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Abstract

In a typical area of Mediterranean characterized by hot dry summer and a very mild winter (Rutigliano–Bari, southern Italy) the contribution of broadbean (Vicia Faba L. minor Beck.), incorporated in the soil as green manure, was evaluated, as nutritional effects, on following crop ( durum wheat) and as modifications of some chemical and biochemical soil properties.

Broadbean was incorporated at flowering stage (late autumn) in the soil as green manure and, successively, the durum wheat (Triticum Durum Desf. L.) was sowed. In a split–plot experimental design with three replications three N doses ( 0, 60, 120 kg N ha-1) were compared.

During the trial period (1993–‘97) agronomical parameters (grain yield, straw production, broadbean biomass), mineral composition of plant organs and C content of broadbean were recorded. Before broadbean manuring and after durum wheat harvesting soil samples were collected from arable layer (0–40 cm) and soil nitrates, exchangeable ammonium and T.O.C. were determined.

Different effects were observed during 4 years of the trial: green manuring favourize durum wheat (that follows broadbean) yield in the plots unfertilized after the wheat emergence.

Variations recorded on soil chemical properties after the incorporation in the soil of organic material with high moisture content (> 80%) concern mainly N-NO3 concentration (i.e.: higher contents were recorded in green manured plots) and exchangeable ammonium (i.e.: lower contents were recorded in green manured plots). The incorporation into the soil of 5 t C ha-1 (through 4 years), increased of 30 % soil total organic C in comparison to the values recorded in untreated plots; on the other hand urease activity lightly increased (about 3%).

Green manuring by incorporating in the soil leguminous crops seems to substain yield of cereal crops and to reduce production costs as resulted by the findings obtained investigating on durum wheat yield and on the hanges of some soil properties in a typical area of southern Italy.
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Introduction

The importance of green manuring on soil specific properties can be illustrated from the observations on the differential qualitative and quantitative properties of the organic matter component in the various soils. In fact, the mode of decomposition of organic materials changes in different zones and depends from roots/tops ratio of plants incorporated in the soil (Joffe, 1995).

It is common knowledge that virgin soils have a higher organic matter content than cultivated soils and that it is very hard to maintain the organic matter level of virgin soils. In fact some researchs (Smith et al.,1951; Ebelhar et al., 1984) showed that green manures cannot be expected to increase the organic matter content of cultivated soils, but the principal benefits and functions of green manures are different.

Green manures functions may be summarized as follow: i) organic matter supply; ii) nutrient supply; iii) soil structure improvement; iiii) conservation of soil moisture (Singh et al., 1991). In a pedologic analysis (Joffe, 1995) on green manuring, it is bought out that the effects of this practice operate differently in the respective soil zones of world. For example under the Nigeria soil conditions green manuring benefits the crop not by increasing N or o.m. contents (through soil moisture variations) but the mobilization of nutrients.

 On the contrary, in temperate zones, the effect of g.m. on soil structure is of considerable importance and other benefits derive from chelating reactions of phosphates (immobilized by Ca in some soils) and iron, made available. 

If the spring precipitation is low, the well-balances ration of nutrients supplied by the green manure and the impeded decomposition of native humus are of positive significance; on the contrary, with an abundance of water, decomposition of green manure may cause a serious destruction of the stable native humus.

Some times in southern Italy the surface soil dries fast and every effort has to be made to conserve moisture; for this reason it’s necessary to reduce top growth of green manure crop, whereas root growth  could be enhanced also to eliminate the danger on seed germination of following crop by the cushion formation between arable and adjacent soil layer. 

In view to obtain other informations on the practices of green manuring to compare with findings recorded in previous studies (Giardini et al., 1973; Ferri et al., 1994; Rinaldi et al., 1996; Ferri et al., 1997) on green manure and no-green manure plots, an experimental trial was carried out in semiarid conditions of southern Italy ( Apulia region).

Material and Methods

1 – Characteristics of soil and climate.

The trial was carried out in the “Istituto Sperimentale Agronomico “ farm located at Rutigliano–Bari (Southern Italy, 41° 01’ latitude, 17° 39’ longitude, 122 m above sea level) 10 kilometers far fon the Adraiatic sea, on a clay soil (Rhodoxeralf Litic Ruptic–Soil Taxonomy or Luvisol Cromic–FAO) with prevailing kaolinic clay which characteristics are reported in Table 1.

The climate is typical of Mediterranean basin with hot dry summer and winter very mild. The average of precipitation during the trial period (1993–1997) is about 500 mm; generally the minimum of precipitation is recorded in July and the maximum value in November. The drought during the summer is between June and August. This area is characterised from high radiation and evaporation levels and rainfall is not enough to compensate water requirement of the crops.

2 – Experimental design.

The broadbean (Vicia Faba L. minor Beck. ) was incorporated in the soil at flowering stage also with the aim to evaluate the contribution to nitrogen nutrition of following durum wheat. After broadbean cutting and incorporating in the soil ( late autumn), durum wheat (Triticum Durum Desf., L.) was sowed and fertilised with three N doses (0, 60, 120 kg N ha-1) applied in two times (tillering and stem elongation stages). Green manure experimental treatments, in interaction with N fertilizer doses, as compared with untreated plots by a “split-plot design” with 3 replications reported in Figure 1.

3 – Methods 

During the entire period of trial were recorded the agronomical parameters of both the crops (grain yield, straw production, fresh biomass of broadbean, etc.) useful to individuate the effects of treatments. Also chemical analyses of differing parts of  plants were carried out. Every year, soil samples were taken up from each experimental plots in the 0-40 cm layer before green manuring and after durum wheat harvesting.

The soil samples were extracted by using 1M KCl (shaking for 2 hours) for determining colorimetrically nitrate (N-NO3) and exchangeable ammonium (N-NH4) soil concentrations. Total organic Carbon (T.O.C.). 

Total nitrogen content was measured by Fison CHN elemental analyzer (EA 1108) for each part of plant, whereas N uptake was determined by multiplying N content (%) and dry weight (g). Moreover, the following parameters were calculated: nitrogen utilization efficiency (NUE), as the ratio between yield and total nitrogen uptake (kg kg-1) and harvest index (HI) (%) as the ratio of grain produced and total dry biomass (Moll et al., 1982; Delogu et al., 1998). 

Statistical analysis was made using the SAS software package (Sas Institute, 1990). In the model the years were considered nested in the replication; the green manure and N fertilization were considered as fixed effects. Differences among green manure were evaluated using Least Significant Differences (LSD) whereas Duncan Range Multiple Test (DMRT), was used to compare N fertilization levels. 

4 - Results and discussion

Crop biomass quantities and  chemical composition of  broad bean incorporated in the soil  were reported in the Table 2.  As rainfall and temperature changes,  some variations on fresh biomass of broadbean and on C and N contents were observed. Because broadbean is a leguminous species, N doses inversely affect production and other  investigated parameters. Fresh biomass of broadbean introduces in the soil about 5 t ha-1 (d.m. basis) of total C in 4 years and the impact can’t be to neglected.

In the Table 3 the yield performances, N content and N uptake were presented (mean values of 4 years). The application of green manure in the 4 consecutive years at the soil significantly influences grain and straw yield when no nitrogen was applied (2.055 and 1.653 t ha-1 for +GM and -GM respectively for grain and 3.187 and 2.434 t ha-1 for straw). On the other hand, no significant yield increases were recorded in the N fertilized plots between green manure treatments, whereas significant increases was found for N percentage of grain (N60) and N content in straw (N120). Therefore, it seem that the long term application of green manure in Mediterranean conditions influences durum wheat production at low N fertilization level and N content  of grain  and straw at higher N doses. 

The N uptake increased passing from the control to the highest N fertilization levels both with and without green manure application, but total N uptake values were lower respect to the other wheat experiments in the Mediterranean conditions (Ferri et al., 2000), probably due to the particular environment (soil, temperature and water supply). On the other hand, although not significant, the n uptake was higher in the green manured plots for all N doses, indicating that broadbean fresh biomass incorporation in the soil, increases N absorption. Moreover, the total N uptake significant increases when green manure was applied at the control (46.97 and 63.59 kg N ha-1 for -GM and +Gm, respectively).

Although no significant, and according with the results of several authors, the NUE (ability to translate N uptake in yield components) decreased passing from the control to N fertilizer treatments (Valvel and Peterson, 1990; Koutrobas et al., 1998), indicating that efficiency to produce grain is higher with low N input (Table 3 and 4). The low N use efficiency coefficient of applied N fertilizer  could be due to high values of N that durum wheat can take up from the soil. Sowers et al. (1994) found similar NUE values and they suggest that the poor total N uptake was related to the N loss. The HI values did not show large differences on N fertilization levels and between the green manure treatments (Table n. 3).

In the Table 4  N fertilization effects on yield, N content and N uptake were presented independently by green manuring (means of 4 years). No significant difference among N treatments was found for yield, indicating that N fertilization cannot overcome the limits imposed by environmental conditions (Bulman and Smith, 1993). On the other hand, significant increase in N content and N uptake, both for grain and straw, were recorded passing from the control to the highest N fertilization level. In particular, significant difference was found for the grain N content that is strongly related to the quality of durum wheat (2.07, 2.50 and 2.86 % for N0, N60 and N120, respectively). Moreover, it could be noted that on NUE and HI parameters no significant differences between N fertilization doses were found (23.25 and 20.24 kg kg-1 for NUE and 33.38 and 33.49% for HI, respectively for N60 and N120), indicating the poor effect of increasing N fertilization on grain production. Similar results were found in the same environmental for catch-crop maize (Montemurro et al., 1999a), winter barley (Maiorana et al., 2000) and sweet sorghum (Montemurro et al., 1999b).

Table 5 and 6 show the mineral N (nitrate and ammonium exchangeable) and organic C in the soil at the begin and the end of wheat cropping cycle. No significant modifications were found in mineral N  and organic C for both green manure application and N fertilization levels, indicating that these treatments not influence the N and C pools in the soil. On the other hands, although not significant, it could be noted that the nitrate content in the soil decrease after long term green manure application, whereas the opposite behaviours shows  soil ammonium exchangeable content, especially at the highest N doses (2.38 kg ha-1 and 17.60 kg ha-1 for +GM and -GM, respectively). The changes recorded on soil organic C show only poor modification of organic C pool as affected by green manuring.

Conclusion 

In fine textured soil characterized by very thin shallow horizon all the treatments that improve soil structure and available water content could influence positively crop performances and soil fertility evolution; these findings are found in this experimental work. In fact, green manuring shows its effects only on unfertilized plots because the added organic substances are able to modify soil porosity and  soil-air  ratio increasing the efficiency of durum wheat root apparatus (differently by the unmanured plots); on the contrary when N fertilizer was applied as 60 and 120 kg N ha-1, N supply is a very important source of nutrients and the small differences between green-manured and unmanured plots on soil physical properties are deleted. Moreover long term application of green manure in mediterranean conditions could influence the yield when no N fertilization was applied.

Fresh broadbean biomass incorporation in the soil increases N uptake from grain and straw ( in comparison to the plots used as control) and consequently also grain N content.

Different effects of green manure and N fertilization on grain yield and grain N content (strictly  correlated to grain quality)  could be determined by regular, very slow organic N mineralization in green manured plots more synchronized to the plant requirements that determine a better accumulation of photosynthate; on the contrary N supplied from fertilizer as nitrate modifies gradual processes of N absorption, dry matter growth and development. Consequently appear more evident the effects on grain quality (N content) because N supply from fertilizer can represent a surplus and consequently accumulates in ear of wheat.

Finally, NUE and HI parameters showed no significant difference between N60 and N120 treatments, indicating that in presence of limiting factors (soil, high temperature and low water), that reduce yield performance, low amount (60 kg N ha-1) of fertilizer N could be enough for winter wheat cultivation.

The interpretation of soil fertility evolution seems to confirm modifications observed on durum wheat performances.  Probably green biomass introduced in the soil sometimes could immobilize NO3- added from fertilizer and consequently N-NO3 soil content decrease. On the other hand poor modifications on soil C turnover depend from short trial period, low input of C (5 t ha-1) for 4 years and  very high moisture content of green broadbean biomass ( 80%).
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Table 1 – Physical and chemical  characteristics of soil.

	Shells
	0.5
	%

	On fine soil:
	
	

	Sand
	17.2
	%

	Silt
	27.4
	%

	Clay
	55.4
	%

	 pH (H2O)
	7.4
	%

	Total limestone
	trace
	

	Organic matter
	1.65
	%

	Total nitrogen
	0.1
	%

	Available P
	28
	ppm

	Exchangeable K
	440
	ppm


Table 2 - Green manures and corresponding C quantities incorporated in the soil during the trial period.

	N doses

Kg ha-1
	Years


	Fresh Biomass

t ha-1
	Dry Matter

t ha-1 
	C


	N

	
	
	
	
	Kg ha-1

	
	
	
	
	
	

	
	1993
	18.2
	2.38
	781
	84

	N0
	1994
	14.5
	2.06
	668
	74

	
	1995
	46.7
	6.11
	         2028
	          211

	
	1996
	54.6
	7.12
	         1582
	          171

	
	
	
	
	
	

	
	                                  
	         134.0
	           17.67
	         5059
	          540

	 
	1993
	           16.5
	2.31
	731
	85

	N60 
	1994
	14.8
	2.03
	641
	75

	
	1995
	43.2
	5.54
	         1756
	          206

	
	1996
	48.3
	6.47
	         1915
	          184

	
	
	
	
	
	

	
	
	        122.8
	           16.64
	         5043
	          550

	 
	1993
	           20.1
	2.58
	776
	93

	N120
	1994
	14.2
	1.92
	589
	72

	
	1995
	39.8
	4.90
	         1443
	          169

	
	1996
	             46.5
	             5.97
	         1872
	          192

	
	
	
	
	
	

	
	
	        119.7
	           15.37
	         4680
	          526


Table 3 - Yield performance, N content and N uptake in the durum wheat (mean values of 4 years).

	Treatments
	Grain yields
	Straw production
	N in grain
	N in straw
	Upt in grain
	Upt in straw
	N uptake tot
	NUE
	HI

	
	t ha-1
	t ha-1
	%
	%
	kg N ha-1
	kg N ha-1
	kg N ha-1
	kg kg-1
	%

	
	
	
	
	
	
	
	
	
	
	

	N0
	+ G.M.
	2.055
	3.187
	2.12
	0.67
	43.14
	20.45
	63.59
	31.83
	38.78

	
	- G.M.
	1.653
	2.434
	2.01
	0.66
	31.89
	15.08
	46.97
	33.73
	4.09

	
	L.S.D.
	3.72
	5.92
	0.21
	0.10
	10.22
	5.85
	14.04
	3.73
	39.83

	
	
	
	
	
	
	
	
	
	
	

	N60
	+ G.M.
	1.753
	3.766
	2.69
	0.94
	46.57
	34.15
	80.72
	21.39
	32.19

	
	- G.M.
	1.787
	3.373
	2.21
	0.81
	46.34
	32.08
	79.75
	26.05
	5.78

	
	L.S.D.
	4.91
	6.12
	0.37
	0.17
	14.31
	12.46
	24.67
	4.28
	34.97

	
	
	
	
	
	
	
	
	
	
	

	N120
	+ G.M.
	1.869
	3.987
	2.89
	1.13
	62.87
	21.39
	107.90
	32.19
	33.45

	
	- G.M.
	1.875
	4.578
	2.81
	0.99
	55.07
	26.05
	100.22
	34.97
	4.65

	
	L.S.D.
	4.54
	6.51
	0.15
	0.12
	14.54
	4.28
	19.20
	5.78
	33.53


Table 4 - N fertilization effect on yield, N content and N uptake (means of the years).

	Treatments
	Yield
	Straw
	N in grain
	N in straw
	Upt in grain
	Upt in straw
	NUE
	HI

	
	t ha-1
	t ha-1
	%
	%
	kg N ha-1
	kg N ha-1
	kg ha-1
	%

	
	
	
	
	
	
	
	
	

	N0
	1.854
	2.81 b
	0.67 c
	2.07 c
	37.51 b
	17.76 c
	32.78 a
	39.31 a

	N60
	1.770
	3.86 a
	0.88 b
	2.50 b
	46.48 ab
	33.86 b
	23.25 b
	33.38 b

	N120
	1.870
	4.18 a
	1.07 a
	2.86 a
	58.42 a
	45.10 a
	20.24 b
	33.49 b


Table 5 - Green manure influence on mineral N (nitrate and ammonium) and organic C.

	Treatments
	NNO3
	NNH4
	T.O.C.

	
	
	( mg kg-1)
	(mg kg-1)
	( g kg-1)

	
	
	1993
	1997
	1993
	1997
	1993
	1997

	N0
	+ G.M.
	3.46
	31.13
	2.96
	1.67
	12.79
	13.85

	
	- G.M.
	3.08
	6.20
	2.83
	2.10
	11.51
	10.47

	
	L.S.D.(P<0.05)
	3.98
	101.5
	1.18
	1.66
	2.15
	3.97

	N60
	+ G.M.
	2.91
	17.82
	2.62
	2.03
	14.02
	13.66

	
	- G.M.
	2.14
	8.94
	1.94
	2.61
	9.21
	8.87

	
	L.S.D. (P<0.05)
	1.23
	26.56
	2.23
	0.88
	5.01
	5.23

	N120
	+ G.M.
	2.98
	24.10
	3.31
	2.38
	13.03
	13.85

	
	- G.M.
	2.53
	17.72
	3.02
	17.60
	11.2
	10.98

	
	L.S.D. P<0.05)
	1.08
	62.18
	0.98
	70.36
	2.15
	3.02


Table 6 - Effects of N fertilization levels on mineral N (nitrate and ammonium)  and total organic C in the soil.

	Treatments
	NNO3

(mg kg-1)
	NNH4

(mg kg-1)
	T.O.C.

(g kg-1)

	
	1993
	1997
	1993
	1997
	1993
	1997

	
	
	
	
	
	
	

	N0
	3.26
	18.66
	2.89
	1.88
	12.01
	12.16

	N60
	2.91
	13.38
	2.62
	2.32
	11.62
	11.26

	N120
	2.98
	20.76
	3.3
	9.99
	12.12
	12.41
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Figure 1 . Field experimental design.
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