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Photosynthetic acclimation to growth-irradiance in two tree species of

Magnoliaceae
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Abstract ; Potential photosynthesis and photosynthetic acclimation in response to decreasing growth-irradiance were determined
for two species in the family Magnoliaceae adapted to different light conditions, with Michelia meachurei being light-demanding
while Parakmeria lotungensis shade-tolerant. Plants from both species were grown outdoors under three different light
regimes, full light (natural daylight), 54% and 21% light respectively. Light-saturated photosynthetic rate of the leaves of M.
meachurei was significantly higher than that of P. lotungensis under full light conditions. Photosynthetic rate of M. meachurei
declined more rapidly when light was reduced to 54% compared to P. lotungensis. V x> the maximum CO; carboxylation,
declined under low light treatments in both species. However, the decline in Vemax for M. meachurei was more pronounced
compared to P. lotungensis. Also, in the 21% light treatment, apparent photosynthetic quantum yield and the efficiency of
light energy conversion were lower in M. meachurei than in P. lotungensis, revealing contrasting responses to low light found
in light-demanding and shade-tolerant species. As the growth-irradiance declined, internal CO, transfer conductance (g;) was
getting lower. M. meachurei retained higher g, compared to P. lotongensis under low light conditions. While no difference in

the limitation of photosynthesis imposed by g; was found for M. meachurei as irradiance decreased from full light to 54 % light,
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such response occurred under much lower irradiance for P. lotungensis. However, the limitation of photosynthesis imposed by
respiration rate was similar to P. lotungensis, as the growth-irradiance decreased from full light to 54% light. Under shade
conditions, inter-specific differences in leaf morphology were apparent. This suggests that photosynthetic acclimation to low
light intensities occurred in M. meachurei, whereas P. lotungensis showed leaf acclimation to high light intensities.
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EARERFER HYLE LI EXHFEM BN E LHEA, BREDHRBRETARBEAY LS RERKFE
MR EE L ERRKNEAARAEE B RAER G ERTENLSEANTA LY, BAMHEHEY
BERAXT AR WL ERNEBET . BAEEYWACEBREWHHEDED, Bm LA KR AEYH . #F e f Fseh
ERERMNTENEFAPARATENENEEEEEA . CERNART LAY AEE AEERERTEEMEEK, &
HARGHHNEY AR AR NEEEEA R TEFNAERKR A EEZAXABEEZ 1Y~ 2% XBTHeEE KW,
Givnish R E P EBRETREEH RIS EBETLHET MK  ARERMNARBHE FRRR? A FAESES
ABRAFBEEENA.CO, I #M CO, RIUFH LMW IR MY MANLSWHUHNXRNDAFES,

EWHAMA ARG R RMHERTE, XSS 2B A NTHEH B 585 E S, & F T i 55w
EEARGTEF AHES/BHERARAYERATRHE CO, VBNEERE. BR ARBIFIEWHHEXREERS
MHEERNXR.BARELVERIIT R PRER SILEEMATR CO, £S5 EXN A KRS . Hanba ZiF 887 K Bl % 18 F it 15 5
Acer palmatum W RHRBETAES MMM Acer nufinerve M BREFAHE, FNEBRAEHHN CO, VB LELNAFB
WS ERFEREEAMAREYHPLEL BEERARREEYERS REBSEE R, R R R 95 64 1 0 5 6 DN
Rt IRX— B THAEDO AR ETHANEN BN SHERBSNXLE.

AZHYRAFBETFHYBRRENEE., FERLAVYRBIATA . BRAIZROREWAH, EMNEERESEEPRER
EER . —B®\EaIR K S (Michelia meachured WE R HBIKE K C WM, 2/ E. EFER AR T ALK kKl
BUARZNEFEEHAMERAS B TERRETINAREDNO TR, HATEER D, R E A X 0% 5K 4y Rpk
ETRALESMAEYDERENEN EHTIHRPEBETERERSSFZAT., EXHEP P HTFHYBFESWESH
HoOREHAETENENRE, EEEHEHNAFREANTRE TR OE S, L ENTFR AR K 2 YR K38
6 B e B FRE X Y-S ER MR B AT MRS TR P A MR LB KT,

1 HEER*E
1.1 H#HYH e

BRF AR ZAEY K IR (M. michure!) MR BHER 2 (P, lotungensis) I BHEREHLHAT .54 1. SBREE
KEHEFF KR, FRAPM 1/2Hoagland W 1 K. —RHEEEE. 4i%0N 3H. ] AHEBKGNEKE 54% 2 BB ED
W n—HGMAERE 21N L HERMNERX . LA KES BBRASR 3B, # A LICOR-188B 4 B FHEA NG E A4
KL HET 3 TLERK, 5 H7E 8:00,12:00 #1700 BT W E L0 H KR, R P H ABA RS BIHR 54% .21 % F 100% .
FERBREZFSBACES R, CEHBREA 2000umol/(m? « )L L, H—K P AER KA., 2LBRL B RBHDK, B
SMANEREEAPFHERE. LSBT ARB.2IVABRMEBRLHE. ST K. EH 3K, HEE I MMBEREK 60d 5
TTRRE. s4NM 221N EHABAERELANRBHBEMKL.5~2.0C,

1.2 SERWE

EHEAT R U T AR F R AE 4 F SRR #TRZE. FA LICOR-6200 CO, 38 # M & X Y47 (E AT R WA R
X5 (PPFD,umol/(m? « s)HIZE K, CO, ¥ F 4 360pmol/mol Tl Er K4 #EH (An, pmol/(m? » s)), 3B H An-PPFD
YW Ry B 4% . T I W HEA M E CO, B W E A YEIR (1100pumol /(m? « s ) FH A RS ERMBEY A.-C LEME, AN
Z ) CO, WM 2 360pumol/mol B E 50umol/mol, 2R /5 7+ B £ 600umol/mol , H E{RHF 254+ 2C,. BRMEEE 3 %K. R
THAMNE CO, EARF MR (PPFD, 800pmol/(m? « s)) BB KWW (PPFD, 800umol/(m? sHTREM B HEER,

B EBE € (<180pmol/molD) TR A.-C: X RHR B E LI, P4 H 28 3010 2 FT 78 B YA R A% A 47 4 5 3008 L 4 B 4%
22 Y6 F WE g Ras pmol/(m? « s)FIALIHENT FEH A CO, M2 5 (I, pmol/(m? » s)),
1.3 it R’

R 2= S CO, MBI R M R oL & BB, 335 B Rubisco EHEMR# TR AN S ER (A, pmol/(m? « s)) , W97,
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Ae =Vemc TR a3 0/Ky R (D 0 3
H A, Vo 7 Rubisco B KR ULE R, K. K. F1 O 451k CO, s [ 487 | 2
b 55 R O, 44k 7 9 K FC 3 BRI SRR B R O, . K. s Ansi R
2 8 A . 1
K, #1 O ¥y %18 4 5 & 325pumol/(m? » s), 397mmol/mol i E 6 | Ans N /
210mmol/mol", TG ERGH FEEK CO, EZIF X S [ A4n BB
R BRAAR KDY, g4 supply finction
V. ;L ¢ &
R=rTxa+o/k> () B2
ﬂfH‘P‘EI’EB CO, %E‘E(gih R 0 | Ce Ci, |
g, = (K X gm)/(K _ gm) (3) [ 200 400 600
MFHEGEE A 5CAGEERBAARE DB & L L i

B M REN ZH AREE C..
A

Ct- =C,‘ —_ =
8i

4 C. 7 360pmol/mol , | ESFALFATMHI T HE LG ER
(Aui) s Ani 6T PRI 8 #& (R,) Ry C. #E 360pmol/mol F EX
LA EREE /1 89 8 & 3 3 (A, ) . i 38 Farquhar 1 Sharkey #9
CO, L RMBEAXLHICO, FRHMHBASEEAUI, AT
FER(ROFMSILEE (@)FMATE CO, EFE (g HEE K
R4 5% L, L, #0 L, .

(4)

B1 ESAAARENTEASER AN EEERUAIY
¥ 52
Fig. 1  Determination of gross photosynthetic rate assuming no
stomatal and internal resistance ( A, ), net photosynthetic rate
assuming no stomatal and internal resistance ( A,;) and net

photosynthetic rate assuming no internal CO; transport resistance

(Ans)

Bk 1 Curve 1. 2 X ESHRE C X EAERML, The relationship
between net photosynthetic rate and C:; fi£8 2 # 3 Curve 2 and 3.

L Agﬂ' — Arm' 0
L = =7 —"= X 100% () i A—C RAAE CO, S E OB LAERS
A — _ Cc XR ML, The relationship between net or gross photosynthetic
L, = "“A - X 100% (6) )
gsi rate and C.;C.: % C, 7 360umol/mol BF H F&E B K CO, % F,
I — A, — A, % 100Y% (7) CQ; concentration in chloroplast stroma as C, of 360pmol/mol; C.:
' Agsf

Sh R CO, ¥R F ,ambient CO, concentration
W A-PPFD XEFHMENB M ELKT &I RITHB RN

B H (@, » mol CO,/(mol photon) ) K # B B9 BE ¥ #:3 % (8, mol electron/(mol photons)) ;

Gre = X1 + 2" /C)H

(8)

2 4R
2.1 ARAEKKGETERAKZHEYN RS 8658 K e L

ME ZAT R A RESHAEB TR KD ASHEREREBMEE AR ESEEET 6.8+ 1. 2umol/(m? « 5), %
WHF7= %K 0.0324 0. 0075 mol CO,/mol photon, MAKE AU BB EERE A S ERHBEK. 842 H X658 1 1%
33. 8% » RMB TR K 30. 8%, HE MM B M AEERUR (H<<0.001)(F 1), £KE 21V HRBARBE. A B XK
BEFEN 2. 420. 78umol/(m?* « s) , 4 H IR T HBREEM 64. 7% . F W0 B F 7= 38 1 6 b 5% M 38 3 A0 17 [ 78. 8 %4 1 68. 5%,
EREZAXRBTHERBDEBARZHFBAAERNY 5.0+ 1. Sumol/(m? +s), HKFES4Y A KRBT, HH B o miR
EHXBRTHEE S RMBE TR BRBREFELHA K35 HUE 449000 50. 7% MG REMR AR ROKIR AR BB K
ZHERABERAGEBRNENB TR, SREV A RBEESIERAA LAY EEANRSERTRE. XM 45 H %R
FEEESAS AR AHIEH A BAEEERERER BN A E MEA KA EAEREET 21 %2 HE,. B L H

R A ERDEEARZFEMRORNE T 7= R0 B8R, R0 K & 1 X Ot 50 o o7 88 4 7 00 26 o
ZENHR,

2.2 AFEEKNBTHMARZEYE Rubisco B KK BMH K CO, £S5 ET

HERTE 540 2106 HORBR T B K I AR AR LB AR 22 o B 1908 T R IR 3 3 (R, FIAR A 4E 96 T IR IR A9 CO, M S (1)
BEKAESHABRTHEBEREEEXNEHTELNERE D). FHUAKKERBEHIBERTHEM AR LEMP R, f0 " .
ERES H LRGN K Y B Rubisco B AR MBI A KIE 54 % 21% B HBATD FUE 10. 2% 7 30. 6% , i 4 7 1L 26 A
=FERL 8. 620M 5. 1%, RUIMEHE A KOLBRBEMR, B A 2 HPE Rubisco BABUEREMR. YEKALENLAXRBES
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M.meachurei P.lotungensis

3% 43 % Photosynthetic rate (umol/(m?-s))
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¥ % Irradiance (umol/(m?2-s))

B2 ARAEREBTANHEMERUAMAZHAXRSEESHBER
Fig. 2 Relationship between photosynthetic rate and light intensity in leaves of M. meachurei and P. lotungensis grown at different light
intensity

¢ 2 HYtH Full daylight intensity B 54% H Y658 54 daylight intensity A 21% H ¥¢3& 21% daylight intensity

X1 FREKKBTANIANMERUNEEAREH A BNRTFERUAENANE

Table 1 Apparent quantum yield and efficiency of light energy conversion in leaves of M. maechurei and P. lotungensis grown at different light

intensity
FH ) Fh 26 A K KR BMEF g KREF iy &
Species Growth light intensity @pps mol COz/mol photon &, mol electron/mol photon
KN M. meachurei 4 H Y3k Full daylight intensity 0. 0324 40.0022" 0. 17441 0. 0045°
54 % H X7 54 % Daylight intensity 0. 0224+ 0. 0036° 0.157240. 040a®
21% H X658 21 % Daylight intensity 0. 00681 0. 0015%® 0. 05431+0. 00232
IR AH KL P. lotungensis 4 H )t Full daylight intensity 0. 0234+ 0. 0051° 0.145710. 0032
54 % H J63® 54% Daylight intensity 0. 013140. 0026 0.071710. 0011
21% H ¥ 21% Daylight intensity 0. 0089+ 0. 001 483" 0. 0623+ 0. 0037

a, bFFNHRFHRRBEEHEEZRIEXTF 5% (p<<0.05) Means within a column followed by the same letter are statistically different 5%
(p<<0.05)

2 EKREFREBXR BT AOMMERHPBHEARZH B Rubisco B AHEEEANNNK CO, £ H

Table 2 Maximum carboxylation rate of Rubisco and internal CO; transfer conductance in leaves of M. maechurei and P. lotungensis grown at

different light intensity

¥ ¥ % 28 Species A4 K 3 Growth light intensity r: Ry Gom V conax g

K I1HE 4 H 38 Full daylight intensity 37.5+0.7 0.67+0.37  0.023840.0041  22.334+1.75° 55. 34 0. 4°

M. meachurei 54% H 3% 54% Daylight intensity 37.0£2.1 0.62+0.64  0.021140.0076  20.0742.33°  48.441. &°
21% H ¥3% 21% Daylight intensity 37.04+1.2 0.604+0.22  0.01414+0.0045  15.98+2.11¢ 27.041. 9

‘ A= e .

FRARL . £ H )3 Full daylight intensity 36.5+1.4 0.70+1.9 0.0218+0.0056  15.87+1.42° 48.140. 9

P. lotungensis
54% H Y5%& 54% Daylight intensity 36.51+3.0 0.65+0.8 0.0162140. 0061 14. 50+0. 97¢ 38.6+41.1°
21% H X358 21 % Daylight intensity 36.01+2.2 0.654+2.0 0. 0087+0.0051  7.6841. 78" 22.140. 8

' N #ENFRE CO; #h2£ A CO;: compensation point in the absence of Rys;Rq YT M % K Respiration rate in light; g.. A-Ci £k B
¥ # # The initial slope of A-Ci curve

5400 H SR, M X F R MK 10% H X IR, k J71 4 89 Rubisco £ A ¥ 1L 3 R EE MK 0. 5pmol/(m? » s), i 4 78 300 25 4 A 22 | 34
0. 3pmol/(m® « s), RFAAE K IECIRMEIKL 50% H 3R T Yo B K 14 69 Rubisco B 5 1k i3 58 0o 3 3 8 A% 14 W1 17 328 7 1 a0 e
TR HAE R 22 BB (p<<0. 001) o X438 MK LR MEAK , T8 Kk S M S 42 2R LA 4 K 22, 1 Rubisco BRARRULEREMEHHB, K
55| 09 B E R 10% A B3R, Rubisco 8 & 4L 3 34 BIBE{E 1. 4umol/(m? « $)FI 2. Opmol/(m? « s), Ll A-Ci i 2% B ) A 3
(gm) SERBYRACER R IR B AE K 6 TR B R T PR AR (£<C0. 001D, A K MM 4 B BB E 54% HWE, K AR H A CO, %
(g FRK 12. 520 . AR S TR BIEMK 10% HHIR. g, BEK 1. Smmol/(m? « s), TiAEZR 188 #E A 22 A8 % 2mmol / (m? « s) .0t
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M. BEENHB. EREU AKABNTRYEBRET M A ERERBEERZHHR CO, £
S, HACAREEEH KN CO, (E3EZEERAEREXRZE . HRCO, EBERBEMAEGERL TR, N CO, R
BHEEE MHEAGERNIELSE. BEREBRBERN . HHNCO, #FEREEFBHTRAGERTRMER,

2.3 AKEFRFRNAETHMARZHYHFEERP CO, E
AL,

MBI AKELHNXBT AW R EGEESH
FEEF CO, IECHXFFAR(KIN 0.0417£0.0023, M4
KTES54% M 21% B 6% K {H 53 B FEAK 10. 320 F0 30. 9%, HEAE
R EER, R R CO, KRACEFREA . 1 54 KR
R (KR R R 2B K BB /D (p>0.05), K KT 30 40 50 50
1 K (B % 55 MR AR B R 7 3 AR AR UM R X R, AR KRR g (mmol/(m*-s))

ARG C./C B C/C RSB BRI CO MR T Kot H & B 0 CO, 65 % R

%, kBB RIE C/C R, TREBRHAARA CO, RE Fig. 3 Relationship between photosynthetic rate and the internal

RS ARG ERAREINRR (O RUABLORMI] R CO; transfer conductance in leaves of plant grown at different light
C./C, TR .X—ZhtRESHBTRNERZ —. S

2.4 ARAEREBTHMHAZEYM N FRERE SAREN o ) om0 meachure: O HRILBMEA P. lotungensis

W& CO, 15 5 B XT 65 ¥ 71 8 FR

B3 ARAERKKBTANWHNERUEEA=H A HREER CO, REEWL

Table 3 Changes of CO; concentration in the chloroplast stroma in leaves of M. maechurei and P. lotungensis

| =0.0771x + 0.7231
R? =0.8144

- o y =0.1243x + 0.0176
} R =0.7761

¥4 E (pmol/(m?-3))
Photosynthetic rate

QO = N W i Oy~
I
=
= i
0
& .
I

o
o

YR 28 Species 4 K 7R Growth light intensity K C./C,;
K I8 M. meachurei 4 H )38 Full daylight intensity 0. 0417+£0. 0023 0.538+0. 017°
546 H 3% 54 % Daylight intensity 0. 0374 0. 0056 0. 527 £0. 025
21% H Y638 21% Daylight intensity 0. 0288+ 0. 0028 0. 394+ 0. 0092
ERMBHAKZ P. lotungensis 4 H #5358 Full daylight intensity 0. 02981 0. 0035 0.5840.013¢
54% H ¥3& 54% Daylight intensity 0. 0290+ 0. 0061 0. 5364+ 0. 005
21% H Y63 21% Daylight intensity 0. 0143+ 0. 0042 0. 382+ 0. 014

FITHFFBRABEEERIED 5% (p<<0.05) Within a column followed by the same letter are statistically different 5% (p<C0. 05)
M 48], E4 e T iR THE IR K Sk

8_

A FEBEGRH (L)X 6.3340.15% , BEKKBRET 54% 4 A 2 TF  y=10.519x- 1.8244
H. L B4 FRBAHE B 13.5% . AT % T %38 BREAE 10% Egor Moo
AEHL L ML 3%, RBMAERIE. L L AEEEH B8] ;
24.6%, B M IR M 54% B B ME T 21% H KB H . & & [E gg-’" :

0 o2 o y=17.066x - 3.3335
100 B X5,.L R 7.5% . &I REWH . EEEKICREMR. L, ¥ £ 1t R? = 0.821
Ko TE R 7K T B 38 4k 4 B G, TP R S 0 9 22 3 %% e R 4 e Y T

GER K. TIRIRMEAEE 54% H 63 LR RSP A 21 L, B c1c

A0 B (p>0. 05)  RIE BRF L, RHEFTIAL . 4 B % | N |

EFHER A E R B A KA SR e E R Ry ¢ PRRETEREAN SRS RERR CO WA
_ AR CO, IE LA X R

(LB ol F K R RO A K 3R R 5494 F 638 1, S

Fig. 4 Relationship between photosynthetic rate and rate of CO,

B 8- 1% AR RDEEA SRR REEENR. SR concentration in chloroplast stroma to that of the stomatal cavity in
MERER LALFEMNAEHEBOBRHEK. £LEXET.H leaves of M. meachurei and P. lotungensis
FMARZHEYM A CO, FREXMHGERGRHM LOMER. K 4 K I M. meachurei, O HEIRBIBH A2 P. lotungensis
NHWERMUBNEET L S2EHABRFEXEL(H>0.05), %
ML X ok [ B A o T e AR R R AR AR R 22 L Ly R D Ak T B SR IR K
3 it

(DAERE/mIE TEAERHH ARATHEIEHENT A ESACRAESERD, HEBY R ERBRA LS ER,
T W B AL 4 U A XY AR E R H BT A IR A S R MR UR T R R R R A 2L &, YRR HERS
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Table 4 The limitation of potential gross photosynthetic rate by day respiration (L,), stomatal conductance (L,) and internal CO; transfer

conductance (/[.,) in leaves of M. meachurei and P. lotungensis

K F1k8 M. meachurei R B P, lotungensis
4 H X9 54% H e 21% H Y% 2 H ¥4 54% H Y& 21% H ¥
Full daylight 54 % Daylight 21% Daylight Full daylight 54 % Daylight 21% Daylight
intensity intensity intensity intensity intensity intensity
L. (%) 6.3310.15% 7.19+0.91 9.0910.42 10. 443 0. 55° 10.57+10. 31° 12.1840. 23
L: (%) 16.08-+0.72 17. 39+0. 32 18.1840. 20 11. 943-0. 65 13. 0+0. 30 16. 9940. 82
Li(%) 17.17x1. 02° 17. 410. 68° 19. 6910. 61 17.9140. 71 19.5110. 42 19. 831 0. 73%

a M TP B EEKE SUBFLXEHM(p>0.05) Means no statistically significant difference at 5% with a line (p>>0. 05)

ERMBWE FF=REK, RAFECRB AR MEL ., TE21% HEBRMEERET B LR A ARLEZNE T ™
RN F B RET WA A SR . Walter il Reich™ 5  EEH A G T ELERBEHHHERHHUE FRERRE
KRR XHEXHHRERHAA B TR T R AR RO & 3 R Y6 6 W8 Y A AR B4 &8, TR S EH
WA ZHY . KEARRAESEAETAERH BRI S EREWR F 738, 2 5% 058 M 105 o 75 2 M 16 5 it 05 8P ;
WMEHRAEARE T AR ERET N RE ERAERTUAREZURTF =, ELNFHALEE . BN ER
BABRTRIHEFBEWEWN MBS ER.BHNEERRNH AN CO, ASE., /AR T CO, V#R& TH A MM LS E
¥ , Terashima U RH K CO, P HM S ERMBE T UNSILSEWBREAAETL. XN ERNREH . SRHA A H
MR RS ILMH R CO, R EMNESHNREIME MWHENERDAEAR LT FHHK CO, £SEXNKESBH RS
LB K. HHN CO, FEESHRESHBHEREREX., FKERABRTHWREEYESHEMYERTFELMA),

Ktajima @ MREDNEEH XA TRAFTHRERHNELHHENHE RN LMAERETESES LMAN, SR AH A2
FIRE R LMA 58] 136. 94+ 3. 49g/m?, FEJCIRFEME E 540 M 21 % A EIRAT  LMA (U E 1% ~2%, M B e ik Hia 8w
Bt B, LMA 25 85.9842. 23(C/N,14.71+0.39), KB E 54%# 21% H IR, LMA 2 H X T 4 9IE 15. 4% (C/N,
10. 98+ 1. 08)Fl 24. 14 (C/N,9.76+0.98) ., WRIMERMBHEAR2LHE M TASILEIIH NN CO, v #ER. Fat
BEr e m /it NSHEMEECO, MT#l. A XMREREN . XL ELHRBEBART ERUAEARLYER AN
BRI RCO: £RE., HACO, fRERE CO, ZAMMBMHSHESMA RS ARBEMARKOBHELES. ATER
BRI K IR ENERPE T o AW BETSHEANBRAN CO, VIR, BXRM A W ERERIIEEA LS K
CO, &R E.

(2)V mux e 78 RuBP I T BI B KR E R . Vomox 55 0H P Rubisco WEHBMBHERERD?, EXRMELERBRTEEY
Vemax, H7E 4 KGR BB Vemax B9 B 08 8 B3 8 B K . Makino 208188 {F BR 7K fR 0 B 8 A4 15 3 49 2 1% 4L Rubisco B 1%
FAXF R RE - I 9 Rubisco ITEHCRERRASERTANER. BARAEERAA TNEARHE RS EORILEN. BT
B[ HE Rubisco BB B/P THREIEFRZ —RITEEFRRHACO, £8F. AXEREFIEHEMT K CO, £EFES I B RE
BMIEHXXREME 3,

(3)Evans % i 912 8 3R T RENH It o6& S A8 b AR 0 11 ) B B 25 I SR B R CO, W BERR S Z D), BB
HBEHRERER CO, WE,IAAHKRK AT CO, TF#H BB M A b4 B R0, X8 ERE.C./C MR EE,C./C Fnt B ¥
FEEREMEXRR(E O, HERFER T K RHMERDAEA L HMNAEHEMN C./C o EE RS, BRI,
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