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Vai rd cia nano molybdenum trioxide hay the natri molyhdate dehydrat trong m truomg muoi iy
lén kha ndng sinh trung va phat trién cia cay hoa Cic nuoi cdy in vitro
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Tom tit:

Nghién ciru da thay thé Na,MoO,.2H,0 bing dung dich nano MoO,NPs trong moi truomg Murashige va Skoog (MS) dé danh gia tac
dong ctia loai nano nay lén qua trmh smh truéng, phat trlen, kha nang hap thu céc chét dinh dudng va hoat dong clia cac enzyme chong
oxy héa & cy hoa Ciic nudi cay in vitro. Két qua cho thay, cac mau chdi dinh 1 thing tudi (1 c¢m) duge nudi cay trén moi trutmg thay
thé Na,MoO,.2H,0 bang MoO,NPs véi ty 1§ 1:1 (twong img v6i 149 pg/l MoO,NPs) cho két qua t0i wru nhat Sau 30 ngay nudi cay, moi
trlro'ng nay cho ra cac chi tiéu smh trwéng vugt troi, bao gom s6 chdi/miu (3, 00), chiéu cao chdi (5,40 cm), s6 l4/chdi (14,00), s6 dot/chdi
(8,67), chiéu dai 14 (1,30 cm), SPAD (31,17 nmol/cm?) va khoi lwgng twoi (0,98 g). Hoat dong ciia cac enzyme chong oxy héa & nghiém
thirc nay cung tot hon so v6i doi chitng dwong (trir SOD) va cac nghi€m thirc con lai; trong do viéc thleu hoéc dw thira Mo trong moéi
trwong nudi cay ciing gay ra sy suy giam hoat dong ciia cac enzyme SOD, CAT va APX. Ngoal ra, & nong do 149 pg/l MoO,NPs, chit
dinh dwdng dugc cay hip thu hi¢u qua va nhanh chéng hon. Nhirng phat hién nay cho thay, vigc thay thé Na,MoO,.2H,0 trong moi
truong nu01 cdy bang MoO,NPs giip ting c1r0'ng khé ning hip thu khoing, cung cip ngudn dinh dwdng cho thu'c Vat de hé trg qua
trinh sinh tong hop va cic chu'c ning thiét yéu.

Tir khéa: Ay hoa Ciic, dw lrgng, enzyme chong oxy hoa, kha ning hip thu khoéng, méi truong Murashige va Skoog, nano molybdenum trioxide.
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Abstract:

This study replaced sodium molybdate dehydrate (Na,MoO,.2H,0) with molybdenum trioxide nanoparticles solution (MoO,NPs) in Murashige
and Skoog (MS) medium to evaluate the impact of these nanoparticles on growth and development, the ability to absorb nutrients, and the activity
of antioxidant enzymes in in vitro cultured Chrysanthemum. The results of the study showed that one-month-old (1 cm) shoot explants were
cultured on a medium replacing Na,MoO,.2H,0 with MoO,NPs at a ratio of 1:1 (corresponding to 149 pg/l MoO,NPs) was the most optimal. After
30 days of culture, the explants exhibited superior growth parameters, including number of shoots/explant (3.00), shoot height (5.40 cm), number
of leaves/shoot (14.00), number of stem nodes/shoot (8.67), leaf length (1.30 cm), SPAD (31.17 nmol/cm?) and fresh weight (0.98 g). The activity of
antioxidant enzymes in this treatment was also better than that in the positive control (except for SOD) and all other treatments, whereas the lack
or excess of Mo in the culture medium also led to a decrease in the activity of SOD, CAT, and APX enzymes. In addition, at a concentration of 149
g/l MoO,NPs, plantlets absorb nutrients more effectively and quickly. These findings suggest that replacing Na,MoO,.2H,0 in the culture medium
with MoO,NPs will enhance mineral absorption, providing a source of nutrients for plants to support biosynthesis and essential functions.

Keywords: antioxidant enzyme, Chrysanthemum, molybdenum trioxide nanoparticles, Murashige and Skoog medium, nutrient absorption, residue.
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1. Datvan de

Hoa Cuc duge biét dén 1a mot loai hoa cét canh ¢6 gia tri tham
my va kinh té cao nén dugc ua chudng trén toan thé gioi [1]. Tai
Viét Nam, hoa Cuc duoc trong & nhiéu tinh, thanh phd. Dic biét,
thanh phd ba Lat, tinh Lam Bong (trude sap nhap) la noi nghién
ciru nhan gidng va trong tap trung voi quy mo va s0 lugng 1n nhét
ca nudce. Theo sb liéu cua Cuc Hai quan, xuat khau hoa cua Viét
Nam nam 2021 dat 61,8 triéu USD, tang 27% so vdi 2020; trong
d6, hoa Ctic co gia tri xuat khiu dat gﬁn 55,2 triu USD, tang 11,3%
so v6i nam 2020. Hoa Cic da trg thanh mat hang 6 gia tri xuat
khau cao nhat, chiém 82,4% tong kim ngach xuét khau nhom hang
hoa tuoi cua nudc ta nam 2022 [2]. Chlnh vi vay, viéc tao ra so
luong 16n cdy hoa Ciic ¢6 chat lugng tot de dap (mg dugc nhu cau
cia ngudi dung trong va ngoai nudc 1a van dé cap thiét can dugc
thye hién. Tuy nhién, cdc phuong phap nhén giong truyen thong
thuong mat nhiéu thoi glan dé tao ra so luong 16n cay giong, chat
luong cay kém, khong dong déu va dé nhiém bénh. Vi viy, viée
(mg dung cong nghé nudi cdy mo, t& bao thyc vét vao nhan gidng
cdy hoa Cuc la dleu can thiét. Tir lau, nhan giong cdy hoa Ctic trong
diéu kién nu6i cay in vitro da dugc nghién ciru rong rai aé phuc vu
nhu cdu vé san xuat cdy gibng Ctc sach bénh, o chat lugng dong
déu véi gia ca hop Iy [3]. Gan ddy, mot s nghién ciru di tmg dung
cong nghé nano trong nudi cdy in vitro cdy hoa Ctc nhu sir dung
nano dong (Cu), vang (Au) va bac (Ag) dé loai bo sy nhiém ndm va
vi khuan trong moi truong nudi cdy cdy hoa Ciic [4, 5].

Vi lugng la mot trong nhitng nhom dinh dudng c6 anh huong
tryc tiép dén hinh thi, kha ning sinh truong va phat trién cua cay
trong [6]. Molybdenum (Mo) 1a nguyén t6 vi luong thiét yéu trong
chtre ning trao doi chat cua thuc vat [7]. Trong co thé thue vét, Mo
duoc sir dung dé tong hop ddng yéu to molybdenum (Moco), tao
thanh céac vi tri hoat dong ctia molybdoenzyme nhu sulfite oxidase
(SOX), aldehyde oxidase (AO), xanthine dehydrogenase (XDH)
va nitrat reductase (NR) [8]. Nhimg enzyme nay tham gia vao
nhiéu qua trinh trao d6i cht quan trong, bao gdm sinh tong hop
phytohormone, chuyén hoa purine, giai doc sulfite va dong hoa
nitrat [9]. Bén canh d6, Mo cling c6 vai tro chinh trong vi¢c thic
day su van chuyén cac san phim quang hop tir 14 dén céc co quan
dy trlr lam tang hiéu qua cua chu trinh quang hop [10]. Do do, su
thiéu hut hodc du thira Mo déu co thé anh huong tiéu cuc dén sy
sinh truong, phét trién va ning suét cdy trong [11].

Trong nhiing nam gén day, su tuong tac gilra vat li¢u nano va
thuc vat da thu hut sy quan tam cta nhiéu nha khoa hoc trén thé
gidi. Céc nghién ciru dd cho thay ca anh huong tich cuc va tiéu cuc
cta vat lidu nano dén su sinh trudng va phat trién cua thuc vat, tuy
thudc vao thanh phan, cu tric, nong d¢ hat nano va loai thuc vét
st dung [6, 12]. Trong linh vuc nudi cdy mo té bao thyc vét, gan
day c6 mot s nghién ciru vé tic dong tich cuc ciia nano kim loai
1én thyc vét nudi cdy in vitro, nhu tang ty 1¢ nay mam [13], gia
tang sinh truong [4, 5], tang cudng chuyén hoa cac hop chét thir
cap nhu phenol, flavonoid hay alkaloid [14]. Molybdenum trioxide
¢ kich thudc nano (MoO,NPs) da dugc chimg minh gitp cai thién
sy phat trién va ting kha nang st dung nitrat trén cay loa [15].
Bén canh d6, MoO,NPs da dwgc chimg minh dé hép thu, tich liy,
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chuyén vi va chuyén hoa nhanh trong co thé thuc vét [8, 9]. Tuy
nhién, so v6i cac nano kim loai khac, cac nghién ciru img dung
MoO,NPs trong khoa hoc thyc vat n6i chung va vi nhén giong thuc
vt noi riéng van con han ché.

Dic biét, cho dén nay van chua ¢6 cac nghién ctru tmg dung
hat nano kim loai n6i chung va MoO,NPs noi riéng vao vi nhan
glong cdy hoa Cuc véi vai tro nhu mot nguon dinh dudng thay
thé co loi cho su sinh truong va phat trién cia cy. Do d6, trong
nghién ctu ndy, lan dau tién thay thé mudi natri molybdate
dehydrat (Na,M00,.2H,0) bing MoO ,NPs trong moi truong nudi
cay MS [15] nham danh gia tac dong cua MoO,NPs Ién khéa nang
sinh truong va phat trién cta cdy hoa Cic duoc ghi nhan. Ngoai
ra, nghién ctru nay con danh gia kha nang hap thu khoang va hoat
dong ciia cac enzyme chdng oxy hoa.

2, Vat liéu va phuong phap nghién ciiu
2.1. Vit ligu thuc vit

Chi in vitro mot thang tudi ciia cay hoa Ciic dugc nudi cy
trén moi truong trong nghién ciu cua T. Murashige va cs (1962)
[16] (Sigma-Aldrich, My) dugc bd sung 8 g/l agar (Viét X0, Viét
Nam), 30 g/l sucrose va khong c6 chét diéu hoa sinh truong thyc
vat (PGRs) dugc str dung lam vat li¢u ban dau.

2.2. Dung dich nano molybdenum trioxide

Dung dich MoO,NPs (kich thudc hat nano trung binh tir 20 dén
60 nm) dugc cung cip boi Vién Cong nghé Moi trudng. Nong do
cua dung dich MoO,NPs ban dau 1a 500 mg/l.

2.3. Anh hwong ciia MoO NPs lén kha nang sinh trieong va
phat trién ciia chéi cdy hoa Ciic nudi cdy in vitro

Choi ngon cla «cdy hoa Cuc in vitro 1 thing tudi (1 cm) véi 1
cap la dugc nuoi cdy trén moi truong MS thay thé Na,MoO,.2H,0
bing MoO NPs ¢ cic ndng do khac nhau (37, 25 74 5 149
223,5 va 298 ul/l twong tng voi 1/4, 1/2, 1, 3/2 va 2 lan nong
d6 Na,MoO,.2H,0 c¢ trong méi truong MS co ban). Déi chimg
am (- ) la m01 truong MS da loai b6 mudi Na,MoO,.2H,0 va dm
chimg duong (+) 1a moi truong MS co ban. Cac ch1 tleu nhur s6
lugng chdi/mau, chiéu cao chdi (cm), s 14, s6 ddt, chiéu dai 1a
(cm), SPAD (nmol/cm?) va khdi luong tuoi (g) duoc ghi nhan sau
30 ngay nudi cdy.

2.4. Xdc djnh hogt tinh enzyme chéng oxy héa bang phwong
phdp quang pho tir khd kién (UV-Vis)

2.4.1. Chudn bj dung dich thir

Déu tién, 0,3 g miu chdi cdy hoa Ctc tuoi dugc nghién thanh
bot bang nito long, sau do dong nhat hoa bang cach phan tan
siéu am trong 2 ml dung dich dém photphat 0,1 M (pH 7,4) chua
0,1 mM Ethylene Diamine Tetra Acetic Acid (EDTA) dé chiét
xuit superoxide dismutase (SOD), catalase (CAT) Va ascorbate
peroxidase (APX). Sau khi chuyén sang dng ly tim, mdi chat dong
nhat duoc ly tim 6 toe d 15.000xg trong 20 phiit & 4°C. Chat ndi
phia trén dugc thu thap va bao quéan trén da lanh dé danh gia hoat
dong ciia cac enzyme chdng oxy hoa.
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2.4.2. Hoat dong SOD

Phan tich hoat ¢ SOD duoc thuc hién b?mg phuong phap duogc
mo ta boi S. Marklund va cs (1974) [17], trong d6 pyrogallol trai
qua qua trinh oxy hoa trong moi truong kiém véi sy c6 mat cia
oxy trong khong khi, tao ra san pham hap thy ti da & budc song
320 nm. Bé ngan pyrogallol tu oxy hoa, SOD trong mau xic tac
cho phan (mg phan huy cac gbe peroxide (-O-O-). Hoat tinh SOD
trong mau dugc biéu thi bang ty 1¢ tic ché. Sy thay doi do hap thy
¢ budc song 320 nm dugce su dung & tinh toan don vi hoat dong
cia enzyme (U), twong dwong v6i mite G ché 50% qué trinh tur
oxy hoa pyrogallol. Piéu nay duoc tinh todn bang cong thirc sau:
don vi enzyme (U/g protein)=(% bi trc ché/50)xty 1& pha loang.

2.4.3. Hoat dong CAT

Phan tich hoat 4 CAT ctia mau thir dugc thuc hi¢n theo phuong
phap cta L. Goth (1991) [18], mau thi tiép xtc v6i 100 pl H,0, 65
mM trong 2 phit, sau d6 phan H,0, con sot lai dugc tron voi 100 ul
NH,Mo.0,, dé tao ra phic hop mau vang 6n dinh ¢6 kha ning hap
thy tot nhat ¢ nhi¢t do 405 nm (mot don vi hoat tinh CAT U/g prot
twong dwong voi 1 ymol H,O, thuy phan trong 1 phut).

2.4.4. Hoat dong APX

Phuong phap ctia Y. Nakano va cs (1981) [19] duge st dung
dé tinh toan hoat &9 APX. Sy hap thy APX t5i da & budc song 290
nm bi giam va bi oxy hoa boi APX trong mau. Do hap thu APX
t6i da (290 nm) trong 3 phut v6i sy ¢6 mdt cua 0,5 mM H,0, dugce
st dung dé xac dinh don Vi hoat do APX (U). Luong APX b1 oXy
héa duoc xac dinh truc tiép bang hé s6 hp thu 2,8 mM/cm. Luong
APX cén thiét dé oxy hoa 1 m ascorbate trong 1 phut trong diéu
kién thi nghiém duoc goi 1a don vi hoat d enzyme (U/g prot).

2.5. Anh huwong cia duw lwgng MoOJNPs trong mdu cdy lén
kha nang ra ré ciia cdy hoa Ciic nuéi cdy in vitro

Chdi cay hoa Ciic thu dwgc tir thi nghiém trude duge chuyén
sang moi truong MS khong ¢6 Na MoO,.2H,O va PGRs, de danh
gid anh huong cua du lugng MoO \NPs den kha ning ra ré. Chiéu
cao cay (cm), sb 14, s6 r&, chiéu da1 ré (cm), SPAD (nmol/cmz) va
khéi lwgng twoi (mg) dugc ghi nhan sau 15 ngay nudi céy.

2.6. Phurong phdp quang pho hép thu nguyén tir

Phuong phap quang phd hap thy nguyén tir (AAS) duoc skt
dung dé danh gi4 sy hap thu kali (K), canxi (Ca), magie (Mg),
sit (Fe), dong (Cu) va du lugng Mo ciia choi cay hoa Ctic sau 30
ngay nuoi céy theo quy trinh cua Y. Kojuncu va cs (2004) [20].
Cac miu phan tich dugc chuyén héa thanh cac nguyén tir ty do
hodc hoi ion bing ngudn ning luong phu hop sau khi moi truong
nuéi cdy dugc thu gom va phan hity bang axit HNO,/HCI (ty 1¢
3:1). Phuong phap v6 co w6t dugc sir dung dé phan tlch du luong
khoang chit da luong va dugc do bing AAS-6650 (Shimadzu,
Nhat Ban). Du lugng trong méi truong nudi cdy quyét dinh luong
chat dinh dudng va hat nano dugc hép thy. Lop vo bén ngoai cua
vat liéu nano giip on dinh chiing, khién ching trd thanh vét liéu ¢6
cdu trac twong doi on dinh. Do d6, cdc phuong phap vo co udt da
duoc sir dung dé tach MoO,NPs thanh dang nguyén tt, nham danh
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gia du luong hat nano trong moi truong nudi cdy. Tiép theo, cudng
do hép thu cla cac nguyén tir Mo duogc do, s6 luong du lugng hat
nano trong moi truong duge xac dinh va toe do he”ip thu MoO,NPs
ctia hoa Cuc dugc tinh toan.

2.7. Anh hwéng ciia duw lwgng MoONPs lén qud trinh ra ré
ciia cdy hoa Ciic nuéi cdy in vitro

Chdi cdy hoa cic ¢6 nguon gde tir nudi cdy trén moi trudng
thay thé Na,MoO,.2H,0 bing MoO NPs dugc chuyen sang moi
truong MS khong co Na MoO,.2H, O va PGRs, dé danh | gid anh
huong cia du lugng MoO NPs len kha nang hinh thanh 1é in vitro
va sinh truong cua cay con S6 ngay cam tmg ra r&, s6 ré, chiéu dai
ré (cm), trong lugng tuoi (g), trong hr(mg kho (g) va ty 1€ tich lay
chat kho duoc ghi nhan sau 15 ngdy nudi cdy.

Ty 18 tich iy chit kho (%) = Lrong luong kho ()
Trong lugng tuoi (g)

x 100%
2.8. Diéu kién nudi cay

Céc miu dugc nudi cdy in vitro trong didu kién duoc kiém
sodt trong phong nudi cdy co nhiét do 25+2°C va do am tuong ddi
55 60% Anh sang huynh quang cung cap cuong do 40-45 umol
m2.s! voi chu ky quang hoc 13 12 gio moi ngay.

2.9. Phin tich thong ké

Tét ca cac thi nghiém trong nghién ctu nay dugc lap lai 3 lan
v6i 30 maw/nghiém thire. Tat ca s liéu dugc xir Iy bang phin mém
Microsoft Excel 2016 va phan mém phén tich thong ké SPSS 20.0
theo phuong phdp Duncan’s test vdi p<0,05 [21].

3. Két qua va han luan

3.1. Kha nang sinh truong va phdt trién ciia cho”‘j cdy hoa Cuc
nudi cy trén moi truong thay thé Na,Mo0 ,2H 0 bang MoO NPs

Sau 30 ngay nudi cdy, két qua cho thay, ¢ nghiém thtc (-), sy
ving mit ciia Mo da gdy anh huong dén sy sinh truong cia choi
cay hoa Ciic; chdi thu dugc tir nghiém thirc nay c6 kich thudc
nho, hinh thanh md seo dudi gdc, 14 nho, cup va vang (hinh 1).
Khi nng do MoO,NPs trong moi truong tang 1én (37,25-149 pg/l)
thi kha nang sinh truong va phat trién cta cac choi cay hoa Cuc
ciing tot hon. biéc biét, ¢ nghiém thirc 149 ng/l MoO,NPs, cic
chi ti€u nhu chiéu cao choi (5,4 cm), so 1a (14,00 1a/choi), so dot
(8,67 dbt/chdi), chiéu dai 14 (1,30 cm), SPAD (31,17 nmol/cm?)
va khéi luong tuoi (0,98 g) thu dugc téi wu nhat khi so sanh véi
cac nghiém thire khac. Tuy nhién, khi nong do MoO,NPs qua cao
(223,5-298 pg/l), kha nang sinh truong cua cac chdi Cuc lai gidm
dan (bang 1).

Hinh 1. Anh hwéng cla MoO,NPs Ién kha nang sinh trwéng va phat trién
cuia cac chdi cay hoa Cuc sau 4 tuan nuéi cay [(-); (+); 37,25; 74,5; 149;
223,5 va 298 pgll; trai sang phai]. Thanh bar =2 cm; (-) Ddi chirng &m: moi
trong MS loai b mudi Na,MoO,.2H,0; (+) Déi chirng dwong: méi tridng MS
co ban.
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Bang 1. Anh hwéing cia MoO,NPs I1én kha ning sinh trwéng va phit trién
ctia chdi cay hoa Cuc sau 30 ngay nudi cay.

Elg“hc‘e(z‘ " 56 chdi (Cc‘:l‘l’)chﬁi Sol S ddt El‘(f:l)dﬁi (s.m/cm :frho‘;?i('g';g“g
I 1005 317 86T 367 110ab 14006 0.23b
® 167 490a 1200 467 LITab 2907 0,632
315 167 36 76 7006 L17ab 15006 0,26b
745 167 513 103%b 800ab 120ab 29,60 0,742
149 300 5402 14002 867a 130a 3% 0,982
M5 1008 3100 867 500 107b  259%ab  05lab
298 1008 29 667 433 09T  240%b  0,1%

*Céc chiv cai khac nhau (a, b...) trong cting mét cot thé hién sw khac
biét c6 y nghia théng ké véi p<0,05 (Duncan’s test) (-) Bbi chirng am:
méi triong MS loai bé mudi Na,MoO,.2H20; (+) Béi chirng dwong: mai
trwong MS co ban.

Mo, mot ion kim loai thiét yéu duoc thuc vat hép thu tu
nhién, 1a thanh phan quan trong ciia cic enzyme nhur nitrat
reductase, xanthine dehydrogenase va aldehyde oxidase trong
thyc vat [7]. Nong d cua Mo trong dat nong nghiép dao dong
tir 0,2 dén 5,0 mg/kg [22] va ndng d cao hon 1000 mg/kg
(hoac 1000 ppm) trong kh01 luong kho c6 thé gay doc va lam
giam chat lugng cdy trong [23]. Thiéu Mo gdy ra su tich tu
nitrat trong thyc vat [24]. Hon nita, cac nghién ciru trude day
cho thiy rang, MoO,NPs c6 thé dugc st dung lam phan bén b6
sung cdc nguyén t6 vi lugng dé d& dang cung cip Mo cho ciy
trong trong diéu kién thleu hut chit vi lugng nay [25]. Méc du
¢ rat it nghién ctru vé MoO ;NPs, nhung ching dé cho thay
tac dung tich cyc ddi voi sw ndy mam cia hat, hoat dong cua
enzyme chng oxy hoa [26], su da dang ctia hé vi sinh vat viing
1& [27], phét sinh hinh thai, ting kha ning hap thu dinh dudng
va can béng ion cua thyc vat [28].

Nhitng phat hién ctia nghién ctru nay di gép phan cing cb

va lam r6 tac dong cua MoO,NPs doi voi sy sinh trudng va phat

trién ciia cdy con, lam sang to vai tro tiém nang cua MoO,NPs

trong viéc thay thé cho Na,MoO,.2H,0 trong mdi truong nu01

cay truyen thong (hinh 1), tu do gitip bo sung vi lugng ¢ dang

nano nham cai thién kha nang sinh truong va phat trién cla cay
trong trong didu kién nudi cdy in vitro.

3.2. Enzyme chﬁ'ng oxy hoa

Téc dong ti wu cua MoO ,NPs trong vi¢c tang cuong hoat
dong cua cac enzyme chdng oxy hoa ciing dugc ghi nhén trong
nghién ctru nay. Hoat tinh cua enzyme chong oxy hoa & nghiém
thirc bo sung 149 pg/l MoO,NPs t6t hon so véi nghiém thirc
dbi ching (+) (trr SOD) va cac nghiém thirc khac. Su tang
truong cua cdy ciing giam tuong tu khi Mo khéng duoc bo
sung vao moi truong dinh dudng ciing phan anh hoat dong cua
hé enzyme chéng oxy hoa giam manh. Ngoai ra, hoat dong ciia
cac enzyme nay bi trc ché khi c6 qua nhiéu Mo (hinh 2). Két
qua nay cho thay, tac dung tich cuc khong chi dbi voi sy ting
trudng ma con dbi véi hoat do enzyme chdng oxy (hinh 2). Cu
thé, tac dung tich cuc cua Mo cao hon dang ké khi n6 ¢ dang
hat nano so vdi dang ion.
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Hinh 2. I-‘Ioz_at tinh cha enzyme chéng oxy I'lléa SOD, APX va CAT
trong c!16i c'éy hoa Cuc sau 30‘ngéy nudi cay trén'méi trwong MS
thay the muoi NazMoQ4.2HZO bang MoO,NPs. (’-) Doi chirng am: moi
trwong MS loai bé mudi Na,MoO,.2H20; (+) Boi chirng dwong: moi
treong MS co ban; *Cac gia tri v&i cac chiv céi khac nhau cé sy khac
biét dang ké gitra cac nghiém thirc.

Trong qua trinh nudi cdy thuc vét, cic yéu td moi truong
bat lgi ton tai va tao ra mot luong 16n céc loai oxy phan tng
(ROS) bao gom hydro peroxide (H,0,), oxy nhom don (-O,")
va cac gbe hydroxyl (‘OH). ROS pha v& nhidu qua trinh s1nh
hoc bang cach thay d6i duong truyén tin hiéu noi bao [29]. Vi
du, ROS géy ra qua trinh peroxid hoa 11p1d lam ton thuong
mang té bao. Nghiém trong hon, ROS ¢6 thé 1am hu ton ciu
tric ciia chudi DNA bang cach phan tmg véi cac phén tir sinh
hoc tao ra DNA [30]. Do d9, cai thién hoat dong ctia hé théng
enzyme chong oxy héa 1a mot qua trinh sinh hoc quan trong
dé cai thién su phat trién cua thuc vat; hon nira, su cai thién
nay dic biét quan trong dbi voi kha nang chéng chiu stress
clia cdy con in vitro trong giai doan thich nghi ¢ diéu kién ex
vitro. Mo ¢ tac dong 1én cac enzyme chiu trach nhiém cho qua
trinh di hoa purine, sinh tong hop ureide, acid abscisic va oxy
hoa sulfite trong cay ho Dau [11, 31]. Viéc st dung phan bon
Mo théng thuong, chang han nhu ammonium heptamolybdate,
ammonium dimolybdate va natri molybdate, gay lo ngai do do
tinh khiét ciia ching thip, tir d6 dua cac hop chit khac vao dat
gdy su tich tu va gay tac déng ¢6 hai dén cay trong. Trong khi
do, MoO \NPs c6 do tinh khiét 99%, lam giam kha nang tich
lily cac yéu t6 khong mong muon nhu cac hop chit Mo khac
[32, 33]. Ngoai ra, Mo ciing can thiét cho qué trinh sinh tong
hop Moco va enzyme molybdo, anh huong dén qué trinh
chuyén doi nang lugng va diéu chinh biéu hién gen [34, 35].

3.3. Dw lugng Mo va khd nang hdp thu khodng ciia
cdc chéi cdy hoa Cic nudi cdy trén moi truwong thay thé
NaMoO,2H,0 bang MoO,NPs

Két qua phén tich cho thdy, du lugng Mo trong chdi cay
hoa Clc ting dan theo ndng do Mo c6 trong moi truong nudi
cay (hinh 3). Trong nghiém thtc (-), Mo van duoc phat hién
ngay ca khi mau dwoc nudi céy trén moi truong khéng co
Na,MoO,.2H,0; dicu nay cho thay su tich tu Mo van con sot
lai tu giai doan nudi cay trudc d6. Tuy nhién, nong do Mo
nay khong du cho qué trinh sinh truong va phét trién cta choi
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cay hoa Cuc (hinh 1). Ngoai ra, nghién ctru nay con chiing
minh rang céc chét dinh dudng dugc hap thy hiéu qua va nhanh
chong hon boi cac miu thuc vat khi & kich thuéc hat nano
(hinh 3). Nhing phat hién ndy cho thay rang, viéc thay thé
muo1 Na,MoO,.2H,0 bang MoO,NPs trong m01 truong nuoi
cdy da glup tang cuorng kha nang hap thy, cung cdp ngudn dinh
dudng vi lugng cho thuc vat dé hé trg qua trinh sinh trudng va
céac hoat dong quan trong khac.

1,2 §
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Hinh 3. Dw lwong Mo trong mau chéi ngon cay hoa Cuc dwoc
nudi cdy trén méi trweng MS thay thé mudi Na,MoO,.2H,0
bang MoO,NPs. (-) BGi chirng am: méi truong MS loai bd muoi
Na,MoO,.2H,0; (+) Bdi chirng dwong: méi treong MS co ban.

Hon nita, tic dong tich cuc cia Mo ddi voi kha nang hép
thu chat dinh dudng da dugc quan sat thiy trong nghién ctru
nay (hinh 4). Két qua cho thiy, kha ning hip thu dinh dudng
ctia chdi cdy hoa Cuc ¢ nghiém thirc (-) 1a thap nhét so voi cac
nghiém thitc con lai. Ngoai ra, kha nang hap thu khodng Ca,
Mg, K, Cu, Fe ting dan theo ndng do MoO,NPs trong mdi
trudng nudi cdy (37,25-149 pg/l). Két qua t01 vu nhat dugc
quan sit thiy & nghiém thic 149 pg/l MoO .NPs. Méc du
ndng d6 Mo trong nghiém thirc (+) tuong duong voi nghlem
thirc 149 pg/l MoO,NPs, tuy nhién hi¢u qua hap thy chat dinh
dudng trong nghlem thire nay lai khong toi uru (hlnh 4). Vi Vay,
& kich thude nano, Mo c6 tac dong toi uu hon dén kha ning hip
thy khoang cta cay trong. Tuy nhién, nong d6 MoO ,NPs quéa
cao (223,5 va 298 ug/l) lai gay doc ddi véi chdi cay hoa Clc,
lam giam kha ning hap thu chit dinh dudng ¢ dbi twong thyc
vat nay (hinh 4).

Céc chit dinh dudng thiét yéu bao gém N, P, K, Cu, Fe, Mn,
Zn va Mo rat quan trong cho su phét trién va nang sut ti wu cia
cay trong [36, 37]. Su thiéu hut cac chit dinh dudng da luong va
vi luong nay lam gian doan sy phét trién cua cdy trong, dan dén
san lugng cdy trong giam dang ké [38] Mo lam tang hoat dong
cua enzyme chdng oxy hoa, san xuit ABA, dong hoa N va Fe,
dan dén cai thién su phat trién cua thuc vét va kha nang chong lai
stress oxy hoa [39, 40]. Nong do Mo khong du c6 thé lam giam
hiéu qua ciia phan bon nito (N), ddn dén ning suat cdy trong va
tréi cdy giam, ddc trung 13 14 bit thuong va ting truong cdi coc
[41]. Mo khong thé thiéu trong qué trinh chuyén hoa N, bao gom
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Hinh 4. Kha néng hap thu da lweng (Ca, Mg, K) va vi lweng (Cu, Fe)
cua chéi cay hoa Cuc nubi cay trén méi trweng MS thay thé mubi
Na,MoO,.2H,0 bing MoO,NPs. (-) Dbi chirng &m: méi trwéng MS loai
b6 mudi Na,MoO,.2H20; (+) Béi chirng dwong: méi trueng MS co ban.

¢b dinh N, khu nitrat va df”mg héa N [29]. O cdy Ca chua, Mo
hé tro h?ip thu Fe; trong khi do, ¢ cdy Lua, khi dugc phat trién
trong moi trudong giau Fe s& ting cuong kha ning hap thu Mo
[34, 35]. Ngoai ra, vai trd ciia Mo 1én sy sinh truong, phét trién
va ra hoa cua cdy hoa Cuc trong didu kién ex vitro cling da duoc
nghién ctru [42]. O hoa Clic, lugng Mo thich hop s& hd tro sy phat
trién cua hat glong khoe manh. Hon thé nita, Mo anh huong dén
qué trinh chuyén hoa N, ¢6 tac dong gian tiép dén qué trinh quang
hop cua thyc vat [43].

3.4. Ddnh gid qud trinh ra ré ciia cdy hoa Ciic tir nuéi cdy
trén méi truong bo sung MoO ,NPs

Sau 15 ngay nuoi cay, du lugng MoO,NPs con lai trong mu
chdi di anh hucng dén giai doan ra 1& in vitro cia cay hoa Cuc
(hinh 5 va 6). O tit ca cac chi tiéu (chiéu cao cdy, sb 1&, chiéu
dai &, SPAD, khoi lugng tuoi, khdi lugng kho va ty 18 tich liy
chat kho) ciia nghlem thie 149 pg/l MoO,NPs van cho thdy uu
the 0 giai doan ra re. Piéu tha vi 13, mic du du lwong Mo trong
mau ¢ nghiém thitc (+) cao hon so vé6i cac nghiém thirc 37,25
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Hinh 5. Anh hwéng cia dw lwong MoO,NPs 1&én kha nang ra ré cta cay hoa Cuc sau 15
ngay nudi cay. (A) S6 ngay cdm rng ra ré; (B) Sé ré va chiéu dai ré; (C) Khéi lwong twoi, kho va
ty 16 tich Ity chat kho; (D) SPAD. (-) Béi chirng am: mai treong MS loai bd mudi Na,MoO,.2H,0;

(+) Béi chirng dwong: méi trwerng MS co ban.

va 74,5 ng/l, kha nang ra 1é va sinh truong cua nhimg cdy nay
khong t6t bing nhimg céy c6 nguon gbc tir moi truong thay thé
Na MoO,.2H,0 bing MoO ,NPs. Cdy con ¢ nghi¢ém thirc (+) co
mau vang, 14 nho cup; trong khi d6, & cac nghiém thirc thay thé
Na MoO,.2H,0 bing MoO,NPs cay con c¢6 mau xanh dam, 1a to
(hinh 6).

Su phit trién ciia h¢ thong ré rat quan trong dé cay lay nudc,
hép thy chat dinh dudng tir cic nguon phan b khong déu, duy tri
sy 6n dinh vé cdu trac va phan tmg véi cac yéu t sinh hoc va phi
sinh hoc. Sw phat trién cta hé thong r& bi anh huong dang ké boi
céc tin hiéu N khéc nhau va ngudn N c6 trong ving ré. Mo rat quan

Hinh 6. Anh hwéng cua dw lwong MoO,NPs Ién kha nang ra ré cla
cay hoa Cuc sau 15 ngay nudi cay. Thanh bar = 2 cm. (-) Boi chirng
am: méi truong MS loai bé mudi Na,MoO,.2H,0; (+) Béi chirng duong:
moi trwdng MS co ban.
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1400 trong cho qua trinh dong hoa va chuyén
1200 hoa nito. Nghién ctu cua M. Imran va cs
(2021) [44] da chi ra ring, Mo gop phan
dang ké vao viéc ting cuong sy phat
trién cta hé‘th(“')ng ré cdy Lua mi bing
cach thuc déy sdn xudt oxit nitric, tao
diéu kién cho sw hap thu va dong hoa N
higu qua, ciing nhu diéu chinh cac biéu
hién gen nitrate transporter.
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4. Két luan

SPAD
Nghién ctru ndy da chimg minh dugc
vai tro cia MoO,NPs trong vigc thay thé
b ) cho Na,MoO, 2H O trong moi truong
£ nuoi cay cay hoa Cuc trong cac giai
doan sinh trudng, phét trién va ra ré. Tuy
thudc vao timg giai doan sinh truong,
nong do MoO NPs t01 wu (149 pg/l) s&
tang cuong | kha ning sinh truong, sy hap
thu cac chat dinh dudng va hoat dong
cua enzyme chong oxy héa cla mau
nudi cay hoa Cuc cdy in vitro.

Nghién ctru nay duoc hd trg kinh phi
bi Chuong trinh phat trién nhom nghién ctru xuat sic hang I vé
“Nghién ctru anh huong ciia mot sb hat nano kim loai Ién sy phat
sinh hinh thai, sinh treong - phét trién, sinh 1y - sinh hoa va tich
liy hop chit thir cap cua mot O cdy trong c6 gi4 tri kinh té nuoi
cdy in vitro” theo s6 ma sb dé tai NCXS01.03/22-24 cua Vién Han
lam Khoa hoc va Cong ngh¢ Viét Nam. Cac tac gia xin chan thanh
cam on.
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