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Optimum-N application rate to maximize yield and protect the environment in a

wheat-maize rotation system on the Guanzhong Plain, Shaanxi Province
YANG Xianlong"?, LU Yongli""?, TONG Yan’an"* ", MA Haiyang"*>, CHEN Yujun"*, DING Yan'?
1 College of Resources and Environmental Science, Northwest Agriculture and Forestry University, Yangling 712100, China

2 Key Laboratory of Plant Nutrition and the Agri-environment in Northwest China, MOA. Yangling 712100, China

Abstract: The objective of this field study was to determine the N application rate which would both maximize yield and
protect the environment in a wheat-maize rotation district of the Guanzhong Plain, Shaanxi Province. The study included six
treatments replicated three times; NO (no N application to either wheat or maize) , N1 (113 kg N/hm’ to wheat + 135 kg
N/hm’ to maize) , N2 (150 kg N/hm’ to wheat + 180 kg N/hm’ to maize) , N3 (188 kg N/hm’ to wheat + 225 kg N/hm’
to maize) , N4 (225 kg N/hm’ to wheat + 270 kg N/hm” to maize) , and N5 (300 kg N/hm” to wheat + 360 kg N/hm’ to
maize ). The study was conducted over 1.5 yr ( maize-wheat-maize ). The effects of N application rate on crop yield, N
fertilizer use efficiency, apparent N loss, and N budget in the 0—100 c¢m depth were determined. The results showed that
annual crop yield and cumulative crop yield both increased and then decreased as N application rate increased. In contrast,
cumulative N agronomic efficiency, apparent N utilization, N uptake efficiency, and N partial productivity decreased
significantly as N application rate increased. Calculation of the N budget in the 0—100 cm depth showed that residual

mineral-N concentrations were significantly higher in the N2 treatment than in the N1 treatment, but apparent N loss and
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loss rates were nearly the same in the two treatments. In contrast, residual mineral-N concentrations were nearly the same in

the N3, N4, and N5 treatments, but apparent N loss and loss rate increased significantly in the order N3 < N4 <N5.

Regression and correlation analysis indicated that excessive N fertilizer application resulted in the build-up of mineral-N

concentrations in the deep soil profile. This build-up contributed significantly to apparent N loss. In conclusion, the

application of 150 kg N/hm” to wheat and 180 kg N/hm’ to maize resulted in relatively high yield and N use efficiency.

These application rates also maintained residual mineral-N concentrations and reduced apparent N losses.

Key Words: wheat-maize rotation system; optimal N rate; yield; mineral-N residual ; apparent N loss
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L, 7=t AN FRSE IS ZE AR, 1 U0 2% b g A ) 451
SRR, T 3 R R 2 R R R TS
Gelrl Ao, Al UL, W RE — A AU B 7 d FER 358 280 0
FRE B SEUME P SO R, AT, R SR Ak T 3 R
SR 1 e L A LT TR R B Y
b N B8 PG 5 A 3k ) 5 AT DA e R AR RIS
AT A e A el R B R PR I 7T R
T, SXAF AR 0 T 24 N N E S5 8P JE H 45 58
P ERERE THER L, IRERERT S
A TEARARER — B 8] AR 23 4k S5 R A A AT
BSR4 STl AL S AR 7 1Y
KA, BVRERCAC i ), [ NS E S8l T8N
S iVI/NTANIE LS iR NS I (7 M ) TR 4]

B TR U 2R SR+ £ B
S S RSO B B 07 1

A TR A K ), [ AN T R TR
SR AR A N, O HEC T R 7 5
RTINS, AR AN T EER AT R
b &R R AR M BCRE | LB K H S IS YOG
FU RIS Z AR P e A LT RN ORI
FJTKREAER b S SRR P 4 T 2 v e 2
f/NZE | FORASFHE AR 00 A S, SR T4 5 AR
DXCAUABARFAIL | - 38 S TR R AL ] J3E 25 O 8 B0 LR
MEFHRDTT D, B2 0 .00 . T I, A 30
i EARNE-FKZESE 3 AP, FiA T % X
PEM 7= 12X AN [5) it S0 K- By i B S FE R B8 0z,
e 2 A R RN A4 B PR {1 — 2 BRIE A Il

1 #R57EE

1.1 5

R T 2011 4F 6 H—2012 4F 10 H 7EBE 6%
PEACAMPBHEL K2R A =0l AT B0 0 kb 5G rh
SR PGER AR 13°C AR L B 993 mm, 4Ry
Rk i 550—650 mm, HZE £ 7—9 A4y, TH
] 184—216 d, J& W2 il 47 ~F W i g S <, AT 4
INE - EKREAER — PR, B 1 FHEKT
2011 46 H 16 H#&Rr 2011 4510 A 13 Hlgk, 46
2 BLNFET 2011 4E 10 A 16 H#ERP, 2012 42 6 H
8 Hlegk, 3 FHEKT 201246 H 10 HIEF,
2012 4F 10 J1 12 Bk, Al 5800 2 1 R + 8
FAIE A R AT AS 2 4 Ll B AL
AR A HLR 15.0 g/kg, 2% 0.91 g/kg, HALHE 4.5
mg/ kg, BEALAN 142.7 mg/kg, 0—100 cm +1R% 2K
(LA20 em 3f) 09 R34 H 73 5l O 1.481,1.589,
1.586.1.467 i1 1.511 g/cm’,100 em +JZ LI LU
1.511 g/em® 358, 0—200 em " J5 A& (il 245 A F B
BRZM) S5 N 43.2.31.7.23.6.25.3 31.7,
30.4.24.9 20.2 22.8 1 25.4 kg/hm’
1.2 REsTT

RGO H A NS T 34— R BE | XU R
BRI ST, HAS A it R B 2R 6 ASAb B3
WHEE T 18 AN/NX /NX AL 5 mXx6 m, H [H]5¢
LAY, S IR LS NO N1 N2 N3 N4
FINS F7n , /NEE 245 b it /i (A&l N o) Mk
0,113,150, 188,225 Fi1 300 kg/hm?, jifl B & ( LA
P,O31) ¥1°0 120 keg/hm® , ANHtiER , K 2t
AEFRAK YR M 0,135 180,225,270 F1 360 kg/hm?, Jiti
Wl RN o (DA K, 0 3F) £ A0 B — 2, 43 31k 40
kg/hm?®Fll 120 kg/hm*, /NAZ | K 5 B 4350 Ry 7 IMIE
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22 FIFRH 958, AMEHIIRE (% N 46%) , BEAL 1%
I BERRES (& P,0, 12%) , BB FH &AL AP (& K, 0
60%) . /N ZETEALHT 40% FACAERE HT— UE O
RIGRIFEA £, 5 60% ZUAE T3R8 5 J5 3419 /i 18 i
FOKZERE BRALAE 5 M A . AUIES 2 Wi, 50%
T 5 w53 50% TRIW O R i, R PR A
S5 Hfth, P TR A5 PR it 2 B A B 2T IBEAEA T
1.3 FEiRESNE
1.3.1 HFERESIE

IR T 4 1 2E PR B AT N 4Z 0—100 em - 85
T, SR PR I E 5 20 em + 2 A9 HIEA T, I AE
TG/ NX PR« S T L R AR TR A B, I 5 SE Rl
For o, B 1 B 3 & EOKRWBGRET, 4 0—20
em 20—40 em -+, 180—200 em 3 10 PMERRE T
o S/NXBENLIRAE 5 A0, R RIR S, TSR &
B SR 5 57 BN [0 5250 S R AR (—20°C ) . — I
IE 57K B NOS-N FIl NH-N, 25 7K f2 2% % B Y
HEF I E . NOJ-N I NH-N 32 24 K8 + AR R
A1t 2 mm i, F 0.01 mol/L CaCl, 242, 2R 5 R H
cleverchem200 [H] Wi fk 27 43 A A %2
1.3.2  FEFRFESCRE S E

SN WORES , RIL— AL (5 mx3 m) /7
ZERE AT 1], R R, 20 AR RIS B 9 8 4
HAE REURFERBIT R Ay R, B EKRIGE
BF, T 7N DX A R RN T 9 35 43 43R SR, 43 I o
FEFFRIBESE &, AR5 45/ X BEALE 20 A4~ £ K AR AN
o REAFAT I, KT S R, SR B i T, DA/ X
SEET TR AR /NS R R AR A A £ 43
FERLFREFE PR 3 AT B /N 22 F0 FOKFE S BE T By
e JRAT, SR A M H,90,-H, 0, 11, R HLE & &
ERUWIER S TR IV SR SO = R o

1.4 BasitaE 55t
AR 2 KA GE Tt 70 M 43 2k ] Excel 2007

1 SAS 9.1 1T, 2 8 HeBCR ] Duncan ¥ | 25 5%

WK P=0.05, 4307 72 B A 358 8 5K

Rt R,

SRR AR (kg/kg) = (A X Rt 5 -XF
HEIX Bt i)/ B AR A

ST RUILA B AR (ke/kg) = (A IX Rt -
XX SR )/ Ot &L X 2R3 I 2 - X i
X BT

ST RNERMANHZR (%) = (A X R TR -4
FEIX BT A ) 7 BT AR A X100

SRR (kg/kg) = A X B A H/ 2
R A

St RN A= 1 (kg/kg) = T U IX Rt 1w/ Rt
RIEHA

BREA N, (LA 20 em 43 2115) (kg/hm?) = 20x -1
ZRHEXN, WE/10

REFMT LA (kg/hm®) = X B X AE 0 &+ X
FEIX SR S AR B N, — X FRIX & AT N, A E R M
Pt (kg/hm?) = HE BB A-TEW R E W k-
T HEERE N

RIERMIR (%)= (A HIEFRE N, - % ]
X SEFREA N, ) /TR X 100

FUIEF MBI (%) = 1002018 26 00 FH % - & e
FEEER B R

2 #R

2.1 AR R AR EY) ™ 8 15
ANt AKX N - R AR R R Lk 3 &

YW= BRI R AN 1 FrR . SRR T B A
] DU R AR R B AL A, A

F1 TRERKFEXHEM=ENFZME (20112012 4F)

Table 1 Effect of N fertilizer rate on grain yield in a maize-wheat-maize cropping season during 2011 and 2012

2011 4FEF K Maize in 2011

2012 H2/NZF Wheat in 2012

2012 4FF K Maize in 2012

L = s = s = s
Yield /(kg/hm?*) Increase/ % Yield /(kg/hm?) Increase/ % Yield /(kg/hm?) Increase/ %
NO 6331+£205.9 b — 6647+354.8 b — 6982+476.2 b —
NI 6610+125.1 ab 4.4 8239+260.4 a 23.9 7955+622.9 ab 13.9
N2 6729+271.0 a 6.3 8518+391.3 a 28.1 8218+280.0 a 17.7
N3 6867+259.2 a 8.5 8211£207.3 a 23.5 7687+841.3 ab 10.1
N4 7001+182.0 a 10.6 8165+340.1 a 22.8 7869+872.2 ab 12.7
NS 6694+147.7 ab 5.7 7982+516.3 a 20.1 7662+326.0 ab 9.8

[FIZ B A [ TR R R 22 57 1K 5% B35 MK
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[FIAFARVEY) 7= f5 I AN F LU AF 7 368, T 2 2 B4
T 38 i 9 AR, L 2 2R I Sy Sl BB N R AIG A B
T 2012 45 B R FhoRE 2488 00 T 95 58, i 2011 4F
24 3300 #£/666.7m*( ¥ 34 cm, 171 60 cm) N
245 4000 ¥£/666.7m* (BRI 28 em , 17 60 cm) , 4540
PR B T 2011 4R HAS[R]AF £y b 38 A 0K 7
0P it 2 ) o o R R — B, B T = T AT
HIL,/NZE N 150 kg/hm® | E K N 180 kg/hm” Fif
(N2), % 2L 3. Z=AF W 1 68 3R AT A0 A 82 19 7 =
(6729 kg/hm” 8518 kg/hm* Fll 8218 kg/hm”) , & X}
WA LB FE NO AR IR N 6.3% 28.1% 1 17.7% ( P<
0.05) . Jifi & = B AR TE — R BE B AR S AFAE
TR O RS
2.2 NIRRT XA R WSR3 e
AN )i BK X FOK-/NAZ - K S 3 AR
R R KR WM F 2 an 3k 2 i, 4558 0
7N, T RURE 0 3 P A b AR R W, BT R

AEFE NO FHE IR A 27.19%—36.2% ( P<0.05) ., BE#&E
AEFRANE &= B3 hn, VR Bt A R Wl 2 ey
TG B &S N3 Fek, iy 757.8 kg/hm?, W3 1w
T N1(P<0.05) , H At ZAL BRI 22 5 AR 3, S T
i 15 5 DA AN [ it S0 S X6 1 4 20 28 W O # 5
ey, FEEHL 5 A E N AME R P 84, #6417 T
3 FEMI ZI, AU 1.4, BA T B B
AN 3N, Rt BN A R AN R
FIFH 2 5 1 2 A AR R 35, IRl 5 BRI R <y =
~0.0083x+10.536 (R* = 0.9365" ) Fl y = —0.0393x +
55.819(R*=0.9845" ) , HH#R4> b3 0] 22 A i 3
XA RE S AP EK P 22 R E RN R, RITA
JIE R S50 R R O A 7 7 TR R 2 I 3 ) e Pk PR AT
B 7 BRI M -y = —0.0018x+2.3997 (R® =
0.9499 " )l y=-0.0572x+76.607 (R*=0.9228" ) , H.
A FRIA] 22 3K B T 5% i B YK, B A
AR

2 AEAERKER=ZFEYRITEEREFF AR (2011—2012 47)

Table 2 Effects of N fertilizer rate on cumulative N uptake and utilization in a maize-wheat-maize cropping season during 2011 and 2012

A

Fita

it

1EW Fit s Fita Zitaue
P VIS ES A B EURINES o ~
A E Wk : . . UG &S A7 71
Kb : . Cumulative N Cumulative N Cumulative N 3 . . .
Troat . Cumulative N - - hvsiological aoparent Cumulative N Cumulative N
reatment uptake by crops/ agfo.n e b ybl(? (,)bma app'ar‘en use uptake efficiency/  partial productivity/
(ke/hm? ) efficiency/ use efficiency/ efficiency/ (ke/ke) (ke/ke)
(ke/kg) (kg/kg) (%)
NO 556.3 ¢ — — — — —
N1 707.0 b 7.4 a 18.9 a 39.3 a 1.8 a 59.5 a
N2 746.8 ab 6.9 ab 18.4 a 37.3 a 1.5b 46.0 b
N3 757.8 a 4.4 abc 13.9 a 31.6 ab 1.2 ¢ 357 ¢
N4 747.1 ab 4.0 be 16.1 a 24.9 be 1.0d 30.1d
N5 715.2 ab 23 ¢ 15.0 a 15.6 ¢ 0.7 e 219 e

2.3 N[t SR AT XA A AR I A ) T A R
347 1 R R

2011 4FF1 2012 4F B KWk fa 35 i 0—200
em 12 NOJ-N 0 2R 550/ &l 1 s, i EA]
WS TR RGN, 2011 4E 4 4L F NOS-N 2
R R R Se bR B #a . 0—20 em )2
ZHEHE,20—80 cm 12 B2 =KL, 80 cm +
2L R B, & 180—200 cm 124
AR NO-N 2, [F—LJZHN,NO;-N Rk
Jite 281 P $85 00 A B L 4 Ak B D 25 O B
100 em 4 JZ LU F i &AL FEAY NOS-N REUE B &5
FXF AL (P<0.05) . Z0ad 1 22 1 Z AR 1) 1 Fh A,

2012 4E KWK 5 , 45 AL HE 0—200 em 1 )2 NO;-N
o35 B 2011 ARG B B il ) TR
Hahn ,NO;-N SRR 2 e hn f5 B AR Ay a3 it & Ak
FHFE 80—100 ecm +)Z A — BRI, 52011 4EAH L,
NO 11 N1 4bHE 0—200 cm +J2 NO;-N S 431 %
% T 30.2 kg/hm*(20.0% ) 11 21.3 kg/hm*(9.6%) , 1fij
N2 N3 N4 Fl N5 &b BEEAK RGN T 51.4 kg/hm’
(22.0%) . 120.5 kg/hm’® (49.1%) . 168. 4 kg/hm’
(68.0% ) F1268.3 kg/hm*(93.1%) , HEFEIZHN, [F]—
FJZ N NO;-N RF i A 1 A 25 5 0 &, Ak 2 it 20 o
MR AR NOS-N Z2FHEHOR
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Fig.1 Effect of N fertilizer rate on nitrate distribution and accumulation in the 0—200 cm depth at maize harvest

2.4 ASIELitE EKE X - e ) &R g/ &R 1 )
Al

FIEANEM R GE 0—100 em )2 1A ZE R P14
(3 Y 3k 3 Fron, AR AW S ZIE %
A GREHT 0—100 em + )28 A5 B AA HLAAY
FOWWAb . R R ISR PR 1 5 S
0—100 cm )20 BT A GR B A K RWBIK, 45

T3 BEY SR R Wk 556—758 kg/hm?,
Bl 2 A S, SRR S n 5 A i
AR B RMB R MR B R B EIN(P<
0.05) o 472 Uit FH Ay 98 2 007 s, AR 4 % HEL Az
3 =Y AR B (556 kg/hm*) FIPEY)
WHRAT G 0—100 em + 28 &5 B B9 AE1E (90
ke/hm?®) TH5A5 3 BVEY) 56 HLA =W 1L &
9 466 kg/hm®, BEAEKHE SN, UG N, F19 10 &8
ME &8 622 keg/hm’, o] 5 /E ¥ & R Wl & 1Y
82. 1%—111.8% , 454 FE AL F LA FH 2R (1) 25 1 Sy
15. 6%—39.3% , i 0 5 A i 38 i i i 2 AR, A

F R A AR it U (N1 UN2) S HE 0, 7 it
AT (N3 N4 I NS) AR B AN B I8, 1 02 204 2K A
5 A A1 it P AR A AN B S 7 R it R A
BN (P<0.05) ,
2.5 A5 /E RIS SRR 2 th ot
S TSRO EVEY) R RIS G A AR
B, 3 REM Bt EAE A - 484, LA
NE WA 2 A AL R RAE S IR 8 bR gk A7
e (E 2) , S5 RM /A BEY Rt
BT 22.3—23.5 v/hm® Z [0], B 3% = T %F A B
NO(P<0.05) , H4iE N 11.5%—17.5%, Kt ZIEH
ST, VR Bt i R R S N JE AR
(R (E i AL B ) 25 S AN W 2 IR LT, N1
FUN2 A BEAH L, =2 Bt i 40 22.8 v/hm? il
23.5 vhm®, TCREZ . 3 FIE R F 50
FIFHZ43 518 180 kg/hm” I 226 kg/hm? 39.3% F
37.3% , i8R E 2R, HIERKT-I71E , N2 Ab Pt
oI 0—100 em £ )20 B A R AR LA B
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(156 kg/hm*F1 160 kg/hm*, 3% 3) | fe4E+FiZ + )2 +
B B AUAS o R B A TR E . AR, N1 AR FE 0—100
em T2 A R EA BB HTH A T 24.4% , 5"
R R T —E /7, iR ks N LT RESs
FEAEW ™ 1 XU R it &, 5 ON2 AR BEAR L,
N3 N4 F1 N5 b FEAAC S A SRR IEIN T 25% .50%

F1100% , MiVEY) Rit =2 R AR E, [, &
JE WA I 2 BB AN T 33% .83% K1 179% , F B 3%
WF R T 15% .33% F1 58% ,0—100 cm 2
W R R R A0 i B R R0, 430k 201 ke/
hm?® 226 kg/hm” Fl 297 kg/hm”, X JC 5E 34 fin 1 Ho ik
AP,

#3 TEABREKELE-EYRLG 0—100 cm L ERWRE FEHRM(3 BEY)
Table 3 Effects of N fertilizer rate on the apparent N budget in the 0—100 cm soil depth

ARSI L Kb Treatment
N budget NO N1 N2 N3 N4 N5
I A Soil N input/ (kg/hm?)
1) BB Fertilizer N 0 383 510 638 765 1020
2)i&4h N, Initial N, 156 156 156 156 156 156
3) B LA Mineralized N 466 466 466 466 466 466
BT A (142+3) Total input 622 1005 1132 1260 1387 1642
T A1 Soil N output/ (kg/hm?)
4) I Crop uptake N 556 ¢ 707 b 747 ab 758 a 747 ab 715 ab
5)5%E N_. Residual N, 66 e 118 d 160 ¢ 201 b 226 b 297 a
6) F ML Apparent loss N Oe 180 d 226 d 301 ¢ 414 b 630 a
BBA N surplus (5+6) 66 f 298 e 385 d 502 ¢ 640 b 927 a
FALFMAI 2R Apparent N recovery by crop/% — 393 a 373 a 31.6 ab 24.9 be 15.6 ¢
FACFEMFE B % Apparent N remaining in soil/% — 13.7b 18.4 ab 213 a 21.0 a 22.7 a
AL Z Apparent N loss ratio/ % — 47.0 b 44.3 b 47.1 b 54.1 ab 61.7 a
oM’ X EEEWHE A RBRIFAX 4 90.0
24.0 ®
da a % . %J a bl 800 o~ =
T 220 a £ %
< 4 70.0 > 5
8 2000 p < 5
= y=0.0606x - 4.3223 X 60.0 S " £
= M 1 60. X i
X 180 R?=0.9636* kLMo
53 Is00 Bims
SE 160 YOREER
e 2 R 8w E
%2 140 1400 = g EJ& <&
ik BEg”
5 120 1300 z 2
.a 5 <
= 100 4200 g 2
k] _ a 3
S y=-0.0393x + 55.819 Gt
8.0 R2 =0.9845%* 4 10.0 < O
6.0 X 1 1 1 1 1 1 1 1 1 1 0
0 100 200 300 400 500 600 700 800 900 1000 1100

SUBH& N fertilizer input/(kg/hm?)

2 EMRUFE.RTEEMNRAE GRIERURAEHEAENXER
Fig.2 Relationships among cumulative crop yield, cumulative N fertilizer use efficiency, apparent N loss, and N fertilizer rate

P AR bR E 5B R Z AR T B 22 573858 T 5% 1 w3 MK F

3 it

PRE E Rk BRAR A MY 22 A9 A 7 BT}, X
BRI R STk ik 50% A2 A b AUIE )R %

2SRRI MR SR, A5 A A 7 o, B AL
AEFH S BRI, A B A 2 B LA, i 2 S
I 338 U P R R ORI T2 R R SR e
IHe—2, 18 3 ok B 4 A R 3 R 1 (/)
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7 :150 kg N/hm*, £ K ; 180 kg N/hm?) Bif , AN [F) 473
VA 34 0T AR AT A X 8 5 1 7 A, /NFE R 6729 ke/
hm?, KK 8368 kg/hm’ (BI4EF-15) , /N FH
FOR M RN AR SLH BT /P 7 BN F
PLEA RS, [FIE,3 FEY) Rty bt A
SRR I R B AR R AR, T UL B AR
HHRE , o & AR AR TR,

FUEFIFH RV ZE A 1 58 5 9 VE Pl
IR A8 AR, (B 32 S8t B AEY) &
RBFPE bl 0 bt B R B AR i Hb A B A A
RE N ZE LA AR Ak, % EEN
- B RFCAER ZAE Y X AR ORI FH B % 78 &
TNz, 356 5 A4 EE P9 AT AR A IR 0 A4
febm , THH T 3 BAEY ZE M R R AR, 4
SR BRA A R A AN B B A6 HoAh 4 484
Py it 20 Sk 0 B 5 R R M RR R B (P <
0.05) . ASHFZE 45 5% WAL HEMF IR
SO A5 B I, Ei MR R )
W B3 FR) A B oAl o (& PP R bR 1 AR I
) AR 2, BIVE X EUIE A FH R
i 2 FH 2 P 388 i A I

AR BN, HHEAFZ KR 8 S EED
A RE RS 2 VR BN R N
KA Z A LLFIFH 0—100 em 1 )2 A6l 25 2L, 1M LA
FIH 100 em HELVFRREASRY . F, A5k
TIEAEY) R G R R R € L 0—100 em + 2
TLFEI T 38, RIDVE P AR 28 %o 5% 43 A 32 8 R i X 3,
SEOLFUT Bl N0 S B B, A1 e R (N
N2) , FER R 2 3G, S0 26 Ak 2R A b A
WIS, 7 b AU (N3 (N4 FINS) 5k B AR A
WIS, T UL 2 R S R ) W . N3 N4
N5 Ab 3 i & W43 2% #2843 0l v Gk 47.1% 54 1% FiI
61. 7% X TCREHG K T X ETT

AR 55T, 2012 4F E K IR S 100—200
em HJZPATTA KT A BB, i A FE A R
FREF 7S 0 g 83.5—259.2 kg/hm*, [ 43H7 B
Z 2 A R R AU %% YR G Bl i 2
SRR 2 0P PR (y = 53.696e>™',
R*=0.9707" ), UiHti A M s, 0 AL % L2
1 2R RO, SRR o it AU Y e o,
— MM B 2 BT, 100—200 em + )2 BAAY A

JER R RUIE 2 L5 2 th R B B 3 (R AT DG 6 &R
(y=2.8478x-125.56, R*=0.9663" ) , i1 ALt
15145 Rb B ER K 41.2%—55.9% , Ui W10 o U7 34
TRIZWEFL(100—200 em) J&= ZUE F UL 2k 117 22
wrZ—, Wi, 78— B E e 100—200 em
W I A5 B A Sy A e SR 8 UL 2 A B ) 6 A
PR Sy ik 6 0 3 U LA T 1 A MR RO 0 LB &
RICEEEPE ZAF B BT UE 2 IR 4 )2, 3038 2o H
g ARk

o e A8 R BT AP RAE Y R (L £
I T EARNE-FA 3 BAEY, HIE B s, il
S5 R AR AR 7w i B — b XA 3
BRS04 B 2 1] RE T B2 AR HE A 22 5 Y H )
RIS N HER, BT LA 56 10 45 S0 75 5 S0k 5% ik —
R UE AR

4 Zig

FEMESE 3 ZEYIR IS 25 i e mh I, 255 % 18
AN TRl it K S A 7= e A5 R AR S5 S5, /N 3 2 it
150 kg/hm* , E K Z=iti & 180 kg/hm* i}, /4 HI GE 3K
PRAHXTH 5 1 7= 2 (/N2Z . 6729 kg/hm*, FKF-3,
8368 kg/hm”) M RITFEMEFHHE(37.3%) , HigdE+y
YEMIARRT S 0—100 em +)2 + 380 i B R A
(i ST (7B Dl SY (RO NI E S 35 2l il e 0
LA I N S 84 ] K 3 28 AR R AT KT (R
it 226 kg/hm® , TR A 44.2%) , FILATH]
AR R BEPY SC T SR AR ) 7 e R SR AL 2 AR
FH ZRUIE A B

Brigh : [A] 4 22 20 MR A0 X AT 45 T 5 D
Fritb
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