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Abstract

The knowledge of the dynamics of inorganic N in soil may help to establish the most suitable timing for green manure (GM) incorporation, which leads to the improvement of crop N use efficiency in conventional as well as organic agriculture. The practice of green manuring with crop species belonging to the Brassicaceae family has recently expanded, in Italy and abroad, due to their demonstrated biocidal effect against soil-borne pathogens. In this plot-scale study we monitored the release of soil inorganic N in 3 soil types (1 clay and 2 loams), in the months following late-spring green manuring with plant material from Brassica juncea, Sinapis alba, and Raphanus sativus species. Soil inorganic N content increased and reached a maximum 2 months after GM incorporation (+14.4 mg N kg(1 dry soil, on average, over the initial inorganic N content), and subsequently declined. The inorganic N accumulation was higher in soil amended with R. sativus. We did not observe any significant influence of the soil type on the variation of inorganic N content in the period after GM incorporation. The inorganic N released after late-spring green manuring with Brassicaceae species may become available in the early growth phase of subsequent summer-autumn crops.

Introduction

The practice of green manuring with biocidal crops, known also as biofumigation, has expanded in recent years as an alternative to methyl bromide for controlling soil-borne pathogens and pests, especially nematodes (Curto et al., 2005). These crops, besides having biocidal properties, when incorporated to soil supply it with nutrients, such as N, possibly competing as N sources with industrial fertilisers, in conventional as well as organic agriculture. To improve crop N use efficiency while containing the environmental impact of N losses it is important for the inorganic N release in soil, following green manure (GM) incorporation, to be synchronous with the N uptake by the subsequent crop.

The fertilising quality of GM has been studied mainly with reference to leguminous crop species (Cherr et al., 2006). Recent laboratory experiments on soils amended with plant material from Brassicaceae showed high values of potentially mineralizable N 3 months after GM incorporation, with differences depending on crop species and soil type (Marchetti et al., in this archive). We report here the results of an experiment we performed at plot scale with the goals of comparing crop yields and N removal for 3 crop species belonging to the Brassicaceae family, and of studying the dynamics of N release in soil, in the months following their late-spring incorporation into the soil as GM. In our Mediterranean environment this agricultural practice is even more frequently applied before the seeding or transplanting of horticultural crops characterized by a summer-autumn growth cycle (Lazzeri et al., 2004). During the sampling period the soil was kept without crops, to remove any interference of crop N uptake on soil inorganic N levels.

Materials and methods

The experiment was performed in 2005, at the I.S.A. experimental site of Modena (44 °39' N, 10°55' E), in lysimeters measuring 4 m2 ( 1.3 m depth, containing 3 soil textural types (USDA classification): a clay (13.8 g organic C and 1.7 g Kjeldahl N kg(1 dry soil), a loam with 38% sand (Loam I; 12.1 g C and 1.2 g N kg(1), and a loam with 48% sand (Loam II; 9.4 g C and 1.1 g N kg(1). The experimental design was a strip–split–plot with 2 replications (18 plots in total). The Brassicaceae species were: B. juncea (cv. 52), R. sativus (cv. Arena) and S. alba (cv. Concerta). Crops were seeded on March 23rd and harvested on June 1st, at full flowering. The aboveground biomass was incorporated on June 7th, after fragmentation of the plant material and hoeing of the top 20-cm soil layer. The inorganic N content in soil was measured, at 0–20 and 20–40 cm soil depth, before plant incorporation (June 6) and at days 31 (July 7), 65 (Aug 10), 127 (Oct 11), and 162 (Nov 15) after GM incorporation. Statistical analysis was performed using PROC MIXED for measurements repeated in time (SAS Institute, 1996). Inorganic N in soil was measured colorimetrically according to Keeney and Nelson (1982).

Results

N concentration in aboveground biomass and plant-N supply to soil. The total N concentration of the biomass of B. juncea at harvest was significantly higher than N concentration of R. sativus and S. alba (Tab. 1). However, the B. juncea yield having been lower, no significant differences were detected between crop species in the amount of N supplied to soil. Neither was there any significant effect of the soil type on the considered crop traits (data not shown).

Inorganic N dynamics in soil after plant incorporation. Significant differences of inorganic N content were observed between soils before GM incorporation (data not shown). In order to remove the effect of the soil type, instead of the absolute data values we analysed the differences between inorganic N content in soil samples collected 31, 65, 127 and 162 days after GM incorporation and inorganic N content in soil sampled the day before GM incorporation (net inorganic N content). Of the considered sources of variation, that is: block, soil (Soil), sampling depth, crop species (Crop), time (Time), only the following factor and factor-interaction effects were significant: Time (P<0.001), Crop (P<0.05) and Soil(Crop (P<0.001) (proc mixed results not shown). The increase of inorganic N was higher up until 65 days after GM incorporation, and declined in the following sampling dates (Tab. 2). The soil amended with R. sativus accumulated more inorganic N that the soil amended with B. juncea. In soil amended with S. alba there was a lower inorganic N increase, especially in the clay soil (significant soil(crop interaction).

Tab. 1: Plant dry matter (DM), nitrogen concentration in plant DM, plant biomass and N amounts incorporated with green manure.

	Crop species
	Plant DM (g m(2)
	Plant Kjeldahl N (g kg(1 DM)
	Incorporated plant DM (g m(2)
	Incorporated plant N (g m(2)

	R. sativus 
	330a
	16.1b
	299a
	4.73a

	B. juncea
	200b
	23.8a
	161b
	3.78a

	S. alba
	319a
	15.9b
	271a
	4.38a

	MSD1
	105
	5.6
	103
	1.85


1 In each column, means followed by the same letters are not significantly different for P<0.05, according to the Tukey test for mean comparisons. MSD= Minimum Significant Difference.

Tab. 2: Net inorganic N content in the 40-cm top-soil from June until November for 3 soil types amended with different species of Brassicaceae.

	Crop 
	Soil
	Net inorganic N content

(mg N kg(1 soil dry weight)
	Means for Soil  within Crop1
	Means for Crop1

	
	
	Time from GM incorporation (days)
	
	

	
	
	31
	65
	127
	162
	
	

	B. juncea 
	Clay
	  8.0
	14.7
	  3.6
	  1.7
	7.0a
	

	
	Loam I
	  4.4
	17.4
	(3.4
	  0.2
	4.6a
	

	
	Loam II
	  9.7
	12.6
	  1.3
	  2.8
	6.6a
	

	
	
	
	
	
	
	
	  6.1XY

	R. sativus 
	Clay
	  8.3
	12.8
	  1.7
	  3.9
	6.7a
	

	
	Loam I
	  5.3
	16.7
	  1.2
	  4.7
	7.0a
	

	
	Loam II
	  7.2
	13.8
	  5.9
	  3.6
	7.6a
	

	
	
	
	
	
	
	
	7.1X

	S. alba 
	Clay
	  2.2
	8.2
	(3.8
	(1.9
	1.2b
	

	
	Loam I
	  6.1
	13.9
	  0.9
	  3.5
	6.1a
	

	
	Loam II
	11.3
	19.1
	  1.8
	  3.9
	9.0a
	

	
	
	
	
	
	
	
	5.4Y

	
	Means for Time1
	6.9B
	14.4A
	1.0C
	2.5C
	
	


1 With reference to the significant sources of variation (see text), upper-case letters were used for comparisons of the mean effects, lower-case letters for the comparison of first order interaction effects. For each source of variation, means followed by the same letters are not significantly different for P<0.05, according to the Tukey test for mean comparisons.
Discussion

The increase of soil N availability following GM incorporation, which had been already observed in a previous laboratory experiment, was confirmed in this experiment at plot scale.

The decrease of net inorganic N content 127 and 162 d after GM incorporation could be attributed to weed uptake, to immobilisation in the soil microbial biomass, or to leaching, as the cumulated rainfall from mid-August until mid-November, when the soil was free from growing crops, amounted to 434 mm.

Aboveground biomass yields ( and the relevant crop N removal ( were lower than those which it is possible to obtain in the field in our environment, probably due to the confining of the crops in the lysimeters. In the hypothesis of a direct relationship between the amount of organic N incorporated with GM and the amount of inorganic N formed in soil, at field level higher amounts of N supplied with GM could give rise to higher amounts of inorganic N than those observed in our experiment.

Conclusions

The late-spring incorporation of Brassicaceae plant material, resulting in a moderate accumulation of inorganic N in soil during summer, may favour crop nutrition when summer-autumn crops follow in the crop sequence.

References 

Cherr C. M., Scholberg J. M. S., McSorley R. (2006): Green manure approaches to crop production: a synthesis. Agron. J. 98:302–319.

Curto G., Dallavalle E., Lazzeri L. (2005): Life cycle duration of Meloidogyne incognita and host status of Brassicaceae and Capparaceae selected for glucosinate content. Nematology 7:203(212.

Keeney D. R., Nelson D. W. (1982): Nitrogen–Inorganic forms. In Page A. L. et al. (eds.) Methods of soil analysis. Part 2. 2nd ed. Agron. Monogr. 9. ASA and SSSA, Madison, WI. p. 643(698.

Lazzeri L., Leoni O., Bernardi R., Malaguti L., Cinti S. (2004): Plants, techniques and products for optimising biofumigation in full field. Agroindustria 3:281(287.

SAS Institute (1996): SAS/STAT Software: Changes and Enhancements through Release 6.11. SAS Inst., Cary, NC, pp. 1104.































































































































































































































































































































� Council of Agricultural Research (C.R.A.) Agronomical Research Institute (I.S.A.), Modena Section, Viale Caduti in Guerra 134, 41100 Modena, Italy. Current address: C.R.A. Pig Husbandry Research Unit, Via Beccastecca, 345, 41018 San Cesario S/P (Modena), Italy. E-mail: rosa.marchetti@entecra.it


� C.R.A. Agronomical Research Institute, Modena Section, Viale Caduti in Guerra 134, 41100 Modena, Italy. Current address: C.R.A. Research Center for Industrial Crops, Via di Corticella 133, 40129 Bologna, Italy.


� As 1


� As 1






