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Research into biochar utilization for improvement of crop production ability of soil: Effects of different
biochar types and aplication rate on rice growth and yield

Summary

Biochar, the product of biomass pyrolysis in an anaerobic environment, can be used as soil
additive to improve crop productivity while reducing atmospheric greenhouse gases. However, little is
known about biochar utilization for crop production in Vietham where there are plantiful supplies of
agricultural organic wastes. We have conducted a pot-scale trial in IAE in 2010-2012 to assess effects of
bamboo-stump, coconut-fiber and rice-husk biochars at application rates as 10, 20 and 30 g kg™ soils on
crop production ability of low-fertility acrisols in Vietham. Our results obtained in 2010 shown that all
three biochars after added into the soils before transplanting had possitive effects on tillering, panicle
number, biomass and yield of rice grown in acrisols supplied with fertilizers at the medium levels.
However, the effect magnitude depend on each biochar type and its application rate. For instance, rice
yield was significantly increased by 14% (p<0.05) with bamboo-stump biochar at the rate of 30 g kg™
while it by 9-10% (p<0.05) with coconut-fiber or rice-husk biochar at the rate of 10 g kg™*. The effect of
biochars on rice yield resulted from its positive effects on tiller number in vegetative phase and, thus,
panicle number in reproductive phase, rather than its effects on other yield components. Further studies
should be done to clarify mechanism and potential of long-term effects of biochars, single or in
combination, on different soils and crop types.
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1. Pt van dé

Viét Nam mdi ndm c6 khoang 100-200 triéu tAn phé phu pham hitu co thai ra tir trong trot va chan
nudi. Mot phﬁn phé phu phém nong nghiép da duogc tai su dung voi nhiéu muc dich khac nhau dem lai
nhing loi ich nhat dinh. Tuy nhién van con mot phan khong nho chua duoc quan 1y tét, thai truc tiép ra
moi truong séng, gay 6 nhiém moi truong nghiém trong & nhiéu noi. Sy phan hiy cic vt liéu hiru co
khong duoc quan 1y ndy ciing dang gop phan lam gia ting lugng khi nha kinh (KNK) phat thai vao khi
quyén. Theo két qua kiém ké KNK quéc gia nim 2000, ndong nghiép 1a ngudn phat thai KNK 16n nhit,
chiém 45% tong lugng phét thai qudc gia. Trong bdi canh Viét Nam va cac nudc trén thé gidi nd lyc tim
cac giai phap giam phat thai KNK dé kim ham bién d6i khi hau toan cau, san xuat va sir dung than sinh
hoc (TSH) lam chét cai tao dat dugc coi 1a mot trong cac giai phap hiéu qua dé giam bt lwong céc bon
(C) dang KNK (CO, va CHy) trong khi quyén. TSH 1a san pham ctia qua trinh nhiét phan cac vat liéu hitu
co trong diéu kién khong ¢ hoic it 6xi. TSH ¢6 dic tinh xdp, ham lugng C cao va khé bi bién d6i thanh
CO, hay CH, trong méi trudng dat. Mot s6 nghién ctru trén thé gidi gan day chi ra rang TSH c6 thé cai
tao moi trudng dat, nang cao stic san xuat ctia dat qua viée lam giam tinh chua, ting dung tich hap thu va
d6 phi nhiéu cua dat lam thay d6i cac tinh chat hoa 1y dat, anh hudng gian tiép 1én ndm cong sinh ré
mycorrhizal qua nhitng anh huéng 1én cac loai vi khuan khac (Glaser, 2007; Steiner et al., 2007), ting kha
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ning duy tri nudc cia dat, giam mirc do tham sau cua cac chit trong dat (Lehmann et al., 2006). Tuy
nhién, mot s6 nghién ciru ciing chi ra rang ddi véi cac loai dit khac nhau thi anh huong cua TSH ciing s&
khéc nhau. Tryon (1948) di chi ra rang than ciii 1am ting d6 4m hiru hiéu trong dét cat, khong anh hudng
trong dat mun va lam giam d6 4m hiru hiéu trong dt sét. Két qua nay cho thiy viéc dua TSH vao dit c6
ham luong cap hat sét cao c6 thé s& khong phu hop trong viée 1am ting kha ning gitr am cua dat. Nguoc
lai, TSH c6 thé s& 1a mot cong cu dé chéng lai qua trinh xa mac hda & cac vung dat cat. Mot s nghién
ctru trén thé gidi cling da cho thiy bd sung TSH vao dat da lam ting ning sut nhiéu loai cay trong nhu
IUa, ngb, cai cu, dau twong (Chan et al., 2008, Steiner et al., 2007). Tuy nhién, trong cac nghién ctlru trén
c¢6 su khac nhau vé luong TSH (dao dong tir 0,5 dén 15 tdn/ha), loai TSH (tir cac vat liéu thuc vat hodc
chat thai dong vat khac nhau), loai dat nghién ctru do viy murc d6 ting ning suit cay trong do bén TSH
ciing rit khac nhau (44-200%).

Nhiéu ving dat nong nghiép ¢ Viét Nam dang co nguy co thoai hoa nhanh do qua trinh xa mac
hoa hay do khai thac sir dung dat khong can dbi. Vi ngudn phé phu pham doi dao, san cé thi st dung
TSH lam chét cai tao dt cho cac ving nai trén s& dem lai nhiéu loi ich ca vé mat kinh té va moi truong.
Van dé dit ra 1a st dung TSH nhu thé nao, san xudt bﬁ“mg cong nghé va loai vat li¢u hiru co ndo dé dugc
chép nhén ca vé mit kinh té va moi truong. Xuét phat tir yéu cau thuc tién trén, dé tai “Nghién ctru st
dung TSH cai thién hiru co, ning cao stc san xudt cua dat” dugc trién khai tai Vién Méi truong NoOng
nghiép giai doan 2010-2012 nham danh gia hiéu qua cta viéc sir dung cac loai TSH tao ra tir gbc ludng,
xo dira, trau 1am chat cai tao dat xam bac mau (acrisols) cho céac cay trong trong co ciu lGa xuén - lta
mua - ngd dong. Bai viét nay trinh bay mot phan két qua dé tai noi trén thuc hién nim 2010 nham chi ra
nhung anh huéng céac loai va lugng béon TSH khac nhau dén sinh truong va ning suat lua trong vu dau
tién sau khi dat dugc bon TSH. Hy vong cAc két qua nghién ctru trinh bay dudi day co thé 1a co so cho
cac nghién cuu tiép theo trong viéc lua chon loai vét liéu hitu co trong viéc xay dung quy trinh san Xuét
va sir dung TSH 1am chit cai tao dat, ndng cao ning suét cdy trong va gbp phan giam thiéu KNK trong
khi quyén.

2. Vit liéu va phwong phap nghién ciru

Céc vat liéu sir dung trong nghién ctru bao gém cac loai TSH tao ra tir vo trau, géc luéng va X0
dira bang 16 d6t yém khi (kich thudc budng d6t: 2m dai x 2m rong x 3m cao); lta giong Khang dan 18
trong vu mua 2010; dat xam bac mau (acrisols) thu thap & Hiép Hoa, Bic Giang.

Nghién ctru sir dung phuong phéap bb tri thi nghiém quy md trong chau dit tai khu thuc nghiém
Vién Moi trudng ndng nghiép, Tir Liém, Ha Noi. Cac vai sip xép kiéu 6 ludi cho thi nghiém 2 nhan t6:
nhan té chinh twong tmg véi 3 loai than va nhan t6 phu twong tng véi 4 mic bon TSH 0, 10, 20 va 30
g/kg dat v6i 3 1an nhéc lai. LOa duoc cdy 3 danh/vai. Luong phan (N, P, K) va thoi ky bon ap dung giéng
nhu dang sir dung pho bién ngoai san xuat. TSH duoc bon 16t 100% vao cac vai trude khi cdy.

Céc chi tiéu theo ddi, phan tich gdm chiéu cao cdy, sd nhanh, tong sinh khdi va ning suét lda; tinh
chét than va tinh chat dat trudc va sau mdi vu thu hoach.

Xtr Iy thong ké: theo kiéu thi nghiém 2 yéu té trong d6 cac anh hudéng cua loai than, luong bon va
tuong tac ctia 2 yéu td dén cac chi tiéu theo ddi duoc xac dinh & cac mire xac suat: p<0,01 (**), p <0,05
(*), p <0,1 (+) va coi khong y nghia & p >=0,1 (ns).

3. Két qua nghién ciru va thio luin
Két qua phan tich xac dinh mét sé tinh chét ddc trung ciia cac loai than sir dung trong nghién ctru

da cho théy ba loai than c¢6 @6 chua khac nhau, cu thé 1a than luéng ¢ pHkci cao nhét mang tinh chit hoi

kiém, con than xo dira ¢6 pHkc) thdp nhit mang tinh chua con than triu mang tinh chat hoi chua (Bang 1).
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Céac loai than ciing chira mgt ham luong cac chit N, P, K, Ca, Mg nhét dinh. bang chu y 1a ham luong K

¢ than xo dtra va than ludng kha cao, cao hon nhiéu so véi K trong than trau.

Bang 1. Ham lwgng céac chit (%) trong ciac TSH sir dung vao nghién ciru

Loai than pPHkcl C N P K Ca Mg
Than ludng 7,43 54,207 0,593 0,583 2,176 0,083 0,212
Than xo dura 5,82 52,910 0,437 0,245 3,804 0,157 0,125

Than tru 6,35 42,474 0,565 0,142 0,561 0,173 0,082

3.1. Anh hwéng logi va liwgng TSH dén sw
dé nhdnh va sinh khéi 10a:
Két qua nghién ctru cho thay so véi laa & cong 20 T——"Tan lubng Loai: ns
thirc khong dugc bon thém TSH thi sé nhanh 10a giai "oo® o Thandla - Lugng: ™
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Doi voi cong thirc bon than luong, s6 nhanh ! s § L
taing dan khi lugng bon ting dan tr 10 g/kg 1én 20 .f,
glkg va 30 g/kg, tuong tng voi ty I¢ tang 1a 21%, @,
25% va 75% so voi ddi ching khong bon TSH (9,7,
10 va 14 so v6i 8 nhadnh/khom), tuy nhién vé mat 0 . . .
thong ké so nhanh tang c6 y nghi chi & mace 30g/kg (p 0 10 20 30

<0,05). Dbi vai ca cong thure bon than xo dura va than
trau, s6 nhanh ting c6 nghia (p <0,05) & muc bon
10g/kg so v6i ddi ching khong bon TSH, tuong tng
muc tang la 57% vé1 than dwa (13 so voi 8,3
nhanh/khém) va 44% voéi than trdu (13 so voi 9
nhanh/khém), va khi tang luong bén Ién 20 g/kg va
30 g/kg thi s6 nhanh lai giam so v6i cong thirc bon 10g/kg (Do thi 1).

Lwong bon (g/kg dat)
Do thi 1. S6 nhdnh lia giai doan 6
tudn sau cdy & cdc céng thirc dwoc
bon logi than va lwong than khdc
nhau (Gia tri mo phong la trung binh

Sy tang 1én vé s6 nhanh do bon TSH da dan dén sy tang 1én tuong Gmg vé sinh khéi. Cu thé 1a sinh
khdi lua khi thu hoach & cac cong thirc bon than ludng ting 10%, 12% (p <0,1) va 21% (p <0,05) (28,59,
29,21 va 31,43 so voi 26,06 g/khom) tuong tng voi cac mirc bon 10, 20 va 30 g/kg so vdi cong thirc
khong bon TSH (P thi 2). Bdi voi cong thirc bén than dira va than trdu, sinh khéi lua ciing ting c6
nghia ¢ cong thirc bon 10 g/kg, 21% (p <0,05) khi bon than dira (32,26 so vai 26,72 g/khom) va 12% (p
<0,05) khi bon than trdu (30,96 so v&i 27,72 g/kg) va tang luong bon 1én 20 va 30 g/kg sinh khéi lGa cd
xu hudng gidm so véi lugng bon 10 g/kg.



Quan sat thuc té cho thiy giai doan ngay sau
céy 2-3 tudn khong c6 sy khéc biét ro rét vé chiéu
cao va s6 nhanh giita cac cong thirc bon loai than
hodc lugng bon khac nhau nhung lua & céc cong
thirc c6 bon thém TSH biéu hién 14 xanh hon trong
sudt giai doan sinh truéng sinh dudng (tir khi cdy
dén khi 1am dong) mic du luong bon phan khoang &
cac cong thirc 1a nhu nhau. Diéu nay c6 thé do viée
bon thém TSH d3 (1) lam tang d6 xbp cua dat, thay
ddi pH dét tao diéu kién thuan loi cho su phat trién
ctia bd ré, (2) tao moi truong thudn lgi cho céac vi
sinh vat c6 ich hoat ddng quanh ving r& phat trién,
(3) giit va duy tri cac chat dinh dudng cung cap tir
phan bén duge 1au hon quanh ving ré gitup cho lia
hap thu duoc nhiéu hon, (4) cung cép thém mot
luong dinh dudng nhat dinh ¢ & trong than. Dé c6
bang chimg khoa hoc giup cho viéc giai thich vé
nguyén nhan, co ché anh huong cua TSH dén sinh
truong cua lua thi can ¢6 céc s lidu phan tich vé do
Xép dat, pH, vi sinh vat va ham lugng dinh dudng
trong dét trudc va sau thi nghiém. Tuy vay, vi day
1a thi nghiém tién hanh trong vai v&i luong dat c6
han trong khi can tién hanh qua nhiéu vu trong lién
tiép mai co thé danh gia kha ning cai tao dat, nang
cao stc san xuat dat cia than nén chung t6i co ké
hoach phan tich, danh gia d4t sau khi thu hoach cdy
trong & vu thir 5 (dén nam 2012), khong tién hanh
ngay sau vu l0a mua 2010. Hy vong trong nhiing
bai viét sau c6 thé giai thich rd hon vé co ché anh
hudng ciia TSH dén sinh truong lua.

3.2. Anh huwéng ciia logi va lwong bon TSH
dén sé bong va nang sudt lia

Trung hop véi sy tang 1én vé s nhanh, s6
bong va nang suit lla ¢ cong thic duge bon TSH
cling tang so voi lta khong dugc bon TSH va muc
do tang cling phu thudc vao loai than va lugng bon

(D6 thi 3). Cu thé 12 s6 bong & cac cong thirc bon than ludng ting 8%, 12% va 30% (9, 9,3 va 10,7 so véi
8,3 bong/khom) twong tmg v6i cac mire bon 10, 20 va 30 g/kg khi so véi dbi ching khong bon TSH va
chi mirc ting 30% & cong thirc bon 30g/kg 1a co ¥ nghia vé mit théng ké (p <0,05). Bdi véi cac cong thire
bon than xo dira va trdu, bon 10g/kg 1am ting sé bong twong tng 1a 30% (10,7 so vai 8,3 bong/khom, p
<0,05) va 15% (10,3 so v6i 8,7 bong/khom, p <0,05) va giam dan khi ting luong bon tir 10 g/kg 18n 20 va

30 g/kg.
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Lwong bén (g /kg dat)
Do thi 2. SInh Khoi lua thoi ky thu
hoach o cac cong thuc bon loai than
va luong than khdac nhau (Gia tri moé
phong la trung binh cua 3 lan nhac).
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Do thi 3. So bong lla thoi ky thu
hoach o cac cong thuc bon loai than
va lwong than khac nhau (Gid tri mo
phong 1a trung binh ciia 3 lan nhdc).
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(14,1 so vai 12,38 g/khéom, p <0,05), tang 10% & cong S ]
thic bon 10 g/kg than xo dwa (13,83 so v6i 12,56 4
g/khém, p <0,1) va 9,1% & cong thirc bon 10 g/kg than 04 , , ,
trau (13,7 so vé6i 12,56 g/khém, p <0,1) so véi ddi chimg 0 10 20 20

khéng bon. Khi ting luong bén than dira hodc than triu Lwong bén (a /ka dat)
tir mirc 10 g/kg 1én muc 20 va 30 g/kg thi nang suat lta
bét ddu c6 xu hudng giam so vai lugng bon 10 g/kg (DO thirc bon logi than va lheong than
thi 4). khac nhau (Gid tri mé phong 1a
4. Két luan va dé nghi trung binh cua 3 lan nhac).

Po6 thi 4. Nang sudt \0a & cdc cong

Viéc dua TSH san xudt tir gdc ludng, xo dira hay vo triu vao dat xam bac mau trong l0a duoc bon
phan khoang (N, P, K) & mtc trung binh d& c6 anh huong tich cuc dén kha ning dé nhanh, sé bong, sinh
khéi va nang suat laa. Tuy nhién mac d6 anh huéng phu thudc vao loai va luong boén TSH. Trong nghién
ctru ndy, anh hudng tich cuc cta than ludng dén sinh trudng va ning suét lta ting dan khi mirc bén ting
tir 10 dén 30 g than/kg dat, trong khi than xo dira va than triu chi c6 anh hudng tich cuc dén sinh trudng
va nang suét lua ¢ lugng bon 10 g/kg dat.

Dé danh gia day du vé hiéu qua tmg dung TSH lam chét cai tao moi truong dét, ning cao ning
suét cay trong ciing nhu c6 nhitng bang chimg khoa hoc dé giai thich co ché anh huéng ciia TSH dén méi
truong dat va cay trong ching ta can tiép tuc nghién ctru dé danh gia anh huong lau dai cua cac loai TSH
don 1¢ hay phéi tron véi cac vat liéu khac trén cac ddi tuong dat va cay trong khac nhau. Dong thoi can
quan tdm nghién ctru dén cong nghé san xuét than vi ddy l1a mot trong nhitng khau quyét dinh dén hiéu
qua kinh té va méi truong cta viée tng dung TSH.
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