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Cay thic an chan nuéi la kho luu trir tinh trang da dang
chiic ndng dé thich (ng véi khi hau hién tai va tuong lai

Nguyén Van Quang
Vién Chan nuoi

TOM TAT

B ién ddi khi hau va hién trong nong 1én toan cau la nhitng tham hoa do con nguoi gay
ra hién dang thach thirc trén toan thé gisi, de doa can trd an ninh lwong thuc, moi
truong va dinh dudng toan cau trong tuong lai Bién d6i khi hau anh huong dén cac dich
vu h¢ sinh thai va tuong tac glua cac yéu t6 sinh hoc va phi sinh hoc. Hau qua nghiém
trong nhat da duoc quan sat thdy trong linh vuc néng nghiép va chan nuéi, véi tiém nang
san xuit va nang suét giam sat. Nong nghiép va cac linh vuc lién quan gop phan dang ké
vao viéc san xuat khi nha kinh. Tuy nhién, cac bién phap quan Iy tong hop c6 thé duoc st
dung dé han ché khi thai nha kinh va nhimg tac dong tiéu cuc cta nd. Cac loai cdy thic dn
chan nuoi va ho hang hoang da cua chung duy tri da dang sinh hoc va cac dich vu hé sinh
thai va giam thiéu nhiing tac dong nghlem trong ctia bién d01 khi hau. Cac loai cay thic an
chan nuoi thich nghi véi moi truong khic nghiét c6 mot s6 dic diém doc déo nhu tinh lau
nam, hé thong & sau, hidu qua sir dung tai nguyén cao (4nh sang, chat dinh dudng va nudc)
va san xuét it khi mé-tan va N20, khién chiing phii hgp dé sir dung trong twong lai trong
diéu kién bién d6i khi hau. Bai danh gi4 nay néu bat nhimg dic diém ndi bat ciia nhiéu loai
cy thirc an chan nudi dugce trong trot va chan tha co thé dong vai tro quan trong trong viée
hiéu dwoc tac dong ciia bién ddi khi hau. Ching t6i thao luan vé ho hang hoang da cia cac
loai cdy thirc dn chin nuéi, thudng thich nghi véi nhidu ap luc va néu bat co ché thich nghi
ctia chiing trong diéu kién bién d6i khi hau. Chung t6i coi cac cong cu lai tao va cong nghé
sinh hoc tién tién hiru ich cho viéc phat trién cac loai cay thirc an chin nudi thong minh
v6i khi hau. Panh gia ndy cung cap cai nhin siu sic mai vé cac loai cdy thirc an chin nudi
va ho hang hoang da cta chiing vé mit khai thac chung trong cac chwong trinh lai tao chiu
nhiéu ap lyc trong twong lai va cac con dudng dé phat trién cac loai ciy trong c6 kha ning
chéng chiu vé6i khi héu.

Tir khéa: sdn xudt vdt nudi, bién doi khi hdu, ho hang hoang da cia cdy trong, lai tao
thire an chan nudi, hién twong nong lén toan cau, khi nha kinh, cdy lau nam, hiéu qua sir
dung tai nguyén.

Gidi thiéu

kinh (GHG) gay ra, v6i hau qua 1a 1am 4m bau
khi quyén (Kweku va cs., 2018). V& mit khi

Su mét mat nghiém trong toan cau cua hé sinh
thai ty nhién dang duoc thuc day boi bién d6i
khi hau do con ngudi gay ra, lam tang cudng su
tai dién va thoi gian kéo dai cta cac sy kién thoi
tiét khic nghiét bao gom tinh trang thira hoic
thiéu nudc, dot néng néng hodc nhiét do xuéng
thap va 16¢ xoay (Weiskopf va cs., 2020). Bién
d6i khi hau cuia Trai dét chii yéu do khi thai nha

thai GHG, hoi nudc va may, carbon dioxide
(CO,), methane (CH,), nitrous oxide (N,O) va
ozone (0O,) dong gop dang ké; tuy nhién, CO, la
tac nhan chinh gay ra hién tugng noéng lén toan
ciu (Sabagh va cs., 2020).

Céc hoat dong da dang lién quan dén san xuat
nong nghiép, chang han nhu chin nudi va bon
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phan, déng gop ~11,6% tong luong khi thai
GHG (Mikhaylov va cs., 2020). Trén toan cau,
chan nudi dong gop 44% CH,, 53% N,O va 5%
lugng khi thai CO, (Gerber va cs., 2013), cling
nhu thuac déy su thoai hoa dét, 6 nhiém khong
khi, dit va nuéc, va suy giam da dang sinh hoc
nong nghi¢p, dich vu hé sinh thai va nang suét
(Fatima va cs., 2020). Cac quy trinh san xuét
dong vat nhu quan 1y tan du cdy tréng, bon phan
hitu co, ¢b dinh dam sinh hoc, 1én men duong
rudt cua gia suc nhai lai va ché bién va véan
chuyén cac san pham dong vat 1a ngudn phat
thai khi nha kinh chinh (Rojas-Downing va cs.,
2017). Céc phat hi¢n thuc nghiém trong hon 20
nam cho thiy 26% tong lugng CH, dugc tao ra
boi nong nghi¢p va cac nganh lién quan, trong
d6 trong lta dong gdp nhicu nhat (10%), tiép
theo 1a quan 1y phan chudng (6%), véi cac hoat
dong khac dong gop 10% (Yusuf va cs., 2012).
Hon nita, céc tac gia d6 ciing néu rang 53% CH,
chu yéu 1a do qua trinh 1én men dudng rudt, tiép
theo 14 trong lta (18%) trong nong nghiép.

Céc san pham chin nudi c6 vi tri quan trong
trong ché d6 an cua con ngudi vi gia tri dinh
dudng cta ching (Dumont va cs., 2019) va
nhu cdu vé& cic san pham nhu viy dang ting
1én va du kién sé& ting gip doi vao nim 2050
(Rojas-Downing va cs., 2017). Tuy nhién, cac
tinh hudng lién quan dén bién d6i khi hau tao
ra moi de doa ddi v6i san xuét chian nudi, tac
dong tiéu cuc dén cac thudc tinh vé s6 luong va
chat lugng cia thirc dn va san pham chian nuoi
(Henry va cs., 2018). Nong d6 CO, trong khi
quyén ting cao dan dén nhiing thay ddi trong
md hinh sinh trudng ctia co, va lam giam chat
lwong thirc dn chan nudi, tinh da dang ctia dong
co, tinh kha dung cta chét dinh dudng va hi¢u
qua st dung tai nguyén (RUE), cudi cung lam
giam hiéu qua sinh san va lam gia ting nhiéu
van dé strc khoe khac nhau (Rojas-Downing va
cs., 2017). Do do, vi¢c quan ly cac nganh chan
nudi 1a diéu bat budc dé giam thiéu cac tac dong
bét loi va duy tri ning suit vt nudi, an ninh
luwong thuc, dinh dudng dong vat-con nguoi va
tinh bén virng ciia moi trudng.

Thirc an chan nudi khac véi cay luwong thuc vi
chu yéu duoc trong 1am thirc an chin nuéi va
ching dam béo sinh ké cho gan 800 triéu ngudi
trén toan cau. Cac loai c6 va cay ho dau dong vai
tro dac biét trong thirc an chan nudi va an ninh
moi truong. Nhiing loai cdy trong nay rit quan
trong de duy tri da dang sinh hoc nong nghiép,
cung cAp mdi truong séng cho dong vat nudi
va dong vat hoang da, co 1ap carbon, bao tdn
nude va dua cac dic diém chic nang cua loai
hoang da vao cay trong. Cay thirc dn chin nudi
chu yéu duoc phan loai thanh hai nhom: Nhom
c6 trong thu cét va nhom chin tha (Rao vd cs.,
2015). Céc loai ¢ va cay ho dau dugc trong ma
khong co su can thiép cua con nguoi; do do,
chung c6 mot sd dic diém rleng biét glup chiing
ton tai trong diéu kién khic nghiét va rat quan
trong dé duy tri cac loai hoang di va giam thiéu
su thoai hoa dit (Ergon vd cs., 2018). O dong
co, cac loai co lau nam va cay ho dau chiém wu
thé va c6 RUE cao hon ddi v6i anh sang, nudc,
quang dong hoa va chat dinh dudng (Yang va
Udvardi, 2018; Lal va cs., 2022). Cay tréng lam
thirc an chin nudi trén dong co chin tha c6 mot
s6 uu diém so voi cdy trong lam thirc n chin
nudi thu cit; ddc biét, chung co kha ning sinh
san sinh dudng, tiém ning tai sinh truong, kha
nang chiu dung stresses, hi¢u qua huy dong lai
chat dinh dudng va chuyén doi sinh khdi, ciing
nhu cai thién hiéu qua sir dung nudc, chat dinh
dudng va ning luong (Hall va cs., 2020). Tiém
nang co lap carbon cua ciy trong co vai trd ndi
bat trong cac chuong trinh thich nghi va giam
thiéu bién d6i khi hau. Vi du, cac loai cay trong
thirc an chan nuoi lau nam c6 thé lam ting ham
lwong cacbon hitu co trong dét 1én 20% & d6 sau
0-30 cm va 1én 10% ¢ do sdu mo rong (0-100
cm) sau khoang 20 nam thiét 1ap tham c6 (Ledo
va cs., 2020). Tuong tu nhu vay, cac loai cay
trong nhu vay dd duoc chimg minh 13 ting gip
d6i lwong hap thu carbon va giam luong phat
thai N,O xudng dudi mot phan tu trong vong 2
nam so voi cay trong hang nam (Maas va cs.,
2013). Ngoai ra, cay thirc an chan nud6i lau ndm
c6 hé thdng ré sau c6 thé hat nude tir dat sau,
trai nguoc voi cay thirc an chan nuoi hang nam
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(Lasisi va cs., 2018). Tuong ty nhu vay, cay
thirc an chan nudi C, cling s& c6 vai trd quyét
dinh trong cac diéu kién khi hau trong twong lai,
c6 hiéu qua ¢ dinh carbon, hiéu qua su dung
nuéc (WUE) va san xuit sinh khéi cao hon,
va ho hip sang va san xuit N,O va métan thap
hon so véi cay C; (Ning va cs., 2020; Reddy va
cs., 2020; De Haan va cs., 2021). Do d0o, ca cay
thirc an chan nudéi C, va cay thuc an chan nudi
lau ndm déu c6 tiém nang 16n dé thich nghi véi
cac tinh hudng khi hau bién dong.

Céc chién lugc thich ung dong vai tro trung
tam trong viéc tang cuo’ng kha nang phuc hoi
cua cay trong va nang suét vat nudi trong didu
kién bién d6i khi hau (Polley va cs., 2013), va
cac bién phap giam thiéu c6 thé duoc sir dung
dé 1am giam b6t hau qua cip tinh cta nd. Cac
chién luge thich ing bao gdm viéc stra ddi cac
hé thdng san xuit va quan 1y (da dang hoa, tich
hop va thay d6i thoi gian va dia diém hoat dong
trang trai), cac chién luwoc nhan glong (gidi
thiéu hodc chuyen cac gen mong muon va chiu
duoc cang thang tir cdy trong hoang da sang
cay trong bang cac phuong phap nhan g1ong
truyen thong va phan tir), cac thay doi vé thé
ché va chinh sach, tién bo khoa hoc va cong
nghé, va thay doi nhan thirc va kha nang thich
ung cua nong dan (Henry va cs., 2012; Jones
va cs., 2013; EL Sabagh va cs., 2021; Sabagh
va cs., 2021; Chand va cs., 2022a). M6 hinh
hoa cdy trong co vai tro quan trong trong viée
phat trién cac loai cay trong c6 kha ning phuc
hoi trude bién ddi khi hau. Viéc ap dung md
hinh mé phong hé théng san xuit nong nghiép
(APSIM) trong cay luong thyc dya trén quan ly
dic diém chuc nang cua hi¢u qua sir dung buc
xa va vat 1y hoc cay trong da gitip cai thién nang
suét theo thoi gian trong diéu kién bién ddi khi
hau (Akinseye va cs., 2020). Tuy nhién, c6 rat
it mo hinh céy trong duoc thiét ké cho céy thirc
an chan nudi va can phai phat trién cac mo hinh
nhu vay dé day nhanh qué trinh phat trién cac
loai cdy thtc an chin nudi c6 kha ning chéng
chiu véi bién d6i khi hau. Céac bién phap quan
trong dé thich Gmg va giam thiéu hau qua cua
bién d6i khi hau thong qua cé chin nudi va cay
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ho ddu c6 thé bao gdm quan 1y nong hoc t6t
hon, khai thac tiém ning di truyén thong qua
cac chuong trinh nhan gidng dwoc cai thién va
cac thay doi 1y hoa hoc cua cdy trong ¢ cap do
té bao (Indu va cs., 2021; Javed va cs., 2022;
Chand va cs., 2022b).

Viéc xac dinh cac gen hitu ich mong mudn
(kha ning chiu dung diéu kién khic nghiét,
hiéu qua st dung tai nguyén, ning suit cao
trong diéu kién chiu anh hudng cta bién doi
khi hau) va khai thac tiém ning di truyén nhu
viy cua cdy trong hoang di thong qua cac
phuong phap lai tao truyén théng va céc cong
cu sinh hoc phén tir tién tién & cac loai duoc
trong c6 thé rat quan trong ddi véi chuong
trinh cai tién cay trong (Lal va cs., 2019; Lal
va cs., 2021; Yadav va cs., 2022; Chand va

s., 2022b). Sy khac biét vé mat di truyén,
dic diém ngu dong mua hé va cac thudc
tinh déo r& c6 thé hitu ich trong viéc giam
thiéu tac dong ciia bién d6i khi hau va phat
trién cac loai cdy thirc an chan nuéi ly tuong
(Miinzbergova va cs., 2017). Tang mlrc nang
suit 1a myc tiéu chung cia cac chuong trinh
cai tién cdy trong truyén théng va da duogc
thuc hién theo thoi gian. Tuy nhién, cac khia
canh vé chét luong van chua di duogc khai
thac dén tiém nang muyc tiéu. Do do, cai thién
ning suat két hop v6i nang cao chat luong, sir
dung cac phuong phép lai tao gidng cai tién
va cac cong cu sinh hoc phén tir dé truyén dat
tiém ning thich ung tot hon trong cac kich
ban bién ddi khi hau, nén 1a muc tiéu tuong
lai ctia cac chuong trinh cai tién cay trong &
cac loai thirc an chan nudi trén dong co.

Pic diém ndi bat ciia cy thirc dn

chan nuoi

Cay thtc an chian nudi chu yéu duoc phan
loai thanh hai nhom: Cay trong va thic in
chian nudi trén ddng co. Cdy thic an chin
nudi duoc trong 1a cay duge trong trén dong
rudng cia nguoi nong dan dé lam thtc in
cho dong vat. Chung c6 thé 1a cay hang nam
(trong va thu hoach trong mot mua) hodc cay
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lau ndm (c6 nang suét thirc an chan nudi 1én
dén 2-3 nam). Nhitng loai thirc dn chin nudi
dugc trong nay dugc phan loai thém 1a ngii
cbc hodc dau. Ngiti cbe chu yéu duoc nhoém
theo ho hoa thao (Gramineae hoac Poaceae).
Than cdy ho co rdng ngoai trir & cac dot va
c6 14 moc so le hep. Phan dudi cia mdi 14
dugc gidi han trong than, tao thanh be 14. La
moc tir gdc phién 14 va phat trién vé phia phan
chop (Gibson, 2009; Younger, 2012). Loai
thuc an chan nudi thu hai 1a cay ho dau, thudc
ho Leguminosae hodc Fabaceae, c6 kha nang
¢ dinh nito trong khi quyén. Do d6, nhu cau
phan dam & nhiing loai cdy nay it hon nhiéu
(Amiri va cs., 2012). Ngoai ra, thtrc an chan
nudi ho dau c6 ham lugng protein cao hon,
trong khi ngii cdc cé ty 18 carbohydrate cao
hon. Do d6, viéc tron ca cdy ngii cdc va cdy
thirc an chdn nu6i lam thirc dn chdn nudi cung
cip dinh dudng hoan chinh va rit quan trong
dé duy tri ning suat chin nudi (Tessema va
Feleke, 2018). O cdy ho dau lam thtic dn chan
nudi, giai doan sinh dudng va sinh san phat
trién cung nhau, trong khi ¢ ngii cdc, giai doan
sinh san dién ra sau giai doan sinh dudng.

Pong c6 bao gébm dong co, sa mac, dat ngip
nuée, dat cdy bui va cac khu vuc rimg dugc
chan tha gia stc. Nhitng khu vuc nay cha yéu
duoc tréng tor tham thuc vat ban dia va duoc
quan 1y bang cach chin tha, khong 4p dung bat
ky bién phép canh tdc nong nghi¢p nao. Cay
thirc an chin nudi ¢ dong co ciing dugc phan
loai thanh ngii cbc va cdy ho ddu; tuy nhién,
nhirng khu vuc nay thuong cha yéu c6 ciy thac
an chan nudi 1au nam. Cac loai ngii cbc quan
trong trén dong c6 1a Cenchrus ciliaris L. (co
anjan), Heteropogon contortus (L.) P.Beauv.
ex Roem & Schult. (co gido den), Cenchrus
setigerus Vahl. (co dhaman) va Dichanthium
annulatum (Forssk.) Stapf (co marvel). Tuong
tu nhu vay, Clitoria, Atylosia va Dolichos 1a cac
chi ho dau nhiét d6i quan trong trén ddng co
(Heady va Child, 2019).

Pic diém ciia 6 hang nim va c6 ldu nim

cho hiéu qua sir dung tai nguyén cao hon

Cay trong hang ndm c6 tudi tho rat ngan, dao
dong tir mot thang dén vai thang. Trong giai
doan nay, ching hoan thanh vong doi tur khi
hat nay mam dén khi truong thanh va tao ra hat
gidng cho thé hé tiép theo trude khi chét. Thong
thudng, cdy lau nim mat nhiéu thoi gian hon dé
hoan thanh vong doi cua ching (tir 1 nim dén
4 hodc 5 nam). Hau hét cac cdy lau nim sinh
san thong qua nhan gidng sinh dudng nhu giam
canh (Hall va cs., 2020). Cay hang nam phai d6i
mat véi tinh trang 130 hoa hoan toan sau giai
doan sinh dudng, trong khi cdy lau nim biéu
hién tinh trang lao hda cua cac co quan sau do
1a tré hoa vao mua tiép theo (Yang va Udvardi,
2018). Sy 130 hoa toan by ciy ¢ cay hang nam
c6 lién quan dén viéc kich hoat cac gen lién
quan dén 130 hoéa (SAG), twong tac ctia cac tin
hiéu noi tiét t6 va tinh trang thiéu hut chat dinh
dudng. Ngugc lai, cac loai ciy tréng lau nam da
phat trién mot hé thong dé ngan ngira tinh trang
130 hoa cta toan bd cay thong qua viéc huy dong
chat dinh dudng dén cac co quan dudi long dat,
giam biéu hién SAG va kich hoat cac co ché
truyén tin hiéu va noi tiét to (Yang va Udvardi,
2018). Cay lau ndm c6 hiéu qua str dung chat
dinh dudng cao hon cdy hang nim. Ciy trong
hang nim va cdy lau ndm khac nhau vé cach st
dung tai nguyén thién nhién nhu nudc va chat
dinh dudng, ciing nhu vé hiéu qua ning luong
va chuyén doi sinh khéi. Nhin chung, ciy trong
thire an chan nudi lau ndm co6 kha ning hip thu
carbon 16n hon cdy trong thirc n chan nudi
hang nim. Ledo va c¢s. (2020) da chi ra rang
cdy trong lau nim c6 hiéu qua hap thy carbon
cao hon do ¢b lap carbon hitu co nhiéu hon.
Tuy nhién, ty 1¢ co lap carbon cao hon trong
nhirng ndm dau va giam cham trong nhitng nim
sau. Tuong tu nhu vay, viéc trong cy thic an
chan nuoi lau nam 1a ¢é linh lang (Medicago
sativa L.) va cé timothy (Phleum pratense L.)
0 Red River Valley, Manitoba, Canada da tao ra
lwong hip thu carbon gip d6i va lwong phat thai
N,O bang mot phan tu lugng phat thai N,O cua
cdy trong hang nim 1 lia mi va mu tat trong
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vong 2 nam sau khi trong (Maas va cs., 2013).
Céac loai co6 nhu Brachiaria spp., Cenchrus
ciliaris, Chrysopogon fulvus (Spreng.) Chiov.
va Cenchrus clandestinus (Hochst. ex Chiov.)
C6 Morrone dugc trong trong cac hé thong dong
co, rimg-ddng ¢ va vudon-dong cé c6 tiém ning
to 16n trong viéc cai thién qua trinh ¢6 14p carbon
va dat bi thoai héa (Thornton va Herrero, 2010;
Ghosh va cs., 2021; Kumar va cs., 2022). Sau
9 nidm, tong ham luong cacbon hitu co trong
cac 16p dat mit duoc ting cudng lan luot 1a
84%, 91% va 77% & déng co Cenchrus ciliaris,
Cenchrus clandestinus va Chrysopogon fulvus
so voi dat bo hoang (Ghosh va ¢s., 2021), dong
vai trd quan trong trong viéc phuc hoi sinh thai.
Mot nghién ctru dugce tién hanh & phia béc
Victoria, Uc, so sanh cac loai ciy tr(‘Sng thirc an
gia stic hang nam va lau nim vao mua dong vé
ning suat nudc tudi da xac nhan rang cac loai
cdy trong hang nim c6 ning suat nudc cao hon
(Lawson va c¢s., 2009). Mot nghién cuu kéo dai
3 nam da dugc tién hanh bang cach sir dung 22
loai cdy thtrc an gia siic hang ndm va lau ndm
va két luan rang kha ning hat nude phu thudc
vao hé thong r& (Neal va cs., 2012). Cac loai
c0 lau nam nhu Cenchrus clandestinus, Phalaris
aquatica L. va Festuca arundinacea Schreb. (c6
duoi chén) c6 thé tao ra hé théng ré sau téi 2 m
& cac dong co phan bd & Uc va ¢ kha ning tiép
tuc hit nude tir dat & mirc do am dét thip, mot
yéu t6 quan trong dé ton tai trong diéu kién thoi
tiét kéo dai han han. RS rang, ting do siu ré
cling c6 thé cai thién téc do ting trudong va san
luong dong co do kha ning tiép can do am va
chit dinh dudng ciia dat tot hon, va tranh mat
nude khi thiéu nuée (Volaire va Lelievre, 2001;
Nie va c¢s., 2008). Do do, cd thirc an lau nam
chiém wu thé ¢ nhitng vung thiéu nudc (Neal
va cs., 2012).

Mot nghién ctru vé hé thong canh tac hang nim
(cai ddu+ltamach) valaunam (Phleumpratense
L. (timothy) + Dactylis glomerata L. (co vuon))
chi ra rang sinh khéi r& va hap thy nito cuia ré
duogc nang cao trong hé thong 1au nam. Luong
nito hap thy cao hon nay & ¢o lau nim c6 nghia
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1a NO, bi rira tréi it hon so véi hé théng hang
nam va do d6, canh tac 1au nam c6 thé 1a mot
gidi phap thay thé ¢ nhiing ving bi 6 nhiém
NO, (Lasisi va cs., 2018). Tuong tu nhu vay,
Ojeda va cs. (2018a) bao cao rang hiéu qua sir
dung luong mua thap hon 30% trong hé thong
Medicago sativa so v6i hé thong cay trong hang
nam yén mach va ngd. Mot nghién ciru vé cac
hé thdng xen canh hang nim, 1au nim, ngd-yén
mach va ngé/yén mach-dau nanh cho théy nang
suat vat chat kho, WUE va RUE cao hon di véi
cac loai ¢ thurc an chan nudi hang ndm (Ojeda
va cs., 2018b). Viéc két hop hé thdng thic an
chin nudi lau ndm vao hé théng cay trong hang
nam giup cai thién hiéu qua st dung chit dinh
dudng, ngin ngira x6i mon dat va han ché viéc
su dung phan bon hoa hoc (Liu va cs., 2014).
Hon nita, cac loai cay lau ndm phat trién nhanh
hon cdy trong hang nam sau khi thiét 1ap va 1am
giam cuong do co dai. Do d6, cay lau nam co
thé dugc vu tién trong mot hé thong quan 1y co
dai tich hop (Meiss va cs., 2010).

DPic diém ciia dong cé va c¢6 dugce canh tac

Nhu da thao luan trude do, thirc an chan nudi &
dong co ¢ ban chat thuan hoa va khong c6 hoat
dong nhan sinh ndo lién quan dén viéc canh tac
chung. Thirc dn chin nudi ¢ dong cé chu yéu
bao gdm c6 lau nam va mot sd loai c6 hang
nam, va cay ho dau. Thirc an chan nuo6i dugc
chon lam cay thic an chan nudi quan trong,
dugc trong trén canh dong ctia nong dan dé lam
thirc an cho dong vat (Becchetti va cs., 2016;
Alemayehu va cs., 2017). O dong co, thirc an
chin nudi 1au nam chiém wu thé va ching co
hiéu qua st dung cao cic ngudn tai nguyén nhu
anh sang, nuéc va chat dinh dudng. Vi nhiing
loai ciy trong nay phat trién ma khong can bd
sung nudc va chit dinh dudng nén chung c6
hé thong ré phat trién tot va hiéu qua dé khai
thac nudc va chat dinh dudng & cac 16p dat sau
hon. Co dong c6 déng vai trd 1a thic an chinh
cho dong vat & cac nude kém phat trién nhat.
Phan tich gia tri dinh dudng cua thic an chin
nudi va dic diém dat ¢ dong co Uganda cho
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théy tinh chat dat (pH, chét hitu co, N, P, K) va
gia tri dinh dudng (protein thd, chat xo trung
tinh, Ca, P, K) déu thép hon muc khuyén nghi
(Kyoshabire va cs., 2018). Céc tac gia do cling
két luan rang do phong phu cua loai rat thap va
Panicum maximum L 1a loai ¢6 c¢6 nhiéu dinh
dudng nhat & ving dong co nay. Do do, viéc lai
tao cac loai cdy trong co hidu qua cao va giau
dinh dudng & ving dong co 1a rat quan trong dé
phuc hdi cac ving ddng c6 bang cach ting cua
cac loai c6 va han ché tai trong chin tha gia suc.
Ngoai cac yéu td nay, chay rimg ty nhién anh
hudng dén cac dic diém dudi dat va trén mat
dat & cac khu vie dong co ty nhién. Cac gia tri
pH, nito, phét pho, kali, cacbon, do dan dién va
kha ndng trao ddi cation duoc phat hién cao hon
& khu vye bi chay so v6i khu vuc ddi ching; tuy
nhién, mic do phong phu vé loai va da dang
sinh hoc cao hon & khu vuc dbi ching (Sheidai
Karkaj va cs., 2019).

Cay trong lam thirc dn chin nudi déng vai tro
quan trong ddi v6i sy ting truong va sinh san
ctia dong vat. Thirc dn chin nudi chu yéu bao
gom cac loai cdy trong hang nim bao gdm ca
thirc an chan nu6i va muc dich kép (thtrc an
chan nudi + ngii cdc), ngil cde va cdy ho dau.
Céc loai cay trong lam thic dn chan nudi nay
duoc trong cung véi cac loai ciy luong thuc
chinh va c6 gia tri dinh dudng cao hon céc loai
cdy trong trén dong co. Tuy nhién, cac loai cay
trong 1am thirc an chan nudi nay ciing dugc
trong ¢ nhitg vung kém ning suat hon so voi
céc loai cay luong thuc. Chiéu cao cdy 16n hon,
sinh truong nhanh, cit nhiéu 1an, sé nhanh cao
hon, dién tich 14 toi wu, hé thong ré phat trién tot,
bé mait 14 nhin va chin mudn la nhitng ddc diém
hinh thai quan trong ¢ thic dn chan nudi dugc
trong. Tuong tu nhu vy, ching c¢6 ham lugng
protein thd, chit xo trung tinh, chit dinh dudng
(N, P, K, Z, Fe, Zn) va vitamin cao hon so v&i
co dong co (Grander va cs., 2009; Novoselec
va cs., 2018). Céc loai cdy trong lam thirc an
chan nuoi cling c6 do ngon mi¢ng, kha nang
tiéu hoa va gia tri dinh dudng cao hon dé dong
vat phat trién sinh san binh thudng (Bekuma,
2019). Ngay nay, cac nha nghién ctru dang tap

trung vao cac loai cay trong nay va cb gang cai
thién WUE, qua trinh hap thu chit dinh dudng
va RUE (Jha va cs., 2016). Mot van dé 16n cua
cdy trong thirc an chan nuéi 1a cac yéu t6 khang
dinh dudng, anh huong dén ning suat vat nudi
(Ramteke va cs. 2019). Do do, viéc lai tao cac
loai cay trong thirc an chin nudi co dic diém cu
thé 1a rat quan trong dé cai thién nang sut thic
an chan nudi trong diéu kién bién d6i khi hau.

Pic diém ciy trong thirc dn chin nudi

C, va C, cho c4c kich ban bién d6i khi hiu
Cay trong thirc dn chan nudi ciing c6 thé duoc
phan loai dya trén enzyme ¢ dinh cacbon ban
dau, san xuat ATP, t& bao bao bé mach, giai
phau Kranz va ho hap sang (Islam va Adjesiwor
2018; Ning va cs., 2020). O cdy trong thirc an
chan nudi C,, qua trinh cacboxyl hoa ban dau
xay ra & cac té bao bao bo mach, day la mdot dac
diém doc dao cua thuc vat C, (giai phau Kranz)
(Islam va Adjesiwor, 2018); O ciy trong thic
an chan nuoi C;, bao bé mach c6 mat nhung
khong c6 chuc nang trong tu nhién. Qua trinh
cacboxyl hoa thtr hai xay ra & cac té bao trung
mo, gidng nhu ciy trong thirc in chan nudi C;. O
cdy trong thic an chan nudi C,, ho hip sang co
lién quan dén chu trinh Calvin va 25% cacbon
c¢b dinh bi lang phi trong qué trinh chuyén hoa
phosphoglycolate (Volenec va Nelson, 2020).
Cay trong thtrc an chin nudi C, duy tri toc do
quang hop cao hon trong diéu kién binh thuong
va cang thang so véi ciy trong thic an chin
nudi Cy; do dé, cdy trong thirc dn chian nudi C,
cho thay sinh khdi cao hon trong ca méi truong
kiém soat va moi truong day thach thirc (Shoko
va cs., 2018). Phat thai CH, c6 vai tro quan
trong trong bién d6i khi hau va phét thai cao
hon dugc ghi nhan khi dong vat gam cé C, so
v6i cdy trong thirc dn chian nudi C, (Archiméde
va ¢s., 2011). Tuy nhién, c¢6 C, cling dan dén
giam 13,4-26,5% luong phat thai N,O trén moi
don vi san xuét c6 kho va protein tho & cac ving
kho han, mic du tong luong phat thai cao hon
(Ning va cs., 2020). Cay ho dau khi hau 4m din
dén phat thai CH, thap hon ¢ C,, nhung khong
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tim thay su khac biét nao nhu vay dbi véi cay
ho dau khi hau lanh va co C; (Archimede va
cs., 2011). Diéu kién nhiét do cao va han han
lam giam kha ning tiéu hoa va cac dic diém
chat lugng, dong thoi anh huong dén luong
khi thai CH, tir cac loai cdy thirc an chan nudi
(Habermann va cs., 2019). Tuy nhién, cac loai
cay thirc an chan nuoi C, thich nghi véi khi hau
nhiét d6i do diém bao hoa 4nh sang cao hon
va do dan khi khong thap hon (WUE cao hon);
nhitng dic diém nay gitp cac loai ciy thirc an
chin nuéi C, chiu dugc dnh sang git va han han
(Druille va cs., 2019; Marin va cs., 2020).

Cay trong lam thirc an chan nudi va
cac nguon tai nguyén hoang da déi voi
cac stress sinh hoc va phi sinh

Ngudi ta nhan thiy rang cac loai cdy thiic an
chin nuédi chu yéu dugc trong trén dat kém
ning suat hodc trén dat thoai hoa va it dau tu
hon. Do d6, cac loai ciy nay phai d6i mat vé6i
nhiéu loai stress két hop hodc riéng 1¢ trong céc
giai doan sinh trudng khac nhau. Cac loai cay
thirc an chan nudi c6 kha nang la nhiing loai
cdy khoe manh va c6 kha nang chiu duoc nhiéu
loai stress. Medicago sativa 1a 1oai mé hinh cho
nghién ctru ciy trong lam thirc an chan nuéi,
va mot s6 nghién ctru da chi ra rang ngudn gen
Medicago sativa chiu man mang cac gen dugc
danh gia 1a c6 kha nang phong v¢ céac loai oxy
phan tng (ROS), truyén tin hidu Ca, sinh tong
hop phytohormone va van chuyén Na+/K+ (Lei
va cs., 2018). Cé Signalgrass (Brachiaria spp.)
la mot loai cd quan trong cua vung nhiét doi
va ¢6 tiém ning sdng sot trén dat nghéo dinh
dudng va trong diéu kién han han, 1@ lut va cac
diéu kién khac nghiét khac; dé chiu dugc cang
théng do ngap lut, thuc vat phat trién mo khi
1& dé van chuyén oxy tir ré 1én chdi. Ngoai ra,
trong diéu kién cing thang do han han, mot sd
loai Brachiaria cai thién chiéu dai r&, WUE,
chuyén dong cua khi khong va dién tich 1a
xanh, giap chéng chiu dugc cac diéu kién bat
loi (Rao va cs., 2011). Hon nita, cé da tién hoa
mot s6 co ché phong vé nhu tinh déo kiéu hinh,
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diéu chinh tham thau, diéu hoa khi khong, san
xudt chat chuyén hoa va cac gen va protein chiu
dung cang thiang, dé thich nghi tt hon trong
diéu kién khic nghiét (Barker va Caradus,
2001; Ma va cs., 2017). Cac dic diém chic
nang nhu gap 1a (Dactylis glomerata, Themeda
spp.), cudn 14 (Austrodanthonia caespitosa
(Gaudich.) H.P.Linder, Eragrostis spp.), rung
1a (Bothriochloa spp., Phalaris spp.) va tich tu
sap biéu bi (Austrodanthonia racemosa va A.
caespitosa) ciing 1a cac co ché hinh thai & co
dé tranh han han (Bolger va cs., 2005). Céac loai
co lau nam nhu Dactylis glomerata, Cenchrus
spp., Megathyrsus maximus (Jacq.) B.K.Simon
& S.W.L.Jacobs (cé Guinea) va Dichanthium
annulatum cho thiy trang thai ngt déng vao
mua he, cho phép thoat khoi diéu kién nong va
han han (Reed va cs., 2004). Cac loai co nay
s& cho thay trang thai nga déng mot phan dén
hoan toan vao mua hé va tao ra ning suat thirc
an xanh cao hon sau mua hé. Cac carbohydrate
hoa tan trong nudc (WSC) nhu fructan trong
cac loai co 1au nam 13 ngudn nang lugng co san
nhat (Smith va cs., 1998) va phan tmg véi cang
thang han han. Trong thoi gian han han, fructan
dugc phat hién tang 1&én & Lolium perenne L.
(cé lha mach den), Festuca arundinacea va
Dactylis glomerata (Volaire va Lelievre, 1997).
WSC doéng vai tro 1a chat nén du trit trong thoi
ky han hén. Lolium perenne cv. Aurora cho thay
su 6n dinh vé ning suét va ting trudng manh
trong thoi gian han han va tang trudng tro lai
t6t sau han han do mirc WSC cao (Amin va
Thomas, 1996).

Thuan hoa tiép theo 1a chon loc nhan tao d6i
voi cac dac diém hitu ich & cac cay ho dau dugc
trong gdy mat nhiéu gen hiru ich can thiét dé
thich nghi trong diéu kién khi hau khic nghiét
(Pourkheirandish va cs., 2020). Céc loai ho dau
hoang da tlep xuc voi ap luc chon loc tu nhién
dbi voi nhiéu loai cang thiang phi sinh hoc va
sinh hoc d ton tai trong tuy nhién hang tri¢u ndm
thong qua sy tich liiy cac gen cho phép chung
tranh, chiu dung hodc chéng lai han han, 10 lut,
dd man, nhiét d6 khéc nghiét, sdu bénh va con
triung gy hai, ciing nhu bi dong vat giam dap
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(Jensen va cs., 2012) Céc ho hang hoang da
clia cy trong cung cap mot 5O dlCh vu hé sinh
thai nong nghiép va cung cip nguon vat liéu di
truyén phong phu dé giam thiéu tac dong bat loi
cua khi hau thay doi trong cac loai cay ho dau
1am thtre an chin nudi duoc trong (Brozynska va
cs., 2016). Viéc st dung cac loai ho hang hoang
di ctia cdy trong da ting dang ké trong hai thap
ky dau cta thé ky 21 va sé& tiép tuc tang do c6 sin
cac cong cy cong ngh¢ sinh hoc kha thi. Céc loai
cay ho dau hoang da nhu Trifolium uniflorum
L., Trifolium hirtum L., Trifolium subterraneum
L., Trifolium globosum L., Lablab purpureus
L., Macroptilium atropurpureum (DC.) Urb. va
Canavalia ensiformis (L.) D.C. c¢6 hi€u qua st
dung phét pho cao, diéu nay 1a do chiéu dai ré,
duong kinh ré, mat do ré va s6 luong 16ng hit
16n hon (Haling va cs., 2016; Nichols va Crush,
2016; Becquer vd cs., 2021). Mot s6 loai cay ho
dau hoang da dugc bao cao la c6 kha nang chiu
dung cao voi khi hau khic nghiét. Viéc thu thap
thém cac ho hang hoang da cua cay ho dau tu
cac ving khi hau khic nghiét, tiép theo 1a xac
dinh cac dic diém muc tiéu va gen chiu trach
nhiém, 1a rit quan trong d6i v6i cac chuong
trinh phuc hdi khi hau. Cac dic diém chirc nang
nay la dong vai tro then chét trong viéc hiéu cac
co ché chiu dyng cing thang va co ban cho cac
chuong trinh nhéan gidng trong tuong lai.

Ciing glong nhu cang thang phi smh hoc, su gia
tang cic vin dé vé sau bénh 1a mdi quan tam
chinh lién quan dén bién doi khi hau. Mot sb
nghién ctru d4 két luan rang, voi bién doi khi hau,
c6 kha nang xuét hién cac loai sdu bénh méi cd
thé de doa dén an ninh luong thyc (Chakraborty
va Newton, 2011; Das va cs., 2011; Juroszek
va cs., 2020). Céc loai cay thitc an chan nuoi
va ho hang hoang da ciia chung 1a ngudn gen
khang bénh t6t vi chang da thich nghi v6i moi
truong dia phuong tir lau. Khd nang chiu bénh
gi sit, gi than, bénh phén tring, dém 14, bénh
than, bénh bdong va théi géc da duoc xac dinh
O cac loai thtrc an chan nuoi hoang da (Gurung
va cs., 2002; Chandra, 2009; Chen va cs., 2013;
Niazi va cs., 2014). C6 kha nang cac loai thuc
an chan nudi hoang d ciing cho thiy kha ning

khang sau keo, rép, sau duc than va mot s loai
vi-riit va tuyén tring (Kaushal va cs., 2005; de
Lange va cs., 2014; Serba va cs., 2017).

Cong cu sinh hgc phén tir va cong nghé
sinh hoc tién tién cho bién d6i khi hau
Céc gibng hién dai c6 co so di truyén hep, c6
thé gy ra tlnh trang tac nghén khi ¢ ging phat
trién cac glong mai ¢6 co so di truyén rong hon.
Dé phat trién nong nghiép bén ving, can c6 cac
gidng c6 niang suét cao, kha ning chdng chiu
v6i khi hdu, RUE duogc cai thién va kha nang
hoat dong t6t hon trong diéu kién bién do6i khi
hau. Ho hang hoang di cua cay trong 1a kho
bau d¢é lai tao cac giéng cdy trong c6 kha ning
chéng chiu véi khi hau. Viéc dua cac loai cay
trong ho hang hoang di vao qua trinh lai tao
thong qua cac phuong phap thong thuong rat
phtc tap do phai lién két va yéu cau vé thoi
gian, ngoai ra con kém hiéu qua hon, véi kha
nang thu duoc hat gidng c6 kha niang sinh san
thap. va cdy khoe manh. V& mit nay, lai tao phan
tu, dac biét 1a lai tao ngugc co hd trg danh diu
(MABB), c6 thé dong gop dang ké vao su phat
trién cta cay trong chéng chiu voi khi hau bang
cach st dung ho hang hoang da cua ciy trong
thong qua viéc loai bo lién két can tré trong
mot sb it thé hé (Dempewolf vd cs., 2017). Khi
cac han ché sinh hoc tao ra rao can trong viéc
truyén dic diém quan tim & ciy cho, thi chuyén
gen c6 thé 1a mot phuong phap duoc lwa chon.
Viéc kiém tra tai liéu cho théy viéc st dung tbi
da ho hang hoang da cua cdy trong di dat dugc
& hoa huéng duong dé chong chiu cing thing
sinh hoc kém theo viéc xac dinh ngudn sinh san
dé phat trién hat hitu thu thong qua bat thu duc
té bao chit, trong khi ¢ lia mi va khoai tay, viéc
khai thac dang ké ho hang hoang di cua cdy
trong dé chong chiu cang thing phi sinh hoc da
xay ra trong nhitng thap ky qua. Cac phuong
phap tiép can phan tir nhu nghién ctru lién két
toan b hé gen (GWAS) hodc phan tich cac vi
tri dac diém dinh luong (QTL) rat hitu ich trong
viéc x4c dinh, nhdm muc tiéu va lap ban do cac
gen mong mudn trong hé gen cay trong hoang
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da. Gan day hon, cac cong cu lap ban do bo sung
da duoc trién khai dé tang hi¢u qua va do chinh
xac cua viéc lap ban dd gen, chéng han nhu
quan thé lai thé hé truéc da cha me (MAGIC)
va lap ban dd lién két 10ng nhau (NAM) (Nice
va cs., 2016; Dempewolf va cs., 2017).

Cac gen/QTL/chit van chuyén dwoe xac
dinh & ho hang hoang di ciia cy trong
doi véi mdi trurong stress

Han han 1a mét stress 16n d6i véi cac hé théng
san xuat néng nghiép, dic biét 1a trong bdi canh
bién d6i khi hau toan cau. Nhidu QTL/gen chiu
han da dugc xac dinh trong céc ho hang hoang
da cua cdy trong nhu lta mach (Suprunova vd
cs., 2007); tuy nhién, viéc st dung chiing trong
cay trong khong thanh cong nhu mong doi.
Diéu nay c6 thé 1a do thuc té 1a kha ning chiu
han 1a mot dic diém da gen duoc diéu chinh boi
nhiéu QTL, mdi QTL c6 anh hudng nho. Tuong
tu nhu vay, viéc tao ra cac thu vién chuyén gen
nguoc cai tién c6 thé cung cip mot phuong phap
tiép can thay thé kha thi dé chuyén gen chju han.
Tuong ty nhu vay, cac gen chiu han da dugc xac
dinh trong céc ho hang hoang da cua cay cao
luong, Sorghum macrospermum E.D.Garber
va S. brachypodium Cao luong macrospermum
E.D.Garber va S. brachypodium Lazarides, va
dugc chuyén sang lua mién trong trot, do do
cho thiy su ting truong va tbc do quang hop
duogc cai thién ¢ cac dong lua mién ngoai lai du
nhép (Cowan va cs., 2020).

Pi c6 nhiing tién bo dang ké trong kha ning
chiu han cua lua mach béng cach st dung cac
dong du nhap cé ho hang hoang da (Hordeum
spontaneum (K.Koch) Thell) (Honsdorf va cs.,
2014; Naz va cs., 2014). Trong céac thi nghi¢m
thuc dia, cac dong du nhap chtra cac QTL chiu
han cu thé da cho théy kha nang chiu han theo
cac cudc diéu tra tiép theo (Honsdorf va cs.,
2014; Arbelaez va cs., 2015). Tuong tuy nhu
vay, viéc xay dung cac dong du nhdp va viéc
loai bo cac gen ‘kéo lién két’ doi hoi nhiéu chu
ky lai nguoc tiép theo 1a chon loc. Bat chép
nhing thach thirc nay, néu khong co cach kha
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thi nao khéc c6 san cac Iya chon nhén gidng, k¥
thudt nay c6 thé 1a lya chon tot nhat.

Trong s6 ho hang hoang da ciia cay cao luong,
bd gen cua S. propinquum (Kunth) Hitchc. 1a
bd gen dau tién dugc giai trinh ty (Mace va
¢s., 2013). Con duong C, co co ché tip trung
carbon tién tién va viéc biéu hién qua muc
cac gen lién quan dén phosphoenolpyruvate
carboxylase, pyruvate phosphate dikinase va
enzyme NADP-malic ¢ thuc vat C, khong chi
cho thdy toc do quang hop cao hon ma con
on dinh dudi nhiéu loai stresses phi sinh hoc
(Yadav va Mishra, 2020). Ngoai ra, GWAS ¢
cdy linh ling cho thay kha ning chiu man c6
lién quan dén 53 da hinh nucleotide don (SNP)
nam trén 49 locus va tam nhiém sic thé. Céc
SNP nay chi yéu lién quan dén sinh khéi tuoi
va kho chiéu cao cdy, ham luong nude tuong
dbi va do dan khi khong (Liu vd cs., 2019). O
cdy cao lwong ngot, qué trinh bién d6i sau phién
mi N,-methyladenosine diéu chinh cac ban sao
chiu man (Zheng va cs., 2021).

Trong dat, cdc qué trinh nitrat hoa va khir nitrat
khong dugc kiém soat, gdy ra san xudt qua
mirc cac khi c6 kha nang gy hai (N,O, NO va
N,O-), va cudi ciing din dén nhiing tac dong c6
hai dén hé sinh thai (Kong vd cs., 2016). Do do,
viéc xem xét dinh dudng nito da chuyén sang
‘tit ca cac dang nitrat’, chu yéu 13 dé tinh dén
lwong nito bi mét va giam hiéu qua sir dung nito
(Subbarao va cs., 2015, 2017, 2021). O nhiéu
loai cdy trong khac nhau, chat trc ché nitrat hoa
tong hop dd dugc xac dinh dé han ché phat thai
N,O va mat nito mic du ting cuong hiéu qua
su dung. Tuy nhién, viéc st dung chiing trong
cac hé thong nong nghiép bi han ché do chi
phi, tinh bién dong trén dong rudng, hidu qua
thip ¢ vung khi hau nhiét d6i va nguy co dua
vao chudi thuc an (Edet va cs., 2018; Sarr va
¢s., 2020). Cac loai co dong c6 nhiét doi nhu
Brachiaria spp., thong qua qua trinh trc ché qua
trinh nitrat héa sinh hoc, ngan chan hoat dong
ctia vi khuan nitrat hoa bang cach giai phong
chét tre ché tir ré, do d6 lam giam qué trinh nitrat
hoa dat (Subbarao va cs., 2007, 2009; Edet va
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¢s.,2018). Brachiaria humidicola (Rendle)
Schweick va B. decumbens Stapf. cho thiy kha
ning tc ché nitrat héa sinh hoc cao nhat trong
s6 cac loai co dong co nhiét d6i (Subbarao va
¢s., 2007). Cac loai co thirc an chan nuoi c6 kha
nang trc ché nitrat hoa sinh hoc cao sé& cai thién
nén kinh té nito cta dat dudi cac loai ciy trong
hang nam vé6i ludn canh ddng co-cay trong.
Mot s6 gen di duoc chuyén tir cay trong thic
an chin nudi sang cay trong dugc trong trot
va cung cdp kha ning chiu dung nhiéu loai
stresses. Vi du, Hsdr4 tot H. spontaneum sang
lua mach (Suprunova va cs., 2007), SgDREB,C
tu Stylosanthes guianensis (Kunth) Vogel sang
Arabidopsis (Han va cs., 2022) va MruGST;,
tour Medicago ruthenica (L.) Trautv. sang cd
linh ling dé chiu han (Wang va cs., 2022).
HvBADH, di dugc chuyén tir H. vulgare sang
laa mi (Triticum aestivum L.) va cung cap kha
nang chiu man (Li va cs., 2019).

Cac gen/QTL/chét vin chuyén dwoc xéc
dinh & ho hang hoang di ciia cy trong
dé chiu dworc stress sinh hoc

Cu cai duong (Beta vulgaris L.) cling da dugc
xac dinh 13 ngudn thtc an hitu ich cho chin
nudi. O cil cai duong, kha nang khiang bénh
db6m 1a Cercospora va bénh ré ré da duogc phat
trién bang cach st dung ho hang hoang da
clia cu cai duong bién (Beta vulgaris subsp.
maritime (L.) Arcang.) (Zhang va cs., 2017).
O cay cao lwong, mot quan thé NAM da duoc
phat trién bang cach st dung cho hai cdy b
me dugc trong thuong mai va chin cdy hoang
da voi mot sb ciy cao lwong ngoai lai 1am cay
bd me. Cac cdy bd me cho hoang di 1a tir S.
bicolor subspp. c6 thé giam t6i 50% do bénh
chay 14 ngd phuong Bic. Van dé nay duoc
khic phuc bang cach dua gen khang bénh chay
la (htnl) vao cac dong ngo6 thuong mai tir mot
ho hang hoang da cua ngd Mexico (Tripsacum
dactyloides L.) (Zhang va cs., 2017). Céc cong
ngh¢ chinh stra gen nhu nuclease ngon tay kém
(ZFN), nuclease giéng nhu chét kich hoat phién
mé (TALEN) va lap lai palindromic ngin xen

ké& déu dan (CRISPER) di dugc sir dung dé cai
thién thirc an chin nudi trong diéu kién stresses
phi sinh hoc (Miladinovic va cs., 2021). Viéc
nhim muc tiéu vao cac ton thuong cuc bo giy
ra trong bo gen (TILLING) d3 duoc sir dung dé
xac dinh cac dot bién méi trong mot quan thé
khong ddng nhit va dé xac dinh cac dot bién
c¢6 kha nang chiu dung cing thiang phi sinh hoc
(Manzanares va cs., 2016).

Phwong phap tiép cdn Omics cho kha
nang chong chiu khi hau

Céc phuong phép tiép can Omics (vi du nhu
proteomics, transcriptomics va metabolomics)
cung cap cac cach thay thé dé mo ta gen,
protein va chirc nang ctia chung ciling nhu céac
con dudng didu hoa ¢ ho hang hoang da cua
cdy trong (Kumar va Bhat, 2014). Bang cach
str dung cac cong cu omics dé danh gia ho hang
hoang da cua cdy trong trong cac phuong phap
xtr 1y khac nhau, nhidu gen chiu dung cing
thang khac nhau & ho hang hoang di khac nhau
da duogc phat hién, chfmg han nhu gen dehydrin
¢ lta mach hoang da (Hordeum spontaneum)
va mdt gen (Hsdr4) chiu han (Suprunova va cs.,
2007). O ¢6 lta mach den hang nam (Lolium
multiflorum L.), d&t 1i€u omics tich hgp cho
thdy cac kiéu gen chiu han cho thiy ham luong
catalase, superoxide dismutase, ham lugng nudc
tuong d6i va ham luong diép luc cao hon trong
thoi gian han han kéo dai (Pan va cs., 2018).
Hon nita, sy diéu hoa phién mi va sau phién
mi cta cac yéu to phién ma lam thay d6i cac
enzyme lién quan dén qua trinh chuyén héa axit
béo va axit amin, cudi cing lam ting kha ning
chiu han. Trudc day, rat kho dé xac dinh cac
gen, protein hodc chat chuyén hoa giy ra dic
diém mong mudn. Tuy nhién, khi cac phuong
phap omics dugc tich hop véi cac chién luoc
khac nhu 1ap ban d6 lién két, diéu nay 14 co thé.
Vi du, mot khuon kho nghién ciru tich hop két
hop hé gen, sinh ly hoc va lai tao da gop phﬁn
cai thi¢n san luong cay ho dau trong diéu kién
CO, tang cao (Palit va cs., 2020). Cac phuong
phap omics nhu giai trinh tu thé hé tiép theo,

Tap chi Khoa hoc Cong nghé chan nudi - S6 150 (4/2025): 2 - 20

11



12

Nguyén Van Quang

xac dinh SNP, phan tich kiéu gen bang giai
trinh ty, GWAS, transcriptomics, proteomics
va chinh stra bo gen ¢ c6 linh lang da gitp lam
sang to cac gen va vung lién quan dén kha ning
chiu dung stress va trong qué trinh phét trién
ngudn gen chiu dung stress (Hrbackova va cs.,
2020). Méac du cac nghién ctru omics it dugc su
dung hon trong cac loai cdy trong lam thirc an
chan nuéi, nhung ching c6 thé 13 mot phuong
phap hitu ich dé xac dinh va phat trién cac loai
cdy trong lam thic an chin nudi c¢o6 kha ning
chdng chiu voi khi hau.

Két luén

Bién d6i khi hau trong nhimg nim gan day da
dan dén tinh trang giam ning suat trong nong
nghi¢p va cac nganh lién quan. Hon nira, n6é da
lam tdng kha nang xdy ra cac hién tugng thoi
tiét khic nghiét, 1am giam thém tiém ning ning
suat. Mot s6 ho hang hoang da cua cdy trong it
bi anh huong hon va cho thiy ning suat tot hon
trong nhitng trudng hop nay. Do do, mot nghién
ctru sdu vé co ché chiu dung ¢ cac loai cay tréng
1am thtrc 3n chin nudi 1a rit quan trong dé hiéu
dugc co ché thich nghi v6i bién ddi khi hau.
Ho hang hoang di thuong c6 hé thng 1&, kién
tric tan cady, tinh linh hoat kiéu hinh, hiéu qua
st dung chét dinh dudng va hiéu qua st dung
nuéc (WUE) tién tién, ciing nhu cac dic diém
hiéu qua str dung tai nguyén (RUE) t6t hon, ¢
thé duogc st dung cho céac chuong trinh lai tao
trong tuong lai. Ngoai ra, ho hang hoang da c6
gen khang mat sb loai sdu bénh, c6 thé duge
su dung dé chiu dugc cang thfmg sinh hoc. Tuy
nhién, cho dén nay, cac loai cay trong lam thirc
an chan nuoi trén dong c6 van chura dugc nghién
ctru nhiéu va co ché chiu dyng cing thang van
chua 16 rang. Do d6, can phai st dung cac cong
cu lai tao, omics, chinh stta by gen va cong
nghé sinh hoc tién tién dé hiéu duoc co ché cua
cac loai cdy trong lam thirc an chan nudi nham
giam phat thai mé-tan va nitrat, c6 thé cing ¢
su hiéu biét ciia ching ta vé bién d6i khi hau va
phat trién cac loai cdy trong c6 kha ning chong
chiu véi khi hau trong tuong lai.
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ABSTRACT
Forage crops are a reservoir of functional trait diversity for adaptation to current
and future climates

limate change and global warming are the foremost anthropogenically accelerated catastrophes that are already

causing world-wide challenges, but threaten to thwart global food, environmental and nutritional security in
the future. Climate change affects ecosystem services and interactions between biotic and abiotic factors. The most
drastic consequences have been observed in the agricultural and livestock sector, with diminished production and
productivity potential. Agriculture and allied sectors contribute markedly to the production of greenhouse gases;
however, integrated management practices can be used to curtail greenhouse gas emissions and its adverse impacts.
Forage crops and their wild relatives maintain biodiversity and ecosystem services and minimise the drastic effects
of climate change. Forage crops adapted to harsh environments have certain unique features such as perenniality,
deep root system, high resource-use efficiency (light, nutrients and water), and low production of methane and N20,
making them suitable for future use under climate change. This review highlights the prominent features of various
cultivated and rangeland forage crops that may be crucial to understanding impacts of climate change. We discuss
the wild relatives of forage crops, which are often adapted for multiple stresses, and highlight their mechanisms for
adaptation under climate change. We consider the advanced breeding and biotechnological tools useful for developing
climate-smart forage crops. This review provides novel insight into forage crops and their wild relatives in terms of
their exploitation in future stress breeding programmes and paths for developing climate-resilient crops.

Keywords: animal production, climate change, crop wild relatives, forage breeding, global warming, greenhouse
gases, perennial crops, resource use efficiency.
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