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Tém tat:

Quang hgp la trung tam cha qua trinh chuyén héa dinh dudng cda thuc vat va
viéc tédng néng d6 CO, trong khi quyén cho qua trinh quang hop c6 thé tac dong
sau sac dén su phat trién va nhiéu khia canh sinh ly cta thuc vat. Thuc vat C,, Ca va
CAM c6 con duong quang hgp riéng biét dugc dac trung bdi cac qua trinh sinh héa
va sinh ly khac nhau. Nhiing con dudng nay cho phép thuc vat thich nghi véi nhiéu
diéu kién moi truong va téi uu hda viéc st dung cac nguédn tai nguyén nhu nudc va
carbon dioxide. Hiéu dugc su khéc biét gilta thuc vat C, CavaCAM c6 thé cung cap
cdi nhin sdu sac vé su tang trudng va nang suat cla cay trong va cac loai thuc vat
khac, ddng thai cung cap théng tin vé cac bién phap quan ly hiéu qua va bén viing
hon. Noi dung bai viét tom tat su khac biét co ban trong phan (ng quang hop cla
thuc véat C,, Ca va CAM va anh huéng clia néng d6 CO2 téng cao dén qua trinh quang
hop clia cdc nhém thuc vat nay.

Tir khéa: Thuc vat C,, C, va CAM, cdc con dudng quang hop, néng dé CO, tdng
cao.
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Abstract:
Photosynthesis is central to plant nutrient metabolism and increasing
atmospheric CO2 concentrations for photosynthesis can have profound effects
on plant growth and many physiological aspects. Cs, C4 and CAM plants have
distinct photosynthetic pathways characterized by different biochemical and
physiological processes. These pathways allow plants to adapt to a variety of
environmental conditions and optimize the use of resources such as water
and carbon dioxide. Understanding the differences between Cs, C4 and CAM
plants can provide insight into the growth and yield of crops and other plant
species and inform management practices more efficient and sustainable. In this
review article, we summarize the basic differences in photosynthetic reactions
in C3, C4 and CAM plants and the effect of elevated CO2 concentrations on the
photosynthesis of these groups of plants.
Keywords: Cs, C4+ and CAM plants, photosynthetic pathways, elevated
CO..

1. Gidi thiéu

Carbon dioxide (CO,) la mot trong nhiing khi chinh gay ra hiéu ting nha kinh.
Nhirng nam gan day, su phat thai cta khi nay vao khi quyén lién tuc tang, néng
d6 CO, trong khi quyén tang tir 280 ppm dat 407 ppm vao nam 2018 [1], du doan
muic tdng ndng do CO, trong khi quyén sé dat 700 ppm vao nam 2100 [2]. Nhiing
thay déi vé ndng do CO, trong khi quyén c6 y nghia quan trong d6i véi su phat
trién & tat ca cac loai thuc vat vi n6 1a nguyén liéu thé can thiét cho qua trinh
quang hop. Su gia tang nong dé CO, trong khi quyén lam qua trinh quang hop
& thuc vat tang dan dén cac tac dong tich cuc nhu su tang trudng, sinh khoi trén
madt dat va ndng suat & thuc vat sé I6n hon. Tuy nhién, néng d6 CO, tdng cao ciing
gay ra nhiing anh hudng tiéu cuc dén chat lugng cla cac loai cay trong bao gom
lam suy giam nhiéu loai chat dinh duéng nhu néng dé protein trong hat lda mi,
gao va lia mach, va trong cu khoai tay, gidm 5-14% khi CO, tdng cao; gidm néng
d6 cac khoang chat dinh duéng quan trong trong cay tréng bao gém canxi, magié
va phét pho [3]. Kha néng diéu chinh qua trinh quang hgp khi néng d6 CO, tdng
cao cua cac loai thuc vat la khac nhau véi cac loai thuc vat C,, C, va CAM. Chinh
vi vay, viéc nghién clu su khac nhau trong co ché quang hop va anh hudng clia
néng d6 CO, doi véi qua trinh quang hop & cdc nhém thuc vét nay la diéu rat can
thiét.
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2. Két qua va thao ludn
2.1. Co ché quang hop & thuc vat

Quang hagp la qua trinh c6 y nghia quyét dinh su ton tai ca sinh gidi, nhg cé
quang hgp thuc vat tré thanh sinh vat san xuat, su ton tai cia sinh vat san xuat
quyét dinh su ton tai cla sinh vat tiéu thu. Quang hgp con cé y nghia quan trong
véi moi trudng vi tat ca cac loai thuc vat déu hap thu carbon dioxide trong khi
quyén va chuyén d6i n6 thanh dudng va tinh bét théng qua qua trinh quang
hop, gitp ty 1& CO,/O, trén trai dat dugc gitt 6n dinh.

Qua trinh quang hop bao gom 2 pha: pha sang va pha téi.

Pha sang quang hgp: xay ra trong hé théng Thilakoit, noi chita sac té6 quang
hgp. Pha sang hdp thu nang lugng anh sang bai diép luc, van chuyén nang lugng
hdp thu vao trung tam phan tng va chuyén nang lugng tt photon anh séang sang
phan ti ATP (Adenosin Triphotphat) va NADPH, (Nicotinamit Adenin Dinucleoti-
photphat) ma cu thé 1a nang luong héa hoc clia cac lién két cao nang clia phan tu
ATP va tao nén hgp chat kh&r manh NADPH,. Pha sdng gom hai giai doan ké tiép
nhau: giai doan quang vat ly va giai doan quang hda hoc. Pha séng tao nguon
nang lugng ATP va hop chéat khirt NADPH, dé khi CO, thanh gluxit va cac chéat hiru
co khéc trong pha t6i, vé co ban, pha sang ctia quang hgp & tat ca cdc nhom thuc
vat la giong nhau [4].

Pha toi quang hop: la tap hop mét chudi cac phan ng héa sinh nhé cac enzim
xUc tac xay ra & chat nén (stroma) cla luc lap ma khéng can diéu kién anh sang
(c6 thé xay ra trong t6i) nhung lai c6 quan hé mat thiét véi pha sang théng qua
viéc str dung san pham tir phan ting sang la ATP, NADPH, [4].

C6 nhiéu con dudng dong hoa CO,xay ra trong thuc vat, méi con dudng dac
trung cho mét nhom thuc vat nhat dinh. Cho dén nay da phat hién dugc 3 con
dudng déng héa CO, xay ra & 14 d6 la chu trinh Calvin-Beson, chu trinh Hatch-
Slack va chu trinh CAM. Ngoai ra con c6 qua trinh déng héa CO, & ré [4].

2.2. Su khac nhau trong co ché quang hgp & thucvat C,, C, va CAM

Thuc vat C, dai dién cho khoang 85% téng sé loai thuc vat bac cao bao
gbm nhiéu loai cay quan trong nhu lda mi, gao va dau nanh... [5]. Qua trinh
quang hgp & thuc vat C, bat dau khi CO, di vao khi khong va khuéch tan
vao cac té bao thit 14 (Mesophyll), chat nhan CO, |a Ribulose-1,5-diphosphate
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(viét tét RiBP), sdn phdm tao ra dau tién trong qua trinh déng hoa CO, la axit
photphoglyxeric (APG) va quéa trinh déng héa CO, x3y ra theo chu trinh khép
kin — d6 1a chu trinh Calvin-Ben son, hay con goi la chu trinh C, vi sdn phdm
dau tién cha qua trinh déng héa CO, theo con dudng nay la hgp chat c6 3C
(APG).

Thuc vat C, chiém khoang 5% téng s6 loai thuc vat bac cao bao gém cac
loai thuc vat nhu ngé, mia, ké, rau dén...va mot sé loai ¢6 dai [5]. Qua trinh
quang hop & thuc vat C, bat dau khi CO, di vao khi khong va khuéch tan
vao cac té bao thit Id (Mesophyll), chat nhan CO, dau tién la hogp chat 3C
(photphoenol pyruvic - PEP), san pham én dinh dau tién |a hgp chat 4C (axit
oxaloacetic - AOA), sau d6 chuyén héa thanh hgp chat 4C khac la axit malic
(AM) trudc khi chuyén vao té bao bao bé mach. Qua trinh déng héa CO, xay
ra hai giai doan & hai té bao khac nhau: qua trinh cacboxyl héa APEP (Axit
photphoenol pyruvic) tao nén axit oxalo acetic (AOA), xay ra & té bao thit 1a
(Mesophyll), sau d6 AOA bi kh( thanh axit malic (AM); qua trinh decacboxyl
héa AM tao CO, va axit pyruvic, CO, tach ra tu AM dugc RiBP tiép nhan thuc
hién chu trinh Calvin dé tao san pham so cdp quang hop la C.H,,0O, sau d6 tao

tinh bot. Ca ché dong héa CO, xay ra theo chu trinh khac véi chu trinh C,. D6
la chu trinh Hatch-Slack hay chu trinh C,.

Thuc vat CAM chiém 10% téng s6 loai thuc vat bac cao, bao gém cac loai
c6 kha nang chiu dung han han va nhiét dé cao han so véi thuc vat C, va C,
nhu dda, thanh long, xuong réng... [5]. Trong diéu kién khi hdu khé néng
kéo dai, dé thich nghi thuc vat c6 co ché déng hoéa CO, theo chu trinh CAM
(Crassulacean Acid Metabolism), nham tiét kiém nudc, & nhém thuc vat nay
chi mé& khi khéng dé thuc hién qua trinh thoat hoi nudc vao ban dém, do vay
ban dém 1a md&i c6 CO, ctia khong khi cung cap cho quang hop. Khéac véi thuc
vat C,, & thuc vat CAM con dudng déng hoa CO, xay ra 2 giai doan dugc tach
biét khac nhau vé thai gian. Giai doan cacboxyl héa tao nén axit oxalo acetic
(AOA), sau d6 AOA bi khir thanh AM xay ra vao ban dém khi khi khéng ma, 13
tiép nhan dugc CO, tir moi trudng; giai doan decacboxyl héa AM tao CO, va
axit pyruvic, CO, nay tham gia vao chu trinh Calvin dé tao ra C.H ,O, sau d6

6 1276
tao tinh bét, giai doan nay xdy ra vao ban ngay.
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Hinh1. Su khdc nhau trong co ché quang hop & thuc vat C,, C,va CAM [6]

Qua trinh dong hoéa CO, la qua trinh phtc tap, xay ra theo cac con dudng khac
nhau. Nhitng con dudng nay cho phép thuc vat thich nghi véi mét loat cac diéu
kién moi trudng va téi uu hda viéc st dung tai nguyén clia chiing nhu nudéc va
carbon dioxide. Tom tat nhirng khac biét ca ban trong cac phan tng quang hop &
thuc vat C, C, va CAM (bang 1), c6 thé cung cdp cai nhin sau sac vé su tang trudng
cUa thuc vat trudc tac dong ctia moi trudng.
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Bang 1. So sanh mét s6 dac diém chia qua trinh déng héa CO, chia thuc vat

C,, C,vaCAM[4].
Pac diém ThucvatC, ThucvatC, Thuc vat CAM
- 01 té bao tham gia |- 02 té bao tham gia
quang hgp (té€ bao | quang hgp (t€ bao thit 13; | - 01 té bao tham gia quang
Cautaola thit 13) té€ bao bao bo mach) hop (té€ bao thit 13)

- Té bao cb cau truc
xép l6p

-Thit1d méng hudng tam,
bao b6 mach xép 16p.

-Té bao cé cau trac xép l6p

Hoat déng khi khéng

Khi khéng mé& ban
ngay

Khi khéng mé ban ngay

Khi kh6ng mé& ban dém

Nhu cau nhiét t6i uu | 10-25 °C 30-45 °C 30-45 °C
- Trung binh _ Manh - Thay déi
Nhu cau 4nh sang -Diém no thap 1/3 AS : - Diém no thap, 1/3 AS

mat trdi toan phan

- Khéng c6 diém no

mat trdi toan phan

Diém bu CO, 30-70 mol/I 0-10 mol/I Thay ddi
Nhu cau nuéc Cao Thap (bang Y2 thuc vat C)) | Thap
SL{ kim ham O, néng o t(héng (,02 1-100% khong %
do6 cao anh hudng)
- PEP - PEP

Ribulose-1,5-

Chat nhan CO, diphosphate - Ribulose-1,5-|-Ribulose-1,5-
phosp diphosphate diphosphate
2 ° . . - Sang: APG
San pham APG (C3) axit oxalo acetic (C,) _ T6i axit oxalo acetic )
Cham Cao Rat cham

Toc d6 déng hoda

(10-35 mg/dm?*/h)

(40-60 mg/dm?/h)

(< 10mg CO,/dm?/h)
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2.3. Anh huédng ctia su gia ting néng d6 CO, trong khi quyén ddi véi thuc vat
C, C,va CAM

Thuc vat C, c6 thé phét trién tot trong diéu kién néng d6 CO, trong khi quyén cao
nhung nhay cam hon véi han han va nhiét d6 cao so v6i thuc vat C, va CAM. Thuc vat
C, kém hiéu qua hon trong viéc c6 dinh CO, & nhiét d6 cao va néng d6 CO, trong khi
quyén thap. Tuy nhién thach thiic Ién d6i véi thuc vat C, la khindng d6 CO, trong khi
quyén tang lén, ndng suat ban dau clia ching sé tang, do su gia téng ctia CO, d6i v4i
quang hgp nhung hiéu ing nay cé kha nang ton tai trong thai gian ngan, vi nbng dé
CO, cao hon ciing c6 thé dan dén nhiét d6 cao hon va gidam lugng nudc, tir d6 giam
su tang trudng va nang suat cGia ching.

Thuc vat C, thich nghi véi diéu kién kho, ndng, cé thé phat trién t6t & nhiét d6 cao
va nong do CO, trong khi quyén thap so vai cay C,.Thuc vat C, khéng hiéu qua trong
viéc c6 dinh CO, trong diéu kién mat va am nhu thuc vat C.. Thuc vat C, nhay cdm véi
bdéng radm, can nhiéu nang lugng hon thuc vat C, dé san xuat. Tac dong clia viéc tang
nong do CO, trong khi quyén cling la mét thach thtic 16n d6i véi su tang trudng va
ndng sudt clia chiing. Mac du thuc véat C, hiéu qua hon trong viéc c6 dinh CO, & nhiét
d6 cao va nong d6 CO, trong khi quyén thap so véi thuc vat C,, nhung chiing van cé
thé bi gidm nang suat trong diéu kién ndng néng va han han khac nghiét.

Thuc vat CAM thuc hién con dudng quang hgp theo chu trinh CAM (Crassulacean
Acid Metabolism). Thuc vat CAM c6 kha nang chiu han han va nhiét dé cao hon so
vGi cay C, va C4, thich nghi va phat trién t6t véi moi trudng kho han. Ching bao tén
nudc bang cach ma khi khéng vao ban dém va déng chung vao ban ngay dé giam
mat nudc qua qua trinh thoét hai nudc. Thuc vat CAM c6 thé déng héa CO, vao ban
dém, khi khi khéng mé va khi néng d6 CO, trong khi quyén cao. Tuy nhién so vGi
thuc vat C,, C,, thuc vat CAM can nhiéu nang lugng hon dé san xuat va hiéu qua
trong viéc cé dinh CO, thap hon, nhay cdm véi bong ram hon thuc vat C,vaC,. Tac
dong clia nong d6 CO, trong khi quyén tang Ién ciing la mot thach thic 16n doi véi
su tang trudng va nang suat cta thuc vat CAM. Mac du ching ¢6 thé bao tén nudc
va chiu dugc han hén va nhiét d6 cao tot hon so véi cay C, va C,, chiing van c6 thé
gidm nang suat trong diéu kién nhiét d6 cao va han han.

4, Két luan

Thuc vat C,, thuc vat C, va thuc vat CAM (Crassulacean Acid Metabolism) la ba
nhom thuc vat sit dung cac co ché khac nhau dé quang hgp - qua trinh thuc vat
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chuyén d6i nang lugng anh sang thanh nang lugng héa hoc. Su khac biét chinh
gilta quang hop C,, C,va CAM la quang hop C, tao ra hgp chat ba carbon thong qua
chu trinh Calvin va quang hop C, tao ra hgp chét bon carbon trung gian, phan tach
thanh hop chat ba carbon cho chu trinh Calvin, trong khi CAM quang hgp nhan
anh sang mat trai vao ban ngay va cé dinh carbon dioxide vao ban dém.

Qua trinh quang hgp la qua trinh sinh ly phtc tap & thuc vat va chiu anh huéng
c@ia nhiéu nhan té méi truong khac nhau nhu nhiét d6, cuong dé anh sang, nuéc
. trong d6 c6 nong d6 CO, va cac yéu t6 nay cd su tac dong téng hop lIén qua
trinh quang hgp. Vé co bén, do6i véi cac loai thuc vat C, nhu lda mi, gao va dau
nanh..., s&t dung chu trinh Calvin dé c6 dinh carbon dioxide (CO,) tu khi quyén
trong qua trinh quang hgp. Ching quang hgp hiéu qua khi néng d6 CO, tang cao
trong diéu kién mat, am nhung kém hiéu qua hon trong diéu kién khé, néng. Thuc
vat C,, bao gom céc loai nhu ng6, mia va ké, c6 ca ché quang hgp hiéu qua hon
dugc goi la con dudng C,, thuc vat C, hiéu qua hon trong viéc c6 dinh CO, & nhiét
d6 cao va nong do CO, trong khi quyén thap so véi thuc vat C.. Thuc vat CAM, bao
gOm cac loai nhu xuong réng, dda..., s& dung mét hinh thic quang hgp da bién
d6i goi la chu trinh CAM dé ¢6 dinh CO, vao ban dém va bao ton nudc trong moi
truong kho han.
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