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LOI CAM DOAN

T6i xin cam doan dé tai: “Nghién ctu tic dung ciia nano bac va nano dong
trong khir tring miu, khir tring mdi truwomg nudi ciy va vi nhin gidng mot so cay
trong c6 gia tri kinh t&” 13 nghién ctu cua t6i va sy huéng din khoa hoc cua TS.
Hoang Thanh Tung va GS.TS. Duong Tan Nhut tai Phong Sinh hoc Phén tir va Chon
tao gidng cay trong (VNCKHTN). Céc sb liéu, két qua va danh gia duoc dua ra trong
luan an chua tirng dugc cong bd trude day. Luan 4an nay dugc thuc hién boi sy hd tro
kinh phi cua dé tai “Thiét ldp phwong phdp méi trong khir trimg mdu, méi truong nudi
cdy va khdc phuc mét sé hién twong bdt thuong trong vi nhan giong trén mét sé doi
twong cdy trong cé gid tri kinh t6”, Ma s6: 106.01-2019.301 ctia Quy Phat trién Khoa
hoc va Cong nghé Qudc gia (NAFOSTED) va nhiém vu Phat trién nhom nghién ctru
xudt sic hang I vé “Nghién citu anh huéng ciia mét s6 hat nano kim loai 1én sw phat
sinh hinh thdi, sinh triwdng - phét trién, sinh 1y - sinh hda va tich liiy hop chat thir cdp
ciia mét s6 cdy trong cé gid tri kinh té nudi cdy in vitro”, Ma s6: NCXS01.03/22-24
thudc Chuong trinh Phat trién Nhom nghién clru xuat sic tai Vién Han 1am Khoa hoc
va Cong nghé Viét Nam. T6i xin chiu hoan toan trach nhiém véi Hoc vién Khoa hoc

va Cong ngh¢ vé 101 cam doan nay.

Ha Néi, ngay 22 thang 11 nam 2023
Nghién ctru sinh
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Huynh Gia Bao



LOI CAM ON

Mbi budc di trong ching duong doi clia chung ta, dic biét 1a trén con duong tim
kiém tri thirc, sy hién dién ctia mdi nguoi trong ca qué trinh hay trong mot giai doan
cudc sébng déu mang mot ¥ nghia thiéng liéng, déu 1a mot ddu 4n s& theo ta dén sudt
cudc doi. Dbi véi riéng t6i, dé hoan thanh luan an nay, chic han khong thé khong ké
dén su giup do tan tinh, sy quan tdm va dong vién tir chinh quy Théy ¢0, cac anh chi

va céc ban tai phong Sinh hoc Phén tir va Chon tao giéng cay trong.

Loi dau tién, t6i xin duoc bay to 10ng biét on sdu sic nhat dén Thay, GS.TS.
Duong Tan Nhut. Mot ngudi Thay khong chi day cho t6i kién thuc trong giang day,
trong nghién ctru khoa hoc ma con cho t61 nhiéu bai hoc vé ki nang, vé thai do trong
hoc tap va cudc séng hang ngdy. Mot vai ngdn tir s& khong thé dién dat hét cong lao
ctia Thay ddi v6i su nghiép trong nguoi. Phia sau nhitng budi lam viéc can man, nhiing
cudc hop véi 101 ran day nghiém khéc hay nhitng budi sinh hoat ddm 4m, vui vé cling
phong thi nghiém 13 nhitng budi tri liéu trong ching duong chién dau véi bénh tat cia
Thay, bat cir ai cling phai né phuc trude nghi luc phi thuong ay. Bén canh do, Thiy
con 1a ngudi Thay rat tam 1y, trong sudt thoi gian 1am luan &n, t6i con nhan duoc sy
dong vién ciing nhu cam thong, chia sé tir Thay khi gip kho khin trong cong viée va

cudc song.

Pong thoi, toi xin giri 101 cam on chan thanh nhat dén ngudi Thay, ciing 1a
nguodi em di danh rat nhiéu thoi gian va kinh nghiém dé gitp t6i hoan thanh luan an
nay, TS. Hoang Thanh Tung. Ban than t6i thuc sy may man khi nhan duoc sy hudng
dan nhiét tinh va tim huyét tir ca hai ngudi Thay vira c6 tdm vira c6 tam. Toi da duoc
Thay chi day nhitng budc di chap chiing dau tién va co ban nhat trong nghién ciru.
Mic du tudi doi con rat tré, nhung & Théy t61 nhin théiy duoc tam hiéu biét sau rong,
sy nghiém tac va nd luc trong cong viéc cling nhu sy than thién, hai hudc trong cude

séng hang ngay.

T6i xin cam on Ban giam ddc, can bo va nhan vién Hoc vién Khoa hoc va Cong

nghé Viét Nam da tao diéu kién thuan loi cho t6i trong qua trinh hoc tap.



TOI Xin cam on Ban lanh dao Vién Nghién ctu Khoa hoc Tay Nguyén
(VNCKHTN) di giup d& va tao diéu kién thuan loi cho t6i trong qua trinh hoc tap va
thuc hién dé tai. Toi cling xin cdm on t&1 cadc can b, nhan vién va cac anh chi hoc
vién, nghién ctru sinh tai VNCKHTN. Cam on moi ngudi da danh thoi gian dé chi bao,
gitip d& t6i trong sudt thoi gian nghién ciru.

Xin cam on Ban diéu hanh ciia Cong ty ¢ phan bénh vién Hy Vong néi chung
va IVFMD BU noi riéng di tao diéu kién gilp d& va cho phép toi san sé thoi gian dé
c6 diéu kién vira cong tac tai Bénh vién vira hoan thanh luan an tién si.

Cudi cung, sé& 1a thiéu sot 16n khi khong bay to 101 cam on dén gia dinh, nhiing
ngudi dong hanh quan trong nhét trong cudc doi t6i. DU cho ¢6 bao nhiéu mét moi,
bao nhiéu mudn phién sau nhitng ngay lam viéc thi khi trd vé nha véi gia dinh, t6i nhu

dugc nap thém ndng lugng va c6 thém dong luc dé tiép tuc ¢d ge“'lng.
Xin chan thanh cam on!

Ha N¢i, ngay 22 thang 11 nam 2023
Nghién ciru sinh

/

Huynh Gia Bio



MUC LUC
LOT CAM QOAN ...ttt ettt e e bb e be et e e b e e b e e nabe e i
LLOT CAIM OM vttt ettt bbb bbbt s b et et be e st et nbeenes i
Y/ 18 o LT RN OURR iv
Danh MIUC CHTE VIEE TAL v..veveveveeeeeeeeeeeee et eeee et eeet et se e et et et eseeesee s et e eseneeeeeeseseeeens viii
Danh MUC DANG ....oooiiiiiiiiiiiciie et naee e X
Danh muC RINK ..o e are e Xii
LOTMO DAU oottt 1

CHUONG 1: TONG QUAN TAI LIEU

1.1. Khir tring moi trudng NUOT CAY iN VIO ....covecveeeieeeeeeeeeeeeee e 5
1.2, KOO U0 MAU CAY ovovevrerceeeeieeesieeesss st eses st es s stssessesessenesssstensesnasssssenssseneas 6
1.3. Nano bac va UNZ AUNZ ...cccveveeiieiieiieiieie et 9
1.3.1. Gi6i thi€Uu ChUNQ ..oveiiiiie s 9
1.3.2. Dac tinh khang KNUAN CUA NANO DAC vttt 9
1.3.3. Anh huong cia AgNPS 18n sy sinh truong thire VAt ......ccoooceevevereeveeieeennns 10
1.3.4. Hap thy, van chuyén va chuyén hoa nano bac trén thuc Vit .........c.cocvveenee. 11
1.3.5. Nano bac trong nghién ctru vi nhan giong thic VAt ........ccoevevrereererenrreennens 12
1.4. Nano dong va tNg dUNG........coceveeveveererereeieeeeseeseesesesseesessesesssessesessssessessesesnenns 16
1.4.1. Anh huéng cta dong 18n sinh trudng thure VAt .......cvvvvveeeeevereseneeeeeeeenene, 16
1.4.2. Nano dong trong vi nhan giong thirc VAt ..........ceeeveeveererreereeeeeesesssessersenens, 17
1.5. Hién twong bat thudng trong vi NhAn GiONg .......ccevevevevierieeieseeseseesesieeieeenenn, 18
1.5.1. Hién tuong thiy tinh the .......ccccceveeierereicieceeeee e 18
1.5.2. Sy tich 1y khi €thylene ... 18

1.5.3. Hi€n tUONgZ rUNZ CO QUAN ....eevvienieiiiieirieiresie et ne e 19



1.5.4. Hi€n turong O NAU ....cccvvviiiiiiiiiiiec ittt 19
1.5.5. SHrESS OXY NOQ ...cveivieiieie ettt ene e 19
1.6. Tong quan vé cic di trong NGHIN CHU ......c.cveeeeeeeeeeeeeeee e 20
1.8.1. CAY CUC ..ceiiiiiiiiiiie ittt sttt sttt bttt ettt ene e 20
1.6.2. Cay Thu hai GUONZ ....ccveeiiieiiiiiie et 21
1.6.3. CAY T lNN LAN .o.viiiiiiiii e e 22

CHUONG 2: VAT LIEU VA PHUONG PHAP NGHIEN CUU

75 T V£ T 1T OO 24
2.1.1. VAL LHEU thUC VAL vttt 24
2.1.2. Dung dich nano Kim I0@1 ......ccceiviiiiiiiiiiiiiis i 24
2.1.3. HE thONZ NUOT CAY ..vvvoevrieiieeeiceese et esss st enes st ses st 24
2.1.4. Thidt Bi VA dUNE CU ovvoeeveeeeeeeeseeteee ettt 25
2.1.5. DHEU KIEN NUOT CAY ..vvvovvereeeceescesseteee s s enes sttt 25

2.2. NO1 dung NZhi€n CUU ....cvveiiiiiiiiiiic s 25

2.2.1 Anh huong cia AgNPs 1én khir tring mau cdy, moi truong nudi cdy va

Vi NhAN IONE CAY N0 CUC vuvreverereeeierevrieeeeseesesssee s eeseesee st 25

2.2.2. Anh huong cia AgNPs va CuNPs 1én kha ning khir tring mau cdy va

sinh truong tiép theo ctia cdy Thu hai QUONG.........o.cveverereereiireieees e 26

2.2.3. Anh huong ciia AgNPs 1én kha ning tai sinh chdi va han ché mot sd

hién twong bat thudng trong nudi cay in vitro ctia ciy Tir linh lan ............... 26
2.3. Phuong phap nghi€n CUU .......ccceviiiiiiiii s 27
2.3.1. BO tri thi NGHISM .ot 27

2.3.1.1. Anh huéng ciia AgNPs 1én khir trimg mdu cdy, méi truong nudi cdy
VA Vi BhAN GIONG CAY NOA CUIC <..ovoeeeeeeeeeeeeeeeseeeeeeeeesee s eninan, 27

2.3.1.2. Anh hweong ciia AgNPs va CuNPs lén kha ndng khir trimg mau cdy

va sinh truéng tiép theo ciia cdy Thu hdi QUONG .............oooveeeeereeeseene. 29



Vi
2.3.1.3. Anh hueong ciia AgNPs 1én kha ndng tdi sinh chéi va han ché mét sé
hién twong bdt thuwong trong nudi cdy in vitro cia cdy Tir linh lan ...
2.3.2. Xac dinh ham luong khi ethylene bang phuong phap sic ky khi .................

2.3.3. Xac dinh hoat d6 ctia enzyme khang oxy héa bang phwong phap phan
tHCH PRO 1 NZOAL +.vveverveveeiceceseeeseesee ettt sse st

2.3.4. Xac dinh ham lwong duong va tinh bot bang phwong phéap phan tich

PRO I NZOAT cvvvrevereceeseeieseeee ettt see st
2.3.5. Gidi phau hinh thai .....cccceveviiiveiicecece e

2.3.68. XU 1 SO TIEU .ottt ee et e e et et et et et et et et et et et et et en e e e e e e eeeneeeeneeens

2.4. Pia diém va thoi gian NGHIBN CUU .......eveevvereeeeeieeesceeee e

2.4.1. Dia diém NZRIEN CTU ..vveveeveeeeceeseeee ettt

2.4.2. Thoi gian NZHIEN CUU ..oovviiiiiiiciecee e
CHUONG 3: KET QUA VA THAO LUAN

3.1. Anh hudéng cia AgNPs 1én khir trang moéi truong nudi cdy, khir tring mau

cAy va Vi nhan giong CAy N0 CUC ..ovvvveveerireereesseeeeeessesessessenessessesessessesesssneesnes
3.1.1. Anh huong caa AgNPs Ién khir tring méi trudng NUGI CAY .........o..evevveeneee.
3.1.2. Khir tring mau cay bang AgNPS VA CamM GNG MO SE0 .....c..vevvvvvererreerreenenns
3.1.3. Téi sinh chdi trén méi truong bo sung AgNPs khong hap khir trang .........

3.1.4. Anh huong cua ndng do agar 1én sy sinh trudng ciia cdy con trong moi

truong bo sung AgNPs khong hap Khir triing ...........ccceeveveeeceevereseeieeeeenen.
3.1.5. Nhan gidng ciy cuc trong cac hé thdng nudi cdy khac nhau .............co........
3.1.6. Thich nghi va sinh truéng tiép theo & giai doan vuon wom ...........c..cc.........

3.1.7. Panh gia hiéu qua kinh té cia AgNPs 1én kha ning khir tring mau cay,

moi trrong nuoi cdy va vi nhan giong cdy hoa CUC ........cccvvvvrviieiiicneene

3.2. Anh huéng ciia AgNPs va CuNPs 1én kha nang khir tring mau cay va sinh

truong tiép theo ctia cAy Thu hal GUONE .........co.evieeeeieeeeeeeee e



vii

3.2.1. Anh hudng ctia AgNPs va CuNPs 1én khtr tring mau cay .........cccoeeeveereenee. 51
3.2.2. Anh hudng cia AgNPs va CuNPs 1én cam ng tao phoi.......c.ccoeerererrennne. 55
3.2.3. Anh hudng ctia AgNPs va CuNPs 1én sinh truéng cta phdi soma............... 58
3.2.4. Tao cay hoan chinh va sinh trudng tiép theo ¢ diéu kién vuon wom .......... 67

3.3. Anh huong ciia AgNPs 18n kha ning tai sinh chéi va han ché mot sb hién

tugng bat thudng trong nudi cay in vitro cta ciy Tur inh lan..........o.cccoveveeeenene. 70

3.3.1. Panh gia kha nang tai sinh chdi clia cdc ngudon mau khac nhau va ghi

nhan hién tugng bat tRUONEZ oo 70

3.3.2. AgNPs gia ting hiéu qua tai sinh chdi va khic phuc mot sé hién tuong
L3 LR 110 TP 73

CHUONG 4: KET LUAN VA KIEN NGHI

A1, KEETUAN oottt ettt ettt ettt ettt et et et e e et e e, 80
8.2, KIEN DRI ..evieieeeeeeeee ettt sttt ettt 81
DANH MUC CONG TRINH LIEN QUAN DEN LUAN AN ....coooooiiiieeeeeeeen, 82

TAL LIEU THAM KHAO oot eee e eeee st n s s en e e e e, 83



viii

DANH MUC CHU VIET TAT

AgNPs : Nano bac (Silver nanoparticles)

APX : Ascorbate peroxidase

AuM : Hé thong nudi cay binh thiy tinh

AuM1 : Hé thong nudi cay binh thuy tinh 250 mL
AuM2 : Hé thdng nudi cay binh thuy tinh 500 mL
BA . 6-Benzylaminopurine

Ca(ClO)2 : Canxi hypoclorit
CAT . Catalase

CPHSTTV :  Chét diéu hoa sinh trudng thuc vat

CMC . Carboxymethyl cellulose

CuNPs : Nano dong (Copper nanoparticles)
DNS . Axit 3,5-dinitrosalicylic

DW . Khdi lugng kho (Dry weight)

EDTA . Axit Ethylene diamine-tetracetic
GOPOD :  Glucose oxidase-peroxidase

H202 : Hydrogen peroxide

HgCl . Thuy ngan clorua

MS : Moi truong Murashige va Skoog (1962)
MSO : MBbi truong MS bd sung 30 g/L sucrose va 8 g/L agar
NAA : Axit 1-Naphtaleneacetic

NaBH4 : Natri borohydrit

NaClO : Natri hypoclorit

NoM : Hé thong nudi cay hop nhua
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ROS
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SPAD
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WA
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Hé thong nudi cAy hop nhya vudng 5 L
Hé thong nudi cdy hop nhya hinh chit nhat 15 L
Thach dextrose khoai tay (Potato Dextrose Agar)
Stress oxy hoa gbc oxy tur do
S-adenosyl-L-methionine
Superoxide dismutase
Chi s6 Chlorophyll tong
Vién Nghién ctru Khoa hoc Tay Nguyén

Thach nuéce (Water agar)
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LOI MO PAU
Ly do chon d¢é tai

Hién nay, k§ thuat nudi ciy mo hay vi nhan gidng duoc st dung rat rong rai dé
nhan gidng cac loai cdy trong khac nhau (cay hoa, cdy rau, cdy canh,...) va 1a cong cu
hitu ich dugc st dung trong nghién ctru sinh truong, sinh 1y — sinh hoda cua thyc vat.
K¥ thudt nudi cdy mo cd thé sir dung dé san xuit sd lwong 16n cay giong sach bénh
trong thoi gian ngan va san xuat sinh khoi chtra cac chat ¢ hoat tinh thtr cap,... Bén
canh nhirng thuan loi mang lai thi k¥ thuat nuoi céy mé van con mot sé han ché nhu
nhiém nam, vi khudn,...ching sinh trudong va 1am han ché su sinh trudong ctia mo ciy
do chiing str dung méi trudng dinh dudng [1]. Bén canh d6, méi trudng nudi cay toi wu
hay 1y tudng cho sy sinh truong ctia miu cdy can phai hip khir tring. CAc binh nubi
ciy (tui nylon hay chai thily tinh) chira moi trudng ciing can duoc hap khir trung, moi
truong dugc dun s6i; sau d6 khir tring moi trudng nudi cdy mo & nhiét do 121°C véi
ap suat 1 atm trong khoang thoi gian tir 20 dén 40 phat. Ngoai ra, cac budce chuan bi
moi trudong can trai qua nhiéu giai doan khac nhau va tén nhiéu cong lao dong, dién

nang, thoi gian, ...cho viéc hap khir tring mai truong.

Nano bac (AgNPs) c6 tac dung khang cac vi sinh vat (ndm, vi khuan,...) va
dugce st dung trong nghién ctru hay tng dung trong nhiéu linh vic nhu y duoc, y
sinh,... C4c nghién ciru vé tac dong ciia AgNPs 1én thyc vat nhu khir tring méu cay
[2], nay mam cua mot s6 cdy trong [3], sinh 1y ciing nhu hinh thai cua thuc vat [4]
cling da duoc chi ra. Tuy nhién, anh huéng cia AgNPs 1én kha nang khir tring moi
truong nudi cdy mo ma khong hép tiét tring van chua duoc cong bé trude day. Trong
luan an nay, AgNPs dugc bd sung vao méi truong nudi cdy (khong hap khir tring)
nham danh gia kha nang khir tring mdi trudng nudi cdy va cam tng sinh trudng tiép
theo ctia mau cdy cdy Cuc. Ngoai ra, nhitng nghién ctru truée day chua ghi nhan vai
trd clia nano dong (CuNPs) trong giai doan khir tring va cam tng ctia mau cy; vi vy,
nghién ctru nay cling ddnh gia anh huong cia AgNPs va CuNPs trong giai doan khir
tring mau cdy va sinh truéng tiép theo, cam g tao phoi,...trén cdy Thu hai duong.

Bén canh d6, vai trd cia AgNPs 1én kha ning sinh trudong va cac hién tugng bét



thuong & giai doan nhan nhanh chdi cdy Tir linh lan ciing duge chi ra trong luan 4n
nay.

Dé tai “Nghién ciru tic dung ciia nano bac va nano dong trong khir tring
mau, khir tring méi trudng nudi cdy va vi nhan gidng mot sb cay trong co gia tri
kinh té” hudng toi giai quyét mot s6 van dé con han ché cta nudi cdy mo. Pay 1a dinh
huéng nghién ctru chua dugce quan tim nhiéu & trén thé gidi cling nhu tai Viét Nam.
Két qua ctia nghién ctru s& gép phan dua ra mot hudng nghién cru méi trong Vi nhan
gidng thuc vat.

Muc tiéu ciia dé tai
Muc tiéu tong qudt

Luan &n duoc thuc hién nhdm dua ra duge giai phap moi dé khic phuc mot s6
han ché dang gap phai trong vi nhan gidng nhu khtr tring méi truong nudi cay, khi
tring mAau cdy, cai thién sinh truong tiép theo ciia miu cay, khic phuc mot sb hién
tugng bat thudng cua cdy CUc, cdy Thu hai dudng va cay Tir linh lan nubi cay in vitro.
Muc tiéu cu thé

Xac dinh hiéu qua ciia AgNPs 1én kha niang khir tring moi truong nudi cay in
vitro thay thé hap tiét tring cling nhu sinh trudng tiép theo clia mau cay cay Cuc.

Xac dinh hiéu qua cia AgNPs va CuNPs thay thé cac chat khir trung truyén
thdng nhu thily ngan clorua (HgCl) hay canxi hypochlorite (Ca(CIO),) va anh hudng
ctia chung 18n sy sinh truéng tiép theo ciia mau ciy cay Thu hai duong.

Xéc dinh hiéu qua ctia AgNPs 1én su sinh trudng va han ché mot sd hién tuong

bat thudng trong giai doan tai sinh chdi cay Tu linh lan.
P6i twong va pham vi nghién ciru cia dé tai
Poi twong nghién ciru
Ba loai cy trong (Ctc, Thu hai dudng va Tu linh lan) duoc st dung lam dbi
tugng nghién ctru cia ludn an.
Hai loai vat liéu nano (AgNPs va CuNPs) duoc st dung lam vat liéu dé khir

tring méu cdy va méi trudng hodc bd sung vao mdi truong nudi cy in vitro.



Pham vi nghién cuu

Luan an danh gia hiéu qua cua AgNPs va CuNPs 1én kha nang khir tring moi
truong nudi cdy md, mau cdy va kha ning sinh truéng tiép theo ctia mau cdy, cac chi

tiéu sinh 1y - sinh héa cua ciy Cuc, Thu hai dudng va Tw linh lan nudi cay in vitro.

Trong qua trinh thuc hién thi nghiém, mdi ddi twong cdy trong c6 cac chuong
trinh phéat sinh hinh thai khac nhau cling nhu AgNPs va CuNPs c6 nhitng tac dong
khac nhau phu thudc vao giai doan nuéi ciy ciing nhu mau cdy cua ting loai ciy
tréng:

Ddi v6i ciy Cuc, AgNPs c6 hiéu qua khir tring miy cdy ciing nhu khir tring moi
truong nudi cdy khong hap tiét tring. Ngoai ra, miu cy c6 thé sinh truong trén moi
truong bo sung AgNPs & nong dd cao. Bén canh d6, qua danh gia trang thai moi
truong nudi cdy khong hap tiét trung thi d6 cing moi trudng 1 16n hon so vai hap tiét
tring; vi vay, thi nghiém anh hudng cua nong do agar ciing nhu dua ra cac hé thong
nudi cdy khac nhau ciing dugc khao sat.

Déi v6i cay Thu hai dudng, CuNPs dugc str dung nhu mot chat khir tring méi va
chua duoc cong bd trude day. CUNPs dugc st dung dé khir tring mau cay va so sanh
v6i cac chat khir tring khac ciing nhu danh gia du lugng Cu trong mau cay (sau khi
khir tring) tac dong dén sinh trudng tiép theo ctia mau cdy (cam tng tao phdi, phat
sinh phéi va sinh trudng tiép theo).

Déi voi cay Tir linh lan, nghién ctru ndy danh gia vai trd cia AgNPs trong viéc
khic phuc mét sé hién twong bt thuong trong nudi ciy mo va gia ting sinh trudng cia
mau cdy.

Do d6, trén 3 ddi twong nghién ctru khac nhau, 3 vin d& c6 nhirng diém tuong
dong va ciing c6 nhitng diém khac biét dugc giai quyét trong luan 4n nay. Vi vay, cach
trinh bay luan 4n theo ddi twong nghién ciru c6 thé giai quyét tron ven timg bai toan

trén ting dbi twong cay trong cu thé.



Y nghia khoa hoc va thue tién
Y nghia khoa hoc

Luan an nay da danh gia duoc hiéu qua cua AgNPs hodac CuNPs 1én khir trung
moi trudng nudi cidy mo thay thé hap tiét trung, cam tng phat sinh hinh thai, sinh
truong tiép theo va han ché mét s hién tuong bat thuong trong nudi cay in vitro cay

trong nudi cdy cay Cuc, cy Tir linh lan va cay Thu hai duong.
Y nghia thiee tién

Luan an da st dung AgNPs 1a chét khir tring méi truong nudi cdy mo thay thé
chat khir tring truyén thong va khong anh hudng dén sinh trudng tiép theo ciia mau

cay cay Cc.

Ngoai ra, AGNPs va CuNPs c6 thé st dung 1am chat khir tring mau cdy thay thé
cho cac chat khir tring truyén théng va gia ting sinh trudng tiép theo cia mau cdy cay

Thu hai duong va cdy Tt linh lan.
Nhirng dong gop méi cua luan an

AgNPs b6 sung vao mdi truong nudi cdy dugc giam mot nira ham luong agar
6 hiéu qua khtr tring mdi truong nudi cay va khong can hap tiét tring bang ndi hap.

AgNPs va CuNPs c6 thé sir dung lam tac nhan khir tring mau cdy thay chat khir
tring truyén thong va cai thién sinh truong tiép theo ctia miu cay.

AgNPs gia ting hiéu qua tai sinh choi, giam hién tuong bat thuong va giam sy
tich liiy ethylene, gia ting hoat tinh enzyme chong oxy héa ciia mau cdy nudi cdy in

vitro.



CHUONG 1. TONG QUAN TAI LIEU
1.1.  Khir triing méi truwedng nudi cay in vitro

M®i truong 1y tuéng hay toi vu cho su sinh trudng cua cdy trong nudi cdy mo
can dugc vo trung; do d6, chung phai duoc hép tiét trung. Ngoai ra, c4c binh chira méi
truong nudi cdy mo (binh thuy tinh, tam giac, tai nylon,...) cling can dugc hap tiét
tring. Moi truong nudi cdy mé sau khi chudn bi can duoc dun séi nham hoa tan cac
thanh phan méi trudong va dugc hap tiét tring bang ndi hap ¢ nhiét d6 121°C, ap suét
khoang 1 atm trong khoang thoi gian tir 20 dén 40 phit tuy theo thé tich méi truong
nudi cdy mo (tir 20 dén 80 mL néu 13 méi trudng & cac binh nudi cdy c6 thé tich tir 100
dén 500 mL). Bén canh d6, chuan bi méi trudng nudi ciy mo can trai qua nhiéu giai
doan; do d6, n6 s& mat thoi gian, cong lao dong, dién nang cho viéc hép tiét trung moi

truong.

Hau hét méi trudng nudi cdy moé déu duoc tiét tring bang ndi hap (autoclave).
Noi hip 1a mot thiét bi khtr tring bing ap suat hoi nude. Doi voi thé tich méi truong
nho, c¢6 thé sir dung mot ndi ap suat ma hoat dong ciia né theo nguyén tic giéng véi
ndi hip. Thoi gian hip khac nhau dbi véi thé tich moi trudng khac nhau (Bang 1.1).
Thoi gian hap kéo dai c6 thé anh huong xau dén kha ning dong cta agar va chét luong

cua moi truong [5].

Bang 1.1. Diéu kién hap khur tring méi truong nudi cay [5].

TT Thé tg‘;r‘]“{’r;f_")‘“‘”“g/ Thoi gian t8i thidu & 121°C (phut)
1 20 - 50 15
, 75 20
3 250 - 500 25
4 1.000 30
5 1.500 35
6 2.000 40




Hon nita, Leifert va cong su (1994) bao cdo rang, vi khuan Bacillus c6 thé ton
tai sau khi hép tiét trung ¢ khoang 120°C [6]. Do d6, nén G mdi trudng sau khi hip &
nhiét d6 30 dén 35°C trong khoang 24 dén 48 gior trude khi st dung dé danh gia xem
nam, vi khudn,...co trong moi truong nudi cdy mo hay khong [6]. Bén canh do, hip
tiét tring moi trudng s& anh huong dén sy thay doi pH ctia moi truong va lam bién
tinh céc thanh phan ciia méi trudng nhu dudng, chit diéu hoa sinh truéng thuc vat
(CPHSTTV), dich chiét hiru co,...[7, 8]. Cac CPHSTTV nhay cam v&i nhiét nhu
Gibérelin c6 thé mat hau hét hoat tinh ctia chung. Ngoai ra, mot sd vitamin bi phan
huy khi hap tiét tring nhiét d6 cao. Thoi gian khir tring qué lau c6 thé 1am thay doi
tinh chat cua agar va nd ciing c¢6 thé dan dén tao ra cac san pham doc hai nhu 5-
(hydroxymethyl) -2-furaldehyde va phenolics [9] dan dén lam giam hiéu qua ciia moi
truong 1én su sinh trudng ciia mau cdy. Do do, viéc xac dinh thoi gian t6i wu cho hap
tiét trung moi trudng nuodi céy va nhan biét muc do nhay nhiét do cao cua cac hoa chét

duogc su dung la diéu rat can thiét.
1.2.  Khir tring miu cay

Toan bd qué trinh nudi cdy md luén ludn duge tién hanh trong didu kién vo
tring; do d6, diéu kién v trung 1a mot trong nhitng yéu té quan trong va co thé quyét
dinh su thanh cong ciia qué trinh nudi cdy. Cac phuong phap khir trung khac nhau da
dugc su dung dé dam bao diéu kién vo trung nhu st dung nhi¢t do cao dé khu trung
méi truong, dung cy; st dung tia birc xa UV dé khir tring tu cdy; st dung phuong
phap loc dé duy tri ludng khong khi v tring, cho khu vuc 1am viéc trong ti cdy; su
dung hoa chat dé khur tring miu ciy. Trong d6, viée vo tring mau cdy dé loai bo hoan
toan cAc tdc nhan gay nhiém nhung van duy tri dugc sirc sdng cia mau cdy 1a diéu rat

quan trong.

Mit khac, mau cdy tir diéu kién bén ngoai dwa vao moi trudng nudi cdy mo la
rat khé khan vi ching rat dé bi nhiém nam, khuan,...mau cdy dé bi hda nau hoic hoai
tlr, mau cdy sinh truong cham; diéu nay 1am tén chi phi va mat thoi gian dé thuc hién
cong viéc ndy. Mot trong nhitng nguy@n nhan dian dén cac kho khan trén co thé 1a do
c4c thao tac hay chat khir tring st dung trong quy trinh khr tring mau [10]. Loai,

ndng do cua hoa chit va thoi gian khir tring mau cdy chwa phu hop 1a mot trong



nhitng nguyén nhan chinh din dén sy that bai trong giai doan vao mau ban dau. Cac
chat khtr tring mAu ciy hién nay dang duoc st dung hién nay nhu canxi hypoclorit
(Ca(ClO),), natri hypoclorit (NaClO), ethanol, hydrogen peroxide (H202), thuy ngin
clorua (HgCly), thubc diét nim va thube khang sinh, clo dioxide, isothiocyanate, déu
c6 tinh tay rira cao (rc ché sinh trudng ctia ndm va vi khuan theo co ché an mon vach
va thanh té bao); do d6, né s& gay tén thuong miu cdy va khong hiéu qua trong khir
tring mau ciy [11-13]. Ngoai ra, han ché ctia mot sd chat khir trung dang duogc sir
dung hién nay 12 anh huéng dén sitc khoé con nguoi [14]. Vi vdy, viéc dé& xuit mot
chat khir tring c6 hiéu qua trong khtr tring mau ciy tuwong tu cac chat khur tring

truyén thong va gia ting sinh truong tiép theo ctia mau cay la rat can thiét.

Khi khtr tring mau ciy, mau cdy can phai duoc nhung toan bo trong dung dich
khtr trang nham diét vi sinh vat; loai bo cat, bui,...trén bé mit miu cdy; sau d6, mau
ciy dugc rira lai bang dung dich xa phong lodng va nudc may. Mau cay sau khi xtr 1y
dugc ria sach vai 1an bang nudc cat vo tring va loai bé nhitng mau ciy khéng con
nguyén ven trude khi cdy mau cdy 1én mdi truong nudi cdy phu hop. Ngoai ra, chat
khang sinh thuong it khi dugc sir dung do hiéu qua khir tring khong cao va han ché
sinh truéng ctia mau céy. Bén canh d6, mot sb chat lam giam sic cang bé mit
(Fotoflo, teepol, tween 80, dung dich diét nam khuan,...) cling duoc st dung dé gia
tang hiéu qua khir tring mau cdy. Cac chat ¢rc ché vi sinh vt gdm nhiéu loai, ndng do

va thoi gian khac nhau duoc sir dung dé xtr Iy mau cdy (Bang 1.2) [15].

Bang 1.2. Hiéu qua vé ndng do va thoi gian cua cac tac nhan khir tring mau cay [15].

TT | Téc nhan Kkhir trung miu cay Nong do Thai gian xir Iy (phat)

1 | ca(ClO), 10% 5-30
2 | NaCIO 2% 5-30
3 | HO; 12% 5-15
4 | Nuée brom 2% 2-10
5 | HgCl2 1% 2-10

6 | Chat khang sinh 50 mg/L 30 - 60




Kién thirc va hiéu biét ding dén vé anh hudng tidu cuc hay tich cuc cia cac tac
nhan khir tring khac nhau s& gitp chon cic tac nhan khir tring tot nhat cho loai va
mau cdy cu thé [16]. Cac mudi cua axit hypochlorous, ching han nhu NaClO, 1a mét
chét oxy héa manh va rat hiéu qua trong viéc ti€u diét vi khuén. Ethanol 13 mot chét
khtr tring manh va n6 ciing gay ton thuong dén miu ciy. Dung dich ethanol véi ndng
d6 70% duoc dung dé 1am bién tinh protein nhanh chéng va bat hoat cac virus. Dé
tang hiéu qua, ethanol dugc sir dung trude hodc sau khi xir Iy bang NaClO trong vai
phut hodc chi trong vai gidy. HgClz chii yéu 1a e ché vi khudn va c6 phd hoat dong
rong. Cac hop chat thity ngéan lién két voi cac nhoém sulfhydryl s& anh huong dén hoat
dong cua enzyme [17]. Mic di HgCl, 13 mot chat khir tring hiéu qua, nhung né 1a mot
hoa chat co gy ton thuong manh d6i véi mau ciy. Vi vay, ching ta can phai can than
trong viéc xir Iy chat ndy vi HgClz ¢ thé anh huong tdi stc khoe con nguoi; do do,
ching ta can hét stic can than trong viéc loai bé dung dich HgCl sau khi sir dung. Két
qua 13, n6 di khong duoc str dung thudng xuyén cho dén ngay nay. H202 13 mot chat
oxy hoa, ¢ néng do thép, H202 6 cac hoat tinh diét nAm va diét khuan va co hiéu qua
trong viéc khir trung hat giéng. Vi¢ce st dung Tween 20 [am chit hoat dong bé mat cai
thién kha ning thAm wét ciia mau ciy va hat gidng dé ting hiéu qua cta quy trinh khir
tring. Thubc khang sinh rat doc d6i vi mau cay va hiém khi duge st dung vi khong
da va c6 tac dung phu ddi véi sy phat trién ctia mau cdy [18]. Str dung khang sinh lién

tuc ¢ thé dan dén su sinh trudng cta cac vi khuan c6 tinh khang khang sinh.

Mit khac, khir tring méu cdy tir diéu kién bén ngoai chi yéu str dung cac dung
dich/chét khtr tring mau cy c0 tinh in mon Va tay rira cao, gay ton thuong va han ché
sinh trudng clia mau cdy. Do 6, viéc nghién ciru kha nang khir trung, khang khuén,
nam cua c4c chat khir tring khac thay thé khang sinh hay HgCl, mang lai lgi ich vo

cung 16n va 1a mot budc ngodt méi trong vi nhan giéng thuc vat.



1.3.  Nano bac va &ng dung

1.3.1. Gidi thi¢u chung

Nano bac (AgNPs) 1a nano kim loai sir dung nhiéu nhét trong néng nghiép. Day
13 mot nano kim loai c6 céu trac dang nano core - shell, trong d6 phan 15i 1a cac
nguyén tir bac (Ag®), phan vo phu 1a cac chitosan hodc 16p nano silica hay vang, CMC,

polymer,...[19].

Hién nay, AgNPs duoc téng hop tir nhiéu cach khac nhau nhu phwong phép
quang, khir hod hoc, dién hoa hoc, bay hoi - ngung tu, tong hop sinh hoc (phuong
phap st dung vi khuan Bacillus licheniformis dé khir cac mudi bac thanh AgNPs) [20].
Trong d6, khir hoa hoc 1a phuong phap duoc xem la don gian nhat dé ché tao AgNPs;
mit khac, san pham nano thu duoc tir phuong phap nay c6 tinh 6n dinh cau tric cao do

d6 dé dang phan tan déu trong nudc hay cac dung méi hiru co [21].
1.3.2. BPdc tinh khang khudn ciia AgNPs

AgNPs dugc st dung rong rai nhu mot chat khang khuan va sir dung dé khur
tring mau cay. Mot s6 nghién ctru [22-24] d3 tom tat nhitng phat hién gan day va dé
xuét co ché tic dong cuia AgNPs d6i véi vi khuan, nim,... Kha niang khang khuan cua
AgNPs phu thudc vao cac yéu t6 nhu hinh dang hat, kich thudc, ham lugng bac kim
loai, quy trinh tong hop va chét phu cia hat nano [24].

Co ché hoat dong ctia AgNPs trén vi khuan van chua dugc biét dén, nhung co
ché tac dong ciia AgNPs da dugc chi ra la cac thay d6i vé cau trac va hinh thai trong
céc té bao vi khuan. AgNPs duoc chirmg minh c6 hiéu qua khang khuan hiéu qua hon
cac mudi bac do dién tich bé mit tiép xUc rat 16n, cho phép gan két tot hon véi vi sinh
vat. AgNPs c6 kich thudc nho hon 10 nm tuong tac d& dang véi vi khudn va tao ra
hiéu Gmg dién tir va gia tang hoat tinh ctia cac hat nano. Vi vay, hiéu qua khang khuan
ciia AgNPs phu thudc vao kich thudc cua cic hat nano [25]. Cac hat nano gin véi
mang té bao va di vao bén trong vi khuan. Vi khuin c6 mang té bao bao gdm cac
protein chira lwu huynh va cac hat nano twong tac véi cic protein trong Cac té bao ciing
nhu cac hop chét cé chira phdt pho nhu DNA. AgNPs tan cong vao chudi hd hép, su

phan chia té bao cua té bao vi khuan; sau dé, té bao bi ton thuong va chét. Sau khi gan
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vao mang t€ bao, AgNPs c6 thé xam nhap vao té bao vi khuan, gidi phong cac ion bac

va ting cudng hoat dong diét khuan [25-28].

Céac hat nano c6 hinh dang hat khac nhau cling anh hudng tdi hiéu qua khang
khuan théng qua tc ché su sinh trudng cia vi khuan [25]. Ngoai ra, két hop AgNPs
v6i thude khang sinh s& c6 nhirng anh huong khac nhau dén vi sinh vét [27]. Cac hoat
tinh khang khuéan cua khang sinh (Amoxicillin, Clindamycin, Erythromycin, Penicillin,
Vancomycin,...) ting 1én khi bd sung thém AgNPs. Shrivastava va cong su (2007)
nghién ctru tong hop AgNPs c6 kich thude tir 10 dén 15 nm va tac dong phu thudc licu
luong 1én cAc vi sinh vat gram 4m va gram duong [28]. Cac tac gia cho thay rang, voi
mot luong AgNPs nhat dinh hoat dong urc ché cac vi khuan gram am la cao hon so vadi
vi khuan gram duong. Hoat tinh khang khuan ctia AgNPs Ién thyc vi khuan cho thay
ca hai loai ion bac va AgNPs déu anh hudng 1én sy hinh thanh ciing nhu phat trién cta
bao tir. Tuy nhién, AgNPs c6 hiéu qua cao hon, né gia ting sy tiép xtc truc tiép cia
bac va han ché kha ning ton tai ctia bao tir [29]. Ngoai ra, 100 mg/L AgNPs cho hiéu
qua khtr tring mau cay thong qua e ché vi khuan va phenol cao hon so cac nong do

khac trong gia doan khir tring cua cdy Hoa hong [30].
1.3.3. Anh hwéng ciia AgNPs lén sw sinh truéng thue vit

AgNPs anh huong 1én sy sinh truong cua thyc vat thong qua cac mirc do khéc
nhau (sinh trudng, sinh Iy, sinh héa,...) co thé theo hudng tiéu cuc hay tich cuc tly
theo loai thuc vat va dic diém ctia AgNPs (loai, kich thudc, ciu truc,...). AgNPs & cac
kich thudc khac nhau (1 - 20 nm) va ndng d6 khac nhau (1 - 100 mg/L) c6 tac dong
khong giéng nhau I&n kha ning nay mam ciia mot sd cdy trong [31]. Cac két qua khac
gan day cling ghi nhan duoc cho thiy rang AgNPs voi kich thuéc khéc nhau c6 anh
huong dén nhiéu loai thuc vat. AgNPs c6 kich thudc nho hon 5 nm e ché su ndy mam
hat L0a mach (Secale cereale); trong khi d6, AgNPs (5 - 10 nm) cé tac dung it hon
AgNPs ¢ nong d6 thap; tuy nhién, AgNPs (> 20 nm) sé& trc ché kha ning nay mam cay
LGa mach. Ngoai ra, su ndy mam cua hat Lanh (Linum usitatissimum) khong bi tac

dong boi kich thude va nong do cia AgNPs.
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AgNPs cho thiy c6 doc tinh 1én s ndy mam cua hat Dwa leo (Cucumis sativus),
khong tac dong 1én sy nay mam cua hat ciy Rau diép (Lactuca sativa), nhung lai cho
thdy kich thich nay mam cua hat cdy Nhii huong (Boswellia ovalifoliolata), mot loai
thao dugc quy hiém dang c6 nguy co tuyét ching, 1én dén 90% so v6i khong bd sung
AgNPs (70%) [32].

Trén Dau tdy (Phaseolus vulgaris) va Ngd (Zea may), nong d6 ciia AgNPs thip
hon tir 20 dén 60 mg/L c6 anh hudng tich cuc dén su sinh trudng cia cdy con nudi cdy
in vitro nhu chiéu cao cdy, chiéu dai ré, dién tich 14, chlorophyll, carbohydrate,
protein,...; nguoc lai, ndng do cao hon (80 va 100 mg/L) ctia AgNPs cho thiy wrc ché
su sinh truong cia cay [33]. Ngoai ra, AgNPs ciing c6 hiéu qua khang khuan cao, do
d6 c6 hiéu qua kiém soat va ngin ngira cac bénh gy hai dén cay trong [34]. Qua trinh
ldo hoa nhu vang va rung la, tich lay ethylene, hod nau,... thuong dugc gay ra boi
stress oxy hoa gbc oxy tu do (ROS) va AgNPs dugc biét dén c6 thé lam cham qua
trinh nay. Ngoai ra, AgNPs con 1am gia ting kha ning hap thu anh sang cua thuc vat
qua la. Khi bo sung AgNPs, cay trong khong nhitng khang vi sinh vat ma con hap thu
anh sang véi bude song khoang tir 390 dén 420 nm; diéu nay dan dén gia ting hiéu
qua quang hop [35].

Ngoai ra, AgNPs cho thay kha nang kich thich ting truéng, ra hoa, ngin chin
su gia hoa, rung 14 va cac co quan sinh san, ting ning suét cy trong ctia nhiéu loai
thuc vat nhu Mu tat An Do (Brassica juncea) [35], Lda mi (Triticum sp.) [36], Pau
xanh (Vigna radiata) [37]. Ngam hat Bong (Gossypium sp.) trong AgNPs, cay sinh
truong t6t va co thé giam luong phan bén cho dat di mot nira [38]. Anh hudng cua
AgNPs va bac nitrate 1én su rung qua va ning suat hat trong cdy Luu ly (Myosotis sp.)
trén dong rudng ciing da dugc nghién ctru [39]. Cac két qua tuong tu ciing dugc chi ra
boi Pokhrel va Dubey (2013) trén cdy Ngb (Zea may) va cdy Bip cai (Brassica
oleracea) [40]. Tuy nhién, cac danh gia vé nong do, phuong thirc bd sung va thoi gian
xir Iy ciia AgNPs dé xac dinh sy sinh truong, phét trién va ning suat Cla cdy trong
theo hudng than thién véi moi trudng va hé sinh thai van chua c6 nhiéu nghién ctru.

1.3.4. Hdp thu, van chuyén va chuyén héa AgNPs trén thuwc vit

Viéc hap thu va phan b cua AgNPs trong cdy di dugc khao sat & Mu tat An Do

(Brassica juncea) va cay c6 Linh lang (Medicago sativa). Trai ngugc vai Mu tat, co
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Linh ling cho thiy hiéu qua hap thu AgNPs tét hon [41]. Trong mot nghién ciru khac,
AgNPs duong nhu khong tich tu bac & bat ky hinh thirc nao trong cidy Mu tat An Do
[42]. Su hép thy thong qua 16p biéu bi, 16ng hat va van chuyén bac vao trong cac md
mach cua rau xa lach da dugc chung minh khi phun cac AgNPs vdi1 duong kinh hat 1a
38,6 nm. Cac con dudng van chuyén dudng nhu bao gdm ca van chuyén qua khoang
gian bao va qua té bao chit. Cac chuyén héa trong thuc vt bao gdm sy hoa tan hat
nano, su chuyén doi Ag* trong AgNPs, va sy két hop cac ion Ag* véi cac nhom thiol
[43].

1.3.5. AgNPs trong nghién civu vi nhan giéng thuc vit

Trong vong 2 thap ki vira qua, vat liéu nano da duoc sir dung nhiéu hon trong
nghién ctru nudi céy mé v4i vai trd nhu mot vat liéu méi; dién hinh nhu AgNPs - mot
nano kim loai da duoc str dung trén nhiéu ddi twong ciy trong khac nhau. Tuy nhién,
hau hét cac cong bd trude day la tap trung vao tng dung AgNPs trong khir tring mau
cdy Va tao ngudn mau nudi cdy mo; do do, viéc dua ra nhiing tiém ning Gmg dung rong

hon ciia AgNPs Ién hiéu qua vi nhan giong can dugc nghién ctru nhiéu hon.

El-Kosary va cong su (2020) di bao cao rang AgNPs c6 thé 1a chat khir tring
thay thé cho cac chat khtr tring khac dé khir tring mau ciy va co tac dong tich cuc
trong viéc han ché cac ngudn lay nhiém khac nhau ma khdng gay ra cac ton thuong
cho miu cay [44]. Ngoai ra, co ché khang khuan ciia AgNPs 1a do sy bam dinh, sau d6
xam nhdp vao bén trong va pha huy cau nbi disulfua cia mang té bao vi khuan, tiép
d6, cac ion bac s& tiép tuc xdm nhap vao nhan pha hay lién két ndi phan tir DNA cia

vi khuan [45].

Abdi (2012) di tién hanh khir tring bé mat va khir tring ngudn nhiém ndi sinh
(Xanthomonas sp.) ctia mau d6t than cdy hoa Nir lang (Valeriana officinalis), cho thy
rang cac mau cay khir tring v6i 100 pg/ml AgNPs trong 180 phut c6 kha ning tc ché
khuan néi sinh va ngoai sinh ctia mau ciy ma khong c6 bét ky tac dong bét loi ndo 1én
su sinh truong ciia cdy con & giai doan tiép theo [10]. Hiéu qua khang ndm va khuan
trong giai doan khtr tring cling da dugc ching minh trén cay Araucaria excelsa; tuy
nhién, méi truong nudi cdy md duge bod sung truc tiép AgNPs vao s& trc ché sy giy

nhiém cua cac vi khuan ndi sinh [46].
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Bén canh d6, AgNPs con dugc xem nhu nhu mot chat kich khang gidp kich
thich gia tdng su san sinh céc chit c6 hoat tinh sinh hoc cua thuc vat. Dién hinh nhu
kich thich tong hop paclitaxel trén cdy Thong do (Taxus wallichiana) [47], tanshinone
ciia cdy Dan sam (Salvia miltiorhiza) [48], phenol cua cdy rau Déng bién (Bacopa
monnieri) [49], artemisinin cia cdy Thanh hao (Artemisia annua) [50],... Tuy nhién,
cac san pham thu nhan duoc c6 chira du lwgng AgNPs; do d6, nhitng nghién ctiru vé
anh huong cua du luong nay 1én chét luong san phdm va strc khoe clia con ngudi can

duoc nghién ctru thém.

AgNPs con dugc biét dén nhu mot chit kich thich sinh trudng va ngan chan su
130 hoa cua thyc vat in vitro. Sarmast va cong su (2012) da cho rang AgNPs c6 tac
dong tich cuc trong vi nhan giéng cdy Tung béach tan (Araucaria heterophylla), cay
sinh truong tot v6i su duy tri mau xanh 14 ¢ddm hon so véi nghiém thirc khong bo sung
AgNPs, c4c chi tiéu sinh truong khac ciling gia ting dang ké so voi d6i ching. Mot s6
két qua twong dong ciing duoc ghi nhan trén cdy Chum &t (Pyrostegia venusta) [46],
cdy hoa Hong (Rosa sp.) [51]; hon nita, AgNPs da dugc xac dinh c6 hiéu qua cao
trong viéc (e ché ethylene, tir d6 giam hién tuwong rung 14 va nang cao hiéu qua vi

nhan gidng [46].

Ngoai ra, AgNPs cd thé han ché su tich lily cua ethylene twong ty nhu AgNO3
theo hai con duong d6 1a (1) ion bac di vao té bao thuc vat va tham gia thay thé cho
thu thé sinh tong hop ethylene dé 1a ion dong; (2) ion bac s& phan ang truc tiép véi khi
ethylene duogc tao ra trong binh nudi cay nhu mot phan ang hda hoc binh thuong [52]
tir d6 gitp diéu chinh ham luong ethylene cé trong binh hozc tdi nudi cay tiy thudc
vao nong do cua AgNPs dugc st dung. Ngoai ra, AgNPs con dugc ching minh nhu
chat uc ché su tong hop ethylene bang cach wc ché hoat dong cua S-adenosyl-L-
methionine - SAM (la tién chat sinh tong hop ethylene) dan dén SAM duoc chuyén
hoa thanh cac polyamine nhiéu hon trong thuc vat (khong theo con dudng sinh tong
hop ethylene) [53].
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Dic tinh khang nim cua AgNPs ciing duoc mdt sé nha nghién ctru trong nudc
quan tdm. Hiéu qua khang ndm Phytophthora capsici caa ché pham keo AgNPs co
kich thudc hat khac nhau, kha ning khang ndm cua ché pham gia ting khi kich thudce
hat nano giam [54]. Lé Thanh Son va Nguyén Pinh Cuong (2014) di danh gia kha
nang diét vi khudn trong khong khi cta cac tim loc phit AgNPs, mang phit AgNPs ¢6
thé khang vi khuan sau 1 ngay tiép xuc va mang polypropylene 1a pht hop nhét [55].
Ngoai ra, cac san pham tir ti nhién thay thé cho cac loai hoa chat dugc wu tién sir dung
nhu phirc hé nanochitosan - tinh dau nghé va AgNPs c6 hoat tinh di khang vi khuan
gram 4m va gram duong d3 duoc st dung dé bao quan qua tuoi sau thu hoach.
Nanochitosan, nanochitosan - tinh dau nghé va phirc hop nanochitosan - AgNPs - tinh
dau nghé co hoat tinh trc ché sinh truéng cuia 2 ching vi khuan (Bacillus cereus va
Listonella damsela) va c6 kha ning diét khuan [56].

Cho dén nay, sir dung AgNPs lam tac nhan khir tring mau cay hay bo sung vao
moi trudng nudi cdy mod nham danh gia kha ning sinh truong trén cac dbi tuong ciy
trong, hién tuong bat thuong (thily tinh thé, vang va rung 14,...) trong nudi ciy md, san
XUAt cay giéng voi s lugng 16m,... da c6 mdt s6 thanh cong nhat dinh (Bang 1.3).
Trong giai doan khir tring mau cdy, AgNPs | tac nhan khir tring mau 14 cdy Dau tay,
Sam Ngoc Linh, Pong tién, Hong mén, Tir linh lan, Chanh day vang va tim [57-60,
62, 63], mau dé hoa cdy Pong tién [59], mau nhanh rong Bép st [61]. AgNPs duoc
danh gia c6 hiéu qua khur trung twong tu hodc cao hon so véi HgCl> hay Ca(ClO)..
Bén canh d6, mau cdy cho kha ning phét sinh hinh thai hiéu qua hon. Mit khac,
AgNPs bd sung vao mdi trudng nudi cdy mé trén nhiéu ddi tuong cdy trong khac nhau
nhim gia ting sinh khdi t& bao don ciy Salem [64], tai sinh chdi cay Dau tiy va hoa
Hong [51, 57], cam tng tao phoi cdy Sam Ngoc Linh [58], tao cay hoan chinh va thich
nghi ctia cay Clic, Dau tay, Pong tién va Hong mén [57, 60, 65]. Bén canh d6, AgNPs
con kich thich su hinh thanh ré thtr cAp ctua cdy SAm Ngoc Linh [66], san xuit ciy
gidng cay DAau tdy [67], han ché hién tugng bat thudng trong nudi cidy mo cay hoa
Hong [68], cdy Dong tién [69], giam su tich liy khi ethylene va hoat do cua cac
enzyme thiy phan ciy hoa Hong [68], hay bo sung AgNPs vao mdi truong vi thiy

canh cdy Cuc nham han ché su sinh truéng ctua nim va vi khuan [70, 71]. Tuy nhién
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can tién hanh cac nghién ctru chuyén siu va quy mé rong hon dé danh gia hiéu qua tac

dong cua AgNPs 1én sinh Iy mau cdy thuc vat.

Bang 1.3. Nghién ctru cia AgNPs trong vi nhin giéng thuc vt ¢ Viét Nam.

A e aks Nong do
TT NQ}Adun’g Loai/ doi Ngudn miu| AgNPs Ngudn
nghién ciru twong
(mg/L)
Déu tay 200 [57]
L&
Sam Ngoc Linh 200 [58]
Pong tién L4, dé hoa 200 [59]
1 Khtr trung Hong mén La 100 - 200 [60]
mau cay
Rong bip st Nhanh rong [61]
Tt linh lan 500 [62]
hanh day ti -
C\ anh day tim 100 [63]
va vang
2 | Tébaodon Salem Mo seo 200 [64]
Dau Tay La 0,2 [57]
3 | Taisinh choi
Hoa Hong Choi 2 [51]
4 gﬁ;‘: Ungtao | gim Ngoc Linh | Mb seo 16 [58]
Tao cdy hodn Dau tay 0,5 [57]
5 | Chinhvasinh , Chdi
trudng ti€p Cuc £ 10 [65]
theo Déu tay
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Dong tién

Hong mon 7 [60]
Sam Ngoc Linh Phoi 1,2 [58]
6 | R&thu cap Sam Ngoc Linh | R& bat dinh 1-3 [66]
7 | Sanxudtedy | pa ey Chéi 0,5 [67]
giong
Khic phuc ’ Hoa hong Choi 3 [68]
hién tuong bat
8 thuong trong 5
nuoi cay In Dong tién Choi [69]
VItro
Ethylene va ‘ ‘
9 | enzyme thuy Hoa hong Choi 3 [68]
phan
Vi thuy canh
10 HF thong nuoi T_huy canh in Chdi 75 [70], [71]
cay vitro
Ban ran
1.4.  Nano ddng va ung dung

1.4.1. Anh huwéng ciia dong lén sinh truéng thwe vit

Trong luc lap, ddng (Cu) chiém khoang 50% va duoc lién két vai plasto-cyanin

& chudi truyén dién tir cia quang hé thong I va Il. Nong d6 cua plasto-cyanin sé giam

néu khoéng c6 su co6 mit cua ion Cu. Ngoai ra, luc lap thiéu 2 protein diéu hoa hoat

dong cua plastoquinone (tong hop ching can co enzyme laccase la enzyme chira ion

Cu). Vi vay, thiéu Cu s& din dén giam hiéu qua cta qua trinh quang hop [72, 73].
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Enzyme superoxide dismutaza (Cu-Zn.SOD) chira ion Cu va ion kém (Zn) co
thé diéu chinh anion superoxide O% trong qué trinh quang ho hap. Do dé ion Cu c6
chirc nang bao vé manh mé trudc cac tac nhan oxy hoa co hai cho cay. Cac enzyme
SOD chtra Cu - Zn duoc phat hién ¢ stroma. Trong mau 14, SOD c¢6 ham lugng khoang
90% & luc lap va khoang 5% tap trung ¢ ti thé. Ngoai ra, thiéu ion Cu s& dan dén su
thay d6i cau trac luc lap. Mit khac, ion Cu c6 vai tro trong chudi truyén va van chuyén
dién tir cua ti thé. Bén canh d6, ion Cu anh huéng dén su tong hop chlorophyll, trong
khi sy du thira hodc thiéu hut ion Cu s& anh huéng dén bo may quang hop, diéu nay

dan dén chlorophyll bi tAc dong boi ion Cu va tuy timg loai thue vt khac nhau.

Cho dén nay da c6 nhirng nghién ctru vé anh hudng tiéu cuc cia CuNPs dbi vai
ciy trong nhu trc ché sy ndy mam cua hat, giam chiéu cao choi va chiéu dai ré, giam
tbc d6 quang hop va ho hap, thay ddi vé hinh thai ciing nhu enzyme [74]. Rajput va
cong su (2018) da tong hop cac nghién ciru ciia nhidu nhom tac gia vé anh hudng tiéu
cuc ciia CuNPs dén kha ning nay mam cua hat va su Sinh truéng cta nhiéu loai cy
tréng khac nhau nhu Bi xanh, Ca chua, Ca rét, C6 linh lang, Cu cai, Dua chuot, Bau
ga, Dau xanh, Pau tay, Pau tuong, Hanh tay, Khoai lang, Lta, Lua mach, Lua mi, Mu
tat, Ngo, Ngo, Rau diép, Rau bo x01,... Su sinh truéng cua cay tréng bi giam do su

thiéu hut hay du thira ion Cu.
1.4.2. Nano déong trong vi nhin giong thwe vit

Mic dit mudi déng sulphate c6 trong moi trudng nudi cdy mé thuc vat nhu mot
chét khoang vi lugng nhung ion Cu chi chiém 1 ti trong rat nho (vi du nong d6 0,1 pM
trong moi trudng nudi cdy MS va chi bang 1/1000 lan so v4i ion sit). Nén hiéu qua
ctia ion Cu va nano déng (CUNPS) trong nudi cdy moé thyc vat 1a chua that su 1 rang.
Mot s6 nghién ctru cho thdy CuNPs kich thich su sinh truéng cua cay Rau diép [75].
Trong mot nghién ctiru khac, Lee va cong su (2008) cho rang CuNPs lam gia ting sinh
truong & cdy Pau va Lla mi; cdy Pau co su nhay cam nhiéu hon so voi cdy Lia mi
trong xur 1y voi CuNPs [76].

C6 rat it thong tin vé tac dung tich cuc ciia CuNPs d6i véi thuc vat. Tuy nhién,
mot sb két qua déy hira hen veé viéc su dung CuNPs da duoc bao cdo trén mdt sb cay

trong nhu Hung tay [77-78], cay Bac ha [79], cay Lua [80]. Tuy nhién, nhitng nghién
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ctru vé CuNPs trong nudi cdy mé thyc vat néi chung va dic biét trong khir trang mau

cAy Va cam mg ctia mau ciy van con chua c6 nhiéu cong bé.
1.5. Hién twong bét thwong trong vi nhan gidng

Nudi cdy mé c6 nhiéu thuén loi trong nhan giéng cac cay trong khac nhau nhu
cay hoa, cy rau, cdy than gd, cay duoc liéu,...; tuy nhién, phuong phap nay van con
tdn tai mot s6 nhuoc diém chua khic phuc dugc nhu cay bi di dang, thoai hoa, cac
hién tuong bat thudng nhu (nhidm nam - khuan, thuy tinh thé, vang va rung 1a, hoa
nau,...). Nguyén nhan cua c4c hién twong nay c6 thé 1a do mau cdy duoc nudi ciy
trong binh/tdi nudi ciy duoc day kin c6 d6 am cao (> 95%); ngoai ra, mau ciy sinh
truong trong diéu kién vo tring s& anh hudng dén cac giai doan tiép theo cta ciy con

khi chuyén sang giai doan thich nghi & vuon wom hay dong ruéng [1].
1.5.1. Hién twong thiiy tinh thé

Hién tugng nay co thé dugc mé ta bﬁng nhiéu thuat nglt khac nhau nhu su
mong nudc, du thira nuéc qua mic, mau cdy sang nhu thuy tinh [81]. Nguyén nhan
ctia hién twong nay co thé 1a do sy hoa gd kém ctia mau cdy va né co thé giy ra su thay
d6i cua 16p 1ong stmg va md biéu bi. Ngoai ra, hién twong ndy cé thé lam thay doi
hudng phat trién ciia cac soi cellulose (nam trén vach cia té bao) dan dén anh huong

t6i kha nang dong hodc mo cua khi khong [82].
1.5.2. Sw tich liy khi ethylene

Su sinh trudng cua thuc vat bao gdm sy nay mam, phat sinh hinh thai, tai sinh
chdi va ra 1, vang va rung 14, ra hoa,...va co su san sinh ra khi ethylene. Bén canh do,
cac stress nhu 1 lut, han han, mam bénh, man,...dugc gay ra bdi cac phan tng trung
gian cua ethylene [83]. Ethylene ¢ thuc vat dugc sinh téng hop théng qua con dudng
sinh hda bao gém 2 budc: (1) S-adenosyl-L-methionine (SAM) duoc bién doi thanh
axit I-aminocyclopropane-1-carboxylic (ACC) vai tac nhan xuc tac la enzyme ACC
synthase (ACS); (2) ACC bién doi thanh ethylene (enzyme ACC oxidase - ACO la tac

nhan xuc tac) [83].
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1.5.3. Hién twong rung co quan

Hién tugng rung co quan (14, hoa, qua,...) la hién twong ma cac co quan cua cay
bi tach roi ra khoi co thé cua ching [84]. Trong nudi cdy mo, |4 vang va rung khéi co
quan cta thuc vat c6 thé 1a do tic dong boi sy bd sung auxin ngoai sinh va sy tich liy
cta khi ethylene (miu cdy dugc nudi ciy trong binh dugce ddy kin c6 d6 am cao va
sinh truéng trong diéu kién di dudng) [85]. Ngoai ra, md cdy duoc nudi cdy ¢ d6 am
cao s& bi anh huong bai khi ethylene va c6 thé 1a do auxin ngoai sinh bd sung tir moi
truong nudi cdy hay noi sinh tir mau ciy c6 kha ning kich thich sy vang va rung 14

[51].
1.5.4. Hién twong hoa nau

Hién tuong héa nau duoc ghi nhan bao gom hoa nau mau cay va doi khi 1a moi
truong nudi cdy mo ciing duoc xuat hién trong vi nhan giéng thuc vat. Hién tuong nay
13 hién twong ma mau cay chuyén sang mau nau, nau den hoic den dan dén mau bi ton
thuong hodc hoai tir. Nguyén nhan c6 thé 1a do phenol dugc téng hop trong sudt qua
trinh sinh trudng cia mo cdy va gay ra stress oxy hoa, lam cho mé cay hoic moi
truong nudi cdy hoa nau. Hién twong hoa nau co thé phu thude kiéu gen, sinh 1y coa

mau cdy, diéu kién nudi cdy,...[68, 69].
1.5.5. Stress oxy hoa

Stress oxy hoa la hién tuong do tac dong cua diéu kién nudi ciy nhu thanh phan
moi truong, anh sang, d6 am, ethylene,...dan dén thay d6i ham lugng ciia cac goc oxy
phan ung (ROS) [86]. Pé han ché nhitng ton thuong do stress oxy hoa gy ra, ham
lugng ROS sé& duoc thuc vat diéu chinh va kiém soat mot cach phu hop véi viéc gia
ting hoat dong cua cac enzyme chdng oxy hoa nhu superoxide disutase (SOD),
catalase (CAT) va ascorbate peroxidase (APX) [86].
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1.6. Téng quan vé cac dbi twong nghién ciru
1.6.1. Cay hoa Cuc

Cay hoa Cuc (Chrysanthemum morifolium) 1a cdy trong quan trong va c6 lich
st 1au doi trén thé gi¢i. Cay hoa Clc dugc phat hién & cac nude chau A (Nhat Ban,
Trung Qudc,...) va day 12 loai hoa trong chau va cit canh dugc ua chudng & rit nhiéu
nuée trén thé giéi vi ching c6 sy da dang vé mau sic (tring, do, xanh, vang,...), d&
trong va chim soc, kiém soat né hoa theo thoi gian va hoa ciia ching ¢6 thé bao quan
vai thang. Do d6, cay hoa Cuc 1a mét trong nhitng cy hoa cit canh hay trong chiu phd
bién trén thé gidi, chi dimg thtr hai vé gia tri thuong phim sau cay hoa Hong; do do,
cay hoa Clc dugc trong & hau hét cac noi trén thé gidi. Ngoai ra, gia tri thuong mai
dugc udc tinh khoang 150 tri¢u déla My [87].

Ngoai ra, cdy hoa Cuc d& dang cham soc, c6 thé chéng chiu dugc cac diéu kién
bat loi nhu lanh hay néng va c6 thé st dung lam canh quan, khudn vién,... Hién nay,
cdy hoa Cuc c6 thé duoc trong & cac canh dong 16n, trong trong nha kinh, trong trong
c4c chau co kich thudc khac nhau iy hoa dé trang tri. Do d6, cac nghién ciru nham gia
ting san luong hay chét luong ctia ching duoc khao sat nham 1am cho hoa da dang
(mau sic, hinh dang, kich thudc), ting kha ning khang bénh cia ciy con, thich nghi va
sinh truong t6t v6i cac ving sinh thai khac nhau dé gia ting gia tri kinh té cho ngudi
néng dan va cac doanh nghiép. O Viét Nam, cdy hoa Cuc tuoi hodc dugc phoi kho
(cha yéu 1a canh hoa) dugc sir dung dé pha tra hodc ndu nude udng. Ngoai ra, cay hoa
Clc duogc sir dung nhu 13 mot vi thube dong y o thé chita dugc mot sb bénh nhu dau

dau, ho, cam ciim, nghet mili, so phong tiét nhiét, khang viém, gia ting hé mién dich,...

Lam Pong 13 mot trong nhitng tinh thanh ¢ dién tich trong cdy hoa Cuc 16n
nhit ca nudc. Nhirng nam 2010, Lam Ddng mdi c6 san lwong cy hoa Cuc khoang 1 ty
canh va ting 1én khoang hon 2 ty canh vao nim 2018. Cay hoa CUc trong tai Lam
DPong duoc tiéu thy chu yéu 1a trong nude (khoang 90%), duoc cung cip cho hau hét
cac tinh/thanh trong ca nudc. Ngoai ra, cdy hoa Cuc da duoc xuat khau sang mot s6
nuéc trén thé giéi nhu Nhat Ban (khoang 60%), Uc (khoang 3%), Trung Qudc
(khoang 2%) va mot sé nudc & chau Au, chau A,...voi s6 lugng nho. Tuy nhién, cay

hoa Cuc dugc xuit khau chu yéu boi cac cdng ty c6 von dau tu nude ngodi cia Nhat
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Ban, Ha Lan,..hoic mot sb cong ty trong nuéc (Dalat Hasfarm, Innova, Bonnie
Farm,...). Trong dd, céng ty Dalat Hasfarm xuat khau cdy hoa Cuc chiém phan 16n
tong san lwong hoa cit canh xut khiu cua tinh Lam Ddng. Ngoai ra, khoang 180 triéu
canh, gia tri khoang 22 triéu d6la My (2010); xuit khau khoang 215 triéu canh dat gia
trj khoang 29 triéu déla (2014); xuat khau khoang 250 triéu canh va gia tri udc tinh
khoang 57 triéu déla (2022) cua tinh lam Dong [88]. Bén canh d6, dién tich gieo trong
cay hoa Hong nhiéu nhét (khoang 30% vao nim 1997). Ngoai ra, dién tich trong cay
Cuc khoang 40% (vé6i dién tich khoang 2.500 ha nim 2021) va cao hon cay hoa Hong
(khoang 30%).

Gan day, tic dong cia AgNPs trong nudi cdy mo cua cdy hoa Cuc da dugc
nghién ciru nhu danh gia su sinh truong va phat trién cia cay [65], AgNPs trong moi
truong vi thiy canh [70, 71] han ché nhiém vi sinh vat va gia ting sinh trudng cua cay
Cuc. Tuy nhién, cac nghién ciru vé viéc bo sung AgNPS vao méi truong nudi cdy hay
khir tring mau cdy ex vitro ciing nhu danh gia su sinh trudng tiép theo, cac chi tiéu

sinh ly hay sinh hoa can duoc nghién ciru.
1.6.2. Cdy Thu hdi duwong

Cay Thu hai duong thudc ho Begoniaceae duoc phan bo rong khap trén thé gisi
tir viing cdn nhiét d6i va nhiét d6i ¢ chau My cho dén chau Phi va chau A, véi hon
2.000 loai dugc ghi nhan [89]. Thu hai dudng la mot loai hoa c6 14 va hoa rat dep,
ching duoc trong 1an dau tién & nudc Anh vao nam 1777. Pay 1a loai cay than thao,
mong nudc, 14 co phién léch rat 15 & ph?m géc, c6 14 kém som rung va moc cach. Cym
hoa sim hai nga, cudng hoa dai, hoa don tinh. Cho dén nay, c6 rat nhiéu loai méi hinh
thanh tao nén su phong phl vé mau sic (do, tring, vang, cam, hdng,...) nén hoa Thu
hai duong rat dugc wa thich dé trong l1am canh. Ngoai ra, chung con dugc biét téi nhu
mot ngudn thue pham va duge pham co gia tri [89].

Thu hai duong thich hop vé6i diéu kién c6 bong rAm. Néu anh sang véi cudng
d6 cao, cay s& bi bong 14 va sinh truéng cham. Nhiét do thich hop tir 18 dén 21°C, d6
am 1a 60 - 70%, riéng giai doan ciy con d6 am thich hop 1a 90 - 95% [89]. Hoa Thu
hai duong duoc str dung lam hoa trang tri trong gia dinh, hoa tréng trong chau va gio

treo phd bién & My véi tong gia tri ghi nhan khoang 60 triéu dola My [90]. O Viét
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Nam, Thu hai duong duoc canh tac chi yéu ¢ Lam DPong va mét sd ving trong hoa
nham cung cip hoa trong chau ciing nhu hoa trang tri. Hién nay, Cong ty Dalat
Hasfarm danh khoang 5 - 10 ha trong tong dién tich canh tac hoa khoang 50 ha dé
trong loai hoa ndy voi nhidu mau sic khac nhau. Bén canh d6, khoang ¥ san luong
hoa Thu hai duong ctia cong ty dugc xuit khau di cic nudc trén thé gidi nhu Han
Qudc, Nhat Ban, Thai Lan, Dai Loan,...

Vé6i nhu cau cung cdp hoa chau cdy Thu hai dudng ngdy cang mé rong, C4c
nghién ctru dé gia ting chit lugng cdy con cung cdp cho nganh san xuit hoa chiu
thuong mai ciing dugc cha ¥ [91]; xay dung quy trinh nudi cdy mé cay Thu hai duong
[92]; nghién clru cac loai mAu va chat diéu hoa sinh trudng thuc vat 1én sy sinh trudng
cua cay Begonia rex [93].

Bén canh do, day cling 1a loai cdy da dugc chon la vat liéu cho nhiéu nghién
ctru sinh 1y - sinh héa thuc vat trong diéu kién nudi ciy md [94-96]. Tuy nhién, vai trd
ctia nano kim loai nhu AgNPs va CuNPs trong khir tring mau cdy ex vitro, cam tng
tao phdi va chi tiéu sinh 1y hay sinh hda, thich nghi va ra hoa van chua duoc nghién
ctru.

1.6.3. Cay Tw linh lan

Cay Tt linh lan (Saintpaulia ionantha) thudc chi Saintpaulia (12 loai), mét loai
hoa nho duoc phat hién & cac rimg mua & mot sé nude nhu Kenya, Tanzania,... Cay
T linh lan ¢6 nhiéu mau sic khac nhau (d9, trang, tim, xanh, hong,...), 14 day va
nhiéu 16ng. Cay Tir linh lan né hoa quanh nim néu c6 diéu kién khi hau phu hop nén
chung dugc trong pho bién lam hoa chau trang tri trong cac cong ty, co quan hay nha &

[97].

Cay Tu linh lan thich hop voi nhiét do phong, khong nén dé cdy & ngoai troi
dudi nhiét d6 cao. Chung ra hoa rat dep va c6 thé diéu chinh sy ra hoa bang céach tia
chdi. Ngoai ra, cay hoa nay khong thé sdng trong diéu kién lanh 4m, cho nén khong dé
chau hoa ngam nudc va tranh 1am wdt 14 dan t6i bi théi hoa va 14, Tuy nhién, nén tudi
toan bo ciy bang nudc 4m mdi thang mot 1an, han ché lam phan dinh ciy qua 4m va

phai dé 14 kho hoan toan trudc khi dua ra anh sang [97].
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V6i nhiéu mau sic khac nhau va hoa rit dep nén ching duoc trdng & rat nhidu
noi trén khip thé gigi. Chung c6 thé sinh trudng va phat trién tir sy nay mam cua hat
gidng hodc gidm canh v&i khoang hon 1.000 giéng khac nhau duoc ghi nhan. Day loai
hoa c6 mau sic phong phi, hoa c6 thé c6 canh don hodc canh kép va co thé nd hoa
dudi bat cir loai anh sang nao (anh sang tu nhién hay dén huynh quang) hay co thé
trdng hoa trong phong lanh. Cy hoa Tir linh lan mang lai doanh thu wdc tinh trén 220
triéu d6la My mdi nam va duoc xép trong nhom céc loai hoa nhu: Hong, Cuc, Pong
tién, Trang nguyén,... O mot sé nudc chiu Au, hoa Tw linh lan ¢6 trén 1.000 loai véi

hon 1.500 mau sic khac nhau.

Vi nhan giéng da thanh cong trén cay hoa T linh lan nhu phat sinh hinh thai
[97]; cam tng md seo va tai sinh chdi [98]. Tai sinh chdi tir mau 14 hay cudng 1a cia
cay hoa Tt linh lan dudi dén huynh quang ciing da dugc nghién ctu [99]. Tuy nhién,
hiéu qua nhan chdi véi cac chi tiéu nhu s6 choi/mau (5 - 8 choi: kich thude cua cac
chdi thuong nho hon 1 cm va khéng déu) sau 4 tuan nubi cay [99]. Gan day, vai tro
ctia cac loai anh sang khac nhau trong cai thién chat lugng chdi ciing dugc ghi nhan
[100].

Hién nay, nano kim loai sir dung trong vi nhan giong cdy Tir linh lan con rat
han ché. Trong d6, Duong Tan Nhut va cong su (2018) moi chi dung lai nghién ctru
anh huong ctia AgNPs 1én khir tring mAu cdy va so sanh véi cac chat khir tring nhu
HgCl, [62]; do d6, anh hudong cia AgNPs Ién sy phat sinh hinh théi, sinh trudong va

mot sb chi tiéu sinh 1y hay sinh hoa ctia cay T linh lan 1 can thiét.
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CHUONG 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vat liéu
2.1.1. Vit liéu thuc vit

Cay Cuc (Chrysanthemum morifolium) 4 tudn tudi va cdy Thu hai dudng
(Begonia tuberous) 8 tuan tudi thu nhan tai vuon wom va cdy Tir linh lan (Saintpaulia
ionantha) 8 tudn tudi in vitro tai Vién Nghién ctru Khoa hoc Ty Nguyén (Lam Dong,
Viét Nam) véi cac bd phan khac nhau dugc str dung 1am vat liéu ban dau cho cac thi

nghiém. Tuy theo muc dich thi nghiém, vat liéu ban dau duoc st dung 1a khac nhau.
2.1.2. Dung dich nano kim logi

AgNPs va CuNPs duoc tong hop bang phuong phap héa hoc véi ndng do ban
dau 1a 1.000 mg/L va san xuat bai Vién Cong nghé Mai truong (VAST, Ha Noi, Viét
Nam). Dung dich AgNPs c0 kich thude hat khoang 20 nm [101]; trong khi d6, dung
dich CuNPs c0 kich thudc hat tir 20 dén 60 nm [102].

2.1.3. H¢ théng nuéi cdy

Hé théng nudi cdy binh thity tinh (AuM) 1a hé théng dbi chimg bao gom binh
thity tinh thé tich 250 mL (AuM1) chira 30 mL méi trudng MS [103] va binh thity tinh
thé tich 500 mL (AuM2) chira 60 mL mdi truong MS. Méi truong MS duoc bo sung
30 g/L sucrose (Cong ty duong TTC, Pong Nai, Viét Nam) va 8 g/L agar (Cong ty
Vietxoco, HO Chi Minh, Viét Nam). Hé théng nuoi céy AuM duoc hép tit trung.

Hé théng nudi cay hop nhuwa (NoM) bao gdm hop nhua hinh vudng 5 L (kich
thudc miéng hop: 21,5 cm x 21,5 cm; chiéu cao hop: 8,5 cm) (NoM1) chira 250 mL
moi truong va hop nhya hinh chit nhat 15 L (kich thudc miéng hop: 24,0 cm x 35,0
cm; kich thude day hop: 22,5 cm x 33,0 cm; chiéu cao hop: 13,5 cm) (NoOM2) chira
500 mL mdi trudng MS bd sung 30 g/L sucrose va agar (theo thi nghiém anh hudng
clia nong do6 agar toi wu). Hé thong nudi cdy NoM duoc bo sung AgNPs va khong hap

tit trung.
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2.1.4. Thiét bj va dung cu

May cit nude, can dién tir 2 va 3 chir sé thap phéan, ndi hap, may do pH, ti cay,
dia ciy, dao cdy, panh cdy, binh thuy tinh (250 va 500 mL), bich nylon, day thun, ging
tay, ng nylon,... Cac dung cu duoc hap tiét tring bang ndi hap & 121°C, 1 atm trong
30 phat. Pén UV bude soéng 254 nm, kinh hién vi soi ndi Nikon SMZ 800 (Nikon,
Nhat Ban), kinh hién vi quang hoc 2 thi kinh Leica DM 2000 (Leica, My), may kiém
tra chlorophyll (SPAD-502, Minolta Co., Ltd., Osaka, Nhat Ban).

2.1.5. Piéu Kién nuéi cdy

In vitro: Cac miu cay duogc cdy vao binh thity tinh/hop nhwa va dit trong phong
sang da cai dat nhiét do khoang 25 + 2°C, 6 am tuong ddi 55 - 60%, dat dudi anh
sang dén huynh quang véi quang chu ky 12 gio/ngay va cuong do anh sang khoang 40
- 45 pmol/m?/s.

Ex vitro: Cy con in vitro va trong & nha kinh Vién Nghién ctru Khoa hoc Tay
Nguyén véi nhiét d6 ban ngay 1a 25 + 5°C va ban dém 1a 15 + 5°C, d6 am trung binh
khoang 75 - 80% véi anh sang tu nhién duoc che sang bang ludi den 40%, pH cia dat
khoang 6 - 7. Cay con dugc trong trén cac chau nhwa chira dat sach (Céng ty Trang
Trai Viét, H5 Chi Minh, Viét Nam) trong 2 tuan; sau d6, cdy duogc trong trong tui
nylon den (kich thudc 20 x 20 x 15 cm) véi gia thé dat perlite va dat mun (ty 18 1:1)

cho dén khi ra hoa.
2.2.  N@i dung nghién ctru

2.2.1. Anh hwéng ciia AGNPs lén khiv tring mdu cdy, méi truong nuéi cdy va Vi
nhén giong cdy hoa Clic

i voi cay Cuc, anh huong cia AgNPs 1én khir tring méi trudng nudi cdy

khong hap tiét tring, khir tring may cdy ex vitro va sinh truéng tiép theo chua dugc

nghién ctru. Ngoai ra, 46 dong dic ciia méi trudng nudi cdy khong hap tiét trung khi

bo sung AgNPs ciing thay doi; do d6, anh huong ciia nong do agar ciing nhu dua ra

cac hé thong nudi cdy khic nhau ciing duoc khio sat. C4c noi dung nghién ctru tap

trung trén cay Cuc bao gom:
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+ Anh huong cua AgNPs 1én khir tring moi truong nudi cay mé.

+ Anh huong cia AgNPs 1én khir tring mau cdy va cam Gng mau cdy.

+ Dinh danh vi sinh vét gy nhiém trong giai doan khr tring méu ciy.

+  Tai sinh choi trén mdi trudng bo sung AgNPs va khong hap tiét tring.

+ Anh hudng cua ham luong agar 1én sinh truéng cia cdy Cuc trong mdi
truong bd sung AgNPs khdng hap tiét trung.

+ Nhan gidng cdy Cuc trong cac hé théng nudi cdy khac nhau.

+ Thich nghi va ra hoa & giai doan vuon wom.

+ Péanh gia hiéu qua kinh té cia AgNPs lén khir tring mau cdy, méi truong
nudi cdy mo va nhan giéng cdy hoa Cuc.

2.2.2. Anh hwong ciia AgNPs va CuNPs lén khd ning khir tring méau cdy va sinh

trwéng tiép theo ciia ciy Thu hdi dwong

P6i v6i cay Thu hai duong, vai tro cta nano kim loai nhu AgNPs va CuNPs
trong khtr tring mau ciy ex vitro, cam ung tao phdi va chi tiéu sinh Iy hay sinh hoa,
thich nghi va ra hoa van chua dugc nghién ctru. Ngoai ra, CuNPs duoc sir dung nhu
mdt chat khir trung moi va chua dugc cong bd trude day. CuNPs dugc st dung dé khur
tring mau ciy va so sanh vai cac chat khir tring khac ciing nhu danh gia du luong Cu
trong mau cdy (sau khi khtr tring) tic dong dén sinh truong tiép theo cua mau ciy
(cam tng tao phdi, phat sinh phoi va sinh trudng tiép theo). Cac ndi dung nghién ciu
tap trung trén cay Thu hai dudng bao gom:

+ Anh huong cia AgNPs va CuNPs Ién khir tring mau cay.

+  Sinh trudng cua phoi soma.

+ Tao cdy hoan chinh va thich nghi ¢ diéu kién vuon uom.

2.2.3. Anh hwéng ciia AgNPs Ién khd nang tai sinh chéi va han ché mét so hién

twong bt thwong trong nuéi cdy in vitro ciia cdy Tik linh lan

Dbi v6i cay Tur linh lan, nano kim loai str dung trong vi nhan giéng cay T linh
lan con rat han ché va chi ding lai nghién ciru anh huéng cua AgNPs 1én khir tring
mAu ciy va so sanh voi cac chat khir trung nhu HgCl, [62]; do d6, nghién ctu anh

huong cua AgNPs Ién sy phat sinh hinh thai, khac phuc mot s6 hién tugng bat thuong



27

trong nudi cdy mo va gia ting sinh truéng ciia mau ciy cay Tt linh lan 13 can thiét.
Cac noi dung nghién ctu tap trung trén cay Tir linh lan bao gom:
+ Danh gia kha nang tai sinh chdi cua cac ngudn mau khac nhau va ghi nhan
hién tuong bat thuong.
+ Anh huong cua AgNPs 18n kha ning tai sinh chdi va hién twong bit thuong.

2.3. Phwong phap nghién ciru
2.3.1. Bé tri thi nghiém

2.3.1.1. Anh huong ciia AgNPs 1én khir triing mau cdy, méi trueong nudi cdy va vi nhan

giong cdy hoa Ciic
Thi nghiém 1.1: Anh hwong ciia AgNPs 1én khir tring moi truong nudi cdy mé

Chuan bi mdi trudng MS chira 30 g/L sucrose va 8 g/L agar (MS0); sau do, 30
mL mai truong MSO duoc d6 vao binh 250 mL (AuM1) va hép tiét trung ¢ 121°C va 1
atm trong thoi gian 20 phut. Mbi truong MS0 duge bo sung cac nong do AgNPs khéc
nhau (1, 2, 3, 4, 5 mg/L) va pH 5,8 trudc khi dun sbi trong 4 phut dé hoa tan agar
(khdng hap tiét tring) dugc st dung nhu 1a phuong phap xur 1y dé khao sat tic dung
khtr tring moi trudng nudi cdy méd cua AgNPs. Moi trudng MSO bd sung AgNPs sau
khi dun s6i s& duoc rot 30 mL méi trudng vao binh AuM1 (binh va nip binh duoc hap
tiét tring bang ndi hap tiét triung) dé ghi nhan ty 1¢ nhiém (%) cta méi trudng nudi cdy
md duoc hap tiét tring bang ndi hip hay bo sung AgNPs va khong hép tiét trung sau 1

- 4 tuan.
Thi nghiém 1.2: Anh hwéng ciia AQNPS |8n khi triing VA cdm g mau cdy
Cdm 1ng mau cdy

Cac mau 14 thu nhan tir vuon vom cua cdy CUc (4 tuan tudi) véi dbt tha 3 va
thir 4 tir trén xudng da dugc rira so bd bang nudc may khoang 30 phit; sau d6, mau 1a
dugce khir tring voi AgNPs ¢ cac nong do khac nhau (125, 250 hodc 500 mg/L) va
thém 2 giot Tween-80 trong 5, 10, 15, 20 hodc 30 phut. Mau 14 duoc rira bﬁng nudc
cat vo triing 2 - 3 1an trong 5 phat. Nghiém thire ddi ching 1a chat khir tring HgCl,
(1.000 mg/L) va nudc khir trung trong 5 phut. Tiép theo, cac miu 14 dugc cit thanh

hinh vuéng (5 mm x 5 mm) va duoc nudi ciy trén moi trudng MSO bd sung 2 mg/L 6-
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Benzylaminopurine (BA), 0,5 mg/L axit 1-Naphthaleneacetic (NAA) [104]. Ty Ié cam

ung mo s¢o (%) duoc thu nhén sau 4 tuan nudi céy.
Pinh danh vi sinh vit gdy nhiém trong giai doan khir trimg mdu cdy

Moi trudng nudi cdy méd co6 cdy mau dugc thu nhin dé xac dinh nim va vi
khuan co trong méi truong bang phuwong phap thtr dinh luong ISO 16266, Bergey,
NHS-F15 (vi khudn) va 1SO 21527-1 (ndm). Moi trudng PDA dugc chuan bi bang 24
g dextrose khoai tay (Difco, Hoa K¥), 15 g bacto agar (Difco, Hoa K¥y) va d6 day nuéc
cat dén 1.000 mL. Méi truong WA duoc chudn bi bang 15 g bacto agar (Difco, Hoa
Ky) va d6 day nude cat dén 1.000 mL. Vi sinh vat gay nhiém trén moi trudng chira md
ciy duoc thu nhan sau 1 tuan. C4c vi sinh vat dugc thu nhan bang kinh hién vi soi ndi
sau moi 24 gid cho dén mot tuan. Mdi khuan lac duogc phan 1ap va danh gia dic diém

hinh thai bang kinh hién vi véi d6 phong dai 1000 lan [105].

Thi nghiém 1.3: Tdi sinh choi tir nudi cdy cum md Seo trén méi triwong bé sung

AgNPs va khéng hdp khir tring

Cum md seo 4 tuan tudi thu nhan tir thi nghiém 1.2 dugc cat thanh cac mau nho
hinh vuéng (5 mm x 5 mm); sau dd, ching dwgc nudi ciy trén méi trudng MSO khong
hép tiét trung bo sung 0,2 mg/L BA va nong d6 AgNPs t6i wu & thi nghiém 1.1. Doi
chtng 1a cum mé seo dugc nudi cay trén moi trudong MSO da duoc hap tiét tring co
hozc khong bd sung 0,2 mg/L BA [106]. Ty 1é tai sinh chdi (%), chiéu cao chdi (cm),

s6 chdi/mau, khoi lwgng turoi cum chdi (g) duge thu nhan sau 4 tuan nudi cay.

Thi nghiém 1.4: Anh huéng cia ham lwong agar 1én sinh trudng ciia cdy con

trong mdi truong chita AQNPs khéng hdp tiét tring

Céc chdi Cuc (1,5 cm) duoc ciy trén méi truong MSO b sung nong do AgNPs
t6i vu tir thi nghiém 1.1, bd sung ham luong agar khac nhau (3, 4, 5, 6, 7 va 8 g/L) va
khong tiét trang. Cac chdi dugc cdy trén méi truong MSO chta 8 g/L agar (hap tiét
tring) duoc st dung 1am ddi ching. Cac chi tiéu sinh trudng cta ciy bao gdm chiéu
cao cdy (cm), sd 1a/cay, s ré/cay, chiéu dai ré (cm), khdi luong tuoi (g), chiéu rong 14

(cm) va chi s6 SPAD (chlorophyll tong) duoc thu nhan sau 4 tudn nudi cdy.
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Thi nghiém 1.5: Nhdn giong cay CUc trong cac hé thong nudi cdy khéac nhau

Cay con c6 ngudn gbc nudi cdy in vitro (chidu cao 5,0 cm) thu nhén tir nghiém
thire 1.4 duogc cat thanh 4 doan; trong d6 ¢ 1 chdi ngon (chdi véi mot cip 14, chiéu dai
khoang 1,5 cm) va 3 doan than d3 loai bo 14 (chiéu dai 1,0 cm). Cac chdi/doan than
dugc dit trong hé théng binh thity tinh 500 mL AuM2 (20 chdi hodc doan than/binh),
hé théng hop nhya NoM1 (169 chdi hodc doan than/hop) va hé théng hop nhuya NoM2
(330 chdi hodc doan than/hdp) chira moi truong nudi cdy tdi wu & nghiém thic 1.3 va
1.4. Chiéu cao cay (cm), sb ré/cdy, chiéu dai ré (cm), s la/cdy, chiéu rong 14 (cm),
khéi lwong tuoi (g), chi sé SPAD, ham lugng APX (U/g) va SOD (U/g) duoc thu nhan

sau 4 tuan nuodi cay.
Thi nghiém 1.6: Thich nghi va sinh trueéng tiép theo ¢ giai doan vweon wom

Cay Cuc (300 cay con mdi hé théng nudi cdy) 4 tuan tudi co ngudn gde tir thi
nghiém 1.5 duoc trong & diéu kién nha kinh. Ty 18 song sot (%), chiéu cao cy (cm),
s6 1&/cdy, chiéu dai r& (cm), sb la/cdy, chiéu dai 14 (cm), chiéu rong 14 (cm), khdi
luong tuoi (g), thoi gian ra nu (tuan), thoi gian bung nu (tuan) va thoi gian ra hoa

(tuan) sau 16 tuan trong ¢ vuon wom.

Thi nghiém 1.7: Banh gia hiéu quda kinh té ciia AgNPs lén khir trimg mau cdy,

méi truong nudi cdy va nhan giong cdy Ciic

Udc luong gia thanh caa 10.000 cdy con ctia mdi hé thdng nudi cdy (binh thuy
tinh chira moi truong cé hap tiét tring va hop nhua chira moi trudng nudi cay bo sung
AgNPs khong hap tiét triing) duoc so sanh hiéu qua kinh té dua trén chi phi san xuét
thuc té.
2.3.1.2. Anh hwong ciia AQNPS va CuNPs |én khir trimg mau cdy va sinh truéng tiép

theo cua cay Thu hai duong

Thi nghiém 2.1: Anh hwong ciia AgNPs va CuNPS [én khd nang khir tring madu

cdy

Cac miu ciy khac nhau (cudng 14, cudng hoa va doan than) ciia cdy Thu hai
duong duoc rira dudi voi nude may 15 phit; sau d6, cac mau cAy ngam 15 phdt trong

dung dich xa phong lodng ¢ néng d6 0,01%; rira lai mau 30 phit dudi voi nudc may.
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Cac mau cdy sau khi khtr triing so bo duoc dua vao ta cdy va tiép tuc khir tring bang
cdn 70° khoang 30 gidy, rira lai 3 1an véi nudc cit vo tring. Mau ciy sau khi rira duoc
tiép tuc khir triing bang dung dich AgNPs va CuNPs (50, 100, 200, 300 va 400 mg/L)
thém vai giot Tween-80 dé tiép tuc khir trang mau trong khoang 10 phat. Trong khi
d6, mau cdy duoc khu tring véi 1.000 mg/L HgClz trong 6 phut va 60.000 mg/L
Ca(Cl0)2 khoang 10 phit nhu 1a nghiém thirc ddi chimg. Sau khi khir triing, cac mau
ciy duogc dat cat nho (Hinh 2.1) va nudi ciy trén méi trudng MSO chira 0,1 mg/L TDZ
va 0,2 mg/L NAA [92] dé danh gia kha ning cam Gmg tao phdi.

Cubng la
- .
by (1) |
. |
Cuéng hoa
1
! -
l == | ‘
< Doan than

Hinh 2.1. So d6 mo ta cach cit mau ciy cua cdy Thu hai dudng.

(1): Thu nhan mﬁu cudng 14, cuéng hoa va doan thén; (2): Cét mau tTCL (1
mm); (3): Ciy mau tTCL trén mdi trudng cam Umg mau cay, tTCL-P: Mau
cay cudng 14; tTCL-F: Mau ciy cudng hoa; tTCL-S: MAu cy doan than.

Mau cdy cudng 14, cudng hoa va doan than sau khi khir trang vi CuNPs duoc
thu nhan dé xac dinh du luong dong (Cu) bang phuong phip do quang phd hap thu
nguyén tir [107]. Mau phan tich (50 mg/mau) dugc chuyén doi thanh hoi cia cac
nguyén tir hodc ion tu do bang cach sir dung ngudn niang lugng thich hop. Sau do, cin
ling dugc phéan tich bang phwong phap vo co udt va do bang AAS-6800 (Shimadzu,
Nhat Ban). Phan tich du luong Cu trong mau cay bang phuong phap v6 co hoa udt dé
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chuyén nano thanh dang nguyén tir riéng 1é; sau d6, tinh du luong ion ddng (Cu) trong
cac miu dugc do bang phuong phap vo co uét chuyén dang nano thanh dang nguyén
tur.

Thi nghiém 2.2: Sinh truong cua phéi soma

Mau cdy cam Gng tao phoi (4 tuan tudi) cta cdy Thu hai duong thu nhan tir thi
nghiém 2.1 duogc cit thanh cAc mAu nho hinh vuéng (5 mm x 5 mm) va nudi ciy trén
moi trudng 4 MS chira 0,2 mg/L TDZ va 0,2 mg/L NAA [92] dé danh gia sy sinh
truong cua phoi soma. Ty 1& phét sinh phoi (%), tong s6 phdi, hinh dang phoi soma
(hinh cau, hinh tim, hinh thuy 16i va hai 14 mam), enzyme (CAT va APX), ham luong

tinh bot va duong dugc thu nhén sau 8 tuan nuoi céy.

Thi nghiém 2.3: Tao cdy hoan chinh va sinh truéng tiép theo

Céc phdi hai 14 mam riéng 1¢ (1,5 cm) cua cdy Thu hai duong thu nhan tir thi
nghiém 2.2 va duoc nudi ciy trén moi truong MSO dé danh gia kha nang ra ré va sinh
truong cua cdy con. Chiéu cao cdy (cm), sd 1a/cay, sd ré/cay, chiéu dai ré (cm), khoi

luong twoi va kho (mg), SPAD dugc thu nhan sau 16 tuan nudi cay.

Céc cay con (10 cm) duoc trong ¢ diéu kién nha kinh dé danh gia kha ning
thich nghi va ra hoa. Ty 1é song sot (%), sb l4/cay, chiéu cao cdy (cm), SPAD, ty 18 ra
hoa (%), thoi gian nd hoa (ngay) va duong kinh hoa (cm) trong diéu kién vudn wom

dugc ghi nhan sau 16 tuan tréng.

2.3.1.3. Anh huéng ciia AgNPs lén kha ndang tai sinh choi va han ché mét sé hién

tiwong bt thuong trong nudi cdy in vitro ciia cdy Ti linh lan

Thi nghiém 3.1: Panh gia kha nang téi sinh chéi ciia cac nguén mau khac nhau

va ghi nhdn hién twong bat thuong

Mau |4 nguyén (duong kinh 10 mm) va mau gan 14 chinh (1 mm x 10 mm: rong
x dai) dugc thu nhan tir cady Tt linh lan nudi cdy mo duoc cay trén dia Petri (dudng
kinh 60 mm va chiéu cao 15 mm, Sigma-Aldrich, Darmstadt, Dirc) chira moi truong
MS0 b6 sung 0,1 mg/L NAA, 0,2 mg/L BA va 1 g/L than hoat tinh [99] duoc bao kin
bai mang parafilm M (Bemis, My) nham muc dich danh gia kha nang tai sinh chdi cta

mau 14 nguyén va mau gan 14 chinh cling nhu ghi nhan hién tuong bat thuong trong
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giai doan tai sinh chdi. Céc chi tiéu nhu ty 18 tai sinh chdi (%), chiéu cao chdi (cm), sb
chdi/mAu, hién tuong thuy tinh thé (%), mo seo & mép 14 (%), hoai tir mau cay (%),
hoa nau mau cdy/mdi trudng nudi cy (%) dugc thu nhan sau 8 tuan. Hinh thai miu

ciy dugc quan sat va ghi nhan duéi kinh hién vi soi n6i (d6 phéng dai 10x).

Thi nghiém 3.2: Anh huéng ciia AQNPS |8n si tdi sinh choi va cdc hién twong bat

thuwong

Ngudn mau tai sinh chdi tdi wu ¢ thi nghiém 3.1 duoc ciy trén méi truong MSO
chtra 0,1 mg/L NAA, 0,2 mg/L BA, 1 g/L than hoat tinh [99] va bd sung AgNPs (1, 2,
3, 4 mg/L) c6 hap khir triing. Pbi chimg 14 mau cay duoc ciy trén moi truong MSO
khong bd sung AgNPs va c6 hap khir triing. Cac chi tiéu nhu ty 18 tai sinh chdi (%),
chiéu cao chdi (cm), s6 chdi/mau, khdi luong tuoi va kho ciia cum choi (mg) duoc thu
nhén sau 4 tuan; bén canh do, sé chdi (téng s6 choi, chdi co kich thude > 1 cm), chiéu

cao choi (cm), khéi lwong tuoi va kho (mg), SPAD dugc thu nhan sau 8 tuan.
2.3.2. Xdc dinh ham lwong khi ethylene bang phwong phdp sdic ky khi

Khi trong binh nuéi ciy (1 mL) duoc thu nhan truc tiép bang dng tiém va bom
vao hé théng GC. Pinh luong khi ethylene bing phuong phéap sic ky khi. Cot thép
khong gi (3 m x 1,5 mm) chia chat hap phu Porapack P voi kich thudc hat 80 - 100
Mesh. Trong d6, nhiét d6 dugc diéu chinh tly thudc vai vi tri nhu ¢t 1a 60°C, kim
phun la 90°C va ngon ltra ion hoéa la 90°C. Khi mang la khi nito véi Iuu lugng 55
mL/phat [108].

2.3.3. Xdc dinh hoat ¢ ciia enzyme khing oxy héa bang phwong phdp phan tich

phé tir ngoai

Mau tuoi (300 mg) duoc thu nhén tir cac thi nghiém khac nhau va dit trong cbi
si; sau d6, chung duoc nghién trong nito 16ng thanh bot min va dong nhat miu trong 2
mL dung dich dém phosphate 0,1 M chta 0,1 mM axit ethylene diamine tetracetic.
Hon hop chira mau dugc ly tm véi tbe d6 15.000 rpm khoang 20 phut & 4°C. Phan
dich ndi phia trén duoc thu nhan va bao quan trong diéu kién lanh (4°C) trong khoang
24h dé xac dinh hoat tinh cua cac enzyme chéng oxy hoa bao gdm SOD, CAT va
APX.
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Hoat d6 SOD duogc xac dinh thdng qua phan tng pyrogallol véi qué trinh oxy
hoa vai sy hién dién cua oxy trong khong khi, tao ra san phém va hép thu budc song
320 nm. SOD trong mau xuc tc phan tng phan huy cac gbc peroxide (-O-O-), ngin
chin qua trinh tu oxy héa cua pyrogallol. Ty 1& tc ché phan anh hoat dong cua
superoxide effutase trong mau. Mot don vi hoat 6 ctia enzyme (U/g) 1a su trc ché 50%
qua trinh tir oxy hoa pyrogallol, duoc xac dinh boi su thay d6i d6 hp thu & 320 nm
theo cdng thirc: Pon vi enzyme (U/g) = (% bi rc ché/50) x ty 1é pha lodng [109].

Hoat 46 CAT trong méu thir duoc xac dinh bang cach cho mau phan tng véi
100 uL 65 mM H202 trong 2 phut, H202 con lai sau khi phan tmg s& dugc két hop voi
100 uL ammonium molybdate (NHsM07024) tao phirc hgp mau vang va hap thu budc
song 405 nm. Pon vi hoat 46 CAT (U/g) tuong duong v4i 1 umol H2O> thily phan
trong 1 phat [110].

Hoat d6 APX dugc kiém tra theo phuong phap ctia Nakano va Asada (1981)
[111]. Enzyme APX trong miu s& oxy hoa va lam giam su hap thu t6i da cta ascorbate
& budc song 290 nm. Trong d6, don vi cua hoat do APX (U/g) duoc tinh boi do hip
thu téi da cta ascorbate (290 nm) véi sy hién dién cua 0,5 mM H.0> trong 3 phut.
Luong ascorbate oxy hoa duogc tinh truc tiép véi hé sb hép thu 1a 2,8 mM/cm. Mot don
vi hoat d6 enzyme (U/g) 13 lugng APX cén thiét dé oxy hoa 1 umol ascorbate trong 1
phut ¢ diéu kién thi nghiém.
2.3.4. Xdc dinh ham lwong dwong va tinh bgt bang phwong phdp phan tich phé tiv

ngoai

Mau cum phdi soma twoi (300 mg) cta cdy Thu hai duong duoc thu nhan; sau
d6, rira trong nudc cét, lam dong kho va nghién bang cbi va chay trude khi phan tich
tinh bot. Su phan huy ctia miu dugc thuc hién trong 5 phut va duge theo ddi bang cach
quan sat dudi kinh hién vi. Cac mau cdy dugc lay ra khoi cdi va chay bang dung méi
axeton. Tinh bot trong mau dugc thiy phan thanh maltodextrin boi a-amylase (3000
Um/L) va sau d6 duoc thuy phan thanh glucose boi amyloglucosidase (3300 Um/L).
Dung dich tring dugc chuan bi bang 0,1 mL nudc cit vai viée bd sung 3 mL GOPOD
(glucose oxidase-peroxidase). Tong ham luong tinh bot (I) (% w/w DW) dugce Xac

dinh theo cong thirc: I = A x F/ W x 90; trong dé, A la hé sé hdp thu cia dung dich
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thir so véi mau trang; F la hé so chuyén déi tir gid tri do hdp thu sang gid tri glucose

va W la khoi lwong ciia mau thir (mg) [112].

Mau cum phdi soma tuoi (300 mg) cua cdy Thu hai dudng duge thu nhan cit
thanh tirng miéng nhé bang dao (d6 day 0,2 - 0,3 cm) sau d6 duoc dong lanh, nghién
bang cdi va chay trudc khi phan tich duong. Tt ca cic mau da dong nhéat duoc bao
quan trong ti nhwra (-18°C). Pudng trong mau duoc kiém tra bang cach st dung thude
thir GOPOD véi d6 hap thu tdi da & bude song 510 nm va D-glucose duogc st dung
lam d6i chimg. Ham luong dudng cua miu dugc xac dinh bang cach st dung thude
thir axit 3,5-dinitrosalicylic diwa trén do hap thu ¢ budc séng 540 nm, trong khi nudc
cat duoc sir dung lam dbi ching. Trong d6, xdy dung dudng chuan dé tinh toan ham
lwong duong dua trén D-glucose. Ham luong duong (S) (mg/g DW) dugc xac dinh
theo cong thic: S = A x n x V/m; trong do, A 1a ham luwong duwong khir trong dung
dich mau da pha lodng (mg / g); n la hé s6 pha loang; V la thé tich dung dich chudn
(mL) Va m la khéi lwong ciia mau thir (g) [113].

2.3.5. Gidi phdu hinh thdi

Hinh thai mau cdy duoc giai phdu, nhuém kép va quan sat dudi kinh hién vi
quang hoc [114] bao gdm cac budc sau: (1) Cac mau ciy & cac thi nghiém khac nhau
va d6i chung duoc cit thanh cac 1at mong (30 - 40 pm); (2) Ngam mau di cat 15 phut
trong Javel 10%; sau do, rira mau cdy bang nudc cat vo tring cho dén khi sach Javel (6
1an); (3) Cac mau ngam 15 phdt trong axit acetic 45%, rira lai bang nudc cit cho dén
khi sach axit acetic (6 1an); (4) Nhuém miu bing hon hop dung dich xanh methylene
va d6 carmin trong 3 - 5 phut; rira lai cAc mau bang nudc cat dén khi mau khong con
pham nhudém (2 - 5 phat); (5) Mau dugc Ién lam kinh ¢6 bo sung 1 giot nudc hoic
glycerine; sau d6 day lamel va quan séat va chup hinh dudi kinh hién vi quang hoc (d6

phong dai 40x).
2.3.6. Xur li so ligu
Tt ca cac thi nghiém duoc lap lai 3 lan. CAc s6 lidu thu nhan dugc xir 1y bang

Microsoft Excel 2016 va SPSS 18.0 vdi cac phép thir phu hop véi tirng thi nghiém
trong tirng loai cay voi p <0,05 [115].
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2.4. Dia diém va thoi gian nghién ciru
2.4.1. Pja diém nghién ciru

Vién Nghién ctru Khoa hoc Tay Nguyén: Thuc hién tit ca cac thi nghiém

nghién ctru lién quan dén luan an.

Truong Pai hoc Khoa hoc Ty nhién Tp. Hd Chi Minh: Phan tich nAm va khuan

trong moi trudng nudi ciy mo.
Vién Cay in qua mién Nam: Phan tich ham luong khi ethylene.

Truong Pai hoc Y duge Tp. H6 Chi Minh: Phan tich hoat d6 enzyme khang
oxy héa.

Vién Nghién ctru Hat nhan Pa Lat: Phan tich du luong kim loai trong mau cay.
Truong Pai hoc Tay Nguyén: Xac dinh ham lugng duong va tinh bdt.
2.4.2. Thoi gian nghién ciru

Thoi gian tién hanh luan 4n trong 3 nam: Tir 10/2019 dén 10/2022.
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CHUONG 3. KET QUA VA THAO LUAN

3.1. Anh hwéng cia AgNPs Ién khir triing méi trueong nudi cdy, khir tring mau

ciy va vi nhan giéng cay hoa Cuc
3.1.1. Anh hwéng ciia AgNPs |én khir triing méi trwomg nudi cdy

Hiéu qua ctia viéc bod sung AgNPs 1én khir tring méi trudng nudi cdy md khong
hép tiét tring duoc thu nhan ¢ Bang 3.1.1. Ty 1& nhiém cta mdi truong 1a 33,33% cua
moi truong MSO (khéng hap tiét trung va khong bo sung AgNPs) sau tudn dau tién;
trong khi d6, méi truong MSO0 bo sung 1 - 5 mg/L AgNPs khong ghi nhan bat ky ty 1¢
nhiém nao. Sau 4 tudn quan sat cho thiy, khéng bo sung AgNPs va b sung 1 - 3 mg/L
AgNPs déu ghi nhan ty 1é nhiém cta méi trudong tir 80 dén 100%; trong khi do, moi
truong MSO0 bo sung 4 hoic 5 mg/L AgNPs, ty 1¢ nhiém vi sinh vat la khong duoc ghi
nhan (Bang 3.1.1). Do d6, viéc bo sung 4 mg/L AgNPs vao mdi truong MSO khdng
hép tiét tring (Hinh 3.1.1) ¢6 hiéu qua khir tring moi truong nudi cdy tuong tu nhu
moi truong dugc hip khir tring va dugce str dung trong céac thi nghiém tiép theo.

Bang 3.1.1. A}lh huong cua AgNPs 1én khir trung moi trudng nudi cdy MSO khong
hap tiét trung sau 1, 2, 3 va 4 tuan nudi cay.

Ty 1¢ nhiém ciia mdi truwdong (%0)

Moi truong AgNPs

MS0 (mg/L) Sautuan  Sautudn  Sautudn  Sau tuén
thir nhat thw hai thw ba tho tw
0 33.33a* 76.67a
100,00a 100,00a
1 60,00b
Khong hip tiet 2 50,00c 73.33b 86.67b
trung 3 20,00d 60,00C 80.00b
4 _kk
S kX kX kK
Hap tiét tring
(P61 ching)

*Cher cai khac nhau cung mét cét ghi nhgn Sy kh&c biét vai y nghia thong ké p <0,05 trong
phép thzz Duncan; **Khong ghi nhdn ty 1€ nhiem
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Hinh 3.1.1. M6i trudng nudi ciy MSO quan sat sau 4 tuan.

A: Mai truong MSO duge khu tring bang néj hap tiét tring; B: MOi
truong MSO b6 sung 4 mg/L AgNPs va khdng hap tiét trung. Miii tén don:
MO0i truong mau trang; Miii tén kép: MO truong hoi nga vang.

Khtr tring méi truong la budc can thiét trudc khi nudi cdy mo. Trong do6, hap
tiét trang moi truong bang ndi hap & 121°C va 1 atm khoang 15 - 30 pht 1a mot quy
trinh tiéu chuan trong khir tring méi trudng. Tuy nhién, qué trinh nay cé thé cé nhiing
anh huong khéng tich cuc dén thanh phan caa méi trudng nudi cdy md. Vi du nhu hip
tiét trung dudng clng véi cac thanh phan moi truong khac lam ting sy phan huy caa
chung [9] va d6 pH cia moi trudng cd thé thay doi trudc va sau khi hap [116]. Mat
khéc, tac dung khang khuan cia AgNPs da duoc tng dung trong nhiéu nam ¢ linh vuc
y té [117] va chua dugc chi ra trong viéc khir tring méi truong. Két qua nghién cau
nay ghi nhan mai trudng nudi cdy md bd sung AgNPs cé tac dong tich cuc trong khir
tring méi trudng va duoc thay thé cho budc hap tiét tring thong thuong. O nong do
thich hop, AgNPs han ché sy phét trién cua vi sinh vat. Ngoai ra, AgNPs duoc sir dung
lam chat khir tring c6 thé khdng can phai tiét tring méi truong & nhiét do cao ddi voi
moi treong nudi cdy in vitro, diéu ndy co thé anh huong téi sinh truong tiép theo cua

mau cay trén moi trudng khdng hap tiét tring.
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3.1.2. Khi# tring mdu cdy bang AgNPs va cam #ng md seo

Cac mau la khir trung voéi AgNPs ghi nhan cam tng md Seo nhanh hon so voi
mau 14 khir tring véi 1.000 mg/L HgCla. M6 seo duoc cam tng khi mau l1a khir triing
v6i AgNPs chi sau 2 tuan nudi cdy so véi 3 tuan ddi véi mau 1a khir tring bang 1.000
mg/L HgClz. Mau I4 khir tring véi 250 mg/L AgNPs trong 15 va 20 phat ghi nhan ty
1& cam ng md seo cao nhat (71,67% - 75,00%) so véi nhitng mau 1a khir tring bang
1.000 mg/L HgClz (53,3%) sau 4 tuan (Hinh 3.1.2).

Bén canh d6, AgNPs ¢ nong d6 125 mg/L va cac thoi gian tir 5 dén 15 phat, hay
AgNPs ¢ ndng do 500 mg/L véi céac thoi gian tir 10 dén 30 phat thi khdng ghi nhan
cam ng mod seo. Picu nay cé thé la do cac mau cay duoc khir trang véi AgNPs &
nong do thap khdng cho hiéu qua khi tring nam va vi khuan hay nong d6 AgNPs qué
cao lai gay doc va ton thuong mau ciy; do d6, mau cdy bi nhiém hoac hoai tir dan dén

khdng thé cam tng mod seo (Hinh 3.1.2).

AgNPs di duogc sir dung thanh cong trong ndng nghiép, xtr Iy hat gidng va nudi
cdy mo dé ngan ngira nhiém nam va khuan & nhiéu loai thuc vat khac nhau [23, 118].
Hon nita, phuong phap, nong d6 va thoi gian xtr Iy AgNPs ddi vai mdi loai 1a khac
nhau [119, 120]. Két qua nghién ctru nay cho thdy AgNPs ¢ thé khir tring mau cdy ex
Vitro truc tiép ma khong can dén cac chat khir trung khac. Céc chat khir tring nhu natri
hypoclorit, canxi hypoclorit, HgCly,... ¢ thé gay doc, anh huong dén chat lugng mau
cay [121, 122]. Ngoai ra, voi hé thong nudi cdy vi thiy canh trong nhan giéng s6
luong 16n cia cdy hoa Cuc, AgNPs 1am giam hiéu qua su phét trién ctua 11 10ai Vi
khuan va ndm [70]. Trong nghién ctru nay, AgNPs da han ché su sinh truéng cta 5
loai vi khuan va nim. Tuy nhién, co ché chinh x4c anh huong ciia AgNPs ddi v6i ndm
va vi khuan van chua dugc biét r3. Dya trén nhitng thay ddi vé hinh thai va céu trac co
trong té bao vi sinh vat, AgNPs duoc gan vao mang té bao va xdm nhap vao vi sinh
vat. Sau khi xdm nhap, AgNPs tuong tac véi protein té bao va cac hop chat chira phot
pho nhu DNA, tin cong chudi hd hip, dan dén chét té bao [22, 23].
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Két qua ghi nhan duoc cho thiy, tit ca miu l4 rira bang nuée cat déu bi nhidm

nam va vi khuan sau 4 - 7 ngay nudi cay. Trong nghién ciru nady, méi trueong nudi cy

MS duoc phan 1ap va ghi nhan 1 loai vi khuan (Pseudomonas sp.) va 4 loai nim

(Aspergillus aculeatus, Fusarium sp., Penicillium sp. va Trichoderma sp.) dua trén
hinh thai cua té bao (Bang 3.1.2).

Bang 3.1.2. N4m va vi khuan gay nhiém trén moéi truong chira mau ciy sau 1 tuin

nudi cay.

Kich thuge khuan lac: <1 mm

TT | Pic diém ciia khuan lac Hinh thai ciia té bao Phén loai
Soi ndm: day va trang, mau vang
cam xen gi{ta mau hong L A ) o
s - Soi nam: Phan nhanh, cé vach
Bap t:r: mau hOIlg xanh (gitra), ngin
hoi hong (trung tam) _ i . . y .
1 . o Co quan sinh san: Hinh ban chai | Fusarium sp.
KAhuanklac: xanh {am (mat tren}, can ddi va day dic
nidu hong pha vang nhat (mat| = = TR N
dudi) Bao tu: Hinh elip dén hinh cau
Soi: tring
Soi ném: da , Soi ndm: Phan nhanh, vach ngin
o1 nam: day, trang : S Aspergillus
2 o Co quan sinh san: Hinh cau Perg
Bao tu: den o R sp.
Bao tir: Hinh cau
L _ . Soi ndm: Phan nhanh, vach ngan
S¢1 ndm: min va trang stra ) . A ) Trichoderma
3 . Co quan sinh san: Phan nhanh
Bao tir: xanh lam o SP.
Bao ti: Hinh cau
Soi ndm: day va mau tring sira, | S0i ndm: Mong, nhiéu nhanh, ¢6 Penicillium
4 | nhd ra mau xanh lam c6 chia | vach ngan sp
thuy (gitra) Bao ti: Hinh elip '
Khuan lac: tron, héng, bé mat
5 nhan, bong, bé mat thach 1061, Bao tir: Hinh bau duc Pseudomonas
vién déu Gram + sp.
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3.1.3. T&i sinh chaéi trén méi trwong bé sung AgNPs khong hdp tiét tring

Tong s6 chdi ghi nhan duoc khi mau mé seo nudi cdy trén moi truong MS0O bd
sung 4 mg/L AgNPs (khdng hap tiét tring) va mdi truong MS0 khong bd sung AgNPs
(hip tiét trung) chira 0,2 mg/L BA khong c6 sy khac biét rd rang sau 4 tuan. Tuy
nhién, cac chi tiéu vé sinh truong khac c6 su khac biét rd rang (Hinh 3.1.3). MOi
truong MSO chira 0,2 mg/L BA khéng b sung AgNPs (c6 hap tiét tring), cé t6i 7 choi
nho/mau véi chiéu cao dudi 1 cm va chi ghi nhan 2,33 chdi/mau (chiéu cao > 1 cm). O
nghiém thitc 4 mg/L AgNPs (khong hép tiét tring), s6 chdi co kich thude 16n hon 1
cm (6,33 chdi) 1a cao hon so v&i s6 chdi ghi nhan & méi truong MSO khong bo sung

AgNPs (Bang 3.1.3 va Hinh 3.1.3).

Hinh 3.1.3. Su téi sinh choi cia cay Clc trén moi truong MSO bo sung/khdng bo
sung 4 mg/L AgNPs sau 4 tuan.

Aq, B1: Chéi thu nhan trén méi truong MSO khong bo sung AgNPs, BA
va hép tiét trung; Az, B2: Chdi thu nhan trén méi truong MSO chia 0,2
mg/L BA va hip tiét tring; As, Bs: Chdi thu nhan trén méi trudng MSO
chira 0,2 mg/L BA, 4 mg/L AgNPs va khong hép tiét tring. Thuée do: 1
cm.
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Bang 3.1.3. Tai sinh chdi cay CUc trén moi trudng MSO c6/khong hép tiét tring (bd
sung 4 mg/L AgNPs) sau 4 tuan nuoi cay.

. 1a s SO chdi/miu Chiéu
- . ]jy le ta; . cao Khoi lwong
Nghiém thwre sinh choi Té chdi twoi (g)
% ong
(%) ks SLem >lem (o)
MSO0 + 4 mg/L
AgNPs + 0,2
mg/L BA 10,00a 3,67b 6,33a 1,50a 1,32a
(khong hap tiét
trung) 100,00a*
MSO0 + 0,2 mg/L
BA (hap tiét 9,33ab 7,00a 2,33b 0,46b 1,16b
trung)
MSO0 (hép tiét _Kkk _Kkx _k% _kk _*% _k*%
trung)

* Chir céi khac nhau cung mgét cét ghi phdn si khac biét véi y nghia thong ké p <0,05 trong
phép thzz Duncan; **Khéng ghi nhdn so liéu

Ngoai ra, mdi truong MSO chta 0,2 mg/L BA b6 sung 4 mg/L AgNPs ghi nhan
s6 chdi ¢ kich thude 16n hon 1 cm (6,33 chdi), chiéu cao chdi (1,50 cm) va khéi
luong tuoi (1,32 g) t6t hon so v&i cac chdi trén mdi truong MSO chi chira 0,2 mg/L
BA khong b sung AgNPs (2,33 chdi; 0,46 cm; 1,16 g; twong tng). B6 sung 4 mg/L
AgNPs vio méi truong nudi cay da cho thay nhiing tac dong tich cuc 1én su sinh
truong cua chdi CUc nhu s6 chdi va chat lugng chdi (Bang 3.1.3). Anh hudng tich cuc
ctia AgNPs trong vi nhan giéng ciing da duoc chi ra trong cac nghién ctru khac nhau
trén mot s cdy trong nhu Capsicum frutescens [35] va Swertia chirata [123]. Ngoai
ra, mot s6 nghién ctru ciing da chi ra rang viéc bd sung AgNPs vao mdi trudng nudi
ciy gitip gia ting hiéu qua phat sinh hinh thai va sinh truéng trén nhiéu dbi tugng cay
trong khac nhau nhu cdy Salem, Dau tiy, Hoa hong, Sdm Ngoc Linh [51, 57, 58, 64].
Trong giai doan tai sinh chéi, bé sung 0,2 mg/L AgNPs (cay Dau tay) va 2 mg/L
AgNPs (cdy Hoa hdng) da gia ting hiéu qua tai sinh chdi ciing nhu chét luong choi
[51, 57]. Nghién ctru ndy di ghi nhan duoc mau 14 nudi cy trén moi truéng bd sung 4

m/L AgNPs di gia ting hiéu qua cam ng mo seo va tai sinh chdi (Hinh 3.1.2 va
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3.1.3). Hon nita, AgNPs ciing thuc ddy su phat trién cua chdi thdng qua cac chi tiéu
sinh truong nhu s6 chdi, chidu cao chdi va khéi lugng tuoi. Nhu dugce trinh bay trong
Bang 3.1.3, mic du tong s chdi duoc tai sinh 13 trong tu gitra moi truong MSO khir
tring bang AgNPs va moi truong hap khir tring; tuy nhién, chat luong choi 1a khac
nhau va c6 nhiéu chdi 16n hon trong méi trudng chira 4 mg/L AgNPs. Céc chdi 16n co
thé duoc chuyén sang giai doan ra r& sém hon, trong khi cac chdi nho s& can phat trién

1au hon dé dat duoc kich thudc tuong tng.

3.1.4. Anh hwéng ciia néng d¢ agar \én sw sinh trwéng ciia ciy con trong moi

trwong bo sung AgNPs khong hdp khi triing

Cay con thu nhan tir cac choi (1,5 cm) nudi cay trén moi trudng MSO bo sung 4
mg/L AgNPs véi ham luong agar khac nhau dugc thu nhan sau 4 tuan nudi cay (Bang
3.1.4 va Hinh 3.1.4). Trong cac ham lugng agar khac nhau (3 - 8 g/L), cdy con thu
nhén trén moi truong MSO chira 4 - 5 g/L agar cho sy sinh trudng cia cua cay la cao
hon so v6i cac ham luong agar tir 6 - 8 g/L (Bang 3.1.4).

Béng 3.1.4.  Sinh trudng cua cay Culc trén moi truong MSO chira 4 mg/L AgNPs va
nong do agar khac nhau (khong hap khir trung) sau 4 tuan.

Ham Chiéu Chid ’ Chid Khéi
AgNPs lwong cao So on 1;{‘ So dai rlél lwong SPAD
(mg/L) agar cay la/cay (6m§ ré/cay (cm) twoi

(L)  (cm) (9)
0x 8 4,33a* 8,33a 1,23ab 12,33a 2,57c 0,39a 36,53a

3 3,87bc 7,67ab 1,13bc 7,67c 3,83a 0,35ab 30,8c

4 4,11ab 7,67ab 1,30a  9,67b 3,23b 0,36ab 37,63a

5 4,17ab 6,67bc 1,33a  10,00b 2,40c 0,37ab 33,07b

4y
6 3,63cd 7,00bc 1,27ab 10,33b 2,36c 0,29c  32,7bc

7 3,47cd 6,67bc 1,23ab 8,33bc 2,23c 0,25¢c  34,3ab

8 3,00d 8,00ab 1,13bc 9,67bc 2,13c 0,27c  33,77ab

* Chir cai khac nhau cung mét cot ghi nhdn su khac bict véi y nghia théng ké p <0,05 trong
phép thzz Duncan; x: Hap kha trung; y: khéng hap khe trung.



Hinh3.1.4. Sy sinh trudng ciia cdy Clc trén moi truong MSO bo sung 4 mg/L
AgNPs va nong do agar khac nhau (khong hap khu tring) sau 4 tuan
nuoi cay.

0: Cay con trén moi truong MSO bd sung 8 g/L agar (khong bo sung
AgNPs) duoc hip tiét trang (d6i chung); 3, 4, 5, 6, 7, 8: Cay con &
nghiém thtc bd sung ham luwong agar khac nhau (3, 4, 5, 6, 7, 8 g/L;
tuong tng), 4 mg/L AgNPs va khong hép tiét triung. Thuéc do: 2 cm

Hon nita, mdi truong MSO chtra 4 g/L agar va 4 mg/L AgNPs ghi nhan két qua
vé sinh trudng trong duong véi d6i chimg (mdi truong MSO chira 8 g/L agar va khong
bd sung AgNPs). Ngoai ra, méi trudng MSO chira 4 mg/L AgNPs chi sir dung mot nira
ham lugng agar so v6i moi trudng MSO khong bo sung AgNPs (4 g/L so voi 8 g/L);
diéu nay cho thay viéc khong hap tiét tring mudi truong nudi cay bang ndi hap co thé
giam ham luong mot nira ma khong anh hudng dén trang thai déng cua méi trudng
nudi ciy.

Agar 13 chit tao dong thudong dung cho méi truong nudi cdy. Hon nita, gia
thanh cua agar tiép tuc ting trong thoi gian gan day. Vi vay, dé giam chi phi van hanh
tong thé, sy sinh trudng cla cac mau cdy ¢ cac ham lugng agar khac nhau va xac dinh
xem liu viéc giam agar c6 kha thi hay khong dugc danh gia trong nghién ciru nay.

Bang 3.1.4 cho thay cac cdy con thu nhan ¢ nghiém thirc 4 g/L agar cho sy sinh truong
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trong ddéng so voi cdy con trong diéu kién ddi chung (8 g/L agar). Mic du két qua
tuong tu nhau gitta hai nghiém thirc ndy, nhung mét nira ham luong agar c6 thé giam

dugc chi phi hoa chit trong nhan giéng cdy thuong mai.
3.1.5. Nhan giong cdy Ciic trong cdc hé thong nuéi cdy khac nhau

Trong ca 3 hé théng nudi cdy (NoM1, NoM2 va AuM?2), tit ca miu ciy doan
than déu ghi nhén tai sinh chdi (100%) sau 2 tudn nudi cdy. Ngoai ra, cac chi tiéu sinh
truong nhu khoi luong twoi, chiéu cao chdi va sé luong 14 ciing khong ¢ su khéac biét
giita 3 hé théng nudi cay (dit liéu khong duoc hién thi). Tuy nhién, mau chdi ngon ghi
nhan khdi luong tuoi, chiéu cao cay, s ré va SPAD trong hé théng hop nhya NoM1
va NoM2 cao hon so céc chi tiéu ndy ¢ hé thong nudi cdy binh thuy tinh AuM2 sau 4
tuan nudi cdy (Bang 3.1.5 va Hinh 3.1.5), diéu nay cho thiy tac dong tich cuc cua

AgNPs 1én sy sinh trudng cua cdy Chc & giai doan ra ré trong ca 3 hé thong nudi ciy.

Hoat d0 APX va SOD cua cay CUc thu nhan trén moi truong MSO khir tring
bang 4 mg/L AgNPs trong 3 hé théng nudi ciy (NoM1, NoM2 va AuM2) duoc trinh
bay trong Bang 3.1.5. Trong hé thing NoM1 va NoM2, hoat do ctia enzyme trong ré
va l4 ctia cAy con cao hon dang ké so véi trong hé théng AuM2. Téac dung thuc day cua
AgNPs ciing c6 thé 1a do kha ning gy ra cac hoat dong cua enzyme chéng oxy hoa
[124]. Nhu thé hién trong Bang 3.1.5, hoat 46 APX va SOD cao hon khi ¢c6 méi trudng
MS0 bd sung 4 mg/L AgNPs. Mic du viéc bo sung AgNPs c6 thé 1am ting céc
enzyme nay, mot sd tac nhan khac nhu loai méi truong, thanh phan trong moéi trudng
va viée xtr Iy mau cdy ciing co thé 13 cac yéu td gop phan. Ngoai ra, tac dung thic day
ciia AgNPs 1én su sinh truong cta cdy hoa Cuc ¢o thé 1a do tac dung cua nd ddi véi
ethylene. Ethylene duoc biét 1a c6 nhitng anh hudng tiéu cuc hay tich cuc I&n sy phat
trién ctia cdy trong trong dng nghiém [124]. Hon nita, ion bac dugc biét 1a c6 kha ning
trc ché kha nang phan tng cua cy voi ethylene. Bac thay thé dong trong cac thu thé
ethylene [125], hoat dong nhu mot chat e ché ethylene [4]. Bac tac dong 1én khi
ethylene cé thé thuc day sy phat trién in vitro ¢ hoa Cuc. Sy xen k& giita cac loai oxy
phan tng, chat chéng oxy hoa va phu gia méi truong c6 thé tao ra phan tng tich cuc

ctia mau cdy, cho phép can bang hodc ting cuong su phat trién [126].
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Hinh 3.1.5. Sinh trudng cua chdi cdy Cuc trong hé thng NoM1 va NoM2.

A: Doan than nudi cay trong hé thong hop nhya 5 L NoM1;
B: Poan than nudi cdy trong hé thong hop nhya 15 L NoM2;
C: Chdi 1 tuan tudi trong hé thong hop nhwa 5 L NoM1;

D: Chdi 1 tuan tudi trong hé théng hop nhua 15 L NoM2;

E: Choi trong hé théng hop nhya 5 L NoM1;

F: Chdi nudi cay trong hé thong hop nhya 15 L NoM2;

G: Cay 2 tuan tudi trong hé thong hop nhya 5 L NoM1;

H: Cay 2 tuan tudi trong hé théng hop nhya 15 L NoM2. Thude do: A,
C,EG-3cm;B,D,F,H-5cm.

AgNPs b sung trong moi truong nudi cdy mé cé thé tiét kiém chi phi. Ngoai
ra, AgNPs c6 hiéu qua nhu mot chat khir tring mau cdy va mdi truong nudi cdy
(khdng hap tiét trung), diéu nay cho phép dé dang xtr Iy moi truong hay mau cay va
phat trién mot hé thong nhan gidng sb lugng 16n hon (Hinh 3.1.5).

Hon nita, viéc hap khtr tring moi trudng thong thuong 1a khong can thiét, didu
nay s& 1am giam chi phi dién ning va giam bét cong lao dong ctuia qué trinh chudn bj

moi trudng. Str dung hé théng nudi cdy 16n c6 thé giam khdng gian vat 1y can thiét dé
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duy tri cic mau cay. Hé thong hop nhua 5 L NoM1 va hop nhya 15 L NoM2 c6 thé
chira 169 va 330 doan than, chiém it dién tich hon néu cung mot sb lugng mau dugc
nudi cdy bang cac binh nudi cdy théng thuong nhu binh thay tinh 500 mL chia

khoang 20 doan than; do do, viéc sir dung khong gian nuoi hi¢u qua hon.

Bang 3.1.5. Sinh trudng cta cay Cuc in vitro trong cac hé théng nudi cdy khac nhau

sau 4 tuan nuoi cay.

Hg¢ thong nuodi cay

NoM1 NoM2 AuM?2
Chi tiéu sinh truéng
Chiéu cao ciy (cm) 4,02a* 3,95a 3,76b
S6 14/ cay 7,33a 7,20a 7,35a
Chiéu rong 14 (cm) 2,30a 2,27a 2,22a
S6 ré/cay 13,17a 13,50a 11,33b
Chiéu dai ré (cm) 2,88a 3,04a 2,45b
Khdi lwong twoi (g) 0,55a 0,52a 0,45b
SPAD 38,45a 37,22a 34,37b

Ré 1,21a 1,38a 0,54b
APX (Ulg)

L4 1,53a 1,67a 0,44b

Ré 21,01a 24,27a 11,61b
SOD (U/g)

L4 12,69a 13,32a 7,54b

* Chir cai khac nhau ciing mét hang ghi nhdn su khac biét véi y nghia théng ké p <0,05 trong

phép th:z Duncan.
NoM: Hé thong nudi cdy hp nhwa
NoM1: H¢ théng nudi cdy hop nhwa vuéng 5 L

NoM2: H¢ théng nudi cdy hop nhya hinh chit nhdt 15 L
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3.1.6. Thich nghi va sinh truéng tiép theo ¢ giai doan vwon wom

Két qua dugc thu nhan ¢ Bang 3.1.6 va Hinh 3.1.6 cho thay chiéu cao cay, sd
14, chiéu rong 14, chiéu dai 14 va ty 18 sdng sot cua cay ¢ hé thong nudi cay hop nhwra
NoM1 va NoM2 cao hon so vdi cac chi tiéu cua cdy con trong HTNC AuM2 sau 16
tudn trong ¢ diéu kién vuon wom. Cay con thu nhan tir hé thong nubi cdy hop nhua
NoM1 va NoM2 ¢ vuon wom sinh trudng nhanh hon. Ngoai ra, hoa bit dau nd sém
hon mét tudn so v6i hoa trong hé thdng binh thuy tinh 500 mL AuM2 (Béang 3.1.6 va
Hinh 3.1.6C). Sau 16 tuan tréng & vudn uom, cdy con tir hé thong hop nhya NoM1 va
NoM2 bit dau nd hoa (Hinh 3.1.6D). Trong nghién ctru ndy, cdy con c6 ngudn goc
trong hé théng nudi cdy hop nhya NoM1 va NoM2 (bd sung 4 mg/L AgNPs) da thiic
day su sinh truong cua cdy con trong & giai doan tiép theo tot hon so vai cdy con ¢o

ngudn goc ¢ hé thdng nudi cdy binh thiy tinh AuM2 (khong bo sung AgNPS).

Hinh 3.1.6. Su sinh trudng va ra hoa cua cdy CUc thu nhan tir cic hé thdng nubi ciy
khac nhau ¢ diéu kién vuon wom.

A: Cay con in vitro 4 tuan tudi;

B, C, D: Céy thu nhan sau 4 tuin, 12 tudn va 16 tuan trong & vuon wom
va ra hoa (H¢ thong hop nhua 5 L NoM1, hop nhua 15 L NoM2 va binh
thuy tinh 500 mL AuM?2 tir trai sang phai; tuong ung)

Thwoc do: 2 cm.
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Bang 3.1.6. Su sinh trudng cta cdy Clc cd ngudn gde tir cac hé thdng khac nhau sau

16 tuan trong ¢ diéu kién vuon wom.

H¢ thong nuéi cay

NoM1 NoM2 AuM?2
Chi tiéu sinh truéng
Ty 18 song sét (%) 100,00a* 100,00a 85,67b
Chiéu cao cay (cm) 14,71a 14,23a 12,38b
Khéi lwong twoi (g) 3,42a 3,67a 2,61b
S6 ré/cay 18,33ab 20,67a 17,33ab
Chiéu dai ré (cm) 6,97a 7,33a 6,87a
S6 1a/cay 14,33ab 14,67ab 12,33b
Chiéu dai la (cm) 3,79a 3,93a 3,24b
Chiéu rong la (cm) 3,21ab 3,47a 2,97b
Thoi gian ra nu (tuin) 12,21ab 12,47ab 13,14a
Thoi gian bung nu (tuén) 14,68b 14,76b 15,53a
Thaoi gian ra hoa (tuin) 16,13b 15,91b 17,01a

* Char céi khac nhau cting mét hang ghi nhdn si khac biét véi y nghia thong ké p <0,05 trong

phép thz: Duncan.

Két qua cho thdy AgNPs co thé dugc xem 13 mot chit bo sung hiru ich trong

nudi cdy mod cdy hoa Clc va c6 thé giam thiéu viéc st dung ndi hap dé hap moi

truong. Bo sung AgNPs vao mdi truong nudi cdy cé thé giam gia thanh cay gidng.

AgNPs c6 thé Gmg dung nhu mot chat khir tring méi trudng nudi cdy mé ma khong

phai hap tiét trung thong thuong. Cay hoa Cuc nudi cdy trén moi truong MS0 bo sung
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4 mg/L AgNPs va 4 g/L agar cho thiy sy sinh trudng va thich nghi tét & diéu kién
vuon vom. Ngoai ra, hé thong nudi cdy 16n sé& toi uu viée str dung khong gian vat 1y

can thi€t cho su sinh trudng cua cay trong.

3.1.7. Panh gia hi¢u qua kinh té ciia AgNPs 1én kha ning khiv tring mdu cdy, moi

truwong nuoi cdy va vi nhdn giong cdy hoa Cuc

Cay hoa Cuc nudi cdy mé bao gém céac giai doan khac nhau nhu khtr tring mau
cdy, phat sinh hinh théi va thich nghi ¢ vuon wom. Hién nay, cac co s nudi cdy mo tai
Lam Pong cho gia thanh mdi ciy giong nudi cady mo dao dong khoang 500 - 1.000
dong [122, 123].

Trong giai doan tai sinh chdi, dé c6 thé thu nhan 10.000 chdi thi nghiém thirc
khong str dung 4 mg/L AgNPs can khoang 4292 mau (2,33 choi/mau c¢6 kich thudc 16n
hon 1 cm) va méi trudng nudi cdy bd sung 4 mg/L AgNPs (khdng hép tiét tring) can
1580 mau (6,33 chdi/mau c6 kich thudc 16n hon 1 cm). Ngoai ra, voi binh nudi cay
thity tinh 500 mL (chira 60 mL méi trudng MS) thi udc lwong nghiém thirc ddi chimg
can khoang 86 it méi truong MS va nghiém thirc 4 mg/L AgNPs can 32 lit méi truong
MS (mdi lit mdi trudng co chi phi khoang 12.000 ddng [127]).

Tuong ng véi lugng moi truedong tinh toan thi uwdc lugng cac CDHSTTV bao
gém NAA (43 mg va 16 mg; twong ung) va BA (172 mg va 64 mg; twong ung). Ning
luong cho tu cdy (16 kW) va thip sang 1 bong dién thip 12 gio/ngay trong 4 tuan (121
kW) va 2,5 cong lao dong (mdi cong lao dong hién nay c6 thé cay duoc 4.000
mau/ngay) 13 twong duong nhau & ca 2 diéu kién nudi cdy. Ngoai ra, nang luong cho
ndi hép tiét trung ¢ diéu kién dbi chiing 1a 25 kW; trong khi d6, bo sung 4 mg/L
AgNPs khong phai st dung ndi hap tiét tring. Bén canh d6, ddi ching can bo sung
688 g agar (8 g/L).

Trong giai doan sinh truéng, moi truong nudi cay can cho ca 2 nghiém thirc (80
L mdi trudng MS), ning luong cho ta cay (16 kW) va thip sang 1 bong dién thip 12
gio/ngay trong 4 tuan (121 kW) va cong lao dong (2,5 cong) la twong duong nhau.
Ngoai ra, nghiém thirc di chimg can ning lwong cho ndi hép tiét trung (25 kW) trong

khi nghiém thirc 4 mg/L AgNPs thi khong. Bén canh d6 ham luong agar ciia nghiém
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thirc 4 mg/L AgNPs giam mot nita so voi nghiém thirc khéng bd sung AgNPs (640 g
agar va 320 g agar; tuong tng).

Vi giai doan tai sinh chdi va sinh truéng - phat trién thi gia thanh wéc tinh cho
san xuit 10.000 cdy giéng Clc & d6i ching (4.842.943 dong) cao hon khoang
1.244.527 dong so voi bo sung 4 mg/L AgNPs (3.598.416 dong). Do d6, chi phi trung
binh cho 1 ciy gidng & nghiém thirc b6 sung 4 mg/L AgNPs la khoang 359,84 dong
thap hon khoang 124,45 dong so voi ddi chimg (484,29 dong).

Vi vdy, ¢6 nhiéu cach dé udc luong gia thanh san xuat cho mdi cy giéng [128].
Ngoai ra, cac chi phi dé san xuét ciy giébng bao gdm nhan céng, moi trudong, thiét bi
phong nudi cy - bao dudng va cac chi phi khac (65%, 7%; 17%; 11%; tuong (ng)
[129]. Vi vay, tiét kiém moi truong nudi cdy cling c6 thé tiét kiém duoc chi phi san
xuét cdy giéng. Bén canh d6, gia hoa chat va chi phi dién ning ciing anh hudéng dén
gia thanh san xuét cay giéng [130]. Gia thanh ciia mdi ciy gidng c6 thé ha xudng néu
chung ta tiét kiém dugc héa chat (agar, CDHSTTV) ciing nhu tiét kiém niang luong

cho hap tiét tring moi trudng nudi cy.

3.2. Anh huwéng ciia AgNPs va CuNPs 1én kha ning khir tring miu ciy va sinh

truéng tiép theo ciia cdy Thu hai dwong

3.2.1. Anh hwéng ciia AgNPs va CuNPS lén khir triong mdu cdy

Ty 1¢ sdng sot cta 3 loai mau cdy (cudng 14, cuéng hoa va doan than) khir tring
bang AgNPs, CuNPs, HgCl, va Ca(ClO). dugc thu nhan sau 1 - 4 tuan nudi cay (Bang
3.2.1, 3.2.2 va 3.2.3). Két qua cho thay rang, tuy thudc vao loai mau cdy va chat khur

triung dugc sir dung thi ty 1& song st ctia mau cay cé sy khac biét.

Dbi v6i mau cdy cudng 14, hiéu qua khtr trang ctia 100 - 300 mg/L AgNPs cho
ty 1¢ song sot tir 75,53% - 80,00% hodc 50 - 200 mg/L CuNPs (73,33% - 75,53%;
tuong rng) cao hon so véi 1.000 mg/L HgCl. (71,13%) va 60.000 mg/L Ca(CIlO).
(62,20%) (Bang 3.2.1). Két qua nay cho thay, ndng do va thoi gian khir tring mau ciy
bang AgNPs hozc CuNPs anh hudng 1én hiéu qua khtr tring mau cy.
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Bang 3.2.1. Ty 1& séng s6t cuia mau cdy cudng hoa thu duoc tir qua trinh khir tring
bang cac chat khir trung khic nhau (AgNPs, CuNPs, HgCl» va

Ca(Cl0O)y).

Chétkhir  Néng do T§ 1§ song sét (%)

trung (MIL)  Tuinthe1 Tulnthe2 Tulnthe3 Tuln thi4
50 95,53a 93,332 91,13a 88,87ab
100 97,80a 97,80a 95,53a 91,13a

AgNPs 200 95,53a 93,332 93,332 93,332
300 100,00a  97,80a 93,332 93,332
400 82,20b 77,80b 75,53b 73,33¢
50 93,332 88,89ab 84,44abc  77,80bc
100 93,332 88,89ab 84.44abc  81,13bc

CuNPs 200 95,53a 88,89ab 84,44abc  84,44abc
300 95,532 88,89ab 88,89abc  88,89ab
400 93,332 91,13a 82,20bc 73,33¢

HgCl2 1.000 95,53a 95,53a 95,53a 93,332

Ca(CIO), 60.000  82,20b 82,20b 80,00b 77,80bc

*Cdc chit cdi khdac nhau trong cing mot cét thé hién sw khdc biét ¢6 y nghia thong ké véi p
<0,05 (Duncan'’s test).

Dbi voi mau ciy cudng hoa, két qua cho thiy sir dung 50 - 300 mg/L AgNPs
(88,87% - 93,33%) hoac 200 - 300 mg/L CuNPs (84,44% - 88,89%) hoac 1.000 mg/L
HgClz (93,33%) téi uu so v6i 400 mg/L AgNPs (73,33%) hoidc c4c ndng do khac cua
CuNPs (73,33 - 81,13%) hodc 60.000 mg/L Ca(CIO). (77,80%) sau 4 tuan (Bang
3.2.2).

P6i voi mau doan than, 50 - 300 mg/L AgNPs ciing cho ty 16 mau sbng
(77,80% - 86,67%) hodc 100 - 300 mg/L CuNPs ghi nhan ty 1&é mau song (77,80%) la
cao hon cac néng do khac cia AgNPs (73,33%) hodc CuNPs (71,13%). Mit khac,
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HgCl, va Ca(CIO); ciing ghi nhén ty 1& sdng st ciia mau cao (77,80%, 84,47%; twong

ung) (Bang 3.2.3).

Bang 3.2.2. Ty 18 séng sot cua mau cdy cudng 14 thu duoc tir qué trinh khir tring
bang cac chat kht trung khic nhau (AgNPs, CuNPs, HgCl, va
Ca(CIO)y).

Chét khir Nong do Ty I¢ song s6t (%)

trung (ML) Tydnthw1 Tudnthe2 Tudnthi3 Tudn thi 4
50 77,80c 75,53c 68,87de 60,00c
100 95,53a 82,20ab 77,80abcd  75,53ab
AgNPs 200 88,87ab 82,20ab 80,00abc 75,53ab
300 88,87ab 84,47ab 82,20ab 80,00a
400 77,80c 75,53bc 71,13cde 62,20c
50 88,87ab 80,00abc 75,53 abcd  73,33ab
100 95,53a 84,47ab 80,00abc 75,53ab
CuNPs 200 95,53a 84,47ab 80,00abc 75,53ab
300 93,33 84,47ab 82,20ab 71,13b
400 88,87ab 82,20ab 77,80abcd 71,13b
HgCl> 1.000 95,53a 86,67a 84,47a 71,13b

Ca(ClO).  60.000 82,20bc 75,53bc 73,33bcd 62,20c

*Cdc chit cdi khdc nhau trong ciing mot cot thé hién sie khdac biét ¢6 y nghia thong ké véi p
<0,05 (Duncan'’s test).

Nhin chung, 50 - 300 mg/L AgNPs ghi nhan hiéu qua khtr tring cao dbi véi ca
3 loai miu cdy. Nhitng néng do AgNPs ndy cho thdy hiéu qua khir tring mau ciy bang
hodc cao hon so vai 1.000 mg/L HgClz hodc 60.000 mg/L Ca(ClO)2 sau 4 tudn. Mat
khéc, khi ting nong d6 AgNPs 1én 400 mg/L nhiéu mau khong bi nhiém vi sinh nhung

mau chuyén sang mau ndu den hodc hoai tir. Do d06, ty 1¢ mau song sot cua mau cay
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cudng 14 (62,20%), cudng hoa (73,33%) va doan than (73,33%) la thip & nong do cao
cua AgNPs.

Bang 3.2.3. Ty 1¢ séng sot cia miu cay doan than thu dugc tir qué trinh khir tring

bang cac chat kht trung khic nhau (AgNPs, CuNPs, HgCl, va

Ca(ClO)).

Chitkhit  Ndng o Ty 1¢ song sot (%)

trang (MY/L)  Tudnthd1 Tudnth®2 Tudnth®3 Tuln thi4
50 84,47hbc 80,00bc 77,80bc 77,80ab
100 91,13ab 86,67ab 86,67ab 84,47ab

AgNPs 200 91,13ab 88,87a 88,87a 86,67a
300 91,13ab 88,87a 88,87a 86,67a
400 80,00¢c 77,80c 75,53¢c 73,33b
50 88,87ab 80,00abc 75,53 abcd  73,33ab
100 95,53a 84,47ab 80,00abc 75,53ab

CuNPs 200 95,53a 84,47ab 80,00abc 75,53ab
300 93,33a 84,47ab 82,20ab 71,13b
400 88,87ab 82,20ab 77,80abcd  71,13b

HgCl, 1.000 88,87ab 84,47abc 77,80bc 77,80ab

Ca(Cl0),  60.000  9553a 91,13a 86,67ab 84,47ab

*Cdc chit cdi khdac nhau trong cing mot cét thé hién sw khdc biét ¢6 y nghia thong ké véi p
<0,05 (Duncan'’s test).

Pbi voi khtr tring mau cdy bang CuNPs, néng do 50 - 200 mg/L CuNPs khir
trung mau cudng 13, ndng d6 200 - 300 mg/L CuNPs khir tring mau cudng hoa va
ndéng do 100 - 300 mg/L CuNPs khir tring mau doan than cho hiéu qua tuong tu so véi
cac nong do AgNPs téi vu (Bang 3.2.1, 3.2.2 va 3.2.3). Nong d6 qua cao cia CuNPs

cling anh huéng dén kha nang khir tring mau cy.

AgNPs va CuNPs d3 chimg minh c6 hiéu qua dé khtr tring mau cdy va cam ung
tao phoi. Tuy nhién, mdi loai miu cdy phan tng khac nhau v6i nong do AgNPs va
CuNPs thich hop. Hiéu qua ctia AgNPs tly thudc vao su két hop cua thanh phan héa
hoc, kich thudc, 6 pha, ndng do twong tic ciing nhu dbi tuong ciy trong dugc sir

dung [4]. Viéc ung dung AgNPs trong nudi ciy mo thuc vat dé ngin ngira nhiém nam



55

va vi khuan ciing duoc ghi nhan [126]. Ciing nhu nghién ctru trén ciy hoa Nir lang
Valeriana officinalis & diéu kién vuon wom sau d6 cho thdy hiéu qua ctia AgNPs gilp
giam ty 1 nhiém ndi sinh Xanthomonas cua mau d6t than trong nudi cdy mo. Tuy
nhién, nghién ctru vé kha ning khang nim, khuin ctia AgNPs trong nudi cdy md con
rat it; vi vay, két qua nghién ctru nay Ia tién phong dé bo sung thém dir liéu vé kha
nang khang vi khuan va nam cua AgNPs. Mit khac, két qua mét s6 nghién ciru cho
thdy AgNPs c6 hiéu qua trong viéc gia ting sy sinh truong ciia thuc vat ciing nhu giam

mot sb vi sinh vat (3 loai nAm va 8 loai vi khuén) trong moéi trudng vi thuy canh [70].
3.2.2. Anh hwéng ciia AgNPs va CuNPS 18n cdm itng tao phoi

Kha niang cam ng tao phoi ctia c4c mau ciy khir trung vdi AgNPs, CuNPs,
HgCl, va Ca(ClO)2 c¢6 sy khac biét sau 4 tuan (Bang 3.2.4). Nhin chung, tat ca cac
mau cdy khtr tring déu cam ung tao phdi; trong d6, 200 - 300 mg/L AgNPs dé khir
tring tat ca cac miu ciy cho ty 1é cam ung tao phoi cao hon cac ndng do khac; trong

do, 200 ppm CuNPs cling cho hi¢u qua tuong tu.

Pbi v6i mau cdy cudng 14, 100 - 300 mg/L AgNPs hozc 100 - 200 mg/L CuNPs
cho ty 1é cam ung tao phdi (35,53% - 40,00%), cao hon so véi sir dung HgCl va
Ca(ClO), (17,80% va 22,20%; twong ung) (Bang 3.2.4). P6i v6i mau cudng hoa va
doan than, 200 - 300 mg/L. AgNPs hoac CuNPs ghi nhan ty 1 cam tng tao phoi la
tuong duong nhau (35,53% - 46,67%). Su gia ting nong d6 AgNPs va CuNPs tir 50 -
200 mg/L cho thdy su gia ting ty 1& cam tng tao phdi; trong khi d6, khi ndng do
AgNPs va CuNPs qué cao (400 ppm) thi hiéu qua cam ung tao phoi lai giam di (Bang
3.2.4). Vi vay, AgNPs va CuNPs c6 hiéu qua dé khir tring mau cdy va cam tng tao
phdi. Tuy nhién, mdi loai mau cdy phan ung khic nhau v&i ndng dd6 AgNPs hodc

CuNPs thich hop.

Nong do AgNPs ting tir 50 - 200 mg/L cho thiy sy gia ting cam Gng tao phdi
clia mau cay cudng hoa va doan than; cao nhat 1a 40% trong ca hai truong hgp. Nong
d6 AgNPs tang tir 200 18n 300 mg/L khong c6 su khéc biét vé ty 16 cam tg tao phoi &
ca hai loai mau cdy nay (lan luot 1a 35,53% va 42,20%). Tuy nhién, & 400 mg/L
AgNPs, ty 1 cam tmg tao phoi trong mau cdy cudng hoa va doan than khong cao (lan
luot 1a 20,00% va 28,87%) (Bang 3.2.4).
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Bang 3.2.4. Anh huéng cua cac chit khir trung 18n ty 16 cam tGng tao phéi cay Thu
hai duong tir cac nguon mau khac nhau sau 4 tuan.

Chét khir  Nong do Ty 1¢ phan trim miu ciy cam ng tao phdi (%)
trung (mg/L) Cuong la Cuédng hoa Doan than
50 22,20bc 20,00bc 13,33e
100 37,80a 24,47b 22,20cd
AgNPs 200 37,80a 40,00a 40,00a
300 35,53a 35,53a 42,20a
400 28,87b 20,00bc 28,87bc
50 31,13b 20,00bc 11,13e
100 35,53a 22,20bc 26,67bc
CuNPs 200 40,00a 42,20a 46,67a
300 31,13b 40,00a 42,20a
400 28,87b 22,20bc 26,67bc
HgCl 1.000 17,80c 13,33c 20,00de
Ca(ClO).  60.000 22,20bc 22,20bc 31,13b

* Chir cai khac nhau ciing mét cét ghi nhdn sie khac biét véi y nghia thong ké p <0,05 trong
phép thzx Duncan.

Ngoai ra, ty 1& cam tng tao phdi thu dugc tir khir tring mau cay cudng 14 véi
100 - 200 mg/L CuNPs hodc mau cdy cudng hoa va doan than v&i 200 - 300 mg/L
CuNPs cao gap khoang 2 - 3 1an so voi khir tring mau cay véi HgCl, hodc Ca(CIO),
sau 4 tuan (Bang 3.2.4). Két qua nay cho thiy CuNPs c6 anh huéng tich cuc 1&n khir
tring miu cdy va cam ung tao phoi. Tuy nhién, hiéu qua khir tring miu ciy ciia mdi
né)ng do CuNPs phu thudc vao loai mau cu thé. Cac miu céy khac nhau nhu cuéng 14,
doan than, 14 mam c6 kha nang dé cam ung tao phdi & mat s6 loai. Bén canh do, tuy
thudc vao loai, ty 1é cam tng tao phdi cling khac nhau [131, 132]. Két qua caa nghién

clru nay ciing cho thay hiéu qua cam mg tao phéi tir ngudn mau khac nhau khir tring
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bang HgClz, Ca(ClO)2, AgNPs hodc CuNPs sau 4 tuan 1a khac nhau. Cac chat khir
tring nhu HgClz va Ca(CIO), dugc sir dung dé khir tring miu ciy ¢6 nhitng wu diém
va nhuogc diém. Do tic dung khang khuan cua ching, dic biét 1a AgNPs va CuNPs tré
thanh chét khir tring dugc sir dung trong nudi ciy mo. Ngoai ra, AgNPs hiéu qua hon
va than thién voi méi truong, dong thoi tuong thich v6i nhidu loai mé [28-30]. Mot s6
nghién ctru gan ddy cho thdy AgNPs c6 hiéu qua trong khir tring méu cdy cua ciy
trong nudi cdy moé nhu cdy Sam, DAu tdy va Rong bap su [57, 58, 61]. Nghién ctru cta
Khiém va Hau (2018) cho thay khir tring mau 14 cady Thu hai dudng bang Ca(ClO),
cho ty 1¢ séng so6t ctia mau dat 24,3%, thép hon so v&i mau céy dugc khu trung voi

AgNPs (cao hon 90%) [133].

Bén canh Ag, Cu con dugc sir dung kha pho bién trong néng nghiép, my pham,
moi truong, diét nam, thuc phém, cong nghi¢p hoa chit, phu gia nhién li€u, cong
nghiép dét may, xir Iy nudc thai,...[134]. Trong noéng nghiép, CuNPs vdi néng do
thich hop ¢ vai trd trong su ndy mam cua hat giéng Lua (Oryza sativa) [135], Ngo
(Coriandrum sativum) [136], Lua mach (Secale cereale) [137], Cai (Brassia nigra)
[138] va anh hudng dén su sinh trudng va phét sinh hinh thai cta cac loai thuc vat nhu
Rau diép (Lactuca sativia) [139], Co linh ling (Medicago sativa) [140], Khoai lang
(Ipomoea batatas) [141],... Hon nita, CuNPs 13 chat chéng ndm hiéu qua, chéng lai
Fusarium oxysporum [142, 143]. Tuy nhién, CuNPs sir dung trong khir tring mau cay
chua dugc ghi nhan trude day trong nudi cdy mo. Do dé, nghién ciru nay cho thiy tng
dung ctaa CuNPs trong khir tring mau cdy va bd sung thém tai liéu cho cac nghién ctru
trong twong lai. Khir tring mau ciy cua cic nano kim loai phu thudc vao kich thuéc
cling nhu thanh phan hoéa hoc va quan trong nhit 13 ndng do cua nano [144]. Hon nita,
chua co cong bd nao ghi nhan trong lugng phan tir va nguyén tir st dung lam dung

dich hat nano anh huéng dén khir tring mau cay.

Ngoai ra, phan tich biang phwong phap quang phd hip thu nguyén tir cho thiy
trong mau cudng 14, doan than va cuéng hoa ham luong Cu dugc ghi nhan tir 0,10 -
0,18 mg/Kg. Sau khi khtr tring bang dung dich CuNPs, du luong Cu trong mau cudng
14, cudng hoa va doan than gia ting ty 1¢ thuan v&i ndng do cia CuNPs tir 0 dén 400

mg/L (Hinh 3.2.1). Trong s6 3 loai mau, du lugng Cu trong mau doan than va cudng 14
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cao hon so v6i mau cudng hoa (Hinh 3.2.1). Piéu nay cho thiy ring cac mau cdy khac

nhau hap thu CuNPs khac nhau.
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Hinh 3.2.1. Du lugng Cu trong mau cdy cdy Thu hai dudng sau khi khir tring mau
cay voi CuNPs.

Trong luc lap, Cu chiém khoang 50% va duoc lién két véi plasto-cyanin trong
chudi truyén dién tir ¢ gitra quang hé thong I va Il. Véi su vang mit cia Cu, nong do
ctia plasto-cyanin s& giam. Ngoai ra, mang luc lap sé& thiéu 2 protein diéu hoa biéu hién
cac plasto-quinone. Do d6, qué trinh quang hop s& giam hiéu qua néu thiéu Cu. Cu c6
anh hudng 16n dén su tong hop chlorophyll, trong khi sy du thira hodc thiéu hut ciia n6
s& anh hudng dén bé may quang hop, diéu nay cho thiy chlorophyll bi anh huéng boi
Cu va tuy tung loai thuc vat khac nhau [72, 73].

3.2.3. Anh hwéng ciia AgNPs va CuNPs |én sinh trwéng ciia phéi soma

Céc hinh dang khac nhau ctia phoi soma cé thu nhan tir mau cay dugc khir
tring bang AgNPs, CUNPs va HgCl, duoc ghi nhan sau 8 tuan (Bang 3.2.2 va Hinh
3.2.2, 3.2.3). Sau tuan thtr nhat, cic nghiém thirc déu hinh thanh phéi soma (100%).
Tuy nhién, c6 sy khac biét vé s lugng phoi soma & ting loai mau céy vOi C4c chét

khir tring mau cdy khac nhau (Bang 3.2.5).
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Bang 3.2.5. Sy phat sinh phdi soma cua cdy Thu hai duong thu nhén tir cac chat
khir tring mau cay khac nhau (AgNPs, CuNPs va HgCl») sau 8 tuan.

Nguén Chitkhir Tong sd

Hinh thai phdi soma

miu  tring phoi Chu  Tim  Thiyldéi Haili mim
HgCl; 29,33bc** 867b  7.67b  6,33c 6,67¢
g"éng AgNPs  3200b 833b  500d  7,67ab 9,00b
CuNPs  3300b  10,33a 6,00cd  8,00ab 8,67b
HgCl, 29,33bc  7,67bc  9,67b  6,33c 5,67cd
ﬁ;‘f“g AgNPs  36,33a 433  9,67a  8,00ab 14,33a
CuNPs  3800a 533  10,00a 8,67ab 14,00a
HgCl, 30,67bc 10,332 7,00bc  6,67bc 7,00c
3}‘;@;}“ AgNPs  34,33ab  6,33d 500d  10,67a 12,33a
CuNPs 36,67a 7,00bc  4,67d 9,33ab 12,67a

Ghi chi: * Chir cai khac nhau cing mét cét ghi nhan sw khac biét véi y nghia thong ké p
<0,05 trong phép thz Duncan;

X Téng s6 phdi la tong sé phéi ¢ tat ca cdc hinh thdi khdc nhau (Cau, tim, thiy 16i va hai 14

mam,).

Tong s6 phoi soma cua 3 loai mau cay c6 nguon goc tur khir trung mau cay voi

200 mg/L AgNPs hoac CuNPs cao hon so v&i nhitng ph6i soma thu nhéan tir khir tring

bang HgClo. Trong d6, mau cdy tir cuéng hoa va doan than dugc khir tring mau cay

v6i AgNPs hoic CuNPs c6 tong s6 phodi soma ciing nhu phdi soma & hinh dang hai 14

mam cao hon mau ciy c6 ngudn goc tir cudng la (Bang 3.2.2).
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Hinh 3.2.2. Cam tng tao phoi cua cdy Thu hai duong tir cac chﬁt chtr khir tring mau
cay khac nhau (AgNPs, CuNPs va HgCl») sau 8 tuan.
A: AgNPs: B: CuNPs; C: HgClz; P: Méau cudng 1&; F: Mau cudng hoa;
S: Mau doan than (Thuoc do: 1 cm).

Nghién ctru ndy di chi ra su hinh thanh phéi soma véi ddy du cac hinh dang
(hinh cau, hinh tim, hinh thuy 161 va hai 1a mam); trong khi d6, Nhut va cong sy [72,
87] chi mé ta kha ning tai sinh chdi tir cdc ngudn mau khac nhau. Vi vat, két qua
nghién ctru nay c6 y nghia trong viéc chirng minh sy phat sinh hinh thai théng qua
phat sinh phdi soma cling nhu vai tro cia AgNPs hodc CuNPs trong viéc tang hi¢u qua
phét sinh phdi soma ciling nhu thoi gian cta phat sinh ph6i soma la nhanh hon so véi

ngudn mau duoc khir tring mau cdy bang chét khir tring thong thuong.
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Hinh 3.2.3. Hinh thai giai ph?lu clia mau cdy cam ung tao phdi thu nhan tir mau cay
dugc khur trung bang AgNPs.

A: Miu cay ban dau; B: Mo seo c6 kha nang phat sinh phoi ¢ ngay thu
14; C, D: Phoi soma hinh cau ¢ tuan tpfr 4 (Thuoce do: 1 mm - Mau cay
duoc quan sat dwoi kinh hién vi soi noi voi do phong dai la 40X).

Trong nghién ctru nay, AgNPs vd CuNPs c6 thé sir dung dé thay thé cac chat
khtr tring thong dung trong khir tring mau cdy. Ca 3 loai mau cdy cudng 14, cuéng hoa
va doan than duoc khtr tring bang 200 - 300 mg/L AgNPs hodc 200 mg/L CuNPs ghi
nhan cam Ung tao phoi la cao hon. Hon nita, 200 mg/L AgNPs hoac CuNPs anh hudng
lén su gia ting phat sinh phoi soma véi cac hinh dang phoi day du so v6i khir tring

mAu ciy bang HgCl.
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Enzyme chdng oxy héa (CAT va APX) cua cac phdi thu nhan tir khir tring mau
ciy véi HgClz, AgNPs va CuNPs 1a khong giéng nhau sau 8 tuan (Bang 3.2.6). Ca 3
loai mAu ciy khir tring bang CuNPs, CAT va APX cao hon so véi khir tring mau ciy
v6i HgCl2 hoic AgNPs. APX thu dugc tir mau cudng hoa khir tring bang CuNPs la
cao nhat trong khi CAT khong khéac biét dang ké giira 3 loai mau cdy (Bang 3.2.6).
Bén canh do, ham lugng carbohydrate ctia cac cum phoi sau 8 tuan ghi nhan sy khac

biét c6 ¥ nghia giita cic nghiém thic khir tring mau cdy (Bang 3.2.6).

Céac cum phdi thu nhan tir cuéng hoa va doan than dugc khir tring bang CuNPs
cho thay sy tich lity tinh bot cao hon va dudng thap hon so voi khir tring mau ciy véi
HgCl2 hoic AgNPs. Ngoai ra, CUNPs (nong do 5 pM va kich thudc 20 - 40 nm) da
dugc ching minh 13 ting cuong tai sinh cdy Hing qué (Ocimum basilicum) théng qua
hinh thanh phdi soma (36 - 84%) va sb luong cay con tai sinh trén mdi mau ciy (7,4 -
18,7 cay) so v6i nghiém thuc dbi chimg (0,1 pM CuSO4.5H20) [144]. Hon nita, muc
d6 Cu tang 1én trong moi truong da tang cuong Su tai sinh thdng qua hinh thanh phéi

soma ¢ cac cdy khac nhau, chang han nhu Lua mi (Triticum sp.) [145, 146].

Gan day, anh huong cua CuNPs trong viéc diéu trj bénh héo Fusarium (vi
CuNPs lam giam su phat trién Fusarium oxysporum f. Sp. Lycopersic & cay Ca chua)
va thiic day sy phat trién ciia ciy Ca chua ciing duoc nghién ctru [147]. Do d6, nghién
ctru nay cho thay vai tro ciia CUNPS trong viéc gia ting sy hinh thanh phéi soma qua
trung gian khtr tring mau ciy va du luong Cu trong mau s& anh hudong dén su phat

trién tiép theo.
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Bang 3.2.6. Hoat tinh enzyme chdng oxy hoa (CAT va APX), ham luong tinh bot va
duong ciia cum phdi Thu hai dudng sau 8 tudn nudi cdy.

Chit Kkhir tring
. 3 HgCl» AgNPs CuNPs
Nguon mau/ Chi tiéu
CAT (U/g) 95,19b* 96,08b 100,06a
APX (U/g) 0,40b 0,55a 0,58a
Cudng la
Tinh bt (%) 33,24b* 36,11ab 39,26a
Pwong (mg/g) 75,98ab 68,45b 80,16a
CAT (Ulg) 100,12a 102,33a 104,86a
APX (U/g) 0,21c 0,50b 0,70a
Cudng hoa
Tinh bt (%) 34,28b 38,23ab 40,87a
Puong (mg/g) 90,24a 81,36b 70,09c
CAT (Ulg) 102,44b 94,97b 112,88a
APX (U/g) 0,24c 0,45b 0,66a
Poan than
Tinh bt (%) 37,24c 41,27b 45,58a
Pwong (mg/g) 90,24a 86,19ab 75,24b

* Char céi khac nhau cing mét hang ghi nhdn sie khac biét véi y nghia thong ké p <0,05 trong

phép thz: Duncan.
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Hinh 3.2.4. Phat sinh ph6i soma thu nhan tir cam tng tao phdi c6 ngudn gde tir mau
cay cdy Thu hai duong khir tring bang CuNPs.
A, B, C: Phéi hinh cau; D, E, F: Phdi hinh tim; G, H, I: Phdi hinh thuy
16i; K, L, M: Phéi hai 14 mam; N, O, P: Cum phéi soma thu nhan tir mau
cudng 14, cudng hoa va doan than (A - F, I: Thuée do 0,5 cm; G, H, K -
P: Thuoc do 1 cm).



65

Két qua cta nghién ctru nay cho thay vai trd ciia CuNPs trong viéc khir triing
mau cdy din dén gia ting hiéu qua hinh thanh phoi soma véi mau ciy khir tring bang
HgCl2. Nghién ctru truede day da ghi nhan va mo ta qua trinh hinh thanh phéi soma véi
cac hinh dang khéac nhau trén cdy Thu hai duong duéi diéu kién clinostat 2D va nudi
cdy mo, ngudn miu duoc st dung 13 cudng 14 di duoc khir trung voi HgCla [96].
Ngoai ra, cac nghién ctru trude day cha yéu tip trung danh gia anh huéng cua mau
cdy, chat diéu hoa sinh truéng thuc vat, &nh sang, ngudn dinh dudng,...dén su hinh
thanh phoi soma. Tuy nhién, anh huéng ciia khtr tring mau cdy ddi voi su hinh thanh
phdi soma van chua dugc ghi nhan. Vai tro cia CuNPs 1am chat khir tring mau ciy
véi hiéu qua twong tu HYClz va gia tang sy hinh thanh phoi soma cling dugc ghi nhan.
Ngoai ra, CuNPs khong chi dong vai tro trong khir tring mau cdy ctia mau cudéng hoa
va doan than ma con lam ting hiéu qua hinh thanh phdi soma théng qua sé luong va sb
phdi soma hinh thity 161 va hai 14 mam 12 tot hon so vi mau cay kht tring bang HgCl,
va trong duong voi mau cdy khir tring bang AgNPs (Bang 3.2.5). Hinh thai caa phoi
soma trai qua day du cac hinh dang nhu hinh cau, hinh tim, hinh thuy 16i va hai la
mam (Hinh 3.2.4A-M).

Dé khic phuc stress oxy hda, thuc vét co co ché kiém soét va diéu chinh mirc
ROS mot cach thich hop, bao gdm tiang hoat do enzyme chdng oxy hoa nhu CAT va
APX [51]. Cac nghién ctru vé anh hudng cia cac nano kim loai nhu AgNPs, nano sit,
nano titan d6i voi su thay doi oxy héa va cau tric ciia thue vat hoic ré [148, 149] duoc
chi ra trén mot s cdy trong khac nhau. Hon nita, CuNPs thu duoc két qua t6t hon
dong sulphate trong thuc vat vé hinh thai, chi s6 SPAD va hoat dong cta enzyme
chéng oxy héa [150]. Tuy nhién, su thay ddi hoat tinh enzyme chong oxy hoa do anh
huong ctia CuNPs tuong tac v6i cac thanh phan moi trudng nudi cdy khac nhau dén sy
hinh thanh cym phoi soma hodc ciu tric ciia phoi soma van con rat han ché. O phoi
soma, CAT va APX d3 duogc thay ddi sau khi cic miu ciy khac nhau duoc khtr triing
bang CuNPs (Bang 3.2.3), diéu nay cho thay rang sau khi khir tring bang CuNPs,
phan tng stress duoc ting 1én voi viée 1am ting hoat tinh cta enzyme chéng oxy hoa

va thic dy qué trinh cdm tng tao phoi.
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Cam tng, biét hoa, phat trién ctia phdi soma lién quan dén su thay dbi ham
luong carbohydrate (tinh bot, dudng,...) nhu mot ngudn ning luong chuyén hoa [151].
CA4c nghién ctru vé sy tich lily nhiéu tinh bot trong mau ciy c6 tac dong Ién viéc gia
tang sinh trudng cua mau cy [152, 153] vi tinh bot 14 ngudn ning lwgng hd tro sy trao
d6i chat cling nhu sinh trudng ciia mé ciy [152]. Két qua ctia nghién ciru ghi nhén tinh
bot tich lily cao hon va duong thap hon trong phdi soma thu duge tir mau cubng hoa
va doan than khtr tring bang CuNPs. Diéu nay ching to ham luong tinh bot tich liy
cia mau cdy dugce khir trung bang CuNPs t6t hon. Tich lily tinh bt 13 phan tng trao
d6i chat dau tién cua qua trinh nudi cdy; trong 6, mau cdy chuyén doi duong co trong
moi trudong thanh tinh bot dé luu trit trong cac mo va mo phan sinh sau d6 duge hinh
thanh [154]. Ngoai ra, mtc d9 tich lity tinh bdt va duong trong phdi soma thu dugc tir
khir tring mau cudng 14 v6i CuNPs twong tu nhu khi khir tring bang HgCl, hoic
AgNPs.

Cu c6 anh huong 16n dén sy tong hop chlorophyll, trong khi sy du thira hoic
thiéu hyt cia né s& anh huong dén bd may quang hop [150]. Su gia ting ham lugng
chlorophyll cling da dugc ghi nhan khi xtr ly CuNPs ¢ cay Bau xanh (Vigna radiata)
[150] va cady Chum ngay (Moringa oleifera) [155]. Nguoc lai, voi oxit dong, ham
lugng chlorophyll da giam trong cay Ca chua (Solanum lycopersicum) va cay Bap cai
(Brassica oleracea) [156]. Piéu nay cho thiy chlorophyll bi anh huéng béi loai hat
nano va loai thyc vat. Ngoai ra, CuNPs cai thién hoat dong quang hgp ¢ cay Ca chua
[147].
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3.2.4. Tao cdy hoan chinh va sinh truéng tiép theo ¢ diéu kién vieon wom

Sy thich nghi va sinh trudng tiép theo ¢ giai doan vudn wom cia cay con sau 16
tudn nudi cdy dugc ghi nhan ¢ Bang 3.2.7 va Hinh 3.2.5A-C. Két qua ghi nhan cho
thdy cac chi tiéu sinh trudng cia ciy con khong co su khéc biét nhu s 14 trén cay con,
chiéu dai ré, SPAD:; trong khi do, co6 sy khac biét vé chiéu cao cay con, sb luong 1é,
khéi luong tuoi va khé & cdy con ldy tir mau cdy duoc khir tring véi AgNPs va
CuNPs. Ngoai ra, cdy con c6 ngudn goc tir phdi soma phat trién tét va khong co bt

thudng vé hinh thai trong qua trinh hinh thanh & (Hinh 3.2.5A-C).

Sau 16 tuan trong ¢ vudn wom, cay con ghi nhén ty 16 sdng sot t6t va khdng co
su khac biét dang ké vé su sinh truéng nhu chiéu cao ciy con va s 14 trén cdy con
(Bang 3.2.8). Tuy nhién, chi sé SPAD cao hon va thoi gian bat dau ra hoa ngan hon &
cay con ldy tir mau ciy dugc khir tring voi AgNPs va CuNPs. Mit khac, ciy con dugc

trong & vuon wom khong co su bat thuong vé hinh thai (Hinh 3.2.6A-C).

Bang 3.2.7. Sinh trudng cua cay Thu hai duong in vitro tai sinh tir phdi soma sau 16

tuan nuoi cay.

Nahiem Chiéu sé Chiég sé Khoi Khoi
th%rc. cao cay r&lcay dai ré la/cay SPAD lwong lwgng khd
(cm) (cm) twoi (mg)  (MQ)

HoCl.  9,83ab* 6,67b 6,00a 6,00a 43,72a 2019,55b  209,31c

AgNPs  10,35a 8,00a 510a 6,00a 44,34a 2316,05ab 227,23b

CuNPs 10,52a 7,67ab 5,21a 6,332 46,89a 2395,13a  252,56a

* Chir c&i khac nhau cing mét cét ghi nhdn sy khéc biét véi y nghia thong ké p <0,05 trong
phép thz: Duncan.
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Bang 3.2.8. Thich nghi va sinh truéng tiép theo cia cay Thu hai dudng & diéu kién

vuon wom sau 16 tuan.

3 Thoi
. Tylé Chieu £ Tyléra . ) Puong
Nghigm séng s6t  cao cay S0 SPAD hoa glannNe 1inh hoa
thic (%) (cm) la/cay (%) hoa\ (cm)
(ngay)
HgCl» 87,67ab* 21,83b  14,33ab 45,35c 92,67a 2,51b

AgNPs  90,00a 23,15ab 13,67b  48,54b 100a 86,67b 2,70a

CuNPs  90,33a 23,96a 15,00a 52,14a 85,33bc  2,68a

* Chir cai khac nhau ciing mét cét ghi nhdn sie khac biét véi y nghia thong ké p <0,05 trong
phép thzx Duncan.

Cay con thu nhan tir phoi soma khdng cho thay su khac biét co y nghia vé chi
tiéu sinh truong (ngoai trir chiéu cao cay con, s lugng ré, khéi luong tuoi va kho).
Diéu nay cho thiy cdy con c6 tich lily chat kho tot hon nhd sy tich lity tinh bot va ting
hoat tinh ctia enzyme chdng oxy héa (CAT va APX) ¢ giai doan hinh thanh phoi soma
s ting trudng trong giai doan tiép theo. Ngoai ra, cdy con thu nhan tir khir tring miu

ciy bang AgNPs va CuNPs cho thiy ra hoa sém hon va chi s6 SPAD cao hon.

Két qua cho thdy AgNPs va CuNPs dugc ung dung nhu mot chat khir tring
mau cdy ¢ cdy Thu hai dudng. Ngoai ra, AgNPs va CuNPs c6 anh hudng tich cuc ddi
v6i su sinh trudng tiép theo cua cdy Thu hai dudng. Do d6, cac cdy trong nudi cdy mod
khac can dugc nghién ciru nham dé danh gia & hon vai tro ctia AgNPs va CuNPs st
dung thay thé mot sb chat khir trung Khac va su phét sinh co quan, sinh 1y - sinh hoa

cling nhu sy sinh trudng tiép theo ctia mau cay.
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Hinh 3.2.5. Cay Thu hai dudng in vitro tai sinh tir phdi soma sau 16 tudn nudi cay.

A, B, C: Cay con thu nhan tir khir tring mau ciy bang AgNPs, CUNPs va
HQCl2 (Thuoc do: 2 cm).

Hinh 3.2.6. Cay Thu hai duong ¢ diéu kién vuon wom sau 16 tuan.

A, B, C: Cay con thu nhan tir khtr tring mau cdy bang AgNPs, CuNPs;
HgClz (Thuoce do: 5 cm).
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3.3.  Anh hwéng cia AgNPs lén kha ning tai sinh chdi va han ché mét sé hién

twong bat thwong trong nudi céy in vitro ciaa cay Ti linh lan

3.3.1. Ddnh gid khd nang tdi sinh chéi ciia cdc nguon méu khdac nhau va ghi nhén

hi¢n twong bit thuong

Két qua ghi nhan duogc cho thdy, mau gan chinh cua 4 ghi nhan sy tai sinh chdi
t6i wu hon so véi miu 14 nguyén véi ty 18 mau tai sinh chdi (66,00%), sé chdi (5,33
chdi) va chiéu cao chdi (0,73 cm) (Bang 3.3.1). Két qua ghi nhan trén cay Kiwi ciing
trong dong, mau gan chinh cua l4 cho hiéu qua tai sinh tdi wu so véi mau la nguyén
[157]. Vi vay, viéc sir dung mau gan 1a chinh cho kha ning tai sinh chdi cao hon so
v6i mau 14 nguyén. Mot s6 hién twong nhu thity tinh thé, hinh thanh mo seo & mép 14,
hoai tir mau cdy, héa ndu mau cdy va moi trudng nudi cdy trong giai doan tai sinh choi
clia mau cdy chtra gan chinh cua 14 va mau 14 nguyén cua cay Tu linh lan dugc ghi
nhan ¢ Bang 3.3.1 sau 8 tuan.

Bang 3.3.1. Sy sinh truong va hién tugng bat thuong trong giai doan tai sinh chdi
cua cay Tu linh lan sau 8 tuan.

Chi ti¢u theo doi Miu 14 nguyén Maiu gin chinh cia la
Ty 1& mAu tai sinh chdi (%) 40,00 + 1,15* 66,00 + 2,08

S6 choi/mau 2,67 0,33 5,33+0,33

Chiéu cao chdi (cm) 0,50 + 0,60 0,73+ 0,06

Thuy tinh thé (%) 20,00 + 1,15 19,67 + 1,20

Mo seo & mép 14 (%) 21,67 + 1,67 22,33 + 1,45

Hoai tir mau ciy (%) 14,67 + 0,88 12,33 + 1,45

Hoéa ndu mau cay va moi

truong nudi cdy (%) 20,33 +0,88 10,67 = 0,67

*Cdc gid tri trong bang thé hién dir liéu trung binh  SE (sai $6 chudn) trong phép thir LSD
voi p < 0,05.



Hinh 3.3.1. Mot s6 hién tuong bat thuong trong giai doan tai sinh chdi cua ciy Tu
linh lan sau 8 tuan nuoi cay.

A, B, C: Mau cay sinh truéng binh thuong; D, E, F: Miu ciy thiy tinh
thé; G, H, I: Mau ciy hinh thanh mé seo & mép 14; K, L, M: Mau ciy va
mdi truong nudi cay hoda nau (Thude do: 1 cm; Ngogi triv A: 0,5 cm -
Mau ccfy duwoc chup duoi kinh hién vi soi néi & dé phong dai 1a 10X — trur
hinh A va K).
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Ngoai ra, & giai doan tai sinh chdi trén ca 2 mau 14 nguyén va mau gan I chinh
déu xuat hién hién tuong thuy tinh thé (20,00% va 19,67%; tuong tmg), md seo & mép
14 (21,67% va 22,33%; tuong tng), hoai tir mau ciy (14,67% va 12,33%; tuong tng),
mau cdy va moi truong nudi ciy hda nau (20,33% va 15,67%; tuong tng) (Bang 3.3.1
va Hinh 3.3.1). Hién tuong thuy tinh thé 1a mot trong nhitng hién tuwong bat thuong
chu yéu duoc ghi nhan trong nudi cdy md va di duoc ghi nhan khi nudi cdy cidy Cam
chuéng (Dianthus caryophyllus) [158] va cay Xuong rong (Euphorbia antiquorum)
[159]. Nguyén nhan din dén hién tuong thiy tinh thé trong vi nhan giéng 1a su két hop
ctia nhiéu yéu t6 nhu moi truong, loai va nong d6 CPHSTTV [160], d6 am va khi
ethylene [161], hé thong nudi cdy va cac chat lam dong nhu agar hay gelrite trong moi
truong Nudi cdy mo [162]. Trén cay Tu linh lan, hién tugng bat thudng ghi nhan & giai
doan tai sinh chdi 12 khoang 20% trén ca 2 loai miu ciy (I nguyén va gan chinh cua
14) v6i cac ddc diém nhu chdi va 14 c¢6 hién twong mong nudc va bién dang (Hinh
3.3.1D-F). Trong nghién ctru nay, hién twong mé seo xuit hién & mép 14 duoc ghi nhan
trong nudi cdy mé, diy co thé 1a do trong giai doan tai sinh chdi, cac chdi duoc tao
thanh co kich thuéc nho va cac 14 ndm gan va tiép xtc véi moi trudng nudi cdy (mdi
trudong MS chira CDHSTTV nhu BA va NAA); do d6, cac mau 14 hinh thanh m6 seo
(Hinh 3.3.1G-1).

Bén canh d6, hién tuong hoai tir mau cdy va méi trudng nudi cdy hoa nau ciing
dugc ghi nhan trong giai doan tai sinh chdi (Hinh 3.3.1K-M); trong d6, miu gan chinh
cua |4 ghi nhan cac hién trong nay thiap hon so véi mau 14 nguyén. Piéu ndy co thé 1a
do mau gan chinh cia 14 c6 vét thuong sau khi cit mau nén kha nang tiép xuc, hap thu
dinh dudng tot hon so v6i mau 14 nguyén. Véi diéu kién nudi cdy 1a binh kin, d6 am
trong binh cao hon 95%, thanh phan méi trudng nudi cdy va sy tich lity cac khi (dic
biét 1a khi ethylene) da dan dén céc hién tugng bat thudng trong qua trinh nudi ciy mo
[51, 57]. Do do, viéc tim ra mot vat li¢u mai giup gia tang su sinh trudng ctia mau céy
cling nhu han ché mot s hién twong bat thuong Ia rat can thiét trong nhan giéng mot

sO cay trong.
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3.3.2. Anh hwéng ciia AgNPs gia |1én qud tdi sinh chéi va khic phuc mét so hién

twong bit thuwong

Sau 4 va 8 tuan nudi céy, AgNPs c6 hiéu qua 1én sy tai sinh chdi, han ché mot
s6 hién twong bit thuong, su bién dong khi ethylene, enzyme chéng oxy hoa (Bang
3.3.2,3.3.3, 3.3.4 va Hinh 3.3.2, 3.3.3). Méi truong MS bo sung AgNPs da cai thién ty
1¢ tai sinh chdi so voi nghiém thirc khéng bd sung AgNPs sau 4 tuan nudi cay. Trong
d6, nghiém thtc 2 mg/L AgNPs ghi nhan ty 18 tai sinh chdi (89,33%), chiéu cao chdi
(0,67 cm), khéi lwgng twoi va khé cua cum chdi (581,33 mg va 72,67 mg; tuong Gmg)
1a cao hon cac nghiém thic AgNPs khac (Bang 3.3.2). Ngoai ra, nghiém thtic bd sung
3 mg/L AgNPs ghi nhan s6 ch6i/mau (7,67 chdi) 1a cao hon cic nghiém thirc con lai

(Bang 3.3.2 va Hinh 3.3.2A).

Sau 8 tuan nudi cdy, cum chdi tiép tuc sinh trudng trén moi truong co bod sung
AgNPs va dbi chimg (Bang 3.3.3). Nghiém thirc 1 va 2 mg/L AgNPs cho hiéu qua tot
nhat véi tong sd chdi ghi nhan duoc (10,67 chdi/mau va 10 chdi/mau); tuy nhién, sb
chdi (> 1 cm) ghi nhan dugc & nong do 2 mg/L AgNPs lai cao hon (5,67 choi) (Bang
3.3.3 va Hinh 3.3.2B-C). Ngoai ra, chiéu cao chdi (1,30 cm), khdi luong tuoi va kho
cum chdi (1476,00 mg va 160,67 mg; twong tng) ghi nhan t6i vu & nghiém thuc 2
mg/L AgNPs (Bang 3.3.3). SPAD khong c0 su khac biét rd rang gitra cac nghiém thirc
AgNPs va d6i chimg, tuy nhién ham luong khi ethylene va enzyme chong oxy hoa cia
cum choi trén mai truong chita AGNPs sau 8 tuan nudi cay thi ghi nhan sy khac biét co
y nghia (Bang 3.3.4). Ham luong ethylene ¢ nghiém thirc 2 mg/L AgNPs thip hon so
v6i d6i ching (1,15 mg/L so v6i 1,36 mg/L); trong khi d6, hoat tinh enzyme CAT va
APX lai gia ting hon so v&i nghiém thirc d6i chting (Bang 3.3.4). Hon nita, ghi nhan
hién tugng bat thuong trong giai doan tai sinh chdi cho thay hién tuong thily tinh thé
(14,33%), mo seo & mép 14 (15%), hoai tir mau ciy (6,67%), mau cdy va mdi truong
nudi ciy hoéa nau (8,00%) giam & ndng do 2 mg/L AgNPs so véi nghiém thirc khdng
b6 sung AgNPs (Bang 3.3.1 va Hinh 3.3.3).
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Bang 3.3.2. Anh hudng cua AgNPs 1€n sy tai sinh chdi va sinh trudng ctia cum chdi
cay Tt linh lan sau 4 tuan nuoi cay.

AgNps TV @ tai £ Chieu  Khodilwgng  Khoilwgng

(rr?g/L) sinh choi chai/miu ¢ choi  twoi cum choi  khd cum choi
(%) (cm) (mg) (mg)

0 67,67d* 5,67b 0,47bc 282,67c 36,00d

1 79,00bc 6,00b 0,53ab 467,67b 60,67b

2 89,33a 6,00b 0,67a 581,33a 72,67a

3 82,33b 7,67a 0,43bc 409,00b 50,33c

4 76,33¢ 5,00b 0,30c 409,33b 42,33cd

* Chir c&i khac nhau ciing mét cét ghi nhdn si khéc biét véi y nghia thong ké p <0,05 trong
phép thiz Duncan.

Bang 3.3.3. Anh hudng ciia AgNPs Ién su tai sinh chdi va sinh truéng ctia cum choi
cay T linh lan sau 8 tuan nudi cay.

S6 chéi/miu

AaNPs Chiéu Khdi Khdi

(rrgllg ) cao choi  SPAD lwong twoi  lwong kho
Téng  Chdi>1cm (CM) (mg) (mg)

0 7,33bc* 1,67bc 0,73c 27,33a 1020,33d 120,00c

1 10,67a 2,33b 0,80bc 27,67a 1198,33c 134,33b

2 10,00a 5,67a 1,30a 30,00a 1476,00a 160,67a

3 8,00b 1,33d 0,93b 28,00a 1358,00b 147,00ab

4 6,00c 1,00e 0,73c 25,33a 977,67d 110,67c

* Chir c&i khac nhau cing mét cét ghi nhdn sy khéc biét véi y nghia thong ké p <0,05 trong
phép thz: Duncan.
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Hinh 3.3.2. Anh hudng ctia AgNPs 1én kha ning téi sinh chdi cy Tir linh lan sau 4
va 8 tuan nuoi cay.
A: Cum chdi sau 4 tuin nudi céy; B: Cum chdi sau 8 tudn nudi céy;
C: Hinh thai choi (Thudc do: 2 cm).
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Ethylene 13 mot hormone duy nhit ¢ dang khi, diéu chinh mét sé qué trinh sinh
Iy & cay trong, duoc chimg minh 1a dong mot vai trd quan trong trong hé théng bao vé
ctia thue vat chdng lai cac yéu td stress phi sinh hoc va sinh hoc va c6 hoat tinh & ndng
d6 tir 0,01 dén 1,0 mg/L. Su tac dong duoc ghi nhan phu thudc vao loai thuc vat, kiéu
dap tmg,... Tr 1au thuc vat dugc biét 1a c6 thé san xuat ra ethylene; n6 dugc coi 13 mot
phytohormone diéu chinh céc qua trinh phat trién va ting trudng khac nhau, b tro
hoic d6i khang voi nhitng hormone khéac [163]. Ethylene ¢6 vai trd e ché su sinh
trudng thuc vat, tuy thudc vao loai, mé va loai té bao thuc vat, giai doan phat trién.
Trong binh nudi ciy kin, khi ham luong ethylene cao s& (rc ché phat sinh hinh thai cta
mau cay, n6 con dugc xem | mot trong cic nguyén nhan gy ra hién twong thily tinh
thé trong nudi céy mo & mot sd loai thuc vat. Do d6, mét sb ki thuat nhu st dung binh
thoang khi, mang Millipore, than hoat tinh, hoic cac chit co tac dung trc ché ethylene
nhu: Cobat, Ag*, Aminoethoxyvinylglycine duoc sit dung trong nudi cay mo. Ngoai
ra, Ag 1a mot kim loai it duoc thém vao méi trudng nudi cdy ma chi duge bd sung vao
moi trudng nudi cdy mod dé ngan nglra va xi 1y mot sd bénh trén cay trong ¢ dang ion
Ag* c6 trong mubi bac nitrate (AgNO3). Bac dugc chimg minh 1a c¢6 thé han ché su
tong hop ethylene va lam thay d6i viing hoat dong cia ethylene. Ngoai ra, ETR1 c6
thé lién két v6i ethylene qua trung tdm hoat dong cuia 1 tiéu phan c6 Cu*. Bén canh do,
su thay thé Cu* bang Ag* 1am cho ETR1 khong thé lién két véi ethylene; dan dén ngin
chan cac tin hiéu @c ché cua ethylene. Nguyén nhan la do c6 su tuong dong vé trang
thai oxy hoa - khu, hinh dang, Cu* va Ag* trong qua trinh tao thanh phirc chat véi
ethylene. Miyazaki va Yang (1987) da bao cao anh hudng ciia AgNOs I1én SAM - la
mot tién chit dé tao thanh ethylene, tir d6 ngin chin nhitng tic dong tiéu cuc cua
ethylene 1én cy nhu stress, hién tuong bat thuong. Bén canh d6, polyamine cé vai trd
thiét yéu nhu phat sinh hinh thai, tong hop protein, phan chia té bao, nhan doi DNA va
gilp cdy chdng lai cac tic nhéan stress phi sinh hoc hay sinh hoc. Mot s6 béo cdo da
cho thay mdi lién hé chat ché gitra cac polyamine, ethylene va SAM. Trong mdi lién
hé nay, ethylene hay polyamine diéu c6 chung mot tién chat 1a SAM dé co thé sinh
téng hop nén ching; vi vay, st dung cac chét tic ché tong hop ethylene nhu AgNO3,
cobalt chlorua s& 1am cho SAM khong sinh tong hop ethylene va dong nghia véi viée
SAM sé tong hop polyamine nhiéu hon va din dén gia tang sy phét sinh hinh théi thuc
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vat. AgNPs kich thudc nho hon 20 nm va dién tich bé mit 16n s& gia ting kha ning
tiép xtic va su bam dinh 1én bé mit té bao 1am cho hiéu qua tic dong cua AgNPs cao
hon so v&i Ag*. AgNPs tac dong dén kha ning sinh trudng cia cdy trong thdng qua
c4c bién ddi ¢ muirc d6 sinh 1y va phén tir theo cac hudng khac nhau phu thude vao doi
tugng cdy trong, ciu tric va ndng d6 AgNPs. Ngoai ra, AgNPs c6 hiéu qua cao trong
viéc khang ndm va vi khuan ciing nhu s sinh truéng, phat sinh hinh thai cua cay nudi
cdy mo. Gan day, AgNPs c6 kha niang cai thién sinh trudng cla cc cdy trong thong
qua qué trinh bién dudng (chlorophyll, protein, carbohydrate, enzyme chéng oxy
hoa,...). Bén canh d6, hiéu qua khang vi sinh vat cao duwa trén tinh chat vat Iy cia
AgNPs 14 c6 thé hap thu anh sang & budc song tir 390 dén 420 nm. Vi vay, thyc vat
sinh truong trén moi trudng nudi cdy md bo sung AgNPs ghi nhan sinh khdi cao hon,
giam hién tuong vang va rung 14, 14 mau xanh dam hon so véi cdy dugc nudi ciy trén
moi trudng khong bo sung AgNPs. Gan day, AgNPs duoc chirg minh ¢ hiéu qua tc
ché su hoat dong cua ethylene [160]. Ngoai ra, AgNPs dugc chirng minh 12 giam tich
lity ethylene trong c4c binh nudi cay cua choi cdy Dau tay [57]. Ngoai ra, tuy theo dbi
tugng cdy trong khac nhau ma ndng d6 AgNPs tic dong 1én sinh truong 1a khdng
gidng nhau [57, 164].

Hoat tinh ctia enzyme CAT va APX trong chdi ¢ nghiém thitc AgNPs ¢ nong
d6 toi wu c6 sy gia ting. Hoat tinh cua CAT va APX dugc ghi nhan gia tang trén cay
Cai be xanh trong mai truong bd sung AgNPs (25 - 50 mg/L) va cay sinh truong manh
[35]. Ngoai ra, moi trudng nudi cdy cdy Lua va Cai be xanh chira AgNPs ghi nhén su
tang manh biéu hién gen FSD1 cua SOD, CAT va APX; do do, lam giam dang ké su
tich liy gdc H202 va kich thich sy sinh trudng cta cdy [165]. Trong nghién ciru nay,
bd sung AgNPs gitip gia ting kha ning tai sinh chdi, han ché mot sé hién tuong bat
thudng, giam tich lity khi ethylene, gia ting hoat tinh enzyme chdng oxy hoa (Bang
3.3.2, 3.3.3, 3.3.4 va Hinh 3.3.2, 3.3.3). Tur nhiing két qua trén cho thay, bd sung 2
mg/L AgNPs gilp gia ting hiéu qua tai sinh chdi ciing nhu han ché ty 16 mau c6 hién
tugng thuy tinh thé, mo seo & mép 14, hoai tir mau cdy va hoa nau miu cdy va moi

truong nuodi cay mo cua cay Tu linh lan.
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Bang 3.3.4. Ham luong khi ethylene trong dia nuéi cdy va enzyme chéng oxy hoa
cia cum choi cdy Tur linh lan trén moi truong c6 bo sung AgNPs sau 8
tuan nuoi cay.

AgNPs Ethylene CAT APX
(mg/L) (mg/L) (U/g) (U/g)
0 1,36ab 77,31e 0,29
1 1,45a 82,32d 1,11b
2 1,15c 101,51a 2,37a
3 1,32bc 88,09b 0,94c
4 1,44a 86,90c 0,40d

* Chir c&i khac nhau ciing mét cét ghi nhdn sy khéc biét véi y nghia thong ké p <0,05 trong
phép th:z Duncan.

Stress sinh hoc va phi sinh hoc c6 thé 1am ting san xudt cac ROS va thiic day
phan tng phong vé cua cdy trong trong vi nhan gidng. SOD, CAT va APX la 3
enzyme khang oxy hoa thiét yéu dong vai trd quan trong nhu 13 yéu t6 bao vé. O nong
d6 thip, ROS ndi sinh 14 tin hiéu dé diéu chinh qua trinh ly giai té bao (apoptosis),
kich hoat cac yéu to phién ma (NFkB, p38-MAP, kinase), diéu chinh sy biéu hién cia
cac gen ma hoa cho cac enzyme khang oxy héa. Tuy nhién, khi ham lugng ROS tang
1én qua mirc, ROS gay bién tinh protein, oxy hoa lipid, giam quang hop va tham chi
gay chét t& bao. Sau d6 thuc vat c6 co ché diéu chinh ham lugng ROS mdt cach hi¢u
qua boi sy gia tang hoat tinhc enzyme khang oxy hoa (CAT, SOD va APX) dé giam
thiéu doc tinh ciia ROS ciing nhu ting cuong kha ning chdng chiu cta thyc vat nudi

7
A

cay.

Anh huéng ctia AgNPs bo sung vao mdi trudng cho sy nay mam cay Lla
(Oryza sativa) duoc ghi nhan & muc d6 phan tir nhu sy ting manh biéu hién gen FSD1
ctia SOD trong ré va 1a & ca n6ng do cao va thép, dic biét 1a & ré [165]. Tuy nhién, su

biéu hién cac gen CAT va APX lai khong thay d6i dang ké ca ¢ ré va 1a; do d6, H20>
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khong dugc chuyén hoa triét dé thanh H,O va O,. Vi chirc ning phan giai H,O, thanh
H20 va Og, hoat tinh ctia CAT va APX gia tang da lam giam lugng H202 giy doc cho
hé r& cua thyuc vat nudi cdy. Voi chire niang phan giai H202 thanh H20 va Oz, hoat tinh
ctia CAT va APX gia ting da lam giam luong H202 gay doc cho hé ré cta thuc vat
nudi cay [165].

Tom lai, bo sung 2 mg/L AgNPs c6 hiéu qua lén sy nhan nhanh chdi va sinh
trudng cua cum chdi, han ché hién tuong thuy tinh thé, mo seo & mép 14, hoai tir mau
cdy, mau cdy va méi truong hda nau, giam sy tich liy khi ethylene va gia ting hoat

tinh enzyme chdng oxy hoa (CAT va APX) trong giai doan tai sinh choi.
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CHUONG 4. KET LUAN VA KIEN NGHI

4.1. Két luén

Trong nghién ctru nay, AgNPs dugc ching minh ¢ hiéu qua 1én khtr trung moi
treong nudi cdy md so voi phuong phép hap tiét trung théng thuong. Ngoai ra, AGNPs
hodc CuNPs c6 hiéu qua khur tring mau cdy, gia ting sinh trudng ctia mau ciy (cam
g mb seo, cam Ung tao phoi, tai sinh chdi, ra ré in vitro, thich nghi & vudn vom) va
sinh Iy - sinh hoa (enzyme khang oxy hoa, tinh bot va duong) cia mau cay. Mat khac,
AgNPs b sung trong mdi truong nudi cdy mé gilp han ché cac hién tuwong bét thuong
clia mau cdy. Tuy theo timg ddi twong nghién ciru cu thé ma AgNPs hoic CuNPs c6
tac dong khac nhau trong khtr tring mau, khir tring méi trudng nudi cdy va vi nhan
gidng:

AgNPs khir triing méi truong nudi cdy mé: Bo sung 4 mg/L AgNPs vao moi
truong nudi cdy va giam mot nira ham lugng agar (4 g/L) ¢ hiéu qua khir tring moi
truong nudi cay va khong can hap tiét trung ciing nhu gia ting hoat 46 APX va SOD
Cua cay.

AgNPs va CuNPs khir tring mdu cdy va sinh truéng tiép theo cia mdu cdy:
Mau 14 cdy hoa Clc duoc khir tring véi 250 mg/L AgNPs trong 15 -20 pht ghi nhan
ty 1& cam (mg mo seo t6i wu so voi khir tring miu cdy véi 1.000 mg/L HgClo. Trong
khi @6, cac ngudén mau cudng 14, cudng hoa va doan than cay Thu hai duong khir tring
v6i 200 mg/L AgNPs hodc CuNPs ¢6 hiéu qua khtr tring mau cdy va cam tng tao phoi
t61 wru so véi cac chat khir tring khac. Ngoai ra, sb luong phoi soma va s phdi soma
¢6 hinh dang hai 14 mam cao nhat dugc thu nhan v6i khir tring mau cay c6 ngudn goc
khir tring bang AgNPs hoic CuNPs ciing nhu gia ting hoat tinh emzyme chéng oxy
hoa CAT va APX.

AgNPs trong giai doan tdi sinh chéi: Mau gan chinh cta 14 cay T linh lan nudi
ciy trén méi truong bod sung 2 mg/L AgNPs ghi nhan gia ting su tai sinh chdi va sinh
truéng cua cum chdi; giam hién tugng thuy tinh thé, mé sco & mép 14, hoai tir mau
ciy, miu cdy va moi trudng hda nau; giam sy tich liy ethylene va gia ting hoat tinh

emzyme chéng oxy hoa CAT va APX.



81

4.2. Kién nghi
Nghién ciru thém vai tro ciia AgNPs va CuNPs trén nhiéu cdy trong nudi ciy
mo khac.

Nghién ctru vai trd caa mot sé chit khir tring khéac trong vi nhan gibng.
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