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TOM TAT

Céc tinh chat méi ctia nano kim loai, trong d6 c6 nano sat da bién chung tré thanh mét ngudn vat liéu méi dwoc
(rng dung trong nhiéu nganh cdng nghiép, ndng nghiép, y té... Tuy nhién, anh hwéng clia nano sat dén cac loai thuc vat
d&c biét 13 trong nudi cdy mé thwe vat hdu nhw chwa dwoc nghién cru. Vi vay, nghién ctru ndy duoc tién hanh nham
xac dinh anh hwéng ctia nano sét riéng 1é & cac ndng do tir 0 - 35 mg/l hodc két hop véi Fe-EDTA dén sw sinh trwéng
va phat trién ctia cay clc (Chrysanthemum sp.) in vitro. Chdi clc in vitro cao khodng 2cm véi 2 cap 14 va cac doan than
cay cuc voi 2 dbt/doan 13 ngudn vat liéu trong thi nghiém nay. Sau 30 ngay nudi cay két qua cho thay, tit ca chdi tir cac
doan than cay cuc trén méi trwdng st dung nano sét riéng I& (thay thé cho Fe-EDTA) v&i ndng do tir 0 - 15 mg/l c6 hién
twong vang 1a véi ham lwong chlorophyll trong 14 thdp hon dang ké (tir 8,433 - 24,667 pg/cmz) $0 V&i chdi clc trén mai
trwdng MS binh thuwong (39,567 ug/cm?). Trong khi do, viéc két hop nano sit véi Fe-EDTA cho thdy két qua tét hon,
céac chdi sinh trwdng tét va khong bi vang la. Sau 1 thang nudi cly, cac chi tiéu thu dwoc tlr cac chdi trén mai trwérng bd
sung 15 mg/l nano sét la cao nhat. M&t khac, sw thay thé Fe-EDTA béng nano sét trong méi trwdng nudi cay co anh
hwéng dén hinh thai ré& ctia cay cuc in vitro, nhwng khong gitp cay sinh trwéng tét hon so véi méi trwéng ra ré cdc binh
thwong. Ré clc trong cac madi trwdng nay nho va it 16ng hat hon so véi ré clia cay cuc trén mai trueng két hop nano sét
v6i Fe-EDTA. Néng d6 10 mg/l nano st va 35 mg/l Fe-EDTA 13 su két hop gilip cay clc sinh trwdng tét nhat.

Tw khoéa: Chlorophyll, Chrysanthemum sp., Fe-EDTA, nano séat, sinh trwdng va phat trién.

In vitro Growth and Development of Chrysanthemum sp.
on the Iron Nano Supplemented Media

ABSTRACT

The novel properties of nano metals including iron nano have made them a source of new materials which are
applied in a various fields in industry, agriculture and medicine. However, the effects of iron nano on plant tissue
culture have hardly been investigated. This study was conducted to determine the effects of individual iron nano with
concentrations from 0 - 35 mg/l or in combination with Fe-EDTA on the growth and development of Chrysanthemum
sp. cultured in vitro. In vitro Chrysanthemum shoots (2 cm high, 2 pairs of leaves) and Chrysanthemum stem
segments (2 node/segment) were used as the source materials for this experiment. After 30 days of culture, all
shoots from stem segments on iron nano media (0 - 15 mg/l) appeared interveinal chlorosis with chlorophyll content
of leaves significantly lower (from 8.433 to 24.667 pg/cm?) in comparison to shoot-inducing MS media shoots (39.567
pg/cmz). The combination of iron nano and Fe-EDTA, in contrast, showed better results. Shoots developed well
without interveinal chlorosis. After 1 month of culture, all parameters of shoots on media supplemented with 15 mg/l
iron nano were highest. On the other hand, the replacement of Fe-EDTA with iron nano affected the root morphology
but did not promote the growth of Chrysanthemum (in comparison to the control). Roots in these medium were small
and had less root hair than the roots of Chrysanthemum planlets on iron nano combined with Fe-EDTA media. 10
mg/l iron nano and 35 mg/l Fe-EDTA appeared as the best combination for the growth of Chrysanthemum plantlets.

Keywords: Chrysanthemum sp., Fe-EDTA, growth and development, iron nano, chlorophyll.
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1. DAT VAN DE

Sat 1a mot nguyén td can thiét cho hé théng
cac enzyme dé thuc hién phan tng oxy héa khi
va chudi van chuyén dién ti trong cay, tong hop
chat diép luc, duy tri ciu trdc cta luc lap. Sét
ciing c6 vai trd diéu hoa ho hap, quang hgp, khi
nitrat va sulfat - nhiing phan tng cin thiét dé
thuc vat phat trién va sinh san (Eskandari,
2011). Hién nay, trong nudi cAy md t& bao thuc
vat, sit cha yéu duge stt dung duéi dang chelate
(Fe-EDTA). Fe-EDTA cho phép giai phéng tir tir
va lién tuc ion sit vao moi trudng nudi cidy va
han ché su két tua ctia sit thanh dang oxide
(Slater et al., 2008).

Gan day, trong linh vuc cong nghé nano, sit
kim loai kich thudc nano duge quan tAm nghién
ctiu nhiéu, vi né c6 ting dung rat da dang trong
san xudt va doi séng. Nano sit dude dung nhiéu
trong cong nghé théng tin va truyén thong lam
vat liéu ché tao linh kién dién ti va cam bién.
Ngay cang c6 nhiéu théng tin vé Ging dung cac
sensor trén co sé nano sit trong y hoc. Gan day
nano sit va nano sit phu kim loai dugc ting
dung rong rai va rat hiéu qua dé xi ly nudc va
cac chat doc hai (Zhang, 2003). Mot s6 nghién
ctiu da dugc tién hanh nhu nghién ctiu cua Zhu
et al. (2008) vé su h&p thu, van chuyén va tich
liiy ctia nano Fe,0, trén ciy bi ngd; nghién citu
vé doc tinh ctia nano sit/sét oxide va dong/dong
oxide trén cdy rau diép (Trujillo-Reyes et al.,
2014) hay nghién ctiu cia Racuciu and Creagna
(2006) vé anh hudéng nano sit tu phu
tetramethylammonium hydroxide 1én sy phat
trién & cAy ngé. Tuy nhién, anh hudng ctia nano
sit dén cac loai thuc vat dic biét 1a trong nudi
cdy moé thuc vat van con rat han ché.

Véi thoi gian sinh trudng ngin, toc do sinh
trudng nhanh va dé& nuéi cdy, cic da tré thanh
mét loai cay dién hinh cho cac nghién ctu khoa
hoc trong linh vic nudi cAdy mé 6 Viét Nam va
trén thé giéi. Bén canh d6, cic cling 14 mot loai
cdy c6 gia tri kinh t&€ cao trong nganh troéng hoa.
Vi vay, nghién ciu nay dudc thuc hién nhim
danh gia anh hudng ctia nano sit 1én su sinh
trudng va phat trién cta ciy cic in vitro, gop
phan cai thién chat lugng cay giong hoa cic, dap
tng nhu ciu thi trudng.

2. VAT LIEU VA PHUONG PHAP
2.1. Ngudén mAu va nguyén liéu

Nguén mau duge st dung cho thi nghiém 1a
céac chéi va doan than cay ctc in vitro hién c6 tai
phong Sinh hoc phan ti va Chon tao giéng cay
trong (Vién Nghién ctu Khoa hoc Tay Nguyén).

Nano sit do Vién Céng nghé méi trudng
cung cap c¢6 kich thudce trung binh tit 40 - 80nm.

2.2. M6i trudng va diéu kién nubi cay

Mbi trudng nudi cdy la mdi truong MS
(Muraghige and Skoog, 1962) va MS cai bién
loai bo Fe-EDTA c6 bd sung 30,0 g/l sucrose; 8,0
g/l agar; cac chat diéu hoa sinh truéng va nano
st v6i cac nong d6 khac nhau tuy theo tiing thi
nghiém. T4t ca cac moi trudng nudi cidy nay
dudgc diéu chinh vé pH = 5,8; sau d6 toan bé moi
truong dude hap kht trung trong ndi hap khu
tring 6 nhiét do6 121°C, ap sudt latm trong thoi
gian 20 pht.

Cac mAu thi nghiém dugc nubdi cdy trong
phong nuéi v6i nhiét d6 25 + 2°C, do 4m 55 -
60%, st dung anh siang dén huynh quang véi
cuong d6 40 - 45 pmol.m™.s™, thoi gian chiéu
sang 16h/ngay.

2.3. Bo tri thi nghiém

Cac thi nghiém dugc lap lai 3 1an, méi thi
nghiém cdy 10 binh/nghiém thtic, mbi binh cay
3 mau.

2.3.1. Khao sat anh hudng cua nano sit lén
su’ sinh trudng va phat trién cua cay cuc
nuéi cay in vitro

Cac chdi ctic c6 chiéu cao khoang 2cm véi 2
cdp la dugc cdy vao mdi truong MS cai bién
(khéng c6 Fe-EDTA) bé sung nano sit véi cac
noéong d6 khac nhau (0, 2, 5, 10, 15, 20, 35 mg/l)
nhim khao sat anh hudng ctia nano sit 1én kha
ning ra ré cua cdy cuc in vitro.

Cac doan than cic véi 2 d6t/doan duge cdy
vao moi truong MS cai bién (khong cé Fe-
EDTA) b6 sung 0,2 mg/l BA va nano siit véi cac
nong d6 khac nhau (0, 2, 5, 10, 15, 20, 35 mg/l)
nham khéo sat anh hudng ctia nano sit 1én kha
nang nhan chdi ctia cay cic in vitro.
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2.3.2. Khao sat anh hudng cua nano sit két
hgp vdi Fe-EDTA 1én su sinh trudng va
phat trién cua cay cic in vitro

Cac chdi ctic ¢6 chiéu cao khoang 2cm véi 2
cap la dugc cdy vao mdi truong MS (c6 Fe-
EDTA) b6 sung nano sit véi cac nong do khéc
nhau (0, 2, 5, 10, 15, 20, 35 mg/l) nham khao sat
anh hudng ctia nano sit lén kha ning ra ré cua
ciy cuc in vitro.

Cac doan than cic v6i 2 dot/doan duge cay
vao méi trudng MS (c6 Fe-EDTA) bé sung
nano st véi cac néng do khéac nhau (0, 2, 5,
10, 15, 20, 35 mg/l) nhim khao st anh hudng
ctia nano sit lén kha nang nhan chdi caa cay
cdc in vitro.

2.4. Chi tiéu theo do6i va xu 1y sé liéu

S6 liéu thi nghiém dugc thu nhan sau 15 va
30 ngay nudi cay. Cac chi tiéu dugc thu nhan 1a
chiéu cao cay (cm), sb la/cay, chiéu rong 14 (cm),
sO ré/cay, chiéu dai ré (cm), trong lugng tuoi va
trong lugng khé cua ciy (mg), trong lugng tuci
va trong lugng khé cia ré (mg), SPAD - ham
lugng chlorophyll trong 14 (ug/cm?), s6 chbi/mau,
chiéu cao chdi, s6 la/chéi, trong lugng tuoi va
trong luong kho ctia cum chéi (mg) cdy cic sau
30 ngay nudi cay.

Sau khi 1ay ra khoi binh nuéi cdy, ré ctc
duge cit ra khoi cay, riéng cum chéi thi dé
nguyén. Sau d6, trong lugng ciia mdi phan duge
thu nhan ngay khi mau dang con tuoi. Day la
Trong lugng tuci ciia mau. Trong lugng khéd
ctia mau la trong lugng khong ddi ctia cac phan
trén sau khi duge sdy kho 3 ngay trong ti siy 6
nhiét d6 60°C. Cac chi tiéu nay dugc thu nhan
bang can phan tich c6 giéi han do nho nhit la
0,001g. Ham lugng chlorophyll trong 14 duge do
bing may SPAD-502 (Minolta Co., Ltd.,
Osaka, Nhat Ban).

Tat ca cac s lidu sau khi thu thap tng véi
ting chi tiéu theo déi, dudc xt 1y bing phan
mém MicroSoft Excel 2010 va phan mém phan
tich thong ké SPSS 16.0 theo phuong phéap
Duncan test v61i oo = 0,05 (Duncan, 1995).
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3. KET QUA

3.1. Anh huéng ctia nano sit 1én sy nhan
chéi ctua cay cuc in vitro

Két qua 6 bang 1 cho thay anh hudéng cta
nano sit 6 cac nébng do khac nhau trén moi
truong MS cai bién khong c6 Fe-EDTA 1én su
nhan chéi ctia cay ctc in vitro sau 15 va 30 ngay
nudi cay.

Sau 15 ngay nudi cdy, choi cic trén cac méi
truong bd sung nano sit ti 0 - 35 mg/l khéng c6
su khac biét vé cac chi tiéu s6 chéi/mau, chiéu
cao choi, so 1a/chéi, chiéu rong 14, trong lugng
tuoi va kho cta choi (Bang 1). Riéng ham lugng
chlorophyll trong 14 c6 sy khac biét ro rét. Trong
d6, 14 cta cac chdi cic trén moi trudng bd sung
ti 0, 2, 5, 10, 15, 20 va 35 mg/l nano sit ¢6 ham
lugng chlorophyll 1an lugt thap hon so véi chéi
trén moéi truong déi ching (MS binh thudng)
6,6; 5,3; 4,9; 4,6; 2,8; 2,0 va 1,3 1an. Dac biét, cac
chdi trén méi trudng bé sung tit 0 - 15 mg/l nano
sat déu c6 hién tugng vang la.

Hién tugng nay dugc biéu hién rd rang hon
vao ngay thi 30. Chéi clc trén moi trusng
khong bd sung sit nhod, sinh trudng kém, 14 ¢
mau vang tridng va hinh thai 1a bién di, ria la
mAt ring cua (Hinh 1a). O cc nghiém thtc st
dung tit 2 - 15 mg/l, hién tugng vang la ro rét
hon, nhat 14 6 mép 14 va phan phién 14 nam
gitia cAc gan 14 xanh (Hinh 1a). Chiéu cao chdi,
s6 14/choéi, chiéu rong 14, trong lugng tudi va kho
cua chéi d cac nghiém thic st dung ti 0 - 15
mg/l nano sit déu thap hon rd rét so véi cac
nghiém thtc con lai (Bang 1).

Trong khi d6, chdi ctic sinh trudng trén moi
trudng b6 sung 20 va 35 mg/l khong cé hién
tuong vang 1a (Hinh 1a). Chdi sinh trudng trén
hai méi truong nay c6 mau xanh véi cac chi tiéu
theo ddi déu t6t hon cAc méi trudng bé sung tit 0
dén 15 mg/l nano sit va chdi cay thudc nghiém
thiic st dung 35 mg/l nano sit l1a t6t nhat. Tuy
nhién, khi so sanh nghiém thtc t6t nhat nay véi
d6i chiing (m6i truong MS, Hinh 1b) thi két qua
khong c6 su khac biét (Bang 1).
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M s A R n .. .
Bang 1. Anh hudng ctia nano sat 1én sy nhin choi cta cay cac in vitro

Nong do

nano sit S6 chdi/mau Chiéu cao chdi S6 18/chdi Chiéu rong la Trong luong twoi cla Trong Iwong khé cla SPAD Hinh thai mau cay
(mg/l) (cm) (cm) cum choi (g) cum choi (g) (Tglem?) (ngay thir 30)

o* 1,000 1,333° 1,917  4,267° 5,000° 6,000 0,600° 1,167° 0,159° 0,617° 0,013° 0,047° 39,433" 39,567° Chdi it nhung to va c6
mau xanh dam. Ré nhiéu
va nhd

0 1,333*  1,667* 0,700°  1,000° 4,000 5,333° 0,800° 0,700 0,271° 0,334° 0,020° 0,021¢ 5,933 8,433°  Chdinho. Phién 14 mat
rang cwa va cé mau vang
nhat

2 1,667 1,667® 0,833  1,100° 4,333"° 5333° 0,767 0,833 0,263° 0,354° 0,020° 0,027% 7,500  10,867% Chdi nhé. Phién la bién
dang va c6 mau vang
nhat

5 2,333® 2333 1,033 1,733% 4333 6667 0667 0,833 0,265° 0,377° 0,018° 0,029° 8,067° 20,300° Chdinhd. Phién Ia co
mau vang xanh nhat

10 2,667° 2,667 1,367 2,433* 4,000® 7,333° 0,733 0,867° 0,267° 0,406° 0,019° 0,032 8,600° 24,500° Chdinho. Ria la cé mau
vang nhat

15 2,667°  3,000° 1,433 2567° 3,667 7,333° 0,600° 1,267° 0,288° 0,430° 0,020° 0,037° 13,933  24,667° Chdi nhé. Phién la to, ria
l& c6 mau vang nhat

20 2,000 2,667® 1,200 3,200 3,667* 7,667° 0,633 0,900° 0,227° 0,462° 0,015° 0,038° 19,533° 32,267°  Chdi nhd nhung cao.
Phién 14 nhé c6 mau xanh
nhat

35 2,667 2667 1,333° 3367° 3,000° 11,0000 0,700° 0,867° 0,283° 0,647° 0,016° 0,052° 29,867° 39,067° Chdito, cao. Phién Ia
binh thwd'ng, mau xanh
dam

Ghi chii: Thi nghiém st dung méi truong MS cai bién da loai bé Fe-EDTA, riéng nghiém thiic déi chiing (*) st dung méi truong MS. Moi chi tiéu theo déi gom hai cét s6 liéu, s6 liéu 6 cot thir
nhat duge thu nhan vao ngay thi 15, s6 liéu & cot thi hai duge thu nhan vao ngay thit 30. (**) Céc chit cdi khac nhau (a,b,...) trong ciing mét cot thé hién su khdc biét ¢6 y nghia thong ké &
a = 0,05 (Duncan’s test).
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Hinh 1. Su sinh trudng va phat trién ctua cay cic Chrysanthemum
trén moi trudng cé st dung nano sit sau 30 ngay nudi cay

Ghi chii: (a) Chéi cic in vitro trén méi truong chi st dung nano sit véi cac nong do khac nhau (ti trai qua phai, 0, 2, 5, 10, 15,
20 va 35 mg/l), (b) Chdi ciic in vitro trén méi truong két hop Fe-EDTA va nano st vii cac nong do khac nhau (i trai qua phai,
0, 2, 5, 10, 15, 20 va 35 mg/l), (c, ¢,) Cy ctic in vitro trén méi truong chi st dung nano sit vdi cac nong do khac nhau (tir trai
qua phai, 0, 2, 5, 10, 15, 20 va 35 mg/l), (d, d,) CAy ctic in vitro trén moi truong két hop Fe-EDTA va nano sdt véi cdc nong do
khac nhau (tir trai qua phai, 0, 2, 5, 10, 15, 20 va 35 mg/l). Hinh thai ré cia cAy ctic in vitro nuédi cdy trén méi truong khéng cé
nano sit va Fe-EDTA (e), méi truong MS khéng c6 Fe-EDTA bd sung 20 mg/l nano sit (), méi truong MS binh thuong (g) va
moi truong MS binh thuong bé sung 10 mg/l nano sét (h).
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3.2. Anh huéng ctia nano sét két hgp véi Fe-
EDTA lén sy nhan chéi ctia cay cuc in vitro

Su nhan chéi cia cay cic in vitro duéi anh
hudng cta cac néng do nano sit khac nhau sau
15 va 30 ngay nudi cdy dugc thé hién qua cac chi
tiéu trong bang 2.

Két qua cho thay, cac chi tiéu chiéu cao choi,
s la/chdi va chiéu rong 14 déu khong c6 su khac
biét rd rét gitia cac nghiém thiic sau 15 ngay nubi
cdy. Riéng hai chi tiéu trong lugng tuci va trong
lugng khoé ctia cum chéi dat cao nhat 6 nghiém
thiic b6 sung 15 mg/l nano sit (Bang 2). Két qua
nay buée dau cho thaykha ning tich lity chat hiiu
co cta cAy cudc trén méi trudng bé sung 15 mg/l
nano sit 1a tot hon so véi cac nghiém thiic con
lai. Diéu nay duge chiing t6 mot cach rd rang hon
sau 1 thang nubi cay.

O ngay thd 30, trén méi trudng b sung
nano sit véi nong do ting dan, su sinh trudng
clia cAy cuc tang lén va dat két qua cao nhat &
nghiém thiic b6 sung 15 mg/l. Khi nong do cta
sat nano tang lén dén 20 va 35 mg/l thi su sinh
trudng cua choi cdc giam (Bang 2, Hinh 1b).
Khéng c6 su khac biét & cac chi tidu chiéu cao
chdi va s6 14/chéi 6 ba nghiém thic bé sung 5, 10
va 15 mg/l nano sit. Thém vao d6, chiéu réng la
l6n nhat thudc vé chdi cua ciy ctc trén moi
trudng bé sung 10 mg/l (Bang 2). Tuy nhién, khi
xét dén cac chi tiéu s chdédi/miu, trong lugng
tuoi va trong lugng kho cua chdi ciing nhu ham
lugng chlorophyll trong 14 ctia chéi, 14 nhiing chi
tiéu dang quan tiAm nhat trong nudi cdy nhan
chéi, thi nghiém thtc b sung 15 mg/l nano sit
van 1a nghiém thtc tdt nhat. Cac chéi cic trén
mdi trudng nay to, sinh trudng tot, 14 mau xanh
dam (Hinh 1b). Riéng nghiém thiicddi chiing
khong b6 sung nano sét, tuy chéi cdy sinh
trudng tot, 14 xanh va to, nhung s6 chéi trung
binh cta mau thudc nghiém thtc nay chi bing
1/3 so v6i nghiém thiic b sung 15 mg/l nano sit
(Bang 2). Vi vay, trong thi nghiém nay, nong do
15 mg/l nano st b8 sung vao moéi trudng 1a tét
nhat cho su nhén 1én cta chéi cic trong diéu
kién in vitro.

3.3. Anh huéng ctia nano sit 1én su ra ré
cua cay cuc in vitro

Céc chi tiéu theo doi ctia cAy cic nudi cay
trén moi trudng st dung nano sit véi cac ndéng

do6 khéc thay thé& cho Fe-EDTA sau 15 va 30
ngay nudi cdy dude trinh bay trong bang 3.

Gidng nhu giai doan nhan chéi, hau hét cac
chi tiéu theo doi cua cdy trén cac nghiém thiic
khéc nhau sau 15 ngay nudi cay chua c6 su khac
biét rd6 rét ngoai tri s6 ré/ciy, chiéu dai ré,
trong lugng tuoi va trong lugng kho ctua ré la
dat cao nh&t & nghiém thitc b6 sung 5 mg/l nano
sit (Bang 3). Tuy nhién, sau 30 ngay nudi cdy
cac chi tiéu nay khong c6 su khac biét. S¢ lieu
bang 3 cho th4y, s6 ré, chiéu dai ré, trong lugng
tuoi va trong lugng kho ctia ré & cac nghiém
thiic ¢6 b6 sung nano sét (0 - 35 mg/l) khong c¢b
su khac biét rd rang sau 1 thang nudi cdy. Ré
clia cay trong cac nghiém thtic nay déu dai, nhd,
it long hat (Bang 3, Hinh 1c,). Mot diéu dang
cht y 14 trong cac nghiém thtc trén, chi c¢6 cay
cic trén moi truong bd sung 20 mg/l nano sit 1a
c6 thém ré phu (Hinh 1le, f). S8 la/cay, chiéu
rong 14, trong lugng tuci va khoé ciia cdy ciing
nhu ham lugng chlorophyll trong la cting dat
cao nhit 6 nghiém thic nay (Bang 3).

Mit khac, khi dem so sanh nghiém thitc tot
nh&t nay véi déi chiing (MS binh thuong) khéng
st dung nano sit, dé dang nhan thay su khac
biét vé hinh thai ré. Ré ctic trén méi trusng déi
chiing tuy it hon, ngan hon nhung nhiéu long
hit hon (Hinh 1f, g). Cac chi tiéu con lai 1a s6 14,
trong lugng tuoi, trong luong kho cua ciy va chi
s6 SPAD déu khong c6 su khac biét gitia hai
nghiém thiic nay (Bang 3). Tém lai, su thay thé
Fe-EDTA bang nano sit trong méi truéng nudi
cdy c6 anh dén hinh thai ré ctia cay cic in vitro,
nhung khéng gitp cay sinh trudng tot hon so véi
moéi trudng ra ré cic binh thudng (méi trudng
d6i chiing).

3.4. Anh huéng ctia nano sit két hgp véi
Fe-EDTA 1én su ra ré cua cay cuc in vitro

Bang 4 cho thiy két qua cua thi nghiém
anh hudng ctia nano sit & cac nong do6 khac
nhau bd sung vao moéi trusng MS (c6 Fe-EDTA)
sau 15 va 30 ngay nudi ciy.

Khi néng d6 sit nano b6 sung vao méi
truong nudi cay ting lén, su sinh trudng va phat
trién cta cdy cic in vitro tang din va dat cao
nhét & nghiém thic b6 sung 10 mg/l nano sit.
Cac chi tiéu nhu s6 14/cay (7,667); chiéu rong la
(1,567cm); trong lugng tuoi cta ré (0,174g) va
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Bang 2. Anh huwéng ctia nano sit két hgp véi Fe-EDTA 1én su nhan chéi ctia cay cic in vitro

Néng d6 nano £ ax Chiéu cao choi T Chiéu rong la Trong luong twoi cla Trong lwong kho SPAD Hinh thai mau cay
sét (mg/l) S0 choi/mau (cm) S0 lé/choi (cm) cum chdi (g) ctia cum chdi (g) (ng/cm?) (ngay ther 30)

0 1,000° 1,333° 1,917 4267° 5000° 6,000° 0600° 1,167°  0,159° 0,617°  0,013° 0,047™ 39433° 39,567° Chdiit nhung to va c6 mau
xanh dam. Ré& nhiéu va nhé

2 1,667° 2,000° 1,367®  2,600° 4,667 6,333 0533 0,833 0,198 0,622° 0,014 0,048" 34,867° 35267 Chdithap, la nhd. RE nhé va
it

5 2,333" 2333" 1,433" 3,533° 4,333" 8,000° 0500° 0900° 0,206 0,630° 0,015 0,048° 32,500° 35,667° Chdicao nhwng nho, Ia nho.
R& nho va it

10 2,333" 2333 1,133° 3,567 4,333" 8333 0567° 1,167° 0,199 0,631° 0,015 0,049° 32,067° 35733" Chdicao nhwng nho, Ia to.
Khéng co ré

15 2,667° 3,667° 1,667 3,767 3,667 8,667° 0,633" 0,933 0,320° 0,811°  0,019° 0,067° 32,467° 40,033" Chdinhiéu, cao to, 14 nho.
Khéng co ré

20 2,333" 2333 1467 2,733° 3333" 6333 0667° 0867° 0,213 0,629°  0,016° 0,048° 32,633 34,500° Chithap, la nhé. Khong co
re

35 2,000 2,000° 1,100° 2,367° 3333" 6,333" 0600° 0,800° 0,189 0,600° 0,014 0,038° 32,700° 34,067° Chdithap, la nhé. Khong co

re

Ghi chii: Mbi chi tiéu theo déi gdbm hai cot s6 liéu, s6 lidu cot thit nhat duge thu nhan vao ngay thit 15, s6 liéu & cot thit hai duge thu nhan vao ngay thit 30. (*) Cac chit cai khac nhau (a,b,...)
trong ciing mot cot thé hién su khéc biét c6 y nghia théng ké & a = 0,05 (Duncan’s test).
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9 ’ ~ ~ ’, . .
Bang 3. Anh hudng ctia nano sat 1én sy ra ré ciia cay cuc in vitro

Néng

do N . . . N . s g

nano Cl‘lleu cao S6 I4/cay Cr|1[eu réng S6 rélcay Chiéu dairé Trong Iugngtucl Tron,g Iu)gng khé Tronq Iu’o;ngtu’cl Trong Iu’gng khoé SPAD (pg/cmz) Hmhtha;:ja;ocay

Sit cay (cm) a (cm) (cm) cua cay (g) cua cay (g) cuaré (g) cua ré (g) (ngay tht 30)

(mg/l)

0* 3,100 4,367 5333° 10,333° 1,100 1,3333° 3,667° 4,667° 0967° 1,867° 0311° 0884 0,027° 0055 0023° 0,046 - 0,001 32,667% 40,633° Cay thap, co chdi, la
xanh dam. Ré it, ngan
va c6 16ng hut

0 2,767  3,867° 8,000° 9,000° 1,100 1,267° 8,333° 13,000 2,900*° 3,067° 0,196° 0,293° 0,016° 0,024 0,053° 0,079 0,002° 0,008° 29,500" 30,133 Cay nhd, thap vala
xanh nhat. R& nhiéu
nhwng I6ng huat rat it
va nho

2 2,867 4,200 6,000° 10,000° 1,067° 1,333 9,667° 14,333% 3,000 3,367° 0,219° 0,398 0,020° 0,027 0,055° 0,090 0,002° 0,012* 29,633 30,200° Cay nhg, I xanh nhat.
Ré& nhidu nhung nhé
va it 16ng hat

5 3,767°  4,700°° 8,000° 10,333° 1,300° 1,367° 14,333° 16,333" 3,367" 3500° 0,242° 0440° 0,024 0,030 0096° 0,173 0,006° 0016° 30,733*' 32,667° Cay nhg, Ia xanh nhat.
Ré nhiéu nhung nhé
va it 1ong hat

10 3,533  4,767™° 7,000 10,667° 1,267° 1,400° 10,667° 15,000° 3,167 3,000° 0,253 0,474° 0,025 0,033° 0,057° 0,125° 0,002 0,011° 32,200™ 33,833° Cay nho, la xanh nhat.
Ré& nhidu nhung nhé
va it 16ng hat

15 2,733° 4,967 7,000 11  1267° 1433° 9000° 14,667° 2467™ 3,333° 0257 0490° 0,025 0035° 0055° 0,108 0,002 0,010° 33,967° 34,000° Caynhd, Ia xanh nhat.
Ré nhiéu nhwng nhé
va it 16ng hat

20 2,767  5567° 6,667 13,6677 1,233" 1,633° 10,000° 14,667° 2400 3,567° 0,240 0,653 0,023° 0,045° 0,050° 0,106 0,001 0,012® 37,033" 39,733 Cay tét, I4 xanh dam.
Ré nhiéu va c6 ré phu
nhwng it 16ng hat

35 2,367°  4,600° 6,333™ 10,000° 0,967° 1,467°° 11,000° 14,333° 2,300° 3,267° 0,230° 0,493° 0,021° 0,035° 0,050° 0,104 0,001 0,011° 32,600 33,233° Cay nhd, 14 nhidu

nhung xanh nhat. R&
nhiéu nhwng nho va it
16ng hut

Ghi chi: Thi nghiém sit dung méi truong MS cai bién (da loai bé Fe-EDTA), riéng nghiém thiic déi chiing (*) stt dung méi truong MS. Mdi chi tiéu theo déi gom hai cot s6'liéu, s6liéu & cot thir
nhat dugc thu nhan vao ngay thi 15, s6 liéu cot thit hai duge thu nhan vao ngay thi 30. (-) Trong Iugng qua nhé khéng thé thu nhéan duge. (**) Céc chit cai khac nhau (a,b,...) trong cung mét cot

thé hién su khéc biét ¢6 y nghia thong ké & a = 0,05 (Duncan’s test).
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Bang 4. Anh huéng ctia nano sit két hop véi Fe-EDTA 1én su ra ré ctia cay cic in vitro

Néng .; s sz . . ) N Hinh thai
. Chiéu cao ISP Chiéu réng ox; A Chiéu dairé Trong lwong twoi  Trong lwgng khd  Trong lwong twoi  Trong lwgng khd 2 Xz
d N S0 la/ . S0 re/ca SR N S % S X SPAD (ug/cm mau ca
sitmgn  cay(em) ©laicay la (cm) o refeay (cm) clia cay g) cda cay (g) cla ré (g) cta ré (g) (vofem) (ngdy this 50)
0 3,100 4,367° 5333° 10,333° 1,100™ 1,333° 3,667° 4,667° 0967° 1867° 0311° 0884° 0027° 0055 0,023° 0,046° - 0,001° 32,667™ 40,633° Cay thap, c6 chdi, la
xanh dam. Ré it, ngan
va c6 16ng hut
2 3,167° 4,567 6,667 9,000° 1,133°° 1,367 11,667*° 10,333° 2,333™ 3233% 0,275 0456° 0,021° 0025° 0,097° 0,118 0,006° 0,009° 30,400° 32,267° Cay thap, & xanh
nhat. R& nhiéu, dai,
nhd va cé léng hut
5 3,400° 5,300° 7,667° 11,333° 1,367° 1,383 13,333" 13,333° 3267° 3,300° 0430 0484° 0,029° 0027° 0,111° 0,132° 0,008 0,010° 34,533° 35533° Cay cao, I4 xanh
nhat. Ré& rat nhiéu,
dai, nhé va cé léng
hut
10 3,067 5467° 7,667° 14,333° 1,300 1,567° 11,333% 13,667° 2,700° 2,733 0,264° 0738° 0,020 0,049 0096° 0,174° 0,008° 0,014® 39,300° 45,167 Than cay to, 4 xanh
dam. R& nhiéu, to va
rat nhiéu 16ng hat
15 2,733 4,600° 6,667° 10,333 1,067° 1,350° 11,000° 14,000 2433™ 2467° 0,262° 0,668° 0019° 0043° 0,079° 0,133° 0,003° 0,011° 35000° 36,867° Cay thap, Ia xanh
nhat. R& nhiéu, dai,
nhd va cé long hut
20 2,600° 4,033 6,333° 9,667 1,033° 1,333 10,667° 13,667° 2,633° 3,000 0,259° 0493° 0,016° 0029° 0,075° 0,108° 0,002° 0,010° 33,067 34,967° Cay thap, 14 xanh
nhat. Ré nhiéu, dai,
nhd va cé long hut
35 2467° 4,567° 5667° 9,333° 1,033° 1,133° 10,000° 12,667% 2,133° 3,067 0,255 0427° 0,016° 0024° 0,060° 0,066° 0,001° 0,009° 32,867 33,367° Cay cao nhung nho,

la )ganh nhat. Ré
nhiéu, dai, nhé va co
16ng hut

Ghi chu: Mdi chi tiéu theo déi gom hai cot s6 liéu, s6'lidu & cot thi nhat duge thu nhan vao ngay thit 15, s6'liéu 6 cot thit hai duge thu nhan vao ngay thu 30.(-) Trong lugng qué nhd khong thé
thu nhan dugc.(*) Céc chii cai khac nhau (a,b,...) trong ciing mét cot thé hién su khéc biét c6 y nghia théng ké & a = 0,05 (Duncan’s test).
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trong lugng kho cua ré (0,014 g) ciia nghiém
thtic nay déu 1a cao nhat va khac biét so véi cac
nghiém thiic con lai. CAy cic sinh trudng trén
mdi truong bé sung 10 mg/l nano sit ¢ than to,
14 xanh dam v46i ham lugng chlorophyll trong 1a
45,167 pg/lcm? (Bang 4, Hinh 1d, d,). Ré cay ctc
trén moéi truong nay dai, to va c6 nhiéu long hit
hon hdn so véi cac nghiém thtc con lai (Hinh
1h). Khi ndng @6 nano sit tang lén dén 15, 20 va
35 mg/l, sinh trudng ctia ciy cic gidm dan
(Bang 4, Hinh 1d, d,).

4. THAO LUAN

Choéi cic trén cac moi trudng chi st dung
nano sit c6 hién tugng vang la. Pay 1a hién
tugng tiéu biu ching td cay bi thiu sit dugde
Eskandari (2011) mé ta khi nghién ctiu vé vai
tro va co ché& hap thu sit clia thuc vat. Thiéu sét
anh hudng nhiéu dén qua trinh téng hop diép
luc t6 ciing nhu hé théng cac enzyme trong phan
tng oxy héa khi va chudi van chuyén dién ti
(Eskandari, 2011). Vi sit la nguyén td déng vai
tro chinh trong cac qua trinh dé nén nano sit c6
anh hudng dén su sinh trudng va phat trién cta
cac chéi cic thudc cac nghiém thic nay. Mot
diéu dang chd ¥ 14 ham lugng sét don chét trong
moéi truong MS d6i ching la 5,6 mgll
(Muraghige and Skoog, 1962), thap hon 6,25 1an
so v6i ham lugng nano sit (35 mg/l) trong
nghiém thtc t6t nhat ctia thi nghiém nhan chéi
chi st dung nano sat. Tuy nhién, khong c6 su
khac biét nao vé mit thong ké gitia hai nghiém
thiic nay. Diéu nay c6 thé dugc giai thich 1a do
chdi ctic trén méi trudng chua cé ré nén han ché
viéc hap thu sit vao cay. Do d6, nong d6 sit
nano trong moéi truong phai du 16n méi dap tng
duge nhu ciu cia mau cay. Tuy nhién, hién tai
chua c6 nghién ctiu nao néi ro vé cac bién doi
ctia nano sit trong méi trudng nudi cdy, dic biét
sau qua trinh hap khi trung. Vi vay, can cb
thém céc nghién cdu sdu hon méi c6 thé két
luan duge nguyén nhin cua hién tugng trén.
Bén canh d6, viéc két hop 15 mg/l nano sit va
35 mg/l Fe-EDTA lai cho két qua t6t trong viéc
nhan chdi & cdy ciic. Két qua nghién ciiu tuong
tu cting duge Seif et al. (2011) bao céo khi st
dung nano bac trén cay luu ly. Nano bac c6 anh

hudng dang ké 1én su tang trudng chdi, sé luong
14, chiéu cao cay, trong lugng khé, ning suat hat
cting nhu ham lugng polyphenol va tannin trong
chdi cta cay luu ly.

Nghién c@tu cta ching t6i ciing cho thay
nano sit c6 anh hudng dén hinh thai ré cta cay
ctic nudi cdy in vitro. Dac biét 1a trén moi trudng
b6 sung 10 mg/l nano sit két hgp véi 35 mg/l
Fe-EDTA (c6 sin trong moi trudng MS), ré cay
c6 nhiéu 16ng hit. Diéu nay ciing duge Giordani
quan sat thay trén cay ca chua nudi cdy thuy
canh trong méi trudng c6 b6 sung 500 mg/l TiO,
§ dang nano. CAy ca chua trén méi trusng nay
c6 rat nhiéu 16ng hit (Giordani et al., 2012). Tac
gia giai thich ring su phan bé cta nano TiO,
trén bé mit ré lam gidm kha ning hap thu nudc
va chat dinh dudng ctia ré. S6 lugng long hit
ting lén 12 mot phan tng thich nghi cua cay
lam ting dién tich h&p thu ctia ré, tiu d6 cai
thién kha ning hap thu dinh dudng cta cay
(Giordani et al., 2012).

Mbt diéu dang chd ¥ 1a néng d6 nano sat st
dung trong nghién ctiu nay kha cao, nghiém thc
bé sung 35 mg/l nano sit c6 ham lugng sit gip
6,25 1an so véi ham lugng sat don chat trong méi
truong MS binh thuong. Tuy vay, khong c6 bat ki
su bat thudng nao vé hinh thai duge quan sat trén
cy ciic nudi cay trén cac mdi trudng nay. Trujillo-
Reyes et al. (2014) cing ghi nhan dudc diéu nay
khi tién hanh thi nghiém trén cdy rau diép
(Lactuca sativa). Néng d6 10 mg/l nano sit va 20
mg/l nano oxide sat (IIT) khong c6 anh hudng bat
thuong lén su sinh truéng va ham lugng
chlorophyll ctia rau diép. Két qua nay khac hén so
v6i nghién ciiu cia Racuciu and Creagna (2006) vé
sat tit phu tetramethyl-
ammonium hydroxide 1én su phat trién 6 ciy Zea
mays. O néng do cao (100 - 250 ul/l), dung dich
sat tit nay lam giam 35% ham lugng chlorophyll a

anh hudng nano

va ty 1é gitia chlorophyll a va b.

5. KET LUAN

Khi st dung riéng 1é, nong d6 nano sat thap
(0 - 15 mg/l) gay ra hién tudng vang la trén choi
cic, 1a biéu hién cta thidu sit. Nano sit ciing
lam cho ré ctc dai nho va tao nhiéu ré phu hon.
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Trong khi d6, khi ké&t hgp véi Fe-EDTA, nano
st cho k&t qua kha quan hon. Nong d¢ 15 mg/l
nano st két trong moéi trudsng MS binh thudng
cai thién dang ké s6 lugng chdi cic in vitro. Su
két hop gitta 10 mg/l nano sit va 35 mg/l Fe-
EDTA (c6 sin trong moéi truong MS) gitp cay
ctic ra ré nhiéu hon, ré c6 nhiéu 16ng hit hon.
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