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ABSTRACT 
Even though bread wheat haploids are being routinely produced by wheat × maize crosses, an efficient protocol for haploid production 
has been difficult to achieve in durum wheat. The objective of this study was to analyse the influence of various experimental factors on 
the production of embryos and haploid plants in durum wheat crossed with maize. Four Tunisian durum wheat genotypes (female parent), 
consisting of two local cultivars (‘Jenah khotifa’ and ‘Biskri’) and two improved varieties (‘Karim’ and ‘Razzek’), were crossed with a 
maize genotype (Pioneer 37Y15) (male parent). After pollination, plant stems were either maintained in situ or cut 2-3 days after 
pollination near the base and kept in a solution of 2,4-dichlorophenoxyacetic acid (100 mg/l), sucrose (40 g/l) and sulphurous acid (8 ml/l). 
Twelve, 14, 16, 18, 20 and 22 days after pollination, embryos were excised from developed ovaries and cultured on either Murashige and 
Skoog (MS), MS/2 or Gamborg’s (B5) media. By cutting the plant stems after pollination, better results in terms of developed ovaries 
(65.55%), embryos (13.62%) and regenerated haploid plants (10.50%) were obtained than if in situ plants (46.65, 10.85 and 7.71%) were 
used. The optimal stage for embryo rescue was 18 days for haploid plant formation (14.4%) while B5 medium resulted in significantly 
better haploid plant (13.17%) production than MS and MS/2 (6.92, 10.87%) following embryo culture. 
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INTRODUCTION 
 
The production of haploid-double haploids in self-
pollinating crops such as wheat has proven to be a highly 
valuable tool for plant breeding, allowing the release of a 
high number of new cultivars. It also offers the quickest 
method for developing homozygous breeding lines within a 
few months. 

Haploid wheat plants can be obtained from male or 
female gametic cells, including anther or isolated micro-
spore culture and gynogenesis. However, low regeneration 
rate, high frequency of albino plants and dependence on the 
wheat genotype hinder the application of these techniques 
(Cistué et al. 2006; Slama-Ayed et al. 2010). Likewise, the 
crossability of Triticum aestivum x Hordeum bulbosum 
depends on the wheat allelic composition for the Kr genes 
responsible for the incompatibility between these two spe-
cies because crossing wheat × H. bulbosum, as a method for 
haploid production, is confined to Kr-bearing varieties 
(Sitch and Snape 1987). 

During the last 15 years the maize method emerged as 
an efficient technique for producing haploid wheat plants 
because no recalcitrant genotypes have been reported and 
thus avoiding the problem of albinism because all the hap-
loids obtained are green (Laurie and Reymondie 1991; 
Amrani et al. 1993; Sarrafi et al. 1994). Laurie and Bennett 
(1988) cytologically examined embryos produced via this 
system and found that maize chromosomes are eliminated 
within the first few cell cycles following fertilization. As a 
result, the endosperm is absent and embryos fail to survive 
on the plant, thus artificial rescue of embryos is needed for 
the development of haploid plants (Laurie and Bennett 
1989). Several investigations of haploid bread wheat pro-
duction through maize × wheat crosses have since been re-
ported (Riera-Lizarazu and Mujeeb-Kazi 1990; Laurie and 

Reymondie 1991; Kisana et al. 1993 Matzk and Mahn 
1994; Ushiyama et al. 2007). However, similar success has 
not been achieved for durum wheat cultivars because the 
efficiency of haploid production is affected by many factors 
such as genotype, embryo rescue stage, nutritional and hor-
monal composition of culture medium (Almouslem et al. 
1998; Cherkaoui et al. 2000). 

In order to achieve an efficient protocol for en-masse 
haploid production, two experimental procedures (hybridi-
zation in situ and detached tillers) were compared in an 
attempt to improve responses in embryos and in haploid 
plant formation. The optimal stage and medium for embryo 
rescue were studied. 

 
MATERIALS AND METHODS 
 
Donor plants and growth conditions 
 
Four genotypes of durum wheat (Triticum turgidum ssp. Durum) 
were pollinated with a maize (Zea mays 2n=2x=20) genotype 
(Pioneer 37Y15) previously selected for its high response to wheat 
× maize crosses. Wheat was sown on two dates, first at the begin-
ning of October 2010 and second, 15 days later. Maize was grown 
in 25-cm (diameter) clay pots at a density of 3 plants/pot in an 
unconditioned greenhouse at temperatures slightly warmer than 
ambient within the range of 20-30°C from January to April (2009/ 
2010). Maize plants were fertilized once a week with water-
soluble 20: 20: 20 NPK and irrigated daily with water. In order to 
obtain fresh maize pollen during the crossing period, maize geno-
types were seeded every 10 days for 5 weeks starting 2 weeks 
before wheat was sown. 
 
Emasculation and pollination of wheat spikes 
 
Wheat flowers were emasculated 2-3 days before anthesis and, as 
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soon as the stigmata became feathery, they were pollinated with 
fresh maize pollen. 24 hrs later, 0.5 ml of a 2,4- dichlorophenoxy-
acetic acid (Sigma-Adrich) solution (100 mg/l) was injected with a 
syringe (20 ml) into the upper internode (Cherkaoui et al. 2000) 
and a drop of the same solution was placed on each pollinated 
floret. 

 
In situ or cut plant stems 
 
Two experimental procedures were tested: 
 
1. In situ stems: The pollinated spikes remained in situ until 
embryo rescue (12 to 22 days after pollination). 
 
2. Cut plant stems: Tillers were cut 2-3 days after pollination in the 
middle of the third internode and sprayed with insecticide (1 ml/l 
Zolone; Bayer Crop Sciences) and fungicide (2 ml/l Swing gold; 
BASF) solutions. Tillers with emasculated spikes were dipped in a 
solution of 2,4-D (100 mg/l), sucrose (40 g/l) and sulphurous acid 
(8 cm3/l) (Inagaki et al. 1997) and kept in a growth room at about 
25°C at a light intensity of 350–450 μE m–2 s–1 under a 16-h 
photoperiod at 80% relative humidity. 

 
Embryo rescue and culture 
 
Twelve to 22 days after emasculation, pollinated maize spikes 
were removed from plants. Caryopses were removed from these 
spikes and sterilized with 12% bleach for 10 min and washed 3 
times with sterilized water. On a sterile working surface, embryos 

were removed from caryopses with the aid of a X20 stereoscope. 
Forceps were flamed before and between uses. Excised embryos 
were placed, with the scutellum in contact with the medium and 
the radicle and shoot apex facing up, on one of three media: MS 
(Murashige and Skoog 1962), MS/2 or B5 (Gamborg et al. 1968) 
supplemented with 20 g/l sucrose and 7 g/l agar (Table 1). Petri 
dishes containing embryos were maintained in the dark at about 
25°C. Haploid wheat seedlings at the three-leaf stage (1-2 cm) 
were transferred to a bottle (3 plants/pot) with the same medium 
but at a light intensity of 350–450 μE m–2 s–1 under a 16-h photo-
period. 
 
Transfer of plants to soil 
 
Plants were transferred when they reached a height of 2-3 cm in 9-
cm pots (3 plants/pot) to a mixture of sand and peat (1: 2) steri-
lized by autoclaving at 120°C for 20 min. To prevent plants from 
water stress they were covered with glass caps for about 1 week in 
a lighted growth room at 25°C in a 16-h photoperiod and irrigated 
daily with Hoagland’s solution (FAO 1984) for hardening roots 
and shoots. When plants initiated vigorous growth and roots over-
grow the soil, they were transferred into bigger pots (25 cm) with 
a mixture of sand and peat (1: 2). The number of plants that deve-
loped was counted one month after embryo rescue. 
 
Data analyses 
 
Three traits were measured: 
 
Frequency of developed ovaries = (number of seeds set/total 
florets pollinated) × 100; 
 
Frequency of embryos formed = (number of embryos formed/total 
florets pollinated) × 100; 
 
Frequency of haploid plants = (total of plant regenerated/total 
florets pollinated) × 100. 

 
Statistical analysis 
 
In this study a complete randomized block design was employed. 
Data were analysed by analysis of variance (ANOVA) and means 
were compared by Fisher’s least significant difference (LSD) at 
5% using SPSS v. 10.0 statistical software. 
 
RESULTS AND DISCUSSION 
 
Comparison of in situ or cut plant stems 
 
Two experimental procedures were used: either plant stems 
were maintained in situ until embryo rescue 18 days later or 
they were cut 2-3 days after pollination and placed in a 
growth room in a solution containing 2,4-D (100 mg/l), suc-
rose (40 g/l) and sulphurous acid (8 cm3/l). Results showed 
that cut plants developed significantly more ovaries 
(66.35%), embryos (13.62%) and regenerated haploid 
plants (12.75%) than in situ plants (29.15, 6.35 and 5.5%) 
(Fig. 1). Best embryo formation and haploid plant yield 
were observed in genotype ‘Jeneh Khotifa’, 10.40 and 
10.8% for in situ plants and 17.4 and 16.20% for cut plants, 
respectively. Cutting the plant stems resulted in higher 
haploid plant production because detached tillers were cul-
tured in a growth chamber which allowed optimum control 
of environmental growth conditions during embryo deve-
lopment. However, in situ plants were not controlled and 
great variation between the number of days until the pro-
duction of caryopses was observed. Cherkaoui et al. (2000) 
also demonstrated that in durum wheat × maize crosses, cut 
plants gave 2-3 times more embryos (18.8%) and regene-
rated haploid plants (8.9%) than in situ plants (11.7, 4.1%). 

A significantly higher percentage of embryos and plants 
obtained by the cut plant stem procedure could also be due 
to the high concentration of 2,4-D in solution, which might 
favour embryo survival and development. Other results 
such as those of Riera-Lizarazu et al. (1992) or Inagaki 

Table 1 The tree different durum wheat embryo regeneration media used.
Media components B5 

(mg/l) 
MS 
(mg/l)

MS/2 
(mg/l)

Macro salts 
KNO3 (potassium nitrate, Sigma) 2500 1900 950 
CaCl2·2H2O (calcium chloride dihydride, 
Fisher Scientific Co., UK) 

150 440 220 

MgSO4·7H2O (magnesium sulfate, Chemi-
Pharma, UK) 

250 0 0 

(NH4)2·SO4(ammonium sulfate, Sigma) 134 0 0 
NH4H2PO4(ammonium sulfate monobasic, 
sigma) 

150 0 0 

NH4NO3 (ammonium nitrate, Sigma) 0 1650 825 
Micro salts 

KI (potassium iodide, Sigma) 0.75 0.828 0.828
H3BO3 (boric acid, Fisher Scientific Co.) 3 6 6 
MnSO4·4H2O (manganese sulfate, Fluka, UK) 10 16.88 16.88
ZnSO4·4H2O (zinc sulfate, Brix Worth-
Northants, UK) 

2 8.6 8.6 

Na2MoO4·5H2O (sodium molybdate, Siegfried 
Handel, UK) 

0.25 0.25 0.25 

CuSO4·5H2O (copper sulfate (cryst pure, 
PARK, UK) 

0.025 0.025 0.025

CoCl2·6H2O (cobalt chloride, Fisher Scientific 
Co.) 

0.025 0.025 0.025

Iron source 
Na2 EDTA (ethylenediamine-tetraacetic acid, 
Sigma) 

37.3 37.2 37.2 

FeSO4·7H2O (ferric sulfate, NTL, UK) 27.8 27.8 27.8 
Vitamins 

Nicotinic acid (Sigma) 1 0 0 
Thiamine hydrochloride (Sigma) 10 0.5 0.5 
Pyridoxine hydrochloride (Sigma) 1 0 0 
Myo-inositol (Sigma) 100 0 0 

Hormones 
2,4-D (Sigma-Aldrich) 0 0-1 0-1 

Amino acid 
L-Asparagine (Sigma) 0 150 150 

Others components 
Sucrose (Applichem, Germany) 20000 20000 20000
Agar (ICN, Biomedicals, France) 7500 6800 6800
pH 5.5 5.85 5 .85
2,4-D: 2,4-dichlorophenoxyacetic acid 
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(1997) confirm the positive effect of 2,4-D on both embryo 
formation and plant regeneration in durum wheat × maize 
crosses. According to Laurie and Reymondie (1991), 2,4-D 
treatment can induce ovary enlargement and enhance the 
survival and development of haploid embryos in hexaploid 
wheat to a stage that enables their culture onto nutrient 
media. 

 
Optimal stage for embryo rescue 
 
In this experiment, immature durum wheat embryos ob-
tained from crosses with maize were extracted from ovaries 
12 to 22 days after pollination and were successfully rege-
nerated to plants within 3 weeks after incubation (Fig. 2). 
The percentage of haploid embryos which subsequently 
germinated varied significantly according to the number of 
days between pollination and embryo rescue. The best yield 
in haploid plant formation (14.4%) was obtained at the 18-
day stage (Fig. 3). At this stage, embryos were approxi-
mately 1.99 mm long. The dissection of caryopses 12 days 
after pollination showed that most of them contained a very 
small (< 0.9 mm) embryo. Thus, the regeneration of em-
bryos, when placed in culture medium, was low (4.3%). 
Beyond 18 days, the percentage of plants was reduced over 
time to 7.1% at 22 days. According to Inagaki and Snape 
(1982) and Cherkaoui et al. (2000), this reduction in the 
percentage of plants might have been due to dehydration of 
the embryos and the degeneration of the endosperm. 

The embryo stage of durum wheat crossed with maize 
selected by Sarrafi et al. (1994) and Saidi et al. (1998) was 
12-15 days. However, Savaskan et al. (1997) reported that 
18 to 21 days after pollination was the optimal stage when 
the embryo was well structured and vigorous. In none of 
these studies was 2,4-D applied. 

 
Effect of rescue medium for embryos on plant 
yield 
 
Rescued embryos were placed, 18 days after pollination, on 
one of three media (MS, MS/2 or B5), which varied only in 
salt composition and concentration. An equivalent number 
of embryos on B5 and MS/2 resulted in significantly more 
haploid plants (13.17 and 10.87%) than MS (6.92%) (Fig. 
4). Besides, haploid embryos germinated significantly ear-
lier on B5 than on MS/2 and MS medium without any cal-
lus phase (Fig. 5). These results agree with those reported 
by Cherkaoui et al. (2000), who found that B5 medium 
gave positive results because it contained a higher level of 
magnesium, but lower levels of calcium and three micro-
nutrients (boric acid, zinc and manganese) than MS and 
MS/2. The superiority of MS/2 medium with half-strength 
macronutrients compared with MS seemed to show that 12-
18 day old embryos did not need a particularly rich medium 
for germination to occur. Comeau et al. (1992) suggested 
that a richer medium with important amino acid component 
for the rescue of smaller and less differentiated embryos is 
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Fig. 1 Comparison of frequencies of developed ovaries, embryo production and plant haploid regeneration for in situ and cut plant stems in 
durum wheat × maize crosses. (A) Percentage of developed ovaries; (B) Percentage of embryos formed; (C) Percentage of haploid plants. 

A B C
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Fig. 2 Haploid durum wheat embryo and its development after durum wheat × maize cross. (A) Rescue of embryo in culture; (B, C) germinated 
embryo respectively after 1 and 2 weeks of culture; (D) haploid plant after 6 weeks; (E) haploid plant transferred to a pot. 
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Fig. 3 Comparison of duration after pollination (12-22 days) on per-
centage haploid plant regeneration. 
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Fig. 4 Effect of embryo rescue media after 18 days (wheat genotypes 
grouped, cut plant stems). Values with different lower-case letters are 
significantly different at P = 0.05 according to the F-test (n = 4). 
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necessary. These results contradict those reported by Kam-
mholz et al. (1996), who indicated that there were no signi-
ficant differences between three media (MS, MS/2 and B5) 
on the percentage of haploid plants in a wheat × maize cross. 
The differences between the two studies could be due to the 
different plant material used. 
 
CONCLUSIONS 
 
The results of this study have been useful for improving 
wheat × maize crosses for durum wheat haploid plant pro-
duction, with a particular emphasis on the choice of embryo 
rescue stage and culture conditions for haploid embryo 
germination and growth in vitro. This protocol allowed us 
to obtain a high percentage of haploid plants (13.1%) from 
most of the genotypes. The efficiencies described are very 
promising, suggesting that this technique could be a system 
of choice for haploid production of durum wheat in the 
future. 
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A B

Fig. 5 Germination of durum wheat embryo after durum wheat and 
maize cross on MS and B5 after 3 weeks in culture. (A) Germination of 
embryo on MS medium; (B) germination of embryo on B5 medium. 

121


