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ABSTRACT

The aim of this study was to investigate the effectiveness of different inoculation
approaches in enhancing the biodegradation of the pesticide Propoxur in soil
medium. Inoculation was conducted with the Paracoccus sp. P23-7 originally
isolated from Propoxur contaminated soil as the key degrader organism. The
bacterial strain was applied either via free cells or immobilized on solid
municipal waste biochar. Bacterial cell numbers, survival of Paracoccus sp.
P23-7 at the end of the experiment as well as Propoxur biodegradation
measurement in soil were used to investigate the bioaugmentation efficiency of
the different approaches. Soil inoculated with the Paracoccus sp. P23-7
immobilized on biochar from the beginning of the experiment showed the highest
Propoxur degradation, whereas the other inoculum approaches showed an
increased but lower contaminant biodegradation. Regardless of the inoculum
approaches, Paracoccus sp. P23-7 still survived properly in soil medium under
the laboratory condition after 14 incubation days. This fact was indicated by a
DGGE profile of the soil microbial community in different treatments and the
pure culture of Paracoccus sp. P23-7 strain. Thus, our results allow the
conclusion that the application of a key bacterial degrader-biochar-complex is
the most promising approach for an accelerated biodegradation of organic
chemicals in soil medium.

TOM TAT

Nghién cieu dwoc thuc hién nham muc tiéu danh gid hiéu qud cia mot séphung
phép ching vi khudn khac nhau 1én kha nang phdn hiyy sinh hoc hoat chat thuéc
triv sau Propoxur trong méi truong dat. Vi khudn phdn hiy Propoxur,
Paracoccus sp. P23-7 phan lap tie mau ddt nhiém Propoxur, dwgc ching vao ddt
qua hai dang: 1) dang vi khudn tw do va 2) dang vi khudn cé dinh trong biochar.
Mat $6 vi khudn dat, kha ning séng sot ciia vi khudn Paracoccus sp. P23-7 va
nong dé Propoxur dirgc theo doi theo thoi gian thi nghiém. Nghiém thire chiing
vi khudn Paracoccus sp. P23-7 cé dinh trong biochar thé hién kha nang phan
ity Propoxur cao nhdt, trong khi cdc phuong phdp ching khac c6 toc do phan
ity Propoxur thap hon. Dong vi khudn Paracoccus sp. P23-7 van song s0t va
phdt trién trong dat & diéu kién phong thi nghiém sau 14 ngay nudi cay ¢ tdt ca
cdc phiong phép ching vi khudn. Piéu ndy dwoc chitng minh théng qua dién di
d6 DGGE vé hinh thdi hé vi khudn ddt cia cac ‘nghiém thirc thi nghlem va cua
dong vi khuan Paracoccus sp. P23-7. Vi vy, két qua nghién ciru ndy cho phép
két ludn rang, viéc vmg dung mét thé phirc hop gom biochar va dong vi khudn
phan hiy chuyén biét hoat cht nong dugc la phwong phap trién vong nhat gip
gia tang toc dp phan hiy sinh hoc doi véi doc chat hitu co trong méi truong dit.
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1 GIOI THIEU

Biochar con dugc goi 1a than den hay than sinh
hoc dugc dung cho nhitng muc dich chuyén biét,
dic biét nhu 1a chat cai tao dat. Gidng v6i hau hét
nhitng loai than khac, biochar dugc san xuét tir qua
trinh nhiét phéan sinh khdi va duoc mg dung dé cb
dinh nguén carbon nhim giam thiéu khi CO, thai
vao khi quyén (Lean, 2008). Vi vdy, biochar c6
tiém ning trong viéc lam giam bién d6i khi hau
thong qua sy co dinh nguon carbon (Dominic va
ctv., 2010). Biochar giup gia tang dinh dudng cua
dat phen (co pH dat thdp), ting san luong nong
nghiép va ho trg trong viéc gitp cay trong chdng
lai bénh hai trén 14 va trong dat. Thém vao do,
biochar con 12 mot chat rin bén, giau carbon va co
thé ton tai trong dat hang nghin nam (Lean, 2008).

Bén canh nhitng ung dung trén, biochar con
dugc dung lam vat liéu chat mang dé chiing vi sinh
vat ¢6 loi cho cdy trong va mdi truong vao trong
dat rat hiéu qua, thay thé cho nhiing vat lidu chat
mang khac di dwoc s dung phd bién trudc day
nhu than bun va lignite vi nhitng vat liéu chat
mang dugc st dung trude day 1a ngudn tai nguyén
khong tai tao va chiing thai ra mot Iuong 16n CO;
vao khi quyén gdy ra hiéu tmg nha kinh. Ban than
biochar chtra nhitng k& hd va nhiing 16 hong giup
cho tién trinh hp thu, cm giit nudc, dinh dudng
cling nhu nhitng chat 6 nhiém hiru co hodc vo co
ctia biochar dién ra mot cach hiéu qua. Thém vao
d6, biochar con c6 chirc ning nhu 1a mot gia thé
cua su séng nhim bao vé vi sinh vét khoi su tin
cong cua cac sinh vat khac (Pleasant, 2000). Vi
vay, viéc ung dung biochar nhu mot vt li€u chét
mang ding dé ching vi sinh vét ¢6 loi vao trong
dét thay thé mot sb vat liéu chit mang khac 1a rat
can thiét giup cai thién chat lugng méi trudng va
san phidm néng nghiép. Nghién ctru cua Saranyal
va ctv. (2011) d3 so sanh kha niang sdng sot cua
dong vi khuén cb dinh dam Azospirillum lipoferum
(AZ 204) va kha nang kich thich tang trudng cay
trong cua dong vi khuan nay khi dwoc ¢ dinh
trong 3 vat liéu: 1) biochar tur xo dtra, 2) biochar tir
vo cua trai bo va 3) lignite sau 180 ngay thi
nghiém. Két qua cho thidy mat s& vi khuén
Azospirillum lipoferum (AZ 204) trong vat li€u
biochar xo dira dat cao nhit sau thoi gian thi
nghiém (log 10 = 10,79 CFU/g) ¢ am do6 25,22%,
ngoai ra, kha nang kich thich sinh truéng 1én cay
ddu xanh cua dong vi khuan Azospirillum
lipoferum (AZ 204) c¢b dinh trong vt liéu biochar
xo dira cao hon so v&i truong hop c¢b dinh trong
biochar vo trai bo va lignite. Tuy nhién, thuc té cho
thdy két qua nghién ctru vé tmg dung biochar nhu
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1a vat liéu chit mang dung dé ching vi sinh vét co
loi cho céy trong va xtr ly moi truong vao trong dat
con rat han ché ca ¢ Viét Nam va trén the gioi.

Séc Trang la tinh ¢ dién tich trong hanh tim
16n nhat Pong bang song Ctu Long. Hién nay,
ning suat binh quin cta ci hanh tim 1a 14-15
tan/ha. Dién tich tréng hanh tim dugc qui hoach
giai doan 2016 — 2020 1a 7.500 ha (Duong Vinh
Hao, 2013). Trong qua trinh canh tac va bao quan
hanh giong nguoi dan thuong s dung nhiéu loai
thudc bao vé thuc vat vai lidu cao dé phong trir sdu
bénh trong d6 c¢6 hoat chit Propoxur (tén thwong
mai 1a Mipcin va Baygon). Nong dan tai khu
vuc ndy thudng bao quan hanh gibng sau thu
hoach bz"mg cach tron hdén hop bot Tale
(Mg3(SiO10)(OH),) va Mipcin hodc Sherpa véi lidu
lugng trung binh 60 kg Talc + 3-4 kg Mipcin hoac
300-400¢ Sherpa dé xir 1y (Nguyén Duc Thang,
1999). Vi vay, dat tai khu vuc trong hanh tim &
Vinh Chau, Séc Tring 6 nhiém véi Propoxur la
diéu khong thé tranh khoi.

Do d6, nghién cuu nay dugc thuc hién nham
muc tiéu: So sanh va danh gia kha nang phan huy
thubc trir sdu Propoxur trong méi truong dat cua
dong vi khuan phan 1ap Paracoccus sp. P23-7
thong qua hai phuong phéap chung vi khudn: 1) vi
khuédn duoc ¢b dinh trude va duoc bao vé trong
biochar va 2) phuong phap ching vi khuin vao
trong dat & dang té bao tu do. Két qua nghién ctru
nay giup tim ra phuong phap méi va hitu hiéu cho
viéc ching vi khuan phan huy hoat chat thudc trir
sau Propoxur vao trong méi truong dit nhim muc
dich xir 1y sinh hoc dat 6 nhidm v&i Propoxur &
diéu kién thyc té ngoai dong.

2 PHUONG TIEN VA PHUONG PHAP

2.1 Biochar va cach chuén bi biochar cho
thi nghiém

Biochar rac d6 thi c6 ngudn gdc tir cong ty san
xuit Biochar (Vina Energy Group, thanh phd Ho
Chi Minh). Truéc khi st dung, biochar duogc
nghién thanh nhitng manh nhoé bang chay va dwoc
san qua ray co kich thudc 2 x 2 mm. Sau do, rira
sach biochar véi nudc khir khoang bang cach cho
biochar vao binh tam giac 500 mL chira 250 mL
nude khir khoang, lac trén may lic tron véi toe do
100 vong/phat. Thay nudc sau mdi 8 gio. Lap lai
quy trinh rira dén khi biochar sach hoan toan
(khong 1am den mau nudc khir khoang khi lic trén
may léc). Muc dich cua viéc rira biochar trude khi
b tri thi nghiém 1a nhim loai bé mau den cua
biochar khi cho vao trong nudc va gitip cho viéc
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quan sat sy phat trién vi khuén trong méi truong
nudi cdy long ¢ nghiém thirc bd sung biochar dé
dang hon. Biochar sau khi rira sach voi nude khi
khoang duogc sdy kho kiét & 105°C qua dém. Cho
1,5 g biochar (trong lugng kho) vao dia petri thuy
tinh, dem khir tring trong ndi hap tiét tring &
121°C trong 20 phut. Sau khi ti¢t trung, dia petri
chira biochar dugc siy kho lan nita & 105°C trong
hai gio. Biochar d3 sin sang cho b tri thi nghiém.

2.2 Ngudn vi khuén

2.2.1 Chudn bi nguon vi khudn

Paracoccus sp. P23-7 1a dong vi khuén dugc
phan 14p tir nén dit kho bao quan hanh tim & khu
vuc canh tac hanh tim tai Vinh Chau, tinh Séc
Tring c6 hiéu qua rat cao trong phan hity chuyén
biét hoat chit thudc trir sdu Propoxur (Pd Hoang
Sang, 2014) dugc chon cho bd tri thi nghiém.
Trudc tién, vi khuan dugc nudi trong binh tam giac
100 mL chtra 25 mL dung dich giau dinh dudng
Glucose Yeast Extract (GYE) trong 3 ngay trén
may lic véi toe 6 100 vong/phut. Thanh phan cua
mdi truong GYM trong 1 L dung dich bao gdm: 10
g glucose va 10 g yeast extract. Sau do6, sinh khoi
vi khuan dugc thu hoach bang cach ly tim véi tbc
d6 10.000 vong/phut. Lap lai 4 lan viéc raa sinh
khdi vi khuan véi nudc khir khoang tiét tring nham
loai bé hoan toan dinh dudng va ngudn carbon con
sot lai trong moi trudng nudi cdy. Hiéu chinh do
duc cua dung dich chta vi khuan véi nude kh
khoang tiét tring bang méay do quang phd vé OD
600 nm = 0,7 (0,17x108 CFUs/mL). Xac dinh mat
s6 vi khuén ciia dung dich chira vi khuin dung dé
chung vao trong dét bang phuong phap dém song
trén dia agar (Hoben va Somasegaran, 1982): Tién
hanh pha lodng dung dich vi khuén theo hé s6 10
v6i cac nong do pha lodng khac nhau. Hut 50 pL
dung dich vi khuan ciia mdi ndng d6 pha loing va
nho 5 giot 1én trén bé mat moi trudng Tryptose
Soybean Broth (TSB). Thanh phan cta méi trudng
TSB gém: 30 g Tryptose Soybean Broth va 15 g
agar trong mot lit nudc cit. Cac dia moi truong
TSB chtra vi khuan dugc dt vao tui nylon va u ¢
nhiét d6 35°C. Cudi cung, mat s6 khuan lac duoc
dém sau ba ngay.

2.2.2  Ching vi khudn vao biochar

Viéc chung vi khudn vao biochar duoc thuc
hién theo quy trinh sau: Bén binh tam giac 100
mL, mdi binh chira: 1) 24 mL dung dich khoang tdi
thiéu chira 40 ppm Propoxur (Ehrenstorfer GmbH,
Puc), 2) 1 mL dung dich vi khuan Paracoccus sp.
P23-7 da dwgc chuan bi sin (0,17x108 CFUs/mL;
muc 2.2.1) va 3) 1,5 g biochar dd chudn bi sin
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(muc 2.1). Thanh phan ciia mdi truong khoang tdi
thiéu trong 1 L dung dich nhu sau: 3,75 g K;HPOy;
1 g KH,POy; 0,25 g NaCl; 0,1 g MgS04.7H,0 va
0,01 g CaCl,.H,0. Moi truong duogc khir trung o
121°C, 20 phut trong ndi hép tiét tring sau d6 bd
sung 10 mL dung dich vi lugng. Thanh phan dung
dich vi lugng (1 L) nhu sau: 10 mg Na;M00O4.H,O;
25 mg H,BOs3; 15 mg ZnCly; 5 mg CuCly; 10 mg
FeCls. Dung dich vi lugng dugc loc véi mang loc
ti¢t trung (Minisart NY 25, Sartorius Stedim
Biotech, GmHbH, Germany, duong kinh 0,20 pm).
Sau do, cac binh tam giac chira mau dugc lic trén
may lic voi tbe dd 100 vong/phut trong tdi trong 4
ngay o diéu kién phong thi nghiém. Vao thoi diém
bd tri thi nghiém, toan bo 1,5 g biochar chura vi
khuén trong mdi binh tam giac duoc rira sach nham
loai bo vi khuan Papacoccus sp. P23-7 tu do khong
duoc ¢b dinh trong biochar. Quy trinh rtra dugc
thyc hién bang cach ngdm 1,5 g biochar trong 10
phut voi nudc khir khoang ti¢t trung trong dia
pertri tiét trung, dung kep tiét tring dé rira sach
biochar trong nude. Sau do, thay nude mdéi, tiép tuc
lap lai quy trinh rira biochar thém 4 lin nira.
Biochar chira vi khuan cé dinh bén trong di sin
sang cho b tri thi nghiém trong dat. Quy trinh dém
mat sb vi khuan Paracoccus sp. P23-7 c¢b dinh
trong biochar dugc thyc hién nhu sau: Léy mot
lugng xac dinh biochar sau khi rira sach chia lam
hai phan trong diéu kién tiét tring: mot phan véi
trong luong xac dinh ding cho viéc xac dinh am do
biochar, phén con lai véi trong lugng xac dinh
ding cho viéc dém mat sé vi khuan Paracoccus sp.
P23-7 ¢ dinh trong biochar. Sau d6, cho biochar
da rira sach vao trong ng Eppendorf 2 mL tiét
trang, nghién nhuyén biochar bang diia thiy tinh
tiét trung, cho 1 mL dung dich dém phosphate tiét
trang (23,99 g NaH,PO,4 va 15,59 g Na,HPO, trong
1 lit nude khir khoang) vao trong ong Eppendorf 2
mL chtra sin biochar dd nghién, vortex trong 1
phut, pha loang va cha trén dia agar TSB theo
phwong phap nhé giot, dem 1 trong ti cay & 30°C
trong 3 ngay. Sau d6, dém mat sé vi khuan hién
dién trén dia agar.
2.3 BH tri thi nghiém
2.3.1 Mdu dat

Mau dat ding cho b tri thi nghiém duoc thu
thap tir nén dat co thoi gian canh tac hanh tim 30
nam tai xa Vinh Hai cua thi xd Vinh Chau, tinh Séc
Trang. Mau dat duoc ldy ¢ d6 sau 0-20 cm, lay
ngau nhién 8 mau khoan, sau d6 cac mau duoc tron
déu thanh mot mau dai dién. Mau dét dwoc phoi &
nhiét d6 phong thi nghiém, sau d6 lugc qua ray 2
mm. Pic tinh ly, héa va sinh hoc dat nhu pH, am
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do, thanh phén sa cu, ham luong hitu co trong dét
dam tong sd (Nts), lan tong s0 (Pts), kali tong sd
(Kts), va mat sb vi khudn ciia miu dat thu thap
Bang 1: Thanh phan ho6a hoc dat thi nghiém
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dgqc x4c dinh. Thanh phﬁn héa va 1y hoc cia mau
dat thi nghiém duoc trinh bay trong Bang 1 va 2.

Vat lidu pHuzo (1:2,5)  EC (mS/cm)

CHC (%) N1 (%) Pr (%) K (%)

Dat 7,00 0,21

0,63 0,04 0,15 0,37

Bang 2: Thanh phin sa ciu clia dét thi nghi¢m
Cat (%) Thit (%) Sét (%)
81,00 11,50 7,46

2.3.2 Nghiém thuec thi nghiém

Thi nghiém dwoc b tri v6i 4 lan lap lai cho
moi nghiém thire va kéo dai trong 14 ngay. Nong
d6 ban dau cua  Propoxur la 75 ppm. Téng mat s6
vi khuan cta mau dat trude khi b tri thi nghiém 1a
0,64 x 107 CFUs/g dit. Tong cong co 5 nghiém
thire trong thi nghiém va dugc liét ké nhu sau:

1. Dt

2. bat + 1% biochar (0,5 g, dga vao trong
luong kho cua dat)

3. Dé,t + Paracoccus sp. P23-7 tw do (0,5 x 10°
CFU/g dat)

4. Dé’t + Paracoccus sp. P23-7 tw do (0,5 x 10°
CFU/g dat) + 1% biochar (0,5 g)

5. Pat + 1% biochar (0,5 g) ¢6 dinh sin vi
khuan Paracoccus sp. P23-7 (0,21 x 10® CFU/g
biochar)

2.3.3 Quy trinh thuc hién thi nghiém

Thi nghiém phan hiy sinh hoc hoat chat
Propoxur trong dét duoc thuc hién trong diéu kién
phong thi nghiém. Can 50 g dit (dwa vao trong
lugng kho kiét) da lugc qua rdy 2 mm cho vao chai
nép xanh 250 mL d3 tiét tring. Sau d6, mot luong
5 g dat trich ra tir 50 g dat ban dau cho vao beaker
dem siy kho kiét trong ta sdy ¢ nhiét do 105°C.
Sau khi siy kho, dung chai va cdi nghién nhuyén
dat. Hat mot luwong xac dinh dung dich Propoxur
gbc (Propoxur dugc hoa tan voi nude khir khoang
tiét tring voi ndng do 10.000 ppm) cho vao 5 g dat
chia trong beaker sao cho dat duogc néng do
Propoxur cudi cing 1a 75 ppm, dung spatula tron
déu dét trong 2 phit. Sau do, chuyén toan bo 5 g
dat kho kiét da chung Propoxur vao trong binh nip
xanh chtra sin 45 g dit con lai. Tiép tuc ding
spatula tron déu dit trong 2 phut. Tiép theo, ching
vi khudn va biochar duoc chuén bi & muc 2.2 theo
ting nghiém thuc riéng biét. Mat s6 vi khudn
chung vao trong dat dudi dang ty do 1a 0,5 x 10°
CFU/g dat, trong khi vi khuan bi ¢é dinh trong
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biochar ¢6 mat s6 1a 0,21 x 108 CFU/g biochar,
ding spatula tron déu dit sau khi chung vi
khuédn/biochar trong 2 phut. Dung spatula chuyén
biét dé dua dat vé dung trong bang 1,3 g/cm?, hiéu
chinh 4m d6 dat vé 60% kha ning giit nudc cua dat
(WHC) v6i nuéc khir khoang tiét tring, ddy nip
binh dé tranh bdc thoat hoi nudc, tuy nhién phai
bao dam khong khi trao ddi cho hoat dong cua vi
sinh vat trong dit. Cac binh nip xanh chira miu
duogc dat trong t6i ¢ didu kién nhiét do phong thi
nghiém trong 14 ngay.
2.4 Chi tiéu theo doi

Trong thoi gian thi nghiém mét sb chi tiéu dugc
theo doi nhu sau:

1) Mat s6 vi khuan co kha ning nudi cdy trén
mdi truong agar giau dinh dudng: vao cac thoi
diém 0, 3, 7 va 14 ngay thi nghiém. Mat sé vi
khuan dét thi nghiém dwoc xac dinh biang phwong
phap hoa loang (Ian va Charles, 2004). Cac dia moi
truong sau khi cho vi khuan vao duoc u trong diéu
kién phong thi nghiém. Sau ba ngay 1, tién hanh
dém mat s6 khuén lac cta vi khuan hién dién trén
bé mat moi truong TSB. S6 khuén lac dém duogc s&
dugc quy doi theo hé s6 pha lodng dé co két
qua mat sd vi khuan trong dat tai cac thoi diém
thu mau.

2) Nong d6 hoat chit Propoxur con lai trong
dat: vao cac thoi diém 0, 3, 7 va 14 ngay thi
nghiém. Quy trinh trich Propoxur va do nong do
Propoxur trén hé théng HPLC duoc thuc hién b'flng
cach hut 5 mL dung méi Methanol cho vao lo bi 10
mL chia 1 g dat (dyga trén trong luong kho kiét),
dong kin nip lo bi, vortex véi toc do 2.500
vong/phut trong 1 phut, sau d6, lo bi chira mau
dugc lic 24 gio trén may lic voi toc do 200
vong/phut, ly tim lo bi chira mau trén may ly tim
v6i toc do 3.000 vong/phut trong 3 phit. Dung
pipette thuy tinh hut dung méi Methanol chtra
Propoxur nam bén trén 16p dat chuyén qua lo bi
méi 20 mL. Toan bd quy trinh trich Propoxur trong
dét véi dung mo6i Methanol duogc lap lai thém 2 lan
nita. Sau 3 1an trich mau, toan bd lugng dung méi
Methanol chira Propoxur dugc chira chung lai
trong lo bi 20 mL. Mau sau khi dwoc c¢6 dong vé
thé tich 5 mL dudi voi khi N> duge do trén hé
thong sic ky long cao 4p (High Performance
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Liquid Chromatography, viét tit la HPLC)
(Shimazu-LC20A) vé6i cac thong s6 nhu sau: St
dung cot C18, ty 1¢ pha dong acetonitrile:nudc
twong tng la 45:55, bude séng 214 nm, luu lugng
ctia pha dong 100 pL/phuat, thoi gian xac dinh pho
ctia hoat chat Propoxur & phut thir 7,5.

3) Panh gia kha ning séng sot cia dong vi
khuan Paracoccus sp. P23-7 trong dit sau khi
dugce ching vao dit: Phuong phap dién di bién
tinh ting cdp DGGE (Denaturing Gradient Gel
Electrophoresis) dwoc tmg dung dé xac dinh kha
ning song sot ctia dong vi khuan ching vao dat va
da dang quan thé vi sinh vat trong dat. Quy trinh
thuc hién phan tng DGGE dugc md ta nhu sau:
DNA cua dong vi khuan Paracoccus sp. P23-7 va
ctia hé vi khuan trong dét thi nghiém dugc tach
chiét bang cach sir dung CTAB 3% (Ihrmark vd
ctv., 2012), sau d6 thuc hién phan tng PCR voi cidp
mdi 341F-GC/534R. Trinh tu nucleotide cua cap
mdi nhu sau:

341F GC:GCCCGCCGCGCGCGGCGGGCG

GGGCGGGGGCACGGGGGGCCTACGGGAGG
CAGCAG va 534R:ATTACCGCGGCTGCTGG)
nhim vao doan gene 16S-rRNA. Cac budc trong
phan tng PCR nhu sau: budc 1: 94°C trong 3 phut;
budc 2: 94°C trong 20 gidy; budc 3: 55°C trong 45
gidy; budc 4: 72°C trong 45 giady; bude 5: lap lai
budc 2 thém 29 chu ky; bude 6: 72°C trong 7 phiit
va budc 7: 4°C trong thoi gian khong xac dinh.
Thanh phan ciia mot phan tmg PCR véi tong thé
tich 25 uL nhu sau: 12,5 pL GoTaq Green Master
Mix; 0,5 pL mdi xuéi (10 pM); 0,5 pL mdi nguoc
(10 puM); 10,5 pL nude khong chira DNA va 1 pL
DNA tinh sach.

Gel DGGE 8% acrylamide duogc chuén bi véi
cac nong do Urea tir 40% dén 60% nham phén tich
cac chudi DNA c6 trinh tu khac nhau trong san
phiam PCR. San pham PCR dugc tron déu véi chat
nhuém 2X. Thanh phan ciia chat nhugm 2X trong
10 mL gbém: 0,25 mL Bromophenol Blue 2%; 0,25
mL Xylene Cyanol 2%; 7 mL Glycerol 100% va
2,5 mL nudc khir khoang. Sau d6 dua miu chua
san phim PCR vao giéng cua Gel Acrylamide
trong dung dich dém Tris Base Aceate (TAE) 1X
v6i mite dién thé 45V, & nhiét d6 60°C va thuc hién
trong 16 gio trén hé dién di ding Dcode (Biorad).
Gel Acrylamide sau dién di dugc nhuém véi
Ethium Bromide va dugc chup hinh trén may Gel
Logic 1500 (Kodak).

2.5 Xirly sb liéu
S6 lidu sau khi két thuc thi nghiém dugc tong
hop, tinh toan bang phan mém Excel va kiém dinh
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thong ké véi ANOVA bing phan mém Minitab
16.2.

3 KET QUA
3.1 Dién bién mat s6 vi khuin trong dit
gitra cac nghiém thirc trong thoi gian thi nghiém

Két qua dién bién mat sb vi khuan trong dat
giita cac nghiém thtc trong 14 ngay bd tri thi
nghlem dugc trinh bay ¢ Hinh 1. Nhin chung, mat
sO vi khuan dat [y tat ca cac nghiém thirc vao tat ca
thoi diém 1iy mau kha cao. Tét ca cac nghiém thirc
¢6 cing mot chiéu hudng bién dong mat sé nhu:
mat s vi khuan trong dt c6 xu hudng ting nhanh
vao giai doan 0 dén 3 ngay sau khi b tri thi
nghiém, sau d6, & giai doan 3 dén 7 ngay mat s6 co
xu huéng giam dan va cudi cung mat sé vi khuén
trong dat dat trang thai 6n dinh trong giai doan tir 7
dén 14 ngay b tri thi nghiém.

Mat s6 vi khuan dit vao thoi diém 3 ngay b tri
thi nghiém déu ting cao & tit ca nghiém thirc. Piéu
nay co6 thé 1a do cac didu kién méi truong cua thi
nghiém nhu nhiét d6 dat, 4m do déat va do thoang
khi cta dit duoc t6i wu vi vay mat s6 vi khuén
trong dt gia ting nhanh ¢ tat ca cac nghiém thirc
sau khi thi nghiém duogc bd tri. Nghiém thuc 4
(chung vi khuan Paracoccus sp. P23-7 tw do + 1%
biochar) c6 mét s6 vi khuén cao nhit (logl0 = 9,44
(CFU/1 g dét) va khac biét thong ké so vdi cac
nghiém thirc con lai (p<0,05). Trong khi d6, cac
nghiém thirc con lai khong khac biét thong ké khi
so sanh v&i nhau vé mat sb vi khudn dat tai thoi
diém xac dinh nay. Piéu nay cho thiy viéc chung
dong vi khudn Paracoccus sp. P23-7 tu do két hop
v6i bd sung 1% biochar (dua theo trong luong dat)
vao trong dat gitp gia ting mat s6 vi khuan dat.
Viée tang mat sb vi khuan dét & nghiém thirc 4 ¢6
thé giai thich mot phan 1a do vi khuan Paracoccus
sp. P23-7 tuy do dugc bd sung vao va thém vao do
ciing co6 thé 1a do biochar ¢6 kha ning cai tao mot
s6 dic tinh dat nhu gia ting pH, bd sung dinh
dudng va dong thoi ting d6 thoang khi trong moi
truong dat. Do d6, mat sb vi khuan trong dét ting
lén. Két qua nay twong tu nhu két qua nghién ciu
cua Sarah va ctv. (2013).

So sanh mat s vi khun dat vao thoi diém 7
ngay thi nghiém cho thdy mat s§ & nghiém thic 5
(b6 sung 1% biochar co chira sin vi khuan
Paracoccus sp. P23-7) c¢6 mat s cao hon so véi
cac nghiém thirc khac, nhung chi thyc sy khac biét
¥ nghia thong ké v6i 2 nghiém thire khong bd sung

1% biochar 1a: nghiém thtc 1 (d6i chung, khong
b sung biochar) va nghiém thirc 3 (chung vi khuén
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Paracoccus sp. P23-7 dang tu do). Mat $6 vi khuan
dat trude khi bd tri thi nghiém 1a nhu nhau ¢ hai
nghiém thic 3 va 5 (0,64 x 107 CFUs/g dét),
nghiém thtre 3 ¢6 bd sung vi khuan Paracoccus sp.
P23-7 dang ty do (0,5 x 105 CFU/g dét) trong khi
nghiém thirc 5 chi bo sung 0,5 g biochar chira 0,1 x
108 CFUs vi khuan Paracoccus sp. P23-7 ¢6 dinh
trong biochar. Do d6, viéc ting mat s6 vi khuén dét
& nghiém thirc 5 ¢ thé giai thich 1a do mét phén vi
khuén c6 dinh trong bichar dugc phéng thich ra
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ngoai méi truong dat do d6 mat sé vi khuan dét gia
tang hodc ciing c6 thé 1a do ban than biochar c6
hiéu qua trong viéc 1am gia ting mat sé vi khuén
trong dat. Tuy nhién, vao thoi diém 14 ngay thi
nghiém, mat sé vi khudn & nghiém thirc 5 chi cao
hon va khac biét y nghia thong ké so voi nghiém
thirc 1 (d6i ching, khong bd sung biochar, p<0,05).
Két qua nay cho thdy viéc bd sung 1% biochar vao
trong dat ¢ hiéu qua trong viéc gia ting mat sd vi
khuan dit vao thoi diém ban dau cua thi nghiém.

10.0

o
o

9.0 1

8.5

=@—NT 1: Dét
==NT 2: Dat + 1% Biochar

Log10 mat sé vi khuan (CFU/g dat)

8.0 | NT 3: Dat + Paracoccus sp-P23-7 iy do
=#=NT 4: Dat + Paracoccus sp-P23-7 twdo + 1% Biochar
=#=NT 5: Dt + 1% Biochar chira Paracoccus sp-P23-7
7.5

0 3

7 14 15

Thei gian thi nghiém (ngay)

Hinh 1: Dién bién mat s6 vi khuén trong dat giira c&iconghiém thirc trong 14 ngay thi nghiém (n=4, d¢
1éch chuan)

3.2 So sanh kha ning phan hiy hoat chét
Propoxur trong dat giira cac nghiém thirc thi nghiém

Két qua vé kha niang phan huy hoat chat
Propoxur trong mdi truong dit cia cac nghiém
thirc thi nghiém dugc trinh bay & Hinh 2. Nhin
chung, kha ning phan hiuy hoat chit Propoxur
trong moi truong dat rit khac nhau giita cac
nghiém thirc tai cac thoi diém thu miu va c6 xu
huéng giam dan theo thoi gian nudi cdy. Nong do
Propoxur cta: Nghiém thuc 1 (d6i chimg, khong
b6 sung biochar) va nghiém thirc 2 (b6 sung 1%
biochar) khong khac biét théng ké khi so sanh véi
nhau & tat ca cac thoi diém thu miu, ngoai trir vao
ngay thir 14. Vi vay, biochar di khong hap phu
Propoxur 1én trén bé mat hodc bén trong cac 16
hong cua nd. Bén canh d6, ndong do Propoxur con
lai trong dat & hai nghiém thirc nay & thoi diém 7
va 14 ngay thi nghiém déu cao hon va khéc biét y
nghia thong ké (p<0,01) so v&i 3 nghiém thirc con
lai c6 chung vi khuan Paracoccus sp. P23-7. Diéu
nay cho thiy dong vi khuén Paracoccus sp. P23-7
that sy 1a dong vi khuén phan hay chuyén biét
hoat chit thudc trir siu Propoxur khong nhiing
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trong moi trudng nudi cay long ma con trong moi
truong dat.

Sau 3 ngay thi nghiém chi duy nhét & nghiém
thitc 5 (chung 1% biochar ¢ dinh sin vi khuan
Paracoccus sp. P23-7) ndng d6 Propoxur trong dat
phan hay con lai 13 50,46 ppm, chiém 33% tong
ndng do hoat chit bi phan huy sau 3 ngiy thi
nghiém. Trong khi cc nghiém thiic con tién trinh
phan hity Propoxur trong dét chua xay ra. Két qua
nay cho thiy viéc chung vi khuan Paracoccus sp.
P23-7 bang cach cb dinh ching bén trong biochar
¢6 hiéu qua trong phan huy hoat chit Propoxur
trong moi truong dat va chirc ning cua biochar nhu
1a chat mang dung dé chung vi sinh vét co loi vao
trong dat dwoc chimg minh thong qua két qua nay.
Viéc phan huy Propoxur trong dat khong twong
quan v6i mat sé vi khuan trong dat & ngay thr 3
sau khi bd tri thi nghiém 1a vi mic du mat sé vi
khuan & cic nghiém thirc hau nhu ting nhu nhau
(Hinh 1), nhung chi duy nhét nghiém thirc 5 thé
hién kha nang phan huy Propoxur cao. Két qua nay
duogc giai thich 1a do khi vi khuén Paracoccus sp.
P23-7 phan hity chuyén biét Propoxur bi ¢ dinh
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trong biochar da tao ra mdt hé vi sinh vat séng
chung v6i nhau, gitp ching tao ra mot lyc tong
hop tat ca cac vi khuan c¢d dinh trong biochar lai
v6i nhau dé kéo Propoxur ty do trong dich dét bang
lyc hiat khuéch tan nhiam chuyén khdi luong
Propoxur huéng dén biochar, vi vay, Propoxur hitu
dung di chuyén vé phia biochar nhanh hon so v&i
ting té bao vi khuan ty do trong moi trudong dat va
dan dén téc d6 phan hay Propoxur & nghiém thirc
chung vi khuén bing cach cd dinh trong biochar
(nghiém thirc 5) cao hon rat nhidu so véi céc
nghiém thirc khac. Piéu nay ciing dugc chimg
minh bdi cac nghién ciru trude day ciia Grundmann
va ctv. (2007) va Wang va ctv. (2010). Ngoai ra, hé
vi khuén cb dinh trong biochar c6 thé di hinh thanh
biofilm, giup bao vé vi khuan trong biochar song
sot tot hon trong nhimng diéu kién bat lgi ciia moi
truong nhu thiéu dinh dudng, thay doi pH hodc
nhing yéu t6 khac vi chung tan dung su hop tac va
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cong sinh 1an nhau nham gitip nhau ton tai va phat
trién mdt cach bén vitng trong hé vi sinh vat (Wang
va ctv., 2010).

Vao thoi diém 7 va 14 ngay thi nghiém ndng do
hoat chét Propoxur trong dat khéng con dugc phat
hién & cac nghiém thirc c6 ching vi khuan
Paracoccus sp. P23-7 & ca nghiém thtc chung vi
khuan & dang té bao tur do hodc bang biochar, trong
khi ca hai nghiém thirc dbi chung (nghiém thirc 1
va 2) ndng do hoat chat Propoxur trong dét van con
cao, ndng do thap nhét & nghiém thirc 2 (bd sung
1% biochar) 1a 62,62 ppm vao ngay 14 sau thi
nghiém. Két qua nay cho thay viéc ching dong vi
khudn Paracoccus sp. P23-7 vao trong dét that su
¢6 hiéu qua rit cao trong viéc lam gia ting toc do
phan hity hoat chit Propoxur trong dit, tuy nhién
hiéu qua s& gia tang cao hon nira khi vi khuan dugc
ching bang chat mang biochar.

80 |

60

@-NT 1: Dat
=@=NT 2: Dat + 1% Biochar

Néng dd Propoxur con lai trong dét (ppm)

m&%ﬁ% NT 3: Dat + Paracoccus sp-P23-7 tw do
N ==NT 4: Dat + Paracoccus sp-P23-7 tw do + 1% Biochar
40 \R\% =#—=NT 5: DAt + 1% Biochar chira Paracoccus sp-P23-7
N
N
\
N\
20
0 3 7 14 15

Thé&i gian thi nghiém (ngay)

Hinh 2: Kha niing phan hity hoat chét Propoxur trong moi truong dit ciia cac nghiém thirc thi
nghiém (n=4, d¢ léch chuan)

3.3 Danh gia kha ning song sot ctia dong vi
khuan Paracoccus sp. P23-7 trong dat thi nghiém

DGGE 1a mot ky thudt dugc st dung cho viéc
tach roi cac doan DNA dua theo su di chuyén cua
ching dudi nhitng diéu kién bién tinh ting cip
(thuong st dung nf)ng d6 formamide/urea). Vi ky
thut chuyén sdu v€ cong nghé sinh hoc phan tur
ndy giip cung cap thong tin li€n quan dén thanh
phan cta hé vi khuan trong méi truong dat hoic
tmg dung dé nhan dang xem c6 sy hién dién cia
loai vi khuin trong moi truong dat thong qua viéc
sir dung gene chuan 16S cua cac loai da biét trudc.
Trong phan nghién ciru nay, muc dich chinh 1a
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danh gia kha niang song sét cia dong vi khuan
Paracoccus sp. P23-7 vao thoi diém két thic thi
nghiém trong méi truong dat. Két qua phan tich vé
céu trac cua hé vi khuén trong mdi nghiém thtrc thi
nghiém dugc trinh bay ¢ Hinh 3. Két qua cho thiy
mau dit ban dau khong co su hién dién cua dong vi
khudn phan huy hoat chit Propoxur, Paracoccus
sp. P23-7 (Lane 1), do khong co6 sy hién dién cua
band 4 trong Lane 1. Viéc bd sung 75 ppm hoat
chat Propoxur vao trong dat thi nghiém gilp gia
tang sy phét trién cua nhom vi khuan thudc band 1,

band 2 va band 3, dac biét 1a band 1 (do cudng d(_)
mau cia band 1, 2 va 3 dam hon & cac Lane 2, 3, 4,
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5 va 6 so voi Lane 1). Viéc bd sung dong vi khuan
Paracoccus sp. P23-7 vao trong dét giup gia ting
su phat trién nhom vi khuan thudc band 1, 2 va 3,
dac biét 1a band 2 va 3 (do cuong d6 mau cua band
2 va 3 dam hon & cac Lane 4, 5 va 6 so vdi Lane 1,
2 va 3). Dong vi khuan Paracoccus sp. P23-7 dugc
ching minh 1 da phat trién va song sét cho dén
thoi diém két thac thi nghiém (14 ngay thi nghiém)
& tat ca cac nghiém thirc ¢6 chung dong vi khuan
nay vao dét (chung dang té bao tu do hodc ¢b dinh
trong biochar) thong qua sy hién dién band 4 trong
mau & cac Lane 4, 5 va 6 khi so sanh va ddi chiéu
v6i d6i chimg dwong: DNA cua dong vi khuan
Paracoccus sp. P23-7 (Lane 7). Tuy nhién, cuong
d6 mau cua band 4 ¢ nghiém thirc 5 (bd sung 1%

1 2 3

Band 1

Band 2

Band 3

Band 4
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biochar chira sin vi khudn, Lane 6) nhat hon so v&i
cac Lane khac: 4, 5 va 7. Didu nay cho thiy vi
khudn Paracoccus sp. P23-7 midc di bi ¢6 dinh
trong bichar nhung ching van c6 thé duoc phong
thich ra ngoai méi trudng dit véi mot sé lwong
nho, va ching vin co kha ning séng sot, sinh
truong va phat trién bén ngoai biochar trong moi
truong dat cho dén thoi diém két thuc thi nghiém.
Tom lai, két qua nghién ciru nay cho thdy dong vi
khuén phan hity Propoxur, Paracoccus sp. P23-7
¢6 kha nang thich nghi, sdng sét, sinh trudng, phat
trién va du stre canh tranh v6i hé vi sinh vat dat ban
dia khi chung dugc ching vao trong dat dudi dang
té bao tu do hodc bi ¢b dinh trong biochar.

Hinh 3: Dién di trén gel gradient biép tinh (DGGE) ciia sin phim PCR 16S rDNA duoc khuéch dai tir
mau DNA dugc trich tir trong dat

Lane 1: 0 ngdy thi nghiém, Lane 2: 14 ngdy thi nghiém, nghiém thirc 1 (di chirng, khong b6 sung biochar), Lane 3: 14
ngay thi nghiém, nghiém thire 2 (d6i chiing, b sung 1% biochar), Lane 4: 14 ngay thi nghi¢m, nghi¢m thirc 3 (b6 sung
vi khudn Paracoccus sp. P23-7 dang tw do), Lane 5: 14 ngdy thi nghiém, nghiém thitc 4 (b6 sung vi khudn Paracoccus
sp. P23-7 dang tw do + 1% biochar), Lane 6: 14 ngay thi nghiém, nghiém thirc 5 (b6 sung 1% biochar chita san vi
khudn Paracoccus sp. P23-7), Lane 7: DNA ciia dong vi khudn Paracoccus sp. P23-7 va Lane 8: doi chirmg am

4 KET LUAN

Viéc ching vi khuan c6 kha nang phan huay
hoat chat thudc trir sdu Propoxur, Paracoccus sp.
P23-7 vao trong moéi trudng dat bang chat mang
biochar ¢ hiéu qua rit cao trong viéc gia ting toc
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do phan huy Propoxur va rat ngan thoi gian xu ly
dat 6 nhiém vé6i Propoxur trong dat.

Dong vi khuan c6 kha nang phan hity hoat chét
thuoc trir sdu Propoxur, Paracoccus sp. P23-7 van
c6 kha nang song s6t va phat trién tot trong moi
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truong dat trong diéu kién phong thi nghiém sau 14
ngdy khi duoc chung vao dat dudi dang te bao tu
do hoac phuong phap dung chat mang biochar.

Biochar ¢6 chirc nang nhu 14 cht mang réat hiru
hiéu ding dé ching vi khudn c6 kha ning phan hay
hoat chét thudc trir sau Propoxur, Paracoccus sp.
P23-7 vao trong mdi truong dat, biochar con gilp
bao vé vi khuan c6 dinh bén trong song sot trong
didu kién bét loi ciia méi trudong, va mot sd vi
khuén c6 thé phong thich va du nhép ra ngoai moéi
truong dét tir biochar dé thich nghi, sinh truong,
phat trién va tham gia vao chic ning phan hiy
Propoxur trong moi trudng dat.
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