
ISB¡(¡ 958-9183-80-8 
Series 04EB-07.03 

(OLECClON HIS 1O~1( h 



The Internariona! Cenrcr for Tropical 
Agricu!rure (CIAT. irs Spanish acronym) is 
ded icared ro rhe a1! eviarion of hunger and 
povcrry in devdoping counrries of rhe rropies by 
applying science ro agriculrure co ¡necease 
producrion while susraining rhe tlatural resource 

base. 
CIA T is one of 18 ior emari ona! agri eu!rura! 

research cent <::rs sponso red by che COl1suhari ve 
Group on Inrernariollal Agricultural Rescarch 

(CGIAR). 

The eore budger ofC!AT is fillaneeJ ~y 
19 donar counrries, internarional and regional 

developmenr organizarions, and privare 
foundarions. In 1993. CIAT donors illclude rhe 
gove",menrs of Ausrralia. Bdgium. Canada. 
China. France. Ccrmally. Iraly. Japan, 
Nerherlands. Norway. Spain, Sweden. 
Swirzerland. Unired Kingdom, and Unired 
Srares. CIAT donar organizJrions includ e the 
European Eeonomie Communiry (EEC). rhe 
Ford Foundarjoll , rhe Imer-American 
Developmenr Bank (IOB). and rhe World Bank. 

Informatian and condusions reponed hece 
do nar necessar il y fenece positio ns of any donor 
agencIes. 



ISBN 958-9\83-80-8 
Series 04EB-07.03 

Diagnosis of 
nutritional disorders 

in beans 
(Phaseolus vulgaris L;) ,.,.,v 

ti""', ... ~ _l " 
C. A. Flor • . n,;{,¡, ., 

J. Lynch ' 
::'V"J ~ _ L<. 

and C. S. Wortmánn ' 
I , 

"'IY-t- -<.~ 

~~LiOTECA ce. 6 ~ U Centro Internacional de Agricultura TropiCal 

," '7 7S3 
1 6 [1(" . 199~ 



Centro Internacional de Agricultura Tropical 
Apartado Aéreo 6713 
Cali, Colombia 

ClA T Publication No. 236 
ISBN 958-9183-80-8 
March, 1993 
Press rUIl : 200 
Printed in Colombia 

Ci[acion 
Flor, CA.; Lynch , J.; Wortmann, CS. Diagnosis 

of nu¡ricional disordcrs in beans (Phaseolus 
vulgaris L.). -- Cali, Colombia: Centro 
Internacional de Agricultura Tropical, 1993. 
34 p. En. -- (Series 04EB-07.03) 

1. Beans - ~ Nucrj¡ional disorders. 2. Beans-~ 

Diagnosis -~ Nuuicio nal disordcrs. 1. Flor. C. A. 11. 
Lynch , J. 111. Wortmann, CS. IV. Centro 
Internacional de Agriculcura Tropical. 



Contents 

Page 

Inrroduction ......................................... 1 

Nirrogen deficiency ............................... 4 

Phospnorus deficiency ........................... 6 

Potassium deficiency ............................. 6 

Calcium deficiency ................................ 8 

Magnesium deficiency ......... .. ... ...... ....... 8 

Sulfur deficiency ......................... ...... .. lO 

Iron deficiency .................................... 10 

Manganese deflciency .......................... 12 

Manganese roxiciry .. ..................... ... .... 12 

Zinc deflciency ................................... 14 

Copper deficiency ......... .. .................... 14 

Boron deflciency ........... .. .................... 16 

AJuminum roxiciry .............................. 18 

Toxiciry ro sodium and salts ............ .... 20 

Complexes of nutricional disorders ....... 20 

Phloem mobiliry of nurrienrs ...... ....... .. 22 

Examination of the soils ...................... 22 

Observations of the surroundings ......... 26 

Inrerview wirh the farmer ...... , ... .......... 30 

Planr tissue and so il analysis ................. 32 





Low soil feniliey levels and mineral 
imbalances are major consrraims (O bean 
productiviey. Symproms of nurrirional 
disorders due ro low nurrienr availabiliey, as 
well as roxic levels of Al and Mn, are 
frequendy observed on farmers' fields. 

Accurare diagnosis is required ro correer 
nutrirional disorders. Once rhe problem and 
irs causes are known, correcrive crop and soil 
managemem pracrices can be implemenred. 
(Figures 1,2) 

The diagnosis of nutrirional d isorders may 
involve one or more of seven sreps. 

These sreps are: 

l. Look ar the planr 

2. Examine the soil 

3. Look ar the surroundings 

4. 1 nterview rhe farmer 

5. Analyze planr nutriem comenr 

6. Perform soil chemical analysis 

7. Conducr confirmatoey and 
explorarory experimenrs. 
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Figure 1. Al toxicity. 
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The firs¡ step in nutritional diagnosis should 
be visual examination of the plam itself. 
Many nutritional diso rders manifest as 

eharaeteristie symptoms on leaves and roots. 

For example, the appearanee on the primary 
leaves of deficieney symptoms of several 
nutriems (Figure 3) have been characterized 

. enabling early diagnosis and treatmem. 

Nitrogen deficiency 

Nirrogen defi ciency is common in so ils with 
low organ ie marrer eomem, in leaehed sand y 
so ils and in siruatio ns where nirrogen 
fixation is redueed. Low nirrogen symp toms 
are most prominelH on rhe lower leaves 

(Figure 4 ) bur ge nerally oecur rh ro ughout rhe 
whole plams. Marure leaves rurn very ligh r 
green and rhen yellow. Leaf ehlorosis is 
uniform and necrosis may develop umil 
lower leaves fall from rhe planr. O verall 
plam developmelH is redueed. 
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Figure 3. Look at the plant. 
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Phosphorus deficiency 

Phosphorus deficiency is probably the mos( 
common nutritional disorder ofbeans. 
Phosphorus deficiency appears as small. 
dark-green leaves. (Figure 5). Older leaves 
may senesce and fall earlier than norm al. 
rlams have short imernodes and reduced 
branching (Figure G). rod number and 
grains per pod are redu ced. 

Potassium deficiency 

PotassiulTI deficiency in beans is not 
eommon but is oflocalized importance on 
sorne highly weathered and infertile so ils. 
Potassium deficiency causes interveinal 
chlorosis on older leaves whieh is most 
pronounced on the leaf margins and apexes. 
(Figure 7) 
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Figure 7. 
K deficiency. 
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Calcium deficiency 

Caleium deficiency is rypically associared 
wirh acid soils. Caleiulll deficiency primaril y 
affecrs roor growrh bU( can also SruIH shoor 
apical growrh (Figure 8). Youllger leaves, 
are cupped shaped or orherwise disroned. 
In severe cases rhe shoor Ill erisrelll dies. 

Magnesium deficiency 

Magnes iulll deficiency is associared wirh acid 
soils oflow base sarurarion. Ir has al so been 
obse rved on soils derived frolll voleanic 
ashes . Magnesiulll is very mobile in rhe 
plan¡ and Sylllproms are inirially obse rved on 
older leaves as a finely divided i/Herveinal 
chlorosis (Figure 9) 
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Figure 9. Mg deficiency. 
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SuIfur deficiency 

Symptoms of sulfur deficiency are rarely 
observed in bean crops. The deficiency is 
manifesred as generalized chlorosis rhar is 
somewhar less severe on rhe younger leaves 
(Figure 10). The symptoms are similar to 
rhose oflow ni¡rogen. 

Iron deficiency 

lron deficiency is associared wirh limestone
based so ils and high pH. Symptoms appear 
on younger leaves as finely divided 
inrerveinal chlo rosis ranging in color from 
lighr green to almosr whire (Figure 11). 
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Figure 10. S deficiency. 
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Manganese deficiency 

Manganese deficiencY 'can occur in organic 
soils or in mineral soils wirh a high pH. Ir 
appears as finely divided inrerveinal chlorosis 
on younger leaves (Figure 12). Foliar lamina 
may beco me wrinkled and morded wirh 
smallnecroric lesions. 

Manganese toxicity 

Beans are very sensirive ro manganese 
roxiciry. Manganese is absorbed by rhe 
planrs in rhe reduced form and rhis diso rder 
occurs on soils of moderarely low pH and on 
poorly drained soils. Ir is also a common 
problem on some volcanic soils. Symproms 
of manganese roxiciry vary, as can be 
observed in rhe leaves in Figure '13. 
Coml1lon symproms are inrervein al chlorosis 
on younger leaves and necrori c lesions on 
older leaves . 
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Figure 12. 
Mn deficiency. 

Figure 13. Mn toxicity. 
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Zinc defidency 

Zinc deficiency occurs in soils with high pH 
and ir may be induced by liming or heavy 
applications of phosphorus fertilizer on soils 
with low zinc availabiliey. Its symproms are 
expressed as interveinal ch lorosis of upper 
leaves which may progress ro leaf bronzing. 
Leaflets are elongared and leaf margins can 
be wavy (Figure 14). 

Copper deficiency 

Copper deficiency is rarely observed in the 
field, but can occu r on organic soils. Copper 
deficiency causes sruIHing and premarure 
senescence of younger leaves (Figure 15). 
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Figure 14. Zn deficiency. 

Figure 15. Cu deficiencr-
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Bocon deficiency 

Boron deficiency is found in sandy soils wich 
low organic marrer and high aluminum and 
iron levels; alluvial soils wich high pH and 
low boron content; and neucral or alkaline 
soils under droughc condicions and high 
luminous intensiry. Boron deficiency causes 
deformacion of che younger leaves and che 
growing point. Deach of che shooc apex can 
lead co proliferacion of laceral branches. 
Leaflecs may be deformed and che cexcure of 
che leaves is briccle. Poor rooc developmene 
is associaced wich chis deficiency. Symproms 
of boron deficiency in adule planes may be 
similar ro chose of common mosaic virus 
(Figure 16). 
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Aluminum toxicity 

A1uminum roxiciry is a commOIl disorder on 
acid soils. A1uminum roxiciry primarily 
affecrs roor growrh. inhibiring elongarion 
and resulring in proliferarion of adventirious 
roors. Leaves rurn yellow and necrotic. 
usually beginning wirh rhe margins of older 
leaves. Leaves have rough surfaces and are 
slighdy-cupped downward (Figure 17) . 

A1uminum toxiciry is ofren associared wirh 
phosphorus deficiency. Uprake of 
phosphorus is reduced because of low 
availabiliry in rhe so il and resrricred roor 
growth. 
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Toxicity ro sodium and salts 

Sal r roxiciry is mOSr prevalen¡ in semi-arid 
regions. Sodium roxiciry manifesr irself as 
necrosis beginning ar the leaf margins 
(Figure J 8). 

Complexes of nutritional disorders 

Ofeen rwo or more nurrirional disorders 
affect beans resulring in a complex of 
symproms. Figures J 9-22 show complexes 
involving deficiencies of P and Mg. N and 
Mg. N and B. and P. Ca and Mg. 
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Figure 19. P and 
Mg deficiency 
complex. 

Figure 21. N and B 
deficiency complex. 
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Figure 20. N and 
Mg deficiency 
complex. 

Figure 22. P, Ca 
and Mg deficiency 
complex. 



Phloem mobility of nutrients 

N urriencs rhar move readily in rhe ph loem 
pass easily ro young tissues, leaving 
deficiency symproms on older leaves. On 
the concrary, nutrienrs thar do nor move 
readily in rhe phloem will remain in older 
rissue, causing deficiency symproms in 
young, growing tissue. Table 1 shows rhe 
relarive mobiliry of mineral nllrrienrs in rhe 
phloem. 

Examinaríon of the soil 

Soil pH is a very importanc indicaror of 
nutrient availabiliry and can be easily 
measlIred in rhe field wirh pH paper or 
insrruments. Figure 23 shows rhe re\ative 
availabiliry of nurrienrs as influenced by soil 
f'H. Wider bands indicate greater nurrient 
availabiliry. Beans prefer soils from pH 5.5 
ro 7.0, which corresponds ro a range of good 
availabiliry of mosr nutrienrs. 
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Table 1. Relative phloem mobility 01 
mineral n utrients 

Mobile Intermediate Immobile 

N 
K 
Mg 
P 
S 
CI 

Fe 
Mn 
Zn 
Cu 
Mo 

on nutrient availability. 
23 

Ca 
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Soil color is an indication of nuuitional 
availability. Table 2 shows common 
relationships between soil color and nuuient 
availability. Exceptions occur and soil color 
should only be used [O supplement other 
diagnostic indicators. 

Soil (exture is associated with so il nutrient 
availabiliry. Table 3 shows associations of 
soíl texture with nutríent avaílabíliry. 
Exceptions occur and soil texture should 
only coroplement other diagnostic 
índicators. 
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Table 2. Nutrient status of soils, 
commonly associated with 
certain soil color 

Red, yellow 
Al toxicity 
P deficiency 
Ca, Mg deficiency 

White 
N deficiency 

B/ack 
Good fertility 
II volcanic P fixation, Mn toxicity 

Grey, green 
Mn Toxicity 

Table 3. Nutrient status 01 soils 
commonly associated wilh soil 
texlure 

Sandy 

Loamy 

G/ayey 

N leaching 
K leaching 

Good lertility 

Possible problems with aeration 
and rool 9 rowth 
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Observations of the surroundings 

The surroundings may give clues to the 
origin, or parent material, of the so ils. 

Parent material may influence nutrient 
availabiliry (Figure 24) , but many exceptions 
occur. 

Local terrain can be a useful indicator of 
nutrient availabiliry. Nutrients tend to 
accumulate in low SPOtS, while soils on 
slopes are often 'leached and shallow 
(Figure 25). . 
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Figure 24. Nutritional characteristics 
01 soil parenl material. 

Figure 25. Local terrain as indicator 
01 nutrient availability. 
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Observacions of the other species gtowing in 
association with beans may give additional 
clues to nutritional disorders (Figure 26). 
N ittogen and phosphorus deficiencies are 
readily expressed by maize plams. Banana 
plams show nitroge n deficiency symptoms 
befo re beans. The presence of ferns is an 
indicator of low so il pH and aluminum 
toxiciry. 
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Figure 26. Associated species 
as indicators 01 nutrient disorders. 

29 



In terview with the farmer 

The farmer can give valuable c1ues for the 
diagnosis of nutritional disorders 
(Figure 27). Useful topic guides may 
inelude: 

1. Managemem and conditions of currem 
crop, ineluding tillage practices, 
application of organic or inorganic 
fenilizer, weed control,pest problems, 
moisture availabiliry, etc; 

2. performance of other crop species and 
indicator plams at the site; 

3. responses of previous crops [O applied 
organic or inorganic fenilizers; 

4. longer-term trends in cropping and the 
effect on productivity; and 

5. extem of the disorders. 
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Plant tissue and soil analysis 

Planr nuuiell( concenrrations are affected by 
many factors other than nuuienr availability, 
but information on foliar nutrient 
concentrations often provide c1ues useful [O 

diagnosis. Soil analyses are useful in 
diagnosis. The informarion given in Tables 
4 and 5 are guides [O the incerpreration of 
resulrs of foliar and soil analyses, rhough rhe 
criricallevels vary wirh soil and environmenr 
ch'aracrerisrics. 
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Table 4. Level of mineral nulrilienls in foliar lissue of beans 

levels 
Oericient 

Element (Iess than) Adequate 

(%) 
Nitrogen 2.50 2.80-6.00 
Phosphorus 0.20 0.25-0.50 
Potassium t.50 t .80-2.50 

'" Calcium 0.50 0.80-3.00 

'" Magnesium 0.20 0.25-0.70 

(ppm) 
Iron 50 tOO-45O 
Zinc 15 20-100 
Manganese 20 30-300 
Boron 20 30-60 
Cooper 5 10-20 

Source:WilcoX and Fageria, 1976 

Toxic 
(more than) 

500 
200 
500 
200 
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Table 5. Approximalion of criticallevels 01 soil nutrients required by beans 

Analysis Method Crlticallevels 

Al saturation AI/(AI + Ca +Mg +K) x 100 10%' 50% 2 
P Bray I 11 ppm 

Bray 11 15ppm 
Olsen-EDTA 14 ppm 

North Carolina 13 ppm 
K Ammonium acetale, 1 N 0. 15 meql100 9 

w Mg Ammonium acetate, 1 N 2.0 meq/100 9 

.... Ca Ammonium acetate 4.5 meql100 9 
Conductivity Saturation extraet O.08dS/m 
Na saturation Ammonium acetate. 1 N 4% 

B Hat water 0.4 ppm 
Zn North Carolina 0.9ppm 
Mn North Carolina 5 ppm 
Cu 0 .5M-EDTA 0.6ppm 
Fe Ammonium acetate 2.0ppm 

pH Soill\lVater 1: 1 range 5 - 7.8 
optimum 5.5 - 6.5 

Toxicilies: I Mineral soil ¡ Organie soil 
SOUfC!!: Flor. 1989; Ha_Jet ftnd Medina, 1977 




