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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE TRADEMARK TRIAL AND APPEAL BOARD

)
KOCH AGRONOMIC SERVICES, )
LLC, )
)
Opposer, ) Opposition No.
)
V. ) Application Nos. 88/030,304 & 88/057,306
)
VERDESIAN LIFE SCIENCES U.S., )
LLC )
)
Applicant. )

CONSOLIDATED NOTICE OF OPPOSITION

Koch Agronomic Services, LLC (“Koch Agronomic” or “Opposer”), a Delaware limited
liability company with a principal place of business at 4111 East 37th Street North, Wichita,
Kansas 67220, believes that it will be damaged by the issuance of trademark registrations for the
phrases “NUE CHARGE” and “NUE UNIVERSITY” that are the subject of Application Ser.
Nos. 88/030,304 and 88/057,306, respectively (the “Applications™), filed by Verdesian Life
Sciences U.S., LLC (“Applicant”). Accordingly, pursuant to Section 13 of the Lanham Act, 15
U.S.C. § 1063, Koch Agronomic opposes the Applications.

As grounds for its opposition, Opposer alleges as follows, with knowledge concerning its
own acts, and on information and belief as to all other matters:

1. Koch Agronomic is a global leader in plant nutrient solutions, using science and
technology to provide growers with innovative solutions to boost yield potential, strengthen turf,
reduce environmental impact, and optimize fertilizer investments.

2. Applicant is a Delaware limited liability company with an address of 1001

Winstead Drive, Suite 480, Cary, North Carolina 27513.



3. Onluly9, 2018, Applicant filed an application to register the phrase “NUE
CHARGE?” for use in connection with “fertilizers,” in Class 1.

4. On July 30, 2018, Applicant filed an application to register the phrase “NUE
UNIVERSITY” for use in connection with “fertilizers; plant growth nutrients for crops;
chemicals for use in agriculture for crop protection, except fungicides, herbicides, insecticides
and parasiticides,” in Class 1 and “fungicides, herbicides, insecticides, and parasiticides,” in
Class 5.

5. Neither of the Applications include a disclaimer of any term.

6. The Applications were published for opposition in the Official Gazette dated June 4,
2019. Koch Agronomic timely filed requests for extensions of time to oppose the Applications
and thus is allowed until August 5, 2019 to file this Consolidated Notice of Opposition.

7.  Koch Agronomic and third parties regularly use the generic or descriptive term
“NUE” as an acronym for “nitrogen use efficiency” or “nutrient use efficiency,” which is an
indicator for the amount of applied nutrients (nitrogen) that are taken up by the crop. NUE is the
measurement researchers, the academic community, and the agriculture industry use to compare
the effectiveness of various fertilizer sources. Attached as Exhibit 1 are printouts showing
representative examples of such uses, including Opposer’s use of NUE.

8. Applicant, in its counterclaim in a separate opposition proceeding, in fact admitted
that ““NUE”’ is an acronym for the wording nutrient use efficiency” and argued that NUE is thus
descriptive of fertilizer. Attached as Exhibit 2 is a printout of Applicant’s Answer and
Counterclaim in Opposition No. 91246167.

9. In addition, Applicant’s website repeatedly uses “NUE” an acronym for “nutrient

use efficiency,” explaining “Nutrient use efficiency (NUE) is simply a measure of how well



plants use the available mineral nutrients. It can also be defined as yield per unit input (e.g.,
fertilizer, nutrient content, etc.).” Attached as Exhibit 3 are printouts of Applicant’s website
showing examples of such use.

10. Applicant’s website also uses “NUE” to reference “nitrogen use efficiency.”
Attached as Exhibit 4 is a printout of Applicant’s website showing an example of such use.

11. Moreover, Applicant received an office action on December 28, 2018 to its
application to register the phrase “A VERDESIAN NUE SOLUTION,” Application Ser. No.
88/123,749, for use in connection with “metabolic plant fertilizers and growth regulators for
agricultural use,” in Class 1. The office action required a disclaimer of the term “NUE” on the
basis that ““NUE’ is an acronym for ‘Nitrogen Use Efficiency’ or ‘Nutrient Use Efficiency’” and
“[t]hus, ‘NUE’ in the mark merely describes an ingredient, quality, characteristic, function,
feature, purpose, or use of applicant’s goods because they are metabolic plant fertilizers and
growth regulators for agricultural use that could be used to improve NUE.” Attached as Exhibit
5 is a printout of the office action.

12. On June 18, 2019, Applicant filed a response to the office action adopting the
following disclaimer and thus further admitting the descriptiveness of the term “NUE”: “No
claim is made to the exclusive right to use NUE apart from the mark as shown.” Attached as
Exhibit 6 is a printout of Applicant’s June 18, 2019 office action response.

13. As evidenced by Applicant’s own admissions, the term “NUE” is generic, merely
descriptive, and non-distinctive, when used in connection with Applicant’s goods covered by the
Applications.

14. Based on Koch Agronomic’s offering of plant nutrient solutions related to

increasing nitrogen use efficiency (NUE), Koch Agronomic has standing to oppose the



Applications and has a direct commercial interest in describing the products it sells using the
generic or merely descriptive term “NUE.”

15. Applicant should be required to adopt a disclaimer of the term “NUE” for both
“NUE CHARGE” and “NUE UNIVERSITY” on the grounds that the term “NUE” is generic or
merely descriptive and lacking acquired distinctiveness when used in connection with an
indicator for the utilization of nitrogen and nutrients of the fertilizers, plant growth nutrients for
crops, chemicals for use in agriculture for crop protection, fungicides, herbicides, insecticides,
and parasiticides identified in Applicant’s description of goods. Indeed, the term “NUE” is
generic or does nothing more than describe a quality, characteristic, function, feature, purpose or
use of Applicant’s goods. As such, the term “NUE” must be disclaimed pursuant to Section 6(a)
of the Lanham Act, 15 U.S.C. § 1056(a).

16. Koch Agronomic respectfully requests the Board to sustain this Notice of
Opposition in Opposer’s favor and require disclaimers of the term “NUE” in “NUE CHARGE”
and “NUE UNIVERSITY” in Application Ser. Nos. 88/030,304 and 88/057,306. The required
fee in the amount of $1,200.00 accompanies this notice. The Commissioner is authorized to debit
the deposit account of Kilpatrick Townsend & Stockton LLP (Deposit Account No. 20-1430) for
any deficiency in the required fee.

Dated: July 17, 2019 Respectfully submitted,

/Alicia Grahn Jones/

Alicia Grahn Jones

Crystal Genteman

KILPATRICK TOWNSEND & STOCKTON LLP
1100 Peachtree Street, Suite 2800

Atlanta, Georgia 30309

Phone: (404) 815-6500

Fax: 404-815-6555
aljones@kilpatricktownsend.com
cgenteman(@kilpatricktownsend.com
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CERTIFICATE OF TRANSMITTAL

I hereby certify that a true copy of the foregoing CONSOLIDATED NOTICE OF

OPPOSITION is being filed electronically with the TTAB via ESTTA on this day, July 17, 2019.

/Alicia Grahn Jones/

Counsel for Opposer
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Systems Approach to Nutrient Use
Efficiency
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Soil health and NUE are all in the “Carbon” SYSTEM.
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and improves NUE once thay ae appied.

PP PR e = TR IR N, TR W [ T SR S S (RN [P Ko Sy Sy | | N [ e

Better Farming Through Better Soil. COMT. SALES CONSULTANT

Document title: Systems Approach to Nutrient Use Efficiency | Midwestern BioAg
Capture URL: https://www.midwesternbioag.com/systems-approach-to-nutrient-use-efficiency/
Capture timestamp (UTC): Mon, 06 May 2019 15:41:07 GMT

Page 1 of 2



Impacts of Nutrient Use Efficiency
Let's logicab your crof and 50il oerfarmance [0 a sotiosconomic mannér, ds word popuiation grows: 2 Billleh ceaple
projected. by tree year 2050, growers need 1o Droduce miose Eﬁ"%
food to keep up with dermand, The US Com Yield trend-fine

Caorn for Grain Yield

has been Incressing for the last 20 years Fgum )

A5 yields incréase, more nutrents are nesded 1o be added 1o
replace the nuttlents emaved in the graln/stover, Fertilizer

prices have been up and dawn recently, and growers need o
protect theiisehirs fromm orioe volatillty. Imicioving the rewm

F -

rilllzer parchased = rmust, [Fand starts with a heatthy

o
sail, Meeoing Pertilizer whem i 5 apofied s also critical, Mo orse
wants to 228 thelr nitadgen, let alore fertifizer gollars, fios

e

L Ee Migsiesiae| Biver ar infilteate Lake Era o anYy oshar T B g g [ g e e i g e e

—ra L

anmental watershed. Another sspact of NUE s Ui

sansilive any

LociBl Cantumears By f‘fl"'l‘l"lﬂl't:".'l"li mealthier focds Healthigr

Tood starts wiln nealthier soils and protec ting
anvirpmment In a sustainanie way it essential to this orocess

Soil health and NUE are all in the "Carbon" SYSTEM.

The sysiem approach to farming, ens that Midwestern Biofg has perfecied, Is the only way o optimize NUE and soil
hpalth, A simple start 10 bullding your farming system this soring Is for you 1o take advaniage of carbon dallvery. Carban is
Iportan a5 a foed sounce for native soll blosogy. Carban in the products in the subheadings belonw stirmutates sofl Blology

and improves NUE onoe thay are sodihed.

Inclusion of TerraNu Nutrient Technology into your fertilizer blends.

Terrahu Mutrient Technology™ s an Innovative technology that imoroves NUE by oelivering audlity, balanced nutients
a carban-deifviry systerm; Terrahiu M

-

Tl."L_-":nJHJg‘.-' |28 granlated fertilze &l s rl-.-.lmr.-gﬁr'i:'--.'i WITH pEsams|

mutrients far plant win. Midwestern Blodg cap customize your fenilizer iend to ootimize TerraMu Inclusion Foe your

fisld, Ak us today!

Lo Wt it o i Incorporate L-CBF products into your fertility

LCBF BOOAT 0% mptupmewith LK 125

e system as a starter fertilizer or a blend companion.

L-CBF products ar andther great way 10 daliver essential nutrients bo your cro r

2. carbon oellvery system, Growvers il .‘:.'lﬂ limuld starter fertilizer can take

e

agvaniage of the panafite L-CEF 7-21-3 althat [n-furaw ar In 2=L Growers can
aisg add L-CBF Boost Bir site-dress or foller appiications. L-CBF Botst has
shown consistanthy promising Crod respanse i'fiﬁl_. i 2 et -Agk varrr Medwastem
Biaagz camsultant for mone infarmetion today!

LEVIrE WITH LOWER PRICES AND IHCREASED COSTS »

& NUTREEHT UFSE EFFICIEMCY OH ORGANIC FARME

Qur Approach Stewardship Research & Results

Better Farming Through Better Soil. COMNTACT A SALES COM AN

Document title: Systems Approach to Nutrient Use Efficiency | Midwestern BioAg
Capture URL: https://www.midwesternbioag.com/systems-approach-to-nutrient-use-efficiency/
Capture timestamp (UTC): Mon, 06 May 2019 15:41:07 GMT Page 2 of 2



Midwestern v [BOO) 32ZT-B012  Orract & Sals ymre B in 3

BlOyac B

Products ~ OurApproach - Stewardship -~ Research & Results ~ HNews &Events -~ About - Wholesale -

¥ g ¥ At | Nrh A My

Nutrient Use Efficiency

By: Edwin Suarez, M5, CCA, Technlcal Agronomist - Sofl, Mutrbent Use Efficlency
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Nutrient Use Efficiency
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Abstract

Nutrient Use Efficiency in Plants: Concepts and Approaches is the ninth volume in the Plant Ecophysiology series. It presents a broad overview of
topics related to improvement of nutrient use efficiency of crops. Nutrient use efficiency (NUE) is a measure of how well plants use the available
mineral nutrients. It can be defined as yield (biomass) per unit input (fertilizer, nutrient content). NUE is a complex trait: it depends on the ability to
take up the nutrients from the soil, but also on transport, storage, mobilization, usage within the plant, and even on the environment. NUE is an
important contributor to growth control and yield, the same levels of nutrients may cause growth and yield penalty in one species or variety but not in
another one. NUE is of particular interest as a major target for crop improvement. Improvement of NUE is an essential pre-requisite for expansion of
crop production into marginal lands with low nutrient availability but also a way to reduce use of inorganic fertilizer. Aspects of NUE have been
covered in detail within the Plant Ecophysiology series, in the volumes on nitrogen, phosphorus, sulfur, or root physiology. In this volume the
expanding field of nutrient use efficiency is comprehensively discussed, with the aim to present the current approaches, concepts, and ideas on how
to better understand the genetic control of NUE and how to use this knowledge for its improvement. This volume, however, is special not only
because of the new topic. It is also a presentation of a Marie Curie Initial Training Network BIONUT-ITN (BIOchemical and genetic dissection of
control of plant NUTrition). BIONUT-ITN is a network of eight research institutions and one company who came together to provide state-of-the-art
research training in different aspects of plant nutrient use efficiency. The individual student’s projects have been linked to ensure that a fully
integrated approach is taken to get the whole picture of plant nutrition. This integration is a key feature of the network, as it advances the science
beyond focusing on one mineral nutrient, such as nitrogen or sulfur, to look at the combined nutritional needs of the plant using models and crops, in
the laboratory as well as in the field. BIONUT is also a hub for activities in plant nutrition field, organizing conferences and fostering new
collaborations. This volume is evidence of such integration. The contributions of the eight students span a broad range of themes within NUE. There
are detailed reviews focused on single nutrients - sulfur, phosphorus, iron, and boron. Thus, macronutrients are discussed alongside micronutrients
needed in small quantities, but still essential. But these reviews stress also the importance of interaction between different nutrients and the need for
integrative view on plant nutrition. Other chapters bring overviews of large and complex topics or approaches — natural variation, autophagy, or
effects of elevated CO2. Included are contributions targeting nutrient deficiency on a molecular level as well as its monitoring in the field. Together
with a thorough introduction into the NUE topic, the book presents ten chapters that wrap up the theme of NUE and the potential for crop
improvement. We hope that this book will find broad audience. It is not only an overview of an interesting and important research area; it is also a
snapshot of current activities in the field and introduction of new generation of scientists from the BIONUT-ITN. We believe that it will be of interest
to graduate students and researchers in a wide range of disciplines including plant nutrition, plant physiology, plant biochemistry, and agriculture.
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T Martin Reich - Tahereh Aghajanzadeh - ‘ Luit J. De Kok

Knowledge on the underlying physiological processes and variables which bias their contribution to nutrient use efficiency (NUE) is crucial to
develop strategies for improvement in agroecosystems. This chapter aims to contribute to the understanding of the physiological basis of NUE to
develop strategies for improvement by modern breeding, but also conceive the challenges and current limits to do so. General concepts will be
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) Giorgiana Chietera - Fabien Chardon

A huge natural variation exists between individuals within a given plant species. Most of the responses of growth-related traits to different
environmental scenarios are genotype dependent. Hence, natural variation in plants provides an interesting and valuable source of genetic
diversity to study plant responses to environmental factors. The identification of genes that underlie phenotypic variation has an enormous
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Macronutrient Use Efficiency — Sulfur in Arabidopsis thaliana
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Sulfur is an essential macronutrient required for proper growth of not only plants but also fungi and prokaryotes. It is present in a wide variety of
metabolites such as amino acids: cysteine and methionine, coenzymes, vitamins and many others having distinctive biological functions. Plants
take up sulfur from the soil in the form of sulfate via sulfate transporters. It is then reduced and assimilated in bioorganic compounds where
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Micronutrient Use Efficiency — Cell Biology of Iron and Its Metabolic Interactions in Plants
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Iron (Fe) is an intriguing nutrient due to its dual nature. Its redox properties make it essential for different vital processes in plant cells. But an
excess of Fe can be toxic as it catalyses the formation of reactive oxygen species. Therefore Fe homeostasis must be tightly regulated. Different
mechanisms contribute to the regulation, including the control of uptake, the intracellular chelation by different molecules and the partitioning into
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£ Himanshu Bariya - Snehal Bagtharia - i Ashish Patel

Boron (B) is a vital nutrient for plant growth and metabolism. Lack of B in plant tissues causes reductions in crop yields, whilst an excess supply of
B may also seriously damage plant tissues and sometimes leads to plant death. Appropriate amounts of B in plants are crucial for normal growth
d it significantly increases seed germination and seedling growth. Moreover B has positive effects on the uptake and utilization of other nutrients...

hagy in Plant Nutrient Deficiency

Chapter
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One of the environmental stresses freqUenhtly encountered by plants is nutrient deficiency. Therefore, reuse of valuable cellular nutrients is an
important trait in nutrient use efficiency (NUE). High NUE is a desired trait in plants at all developmental steps to reach maximum potentials with
minimum inputs. Two highly conserved evolutionary mechanisms are responsible for protein turnover at the cellular level, the ubiquitin-proteasome...
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Mineral Nutrient Depletion Affects Plant Development and Crop Yield
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Optimal plant development depends on the availability of light, water, favourable temperatures and mineral nutrients. Insufficient availability of
plant mineral nutrients leads to growth impairments and yield depressions. In natural environments as well as in agricultural systems, mineral
nutrient availability is changing in space and time over the growth season of a plant. Therefore, plants have developed adaptation strategies to
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Nutrient Use and Nutrient Use Efficiency of Crops in a High CO2 Atmosphere

Chapter
Sep 2014 - Nutrient Use Efficiency in Plants - pp.229-252
Sabine Tausz-Posch - #® Roger Armstrong - Michael Tausz

Atmospheric CO2 concentrations [COZ2] are continually increasing and are predicted to reach ~550 pmol mol-1 by 2050, about a 40 % increase
from 2013 levels. Such a large increase in one of the key resources for plant growth will have significant effects on all plants, as carbon
assimilation and, consequently, growth and yield is stimulated by the so-called ‘CO2 fertilisation effect’. The one sided increase in carbohydrate

View

Monitoring Plant Nutritional Status

Chapter
Sep 2014 - Nutrient Use Efficiency in Plants - pp.253-272
% Moez Maghrebi - § Fabio Francesco Nocito - GianAttilio Sacchi

Methods and techniques effective in achieving yield objectives, optimizing the use of resources and preventing environmental contamination are
defined as agronomic Best Management Practices (BMPs). Considering fertilisations BMPs pursue the aims to match mineral nutrient supply with
crop requirements, minimizing their losses from the field. If spatial and temporal information about crop needs were available, precision fertilisation...
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... In particular, plant capability to take up and accumulate Fe is strongly dependent on S availability in the growth medium (Astolfi et al., 2003;Bouranis
et al., 2003;Astolfi et al., 2006a;Zuchi et al., 2012) and, on the other hand, Fe deficiency adaptation requires the adjustment of S uptake and
assimilation rate (Astolfi et al., 2006b;Ciaffi et al., 2013). Recently, it has been demonstrated in wheat that providing S above adequate concentrations
may result in the improvement of Fe use efficiency ( Hawkesford et al., 2014 ) in wheat plants and this S nutritional effect seems to be especially
advantageous for plants grown under severe Fe limitation (Zuchi et al., 2012). A possible explanation for this relationship could be that the higher S
concentration might play a role in the PS biosynthetic pathway, being methionine the common precursor of both PS and nicotianamine (Mori and
Nishizawa, 1987). ...

... Recently, it has been demonstrated in wheat that providing S above adequate concentrations may result in the improvement of Fe use efficiency

( Hawkesford et al., 2014 ) in wheat plants and this S nutritional effect seems to be especially advantageous for plants grown under severe Fe
limitation ( Zuchi et al., 2012). ...

The effect of excess sulfate supply on iron accumulation in three graminaceous plants at the early vegetative phase
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View

... As crop harvest removes a substantial amount of N resources from the agroecosystem, a better understanding of crop characteristics influencing N
removal, i.e. crop NUE, has the potential to enhance the sustainability related to N depletion (Karp and Shield 2008, Brodt et al. 2011). Crops differing
in life strategies, selection histories and photosynthetic pathways may have different characteristics in terms of N and biomass allocation and thus, NUE
(Hawkesford et al. 2014 ). For example, the growth of many annual crops is strongly dependent on high N inputs, while some perennial crops can
produce abundant dry matter yield with minimal N fertilization due to their efficient use of internal N (Karp and Shield 2008). ...

... According to the results of Paper IV, the N concentration in plants explained most of the variation in the element concentration pattern, indicating that
N was the most limiting factor for wheat growth in this study. These results support the motivation for NUE assessments in crops; since assessment of
the use efficiency of an element is reported to be meaningful when that element is the most growth-limiting factor (Hawkesford et al. 2014 ). ...

Nutrient Economy in Annual and Perennial Crops_ Comparisons Between and Within Crop Species in a Sustainability Context
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View

... High grain yields require high agronomic inputs, and among these, mineral fertilizers represent major investments, with approximately 13 and 24% of
the total investment on sorghum (Sorghum bicolor (L.) Moench) crop production cycle (Wylie, 2008;USDA, 2016). However, despite the large costs,
appropriate management of fertilizers and consequently of the soil fertility increases considerably the productivity of crops ( Lopes and Guilherme,
2007; Hawkesford et al., 2014 ). ...
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the total investment on sorghum (Sorghum bicolor (L.) Moench) crop production cycle (Wylie, 2008;USDA, 2016). However, despite the large costs,
appropriate management of fertilizers and consequently of the soil fertility increases considerably the productivity of crops ( Lopes and Guilherme,
2007; Hawkesford et al., 2014 ). ...
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... For several reasons, researchers chose Se because of its application in ecological, ecotoxicological, and radio ecological sciences. Se may exert
diverse beneficial effects at low concentrations including growth promoting activities of higher plants [58] [59][60][61], tolerance of plants by enhancing
their antioxidative capacity [62][63][64]and increasing plant resistance against oxidative stress [65][66][67][68]. Different Se forms including organic and
some salts have been used in studying its biological effects several years ago, whereas recently, nanoparticles of elemental selenium (SeO) have
gained the attention as a possible source of this beneficial element [69]. ...
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Managing water and fertilizer for sustainable agricultural intensification

Chapter 2

Nutrient/fertilizer use efficiency:
Measurement, current situation and
trends

Paul Fixen', Frank Brentrup®, Tom W. Bruulsema’, Fernando Garcia®,
Rob Norton® and Shamie Zingore®

Abstract

Nutrient use efficiency (NUE) is a critically important concept in the evaluation of crop
production systems. It can be greatly impacted by fertilizer management as well as by
soil- and plant-water management. The objective of nutrient use is to increase the overall
performance of cropping systems by providing economically optimum nourishment to
the crop while minimizing nutrient losses from the field. NUE addresses some, but
not all, aspects of that performance. Therefore, system optimization goals necessarily
include overall productivity as well as NUE. The most appropriate expression of NUE
is determined by the question being asked and often by the spatial or temporal scale
of interest for which reliable data are available. In this chapter, we suggest typical NUE
levels for cereal crops when recommended practices are employed; however, such
benchmarks are best set locally within the appropriate cropping system, soil, climate
and management contexts. Global temporal trends in NUE vary by region. For N, P
and K, partial nutrient balance (ratio of nutrients removed by crop harvest to fertilizer
nutrients applied) and partial factor productivity (crop production per unit of nutrient
applied) for Africa, North America, Europe, and the EU-15 are trending upwards, while
in Latin America, India, and China they are trending downwards. Though these global
regions can be divided into two groups based on temporal trends, great variability
exists in factors behind the trends within each group. Numerous management and
environmental factors, including plant water status, interact to influence NUE. Similarly,
plant nutrient status can markedly influence water use efficiency. These relationships
are covered in detail in other chapters of this book.

! International Plant Nutrition Institute (IPNI), Brookings, SD, US, pfixen@ipni.net

?Yara Research Centre Hanninghof, Dilmen, Germany, frank.brentrup@yara.com

* International Plant Nutrition Institute (IPNI), Guelph, Canada, tom.bruulsema@ipni.net

# International Plant Nutrition Institute (IPNI), Buenos Aires, Argentina, fgarcia@ipni.net

> International Plant Nutrition Institute (IPNI), Horsham, Victoria, Australia, morton@ipni.net
® International Plant Nutrition Institute (IPNI), c/o IFDC., Nairobi, Kenya, szingore@ipni.net



20 Managing water and fertilizer for sustainable agricultural intensification

used to estimate N recovery by five subsequent crops, reporting a range of 5.7 to 7.1%,
excluding the first growing season. With the first growing season, total RE ranged from
35 to 60%.

Current status and trends in NUE for N

Current status of NUE for N

Ladha ef al. (2005) conducted an extensive review of 93 published studies where NUE
was measured in research plots (Table 6). This review provides estimates of the central
tendency for NUE expressions for maize, wheat and rice. Values for PFP and AE were
generally higher for maize and rice than for wheat, at least in part due to the higher N
content of wheat grain. Values for RE varied widely across regions and crops with a
10" percentile value of 0.2 and a 90" percentile value of 0.9 (grain plus straw). Much
of the range in values was attributed to variations among studies in soil, climate and
management conditions. The overall average RE of 55% compares well with other
published global estimates of 50% by Smil (1999) and 57% by Sheldrick et al. (2002)
and with estimates for the US and Canada of 56% by Howarth et al. (2002) and 52% by
Janzen et al. (2003) as summarized in Ladha et al. (2005).

Table 6. Common NUE values for N for maize, wheat, and rice and for various world regions in
93 published studies conducted in research plots compiled by Ladha et al. (2005).

Crop or Number of Average PFP** AE** RE** PE**
region observa- rate of ferti-
tions™ lizer use
(kg ha) (kg kg") (kg kg') (%) (kg kg')

Maize 35-62 123 72(6) 24(7) 65(5) 37(5)
Wheat 145-444 112 45(3) 18(4) 57(4) 29(4)
Rice 117-187 115 62(3) 22(3) 46(2) 53(3)
Africa 2-24 139 39(11) 14(6) 63(5) 23(6)
Europe 12-69 100 50(6) 21(9) 68(6) 28(6)
America 119-231 m 50(5) 20(7) 52(6) 28(8)
Asia 161-283 115 54(3) 22(2) 50(2) 47(3)
Average/ 411 52(2) 20(2) 55(2) 41(3)
totals

*Range in number of observations across NUE indices.
**See Table 1 for definitions of each term; Value in parentheses is relative standard error of the mean
(SEM/mean*100).
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As mentioned earlier, measured NUE in production fields is often less than from
research plots such as those summarized in Table 6. An example offered by Cassman et
al. (2002) was that average RE for fertilizer N applied by rice farmers in the major rice
producing regions of four Asian countries was 0.31 (179 farms) compared to 0.40 for
field-specific management (112 farms) and 0.50-0.80 in well-managed field experiments.
Balasubramanian et al. (2004) reported RE for N in cereals of 0.17-0.33 under current
farming practices, 0.25-0.49 in research plots, and 0.55-0.96 as a maximum of research
plots. In India, RE averaged 0.18 across 23 farms for wheat grown under poor weather
conditions, but 0.49 across 21 farms when grown under good weather conditions
(Cassman et al., 2002).

Whether trials are in farmer fields or on experiment stations, high-yield cereal
systems tend to have higher AE than systems at lower yield levels. This should not be
surprising since the higher nutrient requirements of crops at high yield levels are likely
to exceed the nutrient supplying ability of soils without the application of fertilizers
to a greater extent than at lower yield levels. This increases the difference between the
yield of the crop with the application of fertilizers and the yield of the crop without the
application of fertilizers. Additionally, a crop with a faster nutrient accumulation rate
may reduce the potential for nutrient losses from the production field. In the dataset
shown in Figure 3, which is composed of diverse summaries of cereal NUE from around
the world, approximately one-third of the variability in AE for N could be explained

AE (kg grain (kg N)-1)

e ] R e e e
: : : Outlier :

0 2 4 6 8 10 12 14
Grain yield (t ha1)

Figure 3. Influence of yield level of the fertilized treatment on typical AE for N reported in NUE

summaries of farm and experiment station trials (n=37; data sources: Dobermann, 2007; Ladha et al.,

2005; Lester et al, 2010; Liu et al, 2011; lowa State U. Agronomy Extension, 2011; Norton, R.M.,

Based on data from Long term NxP experiment in Australia — Dahlen, personal communication.

2011.; Singh et al., 2007).
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simply by average grain yield. Yield variation in the dataset was due to a multitude of
factors including climate, cropping system, soil properties and system management.

Trends in NUE for N
The considerable variability existing in NUE across regions and cropping systems
manifests itself in temporal trends as well. Countries with intensive agriculture—such
as US, Germany, UK, and Japan—generally show increasing NUE as a result of stagnant
or even decreasing N use and increasing crop yields (Dobermann and Cassman, 2005).
However, cropping systems within these countries can vary greatly in temporal trends.
Understanding the whole-system context of NUE trends is critical to proper
interpretation of these trends. Comparing PFP trends for N for maize and wheat in
the US illustrates this point (Figure 4). Maize PFP increased approximately 50% from
1975 to 2005 while wheat PFP decreased 30% during this same time period, but then
increased 30% from 2005 to 2010. The increase in maize PFP resulted mostly from

100
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Partial factor productivity (kg grain (kg N)-1)

40
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Figure 4. Partial factor productivity in the US for fertilizer N used on maize and wheat from 1965 to
2010 (adapted from USDA-ERS and USDA-NASS, 2011).
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improved genetics and crop, soil and nutrient management, which boosted yields by
over 80% during this 30-year period. The net effect has been a linear increase in PFP for
the last 25 years at a rate of 0.9 kg grain (kg N)™.

So, in the same country where growers had the same access to technology and
innovation, why did wheat production not show a similar trend? The answer likely
lies in differences between the dominant maize and wheat regions in cropping, tillage
and fertilizer application histories. The dominant wheat region has been undergoing a
transition from management systems where the dominant N source was the tillage and
fallow-induced mineralization of soil organic matter to a less tilled, more intensively
cropped system that conserves or builds soil organic matter (Clay et al., 2012). During
this transition, wheat production became more dependent on fertilizer as an N source
because of the reduction in mining of soil organic N, reducing apparent PFP and
PNB (closer to 1). Comparison of PNB between Illinois (a maize-dominant state) and
Montana (a wheat dominant state) shows unsustainably high N balances in the past for
Montana which have been declining for the past 20 years, while Illinois had potential
for closing the gap in the N balance (Table 7). More recently, the PFP trend for wheat
has reversed due likely to the same factors that have been increasing PFP for maize
systems (Figure 4).

Table 7. Partial nutrient balance for N in lllinois and Montana from 1987 to 2007 (IPNI, 2012a).

State Dominant Partial nutrient balance by year*
cropping system
1987 1992 1997 2002 2007
Illinois Maize-soybean 0.71 0.76 0.76 0.86 0.87
Montana Wheat 1.35 1.33 1.00 1.04 1.01

*(Removal by harvest) (Fertilizer N + Recovered manure N + biological N fixation)"

In countries where agriculture is in general undergoing intensification, PFP often
shows decreasing trends because fertilizer N use increases at a faster rate than crop
yields, though yields are also increasing (diminishing returns). Such is the case for
wheat and maize in Argentina (Figure 5). As in the above case for wheat in the US, such
declines in PFP are often accompanied with more sustainable PNB relationships where
less mining of soil nutrients is occurring. If biological N fixation is not included in the
N balances, such shifts can be misleading if the frequency of legumes in the rotation
changes over time.

Developing a picture of regional trends in NUE around the world requires a systematic
approach where all regions are estimated using a consistent protocol over time. We used
that approach in developing Figures 6 and 7 for N and Figures 11 to 14 for P and K. The
figures show NUE trends from 1983 to 2007 with each point representing the average
of a 5-year period. Data availability (FAO, 2012; IFA, 2012) limited the indicators
estimated to PFP and PNB. For nutrient inputs, only mineral fertilizer consumption
was considered, excluding nutrients in livestock manure, atmospheric deposition,
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Figure 5. Partial factor productivity in Argentina for fertilizer N used on maize and wheat from 1993
t0 2011 (adapted from Garcia and Salvagiotti, 2009).

biological N fixation, and municipal wastes. The crops included from the FAO database
were 38 fruits and vegetables, 9 cereals, 9 oil crops, 6 pulse crops, 5 root or tuber crops,
and 5 other crops. The major category not included was forage crops that included
crops such as silage maize, alfalfa and other hay. This category can be a large source of
productivity and nutrient removal in regions where significant confinement livestock
operations exist. For example, in the US alfalfa and “other hay” account for over 15%
of the total national P removal and over 40% of the K removal (PPI/PPIC/FAR, 2002).
However, a proportion of the nutrients contained in forage crops will be returned to the
fields as animal manure, but since both forage crops as output and manure as input are
excluded from these NUE estimates, the error introduced should in most cases not be
large at this broad regional scale. Since biological N fixation was not included for the
input estimate, N removal by legumes was also not included for calculating PNB. This
may skew regions with more legumes in the rotation towards higher PNB estimates.
The nutrient concentration of harvested crops was based on literature values or research
trial data (J. Kuesters (Yara), personal communication, 2012).

World PFP and PNB levels have shown a very slight increase over this 25-year period.
Regional temporal trends in PFP for N are, in most cases, similar to PNB but trends
among global regions clearly differ (Figures 6 and 7). Africa and Latin America in
1985 had by far the highest PFP and PNB values but with trends in opposite directions.
The PFP data show that both these regions have extremely high productivity per unit
of fertilizer N applied. However, the excessive PNB values for Africa show that it is
becoming more dependent on non-fertilizer sources to balance crop removal of N, a
precarious and unsustainable situation. In contrast, Latin America has maintained very
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high productivity per unit of N but has also moved towards a more sustainable nutrient
balance.

In general, PNB and PFP for Africa, North America, Europe, and the EU-15 are
trending upwards, while Latin America, India, and China are trending downwards. It is
interesting to note that PNB for Europe during the last decade appears to have leveled
off at around 70%, and that PNB for Latin America, India, and China has been declining
at about the same rate for the 25-year period.

Trends in NUE for P and K

The major effects of soil properties and typically large legacy effects of previous
management dominate NUE relationships for P and K. While most of the benefit and
recovery of N addition occur during the year of application, much of the benefit of P
and K application on many soils occurs in subsequent years due to effects on soil fertility
(Syers et al., 2008). Appropriate evaluation of the current status and long-term trends
of NUE for P and K needs to consider these residual effects. Short-term AE, RE and
PFP for P and K are usually best interpreted within the context of current soil fertility
status and associated PNB which indicates future soil fertility status if the current PNB
remains unchanged.

Efficiency measures are greatly influenced by nutrient rate applied and by soil fertility.
The P data summarized in Figure 8 are from research conducted in farmer fields in the
Southern Cone of South America. Available P in all fields tested was lower than critical
values so that a profitable response to P was expected. Agronomic efficiency was highest
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Figure 8. Influence of P rate on agronomic efficiency and partial nutrient balance of soybean in the
Southern Cone of South America (adapted from Ferrari et al, 2005; H. Fontanetto, pers. comm.; and
Terrazas et al.,, 2011). Numbers for each group in the legend indicate the number of field trials (n)
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Figure 9. Influence of soil fertility on agronomic efficiency of P fertilizer in wheat experiments in
Argentina (Garcia, 2004).

at low rates of P with the lowest rate (10 kg ha') being common for soybean-based
cropping systems of the region. This rate resulted in an average PNB of 1.85 where
soil P levels would be depleted over time — a non-sustainable situation, but better than
no fertilizer P at all. The higher rates generated somewhat lower AE values but had
PNB values less than one where soil P would be maintained or increased with time.
These data illustrate the value in considering multiple NUE indicators when assessing
P management.

The effect of soil P fertility on AE and RE is illustrated by wheat experiments from
Argentina (Figure 9). Very high AE and RE are measured when soil fertility is well
below critical levels and rapidly decline as soil fertility increases. Sustainability is
associated with the intermediate AE and RE values observed when rates applied are
close to removal, and soil fertility levels are maintained near the critical level.

First year RE in field trials across Asia indicates P recoveries near 25% are typical in
that region when fertilizer P is applied at recommended rates (Table 8). These studies
were mostly on soils with low P fixation potential and were under favorable climate and
management conditions. Dobermann (2007) pointed out that though the average RE
values were similar across studies, within-studies RE varied widely from zero to nearly
100%, but that 50% of all data fell in the 10 to 35% RE range. Such variability is to be
expected due to the soil fertility and the effects of application rate of fertilizers discussed
above.

Regional aggregate data can be used to evaluate the current status of P use and its
impact on temporal trends of soil fertility and to test the assumption that P balance
impacts soil fertility. Soil tests conducted for the 2005 and 2010 crops in North America
by private and public soil-testing laboratories were summarized by IPNI. In Figure 10,
the change in median soil P levels for the 12 Corn Belt states over this 5-year period is
plotted against the PNB for this same time period. Values of PNB above 0.94 resulted
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Table 8. Average RE of P and K from mineral fertilizers in field trials with rice, wheat and maize
in Asia. Values shown refer to recommended fertilizer rates or in the case of rice, those that were
currently being applied by farmers (Dobermann, 2007; Liu et al., 2006).

Crop, region Number of Time period P RE K RE
or management field trials (%) (%)
*Rice in Asia; farmer's 179 1997-1998 24 38
practice

*Rice in Asia; site-specific 179 1997-1998 25 44
management

Wheat in India 22 1970-1998 27 51
Wheat in China 744 1985-1995 22 47
Maize in China 592 1985-1995 24 44

*China, India, Indonesia, Philippines, Thailand, and Vietnam.

in declining soil P levels with substantial declines measured for the states with the most
negative P balance. These data suggest that long-term PNB is a reasonably good indicator
of the future direction of soil P fertility on non-P fixing soils. These relationships would
likely differ for low P Oxisols and Andisols that typically have a high capacity to sorb
or “fix” applied P; in these soils, a considerably lower PNB would be needed initially to
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Figure 10. Change in median soil P level for 12 US Corn Belt states as related to state PNB,
2005-2009 (updated from Fixen et al.,, 2010).
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build soil P fertility until high affinity sorption sites are satisfied. Soils with large amounts
of free calcium carbonate where precipitation reactions control P in solution, such as
those in southern Australia, would also be exceptions where fertilizer P effectiveness in
building soil fertility would remain low (McLaughlin, 2012).

The same approach used for N in developing a picture of regional trends in NUE
around the world was used for P (Figures 11 and 12). As with N, world PFP and PNB for
P have increased over this 25-year period with PFP in the last 5-year period (2003-2007)
approaching 195 kg production per kg P and PNB approaching 70%. Regionally, Africa
has markedly separated itself from all other regions in terms of both PFP and PNB. In
the 1983-1987 period, Africa, India and China had nearly identical PNB levels for P
of around 90%, but moved in opposite directions over the 25-year period with PNB in
Africa doubling to over 180% while in China and India it dropped to approximately
50%. The PNB value for Africa indicates extreme mining of soil P while the values in
China and India indicate that soil P levels should be increasing. These values do not take
into account changes in the use of local rock phosphate but there is no evidence that this
was significant. There is a paucity of reliable information on the use of rock phosphate
as a direct application fertilizer in Africa, but various sources indicate that amounts
used have remained very low. Average application rates at the country level are less than
0.5 kg ha'', even for countries with the highest application rates, indicating insignificant
P contribution from rock phosphate sources.
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Figure 11. Partial factor productivity for P in global regions, 1983-2007.
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Figure 12. Partial nutrient balance for P in global regions, 1983-2007.

In general, PNB and PFP for Africa, North America, Europe, and EU15 are trending
upwards in P, while Latin America, India, and China are trending downwards, just as
was the case for N. The absence of manure inputs in these NUE estimates impacts some
regions much more than others and should be kept in mind in comparing the absolute
values of the expressions. Differences in temporal trends (slopes of the lines) are likely
to be more reliable.

Information on K use efficiency is more limited than either N or P. This is partly
due to the environmentally benign nature of K where interest in efficiency is driven
primarily by agronomic or economic factors. The result is less support for research and
education on efficient use. The first year recovery efficiency for K is generally believed
to be higher than for P with the exception of some strongly fixing clay soils. The first
year recovery of applied K has been reported in the range of 20 to 60% (Baligar and
Bennet, 1986). Dobermann (2007) summarized average recovery efficiencies in field
trials in Asia conducted prior to 1998 showing a range of 38 to 51% (Table 8). Jin (2012)
summarized field trials on cereal crops in China, conducted from 2002 to 2006 using an
omission plot design, and showed RE for K in the 25 to 32% range and average AE values
of 8 to 12 (Table 4). In a more recent set of field trials on winter wheat in North-Central
China, RE values for K were somewhat higher in the 34 to 44% range but AE values
were again in the 8 to 10 range (Table 9; He et al., 2012). The researchers indicated that
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Table 9. NUE of K from mineral fertilizers in three field trials with winter wheat in North-Central
China. Average of 2007-2009 (He et al,, 2012).

Province Average rate RE AE
(kg K ha) (%) (kg kg k")
Hebei 81 43 10.2
Shandong 75 44 9.9
Shanxi 100 34 8.1

the lower AE was likely due to K application rates exceeding the optimum for the soil
K supply of individual site-years. Dobermann (2007) suggested that AE levels for K of
10-20 were realistic targets for cereals on soils that do not have high available K reserves.

The same approach used for N and P in developing a picture of regional trends in
NUE around the world was used for K (Figures 13 and 14). As with N and P, world
PFP and PNB for K have increased over this 25-year period, with PFP in the last 5-year
period (2003-2007) approaching 145 kg of production kg' K and PNB approaching
140%. Globally, non-forage crops were removing 40% more K than was being applied
as commercial fertilizer during this 5-year period. Regionally, across the 25-year period
China underwent the greatest change in PNB, from removing more than 5 times as
much K as was being applied to a PNB approaching 100% where K removal and fertilizer
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Figure 13. Partial factor productivity for K in global regions, 1983-2007.
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Figure 14. Partial nutrient balance for K in global regions, 1983-2007.

K application are equal. For Africa, both PFP and PNB increased markedly across the
25 years with a PNB in 2003-2007 indicating that crops removed more than six times
the amount of K that was applied as fertilizer.

In general, PNB and PFP for Africa, North America, Europe, and EU-15 are trending
upwards in K, while Latin America, India, and China are trending downwards, just
as was the case for N and P. The absence of forage crop production and K removal in
these NUE estimates impacts some regions much more than others and should be kept
in mind in comparing the absolute values of the expressions. Differences in temporal
trends (slopes of the lines) are likely to be more reliable.

NUE, water and a look forward

Numerous management and environmental factors interact to influence NUE including
plant water status. Similarly, plant nutrient status can markedly influence water use
efficiency (WUE). The rest of this book will explore the interaction between these two
critical crop growth factors. WUE can be improved through nutrient management
(Hatfield et al., 2001) although in arid environments it can be important to balance
preanthesis and postanthesis growth to ensure adequate water remains to fill grain (van
Herwaarden et al., 1998). Nutrient availability affects aboveground biomass, canopy
cover to reduce soil evaporation, plant residue production, nutrient dynamics in soil,
and thereby improves crop growth and WUE (Maskina et al., 1993; Halvorson et al.,
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1999; Norton and Wachsmann, 2006). Adequate nutrient supply has shown to improve
WUE in several crops (Smika ef al., 1965; Corak et al., 1991; Campbell et al., 1992;
Varvel, 1994; Payne et al., 1995; Davis and Quick, 1998; Correndo et al., 2012).

Data from a lysimeter experiment conducted in Canada on spring wheat offers
an excellent example of the relationship between NUE measures and WUE across a
range of N levels (Figure 15). The study included both rainfed (dry) and irrigated (irr)
treatments and shows the tremendous impact water status can have on yield response to
N and the resulting AE and PNB. The lower graph in the figure shows that a water deficit
markedly reduced both AE and PNB at all N levels, but that the efficiency reduction
was considerably greater at the lower N levels. The upper graph in Figure 15 shows
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Figure 15. Influence of water status and N application on spring wheat yield and water and N use
efficiency in a lysimeter experiment in Saskatchewan, Canada (adapted from Krébel et al., 2011 and
Krobel et al, 2012, based on original data from Campbell et al,, 1977a,b).
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improvement in WUE as N levels increase for both the dryland and irrigated treatments.
The lower apparent optimum N level for both yield and WUE for the irrigated treatment
reflects higher NUE under irrigation shown in the bottom graph.

We draw this chapter to a close reinforcing a point made earlier — that the objective
of nutrient use is to increase the overall performance of cropping systems. The data in
Figure 15 illustrate that even though NUE generally decreased as N rates increased,
the simultaneous increase in WUE and yield until an optimum N rate was attained
improved overall system performance. Efficient and effective use of either water or crop
nutrients requires that both be managed at optimum levels for the specific system.
Continuous improvement in system performance is a fundamental objective in
sustainable intensification. Such improvement is the product of management changes
made by individual farmers for individual fields. Numerous efficiency and productivity
enhancing nutrient management technologies and practices exist today and are
described elsewhere in this book, but many are underutilized. Looking forward, locally
defined guidelines for NUE indices that are specific for nutrients, soils, and cropping
systems and that can be readily determined by farmers are needed. Such guidelines
would help farmers identify what to measure and where improvement is most needed
and may be easiest to advance. Guidelines would help define the need for and impact of
changes in management on system performance.
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Latin Amarican Mutrient Use Efficlency Sympasium Proceedings Translated to English

Whelher m iha targe-scale production regons of the Camrado of Brazil or the Pampas of
Aegentmna o in the small-holder belds of Cenlral Amencan mountan witages, manent usa
afficency (NUE) will be of growing enporlance in tha ltura. In November 2005 the
International FPlant Nulntion nshtuts (IPN) presentad & Symposiom calied “Mulbsenl Uss
Efficiency” at the XV Latin Amencan Congress of Soi Science in San José, Cosia Rica The
atigingl procesdengs of (s Symposum were publshed in Spanish The s presentations o
the proceedings have been translsled 1o English and ame available oo as & POF Nile
confaining S04 pages. Sinca the prnciples of apgopnate nubriant mansgemenl ane unnersal
thi frst thres pagers from The symposium locus on general pinciges. However, because best
mignagamien] prackces — wiech ang the s-liokd memsdesiaion ol appropnate nutnent
slanwandship — ae sidespecilic. the second part of e Sympesium procasdings Bouses on
specific reqions of Latn Amernca

The POF file pozied hom = availsbie roe for download 18 is also avaitable on G0 Toabtain
Ihe Symposium Proceadings publication in Spanish, conlact Dr. José Espinoza at
=pEspincsaiilipnl net« of Dr. Fernando Sarcla at =foarciadilipn| net=
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MIMERAL FERTILIZERS hawve made it possible fo susiain ihe ward's growing populabon
spanng millions of acnes-af natural and ocologcaly-sensiig sysiems thal olharise woukd
have been converled lo aghcullure. Today, econemic and envrenmental challenges ars
drivang increased inleres] m nulrent use efficiency. Highe: prices for both crops and ferbizers
hawe heightened interest in efficiency-impraving 1echnologies and prachioss that Blso mprove
productivity In addision, metrient iosses 1hat kam ar and walar quatity can be reduced by
impreving use efciences of nutiwms. particularty lor mlrogen (M) and phasphonis (P)

The wardd's populatian, groveng in both numbers and purchasing powet s projeried @@
consums more food, fead, fios and fuel—ncreasing gichal demand for ferilizer niulriends
Since fertilzers are made hom non-renewaldo resourcas, pressune (o increasa M use
efficmncies will continua. Al the sams me, efforts should increase o enhance ferilizer usa
eflectivenass for mproved productivdy and profability of crdppeng Systoms

Hecant Devetopmanss of Famiizer Production snd Uses o improve Noirient Eificisncy and Minimins

Ermmanmsnial npacts

This chaplar was wollen by 5. H. Chien, L. | Prochnow, and H. Cantarelia, and published n
2008 @ Advamces i Agranomy, volume 102 Ve thank Elsevier Inc for aubhoriing its pubsc
digtnbution

Infarmation = proveied on-some recent developmants of famnzes production and wse thal
improve nutnien] efficency and mnemize emvironmentsl mpsct The nutiss discussed are
mainty N, P and 5.

Imprenangg N radrient affciency inchsies use of (1) comrolind-releasy coabed urea producls. (2
sl relepse urea—aldetyde polymer products, (3 ures supergransies for deep placemant, (4)
nitrific:ation inhibiters fo reduce nitrate leachng and denilrification, (&) urease inhibdors 1o
reduce ammonia volatileabon om urea, and (6) ammonium sutfats o enhance N eflicency of
urea
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The waorld's populslion, grovwang in both numbers and purchasing power, s projecied o
consume mare food, feed Fwer, and fuel—ncreasing giobal demand lor ferilizer nutrianis.
Since forthizers: are Made om nof-renawabio esources, pIesssis 1o Increass thewr use
afficences will conlinua. Al the same bme, elferts should increase 1o enhance ferilizer use
efleciveness for rmproed productivity and proftabiity of Sopging systems
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Recent Developmonss of Fenilizer Prodection and Use to Improve Netrlent Effickency and Mindmize
Emwironmantal impacts

This chapter was wiftan by 5. H Chian, L | Prochnow, and'H. Cantarella; and published in
2009 in Advances in Agranamy, volume 107 W thank Elssvier Inc. for authonzing its pabic
drtribution

Enlormation s provdied on some recent developments of lermilyer production and wse thal
Improve nutrien effciency Bnd mmamog esdronmantal impact The nutnents discussed are
rruainty N, P, and 5

tmprowing M nudrient effciency includes wse of (1) controlied-releass coated urea products, {2}
sl radnAsn Urea-aldohyde palymar producis, (3] ures supergranses for deep placemant, (4)
nitrfication inhibiters o reduce nitrate leachmsg and denitrficaBon, (5) urease nhbaors 1o
raduce ammemia volghization fram urea, and (8- ammanium sulfals o enhance N elfioency of
Liraa

improvng efficiency of conventional P ferilizers inchudes use of (1) coated waber-solutss P
ferlilizers, {2) urea supsigranuias conlaining P and K nutnenls, aad (3) fud P lerdzers. Use
of noncomwantional P fartilzars includes (1) phosphate mck (PR ar deacl appboation with a
newdty daeveloped computar-basaed phosphate rock decision supposd system (PROSS), () 8
musture of PR gid water-soluble P sources, (3) ceicined nonapatie FR for diredt apphication
and 1) nonconventional acikduiated P lorbizers contaenmgwater-inseluble bt citrate-soluble P
compounds

Thee sgronomic efiectveness of newly developed granulsr NP lertiizers conaining elemantal
510 peowide S nuirienl is discussed.

Two processes of produong (1) partiaily acidulated Fiertilizess and (2] compound fortilizers of
NP and K by bulk blending ate recommuended for reducmyg Gd weke friom P lertlizers by
crops. The wse of these ronconventicral ertiizers may resull nan increased raiatve
aconomic barsfit with raspact to the use of convantional-tartilizars in torms of saving ferlilize
cost, enfrancing nutnent eflicency, of INCreaseag crop yield
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Abstract
5 Selec Languags T
Translator disclalmar Irariably, mary agriculoural soils of the world are deficlent in ane or maore of the essential nutrients

needed (o support healthy plants. Acidity, alkalinity, salinity, anthropogenic processes, nature of
farming, and erasion canlead to soil degradation, Additiens of fertilizers and/or amendments are
essential for a proper nutrient supply and maximum vields. Estimates of overall efficiency of applied
fertilizer have been reparted to be about or lower than 503 for N, less than 10% for P, and about

40 for K. Plants that are efficient in absorption and utifization of nutrients greatly enhance the

efficiency of applied lertilizers, redicing cost of inputs, and praventing losses of nutrients (o
ecosystems. Inter- and intra-specific variation for plant growth and mineral nutrient use
efficency(MUE) are known 1o be under genetic and physiclogical control and are madified by plant

Interactions with envircnmental vaciabdes, There is need for breeding programs (o focus on

developing culinvars with high NUE. identification of traits such a5 nutrient absarption, fransport, -
utilization, and mabilization in plant cultivars should greatly enhance fertilizer use efficiency. The -
developmaent of new cuitivars with higher NUE, coupled with best managament practices (BMPs) will
contribute to sustainable agricultural systems that protect and promote soil, water and air quality.
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TECHROLOGY PLATFORMS
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WHY ACTAGRD TECHROLOGY PLATFORMS ABOUT COMTACT

SLOW MNITRATE LEACHING

Nitraoen loss doe o nitrale leaching is & concemn many grosers amil iheir

commnmilies share, Cammon approaches o compensale for witrogen liss

are kigher appliction rates. sdditional applications ar adiding a nitregen
sahilizer. Nowever, miding mare niteogen only' bicreases e visk of leaching
anil nitrogen stahilizers attack notural sodl baelern Ul oy e beneficial o

redicing eaching later o Lhe sedse,

Provcimons enssoes nitrogen applicatios remain aablable o e crogs,
ehiminnting e noecd Lo increase rates, reaepls or diseapl saliral ssslenm,
Tnistezd, it Trelps fo ermchmlly redemse se nitreeen pool Tack Tonde thesoil
albmwing crog uptake while mininizing eaclans inde sroundwaler,

=
S50IL MICROBES ENHANCED WITH PROXIMUS

Immobilize ™ in the root zone and synchronize
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Mitrogan Use EMiclancy

HNitrogen wse efficlency and/or fertilizar moovery in orop production systems can be computed usl
range of methods. Thoss spedfically designated for crop production systems follow, In =

Sloanraa ). Other metheds (Difference Method, sotopic Hermiched amd Degpleted ]} are delineatied
Balew.  The components of Mitrogen Use EMiciency {NUE) Further discussed, ag mitially reported by Mol at
&l {1582, Regardiess af the method, abmast al resull in esthimated NUE for céresl producticn that aversge
Babweeh 30 and 35%, Topdress or sidedrass N appBcatians i the middle of the ssascen can result fn graater
HUF's {=50% ], Bacauss e sk of N ot b greaber whes I i applisd in tha (all, § shauld be applied in the
spring o minimiza risl and optimire profitaban, regardiess of tillags syatem [Vatech and Randall, 2004

Eesiay (95D Istilhstee. (infenicon usel n A2 91.557]

1. Calaulating N Liss [ Wictaney using Tha Diftarance Mathod
Laifereee metlived

PFR. = [MFI-(NC) S R

NF = toal crop M uptaia [carm, wheat, rice, etc-) from fertillzed plats:
HC = total crop M uptake {corm, wheat, rice, eic.) from unferiiized plats
A = rate of fortikzer M appled

PFR = percent fertilizer necovery

EXAMPLE below:

Agplied M Grainmed  GreaN Muptke  Fernliser Aecovery |

kg kg % kgfha (MU}, %
o 1000 1 20 -
50 1300 FRY 223 (20320050148
10 000 5 ad {ad-20)/ 100=24
150 X000 13 2 (320 150=17

Mo W, B ooy god ma fpigon 983 ket pod siecesbame of fygipey ceich oot o eficency o situpe gtiloptce

i
efficienty of abadrpticn or uptake (rtHia)

elficiency with which N absorbed b utilized ko preducs grain [GwHt)
Mt = total N in tha plank 3t maturisy (grain + etover)

HE = nifrogen supply or rate of fartiizer N

Gw = grain wright {all mopressed in the: sama onis)

Camdideration of sddlond parameters Aot disouseed In Moll et al. (1582] "plart M less

Waximum M socumidation has besn found to oocur at or near Aowerning In wheat and corn and nat at
harvest,

In order to estimate plant M loss witheut the use of labeted N formsg, the stage of growth whaere
maimum W accumulation s known to occur needs to be identified.

The amount of M rémaindng in the grain = straw or stover, |5 subtracted from the amount 3t masimum N
socumulation to estimate potenial plant M less [difference method].

Use af dilference methods for estimating plant W koss dre Mawed since continued uplake s known to Liks
place beyond Mowering or the point of maximam H scamutation,

Davis, B.i., L2 Patton, 8K, Teal, ¥. Tong, M1, Humpheeys, L Mesal K Gioma, LW, Lasdes, 5M,
Moges, A, Mahagatl, 150 H, Zwig, S5, Deng, G Johison, B, Mullen, and W.R, Raun, 2003,
Nitrogen almrce in fhe Magrider Plots fodlosning 109 years in ogvrbiminedrs winter wieat, J. Plant
Mutr, 260811561158,

Blatariais with a greater than nafural concentration of 15N % plant M derived from fartilizer = 1SN sxcess @
sampie %% 15N excess in fentifizer

Deplgted 154:
PHaterials with a bvver than natural contentration of 158 {0,003 - 0.01 atden % 158) or (< 0001 sbam & 15H)
Use af isolopic 14H

Studies involdving residual safl nitragen ars noat practical with daplatad matarials disa ta tha high
wihutingn factor

23 plant W derbeed from the fertiizer =

(M - MM - [N

M =atoen %5 154 bn unfert@zed glants

ML = atorm % 158 in fertifized plarts

Wi = atam % 1504 in the fertilizer [for example 0,006%)
0 o= the plant digcriminatlien factor Belween 148 andd 15N,

TF T In assumad that thare I8 no discrimination Batwean 144 and 1SN, thenn = 1

. Pertilicer M #

1. Wifferesce method

PFR = (MF)-(NC} / R
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Hu =atom % 15K in ursrtSzed plants

HE = atnm %% 158 im fartilized plarts

M = atorm %% 15N In the fartilizer [fqr myamspie 0. DG %]
n = the plant decrimination fctor betwaen 148 and 15,

1 it ls assumied that there |5 Ao discrimination between 140 Snd 1SN, ERén A = 1

%. Fartiirer M Recowisry [Vanesl and Py

1. Bifterence method
PER = [NF1-INCY/ R

WE = botal N uptake in com fram M fertilized plots
MC = total M uptake In coon from uhfertilized plots
B = rite of fertilicer N apphied

BFR = pareent larliloer recovery

2. Isatapic mathad (Depletad material)
PFR = ((NF} x (C-BND) /R

HF = tatal N ugtake In coon from M fartifized plats

B = yiom % 150 of plant tiséue from N fentifized plotw

€ = tom ¥ 150 of plant tssue from unfertilived plots {0, 366'%)
0 = depleted atom S 150 in applied M fertilizer

Bo= rinle of appied 15N -dabeiad fertiliver

3. Isotapic method (Enriched materlal. Sanchaz et al.. 1987}

F= As-Aral-Ar

F= fraction of votal N upsake derdved from LEN enriched fenilizer

A5 = 3rom %5 15N measured In the harvested plant sample

AF = atom %6 15H in the enriched fertifizer

Ay = atom % 1SN of the reference harvisted plant material from non 350 enrichad Tenier traatiments

Ef = 1 x totad M uptake
I = uptake of 154 anriched fartilizer

Shearer pnd Legg (1975) found that d 158 of whent plants decreased as the Wonpplication rate
increased,

dL5M = atom %o 5N (sample) - atom &y 15N (standard) x 1000 / atom %5 15 N {standard)
15H compesition of the votal 8 of grain and deaf samples of com [Zea mays L.} decreased s-.s!m::r.ig.lll-.- A% W

fertilizer rates incressed (Kohl et @, 1973} This result was considsred to e consk with ine I+
contributicng of Tertiliner M to plants a8 the rate of applied N increased.
Hauch and Bremner, 1976

parcent nitrogan recoversd {plant or soll] =

= 190D {c-b) / Ha-b)

P = total M in the plant part o Soil in kg ha=1

F = rate of 15H fertificey applfed

@ = dloemy pErceint 150 in the labeded fertiliber

B o= atgary pereant 150 in the plant part or &3l recelving fe 158

& = alain parcent 15H in the lant part or sail that did recsive 15M
urdabalad N uptake = (tofal N wptake in grain and staw) -

T rate{% recowery of 15H In graln and straw]]

st Pdr, D0 U308 I3,

The Mapgrutiar PIots 5T S oient coatumin 10 AEmbty sohaBt reNssers pis i 1 Grast Pasn rego, Bnd B0e toa of the aldest costinass
scd Jartidty mbast ohrz in the wiord,

Try watn ilateg in 1HRT by Mesandar T Mprter uas wes miewahel s e pdariniy of ashun Jraine iy shes wvon osermasly i

weindar

Fmnle estimate of nfteene [M1 halance.

L. mccmars fzr B oazplad

P L e e o Tl

L gne et fpr evremaied plast W leeg, dambricaiee, prirgis bscng

A, mggount for ngn-gimiiptis Thbotion, M gopiad m the menfpl

3. bies % milivaate of 8l pod RS 30 O] Bk i Degnes iy of U eugeermesn
R b e aglivvasite ol Bl sl B EB- S 0] b W arnad il e immprirpaill
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Chack Fote (e nobeatia sepiees fo I0F pwana ) ety 3231 g M Bl ar 3% of ha petgenad toal eed pogaenic T remaieg,

P russreml o b grnrs asmrpged BEA kg 4 kaedyied "
M acrbone fmanans; 4 in rerfed, ) vie svmiscts & foahon] svarsged 44,5 k5 W har | yrl in che M oo
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B = total N in the plant part or soll in kg ha-1
f = rate of 15N fertilizer applind

a. = atem porcent L5H In the Babetad fortiizer

b = atem percent 158 in the plant part or sail receiving no 158

€ = Jam percent 15N i the plant part of Soll that did recohve 158

urdabaled M uptaka = [tetal M wptake In grain and sthaw)

[M eate(%h rucewery of 15H In graln snd straw]]

havis ot al., 2000)
.
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This paper-dffers the technical basis and supporting research for using Nitrogen Use
Efficiency (NUE) as a performance indicator to improve global food production and control
the potential harmful environmental impacts of excess nitrogen-based compounds from
manufactured and animal waste fertilizers. NUE implies a more precise application of
nutrients that is based on current agronomic principles in combination with other factors
like soil health, water availability, climate, and type of crop.

Since the NUE indicator can be quantified, countries now have an opportunity to evaluate
the effectiveness of their own nutrient policies and, at the same time, farmers have the
ability to assess the efficiency of their farming practices and nutrient use to increase
production and reduce environmental damage. The GPNM recommends NUE as a
performance indicator to address nutrient losses within developing and existing global
agreements that focus on sustainable development, oceans, climate change, biodiversity,
water quality, air quality and soil health.

Greg Crosby
Chair, GPNM
USDA National Institute of Food and Agriculture
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Nitrogen use efficiency and nutrient performance indicators.
GPNM Task Team Report and Recommendations

Rob Norton, Eric Davidson, and Terry Roberts

Summary

The Task Team recommends using Nitrogen Use Efficiency (NUE) to describe partial
nutrient balance (also referred to as removal /use or output/input ratio) and note that it can
be configured in different ways to show the current starting point (benchmark) from which
future improvements can be assessed (progress indicator). NUE can be expressed at
different scales from the farm to the country level. Neither a high nor a low NUE is an
implicit target, but raising low values, which usually indicate inefficient use of added
nitrogen, and lowering very high values, which usually indicates mining of soil nitrogen, will
require appropriate interventions at the farm level, so that the farmer engagement is
important in achieving progress. The task team recognizes that NUE relates to production
and soil health, so it needs to be put in context to other indicators. We also note that
significant lags between improvements in NUE and reductions in N pollution of
groundwater and surface waters may occur, but nevertheless, increases in NUE and
reductions of surplus N in agriculture should eventually lead to lower N pollution.

PREAMBLE

The efficient and effective use of nutrients underpins food security and reduces losses of
nutrients to the environment. While balanced nutrition is important, nitrogen in particular
is fundamental to raising crops and animals to feed the world now and in the future. Much
of the increase in food production over the past half century can be attributed to the use of
synthetic nitrogen fertilizers. However, when used at the wrong time, or the wrong rate, or
in the wrong form and put in the wrong place, adverse impacts can occur as nitrogen flows
through the environment.

The importance of reconciling nutrient removal with nutrient additions has been
recognized through the United Nations Environmental Program’s view that there is a need
to define and then assess trends in nutrient performance. The Sustainable Development
Solutions Network has also proposed that crop nitrogen use efficiency should be an
indicator of progress towards a goal to end hunger, achieve food security, improve
nutrition, reduce pollution, and promote sustainable agriculture. Science and industry have
supported the development of appropriate indicators to represent the balance between
underuse of nitrogen that can lead to low production and the depletion of soil fertility, with
excess nitrogen that can lead to adverse environmental impacts. Using nitrogen use
efficiency estimation is consistent with the indicators proposed by other agencies and the
fertilizer industry.

1 Revised April 8,2015

Position paper from the GPNM'’s Task Team Workshop, December 8, 2014 held at Washington, DC. 3



The focus of this report is nitrogen and similar principles could be applied to estimating
phosphorus, potassium or sulfur nutrient use efficiencies.

DEFINING NITROGEN USE EFFICIENCY

Nitrogen use efficiency (NUE) can be defined in many ways depending on the purpose to
which the indicator will be put. Agronomic efficiency or apparent recovery efficiency are
appropriate performance indicators, especially in the selection of more efficient genotypes
for nutrient uptake or to assess nutrient transfers among soil pools, but both of these
measures require a nil fertilizer application treatment to estimate the extra yield due to the
added fertilizer. Such measures are normally only available on research plots limiting their
usefulness in non-research settings. We recommend using partial nutrient balance to
measure NUE. Also called the removal/use ratio or the output/input ratio, this indicator is
derived from the sum of N in all of the products removed from the field (i.e., the harvested
crop or livestock product and any stover or other material removed) and the sum of all
inputs of N to the field, farm or region (i.e., fertilizer, imported animal manure, compost,
green manure or other soil amendments, imported animal feed, and biological N fixation;
note that atmospheric N deposition is usually ignored because it is usually small relative to
agricultural inputs, but it could be included where deemed important). As such, NUE
reflects the proportion of nutrient recovered in produce, within the boundary of the system
described, relative to the amount of N entering the site:

NUE = sum-of-outputs/ sum-of-inputs

NUE does not describe pathways of internal N transformation within a system (e.g., N
mineralization or nitrification), nor is it necessarily a direct quantitative estimate of N loss
from the system, because N not removed in the harvest might remain on site in the soil.
Over the long term, however, changes in soil N stocks are usually low relative to inputs and
outputs, and therefore, low NUE values over multiple years are reasonably reliable indirect
indicators of probable significant N loss to the environment.

An important advantage of this definition of NUE is that the data are generally available at
both the farm level and the national accounting level. On the farm, fertilizer (and imported
manure) amounts are usually known, as is the harvest volume or mass (e.g. bushels/acre or
tonnes/hectare). The concentrations of N for manure and harvest products are often not
known for specific farms, but they can be estimated from regional literature values. At the
national and sub-national level, data on production by commodity type (e.g., maize, wheat,
rice, other crops, dairy products, and meat) are estimated by governments and the FAO
when real data are not available. The FAO also gives data on the total apparent fertilizer
consumption by country, but these data are not disaggregated by crop or region. Attempts
have been made in the scientific community to disaggregate national data to crop specific
application rates on agricultural areas (e.g. Potter et al.,, 2011), that could be used as
baselines or reference values. IFA has released two reports on fertilizer use by crop by
country from collected data (Heffer 2009, 2013), but these do not cover all countries.
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Although there are some data limitations and uncertainties, both inputs and outputs can be
estimated locally and nationally, and from those estimates, NUE can be derived.

A disadvantage of NUE is that it, alone, is often inadequate for assessing agricultural
sustainability, so that NUE data must be interpreted in the context of other data. Different
crop types are likely to have different NUE, and national and regional NUE values may
reflect the particular mix of farming systems within those areas. Maize generally has lower
NUE than wheat, and so a country or farmer growing a lot of wheat may report relatively
high NUE, not necessarily because of particularly efficient nutrient management practices,
but because of the type of crop that the soils and climate best support. Table 1 gives
examples of annual NUE for different crops from selected countries.

Table 1. An example of NUE by country and crop. Data were derived from FAOSTAT (Crop
production and area sown), IFA (Fertilizer use by crop) and IPNI (Crop product nutrient
concentrations). Neither biological N fixation nor manure applications are considered in
this example and crop removal is estimated using mean values rather than regionally
relevant data.

Other
Country Wheat Maize  Rice ] il S Palm Oilsee  Sugar
Cereals Cereals an* ds

Argentina 1.28 0.99 2.26 1.67 1.21 1.20 - 3.23 2.17
Australia 1.10 1.06 2.60 0.86 1.02 - - 0.63 0.93
Bangladesh 1.27 1.06 0.56 - 0.57 - - 1.01 0.89
Brazil 0.99 0.85 0.97 0.87 0.88 1.20 055 1.02 1.83
Canada 0.86 0.70 - 1.05 0.89 1.18 - 0.94 -
Chile 0.63 0.51 0.83 0.81 0.63 - - 1.08 -
China 0.54 0.40 0.47 0.66 0.47 080 032 041 0.38
Egypt 0.59 0.26 0.53 0.64 0.45 0.74 - 0.19 0.44
EU-27 0.96 0.53 0.86 1.09 0.90 1.13 - 0.95 -
India 0.46 0.36 0.40 0.50 0.43 0.90 - 0.49 0.64
Indonesia - 0.43 0.65 - 0.59 094 086 0.00 1.07
Iran 0.78 0.46 0.48 0.79 0.71 1.05 - 0.43 0.26
Malaysia - 0.38 0.37 - 0.37 - 0.69 11.68 1.07
Mexico 1.22 0.39 0.60 5.12 0.62 - 0.08 094 1.29
Morocco 1.78 0.53 0.55 1.30 1.52 - - 0.33 0.13
Pakistan 0.40 0.30 0.34 0.53 0.38 - - 1.26 0.39
Philippines - 0.75 0.97 - 0.90 - 0.46  0.05 2.08
Russia 1.63 0.46 0.71 2.79 1.78 1.08 - 4.87 -
South
Africa 1.46 0.54 - 1.70 0.66 1.20 - 1.25 0.79
Thailand - 0.64 0.94 0.88 0.90 112  0.71 0.26 1.20
Turkey 0.73 0.46 0.84 1.30 0.81 0.93 - 0.55 -
USA 0.73 0.61 0.55 0.77 0.64 1.22 - 0.60 0.43
Vietnam - 0.36 0.65 - 0.60 0.74 - 0.05 0.62
World 0.77 0.55 0.56 1.26 0.68 1.15 081 0.73 0.89

* Soybean N balance was estimated as the N removed divided by the sum of N applied plus fixed N. The
amount of fixed N was estimated as 0.8 of the N removed.
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A second complication of NUE estimates is the consideration of crop rotations. Where
maize and soybeans are rotated on the same field annually, for example, NUE would have to
be calculated for a two-year rotation cycle in order to account for the N inputs from
soybeans in one year that could remain as inputs to the maize crop the follow year. Where
longer and more complex crop rotations are employed NUE estimates would need to
consider the whole crop cycle and not just crops in isolation.

Biological N fixation (BNF) by soybeans, pulses, and other leguminous crops presents a
third complication. Assumptions must be made regarding the fraction of N within the
plants that is from BNF and the fraction of total plant N that is removed. An estimate of
total plant N times the fraction from BNF must be included in the input term to calculate
NUE. Such estimates are available in the agronomic literature (e.g. Salvagotti et al., 2008;
Peoples et al., 2009) and can be provided in simple look-up tables for use by farmers or by
national agronomic policy analysts, similar to look-up terms now in use for calculating
greenhouse gas emissions for IPCC accounting requirements.

A fourth potential complication involves the more complex accounting that is needed to
estimate NUE in mixed crop-livestock operations. Outputs could include some crop
products if they are exported and not used entirely within the farm for feed, as well as the
dairy or animal products, including any manure that might be exported to another farm
rather than being used internally. Inputs would include fertilizers and feed supplements.
Again, these are not insurmountable problems, but do add a layer of complexity to the
needed accounting.

A fifth issue is that NUE is best interpreted in terms of a trend of changing NUE over time,
rather than attempting to interpret a single snapshot of a single year’s estimate for a farm
or a nation. As mentioned above, a single estimate of NUE is strongly influenced by the crop
or animal production system, and it is difficult to define whether a single estimated value of
NUE is inherently good or bad. If repeated over time, however, a trajectory of NUE values
can provide a very useful indicator of whether progress is being made to improve NUE
within a given cropping system within the context of the climate, soils, and commerce of the
region.

Despite these challenges, the inclusion of all the input and output components in estimating
NUE is essential to assess if there is sufficient nutrient supply for high yields and to
maintain or even improve soil health. Using animal manure, recycling plant material (e.g.
composts, processing waste streams) and integrating legumes into cropping systems are all
important strategies to increase soil organic matter and improve soil structure, leading to
synergies between organic and mineral fertilizers and improving NUE.

DERIVING NUE

We envision an accounting system similar to the IPCC system for calculating greenhouse
gas emissions, but designed to facilitate estimating NUE at a variety of scales, from the farm
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to the nation. Where site-specific data are not available on N concentrations of crops and
manures and for BNF contributions, simple lookup tables could be provided. For example, a
farmer who has produced X tonnes per hectare of maize could look up the N concentration
of grain in that region (Y %N) and estimate the output term as:

Output N=X* Y/ 100.

If the harvested products were analyzed for N concentration, that value could be used in
lieu of those from lookup tables.

Most commercial fertilizers come with an estimate of N concentration, so the input is
simply the application rate in kilograms of product per hectare multiplied by the
concentration of N in the product. Nutrient concentrations of manures, however, are more
variable. If concentration data are available for a specific manure source, they could be
used, but when specific concentration data are not available, a regionally pertinent lookup
table (e.g. showing the average N concentration of chicken manure in the mid-Atlantic
states of the USA) could be provided to the farmer.

Inputs of BNF by leguminous crops would require regionally appropriate estimates of the
total amount of N in the crop (crop mass multiplied by the N concentration of the mass),
multiplied by the fraction of N provided by BNF (usually 60-80%, e.g. Peoples et al., 2009).
Not all the BNF remains in the field, so the proportion of the N removed from the site in
grain or other crop products (harvest fraction) needs to be considered.

BNF inputs =
crop mass produced X % N of the crop mass X BNF fraction X (1-harvest fraction)

Data for fertilizer use can be derived from existing sources, such as sub-national
agricultural extension and research stations for farm-level operations. For national
accounting, data are currently available from IPNI for average nutrient concentrations (IPNI
2012), FAO for production (FAOSTAT 2014), and IFA for fertilizer use (IFA, 2015; Heffer
2009, 2013).

Input N = Applied manure N + BNF + Applied fertilizer N

NUE can be derived at a range of scales, but downscaling from national to regional data will
require additional qualification of the input and output. It is also appropriate to investigate
upscaling of farm level nutrient balances to validate downscaled national data.

INTERPRETING NUE ESTIMATES

When NUE = 1, the amount of nutrient removed equals the input of N. When NUE < 1, more
N is being applied than is being removed, and the N not removed could either be stored in
the soil and/or flow through to the environment causing ecosystem degradation. When
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NUE > 1, more N is being removed than is being supplied, which indicates that the soil is
being mined of nutrients, eventually depleting soil fertility.

While NUE is the ratio of outputs/inputs, “N surplus” is defined as the difference (inputs-
outputs). When NUE <1, the surplus is positive, indicating the likelihood of loss of N to the
environment.

No biological systems, including crop and animal production systems, can be 100%
efficient, so a goal of NUE = 1 and a surplus of zero is unrealistic. Nor do we know how
efficient (how close to an NUE of 1) cropping systems could become and still maintain
productivity. It is desirable however to approach NUE =1 for long term system
sustainability. In general, animal production systems are less efficient than cropping
systems because animals inherently produce N-rich wastes in urine and feces, which are
challenging to recycle with high efficiency. While it is very difficult to establish hard and
fast NUE goals, we can generalize that when NUE < 0.5, there is probably a large
opportunity for improving NUE. At the other extreme, when NUE > 0.9, it is likely that
efficiency cannot be improved further without risking mining of soil nutrients.

160
-
< NUE=05
m EE‘T T -
£ .
= Farmer Loses _ g
= 120 Environment Loses Farmer Wins -~
Z Environment Loses
& U
— &0 s
€ Z(I_J}__ = |§]§|
g a0 | * s

L
o = F .
= g Fartmer Wins Environment Wins )
] o i S~ S L NUE=0.9
g e e < o o o YR (BT AN - -t .
5 0 o ey
0 20 "'.-_L*e'-'_‘{éap“-------.su.__m-__so 100 120 140
-“""""'Farm-tmes__,___
— Farmer Loses Environment Loses
Sail Loses
Cereal Output N (yield N, kg/ha/y) NUE=13

Figure 1: NUE for cereals, graphed as the surplus of N (inputs minus outputs) versus
removal (output) of N. The dotted lines show values of NUE according to the relation
between inputs and outputs. Biological N fixation and manure use are not considered in
this example. Each circle represents a country indicated by UN Country 3 letter code.

However, this should not imply that NUE values between 0.5 and 0.9 are necessarily
acceptable, because, as already noted, an NUE value of, say 0.7, may be good for some
systems in some places and not so good for other systems in other places. For example,
many of the countries that fall between the 0.5 and 0.9 NUE lines in Figure 1 are likely to
have potential for further improvements, and the differences among countries may reflect
differences in the crop grown, the use of manures and the importance of legume based
rotations, as much as differences in nutrient management practices. Figure 1 is shown as
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an example of NUE for cereals only, where Output-N is plotted on the X axis and N surplus
(Input-N minus Output-N), on the Y axis, and the dotted lines show values on the X and Y
axes that are consistent with a specific NUE value, which is a mathematical outcome of the
definitions of N surplus and NUE. Any number of lines could be drawn, but the figure here
shows only three - NUE = 0.5, 0.9, or 1.3 - as benchmarks. The data to produce this figure
are shown in the Appendix table and are pre-Tier 1 values as they do not contain estimates
of BNF or manure inputs, and N contents were averages not regionally specific.

Rather than the snapshot comparison shown in the example in Figure 1, it is best to use an
indicator based on a trajectory of NUE values over time to demonstrate if progress on
improving NUE is being made or if an upper efficiency limit is being approached. Figure 2
shows a hypothetical example of a farm growing maize in the mid-western region of the
USA (Davidson et al. 2015). It could represent a single farm or an average for the region or
nation. The square shows a one-time estimate of NUE of 0.67. The arrows show the
trajectory that would be consistent with improved NUE over time. Hence, the initial point is
a benchmark by which progress can be demonstrated. We believe that this type of figure
could be generated easily through an appropriate canned algorithm (such as a pre-
formatted Excel spreadsheet or a customized user-friendly software package) that would
require only very simple data inputs. As each year’s data is entered, the trajectory for the
farmer or for the nation could be tracked.
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Figure 2. Diagram of how NUE can improve relative to an initial benchmark value and who
wins when the trajectory over time is to the right or left, up or down in the plotted
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parameter space. A win-win situation for both the farmer and the environment occurs
when NUE increases, N surplus decreases, and crop yield (Output N) increases as plotted

values on this graph move from the benchmark value to the lower right (after Davidson et
al 2015.)

The example in Figure 2 applies to the high yielding regions of the world, where N
surpluses are often positive and environmental pollution associated with excess N is a
societal concern. In contrast, parts of the developing world face a problem of too little N
input to agriculture due to unfavorable crop/fertilizer price ratios or lack of availability of
fertilizers or other sources of N inputs. Figure 3 extends the range of surplus N values
shown in Figure 2 to negative values on the Y axis, which illustrate mining of soil N, because
N removed in harvest exceeds N inputs. In this case, the win-win option for farmers and the
environment results from movement toward the upper right of the graph, where crop
yields increase, N mining decreases (i.e. NUE declines below 1), and N surplus remains
relatively small. However, how far to the upper right is desirable before risking significant
and damaging loss of N to the environment is difficult to specify.
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Figure 3. Application of the concepts shown in Figure 2 to a lower yielding or less
developed country where mining of soil N is occurring due to NUE >1 and N surplus < 0.
While the farmers in high yielding environments should move to the lower right to improve
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NUE, farmers in low yielding environments farmer should move toward the upper right, at
least initially.

A TIERED APPROACH TO NUE ACCOUNTING

Because the availability and quality of data on N inputs and outputs vary regionally, we
envision a tiered system for reporting NUE estimates, patterned after the IPCC system:

Tier I: A system of global default values provided in lookup tables for N concentrations of
crop products, fertilizers, manures, other soil amendments, and BNF inputs. Simple
mathematical equations would be provided, demonstrating how these default values would
be combined with local or national “activity data”, which in this case, would be yield data
(e.g., bushels/acre, tons/hectare, liters of milk/cow, etc.) and input rates (e.g. fertilizer
application rates, manure application rates, daily feed supplement rates, etc.) to derive
estimates of farm-level or national-level inputs of N, outputs of N, N surplus (inputs minus
outputs), and NUE (outputs/inputs).

Tier II: Where data on N concentrations are available at the site, regional, or national level
that can be demonstrated to be more specific to the application area, and hence likely to be
more geographically and systems specific, these data may be substituted for the global
default values recommended for the Tier I approach. The equations would be the same as
in Tier L.

Tier III: It is possible to model agronomic inputs and outputs of N in response to factors
such as economic conditions, commerce, soils, climate, crop performance characteristics,
and available technology. Where such models have been developed and validated at the
farm scale or larger scales, such as by survey or nutrient audits, they could be used to
estimate NUE and N surplus. Indeed, models of N input-output have been developed at the
global scale (Bouwman etal., 2011).

At present, the publication of FAO production data is about two calendar years behind the
present. IFA fertilizer consumption statistics are also released two years after completion of
the campaign. The IFA fertilizer-use-by-crop data are available only for three periods, and
the degree of temporal variation in product nutrient concentration is not available. It would
seem unlikely that with the current procedures that country-level NUE could be reported
annually, and within one year of the data period. Aggregated moving means of triennial
NUE values may best serve the purpose of a moderate cost for data collection balanced with
a reliable estimate. Furthermore, year-on-year changes are likely to be minimal so that
triennial monitoring may be sufficient.

Position paper from the GPNM’s Task Team Workshop, December 8, 2014 held at Washington, DC. 11



NUE ASA NUTRIENT PERFORMANCE INDICATOR

The purposes for the application of these performance metrics are as indicators of the
outcome of management and as statements of accountability. They do not prescribe
interventions, but can be used as benchmarks of current performance and can be used then
to set targets for future performance against which progress can be assessed. The actual
critical values for NUE and the targets to be established are aspects of policy, and are likely
to vary from region to region and between farming systems.

An increase in NUE does not always guarantee lower N pollution, but it is an essential step
for reducing N loss to the environment while maintaining high agricultural productivity.
Our recommendation is based on the premise that using NUE as an indicator will likely
reduce N losses to the environment, which will be followed in time by improved indicators
of environmental quality, albeit with lags in the system. Hence, NUE should be viewed not
as a final indicator of success, but rather an important and essential indicator of progress in
the agricultural sector.

While NUE can be estimated using existing data and applied at a range of scales, it is a ratio
and so does not provide a link to either productivity or soil health, both of which are
critically important for current and future food security. In assessing progress to improved
nutrient performance, both productivity (such as yield) and soil health (such as soil test
values) should be considered as part of a suite of outcome indicators. Additionally, other
indicators of the development of the support for and the adoption of sustainable crop
nutrition (e.g. outreach to farmers) could extend the range of metrics appropriate to
nutrient stewardship.
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Appendix Table: Cereal production NUE by country. Data were derived from FAOSTAT
(Crop production and area sown), IFA (Fertilizer use by crop) and IPNI (Crop product
nutrient concentrations). Neither biological N fixation nor manure applications are
considered in this example and crop removal is estimated using mean values rather than
regionally relevant data.

Mean NUE
Cereal Cereal (kg N Output Input Surplus
Country area producti ce.real grain/k (kg (kg (kg
(Mha)  on (Mt) s gN N/ha) N/ha)  N/ha)
(t/ha) fert)

Argentina 9.24 40.68 4.37 1.21 69.6 57.7 -12
Australia 18.37 26.45 1.39 1.02 27.9 27.4 -1
Bangladesh 11.18 46.95 4.02 0.57 55.1 96.6 41
Brazil 18.42 67.16 3.63 0.88 47.8 54.3 7
Canada 15.95 4711 3.26 0.89 59.0 66.4 7
Chile 0.59 3.58 6.41 0.63 104.6 167.4 63
China 83.14 473.94 5.48 0.47 83.9 178.9 95
Egypt 2.99 20.98 7.01 0.45 113.0  252.1 139
EU-27 58.04 277.82 4.85 0.90 92.1 102.5 10
India 99.24 255.31 2.56 0.43 40.8 95.0 54
Indonesia 15.13 75.43 4.62 0.59 63.8 107.3 44
[ran 8.70 22.33 2.47 0.71 48.5 68.3 20
Malaysia 0.67 2.39 3.52 0.37 46.3 124.6 78
Mexico 10.01 33.54 3.36 0.62 48.9 79.3 30
Morocco 5.59 8.54 1.60 1.52 31.6 20.7 -11
Pakistan 12.93 33.92 2.58 0.38 47.9 126.0 78
Philippines 6.73 21.78 3.21 0.90 411 45.7 5
Russia 40.54 68.06 1.87 1.78 38.2 21.4 -17
South
Africa 2.99 12.07 3.65 0.66 54.9 83.3 28
Thailand 11.32 37.27 3.00 0.90 42.5 47.4 5
Turkey 13.04 33.70 2.68 0.81 53.2 65.7 13
USA 52.86 370.00 6.69 0.64 95.6 149.8 54
Vietnam 8.36 42.16 4.96 0.60 65.1 107.6 43
World 679.08 2,355.31 3.43 0.68 55.7 81.4 26
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Trademark Trial and Appeal Board Electronic Filing System. http://estta.uspto.gov
ESTTA Tracking number: ESTTA960088

Filing date: 03/13/2019

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE TRADEMARK TRIAL AND APPEAL BOARD

Proceeding 91246167

Party Defendant
Verdesian Life Sciences U.S., LLC

Correspondence Kirsten S. Carlos

Address Verdesian Life Sciences LLC

1001 Winstead Drive, Suite 480

Cary, NC 27513

trademarks@vlsci.com, CSimoes@SneedLegal.com, trade-
marks@sneedlegal.com

no phone number provided

Submission Answer and Counterclaim

Filer's Name Sarah Hsia

Filer's email trademarks@sneedlegal.com, sarah@sneedlegal.com, jsneed@sneedlegal.com
Signature /sch/

Date 03/13/2019

Attachments 2019-03-13 Answer and Counterclaim - Opp. No. 91246167.pdf(110687 bytes )

Registration Subject to the filing

Registration No. 4795520 | Registration date | 08/18/2015

Registrant HORIZON AG-PRODUCTS, L.P.
1450 Infinite Drive

Louisville, CO 80027

UNITED STATES

Goods/Services Subject to the filing

Class 001. First Use: 2015/02/25 First Use In Commerce: 2015/02/25
All goods and services in the class are requested, namely: Soil applied fertilizer for agricultural use,
and excluding chemicals for use in industry and science



http://estta.uspto.gov

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE TRADEMARK TRIAL AND APPEAL BOARD

Horizon AG-Products, L.P.,
Opposer,
V. Opposition No. 91246167
Verdesian Life Sciences U.S., LLC,

Applicant.

N N N N N N N N N N N’

ANSWER AND COUNTERCLAIMS

Respondent, Verdesian Life Sciences U.S., LLC (“Verdesian” or “Applicant”),
respectfully submits this Answer to the Notice of Opposition filed by Opposer, Horizon AG-
Products, L.P. (“Horizon” or “Opposer”).

1. Verdesian is without knowledge or information sufficient to form a belief as to
the truth of the allegations contained in Paragraph 1 of the Notice of Opposition, and therefore
denies the same.

2. Verdesian is without knowledge or information sufficient to form a belief as to
the truth of the allegations contained in Paragraph 2 of the Notice of Opposition, and therefore
denies the same.

3. Verdesian is without knowledge or information sufficient to form a belief as to
the truth of the allegations contained in Paragraph 3 of the Notice of Opposition, and therefore
denies the same.

4. Verdesian is without knowledge or information sufficient to form a belief as to
the truth of the allegations contained in Paragraph 4 of the Notice of Opposition, and therefore

denies the same.



5. Verdesian is without knowledge or information sufficient to form a belief as to
the truth of the allegations contained in Paragraph 5 of the Notice of Opposition, and therefore
denies the same.

6. Verdesian admits that it filed an application for the mark NUE on January 31,
2018 for fertilizers; chemicals for use in agriculture for crop protection, except fungicides,
herbicides, insecticides and parasiticides; plant growth nutrients for crops in Class 1 and for
fungicides, herbicides, insecticides and parasiticides in Class 5. Verdesian specifically denies
that it has not used the NUE mark in commerce in the United States, and denies each and every

other allegation in Paragraph 6 of the Notice of Opposition.

7. Verdesian denies each and every allegation contained in Paragraph 7 of the Notice
of Opposition.
8. Verdesian admits that a US Trademark Registration for the mark NUE would give

it at least a prima facie exclusive right to use that mark. Verdesian denies each and every other
allegation in Paragraph 8 of the Notice of Opposition.

DEFENSES AND AFFIRMATIVE DEFENSES

1. Opposer has failed to state a claim on which relief can be granted.

2. Opposer’s Notice of Opposition is barred by the equitable doctrines of waiver,
estoppel, unclean hands and/or acquiescence.

3. Opposer’s cited mark is unenforceable by virtue of being descriptive, and lacking
in secondary meaning and/or generic.

4. Verdesian reserves all rights, including, but not limited to, the right to add

additional affirmative defenses as discovery develops.



COUNTERCLAIM FOR CANCELLATION

1. Applicant Verdesian Life Sciences U.S., LLC, is a limited liability company
organized and existing under the laws of the State of Delaware, with its principal place of
business at 1001 Winstead Drive, Suite 480, Cary, NC 27513.

2. Applicant is a leading manufacturer and seller of agrochemicals, including, inter
alia, fertilizers, fertilizer additives, biostimulants, seed treatment products, innoculants,
micronutrients, fungicides and pesticides (“Applicant’s Goods and Services”).

3. To market and promote Applicant’s Goods and Services, and to build goodwill
among relevant consumers of Applicant’s Goods and Services, Applicant uses the NUE Mark for
“fertilizers; chemicals for use in agriculture for crop protection, except fungicides, herbicides,
insecticides and parasiticides; plant growth nutrients for crops” in Class 1 and for “fungicides,
herbicides, insecticides and parasiticides” in Class 5.

4. To strengthen its rights in the NUE mark, Applicant applied for trademark
registration with the United States Patent and Trademark Office (“USPTO”) on January 31, 2018
for “fertilizers; chemicals for use in agriculture for crop protection, except fungicides, herbicides,
insecticides and parasiticides; plant growth nutrients for crops” in Class 1 and for “fungicides,
herbicides, insecticides and parasiticides” in Class 5. The application was examined by the
USPTO, and was approved for publication and published on January 8, 2019. The Examining
Attorney did not cite any existing trademark application or registration against Applicant’s
trademark application as likely to cause confusion under Section 2(d) of the Lanham Act,

15 U.S.C. § 1052(d). Although the application was filed pursuant to Section 1(b) of the Lanham
Act, 15 U.S.C. § 1051(b), the NUE mark has been in use in commerce in the United States in

connection with the claimed goods by Applicant since at least as early as January 10, 2018.



5. Upon information and belief, Opposer-Counterclaim Respondent, Horizon AG-
Products, L.P., is a limited partnership organized and existing under the laws of the State of
Texas, with its principal place of business at 1450 Infinite Drive, Louisville, CO 80027.

6. Upon information and belief, Opposer-Counterclaim Respondent is the owner of
U.S. Registration No. 4,795,520 for NUE-plex for “soil applied fertilizer for agricultural use, and
excluding chemicals for use in industry and science” in International Class 001. However, the
term “NUE” is an acronym for the wording Nutrient Use Efficiency, and this wording is merely
descriptive of Opposer-Counterclaim Respondent’s goods, because Opposer-Counterclaim
Respondent advertises its subject goods as intended to increase the nutrient use efficiency in crop
production.

7. Accordingly, Opposer-Counterclaim Respondent’s U.S. Reg. No. 4,795,520
should be cancelled on the basis that it consists of or comprises, according to 15 U.S.C.
§1052(e)(1) “a mark which...describes a feature, characteristic, purpose and/or use of [Opposer-
Counterclaim Respondent’s] goods.”

8. Additionally, upon information and belief, Opposer-Counterclaim Respondent
does not presently use the NUE-plex designation in commerce and does not intend to resume use
of the mark. Accordingly, the ‘520 Registration should be cancelled on the basis that the
registered mark has been abandoned in accordance with 15 U.S.C. § 1064 (3).

9. On January 31, 2019, Opposer-Counterclaim Respondent filed the instant
Opposition Proceeding with the United States Trademark Trial and Appeal Board, claiming that
Applicant’s NUE Mark was likely to cause confusion with Opposer-Counterclaim Respondent’s
Registration for NUE-plex.

10. Applicant is likely to be damaged by the continuance of Opposer-Counterclaim

Respondent’s Registration No. 4,795,520 for NUE-plex.



11. Accordingly, Respondent prays that Registration No. 4,795,520 (NUE-plex) be
cancelled pursuant to 15 U.S.C. §1064(3).

WHEREFORE, Applicant requests judgment:

1. dismissing the Notice of Opposition and this proceeding in its entirety, with
prejudice;

2. holding that Applicant’s Application Serial No. 87/778,016 be allowed; and

3. cancelling Registration No. 4,795,520.

Respectfully submitted,

Dated: March 13,2019 /s/ Jason M. Sneed
Jason M. Sneed
Sarah C. Hsia
Megan Sneed
SNEED PLLC
445 South Main St., Suite 400
Davidson, North Carolina 28036
(844) 763-3347 (tel)
JSneed@SneedLegal.com
Sarah@sneedlegal.com
MSorokes@SneedLegal.com

Attorneys for Applicant, Verdesian Life Sciences U.S., LLC



Certificate of Filing and Service

The undersigned counsel of record certifies that a copy of the foregoing APPLICANT’S
ANSWER AND COUNTERCLAIM has been filed through the Electronic System for
Trademark and Trial Appeals, and served upon Applicant via email, this the 13% day of March
2019, to the following counsel of record:

James E. Shlesinger
Daniel T. Earle
Shlesinger, Arkwright & Garvey LLP
5485 Richmond Highway, Suite 415
Alexandria, VA 22303
jim@sagllp.com
danearle@sagllp.com
nitasantiago@sagllp.com
Attorney for Opposer-Counterclaim Respondent

/s/ Jason M. Sneed

An Attorney for Applicant
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maps. ang sthar information that helps pravide & complete pleture of 8n operatian

Using proven metrics for greater MUE

Verdesinn i adopting & new set of metfics thay specificaly calculates the efficiency of nutrients used in your operation. Using
thes matrics, you'll Be Abée ta Denchmark your nuirient use efficizney, highlight any inoficiensies, make changes 10 yoir
nubrend plan and Imgiove your returm on imagstment

MLUE Term Crdculation Reporied Examils

PFP Yield (¥) / Applied |

Partial Faclor Productivity MNutrient (F) Uindt &f yigld pod wnit of nutrlend

AE {07 =Yl I F Uit of incremental yield peranit of
Agronomic Efficiency of apslied nutriend i nuirigrt

FNE .Rallu ol 0 to greater than 1 depends
Partial Nutiont Balance Uptake (L) F o NAFTATIVE 5o Tartiity and
[Removal b use tatio} malnbenance objectves

RE i{u-ug:.iF | Seale rem 01 09 Hependant on
Apparent Crop Recovery EMiclency o applied mutrient et

Here 12 an Example of thess metiice calcuinted with & nirogen freatmoent:

Totel M Uptaks  Graln Uptskm M Applied (7). PRP

Traatmant
i i o (LI

(Mo | 20833 | 312,97 125.4 in | | & [
! |
i i {
165lbs N | 23005 130003 | 20708 1585 |TB.1 704 126 Eﬂ‘.m |
] — |

#051ihs N+ Stabline: | 2312 30030 I M348 1185 |3|l5 1945 1139 I 052

Why is NUE Important?

Thera iz 8 masshve Bisiness opporunity rapidly developing far North American producess - the axploding miodie class in
conendrles Mg India and China,

The World Bank estimates that the global middle elass will grow:

Ty Iy 2 e
8 @ e & & & &
LY W r Y YTV}
under > neatly
2 BILLION 5 BILLION
CORSUMErS consumers

This means millions of people will have more money to spend on food.

The Wiarld Bank estimates that the ghobal middie class will grow from wnder 2 bilon consumees teday to ndardy 5 bilion
within wa decades. This means mibons of people will have more maney tospend on feod,

The importance of HUE & & crizical fachor tothe sustainability of hes growdhn. To ke our soil heaithy and procecive 1o maeet
this damand for genaratans (o Come, We need 1o manage the nutrients inside i

“Accarding fo Feed and Agrisulture Croanization’s (FAC)'S 2006 guide for integuated nuirkent managemen. nutrenits
addad !Ihruugh ferilizers, manures and composks can haw iwagative % wall % positve effedts on the eivironman! deganding
o0 b opanatian's Inlegrated nutibent mansgemant plan. When dane right, thi guida conciudas NUE achagves the fallowing:

o Mumients removed from the sofl thiowah harvestng and export of produce can be largely repleniched through vanes types
of recycling in order te maintain and enhance the prasuctian potentlal of the ol

= Erciirs the progben of eTasion comtrol on e croppdd ansd Because ol he prolecion arovided By oo cisg Cover
= - Adds mon arganic mather through graatar leaf residues, and oot and stubble Bomacs,

+ Greater nitragen wiake by crops and &ess nitrate {s teached down the profis for the poluiion of groundwaters or faiher
lass through dendrication.

= Promotes the correct management of 4l plang nutnent sources on the fiem and helps reduce the (osses of plint nutriens 1o
the srircnmmant

All of thoss 5ol and erviranmantal benefits of MUE managoment systems ullimately [aad b increased yvislds, which halp
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thi enuirar

Al of these sod and emargnmeantal benefits-of NUE man mabidy lead o moeased

grorers criabie and malntain g sistainably profithble ope

SRS COrraclly

MUE promates the protaction of
vy consumer demand for food thad s produced in

rivironmantady responsibls way

MIUE will gizn play an instrumantat rele as compettion for and betw\ean food and Enengy TouURces Noraae in the years ahesd

ety ol 10

o mach

The Fedfilizer Bwtitule along with e
e framoaceic b0 schit «

dis, Such an Eermatod produ

anhanted anronmentl protection and Impresed sustalnability,

The 4Rs of Mutrent Stewasrdship calls for the rght fertilizer source applied at the right rate, ot the right time and in thie right

place.

The 48RS apply 10 grovwess

charactorisics spch an 80 ind climintis

&

Right source
For mete infanmation about deténmiingg e nght Source, Eheck out thdse Verdesian Groundwirk blags:

. FSAAC TR s irigugs

« httpsiwosnayincl.comiplogfiwith=-nutritionat-phosphites-quatitemattems-forstabilzation
= hitpsafenenaviscl.comiBlog/tall-npplisd-phosphorus cost-affective-and-conveniant
= hittps: wirlech comiBlog seed-troatmenteaxpand-management-options

Rig rate
For mane infodmation about debenmining the right rate,

ECH OUL INese Viare

Groundwork blogs

- bittpsaivmeoviscl comiBlogtha-geidilacks-dilemma
= hittpeveenaelscl comblog Investing-in-sell-health-pays
+ tipssttwns plscl comtEon too-mach-of-a-good-ting

Rignt time

For mahe infermation aboul detsamining e dght time, check ot these Vendedin Grounpwork b

+ hitps'fenenw wlscl comibleg/cnop-leftovers-coan-cat-yield
« httpsc/ fenanwvincl.comiblog/fater-emergence-for-parhy-saason-planters
= httpsfenanavinel comiblog! making-the-most-of your-spybaan-inoculanis

8
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Right place
Por mone feading about detenmining the right place. check out these Verdesian Grounowor biogs:

« httpsiiwwnwvincl comiblog/siriking-a-balance-utilizing-subsurface-tite-drainsge
- nttpss o vlsel com/Eloalto-till-ar-nat-da-til

o hitEpess e Sl Com iMoo Cover-U - (- 10CK - NUIMe N TE-gown

Putting nutrient use efficiency into practice
The 4R% of nutrient stewnrdship simply provide a framwwork to assexs whether g given crop hat sccess to the necessary
nutrients. M'Ing the rig'hl guastion hodps idantify uppurlunlﬂl] to improve fertilizer lﬁdluuy,

To gt the 4Rs Inte preciice requires pallence, tard work and & strong bellef in détng whal's dght for the future of yout famm -
and future generations

Lﬂ.lllzlnl.] trusted agrunnmlﬂs and retadlen, nuirent use efficoncy (NUE] axpens, and Taim adwicors |5 :I.Inng]-,- recomrended
when devaloging a nutrient use efficlency (NUE) straiegy for your ageration,

Overcoming 4 main challenges to implementing nutrient use efficiency

L INVESTMENT DOF TIME AND MOMNEY
Think big plcture. Wiile It does take morg planning and immstment up Trook s solld audrient use effliciency strakegy for
paaf Farivt il v jron bl Inpuit bucks n tha future, make yolr ]ﬂnlﬂ_‘ In.lg)ur and protect your land and wator soufce

2 RELUCTAMCE TO ADORTIMNG NEW TECHMOLOGEY
Ml Because 1f wasn' done in ihe past, doesn't mean it shouldn't be done nonsde It's ahvays possible 1o ouldo whats
ahways boon done. Recant iechndlogical advansoments Navs rivaluticnizad agriculburs s0d mads it possibls to
Oplmize e growing cycle nght down oo e indiviols] plant,

3. CUTTING THROUGH THE CLUTTER OF NEW FARMING SOLUTIONS
Mew ngricuttural products and technolegles have exploded over the past decade, which can make it difficult for
producers o decide what makes financial sence for thes speration. By partnering with » nutriant uss sfficiency (NUE)
BXpert pou'll @nsicd you'ne getting 1ha riaht acheicn and dirvsloping the right plan for your ingididual peration

4, IMPLEMEMTING IT ALL AT ONCE
Saor] small and expand S0wly You don't need (o introduce o comgaeheénsive NOE stoategy for your entine operathan ol
at the same tima, Exparimant with & particular crop & Hald and Go frem thoro. A srmart MUE plan i constantty changsniy
and evolving A5 condlfions changs and new dats becomoes avallanhe.

Applying NUE 1o specific crops

While developing the correct MUE strategy takes same work, the NUE products and solutions developed by Verdesian
Life Sclences are designed to be easy 1o Use and seamiess o apply to your operatiodn.

Recognizing that every NUE stritagy neads (o be devebopod on o field-tycfisfd becs, here's 8 snapshot of sooms of the
Putrben management baslcs for same spacific craps

&

Carn

T maximize yield and crop quality, com neads nutrients — espechally ragen, But when it comes 1o ferlilzer, the rule of
thismib |5 guality, not quantiny. Too much applied potassiuim and nitrogen cam get 105t in the soll. For optimal resuts in thoss
critical groeth sEages {espacially WE), nitfogen-and potassivm need eificiency inCrEates (o impeove plant metabobsm or
reduce fiation — End that's whaere Vardesians produets can belp

Riract mans nboid Verdeslan's MUE solutions for eorn

Lo
i
.
Y
Cereals
Migrogen, potassium and piosphors ane the Bres most importan mdrens for sucoessiul growth in cenenl Crops. Howevear, 8
Isn't anuugh 0 apphy fartllizar and hopss far tho Bost — Soneals can u.nl':,rulw Up-sG My Aubignds, dnd any Sxcass wil Simply
ba bost through fixation or leaching. By Impraving plant metabolism of reducing fiwasion, nutrent use effichency preducts can
nelp ncresss nutfient uptake and maxhmize the effectiveness of your iInpLas.

T

Frend maons about Mardesian's NUE saltinng for carents,
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all
Coreals
Mitrogen, potassiim and phosphorus Are the thies most imponant nutrients for successhil growth 0 coreal crops. However, B
fan't errough to apply fertilizer and hope for the besl — censals can only take up 5o meny nubrients, and any ereoss will slmply
b bodt through fiabion or leaching. By improveig plant metabaliso of reducmdg fidation, mitient we efficiency prododls £an
nelp mcnease nidrient upthke snd madmize the efectiwness ﬂf"[.IDUT Inprs,

Fead mere sbout Verdeslan's NUE solutions fer cereals

%

P

L
¥

Puizes and soybonns

Puilsars mngd soybesans produce moxt of thdr owmn nitrogien thicugh rhizobium = a maln reason wiy they e commanly grown ko
hatp mmpronve £oll heafh, inoculoms can providgd an acdoked rhizobium Doost for optemal :gfuuﬂh. whil nubrant use sificiency
Peoducts an Relp ansurd pultet and soybeant ard gotling athhgquate levals &f olhar kay marents

Read movre shoul Verdesizn's HUE solutians for pulies snd soyDaans.

To maximize yield and gqualily. vagoiable crops meguine inbensho managamant, snd growoers muast ensure wod I8 weligrained,
and thid plants ahe ml:nh.-u'q; Wb w!:lh u:tws.allnlr,r and the rlgl'rt bBalirce of nutnsenis

Read mone vbout Verdesians NUE solutlons Tor vegetabées.

Tree nuts

#is the world's largest produces of almonds and pistachios, the LS. 15 a massive player in the global ee mut market. Nitragen
Bnd potBssium are Key at differant rates during all growth siages while phosphodus should ba appiied at fiowerning &nd posi:
haivest for strong root development and mstmenance,

Rirad rivana nboul Vardesian's MUE golutions for tres nuts.

e —

Potatoes

Becaiso potatoed stive foo a hesithy nisnber of packibie s, nubienl mansgement and ngranamy are key., In fagn
nittogen deficlency is typically the number cne cause of limted growte 0 the ik wo growing steges, potasshaom hetos
wnhisnco r.|:|.|.'|llrp and size whikh photphoros 1S ako crucial whon roofs arn dose bo the surfacs,

RFead more #xout Verdesinn's NUE solutfons for potatoes.

b

e —

Citrus
Citrus crops s both !-:flrnrn-l:.r st fo paits Ao dibense snd also vy receplivie 1o pest and dinsann AEInAgemant. A
solid foetility plan that indhietes nubiont e efficiency products can ghve cities ciops the bonst nasded for héalthy gf swth

Read myore aboid Verdesian's NUE solutions for cilis

How Verdesian can assist in your NUE plan

Snaring and seeking out knowledge s oniclal s you develop your NUE managemant plan. At Verdesian, we're committed
ta helping farmaers improve crop perfarmancs, plant nutrition, water quality and sail health as they strive for the 4Rs of
nutrient stewardship.

Vigpdeaian fas iaUnches & numbar ot new netrfant use sfeinney technolbglion over the pact year far both raw crap and
spuclalty crop growers along with & number of planned taunches in 2008 and 20%9, Consider adding any of these
technologins o your NUE plar:

1. Row crops

AVAILTS

ANERDESIAN rUL™ SOLUTION
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1. Row crops

AVAILTS

A& YERDESIAN MUE™ SOLLITION

SVAIL TE uses an all-new patented palymer technology 10 reduce the fiuation of applled phosphords, keeping mone
availabie for plant uptake. speeding earty growth, and impioving crop hasih and yield potential

NUE'CHARGEG

A VERDESIAN RUE™ SOLUTION

HUE Charge G° allows plants 1o mare officiently assimilate carbon and utilize nibiegon and other nutriaats. The and
roult i anhanced muldent use sdficlency, leading o more bushels per Bere por Amadent of nutfens appited

TAKE OFF LS

AVERDESIAN MUE™ SOHUTION

Take LS is a nitrogoen utiizatian and carbon Similation lochnodogy that optimazes efficient plant nutront
acqueiation, Allgswing for more efficiant plant developmant, and bofler-crop quality and yickd potential

2. Specialty crops
AVAIL HV

AVERDESLAM MUE™ SO4LITION

AVAIL HV =oa phwosphorus efficeacy [echndaoagy far nigh-valume fectilizer applications aessganed 1o pioide bees
nutrient adcess duling earky plant déwslapmen, sarly seasan plant perfaimancs fnd crop guality patéintial

primacy/LPHA

ANERDESIAN rUL™ SOLUTION

Primacy ALPHS

works inside theé plart 10 stimulade the efNicient pssmmlation angd ubsilzaticn of nutrierts end s finclions s 68

regroductive growih catalyst that collecively: ssimulstes. intensilies and optimizes plant metabalism
A VERDESIAN KUL™ 20LUTION

Nutri-Bhite? enfuinciss nuiraont uptaka o improve plant healh and sigar by slowing the oxidistion of phatphors,
feading 10 nCreased yield patential

3. Row and specialty crops

microSync
A VERDESIAN MUE™ S00lfion

MigreSync” i & michotutriont and sulfur lechnoiagy desgned ta impaéae micromanent effickency and sol feriity
PIOGEAME I FoW Crogd and vegatables

You can keam mere soout all of our products, inchedeng wihat solutions Wil wolk Dest for your Dperation, at

- i I
Latest blog posts
Meet The MUE Peopis: Jim - Introduction to Seed+ and Boor Secd Qualit? Get
Pulling Craps Technology ho Mot Erom The Seed ..
T el e sl sl s s e L s lik Piias o bisel  @dmarnet sbhlehi dos derdlinn bde s sl isdisiem b i e LT B e e R ]
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2. Specialty crops

AVAIL HV

A VERDEGIUH NLE™ EOLUTION

oony Bor high-volbime

AVAIL WV is 3 phosphon

early seanon plant

AVERDESIAN MUE™ SOLUTION
Brimacy ALFHA

ke Inside the chant to

wlrients and also flunclions as &

FREEOOUCTRG growin Catal s AN opaimies plam] metaoise

NUTRI-PHITE P!

A WERDESIAM MUE™ 501

Hutrl-Phite® snnances nuinent Upiske o improve plant hesdth and vigor by slosing the axidetion of phasphorus,

eading 1c reapaed o pabential

3. Row and specialty crops

A VERDESRIAN MNUE™ SOLUTION

MiCroSyne - is @ micronutrient and sulfur iechnoiogy designed to improve micronidrient effickency and ol Teniity

o arm= in row crops snd vegelables

You can learm mod aurl all of olr products, Including whal solution

hitpehwwwiviscl com/products

Latest blog posts

Introduction to Seed+ and ~ el Poor Sped QUBliTYT Gl
Crop+ Tectnol gy Tne Maost From The Seed

Maal The MUE People; Jim
Pulling

v Eaad gl

d+{y and Cry
.. h T

=

Mar 30, 2019

May 02, 2019
Lsb « Field
Labk * Eleld

Apr 03, 2019

Growendawill

See all bigd posts

s e S e ° O o G Enter your emeil 1o recehe the iatest news from Verdesian,
Cary, MC 27513 : -

FTLEZEIS
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Get more grain from every unit of N with NUE Charge G.

The new proprietary polymer from Verdesian Life Sciences means premium Nutrient Use Efficiency (NUE™) when it comes to nitrogen (N).

More available nitrogen =
better use of your investment.

NUE Charge G provides long-lasting protection of treated
granular nitrogen fertilizers like urea and ammonium sulfate from
volatilization, leaching and denitrification. This keeps more nitrogen
in the root zone until the plant needs it. The innovative granular
formulation of NUE Charge G keeps more nitrogen in the root
zone longer, allowing the plant to access the nutrients when they
are needed most.

Months of protection,
instead of days.

NUE Charge G with urea results in months of protection,

not just days. In addition, NUE Charge G can be pretreated

on urea and stored for an indefinite period of time without loss
of protection when applied to a field. This gives you not only a
long-lasting and hard-working product, but peace of mind.

Excellent handling, minimal buildup and
consistent delivery.

NUE Charge G offers simple handling and spreading on urea and
other dry nitrogen fertilizers. NUE Charge G means significantly less
buildup on steel equipment vs. other nitrogen products, meaning
less wear and tear on equipment. In addition, NUE Charge G offers
more uniform after blending on dry nitrogen fertilizers, which directly
correlates to more evenly distributed N across the field.

ALl

e

.,T

il “.-‘J

The distinctive violet color of NUE Charge G not only
differentiates from the competitors, but clearly shows
consistent coverage.

T gt ¥ L e L
NUE Charge G offers minimal buildup on equipment,
down time, frustration and expense.

A &

PROTECTS
SOIL HEALTH AND
WATER QUALITY

PROTECTS AGAINST
THREE FORMS
OF N LOSS

vy 90-
v 90%

50-90% LESS BUILDUP
ON EQUIPMENT

~.-‘

CAN BE STORED FOR
AN INDEFINITE PERIOD

~(~' - th
-

111001

WORKS WELL 9.0 BU/ACRE *
IN ALL WEATHER ADVANTAGE OVER

CONDITIONS UNTREATED CHECK

Verdesian Life Sciences makes farming more efficient, more sustainable, and more profitable. Verdesian Life Sciences develops nutrient use efficiency and management technologies to enhance crop uptake,
reduce nutrient losses to the environment, and improve yields. As a 4R Nutrient Stewardship Partner, Verdesian is committed to researching and developing environmentally sustainable products.

©

VERDESIAN  NUE-CHARGE G

THE NUTRIENT USE

EFFICIENCY PEOPLE™ 4 VERDESIAN MUE™ S0OLUTION

l nutrient

stewardship

For more information: visci.com | 800.868.6446

Based on historic performance of similar chemistries and mode of action. Important: Always read and follow label use
directions. NUE Charge is a trademark and NUE is a trademark of Verdesian Life Sciences.

© 2018 Verdesian Life Sciences. All rights reserved. VLS 18.0321
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(@ CONTACT US CAREERS UNITED STATES

VERDESIAN

Who We Are What We Do Products

Services Groundwork

NUE-CHARGEG

A VERDESIAN NUE™ SOLUTION
NUE Charge™ G

Nitrogen Use Efficiency Technology

Nitrogen Use Efficiency. Lasting protection. Consistent coverage.

NUE Charge™ G provides long-lasting protection of treated granular nitrogen fertilizers from volatilization, leaching
and denitrification. Its innevative granular formulation keeps more nitrogen in the root zone longer, allowing plants to
access essential nutrients when they are needed most.

When compared to other nitrogen products, NUE Charge G creates significantly less buildup on steel equipment,
meaning less wear and tear, down-time and expense. It also offers consistent. uniform coverage when blended with
dry nitrogen fertilizers, which directly correlates to a more even distribution of N across the field.

When pretreated on urea, ammonium sulfate, or a blend of these fertilizers, NUE Charge G results in months of
protection, rather than days, and can be stored indefinitely without loss in quality. In addition, it offers simple handling
and spreading on urea and other dry nitrogen fertilizers, making NUE Charge G a long-lasting, hard-working
technology that delivers strong results and peace of mind.

NUE Charge G is a critical part of your nutrient plan and best management practices when incorporating 4R Nutrient
Stewardship, protecting your nitrogen from loss to the environment by providing better uptake availability to the
plant, growing a stronger, healthier plant capable of yielding a better crop.

The details
Next Generation TS Polymer

Protects against three forms of N loss

Protects saoil health and water quality

50-90% less buildup on equipment

Can be stored indefinitely with na loss in quality

Works well in all weather conditions

Part of Nitrogen Use Efficiency and 4R Nutrient Stewardship

Application Guidelines

Always read and follow label instructions and restrictions before use.

TRIAL DATA

9.0 bu. / acre advantage over untreated control®

‘based on historic performance of similar chemistries and mode of action.

Managing for Profit: Preventing Nitrogen Loss in Crops

https://soundcloud.com/user-22...

Managing For Profit: Consistently Performing and Yielding Results

https://soundcloud.com/user-22...

Videos

About NUE Charge G

About NUE Charge G

Related Products
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CHOOSE ANOTHER PRODUCT

Application Guidelines

Broadcast
Fertigation
Foliar
In-Furrow

Post-harvest

SIS

Formulations
NUE-Charge" G

Downloads & Printables
NUE-Charge-Sell-Sheet-3.27.2019

Packaging
2.5 Gal. 1 250 Gal. Tote
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Managing For FroTit: Lonsistently Ferrorming and vieiding Kesuits

https://soundcloud.com/user-22...

Videos

About NUE Charge G

About NUE Charge G

Related Products

Application Guidelines Legend

\ A N
(@ Ask a Specialist @ Broadcast “ Fertigation @ Foliar ws== In-Furrow 0 Post-harvest
=

A VERDESIAN NUE™ SOLUTION

Seed Treatments & Inoculants

more than
Il Imanure

A VERDESIAN NUE™ SOLUTION

TAKE OFF LS

A VERDESIAN NUE™ SOLUTION

Mere Than Manure® Nutrient Manager reduces farm Take Off? is a revelutionary nitrogen-management Take Off? LS is a revolutionary nitrogen-management
odors while protecting your manure’s phosphorus technology that accelerates nufrient acquisition and technology that accelerates nutrient acquisition and
and nitrogen for improved plant uptake. assimilation as well as nitrogen use efficiency. assimilation as well as nitrogen use efficiency.

O s

0 500

(p
1l

Latest blog posts

Introduction to Seed+ and
Crop+ Technology

Meet The NUE People: Jim
Pullins

Poor Seed Quality? Get
The Most From The Seed ...

“| spent a large part of my career keeping it
clean between the rows, then productive in
the rows and, now. I'm focused on what

happens under the rows to improve results.”

May 02, 2019

Lab + Field

1001 Winstead Drive, Suite 480
Cary, NC 27513

919.8251901

013 Verdesian Life Sciences. All rights reserved
Always read and follow label use directions.

00060

In this short, seven minute audio introduction
to Seed+Dry and Crop+ technologies, Molly
McGrath, Ph.D. and Technical Development
Manager at Verdesian Life Sciences, joins
Reuel Heyden, Corporate Communications
for Verdesian Life Sciences, to provide an
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Chronic wet weather can significantly impact
soybean seed quality. A seed treatment can
make all the difference.
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Verdesian-ASA Provide Crop Advisers
Nitrogen Use Efficiency Webinar

Verdesian Life Sciences and the American Society of Agronomy Host
December Webinar on Corn Nitrogen Use Efficiency

Oct 10, 2018

CARY, NC: The American Society of Agranomy (ASA) will provide a corn nitrogen (N) use efficiency webinar sponsored by
Verdesian Life Sciences on Tuesday, December 4, 2018 from 11 am - 12 pm Central, 12 pm — 1 pm Eastern.

This live webinar will focus on N use efficiency best practices for corn and will provide participants with:

* An understanding of the N uptake patterns of medern corn hybrids,

* A research-based review of fertilization technologies that provide N at the right time and in the right place (e.g., Y-
drop technology. side-dressing tools, nitrification inhibitors),

* An examination of the impacts of different N fertilizer sources on corn N use and productivity.

This educational webinar will be presented by Dr. Fred Below, a professor of Crop Physiclogy at the University of lllincis
Urbana-Champaign, and Brad Bernhard, a research specialist and Ph.D. student under the advisement of Dr. Below. Dr.
Below's Crop Physiclogy Laboratory creates strategies to teach farmers and agricultural professionals the value of crop
management decisions and develops systems to sustainably produce high-yielding corn and soybeans. Below’s research
evaluates environmental, genetic, and management factors that impact the productivity of corn and soybeans. Bernhard’s
work focuses on in-season fertility using different fertilizer sources and application methods

Certified Crop Advisers (CCA) and Certified Professional Agronomists (CPAg) will receive one continuing education unit (CEU)
in nutrient management for participating. Sponsored by Verdesian Life Sciences, the webinar is free to all those who register
online:

Registration for this webinar can be completed using ASA's Online Learning Platform. Participants will receive a recording of
the on-demand webinar upon completion of the event. For details or to register, please visit
https://www.agronomy.org/education/classroom/classes/606

ASA is dedicated to providing continuing education on the latest findings in the field of agrenemy using a robust portfolio of
online |earning opportunities specifically designed for agricultural professionals. Verdesian Life Sciences is committed to
education and adoption of nutrient use efficiency (NUE) technologies that, when implemented, enable sustainable agricultural
farming practices.

About ASA

The American Society of Agronomy (ASA) is a progressive international scientific and professional society that empowers
scientists, educators, and practitioners in developing, disseminating, and applying agronomic solutions to feed and sustain the
world. Based in Madison, WI, ASA is the professional home for 8,000+ members and 13.000+ certified professionals dedicated
to advancing the field of agronomy. For more information, visit agronomy.org.

About Verdesian

Verdesian Life Sciences enables a sustainable future for farmers through nutrient use efficiency (NUE ). Grown from the
ground up in 2012, Verdesian Life Sciences offers farmers and growers biclogical, nutritional, seed treatment, and incculant
technologies that maximize performance on high-value row crops and specialty crops as well as turf and ornamental plants.
As a 4R Nutrient Stewardship Pariner, Verdesian is committed to researching and developing environmentally- and financially-
sustainable products. Further information about Verdesian is available at www.visci.com.
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To: Verdesian Life Sciences U.S., LLC (michele.glessner(@alston.com)

Subject: U.S. TRADEMARK APPLICATION NO. 88123749 - A VERDESIAN NUE SOLUTION - 65666/520670
Sent: 12/28/2018 1:37:57 PM

Sent As: ECOM107@USPTO.GOV

Attachments: Attachment - 1

Attachment - 2
Attachment - 3
Attachment - 4
Attachment - 5
Attachment - 6
Attachment - 7
Attachment - 8
Attachment - 9

UNITED STATES PATENT AND TRADEMARK OFFICE (USPTO)
OFFICE ACTION (OFFICIAL LETTER) ABOUT APPLICANT’S TRADEMARK APPLICATION

U.S. APPLICATION
SERIAL NO. 88123749

MARK: A VERDESIAN * 8 8 1 2 3 749 *

NUE SOLUTION

CORRESPONDENT

ADDRESS: CLICK HERE TO RESPOND TO THIS
MICHELE M. LETTER:

GLESSNER http://www.uspto.gov/trademarks/teas/response forms.jsp
ALSTON & BIRD LLP

101 SOUTH TRYON VIEW YOUR APPLICATION FILE
STREET, SUITE 4000

CHARLOTTE, NC
28280-4000

APPLICANT: Verdesian
Life Sciences U.S., LLC

CORRESPONDENT’S
REFERENCE/DOCKET
NO:

65666/520670
CORRESPONDENT E-
MAIL ADDRESS:

michele.glessner@alston.com

OFFICE ACTION

STRICT DEADLINE TO RESPOND TO THIS LETTER
TO AVOID ABANDONMENT OF APPLICANT’S TRADEMARK APPLICATION, THE USPTO MUST RECEIVE APPLICANT’S
COMPLETE RESPONSE TO THIS LETTER WITHIN 6 MONTHS OF THE ISSUE/MAILING DATE BELOW. A RESPONSE
TRANSMITTED THROUGH THE TRADEMARK ELECTRONIC APPLICATION SYSTEM (TEAS) MUST BE RECEIVED BEFORE
MIDNIGHT EASTERN TIME OF THE LAST DAY OF THE RESPONSE PERIOD.

ISSUE/MAILING DATE: 12/28/2018



TEAS PLUS OR TEAS REDUCED FEE (TEAS RF) APPLICANTS - TO MAINTAIN LOWER FEE, ADDITIONAL
REQUIREMENTS MUST BE MET, INCLUDING SUBMITTING DOCUMENTS ONLINE: Applicants who filed their application online
using the lower-fee TEAS Plus or TEAS RF application form must (1) file certain documents online using TEAS, including responses to Office
actions (see TMEP §§819.02(b), 820.02(b) for a complete list of these documents); (2) maintain a valid e-mail correspondence address; and (3)
agree to receive correspondence from the USPTO by e-mail throughout the prosecution of the application. See 37 C.F.R. §§2.22(b), 2.23(b);
TMEP §§819, 820. TEAS Plus or TEAS RF applicants who do not meet these requirements must submit an additional processing fee of $125
per class of goods and/or services. 37 C.F.R. §§2.6(a)(1)(v), 2.22(c), 2.23(c); TMEP §§819.04, 820.04. However, in certain situations, TEAS
Plus or TEAS RF applicants may respond to an Office action by authorizing an examiner’s amendment by telephone or e-mail without incurring
this additional fee.

The referenced application has been reviewed by the assigned trademark examining attorney. Applicant must respond timely and completely to
the issue below. 15 U.S.C. §1062(b); 37 C.F.R. §§2.62(a), 2.65(a); TMEP §§711, 718.03.

SUMMARY OF ISSUE:
o DISCLAIMER REQUIRED

SEARCH RESULTS
The trademark examining attorney has searched the Office’s database of registered and pending marks and has found no conflicting marks that
would bar registration under Trademark Act Section 2(d). TMEP §704.02; see 15 U.S.C. §1052(d).

DISCLAIMER REQUIRED

Applicant must provide a disclaimer of the unregistrable part of the applied-for mark even though the mark as a whole appears to be registrable.
See 15 U.S.C. §1056(a); TMEP §§1213, 1213.03(a). A disclaimer of an unregistrable part of a mark will not affect the mark’s appearance. See
Schwarzkopf'v. John H. Breck, Inc., 340 F.2d 978, 979-80, 144 USPQ 433, 433 (C.C.P.A. 1965).

In this case, applicant must disclaim the wording “NUE” in the mark because it is not inherently distinctive. This unregistrable term at best is
merely descriptive of an ingredient, quality, characteristic, function, feature, purpose, or use of applicant’s goods. See 15 U.S.C. §1052(e)(1);
DuoProSS Meditech Corp. v. Inviro Med. Devices, Ltd., 695 F.3d 1247, 1251, 103 USPQ2d 1753, 1755 (Fed. Cir. 2012); TMEP §§1213,
1213.03(a).

The attached evidence from https://www.acronymfinder.com/Nitrogen-Use-Efficiency-(NUE).html and
https://www.midwesternbioag.com/systems-approach-to-nutrient-use-efficiency/ indicates that “NUE” is an acronym for “Nitrogen Use
Efficiency” or “Nutrient Use Efficiency.” The attached evidence from https://eco-web.com/edi/061218.html further indicates that plant
additives and growth regulators have been used to improve NUE. Applicant’s website indicates that applicant provides products that improve
NUE (see attachment from https://www.vlsci.com/products/nue-charge-g). Thus, “NUE” in the mark merely describes an ingredient, quality,
characteristic, function, feature, purpose, or use of applicant’s goods because they are metabolic plant fertilizers and growth regulators for
agricultural use that could be used to improve NUE.

Applicant may respond to this issue by submitting a disclaimer in the following format:
No claim is made to the exclusive right to use “NUE” apart from the mark as shown.

For an overview of disclaimers and instructions on how to satisfy this issue using the Trademark Electronic Application System (TEAS), see the
Disclaimer webpage.

Please call or email the assigned trademark examining attorney with questions about this Office action. Although the trademark examining
attorney cannot provide legal advice or statements about applicant’s rights, the trademark examining attorney can provide applicant with
additional explanation about the requirement in this Office action. See TMEP §§705.02, 709.06. Although the USPTO does not accept emails as
responses to Office actions, emails can be used for informal communications and will be included in the application record. See 37 C.F.R.
§§2.62(c), 2.191; TMEP §§304.01-.02, 709.04-.05.

/Kathy de Jonge/



Trademark Examining Attorney

Law Office 107

(571)272-9152

kathleen.dejonge@USPTO.gov (informal use only)

TO RESPOND TO THIS LETTER: Go to http://www.uspto.gov/trademarks/teas/response forms.jsp. Please wait 48-72 hours from the
issue/mailing date before using the Trademark Electronic Application System (TEAS), to allow for necessary system updates of the application.
For technical assistance with online forms, e-mail TEAS@uspto.gov. For questions about the Office action itself, please contact the assigned
trademark examining attorney. E-mail communications will not be accepted as responses to Office actions; therefore, do not respond to
this Office action by e-mail.

All informal e-mail communications relevant to this application will be placed in the official application record.

WHO MUST SIGN THE RESPONSE: It must be personally signed by an individual applicant or someone with legal authority to bind an
applicant (i.e., a corporate officer, a general partner, all joint applicants). If an applicant is represented by an attorney, the attorney must sign the
response.

PERIODICALLY CHECK THE STATUS OF THE APPLICATION: To ensure that applicant does not miss crucial deadlines or official
notices, check the status of the application every three to four months using the Trademark Status and Document Retrieval (TSDR) system at
http://tsdr.uspto.gov/. Please keep a copy of the TSDR status screen. If the status shows no change for more than six months, contact the
Trademark Assistance Center by e-mail at TrademarkAssistanceCenter(@uspto.gov or call 1-800-786-9199. For more information on checking
status, see http://www.uspto.gov/trademarks/process/status/.

TO UPDATE CORRESPONDENCE/E-MAIL ADDRESS: Use the TEAS form at http://www.uspto.gov/trademarks/teas/correspondence.jsp.
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To: Verdesian Life Sciences U.S., LLC (michele.glessner(@alston.com)

Subject: U.S. TRADEMARK APPLICATION NO. 88123749 - A VERDESIAN NUE SOLUTION - 65666/520670
Sent: 12/28/2018 1:38:02 PM

Sent As: ECOM107@USPTO.GOV

Attachments:

UNITED STATES PATENT AND TRADEMARK OFFICE (USPTO)

IMPORTANT NOTICE REGARDING YOUR
U.S. TRADEMARK APPLICATION

USPTO OFFICE ACTION (OFFICIAL LETTER) HAS ISSUED
ON 12/28/2018 FOR U.S. APPLICATION SERIAL NO. 88123749

Please follow the instructions below:

(1) TO READ THE LETTER: Click on this link or go to http:/tsdr.uspto.gov, enter the U.S. application serial number, and click on
“Documents.”

The Office action may not be immediately viewable, to allow for necessary system updates of the application, but will be available within 24
hours of this e-mail notification.

(2) TIMELY RESPONSE IS REQUIRED: Please carefully review the Office action to determine (1) how to respond, and (2) the applicable
response time period. Your response deadline will be calculated from 12/28/2018 (or sooner if specified in the Office action). A response
transmitted through the Trademark Electronic Application System (TEAS) must be received before midnight Eastern Time of the last day of the
response period. For information regarding response time periods, see http://www.uspto.gov/trademarks/process/status/responsetime.jsp.

Do NOT hit “Reply” to this e-mail notification, or otherwise e-mail your response because the USPTO does NOT accept e-mails as
responses to Office actions. Instead, the USPTO recommends that you respond online using the TEAS response form located at
http://www.uspto.gov/trademarks/teas/response_forms.jsp.

(3) QUESTIONS: For questions about the contents of the Office action itself, please contact the assigned trademark examining attorney. For
technical assistance in accessing or viewing the Office action in the Trademark Status and Document Retrieval (TSDR) system, please e-mail

TSDR@uspto.gov.

WARNING

Failure to file the required response by the applicable response deadline will result in the ABANDONMENT of your application. For
more information regarding abandonment, see http://www.uspto.gov/trademarks/basics/abandon.jsp.

PRIVATE COMPANY SOLICITATIONS REGARDING YOUR APPLICATION: Private companies not associated with the USPTO are
using information provided in trademark applications to mail or e-mail trademark-related solicitations. These companies often use names that
closely resemble the USPTO and their solicitations may look like an official government document. Many solicitations require that you pay
“fees.”

Please carefully review all correspondence you receive regarding this application to make sure that you are responding to an official document
from the USPTO rather than a private company solicitation. All official USPTO correspondence will be mailed only from the “United States
Patent and Trademark Office” in Alexandria, VA; or sent by e-mail from the domain “@uspto.gov.” For more information on how to handle

private company solicitations, see http://www.uspto.gov/trademarks/solicitation_warnings.jsp.
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Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid OMB control number.
PTO Form 1957 (Rev 10/2011)

OMB No. 0651-0050 (Exp 09/20/2020)

Response to Office Action

The table below presents the data as entered.

SERIAL NUMBER 88123749

LAW OFFICE ASSIGNED LAW OFFICE 107

MARK SECTION

MARK https://tmng-al.uspto.gov/resting2/api/img/88123749/large

LITERAL ELEMENT A VERDESIAN NUE SOLUTION

STANDARD CHARACTERS YES

USPTO-GENERATED IMAGE YES

AT AT TR The mark consists of standard characters, without claim to any particular font style,

size or color.

ADDITIONAL STATEMENTS SECTION

DISCLAIMER No claim is made to the exclusive right to use NUE apart from the mark as shown.
SIGNATURE SECTION

RESPONSE SIGNATURE /sch/

SIGNATORY'S NAME Sarah C. Hsia

SIGNATORY'S POSITION Attorney of Record, NY bar member

SIGNATORY'S PHONE NUMBER
DATE SIGNED
AUTHORIZED SIGNATORY

FILING INFORMATION SECTION

SUBMIT DATE

TEAS STAMP

Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTO Form 1957 (Rev 10/2011)
E

OMB No. 0651-00 xp 09/20/2020)

To the Commissioner for Trademarks:

8447633347
06/18/2019
YES

Tue Jun 18 17:19:21 EDT 2019

USPTO/ROA-XXX. XXX .XXX. XXX
-20190618171921442871-881
23749-620baeb8c4ba5b3805a
94a457ef78¢c31cc77540ef978
£513fc8522e5b72e522a65b-N
/A-N/A-201906181718083852

28

Response to Office Action



Application serial no. 88123749 A VERDESIAN NUE SOLUTION(Standard Characters, see https://tmng-
al.uspto.gov/resting2/api/img/88123749/1arge) has been amended as follows:

ADDITIONAL STATEMENTS
Disclaimer
No claim is made to the exclusive right to use NUE apart from the mark as shown.

SIGNATURE(S)

Response Signature

Signature: /sch/  Date: 06/18/2019

Signatory's Name: Sarah C. Hsia

Signatory's Position: Attorney of Record, NY bar member

Signatory's Phone Number: 8447633347

The signatory has confirmed that he/she is an attorney who is a member in good standing of the bar of the highest court of a U.S. state, which
includes the District of Columbia, Puerto Rico, and other federal territories and possessions; and he/she is currently the owner's/holder's attorney
or an associate thereof; and to the best of his/her knowledge, if prior to his/her appointment another U.S. attorney or a Canadian attorney/agent
not currently associated with his/her company/firm previously represented the owner/holder in this matter: (1) the owner/holder has filed or is
concurrently filing a signed revocation of or substitute power of attorney with the USPTO; (2) the USPTO has granted the request of the prior
representative to withdraw; (3) the owner/holder has filed a power of attorney appointing him/her in this matter; or (4) the owner's/holder's
appointed U.S. attorney or Canadian attorney/agent has filed a power of attorney appointing him/her as an associate attorney in this matter.

Serial Number: 88123749

Internet Transmission Date: Tue Jun 18 17:19:21 EDT 2019

TEAS Stamp: USPTO/ROA-XXX . XXX.XXX.XXX-20190618171921
442871-88123749-620baeb8c4bas5b3805a94a45
7ef78¢31cc77540ef978f513fc8522e5b72e522a
65b-N/A-N/A-20190618171808385228
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