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Abstract. Plant growth and development are also affected by root-zone environment. Therefore, it is important to
consider the variables of the root-zone environment when establishing an irrigation strategy. The purpose of this study
is to analyze the relationship between the volumetric moisture content (VWC), Bulk EC (ECb), and Pore EC (ECp)
used by plant roots using FDR sensors in two types of rockwool media with different water transmission
characteristics, using the method above this was used to establish a method for collecting and correcting available
root-zone environmental data. For the experiment, two types of rockwool medium (RW1, RW2) with different
physical characteristics were used. The moisture content (MC) and ECb were measured using an FDR sensor, ECp
was measured after extracting the residual nutrient solution from the medium using a disposable syringe in the center
of the medium at a volumetric moisture content (VWC) of 10 — 100%. Then, ECb and ECp are measured by supplying
nutrient solution having different concentration (distilled water, 0.5 — 5.0) to two types of media (RW1, RW2) in each
volume water content range (0 to 100%). The relationship between ECb and ECp in RW1 and RW2 media is best
suited for cubic polynomial. The relationship between ECb and ECp according to volume moisture content (VWC)
range showed a large error rate in the low volume moisture content (VWC) range of 10— 60%. The correlation
between the sensor measured value (ECb) and the ECp used by plant roots according to the volumetric water content
(VWC) range was the most suitable for the Paraboloid equation in both media (RW1, RW2). The coefficient of
determination the calibration equation for RW1 and RW2 media were 0.936, 0.947, respectively.

Additional key words: calibrated equation, FDR sensor, electrical conductivity (EC), moisture content (MC), rockwool,

volumetric water content (VWC)
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Fig. 1. Compare of vertical sections of the two media used in the experiment. RW1(A), RW2(B) mean rockwool 1, rockwool 2, respectively.
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Volumetric water content (VWC) = (Eq. 1)

Wet substrate weight (g) — Dry substrate weight (g)
Container volume (mL)
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Table 1. Compare of physical characteristics of media used in the experiment.

Max. water Initial gravity =~ Max. water

Substrate (LWS"Pllzemm) VOlu(nAlj @) Welg(l];t) ko) Densztg/ﬁ;]./g) holding capacity (L) P(Zg)/ilﬁlof)?)) drainage (L) content (%)
© D) [(C-DyC = 100]

RWI1* 1000 x 150 x 75 11.25 0.7263 64.5 9.7967 87.0817 0.9184 90.6254

RW2Y 1000 x 150 x 75 11.25 0.6495 577 9.5872 85.2195 1.2081 87.3988

“RWI1 mean rockwool 1.
YRW2 mean rockwool 2.

Fig. 2. Difference in internal density in weaving method of two rockwool media (RW1, RW2). T, M, B mean top, middle, and bottom, respectively
(The rockwool slab was divided into three sections according to the height).
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ECb (dS/m)
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Fig. 3. The relationship between ECb and ECp according to various
volumetric water content (10 — 80%) range.

Table 2. The Coefficients and regression constants for the relationship between ECb and ECp in the two media used in the experiment.

Function Regression equation R’ RMSE
Pol i . .
(I:\;I;()mal ECh=—0.0706+(1.0679* ECb) + (—0.0845* ECH* ) +(0.0119 + ECH’) 0.997 0.089
Polynomial ) 5
RW2) ECp=—0.5363+ (1.4702* ECb) + (— 0.1624* ECV* ) + (0.0142+ EC*) 0.998 0.077
Sigmoid . _ E(y—33.6578
RW) ECp=—13.9555+33.6578/ (1 + exp( 130368 ) 0.997 0.091
Sigmoid . _ EGh+27.0061
RW2) ECp=—129.982+146.3097/ (1 + exp( TV ) 0.998 0.077
Exponential Rise to

ECp=—0.0466 +402.5212* (1 — exp(— 0.0023* E ) .
Maximum (RW1) Ch =—0.0466 +402.5212* (1 — exp(— 0.0023* E(D)) 0.995 0.107
Exponential Rise to

ECp=—0.2913+18.0801* (1 — exp(— 0.0623* £ ) )
Maximum (RW2) Cp=—0.2913+18.0801* (1 — exp(— 0.0623* (D)) 0.998 0.083
E ial h

xponential Growt ECp=—19.5156+ 19.5943* exp(0.0418* ECD) 0.996 0.488
(RWI)
B ;
xponential Growth ECp=—400.252 + 400.191% exp(0.0023* ECD) 0.996 0.089
(RW2)
Power
— sk 1.0905

RWI) ECp=0.12940.7779* ECh 0.996 0.098
Power

ECp=—0.5929 +1.3852* B34 0.998 0.109
(RW2)
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$19] WAE o) G- o] BAo] th2 255 HARWL,
RW2)oll A A| 2|8 Hatol th2 AllA SHGLECh e} A=
W a)7} o] 83k= ECp 2] #HA|= Paraboloid A]o)| 4] A4 A=
(R*) 7FRW1,RW2 2}2+0.936, 0.947 2 714 %9ko 0, ot
A ELHIHRMSE) 7} 71 YkcK Table 3).
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Fig. 4. The relationship among the rootzone environmental factors (VWC, ECb, ECp) in the two types of media (RW1, RW2) used in the experiment.

(A: RWI1, B: RW2).

Table 3. The coefficient and regression constant for the relationship among volumetric water content, ECb, and ECp.

Funtion Regression equation R’ RMSE
Plane ECh=1.534—0.0225 X VIWC+ (1.1839 X E(b) 0.912 0.426
RW]) ) ) ) ) )
Pl
(Ra\l;Z) ECh=1.4058 — 0.0249 X VIVC+ 1.7026 % b+ (0.0004 % VIO + (—0.0975 % ECb)? 0.912 0.433
Paraboloid )
RWI) ECp=1.8080—0.0564 X VIWCH 1.5671 X ECb-+0.0003 < VIVCE—0.0771 X ECl 0.936 0.374
Paraboloid 2
RW2) ECh=1.7223—0.0649 X VIWCH 1.7026 X ECh+1.7026 X VIVCE—0.0975 X ECb 0.947 0.378
Gaussian VWCH1497.1767 , ., ECb—6.9878 .,

- _ : : 0.923 0.399
RW1) ECp=45404.1276 < exp(— 0.5 > (( 3716290 )2+ ( 37208 )?))
Gaussian VIO 14905823 ., ECh—T7.8708 .,

- _ : : 0.918 0.411
RW2) ECh=49091.3663 x exp(— 0.5 (( 7 1572 4 ( 2300 )2)
Lorentzia B VIWCH+117.8323 ., Eh+117.8323
RWI) BCp=1442.9840/ (1+ (—— == )" < (I + (5= ))) 0.900 0.454
Lorentzia _ VIWC+113.7384 ., Eh—>5.0742 \,
RW2) BCp=17964687/ (1 (——5 w5 X U+ (555" 0.902 0.449
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