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Introduction
There is increasing interest in the use of hog manure as a soil amendment in Saskatchewan.

As livestock manure has been recognized as a source of N for crop production in North America,

especially in the livestock-intensive regions (Bandel and Fox, 1984; Freeze and Sommerfeldt,

1985, and Campbell et al., 1986),  hog manure can be a valuable resource for Saskatchewan

agriculture. Proper use of manure cannot only improve the economics of crop production but also

minimize adverse impacts on water quality.

Increases in crop yield from the contribution of N in livestock manure has been documented by

various researchers (Beauchamp, 1983; Xie and MacKenzie, 1986; Montavalli et al., 1989;

Grevers & Schoenau, 1997). However, crop availability of N in manure is generally lower than N

from inorganic fertilizer because of the slow release of organically bound N and the volatilization

of NH3 from surface-applied manure (Beauchamp, 1983; Klauser and Gust, 1981). If we

understand the nutrient release from manure in soils, a timely application of manure may lead to

more efficient use. The objectives of the current study were: (1) to examine the effect of liquid hog

manure application on canola yield and nitrogen uptake as compared to inorganic fertilizer (urea);

(2) to assess N supply rates in manured and fertilized soil to determine the pattern of available N

release.

Materials and Methods

Growth Chamber S tudv

Two soils were selected from the Humboldt area in Saskatchewan (Table 1). The soils were

sampled from the surface layer (0 to 15 cm), and then air-dried, crushed and passed through a 2-

mm sieve. Before use, the soils were stored at room temperature. The hog manure used in this

study was liquid effluent collected during application to field research plots in the fall of 1996.

Manure was quickly stored in frozen condition after being shipped to the laboratory. Before use,

manure was allowed to thaw to room temperature over 2 days. The concentration of N in the

manure is shown in Table 2. The manure sample was shaken vigorously to maximize

homogeneity before it was applied to the soils.

Fertilizer urea was used as an inorganic N source to compare to manure. Manure and urea

were applied to the two soils at rates of 100 and 800 mg of total N per kg of soil. Eight pots were

prepared for each treatment. Plants in 4 replicates were grown to maturity and seeds, pods and

straw were harvested at 12 weeks after emergence. In the other 4 replicates, no plants were
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grown but anion and cation exchange membrane probes were placed in the amended soils for the

measurement of nutrient supply rate.

Table 1. Some characteristics of soils used in the experiment.

Soil Texture pH EC CEC Organic C
Association m S/cm2 meq/100g %

Total N CaClz-N  Resin-N
% mg/kg @lOcm2

Blainee Lake Clay loam 7.3 0.51 23.4 3.66 0.223 5.8 0.97
Meota Sandy loam 7.6 0.47 14.5 3.30 0.202 4.4 0.42

ratio of soil to water was 1: 1 in the measurement of pH and EC

Table 2. Nitrogen content of liquid hog manure (fresh weight basis)*

Analysis Total N NH4-N Organic N PH
mg/kg mg/kg % of total N mb/kg %  of total N

Mean 3356 1264 37.7 2092 62.3 8.4

cv 3.7 1.5 6.2 2.9

*Average of triplicate analyses

The amount of soil used in each pot was 800 g for plant grown to maturity and 400 g for

assessing nutrient supply rate. Control soils and soils amended with urea and hog manure were

brought to the same moisture content and equilibrated for 96 hours. The crop grown was canola

(AC Excel). No other additional nutrients were applied in any of the treatments. Approximately

10 seeds of canola were sown into each pot and thinned to 3 plants after emergence. The growth

chamber temperature was 25OC during the day and 120C at night. Soil moisture was kept near

field capacity in all the treatments. The pots were completely randomized and rotated each week.

When plants reached the desired stage, the plants were harvested. Seeds, pods and straw were

separated, dried at 5OoC,  and weighed for dry matter yield determination. The samples were then

ground and digested in a sulfuric acid-hydrogen peroxide mixture using a temperature-controlled

digestion block (Thomas et al., 1967) followed by colorimetry using autoanalyzer for N03-N and

NIQ-N.  Plant N uptake is expressed as milligrams of N taken up per kilogram of soil.

Assessment of Nitrogen Supply Power

Potential soil N supply rate was assessed by inserting anion and cation resin membrane probes

(Western Ag Innovations, Saskatoon) directly into the soil and measuring the sorbed N03-N and
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NH4-N. Burial time in the soils was 1 hour, 2 days, 5 days, 1 week, and 5 successive 2 week

intervals. Membrane probes were inserted in the same slot each time immediately after the

previous probes in soil were retrieved, allowing a total of 12 weeks of cumulative nutrient supply

to be recorded. After the membrane was removed from soils and washed free of adhering soil, the

probes were eluted in 0.5 M HCl for an hour, respectively, to desorb the nutrient ions from anion

and cation resin membranes into HCl solution. The concentrations of N (nitrate and ammonium) in

the extracts were determined by colorimetry using autoanalyzer. A detailed description of this

technology is reported by Qian and Schoenau (1995) and Qian et al (1996).

Results and Discussion
Seed Germination

Canola seeds were almost completely germinated and emerged from soils nearly a week after

seeding in the control treatments and low rate (100 mg N/kg) of urea and manure. However, there

was much lower germination or no germination at the high N rate (800 mg N/kg) of urea and

manure treatments. In the high N rate of manure, germination was delayed 6-10 days and only

about 20 to 30% of the seeds germinated and eventually emerged in Blaine Lake soil with almost

no visible emergence in the sandier Meota soil. The high N rate of urea resulted in no germination

at all in both soils. To that end, re-seeding was performed after 2 weeks for those pots without

germination. Some germination was observed in the high rate of hog manure in Meota soil, but

again, there was no germination at the high rates of urea treatment in both soils. Therefore no plant

data was obtained on high rate of urea treatment. After a month, the plants in the high rate of hog

manure treatment started to grow more quickly. However, the numbers of plants in the pots were

only 1 or 2 in most cases. As the plant numbers per pot in the high rate of hog manure treatments

varied from 1 to 3, all the values of the high manure rate treatment are only considered as

references.

Yield Response to Urea and Manure Application

Seed yields significantly (p < 0.01) increased in soils amended with manure and urea with the

exception of urea treatment in Blaine Lake soil. There were no significant differences in seed yield

between fertilizer and manure in Meota soil, but in Blaine Lake soil the manure resulted in

significantly higher (p < 0.05) seed yield over urea. Between the two soils, we observed many

more flowers on the plants grown on the Blaine Lake soil than on the Meota soil. As a result,

many more pods formed on plants in the Blaine Lake soil. However, many of the pods did not

produce seeds.

The straw yield, however, was significant higher in Blaine soil than in Meota soil at PcO.05 in

the urea and manure treatments and at P < 0.1 in the control. Straw yield was significantly
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increased by the addition of fertilizer and manure in both soils (P < 0.05). There was no
significant difference in straw yields between the treatments of manure and urea for both soils.
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Fig. 1. Yields of canola seed and straw in different treatments

N Uptake by Canola as Affected by Addition of Urea and Manure

Total nitrogen uptake by canola significantly increased in treatments receiving both urea and
manure for both soils (Table 3). However, the distribution of N uptake in different plant parts

differed in different treatments. A higher percentage of N was stored in the seed in the manure

treatment than in the urea treatment, especially for the plants grown on Blaine Lake soil. This may

reflect a late supply of available N from organic N mineralization in the manure treatments. Late N

would be allocated to the seed rather than straw. Overall, no significant difference in total plant N

uptake was observed between urea and manure on either of the soils.
The high rate of manure application resulted in significantly higher N uptake in all the parts of

the plants (Table 3). However, such increases were not proportionally related to the increase in N

added to the soils. High rate of manure may cause concerns if there is a large quantity of residual

unused inorganic N released from manure which remains in the soil.
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Table 3. Effect of urea and manure addition on N uptake and distribution in plants

Treatment Total N Seed N
mg/kg mg/kg @)

Pod N
mgfl<g (%)

Straw N
mgflrg (“/c)

Blaine Lake soil

Control
Urea 100
Manure 100
Manure 800

Meota soil

Control
Urea 100
Manure 100
Manure 800

38.5 7.8 (20.3) 3.8 (9.7) 27.0 (52.1)
75.8 15.3 (20.2) 8.4 (11.1) 62.1 (68.7)
68.9 30.3 (43.9) 8.0 (11.7) 54.8 (44.4)

149.1 51.9 (34.8) 22.8 (15.3) 74.4 (49.9)

24.3 9.8 (40.3) 1.8 (7.6) 12.7 (52.1)
52.8 26.4 (49.9) 3.4 (6.4) 23.1 (43.7)
48.0 26.1 (54.4) 4.7 (9.7) 17.2 (35.9)

106.5 58.8 (55.2) 12.5 (11.7) 35.2 (33.0)

Analysis of Variance __________ _______________ p value _______________________________

Blaine Lake soil
Ctr. vs. Urea 100 co.01 NS =O.lO co.01
Urea 100 vs. manure 100 NS co.05 NS co.01
Manure 100 vs. manure 800 co.01 co.01 <O.Ol <O.Ol

Meota soil
Ctr. vs. Urea 100 co.01 co.05 NS =O.lO
Urea 100 vs. manure 100 NS NS NS NS
Manure 100 vs. manure 800 co.01 co.01 <O.Ol co.01

Between soils
Controls =O.lO
Ureas co.05
Manure 100s co.01
Manure 800s co.01

NS = no significant at the P = 0.10 level

co.01 NS co.05
=o. 10 co.10 co.01

NS NS co.05
NS co.01 <O.Ol

Available Soil N s u p p l y  Over Time as Affected bv Manure and Urea Application

The release of available N (NQ and N03) over the 84 day period was significantly higher in

amended soils than in the controls (Fig. 2). Soil amended with urea had a higher available N

supply than soil amended with manure at equivalent rates of added N (Fig. 2). As expected, the

higher rate of urea and manure amendments resulted in higher inorganic N release and

accumulation in the soils with time. Inorganic N release and accumulation was also different
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between the two soils. The Blaine Lake soil had higher N release than Meota soil (Fig. 2),

probably due to its higher organic N content and greater nitrogen mineralization.
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Fig. 2. Cumulative available N (NH4 & NO31 suppIv  over times in treatments

Nitrogen release and accumulation of available N (N03+NH4) in soils with time represents the

potential N supply for the plants. Lower available N supply from the manure compared to urea at

equivalent rates of total N added is likely a consequence of the organic portion of the N in the

manure not undergoing complete conversion (mineralization) to inorganic forms over the time

frame of the study.

Apparent N Recover-v from Fertilizer and Manure

The percentage of N recovery in the plant from either urea or hog manure was estimated by

subtracting the amount of N uptake in the control treatment from the amount of N taken up in the

urea or manure treatments of interest and dividing by N rate used. The N rate in manure was based

on total N content in the manure.
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Nitrogen recovery was about 20% lower in manure treatments than in urea treatment (Table 4),

consistent with lower release of available N as discussed in the previous section. The lower

recovery from manure probably reflects the lower mineral N content in this treatment. In the

manure, organically bound N is released at a slow rate by microbial decomposition (Beauchamp,

1983; Klauser and Gust, 1981),  while the enzymatic hydrolysis of urea is much faster. Between

the two soils, nitrogen recovery was higher in Blaine Lake soil than in Meota soil.

Table 4. Nitrogen recovery (%) of manure amendments compared with urea application

Urea 100 Manure 100 Manure 800

Blaine Lake soils 37.3 30.4 13.8

Meota soils 28.5 23.7 10.3

Recovery based on total N applied
--

The high rate of manure N application led to a lower recovery of N by canola (Table 4).

Residual nitrogen can lead to an adverse impact on water quality and maximizing crop recovery of

applied manure and fertilizer nutrient should always be a primary goal.
_

References

Bandel, V. A., and R. H. Fox. 1984. Management of nitrogen in New England and Middle

Atlantic states. p. 677-689. In R. D. Hauck (ed.) Nitrogen in crop production. ASS,

CSSA, and SSSA, Madison, WI.

Beauchamp, A. E. 1983. Response of corn to nitrogen in preplant and sidedress applications of

liquid cattle manure. Can. J. Soil Sci. 63:377-386.

Campbell, C. M., M. Schnizer, J. W. B. Stewart, V. 0. Biederbeck, and F. Selles. 1986. Effect

of manure and P fertilizer on properties of a Black Chemozem in south Saskatchewan.

Can. J. Soil Sci. 66:601-613.

Freeze, B. S., and T. G. Sommerfeldt. 1985. Breakeven hauling distances for beef feedlot

manure in southern Alberta. Can. J. Soil Sci. 65:687-693.

Grevers, M. C. J. and J. J. Schoenau. 1997. Improving soil quality by soil injecting liquid hog

manure and element sulphur. pp. 284-291 in Proceeding 1997 Soil and Crops Workshop

University of Saskatchewan, Saskatoon, Saskatchewan.

Montavalli, P. P., K. A. Kelling and J. C. Converse. 1989. First year nutrient availability from

injected dairy manure. J. Environ. Qual. 18: 180- 185.

311



Klausner, S. D., and R. W. Guest. 1981. Influence of NH3  conservation from daily manure on

the yield of corn. Agron. J. 73:720-723.

Qian, P. and J. J. Schoenau. 1995. Assessing nitrogen mineralization from soil organic matter

using anion exchange membranes. Fert. Res. 40::143-148.

Qian, P., J. J. Schoenau, K. J. Greer and Z. Liu. 1996. Assessing plant-available potassium in

soil using cation exchange membrane burial. Can. J. of soil Sci. 76: 191-194.

Thomas, R., R. W. Sheard and I. P. Moyer. 1967. Comparison of conventional and automated

procedures for nitrogen, phosphorus and potassium analysis of plant material using a

single digest. Agron. J. 99:240-243.

Xie, R. J., and A. F. MacKenzie. 1986. Urea and manure effects on nitrogen and corn dry matter

yields. Soil Sci. Soc. Am. J. 50: 1504-1509.

312


	CDROM Index
	Table of Contents Listings
	1998 TOC

