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B E: N7 ESIEE XK RIS BG IR At 2%, 2013 ~ 2014 4ELL “F5 357 KRR ARE, RN
FRENLIK I A G K0 & (0. 30, 60, 90, 120 ke/hm® ) X 7K AF P4k . EGUIAT 2400 Lo . AT AC )
SR N B O R S, AR T R 5 [ OKAR AR P A IE S B A5 IR R R S K AR S
B ARE R, SEEE R BN 10.0% . 16.9% F119.0%. 8.3%, KR RLRIT= i 15.9% . 34.7%. £
SRR AR 12 2 [0 W 3 ) R R 2R G 3R, WIAR TR i R P bt #4090 1296, 1225 kg/hm®, SRR 2805
PR A A AR 110.7. 1114 ke/hm’ . BUBUUIK RERSFFAR R 400 L 61 15 80% LA L, HK M STRL 13.2% ~ 15.5%.
14.0% ~ 17.6%, ZSRCBART 3%, Tohi PP 2 B PAE B SAH B, Ko, &b B s, B REE R 13.9%.
50%. 75 MERLER 28 SRR ek Bl 2 40 0 FH At 3 I RIS, B BRI W 25 R KRR ML AR R B AR Y
DA Koo A0 B 57 1, 40X HR R 5 22.5% . 20.2% . K R 20 IE A FH 200K 5 [N 28.6% ~ 46.0%, 16.6% ~ 46.3%, Wi
AEB O Koo A0 B S5 o B A A A= 777 2 R0 R 2 ) ) 230 Bt 0 Sk 0 185 0 T Akt T 60 S 5 Ak 3+ R0 R 1 3R
Sy I e, e 120 ke/hm® it B A BE A 88 5 i i R A, N IR A0 ) BRI 42.7% . 39.5%. 7T R St R AT 6
S XoF A 5 %) B 2 K FE L3 0 1602 ~ 203.1, 1734 ~ 205.7 kg/hm®, 52 K5 FF A TS 40 2 5 T 60 kg/hm’
VL E AT R 2P, 275 5B MK R = it SPACRI RO S iy H IR 2P A S I 3R A H AT A = 4

T, FELIHE KK R EETE 110.7 ~ 129.6 kg/hm® J5 I B
K A, THROIEHEX; KRR, BICISOR ;R T

T | HEHE X p T e DA T XA
BRI 43.5 J7 hm®, TR AREEMIX, K
R X IR RAR O 2 —, R4k AR
FELE 6.67 J7 Y BRROKRE TR = KOS IR T
RZ—, H5A. AR, FEEYIRAL KBS
fE1E, AS5HENIPFRWIEE, BA SR,
IKFEXRTER R MR A, B AE 1 45 Bt FH X 42 1=
KRR A R AR, Wi s A
B 2 5 R R RO I 45 R R I AL X g
7= 1 1 Bk 0 AR B T 10.8% . 8.2% F1 10.3%.
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AR & Bl 1978 4F 19 305 metkg K [ 5] 1992 4F 1y
192 mg/kg, FHAE-H4 T 7.5 mgkg, 1991 4% 5]
BEHEIX 226 MMHEI AR ST 0T, ORI 1985
AR IR GE IR T 27.6%, BT R E
ik 9.4 me/kg, RS REMFFEBLE 10 4K, 7
B BHE X IR SR A 0y ) R, R
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WFIRABITE . ML, il AR I KR SE 1A
RV ERAE PR R R . SRR BC ] i SR
T KBRS A IR S R 2 R T T R GE0T
58, W KA AL RS B R, O T =S BRE XK
AT ALt B L B

| RS

L1 gt

IR T 2013 ~ 2014 AE7E 77 K 5| 8 IX 75 4 ok
TR ER . PR AT, T X H AR | R
WBE, BHERIRE K RARE, T8 SRR i 2 KU,
SRR 85°C, KFFAEKZEN = 10°CHRTEN
3020°C, ZARFEFE KRR 200 mm A7, A4
FHEIR A, HER O ~ 20 em T SEILREFRALPE R
pHE 8.5, 4%k 1.1 ghke, AHU 12.8 gkg. 2% 092
ke, THAFA 68.0 mgke. AR 15.0 meke. BHALH
178.0 mg/kg, HMERT - HERLAT AL BT pH (H 8.5,
4k 13 gkg. AT 15.7 gkg. A 1.2 okg. A
82.5 me/ke. AR 26.4.0 meke. HAE 212.5 me/ke,

FH B30 DA 3 5 Ak, B IR e FH fE ik it
54K, 0. 30, 60, 90, 120 kg/hm” 43 51 i K, .
Ky Keon Kogu Kipg #rn, FHAEFEA . BEIES—H
5, Hi N ol 240 kg/hm®, P05 K 75 kg/hm®, /NX
MR N 40m® (5mx8m), HE 3K, FHLIX L
HEF, ANXIRIFH 40 em & BIERRIT, sz i HE
FE, BRI NI K . #2013
FKFEF 4 H 25 HEEFR, 10 H 5 HUGEE, 2014 4F
4 H 20 HFEFF, 9 A 30 Hesk, #&F 7 Xk %
i Bk, & RhE R 4125 ke/hm®, CERBRAE . BEAE N
50% 1 A NETE B H T — Pt 30% F120% 1)
RIC S A AEK G 43 BE A RN A i, O A4 e

55 4 K A P —3K

1.2 W 3507
IKFERGEIY, 7E/NX P REALEL 3 4~ 5 m® FRE)T

HEATI =, FEI PR E K N 12.0%, DL

Fehr, A EEPLIEE 3 4> 1 m KREHL EIRRERE, 14

EWCREEL . AR BESCRM TR S, M

RS A0, 105°CA T 30 min, 65°CHET =46

FRE, H,S0,~H0, IHA&JG, I CREEEI i

W, MsEARTE

BRAE AR REG (%) = (it 87 X b [ 35 5 0 B

- AR X FER AT R ) / HEHT R x 1005

BRAEARZE 77 )1 PFP, (kelkg ) = Wk DOFRRL B / 4

it FH 2 5

BPRE A 2 ) FH R AR, (kgrkg) = (it B0 XK HE =

- JOH DXORPRL R ) /A

PRZTHT B = A IR /4y h I

BRI = BRI - E AR B
BERH DPS 7.05 BS54 47

2 HBRESH

2.1 JKFEF A UH R

Tl B IS 0T 7K R 7 ek A S DR 7 A
FVERER, MBS & TOKREE SR, T4
SRR A, PR 120 kg/hm® ACEEEE, 25
H 87.1%. 90.3%, HXIR2ES BE (P<0.05), £
IR X 7K R TR S AN D A %t B Ak 3 AR
HOPTAE Y TR IR L BIE P 6 g i g
i, B 120 kg/hm® Ab B B R, AR 3 A #)
466.5 J7 . 480.5 Ji i /hm®, B0 RS R 1 6.0%
9.8%, FYIIEFLAYHIACHI AT UGS m KA 45 9230
WORREEL, MR K e et

&1 HHIEAENKTE 2N E RN

G55 (%) THiHE (g) B (78 /hm’)
Ab s
2013 4F 2014 4F- 2013 4F 2014 4 2013 4 2014 4
K, 81.5+3.7b 86.1 +0.6b 243 £0.10a 24.5+0.31ab 440.0 + 13.9a 4375+ 12.7¢
Kso 85.3 +5.8ab 89.0+2.2a 243 +042a 242 +0.31b 450.5+21.8a 452.0 £ 11.4be
Keo 86.8 +2.4a 88.3+1.9a 24.2 +0.40a 24.6 +0.06a 451.5+16.9a 464.0 £ 3.8b
Koo 86.8 £6.9a 90.2 +2.0a 24.1+0.38a 242 +0.12b 461.5 + 15.6a 457.5 £ 1.5b
Kix 87.1+7.7a 903 +1.3a 23.8 +0.46a 24.3 +0.23ab 466.5 + 16.9a 480.5 £9.0a

T AR/NSFRFRIR 5% KTV 225 8% (P<0.05). R,
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2.2 KRR B A R

M 2 FTLAE Y, A5t A B 7K R SbE
W T K Ab3, YGRS 4.7% ~ 13.9%
12.4% ~ 21.3%, 2013 4F Ji Ko, Ab B A4 7= 5 i
FUE Ky 203, — 5 2 RN, 2014 4F FEK
T ST 7 e I 2 0 I o A BRI T 38 i, K0 AL R
B, HUOR Ko 2b3, —H W R EER, K
23 PR ™ o D) i o A P o P38 I S R A, PR
AR 5 A K o A0 BRI Koo A0 PR B AR, 450 % BB [ AR

23.9%. 29.1% JKFREHEFT 7™ sk G H I & i 3
TR R AR G, PIAEY R Ko A0 B s,
B B> R 25.5% . 14.5% ., % W58 BT A AT
FH BB P Sk P RS FF P~ o, A RS it
=g R 2 SR R S R O IR
FRRHATE (F3), AR R &2
)7 B 8 1 R RO R, KRG e g 7 2 it 4
HoM 129.6. 122.5 kg/hm®, I AE 25 P Bt A N
110.7, 111.4 kg/hm®,

x2 AEFHIEAEXKE~EHHNT

SR AR (kg/hm®) FEFF =5 (kg/hm)
A3 2013 4 BapRE 2014 4F PR
(kg/hm®) (%) (kg/hm®) (%) 2013 20145 2013 2014
Ko 6946.7 + 22.9¢ —  7242426281c —  6040+261a 391.3+183.6a 113984+801.0c  12614.2+12558he
Ky 72750+2358.6bc 47 81424+471.1b 124  588.6+667a 2483+69.7h  126205+751.7b  12460.7 +593.1c
Keo 7543.4 + 586.3ab 86 82135+4037b 134  468.7+499h 272.7+947ab 135393+5956a 1364622 101.5ab
Koo 7914.9 +365.1a 139 87205+607.8a 204  513.6+39.9ah 223.7+40.6h 143003 +4314a 14 449.3 +726.5a
Kz 7828.6 + 508.4a 127 87863+561.8a 213  4598+733b  2773£69.5ab 13786.8+2402a 14 087.3 = 1057.1ab
A 7501.7 10.0 8221.0 16.9 526.9 282.7 13129.1 134515

T WA RNG FRER 25 R B3 (P<0.05), R,

®3 KEHIEEERE

AR Ak 72 2 X AL Tt i (kg/hm®) A PRGEEEA E (kg/hm®)
2013 4F y=—0.057 6x°+14.927x+6 917.3 R’=0.963 5 129.6 110.7
2014 4E y=-0.097 8x’+23.957x+7 311.8 R=0.947 4 122.5 111.4

e IKAEFPRANAE 3.0 JC/kg, BPACHIHE 6.5 JC/kg.

2.3 KFEERZE AL . BB AR FRCR

7K T B A A5 38 A3 B 2 A I b A1) B R R A
PR it 0 S S [ T 3 B0 22 S, AN 0 T LG ) Ok
F(F4) WHirmem s 80% LU, Hk sk
13.2% ~ 15.5%. 14.0% ~ 17.6%, 2SHAALT 3%,
F&FFBR 2R 23 e b 3] bifi 25 B0 10 2 i 38 2 58 T =
Ja AR R B, PIAE BT, 2013 4F Ky, 40 22
e, 2014 47 Ko A i, 2257 5 A5
Hi i R IEAEERRE ) A G, B R RBUR AR K,
A I, LR R B4R R 26.8% . 18.6% H 5
b3 2% 53 B % (P<0.05), SCRLAR R 43 H 6]
W RZ R XREY), SX ML, 2013 4F
IS Acb 3L I VA2 AT B v B 3R AE SR TR Y 43 BC L A
M 2014 45 D42 &5 T 80 28 AE SR 9 20 e e ], O
oK AP AR R, SERIER R B AR B FAHL,
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Koo A0 38 R A & f ey, N AR 51 13.9% . 50%.
23 HURLBR R 43 ] 5 SRR e 34 B 2 IS P g 3
PINTTREAS, A% FRSA A W35 22 5 i b3 SR AR 7
AEHI L) Koo AL FR IR, R FRER 5 22.5% . 20.2%,
FHL3E FLAY BRI = RS B i B R AE ORI b
MR BEB, FIUSRURE R REE, e
AR
HE— 2 o B K R B0 AR R FH AR (%5) 45

T, KA IE A 280836 [l 28.6% ~ 46.0%,
16.6% ~ 46.3%, i #0 AL Gt 3G 2 564 = s
FRARHY S, PIAERILL Ko, AL BRI AN TRl # Ad
B IE it A 7 3 A 2 01 P 24 5 300 i 179
BEINT RS, PRSI R—, FIAR AR
M 30 ke/hm® 34 i1 2 120 kg/hm®, 2013 4F 7K Fe 5 AR
A2 A FIRCR TR AE ™ 7153 5N 10.9 Fl 242.5 kglkg
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F4 HIEASXKBEHESELLLG. ERENFMN
FiFF S Gy il A
" Hby L AR
RO ) it SYREHDI 2t SH LD SRR Ckghn)
(%) (kg/hm?) (%) (kg/hm?) (%) (kg/hm®)
2013 4F K, 82.1+ 1.14b 160.2 + 14.8d 152+ 13a 30.2+3.5h 2.4+0.4a 4.6 +0.54a 195.1 £17.5d
Ks 82.9+ 1.25h 173.1 + 10.6¢d 15.5+0.9a 31.7 +3.5ab 20+0.1ab  42+0.33ab 209.0 + 13.0cd
K 83.8+1.17ab  186.8 = 7.0bc 147+12ab  32.9=4.3ab 1420.15¢c  3.2044c 2229 + 11.3he
Ky 85.0 = 0.67a 203.1 + 8.8a 132+ 0.6b 31.7+3.1ab 1.8+0.15bc 4.2 £0.50ab 2389+ 123a
K 835+ 1.78ab  193.7 % 5.6ab 149+ 1.6ab  344+36a 1.6+021be 3.7 +0.52bc 231.8 + 1.9ab
TFEE 83.5 183.4 14.7 322 1.8 4.0 219.5
2014 4F K, 82.0+0.99bc  173.4%16.5¢ 14.0 + 1.6c 28.6+0.8d 15+056a  3.1+1.33a 2062 +19.7¢
Ky 83.1%2.42bh 1745+ 187¢ 170+ 12ab 358+ 1.5c¢ 09+021b  2.0+051b 2112+ 17.9¢
Keo 84.5 + 1.10a 191.9 £ 23.7b 16.0 +2.6b 36.4 +2.5¢ 1.0£021b 2.2 +0.66ab 230.6 = 22.1b
Ky 829+ 1.10bc  205.7%13.9a 164+ 1.1ab  40.5+1.9b 0.7+021b  1.8+0.48b 2479 + 14.4a
K 81.6 = 1.30¢ 199.9 +20.0ab 17.6+ 1.5a 42.9+09a 09+0.15b  2.1+0.56b 244.8 +20.6a
T 82.8 189.1 16.2 36.8 1.0 22 228.1
F5 AIEASXTKEREN ARERAZN
X BRI (%) I AR A= (kefkg) PR FIZE (ke/kg)
o 2013 4 2014 4 2013 4 2014 4 2013 4 2014 4
Ky 38.3 +7.7ab 16.6 +12.2b 2425+ 11.9a 271.4+15.7a 109 +6.1a 30.0 + 6.2a
K 423+9.3a 40.7 +17.0ab 125.7+9.7b 136.9 £ 6.7b 9.9 +6.5a 16.2 +3.9b
Koo 46.0+2.9a 463+ 11.4a 87.94.1c 96.9 + 6.8¢ 10.8 +3.6a 16.4 +0.7b
Koz 28.6+ 13.8b 32.1+9.2ab 652 +4.3d 732+ 4.7d 73 +4.7a 129+ 1.4b
A1 38.8 33.9 130.3 144.6 9.7 18.9

TR ZE 7.3 F165.2 ke/kg, 2014 4F 7K e 21 B A 24 )
FHZCR M A2 7 7753 B 30.0 1 271.4 ke/kg T [
£ 12,9 F173.2 ke/kg, FFAE Y ZRMDICR 5 424 F H
R 7= Ty FARR], BEME R 3G 0 S S S
AR, Yt R T 90 ke/hm® S5, AR 24 2
G ESTE NN
2.4 AR P e XA A 1) 5 )

2R SF FH A VA A R ot AR 1 AR DA B - 358
PR ARG, AR A FE AR
A, SRR FOWRI R 2 A S SR
Z 2, W6 WA, FERSFERIE AT HRERA
mirp, EEOR A FHIEEA, WAEHR R B I
KRR e B it A K AR R, Y
Jiti B HE I 90 ke/hm® ST K FEHE B TR LR TR, A
RIS A AL AP R I RI T B, B HPIE A

T SRR, Hirb 120 ke/hm® it A0 4b B 358 5 Gk
SR, BN IR B BEAIC 42.7% . 39.5%. I
iy 22 B3 Bt 2 B i v n, b 120 ke
hm’ &b H 5 7, 0 918 0.53 F10.49, WAL A
BRAEAS R DAAERE R B R T Aly, B AE S BRAE ™
SR AR 7 AR 56 AR AR R Hb 7T TS R4
WA 1602 ~ 203.1, 1734 ~ 205.7 ke/hm®, - 33
B2 UL iy 7F AN AR BT (Kso ) Z50F T 20 31
=330 ~ =246, -39 ~ -1.9 kg/hm®, + HEH L
MR Tk, HABAS RS FFA S ¥R di e 1R R
AT REATIE T B0 2T AR A A IR A R
FEAF P 2k F A 3G i, 3RS AE 0 11 A
B 674, 631, ZE I, TESCHiFSFFL H S
HRAE P AL T 60 ke/hm® I, 7R JE D)2 435 - e 4
ER SN
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&6 SHIEREXHETERRM

o - bt 2 S %Xﬁ¥i§f G Eﬂ%ﬁi%?z%l\ ‘D%%XPPFZ@T P
(kg/hm®) (kg/hm®) 55 & (kg/hm®) (kg/hm®)
2013 4F K, 195.1 = 17.5d — ~195.1+17.5d 160.2 + 14.8d -33.0£27.9¢ 4.6 +0.35d
Ky 209.0+13.0cd  0.16 +0.01d ~179.0 + 13.0¢ 173.1 = 10.6¢d -3.9+19.9d 57+051c
Ky 2229+11.3bc  0.29 0.03¢ -162.9 + 11.3b 186.8 = 7.0bc 25.9 + 15.6¢ 6.9 +0.62b
Koo 2389+ 12.3a 0.41 +0.03b ~1489+12.3b 203.1+8.8a 553+ 18.8b 8.2+ 0.54a
Kz 231.8 +1.9ab 0.53 +0.04a ~111.8+1.9a 193.7 + 5.6ab 81.4+69a 8.3 +0.94a
SEH(E 2195 0.35 ~159.54 183.4 24.94 6.74
2014 4F K, 206.2 + 19.7¢ — ~206.2 + 19.7d 1734 % 16.5¢ ~24.6+25.1e 5.5+0.46b
Ky 211.2+17.9¢ 0.14 + 0.02d ~181.2£17.9¢ 174.5 £ 18.7¢ -1.9+24.5d 54+0.28b
Kq 230.6 +22.1b 0.26 +0.03c ~170.6 +22.1hc 191.9+23.7b 30.0 +24.7¢ 6.5 +0.90a
Koo 247.9 + 14.4a 0.37 =0.02b ~157.9 + 14.4b 205.7 +13.9a 52.5+15.1b 7.0 £0.46a
Kia 244.8 +20.6a 0.49 + 0.04a ~124.8 +20.6a 199.9 + 20.0ab 82.2+22.6a 7.1+038a
FAE 228.1 0.32 -168.1 189.1 27.62 6.31

TE: RPRFROFRHEFFE TS A EERUP6T . 020 R AL

3 e

BEKFBEEREFTIOTHRKREERILRZ
—, JUE LR ERAR T RIE, (R A X
M e B AR =, IE I B0 A P B —
TR, SR ECREARE P, AT AT R
VR 388 7= W 48 S AR R, it B A e A I 2 4
KRR, ERRARSE SRR R, TE—E R
JEL it P S T P, b D e P 58 o K e 7 A
B, YOG R Ak S, KRR R
Femkash, APFRa R 52K, WAEKRES
PIZRW, it AR IC B 2 s TOKAR T R, Y
90 1 120 kg/hm® I 7K A% 7= 2 iy, He X R 40 31 444
72 13.9% ., 21.3%, ZSRUR= 5 BIFEAR T 23.9%
29.1%. HTHIERE A4 =K A A R0 BET, m
ZEHER T R EUKRE AR, I E
YA IT 10 AR R A8 as i, DT i 45 S R R
i, HAEXK R EA —E MR, B
AR R R R B, PR IR 120 keg/hm® B
KRG 45 52 Ay ) R 87.1% . 90.3% ( P<0.05), [
& SPIEFH & 38 g, KRR W SRR Ak B
PE15 6.0% . 9.8%, WAL H AP AL & 1T LI &
IKAE G LR TR BEE, T2 = KA 7 . R
P KR 7= 5 i B 1 6 R ST — I R T R4
Br, 151K FEIE B4 2R 1107 ~ 129.6 ke/hm’,
111.4 ~ 122.5 kg/hm®, BT L, 36 BT A4 A0 A 4
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AR R R R

YEDIR I Z (R DM JE 2 22, BOR RE S SE BRAE
Wy e e O XK R R, R SRR3R
SRR TR AR, KRR R R4 1 R
FURAE Ry =i A 6, 32 B0 7K S A8 52 1)
F. Fres TR, AR RN R
PIARFI T T RIS R , 525800
Fed . gl & S BIRSEIA i AT AR RS AT
JCEAX S T, ANFEEE AL B ARRL . RS FIR
B FK R SR Bt AR A B A — 3, MR
JIEFH S B I I, R S R R A e KRR A
WA A2 BRI S RS, (ERPRI A S S A o
b L i 0 TS 1 4 v T PR A o AR AR5 A )
B RREER AR R WSO R FEFE > S0k > 25 At
Wi, SRR LB P AR 14.7% . 16.2%, =5
REREA L 3%, Ko B2 TR P, 5 F K
2 LU LRI SE 4 AR, A A 8 T AT
S KRR R B S 1 B, B Tk - e
FITHFE, b Ky, A HFEFHHE 2R BB LX) IR $2
15 26.8% . 18.6%. K, AbFRSRA 28 EAER R IR
LR 13.9% . 50% . KR L0 B0 2R R IR I R A
PILL Koo A0 PRI, BT HRSE R 22.5% . 20.2%,
AF 3 ‘P B I FH 2 B8 i v B 28 R SR L A
FMERE, UL, FARMER T AN 2, AR
TR FERERVR ZE LN o T3 B IO FH 4 v
IR TR iE, HAEUGE T8RRI T
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LSS, SN T WK TR 35243 BT 7 A AR
Fefil, M 3RS w2 v e, MERHR I SCR
S RAE A FE I 0 T AR A, TR AR R AT
H30% ~ 35% ", KREWFSERD], BEEHAC &
PSS, VEY ™ e AR R, IR R
AR TEAHIESE b, B B0 & 3N 2 e it =
Je AR AR A, B9 AC 4 90 kg/hm B AE A1)
ORI, R E] 46% oAy R ARFRI R
A7 ) Bk Bl G 2 N R,
I, BPAERFRCR G AR I A R AT, TR AE
HeREi i) AR e~ , IR ik A B
N9

BRI A A 3R T T R Y [ S RO T
Xif R R N 45T S ) h 25 7 i 7 A LY
Wi, HE R AR R B M L A AL
PO WIS Y BRSO T 22 AEAEREE st
55+ e A RGO R, AP B, A
RO ECG, TP BT, KRS R R
WY, 7 HRiEAR TS 60, A A — g ab T 5 b
WA, AR E 5 B 2 7RG X 1 g
2o B B E AR AR RS, ARG AE
R AP AR A B2 F T 45 Ab B R B R BN 5 e, il
PR R N Bl R, Hoh 120 kg/hm i
BPAL R A 1 e AR, RO IR0 A 42.7%
39.5%, HPAE-A R B 3100 0.53 F10.49, SEPrA:
7 SRS FFAA B %o - 4 A 28 D 7 T R 40301k
160.2 ~ 203.1. 173.4 ~ 205.7 ke/hm®, & T 7E it
FRFIREAIAR (Kyo) MOS0 T AR DLEREH R P 1
M2 A 5 B, RS AP S IR 60 ke/hm® LA
AT DAHERR R B OV, AE KR A P S R AT A
M J B0 AR AR T 60 ke/hm®, B HE A4 -4 it
FH AR5 K R e 7 A 8 RO RO,
T it P AR s UK R R B Rk, ik, T
5| VE X K A it 4 2 AR A 1 e ak I k.
KA B A5 7= 5 T A i IR R A 2R A e b ok
e

4 Z5ig

I RV DX IS Pt 0 A R K R R
L, FRRAERRR R o L AR RE R HRCR, G
R E KRR AR 2 2 i R A 1 SR
FVMENER, FEEATAESET, KAt
TE 110.7 ~ 129.6 ke/hm” G RN N H.,
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Effects of potassium application on the distribution, utilization efficiency of potassium in rice and soil potassium
balance

GUO Xin-nian', MENG Jing’, TIAN Xu-dong’, ZHOU Tao"", LIANG Jin-xiu', CHEN Gang', SUN Jiao', YIN Zhi-
rong', JI Li-dong' (1. Institute of Agricultural Resources and Environment, Ningxia Academy of Agriculture and Forestry
Sciences, Yinchuan Ningxia 750002; 2. Agricultural Comprehensive Development Office of Ningxia, Yinchuan Ningxia
750000; 3. Agricultural Comprehensive Development Office of Qingtongxia, Qingtongxia Ningxia 751600 )

Abstract: This paper determined the appropriate amount of potassium fertilizer for rice production to provide a reference for
reasonable application of rice potassium ( K ) fertilizer in Ningxia Yellow Irrigation Area. The rice variety Jie No. 3 was used
as the test material, and a single factor random group design experiment was conducted to examine the impact of K application
rates (0, 30, 60, 90 and 120 kg/hm® ) on grain yield, distribution proportion of potassium in mature stage, utilization
efficiency of potassium fertilizer and the balance of soil potassium. Results showed that, compare with the no application of
K, all treatments with K application significantly increased the yield of full grain and straw in rice, the increase rates were
10.0%, 16.9% and 19.0%, 8.3%, at the same time, the production of empty grain was reduced by 15.9% and 34.7%,
respectively. There is a significant quadratic curve relationship between the amount of potassium fertilizer and rice grain yield.
In 2013 and 2014, the maximum yield of potassium application was 129.6, 122.5 kg/lhm’, the best economic yield of K was
110.7, 111.4 kg/hm®, respectively. More than 80% of potassium was distributed in straw at maturity stage of rice, in solid
grains there was 13.2% ~ 15.5% or 14.0% ~ 17.6% for different years, and less than 3% distributed in empty grain. The
trend of potassium accumulation in rice full grains was similar in the two years. The highest potassium accumulation occurred
in K,,, treatment, which was 13.9% and 50% higher than that in control. The accumulation of potassium in empty grains
decreased with the increase of potassium fertilizer, which was significantly different with the control. The accumulation of
potassium in aboveground parts of rice was the highest in Ky, treatment for both the two years, which was 22.5% and 20.2%
higher than that of control. The potassium fertilizer use efficiency of rice ranged from 28.6% ~ 46.0%, 16.6% ~ 46.3%,
and was the highest in K, treatment in two years. Partial productivity and agronomic efficiency of potassium fertilizer in rice
decreased with the increase of potassium application. Potassium deficiency was found in all treatments of potassium fertilizer
application, among which 120 kg/hm’ was the lowest, which was 42.7%, 39.5% lower than the control. The soil potassium
supplementation range was 160.2 ~ 203.1, 173.4 ~ 205.7 kg/hm’ after the straw was returned to the field in production.
The potassium application amount with straw return should be higher than 60 kg/hm’ to maintain the potassium balance.
Considering comprehensively the factors such as rice yield, potassium fertilizer utilization efficiency and soil potassium
balance, it is appropriate to apply potassium at 110.7 ~ 129.6 kg/hm’ in Ningxia Yellow River Irrigation Area under current
production conditions.

Key words: potassium fertilizer; Ningxia Yellow River irrigation region; rice yield; potassium uptake and utilization; soil

potassium balance
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