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Abstract

Barley seeds of two varieties were treated with several doses of gamma rays and sodium azide.
Seeds of a quinoa (Chenopodium) variety were treated with three doses of gamma rays. Yield trials
were conducted also for doubled haploid lines of barley derived from earlier mutagenic treatments.
Some promising new barley mutant lines were identified in the yield trials. The results from the
Chenopodium trials facilitate the determination of the optimum dose of gamma rays for the PRQ-22
variety.

1. INTRODUCTION

Barley and native grains are important crops in Peru, being basic foods in the high
Andean region. The three million poor people who live in the rural highlands, are engaged in
agricultural activities. Those crops grow under abiotic stresses (drought, frost, hail, infertile
soils), biotic ones (diseases) and under a low farming technology. The main way to increase
production is through breeding higher yielding varieties adapted to those conditions. The
Universidad Nacional Agraria La Molina (UNALM) through its Cereal Research Program
carries out in barley and native grains genetic improvement and agronomic trials with the
support of the private industry, International Atomic Energy Agency and CIMMYT. The
approaches used are germplasm introduction, germplasm collection, hybridization, induction
of mutations, and doubled haploid production.

The objectives of the program are:

To develop improved varieties with high yield, resistance or tolerance to biotic and
abiotic factors, wide adaptation and good quality for different uses.

To develop production technologies adapted to the different production areas.

To expand the farming land through new varieties tolerant or resistant to frost, drought,
hail and other limiting factors, thus, to be able to produce yield at the highest levels of the
Peruvian Andes, mainly at Puno.

To transfer the research results to agronomy students, agronomists and farmers.

49



2. RESULTS

2.1. Barley

2.1.1. Induction of mutations

This breeding method is used for improvement of some characteristics in commercial or
traditional varieties. Two varieties were treated, UNA-80 (naked grain) and Yanamuclo (6
row) with gamma rays, 150, 250, 350 Gy.

The Mi generation was grown at the La Molina location and was severely damaged by
the weather. The material was harvested and the M2 was to be planted on the highland in the
growing season of 1998. Part of this material was randomly sampled for anther culture. From
each variety and treatment 540 to 750 anthers were plated.

2.1.2. Yield trials of doubled haploid (DH) mutants

55 DH mutant lines were previously produced from Mi plants of UNA-LA MOLINA
94 and L-2194 varieties after mutagenic treatment with N-methyl-N-nitrosourea and sodium
azide. In addition, 31 DH lines derived from untreated plants of these two genotypes were
included in the experiment. Four yield trials were conducted at La Molina, each containing
25 entries with two local checks. Randomized block design was used for the statistical
analysis. Each trial was analyzed separately. The mean values for yield were compared using
the LSD test. The coefficient of variation had high values in most of the trials. The yields
were very low in general. These materials will be evaluated again at the highland locations.

Analysis of variance of yield trials at La Molina in 1997 of barley doubled haploid lines
derived following induction of mutations and hybridization program showed that some of the
lines gave significantly higher yields than the controls, or similar to them. Subsequent trials
will ascertain this finding.

2.2. Chenopodium (quinoa)

2.2.1. Induction of mutations

The varieties used, breeding objectives and mutagenic treatments are shown in Table I.

TABLE I. THE VARIETIES TREATED, THE OBJECTIVES AND THE APPLIED
MUTAGENIC TREATMENTS

Variety Objective Mutagenic agent Dose
LM-89 White color of grain Gamma rays 50, 100 and 150 Gy

Lower saponin content
LM-89 White color of grain Sodium azide 1.0 and 2.0 mM

Lower saponin content
PRQ-22 Earliness Gamma rays 150,250 and 350 Gy

Non-branching
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2.2.2. Germination dynamics

Germination was assessed 4, 8 and 18 h after planting (Table II). After 8 and 18 h there
were significant (5%) and highly significant (1%) differences among the treatments.

TABLE II. MEAN GERMINATION RATES OF QUINOA VARIETY PRQ-22 IRRADIATED
WITH THREE DOSES OF GAMMA RAYS

Treatment
Check
150 Gy
250 Gy
350 Gy

x Germination%, hours
4
7
1
5
4

8
90
39
55
50

after planting
18

100
91
94
91

2.2.3. Germination and survival

The experimental material was also sown in boxes under field conditions and the
germination and survival were evaluated. Their mean values (Table HI), decreased with
increased gamma rays doses. Highly significant (1%) differences were observed for survival.
Plants from the 350 Gy treatment did not develop true leaves; after approximately 10 days,
the cotyledons turned yellowish and the plants died. The remaining seeds of these treatments
will be planted under the highland conditions.

TABLE III. MEAN GERMINATION AND SURVIVAL RATES UNDER FIELD
CONDITIONS OF QUINOA VARIETY PRQ-22 IRRADIATED WITH THREE DOSES OF
GAMMA RAYS

Treatment Germination Survival

Check 80.25 78.75
150 Gy 70.50 67.75
250 Gy 63.0 62.25
350 Gy 66,0 2.75

TABLE IV. MEAN VALUES OF HYPOCOTYL AND ROOT LENGTH AND PLANT
HEIGHT OF QUINOA VARIETY PRQ-22 ONE WEEK AFTER GAMMA RAYS
IRRADIATION

Treatment

Check
150 Gy
250 Gy
350 Gy

Hypocotyl length
(cm)
3.53
3.85
3.78
3.60

Root length
(cm)
3.33
2.88
3.33
2.78

Plant height
(cm)
69.50
68.25
51.75

-
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2.2.4. Growth measurements

Hypocotyl and root growth were measured one week after planting and plant height
after four weeks (Table IV). There were small differences between the treatments and the
check for root and hypocotyl length. For plant height there was a slight difference between the
check and the 150 Gy treatment and an increased difference with the 250 Gy one. The
observed mean square values for these measurements did not show significant differences for
hypocotyl and root length but there were significant differences for plant height.
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