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Abstract       Accelerating the development of homozygous lines and 
consequently hybrids is an important aspect of the maize breeding programs. 
DH technology offers undoubtedly great ways to modernize maize programs 
by simplifying the protocol for obtaining homozygous lines (DH) over a period 
of 2 years and particularly reducing the costs involved in this process (4, 5, 
13). Double haploid lines greatly contribute to create genotypes that 
correspond to the current needs in the context and under the pressure of 
climate changes. Replacing the classic method of obtaining homozygous lines 
with the DH technology, was possible due to progress regarding the induction 
rate and   improved methods for recognition of haploid forms from diploid 
forms. Other important aspect is to understand the manifestation of 
anthocyanin coloration based on R1-nj marker gene which is involved in the 
synthesis of anthocyanin (1, 3, 8, 9, 13). In 2015, at NARDI Fundulea, 
researches regarding the influence of grain moisture at harvest on the 
expression of anthocyanin coloration in aleurone and embryo were carried 
out. The results showed that intensity of anthocyanin coloration express better 
in early genotypes.   
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In vivo maternal haploid production is based on the 

presence of anthocyanin marker gene, referred to as the 

R1-nj (Navajo phenotype). This gene is expressed as a 

stain anthocyanin color both in the embryo and 

aleurone, as compared to the donor germplasm which 

normally do not display this coloration. Thus, R1-nj, as 

a dominant marker for the color, helps to distinguish 

the haploid forms (n) (in which anthocyanin coloration 

occurs only at the aleurone and embryo is uncolored), 

from the diploid forms (2n) (in which, the anthocyanin 

coloration is manifested in both, aleurone and embryo) 

(6, 8). However, the anthocyanin coloration may vary 

as intensity and size, depending on the genetic 

background of the germplasm donor and environmental 

factors (7, 11, 13). Other haploid identification system 

could be used, based on  B1 and Pl-1 genes which 

determine anthocyanin coloration of the roots and 

stems (2); the doubling of chromosomes should be 

made in advanced stages of vegetation, haploid 

condition being lack of  anthocyanin coloration versus 

the diploid forms in which the coloration  is present in 

both roots and stem .Considering  these aspects, a 

marker system was developed, that allows easy 

identification of haploid forms from diploid ones, at 

different stages of plant development. It is 

recommended to make the recognition of the putative 

haploid kernels (PHK) at the level of dried grain, to 

reduce the costs and materials required for 

chromosome doubling (colchicine, greenhouse and 

field space, staff). The marker system based on R1-nj 

gene, gives an effective way of recognition of PHK at 

the stage of dry grain, haploid condition being the 

presence of aleurone anthocyanin coloration and 

uncolored embryo. It is important, also, to understand 

the manifestation of the anthocyanin coloration and the 

factors that influenced the intensity of this coloration, 

such as the genetic background of germplasm used as 

donor source and the grain moisture at harvest (10, 12). 

The variation of anthocyanin coloration could be a 

limiting factor in PHK identification. The coloration 

level could vary from whole endosperm and embryo 

tissues colored, haploid identification being easy, 

situations in which the aleurone and embryo are more 

or less colored or even situations in which the 
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coloration is completely inhibited; the identification of 

haploid kernels, in these cases is almost impossible. 

Last situations in which the coloration is inhibited in 

aleurone but expressed in the embryo could occur and 

obviously kernels are classified as diploid (10). The 

aim of this study was to determine how grain moisture 

influenced the variation of anthocyanin coloration 

intensity. 

 

Materials and Methods 

 
The study was carried out at the National Institute of 

Research and Development Fundulea in 2015 in an 

inducing isolation plot. A number of 11 populations 

were selected as female sources. The inducer was MHI 

(Moldavian Haploid Inducer), with an inducing rate 

between 6-8% (3). Grain of induced donor females 

were harvested at two dates at a distance of 10 days in 

3 replications. Grain moisture was determinate with an 

electronic device Volcraft FM 200. Grains resulted 

from crosses were visually divided in 3 categories 

based on the expression of the anthocyanin coloration 

given by R1-nj gene on the kernel as follows: category 

1, kernels with no coloration on the aleurone and 

embryo-outcrosses; category 2, kernels with coloration 

in both, aleurone and embryo-diploids and category 3, 

with purple coloration only on the aleurone-PHK. A 0-

4 scale was used for visual assessment of the intensity 

of anthocyanin coloration on aleurone and embryo 

within all kernels from category 2 (kernels with 

coloration in both aleurone and embryo): 4=intense 

pigmentation, 3=normal pigmentation, 2=weak 

pigmentation, 1=very weak pigmentation and 0=lack of 

pigmentation. 

 

Results and Discussions 

 
Time of harvest influenced significantly the grain 

moisture (Table1), but the interaction between 

genotype and time of harvest produced also significant 

variations of the grain moisture.

 

Table 1 

ANOVA for grain moisture at harvest, for 11 maternal sources and two different  

times of harvest. Fundulea, 2015 

Source of variation DF SS MS F. value 

Genotype (G) 10 1486.228 148.623 14.7957*** 

Error 22 220.990 10.045  

Harvesting  times (E) 1 4447.685 4447.685 439.8700*** 

G x E 10 961.404 96.140 9.5082*** 

Error 22 222.450 10.111  

Total 65 7338.757   
                                         ***) significant at the level of 0.001 

 

The maternal sources used in the induction nursery (see 

pictures below) were classified according to their 

heterotic groups. The lowest average grain moisture at 

time of harvest was obtained by Non Stiff Stalk (NSS) 

germplasm, in both harvesting times (Table 2.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

       No. 1312    Romanian with Stiff Stalk                                No. 1308    Stiff Stalk                                                No. 1304          Non Stiff Stalk 

               Later harvesting time                                                    Early harvesting time                                                      Later harvesting time 

Fig.1  Kernel anthocyanin coloration for different maternal sources of maize 
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Table 2 

Average grain moisture at two harvesting times. 

Fundulea, 2015 

Moisture (3 replications average) 

Number Genotype Early harvesting time Later harvesting time 

1 1308 SS 35.43 15.63 

2 1334 SS 35.6 16.43 

3 1337 SS 37.53 14.86 

  Average SS 36.18 15.64 

4 1312 RxSS 41.93 15.9 

5 1344 RxSS 44.1 15.93 

6 1355 RxSS 28.8 16.23 

  Average RxSS 38.27 16.02 

7 1304 NSS 31.03 15.33 

8 1311 RxNSS 21.4 13.36 

9 1313 IxL 20.26 15.2 

10 1314 L 35.1 16.56 

11 1316 LxI 16.93 12.06 

  Average NSS 24.94 14.5 

General average 31.64 15.23 
SS - Stiff Stalk; RxSS - Romanian with Stiff Stalk; NSS - Non Stiff Stalk; I - Iodent; L - Lancaster 

 

ANOVA for the intensity scores of the aleurone 

anthocyanin coloration shows that the two sources of 

variation, genotype and time of harvest, but also the 

interaction between genotype and time of harvest has a 

significant influence on the intensity of anthocyanin 

coloration in both aleurone and embryo (Table 3 and 

4).

 

Table 3 

ANOVA for intensity score of the aleurone anthocyanin coloration 

Source of variation DF SS MS F. value P 

Genotype (G) 10 29.586 2.959 61.0144*** 0.0000 

Error 20 0.970 0.048   

Harvesting times (E) 1 0.827 0.827 18.1490** 0.0003 

G x E 10 2.511 0.251 5.5067** 0.0004 

Error 22 1.003 0.046   

Total 63 34.944    

 

Table 4 

ANOVA for intensity score of the embryo anthocyanin coloration 

Source of variation DF SS MS F. value P 

Genotype (G) 10 36.364 3.636 25.0000*** 0.0000 

Error 20 2.909 0.145   

Harvesting times (E) 1 1.227 1.227 9.0000** 0.0066 

G x E 10 3.273 0.327 2.4000* 0.0418 

Error 22 3.000 0.136   

Total 63 47.530    

 

Correlation coefficient between grain moisture of the 

female donor sources and the coloration intensity score 

of aleurone as well as embryo, within each harvesting 

time, are negative and significant suggesting that 

genotypes with lower moisture at harvest produced a 

more intense coloration. NSS group which grain 

moisture was the lowest, had the most intense 

anthocyanin coloration, regardless the harvest planting. 

We may say that the intensity of anthocyanin 

coloration express better in early genotypes.  

Average value over donor females of the score 

intensity of coloration (both aleurone and embryo, 2.66 

and 2.75 respectively) obtained for the early planting 

time (higher harvest moisture) was slightly larger than 

for late harvesting time (2.43 and 2.48, respectively). 

These results are in contradiction with what we were 

expecting according to some communications (at 

earlier harvesting time when moisture is higher the 

intensity of the anthocyanin coloration is weak) ( Table 

5 and 6).
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Table 5  

Average of coloration intensity score of aleurone. 

Fundulea, 2015 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

***=significant at the level of 0.001 

 

Table 6 

 Average of coloration intensity score of embryo. 

Fundulea, 2015 

Coloration intensity score of EMBRYO(3 replications average) 

Number Genotype Early harvesting time  Later harvesting time 

1 1308 SS 3 2.66 

2 1334 SS 2 1.66 

3 1337 SS 2.66 3 

  Average SS 2.55 2.44 

4 1312 RxSS 1.66 1 

5 1344 RxSS 2.66 2.33 

6 1355 RxSS 2 2.33 

  Average RxSS 2.1 1.88 

7 1304NSS 3 2.33 

8 1311 RxNSS 3.66 4 

9 1313 IxL 2.66 2 

10 1314 L 3 2 

11 1316 LxI 4 4 

  Average NSS 3.26 2.86 

General average 2.75 2.48 

Correlation coefficient vs 

grain moisture 
-0.50** -0.67*** 

***=significant at the level of 0.01 and 0.001, respectively. 
 

Conclusions 
 

The intensity of anthocyanin coloration from aleurone 

and embryo was influenced by grain moisture at 

harvest,  but data obtained in 2015 are contrary to 

expectations, early harvesting time produced a color 

more intense both on aleurone and embryo (though  

there are no references in the literature which explain  

 

 

 

exactly the way how humidity affects anthocyanin 

coloration).  

It is necessary to repeat the experience in the future for 

more certainty of the results. 

It is expected that the earlier populations, submitted to 

the process of induction, to express anthocyanin 

coloration more intense in both, embryo and the 

aleurone. 

 

 

Coloration intensity score of ALEURONE (3 replications average) 

Number Genotype Early harvesting time Later harvesting time 

1 1308 SS 2.69 2.44 

2 1334 SS 2 1.56 

3 1337 SS 2.2 2.6 

  Average SS 2.3 2.2 

4 1312 RxSS 1.57 1.43 

5 1344 RxSS 2.76 2.53 

6 1355 RxSS 2.22 2.4 

  Average RxSS 2.2 2.12 

7 1304 NSS 2.69 2.44 

8 1311 RxNSS 3.56 3.45 

9 1313 IxL 2.56 2.11 

10 1314 L 2.9 1.7 

11 1316 LxI 4 4 

  Average NSS 3.14 2.74 

General average 2.66 2.43 

Correlation coefficient vs 

grain moisture 
-0.57*** -0.74*** 
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