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ABSTRACT 
 
 In order to comparison of winter cover crops (cereal and legume) in crop rotation on micro and macro 
elements of soil, a experiment was conducted as randomized complete block design with four replications in 
2011 in the north of Iran. Treatments were winter cover plants in five levels as four plants including cereals 
(barley and rye) and legumes (alfalfa and clover) with control. Growing cereals had reduced N, P and K in the 
soil but legumes had increased them. Growing cereals increased Mg in the soil but had decreased by legumes 
cultivation. The result of soil iron was vice versa and cereals had reduced soil iron but legumes had increased. 
Totally, micro and macro elements concentrations decreased with increasing depth. The soil nitrogen was high 
in high depth by alfalfa that alfalfa had lower than clover at low depth. Barely has depleted micro and macro 
elements in the soil except Mn. In crop rotation, the best plant was alfalfa and clover as winter cover, 
respectively. So rye and barley are less suitable and generally winter cover crop is better than fallow farm due to 
low leaching. 
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Introduction 
 
 References Cover crop is one of the most 
important methods of sustaining soil fertility and 
supporting plant health and to improve soil fertility 
and quality, reduce erosion, suppress weeds, and 
ultimately improve yields. Nutrition is one of the 
most important points in the crop rotation that 
elements remaining in the soil had affected by 
growing plants that can be control nutrition 
management and fertilizer use especially in crop 
rotations and sometimes non-compliance will lead to 
a sever reduction of product. But, comparison of 
cereal and legume winter cover plants has been not 
show enhances the formation of soil organic matter 
and micro and macro elements. Then, Cover crops 
have a powerful effect on soil life.  
 Many studies have been done on the effects of 
cover crops in conservation agriculture systems on 
crop yields and soil fertility [2,12]. So, legume cover 
crops like grazing vetch (Vicia villosa) and clover 
(Trifolium repens) have been shown to supply 
nitrogen (N) through N-fixing process, which can 
then be used by the subsequent crop [10]. Cereal 
cover crops like rye (Secale cereal) and oats (Avena 
sativa) on the other hand, have been shown to 
produce higher biomass than most legumes [6]. 
These cereal cover crops have also been shown to be 
more effective in using residual N, thus preventing N 

leaching during winter in conservation agriculture 
systems. Hence, in many conservation agriculture 
systems, cover crop species have been selected based 
on the biomass production and N-fixing capacity 
[2,6]. Organic management systems attempt to 
increase soil organic matter through additions of 
plant biomass generated by cover cropping practices, 
additions of manure, compost, and other organic 
amendments, and conservation of crop residue [1]. 
Soil organic matter enhances the formation of 
aggregates, which stabilizes soil and reduces runoff 
and erosion [9]. Soil organic matter improves soil 
tilth, reduces crusting, and increases the rate of water 
infiltration. Addition of organic matter to soil can 
also increase the populations of soil microbes, micro- 
and macroarthropods, and earthworms, all of which 
contribute to efficient nutrient cycling and 
improvements in soil structure [1]. 
 Leguminous cover crops can fix significant 
amounts of N for use by subsequent crops. Through a 
symbiotic association with legumes, Rhizobia 
bacteria convert atmospheric N2 into an organic form 
that the legume uses for growth. Non-leguminous 
cover crops, typically cereals or small grains, do not 
fix N2. Nonetheless, they can be effective in 
recovering mineral N from soil after crops are 
harvested [1]. Plant available N that might otherwise 
be lost to leaching or runoff during the fall and 
winter months is retained as biomass N [3,4]. 
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Generally, biomass N in mature small grain cover 
crops will not be available to crop plants in the 
following season [1]. Cover crop biomass and N 
accumulation depend on the length of the growing 
season, local climate, and soil conditions [11]. For 
individual species, the variation in the proportion of 
total plant N derived from N fixation can vary widely 
and has been found to be dependent upon water 
supply, inoculation, crop rotation, tillage, 
applications of fertilizer N, and soil fertility factors 
such as P availability and soil pH [5]. Roberson et al. 
[7] found that cover cropping increased the heavy 
fraction of soil carbohydrates and increased 
aggregate stability. The heavy fraction carbohydrates 
are enriched in extracellular polysaccharides 

produced by soil microorganisms [8]. Therefore, the 
aim of this study evaluation winter covers cereal and 
legume plants on micro and macro elements of soil 
after harvest in crop rotation. 
 
Materials and Methods 
 
 Field experiments were conducted at the farm of 
the Research Institute, Sari (36 46 N, 53 10 E, 11 m 
altitude), at the growth season in 2011 in Iran. The 
precipitation and evaporation were 750 and 428, 
respectively. The soil of the fields is loam with pH 
8.08, 1.91 % organic matter, 24.3 ppM P, 333 ppM 
extractable K, and 1.17 mose EC (Table 1 and 2).

  
Table 1: Weather condition in experiment site in growth stages at Sari in 2011. 

September August July June MayApril Variable 
21.19 25.86 23.96 22.00 16.06 11.54 Minimum tem. 
35.87 32.7430.8327.80 21.09 17.03Maximum tem. 
150.2 199.7136.3 166.6 93.7 55.5 Evaporation (mm) 
4.67 1.151.660.05 0.27 0.07Precipitation (mm) 

 
Table 2: Selected soil properties for composite samples at experimental site at Sari in 2011. 

Soil texture K (ppm) P (ppm) OM (%) OC (%) pH EC (µmohs/cm) Depth (cm) 
CL 333 24.3 3.29 1.91 8.08 1.17 0-30 
L 33 1.3 0.62 0.36 8.48 1.69 30-60 

 
 The experiment was laid out as randomized 
complete block design with four replications, with 
five levels including control, barely, alfalfa, clover 
and rye was cultivate in the autumn and winter as 
cover plants. From cultivar of barely, alfalfa, clover 
and rye were used for cultivation Sahel, annual 
Hamedani, Dezfoli, Omid, respectively. Seed rate 
was used 150, 30, 20 and 30 kg/ha from barely, 
alfalfa, clover and rye, respectively. Clean seeds of 
plant with a minimum of 95% germination rate were 
sown. Seeds were sown on 21 Sep. 2011. The size of 
each plot was being 5 × 3 m. The previous crop was 
fallow but in prior year was sown canola and we was 
decided that sow soybean another year. Insects, 
diseases, and weeds were intensively controlled to 
avoid any loss. Fertilizers N, P and K were used with 
50, 150 and 200 kg/ha as urea, sulfate potassium and 
super phosphate triple in the base stage, respectively.  
 All plants had harvested from 25 to 50 % 
flowering on 5 to 15 April and fresh matter of plants 
was incorporated with soil after two months on 5 to 7 
June and data collection were recorded. So, soil 
sample had measured to determine chemicals 
elements. Data were analyzed following analysis of 
variance (SAS) and means were compared based on 
Duncan multiple range test (DMRT) at the 0.05 
probability level. 
 
Results and Discussion 
 
Nitrogen: 
 
 The roots of the legume family attract and 
nurture Rhizobium bacteria that form nodules on the 

plant roots. These bacteria fix and hold nitrogen from 
the atmosphere. When the cover crop is incorporated 
into the soil, that nitrogen becomes available for the 
next crop in line. We observed that increasing depth 
had decreased nitrogen content in the soil. Soil 
nitrogen in both depths was not affected by plants 
cultivation but according to Duncan's test were 
analyzed at different levels (Table 3and 4). So that, 
alfalfa and clover cultivation had increased the most 
nitrogen in low depth with 0.13 and 0.14 %, 
respectively this result indicated that there is 
symbiotic association with legumes, Rhizobia 
bacteria convert atmospheric N2 into an organic form 
that the legume uses for growth. But in the high 
depth, soil nitrogen only was as 0.11 % by alfalfa 
cultivation. So, we received that because of the deep 
roots of alfalfa and active symbiotic for nitrogen 
production led to increasing soil nitrogen while the 
clover root is not active in high depth. Generally, soil 
nitrogen of cereal was similar to control in low depth 
but in legumes was more than control. But in high 
depth, soil nitrogen probability because great 
leaching of soil nitrogen from the upper depth had 
increased in all treatments compared to control. But 
alfalfa cultivation have deep roots due to nitrogen 
production to increase soil nitrogen as 0.11 % at this 
depth and soil nitrogen after cereal cultivation was 
less than legumes cultivation (Table 4). Cover crop 
biomass and N accumulation depend on the length of 
the growing season, local climate, and soil conditions 
[11]. For individual species, the variation in the 
proportion of total plant N derived from N fixation 
can vary widely and has been found to be dependent 
upon water supply, inoculation, crop rotation, tillage, 
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applications of fertilizer N, and soil fertility factors 
such as P availability and soil pH [5]. 
 
Phosphorus: 
 
 Soil phosphorus was not affected by cover plants 
cultivation in both depths (Table 3). But, with 
increasing depth had decreased phosphorus content 
in the soil except alfalfa cultivation it was increase 
phosphorus content due to development and activity 
of root. Soil phosphorus had increased in low depth 
by clover growth and in barley growth had decrease 
that it was 16.95 and 9.00, respectively. In high 
depth, soil phosphorus after cereal growth was less 
than legumes. That could be because of the roots 
activity of legumes in this depth is greater soil 
phosphorus solubility. Then, alfalfa and clover 
cultivation that due to changes in soil microclimate 
conditions at the root zone of the activity and 
nitrogen-fixing bacteria is influenced and has led to 
increased soil phosphorus. Phosphorus uptake from 
soil was more by cereal cultivation than legumes and 
soil phosphorus had decreased by cereal cultivation, 
but it had increased in legumes (Table 4). 
 
Potassium: 
 
 Potassium of soil was not affected by cover 
plants cultivation in both depths (Table 3). Potassium 
of soil had decreased with increasing soil depth. 
Potassium of soil had decline for barely cultivation in 
relation to the control due to greater uptake of 
potassium in low depth but legumes had increased 
soil potassium in both depths. Also, cereals had 
increased soil potassium in relation to the control in 
high depth. Therefore, plants cultivation had 
increased soil potassium in relation to the control in 
high depth and increase in cereal was less than the 
legumes. Based on these results, it appears that the 
barley plant as a plant is depleted from the soil. So 
that, clover and barely cultivation had highest and 
lowest of the potassium with 218 and 120 ppm in the 
low depth, respectively but in high depth alfalfa and 
control cultivation had highest and lowest of the 
potassium with 158 and 109 ppm, respectively 
(Table 4). 
 
Magnesium: 
 
 Plants cultivation was significantly affected on 
magnesium content in the soil at 5 % probability 

level (Table 3). After harvest, the lowest magnesium 
in the soil was obtained by barley, and even was 
lower than control. While in the rest of the plants not 
only magnesium uptake were high even enhanced the 
magnesium in the soil (Table 3). So that, alfalfa and 
barely cultivation had the highest and lowest of the 
magnesium with 1390 and 873.8 ppm in the soil, 
respectively (Table 4). Generally, magnesium 
content in legume plants was higher than cereals 
plants. Also, barely has depleted magnesium element 
in the soil and it seems that barely need is high to 
absorption this element. Crops of the grass family 
quickly create a network of fine roots that penetrate 
deep into the subsoil drawing up essential minerals. 
These roots also attract and feed the bacterial soil life 
with minute drops of sap. 
 
Microelements: 
 
 Microelements including copper, zinc, 
manganese and iron were not affected by cover 
plants cultivation and there was variation in different 
plants but soil copper was at different levels based on 
Duncan test (Table 3). So that barley and alfalfa 
cultivation had the lowest and the highest copper 
with 3.250 and 2.550 ppm, respectively. Soil copper 
was lower barley cultivation than control and the rest 
of the plants were more than control. That represents 
intense requires this element in barely was more than 
other plants. Rye had the highest and control had the 
lowest of zinc content in the plants cultivation and 
generally all of the plants had increased the soil zinc. 
This represents that element release in soil by cover 
plants cultivation or need plants was low to this 
element. Soil manganese was the highest and the 
lowest by the barely and alfalfa, respectively. The 
soil manganese was cereal cultivation more than 
legume cultivation. This showing that low requires of 
the cereal to this element relation to legumes. Soil 
manganese was even after legume crops lower than 
control and indicated that high need for manganese 
by legumes crops. Thus, plants that are grown after 
legumes should have high need to manganese and 
manganese fertilizer are used. Soil iron had 
decreased after cereal cultivation compared to 
control, but had increased after the cultivation 
legumes. Conversely, this result was observed in soil 
manganese. It seems that iron absorption is cereals 
cultivation more than legumes or solubility and 
release in the legumes were more and or nutrition 
need was low (Table 4). 

 
Table 2: Mean square of effect of winter cover cereal and legume plant on micro and macro elements of soil in 2011 in the north of Iran. 

Fe Mn Zn Cu Mg K K P P N N DF SOV 
0-30 0-30 0-30 0-30 0-30 30-60 0-30 30-60 0-30 30-60 0-30   

63.877 9.748 1.701 0.365 102035.00 829.33 1001.13 18.27 30.82 0.02 0.001 3 Replication 
11.373 ns 3.838 

ns 
1.631 

ns 
0.409 

ns 
144960.625* 1452.92 ns 5942.87 ns 48.21 

ns 
34.99 

ns 
0.002 

ns 
0.001 ns 4 Treatments 

21.529 3.924 1.987 0.174 38513.125 2427.12 2099.67 33.45 41.71 0.001 0.0001 12 Error 
1151 21.64 82.68 14.51 17.31 37.67 25.96 56.73 47.66 39.99 15.85 - C.V. (%) 

** and * significant in 1 and 5% level, respectively. ns, non-significant. 
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Table 3: Mean comparison of simple effect of winter cover cereal and legume plant on micro and macro elements of soil in 2011 in the north of Iran. 
FeMn Zn CuMgKKPP N N Treatments 

0-30 0-30 0-30 0-30 0-30 30-60 0-30 30-60 0-30 30-60 0-30  
ppm ppm ppm ppm ppm ppm ppm ppm ppm % %  

39.22 a 9.55 a 1.250 a 2.625 ab 1037.0 bc 109.0 a 166.5 ab 7.85 a 14.48 a 0.05 b 0.11 b Control 
38.40 a10.10 a 1.400 a 2.550 b873.8 c117.8 a120.5 b6.30 a9.00 a 0.06 ab 0.11 b Barely 
42.35 a 7.75 a 1.600 a 3.250 a 1390.0 a 158.0 a 207.3 a 14.25 a 12.70 a 0.11 a 0.13 a Alfalfa 
41.75 a 8.55 a 1.450 a 3.175 ab 1220.0 ab 139.0 a 218.00 a 13.38 a 16.95 a 0.07 ab 0.14 a Clover 
39.75 a9.82 a 2.825 a 2.775 ab1111.0 abc130.3 a170.3 ab9.20 a14.63 a 0.09 ab 0.11 b Rye 

Values within a column followed by same letter are not significantly different at Duncan (P ≤ 0.05). 
 

Conclusion: 
 
 Because of there are the large difference in the 
absorption of micro and macro nutrients by plants 
caused by different need plant must be taken great 
care in crop rotation program and feed them. So that 
control of the situation the nutrients in the soil after 
harvest of each crop can be grown and reached this 
important goal. There are large differences in the 
absorption of nutrients from the soil based on the 
results of legumes and cereals and also causes many 
changes in the solubility of nutrients. So that even 
the release and solubility of elements will also be 
unavailable elements. Sometimes raises an element is 
also reduced another element. All variations are due 
to differences in rooting depth and the difference in 
the absorption rate of roots by the soil. Although 
results may vary soil type, climate, weather and plant 
type but, however, the cover crop cultivation was 
better than fallow farm. The result is loss of nutrients 
due to leaching. In general it seems that 
intercropping cereals and legumes as a cover crop to 
obtain favorable results than a monoculture. Also, 
when the cover crop is incorporated sugars and 
nitrogen in the leaves boost bacterial activity to a 
high level. Soil fungi begin breaking down the 
fibrous cellulose into life enhancing humus. Worms 
and other members of the soil food web clean up the 
larger debris. The soil becomes a hive of activity. 
After a few weeks, the organic matter and humus 
stabilizes and masses of nutrients become available 
to your new plants. Also, we suggested that 
bicultures i.e. mixtures of cover legume and cereal 
crops, could be more ideal in sowing systems 
because no single cover crop can consistently 
achieve all the objectives of supplying soil organic 
matter and reducing the potential for N leaching and 
fixing. 
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