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WE BAAEARBES S X FTRE FRE B ITEAR 3 22 MEF R K FRE R E B2 G E SR i
Si FEHTIE . S5RERW, S TREMEFAA RO S REWEER, KEHHRE Si & 785, EW0EMSR S
FRBLEFR S St FEEEENKRZ T ;T EA [R5 H B APRLF — AL SR RFRAL St AR R BB ARKESR, X
RHBEZERTEN. BREFH Si FBEZWELBRZEMFRPEN Si &, B AFRARFAL Si F 5 P.CaMg.S,
ALPb & E 2 A BE SR BEWIELRMRR, FRSTHW Si F# 5 K.Cd FRZEAFERENIELRERR. WK SifE
FEFPR BRIt & P.Ca Mg, S ALPb FLRMEE.
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Abstract; Silicon (Si) is the second most abundant element in the earth’s crust, the beneficial effects of this element on
the growth, development, yield and disease resistance have been observed in a wide variety of plant species. However, the
precise distribution of silicon, and its relationship with some heavy metals in oat grain are largely unexplored. In the present
study, the Si levels of 22 oat genotypes in 4 different grain parts (the cortex, aleuronic layer, near aleuronic layer and
center of caryopsis) were determined by environmental scanning electron microscopy combining with X-ray electron probe
microanalysis, and its relevancy with the contents of other metals in the whole oat grain, including P, Mg, K, Ca, S, Cd,
Al and Pb, were analysed. There was remarkable difference in Si levels among different portions of oat grain, with higher Si
contents in the cortex and aleuronic layer, while less Si in the near aleuronic layer and center of caryopsis, which implied
that Si predominantly deposited in the aleuronic layer for a whole oat caryopsis. Moreover, the considerable difference in Si
level was also existed among the different oat genotypes, with a comparison of the same portion of different oat cultivars,
suggesting that oat genotypes had a dominant effect on Si accumulation. Si content in aleuronic layer was closely related to
that in near aleuronic layer and center of caryopsis. Furthermore, a significant non-linear correlation between the content of

Si and that of P, Ca, Mg, S, Al, Pb in different parts of oat grains was observed, but no significant non-linear relationship
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existed between the content of Si and that of K,Cd in the center of caryopsis. The Si accumulation might facilitate the

accumulation of P, Ca, Mg, S, Al and Pb.

Key Words: oat grain; silicon; X-ray electron probe microanalysis; accumulation
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Fig.2 The relative content of Si in different part of 22 genotype oat grains
A. JZJZ cortex of oat grains; B. ¥i¥})Z aleuronic layer; C. E¥I#}/Z near aleuronic layer; D. FiF:H3%K the center of caryopsis

2.2 FEEFRAFERAL Si S REZEHRR

MF L AT FEZAPRLEZ IR ALY Si & B -5 PHR Si & B FAAE B F WAELRIER R, TS5 H08Z FE
BZ Si S BAFEREWIELRIECR, W BZ AL S FBXTFRFH St S BA M. K 1 ByiHIHE
FPRLWIRYZ Si & B5EM2 MFUR P Si S BEZ AR RE ARSI R, HMRZ AN Si & &5k
WIRE St BIAR R r* = 0.3893) /NTFHGFUR S Si SRR RE( r* = 0.4557) EMIMZ Si
HRGFRPE S FRZEFAERBERIERIERR, U L UBIRRZE ALK Si & B2 E TRk = FS
RepERE Si &8, THAZ R Si & BWERMEFCR PR Si S8, FURTE S FRSHMNENRARLES
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F1 2 ERBRZIFNER BB EMBENTFIRPHESEZANXER
Table 1 Relationship between the relative content of Si in the grain cortex, and that of aleuronic layer, near aleuronic layer, center of 22

genotype oat grains

WRAL Bz Rk = TR BRI
Part Cortex Aleuronic layer Near aleuronic layer Caryopsis center
y= -637.3258 +

¥ =779. 1470 - 92. 5554x + , y = —1300. 5758 + 317. 2486
RJ3 Cort 3.7099% + —0. 0480 145.7576x ~ 10. 2196x" + 24.37482% +0. 6015%°
= Cortex . x -0. X, -24. x 5 X,
= 0.23074, ©* =0. 1574,
2 =0.3119, P =0.0750 7 =0.4105, P =0. 0207

P =0.3668
W y=5.8791 +1. 5552« — y= —177.7390 +44. 1269x y= —349. 6714 + 88. 6713x —
Aleumz;ic tver 040247 +0. 0003%°, -3.194742 +0.07744%, 6. 863642 +0. 1734x° ,
7 7 =0.1006, P =0. 5806 7 =0.3893, P =0.0279 7 =0.4557, P =0.0105
=23.7494 - 0. 6754
R y=23.7494 -0.6754x + y= —102. 8068 + 13. 2986« y=16. 4373 —2.7216x +
0.0109x% —4. 4103 x
Near aleuronic 10-53 72 =0.2351 -0.5113x% +0. 00662° , 0. 29344 - 0. 0076%° ,
layer P—Ox1;53 o ’ 2 =0.4758, P =0.0077 % =0.7446, P <0.0001
=21. 6562 - 0. 6310
R CLOL102 7 25T T y= 1766160 +22. 1185x  y= - 35. 7636 + 10. 5615x
. = 1/. X
cJ\ . S;cmter 10-3 . 2 —0.2005 -0.85612% +0.0109x°, r*  —0.8175x” +0.0219+°,
ayep P—ox1§92_ - SLE3, =0.5976, P =0. 0008 2 =0.8529, P <0. 0001

PHAR R E XA N B ESIWMBE, T The italics mean significant or extremely significant relations between horizontal and vertical column,

the same below

2.3 FEEAPRAFERAL Si & A AL G Pb FREZFKKR
M 2 AT, 22 ANFER RIS KPR 2 Si B 5 ALLCd il Pb & B2 AIREAEBEXR B
K= Si 5 B5 ALLCd #1 Pb S B EAA7EE BE BN EE MIELRMERR, T EM K Z /K ALLCd F1 Pb & B HE
& Si RN hn, R Si &85 Pb FRMMXRBCTHS AL Cd FEHIHEXRE, UM
RMIBZE R, Pb GBS Si S RRAERT., EHRNEHMEERMUAL HE S &S Al §BHMEXRECK
THE Cd.Pb & B RE MR FPRLEM B ZH, Al S B S Si S BXRERY ., BRI Si &
®5 ALPb %ZIQ#E*&E%E’HF%’ WRRHE Cd FERXAAEE, I H ALPb FEEEE Si &=
I AN, Si F RS Al S BRMMXRBRTHS Pb BN RE, U AEMRE TR, Al 5 &
5 Si FRRAEH,

®2 L2 EFANRZIFHEE BB IMBEMSIRPHESIERS AL, Cd, P ZHBXER
Table 2 Relationship between the relative content of Si and Al, Cd, Pb in the grain cortex, and aleuronic layer, near aleuronic layer, center
of 22 genotype oat grains
TR Part Al Cd Pb

32 Cort y=-69.0799 +7.2191x - 0. 201322 + ¥ =3. 4460 + 0. 3409x - 0. 012042 + ¥ =4.7957 +0. 1283x - 0. 00212 +8. 0991
= Cortex

0.0018%%, 7 =0.2920, P =0. 0946 0.0001%°, * =0.2307, P =0.1833 x10~%x%, 2 =0. 0385, P =0. 8670
ﬁ%)% . y=210. 1586 —24. 5547x +0.97744> —  y= —112.4536 +13.5941x —0. 5054x> y = —95. 1841 +12.2219x - 0. 47572 +
euronic
Jayer 0.01244%, 7 =0.3349, P =0. 0567 +0.0062%° , > =0.3440, P=0.0506  0.0061x>, r* =0.5522, P =0. 0020
AR —64. 5709 +13. 5792x - 0. 8012x%>  y =72.6489 —15. 1762x +1.09012> -  y =106. 4466 —20. 9792« + 1. 4349+ —

Near aleuronic

layer +0.01584%, ©* =0.4294, P=0.0157  0.0250%°, * =0.3715, P =0.0354 0.0312«%, r* =0.3990, P =0. 0244
R
Caryopsis
center

y= —37.0288 +8.9414x —0.57792> +  y=28.9874 —5.9495x +0. 4576x* - y= —2.8283 +2. 1853x - 0. 17334 +
0.0130+°, 7 =0.5411, P =0.0024 0.0109+%,  =0.2309, P =0.1831 0.0053%°, * =0. 5166, P =0. 0038
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2.4 FEEFBLAFFAL Si FES K.Ca Mg P.S FRZEKRKF

MF 3 AT, A2 R R R AL, KR St B 5 K Ca Mg PSS &8 2 (A 37776 B3 5tk B % 9 3k
LMERR, XU R GBI S SR, JFEHRZE S B 55 P FBIMHXABTE R THEHE
LR & BRI RE WAL Z S| S B NE K. Ca Mg .P.S T8, MHES P &BXREHEY,
Kz Si S Ex P REEAREEM.

BiH)Z Si &85 Ca Mg P.S G REZAIFFEEE M BE MIELMERR, M5 K ZEIAFIEEEKIEL
PERZR BIA)ZE S F B S Ca SRR RLM/NTHS Mg S RIMXRL, MAA/NFHS P.S R
KARL UM Z Si B N%E Ca Mg P.S &8, MHS P.S FREXREHYI

IR Z Si &85 K Ca Mg P.S S BZEIFFER BEMIFLMEXR JFHESI FBS5 P S BIMAXR
Rlsok, WA= Si S B N%E K.Ca Mg .P.S F&,MHS P S EXZEHY.

BURAPE Si &S Ca Mg P.S S RZAIFERBENIFAMERR, S K FRRXAARE JFHHESI &
B5 P ERIMHXRBRK, HBURFE Si SR ME Ca Mg .P.S T8, MHS P HRXAEH,

x3 R2AEAYKRZFHEER WHEGENBEMFRTPELIRE K, Ca, Mg, P, SZHEKXR
Table 3 Relationship between the relative content of Si and K, Ca, Mg, P, S in the grain cortex, and aleuronic layer, near aleuronic layer,

center of 22 genotype oat grains

AL Part K Ca Mg P S
49, 8476 4.5, 5800« y = —30.5660 + y =156. 8253 - y =760. 3600 — 15,2689 2. 6231k +
T 3.0514x -0.0683x> +  8.9142x +0.1740x> —  43.4523x +0.80852 — o
0.25124> + 0.00274°, s s 3 0. 061722 —0. 0005+,
BiJ2 Cotex 5~ " e 0.0005x° , 0.00114%, 0.0048° , 2 _0.4145
P—_O'OOOS’ ? =0.4515, ? =0.5255, ? =0.6511, P—_0'0196’
e P=0.0113 P =0.0032 P =0. 0002 o
y= -311.6806 + y =222. 8790 — y =852. 4262 — y =1534.1177 - y=-97.2373 +
Bk 37.3128x —1.13365% +  25.2409x +0.9812x> —  100.3873x + 3.9816x> 183.9603x + 7.7423x>  14.4555x — 0. 59724 +
Aleuronic 0.011343%, 0.01224°, -0.05104%, -0.10304%, 0.0081°%,
layer ”? =0. 1883, ? =0. 3675, ? =0.4033, ? =0.4505, ? =0.4855,
P =0.2774 P =0.0374 P =0.0229 P =0.0114 P =0. 0020
y =280. 6287 — y=51.2777 - y= -24.5733 + y=121.2351 - y= -203.7411 +
ERR R 62.4326x +4. 6241x* —  10.5453x +0.74992> —  5.0177x — 0.2688x> +  23.9823x +1.77034> —  48.3562x — 3. 5607 +
Near aleuronic 0. 110447, 0.0169%° , 0.0051%> , 0.03994° , 0. 0868%° ,
layer 7 =0.7002, P =0.5481, ? =0.7671, 7 =0. 8507, P =0.5348,
P <0. 0001 P =0. 0021 P <0.0001 P <0. 0001 P =0. 0027
y =156. 7865 — y=31.1957 - y=—17.8363 + 30,9405 - 5. 7218 4+ v —7. 4010 42, 8171
SR 36.6302x +2. 8758+% —  6.7338x +0.52394> —  3.7546x-0.19732% + e ek 3”
. 3 5 5 0. 54612% -0.0137%° 0. 174227 +0.0043%° ,
Caryopsis 0. 07264°, 0.0128%°, 0. 0036x°,
center 2 =0.2766 2 =0. 4407 2 =0.7610  =0.8645, 7 =0.6711,
" ’ " ’ " ’ P <0. 0001 P =0. 0001
P=0.1125 P =0.0133 P <0. 0001 <
3 itig

AWFFEERFH, Si EMINPRLANERALIIH 00 , EAANIRALE B2 FEOR, Hob, RZFRIRZ Si&
B  OR 2 FUBUR o0& BRI T ELA [R] 2 R B R[] — AR AL A [ R AL Si AR B RWABK
ZE5, X A BB g AE 22 5 R A (B BT i 22 A5 R RIS AP T M R Rl —i % F , 7] AE AR
H SRR BIERIE R 4 Si X 22 SRR BRI R T Si B R K RARXT ) o

BINEPIFPRLRIRN 2RI R 2 AT 1143 3R He AL TR 1, HE A BUR AT S SR AL T 1 Se 4
HIZEE A BB A RS . AT R BEIRER TOKRERIR 2 45 H 38 I 2 A B B R SR 4
RThaE. ERE A RIRE ML B A B 0650, 3B T B SRR BRI IS IS SR < B A 5 FEIE
R AE A P RRZLES R BEE Y R AN Ca S5 R OG R AR 1 R 05T o 4 2 R S5 4 T B ZE B2 o Ogawa
%) Tanaka %" F X S48 BMAHTIRINGE T /KRS VNEBR Do BROTR M , S REVRB 4 b E
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% P.K.Ca Mg 50 JRILR . AHTTE R, M HEFRARKUL, BIRZEH 19 Si BB LLIEMRZ R+ =5
Z(E 1) WikEH ) Si & B 5EmnEsR S S SRAEVXRARGR L), AR AR ) P Ca Mg.S
MEREWEIIMARK(EKS) . P.Ca Mg S WRLERAYARIE ¥ A BB BT 75 A FOT R , FELIAR Gl 72
HRFEEREM . B, #E3E P Si A& B R & R R ik 2 XA IR AL P.Ca Mg S K& &, il
T R M EIFIME,

I A T RE B AL < (EELS) S550R R BUEY T M REDUBI) 202 p R A B (B8 RE AR 4L Ay, 7
IWHESR SEELRS 5T R YR E & RO . B0 E 4R o R YRR
FESE, AR, S RAEET AR S NIRRT &7 R e R . ASBFITSE SRR, 72
MEFPRLE MR EFBUR PR, AL S 25 Si & BRI, Ui B 2 R 0 A0 AE A AR o AT BB B T RE AR
Yro Bk, 7SR AR A kPRI Si B R KRN, WAAERE R B R S BIMBREL . AT Si 1E
MERHHEESESR P WEELEEESN BERIRLIERXR, B Pb T RERZHEE Si & RIHY
s, A Si ZEEE PRI P AR RIS , AR s T Pb ZERPRL P SR MIRE PR R TR A
#iz b Pb A0 Si 28 IVA, HAL AP — SR DL 3t 7, AT RESREFAB RIS S 73 E Si Al Ph S A A 2l 204
PEHEAT 9, AT S BORPRL Pb IS B EEE Si & BRI AN misg .

EHE TR K, Cd KB R THORBIRZ o KK REREK I TSR ki, Cd & & FRER 75. 9% , 1M
RN I Tty Cd SR BAUN 38.34% . AWse Cd fEMENPRP I ER RS Si NEREABEXR,
HHAERPRL P RF R 2 AE MR E M E R B RA R AN (R 2) o XMEMSFRPIITEREMRLU .
e, 7E5E AR B SR MM E R, RE SR ERNaF BT BER. " LIEE R ~ET I, i
PEEZ HPRLX ALLPb Cd AHX B 8 BB A ZE IR AR Dy F2 BRI i A, S50 RF AT LA D e IR B e 22 X LAl i i
FEHER) ALFI Pb Cd X NSRRI TESE o
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