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Abstract 
Sowing depth of forage seed is an important factor in seed germination and emergence and varies according to 
crop. Ideal sowing should be performed at a depth sufficient to promote rapid and uniform germination, with 
minimal reserve expenditure and facilitating nutrient uptake by the plant. The objective of this study was to 
evaluate the influence of sowing depth on seed germination of forage species in the field. The experiment was 
implemented in September 2018. The design was completely randomized in a 4 × 4 factorial scheme with four 
replicates, being the first factor four forage cultivars: Urochloa ‘Xaraés’; Urochloa ‘Piatã’; Urochloa ruziziensis 
and Panicum maximum ‘Mombaça’; and the second factor four sowing depths: 0; 4; 7 and 10 cm. The variables 
evaluated were initial emergence; emergence at 10 days after sowing; emergence at 21 days after sowing and 
emergence speed index. Seeding at 0 cm provides greater emergence of seedlings for Urochloa brizantha ‘Piatã’, 
Urochloa brizantha ‘Xaraés’, Urochloa ruziziensis and Panicum maximum ‘Mombaça’. Seedling emergence 
reduced when sowing was performed at greater depths (4, 7, and 10 cm). If necessary, Urochloa brizantha ‘Piatã’ 
should be sown up to 7 cm. The sowing at 10 cm depth is not recommended for any of the studied cultivars. 

Keywords: Brachiaria brizantha, Xaraés, Piatã, Mombaça 
1. Introduction 
Pastures are considered the main feed source for Brazilian livestock, which is based on the extensive production 
system. The main forages that have been used in pastures are the genera Urochloa (Braquiária) and Panicum, 
which are the most important sources of nutrients in animal feed, providing energy, proteins, fibers, minerals and 
vitamins (Euclides et al., 2016). In addition, grasses promote improvements in soil profile, increasing porosity, 
and resulting in greater soil exploration by the roots (Mendonça et al., 2013; Almeida Júnior et al., 2017; 
Chioderoli, 2010). 

Seeds are the agricultural input of prime importance, because it represents the basis of the productive process, as 
it conveys the genetic characteristics of the cultivar to the field, however, high physiological quality seeds are 
needed to obtain a uniform stand (Santos et al., 2012). In addition, environmental conditions, like temperature, 
humidity and soil oxygen, can influence the germination and the development of forage seeds. The sowing depth 
may influence these factors, being relevant in pasture formation (Oliveira & Scivittaro, 2007; Zuffo et al., 2014). 

Sowing forages in greater depths or at the soil surface are frequent in pasture formation in Brazil, mainly in the 
implantation of the crop-livestock system, as the seeds are added in the fertilizer box and sown at greater depths 
(Geier et al. , 2018). When sown on the soil surface after the initial development of the main crop (corn, soybean 
etc.), not following the recommendation of indicated depth (Silva Filho, 2018). Great variation in the forage 
sowing depth in the literature, ranging from 1 to 10 cm (Foloni et al., 2009). According to Shanmuganathan and 
Benjamin (1992), the ideal seeding depth should promote rapid and uniform germination, with minimal reserve 
expenditure, and facilitating nutrient uptake. 
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The germination test in the laboratory consists of determining the maximum potential of germination, as it is 
performed under optimum conditions, however, this may overestimate the seeds physiological potential, as seeds 
from a same lot with similar germination may have inferior performance in the field regarding the percentage 
and uniformity of seedling emergence due to seed vigor (Marcos Filho, 2015). Thus, field emergence tests are a 
indicative of seed vigor, whereas germination and seedlings survival are directly linked to the seeds vigor. 

In light of the foregoing, the objective was to evaluate the emergence of forage seedlings (Urochloa brizantha 
‘Piatã’, Urochloa brizantha ‘Xaraés’, Urochloa ruziziensis and Panicum maximum ‘Mombaça’) in different 
sowing depths in the field. 

2. Methods 
The experiment was carried out on September 20, 2018, in 1 L pots filled with soil collected in an agricultural 
area in the 20 cm to 40 cm layer of a dystrophic red-yellow Latosol (EMBRAPA, 2009) in Juara, Mato Grosso, 
Brazil. 

The experimental design was completely randomized in a 4 × 4 factorial scheme with four replicates, whereas 
the first factor refers to forage cultivars (Urochloa brizantha ‘Xaraés’, Urochloa brizantha ‘Piatã’, Urochloa 
ruziziensis and Panicum maximum ‘Mombaça’), and the second factor refers to seeding depth: 0; 4; 7 and 10 cm. 
Twenty five seeds were sown per replicate of each forage, totaling 100 seeds per treatment. The seeds were 
obtained commercially from a 2017/2018 lot. 

The variables analyzed were: initial emergence (IE), through seedling emergence test in the field; emergence at 
07 days after sowing (DAS), direct counting of emerged seedlings and values expressed as percentage (Brazil, 
2009); emergence at 10 DAS (E10DAS), performed by seedling emergence in field test, at 10 DAS, emerged 
seedlings were counted and values transformed into percentage; emergence at 21 DAS (E21DAS), performed by 
seedling emergence in field test with evaluation at 21 DAS, counting the seedlings emerged and values 
expressed as percentage; and emergence speed index (ESI), performed in conjunction with the seedlings 
emergence test, wherein seedlings were counted daily from the third day after the experiment set up until 21 
DAS (germination stabilization). The IMC was estimated by summing the number of plants emerged each day, 
divided by the number of days after sowing, according to Maguire (1962), by the formula: ESI = (E1/N1) + 
(E2/N2) + ... + (En/Nn), where, ESI = emergenc speed index; E1, E2, En = number of emerged plants, in the first, 
second and last count; N1, N2, Nn = number of days after sowing at the first, second and last count. To 
determine the germination percentage, the seedling emergence was counted, and the data were transformed to 
percentage. 

The data were submitted to analysis of variance (p < 0.05) test F. The mean values were compared by bar of 
experimental error by the Tukey test (p ≤ 0.01).  
3. Results  
There was interaction between forage and sowing depths for all variables analyzed: initial emergence, emergence 
at 10 DAS, emergence at 21 DAS and emergence speed index (ESI) (Table 1). 

 
Table 1. Summary of the joint variance analysis of the characteristics: initial emergence (IE), emergence at 10 
days (E10 DAS), emergence at 21 days (E21 DAS) and ESI of the forages Urochloa brizantha ‘Piatã’, Urochloa 
brizantha ‘Xaraés’, Urochloa ruziziensis and Panicum maximum ‘Mombaça’ sown at four seeding depths, 
Juara-MT, Brazil, 2018 

Source of Variation DF 
Mean Square 

IE E10 DAS E21DAS ESI 

Cultivar (C) 3 2204.66** 3390.00** 3120.25** 22.01** 

Depth (D) 3 2458.00** 4482.00** 4590.25** 27.33** 

C × D 9 268.44** 257.77** 265.13** 2.04** 

Error 48 64.83 107.66 122.41 0.50 

CV (%)  56.50 41.51 41.46 39.97 

Mean  14.25 25.00 26.68 1.78 

Note. ** Significant at 1% by the F test.  

 

 



jas.ccsenet.

3.1 Initial 

The initial

 

Figure 1
ruz

  

The Uroch
depths. Th
10 cm, res

The other 
maximum 
sown at lo
break up to

3.2 Emerg

At 10 day
group com
0 cm obtai
seeding de
cm depth. 

 

Figure 2. 
‘X

 

org 

Emergence  

l emergence fo

. Initial emerg
ziziensis and Pa

hloa ‘Piatã’ pr
his cultivar rea
spectively, at se

cultivars (‘X
germination o

wer depths spe
o 6.0 cm of so

gence at 10 DA

ys after sowing
mposed by the 
ined higher ge
epth. There wa

Emergence at
Xaraés’, Uroch

or all tested for

ence of the for
anicum maxim

resented a gre
ached maximu
even days afte

Xaraés’, ‘Ruziz
of 20% when 
ent less reserv
il, depleting th

AS 

g, the cultivar
other forages (

ermination rate
as a 28% of em

t 10 days after 
hloa ruziziensi

Journal of A

rages decreased

rages Urochloa
mum ‘Mombaç

eater initial em
um germination
r sowing. 

ziensis’, and ‘
sown at 0 cm

ves, ensuring gr
he seed reserve

rs were divide
(‘Xaraés’, ‘Ru

e (63%), where
mergence redu

sowing (DAS)
is and Panicum

Juara-M

Agricultural Sci

233 

d as seeding d

a brizantha ‘P
a’ sown in fou

mergence and d
n of 58% and 

‘Mombaça’) d
m of depth and 

reater germina
e, thus reducin

ed into two sig
uziziensis’ and 
eas the other cu
uction of the se

) of forages Ur
m maximum ‘M
MT, Brazil, 201

ience

epth increased

iatã’, Urochlo
ur seeding dept

differed from 
minimum of 0

did not differ 
d a value almo
ation, while tho
ng germination

gnificant grou
‘Mombaçsa’)

ultivars obtain
econd cultivars

Urochloa brizan
Mombaça’ sow
18 

d (Figure 1). 

 
a brizantha ‘X
th, Juara-MT, B

the other cult
0.068% at dep

among thems
st null to 10 c
ose sown at gr

n. 

ups, being ‘Pia
 (Figure 2). A

ned a 35% eme
s group compa

 
ntha ‘Piatã’, U

wn in four seed

Vol. 11, No. 7;

Xaraés’, Uroch
Brazil, 2018

tivars for all t
pths of 0 cm a

selves and rea
cm. Possibly, s
reater depths h

atã’ superior to
lso, ‘Piatã’ sow
ergence at the 
ared to ‘Piatã’

Urochloa brizan
ding depth, 

2019 

loa 

ested 
nd at 

ached 
seeds 

had to 

o the 
wn at 
same 
, at 0 

ntha 



jas.ccsenet.

As the see
(Figure 2)
were obser

At the dep
at 10 DAS

3.3 Emerg

The emerg
emergence
as the sow

 

Figure 3. 
‘Xaraés

 

The ‘Piatã
and 7 cm d
null for ‘M

There was
However, 
emergence

For ‘Piatã
affected w
depth, resp
40%. 

The ‘Xara
to Brazilia
for these c

Adopting 
forage, as 

3.4 Emerg

The ESI pr
cultivars a

 

org 

eding depth in
. In the 4 cm d
rved, showing 

pth of 10 cm, g
S for ‘Ruzizien

gence at 21 DA

gence at 21 DA
e and emergen

wing depth incr

Emergence at
s’, Urochloa ru

ã’ remained sup
deep; and equa

Mombaça’ and 

s no differenc
the emergenc

e at 21 DAS 35

ã’, there was a
when sown up 
pectively, achi

aés’, U. ruzizie
an legislation. 
cultivars was o

the recommen
the emergence

gence Speed Ind

resented differ
as sowing depth

ncreased (4, 7
depth, 60% di
the superiority

germination w
nsis’ and ‘Mom

AS 

AS was also m
nce at 10 DAS
reased. 

t 21 days after 
uziziensis and P

perior to the ot
ated to these at
lower, on aver

e between ‘X
ce of ‘Momba
5.5, 28, 25, and

a 56% reductio
to 7 cm. ‘Piat
ieving the min

nsis and ‘Mom
This low emer
nly 34.6% at 0

nded sowing d
e reduces signi

dex (ESI) 

rent results am
h increased. 

Journal of A

7, and 10 cm)
fference betwe
y in the germin

was only observ
mbaça’. 

maximal when
, for all cultiv

sowing (DAS)
Panicum maxi

Gross

ther forages (‘
t depth of 10 c
rage, to 5% for

Xaraés’, ‘Ruziz
aça’ was reduc
d 2%, at depth

on between th
tã’ showed em
nimum germin

mbaça’ did not 
rgence is prob
0 cm of sowing

depth is really 
ificantly as the

mong the cultiv

Agricultural Sci

234 

), the ‘Piatã’ r
een these culti
nation of ‘Piat

ved for ‘Piatã’

n sown at 0 cm
vars. There wa

) of forages Ur
imum ‘Momba
o, Brazil, 2018

Xaraés’, ‘Ruz
cm. Still in the 
r the other cult

zziensis’ and ‘
ced when sow

hs of 0, 4, 7, an

he sowings at 
mergence of 64
nation rate esta

t emerge satisf
ably related to
g. 

important in 
e seeding depth

vars studied (Fi

ience

remained equi
ivars, and 75%
tã’. 

’ (8%) and ‘Xa

m (Figure 3), 
s a gradual red

Urochloa brizan
aça’ sown at fo
8 

ziziensis’ and ‘
depth of 10 cm

tivars. 

‘Mombaça’ wh
wn at 7 and 1
nd 10 cm, respe

0 and 10 cm 
4, 62 and 53%
ablished by th

factorily in any
o the low seed 

the seed emer
h increases (Fi

igure 4). Redu

idistant from 
% difference in

araés’ (2%), w

following the 
duction in eme

 
ntha ‘Piatã’, U
our seeding dep

Mombaça’) in
m, the emergen

hen sown at 0
10 cm. The fo
ectively. 

of depth. Thi
% in the depths
he Brazilian le

y of the studied
vigor. The ma

rgence process
igure 3). 

uction in ESI w

Vol. 11, No. 7;

the other cult
n the depth of 

with no germin

trend of the i
ergence at 21 

Urochloa brizan
pths, Juara-Ma

n the depths of
nce was practi

0 and 4 cm d
orages averag

is cultivar wa
s of 0, 4, and 
egislation, whi

d depths, accor
aximum emerg

s, regardless o

was observed f

2019 

tivars 
7 cm 

ation 

nitial 
DAS 

ntha 
ato 

f 0; 4. 
ically 

depth. 
e for 

s not 
7 cm 
ich is 

rding 
gence 

of the 

for all 



jas.ccsenet.

Figure 4
Urochlo

 

In the sow
composed 
cm depth,
‘Ruziziens

‘Piatã’ rem
this same c
depths of 4
Xaraés, R
surface). 

At the 10 
and 0.10 fo

Thus, to ac
is only ind

4. Discuss
According
soil surfac
adaptation

According
quality, wh
(Brazil, 20
In this sen
attributed 
population

For Lopes
indirectly 
emergence

Silva and A
the plant g
Forage gra
factor in t
(Rezende e

Regarding
Melo et al

org 

4. Emergence s
oa ruziziensis a

wing at 0 cm o
of cultivars ‘X

, ‘Piatã’ main
sis’ and ‘Momb

mained superio
cultivar, a diff
4 and 7, there w

Ruziziensis and

cm depth, the 
for Urochloa ‘P

chieve greater
dicated for ‘Pia

sion 

g to Adegas et 
ce protection i
n to the Cerrado

g to Hessel et 
hich can be att
008) establishe
nse, only ‘Pia
to seed 2017

n, growers shou

 and Franke (2
in the field 

e unevenness a

Argenta (2000
growth point a
asses have sm
the germinatio
et al., 2012). 

g the germinat
l. (2016) that v

speed index (IV
and Panicum m

f depth (at soi
Xaraés’, ‘Ruziz
ntained the E
baça’ reduced 

or to the other c
ference was on
was no differe
d Mombaça p

ESI was pract
Piatã’ and ‘Xar

r germination, 
atã’ up to 7 cm

al. (2011), the
in no-tillage s
o. 

al. (2012) w
tributed to the 
es that for com
atã’ meet the 
7/2018 lot, be
uld adopt the a

2010), Sena, A
through the f

and initial seed

0) report that in
and the first ste
mall seeds with
on and develop

ion of Panicu
verified germin

Journal of A

VE) of forages
maximum ‘Mo

Br

il surface), the
ziensis’ and ‘M

ESI high (4.8)
the ESI by 40

cultivars when
nly observed b
ence for this sa
resented ESI 

tically null for
raés’, respectiv

forage seeds s
m.  

e Urochloa br
system, due to

when compared
unevenness of

mmercialization
standards req

eing recommen
appropriate cul

Alves, and Med
first count of
dling size can b

ncreased sowin
em knots are lo
h low amount 
pment of the 

um ‘Mombaça
nation between

Agricultural Sci

235 

s Urochloa bri
ombaça’ sown 
razil, 2018 

e ‘Piatã’ showe
Mombaça’ pres
), not differin
% when comp

n sown at 7 cm
between the see
ame variable. A

of 0.74, being

r Urochloa ruz
vely. 

should be sown

rizantha and U
o its long dur

d to major cro
f seed maturity
n, the forage se

quired by the 
nded for sow
ltivar, and be a

deiros (2015), 
f emerged see
be associated t

ng depth stimu
ocated at a rel
of endosperm
seedlings, whi

’, the results o
n 57 to 89% in

ience

izantha ‘Piatã’
in four seeding

ed maximum v
sented maximu
ng from the s
pared to sowing

m depth. When 
eding depths o

Also, in the see
g 69% lower 

ziziensis and P

n superficially

Urochloa ruzizi
ration, high bi

ops, pastures 
y in the plant. T
eeds must hav
legislation. Th

wing in 2017/2
aware of the se

the evaluation
edlings. Reduc
to seed deterio

ulates the expa
latively consta

m reserves, so 
ich makes this

of this researc
n a study on s

 
, Urochloa bri
g depths, Juara

value for ESI 
um ESI value a
sowing at 0 
g at 0 cm. 

comparing the
of 0 and 10 cm
eding depth of
than sowing 

Panicum ‘Mom

y, that is, at 0 c

ienses are used
iomass produc

seeds present 
The Normative

ve minimum ge
his low germi
2018. To ensu
eed lot and the

n of seed vigor
ctions in the 
ration. 

ansion of the m
ant distance fro
sowing depth 
s factor releva

ch differ from 
eeds physiolog

Vol. 11, No. 7;

izantha ‘Xaraé
a - Mato Gross

of 5.31. The g
at 0 cm depth.
cm. For ‘Xar

e sowing depth
m. However, fo
f 7 cm, the cult

at 0 cm (that

mbaça’, and of

cm. Deeper so

d as mulch an
ction and com

low physiolo
e Instruction n
ermination of 4
ination is pos
ure adequate 
e sowing depth

r can be perfo
emergence sp

mesocotyl furth
om the soil sur

may be a lim
ant in crop set

those obtaine
gical quality. I

2019 

és’, 
so, 

group 
At 4 

raés’, 

hs for 
or the 
tivars 
t soil 

f 0.33 

wing 

nd for 
mplete 

ogical 
o. 30 
40%. 
ssibly 
plant 

h. 

rmed 
peed, 

her so 
rface. 

miting 
ttling 

ed by 
Ikeda 



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 7; 2019 

236 

et al. (2103) found delay in the emergence of U. brizantha, U. brizantha ‘Piatã’ at seeding depth of 0 cm. 
However, at this depth, no reduction in height and dry mass production of plants was observed. 

Santos et al. (2011) testedng different types of seeds of Urochoa ‘Piatã’ and obtained ESI of 1.31, 2.86 and 5.44 
in laboratory tests and ESI of 0.64, 0.89 and 1.70 in field test. These authors also obtained, for emergence in the 
field seven days after sowing, 11% for high purity seeds, 7.75% for seeds coated with plaster polymers and 
fertilizers; and 34% for scarified seeds. 

For Lago and Martins (1998), the seeds of Urochoa spp. presented difficulties in germinating in the laboratory 
and in the field; and the main contributing factor is the occurrence of seed dormancy. Santos et al. (2015) studied 
the initial growth of Urochloa species as a function of sowing depth, and verified for the forages U. brizantha 
‘Piatã’, U. brizantha and U. ruziziensis that the ideal seeding depth is 2.10, 3.61 and 3.67 cm, respectively. 
Deeper seeding of 4, 6 and 8 cm of depth reduce the ESI and directly affect the biomass production. 

Pacheco et al. (2010) tested the seeding depth and initial growth of forages U. brizantha, U. decumbens, U. 
ruziziensis and Panicum maximum, and observed that plants develop better when sown at depths of up to 1 cm. 
They also verified that ESI was reduced from sowing at 8 cm depth. All tested species presented viability in 
emergence at sowing on the soil surface, that is, at 0 cm, except Brachiaria decumbens. These authors do not 
recommend planting deeper than 4 cm for P. maximum, as it does not germinate at greater depths. 

According to Rezende et al. (2012) sowing depth varies between species and low germination efficiency when 
sowing is carried out in deep layers may result in low forage production and, consequently, contribute to the 
failure of livestock activity. Still according to these authors, although there is emergence in greater depth, 10 cm, 
many seedlings cannot reach the surface, dying from depletion of seed reserves. 

5. Conclusions 
Seeding at 0 cm provides greater seedlings emergence in forages Urochloa brizantha ‘Piatã’, Urochloa brizantha 
‘Xaraés’, Urochloa ruziziensis and Panicum maximum ‘Mombaça’. 

Seedling emergence reduced when sowing was performed at greater depths (4, 7 and 10 cm). 

If necessary, Urochloa brizantha ‘Piatã’ should be sown up to 7 cm. 

The sowing should not be performed at 10 cm depth.  
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