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Physiological Roles of Silicon in Photosynthesis and Dry Matter Production in Rice Plants I. Effects
of silicon and shading treatments. : Sakae AGARIE, Waichi AGATA, Fumitake KUBOTA and Peter B. KAUFMAN*
(Faculty of Agriculture, Kyusyu University, Hakozaki, Higashi-ku 812, Japan; *Department of Biology, University of
Michigan, Ann Arbor, Michigan, 48109 U.S.A.)

Abstract : To investigate the combined effects of silicon application and light intensity on growth characteristics,
dry matter production, photosynthetic rate, and transpiration rate, three cultivars (cv. Nipponbare, Koshihikari,
Suweon 258) were water cultured, using solutions of +Si (silicon application) and —Si (no-application) under
two different light conditions (no shade and shade). Silicon application promoted growth and dry matter
production in the three cultivars. The greatest effect was found in a japonica-type cultivar, Koshihikari, grown
under the shade condition. Silicon application prevented overtranspiration and increased water use efficiency in
leaves. This was effective in curbing photosynthetic depression and chlorophyll destruction in aged leaves. The
maintenance of photosynthetic activity was regarded as one of the main reasons for the dry matter production
increase by silicon application.

Key words : Dry matter production, Leaf conductance, Photosynthetic rate, Rice, Shade, Silicon, Transpiration
rate, Water use efficiency.
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Silicon contents in rice cultivars grown under different

Cultivars Silicon Root Culm  Leaf Root  Culm Leaf
application (%) (%) (%) (%) (%) (%)
No shade Shade

Nipponbare - 0.33 0.07 0.14 0.35 0.11 0.18
+ 1.30 10.00 13.74 1.20 11.48 14.59

Koshihikari — 0.31 0.27 0.11 0.43 0.16 0.11
+ 0.95 8.15 11.90 1.13  11.60 14.83

Suweon 258 - 0.14 0.05 0.14 0.12 0.15 0.21
+ 0.35 8.52 13.59 0.49 8.68 14.66

(%), percentage of silicon content (wt/wt).

NII-Electronic Library Service



202 HEEYE = 4#£3F E615F (1992
XTKREM I, R A BRI L > TELD, +S1 KT TAE

BaRICE2EDOY > 7Y IOl (FABEE
2ELIWIEYE) 2B IIiT-o EREBITOKR
oL, BEXX TR, HEXE, KE 258 50fFE
HEREE (PGR) 8 L UHMERZE (RGR) 7 +
SiXKTEL, X, FICHERFOMELE (NAR) i
LT ABOMENE L o7, EXXTIEVT
NORBIZBHWT L7 A BOMEIK L 72 B IEEC
Hotzh, BTHavbh )TN ERRIZEET
HY,+Si XOfEIZ —Si Kickk~7T PGR T
186.4%, RGR T 101.8%, NAR T 99.3% L
7z.

DL XS wer A BEAORIZBESLTH -7
DERIROKE L IIREETELR Y, LEBRHE
Lo TEEL 72,

3. HEH, ABEESLUIO00T71LERIC

RIZT 1 BOEER

E1IKCERBEESE I~5 BEOEMFPEA HEE
ZRLTz, NEREEIETHETET LS, KT

THNAREREL LRSS MR, BXXKE
Blhice s e, B5ED +Si Kicxtd s —Si KD}k
EREEOERTEIIIYEH ) TTY, HEBT
60%, KIE 258 5T 40% ThH D, BEVEEICHT
T A BRALEERN R K & LRI ST ED AR
EOEXEZE S KE 22 MEEIZH - 72,

BEMRPDEEEEE N T 2 7 A BRI R R
TH-o23 AN OOTHELLZEMO 7 o
07 4 VEREF2ENIRLU:, BHEOHETICL S
nHr7un7 4 VERBORAIE -SIKTELL, &
(LRI DA BORE DK TR & —2 L7z,

5 R, HIEIBRE T CHIE Uz L8 (LT),
BLUOTUE (FBRFE4FE) ON—HEREEORE
Raerlr, BUEAREYD ONEKREE L, EE
HX EATEEI 7 A BED RN A SN icdy - 128,
TRETIE +SI KO@EBE L, —Si KO HEHE
FE & ORI 40% CLERISEDOE) DZENTRD &z,
EHX T BT, FAETH L +Si KOEHRE

Table 2. Effects of silicon on growth characteristics in rice cultivars grown under different light conditions.
Cultivars Silicon Plant Number of Leaf Plant Number of Leaf
application height culms area height culms area
(cm) per plant  (cm? plant™!) (cm) per plant  (cm? plant™)
No shade Shade
Nipponbare — 61.9 11.5 534.8 66.4 5.3 385.8
+ 70.9* 13.0 673.3** 76.0* 6.3 560.1**
Koshihikari — 71.1 12.3 502.7 71.1 4.3 292.9
+ 82.1* 17.0 733.9 84.3** 7.7** 549 .6**
Suweon 258 - 36.7 20.0 566.6 44 .6 10.3 408.6
+ 39.2 27.7 1002.7** 48 .5* 12.0 487.0
*and **, statistically significant between silicon application(+) and no-application(—) at 5% and 1%,
respectively.
Table 3. Effects of silicon on dry weight in rice cultivars grown under
different light conditions.
Cultivars Silicon Culm Leaf Total Culm  Leaf Total
application (g) (g) (g) (g) (g) (g)
No shade Shade
Nipponbare — 3.22 2.34 6.62 1.80 1.43 3.90
+ 5.40* 2.85 9.36* 2.99* 1.77 5.14
Koshihikari - 4.43 3.39 9.25 1.50 1.42 3.69
+ 6.43 3.53  11.43 3.17*  2.20* 5.94*
Suweon 258 - 2.95 2.65 7.34 1.06 1.23 2.93
+ 3.74* 3.07 9.19 1.40 1.41 3.48

*

, statistically significant between silicon application(+) and no-application(—)
at 5%, Dry weight=total dry weight —weight of SiO,.
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Table 4. Effects of silicon on growth parameters in rice cultivars grown
under different light conditions.
Cultivars Silicon PGR RGR NAR PGR RGR NAR
application
No shade Shade
Nipponbare - 1.91 4.02 4.63 1.56 5.63 5.05
+ 4.65 7.55 9.60 2.43 6.46  5.87
Koshihikari - 4.07 6.26 9.84 1.10 4.01 4.23
+ 5.25 6.67 9.84 3.15 8.09 8.43
Suweon 258 - 3.90 6.94 6.54 1.21 5.00 2.97
+ 5.68 8.32 6.93 2.07 8.03 4.82

PGR, plant growth rate(x10 g plant™' day™'); RGR, relative growth rate (X102
g g~'day™!); NAR, net assimilation rate(g m~2 day™').
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Fig. 1. Effects of silicon on photosynthetic
rate of each leaf on the main culm in rice
cultivars grown under different light condi-
tions. @, Nipponbare ; A, Koshihikari ; B,
Suweon 258.
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Table 5. Effects of silicon on photosynthetic rate and apparent light energy use efficiency
in Koshihikari grown under different light conditions.
Silicon Photosynthetic rate  Photosynthetic rate* Apparant light energy
application (gmolm=2s7") (umolmg~'h™") use sfficiency
No shade
Upper — 25.90 212.4 0.025
leaf + 24.65 190.8 0.026
Lower - 6.59 93.4 0.007
leaf + 11.01 104 .4 0.015
Shade
Upper - 17.60 190.8 0.027
leaf + 22.14 201.6 0.022
Lower - 6.24 82.8 0.016
leaf + 9.54 82.8 0.017

Upper leaf, flag leaf
per unit weight (mg) of chlorophyll.

Table 6.

;lower leaf, the 4th leaf from the flag leaf. *, photosynthetic rate

Effects of silicon on transpiration rate and leaf conductance measured

at three different light intensities in Koshihikari grown under different

light conditions.

Silicon Transpiration rate Leaf conductance
application (mmolm~2s71!) (mmolm~2s71)

0 250 1500 0 250 1500

No shade
Upper - 1.75 6.78 9.73 108.3 513.6 826.1
leaf + 1.51 4.92 9.23 97.5 358.0 805.5
Lower - 1.51 2.50 7.90 81.0 214.3 501.4
leaf + 1.16 3.20 5.32 64.4 157.1 332.5

Shade

Upper - 2.61 8.76  11.01 136.3 514.4 665.0
leaf + 2.43 7.86 9.00 134.3  485.0 570.7
Lower - 2.81 4.32 6.93 147.1 228.0 357.1
leaf + 1.89 3.41 7.22 100.8  200.0 399.1

Upper leaf, flag leaf ; lower leaf, the 4th leaf from the flag leaf. 0,250, 1500,

photon flux dencity (umol m-?s7').
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Fig. 3. Effects of silicon on water use effi-
ciency of upper (flag,—-) and lower (the
4th,------ ) leaves of Koshihikari grown
under different light conditions. Measure-
ments were made at 30° C leaf tempera-
ture and 1.9kPa vapour pressure differ-
ence. ®, +Si; T, —Si.
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