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The contents and distributions of phytolith and phytolith-occluded carbon
in different rice genotypes
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Abstract: [ Objectives ] Rice is a well-known silicon (Si) accumulator. The phytolith enriched with Si in rice
plant is able to occlude organic carbon. In order to explore the effect of Si-uptake ability on the content,
distribution and carbon sequestration characteristic of phytoliths in rice, we selected four rice genotypes for
investigation, different for illuminating the mechanism of phytolith carbon sequestration in rice. [ Methods ] A
pot experiment was conducted in the glass room of Zhejiang University using two rice mutants and their wild
types, i.e. Lsil, a mutant defective in Si-uptake (low silicon rice 1) and Lsi2, a mutant defective in Si-uptake (low
silicon rice 2). Si-uptake ability on the contents of Si0O,, phytolith and phytolith-occluded carbon (PhytOC) were
measured in different aboveground organs (stem, leaf and sheath). All treatments were under the same fertilization

and management conditions. [ Results ] 1) Different rice genotypes had significant differences in contents of

Wis HEA: 2018-02-14 #EZHE: 2018-08-03
E&WB: EFARPEEHH (31572191) $E0.
BEAAR: 74§ E-mail: zhangnan9261@163.com ; * il{FE{EH F2ikH# E-mail: ycliang@zju.edu.cn


http://dx.doi.org/10.11674/zwyf.18056

46 W) E IR 5 LR 2 il 25 %

Si0,, phytolith and PhytOC per gram of dry biomass with the following decreased order: Lsi/ wild type > Lsi2
wild type > Lsi2 mutant > Lsi/ mutant. The PhytOC contents were in the order of Lsi/ mutant > Lsi2 mutant >
Lsi2 wild type > Lsil wild type. The contents of Si0,, phytolith and PhytOC in Lsi/ and Lsi2 wild type were
significantly higher than in its corresponding mutant, while the PhytOC contents showed an opposite trend. 2) The
contents of SiO, and phytolith in the rice mutants were the highest in leaf, followed by sheath and stem, while in
the rice wide types, their contents were the highest in sheath, followed by leaf and stem. The PhytOC contents and
PhytOC per gram of dry biomass of rice were the highest in leaf of the four rice genotypes. The distribution trend
of PhytOC content was in the order of leaf > stem > sheath, while that of PhytOC per gram of dry biomass of rice
was in the order of leaf > sheath > stem. 3) There existed a positive correlation between phytolith contents and
Si0, contents (P<0.01). Higher contents and smaller specific surface area of phytolith were observed in the rice
genotypes with higher Si-uptake ability, indicating that both of the content and form of phytolith were affected by
the genetic characteristics. A positive correlation was also found between phytolith contents and PhytOC
(P<0.01), while negative correlation was observed between PhytOC contents and PhytOC (P<0.01), suggesting
that the PhytOC per gram of dry biomass of rice was closely related to not only the phytolith content but the
content of PhytOC. 4) The storages of phytolith and PhytOC, dry biomasses of the wild types of rice were
significantly higher compared with their mutants. [ Conclusions ] Compared with the mutants, the wild types of
rice has the higher contents of SiO, and phytolith, dry biomasses and PhytOC per gram of dry biomass of rice,
although the distributions are different. The wild types has lower PhytOC contents, but higher PhytOC storages
than the mutants. Therefore, Lsi/ and Lsi2 wild type rice with higher Si-uptake ability have higher carbon
sequestration potential than their corresponding mutants.
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and their wide types



139 A, A BPAE AR SRR E SR AR PR b A A AR A (AR A1) 35 k5 0 A 49

50

30 -

20

T REARIR & & (mg/g)
PhytOC content

Lsil JA8Mk Lsil BPAR Lsi2 88K Lsi2 $H/ER
Lsil mutant Lsil WT  Lsi2 mutant Lsi2 WT

25 F
2.0 F a

15}

0.5 F d

L

Lsil FAGMA Lsil WP Lsi2 FAGNR Lsi2 BFAER
Lsil mutant Lsil WT Lsi2 mutant Lsi2 WT

ARV AR R &/ (mg/g)
PhytOC per gram of dry biomass of rice

3 REGRAFEBKEERARNEYE THRE
HEAEHREE
Fig. 3 The PhytOC contents and PhytOC in the dry
biomass of rice mutants and their wide types
[ (Note) : e I AR [R5 3 % KRG AN ] 3 4 F ) 22 53 P <
0.05 &3 7K Values followed by different letters above the column
indicate significant differences among rice genotypes at 5% level.]

2.3 KIEAIAERERE. HER, EERK. £9
= TYIREREERRE E S HHHE

MW 1 B, Lsil X Lsi2 RARKRERE &N
> > 25 iR AR B RE A O > 0 > 22 A
FEEABDKFEZE . b B2 NS RAED EER,
it A AL TS ol 18.62~46.37 mg/g, ¥
30.45 mg/g; WP RES EASLTE Y 24.85~87.05
mg/g, V¥ 56.89 mg/g; #aEERAZTE 20.16~
97.29 mg/g Z[a], “F-3% 60.93 mg/g.

Lsil &7 K FEfEREARTE M i () & it i 3
THY, WX EETE, Leil BERIA Lsi2 58781
KA SH RS RZEFIARE, HYRE
BT, BASEUL, Lsil X Lsi2 AR REA & &
it > # > 2K FLHPAE R > i > 250 PO
RUGK RS 25 P Al AR IR & AR fR B Oy 4.22~41.44
mg/g, FH21.97 mg/g; M AEILIERIZE 11.67~
83.67 mg/g Z[a], V14 48.86 mg/g; i ARLILE A

7.2~89.44 mg/g, V#5158 mg/g (£ 1) .

BR T Lsil BFA: RUK RS RERE AR &5 125 > 45 >
W LAAR, How 3k PR B AR RE AR B oAt > 25 > 8,
AN TR 2% B B AR A B 22 S L . 2P AE AR
& AR IE BN 29.72~39.21 mg/g, V) 34.86
mg/g; M-S EIEE N 21.68~47.02 mg/g, P
37.35 mg/g; WETRLREMRIR AR ES, A
JEFIAE 16.28~36.52 mg/g Z[A], ¥ 26.93 mg/g.

Az i ) SR R AR s B AR AR A R A it >
B> 25, Hob Leil BpA RS o8 > 0 > 25, KA
ZErp R i T SRR A A B 1 B AR AR YE R E 0.17 ~
1.23 mg/g Z[E], ¥ 0.70 mg/g; & iuRl7E
0.55~2.42 mg/g Z ], V-4 1.53 mg/g; Hh&&EAE
TEAE 0.26~2.34 mg/g Z ], 17 1.18 mg/g.

24 ARERBKFEEERRBERAKRES

FH % 2 AT, ASTR G DR R K e b 3 A i 2
SRR, BPA R T HREAMA, Lsi2 B AERAY) =
W, M 225.28 g/pot, HRAMKKREAY EH
177.03 g/pot; Lsil B4 BIKFIAEM N 166.01 g/pot,
HRRAY RN, H 156.27 glpot.

Lsil J Lsi2 BPAERUDKFEZE | wb | B PoRE Ak (A fif
I TR AR, AR B Lsi2 BPAR AL >
Lsil WA > Lsi2 587K > Lsil 878K, Lsil ¥74=
RUOKRERRER G50 12.57 g/pot, W3 T HAAR IR
) 1.25 g/pot, Lsi2 BF A TR AR i R 14.98 g/pot,
i35 = TR Y 3.99 g/pot.,

HYAEROKFEZE | b B DA AR R A i
FH AR, Hb b FAE GE R fg B Lsi2 BF A0 >
Lsil ¥PHERY > Lsi2 53781 > Lsil 878K, Lsil ¥¥£
KRG AR R A i 311.35 mg/pot, B TH:
RASKK) 52.96 mg/pot, Lsi2 WA= B K FE AR Ak A B fids
AR TS ARA, 4300 0 377.39 mg/pot Fl
151.45 mg/pot.

25 MEXMSH

B 4 FHSEAE T AT U Y, AS [] 35 R 2 K R
e A 5 S A B O OE A G (R?=0.98, P <
0.01), FUIKFERIVE S ik RE ) X R fE A & = HA B
HROI o AR R R S R RE AR B B S L TR
K (R=0.57, P<0.01), FHEARSEMAEY T
JoT AR A A B B B SR AR 3 EAR G (R?=0.81, P <
0.01), AEREEMER S &5 4 Wy i 9 FAE ik AR 75 it
Z I B A OG (R=0.21, P<0.01),



50 W) E IR 5 LR 2 il 25 %

*1 EFERKERRTASHRER. EEE. Bk EYETYRERARE S
Table 1 The contents of phytolithSiO,PhytOC and PhytOC in dry biomass of stemleaf and sheath of rice mutants

and their wide types
— . TS RS R REREART & AWy T B AR &
T SiO, content Phytolith content PhytOC content PhytOC content
Genotype Organ .
(mg/g) (mg/g) (mg/g) (mg/g, dry biomass)
Lsil 58751k 2% Stem 18.62+0.30 ¢ 422+038¢ 39.21+0.86 b 0.17+0.01 ¢
Lsil mutant " Leaf 24.85+0.94a 11.67+0.88a 46.99+0.41a 0.55+0.04 a
#% Sheath 20.16+0.71b 7.22+0.19b 36.52+1.04 ¢ 0.26+0.01b
Lsil TR =% Stem 4637 +0.42 ¢ 41.44+2.78b 2972+ 1.39a 1.23+0.10 ¢
Lsil WT i Leaf 87.05+1.08b 83.67+291a 2168057 ¢ 1.8140.11b
Y Sheath 97294347 a 890.44 £5.40a 26.17+031b 234+0.152
Lsi2 587K 2% Stem 18.56+0.26 ¢ 8.00+0.58 b 38.94+0.72b 0.31+0.03 ¢
Lsi2 mutant
it Leaf 40.63+1.15a 2833+1.20a 47.02+0.63 a 1.33+0.06 a
Y Sheath 3723+ 1.06b 2756 £1.02a 28.77+0.73 ¢ 0.79 = 0.05 b
Lsi2 BpH:= 7Y Z£ Stem 38.24+0.50 ¢ 3422+051¢ 31.56+091b 1.08+£0.05 ¢
Lsi2 WT I Leaf 7501+ 1.14 b 7178 £2.8 b 337240062 24240092
## Sheath 89.05+0.50 a 82.11+3.83a 16.28 £ 0.40 ¢ 1.34+0.09 b

£ (Note) : FBUHE ANFFHERF—FFAEKBAFRLGE Z 2275 P < 0.05 B3 7KF Values followed by different letters indicate

significant differences among different organs for the same genotype at 5% level.

®2 REGREFERKEEYE. BRfiEERERKRIEE

Table 2 Dry biomassphytolith storage and PhytOC storage in mutants and their wide types of rice

F PR R W HY1i (g/pot) FEREAA# I (g/pot) FERERTIAE B (mg/pot)
Genotype Organ Dry biomass Phytoliyh storage PhytOC storage

Lsil 587K 2% Stem 4282+4.17b 0.18+0.03b 711+1.17d
Lsil mutant

i Leaf 55.69 +4.06 b 0.65+0.08d 30.58 +3.87d

4 Sheath 57.76£6.30b 0.42+0.05d 1528 £2.24d

411 Subtotal 1.25+0.11D 52.96 +£4.69 D
Lsil By 2% Stem 40.15+3.80b 1.66+0.17 a 4926+320b
Lsil WT

" Leaf 62.30 £ 6.05b 5.22+0.69b 113.46+17.86 b

#Y4 Sheath 63.56+3.52b 5.68+0.40 b 148.63+9.41 a

411 Subtotal 1257+ 1.09B 311.35+24.73B
Lsi2 572K 2% Stem 48.07 +4.95 ab 0.38+0.02b 14.91+0.95¢
Lsi2 mutant

"t Leaf 63.60 £3.86 b 1.80+0.17 ¢ 84.80+7.34 ¢

#Y4 Sheath 6536 £7.58b 1.80+021 ¢ 51.73£5.13 ¢

411 Subtotal 3.99+0.35C 15145+ 11.51C
Lsi2 WA= Z£ Stem 54.92+452a 1.88+0.17a 59.43+6.70 a
Lsi2 WT

it Leaf 83.72+1.73a 6.01+0.11a 202.52+381a

4 Sheath 86.64+8.52a 7.10+0.49 a 115.44+5.72b

431 Subtotal 14.98 +0.20 A 37739+ 433 A

I (Note) : )G ARF/NG FREFRRKREAR RS F B 22535 P < 0.05 5 3E /K BUE)E AR R K S 8038 R [R5 R 2 i) 7K Rt L
Ffif 22535 P < 0.05 B3 /K Values followed by different small letters indicate significant differences among treatments at 5% level; Values
followed by different capital letters indicate significant differences among the above ground storage of different rice genotypes at 5% level.
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