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Estimation for N Fertilizer Application Rate and Rice (Oriza sativa L.)
Biomass by Ground-based Remote Sensors

Jae-sig Shim, Joeng-hwan Lee', Su-jung Shin', and Soon-dal Hongl*

Pocheon-city Agricultural Technology Center, Pocheon, Korea

IDepartment of Agricultural Chemistry Graduate School, Chungbuk National University, Cheong-Ju, Korea

A field experiment was conducted to selection of ground-based remote sensor and reflectance indices to
estimate rice production, estimation of suitable season for ground-based remote sensor and N top dressing
fertilizer application rate in 2010. Fertilizer application was determined by 'Fertilizer management standard
for crops" (National Academy of Agricultural Science, 2006). Four levels of N-fertilizer were applied as 0%,
70%, 100% and 130% by base N-fertilizer application and were fertilized as 70% of basal dressing and 30%
as top dressing. Rice (Oryza sativa L.) of Chucheong and Joonam (Korean cultivar) were planted on May 22,
2010 in sandy loam soil and harvested on October 6, 2010. Reflectance indices were measured 7 times from
July 5 to August 23 by Crop circle-amber and red version and GreenSeeker-green and red version. Remote
sensing angle from the sensor head to the canopy of rice was adjusted to 45°, 70° and 90° degree because of
difference in the density of plant and the sensing angle. The reflectance indices obtained ground-based remote
sensor were correlated with the biomass of rice at the eally growth stage and at the harvest with 70° and 90°
degree of sensor angle. The reflectance indices at the 52th Day After Transplanting (DAT) and the 59th DAT,
critical season, were positively correlated with dry weight and nitrogen uptake. Specially NDVI at the 59th
was significantly correlated with the mentioned parameters. Based on the result of this study, INDVI by
GreenSeeker on 70° degree of angle at the 59th DAT in Chucheong and rNDVI by Crop Circle on 70° degree
of angle and gNDVI by GreenSeeker on 70° degree of angle at the S9th DAT in Joonam can be useful for
estimation of dry weight and nitrogen uptake. Moreover, sufficiency index estimated by reflectance index at
the 59th DAT can be useful for the estimation of N-fertilizer level application and can be used as a model for

N-top dressing fertilizer management.
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(Global Positioning System) W X|2] X A|AE] (Geographic
Information System)5= Z-8-3h= 7|&0] &3] A4LE L
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Table 2. Chemical properties of experimental soil.
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Table 3. Biomass and amount of nitrogen uptake by rice at the 68 DAT and the harvest.

b ot at th Harvest
Cultivar N application rate Y ‘gg 1% A"lii e Amount of N Dry weight Panicle weight
uptake

% kg ha’
Chucheong 0 2662a' 33a 4855a 5273a

70 3613b 46ab 6000ab 6541ab

100 3440ab 43ab 5596ab 6519ab

130 5015¢ 55b 6608b 7805b
Joonam 0 2786a 30a 4128a 6197a

70 4104b 41b 5613b 8029ab

100 3764b 45b 5249b 7698ab

130 4311b 48b 5726b 8315b
"Duncan’s multiple range test
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Fig. 1. Relationship between application level of N-fertilizer
and dry weight of rice plant, Chucheong, at the harvest.
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Fig. 3. Relationship between application level of N-fertilizer
and N-uptake by rice plant, Chucheong, at the harvest.

Figure 59} 62 AFUAZA AIAQl GreenSeeker®} Crop
Circle &] &4 ZI=5 o 7l|k=u]2] 90° Zt &, 70° ZH = 1]
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Fig. 2. Relationship between application level of N-fertilizer
and dry weight of rice plant, Joonam, at the harvest.
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Fig. 4. Relationship between application level of N-fertilizer
and N-uptake by rice plant, Joonam, at the harvest.
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different measurement angle during the growth stage of rice.
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Table 4. Correlation coefficient between reflectance index at eady growth stage and dry weight of rice plant at the 68 DAT
affected by different measurement angle of sensor.

Sensor DAT Chucheong Joonam
45 70° 90 45 70° 90
CC-amber 45 0.565 0.591* 0.632%* 0.734%* 0.747%%* 0.887**
52 0.540 0.635* 0.610* 0.809** 0.755%* 0.840%*
59 - - - - - -
67 0.709%** 0.663* 0.745%* 0.639* 0.714%* 0.788%*
CC-red 45 0.503 0.577* 0.315 0.84** 0.775%* 0.842%*
52 0.593* 0.640* 0.546 0.752%* 0.809%* 0.834%**
59 0.633* 0.644* 0.576* 0.617* 0.633* 0.811%*
67 0.580* 0.680* 0.621* 0.564 0.760%** 0.821%*
GS-green 45 0.418 0.488 0.502 0.267 0.662* 0.755*
52 0.256 0.518 0.484 -0.005 0.525 0.748%*
59 0.375 0.430 0.467 0.684* 0.754%* 0.742*
67 0.022 0.426 0.475 0.534 0.358 0.618*
GS-red 45 0.703* 0.641%* 0.623* 0.864** 0.843** 0.930**
52 0.535 0.663* 0.641%* 0.605* 0.671* 0.736**
59 0.533 0.714** 0.699* 0.287 0.643* 0.726**
67 0.405 0.635*% 0.691* 0.549 0.718%* 0.593*

*, ** Significant at the 0.05 and 0.01 probability levels, respectively.
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Table 5. Correlation coefficient between reflectance index at ealy growth stage and dry weight of rice plant at the harvest affected
by different measurement angle of sensor.

Sensor DAT Chucheong Joonam
45 70° 90’ 45 70° 90
CC-amber 45 0.505 0.586* 0.696* 0.527 0.497 0.729%*
52 0.656* 0.652% 0.589%* 0.653* 0.674%* 0.689*
59 - - - - - -
67 0.591%* 0.426 0.668* 0.720%* 0.743** 0.808%*
82 0.629* 0.696* 0.743%* 0.740%* 0.722%* 0.685*
88 0.704* 0.645% 0.735%* 0.738%* 0.657* 0.719%*
94 0.712%* 0.730%* 0.748%* 0.752%* 0.761** 0.773%*
CC-red 45 0.573 0.577* 0.077 0.740%* 0.594* 0.799%*
52 0.487 0.619% 0.435 0.603* 0.705%* 0.721%*
59 0.722%* 0.602* 0.648%* 0.691* 0.619* 0.720%*
67 0.392 0.654* 0.653* 0.597* 0.808** 0.736%*
82 0.596* 0.600* 0.675% 0.732%* 0.697* 0.780%*
88 0.737%* 0.545 0.745%%* 0.726** 0.746%* 0.686*
94 0.700* 0.707* 0.775%* 0.727%* 0.542 0.753%*
GS-green 45 0.705%* 0.565 0.509 0.074 0.410 0.509
52 0.530 0.473 0.711%* -0.079 0.543 0.765%*
59 0.054 0.358 0.428 0.589* 0.889** 0.667*
67 -0.120 0.321 0.556 0.515 0.362 0.461
82 0.235 0.444 0.696* -0.149 0.412 0.681*
88 -0.008 0.268 0.168 -0.010 0.313 0.659*
94 -0.086 0.776%* 0.357 0.398 0.486 0.864%*
GS-red 45 0.572 0.669* 0.698* 0.797** 0.719%* 0.860%*
52 0.722%* 0.704* 0.674%* 0416 0.611* 0.668*
59 0.704* 0.753%* 0.796** 0.180 0.746%* 0.673*
67 0.452 0.693* 0.748%* 0.345 0.824** 0.688*
82 0.796%* 0.793%* 0.765%* 0.381 0.680* 0.589*
88 0.592%* 0.807** 0.702* 0.309 0.917** 0.817%*
94 0.574 0.758%* 0.665* 0.456 0.815%* 0.767**

*, ** Significant at the 0.05 and 0.01 probability levels, respectively.

Table 6. Comrelation coefficient between reflectance index at the 52 DAT as a critical season for recommendation of panicle
topdressing of fertilizer and biomass at the harvest.

Angle Sensor Index N-uptake DW }\::;:}11? N-uptake DwW Panicle weight

---------------- Chucheong ---------------- B e [010)17:11) S

45 CC-amber NDVI 0.665* 0.656* 0.330 0.602* 0.653* 0.523
CC-red NDVI 0.473 0.487 0.350 0.593* 0.603* 0.473

GS-green NDVI 0.609* 0.530 0.307 0.144 -0.079 -0.142

GS-red NDVI 0.768** 0.722%* 0.434 0.454 0.416 0.274

70 CC-amber NDVI 0.636* 0.652%* 0.352 0.702%* 0.674%* 0.536
CC-red NDVI 0.676* 0.619* 0.429 0.665* 0.705* 0.551
GS-green NDVI 0.494 0.473 0.265 0.608%* 0.543 0.621%*

GS-red NDVI 0.728%* 0.704* 0.494 0.670%* 0.611%* 0.545

90 CC-amber NDVI 0.639* 0.589* 0.418 0.637* 0.689%* 0.570
CC-red NDVI 0.472 0.435 0.386 0.666* 0.721%** 0.584*
GS-green NDVI 0.750** 0.711%* 0.308 0.740** 0.765%* 0.625*
GS-red NDVI 0.736%* 0.674%* 0.525 0.673* 0.668%* 0.581%*

* **%  Significant at the 0.05 and 0.01 probability levels, respectively.



756 AAA - o] g gt

o
>
v

Table 7. Correlation coefficient between reflectance index at the 59 DAT as a critical season for recommendation of panicle

topdressing of fertilizer and biomass at the harvest.

Angle Sensor Index N-uptake DW I:j;g}lj N-uptake Dw Panicle weight
---------------- Chucheong ---------------- -m-memmmeme———- JOONAM ----------------
45 CC-amber NDVI - - - - - -
CC-red NDVI 0.761%* 0.722%%* 0.486 0.725%** 0.691%* 0.552
GS-green NDVI 0.060 0.054 0.360 0.652* 0.589%* 0.509
GS-red NDVI 0.757** 0.704* 0.404 0.261 0.180 0.278
70 CC-amber NDVI - - - - - -
CC-red NDVI 0.655%* 0.602* 0.499 0.653* 0.619* 0.465
GS-green NDVI 0.380 0.358 0.312 0.886%** 0.889** 0.898**
GS-red NDVI 0.777** 0.753%%* 0.531 0.847** 0.746** 0.605*
90 CC-amber NDVI - - - - - -
CC-red NDVI 0.666* 0.648* 0.416 0.669* 0.720** 0.585*
GS-green NDVI 0.503 0.428 0.313 0.672* 0.667* 0.661*
GS-red NDVI 0.827** 0.796** 0.602* 0.734** 0.673* 0.577*
ko ckek

R Significant at the 0.05 and 0.01 probability levels, respectively

Table 8. Coefficient of determination (R’) between reflectance index at the 52 and 59 DAT and dry weight of rice at the harvest.

Sensor-reflectance DAT Chucheong Joonam

index 45° 70° 90° 45° 70° 90°

CC-aNDVI 52 0.587 0.591 0.489 0.443 0.466 0.477
59 - - - - - -

CC-rNDVI 52 0.351 0.562 0.324 0.365 0.502 0.525
59 0.642 0.445 0.486 0.565 0.383 0.521

GS-gNDVI 52 0.281 0.225 0.505 0.311 0.332 0.605
59 0.422% 0.513* 0.245 0.353 0.790 0.475

GS-rNDVI 52 0.523 0.637 0.534 0.177 0.382 0.490
59 0.496 0.751* 0.692 0.056 0.574 0.521

* 5 P<0.05

Table 9. Coefficient of determination (Rz) between reflectance at the 52 and 59 DAT and amount of N uptake by rice at the

harvest.

Sensor-reflectance DAT Chucheong Joonam

index 45° 70° 90° 45° 70° 90°

CC-aNDVI 52nd 0.610 0.574 0.580 0.369 0.495 0.410
59th - - - - - -

CC-rNDVI 52nd 0.377 0.668* 0.427 0.353 0.453 0.444
59th 0.706 0.542 0.506 0.648 0.450 0.448

GS-gNDVI 52nd 0.374 0.248 0.563 0.113 0.371 0.550
59th 0.445%* 0.631%** 0.315 0.426 0.806 0.485

GS-rNDVI 52nd 0.591 0.660 0.622 0.210 0.450 0.480
59th 0.575 0.783* 0.766 0.088 0.731 0.568

* %% . P<0.05 and P<0.01, respectively.
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