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Effects of Different Water and Nitrogen Managements on Soil Nitrogen
and Fertilizer Nitrogen in Maize Field

ZHANG Zhongxue'? LIU Ming'” QI Zhijuan'”
(1. School of Water and Civil Engineering, Northeast Agricultural University, Harbin 150030, China
2. Key Laboratory of Effective Utilization of Agricultural Water Resources, Ministry of Agriculture and Rural Affairs,
Northeast Agricultural University, Harbin 150030, China)

Abstract; In order to solve the problem of rational application of water and nitrogen under irrigation
conditions in Northeast China, an experiment with three irrigation levels (W1 :40 mm, W2 .60 mm, W3,
80 mm) and three nitrogen levels (NI :180 kg/hm”, N2:240 kg/hm’, N3.:300 kg/hm’) was carried out
in the field conditions with "N isotope tracer technique. The results showed that the accumulations of
ammonia nitrogen and nitrate nitrogen in the 0 ~ 100 cm soil layer was increased with the increase of
nitrogen application, so did the contents in the different layers. The ammonia nitrogen accumulation in
60 ~ 100 e¢m layer and the nitrate nitrogen accumulation in 80 ~ 100 em layer were increased due to the
increase of irrigation amount. The soil inorganic nitrogen residue and nitrogen surplus were increased with
the increase of nitrogen application, however, the crop nitrogen absorption was decreased first and then
increased. The nitrogen surplus and apparent loss was decreased first and then increased with the
increase of irrigation water amount. The accumulation of fertilizer nitrogen was increased first and then
decreased with the increase of nitrogen application. The proportion of accumulated fertilizer nitrogen was
21.27% ~31.23% , and the proportion of residual fertilizer nitrogen and nitrogen loss were increased

when 300 kg/hm” nitrogen was applied. As the nitrogen in maize plants, of which 66.70% ~75.05%
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came from the accumulation of soil nitrogen. The accumulation of soil nitrogen in maize plants was

increased first and then decreased with the increase of nitrogen application. Combined with the effects of

different water and nitrogen management on inorganic nitrogen residue in maize soil, soil-crop nitrogen

balance and the fate fertilizer nitrogen, the water and nitrogen combination of 60 mm irrigation and

240 kg/hm’ nitrogen application can ensure the full utilization of fertilizer nitrogen and reduce the residue

and loss of inorganic nitrogen.

Key words: maize; water and nitrogen management; ammonia nitrogen; nitrate nitrogen; nitrogen

balance ; isotope trace technology
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1.1 R XHER

RIGT 2018 4 4—10 H 7ER VA HEM BKFIR
RIS T, IR T 45°17'N 125°35'E , J& K fili
PEIRFEH S, AERE W B AE 400 ~ 500 mm Z [1], -
YI7& K & 1 733 mm, A AL BLE 2 845°C, JC FH
138 d, J& 55 —FHR A, a0 - R ik iRk R85 1
TR X 4 85 1K RN 31.78% , +3E pH {H
6.4, FHEAPLT A A 2 A E
AR R ALER B (R EL) 40l o 28.20 1. 41,
0.88.19. 86 .0. 13 .0. 04 0. 21 g/kg,
1.2 REigit

IR B K ERURTEAR 2 MR HEKE
B 3 AR W1(40 mm) \W2(60 mm) \W3(80 mm)
RIEH R E 3 A KF R N1(180 kg/hm®) | N2
(240 kg/hm?®) N3 (300 kg/hm?) , Bl A 10 AEL it FF 2
14 90 kg/hm?, 7] B 15 B AN it 0 N T K 14 X BR
(CK) &b3l 3t 10 b s BN b8 3 kA, 4L 30
ANK, B/NXKE 104 m? (10. 4 m x10m) , BA
LR T 67 500 ¥k, 45 /NX 2R FH 65 em /NZEFAE,
INIX 16 4578 BRIE 23.0 em, AR X TEE R 5 m, I3
PATSEER 1 m BB R 1.3 m(HI 2 5528)
T2 /NXIE o 3 X, B XCR T 2.0 m W
0.6 m (5 0.4 m ARREZAEI AL, Kk R E s 20 3l
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EA L R S 0 R AE b
%5 cem,

G A A IE R IR R (AU 75k 46% )
R e (BT B 18% , o W i 20 B 46% ) Al
TR (4 5 2 4 0 58% ) |, it NE Jy XM Uit , A7
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Wl AT 2% A P 0 A R L S S AL it A
RIE 172 BEIEREREA , T4 12 R Bl A L it
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B AT HEAK 6 H 30 HIB AR, Ut IR 2, #1530 7
A1 HEEK HhEE 7 A 20 H#EK,

W98 R H 5983 AURRAE Uik (WEI1 42 9. 0 ~
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AR A3, PR WSk SRR /N TN B
TR 7K UR A7 25 b b 7K, A T AR i 1 7K 2 42 il
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1.3 WMNABKFE
1.3.1 fHHRE A

SR G DX HURE | A ARV b 3R BCT
A FH R AR W25 25 P A IR ph e T, KA AR AR )
EAT A ,105°C F 4% 30 min Ji5,60°C T
A AL B TS BRE S BCE AT e
L AHEFRE TP a8 TS R HERES AL
JERE ik 80 H i fF 1R 2], >R M H,S0,~ H, 0,14, Ht
MG, R A8 SEALAnalytical 23 /] 42 7=
) AutoAnalyzer — 6 Il 7835 51 43 B A3, 0 2 1l 2 0
MRAS 4 B AR AL
1.3.2  HHEE AR R 2
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R RVZIR A o K353 1 FE 105°C T8 28 48 & i
&, IR A RS KOR R SRR S
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KC1IZ 42, 3 FH AA3 Y 3% 22 3 3 40 1 X ( Seal
Analytical GmbH, #E[E, RHE 0.001 AUFS) il
TS EMER EBAA  HEEA SR,

R R A A ()57 28 00 2 78 AR ARl K2z Rl Ak
TS BB A G UR o 25OR) FH B A S = SE L, SR T R 41
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TR RN R
1.3.3  FHCHERITA

R AR BRE IR ALY
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Krf D, —HRT YR, g
N,—EHR &A%

TR A Z R IR TIERF AR W E o it A0l
Ny=(N =N)/(N,-N) x100%  (2)
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Ny =1 =Ny (3)
X AR AR N =

eI

N, ——RIREN EEEARUE(E (0. 366 3% °N)
N—"NFRERE N
R ILEI AR 2R &N N, SHKRE R B2H
I,
Fitkrh HIRAR R N, SHHRAR R
AT,

#)2 BN AR Btk S0 A 0t
B RD
T, =pVN, (4)
K T —HKEHERAE BE kg/hm’

p— K E TR g/ cm’
V—%% 2 BIEARF m’
N—% 2 T IEL AR, o/ke
NERFR TR B (N, TR AN
Ny =(N,=N,)/(N;=N)T, x100%  (5)
A N,——X P RS N
JEAL A 2 i A it R o A AR B R AR R
FUERALR A Lk . S5 E e
A0 ~100 em HEA R FHEHSE, HHETHLA
e TRREE S HIEAE  ETILA S ®N
FeRRBR LA 10, TR R 0 b R ANt 20 XA
Rim 5 AR X - e TCAL AR B it 0 A AN it A
X R LA R, DA RFRUHLE R
A B R G TTHUA R ARG e
=B I FAE A N SO L AR B L A
RRARENAR UK 7 SR 5 T TR
R A
1.4 ZiEAE
K HH Microsoft Excel 2010 12 5244 , SPSS 16. 0
i1t oy Mrk e, LSD St T B E R R, R
Microsoft Excel 2010 Z£:1&

2 HRESH

2.1 ARKREENTELTNESENZME
2,11 Sk 3 T S A R

WE 1 arsEn, FRGR S ,0 ~ 100 em 24
BT HLTE 0. 40 ~5.97 mg/kg 22 10), Bl 1 2 %
SR S I AT o v PR AR A R 5 e R B/ MK
N0 ~20 em 20 ~40 ¢m 60 ~ 80 e¢m .40 ~ 60 cm
80 ~ 100 em , Jifi ZALFE A B A R i T CK Ab B,
Hr N3W1 Ab3 0 ~ 60 em + 2SS A R,
N3W3 4bH 60 ~ 100 em + )2 E AR & Ehe .,
[FIVE K 251 B R N, 452 R e A
T RO M )2 N3 KA EER CK Ab 4
TEESAST &SRS T 84.82% ~385.77% ,
N2 N3 ZbFH 0 ~40 cm ESA T R>E CK A HHE &
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31.69% ~174.34% , N1 N2 %&b FAE 40 ~ 60 cm
MY A A & w4, Y 2R EEAE 60 ~ 100 em
A N2 N1 % CK 4b #4275 115.01% ~377.93% .
N3 % CK AbH 7 246. 40% ~786. 33% , i MH & it
RALede T4 2 DI S A SR, MR A RS
T,0 ~60 em 12 AR ik B RE K & A3 i e
AN, HH 0 ~40 em )2 Hil A AL EAE W2 W3 JKF
THEREK WL FRE13.52% ~41.47% , 1 W3 Fl
W2 KT AR & BT ;60 ~ 100 em )2 194
A R BEE A SIS 0 B A A, N2w3 Ak
FREE N2W1 AL FEFE 60 ~ 80 ¢cm .80 ~ 100 em 1 JZ 1Y
BRI A = I8 B 27. 56% (65.23% .,
NH-NJFE L/ (mg- kg ™)

20+

'S
=4
T

1 RRE em
3

80

100t
B T 2 R e A T L
Fig.1 Ammonia nitrogen content in different soil layers

2.1.2 X IR A A A S B RS

WK 2 frs, FRWOGR S AR IR AL EEAH [F] 1 )2 1
SAGENE A TESA, SESAT R LB
FHARL, #E 60 ~80 em )2 1 2 INAHH 5 , 7 80 ~
100 em M2 FRAGE B it R K AL LA CK b PR
AR, B0 ~20 em WIS A S B RS, 5
40 ~ 60 em FEIT , 1Mj 60 ~80 cm FHHK 40 ~60 cm [
TrEA/MERT, MFREREAKAKCE T, b A i A =
P AL F 0 ~ 100 em )2 RS A SR
CK AbFRERFHBA &, Hod N2 N3 A0 80 ~ 100 em +

NO;-NJFi & H/ (mg-kg™)

0 5 10 15
20+
—e—N1W1
- —a— N1W2
£ 40 ——N1W3
b ——N2W1
<3 —*%— N2W2
il —e—N2W3
+H 60 —+—N3W1
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K2 AR HEHSE TR

Fig.2 Nitrate nitrogen content in different soil layers

SRR R 1 W e, 3K 366.37% ~ 656.55% ,
VLIl ZEAEX IR S A & A BRI
(] B 6T 1 23 ) A A R S e . N3 A
N2 KP4+ 2 A A & 2 X8 N1 A 28,
[ N3 () 38 = T N2, A At &K T, B &
KB BIHEI,0 ~ 60 cm BN AR T HE T %
Hat 40 ~60 ecm SR S T A K60 ~ 100 cm
En S HARREKKETHMESA ST =
ik

2.2 ARKEREENTELNEARRENZN

2 1 AL, FOKRIOIR I ,0 ~ 100 em 4 )23 Hr gk
SR BHETE 19.29 ~47.57 ke/hm> Z ], B i
REIIEI,0 ~ 100 em H2ES AN BEE |
FHitas, HAHFREAK AT, &0 T RS A R
YT Tt R0 e A 8 Tl R R i R i AT
0~100cm T 2SR L RHEEREE (P<
0.05) ., JiEALFE 60 ~ 80 cm + /245 40 ~60 cm +

AbPR 5 CK AbPEAS )28 A A R R R B i 22
(P >0.05) ,{/H N3 5 N2 N1 430 ~80 cm + /2

FR,0~100 em T E2EASR R EBEE REK N
AN A AL FE W3 5 W1 KE T A R
ZEREF(P<0.05),1M W3 5 W2 LB 2R,
0 ~60 cm 125 A B R B A HE K & 14 2 5 1
WD B NIW3 AR FEAR 60 ~ 100 em + 284S A &
FRU it [ 25 VR /K S ) B85 I T 34 o

1 FRALBRRLEHESANERE

Tab.1 Ammonia nitrogen accumulation of different

treatments in different soil layers  kg/hm’
A T2 E/ cm ot
0~20 20~40 40~60 60 ~80 80 ~100

NIW1  8.61% 6.29¢0 3.74" 3,91 219" 24 74°
NIW2  6.42°0  4.55¢  3.27% 4.02" 2.46" 20.72f
NIW3 578  4.00¢ 3.04™ 4.82" 2.32¢ 19.96'
N2W1  10.06> 10.11> 3.86"™ 3.95% 2.68" 30.66¢
N2W2  9.56%  7.57°  4.64> 4.65" 3.23" 29 65¢
N2W3  7.96°  6.83¢ 3.70™ 505" 4.43% 27.97¢
N3W1  14.32% 13.49° 7.80°  8.42* 3.54™ 47.57°
N3W2  13.58% 10.62" 7.47%°  9.36% 4.70® 45.73%
N3W3  11.18" 10.43" 6.83* 9.69* 4.96° 43.09"
CK 7.65%  6.15¢  2.89¢ 1.32¢ 1.28° 19.29'

T AR NG PRI 5% K 225 B3 T,

2.2.2 XY A S R R R 1R R

H2 2 ATAN, BORIER)E 0 ~ 100 em )2 AH A
A B M8 1E61.37 ~126.70 kg/hm* Z Ja] |l F 1
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Tab.2 Nitrate nitrogen accumulation of different

treatments in different soil layers  kg/hm’

e TR/ em e
0~20 20~40 40~60 60~80 80 ~100

NIW1  27.09° 24.51™ 16.83" 17.32¢ 9.23¢ 94 98¢
NIW2 23,087 22.28° 14.46° 16.34° 10.06° 86.22°
NIW3 22,619 18.50% 14.23° 16.90° 12.13° 84.37°
N2W1  30.85" 26.38" 18.41> 21.43" 11.32% 108.39"
N2W2  27.77¢ 24.14" 15.85° 21.10" 12.68° 101.54°
N2W3  24.64° 19.52¢ 14.88° 19.15° 14.12* 92.34¢

N3W1  33.41* 31.10° 21.38" 25.87° 14.94" 126.70°
N3W2  31.99** 29.33* 20.74™ 23.59" 16.26" 121.91*
N3W3  27.12¢ 26.11" 19.46® 22.08" 18.36" 113.13"
CK 20.53¢ 17.25% 10.03% 10.53% 3.03¢ 61.37'

A 2w A A A PR AS S R R A I B TS
Ro MEAEALFEO ~100 em T 2SR B2 CK
AEPEAT I B AR . 0 ~ 100 em + )2 AR B EFE
it 2R P S I e g A RIE K KSE TR AN
[l it A B2 [R] 35 22 5 B35 (P < 0.05) , [ i 4% )2
- S A G R AR 3% i it 2R G A AN [
J,0 ~20 em HE2MESA RHEINEREZ ., N1,
N2 N3 Jili &K T4 )2 TSR 2R CK Ab
PRI T 2. 08 ~ 12. 88 kg/hm*;80 ~ 100 cm + 2 A
R BB & T HALZ 3% BEE FEK =R,
0 ~100 cm +ZHE A A B 2 Bk it 3, HoAH
[ A 5 W1 A W3 K TSR 2R EE
FRFE(P<0.05), B NIW2 A N1W3 4bH4h ) H
b TR S A R AR ALE 0 ~ 80 em + JZ Y BETE K &
FIBE TN/ 5 76 80 ~ 100 em )2 il 25 7 7K 4 b 184
JinisgAn, [ 80 ~ 100 em A A ZEAE 1 0 ~ 100 cm
B LB W1 ZKSE R 1) 27.43% ~ 28. 67% 14 i 5
W2 W3 /KT 28.62% ~37.82% . HEKE K14
JNfHiA3 0 ~ 80 em YA R BLEREAL, #1780 ~

100 em 3RS AR B, W TSR MIRZE L
R AU
2.2.3 X H3EAEY OV 1 5

M2 3 AT LA it AU B R R A
HERHA 5 HLik 5] 40. 38% ~53.02% , #& i THLA I
Ak A 5 19.92% ~ 25.28% Fl 27.06% ~
34.34% , iy th i VR Y W& S L 47.54% ~
63. 60% , R EH I EZ =, Rt Rl N
FOR AT WA i 52 0SS 1G5 D ke A, N2 W3 4k B
B, 5 N2W2 A PR AR A AR SR, W2
W3 AT FRAEWICEE W1 A B (P <
0.05) , MR K KT, N2 N3 AbHE 5 N1 Ab # 22
SRE (P <0.05) i A KL BRI R CK AL A B
MR MAALFE 0 ~ 100 em )2 SR B LA
R A LR 23.40% ~29. 63% , TCHLA R
S CK AR 8% (P <0.05), THLARE
T AR N3 N2 NI A R 2K SE R,
PUESR B il 2R By W1 w2 W3, H W1 Al
W3 b2 R & (P <0.05) , N3 KFH 3 Akb B
ToHLE R B A F) 156. 22 ~ 174. 27 kg/hm?, 5 N1 |
N2 AbF 2 R B3 (P <0.05) . U8 & 5l
TR R 10. 46% ~25.60% , W1 4k FH 26 WL Hii
Pt it i, W2 Ab B UL G i d Ik, N3 il =
Z1TR A TR] i 20 2 AN [R) 9 K f Ak B ) 2R OUL 6 2R
HERDBE(P<0.05), AEBARHKI/NEN
& N3 N2 N1, N2 N3 JtiZUKFF, AR BN EE
TR KRG 0 2R B A Se RIS 3, 3 5 W 2k
Y RLAAR A o Kbt A 3R B ) A% T4
Pr¥fis CK AL A Wl 4, HIg R 34 2 R
(P<0.05) & "B /KEAE A DT HIEAEY A
A R G5 ) A B = AR R R > 1 AR R
J7 ) & R, X615 24 7K R i AR B R 4 R ) AR AR
EH .

*3 AELAELEAEYRTE

Tab.3 Soil — crop nitrogen balance of different treatments kg/hm’
s RN il RERAR
it R FEHT LA = H A fEmlcE THLAESRE R ARWARAE
NIW1 180 112.7 153. 09 211.93¢ 119.72¢ 114. 14" 233. 86
N1W2 180 112.7 153.09 268.23¢ 106. 94° 70. 62° 177. 56"
NIW3 180 112.7 153. 09 260. 57 104. 33f 80. 894 185.22f
N2W1 240 112.7 153. 09 267. 66° 139. 05° 99. 08¢ 238. 13
N2W2 240 112.7 153. 09 321.67° 131. 194 52. 93! 184. 121
N2W3 240 112.7 153. 09 288. 34" 120.31° 97. 14¢ 217. 45¢
N3W1 300 112.7 153. 09 252. 474 174.27° 139. 05° 313.33¢
N3W2 300 112.7 153. 09 319. 81° 167. 64° 78. 344 245. 98¢
N3W3 300 112.7 153. 09 286. 42" 156. 22" 123. 15" 279. 37"
CK 0 112.7 153. 09 185. 13" 80. 668 08 80. 66°
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2.4 ARKEREEEKRTLERENFA

A 4 DTN, B it 2R A3, TR AR 1 4
RE R R IEH 5 G [F—#E KK
N2 b FHAE N1 PRS2 7.37% ~22.39% ,N2 kb 3j
5 N1 AP R 5 2 (P <0.05) . N2 N3 Jifi &K F
TR R R B R B A TR KR A B g3
AR 2L W1 W2 W3 KT B R bR 1 R B
HZEFEE(P<0.05), Y& &} 180 kg/hm’ i,
W2 W3 Zh B AR+ A R (H S W &b
HESEE(P<0.05), 456K 3 ML 4 LIE
W AR AR A 66.70% ~75.05% K H F Xt
TR B, Hob 5 R AR NIW3 Ab B
N2W2 Ah R+ 3R BB A #] 214, 55 kg/hm®,
AR BREMILOIRML, &5 HEAEHEH
KBV Jyo¥ERL W 25 (ZEFIZE8) | FFRL, B
25 BEAh + A R AR R BB L S

%4 FRAMEEXTEGENE

Tab.4 Soil nitrogen accumulation in different

}65.73% ~76.01% 13.79% ~22.78% 3.94% ~
7.41% 3.70% ~5.37% . M0y £ 5858 2R i b i
U G T S22 B ST G U5 e i A A R R R R
SR K S AR IR N, B EE R R, P A
TR AT DM HEZE I FPREXS T A Ry B T 4R
PV K 2 T DA SRR I M g R
2.5 ARKREEXTIERIE X BB

H 5 v, P AR EUKTE N AR IR R R
St ERUIE 25 ) o bR R, XYt 6T A G o &)
300 kg/hm’ ), + 18 N 5% 84 5 5l 0 o b A s 0 3
45 RERRRE A G B8 ARk it 220t R A () 15 i 3%
SIS N B S A AR TR R B R R
FI/NFEP K N2 N3 N1 Fl W2 W3 W1, [ N1 K
A1, F )it 2 ) 8 7K Ak P AR e 0 ) R AR S )
FE(P<0.05), AL A b 2 it 20 i 1 38 i v
T i T I R G/, AR R K i AR
T,N3 KFETF5 N2 N ERAMAREZETBE
(P <0.05) AR A 2 250 T, W1 AR AR A %
PN W2 25 BE(P<0.05), BEEHE KRG

treatments of maize kg/hm’
Il A 8 =N /> N E | A
iE = TSR T T bnﬁjﬂﬁhﬁig%ﬂaﬁ/lﬁiﬁ.m,ﬁ 'ﬁ*ﬁ*ﬂ%ﬂlﬁ?gi’é
N]W] 7 67' 2187‘i 851“ 120 56*‘ 15861“ *HEE"J%%*H&O M%%mﬁgﬁtt%ﬁ, qjjﬂﬁ;ﬁﬁ%
NIW2  12.89%  36.41°  8.45°  142.07°  199.83° S PR R R SRR T Y E e, M R
NIW3  11.84"  28.04° 7.27° 148.42>  195.57° i 240 kg/hm” #4715 300 kg/hm” B, IR R 5% 4 &
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Tab.5 Fertilizer nitrogen whereabouts of different treatments
PRy 1 2 X 3
A/ N
Ab 7R MR N 7/ 0 ~100 em +/Z5% BN $idk it/
(kg-hm~2) LBl % . /% L/ %
(kg-hm~?) BN/ (kg-hm=?) (kg-hm )
NIW1 180 53.32° 29. 62 71.92¢ 39.96 54.76° 30. 42
N1W2 180 73. 54¢1 40. 86 64.09° 35. 61 42.37" 23.54
N1W3 180 63.811¢ 35.45 59. 891 33.27 56.30¢ 31.28
N2W1 240 68. 40" 28. 50 88. 18° 36. 74 83. 42° 34.76
N2W2 240 107. 12° 44. 63 74. 08¢ 30. 87 58. 80° 24,50
N2W3 240 91.20" 38. 00 70. 03¢ 29. 18 78.77¢ 32.82
N3W1 300 63. 811 21.27 123.79* 41.26 112. 40° 37.47
N3W2 300 93. 68" 31.23 115. 52" 38.51 90. 80" 30.27
N3W3 300 78.21° 26. 07 112.41" 37.47 109. 38° 36. 46
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PUEIE 8% B AE 3 DL Rk ok | A8 0 R 4 K 55
AR TR A A A S AR R R TC AL R R
SEHAAEB RN EE A, X AR IE R
) T ALK 2 Wi 7 TR 7K I T I 1 B ZRAE ) )
FH, 38 H 503 A IR e mT DA e A A ) T A S
() 0 A AR AR A, (Yt R A VR e >R B,
HETCHL A SR £ B it A R3S i B, AR
RIGHFE B | A i 240 kg/hm I MEMIRI R K B
PR 4 e 4 R By, X 5 i Se N i F
YL AT, 0T AR K B A 98 A8 R, 24t

300 kg/hm’ i}, JEEZ 80 ~ 100 em + 244 25 A AR 2
Ao CK AL HR = e o Wi, X2 T NO; -N
T R SRR AR X i S U W B 155,
R TK A B IR 2 IR S A ks . ARHIFSRY
HAE 7K S I RRAR T 362 IR B S AR S A
Frim HE T 60 ~ 100 em 2 A EE S A F i .80 ~
100 em +)2RAR & ,80 ~ 100 cm HEZHARAE
BRI 0 ~ 100 em 2 114 A 22 B0 i i 8
PRSI F 2 4 SRBURM I 1 RS, AR
RONFE AT TR L A R S A R 1 FE 2RI,
P 1 IR ML AR HLATE 3 1k,
JERE T RS LA E M R R A EE A
M EIERVEY IR R BT 10 R, AR08 H e A
AR A A =0 E 2RI, A5 P Y i A =
240 kg/hm’ B, Ui A 2 2 15 8] 505. 79 kg/hm*, £
TG F KA A B A U 3t T Bk 2 1 it IR
% 300 kg/hm’ i + 3 TOHL A BB FI A R0 K
o, AR KRR A, N2W2 Ab A R AR
IR, TOHLRUSER B ot AR A AR X AR A K TR
BF W2 VEKIKOE N AR B A 1 W3 KA,
A T Y s+ AEDR R Z T, X S5
TR AE R B, Mo XU b SR A
TFe R AP ORI FH S5 A AFF 52 v 48 S, b 1 SR R R
B R T 2R 19. 87% ~49.85% , 3K 2 41
AR N R 26 oK 38 I8 A% 2 1) iiF 53 h 48
LA 8. 81% ~24. 89% MBI A Z A% B 7E L1,
AIRK 0 ~ 100 em 25N 5 8B &7 LR
29.18% ~40.87% ," N $t 5 & 07 o Lu iy 24.50% ~
37. 47% , H R0 1 Aok B o 340 Bl o it e 2 1)
Fh i, X 5 IR AR AT AE AR, 5K
SRV g & B, KR R B A R LR

77.77% ~84.51% K AT HHERZE , RIIARLSE ¥4
HEKRBEHWARPAE 70% £AKE T HE, X5
ARG FE &5 AR A, 7] B A 3 56 F 9T 45 8 3=
B, BB FOK A2 B LR B KM R FE
B ZE(ZEFNZERY) |, T KR AT LR kR
F AR, AR AN 7R B AR X
AR 22 T HE— 25T, A PR R i AR R
A3 AN 0 ~ 100 em = JZAERIA SR B8 A1 2K R BH I 35
T, Bt 25 K A I N 5 Ak a2 SN S
Ty i 3k B AR U A KA, DR 1
TR R AT R0 2 e RS, AR S R A R 2
R EHEANCE A BB LT AGR  w AE R
RIER A L ISR R i 2 240 ke/hm’ FTiE 7K
60 mm Z514 T WERE A EVE 90T HE AR 20 398 20 1) )
FH B MERR U 2R i R 2 38 A S A K i AR 7E
— R, AT DA B A A 398, OR R - 8RR U, [R)
B RIS 1 TCAILRURIAE R SRR O 8 RURS: , AR 5 T SR AR
JeHbIX T AR T R K R BT AR e 2

4 #ip

(1) B &= AN, 0 ~ 100 em +)2 5
RS G A R R ke, 38 Sk
ATRERR)E TR SR MAA G &, e HZE L
WS A ARG, KA O ~ 100 cm
FERESA HESARHES CK AA# x5 B F
(P<0.05),

(2) BEAKMER AL T N2W2 A IR R B
5,153 321,67 kg/hm? | B F MK B IK, K
52.93 kg/hm* , Ui BH Hp A5t L | HP A /K 2 A A B AR
g fiff + AW RO R G P R E Y I R I
b+ R R T R R

(3) EAMAZ TAE 66.70% ~75.05% K A
Fxf A R, S A E HHER B R R ED N
WRUCHAFRL i ZE(ZEFIZERY) | &5t 20 mT DA it
25 FPROG T R R T 4R R K T LA
PEPEFPRIR L I AR E

(4) AEAeh 20 S o i 2 it 2 o AV /K o P 35
S SR A, 0 ~ 100 em + 2 AERHE AR
FE AR 2008 2 2 12 i o it 280 2 (0% 388 o i 15 0 it
300 kg/hm® i} 2: 1% i 68. 77% ~ 78.73% (K IE KL
RIR R AR,
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