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Effect of Cropping System and Application of Cattle Slurry on

Forage Production and Environmental Pollution in Paddy Land
Ki Choon Choi®®, Sang Pil Na?, Won Ho Kim', Gi Jun Choi’, Young Chul Kim®
Myeong Hwa Kim?, Sang Lak Lee? Da Hye Kim'® and Wan Bang Yook

ABSTRACT

This study was performed to investigate the effects of forage cropping system and cattle slurry on
productivity of whole crop rice, whole crop barley and Sorghum-Sudangrass hybrid and environmental
pollution in paddy land. Forage cropping system used in this study was consisted of double-cropping whole
crop barley followed by whole crop rice applied with cattle slurry (DWBRC) and double-cropping whole
crop barley followed by Sorghum-Sudangrass hybrid applied with cattle slurry (DSSBC). The field
experiments were conducted on the clay loam at Backsanmyun, Kimje, Chunlabukdo province in Korea for
three years (May 2006 to Apr. 2009). This study was arranged in completely randomized design with three
replicates. The field had been sown with whole crop rice ‘Nampyung’, Sorghum-Sudangrass hybrid
‘Sordan79’ and whole crop barley ‘Younyang’. The yields of whole crop barley in DWBRC and DSSBC
were 7,515 kg/ha and 8,515 kg/ha, respectively. The yields of whole crop barley in DSSBC significantly
increased as compared with that of DWBRC (p<0.05). The contents of crude protein, neutral detergent fiber
(NDF), acid detergent fiber (ADF), total digestible nutrient (TDN) of whole crop barley in DWBRC were
not difference as compared with those of DSSBC. The pH, and contents of total nitrogen and organic
matter in soil samples collected at the end of the experiment increased as compared with those at the
beginning of the experiment (p<0.05). However, The content of phosphate in DWBRC was no difference as
compared with DSSBC. In addition, after the end of experiment, the concentrations of exchangeable cations
(Ca, Na, Mg and K) in soil samples collected at the end of the experiment were remarkably higher than
those at the beginning of the experiment (p<0.05). The concentrations of NH4-N, NOs-N, POs-P, Cl, Ca, K,
Mg and Na in leaching water were hardly influenced by the cropping system and application of cattle
slurry.
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Table 1. Properties of soil collected at beginning of experiment in paddy land

Auvail. om? T-NY Exchangeable cations (cmol*/kg)
Items pH P20s 2+
(mg/kg) (%) (%) Ca K Mg Na
MWRSY 5.66 103.61 30.69 1.71 3.67 0.20 1.25 0.17
MWRC? 5.04 105.83 30.99 1.62 2.14 0.16 1.02 0.15

Y MWRS: whole crop rice applied with chemical fertilizer, 2 MWRC: whole crop rice applied with cattle slurry,
9 OM : organic matter, “ T-N : Total nitrogen.
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Table 2. Major properties of cattle slurry used in this experiment

Year Moisture N P,Os K20 CaO MgO Na,O
(%) (%) (%) (%) (%) (%) (%)
Mean 91.50 053 0.37 0.42 0.35 0.18 0.18

(2006~2008)
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Table 3. Effect of cropping system and application of cattle slurry on dry matter (DM) yield

of forage crops in paddy land

Year (DM kg/ha)

Treatment 2006 2007 2008 Mean
OWBRCY WCR? 7,600 9,696 11,428 9,574
wca? - 7,980 7,050 7,515b
I WCB - 9,120 7,910 8,515a
SSH® 11,410 9,740 7,720 9,623

Y DWBRC: Double-cropping whole crop barley followed by whole crop rice applied with cattle slurry, 2 pssc:
Double-cropping whole crop barley followed by Sorghum-Sudangrass hybrid applied with cattle slurry, ¥ WCR:
whole crop rice, ¥ WCB: whole crop barley, ® SSH: Sorghum-Sudangrass hybrid

a and b: Means with different letters within a column are significantly different (p<0.05).
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Table 4. Effect of cropping system and application of cattle slurry on the nutritive values of
whole crop rice in paddy land

Year
Items Treatment

2006 2007 2008 Mean
SWERCY WCR” 5.80 5.88 6.74 6.14b
cPY o0) wcB? - 9.44 9.18 9.31a
> Dsse WCB — 9.57 9.14 9.36a
SSH? 6.4 6.33 6.83 6.52b
SWERCY WCR 69.30 63.95 65.14 66.13
NDF (5% WCB - 64.44 64.94 64.69
° Dsse WCB — 62.4 7357 67.99
SSH 725 77.06 69.39 72.98
SWERC WCR 38.20 3951 37.94 38.55
ADFY (9 WCB - 36.46 40.28 38.37
° Dsse WCB — 39.83 46.15 42.99
SSH 47.70 45.96 44.74 46.13
SWERC WCR 58.70 58.48 58.93 58.70
ToN® 09 WCB - 60.00 57.08 58.54
° Dsse WCB — 57.24 52.59 54.92
SSH 51.20 5259 53.55 52.45

Y cp:Crude protein, ? NDF: Neutral detergent fiber, ® ADF: Acid detergent fiber, ® TDN: Total digestible
nutrient, ¥ DWBRC: Double-cropping whole crop barley followed by whole crop rice applied with cattle slurry,
® DsSc: Double-cropping whole crop barley followed by Sorghum-Sudangrass hybrid applied with cattle slurry,
' WCR: whole crop rice, ® WCB: whole crop barley, ® SSH: Sorghum-Sudangrass hybrid
a and b: Means with different letters within a column are significantly different (p<0.05).
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Table 5. Effect of cropping system and application of cattle slurry on the characteristics of
soil collected at the end of experiment in paddy land

_ Avail.  om®  T-NY Exchangeable cations(cmol*/kg)
Items Experiment pH P20Os 75
(mg/kg) (%) (%) Ca K Mg N
DWBRCY Before” 5.66a 103.61a 30.69b  1.71b 3.67b 0.20b 1.25b  0.17b
After” 6.10b 102.28a 35.97a 1.92a 6.91a 0.66a 2.22a  0.36a
DSSC? Before 5.04b 105.83a 30.99b  1.62b 2.14h 0.16h 1.02b  0.15b
After 6.05a 98.65a 37.82a  2.65a 6.12a 0.67a 2.37a 0.36a

Y DWBRC: Double-cropping whole crop barley followed by whole crop rice applied with cattle slurry, 2 DSSC:
Double-cropping whole crop barley followed by Sorghum-Sudangrass hybrid applied with cattle slurry, % Before:
Characteristics of soil collected at beginning of experiment in paddy land (2006),  After: Characteristics of soil
collected at the end of experiment in paddy land (2009).

a and b: Means with different letters within a column are significantly different (p<0.05).
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application of cattle slurry during the experimental period.
* DWBRC: Double-cropping whole crop barley followed by whole crop rice applied with cattle
slurry, DSSC: Double-cropping whole crop barley followed by Sorghum-Sudangrass hybrid applied

with cattle slurry.

100.00

80.00

60.00

40.00

20.00

0.00

50,00

40,00

30.00

20,00

10.00

in leaching water from paddy

Cropping System and Cattle Slurry in Paddy Land

Jun. Aug. 5 Aug. Dec. Dec. Dec.

19 26 16 28 1. 16, 30. 14
2007

Jum. Jun. Jun. Aug. 5 Aug.  Dec. Dec. Dec. Mar
19, 25 16 28 1. 16. 30. 14
2007

Jum.  Jun. Jun. Aug. 5 Aug.  Dec. Dec. Dec. Ma
19, 25 15 28 1. 15, 30. 14
2007

Jum.  Jun. Jun. Aug. 5 Aug.  Dec. Dec. Dec. Ma
19, 25 15 28 1. 15, 30. 14

land by

V. 2 of Frele] 2d3t "W 2 8515kghal®
A FSRPe FHE Fr-—Faeks u
AT E wmolA AR ALRE Sg FA AE o|RFoR AwiE AUt A W £
Hol A4 gore] o)xzt ava FaE—Fwk o nE] dASHA EA Jelstl (p<0.05).
ek wAE FA dgE o|xA AW —guhaels Wiy TA QIR o)A
Al on] A& mE FA v, A 9F oA FA GdgEe] A NDF,
1y, S —Fughs adEe] A, AlE ADF 2 TDN 32 Z4) B S22 A
7HA], BESAAE E SY95Fe] FUE s ¥ A R g Aok uA] ekl
2RI 2 = 2006%d 5EH-E 20091 BAEEHE n] Algel mE EF U
49747 3 st AeHEE AR WA Al pH, %iéli, S8 FeEe Al Ao H|E] A
AxGo A shrQlefnlx] 3o R S yEg 3 Foll AASHA Tk AEFS LE
th FA vle] 2o AujE FA FSH WUk (p<0.05). 1Y QAR A $of
o 2zt Wit 7 7515kg/haclH FE— Apoli= YEREA] edstth AR EE -]
Foes wgFe] $Ao R AujE A o Al mE ES W 2w, YEE, ulvls

—315—-



oo 1% oy 2 4

. Campbell,

. Choi,

. Gilley,

. Jarvis,

Choi et al.: Cropping System and Cattle Slurry in Paddy Land

G e =
d TR F

off Hlsf A

=

o =
v.el 8 2 &

. AOAC. 1990. Official methods of analysis (15th

ed.). Association of Offical Analytical Chemists,
Washington, DC.

C.M., M. Schnitzer, W.B. Stewart,
JV.O, Biederbeck and F. Selles. 1986. Effect of
manure and fertilizer on properties of a Black
Chernozem in southern Saskatchewan. Can. J. Soil
Sci. 66:601-613.

K.C, W.B. Yook and C. Yoon. 2008.
Effects of Swine Manure on The Production of
Forage, Soil Properties, and the Chemical Charac-
teristics of Leaching Water in Mixed Grassland. J.
Kor. Grassl. Sci. 28(4):331-340.

JE., B. Eghball, J.M. Blumenthal and
D.D. Baltensperger. 1999. Runoff and erosion
from interrill areas as affected by the aoolication
of manure. Transactions of the ASEA 42(4):975-980.

. Goering, H.K. and P.J. Van Soest. 1970. Forage

fiber analysis. Agic. Handbook 379, U. S. Gov.
Print. Office, Washington, DC.
S.C., AM. Sherwood and J.H. Steen-
1987. Notrogen
manures from grazed pastures and from applied
slurry. In: Van Der Meer, H.G., Unwin R.J., Van
Dijk T.A. and Ennik G.C. (eds). Animal Manure
on Grassland and Fodder Crops. Fertilizer or
Waste pp 195-212. Dordrecht, the Netherlands :
Martinus Nijhoff.

voorden. losses from animal

. Hariston, J.E., J.O. Sanford, D.F. Pope and D.A.

Horneck. 1987. Soybean-wheat double cropping :
Implications ~ from management  and
supplemental nitrogen. Agron. J. 79:281-286.

Strew

. Kim, J.G,, ES. Chung, JK. Lee, Y.C. Lim, S.H.

Yoon and M.J. Kim. 2009. Comparison of yield
and quality of direct-seeded whole crop rice. J.
Kor. Grassl. Sci. 29(1):25-30.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Legg, J.O. and J.J. Meisinger. 1982. Soil nutrition
budgets in nitrogen in agricultural soils. In: FJ.
Stevenson ed.) Nitrogen in agricultural soils.
Agron. Monogr. 22. ASA, CSSA, Madison, WI.

Lim, Y.C, SH. Yoon, M\W. Jung, W.H. Kim,
J.G. Kim, JK. Lee, S. Seo, N.G. Park and W.B.

Yook. 2007. Effect of Livestock Manure
Application on the Productivity of Whole Crop
Rice, Feed Value and Soil Fertility. J. Kor.

Grassl. Sci. 27(4):287-296.

Lim, Y.C., S.H. Yoon, W.H. Kim, J.G. Kim, J.S.
Shin, M.W. Jung, S. Seo and W.B. Yook. 2006.
Effects of Livestock Manure Application on
Growth Characteristics, Yield and Feed Value of
Sorghum-sudangrass Hybrid and NOs-N Leaching
in Paddy Field. J. Kor. Grassl. Sci. 26(4):233-238.
Long, F.NJ. and H.l. Gracey. 1990. Herbage
prodution and nitrogen recovery from slurry
injection and fertilizer nitrogen application. Grass
and Forage Science 45:77-82.

McCalla, T.M. 1974. Use of animal
wastes as a soil Soil
Conserv. 29:213-216.

Pye, V.I. 1983. Groundwater contamination in the
United States. Workshop on groundwater Resources
and Contamination in the United States (Summary
and Papers). Natl. Sci. Foundation. Washington
DC.

Sommerfeldt, T.G. and C. Chang. 1985. Changes
in soil properties under annual applications of
feedlot manure and different tillage practices. Soil
Sci. Soc. Am. J. 549:983-987.

Sommerfeldt, T.G. and C. Chang. 1987. Soilwater
properties as affected by twelve annual applications
Soc. Am. J.

manure

amendment. J. Water

of cattle feedlot manure. Soil Sci.
51:7-9.

Sommerfeldt, T.G., C. Chang and T. Entz. 1988.
Long-term annual manure applications increase soil
organic matter and nitrogen and decrease carbon
to nitrogen Sci. Am. J. 52
1667-1672.

Yook, W.B.,, K.C. Choi, SH. An and J.K. Lee.
1999 Effects of Application Seasons and Levels
of Cattle Slurry on Nitrate Contents in Soils of
Rye Cultivation. J. Kor. Grassl. Sci. 19(2)141-146.

ratio. Soil Soc.

(Received July 6, 2012/ Accepted August 25, 2012)

—316—-



