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A8 184.5 em.3.22 A~/ \15.90 em M 26.17 Z&/#k; #E K,0 20 kg/hm® B , MR ZDH AR B IR R K, 281 4 0.585
cm 1 0.540 g/#k, HFEEHER B TAYERUAAENEAFERNELEEEZIREFEMREXER,
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Effects of potassium fertilization on fodder yield and root system

of Avena sativa cv. Qingyin No.1

LIU Wen-hui, ZHOU Qing-ping* , JIA Zhi-feng, LIANG Guo-ling
( Qinghai Academy of Animal Science and Veterinary Medicine , Xining 810016, China)

Abstract: Effects of potassium fertilization on dry matter yield and root system of Avena sativa cv. Qingyin No.l were

studied to optimize the potassium application for oats production in a potassium deficient area. The results show that the

optimum fodder and protein yields of the cultivar are 29575.0 kg/ha and 2099 .8 kg/ha respectively at the blossom stage
under the N 54.75 kg/ha, P,0551.75 kg/ha and K,0 40 kg/ha fertilization. Relation between dry matter, protein yield
and K application can be described as Y = a + bK + ¢K?. Under the K,0 40 kg/ha treatment, the plant height, tiller,
root length and root number of the cultivar are the highest, are about 184.5 c¢m, 3.22 till/plant, 15.90 ¢cm and 26.17
roots/plant, respectively. Under the 20 kg/ha K,O fertilization, diameter of stem and root weight are the highest, 0.585

cm and 0.540 g/plant, respectively. There are significant correlations between above-ground, under-ground yields and

fodder, protein yields.
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RERRE, BRIFEEBET HFREE XA
X 32 B R F 1300 x 10° —1800 x 10 kg'>37,

HMENFBEANBHAT N RERERE, B
FHARB R, HPE K KBRS ERL W
HBMEERZE, FRAEYARKRREFIFH=X
FHZ—, EUSH TS 5HYENK &R
S8/ MEEERRELRMOEREEAEAFNR
MRS, ERIERV T EERLBREES
KECE ERAMFRAWE LR, ERLH
B . ZMNEHEMER RN RER o B ELEE
FHEFEFRLEE X, 65 P8 TR,
R, EBMX BARARNLEANE AR BEE
B B EAMEBEFEYRHEAEHERESR,
B, LtERRTERERBRAREZ., B, FEEHF
RBEENAREFEEPEFE=RIE REFM D
PIRAY R R MR B T4 5 w1 MR B AR
it 3 7 BB W B 5T BT R 14 4 o ke
EZFBREWHNIRER D, RHIL, F 2007 FXEEF K
HI 1 SMEHT AR FHEARE, FRAFEH
KPP REEE X KRR WERR, 8EHENA
ZHXEAESEBMBRERNREXRR, U A&E
HHE, ABEBEREMTFETRER KB
REEF,
1 MREFE
1.1 ISR

REMMG THEEEATHEYRE EHEERNE
PEAT, PL T E101°47' ,N36°21' , ¥ 3K 2700 m, SEEL
W, R EEY,FETLHRR 3.7C, FEFEKE
553 mm, BEEHTE7.8.9 =MA,EHKELE 1830
mm, =10CFIR 1630.4°C, =0 CHE 2773.7C, #
WHEERRNESLER ABATHRE~REZ
—o RIEMFED/NDE SRE RE . BIZ JHKN
F. AR TEBFES L KR ERIRAEA
28 1.55 g/kg. &85 2.24 g/kg, =8 24.90 g/kg.
A HLR 26.60 g/kg, pH {H 8.06 .3 3 8 127 mg/kg.
AR A 147 mg/kg. WA BE 35 mg/kgs 2 1.02
g'kg. B BIHEEY R/NE,
1.2 AWt

RERAEEFHAE, FEML N 54.75 kg/hn
A1 P,05 51.75 kg/hm” Ak E % K,0 0.10.,20.30.
40.,50.60 kg/hm® 7 7K, 4 51 Ko Kio+ Koo+ Kaon
Kio-Kso~ Ko T A5 73 W — A M AL ] AT ) % B
(CK),3 8 MabH, eIl X AHY 3 REX,

HiXEHHFD 1 5 & (Avena sativa cv. Qingyin
No.l, M FBAENEER ¥R ERRY, N L4
WIRFF). FTRESNRE (N 46%,FHE™), o
BEIR4ES (P05 12% , W JI[ 7= ) F1 &AL 87 (K,0 60% , F
=), RE/NRHERI2 mxS5 m,/ NXFEE 0.3
m, RPTH 1 m. HHRABEM 240 m*, HE 1 5
FZHE 180 kg/hnm’, K, HBK 3 —4 om, 175 30
em, B/PNR LM 717, HEB, ATBREE 2K,
FH [F) 8 A0 08 I 30 B 72 R B 58 8o
1.3 WMEMBS5HE

A ATEZ R W LR EE —/ P T
HEE L E/NRE3 AN 1 m BRI E B R AR
TE=E, NG EENESTNZEE 20 o BEK
B3 T &4, B BUR BE 30 em (IR R B BT LI , HAR R
FEHSME 0—20 cm +2) , 68, AT, G it 4B
HERE BERK, 8N 3INEE, &/ PXik
BEFESS 10 ¥R EERR, 2 A & H R BE 5.
AR ER ME ZHEENVLER), W%
HEEER IREARNEHAES SRS,
1.4 HiEHE

X im HE LA MNBETERE o© EK
& (B#%4% 10m® 35m REEXI) .

B3 BB B3 R A Excel 2003 #4741 4 1,
FH SPSS for Windows 11.5 F1 DPS %4 4b ¥ & 48 #: 47
FESAM EXRGHAEB LK, TELKRRA
Duncan 7E 0.05 K¢ 47 L3R .
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kg/h’J5 B EA L, Ko b B2 5138 CK #1 K, &
26.4 cm 119 cm, R MEEN REA ROE INAR & , 224,
R B HRARATEERE ST
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HE(K) MEFEERERR: TT=2.47 +0.018 K(R?
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1 Fsl15HEFERER
Table 1 The yield characteristics of Avena sativa cv. Qingyin No.1

iyl B4 BEH Total tiller B BATEE Avail. tiller 254 Stem diameter # 5 Plant height
Treatment (No./Plant) (No./Plant) (em) (em)
CK 2.17+0.14 f 0.58+0.14 0.496 +0.034 d 158.1+ 1.4
Ko 2.47+0.21 & 1.64+0.17 e 0.562+0.008 ¢ 164.6+7.7 d
Kio 2.67 +0.14 def 2.00+0.00d 0.575+0.013 be 176.7+ 1.6 ¢
Kap 2.81+0.21 cde 2.39+0.10 ¢ 0.585 + 0.001 abe 181.5+3.8b
Ks 3.00+0.25 bed 2.50+0.00 ¢ 0.590 + 0.002 ab 183.2+x0.9b
Ko 3.22+0.21 abe 2.64+0.13 be 0.599 + 0.016 ab 184.5+0.7 ab
Kso 3.33+£0.63 ab 2.83+0.38b 0.604+0.012 a 184.7+ 1.5 ab
Keo 358+0.14a 3.17+0.14 a 0.611+0.004 a 186.9+0.9 a

H(Note): AP BB EARFEREREZRIE 5% 5 3E KF Values followed by different letters in the same column means significant at 5% level.

BEKE,
2.2 FTE#MEAR"R

FR2EHW,F5 1 BHEEAS FWIRN A
FEELtET NTEFEHFEREZER (P <
0.05), FEHAFEHLBENTE~EEEST

=0.9954, P = 0.0000); AT = 1.76 + 0.023K( R?
0.9651, P = 0.0001); SD = 0.57 + 0.00078K ( R*
0.9790, P =0.0000) ; Ttk & (PH) 58 & (K) R 7
E— T R EBEER PH = 166.69 + 0.83K -
0.0087K2( R? = 0.9350, P = 0.0042) , &% 7 & ¥ 3% 3

F2 KENFI 1 ERTEMERQ”ENFM(kg/hm’)
Table 2 Effects of the potassium fertilization on hay grass and protein yields of Avena sativa cv. Qingyin No.1

TFE & Hay grass yield

e FRH T 3R ¥4
Booting stage Flowering stage Milk stage Average
CK 6966.7 + 278.8 gA 7010.0 + 409.8 fA 7210.0 £+ 482.1 fA 7062.2 +129.8 g
Ko 8081.7+60.3 {B 14675.0 £ 544.9 eA 15223.3+321.5 eA 12660.0 + 3974.4 {
Ko 8941.7 +236.3 eC 15036.7 + 749.0 eB 17263.3 + 162.9 dA 13747.2 + 4308.1 e
Ky 9500.0 + 216.5 dC 22623.3+374.8 dB 23320.0+238.1 bA 18481.1+7785.7 d
Ksp 11500.0 + 433.0 ¢C 28140.0+ 727.5 bA 22866.7 + 83.3 bB 20835.6 + 8503.9 b
Kao 14291.7 £ 72.2 aC 29575.0+305.5 aA 28308.3 + 249.7 aB 24058.3+8481.9 a
Kso 13125.0 + 250.0 bB 24103.3 £ 609.6 cA 23341.7 £ 515.0 bA 20190.0+6130.3 ¢
Keo 11708.3 + 314.6 ¢C 22668.3 +280.5 dA 20768.3 + 867.5 cB 18381.7 + 5856.8 d
34 Average 10514.4 + 2549.1 C 20479.0+ 7640.8 A 19787.7 + 6475.8 B
s EH ™8 Protein yield
Treatment ZRM e R iy
Booting stage Flowering stage Milk stage Average
CK 285.6+11.4 gB 343.5+20.1 gA 282.6+18.9 gB 303.9+34.3h
Ko 407.3+3.0f B 688.3 £ 25.6 fA 654.6 +13.8 fA 583.4+153.4 g
Ko 504.3+13.3 eC 759.4+37.8 ¢B 906.3 £ 8.6 eA 723.3+203.4f
Ky 587.1+13.4 dC 1486.4 £ 24.6 dA 1443.5 + 14.7 dB 1172.3+507.3 e
Kso 770.5£29.0 ¢C 1905.1+£49.2 cA 1458.9+ 5.3 dB 1378.2+571.6 d
Kio 1073.3+£ 5.4 aC 2099.8 £21.7 aA 1922.1+17.0 aB 1698.4 + 548.6 a
Kso 1014.6 + 19.3 bC 2034.3£51.5 bA 1629.2 + 35.9 bB 1559.4+513.5b
Keo 988.2 +26.6 bC 1960.8 +£24.3 cA 1559.7 £ 65.1 cB 1502.9 +488.8 ¢
3] Average 703.9+301.1 C 1409.7 £707.3 A 1232.1+557.9 B

# (Note) : FAIBREBARPEFBMRAKERARAAEFRBESHKELEZRBE Values followed by different small letters in the same col-

umn and different capital lette in the same row are significantly different rat the 0.05 level.
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AR ERETE, 4RI RPN EERS
691.3 1 9964.6 kg/hm®, 5 Mt 8P A LA [F] Wi 3K B B9
EHRMFE=E, U Ko B &, F 35 24058.3
kg/hm®, 38 CK #1 K, AL # 4 51 8 & 16996.1
11398.3 kg/hm?, 3 i§ 35 240.66% 1 90.03% . A [F]
WK HRRTEFE B Koo B R, 2B
AP B, 4 5% CK & 7325.0.22565.0 1
21098.3 kg/hm*; 3 K, AL 34 5% 6210.0.14900.0
#113085.0 kg/hm®, AI L, HF 5] 1 B#ERH K,0
40 kg/hm” HEAE AL 3 , FFIE BBOGR TR B R & T4
Br-g,

AR LT ARBRNEET 1 SHER
BEHFETAHS TEBMER. FEHEHEG™
BHFiA 1409.7 kg/hm*; HESP LB F DL Ko EHTE
BHE,N 1698.4 kg/hm’, 8 CK K, 4 B 4 3 5
1394.5 #1 1115.0 kg/hm?, # I8 35 458.87% #
191.12% . ZR# B 2B EOFEBHLU
Koo fe 81 A0 B 5 & , 0 51 8 CK & 787.7.1756.3 F
1639.5 kg/hm®, 3 i§ 5 275.81%. 511.30% #0
580.15% ; B Ko AL 43 5 666.0.1411.5 1 1267.5
kg/hm® , 38 §E 35 233.19% .410.92% F1 448.51% , 1
FHAHE, HHEFS 1 5EERAH KO 40
kg/hn’ B AL 38, FFE B AT R R BN E L&,

SRHEARGHLETEFT 1 SHETYHR>™
B(Yp)MEGTR(Yp) 5 E (K) W EH Ltk
H(R3), TORFEMNES~ESHHER S
A Y=a+bK+cK —TL KB, A BEYE
FBEKFE(P<0.05), B, —KARENIHE
BXTENEERMRRE, ERASRITRIM; =
WK TR, YR BV ERN , RA A B IMIER
Bi; BEPOAAN, XA —-EBRE(BRA)SH
TR P 328 0,

MR EE Ao R0, 28 R
REHN T EFEMNEO BN ERILERER
RN, HHESR X T 4 5 7= 8 1 B TR R R MK
WHRIFIEH (764.08) > FLAHA (594.88) > T
(217.46) ; M EA~EHWEETRBRKIKR B IF LS
(61.60) > FLELHA(51.29) > ZFEHA(19.36) , X—&5
REERHANER -, NZRIFWRBSTS
RE,£HPEHN TYRFBMEOFEINE
ISR BT , K AF-A AR B ok e L6171

R RRAZEN IR ARBREES
THERFEMEATENNRERHE(K3). &
T R=BMEO RIS ENEE 2R
K, MEEERNEERFES LR G
H I 25 5 (K, 0 40 kg/hm’) A HOBEAR IR ERAR 5

®3 Bsl15HREFEEASH
Table 3 Regression analysis of yield of Avena sativa cv. Qingyin No.1

RAEH & BXFE
b= ¢ EFH METR ) : )

] . - R P Optimum K,0 Max yeild
Yield Growth stage Fitted equation 2

(kg/hmz) (kg/hm®)

Fip=g ZRH Booting stage Yg = 7348.96 + 217.46 K- 2.19 K? 0.7934  0.0427 49.6 12747 .2
Hay grass JF7EHA Flowering stage  Yg=12239.10 + 764.08 K — 9.81 K> 0.8288  0.0293 38.9 27117.2
vield 3349 Milk stage Yg = 14013.21 + 594.88 K- 7.90 K2 0.8268  0.0300 37.7 25212.0
F Average Yg = 11200.42 + 525.47 K- 6.64 K2 0.8601  0.0196 39.6 21596.5
Earmg 2 Booting stagt Yp=350.83+19.36 K-0.13 K* 0.8997 0.0101 74.5 1071.6
Protein FFEH Flowering stage  Yp =508.52 + 61.60 K- 0.61 K* 0.9327 0.0045 50.5 2063.7
vield 3349 Milk stage Yp=681.31+51.29 K-0.58 K* 0.9147  0.0073 44.2 1815.2
F Average Yp =480.20 + 44.08 K- 0.44 K* 0.9432  0.0032 50.1 1584.2

2.3 RELEHR 10.56 %&/#k; WK EM K,0 40—50 kg/hm® B 5

AR L ES 1 SHERBM R TE.
R RB(FXHEFE L, EHETE K0 020 kg/hm’
MR TELEEEDA NS HCKMKRES
0.158 1 0.103 g/#%; METEMEHF & 1N 2 40 kg/
ho J5 BB ZE A, K/ I8 CK f1 K, & 13.25 #

KR X BERL, MHAREEEMRTE RK
AARB AR (B 8P 483 20 #0140 kg/hm® B % AR
TFEMRKYEMEEEL W, HHEEEHERZ
FRMERATERAGRS) , & EHER B TESR
REYEBERRBEEHR, RAMKH T REH
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F4 Bl 1SHEFAEAEFLBRK REBYILE
Table 4 Root dry weight, root length and root number of
Avena sativa cv. Qingyin No.1 under the potassium fertilization

11 SMERE EH SERREYE RTE,
RN, AR TRETHRHRR.

“ A
fbmm BTE BE HH 3 Wi
Treatment Root dry weight Root length Root No. EIRE , ERHEE <90 mg/kg, BLEE LR
(g/plant,DW) (em) (No./plant)
fi; 90 — 187.5mg/kg, B S1 1K; 187.5 —337.5
S R T II ke RS, 3.5 40 e AR
. +0. c .06+0.39 ¢ 61+£0.24 ¢ O o
Ko  0.522:0.013b 12.44:0.86c 15.83+£1.91 ¢ P ARG R > 450 me/ke, LRI BE . A
Kp  0.540+0.040 ab 13.41£0.27b 16.33+2.67 ¢ B AL SR A R A A Ry 127 mg/kg, JR R
K  0.602:0.008a 13.76+0.41b 20.50+4.36 b BAiE, HREMNEARESRHER B FHTE,
Ko 0.587+0.043a 15.90+0.61a 26.17+1.61 a HAEHFRIE, SBHETYRMBE, FE¥,Fx
Ksp 0.583+0.008 ab 15.47+0.36a 24.11+0.84 ab B P o e S R A L R B R 0 9 3 e (9],
Ke 0.568 + 0.0066 ab 13.63£0.52 b 22.83+2.47 ab ATRE N R T E e s 12
x5 HXSWER
Table 5 Results of correlation analysis
AR FERE BATER BAREBRLER KR x=H HRBFE HB/E RH
Teait Grass Protein Total Available Plant Stem Root dry Root Root
yield yield tillers tillers height diameter weight length numbers
P& K rate 0.653* 0.889"* 0.982** 0.998** 0.868"* 0.989"* 0.768* 0.716*  0.854**
FEEL B Grass yield 0.920** 0.679" 0.645* 0.768" 0.707*  0.867"* 0.825*  0.787"
ZE ™8 Protein yield 0.894* 0.877°* 0.882** 0.914"* 0.889"* 0.862** 0.888" "
B4 BEHL Total tillers 0.979** 0.925** 0.992** 0.809* 0.675*  0.786*
BN A ER Available tillers 0.864** 0.987** 0.759* 0.703*  0.857**
¥RE Plant height 0.927** 0.940* 0.711* 0.721"
2534 Stem diameter 0.830* 0.750* 0.848*
##F & Root dry weight 0.757*  0.743*
R Root length 0.914* *

MEERK,ERAMARTYRFEMNELOTE,X
MEBEABRIERZEHEEREE=REEEN
BIREX,

AHRGL ARSI ER NS
KR, M K,0 BE#ad 20 140 kg/hm’® B X EFEF 1 5
e MR R BRSO B I C B3 A 5 T e A &
RGN AR TR IR EE . HEFER
MW SKILFAMEREEEKEREE -
INHE, RE LR FER AR ZE AT 0k, S SR A MR BT BIIR BB T
Fa, 8 KR T A FREE R & ='5, R D #H SR
AP R W AR R AR RE, L
HEFFII LG X3 B A B B8, IR & AL
EREEAEEERAM,

AFEHLHE, FF 1 SHEFEHTRER
BRTYRFEMNEOTR, XE5EAFRMEA EB

KFETHES 1 SHEFL BT REBE S T ™
BHGRPUARE, HE, FARBREATTHA
54.75 kg/hm’* B 51.75 kg/hm*> RZ5 K55 T B i
BER, RTR BTN, LAEAR
KEXFF 15 FHEDL M (PR DUEE DR
P W R ERR, BHFS R —FEA

RZ ,EFBERIPARN X680 + 3 b, s e
AHMREHFTT 1 SHEAK ,EH—EERA B
RE AL E M K,0 40 kg/hm’, 76 FF 1 BA AT 3R 1530 & 19
TYRFEMEO TR, F3l 1 SHEETEH
RBEYERBITULAFAENEG = BREYEE
BEIMBERIEMARKR ., RAMBH I RH#FT
1 SHMEMHT ZH. SERBREYE RE.BE
REm, AR THETYRHFAER,
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