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ABSTRACT: The study aimed to analyze the effect of seed treatment with micronutrients on the growth of 
rainfed rice plants. Treatments consisted in the absence of micronutrient application, single applications or a combination 
of five micronutrients applied to seeds: compound  Zinc + Molybdenum (Mo 2.3, Zn 3.5 % w/v) in a dose of 2 mL kg-1 
seed; Copper + Molybdenum + Zinc + Manganese (6.7 Cu, 3.2 Mo, 15 Zn; 9.4% Mn w/v) at a dose of 3 mL kg-1 seed; 
Zinc (100% Zn p/v) at a dose of 2 mL kg-1 seed, Manganese (50% Mn w/v) at a dose of 2ml kg-1 seed, Boron (3% B w/v) 
at a dose of 3 mL kg-1. Plants were collected at, three, seven and eleven days after emergence with readings of leaf area 
and estimates for dry weight of shoots and roots. From these data calculations were derived for the total plant dry mass, 
shoot/root ratio, ratio of leaf area to leaf mass and the specific leaf area. The compound mixture of Cu + Mo + Zn + Mn 
provided the highest seedling dry matter accumulation and highest leaf area, while single zinc applications stimulated the 
accumulation of root dry mass. Seed treatment with micronutrients provides better performance for the initial growth in 
rainfed rice plants. 
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INTRODUCTION 

 
Rice (Oryza sativa L.) is a major 

agricultural crop for the Brazilian agriculture 
scenario, due to its high productivity and cultivated 
area. It is a highly versatile crop that adapts to a 
wide range of soil and climate conditions, providing 
20% carbohydrates and 15% proteins (EMBRAPA, 
2005). In the 2012/2013 cropping season the 
national production of this crop reached 11.8 million 
tons, with an average yield of 2186 kg ha-1 
(CONAB, 2013), officially considered as a low-
performance season, due to the species’ high yield 
potential. 
 Seed treatment is a viable alternative for 
cropping regions with acidic soils and low 
micronutrient concentrations (LOPES; SOUZA, 
2001). Micronutrients are essential elements for 
plant development, due to their role on metabolism 
functions, acting as catalysts of diverse 
physiological and hormonal processes. Moreover, 
they act as cofactors and are constituent part of 
many enzymes acting during seed germination 
(DINIZ et al., 2007). 

The application of micronutrients through 
seed treatment is a practical and efficient way of 
correcting deficiencies, due to low seedling demand 
for micronutrients (RIBEIRO; SANTOS, 1996). 

Several studies were conducted to evaluate the 
effects of micronutrient application via seed 
treatment, for common beans (CICERO et al., 
1999.) and soybean (BROCH; FERNANDES, 
1999). However, there is no work relating the effect 
of micronutrient application on the physiological 
performance of rainfed rice seedlings. 

The evaluation of the initial stages of plant 
growth allows for inference on the 
morphophysiological processes in response to 
different crop conditions; being important for the 
study of adaptation and physiological performance 
of plants under different environmental, 
management and cultivation conditions 
(AUMONDE et al., 2011) as well as for the 
description of plant performance in situations of 
stress or unfavorable environmental conditions 
(LOPES et al., 1987). In regard to the previous 
comments, the evaluation of plants during the initial 
stages of growth constitutes an important tool to 
assess under field or controlled conditions the 
performance of plants originated from seeds treated 
with micronutrients. 

Thus, the objective of this study was to 
evaluate the effect of seed treatment with 
micronutrients on the physiological performance of 
initial growth of rainfed rice plants. 
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MATERIAL AND METHODS 
 

The experiment was performed in a chapel-
style greenhouse, located on coordenates latitude 
31° 48' 15" S and longitude 52° 24' 55" W. The 
analyses were performed at the seed testing 
laboratory from the postgraduate program Seed 
Science & Technology, Universidade Federal de 
Pelotas, Capão do Leão-RS. 

The treatments involved a check (absence of 
micronutrient application), and individual or 
combined application of five micronutrients to 
seeds: Zinc compound + Molybdenum (Mo 2.3, Zn 
3.5% w/v) in a dose of 2 mL kg-1 seed; Copper + 
Molybdenum + Zinc + Manganese (6.7 Cu, 3.2 Mo, 
15 Zn; 9.4% Mn w/v) at a dose of 3 mL kg-1 seed; 
Zinc (100% Zn p/v) at a dose of 2 mL kg-1 seed, 
Manganese (50% Mn w/v) at a dose of 2ml kg-1 
seed, Boron (3% B w/v) at a dose of 3 mL kg-1. The 
dosage was that recommended by the manufacturer 
for individual or combined application. 

Rice seeds were sown in polyethylene trays 
filled planosoil previously corrected according to 
analysis results and recommendations (CQFS, 
2004). Irrigation performed as needed, according to 
the species’ water requirements and the emergence 
of plants in the greenhouse was determined from 
two hundred seeds per treatment, with four 
replicates of 50 seeds each, sown into the 
polyethylene trays containing planosoil. The 
evaluations were performed until the twenty-first 
day after sowing. 

For emergency were used 400 seeds per 
treatment, divided into samples of 50 seeds and 
sown in plastic trays containing as substrate soil 
classified as albaqualf. The evaluation was 
performed on the twentieth day after sowing and the 
results expressed as a percentage of seedlings. 

The initial growth was evaluated from 10 
seedlings per replicate, collected on the third, 
seventh and eleventh days after emergence (DAE), 
and separated into their component parts (roots, 
stems, and leaves). The leaf area (Af) was 
determined with a Licor LI-3100 area meter and 
expressed in square centimeters. To estimate 
seedling dry matter, all plant parts were oven dried 
(draft) at 70 ± 2 °C for 72 h. The dry mass of shoots 
(WPA) and roots (WR) was obtained using a 
precision scale and the results expressed in 
milligrams per organ; the total dry mass (Wt) was 
estimated by the sum of WPA and WR and the shoot 
to root ratio through (Pw) equation (1). 

 

The leaf area ratio (Fa) (2), the leaf mass 
ratio (Fw) (3) and specific leaf area (Sa) (4), 
according to Radford (1967), where: WPA = shoot 
dry matter; WR = root dry matter; Wf = leaf dry 
matter; Wt = total dry matter and Af = leaf area. 
Were determined by equations: 

 

 

 
 The experimental design was a randomized 

block design with six treatments and four 
replications. Data was subjected to analysis of 
variance and if significant at 5%, were compared by 
Tukey test at 5% probability level. 
 
RESULTS AND DISCUSSION 

 
Seedling emergence was unaffected by seed 

treatment, in average of 85%. Initial seedling 
growth showed significant differences between the 
check treatment and the rest, for days three, seven 
and eleven after emergence, respectively (Figure 1). 

Shoot dry matter (WPA) on the third day 
after emergence (DAE) was higher for seedlings 
originating from seeds treated with Copper + 
Molybdenum + Zinc + Manganese and similar 
among the other treatments (Figure 1). Seedlings 
from seeds treated to Zinc showed, on the seventh 
DAE, a lower shoot dry matter allocation compared 
to the product comprising Cu + Mo + Zn + Mn. On 
the eleventh DAE no difference among treatments 
on shoot dry matter allocation was observed.  

The highest seedling response to the product 
containing Cu + Mo + Zn + Mn, occurred on DAE 3 
and 7, can be attributed to the effect of molybdenum 
on the plants’ metabolism, favoring nitrate 
assimilation (PEREIRA et al., 2012). Similar data 
for shoot dry matter of plants originated both from 
treated and non-treated seeds were obtained by 
Diniz et al. (2006). 

Root dry matter (WR) was highest for 
treatment Cu + Mo + Zn + Mn, followed by that 
with Zn + Mo, Mg and B, which do not differ to 
DAE 3 (Figure 1b). Analyzing the effect of the seed 
treatments on DAE 7, the highest dry matter 
allocation was that of seedlings under the effect of 
Mg followed by B, Zn, Zn + Mo and the check 
treatment. On the eleventh DAE the highest dry 
matter allocation was recorded for plants originated 
from seeds treated to Zn, Mn and B. Seedlings 
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under the effect of Cu + Mo + Zn + Mn showed 
similar carbon allocation to those on Mn and B. 

 

 
 
 

 
Figure 1. Dry matter of shoots (a), roots (b), total (c) and leaf area (d) of rainfed rice seedlings originated from 

seeds treated to micronutrients on the the third, seventh and eleventh days after emergence (DAE). 
Means on the same line followed by the same letter within each evaluation period do not differ by 
Tukey test at 5% level.  

 
The lower initial rate of dry matter 

accumulation can be related to the influence of 
micronutrient concentration, affecting seed vigor. 
Luchese et al. (2004) observed a similar trend when 
assessing the emergence and copper absorption by 
corn seedlings. Upon evaluating the effect of zinc, 
boron and copper on the vigor of irrigated rice 
seeds, OHSE et al. (2000/2001) observed negative 
effects of these nutrients.  

The total seedling dry matter (Wt) 
accumulation of rainfed rice plants was higher those 
treated to Cu + Mo + Zn + Mn than for the rest 
(Figure 1c). On DAE seven higher dry matter 
allocation was recorded for nutrients Mn; B; Cu + 
Mo + Zn + Mn and Zn, while, a lower allocation 
occurred when combining Zn + Mo and for the 
check treatment. Similarly, on the eleventh DAE 
higher rates for carbon allocation occurred for 
seedlings treated to Zn; Cu + Mo + Zn + Mn; B and 
Mn while the lowest rates of carbon allocation 
values were recorded for the check treatment. 

This results show the benefit of the 
application of micronutrients via seed treatment for 
the rainfed rice plants. Zinc has a role in amino acid 
synthesis and enzyme activation (FUNGUETTO, 
2007) while Molybdenum is associated to the 
assimilation of inorganic nitrogen and the promotion 

of protein and enzyme biosynthesis (POSSENTI; 
VILLELA, 2010).  

During the initial stages of seedling growth 
(DAE 3), leaf area (Af) was higher for seedlings 
from seeds treated to Cu + Mo + Zn + Mn as well as 
those from the check treatment, compared to 
seedlings under the other treatments (Figure 1d). On 
the seventh DAE, the highest Af value was obtained 
for seedlings originated from seeds treated with 
boron and the lower value was for those treated with 
Zn. On the eleventh DAE, Af was higher in 
seedlings under the effect of Cu + Mo + Zn + Mn 
with the lowest values occurring in all of the other 
treatments. 

Any increase in leaf area favors the increase 
of the photosynthetic apparatus of plants, which 
affects the production of assimilates (AUMONDE et 
al., 2011; PEDÓ et al., 2013). The effects of this 
micronutrients can be related to the carbohydrate 
metabolism, sugar transport and the formation of 
cell walls, cell division and development of plant 
tissues (BORKET, 1989). 

The shoot/root ratio (Pw) on the third DAE, 
was higher in plants originated from untreated seeds 
and of those treated to Zn (Figure 2a). On the 
seventh DAE, seeds from the check treatment and 
seeds treated with Zn + Mo showed higher values 
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than PW. Nevertheless, on the eleventh DAE the 
higher value of PW was obtained by seedlings 

treated to Zn + Mo, while the lowest PW was 
recorded for seedlings from the Mn treatment. 

 

 
Figure 2. Shoot to root ratio (a), leaf mass (b), specific leaf area (c) and the leaf area ratio (d) of rainfed rice 

plants originated from seeds treated to micronutrients, and assessed on the third, seventh and 
eleventh days after emergence. Means on the same line followed by the same letter within each 
evaluation period do not differ by Tukey test at 5% level.  

 
Pw results indicate lower shoot dry matter 

accumulation compared to that of roots, mainly for 
seedlings of the check treatment. Working with 
lettuce seeds treated to different micronutrient 
concentrations, Diniz et al. (2007) observed that the 
endo-β-mannanase enzyme showed enhanced 
activity in the absence of micronutrients, while 
increasing concentrations of the latter resulted in 
lower levels of enzyme activity. 

The leaf mass ratio (FW) on the third DAE 
did not differ among treatments (Figure 2b). On the 
seventh DAE, FW was highest for seedlings under 
treatments without micronutrients, Zn + Mo and Cu 
+ Mo + Zn + Mn. This observation was also 
recorded on the eleventh DAE, for seedlings of 
seeds treated to Zn and Mn, who exhibited lower 
values of FW. Higher values of FW indicate a higher 
dry matter allocation to leaves (PEDÓ et al., 2013). 

As for the specific leaf mass (Sa), on the 
third DAE the higher values were achieved in plants 
originated from seeds not treated to micronutrients 
Cu + Mo + Zn + Mn and Mn. The lower values of 
Sa were observed for plants under the effect of Zn 
(Figure 2c). On the seventh DAE no significant 
differences were observed among treatments. 
Nevertheless, when analyzing the growth on the 
eleventh DAE, the highest values of Sa were 

achieved by seedlings from treatments Cu + Mo + 
Zn + Mn, Zn + Mo and Zn. The specific leaf area 
relates the leaf surface area with dry weight from 
these leaves, so that lower values of Sa can be 
explained by the reduction or standstill of the leaf 
area expansion in relation to its leaf dry weight 
increase (AUMONDE et al., 2011). 

The leaf area ratio (Fa) on the third DAE did 
not differ across treatments (Figure 2d). On the 
seventh DAE, the higher values were obtained on 
plants originated from non-treated plants with 
micronutrients, Zn + Mo and Cu + Mo + Zn + Mn, 
while the lowest Fa value occurred in plants under 
the effect of Magnesium, which did not differ with 
seedlings from the Zinc treatment. On the eleventh 
DAE the highest levels of Fa were achieved.by 
seedlings from the Zn + Mo and Cu + Mo + Zn + 
Mn treatments.  

Higher initial levels of Fa imply a plant 
strategy favoring the formation of leaf area to 
enhance photosynthesis (PEDÓ et al., 2013). 
According to Borket (1989), zinc is the 
micronutrient related to carbohydrate, protein and 
RNA metabolism, all of which support plant 
growth. Within this context, any Fa growth reflects 
the growth enhancement by the micronutrients. 
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These results indicate that the compound 
containing Cu + Mo + Zn + Mn provided a greater 
accumulation of dry matter and the highest leaf area 
values. On the other hand plants originated from 
seeds treated with the compound Zn + Mo showed 
higher shoot to root ratio. Zinc stimulated the 
accumulation of root dry matter, while Manganese 
favored the leaf area to leaf mass ratio on the third 
DAE and Boron enhanced the total dry matter 

accumulation after the seventh and eleventh days 
after emergence, respectively. 

 
CONCLUSION 

 
Seed treatment with micronutrients favors 

the initial growth of rainfed rice seedlings, with 
variable results according to the growth stage and 
the specific mineral nutrient. 

  
 

RESUMO: O trabalho objetivou analisar o efeito do tratamento de sementes com micronutrientes no 
crescimento inicial de plantas de arroz de sequeiro. Os tratamentos consistiram na ausência de aplicação de 
micronutrientes e de aplicação isolada ou em combinação de cinco micronutrientes via semente: composto Zinco + 
Molibdênio (2,3 Mo; 3,5% Zn p/v) na dose de 2 mL kg-1 semente; Cobre + Molibdênio + Zinco + Manganês (6,7 Cu; 3,2 
Mo; 15 Zn; 9,4% Mn p/v) na dose de 3 mL kg-1 semente; Zinco (100% Zn p/v) na dose de 2 mL kg-1 semente; Manganês 
(50% Mn p/v) na dose de 2 mL Kg-1 semente; Boro (3% B p/v) na dose de 3 mL kg-1.  As plantas foram coletadas a 
intervalos regulares de quatro dias após a emergência, aos três, sete e onze dias e determinados os dados primários de área 
foliar, massa seca de parte aérea e de raiz. A partir dos dados primários foram calculadas a massa seca total, a razão parte 
aérea/raiz, a razão de área foliar e de massa foliar, e a área foliar específica. O composto contendo Cu+Mo+Zn+Mn 
proporcionou maior acúmulo de matéria seca de plântulas e superior área foliar, enquanto, o zinco estimulou o acúmulo de 
matéria seca na raiz. O tratamento de sementes com micronutrientes proporciona melhor performance de crescimento 
inicial em plantas em arroz de sequeiro.  

 
PALAVRAS-CHAVE: Oryza sativa. Micronutrientes. Área foliar. Matéria seca. 
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