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Abstract

This study was conducted to evaluate the effect of plant density on agromorphological traits and yield of
improved sorghum varieties and to identify the density that optimizes grain and straw yields. Eight improved
sorghum varieties were field-tested in three plant densities (62,500, 83,500 and 93,750 plants.ha'l) during the
rainy seasons 2014 and 2015 at INERA Saria research station. The results showed that the factor “plant
density” had a highly significant effect on most of the measured traits: increased density resulted in
decreased stem diameter, leaf length and leaf width, panicle length, grain number per panicle, 1000 grain
weight and crop index. On average, densities two and three yielded the highest grain yield with 3163 kg.ha'l
and 2909 kg.ha™, respectively as well as straw (6188 kg.ha™ and 6438 kg.ha™). Sariaso 18, PSE07 S1/1-1Z-1
and PSEO08 G2/46-1G-1 of guinea botanical race varieties were more efficient for straw production and Sariaso
14, Sariaso 15, Sariaso 16 and Sariaso 17 caudatum botanical race varieties for grain production, but with a

high sensitivity of yield components to plants densities variations.
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Introduction

Sorghum [Sorghum bicolor (L.) Moench] is the fifth
cereal grown in the world in terms of area and grain
production after wheat, maize, rice and barley; it is the
second major cereal in Africa after maize with 26.8
million hectares (FAOSTAT, http://www.fao.org, 2010-
2014). Due to its adaptive plasticity and its ability to
tolerate biotic and abiotic stress (Reddy et al., 2009;
Chantereau et al., 2013), sorghum is widely cultivated in
many countries of the semi-arid and sub-humid zone
such as Nigeria, Sudan, Burkina Faso and Ethiopia,
where it provides food for many populations (FAOSTAT,
http://www.fao.org. 2015).

In Burkina Faso, sorghum is a subsistence crop for
over seven hundred thousand households (INSD, 2012);
it is also the largest cereal in terms of area (44.3% of

cereal area) and grain production (40% of cereal
production). Between 1985 and 2014, the area for its
cultivation increased by more than 103%, with yield
increasing from 585 kg.ha™ to 1130 kg.ha™ (MARHASA,
2015). Despite this improvement, production remains
largely influenced by rainfall (Ibrahim et al., 2014) and
by the low soil content of major mineral elements (Hien,
2004).

Yoseph and Sorsa (2014), Buah and Mwinkaara
(2009), Alderfasi et al. (2016) reported that the
productivity of a crop not depends only of its genetic
potential, but also on growing conditions such as mineral
nutrients, agronomic management of culture and
environmental factors (water, light, temperature). Among
the agronomic techniques, the plant density is a
parameter that influences crops yield. Blum (1970) and
Fernandez et al. (2012) on sorghum, Gobeze et al.
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(2012) on maize, Baloch et al. (2002) on rice, Beres et
al. (2012) on wheat reported that increasing plant
density per unit area is a factor for increasing yield, but it
must be adapted to water supply. Other studies have
reported the influence of density on the behaviour of
plants in culture. Thus, Lafarge and Hammer (2002)
found that the increase in density led to a decrease in
the number of tillers; Moosavi (2012) found a decrease
in stem diameter; Soleymani et al. (2012) showed a
decreased in panicle length, while Ismail and Ali (1996)
found a reduction in yield subsequent of the reduction of
100 grains weight above a density of 106,000 plants.ha’
! For each variety, there is an optimum density that
allows it to use the available resources of the growing
environment (Hedge et al, 1976; Sangoi, 2000;
Moosavi, 2012) beyond which, inter-plant competition for
light, water and nutrients affects negatively vyields
(Tollenaar et al.,, 1997, Berenguer and Faci, 2001,
Abuzar et al., 2011).

In Burkina Faso, to improve crop productivity,
agronomic practices such as integrated soil fertility
management have been experimented and
disseminated (Zougmoré et al, 2003). However,
information on plant density of improved sorghum
varieties is out of dated and limited with a focus on grain
yield. Arrivets (1970) reported that, in farmers’
conditions in Burkina Faso, sorghum plant density varied
widely above a minimum of 60,000 plants.ha™. The
recommended densities for sorghum cultivation are
derived from results of studies carried out between 1960
and 1966 in West African countries such as Senegal
(IRAT/HV reports, 1960-1967). Thus, 93,750 plants.ha™

were recommended to optimize grain yield, while the
most widely cultivated varieties were guinea botanical
race (Dumont, 1966). The sorghum breeding
programme in Burkina Faso has developed new
improved varieties to disseminate to farmers, getting
information on their behaviour under cultivation is very
important.

This study was conducted to assess the effect of
plant density on improved caudatum and guinea
botanical races varieties by considering
agromorphological traits, grain yield and its components
as well as straw yield. The objective is to identify the
density that would allow to optimize yield according to
the production objectives of farmers.

Material and methods
Plant material

Eight improved sorghum varieties belonging to two
botanical races have been assessed: Sariaso 14,
Sariaso 15, Sariaso 16 and Sariaso 17 (caudatum
botanical race); Kapelga, Sariaso 18, PSE07 S1/1-1Z-1
and PSEO08 G2/ 46-1G-1 (guinea botanical race).

Study area

The study was carried out during the rainy seasons
2014 and 2015 at INERA Saria research station (12°
16'N, 2°09'W, 300 m altitude) in Burkina Faso. Table 1
gives the characteristics of rain and soil of the study
area.

Table 1: Saria agroclimatic and experimental soils characteristics

Climate type of Mean rainfall (2006-2015) Rainfall duration Soil characteristics
study area mm
Loamy-clay-sandy Depth= 100cm
) Crganic matter (%) 1.03
o0 oo aian 349 June- October N (ppm) 251
F (ppm) 2.37
K (ppm) 44

Experimental design and field trial

The varieties were assessed in three densities [D1
(62,500 plants.ha™), D2 (83,500 plants.ha™), D3 (93,750
plants.ha™)] in a randomized complete block design
(RCBD) with four replications.

The plot per entry was three rows of 6 metres in length
and the useful plot was the central line on which the
data were collected. The sowing was carried out on the
same date on July 9 in 2014 and 2015. The seedling
spacing were 80 cm x 40 cm for the D1, 80 cm x 30 cm
for the D2 and 80 cm x 40 cm for the D3. The seed
holes were thinned to two-plants for densities D1 and D2
and to three plants for density D3. 1.5 t.ha™ of compost
and 75 kg.ha™ of 14 (N), 23 (P,Os), 14 (K,0) 6 (S) and 1
(B) were applied ten days after the seedling and 50
kg.ha™ of urea at (46% N) at 35 days after seedling. The
rainfall recorded during the crop cycle for each trial was
637 mm in 2014 and 728 mm in 2015.

Data collection

For each variety, data were collected for plant height
(PH), leaves number (LEN), stem diameter (STD)
measured at the internode under third leaf before the
panicle, leaf length (LEL) and leaf width (LWD)
measured on the third leaf under the panicle and panicle
length (PANL) on six main plants in three random
selected seed holes per repetition (four) for D1 and D2
and two seed holes for D3 excluding the first and the
last seed hole. Measurements were made on the whole
useful plot for the cycle length (DH) (number of days
from sowing to 50% heading), the number of useful
basal tillers (UT), the dry weight of straw (leaves and
stems), the number of harvested panicles (NHPA), the
dry weight of panicles (PADW), the dry weight of grain
(GDW) and the weight of 1000 grains (1000GW). The
grain yield per hectare (GY), the number of grain per
panicle (GN/PA) and the straw yield (STY) were then
calculated. The crop index (Cl), grain yield/straw yield
ratio was established.
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Statistical analysis

Variance analysis was performed with thirteen
agromorphological variables to evaluate the effect of
variety and year on the expression of variables as well
as the effect of densities on varieties. The equality
between means was tested by the Fisher's “Least
Significant Difference (LSD-test). The main effect of
varieties (Genotype) plus variety by density interaction
(Genotype-by-Environment) was established by the
GGE Biplot (Yan and Kang, 2003), which determined
common environments and best varieties in the three
densities. The analysis was carried out using GenStat
software 14.2.

Results
Variation of agromorphological traits in the density

The analysis of variance in each density revealed highly
significant (P <0.01) to very highly significant effects (P
<0.001) between varieties for all traits analysed (Table
2). The year effect was not significant in all densities for
the cycle duration (DH), but very highly significant for
plant height (PH), leaf number (LEN) and leaf width
(LWD); it was significant in D1 for stem diameter (STD),
in D1 and D3 for leaf length (LEL) and panicle length
(PANL).

The differences were highly significant to very highly
significant between the densities for all measured traits
except cycle length (DH) and plant height (HP) (Table
2). Statistically, D1 and D2 were identical for leaves
number (LEN), leaf length (LEL), panicle length (PANL)
but different from D3. Each density differs statistically
from the other for the stem diameter (STD) and the
leaves width (LWD).

The results showed that for each variety, the values
of agromorphological traits tend to decrease from D1
(62,500 plants.ha™) to D3 (93,750 plants.ha™). These
variations are well observed on leaf number (LEN), leaf
length (LEL), leaf width (LWD), stem diameter (STD),
panicle length (PANL).

In the three densities, the cycle length (DH) of
varieties varied from 57.5 to 78.2 days; Kapelga was the
earliest variety with 57.5 to 59.1 days, whereas Sariaso
17 was the latest variety with 75.6 to 78.2 days (Figure
1). The low plant heights were observed with caudatum
varieties (173 - 195 cm) and the highest plant heights
were observed with guinea varieties (261 - 328 cm). The
mean number of useful tillers was low in all densities; it
was 0,05; 0,02; 0,02 respectively in the D1, D2 and D3
for caudatum varieties and 0,13; 0,09; 0,07 for guinea
varieties. Kapelga was the most tiller variety with an
average number of 0.25 tillers in D1, 0.17 in D2 and D3;
PSEO7 S1 / 1-1Z-1 showed the lowest number of tillers
with an average of 0.02 tillers in the D1 and 0.00 tiller in

Variation of agromorphological traits between D2 and D3.
densities
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Figure 1: Variation of cycle length
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Table 2: Variance estimates of agromorphological variables in each density and between densities

Oensity  Source of variafion Df,  Parameters OH PH S50 LEN LEL LWD PANL
(days) (cm) (mm) (cm) (cm) (cm)
Variety T Fvale 2676+ g7.3 94+ 934 15.4% 16 1085+
Year 1 0.6NS 1354 1507 26.9% 13.0% 5.0t 5y
O Variglyxyear 7 I 18NS 30 24 13 4 g 0TNS
Meanzggd 719205 1357188 136206 08:03  502:22 73:03  275:08
Variety T Fvale 20974 75.3% 4.0 f2.3% He# nr 1682+
Year 1 08NS 774 03NS {5 05NS 150t 14NS
b Variglyxyear 7 1905 i 28 18NS B3 B9 04NS
Meanzggd 717105 M32:106 13005 08+03 485219 §9:03 271207
Varizly T Fuales 213 107 0 I BR 5 55" LGS 1135
Year 1 02NS 4 0.02N8 Bh4 13 4.0 7.0
b Variglyxyear 7 23 AR 1 LV 17NS g 11N8
Meanzzgd 701205 43087 118205 00£03 463204 §5:03 24808
Befween Densties 2 Fuale 1905 03NS n4m 39 14 1100 19

NS (non significant),

* (significant effect of the factor at 0.05 a level),

** (highly significant effect of the factor at the 0.01 a level),

*** (very highly significant effect of the factor at the 0.001 o level)

Table 3: Variance estimates of productivity variables in each density and between densities

Density Source of Df.  Parameters GY 1000GW GN/PA NHPA STY cl
variation (kaha™) {om.) (ha) (kg.ha)
Variety 7 F value 69 5%+ 45 1% 38 5% 4 G 16.4*** 1154
Yfear 1 04NS 1347 14.0%* 107+ 7.8 48
01 Variety x year 7 b 2.2 4 5 28 EN 4.3+
Mean+3.ed. 2818+ 94 223402 2109 +100 60092 + 2097 5207 + 242 055+003
Variety 7 F values 8.6 J2.47% 6.9 24 18.1%% 4.1
‘fear 1 5.3 6.0* 17 NS 11.3% 53.1% 40NS
b2 Variety X year 7 13NS 2.3 1.0 NS 20NS ERS 28
Meanz+g,ed. 3163+195 219403 1815+ 151 79635 + 2867 6188+ 213 052+0.04
Variety 7 F value 19.8% 2075 52 315 2074 6.7
‘fear 1 1.0NS 1.6NS 233 559+ 56.4%* 14.8%*
b3 Variety x year 7 13NS 4.2 0.5 NS 24 14 NS 13NS
Meant5,e.4d. 2009+ 115 213103 1592+ 133 86132 + 2767 6438+ 200 0.46+0.02
Between Densities 2 F value 17 1045+ 26.8* 476 413 47+

Grain yield and yield components Between densities, the difference was significant for

grain yield and its components. The D1 (2818 kg.ha'l)

In each density, the difference between varieties was
highly significant for grain yield (GY), weight of 1000
grain (1000GW), grain number per panicle (GN/PA) and
number of harvested panicles (NHPA) (Table 3). The
year effect was highly significant in all densities for the
number of harvested panicles (NHPA); it was significant
in the D1 for 1000GW and GN/PA, in the D2 for GY and
1000GW and in the D3 for GN/PA.

and the D3 (2909 kg.ha‘l) are statistically identical and
differ from the D2 (3163 kg.ha‘l). The yield varied from
1689 kg.ha™ to 3431 kg.ha™ in D1, from 2242 kg.ha™ to
3531 kg.ha™ in D2 and from 2104 kg.ha™ to 3207 kg.ha™
in D3 (Figure 2). Sariaso 17 gave the best yield in the
D1 and Sariaso 14 in the D2 and D3. Kapelga was the
least productive variety in all densities. Apart from
Sariaso 17 which was more productive in the D1, all the
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other varieties gave their best yield in the D2. The GGE
[Genotype main effect (G) and Genotype-hy-
Environment (GE) interaction] analysis showed two
distinct environments (Figure 3): D2 and D3 which are
very close and constitute a mega-environment and D1
which constitute another environment. Sariaso 14,
Sariaso 17, Sariaso 16, Sariaso 15 and Sariaso 18 gave
an above average grain yield in the three densities;
PSEO8 G2/46-1G-1 is at the average level, while
Kapelga and PSEQ7 S1/1-1Z-1 were below the average.

For the 1000 grain weight (1000GW), the densities
D1 and D2 differed significantly from the D3 with

m D1 (62 500 plants)
3900

m D2 (83 500 plants)

respectively an average weight of 22.3 g, 21.9 g and
21.3 g. The 1000GW was 22.8 g, 21.8 g and 21.6 g
respectively in the three densities for guinea varieties
(decrease of 5.3%) and 22.8 g, 22.0 g and 21.0 g for the
caudatum varieties (decrease of 7.9%). All densities
differed significantly from each other for the grain
number per panicle (GN/PA) with respectively 2109
grains for D1, 1815 grains for D2 and 1592 grains for
D3. The grain number per panicle was 1822, 1627 and
1482 for the guinea varieties (decrease of 18.7%) and
2396, 2003 and 1701 for caudatum varieties (decrease
of 29.0%).

m D3 (93 750 plants)

3600
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2| JE | . |
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(kg.ha'2)
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Figure 2: Grain yield of the varieties evaluated in 2014 and 2015

Scatter plot (Total - 98.73%)

PC2 - 6.35%
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Environment scores
Sectors of convex hull
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Figure 3: GGE Biplot, mega-environments for grain yield
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Straw yield

The three densities were significantly different for the
straw yield (STY) (Table 3). This difference is induced
by density D1 (5207 kg.ha'l) which differed statistically
from densities D2 (6188 kg.ha'l) and D3 (6438 kg.ha'l).

m D1 (62 500 plants)

m D2 (83 500 plants)

The yield ranged from 3659 kg.ha™ to 5737 kg.ha™ in
D1, from 4877 kg.ha™ to 6945 kg.ha™ in D2 and from
5110 kg.ha* to 7331 kg.ha' in D3. PSE07 S1/1-1Z-1
gave the highest yield in D1 and PSE08 G2/46-1G-1 in
D2 and D3; only Kapelga was the least productive in the
group of guinea varieties in all densities (Figure 4).

m D3 (93 750 plants)

Straw vyield
(kg.ha'l)

Q
-

Q
& &

&

Variety

Figure 4: Straw yield of the varieties evaluated in 2014 and 2015

Crop index

The variety effect is highly significant for the crop index
(CI) in each density (Table 3). The differences were also
significant between the densities. Statistically densities
D1 and D2 were identical and differed from density
D3.0n average, the crop index was 0.55 in D1, 0.52 in
D2 and 0.46 in D3; it varied from 0.45 to 0.62 in D1,

EDI (62 500 plants)

0.70 T
0.657
0.60 77
0.55 7
0.50 7
0.45 +-

0.40 + ‘
035+
0.30 4

Crop index

E D2 (83 500 plants)

from 0.45 to 0.58 in D2 and from 0.40 to 0.51 in D3.
Among the varieties, it was caudatum varieties, Sariaso
14 and Sariaso 15 which gave the best index in the D1
(0.62). In the group of guinea varieties, Sariaso 18 was
better with indices of 0.50, 0.49, and 0.44; PSEO08
G2/46-1G-1 showed the lowest indices in the three
densities (0.45, 0.45, 0.42) (Figure 5).

mD3 (93 750 plants)

Variety

Figure 5: Crop index of the varieties evaluated in 2014 and 2015
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Discussion
Effect of plant density on agromorphological traits

The year factor showed an absence of variation for the
cycle duration [sowing-50% heading (DH)] in each
density. Clerget (2004) reported that for the tropical
sorghum, the cycle duration is influenced by sowing
date, the length of the day and the temperature. For this
study, the two experiments were sown at the same date
on July 9 in 2014 and in 2015, the parameters that can
modify the cycle duration were similar from one year to
the next, which resulted in a quasi-stability of the
vegetative phase. This result would also be linked to the
highly inheritable character of the cycle [(0.80 < h? <
0.98), (Tamini, 2014).

For the rest of traits, the density had an effect on the
size of stem diameter (STD), leaf humber (LEN), leaf
length (LEL), leaf width (LWD) and Panicle length
(PANL) with a more significant decrease in D3. Different
authors reported that when the growing resources
become limiting in the environment the competition
between plants grows under high density conditions.
Azam-ali et al. (1984) observed on millet water deficits
that slowed the growth of the whole plant, however the
development of the ears continued with a decrease in
the weight of the dry matter. Jettner et al. (1998) and
Lemerle et al. (2004) showed that a high density leads
to low radiation on the leaves with a decrease in
photosynthesis and therefore a decrease in grain yield.
Kim et al. (2010) also reported that low radiation and
inadequate temperature can affect the availability of
carbohydrates and their deficiencies in high stands
affect plant growth and development. In this study, the
decrease in the size of certain some agromorphological
traits would be probably linked to water or even nutrients
deficiencies that would have induced competition effects
between plants; particularly those of density D3 (93,750
plants) would have been more affected. The decrease in
the size of agromorphological traits was also observed
on sorghum by other authors in high plant densities.
Lafarge et al. (1998) and Clerget (2004) reported a
reduction in the number of leaves related to the slowing
down of the plastochrome during the run-up phase.
Moosavi (2012) reported a decrease in stem diameter
and tiller number from 2.3 to 0.27 in high plant densities;
the reduction in the tillers number according to Lafarge
and Hammer (2002) is linked to an earlier termination of
tillering. Zand et al. (2014) found a decrease in the
weight of grains and the number of grains per panicle
when the density increases.

Effect of plant density on grain yield and yield
components

The eight varieties of this study showed differences in
behaviour in the three densities for grain yield (Figure 3).
This result is similar to that observed by Hegde et al.
(1976) on sorghum hybrids. Overall, the best results
were obtained with the D2 where the caudatum varieties
were better. The three components of the yield, namely
the number of panicles (NHPA) per hectare, the grain
number per panicle (GN/PA) and the weight of 1000
grains (1000GW) contribute to the adjustment of

varieties yield to density variations. In all densities, the
number of panicles (NHPA) per hectare and the weight
of 1000 grains (1000GW) were the major components of
the yield of guinea varieties; whereas, the number of
grains per panicle (GN/PA) contributed most to the yield
of caudatum varieties. In response to the increase in
density, the grain weight was the most stable of yield
components in guinea and caudatum varieties.
Adjustment to densities was mainly due to the other two
components, although the guinea varieties were much
more stable than the caudatum varieties for the number
of grains per panicle and also for the number of
harvested panicles (NHPA) per hectare. This lower
stability of yield components in caudatum varieties may
be due to a susceptibility to support the water deficit,
their root system is less developed than that of guinea
varieties (Kouressy 2008). Vadez et al. (2011) reported
that caudatum varieties have a higher transpiration
efficiency compared to guinea varieties and this may
reflect differences in roots function. In this study, the
caudatum varieties presented larger leaves than those
of the guinea varieties that could increase the
evaporative demand with the risk that it would not be
satisfied.

Effect of plant density on straw yield

The results showed clearly that the increase in density
resulted in an increase in straw yield for each variety.
The guinea varieties produced the highest yields in D3
because of their high stem and their higher level of
tillering; however, in terms of fodder nutritional values,
their lignin content is often higher than that of caudatum
varieties, hence ruminants preference for caudatum
straw (Sohoro et al., 1994). In Burkina Faso, cereal
straw in particular those of sorghum, are very important
source of feed for livestock during the dry season.
These results on straw are therefore interesting to
consider for farmers who have different production
objectives.

Effect of plant density on crop index

One of the important criteria for breeding is the
improvement of crop index. In this study caudatum
varieties showed a better index compared to guinea
varieties, but the increase in plant density resulted in a
decrease in the crop index for all varieties. Sariaso 18, a
variety resulting from participatory variety selection in
the Centre-North region presented the best crop index
among guinea varieties in all densities, showing that the
improvement of grain yield in relation to straw is possible
in guinea varieties.

Conclusion

This study on sorghum density showed that the increase
in plant density has an impact on the agromorphological
traits, grain yield and its components as well as the
straw yield of the varieties. It also showed that in rainfed
conditions inter-plant competition is higher in the density
D3 (93,750 plants.ha™) compared to the density D1
(62,500 plants.ha™) resulting in a decrease in the size of
the agromorphological traits. The increase in density
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provides an advantage for grain and straw yields (D2
and D3). The best grain yields and crop index were
observed with caudatum varieties, while the best straw
yields were observed with guinea varieties. The Kapelga
variety that was the earliest showed its genetic limits for
both grain yield and straw yield. It appears that if the
production objective is grain, the caudatum varieties are
more efficient with density D2, but if the objective is
straw production the guinea varieties (excepted
Kapelga) are recommended with density D3. The
densities D2 or D3 may be appropriate for a dual
purpose.
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