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Abstract       Genotype response to plant growth regulators (PGR) application 
both in vivo and  in vitro stages proved to be of significant importance among 
many factors affecting wheat haploid production efficiency. In practical 
breeding each hybrid F1 generation contains a particular gene combination 
and respectively a specific endogenous PGR composition. Moreover, 
environmental factors, especially the temperature variation inside 
greenhouse, seem to be a limitative factor for caryopsis and embryo 
formation. 
This paper present a study regarding the reevaluation of two plant growth 
regulator treatments, coded A2 and C1, applied in vivo on wheat haploid 
production efficiency.   
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At present, the application of DH – technology in 

wheat breeding is a useful tool, enabling a rapid 

homozygosis achievement from the early generation of 

hybrid material and consequently, the efficiency of 

breeding programs could be increased by shortening 

the time needed for producing and field evaluation of 

derived inbreed lines. Now, one of the widely spread 

method for haploid and doubled-haploid (DH) wheat 

lines production is known as Zea system. This system 

is based on distant hybridization between wheat and 

maize (Zea mays L.) and elimination of male maize 

chromosome apparently in the first three cell division 

cycles of zygotes (Laurie and Bennett, 1989). 

Consequently, in the resulted caryopses lacking 

endosperm, the zygotes are normally  aborted. 

However, by specific hormonal treatments applied in 

vivo with plant growth regulators (PGR), it is possible 

to assure essential nutrients for embryo development 

and differentiation. Finally, plant haploid recovery can 

be attained by in vitro culture of immature haploid 

embryos on artificial medium. During the years, 

several crossing procedures have been tested for 

increasing seed set, embryo formation and haploid 

plant recovery. Initially, Laurie and Bennett (1986, 

1988), used spiklet in vitro culture and subsequently 

embryo dissection; Suenaga and Nakajima (1989) 

tested a simplified method by tiller injection treatment 

with 2,4-D (2,4-Dichlorophenoxyacetic acid) and 

Riera-Lizarazu et al. (1990) tested a 2,4-D floret spray 

treatment and detached spike culture method. Soon 

after, several procedures, including times of 

application, doses, PGR composition were tested in 

different research centers. 

Since 1991 when wheat x maize hybridization program 

was introduced at NARDI – Fundulea, till 1994 over 

40 PGR variants (composition, doses, time of 

application, etc.) were tested. Some variants, noted for 

their efficiency, were again verified in 1996 on 16 F1 

combinations by comparison with a control variant 

consisting in a 2,4-D (20 ppm) hormonal treatment, 

applied by injection procedure into uppermost 

internodes and dropping in floral cups at 24 hours after 

pollination (Giura, 1998). Two variants, namely A2 ( a 

mixture of 20 ppm 2,4-D + 75 ppm GA3 – gibberellic 

acid) applied by injection into uppermost internode and 

by spike spraying and C1 (a mixture of 18 ppm 2,4-D + 

9 ppm Dicamba + 2 ppm BA- benzyl amino purine) 

applied by spike spraying, both administered at 24 

hours post pollination were noticed as having higher 

values for three representative parameters 

characterizing haploid production efficiency (HPE): 

dissected seeds/ 100 pollinated florets (SD/F),  

embryos obtained/ 100 pollinated florets (E/ F), 

haploid embryos/ spike (E/ Sp) (Inagaki and Bohorova, 

1995). Due to superior values of HPE parameters, the 

variant A2 was selected for using in the following 

seasons. Nevertheless, after several years, but in a new 

greenhouse, HPE parameters started to decrease 

probably due to either genetic background differences 

of F1 populations or to the high concentration of CO2 

produced by the heating system inside the greenhouse 

and consequently a reevaluation of A2 and C1 treatment 

variants was considered as indispensable. The results 

obtained in two consecutive years, 2014 and 

respectively 2015, concerning wheat haploid 

production efficiency are presented and discussed in 

this paper. 
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Materials and Method 

 
In 2014, a number of 22 wheat hybrid combinations 

(F1) were cultivated in climate controlled space and 

later in greenhouse for optimal plant development in 

order to hybridization with maize. For wheat DH lines 

production all Zea system steps were followed, spikes 

emasculation, pollination with fresh maize pollen, 

application of hormonal treatment 24h after 

pollination, spike harvesting, embryo culture on B5 

medium, haploid plant transplanting, application of the 

colchicine treatment and DH seed harvesting.  The 

same steps were followed in 2015, on 21 wheat F1 

hybrid combinations. 

In both years, the most effective treatments, A2 and C1, 

previously selected, were again applied. 

 

Results and Discussions 

 
In 2014, treatment variants A2 and C1 were applied on 

1032 spikes from which subsequently were extracted 

1630 embryos; in 2015, 960 spikes were treated with 

the same PGR from which 1571 embryos were 

extracted. To evaluate the efficiency of PGR treatment 

variants the following parameters were taken into 

consideration: quality kernels/pollinated spikes 

(QK/Sp), haploid embryo/100 dissected kernels 

(E/DK), haploid embryo/spike (E/Sp), regenerated 

haploid plants/ 100 transferred embryos (Pl/E). 

The values of these parameters characterizing Zea 

system efficiency for 2014 and 2015 are presented in 

Table 1, together with those registered in 1996, for 

comparison.

 

Table 1 

Effects of PGR treatment applied in vivo 

Parameters 

 QK / Sp E / DK E / Sp Pl/ E 

1996 (Control) 

A2 14.57 35.6 5.26 45.52 

C1 17.22 31.3 5.38 28.35 

2014 

A2 13.15 11.8 1.55 40.57 

C1 12.47 14.7 1.83 31.11 

2015 

A2 7.76 9.6 0.74 46.04 

C1 10.40 23.1 2.4 32.18 

QK / F - quality kernels / pollinated spikes 

E / DK - embryos / 100 dissected kernels                                      

E / Sp - embryos / spike 

Pl/ E – regenerated  plants/ 100 transferred embryo  

 

According to the Figure 1., the values of  quality  

kernels/ spikes obtained in 2014 are quite similar for 

both treatments, A2 and C1, but compared with the 

results obtained in 1996 there is an evident decrease in 

the effectiveness of this parameter.
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Fig. 1: Quality kernels / pollinated spikes 

Although in 2014 the number of quality kernels/ 

pollinated spikes for A2 treatment variant is higher 

(13.15) than in C1 treatment (12.47), this difference is 

small and not significant. In 2015, the situation is 
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reversed and similar with the hierarchy registered in 

1996. So we could say that other factors may have 

influenced the kernels formation process, such as 

pollen viability, egg condition during fertilization 

process, and the sum of temperature degrees during 

emasculation and pollination time.
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Fig. 2: The number of embryos/ 100 dissected spikes 

 

 

From Figure 2 it is obvious the influence of the 

treatment variants on E/DK parameter,   C1 treatment 

variant having superior results, excepting 1996 year. 

Thus, C1 treatment significantly differentiated in 2015 

(A2 – 9.6 and C1 – 23.1), as compared to 2014 when 

the advantage of C1 over A2 was smaller non-

significant. For practical point of view, the most 

important parameters that best indicate the efficiency 

of the protocol for obtaining wheat DH lines is the ratio 

of haploid embryos/spike, and regenerated plants/100 

transferred embryos. (Fig.3 and Fig.4). 
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Fig. 3: The number of developed embryos / spike 

 

Although the A2 treatment applied in 2014 induced a 

slight higher number of kernels/spike than in 2015, 

when C1 proved to be significantly superior for this 

parameter (Fig. 1), the number of embryos/spike is 

higher after application of C1 treatment in both 2014 

and 2015 (Fig.3). These results suggest that the number 

of kernels per spike is not a realistic indicator to 

evaluate the method effectiveness, since not all seeds 

(caryopses) contains embryos. 
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Fig. 4: The regeneration capacity of 100 transferred embryos 

 

Depending on genotype, experimental conditions and 

working protocol (wheat healthy plants with normal 

development at emasculation and pollination stages, 

pollen quality, PGR treatment, etc), the quality of 

embryos vary and along with their regenerative 

capacity.  

Figure 3 and Figure 4. show contrasting results. 

Although, C1 treatment can induce a greater ability of 

embryos formation, their regenerative capacity proved 

to be smaller than in the case of A2 treatment 

application.  

 

Conclusions 
 

Decreasing values of HPE analyzed parameters in the 

last two years make necessary some modifications in 

the PGR composition by lowering auxins concentration 

for better embryo regeneration.  

It will be also necessary to assess temperature variation 

inside the greenhouse during emasculation and 

pollination periods. 

A more reliable evidence of genotypic reaction to PGR 

treatments would be obtained by testing contrasting old 

and recent modern DH cultivars. 
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