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Changes of Soil Nitrogen Supply and Production of Upland Forage Crops by
Cattle Manure during Conversion from Paddy to Upland Condition in Paddy Field

Jong-Ho Seo’ and Sok-Dong Kim
National Institute of Crop Science, RDA, Suwon 441-857, Korea

ABSTRACT : The effect of cattle manure with the rates of
2 and 4 ton 10a™* for winter rye and summer corn cultiva-
tion, respectively, on the dry matter (DM) yield and nitro-
gen (N) uptake were investigated during successive three-
year conversion period from paddy to upland condition in
paddy field. The changes in soil properties and soil N sup-
plying capacity during repetitive manure application were
also examined. Growth and DM yield of upland forage
crops, especially. winter rye were hindered highly by poor
soil condition in the first year after conversion from paddy
to upland condition, so apparent recovery of cattle
manure N by crops was very low in the first conversion
year. But, DM yield and N uptake of upland forage crops
were increased linearly by accumulative input of cattle
manure along with mineral N enrichment in soil, which
also increased apparent recovery of cattle manure-N, It
secemed that those increases were mainly due to the
improvement of soil properties such as soil mineral N, soil
organic matter (soil carbon), potentially mineralizable N
and bulk density by accumulative input of cattle manure
rather than the increase of soil N supply according to
accumulative conversion period from paddy to upland
condition. It was derived that conversion period from
paddy to upland condition over 2 years is needed to obtain
proper DM yield in paddy field and accumulative inputs
of cattle manure during the conversion period is more
influential to the continuous increment of DM yield and N
uptake of upland crop as well as of potential N supplying
capacity of soil.

Keywords: com, rye, cropping system, conversion from paddy
to upland, cattle manure, dry matter yield, nitrogen uptake
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Table 1. Chemical characteristics of paddy soil before experiment.

Ex. Cation (cmol. kg™)

pH OM. Av. P205
(15 %) (mgkg)  Ca K Mg
59 176 473 303 029 065

Table 2. Cropping schedules in paddy field during conversion
years from paddy condition to upland condition.

Conversion 2002 2003 2004

sequence’  (summer) (winter-summer)  (winter-summer)
PPU! rice fallow-rice rye-com
PUU rice rye-corn rye-corn
[8]818) comn rye-corn rye-corn

fConversion sequences are divided to plots of cattle manure and no
N fertilizer, respectively.
P -paddy condition, U-upland condition.

Foll T, FALTE #F sHEA QI B Zem)
S5 Algstar Aesiiet, ARge dutgiel wsivh
At 8l Ze] vigE R E=gE Qi 2 #
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AAEEA] 7] (CNS2000, LECO, USA)E o|-&-dt] 413150
t}. z} 2] gkl 3 AR = SEA(5.5 m x 34 m = 187 m?

Table 3. Amounts of incorporated cattle manure, and C and N concentration.

Incorporation

Crop time Fresh weight Dry weight C N C:N ratio Applied plot
------------ IR K- pp—— %
'02 com '02 spring 4 0.8 443 228 19.0 il
'03 rye '02 fall 2 0.3 43.1 1.97 21.9 I, 11
'03 corn '03 spring 4 0.7 423 2.44 17.3 ML, 11
'04 rye '03 fall 2 0.4 448 1.84 24.5 NLIL T
'04 corn '04 spring 4 0.7 39.5 2.50 15.8 L IL T
Mean - - 42.8 221 19.7 -
!Plot : I-PPU, II-PUU, 11I-UUU
Table 4. Content of carbon and nitrogen of cattle manure incorporated into soil during conversion period.
2003 2004
Conver.T '02 corn total
sequence rye corn rye corn
kg 10a™!
PPU - - - 163 285 448
Carbon PUU - 172 338 163 285 958
uuu 347 172 338 163 285 1,305
PPU - - - 6.7 18.1 24.8
Nitrogen PUU - 79 19.5 6.7 18.1 522
uuu 18.2 7.9 19.5 6.7 18.1 70.4

fConversion sequénces are illustrated at Table 2.
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Table 5. Changes of bulk density of experimental soil (soil depth,
0-15 cm).
Treatment 2003 2004
Conver. N 2002 . .
sequence fertilizer' Spring Fall - Spring  Fall
glee
ON 138 144 137 1.25 136
PPU
CM 144 143 133 123 132
ON 145 131 145 127  1.37
PUU CM 143 131 140 120 127
UL ON 148 139 150 133 146
CcM 139 128 14 1.15 139
LSDO0.05 0.05 009 0.03 0.07  0.09

fON : no nitrogen fertilizer, CM : cattle manure

3% Cattle manure was incorporated into soil only at the upland
condition

¥ Conversion sequences are illustrated at Table 2.
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Fig. 1. Changes of total soil carbon, soil total nitrogen and
potentially mineralizable nitrogen affected by conversion
period and input of cattle manure (Arrows indicate starting
time of input of cattle manure with conversion from paddy
to upland condition).



390 SHREX|(KOREAN J. CROP SC), 50(6), 2005

off ZARE =98] WSk T 991G WE B Ak g
AR MslE A 2 Zolt) ¢4 dekk e wsle
H, 7 F5Y Al ZE Aol dEo] 1.3%04 14%=2
AA8] Frtstt. RiA] dgeld <ewE>(PPU), <=t
¥>(PUU) ¥ <eb>UUU) 2% =2 2oz Adsio] $-
g FYs] AFElEA B FElo] Frlehr] Alzkeldls

, SEAEE | 2 2 39 Fol gaggo] BE 1.7% ©]
S7kete] 9o 9% Edet: FHEF) ofF F& ¢
UATE ESFe] Aol wsle] W= Ay 7 FEldh
S HolA] gtARE, Bl olsf ot FrIskEa,
HrEl A AR Bk Wslel Hissh e £
7 tEo] o] Frtele 27| Fb F71gkE] §4 ol
o] 7ksdt AgALT} TS & & At

Table 62 S57F F43] AJ3PAA EY F7edA
qEes Fsly] AlslE S5 6971 @LFIAI7 Pl B
A 30 em7iA ] 1) AAFES veRd Ziolth 20039
= Ago|y <=ih> g aih>e] $87E BT F7IH
A3HEe] 2223 mg kg AER FALT HE S5
of ofsf oF 2d) Fx= FTIBIAT. 20043 =" <=9}

IN ol 4y o= =

]

g I Zev WS 1dRR] csm-e]
Zeldae $EAEl 3 FrlHAaRe] S7tadt 9

A ekt

R
HE 29 ARAE D) AR

S S 2 Y
Fig. 25 2003959 200435 Hol ZALEE FA 3o

S 2~
RS )

S ehd Aolth 24 2003d%9] A
2002 7HE $EA

Lo BARo] 120 kg 102’ W2 & 2JolS Ho|x| gk

o} 23y

& A= (eIl =)
HALETHE

T

A4 Al 1 kg N 102! Ae &

7}8iTh, 200339 ARAR = AF 1AL AR A

2F5Fo] Bol F7h5aEd

3}

s Ot

2dAbe) AT

2] WEAME SR FALT WS A8l

ok

H] 3

200 kg 1027 S7bslQiuh. o] AAEas 74
Tl Hla] °F 4 kg N 102 Z7htden, 7

5 -
Ao

=5y S/

o] F7H|Eo] A8l F7keIT) 2004 =

N4
B

=

o 59| B L WLFFES A PALTYH ST
27 AR sl AR 2, AN FhsRew, A

goll= zte)7b glddch, eyt Rl A=

awg>To) BY FrIEEATL $Ho] Beld] ofa] 2m) o] A% 2da} olF ARy AAESE B8] Aai5)
Table 6. Content of mineral nitrogen over soil 0~30 c¢m at the six-leaf stage of corn.
Treatment . Year 2003 Year 2004
Conver. sequence N fertilizer NH4-N NOs;-N Total NH,-N NO;-N Total
mg kg™
ON - - - 2.61 5.61 8.22
PPU CM - - - 2.72 5.79 8.51
PUU ON 1.72 9.28 11.00 2.08 5.55 7.63
CM 345 19.66 23.11 2.82 14.70 17.52
UUU ON 1.41 9.44 10.85 2.11 6.86 8.97
CM 3.75 18.46 22.21 2.98 13.25 16.23
LSD0.05 1.29 4.77 4.85 0.90 4.00 4.65
1000 10 1000 . 110
2003 QDM yield 2004 C10M yield
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Fig. 2. Changes of dry matter (DM) yield and nitrogen (N) uptake of rye according to conversion sequence(ON-no nitrogen, CM-cattle

manure).
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Fig 3. Changes of DM yield and N uptake of silage corn according to conversion sequence (ON-no nitrogen, CM-cattle manure).

A SIHEF 3 kg N 10a7h) kRt

2003 ® 20041 d9] HEHAA} W 9-EA Lo WE A &
o ey 4 AAFFFE HH(Fig 3), 2003dEe
Ao A 1dateh 2da 7k AEE 4 2
£ Zlole gt $EFME FdaT) vla 7

g} AAFFHgo] wol FUslded, 3] A4F
JollA o] Zrlalsich 20048 % S FAAT

= AEFF AoaFeye] M3 2d ¥ 39 A% 1
ARRG A Z7FHA] SUANE, SEF = Aehd
F71F el FAEY wet AErY 2 AAFTEe] 4
RS ICR=R= o o=

Table 72 AZHAA} F7ll WE A SL+55F 9]
AA 2] AT AoFrEds AvE A, 20039
A%, A AEFHE Aghdxpl] #Agle] $EF F
Tofl Hls) €53 Ftetdth FALFM =
ztol7h glglont = AE 2dzel oF 500 kg 10a™
FHE7PE AR, 29 wet AFTF=E 5 kg N 10a
A% ZUIEIATE 2004300 Agrde T Af |
WA 7P werem, Ao e 23 2dxte] oF 300
kg 10a”! S71sl o} Ag 2dxe} 33zt 7+e] Zol7h {1
of. et 20049 HETellM e AE 2dxel 543 7t
39S Wk ol A3 3AXIME Frkete] <F 23 &
10a” A=9] Fig Yepnh 2o m} SRl e 7
Ao vl AaFre] Bol FINa, & HEhaxle]
Z7M) wjet BAEFH0] 25 kg N 10a 74 AL os =
7Veke ARS BT

Table 82 A&l 2lg d7F 3
STV A BY
&7 3588 Yehd Zlojtt 200338 ¥ 7§ 29
27F 2% g2t vl oF 5 kg N 102! =2 =
4% 270 itk 200495 A, 2d 2 3dR}oAd
ztz} 59, 132, 159 kg N 10a'2 A3 7.3 kg

i P oox
e
o, 1

e

=

m oo
(R
L

-

oy
e
e
b

5
S

LHSre] aF
A

o

(o3
p
0
ox
o

N
e
_1

N 10a™ 37}, A@33xele Ag2do] Hlal 2.7 kg N 10a™
Z717F AT Wz FJE AR gl E 20033
T A% 19 9 2dxpt 264 2 457%F eI,
2004d == Mgrd, od 2 3dAE Zb4 237, 532 %
64.2%% AgAAe} g7 FHo] F1eHA

Table 7. Total DM yield and N uptake of rye (winter) + corn
(summer) per year according to field conversion

sequence.
) Conver.  Total DM yield Total N uptake
N fertilizer ’
sequence 2003 2004 2003 2004
-------------- g [ R ——

Nonitrogen  PPU - 601 - 5.9

PUU 716 909 7.5 8.5

uuu 898 956 8.9 9.3

Cattle manure PPU - 1,241 - 11.8
PUU 1,295 1,921 14.7 21.7

uuu 1,764 2,254 214 252

LSDO0.05 313 171 4.8 22

Table 8. The N uptake by cattle manure and apparent recovery of
cattle manure N per year in rye(winter)+corn(summer).

N uptake by cattle Apparent recovery of

Conver. manure cattle manure-N"
sequence

2003 2004 2003 2004

----- kg 102" —- A

PPU - 5.9 - 23.7

PUU 7.2 13.2 26.4 53.2

[818]9] 12.5 159 45.7 64.2

LSDO0.05 NS 2.8 NS 114

¥ Apparent recovery of cattle manure-N by rye+corn : (N uptake in
manure plot - N uptake in no-N plot)/(Manure-N) x 100
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