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Development of Leaf Color Chart for Evaluating Nitrogen in Oil Palm Leaves
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ABSTRACT

Fertilizer management in oil palm based on leaf analysis is an effective approach
for nutrient management; however, laboratory-based leaf analysis is often constrained
by cost, time, and limited accessibility. This study aimed to develop an oil palm leaf
color chart for in field assessment of nitrogen status. The study was conducted in Upper
Southern Thailand during 2017-2021. Image processing techniques combined with the
K-means clustering algorithm were applied to classify color values and extract dominant
colors from photographs of oil palm leaf number 17 (cultivar Surat Thani 2). A total of
450 leaf samples (3,600 images) were collected, with laboratory determined nitrogen
concentrations used as reference data. Prior to clustering, image backgrounds were
removed. The results indicated that five clusters (K = 5) were optimal for representing
leaf color variation associated with nitrogen status. The resulting color chart comprised
three representative colors for severe nitrogen deficiency, three for moderate deficiency,
two for adequate nitrogen status, and one for excessive nitrogen status. Validation using
a confusion matrix with 40 independent samples yielded an overall accuracy of 80%.
Producer’s accuracies for severe deficiency, moderate deficiency, adequate, and
excessive nitrogen classes were 90%, 80%, 58%, and 100%, respectively. The findings
demonstrate that the developed leaf color chart is an effective tool for assessing
nitrogen status in oil palm leaves and has strong potential for field application to support
fertilizer management and promote sustainable oil palm production at the farm level.
The innovation has been submitted for petty patent protection to the Department
of Intellectual Property, Ministry of Commerce, Thailand (application no. 2403000731,
filed on 15 March 2024).
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1. Cluster and rank oil palm leaf images based on
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2. Select high-quality representative oil palm leaf images. ‘
A
l ‘ 6. Analyze color propoertion values for each health group. |
Image data and l
reference values.
‘ 7. Calculate mean color values for each health group. |<7
3. Develop an image preprocessing program using Gaussian blur. l
1 ‘ 8. Select representative color values for each health group. |
* |
Preprocessed image.
‘ 9. Develop an oil palm leaf color chart |
4. Apply K-means clustering to determine optimal color clusters
in oil palm leaf images
Oil palm leaf
l color chart
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K = 5 color clusters.
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oil palm leaf images 11. Deployment

and Utilization

Figure 1 Workflow for developing an oil palm leaf color chart for nitrogen assessment.
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Figure 2 Sample of nitrogen data tested for K number using K-Mean clustering technique.

[94,108,18] [102,115,21] [94,108,30] [89,103,23|
. [111,122,27]
[94,108,18] [94,108,18] [94,108,18] [94,108,18]
GEH [94,108,18]
|63.80,20] |70.88,20] |63.81,11}  [56,74.5]
[77.94,31]
. |60,68,21] [64,72,30] |56.,64,28] [71.80,38] [53.,62,12]
|54,63,28] |58,67.36] [51.61.20] |63,72,43]
|52.63,20] [49,59,15] |57.67.26] |60,70,32]
1 (68,78,34]
|61,72,27] |65,76.32] |57.68,22] [71.83.35]
|68,77.50]
[61,70,30] |56,65,22] |68.75.37] [47.56.10]
[79.,90,44]
. )

Figure 3 Color value from color grouping of nitrogen levels in oil palm leaf.
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Severely deficient Slightly deficient Optimum Excess
<230 2.30 - 2.39 2.40 - 2.80 > 2.80

Figure 4 Color shades of nitrogen levels in oil palm leaf.
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Table 1 Confusion matrix between oil palm leaf color chart assessment and laboratory

analysis
Nutrient Deficiency Status from Laboratory Analysis
Severely  Moderately , User’s
} _ Adequate  Excessive | Total
Deficient Deficient accuracy
severely 9 0 1 0 10 | 90%
- Y Deficient
O
Fols Moderately
& 0
° 5 Deficient 0 8 2 0 10 80%
=R
&5 2 Adequate 1 2 7 0 10 70%
Y&
Excessive 0 0 2 8 10 80%
Total 10 10 12 8 40
Producer’s accuracy 90% 80% 58.33% 100%
Overall accuracy 80%
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Figure 5 Oil palm leaf color chart for nitrogen (N) contents.
a) front of oil palm leaf color chart

b) back of oil palm leaf color chart
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Appendix Table 1 : Nutrient concentration in leaf 17 associated with deficiency, optimum

and excess in young palms more than 6 years from planting (Fairhurst and Mutert, 1991)

more than 6 years

Nutrients Units

Deficiency Optimum Excess
N % <2.28 2.40-2.80 >2.94
P % <0.1425 0.15-0.18 >0.189
K % <0.81 0.90-1.20 >1.32
Mg % <0.20 0.25-0.40 >0.70
Ca % <0.25 0.50-0.75 >1.00

B mg/kg <8 15-25 >40
S % <0.20 0.25-0.35 >0.60
Cl me/kg <0.25 0.50-0.70 >1.00

Cu mg/kg <3 5.0-8.0 >15

Zn me/kg <10 12.0-18.0 >80
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