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T R E/NXOR S B A N A& NoGH B AR N B N1 BRI R 90 kg/hm®) (N2 (L
F§ 120 kg/hm? , A5 135 kg/hm?®) \N3(FF§ 150 kg/hm® , i fg 180 kg/hm?) AL 3, T 2017—2018 4L 2 4F
FE BT ST RGN W DL & NI 45 358 2 3 422 A8 00 L 3138 B AF N sz 22 w0 2 48 R R N YISz 7
MR . 25 SRR E N RIS T, KRS S BTG N S 18 B8 35 8, N2 U NS 3 5 T N1, N3 = T N2, fHJE
s B K AN IR AR R 8 869.6~11 002.1 kg/hm’ , F5FF 77 & 4 8 666.2~10 744.2 kg/hm” ; K& N
FRZ T o B N 2 1 ol 3 50, R KR - 2 0 N o 70.6~112.5 kg/hm® , SR N 424 140.8~
226.5 kg/hm? ; 8 Ab B N JIE S 20 i F1) R A 25.6 % ~28.7 % AR HR N 6.5~8.3 kg/ke. A2 B I %
H 23.8~27.0 kg/kg A2 1R 33.5~56.1 kg/kg, N2 4bFH N AE 0% e F) FH R e 5 s 78 N B2 7 i, N3 b
PRI R B N2 B T N1 H 22 590K g 3, 45 Ao 300 R 4 S0 R 0 K b 20.04~111.97 kg/
hm? 4512 2 22.33% ~26.68% N, O Hi 2 & 1.38~3.15 kg/hm? . 1 4 N 0.49 % ~0.86 % » bk ¥4 ik 2
4 5.10~40.97 kg/hm?, #k L E K 8.63% ~10.87% . B i £ M 3.78 ~ 12.98 kg/hm®, i & F Ny
1.67% ~3.38% , B 4E - HE B ML N B B i 5 —5.70~41.53 kg/hm*. 4 N 5 &% & K —15.18~53.02 kg/
hm® ;76 N WS T7 17, 2% A0 3 N 28 42 5 Bt N & A9 48 i 384 o, N3 4 3 27 4% 2 o, N2 B &5 T N1, 2017
ERE N AL N A AR R 13.05~32.20 kg/hm?,2018 4E A A8 N 29.18~39.90 kg/hm®, A 4E N B 4 &+
2 EFHEH ERE NBCRE D IERHE N R R BRI, N &b DEw Ry £, HEEE M N
W L2 N il i B R AR s N2 AL R 8 A8 At N 2 K, BIFE A B 20 15t A 2 (N3 1 R il 1
BN 20% ~25% , BERE ARIE R ZE R N 2 M Scat AR HI 28, L BERRAIE N RHUR AR AR it .
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Nitrogen Absorption and Balance of Typical Double
Cropping Rice Fields in Southern China
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(College of Resources and Environment » Hunan Agricultural University s National
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Key Laboratory of Farmland Pollution Control » and Agricultural Resource Utilization » Changsha 410128)
Abstract: This study conducted a field plot experiment, including four nitrogen application levels: NO (no
nitrogen fertilizer), N1 (90 kg/hm? of nitrogen fertilizer in both early and late rice), N2 (120 kg/hm?* of
nitrogen fertilizer in early rice, 135 kg/hm?® in late rice) and N3 (150 kg/hm” of nitrogen fertilizer in early
rice, 180 kg/hm? of nitrogen fertilizer in late rice), to study the nitrogen absorption and the loss of nitrogen
in various ways of double-cropping rice for two consecutive years in 2017-—2018. The annual nitrogen surplus
was calculated to preliminarily reveal the characteristics of nitrogen budget in double cropping rice fields. The
results showed that on the nitrogen absorption, rice yield increased significantly with the increase of nitrogen

application. Yield of N2 and N3 were significantly higher than that of N1, while N3 was higher than N2 with-
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out significant difference. The grain yield of double cropping rice was 8 869.6~11 002.1 kg/hm?”, straw yield
was 8 666.2 ~ 10 744.2 kg/hm?. Nitrogen accumulation in rice also increased significantly with nitrogen ap-
plication. The average nitrogen uptake of single cropping rice was 70.6~112.5 kg/hm’, and 140.88~226.5
kg/hm?® in double cropping rice. The average nitrogen uptake efficiency was 25.6 % ~28.7%, 6.5~8.3 kg/kg
in agronomic, 23.8~27.0 kg/kg in physiological, and 33.5~56.1 kg/kg in partial productivity. The nitrogen
uptake efficiency of N2 treatment was highest. The nitrogen loss of N3 treatment was the highest, and N2
was slightly higher than N1, but the difference was not significant. As for the nitrogen loss, the annual
ammonia volatilization loss of each treatment was 20.04~111.97 kg/hm® and the loss rate was 22.33% ~
26.68%. The N, O emission loss was 1.38~3.15 kg/hm* and the loss rate was 0.49% ~0.86% , the nitrogen
leaching loss was 5.10~40.97 kg/hm?® and the loss rate was 8.63% ~10.87%, the nitrogen runoff loss was
3.78~12.98 kg/hm® and the loss rate was 1.67 % ~3.38% , the single annual soil inorganic nitrogen residue
was —5.70~41.53 kg/hm”, and the total nitrogen residue was —15.18~53.02 kg/hm?*. As for the nitrogen
budget, the nitrogen surplus in each treatment was increased with the increase of nitrogen application. The
nitrogen surplus of N3 treatment was the highest, N2 was slightly higher than N1. The nitrogen surplus was
13.05~32.20 kg/hm?® in the nitrogen treatment in 2017, and 29.18 ~39.90 kg/hm?* in 2018, showing an
upward trend in the annual nitrogen surplus. It showed that fertilization was the most important source of
nitrogen in double cropping rice field nitrogen cycle, the nitrogen output was dominated by crop absorption,
ammonia volatilization and nitrogen leaching loss were also important nitrogen output pathways. The N2
treatment was an appropriate nitrogen application, that is to reduce nitrogen by 20% ~25% than the farmers
conventional application amount which could not only ensure the nitrogen absorption and use efficiency of
double cropping rice, but also reduce the nitrogen loss and surplus.

Keywords: double cropping rice; nitrogen absorption; nitrogen loss; nitrogen balance

KR RRE = KREEWZ —, RE 70% L 1
N AR K Sk 32 6, KR A 77 X AR B AR B & 4 il
FHAEEAE- . N RIS R KR = )
HE N R E IR S KRG ™ 5 N R WA H %5 7
AR TE R DI R R B BF 98 N ZE R K AE A 7= Y
FHCHE B B A . Ha R E A9 R 28 A 32 24y
hy B R RN OB e, 2R R 2 AR B R Y v R i
DXy o 2 A A AR X, G AR T R R Ao K R R R T
FRBY 402 85 2018 47 pg 44 G0 1141 45, 91 F 44 7K
FpRE AR N 423.9 T3 hm? , H b X2 R Ff o 1w AR A
294.8 77 hm”, (5 HbB 3L 69.5% . FL 7 W ZEH X )2
FEMRE 7K EREEZRE L2 AR E
T HLAL . T X R 5 R AR B
U+ T B 43 U % A i 5 P A S 8 25080 A X 5 2%
TiA XS A A P A A AR B L N IR A =K
KRR m A R A B, TR PRI B
i QNN G e N N 2 - 7 N A
B U QAT e o A NORE S PR ARCR R AIE N AR
IS PR N IR A 2 0 BR824 0 2 X2 e H A 7
I 0 F Pk . R, B 5 SR A N 2 T A
s B I A N KA T L i E &R
GE N B R AT LU IO R T RS N

WA S A R AT o T ST 2 4 T b A AR 2 0
FIREE RN, Al 8 B4 1 NAE A5 B R o) 42 4 it 422
P EARYE .

KT R N P K WS 1 5 2 092 DL RS 77 Kl
- JERE A T B R G R R D Y KL Y
Jiti N 54 300 kg/hm® B, 5 HAEEE N 25 ) E 1 43 51
JAEIRHT G 40.9% . 1SR 21.7% N ik
37.4% BRI N =, ARG 31.1%, IRAE L AE
FHHEC N, JNOy %55 67.9% . k¥ &5 0.7%.N, O
HEB A7 0.3% . SR, BT A0 L 7K BSR4 B A W 3
il A HE A ER Y A ]  E  ACZRE RE ON 2% ) R S R
fiE 5 K W RS AR IR 45 R R B2 R IR R AT A,
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FEHE N A FIAE ) R 38 25 S A K b 3R A5 R 4l
FEOCT M ER W N Y SV (19 2 5 B 58 A0 X
Z . WIENERIXOCT N ZWiFE 2L P N &
ERREE RS RS i N R S5EY N ZRER
Beiz ROFIFA2C & it N X 38 N Z AR 7 Kok A= 25
IEER e S 7 E . IR B Z N ZOok IR R &
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FELR Atk K T SCHR IR A S 8500 S A R i 25
RIFAEREN N R &, 57, At L
8 B L2 A T A AR R A R 42, R A ) /N X3
5. BN AE N B, T 20172018 E£E 2 4
EFIT A AL N F W LA B N OB £ 451k ik 42 1 1
O, IR N R JEAE R & W0 20 8 5 W e A A
NS SZ i R AE SRy i) 2 AR HE A e i N
A I A A A it 4 R AR
1 ®RS05i%
1.1 iRIe s

AIRE T 2017 4F 4 H 2 2018 4F 11 HEEW A
) BH T VR A AR B R (28°19' N, 113749 E) 12 56 3 #b
HEAT o IZ X IR T AT 2 AU R T A AR SR
17.5 °C AE X H PR E] 1 594.8 h, 4Rk B 1 551.3
mm, HE 5 W o AR K F B e B K R
+ g L B M T R A
16 2017 FRFFRI I LG AT Z T 020 em 3R
BT, Horh 3% pH 6,72, A HLBTS & 19.75
g/kg, TN % 1.28 g/kg,NH, " —N 12 8.33 mg/
kg,NO,” —N & & 6.34 mg/kg, TP & & 0.56 g/kg,
TK & 10.46 g/kg, Blf# N %4 105.1 mg/kg. AL
P& & 13.7 mg/kg, W K & & 96.5 mg/kg.
1.2 iREEit

MR/ 0 A 5 8 4 AR N A AR
FNE 43900 ANt NOHE N b B AR Bl K N N1
(Fe 4l N i1 T R H B A R 90 ke/hm®) (ki N
7 N2 AF 120 kg/hm?, 8 N 20% , g f5 135 kg/
hm?, 98 N 25 %) AR M B2 B N & N3 (HLRg 150
kg/hm? , WiAg 180 kg/hm?) . Fr A Ab 3 #2470 BE it FH
RS2 AL 3 ANEAE L 12 NI R
RV A HED], DX 20 m* . £&/NX ZEH
K I (T8 20 em, & 25 cm) F& T, B 1k SR K BB AT,
LR S AN A BL 397 WA A Bl R < B AR 3907, B R
FEREEE 4> %18 16.7 cm X 20.0 cm, 20.0 cm X 20.0
em, N AR A58 R 2 (N & i 46 %), i AR it A
60 % , 2Rt . 38 AR it A 40 %0 . 3 J2 80 5 5 A i
FHIE B R ES (P, O, & i 12%) . FE R 72 kg/hm? , I
FE ok 60 kg/hm® , 4503 AE — vk it A 5 B0 AE it FH 4
(K, O & & 60%), B F K 90 kg/hm”, Wi f oy
105 kg/hm” , 3B itE A 60 %6, £ J2 1R Jiti . 38 KE 1 i
A 40% , RZHOE . KFEIEIEAE G BLAT A LGB R T
R 10 RIGHEA  Ir A /N X H (R4 AR R — B
1.3 HmERESNE

1.3.1 N 2B IAc  KRERE S I RS Uk 3] 4%

AN BT B B AR 5 RS A R A A5 /N IR
BRI RE 5 7B K RERE S 43 BOFFRL RS AT 2 351
O3 HEF R 2 0 R R e HL, SO, —H, O, 1 & . N &
It FH P O L PG U AT I

SR S AE AT Y RS R T A B A IR S
PSRRI B 2R 4 0—20,20—40,40—60 cm
B LR A — IR BERE AR G o 1A 2 F, 43 I e 4 -
FERY NH, " —N.NO;  — N, TN & &5 DU A&, o
T ZAE B A L IETOHL N AR B DL M4 N AR B,
% EFEH 2 mol/L 1 KCl ¥ = 42 FEl g o NH, ©—
N.NO; ~—N % £ ] SmartChem 200 4> [ 3l [i1] Wi fk, 2
AIRTACINE TN B iR A I PG R, 48
RHE R TIE W
1.3.2 N ZRBRIAF N UM 7R I0 5 422 T
DOREAN , 72 s 42 IR0 28 # b NH, ©—N.NO,~ —N
FTN P s T H R TR N B

VR 7K« I SR i U T TR K ) A R P R R R
Bk NH, " —N.NO, —N Fl TN §JF 24, it
B K N B

PP A 0 B P38 N B i R 38 5 AL B
5 G /N R B R A TR R R N A

AT N2 AR OGS AT A BRAG B
1.3.3 NZ&#MEkHh @R E . ARG AHEE
SR FH FEL[R] J5 437 285 A 2 1] e A< A I A

N, O HEB I E - N, O R E A% A — <A
TR AT RAE RSB

PRI NI SE - 7R /N DX {7 5 23 R 2L R
B ES EHERTE 60 cm, TR VUL m 43518 50,40,
5 cm, ZEET T AN e, SR A% 100 HJE B2
P E R B TR AT AN INAL 3% 32 5 5 R R R AR
B, Hoh TN & 5 % 6 Pk o 8 B2 80— 58 4h 43
S M E  NH, " —N.NO, —N & & f Smart-
Chem 200 4 [ 2l [H] W Ak 27 43 B 4000

PR N < 7E /N DX — il 48 B4R Tt MAC A it WA 432 2l
PEEK 2 m, 5% 0.5 m, 5 1 m, WBEE N 0.3 m, M HR
B AR K T AR T AR A A B . BRI
W= E . B =K BE T 200 mL 28 R YL TN,
NH, " —N.NO,  —N il 2 ik Fkis K .
1.4 HEFE

(D) ¥R/ FEFFE N (kg/hm?®) = ¥FRL/F FF N
o (g/kg) X AFRL/FE A7 & (kg/hm?) /1000

(N BEF 2 (Y) = Gii N X s F# W% N &
(kg/hm®) — X JE X #b |3 N & (kg/hm?*)) /jifi N
7 (kg/hm?) X100

(3N B 2 F R (kg/kg) = (i N X AR
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& (kg/hm?) — XF 8 X FF 67 7= & (kg/hm?)) /it N &
(kg/hm?)

(ON AEA= L F) % (kg/kg) = Gifi N X AF R 7™
i (kg/hm?®) — XF IR X Ak 7= & (kg/hm*)) / (it N X
M EEEK N & (kg/hm®) — XF X H E % N &
(kg/hm?))

(5) N B A= 7= 71 (kg/kg) = Jiti N X kR 7= i
(kg/hm?*)/jii N & (kg/hm?*)

(6) N W 3k 46 80 (%) = FF AL N BB & (kg/
hm?) /CkFkr N R B i (kg/hm?) + F5FF N fH 2 &
(kg/hm*)) X 100%

1.5 BUESIT S

A B 08 1 Excel 2010 #4451 DPS(v7.05)
Bt A PR G o A Ab 3, SR LSD 3 K 59 4% Ak 38 ]
25 8 FH M (p<<0.05),

2 gR50Mr
2.1 NEREFH AER

211 NEHZFABENZT HE1AH,EN L

BRRYAFRL SRS FF - i W TR N2 5 ON3
T N1, N3 B & T N2, (H R 38 3] 3% 22 7K F,
2017 4F RS N1.N2 N3 [FFRL™= 543508 5 103.4,
5 403.5,5 460.1 kg/hm® , HIXF T N0 25l 4 & 14.71%,
21.45%,22.72% s i R N1.N2 N3 {9 #6072 5 4 5
5 075.9,5 547.4,5 526.3 kg/hm? . Mt T NO 4341
P 8.34%0.18.41%,17.95 % ;2018 48 N1.N2.N3 [
FERL= 505 h 4 656.4,5 087.8,5 213.4 kg/hm”, #fl
XFF NO 4 B #2 5 16.63%,27.44%,30.59 % ; B A5
N1.N2 N3 &b ¥ kL™ 4t 439008 5 374.3,5 681.3,
5 804.3 kg/hm® ,HIXF T N0 4354 % 15.30%,21.89% ,
24.53% . XEWNEH N BB 85 T KRE SR, Y
it N ek B N2 B, Ak 2 5 it N A P R 2 R
. [RIEF, N A e G 35 2 b R S RS AR P N
i, B ER N R B R N 5 0 2 R
N3 femy . N2 H5HAH 285/, =i S 13 N &
R EZ R ARSI AL# o N2 i N3, 7
FOKFAE Y B 3 T NO AT N,

K1 20172018 ENEB~EE5R/RNE

P T e *}ﬁ}i%/ AR N éﬁii/ *#I:;H:F:i;/ FF N éﬁ%/ i EH N fﬂ:‘%i/
(kg « hm™ %) (g kg ") (kg «+ hm™ %) (g+ kg (kg « hm %)
NO 4449.1c¢ 8.92¢ 4305.4d 6.13b 66.04d
U N1 5103.4b 11.54ab 4556.6¢ 7.99a 95.28¢
N2 5403.5a 11.34b 4752.7b 8.62a 102.21b
2017 N3 5460.1a 11.97a 4994.8a 8.55a 108.02a
NO 4685.1c¢ 9.68¢ 4767.6¢ 6.29c¢ 75.36¢
W N1 5075.9b 11.22b 5080.6b 8.29b 99.04b
! N2 5547.4a 11.55a 5574.4a 8.55ab 111.73a
N3 5526.3a 11.81a 5620.5a 8.91a 115.33a
NO 3992.3¢ 8.99¢ 4108.6¢ 7.27c 65.73d
L N1 4656.4b 10.66b 4644.4b 8.17b 87.55¢
N2 5087.8a 11.42a 4985.5a 8.65a 101.22b
N3 5213.4a 11.98a 5082.7a 8.99a 108.13a
2018 NO 4661.0c 9.23c 4557.6¢ 7.03b 75.09d
W T N1 5374.3b 10.86b 5213.3b 8.44a 102.36¢
N2 5681.3a 11.75a 5513.9a 8.42a 113.16b
N3 5804.3a 12.15a 5661.5a 8.46a 118.40a

TE AR [ 4E 053 7] — i 22 [R5 AN 6] /N5 5 8 3R AN (7] Ak B8 i) 22 5 36 3 2 35K F (p<<0.05) . R Tl

2.1.2 RER N AE L2 08, N3 L FE
TN AL ) 23R 2B AR, 3 Ud B AE R R 2T MR N
(N3) T, AR BE PR UE K R A9 I N A= &, {2 N AR
FIH R AR AR 25.6 %0, % 2 FBOK =G N #i
B HEMIBE IR R ZE S I BE . N2 kb3 N R A H 3
A AE R A ORI R 8 3 s T N3 bR, 43
J928.7%,8.3 kg/kg,27.0 kg/kg, A0 It N3 &b 343 5]
BT 12.11%.27.69%,7.57% . F I, 784 R 3T 1

it HE (N3 LAl s N 20 % ~25 % . B fE A HiE /K
Fe =k AR ER A N A 5, e k2> NOAE 4 2k
i N AE A= BEA R A1 N ORE R 3 AR 24 R R DL R
PR A= 7= 1 #R LA N3 B A%, O B LT N1 A1 N2, N2
B N BRI RS N1 Y, 22 538 B3 RFF I F
=T N1 AP, 7E 2017 4R M R = F0 2018 4F RL i 2= 34
) A s AR A S T N1 AR B, 7E 2017 4E 1R
FE 2 IR B 1 2 K s A 2B ™ ) AT N1 b3, 25



53

A 06 T4 p S R X A R W B 263

A A N2 Ab R B G AE i N K i N & N
JIE A FH A0 T2 8 K-

22 NEBRKBER

221 NZAESH K ™R3 AH, NG 2
FHOM T B RN LB 4 T KRS A L

KRN 48.07,63.90,45.80,62.13 kg/hm?*, i &
T N1 R N2, N2 4586 & W3 & T N1, NO #ii% &
A A AL PR R B R R, G5 2 AR %
Ao B X2 A R R 20.04~111.97 kg/hm?,
2k FH 22.33% ~26.68%

T2 2017—2018 EWEFE N BHA AR

B N ER2ZEFR AR/ NBABAMHAR/, NERAEFES/ )
AE A0y (RS Ak ¥ NEF =/ % N sk 4/ %
(kg kg™ ") (kg kg™ ") (kg kg™ ")
NO 60.0a
_ N1 32.5a 7.3a 22.4a 56.7a 61.8a
HLAG )
N2 30.1ab 8.0a 26.5a 45.0b 60.0a
N3 28.0b 6.7a 24.1a 36.4c 60.5a
2017
NO 60.2a
_ N1 26.3ab 4.3b 16.5b 56.4a 57.5b
e b
N2 27.0a 6.4a 23.7a 41.1b 57.3b
N3 22.2b 4.7b 21.0ab 30.7¢ 56.6b
NO 54.6b
_ N1 24.2b 7.4b 30.1a 51.7a 56.7ab
HLFE
N2 29.6a 11.1a 30.8a 42.4b 57.4a
N3 28.3ab 8.1ab 28.9a 34.8¢ 57.7a
2018
NO 57.3b
_ N1 30.3a 8.0a 26.1a 59.7a 57.0b
N2 28.2a 7.6ab 27.0a 42.1b 59.0ab
N3 24.1b 6.4b 26.4a 32.2¢ 59.5a
NO 58.1a
) N1 28.3a 6.7b 23.8b 56.1a 58.3a
2 4 4 B
N2 28.7a 8.3a 27.0a 42.7b 58.4a
N3 25.6b 6.5b 25.1ab 33.5¢ 58.6a
£3 WERENHLELERRAXBNRLE ARG WFERE AL N, O ik &0 1,38~
e pm DU/ (ke bm D Bk % 3.15 kg/hm” 45 2k %4 0.4956~0.86 % .
’ REOBE 0ER RE OWR WER 222 NZAmARKL S AL AALEE NI,

NO 10.25d  15.38d  25.63d
N1 32.19c¢  36.39c  68.58c  24.38  23.34  23.86

i N2 40.19b  49.68b 89.87b 2495  25.41  25.19
N3 48.07a  63.90a 111.97a  25.22  26.95  26.16
NO 10.45¢  9.59d  20.04d
N1 32.11b  28.10c 60.22c 2407  20.59  22.33
2018

N2 39.67a 44.32b 83.98b 2435  25.95  25.20

N3 45.80a  62.13a 107.93a 23.57  29.27  26.68
M2 4 AT, 2017 4R R B RE N, O HE = Y 8
NO Fe A%, W FAE T4 N A FE, N3 B 2% T N1 M
N2,N2 & F N1, H Rk 8 B E 2 7R KF X RN
JE A i P AR AR E T RS N, O 9 HEC. N3 AR B N, O
2% B e . B VMR 3 R 1.40,1.60 kg/hm” , i 2k
AP A 0.52%,0.47% ., 2018 4E N, O HEr# M5
2017 AF—20, F o N, O HERCE 8 N3 i, 4398
1.46,1.69 kg/hm’ , 45 & % 43 5| 2 0.45%,0.54 %, 45

N.NO, N R EMAES TN AR —-FLKIEE N F
RV B N R R R, N3 AR FE TN kR
. W T N1 A N2,NO Ak A ik, 2017 4E 5
WeAE N3 ALFE TN k5530500 18.08,22.89 kg/hm” , ik
JRAY N 10.07%,11.53%, 2018 4FFL B s N3 Ab
TN =91 R 17.55,20.10 kg/hm? , #k 26 43 5]
$9.72%,9.58% . LEG 2 4F TN iRk B W] A1, 2Rk Fe
TN kel 2.13~22.89 kg/hm? itk 2k N 8.54 % ~
11.53% , A ZERY TN k& H 5.10~40.97 kg/hm”,
W2k E N 8.63% ~10.87%,

12 6 AT A1, N AR AR it FH A St 35 1 AR K N =
Jdt 4 POKFERTAKLIEE N R A EBRAN No
HeflE N3 2 T N1 N2, N2 & F N1 E R k3]
FH2E5OKF . N3 AP 4 FOKFEMARTL TN Hi &40 5
9 6.34,6.64,5.24,4.98 kg/hm?, Zi4 2 48 TN Jide gl
AL BZK R K TN ik 28 1.88~6.64 kg/hm’,
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TR N 1.68% ~3.64% , WERL K TN ik
7 3.78~12.98 kg/hm* , i KK R 1.67% ~3.38% .
T4 WEBBN,ORRHBMEEREE
N, O Hefr i/ (kg hm %) PERFE/ Y

BE MR NER O RE MR NERE
NO 0.62c  0.76c  1.38¢
NI 1.18b  1.32b  2.50b 0.63 0.62 0.62

Ef kR

2017
N2 1.37ab  1.38b  2.75ab  0.63 0.46 0.54
N3 1.40a  1.60a  3.00a 0.52 0,47 0.49
NO 0.79¢  0.71c  1.50¢
N1 131 1.48b  2.79h 0.58 0.86 0.72
2018

N2 1.38ab  1.50b  2.88b 0.49
N3 1.46a  1.6%9a  3.15a 0.45 0.54 0.50

x5 VNEBEHBAREHEESENRBESHEE

23 TENEZRHEE

FEE 7 AL R HETOHL NL 4 N SRR Bt N &
PRI I 2 1 NS e P 8 e v T L N
4 N FR B L JE g o 30 7700 NO ) N &R Ak B8 it
AR, X R WIR N I 25 9 € - 5800 45 A8 0 . 5% e
KFEAEK . 2017 4 NON1,N2 N3 +3ETHL N 7% H
8 —3.28,7.37,16.81,29.34 kg/hm®, 4 N 5% 2
B9 —13.66,13.42,26.90,50.96 kg/hm®;2018
AL AL - L N BR B 4 o —5.70,12.46,
26.47,41.53 kg/hm?*, 4> N %% ¥ & 7 % & — 15.18.,
17.50,35.54,53.02 kg/hm*, Al LLFE H,N3 ) N &£
R R, B m T NI N2,N2 5 NI 8 N &
5% B A 22BN

®6 WEBERKERSENRLBEREE

N &Kk 2/ (kg e hm™?) TN jif % %
R BE =, T
NH,"—N NO;”—N TN /% Wl R AW N kA / (kg + hm ™ *) TN ik %
NO  1.17b 1.27d 2.97d NH, "N NO; —N 1IN /%
a M Tk 273 1129 9.24 No 126 0.49¢ 248¢
N2 749 327b 1433b 047 g NEo380b LaTh o 5.20b 31
N2 358D 1.37b 5.66b 2.66
N3 7.8 1472 18.08a 10.07
2017 N3 d.16a 1.60a 6.34a 2.57
NO 0.78¢ 0.90¢ 2.13d 2017
NO 1.27¢ 0.30¢ 2.15d
5 4
. NI 6.97b 2.86b  11.55¢ 10.47 o s Losh - -
N2 8.2la 3.56a  16.82b 10.88 BR o sesh Looh 5,81 271
N3 8.48a 4.13a 22.89a 11.53 N3 1.61a 1.25a 6.64a 2.49
No 0.07b 1.23¢c 2.97c NO L0de 0.40¢ 1.90¢
. NI 0.08b 2.24b 10.82b 8.72 NI 2.84b 0.62b 3.57b 1.86
L o
N2 0.11b 2.76a 14.26ab 9.41 N2 3.10b 0.63b 3.92h 1.68
N3 0.21a 2.68a 17.55a 9.72 N3 1.34a 0.73a 5.94a 92,93
2018 2018 ’ ’ ’ '
N0 0.09d 2.66¢ 2.86d No  0.95d 0.43d 1.88¢
i NI 08¢ 4.00b10.55¢ 8.54 NI 2.45¢ 0.83¢ 3.86b 2.20
Nz 0.28b LTda 14.93b 8.94 I N2 2.71b 0.91b 4.12b 1.66
N3 0.42a 5.01a 20.10a 9.58 N3 3.44a 1.03a 4.98a 1.72
®71T BWEFLIESEENZIESEREE
NH, " —N/ NO; ™ —N/ TN/ TPl N 5% 8 =/ 2 NIk R/
FAhy b B ) 2
(mg * kg ") (mg+kg D (g+ kg ") (kg * hm™*) (kg « hm™*)
NO 8.61d 7.35¢ 1.19¢ —3.28d —13.66d
N1 9.86b 6.19d 1.23b 7.37¢ 13.42¢
2017
N2 9.25¢ 9.37b 1.36a 16.81b 26.90b
N3 10.95a 10.48a 1.36a 29.34a 50.96a
NO 8.36¢ 7.79¢ 1.19b —5.70d —15.18d
N1 9.88bc 7.97¢ 1.24b 12.46¢ 17.50¢
2018
N2 11.47ab 9.86b 1.37a 26.47b 35.54b
N3 12.56a 10.66a 1.37a 41.53a 53.02a

24 NZRWZTFEHRBER

ACBI 5 3 2ok 0 XA R b A5 T N 4R A S 5L
HAE B MR W B R G R N Rz B E LA &
AR N JKSE T B N PR R, % 8 2017 —

2018 M ER R G4 A B S N WSS MAE AL, 72 N
AT 2017 FE B N A S RS N A B&ERY
55.31%~69.41%,2018 4F 5 N ¥ A Y 54.81% ~
68.98%0 , IXRIIMERH RGH N R 1k FE KR
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SRR, BREIEE N B & HHEB K EYE N L
MRSVEER ZRH N FRPEMN FERR, 75N L
SO AR OO R G N S i B B R AR &AL
FRE Ik 50.39% ~63.47 %, R N & R AL N
Rk, Bt E ik 30.68% ~38.11% , ik A #6843 N
BT RS, B4 4.30%~12.09%., N £4i
KUV R N WS 2, AR N SRS & g

N HEEAS AR IR N B 2% i N AR EE N R 22
IEAA 3% N RAATERLAR  H NI F 5 A il
FHRLEE R A N ALHE N s 22 i RN N
7ok X R Y] NACAYE AT oD 13 N R AT FE.
LEE T AR N2 AR B B N K- %0 N
BEIIE T/KRE RS N R AR EA N LR =R, R i
FEAR T N 22 b T NCRHR .

RS 20172018 ENE/E NKZIFR A7 . kg/hm?
L (3 — N&j\ - = - p—— Ni% ; — e 2
Jiti ME T i Fh s VR AWREE ERRI RABR BARE LEERRE
NO 0 63.94 0.54 20.96 60.00 141.40 27.01 9.73 —13.66  —19.04
N1 180.00  63.94 0.54 20.96 60.00 194.33 71.08 33.56 13.42 13.05
2T N2 255.00  63.94 0.54 20.96 60.00 213.93 92.62 42.62 26.90 24,37
N3 330.00  63.94 0.54 20.96 60.00 223.35 114.98 53.95 50.96 32.20
NG 0 63.59 0.55 24.25 60.00 140.83 21.54 9.61 —15.18 —8.41
Yol N1 180.00  63.59 0.55 24.25 60.00 189.91 63.01 28.80 17.50 29.18
N2 255.00  63.59 0.55 24,25 60.00 214.38 86.86 37.23 35.54 29.39
N3 330.00  63.59 0.55 24.25 60.00 226.53 111.08 47.87 53.02 39.90
3 igk w i A NI S PR R B B . HArdR

3.1 WEEHNBEMNBAERE

ARWFFE R KRR B N = B R E N &3
I 25 i vm L fH NS AR e TR B N2 A3 N IR
ORIt . 9 A0, AR IR 35 N AR Wi Wi 2R o0
25.6%0~28.7% , A 3020 AR T IRERAEY T3 N
I FH KT 33k 2 PR kg AR 3 56 it FH 3 R 3R 5 it N 4%
o CRAS R oA 150 kg/hm? , i Rd Be i A 180 kg/hm?)
HKRER SR EZ W, IREW S ZEHEE SR, K
SECN I H N IR R AR . A A
HWFTE R A0 AR 5 2 B, PR it 0~105 kg/hm”,
WeAE it H] 0~146 kg/hm” i bR R B, FL0E A N AR W
FI 90 22.5 % ~38.3 % Fl 15.7 % ~36.1% . 1% 4%
W T AU 1 NS 5 (BRI, X 3R
BH 78 it FH 538 PR 28 10 A b, NOAE R R AR A
I, FLRT AR (3 AT B . B b SR IS B NI 97
FEOEA R N BRI R 8, A BRI s
LT A AL 4 B R R N R R NOAC A
FHERAY 5 34.3 % ~40.5% Al 33.8% ~39.2% . . &
1o T PR 2 A M AR g R B TE HILA W)
— UMK R I T, W A e R R A NIE Wk
FIH A BN 44.5% ,49.0% , 3 55 T4 B AL 33 ; &5
H 2T 2SS & B AE NOAE AR i ), RS N
HEZ WA FH R A 35.5% ~49.9% . B A N AE 2 UL A
A 31.9% ~49.4% ., ¥ B & T R R A28,
PRI 1 2 B, o L RL 2% & B0 N JE 398 2000 45 i
Jiti A S B v NORE R 2R G B i % 3 PR 3R R R

Bl B A 7= v, A S 6 i A 5 AR A R e 255 ek it P
FEAR A T, T AE 1 e A2 R X, 3873 R 2 1Y it FH A 4R
BN, I 7E SRR B AR R S LB E
E A NS A &, B IF AT U RAE Y AR T 5 R
B0 B NIE 4 B SR
3.2 WEFBHNEZFEEHHAR

8RB ZER M N 2 32 200 ok U5 2 Tk,
I BB N Z S ISR N AE Y R % 85 R 5T A
FHIE B ZE R N S 55— 30, B, an o] o8 s 2>
N A G Al EORUEVEY R N & 2L & NIE &
FIHRCRMR SR NS ss i E b 2 8, 5340 FH
N W] DL s e - 3R R GE 0 N R B R el bk
PRI N2 A A6 2 17 B0, 0] LLRE 27 4 1T M oA ) 2
SRS HH AR 2 S AR50, NS BETF BHR (LIS 1 5.
T 5T R B AE il 5 PR R Y R ZE R O 1R R
R IR N B BRI R R R R, BRI N b
PHEIE R B 17.57~156.97 kg/hm® , #i1k K H
29.29%~52.32%0 , AR 235 K 451K Ml 21.45~142.79
kg/hm® 4514 %N 35.75% ~46.82% . fE 0—40 cm + 3
FEM N 575 1 RS NOAE 2 UL ] )i % Ry 35,38 % ~
48.64% , FE MR 2 %K 39.44 % ~48.72 % , i FF 72 WA [l
W Ry 42.66 % ~58.57 %, WA K KN 32.27% ~
49.15% . BEZE R 5 AR 56 3L A AH W], # 2% B X2
N AEA R E R R R REAER B REAE L
P AR G R LA K NORE 2 UL 461 2k 6 2 T g L 3
PR iz i o8 ELA T A N & i K N & 3k 300
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o5 35 4%

kg/hm? , & TAIRI Y 180 kg/hm? , X F—L I,
N B A Bt FH 380 T 1) N IE 2, e e %
NER FZ R, L, 76 SR A 7= v, ]
P PR A R B i R T N R N
NEFI R R OCHE . BRILZAM .38 5 R N ZRiE i 2k it
WAL B 5 H AT A 11,53 %, il N kit 2 X 2 F
FH N A5 2 B 428 0 0 B 06 1 A

Bk 25 il FH 3% 30 R 2 B RS NS A 5 L 38 R
Srfede NORE it FH 5 28 A 02 A DN IS S A B T
Wit FH 2% /# R PR 2 A N B 0 45 e e ag
IR B, 70t F 22 /3% BRI SRR R R b, R4
N SRR GG 2 4 8] 22 20 AH ) B0 A, N g A 32 22 DL it
HE 3, N S ARG 44.82 % ~57.00% . N i 4 35
YEW A o F 20, i N B Y 56.47% ~
83.42 %4 s it FH % /45 T NE AR 1347 30 PR 2K AE 42 0 7 e
e N OAE LA R, B NOAE 2005 B R, BRI+ 4
N A, MR it 22 /B0, AT AR —
FRAR L ) N AC 453 2 B 4% 15 it » WE 2 35 7 A% i N
R AR KRB T &AW E N W HE . &
LLAEVS IR A R R R [ A BT 4 N ROV A
BRFEM, 257t N AL # A A7 N i AR 46.30 %0 ~
59.80 %6 s Ny th i ey, LLVE W W ety i o 32, o5 N %
H 45,90 %6 ~ 83.30 %6 5 1S in K il /i Ak 10 11 77 AE Uk
ARERE N Z R A EEY N R, $2 SR -
N ZFHRCR R EHE N ROy, X e 5T #
T4 NIt 7 =X R3S B NI 1 80 45
Jiik AT DR S E I N R R EICR  BEAR N B
FEA R it SN N Z B A RIE H R N E°F
fir, IS Z LN RGN N RE AN
HE LR N R I ORI 2 8 R N
DEER REES BRI N R R, LA
B BR8N ik HIEEY R R W N 2 F
i IR 2 AR AR AT N R R 25 B

ARG 4 N K B s 5 R A H N R L
AFISZ G B, i il T 2017—2018 AE W FEFRE R4 N
ROk Eit T NZAERRE VS ERT
WZERGH N YL, 2 8 Il 2 4R/ N R A
N 13.05~32.20,29.18~39.90 kg/hm?, /5 jiti
N BB R 7.25% ~16.21%, M5 £,
AH N RZAA B N A 20% LLE 20 st
555 (0 W 7E U s 8 WF 5 B R N R A
W, R N R R IR R R Kk
H N Zaob 5 3 15 R Rk B sOms AL A i A2 1 N
RGN, Xt Al A S IR R MU KR, AR

FEHY AR N R AR S LR T 2000 Ha Rk
S TS T T UL IR, S N RS
R RSP 3 O 2 AR NOIEBEA L I R AT B
e B NS ] AR A i . T A 1 A
LA AR S A A 58 R BE RE 42 00 - N E A AL A
St At ok . HOAE HZE B A NO{E O RE 253 SCRR
P BEAG SR, I 02 DA O 3 6 40T 5 Mk A5 A0 A 7 A 2R

ARG N F ARG 03— B S A 10 DL
57 T IR S AFRE.
4 H®

(1) %38 bR 2 it FH T W ZE R N IE A R R I
2 A BIKFEALN 25.6 %0 ~28.7% .

()W ZERGH N E ) EZRFE R, 2 45
ik 548106 ~69.41 % » HAT U Ay A HHHE R L 2= Wy [
NIRRT Rl B AL 2 48 23 4 ik 30.59% ~
45.19% s N i th (% £ 2L 2 AR WO, o5 ik
50.39%0~63.47 % ; IR W& A N Rk, Rit
di ik 30.68% ~38.11% , Hirh S stk L5 K N
FL AR LA N R S 3 IS R RN i 2
XU N AE 45 2 B 42 19 T B2 56 1 050 5 A #r N
R TP, R 4.30%~12.09%,

(3) NI FH 2 25 52 m XA H Y N2l
B UL B 28 A e 36 248/ NIRRT R i R
i N RISy, ABFIE 3B, 76 4 R > 15t IE it
(N3) Y FERE _E Wk N 20 % ~25% , BRARIE T /KRG N
AL AR TN AR R A T N AR
K B/NT R N Z8 A, Wik N2 (LR 120
kg/hm”, B A5 135 kg/hm?) &b HJE & 0 & 1& 1 il N
KA izt N W] A 6 o RS oW 2R A S L NOIE
HRHEEIE S %

SE
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