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Manganese (Mn) is one of the micronutrients all crops must 
hav e in small amounts for normal grow th. In Ind iana, a 
d eficiency of this element is most lik ely to appear in 
soy b eans, w heat, b arley , and oats. D eficiencies hav e 
occasionally b een ob serv ed in corn and alfalfa. 

WHERE MANGANESE DEFICIENCIES OCCUR 

Manganese d eficiencies ty pically occur in specific areas of 
Ind iana, and , principally , w ithin tw o soil groups -- (1 ) the 
b lack sand y soils on the glacial outw ash and lak e b ed 
material of the K ank ak ee R iv er V alley in the northw est, and 
(2 ) the d epressional heav y soils of A llen, A d ams, W ells, 
and ad jacent counties in the northeast (F igure 1 ). T he 
prob lem has also b een noted in W arrick and V and erb urgh 
counties in southern Ind iana, and occasionally on light 
sand y soils in northern Ind iana. 

A lthough d eficiencies may appear on any soil ty pe, certain 
field characteristics increase the lik elihood that crops w ill 
d isplay sy mptoms. T y pically , Mn d eficiency occurs on soils 
w ith pH ab ov e 6 .2 to 6 .3 . W ithin a field , sy mptoms d o not 

F igure 1 . A reas of manganese d eficiency . 

usually appear uniformly , and sy mptom ex pression is more 
lik ely in low areas or areas of the field w ith more poorly -
d rained , d ark soils. H eav y , d epressional soils in any part of 
the state hav e the potential to prod uce d eficiency 
sy mptoms in sensitiv e crops. In muck soils, Mn may b e 
mad e unav ailab le b y interaction w ith organic compound s. 
S ome climatic cond itions, such as cold , rainy w eather, can 
enhance the prob lem. Management factors that red uce Mn 
av ailab ility in soil includ e operations that result in sev ere 
soil compaction or erosion and heav y liming of sand y , low 
organic matter soils. 

SUSCEP T IB L IT Y OF INDIANA CROP S 

C rops hav e d istinctly d ifferent Mn req uirements. Major 
Ind iana crops that can b e ex pected to respond w ell to Mn 
fertiliz er w hen grow n on soils w ith low lev els of av ailab le Mn 
includ e soy b ean, w inter w heat and oats. Ind iana crops for 
w hich a more mod erate response is ex pected includ e corn 
and alfalfa. Mint, often grow n on Ind iana‘s muck soils, is 
also in the mod erate response category . 

HOW T O RECOGNIZ E MANGANESE DEFICIENCY 

O nce tak en up b y the plant, Mn is immob ile and cannot b e 
mov ed from old tissue to y ounger tissue. T herefore, 
d eficiency sy mptoms w ill appear first on new leav es or 
grow th. In general, Mn d eficiency sy mptoms on leav es are 
interv einal chlorosis and general chlorosis of y oung leav es. 
C rop specific sy mptoms are as follow s: 

So y b e a n s : S oy b eans are the most common Ind iana crop 
to d isplay Mn d eficiency , and the sy mptoms are easily 
spotted d ue to their uniq ue characteristics (F igure 2 a). A 
"y ellow ing" occurs in the area b etw een the leaf v eins, 
ranging from pale green w ith slight d eficiency to almost 
w hite w ith sev ere d eficiency . In ex treme cases, this 
chlorosis may b egin in the seed ling stage. T he v eins 
remain d istinctly green until chlorosis approaches the "w hite 
stage," after w hich the color d isappears from the v eins. 
T y pically , necrotic, b row n spots d ev elop as the d eficiency 
b ecomes more sev ere. L eav es may d rop prematurely . It 
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2a, M .C . Sh u rtleff A P S C ollec tions 

2c, G . M u rray A P S Collections 2d, L arry B u nd y A P S C ollec tions 

2e, Reggie Voss, Iowa State Univ. 

F igure 2 . Manganese d eficiency in a) soy b eans, b ) w heat , c) oats, d ) corn, and e) alfalfa. 
2b, Steve H awk ins, P u rd u e Univ. 

should b e noted that early Mn and iron (F e) d eficiency 
sy mptoms can b e easily confused . T y pically , the v eins of 
iron d eficient leav es d o not remain green b ey ond the v ery 
early d eficiency stages (F igure 3 ). 

Wh e a t: S y mptoms may d ev elop on w heat in the spring 
w hen plants are fiv e to eight inches tall. G rey -w hite spots 
appearing on old and y oung leav es may b e accompanied 
b y chlorotic or grey -w hite streak ing of the leav es (F igure 
2 b ). W hen the spots merge together, leav es may k ink or 
d roop from the b ase of the b lad e. In comparison to healthy 
plants, affected plants may also appear lighter green and 
may mature more slow ly . In cases of sev ere d eficiency , 
the tops turn w hite, then b row n. W ith ex treme plant 
lod ging, stand s are often red uced to the point of crop 
failure. 

Oa ts : S y mptoms on oats appear w hen plants are ab out six 
inches tall. G rey speck s appear near the b ase of the old er 
leaf b lad es (F igure 2 c). T hese speck s may join to form 
streak s or circular patches. A s the d eficiency b ecomes 
more sev ere, the grey areas turn b row n, the b lad e b end s 
d ow nw ard at the b row n area and hangs limp, and the tip 
turns y ellow , then b row n. T he head s are y ellow -w hite in 
color and are shriv eled . 

Co r n : Mild d eficiency sy mptoms are not clear cut b ut 
leav es may turn oliv e green w ith slight streak s. More 
sev ere d eficiency sy mptoms appear as long y ellow and 
green stripes running the length of the leaf, a sy mptom v ery 
similar to a magnesium d eficiency in corn (F igure 2 d ). 
E v entually the chlorotic areas may turn w hite and then 
b row n as the tissue d ies. 

Alfa lfa : E arly d eficiency sy mptoms are red uced grow th 
coupled w ith strong interv einal chlorosis of only the v ery 
y oungest leav es. T he v eins of these leav es w ill remain 
green (F igure 2 e). L ater, small b row n necrotic areas w ill b e 
v isib le on the upper surface of the chlorotic, y oung leav es. 

SOIL T EST ING AND P L ANT ANAL Y SIS FOR 
MANGANESE 

S ince av ailab le Mn in soil can v ary consid erab ly across a 
field , soil ty pe and pH may prov e useful in pred icting 
potential areas of Mn d eficiency w ithin a field and in 
d irecting scouting and sampling efforts. B ecause Mn 
av ailab ility in b oth mineral and organic soils is so highly 
regulated b y pH , actual soil pH v alues are also req uired to 
interpret Mn soil test v alues. T he Mn soil test 
recommend ed for use in Ind iana is 0 .1 N H C l ex traction, 
and F igure 4 show s soil test Mn critical lev els for sensitiv e 
crops increase w ith increasing pH . It should b e noted that 
as a stand -alone d iagnostic, soil test Mn is not a v ery good 
ind icator of soil Mn av ailab ility . 

If the leav es of grow ing soy b ean, w heat, oat, or corn
�
plants d ev elop the sy mptoms d escrib ed ab ov e, Mn
�
d eficiency can b e confirmed b y lab oratory analy sis of
�
plant tissue. R egular plant analy sis in a monitoring
�
program w ill permit the id entification of ex isting or 

potential prob lems b efore v isual sy mptoms appear.
�
A ccurate plant
�
analy sis d epend s
�
on follow ing the
�
proper sample
�
collecting
�
techniq ues for 

each crop. A t
�
rand om, select
�
plants from across
�
the field that
�
represent b oth the
�
affected (Mn
�
d eficiency ) and
�
unaffected areas.
�
C ollect the
�
follow ing:
�

F igure 3 . Iron d eficiency in soy b eans, show n 
here, can b e confused w ith Mn d eficiency . 
P h oto: D avid B . M engel, K ansas State Uni-
versity 
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F igure 4 . C ritical Mn soil test lev els for sensitiv e crops. T he critical lev el 
increases w ith pH . F or fertiliz er rate recommend ation tab les b ased on 
soil test results, see the T ri-state F ertiliz er R ecommend ations. 

•	 C orn seed lings– 1 5 to 2 5 entire plants; 

•	 C orn pre-tassel stage–1 5 to 2 5 mature leav es 
b elow the w horl; 

•	 C orn silk ing– 1 5 to 2 5 ear leaf b lad es if in the early 
silk ing stage; 

•	 W heat and oats– the upper leav es from 5 0 to 6 0 
plants prior to head ing, or select b asal leav es if 
d eficiency sy mptoms d ev elop in ad v ance of the 
jointing stage; 

•	 S oy b eans– the uppermost fully ex pand ed trifoliate 
leav es from 2 0 to 3 0 plants; 

•	 A lfalfa– top 6 inches sampled prior to initial 
flow ering, 4 0 to 5 0 plants. 

AY-276-W 

A llow time for the plant tissue to air d ry b efore placing in 
a paper env elope for mailing to a lab oratory for analy sis. 
C ritical Mn lev els for common Ind iana crops can b e found 
in T ab le 1 . 

CORRECT IV E MEASURES 

Manganese d eficiency is b est corrected in the follow ing 
w ay s - (1 ) using an acid forming row fertiliz er, or (2 ) 
spray ing crop foliage early in the season w ith a Mn 
carrier as soon as sy mptoms are ob serv ed . In field s 
w here sy mptoms are k now n to occur on a regular b asis, 
map the affected area and plan to routinely apply Mn 
w hen sensitiv e crops are grow n. If av ailab le, glob al 
positioning sy stems (G P S ) and geographic information 
sy stems (G IS ) w ill prod uce accurate and reliab le 
d eficiency z one mapping that can b e easily referred to in 
sub seq uent y ears for long-term fertility management. 
C ommon Mn fertiliz ers are giv en in T ab le 2 . S electing a 
Mn source req uires consid eration of cost and 
effectiv eness of the prod uct as w ell as conv enience and 
compatib ility w ith other aspects of fertility and crop 
management. 

So il T r e a tm e n t: In general, apply ing Mn fertiliz er to soil 
is not v ery effectiv e. W hen Mn fertiliz er is b road cast, it is 
rapid ly fix ed into an unav ailab le form and carry ov er effect 
is low , mak ing freq uent applications necessary . T his 
recommend ation against b road cast applications ex tend s 
to chelated forms. In Ind iana, soils ty pically hav e high 
lev els of av ailab le F e; the F e replaces the Mn in the 
chelate allow ing the Mn to then b e fix ed b y soil. 

A successful soil management approach to increasing 
low Mn av ailab ility d oes not necessarily use any Mn 
fertiliz er. T he use of acid forming fertiliz ers, such as 
superphosphate, placed in a b and red uces the soil pH of 
the b and sufficiently to mak e nativ e soil Mn more plant 
av ailab le. In Ind iana, use of starter fertiliz ers such as 3 -

3 

Table 1. Plant analysis interpretation guide for Mn concentration. 
Deficient Low Normal High Excessive† Crop Growth 

Stage 
Tissue to 
Sample ppm 

Corn 3 to 4 leaf Whole plant N.A. N.A. 50 –160 N.A. N.A. 

Green silk Ear leaf < 15 16 – 19 20 – 150 151– 350 >350 

Wheat‡ Prior to 
boot Top leaves < 10 11 – 24 25 – 100 101– 350 >350 

Soybean Flower to 
pod set 

Top fully 
developed 
trifoliate 

< 14 15 – 20 21 – 100 101 – 250 >250 

Alfalfa Flowering Upper 6” < 20 20 – 30 31 – 100 101 – 250 > 250 

N.A. Interpretive values are not available. 
† Excessive concentrations are those that are toxic to the plant. 
‡ Also suitable for oat and barley. 



 

 

 

               
        

  
 
 

   

 
 

 
  

               
     

      
      

           
    

  
     

         
        

      
 

 
 

  
      

       
       

 

  
      

      
       

      
 

              

               
    

 
       

        
         

      
        

        
         

       

        
           

       
       

     
     

      
     
     

       
    

          
    

         
     

        
        

        
        

        

       
         
         
   

        
        

        
         
        

           
         

             
         

          
          

  
     

 
   

 
 

     
     

    
        

      
      

  

    
       

      
    

       
    

             
 

            
 

AY-276-W 
T ab le 2 . M ang an ese fertilizers an d su g gestion s fo r th e ir use in b an ded/ro w starter applica tio n (B nd) an d 
fo liar ap p lica tion (F o l). B ro ad cast ap p lica tio ns are n o t recom m en d ed . 

F ertilize r M a teria l 
A verag e 

E lem e n ta l 
A n a lys is (% M n ) 

P re fe rre d 
A p p lic ation 

M e th o d s 
A p p lica tio n N ote s 

M an ga nese su lfa te 23 – 28 B nd / Fo l E ffe ctive sou rce for so il o r fo liar ap p lica tion. 
P o ten tia l fo r stron g g lyphosate a n tagon ism . 

M an ga nese o xysu lfa te 28 – 40 B n d 
F o r e ffe ctive ne ss in b an ded tre a tm e n ts, a t 
lea st 35 – 5 0% o f the M n should be in th e 

w a te r so lu ble (su lfa te ) fo rm . 

M an ga nese che la te 
(E D TA ) 5 – 12 F o l 

M n ch e la te is n o t as e ffe ctive as M n su lfa te 
for fo lia r app lica tion bu t M n m ay be the 

m ateria l o f ch o ice w h en tan k-m ixed w ith 
g lyp ho sa te . 

M an ga nese 
com p lexes : 
lignosulfonate 

5 – 9 B nd / Fo l 
N o t tru e che la tes . Eq ua lly e ffec tive to M n 

su lfa te w h en use d in fo lia r or so il 
a pp lica tion. 

M an ga nese o xide 
(fine ly grou nd ) 41 – 68 B n d 

W hen fin ely g ro und, acce p tab le bu t le ss 
e ffective tha n M n su lfa te . D ifficu lt to b len d 
w ith gran u la r fe rtilize r. Fe rtilizer s tic ke r is 

recom m en ded. 

M an ga nese carbo na te 31 – 35 B nd / Fo l A s e ffec tive a s sp ray-g ra de M n su lfa te. 

E lem enta l com position of som e M n fe rtilizer m ate ria ls m ay va ry. R ead the m an ufac tu re r’s labe l to confirm 
ana lys is and fo rm u la tion . 

1 0 -1 0 or 1 0 -3 4 -0 hav e increased soy b ean y ield s on 
responsiv e soils (T ab le 3 ). T his research found no 
ad d itional b enefits to ad d ing Mn to the starter. H ow ev er, 
w hen micronutrient d eficiencies are more sev ere, starter 
fertiliz er alone may not b e sufficient to ov ercome the 
d eficiency . A d istinct d isad v antage of Mn placement w ith 
starter or row fertiliz er is that it is not easy to restrict 
application to only the affected area. 

R ow placement of Mn alone is sometimes effectiv e 
b ecause it red uces the v olume of soil in contact w ith the 
fertiliz er and slow s fix ation, although any soil applied 
material w ill ev entually b ecome unav ailab le ov er time. 

F or Ind iana soils, the amount of 
fertiliz er to apply ranges b etw een 5 
to 8 pound s of elemental Mn per 
acre for soy b eans, w heat, and oats. 
T he amount of fertiliz er req uired can 
b e calculated from the Mn and pH 
soil tests as follow s: 

Mineral S oils: lb . Mn = -3 6 + 6 .2 x pH 
œ 0 .3 5 x S T 

O rganic S oils: lb . Mn = -4 6 + 8 .3 8 x 
pH œ 0 .3 1 x S T 

w here lb . Mn is the lb . elemental Mn 
to apply per acre, pH is the soil pH 
measured in w ater, and S T is the Mn 
soil test lev el (ppm). In general, no 
more than 5 pound s of Mn per acre 

are need ed for less susceptib le crops, includ ing corn. 
W hen the rate of application is ten pound s per acre or 
more, such as on muck or peat soils, a foliar application 
should b e used . 

Fo lia r T r e a tm e n t: In P urd ue U niv ersity stud ies (T ab le 3 ), 
the foliar application of Mn sulfate w as consistently the 
most effectiv e means of correcting Mn d eficiency of 
soy b ean on Ind iana soils. W hile this method req uires 
scouting and timely application of the material after the 
onset of the d eficiency , it w as more effectiv e than any soil 
treatment. T he recommend ed rate for leaf application is 1 
to 2 pound s of Mn per acre, and only 1 pound if plants are 
small. U se sufficient w ater (2 0 to 3 0 gallons) to get 

Table 3. Soybean yield response to Mn treatments at responsive 
locations in Indiana (1990, 1991). Source Eck, Mengel, and Walker, 
1991. 
Mn Treatment Mn Rate per 

Acre 
Yield (Bu. per 

Acre) 

Control 0 44.3 
Starter alone† 0 47.1* 

Soil MnSO4 Broadcast 10 lbs. 43.4 
Application In-Furrow 6 lbs. 43.8 

W / Starter† 1 qt. Mn 
complex 46.5 

Foliar MnSO4 1 application 1 lbs. 48.0* 
2 applications 2 lbs. 46.9* 

Foliar EDTA 1 application 16 oz. 46.4 

† Acid forming starter fertilizer source was 3-10-10 in 1990 and 10-34-0 in 
1991. 
* Indicates that the yield was significantly higher than the control yield. 
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 AY-276-W 

uniform cov erage of the foliage. In Ind iana stud ies, no 
ad v antages w ere found for using more than one application 
per season. W hen foliar spray s of chelates are used , follow 
the lab eled rate. U sing more than the lab el rate can cause 
foliar injury and red uce uptak e. 

C are should b e used w hen comb ining Mn sources w ith 
v arious pesticid es and carriers. Manganese sulfate spray s 
comb ined w ith certain pesticid es can cause plant d amage, 
and Mn chelates mix ed w ith some carriers can cause 
sev ere leaf b urn at higher rates. If there is some concern as 
to possib le crop d amage, ex periment w ith spray mix tures 
on small test areas prior to treating entire field . 

Gly p h o s a te An ta g o n is m : S ome soy b ean prod ucers hav e 
ob serv ed antagonism of gly phosate efficacy w hen it is tank -
mix ed w ith foliar Mn fertiliz ers. R esearchers in Michigan 
hav e b een stud y ing this antagonism and results suggest 
that soy b ean prod ucers hav e reason for concern. T hey 
found significant antagonism to occur w hen Mn sulfate w as 
the fertiliz er source. F or ex ample, 4 5 d ay s after spray ing 
gly phosate, control of common lamb sq uarter w as 90 % or 
b etter, b ut w hen Mn sulfate w as in the tank mix , only 2 0 % 
control w as achiev ed . U se of chelated Mn-E D T A minimiz ed 
or eliminated this antagonism. O ther factors that may b e 
important includ e the specific gly phosate formulation and 
the use of ad juv ants such as citric acid and d iammonium 
sulfate, w hich can eliminate the antagonism. 

A t present, research results are preliminary and suggest 
using Mn-E D T A and d iammonium sulfate w hen apply ing 
Mn w ith gly phosate. It should b e noted that not all strong 
chelators w ork ed eq ually w ell and some w ere no more 
effectiv e than Mn sulfate. F urthermore, if foliar Mn and 

gly phosate are to b e applied separately , then gly phosate 
should b e applied first. 

T his preliminary research stud ied the impact on the w eed 
control effectiv eness of the gly phosate and not on the 
effectiv eness of the Mn source in correcting the crop 
d eficiency . F uture stud ies w ill lik ely ad d ress b oth 
management ob jectiv es of this practice. 

ADDIT IONAL RESOURCES: 

B ennett, W . F . 1 994 . N utrient D eficiencies and T ox icities in 
C rop P lants. A merican P hy topathological S ociety P ress. S t. 
P aul, MN . 

B ernard s, M., K urt T helen, and D on P enner. —T he 
manganese fertiliz er antagonism of gly phosate story for 
2 0 0 2 “. Michigan S tate U niv ersity . A b stract found on the 
W eb at 
http://w w w .msu.ed u/user/thelenk 3 /A crob at/mngly .pd f (U R L 
v erified J uly 2 0 0 3 ). 

P urd ue C rop D iagnostic T raining and R esearch C enter. 
2 0 0 3 ed ition. C orn & S oy b ean F ield G uid e. W est L afay ette, 
IN . 

"T ri-S tate F ertiliz er R ecommend ations for C orn, S oy b eans, 
W heat and A lfalfa" E x tension B ulletin E -2 5 6 7 , R ep. A ugust 
1 996 , on the W eb at 
http://w w w .agcom.purd ue.ed u/A gC om/P ub s/A Y /A Y -9-
3 2 .pd f (U R L v erified J uly 2 0 0 3 ). 
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