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BRRESEENENEZEFRSD
RRMREBNERAR

T, RByFx, ANEFR, ZTHHE, EARF

PEJL AR AMRBLE R BHIRER S 248 . BRVE % 712100

WE: AARARCESCTRAZERATIRLIEIR S BRPEBAE, APABLIFRELADERAHRLAE
FREZGRERERER. T 201252 2017 F#ATXERE, AFREREANE, RERPFEXNGERATH
195 kg/hm?®) . & 7 # £ (150 kg/hm”), f£ 3 A R IE 150kg/hm” 9L sk LZ B2 B A, 2R RIE, HHEE 3
MUEBEALE, LA, MET 5 FLDEFEZSHASE. 2016 5 £ 2017 F0 &L Lo R R R
EBEBBE ESASTHENORIHRE, WRERE. BB E. LB AT AFEN S HESATLE. B
2012— 2017 525N BT HELAA, RPRABRRPEXFE IR AN EATHAY, RRAKFE
HFERF, ERAAMERZABAE XY, ARG BHFEERRFRAS NS 8.4%, 5.0%, 2E 4
BABRE, RABEAABHAY BIERPABAS N M T7.1%, 15.5%, 10.0%. # 2016—2017 5% #% 2
T, BRPEX, RPRAXLEZEHWERS . BT B F  HBEAATHRE. HERZREFESZ, LB
B EALFEAEHBIARG N AL EZLZF. BRPAALE, SHEZLETRAERRE, #B62. #8
ERBHATREALEEZEZF, 2EABLS AR RBRAERBTH HHERRPES, RAAEBERLEH
BT RERNLY v, TORERERETRG, FETSESH AR THLY, RAELLEZTHTER
REEW, BB T S EFRA BB AREATHELL, OHEB IR A TR, 24 & 448
PRl &, 150 kg/hm” RIEA ZAA B L FZH AN EARER, TRRAERIE T, 2B IEAFFE
ENBTFEAHWER, 2REABLSABRRBAEZREBNEIRALS, RABERSTHEN L 44
e, B bk R B ERA &
* # W FRALE; FE; RBRET; HBE; RAEZ
RESHES: S512.171 MEARERG: A XEHS: 1673 -9868(2019)03 —0030 - 10

ANFE SRR B SRR Z L A Bl I it P X AR e e A L T U 4R
NS J%E’Jﬁﬁfg%&ﬁk%%ﬁi’@tiﬁﬂgﬁ\;, ok kit P EUNE X A% /N 22 18 7 5 i R B 2 K R i
45 R R T AL RIRA R 60 20 (/N2 R P A7 E R I UM IR L /N2 R B W SR R
RERS . 2R B /NS ) B R T, 0 e RO R B i/ 2 A T R U SRR A i 8 AR I I A SR

it

O ek H: 2017 -11 - 30
R H . FEREBAHOAR IR E (2015BAD23B04) 5 &2 #5 HAT I RHIF I H (201503124) 5 EK H A B2 54 T H (312722500 5
[ K 5 UHF R I3 H (2018 YFD0200403).
TEZ S BEHME1994 -, 5, BLBse g, EENFRYE 5750,
WEIES . By, BIHEE, W04 S,
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R B RIS AR WAL RE S W1 42 iy, FE WA ME /NI =00 > e 1 R 3R e R R AR R o L=
WA LB AR N, &N E AR BB RIS LIHE FRMsh AT SR A, FIERER R/ 22
7k B, AN R AR AL Bl B R

Mo AE R VR LK Iy IR AR L AR AR R B A R I 2 — . A /N A DA i I e Y
7E 2%~ 2196 L TIgbal A5 R A /N 22 A B A AR b 1 U R AR RERE N 1026, Devkota
A E SR AT B R AR /N PR RN 500, A8 ZUIE A 325 kg/hm® B, T ORFSFEIE HAEME T 2N R
BRI 700 S LT RN F O SO AR 7 i 3RS OO B BCRAS ] LR 3R B
F4 1 0y 77 5 RS 23 ) 2340 DR 1 5.

VLB 180 2 75 AN ) HE R o Ak B 255 S [) 2 Ak B % R 1 AR AS . AT SRl R 4 5 A ) 7 2 Ak BT &
/NFE R0y RBMIEL RS U O ST S A 4GE. W ARG L Wi . B SR BV AS ML SRS T o e b e = T 5
TE 52 BRAS/INAE o 77 9 FE Al L [0 st 9ok 2 SN P A T 15 e e ) TR, DR b A 6 il it 2R 245 5 A [
MR TEAL FE Gl XN B BROT R B BBV RS LA R TT AT S . LAY Oy R b A /N A e ) e AR
B R AR P S A

1 #MRERE
1.1 R X

BT 2012 4F 9 H 2 2017 4 6 A 7ERRPY A B T K A4 B2 B R (34, 11°E, 108. 2°N, 4k 995 m)
HEAT. ZIXAEHSIRTE 10.8 CA S, -V HBEMETE 601.6 mm Afy, BT 7—9 A, IBTEEKEN
807.4 mm, 0~20 cm #f)2 13 pH {E 8. 18, AHLBF-H B 38R 11. 7 g/kg, A 0. 87 g/kg, S
A 14.5 mg/kg. AR 2.7 mg/kg, AW 10. 7 mg/kg, HAE 99. 9 mg/kg, FF N 1.25 g/cm’.
2012—2013,2013—2014,2014 —2015,2015—2016,2016 — 2017 4F i) 4= [ /K & 43 B &y 415,545,631,
414,465 mm. Mg Sun ARSI ILEE A Y MK K PR (1957 — 2014 4F) , AFFEK B >671 mm
R AR, R K <492 mm K RKE, ERFEKEN T & Z B HFKE, # 2012—2013,2015 —
2016,2016—2017 4EJ& K K4E, 2013—2014 4EH 2014 — 2015 4 J& F /K 4.
1.2 Kwigit

PRI 6 DAL B, Hoh o HLRE A BE 3 A EEIK P 23l D e B IR O ZUIED | A P AR =0 CRUIE
FAH 195 kg/hm®) A& P I A CEUIE A& 150 kg/hm®) 5 JRERE [ % 3 R a5 A0 H0 . 4 51 Ok 22 B 1 4
(B LB, WNBEAREF, FEFEW N, 2% 35 cm, 2285 6 cm, W5 30 cm, B PAT, 170 20 cm, %%
FTHEBS 220K 5 cm, B/ 12 47, # A& 150 kg/hm®) 5 4 8 oTHE (b 3 4 3 ] b A5 25 . 81 7 1
1em, AT AAEFAE, 1706 20 cm, BRFE 12 cm, B 7CHE 9~15 K0 RS FF 8 o (BT L 2 & /N E T
o REBIAGERE ., SRR, FEFh S R8T W AN R, & /NERE RN IR0 B o B AR A
Boh 4. 68 g/kg, WEITE 3R 0. 34 g/kg, B E0H 10. 68 g/kg, FEiFFH I 10 t/hm”); & 4b 3
BEME T (P, O ) ¥y 127, 5 kg/hm* . %0t X - SEH0 0T & 73 B0 . 5 AR B RTEEI L. A b 2 4 )
A, AL RS, TR R A B AR U A RN A AT A 5 AL BN IR 19 47, 4THE 20 em,
FEA R 150 kg/hm’ (Bl 447 38 @), /MX T 48 m” (4 mX 12 m). /NE A s B 20410, &/NE4E
B AN S RE R, FERT 7 KAEHF, BB R K, N=46 %) . BEHE G B R A5 16 375 AT 5% H i 4R e —
UM R B A . 7 2% A K AR 2 RORE B A AR I OO R R RURR R R L R T R LD IR K 5
N TE R K
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1.3 REAERMNETHE
T 2012—2017 AEM 8 & /N P wE e L, dE 5 ZF. 2016 4F 9 H % 2017 4F 6 H TA/NE | (2016
AE 10 H 18 Ho L /AT HI(2017 4E 3 H 31 H) ., #EWI(20174E 5 A 4 H) . HERWI (2017 4£ 5 H 20 H) Fl AL
(2017 4F 6 H 10 H) R DA YIRE S, w0 SRR /N X BEALICK B2y 0.5 m Y 3 B bk, RAEHE
BRAY R ZE 0 B A3 R 2K e R R Y e T A AR S BGES 3 FE ST 105 °C AR 30 min, 75 CHET, WE K
SRR THE T B R AR A B S N R 3 m® /AR AR KT S
KL, PRICERE | F5E . APRIACT B, SR G Ar R Sk T 0 7K o3 T Bt 3 B0, /1N A2 A i i FORF R B 2
DABET IR R, MRE SR RS . A HL SO, —H, O, 3k . FIELIR & /A0 2 4 A0, BT L kil
LW, AL RETE DN E A 4.
1.4 &, B HESERMEBNITEAFZE
RN A AE R I AL BRI, B E CGEMMET) T R . B Bk R, WE
FWE R BRI R SRt DL AR
AW B (kg/hm”) =R B Fim o5 < T4 5 i =
AW R (kg/hm®) =W 3B A (B BEE —
W AR 0T 1R SR A R 4 F0) A (B B G
AW HBRCE =R ¥Ha /AW EE @ RBE X 100%
HRA WD TR =AW BB a /AR A (B B X 100 %
BAEAL S B AMHET R A e, DR AH E S 80 DU TR A =003
B BB (kg/hm®) = 815 5 43 80 X T o
AEHTAF BRR (kg/hm”) = 601 |34 2R
GRS A (kg/hm®) = FE A0 30 HR SRR G — WO M b8 3R 48 1 CERF + #50) B B G
TE 5 B PLUK & (kg/hm®) = FE 1 T 40 SR AU — WA 0 i 34 R
FERLBR (5 55 B B0 00 Ee 9] = PR RABUE / BEE RS B X 100%

b

1.5 HiELIE
K H Excel 2007 #{F4bBE, DPS 19. 5 BAFHEAT G 10 Br (GCHR RS H 2016 —2017 4F R LA /N R 578

Tredn B AW LR o i RO

2 ZHRE5H5W
2.1 ZNENHNFTEMENE

MR 1 AR, AR A PR, R ;P AL BORFRL P B 5 AR N 22 e TR G oA S A TR P RUA
i AL 150 kg/hm*) , ZAEVHHE MY = #AE 2012 — 2013 4E ROKAE B E 1Y ™ 14, 200, MR CHEAE 2013 —
2014,2014—2015 4F 2 DF KA 2012—2013,2016—2017 4F 2 N RAKES BB EW P 7.8%,15.2%
M18.5%,16.2% ., FEAFE #5975 HEAE 2014 —2015 4K 4EFI 2012—2013,2016 —2017 4E 2 >R KAE
Sy R ARG 9. 0% 22,500 ,12. 806, L 5 ARV XY RFRL AN E . AR AR P U AU AL B, 2R T A 2
TG T L, MR B HEIG  8. 400, FEFFAL o A 3 7

TETE TR . RPIAA T A/ 5 PRk P TE 2% 22 5. 5K P A b 3R
L, BB R R AW REE 2012— 2013 4EF1 2016 —2017 AE AN RK AR B 10 18. 2%, 29. 1%. 2B
AP R AE 2013 —2014,2014—2015 4 FASF 7K AFF 2012—2013,2016 — 2017 44> KK AE 43 31 i 25 388 n
16.9%,22. 6 %0 F1 18.2%,23. 3% , FFF8 5 0 E Y HEAE 2014 — 2015 4F°F /K 4EFl 2012 —2013,2016 — 2017
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AEROKAE Ay 9 B3 1IN 12, 8% F1 18. 9% ,23. 1%, 3 Fh A o6 b PREE AR 7 I8 A XA B hn i 3.
Fz1 2012—2017 EZNEFEEYE
Ab ¥ 2012—2013 4 2013—2014 4 2014—2015 4 2015—2016 4 2016—2017 4£ S
¥k / (kg »« hm™ %)
To R KT R 2 850 ¢ 5224 ¢ 3292 ¢ 2295 ¢ 2 275¢ 3187b
e 4300 a 6 874 b 7 344 b 7115 a 4 705b 6 068a
A2 P AL 3775 b 7049 b 7265 b 6 763 ab 4 887b 5 948a
ZERINRE 4311 a 6774 b 7048 b 6 405 ab 5 157ab 5 939a
£V 4 475 a 7 599 a 8 366 a 6115 b 5 681a 6 447a
FhF %5 4625 a 6786 b 7916 a 6 388 ab 5 513a 6 246a
W/ (kg « hm %)
T AN IR 5925 ¢ 11 551 ¢ 8823 d 6 248 ¢ 6 458¢ 7 980c¢
R 8 850 ab 16 626 b 17 368 ¢ 16 358 a 11 292b 14 910ab
= FPEA 7950 b 16 601 b 17 183 ¢ 15 278 ab 11 625b 13 727b
2B 1% 9 400 a 17 058 b 16 557 ¢ 15 485 ab 15 008a 14 702ab
ENL€ 9 400 a 19 401 a 21 060 a 15093 b 14 328a 15 856a
T 8 9 450 a 17 287 b 19 385 b 15 065 b 14 311a 15 100ab

TE: FIBVEBAE G AN RN S 5 R ROR AL B ) 22 78 5K PRSIt # 8 L, TR

2.2

BEFAEZTENEZETHHM EHRRRE

HIZE 2 AT, A5 A PR 3 R ARG Bl A /N 22 A T IS AT A, M b R R R B A R ) Ok e R L

1 -EL B

TEW AT, 195 kg/hm® 5 150 kg/hm® FAEH & X & K B EE

W TEGeit e L, 3 MBS AT, A

TR AL B AR R BUR PO E . BRI R, R A R PR R RBE AT
Bk, (BIEGETT 20 S, AR A AL BAR XS BE A [ 2 5 Ak B R R R AR R R G T o
A AP B A B SRR R AR 2 i K B TE RO IR R 3.9 AR 3.5 A%, R LA P s

INFE

RALRE, 3 B o Ak P A% AR JC W E S .

2 ZNETA4EHHM ETRTEZRERE kg/hm”
fib Hi 9 W W4k T R
TJo &R R 3. 5be 26. 1c 39. 0d 45.0b 40. 4c¢
A PR 3. 8abc 128. 8ab 180. 8a 206. 4a 156. 9a
A I8 A 3. 5be 133. 9ab 151. 9be 178. 1a 139. 6ab
ZETR I 3. 3¢ 96. 7b 173. 4ab 186. 4a 139. 1ab
EN L€ 4. 8a 151. 2a 152. 7he 186. 9a 128. 9b
T 4. 6ab 139. la 141. 7c¢ 204. 3a 141. 2ab

2.3 BREGEZTEZNEZRAEBE., BB RMEB A A STE R

HiZ 3 AT, FERUIE 195 kg/hm® 28T, ARFEREIRBITCAX A 5.2 £, BAF] 150 kg/hm” 4
7R AR IRBITC R XTI 4. 4 1%, & /N E R RS 1 BRI 50 A K48 w8 100 R el /U B
B AR EA T B AE 2R LI 3, 3 P s A BACR P sl 2 A B R B 7% B 22 R L B4t it
PR AR PR B R E R I B S 3 BT AL BERH A R R AL B AR R T
BTG T 5 . BRICE R IR LASN . LAl Ak 2] A 5% 5% 20 STk R AR R T 10000, 3k i) BB X N 465 5 5%
o H P MR F B SRR Rk R, SRR MR . RRA A K.
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R3 BEZGESTENZEARBE. RBEMEBEX PR THKE

b 3 RERE/ (kg » hm ) RIFERR/ % R AT/ %
To AN R 28. 4c 72.2b 94. 6b
e PR 148. 5a 82. 0a 120. 5ab
A IR 124. 9ab 82. 1a 112. 7ab
2B IR 139. 5a 80. 2a 135. 5a
42 JIE 122. 6ab 79. 6ab 129. 0ab
il A2 110. 4b 77. 4ab 100. lab

2.4 BALEBETZNEREEHM LB RNE

M3 4 WA, FEBEIEACPAIRE AL, A0 R B EMA T ERK, BRI K, REE
WG SN, HoAh AL AR VE S s BB R KA. E I, AR P Bk P A AL R R B AR E S
TheE R X, 3 Bl a6 A B B AR P A B, 4 B ONCRE S R PR B A AL Bk R A S ke . BRI Y
BER BRI R . IR IR, A P R AR Rl R R 25 S R G A R R
AALFE, 2B GENBER BB DR, ZENE S E SO R BB RN FIEER . N
I, g P A AR P s R B R BB 4 B B0 AU BRI 1.9 RERT 1. 8 A%, AR AR s AR, 3
Pl w5 Ab P R 2R B E H 2.8,3.8,6. 1 kg/hm”.

R4 BAZECEETLZNEZZLEEFHM MM ERE kg/hm®
Ak P g ] WA 7Y TR L
TC A T R 0. 33c¢ 2. 4c 11. 5e 12. 8¢ 10. 2d
A 0. 36bc 6.2b 22. The 25. 4ab 19. Obe
4 P98 A 0. 34bc 6.5b 20. 3cd 23. 3b 18. 1c
2875 I 1% 0.32c 5.8b 28. 2a 25. 2ab 20. 9be
2 B A 0. 49a 10. 5a 25. 1ab 30. 4a 21. 9ab
i FF7 55% 0. 45ab 6.2b 19. 2d 28. lab 24. 2a

2.5 BREGESTEZNEZBEBRE., BB RMEBEXT AR STE R

HI 5 AT, FEA R SUIE KT s P B o o ol e Ak Bt 38 e A i 20 Sl ik B9 1 00 LAY 2.1 A
1.8 A SR PSR . 2B R RS ARG A B A B R e B B I B AT B S Ak PR R R
AT BB ETE 2 RPBREAR BB R R Lo 8 L, BEEES 2B
B DB R A B A% R 22 S G SR T S R AT A A B A P R A B L AR R B R . R K
-4 150 kg/hm® H1 195 kg/hm* X 5% 8% B 5K A B9S2 00 o GE TF 2 38 30, BOR P sl /U AL B 28 83 1% AN S
AR BE i b B A i DT MR L T R B, RS T B Ak B AR AR W DTk R 0 3 T

x5 BREALZGESTENEMERE. EBENEBHNIFARHKE

4b 24 AR/ (kg » hm™) B R/ % e DU A/ 1
To R M 9. 9e 85. 3b 115. 7b
VS IRki E:N 20. 3be 89. 3a 124. 1ab
R PEA 18. lcd 89. la 115. 3b
ER RUER 24. 8a 87. 9ab 141. 3a
EN €/ 22. 6ab 89. 9a 119. 1b

FiAF 7 55 16. 3d 85.0b 76. 6¢
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2.6 BREZGESTENERLEFHH LMHRRE

oI 6 AT, FEmi . R B S R P s A BT AN IR R R 2 R TSI L SR P
R L. 3 FhAE o A0 B rh A R SR AT S A A B R B R A S, BRI AL 2E R RS
RSC NHRY I E ], A AR ORI el R R B R B AR AR T R (AR SR B SR ORAE . A AR T A
ZERLVARE AR )5 A R AR W A R S A AT S B R A R . N A e P AR X
A U R SR B AR IR B TE R IR 1. 6 % . BT IR, 3 i M AR A i Ak HE AR BRI A R B 5
i FCrR RS AT o B R B R T U A 2 Rl R A S AL B

k6 BAFCEETENEZELEFHM ENARAE kg/hm’
b B i HAT WAk T3 T
Jo R X 2.1b 32. 8¢ 72. 6¢ 72. 4c¢ 49. 8d
g g 2. 6b 96. 2b 149. 8b 142. 0b 81. 7c
4 P98 A 2.4b 93.7b 137.9b 134.4b 81. 1c
BT IR 2. 4b 90. 1b 184. 8a 205. 5a 102. 5b
SN 3.7a 155. 4a 184. 5a 183. 0a 106. 7b
T 2 4. 2a 133. 5a 176. 5a 197. 0a 132. 1a

2.7 BEFEEETZNENEBE, LEHRKEMIFHE SEBHILO

HIE 7 AP, FEAS TR UK o A 58 205 A DA Ak BILET 3R 5 % 70 ) ik B R KT R 2. 6 Af5 A
2.3 48, 2 FRUILAKF TR RS 22 R ST 08 . SR PIRAAM L, BB R 5 42 IR AL BEAR R e A% B
BEH, FATE R BA R R E I R G . BRI, A BEAE S ARk BB
W A AR IS B R AR PR T R A H 22 RS B . MR P AL B, B S A
S HARRIESIES R R RN EIRCE RS S e AR R 2 e N T R W YA
W 25 S RS TE T  3 R R AL B LR R B R S e R A B R B, AT S AL
HA EIHEH.

K7 BEFEGEBEETENEZRNERBE., WEMAREMIFAH S HBH LG

b P SR/ (kg » hm™ ") TEEE IR/ (kg « hm 7)  APRLER A RS AT LL B/ %6
To AN I 33. 4c 22. 8d 32. 7ab
e PR 88. 2ab 68. 1ab 24. 4be
P EA 76. 4b 56. 8bc 27. 9abe
ER RUE 104. 7a 82. 3a 22. 3¢
EN I 102. 7a 77. 8ab 25. 5he
T 85 68.5b 44. ded 36. 7a
3 W iR

3.1 BRESEENEMZ/NENRTENZNE

SR i e 2 g A /N2 A TR A D P R A A A P e R X R R A P A/ 2 A
A3 BEURIE AN DL T ZE A 160 kg/hm?. A5 e sl Al 5 A P T 13 7 B 7E 5 SE N 2 R 1
FGETE o T AT DUt R R Ay, M R 5 RE A (e RN AR E A A, SRS AR T B
R FRL RS RE T . NI S VEH = 4. Rehman 7 R Li 457 9 BFSE Pt /N2 R &
o F T WSy BT 5 00 R 23 %0, A EUIE KT RS FE L B RERE /N B 7= 0. 706 ~10. 2% AkEe T, 5
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KPS, BB IR R EAE 2012— 2013 4R ROKARE WE WS 14, 200, AL B 5 4R e
P 8. 4%, 5 IRGER -3 FAMR R /NG i B BAERR ARk, T RE 5 R TR I B KO B IS AT
SN ORI A B N A e R T A SETY . AR X 2014 — 2015 AEARINI (7 —9 O MM & 318 mm,
HAEREWRKL, WA TRHFE S &R Em, 5 LR -3 WGBSR, &/
FZWRIG A A AL B 3T 0~100 em 7 BT AR B & R 80. 4 kg/hm”, A LA (0~100 cm # i A
B A 118, 9 kg/hm®) i 3 F g, HAFEM /N AR R AF, 7T 150 kg/hm® ZUIE A i 384 T DL 2
AN A TR
3.2 BAZZEEEMNEREMENEFRSERMEBNZI

Jits FH U IE S T /N2 A R AL, (AR AR R A BOF R B IR NE B R
17 SR 3 1) R R B4 T B B Bl 3 40 B8 A K (4R 585 T 8 A, BTN A JERLRE . Dordas™ & BLAL.
R AL 32 0 B ATKFE T ARRL; 807648 W15 AMIE S BUN & A4 5 1 b 1 e RALE B A FR AR R 34,
ARG it AR 195 kg/hm® 38/ 5] 150 kg/hm® XF4/NZ OGRS AL B #1 B FE KR A W
Ewm, RPBEASRPBECHEGE . BHEEREBA . iR 2RS¥ E L, EWEHEA
SMHERAS, 5 EARZER B AT 150 kg/hm® UM I 6 A 1] LA JE 2 b & /N 22 2k KT oK

ZNFEAER AR T &4 B WA R B2 R %38 L. Barbottin %1 R HHLLLAEIL R, /)
ERFFERRATE. Al 3 fiREE T AR RNE ., AREBEREF LG FE X, 5 LIRS,

5 5 B IR R b R A R, RS R AL B R N b AN 0. 1% ~7. 7%, /N
WA AN 0. 596 ~4. 6267, AN 22 7 Vi 4 N A A AL B E T AR 0 RN RIGL RS . TERS AR AL SR AL B R
T SRR N, B RS R YRR, (EORPRLAT oG B RS B L B v RIS AT S AL BT X B A KF
KL PR R BB MR AT, SR P IR, 3 PR a0 Gk B i A T e, R e R,
0~100 cm & LA 5k B 24 50. 9 kg/hm’. W WL, 3 Pl 327 56 X0 1 AU I ToRct 2k

4 & it

R PR RBAR FREAR AN E R AR R MR TR N, AL 150 kg/hm® AL
FH et A 5 /N A A TR AR H A U AL S 2 Y A A 3O AR R TG B R 4 R Ak
R A MR H, BB R A R AL B R R LA RS BOC A, (B T e R AR
LMot REAT AR AL BER P, M AR R R R, B R E R, BB REAT
W H (O B ARFRL Y B0 R BB MR A7 . 2 3 Al S S i AR A R & /N 22 37 0> RS BB A, b
BT 3 AE R o 72 ML /N 7 e W SRR R A% A, S T B i Ak R 7 A B A, PRI o B R
FeBA R . AR Ie ot — P R T A TR RUIE T S M AT =t o % T S Ak R X R M A /N 7 R
oy RBUGHERS RUHE . O 5 M A /N A2 v 7 s AR B 2 AL B A A0 R 52 AT
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Study on Nutrient Accumulation and Translocation of Winter Wheat

Under Reduced Nitrogen Application Combined with Mulching

LEI Bing-hua, ZHAO Hu-bing, LIU Ji-fei,
WANG Zhao-hui, ZHAI Bing-nian

School of Resources and Environmental Sciences, Northwest A & F University , Yangling Shaanxi 712100, China

Abstract: (Objective) In order to provide a theoretical basis and practical experience for high-quality and

efficient production of dryland winter wheat in northwest China, nutrient accumulation and translocation in

winter wheat-cultivated dryland under the combined measures of reduced nitrogen application and mulching

were investigated. (Methods) Field experiments were carried out from 2012 to 2017, with no nitrogen fer-

tilizer as the control, and two nitrogen rates were designed: 195 kg/ha (practiced by the local farmer

households) and 150 kg/ha (reduced rate of nitrogen application). Based on the 150 N kg/ha treatment, 3

mulching treatments were made: ridge mulching-furrow sowing, whole plastic film mulching and straw

mulching. Grain and biomass yield of the 6 treatments in the 5 seasons were recorded. In the 2016—2017
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season, the amount of nitrogen and phosphorus accumulation and translocation and their translocation
rates, the contribution of translocated nitrogen and phosphorus to grain yield in different treatments were
measured. The amount of potassium loss after anthesis and the ratio of grain potassium to translocated po-
tassium were measured. (Results) According to the average yield and biomass in the five seasons from
2012 to 2017, the grain yield and biomass of reduced nitrogen treatment tended to decrease, though non-
significantly. On the basis of nitrogen reduction, the ridge mulching-furrow sowing mode tended to in-
crease yield, by 8. 4% and 5. 0% in the treatments of whole film mulching and straw mulching, respective-
ly. The biomass of ridge mulching-furrow sowing, whole film mulching and straw mulching increased by
7.1%, 15.5% and 10.0%. The data from 2016 to 2017 showed that no significant differences existed be-
tween the 195 and 150 N kg/ha treatments in their nitrogen and phosphorus accumulation, translocation,
translocation rate and contribution rate of translocated nitrogen and phosphorus, potassium accumulation
and translocation amount, potassium loss after anthesis and the ratio of grain potassium to translocated
potassium. Compared with the treatment of the reduction of nitrogen of farmers, the three mulching treat-
ments had no obvious effect on nitrogen accumulation, translocation amount andtranslocation rate. Ridge
mulching-furrow sowing and whole film mulching promoted the accumulation and translocation of phos-
phorus and potassium, but had no significant influence on the rate of phosphorus translocation and contri-
bution rate of translocated phosphorus. The loss of potassium was rather high, and the proportion of po-
tassium in grain tended to decrease. Accumulation of phosphorus and potassium in straw mulching in-
creased significantly, phosphorus translocation amount, translocation rate and the contribution rate of
translocated phosphorus decreased. The amounts of potassium translocation and loss were low, and the
proportion of grain potassium to translocated potassium was relatively high. Straw mulching significantly
increased the accumulation of phosphorus and potassium and tended to decrease the translocation, translo-
cation rate and contribution rate of phosphorus. The amounts of potassium translocation and loss were
comparatively small, but the proportion of grain potassium in translocated potassium were fairly high.
(Conclusion) A nitrogen rate of 150 kg/ha can basically meet the needs for winter wheat growth and so it
is feasible to reduce nitrogen application. The treatments of plastic film mulching and straw mulching gen-
erally increased yield, ridge mulching-furrow sowing and plastic film mulching promoted the accumulation
and translocation of phosphorus and potassium, and straw mulching raised the proportion of grain potassi-
um in the translocated potassium. Therefore, mulching is a necessary and desirable agronomic manage-
ment measure,

Key words: dryland winter wheat; yield; amount of accumulation; amount of translocation; surface mule-

hing
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