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Evaluation of Plant Available Nutrient Levels Using EC Monitored
by Sensor in Pepper and Broccoli Soil

Su Kyeong Sin', Jeong Yeon Kim', and Jin Hee Park’*
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Abstract. For appropriate nutrient management and enhanced plant growth, soil sensors which reflect soil nutrient
levels are required. Because there is no available sensor for nutrient monitoring, electrical conductivity (EC) sensor
can be used to evaluate soil nutrient levels. Soil nutrient management using EC sensors would be possible by
understanding the relationship between sensor EC values and soil temperature, moisture, and nutrient content.
However, the relationship between soil sensor EC values and plant available nutrients was not investigated. Therefore,
the objectives of the study were to evaluate effect of different amount of urea on soil EC monitored by sensors during
pepper and broccoli cultivation and to predict the plant available nutrient contents in soil. During the cultivation
period, soil was collected periodically for analyzing pH and EC, and the available nutrient contents. The sensor EC
value increased as the moisture content increased, and low fertilizer treated soil showed the lowest EC value. Principal
component analysis was performed to determine the relationship between sensor EC and available nutrients in soil.
Sensor EC showed a strong positive correlation with nitrate nitrogen and available Ca. In addition, sum of available
nutrients such as Ca, Mg, K, P, S and N was positively related to the sensor EC values. Therefore, EC sensors in open
field can be used to predict plant available nutrient levels for proper management of the soil.

Additional key words: EC sensor, nitrate, precision agriculture, smart farm
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1. 12} HEEE| ¥5 H H=E X2

13 Capsicum annuum L.) = Fe}HEE J-SA1Q) %] 32
Aol AAl5te] 4719(22.04.30 —22.09.16)7F A3k
9 4~ H]Z 2}monoammonium phosphate(MAP) & 113 &
AlH|=HKorea Soil Information System, 2023)¢f] w2} 10
of| Uro] | e = A 2sitt. A2 F-2-sto] AlR[st
A ggron] 24 Aelcontrol), SEEE A2 low
water)= A 20} 18- 747122 8¢ N-m™, 23.8¢ P-m™ & A2
SISk 4R Aelpe] siabelis 792 Aslel %
2o] ~100kPa |5k GA| S =S Sj9ick. i 27
(low fertilizer):= Q4 H| g2+ X 2|5}A] &1l MAPE 23.8g
P22 108] thro] T Aejsieion wgmie) AaiT
(high fertilizer)+= 24 H|2E EF AJH|ZFQ] 312l 68.4g
N-m?2 #2]s}al MAPE 23.8g P-m~ 2 %] &]5}5ch.

B 2Z8)(Brassica oleracea var. italica)~— =28kl B
i) 2] Aol R A1EH0] 1025(23.04.10— 23.06.15)7F
A3l v B B E2E8] 13 AJH|FHKorea Soil Infor-
mation System, 2023)0]| w2} 2 Hol U0 @ 4 v w7 e} &3}
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0|23 EY EC 2L EZ
2he Al 73St AAE ARESEo] EFl ECE R
Gt 7 el ot 2Eat 2 Alo] mof o RR
oF 10cm Zlo]o]l TEROS 12 AlA(METER Group, USA)
= A1l AlA= ZL6 dloje] 2A4(METER Group,
USA)ol| 2 sto] =oFe] 4B fe £, bulk EC gk st
o) MM 2 FAl0] 27k ick 2 ghe v 15 Rt 524
ST, e Qi T EC AAGEe) vl g 1) 2
FREC gk & Tl disto] A5kt

2. MM

3. nxet HEEd EY 24

A% 6 mepe] 713 B RS Sfaf e Bk 27
3 5 2mm AS T BAo) AL RS 5%
sodium hexametaphosphate -89} © 2 EALA|A H|SAH| S o]
23] EA-S A3 tHGee 2} Bauder, 1979). EQF2] pHR}
ECE S4s17] ffall =4 Sgoll 25 25mLE 76t
180rpm A 3027t RIS g & Eofo] 7ot e s
Ax]slal pH/conductivity meter(A215 pH/Conductivity
Benchtop Multiparameter Meter, Thermo-Fisher Scientific,
USA)E AM510] et 223 819| pHEL ECE 2%
319t} EOF 9] 31k Walkley-Black Ho whe} 21}
AT Walkley &} Black, 1934). G- 8] 24 Stk 542 95
AZBIR| Y2 EQF2¢0)| 2 M KC1 20mL-E 3 7}81] 180rpm
oA 3027 F=5I3Iet 5T -8-912-0.45um A | ZE
2 oJ73t & indophenol-blue 3} VCI(IIT)-reduction o]
ute} zizt emise) W A4 A2 e BAsin
(Novamsky -5, 1974; Doane¥} Horwath, 2003). 1159} 2
232 ;mok0] 7|2 54 B4 ATH=Table 10 LERck

3o} Bse] A4 3 AR AAE AT
o] EGE F71A 08 fFsto] 1:5 FEV O 2 pHFECE

Table 1. Physicochemical properties of pepper and broccoli cultivated soils.

. EC Organic matter NH,"-N NO;-N
Soil Texture H i . .
P (uS-em™) (%) (mgkg) (mgkg")
Pepper Loamy sand 6.9 162.8 0.48 28.3 232
Broccoli Sandy loam 6.4 584 0.81 7.28 0.74
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Fig. 1. Soil EC and water content of pepper (A) and broccoli (B) soil monitored by sensor.
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Fig. 3. Exchangeable element contents of soil treated with different amount of urea during broccoli cultivation. (A) Ca, (B) Mg, (C) K, (D) NH,'-N,
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Table 2. Factor loadings and total variance explained by the rotated principal components.

PC1 PC2 PC3 PC4
Sensor EC 0.762 -0.259 -0.217 -0.279
Ca 0.663 -0.222 0.458 -0.313
Mg -0.320 0.453 0.691 -0.023
P -0.513 0.244 -0.312 0.004
K -0.158 0.875 -0.075 0.041
S 0.776 0.109 0.301 0.079
NH,-N 0.570 0.281 -0.537 0219
NO;™-N 0.714 -0.273 -0.358 0.028
sum 0.805 0.303 0.293 -0.133
pH 0.145 0.575 -0.269 -0.503
EC 0.456 0.790 -0.056 0.090
CEC 0451 0.035 0.147 0.785
Eigenvalue 3.928 2.360 1.527 1.128
Variability (%) 32.732 19.671 12.725 9.398
Cumulative (%) 32.732 52.403 65.128 74.526

The bold value indicates loadings greater than 0.5.
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Fig. 4. Biplot of PC1 and PC2 for sensor EC, soil exchangeable nutrients and soil pH and EC under different amount of urea applications (pepper: P,
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