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NGHIEN CUU ANH HUONG CUA HAT NANO KEM OXIT PEN SU' SINH TRUONG
VA PHAT TRIEN CUA CAY CAM CHUONG (Dianthus caryophyllus L.) in vitro

Dao Thi Sen*, Bui Thi Thanh Huong, Nguyén Thi Ngoc va Nguyén Thi Hong Hanh
Khoa Sinh hoc, Trirong Pai hoc Suw pham Ha Ngi

Tém tit. Nano k&m oxit 1a mot trong sO cac hat nano dugc st dung nhléu trong cac linh
vuc boi nhidu dac tinh ndi trdi so v6i vat lidu thong thudng. Nghién ctru tlen hanh danh gia
anh hudong ciia nano k&m oxit dén sy sinh truong va phat trién ciia ciy cam chudng in vitro
trén moéi truong bd sung nano kém oxit (0-20 mg/L) hodc két hop véi ZnSO4 trong giai
doan phat sinh chdi, dudng chdi va ra r&. Chdi cim chudng in vitro cao khoang 2 cm vai 2
cdp 14 1a ngudn nguyén liéu. Két qua duoc danh gia sau 3 va 6 tudn nudi ciy trén moi
truong tuong tmg cho thay hat nano kém oxit ¢6 tac dung trong su phat sinh chdi ¢ cay cam
chuéng in vitro & nong do thap (1 mg/L). Khi ting ndng d nano k&m oxit hé s6 nhan chdi
giam dan. Trong giai doan dudng chdi, nano kém oxit c6 tac dung kich thich su phat trién chiéu
cao, giam ham lugng chlorophyll. Cong thirc bd sung 1 mg/L nano kém oxit thu dwoc két qua
t6t nhat sau 6 tudn nudi cdy dat 2,15 chdi/mau, chidu cao trung binh dat 6,15 cm/mau, ham
lugng chlorophyll tong s6 14 361,75 pg/g. Thiéu k&m anh hudng 16n dén sy phét sinh &, khi bd
sung nano k&m oxit gitip 1am ting s6 ré va chiéu dai ré (cong thirc bd sung 1 mg/L nano kém
oxit cho ré nho va dai, dat 10,1 ré/mau so véi mdi truong loai bo hoan toan kém cho ré nho,
ngén, dat 5,65 r&/mau). Tuy nhién, mdi trudng di chitg MS co ban (chira ddy du mudi kém)
cho két qua tuong duong hodc tot hon & mot sb chi tiéu (trung binh sau 6 tudn dat 2,25
chdi/mau, chiéu cao chdi 4,25 cm/mau, ham lugng chlorophyll tong s6 751,50 pg/g, ré to, dai
dat14,6 r&/chdi).

Tir khoa: Chlorophyll, Dianthus caryophyllus L., nano k&m oxit, sinh truong va phat trién.

1. Mé dau

K&m ¢ vai trd trong dinh dudng cy tréng nhu 1 viéc anh huong dén su tdng hop sinh hoc
axit indol acetic; 1a thanh phan thiét yéu cia men metallo-enzimes carbonic, anhydrase, anxohol
dehydrogenase. K&m con dong vai trd quan trong trong qué trinh tong hop axit nucleic va
protein. Bac biét, kém con giup cho viéc tang cuong kha nang sir dung dam va lan trong cay.
Trong nudi cdy mo té bao thuc vat kém duoc bd sung dudi dang ion kém trong mudi ZnSO,
cung cap cho cay.

Gan day, véi sy phét trién cua cong nghé nano, cac hat nano k&m oxit (NP ZnO) la mot
trong s cac hat nano dugc (ng dung trong nhiéu linh virc. Cac hat NP ZnO c6 dic tinh hap thu
va phan xa UV dic biét. Ching dang duoc str dung rong réi trong nhiéu san pham nhu son, vat
liéu phu, san pham cham séc y té. Trong linh vuc thuc pham va néng nghiép nano kém oxit
ciing duoc st trong trong thudc trir sau, thuéc diét nAm va phan bon. Tac dung ciia NP ZnO ¢d
kha nang cai thién su nay mam, tang truong ré, tang truang chdi, trong luong kho cua cay dau
xanh, dau ga, cay ca chua va nang suat qua ¢ cay lac... Tuy nhién, hat nano ZnO da cho thay
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doc tinh & cac cay nhu cai cu, cai dau, c6 Y (Lolium multiflorum), xa lach, dua chuét, cai xanh,
ngd, la va khoai lang do su huy bé cac tac nhan chdng oxy héa ROS va tac nhan diéu khién
chu ky té bao, dan dén t6n thuong DNA va gay chét té bao [1, 2].

Trong nuoi Cay mo thyc vat, nghién ctiru dnh hudng cua hat nano ndi chung va nano kém
néi riéng budc dau thu dugce nhig két qua co lgi nhu cai thi¢n va ting cuong sw nay mam cua
hat, ting truéng va nang sudt cay trong ting, tang ham lugng cac hop chat hoat tinh sinh hoc va
giam sy nhidm sinh hoc... nhung ciing c6 nhiéu nghién ciru chi ra cac tac dong bt loi gay doc té
bao. Tac dong cta hat nano phu thugc rat Ién vao loai hat nano, loai cay trong, thoi gian tiép
xUc va nong do hat nano st dung [2].

Cam chuong (Dianthus caryophyllus L.) la loai hoa cat canh dep va phd bién cho nang sut
va gia tri kinh té cao ¢ Viét Nam. Cam chudng con 1a hai loai cay dién hinh trong nu6i cay mo
thyc vét vi ching c6 thoi gian sinh truong ngan, toc d sinh truong nhanh va dé dang nuéi céy.
Vi vay, nghién ctru ndy dugc thuc hién nham danh gia anh huong cta nano k&m oxit 1€n su sinh
truong va phat trién cia cay cam chudng in vitro, gop phan dénh gia vai tro thay thé, b sung
hat nano k&m oxit trong nudi ciy mo la can thiét.

2. Noi dung nghién ctru

2.1. Vat liéu va phwong phap nghién ctu
2.1.1. Vit liéu

Cay cam chudng in vitro.

Hat nano k&m oxit (Sigma- Aldrich, M) duoc cung cp boi Vién Cong nghé Mai truong -
Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
2.1.2. Phuwong phap nghién ciru

Phirong phdp chudn bi méi trieong va diéu kién nudi cdy

MBoi truong nudi cay 1a m6i treong MS [3] va MS cdi bién loai bo thanh phan mudi kém va
MS cai bién c6 giir 1/2 mudi kém tuwong Gng c6 bd sung 30 g/L sucrose; 7,0 g/L agar; cac chét
diéu hoa sinh trudng va nano twong tng véi cac ndng do khac ‘nhau tly theo ting thi nghiém
(Bang 1). Cac hat nano kém oxit dugc phan tan trong nuéc cat khir ion va siéu am (300 W,
40 kHz) trong 30 phat [4]. Cac mau thi nghiém duoc nudi cay trong phong nudi vei nhiét do
25 £2°C, do am 55 - 60%, su dung anh sang deén led trang, thoi gian chiéu sdng 16h/ngay.

Bing 1. Thanh phdn méi trwong nudi cdy

Tén méi trwomg  Thanh phan

Nhan choi MS + 30 g/L sucrose + 7 g/L agar + 0,5 mg/LBAP + 30 ml/L nudc dira, pH 5,7
Dudng choi MS + 30 g/L sucrose + 7 g/L agar + 30 ml/L nudc dura, pH 5,7
Raré MS + 30 g/L sucrose + 7 g/L agar, pH 5,7

Céc thi nghiém duoc 13p lai 3 1an, mdi thi nghiém ciy 03 binh/nghiém thirc, mdi binh cay 5 mau.

Nghién citu dnh hwéng cia hat nano ZnO ¢ giai dogn nhan choi

Cé4c miu doan than cay cam chudng in vitro véi 2 dét/doan sir dung cho méi truong nhan
chdi dugce dugc cay vao moi trudng nhan chdi trong 2 cong thirc 1a MS cai bién (khéng c6
mudi k&m ki hiéu MS Zn) va MS cai bién giit 1/2 lwong mudi k&m trong moi truong (ki
hiéu: MS 1/2Zn) b sung cac hat nano véi cac ndng do khac nhau (0; 1; 5; 10; 20 mg/L), dbi
chung 1a méi trudng nhan chdi chira MS co ban nham khao séat anh huang cia cac hat nano
dén qua trinh phat sinh chdi in vitro. Sé liéu thi nghiém duoc thu nhan sau 3 tuan va 6 tuan
nudi cay. Cac chi tiéu dugc thu nhan 1a s6 chdi/mau, dic diém chdi.
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Nghién ciru anh huong cia hat nano ZnO ¢ giai doan dwéng choi

Mau la cac chdi cdy cAdm chudng c6 hinh thai tuong duong va c6 chiéu cao khoang 2cm,
Vi 2 cap 14 duge duoc cy vao méi truong MS cai bién MS Zn va MS 1/2 Zn bo sung cac hat
nano vai cac nong do khac nhau (0; 1; 5; 10; 20 mg/L) ¢6 ki hiéu lan lugt twong tng la: ZnO,
Znl, Zn5, Zn10, Zn20 va 1/2Zn0, 1/2Zn1, 1/2Zn5, 1/2Zn10, 1/2Zn20, doi ching 1a méi truong
dudng chdi chira MS co ban (ki hiéu PC) nhiam khao sat anh huong cua céc hat nano ZnO &
giai doan dudng choi. Sé liéu thi nghiém dugc thu nhan sau 3 tuan va 6 tuan nudi cay. Céc chi
tiéu duoc thu nhan 1a chiéu cao chdi, chat lvong chdi, ham luong diép luc, khdi lwong khd.

Nghién citu dnh hwéng cia hat nano ZnO dén kha nang ra ré

Céc chdi c6 chiéu cao khoang 3 cm, hinh thai twong duong dugc ciy vao méi trudng ra ré
MS Zn va MS 1/2 Zn b sung cac hat nano véi cac ndng do khac nhau voi cac ndong do khac
nhau (0; 1; 5; 10; 20 mg/L), d6i chirng 1a méi truong ra ré chira MS co ban nham khao sat
anh hudong cua cac hat nano ZnO & giai doan ra ré. Sé liéu thi nghiém duoc thu nhan sau 3
tuan nudi cdy. Cac chi tidu duoc thu nhan 1a sé r&/miu, dic diém ré nham danh gia kha ning
ra ré cua chdi in vitro.

Phuong phdp xdc dinh ham lwong diép luc

Mau cdy sau 6 tuan trén moi truong dudng chdi s& duge dua ra khoi binh cdy, can khbi
lugng tuoi va cac dinh ham luong diép luc. Ham lugng diép luc dugc xac dinh theo phuong
phap cua Hall va Rao (1999) va dugc xac dinh theo cdng thuc: [5]

Cong thic tinh diép luc a pg/mL 11,77 x OD664 - 2,29 x OD647
Cong thire tinh diép luc b pg/mL 20,03 x OD647 - 4,77 x OD664
Cong thirc tinh diép luc tong s6 a+b pg/mL 7 x OD664 - 17,04 x OD647

PthO'ng phap xdc dinh ham leong vat chdt kho

Lay mau cho| cly cam chudng in vitro ra khoi binh nudi Cay va can ngay bang can phan
tich. Sau d6 sdy & 105°C trong 2 h dau, 70 — 80°C trong 48 h tiép theo. Can lai mau biang can
phan tich. Ham luong chat kho tuyét dbi duoc xac dinh theo cong thuc:

Ham Iuong chat kho tuyét d6i (%) = (Khéi lugng khd x 100)/ Khéi lugng tuoi.

Phurong phdp xit 1y 6 liéu

S6 lieu thi nghiém duoc xt 1y theo phuong phap théng ké sinh hoc bang chuong trinh
Excels va phan mém xur ly thong k& SPSS phién ban 16.0. Su sai khac gitra cac gia tri dugc xac
dinh bang Tukey’s-b véi o = 0,05.
2.2. Két qua va thao luan
2.2.1. Anh hwéng ciia hat nano ZnO & giai doan nhén chdi

Mau doan than cay cam chudng véi 2 dbt/doan sau dugc cdy vao méi truong thi nghigm sg
dugc theo doi trong 3 tuan va 6 tuan. Két qua duoc thé hién rd trong bang sau:

Bdng 2. Anh hwong ciua hat nano ZnO dén kha ndng tao choi sau 3 tuan nudi cd'y

Somnte | SN ppeaimensi SO0 SR g on
Zn0 1,252 £ 0,07  Choi nho, than manh Y2 Zn0 1,452+ 0,14  Chdi nho, trang, thap
Znl 2,15°+0,07  Chdi to, cao, xanh %Znl  2,45°+ 0,04 Chdinho, tring, cao
Zn5 1,75+ 0,14  Chdi to, ngin, xanh %Zn5 1,35+ 0,21  Chdinho, tring
Zn10 1,65°+0,04  Choito, ngan,xanh % Zn10  1,55%+ 0,14 Chdinho, tring, thip
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Zn20 1,85°+0,04  Choito, ngin,xanh % Zn20  1,40°+ 0,04 Chdinho, tring, thip
DC 2,25°+0,07  Chdi to, cao, xanh PC 2,25+ 0,07 Chdi to, cao, xanh

Ghi cha: Nhieng chiz cdi (a, b, ¢) trong cing mét cét thé hién su sai khdc cé y nghia thong ké véi P = 0,05

Két qua trinh bay trong bang 2 cho thiy, sau 3 tuan nudi ciy di co su khac biét rd rét vé sb
luong chdi trung binh & cac cong thirc ¢d ndng d6 nano ZnO khac nhau va cong thire dbi ching.

Két qua cho thiy ty 18 tao choi cia mau giam rd rét trong moi trudng MS khong kém va
khéng bd sung hat nano. Cu thé, khi ting ham luong hat nano tir 0 mg/L Ién 1 mg/L thi s6 luong
chdi trung binh tang tir 1,25 1én 2,15. Khi ham lwong nano kém tiép tuc ting 1én cao nhur & cong
thire Zn5, Zn10 va Zn20 thi lwong chdi trung binh giam dan. Tuy nhién, khi so véi mau PC 1a
mdi truong MS binh thuong khong b6 sung hat nano thi khi thay thé hoan toan kém trong moi
trudng bang hat nano kém ¢ cac nong d6 khac nhau da lam giam luong chdi cua mau. Xét vé
chat lwong chdi thi mau Znl va mau ddi ching cho chat chdi c6 chét lwong cao nhat, mau Zn0
cho chdi cé chét lugng thap nhat.

Tuong tu nhu vy dbi v6i cAc mau trong mdi truong MS % kém, s6 chdi trung binh ciing
thip nhat & cong thirc ¥2 Zn0 va cao nhit ¢ cong thicc %4 Znl khi ham luong nano trong moi
truong & mirc Smg/L. Sau d6 lwong chdi giam dan khi tiép tuc ting ham lwong nano kém trong
mdi truong 1én mic 5 — 10 — 20 mg/L. Cu thé khi ting ndng do nano kém tir 0 mg/L 1én 5 mg/L
thi s6 chdi trung binh tang tir 1,45 Ién 2,45 va chét lugng chdi ciing ting, chdi cao hon. Sau d6
ham lugng nano ting thi s6 chdi trung binh lai giam. S6 chdi trung binh cao nhat Ia & cong thirc
Y Zn1 vai s6 chdi trung binh 1a 2,45 va thap nhat 1a & cong thire 0 khi khéng bd sung hat nano.
Tuy nhién khi so cac mau thi nghiém véi mau ddi chiing ta c6 thé thay duoc s6 chdi trung binh
& mau dbi ching la cao nhat véi 2,25 chdi/cay. Cac cong thirc Y2 Zn5 — % Zn10 va ¥ Zn20 cho
s6 chdi trung binh twong tng 12 1,35 — 1,55 va 1,4.

Nhu vay, khi thay thé kém trong méi truong bang hat nano kém véi ham luong 1 mg/L s&
cho két qua tét nhat, tuy nhién khi so véi mau doi ching thi khéng co su khac biét co y nghia.
So sanh véi két qua nghién ciu cua Hira Zafar va cong su (2016) véi dbi twong cay cai Brassica
nigra véi cac ham lugng hat nano thi nghiém tuong ty (0; 1; 5; 10; 20) cho két qua hat nano
k&m gay kich thich phat trién choi khi xir I hat cia mau bang 1 mg/L nano rdi dem gieo, két qua
nay cd su khéc biét véi két qua cua ching téi khi thir trén dbi tuong 1a cay hoa cam chuéng [6].

Mau thi nghiém sau khi dugc Iy s6 liéu sau 3 tuan nudi cdy sé tiép tuc dugc theo ddi thém
3 tuan. Két qua thi nghiém sau 6 tuan duoc thé hién qua bang 3.

Bing 3. Anh hwéng ciia hat nano ZnO dén khd nang tao choi sau 6 tuin nuéi cdy

Cong thirc - So choi Picdiémchyi  congthic - Sochoi Pic diém chdi
mdi trwong  trung binh : mdi trweong  trung binh :
Zn0 2,60° +0,04  Choinho, than manh Y% Zn0 1,852+ 0,07  Choi nho, tring, thip
Znl 3,65¢+0,14  Chdi to, cao, xanh Y Znl 2,70°+ 0,14  Chdi nho, tring, cao
Zn5 3,25¢° +0,11  Chdi to, ngan, xanh Y Znb 2,35°+ 0,04 Chdi nho, tring
Zn10 3,35+ 0,07  Chdito, ngin, xanh Y% Zn10 2,25°+ 0,07  Choi nho, trang, thap
Zn20 2,158 +0,21  Chdito, ngén, xanh Y5 Zn20 2,30+ 0,04  Chdinho, tring, thap
bC 4,75 +0,07  Chdi to, cao, xanh bC 4,75% 0,07  Chdi to, cao, xanh

Ghi chi: Nhéiing chiz céi (a, b,c,d,e) trong ciing mét cét thé hién su sai khdc c6 y nghia véi o= 0,05
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Bang 3 cho thay duoc su khéc biét rd rét hon vé sé lwong chdi trung binh miu. O chi tiéu
s6 chdi trung binh, trong s6 cac mau tir Zn0 dén Zn20 ta cd thé thiy mau cé sb chdi thap nhit Ia
& cong thic MS cai bién bd sung 20 mg/L nano ZnO voi 2,15 chdi/ mau. Trong khi dé, cong
thirc c6 s6 chdi trung binh cao nhét 1a MS Zn 1 mg/L vdéi 3,65 chdi. Tuy nhién, khi so sanh cac
Mau véi mau déi ching thi chi tiéu s chdi trung binh & mau déi ching van 1a cao nhit. Twong
tu nhu vay, vé6i s6 chdi trung binh, trong 5 mau thi nghiém véi moéi truong MS Y2 kém, miu cé
s6 chdi thap nhit 1a mau % Zn0 vdi 1,85 chdi va mau c6 sb chdi cao nhat 1a mau ¥ Zn1 véi 2,7
chdi/mau. Khi so sanh 5 mau thi nghiém véi mau déi chimg DC thi mau déi ching van c6 sb
chdi trung binh nhiéu nhat 1 4,75 chdi.

Nhur vay két qua thu duoc sau 3 tuan va 6 tuan theo ddi doi véi chi tiéu vé sb choi trung binh la
khong doi. Cong thuc cho ket qua tot nhat voi moi truong nhan choi la cong thire doi chimg. vay khi
thay thé k&m trong méi truong bang hat nano kém thi nano kém tc ché sy phét sinh choi caa mau.

MS Zn1 Déi ching
Hinh 1. Mdu chéi in vitro sau 6 tudn trén cdc méi trwong nhan choi
2.2.2. Anh hwéng ciia hat nano ZnO ¢ giai doan duéng choi
Bing 4. Anh hwéng ciia hat nano ZnO sau 3 tudn nuéi cdy ¢ giai doan dwéng choi

o veadmcnis G CHSSS pgcaimoni

Zno 2,35°+ 0,07 Chdi xanh, thap »Zn0  2,55°+0,07  Chdi trang, nho, thap
Znl 2,70+ 0,04 Choi xanh, cao, to % Znl 2,75°+0,07  Chdi tring, nho, cao
Zn5 2,55°+ 0,11 Chéi xanh, cao, to Y Zn5 2,42°+0,11  Chdi tring, nho, thap
Zn10 2,35+ 0,07 Chéi xanh, cao, to % Zn10  1,982+0,04  Chdi tring, nho, thip
Zn20 2,15+ 0,04 Chéi xanh, cao, to % Zn20 2,122+ 0,04  Chdi tring, nho, thip
bC 2,65°+ 0,07 Choi xanh, cao, to bC 2,65+ 0,07 Choi xanh, cao, to

Ghi chi: Nhing chiz céi (a, b, ¢) trong cting mét cét thé hién sw sai khdc ¢é y nghia véi a= 0,05
Trong thi nghiém nay, miu cam chuéng duoc sir dung la nhimg doan choi c6 chat luong
tuong duong va co chiéu cao khoang 2cm. Mau sé duoc cay vao cac binh méi truong dudng
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chdi véi ham lugng nano kém da dugc bd sung nhu cong thic thi nghiém trén. Két qua dugc thé
hién & Bang 4.

Tur két qua Bang 4 ta thay d6i v6i moi truong dudng chéi, khi trong méi truong loai bo
hoan toan k&m va thay thé hoan toan bang hat nano thi chiéu cao cay sau 3 tuan nudi cay co su
khéc biét r rét. Ta dé dang nhan thiy voi cong thiec Zn1 thi chiéu cao trung binh cua mau la
cao nhit (2,70 cm) tuong g V6i ham lugng nano kém trong moi truong la 1 mg/L. Chiéu
cao trung binh cia mau ¢ cac cong thic c6 su chénh léch véi mau dbi chang mot cach rd
rang. Ta c6 thé thiy véi cong thiric Zn0 chi tiéu theo doi dat gia tri thip nhat. Khi ting ham
lwong NZnO 1én 1 mg/L thi chiéu cao chdi dat gi tri cao nhat va sau d6 giam dan khi tiép tuc
tang ham lugng hat nano bo sung. Tuy nhién khi so sanh ca 5 nghiém thtrc voi mau dbi chung
nhan thiy cay cam chuéng phat trién tot nhat trong moi truong MS binh thuong, khi thay thé
hoan toan k&m trong méi truong bang hat nano k&m thi hau hét cac cong thirc chiéu cao choi
giam ngoai trir d6i Zn1.

Déi voi moi truong dudng chdi khi loai bo 4 lwong kém va bo sung hat nano thi chiéu cao
trung binh cua cay dat gia tri cao nhat ¢ cong thirc 1 1a 2,75 cm va ¢ sy giam dan khi ham
lurong NZnO bé sung trong mdi trudng ting 1én.

O ca 2 nhém moéi truong MS khong kém va MS ¥ k&m nhan thay cong thire cho két qua tot
nhat & ham luwong NZnO 1a 1mg/L va c6 xu huéng giam dan khi ting ham lwong NZnO. Tuy
nhién vé danh gia cam quan, khi mau duoc ciy trong méi truong MS khdng kém thi chdi co
chat lugng tét hon so véi mau trong MS % kém.
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Hinh 2. Mdu cdm chwéng sau 3 tuan nudi cdy trén méi trwong dwéng choi

C6 thé thay su khac biét rd rét vé chat lwong chdi & mau Zn1 so v6i mau thi nghiém % Zn1l.
O mau Zn1, choi phét trién cao, 14 va than méap, ngon xanh, con véi mau trong CT % Zn1 choi
phat trién cao tuy nhién 14 mong, nho, c6 hién tuong trang 14. C6 su khéc biét nhu vat cé thé Ia
do trong méi trudng & cac cdng thire Y2 kdm, lugng kdm qua cao dan dén gay e ché sinh truong
cta choi, 1am cho chdi c6 chat luong kém hon so véi mau Zn1 vi ban than méi truong c6 ¥ kém
thudng ma ham lugng nano dugc bo sung vao van tuong duong v&i moi truong MS khong kem.
Luong kém qué cao trong mdi truong dan dé chat lugng caa chdi bi giam, chdi kém xanh va
than manh hon so véi mau trong méi trudng MS loai bo hoan toan kam.

Bing 5. Anh hwéng ciia hat nano ZnO sau 6 tudn nudi cdy 6 giai doan dwéng choi

Zn0 3,552+ 0,07  Choi xanh, thip Y5 Zn0 3,35°+ 0,07  Choi trang, nho, thip
Znl 6,156+ 0,07  Chdi xanh, cao, to Y Znl 4,20°+ 0,14  Chdi tring, nho, cao
Zn5 5879+ 0,11  Chdi xanh, cao, to Y, Zn5 2,882+ 0,04  Chdi tring, nho, thap
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Zn10 5,30°+ 0,14  Chdi xanh, cao, to Y Zn10 2,882+ 0,11  Chdi tring, nho, thap
Zn20 5,50°+ 0,14  Chdi xanh, cao, to Y5 Zn20 2,822+0,11  Choi trang, nho, thip
PC 425"+ 0,14  Chdi xanh, cao, to PC 4,25°+ 0,07  Chdi xanh, cao, to

Ghi ch: Nhing chiz céi (a, b, ¢) trong cting mét cét thé hién sw sai khdc ¢é y nghia véi o= 0,05

Ddi véi choi phét trién trén moi truong MS khdng kém (cac cong thic tir Zn0 dén Zn20 c6 sur
khéc biét ve chi tiéu chiéu cao trung binh cia mau sau 3 tuan (bang 4) va 6 tuan (bang 5) nudi cly. O
giai doan 3 tuan nuoi cay, mau dbi chung cho két qua chiéu cao trung binh la cao nhat (2,65 cm)
nhung sau 6 tuan nudi cidy mau BC cho két qua chidu cao trung binh thap hon so véi mau trén cong
thirc b6 sung nano k&m oxit 1 — 5 - 10 — 20 mg/L. Két qua cho thay chiéu cao trung binh cua cay
thap nhat 1a & mau Zn0 khi méi trudng loai bo kém va khoéng bo sung hat nano. Khi tang ham lugng
nano 1én 1 mg/L thi chiéu cao trung binh dat gia tri cao nhat 13 6,15 cm sau d6 giam dan.

MS Zn1 MS % Znl

Hinh 3. Mdu cdm chwéng sau 6 tuan nudi cdy trén méi truwong dwong choi

Xét trong mdi trudng MS Y2 kdm (cac cong thic tir ¥4 Zn0 dén % Zn20), miu cho két qua
t6t nhat 1a mau % Zn1 voi chiéu cao cay dat 4,2 cm. Cac mau con lai chiéu cao co xu hudng
giam dan khi ting ndng do nano. Tuy nhién khi so sanh véi mau déi chimng thi hau hét cac cong
thie thi nghiém déu co chiéu cao trung binh thip hon mau dbi chung. Sau 6 tuan nudi cay,
chiéu cao trung binh cia mau thi nghiém trong méi truong MS khong kém (tir Zn0 dén Zn20)
tang cao hon so véi mau d6i chimg, tuy nhién trong méi truong MS % k&m, chiéu cao ciia mau
sau 6 tuan nudi cay lai thap hon so vé6i dbi chimg. Bén canh dé, gitta 2 nhom mdi trudng Zn va
1/2 Zn c6 su khac biét rd rét vé anh huong dén chiéu cao cia cdy cam chudng, MS khdng kém
vuot troi hon so voi mdi truong MS ¥ kém. vé dic diém choi, & MS khdng kém thi chdi xanh
va map hon so véi mau & méi trudng MS ¥ kdm. Diéu ndy cé thé do sy khéc biét vé ham luong
k&m trong hai cong thirc. Diéu nay cd thé do sy du thira kdm anh hudng dén su phat trién vé dic
diém, hinh thai chdi. Nhu vay, tir két qua thi nghiém 2 cho thay hat nano kém oxit c6 tac dung kich
thich sinh truong chiéu cao & cdy hoa cam chudng khi dugc bo sung vai lugng 1mg/L.
2.2.3. Anh huéng ciia hat nano ZnO & giai doan ra ré

K&m la mot nguyén t6 vi lugng quan trong, tham gia va cé tac dong dén nhiéu qué trinh
sinh 1i sinh héa nhu dinh dudng khoang, qué trinh hd hip, quang hop, tong hop céc hop chit
hitu co, qua trinh van chuyén, tao mé méi va kha nang chiu han cua cay.

139



Dao Thi Sen*, BUi Thi Thanh Huong, Nguyén Thi Ngoc va Nguyén Thi Hong Hanh

Hat nano ZnO c6 tic dong gay uc ché sy phat sinh chdi ¢ giai doan nhan chdi tuy nhién lai
co tac dong kich thich tang truong vé mit chiéu cao ¢ giai doan dudng chdi. Thi nghiém nay
tién hanh bo sung hat nano kém vao méi trudng ra ré cia mau cay cam chudng véi ham luong
trong tng 0 — 1 — 5 — 10 — 20 mg/L va theo ddi sau 6 tuan nudi cay. Két qua dugc thé hién trén
Bang 6.

Bing 6. Anh huong ciia hat nano ZnO dén sur tao ré ciia ciy cim chudng sau 6 tuin nuéi ciy

Cong thirc S6 ré C ez x Cong thirc S6 ré C ez x

moi truong trung binh Dic diém re moi truong trung binh bic diem re
Zno 5,652+ 0,07  R&nho, ngan Y% Zn0 7,85° + 0,07  Ré&nho, ngin
Znl 10,109 + 0,04 R& nho, dai Y2 Znl 9,60° £ 0,14  R&nho, dai
Zn5 7,40°+0,14  R&nho, ngan Y5 Zn5 9,45 + 0,35  R&nho, ngin
Zn10 7,10+ 0,14  RZ& nho, ngin Y% Zn10 5,702 + 0,14  R& nho, ngin
Zn20 6,50°+ 0,42  R&nho, ngin Y% Zn20 5,60% + 0,28  R& nho, ngin
bC 14,60° + 0,14 Ré to, dai bC 14,60% 0,14 Ré to, dai

Ghi cha: Nhieng chiz céi (a, b,c,d,e) trong cling mét cét thé hién su sai khdc cé y nghia véi a = 0,05

Qua Bang 6 ta thay hat nano ZnO c6 tac dong kich thich kha ning tao ré cua cdy hoa cim
chudng nhung xét vé s6 ré va dic diém ré déu khong vuot troi hon mé1 truong dbi chimg MS co
ban. Cong thuc MS cai bién b sung 1 mg/L nano kém oxit cho sb r& nhiéu nhat trong cac cong
thuc thi nghiém, khi ting nong d6 nano kém oxit sb luong ré giam dan, chiéu dai r& ciing ngan
hon. Cong thuc Znl cho két qua tot nhat. Thiéu kém anh huong dén su phat sinh va hinh thai ré
mau cay cam chuéng in vitro. Tuy nhién, ham lugng nano cao cling han ché su phat trién, phat
sinh ré. Cac nghién ctu chi ra rang su tlep xuc tryc tiép cua ré véi cac hat nano kim loai trong
mdi truong han ché sy phat trién cua ré [7]. Tac dung tc che cling phu thugc vao tinh thim cua
té bao ddi véi hat nano kim loai; n6i hoa trong cac mo ré, phuong phap gdy doc té bao va
genotoxic; va su phu thugc nong do [8, 9, , 10]. Ré tiép x(c truc tiép véi cac hat nano kim loai va
su tich tu trong mo ré hoic trén bé mat ré 1a nguyén nhan khién chiéu dai ré ngan hon. Su hién
dién cua cac hat nano kim loai trong mdi trudng thach ciing tao ra anh hudng tiéu cuc dén do
gian dai cua ré vi moi truong thach khdng xdp, it oxy hoa tan, kha niang hut nudc cua ré giam
[11]. Lin va Xing (2007) va Manzo va cs (2011) ciing bao céo két qua twong tu ddi véi dau &
nong d6 cao hon (2000 mg/L) trong khi ddi voi (bi ngoi) khong cé truong hop tiéu cuc nao
dugc quan sat [12, 13, 14]. Nguoi ta cho rang cac cac hat nano kim loai anh huong dén su phan
chia té bao phan bao bang cach ngin chan sy khoi dau qué trinh phan bao [15].

Xét c&c mau trong méi truong MS % k&m ta ciing thu duoc két qua twong tu. S6 ré trung
binh cao nhat khi trong méi truong c6 nano k&m oxit 1a cong thirc ¥4 Zn1 sau d6 giam dan & céc
cong thic % Zn5 — Y2 Zn10 — % Zn20. Tuy nhién khi so sanh véi mau dbi chang thi mau doi
ching van cho két qua tét nhét.

2.2.4. Anh huéng ciia hat nano kém dén ham lwong diép luc va khéi lwong khé

Dé danh gia anh huéng cua hat nano kém dén sy sinh trudng va phét trién caa cay hoa cam

chudng in vitro ching toi tién hanh xac dinh ham lwong diép luc va phan tram chat kho cua cay
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khi duoc nudi cdy trong méi truong dudng chdi MS khong kdm va MS % k&m cé bd sung hat
nano vai cac ham lugng khac nhau. Két qua thu dugc nhu sau:
Bing 7. Anh huwéng ctia hgt nano ZnO dén ham lwong diép luc, % chit khé
sau 6 tudn nudi cdy trén moi trwuong MS 1/2 Zn

Ham lwong dié¢p  Ham lwgng diép Ham lwong diép

MSTZZn " lyc a(uglg) leb(ugly)  lctongsb (ugig) 0 Chatknod
0 157,068+ 93,82 154,332+ 34,49 311,392+ 228,31 12,49%?2+ 1,79
1 136,032+46,98 149,112+72,01 285,152+ 119,0 12,52%?2+ 1,83
5 181,65%+69,70 142,46%+72,93 324,122+ 142,64 7,81%"+ 1,88
10 169,512+86,05 168,43%+98,31 337,952+ 184,37 8,09%"+ 1,41
20 140,908+32,44 110,482+11,08 414,862+ 30,32 8,81%"+ 0,51
bC 450,75P+29,89 300,75°+29,89 751,50+ 63,34 8,16%"+ 1,13

Ghi cha: Nhieng chi céi (a, b, ) trong cling mét cét thé hién sw sai khdc ¢6 ¥ nghia véi a = 0,05

Tur két qua trén Bang 7 ta thay ham luong diép luc ¢ cac cong thirc nano khac nhau hau
nhu khong 6 khac biét nhung lai khéac biét Ion so voi dbi chiing. Trong bang ta thay luong diép
luc tong sé cua cac mau thi nghiém tir mau 1 dén mau 20 c6 xu hudng ting khi ndng do nano
tang. Cu thé ¢ cong thirc Zn1 luong diép luc 1a 285,15ug/g, khi lugng nano ting 1én & cong thirc
5 — 10 — 20 thi ham luong diép luc ciing tang 1én lan luot 1a 324,12 — 337,95 — 414,86 (ug/g).
Tuy nhién néu so sénh mau thi nghiém véi mau ddi ching thi mau déi ching chira lwong diép
luc cao hon dat 751,5 pg/g.

Phan trim chat khd trong cay thi hau nhu khong c6 su khac biét gitta mau thi nghiém va
mau dbi ching, nhiéu nhit trong mau Zn0 va mau Znl (>10%), & cAc mau con phan trim chat
kho twong dbi dong déu (tir 8-9%). Nhu vay c6 thé thay ham lugng diép luc va phn trim chat
khé trong cay it bj anh hudng bai cac ndng do nano kdm khac nhau trong thi nghiém. Tuy nhién
trong moi truong MS 2 Zn c6 bo sung hat nano thi luong di¢p luc trong cay giam. Diéu nay giai
thich tai sao choi c6 hién tugng bi tring & cac thi nghiém véi MS % kém cé bd sung nano.

Bing 8. Anh huéng ciia hat nano ZnO dén ham luong diép luc, % chiit kho
sau 6 tudn nudi cdy trén méi trwong MS Zn

mszn MO0 diphcbige | Gnosep eenites
0 272,34+ 93,82 154,33+ 34,49 435,13%+ 115,12 9,51%+ 1,39
1 230,76%+46,98 149,11%+72,01 361,75%+ 25,48 12,28%" + 1,49
5 291,03%+£69,70 142,46°+72,93 445,83+ 136,86 9,01%%+ 0,26
10 267,95°£86,05 168,43%+98,31 414,86%+ 30,32 8,84%+ 1,03
20 209,08%+32,44 110,48%+11,08 314,85%+ 83,12 8,14%°+ 0.,47
bC 450,75° +29,89 300,75°+29,89 751,50° + 63,34 8,16%*+ 1,13

Ghi chi: Nhiing ché céi (a, b, ) trong cling mét cét thé hién su sai khdc cé ¥ nghia thong ké véi = 0,05
Tir Bang 8 cho ta thdy khi thay d6i ham lwong hat nano k&m oxit trong méi trudng thi ham
luong diép luc trong 14 khong c6 su thay doi khac biét. Mau co ham luong diép luc cao nhét la
mau dbi chimg. Nhu vay trong méi truong c6 hat nano thi ndng d6 nano khong anh huong dén
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luong diép luc ctia mau. DSi vaoi phan tram chat khd, mau c6 phan trim chat khd cao nhat Ia
mau 1 véi 12,28%, cac mau con lai khdng c6 sy khac biét co y nghia v chi tiéu nay.

3. Kétluén

Két qua nghién ciru cho thay, nano k&m oxit anh huong dén sy phat sinh choi o cay cam
chuéng in vitro. Khi ting nong d6 nano kém oxit hé sé nhan chdi giam dan. Cong thuc thi
nghiém cho hé s6 nhan choi tt nhét 1a MS khong muoi kém c6 bo sung 1 mg/L nano k&m oxit
dat 2,15 chdi/mau sau 6 tuan nudi cdy, ddi chung dat 2,25 chdi/mau. Hat nano kém oxit co tac
dung kich thich sy phat trién chleu cao ddi véi cay cam chudng khi duoc bd sung vao moi
truong MS di loai bo hoan toan mubi kdm. Cong thirc MS khong mudi k&m c6 bd sung 1 mg/L
nano k&m oxit cling cho két qua cao nhat sau 6 tuan nudi cay la 6,15 Cm/mau d6i chung dat
4,25 cm/ mau. B6 sung nano kém oxit kich thich sy phat sinh ré ¢ cay cam chudng in vitro. Khi
tang nong d6 nano kém oxit, sé ré/mau giam dan. Cong thic MS khéng mudi kém cé b sung 0
mg/L nano k&m oxit cho két qua thip nhét dat 5,65 ré/chdi, d6i ching dat 14,6 r&/chdi.

Loi cdm on. Nghién ciru dugc thyc hién nho su hd tro kinh phi tir d& tai SPHN 18-02 TD, xin
chan thanh cam on.
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ABSTRACT

Effect of ZnO nanoparticles on growth and development
of in vitro Dianthus caryophyllus L.

Dao Thi Sen, Bui Thi Thanh Huong,
Nguyen Thi Ngoc and Nguyen Thi Hong Hanh
Faculty of Biology, Hanoi National University of Education
ZnO nanoparticles (NPs) have diverse properties when compared to respective chemicals
due to their structure, surface to volume ratio, morphology, and reactivity. This study was
conducted to determine the effects of ZnO nanoparticles with concentrations from 0 mg/L to 20
mg/L individually or in combination with ZnSO, on the growth and development of in vitro
Dianthus caryophyllus L.. The in vitro shoots (2 cm, 2 pairs of leaves) and stem segments (2
nodes/segment) were used as the source materials for this experiment. After 3 weeks and 6
weeks of culture, results showed that zinc oxide nanoparticles had the effect on stimulating
shoot formation of in vitro Dianthus caryophyllus L. at low concentrations (1 mg/L). When the
concentration of zinc oxide nanoparticles increased, the shoot multiplier decreased. In shoot
extension stage, zinc oxide nanoparticles stimulated the length of shoots, appeared interveinal
chlorosis with chlorophyll content significantly lower in comparison to the shoots on MS media.
The medium formula with the addition of 1 mg/L zinc oxide nanoparticles obtained the best
results after 6 weeks of culture with an average of 2.15 shoots/sample, average length of 6.15
cm/sample, total average chlorophyll content of 361.75 ug/g. When ZnO nanoparticles were
used at a concentration of 1 mg/L, the root count incereased, reaching 10.1 roots/sample with
small and long roots. In MS medium with non zinc salts, roots were small, short, and reached
5.65 roots/sample. However, the basic MS control medium (containing full zinc salts) produced
similar or the best all tested medium in some indicators (2.25 shoots/sample after 6 weeks, shoot
length of 4.25 cm/sample, total chlorophyll content of 751.50 pg/g, large roots, reaching 14.6
roots/shoot).
Keywords: Dianthus caryophyllus L., ZnO nanoparticles, growth and development,

chlorophyll.
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