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The Comparison of Different Fertilizer Technologies on Nitrogen Leaching Losses and Nitrogen Use Efficiency
in Rice Production——Taking Ningxia Irrigation Region as an Example

ZHANG Ai-ping', GAO Ji', LIU Ru-liang’, CHEN Zhe', YANG Shi-qi', YANG Zheng-1i', ZHANG Qing—wen"

(1.Agricultural Clean Watershed Research Group, Institute of Environment and Sustainable Development in Agriculture, CAAS,

Beijing 100081, China; 2.Ningxia Academy of Agriculture and Forestry Sciences, Yinchuan 750000, China )

Abstract: High N fertilizer and flooding irrigation applied to rice in anthropogenic—alluvial soil often result in N leaching and low use efficien—
cy of applied fertilizer N from the rice field in Ningxia irrigation region in the upper reaches of the Yellow River. Sound N management prac—
tices need to be established to improve N use efficiency while sustain high grain yield levels and minimize fertilizer N loss to the environment.
We investigated the effects of different fertilizer technologies on N leaching, N use efficiency and rice yield. The four fertilizer N treatments
were CK (No nitrogen fertilizer application treatment ); FP (Farmer's practice of application rate of urea at 300 kg N+-hm™, 60% used as base
fertilizer, 20% as tillering fertilizer and 20% as booting fertilizer ); SD ( Controlled—release nitrogen fertilizer at 120 kg N-hm™, all controlled—
release fertilizer was applied as base fertilizer while transplant rice seedlings) and NB ( Controlled—release nitrogen fertilizer at 120 kg N+
hm=, all controlled—release fertilizer was applied as base fertilizer in the seeding soil ). The results showed that the SD and NB treatments
could reduce the amount of nitrogen applied by 60% compared to FP but still maintain crop yields while substantially reducing N losses to the

environment. The SD could significantly decrease the N leaching losses from the paddy field. Under the FP treatment, the leaching losses of
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TN, NO;—N and NH,*~N were 39.89, 26.22 kg-hm™ and 5.49 kg-hm™, respectively. Compared with FP treatment, the SD treatment could de—
crease the leaching losses of TN, NO;—N and NH,~N by 18.97, 11.18 kg-hm™ and 2.27 kg+hm™ The nitrogen use efficiency of SD treatment
was 55.7% which increased by 21.4% compared with FP treatment. NB treatment also could decrease nitrogen leaching losses TN, NO;—N
and NH,*=N by 14.36, 10.14 kg-hm™ and 1.84 kg-hm™ and increase the N use efficiency by 15.7% compared with FP, but it increased nitro—
gen leaching losses of TN, NO;—N and NH,~N by 4.61, 1.04 kg-hm™ and 0.43 kg-hm™ and decreased nitrogen use efficiency by 5.7% com-

pared with SD. Considering the importance of sustaining high food production and minimizing negative environmental threat, we recommend

the SD as an alternative management strategy for mitigating N loss in irrigated rice system in Ningxia irrigation region.

Keywords: fertilizer technology; anthropogenic—alluvial soil; nitrogen leaching; nitrogen use efficiency; Ningxia Yellow River irrigation region

N R IREAEY) - S M E LTz —, hEE
R AR 2R AR e A A S
() 32% , Horp BE K R AL IE R 2 &5 7%, IF 7725
2 95% /e AT AR, T E 5 | W XA TR E
T AT R X EBEE R 9 697 km?, & FR [E e K
it BHEIX 2 — o IKFRIZHLIX FEZEMAEEY),
PAS SR A 300 kg -hm™, 32 5 F 180 kg hm™ 1)
4 [FEPEIAKAER [l B 5 A, KA AR
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Jo % At B R S A5 - H BUR IS/ H
(JICA T H [ H9)), PRIZH I 2010 45 [ #EX 2 i IE
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HIRE J) B R R A A B T DL A 7 HEXT, BN IS
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1 #REFE

1.1 R BG4 R

T 2011 457 T B 5| B X R Sl Rk )
SRR T(106°17°43" E,38°07' 14" N) , J& s et v
A RAE R 1110 m, AR FEK A 192.9 mm,
FEZE KRR 1762.9 mm, 4EF-HIFHE Jy 3 866.3 °C, 133
KEUNHER L B2 R ) 20 em, HIEAE 78 T
FH, RE R S R I pH (I,
BEHAPE T ILER 1o KRS % X I F R 2
— ABHEHEATKF-H 300 kg-hm™?, F AR Ry
FEZZ 5 1E

TKFEAE B I AR R e R R o LI 1

KFEE T NS TN E IR 2.
1.2 iK3&i& it

R I 4 AR B, (1) JEHEXT AR (CK) : ANjit &
NE 5 (2) % ML (FP): R & , &4 300 kg N+hm?,
Tt FH T 60%AE R FERE AU , FLAT 543 BIFE 4 BE
AR BAR AR BB 20% ; (3) 01 453 HE (SD ) : 7K A
L PRI, BRI 100 d AoAy v R L ST R
M2k, R 120 kg N «hm™, 7K R4 R A PR 45 it A
BURFNE R U EAR bt TR — ] 5~8 em AL ; (4)
B AR SR (NB) K AE L R BRI, RR 0% 1A
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Table 1 Properties of the anthropogenic—alluvial soil in the study site

+ 2R R HHLE JEE LB +HERIE Soil particle size/%

Soil depths/cm Bulk density/g-kg”  Organic matter/g-kg™  Total N/g-kg™ Porosity /% Kk Clay Bk Silt ks Sand
0~20 1.39 14.14 10.98 43.15 17.79 52.43 26.91
20~40 1.56 10.42 0.96 41.71 16.70 52.15 25.64
40~60 1.63 8.12 0.75 41.03 27.01 66.71 5.26
60~80 1.50 5.56 0.34 44.82 12.11 31.96 55.93

80~100 1.52 4.48 0.31 43.72 15.96 42.05 42.00
R 2 KBEBAREEHNERKE(mm)
Table 2 Different leakage amount in rice growth period (mm )
ﬂ‘i@ étﬁ:gﬂ Growth stage
Treatment IR 53 BE Zp R PAia i I R JENY
Seedling stage Tillering stage Booting stage Flowering stage Filling stage Harvest stage Total
CK 54.8 306.5 20.7 11.6 40.2 21.3 455.1
FP 82.3 424.8 59.4 33.6 67.4 20.3 687.8
SD 67.4 386.7 35.6 29.3 49.3 27.3 595.6
NB 65.3 364.8 40.5 32.6 54.2 31.4 588.8
0 e TR RO RIS A, G5
| ‘ . HRERRIA
E 0} E 1.3 HmRXESWE
E ol 103 130 kiers
& £
3 < N Sy N S RS
= 100} s = Fe IR G 1.3.5.7.9 d RAEMIA K, Hoax
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ol ERGE DR, P EAMTAL PYC PR 2
NS 9 > M Q > A NS N B N
CCISIC AL AN T A K 150 em, S0

HsJ 18] Date(2011)
B KBEBHNERENERE
Figure 1 Precipitation and irrigation amount during

whole growing period of rice
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#4330 em, LA 100 em + 2 HRE K R EE R
HRARBIRIR SR
1.3.2 FARAE R A

FEKFE AT, B /INK R 5 i URE 142 BE X £
LRORAE | m? WA, Z 5 Hie Bk PR RS FFR A 43T
FHEAE N 70 CATF 20 min, 105 CHET ZEfEE, 144
IR B AR FF AR L, FRE— 252, 5
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em, #3843 30 em, ZEB (W AL A UK )2 [BH, +
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Figure 2 Leakage water sampling device
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Figure 3 Leakage water quantity device
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/ﬁ\: qj ., uptake with N application j‘j ﬁ@ /sz ﬂ Bl ﬂﬁ i %K Ilﬁ /ﬁ‘ % ) kg °
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(LSD), J5 22531k a=0.05 /K LA T,
2 EREHH

2.1 AEIMEPEH AR 337k FE 7= 2RI

Fr A AL FEAN CK AHEL, #05  $2 i 1 K F
77 FP.SD Fl NB AbH/KFE ™ & 53512k 7 098.33,
7 120.00 kg-hm™ F1 6 984.33 kg-hm=(F2 3), Hr SD
AbFRAE CK #2755 110.22% ,FP F1 NB &b F1 43 5 42 =5
109.56%F1 106.20%, {H£5 it I Ab PR 2 [i7) 22 S A & 3
(P<0.05). X FKHIRA SD #1 NB JitihEH A, 78 U8
TEFEAR 60%MTENL T KA AN N, X7 i
FA R 2 s L, A it I Ak BT 8 25 5 = T KR
()45 R, FP .SD I NB Ab 3 (14 78 SR %543 91 1
CK A FE¥E 129.129% ,132.42%F1 120.88% , A+ FP
F1 SD ARHEEL 2 = T NB, {H FP Al SD Z WA
#2557 (P<0.05) , AS[m] &k 3 a] KRS T4 51 22 57
¥ ,SD Kb PEOK RS TR N 29.63 g, 8¢ FP(23.87 g) i
T 24.13% , %8 NB(27.76 ¢) 45 6.74% , Al UL T-ki &
B2 SD 7EAUE A4 FP AR 60% 18 00 T 7K A
A KA R E A E RN 2 —

R 3 AEFEREAIN KFE=EREMMNKEFrIZNT
Table 3 Effects of different fertilizer technologies

on rice yield and its composition

R

b KPR FE%L Panicle TR

Treatment Yield/ Grain numbers/ 1 OOQ—grain
kg-hm™ number x 10*-hm™ weight/g
CK 3 387.00b 71.83b 182.33¢ 25.20¢
FP 7 098.33a 109.33a 417.33a 23.87d
SD 7 120.00a 107.93a 423.00a 29.63a
NB 6984.33a 111.61a 402.67b 27.76b

2.2 AREIMEARH AR & = itk Sk 220
2.2.1 AIEPERA

ANTRNEREE AT A FH A 751 A AV b v sk
SVACCTN )V B2 AR AL AR, it L sHE K 5 19 1~3 d
WP TN Ve B A, B S 20 IR (BT 4), i
A A PRI U TN Ve B SR KR AR SR 1 R
FERF,CK,SD,NB Fl FP AR, iRy W H TN VR 3
FAESF 5N 5.61.7.49 11.66 mg-L™ Fl 17.36 mg- L,
SD #l NB A FEWZR H TN S RHe B 4351 He FP 4b 3
1% 9.87 mg+ L™ i1 5.70 mg- L™, CK &b 3k TN
WP AR A A KRB AR, WAL T
1.75~5.61 mg- L™ Z [a], @ Z AR T HABAL L, 4k 50 d
J5i, B FP ARFRANITAG A BRIV R P TN v B R 2]

20 1

-@-CK

—_ —
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u T
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T

J# Concentration of TN/mg -1

~

0

0 10 20 30 40 50 60 70
S KEL Days after transplanting/d
4 KFEEBHRMAEKD TN F75
Figure 4 Dynamics of TN concentration in leaching water

at 100 cm depth under different treatments

5.0 mg-L' DIF,FP AbPRLAIR T 7.0 mg- L7, ;X KB
FE 50 d FiEA H A R IR I ORI

MR 4 FTLUE Y, KAEA I TN kR & R/
4 FPSNB>SD>CK , itk e A h FP ARFE Ik
Jefrik 39.89 kg-hm=, 5 FP ZbFEAH I ,SD 4bFE TN
R R 47.6%, [A]E SD Ab P4 NB 4bFE TN ik
HINE/D 18.06% it A AL BEAK RS 42 B I TN 9k
P 253 HraE IR R « FP AL IR T AR 43 BER] TN ik
St R T SD Al NB ZbFE,{H SD F1 NB 22 i) 2% 5%
AN HETF FP ARFE,SD A1 NB AR FE TN 2 k5
HJ I = TR, I = B AR AR B TN iRk 12
BT FP by,
222 AR

AN FEEARE AR N KA A T BN R P NOs—N
SASWE 5 R, S FRMEE R NOs-N W A8 (L
I TN LS, RIBER [ HERS 20 TR [RIET
JIT A it JE Ak BRI W NOs—N Yk B4R & T CK 4b
P, CK AbHE NO; =N ¥ & i K{E A 3.89 mg L™, FP
AEBEA 12,56 mg- L7, 5 T 10.0 mg- L ()48 bt
SD F1 NB Zb# NOs—N ¥k fie KAE 535114 5.42 mg- L
F16.06 mg L7, % FP AbPR3 GIEEAR 7.14 mg- L Hl
6.50 mg-L™. J34b,SD AbFEAHA: NB Ab k7 W
NOs—N Ve S5 KAE WA . R P NOs—N e B Al
NE HETBE S5 AR SRR B UIAH G FP AR 2 PGB NE (4
P 10 d F1 23 d)# B0 T NO;—N e i B
INAUEEAEL, FRE FP AD BRI T HNOs—N MR EERY 2 4>
UE{H ,SD F1 NB 4bFE NO,—N ¥kt A7 /Mg R, 3=
BLRAZ AR S > RIS HE K B
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R4 KFBEFH TN KB (kg hm?)
Table 4 The amount of TN leaching at different rice growth stages (kg+hm™)

4 F Y Growth stage
JbH g

Treatment BH SrEE S THEM I i P8y
Seedling stage Tillering stage Booting stage Flowering stage Filling stage Harvest stage Total
CK 1.39b 4.49h 2.43¢ 2.13b 1.07b 0.44h 11.95d
FP 8.41a 19.74a 5.24b 2.57h 2.36a 1.57a 39.89a
SD 1.82b 6.42h 5.12b 3.56a 2.34a 1.67a 20.92¢
NB 1.82b 6.42h 6.81a 5.86a 2.96a 2.11a 25.53b

T « [ — S el J AN ) 7 B 2R AN ) A R ) 22 57 (.25 (P<0.05) . Il

Note: Values followed by different letters in same column meant significant difference among treatments (P<0.05 ). The same as below.

T R TR 4 M AR A 7
5 120 9 NOS =N JH 2 fi i TN k2 ) 63.19~71.9% .
§ 10.0 2.2.3 EEEA
& gl 50 IR AR T ) NIRRT TR NHL =N e J3E 78 1
= 5 TN Hl NO; =N AR[R] (& 6), H B E I R 55—
g£° e, 1 NOS N AFTHe , 7 NHLN VR £ K
40 A B IR AR AR AR K (<3.50 mg - L), Hidp CK
S 20 Ab B A A IV T NHL-N U B BT 0.5
0 ' : - : : : : 357
0 10 20 30 40 50 60 70 -@-CK
RS FEL Days after transplanting/d 30
B 5 KEBETERMAKS NO-N B0 2
Figure 5 Dynamics of NO; =N concentration in leaching water s 25
at 100 cm depth under different treatments g *EI-, 20
Z =
AKREAETMIA AR RGIEHAR T NO-N AR 5 215
e 5, Horp FP ACFKARAE B HIN NOS-N Btk &4 £ 0
26.22 kg-hm?, %% CK /& 18.5 kg-hm?,SD 1 NB 4b3 :
NOy =N JkZe 054 15.04 kg-hm™ 1 16.08 kg-hm?, =y
43 B FLFP AbFRys /L 42.64% F1 38.67%. CK Al FP ik N ,

SN N N A il JANC-T 0 10 20 30 40 50 60 70
SENOS N AL LSRR, G130 e

RO KAL) 64.196H1 76.7%  1ff SD Al NB 4234 NO,-N 6 kAR BRI MEAR NN B

W ) E LI FP RN CK A T4, L3I FF I8, Figure 6 Dynamics of NH,/~N concentration in leaching water

FLAIR I & 5 bk S = ) 73.2%F1 73.4%,NOs—N at 100 ¢cm depth under different treatments

RS KEBEFH NO,-N #ELE(kg-hm™)
Table 5 The amount of NOy =N leaching at different rice growth stages (kg+hm™)

e HEFH W Growth stage
Treatment 1R 53 B 2RI T TSI TR SN
Seedling stage Tillering stage Booting stage Flowering stage Filling stage Harvest stage Total
CK 0.65¢ 3.25b 1.70d 1.45¢ 0.44b 0.22¢ 7.72¢
Fp 2.35a 14.94a 5.17a 1.69¢ 1.42a 0.65b 26.22a
SD 1.32b 4.06b 3.71c 3.24b 1.63a 1.08a 15.04b
NB 1.12b 3.86b 4.21b 3.74a 1.84a 1.31a 16.08b
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mg- L, i SD Al NB 4B KA 5054 1.74 mg- 17!
F12.07 mg- L7, 4r54E FP AL AAEAR 1.32 mg- L
F10.99 mg- L. B CK ZbFE AR, H A it AE A BRIk 775
o NH, =N R B SR S BT R BRI R 3 X mf
RESE f T 12 NHy=N 75 2 — g i) (8] 4 BE B bk vk 21
R, IR AR — kb T R DR A S5, i
A 3 , 280 NH-N Rp2k 2R 5 8] NH N
W T B S, AT REE Fh T FH TR
TEKFEEAN A K Z | A A0 FRIE) NHy =N R = 7E
0.87~5.49 kg-hm™ Z[i], Hrp FP Ab PRI R Sd K, Ky
5.49 kg-hm™2,SD 43 3.22 kg-hm2, % FP b P
/1> 41.349% ,NB 1 SD bR B #2557 (£ 6), 1EK
AR A B FP AR R 43 BE A R A U
(Y NH,—N ik i i 2% 5 T SD 1 NB &b 3R, {H SD Fi
NB 2[4 2253 . FFAE3 SD AZbHE NH,-N ik i B
H/0F NB 4B, CK Al FP Zb# NH =N sk F2 %
AFESTEERT, 4300 4 A NH-N SRR A 33.3%
H130.6% ,SD 1 NB ZbFf NH,*-N 2k 3 L LE 1R 2
FEI 43900 5 NH, =N Bk &1 32.6%F1 36.9% .
2.3 AEFEIRHE AN RER AEMRES TR0
SD I 2 R K R A R R 2 FP AT K AR A
Z A% 34.3%, 1 SD Fl NB 4b B Ky 55.7% Fi
50.0%, 53 WL FP & 21.4%F1 15.7%, [} SD Ab Bl
NB Ab PR ZE A P2 5 5.7% , 4Ttk 35 K R i
W% K/ NI A FP>SD>NB>CK (3 7), Hirp SDFI
NB Z [B)JC i % 25 5, AR A Ab 322 57 1B 3 5 & b 3]

Tt T R SR P AR 0 0 30 ) P A R S A ] 1
e, B FP I ey , CK AU AR, SD FINB 22
(B8 % 25 5 (P<0.05) o BAEIw A= F148 B A
P NEREEUTT BEA: P IV E R R ™ e, TEAS I g, FP
AR AR A 77 J1 R 23.7 kg kg™, SD Fl NB Iy
59.3 kg-kg™ F1 58.2 kg-ke™, i E & T FP 4bHE,{H SD
FINB AR [AIANAEAE R B 25 57

R I

AR WD AR E RS AR AR
P E B R AR 2 — ) 7 g | B XK R A AR A AR rp
RN LR, it FH 5 s — e At , [m] Bs 25 488 1t A
Ja KKIERE , FEOR R AR M K T Bk R, A
FEERWRTE FP AP, A ZE WK 39.89 kg
hm?, 5 TR E K HLIX ) 10~34 kg - hm™ R 7 F5
1 6.8~27.0 kg * hm™P7 X450 8O E 5 | v X R
RUIESERSHA AU 240 kg-hm™ i 5 B
R R /D 33.1%, 4y 29.78 kg-hm™, 5 55 5 i H
WG LE AT R SD J& , TN (NO; =N F1 NH,*~N {4
k2R 43 Tk D 47.56% ,42.64%F 41.34% , HLJE
(K2 SD Kb $ iy FH 04 7K A & FE 8 88 A 1 R LA
IKFEAE R AT AE AR JE A — B0, B L SC I T 472401
PP . MKRE & E TR E | 7 BRI 22
R R R RIS (R Y, KR A B R R Rk
B, FENE it PR i K LA R 3 FH R A 2 B
WA ZE W R FE R R R KRR F IS

R 6 KFEEFH NH-N K& (kg-hm?)
Table 6 The amount of NH,*~N leaching at different rice growth stages (kg+hm™)

AW Growth stage

'1‘,-£fém BT I BE 2P THEW TSI I R
Seedling stage Tillering stage Booting stage Flowering stage Filling stage Harvest stage Total
CK 0.12b 0.29¢ 0.12b 0.09¢ 0.21b 0.05¢ 0.87¢
FpP 0.27a 1.68a 1.18a 0.81ab 1.0la 0.53a 5.49a
SD 0.22a 0.53bc 1.05a 0.64b 0.42b 0.36b 3.22b
NB 0.20ab 0.57b 1.35a 0.94a 0.33b 0.27b 3.65b
xR 7 AEEREAREREF ARRRES N2
Table 7 Effects of different fertilizer technologies on NUE and PFP
JbH TP R FPRLI R SRR AR AR e L
Treatment Straw N uptake/kg+hm™  Grain N uptake/kg-hm™  Total N uptake/kg-hm NUE/% PFP/kg-kg™
CK 17.1c 38.2¢ 55.3¢ — —

FpP 69.6a 88.5a 158.1a 34.3 23.7b

SD 43.5b 78.6b 122.1b 55.7 59.3a

NB 40.4b 74.9b 115.3b 50.0 58.2a
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IR/, [RIEHARAR  A R R IR T T it
JEFR B A, TRk R o 0 B A, X R BDK A &
HI GR 7T AR AR ) 2B 1 AUZR R i S ST 1
X5 Zhang ZFPAMFIE 45 R — 20, 3 TH RIVE IR
B A AR MR M EZ A T, Prunty 51
W R, AT AR T2 5 AR s B AR
T 22 W AT 13 0 3R IRk 25 S 20~30
kg+hm™, FE R AN SE [ s il 2t DX 28 538 50
kg-hm™, Ju SEPIE R VT g 56 8 U6 A A0 % 31, 76
Jifi 5t A 300 kg-hm™ 25044 T, KFEAE T R M
MRS RMR, (HAMR R BoR 7T 2 5| #iE X
NO; =N 2 H AR MR ELIEL. NOT-N 2T H
5B XA R R MR B 2R, X 5 2o s
002 2 B PR HE A 1 60 em DL PR
T, PR ERE2E K AR R AN B IME K 18~23
WAEAT, WEE R —EAE 1 400~1 600 m*-hm™ 2 [f] , [7]
IF NOy & B E /K is HIEALBE RS . NHy =N AT
NO; =N R B/ 2, FEZH T NH~N 5 S
B I FfT

KAt R A it 0 B 2 T B (2 i
B R AT ) E 25 N, 7 X AE Ry
FERA AmARHEX., fRIEH B4 EF, 1980—2012
AT ERE X AE) PR N 1.20x10° ¢ %] 3.59%10° ¢,
M T 2.99 1% ALAE R 1.71x10° ¢ 38 m #] 1.033x
108 t, 39T 6.04 4%, Hor ZUIE B9 38 ini hy 5.33%10°
1, VKRR R 2 KRS, SRR R AR
AR HAEDAL, — KA R R AR A 20%~
40% , T S HAEY AT 1k 40%~60% ", AHF5EH, FP Ab
FKFRRZ AR N 34.3%, K SD HAGREF
FHEYER 21.4% , 202 i Tl it FH i K F &
PR AE /K FEARRIE ORI e, A R b 5 1 ek 5%
SRR RS SR 537 SR R [ o RIS ) e ARG
FI R [R] B S BORE AR A 7 AR, A gE 2
RIEHEH 300 kg-hm™ B, RUIERAE ™ I B EILT
B R 120 kg hm™ B}, 3X 5 Zebarth 2595715
A ENE S L 150 kg-hm™ B, 38 U8 S i
BRI AE ™ TR S e — 31

SD 7EZEH 458 FP AR FRREAR 60% )15 5 T,
IKFE R R AE W AR A FFP ZRERAR L, SD AN
NB b3 55 TOKFE TR, Al RE& o # B ab
PRFTHAE IR AR T, FE KRR SR I i BN TR R R 1
IR 5mm KRR, P BCT R E IR, 1T SD
F1 NB Kb FRAE 7K F AR B3 23 i R 22 25 A 4L 7 A1
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HE T KRS TR B AR A 5 2 -SRI R
F SD A, it P LU ZR it mT =F Al A RS ) A 7 i 4
AL 7R R R BEARRIRL 40% 5000 F , SRR
(FP)4b PR HC K Rk AL 5 B H BRI (AR
FHEFRARZ 60% I}, AR & T Fie . ASIRER 1, 2%
HEFHER 20 60% I, 7R ™ 58 MR RUE NEAH HL e &
A B R AR A, S EOXRR A R 1 AT RE SR AN P it
R - B BUR ]S PEIUHE (JICA 35— T H J7
LR BERIKAE T PR , R L S RE T 12 K
AR I , PR ST Al 5 1% L X KRS 57
o3t KAV L PRI , AR 208 ] T XY PR
TUAE A , Fe AR G A 7 i, 2 T 5 B X
AR RS Y B iA TAER AL

4 g

(1) 2% e HEL 4 AR (SD ) AT DA g 25 BRI 7 B X
T HH UV 0 o 4%t AE 4 R (SD ) A3 R it S
BOR(FP)ALE , TN 2k £ /0 18.97 kg-hm?,NO;—N
Wk g2 11.18 kg-hm™, NH, =N k2% f 9 2> 2.27
kg-hm™; FI & 46 2R E AR (NB)AH TN k2
HIMED 4.61 kg-hm™,

(2) M 45t M4 AR (SD) S 3 v T /K R AL &R A
FHZRMARMWE™J1 . MZENEE AR (SD) F1H it
NEHA (FP)AH LA R A H RS = 21.4%, R ACH 1
FE R EH AR (NB) R R AL 5.7%. FEXTA
AR T b 0 0t NE 4 R (SD)#5 R e
JEH A (FP) 7 35.6 kg ke,

(3) 76 R FH & 408 Fit AR B2 AR (FP)BEAIK 60%
BB, I R £ it A (SD ) A& 1 46 4 b it AR 47
AR(NB) KRG = A TR, 34 BER S T KR
TRLE, 201 HE R IR AL B i 24.13%F1 16.29%
LEEF IROKRE T AR, MR AR (SD)
SR A E T HE XK RE AR R R
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