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This study was conducted to evaluate the amount of nitrogen (N) top dressing based on the normalized
difference vegetation indices (NDVI) by ground based sensors for leaf perilla under the polyethylene house.
Experimental design was the randomized complete block design for five N fertilization levels and conventional
fertilization with 3 and 4 replications in Gumsan-gun and Milyang-si field, respectively. Dry weight (DW),
concentration of N, and amount of N uptake by leaf perilla as well as NDVIs from sensors were measured
monthly. Difference of growth characteristics among treatments in Gumsan field was wider than Milyang.
SPAD-502 chlorophyll meter reading explained 43.4% of the variability in N content of leaves in Gumsan
field at 150" day after seedling (DAS) and 45.9% in Milyang at 239" DAS. Indexes of red sensor (RNDVI))
and amber sensor (ANDVI) at 172" day after seedling (DAS) in Gumsan explained 50% and 57% of the
variability in N content of leaves. RNDVI and ANDVI at 31"DASin Milyang explained 60% and 65% of the
variability in DW of leaves. Based on the relationship between ANDVI and N application rate, ANDVI at
172" DAS in Gumsan explained 57% of the variability in N application rate but non significant relationship in
Milyang field. Average sufficiency index (SI) calculated from ratio of each measurement index per maximum
index of ANDVI at 172" DAS in Gumsan explained 73% of the variability in N application rate. Although the
relationship between NDVIs and growth characteristics was various upon growing season, SI by NDVIs of
ground based remote sensors at top dressing season was thought to be useful index for recommendation of N
top dressing rate of leaf perilla.
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Relationship between the amount of nitrogen fertilizer applied and ANDVI (A) and sufficiency index by ANDVI (B).
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Introduction
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Materials and Methods

T R XM2|eE 2 AIFS dEH AR
wrakt oA AASISIT. T AR 71 (Gacheon
coarse loamy over sandy skeletal, mixed, mesic family of
Fluvaquentic Endoaquepts) 0.2 X EE AFER I Lok
AlE EALL 714% (Gangseo coarse loamy, mixed, nonacid,
mesic family of Aquic Fluvaquentic Eutrudepts) 0.2 ¥ &
o@a@q A8 A =g %al:@}ﬂa 27.©. Table 17}
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Table 1. Physico-chemical properties of surface soil for the experimental sites.

. Particle Size
; ¥ ¥ Avail. Exch. cation ¢ T
Site pH EC OM" NOs-N NH;-N PO CEC’ Distribution
e Ca Mg Sand  Silt  Clay
(1:5 dS m' gkg' mgke' mgkg' mgkg' e emol. kg %
Gumsan 6.2 053 172 16.0 1.7 755 0.30 7.7 2.1 103 674 244 82
Milyang 6.2 0.09 175 5.0 3.0 507 0.16 6.4 1.2 144 430 425 145

Opti
PUMUM 6065 =<2 2030 - ;
level

250~350 0.40~0.60 5.0~6.0 1.5~2.0 10~15 - - -

'EC: Electrical conductivity, ‘OM: Organic matter, SCEC: Cation exchange capacity.
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Table 2. Treatment levels of compost and nitrogen fertilizer.

Gumsan Milyang
Treatment Basal fertilization Top dressing Basal fertilization Top dressing
Compost Nitrogen Nitrogen Compost Nitrogen Nitrogen
Mg 1Y — kg (Y —— Mg T — kg (Y Y ——
N-0% 10 0 0 20 0 0
N-50% 10 20 47 20 23 53
N-100% 10 40 94 20 45 105
N-150% 10 60 141 20 68 158
N-200% 10 80 188 20 90 211
Conventional 20 0 208 20 31 313
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Table 3. Growth characteristics of leaf perilla at each sampling date in Gumsan polytunnel house.

Sampling date

Characteristics Statistics
09/30 10/16 12/01 01/14 02/05 03/05 04/08
kg ha
Minimum 306 474 808 966 998 1,151 1,288
Maximum 616 747 1,578 1,587 2,043 2,430 2,816
Dry weight of shoot Average 494 603 1,179 1,314 1,535 1,796 2,067
St. Dev. 90 82 229 178 329 324 406
C.V. (%) 18.3 13.6 19.4 13.6 21.4 18.0 19.7
%
Minimum 43 4.0 3.6 2.3 2.6 2.3 1.6
Maximum 52 4.9 5.6 4.5 43 5.0 4.5
N content in leaves Average 4.7 44 4.8 3.7 35 3.7 2.6
St. Dev. 0.3 0.3 0.5 0.7 0.6 0.9 0.9
C.V. (%) 5.4 6.3 10.4 19.4 17.7 24.9 33.7
kg ha™
Minimum 10.6 13.9 16.0 11.8 7.8 12.6 12.2
Maximum 22.7 25.2 423 36.7 28.7 429 46.7
N uptake of shoot Average 18.1 18.4 27.0 22.5 18.5 272 24.0
St. Dev. 33 3.0 7.5 6.7 6.0 8.5 10.0
C.V. (%) 18.2 16.5 27.7 29.8 32.2 31.1 41.8
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Table 4. Growth characteristics of leaf perilla at each sampling date in Milyang polytunnel house.

Sampling date

Characteristics Statistics

10/15 12/02 01/13 02/04 03/04 04/07 05/11

kg ha™
Minimum 449 959 1,717 1,759 2,675 2,575 3,625
Maximum 692 1,834 3,803 3,864 4,818 4,554 6,344
Dry weight of shoot Average 576 1,282 2,407 2,871 3,357 3,583 4,991
St. Dev. 61 194 486 517 469 510 780
C.V. (%) 10.6 15.1 20.2 18.0 14.0 14.2 15.6

%

Minimum 43 3.6 3.5 32 4.0 3.9 4.0
Maximum 5.5 4.6 5.2 4.1 49 49 4.7
N content in leaves Average 4.9 4.1 43 3.7 44 44 43
St. Dev. 0.3 0.2 0.4 0.3 0.2 0.3 0.2
C.V. (%) 5.5 59 10.3 6.8 5.6 6.6 5.1

kg ha
Minimum 17.2 27.8 34.6 32.9 46.1 41.3 50.1
Maximum 26.8 48.7 833 66.5 93.1 88.9 125.8
N uptake of shoot Average 21.8 36.3 54.0 51.3 64.4 67.1 82.1
St. Dev. 23 5.6 12.7 10.8 12.5 13.9 19.6
C.V. (%) 10.7 15.4 23.5 21.0 19.4 20.8 23.8

Table 5. Conrelation coefficients between sensing data and growth characteristics at each sampling date in Gumsan experimental
field.

Sensing or sampling date

Growth characteristics

09/30 10/16 12/01 01/14 02/05 03/05 04/08
SPAD 502 Chlorophyll meter readings
DW-Leaves 0.434 0.396 -0.144 -0.022 0.234 -0.321 0.748**
DW-Total 0.496* 0.446 0.051 0.405 -0.008 -0.321 0.729%*
N content in leaves 0.449 -0.133 -0.309 0.659** 0.587* 0.552* 0.548*
N uptake of leaves 0.560* 0.240 -0.285 0.678%* 0.495* 0.307 0.873**
Total N uptake 0.549* 0.343 -0.297 0.599%* 0.497* 0.279 0.836%*
Yield -0.189 0.541 0.138 0.699%* 0.286 -0.283 0.485*
RNDVIs from CropCircle red version sensor
DW-Leaves 0.599%* - - -0.152 0.374 0.031 0.522%
DW-Total 0.506* - - 0.197 0.324 0.258 0.610%*
N content in leaves 0.140 - - 0.601** 0.747%* 0.621** 0.430
N uptake of leaves 0.495% - - 0.567* 0.733%* 0.574* 0.622%*
Total N uptake 0.486* - - 0.601%* 0.717%* 0.565* 0.592%*
Yield 0.758%* - - 0.575% 0.411 0.206 0.184
ANDVIs from CropCircle amber version sensor

DW-Leaves 0.605%* 0.831%* 0.218 -0.103 0.296 0.043 0.537*
DW-Total 0.430 0.752%* 0.154 0.352 0.260 0.291 0.633%*
N content in leaves 0.221 0.271 0.591%* 0.643%* 0.790%* 0.615%* 0.433
N uptake of leaves 0.537* 0.763%* 0.478* 0.636%* 0.690%* 0.575% 0.632%*
Total N uptake 0.455 0.800%* 0.444 0.702%* 0.708** 0.556* 0.606**

Yield 0.662** 0.611** 0.350 0.694** 0.366 0.220 0.236
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Table 6. Correlation coefficients between sensing data and growth characteristics at each sampling date in Milyang experimental

field.

Growth characteristics

Sensing or sampling date

10/15 12/02 01/13 02/04 03/04 04/07 05/11
SPAD 502 Chlorophyll meter readings
DW-Leaves 0.497* -0.106 0.016 0.418* - 0.493* 0.309
DW-Total 0.448* 0.195 0.266 0.211 - 0.523%* 0.253
N content in leaves 0.149 -0.222 0.463* 0.350 - 0.262 0.677**
N uptake of leaves 0.284 -0.212 0.164 0.517** - 0.505%* 0.470%*
Total N uptake 0.423* 0.029 0.373 0.405* - 0.568%* 0.357
Yield -0.137 0.112 0.037 -0.164 - 0.014 -0.410
RNDVIs from CropCircle red version sensor
DW-Leaves 0.776%* - 0.281 0.013 -0.331 -0.057 0.083
DW-Total 0.759%* - 0.175 0.293 -0.314 -0.193 0.097
N content in leaves 0.043 - 0.171 0.355 -0.306 -0.096 0.076
N uptake of leaves 0.606** - 0.340 0.188 -0.382 -0.083 0.089
Total N uptake 0.501* - 0.256 0.325 -0.450* -0.201 -0.018
Yield 0.399 - -0.301 0.026 0.150 0.006 -0.298
ANDVIs from CropCircle amber version sensor
DW-Leaves 0.804** -0.097 0.219 -0.055 -0.371 0.005 -0.032
DW-Total 0.849%* -0.397 0.114 0.267 -0.264 -0.207 0.001
N content in leaves -0.056 -0.070 0.154 0.364 -0.315 -0.082 0.035
N uptake of leaves 0.558%* -0.123 0.276 0.134 -0.416* -0.028 -0.022
Total N uptake 0.548%* -0.447* 0.185 0.292 -0.448* -0.183 -0.130
Yield 0.367 -0.233 -0.280 0.001 0.243 -0.042 -0.302
as a5
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Fig. 1. Relationship between N content in leaves and SPAD-502 Chlorophyll meter readings on Jan. 24 in Gumsan (A) and
Milyang (B) experimental fields.
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Fig. 2. Relationship between nitrogen content in leaves and reflectance indices at 172th day after seedling (Feb. 05) in Gumsan
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