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Prospects for Achieving Higher Nutrient Use Efficiency as
Yields Increase in Cereal Production Systems

Tony J. Vyn

( Agronomy Department, Purdue University)

Introduction

As we look to the future, people in nations around the world share the same concerns about
increasing cereal production ( because it is, and will continue to be, the essential food staple of an
expanding population ) while also reducing nutrient losses to the environment. Despite considerable
evidence to the contrary, critics abound in inferring that higher cereal yields are only achieved by ever
higher nutrient application rates per unit area, and ever higher risks of nutrient contamination of our
water and air resources. Such critics may be well-intentioned in their environmental concerns, but they
also need to hear “the rest of the story” from both plant scientists and soil scientists. That reassuring
“story” from agronomic scientists, although still unfolding as new research is published, is that higher
nutrient use efficiency has already been achieved within the context of cereal yield increases over the past
30 years or more. Furthermore , the future prospects for simultaneous gains in both nutrient efficiency and
cereal crop yields are also strong as long as the appropriate technology investments continue. The pertinent

technology advances that are essential to achieve the latter goal are outlined in this synopsis.

Defining Nutrient Use Efficiency ( NUE)

In any discussion of this topic ( whether among peers or between agronomic scientists and the
broader society ), definitions are very important. Depending on the calculation used, it is entirely
possible that there are different outcomes in NUE for any given combination of a fertilizer input rate and
cereal crop yield ( whether grain alone, or when whole-plant yield is considered). Here we will focus
on nitrogen as an example nutrient, in part because it (along with phosphorus) has the most negative
environmental consequences when losses occur. In this brief overview, 1 will assume that we are
discussing the relative NUE ( based on the delta gain, relative to an untreated control, in cereal yield
per unit of nitrogen fertilizer applied). In addition, agronomic sciences are now increasingly measuring
nitrogen internal efficiency ( NIE) in these systems evaluations because NIE is a useful metric to
evaluate cereal kernel yields relative to whole-plant nitrogen uptake. Numerous other efficiency metrics are
available (including, for example, nitrogen recovery efficiency-NRE-which measures the gain in crop
nitrogen uptake per unit of nitrogen fertilizer added, as well as nitrogen conversion efficiency-NCE-which

measures plant biomass yield per unit nitrogen content at any growth stage).

Genetic Improvements in NUE

Frequently, the uninformed public opinion is that higher cereal yields can only be realized with ever
higher nutrient application rates. A common misperception is that cereals like maize, wheat and rice are
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becoming ever more reliant on nutrient inputs like nitrogen, and that higher nutrient application rates are
required. However, numerous studies have shown that yield gains in cereal crops over the past 50 years
have generally been accompanied by improvements in NUE. Thus, for example, nitrogen fertilizer rates
per unit area have been little changed for the last 35 years of maize production in the United States
despite almost a doubling of grain yield in that time. Recent review papers have confirmed that modern
maize hybrids achieve higher NIE because of factors like more later-season nitrogen uptake, improved
nitrogen conversion efficiencies, better abiotic stress tolerance, and-sometimes-higher grain harvest
index. Maize breeding companies around the world are now focused on continuing to improve NUE as a
targeted trait (instead of just happening to result as a byproduct of breeding for higher grain yield).
Even among current hybrids, there are substantial often differences in NUE. Thus far, there no
commercially-available transgenic traits for improved NIE or NUE in any cereal crop, but such
developments may help speed future progress towards nutrient and associated environmental efficiencies.

As plant trait phenotyping approaches become better known and cheaper to implement in large-scale
cereal breeding programs, there are strong prospects for continued genetic improvements in NIE and
overall NUE with tomorrow’s higher yielding cultivars. Even if agronomic optimum nitrogen rates don’t
actually decline on a per-unit-area basis, the prospects are encouraging for continuing to achieve gains in

N fertilizer rates required per unit of cereal grain yield.

Fertilizer Technology Improvements to NUE

Technology changes over the last 30 years in fertilizer source, placement and timing are all
contributing to NUE gains in cereal production systems around the world. Fertilizer technology gains are
sometimes leading to real reductions in N rates per unit area in cereal production fields that are now
achieving much higher yields. From the nitrogen source perspective, enhanced efficiency fertilizers (such
as nitrification inhibitors) that are now commercially available for both dry and liquid nitrogen fertilizer
products are leading to new opportunities to better time mineral N availability with the periods of highest
plant nitrogen uptake. Enhanced efficiency nitrogen fertilizers are also directly beneficial in reducing
nitrogen losses to the atmosphere ( as nitrous oxides) or to water sources ( as nitrate ). Placement
technologies in both rain-fed and irrigated production systems have also advanced to allow later-season
nitrogen applications with little crop loss risk. New injection placement systems are also permitting more
uniform application at the desired soil depth for improved nutrient availability to crop roots. Variable-rate
nutrient applications with precision GPS guidance offer even more prospects for improving NUE in soils with
varying texture and organic matter. Some of the biggest fertilizer management gains in NUE can now occur
with better timing of N applications. Whereas previously single-time nitrogen applications ( sometimes well
in advance of crop seeding) were the dominant system for cereal producers, more and more NUE gains are
now practically possible with split nitrogen application systems.

As both the genetic technologies and the fertilizer technologies evolve, agronomic research must
devote more energy to integrating these technologies to achieve both optimum yields and lowest possible
losses per unit of nitrogen applied. Fertilizer source, rate, timing and placement research in cereal crops
from over 30 years ago has limited relevance to modern cultivars and modern fertilizer
technologies. Ideally, new nutrient management research should focus on both productivity and
environmental efficiencies simultaneously.

4
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Crop Management Improvements to NUE

The identification of optimum nutrient application systems for higher cereal yields can never be
isolated from the rest of the crop production system. The same is true for identification of nutrient
management systems that best limit nutrient losses to the environment. Some of the principal crop
management changes that can affect NUE and NIE parameters for given cultivars are tillage practices,
crop rotation, water management ( drainage, irrigation and artificial barriers like plastic film) , seeding
date, plant density, pest management, and post-harvest residue management or manure/amendment
applications. Unfortunately, too much of the nutrient management literature is dominated by nutrient
treatment comparisons for a single cultivar grown with a single crop management package. While nutrient
management research for a given region always needs to seek to be relevant to current production
practices, agronomic scientists should ( where financially possible) be devoting additional resources to
optimum nutrient management for “next-generation” crop production systems, including that of expanded
use of variable rate nutrient applications.

By way of an example, although most maize production in the U. S. Corn Belt today still relies on
full-width conventional tillage with broadcast macro-nutrient applications, my current research group’s
emphasis at Purdue University seeks to determine optimum nitrogen, phosphorus and potassium
management ( source, rate, placement, and/or timing) in strip-till maize production because I
anticipate a continued shift to that system for both input cost and environmental concern reasons. Our
group is also pursuing nutrient balance issues (e.g. N : P or N : K) in maize production systems
because of the potential importance to final grain yield associated with maintaining a critical balance in
different plant components during the crop’s life cycle.

Another successful example of a crop systems approach to nutrient management is that of the Global
Maize research effort supported by IPNL In that coordinated research approach, researchers around the
world are comparing nitrogen management treatments within the crop management context of current
“Farmer Practice” versus “ Ecological Intensification” . The latter may involve superior-yielding maize
hybrids, higher plant densities, additional pest management, and/or alternate post-harvest residue
management in addition to the comparison of nitrogen rates or nitrogen sources. Those studies all involve
measurement of whole-plant nutrient uptake and soil nutrient properties to answer the relevant NUE

questions. Some of those studies also involve measurement of nutrient losses to air and water.

Conclusions

Agronomic science generally has a * good news story” to tell others about past gains in NUE as cereal
yields increased (as long as excessive nutrient applications per unit of yield were avoided). The “good
news story” is less well documented on the environmental losses of nutrients applied, and especially so
with cereal production systems combining the best technologies available in genotype, fertility practices,
and ecologically-intensive crop management. However, there are numerous examples of lower nutrient
losses to the environment as individual nitrogen conserving technologies were adopted.

Advancing technologies on the genetic, fertilizer and crop management frontiers offer considerable
hope for achieving higher NUE in cereal production systems as yields increase. The past genetic gains in
NIE (at least for maize) have been particularly impressive, as have the improvements in nutrient source
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and precision application technologies to achieve enhanced nutrient recovery by cereal crop plants where
and when these nutrients are needed most.

However, significant challenges remain in achieving and documenting simultaneous NUE
improvements and environmental mitigation in cereal production. These challenges are best addressed in
better-coordinated and systems-relevant research that is adequately funded by industry as well as by the
national and local governments (1. e. the societies that need both higher cereal crop yields and lower
nutrient losses to the atmosphere). In addition, the soil fertility or plant nutrition scientists involved in
that research should expand partnerships with plant breeders, crop physiologists, environmental
ecologists, agricultural engineers and ( or) cropping systems specialists from public and private
institutions where possible. Such interdisciplinary research ( and dialogue with public) is both more

readily achievable and more essential today to achieve tomorrow’s more sustainable food security.
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Fertilizer Recommendation Based on Nutrient Expert System

under Winter Wheat and Summer Maize Rotation”
Wang Hongting™ , Yu Zhiyong, Zhao Pingping, Zhang Dujun
( Institute of Agricultural Environment & Resources, Shanxi Academy of Agricultural Sciences ,

Taiyuan 030031, China)

Abstract: The purpose of this study was to explore the successive effect of fertilizer recommendation based on Nutrient
Expert system under wheat and maize rotation. Two field experiments were conducted by farmers themselves in Xiangfen site
and Yaodu site in 2011-2013. Results indicated that yields and N uptake of four successive crops from the treatment of
OPTe (fertilizer recommendation hased on Nuirient Expert) were not significant, compared with the treatment of OPTs
(fertilizer recommendation from local department based on soil test) and FP ( farmer practice) , respectively. Compared
with farmer practice, the amount of nitrogen fertilizer in the OPTe treatment was saved by 33-48% and the nitrogen use
efficiency increased by 10-13 percentage points under the condition of higher yield. Fertilizer recommendation based on
Nutrient Expert could help to produce sustainable and stable yield. Therefore, Nutrient Expert is a new tool of fertilizer
recommendation and worthy to be popularized.

Key words: Nutrient expert; Wheat and maize rotation; Yield; Nitrogen use efficiency
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1 TG, ARRIBRFHCE, ZUEF HEHEAK.

BARFHFE (AEN, kg/kg) = (AR E - AHAXE) /AR

AIEFIHE (NUE, %) = (HEXREE - FEEXKRER) /#i%E <100

®1 fhltmmEAER
Table 1 The physical and chemical properties of the tested soil

Hh A5 H MEAE AL PERy e HAL
Location p NO;-N (mg/kg) OM (g/kg) Avail. P (mg/kg) Avail. K (mg/kg)

Y Xiangfen 8.32 28. 84 21.22 18.47 119.6

Fe#B Yaodu 8. 41 35.55 13.53 36. 12 213. 4
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Table 2 Treatment design for wheat and maize in 2011 - 2013

fhsE INEEFEATERE (kg/hm®) ERFFMEHE (kg/hm®)
Fertilizer application in wheat Fertilizer application in maize
Treatment
N LA 2 K,0 N P, 0 K,0
¥ Xiangfen
OPTe 182 92 71 111 62 60
OPTe-N 0 92 71 111 62 60
OPTe-P 182 0 71 111 62 60
OPTe-K 182 92 0 111 62 60
CK 0 0 0 0 0 0
OPTs 210 90 75 210 45 45
FP 292 30 30 271 165 0
52#F Yaodu

OPTe 182 103 83 182 62 60
OPTe-N 182 103 83 0 62 60
OPTe-P 182 103 83 182 0 60
OPTe-K 182 103 83 182 62 0
CK 0 0 0 0 0 0
OPTs 210 90 75 200 75 75
FP 271 165 0 276 72 0

. BN EFEFREGTNS S vhe', &, B, FRMAHIHN2.5 vhm' | 1.0 vVhm® F10.75 vhm'; EXK
ZHAERN 9.0 vh', B, B, SRAAHHK 1.0 vhn' | 0.5 vVhm® 0.5 vhm' , 32E/NEZ Binr- ikt R
9.0 vhm®, &, B, HRAAHIH2.5 vhm® | 1.25 vhm® F11.0 vhm'; EXFHFEA9.0 vhm', &, B,
B35 2.0 vhm' | 0.5 t/hm® F10.5 t/hm’

Note: The target yield for wheat in Xiangfen was 8.5 t/hm’, and the yield responses for N, P and K were
2.5 /hm*, 1.0 t/hm’ and 0. 75 /hm®, respectively. The target yield for maize in Xiangfen was 9. 0 t/hm*, and the yield
responses for N, P and K were 1.0 t/hm*, 0.5 t/hm* and 0.5 t/hm’®, respectively. The target yield for wheat in Yaodu
was 9.0 t/hm®, and the yield responses for N, P and K were 2. 5 t/hm?, 1.25 t/hm’® and 1.0 t/hm*, respectively. The
target yield for maize in Yaodu was 9.0 t/hm*, and the yield responses for N, P and K were 2.0 t/hm*, 0.5 t/hm® and

0.5 t/hm’, respectively



