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ABSTRACT 

The objective of this study was to determine the effects of different liquid-manure doses and manure + 

chemical fertilizer combinations on yield and quality parameters of silage corn cultivated as second crop, under 

reduced tillage condition. The experiments were carried out in randomised block design with 4 replications 

during the years 2010 and 2011 in Turkey. A total of 12 treatments were tested in the experiments and some 

morphological and quality parameters were investigated. Average of two years indicated that green herbage 

yield varied between 3.02-4.37 t ha
-1

, plant height between 186.70-220.83 cm, cob ratio between 31.80-36.38 %, 

leaf ratio between 15.45-20.77%, stem ratio between 43.78-48.54%, crude protein ratio between 4.17-7.94%, 

Neutral detergent fibre (NDF) between 66.41-69.72% and acid detergent fibre (ADF) between 34.36-37.79%. 

Comparisons between green herbage yields of single chemical nitrogen treatment (control)  and liquid manure 

combinations revealed that 20 ton liquid manure + 20 kg ha
-1

 chemical nitrogen combination (L2N2) was not 

significantly different (4,37 t ha
-1

) but better than control treatment (4,32 t ha
-1

). However, crude protein ratio 

of control treatment (7.9%) was higher than L2N2 treatment (5.34%) and the difference between them with 

regard to crude protein ratio was found to be significant. The first experiment on sustainable second crop silage 

maize production under reduced tillage conditions in Central Anatolia demonstrated that chemical nitrogen use 

can significantly be reduced and replaced by using liquid manure as an alternative source, without any negative 

effects on soil characteristics.  
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INTRODUCTION 

 

he need for quality forage is ever-

increasing parallel to increase in 

livestock production. Manure applications and 

reduced tillage practices may provide 

significant contributions in reducing forage 

production costs, increasing yields and 

performing an ecological production. Corn is 

the most common silage crop worldwide 

(McDonald et al., 1991; Meeske et al., 1993) 

because of high unit area green herbage yield, 

easy harvest, availability for silage, high 

nutritive value, taste and consumption 

(Kaplan, 2005).  

Environment-friendly manure storage, 

handling and application will both increase 

soil fertility and reduce chemical fertilizer 

costs. Cattle manure contains on average 1.67 

% nitrogen, 1.07% phosphorus and 2.73% 

potassium (Mkhbela and Materechera, 2003) 

and may provide significant savings from 

commercial fertilizers (Chadwick and Laws, 

2002). Combining chemical fertilizers with 

manure may reduce input costs, increase 

yields and provide environmental protection 

(Bukert et al., 2000). There are various ways 

to apply liquid manure (Chambers et al., 

2001) and the amount to be applied can easily 

be adjusted at different plant growth stages. 

Abunyewa et al. (2007) investigated the 

effects of single manure treatments of 4 and 

80 t/ha and combined treatments with 60, 17.5 

and 33 kg ha
-1

 NPK on corn yield and 

observed a yield increase of 55.6% in the first 

year and 120% in the third year of 

experiments with manure treatments, and also 

observed higher efficiencies in combined 

treatments. Repeated manure treatments 

increased soil fertility indicators such as 

T 
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organic matter, cation exchange capacity and 

pH. Korucu et al. (1998) compared 

conservation tillage, reduced tillage and 

traditional tillage systems with each other and 

indicated the lowest fuel consumption (24,12 

l/ha, 49,08 l/ha and 73,6 l/ha), lowest labour 

need (1.2 h/ha, 2.2 h/ha and 3 h/ha) and the 

lowest erosion rates (2 t/ha/year, 11.75 

t/ha/year and 22.5 t/ha/year) respectively for 

conservation, reduced and traditional tillage. 

This is the first study conducted in a big 

private scale agricultural farm to cultivate 

sustainable silage corn as second crop under 

reduced tillage in Central Anatolia, escaping 

from early frost damage due to the fact that 

second crop silage corn is a routine practice in 

lowland conditions. Additionally, main aim of 

the research was to determine the potential use 

of liquid manure, either alone or in 

combination with chemical fertilizers, and the 

amounts to be used in second-crop silage corn 

cultivation under reduced tillage conditions 

without any loss in green herbage yield and 

quality, while not creating any negative side 

effect to the soil. 

 

MATERIAL AND METHODS 

 

Experiments were carried out over 

experimental fields of Kırsehir Cicekdağı 

private Agricultural Farm during the years 

2010 and 2011. 

In both years, 75% vetch and 25% barley 

combination was cultivated ahead of silage 

corn. Tarm Beyazı Hungarian vetch genotype 

and Aydanhanım barley genotype were used 

in vetch/barley mixture. Mix sowing was 

carried out in winter, row spacing was 36 cm 

and sowing depth was 5 cm. Vetch barley 

mixture was harvested in spring for forage at 

25 % flowering stage. Reduced tillage was 

performed for soil preparation of second-crop 

silage corn. Following the harvest of vetch + 

barley, different doses of liquid manure were 

applied to experimental plots and then the first 

plough was performed at 15 cm depth with a 

chisel plough and corn sowing was performed 

just after ploughing. A total of 12 treatments, 

consisting of different doses of liquid manure 

alone and different combinations of liquid 

manure and chemical fertilizers were used in 

the present study. 

Experiments were carried out in 

randomised block design with 4 replications.  

Treatments were arranged as follows:             

1) Control (not fertilized); 2) 10 t ha
-1

 Liquid 

Cattle Manure (L1); 3) 10 t ha
-1

 Liquid Cattle 

Manure + 40 kg ha
-1

 N (L1N4); 15 t ha
-1

 

Liquid Cattle Manure (L1.5); 5) 15 t ha
-1

 

Liquid Cattle Manure + 30 kg ha
-1

 N(L1.5 

N3); 6) 20 t ha
-1

 Liquid Cattle Manure (L2); 

7) 20 t ha
-1

 Liquid Cattle Manure + 20 kg ha
-1

 

N(L2N2); 8) 2.5 t ha
-1

 Liquid Cattle Manure 

(L2.5);  9) 2.5 t ha
-1

 Liquid Cattle Manure + 

10 kg ha
-1

 N (L2.5 N1); 10) 3 t ha
-1

 Liquid 

Cattle Manure (L3);  11) 3 t ha
-1

 Liquid Cattle 

Manure + 5 kg ha
-1

 N (L3 N0.5) and 12) 120 

kg ha
-1

 P205 and N (L12). Macro and micro 

nutrient contents of liquid manure are 

provided in Table 1.  

 
Table 1. Macro and micro nutrient content of liquid manure samples 

 

Years 
N 

(%) 

P 

(%) 

K 

(%) 

Fe 

(%) 

Zn 

(%) 

Mg 

(%) 

Ca 

(%) 

2010 2.7 0.2 0.8 0.14 0.02 0.5 2.2 

2011 2.4 0.4 0.9 0.13 0.04 0.3 2.5 

 

Medium-early corn genotype OSSK 644 

was used as the plant material of this study. 

Liquid manure was applied over the 8.4 x 30 

m plots just before sowing and 2.8 m strips 

were left between the plots to prevent 

interferences. Chemical fertilizer combina-

tions were applied all in one as top dressing 

practice. Row spacing was 70 cm, on-row 

seed spacing was 15 cm and sowing depth 

was 6 cm. 

In chemical fertilizer treatment 12 (N12), 

all of the 120 kg ha
-1

 phosphorus and half of 

nitrogen were applied at sowing and 

remaining half of nitrogen was applied before 

the second hoeing. Weed control was 

performed twice with mechanical hoeing. 
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Irrigations were performed after the first 

hoeing and then in every 15 days; a total of 

600 mm irrigation water was applied. Soil 

samples were taken to determine the soil 

characteristics (texture, pH, organic matter, 

salinity, N-P-K contents, and lime content) 

before liquid manure applications. Soil texture 

was sandy-loam with slight alkalinity, low 

organic matter, phosphorus, nitrogen and 

medium lime (Table 2). 

 
Table 2. Pre-sowing soil characteristics 

 

 

Treatment 

 

Texture 

 

pH 

Organic 

matter 

(%) 

Salt 

(%) 

K 

(kg ha
-1

) 

P 

(kg ha
-1

) 

N 

(%) 

CaCO3 

(%) 

The first year 

Control Sandy-Loam 8.16 1.13 0.011 1533.7 29.8 0.06 11.69 

L1 Sandy-Loam 8.11 0.86 0.014 1179.7 37.5 0.04 12.45 

L1N4 Sandy-Loam 8.17 0.92 0.014 1415.7 28.1 0.05 15.84 

L1.5 Sandy-Loam 8.19 0.83 0.015 1179.7 38.3 0.04 12.45 

L1.5N3 Sandy-Loam 8.10 0.80 0.014 1651.7 24.7 0.04 12.45 

L2 Sandy-Loam 8.18 0.79 0.013 1415.7 29.8 0.04 12.07 

L2N2 Sandy-Loam 8.20 0.84 0.014 1179.7 20.4 0.04 13.77 

L2.5 Sandy-Loam 8.10 0.88 0.015 1533.7 23.0 0.04 12.07 

L2.5N1 Sandy-Loam 8.08 0.67 0.014 1415.7 30.7 0.03 10.56 

L3 Sandy-Loam 8.19 1.04 0.014 1651.7 30.7 0.05 9.81 

L3N0.5 Sandy-Loam 8.16 0.95 0.011 1415.7 26.4 0.05 12.82 

N12 Sandy-Loam 8.00 0.78 0.015 1179.7 38.3 0.04 10.56 

The second year 

Control Sandy-Loam 8.19 1.21 0.012 1769.6 40.2 0.06 17.44 

L1 Sandy-Loam 8.19 1.12 0.008 1415.7 29.5 0.06 16.83 

L1N4 Sandy-Loam 8.14 1.20 0.014 1533.6 34.4 0.06 14.78 

L1.5 Sandy-Loam 8.16 1.05 0.013 1769.6 40.2 0.05 15.92 

L1.5N3 Sandy-Loam 8.15 0.91 0.015 1769.6 41.0 0.05 15.54 

L2 Sandy-Loam 8.19 1.18 0.013 1887.6 41.8 0.06 16.30 

L2N2 Sandy-Loam 8.19 0.96 0.015 1533.6 32.8 0.05 15.54 

L2.5 Sandy-Loam 8.15 1.05 0.013 1651.6 49.2 0.05 16.68 

L2.5N1 Sandy-Loam 8.18 1.25 0.014 2005.5 39.4 0.06 15.85 

L3 Sandy-Loam 8.16 1.16 0.014 1769.6 32.8 0.06 18.20 

L3N0.5 Sandy-Loam 8.17 1.01 0.007 2595.4 45.9 0.05 16.68 

N12 Sandy-Loam 8.17 1.10 0.010 2005.5 54.9 0.06 13.12 

 

 

Temperatures of the first year were 

higher than both the temperatures of the 

second year and long-term averages. 

Temperatures of the second year were close to 

long-term averages. Distribution of 

precipitations varied with months and total 

precipitations during experimental years were 

higher than long-term averages (Table 3). 

Effects of treatments on silage corn green 

herbage yield and quality were investigated 

over plant samples harvested from a 3 x 1.4 

m
2
 area from each plot. Beside green 

herbage yield, plant height, shoot diameter, 

cob weight as morphological characteristics 

were also determined (Soylu and Sade, 

1995).  
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Table 3. Climate date for experimental years (2010-2011) and long-term averages (1975-2011) 

 

Months 
Temperature (

o
C) Precipitation (mm) 

2010 2011 Long-Term 2010 2011 Long-Term 

May 16.6 13.9 15.2 24.3 30.6 42.1 

June 20.9 18.6 19.6 82.5 84.6 34.4 

July 25.6 24.3 23.2 12.9 5.9 7.4 

August 26.7 22.6 22.9 0 1.0 5.6 

September 21.4 18.8 18.4 0.4 4.0 12.1 

 

Measurements 

Green herbage samples were taken from 

each plot and dried at 70C for 48 hours. Dried 

samples were ground in a grinder with 1 mm 

sieve and analyses were performed over these 

samples. Kjeldahl method was used to 

determine nitrogen (N) content. Crude protein 

was calculated with N x 6.25 formula (AOAC, 

1990). Neutral detergent fibre (NDF) (Van 

Soest and Wine, 1967) and acid detergent fibre 

(ADF) (Van Soest, 1963) were determined by 

using ANKOM 200 Fiber Analyzer (ANKOM 

Technology Corp. Fairport, NY, USA). 

Statistical analysis 

Experimental results were subjected to 

variance analysis by using SAS (SAS Inst., 

1999) software. Significance of differences 

between treatments means was tested by 

Duncan’s multiple range test.  

 

RESULTS 

 

Liquid manure treatments had significant 

effects on green herbage yields, agro-

morphological characteristics and chemical 

compositions of both years (Table 4).  
 

Table 4. Effects of single and combined liquid manure treatments on green herbage yield, plant height  

and plant diameter 

 

Treatments 

Green herbage yield 

(kg ha
-1

) 

Plant height 

(cm) 

Plant diameter 

(mm) 

2010 2011 Mean 2010 2011 Mean 2010 2011 Mean 

Control 25457 f 35040 f 30248 e 181 f 192 e 187 e 12.8 d 11.3 d 12.1 c 

L1 30690 e 43240 d 36965 d 206 bc 226 c 216 ab 14.1 a 11.3 d 12.7 c 

L1N4 37353 b 48690 b 43022 a 193 de 237 ab 215 ab 13.9 ab 15.3 abc 14.6 ab 

L1.5 34000 c 45067 c 39533 b 191 e 243 a 217 ab 13.5 abc 17. 1 a 15.3 a 

L1.5N3 37407 b 49113 ab 43260 a 190 e 242 a 216 ab 13.1 cd 15.6 abc 14.4 ab 

L2 32597 d 45427 c 39012 bc 185 ef 243 a 214 b 13.1 cd 17.3 a 15.2 a 

L2N2 37273 b 50263 a 43768 a 205 bc 206 d 206 c 13.4 bcd 16.9 a 15.2 a 

L2.5 32563 d 40763 e 36663 d 189 ef 207 d 198 d 13.3 bcd 13.7 bcd 13.5 bc 

L2.5N1 33847 c 42787 d 38317 c 199 cd 229 c 214 b 13.5 abc 16.3 ab 14. 9ab 

L3 34613 c 39787 e 37200 d 223 a 213 d 218 ab 13.8 ab 15.0 abc 14.4 ab 

L3N0.5 37053 b 39497 e 38275 c 203 bc 195 e 199 d 13.7 ab 13.0 dc 13.4 bc 

N12 41310 a 45167 c 43238 a 211 b 231 bc 221 a 13.9 ab 15.7 abc 14.8 ab 

Mean 34514
b
 43737

a
  198

b
 222

a
  13.5

b
 14.9

a
  

Year   **   **   ** 

Treatments ** ** ** ** ** ** ** ** ** 

Year x 

treatments 
** ** ** ** ** ** ** ** ** 

* values in the same column followed by the same letter are not significantly different at P≤0.05; 

** values in the same column followed by the same letter are not significantly different at P≤0.01; NS: non-significant. 
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Relatively high temperatures above the 

long-term average in the first year resulted in 

significant decreases in green herbage yield, 

agro-morphological characteristics and protein 

ratios, while such high temperatures did not 

cause any negative effects on ADF and NDF 

ratios.  

Effects of liquid manure treatments on 

green herbage yield, plant height and plant 

diameter of second crop silage corn in both 

years were statistically significant (P<0.01). 

Treatments, years and year x treatment 

interaction were found to be significant with 

regard to average yields of the years 2010 and 

2011 (P<0.01).  

Green herbage yields, plant heights and 

diameters are provided in Table 4. Green 

herbage yields varied between 25457 and 

41310 kg ha
-1

 in the year 2010 and between 

35040 and 50263 kg ha
-1

 in the year 2011. The 

highest yield was obtained from N12 

treatment in the first year and from L2N2 and 

L1.5N3 treatments in the second year. As the 

average of years, the highest values were 

observed in L1N4 (43022 kg ha
-1

), L1.5N3 

(43260 kg ha
-1

), L2N2 (43768 kg ha
-1

) and 

N12 (43238 kg ha
-1

) treatments and the lowest 

value in control treatments with 30248 kg    

ha
-1

. Plant heights varied between 181 and 

222 cm in 2010 and between 192 and 243 cm 

in 2011 and years-average was between 187 

and 221 cm. The highest plant heights were 

observed in L3 treatment of the first year and 

L1N4, L1.5, L1.5N3 and L2 treatments of the 

second year. With regard to average of years, 

the highest values were obtained from L1, 

L1N4, L1.5, L1.5N3, L3 and N12 treatments. 

Plant diameters were between 12.8 and 

14.1 mm in the first year, between 11.3 and 

17.3 mm in the second year and between 

12.08-15.27 mm as the average of years. The 

highest diameter was observed in L1 treatment 

of the first year and N12, L1N4, L3, L3N0.5, 

L2.5N1 and L1.5 treatments were placed into 

the same statistical group. The lowest plant 

diameters of the first year were seen in control 

treatment. In the year 2011, the highest value 

was obtained from L2 treatment but the 

treatments L1.5, L2N2, L2.5N1, N12, L1.5N3, 

L1N4 and L3 were placed into the same 

group. While the lowest value of the year 

2011 was observed in L1 treatment, the 

treatment L3N0.5 and control treatment were 

placed in the lowest group. With regard to 

average values of the years 2010 and 2011, the 

highest value was obtained from L1.5 

treatment and the treatments L2, L2N2, 

L2.5N1, N12, L1N4, L3 and L1.5N3 were 

placed into the same statistical group. The 

lowest average was obtained from the control 

treatment, and the treatments L1, L3N05 and 

L2.5 were placed into the same group. 

Cob, leaf and stem ratios of second-crop 

silage corn are provided in Table 5. Single and 

combined liquid manure treatments had 

significant effects on cob and leaf ratios of 

both years and average of years at P<0.01 

level. Year and year x treatment interaction 

were also found to be significant with regard 

to cob and leaf ratio (P<0.01). Effects of years 

and treatments on stem ratio were not found to 

be significant. Cob ratios varied between 

29.37 and 33.87% in the first year, between 

34.22 and 40.24 % in the second year and 

average of years was between 31.80 and 

36.38%. The highest cob ration of the first 

year was observed in L3 treatment and the 

treatments L1, L1N4, L1.5, L2N2 and N12 

were placed into the same group. The lowest 

ratio was seen in control treatment and the 

treatments L2.5N1, L3N0.5, L2.5, L2 and 

L1.5N3 were observed into the same group. 

During the second year, the highest cob ratio 

was obtained from L1N4 treatment and the 

treatments L1.5, L1.5N3, L2, L2N2, L3 and 

N12 were placed into the highest group. The 

lowest ratio was observed in again control 

treatment and L1, L2.5, L2.5N1 and L3N05 

were also placed into the lowest group. With 

regard to average of years, the highest value 

was observed in L3 treatment and the 

treatments L1N4, L1.5, L1.5N3 L2, L2N2 and 

N12 were placed into the highest group. The 

lowest ratio was seen in control treatment and 

the treatments L2.5, L2.5N1 and L3N0.5 were 

included into the lowest group.  

Leaf ratios varied between 19.28 and 

22.69% in 2010, between 11.61 and 18.83% 

in 2011 and between 15.45 and 20.77 as the 

average of years. 
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Table 5. Effects of single and combined liquid manure treatments on cob, leaf and stem ratios 

 

Treatments 
Cob ratio (%) Leaf ratio (%) Stem ratio (%) 

2010 2011 Mean 2010 2011 Mean 2010 2011 Mean 

Control 29.37 d 34.22 e 31.80 e 22.28 ab 17.03 ab 19.65 bc 48.34 a 48.73 a 48.54 a 

L1 32.08 abc 36.36 bcde 34.22 bcd 19.97 ef 15.83 bcd 17.90 ef 47.95 ab 47.81 a 47.88 ab 

L1N4 32.45 abc 40.24 a 36.35 a 19.28 f 11.61 f 15.45 h 48.27 a 48.15 a 48.21 ab 

L1.5 33.54 ab 38.94 ab 36.24 ab 19.32 f 14.52 cde 16.92 fg 47.14 abc 46.54 a 46.84 abc 

L1.5N3 31.46 bcd 38.92 ab 35.19 abc 19.87 ef 13.26 ef 16.57 g 48.67 a 47.82 a 48.24 ab 

L2 31.41 bcd 39.21 ab 35.31 abc 20.84 cde 13.42 ef 17.13 fg 47.75 ab 47.37 a 47.56 abc 

L2N2 33.17 ab 37.99 abcd 35.58 ab 21.39 a-d 15.63 bcd 18.51 de 45.43 cd 46.38 a 45.91 c 

L2.5 30.88 cd 35.28 cde 33.08 de 21.76 abc 16.34 bc 19.05 cd 47.36 abc 48.38 a 47.87 ab 

L2.5N1 30.55 cd 36.43 bcde 33.49 cde 21.10 b-e 16.26 bc 18.68 cde 48.35 a 47.31 a 47.83 ab 

L3 33.87 a 38.90 ab 36.38 a 20.11 def 13.96 de 17.04 fg 46.02 bcd 47.14 a 46.58 bc 

L3N0.5 30.78 cd 35.01 de 32.90 de 21.81 abc 18.54 a 20.17 ab 47.41 abc 47.45 a 46.93 abc 

N12 32.24 abc 38.69 a 35.47 abc 22.69 a 18.83 a 20.77 a 45.07 d 42.48 b 43.78 d 

Mean 31.82
b
 37.51

a
  20.87

a
 15.44

b
     

Year   **   **   NS 

Treatments ** ** ** ** ** ** ** * ** 

Year x 

treatment   
NS   **   NS 

* values in the same column followed by the same letter are not significantly different at P≤0.05; 

** values in the same column followed by the same letter are not significantly different at P≤0.01; NS: non-significant 

 
The highest value of the first year was 

observed in N12 and the lowest in L1N4. The 

highest value of the second year was obtained 

from N12 treatment and treatments L3N0.5 

and control was included into the same 

group. The lowest ratio was observed in 

L1N4 treatment and the treatments L1.5N3 

and L2 were placed into the same group. 

With regard to average of years, the highest 

value was observed in N12 and the treatment 

L3N0.5 was also included into the highest 

group. The lowest average was seen in L1N4 

treatment. The highest stem ratio of the year 

2010 was obtained from L1.5N3 (48.67%) 

and the lowest in N12 (45.07%) treatment. In 

the second year, the highest value was 

observed in control treatment (48.73%) and 

the entire treatments except for N12 (42.48 

%) were included into the highest group. 

Average of years varied between 43.78 and 

48.54 %, the highest value was observed in 

control treatment and the treatments L1, 

L1N4, L1.5, L1.5N3, L2, L2.5, L2.5N1 and 

L3N0.5 were placed into the same group. The 

lowest value was observed in N12 treatment. 

Chemical composition parameters (crude 

protein, ADF, NDF) are provided in Table 6. 

Treatment had significant effects on crude 

protein, ADF and NDF ratios of both years 

(P<0.01). Effects of years and year x 

treatment interaction were also found the 

significant at P<0.01 level.  

Crude protein ratios varied between 

4.11 and 8.27% in the first year, between 

4.17 and 7.60% in the second year and 

between 4.17 and 7.94% as the average of 

years. The highest value of the first year was 

observed in N12 treatment and the lowest in 

control treatment. In the second year, the 

highest ratio was observed in N12 

treatment; the lowest in L1 treatment and 

the control, L2 and L2N2 treatment were 

included into the same group. With regard 

to average of years, the highest value was 

obtained from N12 and the lowest from 

control treatment.  

NDF ratios varied between 63.91 and 

71.32% in the first year, between 67.83 and 

70.40% in the second year and between 66.41 

and 69.72% as the average of years. 
 

http://tureng.com/search/treatment
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Table 6. Effects of single and combined liquid manure treatments on chemical composition of silage corn 

 

Treatments 

Crude protein 

(%) 

NDF 

(%) 

ADF 

(%) 

2010 2011 Mean 2010 2011 Mean 2010 2011 Mean 

Control 4.11 j 4.23 gh 4.17 h 68.11 e 69.14 d 68.63 f 35.69 f 36.50 d 36.10 d 

L1 5.81 c 4.17 h 4.99 dc 68.48 d 69.41 c 68.95 d 35.86 e 35.41 fe 35.64 fe 

L1N4 5.58 e 4.52 e 5.05 c 68.17 e 70.33 b 69.25 c 35.59 g 34.31 g 34.95 g 

L1.5 5.25 f 4.34 fg 4.80 e 69.83 b 67.83 j 68.83 e 37.31 c 35.04 f 36.18 d 

L1.5N3 5.71 d 4.41 ef 5.06 c 67.48 f 68.04 ı 67.76 g 35.11 h 33.61 h 34.36 h 

L2 4.26 ı 4.28 fgh 4. 27 g 68.74 c 68.52 f 68.63 f 37.74 b 37.83 b 37.79 a 

L2N2 6.49 b 4.20 h 5.34 b 66.19 h 68.50 f 67.35 ı 33.66 j 37.15 c 35.40 f 

L2.5 4.82 h 4.80 c 4.95 d 71.32 a 68.12 h 69.72 a 38.90 a 35.90 e 37.40 b 

L2.5N1 5.10 g 4.50 e 4.66 f 67.07 g 68.20 g 67.63 h 36.31 d 35.42 fe 35.86 e 

L3 4.90 h 4.67 d 4.78 e 67.07 g 68.12 h 67.59 h 34.10 ı 37.11 c 35.61 f 

L3N0.5 5.20 f 5.42 b 5.31 b 68.82 c 70.40 a 69.61 b 36.32 d 37.02 c 36.67 c 

N12 8.27 a 7.60 a 7.94 a 63.91 ı 68.92 e 66.41 j 32.34 k 38.47 a 35.41 f 

Mean 5.46
a
 4.76

b
  67.94

b
 68.79

a
  35.75

b
 36.15

a
  

Year   **   **   ** 

Treatments ** ** ** ** ** ** ** ** ** 

Year x 

treatment 
** ** ** ** ** ** ** ** ** 

** values in the same column followed by the same letter are not significantly different at P≤0.01. 

 

The highest NDF ratio of the first year 

was observed in L2.5 and the lowest in N12 

treatment. In the second year, the highest and 

the lowest values were respectively observed 

in L3N0.5 and L1.5 treatments. As the 

average of years, the highest value was 

observed in L2.5 and the lowest in N12 

treatment.  

While highest ADF ratio of the first year 

was observed in L2.5 treatment with 38.90%, 

the lowest value was seen in N12 treatment 

with 32.34%.  

The highest value of the second year was 

obtained from N12 treatment with 38.47% 

and the lowest from L1.5N3 treatment with 

33.61%. Average of the years 2010-2011 

revealed the highest value for L2 treatment 

with 37.79% and the lowest value for L1.5N3 

treatment with 34.36%.  

Soil samples taken at sowing of both 

years were analysed with regard to pH, 

organic matter and salinity. Results indicated 

that liquid manure treatments did not have any 

negative impacts on soil characteristics.  

DISCUSSION 

 

Forage quality of silage corn sown after 

Hungarian vetch + barley combination is way 

higher than the quality of silage corn sown 

after wheat (Duman, 2007). This is a natural 

consequence of Hungarian vetch and higher 

green herbage yield of control plot of the 

second year without any fertilization 

application basically resulted from soil 

residual nitrogen due to fixated nitrogen of 

preceding Hungarian vetch cultivation. Such 

findings point out the significance of legumes 

to be used as preceding cropping in silage 

corn culture. Corn genotypes have different 

responses against nitrogen (Wiesler et al., 

2001). However, in this experiment the 

differences between green herbage yields, 

agro-morphological characteristics and protein 

ratios of the experimental years were mainly 

due to higher temperatures of the second 

experimental year above long term-averages 

(Table 3). Response to liquid manure was 

always positive both in 2010 and 2011 years 



200  Number 31/2014 

ROMANIAN AGRICULTURAL RESEARCH 

 

for green herbage yield till 15 tons ha
-1 

level 

compared to control plot. After this point 

there was no any positive reaction to increased 

liquid manure applications. This clearly shows 

effects of liquid manure application on green 

herbage yield of maize. Combination of the 

liquid manure with chemical fertilizer 

compared to its full liquid manure dose 

always increased green herbage yield of corn, 

too. This obviously demonstrates that higher 

green herbage yield can be obtained either 

combination of liquid manure and chemical 

fertilizer as top dressing or twice liquid 

manure application before and after planting. 

Compared to conventional soil tillage 

methods, Yalçın et al. (2003) did not observed 

significant differences in reduced tillage with 

regard to green herbage yields but reported 1-

3 days savings in soil preparation and 20% 

saving in fuel consumption. Reduced tillage in 

this study resulted in similar green herbage 

yield like in the traditional tillage but 

contributed reasonable saving of fuel, soil 

preparation time and labour, too.     

 Previous researches reported increased 

growth and development but decreased 

nitrogen-use efficiency and consequent green 

herbage yield decreases in corn with 

increasing nitrogen doses (Saglamtimur et al., 

1987; Cullu et al., 1999). Nitrogen has a vital 

role in protein and enzyme synthesis in plants 

and enzymes control the entire metabolic 

processes of plants. Nitrogen is also included 

in synthesis of chlorophyll, the basic molecule 

absorbing the energy required for 

photosynthesis (Islam et al., 2010). Results of 

present study reflected the impacts of nitrogen 

from liquid manure on silage yield. Similar 

findings were also reported by Islam et al. 

(2010), Khan et al. (1996), Shahjalal et al. 

(1996). Nitrogenous fertilizer treatments 

generally increase the plant heights of corn but 

such an increase is not continuous (Sezer and 

Yanbeyi, 1997). Ping et al. (1993) reported 

nitrogen as the most significant nutrient 

effecting plant height of corn. Similarly, 

Yılmaz (2005) reported decreasing leaf ratios 

with increasing nitrogen doses, but Saruhan 

(2002) indicated insignificant effects of 

different nitrogen doses on leaf ratios. Some 

others also reported increased leaf area index 

values and consequent leaf ratios with 

increasing nitrogen doses (El-Hattab et al., 

1980; Kang et al., 1986). In the present study, 

significant relationships were observed 

between liquid manure doses and leaf ratios, 

but increase in leaf ratios was not parallel to 

increase in liquid manure doses.   

Nitrogen deficiency negatively affects the 

vegetative development of corn. When the 

plant is not able to get sufficient nitrogen, it is 

forced to blossom earlier and growth period is 

shortened. In this case, upper tassel and cob 

tassel development are slowed down and 

consequently very few kernels are formed 

over the tip of cob (Kırtok, 1998). Normal 

growth, cob and kernel development are only 

possible with sufficient nitrogen. Increased 

cob ratios normally indicate relatively 

decreased leaf and stem ratios. However, 

Islam et al. (2010) reported increased plant 

heights with nitrogen treatments. Plant height 

is mostly affected by plant genetic 

characteristics, soil nutrients, climate 

conditions, light intensity and quality and 

growth seasons. Saruhan (2002) and Tansı et 

al. (1996) reported insignificant effects of 

increased nitrogen doses on stem ratios of 

corn. Reiad et al. (1997) indicated that plant 

height may significantly be affected by 

environmental conditions. 

Nitrogenous fertilizers generally increase cob 

ratios but such an increase is again not 

continuous. Leaf and stem ratios decreases, 

cob ratio and kernel formation increases with 

nitrogenous fertilizers. Current findings 

comply with the results of previous studies 

(Saglamtimur et al., 1987; Akçin et al., 1992; 

Kaplan and Aktas, 1993; Yılmaz, 2005). 

However, Saruhan (2002) indicated 

insignificant effects of increasing nitrogen 

doses on cob ratios.  

Cox et al. (1993) reported increasing 

crude protein ratios with nitrogenous fertilizer 

treatments. Akçin et al. (1992) and Sarker 

(2000) also indicated positive impacts of 

increasing nitrogen doses on crude protein 

ratios. Increased crude protein ratios were also 

reported with liquid manure treatments in 

barley + vetch combination (Yolcu et al., 

2010), oat (Zhang et al., 2006), corn 

(Lithourgidis et al., 2007) and grass (Blonski 
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et al., 2004). Results of present study comply 

with the findings of Islam et al. (2012) with 

regard to crude protein ratios. 

Nitrogenous fertilization decreases ADF 

and NDF ratios of plants. Min et al. (2002) 

reported significant effects of liquid manure 

treatments on ADF and NDF ratios. Yolcu et 

al. (2010) carried out a two-year study to 

investigate the effects of liquid manure 

treatments and reported insignificant effects 

on ADF and NDF ratios in the first year but 

significant effects in the second year of 

experiments. Adeli et al. (2005) observed 

increasing ADF and decreasing NDF ratios in 

bermuda grass with liquid lagoon effluent 

treatments. Current findings were higher than 

the results observed by Stekar et al. (1991) 

and Islam et al. (2012). 

In this first study of second crop silage 

corn production under reduced tillage system 

in Central Anatolian highlands, liquid manure 

treatments had generally positive effects 

primarily on the green herbage yield, plant 

height, cob ratio like morphological 

characteristics and crude protein, ADF and 

NDF like quality parameters. Although 20-25 

t ha
-1

 single liquid manure treatment was able 

to meet all of the phosphorus need and large 

portion of nitrogen need of corn without any 

adverse impacts, additional chemical nitrogen 

fertilization as top dressing resulted in 

significant increases in green herbage yield 

and quality parameters of silage corn. This 

situation may be due to application of liquid 

manure just once before the sowing and 

consequent nitrogen deficiency or nitrogen 

leaching through irrigations. In case of 

ecological and economical sustainable 

second-crop silage corn cultivation with single 

liquid manure application, liquid manure 

should be applied twice, one just before the 

sowing and another one just before upper 

tassel formation period with the highest 

nitrogen demand under reduced tillage 

conditions. Second application may 

significantly improve protein quality and this 

can contribute to sustainable second crop 

silage maize production under reduced tillage 

conditions among especially resource poor 

farmers in Central Anatolian highlands. 

CONCLUSIONS 
 

Two year experiments on the second crop 

silage maize in non tropical conditions 

demonstrated that chemical nitrogen use can 

be significantly reduced and partially replaced 

by using liquid manure, without any yield loss 

even under reduced tillage conditions. 

Adoption of reduced tillage system and liquid 

manure application will result in cost effective 

silage maize production, especially for 

resource poor farmers under highland 

conditions.   
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