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Abstract. This paper presents data obtained from a physiological study conducted in the spring 

of 2018 on Triticum aestivum spp vulgare, Ciprian cv. The species was cultivated on a slightly gleized 

cambic chernozem specific for Banat Area, also found in the Didactic Station of BUASVM Timișoara, 

Romania. Due to the large scale use and different doses and combinations of chemical fertilizers in the 

agricultural practice, we chose to fertilize the wheat with nitrogen in five experimental variants: 0, 50, 

100, 150 and 200 kg active substance ha-1. Balancing the N rate, water use efficiency and yield are 

important problems in our country. Thus a proper use of fertilizers in general, and N in particular 

became a necessity. The plants were collected and transported in the laboratory where the leaves were 

separated using a scalpel. These were weighted, dried and incinerated. Some gravimetric parameters 

including leaves fresh weight, dry weight and ash content were determined. Next, organic and mineral 

content, but also OC / MC ratio were calculated. FW of the leaves increased proportionally with N dose. 

Leaf fresh weight is directly impacted by technological factors like N fertilizer rates. Consequently, 

regarding this parameter, significant differences between the five variants were observed, FW being 

significantly higher for N 200 probes when compared with other leaves from the plots fertilized with a 

lower amount of N. Same trend was observed for DW and AC, respectively. MC values varied between 

the N doses. From this point of view, the smallest mineral content in leaves was obtained for N 100 and N 

150 variants, suggesting a possible remobilization of minerals in wheat plant with respect to N dose. 

Regarding OC, the maximum value was obtained for N 200. Despite the fact that OC and MC varied 

without a clear trend, OC / MC ratios had followed a clear polynomial increase together with the 

increase of N dose, varying between 4.9236 for N 0 and 10.2368 for N 200 variant. ANOVA revealed 

some significant differences. AC was the only parameter with homogenous data, FW, DW, OC, MC and 

OC/MC ratio being heterogeneous.  
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INTRODUCTION 

Wheat (Triticum aestivum L.) is grown worldwide under diverse climatic conditions 

(CZYCZYŁO-MYSZA et al., 2018). It is a crop of major importance and together with other 

staple cereals supply the bulk of calories and nutrients in the diets of a large proportion of the 

world population (CAKMAK, 2008). 

Fertilizers play a significant role in obtaining agricultural yield, with a variable 

contribution which vary between 40-60% depending on the crop, the climatic conditions and 

agricultural technology (STEWART et al., 2005). Grain yield is a particularly complex trait, 

being the end product of many processes in the plant and, in consequence, is very 

environmentally dependent (QUARRIE et al., 2005). Between all metabolic elements which 

plants use from soil, nitrogen is needed in the largest amounts (TUCKER, 2004; BOJOVIĆ AND 

MARKOVIĆ, 2009). High grain yield represents a higher crop nitrogen (N) requirement in total 

(CASSMAN et al., 2002). TILMAN et al. (2001) forecasted that global N fertilizer consumption 
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would need to increase by 2.7 times by 2050 to meet the food demand. Ammonium azotate is a 

fertilizing substance used in Romania in a wide range of areas (SALA, 2011). It is quite cheap 

when compared with NPK, this being a reason for the extended use of it by farmers.  

N fertilization is well known to improve soil fertility (MALHI et al., 2011). However, 

using excessive N fertilizer can decrease the N utilization rate, which not only causes a huge 

waste of resources and economic losses, but can also adversely impact the environment 

(SCHINDLER AND HECKY, 2009; HVISTENDAHL, 2010). Due to the fact that all of fertilizers 

(mostly ammonium nitrate) are well soluble in water, only 40-50% of the introduced fertilizer 

is assimilated by plants, 20% is washed-off into soil, which conditions a global contamination 

of the environment (rivers, seas, water reservoirs, ground waters) (GUGAVA AND 

KOROKHASHVILI, 2018). 

Balancing the N rate, water use efficiency and yield is an important problem in 

farming systems (ZHONG AND SHANGGUAN, 2014; SALA et al., 2016). In addition, world food 

demand is expected to double during 2005–2050 (BORLAUG, 2009), thus it is important to 

increase food production with lower water use, particularly in water shortage regions (ZHONG 

AND SHANGGUAN, 2014). The small net changes in soil-N during the course of the long-term 

experiments are consistent with the fact that a near steady-state is typically achieved in fields 

under a continuous cropping regime (JOHNSTON et al., 2009). Nitrogen nutrition played an 

important role on growth, yield components and grain quality of cereal crops (MAQSOOD et al., 

2014). On the other the hand, balanced fertilizing is the application of essential plant nutrients 

in the right proportion and in optimum quantity for a specific crop condition (SHARMA et al., 

2015).   

The aim of this research was to compare leaves fresh and dry weights, ash content, as 

gravimetric parameters, but also to calculate and determine if significant differences could be 

found for organic and mineral contents. Moreover the ratio between the last two parameters 

was also of interest.  

 

MATERIALS AND METHODS 

The biological material to be analyzed was represented by samples belonging to the 

Triticum aestivum (L.) ssp vulgare, Ciprian cv. The wheat was cultivated in the Didactic 

Station of BUASVM Timișoara, Romania. The specific soil in Banat Area can be characterized 

as a slightly gleized cambic chernozem with neutral reaction (pH = 6.95-7.1) (PÎSLEA AND 

SALA, 2012). 

The plots were fertilized with nitrogen in five variants: N 0, N 50, N 100, N 150, N 

200 kg active substance ha-1. The samples were collected in May 2018 during the morning. 

An analytical balance (Kern model) with precision of 0.0001 g was used for all mass 

measurements. After separating the leaves, fresh weight was measured (FW). Afterwards, all 

the samples were dried in an oven (Sauter model) at 100 °C for 2 hours and weighed, resulting 

dry weight (DW). Dried probes were incinerated to ash in a furnace (Nabertherm model) at 500 

°C for 2 h. After completion of the cooling process, the mass of the ash content (AC) was 

determined. Ash content is the inorganic residue left after burning the organic matter and it is 

the reflection of the mineral content of biomass. Organic matter was calculated by subtracting 

crude ash weight from dry matter weight (IANOVICI, 2016). Using this parameter OC was 

determined, as following: 

 

OC = (100 X OM) / FW. 

 

MC was determined using next formula: 
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MC = (100 X AC) / FW. 

 

OC / MC ratio was also determined. 

Statistical processing was realized using Microsoft Office Excel 2013 and PAST 

Software 3.20 (HAMMER ET AL., 2001). Probability (p) values less than 0.05 were considered 

significant. Data had a normal distribution. Variance between the five experimental variants 

was analyzed by one-way ANOVA between groups, Levene's test for homogeneity of variance 

(based on means) and Welch F test in the case of unequal variances (CIOBANU, 2016). 

 

RESULTS AND DISCUSSION 

FW presented the lowest values for the probes fertilized with N 0. The mean value of 

this parameter was 0.0374 g (Figure 1). As the N dose increased, FW of the leaves also 

increased (r2 = 0.9885). The highest mean value of FW was obtained for N 200 samples 

(0.3731 g). At the maximum level of fertilization, the leaves were almost 10 times bigger when 

compared to the ones from the N 0 variant. 

 

  
Figure 1. N dose influence on FW Figure 2. N dose influence on DW 

 

  
Figure 3. N dose influence on AC Figure 4. N dose influence on OC and MC 
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Same trend was observed for DW (r2 = 0.9943) (Figure 2). The lowest mean value 

was obtained for N 0 probes (0.01679) and the highest mean value was recorded for N 200 

leaves (0.06247). 

 
Figure 5. N dose influence on OC/MC ratio 

 

 

Minimum and maximum values of the studied parameters determined for each 

experimental variant, but also the results obtained after the completion of analysis of variance, 

with significant values being in bold, can be seen in Table 1. 
Table 1. 

Analysis of variance for FW, DW and AC calculated for wheat leaves for the five experimental variants 
  N 0 N 50 N 100 N 150 N 200 Levene's test One-way 

ANOVA 

Welch F test 

FW - in g Min 0.0374 0.0579 0.0738 0.1812 0.1684 0.002616  F=54.11, 

df=20.8, 

p=1.066E-10 
Max 0.0667 0.092 0.1967 0.3732 0.3731 

DW - in g Min 0.0112 0.0133 0.0206 0.0402 0.0427 0.002766  F=39.3, 
df=21.53, 

p=1.334E-09 
Max 0.0274 0.0288 0.044 0.0945 0.0898 

AC - in g Min 0.0016 0.0013 0.0023 0.0037 0.0038 0.1458 F = 18.8, 
p= 3.79E-

09 

 

Max 0.0055 0.0033 0.0054 0.0075 0.009 

OC Min 18.1667 20.7006 19.4204 19.8124 21.0747 0.009181  F=1.028, 
df=21.77, 

p= 0.4152 
Max 34.3939 27.8689 27.7311 25.0579 28.3658 

MC Min 3.1873 2.2453 2.3233 1.8820 2.2565 1.44E-07  F =9.63, 

df=21.84, 
p=0.0001204 

Max 9.9819 4.1401 3.2936 2.8902 3.1293 

OC/MC 

ratio 

Min 2.7091 5 7.0741 7.4154 7.5111 0.0385  F= 19.52, 

df = 20.8, 
p= 5.505E-07  

Max 7.1875 10.8125 10 11.9495 10.2368 

 

AC had the lowest average for N 50 probes (0.00228) and the highest average for N 

200 probes (0.00627). A polynomial increase of ash content was noticed proportionally with N 

dose (r2 = 0.9992) (Figure 3).  

The data were homogeneous only for AC. Analysis of variance revealed that the data 

are significantly different for this parameter (p = 3,79E-09). The Tukey's pairwise comparisons 

for AC indicated significant differences for samples: N 0 – N 150 (p = 0.0001405), N 50- N 
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150 (p = 1.31E-06), N 100 –  N 150 (p = 0.01699), N 0 – N 200 (p = 7.63E-06), N 50- N 200 

(p = 6.66E-08), N 100 - N 200 (p= 0.001356), N 50 – N 100 (p = 0.0356). Thus, a significant 

increase was noticed for this parameter proportionally with the mass of active substance used. 

OC values presented a polynomial trend (r2 = 0.9598) (Figure 4). This parameter had 

the lowest values for medium fertilized variants. MC had the highest values for N 0 variant, but 

a trend was also observed (r2 = 0.9378) (Figure 4). Regarding organic content, this parameter 

showed variations on N gradient. The highest value was obtained for N 200 probes and the 

lowest for N 100 probes. MC presented only few variations. A higher mineral deposition in 

leaves was observed for N 0 samples. 

When the data were heterogeneous, we applied Welch F test. In this case, F was 

significantly different for FW, DW, MC and OC/MC ratio. Regarding OC, no significantly 

differences were noticed after the completion of Welch test (Table 1). 

OC/MC ratio is a parameter which presented a trend proportionally with the N 

gradient (r2 = 0.9711) (Figure 5). The lowest value for this parameter was for N 0 probes (OC/ 

MC = 4.9236) and the maximum was reached for N 200 probes (OC / MC = 10.23680). Thus, 

for the fertilized wheat samples OC has the biggest value and MC the smallest, when compared 

to OC. Significant increase of this parameter was observed when the N dose increased. 

 

CONCLUSIONS 

This study aimed to determine some gravimetrical and physiological parameters for 

leaves samples from Triticum aestivum subsp. vulgare, Ciprian cv. FW, DW and AC were 

determined after collecting, drying and incinerating wheat leaves. Significant differences were 

obtained between variants. These parameters increased proportionally with the N gradient. 

ANOVA test revealed that only AC samples were homogenous. For this parameter one-way 

ANOVA results were taken into consideration. FW, DW, OC, MC and OC/MC ratio data were 

heterogeneous. OC and MC presented different trends, but OC/MC ratio increased 

proportionally with the N fertilizers amount. 
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