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Abstract: The presence of metals in soil may impact the environment, as well as agricultural
products. Biochar can alter some physical and chemical properties of the soil, reducing the
concentrations of exchangeable metals in the soil. The aim of this study was to examine the effects
of biochar on the exchangeable metal concentration in two paddy soils that have different organic
carbon (OC) contents. A pot experiment was conducted in a greenhouse using two soils with high
(3.05%) and low (0.54%) OC content mixed with biochar at rates of 0, 1.5, 3, 6, and 12%, and
planted with rice in two consecutive seasons. At the end of each season, 30 soil samples (2 soil types
x 5 biochar rates x 3 replicates) were collected to determine the exchangeable concentration of Al,
Fe, Mn, Cd, Ni, Pb, and Zn, as well as pH. The metal quality index was calculated using principal
component/factor analysis. The results showed that biochar increased the pH value after the first rice
crop but did not improve after the second rice season. Biochar reduced the exchangeable
concentration of some metals, including Al, Fe, Ni, Cd, Pb, and Zn. Compared to the no-biochar
treatment, biochar application increased the soil metal quality index from 4.1 to 12.8% after the first
crop and from 9.6 to 188.7% after the second rice crop, depending on soil properties and used
biochar rate. This effect could be related to the increased pH in biochar-added soil and biochar's
adsorption capacity. In conclusion, biochar has promising prospects for reducing exchangeable
metal content in arable soils, thus exhibiting the potential to be used in paddy fields to remediate
metal-contaminated soils.
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Tém tit: Ham luong ciia mot s6 kim loai trong dat ¢6 anh huong dén méi trudng néi chung ciing
nhu cac san phim ndéng nghiép néi riéng. Than sinh hoc c6 kha ning thay déi mot sé tinh chit 1y,
hoa hoc cuia dit tir d6 1am giam ham luong kim loai & dang trao ddi trong dit. Nghién ctru nay c6
muc tiéu 1a danh gia anh huong cua than sinh hoc dén ham lwong cia mot s6 kim loai & dang trao
dbi trong dt trong lta nudc trén hai loai dat xam c6 ham lwong cacbon hiru co (OC) khac nhau. Mot
thi nghiém chau dugc thiét 1ap trong nha kinh sir dung hai loai dat co OC cao (3,05%) va thép
(0,54%) c6 phéi tron voi than sinh hoc & cac ty 1€ 0, 1,5%, 3%, 6%, va 12% va tréng la nuéce trong
2 vu lién tuc. Két thiic mdi vy lua, 30 mau dét (2 loai ditx 5 ty 1¢ than x 3 lan lap) duoc léy dé phan
tich pH va ham lugng trao ddi cac kim loai Al, Fe, Mn, Cd, Ni, Pb, va Zn bang dich chiét BaCl,.
Chi s6 chat lugng kim loai duoc tinh trén tat ca cac kim loai dugc phén tich bang phuong phap phan
tich thanh phan chinh/nhan t5. Két qua nghién ciru cho thay than sinh hoc lam ting gié tri pH sau vu
laa tht nhat, tuy nhién khong thé hién su cai tao gia tri pH sau vu lua tht hai. Than sinh hoc c6 tac
dung lam giam ham lwong trao ddi ctia mot sb nguyén t6 kim loai nhu Al, Fe, Ni, Cd, Pb, va Zn. So
v6i khong bd sung than sinh hoc, viéc bd sung than sinh hoc da lam tang chi s6 chét luong céac kim
loai trong dét tir 4,1 dén 12,8% sau vu thir nhat va tir 9,6 dén 188,7% sau vu lta tht 2, tiy vao loai
dat va ty 1é than sinh hoc sir dung. Hiéu qua lam giam nay c6 lién quan dén méi truong pH ting
(5,98-6,63 & ty 1& than 0% dén 12% dbi v6i dat c6 ham lugng OC cao, va 6,17-6,90 dbi véi dat co
ham luong OC thép) va kha ning hap phu cua than sinh hoc. Tém lai, than sinh hoc ¢6 trién vong
t6t trong viéc han ché ham lugng kim loai trao doi trong dét trdng trot va c6 kha ning ap dung trén
diéu kién thuc t& nham cai tao dat 6 nhiém kim loai.

Tir khéa: Than sinh hoc, kim loai, it nong nghiép, ham lugng trao doi, tinh chét dat.

1. Mé dau

Qua trinh phat trién nhanh vé kinh té x hoi
trong nhitg nim gan day c6 thé tao ra moi
trudng ngdy cang bi 6 nhiém thong qua cac hoat
dong clia con nguoi nhu canh tac néng nghiép,
nudi trong thity hai san, hoat dong san xuat cong
nghi¢p va khu dan cu [1]. Ham lugng kim loai
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trong dét 1a mot trong cac nhén t6 gdy 6 nhidm
moéi truong dat can quan tim hang dau Cac
nguyén t6 kim loai trong dat c6 thé xuat phat tir
nh1eu ngudn gdc khac nhau, tir hoat dong san
xudt cong nghiép, nong nghiép hodc khai thac
khoang san [2]. Trong linh vuc san xuit nong
nghiép, cac nguyén tb kim loai ¢ thé bét ngudn
tir str dung phéan bon, sir dung thudc trir sdu, phan
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hitu co tir chat thai dong vat, va sir dung cac chat
thai/nude thai chua qua xtr 1y khac [2, 3]. Nghién
ctru cta Bai va cs [4] cho thdy céac loai hinh st
dung dét ciing c6 anh hudng khac nhau dén kha
nang tich lily cac nguyén t6 kim loai trong dat.
Mot cude diéu tra dat da duoc tién hanh dé danh
gia sy tich tu kim loai, cac rui ro sinh thai va strc
khoe tiém 4n ciing nhu xac dinh ngudn kim loai
trong dét trong laa & Thanh phd Hén Trung,
Trung Qudc [5]. Trong cac mau dat dugc thu
thap va dugc dinh lugng kim loai nang (As, Cd,
Cu, Hg, Pb va Zn). Két qua cho thay As, Cd, Zn
1a cac chat gdy 6 nhidm chinh trong dét tai khu
vuc nghién clru. Ngoai ra, ham luong Hg cao
trong dét ciing c6 thé gy rui ro cho hé sinh thai
dia phuong. Cadmium va As thé hién tinh di
dong cao va ham lugng trung binh cta chung
trong hat gao cao hon ngudng cho phép mot chut
(0,20 mg/kg). Mot nghién ciru khac trong dat
trong lGa ving l1an cdn mo da kim Nui Phao,
mién Béc Viét Nam ciing thé hién ham luong cac
kim loai ddng ké (As, Cd, Cr, Cu, Pb va Zn)
trong cac mau dit thu thap duoc [6]. Hiu hét cac
mau dat déu bi 6 nhiém As (gi4 tri trung binh
50,93 + 55,44 mg/kg) va Cd (gia tri trung binh
15,22+9,51 mg/kg), cao gap 16 1an va 23 lan so
v6i tiéu chuén chit luong nong nghiép (QCVN
03-MT:2015/BTNMT) va 15 mg/kg ddi voi As
va 1,5 mg/kg ddi véi Cd. Piéu nay c6 nghia la
stc khoe ctia nguoi dan dia phuong bi anh hudng
manh mé boi cac hoat dong khai thac mo Nui
Phéo ca tryc tiép va gian tiép thong qua tiéu thu
lwong thue, khi cy lua duoc trdng trén rudng laa
la cay tréng chinh trong khu vuc nghién curu.
Viéc tich lily kim loai trong dat noéng nghiép
ngdy cang tang c6 anh huong xau dén chat luong
néng san do qua trinh hip thu va tich liy cac kim
loai trong cac bg phén thyc vét, tr d6 c6 anh
hudng dén stc khoe nguoi tiéu dung. Do dé, cai
tao dat, han ché kha nang tich iy kim loai trong
dat néng nghiép can thiét phai dugc thuc hién
nham nang cao hiéu qua ciing nhu chét luong
néng san. C6 nhiéu phuong phap khac nhau dé
céi tao ham luong kim loai trong dat nong nghi¢p
v0i 5 nguyén 1y co ban 1a ¢6 1ap, c6 dinh, giam
doc tinh, phan tach vat 1y va chiét xuat cac kim
loai [7]. Viéc lua chon mét giai phap cai tao kim

loai trong dét con phu thudc vao tinh hiéu qua, chi
phi va mirc do dé str dung ciia phuong phap do.

Gan déy str dung than sinh hoc cho viéc cai
tao kim loai trong dat di dwoc nghién ctru va dé
xudt sir dung [8]. Than sinh hoc 13 hop chét giau
cacbon, dugc san xuit tir cic phy pham nong
nghiép, sinh khéi thuc vat, hodc cac loai phan
dong vat, chat thai hitu co trong diéu kién yém
khi véi nhiét d6 trén 250 °C [9, 10]. Qua trinh
nhiét phan chim trong diéu kién thiéu oxy s&
chuyén cac loai chét hiru co sang than sinh hoc.
Than sinh hoc c¢6 mdt sd tinh chat quan trong
trong viéc c¢b dinh cac nguyén té kim loai trong
dét, bao gém d6 kiém cao, xép cao, dién tich bé
mat 16n va c6 chira cac nhém chirc hoa hoc mang
dién tich am [11, 12]. Guo va cs [13] tong két
rang than sinh hoc c6 kha nang c6 dinh cac
nguyén td kim Cd, Cu, Ni, Pb va Zn tir d6 lam
giam luong dé tiéu sinh hoc théng qué cac co ché
hap phu (dya trén lyc hut tinh dién, trao doi ion
va tao phurc bé mat) va két taa (dugc tao ra do su
nang cao pH cua dét va bo sung tro tir than sinh
hoc). Nhitng két qua nay cho thay than sinh hoc
¢6 tiém nang cai tao ham luong kim loai trong
dat nong nghiép thong qua qua trinh ¢ dinh tir
d6 1am giam lugng dé tiéu sinh hoc cua cac
nguyén t6 kim loai co mit trong dat.

Tuy nhién hiéu qua cai tao kim loai trong dt
néng nghiép con phu thudc vao tinh chat dét, tinh
chat than sinh hoc va nguyén té kim loai [8]. Céc
nguyén t6 kim loai nhu Cu, As c6 thé ting cudng
di dong, trong lic cac nguyén t6 Cd va Zn bi c6
dinh khi 4p dung than sinh hoc vao dét [14].
Igalavithana va cs [15] nghién ctru trén 3 loai
than sinh hoc khac nhau va chi ra ring hiéu qua
ci tao cac nguyén t6 kim loai trong dat co khac
nhau, tuy thudc vao timg loai than khac nhau.
Ahmad va cs [16] cho rang hiéu qua xur ly cac
chat 6 nhidm v co trong dat cia than sinh hoc
con chua chic chin va do do can thém cac
nghién curu khac.

Hién nay, Viét Nam c6 tong dién tich gieo
tr(‘”)ng lua vao khoang 7,2 tri¢u ha, dién tich dat
canh tac lua nudce vao khoang 3,2 triéu ha chiém
gan 61,8% téng dién tich dit san xuit nong
nghiép [17]. Hang nam, nganh lua nude cua Viét
Nam san xuit ra khoang 43852,6 nghin tan, dwa
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Viét Nam vao mét trong cac qubc gia co lugng
xudt khau gao nhiéu nhét trén thé gidi. Bén canh
san lwong lGa 16n thi lwong phu pham cua qua
trinh canh tac lia nudc nhu triu va rom ciing
dugce tao ra kha nhiéu. Nhiing phu phém nay co
thé duoc str dung cho nhiéu muc dich khac nhau,
trong d6 mot phan dang ké dugc d6t truc tiép trén
canh dong dé nhanh chéng chuan bi dat cho vu
laa ké tiép. Viéc @6t truc tiép nay vira lam 6
nhiém méi trudng vira lam lang phi ngudn
cacbon hitu co ¢6 trong trong cac phu phiam nong
nghiép. Chuyen cic phu pham nay sang dang
than sinh hoc r6i st dung cho canh tac Iua sé dua
lai hiéu qua s dung cao. Cach lam nay vira xu
1y duoc cac phu pham nong nghiép vira han ché
ham luong cac nguyén té kim loai trong dat. Do
d6, nghién ctru nay dugc thyc hién véi muc ti€u
danh gia anh hudng cia than sinh hoc san xuat
tlr vo trau dén ham luong kim loai ¢ dang trao
dbi trong dét trong laa nudce trén hai loai dat co
ham lugng cacbon hitu co (OC) khac nhau.

2. Vit liéu va phwong phap nghién ctru
2.1. Vat liéu thi nghiém

Than sinh hoc tir vo triu dugc lua chon dung
cho nghién ctru nay. Vo trdu dugc thu mua tir nha
may san xudt gao, rira sach, phoi kho trong
khong khi. Sau d6 vo trdu duoc dung dé san xuat
than sinh hoc bang phwong phép nhiét phan
cham & nhiét d6 khoang 350 °C. Pat dung dé
thuc hién nghién ctru dwoc ldy trén hai dong
rudng canh tac Iua khac nhau ¢ xa Phudc Thanh,
Huyén Ct Chi TP H6 Chi Minh. it tir rudng 1
¢6 ham lugng cacbon hitu co (OC) 1a 3,05% cao
hon dat tir rudng 2 v6i ham luong OC 14 0,54 %
(trong nghién ctru nay 2 loai dat nay duoc goi tat
1a d4t c6 ham lugng OC cao va dat c6 ham lugng
OC thap). Dét ding cho nghién ctru nay 1a Haplic
Acrisol [18]. Mbi thira ruong duoc lay 1 mau dat
gop tir 10 diém riéng biét. Trén mdi diém, dat
dugc lay & d6 sau 0-15 cm vi tang nay 1a noi phat
trién chinh cua ré laa. Téng khéi lwong dét tuoi
dugc 14y ¢ ting rudng khoang 100 kg. Dét sau
khi ldy dugc chuyén vé nha kinh thi nghiém,
phoi kho tu nhién ngoai khong khi tranh anh

nang truc tlep, nghién va qua rdy 2 mm dé loai
b6 céc tap chat va cho tién hanh thi nghiém.

2.2. Thiét lgp thi nghiém

Mot thi nghiém trong nha kinh dugc thuc
hién vai 5 ty 1€ than sinh hoc g@)m 0%, 1,5%, 3%,
6%, 12% theo khéi lwong dét, trén hai loai dat
canh tac laa nuéc khac nhau. Dt chira ty 1¢ than
khac nhau dugc dua vao cac chau nhya c6 duong
kinh 18 c¢m va chiéu cao 30 cm (v&i tong khdi
luong khoang 3-4 kg). Su két hop ty 18 than sinh
hoc véi 2 loai dét tao thanh 10 cong thuc thi
nghiém, goi tat 1a CT1, CT2, CT3, CT4 va CT5
v6i dét c6 ham lugng OC cao va CT6, CT7, CTS,
CT9 va CT10 v6i dat c6 ham luong OC thép.
Céc cong thire thi nghiém duogc 13p lai 3 1an va
sap xép ngau nhién trong nha kinh, tao thanh thi
nghiém dugc thiét ké theo kiéu hoan toan ngau
nhién v6i 3 1an Lip lai va 2 yéu td thi nghiém (yéu
t6 1 1a loai dat va yéu t6 2 1a cac ty 1é than sinh
hoc). DAt va than sinh hoc, sau khi duogc phéi
tron theo cac ty 1¢ ¢ trén, dugc cho vao chau thi
nghiém va nudc duge thém tir tir vao tat ca cac
chau tranh 1am than ndi trén bé mat. Sau khoang
1 tudn, hat laa dugc gieo vao cac chau voi mat
d6 10 cay/chau. Gidng lua duoc st dung cho
nghién ctru 1 giéng lta OM 5451 vi hién nay
gidng lua nay dugc kha nhidu ho dan Iya chon dé
canh tac. Trong sudt qua trinh sinh truéng va
phat trién ciia cdy laa, cic chau thi nghiém da
duogc gitt ngap nudc va dimg téi nudec mot tudn
trude khi thu hoach [19]. Nghién ctru da duogc
tién hanh thyuc hién véi 2 vu canh tac lién tuc
tuong Ung voi vu Pong Xuén va vu Thu He.

2.3. Cdc chi tiéu quan trdc

Pit trong cac chau thi nghiém sau khi két
thiic mdi mua dugc lay dé phan tich cac nguyén
t6 kim loai & dang trao doi. Dat duoc lay & do
s&u 0-15 cm tinh tir bé mit ciia dat va khi lugng
dat 14y dé phan tich khoang 300 g phan dat tuoi.
Phan con lai s& dugc cho lai vao chau dé thuc
hién vu lua tiép theo ddi voi 1an thu hoach dau
tién. Sau khi duoc léy, dét duoc dua vé phong thi
nghiém phoi kho ngoai khong khi tranh 4nh néng
tryc tiép, nghién va ray qua ray co kich thudc 2
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mm. Pét sau khi qua rdy duoc phén tich cac chi
tiéu kim loai bao gém Al, Fe, Mn, Cd, Ni, Pb, Zn
bang phuong phap chiét rt voi dung dich BaCly
va do bang may Inductively coupled plasma-
optical emission spectrometry (ICP-OES) [20].
Phuong phap nay bao gdm hai budc chinh la
budc 1 chiét ham lugng trao ddi ctia cac nguyén
t6 kim loai bang dung dich BaCl, 0,1 M tir 0,5 g
dat va budc 2 do ham luong kim loai trong dung
dich chiét bang may ICP-OES. Than sinh hoc c6
tac dung manh lam thay d6i ham luong kim loai
trao doi trong dat thong qua cac co ché vé thay
d6i gia tri pH dat, hap phu kim loai ctia than sinh
hoc va hinh thanh cac lién két phttc v6i kim loai.
Do d6 than sinh hoc it c6 tac dung lén ham lugng
kim loai & dang tong sb va day 1a 1y do nghién
ctru nay khong do 1am luong tong sb cua cac
nguyén t6 kim loai ¢6 trong dat. Cac mau dat
cling duoc do gia tri pH bang phuong phép dién
cuc. Ham lugng OC trong dat dat dugc xac dinh
bang phuong phap dét kho bang may phan tich
nguyén t6 (Elementar Analysensysteme GmbH,
Hanau, Dirc) [21]. Thanh phin co gi6i cua 2 loai
dat trude thi nghiém duge do bang phuong phap
Pipette [20]. Dung tich trao ddi cation (CEC)
dugce xac dinh bang phwong phap ammonium
acetate [22].

2.4. Tinh todn va xir Iy thong ké so liéu thi nghiém

Tat ca cac sb liéu cua thi nghiém diéu s&
dugc phan tich phuong sai ANOVA véi kiéu thi
nghiém hoan toan ngau nhién 2 yéu td nghién
ctru. M6 hinh phén tich nhu sau y;j = u+ f; +
a; +,Baij +€ijk7 trong dé Yijk la dép ung cua
tieng cbng thirc nghién ciru trén tirng chau thi
nghiém, u la trung binh chung, g; 1a anh huong
cua ty 1¢ than, @; la anh huong cua loai dat ,Ba'l j
1a twong tac cua dét va than, €; ji 1a sai s6 ngiu
nhién véi trung binh = 0 va phan b chudn [23].
Ngoai ra, chi s6 chat lwong kim loai (MQI) duoc
tinh théong qua phuong phép phén tich thanh
phan chinh/ nhan té (PCA/FA) [24]. Phan tich
PCA/FA dugc ap dung trén b s6 liéu thi nghiém
va két qua phan tich PCA/FA duogc sir dung dé
xéc dinh trong s6 (w;) cta cac thong sb dit riéng
1¢ phuc vu cho viéc tinh chi s6 MQI. Cac nhan t6

c6 gia tri riéng 16n hon 1 duoc gitr lai dé udce tinh
trong sb cla cac 'thong sO dat c6 tai luong cao
(> 0,5) v6i hé s twong tng [24]. Chi sb chat
lugng kim loai (MQI) duoc tinh dya theo phan
tich thanh phan chinh/nhan t6 (PCA/FA) theo
phuong trinh 1.

MQI =3, w;s; (phuong trinh 1)

Trong d6 n 1a sb lugng cac thong sd dat; w;
1a trong s6 ctia tham s6 thir i va s; 1a gia tri cua
tham sd thu i. w; duoc xac dinh bé‘mg cach sur
dung phan tich thanh phan/nhan té chinh va s;
clia bay thong sd kim loai trong dit duoc xéac
dinh theo phuong trinh 2.

S' — _Xmax~Xi

(phuong trinh 2)

Xmax—Xmin
Trong d6 x;, X;min, Va Xmax 1an luogt 14 gia tri
dugc phan tich, gia tri nho nhat va gia tri 16n nhét
ctia tham s6 i.

3. Két qua
3.1. Tinh chat ddt va than sinh hoc trudc thi nghiém

Két qua phén tich hai loai dt va than sinh
hoc truge thi nghiém (Bang 1) cho thay than sinh
hoc tir v triu c6 gi tri pH 9,02 ¢6 tinh kiém va
ham luong céc kim loai & dang trao ddi 1a Al (1,1
mg/kg), Fe (16,37 mg/kg), Mn (20,68 mg/kg),
Cd (0,12 mg/kg), Ni (0,7 mg/kg), Pb (0,12
mg/kg), Zn (0,26 mg/kg). Pat véi ham luong OC
thap c6 pH 6,10 1a loai dit chua nhe, c6 ham
lugng kim loai Al, Fe, Mn, Cd, Ni, Pb va Zn &
dang trao d6i 1an luot 12 4,43, 17,51, 20,18, 0,18,
0,65, 0,34, va 1,05 (mg/kg). Pat v6i ham lugng
OC cao co6 gia tri pH 1a 5,75 va c6 ham luong
kim loai cao hon so véi dat véi ham lugng OC
thip (Al: 20,89 mg/kg, Fe: 27,37 mg/kg, Mn:
21,88 mg/kg, Cd : 0,2 mg/kg, Ni 0,7 mg/kg, Pb:
0,62 mg/kg, Zn: 1,39 mg/kg). Nhu viy trong 3
loai vat liéu sir dung cho nghién ciru nay, than
sinh hoc ¢6 gia tri pH cao nhét va c6 ham lugng
cac kim loai & dang trao d6i thap nhat. Nguoc lai
d4t c6 ham lwong OC cao c6 gia tri pH thdp nhat
va ham lugng cac kim loai phan tich cao nhat.
Céc gia tri CEC va thanh phan co gi6i cling da
dugc phan tich va trinh bay trong Bang 1.
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Béang 1. Hé}m lwong mot s6 kim loai & d}_mg trao d6i va mot s6 tinh chit co ban cua dét va than sinh hoc truéfc thi
nghiém. Dat ¢6 ham lugng OC cao la dét c6 ham lugng hitu co cacbon = 3,05% va dat c6 ham lugng OC théap co
ham lugng cacbon hitu co = 0,54%. SE 1a sai so chuan tir 4 lan lap lai

. Thanh phén co gi¢i | CEC
Loai miu | pHiso Al Fe Mn Cd Ni Pb Zn (%) (cmole,
(mg/kg) Sét | Thit | Cat | /kg)
Batcoham | 614 | 443 | 1751|2018 | 0,18 | 0,65 | 034 | 1,05 | 7,05 | 6,06 |86,89| 6.82
lugng OC thap
SE 015 | 059 | 1,81 | 0,6 | 0,00 | 0,06 | 0,09 | 0,39 | 0,32 | 0,34 | 0,20 | 1,47
Batedham | o o0 | 5689 | 27,37 | 21,88 | 0,20 | 0,70 | 0,62 | 1,39 | 21,10 | 19,25 |59,65| 11,93
lugng OC cao
SE 013 | 233 | 1,75 | 0,37 | 0,04 | 0,04 | 0,04 | 0,14 | 0,18 | 0,45 | 0,61 | 0,58
Than sinh hoc | 9,02 | 1,10 | 16,37 [ 20,68 | 0,12 | 0,70 | 0,12 | 0,26 23,56
SE 019 | 013 | 1,73 | 0,46 | 0,02 | 0,13 | 0,06 | 0,07 2,15
@ 80| than== ®) 80 than = ns
75 dat="* dat=ns
tuong tac= ns 75 tuong tac= ns
7.0 ab 2
' bod 20 2 7,0
C ,
% 6,5 . de cde de mg
:: 6.0 =
G =
© 55 o
50
45
4,0
015 3 6 12(0 15 3 6 12 0 153 6 12(0 15 3 6 12
Pét cao OC Dét thiap OC Dét cao OC Dit thip OC
c) 10 than = * @ a than = *
6.0 dat=* 25,0 dht=*
' a tuong tac=* tuong tac= *
ab
~ 20,0
— 2
g’ >
E E 150
10,0
5,0
0,0
0 15 3 6 12(0 15 3 6 12 015 3 6 12|/0 15 3 6 12
Pét cao OC Dit thap OC it cao OC it thip OC

Hinh 1. Gia tri pH sau vu lua 1 (a) va vu lua 2 (b) va nf)ng do Al trao d6i sau vu lga 1 (c) va vu lua 2 (d) trong
dat thi nghiém. Trong cting 1 db thi, cac cot gia tri c6 cung 1 ky tu khac biét khong c6 y nghia thong ké. Thanh
sai s6 1a d6 1éch chudn clia cac 1an nhac thi nghiém. * va ns thé hién hiéu qua twong ing c6 y nghia thong ké va

khong c¢6 ¥ nghia thong ké vai do tin cay trén 95%.
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Gia tri CEC phan anh tong lugng cation trao
doi trong dat va dét c6 gia tri CEC cao thuong
cho ham luong trao d6i cac cation bao gdm céc
kim loai cao. Gia tri CEC phuy thudc vao ham
luong sét trong dat. Khi dat co ham lugng sét
cang cao thi c6 gia tri CEC cang lon [25]. Gia tri
CEC cling c6 tuong quan thudn véi ham lugng
OC trong dat [26]. Két qua phén tich & Bang 1
cho thay dat v6i ham lugng OC cao s& c6 ham
lugng cac kim loai ¢ dang trao ddi va gia tri CEC
cao hon dat v6i ham lugng OC thap. Ham lugng
sét ctia dat voi ham luong OC cao ciing cao hon
d4t voi ham luong OC thap.

3.2. Gid tri pH va ham heong Al trao doi

Viéc bo sung than sinh hoc da lam ting gia
tri pH cua ca 2 loai dat co y nghia théng ké sau
vu ltia dau tién (Hinh 1a). Két qua cho thay c6 su
gia tang pH tir 5,98 1én 6,63 & ty 18 than 0% dén
12% dbi voi dat c6 ham lwong OC cao, dbi vai
d4t c6 ham lugng OC thip thi ting tir 6,17 § CT6
lén dén 6,90 & CT10. Gia tri pH cta cac cong
thirc trén loai dat c6 ham luong OC thip cao hon
s0 v6i dat c6 ham lugng OC cao. Hinh 1b cho
thdy sau 1an thu hoach thi hai thi gia tri pH cua
cac cong thirc nghién ctru trén hai loai dat khac
biét khong c6 ¥ nghia thong ké.

Ty 1é than sinh hoc tir vo trdu ting 1én thi
ham luong Al trao doi giam xudng c6 y nghia
thdng ké (Hinh lc, 1d). Hinh 1c cho thdy sau vu
thir nhat ham luong Al trao d6i da giam xudng tir
5,3 mg/kg & CT1 khong sir dung than sinh hoc
xudng 0,7 mg/kg & CT5 bd sung 12% than sinh
hoc vao dat c6 ham luong OC cao. Ddi véi dat
¢6 ham lugng OC thép thi ham lugng Al trao doi
giam tir 2 mg/kg & CT6 xudng 0,33 mg/kg &
CT10. Két qua phan tich dét sau vu laa thir 2 cho
thdy ham lugng Al trao ddi giam manh tir
25,38 mg/kg & CT1 xudng 7,99 mg/kg & CT5
trén dat c6 ham lugng OC cao (Hinh 1c). Trén
dat c6 ham lugng OC thap khi ty 18 than sinh hoc
tang tir 0% lén 12% thi gia tri Al trao ddi giam
tr 11,02 mg/kg xudng con 3,74 mg/kg. Ham
lugng Al trao ddi trong dat sau vu laa thir 2 c6
gia tri cao hon so voi sau vu laa thir nhat. Ham
luong Al trao ddi trong dat c6 ham luong OC cao

13 cao hon so v6i d4t 6 ham lugng OC thap trén
ca hai vu.

3.3. Ham luong Fe va Mn

Ham lugng Fe trao doi trong dat sau vy la 1
gitta cac cong thuc thi nghiém khong khac bict
¢6 y nghia thong ké (Hinh 2a). Sau vy ltia 2, ham
luong Fe trao doi trong dat ¢ sy khac biét giira
céc cong thire v6i nhau. Hinh 2b cho thdy ham
lugng Fe trao dbi giam dan theo muc ting ty 18
than sinh hoc & ca 2 loai dat sir dung cho thi
nghiém. Trén dat c6 ham lugng OC cao, ham
luong Fe trao doi giam tir 40,18 mg/kg & CT1
xudng 5,77 mg/kg & CT5. Trén dét c6 ham lugng
OC thip, ham luong Fe trao d6i giam tur
18,55 mg/kg & CT6 xudng 12,75 mg/kg & CT10.
Tuong tu Fe, ham lugng Mn trao ddi sau vu thtr
nhit & cac cong thire thi nghiém khong khac biét
¢6 ¥ nghia théng ké (Hinh 2¢). Sau vu laa tht 2,
ham luong Mn trao doi tang tir 23 mg/kg 1én dén
31,35 mg/kg & ty 1€ than sinh hoc twong ung la
0% va 12% dbi voi dat c6 ham lugng OC cao.
Déi véi dat c6 ham luong OC thap, khi lugng
than b sung tiang tir 0% 1én 12% thi ham lugng
Mn trao ddi ciing tang 1én tir 21,22 mg/kg 1én dén
30,87 mg/kg.

3.4. Ham luong Cd va Ni

Viéc sir dung than sinh hoc khéng anh huéng
dén ham luong Cd trao doi sau vu l0a 1 voi
nhitng khac biét vé gié tri Cd trao doi khdng co
¥ nghia théng ké (Hinh 3a). Sau vu lda 2, ham
lwong Cd trao d6i giam tir 0,32 mg/kg xubng con
0,29 mg/kg ¢ CT1 dén CT5 cua dat c6 ham
lugng OC cao. D6i véi dat c6 ham lugng OC
thip thi ham lugng Cd trao do6i giam tir 0,21
mg/kg xudng 0,2 mg/kg & CT6 dén CT10. Khi
tang ty |8 than sinh hoc thi ham lwong Ni trao doi
¢6 chidu huéng giam. Ham lwong Ni trao ddi cua
dat c6 ham luong OC cao & ca hai vu déu cao
hon so véi dt c6 ham lugng OC thap. Trong vu
thir nhat, ham lugng Ni trong dat c6 ham lugng
OC cao da giam tur 0,82 mg/kg & CT1 khong st
dung than sinh hoc xudng 0,65 mg/kg & CT5 c6
sir dung 12% than sinh hoc (Hinh 3c). Trén dat
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¢6 ham lugng OC thap, ham luong nay da giam
tr 0,74 mg/kg & CT6 xudng con 0,6 mg/kg &
CT10. Hinh 3d cho thiy sau vu thir hai, ham
lwong Ni trao ddi giam tir 2,38 mg/kg & CT1
xuéng con 1,94 mg/kg ¢ CT5 trén dat c6 ham

lugng OC cao. Trén dat co ham lwong OC thap,
d4t khong sir dung than sinh hoc ¢6 ham luong
Ni trao d6i 1a 1,96 mg/kg va dat co bd sung
12% than sinh hoc c¢6 ham lugng Ni trao ddi 1a
1,33 mg/kg.

(@ 25,0 than = ns (b) 60,0 than = *
dat = ns dat = ns
200 twong tic = ns tuong tac = *
45,0
2 g
?Em 15,0 \E
=~ 30,0
10,0
15,0
5,0
0,0 0,0
0153 6 12|/0 1,5 3 6 12 0153 6 12|/0 15 3 6 12
Dit cao OC Dit thap OC Dit cao OC Dat thap OC
© than = ns (d 50,0 than = *
250 ?Sé:griic =ns ¢4t = ns
40,0 tuong tac = ns
230
£ =)
=3 > 30,0
E 210 £
190 20,0
17,0 10,0
15,0 0,0
0153 6 12(0 15 3 6 12 0153 6 12|/0 15 3 6 12
Dit cao OC Dit thap OC Dit cao OC Pit thap OC

Hinh 2. Ham luong Fe sau vu lua 1 (a) va vy laa 2 (b) va ham lwong Mn sau vu laa 1 (¢) va vy laa 2 (d) trong dat
thi nghiém. Trong cung 1 d6 thi, cac cot gia tri co cung 1 ky tu khac biét khong cé y nghia thong ké. Thanh sai
s6 1 d6 1éch chuén cia cac 1an nhic thi nghiém. * va ns thé hién hiéu qua twong tng c6 y nghia thong ké va
khéng co ¥ nghia thdng ké véi do tin cy trén 95%.
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Hinh 3. Nong d6 Cd sau vy laa 1 (a) va vu laa 2 (b) va ndng do Ni trao dbi sau vu lta 1 (¢) va vu laa 2 (d) trong

dat thi nghiém. Trong cung 1 d thi, cac cot gia tri c6 cing 1 ky tu khac biét khong ¢ ¥ nghia thong ké. Thanh

sai s 13 d6 l6ch chuan cua cac 1an nhic thi nghiém. * va ns thé hién hiéu qua twong tng ¢ ¥ nghia thong ké va
khong ¢6 ¥ nghia thong ké vai do tin cay trén 95%.

3.5. Ham luong Pb va Zn

Khi ty 1¢ than tang 1én ham luong Pb trao doi
giam xudng c6 y nghia thong ké sau ca hai vu laa
(Hinh 4a-4b). Sau vu Ita thir nhat, ham luong Pb
giam tu 0,45 mg/kg & cong thuc khong co than
sinh hoc xudng con 0,28 mg/kg & cong thirc bd
sung 12% than sinh hoc trén dat c6 ham luong
OC cao. Trén d4t c6 ham lugng OC thap, ham
lugng Pb trao d6i ciing di giam xudng tir

0,40 mg/kg & CT6 con 0,25 mg/kg & CT10. Sau
vu lta tha 2, ham lugng Pb trao d6i giam tir
2,52 mg/kg dén 1,24 mg/kg khi ty 1¢ than sinh
hoc ting tir 0% dén 12% & dit ¢ ham lugng OC
cao. Ham lugng nay cling giam tuir 1,08 mg/kg &
CT6 con 0,62 mg/kg & CT10 & dat c6 ham lugng
OC thap. Ham lugng Pb trao ddi trong vu hai cao
hon so v&i vu thir nhat va ham lugng Pb trao ddi
trén dat c6 ham lugng OC cao van nhiéu hon so
v6i dat c6 ham lugng OC thép.
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Hinh 4. Nong d6 Pb trao ddi sau vu lta 1 (@) vavylua2(b) va ndng dd Zn trao d6i sau vu lua 1 (c) va vu lta 2

(d) trong dat thi nghiém. Trong cung 1 dd thi, cac cot gia tri co cung 1 ky tu khéc bi€t khong c6 ¥ nghia théng

ké. Thanh sai s6 1a d6 1éch chudn cia cac 1an nhéc thi nghiém. * va ns thé hién hiéu qua trong g c6 y nghia
thdng ké va khong co ¥ nghia thong ké véi do tin cy trén 95%.

Tuong tu Pb, ham lugng Zn trao ddi cua CT1
c6 giatri 1,28 mg/kg giam con 0,71 mg/kg 6 CTS
ctia dat c6 ham lugng OC cao (Hinh 4c). Trén
dat c6 ham lugng OC thap, ham lugng Zn trao
d6i dat 1,19 mg/kg & CT6 giam con 0,46 mg/kg
& CT10 sau vu lua thi nhat. Sau vu lua tha 2,
ham lugng Zn trao ddi ctia dat c6 ham luong OC
cao cling giam tu 2,2 mg/kg & CT1 con 0,96
mg/kg & CT5. Trén dat c6 ham lugng OC thip,
ham lugng Zn giam tir 1,74 mg/kg & CT6 xubng
con 0,7 mg/kg & CT10. Sau vu thir 2, ham luong

Zn trao ddi ciing giam xudng khi ty 1€ than sinh
hoc tang 1€n trén ca hai loai dat (Hinh 4d).

3.6. Phdn tich PCA/FA va chi s6 chat heong kim
logi trong dat

Béng 2 cho thdy 7 thong s6 kim loai dugc
chia thanh 2 nhém nhan 5. Nhém nhan t6 1 bao
gém cdc nguyén t6 kim loai Pb, Al, Ni, Cd, Zn
va nhém nhan t6 2 bao gdbm cac nguyén t6 Mn
va Fe. Cac nguyén t6 kim loai thudc nhan t6 1
giai thich dén 63,37% tong bién thién toan bo s6
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lidu ctia 7 nguyén té kim loai va cac nguyén to
thudc nhan t6 2 giai thich 21,3%. Céc 2 nhan t6
gii thich tong cong 84,66% tong bién thién bo
sd liéu ciia 7 nguyén t6 kim loai. Trong s cia

céc nguyén t6 kim loai trinh bay & Bang 2 duoc
sir dung d¢é tinh hé s6 chat lwong kim loai (MQI)
cua cac cong thirc ap dung cac ty 1€ than sinh hoc
khac nhau trén 2 loai dit nghién ctru.

Bang 2. Tai lugng (loading value) va trong s ciia cac thong sb kim loai tir phan tich PCA/FA

Thong s6 kim loai trong dat Nhan t6 1 Nhan t6 2 Trong s6 cac thong sd
Pb 0,96 0,10 0,18
Al 0,93 0,21 0,18
Ni 0,91 -0,04 0,18
Cd 0,89 -0,15 0,18
Zn 0,74 0,50 0,18
Mn 0,46 -0,79 0,06
Fe 0,42 0,78 0,06
Gia tri riéng 4,44 1,49
Phan traim 63,37 21,30
Phan tram tich liy 63,37 84,66
Trong $6 nhan to 0,75 0,25
1,00 - 1,0
(a) MQI'sau vu 1 O Ditcao OC (b) MQI sau vu 2 O  Dét cao OC
® Dit thip OC 0,9 - ® Dit thip OC
y=0,88+0.11(1—e %)
0,8
095 1r2=0,99; p=0,003
0,7
~ \ o~ y =0,58+0,21(1—e %)
g g 06 r2 =0,96; p=0,03
= s 0,5 4
9 —0,26x g
y 20,82+0,11(1—e ' ) 0’4 i y:0,19+0’373(1_e—0,41>()
0,85 - r*=0,98 p=0,019 o5 ] r?=0,98; p =0,005
Twong tac than sinh hoc va dit = NS Twong tac than sinh hoc va dit = NS
Hiéu qua than = * 0,2 1 Hiéu qua than = *
Hiéu qua dét = * Hiéu qua dit = *
0,80 T T T T T T T 0,1 T T T T T T T
0 2 4 6 8 10 12 0 2 4 6 8 10 12

Ty 1¢ than sinh hoc (%)

Ty 1€ than sinh hoc (%)

Hinh 5. Chi s6 chit lugng kim loai (MQI) trong dat sau vu lta 1 (a) va vu 2 (b) cta cac cong thirc thi nghiém.
Thanh sai s0 1a d6 1éch chuén cua cac lan nhac thi nghiém. * va NS thé hién hiéu qua tuvong (mg c6 y nghia
thong ké va khong c6 y nghia thong ké véi dg tin cay trén 95%.

Viéc st dung than sinh hoc da lam tang chi
s6 chat luong kim loai (MQI) trong dét sau ca hai
vu laa c¢6 ¥ nghia théng ké (Hinh 5a va 5b). Sau
vu laa thr nhat, gia tri MQI trén ca 2 loai dat st

dung cho nghién ctru tang theo ty 1€ than sinh hoc
v61 mo hinh ting theo ham s6 mu véi do tin cay
trén 95%. O khoang ty 1é than sinh hoc nhé hon
4%, gi4 tri MQI ting nhanh nhat, va sau d6 cham
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dan. Tuong tu, sau vu laa thtr 2 gié tri MQI cia
cac cong thirc thi nghiém ciing tang theo ty 1€
than sinh hoc str dung trén ca 2 loai dit. Dat c6
ham luong OC cao c6 gia tri MQI thdp hon dit
¢6 ham lugng OC thép sau ca 2 vu laa.

3.7. Méi twong quan giita cdc thong sé va chi sé
chat lwong kim logi trong ddt

Nghién ctru nay da tinh hé 5O tuong quan cua
8 thong s6 dat (pH va 7 thong s6 kim loai) va

MQI nham khéo sat mdi lién hé giita ching tir 46
dua ra cac giai thich vé co ché anh huong cia
than sinh hoc dbi v6i cac théng s6 nay va két qua
duoc trinh bay ¢ Bang 3. Chi s6 MQI ¢6 tuong
quan chit véi tat ca cac thong sd dat quan trac
v6i hé sd tuong quan thay dbi tir -0,37 dén -0,97
d6i voi cac thong sb kim loai va 0,45 ddi véi
thong s6 pH. Thong sé pH dét co twong quan
chat vai cac thong sb kim loai khac nhu Al, Ni,
Pb, va Zn va cac mdi lién hé nay 1a nghich bién.

Bang 3. H¢ s6 tuong quan giira cAc thdng so dat va chi sb chat lwong kim loai (MQI)
trong dat sau 2 vy thi nghiém. * méi twong quan cé ¥ nghia thong ké

Thong s6 pH Al Fe Mn Cd Ni Pb Zn MQI
pH 1,00

Al -0,42* 1,00

Fe -0,08 0,50* 1,00

Mn -0,20 0,20 -0,27 1,00

Cd -0,29 0,82* 0,23 0,45* 1,00

Ni -0,44* | 0,82* 0,33 0,46* | 0,71* 1,00

Pb -0,36* | 0,95 | 047* 0,32 0,87* | 0,83* 1,00

Zn -0,56* | 0,75* | 0,63* -0,02 0,52* | 0,69* 0,69* 1,00

MQI 045* | -0,95* | -0,47* | -0,37* | -0,87* | -0,92* | -097* | -0,79* 1,00

4. Thao luian

Sau vu lua thir nhét, viéc st dung than sinh
hoc da lam ting gia tri pH ctia ca hai loai dat sir
dung cho nghién ctru ¢ ¥ nghia thdng ké (Hinh
la). Két qua nay ciing phu hop vdi cac két qua
nghién ciru cia nhiéu tac gia khac trudc do
[27-29]. Ly do cho viéc ting gia tri pH cta dét
¢6 lién quan dén tinh kiém cao cua than sinh hoc
[30]. Than sinh hoc trong nghién clru nay co6 gia
tri pH 1a 9,02, trong luc do6 dét c6 ham luong OC
cao c6 pH 1 5,75 va dét c6 ham lugng OC thip
c6 pH 1a 6,10 (Bang 1). Gia tri pH cao cua than
sinh hoc da kéo theo viéc tang pH cua ca hai loai
dét dung cho nghién ctru nay. Tuy nhién, sau vu
laa tht 2, gia tri pH cta dat c6 thém than sinh
hoc khong khac biét so véi dat khong s dung
than sinh hoc (Hinh 1b). Diéu nay cho thay anh
huong cua than sinh hoc ddi véi d6 chua dat da
bi han ché va tré nén suy yéu sau vu lta thir 2.

Kha nang dém pH cua dat [31] ciing 1a mot trong
cac nguyén nhan giai thich cho viéc giam hiéu
qua cua than sinh hoc ddi v6i théng sé pH sau vu
thir 2. Dat ¢6 xu hudng khang lai su thay d6i mot
s6 tinh chét nao do, vi du gia tri pH, do do s¢€ gii
cho dat it bi thay d6i mot sé tinh chat khi bi anh
hudng tir bén ngoai. Sau vu lta 2, gia tri pH cua
dat quay tro lai gan trang thai ban du, it bi anh
huong boi than sinh hoc ¢6 thé 1a do kha ning
dém pH cua dat [31].

Viéc ting pH cua dat sau vu laa 1 di c6 thé
kéo theo cac su thay dbi khac vé ham luong trao
d6i cua cac kim loai trong dat. Bang 3 cho thay
thong so pH c6 mdi trong quan ‘nghich voi bbn
thong s kim loai dugc quan tric trong nghién
clru nay, bao gdm Al, Ni, Pb va Zn. Diéu nay c6
nghia rang viéc giam do axit (ting gia tri pH) cua
dat do st dung than sinh hoc di lam giam ham
luong trao ddi cua cac nguyén td kim loai nay.
Két qua nay ciing phu hop véi cac két qua nghién
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clru trude d6 [32-34]. Ham luong Al trao d6i ton
tai trong dat phu thudc vao gid tri pH cta dat. Khi
pH dét tang 1én thi ham luong Al ¢ dang trao doi
hodic dé tiéu s& giam xuong [35, 36]. Kha ning
tao két tiia véi nguyén t6 phét pho khi gia tri pH
tang 1én do st dung than sinh hoc [28] ciing la
mot 1y do chinh giai thich cho két qua quan sat
vé ham luong Al trao ddi trong nghién ciru nay.

Sau vu lua 2, than sinh hoc ¢6 anh huong yéu
dbi voi su thay dbi cua pH, trong 1tc no6 van co
anh huong c6 y nghia thong ké ddi véi céac
nguyén to kim loai ¢ trong nghién ctru nay.
Diéu nay cho thdy than sinh hoc con ¢ cic co
ché khac lam thay d6i ham luong trao ddi ciia
céc kim loai trong dat. Than sinh hoc c¢6 kha
nang hép phu cac cation trong dat [37], tir d6 lam
giam lugng trao doi cac kim loai trong dat. Than
sinh hoc da dugc chung minh 1a mét chét hap
phu higu qua ddi véi Al [38], Pb [39], Ni [40]
and Zn [41, 42]. Co ché giai thich cho viéc hap
phu cac nguyén t6 kim loai ciia than sinh hoc c6
lién quan dén cac qué trinh nhu khuéch tan noi
hat, tao phirc v6i cac nhom bé mit hitu co, trao
d6i ion va két tiia véi cac nhom vo co [37, 42].
Dic biét, than sinh hoc c¢6 chira nhiéu nhém chire
hoa hoc nhu carboxyl, carbonyl, hydroxyl, va
amino groups trén bé mit [43]. Sy phan ly cac
nhom chuic nay sé tao dién tich &m va co thé hat
céc cation kim loai bang lyc hut tinh dién [37].
Diéu nay lam ting kha ning c¢d dinh céac cation
kim loai, tor d6 lam giam lwong cation trao ddi
trong dét c6 st dung than sinh hoc. Mat khac,
kha nang phan ly va luong dién tich am cua than
sinh hoc s& tang 1én khi pH cia méi truong tang
[44]. Piéu nay cang lam tang tinh hap phu cia
than sinh hoc d6i véi céc cation kim loai c6 mat
trong dét. Nhirng két qua nay giai thich cho viéc
st dung than sinh hoc da lam gidm ham lugng
trao d6i cua cac nguyén td kim loai Al, Ni, Pb,
va Zn sau ca hai vu laa. Mot s6 nghién ctu trudc
d6 ciing phat hién ra ring than sinh hoc di lam
giam luong dé tidu cia mot sd nguyén t6 kim loai
nhu Cd, Co, Cr, Cu, Ni, Pb and Zn va muc do
giam tiy thudc vao tinh chat loai than sinh hoc
st dung [45, 46].

Téng hop céc su thay d6i vé ham luong trao
dbi cua cac nguyén tb kim loai trong dit do than

sinh hoc duoc thé hién qua chi sb chat lugng kim
loai trong d4t (MQI). Chi s6 MQI dugc tinh dya
trén 7 nguyén t6 kim loai dugc do trong nghién
clru nay sau khi da chuén hoa cac gia tri dya trén
nguyen tac gia tri ham luorng kim loai cang cao
thi gia tri chuan hoa va gia tri MQI cang thap.
Gia tri MQI tang 1én theo ham s6 mi khi ty 1€
than sinh hoc sir dung ting 1én tir 0 dén 12% trén
ca 2 loai dat sau 2 vu laa (Hinh 5). Than sinh hoc
da lam giam ham lugng trao doi cua cac nguyén
td Al, Fe, Cd, Ni, Pb va Zn trong cac 2 loai dat
tir d6 1am ting gia tri MQI. Cac két qua nay cho
thdy viéc sir dung than sinh hoc vao dét c6 thé
lam giam dang ké ham luong cac kim loai 6 dang
trao ddi, 1a dang thuc vat co6 thé hat, co trong dat
tir d6 gitp cho thuc vat giam hap thy, tich liy
kim loai trong cac bd phan khac nhau [45]. Tuy
nhién, nghién ctru nay dugc thuc hién trong nha
kinh véi cac chiu thi nghiém 1a cac don vi thi
nghiém chinh. Do d6 cac két qua nghién ctru co
thé c6 nhitng han ché nhét dinh. Cac nghién ctru
trén thuc dia can dugc thue hién dé bd sung cac
két qua nghién ctru nhdm danh gia chinh xac kha
ning lam giam ham lugng trao d6i cua cac
nguyén té kim loai, phuc vu phat trién bén viing.
Nhin chung dét ¢6 ham luong OC cao sé& cho
ham lugng cac kim loai ¢ dang trao ddi cao hon
dat c6 ham luong OC thap (Hinh 1, 2, 3 va 4).
Diéu nay ciing duoc thé hién qua chi s6 MQI; dat
¢6 ham lugng OC cao co gia tri MQI thip hon
dat co6 ham luong OC thip (Hinh 5). Két qua
trong nghién ctru nay ciing phu hop vai két qua
nghién ctru cua [47]. Cac tac gia nay bdo céo
rang ham lugng cdc nguyén t6 kim loai co tuong
quan chiat va tuyén tinh v6i ham lugng chat hiru
co trong dat. Ly do giai thich cho méi lién hé nay
1a chat hitu co trong dat c6 vai trd quan trong
trong viéc luu gitr, giai phong, va quyet dinh ham
lugng cac nguyén t6 kim loai & dang dé tiéu sinh
hoc trong dét [48]. Chat hitu co trong dét ciing
¢6 vai tro trong viéc nang cao tinh dém pH dat
[49]. Piéu nay co thé giai thich cho két qua quan
sat vé sy thay doi gia tri pH cua dat do ap dung
than sinh hoc. Gia tri pH cua dat c6 ham lugng
OC cao tang 1én yéu hon gia tri pH ciia d4t c6 ham
luong OC thap do 4p dung than sinh (Hinh 1a).
Diéu nay thé hién tinh dém, khang lai su thay doi
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pH ciia dat co ham lugng OC cao t6t hon dét co
ham lugng OC thap.

5. Két ludn

St dung than sinh hoc & cac ty 1€ 1,5%, 3%,
6%, va 12% lam tang gia tri pH sau vu laa tha
nhat tuy nhién khong thé hién sy cai tao gia tri
pH sau vu lia thtr hai. Than sinh hoc c6 tac dung
1am giam ham lugng trao d6i ciia mot s6 nguyén
t6 kim loai nhu Al, Fe, Ni, Cd, Pb, va Zn. Hi¢u
qua lam giam nay c6 thé kéo dai sau 2 vu lta trén
hai loai dat c6 ham luong chat hitu co khac nhau.
Viéc cai tao d6 chua dat théng qua viéc 1am ting
gia tri pH cua dat 1a mot trong cac co ché lam
han ché ham lugng trao ddi cua cac nguyén to
kim loai dit cia than sinh hoc. Két qua nghién
ctru cho thdy viéc bd sung than sinh hoc di 1am
tang chi s6 chat lugng kim loai trong dit sau ca
hai chu ky sinh truong loa nude. Tom lai, than
sinh hoc c6 trién vong tbt trong viéc ap dung trén
céc loai dat bi 6 nhiém kim loai trong viéc co
dinh tir @6 han ché luong trao d6i cac nguyén t6
kim loai trong d4t néng nghiép.
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