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TOM TAT

Céac diéu kién &nh séng manh (2000
umol/m?gidy), nhiét d6 cao (40 °C), va suw thiéu
CO, (CO, 0%) duwoc dung dé khdo sat hién tuong
quang trc ché & 14 Mai Duwong. Céc két qué cho
thay &nh séng cao kich thich st mé khau, téng sw
thu CO,, sw phéng thich O,, sw lam dju nang
lwgng theo hwong khéng quang héa (qN) va vén
téc chuyén dién tir (ETR) cda l4 Mai Duong. T7 1é
F./Fm (thé hién hiéu suét hoat dong cia quang hé
1) gidm nhe dwéi tac déng cua éanh sang manh va

Twr khéa: ETR, F,/F,, Mai Duwong, qN, qP, quang hop,

MO DAU

Mai Duong (Mimosa pigra L.), mét loai ciy buli,
than gd, mang nhiéu gai, c6 nguon gdc tir ving nhiét
d6i Trung My 1a mét trong sb nhiing loai c¢6 dai nguy
hiém nhét trén thé gigi (Burrows va cs., 2012). Loai nay
phét trién manh va trd nén nguy hiém tai cac vung khi
hau nhiét d6i, dan dan thay thé cac loai ban dia, dic biét
tai cac vuon qudc gia trong khu vuc Pong Nam A,
Chau Phi va Chau Uc (Braithwaite va cs., 1989; Heard
va cs., 2012; Lonsdale, 1992; Shanungu, 2009). Tai

duwoc phuc hoéi sau sw che téi. Nhiét do cao khéng
anh hudéng dén sy déng mé khéu, suw thu CO,, gN,
ETR va F,/F., nhung ha thap sw phéng thich O,.
Sw thiéu CO, kich thich sw mé& kh&u, tdng gN, cén
sw thu CO, va chubi chuyén dién t& quang hop,
dbng thoi ha thép ti 16 F,IF,. Anh séng manh (tc
1600 umol/m?%gidy) va nhiét do cao (tir 39 °C)
trong tw nhién gay ra sw thu manh khi O, & la Mai
Duwong.

quang trc ché.

Viét Nam, Mai Duong xam 14n trén pham vi rong 16n,
day dic tai nhiéu noi thudc dong bang séng Ciru Long
va dang de doa cac loai dong thuc vat quy hiém duoc
bao vé tai cac vuon qudc gia trong cac khu vuc dit
ngap nudc (Tan va cs., 2012; Triet va cs., 2004).

Quang hgp la qua trinh anh hudéng manh téi sy tang
truéng cua thuc vat, va su tiép nhan anh sang qua mic
lubn 14 nguyén nhén gay ra stress quang oxid hoa
(photooxidative stress), san sinh ra cac loai oxygen
phan ung (ROS, Reactive Oxygen Species) gay pha huy
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bo may quang hop va dan dén hién tugng quang trc ché
(photoinhibition) (Asada, 1999; Foyer va Noctor, 2000;
Reddy va cs., 2004). Quang wc ché thuong bat dau xay
ra & cac phan tir diép luc t a tai trung tam phan @ng
cta quang hé 1l (PSII). Cac phan ti nay ludn & trang
thai kich hoat dudi anh sang va dé phong thich ning
lugng cho oxygen tao ra ROS. Tuy nhién, ¢ thuc vat,
nang lugng tai trung tim phan &ng cé thé duoc 1am diu
theo cach quang héa (photochemical quenching) théng
qua cac con dudng chuyén dién tir quang hop hoic
khong quang hoa (nonphotochemical quenching) théng
qua su toa nhiét dé han ché quang tc ché (Asada, 1999;
McDonald va cs., 2011).

Do su phéat huynh quang diép luc t 1a phuong phap
thich hop dé nghién ctru cac stress quang oxid héa vi
phan &nh chinh xac hoat d6ng cua chudi chuyén dién tir
guang hop trén mang thylakoid (Baker, 2008; Oja va
Laisk, 2012). Su phat huynh quang cuc dai va cuc tiéu
cua diép luc té & 14 duoc thich tng tdi s& cho ti 1& F/Fr,
thé hién mic d6 hoat dong cua trung tdm phan ang &
PSII. Trong khi d6 gia tri huynh quang cuc dai va cuc
tiéu cua diép luc té sau mot chop sang co cudong do I6n
& 14 da duoc thich ang sang sé cho biét gia tri thé hién ti
Ié nang lugng quang nang duoc chuyén cho cac phan
ung quang héa (qP,), hay cho qua trinh téa nhiét (gN)
va gia tri thé hién toc do cua chudi chuyén dién tu
(ETR, electron transport rate) (Baker, 2008).

Nhirng nghién ctu gan day cho thdy 14 Mai Duong
duy tri cuong d6 quang hop ¢ muac 6n dinh dudi anh
sang c6 cuong do cao nhu trong tw nhién (Nguyén Kim
Bup va cs., 2008, P6 Thuong Kiét va Bli Trang Viét,
2009). Trong nghién ctu ndy, ching tdi bd tri thi
nghiém nham muyc dich tim hiéu hién twong quang tc
ché ciing nhu kha nang chéng chiu cua bo may quang
hop ¢ 14 Mai Duong dudi tac dong ctia céc stress anh
sang, nhiét do cao va su thiéu CO,.

VAT LIEU VA PHUONG PHAP

Vit liéu
Cay Mai Duong 16 tuan tudi tréng tir hot trong cac
chau nhwa & cac diéu kién, 4nh sang 400 pmol/m2/gidy

(12 gio chiéu sang), nhiét do 28 — 35 °C tai nha kinh
Walnut Street, truong Wisconsin — Madison, My.

Cay Mai Duong 35 tuan tudi trong tir hat trong cac
chau nhya tai vuon thyc nghiém B6 mon Sinh 1y Thuc
vat, DPH Khoa hoc Tu nhién TP. H5 Chi Minh.

Cay Mai Duong dang ra hoa & khu vuc khdng ngap
nudc cua vudn qudc gia Tram Chim, Dong Thap.

Po sy phat huynh quang diép luc t6, do din khi
Kkhiu va sy trao ddi khi carbon dioxide

La cdy Mai Duong 16 tudn tudi dugc kep vao
budng do cua may LI1-6400-40 LCF (Li-Cor, Lincoln,
Neb., My) dé ghi nhan céc théng sé tir sy phéat huynh
quang cua diép luc t6. Mau duoc ghi nhan gid tri huynh
quang tdi thiéu (F,) sau 15 phut dwoc che t6i va gia tri
huynh quang ti da (Fy) sau 1 chép sang cé cuong do
6000 pmol/m?/gidy. Sau d6, mau dugc chiéu sang dé
thich nghi voi cuong do &nh sang can do thay doi tir
100 dén 2000 pmol/m/gidy va ghi nhan gié tri huynh
quang 6n dinh (Fs) trudc khi tiép tuc ghi nhan gia tri
cuc dai (Fa) Va cuc tidu (F5) cia huynh quang. Ning
suit hoat dong cua quang hé Il (F,/Fn Véi
F, = F,, —F,), tbc d6 chuyén dién tr (ETR), muc lam
diu quang héa (qP, tng véi nang lugng phéng thich tir
PSII dugc st dung cho chudi chuyén dién tu), va muc
lam diu khdng quang hda (gN, tng voi nang lugng
phdng thich tir PSII duoc sir dung cho su téa nhiét)
duoc tinh bang cac cong thic:

_ Em—F
W=
_ Fm—Fm
N = Fn—F}
Fin—F; R P , n
ETR = ( o ) Il Flaaf (f 1a phan anh sang duogc su
m

dung boi PSII va co gia tri méc dinh 12 0,5; I 1a cuong
do anh sang, ;zq5 1a do hap thy anh sang va c6 gia tri
120,85).

Su trao ddi khi cua cac 14 duge do dong thoi vai su
phéat huynh quang. Lugng CO, va hoi nudc di ra khoi
budng do dugc méay ghi nhan dé tinh c4c thdng sé trao
d6i khi: d¢ dan khi khau (stomatal conductivity, toc do
trao dbi cac phan tir hoi nudc qua bé mat 14), van téc
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trao ddi CO, (ung vai tée do hap thu hay thai ra CO,
ctia mau).

Diéu kién &nh sang trong budng do duogc thay doi
lan luot tir 0 dén 2000 pmol/m?giay, nhiét do ¢ 30 hoic
40 °C, CO, & 0 hodc 0,04 % va ghi nhan sy phat huynh
quang diép luc té, d6 dan khi khau va sy trao ddi CO,,

Do s trao ddi khi oxygen

Su trao doi khi oxygen cua mau duoc do bang may
Leaf Lab 2 (Hansatech, Anh) véi budng do kin va di¢n
cuc oxygen. Van tdc trao d6i oxygen duoc tinh trén
luong oxygen dugc phdng thich (gia tri dwong) hay hap
thu (v6i dau trir ding truéc) trén mot don vi dién tich
mbi gidy (umol O,/m*/giay).

L& chét cap mot cd lap (duoc giir cho ludn mé rong
bang cach dan bang dinh trong sudt doc truc 14) thudc l4
thir 7 cua cdy Mai Dwong 35 tudn tudi duoc dat vao
budng do may Leaf Lab 2 dé ghi nhan su trao ddi khi
oxygen sau khi duoc chiéu sang 400 pmol/m?/gidy
trong 5 phat & cac nhiét do khéc nhau hodc dugc chiéu
s&ng ¢ cac cuong d6 anh sédng khac nhau ¢ cung mot
nhiét ¢ 30 °C.

Céc 14 kép sb 7 (tinh tir ngon) trén cac cay Mai
Duong dang ra hoa tai Vuon qudc gia Tram Chim duoc
kep vao budng do cai tién cua may Leaf Lab 2 (budng
do c6 dém cao su gilp gitr 14 & trang thai mé ma khong
gay ton thuong cho 14) dé ghi nhan tryc tiép su trao doi
khi oxygen trong cic diéu kién anh sang va nhiét do
trong tu nhién.

KET QUA
Anh hwéng ciia 4nh sang cao trén sy quang hop ciia
14 Mai Dwong

Khi nhiét d6 budng chira 14 khong d6i ¢ 30 °C, 1a

Mai Duong c6 téc do phong thich khi oxygen gia ting

theo cuong d6 chiéu sang, dat cuc dai & 1200
pumol/m%/gidy va duy tri khong dbi dén 1800
umol/m?/gidy (Bang 1).

Bang 1. Tc do trao ddi oxygen cta 1a chét Mai Duong
c6 lap trong cac didu kién anh sang khac nhau, ¢ nhiét
do 30 °C.

Cuong d¢ anh sang Toc d9 trao doi oxygen (umol

(umol/m?/giay) 0,/m?/giay)

0 -841+131°
200 9,08+0,69°"
400 20,75+ 1,44 °
800 27,39 1,86 ¢
1200 28,81+0,83®
1500 3219+0,22°¢
1800 30,89+ 1,08 ®

Cdc 56 trung binh trong c6t véi cac kp tir khdc nhau kém theo
thi khac biét co y nghia ¢ mirc p=0,05

Do din khi khiu cua 14 Mai Duong bit dau ting
manh khi cuong d6 chiéu sang dat 400 pmol/m2/giay va
gia tang lién tuc theo cuong d6 anh sédng (Hinh 1A).
Cung luc d6, su phong thich CO, cuia 14 cling ting
manh khi anh sang dat mic 400 pmol/m#/giay, va lién
tuc tang theo su gia tang ctia cuong dd anh séng (Hinh
1B).

O 1a Mai Dwong, sy lam diuning luong theo hudng
khéng quang hoa ludn gia ting (Hinh 2A) va sy lam diu
theo hudng quang héa giam dan (Hinh 2B) theo cudng
do anh sang. Ung véi su gia ting kha ning lam diu
khong quang hda, van toc chuyén dién tir & 1a ciing ting
manh theo cudng d6 anh sang (Hinh 2C). Ti 1é F./Fp,
giam nhe sau 4 gio chiéu sang nhung lai phuc hdi sau
20 gio che ti ké tiép (Bang 2).
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Bang 2. Ti 1¢ Fv/Fm ctia 1a Mai Duong trude khi chiéu
sang, sau 4 gid chiéu sang & 1600 pmol/m?/gidy va sau
20 gio che t6i ké tiép

Thoi gian FJ/Fnm
Trudc khi chiéu sang 0,71+0,10°
Sau 4 gio chiéu sang 0,66 + 0,37
Sau 20 gio che tdi ké tiép 0,73+0,39"°

Cdc s6 trung binh trong cgt voi cdc ky tw khdc nhau theo sau
thi khac biét co y nghia o mirc p=0,05
Anh huéng ciia nhiét do cao va sy thiéu CO, trén sy
quang hop cia la Mai Duong

Trong diéu kién chiéu sang khong ddi (400
pmol/m?/gidy), téc d6 phong thich oxygen tir 14 chét
Mai Duong c6 lap gia tang theo sy tang nhiét d6 cia
buéng chira 14, dat cuc dai & 30 va 35 °C va giam & 40
°C (Bang 3).

Bang 3. Toc do phong thich oxygen cia la chét Mai
Duong ¢6 lap (thudc 14 kép thtr 7) trong cac diéu kién
nhi¢t d0 khac nhau, & cudng d§ 4anh sang 400
pmol/mz2/gidy

Tbc d6 phong thich oxygen

Nhiét d6 (°C) 21
(umol O,/m*“/gidy)

25 3,58 +0,25°2

28 8,53+0,56°

30 16,83+ 1,36 ¢

35 15,61 +2,13°¢

40 10,22 +0,61°

Cdc s6 trung binh trong cét véi cac ky tw khdc nhau kém theo
thi khdc biét co y nghia o mirc p=0,05

Khi 14 chiu cung ltic diéu kién anh sang manh (trén
1600 umol/m?/giay) va nhiét d6 cao (39 dén 40 °C), su
phéng thich oxygen giam va sy thu oxy gia ting dan
(Bang 4).

Bang 4. Toc do trao di oxygen & 14 kép thir 7 trén cdy Mai Duong trong diéu kién anh sang va nhiét d6 khac nhau
tai Vuon Qudc gia Tram Chim (12/06/2011)

Thoi diém trong Anh sang Téc @6 trao dbi oxygen
\ ) Nhiét d (°C) -
ngay (umol/m“/giay) (umol O,/m*/giay)
8 768 + 318 32+0 47,70 £2,12°
10 1762+ 74 35+1 23,07 £4,13°
14 1632+ 69 39+0 1,37+£0,29°
15 1893+ 27 40+0 -12,47 £1,78°

Cdc s6 trung binh trong cot voi cdc ky tir khdc nhau kém theo thi khdc biét ¢ ¥ nghia ¢ mirc p=0,05

O muc anh sang 1000 pmol/m%giay, su thiéu CO,
& ca 2 diéu kién nhiét 6 30 va 40 °C ludn lam ting do
dan khi khau cua 14, ddng thoi can manh sy thu CO,.
Van téc chuyén dién tir bi giam manh trong khi sy 1am

diu nang lugng theo hudng khong quang hoa tang cao
khi 14 thiéu CO, va ung véi sy suy giam gia tri Fy/Fn,
(Bang 5).
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Bang 5. Anh hudng cua nhiét 6 cao va sy thiéu CO, trén d6 din khi khau, van toc trao ddi khi CO,, tbc do chuyén

dién tu, sy lam diu nang lugng theo hudng khong quang hda va su giam ti 1€ F/F, & 14 Mai Duong

Diéu kién thi nghiém . ) Van tdc
Do dn khi khau N
Nhiétdd  Nong do CO, y trao d6i CO, ETR gN Fo/Fm
(umol/m*/giay) i
(°C) (%) (umol/m/giay)
30 0,04 149+ 62 15,32+ 055° 96,74+0,52° 0,44+0,01% 0,690 + 0,009 *
30 0 439 +21° -1,88+0,12% 20,73+1,19?% 0,76 +0,01° 0,599 + 0,033 °
40 0,04 101+ 1° 14,91+0,21° 96,49+0,45° 0,42+0,012 0,688 + 0,008 *
40 0 385+35° -1,28 +0,04* 20,20+1,35% 0,79+0,01° 0,596 + 0,016°
Cdc s6 trung binh trong c6t véi cdc ky t khdc nhau theo sau thi khdc biét ¢6 y nghia & mitc p=0,05
THAO LUAN (PQ) theo con duong chuyén dién tir vong, dong thoi

O Mai Duong, khi 4nh sang ting cao & nhiét do
khong ddi 30°C, dé thu nhan t6i da luong quang nang,
tbc do chuyén dién tir tir PSIT dén Qa ting nhanh dén
mirc bdo hoa (Hinh 2C), trong khi cac phan tir diép luc
td tai trung tdm phan ¢ng cua quang hé 11 van lién tuc
dugc kich kich béi photon &nh sang. Do d6, hiéu nang
sir dung ning lugng cho chudi chuyén dién tir giam thé
hién qua su lam diu quang héa (qP) giam dan (Hinh
2B).

Nang lugng du thira ¢ PSII con dugc 1am diu theo
hudng khdng quang héa théng qua su toa nhiét cua 1a
(gN, Hinh 2A). Sy téa nhiét manh cung ldc véi sy mo
khau (Hinh 1A) & cac cudng do nh sang cao gilp bao
vé bo may quang hop, ngan chdn su tao cac ROS. Hon
nira, sy mo khau tdi da con giup gia ting lién tuc sy ¢6
dinh CO, (Hinh 1B), gitp la nhanh chéng tiéu thu
NADPH va gilp chudi chuyén dién tir thdng sudt,
khong béo hoa.

Tuy nhién, su phong thich oxygen khong tang lién
tuc nhu su ¢6 dinh carbon dioxide ma b&o hoda ¢ cuong
dd anh sang 1200 pmol/m*gidy (Bang 1). Thong
thuong, khi chudi chuyén dién tir bio hoa duéi sy chiéu
sadng manh, dong dién tu bi chan tai ferredoxin & PSI do
NADP* di duoc s dung hét, din dén viéc dién tir di
vao con dudng nudc — nudc hodc quay lai plastoquinon

dién tir cua plastoquinon dang khi (PQH,) duoc giai
phéng bang cach chuyén cho oxygen theo con dudng
luc hd hap (McDonald va cs., 2011; Rumeau va cs.,
2007). C6 1& & Mai Duong, mét phan oxygen duoc sir
dung trong luc hd hip nham giai phong bét dién tir du
thira trong “bé” PQ. Sau sy chiéu sang & cudng do anh
sang cao, nang suat hoat dong téi da cua PSII ¢ 14 Mai
Duong giam nhe nhung phuc hdi sau su che t6i ké tiép
(Bang 2). Biéu nay chung to ¢ sy hién dién caa hién
tugng quang Gc ché ¢ 14 Mai Duong trong diéu kién
dugc chiéu sdng manh, khi dé, c6 thé protein D1 da bi
hity dudi anh sang va duoc stra chita trong téi. Nhu vay,
1a Mai Duong c6 kiéu quang hop thich nghi tét véi diéu
kién &nh sang cao va c6 kha nang canh tranh manh vai
cac loai khéc.

Sy thoat hoi nuéc cua l4 chét cip hai Mai
Duong luén xay ra manh mé dudi anh sang ké ca &
cuong do &nh sdng cao 2000 pmol/m?/gidy (ang vai
110 klux) (Hinh 1A). Sy mit nuéc la cai gia ma cay
Mai Duong phai tra dé c6 thé tang cuong sy hap thu
CO,, kiém soét nhiét o cua l4 va nang cao hiéu suit
quang hop. Nhing dic diém trén cho thiy Mai Duong
c6 cau trdc 14 thich nghi chu yéu ¢ cac ving dat ngap
nudce, va trong diéu kién dat khd réo trong mua kho, su
thoat hoi nudc gay bt lgi cho cdy, nén cdy thuong rung
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phan I6n cac 14 & gan goc dé tranh mat nudc vao mua
khé (Lonsdale, 1992).

Nhiét d6 tang cao & cuong do anh sang dudi 1000
pmol/m?/gidy khong lam thay doi dang ké trén hoat
dong cua chudi chuyén dién tir, s dong mo khau va sy
trao d6i CO, (Bang 5), nhung c6 thé da gy ra hién
tugng luc hd hip (Rumeau va cs., 2007) biéu hién qua
su phong thich oxygen giam (Bang 3). Cay Mai Duong
c6 kiéu quang hop C; (Nguyén Kim Bup va cs., 2008),
Vi vay viéc loai hoan toan CO, trong budng do dan dén
su xuat hién quang hd hap ¢ 1a. Khi d6, 6 mo khau la
Mai Duong ting manh hon 3 1an so véi khi c6 CO,,
nhung do thiéu CO,, chu trinh Calvin khéng thé xay ra,
NADPH khéong duoc tiéu thy, didn dén viéc con duong
chuyén dién tar khong vong (Linear electron transport)

bi chan & ferredoxin. That vdy, van téc chuyén dién tir
tir PSII d&én Qa (ETR) ¢ 14 Mai Duong giam manh khi
thiéu CO, dan dén tang cuong su toa nhiét (gia tri gN
tang). C6 18 trong diéu kién thiéu CO,, khi con duong
chuyén dién tar khéng vong bi chan, dién tir dwoc
chuyén sang cac con duong khac, nhung khong du dé
sir dung hét ning luong du thira nén sy hinh thanh cac
ROS nhu H,0, va O+~ trén mang thylakoid da dan dén
su ha thap ning suat hoat dong cua PSII (Bang 5, Hinh
3). Trong ty nhién, cuong do anh sang manh trong mua
kho ludn kém theo nhiét d6 cao. Quang hd hap ludn xay
ra ¢ 14 Mai Duong trong diéu kién nay (anh sang trén
1600 pumol/m?/gidy va nhiét do tir 39 °C tré 1én, Bang
4),

CO, (Chutrinh ™\

//)"‘o2 (Quang hé hép) 7

NADRH NADP*

O

2

H,O 10,

Khoang trong

Hinh 3. Céc con dudng chuyén dién tir c6 thé xay ra trén mang thylakoid cia luc lap Mai Duong dudi tac dong ciia cudng do anh
sang, nhiét do cao va su thiu CO, [(so dd cai tién theo McDonald va cs. (2011)]: con dudng khéng vong (™), con dudng
vong (™), con duong nuéc — nudc (=), va con duong lyc ho hap (=)

KET LUAN

O Mai Duong, hién tuong quang tc ché ludn hién
dién khi 14 dugc chiéu sang & cudng do cao.

PSII cia 1a Mai Duong c6 ning suat hoat dong tdi
da bén dudi anh sang cao, d& dang phuc hdi khoi sy ton
thwong do quang ¢ ché khi dugc dat trong tdi, dong
thoi dugc bao vé boi kha nang hoat dong manh cua

chudi chuyén dién tir va sy lam dju theo huéng toa
nhiét.

Kha niang duy tri sy mé rong cua khi khau va toa
nhiét manh & cuong d6 anh sang nhiét d6 cao 1a hai yéu
t5 quyét dinh gitlp Mai Duong chdng chiu véi hién
tuong quang tc ché.
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Effect of high light, heat and carbon
dioxide deficiency on photoinhibition of
Mimosa pigra L. leaves

e Do Thuong Kiet
e Tran Triet
e Bui Trang Viet
University of Science, VNU-HCM
e Thomas J. Givnish

University of Wisconsine — Madison, Wisconsin, USA

ABSTRACT

High light (2000 pmol/m?/s), heat (40 °C),
and CO, deficiency were used to investigate
photoinhibition of Mimosa pigra L. leaves. The
results showed that high light caused the increase
of stomatal conductance, CO, fixation, O,
emission, non-photochemical (qN) and electron
transport rate (ETR) of Mimosa pigra L. leaves.
Leaves F,/F, ratio (Demonstrates the ability of
PSII to perform photochemistry) slightly decreased

under high light and recovered in the dark
condition. Heat did not affect on stomatal
conductance, CO, fixation, qN, ETR and F,/F, but
reduced O, emission. CO, deficiency stimulated
the increase of stomatal conductance and gN but
inhibited CO, fixation, ETR and decreased F,/F,,.
High light (ttr 1600 umol/m?s) and heat (tcr 39 °C)
in nature together caused strong O, emission from
Mimosa pigra L. leaves.

Key words: ETR, F,/F,, Mimosa pigra L., gN, gP, photoinhibition, photosynthesis.
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