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LOI CAM DOAN

T6i xin cam doan luan 4n: “Nghién ctu thay thé mét s6 mudi kim loai vi lwong
bang nano kim loai trong vi nhan giong ciy hoa (ctic, ddng tién va tir linh lan)”
13 cong trinh nghién ctru cta chinh minh dudi sy hudng dan khoa hoc cua tap thé
huéng dan. Luan 4n st dung thong tin trich dan tir nhiéu ngudn tham khao khac nhau
va cac thong tin trich din duoc ghi & ngudn gde. Cac két qua nghién ctru cua toi
dugc cong bd chung vai cac tac gia khic da duoc sy nhat tri ciia dong tac gia khi dua
vao luan an. Cac sb lidu, két qua dugc trinh bay trong luin an 1a hoan toan trung thuc
va chua timg duoc cong bd trong bat ky mot cong trinh ndo khac ngoai cac cong trinh
cong bd cua tac gia. Luan an duoc hoan thanh trong thoi gian toi 1am nghién ctru sinh
tai Hoc vién Khoa hoc va Cong nghé, Vién Han 1am Khoa hoc va Cong nghé Viét

Nam.

Ha Néi, ngay 14 thang 04 nam 2026
Nghién ctru sinh
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LOI CAM ON

“P1i hoc lai nhé!” da rat nhiéu lan cau noi ay dugc nguoi Thay - Gido su, Tién

si Duong Tan Nhut dong vién t61 trong suét mudi nam qua.

Giira cudc sdng day lo toan, con ngudi ban chay theo nhitng cam dé phu du
ma quén mat di nhitng udc mo va khat vong cua ban than. “Con mudn sau niy dugc
di day” — c6 18 néu khong c6 Thay, t6i dd quén mat gidc mo ap u tir thoi 1a mot cu
sinh vién chan w6t chan rao 1én xin thuce tap tai Vién Sinh hoc Tay Nguyén. Con xin

cam on Thay da luon nhd, nhac nhé va tao di€u kién dé con dugce gilt gin giac mo do.

Pbi véi toi; Giao su, Tién si Duong Tan Nhyt 12 nguoi Thay, Nguoi Cha,
ngudi dong hanh trong sudt mudi lim nam nay trong hoc tap, cong viée va cude song.
“Séng trong doi song, can cé mot tim long” — Cau hat ciia Thay da thé hién tat ca
nhimng diéu Thay da hy sinh va danh cho cac thé hé sinh vién, chua mot 1an Thay toi
ich ky diéu gi cho ban than minh, ca doi Thay phan dau vi thé hé di sau va vi nhiing
hoc sinh thwong yéu. Con xin cam on Thay vi di 1 tAm guong sang dé con noi theo
trong sudt ching duong vira qua. Cam on Thiy — mot nhan cach séng — mot tAm

guong vé dao dirc — nhiét huyét trong moi viéc.

T6i xin giri 161 cam on dén PGS. TS. Vit Qudc Luan — ciing 14 ngudi Thay,
ngudi Anh d3 huéng din t6i trong cac chin dudng ctr nhan, cao hoc va nghién ciru
sinh. Thay 14 ngudi ludn ling 1& ddi theo va gitip d& toi bat ctr khi nao.

To1 xin gui 101 cam on chan thanh dén Hoc vién khoa hoc va cong ngh¢ Viét
nam, Vién nghién ctru khoa hoc Tay Nguyén da tao diéu kién tot nhat dé toi co thé

hoc tap, nghién ctru va hoan thanh ludn an nay.

Hon mudi nam bon ba kinh doanh, quay tré lai con dudng hoc tap véi toi that
su 12 mot thir thach 16n: ca vé kién thirc, thoi gian va su tap trung. “Anh that sy may
man khi Tung dong hanh va da khong né ha gitap d& nhiing lac anh can. La mot nha
khoa hoc — thoi gian mot ngay dbi véi em c6 18 1a khong di, nhung em van danh thoi
gian dé nhiét tinh hd tro anh, diéu d6 13 mot su hy sinh qué to 16n. Néu khong co su
hy sinh cta em, c6 18 anh da khong bao gior c6 co hoi dé hoan thanh cuén luan an
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T61i xin gui 101 cam on dén em Mai, Cudng va tat ca cac anh, chi, em tai phong

sinh hoc phan tir va chon tao gidng ciy trong.

Con cam on Bd, Me da ludn yéu thuong, ing ho va tin tuéng con. Con cadm
on sy hy sinh ma B, Me di gianh cho con sudt 39 nim qua. Du di trudng thanh,
nhung con biét nhitng budc di ciia con chua bao gid lam Bo, Me théi lo lang. Con
xin 18i vi nhirng dém 1am Me thire tring, xin 16i vi dd khong biét chdm lo nhiéu hon
cho gia dinh. Nhung con hira tir nay B, Me c6 thé an tdm va tu hao vi con. Con hy
vong cudn ludn 4n nay s& 1a mén qua thiéng liéng nhat thay cho 16i cam on cua con

guri dén Bo, Me.

Thoi gian thyc hién luan an, ciing 13 giai doan khé khin nhét trong sy nghiép
va cudc song cua t6i. Co nhitng lic, t6i nghi rang minh s& guc ngd va khong thé bude
tiép. That may man khi bén canh t6i c6 mot gia dinh nho ludn dong vién va yéu
thuong t6i hét muc. “Anh cam on nhitng su hy sinh cta v trong sudt quang thoi gian
qua. Cam on em vi da chu toan ca viéc cong ty, nha ctra va con cai. Cam on vi nhiing
vat va em da phai chiu dung mot minh. B4 ciing cam on con gai vi da 14 ngudn dong

Iuc 16m nhat dé bo tiép tuc phan dau trong cudc song””.

Cubi cung, T6i xin giri 101 cam on dén Tién s Milan Hluchy, Stepan Hluchy,
anh D4 Thanh Trung va cac dong nghiép cua toi tai cong ty Biocont Viét Nam di tao

diéu kién thuan loi cho t6i trong sudt qué trinh hoc tip.
Xin tran trong cam on!

Ha Néi, ngay 11 thang 03 nam 2026

Nghién ctru sinh

e

Phan Lé Ha Nguyén
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LOI MO PAU
Ly do chon dé tai

Thé ky XXI chimg kién su bung n cta cong nghé Nano trén moi linh vuc cua
doi sdng, tir my pham, dét may, hang gia dung, thyc phadm dén MT va y té. Nganh
khoa hoc su séng noi chung va sinh hoc, cong nghé sinh hoc (CNSH) no6i riéng bao
gdm CNSH trong nhan gidng thuc vat ciing dang tdn dung va tiép nhan nhiing tién

bd nay dé thuc diy su phat trién.

Nghién ctru tng dung céc hat nano (NPs) trong nudi cy in vitro hién nay chu
yéu tap trung dén viéc bd sung NPs vao MT nudi cdy nhim ting cudng kha ning phat
sinh hinh thai, sinh trudng, cai thién ning suat cdy trong, cai thién hiéu qua chuyén
gen va bao vé cay trude tic dong moi truong, nhung van con mot khoang trong trong
viéc ung dung NPs nhu 1a ngudn dinh dudng thay thé cac mudi kim loai trong MT
nudi cy in vitro.

Chinh vi vay, dé tai "Nghién ciru thay thé mudi kim loai vi lwgng bing nano
kim loai trong MT nudi cdy in vitro trén mét sd ddi twong cay trong" da dugc
chon dé tim hiéu sau vé tiém ning ctiia NPs dé thay thé cac mubi kim loai trong MT
Mourashige et Skoog (1962) (MS) [1]. Pé tai tap trung vao viéc tim hiéu hiéu qua
clia cac hat nano sat (FeNPs), nano molypden (MoO3;NPs), va nano cobalt (CoNPs)
thay thé cho cac mudi kim loai vi lugng twong tng trong MT MS dén qua trinh nhan
gidng vo tinh va sinh trudng tiép theo & giai doan viudn wom cua céc loai cdy hoa nhu
clic, dong tién va tir linh lan. Két qua nghién ctru s& mo ra mot huéng di méi va mang
tinh dot pha trong nudi ciy in vitro.

Muc tiéu nghién ciru
Muc tiéu tong quidt

Dé tai “nghién cuu thay thé mot s6 mudi kim loai vi lugng bﬁng nano kim loai
trong vi nhan giéng cay hoa (cuc, déng tién va tir linh lan) dugc thyc hién véi muc
dich danh gia hiéu qua cta viéc thay thé cac mubi kim loai vi lwong (FeSO4.7H>0,
Na:Mo004.2H,0, CoCl».6H,0) trong MT nudi cdy MS bang cac NPs twong tng
(FeNPs, MoO3;NPs va CoNPs) trén ba loai cay trong 1a ciic, dong tién, va tir linh lan.

Tir d6, hudng dén viée sir dung cac NPs nay thay thé cho cac mudi kim loai vi luong



trong MT nudi cdy MS — gitp t6i uvu hoéa qua trinh sinh trudong, phat trién va chat

lwong cua cdy gidng.
Muc tiéu cu thé

Dinh dudng vi luong 13 thanh phan khong thé thiéu xuyén sudt doi sdng cua ciy
trong. Trong luan 4n nay, vai trd ctia MoO3NPs (ddi véi qué trinh cam tmg mo seo,
tai sinh chdi, nhan nhanh chéi, sinh truong va ra ré cua cay hoa cuc), CoNPs (ddi véi
qua trinh tai sinh chdi, nhan nhanh chéi, sinh trudng va ra 1& cia ciy tu linh lan va
dong tién; ra ré cua cay cuc), FeNPs (d6i v6i qua trinh ra ré cua ciy cuc, dong tién va
tur linh lan) dugc nghién ctru. Bén canh do, cac thi nghiém con duoc thuc hién nham
danh gia anh hudng ctia NPs dén qué trinh quang hop, hoat d6 cta cic enzyme khang
oxy hoa, hoat d6 enzyme thuy phan va hap thu cac khoang da luong, vi lugng trong

qua trinh nuoi cay cac doi tugng cay trong.

Céc hién tugng bt thuong trong nudi ciy in vitro nhu tich lily ethylene, thuy
tinh thé, hoa ndu mau cdy va stress oxy hoa da lam giam hiéu qua ctia qua trinh nudi
cdy mo théng qua viéc 1am giam chit luong cdy con hodc 1am chét mau cdy. Bén canh
viéc sir dung NPs nhu mot nguon dinh dudng, nghién ciru con hudng dén viéc danh
gia tac dong ciia CoNPs nham lam giam cac hién twong bt thuong trong nudi cdy in
vitro (cdy dong tién va tir linh lan).

Du luong cac mudi kim loai ma cdy trong hap thu trong sudt qua trinh nudi ciy
in vitro ¢6 thé ¢6 nhirng tac dong tich cuc hoac tiéu cuc dén sy sinh trudng va phat
trién ctia cdy con. Nghién ctru nay ciing danh gia tong quét vé nhitng tac dong cua du
luong NPs (MoO3NPs, CoNPs, FeNPs) dén nhom ddi tugng ciy trong nghién ciru ¢
giai doan ra ré va phat trién & vuon wom. Hudng dén viéc st dung NPs nhu mot
ngudn dinh dudng thay thé hiéu qua trong MT nudi cay MS.

Noi dung nghién ciru
Déi twong nghién ciru

Ba loai ciy trong nudi cdy in vitro: Cuc, dong tién va tir linh lan.

Ba loai NPs (MoO3;NPs, CoNPs va FeNPs) duoc str dung thay thé cac mubi kim
loai truyén théng trong MT MS (Na:Mo00O4.2H,0, CoCl».6H20 va FeSO4.7H,0).



Pham vi nghién cvuu

Nghién ctru tdp trung vao viéc st dung MoO3NPs, CoNPs va FeNPs ¢ cac
ndng do khac nhau dé thay thé cac mubi kim loai twong tmg trong MT nudi cdy MS.
Tu do, danh gia sy phat sinh hinh thai, sinh truéng, cac chi ti€u sinh ly va sinh hoa
clia mau ciy trong nudi cdy in vitro ciy cuc, dong tién va tir linh lan. Bén canh d6, dé
tai con nghién ciru thém vé anh hudng cua cac nano kim loai nay khi cdy duoc chuyén

sang giai doan vuon uom.
Y nghia khoa hoc va thye tién ciia dé tai
Y nghia khoa hoc

Nhirng két qua nghién ciru s& dua ra ddn ching khoa hoc méi vé vai tro ciia NPs
trong cai thién sinh trudng cia cdy cic, dong tién va tir linh lan. Pong thoi, dé tai
cling khic phuc mot s6 vin dé bat thudong thuong gip trong qua trinh nudi ciy in
vitro. Két qua nghién ciru s tré thanh nguon tai liéu quy gia, hd tro trong viéc giang

day va nghién ctru CNSH thuc vét.
Y nghia thuc tién

Két qua ciia dé tai da cho thay trién vong ctia viéc sir dung NPs thay thé cho céc
mudi kim loai vi lwong gitip cai thién hiéu qua cia MT nudi cdy. Vi wu diém st dung
lugng vat liéu it hon nhung mang lai hiéu qua nudi cdy cao hon, dong thoi gitp gia
tang ty 1& sdng, chat lugng cua cy con (thong qua viéc khic phuc mot sb hién twong
bat thuong trong vi nhan giéng) — viéc tng dung NPs trong MT nudi ciy in vitro s&
1a mot hudng di ddy trién vong dong thoi mo ra hudng nghién ciru vé sy hap thu, van
chuyén, st dung va tac dong cac NPs trong thuc vat.

Nhirng dong gép méi cia ludn an

Luan 4n da ching minh mot cach c6 hé théng kha ning thay thé cac mudi kim
loai vi lugng truyén théng trong MT MS bang cic dang nano kim loai (FeNPs,
MoOsNPs, CoNPs) trén ba loai cdy hoa (ctic, déng tién, tir linh lan), qua d6 mé ra

hudng tiép cdn mai trong cdi tien MT nudi cay in vitro.



Xac dinh duoc néng do ti vu cua tung loai nano kim loai cho tirng giai doan
phat trién (cam ng mo seo, tai sinh chdi, nhan nhanh va ra r8) ¢ ting dbi twong
ciy trong.

Cung cip bang ching vé co ché tac dong sinh 1y — sinh hoa ctia nano kim loai,
thong qua vi¢c gia tang hoat do cac enzyme khang oxy hoa (SOD, CAT, APX),
giam hoat dong enzyme thuy phan (cellulase, pectinase) va han ché tich ty
ethylene, tir d6 giam céc rdi loan sinh 1y trong nudi cay in vitro.

Lam rd vai tro ctia nano kim loai trong ting cudng kha ning hap thu dinh dudng
khoang (da lwong va vi luong), gop phan cai thién sinh trudng, phat trién va
chat luong cay con.

Chtng minh rang ciy con thu duoc tir cac nghiém thire sir dung nano kim loai
6 kha ning thich nghi t6t hon, sinh trudng 6n dinh va nang cao chat lugng hoa
trong diéu kién vuon wom, khang dinh tiém ning tng dung thuc tién ctia hudng

nghién cuu.



CHUONG 1: TONG QUAN TAI LIEU

1.1. MOI TRUONG NUOI CAY MS
1.1.1. Thanh phin méi trudng nudi ciy MS

MT Murashige va Skoog (MS), phét trién boi Toshio Murashige va Folke Skoog
vao nim 1962, 1a mot trong nhitng MT nudi cdy mo phd bién va quan trong nhét cho
dén ngay nay [1]. MT nay duoc thiét ké véi su can bang giira cac nguyén t6 vi luong
va da luong, dap tmg nhu cdu dinh dudng thiét yéu cho sy sinh trudng ctia mé thuc

vat trong diéu kién in vitro.
MT MS bao gém cac thanh phan chinh sau:

1. Mubi vé co: Pay 1a ngudn cung cap dinh dudng thiét yéu nhu nito (N), phdt
pho (P), ka li (K), ma gi¢ (Mg), can xi (Ca), luu huynh (S) va céc vi lugng nhu
sat (Fe), k&m (Zn), man gan (Mn), dong (Cu), mé lyp den (Mo), cobalt (Co)
va bo (B). Cac nguyén t6 nay cé vai trd rat quan trong trong viéc thuc day sinh

trudng ciia mo thuc vat.

2. Ngudn carbon: Sucrose thuong duoc sir dung véi nong do tir 2 - 3%, cung
cAp ngudn ning luong thiét yéu cho sinh trudng ctia mé thuc vt nudi cdy in

vitro.

3. Vitamin: Bao gém cic loai vitamin nhu thiamine (vitamin B1), pyridoxine
(vitamin B6) va nicotinic acid. Chung kich thich qua trinh phan chia té bao va

gitip mo sinh truéng nhanh chong.

4. Hormone thwe vat: Tuy thudc vao loai cdy va giai doan nudi cdy, cac
CPHSTTYV nhu auxin (IAA, NAA) va cytokinin (BA, kinetin) ¢6 thé duoc bo

sung dé thic ddy sy phat sinh hinh thai, tai sinh choi hoic ré.

MT MS duogc xem la "MT co ban" cho viéc nuoi céy té bao, mo va co quan thyc
vat vi su cAn bang twong d6i hoan hao cua cc yéu t6 dinh dudng. Chinh nho tinh da
dung va hiéu qua, MT nay dang dugc st dung rong rai trong cac nghién cau CNSH
thue vat nhu nhan gidng in vitro, bao ton ngudn gen va san xuat cac hop chit sinh

hoc gia tri cao.



Bang 1.1. Thanh phan va néng d6 dinh dudng trong méi truong nudi ciy MS

Thanh phén Nong d¢ (mg/L)
Mudi vo co
NH4NOs 1650
KNO:s 1900
CaClz-:2H20 440
MgSOs4-7H20 370
KH2PO4 170
Vi lugng
HsBO: 6,2
MnSOs4-H-0 16,9
ZnSO4-7H20 8,6
KI 0,83
Na:Mo0O.-2H-0 0,25
CuS0a.-5H20 0,025
CoClz6H-0 0,025
Fe EDTA
Fe EDTA (Na:EDTA -Fe) 36,7
Nguén Carbon
Sucrose 20000
Vitamin va chit b6 sung
Thiamine-HCI (B1) 0,1
Pyridoxine-HCI (B6) 0,5
Nicotinic acid (B3) 0,5
Glycine 2,0
Myo-inositol 100
CDHSTTV

. N/A
Khong bat budc (tuy muc dich)
Chit dong diic (néu can)
Agar 6000 - 8000

1.1.2. Sw hép thu, vin chuyén va duw trir khoang chit trong thuc vat
Chat khoang mudn di vao cay thi trude hét phai dugce hip phy trén bé mat ré va
sau d6 ion khoang di qua chat nguyén sinh dé vao trong té bao va dugc van chuyén

tur t€ bao nay qua t€ bao khac roi dén tat ca cac by phan cua cay.



1.1.2.1. Swtrao déi chit khodng ciia ré trong dit

Céc chat khoang trudc hét phai hoa tan trong dung dich dét ro6i méi c6 thé duge
ré& cdy hap thy thong qua bé mat 16ng hit. Sy hap thu nay dién ra nhd qua trinh trao
d6i ion giira dét va ré, trong d6 cac ion khoang duoc giit lai trén bé mit r&. C6 hai co
ché trao d6i ion chinh 14 trao ddi truc tiép khi ré tiép xtc véi keo dat va trao ddi gian
tiép thong qua axit cacbonic trong dung dich dt.

Trong qua trinh ho hép, ré cay giai phong COz, chét nay két hop véi nudc tao
thanh axit cacbonic yéu va nhanh chéng phan ly thanh H* va HCOs~. Céc ion H* s&
trao ddi véi cac cation trong dat, con HCOs™ s& trao dbi voi cac anion. Qua trinh trao
d6i nay tudn theo nguyén tic can bang hoa tri va duong luong gitra cac ion [2].

Phuwong thikc trao doi tiép xiic (truec tiép)

Céc 16ng hut cta ré chui sau vao cac khe nho trong dat va tiép xuc truc tiép voi
cac hat keo dat. Tai day, cac ion H* va HCOs™ do ré tiét ra sé tham gia trao ddi truc
tiép V01 céac cation va anion dang bam trén bé mait keo dit. Nho co ché trao doi truc
tiép nay, ré cay co thé hap thu dugc luong chat khoang 16n hon so véi phan khoang
hoa tan trong dung dich dat. Vi vay, lugng chat khoang dé tiéu trong dung dich dat
thudng thap hon so voi kha ning khai thac dinh dudng thuc té cua cay [2].

Phwong thikc trao doi axit cacbonic thong qua dung dich dit (gidn tiép)

Céc chat khoang dé tiéu trong dung dich dat 12 ngudn dinh dudng ma r& cay c6
thé hap thy mot cach thuan loi nhét, tuy nhién qua trinh hap thu van dién ra théng qua
moi trudng dung dich dat. Trong qua trinh hoat dong séng, ré cay lién tuc thai CO:
vao dung dich dit, CO: ndy hoa tan va phan ly tao thanh cic ion H* va HCOs".

Céc ion H* ¢6 vai tro trao d6i véi cac cation nhu K+ (hodc céc cation khac) dang
bam trén bé mit keo dat, tir d6 giai phong ching vao dung dich dat. Sau khi duogc giai
phong, cac cation nay di chuyén tu do dén 16ng hat va thyuc hién trao doi véi ion H
trén bé mat r& dé duoc hip thu. Ngoai ra, K* ciing c6 thé két hop voi HCOs™ trong
dung dich dat r6i di chuyén dén 16ng hiit dé trao di truc tiép voi H* cua ré.

Déi voi cac anion, ion HCOs™ trong dung dich dét s& trao d6i véi cac anion dang
bi giit trén keo dat, lam ching duogc giai phong vao dung dich. Sau do, cac anion nay
di chuyén dén bé mat ré va trao doi véi HCOs~ ciia ré, nho d6 duoc hap thu va giir lai
trong cay [2].

1.1.2.2. Swxdm nhdp chit khodng vao té bao



Sau khi duoc hép phu trén bé mit ré, cac chét khoang s€ dugc dua vao bén trong
té bao ré va tiép tuc van chuyén dén cic bo phan phia trén mit dit cua cay. Trong qué
trinh nay, cac ion khoang phai di xuyén qua chat nguyén sinh, dic biét 1a vuot qua
hai 16p mang quan trong gdm mang sinh chét (plasmalemma) va mang khéng bao
(tonoplast).

Céac mang nay c6 ciu tric chit chg, trong d6 thanh phan lipid dong vai tro quyét
dinh tinh thim cta mang ddi véi cac ion. Do mang mang ban chét lipid, nhitng chat

c¢6 kha ning hoa tan trong lipid s& d& dang di qua mang hon so véi cac chat khac.

C6 rat nhiéu quan diém giai thich su xdm nhap cua chat khoang vao trong té
bao, nhung chung quy thudc 2 loai co ché: co ché xAm nhap thu dong va co ché xam

nhép chu dong [2].

Sw xdm nhdp chit khodng thu djng

bac trung cua co ché thu dong la:

e Qua trinh xam nhap chat khoang khong can cung cap ning lugng khong lién
quan dén trao ddi chat va tu dién ra.
e Phy thudc vao su chénh léch nong do ion trong va ngoai té bao (gradient nong
d6). Nong d6 bén ngoai 16n hon bén trong té bao.
e Chi van chuyén céc ion c6 tinh thim ddi voi mang, nghia 1a phai co tinh tan
trong mang lipit.
% Su khuéch tan chat tan vao trong té bao
Khuéch tan 13 qua trinh cac phan tir di chuyén tir noi ¢6 nong do cao dén noi co
nong do thap cho dén khi dat trang thai cin bang trong hé thong.
Tbc @6 xam nhap cua cic chat tan vao té bao phu thudc vao ba yéu té chinh.
Tht nhat, kha ning hoa tan trong lipid ctia ion (K) cang cao thi tbc d6 xAm nhap cang
16n. Thi hai, khéi lugng phan tir ctia chét tan (M) cang nho thi qua trinh di qua mang
cang thuan lgi. Thir ba, sy chénh l¢ch n@)ng do gitra hai moi treong cang 16n thi tbe
d6 khuéch tan cang nhanh.
Ba yéu t6 nay 1a diéu kién can dé mot ion c6 thé di vao té bao theo co ché khuéch
tan. Néu thiéu mét trong cac yéu td trén, qua trinh khuéch tan s& dién ra rat yéu hodc

khong xay ra.



Tuy nhién, ngay ca khi cac diéu kién khuéch tan déu duge dam bao, téc d6 khuéch
tan ty nhién van dién ra chdm hon rat nhiéu so véi su di chuyén cta chat tan trong té
bao. Piéu nay cho thay trong té bao ton tai mot co ché hd trg gitip tang toc qué trinh
khuéch tan. Co ché d6 duoc goi 1a khuéceh tan c6 xtc tic, giup cac chat tan di chuyén

nhanh hon qua mang.

% Suw khuéch tan cé xiic tac
Ton tai mot s6 co ché hd trg 1am tdng dang ké tdc d6 khuéch tan, dugc goi la Khuéch
tan c6 xuc tac. Pay van 1a hinh thic van chuyén thy dong vi khong tiéu tén ning
lwong cta qua trinh trao doi chét.
Mot s6 co ché chinh gom:

« Tonophor: 13 cac hop chat hitu co nam trén mang c6 kha ning lién két chon
loc v6i ion va van chuyén chung qua mang ma khong can niang luong. Nhiéu
ionophor di dugc nghién ctru c6 nguoén gdc tir vi sinh vat, nhu valinomycin tir
Streptomyces hay nonactin tir Actinomyces. Khi hoat dong, cac chit nay lam
tang tinh thAm ctia mang, giup ion di qua d& dang hon nho su lién két co tinh
ddc hiéu cao gitra ionophor va ion.

« Keénh ion: trén mang sinh chat va mang khong bao ton tai nhiéu cau trac dang
16 xuyén mang c6 kich thudc di 16n dé ion di qua. Cac kénh nay co tinh chon
loc, mdi loai ion thuong c6 kénh riéng va c6 kha niang déng — mé tiy theo diéu
kién cuia té bao, giup diéu hoa qua trinh van chuyén ion.

« Thé xuyén mang: su di chuyén ion qua mang tao ra chénh léch dién thé gitra
hai phia mang, thuong dao dong khoang 50-200 mV va phia trong té bao
thuong mang dién am. Nho dién thé nay, cac cation c6 thé di vao trong theo
gradient dién truong, con cac anion cé thé két hop v6i H* dé chuyén thanh

dang cation réi méi di qua mang vao trong té bao [2].

Sw xdm nhdp chit khodng chii dong

Trong nhiéu truong hop, cay van c6 thé hap thy ion khoang du ndng do ion bén
trong té bao cao hon bén ngoai, tirc 14 dién ra nguoc chiéu gradient nong d6. Hién
tuong nay khong thé duogc giai thich bang co ché khuéch tan hay khuéch tan cé xitic

tac. Thém vao do, qua trinh tich iy ion s€ bi gidm manh khi hoat dong trao ddi chat
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clia cdy bi e ché, chang han nhu khi thiéu oxy trong méi trudng hodc khi sir dung
cac chét (e ché ho hap.

Diéu d6 cho thiy viéc hip thu va tich lily ion khoang phu thudc vao ning luong
do qua trinh trao d6i chat cung cép, va day 1a mot qua trinh mang tinh chon loc va

chu dong cua té bao.

Vén chuyén tich cuc (active transport) khac véi van chuyén thu dong (passive
transport) & mot sb dic diém co ban sau:

« C6 sir dung ning luong tlr qua trinh trao d6i chat cua té bao.

« C6 kha ning van chuyén chit nguoc chiéu gradient ndng d6 (tir noi c6 ndng
d6 thap dén noi c6 ndng do cao).

« C6 thé dua vao té bao nhimng ion khoang khong tham hodc thim rat kém qua
mang lipid.

e Mang tinh dac hiéu cao ddi véi tung loai té bao va tung loai chat duoc van
chuyén.

Hién nay c6 nhiéu gia thuyét nham giai thich co ché van chuyén tich cuc, trong do
quan niém chat mang duoc chap nhan rong rii nhat.

% Quan niém chat mang

Theo quan diém nay, trén mang sinh chat va mang khong bao ton tai cac chat
chuyén biét co vai tro van chuyén ion tir ngoai vao trong té bao, dugc goi 1a chit
mang. Ching c6 kha ning lién két v6i cac ion & mat ngoai mang va sau d6 giai phong
ching ¢ phia bén trong.

Phtic hop trung gian giita chit mang va ion déng vai trd nhu mot phuong tién
gitip ion dé dang di qua mang. Pé hinh thanh phirc hop nay, chat mang trudc hét phai
dugc hoat héa nho nang lugng ATP thong qua enzym photphokinaza. Vi vay, day la
mot dang van chuyén tich cuc, co li€n quan truc tiép dén hoat dong trao ddi chét cua
té bao.

Sau khi dugc hoat hda, chat mang co thé lién két thuan loi voi ion va dua chung
vao bén trong té bao. Tiép do, nhd enzym photphataza, ion s& duogc tach ra khoi phic
hop dé giai phong vao trong té bao.

Qua trinh nay c6 thé chia lam 3 giai doan: 1. Hoat héa chat mang — 2. Tao phirc

hé ion-chat mang — 3. Giai phong ion.
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Trong 3 giai doan, chi c6 giai doan dau tién can ning luong dé hoat hoa chét
mang. Phuong thirc két hop gita chdt mang va ion ciing twrong ty nhu két hop gitra
enzyme va co chat khi tién hanh xtc tc phan tng hoa hoc.

Nhu vay, su xam nhap chét khoéng vao té bao duoc thuc hién boi 2 co ché: bi
dong va chu dong. Tuy theo truong hgp cu thé, diéu kién cu thé ma co ché nao chiém
vu thé. Nhin chung, ca 2 co ché nay déu dién ra song song trong ciy. Néu mot trong
2 phuong thirc bi e ché thi ciing c6 nghia sy hut khoang bi (e ché. Vi du khi cdy bi
yém khi thi sy hut khoang ciing bi nging tré [2].
1.1.2.3. Swvdn chuyén chit khodng trong cdy

Sw vdn chuyén trong cdc té bao

Sau khi duoc hﬁp thu, cac khoang chat duoc van chuyén tir ré dén moi bod phan

khac cua cay qua hai con duong chinh:
o Con duwong gian bao (Apoplast):

Con dudng apoplast 13 con dudng van chuyén khoang chét qua khoang khong
gian giita cac té bao, chu yéu qua cac vach té bao ma khong di qua mang té bao. Cac

khoang chat di chuyén qua day tir ngoai vao trong ré roi vao cac mach gd (xylem).

Dong chay qua apoplast: Khoang chét di chuyén qua apoplast thong qua khuéch
tan tlr nong do cao (trong dat) dén nong do thap (trong ré va mo xylem). Tuy nhién,
su van chuyén qua apoplast c6 thé bi kiém so4t khi ion di qua noi bi trong ré, noi c6
vanh dai Caspary, ngin can sy di chuyén ty do ctia khoang chat qua khong gian gitta

cac té bao [3].

Vanh dai Caspary ndm & 16p noi bi ctia ré gitip ngin can céac ion di qua apoplast
tu do, budc chung phai di qua mang té bao ndi mé va co su chon loc trong qué trinh
van chuyén khoang chét. Sau khi khoang chét vuot qua 16p nay, chung c6 thé di vao

xylem va van chuyén 1én bd phan hay co quan khac cua cay [3].

Uu diém cta con duong apoplast: Con dudng apoplast cho phép khoang chat di
chuyén nhanh chéng ma khong can trao d6i ion trong té bao. Tuy nhién, qua trinh nay
khong c6 su kiém soat chit ché nhu con dudng symplast, khién cho con dudng
apoplast tré' nén kém hiéu qua trong viéc van chuyén cac ion can diéu khién sy hap

thu mot cach cu thé [4].
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e Con dwong qua cau lién bao (Symplast)

Con dudng symplast cho phép cac chit hoa tan va ion di tir t& bao nay sang té
bao khac qua cau ndi té bao chét (plasmodemata) ma khong can phai ra ngoai MT té

bao.

Véan chuyén qua cau noi t€ bao chat: Céac ion khoang chat nhu K*, Ca**, Mg**,
va NOs~ ¢6 thé di chuyén qua cau noi té bao chat gitra cac té bao trong ré hodc mo
khac cua cay. Qua trinh nay gitip cac ion di chuyén tir cac t€ bao ciia mach vé (cortex)

vao cac té bao clia mach gb (xylem) ma khong can phai di qua 16p mang té bao [2].

Dong chay trong symplast: con dudng symplast dam bao su chuyén dong cia
cac ion theo chiéu tir ré 1én mach gd (xylem), va chung thuong di chuyén qua céc té
bao c6 kha nang trao d6i ion vé&i nhau, dic biét 1a trong diéu kién cay can duy tri su
6n dinh noi mai [3].

Vai trd ctia sy bom ion: trong qué trinh van chuyén khoang chat qua symplast,
cac ion duge bom vao trong té bao va di qua cac cau ndi té bao chat nhd vao cac co
ché sinh 1y, trong d6 c6 su tham gia ctia bom proton H*. Bom proton lam ting su tich

tu cta cdc ion trong t€ bao gilip sy di chuyén thuén loi ctia cac ion khoang.

Sw vdn chuyén trong mach xylem

Céc chat khodng tan trong nudc rdi di vao mach gd va theo dong thoat hoi nudce
ma di 1én cac bd phan trén mat dat, dén tt ca cac co quan can thiét. bay la dong van
chuyén chat khoang chu yéu trong cdy. Téc do van chuyén chit khoang trong mach
gd phu thudc vao qua trinh thoat hoi nudc cia 14, tirc 1a phu thudc vao dong nude di
1én cay [2].

Sw vidn chuyén trong mach floem (libe)

Mot bd phan céc ion cling co thé tach ra tir cac té bao nhu mé hodc tir mach 2o
vao hé théng dan chat dong hoa — hé thong mach libe — dé ciing tham gia vi cac chat
ddng hoa phan phdi dén cac bd phan cia cdy. Nguoi ta phat hién nhiéu ion khoang
trong dich van chuyén ctia mach rdy voi nong d6 rat khac nhau. Mot s6 chat khoang
c6 kha nang di dong rat 1on thi dé dang xuét hién trong mach libe nhu K, Na, P, S,
Mg, Cl... cling c6 mot sb chat khong di dong nhu Ca, B, Ag... it khi théy ching trong
mach libe [2].
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1.1.2.4. Sw dinh dwong khodng ngoadi ré

Phén 16n cac chét khoang trong dat dugc cdy hap thu thong qua hé ré. Tuy nhién,
ngoai 1é, cic co quan khac cua cay, dac biét 1a 14, cling c6 kha nidng hép thu khoang
khi tiép xtic voi dung dich dinh dudng.

Céc ion khoang khi xAm nhap vao 14 thuong di qua khi khong hodc tham qua
16p cutin mong trén bé mit 14. Mirc do hap thu qua 14 phu thudc vao nhiéu yéu t6 nhu
thanh phan, ndng d6 va d6 pH cua dung dich khoang. Bén canh dé, tudi cua 14 ciing
anh hudng dén kha nang hép thu. V61 cung mot nguyén td, toc d6 thAm vao 14 con

thay d6i tuy thudc vao dang hoa hoc ma cay tiép nhan.
1.2. MOT SO HAN CHE CUA NUOI CAY IN VITRO

Nudi céy in vitro mac du mang lai nhiéu loi ich nhung van c6 mot sb han ché
nhu thodi hoa gidng, di dang, hién twong bat thuong (thily tinh thé, rung 14, khi khong
bién dang, nhiém vi sinh vat, miu ciy bi h6a nau). Nguyén nhan cia nhitng bat thudng
nay thuong lién quan dén viéc mau cdy sinh trudong trong MT kin, v tring, dan dén
su thay d6i trong qua trinh sinh truéng cua cay trude khi chuyén ra diéu kién vuon

uom.
1.2.1. Thity tinh thé

Khi cac chdi in vitro dugc nudi cay trong MT am do cao va thiéu khong gian
thoang khi, ching thudng c6 nhitng biéu hién bat thuong vé hinh thai va sinh Iy mau
ciy. Hién tuong thily tinh thé con dugc goi 1a thity tinh hoa, tich lily nude qua mirc,
trong subt nhu thuy tinh [6]. Nhitng bt thudng nay thuong dan dén sy biét hoa va
kha ning hoa gd kém ctia mo, cac t& bao 14 bao quanh bai thanh té bao mong va
nguyén sinh chat nghéo dinh dudng. Khi quan sat dudi kinh hién vi, 14 bi hién tuong
thuy tinh thé hoa thuong thiéu mo gidu, chtra nhidu nude trong nguyén sinh chit, va
luc lap co nhiéu hat tinh bot 16n nhung ham lugng luc lap lai théip hon 14 binh thuong
[7]. O mét s6 loai cdy, hién tuong nay con khién mé biéu bi va 16p 16ng stng trén 1a
bi khiém khuyét, 1am giam kha niang m¢ va déng cua khi khong, dan dén giam kha
nang thich nghi véi diéu kién thay d6i [8]. Nhitng cdy bi hién tuong nay thudng co ty
1¢ sdng thap va kha ning dap (mg cua ré kém trong qua trinh vi nhan gidng thuong

mai [9].
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Thuy tinh thé, mot réi loan sinh 1y va hinh thai & cay trong in vitro 1am giam
chét luong cdy gidng, di dugc ghi nhan & hoa hudng duong [10], Scrophularia
yoshimurae [11], hoa cam chuéng [12], Turbinicarpus valdezianus [13] va hoa hong
[14]. Nguyén nhin ctia qua trinh nay 13 do nhiéu yéu t6 nhu MT, loai va ndng d6
CPHSTTV [15], d6 am tuwong ddi va tich tu khi ethylene [11] hé thong nudi ciy va
tao gel [16].

Hién tugng thuy tinh thé thuong phu thudc vao loai cdy, sy tich Iiiy ethylene,
néng d6 CO», do 4m trong binh nudi céy (>95%), nhi¢t do, va chit diéu hoa sinh
treong. Nhitng ton thuong & mé cay va diéu kién kin khi trong nudi ciy in vitro 1am
gia tang sy tich liy ethylene tir 46 ddn dén céc stress sinh hoc va nhitng bién d6i sinh
1y bat loi. Ethylene lam ting tinh thim cua mang té bao va tang sy gilt nudc ndi bao
1am mé cay bi ngdm nudc tir d6 ting nguy co thay tinh thé [17]. Cac bién phap nhu
diéu chinh néng d6 chat dong, nguén carbon, khoang chét, ty 1&¢ NH4", hodc diéu kién
nudi ciy co thé gitp giam thiéu hién twong nay, nhung ciing c6 thé lam giam ty 18
nhan gidng va ting nguy co nhidm vi sinh vat [18]. Tang néng d6 Ca®* da ching minh
hiéu qua trong viéc giam hién tugng thily tinh thé, nhung lai can trd qua trinh hoa gb

cua cay [19].
1.2.2. Tich liy khi ethylene

Ethylene (C2H4) 1a mot hop chat hitu co duoc str dung rong rdi va 1a mot loai
hormone thuc vat. CoHa tham gia vao cac qua trinh sinh trudng cua cdy (nay mam,
hinh thanh chdi va ré, rung 14 va qua, ra hoa, va chin qua). Ethylene ciing c6 vai trd
trong cac phan ung stress nhu han han, thira nudc, mam bénh, va d min [20]. Qua

trinh tong hop ethylene & thuc vat dugc dién ra nhu hinh 1.1.
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Hinh 1.1. Con duong sinh tong hop ethylene trong thue vat [13].



15

Su tich lity khi ethylene trong ti hay binh nudi cay kin khi giy ra nhiing bat
loi, 1am cham sinh truéng cua cdy, anh huéng dén su phat sinh hinh thai, sinh trudng
va chat luong ciy giéng. Diéu nay cho thiy su quan trong ciia viéc kiém soat nong

d6 khi ethylene dé cai thién hiéu qué cta qué trinh nudi cay in vitro [21].

Su san sinh cua ethylene c6 vai tro dang ké ddi véi su biét hoa, sinh trudng va
kha ning dap Gng véi stress sinh hoc hay phi sinh hoc cua ciy trong nudi cdy in vitro
trong sudt chu ky séng cta chung. Cac mau cay in vitro thuong san sinh ra khi
ethylene do bi ton thuong trong qué trinh cdy chuyén va do nhiéu diéu kién stress
khac nhau trong qua trinh nudi cdy. Luong ethylene san sinh ra phu thudc vao giai

doan ting truong, mau cdy va ndng d6 CDHSTTV [22].
1.2.3. Vang 14, rung 14 va enzyme thiy phan cellulase, pectinase
Vang va rung la

Cay trong in vitro chiu anh huong cua stress sinh hoc va phi sinh hoc va c6 tac
dong tiéu cuc dén sy sinh truong, chat luong cay gidng va kha niang thich nghi, séng
sot khi chuyén ra vuon wom. Bén canh thily tinh thé, mau cdy con phai d6i mat voi
tinh trang vang va rung 1a. Sy rung co quan duoc dung dé mo ta su tach rdi cta cac

bd phan thuc vat nhu 14, hoa, qua, hodc hat khéi cay [23].

Trong qua trinh vi nhan gidng, hién tuong rung 1a thuong do tac dong cia
hormone nhu ethylene hodc auxin. Pdc biét, trong diéu kién nudi céy kin v&i do Am
cao, ethylene c6 xu huéng tich tu, trd thanh yéu té chinh thuc day hién twong rung 1a
[24]. Tuy nhién, cic nghién ctru cho thiy auxin c6 thé e ché sy rung 14. Su rung 14
bi trc ché boi dong auxin, khién ethylene khong thé gay ra tac dong & giai doan dau.
Céc té bao ¢ ving rung s& nhay cam hon va ethylene dugc san sinh ra nhiéu hon, vai
tro e ché ctia auxin giam di do auxin tir 14 suy giam va sy van chuyén theo cuc bi
pha bo. Piéu nay 1y giai tai sao 14 non thuong san sinh ra nhiéu ethylene, nhung sy
rung 14 ghi nhan chu yéu ¢ 14 gia do ethylene rut ngin giai doan dau va han ché qua
trinh chuyén hoa auxin [25].

Trude khi xay ra sy phan tach, nong do ethylene trong ving rung thudng ting
1én, kich thich biéu hién gen mi héa cac enzyme thily phan (pectinase va cellulase)

thanh té bao [26]. Su tac dong ndy sé& lam su hoa gb kém va kich thich sy hinh thanh
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cac enzyme phan pha huy thanh t€ bao va tang roi xuat hién nhanh hon. Tang roi nay
gom cac t€ bao nhu mo dac bi€t vdi cau tric yéu hon, dé dan dén sy phan tach co

quan khi gap diéu kién thuan loi.
Cellulase va pectinase

Cellulose, mét polysaccharide ty nhién doi dao, gop phan tao d6 cting cho vach
té bao. Cac enzyme cellulase (exoglucanase, endoglucanase, va p-glucosidase) thuy
phan cellulose thanh glucose va cac san pham khac, pha v lién két B-1,4-d-glycosid,
lam giam do clirng cua vach té bao va gay ra hién tugng rung co quan, dac biét la 1a

trong qué trinh vi nhan gidng [27].

Pectin c6 vai trd quan trong gitip gan két giira cac té bao thuc vat. Pectin rat
phong phu trong vach té bao so cip va mang trung gian cta thuc vat. Nhém enzyme
pectinase (bao gdm pectin methylesterase, polygalacturonase, pectinlyase, va
pectatelyase) c6 kha ning phan huy pectin, 1am giam do lién két va sirc manh cia

vach té bao, dan dén su chét té bao va hién tuong rung co quan [28].

bé khic phuc hién tugng rung co quan, cac chit nhu aminoethoxyvinylglycine
(AVG) — chét tc ché sinh téng hop ethylene, va 1-methyl-cyclopropene (1-MCP) —
chat 1am cham qu4 trinh rung d3 duoc st dung. Tuy nhién, AVG c6 thé giy doc cho

mau cdy, trong khi 1-MCP chi yéu st dung trong cong nghé sau thu hoach [26; 28].
1.2.4. Héa nau miu ciy

Hién tugng hoa nau thuong gap ¢ mot s6 loai thuc vat vi nhan giéng, khi ca
mau cdy va MT nudi cdy chuyén sang mau niu sdm hodc den, din dén hoai tir va
tham chi gay chét miu cdy. Nguyén nhén 13 do sy phenol hoa trong qué trinh nudi
céy, tao ra cac hop chét gay doc cho thuc vat. Muc d6 hda ndu mau cﬁy phu thudc
vao loai thuc vat, kiéu gen, tui mé ciy va thanh phan MT nubi cdy.

Céc bién phap nhu cdy chuyén thuong xuyén, nudi cdy trong tbi, bd sung chat
khang oxy hoa (acid ascorbic, cystein-HCI, polyvinylpyrolidone, than hoat tinh) duoc
sir dung dé han ché hién twong nay [21].



17

1.2.5. Stress oxy héa va hé thong khang oxy hoéa ciia thue vat

Trong qua trinh nudi cdy in vitro, ciy con phai ddi mit véi stress oxy hoa do
céc diéu kién bét loi nhu ham lugng dinh dudng, o am, ethylene, crong do anh sang,
va nhiét d6 trong binh kin. Nhirng yéu t nay lam ting ham luong gdc oxy phan tng
(ROS) bao gdm hydrogen peroxide (H>02), gbc tu do superoxide (0*) va hydroxyl
(OH). ROS diéu hoa cac qua trinh té bao & ndng d6 thip va nguoc lai chung c6 thé
gay dot bién DNA, gay bién tinh céc protein, oxy hoa lipid, 1am giam quang hop va
gay chét té bao & ndng do6 cao [29; 30].

Thuce vat c6 co ché chdng lai stress oxy hoa thong qua cac enzyme khang oxy
hoa nhu ascorbate peroxidase (APX), catalase (CAT), va superoxide dismutase
(SOD), giup bao vé¢ té bao khoi tac dong ti€u cuc cua ROS. Nho hoat dong cua cac
enzyme nay, cay co thé duy tri sy cAn bang ROS, ting kha ning chiu dung va song

sot dudi cac diéu kién stress [31].

bé khac phuc nhitng han ché nay, viéc t61 wu hoa MT nuoi cay in vitro va nang
cao chat lugng cdy giong la muyc ti€u quan trong cua vi nhan giong cac cay trong

thuong mai.
1.3. NANO KIM LOAI
1.3.1. Gi6i thi¢u

Vit liéu nano, vai kich thudce cuc nho trong khoang tur 1 dén 100 nm, da duoc
phat hién va cong nhan tir nhitng nam 50 cta thé ky XIX. Ngay nay, vat liéu nano noi
1én nhu mot loai vat lidu tién tién, 13 giai phap thay thé hiéu qua cho cac vat liéu
truyén théng, tao nén mot linh vuc cong ngh¢ riéng biét — Cong nghé nano. Nano véi
kich thuéc siéu nho, so hiru nhitng dic tinh vuot trdi, chang han nhu dién tich bé mat
16n hon, kha ning twong tac bé mit t6t, va hiéu tng plasmon cong hudng. Diéu nay
da gitp ching dugc nghién ctru va rng dung trong sinh hoc, nong nghiép, y hoc, MT,
nang lugng va ca khoa hoc cay trong, mang dén nhiéu hiéu qua va tng dung d6t pha
[32; 33].

Trong linh vuc khoa hoc cdy trong, nano dang dan phd bién va ung dung rong
rai dé thuc ddy qua trinh sinh truéng, ting ning suat, ting kha ning chng chiu stress

va bénh tat cua cdy trong. Bang cach cung cip dinh dudng dudi dang vat liéu nano,
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thong qua viéc bon phan hay phun tryc tiép 1én 14, cdy c6 thé sir dung va chuyén hoa
dinh dudng mot cach hiéu qua, gitip ting chit lwong va ning suit cdy trong nham dap

g nhu cau lvong thuc [34].

Céc kim loai vi lvgng nhu sit (Fe), dong (Cu), cobalt (Co), mangan (Mn), kém
(Zn), va molypden (Mo) c6 vai tro quan trong trong su sinh trudng cua cay, vi¢c su
dung chung dudi dang NPs dang duoc sy quan tam nho kha nang nang cao hiéu qua
hép thu va khic phuc cac bénh 1y bat thudng & cdy trong ca trén dong rudng va trong
diéu kién nudi cdy in vitro [35]. Cac NPs mang lai loi thé vuot troi so véi dang ion

kim loai thong thudong nhd hai dic diém chinh:

« Hiéu qua bé mit: O kich thudc nano, bé mat tiép xuc duogc gia ting, gitp NPs

tuong tac hiéu qua hon so véi vat liéu thong thuong cung khéi luong.

o Kich thudc nhé: NPs c6 kich thudc cuc ky nhd, mang tinh chit dic biét vé
dién, tr, va quang, vuot ra khoi gioi han cta cac vat liéu vi mo truyén théng.
Diéu nay giup chiing cai thién kha nang hap thu va van chuyén trong thyc vat,

mo ra nhitng tiém ning moi trong tng dung [36].
1.3.2. Cac phwong phép tong hop hat nano

Hat nano kim loai c6 thé duoc téng hop bing nhiéu phwong phap [37, 38],

thuong chia thanh hai nhém chinh:

« Phuwong phap tir dwéi Ién (Bottom-up): Khai dau tir cac nguyén tir hoic phan
ttr nho, chung duoc tp hop dé tao thanh hat nano.

« Phuong phap tir trén xudng (Top-down): Vit liéu kich thudc 16n duoc st

dung, sau do dugc xu ly va lam nho dén kich thudc nano.

Céc phuong phéap tong hop bao gdm tong hop hoa hoc, vat 1y, sinh hoc, va quang
hoa, mdi phuong phép c6 wu diém riéng nhung can dam bao hiéu qua vé kich thudc,

hinh dang, va tinh tién dung.

« Tong hop vat lIy: Phuong phap nay thudng str dung qua trinh bay hoi - ngung
tu dé tao ra cac hat nano kim loai. Du hiéu qua, nhung né doi hoi nhiéu ning
luong va khong gian. Tuy nhién, nhiéu phuong phap dang duoc phat trién dé

nang cao hi¢u suat va gidm chi phi san xuat.
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. Téng hgp héa hoc: Hat nano dugc hinh thanh dudi nhiing diéu kién dic biét,
v6i sy tham gia ciia cac chit kiém soat bé mit (SCAs) nham diéu chinh kich

thudc va mat do.

« Tong hop sinh hoc: Thay vi ding hoa chét, cac vi khuan, ndm, tao, hoic thuc
vat duoc sir dung dé san xuat NPs. Phuong phap nay than thién véi MT va an
toan [37; 38].

Viéc téng hop nano bang thyuc vat da trd thanh mot huéng di méi voi kha ning
tw nhién dé tao ra NPs nhu vang, bac, kém, titan, va sét — nhirng NPs dugc trng dung

trong y hoc va cac nganh cong nghiép khac.
1.3.3. Nano kim loai trong thuc vat

NPs c6 thé duoc cdy trong hap thu qua ré hodc 14. Khi hip thu qua ré, cac hat
nano xam nhap vao biéu mo, di chuyén vao mach gd (xylem) va sau d6 dén céc co
quan khac cia cdy thong qua con dudng gian bao (apoplast) hodc con dudng té bao
chat (symplast). Khi hip thu qua 14, cac hat nano thAm nhdp qua khi khong, di vao hé
théng mach 13 va dugc van chuyén qua mach ray (phloem). Kha nang hip thu va van
chuyén nay phu thudc vao cdu trac, hinh déng, va dic tinh ctua NPs, ciing nhu dic

diém cua loai thuc vat [39].

Nho nhitng dac tinh doc dao cua minh, nano kim loai mé ra hudng di moi nham
g dung vao ndng nghiép, gitip cay trong cai thién hap thu dinh dudng va cai thién
kha nang chong chiu stress, ting chat luong va ning suat cy trong, dap Gmg nhu cau

vé lvong thuc va thuc pham.
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Hinh 1.2. Con duong van chuyén nano kim loai trong thuc vat [39].

Hién nay, cic nghién ciru déu chi ra ring NPs c6 kha niang di chuyén bén trong
thyc vat, xuyén qua cac mo va tién dén hé théng mach gS (xylem). Khi n6i1 vé su van
chuyén cta hat nano qua ré, mot diém can dic biét chl v la su ngan can cua dai
Caspary ¢ ndi bi ciia ré cdy, lam han ché con dudng van chuyén qua khong gian gian
bao (apoplast). D co ché chinh xdc ma NPs vuot qua dai Caspary van chua duoc
hiéu 3, nhung mot khi di vao hé thong mach, ching s& di chuyén dén cac mé hay co

quan bén trén theo dong chay ciia nude va chat dinh dudng trong cay [39].

Hat nano khi tiép xtic voi mang té bao c6 thé duoc hap thu qua qué trinh nhap
bao va sau d6 ton tai bén trong cac tai nho trong té bao. Tuy nhién, phan 16n cac hat
nano c6 kha niang xam nhép truc tiép qua mang té bao va sau d6 ton tai trong té bao
chét hodc dugc chuyén dén cac bao quan khac nhu lap thé hodc nhan té bao (Hinh

1.3) [39].
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Hinh 1.3. Sy tich liiy nano kim loai trong té bao [39].

Céc hat nano tiép xtc voi mang té bao c6 thé duoc hap thu thong qua qua trinh
nhap bao va t6n tai & trong cac tii bén trong cac té bao (Hinh 1.3A). Tuy nhién, hau
hét cac hat nano xuyén qua mang té bio mot cach truc tiép (Hinh 1.3B), sau do, cac
hat ndy ton tai trong t& bao chat hodc chuyén sang cac bao quan khac (lap thé hoic

nhan) (Hinh 1.3C) [39].

NPs mang lai hi¢u qua dong luc hoc va kha nang tuwong tac vuot tri so vdi cac
dang kim loai nho vao nhiing dic tinh 1y hoa doc déo cia chiing. Khi ton tai trong
cac hé théng sinh hoc hoac MT, hat nano s€ twong tac vdi cac thanh phén khac va trai
qua nhitng bién d6i vé tinh chat 1y hoa, chang han nhu bi bao boc béi cac phan tir hitu

co tu nhién hoac sinh hoc, phan ra, hay trai qua qua trinh phan ing oxy hoa khu [40].

NPs con chiu tac dong tur sy tuong tac vat Iy vai cac ion vo co, phan tir sinh hoc
va chét hitu co, dan dén su thay doi vé trang thai két dam va tinh chét hoa hoc bé mat.
Ré cay thuong tiét ra mot luong 16n cac hop chét, bao gdm ion vé co, phan tir hitu co
nhd (nhu phenol, aldehyde, amino acid, va acid hitu co), va céc pectin cao phan tur
(nhu polysaccharide va acid béo), tao ra mét MT xung quanh goi 1a "ving bau ré".
Ving nay c6 vai trd dang ké trong sy didu chinh tac dong va doc tinh cta kim loai,
gitip tao thanh dang phtc chat hiru co bao boc va giir chit ion kim loai (chelate) khi
ndng d6 kim loai vuot qua gidi han hap thu & ré [41]. Do d6, hat nano kim loai thuong

chiu tac dong khi tiép xtc voi chat tiét tir ré, ddc biét khi ching tuong tac truc tiép
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véi 1é cdy. Su chuyén hoa nay c6 thé anh hudng dén vai trd va chirc ning cua hat

nano trong co thé thuc vt [42].

Qua trinh hap thu hat nano trong cdy duoc dic trung boi ba yéu té chinh: (1)
Tinh chon loc — mot s6 khoang chit duoc wu tién hip thu, trong khi cac chat khac bi
han ché hoic loai trir; (2) Sw tich tu — ndng do cac nguyén té trong té bao c6 thé cao
hon nhiéu so véi MT bén ngoai; va (3) Tinh chit kiéu gen — sy khac biét rd rét giira

céc loai thuc vat vé kha nang hap thu hat nano [39].
1.3.4. An toan cua cac hat nano kim loai

Hién nay, anh hudng tich cuc ciia NPs Ién con nguoi, dong vat hay MT dang 1a
mbi quan tdm 16n do ching c6 kich thudc rat bé cho phép chung dé dang xam nhap
hay tham chi 13 twong tac véi cac té bao bén trong co thé. Picu nay dan dén viéc
nghién clru cac co ché tac dong, su tich lily va tinh an toan cua NPs tré thanh mot

linh vuc ngay cang dugc chu y.

Pén thoi diém hién tai, NPs d3 duoc ung dung rong rai trong y hoc va doi séng
hang ngay nho kha ning khang khuan, diét khuan, va diéu tri bénh cua chung. Co
quan Bao v¢ Moi truong Hoa Ky (EPA), lugng AgNPs (hat nano bac) dugc st dung
hiéu qua cho muc dich phong bénh 14 tir 100 dén 200 pg mdi ngay cho mot nguoi, va
khong nén vuot qua 350 pg mdi ngay. Dic biét, sir dung AgNPs bd sung vao trong
bita an hodic nudc udng di duoc chimg minh 13 khong gay ra hién tuong Argyria —

tinh trang da xanh xao do ngd doc bac [43].

Ngoai ra, cac loai hat nano khac nhu CoNPs va FeNPs ciling dugc cho 1a co tiem
nang trong cac linh vyc khac nhau va ching than thi¢n véi moi truong, it gdy doc cho
sinh vat. Chinh vi vay, NPs ngay cang dugc tng dung rong rii trong khoa hoc su séng
va gop phﬁn gidm dich bénh, du lugng thude bao vé thuc vat hoa hoc, déng thoi nang

cao chat lugng san pham [44].

Maic du NPs c6 tiém nang trng dung rat 1on, nhung viéc ki€ém soat va danh gia
can trong tac dong cua ching doi vdi cac tdc nhan khac nhau va MT xung quanh la
di€u can thiét nham ddm bdo su an toan va hi€u qué khi st dung NPs trong céc linh

vuc khac nhau.
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1.4. NANO KIM LOAI TRONG VI NHAN GIONG THUC VAT
1.4.1. Khir tring méu ciy

Su c6 mat cua vi sinh vat 1a mot thach thirc nghiém trong trong qua trinh nuoi
cdy mo, co thé gy that bai hoan toan cho hé thdng nudi ciy ngay tir giai doan khoi
dau. Cac ngudén miu cay va MT thi nghiém chua duoc vo tring thuong 1a nguyén
nhan gy 6 nhiém. Vi vay, viéc khir tring bé mit mau cdy 1a mot bude vo cling quan
trong trong quy trinh nudi cay in vitro, boi ndm va vi khuan c6 kha ning sinh truéng

nhanh trong MT nudi cdy.

Hién nay, mot sé chat nhu bromine 10ong, calcium hypochlorite, ethanol,
hydrogen peroxide, sodium hypochlorite, thuy ngan chloride, bac nitrate, khang sinh
va thuéc nim dang duoc sir dung pho bién dé khir tring mau cdy. Tuy nhién, doc tinh
ctia mot s6 chat khang sinh ddi vai té bao, mo, va co quan nudi céy da duoc bao cao
& mot sb loai cay trong [45]. Thém vao d6, mot so chat khir tring khong chi khong
loai bo hoan toan tap chit ma con gy anh huéng dén su phat sinh co quan do tinh

ddc cua ching.

Trong boi canh nay, NPs nhu AgNPs, nhom oxide, déng oxide, sét oxide, vang,
magié oxide, nickel, silicon, silicon dioxide, titanium dioxide, va kém oxide da dugc
chting minh 1 ¢6 tiém ning trong viéc han ché nhiéu loai vi sinh vat [46; 47]. Pay 1a
mot hudng di mai hira hen trong viée st dung NPs dé khtr trung mau cdy ma it gdy

hai dén su sinh truong binh thudng cia ciy trong.
1.4.2. Phat sinh hinh thai in vitro

NPs duoc bo sung vao MT nudi ciy co tac dong tich cuc dén sy sinh trudng cua
md seo, choi, phdi va tao ré. Tuy nhién, tdc dung kich thich hay trc ché cua cac n6ng
d6 NPs trén tirng mau nudi ciy can phai duoc nghién ciru cu thé va ky ludng. Cac
nghién ctru gan ddy vé anh hudng ctia NPs dbi v6i su phét sinh hinh théi ciia cy
trong d3 duogc thé hién trong Bang 1.2 cung cip thém vé tiém ning va hiéu qua cua

viéc st dung nano kim loai trong qué trinh nuéi cay mo thyc vat.
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Bang 1.2. C4c kiéu phat sinh hinh thai trén méi trudng ¢6 bd sung NPs

P N L Nguon
, Kieu phat M0i trwong, loai va nong do
TT Doi twgng _ _ tham
sinh hinh thai nano
khao
. Tecomella Chdi va mo MS + 2,5 mg/L BAP + 0,1 28]
undulata Se0 mg/L IAA + 10 mg/L AgNPs
2 | Brassica juncea Chdi MS + 50 mg/L AgNPs [49]
o Nay mam cua
Arabidopsis )
3 ) hat, sinh MS + FeNPs [50]
thaliana
truong cay con
Verbena L ox
4 o o Choi, re MS + 5 pg/L CuNPs [51]
bipinnatifida
o o MS + 0,5 mg/L CuNPs + 0,8
5 | Menta longifolia Chai, re [52]
mg/L CoNPs
Stevia N
6 ) Ré MS + 1 mg/L ZnNPs [53]
rebaudiana
. . MS + 5 mg/L BA + 3 mg/L
7 | Solanum nigrum M©b seo [54]
NAA + 8 mg/L AgNPs
_ _ . Y2 MS + 250 mg/L Cerium
Arabidopsis Téang sinh khol ] ]
8 ) . oxide + 50 - 500 mg/L Indium [55]
thaliana cay con _
oxide
Phoi sinh
9 Musa sp. MS + 100 mg/L ZnNPs [56]
dudng

1.4.3. Bién di dong soma

Bién di dong soma co thé mang lai nhitng dot bién ¢6 1oi, c6 hai hodc trung tinh

trong nudi cay in vitro. Hién tuong nay thuong lién quan dén cac thay doi vé nhiém
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sac thé (s6 luong, cau trac), trinh ty DNA, methyl hoa DNA, qua trinh trao d6i chéo,
nguyén phén, va su kich hoat cac yéu té chuyén vi [57]. M6t sb bién di nay lai s& hitu
cac dac diém co loi nhu thay ddi kich thudce cay, mau sdc hoa, tao kham 14, thoi diém
chin qua, sy tong hop cac hoat chat thir cip va chdng chiu véi stress sinh hoc hoic

phi sinh hoc [57].

Ngoai ra, dgc tinh ctia NPs co thé xut hién khi chung duogc str dung & néng do
cao. Viéc sir dung NPs c6 thé anh hudng dén chi s6 phan bao, tinh toan ven cia DNA,
su bién ddi protein, va biéu hién cia DNA trong thuc vat [37]. Chfmg han, céu tric
nhiém sic thé trong mo seo cua ciy Linum usitatissimum d bi anh hudng dang ké
khi duoc nudi cdy trén MT MS chira hat nano carbon [57]. Viéc bd sung nano carbon
khong chi 1am gia ting s6 lugng té bao da bdi ma con 1am ting muc d6 methyl hoa
DNA trong cac md seo nudi cdy trén MT nay. Bién di soma xuat hién véi tan suat cao
& md seo hodc choi thu nhan & MT nudi cdy c6 chira nano vang (AuNPs) hodc AgNPs.
Sy bo sung AuNPs vao MT nudi cdy in vitro ciing gy ra cac bién di vé hinh thai bén
ngoai va giai phiu ctia mo seo, thong qua viée thay ddi cac protein va dic tinh DNA

trong mo seo cua cay Solanum nigrum [54].
1.4.4. Chuyén hoéa hoat chit thir cap

Hoat chat thir cap c6 thé thu nhan tir thyc vat va gitp ching ton tai va thich nghi
v6i MT xung quanh. K§ thut nudi cy té bao, mé va co quan thuc vét da duoc ching
minh 13 c6 1oi thé cho viéc thu nhan cac hoat chit c6 hoat tinh sinh hoc. Ham luong
ctia cac chit nay trong té bao va co quan nudi ciy c6 thé duoc cai thién nho viée didu
chinh diéu kién nudi cdy, bd sung tién chit, cic chit kich thich (elicitor), va diéu

chinh MT nudi cdy [58].

Viéc bo sung NPs vao MT nudi cdy dong vai trd nhu ngudn dinh dudng va 1a
chat kich thich sinh tong hop. Vi du, bd sung nano nhém oxide (10 - 100 pg/L) trong
nudi ciy huyén phu té bao thude 14 di giup ting ham luong phenolic [59]. Ham luong
tinh dau ghi nhan trong mé seo ctia ciy ctic Calendula officinalis nudi cay trén MT
MS chira 0,3 mg/L AgNPs ciing gia ting [60]. Két hop ctia AuNPs va AgNPs (ty 18
1:3) di gia tang su tich lily cac hop chét phenol va flavonoid ctia mé seo ciy Prunella

vulgaris [61]. Ngoai ra, hinh dang cua AgNPs anh hudng dén viéc san xuét
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anthocyanin & ciy Arabidopsis [62] va tich lily saponin & cdy sim Ngoc Linh chuyén

gen [63].
1.4.5. Mot s6 nghién ctru vé nano kim loai tai Viét Nam

Trong nhitng nim gan ddy, nhém nghién ctiru ciia GS.TS. Duong Tan Nhuyt tai
Vién Khoa hoc su song di tién phong danh gia viéc st dung AgNPs trong MT nudi
cAy in vitro trén céc loai cdy nhu hoa clic, dau tiy, dong tién, hoa hong, va hdng mén
[64; 65]. Cac nghién ctru dd danh gia tac dong ctia AgNPs trong viéc han ché cac hién
tugng thuy bat thudng va ting ty 16 sdng cia cdy dong tién trong qua trinh nudi ciy
in vitro [65]. Pang chu y, tac dung cia AgNPs va CoNPs trong viéc lam giam hién

tugng vang 14 va rung 14 ciy hoa hong ciing di duoc nghién ctru [14].

Nghién ctru danh gia tac dong ctiia FeNPs lén su ra ré in vitro clia cdy cam
chuéng cling da duoc thyuc hién [66]. Ngoai ra, su két hop giita AgNPs, anh sang dén
LED va hé thong vi thuy canh trén cay cuc di giap han ché cac loai vi sinh vat gay
hai va cai thién chat luong cay trong [67]. AgNPs b6 sung vao MT nudi cdy ciing da
cai thién sinh truong ctia cay dau ty in vitro, giam thiéu su hinh thanh ethylene trong
qua trinh nudi cdy, giam ty 18 nhiém vi sinh vat va tang s6 lugng ngé cua cdy dau tay

[68].

1.5. NANO KIM LOAI SAT, COBALT VA MOLYPDEN TRONG VI NHAN
GIONG

Trong qua trinh vi nhan giong thuc vat, MT nudi cdy v&i cac khoang chat vi
luong va da luong co vai trd quan trong va anh hudng truc tiép dén sinh trudng va
cac hoat dong sinh 1y - sinh hoa cta cy trong. Thiéu hut cac khoang chit ndy c6 thé
khién cay khong hoan thanh chu trinh séng. Thong thuong, cac dudng chat khoang
nay tdn tai dudi dang mudi (KCl, NaCl, CaCl,), dang axit (HCI, H3POs4), hay dang
kiém (NHs, NH2OH). Ngoai ra, chtng ton tai duéi dang ion ty do (HCO5, NOs", CI,

H*), hodc ion kim loai (Ca®*, K*, Fe**, Co") trong té bao.

Nhirng nguyén t6 khoang nay khong chi diéu tiét cac hoat dong sinh 1y ctia cay
trong ma con 1a thanh phan quan trong trong ciu triic ctia enzyme va chét hitu co cua
té bao. Cac kim loai nhu Fe, Co, va Mo d3 duogc chirng minh c6 anh hudng tich cuc

dén sinh trudng cua cay tréng. Trong do6, mat s6 kim loai dugc coi 1a thiét yéu cho
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cay tr@)ng va xudt hién & hau hét cac mo, co quan thyc vat [69]. Mac du khoang chat
13 ngudn dinh dudng quan trong, chung thudng ton tai & dang phirc hop, khién viéc
hép thu trd nén khé khin. Cing véi cong nghé nano, nhiéu khoang chit di dugc tong
hop dudi dang nano véi kich thuée nho; do d6, chung ting kha ning hap thu so véi

muoi vO co, mé ra kha nang ing dung to 16n cho thyc vat nudi cay in vitro.
1.5.1. Nano sat trong nudi cay in vitro

Sat (mot kim loai chuyén tiép) co vai trd quan trong trong cac sinh vat song va
tham gia chinh qua trinh oxi hoa khir. Trong ciy trong, sat chu yéu ton tai dudi dang
phtc hop, va luong Fe?* va Fe* tu do rat thip (chi khoang 10 - 100 mM). Thuc vt
thudng vu tién hip thu Fe**; vi vay, Fe** dugc khir thanh Fe** & bé mit ré trudc khi
di vao té bao chat. Fe van chuyén qua hé mach xylem va di chuyén dudi dang phirc
hop sat-carbohydrate hoic sit-peptide. Vai trd ctia Fe trong thyuc vat 1a tao ra cac lién
két Fe. Khoang 80% Fe duoc tim thiy trong 14 xanh va nam trong luc lap; thiéu Fe
lam giam qua trinh quang hop, khién ciy nging phét trién, va 14 non tré nén vang

[50].

Ngoai ra, Kim va cong sy (2014) chi ra rang Fe ¢6 vai tro trong viéc kéo dai
véch té bao, kich thich sy hinh thanh ctia ré va chudi truyén dién tir. Fe duoc gin vao
thiol (-SH) cua cystein va luu huynh vo co s& tré thanh chat mang trong phan tng
chudi truyén dién tir, gop phan tong hop NADP* trong qua trinh quang hop [50].

FeNPs 1a NPs véi ciu tric 16i - vo, voi 181 13 cac nguyén tir sat (Fe®) va vo ¢
thé 13 hop chét sit oxit/hydroxit hodc cac chat phu phd bién nhu CMC [70]. Vi kich
thude siéu min (1 - 100 nm), FeNPs c6 kha ning vuot trdi hon so voi sit théng thuong
vé mit hép thu qua bé mat, hoat tinh xuc tac, cling nhu kha nang van chuyén va luu

trit trong khong gian gidi han [71].

Tong hop FeNPs c6 thé thyc hién bang nhiéu phuwong phap nhung chu yéu la
cac phuong phap nghién, khir nhiét carbon, khir héa hoc, siéu am, dién hoa, va sinh
hoc. Trong s6 d6, phuong phap khir héa hoc 13 cach don gian nhéat dé ché tao FeNPs
va mang lai san phim c6 cdu trac dong nhat [72]. Piém khac biét ndi bat giita hat

nano sit va st thong thuong nam ¢ kich thude siéu nhé cua né (1 - 100 nm), giup
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FeNPs c6 kha ning hap thu qua bé mit va hoat tinh xtc tdc manh mé hon hat sat

thong thudng, 1am ting hiéu qua cta nudi cdy in vitro [73].
Ung dung ciia FeNPs trong vi nhdn giong

Trong qué trinh vi nhan gidng thue vat, Fe 1a mot nguyén tb vi luong can thiét
va thuong duoc b sung dudi dang mubi FeSO4.7H,0 véi cac ndng d6 khac nhau,
ching han nhu 27,8 mg/L trong cong thirc MS va B5, hodc 15 mg/L trong cong thirc
SH. Viéc thay thé FeSO4.7H,0 bang hat nano sat (FeNPs) trong MT nudi cdy gitp
cay hép thu sit mét cach hiéu qua hon va linh hoat hon, phu thudc giai doan sinh

trudng cia cdy ciing nhu timg loai cay trong khac nhau [74].

Céc nghién ctru cho rang str dung FeNPs ¢ ndong d6 thap mang lai tac dong tich
cuc cho cdy trong. FeNPs khong chi thuc day qué trinh hinh thanh mé, ting cudng
phat trién va kéo dai r& ma con gitp cdy trong gia ting chdng chiu cac diéu kién stress
sinh hoc hodc phi sinh hoc [75]. M6t vi du cu thé 1a nghién ctru trén cay chanh
Volkamer, bd sung FeNPs vao MT MS, cdy hap thu Fe hiéu qua hon, giam hién tuong
14 vang va ting dang ké cac chi sb sinh dudng nhu sinh khdi va chi sb chlorophyll so
v6i cay o ddi chimg [73]. DU vay, van can thém nghién ctru dé hiéu rd hon vé hiéu

qua cua FeNPs str dung trong nudi cay in vitro.

Duong Tan Nhuyt va cong su (2015) cho rang nghiém thirc b6 sung 15 - 35 mg/L
FeNPs gitip ting gap 2 dén 2,7 1an hiéu qua nhéan chdi ¢ cdy hoa clic nudi ciy in vitro.
Diéu nay la do FeNPs gia ting hap thu va kich thich qua trinh sinh hoa can thiét cho
su phat trién cta cdy. Tuy nhién, & ndng d6 thap hon (0 - 15 mg/L), FeNPs lai khong
mang lai hiéu qua thiic day sinh truéng, c6 thé do khong du dinh dudng can thiét cho

su sinh trudng cua choi va cay hoa cuc [76].

Tuong tr, DS Thi Hién va cong su (2017) khi nghién ctru trén cay hoa Salem
(Limonium sinuatum (L.) Mill) da cho thay rang viéc nghiém thirc 50 pM FeNPs gia
tang hiéu qua nhan chdi 1én mirc cao nhat trong cac ndng do duoc thir nghiém. O giai
doan ra ré, FeNPs khong chi cai thién chiéu dai ré va chiéu cao cdy ma con tang khoi
luong twoi - kho va chlorophyll. Quan trong hon, FeNPs con gitip ting ty 1& sbng sot
khi cay chuyén tir giai doan nu6i cdy sang thuin dudng trong vuon wom, khing dinh

tiém nang ung dung thuc tién cia FeNPs trong vi nhan gidng thyc vat [77].
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Ngoai ra, st dung FeNPs ¢ néng dd cao co tac dong ti€u cuc 1én sy sinh trudng
cta cdy trong, chang han nhu giam ty 18 nay mam, giam ham lwong chlorophyll, va
1am cham qua trinh sinh truéong & mot sd cdy trong. Nguyén nhan cé thé 1a do sy tich
tu FeNPs & bé mit cta ré 1am can trd hip thu nuée va khoang. Du vay, hiéu biét vé
ddc tinh ctia FeNPs ddi véi su phat trién thuc vt van con han ché va can nghién ctru

sau hon [75].

Bang 1.3. Téng hop mot s6 nghién ciru vé vai trd ctia FeNPs trong vi nhan giéng

nhimg nim gan day

Tac gia, | CAy trong Noi dung nghién Két qua chinh Tai liéu
nam curu tham
khao
s | s | Moo it b6 s Tz St i
al. (2021) | (Musa spp.) £ e &
choi
Al- Cha la So sanh nano Fe va | Nano Fe tang sinh
Mayahi (Phoenix | Fe-EDTA trong | khoi callus va ty 1¢ [77]
(2021) dactylifera) | nudi cdy mo tai sinh choi
Dau tay Fe;Oa4 nanoparticles | Tdng sinh trudng
Ghosh et : , . \ A
(Fragaria x |trong cam Ung | callus va phat sinh [78]
al. (2021) A
ananassa) | callus choi
Rahman Khoai tdy | Nano Fe trong MT | Tang so ré va chiéu
et al. (Solanum | MS dai choi so véi MT [79]
(2022) tuberosum) chuan
. Nghé FesOa nanoparticles | 10-15 mg/L FeNPs
Singh et ~ |« A oa
al. (2022) (Curcuma |trong nudi cay | tang ty ’1¢ cam ung [80]
' longa) callus callus dén 80%
Hameed Liia (Oryza NAano sat trong nudi | Tang S{nhw truozng
et al. tiva) cay callus callus va ting ham [81]
(2022) 5 lugng chlorophyll
Nghé FeNPs két hop chit | Tang chiéu dai chdi,
Sharma et A \ : IS L. A
(Curcuma | di€u  hoa  sinh | sO ré va sinh kh6i mo [82]
al. (2023) .
longa) trudng
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Nano Fe anh huong | Tang chlorophyll va
Ullahes | Lua(Oryza |dén sinh 1y va|hoat tinh enzyme 83]
al. (2024) sativa) enzyme chong oxy | SOD, CAT, POD
hoa
Lan Nano Fe trong MT | Tang ty 1€ tai sinh
Khan et ,e . X X S R
(Phalaenops | tai sinh choi chdi va sinh trudng [84]
al. (2024) ) A
is sp.) cay con
Ahmad ef Chubi Nano FeA trong giai Tqang 50 chgl/cum va
al. (2025) | (Musa spp.) doan nhan choi ty 1€ song khi [85]
' ' acclimatization
Dutra Nano Fe trong nudi | Tang chiéu dai chdi
Zhang et L \ \
al. (2025) (Ananas cay mo va ham  luong [86]
’ comosus) chlorophyll
Kumar ef Khoai tay | FeNPs t:rong giai Tar;g s 1€ va sinh
(Solanum | doan ra ré khoi cay con [87]
al. (2025)
tuberosum)

1.5.2. Nano cobalt trong nudi ciy in vitro

Co, mot nguyén td can thiét cho ciy trong, dic biét quan trong d6i véi ho dau
nho vai trod hd tro cac vi sinh vat ¢b dinh dam. Trong cay tréng, Co tdn tai dudi dang
ion (Co%") hodc nhu mot thanh phan quan trong dé tong hop cac vitamin nhu B12,
can thiét cho ca thuc vat, dong vat va con nguoi. Cobalt con kich thich sy phat trién
cua cay, nhu kéo dai than, cuéng, phat trién ré, tang khdi lugng kho, cung voi viéc

gia ting chlorophyll a, b va chlorophyll tong [90].

Co da dugc ching minh giup ting kha ning hap thu khodng cua thuc vat, thuc
day sy ndy mam cua hat, tai sinh, ting truong mau cay, va cai thién cac chi sb sinh
hoa co ban cta tinh dau trong sudt qué trinh phat trién [52]. Co tham gia vao cac qua
trinh chuyén héa quan trong, bao gdm hoat dong cua enzyme glycolysis
phosphoglucomutase, enzyme arginase, leghemoglobin. Pac biét, Co con c6 vai tro
trc ché tong hop khi ethylene thong qua trc ché enzyme ACC (enzyme trong qua trinh
bién d6i ACC thanh ethylene [91].

CoNPs 1a mot dang NPs véi véi phan 16i 1a nguyén tir cobalt (Co®) va phan vo

dugc phu carbon hodc cac thanh phan khac nhu CMC, polyme [92]. CoNPs thuong
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c6 kich thudc tir 20 - 60 nm va dién tich bé mat dao dong tir 30 - 70 m?/g, mang lai

kha ning hap thu qua bé mit va hoat tinh xuc tac manh.
Ung dung ciia nano cobalt trong vi nhin giong

CoNPs c6 tac dong tich cuc dén sy ndy mam va sinh trudng cua cdy trong. Pham
Thi Hoé va cong su (2018) phat hién rang xtr Iy hat ddu twong (Glycine max) voi
CoNPs ¢ nong do 0,05 mg/L trong 18 gid giup ty 1é va tbe do ndy mam dat cao nhét
(50%) so véi dbi chimg (39,19%), dong thoi ting chiéu dai r& mam. Ngoai ra, CoNPs
kich thich sy biéu hién ctia cic gene ma hoa enzyme kich thich ndy mam cua cay dau
tuong, gop phan thuc ddy qué trinh nay. Céc cdy con phat trién tir hat duoc xir Iy

CoNPs khong gap bat ky hién twong bién di hay khiém khuyét nao [93].

Trong mdt nghién ctru khéc, Fouad va Hafez (2018) so sanh hiéu qua ctia CoNPs
va ion Co?* trong viéc kich thich sy tong hop hop chat alkaloids trén cdy Dira can
(Catharanthus roseus) nudi cdy in vitro. Két qua cho thay CoNPs vuot trdi hon trong
viéc kich thich biéu hién gene CrMPK3 lién quan dén qua trinh sinh téng hop
alkaloids [94].

CoNPs khong chi gitup cay hap thu dinh dudng tot hon, ma con ting kha ning
tai sinh, sinh trudng tiép theo va thanh phan tinh dau ctia cdy bac ha c6 ngudn gbc
nudi cdy in vitro [52]. Viéc bd sung 4,65 pg/L CoNPs trong MT nudi cdy cdy hoa
hdng (Rosa hybrida L. ‘Baby Love’) da gitip khic phuc tinh trang vang va rung 14
trong qué trinh nhan chdi va ra ré. CoNPs khong chi trc ché sy sinh tong hop khi
ethylene va cac enzyme thity phan (pectinase va cellulase), ma con thuc day qua trinh
sinh trudng, cai thién chat luong cdy hoa hong in vitro va gia ting kha ning thich

nghi, ty 1& séng soét khi chuyén cay con sang diéu kién vuon wom [14].

Bang 1.4. Tong hop mot sé nghién ciru vé vai trd ctia CoNPs trong vi nhin giéng

nhirng nim gan day

Tai
Tzicv gia, Cay trong Noi dung nghién K&t qué chinh li€u
nam ciru tham
khio
Shkopinskij | Nho (Vitis Ung dung CuNPs | Tang ty 1¢ hinh thanh
et al. (2018) | vinifera) va CoNPs trong vi | chdi va cai thién sinh [95]
nhan giong cay | trudng cdy con trong
ghép nho nudi ciy mo.
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Ghorbanpour | Cay dugc Nghién ctu ung | CoNPs kich thich
etal (2022) | liéu dung NPs trong | hinh thanh callus va
Ar A A < . N [96]
nudi cady mo thuc | tang tich iy hop
vat chét tht cép.
Yadav et al. | Dau bip Ung dung NPs | Tang ty 16 nay mam
(2024) (Abelmoschus | (Cu, Ni, Co | va chi sb vigor cua
) £ A [97]
esculentus) oxide) két hop | cay con.
vermicompost
Wang et al. | Ngo (Zea Nghién cuu | Tang hoat dong
(2025) mays) CosOsNPs  nhu | enzyme chdng oxy
chat kich thich | hoa va kha ning chiu | [98]
sinh truong va | stress cua cay.
chdng stress
Truong Hoai | Chanh day Danh gia anh | CoNPs 0.3 mg/L
Phong et al. | tim huéng CoNPs Ién | ting ty 1¢ tao chdi, ra
(2025) (Passiflora cac giai doan vi|ré va ty 1¢ song sau | [99]
edulis) nhan gidng thich nghi cua ciy
con.

1.5.3. Nano molypden trong nudi ciy in vitro

Mo ¢6 vai trd quan trong trong chuyén héa N va tong hop protein cia thyc vat.
Pé c6 hoat tinh sinh hoc, Mo céan lién két voi dong yéu té molypden (Moco) thong
qua cac co ché sinh tong hop phtc tap [100]. Cac enzyme quan trong nhat cua thuc
vét doi hoi Mo bao gdom nitrat reductase (NR), xanthine dehydrogenase (XDH) va
aldehyde oxidase (AO) [101]. Mo tham gia vao qu4 trinh cb dinh, chuyén hoa, va hip
thu N, dac biét dong vai trd quan trong trong viéc khir nitrat (NO3™) thanh nitrit (NO2~
), mot bude thiét yéu trong qua trinh déng héa nito cta thue vat [102; 103]. Khi thiéu
hut Mo, ciy trong c6 thé gip kho khin trong viéce chuyén hoa nitrat, din dén sy tich
lity nitrat trong mo va anh hudng dén hoat dong cua nitrat reductase va glutamine
synthetase, tir d6 1am giam kha ning chuyén nitrat thanh nito hiru co [104]. Cung cép
dinh dudng Mo hop 1y d3 dugc ching minh gitip cai thién sinh khéi va ting cuong

hoat ddng enzyme trong qua trinh chuyén hoa nito cia cay dau tay [105].

Mic du nghién ctru vé viéc sir dung nano molypden (nano-Mo) trong nong
nghiép con han ché, mot s6 két qua ban dau rat dang chu ¥. Li va cong su (2018) cho
rang cac nano molybdenum disulphide (MoS>) c6 kha ning thic diy qua trinh dong
héa nito, giup ciy lia phat trién manh m& hon thong qua viéc ting cudng cac phan

g sinh hoa lién quan dén enzyme [106]. Taran va cong su (2014) ciing phat hién
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rang viéc ngam hat dau xanh trong dung dich nano-Mo trong 1 - 2 gid c6 thé gia ting

sinh truéng va ning suét cua cay [107].

Nano molypden dioxide (MoO3NPs) dugc danh gia cao hon so véi cac dang
nano-Mo khac (vi du MoS2), boi vi chung d& dang chuyén héa thanh molybdate hozic
cac phirc hop molypden hoa tan trong diéu kién axit [108; 109]. Diéu nay dic biét
quan trong vi thyc vat thuong tiét ra luong 10n axit hitu co dé thich tng voi ap luc
MT nhu mat can bang dinh dudng, diéu kién khic nghiét va ngd doc kim loai ning
[110]. Cac axit hitu co gitip su hap thu va van chuyén chét dinh dudng thuan loi, giup
cay trong hap thy chit dinh dudng hiéu qua hon tai ving r& [111]. Do d6, c6 thé cho
rang MoO3NPs c6 thé trd thanh ngudn bd sung Mo hiéu qua hon, dic biét khi két hop
v6i sy hién dién cia axit hitu co trong ré, tir d6 thiic day sinh trudng cta cay trong.
Tuy nhién, vai trd caia MoO3NPs ddi vai thuc vat can ¢6 thém cac nghién ciru chuyén

sau dé 1am 16 co ché va hiéu qua thuc su ctua chung.
1.6. SO LUQC VE POI TUQNG NGHIEN CUU

1.6.1. Cay cuc

Cay cuc (Chrysanthemum morifolium) 1a mdt loai hoa c6 vai trd quan trong &
trén thé gidi. Cay cuc da dang vé cic mau sic, hinh dang, kha ning nhan gidng dé
dang, va thoi gian tuoi 1au, hoa ctic dugc wa chudng hau hét cac nude & phuong dong

va phuong tay [112]

Cay khong doi hoi cham séc nhiéu va chiu duoc cac diéu kién khi hau khic
nghiét va c6 thé mang lai canh quan dep. Ctic c6 thé trong cic chau co kich thudce
khac nhau hodc thanh cum ngoai vuon, va ngay cang dugc nghién ciru nham cai thién
chat luong hoa, tao ra nhiéu loai hoa méi v6i kha niang khang bénh va thich nghi t6t

hon véi MT [113].

Véi vi tri quan trong trong nganh hoa cat canh, cay ctc ding thir hai chi sau hoa
hdng trén thi trudng quéc té [113]. Khong chi mang gia tri trang tri, hoa ctic con duoc
st dung trong y hoc (giam sot, chéng viém, ting cudng hé mién dich, gidm cam cum,

dau dau) [114].

Lam Pong 1a tinh & TAy Nguyén c6 dién tich trong hoa cuc 16n nhét ca nuée véi

khoang 3000 hecta va san lugng dat 1.3 ty canh/nam. Pay la loai cdy mang lai thu
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nhap 6n dinh cho ngudi nong dan [115]. Su phat trién nay di khién ciy cuc trd thanh
cay trong thuong mai duoc wu tién vi nhan gidng (tao ciy gidng sb luong 16n, dong
nhat di truyén, kiém soat bénh, bao ton ngudn gen). Tuy nhién, phuong phap vi nhan
gidng cdy clic van gip mot s6 han ché nhu sy bién d6i hinh thai, sinh 1y bat thuong,
lam giam sinh trudong ¢ giai doan tiép theo [116]. Mot s6 nghién ctru d3 Gng dung
AgNPs trong nudi cdy in vitro ciy cic nham han ché sy nhiém khuan va thic day
sinh truéng [47]. Tuy nhién, FeNPs va MoO3;NPs trong nudi cdy ciy clic van can c6

thém cac nghién ctiru dé hiéu rd hon vé anh hudng cia ching.
1.6.2. Cay dong tién

Cay dong tién (Gerbera jamesonii “Revolution yellow”), c6 ngudn gdc tir Nam
Phi va dugc du nhap vao Viét Nam tir dau thé ky XX, la loai cay than thdo lau nam,
da dang vé mau sic va co thé thich nghi v6i diéu kién khi hau 6n hoa hoidc nhiét doi
nui cao [117]. Pac diém cua cay 1a hé ré chum, 14 moc cum sat dat véi phién 1a hinh
ngon gido, cum hoa 13 tp hop cta nhiéu bong nhé voi canh 16n hinh ludi bén ngoai

va canh nho hinh dng bén trong.

Hoa dong tién con co tiém ning y hoc nhd chita cac din xuat coumarin c¢6 kha
nang khang dong mau, diéu tri tic nghén bach huyét. Do vay, cac b0 phan cua cay
déu c6 thé duoc sir dung lam thude [118]. Hoa dong tién duoc tiéu thu manh va tao
ngudn thu nhap 6n dinh cho nguoi ndng dan. Tuy nhién, cic gidng hoa hién nay &

Viét Nam chii yéu phai nhap khau va gia thanh cao [119].

Trude nhu cau thi trudng 16n, nudi cdy in vitro d3 dugc ap dung trén cay dong
tién dé tao ra giéng sach bénh, ¢4 hé sb nhan cao va ty 1& séng sot cao sau khi tréng
ngoai ty nhién. Phuong phap nay giup tang chat luong cdy gidng va cai thién hiéu
qua kinh té. C4c nghién ciru tap trung vao viéc nhan gidng in vitro, tao nén tang quan
trong cho viéc ing dung k¥ thuét vi nhan giong quy mo thuong mai. Ciing nhu nhiéu
loai thuce vat khac, quy trinh vi nhan gidng ciy dong tién trai qua bon giai doan chinh:
tao nguén mau ban dau, nhan nhanh chdi, ra ré in vitro, va thich nghi, thuan dudng

cay trong diéu kién vudn vom (Bang 1.5).
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Béang 1.5. Mot s6 nghién ctru vi nhan giong cay dong tién trong nude va trén thé gioi.

TT | Noidung | Ngudn miu MT Két qua z?;
Y S Cam Urng mo seo
Lavacuongla | MS + 3 mg/L BA 95% va 97% [120]
. - MS +2 mg/L BA| Cam Uing mo s¢o
La non in vitro 0,25 mg/L ABA 36.6% [121]
Cm;l g?lzlgnon MS + 10 mg/L | Cam ing mo s¢o [122]
| Y ® | BA+ 1 mg/LIAA | 85,26% va 26,7%;
Tao ngudn anh)
mau in
. \ A: 1 \ MS + 1,5 mg/L
1| virova | Choidinhva 1 ey T | 1y 16 tai sinh 87% | [123]
cam ung canh hoa BA
tao mo s¢o
Phan doan 14 c6
Al MS+5mg/LBA| ., ,.... . o
gan ilolza, nu 1 mg/L NAA Ty 1€ tai sinh 85% | [124]
Choidinh, 1d o g gmen |
non, cuong la TDZ + 025 Cam ung mo s¢o [125]
non va canh ’ 91,1%
mg/L BA
hoa non
MS + 1 mg/L BA 13 chdi/mau [120]
MS + 1 mg/L BA Ao X
+0,1 mg/L 1AA 22,13 chéi/mau | [122]
MS + 1,5 mg/L ‘
KIN + 1 mg/L 12,33 choi/mau | [123]
BA
) Nhén Chdi don in
nhanh choi vitro II;)/IAS\ I 8’; mg; t
’ mg A X
KIN + 0,5 mg/L 10,67 chéi/mau | [126]
IBA
MS + 5 mg/L BA Xe) X
+1mg/L NAA 7,75 ch61/ mau [124]
MS+0.25mall | 55 psimau | [125]

BA
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X , |MS+1mg/LBA | .. .. o
Choi2-31a +0,1 mg/L 1AA Tilé rare 80,00 % | [120]
.. MS +40 pg /L Ti1¢ raré
Choi1 3 cm 121
NAA 009 | L
\ 1 ~
Choi 1,5 cm % MSI;; mg/L Tile¢ rare 96,23 %| [122]
3 | Raréin Tién xir Iy IBA 16 1 18
Vitro A y Tilé raré
Choi 2 -3 cm | 2000 mg/L trong [123]
30 giay 100 %
‘ MS + 0,5 mg/L , N
Choéi 3 cm NAA + 1,5 mg/L | S6 rédat 2,1 ré/cay| [125]
AC
N . | MS+0,9mg/L Ti 1¢ ra 18
Chéi2-31a ’ 126
IBA 100 % L1z0]

Giai doan tao nguoén mau nudi cdy in vitro

Trong qua trinh nay, cac b phan khac nhau nhu 14, cuéng 14[120; 124; 125], 1a
non [121], hoa non va trudng thanh [122], chdi dinh va canh hoa [123; 125] dugc st
dung 1am ngudn mAu ban dau. Tuy nhién, ty 18 tai sinh thp va anh hudng tiéu cuc tir
céc chat khtr tring truyén thong nhu HgClr hay Ca(OCl): van 14 van dé can giai quyét.
Hién tai, AgNPs duoc sir dung nhu mot chat thay thé cac chit khir tring truyén théng

dang dan tré thanh mot hudng nghién ctru duoc quan tim.
Giai doan nhén nhanh chéi

Trong giai doan nay, cytokinin thudong dugc sir dung dé kich thich chdi phat
trién [121; 122; 126]. Tuy nhién, cytokinin v&i nong do cao gay ra nhitng bat thuong
vé hinh thai va sinh truéng ctia mau ciy [66]. Ngoai ra, 2 mg/L AgNO; bd sung vio
MT nubi cy di lam giam hién twong bat thuong vé hinh thai va nang cao hiéu qua
nhan nhanh chdi [127]. Mic du viy, cdy con phat trién chdm va van gip phai tinh

trang gia hoa mau, c6 thé do anh huéng cia khi ethylene trong qué trinh nudi cay.
Giai doan ra ré in vitro

Ra ré 1a mdt trong nhitng budc quan trong dé dam bao sy song soét cia cay con

trong vudn wom [121]. Nhiéu nghién ctru da tién hanh thir nghiém bo sung céac chat
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nhu BA két hop IAA [120], NAA[121], IBA [122; 126], hoic tién xir Iy chdi véi IBA
[123]. Bén canh d6, b sung 8 mg/L AgNOs gitip cai thién ty 16 séng va giam hién
tugng thity tinh thé, gop phan ting chat lugng ciy dong tién in vitro [126].

Giai doan thich nghi va sinh truéng tiép theo

Huén luyén thanh céng ¢ vudn vom quyét dinh sy thanh cong cua toan bd qua
trinh vi nhan gidng [127]. Cay giéng chuyén ra vuon vom thuong déi mit voi didu
kién khéc nghiét va cac tdc nhan gay bénh. Do do, viéc cai thién chit lugng cay con
truée khi dua ra vaon wom 1a rat quan trong, bao gom viéc tao MT cimg cap, kich
thich tao r&, va stt dung hé thdng thoang khi. Viéc bd sung NPs nhu AgNPs, nano
CoNPs va FeNPs di cho thay hiéu qua tich cyc trong nhan gidng nhiéu loai cdy trong

khéc nhau [66].
Nano kim loai trong nuéi cdy in vitro cdy dong tién

Quy trinh vi nhan giéng ciy dong tién di dugc hoan thién va tmg dung trong
san xudt thuc té. Tuy nhién, van dé bat thudng nhu thuy tinh thé, vang 14 van con ton
tai. Mot s6 nghién ctru da 4p dung viéc bo sung 2 mg/L AgNOs trong giai doan nhan
nhanh choi va 8 mg/L AgNO; trong giai doan ra ré dé giam thiéu hién tuong thay tinh
thé [126], hay st dung 1 g/L than hoat tinh (AC) dé han ché hién twong vang, xodn 14
va thay tinh thé [126; 127]. Mic du AC di giam thiéu bat thuong, nhung kha ning ra

ré bi suy giam, 1am ciy yéu va giam hiéu qua nhan gidng [127].

CoNPs va FeNPs da dugc ching minh 1a khong chi kich thich sinh truéng ma
con han ché hién tuong bat thuong cua thyc vat nuoi céy in vitro. Tuy nhién, hi¢u qua

ctia chung phu thudc vao NPs (ndng d6, ngudn gdc) va loai thuc vét cu thé.
1.6.3. Cay tir linh lan

Cay tir linh lan hay "African Violet," c6 ngudn gdc tir cac khu rirng mua nhiét
d6i nam & bién giéi Kenya va Tanzania ndi bat boi hoa da dang mau sic. L4 cdy day,
bong muot, pht mot 16p 16ng nhung mém mai, tao nén vé ngoai rat hap dan. Loai ciy
nay co thé nd hoa lién tuc trong diéu kién thich hop, do d6 rat duge sir dung dé trang

tri trong nha, van phong, va cac khong gian noi that khac [128].
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Loai cdy nay thudng phat trién tot trén cac ving dat giau muin, trong cac khe d4,
hozc tham chi séng biéu sinh trén nhanh cay. Cay tir linh lan wa thich nhiét d6 phong
va phat trién t6t dudi anh sang huynh quang. Tia chdi con ¢ thé gitip diéu khién chu
ky ra hoa va c6 thé trang tri noi thit. Tuy nhién, loai nay khéng chiu dugc didu kién

lanh am, vi vay nén tranh tudi nudc qué nhicu [128].

Véi sy sinh trudng on dinh, tir linh lan d3 tré thanh loai hoa mang lai gia tri kinh
té 16n. Cay tir linh lan d4 dat doanh thu 21 triéu USD/ndm, xép thir 7 trong cac loai
hoa phd bién, sau hoa hong, ly ly, dd quyén, cuc, trang nguyén... (Hoi Cay hoa canh
M¥, 2004). Dic biét tai Dtrc, Phéap, Y, di c¢6 hon 1.000 giéng tir linh lan véi hon 1.500

mau sac khac nhau.

Nghién ctru vé vi nhan gidng cy tir linh lan di thu duoc mot s6 két qua vé phat
sinh hinh thai in vitro [129, 130]. Tai sinh chdi tir cac ngudén mau khau nhau duéi 4nh
sang huynh quang ciing da dugc nghién ctru, nhung hiéu qua nhan chdi chua cao véi
s6 lugng chdi/miu nho hon 8 (chiéu cao chdi < 1 cm) sau 30 ngdy nudi cdy [131].
Anh huéng cua anh sang don sic trong viée cai thién chiéu cao chdi ciing duoc ghi
nhan [131]. Tuy nhién, viéc sir dung NPs trong nhan gidng in vitro cay ti linh lan van
con han ché. Tac dong ciia AgNPs & giai doan khir tring miu cdy va so sanh voi chat
khir tring HgCla chi méi thuc hién [132]. Do d6, cac nghién ctru vé anh hudng cia
FeNPs va CoNPs 1én sy phat sinh hinh thai in vitro, sinh trudng, sinh ly va sinh héa
ctia cdy tir linh lan can dugc 1am rd thém. Piéu ndy s& tim ra vai trd méi cua NPs
trong viéc cai thién hiéu qua vi nhan gidng va tao diéu kién dé loai hoa nay phat trién

manh mé& hon trong san xuat thuong mai.
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Chuong 2: VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. VAT LIEU
2.1.1. Vat liéu thue vat

Vat liéu thuc vat 1a cac mau céy in vitro 30 ngay tudi bao gém 14, doan than va
chdi ngon cay cuc (Chrysanthemum morifolium Ramat cv. "Jimba"); chdi cay dong
tién (Gerbera jamesonii “Revolution Yellow”); 14 va choi cdy tir linh lan (Saintpaulia
ionantha Wendl.). Cac mau cay c6 kich thudc dong déu va duogc thu nhan tai phong

sinh hoc phan tir - Vién Khoa hoc su séng.
2.1.2. Dung dich nano kim loai

Dung dich NPs (FeNPs, CoNPs va MoOsNPs) dugc san xuat boi Vién Cong
ngh¢ moi truong (VAST, Ha Noi, Viét Nam) [133, 134].

FeNPs (4,4 + 0,6 nm, 1.000 mg/L) dugc tao ra theo phwong phap khir tién chat
FeS04.7H,O véi chat khir 1a sodium borohydride (NaBH4) va chat 6n dinh 1a
carboxymethyl cellulose (CMC) (hinh 2.1).

N
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-
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Hinh 2.1. Anh TEM va ham phan b mat 46 mau FeNPs

CoNPs (4,4 + 0,6 nm, 1.000 mg/L) dugc tao ra theo phuong phap khir tién chat
CoClL.6H,0 véi chat khir 1d NaBH4 va chat 6n dinh 1a CMC (hinh 2.2).
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d=f§425mm
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Hinh 2.2. Anh TEM va ham phan b mét do mau CoNPs

MoO:NPs (35,5 + 1,7 nm, 1.000 mg/L) dugc tao ra theo phuong phap khir tién
chét (NH4)sMo07024.4H,0 véi chit khir [a NaBH; va chét 6n dinh 1a CMC (hinh 2.3).

d=355+1.7nm

Frequency (%)
3

24 32 40 48 56 64 72 80
Diameter (nm)

Hinh 2.3. Anh TEM va ham phan b mat & miu MoO3;NPs

2.1.3. Thiét bi va dung cu

Mot sb thiét bi va dung cu ctia phong thi nghiém nhu mdy ct nude, ndi hap tiét
trung, may do pH, can di¢n tu, ti céy vO trung, dao, dia va panh ce”iy, binh nuoi1 ce”iy,
tai nylon, ddy thun, gang tay,... dwoc hip bang ndi hap tiét tring & 121°C, 1 atm trong
thoi gian 30 phut. Bén UV, kinh hién vi soi ndi (Nikon SMZ 800, Nhat Ban), kinh
hién vi quang hoc 2 thi kinh (Leica DM 2000, M¥), may SPAD (SPAD-502, Minolta

Co., Ltd., Nhat Ban). Thiét bi dung trong phan tich ham luwong khi ethylene 1a hé
thong GC-CP 3380.
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Thiét bi, hoa chit dung trong phén tich hoat do enzyme: may do mat d6 quang
(OD), bép 6n nhiét, thudc thir dinitrosalicylic acid (DNS), carboxymethyl cellulose
(CMCO), glucose, acid D-galacturonic.

Mot s6 hoa chét va thiét bi cho phén tich enzyme khang oxy héa (UV-2900,
Hitachi, Nhat Ban), kha nang hap thu dinh dudng khoang va ty 18 hap thu nano kim
loai (AAS-6650, Shimazdu, Nhat Ban).

2.1.4. Pieu kién nudi cay

Phong thi nghiém: Phong nudi ciy dugc thiét 1ap nhiét d6 khoang 25 + 2°C, d6
am tuong d6i khoang tir 55% dén 60%. MAu ciy trong binh thity tinh duoc dat dudi
dén huynh quang (quang chu ky 12 gid/ngay va cuong do anh sang tir 40 dén 45

umol/m?/s).

Viwon wom: Vuon wom c6 nhiét do ban ngay 25 £ 5°C va ban dém la 15 + 5°C,
d6 am trung binh khoang 80%. Cay con dugc tréng trén cac chau nhya chira dat sach
trong 15 ngay; sau d6, chuyén cay ra tai nylon den (20 cm x 20 cm x 15 cm) chua
gia thé két hop perlite va mun (ty 18 1:1) cho dén khi ra hoa. Cay duoc dit dudi anh
sang tu nhién duoc che sang bang ludi den 40% tai Vién Nghién ctru Khoa hoc Tay

Nguyén (nay la Vién Khoa hoc su song).
2.1.5. Mi truwdng nudi ciy
2.1.5.1. Cdy cuc

e Cam ng md seo va tai sinh chdi [CS0]: MS bo sung 2 mg/L BA va 0,5 mg/L
axit I-naphthaleneacetic (NAA), 30 g/L sucrose va 8 g/L agar [135].

e Nhan nhanh chdi [CCO]: MS bo sung 0,2 mg/L BA, 30 g/L sucrose va 8 g/L
agar [135].

e Ra ré in vitro [CRO]: MS chira 30 g/L sucrose va 8 g/L agar [135].

2.1.5.2. Ciy dong tién

e Nhan nhanh chdi [DC0]: MS b6 sung 0,7 mg/L BA, 0,7 mg/L Kinetin (KIN),
0,5 mg/L IBA, 30 g/L sucrose va 8 g/L agar [122].

e Raré in vitro [DRO]: MS b sung 1 mg/L IBA, 30 g/L sucrose va 8 g/L agar
[123].
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2.1.5.3. Cay tw linh lan

e Nhén nhanh chdi [AC0]: MS bd sung 0,2 mg/L BA két hop v6i 0,1 mg/L NAA,
30 g/L sucrose va 8 g/L agar [132].
e Ra ré in vitro [ARO]: MS chira 30 g/L sucrose va 8 g/L agar [132].

2.2. NOI DUNG NGHIEN CUU
Céac NPs (MoO3NPs, CoNPs, FeNPs) dugc st dung dé thay thé cac mudi kim
loai twong g trong MT nudi cdy MS trong qua trinh nudi cay cay cuc, dong tién va
tir linh lan tir 46 danh gia hiéu qua cua cac NPS dén:
- Quad trinh cdm trng mo seo, tai sinh chdi, nhan nhanh chdi va ra ré.
- Hoat dong cta cac enzyme khang oxy hoa, enzyme thiy phan, SPAD.
- Kha ning hap thu khoang da luong va du luong
- Han ché céc hién tuong bat thuong trong nudi cay in vitro
- Su sinh trudng tiép theo & giai doan vudn vom
2.2.1. Nghién ciru thay thé mudi Na;M004.2H,0 biang MoO3;NPs trong vi nhan
gidng ciy ciic
Nghién ctru thay thé mubi NaxMoO4.2H>O bang MoOsNPs trong giai doan
cam (g mo seo va sinh trudng tiép theo ctia mau 14 cay cic.
Nghién ctru thay thé mubi NaxMoO4.2H>O bang MoOsNPs trong giai doan
nhan chdi va sinh trudng tiép theo ciia mau doan than va chdi ngon cay cic.
2.2.2. Nghién ciru thay thé mudi CoCl..6H,O bing CoNPs trong vi nhan gidng
ciy ciic, dong tién va tir linh lan
Nghién ctru thay thé mudi CoClo.6H0 bang CoNPs trong giai doan ra 1é cila
mau chdi cdy cuc.
Nghién ciru thay thé mudi CoCl.6H,0 bang CoNPs trong giai doan nhan choi
ctia mau choi cdy dong tién.
Nghién ctru thay thé mubi CoCl.6H,0O bang CoNPs trong giai doan ra 1é clia

mau choi cdy dong tién.
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Nghién ctru thay thé mubi CoCl,.6H20 bang CoNPs trong giai doan nhan chdi
ctia mau 14 cay tir linh lan.
2.2.3. Nghién ciru thay thé mudi FeSO4.7H20 bang FeNPs trong vi nhin gidng
ciy ciic, dong tién va tir linh lan
Nghién ciru thay thé mubi FeSO4.7H,0 bang FeNPs trong giai doan ra ré cta
mau chdi ngon ciy clc.
Nghién ctru thay thé mubi FeSO4.7H,0 bang FeNPs trong trong giai doan ra
r& clia mau choi cdy dong tién.
Nghién ciru thay thé mubi FeSO4.7H20 bang FeNPs trong giai doan ra ré cta
mau choi cay tir linh lan.
2.3. PHUONG PHAP NGHIEN CUU
2.3.1. Bo tri thi nghiém
2.3.1.1. Nghién ciru thay thé muéi Na:MoO..2H:0 bang MoO;NPs trong vi nhin
giong cdy ciic
Thi nghiém 1. Nghién ciru thay thé muéi Na:MoO4.2H>0 bang MoO3NPs trong
giai doan phat sinh hinh thdi ciia mdu 1 cdy ciic
Mau 14 dugc cat thanh hinh vudng véi kich thude mdi canh 5 mm va nudi cy
trén MT CSO0 va thay thé NaxM00O4.2H>O bang MoO3NPs véi cac nong do thay doi
(37,25; 74,50; 149,00; 223,50 va 298,00 pg/L; tuong Gmg voi %, %, 1, 3/ va 2 lan
noéng d6 NaxMo04.2H,0 hién tai trong MT MS co ban). P6i ching am (-) 1a MT CS0
duoc loai bd mudi NaxMo04.2H,0 va d6i chirng duong (+) 1a MT CS0. Sau 30 ngay,
ty 18 miu cdy khong hodc c6 cam (g mo seo va tai sinh chdi (%), s6 chdi trén mdi
mau (chdi), chidu cao chdi (cm) va khéi luong tuoi (mg) duoc ghi nhan.
Thi nghiém 2. Nghién ciru thay thé muéi Na:MoO..2H>0 bang MoO3NPs trong
qud trinh nhéan nhanh chéi ciia mau doan than va chéi ngon cdy ciic
Mau doan thin hodc chdi ngon (1 cm) duoc nudi ciy trén MT CCO thay thé
Na:Mo004.2H>0 bang MoOs;NPs & cac nong do khac nhau (37,25; 74,50; 149,00;
223,50 va 298,00 pg/L). Péi chimg 4m (-) 18 MT CCO di loai bo mubi
Na:Mo04.2H>0 va ddi ching duong (+) 1a MT CCO. Sau 30 ngay, thoi gian cam tng
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mau cdy (ngay), ty 18 tai sinh chdi (%), s6 lugng chdi/mau, khdi lugng twoi (mg) va
chi s6 SPAD (thu duoc bang May do diép luc Konica Minolta SPAD-502 Plus SPAD
502, Nhat Ban).

Tiép theo, chdi clic 30 ngay tudi thu dwgc tir nghiém thire MoO3;NPs duge
chuyén sang MT MS loai bo NaxMo00O4.2H>0 dé danh gia du luong MoO3NPs 1én su
hinh thanh r&. Sau 15 ngdy, chiéu cao cay (cm), s6 r&, chiéu dai ré (cm), sb 14, khdi

lugng tuoi (mg) va SPAD dugc ghi nhan.

2.3.1.2. Nghién ciru thay thé muéi CoClo.6H:0 biang CoNPs trong vi nhén giong

cdy cuc, dong tién va tw linh lan

Thi nghiém 3. Nghién ciru thay thé muoi CoClo.6H>0 bang CoNPs trong giai

doan nhdn choi cua mau la cay tw linh lan

Mau 14 duoc cét thanh hinh vudng voi kich thude mdi canh 5 mm dugc nudi
cay trén MT ACO loai b6 0,025 mg/L CoCl>.6H,0 va b6 sung CoNPs (0; 1,55 pg/L;
3,1 ng/L; 4,65 ng/L; 6,2 pg/L; 12,4 pg/L - ham lugng CoNPs tuong ting véi Y4, Y,
%, 1 va 2 1an CoCl.6H20 trong MT ACO). Péi ching (+) 1a MT ACO va MT ACO
loai boé CoClo.6H,0 dugc str dung 1am ddi chimg (-). Sau 30 ngay, ty 1¢ mau ciy tai
sinh chdi (%), s6 chdi trén mdi miu, chiéu cao chdi (cm), khdi luong tuoi va khoi
luong kho ctia cum chdi (mg) duge ghi nhan; bén canh dé, sb chdi (tong sb chodi va
chdi ¢6 kich thuéce > 1 cm), chiéu cao chdi (cm), SPAD, khéi luong tuoi va kho cia

cum choi (mg) dugc ghi nhan sau 60 ngay.

Thi nghiém 4. Nghién civu thay thé muéi CoClo.6H>O bang CoNPs trong giai

doan nhdn nhanh choi cua mau choi cay dong tién

Mau chdi (1 cm) duge nudi ciy trén MT DCO bo sung CoNPs (0; 1,55 pg/L; 3,1
ng/L; 4,65 ng/L; 6,2 ng/L; 12,4 ug/L); trong d6, dbi chimg (-) 1a MT DCO loai bo
CoClL.6H,0 va dbi chimg (+) 1a MT DCO. Sau 30 ngay, s6 luong chdi (tong sb chdi,
chdi cao hon 2 cm), kich thudc 14 [chiéu dai va chiéu rong ciia 14 (cm)], SPAD, khéi
luong tuoi va kho (mg), ty 1¢ khdi luong kho va ty 1¢ cac hién twong hinh thai bat
thudng (thuy tinh thé va vang 14) duoc ghi nhan.

Thi nghiém 5. Nghién ciru thay thé muéi CoClo.6H>O bang CoNPs trong giai

doan ra ré cua mau choi cdy dong tién
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Mau chdi (2,5 cm) dugce nudi cdy trén MT DRO bd sung CoNPs (0; 1,55 pg/L;
3,1 ug/L; 4,65 ng/L; 6,2 pg/L; 12,4 pg/L) va d6i ching (-) 1a chdi nudi cay trén MT
DRO loai bd CoCl,.6H20, dbi ching (+) 13 chdi nudi cay trén MT DRO. Sau 30 ngay
nudi cdy, chiéu cao cdy (cm), s 1& trén ciy con, chiéu dai ré& (cm), s6 14 trén cay con,
kich thudc 14 [chiéu dai va chiéu rong cua 14 (cm)], gid tri SPAD, khéi luong tuoi va
khé (mg) va ty 1é cac hién twong bt thuong (thuy tinh thé, vang 14 va mau hoa niu)

dugc ghi nhan.

Thi nghiém 6. Nghién ciru thay thé muoi CoClo.6H0 bang CoNPs trong giai

doan ra ré cua mau choi cdy cuc

Mau chdi ngon (1 cm) ctia cy clc in vitro 30 ngay tudi dugc nudi cay trén MT
MS thay thé CoCl.6H20 bang CoNPs (0; 1,55 pg/L; 3,1 pg/L; 4,65 ng/L; 6,2 ug/L;
12,4 ug/L). Déi chimg am (-) 1a MT MS d loai bé mudi CoClo.6H,0 va dbi chiung
duong (+) 1a MT MS. Cac chi tiéu sinh truéng ciia cay nhu chiéu cao ciy (cm), sd
r&/cdy, chiéu dai r& (cm), sb 1a/cay, khdi luong twoi (mg), SPAD va duong kinh thin
(mm) duoc ghi nhan sau 15 ngay nudi cay.
2.3.1.3. Nghién ciru thay thé muéi FeSO,.7H:0 bang FeNPs trong vi nhéin giong

cdy ciic, dong tién va tir linh lan

Thi nghiém 7. Nghién ciru thay thé muoi FeSO4.7H>0 bang FeNPs trong giai

doan ra ré ciia chéi ngon cdy ciic

Chdi ngon (1 cm) ctia cay cuc in vitro 30 ngdy tudi voi 1 cap 1a duoc nudi ciy
trén MT CRO thay thé FeSO4.7H,0 bang FeNPs & cac nong d6 khac nhau (1,4; 2,8;
4,2;5,6; 11,2 mg/L tuong Gng voi Ya, Y2, %, 1 va 2 lan néng do FeS04.7H>0 ¢6 trong
MT MS). Béi chimg am (-) 1a MT CCO di loai bé mubi FeSO4.7H,0 va d6i chiung
duong (+) 1a MT CCO. Sau 30 ngay, s6 luong chdi/mau, s 14, sé dét, chiéu dai 1a
(cm), chiu cao chdi (cm), khéi luong tuoi (mg) va SPAD duoc ghi nhan.

Thi nghiém 8. Nghién ciru thay thé mudi FeSO4.7H>0 bang FeNPs lén khad ning

ra ré ciia mau choi cdy dong tién

Mau chdi (2,5 cm) duoc nudi cdy trén MT DRO loai bé FeSO4.7H,0 va thay thé
bang FeNPs (1,4; 2,8; 4,2; 5,6; 11,2 mg/L). Pbi ching 4m (-) 1a MT DRO di loai bo
mudi FeS04.7H,0 va d6i chimg duong (+) 1a MT DRO. Sau 30 ngay nudi ciy, chiéu
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cao ciy (cm), s ré, chiéu dai ré (cm), sb 14, kich thudc 14 [chiéu dai va chiéu rong
cta 14 (cm)], gia tri SPAD, khdi lugng tuoi va kho (mg) va ty 1& cac hién twong hinh

thai bat thudng (thuy tinh thé, vang 14 va mau héa nau) dugc ghi nhan.

Thi nghiém 9. Nghién ciru thay thé muéi FeSOq4.7H>0 bang FeNPs trong giai

doan ra ré cua mau choi cay tu linh lan

Mau chdi (1 cm) cua cdy tir linh lan duoc nudi cdy trén MT ARO loai bo
FeS04.7H0 va b sung cac ndong do FeNPs khac nhau (1,4; 2.8; 4,2; 5,6; 11,2 mg/L).
Déi chung (-) 1a MT ARO loai bé FeSO4.7H,0 va dbi ching (+) 1a MT ARO. Sau 30
ngay nudi cdy, chiéu cao cay (cm), s6 r& Chiéu dai ré (cm), s6 14, chiéu dai 14 (cm),
khéi luong tuoi (mg), khdi lugng kho (mg) va SPAD dugc ghi nhan.

2.3.2. Mot s6 phwong phap nghién ctru
2.3.2.1. Xac dinh hoat dp enzyme khang oxy hoa
> Xir Iy miu

Nguén mau st dung dé phén tich hoat d6 enzyme khang oxy hoa (SOD, CAT,
APX) d6i v6i cay clic 1a choi 30 ngay tudi c6 ngudn gbe tir mau cdy 14, doan than (thi
nghiém 2), va chdi ngon (thi nghiém 3), chdi dugc nudi ciy trén MT ra ré sau 15 ngdy
(thi nghiém 6); ddi v6i cay dong tién 1a mau cdy choi 30 ngay tudi (thi nghiém 4, 8);
d6i v6i cay tir linh lan 12 mAu cdy chdi 60 ngay tudi (thi nghiém 3) va 30 ngay tudi
(thi nghiém 9).

Phuong phap xac dinh hoat d§ ezyme khang oxy héa SOD [136], CAT [137] va
APX [138] dugc thuc hién theo hinh 2.4
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QUY TRINH XAC PINH HOAT DO ENZYME KHANG OXY HOA (SOD, CAT, APX)
Q BUGC 1: CHIET XUAT ENZYME (TAI 4°C) TREN DA LANH (4°C)  XAC DINH HAM LUQNG PROTEIN TONG SO
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Hinh 2.4. Quy trinh x4c dinh hoat d§ ezyme khang oxy hoa (SOD, CAT, APX)
2.3.2.2. Hép thu kim logi

Phuong phép quang phd hip thu nguyén tir (AAS) dugc sir dung dé danh gia su
hép thu K, Ca, Mg, Fe, Cu va du lugng Co, Mo cua mau chdi cay cuc, déng tién va

tur linh lan [139]. Quy trinh thuc hién dugc tom tat nhu hinh 2.4.

QUY TRINH PHAN TiCH QUANG PHO HAP THU NGUYEN TU' (AAS) DE DANH GIA K, Ca, Mg, Fe, Cu, Co, Mo
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Hinh 2.5. Quy trinh phan tich quang pho hap thu nguyén tir
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2.3.2.3. Ethylene trong binh nuéi cdy

Nghién ctru nay str dung phuong phap sic ky khi véi dau do ion héa ngon lira
(FID). Hé thong GC (GC-CP 3380), 6ng tiém (BD Tuberculin syringe 1 mL), kim
tiém (BD PrecisionGlide Needle) va miéng dan ngan ro ri khi chuyén dung (Becton
Dickinson cung cap). Quy trinh duoc thyc hién nhu hinh 2.5 [140].
. umiv i g8 3. cluninncorac g

o Bom méu th cong « Cot: Porapack R (80 - 100 Mesh)

« Nhigt d b9 bom: 900(; m) - Kichthudc: 3mx 1,5 mm
AN « Khi mang: Nito (N,) @ 55 cm®/phiit
« Nhiét do ct: 60°C

o Thu tryc tiép qua septum
o Thé tich mau khi: 1 mL

3. ETHANING GCT 4, PHAT HIEN FID 5. KET QUA SACKY 6. TINH NONG PO x
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Ethyl i B oo
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R ; 73 dung tich chai
Do nhay: 1x 102 Am/V (v.'udgg,c'hiacho'zsm

—> e

' x o Xac dinh chinh xac Iﬁ © So sanh ty |é sinh trudng & « (ing dung trong nghién citu ‘
lugng ethylene sinhra 3#<  ethylene (Tirlinh lan vs Bang tién) hd hap &ldo hda thuc vat ] j

Hinh 2.6. Phuong phap phan tich ndng d6 Ethylene trong binh nuéi cy

2.3.2.4. Hoat d¢ enzyme thuy phdn

Cellulase

PHAN TiCH HOAT TiNH CELLULASE TRONG MO NUOI CAY IN VITRO

o CHUAN B| MAU 9 DUNG DICH CHUAN | €  PHANTICH HOAT TiNH
- Nang 9 glucose chuan: MAUTHUCVAT  MOI TRUONG NUOI CAY

v Xéc dinh hoat tinh | v Xac dinh hoat tinh
cellulase i cellulase
v Phantichham | v Phan tich ham
L lugng duding khit | lugng dudng khit )

Néng dd Glucose chuan:
0-50 mg/L

1. Thu hoach mé in vitro
2. Nghién va dong nhét ; 04

3. Ly tam thu dich chiét )

@ oniLuone @O v iccipHonG |
DUONG KHU DUONG KHU
04
— X
> A (IU/mL) = ct"x—m
% = e PHAN UNG ENZYME Cyo: NGNG dd dudng gidi phong
S o1 Su-,step step: ) ) 4
N T Y KET LUAN )
"5“9‘“ G"‘Cf“’ (mglL) e « Xac dinh chinh x4c hoat tinh cellulase
0D = f(Ndng d¢ Glucose) @3 @: é « Dinh gid kha nng phan hily nano
€=CgxV:im L&) )l - + Ung dyng trong dinh dudng & CNSH thyc vat in viiro

Hinh 2.7. Phuong phap phan tich hoat tinh cellulase [120]
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Pectinase

PHAN TiCH HOAT TiNH PECTINASE TRONG MO NUOI CAY IN VITRO

o CHUANBIMAU | (@) DUNG DICH CHUAN | €©  PHANTICH HOAT TiNH
= Nng do Acid Galacturonic chuan: MAUTHUCVAT  MOI TRUONG NUOI CAY
Cg ) o ol ) T :
M P Same ¥ o
/A i 3 (7] gt )
7 - » = | =
1. Thu hoach mé in vitro Nong dg Acid Galacturonic —_— !
2. Nghién va déng nhit Gl o T T
LR by « Phantichham | v Phan tich ham

k&@&éj

L lugng dudng khit | lugng dudng khit )

@ onnLuone TY LE GIAI PHONG |
DUONGKHU ¢k e ] DUONG KHUY
04 B)EIA]
03 CoxV

A(lUimL) = =

Cqo: NONG dd dudng gidi phong

=l

€
oz @ PHin inG EnzvmE
© 01 Sur-step step:

N

4.0 ich chiét véi l
oo B @ lcjonélsm;tdrl’cec%ﬁénfl KET LUAN
Néng “°‘A°'d Gf"°‘f"°“‘° o) S « X4c dinh chinh x4c hoat tinh pectinase
0D = f(Ndng do Acid Galacturonic) 2 Eg « Danh gid kha nang phan hily nano
| ¢=CuxVim o] J & (L + Ung dyng trong dinh duang & CNSH thyc vat in vitro |

Hinh 2.8. Phuong phap phan tich hoat tinh pectinase [120]

2.3.2.5. Gidi phdu hinh thdi thyc vit

Mau ciy duoc cit nho; sau d6 nhudém mau va quan sat dudi kinh hién vi soi noi
[142]. MAu dugc cat ngang (1 - 2 pm) > Tay bang nudc Javel 10% (15 phit) > rira
bang nudc cat 3 1an - rira lai bang axit axetic 45% (8 - 10 phat) = rira bang nudc
cat (3 1an). MAu dugc nhudm bang carmine (Sigma-Aldrich, My) trong 3 phut va rira
bang nude cat 3 1an. Cudi cing, cic mau dugc quan sat va ghi nhan duéi kinh hién vi

quang hoc (Keynce, Nhat Ban) voi vat kinh x10.
2.3.2.6. Phin tich thong ké

MBoi thi nghiém dugc 13p lai 3 1an v6i 10 binh nudi cay (3 mau/binh). Cac phan
tich chi tiéu sinh 1y, sinh héa dugc lip lai 3 1an, mdi lan st dung 300mg mau ciy. S6
liéu duge xir 1y bang cac phan mém nhu Microsoft Excel 2016 va SPSS 20.0 theo
phép thtr Duncan’s test voi P < 0,05 [143].
2.3.2.7. Phwong phdp quy déi nong dp muéi sang nong dp nano kim logi

Dé quy d6i ndong do mudi kim loai trong MT MS sang ndng d6 ctia Nano kim

loai ta thuc hién cac budc nhu sau:

Buée 1: Xac dinh khoi uong mol (Phén ti khoi)
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Bu6c 2: Tinh ty 1é khoi lwong

Ty 1 khdi lugng = Tong khéi lwong mol ctia nguyén t6 / khéi lugng mol hop chat

Buwoce 3: Tinh no”‘ng do kim loai

Nong d6 kim loai = Luong hop chat ban dau x Ty 1¢ khdi luong

2.4. PIA PIEM VA THOI GIAN NGHIEN CUU

2.4.1.

2.4.2.

2.4.3.

Pia diém nghién ctru

Phong sinh hoc phan tir va chon tao gidng cay trong - Vién Khoa hoc su séng:
Thuc hién tat ca cac thi nghiém nghién ctru lién quan dén nudi cy in vitro.
Cic don vi phdi hop thye hién nghién ciru

Truong Pai hoc Y dugc Tp. Ho Chi Minh: Phan tich hoat do enzyme CAT,
APX va SOD

Vién Nghién ctru Ciy an qua mién Nam: Phan tich ham luong khi ethylene
trong binh nuoi cay.

Vién Nghién ctru Hat nhan Da Lat: Phan tich du lugng cac kim loai trong mau
céy in vitro.

Thoi gian nghién ciru

Thoi gian thuc hién: 6 nam (6/2019 - 6/2025).
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Chuwong 3: KET QUA VA THAO LUAN
3.1. NGHIEN CUU THAY THE MUOI Na;Mo004+2H;0 BANG MoO:NPS
TRONG VI NHAN GIONG CAY CUC
3.1.1. Cam trng md seo va tai sinh chdi théng qua nudi cdy miu la

Két qua cho thay tit ca mau ciy (100%) déu ghi nhan hinh thanh mo seo tir cc
mau 14 trén MT CSO (d6i chirg duong) hodc nghiém thirc xir Iy voi MoO3NPs; trong
khi d6, cac mau 14 trén MT CSO0 loai bo Na;Mo0O4.2H,O (d6i chimg am) khong ghi
nhan cam ing mo s¢o (Bang 3.1; Hinh 3.1A).

Bang 3.1. Anh hudng cia MoO3;NPs Ién cam trng mo seo va tai sinh choi ciia mau

14 cay cuc sau 30 ngay nudi cay

T 1€ (%) o ‘ Khéi lwong
MoO;NPs S0 choi/ | Chiéu cao| twoicia
(ng/L) |Camiung md | Taisinh | mau cay | choi(cm) | cum choi
seo * choi ¥ (mg)
(-) 0,00 = 0,00b* 163 £ 2.08e
(+) 183 £ 1,15¢
0,00 = 0,00 = 0,00 =
37,25 0.00b 0.00b 0.00b 770+ 2.89d
74,50 800 + 5,68d
149,00 | 100,00 = 0,00a 960 + 6,56b
3333= | 100+ | 1,14= -
223,50 000a | 000a | o006a |'210*3.2%
0,00 = 0,00 = 0,00 =
298,00 0.00b 0.00b 0.00b 890 = 2.65¢c

*Gid tri trung binh + SD (Sai s6 chudn) va cdc chit cdi (a, b, ...) trong mot cdt thé hién s khdc biét
6 ¥ nghia thong ké véi p<0,05 (Duncan's test).

(-) Poi chitng dm: MT CS0 logi bé Na:MoO.,.2H,0.

(+) Doi chimg dwong: MT CS0.

*: 15 ngay sau nudi cay; ’: 30 ngay sau nudi cay
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Cay Cuc 1a loai cdy d& hinh thanh mé seo va tai sinh chdi, tuy nhién mé seo
khong duoc hinh thanh & nhimng miu ciy 1a duoc nudi ciy trén MT loai bo
Na;Mo004.2H,0, diéu nay cho thdy tim quan trong cta nguyén té vi luong Mo dén

kha nang phat sinh mé seo cua cay hoa Cuc.

Mau 14 ¢ nghiém thirc 223,50 pg/L MoO3NPs cho thiy kha ning tai sinh chdi
(33,33%), voi trung binh 1 chdi trén m&i mau va chiéu cao chdi (1,14 cm) sau 30
ngay (Bang 1). Ngoai ra, khéi luong tuoi (1210 mg) ghi nhan ¢ nghiém thirc 223,50
ng/L MoOsNPs ciing cao nhét so véi nghiém thic MoO3NPs khac va dbi ching.

Molypden 1a mot vi chét can thiét cho sy sinh trudng cua thyc vat va dugc yéu
cau nhu mét kim loai c6 hoat tinh xtc tac trong xuc tac enzyme [144, 145]. Viéc bo
sung MoO3;NPs v4i nong do thich hop (gap 1,5 1an mol tuong dwong Na;MoO4.2H,0
trong MT CS0) c6 thé gian tiép kich thich tai sinh chdi théng qua mé seo vdi ty 18
33,33%. Trong vi nhan giéng, vai trd ciia Mo hoic MoO3NPs van chua duoc nghién
ctru ddy du. Trong thi nghiém nay, c6 thé mot phan MoO3;NPs & ndng do cao (223,50
ng/L) dd dugc cdy st dung 1am ngudn dinh dudng vi lugng trong thuc vat, lugng
MoO;NPs con lai khong duge cdy sir dung hét da tac dong 1én cdy nhu mot dang chat
kich thich sinh trudng, kich thich qua trinh tai sinh chdi thong qua mé seo. Tuy nhién,
& noéng do cao hon (298,00 pg/L) MoOsNPs lai khong phu hop va giy e ché qua

trinh nay.

) ) 37,25 ug/L 74,50 pg/L 149,00 pg/L 223,50 pg/L 298,00 pg/L
Hinh 3.1. Chdi dugc tai sinh tir miu cay 14 (A) nhan nhanh chdi tir miu doan than
(B) cua cdy cuc sau 30 ngay nudi cdy trén MT thay thé mudi NaMoOs
bang MoO3;NPs & cac ndong d6 khac nhau.
(-) Déi chung am: MT loai bé Na;Mo00O4.2H,0
(+) Dbi ching dwong: MT chira Na;M0O4.2H,0. Thurée do: 2 cm
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3.1.2. Nhan nhanh chdi ciia miu d6t than va chdi ngon ciy cic nudi ciy trén
mbdi truong thay thé Na;Mo04.2H,0 bang MoO3;NPs
D4i véi mau dot than, tit ca miu cdy ¢ nghiém thirc MoO3NPs va ddi ching
(c6/khong c6 NaxMoO4.2H20) ghi nhan ty 18 tai sinh chdi 100% sau 30 ngay (Bang
3.2; Hinh 3.1B).

Bang 3.2. Anh hudng cia MoOs;NPs 1én nhan nhanh chdi cia mau dét than cay clc

sau 30 ngay nudi cay

S6 choi/mau Khoi
MoO:NPs TW, le tfil. EllleuA . llr(._mg
(ng/L) sinh choi ] cao choi | twoi cua

ng (%) Tong >2cm | <2cm (cm) choi
(mg)

“) 333+ 1.33= | 2,00+ 2.40 =+ 260 +
0.,06d* 0.58c 1,00b 0.10c 6,02e

+) 733+ 267= | 467 = 2,77+ 690 +
1,53ab 0.58b 1,15a 0,06b 6.02d

37.25 4,67 + 033+ | 433+ 1,60 + 1160 +

0,58cd 0,58c 0,58a 0,10e 17,10bc

6,00 = 0,67= | 533= 1,70 = 1120 +

5 +
7. 100 0,00 1,00bc 0,58¢ 1,53a 0,10e 2,89¢

7,00 = 500 | 2,00= 323+ 1870 =

149 1,00ab 1.00a 1.,00b 0,25a 9.71a
1735 7.00 + 267+ | 433+ 2,10+ 1370 =
T 1,00ab 0.58b 0,58a 0.10d 4.73b

208 8,00 = 2.67+ 5,33+ 1,63+ 1370 =

1,00a 0,58b 1.14a 0,06e 23,3%9b

*Gia tri trung binh £ SD (Sai $0 chucfn) va cac chir cdi (a, b, ...) trong mot cot thé hién su khdc biét
6 y nghia thong ké véi p<0,05 (Duncan's test).

(-) Poi chitng dm: MT CCO logi b6 Na:MoO.2H>O

(+) Doi chimg dwong: MT CCO chira Na:MoO4.2H,0

S6 lwong chdi trén mdi mau (7,00 - 8,00 chdi) thu dugc toi wu & nghiém thirc

bd sung gap 1 - 2 1an ndng d6 MoO;NPs; tuy nhién, chdi 1én hon 2 cm 13 tbi wu nhét
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& nghiém thtc 149,00 pg/L MoOsNPs v6i s6 lwong chdi dugc ghi nhan 14 5 chdi/mau.
Diéu nay cho thdy MoOsNPs anh hudng 1én sy téi sinh chdi va chét lugng chdi. Ngoai
ra, nhu chiéu cao chdi (3,23 cm) va khéi luong tuoi (1870 mg) ciing tdi vu & nghiém
thirc nay (Bang 3.2).

Di voi mau chdi ngon, két qua cho thay ¢ nghiém thirc (-), sy ving mit cua
Mo di gdy anh huéng dén su sinh trudng tiép theo cia chdi ciy cuc sau 30 ngay; chodi
thu dugc tr nghiém thire nay c6 kich thude nho, hinh thanh moé seo dudi géc, 14 nho,

cup va vang (Hinh 3.2).

Bang 3.3. Anh hudng ciia MoO3;NPs 1én nhan nhanh chdi ctia mau chdi ngon cay

ctc sau 30 ngay nudi cay

MoO:N | Chiea | | Chiéu IK{']’,B‘“
Ps 0 0 | gf1a | séaét | daila | spap | ‘W9RE
( choi choi (cm) tll"(]’l cua
Mg (cm) choi (mg)
O | L00= | 3175 | 867+ | 367 | Llos 14;00 230 =
- 0,00b* | 100b | 467bc | 0.58c | 0,00ab | , . | 488b
29.07
by | L67=]490= | 1200= | 467= | L17= . 630 =
0.58b | 0.36a | 7.00ab | 0,58c | 0.15ab 14.71ab
4.29a
15.00
3705 | L67= | 367 | 767+ | 7,00= | L17+ . 260 =
* 0.58b | 0.58b | 337c | 000b | 006ab | <y | 164
29.60
a5 | L6T=| 513+ | 1033= | 800= | 120+ - 740 +
’ 0,58b | 032a | 800ab | 0,00ab | 020ab | , o | 1292a
o | 3002 | 540+ | 14002 | 867= | 1302 31;” 980 =
0.00a | 0.17a | 867a | 058a | 0.17a 6.73a
12.97a
25.93
o35 | 1L0O= | 310+ | 867+ | 500+ | 107+ - 510 =
=52 1 0,00b | 056b | 058bc | 0.00c | 0.06ab 1.64ab
8.59ab
24.07
sog | L00= | 293+ 667+ | 433% | 097+ " 190 +
0,00b | 0.81b | 058 | 058 | 0156 | oo | 295

*Gid tri trung binh + SD (Sai s6 chudn) va cdc chit cdi (a, b, ...

6 ¥ nghia thong ké véi p<0,05 (Duncan's test).

(-) Doi chitng dm: MT CCO logi bé Na:MoO..2HO.
(+) Déi chimg dwong: MT CCO chita Na:MoO.,.2H:0.

) trong mot cot thé hién su khdc biét




) +) 3725ug/l  745ug/l 149 pg/l  2235ugL 298 pg/L

Hinh 3.2. Chdi dugc nhan nhanh tir mau cdy chdi ngon cay cuc sau 30 ngay nudi
ciy trén moi trudng thay thé mudi NaMoOs bang MoO3NPs & cac nong
do khac nhau.

(-) Bdi chimg am: MT CCO loai bé Na;Mo004.2H,0.
(+) Péi chimg dwong: MT CCO chira Na;M004.2H:0.
Thuwroc do = 2 cm.

Khi ndong d6 MoOsNPs trong MT tang 1én (37,25 — 149,00 pg/L) thi sy sinh
truong cua cac chdi ciy cic cling tét hon. Pic biét, & nghiém thic 149,00 pg/L
MoO:NPs, s6 luong choi (3,00 chéi/mﬁu), chiéu cao chdi (5,4 cm), sb 14 (14,00
14/chéi), s6 dbt (8,67 ddt/chdi), chidu dai 14 (1,30 cm), SPAD (31,17) va khéi luong
tuoi (980 mg) thu dugc cao nhét khi so sanh véi cac nghiém thire khac. Tuy nhién,
khi ndong d6 MoO3NPs qué cao (223,5 - 298 pg/L), kha ning sinh trudng cia cac chdi

ctic lai giam dan (Bang 3.3).

Mo, mdt ion kim loai thiét yéu duoc thuc vat hap thu ty nhién, 1a thanh phan
chinh cia mot sb enzyme (nitrat reductase, xanthine dehydrogenase va aldehyde
oxidase) trong thuc vat [146]. Nong d6 cua Mo trong dat nong nghiép dao dong tir
0,2 dén 5,0 mg/kg [147], va ndong dd cao hon 1000 mg/kg (hoic 1000 ppm) trong
khéi lwong kho c6 thé gay doc [148]. Thiéu Mo giy ra su tich tu nitrat trong thuc vat
[149]. Hon nita, MoO3NPs c6 thé dugce dung 1am phan bén bo sung vi luong dé dé
dang cung cap Mo cho cdy trong trong diéu kién thiéu hut [150]. Mic du co rat it
nghién ctru vé MoO3;NPs nhung chung di cho thiy tac dung d6i véi su ndy mam cia
hat, enzyme khang oxy héa [151], da dang cta vi sinh vat ving ré [152], phat sinh
hinh thai, ham luong dinh dudng va cin bang ion cta thuc vat [153]. Pang chu ¥,
nghién ciru nay di tim ra vai trd méi ciia MoO3NPs ddi véi sy sinh trudng cia cay
con. Nhitng phat hién cua nghién ciru nay gop phan hiéu biét vé& anh hudng cia

MoOsNPs d6i voi su sinh trudng ctia cdy con, lam sang td vai tro ti€ém nang cua
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MoO;NPs nhu mét loai phin bén va b sung vi lugng cho sy sinh trudng cua ciy

tréng.

Két qua ctia nghién ctru di ching minh vai trd cia MoO3NPs 1én sy phat sinh
hinh thai in vitro, sinh trudng tiép theo ctia mau cdy cay clic va co vai trod thay thé cho
NaxMo04.2H>0 trong MT MS, qua d6 gitp bé sung vi luong & dang nano nham cai

thién kha ning sinh truéng ctia cum chdi hay cay & diéu kién in vitro.
Enzyme khdang oxy hoa

Doi v6i giai doan tai sinh chdi tir mau 14, tic dung toi wu ciia MoO3NPs trong
viéc gia tang hoat d§ cua cac enzyme khang oxy hoa cling dugc ghi nhan trong nghién
ctru nay. Hoat d6 cta enzyme khang oxy hoa ¢ nghiém thirc bd sung 149,00 pg/L
MoO;NPs t6t hon so v6i chiing & nghiém thirc ddi chig (+) (trir SOD) va cac nghiém
thirc bo sung khéc. Sy ting trudng ciia cdy cling giam tuong tu khi Mo khong duoc
b6 sung vao MT dinh dudng ciing phan 4nh hoat d6 cuia hé enzyme khang oxy héa
giam manh. Ngoai ra, hoat dong cua cic enzyme ndy bi trc ché do du thira Mo (Hinh

3.3A).

Dbi véi giai doan nhian nhanh chdi tir mau dot than, cac két qua twong dong
duoc ghi nhan trong nhan chdi cdy ctc, SOD, CAT va APX giam do thira hodc thiéu
Mo trong MT nubi cdy (Hinh 3.2). Nguoc lai, ndng d6 toi wu (ddi ching (+) va 149,00
ng/L MoO;NPs) cho thdy tac dung tich cuc dbi véi su ting trudng va cac chi tiéu sinh
1y va sinh hoa (Hinh 3.3B). Cu thé, tic dung c6 loi ciia Mo tot hon dang ké khi n6

hién dién ¢ dang hat nano so v&i dang ion.

O mau chdi ngon, hoat do cua enzyme & nghiém thitc bd sung 149,00 pg/L
MoO;NPs cao hon so véi dbi chung (+) (ngoai trir SOD) va cac nghiém thirc
MoO;NPs khac. Sy ting trudng cla cdy ciing giam tuwong tu khi Mo khong dugc bd
sung vao MT dinh dudng cling phan anh hoat dong ctia hé enzyme khang oxy hoa
giam manh. Ngoai ra, hoat dong clia cac enzym ndy bi trc ché khi c6 qua nhiéu Mo
(Hinh 3.4). Két qua nay cho thiy tac dung tich cuc cia MoO;NPs ddi véi su ting

trudng va céc chi tiéu sinh 1y va sinh hoa.
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| BSOD OCAT e APX =
2 a - 2,0
—_ 300 + b !
] ¢
a‘ i c C
20 \ d =
® L -15 ©
E’ [ e _i_ * ® &
< 200 + ! a 1]
U | ¢ c b C é
B c ':[' 4 { ¢ +1,0 A
8 e {' e E3 3
wn
- 0.5
} t t t } t 0,0
A 0() 0(+) 37,25 745 149 2235 208
Nghiém thirc (ng/L)
400 Bs0D OCAT o APX a T 16
* -
: .
b
300 A {- & c + 12
g T ¢ 1
5 . T] By _
:.: 200 + q: - L ) i ° + 08 g
o d 4
" | P
a { l -
(]
> a : J
100 + 3 c é T 04
d‘i d d
B 0 ] + + + + 1 t I 0,0
) ) 3725 74,5 149 2235 298

Nghiém thire (ng/L)

Hinh 3.3. Hoat d6 ctia enzyme khang oxy hoa (SOD, APX va CAT) ctia mau ciy 14
(A) va miu doan than (B) sau 30 ngay nudi ciy.
(-) Déi ching am: MT loai bé Na;M00O4.2H,0.
(+) Béi chimg dwong: MT chira Na;MoO4.2H,0.
*Gid tri trung binh + SD (Sai s6 chudn) va cdc chit cdi (a, b, ...) trong mot cot thé hién

sw khdc biét ¢ ¥ nghia thong ké véi p<0,05 (Duncan's test).
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400 T mSOD OCAT @eAPX % + 16
I b : ]
I *13 'I‘ % ]
f.g 300 + i L+ 12
'a_ - ]
iy b } _T_ 2
S ® be bc =
B s [ g & ¢ o 2
8 _'Ol_l --: i % ‘ ‘ 4+ ( b d
8 d i
o u 5
o)
7 - a b
100 + f. c c 4+ 04
: d:é: d d 1
0 -j t t I t t t t I 0.0
(-) (+) 37.25 74.5 149 2235 208

Nghiém thwc (ug/L)

Hinh 3.4. Hoat d6 cua enzyme khang oxy hoa (SOD, APX va CAT) trong chdi ciy
clic sau 30 ngay nudi cy trén moi truong thay thé mudi Na;MoO4.2H,0
bang MoO;NPs.

(<) Poi chitng dm: MT logi bé Na:MoOy4.2H:O.
(+) Poi chitng dwong: MT chira Na>MoO,.2H:0.
*Gid tri trung binh + SD (Sai s6 chudn) va cdc chik cdi (a, b, ...) trong mot cot thé hién
sw khdc biét ¢é y nghia thong ké véi p<0,05 (Duncan'’s test).
Mo c6 tac dong lén cac enzyme chiu trach nhi€ém cho qua trinh di hoa purine,

sinh tong hop ureide, sinh tong hop ABA va oxy hoa sulfite trong cdy ho dau [154,

155]. Viéc st dung phan bén Mo thong thuong, chang han nhu ammonium

heptamolybdate, ammonium dimolybdate va natri molybdate, gay lo ngai do d¢ tinh

khiét thap hon cua chung, dua cac hop chat khac vao dét. Trong khi d6, hat nano Mo

c6 d6 tinh khiét 99%, 1am giam kha nang tich hop cac yéu td khong mong mudn [156,

157]. Ngoai ra, Mo c6 vai trd trong sinh tong hop Moco va enzyme molybdo, anh

hudng dén qué trinh chuyén d6i GTP va diéu chinh biéu hién gen [158, 159].

Du lwong Mo cia cdy cic nudi cdy trén méi truong thay thé mudi
Na:MoO4.2H>0 biang MoO3;NPs
Dit liéu thu duoc sau 30 ngay nudi cay cho thay du lugng Mo trong cdy cuc khi

nudi cy trén MT thay thé Na:-MoO4.2H>0 bang MoO3NPs va cac nghiém thirc dbi
chtng (Hinh 3.5, 3.6). Két qua trong giai doan phat sinh hinh thai va nhan chdi cho
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thiy, ndng do Mo ting dan theo néng d6 thém vao. Trong nghiém thirc di chimg (-
), ham luong ctia Mo duoc phat hién ngay ca khi khong c6 NaxMoO4.2H»0, cho thiy
su tich tu con sot lai tr MT nudi cy trude d6. DPang chi ¥, cac mau 14 van duy tri
mau xanh cua ching va cac chdi ciy clc phat trién manh ma khong bi chuyén sang
mau nau (Hinh 3.1). Tuy nhién, nong d6 Mo nay khoéng du cho ca qua trinh phat sinh
hinh thai va nhan chéi (Hinh 3.1). Ngoai ra, nghién ctru nay con ching minh rang cac
chat dinh dudng duoc hip thu hiéu qua va nhanh chéng hon béi cac mau o kich thuée
hat nano khi néng d6 Mo trong MT nudi cay 1a 149,00 ug/L (Hinh 3.7). Nhiing phat
hién nay cho thay rang MoOsNPs thay thé mubi ion trong MT nudi cay di gia ting
kha nang hap thu, bo sung vi khoang cho thyc vat dé hd tro qua trinh sinh tong hop

va cac hoat dong quan trong.

Két qua phan tich du lwong Mo trong chdi cdy cuc nudi cdy trén MT thay thé
Na:Mo004.2H>0 bang MoO3;NPs duge ghi nhan ¢ hinh 3.6. Du luong Mo ting dan
theo ndng do Mo c¢6 trong MT nudi cdy. Du luong Mo van dugc phat hién & MT
khong c6 Naz2Mo04.2H>0 (nghiém thire (-)); diéu nay cho thay su tich tu Mo vin con
sot lai tir giai doan nudi ciy trude d6. Tuy nhién, ndng d6 Mo nay khong du cho sinh
truong cta chdi (Hinh 3.6). Bén canh do, cac chat dinh dudng (Ca, Mg, K, Cu, Fe)

duoc hép thu nhanh hon boi cac mau thuc vat khi ¢ kich thudc NPs.



60

120
080 |
A |
v
“'E_:.n L
=) c
2 040 |
- - I I I
000 | —HEE |
A 0() 0(+) 7450 149,00 a3 50 209800
Ng!nf.m thire (pz/L)

120

a
I b
080
I C
- d
040
I g
' f
| []
0.00 ]

0 0 3725 14,30 14900 22350 208,00
B Nehigm thirc (uz’L)

Mo (mgl'kg)

Hinh 3.5. Du luong Mo trong mau cy 14 (A) va mau doan than (B) cay clic sau 30
ngdy nudi cdy trén méi truong thay thé mudi NaxMoO4+.2H,O bing
MoOsNPs.

(-) B6i chimg am: MT loai bé Na;MoO4.2H,0.
(+) Béi chimg dwong: MT chira Na;MoO4.2H,0.
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Hinh 3.6. Du luong Mo trong mau chdi ngon cdy cic dugc nudi ciy trén moi
truong nudi cay thay thé mudi NazMoO4.2H,0 bang MoO3NPs.
(-) Doi chitng dm: MT logi bé Na:MoOq.2HO.
(+) Déi chimg dwong: MT chita Na:MoO.4.2H:O.
Kha néing hdp thu khodng ciia cdy ciic nudi cdy trén méi truong thay thé mudi
Na:MoO4.2H>0 biang MoO3;NPs
Tac dong tich cuyc cua Mo ddi voi su hép thu chét dinh dudng da dugc quan sat
thdy trong nghién ctru nay (Hinh 3.7, 3.8). Kha nang hap thu dinh dudng cua hoa clic
& d6i chung (-) 13 thap nhat. Ngoai ra, kha nang hip thu khoang chat Ca, Mg, K, Cu,
Fe ting dan theo ndng do MoO3;NPs trong MT nudi ciy (37,25 - 149 pg/L), thé hién
kha nang hap thu dinh dudng thiét thuc. Két qua tdi vu duoc ghi nhan ¢ nghiém thuc
149 pg/L MoO3NPs. Mic du ndng do Mo trong nghiém thirc ddi ching duong twong
duong véi nghiém thire 149 pg/L MoOsNPs, hiéu qua hap thy chat dinh dudng trong
nghiém thirc nay khong t6i wu (Hinh 3.7, 3.8). Vi viy, & mutc do nano, Mo c6 tac dong
tich cuc 1én sy hap thy khoang. Tuy nhién, ndng 46 MoO3NPs qua cao (223,5 va 298
ug/L) gay doc hai va 1am giam kha ning hap thu cta cdy cuc (Hinh 3.7, 3.8).
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Hinh 3.7. Hap thu khoang da luong (Ca, Mg va K) va vi lugng (Cu va Fe) trong giai
doan tai sinh choi ctia mau ciy 14 (A, C) va nhan nhanh chdi cia mau doan
than (B, D) cdy cuc trén moi trudng nudi cdy thay thé mudi
Na:Mo04.2H,0 bang MoO;NPs.

(-) Béi chimg am: MT loai bé6 Na;Mo004.2H,0.
(+) Péi chimg duong: MT chira Na;M004.2H-0.

Déi voi mau ciy doan than, kha ning hap thu chit dinh dudng di dugc quan sat
thay trong nghién ctru nay (Hinh 3.7, 3.8). Choi cay ciic & nghiém thirc (-) ghi nhan
kha niang hap thu cac khoang 13 thap nhét. Trong d6, kha ning hap thu khoang (Ca,
Mg, K, Cu, Fe) ting dan theo sy ting ctia MoOs;NPs trong MT nudi cdy (37,25 —
149,00 pg/L). O nghiém thirc 149,00 pg/L MoO3NPs ghi nhan kha ning hip thu
khoang cao hon cac nghiém thirc khac (Hinh 3.7, 3.8). O néng d6 MoOsNPs qua cao
(223,50 hodc 298,00 pg/L) kha ning hap thu chat dinh dudng & dbi twong nay lai

gidm va lam gidm kha nang sinh truéng (Hinh 3.7, 3.8).

Két qua nghién ctru cho thdy cac nguyén t6 vi lugng Mo & dang nano c6 kha
ning thic ddy dang ké sy hip thu cac nguyén té dinh dudng khac trong cay. Hién
tugng nay phan anh mot co ché didu hoa phirc hop, trong d6 cac dic tinh vat Iy — hoa

hoc ddc déo ciia vat lidu nano tuwong tac voi hé thdng sinh 1y thuc vat & nhidu cap do.
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Trude hét, kich thude nano va dién tich bé mit riéng 16n lam ting kha ning xAm
nhdp va phan bd cua cac vi lugng trong mo thuc vat. Cac hat nano co thé di vao ré
thong qua con duong apoplast, symplast hodc co ché trong tu endocytosis, tir d6 nang
cao sinh kha dung so véi dang ion truyén théng [160]. Diéu nay dic biét quan trong
d6i v6i cac nguyén té nhu Zn, Fe va Mo — 14 cofactor cua cac enzyme then chét trong
ddng hoa dinh dudng. Su gia ting hoat tinh cta cic enzyme nhu nitrate reductase va
nitrogenase dan dén ting cudng chuyén héa nito va tong hop protein, tir d6 lam gia
tang nhu cau ndi tai d6i véi cac nguyén t dinh dudng khac [161]. Tuy nhién, can luu
v réng hiéu ung nay phu thudéc manh vao liéu lugng va dang nano; & néng do cao,
NPs c6 thé gay trc ché enzyme do stress oxy hoéa [162]. NPs ¢ kha niang diéu hoa hé
théng van chuyén qua mang té bao. Mot s6 nghién ctru cho thay NPs c6 thé anh hudng
dén tinh linh dong ctia mang sinh chat va hoat dong ctia cac kénh ion, tir d6 1am ting
dong van chuyén dinh dudng vao té bao [160]. Mot yéu té quan trong khac 1a tac
dong ctia NPs 1én cdu triic hé ré va ving ré. Cac nghién ctru gan day cho thiy NPs c6
thé kich thich sinh truong ré thong qua diéu hoa hormone nhu auxin, lam tang dién
tich hap thu [163]. Ngoai ra, NPs con 1am ting hiéu suat quang hop thong qua viéc
cdi thién ham lugng di¢p luc va hoat tinh enzyme quang hop [164]. Sy gia taing quang
hop tao ra nhu cau dinh dudng cao hon, hinh thanh co ché phan hdi duong thic day
hép thu khoang. Pdng thoi, kha ning ting cudng hé thdng chdng oxy hoa giup ciy
giam stress phi sinh hoc, duy tri chirc niang hap thu trong diéu kién bat lgi [162].
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Hinh 3.8. Kha ning hip thu khoang da luong (Ca, Mg va K) va vi luong (Cu va
Fe) ctia mau chdi ngon cdy ctc nudi cdy trén moi trudng thay thé mudi
NaxMo04.2H,0 bang MoO3NPs.

(-) Poi chitng dm: MT logi bé Na:MoO.,.2HO.
(+) Péi chirng dwong: MT chira Na:MoO,.2H:O.
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Céc chét dinh dudng thiét yéu, bao gém N, P, K, Cu, Fe, Mn, Zn va Mo, rat
quan trong cho su sinh truéng va ning suét cia cdy trong [165, 166]. Su thiéu hut cac
chét dinh dudng da lwong va vi lvong ndy 1am gian doan sy phat trién cta ciy trong,
dan dén san lugng cdy trong giam dang ké [167]. Mo gia ting hoat 46 enzyme khang
oxy hoa, san xuat axit abscisic (ABA), dong hoa N va dinh dudng Fe, dan dén cai
thién sinh trudng cta cay va gidm stress oxy hoa [168-170]. Ham lugng Mo khong
da co thé 1am giam hiéu qua cta phan bon nito (N), dan dén ning suét cy trong va
trai cay giam, ddc trung 1a 14 bat thuong va ting truong cham [171]. Mo khong thé
thiéu trong qué trinh chuyén héa N, bao gom ¢ dinh N, khir nitrat va dong hoa N
[156]. O ca chua, Mo hd tro hap thu Fe, trong khi & cdy lua, phét trién trong MT giau
Fe s& tang cudng hip thu Mo [157].

Sinh truéng tiép theo ciia cdy ciic

Sau 15 ngay nudi cay, du lugng MoOsNPs con lai trong mau choi da anh huong
dén giai doan ra ré in vitro ctia cy cac (Hinh 3.10 va 3.11). Nghiém thtrc 149,00 pg/L
MoO;NPs van cho thay uu thé ¢ tit ca cac chi tidu ¢ giai doan ra ré: chiéu cao cay
(16,83 + 0,25 cm), sd la/cay (13,67 £ 0,58), sb ré/cay (16,33 + 0,58), chiéu dai r&
(11,57 £ 0,21 cm), SPAD (57,93 + 1,80) va khoi luong tuoi (410 + 50 mg). Trong thi
nghiém nay, mdc du du lugng Mo & nghi¢m thitc (+) cao hon khi so sénh véi
MoOsNPs & néng do 37,25 va 74,50 pug/L, su ra 1é va sinh trudng ctia cay ¢ nghiém
thirc ndy nay khong t6i uu bang nhitng ciy ¢ nghiém thitc MoOs;NPs. Cay con &
nghi¢m thuc (+) c6 mau vang, 14 nho, cup; trong khi do, & cac nghiém thirc thay thé
Na:Mo004.2H>0 bang MoO3;NPs cdy con c6 mau xanh dam, 14 to (Hinh 3.9). Diéu
nay c6 thé giai thich 1a do cdu trac dic biét ciia Mo ¢ dang nano c6 kich thuéc nho
va bé mit tiép xac 16n hon, tir d6 gitp MoO;NPs ting cudng hiéu qua twong tic so
v6i NaaMo04.2H,0. Bén canh d6, co ché phong thich tir tir giup duy tri MoOsNPs &

ndng do toi wru véi thoi gian dai hon so véi Mo?* ¢ dang ion [29].
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Bang 3.4. Sy sinh trudng va ra ré ciy cuc c¢6 ngudn goc tir mau ddt than nudi ciy
trén moi trudng thay thé mudi NazMoOs.2H,0 bang MoO3;NPs sau 15

ngay nudi cay

Chiéu : Khoi
MoO:NPs | WY1 o | séua | sérd dc.".‘efi SPAD “'r"":'“g
(ng/L) raré civ ciy v aire 0i cua
(%) y ’ ’ (cm) cay
(cm) "
(mg)
) 917+ | 1033+ | 6,67+ 4,77 £ 329+ 260 +
0.15¢* | 0.58cd | 0.58e | 03le | 1.97de | 30cd
) 103+ | 1167|1033+ 563+ | 4097 =+ 350 =
044d | 1.15b | 058d | 0.15d | 0.72b 10b
3795 93+ 733 = 10+ 537+ 31,1 = 280 =
s 020e | 058 | 1.00d | 021d | 0.70e | 0.00cd
o 14403 033= | 1433 | 653= | 4143=| 350=
> 0584 | 058b | 02lc | 1.19b 30b
0.21b
100 a3
149.00 i 13,67+ | 1633+ | 11,57 | 5793+ | 410=
° 058 | 058a | 02la | 1.80a 50a
0.25a
350 1257 1133= | 1267+ | 8.07= | 3517+ | 320=
£e3s 0.58bc | 058 | 021b | 1.55cd | 20bc
0.15¢
10.23
598,00 N 767= | 1033=| 637= | 365= | 230=
<79, 05q | 08¢ | 058 | 0.25c 1.6¢ 60d

*Gia tri trung binh £ SD (Sai $0 chucin) va cdc chir cdi (a, b, ...) trong mot cot thé hién sw khdc biét
6 y nghia thong ké véi p<0,05 (Duncan's test).

(-) Poi chitng dm: MT CRO logi bé Na:MoOq.2HO.

(+) Poi ching dwong: MT CRO chita Na:MoO4.2H:O.

Ré& ¢6 vai trd quan trong dé cay lay nude, hap thu chat dinh dudng tir cac ngudn
phan bd khéng déu va phan Gng véi cac yéu t sinh hoc hodc phi sinh hoc. Hé thong
1 bi anh hudng dang ké bai cac tin hidu N khac nhau va ngudn N ¢6 trong ving ré.
Mo rat quan trong cho qua trinh dong héa va chuyén hoa nito. Mo gép phan dang ké
gilip gia tang sy sinh trudng cia ré lia mi bang cach thuc day san xuét oxide nitric,
tao diéu kién cho su hap thu va dong hoa N hiéu qua cling nhu diéu chinh cac biéu
hién gen NRT [172]. Trong khi d6, MoOsNPs gitp ting cudng su phat trién cia ciy
laa va sir dung nitrat ma khong gy doc té bao [173]. Viéc bd sung Na;MoO4 va
MoO3NPs lam ting cac enzyme chuyén héa nito quan trong, thuc ddy qué trinh dong

hoéa nito va hoat dong ctia enzyme. Viéc bo sung ngudén Mo da cai thién thé tich re,
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dién tich bé mit va kha nang hap thu chét dinh dudng, ting axit hitu co c6 trong luong
phan tir thdp va kha ning oxy hoa khir ciia ré cho thay kha ning thich tng t6t hon.
Nhin chung, MoO3NPs ¢6 tiém ning 16n 1am phan bén molypden, thuc diy ting
treong cua cdy lua, nang cao hiéu qua st dung nito va giam thit thoat nito vao méi

truong [173].

Nghién ctru ndy di ching minh vai trd ciia MoO3;NPs nhu 13 sy thay thé cho
Na:Mo04.2H,0 trong nudi ciy cdy clc & cac giai doan phat sinh hinh théi in vitro.
Tuy theo ting giai doan sinh truéng, ndng d6 MoOsNPs tbi wu s& kich thich sinh
trudng, thay doi sinh 1y - sinh hoa lién quan dén sy hap thu cac nguyén té khoang kim

loai va su thay d6i hoat d6 enzyme SOA, CAT va APX clia mau céy.

(+) 3725pg/L 74,50 pg/L 149,00 Yg/L 223,50 pg/L 298,00 pg/L

Hinh 3.9. Anh hudng cta du lugng MoOsNPs 1én kha ning ra 1& in vitro sau 15
ngay nudi cay.
(-) Pdi chirg am: Chdi thu duoc tir MT CRO loai bé Na;MoO4.2H,O0.
(+) Béi chimg dwong: Chdi thu dugc tir MT CRO chira Na;MoO4.2H,O.

Thuoc do = 2 cm.
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Hinh 3.10. Anh hudng cta du lugng MoO3NPs 1én kha ning ra 1& in vitro cia ciy
clic sau 15 ngay nudi ciy.
(-) Déi ching am: MT loai CRO bd Na;Mo04.2H,0.
(+) Dbi ching dwong: MT CRO chtra Na;MoO4.2H,0.

) ) 37,25 ug/L 74,50 pg/L 149,00 pg/L 223,50 pg/L 298,00 pg/L

Hinh 3.11.  Anh huéng ciia du lwrong MoO3;NPs 1én kha ning sinh truéng ctia cay
clic in vitro sau 15 ngdy nudi cdy.
() Déi ching am: MT CRO loai bo Na;Mo04.2H,0.
(+) Bdi chimg dwong: MT CRO chira Na;Mo0Q4.2H,0.

Thuoc do = 5 cm.
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3.2. NGHIEN CUU THAY THE MUOI CoCl,.6H,0 BANG CoNPs TRONG VI
NHAN GIONG CAY TU LINH LAN, PONG TIEN VA CUC

3.2.1. Tai sinh choi tir mau 14 va sy sinh truéng cia choi cay tir linh lan trén moi

trwong thay thé CoCl2.6H20 bing CoNPs

Sau 60 ngay, CoNPs c6 hiéu qua 1én kha ning tai sinh chdi, khic phuc mot sb
hién twong hinh thai bat thuong, su thay d6i ham lwong khi ethylene, enzyme khang
oxy hoa (Bang 3.5; Hinh 3.12 va 3.13) ctia miu cdy 14 cdy tu linh lan. Nghiém thirc
4,65 pg/L CoNPs cho hiéu qua tai sinh chdi tot nhat véi tong sb chdi trung binh 1én
dén 13,00 chdi/mau, s6 lugng chdi co kich thude > 1 cm dat 7,67 chdi, chiéu cao chdi
(1,37 cm), khoi lugng twoi (1535 mg ) va khdi lugng kho cum chdi (212 mg). Chi sb
SPAD khong c6 sy khac biét giita cac nghiém thirc bo sung CoNPs va d6i chimng.

Bang 3.5. Anh hudng ctia CoNPs 1én su tai sinh chdi va sinh truéng ctia cum chdi

sau 60 ngay nuoi cay

S6 choi/mau Khoi Khéi
CoNPs | . . Chieu lwgng 1 | rong kho
Téng s6 cao choi SPAD | twoi cum A
(ng/L) > >1cm A cum choi
choi (cm) choi (mg)
(mg)
7,33 + 1,33 £ 0,67 + 27,00+ | 1047 +
+ s ’ s s 4+
™ 0,58¢* 0,58¢ 0,06¢cd 2,00b 10c 18+ 2e
6,67 + 2,67 + 0,43 + 27,67 + 760 +
- b b b b ﬂ:
©) 0,58¢ 0,58d 0,11e 2,51b sqq | 124E1lde
9,33 + 4,33 + 0,57 + 20,00+ | 1360+
2 2 2 b :l:
1,55 0,58b 0,58c¢ 0,06de 1,00ab 70b 162+ 3c
10,67+ | 6,33+ 0,80 + 2833+ | 1384+
9 9 b b :l':
3,10 1,15b 0,58b 0,10bc 0,58b 106b 187+8b
13,00+ | 7,67+ 1,37 + 3133+ | 1535+
4,65 1,0a 0,58a 0,11a 1,15a 32a 212+ 12a
6,67 + 4,67 + 0,97 + 26,67 + 800 +
b b b b :l:
6,20 1,5¢ 0,58b 0,15b 1,53b 100d 136+ 11d

*Gia tri trung binh £ SD (Sai $0 chucfn) va cac chir cdi (a, b, ...) trong mot cot thé hién su khdc biét
6 y nghia thong ké véi p<0,05 (Duncan's test).

(-) Poi chitng dm: MT ACO logi bé CoCl,.

(+) Poi ching dwong: MT ACO chira CoCl..
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6 ) 1,55 pg/L 3,10 pg/L 4,65 pg/L 6,20 png/L

Hinh 3.12. Chdi c6 ngudn gdc tir mau cdy 14 cdy tir linh lan dugc nudi cdy trén moi
truong thay thé CoCl.6H,0 bang CoNPs & cac néng do khac nhau sau
60 ngay (hang trén) va 30 ngay (hang dudi)
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Hinh 3.13. Anh hudng cia 4,65 pg/L CoNPs 1én kha ning khic phuc mét sb hién
tugng bit thuong trong giai doan tai sinh chdi cay tir linh lan sau 60 ngay
nudi cay.

Ngoai ra, khi ethylene thu nhan trong trong dia nudi cdy va hoat d6 enzyme
khang oxy hoa ¢ nghiém thirc bo sung CoNPs ciing ghi nhan sy khac biét c6 y nghia
sau 60 ngay (Bang 3.6). Nghiém thirc 4,65 pg/L CoNPs ghi nhan ham lugng ethylene
thip hon so véi d6i chirng (0,87 ppm so voi 1,37 ppm); trong khi d6, hoat d6 enzyme
CAT (105,67 U/g) va hoat d6 APX (2,00 U/g) lai cao hon so voi doi chung (Bang
3.6). Hon nira, hién tugng bt thuong vé hinh thai trong giai doan tai sinh chdi nhu

thuy tinh thé (8%), mo seo & mép 14 (10%), hoai tir mau ciy (15%), hoa ndu mau ciy
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va MT nudi cay (5%) giam & nghiém thic bo sung 4,65 pg/L CoNPs so v6i dbi ching
dugc ghi nhan.
Bang 3.6. Ham luong khi ethylene trong dia nudi ciy va hoat dd enzyme khang oxy

hoa cua cum choi trén moi trudng c6 bo sung CoNPs sau 60 ngay nudi

cly
CoNPs
Ethylene m CAT (U/ APX (U/
(ng/L) ylene (ppm) (Ulg) (U/g)
(+) 1,37 + 0,02a%* 80,00 + 1,00d 0,55+ 0,01e
-) 1,28 +0,02b 87,33 +2,08¢ 0,93 + 0,03d
1,55 1,19+ 0,01c 97,33 + 1,52b 1,26 + 0,03¢
3,10 1,11 +£0,02d 98,33 + 2,08b 1,57 = 0,06b
4,65 0,87 + 0,06e 105,67 + 1,15a 2,00 + 0,04a
6,20 1,31 £0,02b 80,33 +2,51d 1,27+ 0,47¢

*Gid tri trung binh + SD (Sai s6 chudn) va cdc chir cdi (a, b, ...) trong mot ¢t thé hién s khdc biét
6 y nghia thong ké véi p<0,05 (Duncan's test).

(<) Poi chitng dm: MT ACO logi bé CoCl,.

(+) Poi ching dwong: MT ACO chira CoCl..

CoNPs thay thé CoCl,.6H»O trong MT gitip gia ting chiéu cao chdi va sé choi
trén cay bac ha [52], cay hoa hong [14]. Ngoai ra, hiéu qua cia CoNPs trong viéc han
ché mot s6 hién tuong hinh thai bat thuong, gia ting hiéu qua nhan choi thong qua
gia ting kha nang sinh trudng cua choi, giam khi ethylene va ting CAT va APX. Két
qua ndy ciing trong ddng nghién ctru vé tac dong cua CoNPs 1am ting CAT, APX va
SOD & giai doan nhan nhanh chdi cay hoa hong va dong tién [14, 65]. Két qua nghién
clru ndy ciing cho thiy 6,2 pg/L CoNPs lam giam thuy tinh thé va vang 14 so v6i d6i
chung (khong c6 CoNPs), trong d6 6,2 mg/L CoNPs 1am giam nhitng dicu nay tir 2
dén 3 lan so véi ddi chung (Hinh 3.13A). Su sinh trudng va nang suat nhu ham lugng
di€p luc, duong, tinh bdt, axit amin, ham lugng protein, khodng vi mo va vi luong
déu tang so véi dbi chung [174]. Trong nghién ctru nay, 1a (khong xtr Iy CoNPs)

chuyén sang mau vang, trong khi 14 van xanh va khong xuét hién hinh thai bat thuong
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(xtr Iy CoNPs), chtrng to CoNPs trc ché téng hop ethylene, lam cham l40 héa ctia cum
chdi [175].

3.2.2. Swsinh trwéng ciia chdi cdy dong tién dwoe nudi ciy trén méi trudng thay

thé CoCL.6H:20 bang CoNPs
Hién twong bat thuong trong vi nhan giong cdy dong tién

Trong qua trinh nhan chdi va ra 1& in vitro, cac hién tuong bt thuong nhu thuy
tinh thé (Hinh 3.14A), vang 14 (Hinh 3.14B) va mau hoa nau (Hinh 3.14C) duoc quan
sat va ghi nhan sau 30 ngay. Hién tuong thuy tinh thé (23,33% & giai doan nhan choi
va 27,67% ¢ giai doan ra 1& in vitro) va vang 14 (23,33% & giai doan nhan choi va
20,00% & giai doan ra ré in vitro) 1a cao hon hon so véi nghiém thitc dugc b sung

6,2 ug/L CoNPs & giai doan nhan chéi va 4,65 pug/L CoNPs ¢ giai doan ra ré.

MT DCO b6 sung CoNPs d3 anh huong dén nhan chdi va giam cac bat thuong
nhu thay tinh thé va vang 14 sau 30 ngay (Bang 3.7; Hinh 3.15A). S6 luong chdi cao
nhat thu dugc & MT DCO b6 sung 6,20 pg/L CoNPs ghi nhan s6 lugng chdi 16n hon
2 cm véi 6,67 choi, trong khi cac chi tidu sinh truéng ciia chdi téi wu hon so véi cac

nghi¢m thirc CoNPs khac (Bang 3.7).



Hinh 3.14. MOt s6 hién tugng bat thudng trong vi nhan giéng cdy dong tién.
A: Thity tinh thé; B: Vang 1a; C: Héa nau mau cay

Thuoc do = 1 cm.



74

@ Thiy tinh thé OVang la

ay (%)
o
N

HH

[
=]
I

Pt
n
-ttt

am mau ¢

10

Ty 1é phan tr
HH

h
"

0 f
A Doiching 6,2 pg/L. CoNPs
Nghiém thwe

@ Thiy tinh thé oOVang la OHoéa nau

3

Au cy (%)
’;

am mau C
2
[—]

b

|
N
4

Ty 1é phan tr
=

h
L

i

B Pai ching 4,65 pg/L CoNPs
Nghiém thic

Hinh 3.15. Ty 1é xuét hién cac hién tuong bat thudng trong qua trinh nhan giéng
cay dong tién trén méi truong thay thé CoClo.6H>0 bang CoNPs sau 30
ngay nudi cay
A: giai doan nhén chdi, B: giai doan ra ré

Hon nita, hién twong hoa nau hoidc hoai tr mau ciing anh hudng tiéu cuc dén
hiéu qua nhan giéng. Trong nghién ctru ndy, hién twong héa ndu mau ciy ghi nhan &
mirc nghiém trong 1a mau cay chuyén sang mau nau hodc den, hoai tir (Hinh 3.14C).

Hién twong bat thudng nay di duoc quan sat thiy & chudi do phenol hinh thanh tir vét

thuong ctia mau vat tiy thudc vao loai, tudi ctia md hodc co quan, MT dinh dudng va

mot s6 yéu t6 khac [176, 177]. Mau niu ciia mau cy c6 thé do loai, kiéu gen, tudi

clia mau cdy, mua va MT [178].
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Bang 3.7. Su sinh trudng cta chdi ciy dong tién trén MT thay thé CoCl..6H,O bang
CoNPs sau 30 ngay nudi ciy

S6 choi/man Kich thuec la Cum choi
Chiéu (em) o
CoNPs cao | Tylg tich
SPAD ;. | Khoi | iy chat
(ng/L) choi Khai Y
2 .y n ]ll'l;l’[lg kho (%)
Tong | *2cm | (cm) Dai Rong lwong Kkhé
twroi (m
(mg) (mg)

) 567 | 400+ | 250+ | 0.73x | 050 | 22,57+ 453,33+ | 4280+| 944=
0.33d* | 0,00ab | 0,06b | 0,07ab | 0,03ab | 0,80c 14,53d 1.53d 0.25be

6,00 = 0= 1,80 | 060 | 043+ | 2537+ 303,33+ | 2463+| 812=

©) 0,58cd | 0.,00e 0.06d | 0,06be | 0,03be 1.62b 17.64e 1,50e 0.34ed
155 11,00 | 1,67 | 217+ | 0,53 | 033+ | 26,29+ | 693,33+ | 60,80+ | 877
T 0.58a 0,33d 0.09¢ 0.03c 0,00c 0,46b 8.82¢ 0,74c 0.21be
310 733+ | 2,67+ | 2,67 | 0.73x | 0,60 | 2520+ 853,33+ | 87.13+| 10.21=
' 0,33be | 0,33c 0.09b | 0,03ab | 0,06a 0,17b 33,83a 4,51a 0.47ab
465 8,00+ | 333+ 3.1= 0.80+ | 0,60+ | 290,70+ | 886,67+ | 91,67+ | 11.34=
T 0,00b | 0.33bc | 0,06a 0,03a 0,03a 0,32a 8.82b 6.24b 0.42a
6.20 867+ | 6,67+ | 330 | 0,77 | 047+ | 2933 £| 863,33+ | 88,07 | 10,20=
"~ 0,58b 0,33a 0,06a | 0,063a | 0,03b 0.52a 33.,83¢ 4,01c 0.34ab
12.40 867 | 2,67+ | 253+ | 057+ | 033+ | 23,33+ 690,00+ | 5400+| 928=

0,41b 0.33¢c 0.09b 0.03¢c 0,02¢ | 0,61be 39.71c 3.36¢c 0,41bed

*Gid tri trung binh + SD (Sai s6 chudn) va cdc chit cdi (a, b, ...) trong mot ¢t thé hién sw khdc biét
6 ¥ nghia thong ké véi p<0,05 (Duncan's test).

(+) Doi chimg dwong: Choi nudi cay trén MT DCO.

(-) Poi chitng dm: Choi nudi cdy trén MT logi bé CoCly.6H:O.

Két qua sau 30 ngay nudi cdy cho thdy ndng d6 Co ¢ dang nano tdi wu cho sy
sinh trudng cua chdi hoa dong tién vai sd chdi trung binh dat 8,00-11,00 chéi/mau va
sO chdi cao hon 2cm 1én dén 6,67 chdi (CoNPs 6,20 pg/L). Trong khi d6, nghiém
thirc loai boé Co khoi MT nudi cay khong ghi nhan chdi cao hon 2cm, diéu nay da
khang dinh vai tro ciia Co ddi voi su sinh truéng va chat lwong cta chdi cdy dong
tién. nghiém thirc chira Co & dang mudi ciing cho tong s6 chdi va sd chdi trén 2 cm
thép hon so véi Co ¢ dang nano (lén luot 13 5,67 chdi/mau va 4 chéi). Su wu viét cua
CoNPs ciing da dugc chirng minh qua cac nghién ctru ctia Cuong va cong su (2025)
trén cdy dau tay khi CoNPs gitip gia ting s6 luong 14, s6 ré va sinh khdi ciy con in

vitro [179], Kumar va cong sur (2023) ciing ghi nhan sé chdi thu duoc ca ciy khoai
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tay 1a cao hon trén MT c6 chira CoNPs [180], Ramesh va cong su (2022) cho thay
CoNPs giup gia ting su sinh trudng ciia ré va chdi trén cay dau bap [181].

Céc tinh trang chiéu cao chdi (3,10 cm), kich thude 14 (0,80 x 0,60 cm), SPAD
(29,70), khdi lugng tuoi cum chdi (886,67 mg), khdi lugng khé (91,67) va ty 16 tich
lity chat kho (11,34%) thu duoc & nghiém thitc CoNPs 4,65 pg/L ciing cao hon so véi
nghiém thirc dbi ching. Diéu nay cho thdy CoNPs & ndng d6 4,65 pg/L 14 tdi vu cho

su sinh truéng cua choi cay hoa dong tién.

3.2.3. Ra re in vitro cia mau choi cay dong tién nuéi cay trén moi trueong thay

thé CoCL.6HO bing CoNPs

Ra ré in vitro dat 100% & tat ca cac nghiém thitc c6 bo sung CoNPs va ddi ching
(khong c6 CoNPs) sau 7 ngay. Tuy nhién, thoi gian ra ré in vitro (5,33 ngay) ctia choi
& nghiém thirec DRO bd sung 4,65 pg/L CoNPs sém hon 2 ngay so véi trén MT d6i
chtng (7,33 ngay). Tung va cong su [68] chi ra rang AgNPs c6 cam (ng ra ré in vitro
ciy dau tdy som hon khoang 3 ngay so vé6i dbi ching (khong c6 AgNPs). Ngoai ra,
4,65 pg/L CoNP lam giam hiéu qua qua trinh thuy tinh thé, vang 14 va hoa nau cia
mau so véi ddi chimg (khong c6 CoNPs), trong d6 4,65 pg/L CoNPs 1am giam hiéu
qua qua trinh thily tinh thé, vang 14 va hoa niu ciia mau gap 5 lan so v6i ddi chimg

(Hinh 3.15B).

Trong nghién ctru ndy, CoNPs ¢ ndng d6 toi wu khong chi 1am ting hiéu qué ra
1& in vitro va SOD, CAT va APX ma con lam giam cac hién tuong bat thuong, tich tu
khi ethylene, cellulase va pectinase sau 30 ngay (Bang 3.8 va 3.9). Cay con ¢ nghiém
thirc 4,65 pg/L CoNPs cho thay su cai thién vé cac chi tiéu sinh truong cliing véi viée
giam céc hién tuong bt thudong vé hinh thai (thaty tinh thé, vang 14 va hoa niu cia
mau), tich lily ethylene, SOD, CAT va APX di giam (Bang 3.8 va 3.9; Hinh 3.16 va
3.17).

Két qua cho thdy nghiém thirc DRO b sung 4,65 pg/L CoNPs 1a ti wu cho viée
khic phuc hién tuong bat thudng vé hinh thai ciia mau cdy cay dong tién sau 30 ngay.
Ngoai ra, hiéu qua quang hop duoc cai thién dang ké, thé hién qua gia tri SPAD cao
hon (55,77) so v6i cac nghi¢m thire CoNPs khac (Bang 3.8). Cay con c6 14 mau xanh
dam va gidm mau vang cia 14 va mau niu ctia mau. Ngoai ra, enzyme thiy phan

(pectinase va cellulase) ciia cay con & nghiém thitc CoNPs ciing khac nhau dang ké
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sau 30 ngay (Bang 3.9). Trén MT DRO c6 4,65 pg/L CoNPs, enzyme cellulase giam
9 1an va enzyme pectinase giam 5 1an; trong khi 46, APX, CAT va SOD tang gap 1,5
dén 3 lan so véi ddi ching. Ngoai ra, chdi & nghiém thirc DRO bd sung 4,65 pg/L
CoNPs ghi nhén ethylene giam dang ké (1,5 - 2 14n) so voi nghiém thirc khong co
CoNPs.
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Hinh 3.16. Sy tich liiy khi ethylene trong binh nuéi cdy cdy dong tién trén moi
truong thay thé CoClo.6H20 bang CoNPs sau 30 ngay nudi cdy
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Ra & in vitro cua ciy ddng tién trén MT thay thé CoCl..6H,0 bang

CoNPs sau 30 ngay nudi cy.

A: Ré ciia cay ¢ nghiém thirc CoNPs (CoCl,.6H,0; 0; 1,55; 3,10; 4,65; 6,20; 12,40
ng/L; trai qua phai) sau 30 ngay nudi cdy. Thude do = 2 cm.

B, C: Ra & in vitro (d6i chimg; 4,65 png/L CoNPs; trai qua phai) sau 7 ngdy va sau
30 ngay nudi ciy. Thude do = I cm.

D, E: Cay ¢ nghiém thiic 4,65 pug/L CoNPs sau 30 ngay nudi cdy. Thudc do = 2 cm.
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Bang 3.8. Sinh trudng va ra 1& in vitro clia cAy dong tién trén méi truong thay thé

CoCl.6H,0 bang CoNPs sau 30 ngay nudi ciy

Chidu| _, . | Chidu| _. . | Chidu | Chidu Khoi Khoi
CoNPs . | Sore .. =z | Sola/ e o . lrrong | lwrong kho
ca0 cay . dai re . daila rong la| SPAD T =
(ng/L) (cm) cay (cm) cay (cm) (cm) hil"ﬂ’l cua| cua cay
cay (mg)| (mg)
) 583d+| 733+ 433 6,33+ 1,20+ 0,90=| 43,27+ 396,67 32,67+
0,03* 0.33¢ 0.09a | 0,33ab 0.06e 0,03d 0.50¢ 29.63f 2.94e
6,03 1333 237%| 6,67 1,50 0,87 41,40 596,67 77.67%
) 0,12d | 0.33c 0.07e | 0,33ab| 0,063d 0,06d | 047cd| 29,06e 0.29d
155 637=| 2033 2.60x| 6,67 147+ 1.00 x| 46,77 £ 1123,334 131,13 =
i 0.09¢ 0,33b 0,06d | 0,88ab 0.07d 0,07¢cd| 0,54b 20.28d 2.87c
3.10 723+ 2033+ 3,13x| 6,33+ 1,87+ 1,13+ | 48,33+ 1630,00| 172,73 =%
' 0.03a 0,67b 0,03¢c | 0,33ab 0.03¢ 0,09bc| 0,58b | £32,15b 3,33a
465 740+ 2233+ 383x| 633 297+ 1.37+| 55,77+ 1743.33| 180,77
i 0.06a 0.67a 0,07b | 0,33ab 0.09a 0.06a 0.23a | £17,64a 0.87a
6.20 737x| 14334 3,70x| 6,00 237x 1,20+ | 47,80+ 1230,00| 150,00=%
i 0.07a 0.88¢c 0,06b | 0,58ab 0.12b | 0,09abc| 0,21b | +26,46¢ 3.16b
12.40 697=| 11.67% 2,73 500= 1,67+ 1,27+ | 41,90+] 1130,004 13840+
’ 0,09b | 0,33d 0,07d 1.15¢ 0,09¢cd | 0,04ab| 0,78cd| 37.46d 4,74¢

*Gid tri trung binh + SD (Sai s6 chudn) va cdc chit cdi (a, b, ...) trong mot cdt thé hién s khdc biét

6 y nghia thong ké véi p<0,05 (Duncan's test).
(+) Déi chitng dirong: Chéi nuéi cdy trén MT DRO.
(<) Poi chitng dm: Choéi nudi cdy trén MT logi bé CoCly.6H»O.

Bang 3.9. Hoat do enzyme khang oxy héa va thiy phan cta cdy dong tién sau 30

ngay nudi cay

N ) . e Hoat d¢ enzyme thay phan
CoNPs Hoat do enzyme khang oxy hoa (U/g) (Ul/mL)
(ng/L)
SOD CAT APX Cellulase Pectinase
(-) 21,24 £ 0,25¢* | 206,77+ 5,31c | 0,26 +0.02¢ 1,40 £ 0,05a 0,55b+0.,07b
4.65 50,36+ 1.04a | 348,92+8,10a | 0,72+ 0,05a 0.15+0,02¢ 0,10+ 0,01c
12,40 42,69 £0,53b | 293,50+ 7.24b | 0.52+0,06b 1,13 £0,03b 0,67 +0,05a

*Gid tri trung binh + SD (Sai s6 chudn) va cdc chit cdi (a, b, ...) trong mot cdt thé hién sw khdc biét

¢6 ¥ nghia thong ké véi p<0,05 (Duncan's test).
(-) Poi chitng am: Choi nuéi cdy trén MT logi bé CoCl.6H-O.
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Nghién ciru nay 1am ndi bat vai trd quan trong cta cobalt dang nano (CoNPs)
trong viéc diéu hoa cac qua trinh sinh ly thyc vat, dic bi¢t 1a sinh téng hop ethylene,
phat sinh hinh thai in vitro va dap tng véi stress oxy héa. Két qua cho thdy CoNPs
hiéu qua hon so vé6i dang ion cobalt truyén théng trong viéc diéu chinh cac qua trinh

nay, tor d6 cai thién sinh tredng va phat trién cia cay trong di€u ki€n nudi cay in vitro.

Mot trong nhitng co ché chinh giai thich cac két qua quan sat duoc 1a kha ning
trc ché sinh téng hop ethylene. Cobalt duoc biét dén véi vai trd tc ché enzyme 1-
aminocyclopropane-1-carboxylic acid (ACC) oxidase, tir @6 han ché qua trinh chuyén
ACC thanh ethylene [91]. Su tich lily ethylene 1a mot yéu t6 bat loi phd bién trong
nudi ciy mo, thuong gay ra cac r6i loan sinh 1y nhu vang 14, rung 14 va giam hiéu qua
tai sinh. Trong bdi canh nay, hiéu qua e ché ethylene manh hon cia CoNPs, nhu da
ghi nhin & Swertia chirata [175], cho thdy dang nano c6 thé lam ting sinh kha dung
va kha nang van chuyén noi bao cua cobalt, giup twong tac hiéu qua hon véi enzyme

dich so vo1 dang ion.

Ngoai vai tro diéu hoa ethylene, cobalt con anh hudng dén qua trinh quang hop
theo co ché phu thudc liéu luong. Cac nghién ciru trude day cho thdy ndng do Co
thap 1am ting ham luong chlorophyll (a, b) va carotenoid, trong khi nong d6 cao gay
trc ché do 1am gian doan hoat dong ctia cac enzyme tham gia sinh téng hop sic t6 nhu
5-aminolevulinic acid dehydratase va cic enzyme lién quan dén protoporphyrin
[174]. Phan tng hai pha ndy cho thay hiéu qua ciia CoNPs phu thudc manh vao nong
do, déng thoi nhdn manh tam quan trong cua vi¢c t8i wu lidu lugng. O murc thich hop,
Co da dugc chirng minh 1a cai thién cac chi ti€u sinh truéng nhu chiéu cao cay, s6 14,
sinh khéi, ciing nhu ting cudng quang hop va hd hip & cac loai cdy nhu ddu phong

va anh dao [182-184].

Céc rdi loan sinh 1y trong nudi cdy in vitro do ethylene gy ra c6 lién quan chat
ch& dén sy hoat hoa cta céc enzyme phan giai thanh té bao, dic biét 1a cellulase va
pectinase. MacDonald va cong su [185] d4 chtimg minh rang ethylene lam ting dang
ké hoat tinh cellulase & Abies balsamea, va cc két qua twong tu ciing dugc ghi nhan
& bong va dau [186]. Su gia ting hoat dong cua cic enzyme nay thiic ddy qua trinh

120 hoa mod va gay ra hién tugng vang 14, rung 1a. Trong nghién ctru nay, viéc xtr 1y
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bang CoNPs di lam giam tich liy ethylene, tir d6 @rc ché hoat dong cua cic enzyme

thity phan va gop phan duy tri tinh toan ven mo, cai thién chét lugng cay con.

Mot khia canh quan trong khac 13 tic dong ciia CoNPs 1én hé thdng stress oxy
hoa. Cac nanoparticle c6 thé anh huéng dén sy hinh thanh cac loai oxy phan tng
(ROS), déng vai trd vira 1a tac nhan gay hai vira 1a tin hiéu sinh hoc. O ndng d6 thich
hop, CoNPs ¢6 thé kich thich mirc ROS vira phai, tir d6 hoat hoa hé théng enzyme
chéng oxy héa nhu superoxide dismutase (SOD), catalase (CAT) va ascorbate
peroxidase (APX) [187—-189]. Su gia tang hoat tinh cia cac enzyme nay, dac biét &
ndng do 4,65 pg/L CoNPs, cho thiy vai tro bao vé chdng lai stress oxy hoa, dong thoi
g6p phan cai thién kha ning tao ré va phat trién cay in vitro. Tuy nhién, & ndong do
cao, CoNPs c6 thé gay tich lily ROS qua muc va dan dén doc tinh té bao, do d6 can

kiém soat chit ché liéu lugng str dung.

Tong hop lai, CoNPs tac dong dén sinh 1y thuc vat thong qua nhiéu co ché phbi
hop, bao gém diéu hoa sinh téng hop ethylene, kiém soat hoat dong enzyme va ting
cudng hé thong chéng oxy hoa. Nhiing tac dong nay gop phan cai thién qua trinh phat
sinh hinh thai in vitro va giam cac rdi loan sinh 1y. Tuy nhién, su bién dong vé dap
ing cua ciy tity thudc vao nong do, kich thudc hat va diéu kién thi nghiém cho thay
can c6 thém cac nghién ctru ¢ cip do phan tir dé lam 1d co ché tac dong ciing nhu
danh gia anh hudng lau dai. Trong nghién ctru ndy, ndng d6 CoNPs 4,65 pg/L cho
hoat d6 ciia enzyme khang oxy hoa (SOD, CAT, APX) 1a cao nhat, d6ng thoi e ché

hoat d§ ctia enzyme thuy phan (cellulase va pectinase).
Sinh truéng tiép theo ¢ diéu kién vieon wom

Sau 15 ngay trong, ty 1¢ sdng cta ciy con (co ngudn goc tir 4,65 pg/L CoNPs)
cao hon so véi cdy con & ddi chimg (Bang 3.10). Hon nita, cac chi tiéu sinh truong
ctia cdy con & nghiém thirc 4,65 pg/L CoNPs déu tot hon so véi cdy & ddi ching.
Ngoai ra, su hinh thanh nu hoa va ra hoa cta cdy con c6 ngudn gdc tir 4,65 pg/L
CoNPs ghi nhan sém hon khoang 7 ngdy so véi cay con & d6i ching (Bang 3.11). Sur
phat trién cua cdy con thu duoc & nghiém thtrc 4,65 pg/L CoNPs trong giai doan ra
hoa cho thay chiéu cao cdy (20,07 cm), khéi luong tuoi va kho (2524 mg, 294 mg;
tuong tng), dudng kinh hoa (7,57 cm) va chiéu dai cudng (21,47 cm) 1a cao hon

(Bang 3.11; va Hinh 3.18).
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Hinh 3.18.

Hinh thai hoa cta cay dong tién sau 84 ngay ¢ vuon vom

A: Hoa ciia cdy con c6 ngudn gdc tir dbi chirng (khong cd6 CoNPs).
B: Hoa cua ciy con c6 ngudn goc tir CoNPs 4,65 pg/L.

Thuoc do = 2 cm.
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Bang 3.10. Thich nghi cua cy dong tién sau 15 ngay trong & vudn wom

Nghiém | Tyléséng | SN | ggpy | CMEU gy | Kich thwéc Li (cm) Khoi rgug - Khoi lrgng
thikc st (%) cao cay cav dai ré cav SPAD twoi cua cay kho cua
(cm) y (cm) ! Dai Ring (mg) cay (mg)
) 83,33 3,70 = 4,67+ 7,50+ 6,67 £ 1,87+ 1.63 = 4740 = 2191,77 = 342,40 =
3,52b* 0,40b 1.15a 0,68b 0,33a 0,17b 0.18a 2,40b 33,83b 5,68a
4’6; 100,00+ | 520+ | 533+ | 890 | 767+ | 247+ | 197+ | 5860+ | 245850= 363,07 =
He 0,00a 032a | 088a | 085 | 058 | 023 | 023a 1452 29,82a 3,93
CoNPs
*Gid tri trung binh + SD (Sai s6 chudn) va cdc chit cdi (a, b, ...) trong mot cét thé hién sw khdc biét cé y nghia thong ké véi p<0,05 (Duncan's test);
(-): khéng b6 sung CoNPs.
Bang 3.11. Su sinh truéng va phat trién cua cdy dong tién sau 84 ngay & vudn vom
N Khoi Khoi Thoi gia ra hoa (tuan) ‘ ’ Chidu dai
i B Chiéu cao £ac; a Iwrong lrong Pwong kinh z
Nghiém thirc . So 1a/ cay D2 AN cuong hoa
cay (cm) twoicua | kho cua Ra nu Ra hoa hoa (cm) (cm)
ciy (mg) | ciy (mg)
15,60 = 11,67 £ 1417 10,73 = 12,17 =
_ 2 > :|: ? ? :I: :l:
(-) 0.38b* 0.67b 21b 124 £35b 0.15a 0.13a 6,20 + 0,06b 16,40 = 0,15b
20,07 = 1333 = 2524 = 11,17+
Sug/LC ’ ’ + + ’ 57 = 2 +
4,65 ng/L CoNPs 0.32 0.88a 374 294 +54a | 997+0,15a 0.15b 7,57 =0,09a 1,470,272

* Gid tri trung binh + SD (Sai s6 chudn) va cdc chir cdi (a, b, ...) trong mét cot thé hién sw khdc biét c6 y nghia thong ké véi p<0,05 (Duncan's test);

(-): khéng bo sung CoNPs.
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CoNPs di cai thién ty 18 séng sot va sinh trudng tiép theo cua cay con duoc &
diéu kién vuon wom. Pac biét, nghiém thtrc 4,65 pg/L CoNPs cai thién chét lugng
cay con, ddng thoi ting kha ning thich nghi, sinh trudng cta ciy con trong diéu kién
vuon wom tét hon so v6i dbi ching. Phan tmg v6i Co da duoc nghién ciu & mot sb
loai thyc vat va duoc phat hién phu thudc vao ndng do CoNPs [174, 190, 191]. Két
qua nghién da chiing minh vai tr6 cua CoNPs trong viéc tang cuong tang trudng in

vitro, gia tang thich nghi, sinh truéng va ra hoa trong nha kinh.

Két qua cho thiy 4,65 ug/L CoNPs c6 hiéu qua gia ting hiéu qua nhan chdi, ra
1é in vitro ciing nhu giam hién tuong bat thudong vé hinh thai nhu thily tinh thé, vang
14 va hoa ndu ctia mau cay, cling nhu cac giai doan thich nghi, sinh truéng va ra hoa
cua chung. Ngoai ra, CoNPs lam giam sy tich liiy ethylene, hoat dong cua enzyme

cellulase va pectinase va tang hoat dong khang oxy hoa.

3.2.4. Ra ré in vitro cia mau choi ciy cic nudi cay trén moi trwong thay the

CoCl2.6H;0 bing CoNPs

CoNPs véi cac nong do khac nhau anh huong 1én kha ning ra ré va sinh truong
ctia mau chdi ngon ciy cuc sau 15 ngay (Bang 3.12; Hinh 3.19). Két qua cho thiy
mau chdi ngon & nghiém thirc dbi chimg duong, MS loai bé CoClo.6H20 va bo sung
CoNPs ¢ nong d6 1,55 - 6,20 pg/L déu ghi nhan ty 1é ra ré 1a 100%; trong khi do,
nghiém thirc 12,40 pg/L CoNPs khong ghi nhan ra ré in vitro, ngoai ra cac mau chdi
ngon con ghi nhan hién tugng hinh thanh mo seo & géc (Hinh 3.19H). Diéu nay cho
thiy, CoNPs voi nong do cao s& anh huong dén sy ra ré cua cy. Trong cac ndng do
CoNPs, nghiém thuc 4,65 pug/L CoNPs ghi nhan chiéu cao cay (9,10 cm), chiéu dai
ré (8,67 cm), khéi luong twoi (435,33 mg) 1 t6i wu nhat so véi cic nghiém thic
CoNPs khac va dbi chimng (+) hodc (-) (Bang 3.12). Bdi véi chi tiéu s ré/cay, nghiém
thire 4,65 - 6,20 pg/L CoNPs va ddi chimg (+) ghi nhan cao hon cic nghiém thirc
khac; trong khi do, chi ti€éu duong kinh than, nghiém thirc 3,10 - 4,65 pg/L CoNPs va
d6i ching (+) ghi nhan duoc cao hon cac nghiém thirc bd sung CoNPs khac (Bang
3.12). Ngoai ra, két qua cho thiy khong c6 su khac biét vé SPAD. Tom lai, mau choi
ngon ciy clic nudi cdy ¢ nghiém thirc 4,65 pug/L CoNPs cho kha ning ra ré va sinh

trudng cua cay to1 wu hon cac nghiém thirc khac.
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CoNPs giup gia ting kha ning ra r& ctia mot sd cy trong nudi cay in vitro nhu
ciy hoa hong ciing nhu khic phuc mét sb hién twong hinh thai bat thudng da dugc
cong bd [59]. Tuy nhién, mdi dbi twong ciy trong va giai doan sinh truéng khac nhau
thi ndng d6 CoNPs tbi wu 1a khac nhau nhu 6,20 pg/L CoNPs & giai doan tai sinh chdi
va nhan nhanh chdi hay 4,65 pg/L CoNPs & giai doan ra ré trén cdy hoa hong.

Két qua phan tich hoat d6 enzyme khang oxy hoa ctia cdy clic sau 15 ngdy nudi
ciy ciing ghi nhan sy khac biét gitta cac nghiém thirc CoNPs va ddi chiung (Bang
3.13). Céc stress déu co thé lam gia ting ROS va kich thich phan tmg bao vé cua thuc
vat. B6 sung CoNPs vao MT anh hudng 1én sy thay d6i SOD va CAT, gia ting &
nghiém thirc khong bo sung (d6i ching -) dén nghiém thirc 4,65 pg/L CoNPs va sau
d6 giam (Bang 3.13). Trong khi d6, APX khong c6 su khac biét. Viéc xir 1y bang
CoNPs gy ra stress oxy hoa biéu hién bang nhitng thay d6i vé ham luong ROS d3
dugc ghi nhan trén cic ciy trong nhu dong tién, hoa hong, lua, African violet [14,
192]. Trong nghién ctru ndy, 4,65 ng/L CoNPs di lam ting hiéu qua ra ré in vitro,

sinh truong ciia cay va thay do6i hoat dong enzyme khang oxy hoéa.
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Hinh 3.19. Hinh thai cay ctc ¢ giai doan ra ré in vitro trén moi truong nudi cay thay

thé CoCl..6H>O bang CoNPs ¢ cic ndng do khac nhau sau 2 tun nudi
céy.

A: Dbi chiing duong (MT MS).

B: Ddi ching am (MT MS loai bé mudi CoCly).

C: 0,775 pg/L CoNPs.

D: 1,55 ug/L CoNPs.

E: 3,10 pg/L CoNPs.

F: 4,65 pug/L CoNPs.

G: 6,20 pg/L CoNPs.

H: 12,40 ug/L CoNPs.

Thuoc do: 2 cm.
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Bang 3.12. Anh hudng ctia CoNPs 1én kha ning ra 1& in vitro va sinh trudng cta cy clic sau 15 ngdy nudi cy

CoNPs g:g Cl:iéu cao S6 14/ ciy S6 ré/ cay Chiéu dai ré th')i lrgng twoi SPAD Du’ffng kinh
(ng/L) (%) cay (cm) (cm) cua cay (mg) than (mm)
(+) 7,17 £0,58b* | 9,67+ 1,15bc | 7,67 +1,52bc 5,03 +2,62b | 252,67 +29,50de | 39,03 +3,81 | 1,13 +0,09abc
(-) 4,77+0,30c | 10,33+ 1,52ab | 4,33+0,58d | 2,10£0,52cd | 206,33 +27,02f | 39,93 + 5,88 0,97 £0,05¢
0,775 4,53 +£0,87c 8,00 + 1,00c 5,33+2,08d | 1,77 £ 0,46cde 207,00 £ 8,66f | 36,93 +2,71 | 1,02 +0,12abc
1,55 100 | 4,73 +£0,59¢ 8,67 + 0,58bc 4,33 +£1,52d 1,27 £0,15de | 218,67+ 17,47ef | 38,53 +0,61 | 1,00+0,15bc
3,10 7,01 £0,59b | 10,00 +0,00ab | 6,67 £0,58cd | 5,96+0,23b | 322,67 +20,03bc | 40,57 £0,25 | 1,08 + 0,06abc
4,65 9,10 £0,36a 11,67+ 1,15a | 9,00+ 1,00ab 8,67 +0,76a 435,33 £24,09a | 42,10 +2,02 1,22 £0,05a
6,20 6,23 £0,25b 9,00+ 1,00bc | 10,33 +1,52a | 3,67 +0,96b 285,00 £8,18cd | 37,57+ 1,61 | 0,99 +0,07bc
12,40 - 3,77 £ 0,64c 8,00 £ 1,00c - - 361,00 +£32,07b | 35,23 +3,04 | 1,18+0,17ab
ns

*Gid tri trung binh + SD (Sai s6 chudn) va cdc chir cdi (a, b, ...) trong mét cét thé hién sw khdc biét cé ¥ nghia thong ké véi p<0,05 (Duncan'’s test).

ns: non-significant — sw khdc biét khong cé y nghia thong ké.

(+) Doi chitng dwong: MT CRO; (-) Doi chitng dgm: MT CRO logi b6 muéi CoCl..
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Bang 3.13. Hoat d enzyme khang oxy hoa ctia cay clic sau 15 ngdy nudi cy

CoNPs SOD (U/g) CAT (U/g) APX (Ulg)

(ng/L)
) 141,03 + 7,72a* 330,60 + 9,38b 0,47 + 0,06*
) 92,02 + 2,56¢ 29527 + 16,70de 0,45 + 0,04
0.775 89,79 + 7,01e 278,95 + 6,60e 0,43 +0,07
1,55 102,18 + 11,13cd | 321,17 + 3,65bc 0,54 + 0,06
3.10 116,80 £ 17,20bc | 335,98 + 13,38b 0,49 + 0,04
4,65 132,11 + 8,12ab 367,61+ 9,33a 0,54 + 0,06
6.20 124,04 + 6,72b 276,93+ 14,05¢ 0,46 £ 0,07
12,40 100,86 + 3,98cd 306,71+ 7,75¢d 0,43 £ 0,07

ns

*Gid tri trung binh + SD (Sai s6 chudn) va cdc chit cdi (a, b, ...) trong mot cdt thé hién sw khdc biét

6 y nghia thong ké véi p<0,05 (Duncan's test).

ns: non-significant — suw khdc biét khong cé y nghia thong ké.

(+) Péi chitng dwong: MT CRO.

(<) Poi chitng dm: MT CRO logi b muéi CoCl,




89

3.3. NGHIEN CUU THAY THE MUOI FeSO4.7H,0 BANG FeNPs TRONG
VI NHAN GIONG CAY CUC, PONG TIEN VA TU LINH LAN

3.3.1. Anh hwéng ciia FeNPs dén qua trinh ra ré in vitro ciia chdi ngon cay ciic

Bang 3.14 va Hinh 3.20 cho thiy anh huéng caa FeNPs 1én sinh truéng cua chdi
clic sau 30 ngdy. Chiéu cao cdy, chiéu dai 14, chiéu rong 14, s6 r& khong co su khac
biét rd rang. Tuy nhién, khdi luong tuoi, khdi lwong kho, chiéu dai ré, SPAD c6 su
khac biét. Ngoai ra, nghiém thirc 4,2 mg/L FeNPs cho két qua gia ting sb 14, khdi
luong twoi, khéi lwong khé 13 tot nhat so voi mau ddi ching.

Két qua nay cho thay sy sinh truong ctia cdy clc trén méi trudng bd sung 4,2
mg/L FeNPs 1a t6t hon so voi cac nghiém thirc khac. O tit ca cac nghiém thirc c6 xir
1y FeNPs cho két qua chi s6 ham luong chlorophyll thu dugc déu thap hon & mau d6i
ching (Fe-EDTA trong MS) (Bang 3.14).

50 T

@ Chlorophylla 0O Chlorophyllb OChlorophyll a+b

10 4 = ~ - =

Chlorophyll

il Il

+ - 14 28 4.2 5.6 11.2
Nghiém thiee (mg/L)

Hinh 3.20. Anh huéng cta FeNPs 18én kha ning tich lity chlorophyll cua cdy ciic
sau 30 ngay nudi cy.
(+) Déi chung duong: MT CRO.
(-) Béi chimg am: MT CRO loai bo FeSO4.7H,0.
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Bang 3.14. Anh hudng ctia FeNPs dén su sinh truéng ciia mau chdi ngon cay clc

sau 30 ngay nudi cay

Chidu Chidu Khébi Khoi
FeNPs \ £ ;X ve X .| luwong
cao cay So 1a SO ré dairé | luwgng twoi N
(mg/L) (cm) (cm) (mg) kho cua
ciy (mg)
440+ | 1333+ 1333+ | 330+ 11,67 +
_ b b 9 b :l: b
) 0,30cd* | 0,58ab | 0,58b 0,30d 694 £ 5¢ 0,58¢
480+ | 1133+ | 1233+ | 620+ 14,33 +
+ b b 9 9 :l: b
(+) 030ab | 153c | 0.58bc | 0.10a | OOETC s
420+ | 1100+ | 11,00+ | 4,10+ 11,67 +
b b 9 b :i: b
1.4 0,30d 1,00¢ 1,00¢ 0,40bc 806 £ S¢ 0,58¢
420+ | 1267+ | 13.00+ | 3.90+ 10,33 +
b b b 9 :t b
2.8 0,20d 0,58bc | 1,00b 0,30bc 786 £ 3¢ 0,58¢
500+ | 1467+ | 1567+ | 43+ 2433 +
b b b b :i: b
4,2 0,20ab 0,58a | 0,58a 0,30b 1445+ 13a 0,58a
520+ | 11,00+ | 1233+ | 420+ 11,67 +
2,6 0,40a 1,00c | 1,15bc 0,30b 1078 + 70 0,58¢
450+ | 1233+ |1333+| 3,60+ 11,67 +
11,2 0,30bc | 1,49bc | 1,51b 0,30cd 934+3d 0,58¢

*Gid tri trung binh + SD (Sai s6 chudn) va cdc chit cdi (a, b, ...) trong mot cot thé hién s khdc biét
6 ¥ nghia thong ké véi p<0,05 (Duncan's test).
(+) Doi chimg dwong: MT CRO.
(-) Poi chitng am: MT CRO logi bo FeSO..7H,0.

O nghiém thirc khong bd sung FeNPs cho két quéa chlorophyll thip nhat, quan
sat hinh thai thiy 14 cay bi thiéu sic td, hinh thai 14 thay d6i (Hinh 3.20 va 3.21). O
nhing nghiém thirc v6i ndng do FeNPs ting dan 1én trén 5,6 mg/L, chiéu cao cay,
sinh khoi, chlorophyll diéu c6 xu hudng giam tré lai. Két qua nay cho thay Fe thiét
yéu cho su sinh tong hop chlorophyll. Vai trd cia Fe trong doi sdng thuc vét, Fe
khong nhirng tham gia vao sy sinh tong hop chlorophyll bang cach lam thanh phan
ciu tao cac protein [4Fe—4S], FX, FA, FB (PsbA, PsbB, PsbC) trong quang hé thong
I ma con tham gia vao cac protein Cyt b559, Cyt b6 f complex, ... vi vai trd chil yéu

trong van chuyén dién tir [193]. Ngoai ra, sit 1a co chat dé tao thanh trung tim hoat
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dong cua protein glutamyl-tRNA reductase gop phan vao tong hop 5-aminolevulinic
acid 1a mot tién chat cta chlorophyll [194]... BS sung st ¢ ca 2 dang Fe-EDTA hoic

FeNPs déu gitip cho lwong chlorophyll téng sé cao hon so véi di chimg.

) ) 1,4 mg/L 2,8 mg/L 4,2 mg/L 5,6 mg/L 11,2 mg/L

Hinh 3.21. Ra 18 in vitro cua cdy cuc trén méi truong thay thé FeSO4.7H,0 bang

FeNPs sau 30 ngay nudi cay.

(+) Déi chung duong: MT CRO

(-) P6i chirng am: MT CRO loai bé FeSO4.7H,0

A: Sy phit trién ciia cdy; B: Chiéu dai ré

Thudc do=2 cm

Viéc bd sung FeNPs v6i ndng do it hon (4,2 mg/L) ¢6 hiéu qua hon so voi Fe-

EDTA (5,6 mg/L) cho thdy FeNPs cho hiéu qua t6t hon sit & dang ion. Diéu nay 1a
do FeNPs c6 kha ning xam nhdp va hiéu qua twong tac bé mit cao hon sit & dang Fe-
EDTA, do d6 tdi uu hoa hiéu qua cua sat trong MT nudi cdy. Libralato va cong sy
[195] khao sat tac dong ctia FeNPs so véi cac dang Fe khéc, cho thay FeNPs c6 hiéu qua
dang ké trong ting truong sinh khéi & ca 3 cdy Lepidium sativum, Sinapis alba va
Sorghum saccharatum va c6 thé thay thé cho Fe-EDTA truyén thong, cdy con trong MT
MS c6 bd sung FeNPs cai thién dang ké cac dic diém sinh trudng cia cay nhu sinh
khéi, chlorophyll so véi ddi chimg. FeNPs & nhiéu dang khic nhau s& c6 nhiing tac
dong khac nhau 1én thuc vat, trong d6é Fe® duogc cho 1a c6 kha ning thuc déy sinh
truong choi va 1é trén cdy ho dau, tuy nhién FeNPs ¢ nong do cao (0,32 mM) lai gay
doc cho cay [196]. FeNPs & nong do thap giup cay gia tang hap thu nudc trong MT,

gitip cho cdy sinh truong tot hon ¢ giai doan ra ré. Sy tap trung qua muc ciia FeNPs
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& bé mat r& con khién cho sy hép thu cac chat dinh dudng khac (canxi, magie,
mangan...) bi can tr¢ khién cho sinh trudng cta thuc vat bi tc ché [197]. O nghién

clru ndy, 4,2 mg/L FeNPs thay thé Fe-EDTA cho két qua sinh trudng tdi vu.

3.3.2. Anh huéng ciia FeNPs dén qua trinh ra ré in vitro ciia mau chdi ciy dong
tién

Két qua ghi nhan dugc cho thay, ty 18 ra ré ciia cay dong tién dat 100% & tat ca
nghiém thirc sau 30 ngay. B6 sung FeNPs anh huong 1én kha ning ra ré va sinh truong
ctia cay dong tién sau 30 ngay (Bang 3.15; Hinh 3.22A-C). Chiéu cao cdy (5,83 cm)
thu nhan ¢ nghiém thirc 5,6 mg/L FeNPs 1a cao hon so véi cac cay c6 ngudn gdc bo
sung FeNPs & nong do khac va tuong dong véi cay doi chimg duong (5,83 cm) sau
30 ngay nudi cdy (Bang 3.15). Khéi luong twoi va kho déu ting ty 1¢ thuan véi nong
do tu 0 - 4,2 mg/L FeNPs va cao hon doi chirng. Khong c6 sy khac biét vé chi tiéu
khéi lugng twoi va khoi lugng kho; tuy nhién, sé 1é& (13,00 ré), chiéu dai ré (5,27 cm),
chiéu dai 14 (2,07 cm), chiéu rong 14 (1,83 cm) va SPAD (41,47) ¢ cac ciy c¢6 ngudn
gbc nong do 5,6 mg/L FeNPs 1a cao hon so véi cac cdy co ngudn goc nong do 4,2

mg/L FeNPs.

Khi khong cua cic mau 14 sinh trudng trén MT bo sung NPs ¢6 hinh elip voi do
mo cta khi khong hep (4,50 pm) (Hinh 3.22F). Trong khi d6, khi khong dbi chimg co
hinh cau, d6 mé khi khong rat rong (10,33 pm) (Hinh 3.22G). Hinh dang va d6 mo
ctia khi khong anh huong truc tiép dén kha nang thich nghi cta cdy con & vuon wom.
R& & cac MT chira FeNPs c6 su hinh thanh 16ng hit nhiéu hon so v&i FeSO4.7H.0
(Hinh 3.22D, E). O cac cay c6 ngudn gbc 11,2 mg/L FeNPs, sy hinh thanh ré khong
t6i uu ciing nhu r& ¢6 mau nau hay hoai tir, ciy con phat trién cham. Két qua twong
déng dugc ghi nhén trén cdy salem [198], cAy cAm chudng [66]. Do d6, ndng do
5,6 mg/L FeNPs 1a thich hop cho giai doan ra r& cdy dong tién. Nong d6 FeNPs nay
tuong duong v6i ndng d6 ciia FeS04.7H,0; tuy nhién, FeNPs cho thdy hiéu qua sinh
truéng va hinh thanh nhiéu 16ng hiit hon so véi FeSO4.7H-0.

Hoat d6 riéng SOD, CAT va APX cua cdy con c6 ngudn goc bd sung 5,6 mg/L
FeNPs & giai doan ra ré in vitro 13 cao hon (41,32 U/g; 308,70 U/g; 0,55 U/g; tuong
mg) so v6i cay trén MT MRO (DP6i chirng) va MRO loai bé FeSO4.7H,0 sau 30 ngdy

nudi cay. Trong khi d6, hoat do enzyme thuy phan lai cho két qua nguoc lai (Bang



93

3.16). Diéu nay cho thiy viéc bd sung FeNPs gia ting SOD, CAT va APX va giam
hoat d6 enzyme thity phan; qua d6, thuc day ra ré in vitro va sinh truéng cta ciy dong
tién. Két qua nghién ctru cho thdy mdi trong quan giita ndong d6 FeNPs v6i SOD,
CAT va APX, tuong ty nhu nghién ciru trude dy vé anh huong ctia Fe,O3NPs trén
dua hiu [199]. Nghién ciru cho thay rang viéc bd sung Fe,O3;NPs dan dén sy gia ting
hoat d6 cua cac enzyme d6. Tuy nhién, & ndng d6 cao ciia FeO3NPs lam giam hoat
d6 cua enzyme SOD va APX. Nhiing thay doi trong cac enzyme khang oxy héa cd

thé dan dén sy thay doi hoat dong trao d6i chat, sinh 1y — sinh hoa ctiia miu cay.

Hinh 3.22. Anh huong cta FeNPs 1én sy hinh thanh ré va hinh thai khi khong cia
cay dong tién sau 30 ngdy nudi cay.
A: Cay con ¢ nghiém thirc 5,6 mg/L FeNPs (Thuodc do: 2 cm).
B: Ré ¢ nghiém thuc 5,6 mg/L FeNPs (Thudc do: 2 cm).
C: R& dudi kinh hién vi soi ndi: MS-Fe; MRO; 5,6 mg/L FeNPs (Thudc do: 0,2 cm).
D, E: Lt cit ngang ré: MRO; 5,6 mg/L FeNPs (Thuéc do: 0,1 cm).
F, G: Khi khong: MRO; 5,6 mg/L FeNPs (Thudc do: 20 uM).



94

Bang 3.15. Su sinh trudng cia ciy dong tién trén moi truong thay thé FeSO4.7H20 bang FeNPs sau 30 ngay nudi cay

FeNPs | Chidu cao ciy £ x Chidu dai rd . Chidu daild | Chidurpngls | Khbilwgng | KNOIlwong
So re Sola ¥ . A kho cay SPAD
(mg/L) (cm) (cm) (cm) (cm) twoi cay (mg) (mg)
733 + 396,67 + 32,67 +
%k H s )
(+) | 5.83£0,03a 0.33de 433+0,09c | 6,33+033cd | 1,20+£0,06d | 0,90+ 0,03c 20,634 0,501 33,27 +2,94b
633+ 88.47 £
) 3,70 + 0,26d 467+0,15b | 533+058d | 1,53+0,06c | 1,20+0,10b | 786,67+ 3,05¢ 7.43 +0,76f
0,58e¢ 5,53de
11,67 + 890,00 = 99,53 +
L4 | 390020ed | (g 2,63+0,58¢ | 6,67+0,558bc | 1,59+0,10c | 1,20+0,10b 4,005 2 o0ed | 15:60+0.56¢
2.8 | 4,17+0,06bc 15’225 2,63+020e | 8,00+1,00a | 1,70+0,10b | 1,03=0,06bc | 960,00 + 6,24b lgol’zg: 30,27 + 0,80¢
11,33 + 1066,67 + 118,03 +
42 4,40 % 0,26b Lo0be | 410%0.10d | 7.33£0,58abc | 1.73£0.58b | 117:+0,06b 4 12 54ab | 3317+ 1.84b
56 | 583:025a | 00F | 52710060 | 7,67£0,58ab | 2,07£0,15a | 1830,1la 188,67 & 124032 ) 41 474158
; 1,52a 8,14a 13,85a
8,33 + 713,33 + 80,77 +
11,2 | 427£0200c | "o 2,37+0,06f | 633+0,58cd | 1,43+0,06c | 1,10%0,10b 3510 0,700 27,40 + 1,77d

*Gid tri trung binh + SD (Sai s6 chudn) va cdc chir cdi (a, b, ...

(+) Poi chitng dwong: MT DRO.

(<) Poi chitng am: MT DRO logi b6 FeSO,.7H.O.

) trong mot cot thé hién su khdc biét c6 y nghia thong ké véi p<0,05 (Duncan's test).
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Bang 3.16. Hoat d6 enzyme khang oxy hoa va thity phan cua cdy dong tién sau 30

ngay nudi cay

Hoat d h hos (Ulg) Hoat do enzyme thuy
oA oat do enzyme khang oxy hoa
Nghi¢m RoeE N i phén (U/mL)
thire
SOD CAT APX Cellulase Pectinase
19,84 + 156,60 + 0,20 + 1,46 +
(+) 0,79 +0,10a
1,53b* 11,79¢ 0,02¢ 0,11a
214,32 + 0,28 + 1,44 +
(-) 21,95+ 0,75b 0,58 +£0,03b
7,06b 0,02b 0,04a
5,6 mg/L 308,70 + 0,55 + 0,26 +
41,32 +0,99a 0,22 +0,02¢
FeNPs 5,66a 0,26a 0,03b

*Gia tri trung binh £ SD (Sai $0 chuén) va cdc chir cdi (a, b, ...) trong mot cot thé hién su khdc biét

6 y nghia thong ké véi p<0,05 (Duncan's test).
(+) Doi chimg dwong: MT DRO.
(-) Poi chitng dm: MT DRO logi bé FeSO,.7H,O.

Kha néng hdp thu K, Ca va Mg

Céc nguyén to khoang la thanh phan co ban cau tric nén t€ bao, moé va co quan

thue vat. Dinh dudng khoang ma ciy can v6i ham luong cao nhét d6 1a K, Ca, Mg va

chung c6 vai trd quan trong trong sinh trudng va phat trién cua thuc vat. Do do, khi

gia tang sy hap thu cta cac kim loai nay sé& giup cay sinh truong tot hon. Két qua sau

30 ngay cho thiy 5,6 mg/L FeNPs gitp gia ting sy hap thu khoang K, Mg va Ca trong

cay dong tién nudi cdy in vitro so voi nghiém thirc MS-Fe va MRO (Bang 3.17).

FeNPs trong M T nudi cdy in vitro ¢ anh huéng dén sy hinh thanh, kéo dai va

hap thu khoang ctia ré. Sy hap thu K trong cay lta mi di gia ting dang ké khi str

dung FeNPs [200]. Sy giam ham luong cac nguyén t6 Ca, K va Mg ciing di duoc

tim thdy trong cdy hudng duong khi b6 sung FeNPs ¢ ham lugng cao din dén cay

sinh truong va phat trién cham [75]. Nhu vay c6 thé thay, FeNPs & nong do cao co

thé ¢o tac dong tiéu cuc va han ché hap thu khoang cta ré boi vi cac hat FeNPs (>

50 nm) c6 thé tap trung & bé mit ré, khoa cac 16 trén thanh té bao biéu mo ré, lam
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giam kha ning hap thu dinh dudng va giam su tong hop cac chat diép luc trong 14
do c6 lién quan dén 1am giam hap thu Mg - mét khoang chat quan trong tham gia
vao qua trinh tong hop chét diép luc.
Bang 3.17. Anh hudng ciia FeNPs 1én kha ning hip thu K, Ca, Mg trong nudi ciy

in vitro cay dong tién

Nghiém thirc K (mg) Mg (mg) Ca (mg)
(+) 175,24 + 4,64¢c* 33,85 £2,08¢ 21,35+ 0,56b
(-) 233,98 + 8,16b 45,00 + 5,00b 24,67 £ 0,58b
5,6 mg/L FeNPs 436,04 + 5,36a 60,33 £ 0,58a 42,33 +2,72a

*Gia tri trung binh £ SD (Sai $0 chuén) va cdc chir cdi (a, b, ...) trong mot cot thé hién su khdc biét
6 ¥ nghia thong ké véi p<0,05 (Duncan's test).
(+) Doi chimg dwong: MT DRO.
(-) Poi chitng dm: MT DRO logi bé FeSO,.7H,O.

Cac choi nudi cdy trén MT bo sung 5,6 mg/L FeNPs cam (g ra ré in vitro
som hon khoang 2 ngay so v6i chdi nudi cay trén MT d6i ching; ngoai ra, & nghiém
thic 5,6 mg/L FeNPs cac chi tiéu sinh truong, SOD, CAT va APX cao hon va

cellulase va pectinase thip hon cic nghiém thirc khac sau 30 ngay.

3.3.3. Anh huéng ciia FeNPs dén qua trinh ra ré in vitro ciia miu chdi cay tir

linh lan trén méi trudng thay thé FeSO4.7H20 bing FeNPs

Ty 18 ra ré ciia choi cay tir linh lan dat 100% o tat ca cac nghiém thtic sau 30
ngay ¢ diéu kién vuon vom. Sir dung FeNPs thay thé FeSO4.7H,0 khong cho su khac
biét & cac tinh trang vé sinh trudng ctia cay nhu: chiéu cao cay, s ré, chiéu dai ré, s6
14, chiéu dai 14 cling nhu khéi luong tuoi va khéi luong kho.

Tuy nhién, hoat d6 enzyme khang oxi hoa va thuy phan sau 30 ngay cho thiy
su khac biét (Bang 3.18). SOD, CAT va APX ¢ nghi¢m thuc 5,6 mg/L FeNPs ¢ giai
doan ra ré in vitro 1a cao hon (41,32 U/g; 308,70 U/g; 0,55 U/g; twong ung) so vdi
cay d6i chirng va MT MRO loai bo FeSO4.7H>0 sau 30 ngay. Trong khi dé, hoat do

enzyme thuy phan lai cho két qua nguoc lai (Bang 3.18). Diéu nay cho thay viéc bo
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sung FeNPs da lam gia tang hoat 4o enzyme khang oxi hoa va gidm hoat d¢ enzyme
thity phan; qua d6, thuc day ra ré in vitro va sinh truéng cia cay con sau 30 ngay.
Bang 3.18. Hoat d0 enzyme khang oxi hda va thiy phan ctia cay tu linh lan sau 30

ngay nudi cay.

Hoat do enzyme khang oxi hoa (U/g) Hoatl:iAq elg{/mithuy
Nghiém thire phan (Ul/mL)
SOD CAT APX Cellulase | Pectinase
+) 19,69 + 150,67 + 0,22 + 1,47 + 0,82 +
1,27¢c* 6,02c 0,02b 0,07a 0,07a
) 21,98 + 218,00 £ 0,26 + 1,43 + 0,63 +
0,77b 8,88b 0,01b 0,06a 0,06b
5,6 mg/L 41,50 £ 312,33 + 0,56 + 0,26 + 0,21 £
FeNPs 0,58a 10,73a 0,05a 0,01b 0,02¢

*Gia tri trung binh £ SD (Sai $0 chucfn) va cdc chir cdi (a, b, ...) trong mot cot thé hién su khdc biét
6 y nghia thong ké véi p<0,05 (Duncan's test).

(+) Doi chitng dwong: MT ARO.

(-) Poi chitng dm: MT ARO logi bé FeSO..7HO.
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CHUONG 4: KET LUAN VA KIEN NGHI

4.1. KET LUAN

Luan an “nghién ctru thay thé mot s6 mudi kim loai vi luong bﬁng nano kim loai
trong vi nhan giéng cay hoa (ctic, ddng tién va tr linh lan) da danh gia duoc hiéu qua
ciia viéc thay thé cac mudi kim loai vi luong (FeSO4.7H20, Na;MoO4.2H,O,
CoCl.6H,0) trong MT nudi ciy MS bang cac NPs tuong tng (FeNPs, MoO3NPs va
CoNPs) trén ba loai cdy trong 14 ctc, dong tién, va tir linh lan. Cac NPs duoc sir dung
trong nghién ctru ndy da gitip cai thién cac chi tiéu vé sinh trudng, phat trién trén cac
d6i tuong cdy trong (clc, ddng tién va tir linh lan), bén canh d6 con giup khic phuc
mot s6 hién tuong bat thudng trong nhan gidng in vitro nhu vang 14, thay tinh thé.
Két qua di cho thiy tiém ning cta viéc st dung NPs thay thé cho cac mudi vi luong
thuong dung trong MT nubi cay MS.

O ciy ciic, qua trinh cam tng md seo va tai sinh chdi tir mau 14 dat hiéu qua t6i
uu, voi ty 1€ cadm g mo seo 1a 100% va kha nang tai sinh chdi 1a 33,33% sau 30
ngay nudi cay trén MT duoc thay thé mudi Na;MoO4.2H,0 bang MoO3NPs (223,50
ug/L). Bong thoi, kha ning nhan nhanh chdi va sinh trudng tiép theo dugc cai thién
dang ké ¢ nong d6 149,00 pug/L MoO:NPs, thé hién qua su gia ting kha ning ra ré,
phat trién hinh thai chdi va hiéu qua hap thu cac nguyén t6 dinh dudng thiét yéu, bao
gdm ca da luong (Ca, Mg, K) va vi lugng (Cu, Fe). Hoat dong ctia hé enzyme khang
oxy hoa dugc ting cudng rd rét trong giai doan tai sinh chdi tir mau 14, trong khi duy
tri & muc twong duong véi ddi chimg trong giai doan nhan nhanh tir mau dbt than.
Bén canh d6, kha ning ra ré in vitro cuia cdy cuc ciing dugc cai thién khi dugc nudi
ciy trén MT thay thé Na;M00O4.2H20 bang MoO3;NPs (149,00 pg/L), CoCl.6H20
bang CoNPs (4,65 pug/L) hoac FeSO4.7H,0 bang FeNPs (4,2 mg/L), di kém véi su
gia ting hoat d6 enzyme SOD va CAT, gop phan nang cao sinh trudng va 6n dinh

trang thai sinh 1y cua cay.

DP6i véi ciy dong tién, viéc st dung CoNPs (6,20 pg/L) dé thay thé cho
CoCl.6H,O di thuc ddy manh mé hé s nhan chdi, cai thién cac chi tiéu hinh thai (sb
luong chdi > 2 cm, chiéu cao chdi), ddng thoi lam giam déng ké cac hién tugng sinh
Iy bat thudng nhu thay tinh thé va vang 14 2-3 1an. O giai doan ra ré, chdi & nghiém

thirc CoNPs (4,65 ng/L) ghi nhan thoi gian ra ré sém hon, gia ting hiéu qua ra ré,
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sinh trudng cua cay, hoat do khang oxy hoa (SOD, CAT va APX) va lam giam cac
hién twong bat thudng, tich tu khi ethylene va hoat dong ctia enzyme thity phan
(cellulase va pectinase) sau 30 ngay. Nhiing cay tir nghi€ém thirc nay c6 kha nang thich
nghi, sinh truéng, ra hoa va chit luong hoa tét hon cac nghiém thirc khac & diéu kién
vuon wom. Bén canh CoNPs, viéc str dung FeNPs (5,6 mg/L) cling da cho théy hiéu
qua tt hon FeSO4.7H,0 trong giai doan ra ré khi cho thoi gian cam tng ra 1& in vitro
som hon khoang 2 ngay, chi ti€u sinh truéng, SOD, CAT va APX cao hon, cellulase

va pectinase thap hon cac nghiém thtrc khac sau 30 ngay.

O cay tir linh lan, nghiém thirc 4,65 pg/L CoNPs cho kha nang tai sinh chdi tir
mau 14 dugc ning cao dang ké, dong thoi ghi nhan sy giam tich ty ethylene ndi sinh
(0,87 ppm so véi 1,37 ppm & nghiém thitc ddi ching) va sy gia ting hoat do cac
enzyme khang oxy hoa, dic bi¢t la CAT (104,67 U/g) va APX (1,98 U/g). Trong giai
doan ra ré in vitro, viéc st dung FeNPs (5,6 mg/L) thay thé cho FeSO4.7H>O gitp
hoat do cua cac enzyme SOD, CAT va APX tiép tuc dugc duy tri & muc cao, trong
khi hoat dong ctia cac enzyme thuy phan giam, gop phan cai thién hiéu qua hinh thanh

ré va nang cao chat lugng cay con.

Tong hop céc két qua thu dugc cho thiy viéc sir dung NPs dé thay thé cho céc
mudi kim loai trong MT nudi cay MS khong chi gitp nang cao hiéu qua nhan giong
in vitro ma con diéu hoa trang thai sinh 1y — sinh hoa cua cay, thong qua viéc ting
cudng hé thong chéng oxy hoéa, cai thién kha ning hap thu dinh dudng va han ché
cac roi loan sinh 1y. Nhirng cai thién ndy dong vai trd quan trong trong viéc ning cao
chat luong cy giéng va dam bao kha ning sinh trudng, phat trién 6n dinh trong cac

giai doan tiép theo, dac biét 1a trong diéu kién vudn wom va san xuat thuc tién.
4.2. KIEN NGHI

Tiép tuc nghién ctru vé thc dong cua FeNPs, CoNPs, MoO3NPs 1én cac giai doan
khac cua ciy cuc, cdy tir linh lan va cay dong tién.

Cén c6 nhitng chuyén sdu hon vé vai tro, sy hap thu, van chuyén va st dung
NPs trong cdy trong, ciing nhu anh hudng ctia NPs dén kha ning hap thu cac chat

khoang da lugng, trung lugng va vi lugng trong thuc vat.
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Tiép tuc nghién ctru thay thé cac mubi kim loai khac trong MT MS bang nano
kim loai, tr d6 hudng dén viéc thay thé hoan toan cac mudi kim loai bé‘mg nano kim

loai.
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