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Abstract: Spring wheat is one of the main grain crops in Heilongjiang province of China. The annual planted area is
about 0.2 million hectares. The yield and quality of the spring wheat in the province is below the medium level in the
country. So it is an urgent problem to enhance the yield and the quality. Potassium is not only the essential nutrient for
crops growth and development, but also an important element in quality formation. The aim of the paper is to study the
effect of potassium on the physical characteristics, yield and quality of spring wheat, and to provide technical support for
high yield and high quality and high efficiency fertilization for wheat production in Heilongjiang province.

The methods of pot culture and field experiment were adopted to study the effect of potassium on the physiological
characteristics, yield and quality of the spring wheat. There were 5 treatments for the pot culture experiment and the rate
of potassium (K,0) was 0, 0.05, 0.10, 0.20, 0.50 g/kg. The samples of the second leaf from the top of the wheat
plants at the stages of three-leaf and jointing and the samples of the flag leaf at the stages of blooming, filling and matur-
ing were collected for the determination of chlorophyll content, photosynthesis rate and the activity of nitrate reductase .
The result of pot experiment showed that potassium could increase the chlorophyll content in the leaves. With potassium
application, the chlorophyll content in the leaves increased by 0.51, 0.37, 0.75,0.55 and 0.28 mg/g from three-leaf
stage to maturing stage respectively compared to the control, on average. Among these, the optimum rate for the increase
of chlorophyll content was K,0 0.10g/kg. With potassium application the rate of photosynthesis increased by 0.44,
1.87, 2.11and 1.49 pmol/(m?*s)from jointing stage to maturing stage respectively compared to the control, on average.
Among these treatments, the optimum rate of potassium for photosynthesis was K,0 0.20g/kg. Potassium also showed a

good effect on the activity of nitrate reductase of the spring wheat. With potassium application the nitrate reductase activi-
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ty(NRA) increased by NO; 17.7, 17.6, 21.9, 23.9 and 13.5 pg/(g+h),FW from three-leaf stage to maturing stage
respectively compared to the control, on average. Among these treatments, the optimum rate of potassium for NRA was
K;0 0.20g/kg.

The field experiments were conducted in the main region of spring wheat production in Heilongjiang province. The
soils for the experiments were black soil and planosol. There were 5 treatments with 3 replications. The rate of potassium
was (K,0): 0, 22.5, 37.5, 52.5 and 82.5 kg/ha. The experimental result showed that potassium had a significant ef-
fect on the yield and quality of spring wheat. On the view point of yield and quality, the optimum rate of potassium for
wheat in Heilongjiang province was K,0 37.5—52.5 kg/ha, the yield increased by 3.8%—18.1% , the average was
9.9% . Appropriate rate potassium application could improve wheat quality, especially on the processing quality. Com-
pared the treatments of potassium with control, the protein content increased by 0.36 percent, wet gluten content by 2.33
percent, sedimentation value by 3.07mL, time of stability by 4.13 min, the maximum resistance by 10.2 EU, the exten-
sibility by 1.4cm and the bread volume increased 10.4mL, on average. Potassium application could affect the compo-
nents of protein in wheat. Compared the treatments of potassium with control, aibumine content increased by 0.14 per-

cent, globumine content by 0.13 percent, glutenine content by 0.39 percent and prolamine content decreased by 0.42

percent.
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Table 1 The basic fertility of selected soils

EHLR BN HEHP BRK HHMS AHZIn BB

ﬂﬁﬁ‘ iﬁ%ﬂ pH OM Avail N Avail. P Avail . K Avail.S Avail.Zn Avail.B
Location Soil type
(g/kg) (mg/kg)
B3 /R € Harbin 3 + Black soil 6.2 27.4 109.6  39.0 171.2 11.7 2.1 0.32
859 4 1% 859 farm F13 + Planosol 5.1 34.2 136.5 62.5 182.6 15.3 2.5 0.29
B =T Jiansanjiang H 3 £ Planosol 5.4 36.7 126.3 58.5 166.2 18.9 1.8 0.23
71 Keshan H + Black soil 6.5 41.8 143.7  41.3 192.0 13.6 1.6 0.47
AL BB T B g E S B LS4 F ¥ mo0.51,
2 ZR50th

0.37.0.75.0.55 #1 0.28 mg/g, ' K2 FHE&X /ME

2.1 HNFNMNEZEERENEN

21,1 MMEESTEMER HKRER(EK2D)R
HENENEHRESERAVNENIER N, PME
EFRH AR SRBRES, b5 B REK,
FRRMMANEN T RESE N=ZHHEEXH,

HEH R R SR SUR BT, & & F B IR 45
510.67.0.73.1.10.1.03 1 0.18 mg/g. MR E K
RN EXRGEREE T RER, EHREEF P
R R E SR EEER/NEN R
B TYRPMREEFTREER

2 MEFRAEEHRHERESZR(mg/g, FW)

Table 2 Chlorophyll content in wheat plant in different growing stage

4b = EATH JFAEH K Lip B
Treatment Three—~leaf Jointing Blooming Filling Wax maturing
NP 3.29+0.16 bA 5.30+0.13 ¢B 4.04£0.15bA 3.17+£0.07 cA 1.26+0.15
NPK1 3.40+0.08 bA 5.63+0.17 bA 4.80+0.37 aA 3.46+0.14 cA 1.38+0.11
NPK2 3.96+0.25 aA 6.03+£0.22 aA 5.14+0.26 aA 4.20+0.19 aA 1.44+0.08
NPK3 4.01+0.10 aA 5.74+0.17 bA 5.02+0.12 aA 4.02+0.17 aA 1.64+0.13
NPK4 3.82+0.17 aA 5.27+£0.31 bA 4.18+0.21 bA 3.21£0.17 cA 1.68+0.14

B (Note) : RAKNEFZH FRERE 1% 5% BE/KFE, TH, Different capital and small letters mean significant at 1% and 5% levels, same

as follows.

2.1.2 XHEERBHREW XK3RH,FNHERN
EERPH R S EAERAR, 2Rkl &k,
FENER, HREEXY SR RE, FXPIE
MEASERARREHBEWREMER, BRHE
SR, & A A AL FE A BROR A 1R R R OF
¥4 5 % in co, 0.44, 1.87, 2.11 F 1.49
pmol/(m? +s) , A [F) 1l 40 B Xof /)N 22 o6 & F B R R
AR K3 R /NE A E RS FROR R, B
R4y HI30 o, 0.59.2.33.2.70 # 2.20 pmol/(m’+
), BRI K BARBBAEEBAYER,

213 XNBRERBEENER HREERE
EMEFEAR RS, HEERREEXRY R
HEEMEARSEY, X4 BH, NEFFALT
IR R A RS 15 P (NRA) LR R, A= 2

FFIEH NRA 2 EFH-#AR AR KRB S, REEH
R, BB RIK. A= EHBM, S EF W
B 4b P Bk BR AN R K IR RS S P R F NO; 177,
17.6.21.9.23.9 M1 13.5 pg/(g+h) ,FW, HH K3 &
Xf/NE NRA RGR B i, 8t B4 5138 im NO; 28.2.
23.9.32.3.39.3 #1 23.3 ug/(g*h) ,FW,
2.2 WMEYENEFROFY

ESIRG B ERBE L AMEILE L/
FEER HEHEFENER BEMYROR, R
B 3.8%—18.1% , ¥ 9.9%(KS5). HEAEHF
MESMBHINARSHANEEHAESN K3,
BP 52.5 kg/hm®, 8% B8 43 ™= 18.1% . 14.0%
12.7% ,8 T 5 K,0 #7435 % 10.7 kg.9.5 kg A
9.8 kg, 2254y B K 613,533 F 551 JG/hm’, 4
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£3 TAEERMEHAREEREE [CO,,pmol/(m’:s)]

Table 3 Photosynthesis rate of flag leaf of wheat at different stages

AL Treatment A7 B Jointing F1EH Blooming 3 Filling BB Wax maturing
NP 1.82+0.09 ¢cB 13.86+ 0.59 bA 11.12+£0.42 cB 7.32+0.26 ¢B
NPK1 1.94+0.16 aB 15.07£0.62 aA 12.08 + 0.31 bB 7.81+0.34 dB
NPK2 2.32:0.12 aA 16.32+0.64 aA 12.96 £ 0.49 aA 8.74+0.26 cA
NPK3 2.41+0.09 aA 16.19+0.34 aA 13.82+0.66 aA 9.52+0.43 aA
NPK4 2.35+0.15 aA 15.33£0.74 aA 14.07 £ 0.14 aA 9.15+0.31 bA
£4 FRAEEFHNEHEHBRIERBEHE (NO; ,pg/ (g h) ,FW]
Table 4 Nitrate reductase activity of flag leaf of wheat in different growing stage
AL 3 Treatment =3 Three-leaf #1 # Jointing F¥ £ Blooming 3 Filling BB Wax maturing
NP 101.5+2.3 ¢B 144.6 £ 2.8 bA 226.91+4.8 cA 172.324.5cB 68.6+2.0 cC
NPK1 106.3+£1.2 cB 149.4 +4.6 bA 235.9+7.3bA 187.3+4.7 bB 72.5£1.3cC
NPK2 121.5+1.3 bA 172.7£3.9 aA 255.7+4.0 aA 199.9+ 2.8 aA 82.4+1.6 bB
NPK3 129.7+3.0 aA 168.5+6.2 aA 259.2+3.6 aA - 211.6+£3.9 aA 91.9+1.1aA
NPK4 119.1+2.6 bA 158.2+5.1 aA 244.2+2.6 bA 186.0£ 3.1 bB 81.7+1.1bB
x5 @MNBRNEFENER
Table 5 Effect of potassium on spring wheat yield
He Ab 7 R e I;lt':rease &
Location Treatment Yield(kg/hm?) (kg/hm?) (%) (K,0 kg/ kg) Benefits( ¥ /hm®)
859 R NP 3100 + 120 bA — — — —
859 farm NPK1 3267 + 140 bA 167 5.4 7.4 168
NPK2 3533 + 160 aA 433 14.1 11.6 480
NPK3 3660 + 67 aA 560 18.1 10.7 613
NPK4 3460 + 113 aA 360 11.6 4.4 287
=1 NP 3554 + 73 bB — — — —
Jiangsanjiang NPK1 3713 + 140 aA 159 4.5 7.1 157
NPK2 3940 + 80 aA 386 10.9 10.3 419
NPK3 4053 + 87 aA 499 14.0 9.5 533
NPK4 3853 £ 60 aA 299 8.4 3.6 207
il NP 4047 + 87 bA — - — —
Keshan NPK1 4200 + 40 bA 153 3.8 6.8 149
NPK2 4387 + 100 aA 340 8.4 9.1 360
NPK3 4560 + 127 aA 513 12.7 9.8 551
NPK4 4333 £ 53 aA 286 7.1 3.5 190

I (Note) : /NE 1 #& 1.30 FT/kg The price of wheat was 1.30 ¥ /kg; B BR4H #¥& 2200 5T/t The price of potassium sulfate was 2200 ¥ /t.

JEREARBE MR, dFERHPEEFERKEK
F, R ERTERE,

2.3 BNENERROEWE

2.3.1 S5HMEKEHEROXR E 89 KRG . H=
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SERERE B MR T LA Bl P X
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(% 6),859 RFHK L/ Z R 4 BB MR AH
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7.3mL; B =LRHT T B 3 1/ 3 i 4 Ak 2 B X IR
BORPUSE ML Ay (R | T AL A B B3 19.3EU.

24.8EU.1.7cm.13.0mL, 3 i B0 S 8 B3 R &
HRSEEHHMOI6 A AEALE, BEHSEY
¥ 2.33 NE R, VIFRRE V¥ m 3.07mL,
g mtE N 4.13min, 8K EE B S F 1y 3%
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BB R B KBTS B g R A T LR AR A 3
*x6 HAXFMERROEN
Table 6 Effect of potassium on the quality of spring wheat
W b BEHE 12 & ULBEE R E BKHEA FE fip 44 g2k 3
Location Treat. Protein Wet gluten Sedimentation Time of stability Max.resistance  Extensibility =~ Bread volume
(%) (%) (mL) ( min) (E.U) (cm ) (mL)
859 K % NP 16.5+0.1 341+0.4cA 63.2+0.7cB 11.5+x0.4cB 310+4.3 bB 22.0+0.4 637 £2.6 cA
859 farm  NPKI1 16.8+0.3 35.840.2bA 65.2+0.4bA 15.6+0.3aA 313+4.7bB 23.5+0.4 640 £ 2.5 bA
NPK2 17.1£0.2 36.7+0.5aA 66.5+0.4aA 16.5:0.4aA 34716.6 aA 24.0+£0.3 644 + 3.0 bA
NPK3 17.1+£0.1 36.9+0.3aA 65.8+0.4aA 14.6:x0.4bA 338+6.3 aA 23.6+0.6 651 +3.8 aA
NPK4 16.8+0.2 37.2+0.43A 64.1+0.2bA 14.3:0.5bA 329:2.6 aA 22.5+0.4 642 4.0 bA
2= NP 16.3+0.4 33.5+0.3c¢B 60.8+0.5bB 9.5+0.2dB 397+3.8 bB 21.5+0.6 bA 652+2.3 cA
Jiansanjiang NPK1 16.4+0.4 34.9+0.2bA 62.1+0.2bB 11.6+0.4cA 408+5.6bB 23.2+0.5aA 663+2.1 cA
NPK2 16.6+0.1 35.3+0.4aA 65.2+0.2aA 13.12x0.3bA 420+2.6 aA 24.7+0.8aA 671 1.5 aA
NPK3 16.6 + 0.2 36.1+0.3aA 65.8:+0.3aA 14.5+0.5aA 433+4.0 aA 22.820.4 aA 673+ 1.2 bA
NPK4 16.6+0.1 35.7:0.2aA 65.3+0.5aA 13.2+0.4bA 426+3.6 aA 22.0+0.8 bA 653 +1.7 bA
Al NP 16.1+£0.1dC32.9£0.3dD 61.2+0.5¢C 13.3+0.3¢cC 397+3.8dC 21.5+0.6 bA 652+2.3 cC
Keshan NPK1 16.5+£0.1 bBB35.320.3bB 63.2+0.4bB 16.8+0.4bB 408+5.6 cC 23.2+0.5 aA 663+2.1 bB
NPK2 16.9+0.1 aA35.8+0.2aA 64.8+0.4aA 20.2:+0.6aA 420+2.6bB 24.7+0.8 aA 671 +1.5 aA
NPK3 16.2+£0.1c¢C34.7£0.3cD 65.2+0.4aA 17.5+0.4bB 433+4.0 aA 22.8+0.4a 673+1.2 aA
NPK4 15.9+0.1dC36.120.3aA 64.3+0.3aA 18.8+0.3aA 426+3.6aA 22.0£0.8b 653+1.71bC
232 MAZEERASOTE F7ERHA,859 v s
KEER L ERRLEE N MRS REE xS
AEAH EEEASES M 0.16.0.09.0.53, 3.1 #HIhFELEESEHNEW

045N AN A B AR H/NE A A BB
REEQ REQ . ZAEQ BERERSES A
110.09.0.18.0.35, - 0.28 M E 4 & ; Tl B+ /b
EHALEEMNBEEA REAEZHEQ . BE
EAER5M0.17.0.11.0.29. - 6.52 NE 4
B HPFRAMKGHEMBARESEHMEKX,3
MEAZEREBAYE, FIXBHAEEIERE TR
EORFPEAEASE, VHEO . REOB AR
B NEEEOAMREAS ARREABA SR
EOMHE, MRBEPEMTHRAEEE L,

FHEEEENIEEHHRESR . ERHE
(K,0)7 150 kg/hn” EEIN , H R ESEBHERE
F6 388 00T 38 0 , 2% 66 B 4R 5 B 225 kg/hm® B, B4R
EERRTMTHRS, #EYEETSERERENER
TR, HFHS0%nMHEREMGE L, GREaTH
REAFBE TR ROEHT, EEBERESR
FAEHSGESEEM, FRAREREY, K
JERERM /N EM A RESE, A=A EERB,
A E B R GRS R EY 2R M o.51.
0.37.0.75.0.55 F1 0.28 mg/g. A [F) 4 AE 3 & X /)
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Table 7 Effect of potassium on the content of protein components of spring wheat

wi Am HE RE [ oakate BER S 1 25 /m
Location Treatment Aibumine Globumine Glutenine Prolamine Glu/Pro
(%) (%) (%) (%)
859 K1 NP 1.31+0.02 bB 0.93£0.08 6.47+0.03 dD 4.62+£0.06 aA 1.40+£0.01 dD
859 farm NPK1 1.29+0.06 bB 0.98 +0.03 6.531+0.11 dD 4.33+0.05 bB 1.51£0.04 cC
NPK2 1.41+£0.03 bB 1.05+0.04 7.18+0.03 bB 3.97+0.07 dD 1.81+0.04 aA
NPK3 1.60 +0.04 aA 1.12+0.03 7.36£0.05 aA 4.13+0.12 cC 1.78 £0.05 aA
NPK4 1.57£0.04 aA 0.93+0.03 7.01+£0.04 cC 4.29+0.03 bB 1.63+0.02 bB
BT NP 1.33+0.02 bA 0.86 £ 0.06 bA 6.35+0.03 bB 4.29+0.07 aA 1.48+0.03 bB
Jiansanjiang NPK1 1.38+0.02 aA 0.92+0.02 bA 6.51+0.11 bB 4.18+0.04 aA 1.56 +0.03 bB
NPK2 1.46+0.03 aA 1.07 +£0.07 aA 6.84+0.09 aA 3.96 +0.08 bA 1.73+0.04 aA
NPK3 1.44+0.06 aA 1.13£0.06 aA 6.76 £ 0.02 aA 3.87+0.09 bA 1.75+0.05 aA
NPK4 1.40+0.03 aA 1.04 £0.02 aA 6.68 +0.09 aA 4.03+£0.05 bA 1.66 £ 0.04 aA
wil NP 1.44 £+ 0.04 bA 1.02+0.18 6.93+0.16 bA 4.42+0.06 aA 1.57+0.04 eE
Keshan NPK1 1.54+£0.04 bA 1.08 +0.09 7.08+0.17 aA 4.17£0.07 aA 1.69+£0.04 dD
NPK2 1.67+£0.05 aA 1.14+0.05 7.34 £0.06 aA 3.82:+0.08 bB 1.92+0.04 bB
NPK3 1.71+0.04 aA 1.23+0.04 7.45+0.08 aA 3.70+0.13 bB 2.00+0.05 aA
NPK4 1.53+0.05 bA 1.05+£0.07 7.13+0.06 aA 3.92+0.06 bB 1.81+0.04 cC

EHhEHRESEBAEAREMWE, X K2(0.10g/kg)
RS RELT.

INETRFEBEARAE 3/4 kAT HEHNETT
Y, MEE R ESHEHAXD HRESEM
HARBEHEIMEE, PEEHREFEEEES
M EARANEREBEFEMAXD, NEHEHE
ARTFRIRKAAHE AN EAERARY
16.7%~39.1% , RHA B AR AEFHEN 29.3%
~60.8%"1°), flER L R A (NRA) 1% S8, Yk
P A A B4 i e 4 o SR R A D R I R AR, T
TR TR G & 1 B0 1 1 32 1 SUARR i L A IR WS T
fb. NRA WIRERHET NRW, AR T IhEEKE
MRS T] WER . RS R RS A
HTREEMEARSEMX, 5AF FREEM
e AE AR X1, AR E W, @t F N E A
Rt A BB A IERN , 35 & 0 20 18 BB 3 hn /32 i 4
ESR WBOLAEREE, HINMREREEE.
HXMENEEBYMN AT ERYLE BEHE
M E R RENEEE FH#T,
3.2 #xhEFREHEN

BRIIAFRNEREEERGHHE=HR, £
EREMTPNEAERSE BB THE, EH
BI49 BE FH & 8 K,0 37.5 — 52.5kg/hm?, 1 7= i@ &
3.8%—18.1% ,F-1#9.9% , ML IRz, B
BOEBEMARLNEE=RK/PERBEERE

Z R 105 kg/hm® 3 3.1%~4.9% . T
R R, ER N.P.S.Zn  BEEBEF XN TH
WA B EME R B R AT B
3.3 #x/hERKREAEW

VM /N SR R AR S, B B A o B IR A iE A
MARAREERE, S FARARNERN A RRF
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HA& N K,0 37.5 —52.5kg/hm®, W& R A
R GRASRFTFEAH FTEFRER L HEPH
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