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Rice Yield and Changes of Available Silicate in Paddy Soils from Long-term
Application of Chemical Fertilizers and Soil Amendments

Myung-Sook Kim*, Yoo-Hak Kim, Byung-Keun Hyun, Jae-E Yangl, Yong-Seon Zhang, Hong-Bae Yun,
Yeon-Kyu Sonn, Ye-Jin Lee, and Sang-Keun Ha

National Academy of Agricultural Science, Suwon 441-707, Korea

lDepartment of Biological Environment, Kangwon National University, Chunchon, Korea

The changes of available silicate (Avail. SiO,) contents in paddy soils (sandy loam) were assessed from data
of the 41 years fertilization plots in which the continuous rice cropping experiment started in 1954 at the
National Academy of Agricultural Science. The treatments were no fertilization (O), inorganic fertilization
(NPK), inorganic fertilizer plus rice straw compost (NPK+C), inorganic fertilizer plus silicate fertilizer as a
soil amendment (NPK+S), inorganic fertilizer plus rice straw compost and silicate fertilizer (NPK+CS) and
inorganic fertilizer plus rice straw compost, silicate fertilizer and lime (NPK+CSL). Available silicate
contents in NPK+S, NPK+CS and NPK in surface soil reached at the highest content (255~ 330 mg kg'l) after
41 years and then levelled off. Available silicate contents in subsurface soil (25~30 cm) were higher in
NPK+C and NPK+S treatments than those in other treatments. Continuous application of silicate fertilizer
affected significantly on the levels of available silicate in surface and subsurface soils. Silicate uptake of top
rice was more increased by 98% in NPK+CS and NPK+CSL over NPK. Grain yield also increased by 37~
47%in NPK+CS and NPK+CSL as compared to NPK. The combined applications of inorganic fertilizers with
silicate as a soil amendment are recommended as the best fertilization practice for fertilizer use efficiency,

enhancement of soil fertility status in the continuous rice cropping system in Korea.
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S7V8FAaL, =EFY faE AT S 2007 doll= 126 g
kg 'O 19950 72 mg kg 'Ert 1.8v]2 FA| F7I5H
=]gJth (RDA, 2003; Kim et al., 2010),
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Rice cultivar

Paldael Jinheoung Milyang 23 Daechung Samkwang I
N-P,05K,0 kg ha'l
| 75-75-75 100-75-75 150-86-86 | 110-70-80 |
N fertilizer f _ 5
| Ammonium sulphate |
K fertilizer i

Murate of potash |
P fertilizer H
Double superphosphate Super Fused and superphosphate
phosphate

Compost .

| Rice straw compost (7.5Mg ha-1)

Si0, fertilezer

I Calcium silicate (2 Mg ha™),

Silicate fertilizer (2 Mg ha™) |

Lime

I Calcium hydroxide (Lime requirement equivalent pH 6.5) |

Fig. 1. Chronological application of chemical fertilizers and rice cultivated.
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Table 1. Mean pH, available phosphate and exchangeable cations in different periods.

. . Exch. Cation
Treatments Periods pH oM Avail. P,Os K Ca Me
(1:5) g kg’1 mg kg'1 ---------------- cmol. kg’1 ----------------
[ (1-12 years) 51d" 17a 123a 0.09a 2.7¢c -
II (13-24 years) 5.6bc 20b 85b 0.14a 3.3bc 0.7b
No fert. I (25-36 years) S4c 21b 65¢ 0.13a 3.3bc 0.5¢
IV (3748 years) 5.7b 21b 47d 0.11a 3.9ab 0.7ab
V' (49-56 years) 6.3a 19ab 32e 0.10a 4.5a 0.8a
[ (1-12 years) 5.0c - 150c 0.10a 2.9bc -
II (13-24 years) 5.4b 20a 186bc 0.15a 3.1bc 0.7a
NPK IT (25-36 years) S.1c 21ab 215ab 0.12a 27c 0.4b
IV (3748 years) 5.4b 22a 237a 0.11a 3.5ab 0.7a
V' (49-56 years) 5.8a 20bc 164c 0.12a 4.2a 0.8a
I (1-12 years) S.1c 2la 162¢ 0.11a 4.0b -
II (13-24 years) 5.5b 25b 225b 0.16a 4.0b 0.9a
NPK+C IT (25-36 years) 5.3bc 29%¢ 291a 0.17a 3.7 0.6b
IV (3748 years) 5.4b 33d 320a 0.15a 3.3ab 0.8a
V (49-56 years) 5.9a 29¢ 195bc 0.13a 5.0a 0.9a
I (1-12 years) - - - - - -
IT (13-24 years) 6.1b 20ab 201a 0.13a 4.7b 0.6b
NPK+S I (25-36 years) 5.8b 22a 214a 0.13a 5.4b 0.4c
IV (37-48 years) 6.1b 23a 220a 0.12a 5.6ab 0.9a
V (49-56 years) 6.6a 21ab 154b 0.12a 6.6a 0.9a
[ (1-12 years) - - - - - -
II (13-24 years) 6.0b 24a 217c 0.16a 6.0a 0.9
NPK+CS I (25-36 years) 6.0b 30b 266b 0.17a 6.7a 0.5¢
IV (3748 years) 6.2b 31b 302a 0.14a 6.1a 0.9ab
V' (49-56 years) 6.5a 30b 212¢ 0.13a 7.1a l.1a
I (1-12 years) - - - - - -
II' (13-24 years) 6.3b 25a 202¢ 0.14a 7.6a 1.1ab
NPK+CSL IT (25-36 years) 6.3b 31b 246b 0.14a 84a 0.6c
IV (3748 years) 6.4b 34c 271a 0.16a 7.4a 1.0b
V' (49-56 years) 6.9 31b 195¢ 0.14a 8.6a 1.3a

"Means in a column followed by the same letter were not significantly different at 5% level of DMRT.
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EERRPEIREN EEPE L E R ECE S
1ol BQE|ol] BroE FAHc,

TETL RO HEt e A HRE Y
A

Aoz AgEAS o E (0~15 cm)oll Al FRETFAF T
Ao g %7}8}3'14 (Fig. 2). T HIRE EYT
F 4—§=]-7HF/1::[L)0]]A1 1989L% (21

\RAE, 1 o5 R E= w48 S7tsto] 42Lﬂx}ﬂL
20090l = SaFArgHEFo] AT 255~333 mg kg 7HA|
EoAL oA FAAL S H2E AGSIAL E4%
1969 9] qHAtH] & A2t (FARE, AR SN, 9
Mg o] Fastiketgol vlsl 72 3.3~4.20) 53 &
olqltt. o|FA Eoko] qralgRke] A SHA S7lek= ol
= 1968AHE 1989 7] FHAREH O] 10%%] 184S Al
g3t ou, 19904 o]Fofl= 25%0] FAME BH|EE thA|E]
7] wizoleh, FRNETO] fragtAl S A E]
b Ao O] fa AL SR eh e 1 5u) =Sk
om, oA AR o]9of ¥ FE= fUIER &
A 3]of FAEO] 22t 4.5%, 0.7%2 © T-FE o] 7]
2oz wekEh 22|l of2fdk Al S Ed ek
(NIAST, 2006) 2Hz'd AH[AH7] =] AIAIE Faftike]
2 H 9] (157~180 mg kg ) .U} 1. 58] ~2 vl w2 sk
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Fig. 2. Changes of available silicate with continuous
applications of five different fertilizer treatments from
1968 to 2009.
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A RS ALESHA] G2 ThE T (I 384 U
AE P AE 20099 (42d2P ] SFFA FHES B
Koz GOt Aozt fglom Pghe 58-89 mg ke
o el A o] g2 FrEtAk She HE22 A%
1968 YA FrEcE AFELE Fulto A= vl st
FololaL, 3aaelA= 2pol7t glglon, HHERT=
23] 0.8uff Aot Follth. Yang et al. (201002 %1
SollA HREH] 10 Mg ha 'E 304 A7|7F A8 u) 32
etol] Hlah R Eu|el A A FHFO] 81 mg kg o
A 116 mg kg ' O2 oA wobHrkal Barghl, & o
ANk Adolataltt. ofeh T Afol= 2 Aol o8
¥ EAo] BEoRS ZIME ASFER HjSL of7t kEsl
o wWE) 02 ARE (WAM AYER Higrt
oFt =Bl Fp/del ot Lol wlEl HER gtk
o] B& & EEe EYEA teos FAHE

Ve SIch (Fig. 3).
2 Aet F GrAREL}E SN 9 A
H 25 FYSHA] 2 (Fu|+, 384T, HREH])9
FZio7F 0~20 ecm7HA] Zojd45
o} ARLe} E3EELe] BE (0~20
em)o A FEFAF Tk Z217F 309, 314 mg kg ' O.& 714
E9kal, I tho R FH|F (108 mg kg HR.LH 3847
o} WRIEH]| Lo A] 60, 59 mg kg ' O.&2 7 Wkt 394
Tob R EHG7L fH|FETE W2 ol R o] F ATt
7h i B ASEFo] Fhalate] Hlgl] Zlow, 1ot Al B
F F FAEFARS Wol F45157] wiEolet of AR, 4t
A v EE FUT F R SR Ol AE O 20
em) F FETAL S EE (172~198 mg kg ) ETH Wk
o}, 394t YIFE R ofF 9 1l f=Qkal, Fulath
Ch= 1641 =Tt ol2igh Avl= v AuiE flsl LA7|17E

57]:3].& 7&161:0]
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Fig. 3. Distribution of available silicate in the soil profile
after forty-two years of the continuous fertilization
experiments.
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Fig. 4. Average uptake of silicate by above-aerial part of
rice under continuous application of chemical fertilizer
and compost from 1987 to 2009.

"Relative uptake of NPK treatment and Means in a column
followed by the same letter were not significantly different
at 5%1level of DMRT.

S S GA|FFO 2R HESOL BAjof| 4284 A
He I SEES] tEos Y2 EC, Jian and Eiichi
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1%, B8] - AL} Z3Peal= 97~98%5 T S581=
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B EH]) L] BEOF 2= Q1A SRS 50 mg kgﬂgE
FHIT (56 mg kg )ETH EolE E?LOPJ- w7
B JRARS] oFS AbGEE] wiolt) o] AL HAIEH| 2 E9)
Bl AR OFS 1T OF 12 ton ha 'O o5 Fof oF
50%= 54=5F Ao 2 et 1831 Matsuo et al (1976)
< 49 Shiga =Y FPAFHNA s A71A8
(1933~1973) 24 Aol W7} 40 5% S8 4k
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£ A8 A5 Ao whEt 2ol AR 384
uls) BEA R 71~19% HEO| o] FrAta st
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Table 2. Average grain yield by rice under continuous
application of chemical fertilizer and compost from 1954
to 2009.

Treatments Grain yield Relative index”
Mg ha' %
No fert. 3.68 + 0.77¢" 76
NPK 549 + 0.60d 100
NPK+C 6.04 + 0.74c 125
NPK+S 6.62 + 0.6% 137
NPK+CS 7.02 + 0.71ab 145
NPK-+CSL 7.08 + 0.65a 147

"Means in a column followed by the same letter were not
significantly different at 5% level of DMRT.
“Relative yield of NPK treatment.
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