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ABSTRACT

The recommendation for green manure (GM) in cropping systems
still has little scientific support, with few studies addressing the
effects of nutrient amounts from green manure on the growth and
production of the crop. Our aim was to evaluate the effect of levels
of Crotalaria juncea green manure on the growth, production, and
efficiency of the use as well as the apparent recovery of N in broccoli
crop. Seven treatments were established; the main with four doses of
green manure: 0, 3, 6, and 9 t/ha on a dry matter (DM) basis, applied
with 12 t/ha compost. The control treatments consisted of mineral
fertilization, the treatment with 25 t/ha compost, and another as
the absolute control. Comparatively, production under the absolute
control was less than all other treatments with green manure doses
and application of 12 t/ha compost. The production of plants grown
with 25 t/ha compost was superior to that of plants grown with dose
of 0 t/ha and similar to that obtained with 3 t/ha; however, it was
inferior to those produced with doses of 6 and 9 t/ha green manure.
The highest percentage of N recovered (REC N) by the broccoli
plants was observed close to a dose of 3 t/ha green manure, with a
maximum point of 37.90% (2.8 t/ha), while in larger doses of 6 and
9 t/ha showed estimated values 0f 31.91% and 20.49%, respectively.
The physiological efficiency of the use of N (EFUN) showed an effect
similar to apparent recovery of N (REC N), with higher EFUN from
lowest to highest dose of green manure, that is, 3, 6, and 9 t/ha, with
estimated values 0f 70.41, 62.45, and 26.02 g DM per g of N uptake,
respectively. The mass amounts of applied C. juncea influenced
positively on the growth and productivity of broccoli. The lower mass
of applied green manure increases the physiological efficiency of the
use of N with more apparent recovery of the applied N.
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RESUMO

Doses de Crotalaria juncea no crescimento, producio,
recuperacio e eficiéncia de uso de N em brocolis

A recomendag@o da adubagdo verde nos sistemas de cultivos
ainda apresenta pouco suporte cientifico e poucos estudos abordam
os efeitos de quantidades de nutrientes provenientes de adubos
verdes sobre o crescimento e a produgdo das culturas. O objetivo
do trabalho foi avaliar o efeito das doses do adubo verde Crotalaria
Jjuncea sobre o crescimento, produgdo e na eficiéncia do uso e da re-
cuperagao aparente do N na cultura do brocolis. Foram estabelecidos
sete tratamentos, sendo os principais quatro doses de adubo verde:
0, 3, 6 ¢ 9 t/ha em base de matéria seca, aplicadas junto com 12 t/ha
de composto. Os tratamentos testemunhas consistiram de adubagao
mineral, um tratamento com 25 t/ha de composto ¢ um outro como
testemunha absoluta. A produgdo na testemunha absoluta foi inferior
a todos os tratamentos com doses de adubo verde e aplicagdo de 12
t/ha de composto. A produgao das plantas produzidas com 25 t/ha de
composto foi superior a produgao das plantas produzidas com a dose 0
t/ha e similar a obtida com 3 t/ha, entretanto foi inferior as produzidas
com as doses 6 e 9 t/ha de adubo verde. O maior percentual de N
recuperado pelas plantas de brocolis foi observado proximo a dose de
3 t/ha de adubo verde, apresentando um ponto de méaximo de 37,90%
(2,8 t/ha), ao passo que nas maiores doses, 6 e 9 t/ha, apresentou
valores estimados de 31,91 e 20,49%, respectivamente. A eficiéncia
fisiologica do uso do N (EFUN) apresentou efeito similar a recupe-
ragdo aparente do N (REC N), apresentando maior EFUN da menor
a maior dose de adubo verde, 3, 6 ¢ 9 t/ha, com valores estimados de
70,41, 62,45 ¢ 26,02 g de MS por g de N acumulado, respectivamente.
As quantidades de massa de Crotalaria juncea aplicadas influenciaram
positivamente o crescimento e a produtividade do brécolis. A menor
massa aplicada de adubo verde eleva a eficiéncia fisiologica do uso
do N com maior recuperagio aparente do N aplicado.

Palavras-chave: Brassica oleracea var. italica, adubagdo verde,
nitrogénio.
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Ithough there are studies on nutrition

and fertilizer recommendations for
the commercial cultivation of broccoli
(Brassica oleracea var. italica) and
works with other types of organic
fertilizers such as compost or manure
(Oliveira et al., 2003; Yuri et al., 2004;
Damato Junior et al., 2005), there are

few studies on the effects of green
manure on the growth and production
of broccoli. The literature also lacks
studies relating green manure doses
to the production and/or growth of
horticultural products.

One of the few studies reports the
influence of doses of organic compost
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(OC) onyield and quality of the “Ramoso
Santana” broccoli seeds. Four compost
rates (0, 30, 60, 90, and 120 t/ha) with
0.72% nitrogen and 40% organic matter
were applied. The production of broccoli
seeds (number and weight) per plant
increased linearly with increased doses
of OC (Magro et al., 2010).
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The availability of N to plants differs
when soluble mineral fertilizers as well
as other fertilizers derived from organic
sources are used.

Related to organic fertilizers, green
manures, organic composts (OCs),
manure, agro-industrial origin of waste
such as castor cake, straw, and bagasse
(Silva, 2008) all show wide variations
in concentration of nutrients and various
chemical constitutions, which influence
the availability of nutrients.

Green manure with legumes results
in slower N mineralization compared
to mineral fertilizers (Perin et al.,
2010). Nitrogen mineralization of the
green manure is affected by biological
processes of the soil, climate and soil
conditions, species, and chemical and
biochemical characteristics of the
material. Working on twelve species,
varieties, and different parts of green
manure plants, Cobo et al. (2002) found
that plants of the same species may
have different nutrient concentrations,
which directly influence the rates of
decomposition.

The organic residues composting
process is a directed model of organic
matter humification process (Canellas &
Rumjanek, 2005). From the total amount
of N in OCs produced using animal
manure, 50% would be readily available
to the plants, while in OCs produced
using fish scraps obtained from shop,
15% of the total N would be available
to the plants (Brinton Junior & Seekins,
1994). Besides the immediate releases
of nutrients for crops, OC promotes
residual effect in the soil, benefiting
subsequent crops (Aratjo Neto et al.,
2010).

Regardless of the source added to the
soil, N needs to be mineralized in order
to get absorbed by the crop. According
to Aratjo et al. (2005), using the N
derived from green manure, that is,
N-sunn hemp and "*N-urea for wheat,
the recovery of N in the soil derived
from urea applied in conjunction with
sunn hemp was higher when compared
to the application of '"N-urea. Wheat
required '“N-urea as the main source of
N, indicating that the availability of N
was abundant in this form in the soil.
However, the percentage of recovery
of N derived from urea or sunn hemp
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could be modified with applied dose
modifications of the green manure.

The recommendation of green
manure in cropping systems still
has little scientific support, with few
studies addressing the effects of nutrient
amounts from green manure on the
growth and production of the crop.
The evaluation of the plant growth
is a critical aspect to characterize the
performance of the crop produced with
different doses of green manure. The
objective of the study was to evaluate
the effect of levels of Crotalaria juncea
green manure on the growth, production,
and efficiency as well as the apparent use
of N recovery in broccoli crop.

MATERIAL AND METHODS

The study was conducted in the
Agroecology area of the Department
of Plant Science, Universidade Federal
de Vicosa, in Vigosa, Minas Gerais
State (20°46°09”S, 42°52°20”W, 650
m altitude). The region has cold and dry
winter as well as hot and rainy summer,
with an average temperature of 19.4°C
(max. 26.4°C and min. 14.8°C) and
average rainfall of 1.221 mm/year.

Seven treatments were established:
four major treatments and three controls.
The major treatments consisted of four
doses of green manure (GM): 0, 3, 6,
and 9 t/ha on a dry matter (DM) basis,
with addition of 12 t/ha of OC on a
DM basis (0GM+120C, 3GM+120C,
6GM+120C, 9GM+120C), according
to Diniz et al. (2008). The control
treatments consisted of a treatment with
mineral fertilization (MF), 150 kg/ha
of N (ammonium nitrate), 400 kg/ha of
P,O, (single superphosphate) and 100
kg/ha of K,O (potassium chloride); a
treatment with 25 t/ha compost on a
DM basis (250C), according to Diniz
et al. (2008), and another treatment as
absolute control without OC or mineral
fertilizer (MF). The experimental plot
consisted of five rows spaced 0.8 m with
3 m in length.

Chemical analysis of the soil (0-20
cm) of the experimental area at the
beginning of the test resulted in the
following characteristics: 24 g/kg of
organic matter (Walkley-Black), pH

in water (1:2.5)= 6.5; 7.0 mg/dm® of P
(Mehlich I); 96 mg/dm?® of K (Mehlich
1), 2.70 cmolc/dm?® of Ca, 0.40 cmolc/dm?
of Mg, and 0.00 cmolc/dm? of Al (KCl
1 M).

The OC was produced on-site
and applied to the planting furrows
once before transplanting broccoli.
Chemical analysis of the OC resulted:
1.73% N, 0.83% P, 0.40% K, 2.12% Ca,
0.35% Mg, 0.63% S and C/N= 10.63.
According to Tedesco et al. (1995),
the total contents were determined in
the acid extract and total carbon was
calculated from the total content of
organic matter determined by the loss
of ignition method.

The green manure applied was the
legume C. juncea (sunn hemp), which
was produced in the field and harvested
70 days after planting. Legumes were
planted with seed inoculation with
appropriate strain of Bradyrhizobium
spp- The green manure was cut at
ground level, placed on a canvas, and
dried in a greenhouse for two weeks.
Next, the green manure was chopped
into pieces of 30 cm and placed in raffia
bags and stored in a closed shed, until
the beginning of the experiment. The
green manure was applied in the parts
after transplanting the broccoli, without
incorporation.

Upon cutting, the green manure
samples on the same stalk:sheet ratio
found in the field were removed and
dried in a forced-air oven at 70°C
until constant mass. The biochemical
composition of sunn hemp had average
contents of N= 1.89%, polyphenols =
1.56%, lignin = 11.89%, cellulose =
39.39%, C/N=26.55, Lig/N= 6.29, Pol/
N= 0.84, and Lig/Pol= 7.62. Based on
the methodology proposed by Tedesco
et al. (1995), the total N content was
determined. The total carbon was
calculated from the total content of
organic matter determined by the loss
of ignition method. The polyphenols
were extracted with 50% methanol and
determined colorimetrically using Folin-
Denis reagent (Frighetto & Valarini,
2000). The contents of cellulose and
lignin were obtained via acid detergent
fiber from the plant material by boiling
sulfuric acid solution of 0.5 mol/L plus
cetyltrimethylammonium bromide.

Hortic. bras., Brasilia, v.35, n.3, July-September 2017



Levels of Crotalaria juncea on growth, production, recovery and efciency of the use of N in broccoli

The total amount of green N-manure
applied in treatments was 0, 56.7, 113.4,
and 170.1 kg/ha of N in doses of 0, 3,
6, and 9 t/ha, respectively, which were
added to 207.6 kg/ha of N related to the
dose of 12 t/ha of OC. About 0, 432.5,
and 150 kg/ha of N were added to the
treatments of absolute control, with
25 t/ha of OC, and mineral fertilizer,
respectively.

Single-headed hybrid broccoli called
the “Taurus” was transplanted soon
after the application of the compost.
The seedlings were transplanted to the
field on March 26, 2010, with spacing
of 80 cm between rows and 50 cm
between plants. The broccoli growth
was evaluated by mass accumulation of
DM of shoot parts over the cycle until
harvest. One plant per plot was sampled
every 15 days. The plants were dried
placing in a forced air circulation oven
at 70°C until constant mass, followed
by weighing. The relative growth rate
(RGR) and the absolute growth rate
(AGR) of the broccoli were calculated
according to Benincasa (1988).

The RGR was calculated by the
following equation:

RGR (g/g/10days)=[(InM,—InM, )/ (,— )]

where RGR (g/g/10 days) = relative
growth rate; InM, = neperian logarithm
of the mass in grams of the plant in
the second sample; InM, = neperian
logarithm of the mass in grams of the
plant in the first sampling (previous
sampling); ¢, and ¢, = 10 days between
two samples.

The AGR was calculated by the
following equation:

AGR (/10 days)=[(M,— M)/ (1,~ 1,)]

where AGR (g/10 days) = absolute
growth rate; M, = mass in grams of the
plant in the second sample; M, =mass in
grams of the plant in the first sampling
(previous sampling); ¢, and ¢, = 10 days
between two samples.

The production of broccoli was
evaluated by fresh weight of the
harvested inflorescence with 1.5 cm of
flower stalk.

The amount of N accumulated in the

plant (extracted amount) and the amount
of N accumulated by the inflorescence
of broccoli (quantity exported) were
calculated from the relationship between
the N content and the mass of bodies in
relation to the plant. Thus, the amount
of N accumulated in the plant and in the
inflorescence of the produced broccoli
was estimated.

The apparent recovery of N (REC
N) from green manure by broccoli
plants was calculated by discounting the
contribution of 12 t/ha of the provided
OC (120C and 0GM), resulting in the
following equation:

RECN (%) = {[Next (GM) - Next (AB)]
/ Applied N Qty (GM - 120C)} — {[Next
(120C) - Next (AB)] / Applied N Qty
(120C)} x 100

where REC N (%) = apparent
recovery of N from doses of green
manure by broccoli plants; Next (GM)
= Quantity of N extracted in kg/ha by
the mass of plants grown in each green
manure dose; Next (120C) = Quantity
of N extracted in kg/ha in broccoli plants
grown with 0 t/ha GM + 12 t/ha OC;
Next (AB) = Quantity of N extracted in
kg/ha of broccoli plants with absolute
control, Quantity of applied N (GM);
(120C) = Quantity of N applied in
kg/ha of green manure doses, 0 t’ha GM
+ 12 t/ha OC.

The efficiency of the use of N
(EFUN) derived from green manure
by broccoli plants was calculated by
discounting the contribution of 12 t/ha
of the provided OC (120C and 0GM),
resulting in the following equation
[adapted from Fageria (1998)]:

EFUN (g/g)=X-Y

where

X =[DM (GM)] - [DM (AB)]/
ANA (GM - 120C)

and

Y = [DM (120C) - DM (AB)] /
ANA (120C - AB)

EFUN (g/g) = physiological
efficiency of N usage derived from the
green manure doses of broccoli plants;
DM (GM) = dry matter production in
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grams, of plants grown on each green
manure dose; DM (AB) = dry matter
production in grams, of plants grown
under absolute control; ANA (GM);
(120C); (AB) = total amount of N
accumulated in the broccoli plant in
grams, of plants grown on green manure
doses; 0 t/ha GM + 12 t/ha OC; absolute
control.

The experimental design was a
randomized complete block with four
replications in a split plot in time scheme
for the growth variables with adjustment
of statistical models by the response
surface methodology. Data were
evaluated by analysis of variance using
F test; regression models were chosen
based on the biological phenomenon
under study and in the significance
of the regression coefficient using
the 7 test (»p<0.05). The analyses were
performed on the System for Statistical
Analyses and Genetics, SAEG version
9.1 (Funarbe, 2007).

RESULTS AND DISCUSSION

The DM accumulation from broccoli
plants increases over the days after
transplanting (DAT) and also with
the increase of green fertilizer doses
(Figure 1).

The largest RGR occurred in the
first 10 days after transplanting the dose
of 9 t/ha (Table 1). The dose of 9 t/ha
resulted in the highest RGRs associated
with increased mass. Plants with higher
RGRs have the ability to produce greater
amount of mass in relation to the pre-
existing mass. Although the AGR is
small in the first 10 days, in this period,
the RGR is high because there is a
great investment of the plant in active
photosynthetic tissues that contribute
to mass formation in the plant (Diniz
etal., 2008).

As the plant grows, the formation
capacity of new tissues per mass unit
decreases with time. With increasing
doses of green manure, the AGR
increases. The higher the dose of green
manure, the greater the mass gain of
broccoli plants, which is verified by the
AGR (Table 1).

There was an effective treatment
on broccoli production. Production in
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absolute control was less than all the  11.00 g/plant. The production of plants
treatments with green manure doses, treated with 25 t/ha of compost, 123.90
presenting a broccoli production of  g/plant, was higher than the production
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Figure 1. Effect of green manure doses (D) and days after transplanting (T) on the dry matter
(DM) of broccoli plants. Vigosa, UFV, 2010.
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Figure 2. Broccoli production (Prod) depending on the doses of green manure, on DM basis.
Vigosa, UFV, 2010.

of plants treated with the dose of 0 t/ha
green manure + 12 t/ha compost, 102.01
g/plant, and was similar to that treated
with 3 t/ha + 12 t/ha compost, 136.26,
however, was lower than that treated
with doses of 6 and 9 t/ha green manure
+ 12 t/ha compost, 271.70 and 346.26
g/plant, respectively.

The treatment with 25 t/ha compost
contained 432.5 kg/ha N, and each green
manure dose contained, beyond the green
manure N, over 207.6 kg/ha N via OC.
Of the total N applied with the compost
together with the mineralization using
green manure, the amount of 287.0
and 326.7 kg/ha of N was added at a
dose of 6 and 9 t/ha, respectively. Even
with further N treatment with 25 t/ha
of compost, the plants yielded less.
Probably, the dynamics of mineralization
and availability of N derived entirely
from the OC are different from other
treatments.

The slow decomposition of the
manure, when compared to the green
manure, was reported by Palm et al.
(2001), where rapid decomposition of
organic material has a short-term effect
on soil fertility, while other materials
have long-term effect. Although manure
often adds further nutrients to the soil,
it does not necessarily lead to increased
availability of nutrients for the plants
(Silva & Menezes, 2007). In this study,
the application of 25 t/ha of OC, despite
further addition of nutrients to the soil,
did not necessarily lead to the increased
availability of nutrients for the plants in
times of huge demand for the broccoli
crop.

In a study conducted with the
addition of manure (15 t/ha) or sunn
hemp (3 t/ha) or yet manure (7,5 t/ha)
with sunn hemp (3 t/ha) incorporated
for potato cultivation, the concentration
of mineral N in soil, when applied only
manure was lower than manure applied
jointly with sunn hemp or separately
(Silva & Menezes, 2007). Sunn hemp
increased the amount of mineral N
in the soil in the initial period of the
crops; however, the combination of sunn
hemp with manure was more effective
in providing nutrients throughout the
potato cycle than the application of
manure or sunn hemp alone.

Possibly, the high stabilization of
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the forms of the nutrients present in
the OC reflects in its low availability in
the soil and consequently in low doses
of production compared to the plants
receiving 9 t/ha green manure + 12
t/ha OC.

There was an effect of green manure
doses on the broccoli productivity
(Figure 2). The production of broccoli
increased linearly with the increase
of green manure dose. Most of the
broccoli production was 344.29 g/plant,
equivalent to 7.65 t/ha of inflorescence
fresh material. Into summer crops in no-
till system, this hybrid itself fertilized
with 2 t/ha poultry litter (60 kg/ha N)
plus 200 kg/ha in mineral N form in
coverage, produced 370.8 g/plant (Melo
et al., 2010), yield similar to that found
in this study, however with N as mineral
source and amount greater than the N
present in 9 t/ha green manure + 12 t/ha
OC (326.7 kg/ha).

The cumulative amounts of N in the
broccoli plants produced with doses
0, 3, 6, and 9 t/ha were 36.19, 46.22,
51.77, and 74.96 kg/ha, respectively.
However, in plants grown with mineral
fertilizers, this accumulated amount of
N was 117.03 kg/ha; in plants grown
with 25 t/ha compost was 33.26 kg/ha
and with absolute control was 12.26
kg/ha. The percentages of N exported
by the inflorescence were similar in all
treatments, with an average of 33.51%.
The amount of non-exported N in the
area can be used by the subsequent
crops.

The apparent recovery of N (REC
N) was influenced by the green manure
doses (Figure 3A). The REC N by green
manure doses refers to the percentage of
total N applied and, as a result, being
absorbed and accumulated by the shoot
parts of the plants from the fertilized
plots compared to the non-fertilized

Table 1. Relative growth rate (RGR) in g/g/10 days and absolute growth rate (AGR) in g/10
days g per plant, calculated from the dry matter of broccoli plants and measured every 10
days after transplanting to 70 days in broccoli plants grown with different green manure

doses (0; 3; 6 and 9 t/ha). Vigosa, UFV, 2010.

plots (Fageria, 1998).

The highest percentage of recovered
N by the broccoli plants was observed
close to a dose of 3 t/ha green manure,
with amaximum point 0£37.90% (2.8 t/ha),
while the larger doses of 6 and 9 t/ha
showed estimated values 0f31.91% and
20.49%, respectively. However, when
the production was concerned, we found
a linear increase with increasing doses
of green manure (Figure 2).

The rapid mineralization of the
green manure N, corresponding to the
application of 3 t/ha (Diniz et al., 2014),
is possibly related to greater contact and
distribution of the plant tissue with the
ground, providing increased microbial
activity (Meyer et al., 2011; Riutta et
al.,2012).

The decomposition processes of the
green manure and the mineralization of N
may be directly related to the amount of
mass factor, and therefore to the amount
of applied N. It is important to consider
beforechand that not all N applied via
green manure will be available to crop
(Diniz et al., 2007; Matos et al., 2008),
even when applied in quantity greater
than the recommended dose, especially

Period 0 3 6 9 .

d in the case of short-cycle crop, such as
(days) RGR AGR RGR _AGR RGR _AGR RGR _AGR vegetable products. A part of this green
0-10 1.61 0.72 1.30 0.51 1.54 0.73 1.98 1.31 manure-N remains in the plant material
1020 1.20  1.10 1.23  1.70 1.92 543 1.92  8.80 until full mineralization.

20-30  1.18 249 132 653 0.94 991 0.83 13.29 Figure 3B shows that the
30-40 094 5.64 0.80 11.02 063 1440 056 17.78  physiological efficiency of the use of N

EFUN) showed a similar effect to REC
40— 84 121 . 15.51 4 18. 4 22.2 (

0-50 08 3 0.58 53 048 18.89 043 6 N, with higher EFUN from lowest to

50-60 0.58 16.62 0.45 19.99 0.39 23.37 0.35 26.75 highest dose of green manure, that is, 3,
407 * 80 ?
= 30 EN
S 20 60
z z
2 204 £
3 o 401
~ g
Z
—— RECN=10,64 + 32,7052 - 981x; R =0,66 —— EFUN=49,90 + 11,58 - ],58)(1; R::0,72
10
0 T 0 T T 1
0 3 9 0 3 6 9
Doses of green manure (t ha") Doses of green manure (t ha')

Figure 3. Apparent recovery of N (A= REC N) and N use efficiency (B= EFUN) of the broccoli plants in terms of doses of green manure,

on DM basis. Vigosa, UFV, 2010.
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0f70.41, 62.45,and 26.02 g DM per g of
accrued N, respectively. The maximum
point occurred at a dose of 3.7 t/ha with
efficiency of 71.1 g DM per g of N.
The EFUN is the additional production
of DM in the broccoli plots fertilized
with respect to unfertilized plot, with
additional N unit accumulated in plants
of these plots (Fageria, 1998).

The lowest dose of green manure
increases the EFUN with greater REC
N. In this sense, the broccoli plants took
less of the nitrogen applied as green
manure; in the highest doses of green
manure, the plants were more efficient
in producing DM of absorbed N per unit.

The main destination of fertilizer-N
not absorbed by plants is the soil,
where it remains trapped in the surface
layer and is incorporated into the soil
microbiota and then in its organic
matter (Gava et al., 2006). However, the
presence of N-biological fixation from
subsequent green manure crops is small.
The percentage of legume-N absorbed
by crops varies from 12.45% to 22.9%
of the total N derived from biological
fixation (Castro et al., 2004; Silva et al.,
2006; Diniz et al., 2007) and reaches
about 20% of the total N applied as
green manures (Scivittaro et al., 2000).

Despite the low apparent N recovery
in plants grown under the effect of
higher doses of green manure, the
results point to the greater recovery of
applied N (REC N) when compared to
other studies.

The mass amounts of C. juncea
influenced positively on the growth
and productivity of broccoli. Broccoli
plants took less amount of N applied
as green manure. The lower mass of
applied green manure increases the
physiological efficiency of the use of
N with more apparent recovery of the
applied N.
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