KHOA HOC CONG NGHE
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TOM TAT

Phan bon sinh hoc hitu co-khoang c6 kha niang thay thé than sinh hoc thong thuong va phan boén hitu co dé
cai thien chat luong dat va tang kha niang quang hop clia ciy trong. Nghién cttu nay da kham pha cac co ché
lién quan dén chu trinh luan chuyén nito (N) & ca dat va cay gimg (Zingiber officinale: Zingiberaceae) trong
cac cong thirc khac nhau. Pat duoc bén bon loai phan bon khac nhau, bao gom: (1) phan hitu co thuong
mai: 5 tdn/ha, 1am mau doi chung; (2) phan than sinh hoc thuong mai tit tre: 5 tin/ha; (3) phan than sinh
hoc hitu co-khoang liéu thap: 3 tin/ha; (4) phan than sinh hoc hitu co-khoang liéu cao: 7,5 tan/ha. Cac dang
C va N cuia dat va thuc vat va cac phép do trao déi khi da duoc phan tich. Két qua cho thay & giai doan dau,
bén phan than sinh hoc hitu co-khoang liéu thap lam tang N trong 1a. Phan than sinh hoc hitu co-khoang
liéu cao da lam tang dang ké hiéu suit stt dung N (NUE) ctia sinh khéi trén mat dat so véi cac cong thic
khéc va cai thién quang hop so véi cong thirc doi chimg. Nghién cttu ciing cho thdy phan than sinh hoc hitu
co-khoéang c6 loi thé nong hoc hon so véi phan dam vo co va hitu co tuoi/thé vi né cho phép nguoi nong dan
dua cac chat dinh duong vao dat véi ndng do cao ma khong han ché kha nang dé tiéu, sy hap thu N va
quang hop ctia cay. Nghién ctru nay khuyén céo nén sit dung phan than sinh hoc hitu co-khoang liéu thap

dé thay thé phan hiru co thuong mai.

T khéa: Than sinh hoc, phan bon, nito, quang hop, hiéu suat st dung nito (NUE).

1. AT VAN BE

Nito (N) 1a mot trong nhitng thanh phan dinh
duong chinh ctia dat va dong vai tro quan trong trong
qua trinh quang hop, do d6 giup ting nang suat cay
trong [1-3]. Than sinh hoc da duoc nghién cttu trong
nhiéu thap ky nhu 1a mot nguyén liéu day hita hen dé
cai thién N trong dat, hoat dong nhu mot loai phan
bén giai phong N cham va/hodc lam gidm qua trinh
rita troi N [4-6]. Than sinh hoc ting cuong quang
hop bang cach: (1) hoat dong nhu mot loai phan bon
chtta N duoc giai phong cham, (2) lam gidm néng do
cua malondialdehyt, superoxitvd hydro peroxit
(H,0,) trong 14, nguyén nhan gay suy thoai chat diep
luc, (3) cai thién nudc co sén trong dat va (4) hap thu
doc to thuc vat c6 trong dat [7]. Than sinh hoc tac
dong dén su bién d6i cia N trong dat, do do sé tac
dong deén N trong 14 va su quang hop. Khi than sinh
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hoc cai thién su hdp thu N va ting N dé tiéu trong
dat (NH,~N va NO,-N), n6 ciing giup ting ham
luong N téng s6 cta 14, do do 1am ting qua trinh
quang hop clia cay. Ngoai ra, trong mot s6 truong
hop, viéc cung cap N t6t hon c6 thé cai thién qua
trinh quang hop clia cay bang cach kich thich su
phat trién ctia cay va tang tdng so tan 14 nhung cé thé
khong 4nh huéng dén N téng s6 ctia la [7].

Cac nghién cttu gin day cho thdy can phai phat
trién cac loai phan bén than sinh hoc dinh dudng hon
trong khi giam chi phi dau vao, béi vi st dung than
sinh hoc don thuan & ti 1¢ bon cao co6 thé khong hiéu
qua vé mat kinh té [7]. Phan bén than sinh hoc hitu
co-khoang duoc dinh nghia 1a mot san phdm phan
bén sinh hoc c6 hiéu qua cao, liéu luong thap [7].
Déi véi dat, phan bon than sinh hoc hitu co-khoang
gidm mat nito (N) nho kha ning trao ddi cation
(CEC) 16n hon nhiéu loai than sinh hoc khac. Co
nhiéu phuong phép tiép can khac nhau dé tao ra loai
phan bén nay va phan lon trong s6 d6 lién quan dén
viéc xtr ly than sinh hoc véi cac vat lieu giau dinh
duong va ré tién (vi du, chat hitu co, bun, phan héa
hoc, khoang chat) [7].
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Céac co ché cta than sinh hoc anh huéng dén
dong hoc ctia N va sinh ly thuc vat da duoc nghién
ctru. Tuy nhién, lam thé nao phan bon than sinh hoc
httu co-khoang anh hudng dén dong hoc N va sinh ly
thuc vat chua duoc hiéu day dd. Muc dich cua
nghién ctru nay 1a tim hiéu dong luc hoc ctia N trong
dat va cay trong dudi tac dong ctia phan bén hitu co,
phan bon than sinh hoc thuwong mai va phan than
sinh hoc hitu co-khoang.

2. NOI DUNG VA PHUDNG PHAP NGHIEN CUU

DPia diém nghién ciu

Nghién cttu duoc thye hién tai Mt Mellum, QLD,
Uc tai mot trang trai gimg hitu co tai dia phuong. Thi
nghiém duoc thiét 1ap vao thang 10 nam 2014 va
gimng duoc thu hoach vao thang 5 nam 2015. Nhiét
do trung binh tdi da hang thang trong sudt thoi gian

thi nghieém dao dong tir 22°C dén 27°C va téng luong
mua 1.680 mm [8]. Loai dat la dermosol den, két cau
dat sét mau nau.

Thiét lap thi nghiém. Dat dugc thu thap & do sau
300 mm, dong nhat va duoc sang qua ray 5 mm truéc
khi duoc st dung cho cac thi nghiém. Tinh chat cta
dat 1a cia mot dermosol den dién hinh véi do pH 6,1;
C tdng s6 trong dat (TC) 1a 2,71%; N téng so trong
dat (TN) 1a 0,27%. NH,~N va NO5-N lan luot 1a 17,12
va 56,28 ng/g (Bang 1). 9 kg dat duoc dat vao chau
nhra 300 mm. Ca ging giéng duoc lua chon va
chuin bi can than dé dam bao khdi luong tuong tu
nhau (khoang 60 gram). Ci ging giong duoc bao
pht béi 1 kg mun cua nhu trong thuc té canh tac
gumg tai dia phuong.

Bang 1. Tinh chat héa hoc @4t va cac loai phan bén ding trong thi nghiém

Chi so Don vi bat Céc loai phan bon
Phan hitu co | Phan than sinh hoc | Phan than sinh
thuong mai thuong mai tir tre hoc httu co-
khoang
CEC M.E./100g 38,18 - - -
EC Ds/m 0,045 - 11,0 12,0
pH(CaCl,) 6,1 7,8 7,8 7,1
Kha nang trung hoa axit  |% CaCO, - 5,2 7,4
C % 2,71 28,0 50,0 28,0
N % 0,27 2,9 1,1 1,2
WSOC* ng/g 201,26 - - -
WSTN* ng/g 52,16 - - -
C:N 12,89 9,7 455 23,3
NH,~N ng/g 17,12 - 300,0 220,0
NOs-N ng/g 56,28 - 0,71 4,0

Ghi chi: WSOC- C hitu co hoa tan trong nuoc (Water-soluble organic carbon); WSTN- tong N hoa tan

trong nuoc (Water-soluble total nitrogen).

C6 bon cong thiee thi nghiém bao gém: (1) phan
hitu co thuong mai: 5 tAn/ha, lam mau déi chimg; (2)
phan than sinh hoc thuong mai tir tre: 5 tdn/ha; (3)
phan than sinh hoc hitu cokhoang liéu thap: 3
tdn/ha; (4) phan than sinh hoc hitu co-khoang liéu
cao: 7,5 tdn/ha. Tinh chat héa hoc cta céac loai phan
bén duogc tém tat trong bang 1. Méi chau trong cong
thiec (1) va (2) da duoc bon thém thach cao: 25 g,
phot phat da: 5 g, boron dang hat: 0,125 g va kali
sunfat: 1,25 g. Méi cong thitc duoc 1dp lai 5 14n (n=5).

Phan hitu co thuong mai 1a san phdm Super
Growth, mot loai phan bon da ning dua trén phan gia

cam da duoc @ hoai muc hoan toan vé mat sinh hoc,
chtta vi khuan séng c6 ich va cac nguyén t6 vi luong
cua Cong ty Katek Fertilizers Australia. Phan than
sinh hoc thirong mai tir tre duoc san xuat tir than tre,
tro tre, giam tre, bot cAm gao, cian dau va nudc. San
phdm c6 nguédn goc tir mot nha cung cap thuong mai
la Cong ty Seek Bio-Technology (Shanghai) Co., Ltd
c6 tru sé tai Thuong Hai, Trung Qudc.

San xudt phan than sinh hoc httu co-khoang
duoc mo ta trong tai lieu ctia Farrar ef al (2019) [8].
Hai sin phdm than sinh hoc khac nhau bao gom:
than sinh hoc goc phan (P1) va than sinh hoc goc tre
(P2) duoc tron véi mot so thanh phan khac. P1 la
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than sinh hoc tu ché tao duoc san xudt tir phan gia
cam tuoi, rom lda mach, oxit sat va dat sét (ty 1é phan
tram 45: 45: 5: 5) & nhiét do cao nhat 450°C. P2 1a hon
hop ctia than sinh hoc tir tre san xudt & nhiét do cao
nhat (600°C va 450°C), phan httu co thuong mai, oxit
sat va sunfat sat (ty 1é phan tram 8: 32: 50: 5: 5). P1 va
P2 duoc két hop voi khoang chat, phan hitu co
thuong mai, dat sét, tro rom lda mach va quang sat
magnetit (ty 1é phan tram 30: 20: 18: 15: 10: 5: 2). Hon
hop cudi cung duoc lam 4m, déng nhat va sdy & 80°C
trong 4 gio.

Thu thap va phan tich mau: Cac mau thuc vat va
dat duoc thu thap tir mdi cong thuc dé do su trao déi
khi va cac tinh chat hoa hoc khac. Ba lan thu mau da
duoc tién hanh vao thang 1, thang 3 va thang 5 nim
2015 (trong tmg vao tuan 14, 22 va 30 sau khi trong)
dé phan anh giai doan gitra, cudi tang trudng va lao
héa cia gung [9]. Vu thu hoach duoc thuc hién vao
gitta thang 5 nam 2015 (vao tuan 30) khi cay da thé
hién cac giai doan 1ao hoa cudi cuing.

Chi s6 hép thu N trén mdi cay trong than/ré/la
(UD) duoc tinh cho than, ré va 1a theo phuong trinh 1
sau:

N hip thu tréen méi khoi luwong than cay
(mg/chau) = Ham luwong N trong than ciay (mg/kg
sinh khéi kho) x N trong sinh khéi kho ctia mot cay
(Phuong trinh 1).

Hiéu suat stt dung N (NUE) duoc tinh cho sinh
khoi trén mat dat theo cong thic sau:

NUEgh whéi tren mat aat = (Tong sinh khoi trén mat
dat)/(Téng N cta sinh khéi trén mat dat) [10]
(Phuong trinh 2).

NUE cua sinh khoi duéi mat dat khong duoc
tinh toan do su khong chic chan trong viéc do luong
téng C va téng N lien quan dén viéc lam kho ré.

Do sir trao doi khi va phan tich I4: Cac phép do
trao d6i khi quang hop da duoc tién hanh cho nam
cay duoc chon trong mdi cong thiec vao thang 1 va
thang 3 nam 2015 (tuan 14 va 22 sau khi tréng) sit
dung hé théng quang hop cam tay (Li-Cor 6400,
Lincoln, NE, Hoa Ky) duoc trang bi CO, va kiém soat
nhiét do mo-dun. Viéc do trao ddi khi cho vu thu
hoach (30 tuan) khong thuc hién duoc do su gia hoa
cua la cay. Hai 14 trudng thanh va mé rong hoan toan
tir dinh cta than cay duoc chon dé do trao d6i khi.
buong cong A-Ci, tirc 12 phan tng trang thai 6n dinh
ctia quang hop (A) d6i véi ap suat rieng phan TCO,

(t6ng cacbonic) ctia 14 bén trong duoc tao ra cho méi
14 duoc chon & 28°C trong khoang 9 gio sang dén 4
gior chiéu. Ap suit rieng phan CO, ngoai (Ca) duoc
cai dat thanh 10 hodc 11 muc trong khoang tir 5 dén
200 Pa (2.000 ppm). Tai mdi diém dit Ca, cac thong
s6 quang hop duoc ghi lai khi trao déi khi dat trang
thai can bang. Cac 14 sau dé duoc cat, quét bing
phan mém Win Folia 2004 (Regent Instrument Inc.,
Sainte-Foy, Quebec, Canada) dé do dién tich 14 va
say kho & 65°C dé phan tich them.

Dbuong cong A-Ci dugc phan tich bang cach st
dung phian mém Photosynthesis Assistant (Dundee
Scientific, Scotland, Vuong quéc Anh) dé tinh toc do
carboxyl hoa t6i da cta Rubisco (Vcmax) va kha
ning tai sinh RuBP diéu chinh béi téc do van chuyén
dién tir t6i da (Jmax) ctia méi 1a. Toc do quang hop
tai diém bao hoa CO, (Asat) va quang hop toi da
(Amax) duoc tinh toan & mat d6 quang thong quang
hop (PPFD) la 1.500 pmol m?/s va 30 Pa Ci (300
ppm). Asat, Amax, chi s6 do day 14 (SLA) va TN (N
téng s0) 14 duoc st dung dé tinh toan Asat va Amax
dua trén khoi luong va Asat va Amax dua trén N. SLA
duoc tinh theo phuong trinh sau:

SIA = (Dién tich 14) / (Khoi luong kho ctia 14)
(m?/g) [11] (Phuong trinh 3).

L4 duoc sdy kho cho dén khi cé khéi luong
khong déi va nghién thanh bot min dé phan tich TN,
TC (téng cac bon) bang may quang phé khoi (GV
Isoprime, Manchester, UK). Tai thoi diém 30 tuan
sau khi trong cay, cac bo phan ctia cay gém 14, than,
ré, ctt duoc thu hoach, siy kho dén khéi luong khong
d6i, nghién thanh bot min va phan tich TN, TC nhu
trén.

Thu thip va phan tich mau dit: Khoang 100 g
dat duoc 14y tir nam chau lap lai cta mdi cong thirc
ma khong 1am x40 tron ré méi lan 1dy mau. Cac mau
dat duoc sang qua ray 2 mm truéc khi dugc phan
tich. Do pH cua dat, N vo co (NH,N va NO;-N), C
va N httu co hoa tan, dat TC, dat TN da duoc phan
tich.

NH,*N va NO;-N cta dat dugc chiét xuat bang
dung dich KCI 2M va duoc phan tich badng may phan
tich héa hoc SmartChem 200 (Unity Scientific,
Brookfield, CT, Hoa Ky). Mot mau khac duoc chiét
bing nuéc dé do C hiru co hoa tan trong nudc
(Water-soluble organic carbon WSOC) va téng N hoa
tan trong nudc (Water-soluble total nitrogen WSTN).
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5 g dat duoc thém vao 35 ml nuéc cat, sau do lic
bang may trong 5 phut, ly tam & 10.000 vong/phut
trong 10 phut va loc qua gidy loc Whatman 42, sau d6
loc qua bd loc 0,45 mm diéu khién bing ong tiém
Millex. Nong do WSOC va WSTN cta dung dich da
loc dugc do bing mdy phan tich Shimadzu TOC-
VCSH/CSN TOC/N.

Phian tich thong ké: Tat ca dit lieu duoc kiém tra
phan phéi chuin bang phuong phap Shapiro Wilk;
tinh déng nhat cta phuong sai duoc kiém tra sit
dung phuong phap Levene. Dit lieu ban dau duoc
phan tich bang phan tich phuong sai lap di lap lai
(repeated ANOVA) véi cac tuan 14y mau la s6 do lap
lai. Do su twong tac dang ké gitra cac tuan ldy mau va
thi nghiém cho nhiéu tham s6, dit lieu duoc phan
tich bing cach st dung phan tich phuong sai mot
chiéu (one-way ANOVA), sau d6 la tric nghiém
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Duncan new multiple range test (p <0,05) khi phat
hién su khac biét mang tinh théng ké giita cac thi
nghiém riéng 1. Sau d6, hédi quy timg budc (stepwise
regression) stt dung moé hinh tuyén tinh da duoc
thuc hién dé xac dinh cac bién dat (C, N) giai thich
t6t nhat cac bién thuc vat (téng C va N, thong soé
quang hop, chi s6 hap thu N va NUE ., s tren mat a0 -
MG6i twong quan Pearson da duwoc st dung dé kiém
tra méi quan hé giita cac bién so ctia dat va thuc vat.
Méi quan hé gitta Asat va TN 14 duoc kiém dinh bang
hoi quy tuyén tinh. Tét ca cac phan tich duoc thuc
hién bang SPSS v22.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Két qua nghién ctu

311 Anh huong cua cdc cong thire thi nghiém
dén tinh chat dat

b
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Hinh 1. N téng s6 trong d4t (a) va tdng N hoa tan trong nuéc (WSTN) (b) & tudn 14, 22 va 30 sau khi
trong cay
Ghi chi: Gi# tri trén hinh thé hién mean + SE (n=5). Cidc chir cdi khdc nhau thé hién su khdc biét co y
nghia thong ké ¢ p<0,05. ns chi sur khic biét khong co y nghia thong ké.

N tdng s6 (TN) trong thi nghiém bén phan than
sinh hoc hitu co-khoang liéu thdp & tuan 30 la thap
hon so voi cac phuong phap thi nghiém khac (Hinh
la). NH,~N trong dat khong bi anh hudng bdi cac
phuong phap thi nghiém khac nhau (Bang 2). Tuy

nhién, NO;-N trong dat bi anh hudng dang ké boi
cac cong thic & tuan 30, trong do6 NO,-N cao hon
duoc quan sat thdy trong cong thitc phan than sinh
hoc thuong mai tir tre so véi phan than sinh hoc hitu
co-khoang liéu cao (Bang 2).

Bang 2. Ham lugng NH,N, NO,~N, C téng s6 (TC) va C hitu co hoa tan (WSOC) trong dat & tuan 14, 22, va

30 sau khi trong cay
NH,"-N (ug/g) NO;-N (ug/g)
Tuan
Cong thiic 14 22 30 14 22 30
Phan hitu co thuong mai | 7,6(004) | 6,0(1,2) | 1,2(0,7) | 10,93,9) | 31,8(2,6) | 35,8(4,5)ab
Phan than sinh hoc 7909 | 4912 | 1,807 | 87132 | 29139 | 465@76)a
thuong mai tir tre
Phan than sinh hoc httu
cokhodng (iéu thip) 7600,2) | 5808 | 0,90,1) | 14,1(1,6) | 34,6(5,5 | 32,8(59)ab
Phan than sinh hoc hitu | 7,4(04) | 4,500,9) | 0,5(0,1) | 9,921 | 359(7.0) | 256(2,5)b
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co-khoang (liéu cao) ‘ ‘ ‘ ’
TC dat (%) WSOC (ng/g)

Tuan
Cong thitc 14 22 30 14 22 30
Phan hiru co thuong mai | ¢ o 1y, | 63(0,2)ab |6,10,2)ab| 325,3(25.2) |224,2(36,2) (gg"b
Phan than sinh hoc 200,8
thuong mai tir tre 6,5(0,1)a | 6,3(0,3)ab |6,3(0,1)ab|390,8(30,8) |233,5(27,8) 10.2)a
Phan than sinh hoc httu 229,4 149,9
co-khoang (liéu thip) 5,900,1)b | 5,8(0,2)b | 5,6(0,1)b | 405,6(34,0) (17.5) 6.7)b
Phan than sinh hoc httu 164,3
cokhoang (liéu cao) 6,7(0,3)a | 6,7(0,3)a | 6,5(0,1)a | 349,5(21,1) |233,6(21,9) (19.5)ab

Ghi chi: Gid tri trong bang thé hién mean (SE) (n=5). Cdc chir cdi khdc nhau thé hién s khac biét co y

nghia thong ké é p<0,05.

Cong thuc thi nghiém voi phan than sinh hoc
thwong mai tir tre cing lam tang dang ké WSTN so
voi cac cong thire khac & tuan 30 (Hinh 1b). Phan
than sinh hoc hitu co-khoang liéu thap cho luong C
téng s6 (TC) trong dat thap hon so voi cac cong thic
khac & tuan 14 va thap hon so véi cong thitc phan
than sinh hoc hitu co-khoang liéu cao & tuan 22 va 30

(Bang 2). Hiéu qua dang ké chi duoc quan sat doi voi
WSOC ctia dat & tuan 30, trong d6 WSOC cao hon
duoc tim thdy trong cong thic phan than sinh hoc
thuong mai tir tre so voi cong thitc phan hiu co
thuong mai va phan than sinh hoc hitu co-khoing
liéu thap (Bang 2).

Bang 3. C téng s6 (TC) va N téng s6 (TN) trong cic bo phan ciia cay, chi sd d¢ day 14 (SLA) & tudn 14, 22 va

30 sau khi trdng cay
TC 14 (%) TC than (%) | TN than (%)

Tuan
Cong thic 14 22 30 30 30
Phan hitu co thuong mai 40,6 0,8)b | 401 (1,2) 41,1 (0,9) 36,5 (0,6) 0,48 (0,02)
Phan than sinh hoc thwong | 59 ¢ o1 | 41301 | 417 07) 37.206) | 057 (0,04)
mai tu tre
Phan than sinh hoc httu co-
khodng (liéu thib) 437 (0,6)a | 40,9 (1,1) 42,4 0,9) 37.4 (0,5) 0,52 (0,02)
Phan than sinh hoc htu co- |\ 1 (g o1 | 418 (0.7) 40,8 (1,7) 36,5 (0,7) 0,47 (0,02)
khoang (liéu cao)

TC ré (%) TN ré (%) SLA (m%/g)

Tuan
Cong thi 30 30 14 22
Phan hitu co thuong mai 361 (1,3) | 057 (0,02) | 2339 (8,0)ab | 283,9 (11,2)b
Phan than sinh hoc thwong | o7\ 1 1y | 061 002) | 2451 87 | 2837 G.3)b
mai tu tre
Phan than sinh hoc hitu co-
Khoding (iéu thin 362 (0,9 | 062 (0,02 | 2385 (7.2)ab | 307.6 (9,3)ab
Phan than sinh hochttu co- | o\ o | 060 0,03) | 217.0 @2)b | 3161 (13.2)a
khoang (liéu cao)

Ghi chi: Gig tri trong bang thé hién mean (SE) (n=5). Céc chir cdi khdc nhau thé hién sur khic biét co y

nghia thong ké é p<0,05.
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3.1.2. Anh huéng ctia cdc cong thic dén N thuc
vat va s quang hop

35 Phan hitu co thuong mai

O Phan than sinh hoc throng mai tir tre
a
3.0 ab
B
25 b
2.0 ]
15 4
1.0 :

= Phan than sinh hoc hiru co-khoang (liéu thap)
14 tuan

Phan than sinh hoc httu co-khoang (lidu cao)
i
Hinh 2. N t6ng s8 trong 14 & tudn 14, 22 va 30 sau khi
tréng cay

Ghi chi: Gi4d tri trén hinh thé hién mean = SE
(n=5). Cdc chir cdi khdc nhau thé hién su khic biét
co ¥ nghia thong ké & p<0,05. ns chi sur khdc biét
khong co y nghia thong ké.

TN va TC trong 14 bi anh huéng dang ké & tuan
14, trong d6 phan than sinh hoc hitu co-khoang liéu
thap lam ting dang ké TN 14 so voi phan hitu co

a b

 Phin hifu co thuong mai

O Phin than sinh hoc thiong mai ti tre

# Phan than sinh hoc hifu co-khoéng (litu thip)
® Phin than sinh hoc hifu co khoing (iéu cao)

N téng sb trong 14 (%)

[PE=N
S S
-

650
600
550
500
450
400
350
300

thuong mai va phan than sinh hoc thuong mai tir tre
(Hinh 2) va tang TC 1a so voi phan hitu co thuong
mai (Bang 3).

Cac thong s6 quang hop bao gdm Asat va Amax
dua trén khoi lwong (Hinh 3a) va chi s6 do day la
(SLA, Bang 3) khac nhau dang ké gifta cac cong
thuc. Cac thong s6 quang hop khac va chi s6 hap thu
N khong khac biet dang ké giita cac cong thuc thi
nghiém. Cong thic thi nghiém phén than sinh hoc
hitu co-khoang liéu cao ting SLA vao tuan 22 so voi
phan than sinh hoc thuong mai tir tre va phéan htu co
thuong mai (Bang 3). Asat va Amax dua trén khoi
luong ciing cao hon dang ké trong cong thitc phan
than sinh hoc hitu co-khodng liéu cao so véi phan
hitu co thuong mai (Hinh 3a). Cong thiic phan than
sinh hoc hitru co-khoang liéu cao lam ting dang ké
NUE cta sinh khdi trén mat dat so véi cac cong thiec
khac (Hinh 3b).

rrzzZasen

NUE sinh khéi trén mat dit (%)

Asat va Amax dua trén khéi lvong (nmol'g/s)

14 tuan

22 tuan

14 tuan

Asat dya trén khéi lwong Amax dua trén khéi lwong,

Phan hitu co thwong  Phan than sinhhoc ~ Phén than sinh hoc ~ Phén than sinh hoc
mai

thuong mai tir tre  hiru cu-khoéng(liéu hitu co-khoéng (liéu
thap) cao)

Hinh 3. Asat va Amax dua trén khéi luong (a), NUE cta sinh khdi trén miit d4t & tudn 30 (b) sau khi trong cay
Ghi chi: Gi# tri trén hinh thé hién mean = SE (n=5). Cdc chir cdi khdc nhau thé hién su khdc biét co y

nghia thong ké é p<0,05.

3.1.3. Moi quan hé giita dét va cdy trong

Hoi quy timg budc cho thay TN dat va WSTN
giai thich tot nhat cho TC va TN 14 (Bang 4). TN

trong dat c6 thé giai thich Asat va Amax dua trén
khoéi lvong (Bang 4). M6i twong quan giita cac bién
s6 cta dat va thuc vat duoc thé hién trong bang 4.

Bang 4. Két qua phan tich héi quy timg buéc

Bién phu thuoc Bién doc lap R? Xac suat (P)

TCla TN dat 0,17 0,006
WSTN

TN 14 TN dat 0,32 P<0,0001
WSTN

SLA WSTN 0,29 P<0,0001

IAsat dua trén khoi luong TN dat 0,16 0,013

IAmax dua trén khoi luong TN dat 0,14 0,021

NUE sinh khoi trén mat dat WSTN 0,31 0,011

3.2. Thao luan mac du hiéu qua nay khong ro rang khi thu hoach

Nhimg phat hién chinh ctia nghién cttu nay bao
gom: (1) phan than sinh hoc hitu co-khoang liéu thap
da cai thién sy hap thu N & giai doan dau (tuan 14)
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(tuan 30) va (2) phan than sinh hoc hitu co-khoang
liéu cao tang NUE ctia sinh khdéi trén mat dat so voi
cac cong thiec khac do tang quang hop.
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Phan than sinh hoc hitu co-khoang liéu thap lam
tang TN 14 va gidam TN dat so véi phan hitu co
thuong mai va phan than sinh hoc thuong mai tir tre
& tuan 14 (Hinh 1a). Su tich liy N duoc cai thién
trong 14 vao tuan thit 14 c6 thé 1a do luong N tang lén
trong mot thoi gian ngan sau khi bén phan than sinh
hoc hitu co-khoang. C6 thé giai thich hién twong nay
dua vao ham luong TC dat va WSOC. Vao tuan the
14, TC dat trong cong thitc phan than sinh hoc hitu
co-khoang (liéu thdp) 1a thdp hon so vdi cac cong
thitc khac, nhung WSOC 1a twong tu trong tat ca cac
cong thtc thi nghiém (Bang 2), chi ra rang luong C
dé phan hiy trong than sinh hoc va hiéu tng méi
tich cuc (priming effect) trong phan than sinh hoc
httu co-khoang (liéu thap) lon hon so voi cac cong
thitc khac. Diéu nay 1a do qud trinh d6t nong than
sinh hoc c6 thé phan hiy thém C ctia ca than sinh
hoc va phan ga [12], lam tang C hitu co hoa tan trong
than sinh hoc [13]. Hiéu tng mdi duoc ting cuong
ciing 1am ting qua trinh khoang héa N cua dat, thé
hién qua méi twong quan duong (+) dang ké gitra
WSOC va WSTN & tuan 14. TN 14 da duoc giai thich
ro boi TN dat va WSTN (Bang 4) cho thdy rang N c6
sin trong phan than sinh hoc hitu co-khoang (liéu
thap) da nhanh chéng duoc déng héa va tich lay
trong 14 dan dén tang TN qua 14 trong cong thitc nay.
Sy hdp thu N ting lén trung hop véi su dong hoa C
tren 14 cao hon dang ké trong phan than sinh hoc
hitu co-khoang (liéu thap) so véi phan hiru co thuong
mai (Bang 3), cho thiy rang phan than sinh hoc hiru
co-khoang (liéu thap) da thuc ddy su phat trién ctia 14
glmg & giai doan dau. Khi thu hoach, TN dat thap
hon trong cong thirc phan than sinh hoc hiu co-
khoang (liéu thip) so véi cac cong thic khac va su
hap thu N cta cay khong bi han ché boéi phan than
sinh hoc hitu co-khoang (liéu thap) vi N trong cac bo
phan khac cua cay trong cong thic phéan than sinh
hoc hitu co-khoang (liéu thdp) khong khac biét so
v6i cac cong thic thi nghiém khac (Hinh 2 va bang
3). Ty lé khoang héa khong duwoc do luong trong
nghién ctru nay; tuy nhién, khong thé bi loai trir hieu
tng méi dai han trong thi nghiém phan than sinh hoc
hitu co-khoang (liéu thap) & tuan 30. Than sinh hoc
duoc st dung trong phéan than sinh hoc hitu co-
khoang c6 thé déng mot vai tro quan trong trong
viéc tang hiéu tmg moéi (priming effect) nhu dé cap
trong cac nghién ctu trudéc day st dung than sinh
hoc tinh khiét. Mot phan tich tong hop gan day da
bao cdo hiéu tmg moi tich cuc cia than sinh hoc cho

dén 200 ngay va tai liéu ciing quan sat thay hiéu tung
mdi tich cuc ctia than sinh hoc cho dén 2, 3 ndm sau
khi bén vao dat [14].

biéu thu vi 1a, phan than sinh hoc hitu co-
khoang (liéu cao) khong ro rang gay ra hiéu tng moi
nhu quan sat trong liéu thap vi khong co su khac biét
d4ang ké ctia TN, WSTN trong dat, TN 14 va WSOC
gitta cong thirc phan than sinh hoc hitu co-khoang
(liéu cao) va cac cong thic khac (Hinh 1a va Hinh 2).
Mot nghién cttu khac chua cong b ctia nhom tac gia
da ghi nhan su phan bé N cao hon trén bé mat phan
than sinh hoc hitu co-khoang so véi phan than sinh
hoc thuong mai tir tre, cho thay kha nang hap phu N
cao hon ctia phan than sinh hoc hitu co-khoang so
v6i phan than sinh hoc thuong mai tir tre. Sy hinh
thanh ctia cac vi tri lién két méi trén bé mit than sinh
hoc xdy ra do su két hop ctia cac chat hiru co,
khoang chat va sat tir vao ma tran phan bén, dan dén
ting CEC dat va gidm mat chat dinh dudng néi
chung va N néi rieng. Két qua nay phi hop voi mot
nghién ctu khac da bao cao ham lwong NH,N cao
trén bé mat phan than sinh hoc hitu co-khoang (ciing
duoc san xudt tir phan gia cam, dat sét va khoang
chat) do tuong tac manh giita C hitu co, dat sét va
khoang chat trong qua trinh nhiét phan [12]. Diéu
nay tao ra nhiéu vi tri hoat dong trén bé mit than
sinh hoc cho sy hidp phu NH,/NH,*N. Phan than
sinh hoc hitu co-khoang liéu cao c6 ham luong than
sinh hoc cao hon so véi liéu thdp, dan dén ting hap
phu va che 14p hiéu tmg moi tich cuc. Do do, su hap
phu N manh hon trong phan than sinh hoc httu co-
khoang liéu cao so véi liéu thap 1a mét trong nhitng
co ché chinh giai thich cho quan sat nay.

NUE cta sinh khéi trén mat dat da tang lén
trong cong thic phan than sinh hoc hitu co-khoang
liéu cao mac du thuc té khong co su khac biét dang
ké nao trong ham luong N & cac bo phan khac nhau
clia cay gitra cac cong thic (Hinh 2 va bang 3). Trong
mot nghién ctiu khac [8]), nhom tac giada quan sat
thay su gia tang dang ké luong sinh khéi trén mat dat
trong cong thic phan than sinh hoc hitu co-khoang
(liéu cao) so voi cac cong thic khac. Sinh khéi trén
mat dat 16n hon trong cong thirc ndy mot phan 1a do
su quang hop ting lén. SLA trong cong thirc phan
than sinh hoc hitu co-khoang liéu cao khong khac
biét so véi phan hitu co thuwong mai & tuan 14 khi cay
gimg bat dau tang truéng; tuy nhién, & tuan 22, SLA
16n hon dang ké trong cong thitc phan than sinh hoc
hitu co-khoang liéu cao so v6i phan hitu co thuong
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mai khi ciy & giai doan quan trong hon cta su phat
trién sinh duong va hinh thanh than ré [9]. SLA va
Asat dua trén khoi luong da duoc bao cao rang coé
tuong quan voi toc do ting trudng tuong doi (RGR)
trong cay than thao. Do d6, viéc stt dung phan than
sinh hoc hitu co-khoang liéu cao da tang chiéu cao
than trung binh, khéi luong than va sinh khéi trén
mat dat so véi cac cong thirc khac [8]. Hoi quy timg
buéc cho thdy SLA, Asat va Amax dua trén khéi
luong c6 thé duoc giai thich them bang WSTN va TN
dat twong tng. Cong thic phan than sinh hoc hitu co-
khoang liéu cao c¢6 ham luong WSTN va TN dat cao
hon so véi cac cong thirc khac, cho thiay N co thé da
duoc giai phong theo thoi gian va ¢ dang dé tiéu cho
cay, dan dén cai thién quang hop.

Két qua ctia nghién cttu ndy duoc ting ho béi cac
nghién cttu truedc day cho thiy do dé tieu N cua dat
cao hon dan dén ting ty 1¢ quang hop rong (An) va
hiéu qua st dung nudc cta cidy Duong hoe (Robinia
pseudoacacia), cay ho Ngai (Artemisia tridentata ssp.
wyomingensis va Polygonum sachalinense). Tuy
nhién, phan than sinh hoc hiru co-khoang (liéu cao)
khong tang nang suit cay glmg so vo6i phan hitu co
thuong mai va phéan than sinh hoc hitu co-khoang
(liéu thap), nhung no lam tang ty 1é ca gimg 16n [8].
Diéu nay c6 thé do NUEg, i tren mat aa trong phan
than sinh hoc hitu co-khoang (liéu cao) cao hon so
véi cac cong thirc khac. Ngoai ra, mot nghién cuu
khac da chi ra rang phan than sinh hoc htu co-
khoang (liéu cao) cung cap luong phot pho (P) cao
hon cho cay tréng so véi cac cong thic khac [8], do
d6 da cai thién quang hop vi P 1a mot yéu t6 quan
trong khac ctua quang hop thuc vat.

Cac cay duoc bon phan than sinh hoc thuwong
mai tir tre cho NUE;, kni ren mat a2 ttong tu nhu cac
cay duoc xtt ly bing phan than sinh hoc htu co-
khoang (liéu thap). Tuy nhién, phan than sinh hoc
hitu co-khoang (liéu thip) c6 chita thanh phan it than
sinh hoc hon (phan than sinh hoc thuwong mai tir tre
chtta 45-55% than sinh hoc tre duoc san xuat & 450°C
trong khi phan than sinh hoc hitu co-khoang chi bao
gom 30% than san xuat & 400°C). Do d6, st dung
phan than sinh hoc hitu co-khodng dat hiéu qua kinh
té cao hon. Toém lai, phan than sinh hoc hitu co-
khoang c6 loi thé nong hoc so voi phan bén vo co va
hiru co twoi/thé (phan chudng) vi né cho phép nong
dan dua nong do dinh dudng cao vao dat ma khong
han ché luong N dé tiéu, su hap thu N va quang hop
cho cay. Phan béon N vo co c6 thé bi mat nhanh

chong tir @4t do ria troi trong khi cac dang phan bén
N giai phéng cham lai dat tién va phan bén hitu co
tuoi/tho c6 thé dot chay cay trong [14-15].

4. KET LUAN

Str dung phan than sinh hoc hitu co-khoang (liéu
thap) khong han ché sy hdp thu N cta cay va khi
duoc 4p dung liéu cao, n6é tham chi con cai thién qua
trinh quang hop, c6 thé gop phan lam ting NUE cta
sinh khéi trén mat dat. Cac cay duoc x(t Iy bang phan
than sinh hoc thuong mai tir tre cho thidy NUE cta
sinh khéi trén mat dat twong ty nhu cac cay duoc xit
ly bang phan than sinh hoc hitu co-khoang (liéu
thap). Tuy nhién, phan than sinh hoc hitu co-khoang
(liéu thap) st dung luong than sinh hoc it hon nhiéu,
do @6 bon phan than sinh hoc hitu co-khoang (liéu
thap) dat hiéu qua kinh té cao hon.
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Nguyen Thi Thu Nhan'#, Hoang Thi Hue!, Nguyen Hoang Nam?
! Faculty of Environment, Hanoi University of Natural Resources and Environment

"Email- nttnhan.mt@hunre.edu.vn

2Faculty of Environmental, Climate Change and Urban Studies, National Economics University
JFaculty of Science, Health, Education and Engineering, University of the Sunshine Coast, Australia
Summary

Organo-mineral biochar fertilizer has the potential to replace conventional biochar and organic fertilizer to
improve soil quality and increase plant photosynthesis. This study explored mechanisms involved in
nitrogen (N) cycling in both soil and ginger plants (Zingiber officinale: Zingiberaceae) following different
treatments including organic fertilizer, commercial bamboo biochar fertilizer, and organo-mineral biochar
fertilizer. Soil received four treatments including (1) commercial organic fertilizer (5 tons/ha) as the
control; (2) commercial bamboo biochar fertilizer (5 tons/ha); (3) organo-mineral biochar fertilizer at a low
rate (3 tons/ha); (4) organo-mineral biochar fertilizer at a high rate (7.5 tons/ha). C and N fractions of soil
and plant, and gas exchange measurements were analysed. Results showed that initially, organo-mineral
biochar fertilizer applied at the low rate increased leaf N. Organo-mineral biochar fertilizer applied at the
high rate significantly increased N use efficiency (NUE) of the aboveground biomass compared with other
treatments and improved photosynthesis compared with the control. Organo-mineral biochar fertilizer has
agronomic advantages over inorganic and raw organic (manure-based) N fertilizer because it allows farmer
to put high concentrations of nutrients into soil without restricting N availability, N uptake and plant
photosynthesis. The recommendation are applying the low rate of organo-mineral biochar fertilizer as a

substitute for commercial organic fertilizer.

Keywords: Biochar, fertilizer, nitrogen, photosynthesis, N use efficiency (NUE).
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