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MO PAU
Ly do chon dé tai

Cong nghé sinh hoc thyc vat - ddc biét 1a phuong phéap nudi cay té
bao, mo va co quan thyc vat trén méi truong dinh dudng duoc kiém
soét - da khac phuc dugc nhimg kho khin cta phuong phap nhan gidng
truyén thong. Tuy nhién, bén canh nhiing rru diém mang lai thi phwong
phap niy van con ton tai mot sb han ché nhu qua trinh khir tring bé
mit mau ce”iy bi nhiém vi sinh vat anh hudéng dén hiéu qua tai sinh,
hi€u qua cua cac qua trinh phat sinh hinh thai khong cao, su tich luy
khi ethylene anh hudng dén higu qua nhan giéng, chat luong ciy giéng
va ty 1& song sot khi thuan hod & vudn wom thap, gia thanh cay gidng
cao. Do d6 viéc tmg dung cac ngudn vat liéu méi trong khir tring ciing
nhu cai tién moi truong nham nang cao chit lugng ciy gidng van ludn
12 mot trong nhitng muyc tiéu cta vi nhan gidng thuong mai.

Chung ta dang séng trong thoi dai ma cong nghé nano duoc ting
dung trong nhiéu linh vuc nhu vét 1y, hoa hoc, dién tir, moéi truong,
nang lugng, vt li€u, sinh hoc. Chinh vi vay, dé hiéu rd vai trd va tiém
ning ctia nano trong viéc khir tring, b6 sung nhu mot chat diéu hoa
sinh truéng va thay thé dinh dudng khoang nham cai thién cac nhugc
diém trong hé thong vi nhan giéng, nang cao chat lugng ciy gidng
nudi céy mo, chung toi tién hanh thyc hién dé tai “Nghién ctru tac dong
clia nano bac va nano sit 1én chét luong cdy giéng in vitro & mot sd
cy trong ¢ gia tri kinh t&”. Trong nghién ciru nay, cac cay trong dugc
sir dung 1am ddi twong nghién ctru 14 salem (Limonium sinuatum), dau
tay (Fragaria * ananassa) va sam Ngoc Linh (Panax vietnamensis Ha
et Grushv.).



Muc tiéu dé tai

Dé tai duge thuc hién nhim déanh gia tac dong cua cac hat nano bac
(AgNPs) - duoc sir dung khtr tring bé mat mau 14 va bd sung vao moi
truong nudi ciy, cac hat nano sit (FeNPs) - dugc sir dung thay thé sat-
Ethylenediamine Tetra Acetate (Fe-EDTA) trong qué trinh vi nhan
gidng 1én chat lugng cdy giéng trén mot s6 loai ciy trong cb gia tri
kinh té (salem, dau tay va saim Ngoc Linh).

Poi twrgng va pham vi nghién ciru
Déi twong nghién ciru

AgNPs (str dung 1am chat khtr tring va bd sung vao mdi truong
nudi ciy), FeNPs (thay thé Fe-EDTA trong méi truong nudi ciy) véi
cac ndng do khac nhau dugc sir dung dé nghién ciru kha nang khir
tring, sy sinh truong, phat trién va nang cao chat lugng cdy giéng ciy
salem, dau tay va saim Ngoc Linh nudi cdy in vitro.

Pham vi nghién ciru

Nghién ctru anh huéng ctia AgNPs 1én cac giai doan khir tring bé
mit, phat sinh hinh thai trong vi nhan giéng cay salem, dau tdy va sim
Ngoc Linh.

Nghién ctru &nh hudng ciia AgNPs va FeNPs 1én giai doan tao cay
hoan chinh trén ba ddi twong cdy trong (salem, dau tay, sim Ngoc
Linh) nui cdy in vitro.

Y nghia khoa hoc va thue tién ciia dé tai nghién ciru
Y nghia khoa hoc ciia dé tai

Két qua nghién ciru ciia luan an s& cung cap cac dan liéu khoa hoc
moi 6 gid tri vé vai trd ciia nano kim loai dén qué trinh khir tring bé
mat, sinh truong, phét trién, sy bién dong khi ethylene va ning cao
chit lugng ciy gidng trong vi nhan giéng cdy hoa canh, cdy an trai va

cay duogc liéu.



Y nghia thuc tién ciia dé tai

Két qua nghién ctru cua luan an c6 nhiéu tiém ning img dung trong
san xudt cdy gidng thuong mai.
Nhirng dong gép moi cia lujn an

Day la cong trinh d4u tién tai Viét Nam nghién ctru ing dung nano
kim loai (AgNPs, FeNPs) trong vi nhan gidng ciy salem, dau tdy, sim
Ngoc Linh.

D¢ tai da danh gid dugc vai tro cia AgNPs trong tc ché khi
ethylene nhdm néng cao chat lugng cdy gidng cay salem, dau tay, sim
Ngoc Linh nudi cay in vitro.

Bo sung nano kim loai vao mi trudng nudi cy trong giai doan vi
nhan giéng da gitip gia ting kha nang thich nghi ciing nhu ty 1¢ séng
cua cay salem, dau tay va sam Ngoc Linh ¢ giai doan vuon wom.

Xay dung dugc quy trinh nhan gidng cua ba loai cay hoa canh c6
gid tri kinh té cao 1a cdy salem, dau tdy va saim Ngoc Linh du6i anh
hudng cua nano kim loai.

Két ciu ctia luan 4n

Ludn 4n gdm 125 trang (ké ca tai liéu tham khao) chia thanh cac
phan: Phan m¢ dau 4 trang; Chwong 1: Téng quan tai liéu 29 trang;
Chuong 2: Vat li¢u, ndi dung va phuong phap nghién ctru 12 trang;
Chuong 3: Két qua va ban luan 52 trang; Phan két luan va dé nghi 3
trang; Céc cong trinh da cong bd lién quan dén luan an 1 trang; Phan
tai liéu tham khao 24 trang voi 180 tai liéu tham khao bang tiéng Viét,
tiéng Anh. Luan 4n c6 20 bang, 20 hinh va 6 biéu do.



Chuong 1: TONG QUAN TAI LIEU

Luan an da tham khao va tong két vé 10 van dé chinh véi cac ndi
dung lién quan dén: (1) Vi nhén giéng; (2) Cac qua trinh trong vi nhan
giong; (3) Han ché trong vi nhan giéng; (4) Nano kim loai; (5) Ung
dung cua nano kim loai; (6) Nano bac va nano sat trong vi nhan gidng
thuc vét; (7) Tinh an toan sinh hoc ctia cac nano kim loai; (8) So lugt
vé cay salem; (9) So luot vé cdy du tay; (10) So luot vé cay sim Ngoc
Linh.

Chuwong 2: VAT LIEU, NOI DUNG VA PHUONG PHAP
NGHIEN CcUU

2.1. Vit liéu
2.1.1. Vit liéu thuce vit

La non cua cay salem (Limonium sinuatum) va dau tay (Fragaria
x ananassa) 3 thang tudi, sim Ngoc Linh (Panax vietnamensis Ha et
Grushv.) 3 nim tudi
2.1.2. dung dijch nano

AgNPs co kich thudc 20 — 25 nm, FeNPs c¢6 kich thude 20 — 60 nm
2.1.3 Thiét bi, dung cu, hod chit
Thiét bi va dung cy: Can dién tir, may cAt nudc, may do pH, ndi hép
vO trung, ti cdy vo trung, may do ham luong diép luc SPAD-502
(Minolta Co., Ltd., Osaka, Nhat Ban), ti sdy Sanyo MOV-112, tii sdy
Memmert, can ky thuét Prescisa (Nhat Ban), den UV hai budc song
254 nm va 365 nm, am ké (JR-900A, Trung Qudc), may lic Hermle
(DPtee), kinh hién vi soi n6i C-BD230 va CH30RF200, kinh hién vi
dién tir huynh quang, kinh hién vi dién tir quét FE SEM S4800, may
quang phd hap phu AAS-6650, may sic ky khi GC-CP 3380, dén con,
dao cdy, dia cdy, panh cdy, kéo, binh nudi cdy, ddy thun, nylon, ging
tay,...



Hod chat: Agar, gelrite (Viét X6, Cty Phan Tran, Ho chi Minh);
sucrose (Bién Hoa, Déng Nai); cac hoa chét duoc st dung trong moi
truong MS hodc SH, chat diéu hoa sinh truong thyc vat (Merck,
Sigma, Duchefa).

2.2. Ngi dung nghién ciru

2.2.1. Nghién ctru dnh huéng ciia AgNPs 1én khir tring bé mit va
cAm vrng miu ciy

2.2.2. Nghién ctru 4Anh hwéng ctia AgNPs 1én sy phat sinh hinh thai
cac loai miu trong nubi ciy in vitro

2.2.3. Nghién ciru 4nh huéng ciia AgNPs va FeNPs 1én qua trinh
tao ciy con hoan chinh tir chdi trong nudi cy in vitro

2.2.4. Nghién ciru kha sinh truéng tiép theo ciia ciy con in vitro
nudi cAy trén méi treong bo sung AgNPs va thay thé Fe-EDTA
bang FeNPs tdi wu ¢ giai doan ex vitro

2.3. Phuwong phap nghién ciru

2.3.1. Phwong phdp bé tri thi nghi¢m

2.3.1.1. Thi nghiém 1: Nghién ciru anh hwéng AgNPs lén khir trung
bé mdt va cam ikng méu cdy

Thi nghiém 1.1: Khado sdt danh hwéng AgNPs 1én khir trimg bé mdt va
cam vmg mau ld cdy salem

Thi nghiém 1.2: Khado sdt danh hwéng AgNPs 1én khir trimg bé mdt va
cam vmg mau ld cdy ddu tdy

Thi nghiém 1.3: Khdo sdt dnh hwéng AgNPs 1én khir trimg bé mdt va
cam vng mau ld sam Ngoc Linh

2.3.1.2. Thi nghiém 2: Nghién ciru anh huwéng cua AgNPs lén sw
phdt sinh hinh thdi cdc logi mdu trong nuéi cdy in vitro

Thi nghiém 2.1: Khdo sat anh huong cua AgNPs lén sy hinh thanh

huyén phu té bao tir mo seo cdy salem nudi cay in vitro
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Thi nghiém 2.2: Khdo sdt anh hwéng ciia AgNPs lén si tdi sinh choi
tir huyén phii té bao cdy salem nuéi cdy in vitro

Thi nghiém 2.3: Khao sat anh huong cua AgNPs lén qua trinh phat
sinh va tang sinh phéi vé tinh tir mé seo cdy sam Ngoc Linh nudi cdy
in vitro

2.3.1.3. Thi nghiém 3: Nghién cvru dnh hwong ciia AgNPs va FeNPs
Ién qud trinh tao cdy con hoan chinh tiv chéi nuéi cdy in vitro

Thi nghiém 3.1. Khdo sat anh huong cua AgNPs va FeNPs lén qua
trinh tao cdy con hoan chinh tir choi cdy salem nudi cdy in vitro

Thi nghiém 3.2: Khdo sat anh huong cua AgNPs va FeNPs lén qua
trinh tao cdy con hoan chinh tir choi cdy ddu tdy nudi cdy in vitro
Thi nghiém 3.3: Khdo sat anh huong cua AgNPs va FeNPs lén qua
trinh tao cdy con hoan chinh tir choi cdy sam Ngoc Linh nudi cdy in
vitro

2.3.1.4. Thi nghiém 4: Theo doi khd ndng thich nghi, sinh trudéng,
phdt trién va tich luy hoat chit ciia cdy con in vitro nuéi cdy trén
méi trwong bo sung AgNPs va thay thé Fe-EDTA bang FeNPs toi
wu o giai dogn ex vitro

Thi nghiém 4.1: Theo doi kha nang thich nghi, sinh truong va phat
trién cdy salem in vitro nudi cdy trén méi truong bé sung AgNPs va
thay thé Fe-EDTA bang FeNPs t6i wu & giai doan ex vitro

Thi nghiém 4.2: Theo doi kha nang thich nghi, sinh truong va phat
trién cdy ddu tdy in vitro nudi cdy trén méi truong bé sung AgNPs va
thay thé Fe-EDTA bang FeNPs t6i wu & giai doan ex vitro

Thi nghiém 4.3: Theo doi khad nang thich nghi, sinh trieong, phdt trién
va tich luy hoat chdt ciia cdy sam Ngoc Linh in vitro nudi cdy trén méi
trieong bo sung AgNPs va thay thé Fe-EDTA bang FeNPs t6i wu ¢ giai

doan ex vitro



2.3.2. Phwong phadp theo doi cdc chi tiéu
2.3.3. Phwong phdp quan sdt bé mit mé seo
2.3.4. Phwong phdp gidi phau thuc vit
2.3.5. Phwong phdp quan sdt va dém sé lwong té bao
2.3.6. Phwong phap xdc dinh ham lwong khi ethylene
2.3.7. Phwong phdp xdc dinh ham lwong AgNPs hép thu
2.3.8. Phwong phdp phén tich dinh luong saponin (G-Rgl, M-R2,
G-Rb1)
2.4. Pidu ki¢n nubi ciy
2.5. Pia diém va thoi gian tién hanh thi nghiém
2.6. Phuong phip xir 1y thong ké
Chuwong 3: KET QUA VA BAN LUAN

3.1. Nghién ciru Anh hwéng ciia AgNPs Ién khir trung bé mit va
cAm vrng miu ciy
3.1.1. Anh huéng ciia AgNPs lén khir tring bé mdt va cim teng méu
ld cdy salem

Sau 4 tuan nudi cdy, két qua ghi nhan duoc cho thdy rang cac mau
14 dwoc khir tring bang 0,2 g/ AgNPs trong 20 phut va 0,5 g/L trong
15 phit cho ty 1& nhiém, ty 16 cam tng md seo va khi luong twoi toi
uu hon céac nghiém thirc khac (Bang 3.1 va Hinh 3.1).
Bang 3.1. Anh huong clia AgNPs 1én khir tring bé mit va cam tng

mau 14 ciy salem sau 4 tuan nudi cay

<. ... Nong Thoi TV 18 Ty 18 tai Khoi
ggi;khw do ; gian’ nl}llié.m siih.mé lll’(.)’l.lg
(g/L)  (phat) (%) seo (%) twoi(g)
5 100,00 - _
10 100,00 - _
0,05 "5 7222°  2797°  0,52°
AgNPs 20 71,11° 2888  0,53%
30 7333 26,66° 0,54




5 100,00* -

10 70,00°  30,00°  0,53%
0,1 15 68,89°  31,11° 0,54
20 46,66°  53,33¢  0,64°

30 71,11°  28,88° 0,55
5 71,11°  28,89° 0,54

10 45,55°  5444%  0,64°

0.2 15 36,66% 63,33  0,73°
20 26,66°  73,33*  0,74°

30 70,00°  30,00°  0,53%

5 71,11°  28,89°  0,52°

10 44 44% 5555 (,65°

0,5 15 26,66°  73,33*  0,73%
20 35,55° 64,44>  0,73°

30 68,89°  31,11°  0,53%

HeCly 1 5 43,33 56,66™¢ 0,64°

Ghi chii: "Nhitng chit cdi khdc nhau (a,b,c...) trong ciing mot cot thé
hién su khdc biét co y nghia o mirc @ = 0,05 trong phép thir Duncan,
ky hiéu (-) thé hién nhitng nghiém thirc khong co mau thanh cong.

nre b dren L me

Hinh 3.1. Sy cam tng khac nhau giita cac mau 14 salem duoc khir
trung bang AgNPs so voi HgCl, sau 4 tuan nudi cay

a: mau l4 duoc khtr trung bang 0,2 g/L AgNPs trong 20 phut; b: mau
14 dugc khir tring bang 0,2 g/L AgNPs trong 30 phut ¢: mau la duoc
khir triing bang 1 g/L HgCl, trong 5 phut; sau 4 tuan nudi cy.



3.1.2. Anh huéng ciia AgNPs lén khir tring bé mdt va cim teng méiu
ld diu tay

Sau 6 tudn nudi ciy, cac mau 1a dugc khir tring bang 0,2; 0,5 g/L
AgNPs trong 20 phiit cho ty 1¢ nhidm thap hon so véi cac nghiém thirc
con lai; nhung ty 1& tai sinh chdi va sb chdi twong dwong so vai 5 g/L
HgCl, trong 5 phut. Dic biét, khéi lugng twoi ciia chdi dat cao nhat &
0,2 g/ AgNPs trong 20 phut (Bang 3.2 va Hinh 3.2).
Bang 3.2. Anh huong clia AgNPs 1én khir tring bé mit va cam tng

mau 14 cdy dau tdy sau 6 tudn nudi cay

Chitkhy Nong Thoi  TyIe  Tyletdi o ., Choi
tring do gian nhiém sinh choi mau cao >
(gL)  (phat) (%) (%) 1,5 cm
5 100,00 - - -
10 100,00* - - -
0,05 5 100,00° - - -
20 100,00° - - -
30 100,00° - - -
5 100,00° - - -
10 73,33 22229 10,00° 0,00
0,1 15 63,33  30,00% 12,33 0,00°
20 60,00 33,33 11,33 0,00°
AgNPs 30 100,00° - - -
5 100,00° - - -
10 60,00 34447  10,66°  0,00°
0,2 15 37,78% 56,66  15,66™ 4,00
20 28,897 64,44° 21,00° 6,66
30 100,00° - - -
5 100,00° - - -
10 48,880 4555 13,00  0,00°
0,5 15 36,66  61,11% 13,33 4,00°
20 22,228 57,78 19,00 4,66
30 100,00° - - -
HgCl, 1 5 49,99 46,66™¢  16,33™ 0,00




Ghi chii: "Nhitng chit cdi khdc nhau (a,b,c...) trong ciing mot cot thé
hién su khdc biét co y nghia o mirc @ = 0,05 trong phép thir Duncan,
ky hiéu (-) thé hién nhitng nghiém thirc khong co mau thanh cong.

Hinh 3.2. Sy cam tmg khic nhau giita cdc mau 14 cay dau tay duoc
khir tring bang AgNPs so véi HgCly sau 3 va 6 tuan nudi cay
a, b: mo seo va chdi ¢ nghiém thirc khir tring bang 0,2 g/L AgNPs
trong 20 phut sau 3 va 6 tudn nudi cdy; ¢, d: mo seo va chdi & nghiém
thire khir tring bang HgCl, sau 3 va 6 tuan nudi cdy.
3.1.3. Anh hwong ciia AgNPs lén khir tring va cam teng méu ld sam
Ngoc Linh

Sau 6 tuan nudi cdy, cic mau la dugc khir tring bang 0,2 g/L
AgNPs trong 20 phiit; 0,5 g/ AgNPs trong 15 phut cho ty 1& nhiém
thip hon so v6i cac nghiém thic khac nhung ty 1& cam tng mé seo

tuong duong so véi 5 g/L HgCl, trong 5 phit. Dic biét, khéi luong
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tuoi md seo dat cao nhat & 0,2 g/L AgNPs trong 20 phiit (Bang 3.3 va

Hinh 3.3).

Bang 3.3. Anh huong ctia AgNPs 1én khir tring bé mit va cam tng

mau 14 cdy sim Ngoc Linh sau 6 tuan nuoi cay

£, .. Nong Thoi Tylé Ty 1é hinh  Khoi
g_gi;khlr do gian nhiém thAnh mé  lugng twoi
(gL)  (phat) (%) seo (%) (®
5 100,00 - -
10 100,00 - -
0,05 15 100,00 - -
20 100,00 - -
30 68,88° 24,449 0,441%
5 100,00 - -
10 100,00 - -
0,1 15 63,33 30,00 0,54%
20 60,00  33,33% 0,66
30 70,00° 23,334 0,51
AgNPs 5 100,00 - -
10 58,89% 34 44 0,57
0,2 15 36,67  56,66™ 0,53%
20 26,66°  72,22° 0,77
30 100,00 - -
5 52,2004 41,1154 0,67°
10 47,77 45,55% 0,57°%
0,5 15 20,00°  66,67% 0,585
20 35,55%  57,77% 0,61
30 100,00 - -
HgCl, 1 5 48,88 46,66 0,418

Ghi chii: "Nhitng chit cdi khdc nhau (a,b,c...) trong ciing mot cot thé
hién sy khac biét co y nghia 6 murc o = 0,05 trongphep thir Duncan,
ky hiéu (-) thé hién nhitng nghiém thirc khong cé6 mau thanh céng.
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Hinh 3.3. Sy cidm (g khac nhau gitta cic mau 14 sim Ngoc Linh dugc
khir tring bang AgNPs so véi HgCly sau 1, 2, 4 va 6 tuan nudi cy

a, b, ¢, d: md seo ¢ nghiém thtrc khir tring bang 0,2 g/L AgNPs
trong 20 phut sau 1,2,4 va 6 tuan nuodi céy; e: Cac mo phoi hinh cau
(quan sat dudi kinh hién vi dién tir: SEM) & nghiém thirc khir tring
bang 0,2 g/L AgNPs trong 20 phit sau 6 tudn nudi cay; f: mo seo &
nghiém thirc khir tring bang HgCl, sau 6 tuan nudi cay.
3.2. Nghién ctru dnh huéng ciia AgNPs 1én sy phat sinh hinh thai
cac loai miu trong nudi ciy in vitro
3.2.1. Anh huwéng ciia AgNPs lén sw gia ting so lwong té bao tiv mé
seo cdy salem nuéi cdy in vitro

Sau 8 ngay nudi ciy, cac té bao da trai qua giai doan thich nghi (té
bao sinh truéng cham). Giai doan ting truong cia té bao kéo dai tir
ngdy nudi cdy thir 8 dén ngay thir 12 & tat c cac nong do AgNPs va
ngay thir 16 & ddi chimg. Giai doan 6n dinh & cac nong do AgNPs
dugc bat dau tir ngay thir 12, & ddi chimg 14 ngay thir 16 cing kéo dai
dén ngay thir 20. Sau d6, s6 lugng té bao giam nhanh dén ngay thir 24
va giam cham dén ngay 28, diéu nay chimg to cac té bao budc vao giai
doan suy vong (Biéu d6 3.1 va Hinh 3.4).
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30000 +

20000 +

S6 lrgng té bao

10000 +

e _ =
Thoi gian 4 ngay
00 mg/L AgNPs 751
00,4 mg/L AgNPs 989
00,8 mg/L AgNPs 902
01,2 mg/L AgNPs 1350
B1,6 mg/L AgNPs 1020
02 mg/L AgNPs 700

Biéu d6 3.1. Anh hudng ciia AgNPs 1én sy gia ting s6 luong té bao tur
mo seo cay salem sau 4, 8, 12, 16, 20, 24, 28 ngay nudi cay

Hinh 3.4. Huyén phu té bao tir md seo cdy salem trong moi truong

nuoi cay long lac

a, b, ¢: huyén phu té bao trong méi truong khong bd sung AgNPs &
cac giai doan thich nghi (ngay thu 8), tang truong (ngay tha 16), suy
vong (ngay thir 24); d, e, f: huyén phu té bao trong méi trudng bo sung

(= == -]
8 ngay
1086
1251
1419
1623
1433
1299

12 ngg

3673
31543
35517
45850
39529
31416
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i

16337
33385
40463
48433
41909
38630

L1

o

m

19361
34228
43639
49088
43989
43254

l6ngay 20ngay 24 ngay

14639
21321
25963
26294
24041
21611

28 ngay
12008
19964
22406
22858
21623
17049



AgNPs nong d6 1,2 mg/L & cac giai doan thich nghi (ngay thu 8), ting
trudng (ngay thir 16), suy vong (ngay thu 24).
3.2.2. Anh hwéng ciia AgNPs lén sw tdi sinh chéi tiv huyén phi té
bao cdy salem nuéi cdy in vitro

Sau 4 tuan nudi cy, két qua ghi nhan cho ty 1¢ miu tai sinh, chiéu cao
chdi, s6 chdi 16n hon 1,5 cm, khéi lugng twoi ¢ nghiém thirc 1,6 mg/L
AgNPs dat cao hon so véi cac nghi€m thirc con lai. S chdi trén binh dat
cao nhat & 0,8 mg/L AgNPs nhung cac chdi nay dinh lién v6i nhau va
khoéng thé tach roi (Bang 3.4 va Hinh 3.5)
Bang 3.4. Anh hudng ciia AgNPs 1én sy tai sinh, sinh trudng va phat

trién choi tir huyen phu te bao cay salem sau 4 tuan nudi cay

Chiéu  S6chéi>  Khoi

Ty 18 £
Etl’lggN/{; mau tai fl(l)("ii binh 20 chdi 1,5 lwong
sinh (%) (cm) cm/binh tuoi (g)

0,0 40,00 2,33¢ 0,90 0,00 0,21°
0,4 45,55 3,00 1,06 1,33¢ 0,31
0,8 47,77 6,06" 1,20° 2,00 0,42°
1,2 59,99% 4,00 1,33% 2,33° 0,42°
1,6 67,77 4,66° 1,83% 3,66" 0,65*
2,0 66,66° 3,66™ 1,26% 2,33° 0,32"

Ghi chii: "Nhitng chit cdi khdc nhau (a,b,c...) trong ciing mot cot thé
hién sy khac biét co y nghia 6 mirc o = 0,05 trong phép thir Duncan.

& - d ( o A
Hlllh 3.5. Su tai smh smh trudng va phat trlen ch01 tu huyen phu té
bao cdy salem & dbi ching va cac nong d6 AgNPs khac nhau sau 4

tuan nuoi cay
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a, b, ¢, d, e, f: chdi cdy salem tir moi truong bd sung cac noéng do
AgNPs khac nhau (0,0; 0,4; 0,8; 1,2; 1,6; 2,0; tir trai qua phai) sau 4
tudn nudi cdy.
3.2.3. Anh hwéng ciia AgNPs Ién qud trinh phdt sinh va ting sinh
phéi tir mé seo sim Ngoc Linh nuéi cdy in vitro

Sau 14 tuan nudi cdy, két qua ghi nhan cho thay sé phoi/binh, cay
con ¢6 nguodn gdc tir phoi, cdy con 16n hon 3 cm/binh, khdi lugng tuoi
va khdi lugng kho cdy con dat cao nhat & nghiém thirc bd sung 1,6
mg/L AgNPs (Bang 3.5 va Hinh 3.6, 3.7).
Bang 3.5. Anh huong cia AgNPs 1én kha nidng nhan nhanh phoi va

tai sinh choi tir phoi vo tinh cay sdm Ngoc Linh sau 6 tuan nuoi cay

Cay con c6 nguon  Khoi Khdi
AgNPs S6 phdi/  gbc tir phoi lwong lwong kho
(mg/L) binh Téng Cay con> twoicdy ciy con

3 cm/binh  con (g) (mg)

0,0 40,33 4,33 2,66 0,28° 28,66
0,4 49,33¢ 9,33 4,00 0,35 43,330
0,8 83,66" 9,66°  5,00" 0,63* 56,33
1,2 98,33° 10,66° 5,33 0,56 62,00
1,6 140,00° 14,66  5,66° 0,48 86,00°
2,0 40,66° 6,66° 0,00 0,31 41,00

Ghi chii: "Nhitng chit cdi khdc nhau (a,b,c...) trong ciing mot cot thé
hién sy khac biét co y nghia 6 mirc o = 0,05 trong phép thir Duncan.
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Hinh 3.6. Anh huong cua Hinh 3.7. Hinh thdi phéi v tinh

AgNPs 1én qua trinh sinh va ting  cay saim Ngoc Linh ¢ d6i chig

sinh phoi soma sam Ngoc Linh va 1,6 mg/L AgNPs

sau 14 nuan nudi cay a: phoi vO tinh tir méi truong

a. va b. Phoi soma dugc chyp Kkhong bo sung AgNPs (doi

bang kinh hién vi huynh quang chung? sau 8 tua‘n nuoi cay, b, ¢

va phoi hinh cég trén bé mgt mo d: phoi vo tinh tir moi truong E’O

s¢o dugc l4y bing kinh hién vi sung 1,6 mg/L AgNPs sau 8 tuan

dién t¢ quét (SEM trén moi DUO1Cdy.

truong chira 1,6 mg/L AgNPs

sau 6 tudn nudi cdy, c. Phoi

soma lay bang kinh hién vi

huynh quang trén moi trudong

chra 1,6 mg/L AgNPs sau 8

tuan nudi cay, d. Phoi soma va

cdy con trén mdi truong chua

1,6 mg/L AgNPs sau 14 tuan

nuoi cay.
3.3. Nghién ciru Anh hwéng cia AgNPs va FeNPs 1én qua trinh tao
ciy con hoan chinh tir chdi nudi cdy in vitro
3.3.1. Anh huéng ciia AgNPs va FeNPs lén qud trinh tgo cdy con
hoan chinh tir choi cdy salem nuéi cdy in vitro

Sau 4 tuan nudi cdy, két qua ghi nhan cho thdy cac cdy con &

nghiém thtrc bd sung 0,4 mg/L AgNPs cho chiéu cao cdy, chiéu rong
14, chiéu dai r&, khéi lugng tuoi, khdi lugng kho, Chlorophyll 1a téi wu
s0 voi cac nghiém thire con lai. O nghiém thirc thay thé Fe-EDTA bang
2,8 mg/L FeNPS cho cac chi tiéu theo ddi thdp hon so v&i 0,4 mg/L
AgNPs va twong dong so voi dbi chimg (Bang 3.6).
Bang 3.6. Anh huong ctia AgNPs va FeNPs 1én qua trinh tao cdy con

hoan chinh tir choi cay salem sau 4 tuan nudi cay

Nano (mg/L) Toléra Chiéu Chiéu Chiéu Khbi Khbi
3 ,,/ cao ciy rong la dai ré lwong lwgng kho
O em) (em)  (em)  twi®  (mg)

Chlorophyll

AgNPs FeNPs (nmol/cm?)
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0,0 0,0 100,00 6,36 0,56 0,66 1,74 94,87 22,36
04 - 100,00° 8,437 0,56° 0,96° 236" 108,17* 26,90°
0.8 - 100,00° 6,56 0,93 1,03 1,24° 80,58 21,40
1.2 - 100,000  533% 1,03 0,564 1,02¢% 76,22¢ 18,864
L6 - 100,00° 5,16° L16* 0,40% 0,36% 75,51° 18,20
2,0 - 100,00° 5,10° 1,20° 0,507 0,81° 63,589 16,50¢
- 0,7 100,00° 5,00° 0,36 0,435 1,28° 75,95¢ 18,90%
- 14 100,00° 5,36 0,36° 0,53%4 1,30° 76,70° 19,4950
- 2.8 100,00°  6,20% 0,56 0,63% 1,77 95,91° 21,23%
- 5.6 100,00°  6,10%¢ 0,53 0,435 1,20 80,77° 20,76%
- 8.4 100,00° 5,40 0,53 0,40 131° 79,77° 19,77%4
- 11,2 100,00° 5,36 0,50 0,36 131° 79,17° 19,1354

Ghi chu: *Nhﬁ’ng chir cdi khac nhau (a,b,c.

..) trong ciing mét cot thé

hién sy khac biét co y nghia ¢ mirc o = 0,05 trong phép thir Duncan.

3.3.2. Anh hwong ciia AgNPs va FeNPs lén qud trinh tgo cdy con

hoan chinh tir choi cdy ddu tdy nudi cdy in vitro

Sau 4 tuan nudi cay, két qua ghi nhan cic ciy con ¢ nghiém thirc
b6 sung 0,5 mg/L AgNPs va thay thé Fe-EDTA bang 1,4 mg/L FeNPs

cho ty 1€ ra re, chi€u cao cay, so re, chiéu dai re, khoi lugng tuoi, khoi

lwong kho, chlorophyll 1a t6i wru so véi cac nghiém thirc con lai (Bang

3.7).

Bang 3.7. Anh huong ctia AgNPs va FeNPs 1én qua trinh tao cdy con

hoan chinh tir choi dau tay sau 4 tuan nudi cay

Nano (mg/L)

Chiéu

Chiéu

Khbi

Khbi

Ty l'; " caociy  Séré dai ré lwong lwong khd Chlrc:;)hyil
AgNPs  FeNps  "CCR) (em) @m)  twi@ (mg) (nmolen’y
0,0 0,0 TLI 3,960 2,66%0 3,100 0300 40,107 27,40°
0,5 - 78,89 4,63° 5000 L60®  046° 80,61 34,49%
1,0 - 65,55% _ 6,75° 4007 5,13 0,71° 65,19° 3031%
1,5 - 58,899 470% 433 446° 0,44° 73,35% 29,08%
2,0 - 52,200 3490 6,33° 0,96° 0267 3898% 28,44%
- 0,7 56,670 5,56% 2,009 360" 032 72,68 25,307
- 1,4 88.89° 676" 400%  446° 0,75° 84,19° 38,310
- 2.8 6L  536® 2,66 316" 037° 7661 29,16*
- 5,6 SLIIT 4,100 2339 196% 0,19 37,08% 24,11
- 11,2 3220 3,600 0,66° 193 0,18 30,13° 20,57°
Ghi chii: "Nhitng chir cdi khdc nhau (a,b,c...) trong ciing mot cot thé

hién sy khac biét co y nghia 6 mirc o = 0,05 trong phép thir Duncan.
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3.3.3. Anh huéng ciia AgNPs va FeNPs lén qud trinh tao cdy con
hoan chinh tir choi cdy sim Ngoc Linh nuéi cdy in vitro

Sau 12 tudn nudi ciy, két qua ghi nhan cho thay cac cdy con &
nghiém thirc bo sung 1,2 mg/L AgNPs cho chiéu cao cay, so ré, dudng
kinh ct, chiéu dai cu, khdi luong tuoi, chlorophyll 14 tdi wu so véi cac
nghiém thirc con lai. O nghiém thirc thay thé Fe-EDTA bang 5,6 mg/L
FeNPs cho cac chi tiéu theo ddi cao hon so véi cac nghiém thie khac
(Bang 3.8).7
Béang 3.8. Anh hudng cia AgNPs va FeNPs 1én qua trinh tao cay con
hoan chinh tir chdi cay sim Ngoc Linh sau 12 tuan nudi ciy

Nano (mg/L) Tylera Chitu < x Duomg  Chitu  Khéi Chlorophyll
- i/ cao cay So ré kinh ci dai ci lwong 3

AgNPs FeNPs re (%) (cm) (cm) (cm) twoi (g) (nmol/em’)

0,0 0,0 100,00 3,93% 2,664 0,43¢ 1,53¢ 0,86 18,90

0,4 - 100,00° 4,33% 4,33 0,70 1,46¢ 1,193 19,705

0,8 - 100,00° 5,310 6,33° 0,86° 2,03° 1,31 21,10%

1,2 - 100,00° 6,75 8,66" 1,16 2,43° 1,56 26,56*

1,6 - 100,00° 3,89 4,664 0,73% 2,40° 1,25%¢ 18,80

2,0 - 100,00° 3,39¢ 6,00 0,66b% 2,53¢ 0,89 16,934

- 0,7 100,00° 5,16% 4,33 0,46% 1,60¢ 0,76¢ 14,13¢

- 14 100,00° 5,33% 5,33b%d 0,53%% 1,63¢ 1,113 15,90%

- 2,8 100,00° 6,56° 3,66%f 0,60 1,66¢ 1,200 17,034

- 5,6 100,00° 4,26 5,004 0,86° 1,93° 1,32 21,76°

- 11,2 100,00° 2,93¢ 2,33F 0,53%% 1,66¢ 0,73¢ 9,60°

Ghi chii: "Nhitng chit cdi khdc nhau (a,b,c...) trong ciing mot cot thé
hién sy khac biét co y nghia ¢ mirc o = 0,05 trong phép thir Duncan.
3.4. Kha ning sinh truong tiép theo clia ciy con in vitro nudi ciy
trén méi truong bo sung AgNPs va thay thé Fe-EDTA bing FeNPs
t6i wu & giai doan ex vitro
3.4.1. Khd ning sinh truéng tidp theo ciia cdy salem in vitro nuéi
cdy trén méi truwong bé sung AgNPs va thay thé Fe-EDTA bang
FeNPs toi wu 6 giai doan ex vitro

Sau 4 va 12 tuan nuoi trong két qua cho thay cac ciy con cd nguon

gbc tir moi truong bd sung 0,4 mg/L AgNPs trong giai doan tao cdy
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hoan chinh cho ty 1¢ séng sot, sb 14, chiéu cao cay, dién tich 14, khéi
luong twoi ciy, ham lwong chlorophyll, s6 canh, chiéu cao hoa, sd
luwong dé trén canh, ) luong hoa trén dé¢, khéi lugng tuoi cua hoa dat

ti wu so v6i cac nghiém thirc khac (Bang 3.9, 3.10, Hinh 3.11).
Bang 3.9. Kha néng thich nghi va sinh truéng cia cady salem trong vi

XOp sau 4 tuan nuoi trong

Ty 1§ Chiéu  Dién Khoi

Nano (mg/L) sf'mg S61a  cao cdy tichla lwong Chloroph)zlll
AgNPs  FeNPs (%) cm)  (cm?) twoi(g) (mmoVem)
0,0 00 7133 3665 696 403 2,50 25,76"
0.4 - 89,00° 10,000 983" 1475 423 35064
8 28 72000 5660 7,000 826"  2.73° 28.46°

Ghi chii: "Nhitng chit cai khdac nhau (a,b,c...) trong cing mot cot
thé hién su khdc biét ¢ y nghia ¢ mirc a = 0,05 trong phép thir
Duncan. )

Béang 3.10. Kha nang sinh trudng va phat trién cla cdy salem trong
chau nhya sau 12 tuan nudi trf")ng

Nano (mg/L) S6 Chiéu Sb S6 Khbi lugng
lwgng cao hoa lugng lugng twoi hoa
AgNPs  FeNPs  capp (cm)  dé/canh  hoa/dé )
0,0 0,0 10,66° 46,00° 66,00° 2,33" 28,93¢
0,4 - 16,66* 85,00* 88,66* 4,332 61,532
- 2,8 14,33° 62,00 71,33 2,66" 35,26°

Ghi chii: "Nhitng chit cai khdac nhau (a,b,c...) trong cing mot cot
thé hién su khdc biét ¢ y nghia ¢ mirc a = 0,05 trong phép thir
Duncan.

3.4.2. Khd néng sinh truéng tiép theo ciia cdy dau tdy in vitro nuéi
cdy trén méi trwong bé sung AgNPs va thay thé Fe-EDTA bang
FeNPs toi wu 6 giai doan ex vitro

Sau 4 va 12 tuan nuoi trong két qua cho thay cac ciy con cd nguon

gdc tir moi truong thay thé Fe-EDTA bang 1,4 mg/L FeNPs trong giai

doan tao cay hoan chinh cho ty 1€ song, s0 14, chiéu cao cay, dién tich
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14, khéi lwong tuoi cay, ham lwong chlorophyll, ty 18 d4u trai, s lwong
ngd F1, F2 dat ti wu so voi cac nghiém thirc khac (Bang 3.11, 3.12,
Hinh 3.12).

Bang 3.11. Khé néng thich nghi va sinh truéng cta cdy dau tay trong

vi xOp sau 4 tuan nuoi trong

Nano (mg/L) Ty 1€ Chiéu Dién Khoi

AgNPs FeNPs song S61a  caocdy tichla lwong (Cnl:llll:)li;lcpl::zy)ﬂ
(%) (cm) (em?)  twoi (g)

0,0 0,0 69,33  6,00° 6,66° 1,94° 5,46° 33,53

0,5 - 72,33%  6,33° 7,335 2,06° 5,83 35,03

- 1,4 86,00* 8,66 11,332 3,242 8,86* 39,90°

Ghi chii: "Nhitng chit cai khdac nhau (a,b,c...) trong cing mot cot
thé hién s khdc biét ¢6 y nghia ¢ mirc o= 0,05 trong phép thir Duncan
Bang 3.12. Kha nang sinh truong va phat trién cua cay dau tay trong
chau nhua sau 12 tuan nudi trf")ng

Nano (mg/L) Chiéu  Tylé Sb Sb Dién  Khéi

AgNPs FeNPs caocdy dautrai lwong lwgng tichla lwong
(cm) (%) ngéF1  ng6F2  (cm?)  twoi(g)

0,0 0,0 10,30° 50,00° 2,00° 0,00° 7,33 21,80°

0,5 - 11,400 76,66 3,000 0,00° 8,22 22,83

- 1,4 15,01° 81,76 6,00? 3,00? 14,00°  39,86°

Ghi chii: "Nhitng chit cdi khdc nhau (a,b,c...) trong ciing mot cot thé
hién sy khac biét co y nghia ¢ muirc o = 0,05 trong phép thir Duncan.
3.4.3. Khd ndng sinh trwéng tiép theo ciia ciy sim Ngoc Linh in
vitro nuéi cdy trén méi trwong bo sung AgNPs va thay thé Fe-EDTA
bing FeNPs toi wu ¢ giai doan ex vitro

Sau 6; 12; 24 thang nudi trong két qua cho thdy cac ciy con co
ngudn gbc tir méi trudng bo sung 1,2 mg/L AgNPs trong giai doan tao
cay hoan chinh cho ty 1& séng, s6 14, chiéu cao cay, dién tich 14, khéi
luong tuoi cdy, ham lugng Chlorophyll, khdi lugng tuwoi ci, ham
luong saponin (G-Rgl, M-R2, G-Rb1) trong cu dat tdi wru so véi cac
nghiém thirc khac (Bang 3.13 3.14, Biéu db 3.5, 3.6, Hinh 3.13).
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Bang 3.13. Kha néng thich nghi va sinh truong cay sam Ngoc Linh

trong vi x6p sau 6 thang nuoi trong

e gy Shg S caocly fichli lagng  Chlorophyl
g TS () (cm)  (em)  twoi(g)

0,0 0,0 44,44 1,00¢ 1,16° 0,30° 1,03¢ 16,73
1,2 - 93,652 3,332 4,66* 3,702 3,86% 23,95
- 5,6 63,49° 2,00° 3,300 1,94° 2,100 19,65°

Ghi chii " Nhitng chi cdi khdc nhau (a,b,c...) trong ciing mét cét thé
hién sy khac biét co y nghia 6 mirc o = 0,05 trong phép thir Duncan.

Bing 3.14. Kha ning sinh trudng va phat trién ciia cdy sim Ngoc Linh

trong rd nhya sau 12 thang nuéi trong

Nano (mg/L) £ 1x Chiéu cao l?lgn . Khoi Chlorophyll

AgNPs  FeNPs 014 ay(em) (HehId o lwomg o em?)
& y (em)  twoi(g)

0,0 0,0 1,66 1,63 0,52 1,43 19,73

1,2 - 433 6,73 6,02 5,200 24,95

- 5,6 2,33 3,900 2,68 2,66° 20,98

Ghi chii * Nhitng chit cdi khdc nhau (a,b,c...) trong ciing mét cot thé
hién sy khac biét co y nghia 6 mirc o = 0,05 trong phép thir Duncan.

» K831 ke teee am cu dg)

»

Khwg e

[PLCN

B FebDTA Ny
Tes™

we ity

b ey tany A NN by 55 mpl Te

Biéu d6 3.5. Khdi luong tuoi cia cit
sam Ngoc Linh sau 2 nam trong
trong diéu kién nha kinh

21

SEEEERE

B Thay B Fo LIVIA Sy
5.0 g L. Teriy

Biéu dd 3.6. Ham lugng saponin
cua ci sam Ngoc Linh sau 2 ndm

trong trong diéu kién nha kinh



Hinh 3.8. Sy thich Hinh 3.9. Su thich Hinh 3.10. Sy thich nghi,
nghi, sinh truéng va  nghi, sinh truéng va sinh truéng va phat trién
phat trién cua cdy phat trién cla cdy dau  cua cdy salem sau 6 thang
salem sau 4 tuan va tay sau 4 tuan va 12 va 12 thang nudi trong
12 tuan nuéi trong tuan nudi trong

Hinh Error! No text of specified style in document..11. Sy sinh
truong, phat trién ctia cdy sam Ngoc Linh sau 24 thang nudi trong
trong diéu kién nha kinh

a: cdy c6 ngudn gdc tir moi truong khong bd sung AgNPs va khong
thay thé Fe-EDTA bang FeNPs; b: ciy c6 ngudn gdc tir méi trudng
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b sung 1,2 mg/L AgNPs; ¢: ciy c6 ngudn goc tir moi truong thay thé
Fe-NPs bang 5,6 mg/L FeNPs.

KET LUAN VA PE NGHI

Két luan

Két qua nghién ctru dd cho thdy tac dong tich cuc ciia nano kim
loai (AgNPs, FeNPs) 1én qué trinh khir tring, sinh trudng, phat trién
va nang cao chit lugng cay gidng salem, dau tay va sim Ngoc Linh
nudi ciy in vitro.

0,2 g/L AgNPs trong 20 phut va 0,5 g/L AgNPs trong 15 phut trén
mau 14 cdy salem; 0,2 AgNPs trong 20 phiit trén miu 14 cdy dau tay;
0,2 g/L AgNPs trong 20 phit trén mau 14 sim Ngoc Linh cho hiéu qua
khir tring bé mit ciing nhu cam tmg mau céy cao.

1,2 mg/L AgNPs cho hiéu qué hinh thanh huyén phu té bao salem
cao nhat ¢ ngay nudi cdy thir 20 va tir ngay 16 — 20 1a thoi gian thich
hop nhit cho viée cdy chuyén huyén phu té bao. 1,6 mg/L AgNPs cho
hi€u qua tai sinh chdi salem dat t6i vu nhat sau 4 tuan nudi céy. 1,6
mg/L AgNPs cho hi€u qua tai sinh va tang sinh phdi sam Ngoc Linh
cao nhit sau 14 tudn nudi ciy.

0,4 mg/L AgNPs trén cay salem; 0,5 mg/L AgNPs va 1,4 mg/L
FeNPs trén cay dau tay; 1,2 mg/L AgNPs trén cay sam Ngoc Linh c6
hiéu qua cao 1én qua trinh tao cy con hoan chinh trong nuéi cay in
vitro. 0,4 mg/L AgNPs trén cay salem; 0,5 mg/L AgNPs trén cay dau
tay; 1,2 mg/L AgNPs trén cay sam Ngoc Linh cho ham lugng AgNPs
hap thu tich hop va khi ethylene tich luy trong binh nuéi cay thap nhat
c6 anh hudng tich 1én sy sinh truéng va phat trién ciia céc cdy con nudi

cay in vitro.
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Cay con salem, diu tay va sam Ngoc Linh c6 nguon goc tir moi
truong nudi ciy twong tmg c6 b sung 0,4 mg/L AgNPs, duoc thay thé
1,4 mg/L FeNPs va c6 bo sung 1,2 mg/L AgNPs cho kha ning thich
nghi, sinh trudng va phat trién tiép theo tdi uu & giai doan ex vitro.
Kién nghi

1. Tiép tuc nghién ctru cac nano kim loai khac nhau 1én sinh truéng,
phat trién va nang cao chat lugng ciy giéng clia nhiéu loai cdy trong
nham tim ra cac chét diéu hoa sinh truong moi hay mot nguén vt liéu
moi dé thay thé dinh dudng khoang trong méi truong nudi cdy in vitro.

2. Phan tich sy hap thu, van chuyén, tich luy, chuyén hod cta cac
nano kim loai trong qué trinh nudi cdy in vitro va tac dong ctia ching
1€n cac kim loai khac va hé enzyme cua thyc vat.

3. Trién khai ing dung céc nano kim loai trong vi nhan giéng va

canh tac giéng cay trong & quy mo thuong mai.
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INTRODUCTION

The necessity of the project

Plant biotechnology - especially the method of culturing plant cells,
tissues and organs on controlled nutrient media - has overcome the
disadvantages of traditional propagation methods. However, besides
the advantages, this method still has some limitations such as the
sterilization of the surface of the cultured samples contaminated with
microorganisms affecting the regeneration efficiency; the efficiency
of the morphogenesis processes is not high; the accumulation of
ethylene gas affects the propagation efficiency; seedling quality and
survival rate when domesticated in the nursery are low; the cost of
seedlings is high. Therefore, the application of new materials in
sterilization as well as environmental improvement to inhance
seedling quality has always been one of the goals of commercial
micropropagation. We are living in an era where nanotechnology is
applied in many fields such as physics, chemistry, electronics,
environment, energy, materials, biology. Therefore, in order to
understand the role and potential of nano in sterilization,
supplementation (as a growth regulator) and replacement of mineral
nutrition in order to minimize the weaknesses in the micropropagation
system, improve the quality of tissue culture seedlings, we carried out
the project "Study of the effects of nano silver and nano iron on in
vitro seedling quality of some economically valuable plants". In this
study, the plants used as research subjects were Limonium sinuatum,

Fragaria x ananassa and Panax vietnamensis.



The goal of the project

The study was carried out to evaluate the impact of silver
nanoparticles (AgNPs) - used to disinfect the surface of leaf samples
and added to the culture medium, iron nanoparticles (FeNPs) - used to
replace Iron substitution Ethylenediamine Tetra Acetate (Fe-EDTA)
during micropropagation on seedling quality on some economically
valuable crops (Limonium sinuatum, Fragaria * ananassa and Panax
vietnamensis).

Subject and research scope
Subject

AgNPs (used as disinfectant and added to the culture medium),
FeNPs (replaced Fe-EDTA in the culture medium) with different
concentrations were used to study the sterilization ability, the growth,
development and quality improvement of seedlings of Limonium
sinuatum, Fragaria % ananassa and Panax vietnamensis cultured in
Vitro.

Research scope

Study the effect of AgNPs on the stages of surface sterilization and
morphogenesis in micropropagation of Limonium sinuatum, Fragaria
x ananassa and Panax vietnamensis Ha et Grushv.).

Study the effects of AgNPs and FeNPs on the stage of complete
plant growth on three plant species (Limonium sinuatum, Fragaria x
ananassa and Panax vietnamensis) cultured in vitro.

Scientific and practical significance of the study
Scientific significance

The research results of this thesis will provide valuable new

scientific data about the role of metal nanoparticles in surface

sterilization, growth, development, ethylene gas fluctuations and



seedlings quality improvement in micropropagation of ornamental
flowers, fruit trees and medicinal plants.
Practical significance

The research results of the thesis have many potential applications
in commercial seeding production.
The new findings of the thesis

This is the first work in Vietnam to study the application of metal
nanoparticles (AgNPs, FeNPs) in micropropagation of Limonium
sinuatum, Fragaria x ananassa and Panax vietnamensis.

The study evaluated the role of AgNPs in inhibiting ethylene gas
in order to improve the quality of seedlings of Limonium sinuatum,
Fragaria x ananassa and Panax vietnamensis Ha et Grushv. in vitro.

Adding metal nanoparticles to the culture medium during the
micropropagation stage helped to increase the adaptability as well as
the survival rate of Limonium sinuatum, Fragaria x ananassa and
Panax vietnamensis Ha et Grushv. at the nursery stage.

The propagation process of three ornamental plants with high
economic value, namely Limonium sinuatum, Fragaria x ananassa
and Panax vietnamensis was formed under the influence of metal
nanoparticles.

The overall structure of the thesis

The thesis consists of 125 pages, divided into sections: Foreword,
4 pages; Chapter 1: Literature review, 29 pages; Chapter 2: Materials,
Contents and Methods, 12 pages; Chapter 3: Results and Discussion,
52 pages; Conclusions and Recommendations, 3 pages; List of
publications related to the thesis, 1 page; Reference, 24 pages with 171
reference documents in Vietnamese, English and from the internet.
The thesis includes 20 tables, 26 figures.



Chapter 1: LITERATURE REVIEW

The thesis has consulted and summarized 10 main issues related to:
(1) Micropropagation; (2) Processes in micropropagation; (3)
Restrictions in micropropagation; (4) Nano metal; (5) Application of
metal nanoparticles; (6) Nano silver and nano iron in plant
micropropagation; (7) Biosafety of metal nanoparticles; (8) Summary
of the Limonium sinuatum ; (9) Summary of the Fragaria * ananassa;
(10) Summary of the Panax vietnamensis.

Chapter 2: MATERIALS, CONTENTS, AND METHODS
2.1. Materials
2.1.1. Plant material

Young leaves of Limonium sinuatum and Fragaria x ananassa 3
months old; Panax vietnamensis 3 years old
2.1.2. Nano solution

AgNPs have a size of 20-25 nm, FeNPs have a size of 20-60 nm
2.1.3 Equipment, tools, chemicals
Equipment, tools: Electronic balance, water distiller, pH meter,
aseptic autoclave, aseptic incubator, chlorophyll meter SPAD-502
(Minolta Co., Ltd., Osaka, Japan), drying cabinet Sanyo MOV- 112,
drying cabinet Memmert, prescisa technical balance (Japan), UV lamp
with two wavelengths 254 nm and 365 nm, hygrometer (JR-900A,
China), Hermle shaker (Germany), stereo microscope C -BD230 and
CH30RF200, fluorescence electron microscope, scanning electron
microscope FE SEM S4800, adsorption spectrometer AAS-6650, gas
chromatograph GC-CP 3380, alcohol lamp, inoculation knife,
inoculation plate, culture pins, scissors, culture flasks, elastic bands,

nylon, gloves,...



Chemicals: Agar, gelrite (Viet Xo, Phan Tran Company, Ho Chi
Minh); sucrose (Bien Hoa, Dong Nai); chemicals used in cultures of
MS or SH, plant growth regulators (Merck, Sigma, Duchefa).

2.2. Research contents

2.2.1. Research on the effect of AgNPs on surface sterilization and
induction of explants

2.2.2. Research on the effect of AgNPs on the morphogenesis of
various explants in in vitro culture

2.2.3. Research on the effect of AgNPs and FeNPs on the formation
of complete plantlets from shoots in in vitro culture

2.2.4. Subsequent growth of plantlets in vitro cultured on media with
optimal AgNPs and FeNPs at ex vitro stage

2.3. Research methods

2.3.1. Experimental design

2.3.1.1. Experiment 1: Research on the effect of AgNPs on surface
sterilization and induction of explants

Experiment 1.1: Effect of AgNPs on surface sterilization and induction
of Limonium sinuatum leaf explants

Experiment 1.2: Effect of AgNPs on surface sterilization and induction
of Fragaria x ananassa leaf explants

Experiment 1.3: Effect of AgNPs on surface sterilization and induction
of Panax vietnamensis leaf explants

2.3.1.2. Experiment 2: Research on the effect of AgNPs on the
morphogenesis of various explants in in vitro culture

Experiment 2.1: Effect of AgNPs on the increase in the number of cells
from Limonium sinuatum callus cultured in vitro

Experiment 2.2: Effect of AgNPs on shoot regeneration from cell

suspensions Limonium sinuatum cultured in vitro



Experiment 2.3: Effect of AgNPs on embryogenesis and proliferation
from Panax vietnamensis callus cultured in vitro

2.3.1.3. Experiment 3: Research on the effect of AgNPs and FeNPs
on the formation of complete plantlets from shoots in in vitro
culture

Experiment 3.1. Effects of AgNPs and FeNPs on complete plantlets
from Limonium sinuatum shoots in vitro

Experiment 3.2 Effects of AgNPs and FeNPs on complete plantlets
from Fragaria % ananassa shoots in vitro

Experiment 3.3 Effects of AgNPs and FeNPs on complete plantlets
from Panax vietnamensis shoots in vitro

2.3.1.4. Experiment 4: Subsequent growth of plantlets in vitro
cultured on media with optimal AgNPs and FeNPs at ex vitro stage
Experiment 4.1: Subsequent growth of Limonium sinuatum in vitro
cultured on media with optimal AgNPs and FeNPs at ex vitro stage
Experiment 4.2: Subsequent growth of Fragaria x ananassa in vitro
cultured on media with optimal AgNPs and FeNPs at ex vitro stage
Experiment 4.3: Subsequent growth of Panax vietnamensis in vitro
cultured on media with optimal AgNPs and FeNPs at ex vitro stage
2.3.2. Plant cell, tissue and organ culture

2.3.3. The scanning electron microscopy

2.3.4. Histological

2.3.5. Cell observing and counting

2.3.6. Gas chromatography

2.3.7. Atomic absorption spectrometry

2.3.8. High performance liquid chromatography (HPLC)

2.4. Culture conditions

2.5. Location and time



2.6. Statistical analysis
Chapter 3: RESULTS AND DISCUSSION

3.1. Effect of AgNPs on surface sterilization and induction of
explants
3.1.1. Effect of AgNPs on surface sterilization and induction of
Limonium sinuatum leaf explants

After 4 weeks of culture, the results showed that the leaf explants
disinfected with 0.2 g/L. AgNPs for 20 mins and 0.5 g/L for 15 mins
showed better contamination rate, callus induction rate and fresh
weight were better than those of other treatments (Table 3.1 and Figure
3.D.
Bang 3.1. Effect of AgNPs on surface sterilization and induction of

Limonium sinuatum leaf explants after 4 weeks of culture

Disinfe- Concen Exposure Contami- Callus Dry
ction -tration time nation induction weight
agent (g/L) (min) rate (%) rate (%) (g
5 100.00* - -
10 100.00* - -
0.05 45 7222° 2777 0.52¢
20 71.11° 28.88° 0.53%
30 73.33° 26.66° 0.54%
5 100.00° - -
10 70.00° 30.00° 0.53%
0.1 15 68.89° 31.11° 0.54%
AgNPs 20 46.66° 53.33¢ 0.64°
30 71.11° 28.88° 0.55°
5 71.11° 28.89° 0.54%
10 45.55° 54.44¢ 0.64°
0.2 15 36.66°  63.33" 0.73*
20 26.66" 73.33% 0.74*
30 70.00° 30.00° 0.53%
0.5 5 71.11° 28.89° 0.52°




10 44.44°¢ 55554 0.65°

15 26.66°  73.33° 0.73*
20 3555  64.44° 0.73"
30 68.89°  31.11° 0.53%
HeCl 1 5 4333 56.66™ 0.64°

Note: " Different letters in the same column indicate significantly
different means using Duncan’s test (p<0.05). The mark (-) indicates
unsuccessful experiments.
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Fig. 3.1. Induction of Limonium sinuatum leaf explants sterilized with
AgNPs compared with HgCl12 after 4 weeks of culture
a: explants were disinfected with 0.2 g/. AgNPs for 20 mins; b:
explants were disinfected with 0.2 g/l AgNPs for 30 minutes; c:
explants were disinfected with 1 g/L HgCI2 for 5 minutes after 4
weeks of culture.
3.1.2. Effect of AgNPs on surface sterilization and induction of
Fragaria X ananassa leaf explants

After 6 weeks of culture, the leaf explants were sterilized with 0.2;
0.5 g/L. AgNPs for 20 mins showed a lower contamination rate than
the other treatments; but shoot regeneration rate and number of shoots
were similar to 5 g/ HgCl2 for 5 mins. In particular, number of shoot
> 1,5 cm in height was highest at 0.2 g/l AgNPs in 20 mins (Table 3.2
and Figure 3.2).



Bang 3.2. Effect of AgNPs on surface sterilization and induction of

Fragaria x ananassa leaf explants after 6 weeks of culture

Disinfe- Concen Expos Contami- Shoot No. of
ction -tration ¢ nation regenerat No.of — shoot>
agent (g/L) tnqe rate (%) -})on rate  shoot 1,§ cm in
(min) (%) height
5 100.00*" - - -
10 100.00* - - -
0.05 15 100.00° - - -
20 100.00* - - -
30 100.00* - - -
5 100.00* - - -
10 73.33° 22.22¢ 10.00° 0.00°
0.1 15 63.33" 30.00% 12.33*  0.00°
20 60.00" 33.33 11.33*  0.00°
AgNPs 30 100.00* - - -
5 100.00* - - -
10 60.00* 34.44¢ 10.66° 0.00°
0.2 15 37.78% 56.66™ 15.66™  4.00°
20 28.89¢F 64.44° 21.00* 6.66"
30 100.00* - - -
5 100.00* - - -
10 48.88%¢ 45.55% 13.00°  0.00°
0.5 15 36.66% 61,117 13.33"  4.00°
20 22.22" 57.78  19.00°  4.66
30 100.00* - - -
HgCl, 1 5 49.99¢¢ 46.66™ 16.33%  0.00°

Note: " Different letters in the same column indicate significantly
different means using Duncan’s test (p<0.05). The mark (-) indicates
unsuccessful experiments.



Hinh 3.2. Induction of Fragaria * ananassa leaf explants sterilized
with AgNPs compared with HgCI2 after 3 and 6 weeks of culture
a, b: callus and shoots were disinfected with 0.2 g/ AgNPs for 20
minutes after 3 and 6 weeks of culture; ¢, d: callus and shoots in HgCl,
sterilization after 3 and 6 weeks of culture.
3.1.3. Effect of AgNPs on surface sterilization and induction of
Panax vietnamensis leaf explants

After 6 weeks of culture, the leaf explants were sterilized with 0.2
g/L AgNPs for 20 mins; 0.5 g/ AgNPs for 15 mins showed a lower
contamination rate than other treatments but the same callus induction
rate as the ones sterilized with 5g HgCl2 for 5 mins. In particular,
callus fresh weight was highest at 0.2 g/ AgNPs in 20 mins (Table
3.3 and Figure 3.3).
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Table 3.3. Effect of AgNPs on surface sterilization and induction of

Panax vietnamensis leaf explants after 6 weeks of culture

Disinfe- Concen Exposure Contami- Callus Dry
ction -tration time nation induction weight
agent (g/L) (min) rate (%) rate (%) (g
5 100.00*" - -
10 100.00° - -
0.05 15 100.00° - -
20 100.00° - -
30 68.88" 24.44° 0.44'
5 100.00° - -
10 100.00° - -
0.1 15 63.33™ 30.00% 0.54%
20 60.00™ 33.33% 0.66™
30 70.00° 23.33¢ 0.51¢
5 100.00° - -
AgNPs 10 58.80% 34449 (.57
0.2 15 36.67% 56.66"° 0.53%
20 26.66° 72.22° 0.77*
30 100.00° - -
5 52224 41.11%  0.67°
10 47.77% 45554 0.57°
. ab 0.58"¢
0.5 15 20.00 66.67 o
20 35.55% 57.77"° 0.61"
30 100.00° - -
HgCl, 1 5 48.88% 46.66™%  0.418

Note: " Different letters in the same column indicate significantly
different means using Duncan’s test (p<0.05). The mark (-) indicates
unsuccessful experiments.
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Fig. 3.3. Induction of Fragaria % ananassa leaf explants sterilized
with AgNPs compared with HgCI2 after 1, 2, 4 and 6 weeks of culture
a, b, ¢, d: callus in the treatment was disinfected with 0.2 g/l. AgNPs
for 20 mins after 1, 2, 4 and 6 weeks of culture; e: globular somatic
embryos (observed under electron microscope: SEM) in the treatment
treated with 0.2 g/ AgNPs sterilization for 20 mins after 6 weeks of
culture; f: callus in HgCl, sterilization after 6 weeks of culture.
3.2. Effect of AgNPs on the morphogenesis of various explants in
in vitro culture
3.2.1. Effect of AgNPs on the increase in the number of cells from
Limonium sinuatum callus cultured in vitro

After 8 days of culture, the cells went through the acclimatization
phase (slow growth of cells). The cell growth phase lasted from day
8™ of culture to day 12™ at all AgNPs concentrations and day 16" in
the control. The stabilization period at AgNPs concentrations was
started from day 12", in the control day 16™ and continued until day
20" Then, the number of cells decreased rapidly till day 24™ and
slowly decreased till day 28", which indicates that the cells entered a
stage of death (FIG. 3.1 and Figure 3.4).
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FIG. 3.1. Effect of AgNPs on the increase in the number of cells from
Limonium sinuatum callus after day 4™, 8, 12% 16™, 20™, 24™ 28™ of

culture

L g : . » ., —
ig. 3.4. Cell suspensios from Limoniumnam callus in shakg
liquid culture medium

a, b, c: cell suspension in medium without AgNPs at the stages of
adaptation (day 8"), growth (day 16™), death (day 24™); d, e, f: cell
suspension in medium supplemented with AgNPs at a concentration
of 1.2 mg/L at the stages of adaptation (day 8"), growth (day 16™),

death (day 24™).
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3.2.2. Effect of AgNPs on shoot regeneration from cell suspensions
Limonium sinuatum cultured in vitro

After 4 weeks of culture, the results showed that shoot regeneration
rate, shoot height, number of shoots > 1.5 cm, fresh weight in 1.6 mg/L
AgNPs treatment were higher than other treatments. The number of
shoots was highest at 0.8 mg/L AgNPs, but these shoots were attached to
each other and could not be separated (Table 3.4 and Figure 3.5).
Table 3.4. Effect of AgNPs on shoot regeneration, growth and

development from Limonium sinuatum cell suspension after 4 weeks

of culture

Shoot Plantlet No. of Fresh

él’lglii); regeneration ls\il(:).o(g height  shoots > yejoht
8 rate (%) (cm) 1,5 cm (2

0.0 40.00* 2.33° 0.90° 0.00° 0.21°
0.4 45.55%® 3.00" 1.06° 1.33° 0.31%
0.8 47.77* 6.66" 1.20° 2.00* 0.42°
1.2 59.99% 4.00* 1.33% 2.33° 0.42°
1.6 67.77" 4.66° 1.83° 3.66° 0.65°
2.0 66.66" 3.66 1.26" 2.33° 0.32"

Note: " Different letters in the same column indicate significantly
different means using Duncan’s test (p<0.05).

Flg. 3.5. Shoot regeneratlon, growth and development from Limonium

sinuatum cell suspension in control and different concentrations of

AgNPs after 4 weeks of culture
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a, b, c, d, e, f: Limonium sinuatum shoots from medium supplemented
with different concentrations of AgNPs (0.0; 0.4; 0.8; 1.2; 1.6; 2.0; left
to right) after 4 weeks of culture.
3.2.3. Effect of AgNPs on embryogenesis and proliferation from
Panax vietnamensis callus cultured in vitro

After 14 weeks of culture, the results showed that the number of
somatic embryos, embryo-derived plantlets, embryo-derived plantlets
>3 cm, plantlet fresh weight and dry weight were highest in the
treatment supplemented with 1.6 mg/L AgNPs (Table 3.5 and Figures
3.6,3.7).
Table 3.5. Effects of AgNPs on embryo multiplication and shoot

regeneration from Panax vietnamensis somatic embryos after 6 weeks

of culture

No. of Elmbliyo-derived Plantlet Plantlet
AgNPs : ic plantlets fresh dry
(mg/L) SOM@ Total Embryo-derived weight weight

embryos plantlets >3 cm  (g) (mg)
0.0 40.33%" 4334 2.66° 0.28° 28.66¢
04 49.33° 9.33*  4.00* 0.35% 43,330
0.8 83.66° 9.66°  5.00% 0.63% 56.33%
1.2 98.33° 10.66° 5.33%® 0.56% 62.00°
1.6 140.00* 14.66* 5.66% 0.48%¢ 86.00%
2.0 40.66° 6.66° 0.00¢ 0.31% 41.00%

Note: " Different letters in the same column indicate significantly
different means using Duncan’s test (p<0.05).
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Fig 3.6. Effects of AgNPs on
the

embryogenesis and
of

vietnamensis after 14 weeks of

proliferation Panax

cultures

Embryogenic calli image after 6
weeks of culture taken by
fluorescence microscope (a) and
scanning electron microscope
(SEM) (b). Somatic embryo
images taken by fluorescence
microscope on the medium
containing after 8 weeks of
culture (¢). Somatic embryo-
derived plantlets after 14 weeks
of culture (d)

~

Fig. 3.7. The morphological and
structural of somatic embryo

Somatic embryos derived from
medium without AgNPs
(control) after 8 weeks of culture
(a); somatic embryos derived
from medium supplemented
with 1.6 mg/L AgNPs after 8
weeks of culture (b, ¢, d).

3.3. Effects of AgNPs and FeNPs on formation of complete

plantlets from shoots in vitro

3.3.1. Effects of AgNPs and FeNPs on formation of complete

plantlets from Limonium sinuatum shoots in vitro
After 4 weeks of culture, the plantlets in the treatment

supplemented with 0.4 mg/L. AgNPs showed optimal results in terms
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of plantlet height, leaf width, root length, fresh weight, dry weight,
chlorophyll content compared with other treatments. In the treatment
with 2.8 mg/L FeNPS, the parameters were lower than 0.4 mg/L
AgNPs and similar to the control (Table 3.6).

Table 3.6. Effect of AgNPs and FeNPs on formation of complete

plantlets from Limonium sinuatum shoots after 4 weeks of culture

Nano (mg/L)

Rooting

Plantlet

Leaf

Root

Fresh

Dry

—— rate height width length weight weight (Cnl::l?:i?c‘::g;“
AgNPs  FeNPs (%) (cm) (cm) (cm) twoi (g)  (mg)
0.0 0.0 100.00™  6.36" 0.56" 0.66" 1.74° 94.87° 22.36"
0.4 - 100.00? 8.432 0.56° 0.96* 2.36° 108.17° 26.90°
0.8 - 100.00? 6.56° 0.93° 1.03* 1.24¢ 80.58° 21.40%
1.2 - 100.00? 5.33¢% 1.03? 0.56> 1.02¢de 76.22¢ 18.86%4
1.6 - 100.00? 5.16° 1.16* 0.40 0.86% 75.51¢ 18.20¢
2.0 - 100.00? 5.10° 1.20° 0.50d 0.81¢ 63.584 16.50¢
- 0.7 100.00? 5.00° 0.36" 0.43bd 1.28¢ 75.95¢ 18.90%4
- 1.4 100.00? 5.36% 0.36" 0.53bd 1.30¢ 76.70¢ 19.49b<d
- 2.8 100.00? 6.20% 0.56" 0.63% 1.77° 95.91° 21.23%
- 5.6 100.00? 6.10> 0.53% 0.43bd 1.20¢ 80.77¢ 20.76
- 8.4 100.00? 5.40¢d 0.53% 0.40¢ 1.31¢ 79.77° 19.77%4
11.2 100.00? 5.36% 0.50° 0.36¢ 1.31¢ 79.17¢ 19.13bd

Note: " Different letters in the same column indicate significantly
different means using Duncan’s test (p<0.05).

3.3.2. Effects of AgNPs and FeNPs on formation of complete

plantlets from Fragaria x ananassa shoots in vitro
After 4 weeks of culture, the results recorded in the treatment with

0.5 mg/L AgNPs and 1.4 mg/L FeNPs showed that rooting rate, plant
height, number of roots, root length, and fresh weight, dry weight and
chlorophyll content were optimal compared with the other treatments
(Table 3.7).

Table 3.7. Effect of AgNPs and FeNPs on formation of complete

plantlets from Fragaria x ananassa shoots after 4 weeks of culture

Nano (mg/L) Rooting  Plantlet Root Fresh Dry

. No. of H Chlrophyll

rate height length ioht weight 2

AgNPs  FeNPs (%) (em) roots (em) zvgjlg (mg) (nmol/em®)
0.0 0.0 71.11%" 3.96" 2.66%¢ 3.10% 0.30%¢ 40.10¢ 27.40¢
0.5 - 78.89% 4.63° 5.00% 1.60% 0.46° 80.61% 34.49%
1.0 - 65.55% 6.75% 4,00 5.132 0.71* 65.19¢ 30.31%
1.5 - 58.89¢ 4.72% 43380 4.46* 0.44° 73.35% 29.98

17



2.0 - 52.22¢ 3.49° 6.33° 0.96¢ 0.26% 38.98¢% 28.44%
- 0.7 56.67% 5.56% 2.00%¢ 3.60% 0.32% 72.68% 25.324
- 1.4 88.89* 6.76° 4,00 4.46* 0.75* 84.19* 38.31°
- 2.8 61.11« 5.36% 2.66%¢ 3.16% 0.37% 76.61% 29.16>
- 5.6 51.11¢ 4.10° 2.33% 1.96% 0.19¢ 37.98% 24,114
- 11.2 32.22¢ 3.60° 0.66% 1.93% 0.18¢ 30.13¢ 20.57¢

Note: " Different letters in the same column indicate significantly
different means using Duncan’s test (p<0.05).

3.3.3. Effects of AgNPs and FeNPs on formation of complete

plantlets from Panax vietnamensis shoots in vitro
After 12 weeks of culture, the plantlets in the treatment

supplemented with 1.2 mg/L. AgNPs showed optimal results in terms
of plant height, number of roots, rhizome diameter, rhizome length,
fresh weight and chlorophyll content compared with other treatments.
The treatment with 5.6 mg/L FeNPs showed higher parameters than
other treatments (Table 3.8).

Table 3.8. Effect of AgNPs and FeNPs on formation of complete

plantlets from Panax vietnamensis shoots after 12 weeks of culture

Nano (mg/L) Rooting Pl;}ntlet No. of R’hizome Rhizome Fresh Chlorophyll
rate height Foots diameter length weight (nmol/cm?)

AgNPS FeNPs (%) (cm) (cm) (cm) (g)

0.0 0.0 100.00™  3.93% 2.66% 0.43¢ 1.53¢ 0.86> 18.90%4

0.4 - 100.00* 4.33b 4.33¢de 0.70b 1.46° 1.19%¢ 19.70%4

0.8 - 100.00* 5.31° 6.33% 0.86° 2.03% 1.31%® 21.10%

1.2 - 100.00* 6.75* 8.66* 1.16* 2432 1.56* 26.56*

1.6 - 100.00* 3.89% 4.66"4 0.73% 2.40* 1.25%¢ 18.80%4

2.0 - 100.00* 3.39¢ 6.00% 0.66b% 2.53¢ 0.89% 16.93%%

- 0.7 100.00* 5.16%® 4.33¢de 0.46% 1.60° 0.76° 14.13¢

- 14 100.00* 5.33® 5.33b«d 0.53¢de 1.63¢ 1112 15.90%

- 2.8 100.00* 6.56* 3.66%" 0.60° 1.66° 1.20% 17.03%

- 5.6 100.00* 4.26" 5.00bd 0.86° 1.93° 1.32% 21.76°

- 11.2 100.00* 2.93¢ 2.33" 0.53¢de 1.66° 0.73¢ 9.60"

Note: " Different letters in the same column indicate significantly
different means using Duncan’s test (p<0.05).
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3.4. Subsequent growth of plantlets in vitro cultured on media with
optimal AgNPs and FeNPs at ex vitro stage
3.4.1. Subsequent growth of Limonium sinuatum in vitro cultured
on media with optimal AgNPs and FeNPs at ex vitro stage

After 4 and 12 weeks of culture, the plantlets derived from the
medium supplemented with 0.4 mg/L AgNPs in the complete plantlet
generation stage showed optimal results in terms of survival rate,
number of leaves, plantlet height, leaf area, fresh weight, chlorophyll
content, number of branches, flower branch height, number of
slips/branch, number of flowers/slips, and fresh weight of flowers
branches compared with other treatments (Tables 3.9, 3.10, Fig. 3.11).
Table 3.9. Acclimatization and growth of Limonium sinuatum in

sursery styrofoam after 4 weeks of cultivation

Nano (mg/L) Su;:tl:al No. of Pl::iljgtlllit 2’::: vleegsllll ¢ Chloroph)zfll
AgNPs  FeNPs (%) leaves (cm) (cm?) (2) (nmol/cm’)
0.0 0.0 71.33% 3.66° 6.96° 4.03° 2.50° 25.76°
0.4 - 89.00? 10.00* 9.83* 14.75* 4.232 35.26
- 2.8 72.00° 5.66" 7.10° 8.26" 2.73% 28.46°

Note: " Different letters in the same column indicate significantly
different means using Duncan’s test (p<0.05).

Table 3.10. Growth and development of Limonium sinuatum in plastic

pots after 12 weeks of cultivation

Nano (mg/L) N Flower No. of No. of Fresh weight
0. of .
branches branch slips/ flowers/ of flower
AgNPs  FeNPs height (cm)  branches slips branches (g)
0.0 0.0 10.66° 46.00° 66.00° 2.33" 28.93¢
0.4 - 16.66° 85.00° 88.66° 4332 61.53°
- 2.8 14.33° 62.00° 71.33° 2.66" 35.26°

Note: " Different letters in the same column indicate significantly
different means using Duncan’s test (p<0.05).
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3.4.2. Subsequent growth of Fragaria * ananassa in vitro cultured
on media with optimal AgNPs and FeNPs at ex vitro stage

After 4 and 12 weeks of culture, the seedlings derived from the
medium replaced Fe-EDTA with 1.4 mg/L FeNPs in the complete
plantlet generation stage showed optimal results in terms of survival
rate, number of leaves, plantlet height, leaf area, fresh weight,
chlorophyll content, fruit setting rate, number of runner F1 and F2
compared with other treatments (Table 3.11, 3.12, Figure 3.12)
Table 3.11. Acclimatization and growth of Fragaria x ananassa in

sursery styrofoam after 4 weeks of cultivation

Nano (mg/L) Plantlet Leaf Fresh

Survival No. of height area weight Chlorophyll

o, 2
AgNPs FeNPs rate (%) leaves (cm) m) (2 (nmol/cm?)
0.0 0.0 69.33% 6.00° 6.66° 1.94% 5.46° 33.53%
0.5 - 72.33° 6.33° 7.33° 2.06° 5.83b 35.03%
- 1.4 86.00* 8.66° 11.332 3.242 8.86° 39.90*

Note: " Different letters in the same column indicate significantly
different means using Duncan’s test (p<0.05).

Table 3.12. Growth and development of Fragaria X ananassa in

plastic pots after 12 weeks of cultivation

Nano (mg/L) Plantlet  Fruit No. of No. of Leaf  Fresh

AgNPs FeNPs  peight settinog Runner Runner aree; weight
(cm) rate (%) F1 F2 (cm®) (g

0.0 0.0 10.30° 50.00° 2.00° 0.00° 7.33b 21.80°

0.5 - 11.40° 76.66* 3.00° 0.00° 8.22° 22.83b

- 1.4 15.01* 81.76* 6.00* 3.00* 14.00*  39.86*

Note: " Different letters in the same column indicate significantly
different means using Duncan’s test (p<0.05).
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3.4.3. Subsequent growth of Panax vietnamensis in vitro cultured on
media with optimal AgNPs and FeNPs at ex vitro stage

After 6, 12, 24 months of cultivation, the plantlets derived from
culture medium supplemented with 1.2 mg/L AgNPs in the complete
plantlet generation stage showed optimal results in terms of survival
rate, number of leaves, plant height, leaf area, fresh weight,
chlorophyll content, fresh weight, saponin content (G-Rgl, M-R2, G-
Rb1) in the rhizome compared with other treatments (Table 3.13, 3.14;
FIG. 3.5, 3.6).
Table 3.13. Acclimatization and growth of Panax vietnamensis in

sursery styrofoam after 6 months of cultivation

Nano (mg/L) Plantlet  Leaf Fresh

Survival  No. of height area weight Chlorophyll

) 2
AgNPs FeNPs rate (%) leaves (cm) (cm?) (@ (nmol/cm?)
0.0 0.0 44.44¢ 1.00¢ 1.16° 0.30° 1.03¢ 16.73°
1.2 - 93.65% 3.33? 4.66* 3.70* 3.86* 23.95°
- 5.6 63.49° 2.00° 3.30° 1.94° 2.10° 19.65°

Note: " Different letters in the same column indicate significantly
different means using Duncan’s test (p<0.05).

Table 3.14. Growth and development of Panax vietnamensis in plastic

basket after 12 months of cultivation
Nano (mg/L) Plantlet Leaf Fresh

No. of . . Chlorophyll
height area weight 5
AgNPs FeNPs  leaves (cm) (cm?) @ (nmol/cm?)
0.0 0.0 1.66>  1.63° 0.52°¢ 1.43¢ 19.73°
1.2 - 4332 6.73* 6.02* 5.20* 24.95°
- 5.6 2.33% 3.90° 2.68° 2.66° 20.98°

Note: " Different letters in the same column indicate significantly
different means using Duncan’s test (p<0.05).
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FIG. 3.6. Saponin content of
Panax vietnamensis rhizome
after 2 years of growing under
greenhouse conditions

Fig. 3.10. The
acclimatization and
growth  of  Panax

vietnamensis plantlets
after 6 and 12 months

of cultivation



Fig. 3.14. Growth and
development of Panax
vietnamensis after 24 months of
cultivation in  greenhouse
conditions

a: without AgNPs and FeNPs-
derived plantlet; b: 1.2 mg/L
AgNPs-derived plantlet; ¢: 5.6
mg/L FeNPs-derived plantlet

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

Research results have shown the positive effects of metal
nanoparticles (AgNPs, FeNPs) on the sterilization process, growth,
development and quality improvement of Limonium sinuatum,
Fragaria x ananassa and Panax vietnamensis plantlets cultured in
Vitro.

Treating with 0.2 g/ AgNPs for 20 mins and 0.5 g/L. AgNPs for
15 mins on Limonium sinuatum leaf samples; 0.2 AgNPs for 20 mins
on Fragaria x ananassa leaf samples; 0.2 g/L. AgNPs for 20 mins on
Panax vietnamensis leaf samples showed high surface sterilization as
well as explant induction.

1.2 mg/L AgNPs showed the highest efficiency of Limonium
sinuatum cell suspension formation on the 20" day of culture, and
from the 16" day to the 20™ day was the most suitable time for cell
suspension inoculation. 1.6 mg/L AgNPs gave the best shoots
regeneration efficiency of Limonium sinuatum after 4 weeks of

culture. 1.6 mg/L AgNPs showed the highest efficiency in
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regeneration and proliferation of Panax vietnamensis embryos after 14
weeks of culture.

Using 0.4 mg/L. AgNPs on Limonium sinuatum; 0.5 mg/L. AgNPs
and 1.4 mg/L FeNPs on Fragaria x ananassa; 1.2 mg/L AgNPs on
Panax vietnamensis showed highly effective on the production of
complete seedlings in in vitro culture. 0.4 mg/L AgNPs on Limonium
sinuatum; 0.5 mg/L. AgNPs on Fragaria * ananassa; 1.2 mg/L. AgNPs
on Panax vietnamensis gave the lowest concentration of absorbed
AgNPs and the lowest accumulated ethylene gas in the culture vessel,
which had a positive effect on the growth and development of in vitro
plantlets.

The plantlets of Limonium sinuatum, Fragaria * ananassa, Panax
vietnamensis derived from the respective culture media supplemented
with 0.4 mg/L AgNPs, replaced with 1.4 mg/L FeNPs and
supplemented with 1.2 mg/L FeNPs. L. AgNPs showed optimal
adaptability, growth and subsequent development at ex vitro stage.
RECOMMENDATIONS
1. Continuing to study different metal nanoparticles on growth,
development and improvement of seedling quality of many crops in
order to find new growth regulators or a new source of materials to
replace mineral nutrients in in vitro culture.

2. Analyzing the absorption, transport, accumulation and metabolism
of metal nanoparticles during in vitro culture and their effects on other
metals and plant enzymes.

3. Deploying the application of metal nanoparticles in
micropropagation and cultivation of plant varieties on a commercial

scale.
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