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Effects of swine slurry application on ammonia emission, nitrogen utilization
. . . *
and apparent balance of a winter wheat-summer maize rotation system

LI Shuol, WANG Xuanl, ZHANG Xiqunz, LIU Zelongl, ZHAO Haol, ZHAO Zhanqingl, ZHANG Yumingl,
1 R
SUN Hongyong ', MA Lin

(1. Center for Agricultural Resources Research, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences /
Key Laboratory of Agricultural Water Resources, Chinese Academy of Sciences / Hebei Key Laboratory of Soil Ecology,
Shijiazhuang 050022, China; 2. Hebei Agricultural Mechanization Institute Co. Ltd., Shijiazhuang 050022, China)

Abstract: With the development of intensive swine production in China, large amounts of slurry are produced, which causes
nitrogen and phosphorus loss and serious non-point pollution. A potentially efficient way to solve these environmental prob-
lems is to substitute mineral fertilizer with swine slurry in intensive maize (Zea mays L.)-wheat (Triticum aestivum L.) dou-
ble-cropping rotation systems, which could promote the development of sustainable agriculture and animal husbandry. A field
experiment was performed with swine slurry application in a maize-wheat double-cropping rotation system in the North China
Plain. The study included the following seven treatments with three replications: zero-N control (CK); urea broadcast (CK1);
urea injection (CK2); swine slurry as a substitute for 25% urea-N broadcast (25%WB), 50% urea-N broadcast (50%WB), 25%
urea-N injection (25%WI), and 50% urea-N injection (50%WI). Swine slurry was applied to the soil before maize and wheat
seeding. Compared with the CK, the application of urea and swine slurry significantly improved maize and wheat grain yield
and N uptake, with the greatest effect seen in the 25%WI, followed by the 50%WI. Compared with the CK1, the N agronomic
efficiency, N partial productivity, and apparent N recovery rate under treatments of urea injection and swine slurry broadcast
and injection were significantly improved. The greatest improvement was seen in treatments of swine slurry injection, fol-
lowed by treatments of swine slurry broadcast, but no significant difference was found between the 25%WI and 50%WI
treatments. Compared with CK, the application of urea and swine slurry significantly improved nitrate accumulation. The in-
crease in inorganic nitrogen ranged from 50.8%—-87.9% throughout the 0—100 cm soil profile after maize harvest. No signifi-
cant difference in nitrate accumulation was found among the 50%WB, 25%WI, and 50%WTI treatments. Compared with CK1,
swine slurry broadcast and urea and swine slurry injection significantly reduced the total amount of ammonia loss during the
seeding period of maize and wheat, with reductions ranging from 26.5% to 48.6% and 11.4% to 29.1%, respectively. Mean-
while, swine slurry broadcast and injection significantly reduced N surplus from 7.6% to 16.0%, with the biggest difference
found in the 25%WI treatments. However, no significant difference was found between the 25%WI and 50%WI treatments. In
view of the yield, nitrogen utilization, and environmental benefits, swine slurry as a substitute for 25% and 50% urea-N injec-
tion were reasonable methods of swine slurry application in the intensive summer maize-winter wheat double-cropping rota-
tion field.

Keywords: Maize-wheat rotation field; Swine slurry; Injection; Ammonia emission; Nitrogen utilization; Nitrogen apparent

balance
s s (NOg-N) 5
(NH3) ,
[8-9]
[1-2] NO3-N NH; >
[2,10]
[3-31 s s (Zea
(6] s (Triticum aestivum L.) mays L.) (Oryza sativa L.)
60~120 m*hm [11-14]
30~60 kg-hm™, [15-17] ,
, / 50%~75%N, -
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, , 1.50 gem™ 1.50 grem™  1.50 g.em™ 0~180 cm
(18-22] , ( 20 cm ) (NOs-N  NH;-N )
41.18 kghm? 34.03 kghm? 52.88
kghm™ 59.73 kgthm™ 74.80 kg'hm™  44.66 kg'hm™
42.43kghm” 44.16kghm>  44.51 kg-hm >

, 1.2
[15-17] , _ ,
. , 6 , 10 , ‘ 8
( ) 50 cm, 63 000 -hm?; 10
(25%  50%) , 6 , ‘ 817,
, 15 cm, 450 kg-hm™
, , 7 ( 1) (CK)
(CK1) (CK2)
R 25% (25%WB) 50%
1 #MRERZ% (50%WB) 25%
1.1 (25%WTI) 50%
2017 6 —2018 6 (50%WT) ,
(38°10'N, 116°52'E) ( )
, 134, 50%WB 50%WI 154
2318 h, 520 mm, 60%~70%  m*hm>, 5~10 cm; CK2 50%
8 154 m*>-hm ™ ,
(0~20 cm) 12.25 g-kg ™, 5~10 cm ; 154
13.20 mg-kg ', 2.64 mgkg ', 1643 m*hm? ,
mgkg ™, 96.55 mg'kg!'  0~100 cm ,
( 20cm ) 1.30 grem® 1.45 gem™ 3, 72 m* (6 mx12 m)

x1 TRLEMEXRINEERKPEREAXE . ASMERAE
Table 1 Resources, rates of applied nitrogen and application methods during maize-wheat rotation period in different
treatments of the experiment

Maize growth period Wheat growth period
Treatment Swine slurry-N Urea-N Total Application Urea-N Swine slurry-N Total Application
[kg(Nyhm?]  [kg(N)-hm™?] [kg(N)-hm?] method [kg(Nyhm™?]  [kg(Nyhm?] [kg(N)-hm2] method
CK 0 0 0 0 0 0
CK1 0 240 240 Broadcast 0 180 180 Broadcast
CK2 0 240 240 Injection 0 180 180 Injection
25%WB 60 180 240 Broadcast 45 135 180 Broadcast
50%WB 120 120 240 Broadcast 90 90 180 Broadcast
25%WI 60 180 240 Injection 45 135 180 Injection
50%WI 120 120 240 Injection 90 90 180 Injection
240 , 1 1
kg(N)'hm? 180 kg(P,0s)-hm? 120 kg(K,0)-hm?, ,
180 kg(N)-hm ,
120 kg(P,0s)-hm? 90 kg(K,0)-hm 2, 10 d ,
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545.05 mgL™" 46.05 mg-L™! 77933 1.5
mg-L™ 39.25 mg-L! 500.00 mg-L',
(COD) 3610.00 mg-L™"
[24] _
[18-19]
1 ( )
- 0~100 cm
(kg-hm™)= +
1.3 0~100 cm (NO3-N
(23] NH;-N oo 0~100 cm
(kg-hm )+ + +
(NH3) 2% , - -~ 0~100 cm
, 0.02 mol'L™" H,SO, , - (1)
(PVC) (kghm?= - 0~100 cm
( 25 cm, 10 cm) 50 mL + 0~100 cm
, (2)
5cm (kg'kg )=( -
9:00—11:00 14:30—16:30 ) (3)
(kg'kg )= /
(4)
(kg-hm2-d™") (%0)=( -
)/ %100 (5)
(kg'hm™2) (Nunin, kg-hm™)
1.4 :
1.4.1 Npin=d*P,xC%0.1 (36)
o d 20 cm), P -em ),
0~100 cm , (20 cm), Py (grem )
C (NO3-N  NH;-N,
20 cm S .
g mg-kg ), 0.1 0~100 cm
’ | (20 cm ) 1.30 grem®  1.45
’ .em® 1.50 gcem™ 1.50 grem’ 1.50 g-:cm”®
, 0~180 cm , 20 cm, g 8 g 8
_ n Excel 2010
NO;-N  NHj;-N
. B DPS 7.05 s Duncan
5 NH4-N NO3-N
. , P=0.05
2 mm |, 1 mol-L
KC1 ( 5D, (01, ) 2 HERE5SH
2.1
1.4.2 2 CK ,
; 1 2m (15.9%~54.1%) (3.9%~
2 ,2mx1m) I m? (1 mx1m) 20.5%) CK<CK1<

H,S04-H,0, ,

CK2<25%WB<50%WB<50%WI<25%WI CKl1

>

16.5%~33.0%  10.2%~16.0%,

5.3%
2.0% 50%WI

,25%WB  50%WB

(2

25%WI
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x2 AREIEHIBKE AR ERFNEFFR= 2R F M0

Table 2 Effects of different swine slurry application treatments on grain yields of maize and wheat

Maize Wheat
Treatment Grain yield Increase Relative increase Grain yield Increase Relative increase
(Mg-hm ) (%) (%) (Mg hm ) (%) (%)
CK 6.53+£0.19¢ 5.59+0.02¢
CK1 7.57+0.46d 159 5.81+0.07d 3.9
CK2 7.97+0.49cd 22.0 5.3 5.92+0.20d 6.0 2.0
25%WB 8.82+0.33bc 35.0 16.5 6.40+0.07¢c 14.6 10.2
50%WB 9.26+0.67ab 41.6 22.3 6.47+0.05bc 15.8 11.5
25%WI 10.07+0.12a 54.1 33.0 6.74+0.05a 20.5 16.0
50%WI 10.02+0.32a 53.4 32.4 6.69+0.11ab 19.6 15.1
CK1 (P<0.05) The relative increase is the increase as to CK1.

Different lowercase letters within the same column indicate significant differences among treatments at P < 0.05.

CK , 25%WB 25%WI  50%WI
) , 8.2%
19.3%~55.1%  3.7%~17.5%( 3) CKl1 12.5% 13.3%; ,
, 25%WI  50%WI 25%WB 50%WB 25%WI  50%WI
, 30.0%  29.9%;

R3 FREHRKERLE E R/ NEM EAEYE R0

Table 3  Effects of different swine slurry application treatments on shoot biomasses of maize and wheat

Maize Wheat
Treatment Shoot biomass Increase Relative increase Shoot biomass Increase Relative increase
(Mg'hm ?) (%) (%) (Mghm ) (%) (%)
CK 14.92+0.24¢ 11.54+0.02d
CK1 17.80+1.14bc 19.3 11.97+0.10cd 3.7
CK2 19.01+0.41b 27.4 6.8 12.11+0.72bcd 5.0 1.2
25%WB 19.91+0.40ab 33.5 11.9 12.95+0.10ab 12.2 8.2
50%WB 20.72+0.55ab 38.9 16.4 12.74+0.61abc 10.4 6.4
25%WI 23.14+0.14a 55.1 30.0 13.47+0.42a 16.8 12.5
50%WI 23.12+0.41a 55.0 29.9 13.56+0.14a 17.5 13.3
CKl1 (P<0.05) The relative increase is the increase as to CK1.

Different lowercase letters within the same column indicate significant differences among treatments at P < 0.05.

2.2 4 ,
4.32~14.72 kg'kg ™, 25%WI
CK , , 50%WI  50%WB, 3
, ; ,25%WI  50%WI
, 25%WB CK1 CK2
> > > 31.54~41.95 kg'kg ™',
> ( 4 , 25%WI , 25%WI , 50%WI
50%WB  25%WB, ;
, CK , 25%WI  50%WI
72.6% 89.5% 25.3% 23.3% CK1 CK2, CKI CK2 25%WB 50%WB

19.02%~48.57%,
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, 25%WI , 50%WI 5 25%WI
50%WB, ; , 25%WI 32.27~37.42 kgkg ',
50%WI  50%WB 25%WI , 50%WI , ;
25%WI
, 6.85%~22.36%,

1.22~6.37 kgkg ', 25%WI , 25%WI

, 50%WI, 50%WI

x4 TRIFERBEKNE R LR E R/ NERFREFRBEHF B ERMZ I

Table 4 Effects of different swine slurry application treatments on N uptake and utilization in a maize-wheat rotation succession
Maize period Wheat period
Treatment Grain N Aboveground ~ NAE NPE ANR Grain N Aboveground NAE NPE ANR
uptake N uptake (kgkg ") (kgkg ") (%) uptake N uptake (kgkg!)  (kgkg) (%)
(kg'kg™) (kg'kg™) (kgkg)  (kgkg)
K 77.98+ 130.20= — — - 132.09+ 172.95% — — —
1.95¢ 0.25d 1.04c 1.16d
CK1 94.64+ 175.84+ 4.32+ 31.54+ 19.02+ 142.10+ 185.28+ 1.22+ 32.27+ 6.85+
5.30d 1.14c 1.96d 1.90c 3.86¢ 1.21b 1.34c 0.40d 0.40d 0.75d
CK2 103.08+ 184.98+ 5.98+ 33.20+ 22.83+ 148.03+ 190.93+ 1.85+ 32.90+ 9.99+
5.76¢cd 0.41c 2.04cd 2.04bc 2.75bc 6.79b 5.45¢ 1.13d 1.13d 3.03d
25%WB 108.72+ 194.67+ 9.52+ 36.74+ 26.86+ 158.75+ 203.20+ 4.53+ 3557+  16.81%=
4.34c 0.40bc 1.39bc 1.39abc 10.29b 2.13a 1.94b 0.40c 0.40c 1.08¢c
50%WB 122.48+ 226.40+ 11.34+ 38.56+ 40.09+ 160.05+ 203.98+ 4.92+ 3597+ 17.24%
8.50b 0.55ab 2.77ab 2.77abc 14.36a 1.03a 3.87b 0.29bc 0.29bc  2.15bc
259 W1 134.63+ 246.77+ 14.72+ 41.95+ 48.57+ 165.47+ 213.20+ 6.37+ 37.42+  22.36+
2.00a 0.14a 0.50a 0.51a 4.60a 3.52a 5.33a 0.29a 0.29a 2.96a
50%WI 133.29+ 246.17+ 14.54+ 41.76+ 48.32+ 164.81+ 212.48+ 6.10+ 37.15+&  21.96+
5.89ab 0.41a 1.33a 1.33a 3.88a 2.99a 4.07a 0.62ab 0.62ab  2.26ab
NAE: ; NPE: ; ANR: (P<0.05) NAE: N ag-

ronomic efficiency; NPE: N partial productivity; ANR: apparent N recovery rate. Different lowercase letters within the same column indicate signifi-

cant differences among treatments at P < 0.05.

2.3
1 2
, CK
, o,
CK1 )
29.9%~64.4%,  50%WI ,
1.14 kg(Nyhm=d'(  1A) 1
26.1%~39.3% , ,
4 [~0.5 kg(N)'hm*-d™],
5 [0.55~0.92 kg(N)-hm2-d'],
6 [~0.3
kg(Nyhm2d']  CKI , CK2 25%WB 50%WB
25%WI  50%WI 6 d
37.9% 34.8% 26.4% 38.6% 48.6%( 5)
, L,
58.2%~60.7%(  1B) ,
, 6 [~0.3 kg(N)-hm >d ']
3 4 ,25%WI 50%WI

CKl, 9.7% 13.5%( 3 )
13.5% 19.9%( 4 ) ,
25%WI  50%WI  CKl1 11.6% 16.6%,
CKl CK2 25%WB  50%WB
( 95 1.46%~4.92%,
14.24%~14.65%
7.85%~9.78%(  5)
, 2,
CK1 ,
5.9%~21.7%,  50%WI ,
2.76 kg(Nyhm>d™'( 2A) 2
28.8%~33.4%
, , 6
[<0.5 kg(N)hm*d'] CKl ,

CK2 25%WB 50%WB 25%WI  50%WI

6d 14.1% 20.6%
11.4% 162% 29.0%( 5)
9 2 9
32.8%~34.3%( 2B) ,
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FEALG AL Days after fertilization (d)

1 ATREIEHABKEEARLIET EXRELHQ)FIBRS®B)HSHRRERE
Fig. 1 Temporal variation of NHj volatilization after basal fertilization (A) and top-dressing (B) in maize growth period under dif-
ferent swine slurry application treatments
(P<0.05) Different lowercase letters at the same day after fertilization indicate
significant differences among treatments at P < 0.05.

45¢
4.0
35
3.0
2.5
2.0
1.5
1.0
0.5

0

oCK B CKl1 B CK2 A
@ 25%WB 50%WB  B825%WI
| 50%WI

bbbcab ¢ aabp ab
. ccc  Adabib ba
4 5 6 7 8

B

35
3.0

i

25¢

Lr

20F

& R NH, volatilization flux [kg(N)-hm™-d™']

15t
Lot
0.5} bf:

]

0

HEHE ) K KL Days after fertilization (d)

2 TREIFEIFHBEK i A AL 3 T /) 32 2 AR HA (A)FIE AR #A (B) BY |HEBUE
Fig.2 Temporal variation of NH; volatilization after basal fertilization (A) and top-dressing (B) in wheat growth period under dif-
ferent swine slurry application treatments
(P<0.05) Different lowercase letters at the same day after fertilization in-
dicate significant differences among treatments at P < 0.05.
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Table 5 Amount of NH; volatilization and the proportion of applied N lost as NHj volatilization at basal fertilization and
top-dressing stages in maize and wheat growth periods under different swine slurry application treatments

NHj; volatilization [kg(N)-hm%'d*l]

N lost as NH; volatilization of the applied N (%)

Crop Treatment

Basal fertilization Top-dressing Total Basal fertilization Top-dressing Total

CK 2.62+0.06d 1.86+0.15b 4.48+0.12d
Maize CK1 8.52+0.62a 19.44+0.08a 27.96+0.66a 4.92 14.65 9.78
CK2 5.29+0.68bc 20.24+1.24a 25.54+1.57abc 2.23 15.32 8.77
25%WB 5.56+0.55bc 20.35+1.06a 25.91+1.35ab 2.45 15.41 8.93
50%WB 6.27+1.26b 20.18+0.57a 26.45+1.82ab 3.04 15.27 9.15
25%WI 5.23+0.73bc 19.49+0.76a 24.72+1.26bc 2.17 14.69 8.43
50%WI 4.38+0.47¢ 18.95+0.02a 23.33+0.48¢ 1.46 14.24 7.85

CK 1.16+0.05f 1.31+0.13b 2.47+0.11e
Wheat CK1 11.88+0.16a 8.80+0.14a 20.68+0.23a 11.91 8.33 10.12
CK2 10.21+0.45bc 8.47+0.14a 18.69+0.57bc 10.06 7.96 9.01
25%WB 9.44+0.15d 8.69+0.19a 18.13+0.31¢ 9.20 8.21 8.70
50%WB 10.52+0.22b 8.62+0.12a 19.15+0.31b 10.40 8.13 9.27
25%WI 9.95+0.16¢ 8.58+0.23a 18.53+0.35bc 9.76 8.08 8.92
50%WI 8.43+0.23¢ 8.79+0.11a 17.22+0.26d 8.08 8.32 8.20

(P<0.05) Different lowercase letters within the same column indicate significant differences

among treatments at P < 0.05.

. ; 6 (37 (6) . CK ,
[~0.5 kg(N)-hm>d'] CK1 CK2 25%WB 50%WB 25%WI 50%WI
, CK1 , CK2 25%WB 0~100 cm
50%WB  25%WI  50%WI 6d 159% 38.3% 64.4% 89.2% 72.0% 31.7%
9.7% 12.3% 7.4% 10.4% , ,
16.7%( 6) 8.08%~11.91%, NO;-N “S” ,
7.96%~8.33%, 20~40 cm ,  60~80 cm
8.20~10.12%( 5) ( 3B) 6) , CK ,CK1 CK2
2.4 NO;3-N 25%WB 50%WB 25%WI  50%WI  0~100 cm
, , NO;-N 53.7% 74.5%
, 40~60 cm 74.4% 93.7% 81.0% 69.8%
IR A Soil NO,-N Tmg(N)-kg™']
o0 10 20 30 0 10 20 30 40
A
20
40
E oof — K
= —&— CKI
5 80r —a— CK2
o 100 | —o— 25%WB
% —e— 50%WB
,ﬁ, 120 | —o— 25%WI
—o— 50%WI
140 |
160 |
180 1

3 AEFEIFZARKNERGIET EKA)FNEB)KIKE 0~180 cm TIEH W NO-N 777

Fig. 3

Soil NO3-N contents in 0—-180 cm at harvest seasons of maize (A) and wheat (B) under different swine slurry

application treatments
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2.5 - - , CK ,
0~100 cm Nimin 50.8%~
- (0~100 cm)- 87.9%, 50%WB Nnin , CK2
6 25%WB  25%WI
( ) CK ,
0~100 cm - 5
( Nuin) 49~6.1 ; CKl ( CK )
0~100 cm ( , 6.2%~16.6%,
Ninin) 50%WI CK -129.9
kg(N)hm?,
39.6~140.7 kg(N)-hm?, CK1 ,
, CK Ninin 59.0%,  50%WB , 25%WB  50%WB  25%WI
Ninin 24.2%~25.2%; 50%WI ,CK
( ) [32.3 kg(N)yhm ], CK1 [423.3 kg(N)yhm ],
51.5%~532% (  6) CK2[409.2 kg(Nyhm 2]  25%WB[391.3 kg(N)-hm?]
, 50%WB[376.7 kg(Nyhm™?]  50%WI[357.4 kg(N)-hm ]
303.1~460.0 kg-hm 2, CK<CKI<  25%WI[355.3 kg(Nyhm?], 50%WB 25%WI  50%WI

CK2<25%WB<50%WB<50%WI<25%WI

R6 ARIEHEKEMLETER/NERERHALIEWO0~100 cm)-(EY RERR T T8

Table 6 Apparent N balance in soil (0—100 cm)-crop system in a maize-wheat cropping rotation succession under different swine

slurry application treatments kg(N)-hm’2
N budget CK CK1 CK2 25%WB 50%WB 25%WI 50%WI
Fertilizer N 0.0 420.0 420.0 420.0 420.0 420.0 420.0
N input Seeds N 7.5 7.5 7.5 7.5 7.5 75 75
Deposition N 23.0 23.0 23.0 23.0 23.0 23.0 23.0
Irrigation N 12.0 12.0 12.0 12.0 12.0 12.0 12.0
Initial Ny, 197.8 197.8 197.8 197.8 197.8 197.8 197.8
Straw N 95.1 124.1 124.8 128.8 146.8 155.0 155.8
Total input 335.4 784.4 785.1 789.1 807.1 815.3 816.1
Crop uptake N 303.1£9.7d 361.1£9.7c  375.9+11.4c 397.9+23.6b  430.4+37.7a 460.0+7.1a  458.6+12.9a
N output Nuin Residual Ny 155.2+7.0d 233.9+27.2c 263.6+21.5abc 264.8+13.2abc  291.6+10.62a 272.3+4.0ab 255.9+9.7bc
NHj-loss N 6.9+0.1d  48.6+0.7a  442+1.1b  44.0+1.4b 45.6+2.1b  43.2+0.9b  40.5+0.3c
Other N loss ~129.9+16.6d 140.7+33.2a 101.4+31.0ab 82.4+37.1bc  39.6+259c 39.8+3.8c  61.0+8.5bc
N surplus 32.3£9.7¢ 423.3+9.6a  409.2+11.4ab 391.3+23.6bc  376.7+37.7cd 355.3+7.1d  357.4+12.9d
Nnin: (P<0.05) Npin: mineral nitrogen. Different lowercase letters within the same

row indicate significant differences among treatments at P < 0.05.

3 g ' ’
3.1 NO3-N
R 50%
1.46%

1.46%~15.41%, 8.08%, s s

7.85%~9.78%  8.20%~10.12%,

[25] [26] _

’ [27]:
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NH,HCOs, NH;-N, NO;3-N
. [33] [34]
NH; NO3-N ,
, ; ; NO;-N ,
(5~10 cm) [34] ,
: NH,; ; , 20 kg(N)-hm™>
[28].
; s . 80~100 cm NO3-N(~18
- NO;-N, kg-hm2) -
) 320 kg(N)-hm?, , 420 kg(N)-hm™
.
NH;-N, ) pPH 5,
) NH;-N
[30].
NH3 [31] ,
25%WB 25%WI : :
b b N
. 50%WI ’
’ [34-37]
) (5~10 cm) > )
- , NO;-N , , ,
, 25%WI,
[24] Martinez B9
NO35-N , , ,
, 2] 200 kg(N)-hm? | : (7]
, (5~10 cm) , 240 kg(N)-hm™
NO;-N 0~20 cm s s > >
NO;-N
s : ( 80 cm [61 R
), NO;-N : , SAPD
NO3-N
s NO;'N ) )
, NO3-N 60 cm 3% Dobermann®
, <30 cm, 10~30 kgkg
30~60 cm , 40~70 kg'kg™ 30%~50%
60 cm ,25%WI - 50%WI
, ( 50%WB
[33] , , ), 180 kghm™ ,
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25%  50% ,
b b 0
[41]
, , 240 kg-hm™ 184 kg(N)-hm™? , ,CK
: 25%N  50%N s 25%WI
, , 0~100 cm
50%WI
510 em 25%WI , 25%
50%
B 1 ,
391 162
kg-hm™,
7.05 Mg-hm? 9.8 kg-kg™ ’ ’
51.6 kgkg™! 26.1%; 169
kg-hm ™2, ’ ’
572 Mg-hm? 8.0 kgkg'  43.0 kgkg™ ’ ’ ’
28.2% , ’
7.05 Mg-hm™, 25%WB  50%WB ’ ’ (0~100 cm)
s ~ cm)-
25%WI  50%WI 9.8 kgkg™,
, 25%  50%
26.1%, ,
51.6 kgkg',
5.72 Mg-hm™, 4 Zie
8.0 kgkg™,
43.0 kg'kg ™', 28.2%
F ( 25%  50%
240 kg:hm? 180 kg-hm™);
, (197.8
RIS,
kg-hm™), ’ 50%
; ’ > > > s
25%  50%
- (0~100 cm)-
’ , 25%  50%
,  0~100 cm ) ’
25%  50%
100 cm : S %2 Hk References
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