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MO PAU
Ly do chon d@ tai

Thé ky XXI chimg kién su bung nd cua cong nghé Nano trén moi linh
vuc cua doi séng, tr my phém, dét may, hang gia dung, thuc phém dén méi
truong va y té. Nganh khoa hoc su séng noi chung va sinh hoc, cong nghé
sinh hoc (CNSH) néi riéng bao gdom CNSH trong nhan giéng thuc vat cling
dang tan dung va tiép nhan nhimg tién bo nay dé thuc diy sy phat trién.
Nghién ctru ing dung cac hat nano (NPs) trong nudi cdy in vitro hién nay
chu yéu tap trung dén viéc bd sung NPs vao méi truong nudi ciy nhim
tang cuong kha ning phat sinh hinh thai, sinh truong, cai thién ning suat
cdy trong, cai thién hiéu qua chuyén gen va bao vé cdy trude tic dong moi
truong, nhung van con mot khoang tréng trong viéc tng dung NPs nhu 1a
ngudn dinh dudng thay thé cac mudi kim loai trong méi truong nudi ciy in
vitro.

Chinh vi vdy, dé tai "Nghién ciru thay thé mudi kim loai vi lwong
bang nano kim loai trong mdi truwong nudi cy in vitro trén mot s6 doi
twong cdy trong" di duoc chon dé tim hiéu sau vé tiém ning cua NPs dé
thay thé cac mudi kim loai trong méi trudng Mourashige et Skoog (1962)
(MS) [1]. Dé tai tap trung vao viéc tim hiéu hiéu qua cua cc hat nano sat
(FeNPs), nano molypden (MoOsNPs), va nano cobalt (CoNPs) thay thé cho
cac mubi kim loai vi lugng twong tng trong méi truong MS dén qué trinh
nhan gidng v tinh va sinh trudng tiép theo ¢ giai doan vuon wom cua cic
loai cay hoa nhu cic, dong tién va tir linh lan. Két qua nghién ctru s mo ra
mot hudng di méi va mang tinh dot pha trong nudi cay in vitro.

Muc tiéu nghién ciru
Muc tiéu tong qudt

Pé tai “nghién ctru thay thé mot s6 mudi kim loai vi lugng béng nano
kim loai trong vi nhan giéng cdy hoa (ctic, dong tién va tir linh lan) dugc
thuc hién véi muc dich danh gia hiéu qua cta viéc thay thé cac mudi kim
loai vi lugng (FeSO..7H.0, Na;M004.2H,0, CoCl,.6H.0) trong moi
truong nudi cdy MS bang ciac NPs twong ung (FeNPs, MoO3NPs va
CoNPs) trén ba loai cdy trong 1a cuc, dong tién, va tir linh lan. Tur do,
huéng dén viéc sit dung cac NPs nay thay thé cho cac mudi kim loai vi



luong trong mdi trudng nudi cdy MS — gitp t6i wu hoa qua trinh sinh
truong, phat trién va chat luong ctia ciy giong.
Muc tiéu cu thé

Dinh dudng vi lwong 13 thanh phan khong thé thiéu xuyén sudt doi sdng

clia cdy trong. Trong ludn 4n nay, vai trd cia MoOsNPs (d6i véi qua trinh
cam ung mo seo, tai sinh chdi, nhan nhanh chdi, sinh trudng va ra 1é cua
cdy hoa cuc), CoNPs (d6i v6i qué trinh tai sinh chdi, nhan nhanh chdi, sinh
truong va ra ré ctia cay tir linh lan va dong tién; ra ré cua cay cuc), FeNPs
(d6i v6i qua trinh ra r& cua cdy cic, dong tién va tir linh lan) dugc nghién
ctru. Bén canh do, céc thi nghiém con dugc thuc hién nham danh gia anh
hudng cua NPs dén qué trinh quang hop, hoat do ciia cac enzyme khang
oxy héa, hoat do enzyme thity phan va hap thu cac khoang da lugng, vi
lwong trong qua trinh nudi cay cac ddi tuong ciy trong.
Céc hién tuong bat thuong trong nudi cdy in vitro nhu tich lity ethylene,
thuy tinh thé, hoa niu miu cdy va stress oxy hoa di 1am giam hiéu qua cua
qua trinh nudi cdy md thong qua viéc lam giam chat lugng cdy con hodc
lam chét mau ce‘iy. Bén canh viéc st dung NPs nhu mdt nguén dinh dudng,
nghién ciru con huéng dén viéc danh gia tac dong ctia CoNPs nham lam
giam cac hién tuong bat thuong trong nudi cdy in vitro (cay dong tién va tir
linh lan).

Du lugng cac mudi kim loai ma cdy trong hip thu trong sudt qué trinh
nudi ciy in vitro c6 thé co nhimg tac dong tich cuc hoic tiéu cuc dén su
sinh truong va phat trién ctia cdy con. Nghién ciru nay ciing danh gi4 tong
quat vé nhiing tac dong ctia du luong NPs (MoOsNPs, CoNPs, FeNPs) dén
nhém dbi tugng cdy trong nghién ciru & giai doan ra ré va phat trién & vuon
wom. Hudéng dén viéc sir dung NPs nhu mot ngudn dinh dudng thay thé
hiéu qua trong méi trudng nudi ciy MS.

Nhirng déng gép méi ctia ludn an

Luan 4n dd ching minh mot cach c6 hé thdng kha ning thay thé cac
mudi kim loai vi lugng truyén thdng trong méi trudng MS bang cac dang
nano kim loai (FeNPs, MoOsNPs, CoNPs) trén ba loai cay hoa (cuc, dong
tién, tir linh lan), qua d6 mé ra hudng tiép cin méi trong cai tién moi
truong nudi cdy in vitro.
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e Xic dinh dwoc nong d¢ ti wu cua ting loai nano kim loai cho timg giai
doan phat trién (cam ang mo seo, tai sinh chdi, nhan nhanh va ra ré) &
tirng d6i tuong cay trong.

e Cung cap bang chiing vé co ché tac dong sinh ly — sinh héa caa nano
kim loai, thdng qua viéc gia tang hoat d§ cac enzyme khang oxy hoa
(SOD, CAT, APX), giam hoat dong enzyme thay phan (cellulase,
pectinase) va han ché tich tu ethylene, tir d6 giam céc rdi loan sinh ly
trong nudi cay in vitro.

e Lam rd vai tro cua nano kim loai trong ting cuong kha niang hap thu
dinh dudng khoang (da lugng va vi lwong), gép phan cai thién sinh
truong, phat trién va chat luong cay con.

e Chuang minh ring cdy con thu dugc tir cdc nghiém thac st dung nano
kim loai c6 kha ning thich nghi tot hon, sinh truéng on dinh va nang
cao chat lwong hoa trong diéu kién vudn wom, khing dinh tiém ning
rng dung thyc tién cia huéng nghién cau.

CHUONG 1. TONG QUAN TAI LIEU
Luan 4n da tham khdo va tong két vé 6 van dé chinh véi cac ndi dung
lién quan dén: (1) Mbi truong nudi cdy MS; (2) Mot sé han ché cua phuong
phap nudi cdy in vitro; (3) Nano kim loai; (4) Nano kim loai trong vi nhan
gidng thuc vat; (5) Nano kim loai sét, cobalt va molypden trong vi nhan
giong; (6) So lugc vé cac déi tugng nghién ciru.

CHUONG 2. POI TUQNG, NOI DUNG VA PHUONG PHAP
NGHIEN CUU

2.1. POI TUQNG
2.1.1. i twong thuce vat

Vit liéu thuc vat duoc sir dung cho thi nghiém 1a cic mau céy in vitro
30 ngay tudi bao gdm 14, doan than va chdi ngon cdy cuc (Chrysanthemum
morifolium Ramat cv. "Jimba"); chdi cdy dong tién (Gerbera jamesonii
“Revolution Yellow™); 14 va chdi cdy tr linh lan (Saintpaulia ionantha
Wendl.). Cac mau ciy c6 kich thudc dong déu va duge nhan giéng tai
phong Sinh hoc Phén tir va Chon tao giéng cdy trdng - VAST



2.1.2. Dung dich nano kim loai
Dung dich nano kim loai (FeNPs, CONPs va MoO3NPs) dugc cung cap
bdi Vién Cong nghé Mo6i truong (VAST, Ha No6i, Viét Nam).
2.1.3. Thiét bi, dung cu va héa chat
2.1.4. Piéu kién nudi cy
2.1.5. Mdi truwdng nudi cay
2.2. NOI DUNG NGHIEN CUU
Noi dung 1: Nghién ciu thay thé mubi Na,Mo0O4.2H,0 bang MoOsNPs
trong vi nhan gidng cay clc
Noi dung 2: Nghién cau thay thé mudi CoCl..6H,0 bang CoNPs trong
vi nhan gibng cay tir linh lan va dong tién va clc
Noi dung 3: Nghién cau thay thé mudi FeSO4.7H,O biang FeNPs trong
Vi nhan gibng cay cuc, dong tién va tir linh lan
2.3. PHUONG PHAP NGHIEN CUU
2.3.1. B4 tri thi nghiégm
2.3.1.1. Nghién czzu thay thé musi NazMo04.2H,0 bang MoOsNPs trong vi
nhan giong cay cic
2.3.1.2. Nghién cizu thay thé mugi CoCl,.6H.0 bang CoNPs trong vi nhan
giong cdy dong tién va ti linh lan
2.3.1.3. Nghién citu thay thé muoi FeSO4.TH,0 bang FeNPs trong vi nhdn
giong cdy ciic, dong tién va tir linh lan
2.3.2. Mjt s6 phwong phdp nghién ciru
2.3.2.1. Xdc dinh hoat dg enzyme chong oxy héa
2.3.2.2. Hd’p thu kim loai
2.3.2.3. Ethylene trong binh nudi cdy
2.3.2.4. Hoat d¢ enzyme thuy phdn
2.3.2.5. Gidiphcfu hinh thai thuc vat
2.3.2.6. Phan tich thong ké
2.3.2.7. Phuong phdp quy doi nong do mudi sang nong dé Nano kim logi
2.4. PIA PIEM VA THOI GIAN NGHIEN CUU
2.4.1. Pia diém nghién ciu
2.4.2. Thoi gian nghién ciu



CHUONG 3. KET QUA VA THAO LUAN

3.1. Nghién ctru thay thé muéi Na;M00O,.2H,0 biang MoOsNPs trong vi
nhin gidng ciy cic
3.1.1. Cim itng mé seo va tdi sinh choi thong qua nuéi cdy mau ld

Két qua ghi nhan dugc cho thiy, tit ca mau cdy (100%) déu ghi nhan
hinh thanh mé seo tir cac mau 14 nudi cdy trén moi truong CSO (+) hodc
nghiém thirc xtr Iy véi MoO3NPs; trong khi d6, cac mau 14 nudi cay trén
moi truong CSO loai bé Na;M004.2H,0 (-) khong ghi nhan sy cam ung mo
S€0 (éng 3.1; Hinh 3.1).

Hinh 3.1. Anh huong cia MoO3NPs 1én tai sinh chdi ciia mau 14 va nhan

nhanh chdi cia miu doan than cdy cuc sau 30 ngay nudi ciy. (-); (+);
37,25; 74,5; 149; 223,5; 298 pg/L; trai qua phai. Thudc do: 2 cm. A: Tai
sinh chdi ciia mau 14; B: Nhan nhanh chdi ciia mau doan than.

Bang 3.1. Anh huéng cia MoOsNPs 1én cam rng mo sgo va tai sinh choi
cua mau la cdy cuc sau 30 ngay nuoi cay.

s IA 2 Ty 1€ tai A £. .
MoOsNPs Ty}g can}) lrnxg sinh chdi | S6 chdi/ miu Ch;?u cao (Khoi lugng twoi
(ng/L) mo seo (%) (%) Y choi (cm) (mg)
- ,00+ 0, + 2,08e
) 0,00 + 0,00b* 163 + 2,08
+) 183 +1,15¢
%’%%;f 0,00 +0,00b| 0,00 0,00b
37,25 100 + 0,00a ’ 770 +2,89d
74,50 800 + 5,68d




149,00

223,50

298,00

960 + 6,56b

3333+ | 4 604+000a| 1,14+006a| 1210+322a
0,00a
0,00

o os | 0.00£000b| 000+000b| 890 265c

(-) Poi chitng dm: M6i trwong logi bé NazMo04.2H:20; (+) Boi chitng dwong: Méi truong
chita NazM00a.2H20; *Gia tri trung binh + SD (Sai so chudn) va cdc gid tri v&i cdc chit cdi
khdc nhau c6 s khdc biét dang ké giita cdc nghiém thire; *: 15 ngay; ¥: 30 ngay.

Bang 3.2. Anh huéng cia MoOsNPs 1én nhan nhanh chdi ciia mau doan

than cay ctic sau 30 ngay nudi cay.

. S6 choi/miu 5 Khéi

MoO:NPs ;fgl:gc:lagi 2 cacoh:le:‘ﬁi luong

(Hg/L) (%) Tong >2cm <2cm (cm) twoi

(mg)

333+ | 133+ | 200= 240+ | 260+

) 0.06d* | 058¢ 1,000 010c | 6,02

o 733+ | 267+ | 467+ 277+ | 690+

153b | 058b 1,153 006b | 6,02d

2725 467+ | 033+ | 433+ 160+ | 1160+
! 058cd | 0,58¢ 0,58a 010e | 17.10bc
600+ | 067+ | 533 170+ | 1120+

7450 | 100£000a | 45000 | (s8¢ 153a 010e | 2.89c
14900 700+ | 500+ | 200= 323+ | 1870+

! 1,00ab | 1,00a 1,000 025a | 971a
72350 700+ | 267+ | 433+ 210+ | 1370+

! 100ab | 058b 0,58a 010d | 4.73b
298,00 800+ | 267+ | 533+ 163+ | 1370+
! 1,00a 0,580 114a 0,06e | 23.3%

*Gid tri trung binh + SD (Sai $6 chudn) va cdc gid tri v6i cac chit cdi khdc nhau ¢é s khdc
biét dang ké giira cdac nghiém thirc

Bang 3.3. Anh huong cua MoOsNPs 1én nhan nhanh chdi cua mau chdi
ngon cdy cuc sau 30 ngdy nudi cay.

MoOs Chiéu Chidu Khoi

NPs | Séchdi | €22 sé1a | séaét | daila | spap | lweme

choi tuoi

(ug/L) (cm) (cm) (mg)

100+ | 317+ | 867+ | 367+ | 110+ | 1400% | 230+

)| ooob* | 1000 | 467c | 058c | 000ab | 436b | 4.88b

() | L67E [ 4%0: [ 1200% | 467x | Lir | 2907% | 630
058 | 036a | 7,00ab | 058 | 015ab | 4.29a | 14,71ab

son | L67% | 367% | 767+ | 700+ | Li7+ | 1500% | 260+

: 058b | 0580 | 3.37c 0,00b | 006ab | 553 | 1.64b




7450 1,67 + 513 + 10,33 + 8,00 + 1,20 + 29,60 + 740 +
' 0,58b 0,32a 8,00ab 0,00ab 0,20ab 4,29a 12,92a
149 00 3,00 £ 5,40 + 14,00 + 8,67 + 1,30 + 31,17 + 980 +
' 0,00a 0,17a 8,67a 0,58a 0,17a 12,97a 6,73a
293 50 1,00 + 3,10+ 8,67 £ 5,00 + 1,07 + 25,93 + 510 +
' 0,00b 0,56b 0,58hbc 0,00c 0,06ab 8,59ab 1,64ab
298.00 1,00 + 2,93 + 6,67 + 4,33 + 0,97 + 24,07 + 190 +
' 0,00b 0,81b 0,58¢ 0,58¢c 0,15b 6,95ab 2,95b

* Gid tri trung binh + SD (Sai $6 chudn) va cdc chiv cdi (a, b, ...) trong mot cot thé hién s
khac biét co y nghia thong ké voi p<0,05 (Duncan's test).

Hinh 3.2. Anh hudng cia MoOsNPs 1én nhan nhanh chdi ctia chdi ngon
cay clc sau 30 ngay nudi cay. (-); (+); 37,25; 74,50; 149,00; 223,50; 298,00
ng/L; trai sang phai. Thuoc do =2 cm
3.1.2. Nhiin nhanh chéi ciia mdau dét thin va chéi ngon cdy ciic nuéi cdy
trén moi truwomg thay thé Na;M004.2H,0 bang MoOsNPs

Dbi véi miu doan than, tt ca mau cdy duoc nudi cy trén moi truong
b6 sung MoOsNPs va ddi chimg (c6/khong c6 Na,M004.2H,0) ghi nhén ty
1¢ tai sinh choi 100% sau 30 ngay nudi cdy (Bang 3.2; Hinh 3.1).

Enzyme chong oxy héa

béi voi giai doan tai sinh chdi tir mau 14, tac dung t8i wu ctia MoOsNPs
trong viéc ting cuong hoat dong cta cic enzyme chdng oxy hoa ciing duogc
ghi nhan trong nghién ciru nay. Hoat d6 cua enzyme chéng oxy héa &
nghiém thirc bo sung 149,00 pg/L MoOsNPs tot hon so véi nghiém thirc
dbi chimg (+) (trir SOD) va cac nghiém thirc khac. Su ting truéng cua cdy
cling giam tuong tu khi Mo khong duoc bd sung vao mdi trudng dinh
dudng ciing phan anh hoat d6 ciia hé enzyme chdng oxy hoa giam manh.
Ngoai ra, hoat dong cua cac enzyme niy bi tc ché do du thira Mo (Hinh
3.2A).

Dbi voi giai doan nhan nhanh chdi tir mau ddt than, cac két qua twong tir
cling dugc ghi nhan trong thi nghiém nhén chdi ciy cic, ndng do enzyme




SOD, CAT va APX giam do thira hodc thiéu Mo trong méi trudng nudi ciy
(Hinh 3.2B). Nguoc lai, nong d6 t6i uu (ddi chimg (+) va 149,00 pg/L
MoO3NPs) cho thiy tic dung tich cuc khong chi ddi voi sy ting truong ma
con & céc chi ti€u sinh 1y va sinh hoa (H1nh 3.2B).

Dur lirong Mo ciia cdy ciic nudi cdy trén moi truong bo sung MoOsNPs

Du luong Mo ting dan theo nong d6 Mo c6 trong mdi truong nudi ciy.
Du luong Mo van dugc phat hién ngay ca khi mau duoc nuéi cdy trén moi
truong khong c6 Na;M004.2H,0 (nghiém thirc (-)); diéu nay cho thay su
tich tu Mo van con sot lai tir giai doan nudi céy trudc d6. Tuy nhién, néng
d6 Mo nay khong du cho qua trinh sinh trudng va phat trién cua chdi cy
ctic. Bén canh d6, nghién ctru ndy con chimg minh ring cac chat dinh
dudng (Ca, Mg, K, Cu, Fe) dugc hép thu nhanh hon béi cac mau thuc vat
khi ¢ kich thudc hat nano. Nhiing két qua nay cho thdy rang viéc thay thé
MoO:NPs cho mubi Na;M004.2H,O trong méi trudng nudi ciy di giup
tang cuong kha ning hip thy, cung cip ngudn dinh dudng vi lwong cho
thuc vat dé hd tro qua trinh sinh trudéng va cac hoat dong quan trong khac.

Hdp thu khodng ciia cdy cic nudi cdy trén méi truong bé sung
MoO3NPs

Két qua t6i wu duoc ghi nhin ¢ nghiém thirc 149,00 ug/L MoOsNPs.
Mic du ndng d6 Mo trong nghiém thirc dbi ching thuan lgi twong duong
v6i nghiém thic 149,00 pug/L MoOsNPs, hiéu qua hip thy chat dinh dudng
trong nghiém thirc nay khong téi wu. Vi vy, & mic do nano, Mo co tac
dong t6i wu hon dén kha ning hip thy khoang chét cua cdy trong. Tuy
nhién, nong d6 MoO3zNPs qua cao (223,50 va 298,00 pg/L) to ra doc hai
dbi véi cay clic, gy ra su suy giam vé kha ning hip thu chat dinh dudng.

Choi ciy clic & nghiém thirc (-) ghi nhan kha ning hap thu cac khoang la
thip nhét so v&i cac nghiém thirc con lai. Trong nghién ciru nay, kha ning
hap thu khoang (Ca, Mg, K, Cu, Fe) tang dan theo su ting cia MoOsNPs
trong moi trudng nudi cdy (37,25 — 149,00 pg/L). O nghiém thirc 149,00
Hg/L MoO3NPs ghi nhan kha ning hip thu khoang cao hon cac nghiém
thire khac (Hinh 3.6). O néng d6 MoO3NPs qué cao (223,50 hoic 298,00
png/L) kha niang hip thu chét dinh dudng & ddi tuong nay lai giam va lam
giam kha nang sinh trudng.



Sinh trieéng tiép theo cia cdy ciic

Sau 15 ngay nudi cay, du luong MoOsNPs con lai trong mau cdy di anh
huong dén giai doan ra ré in vitro cia ciy cuc (Bang 3.4; Hinh 3.3). O tat
cé cac chi tiéu (chiéu cao cdy, s 14, s6 1&, chiéu dai ré, SPAD, khdi lugng
tuoi va khoi luong kho), nghiém thirc 149,00 pg/L MoOsNPs vén cho thiy
wu thé & giai doan ra ré. Diéu tha vi 1a mic du du luong Mo trong mau dbi
ching duong cao hon so voi cac nghi€ém thic con lai (ngoai trir 149,00
Hg/L MoO3NPs), kha ning ra ré va sinh truéng cta nhiing cdy nay khong
t6t bang nhiing cay c6 ngudn gdc tir moi truong bd sung MoOsNPs (74,50 -
223,50 pg/L). Sau 15 ngay nudi cdy, du lugng MoO3NPs con lai trong mau
chdi da anh huong dén giai doan ra ré in vitro ciia cay cuc (Hinh 3.4 va
3.5).
Bang 3.4. Su sinh truong va ra r& cdy cuc c6 ngudn gdc tir mau ddt than
nudi ciy trén moi truong bd sung MoOsNPs sau 15 ngiy nudi cdy.

NIL?DO?’ Tyléra | Chiducao | Chidu dai SPAD Khéi lwgng
S ré (%) cay (cm) ré (cm) twoi (MQ)
(Hg/L)
0 917 477 329+1,97de | 260 30cd
+0,15e* +0,31le
@) 10,3 5,63 40,97 £0,72b 350 % 10b
+0,44d +0,15d
3705 9,3 5,37 31,1£0,70e | 280+ 0,00cd
' +0,20e +0,21d
14,03 6,53 41,43+1,19b 350 + 30b
74,50 100 +0,21b +0,21c
16,83 1157 | 57,93 +1,80a 410 + 50a
149,00 +0,25a +021a
12,57 8,07 3517+ 320 % 20bc
223,50 +0,15¢ +0,21b 1,55¢cd
10,23 6,37 36,5+ 1,6¢ 230 + 60d
298,00 +0,25d +0,25¢

* Céc chit cai khac nhau (a, b, ..) trong cing mét cgt thé hi¢n su khac biér c6 y nghia thong
ké ¢ p <0,05 (Duncan’s test). **: Moi trwong nudi cay logi bé CoCl:
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Hinh 3.3. Anh huong cta du lugng MoOsNPs Ién khd néng ra ré in vitro
sau 15 ngay nudi cay. Thudc do = 2cm
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Hinh 3.4. Anh huéng cta du lugng MoO3NPs 1én kha ning ra ré in vitro
cua cdy cuc sau 15 nga
v @By A

Hinh 3.5. Anh huéng cta du lugng MoO3NPs 1én kha ning ra ré in vitro
clia cdy cuc sau 15 ngdy nudi cdy.
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3.2. Nghién ciru thay thé mudi CoCl,.6H,O bang CoNPs trong vi
nhan gidng cdy tir linh lan, dong tién va clc
3.2.1. Nhin nhanh chéi ciia miu li cdy tiv linh lan trén moi truwong
thay thé CoCl,.6H,0 bang CoNPs

Sau 60 ngay nudi ciy, CoNPs c6 hiéu qua 1én kha ning tai sinh chdi,
khic phuc mét s6 hién tuong bat thuong, su bién dong khi ethylene,
enzyme khang oxy hoa (Bang 3.5; Hinh 3.6 va 3.7).
Bang 3.5. Anh huong ctia CoNPs 1én sy tai sinh choi va sinh truong cua
cum chdi sau 60 ngay nudi cay.

S6 chdi/miu KLK
CoNPs CCC KLT cum As
L) p P = (cm) SPAD chdi (mg) cum choi
(Mg Tong so Choi >1 g (mg)
choi cm
(+) 7,33c* 1,33e 0,67cd 27,00b 1047c 118e
) 6,67¢ 2,67d 0,43e 27,67b 760d 124de
1,55 9,33b 4,33c 0,57de 29,00ab 1360b 162c
3,10 10,67b 6,33b 0,80bc 28,33b 1384b 187b
4,65 13,00a 7,67a 1,37a 31,33a 1535a 212a
6,20 6,67c 4,67b 0,97b 26,67b 800d 136d

* Cac cha cai khac nhau (a, b, ...) trong cling mgt cgt thé hién su khac biét ¢6 y nghia thong
ké ¢ p <0,05 (Duncan’s test). **: Méi trueong nudi cay logi bé CoCl2

Hinh 3.6. Anh hudng cia CONPs 1én kha ning tai sinh choi cay tur linh lan
Thude do = 1cm
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Hinh 3.7. Anh huong ctia 4,65 pg/L CoNPs 1én kha ning khic phuc mot s6
hién tuong bét thuong trong giai doan tai sinh chdi cdy tir linh lan sau 60
ngay nudi cay.

Bang 3.6. Ham luong khi ethylene trong dia nudi cdy va hoat do enzyme
chéng oxy hoa ctia cum chdi trén méi truong co bd sung CoNPs sau 60
ngay nudi cay.

%:g’\/'ﬁ)s Ethylene (ppm) Hoat 9 CAT Ulg) Hoat d APX (U/g)
) 1,370,022~ 80,00 = 1,00d 0,55 + 0,01e
@ 1,28 +0,02b 87,33 £ 2,08 0,93 £0,03d
155 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 £ 0,06€ 105,67 « 1,15a 2,00 £0,04a
6.20 1.31£0,02b 80,33 + 2,51d 1,07 + 0,47c

* C4c ché cai khac nhau (a, b,...) trong cling mét cét thé hién su khac biét ¢é ¥ nghia thong
ké ¢ p <0,05 (Duncan’s test).
3.2.2. Nhin nhanh chéi ciia méu choi ciy dong tién nuéi cdy trén moi
truwong thay thé CoCl,.6H,0 bang CoNPs
Hién twong bat thuong trong vi nhdn giong cdy dong tién

Trong qué trinh nhan chdi va ra r& in vitro, cic hién tuong bét thuong
nhu thiy tinh thé, vang 14 va mau héa nau duoc quan sat va ghi nhan sau 30
ngdy nudi cdy. Két qua cho thdy hién twong thuy tinh thé (23,33% & giai
doan nhan chdi va 27,67% & giai doan ra ré in vitro) va vang 14 (23,33% &
giai doan nhan chdi va 20,00% & giai doan ra r& in vitro) 1 cao hon hon ty
1¢ mau hoa nau trong ca hai giai doan nhan chdi va ra ré in vitro.
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Két qua ghi nhan duoc cho thdy méi truomg DCO bd sung CoNPs da anh
hudng dén qua trinh nhan chdi va giam hién twong thuy tinh thé, vang 14
sau 30 ngay nudi cdy. SO luong chdi cao nhit thu duge tir chdi nudi cay
trén moi truong DCO bo sung 6,20 pg/L CoNPs ghi nhan sd luong choi 16n
hon 2 c¢m véi 6,67 chdi, trong khi cac dic diém sinh truong cia chdi cao
hon so v6i cac nghiém thire khac.

3.2.3. Ra ré in Vitro ciia méu choi ciy dong tién nuéi cdy trén méoi
trwong thay thé CoCl,.6H,0 bing CoNPs

Ra & in vitro dat 100% & tit ca cac nghiém thirc c6 bd sung CoNPs va
dbi chung (khong c6 CoNP) sau 7 ngay. Tuy nhién, thoi gian ra ré in vitro
(5,33 ngay) cua chdi ¢ nghiém thirc DRO bd sung 4,65 pg/L CoNPs sém
hon 2 ngay so voi trén moi truong dbi chimg (7,33 ngay). Tung va cong su
[45] chi ra ring AgNPs c¢6 cam Ung ra ré in vitro cdy dau tdy sém hon
khoang 3 ngay so v&i d6i chimg (khong c6 AgNP). Ngoai ra, 4,65 pg/L
CoNP 1am giam hiéu qua qua trinh thiy tinh thé, vang 14 va hoa nau cua
mau so voi dbi ching (khong c6 CoNPs), trong d6 4,65 pg/L CoNPs lam
giam hiéu qua qua trinh thily tinh thé, vang 14 va hoa ndu ciia mau gp 5 lan
so v6i d6i ching (Hinh 3.15B).

Két quéa cho thay nghiém thirc DRO bd sung 4,65 pg/L CoNPs 1a t6i uu
cho viéc khic phuc hién tuong bat thuong vé hinh thai ciia mau ciy cay
ddng tién sau 30 ngay. Ngoai ra, hidu qua quang hop duoc cai thién déng
ké, thé hién qua gia tri SPAD cao hon (55,77) so véi cac nghi€ém thic
CoNPs khac (Bang 3.8). Cay con c6 la mau xanh dam va giam mau vang
cia 14 va mau niu ctia miu. Ngoadi ra, enzyme thily phan (pectinase va
cellulase) cua cdy con & nghiém thitc CoNPs ciing khac nhau dang ké sau
30 ngay (Bang 3.9). Trén moi truong DRO c6 4,65 pg/L CoNPs, enzyme
cellulase giam 9 1dn va enzyme pectinase giam 5 lan; trong khi d6, APX,
CAT va SOD ting gip 1,5 dén 3 1an so voi dbi chimg. Ngoai ra, chdi &
nghiém thirc DRO b sung 4,65 pug/L CoNPs ghi nhén ethylene giam dang
ké (1,5 - 2 1an) so v6i nghiém thirc khong cd CoNPs.
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Hinh 3.8. Ra r& in vitro cta cdy dong tién (Gerbera jamesonii Revolution
Yellow) trén méi truong bd sung CONPs sau 30 ngay nudi cay.
Sinh triong tiép theo ¢ dieu kién vieon wom

Sau 15 ngay trong trong vuon wom, két qua cho thy ty Ié séng cua cay
con (c6 ngudn gdc tir 4,65 pg/L CoNPs) cao hon so véi cdy ¢ nghiém thirc
ddi chimg. Hon nita, chidu cao cay con, sb ré trén mdi cay con, chiéu dai
ré, sb 14, kich thudc 14, SPAD, khéi lwong tuoi va kho cua cdy con &
nghiém thirc 4,65 pg/L CoNPs déu tét hon so voi cdy ¢ nghiém thic doi
chung. Ngoadi ra, su hinh thanh nu hoa va ra hoa cua cay con ¢ ngudn géc
tir 4,65 ug/L CoNPs ghi nhan sém hon khoang 7 ngay so véi cdy dbi
chung.
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3.2.4. Ra ¥é in Vitro ciia méu chéi cay cUc nudi cdy trén moi truong thay
thé CoCl,.6H,0 bing CoNPs

Sau 15 ngay nudi cdy, két qua ghi nhan dugc cho thdy CoNPs véi cac
ndéng do khac nhau anh huong 1én kha ning ra ré va sinh trudng ciia mau
chdi ngon cay cuc (Hinh 3.9).

Hinh 3.9. Hinh thai cdy cuc & giai doan ra ré in vitro trén moi trudng nudi
ciy b6 sung cic nong do khac nhau ciia CoNPs sau 2 tudn nudi cay.

Két qua cho thiy mau chdi ngon nudi cy trén méi trudng MS co ban
(d6i chimg dwong), méi truong MS loai bd CoCl,.6H20 va bd sung cac
CoNPs & nong dd 1,55 - 6,20 pg/L déu ghi nhén ty 18 ra r& 13 100%; trong
khi d6, nghiém thirc bd sung 12,40 pg/L CoNPs khong ghi nhan ra 1é in
vitro, ngoai ra cac mau chdi ngon con ghi nhan hién tugng hinh thanh mo
seo & gbc (Hinh 3.9H).B6 sung CoNPs vao méi truong nudi cdy anh huong
1én su thay ddi hoat d6 SOD va CAT, hoat do enzyme gia tang ¢ nghiém
thire khong bo sung (dbi ching - ) dén nghiém thic bd sung 4,65 pg/L
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CoNPs va sau d6 giam (Bang 3.7). Trong khi d6, hoat do enzyme chdng
oxy héa APX khong c6 su khac biét dang ké giira cac nghiém thuc.
Bang 3.7. Hoat d6 enzyme chdng oxy héa ciia cdy cuc sau 15 ngay nudi

chy.

CoNPs (ua/L) SOD (U/g) CAT (Ulg) APX (Ulg)
) 141,03 £7,72a* 330,60 +9,38b 0,47 +0,06

) 92,02 + 2,56e 295,27 + 16,70de 0,45+ 0,04
0,755 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+ 14,05e 0,46 0,07
12,40 100,86 + 3,98cd 306,71+ 7,75cd 0,43 +0,07

ns

* Gia tri trung binh + SD; *Cdc chit cdi khac nhau (a, b,...) trong cung mgt cot thé hién su
khac biét co y nghia thong ké véi p < 0,05 (Duncan’s test); ns: non-significant.
3.3. Nghién ciru thay thé mudi FeSO4.7H,0 bing FeNPs trong vi nhan
gidng cdy ciic, ddng tién va tir linh lan
3.3.1. Ra ré in Vitro ciia chéi ngon cdy ciic nudi cdy trén méi trwong thay
thé FeSO,.7TH,0 bang FeNPs

Két qua ¢ Bang 3.8 va Hinh 3.10 cho thiy anh hudng cua FeNPs 1én
sinh trudng cua chdi clc sau 30 ngay nudi cdy. O cac chi tidu chiu cao
cay, chiéu dai 14, chiéu rong la, sb 1é khong c6 sy khac biét nhiéu. Tuy
nhién & nhitng chi tiéu vé khéi lugng twoi, khdi lwong kho, chidu dai ré,
SPAD c6 su khac biét. Trong d6 & nghi€m thic co bd sung 4,2 mg/L
FeNPs cho két qua gia tang sb 14, khéi lugng tuoi, khéi lugng kho 1a tdt
nhit so vi mau dbi chimg.
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Bang 3.8. Anh hudng ciia FeNPs 1én ra ré in vitro ctia mau chdi ngon cay
clic sau 30 ngay nudi ciy.

FeNPs Cf)iéu cao 6 14 S6 1 Chiéu dai ré | Khdi lweng
(mg/L) | cay(cm) (cm) twoi (Mg)
O | codoor | so%m | soney | 3%0*0300 | esaxsg
RS AN
14 coad | a1o0s ooe | 410%0400c | 806 5e

e | R e
56 o | siobe | siiepe | 42020300 | 1078x7b
12 | L o%0pe | simbe | siews | 3602030cd | 934x5d

* Gia tri trung binh + SD; *Cdc chit cdi khdc nhau (a, b,...) trong cung mot cot thé hién su
khac biét co y nghia thong ké voi p < 0,05 (Duncan’s test).

Hinh 3.10. Ra r& in vitro ciia cdy ctc trén moi truong bo FeNPs sau 30
ngay nudi ciy
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3.3.2. Ra ré in Vitro ciia mau choi ciy dong tién nudi cdy trén méoi
truwong thay thé FeS0,.7TH;0 bang FeNPs

Két qua ghi nhan duoc cho thdy, ty 1é ra ré ciia chdi cdy dong tién dat
100% & tat ca cac nghiém thirc sau 30 ngay nudi ciy. Tuy nhién, thoi gian
cam mg ra 1 ciia cac choi trén moi trudng bod sung 5,6 mg/L FeNPs (5,00
ngay) sém hon so v6i cac chdi trén moi truong dbi ching (7,33 ngay). B6
sung FeNPs anh huong 1én kha ning ra ré& va sinh truong cia cdy dong tién
sau 30 ngay nubi cdy (Hinh 3.11A-C).

Chiéu cao cdy (5,83 cm) va SPAD (41,47) thu nhan ¢ cic cdy nudi cdy
trén méi trudng bd sung 5,6 mg/L FeNPs 1a cao hon so véi cac ciy co
ngudn gbc bd sung cac ndong do6 FeNPs khac va twong dong véi cay doi
chung (1an luot 13 5,83 cm va 33,27) sau 30 ngay nudi cdy. Khdi luong tuoi
va khdi lugng kho déu ting khi ting ndng do tir 0 - 4,2 mg/L FeNPs trong
mai trudng nudi cdy in vitro va cao hon ddi chimg. Khong co su khac biét
& cac cdy c6 ngudn gdc noéng do 4,2 va 5,6 mg/L FeNPs vé chi tiéu khoi
luong tuoi va khéi lugng kho; tuy nhién, s6 ré (13,00 ré), chiéu dai ré (5,27
cm), chiu dai 14 (2,07 cm) va chiéu rong 14 (1,83 cm) & cac cdy c6 ngudn
gbc ndng do 5,6 mg/L FeNPs 1a cao hon so véi cac ciy c6 ngudn gbc ndng
d6 4,2 mg/L FeNPs. Hoat d6 enzyme khang oxy hoa (SOD, CAT va APX)
ctia cay con cd ngudn gbc bd sung 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 Gng) so vdi cay
¢6 ngudn gbc nudi cdy trén mdi truong MRO (Ddi ching) va méi truong
MRO loai bé FeS0,.7H,0 sau 30 ngay nudi cdy. Trong khi do, hoat do
enzyme thuy phan lai cho két qua nguoc lai. Diéu nay cho thdy viéc bd
sung FeNPs da lam gia tang hoat d¢ enzyme khang oxy hoa va giam hoat
d6 enzyme thuy phédn; qua do, thiic diy kha ning ra ré in vitro va sinh
truong clia cdy dong tién 30 ngay nudi cay.
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Hinh 3.11. Anh huéng cta FeNPs 1én sy hinh thanh ré va hinh thai khi
khéng ctia cay dong tién sau 30 ngdy nudi cdy.

Kha néng hap thu K, Ca va Mg

Két qua sau 30 ngay nudi cdy cho thdy 5,6 mg/L FeNPs giup gia ting su
hép thu khoang K (436,04 mg), Mg (60,33 mg) va Ca (42,33 mg) trong cay
ddng tién nudi cdy in vitro so voi nghiém thire MS-Fe va MRO.

3.3.3. Ra ré in Vitro ciia méu chéi cdy tir linh lan trén méi trwong thay
thé FeS0O,.7H,0 bang FeNPs

Ty 1¢ ra ré ctia chdi cay tr linh lan dat 100% & tat ca cac nghiém thic
sau 30 ngay & diéu kién vuon vom. Str dung FeNPs thay thé FeSO4.7H20
khong cho su khac biét & cac tinh trang vé sinh truéng cta cay nhu: chiéu
cao cay, s6 18, chiéu dai ré, s6 14, chiéu dai 14 cling nhu khdi lugng tuoi va
khéi luong kho.
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Tuy nhién, hoat do enzyme chdng oxi hoa va thuy phan sau 30 ngay cho
thay su khac biét (Bang 3.18). SOD, CAT va APX & nghiém thire 5,6 mg/L
FeNPs & giai doan ra ré in vitro 1a cao hon (41,32 U/g; 308,70 U/g; 0,55
Ulg; tuong Gmg) so véi cdy dbi chimg va modi truong MRO loai bo
FeSQO4.7H20 sau 30 ngay. Trong khi d6, hoat d¢ enzyme thuy phan lai cho
két qua nguoc lai (Bang 3.18). Diéu nay cho thay viéc bd sung FeNPs da
lam gia ting hoat do enzyme chong oxi hoa va giam hoat d6 enzyme thuy
phan; qua d6, thiic diy ra ré in vitro va sinh truéng cta cdy con sau 30
ngay.

CHUONG 4. KET LUAN VA KIEN NGHI
4.1. KET LUAN
Luén an “nghién ctru thay thé mot s mudi kim loai vi lugng bang nano
kim loai trong vi nhan gidng cay hoa (ctic, dong tién va tir linh lan) da dénh
gia duoc hiéu qua cua viéc thay thé ciac mudi kim loai vi lwong
(FeS04.7H,0, NazM004.2H,0, CoCl,.6H20) trong MT nudi cdy MS bang
cac NPs tuong tng (FeNPs, MoO3sNPs va CoNPs) trén ba loai cdy trong la
clic, dong tién, va tir linh lan. Cac NPs dugc st dung trong nghién ctru nay
da gitip cai thién cac chi tiéu vé sinh trudng, phat trién trén cac ddi tuong
ciy trong (ctc, déng tién va tir linh lan), bén canh d6 con gitip khic phuc
mot s6 hién tugng bat thudng trong nhan gidng in vitro nhu vang 14, thiy
tinh thé. Két qua da cho thay tiém ning cua viéc st dung NPs thay thé cho
cac mudi vi lugng thuong dung trong MT nudi cdy MS.
Doi véi cay cic:
*  MoOsNPs 223,50 pg/L cho ty 1€ cam tng m6 seo dat 100% va tai
sinh chdi dat 33,33%.
«  MoO:NPs 149,00 pg/L cho hiéu qua t6i vu trong giai doan nhan
nhanh va sinh truéng chdi, thong qua tang kha nang ra ré, cai thién
hinh thai va thic day hip thu khoang da luong (Ca, Mg, K) va vi
lugng (Cu, Fe).
+  CONPs 4,65 pg/L trong giai doan ra ré gilp cai thién sinh truong
ciy cuc, 1am ting chiéu cao cdy, s 14, s6 ré va sinh khdi. dong thoi
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gop phan diéu hoa ethylene va cai thién trang théi sinh 1y cta cay
nudi ciy.

«  FeNPs 4,6 mg/L giup tang tich lity chlorophyll, thiic day hinh
thanh ré.

Doi v6i cay dong tién:

«  CONPs 6,2 pg/L gitp tang hé s6 nhan choi, cai thién chiéu cao va
chat luong chdi; ddng thoi 1am giam cac hién twong bat thuong nhu
thity tinh thé va vang l4.

«  CONPs 4,65 pg/L thiic ddy hinh thanh ré, ning cao kha ning thich
nghi va sinh trudng cua cay ¢ diéu kién vuon vom.

«  FeNPs 5,6 mg/L gitp ting hip thu Fe, cai thién phat trién ré, ning
cao hoat dong enzyme khang oxy héa va chat lwong cay dong tién
nudi ciy.

Doi véi cay tir linh lan:

«  CONPs 4,65 pg/L giup ting s6 lugng chdi, chiéu cao va sinh khbi
chdi; dong thoi han ché rd rét cac bat thuong hinh thai trong qua
trinh nuéi cay. CoNPs lam giam tich liiy ethylene va ting hoat do
enzyme khang oxy hoa, gop phan ning cao sirc séng va chat luong
mau ciy tir linh lan.

* FeNPs 5,6 mg/L gitp tang hoat d6 enzyme khang oxy hoa va cai
thién trang thai sinh trudng cua cdy tu linh lan in vitro trong giai
doan ra ré.

4.2. KIEN NGHI

Tiép tuc nghién ciru vé tic dong ctia FeNPs, CoNPs, MoO3NPs 1én
cac giai doan khac cua cdy cuc, cdy tir linh lan va cdy dong tién.

Can c6 nhitng chuyén sau hon vé vai tro, sy hap thu, van chuyén va
sir dung NPs trong cdy trong, ciing nhu anh huéng cia NPs dén kha ning
hap thu cac chat khoang da lugng, trung lwong va vi lugng trong thuc vat.

Tiép tuc nghién ctru thay thé cac mudi kim loai khac trong MT MS
bang nano kim loai, tir 46 hudng dén viéc thay thé hoan toan cac mubi kim
loai bang nano kim loai.
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