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Influence of Site—specific Fertilizer Application Using GPS and Digital Fertility Map
on Rice Yield and Quality

Jeong—Hyun Chi*T,
and In

Jae—Hong Lee*, Hee-Dong Kim*, Byoung—Rourl Choi*, Jung-Soo Park*, Kyung-Yeol Park*,
-Gue Jung**

*Gyeonggi-do Agricultural Research and Extension Services, Hwaseong 445-972, Korea
**National Acamemy of Agricultural Science Rural Development Administration, Suwon 441-857, Korea

ABSTRACT This study was conducted to investigate the
effect of site-specific variable fertilization following digital
fertility map generated from soil analysis on rice growth
and yield. The site-specific application of fertilizer was
implemented by using rice transplanter equipped with side
dressing applicator and global positioning system (GPS).
Coefficient of varation (C.V.) of soil nitrogen content was
reduced after the experiment, and spatial variation of semi-
variogram was reduced. Rice growth from tillering to ripening
stage, plant height, tiller and panicle number increased at
site-specific variable fertilization treatment, and coefficient
variation (C.V.) of each growth characteristics was lower
than those of conventional fertilization treatment. As a
result, fertility in the rice field was more uniform become
of site-specific fertilizer application. Head rice yield of
site-specific application plot increased by 9% (i.e., to from
450 kg/10a to 492 kg/10a of the control plot) and its CV
was significantly reduced to 3.5 compared to 7.8 of the
contro} plot. In addition, there was no significant difference
in amylose, protein contents and whiteness of milled rice,
but its CV was reduced.

Keywords : Site-specific variable fertilization, Digital fertility
map, Soil nitrogen content, Rice growth, Head
rice yield, Protein contents
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Fig. 1. Variable Rate Applicator.
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Table 1. Chemical properties of soil before and after experiment.

Ex.Cat. (cmol'/kg) . N application
Treatment pH OM.  Av.P)Os CEC. Av.SiO; N . oV
1:5 /k me/k + ++ ++ cmol+/k me/k moun V.
(I:5)  (gke) (mghkg) K Ca Mg"” ( g (mgke) ke/l02) (%)
Before 6.7 22 38 0.3 8.7 2.1 13.6 169 10.1 7.2

(8.8-11.3)

Control 9.5

After 6.4 24 54 0.3 7.9 1.9 13.9 146 (8.6-10.4) 4.0
. ... Before 6.6 23 35 03 8.7 2.1 13.7 175 10.2 6.9

Site-specific (8.9-12.1)
fert. Af 64 126 9.0 39
ter . 24 45 0.2 8.0 1.9 13.6 (8.5-9.7) .

*% Cell size: 7.2x15 m.
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Table 2. Spatial dependency index of experimental soil before and after N fertilizer application.

Treatment Nugget Sill Range Q Model
Before 0.394 0.789 66.13 0.501 Exponential
Control :
After 0.133 0.133 31.58 0.000 Exponential
. . Before 0.513 0.514 30.53 0.001 Exponential
Site-specific fert. .
After 0.132 0.132 30.53 0.000 Exponential
A - ] I
msai ! _ s} e . 5
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Fig. 2. Spatial variability and distribution of soil N demand before and after experiment.
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Table 3. Characteristics of rice growth at tillerting stage.

Active tillering stage Maximum tillering stage
Treatment Plant height (cm)  Tillers number /hill  Plant hcightf (cm)  Tiller number/hill SPAD value
Mean C.V.(%) 7 Mean CV.(%) Mean C.V.(%) —Mean C.V.(%) Mean  C.V.(%)
Control 25 53 12.5 28.1 42 42 24.1 18.0 31.8 6.9
Site-specific fert. 28 4.8 14.5 26.7 53% 4.0 42.0* 17.5 36.4% 33

T”‘signiﬁcant at 5% level by the T-test value.

Table 4. Characteristics of rice growth at panicle formation stage.

Treatment Plant height (cm) CV. (%) Tiller number/hill  C.V. (%) SPAD value CV. (%)
Control 62 32 212 17.5 32.0 6.5
Site-specific fert. 74 2.4 289 16.4 32.6 64

Table 5. Characteristics of rice growth at heading stage.

. Plant height (cm) SPAD value
Treatment Heading date
Mean CV. (%) Mean CV. (%)
Control Aug. 22 96 3.5 317 5.7
Site-specific fert. Aug. 20 101 2.6 29.6 5.1

Table 6. Characteristics of rice growth at repening stage.

Treatment Culm length (cm) Panicle length (cm) Panicle number/hill SPAD value
Mean CV. (%) Mean CV. (%) Mean CV. (%) Mean CV. (%)
Control 74 32 194 5.1 19.2 16.1 30.3 5.5
Site-specific fert. 81%* 3.1 17.1 52 24.2* 154 29.1 5.7

*significant at 5% level by the T-test value.
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Table 7. Rice yield and yield components.

sy

wn|o) o3 Fiet FAS RAG AT ¥ 83 2t
W&ol 740k vol W) $¥% F7HEU, 1 9] of
ool Gl R, WER Hejzk 2 Aol g Wolx) o
of B GEU AR tegont dolAeE A W
AEjol A dleh. FEAOE B af wYo) ¥stel WA
Mo B/ RE §BA7IIA B sl 271
L oA%E Suw FoEgdon] BUS g Shou HE
welA Azk Wolt Zol FATE AT 5 U

Alb| =52 £ Him
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Yield (kg/10a)

Panicle Grian Grian  Ripenedgr ain Jrough
Treatment number number/ number/ ain ratio o Wt i & tio Polished  Perfect C.V.of
/2 panicle m> (%) welig rice ratio rice rice Index perfect
(® (%) rice
Control 403 70.1 28,250 852 21.7 83.0 465 450 100 7.8
Site-specific fert. 508%* 61.1 31,039* 86.1 21.5 83.9 518%* 492% 109 35
*significant at 5% level by the T-test value.
Table 8. Characteristics of polished rice quality.
Content (%) .
Treatment - Whiteness
Amylose Protein
Mean 19.2 6.5 36.5
Control
C.V. (%) - 3.0 -
. . Mean 18.9 6.5 36.4
Site-specific fert.
C.V. (%) - 2.1 -
Table 9. Labor saving in fertilizer application. (hour/ha)
L . . Top-dressing application
Treatment Total Basal application  Soil sampling — - ;
tillering stage panicle formation stage
Control 11.8 6.5 0 1.8 3.5
Site-specific fert. 4.6 0.8 3.8 0 0
Saving Ratio(%) 261.0 Ag7.7 100 A100 4100

% Application of Labor hour: A study on the cost reduction of rice production in Korea. 2003. RDA. p47.
% Labor hour of conventional method was calculated based on the hand applications required for basal dressing, fertilization
at tillering and panicle initiation stage, plowing and harrowing by 55-horsepower tractor, and transplanting by ride-on rice

transplanter with 6 pickup forks.
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