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Evaluating Calcium Level of Seedling Tomato by Digital Image Technique

GUO Xiao-qing ,FAN Tao-jie
Abstract [ Objective ] To explore the feasibility of digital image technology in predicting and diagnosing tomato calcium nutrition level nonde-
structively, and to identify the best image characteristics of this technology.[ Method ] Calcium gradient (0, 80, 160 mg/L) test was conducted

(College of Information Science and Technology, Nanjing Agricultural University, Nanjing,Jiangsu 210095)

in tomato in 2015. The digital image data of leaves were acquired by digital camera. The level of calcium content in leaves was clearly collect-
ed, and the simulation and prediction equation of calcium nutrition parameters was established. At the same time, a diagnostic model of leaf
calcium content based on R/G standard deviation and R/G threshold of color feature was established. [ Result] The determination coefficient R
of measured and predicted values of calcitonin content in top leaf and lateral 2 branch top leaf was 0.853 and 0.902, respectively, and RMSE
of RMS was 0.128 and 0.016, respectively.The accuracy of threshold-based diagnostic model was over 80%.[ Conclusion | It can provide refer-

ence for predicting and diagnosing calcium level of tomato seedling stage based on digital image technology.
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Table 1 Color features of tomato leaf extracted in this paper
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Table 2 Effects of different calcium treatments on color features of tomato leaf at seedling stage

iz bz R/G brifis S brifEZE R.G X FE
Leaf position Treatment G/B R/G s.lafldard S sta}n(i.ard S R/G R, G cqn:elatlon
deviation deviation coefficient
i Top leaf Tras 2! 1.30 aA 0.19 aA 0.15 aA 0.04 aA 0.95 aA 0.99 aA
BT 50941 1.22 aAb 0.18 aA 0.14 abA 0.03 aA 0.96 aA 0.99 aA
St 1.18 bA 0.14 aA 0.13 bA 0.03 aA 0.97 aA 0.99 aA
1A T {aREA 1.59 aA 0.31 aA 0.19 aA 0.09 aA 0.88 aA 0.99 bA
Lateral 1 branch HLEs 509%41 1.51 bAab 0.29 aA 0.18 abA 0.07 abAB  0.89 abA 0.99 bA
top leaf SEA RS 1.32 bB 0.19 bB 0.16 bB 0.06 bB 0.94 bB 0.99 aA
M) 1 AETR 2 i a2 1.28 aAb 0.20 aAB 0.15 aA 0.04 aA 0.95 aA 0.99 aA
Lateral 1 branch B 50941 1.29 aA 0.21 aA 0.15 aAB 0.05 abA 0.95 aA 0.99 aA
top 2 leaf SE A2 1.18 bA 0.14 bB 0.12 bB 0.03 bA 0.97 bA 0.99 aA
M1 AL T8 3 feERREZH 1.24 aA 0.18 abA 0.14 aA 0.04 aA 0.96 aA 0.99 abA
Lateral 1 branch 45 50%2H 1.25 aA 0.19 aA 0.14 aAB 0.04 abA 0.95 aA 0.99 bA
top 3 leaf SEA AT 1.17 aA 0.14 bA 0.12 bB 0.03 bA 0.97 aA 0.99 aA
i) 2 A o fididzac 1.59 aA 0.33 aA 0.21 aA 0.11 aA 0.86 aA 0.99 aA
Lateral 2 branch 45 50%2H 1.61 aA 0.32 aA 0.21 aA 0.11 aA 0.86 aA 0.99 aA
top leaf SEATRESLH 1.45 aA 0.12 bB 0.19 aA 0.09 aA 0.98 bB 0.99 aA

/NG FREARIFRIR [ — O AR AL B E] 25 57 0 35 (P < 0.05) , KRG F-REARIZRIR Rl — (i AR AL 2 A] 25 4% i 3 (P < 0.01)
Note;: Different small letters of different treatments in the same leaf position mean significant differences( P < 0.05) ,different capital letters of different treat-
ments in the same leaf position show extremely significant differences(P < 0.01)
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Table 3 Correlation between the tomato seedling leaf color index and

Ca content
o 2 A TS A i
) T4 A i

P sshn é‘j I;?ejt%f Ca content of
Color index leaf lateral 2 branch

new e top leaf
F'i\'G K 2% R, G Correlation coef- 0.18 0.14
ficient
R/G -0.21 0.58"
G/B 0.35 0.36
(R+G)/(R-G) 0.37 0.66"
(R+G)/(R-B) -0.11 -0.07
(G+B)/(G-B) -0.05 -0.01

(R+G)/(G-B) 0.18 0.24

(R+B)/(R-G) -0.26 -0.42
(R+B)/(G-B) -0.22 0.62"
(G+B)/(R-B) 0.01 0.13
(G+B)/(R-G) 0.04 0.16
S FrifiZ S Standard deviation 0.31 0.25
S -0.16 -0.66"
R/G #3ifE2= R/S Standard deviation 0.20 0.55"

s FoRTE P<0.05 K- | 2%
Note: * means significant differences( P < 0.05)
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Fig.1 Correlation between estimated value and measured value of Ca content in the tomato leaf using color feature as an independent variable
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Table 4 Changes of Ca content in tomato leaf %
i uhss g5 5 d 545 10 d e 15 d 55520 d 555 25 d k# 30 d
Leaf type Treatment Calc;umsdg'flclency Calcflum] (gielf'lmency Calcfluml gflsiﬁmency Calcflum2 (;hnaflclency Calcflu.lrlrl2 Sdeaflclency Calcflun; gfziflclency
or ays or days or ays or ays or ays or ays
B New leaf frads el 4.41 7.11 6.49 6.46 5.35 8.68
G 50%2H 3.39 7.69 6.05 6.84 5.76 5.48
SEAHRAGA 3.81 5.75 2.66 2.21 2.94 3.63
] 2 Ak T R4 4.81 5.11 5.58 7.75 6.56 12.12
Lateral 2 branch 4% 50%41 421 5.81 6.73 5.59 9.38 8.81
top leaf SE A2 3.43 2.80 2.05 1.69 221 221

T B T O 1 AT B L ACTS 2 i 1AL 3 SR A

Note :New leaves were the gathering of top leaf,lateral 1 branch top leaf,lateral 1 branch top 2 leaf,lateral 1 branch top 3 leaf
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o HA4510002E 100% calcium deficiency group
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Fig.2 R/G standard deviation distribution of the lateral 2 branch
top leaf
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Table 5 R/G standard deviation, R/G, threshold for distinguishing

the lateral 2 branch top leaf of tomato

R/G Frifis
PANA
sreiL R/G Standard ~ R/G
Group deviati
eviation

REFRARIGRS SO% AT M FORTTE A i 3 0

JF Distribution range of tomato leaf char- 0.75~0.99
acteristics in healthy group and 50% calci-

um deficiency group

SEARBEGZH T i RHE 20 0.14~031  0.89~0.99
Distribution range of tomato leaf characteris-

tics in complete calcium deficiency group

[# (& Threshold 0.20 0.96
X4 IEHf#% Division accuracy // % 91.6 91.6
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