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TOM TAT

Nghién ctiu nay dénh gia a&nh hudng ctia phuong phép xt ly moi hoa hoc bang hgp chit rugu mach thing
1-butanol trong hiéu qua st dung nudc & cdy mo hinh Arabidopsis thaliana trong diéu kién tudi nudc day du, st
dung hé thong tich hgp danh gia ki€u hinh thuc vt RIKEN (RIKEN Integrated Plant Phenotyping System - RIPPS).
Nghién ctiu ciing danh gia kha nang duy tri va kéo dai sinh trudng & cay Arabidopsis trong diéu kién thiéu nudc
st dung hé thong RIPPS. Két qua cho théy, trong diéu kién tudi nudc day du, cay A. thaliana xti Iy v6i 1-butanol &
nong d6 20 mM st dung téng lugng nudce tudi cho sinh trudng thap hon so véi nhém doi chiing (nhém tudi nudc)
ma khong gay anh hudng tiéu cuc dén sy sinh trudng. Trong diéu kién thi€u nudc, cay dugc xtt ly véi 1-butanol duy
tri toc d¢ sinh trudng cao hon, ddng thoi kha nang song sot va ty 1é phuc hoi sau kiém tra han t6t hon so v6i nhom
doi chiing. Nhiing két qua thu dugc cho thdy 1-butanol la mot hgp chit moi hoa hoc tiém néing, gop phan nang cao

hiéu qua st dung nudc va duy tri 6n dinh sinh trudng ctia thuc vat trong diéu kién bién dong nguén nuéc.

T khéa: 1-Butanol, Arabidopsis thaliana, hiéu qua st dung nuéc, mai hoa hoc, RIPPS

1. DAT VAN PE

Chit moi héa hoc (chemical priming) hién dugc
xem la mot huéng nghién ctiu day tiém nang trong
viéc nang cao kha nang chéng chiu cta ciy trong
trudc cac diéu kién bat 1gi ctia mdi truong nhu han
han, ngap ung, nhié¢t do cuc doan hay tac nhan gay
bénh (Sako et al., 2021). Nguyén tic cta phuong
phap 1a thong qua viéc cho cay tiép xtc véi cac hgp
chat hoa hoc c6 ngudn gdc tu nhién hodc téng hop
nhén tao nham kich hoat co ché phong vé ndi sinh
cua cay, dong thoi khong gay anh hudng tiéu cuc
dén qua trinh sinh truéng. Nho do, ciy trong c6 thé
phan ting nhanh va hiéu qua hon khi d6i mat véi
stress moi truong, tii d6 lam tang cuong kha nang
thich nghi va duy tri ndng suét 6n dinh (Savvides et
al., 2016). Cac hgp chat héa hoc dugc st dung nhu
moi hoa hoc da dugc st dung trong nghién ctiu bao
gom: phytohormone (nhu axit abscisic, axit salicylic,
axit jasmonic), cac phéan tu tin hiéu (nhu hydrogen
peroxit, oxit nitric), cdic hgp chit httu co khac nhu
rugu (alcohol), cic loai axit hiiu co, hodc chit dan
truyén tin hiéu (Sako et al., 2021; Bashir et al., 2025).
Trong s6 do, hgp chat rugu nhu ethanol va 1-butanol
hién dang thu hut sy quan tdm vé6i kha nang tac dong
1én cac con dudng tin hiéu sinh ly lién quan dén diéu
tiét khi khéng, can bang ndi bao, va kich hoat biéu

hién gen chiu stress (Nguyen et al., 2017; Bashir et al.,
2022; Matsui et al., 2022; Todaka et al., 2024; Do et al.,
2024; Vu et al., 2024; Bashir et al., 2025). Viéc st dung
cac hgp chét rugu nhu moét phuong tién méi hoa hoc
6 tiém ndng gitp cai thién lugng nudc st dung, tang
kha nang giti &m ctia mo céy va dat, dong thoi giam
thiéu thiét hai do stress gay ra. Theo kich ban bién d6i
khi hau ctia B$ Tai nguyén va Moi truong, dén cudi
thé ky 21, nhiét d¢ trung binh ndm tang 1,9 - 2,4°C &
phia Bac va 1,7 - 1,9°C & phia Nam (Bo Tai Nguyén
va Méi trudng, 2020). Dong thdi, s6 ngay ning ndng
trén 35°C c6 xu thé tang trén phan 16n khu vuc ca
nudc, r6 nét nhat 1a & Bic Trung BY, Nam Trung B
va Nam Bo. Kéo theo dd, han han ¢4 thé tré nén khic
nghiét hon & mot s6 ving do nhiét do tang va kha
nang giam lugng mua vao mua kho. Do do, viéc phat
trién phuong phap nham gitp cay trong ting pho
v6i kich ban bién d6i khi hiu la m¢t nhiém vu hang
dau. Trong s6 cac hudng tiép can hién dai, phuong
phap moi hda hoc 1a mot giai phap bén viing va hiéu
qua nham ting cudng stic chéng chiu cla cay trong
trudc diéu kién bat 1gi ngoai canh. Nghién ctiu vé co
ché va ting dung ctia cac hgp chat maéi héa hoc nhu
1-butanol khong chi gop phan lam sang té cac phan
ung sinh ly va phan ti cta cay dudi tac dong cta
stress ma con ma ra trién vong ting dung thuc tién
trong nong nghiép va cong nghiép cay trong. RIPPS
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(RIKEN Integrated Plant Phenotyping System) la
mot hé thong danh gid kiéu hinh céy trong tién tién,
cho phép dong thai trong, theo doi va phén tich bién
dong sinh trudng cua tiing cay riéng 1é dugc trong
trong chau dat (Fujita et al., 2018). Hé thong nay
dugc thiét ké nhdm ty dong hoa qua trinh thu thép
dit liéu vé su phat trién ctia ciy theo thoi gian véi do
chinh xdc va d¢ tin ciy cao. Mot trong nhiing diém
ddc biét ctia RIPPS 1a co ché xoay vong lién tuc cac
chau céy, giup dam bao cac diéu kién vi mai trudng
xung quanh mai cay dugc dong nhét va tranh sailéch
do vi tri ddt chau trong phong thi nghiém. Dikem véi
d6 1a hé thong tram can tu dong do trong lugng tling
chéu cay lién tuc, két hgp cung hé thong tudi nude
tu dong nham duy tri diéu kién nudc 6n dinh va phu
hop trong sudt qua trinh thi nghiém. Hé thong RIPPS
cting dugc trang bi cong nghé thu nhan hinh anh ky
thuét s6 v6i do phan giai cao cho tling ciy, vao ca ban
ngay va ban dém (Fujita et al., 2018). Trong diéu kién
toi hoan toan, hinh anh dugc thu nhan thong qua hé
thong den LED phat sang hong ngoai véi budc séng
950 nm, ddm bao khong gay anh hudéng dén sinh
trudng tu nhién cta cay. Di liéu hinh anh nay cho
phép dinh lugng chinh xac su bién déi kich thudc,
dién tich 14 va cdc ddc tinh hinh thai khac cta cay
theo thoi gian, dong thoi cung cdp co s cho cac phan
tich chi tiét vé anh huong khong gian va thoi gian 1én
su phat trién ctia cay. Thém vao dd, toan b hé thong
RIPPS dugc van hanh trong méi trudng kiém sodt
nghiém ngat cac diéu kién sinh trudng quan trong
nhu nhiét 9, cudng do va chét lugng anh sang, ciing
nhu diéu kién tuéi nudc, nham dam béo tinh nhat
quan va kha nang tai l14p cta cac thi nghiém. Trong
nghién ctu trudc day cho thdy, xt ly bang hgp chat
1-butanol giup tang cuong kha nang khang han cta
cay A. thaliana so v6i nhém doi chiing, thong qua co
ché kich thich dong khi khdng va dong thoi kich hoat
mot s6 gen lién quan dén qua trinh oxy hoéa - khu
(Do et al., 2024). Trong bai bao nay, anh hudng ctia
viéc xti ly bang 1-butanol t6i hiéu qua st dung nudc
& cay mo hinh Arabidopsis thaliana trong diéu kién
tudi nude day du st dung hé thong tich hgp danh gia
kiéu hinh thuc vat RIKEN (RIPPS) dugc tép trung
danh gia. Dong thoi, nghién ctiu cling khao sat anh
hudng cta 1-butanol dén kha nang duy tri do 4m dat,
toc do sinh trudng, ty 1¢ song sot va kha nang phuc
hoi sinh trudng ctia cay A. thaliana so v6i nhém doi
chiting khi chiu tac dong cta diéu kién thiéu nudc.
Ngoai ra, kha ndng sinh truéng ctia cay A. thaliana

dugc xti ly bing hgp chét rigu mach thing 1-butanol
ciing dugc danh gia & ca hai diéu kién: tudi nudc day
dt va han ché nuée.

I1. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vit liéu nghién ctu

Cay A. thaliana thu¢c ho Cai (Brassicaceae), dong
Col-0 dugc st dung lam vat liéu nghién ctiu nham
danh gia anh hudng ctia hgp chat 1-butanol dén sinh
trudng thuc vat dudi hai diéu kién sinh trudng: tudi
nudc day du va ngung tudi nudc.

Hop chat rugu 1-butanol véi dd tinh khiét 99,9%
(ma s6: 03-4560-5) dugc st dung lam chit mdi héa
hoc trong thi nghiém, dugc cung cdp bdi cong ty
Sigma-Aldrich.

2.2. Phuong phap nghién ctiu
2.2.1. Phuong phdp bé tri thi nghiém
a) Diéu kién va thoi gian nudi cdy

Toan bd thi nghiém dugc tién hanh trong diéu
kién moi truong c6 kiém soat, véi nhiét do duy tri 6n
dinh & 22°C. Ché do chiéu sang dugc thiét lap theo
chu ky 16 gio sang/8 gio t6i, véi cuong do anh sang
khodng 100 pmol m?s™.

Cay A. thaliana sau 20 ngay ké tui thoi diém gieo
hat dugc sti dung lam vét liéu cho cac thi nghiém xt ly.
b) Phuiong phdp nudi cdy

Giai doan ndy mam, hat A. thaliana dugc gieo vao
khay 96 giéng c6 chtia dat Dio No.2 (Cong ty Hoa
chat DIO), v6i mat do gieo 1a 2 hat moéi giéng. Giai
doan nay mam kéo dai trong 7 ngay.

Giai doan cay con, cic cay A. thaliana dugc
chuyén sang chau nudi cdy c6 duong kinh 7 cm (chéu
No. 2, ¢70 mm, H60 mm, Yamato Plastic Co., Ltd.,
Nara, Nhat Ban), méi chiu chia 56 g dit ceramic
(SERAMIS, Westland Horticulture Ltd., Tyrone,
UK). Mdi chiu trong mot cdy. Tat ca cac chdu cay
dugc dit trong khay 16n ¢6 kich thudc (chiéu dai) 60
X (chiéu rong) 40 x (chiéu cao) 10 cm, v6i muc nudc
dugc duy tri 6n dinh 6 mtic 0,5 cm tinh ti day khay.
¢) Phuiong phdp xit ly moi héa hoc sit dung hop chdt
rugu 1-butanol

Phuong phéap moi hoa hoc bang hgp chit rugu
1-butanol trong nghién ctiu nay thuc hién thong qua
tiép xtic qua ré dugc tién hanh tuong tu nhu trong
bao cdo trude déy ctia Do va cong su (2024). Sau 20
ngay nudi cdy, cay A. thaliana dugc chia thanh hai
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nhém: nhom déi ching (dugc cung cip nudc) va
nhém xu ly (ti€p xuc véi dung dich 1-butanol). 0]
nhoém dai chiing, muc nudc trong khay dugc duy tri
6n dinh & mdc 0,5 cm tinh ti ddy khay. Trong khi
do, 6 nhom xt ly, toan bo lugng nudc trong khay
dugc rut bo va thay thé bing dung dich 1-butanol
pha loang ¢ nong do 20 mM, véi thé tich dam bao
muc dung dich tiép xuc ré ciing 1a 0,5 cm tinh tit day
khay. Cay A. thaliana dugc ti€ép xuc véi dung dich
1-butanol trong vong 3 ngay (72 gid). Sau thoi gian
xt ly, lugng dich & ca hai nhém dugc loai bé hoan
toan. Trong lugng moéi chiu ciy sau dé duge diéu
chinh d€ dat mtic dong déu la 140 g trudc khi tién
hanh cac thi nghiém tiép theo.
d) Phuiong phdp danh gid dnh hudng ciia 1-butanol t&i
tong luigng nudc tudi ciia cdy Arabidopsis thaliana trong
diéu kién tudi nudc ddy di thong qua hé thong RIPPS
Hé théng RIPPS dugc st dung d€ xic dinh
tong lugng nudc tudi va danh gia anh hudng cua
1-butanol 1én su sinh trudng ctia cay A. thaliana & ca
nhém doéi chiing va nhém xt ly (Fujita et al., 2018).
Hé thong nay c6 kha nang tu dong chup va ghi nhan
hinh anh cay trong sué6t qua trinh theo déi, lam co
s& dé phan tich su thay déi vé sinh trudng gitia cac
nhom. Song song véi viéc ghi hinh, hé théng cling
theo doi trong lugng chiu ciy nham tinh toan lugng
nudc dugce cung cdp. Ct moi 2 gio, RIPPS tu dong
do trong lugng tling chiu va duy tri 6 mtic ¢6 dinh 1a
140 g. Khi trong lugng giam xudéng dudi ngudng nay;,
hé thong sé tu dong bd sung nudc d€ dam bao diéu
kién tu6i nudc day du. Tong lugng nude duge cung
cdp cho mdi chiu trong sudt thdi gian thi nghiém
dugc ghi nhan, ti d6 cho phép so sanh téng lugng
nudc tiéu thy gitta nhom doi chiing va nhom xt ly.
e) Phuong phdp danh gid dnh hudng cua 1-butanol
lén khd nang chong chiu ciia cdy Arabidopsis thaliana
trong diéu kién thiéu nudc thong qua hé thong RIPPS
Dé danh gid tdc dong ctia 1-butanol dén kha ning
chong chiu véi diéu kién thi€u nudc & cay A. thaliana,
thi nghiém dugc tién hanh trén ca nhém doi chiing
va nhom xt ly, st dung hé thong RIPPS. Tuong tu
nhu trong thi nghiém dugc tién hanh duéi diéu kién
tudi nudc day dua, hé thong RIPPS tu dong ghi nhin
va luu trt hinh anh ctia cay trong suét qua trinh theo
déi. Tuy nhién, trong thiét lap thi nghiém véi diéu
kién ngling tu6i nudc, chiic nang ty dong tudi cua
hé théng nay dugc tat hoan toan. Giai doan ngling
tudi nudc dugc duy tri lién tuc dén ngay thi 13. Sau
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do, tat ca cac céy trong ca hai nhém dugc tudi nudce
trd lai nhdm danh gia kha ning phuc héi sau han cta
cay A. thaliana & nhém déi chiing (nhém nudc) va
nhém xt ly bang 1-butanol.
2.2.2. Cdc chi tiéu danh gid

Tong lugng nudc sii dung: Tong lugng nudc su
dung (mL) dugc xac dinh bing cach cdng don lugng
nudc tiéu thu hang ngay cua tling chiu cay trong sudt
thoi gian thi nghiém.

Tong trong ligng chdu cdy: Tong trong lugng chau
cay (g) dugc ghi nhan dinh ky méi ngay dai véi tiing
chéu d€ phuc vu tinh toan lugng nudc tiéu thu.

Dién tichld: Dién tich1a (cm?) dugc xac dinh thong
qua phan tich hinh anh bang phin mém OpenCV
(phién ban 4.0.1) chay trén nén tang Python 3.8.5.

T6c d¢ sinh trudng thé hién thong qua chi tiéu dién
tich ld: dugc xac dinh bang hiéu s6 gitia dién tich 14
tai thoi diém ngay theo doi va dién tich 14 tai thoi
diém 1 ngay trudc ngay theo doi.

Ty I¢ song sot: Ty 1é sdng sot (%) dugce tinh theo
cong thic:

Ty 1é séng sét = (Téng sO ciy sdng sot sau tudi
nudc phuc h6i/Téng s6 cy thi nghiém) x 100.

2.2.3. Phuong phdp xii ly so liéu

Dii liéu thi nghiém dugc xu ly thong ké bang phan
mém RStudio, v6i ngudng y nghia thong ké dugc xac
dinh tai mtc p < 0,001 (***), 0,001 < p < 0,01 (**), va
0,01 <p < 0,05 (*).

2.2.4. Phuong phdp tao biéu d6 va hinh dnh

Hinh anh céy thu thép tu hé thong ty dong
RIPPS dugc xt ly bang phan mém OpenCV (phién
ban 4.0.1) chay trén nén tang Python 3.8.5, sau do
dugc bién tap thanh hinh minh hoa bang phan mém
Microsoft 365 PowerPoint. Di liéu thé do h¢ thong
RIPPS cung cdp da dugc tién xu ly bang phidn mém
Microsoft 365 Excel. Cac di liéu sau khi xt ly ti€p
tuc dugc sti dung d€ xay dung cac biéu d6 duong
va biéu d6 hop bang phan mém RStudio (phién ban
2025.05.0 Build 496) v6i cac doan ma R tlry chinh.
2.3. Thoi gian va dia diém nghién ciiu

Nghién ctiu dugc tién hanh tai Phong thi nghiém
Nghién ctiu Mang luéi Hé gen Thuc vat thudc Trung
tam Khoa hoc Tai nguyén Bén viing, Vién Nghién
ctiu RIKEN, Nhét Ban, trong khoang thaoi gian tu
thang 7 dén thang 9 ndm 2024.
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III. KET QUA VA THAO LUAN

3.1. Anh hudng ctia hgp chit rugu 1-butanol dén
tong lugng nudc tudi cua cay Arabidopsis thaliana
trong diéu kién tuéi day da

Danh gia kiéu hinh trong thi nghiém nay cho thiy

qua trinh méi héa hoc bang hgp chit rugu 1-butanol
nong dé 20 mM khong giy anh hudng tiéu cuc dén
sinh trudng va phat trién ctia cay A. thaliana trong
diéu kién tudi nudc ddy da (Hinh 1). K& qua nay
pht hgp véi két qua dugc béo céo trude d6 cua Do
va cong su (2024).
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Hinh 1. Anh huéng ctia 1-butanol dén sinh trudng ctia ciy Arabidopsis thaliana trong diéu kién dt nude

Ghi chii: (A) Hinh dnh dai dién ctia cdy 6 nhom doi chiing (nuidc) va nhom xii Iy v6i 1-butanol. (B) Dién tich ld tich
lizy theo thoi gian & hai nhém. (C) Toc d¢ sinh trudng tinh theo sy thay ddi dién tich ld hang ngay. Ddu hoa thi biéu thi
sy khdc biét c6 y nghia thong ké gidia nhom xit ly nudc va nhém xit ly 1-butanol [kiém dinh Student’s t; p < 0,05 (*),
< 0,01 (**), < 0,001 (***)]. (D) Tong luigng nuic tudi da cung cdp cho tiing nhém trong sudt thi nghiém. Cdc chii cdi viét
thudng khéc nhau phia trén cdc cot biéu thi sy khdc biét c6 y nghia thong ké (p <0,05, kiém dinh Student’s t trong R).

Vé mit hinh théi hoc, nhom céy dugc xt ly bang
1-butanol khong c6 su khac biét so v6i nhom doi
ching khong xt ly (nhém nudc) (Hinh 1A). Thém
vao do, téc d¢ sinh trudng (thé hién qua su thay d6i
dién tich l4 hing ngay) va muc d¢ sinh trudng (phan
anh qua tong dién tich 14 hinh thanh) tuong duong
gitia hai nhom trong su6t thoi gian theo d6i (Hinh
1B, 1C). Trong 7 ngay d4u sau khi két thac xt ly moi
hoa hoc, cac chi s6 sinh trudng gitia hai nhém khong
c6 sy sai khac thong ké. Tuy nhién, ti ngay thu 7 dén
ngay thi 8, toc do sinh trudng gitia hai nhom xuat
hién su khac biét ¢6 y nghia thong ké (Hinh 1C). Mac
du véy, su khac biét nay khong dan dén thay ddi tuong
ting vé muc d¢ sinh trudng, do tdng dién tich 1a hinh
thanh tai thdi diém ngay thi 8 van khong c¢6 su khac

biét dang ké gitia hai nhom (Hinh 1B). Tt ngay thu
8 dén ngay thu 18 - thoi diém két thic giai doan tudi
nudc ddy du - ca téc do sinh trudng lan téng dién tich
1 hinh thanh khong ghi nhén sy khac biét c6 y nghia
thong ké gitia hai nhom cay (Hinh 1B, 1C).

Ngoai viéc khong lam suy giam sinh trudng, xt
ly bing 1-butanol con dan t6i gidm tong lugng nudce
tudi can thiét trong diéu kién tudi day da (Hinh 1D).
Trong sudt thdi gian theo doéi, tong lugng nudce tudi
ctia nhom xt ly bang 1-butanol 1a ~177 mL, thdp hon
s0 vGi ~183 mL & nhom déi ching dé€ dat duge muic
sinh truéng tuong duong. Viéc nhém xt ly st dung
tong lugng nudce tudi thap hon c6 thé dugc gidi thich
thong qua co ché sinh ly lién quan dén diéu tiét 46 ma
ctia khi khéng. Diéu nay phtt hgp véi nghién ctiu trén
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cay Arabidopsis, lugng hoi nudc thodt ra cia nhom
xt ly bang ethanol thép hon so v6i nhém khong xt ly
(Bashir et al., 2022). Phat hién nay ggi y rdng 1-butanol
6 thé anh hudng dén céc co ché sinh ly bén trong ciy
nhu: (i) diéu tiét d0 mo khi khong; (ii) tang cudng
kha nang giti nudc trong mo; hodc (iii) diéu hoa cac
hormone sinh trudng, ddc biét la axit abscisic (ABA),
hormone trung tdm trong dap tng vé6i han. Nhiing
diéu chinh nay c6 thé gitp cay gidm that thoat nudc
qua thoat hoi nudc ma van duy tri qua trinh quang
hop hiéu qua (Do et al., 2024; Bashir ef al., 2025).
Tom lai, két qua nay cho thay cac hgp chat rugu
V6i cdu truc carbon khac nhau c6 thé duge ap dung
nhu nhiing chat mai sinh ly tiém nang, gitp giam
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tong lugng nudc tudi can thiét ma khong anh hudng
tiéu cyc dén sinh trudng. Pay 1a mot hudng tiép can
méi cho cac chién lugc canh tac thich ting véi bién
d6i khi hiu va khan hiém tai nguyén nudc trong
nodng nghiép hién dai.
3.2. Anh huéng ciia hop chét rugu 1-butanol dén
kha nang git nuéc cua ciy Arabidopsis thaliana
trong diéu kién thiéu nudc

Trong diéu kién thiéu nudc, su khac biét trong
sinh trudng gitia nhom ciy dugc xti ly bang 1-butanol
va nhom doéi ching khong xt Iy tré nén ro rét, trai
ngugc vdi giai doan sinh trudng trong diéu kién du
nudc (Hinh 2).
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Hinh 2. Anh huéng ctia 1-butanol dén sinh truéng ctia ciy Arabidopsis thaliana trong diéu kién thiéu nudc

Ghi chii: (A) Hinh dnh dai dién ctia cdy 6 nhom doi chiing (nuidc) va nhom xii Iy v6i 1-butanol. (B) Dién tich ld tich
liiy theo thdi gian & hai nhém. (C) Toc do sinh truidng tinh theo sy thay doi dién tich ld hang ngay. (D) Do dm dat lién
quan dén tiing nhom trong sudt thi nghiém. Ddu hoa thi biéu thi su khéc biét c6 y nghia thong ké gitia nhém xii ly nudc
va nhém xii ly 1-butanol [kiém dinh Student’s t; p < 0,05 (*), < 0,01 (**), < 0,001 (***)].

Trong 8 ngay dau & diéu kién thiéu nudc, su ting
trudng van dién ra binh thuong & ca hai nhom céy, thé
hién qua su gia tdng tong dién tich 1 tich lay. Cu thé, &
nhém déi chiing, dién tich 14 ting tli 1,19 cm®1én 3,18 cm?
trong khi nhom xtt Iy bang 1-butanol tang tii 1,38 cm?® 1én
2,56 cm® (Hinh 2B). T6c d¢ sinh trudng trung binh
cho thdy nhom d6i chiing dat gia tri cao hon dang ké
so v6i nhom xt Iy bang 1-butanol, véi su khéac biét co
y nghia thong ké bit dau tu ngay thd 4 va kéo dai dén
ngay thd 8 (Hinh 2C). O ngay thd 8, tong dién tich la
ctia nhom déi chiing 16n hon so véi nhoém xt ly bang
1-butanol, vé6i gid tri tong dién tich 14 lan lugt 1a 3,18
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cm?va 2,56 cm” (Hinh 2B, 2C). Két qua tuong tu cling
dugc ghi nhan trong nghién ctiu ctia Bashir va cdng su
(2022) khi xti Iy cay A. thaliana bang ethanol, trong d6
cd cy doi chuing va cy xti ly van tiép tuc ting trudng
trong giai doan dau ngtling tudi. Su ting trudng ban
dau c6 thé phan anh lugng nudc tén du trong dat tu
giai doan tudi day du, cho phép cay tiép tuc hp thu
nudc dé duy tri sinh trudng (Hinh 2D).

Tuy nhién, trong ba ngay tiép theo (ngay thii 8 dén
ngay thd 11), xu huéng sinh trudng gitta hai nhom
thay d6i dang ké. Nhom xti ly 1-butanol van duy tri
dugc tang trudng duong, véi dién tich 1a tang nhe tu
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2,56 cm” 1én 2,78 cm? (Hinh 2B). Trong khi d6, nhém
doi chiing khong chi ngting ting trudng ma con sut
gidm manh: t6ng dién tich 14 gidm ti 3,18 cm” xu6ng
chi con 0,75 cm® (Hinh 2B). T6c d¢ sinh trudng phan
anh r6 su khac biét nay, khi nhom xti ly van giti dugc
gid tri duong (> 0,5 cm®/ngay), trong khi nhom dai
chiing chuyén sang tdc d6 am (< -0,2 cm?/ngay)
(Hinh 2C). Két qua nghién ctiu cho thdy nhom xu ly
1-butanol c6 kha nang st dung nudc hiéu qua hon,
gitup kéo dai giai doan sinh trudng ngay ca khi diéu
kién kho han bat dau gay tic ché sinh ly dong thoi cho
thdy tiém nang ting cuidng kha nang chong chiu stress
ctia xti ly méi héa hoc, co ché tang cuong kha ning
chong chiu stress c6 thé lién quan dén cac thay doi &
muc d¢ tin hiéu ndi bao hodc biéu hién gen lién quan
dén dap ting han (Nguyen et al., 2017; Bashir et al.,
2022; Matsui et al., 2022; Todaka et al., 2024; Do et al.,
2024; Vu et al., 2024; Bashir et al., 2025). Ngoai ra, kha
nang duy tri dién tich 14 dong thoi kéo dai giai doan
sinh trudng c6 thé lién quan dén qua trinh diéu tiét
do ma khi khong, giup han ché thét thoat nudc thong
qua viéc thoat hoi nuéc. Mot s6 nghién ctiu da chi ra
rang, cac hgp chit moéi nhu ethanol va 1-butanol ¢
kha nang lam tdng nong do ABA noi sinh, tu do tac
dong dén qua trinh dong khi khong va cac co ché bao
ton nudc khac (Vu et al., 2022; Do et al., 2024).

Trong hai ngay cudi ciing ctia giai doan ngling tudi
(ngay 11 dén ngay 13), nhom xt ly bang 1-butanol
bat ddu c6 ddu hiéu suy gidm sinh trudng, véi dién
tich 14 gidm tu 2,78 cm? xudng 1,61 cm® (Hinh 2C).
Tuy nhién, dién tich l4 ctia nhom dugc xt ly van cao
hon so v6i nhém déi chiing, von chi con dat 0,40 cm?
vao thoi diém két thuc theo doi (Hinh 2C). Két qua
nghién ctiu tuong tu véi két qua cta Bashir va cong
su (2022) khi xt Iy cay A. thaliana bang ethanol, dugc
giai thich lién quan dén sy bi€u hién tang cudng cta
cac gen lién quan dén quang hgp, chuyén hoa dudng,
tong hop hop chit thu cép (glucosinolate, flavonoid,
phenylpropanoid, phenolics va diéu hoa can bang
oxy hoéa-khu (Bashir et al., 2022).

Ngoai viéc giup su sinh trudng tot, cay xd ly
1-butanol con cho thdy kha nang giti &m dét cao hon,
dugc thé hién qua ham lugng nudc trong dit cao hon
so v6inhdm doi chiing (Hinh 2D). Két qua nghién ctiu
goi y rang xti ly 1-butanol khong chi anh hudng truc
tiép dén cay ma con co thé lam thay d6i dac tinh ving
ré (rhizosphere). Cac yéu t6 nhu thay déi hinh thai ré,
mat do ré to, tiét xuat chit hitu co tli ré (root exudates)
hodc anh hudng dén hé vi sinh vat dit déu co thé gop

phén vao viéc giti nudc hiéu qua hon (Gohari et al.,
2024). Phan tich chi tiét dic diém hinh théi ré va cac
thong s6 ly - hoa cua dat ¢ tling nhom sé 1a hudéng
nghién ctu tiép theo d€1am rd co ché nay.

3.3. Anh hudng cta hgp chit rugu 1-butanol dén
kha nang phuc hoi cua cay Arabidopsis thaliana
sau giai doan han han

Sau khi giai doan ngling tudi nudc két thic, nude
dugc cung cdp trd lai, sy khac biét r6 rét trong kha
nang phuc hoi sinh trudng dugc ghi nhan gitia hai
nhém cay (Hinh 3). Trong khi 90% s6 cay thudc
nhom xti ly bang 1-butanol cho thy kha ning phuc
héi sinh trudng chi sau mot ngay dugc tudi nudc lai,
6 nhom doi chiing dau hiéu phuc hoi clia cac cay la
0% (Hinh 3A, 3B). Cu thé, tong dién tich 14 cia nhém
xti Iy bdng 1-butanol ting déng ké tli 1,61 cm” (ngay
thd 13) 1én 2,50 cm® (ngay thi 14), véi t6¢ do sinh
trudng dat 0,887 + 0,224 cm?/ngdy (Hinh 3C, 3D).
Ngugc lai, nhém d6i chiing chi ghi nhan mic ting
trudng thdp tit 0,40 cm?1én 0,49 cm? trong cung thoi
gian, tuong ting t6c do sinh trudng chi bang khoang
1/10 so v6i nhom xi ly (0,085 + 0,027 cm?/ngdy)
(Hinh 3C, 3D).

Trong bon ngay ti€p theo ctia giai doan phuc hoi,
cay thuoc nhom xt ly ti€p tuc duy tri té¢c do sinh
trudng duong 6n dinh (> 0,2 cm®/ngay), véi téng
dién tich 14 tang 1én 3,79 cm® vao ngay cudi cung theo
déi (Hinh 3C, 3D). Trai lai, cay ddi chting trai qua su
suy giam sinh trudng ro rét: dién tich 1a tich lay lién
tuc gidm tu 0,49 cm? xudéng 0 cm?, di kém véi téc do
sinh trudng am (< -0,02 cm?/ngay) (Hinh 3C, 3D).

Nhiing két qua nay nhat quan véicacbao cao trudc
day, cho thdy rdng xtt Iy méi hoa hoc bang 1-butanol
(Do et al., 2024) hodc cac rugu nhu ethanol (Bashir
et al., 2022; Matsui et al., 2022; Todaka et al., 2024)
6 thé ting cudng kha nang chdng chiu va phuc hoi
ctia thuc vat bao gém A. thaliana, lda mi, san va ca
chua trudc cac diéu kién moi truong bat lgi nhu han
han va nhiét do cao. Kha niang phuc hoéi nhanh cua
nhdém xt ly c6 thé phan anh viéc ciu trac mo 14, mo
ré va hé thong dan truyén nudc dinh dudng dugc bao
toan tot hon, cho phép cay nhanh chéng ndi lai hoat
dong sinh trudng khi diéu kién thuan lgi dugc tai
l4p. Quan sat nay phu hop véi két qua trude dé cua
Do va cong su (2024), trong d6 cay dugc xu ly bang
1-butanol thé hién sy nguyén ven mang t€ bao tot
hon, gop phan duy tri chiic nang sinh ly co ban trong
giai doan stress va phuc hoi sau do.
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Hinh 3. Anh huéng ctia 1-butanol dén kha ning phuc héi ctia ciy Arabidopsis thaliana sau giai doan thiéu nudc
Ghi chii: (A) Hinh dnh dai dién ciia cdy 6 nhom doi chiing (nudc) va nhém xii ly véi 1-butanol sau khi phuc hoi. (B) Ti lé
song sot ctia cdy sau diéu kién thiéu nuidc 6 hai nhom. Cdc chii cdi viét thudng khdc nhau phia trén cdc cot biéu thi sy khdc bigt
c6 y nghia thong ké (p < 0,05, kiém dinh Fisher trong R). (C) Dién tich ld tich liiy theo thdi gian trong giai doan phuc hoi. (D)
Toc d sinh trudng trong giai dogn phuc héi, tinh theo sy thay doi dién tich ld hang ngay. Ddu hoa thi biéu thi s khdc biét ¢6 y
nghia thong ké gitia nhom xit ly nudc va nhém xii Iy 1-butanol [kiém dinh Student’s t; p < 0,05 (*), < 0,01 (**), < 0,001 (***)].

IV. KET LUAN VA PE NGHI
4.1. Két luan

Day 1a bao cao d4u tién danh gid anh hudng
ctia phuong phap xt ly maéi hoa hoc bing hgp chit
rugu hitu co mach thing 1-butanol dén hiéu qué
sti dung nudc & cay mo hinh A. thaliana trong hai
diéu kién: tudi nudc day du va thi€u nudc, st dung
hé thong tu dong RIPPS. Két qua thu nhan dugc
cho thdy nhom cay dugc tién xtt ly bang 1-butanol
nong d6 20 mM st dung téng lugng nudc tudi cho
sinh trudng thdp hon, dong thoi khong gay anh
hudng tiéu cyc dén sinh truéng ctia cay trong diéu
kién tudi day da. Dang cha y, trong diéu kién han
han gia lap (thi€u nudc), cay dugc xt ly 1-butanol
duy tri d6 dm dat hiéu qua hon song song véi d6 1a
toc do tang trudng tich cuc hon, thé hién qua kha
nang song sét va phuc hoi vugt trdi so véi cay doi
chiing khong xt ly.
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4.2. Dé nghi
Trong boi canh bién d6i khi hau da va dang dién
ra trén pham vi toan ciu, ngudn nudc phuc vu cho
ndng nghiép ngay cang tré nén khan hiém. Nhiing
phat hién trong nghién ctiu nay goi mé tiém ning
ung dung 1-butanol trong viéc cai thién hiéu qua st
dung nudc va 6n dinh sinh trudng ctia ciy trong diéu
kién han ché nudc. Hudng tiép theo sé tdp trung vao
viéc thic déy hodc diéu phdi qua trinh sinh tong hgp
1-butanol tu nhién bsi mot s6 loai vi khuin thudc chi
Clostridium. Day c6 thé 1a mot chién lugc tiém nang
khong chi nham gép phan bdo vé cy trong trong
diéu kién kho han ma con hudng téi phat trién nén
ndng nghiép sinh thai bén viing trong tuong lai.
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Evaluation of the effects of 1-butanol treatment on water use efficiency
in Arabidopsis thaliana using the RIPPS

Do Thi Nhu Quynh, Daisuke Todaka, Miki Fujita, Pham Xuan Hoi, Motoaki Seki
Abstract

This study evaluated the effects of chemical priming with the straight-chain alcohol compound 1-butanol on water
use efficiency in the model plant Arabidopsis thaliana under well-water conditions using the RIKEN Integrated
Plant Phenotyping System (RIPPS). This study also investigated the compound’s capacity to sustain and promote
growth under water-deficient conditions in Arabidopsis, using the RIPPS. The results show that under well-watered
conditions, A. thaliana plants treated with 20 mM 1-butanol need less total irrigation water for plant growth
compared to the control group (water-treated plants) and did not negatively affect plant growth. Under water-
deficient conditions, 1-butanol-treated plants maintained a higher growth rate and exhibited enhanced survival and
recovery ratio compared to untreated controls. These findings suggest that 1-butanol holds potential as a chemical
priming agent to improve water use efficiency and stabilize plant growth under fluctuating water availability.
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