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Tém tit: Dém sinh hoc 1a mot phuong phap don gian nham giam thiéu 6 nhiém ngudn diém trong
qué trinh thao tac véi hoa chét bao vé thuc vat. Trong d6 hdn hop sinh hoc 1a yéu té chinh, quyét
dinh dén hiéu qua phén huy cua dém sinh hoc. Muyc dich cua nghién ctru nay 1a danh gia anh
huong cua viée bo sung ching ndm mdbc cd hoat tinh phan huy lignin cao, Penicillium
chrysogenum N2, dén dic tinh sinh hoc va su phan huy Cartap ciia hon hop sinh hoc. Hon hop
sinh hoc d3 duoc chuin bi voi ba thanh phan 1 rom, ba thai trong ndm va dat mat voi ti 16 2:1:1,
d6 4m 60%. Cartap dwoc thém vao hdn hop sinh hoc véi ham lwong 100 mgkg™t. Két qua nghién
ctru cho thiy, hoat tinh enzyme phan huy lignin ctia hdn hop sinh hoc duge bd sung ndm (dat 645
don vi kg?) cao hon 8,5 lan so véi d6i chung. Twong tu, cac gié tri cao hon & cong thirc thi nghiém
d6i vai chi s6 hd hap vi sinh vat (455 mg CO,100g™), mat d ctia vi khuan tong s (6,5x108 CFU g),
xa khuan téng s (1,3x108 CFUg?), ndm mbc tong sé (2,5x10° CFUgY), vi sinh vat phan huy
cellulose (4,68x10° CFUg™), hemi-cellulose (3,5x10° CFUg?) va lignin (2,7x10° CFUg). Ngoai
ra, hiéu qua phén huy Cartap ¢ 37°C, do 4m 60% trong 10 ngay ctia hdn hop sinh hoc dugce b
sung nim la 99,42% cao hon so v6i d6i ching 12 75,35%. Vi vay viéc sir dung ching ndm méc ¢
hoat tinh phan huy lignin cao, Penicillium chrysogenum N2, lam glong gay ciy c6 thé cai thién
dugc dic tinh sinh hoc ciing nhu hiéu qua phan huy Cartap ctia hdn hop sinh hoc trong hé théng
dém sinh hoc.

Tir khod: Pém sinh hoc, hdn hop sinh hoc, phan huy Cartap, ndim mdc phan huy lignin,
Penicillium chrysogenum.

1. Pt van dé dat duoc sy thanh cdng trong san xuat nong
) nghi€p & nudce ta va trén the gioi. Tuy vay, viéc
Vigc su dyng hoa chat bao vé thyc vat quan Iy HCBVTYV, dic biét tir cac nguon diém,

(HCBVTV) la mét trong nhimg chia khoa dé khéng pht hop c6 thé dan dén su 6 nhidém dat,
nudce mit va nude ngdm. Mot ngudn diém gay 6
- nhiém chinh Ia sy tran ra cia HCBVTV trong
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la mdt phuong phap don gian va chi phi thap
nham g1am thiéu 6 nhiém giy ra bai nguédn
diém nay. Hé thong dém sinh hoc ban dau bao
gdm ba hop phan chinh: (i) 16p sét (hodc tdm
I6t) chdng tham ¢ day, (ii) hdn hop sinh hoc
(HHSH) gom dat mit, rom va than bun véi ty 18
1:2:1, va (iii) 16p c6 trong trén bé mat. Hon hop
sinh hoc dugc xem 14 hop phan quan trong nhat
ctia hé thong dém sinh hoc véi (i) dat bé mat
cung cip dung tich hiap phu HCBVTV, chit
mun cho hoat dong ctia vi sinh vat va ngudn vi
sinh vat phan huy HCBVTV, (ii) rom cung cap
co chét chu yéu cho hoat dong cua vi sinh vét
phan huy HCBVTV, va (iii) than bun gép phan
diéu chinh @6 4m va pH [2]. Tir khi dugc ra doi
tai Thuy Dién vao nam 1993, dém sinh hoc di
nhan dugc sy quan tdm dac biét tur nhiéu nudc
trén thé gioi. Tinh dén nam 2016, da c6 khoang
36 nudc cho phép tng dung dém sinh hoc vao xt
ly du lugng HCBVTV trong néng nghiép [3]
Viéc thiét ke dém sinh hoc phu thu¢c vao didu
kién thuc té ctia mdi nudc nhu khi hau, tap
quéan canh tac va dic biét 1a cac ngudn nguyén
liéu san c6 [2]. Tuy vay nhitng nghién ciru va
mg dung nhu thé chwa dugc ghi nhan ¢ nudc
ta. P& gop phan khic phuc thyuc trang nay, bai
bao s& danh gid anh hudng cua viéc bd sung
ching ndm mdc c6 hoat tinh phan huy lignin
cao, Penicillium chrysogenum N2, dén dic tinh
va sy phan huy Cartap ctia hon hop sinh hoc
dugc chuan bi tir cac ngudn nguyén liéu sén co
tai dia phuwong gom rom ra, bi thai trong ndm
va dat mat.

2. P6i twong va phwong phap nghién ciru
2.1. Déi twong nghién ciru

- Hon hop sinh hoc va cac dic tinh sinh hoc
cua nd.

- Chung ndm méc c6 hoat tinh phan huy
lignin cao, Penicillium chrysogenum N2.

- Hoa chét Cartap hydrochloride tinh khiét.
2.2. Phwong phdp nghién cuu

Phwong phdp tuyén chen chiing ném mac
co hogt tinh phan huy lignin cao: Tt 6 chung
ndm mdc cd hoat tinh phén huy lignin trong bo
suu tap gidng sin co, cAdy mdi chung vao moi

truong Czapeck dich thé c6 bd sung lignin
(Glucose 10 g; Pepton 5 g¢g; Na;HPO. 2,4 g;
K2HPO4 2,0 g; NHsNO; 0,1 g; MgSO,4 0,01 g;
CaCl2 0,01 g; lignin 1 g; nuéc 1 L) va nudi cay
trén may lic 6n nhiét (New Brunswick, Innova
44R, Eppendorf, Germany) ¢ 120 vong/phut,
30°C trong vong 6-7 ngay. Thu 10 mL dich
nudi cdy, ly tim & 4.000 vong/phdt trong 20
phut, loc qua mang loc 0,45 pm va xac dinh
hoat tinh enzyme phéan huy lignin cua dich loc
theo phuong phéap dugc trinh bay sau day.

Phwong phdp dinh danh chiing nim méc
dwoc tuyén chon: Ching ndim méc dugc dinh
danh dya vao cac dic diém vé hinh thai khuan
lac va dic diém di truyén (trinh tuy nucleotide
cua gen 28S rRNA). Viéc phan tich trinh tu
nucleotide cia gen 28S rRNA dugc tién hanh
theo cac budc sau: (i) Chuan bi mau ciy thuan
khiét, tach chiét DNA dé thu nhan DNA bo gen,
do nong d6 DNA biang may Biophotometer; (ii)
L4y 5ul mau cho vao phan tung PCR dé khuéch
dai dac hiéu doan DNA dai 250 bp trén vung
gen 28S rRNA bing thiét bi PCR Thermal
Cycler (Bio-Rad); (iii) Dién di san pham PCR
trén gel agarose 2%, chup hinh bang hé théng
Gel Doc (Bio-Rad); (iv) Tinh sach san pham
PCR bing b QIA quick PCR Purification Kit
(QIAGEN); (v) Pién di san pham d tinh sach
bang thiét bi Agilent 2100 Bioanalyzer; (vi)
PCR SEQ san pham di tinh sach truéc khi giai
trinh ty trén hé thng may ABI 3130XL; va
(vii) Phan tich két qua bang phian mém
Sequecing analysis 5.3 va so sanh véi dir liéu
san cO trén Genbank va ngan hang dir liéu
NCBI bang cong cu BLAST.

Phwong phdp chudn bi hén hop sinh hoc:
() Chuan bi nguyén liéu: rom thu tr dong
ruong dt chiém triing & Ninh Binh sau d6 duoc
cét nho voi kich thuée 2-3 cm, ba thai trong
nam SO trang (Pleurotus eryngii) thu tir khu vire
trong nam cua Vién Di truyen Nong nghlep
Viét Nam ¢ Béc T L|em Ha Noi va dat mat
(0-20 cm) thu tir vuon trong rau ¢ Ha Pong, Ha
Noi duge dé kho khong khi, dong nhit mau
bang céach cho qua rdy 3 mm; (ii) Phéi tron cac
nguyén liéu: rom: b3 thai trong nim: dat bé mit
theo ty 18 1:2:1 (tong khdi lwong 2,5 kg); va (iii)
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Diéu chinh d6 4m dén 60% va @ trong thoi gian
0, 15 va 30 ngay.

Phwong phdp bé sung chiing nim méc
phdn huy lignin vao hon hop sinh hoc: (i)
Nubi cdy ching nim mdc trong vao mai truong
Potato-Dextrose broth (Khoai tdy 200 g,
Glucose 20 g, nudc cét 1L, pH 5,5) trén may lic
on nhiét (New Brunswick, Innova 44R,
Eppendorf, Germany) ¢ 30°C, 120 vong/phat
trong vong 7 ngay; (ii) Bo sung dich nuéi cay vao
hén hop sinh hoc véi ty 1¢ 5% va tron déu; va (iii)
Diéu chinh d6 4m dén 60% va u trong thoi gian 0,
15 va 30 ngay.

Phuwong phd pbé sung Cartap va thu méu
cho cdc phén_tich trong phong thi nghié¢m:
Cartap duoc bd sung Vao cac hon hop sinh hoc
sau 15 ngdy  (didu chinh do 4m 60% va 80%)
v6i ham luong cudi cing 1a 100 mgkg-1 va luu
gitr trong 10 ngay & cac nhiét do 25°C va 37°C.
Mau duoc 1iy & 3 vi tri khac nhau (trén, giira va
dudi) ciia hon hop sinh hoc, tron déu dé tao mau
t6 hop.

Phuwong phdp xdc dinh hogt tinh enzyme
phan hay lignin: St dung tht nghiém
MBTH/DMAB duoc mé ta chi tiét & Castillo va
cs. (1994) [4]. Thir nghiém duoc dua trén su
oxy hoa cap do6i 3-methyl-2-benzothiazolinone
hydrazone (MBTH) va 3-(dimethylamino)
benzoic acid (DMAB). Hé enzyme phén huay
lignin xuc tac hinh thanh mot hop chat ¢6 mau
tim dam voi mot do hap thu cuc dai tai budc
song 590 nm trong su c6 mat cia MBTH,
DMAB va MnSO,. Phan tmg duoc khoi dau
bang viéc thém vao dung dich H,0s.

Phuwong phdp xdc dinh mdt dép cac nhom
vi sinh vdt: Mat d6 cta cac nhom vi sinh vat
dugc xac dinh bang phuong phap dém trén cac
dia thach chira méi truong va diéu kién nudi
cay thich hop: (i) vi khuan tong sé trén moi
truong thach-cao thit-pepton, ¢ 30°C, 2-3 ngay;
(i) xa khuan tong s trén mdi truong Gause |, &
30°C trong 5-7 ngay; (iii) ndm méc téng sé trén
moi truong Czapeck, ¢ 30°C trong 3-5 ngay; va
(iv) vi sinh vat phan huy cellulose,
hemicellulose va lignin trén moi truong mubi
khoang t6i thiéu (Na;HPO4 2,4 g, K,HPO, 2,0

0, NHsNO; 0,1 g, MgS0, 0,01 g, CaCl; 0,01 g)
chira CMC, xylan va lignin twong tng v6i ham
luong 1 g%, 6 30°C, 7 ngay.

Phwong phdp xdc dinh hd hdp vi sinh vat:
HO hap vi sinh vat dugc xac dinh dwa vao
lugng khi CO; sinh ra trong qua trinh @ mau
hdn hop sinh hoc s dung phuong phap bay
kiém (alkaline trap method) theo Thompson
(2002) [5].

Phwong phap xdc dinh kha ndang phdn

huy Cartap: Ham lugng Cartap con lai trong
cac mau duogc chiét xuat voi dung dich acetone
acid hoa (acetone: nudc cat: acid phosphoric
dic voi ty 16 98:1:1) bang cach can 5 g mau,
thém vao 30 mL dung dich acetone acid hoa néi
trén, dem lic & 350 vong/phut trong 2 gio &
nhiét do 25°C, siéu am trong 30 phat, ly tam
lanh trong 5 phat & 10.000 vong/phit rdi dem
loc qua mang 0,2um [4]. Ham lugng Cartap
duoc xac dinh bang phuong phép sic ky long
hiéu nang cao (HPLC). Hiéu qua phan huy
Cartap dugc tinh bang ty 1¢ phan traim ham ham
lugng Cartap con lai trong mau so v&i ham
luong ban dau.
Phuwong phdp xie 1y so liéu: Mdi cong thirc thi
nghiém duoc 13p lai 3 1an. S6 lidu duoc tinh gia
tri trung binh va xir li bang Microsoft Excel
2010 va HPLC Empower pro.

3. Két qua nghién ciru va thio luin

3.1. Tuyén chon va dinh danh ching ndm moc
co hoat tinh phan huy lignin cao

Tién hanh x4c dinh hoat tinh phan huy
lignin ctia 6 chung ndm méc (ky hiéu N1-N6),
két qua cho thiy ching N2 c6 hoat tinh phan
huy lignin cao nhat (dat 173,6 don vi L. Vi
vay chung N2 dugc chon lam dédi tuong cho cac
nghién ctru tiép theo. Ching N2 ¢4 khuan lac
mau lyc xanh, mat dang nhung, cé cic ranh
xuyén tam khong déu, mit trai mau luc xanh
dén den, gia bao tr trin ngin, co cac ndt san
khong nhan. Phan tich trinh ty 28S rRNA cua
chang N2 cho thay twong dong 100% vdi trinh
tu doan gen 28S rRNA cua loai Penicillium
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chrysogenum (Hinh 1). Vi v@y chung N2 dugc
xép vao chi Penicillium, loai Penicillium

chrysogenum va dugc dinh danh 1a Penicillium
chrysogenum N2.

CCCATACGGGATTCTCACCCTCTATGACGTCCCGTTCCAGGGCACTTAGATGGGGA
CCGCTCCCGAAGCATCCTCTACAAATTACAATGCGGACCCCGAAGGAGCCAGCTTT
CAAATTTGAGCTCTTGCCGCTTCACTCGCCGTTACTGGGGCAATCCCTGTTGGTTTC
TTTTCCTCCGCTTATTGATATGCTTAAGTTCAGCGGGTATCCCTACCTGATCCGAGG
TCAACCTGGATAAAAATTTGGGTTGATCGGCAAGCGCCGGCCGGGCCTACAGAGC
GGGTGACAAAGCCCCATACGCTCGAGGACCGGACGCGGTGCCGCCGCTGCCTTTC
GGGCCCGTCCCCCGGGATCGGAGGACGGGGCCCAACACACAAGCCGTGCTTGAG
GGCAGAAATGACGCTCGGACAGGCATGCCCCCCGGAATACCAGGGGGCGCAATGT
GCGTTCAAAGACTCGATGATTCACTGAATTTGCAATTCACATTACGTATCGCATTTCG
CTGCGTTCTTCATCGATGCCGGAACCAAGAGATCCGTTGTTGAAAGTTTTAAATAAT
TTATATTTTCACTCAGACTACAATCTTCAGACAGAGTTCGAGGGTGTCTTCGGCGGG
CGCGGGCCCGGGGGCGTAAGCCCCCCGGCGGCCAGTTAAGGCGGGCCCGCCGA
AGCAACAAGGTAAAATAAACACGGGTGGGAGGTTGGACCCAGAGGGCCCTCACTC

GGTAATGATCCTTCCGCA

Hinh 1. Hinh thai khuan lac trén dia thach Czapeck va trinh tw gen 28S rRNA ctia chiing N2

3.2. Pdc tinh sinh hoc ciia hon hop sinh hoc

Hoat tinh enzyme phan hiy lignin

Hé enzyme phan hiy lignin bao gdm céc
enzyme laccase, lignin peroxidase va mangan
peroxidase. Ngoai hoat tinh phan huy lignin, hé
enzyme nay con c6 kha nang phan huy cac di
sinh chét ngoai lai ndi chung va HCBVTV néi
rieng [2]. Két qua xac dinh hoat tinh enzyme
phan hay lignin ciia hdn hop sinh hoc dugc bd
sung nim (HHSH thi nghiém) va khong dugc
b6 sung nam (HHSH d6i chung) tai cac thoi
diém 0, 15 va 30 ngay U duoc thé hién ¢ Bang
1. Qua d6 cho thiy hoat tinh enzyme phan huy
lignin cta hon hop sinh hoc sau khi u cao hon
s0 voi trude khi u va 15 ngay 1a thoi gian 0 tbi
wu. Dong thoi tai thoi diém nay, HHSH thi
nghiém c6 hoat tinh enzyme phén huy lignin
cao gap 8,5 lan so véi HHSH doi chimg.

Bang 1. Hoat tinh enzyme phan hity lignin ctia hon

hop sinh hoc
Hoat @0 enzyme Thoi gian u (ngay)
(don vi kg") 0 15 30
HHSH thi 384,9 6453 550,9
nghiém
HHSH d6i 52,8 75,5 60,4
chiing

Mat do cac nhom vi sinh vdt

Mat d6 cta cac nhom vi sinh vat tong s6 va
phan huy trong cac hon hop sinh hoc sau thoi
gian U t&i vu la kha phong phd, tuy nhién &
HHSH thi nghiém 14 cao hon so véi HHSH dbi
ching (Bang 2). Qua do6 cho thay viéc bd sung
ching ndm mdc c6 hoat tinh phan huy lignin
cao di tao diéu kién thuan lgi cho sy sinh
truong, phat trién ctia cic nhom vi sinh vat
trong hdn hop sinh hoc.
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Bang 2. Mat d§ cia cac nhom vi sinh vat trong hdn hop sinh hoc

Hon hop Mat d6 vi sinh vat tong s6 (10° CFUg™") Mat d9 vi sinh vat phan huy (10° CFUg™)
sinh hoc Vi khuan Xa khuin N&m mdc Cellulose Hemi-cellulose Lignin
Thinghiém  6,5x10° 1,3x10° 2,5 4,68 3,5 2,7
Déi chiing 5,7x10° 0,26x10° 1,0 1,89 2,15 1,78

Hé hdp vi sinh vit

Khi CO; khong chi dugc sinh ra tir qua
trinh ho hap hiéu khi ctia vi sinh vat ma con tir
hoat dong khoang hoa chit hitu co trong hdn
hop sinh hoc. Vi vay, mot chi sb6 ho hép cao dai
dién cho mot hé vi sinh vat phong phu véi hoat
tinh sinh hoc manh m&. Trong nghién ctru nay,
ho6 hap vi sinh vat cia HHSH thi nghiém sau 15
ngay u (455 mg CO,100g?) cao hon so véi
HHSH dbi chung (446 mg C0.100g7) va
HHSH dugc chuan bi bai Fernandez-Alberti
(2012) (308 mg CO,100g™)[6].

3.3. Khd ndng phdn huy Cartap ciia hén hop
sinh hoc

Sau khi dugc bd sung vao hon hop sinh hoc,
ham luong Cartap giam dan theo thoi gian do
hoat dong phan hiy cua vi sinh vat diac biét la
nhom vi sinh vat phan huy lignin. Bén canh do,
hi€u qua phan huy Cartap c6 sy phu thudc vao
d6 am va nhiét ¢ phan huy ciia hdn hop sinh
hoc. Piéu ndy phu hop véi nhan dinh cua
Castillo va Torstensson (2007) khi cho rang su
phén huy HCBVTV chiu anh hudng cta thanh
phén, dd 4m cua dém sinh hoc va nhiét do cua
phan huy [7]. O d6 4m 60% va nhiét do 37°C,
sy phan hiy Cartap ciia hdn hop sinh hoc cao
hon so véi & 6 4m 80% va nhiét d6 25°C. Hiéu
qua phan huy Cartap cia HHSH thi nghiém la
cao hon so véi HHSH ddi chimg va dat dén
99,42% tai do am 60%, nhiét do 37°C sau 10
ngay bd sung Cartap (Bang 3). Ket qua nay cho
thdy viéc bo sung chung nim mdc c6 hoat tinh
phan huy lignin cao da gitp cai thién hoat dong
phan huy Cartap bdi cdc nhom vi sinh vat trong
hén hop sinh hoc va diéu kién t6i thich vé do
4m va nhiét d6 cho qua trinh phan hity Cartap
cua HHSH 1a 60% va 37°C.

Bang 3. Hi€u qua phén huy Cartap cua hdn hop sinh
hoc tai cac A am va nhiét do khac nhau

Do 4m ctia hdn
hop (%) % 50

Nhiét do phan 25 37 25 37
hy (°C)

Hiéu qua phan 97,14 99,42 89,12 91,98
hty cuia HHSH

thi nghiém (%)

Hiéu qua phan 56,33 60,54 95,34 96,62
huy cua HHSH

d6i chung (%)

4. Két luan

1. ba tuyén chon va dinh danh dugc ching
ndm méc Penicillium chrysogenum N2 c6 hoat
tinh phan huy lignin cao nhét (dat 173,6 don vi
L) tir 6 chung c6 hoat tinh phan huy lignin
trong bd suu tp gidng sin co.

2. ba tao dugc cac hén hop sinh hoc tur cac
nguyén liéu san ¢ tai dia phuong gdm, rom: b
thai trong nam sO trang: dat mit (theo ty 1¢
2:1:1) v6i do a am dat 60% sir dung dé bd tri thi
nghiém bd sung ching ndm médc Penicillium
chrysogenum N2 duoc tuyén chon nham xir 1y
hoéa chat bao vé thuc vat Cartap.

3. Pic tinh sinh hoc ctiia hon hop sinh hoc
thi nghiém sau thoi gian 0 t6i uu 15 ngay c6 (i)
hoat d6 enzyme phéan huy lignin dat dén 645,28
don vi kg*; (i) mat d6 cac nhom vi sinh vat
tong s6 nhu vi khuan, xa khuan va nim méc lan
luot 1a 6,5x108, 1,3x10% va 2,5x10° CFUg?,
mat d0 cua cac nhom vi sinh vat phan huy
ligno-cellulose nhuw vi sinh vat phan huy
cellulose, hemi-cellulose va lignin tuong ung 1a
4,68x10° 3,5x10° va 2,7x10° CFUg?; va (iii)
chi s6 ho hap vi sinh vat la 455 mg CO,100g™.
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bac tinh sinh hoc nady cia HHSH thi nghiém la
thuén 1gi cho hoat dong phan huy Cartap.

4. Hiéu qua phan hay Cartap cta hén hop
sinh hoc thi nghiém cao nhat ¢ cac diéu kién do
am 1a 60%, nhiét do 1a 37°C, thoi gian la 10
ngay va dat dén 99,42%. Viéc bo sung ching
ndm méc Penicillium chrysogenum N2 c6 hoat
tinh phan huy lignin cao vao hdn hop sinh hoc
d3 gop phan tao ra mot hdn hop sinh hoc ¢6
tiém nang sir dung dé xur ly Cartap tir cic ngudn
diém tai cic viing canh tac nong nghiép.

Lo1i cam on

,Nghién ciru nay dugc tai trqrbéi Pai hoc
Quoc gia Ha Ndi trong dé tai ma s6 QG.18.13
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Effect of Inoculation with Ligninolytic Fungus
on the Biological Activities and Cartap Degradation of Biomix
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Abstract: Biobed is a simple method to minimize point source contamination during manipulation
of pesticides. The biomix is a principal element controlling the degradation efficacy of the biobed. The
aim of this research was to evaluate the effect of inoculation with ligninolytic fungus Penicillium
chrysogenum N2 on the biological activities and cartap degradation of biomix. Tests were made using
biomixprepared with rice straw, spent mushroom substrate and top soil in a volumetric pro-portion of
2:1:1, moisture content of 60% and pre-incubation time of 15 days; cartap was added to the biomix at
concentration of 100 mgkg™. The results demonstrated that the ligninolytic enzyme activity in the
inoculated biomix (645 U kg*) was 8.5- fold higher compared with the non-inoculated one. Also, the
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higher microbial respiration (455 mg C0O,100g?) and counts of total aerobicbacteria(6.5x108 CFUg™),
actinomyces (1.3x10® CFUg™), fungi (2.5x10° CFUg™?), cellulolytic microrganisms (4.68x10° CFUg™),
hemi-cellulolytic microrganisms (3.5x10°CFU g!) andligninolytic microrganisms (2.7x10° CFUg?)
were observed in the former. Besides, the Cartap degradation efficiency at 37°C for 10 days (99.42%)
was higher in the inoculated biomix compared with the non-inoculated one (75.35%). In conclusion, it
was recommended to use ligninolytic fungus Penicillium chrysogenum N2 as a inoculum to improve
the biological activities and cartap degradation of biomix in biobed.

Keywords: Biobed, biomix, cartap degradation, ligninolytic fungus, Penicillium chrysogenum.



