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SUMMARY

EFFECTS OF ZINC OXIDE NANOSTRUCTURES ON GROWTH AND DROUGHT
TOLERANCE OF MAIZE (Zea mays L) AT THE GERMINATED SEEDS AND
THE SEEDLING STAGE

In this study, Zinc Oxide Nanostructures (UZ) were synthesized by the sonochemical method and tested
in seed treatment of maize seeds. The experiment was arranged in a completely randomized block design
with 3 replications. Corn seed was soaked in UZ solution with different concentrations (0.8 + 3.2 mg/kg
grain) for different times (10, 90, 180, 270 min) and one control formula in which no UZ was used. The
results showed that the dose of 3.2mg UZ/kg of corn kernels soaked for 90 minutes gave the best results,
with the highest growth, germination rate, and seedling quality, drought tolerance index, relative
increase of 39.10% compared to the control formula. The result of this study is the scientific basis to
propose solutions to improve drought tolerance, growth, and development of some plant varieties in

Vietnam through the use of UZ.
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1.MO PAU

Ngb (Zea mays L.) 1a cay luong thyc quan trong
thir hai sau cdy lua, dugc coi la cay trong xoa
d6i giam nghéo & nhiéu noi trén thé gidi va Viét
Nam. Ngb co6 gia tri dinh dudng cao, dugc sir
dung lam thirc dn cho nguoi, déng vat va
nguyén liéu thd trong cac nganh cong
nghiép,...[1-2]. Tuy nhién ning sudt cay ngod
dang bi anh hudng boi su bién dbi khi hau va
tinh trang thiéu chit dinh dudng, do d6 viéc ap
dung cac thanh tyu khoa hoc cong nghé hién dai
vao san xudt nhim ting ning suit va san luong
ngd 1a yéu cau buc thiét hién nay cua nganh
trong trot & nude ta. Cong nghé nano da va dang
dugc ung dung hi€u qua trong noéng nghiép &
nhiéu quéc gia trén thé gidi trong lai tao gidng
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cdy trong méi, phan bén, thude trir sau, xir 1y
chat thai nong nghiép,..Dd c¢6 nhitng nghién
ctru ing dung cac hat nano kim loai (nano Fe,
Cu, Co...) trén mot sd loai cdy trong nhu ca
chua, 1Ga mi, lac, dau tuong,... cho hiéu qua tich
cuc d6i voi sy phat trién cua cay trong, gitp ting
ti 1¢ nay mam, thic ddy sy phat trién cdy non [3-
6]. Nghién ciru cua Polischuk et al., (2000) cho
thy viéc xtr 1y hat gidng v6i dung dich nano
kim loai trugc khi gieo hat ¢6 thé 1am ting ham
lwong protein 1én tdi 40%, kich thich qua trinh
trao doi chét. Trong cac chit dinh dudng vi
luong, kém duoc coi 1a nguyén td quan trong
nhét, boi kém 1a nguyén td thiét yéu cho sy sinh
truong va phét trién khoe manh ciia ngd, anh
hudng dén sy tao thanh nhidu hop chit quan
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trong cta ngd nhu tinh bot, protein, vitamin,
enzyme...va kha ning chéng chiu cac loai dich
bénh [7]. Ngb 1a cdy trong nhay cam nhat ddi
v6i tinh trang thiéu k&m va c6 nhu cau k&m rat
16n trong qua trinh sinh trudéng [8-9]. Nghién
ctru ndy dugc tién hanh nham danh gia higu qua
clia nano oxit kém ché tao theo phuong phap
héa siéu &m dén sinh truong va chiu han cua ngd
trong giai doan nay mam va cay con.

2.THUC NGHIEM

2.1. Vit liéu va hoéa chit

Hat gidng ngd lai NK 4300 do Cong ty Syngenta
Viét Nam cung cép.

Céac hoa chat thi nghiém déu thudc loai PA:
ZnS0s4, NaOH cua hang Merk (brc).

2.2. Ché tao vat liéu

Chuén bi 150 mL dung dich NaOH 0,50M vao
buret va céc thay tinh 500 mL chira 150mL ZnSO,
0,25M dit trong bé siéu am (Ultrasons H-D,
Selecta, tan s6 50 kHz, cong suit 250 W). Mo
khéa buret véi toc do 1mL/phat. Nhiét d6 cua
phan tmg dwoc duy tri ¢ 30 °C trong subt qua
trinh phan tng. Sau khi nho hét NaOH, dung
dich trong cbc dugce rung siéu 4m thém 15 phut.
Két tia thu duge c6 mau trfmg duc dem loc hut
chan khong, sau d6 dugc rua nhiéu lan béng
nudce cat hai 1an cho dén moi truong trung tinh.
Két tua sau khi loc duoc sdy trong ti siy & 80
°C trong 48 gi¢. Vat li¢u thu dugc dang bt mau
trang va duoc ky hiéu 13 UZ. Dung dich UZ
dugc pha trong nudc cat hai 1an vai cac ndng do
thich hop, sau d6 dem rung siéu am trong 10
phut, dé ldng rdi cho vao lo bao quan.
2.3.Phwong phap xic dinh cédc dic trung ly
héa cia vat liéu

Vit liéu UZ sau khi ché tao duoc x4c dinh hinh
thai hoc bé mit bang phuong phap hién vi dién
sit quét (SEM), hién vi dién tr truyén qua
(TEM), thanh phan hoa hoc bang phuong phap
phd tan sic nang lugng (EDX) trén may FESEM
Hitachi S-4800. C4u truc vat liéu duge xac dinh
bang phwong phap nhidu xa tia X (XRD) trén
may D8 Advanced Brucker.

2.4. Phwong phap xir 1y hat ngd giéng bing
nano kém oxit

2.4.1. Théi gian ngdm va ty 1é ndéy mam cia
hat ngo giong
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Tién hanh ngam hat ngé giéng trong dung dich
UZ véi nong d6 1mg/kg hat, & nhitng khoang
thoi gian khac nhau (10, 90, 180, 270 phdt) ung
V6i 4 cong thic tir CT1 dén CT4. Sau d6, gan
bo dung dich, dé hat khd tu nhién trong 15 phut
réi mang di gieo trong diéu kién phong thi
nghiém. Theo ddi sy sinh truong va phét trién
clia cdy dén giai doan ngd duoc 3 - 4 14,

2.4.2. Nong dp nano ZnO va ty 1¢ ngy mam ciia
hat ngo giéng

Hat ngd giéng dwoc ngam trong dung dich UZ véi
c&c ndng do khac nhau (0,8 + 3,2 mg/kg hat) & thoi
gian thich hop. Thi nghiém duoc bb tri theo khéi
ngau nhién hoan chinh, 3 1an nhac lai véi 4 cong
thuc sau:

CT1: dbi ching-hat gidng ngd ngam véi nudc 13
CT2: hat giéng ngd duoc xur Iy bang UZ véi
ndng d6 0,8 mg/kg

CT3: hat giéng ngd duoc xur Iy bang UZ véi
ndng d6 2,0 mg/kg

CT4: hat giéng ngd duoc xur Iy bang UZ véi
ndng do 3,2 mg/kg

2.5. Phwong phap nghién ctru kha nang chiu
han cta cdy ngo trong giai doan cay non.
Thoi ki cay con va ra hoa la 2 thoi ky cy ngo
mAan cam nhét véi diéu kién han. Dé danh gia
kha nang chiu han ctia ngd ¢ thoi ki cdy con
trong diéu kién han nhan tao ta dua theo béng
phuong phap cua tac gia Lé Tran Binh va Lé Thi
Muoi [10]. Theo d6, ngd dugc gieo vao chau cat
sach co duc 16 o dudi day voi ) luong 30
hat/chau. Thi nghiém dugc tién hanh nhéc lai 3
lan v&i 6 cong thirc: 3 cong thie xir 1y hat ngd
trong UZ va 3 cong thire d6i chimg (DC) twong
g khi khong xir 1y hat ngd bang UZ. Chim
soc binh thudng khi cay con dugc 3 14 thi ngung
tudi nudc dé bit dau gay han. Theo ddi danh gia
mirc d cay khong héo & cac thoi diém 3, 5, 7
ngay ké tir khi ngimg tudi. Sau 7 ngay gy han
thi tudi nudc trd lai, theo doi va danh gia kha
nang cay phuc hdi sau 3, 5, 7 ngay ké tir khi tugi
tro lai. Sau khi tudi trd lai, thi cay nao c6 kha
nang phuc hdi cao hon thi ¢6 kha nang chiu han
cao hon ¢ thoi ky cay con.

2.6. Phwong phap xir Iy s6 liéu

S6 liéu thi nghiém dugc tong hop va xu Iy theo
phuong phap théng ké sinh hoc bang phdn mém



Excel va SAS 9.1.

2.7. Céac chi tiéu theo doi

a. Céc chi tiéu nady mam va cay non ddi véi cay
ngb gom:

Ty 1& nay mam (%) = 100 x téng sd hat
moc/téng s6 hat gico. Hat dugc coi 1a nay mam
khi r& mam xuét hién dai khoang 2 mm.

Khéi lwong cdy mam, r& mam, mam (g/cay):
dugc tinh trung binh cua tong s cay nay mam.
Str dung can phan tich dién tir dé can.

Chiéu dai ré, chiéu dai than mam (cm): duoc
tinh trung binh cua tong s6 cay nay mam va
dugc do bang thuéc Panme.

b. Cac chi tiéu chiu han ddi voi cdy ngd gdom:
Ty 1& cay khong héo (%) = (tong s cay khong
héo/téng sb cay) x 100%

Gidng c6 ty 1¢ cdy khong héo cao thi c6 kha
nang chiu han cao hon ¢ thai ky cay con.
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Ty 18 cay hoi phuc (%) = (sb cay phuc hdi/tdng
s6 cay) x 100%

Chi s6 han twong d6i:

S = Vssino(ab+bc+cd+de+eg+ga) 1)
Trong d6: S - chi s6 chiu han tuong ddi; a: %
cay khong héo sau 3 ngay gdy han, b: % cay
phuc hdi sau 3 ngay giy han; c: % cdy khong
héo sau 5 ngay gay han, d: % cdy phuc hdi sau
5 ngay gay han; e: % cay khong héo sau 7 ngay
gay han, g: % cay phuc hdi sau 7 ngdy gy han;
o: gbc tao boi 2 truc mang tri s6 gan nhau va
tinh bang 360/x; x: s chi tiéu theo ddi (¢ day
x=6, sino=sin(360/6)) [9].

3. KET QUA VA THAO LUAN

3.1. Mt s6 dic trung Iy héa cia vat liéu

Két qua phan tich hinh thai hoc bé mat cua vat
liéu UZ duoc chira ¢ hinh 1.
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Hinh 2. (a) Phé EDX, (b) Gidn do XRD cua vt lieu UZ

Két qua phan tich & hinh 1 cho thdy, vat liéu UZ
¢6 hinh da giac, dang hat nano véi kich thudc

¢ 20-60nm. Két qua phan tich EDX cia UZ
(hinh 2.a) cho thdy, sy xuat hién cac pic dic



trung ctia Zn va O ching t6 UZ ché tao duoc co
d6 tinh khiét cao voi thanh phan chinh 1a Zn va
0. Két qua phan tich ciu trdc cua UZ bang phép
do XRD (hinh 2.b) cho thdy, gian 6 XRD cua
UZ xuét hién dinh cic dinh diac trung 20 tai
31.20, 34.70, 36.52, 47.61, 56.58, 62.85, 66.41,
67.93, 69.08, 72.54 va 76.85° trong ung véi cac
mit (100), (002), (101), (102), (110), (103),
(200), (212), (201), (202) va (203) cua cu tric
luc giac wurtzite ZnO [11]. Két qua nay phu hop
v6i két qua anh SEM va EDX cua UZ.

3.2. Anh hwéng cia thoi gian ngdm hat ngod
gidng trong dung dich UZ dén ty 1§ niy mim,
sinh truéng cia ciy non

Anh huong cua thoi gian ngdm hat gidng trong
dung dich nano ZnO (UZ) véi ndng d6 1mg/kg
hat dén ti 16 nay mam hat ngd giéng va sinh
truéng cua cdy ngd dwoc thé hién ¢ bang 1. Ty
1¢ nay mam 1a tiéu chi quan trong dau tién dé
danh gi kha ning nay mam cua hat giéng. Két
qua cho thay khi xir ly hat ngd giéng trong 10
phit (CT1) thi ti 16 nay mam dat 85,51%, khi

tang thoi gian xt ly tir 90-270 phit da lam ting
ti 1& nay mam, CT2 cho ti I¢ nay mam cao nhat
12 95,72% so véi CT1 & mitc cé ¥ nghia théng
ké 95%. Cac cong thirc CT2, CT3, CT4 co ti lé
nay mam sai khiac khong co ¥ nghia théng ké.
Sau 3-9 ngay nay mam chiéu cao cia cy non &
céc cong thirc déu ting nhanh, sau 9 ngay nay
mam CT2 cho chiéu cao cay cao nhét (19,48cm)
S0 véi cac cong thac khadc & mac c6 ¥ nghia
thong ke.

Khéi luong cay sau 9 ngay nay mam dat tir 1,85
— 2,02 g/cay va khong c6 su khac biét gitta cac
thoi gian xur ly. V& khéi lwong bo ré, thoi gian
xir Iy hat ciing khong anh huong dén chi tiéu
nay. Ngo c6 khdi luong bo ré sau 9 ngay nay
mam dao dong tir 1,10- 1,18 g/cay, su khac biét
nay khong c6 y nghia thong ké & mic 95% giira
cac cong thtce thi nghiém. Thoi gian ngdm hat
ngd gidng trong dung dich UZ thich hop cho hat
ngd nay mam tét nhat 1a 90 phit dugc chon l1a
thoi gian t6i wu cho cac nghién ciu tiép theo.

Bdng 1. Anh huéng cia thoi gian xit Iy hat ng0 giong trong dung dich UZ

Thoi L ia £ £

i gian TYI& | chidu cao cay (cm) sau nay mam (ngay) | <hoi Khoi
Céng R nay luwong luwong
. ngam 3 A o x
thirc hat mam cay bo re

? % 3 5 7 9 /cA /cA

(phtit) (%) (g/cay) | (glcay)

CT1 10 85,512 8,37°¢ 10,52° 13,83° 19,15°¢ 1,852 1,102
CT2 90 95,72b 11,912 13,292 15,80% 19,482 2,028 1,162
CT3 180 95,18° 9,72 11,972 16,352 19,37° 1,982 1,182
CT4 270 92,43b 10,12° 12,052 15,08% 19,38 1,992 1,162
CV (%) 4,31 7,90 5,32 7,88 3,51 6,58 8,04
LSDo,05 572 1,46 1,17 2,44 1,27 0,24 0,16

Ghi chu: LSDggs la khéc biér cé y nghia thong ké nho nhat. CV% la h¢ so bien thién. Cac chiz cai a, b, c la

khac biéz cé y nghia ¢ mirc 95%.

3.3. Anh hwéng ciia nong d dung dich UZ dén
ty I¢ ndy mam, sinh truéng cia ciy ngd non

Anh huong cua nong d6 dung dich UZ dén ti 18
ndy Mam va sinh trudng cua ciy ngd non dugc
trinh bay ¢ bang 2. Két qua cho thdy, khi st
dung nano ZnO xir ly hat ngd giéng (CT2-CT4)
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thi ty 1é nay mam va chiéu cao cay con ¢ 3, 5, 7
va 9 ngay sau nay mam déu cao hon so véi cong
thirc d6i chimg CT1, khéc biét nay c6 y nghia
thong ké & mirc 95%. Nhu vay, khi xir Iy hat
gidng véi nano ZnO c¢6 anh huong tich cuc dén
ndy mam va phét trién ciia cay con. Didu nay co



thé duogc giai thich 1a do kich thude nho, hoat
tinh phan tng cao, cac hat nano oxit k&m dé
dang xam nhap vao cic té bao dé tham gia vao
qué trinh tong hop cic enzyme can thiét cho
viée ting tc cac qué trinh trao doi chat trong
cay, kich thich céc qua trinh sinh ly trong cay.
Ty I¢ nay mam hat ngd & CT4 la cao nhat
(98,66%) va khac biét vai cac cong thic CT2,
CT3 va cong thuac ddi chang CT1. O CT2 khi
xir ly hat ngd gibng véi ndng do UZ thip
(0,8mg/kg hat) thi ty 1¢ nay mam (dat 86,66%)
twong duong véi ty 1é nay mam cua cong thic
ddi chitng CT1 (khdng xir ly bang UZ) ¢ mac
¢6 ¥ nghia thdng ké. Chiéu cao cy c6 xu huéng
tang khi tang nong d xu Iy nano ZnO. CT4 cho
chiéu cao cay cao cao nhat, khac biét so véi cac
cdng thuc khéc, 9 ngay sau khi nay mam, cay
cao 22,97 cm. Két qua nghién cttu nay, phu hop

véi nghién ctu cua tac gia [13] khi phun nano
oxit kim loai 1én cdy ngé.

Phan tich khdi lwong cay va ré ngé dugc tién
hanh 9 ngay sau nay mam, Iic cay bat dau sir
dung hét dinh dudng du trit trong noi nhi. Két
quéa bang 2 cho thdy, khéi luong cay con sau 9
ngay nay mam dat tir 2,02-2,33 g/ciy nhung
su khac biét nay khong co ¥ nghia thong ke.
Khéi lugng ré cay tang khi ting ndng do xu ly,
dat cao nhit 1a 1,27g & CT4. Khdi lugng b ré
dao dong tir 1,12-1,27 glcay. CT3, CT4 cho
khéi luong ré khac nhau nhung khéng co sy
khéc biét thong ké. Nhu vay, CT4 véi UZ nong
d6 3,2 mg/kg hat, thoi gian ngdm 90 phat cho ti
1& nay mam va chét lugng cdy mam cao nhit so
véi cong thire dbi chimg CT1 dugc chon 1a cong
thuc t6i wu.

Bdng 2. Anh hwong ciia nong dé dung dich UZ trong xir Iy hat ngo giong

A Néng do Tyl Chiéu cao cay (cm) sau nay mam Khoi Khoi
Cong ’ nay 5 lwong lwgng
) uz N (ngay) . NP
thirc (mg/kg) mam cay bo re
O ) | 3 5 7 9 | (gleay) | (glety)
T1
c 0 84,17° 8,67° 11,52¢ 15,02¢ 17,16° 2,028 1,12¢
(BC)
CT2 0,8 86,66° 9,58° 12,50¢¢ 16,37 18,84 2,248 1,20P
CT3 2,0 96,15% 11,568 14,62b2 17,350 20,36° 2,282 1,278
CT4 3,2 98,712 11,748 15,882 18,842 22,978 2,332 1,252
CV (%) 8,12 7,01 9,65 5,81 5,84 10,51 2,56
LSDo 05 13,36 1,35 2,46 2,15 2,18 0,43 0,07

Ghi chu: LSDggs la khéc biét cé y nghia thong ké nho nhat. CV% la hé so bien thién. Cac chiz cai a, b, c la

khac biéz cé y nghia ¢ mirc 95%.

3.4. Anh hwéng ciia UZ dén sinh truéng ciia
ngo trong diéu kién han & giai doan cay con

Thoi ki cay con la thoi ky cdy ngd man cam nhat
v6i didu kién han. Két qua nghién ctu sy anh
hudng cua UZ t6i sinh trudng ctia ngd trong
diu kién han & giai doan cdy con thong qua ti
1¢ cay khong héo, cdy phuc hoi va chi s6 chiu
han tuong déi duoc trinh bay ¢ bang 3. Khi bi
han, lwong nuéc trong té bao giam giy ton
thuwong cho cdy, cay ngd s& c6 nhitng co ché dap
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{rng dé 1am giam hodc tranh bi tén thuong. Két
qua ¢ bang 3 cho thdy, sau 3 ngay giy han, sinh
truong clia cay ngd bt dau bi anh huong ¢ tat
ca cac cong thic thi nghiém, quan sat thiy la
non quin lai, than va ré chua bi anh huodng
nhiéu. Cay bi héo 14 va sb luong cdy bi héo, bi
chét ciing tang 1én cao khi thoi gian gay han tang
[2]. Khi hat ngd dugc xtr Iy boi UZ gitip gia tang
ty 18 cay khong héo va ty 1& cay hdi phuc so véi

cong thire ddi ching. Vi cing mot gidng ngd,



cung mot kidu gen, cung muc phéan Gng véi cac
stress tir moi truong nhung cong thirc duge xir
1y bai UZ cho chi s6 chiu han twong ddi cao hon
cong thirc ddi chung (DPC), ting 39,10%. Két

quad nghién ctru nay phu hgp véi cac nghién ctru
cua tac gia [3], [12]. Sau 3 ngay tudi nudc tro
lai, cay ngd dugc xir 1y boi UZ ¢6 ti 1¢ hdi phuc
cao, dat 100%.

Bang 3. Anh hurong ciia UZ dén chi sé chiu han twong doi ciia ngd ¢ giai doan cay con

Con %CKH %CKH %CKH %CPH %CPH %CPH Chi s

th 3 sau 3 sau 5 sau 7 sau 3 sau 5 sau 7 chiu han

w z

ngay han | ngay han | ngay han | ngay han | ngay han | ngay han | twong doi

bC 72,56 42,85 17,25 87,65 57,81 44,57 7617,95

uz 79,42 49,64 27,15 100,00 73,12 55,84 10596,58

Ghi ch(: Céng thire CKH: c@y khong héo; CPH: cdy phuc hoi

4. KET LUAN 2. Azeem Tarig, Shakeel A. Anjum,
Da ché tao thanh céng nano ZnO theo phuong Mahmood A. Randhawa, Ehsan Ullah,
phap hoa siéu &m, nano ZnO c6 dang hat, kich Muhammad Naeem, Rafi Qamar, Umair

thude ¢& 20-60nm. Xir Iy hat ngd gidng bang nano
ZnO di kich thich sy ndy mam cdy ngd, gitp ciy
ngd sinh trudng tot va lam ting kha ning chiu han
clia cdy con trong giai doan nay mam va cay con.
Khi ngdm hat ngd gidng trong dung dich UZ
nong d6 3,2 mg/kg hat, thoi gian ngam 90 phat
cho kha ning sinh truong, ti 16 nay mam va chat
lwong cay mam cao nhét, chi sé chiu han tuong
dbi tang 39,10% so vai cong thire ddi ching
(khéng xir ly bang dung dich UZ). Két qua thu
dugc cho thay c6 thé nang cao kha niang chiu
han, kich thich sy nay mam, ting kha ning sinh
trudng cua ngd thong qua viéc sir dung cac hat
nano ZnO ché tao bang phuong phap hoa siéu
am. Can thir nghiém nano ZnO trén cac cay
trong khac dé c6 thé (mg dung dai tra trong san
Xuét nong nghiép.
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