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Grand Challenges for 21st Centu

220502k A OFRIHAZFI901Z
World population expected to reach 9 billion by 2050

ERFERIVERKSEN TR E R KB

Increased wealth in developing countries leads to increased demand for animal-sourced foods

«  ERHMNEET0-100%BIE4 Need 70-100% more food (FAQ 2013)
« N0%IETIEYITFEIRE  10% improved crop yields
o 20%BSFREEmFRIEIN 20% more land (?)
o T0%BITIRESHEFIRARNE 70% from new technologies to increase efficiency of
production

- RIARBLURIEEFRZSE Agriculture as usual won't be enough to provide nutritional security

- KEEXZTOIEEIREIS = Global climate change may limit production
- IKEIERTEEMEBRE] Water resources may be limiting

. WRIBEEFTER MUST increase production efficiency

- BRI ANFIEZASEIR  Fewer inputs and natural resources
. IESERIERREIENESIRIE  Increased feed efficiency & reproductive efficiency + genetlmscmmnmnfsmnﬂ
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Food Security / Nutritional Sectinty

Multidisciplinary research, teaching, extension/outreach
collaborations, partnerships, and innovation

IN-FAE B # < Z Public-Private Partnerships

£

fR&1E International Collaborations
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S (000) United States =EFERIEE
Operations (000)

500 PRI

400

300

200

100

0O a e e | . R : : | : | b : |
88 90 92 94 96 98 00 02 04 06 08 10 12
USDA-NASS Yea r -‘Eﬁ’fﬁ

J=19=-20C1 3%




# of Operations (000)

U.S. Hog Operations
Number of Operations and Percent of Inventory, 2012
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United States: March-May 2015
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“Sustainable” Livestock Production

NI FZES2E Socially Acceptable
- T¥IEF) Animal Welfare
- B (EKEHF. ER. BEETE)

Technologies (growth promotants, antibiotics, genetic engineering)

INEZ={E Environmentally Responsible

« 7K jﬁ[lﬁﬂg Water quality and guantity

-+ TR _J.Hg Soil quality
" fﬁ'—\u i&= Air quality

- HYIZHEEM Biodiversity

#2757 11T Economically Viable
- ZFHMYEIEZES Diverse management systems
- SMIMEFT5/F &% Value-added products/niche markets
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REPORT:

A 50-Year Comparison of the Carbon Footprint
and Resource Use of the US Swine Herd: 1959 - 2009

HEA : 20128E05822H
Date: May 22", 2012

Lead Authors: Garth Boyd, Ph.D., PAS, Sr. Vice President Agricultural Services, Camco
Roger Cady, Ph.D, Sr. Technical Advisor & Sustainability Lead, Elanco



1959 — 2009FAYZEapEIEAS 1 (LCA )

Life Cycle Analysis (LCA) from 1959 -- 2009

HAE-JL T
Cradle-to-Grave
=R |, 54, T |
i FIa oL N\ =B =M A E
.Fr?ae: :;i?tk Ezgzg‘n g Swine Farm Processing Retail Use / Disposal
YEYDEF= 1T o BESAHEN GHG emissions

Crop production Transportation

 THF|H Land use
« JKF| FH Water use

o « BSEF| FHEnergy use

Live animal ready to harvest AGHICLTURALRESEACH




1959 — 2009 R4 rp[EHA#F (LCA )

Life Cycle Analysis (LCA) frem 1959 -- 2009

1959:
. OJRZRIZIEICSR Reliable data available

= Ffﬁ AEAFEIRR. ARER. 2BE. 2Fo%. AL

Precedes use of intensive housing systems for swine, feed antibiotics,
farrowing crates, year-round farrowing, artificial insemination, ...

© EFAESIMERM , —ERKERFEESES  EONES | K,
BUFTHIFIERA SR R4

Production methods resemble those desired by some that are critical of
intensive housing, technologies, innovative and modern production systems WY
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1959 — 2009FHYEapEHAD M ( LCA )

Life Cycle Analysis (LCA) from 1959 -- 2009
E%;{E Key Indicators Evaluated.

F=HR{KEE & Dressed carcass weight produced

© EEMERNLEESNE

Number of animals in breeding herd and market herds
»  TARFFAER Feed utilization

» T HBFRFA Land use
" ’Hﬁ%ﬂ:ﬁ JEAF Chemicaland energy utilization

+ KFIF ( SRS EEE )

Water utilization (animal consumption & crop irrigation)
. ,H;EFgManure production
» BKETRRIES | HCO, , CH, , N,ONIE

Global warming potential: measured by CO,, CH,4, N,O

AGRICULTURAL RESEARCH



INE:

i
Million Animak

S 5EfhEf Breeding Population
12

10

0

1

L

8.25

1959

=B 2Z4N , E-BEEN (2009 vs 1959 )
More Hogs Marketed and More Pounds of Pork

from a Smaller Breeding Herd (2009 versus 1959)

5.88

20089

WEE&EE
m Idle Pigs &
Hogs

m Boars
A

B Sows & Gilts

BE LA

kB USDA-NASS,USDA-ERS&1959 US Ag Census
Source: Adapted from USDA-NASS, USDA-ERS & 1959 US Ag Census

1959

' 112.6

2009

EFERFHEREE U.S. Raised Market Hogs
120 > -

HEEERE (T))

M Hogs Marketed
(mill)

M Live-Wt Sold (bill

PIEREE (KE B)
1 Carcass Weight
Harvested (bill Ib)

FRAE (kP &)

Garth Boyd & Roger Cady, CAMCO, 2012



T2 AvE#HAI7K & 122009 versus 1959)
Pigs Require Less Feed and Less Water (2009 versus 1959)

IR CIRAEREESEEERRE  AgEAOE

NOTE: *Hot Dressed Carcass Weight from U.S. born market pigs only; imported grower

and feeder pigs excluded
;
6 -
5 -

3.699

E=3

FH
1,000 Pounds
W

_ 1.826 .
1.467 ' 1.494

cQ
0.98 .. &N
J §
B
_ Ko)N .

[~
L

=

(=

6.6

4.4

Ibs HDCW*/sow - Ibs HDCW* [litter Ibs HDCW facre
AR /61 BRE/E  pRgEr/ti

H1959 m2009

(FH/3=m=)

lbs feed/lb HDCW animal gal H20/1b

faRl/REE
L—Jﬁ% /FE) P B/

(Ine/5E)
Garth Boyd & Roger Cady, CAMCO, 2012



2009 , REELSLEFMEEET1,000fZ A E
EEBLIE,

, EEERIEE7E19595EN

In 2009, only 5 hogs are needed to produce the same 1,000 pounds of dressed carcass weight that

required 8 hogs in 1939.

Garth Boyd & Roger Cady, CAMCOQO, 2012



Figure 1: Comparison of Key U.S. Swine Industry Environmental and Resource Use Measures
(per 1,000 Ibs. of hot dressed carcass weight produced) 2 s T EIEENE R B (E
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Socially Acceptable’?
v 3
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MEATLESS MOMNDAY - e o POWER! =
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Go meatless on
Mondays.

Take 274 “SU et k?

million cars off a2 Ay

the road. You Cah’t Be a
I, by 3050, everyone skipped meal just one doy o ek, it wold De e eoubvalent - ] e 5 : _‘ ‘Jl AT-

of Cutting & yesr's worth of GHG emisslons from 274 millon ESSenEer Cars.

g W EATING

-_~; S - : E“VIronmentaIISt
o Jtﬁ.ﬁqh 7= s

- ,._‘ -
‘ 4& Laveling of 80% of Amazonian rain forest
A “ I Mnl AG Rlcu l l “ RE 6 Wasting of 15 trillion gallons of water por yoar

‘s THE # l P I Producing 130 times as much waste as that of
— the entire LS, population
- S PlAue: —

Killing of 58 billion animals every year




NIREZFIEET

Socially Acceptable Swine/Production

- IR (E=mEITEEE T HREER)

Animal Welfare (third party audits common in US industry)
- $HIRF= vs E¥F=Gestation crates vs group housing
.« PR vs EHMHIF Confinement vs outdoor/pasture
- [@Zl Castration

« ZEBF Euthanasia

o H(EHR Growth Promotants
. B-E4Z Beta-agonists
« 3142 Antibiotics

- E[ET#FE Genetic Engineering
o IERIRPIER RS RVER K (R D BT
Overexpression of phytase in salivary glands (decrease P excretion)
-« BEEAREFRRD

Change nutrient composition of pork meat

. 1 |
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EPPLEGATE

o e Rl T el

WE'RE PROUD TO CARRY AN EXCLUSIVE

plobal anima v _ SELECTION OF PORK RAISED ON
g _ ) NON-GMO PROJECT VERIFIED FEED
| sy : FROM AMERICAN HOMESTEAD
NATURAL PORK.

BOT P D = KU Bl RATTD B LOW £5°F AT 1N 00y aliOuye i Farineranip arg? Larth U 5

3 i -

MABH WITH -
1009 All-Natural Pork 5 Mo RS S T REEAT D
RAHIE WITH ! - K £
PETYY F AT ALLTIME
(T !II |l| GR EﬁT TMTE + NO ANTIRIOTICS-EVER *ﬁ';" . =2 ) Rl F"_”' <5
o WITHOUT THE WORRY" . 50 ADDED 1BORMONES -FVER™ I NQIRERC o f':?dh:mr
4 KO AXIMAL BY-FRODUCTS % Est#pt g Rlpusralty Octarring hirams s Cntury

Wronn wiTh INTEGRITY? f > SO B

No Added Hormones - Ever*
FOOD WITH INTEGRITY IS OUR COMMITMENT All Vegetarian Feeds

TO FINDING THE VERY BEST INGREDIENTS A ;
RAISED WITH RESPECT FOR THE ANIMALS, Wit st pesh et :

THE ENVIRONMENT AND THE FARMERS. o~

Sugar Mountain Farm

It means And it means that we source
serving the organic and local produce when
very best practical. And
sustainably that we use J
raised food dairy from
possible with cu-.u rllu-d X j
an eye to great taste, great nutrition
and great value. use {'.rl'

:ymuc
it means that we support and
sustain family farmers who respect
the land and the animals in their Food With Integrity is a journey ety
care. that started more than a decade v USDA Process Vartiind

" Ho Added Steroids
or Hormaones'

/Mo Artificial Ingredients’

ago and one that will naver and.
It means that whenever possible
we use meat from animals raised
without the use of antiblotics or
added hormones.
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Synergism Between China & America

o[5S 7= Sustainable Swine Production:
- NEEEEFEIICLTHIEIR

Do not repeat mistakes made by US swine industry
© WIS AR R B RE RS
Must respond to changing consumer demands
LA DRI NI N R
Must use fewer inputs to increase production efficiency
«  5ARNBEERBEEXES A
Must have transparent communication about production methods
-+ BEIINEFREZIET HEE | LIBRAERGSETE
Encourage more Extension Educators to transfer technology to producers
» BEMEAFZENSRITE

Recruit and train students for careers in agriculture AGHCULTURALSEARC




=2 IV NEEFRIE P LAge/ NP E =2 *
Closing yleld gaps in China by empowering smalltholder farmers®

d(% Government support ) . NN (ﬁj}“’

O
s
o %55

A °))
3 D
o ﬁ' : &=
S T @ N PHVJtAeAs‘?ErwceS S
STB:EEZIEES(=TEEERISTER)  STB: Science & Technology Backyard platform (= Extension in US)
o RARIZREFERED , SKIFF—HF Ag scientists live in villages among farmers

- BEIs50IF&EARELL Advance participatory innovation & tech transfer
. FENHEFIATS
BRI i RGP G pELE Su\R’glfengZhang et al., (29 September 2016) Nature 537: 671
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Science and Technology Backyard (STB)

#NH5(2009 — 2014) Quzhou County (2009 — 2014):
+ ERI A BIS SRS
Professors & graduate students from China Agricultural University
- EEFE 150K E Surveyed 150 farmers

» BENER’EKTEEE>5%HIEE
|dentified factors with >5% vyield gap* for wheat & maize

FERER | RENZGTEMBEK TR B2 HES

: : 3 i £ . ﬁEHIElIilTHF:IM HE;EAHEH
*Yield gap: difference between farmers’ yields and yields attainable for the region



=M EZEERIE

=S ES

Major Factors Contributing to Yield Gaps

Yield gap

AXAEFZRIREB ST =5
Percentage of farmers not using recommend practice [
iR Land preparation 10{_}%_/_ 5.8%
INEEEEEEHER Top-dressing date of wheat _ 33%/< 6.2%
EHKFIEEA=ER Rate of N application of maize /‘ ) / : ﬁé% 7.5%
INEG AR E =R Rate of N application of wheat _ >% ’~ ' :?9% 11.6%
ToRUGRAHER Harvesting date of maize ' 8 V' 74% 14.4%
EKiEFHER Sowing date of maize % : 70% 15.0%
EKIERHERf1IESR Sowing date and rate of wheat | 88% 6.3%
FKEZE Planting density ‘6f maize _ 95% 20.6%
K5 Fh Maize variety 66% 19.8%
/NS ER Wheat variety 57% 9.4%

“WeltengZhang, et. al., (29 September 2016) Nature 537:671
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Science and Technology Backyard (STB)
#rMr (2009-2014) : Quzhou County (2009 < 2014):

HE 1 Fefk = EPRHIAY1 0Tz

Developed 10 recommendations to overcome limited yields
A8 (n=45, 20094 )
Engaged leading farmers* (n=45 in 2009)

B 1TXl:Extension education programs:

- PUZESR  RIVFER , FERS

Field demonstrations, farming schools, yield contests
- ik ERER
Posters, customized calendars

- PpEE , EAELE  ARNAERER

On-site advice, in-person communication, social-cultural bonding
*TEF B REFFERATMFYSHA

Leading farmers: good farming skills and open to new ideas

AGRICULTURAL RESEARCH
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INEFIEKZE (2008-2009FFFI/SBT )
Combined Wheat & Maize Yields (SBT started 2008-2009)

130k i BESEISKE
B Experimental Station M Leading farmers « County average

109.3% 90,370
84.1%

2008-2009 2009-2010 2010-2011 2011-2012 2012-2013 2013-2014

*WeifengZhang, et. al., (29 September2016) Nature 537:671



T EBEIEES : 2001 - 20145845+

Extended Data Table 8 | Statistics for Quzhou County during 2001-2014 TR AR =V e =]
Year Grain production Irigation area Total power of Fertilizer Total Rural per Total
flf (1.000 Mg) (1,000 ha) ﬁagricultu ral consumption population capita agricultural
‘@%Fﬁ }gﬁ%ﬁﬂ:{ % machinery {1,000 Mg) (1,000) agriculture output value
%1 ooookvyy  IEEHRE RALIY income (3) (Million $)
2001 s 7 = a0
2002 287 40 T2 39 398 547 127
2003 257 40 75 41 404 539 118
2004 271 40 82 41 410 602 136
2005 287 40 83 43 413 673 149
2006 282 41 85 43 420 738 164
2007 305 41 85 43 423 860 190
2008 303 41 86 44 433 944 200
2009 314 41 87 46 450 1,003 218
2010 326 41 88 47 450 1,119 278
2011 408 41 80 47 460 1,177 299
2012 432 42 93 48 469 1,359 322
2013 428 41 a0 49 483 1,534 EIN21Z
s g i = s -3)( increase
Data from ref. 26. Currency exchange rate id 2012; 1 US Dollar ($) = 6.312 RMB Yuan (¥).

HIESE20126&MiICE - 155=6312ARM

*WeifengZhang, et. al., (29 September2016) Nature 537:671



STBHESALAIBLXIEATRIFRIEZ1ELL

Compared to neighboring or control villages, farmers from STB:
1) BIFHIAAENIR Better agronomic knowledge
-- 35.2% AR LUTEIREARFH K (1HX910.9% )

--35.2% can calculate crop nutrient requirements (versus 10.9%)

STBHYE

SNSRIV ( 53.5%39NM31.4% )

Higher adoption of STB recommendations (53.5% versus 31.4%)

INZZHZ

SKEYFTEE X (55.5-8.5% )

Greater yields of wheat & maize (5.5 - 8.5% higher)
EFKARERES (A& E12.5-47.0% )

Greater

ZFEIRES (2.9-47.0% ) L

Greater

nutrient and water-use efficiencies (12.5 - 47.0% more efficient)

economic returns (2.9 - 47.0%)

AGRICULTURAL RESEARCH



STBRUEERRZ4E:

Summary of STB Efficiency:
STB¥&1 L- T - LM G RE SR

STB platform combined top-down approaches with bottom-up approaches to:

1) FARZFE. BUFHEWHERES] , @RSEAZR , FliEo ZFANRBXAYA)
Allow university, government, and industry to work together to avoid issues
associated with capital resources, profit-sharing, and intellectual property

2 ) HE(RA T EEIERNEFEFIRER D5

Identify factors & solutions that contribute to yield gaps

3) BAIKE | ARFIFAEEE JAETME. FRIESE

Engage farmers, public, and private sector to improve farming practices

v Y o v ;j | ::
4 ) in%%:ljg&ikﬂlﬁjj AGRICULTURAL RESEARCH

Train students for careers in agricultural services
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Examples: Synergism Between China& Amefica:

thESAFIRWEBESS) Chinese Culture & Ag Education Study Abroad Programs

R HERINZESIINWAFUZ S HENL (5-68 )
Nebraska students attend NWAFU to learn Chinese culture (May-Jung)

NWAFUZF?F‘—IE:SQWE? 73 NWAFU Research Exchange for Undergraduate Students
20ZNWAFUZE/FERBRHTIIEI TR

20 students/year NWAFU students conduct research at Nebraska

3+ 18mEE=E1TXl 3+1 Food Science Program
o NWEAINH ( NWAFU + UNL ) EE508NWAFUEA - 3FEENWAFU +12E7ENebraska
Dual degree program (NWAFU + UNL) 50 NWAFU students/year: 3 years at NWAFU + 1 year at Nebraska

NFRRETINNYT BARIZIIE  Nebraska Extension Farm Project
o BEEFEERWFEXIERNIS A ER AR AT NN EIERINRIISE | RS-

Crop testing site in Shaanxi Agricultural Development Zone with Nebraska-built farm equipmentto increase
production capacity

UNL - el A4 Rl = ZS4E UNL-HuaZhong Agricultural University Life Sciences Partnership
o BIARE | ERRAZFHENFESIN Exchange graduate students, conference on Plant Biology at HZAU



Questions?

Deb Hamermik
DHamernik2@ UNL .edu

ikl eein
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