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TOM TAT

Vi nhéan giéng cdy hoa héng (Rosa hybrida L. ‘Baby Love’) thuong gip phai mot s6 hién twong bt
thuong nhu vang 14, rung 14, thiy tinh thé.. . Nhitng hién tuong nay gy anh hudéng dén chét luong ciia cac chdi
nudi cay cling nhu ti 1¢ song cua cdy khi chuyén ra didu kién vuon wom. Nguyén nhan 1a do sy tich tu cta khi
ethylene trong binh nuéi cay kin, dan dén sy gia ting hoat d¢ ciia enzyme cellulase va pectinase lam phd v& su
lién két cia thanh té bao va cam tmg cho su rung co quan xay ra. Trong nghién ciru ndy, tic déng ctia nano bac
(AgNPs) Ién viée khéc phuc nhiing hién tuong bét thuong trén ciing nhu dnh hudéng ciia n6 1én sy sinh trudng
va phat trién ctia chdi va cdy hoa hdng nuéi cdy in vitro dugc danh gia. K&t qua sau 6 tudn nhén chdi in vitro
cho théy viéc bd sung 2 ppm AgNPs cho hiéu qua nhén chdi t6i wu véi cac chi tidu vé sb chdi/miu (6,67 chdi),
chiéu cao chdi (3,06 cm), khdi lugng tuoi (451,00 mg), khéi lugng kho (58,33 mg), SPAD (32,28) va ty 1€ tich
lity chat kho (12,93%) cao hon so voi dbi chimg khéng sir dung AgNPs. B6 sung 3 ppm AgNPs viao moi
truong nudi cdy ra r¢ in vitro giup cay con sinh truéng, phat trién t6t, han ché hién twong vang la va rung 14 voi
céc chi tiéu vé chidu cao cay (3,06 cm), s 14 (6,33), chiéu dai 14 (1,50 cm), chiéu rong 1a (1,50 cm), khdi lugng
tuoi (137,67 mg), khéi lugng khé (13,00 mg), sé & (4,33), SPAD (39,37), ty 18 tich lity chét kho (9,40%), su
tich liiy khi ethylene (C,H,) trong binh nuéi cdy (0,30 ppm), hoat d6 enzyme cellulase (0,14 UI/mL) va hoat
do enzyme pectinase (0,40 Ul/mL) tdt hon so v6i cac nghiém thirc con lai va c6 sy khac biét ro rét so voi débi
chimg sau 4 tudn nudi cdy. Ngoai ra, cdy con tir nghiém thirc ndy ciing cho ty 1& sdng cao (93,33%) khi chuyén
ra diéu kién vuon wom. Mit khac, 5 ppm AgNPs cam tng hién tuong ra hoa in vifro sém ¢ cdy hoa hong nudi
cy in vitro. Tuy nhién, khi sir dung AgNPs ¢ nong d6 cao (7 ppm) da e ché sy sinh truong, phat trién, gay
doc va tham chi gay chét cac chdi nubi cdy.

Tir khoéa: Cellulase, ethylene, hoa hong, pectinase, rung ld.

GIOI THIEU

Hoa hdng (Rosa hybrida L. ‘Baby Love’) thudc
chi Rosa, ho Rosaceae, 1a mot trong nhitng loai hoa
trang tri phd bién nhat. Hién nay, ngoai dugc trong
chau, hoa hong con 1a hoa cét canh thuong mai quan
trong c6 gia tri kinh té cao. hoa hdng thuong duoc
nhan giéng bang phuong phap gidm canh, ghép hodc
gieo hat, tuy nhién hi€u qua nhén giong thip, tiém 4n
nguy co thodi héa gidng va lay lan siu bénh hai...
(Senapati, Rout, 2008). K§ thuat nhan gidng in vitro
da gitp khac phuc nhirng han ché cua phuong phap
nhan glong truyen thong, glup tao ra so luong 16n
cdy gidng sach bénh, ddng nhat v& mat di truyén va
khong phu thude mua vu, ¢6 thé dap tmg dugc ngudn

cay giéng quanh nam (Bhojwani, Dantu, 2013). Bén
canh rat nhiéu lgi ich thi phuong phap vi nhan gidng
hoa hdng v6i nhitng dic trung nhu didu kién nuéi
cay kin, anh sang, nhié¢t d9, moi truong dinh dudng
dac biét, do ém cao va sy tich 10y khi ethylene trong
binh nuéi cdy da gy nén hién tuong thuy tinh the
vang va rung la chdi hoa hong in vitro, tac dong xau
dén su sinh truong, phat trién va giam ty 1¢ song cla
cdy con hoa hong khi chuyén ra vuon wom (Khosh-
Khui, Teixeira da Silva, 2006).

Trong vi nhan giéng thuc vat, rung co quan, dac
biét 1a rung 14 & cac chdi nudi cdy 1a tién trinh khong
mong mubn va thuong lién quan téi tic dong cua khi
ethylene va auxin. Thuc vét tong hop ethylene sur
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dung mot con dudng sinh héa voi hai bude bit dau
tor  S-adenosyl-L-methionine (SAM). SAM dugc
chuyén thanh ACC (l-aminocyclo-propane
carboxylic acid) bing enzyme ACC synthase
(ACS). ACC sau d6 duoc chuyén thanh ethylene boi
enzyme ACC oxidase (ACO) (Chang, 2016). Trong
vi nhan glong hoa hong, ethylene 1a yéu t6 quan
trong diéu khién su rung 14 (Brown, 1997) thong qua
su kich thich tao nén cac enzyme thuy phan voi hai
dai dién chinh 1a pectinase va cellulase s&€ pha v& sy
lién két cua thanh té bao va cam tmg cho sy rung co
quan xay ra (Greenberg et al., 1975; MacDonald et
al., 2011). Bén canh d0, sy tich tu khi ethylene trong
binh nudi cdy con gdy nén hién tugng thuy tinh thé &
cac ch01 nudi cdy, gdy nhiing bét thuong vé hinh thai
va ciu trac giai phiu cta thyc vat ciing nhu lam
giam ty 1é song ¢ giai doan vuon wom (Phan,
Letouze, 1983).

Bac (Ag) 1a mdt kim loai khong duoc bd sung
thudng quy vao moi truong nudi cay nhu mot yeu t6
dinh dudng ma chi dugc thém vao trong ngén ngira
mot s& tac nhan vi sinh, khic phuc cac hién tugng
bat thuong trong vi nhan gidng thyc vat dudi dang
ion Ag" trong mudi nitrat bac (AgNO;), bac
thiosulfat (Ag,SO4). Ion Ag" c6 thé ngan ngua sy
tong hop va hoat dong cua khi ethylene bang cach
lam d4o 16n ving bam dinh & thy thé cia ethylene.
Thu thé ETR1 c6 thé lién két v6i ethylene thong qua
mdt trung tdm hoat dong 14 tiéu phan ¢ 1 ion dong
(Cu™). Su thay thé Cu®’ bang Ag" khién cho thu thé
khong thé lién két véi ethylene va ngin ngira cac tin
hiéu turc ché cua ethylene 1én thyc vat (Kumar et al.,
2009). Véi kich thude cuc ki nhé (1 - 100 nm),
AgNPs di cho thdy hiéu qua tac dong va hoat tinh
cao hon so véi cac vat liéu khéi ¢ kich thude ion
(Yin et al., 2011). Do d6, AgNPs hién nay dang
duogc tng dung trong rt nhiéu linh vuc cua khoa hoc
va cong nghé. Trong vi nhan giéng thuc vat, AgNPs
da dugc chung minh la c6 kha nang khang lai cac tac
nhén vi sinh (nim, vi khuén...) (Sarmast ez al., 2011;
Arab et al., 2014; Spinoso-Castillo et al., 2017) va
trc ché hoat dong cua khi ethylene, cai thién sinh
truong, phat trién va chat lugng cdy gidng (Sarmast
et al., 2015; Thao et al., 2015). Tuy nhién, cho dén
nay céc nghién ctru vé sir dung AgNPs dé trc ché su
hinh thanh enzyme thuy phan cellulase, pectinase
cling nhu xac dinh ham lugng khi ethylene tich tu
trong binh nudi céy van con rat han ché. Vi vay,
nghién ctru nay dugc tién hanh nhim muc dich xac
dinh ndng do AgNPs tdi wu cho sy ting truong, phat
trién va khic phuc hién tuong vang 14, rung la, thuy
tinh thé ciia chdi hoa hdng nudi cdy in vitro thong

506

Ha Thi My Ngéan et al.

qua kha ning wc ché hoat dong cua khi ethylene,
giam hoat d enzyme cellulase va pectinase.

VAT LIEU VA PHUONG PHAP
Vit liéu
Vit liéu thue vit

Céac chdi hoa hdng (Rosa hybrida L. ‘Baby
Love’) in vitro 6 tudn tudi tach tir cum chdi nudi ce‘iy
trén moi truong MS (Murashige, Skoog, 1962) bd
sung 8 g/L agar, 30 g/L duong dugc st dung lam
ngudn mau. Chdi khée manh, c6 d6 dong déu cao va
hién c6 tai phong Sinh hoc phan tir va chon tao gidng
cdy trong - Vién Nghién ctru khoa hoc Tay Nguyén.

Dung dich nano bac

AgNPs voi kich thude nhé hon 20 nm dudi dang
dung dich va dugc thiét 1ap theo ty 1&: [AgNOs] =
750 — 1000 ppm, [B-chitozan] = 250 — 300 ppm,
[NaBH4] = 200 ppm, ty 1& mol [NaBH4]/[AgNO;] =
V4, tbe d6 nho giot cia NaBH, 1a 10 — 12 giot/min,
do Vién Coéng nghé méi truong cung cap (Chau er
al., 2008).

MGi trwong va diéu kign nuéi ciy

Modi truong MS co ban, 2 MS (mo6i truong MS
co ban giam da lugng mot nira) bd sung 8 g/L agar,
30 g/L sucrose, AgNPs vdi cac ndng do khac nhau
va cac chit diéu hoa sinh trudng tiry thude timng muc
dich thi nghiém dugc st dung lam moi truong cho
cac thi nghiém nudi cly in vitro. Mbi trudong nubi
cdy duoc didu chinh vé pH = 5,8 true khi duge hip
khir tring & nhiét ¢ 121°C, 4p suat latm trong thoi
gian 30 min. MAu dugc nudi cdy tai phong nuéi véi
nhiét d0 25 + 2°C, do am 55-60%, su dung anh sang
dén huynh quang véi cuong do 40-45 pmol.m™s™,
thoi gian chiéu sang 16h/ngay.

Phwong phap

Nhan chéi in vitro

Chdi cay hoa hdng in vitro duge cit bo dinh, sau
d6 cat thanh cac ddt (1 cm) va cdy 1én méi truong
MS c¢6 bd sung 1,5 mg/L BA, 0,2 mg/L NAA
(Senapati, Rout, 2008) va AgNPs vdi cac n(“)ng do
khac nhau (1; 2; 3; 5; 7 ppm). Déi chimg 1a moi
truong MS khong bd sung AgNPs. Sau 6 tudn nudi
cdy, cac chi tiéu vé sinh truong va phat trién ctia chdi
dugc danh gia: sé chdi/miu, chiéu cao chdi (cm),
chiéu dai 14 (cm), chiéu rong 14 (cm), khdi lwong tuoi
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(mg), khdi luong kho (mg), SPAD (chi sb
chlorophyll) va ty 1¢ tich lily chat kho.

Ra ré in vitro

Céc chdi don hoa hong in vitro cao khoang 1,5
cm duge nudi cdy trén méi truong ¥ MS bd sung 0,2
mg/L IBA (Senapati, Rout, 2008) va AgNPs véi cac
ndng do khac nhau (1; 2; 3; 5; 7 ppm). Dbi ching la
cac chdi nudi cdy trén moi trudng khong bd sung
AgNPs. Sau 4 tudn nudi cdy, cac chi tiéu v& sinh
truong va phat trién cua cdy con dugc danh gia:
chidu cao cdy (cm), chidu dai r& (cm), sb ré/cay, sb
la/cay, chiéu dai 14 (cm), chidu rong 1a (cm), khéi
lugng tuoi (mg), khéi lugng kho (mg), SPAD, ti 1€
tich liy chat kho, ham lugng khi ethylene (ppm),
hoat d§ enzyme cellulase va pectinase (UI/mL).

Thudn hoa ¢ diéu kién vwon wom

Cay con in vitro sinh trudng va phat trién tot tir
thi nghiém tao cdy hoan chinh dugc thu nhén, rira
sach agar va sau d6 dugc trong trén gid thé dat
perlite trong chau nhwa & vudn wom véi diéu kién
nhiét d§ ban ngay 25 + 2°C va 15 £ 2°C vao ban
dém, d6 4m trung binh 75-80%, sir dung 4nh sang
ty nhién cé che sang 40%. Ty 1& séng (%) va cac
chi tiéu sinh trudéng nhu chiéu cao cdy (cm), )
la/cay, chiéu dai 14 (cm), chiéu rong 1a (cm) va
SPAD duoc theo ddi nhiam danh gia chit lwong cia
cay gidng in vitro dudi tac dong ciia AgNPs sau 4
tuan thun dudng.

Do ham lwgng khi ethylene trong binh nuéi cdy

Ham luong khi ethylene tich lily trong binh nuéi
cdy cdy hoa hong in vitro dugc xac dinh bing
phuong phép sic ki khi (GC) véi dau do ion hoa
ngon lira (FID). Tién hanh thu nhan 1 cm® (1 mL) khi
tir binh nudi ciy bang mot dng tiém khong ro ri khi,
luong khi nay sau d6 dugc bom vao GC bing
phuong phap thi cong. Hé théng GC st dung mot
cot thép khong gi (3 m x 1,5 mm) chia diy
Porapack R (chit hip phu) c6 kich thugc hat 80 -
100 Mesh; nhiét d¢ phat hién cot (60°C), kim phun
(90°C) va ngon ltra ion hoéa (90°C); d6 nhay dién ké
1 x 10* Am/V; khi ni to (N,) dugc st dung lam khi
mang (55 cm’/min) (Cristescu et al., 2012). Hé thong
GC (GC — CP 3380), ong tiém (BD Tuberculin
syringe 1 mL), kim tiém (BD PrecisionGlide Needle)
va miéng dan ngan ro ri khi chuyén dung duoc sir
dung cho thi nghiém nay.

Xdc dinh hoat dp enzyme cellulase

Phwong phap nay dwa vao su thily phan co chit
carboxymethyl cellulose (CMC) bdi enzyme
cellulase, lugng duong khir sinh ra sau d6 s€ tham
gia vao phan ng tao mau véi 3,5-Dinitrosalicylic
acid (DNS), mau sinh ra sau phan (mg dugc xac
dinh bang phwong phap so mau trén may quang phd
& budc song 540 nm. Mot don vi hoat d cellulase
duogc tinh bang s6 pg glucose tao ra boi 1 mL dich
enzyme dugc U ¢ 40°C trong 15 min (Zhang et al.,
2009), sau d6 dva theo duong chuan glucose dé tinh
ndng d¢ dudng khir sinh ra theo cong thirc:

C.V.L
180.v.t

H (U/mL) =

Trong do,

H: Hoat d6 enzyme (UI/mL)

C: Nong do glucose tao ra (pg/mL)

V: Tdng thé tich phan tng (mL)

L: b6 pha loang

v: Thé tich dich enzyme cho vao phan tig (mL)
t: Thoi gian u (min)

Xdc dinh hogt djp enzyme pectinase

Cay hoa hdng nuéi cdy in vitro (1 g) dugc nghién
trong dém, sau d6 tién hanh loc va thu duoc dich
chiét enzyme. Dich chiét nay dugc tac dung véi co
chat 1a pectin, san phdm tao thanh l1a acid D-
galacturonic dugc hién mau véi thudc thir DNS va
dem do mat d§ quang & budc séong 575 nm, mot don
vi hoat d§ pectinase 1a ) pmol acid D-galacturonic
duoc tao ra béi 1 mL dich enzyme ¢ 37°C trong 60
min (Vatanparast et al., 2014). Dyua theo duong
chudn acid D-galacturonic dé tinh ndng d6 duong
khtr sinh ra:
C.V.L

H (Ul/mL) =
v.t

Trong do

H: Hoat d6 enzyme (UI/mL)

C: ndng d6 acid D-galacturonic tao ra (umol/mL)
L: d6 pha loang

V: tong thé tich phan mg (mL)

v: thé tich dich enzyme cho vao phan (g (mL)

t: thoi gian G (min)
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_ Ham luong chlorophyll (chl) trong 14 duge do
bang may SPAD-502 (Minolta Co., Ltd., Osaka,
Nhat Ban)

Ha Thi My Ngéan et al.

Ti 18 tich luy chéat kho (TLCK) dugc tinh bang
cong thuec:

Khdi lugng khé miu

Ti 1¢ tich lity chat kho (%) =

x 100 %

Khdi lugng twoi miu

Xir 1y s6 ligu

M51 thi nghiém duogc lap lai 3 1an voi 10 binh
nudi cy (blnh thuy tlnh 250 mL chta 40 mL moi
truong). TAt ca cac sd liéu sau khi thu thap ung voi
tung chi tiéu theo doi dugc xi ly bang phin mém
MicroSoft Excel 2010 va phan mém phan tich thong
ké SPSS 16.0 theo phuong phap Ducan’s test vdi P <
0,05 (Duncan, 1955).

KET QUA VA THAO LUAN

Anh huwéng ciia AgNPs 1én sy sinh truéng va kha
ning nhan nhanh choi hoa hong nudi cay in vitro

Sau 6 tuan nudi cdy, két qua ghi nhan dugc cho

thdy kha nang nhan chdi va sy ting truong cia choi
trén moi truong c6 bd sung AgNPs & cac ndng do
khac nhau c6 sy khéc biét so v6i ddi chimg khong bd
sung AgNPs. Hiéu qua nhan chdi dat cao nhit &
nghiém thirc bd sung 2 ppm AgNPs (6,67 chdi/mau),
chdi ¢ nghiém thirc nay cao, khoe, 14 to va c6 mau
xanh dam, khong xuit hién vang 14, ryng 14 (Hinh
1A). Bén canh d6, céc chi tiéu vé sinh truong nhu
chidu cao chdi (3,06 cm), chiéu dai 14 (1,17 cm),
chiéu rong 14 (0,70 cm), khdi luong tuoi (451,00 mg)
va khéi luong khé (58,33 mg) cua chdi ¢ nghiém
thirc nay déu cao hon so véi ddi chimg khong bd
sung AgNPs va tdi wu nhét so voi cac nghiém thirc
con lai (Bang 1).

Bang 1. Anh hwéng clia AgNPs Ién qua trinh nhan chdi hoa héng in vitro sau 6 tuan nudi cy.

s ... Chiéu Khéi Khéi
;(t\g r;lnP)s 6 chéi g:é?l(jc(::)o gh(':;)da' réng la lwong lwong SPAD TLCK
PP (cm) twoi (mg)  khd (mg)
(] 3,00 1,33 0,50° 0,43° 171,00° 10,00° 24,50° 5,84°
1 3,33 1,67 0,63 0,50% 194,67° 16,67° 24,77° 8,55°
2 6,67° 3,06° 1,17° 0,70° 451,00° 58,33° 32,28° 12,93°
3 4,00° 1,83° 0,83° 0,57* 238,00° 23,67° 28,20° 9,95"
5 2,33 1,23% 0,53° 0,47° 191,67° 14,33° 21,13¢ 7.47°
7 1,67° 1,17° 0,47° 0,37° 123.33° 6,33° 14,90° 513°

Ghi cht: (*) Nhitng ky tw khac nhau (a, b, c...) trong cét thé hién sw khéc biét ¢ y nghia véi do tin cdy P < 0,05 trong phép

ther Duncan.

Ham lugng chl tong trong 14 (32,28) thu dugc
khi chdi hoa hong nudi ciy trén moi truong cd b6
sung 2 ppm AgNPs cao hon rat nhidu so véi dbi
chimg (24,50). Nhimg két qua nay cho thay AgNPs
giup cai thién sinh trudong, gia ting hé s0 nhan chdi
va c6 vai tro quan trong trong qua trinh tong hop cac
sdc to quang hop gitip 14 xanh tét, chdi khoe manh,
khong bi vang 14, rung 14 (Hinh 1C, D). Két qua
tuong ty da dugc bao céo boi Spinoso-Castillo va
ddng tac gia (2017) khi st dung AgNPs trong vi
nhan giéng cdy vani la phang trong hé thong ngap
chim tam thoi, két qua cho thay AgNPs 6 nong do 25
— 50 mg/L gitp gia ting sb luong, chiéu cao chdi
cling nhu ham lugng chl. Saeideh va Rashid (2014)
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khi ap dung 50 mg/L AgNPs trong qua trinh nay
mam hat dau xanh ex virro da giup gia ting dang ké
ham lugng chl—téng, chl-a, chl-b cua 14 va trong
lwong twoi cia r& nhung khong anh hudng dén trong
lwong twoi chdi. Mot s6 nghién ctru con cho thiy
AgNPs hoat dong nhu mot chit diéu hoa ting
truong, gitp gia ting ti 1¢ va kha ning niay miam
cling nhu sy sinh truong cua thyc vat (Sharon et al.,
2010).

Bén canh @0, $6 liéu ghi nhan dugc con cho théy
ti 16 tich liy chat khé cua céc chdi hoa hdng nudi cdy
trén moi truong c6 bd sung 2 ppm AgNPs dat cao
nhét (12,93%) va cao gip 2,21 lan so véi dbi chimg
(5,84%) (Bang 1). Trong vi nhan giéng thuc vat,



Tap chi Cong nghé Sinh hoc 17(3): 505-517, 2019

TLCK phéan anh mirc d tich lity nudc trong co thé
thyc vat, TLCK cao chung to thyc vat sinh truong,
phat trién t6t va khong bi hién tugng thiy tinh thé.
Két qua nghién ciru cho thiy AgNPs khong chi gitip
cai thién chét lwong chdi thong qua viéc gia tang cac
chi tidu v& sinh truéng, phat trién ma con gitp khac
phuc hién tuwong thuy tinh thé cac chdi nudi cay
thong qua viéc gia tang trong lugng kho cia choi
(Hinh 1B). Két qua nay twong tw nhu nghién ciru ciia
Homaee va Ehsanpour (2015) trén cdy khoai tay
nudi cdy in vitro.

Két qua thu dugc tr Bang 1 ciing cho thiy,
AgNPs khi st dung ¢ ndng do cao (5 ppm, 7 ppm)
thi tat ca cac chi tiéu ghi nhan duoc déu giam, dic
biét & ndng do 7 ppm céc chi tiéu nay giam dang ké
va thp hon so v&i dbi chimg. AgNPs c¢6 vai tro tiém

ning trong cai thién chit lugng cdy vi nhan gidng,
khéc phuc mot s6 han ché va hién tuong bét thuong
trong nudi céy mo khi str dung & néng do6 thich hop;
tuy nhién, khi st dung & néng dd cao lai e ché su
sinh truong va gdy doc cho miu ciy (Razavizadeh,
Rostami, 2015; Krupa-Malkiewicz er al., 2018).
Trong nubi cdy in vitro cdy vani 14 phing, AgNPs &
nong do 25 va 50 mg/L da kich thich su ting trudng
ctia chdi nuéi cy, trong khi trc ché ting truong déang
ké da duoc phat hién ¢ ong d6 100 va 200 mg/L nano
nay (Spinoso-Castillo ef al., 2017) Qua do6 cho théy,
AgNPs khong nhimg gitp gia tang so luong, chiéu
cao, chat lugng chdi ma con gitp gia tang ham luong
diép luc va ti 1§ tich Iy chét kho; gitr chdi xanh tot,
khic phuc hién tugng vang 14 va thuy tinh thé trong vi
nhén giéng ciy hoa hdng trong nghién ctru nay.

Hinh 1. Anh hwéng ctia AgNPs 1&n qua trinh nhan chdi cay hoa hdng in vitro sau 6 tudn nudi cdy. A. Anh hwo'ng cla AgNPs
v6i cac ndng do khac nhau (0; 1; 2; 3; 5; 7 ppm) Ién qua trinh nhéan chéi; B, C. Hién twong thiy tinh thé va vang la &
nghiém thirc ddi chirng; D. Hinh thai chdi hoa hdng binh thwdng trén moi trwdng bd sung AgNPs.

Khiic phuc hién twong vang la va gia ting kha
ning tao ciay hoan chinh ciy hoa hong nuoi cay in
vitro trén moi trwong coé bo sung AgNPs

Tao cdy hoan chinh la giai doan quan trong
trong tién trinh vi nhan giong thuc vat, n6é quyeét dinh
chat lugng cay giong ciing nhu sy sinh trudng va
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thich img ¢ giai doan vuon wom. Sau 4 tuan nudi cdy  cua AgNPs 1én kha nang ra ré, sinh truong va phat
cac chi tiéu dugc ghi nhan dé danh gia anh huong  trién cdy con hoa hong nudi cay in vitro (Bang 2).

Béng 2. Anh hwéng cla AgNPs |€n qua trinh ra ré, sw sinh tredng, phat trién va khic phuc hién twong vang & cay con hoa
hdng in vitro sau 4 tuan nudi cy.

AgNPs Chiéuﬂ . C!\_iéy Cnhiéu' Khéi Khéi . C!\_iég
(ppm) cao cay So la dai la rong la Iu’qu Iu’c_rng Sore daire SPAD
(cm) (cm) (cm) twoi (mg) kho (mg) (cm)

0 1,83 4,00 0,90° 0,57% 84,00 5,00 2,67° 1,30° 31,97°
1 2,17° 4,33 1,00° 0,73° 91,67° 6,33° 3,67° 0,80° 33,83°
2 3,07° 5,00 1,30° 1,00° 116,00° 9,33 2,33 0,70* 36,33°
3 3,60° 6,33° 1,50° 1,20° 137,67° 13,00° 4,33° 0,63 39,37°
5 1,67% 3,67 0,83" 0,50° 74,67° 4,67% 1,00° 0,43° 24,10°
7 1,23° 2,33° 0,63° 0,47° 56,33° 3,00° 0,00° 0,00° 20,73’

Ghi chu: (*) Nhiing ky tw khac nhau (a, b, c...) trong cot thé hién sw khac biét c6 y nghia véi dé tin cdy P < 0,05 trong phép
th&r Duncan

> (-2 ©

N

Ty Ié tich liy chat khé (%)

o

0 1 2 3 5 T
Néng dd nano bac (ppm)

- 00

Hinh 2. Anh hwo'ng cua AgNPs 1én qua trinh ra ré& va khac phuc hién tuwong vang la chdi cay hoa hong sau 4 tuan nudi cy
in vitro. A. AgNPs & cac nong do khac nhau Ién qua trinh ra ré cay Hoa Hoéng; B. Ty 1& tich Ity chat khd cay hoa hdng nudi
cdy in vitro; C. Ra hoa in vitro trén mai truorng bd sung 5 ppm AgNPs.
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Két qua ghi nhan dugc cho thdy chdi cdy hoa
hong nudi cdy trén moéi truong bd sung 3 ppm
AgNPs cho cic chi tiéu vé chiéu cao cay (3,06 cm),
s6 14 (6,33), chiéu dai 1a (1,50 cm), chidu rong 14
(1,50 cm), khdi lwong tuoi (137,67 mg), khéi luong
kho (13,00 mg), sb 1& (4,33) dat cao nhét so voi cac
nghiém thirc con lai va cao hon rit nhiéu so voi ddi
ching (Hinh 2A, Bang 2). Homaee va Ehsanpour
(2015) nghién ctru trén 601 tuong khoai tady nudi cay
in vitro di bao cao rang nong do 2 mg/L AgNPs (véi
kich thudc hat 20 nm) hoat dong nhu mot chét 6n
dinh gitp gia ting trong lugng kho cia chdi va dién
tich 1. Nghién ctru khac con cho thdy anh huong
tich cuc cua AgNPs dén cac thong sé sinh truong
cia cdy nhu do dai chdi va ré, dién tich bé mit 14,
chat diép luc, carbohydrate va protein da duoc ghi
nhén trén mot s cay trong ¢6 gi4 tri kinh té nhu dau
va ngd (Salama 2012). Gan day, cac nha nghién ciru
con chi ra rang khi AgNPs dugc két hop véi cac hop
chét khac nhau, n6 cé thé tac dong khac nhau 1én
thuc vat, ching han nhu khi AgNPs dugc két hop véi
st thi hiéu qua cai thién san lugng ¢ cdy ngd mot
cach dang ké di duoc ghi nhan (Berahmand et al.,
2012; Tripathi et al., 2017).

Chdi cay hoa hdong nuéi cdy trén moéi truong bd
sung 3 ppm AgNPs ting truong, phat trién tbt, 1a co
mau xanh dam, khong bi vang 14 thé hién qua ham
luong chl tong (39,37) va ty 1¢ tich liiy chat kho
(9,40%) cao nhat (Bang 2, Hinh 2B). Vai tro cua
AgNPs trong trc ché hoat dong ctia khi ethylene da
duoc ghi nhan qua rét nhidu nghién ctu. Ton Ag’
khoa thu thé ethylene tr do tc ché hoat dong cua
hormone nay, gitip cdy con hoa hdng chdng lai qua
trinh gia hoa cua mo, rut ngén thoi gian cdy chuyén
va han ché sy thoai hoa gidng. Hon nita, nhiing cay
con trén méi trudng co6 bd sung AgNPs xanh tot,
khong bi thay tinh thé, do d6 cho ty 1& song 6 giai
doan thuan dudng vuon uom cao vi it bi mét nudc
va khong méit qua nhiu thoi gian cho qua trinh thich
nghi (Sarmast et al., 2015).

Hién tugng ra hoa in vitro cling da dugc ghi nhan
khi cac chdi hoa hdng nudi cy trén méi trudng c6 bd
sung 5 ppm AgNPs (Hinh 2C), tuy nhién, hoa nhd va
nhat mau hon so v6i hoa ¢ didu kién ex vitro. Cac
nghién ctru gan day da cho thiy Polyamines (PA)
dong mot vai trd quan trong trong sy phat trién va
phéan chia té bao ciing nhur ¢ lién quan dén sinh Iy
ctia su ra hoa, tong hop chit chuyén héa va phan tmg
voi sy nhidém virus. Sinh tong hop PA c6 lién quan
chat ché véi sinh tong hop ethylene vi ca hai déu canh
tranh voi cing mot tién chat SAM (S-adenosyl-L-

methionine). AgNPs la mot chét uc ché hoat dong
ethylene manh, do do gitp tang hoat dong arginine
decarboxylase (ADC), tir d6 lam ting PA ndi sinh
trong miu mo nudi cdy va cam tng hién tugng ra hoa
in vitro (Evans, Malmberg, 1989). Ion bac da dugc ghi
nhan cam tmg sy ra hoa in vitro sém & cdy rau diép
xo0dn ¢ néng d6 40 uM (Bais ef al., 2000), cay ri ri cat
& ndng d6 11,7 uM (Chithra et al., 2004).

Cay con hoa hdng trén moéi truong bd sung 3
ppm AgNPs sinh truong tot, khong bi vang 14, hinh
thanh nhiéu ré, tuy nhién ré lai ngén hon (0,63 cm)
s0 v6i ddi chimg (1,30 cm) va chop ré c6 hién tugng
hoa den. Trong tit ca cac nghiém thirc c6 sir dung
AgNPs, chidu dai & ciia ciy hoa hdng nuéi ciy in
vitro thu duge déu thip hon so véi dbi ching (Hinh
3A). Két qua nay chimg t6 AgNPs da trc ché sy kéo
dai r& hoa hong vi nhan gidng, ddy la mot tac dong
khong mong mubn ctia AgNPs trong giai doan cam
{ing ra r& & ddi twong hoa hdng vi nd c6 thé lam anh
huong dén kha ning thich nghi, doi hoi nhiéu thoi
gian hon cho qua trinh cdm mg tao ré méi ciing nhu
giam ti 18 séng cua cdy con & giai doan vudn wom.
Két qua nay twong tu nhu nghién ciru ciia Ehsanpour
va Nejati (2013) trén cdy khoai tay nudi cay in vitro,
cho thiy AgNPs & tit ca cac ndng do giup gia ting
dién tich 14 va ham lugng chl nhung lai lam giam
chiéu dai ré va chiéu cao than. Sy giam ty 1& song va
sinh khdi sau khi xtr Iy AgNPs da duoc bao cao 1a c6
lién quan dén su di dang cua r& va {rc ché sy hinh
thanh chdi trong nudi cdy hoa cic va thubc 14
(Ehsanpour, Nejati, 2013).

Bén canh do, khi sir dung AgNPs & ndng do cao
(7 ppm) tat ca cac chi tiéu thu dugc déu giam, su
hinh thanh ré khéng dugc ghi nhan, chdi vang ta,
gbc hoa nau va c6 diu hiéu chét. AgNPs c6 tic dong
tich cuc 1én viéc kiém soat bénh hai trén thyuc vét do
céc hoat dong khang ndm va vi khuan cua ching, tuy
nhién, ngudi ta ciing nhan thiy ring ching ciing c6
thé c6 gay doc cho cay trong. AgNPs khi st dung &
ndng do cao (100 ppm) di lam giam ham luong diép
luc va carotenoid ¢ cdy ca chua nudi cdy in vitro
(Razavizadeh, Rostami, 2015). Cac AgNPs voi kich
thudc 25 nm & ndng do cao da dugc quan sat c6 kha
ning pha v& thanh t& bao va khong bao cia cac té
bao 1é cdy loa, AgNPs khong thé xam nhap vao cac
té bao re cua lia ¢ nong do thap (30 pg/mL), trong
khi nong do cao hon (60 pg/mL) co6 thé pha hay cau
tric té bao va han ché kha ning phat trién cta ré cay
lta (Rastogi et al., 2017). Qua d6 cho thay, AgNPs
khi st dung & néng dd cao da gay tac dong tiéu cuc
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dén su sinh trudng va phat trién cua thuc vat, thAm
chi gdy chét mau nhu trong thi nghi¢ém nay.

Anh hwéng ciia AgNPs lén sw tich liy khi ethylene
trong binh nuéi cdy, hoat dp enzyme thiiy phin
cellulase va pectinase trong cdy hoa hong nuéi ciy
in vitro

Sau 4 tudn nudi céy ra ré clia chdi cay Hoa Héng,
nghién ciru ciing tién hanh thu nhan va dinh lugng
ham lugng khi ethylene trong binh nuéi cdy. Két qua
trinh bay & Bang 3 cho thdy ham luong khi ethylene
trong binh nudi cdy giam rd rét khi sir dung AgNPs,
dic biét & ndng d6 3 ppm AgNPs bd sung vao moi
truong nudi cdy dd gitp giam rd rét lugng khi
ethylene (0,30 ppm) so véi ddi ching (0,79 ppm).

Ethylene 1a mgt hormone thyc vat & dang khi cé
hoat tinh sinh hoc hoat dong v&i néng do rat thép
khoang 0,01 dén 1,0 ppm. P9 nhay cam thip hay cao
da dugc quan sat tily thude vao loai va kiéu dap tng.
Trong vi nhan giéng Hoa Hong, ethylene dugc coi la
mot hormone chu chdt trong viéc diéu chinh su khéi
diu qua trinh l3o héa cua 14, 1a yéu t6 chinh lién
quan dén hién twong rung 1a mic du n6 khong phai
la yéu tb duy nhat; hon nita, sy tich tu hormone nay
trong binh nudi cay dan dén hién tuong gia hoa cta
mo (Brown, 1997), gay di dang than va con giy nén
hién tugng thuy tinh thé (Reid, 1995).

Céc nghién ctru da cho thdy AgNPs c6 kha ning
trc ché sy hinh thanh va hoat dong cia khi ethylene
bang cach ngan chin sy lién két cua ethylene vdi cac
thu thé trong té bao thuc vat va do do, ngan chan sy
nhan biét va hoat dong cua khi ethylene
(Razav1zadeh Rostami, 2015). Két qua ghi nhéan
duoc khi tién hanh nghién ciru trén ddi tuong cay
dau cho thiy, AgNPs da trc ché su ldo héa cua 14 do
tac dong ctia 2,4-D thong qua trc ché hoat dong ctia
khi ethylene ma khong gay bat ki ton thuong vat 1y
nao lién quan dén cay con (Karuppanapandian ef al.,
2011). Mot nghién ctru khéc cting cho thiy su tich tu
khi ethylene da giam dang ké khi sir ~dung AgNOs,
AgZSO4 nhu 13 chét ac ché khi nuoi cay in vitro mot
s0 giong cherry (Sarropoulou et al., 2016). AgNPs
da tro thanh trong tim cuia cic nghién ctru gan day
khong chi do tinh chét moi la cua chung, khac biét
16n véi vat liéu khdi, ma con vi ing dung tiém ning
cua chung trong mét loat cac nghién ctru sinh hoc
thuc vat.

Két qua ghi nhan dugc ciing cho thay, AgNPs b
sung & cac nong do (1, 2, 3, 5 ppm) da c6 hiéu qua
trong viéc giam sy hinh thanh va hoat tinh cta céac
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enzyme thity phan. Pic biét & nghiém thirc bd sung
3 ppm AgNPs hoat d§ enzyme pectinase (0,40
UIl/mL) va cellulase (0,14 Ul/mL) thu dugc cé sy
khac biét rd rét so v6i dbi chimg. Tuy nhién, nong do
AgNPs cao lai lam gia tdng ham luong hai enzyme
thity phan nay so véi dbi ching. Két qua xac dinh
hoat do enzyme ghi nhén thong qua phan tng hién
mau cua dich thiy phan véi thudc thir DNS, mét do
quang dugc do O cac budc song khac nhau 575 nm
va 540 nm (Béng 3).

L4 gia 1a mot kiéu chét t& bao duogc lap trinh, nd
chu thanh giai doan phat trién cubi cing cta 1a. N6 1a
mot qua trinh thodi hoa bat dau boi mot loat cac su
kién xudng cdp, bao gdm thoai hoa diép luc va
peroxid hoa lipid, ciing nhu ting hoat dong ctia mot
s6 enzyme thuy phan (Karuppanapandian et al.,
2011). Trong vi nhan gidng thuc vt n6éi chung va
hoa hong noi riéng su gia hoa cua la, sy rung la 1a
mot tién trinh khong mong mudn c6 lién quan t6i tac
dong cua ethylene va auxin vi né giy giam chat
luong va giam ty 1& sng cua cdy giong. Khi ¢ su
rung co quan xay ra, cac té bao & vung rung bét dau
phan chia va tao thanh 16p phén tach chirc nang, kich
thich sy tao nén cac enzyme phan huy thanh té bao
clia ting roi, dic biét 1a sy huy dong cac enzyme
thiy phan nhu enzyme pectinase va cellulase s€ phan
huy thanh t& bao lam cho 16p mang giira ctia thanh té
bao bi suy yéu va bi hoa tan, khién cac co quan tré
nén roi rac, khong dinh nhau va 14 chi con giit lai
dugc biang béo mach mong manh va d& dang rung
(Mishra et al., 2008; MacDonald et al., 2011).

Trong nhén gidng in vitro cdy Hoa Hong, rung
14 do hoat dong cua enzyme cellulase va pectinase
gdy anh huong dén chit luong cay gidng vi n6 lam
giam sy sinh truong, phat trién ciing nhu ti 18 song
ctia cdy con hoa hong ¢ giai doan vuon wom. Do
d6, han ché sy hinh thanh cia cic enzyme nay
bing cac chat e ché enzyme 1a viéc lam can thiét
dé cai thién hiéu qua vi nhan gidng Hoa Hong. Cac
nghién ctru gin day cho thiy, enzyme thuy phan
(cellulase, pectinae) c6 thé bi wc ché boi cac kim
loai nang nhu thuy ngin, bac, crom, coban va
d(‘“)ng; cac kim loai nay c6 thé lién két chit ché véi
céc vi tri hoat dong cta enzyme thity phan dé lam
giam hoat dong cia ching (Sharma, 2012). Nhu
ching ta da biét, AgNPs duoc biét dén voi vai tro
khang vi sinh vat, gia tdng sinh trudng va kim ham
sy hoat dong cua khi ethylene; tuy nhién, co rat it
nghién ctru vé kha niang wc ché sy hinh thanh va
hoat dong clia enzyme thuy phan pectinase va
cellulase khi thuc vat dugc nubi céy trén moi
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truong c6 su hién dién cia AgNPs. Trong nghién
ctru nay, khi danh gia tac dong cua AgNPs 1én kha
nang uc ché hoat dong cia hai enzyme thuy phan,
két qua thu nhén dugc da cho thdy AgNPs co vai
tro tiém nang trong han ché sy ldo hoa mé, co quan

thyc vat dac biét 1a vai tro trong han ché su vang
1a, rung 14 cdy con hoa hdng nudi cdy in vitro vi
AgNPs da giup lam giam sy hinh thanh cua
enzyme cellulase va pectinase so voi di chimg khi
khong sir dung vat liéu nano nay.

Bang 3. Anh huwéng clia AgNPs 1én s tich Iy khi ethylene, hoat d& enzyme pectinase, cellulase trong vi nhan gibng Hoa Hang.

AgNPs (ppm) Ham lwong khi ethylene

Hoat do pectinase (UI/mL) Hoat dé cellulase (Ul/mL)

(ppm)
0 0,79% 0,61° 1,23°
1 0,66° 0,59° 0,77°
2 0,45° 0,36° 0,38°
3 0,30° 0,40° 0,14°
5 0,57° 0,60° 0,84°
7 0,96' 0,96° 1,84'

Ghi cha: (*) Nhiing ky tw khéc nhau (a, b, c...) trong cét thé hién sw khéc biét cé y nghia véi dé tin cay P < 0,05 trong phép

ther Duncan.

Khd nang thich nghi va sinh truwéng cia cdy hoa
hong nudéi cdy in vitro ¢ giai dogn vwon wom

Sau 4 tu?m thudn dudng ¢ didu kién vuon wom,
cac chi tidu vé ty 18 song, kha nang thich nghi cua
cdy con hoa hong c6 nguon gde tir nudi cdy in vitro
trén moi truong c6 bd sung AgNPs & cac ndng do
khac nhau da dugc ghi nhén 6 Bang 4.

Ty 1¢ séng ctia cdy con hoa hong ¢ nghiém thirc
bd sung 3 ppm AgNPs dat 93,33% cao hon rét nhiéu
s0 v6i dbi chiing (76,67%). Ngoai ra, cac chi tiéu vé
chiéu cao cay (12,33 cm), s 14 méi (8,33) thu dugc
1a téi uu nhat so voi cac nghiém thie con lai. Cay
con c¢6 ngudn gdc tir nudi cdy in vitro trén moi
truong ¢6 3 ppm AgNPs sinh truong tot, cdy khoe, 14
x0e rong va c6 mau xanh ddm vdéi chi s6 SPAD
(41,33) cao hon so v6i doi chimg (36,27). Nong do
AgNPs cao (7 ppm) gy doc cho cdy hoa hong vi
nhan gidng, lam cdy gia Ga, khong hinh thanh r¢ in
vitro, do d6 khi thuan dudng & diéu kién vuon wom

nhitng cdy con nay sinh truéng kém va kho thich
nghi véi ty 1€ song dat thap hon so véi cac nghiém
thirc con lai (64,00%) (Bang 4, Hinh 3A).

Pap ung cua thuc vat véi AgNPs da dugenghién
ctru trén nhiéu d6i trong, AgNPs & ndng d6 40 ppm da
gitp gia ting sO lwong, chiéu dai r&, khdi lwong kho,
khdi lugng tuoi cia ré va 1a cdy nghé tiy ex vitro & didu
kién ngdp ung (Rezvani et al., 2012). Dykman va
Shchyogolev (2018) sir dung AgNPs trén cay lua, két
qua cho thiy AgNPs & ndng d6 30 mg/mL da nay mam
voi sy gia ting sy sinh truong ciia ré, khi ting nong do
va kich thudc ciia AgNPs da e ché sy nay mam cia
hat lua va sy tang trudng cla cdy con. Nghién ctru ctia
Lamsal va dong tac gia (2011) da cho thay hiéu qua gia
tang ty 1¢ sdng ciia cdy dua leo va bi khi st dung
AgNPs (100 ppm), AgNPs khong nhitng giup gia tang
sinh truong, phat trién cdy con ma con co kha ning
khang lai bénh mbc swong, dy 1a mot trong nhimg loai
bénh gy ty 18 chét cay con cao & ho bau bi.

Bang 4. S sinh trwdng va phat trién cla cay con hoa hdng sau 4 tuan thuan dwéng & didu kién vwdn wom.

Ty lé séng Chiéu cao £ Chidudaila Chidurodngla
AgNPs (ppm) (%) cay (cm) S0 la mé&i (cm) (cm) SPAD
(] 76,67° 6,00 4,67 2,83° 1,93 36,27°
1 78,33 7,67 5,33 3,26° 2,17 38,40
2 85,00% 8,67° 6,33" 3,50° 2,30° 39,23%
3 93,33° 12,33° 8,33% 417° 2,93° 41,33°
5 73,67° 5,67° 4,33 2,50% 1,73° 31,20¢
7 64,00° 5,00 3,67° 2,10 1,17° 25,63°

(*) Nhiing ky tw khac nhau (a, b, c...) trong cot thé hién sw khéc biét c6 y nghia véi dé tin cay P < 0,05 trong phép thtr Duncan
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Hinh 3. S sinh treéng va phat trién cia cay hoa héng c6 ngudn gbe tir nudi cdy in vitro trén méi trudng co bd sung
AgNPs c? cac nong d6 khac nhau sau 4 tuan va 6 tuan thuan dwong & diéu kién vwdn wom. A. Cay con hoa hong sau 4
tuan thuan dwéng; B. Cay con hoa hong sau 6 tuan thuan dwéng (doi chirng; 3 ppm AgNPs, tir trai qua phai).

Trong nghién ctru nay, AgNPs da cho thay co
kha nang cai thién ty 1¢ séng cua cay con Hoa Hong.
Du6i cung mot dleu kién cham soc, cac cay hoa
hong 6 ngudn goc tir cdy in vitro trén moi trudng c6
b sung AgNPs c6 chat lugng tdt, ty 1& song cao hon
hin so voi cac cdy & moi truong dbi ching (Hinh
3B), AgNPs bd sung vao moi trudng nudi cdy giup
gia tang kha nang thich nghi, sinh trudng va phat
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trién cua cdy con ex vitro mot cach vuot troi.
KET LUAN

Trong nghién ciru nay, AgNPs st dung trong vi
nhan giéng hoa hong di giup cai thién hé s0 nhén
chdi, gia tang sy sinh truong va phat trién ctia choi
nudi cdy; bén canh d6, AgNPs con han ché hién
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tugng vang 14, rung 1a chdi nudi cdy thong qua
ché hoat dong cua khi ethylene va hoat d6 enzyme
thuly phéan cellulase va pectinase, ddy 1a hai enzyme
quan trong trong tién trinh cam Gng sy rung va gia
hoa ciia md. Cay con c6 ngudn gbc tir nudi cdy in
vitro trén moi truong cod bd sung AgNPs cho ty 1¢
song, kha nang thich nghi cao ¢ giai doan vuon
uom.

Loi cam on: Nhom tdc gia xin chdn thanh cam on
sw tai tro kinh phi ciia dé tai “Nghién ciru tdc dong
cua hat nano kim loai lén kha nang tai sinh, sinh
truong, phdat trlen va tich liy hoat chat trong qud
trinh nhan giong vé tinh mot s6 cdy trong cé gid tri
kinh 6 cao & Viét Nam” thuoc Hop phan Iv:
“Nghién ciru co ché tic déng va danh gid an toan
sinh hoc cua cdc ché phim nano dwoc nghién ciru
trong dw dn”, ma sé: VAST.TP.NANO. 04/15-18 va
Phong Sinh hoc phén tir va Chon tao giong cdy trong
(Vién Nghién ciru khoa hoc Tdy Nguyén) dd tao diéu
kién cho chung t6i hoan thanh nghién ciru nay.
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THE EFFECT OF SILVER NANOPARTICLES ON THE LIMITATION OF ETHYLENE
GAS AND HYDROLYTIC ENZYMATIC ACTIVITY IN MICROPROPAGATION OF

ROSE (Rosa hybrida L. 'Baby Love')

Ha Thi My Ngan"?, Hoang Thanh Tung’, Ngo Dai Nghiep', Bui Van Le', Duong Tan Nhut’

"University of Science, Vietnam National University Ho Chi Minh City, Ho Chi Minh City, Vietham
Tay Nguyen Institute for Scientific Research, Vietnam Academy of Science and Technology

SUMMARY

Micropropagation of rose (Rosa hybrida L. ‘Baby Love’) often encounter some abnormal phenomena such
as yellow and abscission leaf, hyperhydricity, etc. These phenomena effect on the quality of shoots cultured in
vitro as well as the survival rate of plantlets after transferred to greenhouse. This is due to the accumulation of
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ethylene in culture vessel, which leads to an increase in enzyme activity of cellulase and pectinase resulted in
disrupting the cell wall binding and inducing organ abscission. In this study, the effect of silver nanoparticles
(AgNPs) to overcome these abnormal phenomena as well as its effect on the growth and development of shoots
and plantlets in rose cultured in vitro were evaluated. The results showed that after 6 weeks of shoot culture,
the medium supplemented with 2 ppm AgNPs was the most suitable for in vitro shoot multiplication with the
highest number of shoots/explant (6.67 shoots), shoot height (3.06 cm), fresh weight (451.00 mg), dry weight
(58.33 mg), SPAD (32.28) and dry mass ratio (12.33%). Adding 3 ppm AgNPs into in vitro rooting medium
may improve the growth and develop involve in plant height (3.06 cm), number of leaves (6.33), leaf length
(1.50 cm), leaf width (1.50 cm), fresh weight (137.67 mg), dry weight (13.00 mg), number of roots (4.33),
SPAD (39.37), dry mass ratio (9.40%) of rose plantlet after 4 weeks of culture. After treatment with AgNPs,
the abnormal phenomena including ethylene gas accumulation (0.30 ppm), cellulase enzyme activity (0.14
UI/mL) and pectinase enzyme activity (0.40 Ul/mL) was reduced compare with the other treatments and the
control. In addition, the high survival rate (93.33%) of plantlets was also observed after 4 weeks transferred to
greenhouse. On the other hand, the treatment with 5 ppm AgNPs also induced early rose in vitro flowering;
however, when using AgNPs at high concentrations (7 ppm) inhibited growth, development, toxicity and even
death of explants.

Keywords: Abscission, cellulase, ethylene, pectinase, rose.
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