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Abstract

Several field trials were carried out in 5 years in Central Italy to study the effect of green manuring on soil N management and N availability for grain maize as a succeeding crop. Hairy vetch, field bean, rapeseed and barley were grown in autumn-winter as pure crops or mixed in leg-non leg couples. Maize was sown in early spring just after green manure incorporation. The amount of N supplied by green manures, as well as the maize N uptake and the estimated N effect (i.e. the N taken up by maize that actually derives from green manure N) depended on species used, but with a high between-year variability. The N effect at harvest over 3 years was found to depend on the amount of incorporated biomass (DW) and its N content (N%) according to a multiple linear regression (Neff = -3.9*DW + 47.8*N%, R2 = 73%).
Introduction 

Winter catch crops of legumes and non legumes, pure or mixed, can be grown to both prevent soil N leaching and incorporate N (either N absorbed from the soil or legume N derived from atmosphere via symbiotic fixation, Ndfa) to the soil for spring-summer cash crops (Odhiambo and Bomke, 2001; Thorup-Kristensen et al., 2003). However, the predictability of green manure N fertilisation efficacy is low, since the amount and release of incorporated N varies much year by year. This paper reports data from 5 years of experiments aimed to study green manure N accumulation and N availability for succeeding grain maize. 
Materials and methods 

Several field trials were carried out in the 5 years 2001/2002-2005/2006 in Central Italy (165 m a.s.l.) on clay-loam sub-alkaline soils with 1.2-1.5% SOM, quite high N fertility, low available P and high exchangeable K contents. Depending on the year, some or all of the pure crops of hairy vetch (V), field bean (F), rapeseed (R) and barley (B), and the mixtures leg-non leg (Table 1) were sown in autumn and incorporated in early spring, just before the soilbed preparation for irrigated grain maize as succeeding crop. Plot size (50 to 80 m2) and replicates (3 to 4) varied year by year. Seed rates (kg ha-1) were 300 for F, 90 for V, 10 for R, 200 for B in pure crops and half for each species in mixtures. In any year, the experimental design included bare soil plots in winter where then maize was not fertilised (unfertilised control, N0) or fertilized with urea at 300 kg N ha-1 (mineral control, N300). For green manures we measured aerial biomass and N accumulation (Kieldahl method) at incorporation date. For maize from green manure plots we measured the N uptake (NuptGM) at shooting, flowering and final harvest and estimated the N effect (Neff), i.e. the amount of uptaken N that actually derives from incorporated green manure N (Thorup-Kristensen et al., 2003). In fact NuptGM includes, besides N released from green manure biomass, also soil mineral N at maize sowing (Nmin) and N released from soil o.m. during maize growth. We assumed as the best estimate of Neff: Neff= NuptGM – NuptN0 + Nmin; where NuptN0 is the maize N uptake of the unfertilised control (a pooled estimate of Nmin + N mineralised from soil o.m.). Since we did not measure Nmin, we assumed N accumulated in barley at incorporation as the best estimate of Nmin, provided N-leaching was risible in our clay-loam soils when autumn-winter was not too rainy (Thorup-Kristensen et al., 2003). Actually, we calculated Neff only for the first 3 years, because in 2005/2006 the much rainy and cold autumn-winter compromised barley growth and N uptake and thus the estimate of Nmin, while in 2004/2005 the unespectedly high soil N fertility (NuptN0= 233 kg ha-1) masked the effect of treatments.     
Results
Tab. 1: Poliennal ranges and means for biomass and N accumulations and N% content in d.m. of pure crops and mixtures grown for green manuring.
	Green manure
	Years
	Dry matter (t ha-1)
	N % content in d.m. 
	N (kg ha-1)

	
	
	range
	mean
	range
	mean
	range
	mean

	Field bean (B)
	3
	4.5÷8.6
	5.9
	3.22÷3.95
	3.54
	150÷295
	208

	Hairy vetch (V)
	5
	4.2÷9.3
	5.9
	3.05÷4.72
	3.89
	166÷370
	229

	Rapeseed (R) 
	3
	2.6÷9.1
	5.6
	1.39÷2.15
	1.77
	44÷127
	95

	Barley (B)
	5
	2.1÷8.8
	5.3
	1.13÷1.49
	1.27
	28÷111
	67

	F+R
	3
	5.6÷9.2
	7.2
	2.81÷3.79
	3.32
	205÷261
	241

	V+B
	5
	3.6÷8.1
	6.1
	1.89÷2.98
	2.62
	99÷241
	162

	F+B
	1
	6.7
	-
	2.74
	-
	181
	-

	V+R
	1
	9.0
	-
	3.23
	-
	289
	-


Tab. 2: Poliennal ranges and means for maize N uptake at 3 growth stages after green manures and in controls (N0= unfertilised; N300= urea at 300 kg N ha-1).
	Green manure and 

controls
	Years
	Maize N uptake (kg ha-1)

	
	
	Shooting
	Flowering
	Harvest

	
	
	range
	mean
	range
	mean
	range
	mean

	Field bean (B)
	3
	73÷92
	81
	141÷168
	152
	259÷281
	267

	Hairy vetch (V)
	5
	52÷104
	87
	76÷231
	150
	162÷326
	244

	Rapeseed (R) 
	3
	35÷64
	54
	82÷132
	115
	126÷181
	155

	Barley (B)
	5
	20÷45
	31
	46÷95
	68
	99÷155
	123

	F+R
	3
	65÷81
	76
	105÷160
	146
	196÷269
	225

	V+B
	5
	29÷96
	71
	48÷198
	120
	126÷262
	192

	F+B
	1
	77
	-
	143
	-
	190
	-

	V+R
	1
	106
	-
	214
	-
	246
	-

	N0
	5
	15÷62
	40
	50÷152
	101
	104÷233
	164

	N200
	5
	52÷105
	82
	141÷255
	189
	252÷316
	282


Data in table 1 show a great inter-annual variability. As an average, N accumulation was highest in legumes, lowest in non legumes, and medium to high in mixtures, mainly due to differences in N% content of dry matter. At any growth stage, the maize N uptake in the 5 years (table 2) and N effect in the first 3 years (table 3), in most cases (except for in one year after V and V+B) were high after legumes and N300, low after non legumes and N0 (lowest after barley), intermediate after mixtures. One-year data for Neff at each crop stage were related to the amount of incorporated dry biomass and to its N% content according to multiple linear regressions with R2 always higher than 91% except for the 2nd year (R2= 84% at shooting, 67% at flowering and 68% at harvest). However each of those relationships did not fit well to data from other years. Weak common relationships plotted over all 3 years data were found at shooting (R2=45%) and flowering (R2= 52%), while the regression found at harvest (Neff= -3.9*DW + 47.8*N%) fit pretty well to observed data (R2= 73%) (Fig. 1).
Tab. 3: Poliennal ranges and means for maize N effect at 3 growth stages in green manure treatments.
	Green manure
	Years
	N effect (kg ha-1)

	
	
	Shooting
	Flowering
	Harvest

	
	
	range
	mean
	range
	mean
	range
	mean

	Field bean (B)
	2
	46÷99
	72
	85÷86
	85
	151÷177
	164

	Hairy vetch (V)
	3
	-8÷108
	57
	16÷148
	83
	102÷222
	161

	Rapeseed (R) 
	2
	7÷71
	39
	26÷49
	37
	22÷48
	35

	Barley (B)
	3
	-40÷39
	-3
	-13÷12
	0
	12÷56
	38

	F+R
	2
	37÷89
	63
	50÷77
	63
	92÷101
	97

	V+B
	3
	-31÷103
	38
	-11÷115
	54
	66÷153
	102

	F+B
	1
	84
	-
	60
	-
	82
	-

	V+R
	1
	113
	-
	131
	-
	137
	-


[image: image1.wmf]0

50

100

150

200

250

E

x

p

e

c

t

e

d

 

N

e

f

f

 

 

(

k

g

 

h

a

-

1

)

0

50

100

150

200

250

O

b

s

e

r

v

e

d

 

N

e

f

f

 

 

(

k

g

 

h

a

-

1

)

F

V

R

B

F+R

V+B

F

V

R

B

F+R

F+B

V+B

V+R

V

B

V+B

0

0

1

:

1


Figure 1: Observed vs expected Neff from the relation Neff = -3.9*DW + 47.8*N% (R2=73%). Letters: V= hairy vetch, F= field bean, R= rapeseed, B= barley.  
Discussion
Notwithstanding the great between-year variability, green manure species showed a clear effect on soil N management. Legumes supplied a high amount of easily releaseable N that could meet the high crop N demand of irrigated grain maize at any growth stage. Indeed, in most experiments, maize N uptake and grain yield were not statistically different from that of the mineral control (N300) (data not shown). It is worth to notice that amounts in table 1 do not take into account roots. Of legume N, the 50-83% was estimated (by difference between N accumulation in legumes and in barley) (Muller and Thorup-Kristensen, 2002) to be Ndfa and therefore added ex-novo to the system. The amount of N absorbed by non legumes is environmentally considerable as it is N temporarily withdrawn from the risk of winter leaching. However that N could not meet maize N requirement in terms of both total amount and timing of release, due to the low N concentration (and thus the high C/N ratio) in biomass. The negative values of Neff mainly recorded after barley indicate that barley caused a high pre-emptive competition (i.e. the depletion of soil Nmin) during its growth and a high soil N immobilization after its incorporation. Indeed, in most experiments maize N uptake and grain yield after barley were lower than in the unfertilised control (N0) (data not shown). However, a negative Neff was also recorded in one year in V+B and even in V at shooting, indicating that even with legumes pre-emptive competition can be high and counteract partially/temporarily the nutritional benefits of green manuring. Mixtures were generally very efficient in accumulating biomass and N, especially with unfavourable (i.e. cold and rainy) seasons, thanks to the ecological complementarity of mixed species, and in most cases the N they supplied and released was able to meet maize needs. Despite the between-year variability of Neff, the common relationship found for Neff at final harvest allows a good predictability for the N actually available from green manuring. Unfortunately, the fit of common relationships is not good at early stages, when the predictability of Neff would be more important, as maize growth and yield depends mainly on the nutritional status at that time. The better fit at final harvest is justified, because the effects of annual soil and climate conditions on green manure biomass decomposition and on maize growth could integrate and compensate over a longer time.
Conclusions

Results suggest that green manure N fertilisation efficacy for irrigated grain maize can be foreseen with good approximation on the basis of parameters (amount of incorporated biomass and its N% content) that are easy to be determined. This should help make of green manuring a more precise and reliable fertilisation technique. 
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