Efficiency and recovery of nutrients from different cattle manure applied on meadows
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Abstract

In mixed and dairy farms, animal manures are a majgrient source for crops and
grassland. Nevertheless mineral fertilizers ardéd Bttensively used due to the limited
knowledge of the nutrient content of manures afectfeness of supply.

In this field trial, different types of cattle mameu(farmyard manure fresh or composted, semi
solid manure and slurry) were compared with redartheir nutrient supply and agronomic
efficiency.

Three rates of manure applications were considdrég, 210 and 250 kg N total/ha)
Applications of animal manures had provided anaase of DM yields from 18 to 30% as
compared to the control O N (6.2 t DM/ha).

Efficiencies were around 40 kg dry matter/kg N @ggpbnd decreased with the N rate.

N apparent recoveries observed, were around 40r ¥hdémure applications rates of 170 and
210 kg N/ha and dropped for application rates hidgten 210 kg N tot/ha.

For cattle slurry the N apparent recoveries wespeaetively 50, 40 and 30 % for 170, 210
and 250 kg N/ha.

The N budget was always negative at the lower egiptin rate, while the K budget was
always negative for all the semi solid manure dedlower slurry application rates.

| ntroduction

In mixed and dairy farms, animal manures are a nmjtrient source for crops and grassland
as cattle excrete in urine and faeces more tha% 8 the nutrients contained in the diet
(Whitehead 1995). Nevertheless mineral fertilizars still intensively used (Kelm and
Taube, 2005, Stilmant et al., 2000) due to thetéidhknowledge of the nutrient content of
manures and effectiveness of supply. Another factothat in mixed farms the major
attention is given to arable crops, "cash crop#eédaOn the other hand, pastures are mainly
located on less fertile parcels which are lessssibke.

The Walloon legislation (PGDA — transposition oé tNitrate directive) which restricts more
the application of organic N to crops (limit of 1k§ org N /year during the rotation) than to
pastures (230 kg org N /ha including recycling afrients during grazing (PGDA, 2007))
will induce a temptation to spread higher amouhtmanure to grassland.

In this field trial, different types of cattle mamu(farmyard manure fresh or composted, semi
solid manure and slurry) were compared with regaadsheir nutrient supply and their

-1 -
I n the Proceedings of the "16th International Ci&@nposium16-19 Sept. 2007 Ghent"
MINERAL VERSUS ORGANIC FERTILIZERS CONFLICT OR SYNEGISM? pp 235 240



agronomic efficiency. Three rates of manure appboa were considered (170, 210 and 250
kg total N /ha) according to the Walloon legislatio

As manures are also important sources of phosplardgpotash, the balance sheet of these
elements is drawn up.

Materials and methods

These trials were conducted in Ellezelles (Hainasgistern part of Wallonia, Belgium; 75 m
above sea level, characterized by a temperate telinnaean temperature 11.8 ° C, annual
rainfall 730 mm) where grassland cover35+% of the agricultural land surface.

They were carried during the 2002 to 2004 periocagrermanent grassland dominated by
perennial ryegrass, and withls % white clover.

The soil was a loamy soil showing these charatiesis1l4.3 % clay, 70.4 % loam and 15.3
% sand, pH (KCI) 5.8, organic matter 4.7 %.

The experiment was conducted in a randomised bileskgn with 4 replicates with a size
plot of 12 nf (4 m x 3 m). Four different kinds of cattle manuvere used in this study:
slurry, semi-solid manure (SSM), farmyard manuréNJrf and composted farmyard manure
(CFYM). A control treatment without any fertilizeras also included.

The annual application rates, according to the ®dalllegislation at this time (PGDA, 2002)
were :170 kg N/ha; 210 kg N/ha for all manures alst 250 kg N/ha for farmyard manure
compost and slurry but for practical reasons ndtesh manure. The average composition of
the applied manures is given in table 1.

Tablel. Average composition of manures

Type  of|Dry : : oN | EZ% Ezft)
manure |matter | Total N: N-NH, ! : 9w 9
% ' SD |kg/ty, iSD |kgity, iSD ' SD SD|® SD
Semi solid ; ; ; ; 245 (04|39 (034
17.30 | 2.46| 475 | 094 148 @ 041 1334 4f1 2
Farmyard E E E E 1.83 | 0.3]4.85 | 1.04
20.85 :201| 351 : 0.91 090 : 035 2153 4P9 1
Composted | | | | 547 |[1.3|75 |225
Farmyard | | | | 4
28.73 :6.87| 6.42 : 22d 115 ! 050 13.54 1.5
Slurry E E E E 1.49 |[o0.1]29 [0.29
805 133|335 : 059 252 : 043 831 0.4 8

(1) on fresh weight basis
SD: standard deviation

All manures were applied at the end of the winteebfuary — March) according to the
legislation and the climatic conditions (no pernarfeost ...).

Nitrogen efficiencies and Nitrogen Apparent Recgweere calculated:
- N efficiency (Ne) = kg DM /kg N applied, and
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- relative N efficiency (Ner) = (kg DM by grass suh a manure treatment - kg DM by grass
cuts in the O N treatment)/ kg N applied

- Nitrogen Apparent Recovery (NAR) = N remouggd N removedy N tot g

where

N removed,q = annual nitrogen removed grass cuts in a maneatnent

N removed, = annual nitrogen removed grass cuts in a zerogen treatment

N tot o1y = total nitrogen content of the manure applied

Results and discussion

Dry matter grass yields are given in table 2. Sgiregs of animal manures had provided an
increase of DM yields from 18 to 30% as comparetthéocontrol O N (6.2 t DM/ha).

Table 2 Annual grass production ( cumulated drytendbr 3 cuts in t/ha)

Year In %
Treatment 2002| 2003| 2004 |HEah aNnu (C):(IJ\IntroI
Control O N 7.28| 5.7 5.6 6.2 a
Composted FYM 170 8.1| 5.8 8.01 7.3 118 b
Composted FYM 210 8.66 6.7 8.21 7.9 127 C
Composted FYM 250 8.7 6.4 8.7 8.0 128 C
Semi Solid M 170 88| 59| 8.36 7.7 124 bc
Semi Solid M 210 10.2%.7 | 8.3 8.4 136 C
Farmyard M170 8.66] 5.9 7.85 7.5 121 b
Farmyard M 210 9.37, 6.9 7.89 8.1 130 C
Slurry 170 9.04( 5.5 7.73 7.4 120 b
Slurry 210 8.92| 6.2 7.66 7.6 123 b
Slurry 250 85 | 59 | 8.46 7.6 123 b

1 Values of the same column followed by the sartterl@re not significantly different according t@Wman
Keuls test (P < 0.05).

An increase in yield was observed with manure ratésYM, SSM and CFYM but limited to
210 kg Nh&. For slurry no increase was observed. A singldieaton of high rates of quick
acting release N seems thus to be not efficient ©ason could be that a significant fraction
ammonium from slurry is microbially shortly immoizied after application (Sérensen, 2004)
due to relative high organic matter content (4.©% is present in this loamy soil).

Only small differences of kg DM between organidifezers were observed.
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Table 3 Efficiencies of N applied by manures

Ne Ner
kg N (kg DM / (kg DM /

Treatment applied/hg kg N applied) sb kg N applied)
Control O N 0 - - -
Composted FYM 170 170 42.94 7.66 6.53
Composted FYM 210 210 37.62 4.92 7.92
Composted FYM 250 250 32.00 5.41 7.04
Semi Solid M 170 170 45.29 9.21 8.78
Semi Solid M 210 210 40.00 8.41 10.56
Farmyard M170 170 44.12 8.38 7.51
Farmyard M 210 210 38.57 5.95 8.86
Slurry 170 170 43.53 10.50 7.24
Slurry 210 210 36.19 6.49 6.67
Slurry 250 250 30.40 5.94 571

SD: standard deviation

All N efficiencies were decreasing with applicaticstes independently of the form of N
applied but the relative efficiency was increasexinf 170 to 210 kg N/ha spreadings except

for slurry (a quick release N source).

Efficiencies in this experiment are similar as #eoalculated from the data of Beckwith et al.
(2002) for farmyard manure 40 kg DM/kg N appliedddower for slurry (63 to 72 for slurry

applied in February at 150kg N/ha and 32 to 330 kg N/ha).

Due to the presence of white clover at a similaellén all our plots, the relative efficiencies
are much lower than for pure grass meadows (caémifaom Beckwith et al., 2002).

Apparent N recovery in meadows

Figure 1. Apparent N recoveries
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Apparent N recoveries (figure 1) calculated weruad 40 % for manure applications rates
of 170 and 210 kg N/ha and dropped for applicatadas higher than 210 kg total N /ha. For
cattle slurry, the apparent N recoveries had dese@ steadily from 50 to 30 % when the

application rate was increased from 170 to 250 Kwalyear.
These values are smaller than other cited in theture for pure grass covers (Bittman et al.,

2004). In this experiment there was an associatigrasses and clover, the latter responsible
For a significant contribution of N fixation.

Nutrient balance sheet

To evaluate the limiting N rate of manure on nutisesupply to meadows, nutrient budgets
were calculated for N, P and K (table 4).

Table 4. Nutrient balance sheet (*)

Supplies Removed by grass Nutrient balance sheet
Treatment N P K N P K N P K
Control O N 0 0 0 130 | 32 149 -13Q0 -32 -14P
Composted FYM 170 169 63 164 202 32 153 -34 31 11
Composted FYM 210 206 | 78| 202 2200 35 165 -14 43 37.4
Composted FYM 250, 243 | 93| 242 213 35 17 30 58 7%.3
Semi Solid M 170 172 | 39| 118| 224, 34 165 -53 5 -48
Semi Solid M 210 211 | 47 | 145| 236 39 188 -25 9 -48
Farmyard M170 169 | 38| 194| 201 34 161 -32 5 33
Farmyard M 210 210 52 260 215 38 18D -6 14 80
Slurry 170 178 | 35 | 128 | 215| 34 163 -37 1 -33
Slurry 210 218 | 43 | 158 | 213| 35 164 4 7 -5
Slurry 250 258 | 51 | 187 203 | 33 149 56 18 38

(*) annual mean kg N, P or K /ha

N balance sheets were always negative at the agiplcrate corresponding to 170 and 210
kg N/ha (except for slurry at 210, the N balancelikg), while K budgets were always

negative for all the semi solid manure and the smallest slurry applications.

For semi solid manure a significant part of K isstloduring storage (Dewes and
Schmitt,1994)

For phosphorus, the balances are always slightyjtipe for this level of grass yield but

except for composted manures (for which they azart} positive).

Conclusions

As well in terms of grass yield, nitrogen efficie@s; and nutrients balances, manure
applications rates higher than 210 seems to beesotmmended.
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Moreover it was observed for high rates of spregdin-composted manures a "degradation”
of grass fodder quality (determined on basis ofttbinical composition) has been observed
(Knoden et al., 2007).

Nitrogen from manures is more efficient when raed periods of spreading are adapted to
grass growth potential; on late winter or earlyirggpifor quick acting N organic fertilisers as
slurry.

Yields observed here can probably enhanced to a profitable performance for farmers, by
a sound mineral N fertilizer but in the case ofaskacting manures (FYM, CFYM, SSM) it
can probably be more interesting to apply this @ioaerate rate in early spring.
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