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Abstract 
The aim of this study was to evaluate the physiological quality and seed produc-
tion of Fabaceae and corn in monoculture and intercropping in areas cropped 
under different management. The following treatments were evaluated: corn + 
NPK + weed control; corn + weed control; corn + NPK; corn + crotalaria; 
corn + jack bean. Intercropping raised the average number of corn ears of 
corn and the seed IVG Weed control positively influenced the final stand and 
average number of ears. NPK fertilization on corn sowing positively influ-
enced the seed electrical conductivity. The yield of corn plants intercropped 
with crotalaria and jack bean was statistically similar. However, their absolute 
values should be considered for economic purposes. Corn seeds derived from 
intercropping with crotalaria were more effective compared with intercrop-
ping with jack bean. Crotalaria and jack bean seeds when intercropped with 
corn have high production, germination and vigor (IVG and emergence). 
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1. Introduction 

Intercropped corn and Fabaceae seed production is an important alternative for 
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family farmers in the economic sustainability of their production units. Fabaceae 
seeds have a high market price, which provides this type of producer with the 
possibility to produce them instead of buying. However, many of the farmers 
who own smaller areas are reluctant to produce Fabaceae seeds in monoculture, 
mainly because it decreases the food production area while intercropping with 
corn is not always adopted because of the lack of information about its viability. 
Thus, intercropped areas for quality Fabaceae seed production are not seen in 
the field, mainly due to the fear of causing a drop in corn yields and economic 
losses. 

This type of management has advantages, such as recovery of low-fertility 
soils, increased yield and a reduced machinery use, which, in family farming, is 
an extremely important factor, since there is a considerable reduction in produc-
tion costs and increase in production. The use of green manures improves the 
physical and chemical characteristics of the soil and yield in various crops. The 
contribution to soil fertility by nutrient supply is one of the qualities expected of 
the use of green manure. Fabaceae contributes with nitrogen fixing, increasing 
and maintaining nitrogen in the soil [1] [2]. 

According to the Brazilian Enterprise for Agricultural Research [3], hybrids 
have high vigor and yield in the first generation (F1), so that hybrid seeds need 
to be purchased every year. If the harvested grains were seeded, depending on 
the type of the hybrid, there will be a 15% - 40% reduction in yield due to vigor 
loss and the great variation between plants. In spite of this reduction, many 
producers continue sowing the second-generation hybrid (F2). Therefore, re-
search into the quality of these seeds is important. 

The use of quality seeds provides crop formation without failure and with 
adequate plant population, as well as improved uniformity, easier harvesting, 
pest disease and lodging resistance (which also facilitates harvesting), and better 
soil and climate adaptation, resulting in higher yields [4]. 

Thus, the objective of the present study was to evaluate the physiological qual-
ity and the seed production of Fabaceae and corn in monoculture and inter-
cropped areas cropped under different management. 

2. Material and Methods 

The experiment was conducted in the 2011/2012 spring/summer period, at the 
Research and Extension Support Unit (“Unidade de Apoio a Pesquisa e Ex-
tensão”) of the [State University] Universidade Estadual do Norte Fluminense 
Darcy Ribeiro, in Campos dos Goytacazes/RJ, Brazil. The soil is a Haplic Cam-
bisol, according to the Brazilian System of Soil Classification (“Sistema Brasileiro 
de Classificação do Solo”) [5], a silt loam with 10% sand, 77.2% silt and 12.8% 
clay for the chemical characteristics of the 0 cm to 20 cm deep layer, analyzed 
according to Brazilian Agricultural Research Corporation [6] by the soil labora-
tory of the Federal Rural University of Rio de Janeiro (“Universidade Federal 
Rural do Rio de Janeiro”) in Campos dos Goytacazes/RJ, when the experiment 
was installed (Table 1). 

https://doi.org/10.4236/ajps.2017.811175


A. C. S. de Oliveira et al. 
 

 

DOI: 10.4236/ajps.2017.811175 2599 American Journal of Plant Sciences 
 

Table 1. Values of chemical characteristics of the soil material during the equipment installation (2011), in Campo dos Goytacaz-
es/RJ, and their classifications. 

pH 
P* 

(mg∙dm−3) 
K* 

(mg∙dm−3) 
Ca 

(cmolc∙m−3) 
Mg 

(cmolc∙dm−3) 
Al 

(cmolc∙dm−3) 

5.9 4 69 6.3 3.9 0.0 

H + Al (cmolc∙dm−3) 
Na 

(cmolc∙dm−3) 
S.B. 

(cmolc∙dm−3) 
T 

(cmolc∙m−3) 
t 

(cmolc∙dm−3) 
MO 

(g∙m) 

4.3 0.37 10.7 15.0 10.7 30.5 

C (%) M (%) V (%) 
Fe 

(mg∙dm−3) 
Cu 

(mg∙dm−3) 
Zn 

(mg∙dm−3) 
Mn 

(mg∙dm−3) 

1.77 0.0 71 61.2 3.1 4.0 22.2 

*North Carolina Extract. 

 
The evaluated treatments were: corn in monoculture with NPK fertilizer at 

sowing and weed control (T1); corn in monoculture without NPK fertilizer at 
sowing and with weed control (T2); corn in monoculture with NPK fertilizer at 
sowing without weed control (T3); intercropped corn + crotalaria g (T4); inter-
cropped corn + jack bean (T5). 

The experiment was installed in a no-till system without using herbicide and 
the treatments were arranged on straw remaining from previous similar treat-
ments. For this purpose, the dry plants from the previous cycle were cut and left 
in the experimental plot. Soon after, the drills were prepared using a furrower 
and a tractor to seed the treatments. 

A randomized-block design was used with four replications. 
Each experimental unit of the corn monoculture contained five 5 m rows with 

one-meter spacing. The experimental unit for each intercrop consisted of five 
rows of corn interspersed with four 5 m long rows of Fabaceae, spaced at one 
meter, with a useful area of three corn rows, discarding fifty centimeters from 
the ends. 

The corn cultivar used was the interpopulation hybrid, UENF 506/11. 
The soil was also analyzed to determine fertilization, recommended for the 

soils of the State of Rio de Janeiro [7]. The NPK doses applied were 80-80-20 
kg∙ha−1, using as sources ammonium (sulphate) sulfate, single superphosphate 
and potassium chloride, respectively. Single superphosphate and potassium 
chloride were applied in their totality with 2/3 of the ammonium sulfate dose, 
immediately before sowing. The remaining N was applied in topdressing. This 
fertilization was applied only to the corn monoculture in T1 and T3 treatments, 
in the two crop cycles. 

Nitrogen topdressing was applied 17 days after emergence in T1 and T3 
treatments. At this time, the corn plants presented six to eight leaves. Since the 
corn plants were very small in the other treatments, the topdressing, with the 
same dosage as the T1 and T3 treatments, was applied to these treatments at 29 
days after emergence. 

Ten corn seeds were sown per meter, while for crotalaria fifteen seeds were 
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sown per meter. For jack beans, four seeds were sown per meter. Corn plants 
were thinned when they reached six to eight leaves, leaving a population of 
50,000 plants per hectare. Inoculation was conducted using Bradyrhizobium sp. 
(BR 2003) strains for crotalaria and B. elkanii (BR 2811) for jack bean, supplied 
by Embrapa Agrobiology, using the methodology suggested by the company. 

During cropping, weeds were controlled three times: at 15, 30 and 55 days af-
ter emergence, for every treatment, except T2. All the treatments were submitted 
to sufficient sprinkler irrigation suitable to the crop. The e corn and Fabaceae 
were harvested manually. The corn was harvested about 150 days after emer-
gence, and each Fabaceae was harvested when approximately 70% of the pods 
were dry. 

The following evaluations were conducted: 
-Final Stand: at harvest , the total of corn and Fabaceae plants were counted 

in the usable area for subsequent estimation of the plant population∙ha−1; Ear 
weight: the usable area of the ears were husked and weighed; Ear diameter: 
measured in the middle third of all ears with a caliper; Ear length: measured for 
all the ears using a ruler; Number of ears per plant: the number of ears per usa-
ble area was counted; this value was divided by the stands; Average number of 
pods per plant: 10 plants were harvested randomly from the usable area of each 
block; Average number of seeds per pod: pods were harvested randomly from 
three plants per usable area, and the total number of seeds was counted, which, 
when divided by the number of pods, was the number of seeds per pod; and 
Seed yield: seeds harvested in each usable area were dried to approximately 12% 
moisture and subsequently weighted. 

The following seeds evaluations were performed: 
-Germination test: the test was conducted with corn and Fabaceae seeds ac-

cording to the Regulation for Seed Analysis [8]. Four 50-seed replications were 
used, placed on two sheets of germitest paper and covered with a sheet to form 
rolls, which were moistened with distilled water 2.5 water: 1 paper weight. The 
rolls were placed in polyethylene bags to retain the moisture. The BOD germi-
nators were regulated to maintain temperature between 20˚C and 30˚C (a 
16-hour dark period and an 8-hour light period, respectively). The seedlings 
were evaluated according to the period determined by the Regulation for Seed 
Analysis (RAS) for each species and the results obtained were expressed as per-
centage of normal seedlings; 

-Germination speed index (IVG): corn and Fabaceae seeds were evaluated 
every day during the germination test, from the day of the first radicle issue until 
the last count as established by the Regulation for Seed Analysis [8] for the ger-
mination test. The formula proposed by Maguire (1962) was used for the calcu-
lation; 

-Cold germination test: performed only on corn seeds. Fifty seeds were dis-
tributed on germitest paper moistened with distilled water equivalent to 2.5 
times the weight of the paper, with four replications. After seeding, the rolls were 
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placed inside plastic bags and maintained inside a BOD incubator set at 10˚C for 
seven days. After this period, the rolls inside the plastic bags were transferred to 
a germinator set at a temperature alternating between 20 and 30˚C, where they 
remained for seven more days. The germination was evaluated performed ac-
cording to the recommendations of the Regulation for Seed Analysis [8]; 

-Seedling emergence in greenhouse: performed on corn and Fabaceae seeds, 
with four 50-seed replications sown in individual cells, with Baseplant® substrate, 
in polystyrene trays placed in a greenhouse. Corn was evaluated until the se-
venth day, crotalaria until the eighth day, jack bean until the tenth day and vel-
vet bean until the fourteenth day after sowing, considering the emerged seedl-
ings as present and the result in was expressed percentage; 

-Emergence rate index (IVE): determined together with the seedling emer-
gence test and conducted on corn and Fabaceae seeds; the count was performed 
daily from the first seedling day until the seventh for corn, the eighth for crotala-
ria, the tenth for jack bean and the fourteenth for velvet bean, after sowing [9]; 

-Electrical conductivity: the Bulk Conductivity method [10] was used on 
corn and Fabaceae, with four 50-seed replications, which were put in 200 mL 
plastic cups with 75 mL di-ionized water and kept in a BOD germination cham-
ber at 25˚C for 24 hours. The electrical conductivity was then read in the soaking 
solution using an electrical conductivity meter (EC meter). 

The analysis of variance on data was also carried out, and, for the variables 
where significant effects occurred (P < 0.05), the orthogonal contrast effect was 
evaluated (Table 2). 

The analyses were carried out using the software application SAEG – Statistic-
al Analysis Systems, version 9.0 [11]. 

3. Results and Discussion 

Table 3 and Table 4 show, respectively, the estimation of contrasts and the av-
erage of each treatment for the final stand, average number of ears, average ear 
weight, cob diameter, cob length and corn yield. 

Comparison of the cropping systems (C1) showed that intercropping inter-
fered positively on the average number of ears per corn plant (Table 3 and Ta-
ble 4). Researchers evaluated corn monoculture and jack bean intercropping 

 
Table 2. Orthogonal contrasts used for statistical analysis of data. 

Contrast Comparison 

C1—Corn in monoculture (T1 + T2 + T3) versus corn in mixed cultivation (T4 + T5); It compares the monoculture with the mixed cultivation 

C2—Corn in monoculture with weeding (T1 + T2) versus corn in monoculture  
without weeding (T3); 

It compares the effect of weeding in monoculture 

C3—Corn in monoculture with weeding and complete fertilization (T1) versus corn  
in monoculture with weeding but no complete fertilization (T2); 

It compares the effect of fertilization in the monoculture 

C4—Corn in mixed cultivation with crotalaria (T4) corn in mixed cultivation  
with jack bean (T5). 

It compares the effect of crotalaria and jack bean in mixed  
cultivation with corn 
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Table 3. Estimation of contrasts, averages per plot, final stand, average number of ears average ear weight, ear diameter ear length 
and corn yield. 

Contrasts 
Final stand 

(plants∙ha−1) 
Average number of 

cobs 
Average weight of 

cobsns (kg∙ha−1) 
Diameter of  
cobns (cm) 

Length of cobns 
(cm) 

Productivity ns 
(Mg∙ha−1) 

Ĉ 1 3437n.s. −0.18** 0.02 −0.02 1.72 0.82 

Ĉ 2 7500** 0.28** 0.01 −0.21 0.86 2.09 

Ĉ 3 −3750* 0.12n.s. 0.02 0.50 1.20 0.41 

Ĉ 4 625n.s. 0.06n.s. 0.02 0.23 1.48 1.57 

C.V (%) 5.29 10.72 22.04 16.97 14.88 31.16 

*Significant to 5% probability; **Significant to 1% probability; nsNot significant. 

 
Table 4. Final stand, average number of ears, average ear weight, ear diameter, ear length and corn yield of each treatment. 

Treatments 
Final stand 

(plants∙ha−1) 
Average 

number of cobs 

Average weight 
of cobs 

(kg∙ha−1) 

Diameter of 
cob (cm) 

Length of cob 
(cm) 

Productivity 
(Mg∙ha−1) 

Corn + NPK + weeding 41,250 1.16 0.11 3.92 15.88 4.37 

Corn + weeding 45,000 1.04 0.09 3.42 14.68 3.96 

Corn + NPK 35,625 0.82 0.09 3.88 14.42 2.07 

Corn + crotalaria 37,500 1.22 0.09 3.87 14.01 3.43 

Corn + jack bean 36,875 1.16 0.07 3.64 12.53 1.86 

 
and, others evaluated the economic and technical performance of corn inter-
cropped with forages of the Panicum and Brachiaria genera in an integrated 
crop-livestock system, but did not observe any difference when analyzing the 
same variable [12] [13]. 

There was no significant difference between monoculture and intercropping 
for final stand, average weight, ear diameter and length and corn yield (Table 3). 

This corroborates the results of some researchers, who worked with different 
corn cultivars and Poaceae in intercropping and monoculture and observed no 
effect for the final stand [14]. 

It is important to stress that the coefficient of variation was high for yield, 
which could have interfered the F test sensitivity to detect the contrast signific-
ance (Table 3). In general, field experiments show more variability in results 
and, consequently, in coefficients of variation. 

Weed control had a positive effect on the plant final stand and the average 
number of ears; in other words, the corn monoculture treatment that did not 
receive this management obtained lower values compared to the other corn 
monoculture treatments that were evaluated for this contrast, indicating that the 
absence of weed control is a negative influence on corn plant final stand (Table 
3—C2 and Table 4). Nevertheless, studies on corn intercropped with Brachiaria 
brizantha, showed that there was no statistical difference between the weed con-
trol and non-weed control treatment for corn plant final stand [15]. 
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Even though the corn monoculture supplemented with NPK fertilization at 
seeding presented a final stand lower than 3750 plants∙ha−1 compared to the corn 
monoculture without this fertilization (Table 3), the other variables of corn 
monoculture with fertilization at seeding presented higher absolute numbers in 
relation to the culture without fertilization at seeding (Table 4). This increase in 
yield was also observed in corn plants with mineral fertilization and the no-till 
system [16]. 

The corn plants intercropped with crotalaria and e corn plants intercropped 
with jack bean did not present statistical difference in the yield evaluation (Table 
3). This similarity in yield values for corn intercropped with Fabaceae was also 
reported for corn intercropped with Mucuna deeringiana, Cajanus caja, crotala-
ria and jack bean [17]. 

However, when only the absolute values were observed, it was verified that the 
corn yield in intercropping with crotalaria was 84% higher than corn yield when 
intercropped with jack bean. This must be considered by the producer, because 
the price of 1 kg corn, according to its quotation in the market, is approximately 
$0.16; therefore, the sale of corn intercropped with crotalaria would net ap-
proximately $250.60/ha more than the price obtained for corn intercropped with 
jack bean. 

Table 5 and Table 6 show, respectively, the contrast estimates and the aver-
ages for each treatment of germination, speed germination index, emergence, 
speed emergence index, cold test and electrical conductivity of the corn seeds. 

 
Table 5. Estimates of contrasts, averages per plot, germination, speed germination index, emergence, speed emergence index, cold 
test and electrical conductivity. 

Contrasts 
Germination 

% 
IVG 

Emergencen.s. 
% 

IVE 
Cold Test 

% 
Electrical condutivy 

µS∙cm−1∙g−1 

Ĉ 1 −0.75n.s. −0.28* 0.26 0.23n.s. 1.42n.s. −4.20n.s. 

Ĉ 2 −1.50n.s −0.60** 0.75 −0.10n.s. −2.00* 27.35** 

Ĉ 3 2.00* 0.13n.s. −0.50 1.35* 4.00n.s. −22.10* 

Ĉ 4 −1.50n.s. −0.06n.s. 0.50 −1.09n.s. −1.50n.s. −63.07** 

C.V (%) 1.27 1.28 1.50 5.78 2.58 10.95 

*Significant to 5% probability; **Significant to 1% probability; ns Not significant. 

 
Table 6. Germination, speed germination index, emergence, speed emergence index, cold test and electrical conductivity of each 
treatment. 

Treatments 
Germination 

% 
IVG 

Emergencen.s. 
% 

IVE 
Cold Test 

% 
Electrical condutivy 

µS∙cm−1∙g−1 

Corn + NPK + weeding 99.00 15.90 98.50 11.91 98.50 118.48 

Corn + weeding 97.00 15.77 99.00 10.56 94.50 140.58 

Corn + NPK 99.50 16.44 98.00 11.34 98.50 102.18 

Corn + crotalaria 98.50 16.29 99.00 10.49 95.00 93.08 

Corn + jack bean 100.00 16.35 97.50 11.58 96.50 156.15 
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The corn seeds from intercropping presented higher GVI than the corn seeds 
(Table 5—C1). It can be stated that intercropping resulted in greater vigor, even 
though the germination was similar to monoculture, which corroborates a study 
that evaluated the influence of different cropping systems on corn seeds, physi-
ological quality and showed that corn intercropped with Cajanus cajan pro-
moted corn seed vigor [18]. 

Wedd control negatively influenced the GVI, cold test and corn seed electrical 
conductivity or (Table 5—C2). It must be considered that, although they are 
statistically different, the vigor of the seeds involved in this contrast was high 
(Table 6). Researchers verified that the presence of weed roots in the field (cul-
tivation) did not influence corn seed germination and vigor [19]. 

The seeds from corn in monoculture + NPK presented higher germination 
values and lower electrical conductivity values (Table 5—C). This corroborates 
data in the literature that reported that seeds treated with mineral fertilizer pre-
sented lower conductivity because of the greater integrity of their membranes 
[18]. 

Although the corn plants intercropped with crotalaria and jack bean were not 
statistically different in the yield evaluation (Table 3), their seeds were different 
when the electrical conductivity vigor was evaluated (Table 5—C4). This indi-
cates that seeds from intercropping with crotalaria are more vigorous than those 
intercropped with jack bean. Some researchers, evaluated the physiological qual-
ity of soy seeds under no till in relation to plant covering, also observed differ-
ences in seed vigor when using this test [20]. 

Table 7 shows crotalaria and jack bean yield values, both intercropped with 
corn. 

It can be stated for crotalaria seeds that the average number of pods per plant, 
average number of seeds per pod and yield were very satisfactory. These values 
were higher than those obtained by researchers [21], who evaluated crotalaria 
production in monoculture. The values were similar to the average number of 
seeds (7.3) and productivity (0.94 Mg∙ha−1) reported by Eiras and Coelho [22], 
who used the same soil as the present study to evaluate different seed densities 
and pruning effects on Crotalaria juncea seed production in monoculture. 

Although not statistically significant, the difference between corn yield y in 
monoculture and intercropping was 820 kg. Thus, the producer would not earn 
approximately $ 115.66/ha corn intercropping. But the price of 1 kg crotalaria 
seeds is approximately $ 3.01, and, in the case of corn intercropped with crotala-
ria, the producer would earn $ 2800.00 per hectare, while with intercropping 
 

Table 7. Final stand, average number of pods per plant, average number of seeds per pod and yield Fabaceae. 

FABACEAE 
Final stand 
(plant∙ha−1) 

Average number of  
pods per plant 

Average number of  
seeds per pod 

Productivity (Mg∙ha−1) 

Crotalaria 25,833 87.3 7.2 0.93 

Jack bean 45,833 1.8 8.6 1.02 
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with jack bean the value would be $ 3070.00. 
In addition to the economic advantage, intercropping may contribute to in-

crease in yield per unit of area, because production can be diversified in the same 
area and, consequently, provide better income distribution. Intercropping also 
promotes more efficient use of labor, an adequate use of the available resources, 
increased soil protection against erosion and better weed root control than in 
monoculture. 

Table 8 shows the quality of crotalaria and jack bean seeds, both intercropped 
with corn. The crotalaria seedgermination percentage and IVG were higher than 
those reported in the literature, when the seeds of this specie were evaluated in 
monoculture. The electrical conductivity value of the seeds found by these au-
thors (140 µS∙cm−1∙g−1) was equivalent to the value found in the present study 
[23]. 

The Jack bean seed physiological quality presented high germination and 
emergence values (Table 8), which were higher than observed by researchers 
evaluating the physiological potential of jack bean seeds [24]. 

4. Conclusions 

Intercropping increased the average number of corn ears and the IVG of their 
seeds. 

Weed control positively influenced the final stand and the average number of 
corn ears, although it negatively influenced the corn seed cold test. 

Fertilization with NPK at corn sowing positively influenced the seed electrical 
conductivity. 

The yield of corn plants intercropped with crotalaria and with jack bean was 
statistically similar, but the absolute figures must be considered for economic 
purposes. 

The corn seeds coming from intercropping with crotalaria had more vigor 
compared to the corn seeds intercropped with jack bean. Crotalaria and jack 
bean, when intercropped with corn, presented higher production, germination 
and vigor. 
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