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ABSTRACT

The effects of two manure crops on the yield of organically grown maize (Zea mays L.) hybrids were evaluated during 
the growing seasons 2017-2018 and 2018-2019. The experimental treatments included the use of red clover (Trifolium 
pratense L.) and white clover (T. repens L.) as green manure crops and an untreated control treatment. ‘Factor’, ‘Dracma’, 
and ‘Brasco’ were the maize hybrids studied. A split plot design was employed with three replicates. The results of 
ANOVA indicated that the number of kernels per row as well as number of kernels per plant and weight of 1000 kernels 
were affected by the different green manure treatments (P < 0.001, P < 0.001 and P < 0.01, respectively). Trifolium pratense 
residuals increased maize grain yield by up to 6% as compared to control treatment during the first year. Similar were the 
corresponding results recorded during the second experimental year. Trifolium repens green manure increased maize yield 
by approximately 5% during either the first or the second experimental year as compare to control treatment. Maize grain 
yield was influenced by the factor of hybrid either in the first or in the second year of the experiment (P < 0.01 and P < 0.001, 
respectively) and ‘Factor’ was by 5%-6% and 10%-11% more productive than ‘Dracma’ and ‘Brasco’. In conclusion, the 
results of the present study proved that both red and white clovers were beneficial for the productivity of maize crop under 
the climatic conditions of Greece, while the selection of the appropriate hybrid can further improve grain yield.
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INTRODUCTION

Efficient and economic utilization of natural resources is crucial in agriculture (Lichtenberg et al., 2010). In addition to 
conventional farming systems, increasingly more attention is paid to organic farming, which in general terms ensures 
an ecologically cleaner and healthier environment. However, the relatively low N availability in many organic crops is 
among the factors that limit yields (de Ponti et al., 2012; Röös et al., 2018). Therefore, several agronomic practices have 
been studied and used for soil enrichment with nutrients. 
 Cultivation of green manure crops is the main possibility for soil enrichment, especially with N and interest is increasing 
in recent decades (Travlos et al., 2014; Northup and Rao, 2016). The incorporation of N-rich plant green material into the 
soil mobilizes N and intensifies microbiological processes, which result in improved plant N content and soil structure 
(Islam et al., 2018). The largest amount of organic matter is left in the soil with the residues of grasses, winter cereals, 
spring cereals, grain legumes and other crops (Skuodiene and Nekrosiene, 2007; Northup and Rao, 2016). Regarding 
legumes, several species (Trifolium spp., Medicago spp., Vicia spp., Pisum spp., Vigna spp., Lotus spp., etc.) have been 
used and evaluated under diverse conditions (Kumar et al., 2014; Travlos et al., 2014; Karyoti et al., 2018). In general, N 
accumulation by legumes reaches its peak in the period of blooming, which is the ideal time for cutting and ploughing, 
and starts decreasing in the period of seed formation (Travlos, 2010).
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 Maize (Zea mays L.) is globally one of the most popular and productive grain crops. The rapid increase in maize 
productivity and the high grain yields of the recent decades are mostly due to more productive hybrids and inorganic 
fertilization (Guo et al., 2010; Travlos et al., 2011). One of the major challenges is to maintain such high yields without 
adverse environmental impacts and huge cost for the farmers and consequently many studies are lately focused on the 
application of more environmentally friendly or totally organic practices (Lamptey et al., 2017).
 Green manure crops of N-fixing legumes supply N to the cropping system and should therefore be considered as an 
important component of each crop rotation system (Martyniuk et al., 2019). The beneficial effects of Trifolium pratense L. 
as green manure on the number of grains per corncob and the final maize grain yield have been observed by Tejada et 
al. (2008). Incorporating clovers into the soil as green manure is a method well established in organic cropping systems 
(Breland, 1996). Growth parameters and productivity of cereals have been improved by the incorporation of T. repens L. 
as green manure (Skuodiene and Nekrosiene, 2012; Koehler-Cole et al., 2017).
 A vast array of legume species has shown potential as green manures. There are several hundred species of legumes, 
but only a fraction of these have been evaluated for their performance as green manures. The aim of the present study was 
to evaluate the effects of two legumes as green manure, red clover (T. pratense) and white clover (T. repens) on grain 
yield and quality characteristics of three organically grown maize hybrids.

MATERIALS AND METHODS

Study site and experimental design
A field experiment was conducted in 2017-2018 (1st year) and repeated in 2018-2019 (2nd year) in the experimental farm 
of Agricultural University of Athens (37o59′ N, 23o42′ E). The soil of the experimental field is clay loam (CL) with pH 
7.29 (Table 1). Typical climatic conditions for Greece were recorded during both experimental years (Table 2). A split 
plot design was employed in each growing season in a randomized complete block design with three replicates. Green 
manure crops were assigned to main plots and maize hybrids were assigned to subplots. 

Table 2. Mean maximum, minimum temperature and rainfall values recorded for each month during the first (2017-2018) 
and the second (2018-2019) experimental year.

October 27.4 12.7 6.6 26.8 9.4 0.6
November 23.3 6.4 130.2 28.1 7.6 51.6
December 21.7 4.8 27.0 19.3 3.7 73.7
January 17.7 3.5 51.4 16.8 -0.1 125.0
February 18.9 6.3 80.0 19.1 3.3 59.2
March 22.6 6.8 11.2 24.1 5.3 26.8
April 29.8 11.0 1.8 25.8 8.0 115.0
May 29.6 16.0 67.8 30.2 11.2 2.2
June 33.9 19.3 57.2 35.2 17.9 2.6
July 33.4 24.7 65.2 32.6 23.8 1.0
August 32.8 24.5 6.4 33.6 25.6 0.0
September 29.2 21.0 43.8 32.7 21.0 4.8

2018-2019

Max T Max TRainfall RainfallMin T Min T

2017-2018

Month

ºC ºC mm mm 

Table 1. Soil conditions in the experimental field of Agricultural University of Athens.

CaCO3, % 15.99
Organic matter, % 2.37
NO3

-, mg kg-1 104.30
P (Olsen), mg kg-1 9.95
Na+, mg kg-1 110.00
pH 7.29
Soil texture            Clay loam (CL)

ValueParameter
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Experimental treatments and maize hybrids
Two legume species were tested for green manuring. In particular, red clover (Trifolium pratense L.) and white clover (T. 
repens L.) at seed rates of 15 kg ha-1 were sown, while an untreated control (without any crop as green manure) was also 
included. Legumes were sown on 19 September 2017 and 24 September 2018. Legumes were chopped and ploughed in 
on 17 March 2018 and 9 March 2019 and the soil was prepared for maize sowing. Three maize hybrids, namely ‘Factor’ 
127-d relative maturity (RM), ‘Dracma’ 126-d RM, and ‘Brasco’ 128-d RM were planted on 11 April 2018 and 4 April 
2019. The three hybrids have similar biological cycle (FAO 700), plant height (moderate/high) and productivity (stable 
and high). They were planted in 75 cm rows at an approximate density of about 75 000 seeds ha-1. The size of each subplot 
was 2.25 m × 3 m. Maize rows were numbered 1 to 4 from left to right. Rows 1 and 4 were border rows, while yield data 
were collected from rows 3 and no inorganic fertilizers or plant protection products were used.

Measurements
The biomass of the above-ground part of the two legumes was measured in each plot just before ploughing by cutting 
three 1 × 4 m strips. Biomass was dried at 70 ºC and then analyzed for N by Kjeldahl method and for P and K by 
spectrophotometry. At maize grain maturity (middle of September for both growing seasons), ears of 10 plants of the 
center rows of each sub plot were hand-harvested and dried at 70 ºC until constant weight was achieved. Grain yield, rows 
per ear, kernels per row, kernels per plant and 1000 kernel weight were determined while N content was also measured in 
the grains and protein content determined.

Statistical analysis
ANOVA was conducted for all data and differences between means were compared at the 5% level of significance 
using the Fisher’s protected LSD test. Regarding the comparisons between biomass, N, P and K contents of the two 
green manure crops, a t-test statistics was carried out. All statistical analyses were conducted using the Statsoft software 
package (Statsoft, Tulsa, Oklahoma, USA).

RESULTS AND DISCUSSION

Biomass and aboveground N, P and K content in legumes
Measurements of the biomass of the two legumes revealed that T. pratense produced 21% more biomass than T. repens 
whereas N, P and K contents were increased by 20%, 31% and 20%, respectively, in the residuals of T. pratense plants 
as compared to the corresponding values recorded for T. repens residuals (Table 3). The results described above were 
tested by using t-test statistics and the null hypothesis was rejected (P < 0.05) (Table 4). This result could be attributed 
to the lower growth rate of white clover and is in common direction with the findings of previous studies conducted by 
Skuodiene and Nekrosiene (2007) and Koehler-Cole et al. (2017). 

Integrated effects of green manure, hybrid selection and experimental year on yield components of maize and 
maize grain yield
The results of ANOVA showed that the number of kernels per row as well as the number of kernels per plant and 
weight of 1000 kernels were the components of maize grain yield most affected by the different green manure 
treatments (P < 0.001, P < 0.001 and P < 0.01, respectively). Regarding hybrid selection, its influence on these traits 

Table 3. Biomass and content of N, P and K in the aboveground part of legumes ploughed in the soil as green manure. 
Data were averaged over the two growing seasons.

Biomass, Mg ha-1 4.14a 3.26b
N, kg ha-1 122.00a 97.00b
P, kg ha-1 16.00a 11.00b
K, kg ha-1 77.00a 61.00b

Means followed by different letters within the same row indicate significant differences according 
to t-test (a = 0.05). The results of t-test are shown in the following Table 4.

Trifolium pratenseParameter T. repens
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was not clear. Regarding final yield performance of maize, it was affected by the different green manure treatments as 
well as by hybrid selection during both experimental years (P < 0.01 and P < 0.001, respectively). Maize grain yield was 
not affected by the year factor. Furthermore, neither the interaction between the different green manure treatments and 
hybrids nor the interaction between the factors of hybrid selection and year did put impact on the components of yield 
and maize grain yield during both experimental years. The same observation was made regarding the integrated effects of 
green manure, hybrid selection and year on components of yield and yield performance of maize (Table 5).

Effects of green manure on yield components of maize for each experimental year
ANOVA was also carried out to analyze data of each experimental year. Fischer’s protected LSD (a = 0.05) multiple 
range test was used in order to detect significant differences in maize yield and components of yield between the means of 
the three experimental treatments as well as between the means of the three maize hybrids. In particular, it was revealed 
that in plots where T. repens was incorporated as green manure the number of kernels per row was 13% and 11% higher 
than the corresponding value recorded in untreated plots during the first experimental year and the second experimental 
year, respectively. Trifolium pratense residuals increased the number of kernels per row by 16% and 14% as compared 
to control treatment as it was shown from the results of the first and the second year, respectively (Table 6). Similar were 
the observations regarding the number of kernels per plant. This specific component of yield was increased by 12%-14% 
and 15%-18% due to the use of T. pratense and T. repens green manure, respectively, as compared to untreated control 
(Table 7). Incorporating T. repens as green manure instead of leaving the field untreated can result in 11%-15% higher 
value of weight of 1000 kernels. Similar can be the effects of T. pratense residuals on the value of this trait, especially 
as recorded during the second year of the study (Table 8). The results of the current study showed that green manure can 
affect components of maize yield and are in line with the results of Dabin et al. (2015), who observed that the number of 
spikes per hectare under the green manure legume treatment was significantly greater than that recorded under the control 
treatment. In contrast to these findings, the results of an earlier study indicated that components of yield were unaffected 
by green manure treatments (Astier et al., 2006). However, in the study of Turgut et al. (2005) average ear yields of corn 
were greater in plots receiving green manuring as compared to untreated plots and also other components of yield were 
enhanced by the adoption of green manuring. 

Table 4. Comparison of the means of Trifolium pratense and T. repens regarding biomass, N, P and K contents using 
Student’s t-test at a = 0.05. Null hypothesis: mean of T. pratense = mean of T. repens. Alternative hypothesis: mean of T. 
pratense > mean of T. repens. 

Biomass, Mg ha-1 20.5368 * Rejected
N, kg ha-1 8.51943 * Rejected
P, kg ha-1 5.22233 * Rejected
K, kg ha-1 7.45105 * Rejected

*Significant at the 0.05 probability level. 

P-ValueParameter t Null hypothesis

  Mg ha-1    g
Green manure (GM)   2 ** ns *** *** **
Hybrid (H)   2 *** ns ns ns ns
Year (Y)   1 ns ns ns ns ns
Green manure × Hybrid   4 ns ns ns ns ns
Green manure × Year   2 ns ns ns ns ns
Hybrid × Year   2 ns ns ns ns ns
GM × H × Y    4 ns ns ns ns ns
Error 34     

Table 5. Significances from ANOVA for maize grain yield and components of yield.

Df

**, ***Significant at the 0.01 and 0.001 probability levels, respectively; ns: nonsignificant; Df: degrees 
of freedom.

Grain 
yield

Rows 
ear-1

Kernels 
row-1

Kernels 
plant-1

Weight of 1000 
kernelsSource
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Table 6. Effects of green manure treatments and maize hybrid selection on the number of kernels per row during the first 
(2017-2018) and the second (2018-2019) experimental year.

 Kernels row-1 Kernels row-1

Green manure (GM)
    Untreated 25.8222b 26.2889b
    Trifolium pratense 30.7111a 30.6000a
    T. repens 29.6667a 29.6333a
Hybrid (H)
    Factor 28.2778a 29.0111a
    Dracma 28.1111a 28.0000a
    Brasco 29.8111a 29.5111a
P-Values
    Treatment ** *
    Hybrid ns ns
    T × H ns ns

Means followed by different letters within the same column indicate significant differences 
according to Fisher’s Protected LSD test multiple range test (a = 0.05). 
*, **Significant at the 0.05 and 0.01 probability levels, respectively; ns: nonsignificant.

2017-2018 2018-2019

Table 7. Effects of green manure treatments and maize hybrid selection on the number of kernels per plant during the 
first (2017-2018) and the second (2018-2019) experimental year.

 Kernels plant-1 Kernels plant-1

Green manure (GM)
    Untreated 341.444b 328.000b
    Trifolium pratense 387.444a 381.556a
    T. repens 402.000a 401.222a
Hybrid (H)
    Factor 391.333a 364.667a
    Dracma 363.444a 362.222a
    Brasco 376.111a 383.889a
P-Values
    Treatment *** ***
    Hybrid ns ns
    T × H ns ns

Means followed by different letters within the same column indicate significant differences 
according to Fisher’s Protected LSD test multiple range test (a = 0.05). 
***Significant at the 0.001 probability levels; ns: nonsignificant.

2017-2018 2018-2019

Effects of green manure on maize grain yield for each experimental year
Major components of yield were affected by the adoption of different green manures and consequently these differences did 
exert a great influence in the final grain yield of maize. Maize grain yield differences between the several treatments could 
largely be attributed to the number of kernels produced and their weight, since it is well documented that maize grain yield 
is mainly determined by kernel number and weight (Travlos et al., 2011). Trifolium repens green manure increased maize 
yield by approximately 5% during either the first or the second experimental year as compare to control treatment. In plots 
where T. pratense residuals were incorporated as green manure, maize yield was increased by up to 6% during the first 
year of the experiment and almost these results were validated during the second experimental year (Table 9). The positive 
effects of green manure legume crops on maize grain yield is in agreement with the findings of Sileshi et al. (2008). The 
adoption of green manure as fertilization tactics can increase maize grain yield by enhancing the content organic matter 
into the soil profiles as well as crop growth parameters (Salahin et al., 2013). It has also to be noted that maize yield after 
the use of red clover was slightly higher than white clover, probably due to the higher biomass, confirming previous studies 
suggesting that red clover is among the best species for use as green manure (Koehler-Cole et al., 2017). In another study, T. 
pratense green manure improved the value of the number of grains per ear and consequently maize grain yield as compared 
to untreated control (Tejada et al., 2008). The effects of green manure legumes on the yields of the subsequent crop, 
have also been noticed in wheat and rye crops as well as in oriental sun-cured tobacco (Skuodiene and Nekrosiene, 
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2007; Travlos et al., 2014). These findings can be explained by the fact that crop yield increases due to the fact that 
green manure as adds N and has additional beneficial effects on soil properties (Skoufogianni et al., 2013). It is well 
established that the incorporation of quality organic inputs provides rapid and efficient accumulation of nutrient uptakes 
for the crop by releasing nutrients in synchrony with plant demands (Martyniuk et al., 2019). The results of Dhima et al. 
(2009) indicated also that green manure of aromatic species can increase the final grain yield by reducing weed infestation 
in maize crops. This finding indicates that except for the parameter of crop yield, the possible role of green manure as weed 
management practice sets a new unexplored area which needs to be investigated in organic farming.

Effects of hybrid selection on yield components of maize
Regarding hybrid selection, it did not affect the components of maize yield during both experimental years (P > 0.05). 
However, there is evidence that the number of grains per ear is most dominated by genetic factors in comparison to 
management practices (Shah and Arif, 2000). In addition, cultivar selection affected the number of grains per ear in the 
study of Ali et al. (2011). The weight of 1000 grains is an important factor directly contributing to final grain yield of 
crop. Although the results of this study did not indicate clearly the effect of hybrid selection on its value (P > 0.05), a 
prominent effect of different hybrids on the weight of 1000 grains has been reported in previous studies (Tahir et al., 
2008; Inamullah et al., 2011).

Table 9. Effects of green manure treatments and maize hybrid selection on grain yield during the first (2017-2018) and 
the second (2018-2019) experimental year.

 Mg ha-1 Mg ha-1

Green manure (GM)
    Untreated 10.8222b 10.8222a
    Trifolium pratense 11.5444a 11.4000a
    T. repens 11.4333a 11.3333a
Hybrid (H)
    Factor 11.8778a 11.9000a
    Dracma 11.2778b 11.1444b
    Brasco 10.6444c 10.5111c
P-Values
    Treatment ** ***
    Hybrid * ns
    T × H ns ns

Means followed by different letters within the same column indicate significant differences 
according to Fisher’s Protected LSD test multiple range test (a = 0.05). 
*, **, ***Significant at the 0.05, 0.01 and 0.001 probability levels, respectively; ns: nonsignificant.

2017-2018 2018-2019

Table 8. Effects of green manure treatments and maize hybrid selection on the weight of 1000 kernels (g) during the first 
(2017-2018) and the second (2018-2019) experimental year.

 g g
Green manure (GM)
    Untreated 205.111bb 208.889b
    Trifolium pratense 219.000ab 230.556a
    T. repens 230.556ab 229.000a
Hybrid (H)
    Factor 218.778ab 227.111a
    Dracma 214.333ab 218.889a
    Brasco 221.556ab 222.444a
P-Values
    Treatment ns ***
    Hybrid ns ns
    T × H ns ns

Means followed by different letters within the same column indicate significant differences 
according to Fisher’s Protected LSD test multiple range test (a = 0.05). 
***Significant at the 0.001 probability levels; ns: nonsignificant.

2017-2018 2018-2019
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Effects of hybrid selection on maize grain yield for each experimental year
Maize grain yield was influenced by hybrid factor either in the first or in the second year of the experiment (P < 0.01 and 
P < 0.001, respectively). In particular, ‘Factor’ was 5%-6% more productive than ‘Dracma’. In the subplots of hybrid 
‘Factor’ grain yield was 10% and 11% higher than the corresponding value recorded in the subplots of ‘Brasco’, during 
the first and second experimental year, respectively. Except for the superiority of ‘Factor’, the recorded grain yield of 
‘Dracma’ was by approximately 5% greater as compared to the recorded yield of ‘Brasco’ for both experimental years. 
Moreover, in the slightly less favorable hydrothermal conditions of 2018-2019 in comparison with 2017-2018, maize 
grain yield on average in hybrids was in most cases lower by 0.07 to 0.23 t ha-1. This observation is in line with the 
findings of previous studies (Kadyrov and Kharitonov, 2019). The impact of genotype on maize yield performance as 
well as on yield components such as grains per ear and weight of 1000 grains have been noted in the study of Ali et al. 
(2011). The findings of Travlos et al. (2011) indicated that selecting hybrids with a relatively high first growth rate can 
be an effective weed management strategy and thus, results in increased maize grain yield. The importance of hybrid 
and cultivar selection has been noted to influence maize yield in various circumstances and different cropping systems 
(Wortman et al., 2013). Another example is that drought tolerant hybrids can be up to 7% more productive as compared to 
non-drought tolerant hybrids in different evapotranspiration environments as it has been observed by Adee et al. (2016).

Integrated effects of green manure, hybrid selection and experimental year on protein content of maize grains
Crude protein is a primary quality component of cereal grains. Protein concentration is influenced by both environmental 
and genotypic factors that are difficult to separate (Surma et al., 2012). In our case, there were nonsignificant effect of 
year or maize hybrid on grain protein content or a significant correlation of protein content with grain yield. However, 
green manure did exert an influence on grain protein content (P < 0.05), with the protein content of maize after the use of 
red and white clover ranged between 6.89% and 7.63% and being in average 8%-19% higher than the content of grains 
produced without any previous incorporation of green manure crops (data not shown). Our results are in agreement with 
the findings of previous studies, indicating that protein content of grain can be significantly affected by the incorporation 
of different green manure legume crop residuals (Skuodiene and Nekrosiene, 2007).

CONCLUSIONS

Red clover produced significantly more biomass than white clover. The adoption of both red and white clover as green 
manure crops improved maize grain yield as compared to the corresponding value recorded in untreated plots. Furthermore, 
the current study also indicated that selecting the appropriate hybrid can lead to increased grain yield. Green manure did 
also affect grain protein content. Conclusively, the results of the present study proved that both red and white clovers were 
beneficial for the productivity of maize crop under the climatic conditions of Greece. 
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