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Trong tu nhién, méi truong ludn 1a nhan t6 quan trong ddi V6i qua trinh sinh truong, phat
trién va ton tai cua céc loai sinh vat. Cac nghién ciu vé hé sinh thai da chi ra rang thanh phan va
tinh chit caa moéi truong rat da dang va ludn luén bién doi. Do dé, voi diac diém sinh dudng tai
chd, céc loai thuc vat phai thuong xuyén thich nghi véi su bién di cua méi trudng, phai diéu
chinh hoat dong séng va c6 nhiing co ché dap g riéng caa minh cho phi hop véi cac bién doi
d6 thi mai ton tai va phat trién dugc. Mot trong nhitng co ché dap wng hiéu qua cua thuc vat doi
V6i sy tac dong ciia mdi truong 1a qué trinh thai cac hop chit bay hoi ma nhd d6 chung co thé
tac dong tryuc tiép hoac gian tiép dén cac tac nhan gay hai (van Poecke, 2007).

DPuoc xem l1a cdy md hinh cho céc nghién ciu vé thyuc vat bac cao, cac thanh tuu nghién cau
Vé sy twong tac ctia Arabidopsis thaliana Col-0 véi méi trudng di va dang mang lai nhiéu théng
tin quan trong cho cé&c nghién ciru vé g pho véi sy bién ddi cua hé sinh théi trong nhimg nim
gan day (Van Poecke, 2007; Louis et al., 2012). Két qua thuc nghiém di chi ra rang mac du cé
ngudn gbc 6n déi nhung A. thaliana c6 thé thich nghi vai diéu kién khi hau cua Viét Nam, la
dbi tugng md hinh tét cho cac nghién ctu trong sinh hoc thyc vat (Lé Hong Diép et al., 2012).

O nudc ta, sau to (Plutella xylostella L.) 12 loai con tring gay hai va anh huong 16n dén ning
suat va chat luogng cua cay rau thudc ho thap tu (su hao, bap cai...) (http://quangninh.gov.vn).
Hon nifta, su to la loai c6 kha nang khang thudc nhanh (Sarfraz et al., 2006; Silva et al., 2012).
Do vay, viéc nghién ciu co ché dap ng cua cay trong vai cdn tring gay hai nay la yéu t6 can
thiét dé tim ra bién phép phong trir pht hop su phat sinh cua ching trén cay. Mot sb nghién cuu
dd nhan thay trén cay cai bap bi buém P. xylostella tan cong tiét ra nhiéu hop chit bay hoi
(Vuorinen et al., 2004; Silva et al., 2012). Trong mét nghién ciru trude, chung t6i da nhan thiy
rang su két hop caa P. xylostella va nhiét &6 da gay anh huang lén thanh phan cac hop chét bay
hoi cua cay A. thaliana (Truong et al., 2014). Tuy nhién, sy dnh huong cua mat do sau to va
thoi gian gay hai van chua dugc quan tam va dé cap. Do do, trong bai bao nay, ching tdi trinh
bay mot s6 két qua danh gia vé anh huong cua mat do va th(yl gian pha hoai cua au trung sau to
P. xylostella Ién su tiét cac hop chét bay hoi cua cly A. thaliana.

I. PHUONG PHAP NGHIEN CUU
1. Vat liéu nghién ctru

Thi nghiém duoc tién hanh véi cac cay A. thaliana kiéu dai, accession Columbia (Col-0), 5
tuan tudi. Ngudn mau cay trong thu dwoc tir viéc gleo trdng cac hat giéng (Cong ty Lehle, Buc)
trong cac chau nhua (kich c& 3x7) chira dét toi x6p va dat trong phong nudi cay & nhiét do
22°C, duéi anh sang dén neon va thoi gian chiéu sang 17 gio/ngay, do 4m 65%. Au tring siu to
(P. xylostella; 3" instar) thu dugc tir qué trinh nudi cac con budm trudng thanh (nhiét do 22 +
2°C, thoi gian chiéu sang 16 gio/ngay va do 4m 65%) duoc dung lam tac nhan gay hai trong thi
nghiém nay.
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2. Phuwong phap nghién ciu

Xu 1y cy trong: Toan bo cay A. thaliana, bao gom ca ré va 14 (0,30-0,40 g/cay) dugc tach bo
khoi chau, dung gidy bac bao pha toan bo phan ré dé tranh sy tiét cac hop chat bay hoi tir ré
trong sudt qua trinh thu nhan chét khi. Cac thi nghiém dugc tién hanh véi 3 cay Arabidopsis
dugc dat mot cach can than trong binh thi nghiém chuyén dung dé thu nhan céac hop chat bay
hoi (100 ml, Duran Group, Ptc; duoc lam sach trude d6 bang methanol, nudc mili-Q va gitr &
180°C trong vong 24h). Sau dé, cac 4u tring sau to dugc dit 18n 14 cua cac cay nay theo cac mat
d6 khac nhau: 0 (d6i chting), 3 va 9 4u trung/cay va qué trinh an 14 cy cua au trung kéo dai tir
0-4 va 4-8 gio. Mai thi nghiém duoc 13p lai it nhat 3 1an véi cac cay Arabidopsis va au tring sau
to khac nhau.

Thu nhén va phan tich cac hop chdt bay hoi: Qué trinh thu thap cac hop chét bay hoi dugc
thuc hién bang hé théng tinh voi dung cu thu thap 1a cac fiber 65 um
Divinylbenzene/Polydimethylsiloxane (PDMS/DVB) fiber (Supelco; Bellefonte, PA) trén cac
cay Arabidopsis khoe va bj du tring sau to pha hoai. Truéc khi dugc sir dung dé thu nhan céc
hop chat, fiber dugc lam sach va loai bo cac tap Chat ¢ 225°C trong vong 30 phit (theo huéng
dan cua nha san xuat) sau do fiber duoc gan trén nap binh thi nghiém c6 chira mau va qua trinh
thu nhan cac hop chit bay hoi duoc tién hanh trong diéu kién phong thi nghiém ¢ nhiét d6 22°C
va kéo dai trong 4 gio (Hinh 1). Két thic qua trinh thu nhan, fiber s& duoc rat ra khoi hé thong
va dat vao may sac ky khi khdi phd (gas chromatography-mass spectrometry, GC/MS; Thermo-
Fisher Scientific; Waltham, MA, USA) (dai 30 m; duwong kinh 0,25 mm; d6 day 0,25 um,
Optima-5-MS, Macherey-Nagel, Diiren, Puc). Fiber dugc gitt lai & GC injector trong 5’ tai
220°C. Chit mang la helium véi toc do 0,5 ml/phut. Chuong trinh phan tich nhu sau: nhiét do 10
tang tir 40°C dén 220°C (gitr 1 phut), toc do 4°C; sau d6 tang tir 220°C dén 320°C (giir 10
phut), tbc d6 100 °C/min. Phan tich khdi phd MS dugc tién hanh bang cach sir dung mot dau do
chon loc ¢6 dong van chuyén dién tir 12 70 eV véi dién ap da chiéu 1a 275V. Nhiét do ngudn cua
dong van chuyén dién tir va ion dugc duy tri twong Gtng ¢ 230°C va 250°C. Khéi quang phd
dugc scan tir 39 dén 400 amu, téc do 1 scan s

Plunger

GC-MS

30m x 0.25mm x 0.25pm

A. thaliana Col-0.

Hinh 1: So dd thu nhan céc hep chat bay hoi dwgc hinh thanh tir cay A. thaliana bj 4u
trung siu to P. xylostella ph& hoai va phéan tich bang sac ky khi khoi pho GC/MS

Xdc dinh thanh phan cac hop chdt bay hoi: Cac hop chat bay hoi duoc xac dinh dya trén két
qua so sanh céc dit liéu quang phd caa cac chat khi thu thap duoc tir nguon mau thi nghiém véi
ngan hang s6 liéu cua Wiley va NIST MS 2.0. Thém vao do, thoi gian luu (retention time, RT)
cuia cac chat khi trén phd khdi ciia ngudn mau thi nghiém va chat chuan (cung cap boi Sigma-
Aldrich, Dirc) dugc so sanh véi nhau. Hon nira, sy xac dinh cac hop chit bay hoi ciing dugc tién
hanh bang cach so sanh thoi gian duy tri (Kovats retention index, RI) cta ching trén phoi khoi
tur tai liéu tham khao va tir dix liéu thi nghiém tinh toan ciing duoc thuc hién.

~ Cac chat bay hoi tiét ra tir cc cy trong s& duoc xac dinh bang cach xay dung cac thi nghiém
doi chung: cac binh thi nghiém khong chira mau (1), binh thi nghiém chia au tring (2), va binh
thi nghiém chua ca cay va au trang (3).
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Xir Iy s6 ligu: Ty Ié phan tram ciia cAc nhdm va cua ting loai hop chat bay hoi dat duoc
bang céch tinh ty I¢ gitra viing dinh (viing bén trong khoang cach giira hai dinh) cua ching véi
tong ving dinh cua tat ca cac chat bay hoi thu thap duoc. Két qua thi nghiém duoc xur Iy bang
phan mém Minitab 16.2.2 (State College, Pennsylvania, My). Phan tich ANOVA hai nhan t6 va
phan tich thanh phan chinh (principal component analysis, PCA) dugc thyuc hién dé danh gia tac
dong cua mat do va thoi gian pha hily cua sau to Plutella Ién su thai cac hop chat bay hoi cua
cay Arabidopsis.

Il. KET QUA NGHIEN CUU

Céc két qua thi nghiém thu dwoc da chi ra raing mat do va thoi gian an hai cia sau to P.
xylostella anh huong manh dén thanh phan va ty 1 cac hop chat bay hoi tiét ra tir cac cly A.
thaliana (Hinh 2). Tng cong thu nhan dugc 14 chat bay hoi thudc 7 nhém (alcohol, ketone,
aldehyde, ester, sulfide, nitrile va terpene) tiét ra tir cac cay Arabidopsis & cac nghiém thic khac
nhau (Bang 1). Bang phwong phap phan tich thanh phan chinh (PCA) theo ty Ié cua cac hop
chat khi thu duoc tir cac cly Arabidopsis ¢ cac nghiém thac khac nhau (0, 3, va 9 u trang/cay
sau 0-4 va 4-8 gid), ching t6i nhan thiy rang: (1) 87,1% khac nhau giita cac cay Arabidopsis
theo nhom hop chat khi, trong d6 truc chinh thir nhat (PC1) chiém 48.5% va truc chinh thw hai
(PC2) chiém 38,6% (Hinh 2A): (2) 66.8% su khéac nhau gitra cac cay Arabidopsis theo ting chat
bay hoi riéng 1¢ voi PC1 41.0% va PC2 28.5% (Hinh 2B). Két qua nay tuong ang véi nghién
ctru cua Cai et al. (2014) trén cay tra, su thai cac hop chat bay hoi cta cdy tra da bi thay doi
manh dudi sy thay d6i mat do con tring Ectropis oblique in hai.
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Hinh 2: Pé thi phan tich thanh phan chinh ty Ié cac hep chit bay hei dwoc tiét ra tir cac
cay A. thaliana khée va bi pha hoai béi cac 4u triing sau to' P. xylostella khac nhau ¢ mat
) d¢ va thoi gian
A., cac nhom chat bay hoi; B., cac chat bay hoi riéng 1€. 0-4 gio: ®, cly khoe; @, gay hai boi 3
au trung/cay; P, 9 u trang/cay. 4-8 gio: O, cay khoe; ¥, 3 4u trung/cay; M, 9 4u tring/cay.

Nguoc lai voi su thai ketone, sy thay d6i mat do au trung da dan dén sy thay ddi c6 y nghia
ctia cAc hop chat alcohol (p = 0.002) va aldehyde (p = 0.002) tir cay Arabidopsis bi pha hoai so
VGi cac cay doi ching. Qua trinh tiét cac chat riéng lé thuoc hai nhom nay nhu: 2-ethylhexan-1-
ol (p = 0.002), 2-ethyl-hexanal (p = 0.027) va benzaldehyde (p = 0.006) di thay ddi c6 y nghia
khi so sanh gitra cac nghiém thirc voi nhau (Bang 1).
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Céc két qua phan tich cho thay, cac hop chat thuoc nhém sulfide va nitrile 1a cac chat bay
hoi dic trung cho cac cdy Arabidopsis bi sau to Plutella gy hai. That vay, di liéu chi ra rang ty
1€ thai sulfide (dimethyl disulfide (DMDS); dimethyl trisulfide (DMTS)) va nitrile [4-
(methylthio) butanenitrile] ting nhanh theo sy ting mat d6 va thoi gian an hai cua 4u tring trén
cay Arabidopsis. Hon nira, nhitng hop chit nay khong xuét hién trong thanh phan hop chat bay
hoi ctia cay khoe (sulfide; p < 0.001; nitrile; p = 0.010) (Bang 1). Piéu nay twong tu Véi nghién
cuu cua van Poecke (2007), tac gia da thu nhén duoc sulfide va nitrile trén cac cay Arabidopsis
bi buém tring (Pieris rapae) pha hoai. Tuy chi xuét hién véi ham lugng nho, sy tiét methyl
salicylate tir c4c cdy bi 4u tring tan cong da cho thay rang ching anh huong Ién dén thanh phan
cac hop chat bay hoi cua cac cay Arabidopsis.

Dé chdng lai sy phé hoai cua sau to P. xylostella, cac cay Arabidopsis sé& tiét ra nhiéu hop
chat bay hoi nham 16i kéo cac thién dich cua loai nay. Cac ching minh trude da chi ra rang ty Ié
thai ester (nhu methyl salicylate), terpene, hop chat thom, sulfide, va nitrile cua cay Arabidopsis
s& tang cao khi 4u tring pha hoai so véi cay khoe (van Poecke, 2007; Snoeren et al., 2010).

Badng 1
Anh hwéng ciia s6 lwgng va thoi gian gay hai ciia 4u triing siu to' P. xylostella
Ién sw tiet cac hop chat bay hoi cta cay A. thaliana

Sb llrg’r|19 iu tring trén 1 cay Arat|)idopsis
£ 0 3 9
Hop chat Thi gian gay hai
0-4 h | 4-8h | 0-4h | 4-8h | 0-4h | 4-8h
Alcohols
1-Pentene-3-ol nd nd nd trace trace
23.25+ 2252 + 44,55 + 36.38 + 26.55 + 4.44 +
2-Ethylhexan-1-ol 1.69c 4.35° 5.09° 5.98% 3.81" 0.39¢
23.25 + 2252 + 44,55 + 36.38 + 26.55 + 4.44 +
Alcohol téng 1.69c 4.35° 5.09° 5.98% 3.81" 0.39°
Ketones
2.39+ 3.04 +
Heptan-2-one nd nd 1.45a trace trace 1.79%
1.35+ 2.28 + 2.46 +
Cyclohexanone 0.08% 0.58% trace 1.29°% nd trace
6-methyl hept-5-en- 145+ 1.10+ 352+ 113+
2-one 0.33" 0.25° nd nd 0.50° 0.27"
2.27+ 462 + 2.81+ 1.39 +
Nonan-2-one nd nd 0.18" 0.87° 0.22" 0.59°
1761+ 10.23 + 4.88 + 1.45 + 7.14 + 2.85 +
Geranyl acetone 2.21° 1.96° 1.18% 0.22° 1.99 1.19%
20.41 + 13.61 + 9.54 + 8.53 + 1347 + 8.42 +
Ketone téng 1.98° 2.70%" 0.40% 1.24° 2.32% 2.25"
Aldehydes
1.57 + 1.44 + 13.22 + 10.90 + 8.84 + 2.85+
2-Ethylhexanal 0.64° 0.69° 1.96° 1.71° 2.41° 1.58°
6.57 + 6.65 + 337+ 8.92 + 481+ 2.36 +
Benzaldehyde 1.51%® 1.16% 0.76" 1.86° 2.95% 1.39"
Sb lu’ng 4u tring trén 1 cay Arat|)idopsis
£ 0 3 9
Hep chat Thoi gian gay hai
04h | 48h | 04h [ 480 | 04h [ 4-8h
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8.14 + 8.09 + 16.60 + 19.82 + 13.65 + 5.21 +
Aldehyde téng 2.13% 0.48% 2.23%® 3.55° 0.83" 2.39¢
Ester
Methylsalicylate [ nd | nd | nd | nd | trace | trace
Sulfides

0.77 + 0.77 + 7.74 + 54.71 +

Dimethyl disulfide nd nd 0.07° 0.22° 1.26° 5.52°
1.75 + 1.76 + 2.77+ 222+

Dimethyl trisulfide nd nd 0.31° 0.37° 1.47° 0.61°
2.51+ 2.53 + 10.51 + 56.93 +

Sulfide téng 0.34° 0.50° 0.25" 5.34°

Nitrile

4-(methylthio) 3.99+ 331+

butanenitrile nd nd nd trace c 0.162 0.39°
Terpenes

464 + 8.16 + 2.56 + 5.59 + 3.22+ 3.96 +

Limonene 0.55" 2.71° 1.03° 0.84 2.72° 3.85"
43.56 + 47.62 + 24.24 + 27.14 + 28.61 + 17.73 +

Menthol 1.35° 0.86° 5.04" 2.04° 1.94° 3.14°
48.20 + 55.78 + 26.80 + 32.74 + 31.84 + 21.69 +

Terpene téng 1.68° 3.57° 5.61" 2.60° 4.27° 1.27°

Ghi ch: S ligu biéu dién dudi dang trung binh + SD (n =3), cac chi s6 c6 cuing ky hiéu chit cai khac
nhau khong c6 y nghia thong ké (p > 0,05, ANOVA hai nhan to, Tukey’s HSD test); nd:
khodng thu nhan dugc; trace, dang vét (< 0,05%).

I11. KET LUAN

Trong thi nghiém nay, chung t6i da chirng minh rang sé lugng 4u trang P. xylostella anh
huong I6n theo thanh phan va ty Ié tiét hop chat bay hoi ctia cay A. thaliana (Hinh 2 va Bang 1).
Cu thé, c6 7 nhém chét bay hoi (alcohol, ketone, aldehyde, ester, sulfide, nitrile va terpene)
dugc thu thap trén cac cay Arabidopsis bi 4u triing pha hoai, trong khi dé trén cac cay khoe, chi
¢6 4 nhom (alcohol, ketone, aldehyde va terpene). bac biét, su thai sulfide va nitrile da tang cao
khi tdng mét do Plutella trén cay trong. Trong mét nghién ciru trude, van Poecke (2001) da tim
thdy cac gene quy dinh cho su tiét cac hop chat bay hoi tir cly A. thaliana dudi tac dong cua au
triung budm trang (P. rapae). Do do, viéc tim ra cc gene, protein lién quan dén sy tiét chat khi
cua Arabidopsis dudi tac dong cua Plutella 1a mot diéu can thiét dé gitp céc nha sinh thai hiéu
13 hon mdi tuong quan giita hai loai nay trong hé sinh thai. Tir d6, c6 thé tim ra cac bién phép
dé phong trir sy pha hoai cua sau to ddi vai cac loai rau cho néng nghiép Viét Nam.

Loi cdm on: Tac gia cam on B Giao duc va Pao tao Viét Nam da tai tro cho nghién cizu
sinh.
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EVALUATION OF THE EFFECT OF Plutella xylostella L. INFESTATIONS ON
VOLATILE EMISSION IN Arabidopsis thaliana (L.) Heynh

TRUONG DIEU HIEN, FRANCIS FREDERIC, GEORGES LOGNAY
SUMMARY

The infestation of chewing insects on plants often induces to release a variety of volatile
organic compounds (VOCs). Here, our attention is focused on volatile emission by Arabidopsis
thaliana Col-0 from healthy plants (as control) and by those infested by different densities of
Plutella xylostella larvae over two time periods (0-4 h and 4-8 h). Headspace solid
microextraction (HS-SPME) coupled with gas chromatography-mass spectrometry (GC-MS)
was applied to evaluate Arabidopsis VOCs. The analytical results showed that under laboratory
conditions, seven volatile classes (i.e., alcohols, ketones, aldehydes, ester, sulfides, nitrile and
terpenes) were detected on plants subjected to different densities of larvae infestation, whereas
only four volatile classes were observed on healthy plants (with the exception of ester, sulfides
and nitrile). The relative emission of most volatiles inscreased significantly in Arabidopsis
plants exposed to larvae infestation according to the density and residence duration of pests on
shoot organs. Overall, our findings indicated that the stress level (density and time infestation of
pests) greatly influenced the relative emission of Arabidopsis VOCs. This study provide new
insights to understand the colrellation between pest infestation and plant responsive defense,
particularly in the VOC emission.
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