KET QUA NGHIEN CUU TRONG LINH VUC KHOA HOC MOI TRUONG

NGHIEN CUU BAC DIEM HINH THAI, CAU TRUC
VA THANH PHAN HOA HOC CUA PHYTOLITH
TRONG MOT SO LOAI THUC VAT GIAU SILIC
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hytolith 1a c4u trac oxit silic hinh thanh trong cac loai thuc vat siéu tich liy silic (Si). Mic du

ngay cang thu hut sy quan tadm (trong cac linh vuc nong nghiép, mdéi truong) nhung hién co6
kha it thong tin d6i sanh vé& ham lugng va dic diém cua phytolith trong cac loai thuc vat khac nhau.
Nghién ctru nay phén tich cac dic tinh hinh théi, cdu triic, héa hoc cia phytolith ngd, lta, mia dwa
trén cac phan tich SEM, EDS va FTIR. Két qua cho thay, ham luong phytollth trong la ngo cao hon
so voi 1a mia va lua. Hlnh thai chung ctia phytolith & ngd, mia va laa déu c6 dang cac phién xép sat
nhau véi khoang 16 rdng c6 kich thudc dao dong tir 2 - 10 pm v6i bé mit chi yéu gdm cac lién két
Si-0-Si, C=0. Cau tric ciia phytolith chita cic nguyén té dinh dudng nhu K, Ca va Mg. So véi mia,
laa, 14 ngd véi ham lugng phytolith va cic nguyén t6 dinh dudng di kém cao hon, c6 thé 1a nguyén

liéu tiém nang d€ phat trién cac vat li¢u cai tao dat.

T khéa: Phytolith, hinh thdi phytolith, thanh phan héa hoc phytolith, hia, mia, ngé.

1. DPAT VAN PE

Si la nguyén t6 phong phu thi hai trong 16p vo
Trai dat [1], nhung hau hét & dang oxit hodc Si khong
hoa tan. Nong d¢ axit silic hoa tan trong dit thudng
6 khoang 0,1 - 0,6 mmol L' [2]. Axit monomeric
silic dugc ré cay hdp thu cung véi cac nguyén t6 khac
trong dung dich dit va dugc van chuyén lén cic bo
phén ctia cdy qua md dan nudc, roi két taa dudi dang
Si v6 dinh hinh & thanh t€ bao, ndi chit t€ bao va céc
khodng gian bao [3]. Trong mot s6 truong hop, két
ttia Si ngoai bao c6 thé xay ra do sy c¢d ddc cta nhya
do mét nudc qua dudng ho hdp tu choéi, dan dén qud
trinh bao hoa axit silic trong t€ bao chat. Trong s6 cac
thuc vat c6 mach, dac biét & bo hoa thao va bd cd thap
but [4], thanh phé4n vach té bao hemixenlul6 dong vai
tro tao khuon cho qua trinh Si héa. Sau khi thuc vat
chét, thoi ria, phytolith dugc tich lay vao dat va trim
tich dudi dang cac manh roi rac. Hinh thai khac nhau
cta phytolith 13 do c6 nguén goéc tii cac ho thuc vét
khac nhau va tham chi ca loai riéng 1é [3]. Thanh phan
hoéa hoc ctia phytolith c6 thé bi anh hudng béi mot s6
yéu t0, vi du, don vi phan loai thuc vat, diéu kién khi
héu, thé nhudng [5]. Phytolith c6 thanh phéan chu yéu
la C, Si, O, bén canh do, ching c6 thé bao gbm mot
lugng nho cac nguyén té khac nhu K, P, Al, Fe, Ca,

Mg [6]. Céc nguyén t6 trong cdu truc cta phytolith,
dugc trd vao dét khi Phytolith bi phan huy xac thuc vat
[7]. Phytolith c6 thé tich tu trong dét va tram tich qua
nhiéu thé ky, hodc hoa tan giai phéng axit monosilicic
tai cung cdp Si cho céy [8].

Hai phuong phdp phd bién st dung dé tach
phytolith ti thuc vat gdm tro héa kho va tro hoa uét
(phan huy axit) [9]. Ca hai phuong phap déu ton tai
nhiing han ché nhat dinh. Parr va nnk (2001) khong
tim thdy su khac biét c¢d y nghia thong ké vé hinh thai
phytolith dugc tao ra bdi tro hda kho va uét [9]. Tuy
nhién Jenkins va nnk (2009) chi ra mtic d6 phong phu
cuia phytolith tich béng tro héa kho cao hon so véi tro
héa u6t [10]. Quy trinh tro héa uét chiét xuat phytolith
c6 thé dugc ddy nhanh béing cich két hgp véi phian
huy bang vi song [11]. Trong nghién cttu nay, phuong
phép tro hoa kho dugc sti dung dé tach phytolith ti 14
ngo, lta va 14 mia. Sau d6, mau phytolith dugc phin
tich bang cac phuong phap hién dai nhu SEM, EDS,
FTIR d€ xdc dinh sy da dang cdu tric, thanh phin hda
hoc va cac nhom hoéa hoc bé mat. Két qua nghién ctiu
sé cung cdp nhiing thong tin co ban vé phytolith trong
cac phu phdm noéng nghiép giau Si d€ 1am co s& khoa
hoc cho viéc sti dung hiéu qua nguon “tai nguyén” nay.

I Khoa Moi truong, Truong Pai hoc Khoa hoc Tw nhién, Dai hoc Quéc gia Ha Noi

? Khoa Méi truong, Truong Dai hoc Tai nguyén va Moi truong Ha Noi
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2. VAT LIEU VA PHUONG PHAP

NGHIEN CUU
2.1. Vit liéu

Cac mau thuc vat st dung trong nghién
ctiu dugc thu théap tai khu vuc Téay Bac, Viét
Nam vao thang 10/2019. Tai méi di€ém, mau
thuc vt dugc ldy hon hgp tit ba mau. Mau
thuc vat dugc thu thip tai cac canh dong
dang vu thu hoach, trong khi ng6 va mia chi
ldy 14, mau lda dugc thu bing cach cat ldy
toan bo phén sinh khoi trén mét dat cach goc
10 cm. Sau do6, mau thuc vat dugc ria sach,
phoi kho, nghién nho téi kich thude 1 mm.
Mbi 50g mau thuc vat da nghién dugc nung
¢ nhiét d6 600°C trong 1 gid bing 1o nung
Nabertherm LE 2/11 trong diéu kién “md”
(c6 oxy). San phdm nung d€ ngudi vé nhiét
d6 phong, nghién nhé bing c6i ma nio va ray
qua 0,25 mm.

2.2. Phuiong phap nghién ciiu

Céc miu phytolith duge xdc dinh dic
diém hinh thdi, cdu tric bing kinh hién vi
dién tt quét (SEM, FEI Quanta 600 FEG).
Thanh phin héa hoc cua phytolith dugc
xdc dinh bang phé tan xa ning lugng tia X
(EDS, Oxford ISIS 300). Nhém chtic bé mat
dugc xac dinh bang phé hong ngoai bién déi
Fourier (FTIR, NicoletTM iSTM5 FT-IR,
Thermo Scientific).

50 um

A Hinh 1. Anh SEM phytolith tro héa 6 nhiét d 600°C
cua (a) ld ngé, (b) lia va (c) ld mia

|
2 4 0

2 4 0

Mcrc nang lwong (keV)

A Hinh 2. Pho EDS phytolith cia (a) ngo, (b) liia va (c) mia
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3. KET QUA
3.1. Pdc diém hinh thdi va cdu triic phytolith
Hinh thdi vi cdu tric bé mait phytolith cta
14 ngo, lua va 14 mia, dugc minh hoa & Hinh 1.
Hau hét cac manh phytolith thu dugc déu co
céu tric 16 rédng chia cac mao quan kich thude
macro hodc meso véi hinh dang khac nhau.
Céc cdu trac nay phan dnh cu truc réng trong
sinh khoi ctia cdc thyc vat va sy chuyén héa cua
cdc thanh phan chinh trong sinh khéi, cu thé la
carbon va phytolith. Cac cdu truc vi mao quén
khoéng quan sat dugc trong nghién ctiu nay do
gi6i han ctia phuong phap SEM. Hinh la cho
thdy, bé mat phytolith 14 ng6é c6 nhiéu manh
vun, cdu tric nén c6 do x6p cao vdi cic 16 cb
kich thudc tit 2 - 5 um, céc 16 chia cdch nhau
boi vach day khoang 1 - 2 pm. Trong khi do,
phytolith rom (Hinh 1b) ¢é bé mdt nhén hon,
duong nhu chung gom cac phién xép chéng 1én
nhau. Tai mot s6 manh phytolith quan sat dugc
cac té bao Si song tinh va tu tinh ddc trung ctia
lua. Dic biét, & phytolith 14 mia (Hinh Ic), dé
dang quan sét thdy cac 16 c6 kich thude 1én dén
10 um véi cac vach ngan mong khoang 0,5 um.
Mit ngoai ctia cac manh phytolith mia nham,
it manh vun va cé dang phién rong.
3.2. Thanh phdn héa hoc phytolith
Phan tich héa hoc sti dung phd EDS (Hinh
2a-c) cho thay thanh phan phytolith ngo, lua va
mia chi yéu bao gom Si, C, O va lugng nho cac
nguyén té khic nhu K, Ca, Mg, Al. Ngoai ra, &
mau phytolith ngd quan sat thdy tin hiéu cta
Fe trong khi mau phytolith lda va mia khong
c6. Bén canh d6, N va P chi xudt hién trong
phé ctia phytolith mia. Su hinh thanh phytolith
dién ra tit qua trinh hdp thu cac khodng chit
trong dung dich dat, dan dén thanh phéan cua
mdi 16p phytolith lang dong ¢ thé khéc nhau
gitia cac loai, hodc gitia cac phin khdc nhau
clia cuing mdt cay. Trong nghién ctu nay, ham
lugng Si tim thdy trong phytolith khdc nhau
dang ké gitta cac mau, chiém téi 18,91% vé
khoi lugng 6 ngd, 11,68% & mia va thdp nhat
6 lua la 7,39%. Ham lugng cacbon dao dong
16n, c6 thé ti 29,02% (ngd) dén 47,54% (laa)
va cao nhit dén 52,71% (mia). Co thé thdy,
sau khi nhiét phan, ham lugng cacbon con lai
trong cac mau van rat 16n. Diéu nay cho thay
vai tro ctia phytolith nhu mot 16p vo boc, tao ra
cac khong gian kin, han ché€ oxy xdm nhéap, nho
dé chét hiiu co trong cdu tric cta nd co thé
dugc bao vé trong qud trinh nhiét phan. Ngoai
cac nguyén t6 chinh dugc tim thay (C, Si, O),

phytolith con bao gom mot s6 nguyén t6 kim
loai nhu K, Ca, Mg, Al, Fe v6i ham luong
nho hon 5% (Bang 1). Ngoai ra, cic nguyén
té6 dinh dudng nhu N, P dugc quan sat thay
v6i ham lugng thap hon 1% va chi tim thay &
mau phytolith mia. V6i thanh phén héa hoc
da dang phytolith c6 thé la vat liéu tiém nang
cho cai tao dat.
3.3. Ddc diém héa hoc bé mat phytolith

Nhiing thay doéi vé dac tinh bé mat dugc
biéu thi bing phd FTIR, nhu trong Hinh 3.
Tin hiéu thanh phan Si dugc ching minh
bang cdc dao dong dic trung cua lién két Si-
0O-Si ¢ 1.080 va 800 cm™, dugc phat hién cho
tdt c& cdc mau phytolith. Céc lién két khéc
nhu O=C=0 (2350 cm™), C=0 (1560 cm™) va
Si-OH (880 cm™) c6 thé thdy & phytolith 14
ngo va la mia ro rang hon so véi lda. Quan sat
thdy sy xudt hién cta cac nhém C=0O thom
chi ra rang chit hiiu co (phén than) da dugc
“thom héa”, cung véi lién két lién két Si-O-Si
rat ro rang, cting c6 cho gia thuyét vé ciu truc
xen kep ctia Si va chdt hitu co trong phytolith
ctia cac thuyc vat giau Si.

4. THAO LUAN

V& co ban, phytolith dugc hinh thanh theo
co ché thu dong tu su két tha ctia Si do cay
hat thu ti moi truong dat. Vi Si rdt san co
trong dit nén hau hét cic loai déu hut thu Si
6 mot muc dd nhat dinh, do dé it nhiéu déu
c6 thé tich lay phytolith. Tuy nhién, & nhiing
loai thuyc vat siéu tich lay Si (dac biét trong
cac cay ngil c6c), su hién dién ctia phytolith
r6 rang hon. Két qua phan tich trong nghién
ctiu nay cho thdy, ty 1¢ Si trong phytolith tach
bing phuong phap tro hoa kho dao dong ti
18,91% & ngo, 11,68% & mia va thdp nhat la
7,39% & laa (Bang 1). Phytolith dugc tach
ra theo phuong phap tro hoéa kho ciing lam
tinh chat cta phytolith chiu anh huéng dang
ké boi nhiét dé xu 1y mau. Duéi tic dong
ctia nhiét do, trong khi chét hiiu co (trong
cac mau sinh khdi 14 mia, 14 ngd va lua) bi
phén hay thanh chét bay hoi hodc ngung két
lai thanh dang mach vong, phytolith trai qua
qua trinh dehydrat héa nhung vé co ban van
gitt dugc hinh thai (Hinh 1) nhu trong sinh
khoi ban ddu. Sau khi két thic qua trinh nhiét
phén, phytolith tach ra di kem v6i mét lugng
cacbon tuong d6i 16n (29,02% & phytolith
14 ngo; 47,54% phytolith lda va 52,71% &
phytolith 14 mia) (Bang 1).
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Ham lugng cacbon cao goi y vé kha
nang phytolith bdo vé chit hitu co khoi
su phan huy trong qua trinh tro hoéa. Su

Bang 1. Ty 1é thanh phan cic nguyén t6 trong ciu truc
phytolith (don vi: %)

uu thé clia cdc nguyén t6 C va Si trong Nguyén (6 Phytolith
céu trac phytolith ciing dugc ghi nhéan L4 ngo Lua L4 mia
qua cic két qua phén tich phé FTIR & C 29.02 4754 5271
Hinh 2. Hai nguyén t§ nay cung v6i O - - -
tao thanh céac lién két héa hoc bé mat o 40,47 42,71 30,12
khéac nhau cé thé chi phéi céc dic tinh Si 18,91 7,39 11,68
hoa hoc ctia phytolith. Trong d6, cac K 4,84 0,32 0,53
nhém siloxan (Si-O-Si) & cdc dinh phé Ca 2.27 118 35
1100 va 810 cm™ la cdc lién két chinh
trén bé mit cua phytolith (Hinh 3) va c6 Mg 2,54 0,68 1,08
vai tro quyét dinh cdc ddc tinh hoa hoc Al 1,14 0,18 0,14
ctia phytolith. Trong cac nguyén t6 dinh Fe 0,81 n.d n.d
dudng bi gitt trong cdu truc phytolith, K p nd nd 0,06
c6 thé chiém t6i 4,84% (d8i véi phytolith N d d 018
A (n.d: Khong phdt hién)
Ngoé
i
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ngo) (Bang 1). Lugng K trong phytolith
nady c6 thé xem la mot ngudn tai nguyén
c6 gid tri dé b6 sung cho dét va cay trong.
Céc két qua nghién ctiu cling goi ¥ rang,
xU ly nhiét phan cac phén sinh khéi thiia
sau thu hoach nhu la ngo, rom ra, la
mia la phuong phap phu hgp dé thu hoi
phytolith va cdc nguyén t6 khac bi nhét
giti trong phytolith. Véi cac phuong phap
nhiét phan pht hgp (Vi du: yém khi hoic
két hop hoat héa), cac nguyén t6 trong
sinh khoi sé dugc chuyén thanh dang dé
tiéu thuén loi cho cdy trong hat thu.

A Hinh 3. Phd FTIR ctia cdc
mdu phytolith ngé, liia va mia

5. KET LUAN

Phytolith c6 nguo6n gbc tii ngo, lda, mia, véi ham lugng
Si cao va thanh phan hoéa hoc da dang nguyén t6 nhu K, Ca,
Mg, Al, N, P ¢6 thé 1a mét vat liéu thiét thuc d€ giam bét
su thiéu hut Si, dong thai la nguén b sung dinh dudng tot
trong dit va cdy tréng. Tuy nhién, cac nghién ctiu sdu hon
vé hinh thai, bién déi, sy hoa tan cua Si va méi quan hé cta
chung véi cdc nguyén t6 dinh duéng khac van can tiép tuc
dugc quan tamm

LOI CAM ON: Nghién citu nay duoc tai trg béi Quy
Phat trién Khoa hoc & Céng nghé Qudc gia Viét Nam
(NAFOSTED) theo dé tai ma s6 105.08-2018.300.
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PROPERTIES OF PHYTOLITHS IN SILICON-RICH PLANTS
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'Faculty of Environmental Sciences, University of Science,
Vietnam National University, Hanoi

’Hanoi University of Natural Resources and Environment
ABSTRACT

Phytolith, a siliceous structure formed in many silicon-rich plants, has received much attention
due to their potential applications in agriculture. However, there is relatively little comparative
information on phytolith content and characteristics in different plant species. This study aims to
evaluate the micromorphological, structural and chemical properties of phytoliths derived from
corn, sugarcane, and rice plants. It was found that phytolith content of corn leaf was higher than
those of sugarcane leaf or rice. Instrumental analysis using scanning electron microscopy, infrared
and energy dispersive x-ray revealed that phytoliths from corn leaf, sugarcane leaf and rice were
generally composed of lattices with pore size ranging from 2 to 10 pm and their surface comprises
various functional groups, e.g., Si-O-Si, C=0. Containing various nutrient elements, e.g., K, Ca and
Mg, phytoliths (particularly in corn) can be considered as a potential nutrient source to be utilized
for soil improvement.

Keywords: Phytolith, morphology, chemical composition, rice, sugarcane, corn.
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