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Abstract

Lodging is a serious problem in cereals damaging both yields, grain and forage quality but also increasing the
difficulty of the harvest. This study was conducted in order to analyze the genetic variability and to evaluate
the traits that are associated with lodging resistance. The analysis of variance revealed very highly significant
differences for all the studied traits which showed a great variability between genotypes. Morphological inves-
tigations generally showed that the most resistant genotypes to lodging were those with the shorter total lengths
of the first four basis internodes. Those which were susceptible to lodging possess against the longer four basis
internodes. The correlations studies on the stem traits as well as the agro-pheno-morphological characters indi-
cated that the lengths of the first four basis internodes were all positively correlated with each other. Diameters
and weights of the four internodes were almost all positively correlated with each other. It was also showed
that lodging was negatively correlated with the awn length and the 1000 grain weight but positively correlated
with the tiller spike number per plant. Correlations between lodging and the lengths of the four basic interno-
des were all positive and very highly significant. The existing diversity for these traits and the relationships
between them could help for directing breeding works for the lodging resistance.
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Introduction

The process by which the shoots of small grained
cereals are displayed from their vertical stance is
known as lodging. This can reduce yield by up to 80
% and causes several knock-on effects including re-
duced grain quality, greater drying costs and slower
harvest. It is a problem that limits cereal productivity
in both developed and developing countries (Berry et
al., 2004).

Barley is particularly prone to lodging because it
has tall, hollow stems (Bergal and Clemencet 1962).
Thus, lodging resistance has become one of the major
goals in crop breeding, particularly in barley (Chen
et al., 2014). Lodging can be used as prediction tool
for yield and grain quality loss in barley (Caierdo,
2006).

Keller et al. (1999) reported that higher seed density
will enhance lodging by increasing culm length and
decreasing culm diameter as well as total root mass.

However a reduction in culm length does not seem to
be the correct answer to increase lodging resistance
(Berbigier 1968, Konoshi 1976).

Anatomical characteristics of the culm, mostly when
associated with short basal internodes, can be more
important than culm length per se (Pinthus, 1973).

The objective of the study was to evaluate the genetic
diversity and to investigate the relationships between
the phenol-agro-morphological traits and the lodging
resistance.

Materials and methods

Genotypes & planting

The germplasm consists of 29 barley genotypes co-
ming from rural regions of Algeria (Adrar, Taman-
rasset, Touggourt, Ghardaia, Béchar, Ouargla and El
bayadh) in presence of three witnesses: Pane from
Spain and two improved Algerian varieties Saida and
Tichedrett.

Genotypes were evaluated in Mitidja (plain in Algiers
with an average rainfall exceeding 500 mm and a sub-
humid climate) at the National Agronomic Research
Institute of Algeria (INRAA) during 2014-2015. This
study was taken without fertilization, pesticides, and
fungicides and without irrigation. The texture of the
soil was a sandy clay loam texture. Planting occur-
red on 13 November 2014. The test was done using
a completely randomized design on two plots. Rows
were 4 m each with spacing of 50 cm between them-
selves. The distance between plants was 10 cm.
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Measurements

Plant height (HPL) (cm), spike length (HEP) (cm),
awn length (LBA) (cm), number of fertile tillers per
plant (NTE), grain number per spike (NGE), spikelet
number per spike (NEE), 1000 grain weight (PMG)
(g) and spike weight (PEP) (g) were the quantitative
traits evaluated at maturity and also days to heading
(DEP) and days to maturity (DC). The lodging grade
(LOD) was scored at maturity, with the use of 9°-
scale, where 1 means no lodging and 9, the highest
lodging. After harvesting, measures in the first four
basis internodes of stems were made for all maturing
genotypes, namely: the lengths of the first four basis
internodes (LEN1, LEN2, LEN3, and LEN4) measu-
red by centimeter; their diameters (DEN1, DEN2,
DEN3 and DEN4) measured by millimeter and their
weights (PEN1, PEN2, PEN3 and PEN4) measured
in grams.

A random selection of 10 plants was done on tow
plots (five plants per plot chosen from the central
parts of each row) of the test to study the following
characters: HPL, HEP, LBA, NTE, NGE, NEE, PEP
and also: LEN1, LEN2, LEN3, LEN4, DEN1, DEN2,
DEN3, DEN4, PEN1, PEN2, PEN3 and PEN4.

Statistical analysis

One-way analysis of variance (ANOVA) was perfor-
med by Fisher’s least significant difference (LSD)
method to test the significance difference between
means. The data was statistically analyses by the Gen
Stat Discovery (Edition 3, Stat Soft Inc.) and concer-
ned the characters: HPL, NTE, HEP, LBA, NEE,
NGE and PEP (table 1) and also the following traits:
LENI, LEN2, LEN3, LEN4, DEN1, DEN2, DEN3,
DEN4, PEN1, PEN2, PEN3 and PEN4 (table 2).

Correlations were obtained by STATISTICA (Data
analysis Software System, version 6, Stat Soft Inc.)
and were performed based on the means values of
characters: LEN1, LEN2, LEN3, LEN4, DENI,
DEN2, DEN3, DEN4, PEN1, PEN2, PEN3, PEN4,
PEP and lodging grade (LOD) (table 3). Correla-
tions were also done on the characters: LEN1, LEN2,
LEN3, LEN4, HPL, NTE, HEP, LBA, NEE, NGE,
PMG, PEP, DEP, DC and LOD (table 4).

Results

Variance analysis showed the existence of a great ge-
netic variability (P < 0.001) in the germplasm for all
the agro-morphological traits (table 1) and for all the
characters concerning the stems (lengths, diameters
and weights of the four basis internodes) (table 2).
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Genotypes (13, 16, 17, 11, 28, 8, 18, 19, 9 and 15)
with very long stems and those with long stems (33,
12, 25, 27, 14, 31 and 26) were resistant to lodging.
Genotypes with short stems but slightly susceptible to
lodging were 21 and 22 except the genotype 20 with
short stem and resisting to lodging. All the genotypes
with medium stems were susceptible to lodging (1, 2,
4 and 24). Genotypes with very long stems and sus-
ceptible to lodging were: 7, 10, 23, 5 and 29. Those
with long stems and also susceptible to lodging were:
30 and 32.

Morphological investigations have generally shown
that most genotypes resistant to lodging whether with
long, very long or short stems, were those with the
shorter total lengths of the first four basis internodes.
Those which were susceptible to lodging possess
against the longer four basis internodes.

On the other hand, the correlations studied on these
characteristics as well as the agro-pheno-morpholo-
gical characters showed that the lengths of the first
four internodes were all positively correlated with
each other. The length of the third inter-node was

ERSTRA N° 13 (2016)
positively correlated to the diameter of the second
inter-node. The diameters and weights of the four
internodes were almost all positively correlated with
each other. The spike weight was very strongly and
positively correlated with the weight of the second,
third and fourth inter-node. It was positively correla-
ted with the first basis inter-node (table 3).

It was also showed that lodging is negatively corre-
lated with the awn length and the 1000 grain weight
but positively correlated with the tiller spike number
per plant (table 4). Correlations between lodging and
the lengths of the four basic internodes were all posi-
tive and very highly significant (table 3). There were
no significant correlations between lodging and the
following characters: Diameters, weights of the four
basis internodes and spike weights (table 3).

Discussion

It was showed that genotypes with long or very long
stems resisted to lodging and others with short or
medium stems against were however susceptible to
lodging. Indeed, no significant correlation was found

Table 1. ANOVASSs of agro-morphological traits in 32 barley genotypes

Source of DF HPL NTE HEP LBA NEE NGE PEP
variation

Genotype 31 39.74%%* | 3 41*%* | 46.02%F* | 57.19%%* | 16.49%** | T 46%** | 25 T3kA*
Error 288 57.68 17.83 0.64 0.76 1.58 80.18 0.54
CV % 6.9 42.4 10.8 7.7 11.8 16.9 21.9
SE 2.4 1.34 0.25 0.27 0.4 8.95 0.23
SED 3.4 1.89 0.36 0.38 0.56 4.11 0.33
LSD 6.69 3.72 0.7 0.76 1.11 8.1 0.64

***: Significant at P<0.001; SE: Standard Error; SED: Standard Errors of means; LSD: Least significant dif-
ferences of means at 5 % level

Table 2. ANOVAs of lengths, diameters and weights of the four basis internodes of stems

Sourceof | DF LEN1 | LEN2 | LEN3 | LEN4 | GENI | GEN2 | GEN3 | GEN4 | PENI | PEN2 | PEN3 | PEN4
variation

Genotype 31 843 | REgFFE | 10.0%FF | 14280 | 37wmk | 410meE | 43780k | Swsk | 3 e7mek | 708k | ],03%kx | 7,750
Error 288 1.73 3.77 3.9 3.66 0.41 0.44 0.44 0.39 0.004 0.004 0.005 0.006
CV % 50 31.4 21.5 18 20.8 18.6 17.3 15.8 59.7 33.8 31 33.9

SE 1.31 1.94 1.98 1.91 0.64 0.66 0.66 0.62 0.07 0.06 0.07 0.08

SED 0.59 0.87 0.88 0.86 0.29 0.29 0.29 0.28 0.03 0.03 0.03 0.03

LSD 1.16 1.71 1.74 1.69 0.58 0.58 0.58 0.55 0.08 0.06 0.06 0.07

*#%. Significant at P<0.001; SE: Standard Error; SED: Standard Errors of means; LSD: Least significant dif-

ferences of means at 5 % level
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Table 3. Correlation matrix on lodging, spike weights, lengths, diameters and weights of the four basis internodes and 32

barley genotypes
PEP LENI1 | LEN2 | LEN3 | LEN4 | DEN1 | DEN2 | DEN3 | DEN4 | PENI | PEN2 | PEN3 | PEN4
LENI | -0.16NS
LEN2 | -0.08NS | 0.93%*x
LEN3 | -0.13NS | 0.73%%* | 0.83%**
LEN4 | -041% | 0.61%% | 0.68%* | 0.91%*
DENI | 047¢ | 02NS | 025NS | 041* | 0.26NS
DEN2 | 047¢ | 02NS | 025NS | 041* | 026NS | 0.84%*
DEN3 | 046* | -0.19NS | -0.14NS | 0.03NS | -0.06NS | 0.45% | 0.51%*
DEN4 | 047% | -0.09NS | -0.00NS | 0.I8NS | 0.06NS | 0.73%%* | 0.84%%% | 0.69%**
PEN1 0.77% | -0.13NS | 0.02NS | 0.03NS | -0.26NS | 0.45* 0.45% | 033NS | 047*
PEN2 | 0.74%%* | -0.16NS | -0.06NS | -0.0INS | -0.2INS | 0.45% 047% | 033NS | 044% | 0.69%**
PEN3 | 0.74%** | -0.24NS | -0.09NS | -0.0INS | -0.19NS | 046* | 0.52%*% | 042 | 053% | 0.69%%* | 0.93%*+
PEN4 | 0.7%%% | -0.12NS | -0.00NS | 0.I3NS | -0.03NS | 0.56** | 0.6 | 046* | 0.6%%* | 0.66%* | 0.88%% | 0.95%%*
LOD | -0.24NS | 0.6%%* | 0.6%%* | 0.6%* | 0.63** | -0.0INS | -0.04NS | -0.32NS | -0.26NS | -03INS | -0.2NS | -0.27NS | -0.2NS

NS, No-significant; *P ¢ 0, 05; **P <0, 01; ***P < 0,001

Tableau 4. Correlation matrix on the lengths of internodes, lodging, the pheno-agro-morphological traits and 32 barley

genotypes
LENI | LEN2 | LEN3 | LEN4 | HPL | NTE HEP LBA | NEE | NGE | PMG | DEP DC VER
LEN2 01038
LEN3 0.73%%% | .83%%x
LEN4 0.61%%% | 0.68%xx | 091
HPL -0.0INS 0.12NS 0.3 NS 0.15NS
NTE 0.04NS 0.14NS 0.27 NS 0.31 NS 0.32 NS
HEP -0.05NS 0.INS 0.15NS -0.02 NS o7 0.38%
LBA -0.30NS -0.26 NS [ -0.25NS -0.48% 0.55%%* -0.14 NS 0.43*
NEE -0.11 NS -0.0INS 0.06NS -0.02NS 0.53%* 0.46* 0.63%** 0.22 NS
NGE 0.08 NS 0.14 NS 0.16NS 0.01 NS 0.47%* 0.07 NS 0.35NS 0.45% 0.41*
PMG -0.28NS -0.19 NS -0.16 NS -0.42 * 0.53%* -0.01 NS DS Q77 0.37* 0.13NS
DEP -0.41* -0.28 NS [ -0.12NS | -0.27NS 0.71%%* -0.11 NS 0.51%* 0.8%*% 0.44* 0.5%* 0.68%**
DC -0.25NS -0.15NS -0.14 NS -0.37 NS 0.5%* -0.06 NS 0.45% 0.85%** 0.27 NS 0.28 NS @ 7T+ Q7=
VER 0.6%** 0.6%%* 0.6%** 0.63%** 0.16 NS 0.38% 0.01 NS -0.39% 0.14 NS 0.3 NS -0.39% -0.33 NS -0.36 NS
PEP -0.16NS -0.08 NS -0.13 NS -0.41* 0.61%%* -0.11 NS 0.60%** 0.85%** 0.44* 0.55%%* 033 Q77 0N/ -0.24
NS

NS, Non-significatif ; *P < 0,05 ; **P < 0,01 ; ***P < 0,001

between lodging and plant height. The length of the
stem does not necessarily appear as a criterion for
the resistance to lodging. In fact, according to Berbi-
gier (1968) and Konishi (1976), a reduction in culm
length does not seem to be the correct answer for in-
creasing lodging resistance. However, Matusinsky et
al. (2015) found a positive and very high significant
correlation between lodging and the plant height.

Morphological investigations made to study the lod-
ging resistance demonstrated through the analysis of
variance that the differences between genotypes are

very highly significant regarding the lengths, diame-
ters and weights of the first four basis internodes. The
existing diversity between genotypes for these cha-
racters and the relationships between them could help
to guide selection works for the lodging resistance.
On the diameter of the first three basis internodes,
Hasnath Karim and Jahan (2013) found very highly
significant differences among wheat genotypes, only
for the third inter-node. For the first two basis in-
ternodes, the differences were not significant in the
same study.
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On the other hand, it was found that the lengths of the
first four internodes were very highly and positively
correlated with lodging. These results are similar to
those of Chen et al. (2014) where the lengths of the six
basic internodes correlated positively with lodging.
According to Jezowski (1981), lines investigations
have shown that the resistance to lodging in cereals
is strongly related to the physical and morphological
structure of the stem. Regarding flax, Menoux et al.
(1982) indicate that many works on lodging lead to
the conclusion that stem stocky, with short internodes
and with relatively abundant supporting tissues, will
be less susceptible to lodging. The weight of the spi-
kes is positively correlated with all diameters of the
four basis internodes. This result is consistent with
conclusions of Chen et al. (2014) who found signifi-
cant correlations between the weight of the ears and
the diameters of the six basis internodes in barley.
Correlations between lodging and the diameters of
the four basis internodes were all no significant. It
was the same for the weight of internodes. Pinthus
(1967) found no correlation between culm diameter
and lodging resistance in wheat. However a greater
diameter of the lower internodes and the greater wei-
ght per unit length of the stem basis of wheat was
suggested as a possible reason for better lodging re-
sistance by Zuber et al. (1999). There is no significant
correlation between lodging and spike weight. Accor-
ding to Hasnath Karim and Jahan (2013), genotypes
with heavier ears appear to reach the same level of
lodging resistance compared to genotypes with ligh-
ter ears. In a study taken by Matusinsky et al. (2015),
there were no significant correlation between lodging
and dry weight of productive tillers but positive and
significant correlation was found between lodging
and fresh weight of productive tillers in the same
study. The 1000 grain weight and the awn length are
significantly and negatively correlated with lodging
indicating that these characters may be used in selec-
tion for increased lodging resistance. No significant
correlation was found between lodging and the 1000
grain weight in a study taken by MatusSinsky et al.
(2015).

Conclusion

Lodging is a serious problem in cereals in general
and very much in barley, damaging both yields, grain
quality but also increasing the difficulty of the har-
vest.

From the morphological investigations, it was found
that the short basal internodes can be more impor-
tant than the stem length for lodging resistance. The

)
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1000 grain weight, the awn length and the tiller spike
number per plant were also associated with lodging
resistance.

The existing diversity found between genotypes for
all the traits studied and the relationships between
them could help for directing selection works for the
lodging resistance in barley.

References

Berbigier A., 1968. The creation of semi-dwarf bar-
ley varieties. Euphytica 17 (Suppl. 1): 177-184.

Bergal P. and Clemmencet M., 1962. The botany of
the barley plant. In: Barley and Malt. Biology, Bio-
chemistry, Technology. (A.H. Cook. Ed.). Academic
Press. New York. PP 1-23.

Berry P.M., Sterling M., Spink J.H., Baker C.J.,
Sylvester-Bradley R., Mooney S.J., Tams A.R. and
Ennos A.R., 2004. Understanding and reducing lod-
ging in cereals. Advances in Agronomy 84: 217-271.

Caieriao E., 2006. Effect of induced lodging on grain
yield and quality of brewing barley. Crop Breeding
and Applied Biotechnology 6: 215-221.

Chen W.Y., Liu Z.M., Deng G.B., Pan Z.F., Liang
J.J., Zeng X.Q., Tashi N.M., Long H. and Yu M.Q.,
2014. Genetic Relationship between lodging and lod-
ging components in barley (Hordeum vulgare) based
on unconditional and conditional quantitative trait
locus analyses. Genetics and Molecular Research 13
(1): 1909-1925.

Hasnath Karim M.D. and Jahan M., 2013. Study
of lodging resistance and its associated traits in bread
wheat. ARPN Journal of Agricultural and Biological
Science. volume 8, N° 10: 683- 687.

Jezowski S., 1981. Analysis of relationship between
lodging grade and some morphological characters of
spring barley varieties. Genetica Polonica 1: 45-61.

Keller M., Karutz C.H., Schmid J.E., Stamo P.,
Winzeler M., Keller B. and Messmer M.M., 1999.
Quantitative trait loci for lodging resistance in a se-
gregating wheat x spelt population. Theor. Appl. Ge-
netic 98: 1171-1182.

Konishi T., 1976. The nature and characteristics of
EMS-induced dwarf mutants in barley. Barley Gene-
tics I11: 181-189.

Matusinsky P., Svobodova 1. and Misa P., 2015.
Spring barley stand structure as an indicator of lod-
ging risk. Zemdirbyste-Agriculture. Vol. 102, N° 3 :
273-280.

Centre de recherche scientifique et
technique sur les régions arides

111

Ladl Giaall 55,
ilaldl shliell

‘?'\aﬁ‘\}‘f



Journal Algérien des Régions Arides (JARA)

Menoux Y., Katz E., Eyssautier A., Parcevaux S.,
Sainte-Beuve D., Robinet L., Durand B., and LE
Gleo M., 1982. Résistance a la verse du lin textile :
influence du milieu et critéres de sélection proposés.
Agronomie 2 (2): 173-180.

Pinthus M.J., 1967. Spread of the root system as an
indicator for evaluating lodging resistance of wheat.
Crop Science 7: 107-110.

Pinthus M.J., 1973. Lodging in wheat, barley and
oats. The phenomenon, its causes and preventative
measures. Adv. Agron. 25: 210:256.

Zuber U., Winzeler H., Messmer M.M., Keller B.,
Schmid J.E., Stamp P., 1999. Morphological traits
associated with lodging resistance of spring wheat

(Triticum aestivum L.). Agronomy and Crop Science
182: 17-24.

CRSTRA

N° 13 (2016)

Centre de recherche scientifique et 112

technique sur les régions arides

Lall ¢oall 35S ,a

‘?'\aﬁ‘\}‘f

L)) lliald



