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→ 4) linked D − mannuronic acid (M) residues and a −

(1 →
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Figure . wo sample images of hydro hydroponic root. Yellow circle denotes the starting point of root. 

Horizontal red line uses for scale conversion. Blue line tracks the main root path.



Figure S8. he main root extracted by blue line and compatible threshold values

(a) (b)

Figure . Total area was obtained by counting the total number of non-zero pixels of the binary image (a) and 

total root length was calculated by counting the total number of non-zero pixels of the skelton image (b)



Figure S10. oundary and skeleton points were depicted by red and blue colors, respectively. The nearest point 

to each blue dots were selected among red ones. The distance between these two lines was considered as the 

radi  of that location named as 𝑟𝑖
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𝑣𝑜𝑙𝑢𝑚𝑒 =  ∑ 𝜋𝑟𝑖
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(2) 

The specific root length was obtained based on equation 3. It was classified into eight diameter classes. The 

percentage of length in each category of radius (e.g., <0.1mm, 0.1-0.2mm; 0.2-0.3; ... ; >0.8mm) in total 

root length were calculated. 

 

𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑟𝑜𝑜𝑡 𝑙𝑒𝑛𝑔𝑡ℎ =
𝑡𝑜𝑡𝑎𝑙 𝑟𝑜𝑜𝑡 𝑙𝑒𝑛𝑔𝑡ℎ

𝑣𝑜𝑙𝑢𝑚𝑒
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