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Abstract.

Due to complicate canopy structures of Irwin mangoes grown in greenhouses, it is difficult to determine

their growth parameters accurately. Leaf area, leaf fresh weight, and leaf dry weight are widely used as indicators to
diagnose the tree growth. Therefore, it is necessary to establish models that can non-destructively estimate these
growth indicators. The objective of this study was to establish regression models to estimate leaf area, leaf fresh
weight, and leaf dry weight of Irwin mangoes (Mangifera indica L. cv. Irwin) by using leaf length, leaf width, peti-
ole length, and SPAD value. The input values of leaf length, leaf width, petiole length, and SPAD value of 6-year old
Irwin mangoes were measured, and the corresponding output values of leaf area, leaf fresh weight, and leaf dry
weight were also measured. After 14 models were selected among the existing models, coefficients of the models
were estimated by regression analysis. Three models with higher R? and lower RMSE values selected. In validation
the R? values for the selected models were 0.967, 0.743, and 0.567 in the leaf area, leaf fresh weight, and leaf dry
weight models, respectively. It is concluded that this models will be helpful to conveniently diagnose the growth of

the Irwin mango.

Additional key words : canopy structure, light interception, non-destructive method, regression model
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Fig. 1. Measurements of leaf length (L), leaf width (W), and
petiole length (P) of Irwin mango leaves.
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Table 1. Regression models for estimating leaf area (LA4), fresh
weight (FW), and dry weight (DW).

Regression model* Equation No.

F=a+bLW )
F=a+bL+cW 2)
F=a+bL+cLW 3)
F=a+bW+cLW “4)
F=a+bP+cLW %)
F=a+bL+cW+dLW (©)
F=a+bL+cW +dLW @
F=a+bL+cL>+dW* (8)
F=a+ bW+ cl*+ dW* )
F=a+bP+cL>+dW (10
F=a+bLW+cLWS (11)
F=a+bLS+ cLWS (12)

=a+bWS+ cLWS (13)

F=a+bP+cLWS (14)

F, leaf area, fresh weight, or dry weight; L, leaf length; W, leaf
width; P, petiole length; S, SPAD value.
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Fig. 2. Relationships among leaf length, leaf width, and leaf area (A); leaf fresh weight (B); and leaf dry weight (C) of Irwin mango (n = 127).
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Table 2. Coefficients of the regression models for estimating leaf areas (LA) of Irwin mango (n = 127).

Regression model® R? RMSE
LA=17.736 +0.635LW 0.966 24.652
LA =-66.768 + 3.655L + 13.255W 0.960 28.783
LA=-8.430+ 1.307L +0.527LW 0.970 22.083
LA=5385+1.020W+0.611LW 0.966 24.566
LA=6.586+0.872P + 0.613LW 0.967 23.675
LA=-22410+1.691L +4.002W + 0.398LW 0.971 20.992
LA=-27.194 + 3.062L + 0.909W> + 0.142LW 0.971 21.329
LA=-28.809 +3.209L + 0.013L% + 1.2141W> 0.971 21.358
LA=—14.623 + 8.074W + 0.085L> + 0.452 W 0.971 20.842
LA=4.899 + 0.878P + 0.086L> + 0.452W2 0.968 22.869
LA =17.529 + 0.658LW + 0.001LWS 0.966 24.605
LA=25.431-0.012LS + 0.010LWS 0.915 61.997
LA=30.743 - 0.103WS + 0.011LWS 0.921 57.587
LA=17.757+ 0.009P + 0.009LWS 0.913 62.842
All variables in the models above are significant at P = 0.05.
L, leaf length; W, leaf width; P, petiole length; S, SPAD value.
Table 3. Coefficients of the regression models for estimating leaf fresh weight (F#) of Irwin mango (n = 127).

Regression model® R? RMSE
FW=0.117+ 0.023LW 0.861 0.149
FW=-2424+0.103L +0.575W 0.843 0.169
FW=0.199 - 0.007L + 0.024LW 0.861 0.149
FW=-0.110+0.098W + 0.021LW 0.862 0.148
FW=-0.017+0.101P + 0.020LW 0.873 0.136
FW=-0.164 + 0.003L + 0.104W + 0.020LW 0.862 0.148
FW=-0.457 4+ 0.055L + 0.032%> + 0.010LW 0.862 0.148
FW=-0.244 + 0.034L + 0.002L> + 0.052? 0.863 0.147
FW=-0.215+0.134W + 0.002L* + 0.040 0.863 0.147
FW=-0.005+ 0.100P + 0.002L* + 0.046 > 0.874 0.135
FW=0.273 + 0.006LW + 0.0002LWS 0.886 0.122
FW=0.298 + 0.0001LS + 0.0003LWS 0.883 0.126
FW=0.295 + 0.0005 %S + 0.0003LWS 0.883 0.126
FW=0.303+0.073P + 0.0003LWS 0.889 0.119
All variables in the models above are significant at P = 0.05.
L, leaf length; W, leaf width; P, petiole length; S, SPAD value.
AMRO-AESE, M257 X3S 2016 149
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Table 4. Coefficients of the regression models for estimating leaf dry weight (D) of Irwin mango (n = 127).

Regression model® R? RMSE
DW=0.035+0.011LW 0.718 0.085
DW=-1.206 + 0.050L + 0.282 0.711 0.087
DW=0.009 +0.002L + 0.011LW 0.718 0.085
DW=-0.160 + 0.085% + 0.009LW 0.720 0.084
DW=-0.085+0.091P + 0.009LW 0.754 0.074
DW=-0.362+0.012L + 0.106 W + 0.008LW 0.721 0.084
DW= -0.435+ 0.044L + 0.022W* + 0.002LW 0.720 0.085
DW=-0.307 + 0.032L + 0.001L2 + 0.012/* 0.720 0.085
DW=-0.342 + 0.148W + 0.001L* + 0.012 % 0.722 0.084
DW=-0.086+ 0.091P + 0.001L* + 0.019> 0.754 0.074
DW=0.200 — 0.0065LW + 0.0003LWS 0.817 0.055
DW=-0.481 + 0.0008LS + 0.00009LW'S 0.826 0.053
DW=-0.295+ 0.003WS + 0.001LWS 0.820 0.054
DW=-0.295+ 0.003WS + 0.001LWS 0.820 0.054
All variables in the models above are significant at P = 0.05.
L, leaf length; W, leaf width; P, petiole length; S, SPAD value.
ERtT) SY3 R? 4k 2 =9 5 RMSEZ} 7P 2R 10 7—
AL Eq. 90]900m, RMSES 208428 UeRdt). Eq. 9] e e
E W, SPAD o] W XA ook wieel, 4 )
WA 250 Pt @%ol A Befgchkn WA, 5 b5

QUAF 9L, G, A9 SeAD ghel WAl § <.
et 1459] AR sl 3FEAs AT § 01 $°
(Table 3). AAFol Ze8 AR R gho] 73 3 .«
= RUAL Egs 14, 10, 5 502 vt Al = £ | .
Aol FEHoE GUAS WrR TFe JE 5 .
e Ueiie Al 294 & Mg =2 R 3 e
AL Eq. 1401312, o] w R* k2 0.889, RMSEE 30 : ‘ ‘
30 50 70 9 110

0.119% JFERSITE.

FESTH 9%, 9%, 9T SPAD #e] #A
gt 1439 AR et 3ARMS AT
(Table 4). AEZ] 28 AR R* Fko] 7FF
= FEAe Egs. 14, 13, 10, 5 02 YERdTh Eq.
138 ARt Al BdAoA FFHoE BgS HFE
FEehal e 5AS BAh o] F Egs. 13, 142 7P
E& 08209 R* @ HERNRACH, RMSEE 0.054%
YA Le Bail 5(2005)0] A8 AAET HEF
o] WARRE], A SPAD S FFsh= mdo]
o9 Waro] JAATY JPETS Hqdske Edo
2 A3 Ao A

Measured leaf area (sz)

Fig. 3. Comparison of measured and estimated (using Eq. 9) leaf
areas of Irwin mango (n = 36).
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