Te7 (Clitoria ternatea L.) (C3 Plants )
mu”l,a,igyiia (Gomphrena globosa L.) (C4 Plants )

v (Brachiaria mutica) (C4 Plants )

o o N o kR WwWN

#1284 (Coccinia grandis (L.) Voigt.) (C4 Plants )

wiauln (Celosia argentea L.) (C4 Plants )
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©

dinlasuny (Amaranthus viridis) (C4 Plants )
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4. 3nsfnw
aoufl 1. MsAnundnyuzvawanuaadseanytaniinuluivawnsdnd denisAnuneldndas
9ans3Al wAllA Free Hand Cross Section [3]
nMsfnundnvzvessEnuaadeieneaniinulufivemnsdm menisinuniglanaosgansee el Free
Hand Cross Section Tnglaaau n1ulu waglu vesfie 11 viia Ao dnlay nsedu woulnd fnvatu dnudelne &
e dnaurmn fds geng vanau uazudluglseus thiteshesnsluawharwazeinaniuludagessmurng
pilo Lm%ﬂuﬁlﬁG’;ﬂﬂiLLgﬁﬁﬁ‘lUﬁﬂHWﬂﬂEJIGTﬂayENQaVIiimj @T’wﬁwé’wmwamauﬂﬂgf@q 10X wag 40X ﬁ’uﬁﬂ%anﬂa
sUseREnTiwulaz TuTina
AouR 2 MsAnuUSunaueadsuaanyanluivevinsans [5],(6]
2.1 NM538Y standardize fiu Sodium Oxalate
#9213 Sodium Oxalate HeufUAIsazaTs HCL ATANTA 1 M US3As 100 mL iiomAnsieauyos KMnO,
vhiavn 3 9 iommeniade
2.2 NILATENAIDENUURNS
thitesegnaita 11 vin ﬁﬁﬁﬂ’;ﬂmﬁzm(ﬂLLE?’JR]’1ﬂﬁuﬁjﬂLLEJﬂEiQuLLaylﬁWVLUEJUﬁqmﬁQﬁ 60°C YUUNIATY a7
unlvaziBeaturmeTnssunans

2.3 N15aNARIDEY

o -

Fanaieluvsuna 1 ndu nausfuansazanonsalalasaassn (HCY Aauasey 0.1 M Usuams 100 mL Tn
AT gaunQil 70-80°C sreiy 15-30 W \ioarmansupalouoenyiian inessay 3 Asaufiomaaay

2.4 MaTgImUsunudienisinmnsa

UTI9ATALABATUTL KMnO, AL 0.02 M asludusanthansatnainfiad wieuliuvnig
Tnmsmau ansazanesdeudu ﬁ%uméaumﬁ’s (End point)

2.5 nMsAuaaLazUuiineg

JUAnUSUIRM5V09 KMNnO4 7la wazi lumuiammuSunauaadanaanganann

5
@un1s Calcium Oxalate(g)= MKMnO, x VKMnO, x Pl 128.1

198 MKMnO® = A3 ULULUad KMnO4 (mol/L)
VKMnO® = US3a5999 KMnOd laslnimsn

128.1 = waluanaves CaC,0,

5. Han1sANEILazanUs1eNa
P ' o = a 4 o ¢ v a .
AauN 1 NsnguITNdnyuzveEnuAadeaaneLanluiNve1msind drewmalia Crossection
mMsAnwasatlumatianisaniiolboivniueing tuaiuves Tu nulu wazaisu lnefnwanyusnanwaaldesl

panguannelanNaeIRansIALNMAeIgveuaualnaingf 10X wag 40X NansAnwIFUTIvemAN Uiy a7

LA TIALEAIRINITINT 1 [7]
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e Fomenmans 296 Foduiles

u nuly a1
1 Leucaena leucocephala Leguminosae AU Y38 sUAM JUA, U3
2 Piper sarmentosum Piperaceae VLG JUAM ST | 3UA",USEN U3eu
3 Commelina diffusa Commelinaceae Andauluuau UM UMD UMD
a Alternanthera sessilis Amaranthaceae fnuda JUA,USTY suam sUAN
5 Eichhornia crassipes Pontederiaceae RNFUYI suam suam sUAN
6 Vigna radiata Fabaceae 176 U3 JUaM JUaM
7 Gomphrena globosa Amaranthaceae muhjgiiﬂ sUa JUaM sUa
8 Brachiaria mutica Poaceae gy RG] U3Tu U3Tu
9 Coccinia grandlis Cucurbitaceae fds sUa sUa sUa
10 Celosia argentea Amaranthaceae weauln sUa sUa sUa
11 Amaranthus viriclis Amaranthaceae flaauny JUA,USTY 3UA"7 3UA"7

Aaud 2 MsAnwIUsNIMLAaLdsuangan luNYe1MISERT fAdemalla Permanganate Titration

AMIMUSUIULAALT YLD INT AN bUFABY19NYR1MNS5ERT Antunsiaelymadanisinmsakuusaane (Redox

Titration) A3gansaraIeInsIUlnua@eUasuIeN1Ue (KMnO,) deodenannisesndlay a1saineangan

ﬂ?ﬂi@]ﬂﬂ’]’l%ﬁLﬁjUfﬁﬂLLa

5 oA Yo ]
Calcium Oxalate (g) =MKMnO4 x VKMnO,4 x 7% 128.1 fmnlanannsnan 2

A13197 2 UlnauealBenesnsiantufiveimsdaluaiunisguesainy

aaunndNvLzay (60-80°C) g USUNULARLTENDDNY AN IASIZTN IINFUNTT

U

FTiniia St Aludi Tudie AadenuYe i
nsEhiu 0.048 0.186 0.320 0.199
NG 0.038 0.123 0.137 0.100
AnUaruluwau 0.006 0.080 0.065 0.068
fnuda 0.052 0.071 0.071 0.061
RNAUYN 0.043 0.060 0.024 0.043
fuden 0.028 0.031 0.065 0.041
ulaglse 0.068 0.068 0.068 0.068
Y1V 0.0473 0.045 0.116 0.069
fndg 0.026 0.089 0.089 0.057
weauln 0.036 0.138 0.138 0.087
Anlanuu 0.048 0.048 0.134 0.084
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aaufi 3 msfnwnuSinansinfiuaisveulufivennsdad
MU inauAadLsengan (CaC,0,) Tilnanmsiasziiuneud 2 iiedsyfiudnaniwlunisnismsuoy
(Carbon Sequestration) ‘Uaﬂﬁ‘iﬁmmiﬁmﬁugﬂmaﬂNﬁﬂ%am‘w (Biogenic Crystals) TAgNTEUIUNTATUIN %’Sﬂﬂﬁﬂmﬂ
dnarunaeaeuvasnsusuntluluianaseneian Mnduishnmsdssidualuseduil uiinis@nunilladveyalu
poufl 2 rmuimumstniivansveulaeenlenuazUssiiusiinaivlussdufiufinegn (runels) Tnafilsdany
MuLUYesuuAuinolsveumazsliaiiethumsuaumsuaulnesnlen [8] 99ndunns Carbon Storage (tC/rai)

= Carbon Storage (g) x Total tree count fA1FsmN597 3

A151991 3 M5eUSInaNsiniumsuatlufive I sdnIumnassiia

ey Fonenmans 29 Foiuilos $1uauau/ls nsifiuAnsuew/fumsuau
1 Leucaena leucocephala Leguminosae ns¥hY 1,600 1.3388
2 Piper sarmentosum Piperaceae YLNG 6,400 0.0898
3 Commelina diffusa Commelinaceae Anvatuluwau 18,000 0.0587
4 Alternanthera sessilis Amaranthaceae ginuda 25,000 0.0592
5 Eichhornia crassipes Pontederiaceae RNAUYI 6,400 0.0081
6 Viena radiata Fabaceae fuden 64,000 0.0155
7 Gomphrena globosa Amaranthaceae muiugii‘a 17,000 0.0494
8 Brachiaria mutica Poaceae NIYU 6,400 0.0435
9 Coccinia grandlis Cucurbitaceae Findg 700 0.0014
10 Celosia argentea Amaranthaceae weauln 17,000 0.0809
11 Amaranthus viridis Amaranthaceae ﬁﬂiﬂmﬂﬂu 25,000 0.2471

6. AgUNaANISANEN

Aaudl 1 [4] HAnwAaLTuueanYILan (calcium oxalate) lussausznaunnwulaialluwaads lasdiainy
VAN VeIgUINBIAENaUTIANUANAN N daTTuas nNINES TIneT nanmartiinuarazateynigluivan

WwnEi3end idioblast karanusaduunmuanvugsduginelavategduuusuuuuinulavey laun wdngy

@

W03 (raphides) Feidnwugise1e717 Yarsunay wavsinsaudududnnieluwaa dnwazanadenonsiinuli

'
N

Vasfiudingiiv Weidlebegniiany ndnanunsawnmeaiiledovewuilaala uenanidmu winguana (druses) audu

Aaa

naukEnvasuansudaituduney dnvaaaensnaniidiinvsuse wulaesunsuarsluluiazdnuvesiionans
vilndndnwuenilafie nANULULYITL (prismatic crystals) Fedigunsadumdsutaiau ensusngduumaniosunss
sedindifsuifouinnnnuuudy q saudls wdnuuuidanse (crystal sand) dsszneunerdnauinidndiuauann
nszawegnielulwan lnuesududnuueeaeidansodeaomisnassganssau veninddindnuiseiadd
SnvmuzenmFenuy 1wy styloids JemulufivunquiuseswdnuanideneensianiinnunainuaiofaunuuuEe
paufsuuurindaduneu vailanuuanaisesdnuazdinandauduiusfuunuimvemdnluaunisaza

LARLTYLDDNT LA
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eudl 2 fivanunssuunmunszuaunsnseesuetlaeenlen (CO,) lunsdumsznmenasiaduiis C3 ua
4 Faflemuumnanafiludunounsiu co, wasUsyavsamlunsdunsiesuas ety C3 Fuduiivaninguedan i
wARSunuINvesNIRsInsUenduansfiansueu 3 sznou nuiginsaaiulasioules RuBISCO [9] aenslsfin
wulsiannsadusendiaule vilmAnnssuaunsmelauas (photorespiration) éwaﬁlﬁqzytﬁawé’wu Togtanizlu
anmwnnonifgamgiigdluraisdiiy Ca dnalndivaaurures Co, ngluly Taedunds Co, iuasiifiasuon
4 D2ADY KAYEINTUENFILILNTBINTFUIUNITAUATIZNUAITEI0A S mesophyll uag bundle sheath dwalvan
n13\in photorespiration wagsiiuUszdvsamlunsdaameneuadiainai [9] wenani Salinisaununaln ‘Alarm
Photosynthesis' asvyradnuaaideueensanluiodofivannsovimuniiduumasdises co, melu ileatfuayu
msdunmenuadduanzifivnauaaunisainneuen [10], [11memai iy Ca Ssdussansnwlunsly Co, uaz
n1sdaATIENuaIgaNITiY C3 aelaanuanaexilumuivay awalniidnenmlunmsasgdulawasnsiniu
Asveuiiing danalnnsavanunaideuseneianideduaiuddylunismuauaunanaisinguagnnsinnis
AsuauTesivesafiuszavEam [12]

aaufl 3 91nn1sma1A1sveulaeenlealuvesivunazedn Tuiui llsnuanssduduiioffnsinfu
asuaulavonlemnniigalufivl 198n nsgiu (Leucaena leucocephala) (C3 Plants ) :nvayamnuan nsxiu (fiy C3)
finsazauunaidnoonsuanguazasveulnoonlengsiigauaziduiivduny dnsazauunaidouoans nanly
loflouanan (idioblast) fisn Fsdiarumnzanlumsugniienisgaduuasinifuasuoumniigalunguiessd lay
ﬁﬁ’ﬂaquﬂumiﬁﬂLﬁumg‘uau Imma?{a@m%’u CO, 1,600 au/ls (uaiumiofuuiavan) M’%@Q@%’Uiﬁyﬂizmm
1.3 fuansueuned uneenslsfinuiiy C3 Wuiefifinsniinisuowiieos 1 a3edasennity Ca Afeensueu 2 ads ay
i €3 1Ty fiwludumilyszernatlunsiasydivinunnnniiy ca ﬁé’suimgl,ﬂuﬁmguqﬂ fadu msasauinnssuite

faiupnsuaulaeanlendsmslafiy srufuna C3 waz C4 Welnuszansnmnisinifuasuaulaeanleniiuindu
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