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Abstract

Induced mutagenesis through gamma radiation generates structural and chemical changes
in plants. This study evaluated the morphological and nutritional variability of natal grass
[Melinis repens (Willd.) Zizka] plants produced from seed irradiated with gamma radiation.
Natal grass seed was collected from wild populations in the state of Chihuahua, Mexico.
The seed was exposed to a source of Co®°. The radiation doses were: 0, 10, 50, 100, 150,
200, 250, 300 and 350 Gray (Gy). Sixty-six first generation mutant genotypes (M1), pro-
duced from irradiated seed, and nine non-mutant genotypes (MO0), developed from non-irra-
diated seed (0 Gy), were evaluated. For the morphological characterization, 18 variables
were measured on the plants when they were at the reproductive stage. The nutritional anal-
ysis was performed on the MO, as well as on a group of plants from the M1, which resulted
morphologically different (p <0.005) from the rest. The differenced M1 plants were classified
as promising mutant genotypes (M1p). Results showed that variability was induced in the
M1p. These individuals presented morphological differences in leaf weight-tillering weight
ratio and foliage height, compared to the rest of the plants (p <0.001). The M1p 250-10
genotype presented the highest (p <0.001) crude protein and the lowest (p <0.001) lignin
contents. Gamma radiation in the seed of natal grass induced morphological and nutritional
variability. With that, promising mutant genotypes, with desirable morphological and nutri-
tional attributes, were identified.

Introduction

Natal grass [Melinis repens (Willd.) Zizka] was introduced to the American Continent around

130 years ago [1, 2]. In Mexico, it is dispersed in almost the whole country [3]. This grass has a
low protein content, with abundant lignified stems, which decreases its digestibility and prefer-
ence by livestock and wildlife, compared to other native grasses [4, 5]. Natal grass has been
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classified as one of the most invasive grasses in the country. That may be due to its ability to
get established and to suppress key species native to arid and semi-arid grasslands. In northern
Mexico, there is a trend towards the colonization of grasslands by African grasses. For
instance, Eragrostis lehmanniana, Cynodon dactylon, Cenchrus ciliare and natal grass are domi-
nant in a large portion of these grasslands [3, 6, 7]. These grasses are already established and
controlling their expansion is challenging; hence, they are continuously increasing their sur-
face area. The rusticity of these grasses is a desirable characteristic to revegetate highly
degraded soils; however, they are not well accepted by livestock and wildlife due to its low
nutritional value. An alternative to control the invasion of introduced grasses may consist in
increasing their nutritional value. With that, their consumption may increase, and their con-
sumers may biologically control their invasiveness.

Induced mutagenesis to generate morphological and nutritional variability is a widely used
technique in plant breeding of grasses and other crops [8, 9]. The Food and Agriculture Orga-
nization of the United Nations and the International Atomic Energy Agency have reported
about 3,300 varieties registered as new mutants, obtained from mutagenesis induced with
gamma radiation [10]. For instance, in Sorghum sudanense and Brachypodium distachyon,
mutants with high forage value were generated by decreasing the lignin content through
gamma radiation [9, 11, 12]. Other grasses such as Pennisetum purpureum [13] and Panicum
maximum [14] have been bred with gamma radiation. Likewise, studies on lawn grasses have
shown the induction of genetic variability by mutagenesis. In 1997, the TifEagle variety of ber-
muda grass was produced. The foliar and tillering morphology was modified in this variety
and it is currently used on golf courses due to its resistance to trampling [15]. Other varieties
of lawn grasses have been modified by mutagenesis in their size and resistance to water stress
[16-18]. Stenotaphrum secundatum is another lawn-species in which mutagenesis has been
used to generate morphological differences [19]. Eleusine coracana and Pennisetum glaucum /
typhoides have been also bred by mutagenesis [8, 11, 20]. These last two species are cultivated
in South Asia and Africa to produce grain for human consumption and the production of fod-
der for livestock.

Nevertheless, the advantages offered by the induced mutagenesis through gamma radiation
have not been exploited on the breeding of wild grasses. The rusticity and poor nutritional
value reported for natal grass [4, 5], make this wild grass a candidate for plant breeding to
obtain improved genotypes for grazing purposes. Studies on inducing variability to natal grass
through irradiating its seed with gamma radiation have not been reported before. Hence, this
study aimed to evaluate the morphological and nutritional variability in the first generation of
natal grass plants produced from gamma-irradiated seeds to identify promising mutants.

Materials and methods
Seed collection and irradiation

During October 2014, natal grass seed was collected from 12 wild populations distributed in
the state of Chihuahua, Mexico [1]. The seed was mixed all together and then stored during six
months. Prior to the irradiation process, a quality analysis was carried out on the seed, which
contained 4% of humidity and 35% of the seed germinated [21]. In March 2015, the irradiation
process was carried out at the Moscamed Complex of the National Service of Health, Safety
and Food Quality (SENASICA) of the Ministry of Agriculture and Rural Development
(SADER), located in Metapa de Dominguez, Chiapas, Mexico. Radiation doses were deter-
mined using a Gafchromic dosimetry system and a RADCAL ionization chamber, model
Accudose (Monrovia, CA. USA). The irradiator was a panoramic Gamma Beam 127 MDS
Nordion (Ottawa, ON, Canada) with a 50 g dry Co® storage source. From the stored seed,
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eight lots of 100 g were extracted. One gram includes between 1300 and 1400 seed approxi-
mately [22]. Each lot was irradiated a at different dose. The doses were: 10, 50, 100, 150, 200,
250, 300 and 350 Gray (Gy). In addition, a lot of non-irradiated seed was employed as a control
treatment (0 Gy).

Morphological evaluation

The seeding was performed in March 2015. For that, pots of 25 cm of height with a 10 cm
diameter, filled at a height of 21-22 cm with sandy loam soil of alluvial origin, were used. Each
germination pot included 20 seed from one irradiation dose. Ten pots from each irradiation
dose were employed and the experimental design corresponded to completely randomized
blocks. The plants were germinated and grown under greenhouse conditions at the ‘Facultad
de Zootecnia y Ecologia’, ‘Universidad Autonoma de Chihuahua’, Chih., Mexico. In March
2016, 75 surviving plants from the different irradiation doses were transplanted in black poly-
ethylene pots with dimensions of 30 cm high by 18 cm in diameter. The pots were filled with
sandy loam soil of alluvial origin at a height of 25-26 cm. The plants were then pruned 5.0 cm
above the tiller crown. During the study, all the plants were homogeneously and periodically
watered to brake dormancy and avoid wilting. Plants produced from irradiated seed were
tagged as first-generation mutant genotypes (M1) while plants from non-irradiated seed (0
Gy) were tagged as non-mutant genotypes (MO).

For the morphological characterization, the 75 surviving plants were evaluated, with 9, 8, 9,
9,8,9,9,9 and 5 plants, germinated from seed irradiated at doses of 0, 10, 50, 100, 150, 200,
250, 300 and 350 Gy, respectively. During the reproductive phenological stage, 18 variables
were measured on the genotypes based on the varietal guidelines for Cenchrus ciliare [23] and
Bouteloua curtipendula [24]. That was performed to select morphologically differentiated
promising mutants (M1p) from MO genotypes. The variables were: growth habit (°), foliage
height (cm), plant height (cm), foliage height-plant height ratio (unitless), tiller diameter
(mm), tillering density (#), leaf blade length (cm), leaf blade width (mm), blade length of flag
leaf (cm), blade width of flag leaf (mm), chlorophyll concentration index, panicle length (cm),
tillering weight (g), leaves weight (g), leaf weight-tillering weight ratio (unitless), seed weight
(g), foliage weight without seed (g), and foliage weight-seed weight ratio (unitless). The
descriptive statistics resulting from the evaluation of the 18 morphological variables can be
consulted in S1 Appendix.

Nutritional evaluation

To determine the nutritional content, the M1p and M0 genotypes were evaluated in three phe-
nological stages (growth, reproductive, and dormancy). In the growth stage, the foliage was cut
between 15 and 23 cm of height after 21 d of regrowth. For the reproductive stage (panicle
with immature seed), plants were allowed to grow six weeks after the last cut and then their
foliage was pruned. To evaluate the dormancy stage, the sprouts were allowed to grow again
and periodic watering was applied during six additional weeks until the plants completed their
flowering stage. From that date, watering was gradually reduced to induce dormancy without
causing plant’s death. At this stage, which was reached approximately 14 weeks after the previ-
ous cut, the aerial biomass was pruned. In all the phenological stages, the cuts on the foliage
were made around 5.0 cm above the tiller crown.

The foliage was then dried in a 6M Precision Scientific oven at a constant temperature of
75°C during 48 h. The dry matter was ground to a particle size between 0.1 and 1.0 mm. Frac-
tionation of structural fibers was then carried out with the Ankom’s protocol, based on the
method of Van Soest [25] including three samples (repetitions) of dry matter for each M1p
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plant. For the MO, there were also three repetitions of a bulk sample, which included dry mat-
ter from all the genotypes of this group. The crude protein (CP) content was determined sepa-
rately with the LECO’s protocol based on the DUMAS combustion method [26]. For this test,
three repetitions for the M1p and three repetitions for the M0 genotypes were prepared with
the same dry matter previously employed for the fiber analysis.

Monitoring of environmental variables

Inside the greenhouse, temperature and relative humidity of the air (HMP60 and Vaisala Inc.,
Woburn, MA, USA), as well as solar radiation (LI-200X, Li-Cor, Lincoln, NE, USA) were mea-
sured. Data were recorded during the growth and reproductive stages of the plants (June to
October 2016) at intervals of one hour in a datalogger (CR1000, Campbell Scientific Inc.,
Logan, UT, USA). In 2015, the average temperature was 28°C with a maximum of 48°C (June)
and a minimum of 14°C (September). The average relative humidity was 26% with a minimum
of 15% in June and a maximum of 47% in September. The maximum peak of solar radiation
was registered in July with 760 W m while the minimum one occurred in August with 650 W
m™2. For 2016, the temperature mean was 27°C with a maximum of 47°C (June) and a mini-
mum of 13°C (September). The average relative humidity was 28% with a minimum of 17% in
June and a maximum of 48% in September.

Statistical analysis

The data of morphological characterization was analyzed with a Hierarchical Cluster Analysis
following the Ward’s linkage method [27]. The grouping criterion was based on the pseudo
statistics F, T2, and CCC. The Pearson’s coefficient (R?) served to determine the level of simi-
larity among groups. In addition, the groups defined in the dendrogram were compared with
Multivariate Analysis of Variance with Orthogonal Contrasts. That served to detect multivari-
ate differences among the groups and variables (o = 0.05). The nutritional variables were ana-
lyzed separately by phenological stage (i.e. growth, reproductive, and dormancy). In addition,
an Analysis of Variance and a multiple comparison of means were performed with the Dun-
nett’s test (o = 0.05). All the analyzes were carried out with the SAS 9.1.3 software [28].

Results
Morphological characterization

The morphological differences among genotypes allowed their grouping by phenotypic affinity
(Fig 1).

The absence of MO (i.e., genotypes from non-irradiated seed) was the criterion to form the
groups, based on the pseudo-statistics CCC, F, and T*. In total, four groups were formed,
which presented a similarity coefficient of R* = 0.48 among groups. The first group (G1) was
conformed of 30 individuals including both, M0 and M1 genotypes. This group presented the
individuals with the greatest foliage height, plant height, tillering diameter, and leaf length.
The second group (G2) integrated 19 genotypes also including both, M0 and M1 genotypes.
These genotypes presented the greatest tillering density, leaf width, inflorescence length, leaf
weight, tillering weight, and foliage weight. In the third group (G3), 18 genotypes were inte-
grated including only one MO0 genotype. This group excluded individuals from seed irradiated
at 10 and 150 Gy. The genotypes of G3 presented a straighter growth habit, lower weight of
leaves and shorter flag leaves than the rest of the groups. Finally, the fourth group (G4) was
conformed of eight M1 genotypes originated from irradiated seed at doses of 150, 200, 250,
and 300 Gy. This group was characterized by presenting individuals with lower plant height,
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Fig 1. Hierarchical Cluster Analysis with Ward’s linkage, based on 18 morphological variables of 75 genotypes of natal grass [Melinis repens (Willd.)
Zizka], germinated from seed exposed to different doses of radiation with Co®® (M1) and from non-irradiated seed (MO0).

https://doi.org/10.1371/journal.pone.0270935.9001

shorter inflorescences, thinner tillering, lower tillering density, higher leaves weight-tillering
weight ratio, and lower seed weight per plant than the rest of the genotypes. All the groups reg-
istered different tillering weight and seed weight (p <0.05).

The inferential analysis (AMOVA) allowed to validate the morphological variability among
genotypes. Likewise, it allowed to identify the morphological variables affected by gamma radi-
ation to differentiate promising mutant genotypes. Based on the statistic of Wilks’ Lamda, the
four groups formed in Hierarchical Clusters (Fig 1) showed multivariate statistical differences
(p <0.001) among themselves. Although G1, G2 and G3 were different from each other, all of
them integrated MO genotypes. Thus, the morphological development of these genotypes was
not different from those genotypes coming from non-irradiated seed, regardless of the radia-
tion dose. In this sense, it is difficult to attribute that the phenotypic expression of the nested
plants in these three groups was due to an effect of the radiation applied to the seed. Given
that, it was necessary to include orthogonal contrasts per group and for each original morpho-
logical variable. With this, we determined which variables had an effect to differentiate
between one M1 genotype and the M0 genotypes. Such variables were Foliage height and Leaf
weight-tillering weight ratio (Table 1). Moreover, it made possible to identify those genotypes
presenting desired characteristics to be selected as promising mutants.

For instance, leaf blade length, blade width, and length of the flag leaf were the same for all
the groups (p> 0.05). Regarding growth habit, G1, G2, and G3 presented differences (p <0.05)
among them. These three groups include both M0 and M1 genotypes. In contrast, G1, G2 and
G3 were different (p <0.05) from G4 in growth habit and G4 includes only M1 genotypes.
This behavior indicates radiation level in the seed did not generate variability in these
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Table 1. Orthogonal contrasts per group formed in Hierarchical Clusters and for each morphological variable of genotypes of natal grass [Melinis repens (Willd.)
Zizka], developed from seed irradiated with Co®® (M1) and from non-irradiated seed (MO0).

Variable Contrast | F value P value Variable Contrast F value P value

Growth habit Gl vs G2 7.47 0.008 Flag leaf width Gl vs G2 0.38 0.537
G1vs G3 21.54 <0.001 G1vs G3 1.39 0.243

G1vs G4 9.71 0.003 G1vs G4 1.27 0.264

G2vs G3 5.92 0.018 G2vs G3 0.48 0.493

G2 vs G4 1.65 0.203 G2 vs G4 0.54 0.464

G3vs G4 0.25 0.617 G3vs G4 0.04 0.838

Foliage height G1vs G2 3.45 0.068 Chlorophyll concentration index G1vs G2 1.08 0.302
G1lvs G3 0.07 0.791 G1vs G3 7.21 0.009

G1vs G4 11.05 0.001 G1vs G4 4.49 0.038

G2 vs G3 2.35 0.130 G2 vs G3 3.77 0.056

G2vs G4 2391 <0.001 G2 vs G4 2.19 0.144

G3vs G4 12.27 0.001 G3 vs G4 0.00 0.982

Plant height G1vs G2 28.56 0.001 Inflorescence length G1vs G2 0.20 0.653
G1vs G3 0.29 0.592 G1vs G3 14.81 <0.001

G1vs G4 23.51 <0.001 G1vs G4 54.33 <0.001

G2vs G3 34.22 <0.001 G2vs G3 14.45 <0.001

G2 vs G4 82.33 <0.001 G2 vs G4 55.86 <0.001

G3vs G4 19.29 <0.001 G3vs G4 18.76 <0.001

Foliage height-plant height ratio G1lvs G2 2.23 0.140 Tiller weight Glvs G2 7.70 0.007
G1lvs G3 0.43 0.514 G1lvs G3 35.46 <0.001

G1vs G4 0.00 0.969 G1vs G4 55.04 <0.001

G2 vs G3 4.81 0.032 G2 vs G3 14.75 <0.001

G2 vs G4 1.12 0.293 G2 vs G4 33.80 <0.001

G3 vs G4 0.30 0.587 G3 vs G4 7.56 0.008

Tillering diameter G1vs G2 2.23 0.140 Leaf weight G1vs G2 10.06 0.002
G1vs G3 0.43 0.514 G1vs G3 18.04 <0.001

G1vs G4 0.00 0.969 G1vs G4 4.12 0.046

G2vs G3 4.81 0.032 G2vs G3 2.45 0.122

G2 vs G4 1.12 0.293 G2 vs G4 0.03 0.852

G3vs G4 0.30 0.587 G3vs G4 1.62 0.207

Tiller density G1lvs G2 59.58 <0.001 Leaf weight-tillering weight ratio Glvs G2 0.05 0.819
G1lvs G3 118.55 <0.001 G1lvs G3 3.26 0.075

G1vs G4 174.63 <0.001 G1vs G4 42.13 <0.001

G2 vs G3 19.55 <0.001 G2 vs G3 391 0.080

G2 vs G4 69.05 <0.001 G2 vs G4 49.62 <0.001

G3 vs G4 21.89 <0.001 G3vs G4 25.42 <0.001

Leaf blade length G1vs G2 0.01 0.924 Seed weight G1vs G2 14.52 <0.001
G1vs G3 0.72 0.400 G1vs G3 56.92 <0.001

G1vs G4 1.48 0.228 G1vs G4 67.76 <0.001

G2vs G3 1.06 0.307 G2vs G3 20.94 <0.001

G2 vs G4 1.84 0.179 G2 vs G4 34.94 <0.001

G3vs G4 0.30 0.584 G3vs G4 5.40 0.023
(Continued)
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Table 1. (Continued)

Variable Contrast
Leaf blade width G1vs G2
G1vs G3

Gl vs G4

G2vs G3

G2 vs G4

G3vs G4

Flag leaf length G1vs G2
G1vs G3

G1vs G4

G2 vs G3

G2 vs G4

G3 vs G4

F value P value Variable Contrast F value P value
0.31 0.580 Weight of aerial biomass G1vs G2 19.55 <0.001
6.33 0.014 G1vsG3 65.69 <0.001
9.10 0.004 G1vs G4 68.22 <0.001
4.97 0.029 G2vs G3 21.10 <0.001
7.76 0.007 G2 vs G4 30.15 <0.001
1.09 0.299 G3vs G4 3.68 0.059
0.63 0.429 |  Aerial weight biomass- seed weight ratio Glvs G2 4.07 0.047
1.09 0.299 G1vs G3 28.04 <0.001
0.11 0.743 G1vs G4 59.58 <0.001
0.14 0.712 G2vs G3 14.88 <0.001
0.06 0.812 G2 vs G4 44.74 <0.001
0.23 0.630 G3 vs G4 12.65 <0.001

P <0.05 indicates statistical difference between two groups per variable, based on Wilks’ Lamda.

https://doi.org/10.1371/journal.pone.0270935.t001

variables, since M0 and M1 genotypes were grouped together. Neither foliage height nor leaves
weight-tillering weight ratio of the G1, G2, and G3 presented differences (p> 0.05). Neverthe-
less, these groups had higher foliage height (p <0.05) and lower leaf weight-tillering weight
ratio (p <0.05) than G4. This behavior indicates there was an effect of gamma radiation, which
induced variability in these two variables for the G4 genotypes.

Nutritional analysis

Regarding the nutritional content, all the genotypes (M0 and M1p) showed an increase in
their content of structural fibers and a decrease in CP throughout their phenological develop-
ment. Neutral detergent fiber (NDF) in the M1p and MO ranged between 51 and 61% in the
regrowth stage. In the reproductive and dormancy stages, these values ranged from 64 to 74%
and from 72 to 75%, respectively. Table 2 shows the hemicellulose, cellulose, lignin, and CP
contents in three phenological stages for the different M1p and M0 genotypes. All the M1p
presented a difference (p <0.05) with the MO in at least one nutritional variable. Notably, only
the M1p 250-10 genotype showed lower lignin content (p <0.05) than the M0 genotypes in
the three phenological stages. Regarding CP, the M1p 250-10 genotype presented higher con-
tent (p <0.05) than the MO genotypes in the three phenological stages.

Discussion
Morphological characterization

The genotypes belonging to G4 were classified as M1p due to the absence of MO genotypes in
this group. These genotypes were morphologically different to the M0 genotypes and to the
rest of the M1 genotypes. Given the observed variability, it was inferred that some morphologi-
cal mutations, caused by irradiation on the seed, may have occurred in the G4 genotypes.

Even though all the plants were grown under similar conditions, different phenotypic
expressions were observed on them. Such expressions did not depend on the radiation level
given to the seed, since all the groups included M1 ecotypes from different radiation doses.
Gamma rays can induce changes in the genome structure; however, they occur randomly and
will largely depend on the radiation intensity. Thus, when the mutagenesis is induced by
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Table 2. Means + standard error with the Dunnett test for content of structural fibers and crude protein by phenological stage in eight promising mutant genotypes
(M1p) of natal grass [Melinis repens (Willd.) Zizka], germinated from seed irradiated with Co® vs genotypes germinated from non-irradiated seed (MO).

Stage Mip y MO % HEM % CEL % LIG % CP
Growth Mo 30.7+0.63 24.0+0.47 2.840.18 17.7+0.23
Mip 150-8 30.1+0.63 26.640.47** 2.240.18 16.8+0.23
Mlp 150-10 32.2+0.63 24.240.47 2.2+0.18 17.5+0.23
Mlp 200-9 30.9+0.63 25.6+0.47 2.3+0.18 15.940.23***
Mip 200-10 32.6+0.63 22.9+0.47 2.5+0.18 18.7+0.23
Mip 250-8 31.9+0.63 26.840.47"" 2.5+0.18 15.3+0.23***
Mip 250-10 23.940.63"** 25.440.47 1.6+0.18*** 19.5+0.23***
M1p 300-9 30.5+0.63 26.2+0.47 2.3+0.18 15.540.23***
M1p 300-10 32.0+0.63 23.8+0.47 2.4+0.18 17.3+0.23
Reprodutive Mo 35.440.5 32.5+0.34 3.8+0.23 11.0+0.11
M1p 150-8 36.4+0.5 33.2+0.34 3.3+0.23 8.740.11%**
Mip 150-10 33.6+0.5 32.4+0.34 3.740.23 9.740.11***
M1p 200-9 34.6+0.5 35.9+0.34"* 434023 8.5+0.11%*
Mip 200-10 34.040.5 31.5+0.34 4.140.23 9.6+0.11**
Mip 250-8 33.340.5 32.5+0.34 432023 10.9+0.11
Mlp 250-10 31.940.5"" 29.7+0.34 2.3+0.23"* 13.6£0.11°*
Mlp 300-9 33.340.5 32.5+0.34 412023 10.7+0.11
Mip 300-10 33.740.5 32.8+0.34 3.9+0.23 842011
Dormancy Mo 34.4+0.46 35.7:40.49 5.240.11 6.0£0.14
M1p 150-8 32.7+0.46 33.8+0.49 5.140.11 5.9+0.14
Mip 150-10 33.3+0.46 35.1:0.49 5.9+0.11°** 5.740.14
M1p 200-9 34.3+0.46 34.9+0.49 6.0+0.117* 5.8+0.14
M1p 200-10 34.4+0.46 35.2+0.49 5.0+0.11 6.0+0.14
M1p 250-8 33.6+0.46 33.8+0.49 5.0+0.11 5.8+0.14
Mip 250-10 41.4+0.46*" 30.4+0.49"* 4540117 6.9+0.14**
Mip 300-9 35.4+0.46 34.0+0.49 5.6+0.11 5.940.14
Mip 300-10 31.940.46"** 35.5+0.49 5.8+0.11"* 6.0£0.14

“** denote differences between M1p and MO genotypes (p<0.05). HEM = hemicellulose, CEL = cellulose, LIG = lignin, CP = crude protein.

https://doi.org/10.1371/journal.pone.0270935.t002

physical agents such as Co®, it is necessary to determine optimal doses for more effective
mutations [21, 29-31].

The grouping of the genotypes, presented by the cluster analysis, allowed to infer that
gamma radiation induced morphological changes in some of the genotypes, since all the
groups registered different tillering weight and seed weight. Previous research has reported
intraspecific variation after the induction of mutations, which may possibly generate either
new attributes or present some of those the species has lost during its evolution process [32,
33]. Results from the Cluster and the AMOVA analyses allowed to infer that the phenotypic
variability found in the M1p genotypes was caused by mutagenesis induced with gamma radia-
tion, which confirms the effect of radiation on expression.

Nutritional analysis

The nutritional value found in this study is common for grasses, where CP is decreasing and
structural carbohydrates such as hemicellulose, cellulose and lignin are increasing along the
plant’s development [34-36].
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The total of structural fibers of natal grass found in this study was high, compared to the
results presented by Bezabih et al. [37], who reported from 54.2 to 56.4% of NDF for this spe-
cies, in semi-arid grasslands of the savanna of the Rift Valley in Ethiopia during August. The
difference in structural fibers between the plants grown in Chihuahua and those grown in
South Africa was around 22% for the same phenological stage, which can be considered high.
This may be due to the differences in climate conditions, soil nutrients, genetic variability,
among other factors.

For ruminants, cellulose is more digestible than hemicellulose while hemicellulose is more
digestible than cellulose for non-ruminants. For both of them, lignin is indigestible [38, 39].
Other authors have reported that natal grass with a high lignin content [5]; however, they did
not report amounts for this polymer.

In general, the ecotype M1p 250-10 was superior to those reported by other researchers for
natal grass. For instance, Melgoza et al. [5] reported values from 4.0 to 6.0% of CP during the
growth stage. Ramirez et al. [40] reported 7.4, 11.2, 11.1, and 9.3% of CP content; 27, 29, 28,
and 28% of cellulose, and 6, 8, 8, and 8% of lignin, during the spring, summer, autumn, and
winter seasons, respectively. Gonzalez-Garcia et al. [41] reported 3.58% of CP, 3.53% of lignin,
42.89% of cellulose, and 26.29% of hemicellulose in August, when the species began its flower-
ing stage in the grasslands of northwest Chihuahua. Njau et al. [42] reported 3.21% of CP in
the dry season in Tanzania. Souza et al. [43] found 1.4% of total nitrogen, which corresponds
to 8.75% of CP, applying the correction factor of 6.25; however, they did not specify the plant
phenological stage. In a study of the nutritional value of cattle diet in a rangeland located in
Chihuahua, which was mainly composed of natal grass (87%), Gutiérrez et al. [44] found 13.2,
10.7, and 6.5% of CP in the growth, flowering, and dormancy stages, respectively. These
authors determined values of 70, 71, and 72% of NDF in the growth, flowering, and dormancy
stages, respectively. These latter are the closest compared to the values found in the present
study. Thus, all the natal grass populations in the state of Chihuahua may have a similar nutri-
tional content.

Given the nutritional content of natal grass found in this study, it could be questioned to
postulate that populations of this species in Chihuahua are of poor forage value. This invasive
species showed greater CP values in the growth and flowering stage than native species quali-
fied to have a good nutritional value. For instance, Morales et al. [45] reported that Bouteloua
gracilis contains 12 to 15% of CP in the growth stage in Chihuahua. In Bouteloua gracilis var.
Cecilia, Beltran et al. [46] reported 9.7% CP and 3.4% in flowering and maturity stages, respec-
tively. For Bouteloua curtipendula var. Diana, 8.6% and 3.6% of CP were reported in the flow-
ering and maturity stages, respectively [47]. However, CP is not the only considered variable
to qualify a forage source as good. For that, it would be necessary to determine digestibility
and acceptance by cattle and wildlife, among other attributes.

Although all the M1p genotypes were nutritionally different from the M0 genotypes, most
of them presented a lower nutritional value. The exception was the M1p 250-10 genotype,
which presented the highest CP and the lowest lignin contents in all the phenological stages
evaluated. This same ecotype decreased the content of cellulose, hemicellulose and lignin
structural fibers in its growth and reproductive stages. During the dormancy stage, it reduced
its cellulose and increased its hemicellulose contents. It should be noted that protein is the
scarcest nutrient during the dry season and the one most searched by cattle and wildlife. The
low preference cattle show for some species of poor nutritional value may be due to the high
tillering density or the low leaf-tillering ratio these species generally have. These attributes are
correlated to a high content of structural fibers and to a low PC content [41, 48]. In general,
the M1p 250-10 genotype can be considered as a promising mutant, since the first generation
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this genotype surpassed the M0 and M1 genotypes in nutritional value in all the phenological
stages.

Although gamma radiation from Co® randomly induces mutagenesis, it was observed that
all the M1p genotypes came from irradiated seed at doses ranging from 150 and 300 Gy. Thus,
the probability of achieving effective mutations and then promising mutants could be
increased when an optimal radiation dose is determined previously. In this regard, some
researchers reported that effective mutations occur around the optimal dose estimated for the
species to be mutated [49, 50]. In a study conducted by Corrales-Lerma et al. [21], the optimal
radiation dose in natal grass seed for effective mutations was determined to be around 300 Gy.
The M1p 250-10 genotype was produced from a seed irradiated at 250 Gy, a value close to the
optimal radiation dose previously found for natal grass seed. The results from the nutritional
analysis and morphological variability validate the effect of gamma radiation applied to the
seed, which produced the M1p 250-10 genotype.

Conclusions

Seeds of natal grass irradiated with gamma radiation produced plants with morphological and
nutritional variability. From these plants, it was possible to identify promising mutant geno-
types. The genotype identified as M1p 250-10 presented desirable morphological and nutri-
tional attributes of agronomic interest such as, foliage height, leaf-tillering ratio, as well as a
reduction in lignin content and an increase in crude protein, compared to the genotypes pro-
duced from non-irradiated seed.
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