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The transition element molybdenum (Mo) 
is essential for biological systems, as it is required by 

enzymes catalyzing diverse, key reactions in the global C, S, 
and N metabolism. Th e metal is biologically inactive unless it 
is complexed by a special cofactor. With the exception of bacte-
rial nitrogenase (EC 1.18.6.1), where Mo is a constituent of 
the FeMo-cofactor, Mo is bound to a pterin, thus forming the 
molybdenum cofactor (Moco), which is the active compound 
at the catalytic site of all other Mo-enzymes. In eukaryotes, 
the most prominent Mo-enzymes are nitrate reductase (EC 
1.6.6.1), sulfi te oxidase (EC 1.8.3.1), xanthine dehydrogenase 
(EC 1.17.1.4), and aldehyde oxidase (EC 1.2.3.1) (Mendel and 
Bittner, 2006). Loss of Mo-dependent enzyme activity impacts 
plant development, in particular those processes involving N 
metabolism and the synthesis of phytohormones. Molybdenum 
fertilization through foliar sprays can eff ectively supplement 
internal Mo defi ciencies and rescue the activity of moybdoen-
zymes (Kaiser et al., 2005).

In Brazil, irrigated common bean (Phaseolus vulgaris L.) 
under conventional tillage system is usually fertilized with 20 

to 30 kg N ha−1 applied at sowing and 50 to 120 kg N ha−1 as 
topdressing before fl owering (personal observations). At Zona 
da Mata, a region in the State of Minas Gerais, Brazil, foliar 
spraying of Mo has been successfully used on common bean in 
soil with native strains of Rhizobium instead of N topdressing 
(Vieira et al., 1992; Amane et al., 1999; Vieira et al., 2005). 
Common bean yields attained from plants fertilized with N 
(20–25 kg ha−1), K, and P at sowing, plus foliar spraying of Mo, 
can be 200% higher in comparison with yields obtained from 
plants not fertilized with topdressing N nor with Mo (Vieira et 
al., 1992; Berger et al., 1995, 1996; Amane et al., 1999; Pessoa 
et al., 2000). In this region, when 24 kg N ha−1 is applied at 
sowing, the best time for Mo application to common bean is 
between 14 and 28 d aft er emergence, with the highest yields 
being obtained with 80 to 90 g Mo ha−1 (Berger et al., 1996). 
Despite the advantages of using foliar application of Mo on 
common bean, many Minas Gerais farmers have no access to 
this technology, either because they are not familiar with it or 
because there is no Mo fertilizer available locally, or for both 
reasons. One strategy to solve this problem would be to provide 
farmers with Mo-rich seeds. Field researcher studies on com-
mon bean (Brodrick et al., 1992; Vieira et al., 2005; Leite et al., 
2009) and soybean (Harris et al., 1965; Gurley and Giddens, 
1968; Milani et al., 2008; Campo et al., 2009) showed that 
this strategy works, but the amount of Mo in common bean 
seed necessary to complement Mo uptake by plants from soil 
is still unknown. A practical way to produce Mo-rich common 
bean seeds is spraying plants from which they will be harvested 
with high rates of Mo, as demonstrated by Vieira et al. (2005) 
in Zona da Mata. Th ese authors showed that foliar applica-
tion of Mo at 1440 g ha−1 increased seed Mo content 13-fold, 
compared with seeds harvested from unsprayed plants (0.096 
vs. 1.272 μg Mo seed−1). In a Mo- and N-poor soil and without 
topdressing N fertilization, irrigated plants from Mo-rich 
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seeds yielded higher (2624 kg ha−1) than those from Mo-poor 
seeds (1772 kg ha−1). Nevertheless, 1.272 μg Mo seed−1 was 
not suffi  cient to maximize yield, since plants grown from these 
seeds and sprayed with Mo yielded 3017 kg ha−1, whereas those 
unsprayed with Mo yielded 2624 kg ha−1 (P < 0.05).

Our aim was to test the hypothesis that 3.639 ± 0.751 μg 
Mo seed−1 suffi  ciently complement Mo uptake from soil by 
irrigated common bean crop.

MATERIALS AND METHODS
Field Sites

Th ree fi eld experiments with the common bean cultivar 
Pérola were conducted in Mo- and N-defi cient soils in Zona 
da Mata. Two were conducted during the summer–fall season 
(February–May): one at the experimental station of Minas 
Gerais Agricultural Research Institute in Oratórios and the 
other at the experimental station of Federal University of 
Viçosa in Coimbra. Th e Oratórios experiment was located at 
20°24'12.8” S, 42°49'08.7” W, and at 478 m elevation; the 
Coimbra experiment was located at 20°49'44.3” S, 42°45'47.5” 
W, and at 716 m elevation. Th e third experiment was con-
ducted during the fall-winter season (April–July) in Coimbra, 
at a distance of approximately 100 m from the experiment 
performed in the summer–fall season. Th e regional climate is 
classifi ed as Cwa (subtropical warm with dry winter) by the 
Köeppen’s classifi cation. Th e soils of these areas are a clayey 
dystrophic Red–Yellow Argisol (Ultisol) with 1 to 5% slope. 
Th ese soils have been cultivated over 20 yr with corn (Zea mays 
L.) or fallow system during the spring–summer season and 
common bean or fallow system during the fall–winter season. 
Soil was prepared with disc plow followed by heavy-disc har-
row twice. Th e soil chemical analysis results are presented in 
Table 1.

Experimental Details

Th e performance of plants that originated from seeds with 
small (0.007 ± 0.007 or 0.248 ± 0.057 μg Mo seed−1) or large 
(3.639 ± 0.751 or 6.961 ± 1.844 μg Mo seed−1) seed Mo con-
tents was tested. Th ese seeds, with an average 100-seed weight 
of 23 g, were harvested from plants sprayed with 0, 90, 1000, 
and 4000 g Mo ha−1, respectively, in a soil with pH value of 
5.2. Th e Mo rate of 90 g ha−1 is recommended for foliar spray-
ing of common bean in Zona da Mata, aiming to maximize 
yield with Mo fertilization (Berger et al., 1996). Th is Mo rate 
was sprayed at V4 growth stage (third trifoliate leaf) (Van 
Schoonhoven and Pastor-Corales, 1987). Th e Mo rates of 1000 
and 4000 g ha−1 were sprayed 25% at V4, 25% at R5 (pre-fl ow-
ering), 25% at R6 (fl owering), and 25% at R7 (pod-formation). 
Seed production details can be found in Vieira et al. (2010). 
Th e plants grown from seeds with the four Mo contents were 
either sprayed with Mo solution at 90 g ha−1 at V4 stage or 
unsprayed. Th erefore, a 4 × 2 factorial arrangement was used. 
Sodium molybdate (Na2MoO4⋅2H2O) was the source of Mo, 
which was sprayed on the plants with a handheld CO2 sprayer 
delivering 251 L ha−1 at 207 kPa using two hollow-cone XR 
11002 nozzles spaced 0.5 m apart. A plastic sheet was used to 
avoid drift  and possible contamination of the plots near the 
treated plot. Treatments were replicated six times in a random-
ized complete block design.

Fift een seeds m–1 were sown in rows 0.5 m apart. Pérola is a 
small-seeded genotype (Mesoamerican pool) of “carioca” grain 
class (cream-striped) widely cultivated in Brazil with indeter-
minate growth habit (type IIIa). Each plot had four 4 m-long 
rows. A basal fertilization of 25 kg N ha−1, 38 kg P ha−1, and 42 
kg K ha−1 was applied in the furrow during planting time. Rhi-
zobium inoculation was not performed in any experiment, but 
the soils were naturally infested by native strains. No topdress-
ing N was applied. Disease and pest control were performed 
with fungicide and insecticide, and weeds were controlled with 
the post-emergence herbicides fomesafen at 0.25 kg ha−1 and 
fl uazifop-p-butyl at 0.20 kg ha−1, according to the technical 
recommendation for the crop (Silva and Peloso, 2006). Over-
head sprinkler irrigation was provided at 2-d intervals aft er 
sowing for good and uniform seedling emergence. Th ereaft er, 
irrigation supplemented rainfall so that the plots received at 
least 4.0 cm of water each week.

Plant Measurements

Leaf chlorophyll content was used as an indirect indicator 
of the plants’ N status. Chlorophyll meter readings (SPAD-
502, Minolta Co. Ltd., Osaka, Japan), or SPAD values, were 
taken on the fully expanded functional leaves. Ten leaves were 
measured randomly per plot and averaged to a single SPAD 
value for each treatment. Measurements were made at a central 
point of the leafl et between the midrib and the leaf margin. 
In the two experiments conducted during the summer–fall 
season, the SPAD values were taken at R6 growth stage; in 
the experiment conducted during the fall–winter season, at 
R6 and R8 (pod-fi lling) stages. All measurements were made 
between 0900 and 1000 h. At R6, the same 10 leaves used to 
estimate leaf chlorophyll content were collected for total N 
determination using the Kjeldahl method (Horowitz, 1970). 
Canopy closure was evaluated visually at either R6 or R7 stage 
(summer–fall season) and at R8 stage (fall–winter season) by 
observing each plot from one end (looking down the rows) 

Table 1. Soil characteristics at a depth of 0 to 20 cm in the 
three experiments carried out in two counties of Zona da 
Mata, Minas Gerais, Brazil.

Soil characteristic†

Oratórios
(summer–
fall season)

Coimbra 
(summer–
fall season)

Coimbra 
(fall–winter 

season)
pHH2O (1:2.5) 6.4 5.5 5.6
P, mg dm−3 23.2 8.1 42.4
K, mg dm−3 183 52 111
Al, cmolc dm−3 0.0 0.0 0.0
Ca, cmolc dm−3 2.4 2.3 1.9
Mg, cmolc dm−3 1.0 0.9 0.8
Organic matter, dag kg−1 1.6 2.5 2.2
Base saturation, % 75 50 50
H + Al, cmolc dm−3 1.32 3.30 2.97
Zn, mg dm−3 21.4 7.0 3.3
Fe, mg dm−3 134.1 170.4 75.0
Mn, mg dm−3 154.3 152.7 85.8
Cu, mg dm−3 5.2 4.1 2.4
B, mg dm−3 0.28 0.28 0.23

† P, K, Zn, Fe, Mn and Cu were extracted with Mehlich-1. Al, Ca and Mg were 
extracted with KCl 1 mol L-1. Organic matter: C × 1.724- Walkley–Black 
method. Base saturation = [(K + Ca + Mg)/Tcec] × 100, where Tcec = K + Ca + 
Mg + total acidity at pH 7.0 (H + Al). H + Al were extracted with calcium acetate 
0.5 mol L-1 at pH 7.0. B was extracted with hot water.



Agronomy Journa l  •  Volume 103, Issue 6 •  2011 1845

and visually estimating the proportion of soil surface visible 
between the rows (100% representing complete soil coverage) 
(Kane and Grabau, 1992). Plants in the two middles rows of 
each plot were counted during harvesting at R9 stage (at least 
80% of the pods were yellow or ripe). Seed yield was deter-
mined based on all the plants harvested and counted, and was 
reported on a 120 g kg−1 moisture content.

Statistical Analysis

Analysis of variance of the data was performed using the 
Sistema para Análises Estatísticas (SAEG) soft ware program 
(Universidade Federal de Viçosa, Viçosa, Brazil) (Ribeiro, 
2001). A P = 0.25 was used for interpretation of the interac-
tions “for experiment” and a usual P = 0.05 was used for eff ect 
“for comparisons,” as recommended by Perecin and Cargn-
elutti Filho (2008). Th e F-test was used to determine diff er-
ences between means of Mo treatments and Duncan’s Multiple 
Range Test (DMRT) at 5% level for comparison among means 
within Mo contents in seed.

RESULTS
Oratórios Experiment (Summer–Fall Season)

Molybdenum content in seed [F (3, 35) = 0.39], Mo treat-
ment [F (1, 35) = 0.77], and its interaction [F (3, 35) = 0.61] 
did not aff ect (P > 0.05) the fi nal plant population (mean = 
246 thousand plants ha–1, CV = 10.1%).

Foliar application of Mo increased SPAD values and N con-
centration in leaves (Table 2), and it provided greater canopy 
closure at R7 growth stage (70 vs. 61%, P < 0.05) in plants 
originated from seeds with 0.007 μg Mo seed−1 compared with 
unsprayed plants. Th us, plants sprayed with Mo grown from 
the smallest seed Mo content yielded 30% more than unsprayed 
plants (Table 3). Molybdenum treatments did not aff ect SPAD 
values (Table 2) and canopy closure (data not shown) of plants 
grown from seeds with 0.248 μg Mo seed−1. However, foliar 
application of Mo increased N concentration in leaves by 19% 
(Table 2) and seed yield by 47% (Table 3) in plants from seeds 
with 0.248 μg Mo seed−1 compared with unsprayed plants. 
Molybdenum treatments did not aff ect SPAD values, N con-
centration in leaves (Table 2), canopy closure (data not shown), 
or seed yield (Table 3) in plants grown from seeds with large 
Mo contents.

Molybdenum contents in seed did not aff ect SPAD values 
and N concentrations in leaves (Table 2) in unsprayed plants. 
However, unsprayed plants originated from seeds with 6.961 μg 
Mo seed−1 yielded 30% more than plants originated from seeds 
with small Mo content (Table 3). Th e yield of the former plants 
did not diff er signifi cantly from that of plants grown from 
seeds with 3.639 μg Mo seed−1. Molybdenum content in seeds 
did not aff ect the variables when plants were sprayed with Mo 
(Tables 2 and 3).

Coimbra Experiment (Summer–Fall Season)

Foliar application of Mo increased SPAD values and N con-
centration in leaves in plants grown from seeds with small Mo 
contents in comparison with unsprayed plants (Table 4). Plants 
sprayed with Mo grown from seeds with 0.248 μg Mo seed−1 
had greater canopy closure at R6 growth stage compared with 
unsprayed plants (42 vs. 35%, P < 0.05).

Molybdenum contents in seeds did not aff ect SPAD values, 
N concentration in leaves (Table 4), or canopy closure (data 
not shown) in plants sprayed with Mo. However, without Mo 
application, seeds with large Mo contents originated plants 
with higher SPAD values, higher N concentration in leaves, 
and greater canopy closure than plants grown from seeds with 
small Mo contents. Final plant population and seed yield were 
not evaluated due to the low and irregular plant density.

Table 2. Molybdenum (Mo) content in seed (means ± SD) × 
Mo treatment interaction on SPAD values (outside the paren-
theses) and N concentration in leaves (between parentheses), 
both taken at fl owering of the common bean during the sum-
mer–fall season, Oratórios, 2005.

Mo content
Mo treatment†

Difference‡Sprayed Unsprayed
μg seed–1 (dag kg−1)

0.007 ± 0.007 42.0 (4.45) 40.7 (3.80) 2.2* (0.65*)
0.248 ± 0.057 42.2 (4.43) 41.7 (3.73) 0.5ns§ (0.70*)
3.639 ± 0.751 42.8 (4.19) 42.5 (3.87) 0.3ns (0.32ns)
6.961 ± 1.844 41.4 (4.05) 42.4 (4.14) −1.0ns (−0.09ns)
CV(%) 4.4 (11.3)

* P ≤ 0.05.
† Difference among means in the columns are not signifi cant (P > 0.05). 
Sprayed = 90 g Mo ha–1.
‡ Comparison of Mo treatments within each Mo content in seed.
§ ns, not signifi cant at P ≤ 0.05.

Table 3. Molybdenum (Mo) content in seed (means ± SD) × Mo 
treatment interaction on seed yield of the common bean dur-
ing the summer–fall season, Oratórios, 2005.

Mo content
Mo treatment†

Difference‡Sprayed Unsprayed
μg seed–1 kg ha−1

0.007 ± 0.007 2144 1654 b 490.5*
0.248 ± 0.057 2461 1671 b 790.2**
3.639 ± 0.751 1930 1843 ab 87.3ns§
6.961 ± 1.844 2141 2162 a −20.9ns
CV(%) 15.9

* P ≤ 0.05.
** P ≤ 0.01.
† Means (n = 6) followed by the same letter within the column are not signifi -
cantly different (P ≤ 0.05, DMRT). Sprayed = 90 g Mo ha–1.
‡ Comparison of Mo treatments within each Mo content in seed.
§ ns, not signifi cant at P ≤ 0.05.

Table 4. Molybdenum (Mo) content in seed (means ± SD) x 
Mo treatment interaction on SPAD values (outside the paren-
theses) and N concentration in leaves (between parentheses), 
both taken at fl owering of the common bean during the sum-
mer–fall season, Coimbra, 2005.

Mo content
Mo treatment†

Difference‡Sprayed Unsprayed
μg seed–1 (dag kg−1)
0.007 ± 0.007 40.3 (4.39) 34.9 b (3.29 b) 5.4** (1.10**)
0.248 ± 0.057 40.0 (4.21) 35.7 b (3.20 b) 4.3** (1.01**)
3.639 ± 0.751 39.2 (4.17) 38.7 a (3.86 a) 0.5ns§ (0.31ns)
6.961 ± 1.844 39.9 (4.12) 38.6 a (4.01 a) 1.3ns (0.11ns)
CV(%) 4.4 (6.9)

** P ≤ 0.01.
† Means (n = 6) followed by the same letter within a column are not signifi cantly 
different (P ≤ 0.05, DMRT). Sprayed = 90 g Mo ha–1.
‡ Comparison of Mo treatments within each Mo content in seed.
§ ns, not signifi cant at P ≤ 0.05.



1846 Agronomy Journa l  •  Volume 103, Issue 6 •  2011

Coimbra Experiment (Fall–Winter Season)
Molybdenum content in seed [F (3, 35) = 0.62], Mo treat-

ment [F (1, 35) = 0.53], and its interaction [F (3, 35) = 0.70] did 
not aff ect (P > 0.05) fi nal plant population (mean = 278,000 
plants ha–1, CV = 5.0%). No signifi cant eff ect was found (P > 
0.05) of Mo content in seed [F (3, 35) = 0.65], Mo treatment 
[F (1, 35) = 0.12] or its interaction [F (3, 35) = 1.74] on the N 
concentration in leaves (mean = 3.57 dag kg−1, CV = 8.0%).

Foliar application of Mo increased SPAD values at both R6 
and R8 growth stages in plants grown from seeds with 0.007 
μg Mo seed−1, compared with unsprayed plants (Table 5). 
Molybdenum contents in seed did not aff ect SPAD values of 
plants at R6 growth stage in sprayed plots. However, at R8 
growth stage, plants originated from seeds with the smallest 
Mo content had higher SPAD value than those from seeds with 
both 0.248 and 6.961 μg Mo seed−1. In unsprayed plots, plants 
originated from seeds with 6.961 μg Mo seed−1 had higher 
SPAD values than those from seeds with 0.007 μg Mo seed−1 at 
R6 growth stage and from both 0.007 and 0.248 μg Mo seed−1 
at R8 stage. Canopy closure was greater in the plants unsprayed 
with Mo grown from seeds with 3.639 μg Mo seed−1 compared 
with sprayed plants (Table 6). In the plots sprayed with Mo, 
the contents of this micronutrient in the seeds did not aff ect 
canopy closure. However, unsprayed plants grown from seeds 

with 3.639 μg Mo seed−1 had greater canopy closure than 
plants grown from seeds with small Mo content.

Plants originated from seeds with 0.007 μg Mo seed−1 sprayed 
with Mo yielded 16% more than unsprayed plants (Table 6). 
In contrast, unsprayed plants grown from seeds with 3.639 Mo 
seed−1 yielded 22% more than sprayed plants. In plots sprayed 
with Mo, yield of plants originated from seeds with 6.961 μg Mo 
seed−1 was higher than from those grown from seeds with both 
0.248 and 3.639 μg Mo seed−1. In unsprayed plots, plants grown 
from seeds with 3.639 Mo seed−1 yielded more than those from 
seeds with other Mo contents.

DISCUSSION
Results showed that irrigated plants fertilized with 25 kg 

N ha−1 at sowing grown from common bean seeds with either 
3.639 ± 0.751 or 6.961 ± 1.844 μg Mo seed−1 do not respond 
to foliar application of Mo in terms of plant N status, plant 
growth, or seed yield. Th ese results support our hypothesis 
that 3.639 ± 0.751 μg Mo seed−1 can suffi  ciently complement 
Mo uptake by plants from soil. Th is statement should not be 
extended to no-tillage system, because N requirement by com-
mon bean under this system is higher than under conventional 
tillage system (Silva and Silveira, 2000; Farinelli et al., 2006). 
Molybdenum -rich seeds allow plants to have an early source 
of the micronutrient relative to foliar application, a factor that 
could improve N2 fi xation during the initial growth stage. Th e 
common bean is considered poor in fi xing atmospheric N, with 
an average of N2 fi xed at farmers’ fi eld of 15 kg shoot N ha−1, 
whereas soybean [Glycine max (L.) Merr.] can fi x an average of 
137 kg shoot N ha−1 (Peoples et al., 2009). However, in Zona 
da Mata, native rhizobia have been very eff ective when suf-
fi cient Mo is available for plants (Vieira et al., 1992; Berger et 
al., 1996; Amane et al., 1999; Pessoa et al., 2000), because this 
micronutrient increases the nitrogenase activity and extends 
the period of high nitrate reductase activity, thus increasing 
total shoot N content (Vieira et al., 1998a, b; Pessoa et al., 
2001). Yields attained with foliar spraying of Mo have been 
similar to those achieved with topdressing N fertilizer up to 90 
kg ha−1 (Amane et al., 1999). Further studies are necessary to 
investigate and understand the link between local indigenous 
strains of nodulating bacteria and Mo fertilization in soils of 
Zona da Mata. Besides the benefi cial eff ects of Mo on N nutri-
tion, plants sprayed with Mo (20 g ha−1) are less impaired by 
angular leaf spot caused by the fungus Pseudocercospora griseola 
(Sacc.) Crous & Braun as compared with those unsprayed with 
Mo (Jesus et al., 2004).

Results of this study were obtained in Mo- and N-defi cient 
soils with pH values in water of 6.4, 5.5, and 5.6. Th ese pH 
values, as well as the soil fertilities (Table 1), are in the range 
of those generally reported in production areas of Zona da 
Mata where common bean is irrigated. Every unit increase 
above pH 3, MoO4

−2 solubility increases approximately 100-
fold, primarily through decreased adsorption of metal oxides 
(Lindsay, 1979). Even in the soil with a pH of 6.4, plants 
grown from Mo-poor seeds yielded more (Table 3) when 
sprayed with Mo, compared with unsprayed plants. Com-
mon bean response to foliar application of Mo in soil with 
pH above 6.0 also was obtained in other works conducted 
in Zona da Mata (Berger et al., 1996; Coelho et al., 1998; 

Table 5. Molybdenum (Mo) content in seed (means ± SD) × Mo 
treatment interaction on SPAD values taken at fl owering (R6, 
outside the parentheses) and pod-fi lling (R8, between paren-
theses) of the common bean during the fall–winter season, 
Coimbra, 2005.

Mo content
Mo treatment†

Difference‡Sprayed Unsprayed
μg seed–1

0.007 ± 0.007 43.7 (49.4 a) 42.0 b (46.5 bc) 1.7* (2.9**)
0.248 ± 0.057 43.0 (47.4 b) 43.0 ab (46.1 c) 0.0 (1.3ns§)
3.639 ± 0.751 43.6 (47.8 ab) 43.7 ab (48.0 ab) −0.1ns (−0.3ns)
6.961 ± 1.844 43.3 (47.3 b) 44.5 a (48.8 a) −1.2ns (−1.5ns)
CV(%) 2.8 (3.0)

* P ≤ 0.05.
** P ≤ 0.01.
† Means (n = 6) followed by the same letter within a column are not signifi cantly 
different (P < 0.05, DMRT). Sprayed = 90 g Mo ha–1.
‡ Comparison of Mo treatments within each Mo content in seed.
§ ns, not signifi cant at P ≤ 0.05.

Table 6. Molybdenum (Mo) content in seed (means ± SD) × Mo 
treatment interaction on canopy closure at pod-fi lling (outside 
the parentheses) and seed yield (between parentheses) of the 
common bean during the fall–winter season, Coimbra, 2005.

Mo content
Mo treatment†

Difference‡Sprayed Unsprayed
μg seed–1 % kg ha–1 % kg ha–1 % kg ha–1

0.007 ± 0.007 81.7 (2165 ab) 80.8 b (1866 b) 0.9ns§ (299*)
0.248 ± 0.057 82.5 (2011 b) 82.5 b (1950 b) 0.0 (61ns)
3.639 ± 0.751 81.7 (1931 b) 87.5 a (2351 a) −5.8* (−420**)
6.961 ± 1.844 86.7 (2272 a) 85.0 ab (2080 b) 1.7ns (192ns)
CV(%) 4.6 (9.8)
* P ≤ 0.05.
** P ≤ 0.01.
† Means (n = 6) followed by the same letter within the column are not signifi -
cantly different (P < 0.05, DMRT). Sprayed = 90 g Mo ha–1.
‡ Comparison of Mo treatments within each Mo content in seed.

§ ns, not signifi cant at P ≤ 0.05.
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Amane et al., 1999; Vieira et al., 2005), indicating low Mo 
availability in the soils of this region for plants.

Many farmers have taken advantage of the foliar applica-
tion of Mo on the common bean. We believe that with the 
production of Mo-rich seeds, the benefi ts of Mo fertilization 
will reach those farmers who have no access to Mo fertilizer 
and also those unaware of Mo fertilization benefi ts. For the 
production of seeds with 3.6 μg Mo seed−1, 1 kg ha−1 of Mo 
was sprayed on plants (Vieira et al., 2010). Th is technology 
might raise doubt concerning a toxic eff ect of this high rate of 
Mo applied on plants. However, in studies conducted in Brazil 
in which Mo rates between 1 and 4 kg ha–1 were used, the com-
mon bean yield was not aff ected (Leite et al., 2007; Vieira et al., 
2005, 2010). Because seeds from bean-production areas varied 
from 0.002 to 9.3 μg Mo seed−1 (Brodrick et al., 1995), we infer 
that seeds with around 3.6 μg Mo seed−1 are not a public health 
risk if consumed. Th e cost of 1 kg ha−1 of Mo is approximately 
US$70. Application cost can be avoided when Mo is mixed 
with a pesticide solution. Assuming a common bean yield of 
2000 kg ha−1, the cost of 1 kg of seed would be just US3.5 
cents. Th is low seed-production cost makes it attractive for 
seed producers to use this technology. Th ere is little (Gurley 
and Giddens, 1968) or no (Vieira et al., 2005) carryover of Mo 
into second-generation seed. Th us, farmers should buy Mo-rich 
seeds every year. Th e use of mineral N is expensive, in addition 
to entailing some environmental pollution when used con-
tinuously. Excessive nitrate concentration in groundwater can 
have toxic eff ects when used as drinking water, and it causes 
eutrophication in surface waters. Gaseous N losses in the form 
of N2O are an important factor in global warming and in the 
destruction of the stratospheric ozone layer, whereas ammonia 
volatilization contributes to soil acidifi cation and eutrophica-
tion (Buczko et al., 2010).

Yields of approximately 2200 kg ha−1, achieved in the two 
experiments in which yields were evaluated (Tables 3 and 
6), are similar to the average common bean yield in irrigated 
areas in Brazil (Conab, 2010). Some farmers, however, have 
achieved yields as high as 3000 kg ha−1. In the study conducted 
by Vieira et al. (2005), the common bean plants grown from 
seeds with 1.272 μg Mo seed−1 and sprayed with 90 g Mo ha−1 
had 3.85 dag N kg−1 in leaves and yielded 3017 kg ha−1. In 
unsprayed plots, however, both variables decreased (P < 0.05): 
3.51 dag kg−1 and 2624 kg ha−1. For comparison, in plants 
grown from seeds with 0.08 μg Mo seed−1 (small Mo content), 
N concentrations in leaves were 4.06 (sprayed plots) and 2.99 
dag kg−1 (unsprayed plots), and yields were 2513 (sprayed) and 
1772 kg ha−1 (unsprayed). In the present study, unsprayed 
plants originated from seeds with 3.639 μg Mo seed−1 
had between 3.45 (Coimbra, fall–winter season) and 3.87 
dag N kg−1 in leaves (Table 2). Th e SPAD values ranged from 
38.7 (Table 4) to 43.7 (Table 5) at fl owering. Th ese N con-
centrations in leaves are in the range considered adequate for 
common bean (Malavolta et al., 1997), and the probability of 
the “Pérola” with those SPAD values to respond to topdress-
ing N is considered low by Silveira et al. (2003). Chlorophyll 
meter readings correlated well with leaf N concentration 
(Schepers et al., 1992). Based on these results, we believe that 
3.639 μg Mo seed−1 [the double of Mo content in seeds used 
by Vieira et al. (2005)] would be suffi  cient to support yields 

as high as 3000 kg ha−1 in common bean cultivated in low 
Mo- and N-soil in Zona da Mata with only 25 kg N ha−1 at 
planting time.

Results from the Coimbra experiment (fall–winter season) 
suggest that spraying plants with 90 g Mo ha−1 may impair 
plant growth and yield (Table 6) when seeds with 3.639 μg 
Mo seed−1 were used. However, sprayed plants grown from 
seeds with 6.961 μg Mo seed−1 were not impaired. We did 
not fi nd an explanation for these results, considering that Mo 
does not impair common bean yield when plants grown from 
Mo-poor seeds are sprayed with Mo rates as high as 4 kg ha−1 
(Vieira et al., 2010). Nevertheless, it may be assumed that when 
Mo-rich seed are used, the rate of Mo sprayed on plants to 
maximize yield should be low, maybe 10 to 20 g ha−1. Also in 
the Coimbra experiment, we found seeds with 0.248 μg Mo 
seed−1 originated plants less responsive to foliar application of 
Mo than plants grown from seeds with 0.007 μg Mo seed−1 
(Tables 5 and 6). Th ese results indicate that, in some situa-
tions, seeds harvested from plants sprayed with Mo at 90 g ha−1 
(recommended rate for foliar application in Zona da Mata 
to maximize yield with this micronutrient) have more yield 
potential than those harvested from unsprayed plants. Th is 
information is relevant, because many farmers that spraying 
Mo on common bean plants keep part of the seeds from their 
own crop for sowing in the next season.

Studies performed in Brazil showed that seeds harvested 
from plants sprayed with Mo have higher physiological quality 
than those harvested from unsprayed plants (Meireles et al., 
2003; Ascoli et al., 2008; Leite et al., 2009). Leite et al. (2009) 
tested the physiological quality of the common bean seeds with 
0.097 to 3.158 μg Mo seed−1, for small-seeded genotype, and 
with 0.072 to 6.767 μg Mo seed−1, for large-seeded genotype. 
Th ese authors found that seeds with 2.2 μg Mo seed−1, for 
small-seeded genotype, and 3.1 μg Mo seed−1, for large-seeded 
genotype, had the highest physiological quality. In a fi eld 
experiment performed in Northern Zambia, seeds of both 
large- and small-seeded genotype had lower germination per-
centage (P < 0.05) with small Mo content (1.41 μg Mo seed−1 
for large-seeded genotypes and 0.13 μg Mo seed−1 for small-
seeded genotypes) compared with seeds with large Mo content 
(3.57 and 1.64 μg Mo seed−1, respectively) (Brodrick et al., 
1992). Although in the present study we have tested small-
seeded genotype with both smaller (0.007 μg seed−1) and larger 
Mo content (6. 961 μg seed−1) than the seeds used by Brodrick 
et al. (1992) and Leite et al. (2009), no reduction in fi nal plant 
population was observed. Irrigation at 2-d intervals aft er 
sowing for good and uniform seedlings emergence may have 
masked diff erences in seed physiological quality.

In conclusion, the study showed that seeds with 3.639 ± 
0.751 μg Mo seed−1 can suffi  ciently complement Mo uptake 
by plants from soil. Further studies comprising other Mo-poor 
soils under diff erent tillage systems and yield levels are required 
to refi ne this conclusion.
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