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Abstract

Results

Methods

The possibility of predicting plant leaf chemical Table 1. Cross..-validation anc! validation results of using
properties using hyperspectral images was studied. hyperspectr.al Images tc? predlct. plant leaf watgr cont.ent,
Sixty maize and 60 soybean plants were used, and macronutrlent,.and micronutrient concgntratlons with
two experiments were conducted: one with water partial least squares regression.
limitation and the second with nutrient limitation, -
with the purpose of creating wide ranges of these - o T . ’ %)
chemical properties in plant leaf tissues. A LM 007 118 564 11 12 093 162 380 1.6
hyperspectral imaging system with a spectral range .
from 550 to 1700 nm was used to acquire plant 2318 22;5 jzg 188 iz Zz: 2226 zi;’ 133
images in a high throughput fashion (plants placed on - 40073 o053 192 155 7 083 o4 SR Ep
an automated conveyor belt). Leaf chemical - “ o 7 LLIUON 069 0088 181 131 5 069 0078 179  12.2
properties were measured in the laboratory. Partial Figure 1. Plants with Figure 2. Ground-truth data igufe 3. Plant images being Figure 4. Plants are destructively z';i :‘228 j;; 1:: i Z';: Z'iiz Zié 272
least squares regression was implemented on treatments grown on benches collected using sensors obtained using the Lemnatec sampled and dried before — | | | | | | | |
spectral data to successfully model and predict water Scanalyzer3D system laboratory chemical analysis T30 oa9 0003 133 462 7 038 0003 109 495
content,  micronutrient, and  macronutrient _ , 073 160 195 104 11 068  16.2 170 137
concentrations. NEIEAIE e PEREaGE A BT Tor e Irage e * Maize and soybean plants were grown at the Greenhouse Innovation
o B o B Center at University of Nebraska-Lincoln. -l e e S e A s T L e
» Two separate experiments were designed for drought stress (control 038 104 129 202 7 029 156 112 233
. L and drought) and nutrient treatment (high, medium, and low °'8° 301 225 249 12 086 25 269 208
High throughput plant phenotyping is important for .
ore . : nutrlent). 0.64 7.02 1.68 153 8 0.73 7.39 1.93 16.1
t?e utilization - of pI.ar.\t EEnomic dat? . for. BEne  Data was collected between 27 and 64 days after sowing (DAS) to
discovery and crop trait improvement. Digital images

obtain greater variability in measurements.

* Hyperspectral images of plants were collected using the Lemnatec Conclusions

Sca?amzerBisﬁStem’ anTg ‘;‘“th a reference for everylmz;gfe. i Statistics from the prediction models indicated that,
Leaf chlorophyll content, leaf temperature were measured for eac among the 13 variables, leaf water content and N can

parameters. RGB imaging has been previously used to - T
. - plant. Fresh and dry shoot weight were obtained. o v o et o

characterize biomass and growth of several
agronomically important crops. A (om) . .
% efectance Hy.perspectral images were processed to get a spectrum per pla.nt. Ca, S, Fe, Mn, Cu, and Zn were somewhat less accurate
N\\/ * Dried plant leaf material was sent to a commercial lab for chemical but still quite satisfactory. Na and B were the only two

of plants have been adopted as tools for rapid, non-
destructive measurement of plant structural

Hyperspectral imaging has been used to characterize
the spectral variations of field crops under drought
stress, but the literature is scant in the use of

flect

an.aly.5|s|for micro and malcr9 ”“t”?”tsl' . » variables quantified poorly. To the best of our
Principal component analysis was implemented on spectral data, knowledge, this is the first study using hyperspectral

hyperspectral imaging to quantitatively measure | | | | followed by partlz.al least s.quares regression tq model and pre.dlct imaging to probe the chemical properties of living
. . . Figure 5. Steps in hyperspectral image processing water content, micronutrient, and macronutrient concentrations. . . .
chemical properties of plants at the single plant level plants. Apparently, hyperspectral imaging will be an

(i.e., greenhouse phenotyping). essential imaging module for high throughput
phenotyping for the chemical sensing of plants.
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This study was based on the hypothesis that b U Y (L S AR b 0oz { U0/ a0 EPPMgee | MnlEem)y 4
: : : > - .t | | e ] / 100 - e, + abhr T
hyperspectral image data will be useful in the 4 - = . j 3 4 , 0015 y . B % ) _
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prediction of plant leaf chemical properties. o I - ., [ 2 - :f?ﬁ ERRa oo 60 { S o oé_l_ Future directions
s & Lk g oo o [y T N BT
L. . . gt P . — o T 5 o [N |, EAENENENES |, SO N Because of the positive results obtained in this study;, it
- O 1 2 3 4 5 6 7 O 0.2 04 0.6 0.8 O 1 2 3 4 5 o 00.00R0LO0OXRAR025 20 40 60 80100Q1L2AL40 10 30 50 70 90 . . . .
The objective w.as to. nvestigate the.usefulness. of 2 oo - a4 , 06 - , ;,:, 100 - 25 - , 80 - , is conceivable that hyperspectral imaging would be
hyperspectral imaging to quantify chemical S Mg (%) . Ca(%) *+ . S (%) i s B (ppm) Cu(ppm) o zn (ppm) 7 . . .
operties of maize and sovbean blants in vivo. These B 07 - e VA gy 00 N £ 80 1 20 - o _ 60 - e used for phenotyping other plant chemical properties.
. 0.4 A s 4 Oo o 6 . . .
properties - cluded yleaf P water  content s og;#f , os | o R T 9%5 20 - gféf For example, there is a wide interest to breed and
Prop o ’ R o&" . 02 { ®77 1 e oo 07 o I - 2 improve energy crops for dedicated biofuel production
macronutrients: nitrogen (N), phosphorus (P), 2q 7 o1 | ¥ 20 {08 s # 2 for example, biomass sorghum). It is quite possible
I I I 0.1 -I"/ —S T O T T ) 0] 'IF'/ — T T T 0o 4 T 1 1 1 / 0o f|_+l 1 T 1 / 0o T 1 T / ! .
potassium (K), rpagnespm (Mg),.caluum (.Ca), and 01 03 0507 09 0 1 2 3 4  00.10.20.30.40.50.6 0 20 40 60 80100 0 5 10 15 20 25 0 20 40 60 80 that hyperspectral imaging can predict the chemical
sulfur (S), and micronutrients: sodium (Na), iron (Fe), Lab measured value Lab measured value compositions of cell wall (such as lignin, cellulose
manganese (Mn), boron (B), copper (Cu), and zinc : i i i . ' '
g (Mn) (B), copper (Cu) Figure 6. Scatterplot of the lab measured value versus the image predicted value of the concentrations of the hemicellulose, and ash) from both plant leaves and
(Zn). macronutrients and micronutrients in plant leaves for the validation set (n = 60). Maize plants are denoted by circles stems
and soybean plants are denoted by crosses.
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