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Understanding Glyphosate Nutrition,
and Disease Interactions

Background

Understanding glyphosate
What it is
How it works

What it is and what it doesrit do

Recognizingthe interactions
Symptoms- nutrition , disease

What to do for more effective use ofthe technology
The broad picture




The Plant Factory

- | L I -.i" "'ll;h_l-' i --.-nr“I-lul 7 - . =
e '| r.l.'\-" IE"E"':I.“:']*"" 1 f-..:ll "'ﬂl} "'- T g 5- "Ta"
F ¥ e e

ﬂf lzl'ﬂﬂ . -*.1.-\'.H -

o

|..|: "_

=Sl Ry e

=i

T

The Harvest IS SUGAR
and PR@TEIN




NUTRIENT BALANCE IS IMPORTANT BECAUSE EACH
ELEMENT FUNCTIONS AS PART OF A DELICATELY
BALANCED, INTERDEPENDENT SYSTEM WITH THE

PLANT'S GENETICS AND THE ENVIRONMENT

Ca, Mg, S, Fe, Mn, Ti — Cu, Zn, B, Mo, |

“Hidden Hunger”

“Law of the minimum”

Nutrient BALANCE may be a matter of root function!

“The roots may be the root of the probleimn!
“The weak link may be underground?




The Importance of Reducing Stresses
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There i1s no free lunch!




Interacting Factors Determining
Nutrient Availability and Disease Severity

Vigor, Stage of Growth, Root Exudates
Resistance Susceptibility

ABIOTIC
) ENVIRONMENT

Population Nutrients
Virulence Moisture
Activity Temperature |
pH (redox potential)
: Density, gases
Ag Chemicals

BIOTIC ENVIRONMENT
Antagonists, Synergists
Oxidizers, Reducers
Competitors, Mineralizers
[Cu, Fe, K, Mn, N, S, Zn]




Changes in Agricultural Practices

Change the Interactions
Crop Sequence Tillage/No -till Fertilization

Biotic environment Residue break down  Rate/form

Nutrition Soil density/aeration  Time applied

Nitrification Pathogen survival Source/assoc. ions

Organic matter Nutrient distribution Inorganic
Denitrification Organic

Herbicide usage 0 Sufffibi

.'v.‘.

Effect of crop residue on
nitrification

% NO, Crop segquence effect on Mi?

100

Alfalfa Fallow Trachypogan Rotation Extractable Mn Metabolism of different
80 [ Soya Wheat Brachiaria ConielE Col 130ppm forms of nitrogen

Pea : : - —
60 | oo |0 ggngers Continuous soybeans 64 pp, / Bl
40 / Soybean, wheatcorn 91 ppm | e i

Wheat, corn, soybean 79 ppm =l = Auniio At

‘ | ‘
CHO + NHs ; [
Amino Acids — Rhizosphere RSEEEYIN
Acid Alkaline

Fall chissel 126 ppm
No-till 80 ppm




Physiologic Roles of Manganese

Mn ____» CHO\

Photosynthesis <« Mn{ ~—

ClyEBlEE (EMEEy EREIENE) ooy o S

Carbohydrate, hormone & Mn-§ //v Root Growth

Amino Acid Synthesis Ariino Acids
Mn

Cyanogenic Glycosides
Phenylalanine VN
ammonia-lyase

COUMARINS LIGNINS  FLAVANOIDS = Defense materia

— - - m—

wire |

ox 0 eSe Lignituber” formed

'4& & Inresponse to cell

Penetration.
\

Wheat e T
Triticale o=l ASSE _sdss
(After Skou, 1975) : _ e




Take-all and

Populations of

Mn-oxidizing
RhizosphereBacteria

Cattle
dung
(manure)

Mn Availability & Biological Activity
olgh 5.2 - 7.8
Mn form: Mn?* Mn *4

Avalilable: Yes NoO




Cactors Affectn Is N Forrm, Mn Availlao |]"£y
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Low Soill prl Decrease Increzse
Green Manures(some ) Decrease Increzse
Arnirmorniurn Fertllizers  Decrease Iricrezise
Irrigation (sorme) Decrezase Iricrezise
Firrn Seed ped Decrease Iricrease
MNitrification Innipitors Decrease Iricrezise
Soll Furnigettior) Decrease Increase
Vietal Sulfides Decrezase Iricrezase
Glyphosate Decrease
Flign Soll prl Increase Decrease
Lirmne Increase Decrezase
Nitrate Ferillizers Decrease
Marre Increase Decrezase
Low Soll Molsture Increase Decrezase
| noge Seac nad Incrassa Decrease

and Severlty of Some D]‘

Disease Se
Decrease
Decrease
Decrease
Decrease
Decrease
Decrease
Decrease
Decrease
Increase
Increase
Increase
Increase

Increase

*Potato scab, Rice blast, Take -all, Phymeatotricnurn  root rot, Corn stalk rot
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L of C

Ergot sclerotia in wheat

Graln yield  Ergot

Treatrnent (bu/z) per zcre
Checl 133 17,7473
10 ky/ha Cu 42.0 2,420

After Evans, 2004

Disease Index
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Norrmel corn
Glypnosate
resistant corn
Norrnal soybear

Wheat stage Of GijfJJ;&r[g
, i resistant soyoear
CJrowin
. N
Crop specles f‘\gd
PN
Flealin

Environrnert

. ) . Effect of the dlyphosate
Mn efficient § Mn inefficient resistance gens ol

L’W

Crop culivar Uptake efficiency



Glypnhosate nas Cnanged Agriculiure for 30+ Years
— r 1 11 > r r NI e r*a"‘ Y L > f ) s r r
Undersianding Cnaracierisiics of  Glyphosaie
o A strongl criernical  cnelator Chelating stability constants
N | of glypnosate
Srnall arnount needed Ll [MEL] VL 7]
Metad jon ML) IMITEATL] ML 2]
Tigntly pinds mineral elemenis Mgz+  3.31 12,17 5.47
| . Caz+ 325 1148 5.87
Irnrnopllizes Cu, Fe, Mg, Mn, Ni, Zn Mn2+ 547 123 780
e y Fez+ 687 1279 1118
o Nori-speciiic nerpicidal effect Cuzt 1193 1585 16.07
e+ 16.09 17.63  235.00
o Tank miimpealrs nerpicidal acilvity

Glyphosate

Glyphosatelrmmobilization of
Manganese in Soybean

Glyphosate+ Zn
tank mix



Effect of Time of Mn Application
on TissuaMn

pein INDIANA Huber e o pemin MINNESOTA s severson

250
30
200 -
25
20 150
51 , | - . S B
100
108 I
- 50 | — — — — -
~
o,
0 0
None 4 days  Sarne 4 days 9 days 0 5 10 15 20
pefore tirne after after
~ ~ 1 PN aY ‘r r'f"r" ~ ~evre
Tirne Mn Applied Pelative to Dzys M applied after glyphoszaie

Glyonosate



Effect of Residual/ "drift * Glyonosaie on Percerni
Nuirient Uptake and Translocation py Planis
After Erer eial 20067

Control

+ glyphoszte

100
&0

60

2L0)

20

0

e Vin /1 e M Z
Foot Lptare Translocation to shoo_r.
= 1/40th of recorn memded nerplcical rate



Reduced Nuirlent Efficlency of  Isogenic

HE Soyoeans (afer zoviole, 2008 )

Tlsse: \Yilg 71

Isoline Y %
MNorrnzl 100 100
Foundup Ready © g3 93
R glyonosaie 76 45

Copper, Iron, and other essential nutrients
Were also lower inthe PR isoline and reduced
|

furtner oy olvonosate |
S glyphos After Zobiole et al,, 2009
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Vin Oxidation/F ecJL ctlor Fungal Mn oxidation

in Soybear in soil
— = =~ AP A
J‘if“LODJJﬂL—)rL—) ;)O” (lr](rea sad \/Jr”]‘_\mpe)
Glyohosaie Conirol GezleUrnannormycesrarminis
(oxidized) (Reduced)

After Roernneld 2005

Menganese Oxidation In Soypean  Rnizospnere

In soyoean rnizospnere soll (3 wks after glyonosate applied):

M Reducing Orﬁmum Oxdizing Organisms

Conirol (no glypnosaie ) 7,250° 7

0

Q1

+ Glyonhosaie 740 13,250

‘Colonies per graurn of soll



Vlicroplocidal Activity of Glypnhosaie

.. 0 % of control
Fusariurm % change

Lapel rate
500 100  + Fusarium root
colonization
L00) 80 - Pseudormonads
- Mn-red:Mn -oxid.
300 50 - |AA Producers
S
200 21()
100 20
0 0
0 6500 1200 2200

After Zoglole et al,, 20710



Whai's Speclal Apout  Glypnosate Tolerance?
(Roundup Ready ® Genes)
[Greatly expanded usage of  glyonhosate |
o Tnetecrninology inseris an aliernailyve EPSPS enzyre
'he (1S not plocked pydlypnosateln meilreissue
- Trniere is notning inine K plant e opersies orl

tne glyonosateapplied to ine plant

- Glyonosatecnelationis not selecily
Ca, Co, Cu, Fe, MgMn, Ni, Zrn
ces nuirient uptarxe
% uptare
(s there for tne life of
the plant /5
50
ar cause ot (leld Drag ” .

five It irmnrmoolliz

100
U In@iana Insas!gan

Soybezns for meanganese

Byazil ana

Corn/Mr)

RR
Brewal

Soybeans/Zn



Effect of Glypnosate on Lignin, AA, Waier Use Efficiency,
and Photosyninesis of  Glypnosaie -Resistant Soyoneans
Lignin After Zobiole, 2009
Olan , , . )
9/ if"”‘) Full raite ait one fme urnol CO, m? s+ 13 DAT
0.6
0.5 Sequential half rate 36 DAT
0.4
0.3
0.2
0.1
DO — A Eo)= e
0 450 &§75 900 1350 13800
Glypnosate (g z.e./na) Glypnosate (g z.2./nz)
Arnino Acids (g/olant) 600 WUE (ml water/g dry mass)
Full ratte ait one tirme 550
Sequenial nalf rate 500
450
400
350
300 o
250

oyt oo (e O 450 675 900 1350 1800
Glyphosate (g a.e./ha) Glyphosate (g a.e./ha)



Effect of Glypnosateon NoduleBradyrnizooiurn

Norrnzl nodule witn meany bacieria Nodule&er foliar glyonosate

After Zoglole et al,, 20710



% Mineral Reducitlonin Tissue of Roundug

Feady® Soypearns Treated witrGlyonosaie

Plant fissue

Young leaves

Meaitlre |leay

Meaiure grain 4 26 13 49 45  »50 +18
Peduced;
field 26%

Blormnass  24%



te ills Plants oy Increasing

el
Djsease Susceptipility

Fleroicide action Is oy cnielating (Irnrmooilizing)Vin for EPSPS,

(—-

C.

A
Glypnosate  Glyonosaie No glypnosaie Effect of glypnosate on suscepiioility
Sterile soll Field soll Com[rol to aninracnose. A) nypersensiive

response; u) non -lirnited response
after glyonosate s applied,
After Rane and Jonal, 1988; 1990



sorme Plant Pathogens Affecied by Glypnosate

Peinoger Peinoger
Increased: Cercospora spp.
Boiryospneara  dotnidez Meirasmils spo.
Corynesporal cassicola Monosporascus  cannonbalus
Fusarium spp. Myrotheciurn  verucaria
Fusariurn evenacelrr Phazormoniella cnlamydospora
F. grarminearurr Phytophthora spp.
F.oxysporurn f.osp cubernse Pythium spp.
F. oxysporurn f.sp (canola) Rhizoctonia solani
F.oxysoorurn f.sp. glycines Septorial nodorurn
F. oxysoorurn f.sp. vasinfeciurr Thiglaviopsis passicola —
F. solani f.sp. glycines Aylella fastidiosza Fungal :\r’]"‘s(‘)’i’l"da“o”
F. solanl f.sp. phaseoll Clavipacier repraskensis (increased virulence)
F. solani f.sp. Pis] Decreased (opligate patno
Caeurnannormyces  grafrinis Phiykoosora pakyrniza
Mezgnaporine grisea Puccinia grarninis

(*Ermerying " and “reemerging diseases )

J

Ablotic : Nutrient deficiency diseases; park cracking, mouse ea r, ‘'witcnes prooms
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Darmnping off
Hoot rot
Crowrn rot
Wil
C\C
Root and Ear rots
Darmnping off
Buncny top
Wil
Black goo
Hoot rot
Foot rot, Target spot
White mold
sSDS
Rots, Darmping off
Decline
Wilt (New)
Canker

Bloconirol

Bare ¢ JJer cr
Glume blotchn
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Flead scap
Talke-zll

FLseriurr) oxysporum
Magnaporifie grises
Useriurn solani f.sp. pnaseoll
Pythiurn spp.
T lielawviopsis  bassicola

usariurm spp.

Fusariurm  0ysporrr)

/JeJJ fasticiosal

usariurm spp.

y'rrJum S0P,
Manganese deficiency
F.oxysporurn f.sp. vasinfecturn
Phaeornoniella chlamydospora
Monosporascus  cannonpalus
Corynesporal cassicola
Sclerotinzg sclerotioriurn
Fuszrium solani f.sp. glycines
Rhizoctoriar and Fusearium
Marasmius spp.
Fusariurn oxysporurn f.sp. pisi
Phytopntnore. spo.
Myrotheciurn  verucariz
Fhizoctonia solar
Septorizl spp.
Isariurm spp.
isariurmn grarninearurr Tzl
UrNelnnormyces  graminis
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Irmpact of Glypnosate on Take -all

Soypearn rnerpicide glot Wheat after soybeans
Transient Min Irnmopilization
In tissue witn  glyphosate

~  Atter | No
Glyph Converntionzl ergﬁg/ﬁﬁ\ﬁb%%{t@mv\‘ fl C”fﬁélgrfi%agé{r‘éﬁ”b

o
N
Q)
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Irmpact of Glypnosate on Take -all

Take-all of wrnest after glypnoszaieio R peans

After glypniosate No glyonosaie



—

|_..r~ ;" Vol e .r~ r\ r W a '
Faciors Predisposing ickusariurn rleacd Scao
(Fusariurn spp.; Gipoerellazezsy
Environmeniwas ine rmost irmnporiarii
factor in FriB ey eJopment In ezsierr)
Saskeatcnewear, frorm 1999 to 20027 et of

Numoer of

Y

Application of glypnosateormulations glypnosaie
wasine most important acronormic  applications

facior assoclated witn nigner FrIB  ihe grevious
levels in spring wreat three vears
Poslilve assoclatiorn ¢ JJJ/ohosa'te NPT
With FriB was not affected oy

environmental conditionss rmucn as o 2

tnait of otner cgromormg faciors..




l\/l\/r OtoxXins In Siraw and Gralr

Fusariurm spp. act synergistically in causing cezin of
gJ/OrJosa fel reated plants

Glyonosateinduced root colonizatlon oyFUsarium soo.

/

Toxins (DO, ZEA) produced in crowrn andiranslocaiedio
stern and grain- well above® clinically significant’ levels!

Toxin concernirations not always correlated witrFusarius
clarmneged ¢ chl_lﬂ (J—_)Q) [Stronilurin fungicides increasemnycotoxinsin greair]

‘
5

rle )

OD

aicl rmust pe proiecied for 1

Q)

s (L0 days afizininesiy

Deoxynivalenoland Zaeralenone
Concentrations in plant paris

Toxin (opm) Gralny  Chaff  Straw
Deoxynivalenol 4.7 16.9 3.5 Proc. Natl. FHE Forurm

2009, Orlando, FL
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Impact of Glypnosate on Sugar Beet
Dead AUDPC
£ 50
Control
“ Glypnosziie 40
5 50
z 20
il 10
0 0
Frizoctonia Fusariurm
BARF variety BARF variety
*Precautions need to pe taken wnen c er aln soll - -porne diseases are
present If weed rmanagerment for sugar peetistoinc  lude post -emerg

1]

glypnosate irezimenis. Larson et al., 2006



Early death of wheat

After iR RR soybean
soypesr) -+ No

glyphosate  glyphosate

Take-all
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Inieractions

CVC
Control Inculated Inoculated

-+ glyphosaite

Corynesporaoot rot Glypnoszie Glyopnosate
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Soybean
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ne SYMPTOMS oiGlypnosaizDa

nerpicidal depending on rate and lengin of exposul
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O \/JQOF, S'ELJH'[JHQ, slowy ngW[f]

|

Leaf chlorosis(yellowing) - cornplete or petweern: he velns
Leaf motiling - sometirnes witn necrotic fleciks or spois
Leaf distoriion - small, curling, strap, wringling, mouse ear
Aonormal stern proliferation (Pwiicries broorr)

Bud, frult abortion

Retarcled regrowin afier cutting (alfalfz, perennial planis)

- "
A

Lower vields, lower rminerzal value

Precdisposition to infeciious diseasesNUMEROUS
FPrecdisposition to Insect darnzage

Jnduge c zewioilc diseases drougni, winter ¥ill, sun sceld
oot STl mrmJ 000 Jrovvrm inefficient Nfxation and uptake
Bafi craciing [er University of Hawail; Ohio State University

M

Q)
‘—n



After Roemheld 2009



Preemergence NO Preemergence NO
glyphosate glyphosate glyphosate  glyphosate

Preemergence

Glyphosate
No glyphosate
>

54 5 0Z 9# 13 0z




Duration of GlypnosateDarnage Symptorms

(cdepends on armount, exposure duraiion, olani, nutant staius)
o Translent in nignly ferille solls - a few days 1o weeks
= Rapid Irnmooilization of glypnosate- olant and soll
1]

- Rapld replenisnirmnent of irnrnooilized nutrients
- Absence oiglypnosateinduced diseases

h\

° Snorttirme - weers (o monins in moderaiely ferille s
= Tirmne to imrmopilize glyohoszaie- in plant and soll
- Time to replenisn imrmopilized nutrients
- Time to resiore soll microplal activity
- Desorpiion ofglyonosatecnelatedin soll and decaying plant fissues

D
W
Q
G}

: . . ST SRR PR
o Long tirne - rnornins to years
= Persistent and accurnulative in perennial planis fofife of plant
- Apility 1o mmJOJ] ze residual glyonosaie- plant and soll
- ‘Desorpiion’ of imrmopilized glypnosateln soll and organic metter
Festoraiion of soll rnicronial zciivity - *oalance



Effect of Planting Delay after Glypnosaie
(Residual Glyonosatein Soll)

Wirnter Wrneat

14 days after 2 days after

glyphosate' burn-down’ glyphosat%v nggpald%\én



after Roemheld 2009
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Rag Weed Plant
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Coryrniespora root ROt

Ar extensive dark orown to black rotiing
of srnzll lateral roots

Generally considerad a root *nigoler ”

~ -

Severes witn glyohosaie rlmrl especially nezar
weeds villed by glyonosaie

-~

Dezad ragweet —
o 4-6" 18"
Long, rmulilseptaie spores
Coritrol Inoculated Inoculated

+ glyonosate



Increased Disease on Croos in tne Rotatlon

>
e Bears P.vuldaris) after RF sugar peeis
Fuseariurn root rot
Fnizoctonianypocotyl rot
r r L r ~ ) rr -~
e Alfalfal 2Lt er F = cormn of F sSoY0eans

o \\/neart after Rr{ molﬂ

e
FuUsariurm root arncd crowr) rot
EUSErIUrn nead scag

e Potfaioes afier R corr
Verticilliurn wilt
Fusariurn dry rot
Rhizoctoniastolorn canker



Residual Soll & Crop Sequernce

Effects of Glypnosaie

SevereVerticillium wilt Mild Verticillium
after 1 year of RR corn after wheat (no
(left) Idaho, 2009 Glyphosate right)

Crop seguence efiect on MiF

Rotation Extractable Mn

Continueus Corn 130ppm
Roundup Ready® corn 60 ppm
Continueus seybeans 64 ppm
Seybean, wheatcorn 91 ppm
\Wheat, corn, soyhean 79pPpm




5

GlypnosaieResisiant
Weeds

(

U)




@
O
(D
Q
kL
(
-
-
(/)
=
(D
=
Qo
—
O
-
W
=
11
(P
=
-
I
=
©
-
I’

1. Providing nutrient avallapility f
Cormpenssziie for redu

| plant efficiency
Cormpensate for reduced

cel
ced soll availaoility
[Tirning and forrulation are imporiarni]

i

2. Deto/dfying residual  glyonosate

In rneristernattic
In soll [Ca, Co, Cu, Mg, Mn, Ni, Zn]

3. Restoring so JJrroomI actvity

~

MNutrient related ( fixation, Fe, Mn, NI, S, Zrn),

Disease cornirol relza
o

4. Increasing plant resistance to ]

MNutrient -relzated patnways  (Shikirmate | A

5. Judiclous use of glypnosaie

2 ated (mlrrJrJon oztnogern
ological arnendrment  (IN-fixers, PGPRs,

¢ root, stern, flower tissues, etc,



Yleld Response of Roundup Read®
Soypeans to Micronuirienis

Indiana Micnigarn  Fansas  Wisconsin
Treatrnent S Yield (Du/a)--mmmmmm e
Unireaied 46 22 77 53
Clyoriosatzonly 57 33 65 s
Glypnosaie-r 75 56 Ias 19
Micronuirieri M M M e



-~

Glypnosate -induced Fe -deficiency crnilorosis

+ glyphosate - glyphosaie
L + glyphosate .

ol Fe treatrmerit sead Fe treatrment

()
g8
g8

Interaction of seedapplied Fe andglyphosateapplication on Fe deficiencychlorosisin soybeans; Minnesota, USA

Visuzl cnlorosisscore Grain vield
Treatrnent [1 =gyreen; 5= vyellow] (.'ou/a_)
-rFe +Fe - & + e
Control (no nerpicide) 3.1 2.5 53 56
J/omose fe 3.7 3.5 o 19

ook

Jolley etal., 2004, Soll Scl. and Plant Nutrition 50:973  -981



Effect of Glyphosaizon Roundup Read© Corr

Colorado State University, 2007 Response of Roundup Read®
Mike Bariolo, Sr. Res. Sclentist Cornto Zn & Mn, 2007%

NDSU Carrington

% grain  Yield Y% of

. . \ . T ravayrrer oy e I p )
Treairnent moisture  (pu/z) conirol [reatrnernt (ield (bu/zy)
N | (ﬂr r ’
Unireated? 15.6 2342 100 Glyphosateconirol 144
Glyphosate™ 156  195d 83 Zn seed Treairment 156
Glypnosate 15.6 2210 94 . fied 7 e
Ollelr einpolied Zi I
i Lf], J\/Jf rOllelf _,_J_)J_) |12Cl £ L2D0
Glyphosate 15.6 208 ¢ &Y Foliar applied Zn+Min 173
-+ Mr, Zn, Fe, B
A e e e Seed + Foliar Zn) 175
‘Hland weeded, #1 [pell + 1 pt AMS per acre
Notes: UTC = geneiic potential (with PR gene . .
ST | ( i J=n2) Soll granular Zn sulfate 1657
Glypmosa_teredl,lces gereiic potenial 39u/a
Application of fign M & Zrn recovers some * All treaitrmnents receivedglyphosate
gerneiic potental, lowernvin & Zn recovers less
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rton, Sterile
ottorn., WHY?

Mis-shaped cotton boll

from glyphosat

JJJJJ

Glyphosate+Mn Glyphosate



Glypnosate& Manganese effecis on Coiton

Unirezited Check (conventional ferbicide) Clyphosate@ 22 oz/ac plus ammoniurm sulfate (AVIS)

Effect of glyphosate and Manganese
on Cotton Yield (Texas)

Treatrnernt % chlorotic  # seed
olants cotior
Converitional nerpicide 5 4885
Glyohosate 97 2237
Glyohosate + M 2 4693
Glyphosaie +

1

after Ronnie Phillips, 2009
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Foliar application of glyphosate Accumulation of glyphosatein
meristematic tissues(shoot,

Sysiermic rrovernerni :
- reproductive, and roots)

trirougnout irie plent
Chelation of micronutrients Translocation of glyphosatefrom

shoot to root and release

Intensifies stress into the rhizosphere
Accumulation of glyphosate in soil Toxicity to root tips by glyphosateor its
( slow to little degradation) toxic metabolites (e.g. AMPA)
Desorbed by phosphorus Compromise of plant
Residual soil and residue effects defense mechanisms
Glyphosatetoxicity to: Promotion of soilborne organisms:
N-fixing microbes Soilborne pathogens
Bacterial shikimate pathway Nutrient oxidizers (Fe, Mn, N)
Mycorrhizae Microbial nutrient sinks (K, Mg)
Biological contrel organisms
Earthworms Reduced availability or uptake of essential
PGPR organisms nutrients (Cu, Fe, K, Mg, Mn, N; Zn)
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Carrnen, et al,, 2010
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After Carmen et al., 2010
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HREMENBER

1. Mutrition is anintegral part of efficient crop procuction)
A. Crop quelity and quariity
5. Diseaseconirol

2. \onnuirient conirols all diseases
A. Cornslidereacnnutrient-diseaseenvirornrment interaction
2. Usenuirient forrm, rate, andilme effecively

P
(’D

3. Culiural praciicesihai reducediseasdnfluence nutritior)

4. Integrate nuirition and culiural oracticesfor optirnurn yield
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Malke Sure You Provide the Food!



