
Table S1. Measured and estimated plant traits using destructive harvesting and digital 

imaging methods. 

 

Plant trait Description 

Fresh Biomass  

(FB) 

The above ground shoot biomass including stem and leaves 

expressed in grams 

Estimated Shoot 

Biomass (ESB) 

Estimated number of pixels from the identified plant involving 

three side views and one top view expressed in kilo pixels  

Minimum Area 

Rectangle (MAR) 

Minimum area that encloses the identified plant expressed in 

pixels 

Calliper Length  

(CL) 

Maximum distance from the bottom to the top of the identified 

plant expressed as pixels 

Convex Hull Area 

(CHA) 

Area of the convex hull that contains the plant expressed in 

pixels 

Eccentricity  

(E) 

Extent of elliptical nature of the plant’s spread, generally the 

value is between 0 and 1 



 

Table S2. Computation of published vegetation indices. 

 

 

Index Formula Reference 

Normalized 

Difference 

Vegetation Index 

���� =  �800 −  �680 / �800 +  �680 Rouse et al. 

(1974) 

Simple Ratio 

Index 
�� =  �800 / �680 Rouse et al. 

(1974) 

Red Edge 

Normalized  

Difference 

Vegetation Index 

������ =  �750 −  �705 / �750 +  �705 Gitelson and 

Merzlyak 

(1994) 

Vogelmann Red  

Edge Index 1 
���1 =  �740 / �720 Vogelmann 

et al. (1993) 

Vogelmann Red  

Edge Index 2 
���2 =  �731 −  �747 / �715 + 726 Vogelmann 

et al. (1993) 

Vogelmann Red  

Edge Index 3 
���3 =  �731 −  �747 / �715 + 720 Vogelmann 

et al. (1993) 

Browning 

Reflectance Index 
��� =  [(1/ �550) – (1/ �700)]/ �800 Chivkunova 

et al. (2001) 

Modified 

Chlorophyll 

Absorption  

Reflectance Index  

� !�� =  ((�700 −  �670) − 0.2(�700
−  �550))  ×  �700/ �670 

Daughtry et 

al. (2000) 

Modified 

Chlorophyll 

Absorption  

Reflectance Index 2 

� !��2 
=  1.5 × [2.5 × (�800 − ρ670) − 1.3(ρ800 − ρ550)]
÷ &((2 × ρ800 + 1)2) − (6 × ρ800 − 5 × √ρ670) − 0.5 

Haboudane et 

al. (2004) 

Modified Triangular 

Vegetation Index 
�(�� =  �)**1.2 ×  [1.2 × (�800 –  �550) –  2.5 (�670

−  �750)] 
Haboudane et 

al. (2004) 

Modified Triangular 

Vegetation Index 2 
�(��2 = 

1.5 × [1.2 × (�800 − �550) − 2.5(�670 − �550)]
÷ &((2 × �800 + 1)2) − (6 × �800 − 5 × √�670) − 0.5 

Haboudane et 

al. (2004) 

Transformed 

Chlorophyll 

Absorption 

Reflectance Index  

( !�� =  3 ×  [((�700 –  �670) –  0.2(�700
−  �550))  ×  �700/ �670] 

Haboudane et 

al. (2004) 

Triangular 

Vegetation Index  
(�� =  0.5 ×  [120 × (�750 

−  �550) –  200 (�670 –  �550) 

Broge and 

Leblanc 

(2001) 

Anthocyanin 

Reflectance Index 1 
!��1 =  (1/ �550) – (1/ �700) Gitelson et 

al. (2001) 

Anthocyanin 

Reflectance Index 2 
!��2 =  �800[(1/ �550) – (1/ �700)] Gitelson et 

al. (2001) 

Water Band Index +�� =  �900/ �970 Gitelson et 

al. (2001) 

Normalized 

Difference 

Water Index 

��+� =  (�857 −  �1241) / (�857 +  �1241) Gao (1996) 



  

Index Formula Reference 

Moisture Stress 

Index 
��� =  �1599 / �819 Hunt and Rock 

(1989) 

Normalized 

Difference Infrared 

Index  

���� =  (�819 −  �1649) / (819 +  �1649) Hardisky et al. 

(1983) 

Cercospora Leaf 

Spot Index 
 -�� =  [(�698 –  �570) / (�698 +  �570)]  −  �764 Mahlein et al. 

(2013) 

Modified 

Chlorophyll 

Absorpiton Integral 

� !� =  ((�545 − �752)/2) × (752 − 545)(∑_(0
= 545)^752▒〖�0 × 1.423)〗 

Laudien et al. 

(2003) 

Optimized Soil 

Adjusted Vegetation 

Index  

��!�� =  ((1 + 0.16)  ×  (�790 −  �670))/ (�790
−  �670 + 0.16) 

Rondeaux et al. 

(1996) 

Global 

Environmental 

Monitoring Index  

���� = 345 × (1 − 0.25. 345)  −  (�680 − 0.125/1
−  �680) 

where eta= (2(ρ 2800- ρ2680) +1.5* ρ800+0.5 * ρ680)/ ρ800+ 

ρ680+0.5 

Pinty and 

Verstraete 

(1992) 

Difference 

Vegetation Index  
��� =  �800 −  �680 Tucker (1979) 

Green Difference 

Vegetation Index  
���� =  �800 −  �550 Sripada et al. 

(2006) 

Green Normalized 

Difference 

Vegetation Index  

����� =  (�800 −  �550) / (� 800 +  �550) Gitelson and 

Merzlyak (1998) 

Green Ratio 

Vegetation Index  
���� =  �800/ �550 Sripada et al. 

(2006) 

Infrared Percentage 

Vegetation Index 
�6�� =  �800 / (� 800 +  �680) Crippen (1990) 

Renormalized 

Difference 

Vegetation Index  

���� =  (�800 −  �680)/ 7�800 +  �680  
 

Roujean and 

Breon (1995) 

Modified Simple 

Ratio 
��� =  [(�800/ �800) –  1] / 7�800/ �800) +  1  Chen (1996) 

Non-Linear Index  �-� =  (�8002 −  �680)/ (�8002 +  �680) Goel and Qin 

(1994) 

Modified Non-

Linear Index  
��-� =  (�8002 −  �680)  × (1 + -) / (�8002 +  �680

+ -) 

Where L=0.5 

Peng et al. 

(2003) 

Soil Adjusted 

Vegetation Index  
�!�� =  [1.5 × (�800 −  �680)]/ (�800 +  �680 + 0.5) Huete (1988) 

Transformed 

Difference 

Vegetation Index 

(��� = 70.5 + [(�800 − �680)/(�800 + �680)] 
 

Bannari et al. 

(2002) 

Red Edge Position 

Index 
��6 =  589 :5; <= (�690 − 740) Baranoski and 

Rokne (2005) 

Gitelson and 

Merzlak Index 1 
���1 =  �750/ �550 Gitelson and 

Merzlyak (1998) 

Gitelson and 

Merzlak Index 2 
���2 =  �750/ �700 Gitelson and 

Merzlyak (1998) 

Greenness Index � =  �554/ �677 Smith et al. 

(1995) 
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Table S3. Correlation analysis of standard vegetation indices and NDCIw for chlorophyll 

(Chl) estimation. 

Vegetation 

indices 

R2 for Experiment 1  R2 for Experiment 2 

Chl a  Chl b Total Chl  Chl a Chl b Total Chl 

NDVI 0.474295 0.509662 0.487518  0.491791 0.135348 0.410487 

SR 0.488232 0.538561 0.505281  0.515934 0.169509 0.440774 

RENDVI 0.521022 0.554114 0.534116  0.738094 0.347815 0.665033 

VOG1 0.648151 0.690965 0.664850  0.806719 0.484770 0.757069 

VOG2 0.733895 0.795271 0.756003  0.794843 0.484678 0.747854 

VOG3 0.732590 0.795708 0.755116  0.792421 0.480510 0.744839 

BRI 0.225153 0.194883 0.219289  0.320426 0.043175 0.247544 

MCARI 0.038788 0.049697 0.041793  0.648110 0.762985 0.696829 

MCARI2 0.593263 0.609017 0.602676  0.542270 0.169423 0.460139 

MTVI 0.617325 0.648715 0.630888  0.578882 0.213315 0.502553 

MTVI2 0.593263 0.609017 0.602676  0.542270 0.169423 0.460139 

TCARI 0.318387 0.228395 0.296946  0.901574 0.730975 0.894904 

TVI 0.544092 0.570477 0.555725  0.464264 0.127951 0.387579 

ARI1 0.488452 0.496980 0.495080  0.539050 0.176886 0.460445 

ARI2 0.584794 0.629752 0.601432  0.601502 0.218934 0.521270 

WBI 0.173482 0.230246 0.188766  0.541919 0.233605 0.481530 

NDWI 0.166353 0.227115 0.182455  0.508988 0.210801 0.449527 

MSI 0.173482 0.230246 0.188766  0.541919 0.233605 0.481530 

NDII 0.283460 0.335835 0.298972  0.561284 0.244380 0.499503 

CLSI 0.222335 0.249116 0.231045  0.011723 0.191891 0.033416 

MCAI 0.055895 0.071141 0.060116  0.663695 0.339198 0.605906 

OSVI 0.487154 0.525872 0.501328  0.601607 0.221852 0.522336 

GEMI 0.487154 0.525872 0.501328  0.601607 0.221852 0.522336 

DVI 0.507273 0.548149 0.522171  0.555108 0.218886 0.486683 

GDVI 0.312827 0.360210 0.327439  0.725026 0.410506 0.673397 

GNDVI 0.335762 0.387125 0.351568  0.749775 0.437823 0.700109 

GRVI 0.344370 0.399007 0.361054  0.742656 0.430059 0.692456 

IPVI 0.474295 0.509662 0.487518  0.491791 0.135348 0.410487 

RDVI 0.501915 0.542236 0.516625  0.548863 0.190213 0.472372 

MSR 0.482170 0.525238 0.497372  0.510522 0.163555 0.434661 

NLI 0.488306 0.531192 0.503522  0.572074 0.235356 0.504738 

MNLI 0.494839 0.541685 0.511094  0.589746 0.253395 0.523767 

SAVI 0.479150 0.517258 0.493098  0.524520 0.169455 0.447085 

TDVI 0.469552 0.500606 0.481659  0.487016 0.131663 0.405589 

REP 0.706759 0.740519 0.721742  0.716657 0.457175 0.658663 

GMI1 0.207687 0.250321 0.220068  0.718771 0.358920 0.653697 

GMI2 0.481757 0.525681 0.497167  0.556157 0.209267 0.484279 

G 0.511464 0.511268 0.516086  0.099128 0.004815 0.055714 



LIC1 0.473264 0.508249 0.486383  0.491833 0.136749 0.411053 

NRI1510 0.774672 0.752410 0.776045  0.363436 0.214101 0.339883 

NRI1850 0.492067 0.532713 0.506765  0.667474 0.284055 0.591931 

WI 0.273569 0.324587 0.288652  0.644882 0.285833 0.575483 

DWSI4 0.501752 0.498760 0.505572  0.123402 0.001894 0.073341 

CRT2 0.446858 0.473287 0.457602  0.453804 0.117735 0.376002 

ZMI 0.593798 0.644070 0.611837  0.792200 0.439726 0.733294 

LSI 0.004824 0.003051 0.004378  0.336525 0.082091 0.276750 

PRI 0.580612 0.564471 0.581781  0.760401 0.365712 0.687369 

NDCIw 0.930600 0.925800 0.937800  0.912998 0.805845 0.921944 
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