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Abstract

BACKGROUND: Since the number of crops cultivated in
reclaimed land is huge, it is very difficult to quantify the
total crop production. Therefore, a non-destructive method
for predicting crop production is needed. Salt tolerant root
vegetables such as red beets and sugar beet are suitable for
cultivation in reclaimed land. If their underground biomass
can be predicted, it helps to estimate crop productivity.
Objectives of this study are to investigate maximum leaf
length and weight of red beet, sugar beet, and turnips grown
in reclaimed land, and to determine optimal model with
regression analysis for linear and allometric growth models.
METHODS AND RESULTS: Maximum leaf length, width,
and root fresh weight of red beets, sugar beets, and turnips
were measured. Ten linear models and six allometric growth
models were selected for estimation of root fresh weight and
non-linear regression analysis was conducted. The allometric
growth model, which have a variable multiplied by square of
maximum leaf length and maximum leaf width, showed
highest R? values of 0.67, 0.70, and 0.49 for red beets, sugar
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beets, and turnips, respectively. Validation results of the
models for red beets and sugar beets showed the R? values of
0.63 and 0.65, respectively. However, the model for turnips
showed the R? value of 0.48. The allometric growth model was
suitable for estimating the root fresh weight of red beets and
sugar beets, but the accuracy for turnips was relatively low.

CONCLUSION: The regression models established in this
study may be useful to estimate the total production of root
vegetables cultivated in reclaimed land, and it will be used as
anon-destructive method for prediction of crop information.

Key words: Belowground biomass, Red beet, Regression
analysis, Sugar beet, Turnip
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Table 1. Statistical summary for number of sample plants (1), maximum leaf length (L)), maximum leaf width (W), and

root fresh weight (RFW) for red beet, sugar beet, and turnip

n Ly (cm) Wy (cm) RFW (g)

Red beet 98 27.2+0.79* 7.810.31 37.1+4.45
Sugar beet 125 44.0+0.94 1.4+0.03 222.4+16.81
Turnip 111 41.6+0.61 14.240.28 246.3+17.79

“Each value represents the mean + standard error.

Table 2. Regression models to estimate root fresh weight (RFW) for red beet, sugar beet, and turnip

Equation number

Regression model

Linear model using single variable
1)
@
©)
@)
®)
6)
Allometric model using single variable
@)
®)
Linear model using multiple variable

©)

RFW = a* Ly + b

RFW =ax*1l3+b*Lly+c

RFW =a+13;+b*13, +c*Ly+d
RFW = a+ Wy +b

RFW =a*Wg +b+*Wy +c¢

RFW =a =13,

RFW = a =W

RFW =ax*Ly*Wy+b

RFW =a+Wg+ bW +c+Wy+d

(10 RFW =a= (L, +b)* (W, +¢)
(11) RFW =a+ (5 +b*L, +c)+(Wi+d+W, +e)
(12)

Allometric model using multiple variable

(13) REW = a * (Ly * Wyp)?
(14) REW = a+ (I3, * Wy,)?
(15) RFW = ax (Ly * W2)?
(16) RFW = a x (12, * W2)?

RFW =a+ (I3 +b* L3 +c*L +d)(Wi+esWZ+f+W, +g)

2L, is maximum leaf length (cm), W), is maximum leaf width (cm), RFW is root fresh weight (g), and @ to g are

regression coefficients.
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Fig. 1. Relationships among maximum leaf length, maximum leaf width, and root fresh weight of red beet

(A), sugar beet (B), and turnip (C).
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Table 3. Coefficient values, determination coefficient (R?), and root mean square error (RMSE) of regression models to

estimate root fresh weight (RFW) for red beet

Equation

number” “ ° ¢ g f g R> RMSE (g)
1) 3.78 -61.98 0.42 36.0
2) 0.05 1.19 -28.71 0.43 35.9
3) -0.01 0.53 -11.80 79.99 0.44 37.2
4) 10.53 -41.56 0.51 334
(5) 0.85 -3.52 8.27 0.54 32.1
(6) 0.07 -1.15 12.89 -30.64 0.55 33.3
) 2.97%10°° 4.71 0.64 29.6
(8) 1.92*107 3.35 0.64 29.6
9) 0.23 -12.75 0.53 34.2
(10) 0.28 -0.20 -3.29 0.54 33.9
(11) -0.01 -76.96 928.90 -10.55 53.31 0.57 32.9
(12) -6.91*10°® 98.97 3.17%10° -3.39*10* 8.84*10° -2.18*10* -1.97*10* 0.59 32,0
(13) 3.01*10* 2.05 0.67 28.6
(14) 6.20¥10° 1.45 0.67 28.6
(15) 1.35¥10°° 1.28 0.66 28.8
(16) 3.01*10* 1.03 0.67 28.6

“See Table 2 for the equation number.
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Fig. 2. Comparison of measured (black dot) and estimated (colored mesh) root fresh weights of red beet
(A), sugar beet (B), and turnip (C) using regression model with highest R? value (Eqn. (14)).

Table 4. Coefficient values, determination coefficient (R?), and root mean square error (RMSE) of regression models to
estimate root fresh weight (RFW) for sugar beet

R S 1
(1) 10.67 -261.03 0.40 142.5
) 0.11 1.23 -67.68 0.41 141.3
(3) 0.00 -0.16 11.40 -185.27 0.41 141.2
4) 148.35 1.77 0.22 161.9
(5) -51.85 392.91 -237.67 0.30 153.4
(6) -23.73 134.05 4.56 -5.21 0.31 152.3
(?) 1.59*10™* 3.62 0.70 109.0
(8) 51.32 2.89 0.51 130.4
) 2.96 11.05 0.37 145.7

(10) 2.77 -22.48 1.84 0.44 137.5
(11) -0.01 130.05  —2.93*10°  —24.65 -33.53 0.44 137.3
(12) 0.01 -140.52  6.70*10° -9.84*10*  -10.55 39.13 -15.31 0.46 135.4
(13) 7.22*10°> 1.83 0.67 111.7
(14) 6.92*10°° 1.25 0.70 108.5
(15) 7.87*10°" 1.16 0.63 116.8
(16) 7.22*10°> 0.92 0.67 111.7
“See Table 2 for the equation number.
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Table 5. Coefficient values, determination coefficient (R?), and root mean square error (RMSE) of regression models to

estimate root fresh weight (RFW) for turnip

R
1) 16.90 -453.78 0.30 168.9
2) -0.22 35.19 -822.65 0.31 168.4
3) -0.06 7.81 -296.41  3.63*10° 0.33 165.2
4) 28.14 -143.39 0.19 182.0
(5) -2.16 92.33 -601.90 0.20 180.4
(6) 0.23 -12.65 24756  -1.34*10° 0.21 180.1
7) 8.68*107 3.92 0.45 151.5
(8) 3.70%10™ 2.37 0.33 165.8
9) 0.48 -34.67 0.25 174.8
(10) 0.03 -26.75 658.68 0.30 168.9
(11) -8.02*107 -120.73  2.63*10° 1.16*10*  3.27*10° 0.31 167.9
(12) 1.63*10% -3.75*10* 5.15*10° -1.17*10° -51.66 872.11  -431*10°  0.33 166.1
(13) 3.39*10° 1.72 0.46 150.5
(14) 6.71¥10™ 1.24 0.49 146.6
(15) 1.84*107 1.03 0.42 155.4
(16) 3.39*10°° 0.86 0.46 150.5

“See Table 2 for the equation number.
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Fig. 3. Validation of the measured and estimated root fresh weight of red beet (A), sugar beet (B), and
turnip (C) using regression model with highest R* value (Eqn. (14)).
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