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Abstract 

This paper reports results from a field experiment established in
1995 and still on going. It is located in Lodi, in the irrigated lowlands
of Lombardy, Northern Italy. The experiment compares two rotations:
the annual double cropping system, Italian ryegrass + silage maize
(R1); and the 6-year rotation, in which three years of double crop
Italian ryegrass + silage maize are followed by three years of alfalfa
harvested for hay (R6). Each rotation have received two types of dairy
manure: i) farmyard manure (FYM); ii) semi-liquid manure (SLM).
The intent was to apply to each unit land area the excreta produced by
the number of adult dairy cows sustained, in terms of net energy, by
the forage produced in each rotation, corresponding to about 6 adult
cows ha–1 for R1 and 4 adult cows ha–1 for R6. Manure was applied with
(N1) or without (N0) an extra supply of mineral nitrogen (N) in the
form of urea. The objectives of this study were: i) to assess whether
the recycling of two types of manure in two forage rotation systems can
sustain crop yields in the medium and long term without additional N
fertilization; ii) to evaluate the nutrient balance of these integrated
forage rotations and manure management systems; iii) to compare the
effects of farmyard manure and semi-liquid manure on soil organic
matter. The application of FYM, compared to SLM, increased yield of
silage maize by 19% and alfalfa by 23%, while Italian ryegrass was not
influenced by the manure treatment. Yet, silage maize produced 6%
more in rotation R6 compared to rotation R1. The mineral nitrogen fer-
tilization increased yield of Italian ryegrass by 11% and of silage maize
by 10%. Alfalfa, not directly fertilized with mineral nitrogen, was not
influenced by the nitrogen applied to the other crops in rotation. The

application of FYM, compared to SLM, increased soil organic matter
(SOM) by +37 % for the rotation R1, and by +20% for the rotation R6.
Conversely, no significant difference on SOM was observed between
R1 and R6 with the application of SLM. However, the maize stover used
for composting FYM was produced by crops not included in the rota-
tions R1 and R6, consequently the increase of soil carbon was counter-
balanced by a deprivation of carbon in other land areas. 

Introduction

Intensification of dairy farming systems has occurred in irrigated
fertile areas of the Po Valley. The general tendencies of the dairy
farms were: i) to maximize the amount of energy produced with for-
age crops in fertile soils, by extending silage crops and consequently
reducing permanent and rotated meadows; ii) to fulfil the protein
needs by importing feed concentrates rich in nitrogen; iii) to simpli-
fy the management of animal excreta by producing semi-liquid
manure instead of the traditional farmyard manure. Indeed, the
application of semi-liquid manure might diminish the benefits of
manure application on soil organic matter and soil fertility. Overall,
these tendencies caused a drastic reduction of permanent and rota-
tional meadows, which represented the main forage resource until
the 1960’s and have decreased by about 50% in land area in the sub-
sequent two decades (Giardini and Ziliotto, 1988). All intensive live-
stock systems cause serious problems of manure management. For
the purpose of feeding animals, huge amounts of plant products har-
vested elsewhere are concentrated on small areas. The return of min-
eral nutrients to the original areas is energy intensive as well as
expensive, because animal excreta are characterized by high water
content (Begon et al., 1996). A possible way for alleviating the nega-
tive effects of intensive forage systems is the reintegration of mead-
ows, notably legume species. The inclusion of alfalfa into crop rota-
tions could reduce the need for chemical fertilisers, promote higher
microbiological activity in soils exhausted by continuous cereal cul-
tivation, hence improving the biological fertility, and reduce the loss-
es of nitrogen (Toderi, 1988; Parente, 1996). In fact, when soil nitrate
is abundantly available, symbiotic N2 fixation is partially inhibited
and alfalfa demonstrates its ability to remove substantial amounts of
nitrate from the rooted depths of the soil (Peterson and Russelle,
1991). Long term field experiments are extremely useful in under-
standing soil processes subject to change over decades, like C
dynamics and soil fertility itself (Richter et al., 2007). In particular,
poliennal multi-crop experiments are valuable source of information
because they provide data in which the unknown effects of previous
treatments are minimized (Johnston, 1997). 
The objectives of this study were: i) to assess whether the recy-

cling of two types of manure in two forage rotation systems can sus-
tain crop yields in the medium and long term without additional N
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fertilization; ii) to evaluate the nutrient balance of these integrated
forage rotations and manure management systems; iii) to compare
the effects of farmyard manure and semi-liquid manure on soil organ-
ic matter. 

Materials and Methods

The field experiment here described was established in 1995, and
is still on going at the experimental station of CRA-FLC, Centro di
Ricerca per le Produzioni Foraggere e Lattiero Casearie, located in
Lodi, in the irrigated lowlands of Lombardy, Northern Italy (Lat.
45°19’ N, Long. 9°28’ E, 80 m a.s.l.). The soil is a sandy-loam, mixed,
mesic, Typic Haplustalf. In the arable layer 0-30 cm the main soil
characteristics are: sand 65%, silt 22% and clay 13%; the pH 6.2; the
organic carbon 10.6 mg g–1; the total nitrogen (N) 1.46 mg g–1; the
available P2O5 41 ppm; the exchangeable K2O 41 ppm. The climate is
temperate subcontinental, the average annual rainfall is about 800
mm, well distributed along the year, and the average annual daily
temperature is 12.5°C with a minimum of 1.1°C in January and a
maximum of 22.9°C in July (Onofrii et al., 1993b).
The experiment compares two rotations: the annual double crop-

ping system, Italian ryegrass (Lolium multiflorum Lam.) + silage
maize (Zea Mays L.) (R1); and the 6-year rotation, in which three
years of double crop Italian ryegrass + silage maize are followed by
three years of alfalfa (Medicago sativa L.), harvested for hay (R6).
Italian ryegrass was sown in middle October to late November and
harvested in the first decade of May, silage maize was sown from the
end of May to beginning of June and harvested in the middle of
September. Alfalfa was sown from the end of March to beginning of
April, and was cut 3-4 times per year, for three years. Each rotation
received dairy manure in the form of semi liquid manure (SLM), or
farmyard manure (FYM) derived from composting cattle excreta with
added maize stover. The intent was to apply to each unit land area the
excreta produced by the number of adult dairy cows sustained, in
terms of energy, by the forage produced by each crop rotation. The
assumptions made in estimating the amounts of manure to be
applied are: i) Onofrii et al. (1993a), on the basis of a previous rota-
tion experiment, established in Lodi in 1985, calculated that the dou-
ble crop rotation italian ryegrass+silage maize (R1) produced about
22,000 milk feed unit ha–1 year–1, and the 6 year rotation italian rye-
grass+silage maize (three years) – meadow (three years) (R6) pro-
duced about 15,000 milk feed unit ha–1 year–1; ii) these authors,
assuming a forage loss of 15% and an annual need of 3000 milk feed
unit for an adult dairy cow, estimated that 6 and 4 adult cows could be
sustained, respectively, by R1 and R6; iii) assuming that each adult
cow produces annually about 11 t of FYM and 16.6 m3 of SLM
(Bonazzi, 1993), 66 t ha–1 of FYM and 100 m3 ha–1 of SLM were
applied annually to rotation R1, while 44 t ha–1 of FYM and 66 m3 ha–1

of SLM were applied annually to rotation R6. Both FYM and SLM were
applied on soil surface immediately before soil plowing at 0.3 m
depth. FYM was distributed manually to the plots, while SLM was
applied mechanically, using a plot-scale slurry tank of 1 m3 capacity.
Both FYM and SLM were sampled at every field distribution to analyse
their N, phosphorus (P) and potassium (K) content. Standard analyt-
ical methods for the determination of the nutrient content of manure
were used in agreement with Cottenie (1979).
Moreover, each manure treatment was applied with or without an

additional supply of mineral N in the form of urea (N1, was 75 kg N
ha–1 for Italian ryegrass, 150 kg ha–1 N for maize and 0 kg N ha–1 for
alfalfa; N0 was 0 kg N ha–1 for all crops). The mineral nitrogen fertil-
ization was applied during stem elongation of both Italian ryegrass

(second decade of March) and maize (beginning of June). Mineral
phosphorus and potassium fertilizers were not applied because it was
assumed that manure application amply compensates the crops
uptake of these nutrients. The experimental design was a strip-split-
split-plot, with three replicates. Owing to logistic reasons manure
treatments were placed in the main plots, crop rotations in the sub-
plots and the mineral nitrogen supply in the sub-sub-plots. Each
phase of the rotations was present every year. This implies that in
case of alfalfa, the first, second and third year of the crop duration
were represented every year, thus the average annual yield entails the
productivity of the three subsequent phases of the meadow. In case of
both silage maize and Italian ryegrass, the average annual yield
entails the productivity of the first, second and third year after alfal-
fa. Therefore, one single plot was established for the annual rotation
R1, and six plots for the 6-year rotation R6. The size of each elemen-
tary plot was 84 m2. Each combination was replicated in three blocks.
Sprinkler irrigation supplied maize with (65) mm 3 to 4 times per

year. Alfalfa was not irrigated, following the common practice in the
area. Weeds were controlled chemically on maize and alfalfa. An
overview of the management practices applied in the present field
experiment is reported in Table 1. 

Forage analysis
For each individual plot dry matter yield and N, P2O5 and K2O of har-

vested biomass were determined. A sample of the forage produced by
each plot was oven dried at 60°C to determine the dry matter content
of the harvested biomass. Dried forage samples were milled and
sieved for chemical analysis. The sieved samples were analyzed for
crude proteins (CP) (N¥6.25) using the Kjeldahl method (Pierce and
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Table 1. Crop management practices applied on the experiment.

Rotation Crop Manure Mg ha–1 Tillage Industrial 
nitrogen
(kg ha–1)

R1 Italian FYM 33 Plough+rotary- N0=0
ryegrass cultivator N1=75

Silage maize FYM 33 Plough+rotary- N0=0
cultivator N1=150

R6 Italian ryegrass FYM 44 Plough+rotary- N0=0
(3 years) cultivator N1=75

Silage maize FYM 33 Plough+rotary- N0=0
(3 years) cultivator
N1=150
Lucerne: FYM
- 1st year 33 Plough+rotary- N0=0

cultivator N1=0
- 2nd and 3rd year 0 No till N0=0

N1=0
R1 Italian ryegrass SLM 50 Plough+rotary- N0=0

cultivator N1=75
Silage maize SLM 50 Plough+rotary- N0=0

cultivator N1=150
R6 Italian ryegrass SLM 65 Plough+rotary- N0=0

(3 years) cultivator N1=75
Silage maize SLM 50 Plough+rotary- N0=0
(3 years) cultivator N1=150
Lucerne SLM
- 1st year 50 Plough+rotary- N0=0

cultivator N1=0
- 2nd and 3rd year 0 No till N0=0

N1=0

R1, double crop rotation italian ryegrass+silage maize; R6, 6 year rotation italian ryegrass+silage maize; FYM,
farmyard manure; SLM, semi-liquid manure; N0, manure without extra supply of mineral nitrogen; N1, manure
with extra supply of mineral nitrogen.
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Haenisch, 1947). The acid detergent fiber (ADF) and neutral deter-
gent fiber (NDF) fractions were determined using the procedures of
Van Soest (1973). The milk feed units (MFU) of the forages were cal-
culated by using the following expression MFU= [1.044-(0.0123*
%ADF)]/0.786, according to Chase (1981). 

Soil sampling and analysis
Soil samples were collected on all plots on September 2006, after

the harvest of silage maize. They summarizes the cumulative effect
of eleven years of continuous rotation and fertilization treatments to
the soil. Three independent soil cores were collected on each plot for
the soil layer 0-0.3 m which correspond to the depth of ploughing. Soil
cores were collected using a soil sampler drill, model Eijkelkamp, 4
cm diameter. The three soil cores of each plot were combined and
sieved to form the sample of the plot. The sieved soil was used to
determine the soil organic matter through chromic acid digestion,
according to the Walkley-Black method and total N using the Kjeldahl
method, according to Page et al. (1982). 

Statistical analysis
Data reported in this paper refer to the years 2006, 2007 and 2008.

The statistical analysis was performed using the GLM procedure of
the SAS systems (SAS, 1990). For the variables dry matter yield, MFU
and CP, combined analyses were performed for the three years,
because constant fertilization treatments were applied annually and
no interactions between treatments and years arose. According to
Grignani et al. (2007) crop rotations, manure, mineral N fertilization,
block, and the interaction between rotation and fertilization treat-
ments were considered as fixed factors, and the between-year vari-
ability was considered to be part of the error. A separate analysis was
performed for the variable soil organic matter. As previously indicat-
ed, data reported refers to soil sampling of the year 2006, hence, no
interactions with the years were evaluated. 

Results and discussion

Nutrients applied with manure
In Table 2 are reported the average composition of FYM and SLM

applied in the experiment and their variability. In Table 3 are report-
ed the average annual amounts of nutrients (N, P, K) applied annual-
ly to rotations R1 and R6 with the two types of manure. Despite of the
intent to apply equivalent amounts of animal excreta with different
types of manure, the application of FYM have resulted in higher sup-
ply of nutrients compared to SLM. On average, the application of SLM
provided only 57% of N and P and 65% of K compared to FYM. There
are three circumstances that might have contributed in determining
these differences: i) the addition of maize stover to the animal excre-
ta in composting FYM implies that, beside to carbon, more N, P and K
are embedded in the product; ii) different extent of nitrogen gaseous
losses might have occurred during preparation and storage of FYM

and SLM; iii) the SLM used in the present experiment was likely more
diluted than assumed when the experiment was devised. Since FYM
is an inherently variable material, it is difficult to quantify precisely
the amount of maize stover used for its preparation. However, an
attempt to quantify the contribution of maize stover to the nutrient
content of FYM is appropriate here. According to Draghetti (1948)
about 3-5 kg of litter per day, equivalent to 1.1 to 1.7 Mg per year, are
necessary for one adult cow. This author pointed out that the addition
of litter to the excreta, beside to substantial amount of C, implies that
several kilograms of N, P and K are also embedded in FYM. Assuming
an average of 4 kg litter cow–1 day–1¥365 days =1460 kg of maize
stover per cow per year are needed for FYM production. Hence, the 6
and 4 cows sustained by the rotations R1 and R6 require respectively
about 8760 and 5840 kg of maize stover per year to be added to the
animal excreta. For a well fertilized maize crop, the nutrients concen-
tration of the maize stover dry matter are: N 0.93%, P 0.13%, K 1.64%
and C 45% (Ceotto, 1999). Thus, for the rotation R1 the nutrient con-
tent of maize stover can be estimated as follows: 8760 kg of stover x
N 0.93% = 81.5 kg N; x P 0.13%=11.4 kg P; x K 1.64% = 143.7 kg K.
Yet, for the rotation R6 the nutrient content of maize stover can be
estimated as: 5840 kg of stover x N 0.93%=54.3 kg N; x P 0.13%=7.6
kg P; x K 1.64%=95.8 kg K. These amounts of nutrients can only par-
tially explain the difference between FYM and SLM application.
Therefore, it is likely that the dilution of SLM have played a substan-
tial role in determining the observed differences in nutrient supply by
the two types of manure. 

Dry matter yield 
The results of the analysis of variance and the average dry matter

yields of the individual crops for the period 2006-2008 are presented
in Table 4. The application of FYM, compared to SLM, increased yield
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Table 2. Average dry matter, total nitrogen, phosphorus, potassium contents and their variability of farmyard manure and semi-liquid
manure applied in the experiment. 

Mean values Coefficient of variation
Dry matter % Total N % P2O5 % K2O% Dry matter % Total N % P2O5 % K2O%

FYM 28.1 0.66 0.48 0.84 23 38 60 48
SLM 9.2 0.25 0.18 0.36 17 28 22 31
N, nitrogen; P2O5, phosphorus; K2O, potassium; FYM, farmyard manure; SLM, semi-liquid manure. 

Table 3. Average amounts of nutrients (kg ha–1 year–1) applied
annually to rotations R1 and R6 with organic fertilizers, differ-
ences between farmyard manure and semi-liquid manure, esti-
mated contribution of maize stover and unaccounted quantities. 

Rotation N P2O5 K2O

R1
FYM 436 316 554
SLM 250 180 360
Difference FYM-SLM 186 136 194
Estimated stover contribution 81.5 11.4 143.7
Unaccounted 104.5 124.6 50.3

R6
FYM 290 211 370
SLM 165 119 237
Difference FYM-SLM 125 92 133
Estimated stover contribution 54.3 7.6 95.8
Unaccounted 70.7 84.4 37.2

N, nitrogen; P2O5, phosphorus; K2O, potassium; R1, double crop rotation Italian ryegrass+silage maize;
R6, 6 year rotation Italian ryegrass+silage maize; FYM, farmyard manure; SLM, semi-liquid manure. 
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of silage maize by 19% and alfalfa by 23%, while Italian ryegrass was
not influenced by the manure treatment. Interestingly, silage maize
produced 6% more in rotation R6 with respect to rotation R1. This is
attributable to the residual effect of the three years of alfalfa meadow
in rotation. Conversely, no effect of the rotation was observed for
Italian ryegrass. The mineral N fertilization increased the average
annual yield by 11% for Italian ryegrass and by 10% for silage maize.
Alfalfa, not directly fertilized with mineral N, was not influenced by
the nitrogen applied to the other crops in rotation.
Since SLM was applied to alfalfa just before sowing, our data indi-

cate that the application of SLM should be avoided in the critical phase
of the crop establishment. In contrast, but not in contradiction, Ceotto
and Spallacci (2006) reported a positive effect on alfalfa productivity
for pig slurry applied after cuttings on second, third and fourth year
alfalfa, not fertilized on the first year of crop establishment.

Milk feed units and crude protein production
Milk feed units and crude proteins production are intrinsically

dependent on the type of rotation. In fact, compared to R1, the inclu-
sion on the three year alfalfa meadow in the rotation R6 implies that
more proteins (+22%) and less energy (-23% milk feed unit) are pro-
duced per land unit (Table 4). Overall, FYM application, compared to
SLM, increased crude protein production by 23% and milk feed unit by
18%. This is likely due to higher annual nutrients supply, and also to
the increment of soil organic matter determined by repeated applica-
tion of FYM. Furthermore, the application of mineral nitrogen fertil-
izer (N1), compared to N0, increased crude protein production by 19%
and milk feed unit by 9%. Therefore, our data indicate that the sole
application of manure, even at high doses, cannot completely fulfil
the nitrogen requirements of the crops, hence a mineral nitrogen
supplement is required to achieve the maximum productivity per unit
land, both in terms of energy and proteins.

Nutrients balances
The nutrient balances for N, P2O5 and K20, calculated as a differ-

ence between agronomic inputs of nutrient and removal with harvest-
ed forages are reported in Table 5. Our data revealed that the rotation
R1, in combination with FYM lead to high N and P surplus, that are

likely to determine undesired nutrients losses in the surrounding
ecosystems. However, the highest N surplus value, 321 kg ha–1 year–1,
calculated for the combination R1 with N1, are not surprising because
it falls in the range of 300 to 338 kg N ha–1 year–1 reported for dairy
farms in the Po valley (Grignani et al., 2003; Bassanino et al. 2007).
Compared to the intensive annual rotation R1, the rotation R6 is cer-
tainly more equilibrated, due to the lower load of animals per unit
land, and also to the presence of alfalfa, that provide N which is fixed
locally, instead of being imported from external arable land in the
form of feed concentrates.
The rotations R1 and R6 in combination with SLM and N0, are

associated with little N surplus. However, the problem of P imbalance
still remains. Hence, our findings confirm the well established prin-
ciple that either a reduction of the animal raised per unit land area,
or an extended distribution of manure is necessary to achieve nutri-
ent balances that are sustainable in the long term.

Article

Table 4. Analysis of variance and mean values of dry matter yields, crude proteins and milk feed unit for the period 2006-2008.

Analysis of variance
Dry matter yield (Mg ha–1) CP (Mg ha–1) MFU ha–1

Source df Italian ryegrass Silage maize Alfalfa

Manure 1 ns * * ** **
Rotation 1 ns * - ** ***
Manurexrotation 1 ns ns - ns ns
Mineral N 1 * ** ns *** **
Manurexmineral N 1 ns ns ns ns ns
Rotationxmineral N 1 ns ns - ns ns
Manurexrotxmin N 1 ns ns - ns ns
FYM means 6.41a 19.34a 13.19a 1.93a 19,808a

SLM means 5.86a 16.30b 10.71b 1.57b 16,840b

R1 means 6.07a 17.28b - 1.58b 20,672a

R6 means 6.20a 18.36a - 1.93a 15,976b

N0 means 5.81b 16.97b 11.89a 1.60b 17,575b

N1 means 6.46a 18.67a 12.01a 1.91a 19,074a

CP, crude proteins; MFU, milk feed unit; df, degrees of freedom;  N, nitrogen; FYM, farmyard manure; SLM, semi-liquid manure; R1, double crop rotation Italian ryegrass+silage maize; ns, not significantly different; *sig-
nificant at P<0.05; **significant at P<0.01; ***significant at P<0.001. R6, 6 year rotation Italian ryegrass+silage maize; N0, manure without extra supply of mineral nitrogen; N1, manure with extra supply of mineral nitro-
gen; a,bmeans sharing common letters are not significantly different for P≤0.05 (least significant difference).

Table 5. Nutrient balances (kg ha–1 year–1). Average values for the
period 2006-2008 kg ha–1. Since alfalfa is a nitrogen fixing crop
it was considered neutral with respect to nitrogen.

Harvest Organic + Surplus
removal mineral 

fertilization
Rotation N P2O5 K2O N P2O5 K2O N P2O5 K2O

FYM R1 N0 273 72 334 436 316 554 163 244 220
R1 N1 340 78 357 661 316 554 321 238 197
R6 N0 138 55 313 254 211 370 116 156 57
R6 N1 178 58 328 367 211 370 189 153 42

SLM R1 N0 213 60 280 250 180 360 37 120 80
R1 N1 286 67 311 475 180 360 189 113 49
R6 N0 116 46 257 143 117 234 26 71 -23
R6 N1 154 50 282 257 117 234 104 67 -48

N, nitrogen; P2O5, phosphorus; K2O, potassium; FYM, farmyard manure; SLM, semi-liquid manure; R1, dou-
ble crop rotation Italian ryegrass+silage maize; R6, 6 year rotation Italian ryegrass+silage maize; N0,
manure without extra supply of mineral nitrogen; N1, manure with extra supply of mineral nitrogen.Non
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Soil organic matter
The effect of manure application, in combination with the crop

rotation, on soil organic matter (SOM) is presented in Figure 1. A sta-
tistically significant effect resulted for the interaction manure x rota-
tion. In fact, the application of FYM, compared to SLM increased SOM
of +37% for the rotation R1, and of +20% for the rotation R6.
Conversely, no significant difference on SOM was observed between
R1 and R6 with the application of SLM. Moreover, the SOM content of
both rotations R1 and R6 fertilized with SLM, are not statistically dif-
ferent from the SOM content measured in 1995, at the outset of the
experiment.
The highest value of SOM, i.e. 2.47%, measured on the intensive

treatment R1 combined with FYM, is lower than the value of 2.94%
reported by Lanza and Spallacci (1970) after 18 years of continuous
application of 40 Mg of FYM ha–1 integrated by mineral N, on a loam
soil in Modena (Emilia-Romagna Region, Italy). The two mentioned
values of SOM are site specific, because they refers to different com-
binations of soil and climate, however, considering the slow dynamic
of SOM it is possible that soil carbon is still accumulating in the pres-
ent experiment. While there is compelling evidence that FYM is much
more effective than SLM in increasing soil organic matter, a caution-
ary remark is appropriate here. From the standpoint of carbon (C)
cycle it is important to consider that the maize crop providing the
stover used to produce FYM was not included in the rotation R1 and
R6. This implies that most of the carbon embedded in FYM was
imported from land area outside the two forage rotations under study.
This might lead to increase the organic matter of the soil at the
expenses of other land area that is deprived by its crop residues.
Moreover, both rotations R1 and R6 are examples of extreme intensi-
fication of forage production, in which all the aboveground biomass
produced by the crops is used for feeding animals, while grain crop
residues, necessary for composting FYM, need to be imported from
external cropland. As previously mentioned, according to Draghetti
(1948) about 3-5 kg of litter per day is necessary for one adult cow.
Assuming an average of 4 kg litter cow–1 day–1¥365 days = 1460 kg of
maize stover per cow–1 are necessary for composting the FYM of one
cow for one year. Hence, the 6 and 4 cows sustained by the rotations
R1 and R6 require respectively about 8760 and 5840 kg of maize
stover year–1. Assuming an average carbon content of 45% for maize
stover, and considering the ratio between the atomic weight of C and
molecular weight of CO2 (12/44=0.2728), 8760 kg of stover x 0.45 C =

3942 kg C/0.2728=14450 kg of CO2 are necessary annually, in form of
maize stover for composting the animal excreta of the rotation R1,
and 5840 kg of stover x 0.45 C=2628 kg C/0.2728=9634 kg of CO2, have
to be used for composting FYM of the rotation R6. Assuming an aver-
age maize stover production of 9000 kg ha–1, it can be estimated that
about 0.98 and 0.65 ha, respectively, of external land must provide
their crop residues to produce the FYM necessary for 1 ha of the rota-
tion R1 and R6 receiving FYM. Yet, assuming that the grain maize is
rotated in a three-year rotation, about 3¥0.65=2.98 ha and
3¥0.98=2.94 ha of external land must provide annually their maize
stover necessary to enrich the soil C stock of one ha cultivated with
the forage rotations devised in the present experiment. 
Our findings are in good agreement with Schlesinger (1999; 2000),

who pointed out that no net sink for C is likely to accompany the use
of manure on agricultural land when the boundaries of the system are
properly considered. Schlesinger (1999) using data of Missouri
(USA), estimated that the entire above-ground plant production on
3.0 ha of land was required to supply the manure to each hectare of
manured land. Consequenlty, the author concluded that greater con-
centrations of SOM in manured fields can be expected to be associat-
ed with declining SOM on a proportionally larger area of off-site
lands. Our findings, however, refer to a different situation in which
intensive forage rotation systems produce heavy load of manure.
Under our experimental conditions are maize crop residues, rather
than manure, that need to be produced on extra land to prepare the
FYM necessary to increase soil carbon storage.
Different conclusions were drawn by Bertora et al. (2009), who

pointed out that farmyard manure application is a superior technique
with respect to slurry application because the composting allows
more carbon to be transformed into stable organic matter. Moreover,
Yamulki (2006) indicated that increasing the carbon content of the
manure heap with high-C additives, such as straw or maize stover,
might provide the opportunity for N2O and CH4 emission reduction.
Nevertheless, our data suggest that a pitfall is just around the corner:
unless farmyard manure is evenly distributed on the whole surface
providing the crop residues needed to its preparation, it may result in
concentrating C deprived elsewhere.

Conclusions

Most of the integrated forage rotations – manure management sys-
tems compared in this experiment are quite intensive for their own
devise, because of their high number of dairy cows raised per unit
land area and the intrinsic dependence on grain crop residues need-
ed for composting animal excreta. Therefore, we believe that grain
crops should be included in forage crop rotations to achieve more sus-
tainable land use. 
While the cropping systems receiving FYM plus industrial N provid-

ed the higher yields, they are associated with nutrient surpluses that
appears to be unacceptable in the long term. On the one hand, lower
nitrogen input, associated with little cost on productivity, might be an
acceptable compromise for diminishing N load of the farming sys-
tems. On the other hand, the extent of P surpluses of the systems
under study suggest that, in order to achieve more sustainable agri-
cultural systems the number of animals per unit land should be defin-
itively reduced. In alternative, an effective system of manure trans-
portation and distribution at territorial scale should be implemented.
Yet, our findings suggest that a careful distribution of manure would
be necessary to ensure that cropland providing crop residues for com-
posting animal excreta will receive a fraction of the FYM produced.
Otherwise, FYM application might result in concentrating C in areas
surrounding livestock activities and in C deprivation elsewhere. 
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Figure 1. Soil organic matter for the soil layer 0-0.3 m. ANOVA
results: Manure = significant at P<0.01  Rotation = significant at
P<0.05; Manure x rotation = significant at P<0.05; Means sharing
common letters are not significantly different for P≤0.05 (least
significant difference). The dashed line indicates the level of
organic matter at the outset of the experiment. 
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