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SYSTEM, APPARATUS AND METHOD OF NON-DESTRUCTIVELY DETERMINING 

PETIOLE NUTRIENT VALUES IN NEAR REAL-TIME USING A PORTABLE 

SPECTROPHOTOMETER 

FIELD 

(0001]This document relates to systems, apparatus, and methods of non-destructively 

determining petiole nutrient values in near real-time from plant leaves in a crop field using 

a portable spectrophotometer. 

BACKGROUND 

(0002] Plants need many nutrients for growth and sustenance. For example, plants may 

need macronutrients like nitrogen (N), phosphorus (P) , potassium (K), calcium (Ca), 

magnesium (Mg) , and sulfur (S) in large quantities. Plants may also need micronutrients 

like manganese (Mn), zinc (Zn), iron (Fe), sodium (Na), copper (Cu), aluminum (AI), and 

boron (B) in small quantities. 

(0003] In agricultural applications, crop yield and/or quality of harvested crops may be 

affected if the crop plants do not receive a suitable amount of each required nutrient. For 

example, the crop yield and/or quality may be reduced if the plants do not receive enough 

nutrients. In some cases, excessive supply of nutrients may also reduce the crop yield 

and/or quality. 

(0004] Determining the nutrient value status of plants can enable corrective actions to be 

performed to improve crop yield and/or quality. For example, the composition and quantity 

of fertilizer may be tailored for one or more specific nutrients based on the determined 

nutrient value status of the plants. 

SUMMARY 

(0005] The following summary is provided to introduce the reader to the more detailed 

discussion to follow. The summary is not intended to limit or define any claimed or as yet 

unclaimed invention. One or more inventions may reside in any combination or sub-
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combination of the elements or process steps disclosed in any part of this document 

including its claims and figures. 

[0006]According to some aspects, a method of non-destructively determining petiole 

nutrient values in near real-time from plant leaves in a crop field using a portable 

spectrophotometer is provided. The method may comprise: (a) taking non-destructive 

spectral measurements of a leaf of a plant in the crop field using the portable 

spectrophotometer to generate leaf spectral data, (b) storing the leaf spectral data in a 

memory; (c) computing , by a processor, the petiole nutrient values based on the stored 

leaf spectral data; and (d) providing a near real-time result indicating the petiole nutrient 

values. 

[0007]According to some aspects, an apparatus for non-destructively determining petiole 

nutrient values in near real-time from plant leaves in a crop field is provided. The 

apparatus may comprise: a memory storing a machine learning model trained to provide 

petiole nutrient value outputs based on leaf spectral data inputs; and at least one 

processor communicatively coupled with the memory. The at least one processor may be 

configured to collectively: receive leaf spectral data generated by a portable 

spectrophotometer based on non-destructive spectral measurements of a leaf of a plant 

in the crop field; store the leaf spectral data in the memory; input the leaf spectral data 

into the machine learning model; receive an output comprising the petiole nutrient values 

determined by the machine learning model based on the leaf spectral data; and provide 

a near real-time result to a mobile device, the near real-time result indicating the petiole 

nutrient values. 

[0008]According to some aspects, a non-transitory computer-readable medium 

comprising instructions executable by a processor is provided. The instructions when 

executed may configure the processor to: receive leaf spectral data generated by a 

portable spectrophotometer based on non-destructive spectral measurements of a leaf of 

a plant in a crop field ; store the leaf spectral data in a memory; input the leaf spectral data 

into a machine learning model trained to provide petiole nutrient value outputs ·based on 

leaf spectral data inputs; receive an output comprising the petiole nutrient values 
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determined by the machine learning model based on the leaf spectral data; and provide 

a near real-time result indicating the petiole nutrient values. 

[0009]According to some aspects, a system for non-destructively determining petiole 

nutrient values in near real-time from plant leaves in a crop field is provided. The system 

may comprise a portable spectrophotometer and a remote server. The portable 

spectrophotometer may be configured to: generate leaf spectral data based on non­

destructive spectral measurements of a leaf of a plant in the crop field; and transm it the 

leaf spectral data for receipt by the remote server via a network. The remote server may 

comprise a processor and a memory, the memory storing a machine learning model 

trained to provide petiole nutrient value outputs based on leaf spectral data inputs. The 

remote server may be configured to: receive the leaf spectral data; store the leaf spectral 

data in the memory; input the leaf spectral data into the machine learning model ; receive 

the petiole nutrient values determined by the machine learning model based on the leaf 

spectral data; and provide a near real-time result indicating the petiole nutrient values to 

a mobile device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010]The drawings included herewith are for illustrating various examples of articles, 

methods, and apparatuses of the present specification and are not intended to limit the 

scope of what is taught in any way. In the drawings: 

[0011] FIG. 1 is an illustration of a leaf of a plant whose nutrient values may be 

determined, in accordance with an embodiment; 

[0012] FIG. 2 is a schematic illustration of a system for non-destructively determining 

petiole nutrient values in near real-time from plant leaves in a crop field, in accordance 

with an embodiment; 

[0013] FIG. 3 is a schematic illustration of a result indicating petiole nutrient values 

provided by the system of FIG. 2 and graphically displayed on a mobile device;· 
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[0014] FIG. 4 is a schematic illustration of an apparatus for non-destructively determining 

petiole nutrient values in near real-time from plant leaves in a crop field, in accordance 

with an embodiment; and 

[0015] FIG. 5 is a flowchart illustrating an example method of non-destructively 

determining petiole nutrient values in near real-time from plant leaves in a crop field using 

a portable spectrophotometer. 

DETAILED DESCRIPTION 

[0016] Numerous embodiments are described in this application and are presented for 

illustrative purposes only. The described embodiments are not intended to be limiting in 

any sense. The invention is widely applicable to numerous embodiments, as is readily 

apparent from the disclosure herein. Those skilled in the art will recognize that the present 

invention may be practiced with modification and alteration without departing from the 

teachings disclosed herein. Although particular features of the present invention may be 

described with reference to one or more particular embodiments or figures, it should be 

understood that such features are not limited to usage in the one or more particular 

embodiments or figures with reference to which they are described. 

[0017]The terms "an embodiment," "embodiment," "embodiments," "the embodiment," 

"the embodiments," "one or more embodiments," "some embodiments," and "one 

embodiment" mean "one or more (but not all) embodiments of the present invention(s) ," 

unless expressly specified otherwise. 

[0018]The terms "including," "comprising" and variations thereof mean "including but not 

limited to," unless expressly specified otherwise. A listing of items does not imply that any 

or all of the items are mutually exclusive, unless expressly specified otherwise. The terms 

"a," "an" and "the" mean "one or more," unless expressly specified otherwise. 

[0019]As used herein and in the claims, two or more parts are said to be "coupled", 

"connected", "attached", "joined", "affixed", or "fastened" where the parts are joined or 

operate together either directly or indirectly (i .e., through one or more intermediate parts), 

so long as a link occurs. As used herein and in the claims, two or more parts are said to 
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be "directly coupled", "directly connected", "directly attached", "directly joined", "directly 

affixed", or "directly fastened" where the parts are connected in physical contact with each 

other. As used herein, two or more parts are said to be "rigidly coupled", "rigidly 

connected", "rigidly attached", "rigidly joined", "rigidly affixed", or "rigidly fastened" where 

the parts are coupled so as to move as one while maintaining a constant orientation 

relative to each other. None of the terms "coupled", "connected", "attached", "joined", 

"affixed", and "fastened" distinguish the manner in which two or more parts are joined 

together. 

[0020] Further, although method steps may be described (in the disclosure and I or in the 

claims) in a sequential order, such methods may be configured to work in alternate orders. 

In other words, any sequence or order of steps that may be described does not 

necessarily indicate a requirement that the steps be performed in that order. The steps of 

methods described herein may be performed in any order that is practical. Further, some 

steps may be performed simultaneously. 

[0021]As used herein and in the claims, a group of elements are said to 'collectively' 

perform an act where that act is performed by any one of the elements in the group, or 

performed cooperatively by two or more (or all) elements in the group. 

[0022]As used herein and in the cla ims, a first element is said to be "received" in a second 

element where at least a portion of the first element is received in the second element 

unless specifically stated otherwise. 

[0023] Some elements herein may be identified by a part number, wh ich is composed of 

a base number followed by an alphabetical or subscript-numerical suffix (e.g. , 112a, or 

1121). Multiple elements herein may be identified by part numbers that share a base 

number in common and that differ by their suffixes (e.g., 1121 , 1122, and 1123). All 

elements with a common base number may be referred to collectively or generically using 

the base number without a suffix (e.g., 112). 

[0024]As used herein and in the claims, "up", "down", "above", "below", "upwardly", 

"vertical", "elevation", "upper", "lower" and similar terms are in reference to a directionality 
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generally aligned with (e.g ., parallel to) gravity. The terms "distal", "proximal" and similar 

terms are in reference to a directionality generally that is transverse (e.g., perpendicular) 

to gravity. However, none of the terms referred to in this paragraph imply any particular 

alignment between elements. For example, a first element may be said to be "vertically 

above" a second element, where the first element is at a higher elevation than the second 

element, and irrespective of whether the first element is vertically aligned with the second 

element. 

[0025] Generally, plant tissue tests for determining plant nutrient value status are 

destructive and do not provide real-time results. For example, a farmer may harvest 

petioles from plants in a crop field for measurement. The harvested petioles may be 

shipped to a laboratory for testing. Depending on the testing to be performed, a large 

number of petioles may need to be destructively removed. 

[0026] The laboratory may then conduct plant tissue testing and provide petiole nutrient 

values to the farmer. The process of removing the petioles, shipping, testing, and result 

notification may take weeks to complete. This delay undermines the effectiveness of any 

corrective action (e.g. adjusting fertilizer composition and quantity) taken based on the 

results because the nutrient content in the measured plants may have changed in the 

intervening period. 

[0027] The disclosed systems, apparatus and methods can provide non-destructive and 

near real-time determination of plant nutrient value status using a portable 

spectrophotometer. Molecules absorb light at frequencies that are characteristic of their 

structure. The portable spectrophotometer can be used to take non-destructive spectral 

measurements that indicate the presence and concentration of different molecules 

(nutrients) in the probed region (e.g., a leaf of a plant). The portable spectrophotometer 

can generate leaf spectral data (based on the non-destructive spectral measurements) 

that can be used to determine the nutrient value status of plants. No plant leaves or 

petioles are required to be removed from the plants for testing. The disclosed system, 

apparatus and method can provide the plant nutrient value status without destruction of 

any of the plants used for testing. 
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[0028] Further, the disclosed system, apparatus and method can conduct the analysis 

and provide the results in near real-time, for example, within 10-20 seconds. This can 

enable any required corrective actions (based on the determined plant nutrient value 

status) to be immediately performed. As used herein and in the claims, an action is said 

to be performed in "near real-time" where that action is performed in less than 1 minute 

from when it was initiated. 

[0029] In canopy reflectance measurements, ground-based or air-borne platforms are 

used to determine the ratio of the amount of light leaving the canopy to the amount of 

incoming light. The canopy reflectance measurement may be used for calculating the 

crop nutrient value status. However, canopy reflectance measurements are frequently 

subject to atmospheric and soil interference. The disclosed system , apparatus and 

method can use a portable spectrophotometer to probe plant leaves which avoids the 

atmospheric interference and/or soil interference associated with conducting canopy 

reflectance measurements using ground-based or air-borne platforms. 

[0030] Referring now to FIG. 1, shown therein is an illustration of a plant 10 whose nutrient 

value status may be determined using the disclosed system , apparatus or method. In the 

illustrated example, plant 10 includes a stem 14, a leaf 18 and a petiole 22 attaching leaf 

18 to stem 14. Leaf 18 includes a leaf blade 26 and multiple leaf veins 30. 

[0031]The surface area of leaf blade 26 can be much larger compared with petiole 22 

and therefore spectral reflectance measurements may be taken from leaf blade 26 

instead of petiole 22. Accordingly, the measured nutrient values may be indicative of the 

nutrient values corresponding to the leaf blade instead of the petiole nutrient values. 

[0032] Nutrient values in petioles are not the same as nutrient values measured at other 

parts of a plant (e.g. the leaf blade). At present and historically, farmers have sent petiole 

to laboratories, and the laboratories have returned petiole nutrient values. As such, 

farmers generally understand· what corrective actions are required based on laboratory 

petiole nutrient values but not based on nutrient values associated with other parts of the 

plant. 
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[0033]The disclosed system , apparatus and method can take spectral measurements 

from leaf blades of a plant to produce leaf spectral data and compute petiole nutrient 

values based on the leaf spectral data. Providing petiole nutrient values (as opposed to 

nutrient values associated with the leaf) can enable a user to select and apply well known 

and understood corrective actions. 

[0034] Referring now to FIG. 2, shown therein is a schematic illustration of a· system 1 00 

for non-destructively determining petiole nutrient values in near real-time from plant 

leaves 18 in a crop field 34, in accordance with an embodiment. As shown, system 100 

may include a portable spectrophotometer 1 04 and a remote server 1 08. 

[0035] In the illustrated example, portable spectrophotometer 1 04 and remote server 1 08 

are communicatively coupled using a network 112. r-.Jetwork 112 may include a 

communication network such as the Internet, a Wide-Area Network (WAN), a Local-Area 

Network (LAN), or another type of network. In other examples, portable 

spectrophotometer 104 and remote server 108 may not be connected to a common 

network and may communicate using intermediary devices and/or communication 

networks. 

[0036] Crop field 34 may include multiple plants 10 (e.g., at least 500 plants). Each plant 

10 may have one or more leaves 18. Plants 10 may include any suitable plants grown in 

agricultural applications. For example, plants 10 may include wheat, corn, soy, potato etc. 

Crop field 34 may be located in open air or inside a greenhouse. 

[0037] Portable spectrophotometer 104 may have any suitable design that is portable and 

capable of taking non-destructive spectral measurements of leaves of plants 1 0. Portable 

spectrophotometer 104 may be sized and designed to be carried by an operator while the 

operator uses the portable spectrophotometer to take spectral measurements. For 

example, portable spectrophotometer 1 04 may be battery-operated and designed to be 

carried in a backpack by an operator 38. 

[0038]A light source within portable spectrophotometer 104 can generate incident light 

onto a leaf and a detector within portable spectrophotometer 104 can measure the light 
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reflected from leaves of plants 1 0. Portable spectrophotometer 1 04 may generate leaf 

spectral data based on the reflected spectral measurements. 

[0039] In some embodiments, portable spectrophotometer 104 may take spectral 

measurements and generate leaf spectral data in visible and/or near-infrared wavelength 

ranges. For example, portable spectrophotometer 104 may generate leaf spectral data in 

a wavelength range from 400nm-2500nm . In other examples, portable spectrophotometer 

104 may generate leaf spectral data in smaller (e.g., 400nm-2000nm) or larger (e.g., 

350nm-2500nm) wavelength ranges. Smaller wavelength ranges may enable faster 

completion of the spectral measurements and/or require fewer resources for computing 

the petiole nutrient values. Larger wavelength ranges may enable determination of the 

petiole nutrient values with higher accuracy and/or detection of a larger number of 

nutrients. The wavelength range may be manually or automatically adjusted based on the 

nutrient values being measured. For example, operator 38 may manually adjust the 

wavelength range. In other examples, the wavelength range may be automatically 

adjusted, for example, by remote server 108. 

[0040] Portable spectrophotometer 104 may take the spectral measurements at discrete 

wavelength intervals within the measured wavelength range. For example, portable 

spectrophotometer 104 may take the spectral measurements at 0.5nm wavelength 

intervals within the measured wavelength range. The wavelength intervals used during 

the measurements may be manually or automatically adjusted based on the nutrient 

values being determined. For example, operator 38 may manually adjust the wavelength 

interval. In other examples, the wavelength interval may be automatically adjusted, for 

example, by remote server 108. Different wavelength intervals ranging from 0.1 nm to 

1 Onm may be used. Smaller wavelength intervals may enable determination of nutrient 

values with higher accuracy and/or determination of a larger number of nutrients. Larger 

wavelength intervals may enable faster determination of nutrient values and/or require 

fewer computing resources for determination of the nutrient values. 
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[0041] In some embodiments, portable spectrophotometer 104 may be a NIRS TM DS2500 

Analyzer or an ASD TM FieldSpec 4 spectroradiometer. In other embodiments, portable 

spectrophotometer 1 04 may be any other suitable spectrophotometer. 

[0042] Portable spectrophotometer 104 may be configured to transmit the generated leaf 

spectral data for receipt by remote server 108. In the illustrated example, portable 

spectrophotometer 104 may transmit the generated leaf spectral data to remote server 

108 via network 112. In other examples, portable spectrophotometer 104 may transmit 

the generated leaf spectral data to an intermediary device, for example, a mobile device 

42 of operator 38. Portable spectrophotometer 104 may transmit the generated leaf 

spectral data to mobile device 42 using point-to-point communication or a local-area 

network (e.g. Bluetooth™) and mobile device 42 may then transmit the leaf spectral data 

to remote server 1 08 using a large-area network/internet. 

[0043] Mobile device 42 may be any suitable device that is portable and capable of 

sending and receiving data over a communication network (e.g., wireless communication 

networks like cellphone networks and/or wi-fi networks). For example, mobile device 42 

may be a laptop, a tablet device, or a smartphone with wireless communication 

capabilities. Mobile device 42 may be a dedicated companion device designed for use 

with portable spectrophotometer 104. In some embodiments, mobile device 42 may be a 

general-purpose device that includes proprietary software for communication with 

portable spectrophotometer 1 04 and/or analysis of data received from portable 

spectrophotometer 104. In some embodiments, the functionality of portable 

spectrophotometer 1 04 and mobile device 42 may be provided by a single device. 

[0044] In the illustrated example, remote server 108 includes a processor 116 and a 

memory 120. Processor 116 may control the operation of remote server 1 08. Processor 

116 may be any suitable processor, controller or digital signal processor that can provide 

sufficient processing power depending on the configuration, purposes and requirements 

of system 100, as is known by those skilled in the art. For example, processor 116 may 

be a high-performance general processor. For example, processor 116 may ·include a 

standard processor, such as an Intel® processor, or an AMD® processor. Alternatively, 
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processor 116 may include more than one processor with each processor being 

configured to perform different dedicated tasks. Alternatively, specialized hardware (e.g., 

graphical processing units (GPUs)) can be used provide some of the functions provided 

by processor 116. 

[0045] Memory 120 may include one or more of random-access memory (RAM), read­

only memory (ROM), a hard drive, and a flash memory (e.g. solid state drive). Remote 

server 108 may store received leaf spectral data in memory 120. For example, remote 

server 1 08 may receive leaf spectral data generated by portable spectrophotometer 1 04 

and store the received leaf spectral data in memory 120. 

[0046] Memory 120 may also store a machine learning model trained to provide petiole 

nutrient value outputs based on leaf spectral data inputs. The machine learning model 

may be generated and trained by remote server 108. In some embodiments, remote 

server 1 08 may receive a machine learning model generated by an external device. 

Remote server 108 may train the received machine learning model and store the trained 

machine learning model in memory 120. In other embodiments, the trained machine 

learning model may be received by remote server 1 08 from an external device. Remote 

server 108 may store the received trained machine learning model in memory 120. 

[0047] The leaf spectral data inputs provided to the machine learning model may include, 

for example, leaf spectral data generated by portable spectrophotometer 104 by taking 

spectral measurements from leaf blades of plants. The petiole nutrient value outputs 

provided by the machine learning model may include, for example, determined petiole 

nutrient values for one or more nutrients such as N, P, K, Ca, Mg, S, Mn, Zn, Fe, B, Cu, 

AI, and Na. The petiole nutrient values for the different nutrients may be expressed as 

percentage values (of total mass), g/kg, and/or parts per million (ppm). 

[0048] The machine learning model may be any suitable machine learning model based 

on the input data to be analyzed, the output data requirements, the available training data 

and/or available computing resources. In some embodiments, the machine learning 

model may be a multiple linear regression (MLR) model. Lasso subset selection methods 

may be performed for the MLR model to generate a lasso regression model. In other 
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embodiments, the machine learning model may be a different model, for example, a 

polynomial regression model. 

[0049] The training data for the machine learning model may be generated by taking 

spectral measurements of plants (e.g., reflectance spectral measurements from leaf 

blade portions) and generating leaf spectral data that act as predictors (x) for the machine 

learning model. Corresponding petioles of the plants may be removed and used for 

laboratory tissue analysis. The laboratory tissue analysis results of the petioles can act 

as responses (y) for the machine learning model. Models of correlation may be built 

between the responses (y) and the predictors (x). Equation (1) below, provides an 

example of a MLR model using correlation coefficients ~r 

Equation ( 1) 

[0050]The number of predictors (x) being larger than the number of responses (y) can 

result in over-fitting of the MLR model. The accuracy of the MLR model may be improved 

by using subset selection methods to select a subset of the predictors. In some 

embodiments, lasso MLR modelling may be used as the subset selection method. In other 

embodiments, other subset selection methods like stepwise subset selection or Bayesian 

model averaging may be used. 

[0051] Lasso MLR modelling may be used to identify the most informative, least 

redundant predictors (wavelengths) using a complexity parameter (A) that controls the 

amount of shrinkage: the larger that the value of A is, the greater can be the penalization 

of the non-zero coefficients in the model , and consequently a greater shrinkage can be 

imposed on coefficient values. A lasso regression model may be generated by selecting 

the value of A that minimizes the root mean squared error (RMSE). The chosen A 

parameter can determine the number of coefficients that will compose the lasso 

regression model, which are selected as the ones with the greatest explanatory power in 

relation to the target predictor. Model training and performance assessment may be 

conducted, for example, using 5-fold cross validation, with the value of A chosen based 

on the smallest RMSE. Table 1 below shows values for number, range, and first four 
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significant wavebands resulting from Lasso MLR modelling of different elements for 

example leaf spectral data obtained from potato plants. 

Table 1 Values for number, range, and first four significant wavebands resulting from Lasso MLR 
d II" fdff I f I I f ld b . df I mo e mg o i erent e ements or examp e ea spectra ata o tame rom potato plants. 

Element Number of bands Range of bands (nm) 
First four significant 

wavebands (nm) 

N 13 404-1828 660, 684,404,484 

p 10 404-1924 708, 404, 540, 700 

K 17 404-2300 404, 428, 588,948 

Ca 20 404-2100 404, 444,588, 540 

Mg 14 404-1940 700, 532, 1716, 524 

s 18 404-1916 404, 588, 516, 1452 

Mn 22 428-2492 660,628,428,492 

Zn 12 468-2124 1932,524,1852, 532 

Fe 19 404-2316 1932, 636, 524, 2308 

B 11 412-1932 684, 1932, 412, 460 

Cu 23 428-2484 1940, 676,428,1716 

AI 17 404-2316 1932,2308,524,652 

Na 20 548-2148 548, 972, 700, 1028 

[0052] Processor 116 may input the received leaf spectral data (e.g., from portable 

spectrophotometer 104) and/or stored leaf spectral data (e.g., in memory 120) into the 

trained machine learning model. The machine learning model can determine petiole 

nutrient values based on the leaf spectral data. For example, the machine learning model 

can determine petiole nutrient values for N, P, K, Ca, Mg, S, Mn, Zn, Fe, B, Cu, AI , and 

Na based on leaf spectral data generated by taking spectral measurements of leaf blades 
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of potato plants. Processor 116 may receive the petiole nutrient values determined by the 

machine learning model. 

[0053] Processor 116 can provide a near real-time result indicating the petiole nutrient 

values to a mobile device. For example, processor 116 may provide the near real-time 

result to mobile device 42 of operator 38. For example, processor 116 may provide the 

near real-time results to mobile device 42 less than 1 minute (e.g ., within 0.01 to 30 

seconds) from when the portable spectrophotometer sent the spectral measurements. 

This may enable operator 38 to non-destructively collect near real-time results indicating 

petiole nutrient values from multiple plants in a crop field . 

[0054] Reference is now made to FIGS. 2 and 3. FIG. 3, shows a schematic illustration of 

a result indicating petiole nutrient values provided by system 1 00 and graphically 

displayed on mobile device 42. Mobile device 42 may include a touchscreen display 46 

that provides an interactive display to operator 38. Touchscreen display 46 may provide 

multiple display portions 50a-50c. For example, display portion 50a may provide a 

graphical display of the determined petiole nutrient values. In the illustrated example, 

display portion 50 a provides bar graphs displaying determined petiole nutrient values for 

six nutrients. In other embodiments, display 46 may not be configured to detect touch 

inputs. 

[0055] Display portion 50b may provide additional information regarding the determined 

petiole nutrient values, for example, number of leaf spectral measurements taken, 

confidence levels associated with the determined petiole nutrient values etc. Display 

portion 50c may provide recommended corrective actions based on the determined 

petiole nutrient values. In some examples, one or more of display portions 50 may include 

other information unrelated to the results indicating the petiole nutrient values. 

[0056] Referring now to FIG. 4, shown therein is a schematic illustration of an apparatus 

200 for non-destructively determining petiole nutrient values in near real-time from plant 

leaves in a crop field . In some embodiments, apparatus 200 may be implemented as a 

server device (e.g. , remote server 108 shown in FIG. 2) . In other embodiments, apparatus 

200 may be implemented using any other suitable hardware components. For example, 
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apparatus 200 may be implemented as mobile device 42 (FIGS. 2 and 3), integrated with 

portable spectrophotometer 104 (FIG. 2), or implemented as a companion apparatus 

usable with portable spectrophotometer 104 (FIG. 2). 

[0057] For the example embodiment illustrated in FIG. 4, apparatus 200 includes a 

memory 208, an application 212, an output device 216, a display device 220, a secondary 

storage device 224, a processor 228, an input device 232, and a communication device 

236. One or more (or all) of memory 208, application 212, output device 216, display 

device 220, secondary storage device 224, processor 228, input device 232, and 

communication device 236 may be communicatively coupled by wire and/or wirelessly. 

[0058] In some embodiments, apparatus 200 includes multiple of any one or more of 

memory 208, application 212, output device 216, display device 220, secondary storage 

device 224, processor 228, input device 232, and communication device 236. In some 

embodiments, apparatus 200 does not include one or more of applications 212, 

secondary storage devices 224, network connections, input devices 232, output devices 

216, display devices 220, and communication devices 236. 

[0059] In at least one embodiment, apparatus 200 includes a connection with a network 

204 such as a wired or wireless connection to the Internet or to a private network. In some 

cases, network 204 includes other types of computer or telecommunication networks. 

Apparatus 200 may receive, over network 204, leaf spectra data generated by a portable 

spectrophotometer (e.g., portable spectrophotometer 104 of FIG. 2) based on non­

destructive spectral measurements of a leaf of a plant (e.g., a potato plant) in the crop 

field (e.g., crop field 34 of FIG. 2). 

[0060] In some embodiments, apparatus 200 may receive the leaf spectral data directly 

from the portable spectrophotometer by wire or wirelessly. In other embodiments, 

apparatus 200 may receive the leaf spectral data generated by the portable 

spectrophotometer from an intermediary device (e.g. , mobile device 42 of FIG. 2). 

[0061] Memory 208 can include one or more of random-access memory (RAM) and read­

only memory (ROM). In some embodiments, memory 208 stores one or more applications 
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212 for execution by processor 228. Applications 212 correspond with software modules 

including computer executable instructions to perform processing for the functions and 

methods described herein. 

[0062] Memory 208 may store a machine learning model trained to provide petiole nutrient 

value outputs based on leaf spectral data inputs. The machine learning model may be 

generated and trained by apparatus 200. In some embodiments, apparatus 200 may 

receive a generated machine learning model from an external device (e.g., over network 

204) and may train the received machine learning model. In some embodiments, 

apparatus 200 may receive a trained machine learning model from an external device 

(e.g., over network 204) and store the trained machine learning model in memory 208. 

The machine learning model may be any suitable model , e.g. , a lasso regression model. 

[0063] In some embodiments, memory 208 may also store received leaf spectral data, 

determined petiole nutrient values, and/or results der.ived from the petiole nutrient values 

(e.g. a graphical representation of the petiole nutrient values) . The stored data may be 

retrieved by a user for historical data analysis. 

[0064] Secondary storage device 224 may include any suitable non-transitory computer­

readable medium including instructions executable by a processor (e.g., processor 228). 

For example, secondary storage device 224 can include a hard drive, floppy drive, CD 

drive, DVD drive, Blu-ray drive, solid state drive, flash memory or other types of non­

volatile data storage. Processor 228 may execute instructions included on secondary 

storage device 224 to perform processing for the functions and methods described herein. 

[0065] In some embodiments, apparatus 200 stores information in a remote storage 

device, such as cloud storage, accessible across a network, such as network 204 or 

another network. In some embodiments, apparatus 200 stores information distributed 

across multiple storage devices, such as memory 208 and secondary storage device 224 

(i.e., each of the multiple storage devices stores a portion of the information and 

collectively the multiple storage devices store all of the information). Accordingly, storing 

data on a storage device as used herein and in the claims, means storing that data in a 
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local storage device, storing that data in a remote storage device, or storing that data 

distributed across multiple storage devices, each of which can be local or remote. 

[0066] Input device 232 can include any device for entering information into apparatus 

200. For example, input device 232 can be a keyboard, keypad, cursor-device, 

touchscreen, camera, or microphone. Input device 232 can also include input ports and 

wireless radios (e.g., Bluetooth®, or 802.11 x) for making wired and wireless connections 

to external devices. 

[0067] Display device 220 can include any type of device for presenting visual information. 

For example, display device 220 can be a computer monitor, a flat-screen display, a 

projector or a display panel. 

[0068] Output device 216 can include any type of device for presenting a hard copy of 

information, such as a printer for example. Output device 216 can also include other types 

of output devices such as speakers, for example. In at least one embodiment, output 

device 216 includes one or more of output ports and wireless radios (e.g., Bluetooth®, or 

802.11 x) for making wired and wireless connections to external devices. 

[0069] Communication device 236 can have any design suitable to receive analog and/or 

digital inputs from, and to provide analog and/or digital outputs. In some embodiments, 

communication device 236 may include separate modules for analog and digital signals. 

[0070] Processor 228 may be any device that can execute applications, computer 

readable instructions or programs. The applications, computer readable instructions or 

programs can be stored in memory 208 or in secondary storage device 224, or can be 

received from remote storage accessible through network 204, for example. Processor 

228 may be a high-performance general processor, a standard processor (e.g., an Intel® 

processor or an AMD® processor), specialized hardware (e.g., GPUs), or multiple 

processing devices that collectively perform the functions provided by processor 228. 

[0071] Processor 228 may input leaf spectral data (e.g., leaf spectral data ·stored in 

memory 208) into a trained machine learning model (e.g., trained machine learning model 

stored in memory 208). The machine learning model can determine petiole nutrient values 
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based on the leaf spectral data. Processor 228 may receive an output from the machine 

learning model that includes the petiole nutrient values determined by the machine 

learning model. 

[0072] In some embodiments, processor 228 can provide a near real-time result indicating 

the petiole nutrient values to a mobile device (e.g., mobile device 42 of FIG. 2). The petiole 

nutrient values may be graphically displayed on the mobile device. In other embodiments, 

processor 228 may provide the results to display device 220 and the petiole nutrient 

values may be graphically displayed on display device 220. 

[0073] FIG. 4 illustrates one example hardware schematic of an apparatus 200. In 

alternative embodiments, apparatus 200 contains fewer, additional or different 

components. In addition, although aspects of an implementation of apparatus 200 are 

described as being stored in memory, one skilled in the art will appreciate that these 

aspects can also be stored on or read from other types of computer program products or 

computer-readable media, such as secondary storage devices, including hard disks, 

floppy disks, COs, or DVDs; a carrier wave from the Internet or other network; or other 

forms of RAM or ROM. For example, apparatus 200 may include a non-transitory 

computer readable medium storing computer-readable instructions that when executed 

by processor 228, configure processor 228 to perform method(s) described herein. 

[0074] Referring now to FIG. 5, shown therein is a flowchart illustrating an example 

method 300 of non-destructively determining petiole nutrient values in near real-time from 

plant leaves in a crop field using a portable spectrophotometer. Method 300 may be 

performed, for example, using system 100 (FIG. 2) or apparatus 200 (FIG. 4) and 

reference is also made below to FIGS. 2 and 4. 

[0075] Method 300 may be performed while carrying the portable spectrophotometer in 

the crop field. For example, portable spectrophotometer 104 may be carried in crop field 

34 on a person or vehicle. 

[0076]At 308, non-destructive spectral measurements may be taken of a leaf of a plant 

in the crop field using the carried spectrophotometer to generate leaf spectral data. For 
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example, non-destructive spectral measurements may be taken of a leaf of a potato plant 

using portable spectrophotometer 1 04. Portable spectrophotometer 1 04 can generate 

leaf spectral data based on the spectral measurements. 

[0077]At 312, the leaf spectral data may be stored in a memory. In some embodiments, 

the generated leaf spectral data may be sent to a remote server over a network and stored 

in a memory of the remote server. For example, portable spectrophotometer 104 may 

send the generated leaf spectral data to remote server 1 08 over network 112 and remote 

server 1 08 may store the leaf spectral data in memory 120. 

[0078] In other embodiments, the generated leaf spectral data may be sent to a mobile 

device and the mobile device may send the leaf spectral data to a remote server over a 

network. The leaf spectral data may be stored in a memory of the remote server. For 

example, portable spectrophotometer 1 04 may send the generated leaf spectral data to 

mobile device 42 and mobile device 42 may send the leaf spectral data to remote server 

1 08 over network 112. Remote server 1 08 may store the leaf spectral data in memory 

120. 

[0079]At 316, a processor may compute the petiole nutrient values based on the stored 

leaf spectral data. The processor may compute the petiole nutrient values by inputting the 

leaf spectral data into a machine learning model trained to provide petiole nutrient value 

outputs based on leaf spectral data inputs. In response, the machine learning model may 

output the petiole nutrient values to the processor. For example, processor 116 (or 

processor 228) may input the leaf spectral data into a trained machine learning model 

stored in memory 120 (or memory 208). The machine learning model may be a lasso 

regression model. 

[0080] At 320, a near real-time result indicating the petiole nutrient values may be 

provided. In some embodiments, the near real-time result may be provided by sending 

the petiole nutrient values to a mobile device. The petiole nutrient values may then be 

graphically displayed on the mobile device. For example, remote server 108 or apparatus 

200 may provide the near real-time result by sending the petiole nutrient values to mobile 

device 42. Mobile device 42 may graphically display the petiole nutrient values. 
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[0081] In some embodiments, method 300 may proceed to 308 if there are additional 

leaves for measurement. For example, method 300 may loop through 308 to 320 for at 

least five other plant leaves in the crop field within ten minutes. This may enable near 

real-time results to be obtained indicating the petiole nutrient values corresponding to 

non-destructive spectral measurements from multiple leaves in a short time period. In 

turn this will allow the farm to contemporaneously react to the returned petiole nutrient 

values (e.g ., by adjusting the composition and/or quantity of fertilizer) before the nutrient 

content of the measured plants has had time to change. This may improve the 

effectiveness of the corrective actions, whereby the crop yield and/or quantity may be 

improved. 

[0082]While the above description provides examples of the embodiments, it will be 

appreciated that some features and/or functions of the described embodiments are 

susceptible to modification without departing from the spirit and principles of operation of 

the described embodiments. Accordingly, what has been described above has been 

intended to be illustrative of the invention and non-limiting and it will be understood by 

persons skilled in the art that other variants and modifications may be made without 

departing from the scope of the invention as defined in the claims appended hereto. The 

scope of the claims should not be limited by the preferred embodiments and examples, 

but should be given the broadest interpretation consistent with the description as a whole. 

ITEMS 

[0083] Item 1: A method of non-destructively determining petiole nutrient values in near 

real-time from plant leaves in a crop field using a portable spectrophotometer, the method 

comprising: (a) taking non-destructive spectral measurements of a leaf of a plant in the 

crop field using the portable spectrophotometer to generate leaf spectral data, (b) storing 

the leaf spectral data in a memory; (c) computing, by a processor, the petiole nutrient 

values based on the stored leaf spectral data; and (d) providing a near real-time result 

indicating the petiole nutrient values. 

[0084] Item 2: The method of any preceding item, wherein said providing comprises 

sending the petiole nutrient values to a mobile device. 
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[0085] Item 3: The method of any preceding item, wherein said providing further 

comprises graphically displaying the petiole nutrient values on the mobile device. 

[0086] Item 4: The method of any preceding item, wherein said storing comprises sending 

the leaf spectral data to a remote server over a network, wherein the remote server 

comprises the memory and the processor. 

[0087] Item 5: The method of any preceding item, wherein said storing comprises a mobile 

device receiving the leaf spectral data and the mobile device sending the leaf spectral 

data over a network to a remote server, wherein the remote server comprises the memory 

and the processor. 

[0088] Item 6: The method of any preceding item, wherein said providing comprises 

sending the petiole nutrient values from the remote server to the mobile device and 

graphically displaying the petiole nutrient values on the mobile device. 

[0089] Item 7: The method of any preceding item, further comprising repeating steps (a) 

to (d) for at least five other plant leaves in the crop field within ten minutes. 

[0090] Item 8: The method of any preceding item , wherein the plant is a potato plant. 

[0091] Item 9: The method of any preceding item , wherein said computing comprises 

inputting the leaf spectral data into a machine learning model trained to provide petiole 

nutrient value outputs based on leaf spectral data inputs, the machine learning model 

outputting the petiole nutrient values. 

[0092] Item 10: The method of any preceding item, wherein the machine learning model 

is a lasso regression model. 

[0093] Item 11 : An apparatus for non-destructively determining petiole nutrient values in 

near real-time from plant leaves in a crop field, the apparatus comprising: a memory 

storing a machine learning model trained to provide petiole nutrient value outputs based 

on leaf spectral data inputs; and at least one processor communicatively coup lea with the 

memory, the at least one processor configured to collectively: receive leaf spectral data 

generated by a portable spectrophotometer based on non-destructive spectral 
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measurements of a leaf of a plant in the crop field; store the leaf spectral data in the 

memory; input the leaf spectral data into the machine learning model ; receive an output 

comprising the petiole nutrient values determined by the machine learning model based 

on the leaf spectral data; and provide a near real-time result to a mobile device, the near 

real-time result ind icating the petiole nutrient values. 

[0094]1tem 12: The apparatus of any preceding item , wherein the petiole nutrient values 

are graphically displayed on the mobile device. 

[0095]1tem 13: The apparatus of any preceding item , wherein the leaf spectral data 

generated by the portable spectrophotometer is received over a network from the mobile 

device . 

[0096]1tem 14: The apparatus of any preceding item , wherein the plant is a potato plant. 

[0097]1tem 15: The apparatus of any preceding item , wherein the machine learn ing model 

is a lasso regression model. 

[0098]1tem 16: The apparatus of any preceding item , wherein the memory comprises one 

or more of random-access memory (RAM), read-only memory (ROM), a hard drive, and 

a flash memory. 

[0099]1tem 17: A non-transitory computer-readable medium comprising instructions 

executable by a processor, wherein the instructions when executed configure the 

processor to: receive leaf spectral data generated by a portable spectrophotometer based 

on non-destructive spectral measurements of a leaf of a plant in a crop field ; store the 

leaf spectral data in a memory; input the leaf spectral data into a machine learning model 

trained to provide petiole nutrient value outputs based on leaf spectral data inputs; receive 

an output comprising the petiole nutrient values determined by the machine learning 

model based on the leaf spectral data; and provide a near real-time result indicating the 

petiole nutrient values. 
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[0100] Item 18: The non-transitory computer-readable medium of any preceding item, 

wherein the leaf spectral data generated by the portable spectrophotometer is received 

over a network from a mobile device. 

[0101] Item 19: The non-transitory computer-readable medium of any preceding item , 

wherein the plant is a potato plant. 

[0102] Item 20: The non-transitory computer-readable medium of any preceding item, 

wherein the machine learning model is a lasso regression model. 

[0103] Item 21 : The non-transitory computer-readable medium of any preceding item, 

wherein the memory comprises one or more of random-access memory (RAM), read-only 

memory (ROM), a hard drive, and a flash memory. 

[0104] Item 22: A system for non-destructively determining petiole nutrient values in near 

real-time from plant leaves in a crop field , the system comprising: a portable 

spectrophotometer configured to: generate leaf spectral data based on non-destructive 

spectral measurements of a leaf of a plant in the crop field; and transmit the leaf spectral 

data for receipt by a remote server via a network; and the remote server comprising a 

processor and a memory, the memory storing a machine learning model trained to 

provide petiole nutrient value outputs based on leaf spectral data inputs, the remote 

server configured to: receive the leaf spectral data; store the leaf spectral data in the 

memory; input the leaf spectral data into the machine learning model ; receive the petiole 

nutrient values determined by the machine learning model based on the leaf spectral 

data; and provide a near real-time result indicating the petiole nutrient values to a mobile 

device. 

[0105] Item 23: The system of any preceding item, wherein the petiole nutrient values are 

graphically displayed on the mobile device. 

[0106] Item 24: The system of any preceding item , wherein the portable 

spectrophotometer is configured to transmit the leaf spectral data to the mobi~e device 

and the mobile device transmits the leaf spectral data to the remote server. 
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[01 07] Item 25: The system of any preceding item, wherein the plant is a potato plant. 

[0108] Item 26: The system of any preceding item, wherein the machine learning model 

is a lasso regression model. 

[0109] Item 27: The system of any preceding item, wherein the memory comprises one or 

more of random-access memory (RAM), read-only memory (ROM), a hard drive, and a 

flash memory. 
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WE CLAIM: 

1. A method of non-destructively determining petiole nutrient values in near real-time 

from plant leaves in a crop field using a portable spectrophotometer, the method 

comprising: 

(a) taking non-destructive spectral measurements of a leaf of a plant in the crop 

field using the portable spectrophotometer to generate leaf spectral data, 

(b) storing the leaf spectral data in a memory; 

(c) computing, by a processor, the petiole nutrient values based on the stored leaf 

spectral data; and 

(d) providing a near real-time result indicating the petiole nutrient values. 

2. The method of claim 1, wherein said providing comprises sending the petiole 

nutrient values to a mobile device. 

3. The method of claim 2, wherein said providing further comprises graphically 

displaying the petiole nutrient values on the mobile device. 

4. The method of claim 1, wherein said storing comprises sending the leaf spectral 

data to a remote server over a network, wherein the remote server comprises the memory 

and the processor. 

5. The method of claim 1, wherein said storing comprises a mobile device receiving 

the leaf spectral data and the mobile device sending the leaf spectral data over a network 

to a remote server, wherein the remote server comprises the memory and the processor. 

6. The method of claim 5, wherein said providing comprises sending the petiole 

nutrient values from the remote server to the mobile device and graphically displaying the 

petiole nutrient values on the mobile device. 

7. The method of claim 1, further comprising repeating steps (a) to (d) for at least five 

other plant leaves in the crop field within ten minutes. 
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8. The method of claim 1, wherein the plant is a potato plant. 

9. The method of claim 1, wherein said computing comprises inputting vthe leaf 

spectral data into a machine learning model trained to provide petiole nutrient value 

outputs based on leaf spectral data inputs, the machine learning model outputting the 

petiole nutrient values. 

1 0. The method of claim 9, wherein the machine learning model is a lasso regression 

model. 

11. An apparatus for non-destructively determining petiole nutrient values in near real-

time from plant leaves in a crop field , the apparatus comprising: 

a memory storing a machine learning model trained to provide petiole nutrient 

value outputs based on leaf spectral data inputs; and 

at least one processor communicatively coupled with the memory, the at least one 

processor configured to collectively: 

receive leaf spectral data generated by a portable spectrophotometer based 

on non-destructive spectral measurements of a leaf of a plant in the crop 

field ; 

store the leaf spectral data in the memory; 

input the leaf spectral data into the machine learning model ; 

receive an output comprising the petiole nutrient values determined by the 

machine learning model based on the leaf spectral data; and 

provide a near real-time result to a mobile device, the near real-time result 

indicating the petiole nutrient values. 

12. The apparatus of claim 11 , wherein the petiole nutrient values are graphically 

displayed on the mobile device. 
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13. The apparatus of claim 11 , wherein the leaf spectral data generated by the portable 

spectrophotometer is received over a network from the mobile device. 

14. The apparatus of claim 11 , wherein the plant is a potato plant. 

15. The apparatus of claim 11 , wherein the machine learning model is a lasso 

regression model. 

16. The apparatus of claim 11 , wherein the memory comprises one or more of random-

access memory (RAM), read-only memory (ROM), a hard drive, and a flash memory. 

17. A non-transitory computer-readable medium comprising instructions executable by 

a processor, wherein the instructions when executed configure the processor to: 

receive leaf spectral data generated by a portable spectrophotometer based on 

non-destructive spectral measurements of a leaf of a plant in a crop field; 

store the leaf spectral data in a memory; 

input the leaf spectral data into a machine learning model trained to provide petiole 

nutrient value outputs based on leaf spectral data inputs; 

receive an output comprising the petiole nutrient values determined by the 

machine learning model based on the leaf spectral data; and 

provide a near real-time result indicating the petiole nutrient values. 

18. The non-transitory computer-readable medium of claim 17, wherein the leaf 

spectral data generated by the portable spectrophotometer is received over a network 

from a mobile device. 

19. The non-transitory computer-readable medium of claim 17, wherein the plant is a 

potato plant. 

20. The non-transitory computer-readable medium of claim 17, wherein the machine 

learning model is a lasso regression model. 
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21 . The non-transitory computer-readable medium of claim 17, wherein the memory 

comprises one or more of random-access memory (RAM), read-only memory (ROM), a 

hard drive, and a flash memory. 

22. A system for non-destructively determining petiole nutrient values in near real-time 

from plant leaves in a crop field, the system comprising: 

a portable spectrophotometer configured to: 

generate leaf spectral data based on non-destructive spectral 

measurements of a leaf of a plant in the crop field ; and 

transmit the leaf spectral data for receipt by a remote server via a network; 

and 

the remote server comprising a processor and a memory, the memory storing a 

machine learning model trained to provide petiole nutrient value outputs based on 

leaf spectral data inputs, the remote server configured to: 

receive the leaf spectral data; 

store the leaf spectral data in the memory; 

input the leaf spectral data into the machine learning model; 

receive the petiole nutrient values determined by the machine learning 

model based on the leaf spectral data; and 

provide a near real-time result indicating the petiole nutrient values to a 

mobile device. 

23. The system of claim 22, wherein the petiole nutrient values are graphically 

displayed on the mobile device. 
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24. The system of claim 22, wherein the portable spectrophotometer is configured to 

transmit the leaf spectral data to the mobile device and the mobile device transmits the 

leaf spectral data to the remote server. 

25. The system of claim 22, wherein the plant is a potato plant. 

26. The system of claim 22, wherein the machine learning model is a lasso regression 

model. 

27. The system of claim 22, wherein the memory comprises one or more of random-

access memory (RAM), read-only memory (ROM), a hard drive, and a flash memory. 
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ABSTRACT 

A system, an apparatus and a method of non-destructively determining petiole nutrient 

values in near real-time from plant leaves in a crop field using a portable 

spectrophotometer are provided. The method may comprise: (a) taking non-destructive 

spectral measurements of a leaf of a plant in the crop field using the portable 

spectrophotometer to generate leaf spectral data, (b) storing the leaf spectral data in a 

memory; (c) computing, by a processor, the petiole nutrient values based on the stored 

leaf spectral data; and (d) providing a near real-time result indicating the petiole nutrient 

values. 
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