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Effect of light intensity on growth and biomineral accumulation in
Nopalea cochenillifera

Takanori Horibe

Calcium oxalate (CaOx) crystals are insoluble salts that form when oxalic acid
([COOH]z) combines with calcium ions (Ca?"), leading to precipitation. Cacti are known
to accumulate significant amounts of biominerals, including CaOx, within their stems,
although the physiological functions of these accumulations remain largely unclear. In
this research, we investigated the effects of light intensity on the growth and the amount
of CaOx in cactus stems. Daughter cladodes developed from mother cladodes in all
treatments. The speed of elongation growth of cladodes became high under strong light
intensity, resulting in high fresh weight of daughter cladodes. Interestingly, the fresh
weight of root was also high under high light intensity. With regards to CaOx amount, the
amount became larger as light intensity became stronger. Thus, controlling the light
environment is important for increasing the amount of CaOx in cactus stems. Some cacti,
including N. cochenillifera, can reach heights of over 5 meters and weigh several hundred
kilograms, making them a potential long-term carbon fixation resource. Due to their rapid
growth rate and substantial biomass, they can be utilized for carbon fixation even in arid
regions.
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1. IFC®IZ

FRT UBHIK 130 )8 1450 LLEDOFEE & 7, X biza/ Y RT VHiE, v A 7 =2=THif, vFUYRT
R, b7 X AWEO 4 SOWEHIT HD D, vFUYRT CHERHTH 20§ 300 A G A, 205 HOKE
NEAICHAINS.  UFUSRTCOFAORERITE S, L7 Eb 8,000 FRNZITHEEMThivTn L
EZLNTWVWDEY., AHYRT L, VFUSRT U OFHEVEREZLZAAIRE L, BELMTRER, F
SRS LCEICHERRLIET 7V 2 oI CRHIAEN TS, InbogRbRIAES U F
THRT L@ W AEEME - REFEREN: - REX b L AMMEEZ SR> TRV, BEN R ALK& R
LT, FREE-BE-MEREANLVAMEO A D =X LE2HHTIET AES & L THIEHANH
N2 To 5.
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HEREN T FUYRT L OREE &, 4 I 3 T VERIC R T

EMZE > TOL ONDBEMENAFAIFTVEMRY, FiLaple LTH o, Hik, HER, HBRME
DIHVER, BIHOE, EBELRENRETOND I, YRTUVORRNEZBET L, Witd L AIIAA
FIXTATHDY2TBAINT T A (CaC04) DREMMNBEREND, TNETOMET, YavlEh
N ARERIFIEEAETRTOYART U THEINTEY, Z2VHOTHEEREEON 80%% > 2 v
BN AREEPEDLIFELMEINTND 430, LILrLeRns, YARTICBIT v avBILy
T AREROEBHBEEITIZEAES DS TR, BEMIOMIMICEZ AN Z b, BIMOR
MK RBRFORBERS, BRAL KBRS OPHR EORENH DO TIERVWNrETHIESND D, F
TR, WS OO TR, a2 UL T AfERA COr O E L THEIEELTWD Z &K
LBnERoTWND, KNIy 2BV T LR EET, " T A7 A NY (Amaranthus hybridus)
LY X F 2 (Dianthus chinensis) 1L, HRLIZRETIIINOOREN Y 2 VBAX X —F L) EE
FILoTHMENTCOEHH L, KARICHHENRD Z LB a0 oTND S0 MIZX L a5
L HEMIZEALEH L TRV ERNNSLTHRHT 202 <0, KAEZH LD & HREAHICSHELR CO2 %2 K
[POWMOANDZENTERLRD, T TYavBINY T LR E CO,DUFEL L CHMT 2
LT, RALZFALZRETHRAMREITRZDEIICLTVDEDITTH S,

AU T AFERITHE BRI LI T AL ERE D COUCHKTAILEMTH
Lo ETHEMERTOY 2 UBA NNy AR, HEMEREELZS THEPICER L, REMLEL
THETDHZEBHLNERSTWND I, TRHOWENL, VRT UIL CODEMEEICHIENTE
LHEERDDLEEZEZOND, EZTERMETIE, YATURERNICEB T2 /A IRT N (Vay
ey Afldh) OFEFESHMOMBELIZHIEL, XRENPTI ATV OREL V2 UBI LY T L
PRI RIE T B2 A L,

2. MBIV AHE

2.1 WY F

REBRTHEM L7 F IV RT  (Nopalea cochenillifera) D3EFiix,
FMEBERNOYRT VRBE (BEYRT ) ICT, BHE 3 ~ 4 £
LB ST (Fig.) . BIL 2B O FEH Y A XX E S 17 em,
BEIR 7.5em, BX 1.2cm Th o 7o, INHE S 72 HEITINFER 1 Ref LN
WHFREBIZBEL, RIEZH-ICTLHEOEE 15emich v h&hi,
XHIIKEFT, ER TS HMEE I, OFmA+olciiE Lz REo b
D& EHICA W,

G ——

20 HiEE Fig. 1 Nopalea cochenillifera.

XHEIRELZHDLT T AT v 7 BBNICEM SN2, #EAKTEIZLE TR, AL Eixdiko
RRIEE (OAT /N7 ZJEE A W) Z il Uiz, G L7ioiiE el o B mESR (EC) 1%2.6 dS m!,
EREINDEAFVREIILLTO@EY TH D (N-NO3:233 ppm, N-NHs":23 ppm, P: 120 ppm, K: 405 ppm, Ca:
230 ppm, Mg: 60 ppm, Mn: 1.5 ppm, Cu: 0.03 ppm, Zn: 0.09 ppm, Mo: 0.03 ppm, Fe: 2.7 ppm) , JEIRIZ 1T 7R 2 LED(E
— 7 % : 660 nm), Fkf LED(E— 7 E : 525 nm), & @ LED(Y'— 7 & : 445 nm)% 1:1:1 O LR T
A LZbOEMEH Lz (Fig2), AR OBELRMEI T 2 2 & T, KA HOLETHE B (PPFD) %
0,9.4,18.8,37.5,75, 150 pmol m? s [ZF% & L 72 ALFR X A3 T 72, H R IZHIH 14 Ref . W5 10 Ref & L
I DIREE 2 30°C, Wi DR % 20°CICRRE L7z, AEERBUT 12 A FER L, EMLXH» 554
L7 ORZEHE) ORI EZMEBE L, RBERS RS THEHMEZNMEL, HffEZ2AE Lz, £
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D 28 & R R LR IC T 85°CT 5 HIMFREAR L TS, MBRERELAE Lo%k., iR L T
T VRN T NSRS EOWE ZAT o 7,
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Fig. 2 The relative spectral photon flux distribution of the LED lights used in this experiment. (A) red
light, (B) Blue light, (C) Green light.

23 FEMVLIVESEDHE

PRTUVERICEEINDIARME 2 (Va2 vy U AFEEE) OoiiE, BHoFEE —
WAL THEBLE DY, ZHOEBEBREAT (15mlFax—7HN) ICTHMRL, EOSEEEZIT- 7,
LA (BT 28 2B COIREDE REEY 2 VEBRIBEOREICHEA L, IE®IC 2N © HCI
EMZIREMZE 60°C T 1 FEHIMEAL TIREBWH OREW Y = VBEEZEME LT, IZIREH D pH %
FHEL (pH S~DICHFH Lz, 2ok, TR O > = VEEEIE X »~ b (Sigma, MAK315) A LT, RBE
MIEEND V2 UBERR (REMY a2 vBE) 2 HE LT,

3. EREER

7 F T HRT v (N. cochenillifera) 13, EMINTEH O L LWEMNHAEL, 20T vER
DD IEENDZ ETHRENTONLDE, ETOALBEKIZEWT, LB, 2~6 H%E E TITIXEML
XN ORI OB AENR O vz (Fig.3), A L2 REMITIHAEKX (PPFD 0 X) ZERVWTHE
B THE CHMERE 2T, BEMHRIEREOS VLR TR Z25EMA RSN (Figd),
W ALERIX (PPFD O [X) THALICBREEETEAETHALR SR, ZNEER U RhoTcl &
TrmruZ A ARERINEofcled EBbhd, FBELCRESOFEEIL, JLIRE O INICIE
S TRKEL 7Y, PPFD 0 X Cix/v, PPFD 150 X Cig KO H S 7z (Table 1), —J7. ERICHE A
LEEBEHOFMEEICITUEXBETHERZIIRO DN olz, ERHRE N LI, KBREN R
K727 T, BEHNORBAELZIBROFHEICS O THMA MR I N,
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Fig. 3. The total length of the daughter cladodes. The treatments consisted of red light with PPFD 0, 9.4,

2 -
18.8,37.5, 75 and 150 pumol'm -s . The values are means = SE (n = 4).

(A B) (©) D) ([E) ()

2 -

Fig.4. Nopalea cochenillifera cladodes 2 weeks after treatment. (A) light with PPFD 0 pmol'm -s (PPFD
20 -1 -2 -1

0), (B) PPFD 9.4 pmol'm ‘s (PPFD 9.4), (C) PPFD 18.8 pymol'm ‘s (PPFD 18.8), (D) PPFD 37.5

20 -1 20 -1 20 -1
pumol-m ‘s (PPFD 37.5), (E) PPFD 75 umol'm ‘s (PPFD 75), (F) PPFD 150 umol'm ‘s (PPFD 150).
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Table. 1 Fresh weight of plant organs in each treatment.

Plant organ Treatment FW(g)

PPFD 0 0.8+0.2 a
PPFD 9.4 29+0.5b

PPFD 18.8 48+t14c¢

Daughter cladode

PPFD 37.5 48+1.1¢
PPFD 75 9.8+1.6d

PPFD 150 15.6+1.7 ¢
PPFD 0 43.1+£3.1a
PPFD 9.4 46.7£3.9 a

PPFD 18.8 449+3.2 a

Mother cladode

PPFD 37.5 425£2.6a
PPFD 75 41.6£22a

PPFD 150 43.5+1.6a
PPFD 0 0.08+0.01 a
PPFD 9.4 0.27+0.07 b

PPFD 18.8 0.45+0.06 ¢

Roots

PPFD 37.5 0.68+0.11 d
PPFD 75 1.02+0.06 e

PPFD 150 1.61+0.18 f

Different letters indicate significant differences among treatments in same

z
plant part (least significant difference test, P < 0.05). Average + SE (n=4).

INHOREIT., KORERKENTYFUFRT L OREHORE & WEHKICHS BET L L%
RIELTWD, MPOXOMEREIL. IRE, HRE, HEhESERLE, ZORESFMIOREL X
JB 2D ERICYIIMEMIICE S TARTARTHY ., ZOWRE EBEITHEYWORE &L BEFRICEEL KIF
T, BT HE ORI LD ZOREMENIZZ  OMPETHEI N TN D 1017, a4 XF X5 Tk,
HOKRETIZ VTN 22N Licy VP NVEERBEZN L THRIMOREZE T2 2 e RESNTE
D ZHNIEFAX~DOBRBRICLZ2RET GALRBEOR TR ERBER THLZENHALMNIRSTNE S,
PRTZNCBNTHLINETOFET, LOBMERYI AT OHERELEEHNOY v IAMERFEICE
BT HZENRENTND 1920,

AEBRTIE., KRERNZEHFONRSAAIFTTIVE (Va VBRIV y U AERE) ICRIETHELH
A L7 (Table2), ZORER, BEMCEENDI 2 UBAIN Y LAKERRE FBRE 1g4720 DY
UEEH VYT SRS E) FOERED ERICHEVWERICE D L2, BEMICEENIREITRED
FAIZHECHBEICHEM U7z, ZHIEHRED EFICHEVWREHOEBRN/MEIML 272D E B2 HiLd (Table
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Do —F, BIEHICBOTIE Y2 VBINLNY DU ARERIREE - RELDICABERXB CHAEREZTBE SN
ot

Table. 2 Amount of insoluble oxalate in cladodes in each treatment.

Insoluble oxalate Insoluble oxalate amount

Plant organ Treatment

concentration (mg/gDW) (mg)
PPFD O 590.7423 a 1.6+0.06 a
Daughter cladode PPFD 9.4 46.8£2.8 b 6.1£0.36 b
PPFD 37.5 41.3+1.3 ¢ 8.9+0.51 ¢
PPFD 150 36.1+2.8 d 36.1+2.8 d
PPFD 0O 65.8+6.4 a 159.3+16.3 a
Mother cladode PPFD 9.4 63.4+4.1a 167.3+11.1 a
PPFD 37.5 61.4+58 a 163.8+15.6 a
PPFD 150 63.2+39a 168.6+10.6 a

Different letters indicate significant differences among treatments in same plant part (least significant

z
difference test, P < 0.05). Average + SE (n=4).

VaUBANT U LERITHEDPICER. ZAER. For—XRp L SEIERPBTHET D L
DL TWND 2, TNETOEES O T, N. cochenillifera DX EENDI L 2 UBBINT T
LFERDIFEAER Ry —XRTHY, ZHNOEEKRICBEINDA, FICEEHBRICEEICHEET
HZERGHoTVDE, ZNOLOMEOEIL., TOMEICEEL TWELEEX LTS, Hlx X,
BIRO T 2 TR LT T ARSI, fHIREES SRR, BRACOAERBICEEL TS EEZLN
TW5, BRI, sbRERPRBOMBEZEBT 52 L T, MMEICEENIHME DN R LR
WL ERMLNTEY, 207 a¥ AT Mheedle-effect (B 1 LTFIENRTWVDE D, LnLANRS,
TFUYRT VDEILFEND Ry L—XROL 20BN T LFEROEENZONTIRIZE A LS,
STV, REMBETOY 2B LYY AERRERSVWI & D, REBRTOREVERE FTH
BEN/EMLZZEE2BET L, oS THREINTVD LI I, I b OREEITHEIIE~D R
FLRERDLMNERE L TCHET 2% E 2B L TWDAREEREZLND, TNETIC, Y2 vk
AN T LEROEAEIE, TEOEBRESCKOFIHREME 8 COBREHERICHEEINRD Z LN
IRENTND BW, FEFOHRHRTZBY, YR T ICEFEENDZ T a2TUBBIL VT AFREICHT D HOE
&GN L2 AFFEIAFE LRV, 6o TARIFZEIE., HBREHEICI VT ART O 2 Bl Ly v AR
e AR CE SR REEZRBT ARNOMETH D,

THEF OV 2 UREREMEI, MYHERO Y 2 VEEI LY Y MRS ENRE LT EFEICLE LE (102
~100 Rt 25) KRB LT T A (CaCOs) HAEMT D 892, L avBERIBRIILY T L &0
IREEHC S 5 Z ORI IL, v 2 V- RBE R Oxalate-Carbonate Pathway (OCP)J & L THI
HNTWNG 10262728 = OCP 1L, KRERFD CO: #Wib L, THORZFEFRELZFHD D L THEER
BTEHER-TLEEZONTNS 10262028 KEERTHEM L7 N. cochenillifera % & ie— OV R T %,
WS SmPE BIHEKkIIEEL, HYED vaUBILL U LAFREERET D, TOLDOING
DY R T IR S BIEHIR E TSR I EARRMEICHEIS TE D EHN R RFE T & LT
LAMEMER DD EEELITEZELTCND, RERICEY, Y RTUFova vl Ly y AR,
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EONBRFILIC LD BEEPIRES LT D ENRINT, BEREETIZL > THRTVICEEN
D VaUBANTY LARREEEOT I ENTENX KEEERL LTOYART OIS I
EmELEEDbND,

4. FEDESEDRE

AP TIZ, KMERTFUHRT VEXBORE EEHCEEINDINAAMFTIRTN (YaUBILY
U ARS) BICKRIETREBEHAE L, TOMR. CHEEN ERT DI oN TEHE OMECEIR S et
S, FEXFHNICERMT L2 VBRIV Y LAERELHENTDZERHLNERoTe, PRT D
FRESRNA A IR T A OERITIT, e OMIC b HEARBELKIR, BHORERS 2 ELREET
LZENTREND VRT DT ATHA T NMITBIT DA A IXTNVOERFNEEZH T L,
ZOEMEHPTHINZHET 21T, SORDIMAEPLETHD, AT ORFEER L LTEM
EED DD, SHOLBEESEICED A A IR T VORI OB L ED 2,

5
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