wo 2013/006334 A2 |11 0FV 00000 O 0000 0 A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/006334 A2

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

10 January 2013 (10.01.2013) WIPOIPCT
International Patent Classification: (81)
GOIN 33/00 (2006.01)
International Application Number:

PCT/US2012/044378

International Filing Date:
27 June 2012 (27.06.2012)

Filing Language: English
Publication Language: English
Priority Data:

61/505,399 7 July 2011 (07.07.2011) US

Applicant (for all designated States except US): DOW
AGROSCIENCES LLC [US/US]; 9330 Zionsville Road,
Indianapolis, IN 46268 (US).

Inventors; and

Inventors/Applicants (for US only): SETLUR, Pradeep
[IN/US]; 13099 Wembly Road, Carmel, IN 46033 (US).
YANG, Yang [CN/US]; 4744 Pebblepoint Pass, Zions-
ville, IN 46077 (US). GOLGOTIU, Kristi [US/US];
14250 Cleveland Street, Oregon City, OR 97045 (US).

Agent: BARKER, Ryan, C.; Facgre Baker Daniels LLP,
300 North Meridian Street, Suite 2700, Indianapolis, IN
46204 (US).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: VARIABLE GAS SOURCE GAS EXCHANGE SYSTEM

(57) Abstract: A gas measurement system is provided that includes a

mechanism for customizing gas supplied to the system. The system further
includes a plurality of test locations that can be serviced by a common ves -
sel portion and common sampling and testing infrastructure. The system
further includes a controller that is able to control the customization of the
supply gas and the location of the common vessel portion.



10

15

20

25

WO 2013/006334 PCT/US2012/044378

VARIABLE GAS SOURCE GAS EXCHANGE SYSTEM
PRIORITY

[0001] The present application claims priority to U.S. Provisional Application No.
61/505,399 filed July 7, 2011, the disclosure of which is incorporated herein by

reference.
FIELD

[0002] The present disclosure relates to a system for gas exchange chambers, and more
particularly to method and system for a controlled source gas exchange chamber with

automated testing capability.

BACKGROUND AND SUMMARY

[0003] Gas exchange chambers are used to monitor static states of plants and the
composition of the immediately surrounding air once plants are allowed to exchange

gasses with supplied ambient air.

[0004] According to an embodiment of the present disclosure, an open gas exchange
measuring system is disclosed including: a controller; a test chamber; a customizable gas
source that provides gas to the test chamber, the gas source being controlled by the
controller, the controller providing for customizing characteristics of the gas provided to

the test chamber as desired; and a measuring device.

[0005] According to another embodiment of the present disclosure, a gas measuring
system is disclosed including: a controller; a gas source; a measuring device; a plurality
of fixed lower test chamber portions, each lower test chamber portion having a position
suitable for receiving a test subject, and a moveable upper test chamber portion. The
moveable upper portion being sealable to each of the plurality of lower test chambers; the
controller controlling the composition of gas supplied to upper test chamber portion from

the gas source, the controller controlling the position of the moveable upper test chamber.
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[0006] According to another embodiment of the present disclosure, a gas measuring
system is provided including: a test chamber; a gas source; a first test chamber portion; a
second test chamber portion; a third test chamber portion; and a controller including a
data storage member. The data storage member including a plurality of instructions
thereon that, when invoked by the controller, cause the system to perform the steps of:
placing the second test chamber portion in contact with the first test chamber portion;
customizing gas flow from the gas source to the first test chamber portion to provide a
first gas to the first test chamber portion via the second test chamber portion, the first gas
having a first set of desired customized characteristics; moving the second test chamber
out of contact with the first test chamber portion and into contact with the third test
chamber portion; and customizing gas flow from the gas source to the to the third test
chamber portion to provide a second gas to the third test chamber portion via the second
test chamber portion, the second gas having a second set of desired customized

characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The above-mentioned and other features of the disclosure, and the manner of
attaining them, will become more apparent and the disclosure itself will be better
understood by reference to the following description taken in conjunction with the

accompanying drawings, wherein:

[0008] FIG. 1 illustrates a schematic of a system for supplying controlled gasses to one

or more of a plurality of plants under test and for measuring gas exchange response;
[0009] FIG. 2 illustrates a chamber usable in the system of Fig. 1.

[0010] Corresponding reference characters indicate corresponding parts throughout the
several views. The exemplifications set out herein illustrate exemplary embodiments of
the invention, and such exemplifications are not to be construed as limiting the scope of

the invention in any manner.
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DETAILED DESCRIPTION

[0011] The embodiments disclosed herein are not intended to be exhaustive or to limit
the disclosure to the precise forms disclosed in the following detailed description.
Rather, the embodiments are chosen and described so that others skilled in the art may

utilize their teachings.

[0012] Referring to FIG. 1, an exemplary gas exchange monitoring system 10 is
shown. System 10 includes supply buffers 12, supply pumps 14, manifold 16, gas
analyzer 18, chamber 20, and computer 22. System 10 is shown as an open system gas
exchange chamber, however, it is envisioned that the concepts and teachings herein are

also applicable to closed system gas exchange chambers.

[0013] Supply buffers 12 are gas repositories. Supply buffers 12 are provided with
differing gaseous elements having differing physical/chemical characteristics. Buffers 12
are customizable according to tests desired to be carried out. By way of example, four
buffers 12 are supplied with varying amounts of CO,, O,, ambient air, trace gasses (such
as cthylene), or any other desired gaseous elements. Each buffer 12 is adjusted by
temperature, vapor pressure deficit (VPD), and any other desired characteristic. To this
end, heaters, coolers, humidifiers, dehumidifiers, and other condition altering devices 24

are coupled to each buffer 12.

[0014]  Supply pumps 14 are coupled to each supply buffer 12. Supply pumps 14
control both the amount of gas supplied from each buffer 12, the flow rate of supplied

gas, and in closed systems, the pressure at which the gas is supplied.

[0015]  Supply pumps 14 supply gas from buffers 12 to manifold 16. Inputs 26 of
manifold 16 are coupled to respective outputs of supply pumps 14. Manifold 16
combines the outputs from pumps 14. Manifold 16 further includes valves therein.
Accordingly, system 10 is not restricted to supplying only the gasecous states of buffers
12, but rather combinations of the gaseous states of buffers 12 are achieved by varying
the amounts of gas taken and mixed from each buffer 12. Outlet 28 of manifold 16 is

supplied to inlet 30 of chamber 20 and to reference inlet 32 of gas analyzer 18.
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[0016] Gas analyzer 18 is, in the present example, a CO,/H,O analyzer, such as one
produced by Li-Cor Biosciences with the model number of LI-7000. It should be
appreciated that analyzer 18 is chosen to provide for monitoring of the

chemicals/variables/features under study.

[0017] In addition to receiving input from manifold outlet 28, analyzer 18 receives
input from outlet 34 of chamber 20 at sample inlet 33. Accordingly, analyzer 18 is
provided with the gasses being supplied to chamber 20 and the gasses that result from the
input gas being subjected to the presence of test subjects 36 (illustrated as plants) within
chamber 20. Chamber outlet 34 is vented to ambient air in opens systems but could be

vented to a collection chamber (not shown) or re-circulated in other embodiments.

[0018] Computer 22 is coupled to analyzer 18 to allow monitoring, saving, and
manipulation of the data provided by analyzer 18. As previously discussed, analyzer 18
includes at least two channels (from manifold outlet 28 and chamber outlet 34).
Computer 22 includes programming to interface with analyzer 18 and allow graphical
presentation of the data received therefrom. Computer 22 is further coupled to chamber
20, supply pumps 14, and manifold 16. Computer 22 is able to control supply pumps 14

and manifold 16 to provide desired gas compositions to chamber 20 at desired times.

[0019] Chamber 20 is shown in more detail in Fig. 2. Chamber 20 includes a fixed
lower portion 38 and a moveable upper portion 40. Lower portion 38 is actually one of a
plurality of identical lower portions 38. Moveable upper portion 40 is selectively
associated with a plurality of lower portions 38. Embodiments are envisioned where
system 10 also includes a plurality of upper portions 40. Test subjects 36 (or plants)

under test are located within each lower portion 38.

[0020] Lower portions 38 are shown as being cylindrical and presenting an interface
portion 42 on an upper lip. While other shapes and orientations are envisioned, lower
portions within a system 10 are all similarly shaped and oriented. For example, another
such orientation results in lower portions 38 being disposed within the floor or retractable

into a floor such that interface portion 42 is flush with the floor. As shown, adjacent
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lower portions 38 are separated from each other by a defined inter-pot distance 44. The
provided example provides that the inter-pot distance between lower portions 38 is
constant for all lower portions 38. Fig. 2 shows two lower portions 38 that are separated
in a left-right direction of the page. It should be appreciated that lower portions 38 are
envisioned as being laid out in a grid of two dimensions (rows and columns), not shown.
Accordingly, inter-pot distance 44 corresponds to a column width. The grid also has a
row width that may or may not be equal to inter-pot distance 44 (column width).
Embodiments are envisioned where the row width is equal to inter-pot distance 44. In the
present example, inter-pot distance 44 is chosen such that the effect that tests being
conducted at one lower portion 38 have minimal or no effect on tests being run at a
second lower portion 38. Embodiments are also envisioned where inter-pot distance 44 is
chosen to approximate the distance between plants that would be experienced in a planted
field. Inter-pot distance 44 also allows for chamber 20 to fully enclose test subject 36
without enclosing any of adjacent test subject 36. Inter-pot distance 44 is also chosen to
allow desired airflow once chamber 20 encloses test subject 36. Additionally,
embodiments are envisioned wherein the floor of lower portion 38 includes a scale. The
scale is coupled to computer 22 and provides an electronic weight signal thereto.
Additionally, while chamber 20 is discussed as only enclosing one test subject 36 at a
time, embodiments are envisioned where multiple test subjects 36 are enclosed together.

In such embodiments, test subjects 36 enclosed together are usually of the same type.

[0021] Upper portion 40 includes base 62, movement linkages 46, input/output
interfaces 48, motors 50, spools 52, cables 54, drape 56, support rings 58, and interface
portion 60. Base 62 is shown as being a flat square member on which the balance of the
pieces of upper portion 40 are mounted. However, it should be appreciated that the
depiction of base 62 is conceptual. An actual base 62 is shaped and sized to support and
provide mounting surfaces for the balance of the pieces of upper portion 40. Base 62 is
coupled to movement linkages 46. Movement linkages 46 suspend upper portion 40
above lower portion 38 and test subjects 36. Movement linkages 46 further allow upper

portion 40 to be moved and successively centered over multiple lower portions 38.
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Computer 20 is coupled to motors (not shown) that control the movement of movement

linkages 46.

[0022] Base 62 provides an air-tight coupling to drape 56. Drape 56 is impervious to
gas and illustratively made of a cylinder of flexible transparent plastic of a ply that can
sustain repeated flexing. A plurality of support rings 58 is disposed on the interior of
drape 56 at varying heights to maintain an internal opening diameter within drape 56.
Alternatively, support rings 58 can take the form of a continual helix that approximates a

spring.

[0023] Lower end 64 of drape 56 is coupled to interface portion 60. Interface portion
60 is sized to sealingly interface with interface portion 42 of lower portion 38. The seal
of interface portion 42 to fixed lower portion 38 is air-tight to provide a volume within

drape 56 that is gaseously isolated from the surrounding air.

[0024] Cables 54 are coupled to lower end 64 of drape and extend vertically upwardly
to base 62. Cables 54 are further coupled to spools 52 that are coupled to and rotatable
relative to base 62. Spools 52 are coupled to motors 50 that selectively turn spools to
wind and unwind cables 54 from spools 52. Such winding and unwinding of cables 54
from spools 52 raise and lower, respectively, the interface portion 60 and drape 56.
Accordingly, drape 56 is provided a lowered position where interface portion 60 seals to
interface portion 42. Likewise, drape 56 is provided a raised position where interface
portion 60 is disengaged from interface portion 42 and lower end 64 is raised to a height
higher than the height of test subjects 36. The raised position of drape 56 causes/allows

flexing of drape 56 to a compressed orientation.

[0025] Alternatively, embodiments are envisioned where harder plastic is used for
drape 56. Such embodiments use the harder plastic in a telescoping manner such that
collapsed (retracted) and expanded orientations are again provided. Air-tight seals are

provided between telescoping portions to maintain the seal of chamber 20.

[0026] Input/output interfaces 48 are linked to chamber inlet 30 and chamber outlet 34,

respectively. Input/output interfaces 48 are positioned on base 62 such that they are in
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communication with the interior volume of drape 56. Thus, when drape 56 is in its
lowered position that defines an isolated volume, the isolated volume is in gaseous
communication with manifold 16 and with gas analyzer 18. Inlet 30 is also envisioned to
have specific ducting to provide that input gas is evenly distributed within chamber 20.
Similarly, outlet 34 is positioned and ducted to maximize the likelihood that gas being
sampled is gas that has interacted with test subjects 36 as opposed to coming directly

from inlet 30.

[0027] In use, a location with an array containing a plurality of lower portions 38 is

provided. Test subjects 36 are placed in one or more lower portions 38.

[0028] Computer 22 is provided with a plurality of data structures to control system 10
to conduct one or more experiments on test subjects 36. As noted, lower portions 38 are
arranged with a set inter-pot distance 44. Regardless of the exact layout, computer 22 is
provided data that indicates the positioning of the lower portions 38. The positioning
data may be in the form of an existing data file or in the form of user input. Additionally,
for any specific experiment run, computer 22 is provided data indicative of which lower

portions 38 are in use (that contain a test subjects 36).

[0029] Computer 22 is likewise provided with data structures that contain instructions
for movement linkages 46 (and the motors that control them) to cause moveable upper

portion 40 to be positioned above each fixed lower portion 38.

[0030] Computer 22 accesses the data structure for the experiment protocol to
determine which fixed lower portion 38 are in use for the protocol being executed.
Similarly, the experiment protocol provides data indicative of what physical/chemical
characteristics are provided by each of supply buffers 12. Computer 22 is provided with
data structures that contain instructions for operation of supply pumps 14 and manifold

16 to cause desired gas compositions to be supplied to chamber 20.

[0031] Thus, with proper setup of lower portions 38 with test subjects 36 and of supply
buffers 14, an experiment can be developed and carried out with a plurality of similar or

different subjects (test subjects 36). Computer 22 is provided with a data structure that

7
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indicates the particular gas compositions to be supplied to each test subjects 36. Thus,

for "n" test subjects 36, the experiment protocol provides a treatment to be carried out.

[0032] Once the experiment protocol data structure is invoked, computer 22 first
positions moveable upper portion 40 over the first fixed lower portion 38 and test
subjects 36 by emitting signals to instruct movement linkages 46 to move appropriately.
Computer 22 then emits instructions to activate motors 50 and unspool cables 54 until
interface portion 60 engages interface portion 42. Computer 22 then emits signals that
selectively cause activation of supply pumps 14 and manifold 16 to produce the desired
gaseous composition at inlet 30. As previously noted, the gaseous composition is
likewise provided to gas analyzer 18. Accordingly, to the extent that the signals emitted
from computer 22 do not produce an exactly precise gaseous composition, gas analyzer

18 is able to test the composition actually emitting from manifold 16.

[0033] Gas analyzer 18 is also testing the gas composition leaving chamber 20 via
outlet 34. By taking successive readings, gas analyzer 18 is able to detect and report to
computer 22 changes in gas composition over time. Differences in gas composition
between inlet 30 and outlet 34 are presumed to be an artifact of the interaction between
the provided gas and test subjects 36. Furthermore, in that the supplied gas is
customizable, system 10 is able to measure the reactions/responses that plants have to
changes in the provided atmosphere (gases). System 10 is further able to monitor
transient reactions of test subjects 36 (and the resulting changes in output gasses) to the
atmospheric changes. In one embodiment where system 10 monitors transient reactions,
gas analyzer 18 focuses on readings between when the chamber is able to effect a full
chamber air exchange and when the test subjects 36 are able to assume a new gas
exchange equilibrium with the new gaseous composition. One such example is to focus
on the times between 20 and 70 seconds after a new gas composition is provided to test
subjects 36. In the embodiment, 20 seconds is relevant in that it is the time that the
chamber needs to effect an air change within the chamber (3 exchanges per minute = 1
change in 20 seconds). Additionally, 70 seconds is relevant in that test subjects 36 are

believed to reach a gas exchange equilibrium 50 seconds after application of the new
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gaseous composition. Once the experiment is completed and the data is gathered,
computer 22 emits signals to cause moveable upper portion 40 to move on to a second

fixed lower portion 38 and test subjects 36.

[0034] To this end, drape 56 is retracted via motors 50, spools 52, and cables 54.
Upper portion 40 is then moved above second fixed lower portion 38 and test subjects 36.
Drape 56 is then lowered via motors 50, spools 52, and cables 54 such that interface
portion 42 engages interface portion 60 of the second fixed lower portion 38. Again,
computer 22 emits instructions to cause activation of supply pumps 14 and manifold 16
to produce the desired gaseous composition at inlet 30. It should be appreciated that the
gas composition supplied to the second fixed lower portion 38 can be the same or

different than the gas composition supplied to the first fixed lower portion 38.

[0035] Additionally, the gas composition can be changed in the midst of a trial (i.e. the
trial may be testing the plant response to going from a first gas composition to a second
gas composition). Such gas composition changes include but are not limited to
increases/decreases in atmospheric vapor pressure deficit (VPD), temperature, CO;
concentration, and consecutive changes (raising or lowering) these variables.
Furthermore, monitoring output changes relative to the input changes provide transient
reaction data. The transient reaction data can provide information about the performance
of the test subjects 36 in terms of change in canopy gas exchange capacity, instantaneous
water use efficiency in reaction to environmental stimulus, and traits such as drought
tolerance, nitrogen use efficiency, tolerance to flood stress, photosynthetic capacity, and
any others desired and detectable via the described devices and methods. Additional
properties, such as canopy transpiration, transpiration rate, net CO; assimilation, CO;
assimilation rate, net CO; assimilation rate, CO, concentration, Irradiance, Leaf Stomatal
Conductance, and leaf Surface Temperature can also be determined. Accordingly,
system 10 provides a high throughput system for screening for traits such as, but not

limited to, drought tolerance and nitrogen use efficiency.

[0036] While this invention has been described as having preferred designs, the present

invention can be further modified within the spirit and scope of this disclosure. This
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application is therefore intended to cover any variations, uses, or adaptations of the
invention using its general principles. Further, this application is intended to cover such
departures from the present disclosure as come within known or customary practice in the
art to which this disclosure pertains and which fall within the limits of the appended

claims.
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CLAIMS

1. An open gas exchange measuring system including:

a controller;

a test chamber;

a customizable gas source that provides gas to the test chamber, the gas source
being controlled by the controller, the controller providing for customizing characteristics
of the gas provided to the test chamber; and

a measuring device.

2. The system of claim 1, wherein the customizable gas source includes a plurality
of gas sources, the controller causing gas from one or more of the plurality of gas sources
to be mixed to provide customized characteristics in gas supplied to the test chamber.

3. The system of claim 1, further including an exhaust port that fluidly links the test
chamber to ambient air.

4. The system of claim 3, wherein the exhaust port is permanently open.

5. The system of claim 1, wherein the test chamber includes a moveable upper
portion that selectively engages a first lower portion.

6. The system of claim 5, further including a motor coupled to the upper portion
such that the upper portion is moveable between the first lower portion and a second
lower portion.

7. The system of claim 5, wherein the upper portion includes a drape that provides a
barrier to airflow.

8. The system of claim 1, wherein the customizable gas source provides the sole gas
input the test chamber.

9. A gas measuring system including:

a controller;

a gas source;

a measuring device;

a plurality of fixed lower test chamber portions, each lower test chamber portion

having a position suitable for receiving a test subject, and

11
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a moveable upper test chamber portion, the moveable upper portion being
coupleable to each of the plurality of lower test chambers; the controller controlling the
composition of gas supplied to upper test chamber portion from the gas source, the
controller controlling the position of the moveable upper test chamber.

10. The system of claim 9, wherein the upper test chamber portion has a retracted
position and an expanded position, transition from the retracted position to the expanded
position including coupling a portion of the upper test chamber portion to a coupling
portion of the lower test chamber portion.

11. The system of claim 9, wherein the upper test chamber portion includes a drape
that impedes airflow.

12. The system of claim 9, wherein positions of the plurality of fixed lower test
chamber portions are known by the controller.

13. The system of claim 9, wherein the controller includes software that positions the
moveable upper test chamber portion to align with one of the plurality of fixed lower test
chamber portions.

14. The system of claim 9, wherein the controller is operable to control the position of
the moveable upper test chamber portion and to control gas provided by the gas source.

15. The system of claim 14, wherein the gas source includes a plurality of different
gasses and the controller is operable to control the mixture of the plurality of different
gasses to be provided to the moveable upper test chamber portion.

16. A gas measuring system including:

a test chamber;

a gas source;

a first test chamber portion;

a second test chamber portion;

a third test chamber portion; and

a controller including a data storage member, the data storage member including a
plurality of instructions thereon that, when invoked by the controller, cause the system to

perform the steps of:

12
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placing the second test chamber portion in contact with the first test
chamber portion;
customizing gas flow from the gas source to the first test chamber portion
to provide a first gas to the first test chamber portion via the second test chamber portion,
the first gas having a first set of desired customized characteristics;
moving the second test chamber out of contact with the first test chamber
portion and into contact with the third test chamber portion; and
customizing gas flow from the gas source to the to the third test chamber
portion to provide a second gas to the third test chamber portion via the second test
chamber portion, the second gas having a second set of desired customized
characteristics.
17. The system of claim 16, wherein the second test chamber portion includes a drape
that impedes airflow.
18. The system of claim 16, wherein the gas source is the sole source of gas supplied
to the second test chamber portion.
19. The system of claim 16, wherein the system is operable to supply gas to a
plurality of plants.
20. The system of claim 16, wherein the customized characteristics of the first and
second gasses are selected from the group including chemical makeup, temperature, and

vapor pressure deficit.

13
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