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W 7.51:4.44:3, stH A LMY % Tk 10.51 ke/66Tm® B, = B 7k Z) B Kk H 222.6 kg/667m*; % # 5% & & 3|
5.78 kg/66Tm” B, F R A F B AH 195.8 kg/66Tm”, BB~ R ER S A HF RN 10.51:5.78:3, RELF &

BERFEBHELNY 7.47:4.49:3,
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W st FREFETRE FREX BAHD,BRR
A, ESEME i, 3 1985 £ IR T IWE AL
BETEHXAELET 3.7 F i, WL 1.6 7
hm?" =50 3 B B 15 B 25 ( Helianthus annuus L. )3 %
hEF L ENEEEY BAW TR WHE W
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RSB o B A PLAE &4 T, 7% 2008 SFik e
BEMSHEREREEME(FATHEERAN
12.4.3 kg/667m*; b1k + B i H BE 4P 13.4.2
kg/667m?) 12 B 3T £ 04 4L + 1 B 25 R B H R AR
ROMAR KR 2 R b Bk e A ) H 3R B
FEMSHEEAEREEL, FRITREGH R L®
KUY MHmAESEERSER, M FHE2 Y
JIE 42 4t — & M L2 R 1 o
1 ME5FE
1.1 $iktim

RSN F D aT RS ZH 7 BA(GPS E L
ZE R E106°22'50”, 45 B g N38°48'18", # 4K 1 095
m), Btk o Bk £, TR 3 667 ml; R X AL
ML XBH(GPS E L, £ E N E106°46'57", SR
N39°05'47" ,¥§3K 1 075 m) , 4K + 3B H#h i 1k L 3%,

W 3667 m*, TEMERBIAE 2 AT RE LA (0~
20 cm) , M E H AR RE 1,

£1 2009 FRETELHEMEBUER(O ~ 20 om)
Table 1 Basic properties of the tested soil in 2009
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Z;::f%ﬂ (Sp“:) Total salt Avail. K Avail. P Avail. N Bulk density Porosity Organic matter Tmi&
¥ ypes ’ (g/kg) (mg/kg) (mg/ke) (mg/kg) (g/cm®) (%) (g/kg) exture
iu:t § 9.89 2.3 176.67 16.89 29.05 1.41 46.70 9.89 ML
Saline soil Clay
Lo xt
#h 1 Alkali soil 8.96 16.96 232.30 4.43 25.2 1.59 40.16 8.78 L
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1.2 Rt
EHEABRBE(FBEAEERRBE 2)1.5
1/667m* (B R £ + i FH AR 0.4 t/667m’) B B )
0.5 1/667Tm* . HLAE (£ %) 1 v/66Tm B K it b, #F
o B ERAHAERESAR, AEARR 4K
¥, B0 0.5.10.15 kg/66Tm? ; B AE I B % 4 AN KB
0.3.6.9 kg/667m’; 8 AE i 2 K ¥, B 0.3
kg/667m*, RIRAE A : (1) NoPoKo, (2) NoPsKs,(3)
NsPeKs,(4) NygPoKs, (5) NygPsK;, (6) NyoPeKs, (7)

NioPoKs, (8) NysPeK;,(9) NsPiK;o EE 3 W, /PR
BlRy 50 m?, 36 27 AN/NK IR B i B 1 350 m’, 45
R fTmEEHTFRARM 2 667 m*. ¥R.ITHER 20
em x 55 em, /DX Z 81 #T 5, 40 cm, % 40 cm, LABh
AERER AR B B R R ARk O s IR LR
MMAENEEABHEHEREHHAL HRE
TS EIR S B RS MG R E R EEA R
E 0% %M, 300 EdEE. HEEHEKXH,

K2 BREIENRER

Table 2 Basic properties of the de-sulfur residue in the experiments

EE (g/cm’) H ZiEK(%) S0, Ca0 MgO ALO,
Density P Crystal water (%) (%) (%) (%)
1.02 7.09 13.1 46.36 32.67 1.9 0.62

1.3 R aHK AR R R &

HER BB R N IR B (N 46% ) . E 1T BE M 15 (P,0,
46% ) BB (K,0 50% ). Htik il fl ) A 2% 58 H
KWS203,

1.4 #XHE

TR T R AR AR BRI Zn
- FeSO, & JF 7 i , B BER FH 0.5 mol Ncho3 %,
AR A,

2 RS
2.1 AEEERELEMEELIHEBBEERESEY
W1

7 3 Bkt S A 1 H 28 R B X A R

FRAOEWH, LEN, & BB BAE Y&k
A, EBER—F, A NoPK, =B H, B E
110. 4 kg/667m’, 1% = % i5 B 151. 1%, i Ak
NoPeKs B3 7= B B /D, 4 12 keg/667m?, 38 7= & %
16.5% , X B BB fEY =B 01 B W, A 5k
BERBNEYTR. EFESTHNESELKED,
B NoPK; 5 NgPK, ZHZR B E, 548
NoPoKo \NsPK; Z I 22 Rtk i &

*E%’EW%HEB‘J’/FIEH%EXTW&Bi%?MﬁI‘] BH%
FENEW,HHBIT—T_KEFF®E, 27
ERBON, FEREE,
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Table 3  Effects of fertilizalion rate on grain yield of sunflower on alkali soil

g e ﬁ:.(k.g/667m2) Hﬁ}t!”(kg'/%7m2) 1R (9 )
T Fertilization rate Grain yield Increase
N P,0s K0 I il m ¥4 Mean 7 Increase rate
NoPoKo 0 0 0 63.2 70.1 86.0 73.1 — -
NoPoKs; 0 6 3 92.0 86.3 77.0 85.1 12.0 16.5
NsPeK, 5 6 3 156.0 162.0 148.0 155.3 82.3 112.6
NioPoKy 10 0 3 112.5 99.0 97.0 102.8 29.8 40.7
NioPsKs 10 3 3 119.0 119.0 110.0 116.0 42.9 58.8
NioPeKs 10 6 3 192.0 175.0 183.5 183.5 110.4 151.1
NioPoKs 10 9 3 132.0 129.0 120.0 127.0 53.9 73.8
NisPeK; 15 6 3 168.7 157.0 171.0 165.6 92.5 126.6
N;P;K, 5 3 3 151.0 162.0 171.0 161.3 83.9 114.9

B AR R RN, SR E
B LR =BRE—TC K2 y= -0.8814> +
18.609x + 84.895, 18 i ZE B M IE K ¥ — E I AT 1R

FLBEE A B ANBT AN, [ H 267 B N
1, 24 4 B3k B 10.56 kg/667m? B, 7 B ik BBk
4 183.2 kg/667m’; AR —H ¥ o, i B E =
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%20 %

BEETHRad , LHER LR R A EY™
B EEENEAELAERNE-ENKT. &R
A3 2.7 Jo/kg, 86 N 1.92 5T/kg, & P,0; 5 2.1
T/kg(UL T ), HEBH ARSI RIEREER
K 7.51 kg/66Tm’ , BAEZ =B N 175.0 kg/66Tm’,
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Fig.1 Effects of nitrogen fertilizer application
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Effects of phosphate fertilizer application

on grain yield in alkali soil

B2 Rt EEHES RN, SRE
B R B E—TC KR y= - 1.9362° +
22.095x +93.885, 7E & ALK F—E W RTR T , Bl
FEREBEE RN, 5 B 25 7B AR %, 25
BEIET 5.71 kg/667m? B, 7= 8 ik B & K1 156.9
kg/667m?; Mg Bt — K, W HE =2 TR
B EB AR AE A B S H E ] EBER
HE B R — MK . BRI RIEL T
JEE N 4.44 kg/66T’, ZRIEZLFF =B H 153. 8
kg/667m?, 15t AE o 55 K ™ 1 S A G 7 R % 6 IR b
K 10.56:5.71:3, £ 2 v 7= 5 i AT BC 7 0B 4 A
Wk 7.51:4.44:3,

e R xf 7= ' 1 B o af i 53 Ak B Ny PeKs, Nis
PeKy,NsPsKs , NoPsKs HFTH E 3. SR EMR F =
88.15, L KTF Foos=4.07 Hl Fo o =7.59, R ER

BREE #—SHTLERE, BB~ REZR
Ejiﬁﬁﬂ\g NIOP6‘K3vN10P9K3vN10P3K3’N10P0K3 i&'?:i
FEM. SHNBESFREREEHE ™K
B OF=85.68,iEKTF Foos=4.07F8 Fo=7.59,
HHERKBE, #—HHETEERBOSDK).
Fa5FsHPAHBALEBARHEER
HE %o 7 4 B 5 ) R R Ak -+ 98 il P 1T 3 i AR R
BB, o LLF AR NsPK; FISLE NisPK; Z
B ZRREE, HMLLE NPK ZHEERREE,
BHIME R 5 kg/66Tm* SHEA 15 kg/66Tm’ R A E
A5 A KRR 10 kg/66T” ZFKBE, &b
3 N, PoK; FI4L3E N oPK, ZRIZERAEE BS54
I NoPoK; NoPKs R ZERAHRBE. WHAR
B S5 HiBE3 kg66Tm ERARE HEMHBE6
kg/66Tm* R HEBE 9 kg/667Tm® £ Fik BE, HiEBE 6
kg/667m* SiBE 9 kg/667Tm’ ZIMERBEE.

F4 HULMEBEHEREN~RGEE
Table 4 Effects of nitrogen fertilizer application

on grain yield in alkali soil

2
Tr:::gnu ¥mﬁ;ti&7m.) Fo.os Fo.on
NioPeKs 183.5 a A
NisPeKy 165.6 b AB
NsPK; 155.3 b
NoPsKs 85.1 c

£5 WULTMEBEEHEN~RYEKE
Table 5 Effects of phosphate fertilizer application

on grain yield in alkali soil

2
Tmﬁﬁms. - {Eh({ti%”m ) Fous Fou
NioPeK, 183.5 a A
NigPyKy 127.0 b B
NioP3K; 116.0 be BC
NioPoK, 102.8 c (o}

2.2 AEREBEEILxEETHEBE~EHER

M UEN, S BEABABA =M, A
WIEAR—BE, ALBE NoPK, AT BH =L, H
126.6 kg/667m*, IR K 128.7% , F 4347 &R, ¥F
Bz F{ERN 3.74,2 1SD A AT 4L 5 Ny
PK, X BERREE, 5 NPK, 2R BE,

REABRENFARAREA L ERAETR
HER, &L T T -RKEBRF B, EFER
Bab . hREREE,
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Table 6 Effects of fertilizer application on grain yield in saline soil
e ﬁﬁﬂﬂfi“_'_(k_g/“7m2) ﬁﬁFS(kyﬁ7m2) M E(%)
Treatments Fertilization rate Grain yield Increase
N P04 K,0 1 a 1] -3 Mean 47 Increase rate
NoPoKo 0 0 0 102.0 96.2 97.0 98.0 ] 0.0
NoPsK; 0 6 3 142.0 134 .4 138.0 138.0 39.7 40.4
NsPK, 5 6 3 196.8 194.7 201.3 197.6 9.2 100.8
NioPoKs 10 0 3 126.0 145.0 131.0 134.0 35.6 36.2
NioP3K; 10 3 3 141.0 159.0 151.0 150.3 51.9 52.8
NioPeK, 10 6 3 233.0 227.0 215.0 225.0 126.6 128.7
NioPoK; 10 9 3 169.0 177.0 146.0 164.0 65.6 66.7
NisPeK; 15 6 3 207.9 193.0 220.0 207.0 108.6 110.3
NsP3K; 5 3 3 198.4 183.3 177.3 186.2 87.8 89.3
o 1 3 LA e, LURE R R — 20
2 y=-0.7782% + 16.346x + 136.76, 18 H B .48 200(
B K P — 2 AT T B L B 6 S 2 f , 1 o /A\

EH =R MM, M A A 10.51 kg/667m’
B, PR B A B B K AE 222.6 kg/667m’ 5 X i BB —
WM, EHEFBRETRES RVBALENS
BEMAENFR, BRENEFRELRABEHE—
EHAKE, RENEEZFHEIEE N 7.4
ke/667m* , BAEZ T =B K 215.5 kg/66Tm’,

F44RER, UHREFBREE - LK RE
y= ~2.1380x% + 24.75x% + 124,25, {E & . HF HE K ¥
—EHIRRT 5 R R A AWM, [ H 2 e
AN, HiEME RS T 5.78 ke/66Tm” B, FF B
K8 B K AH 195.8 kg/667m? ; 2 i B B 7F — 2 3 o,
MEBEFRETRAS, RPEHCEAZRSE
HER 8, (OB A0 89 5 H B 06 2142 i 7 — E KK
¥, BERRERFRIER N 4.49 kg/667m’, (£
ZHERN 192.3 kg/667m’, 15 H 5 & 7= & M R AT
FEBMAEIL R 10.51:5.78:3, AL F = RHER
BC 5 A RO L R 7.47:4.49:3,

ZHESHAH, AL BB 4 B3 =B 8 R
A 1% R BEKFE(F=2.59> Fy 0 =7.59),
AR RBEXEY M AR EENBR. &
— £ HTEELE,

HE7 A LLE S A NPK, FILLEE NisPeK,
ZHIERABE, BS54 NPK, AL NyoPK;
EREREEKRT. HHABEIRES ke/667m’ 51 B
15 kg/66Tm* Z R R 8 %, B 5 R i & K& 10
kg/66TMERMBE. XE5WMA LB LBENER
B—EM,

#* ki(kg/667m’)
Yield
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Fig.3 Effects of nitrogen fertilizer application

o

on grain yield in saline soil
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KA LIF H A B NgPK; 54E NoPK Z
ME£FREE BS54 8 NoPK; T NPK;
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Table 7 Effects of nitrogen fertilizer application
on grain yield in saline soil

i) F {8 (kg/66Tm’)

Treatments Mean Foes Fo
NioPsKs 225.0 a A
NsPsK, 197.6 b B
NisPsK; 207.0 b B
NoPsK3 138.1 c C

®8 WEMNBRUATHEBEE~ROEN
Table 8 Effects of phosphate fertilizer application

on grain yield in saline soil

i3 ¥R (ke/667w") Foos Foo
Treatments Mean
NioPeK; 225.0 a A
NioPsK; 164.0 b B
NioP3Ks 150.3 be B
NjoPoKs 134.0 ¢ B

3 ANEIEL g B A E B EA KNS

- Ratr
3.1 BUIHMHAEOEEARAMBERILN £KH

bR A
KOKY AR NS kg/667m?, HEBE N 3
kg/667m’ B, 25 M, 5 xF B AR L8 0 22.5% , KR L
MM B/, 5 BHLED 14.3%, BRE
3 15 ke/667m” B KR S R F IR FI B K, TR
ES5REEMABLEELZR TR THREAES ,#
TR FESHORBESE S, ERBIFEZ M,
LEEmAES R ERERKSH, EHERK,E
FAA K B XA A, SR OB U R R R,
LMBALH 10 kg/66Tm?, 8P AL H 3 kg/667m® B , Bl &
BEIE R A, R 2 AR E R mE R

R s, R E R 6 kg/667Tm” B, BRE B, Ho
AHEHEEE M T 14.3% , L AKEEINT 42.4%,
BEFBE YRR N3 kg/66Tm’ B, REE X
BB K, 250 13 em.1.46 cm, Y i 5% & 4k 42 3%
JNZE 9 kg/667m” B, £ B & 24 4 Hl w3107
em F1 1.38 cm, A H WD 18.2%,5.5% ; HEB% 3
kg/66Tm’ 5 9 kg/66TME /M EMEMEEREE,
25 B SR 0 B 4 B e S B 8 I 2 PR R e R 1R R B
R,

32 HUATHRAMHERRRBRLE M ERKERD

]

RIOGEREN A K hAENKE .2
HAER THENSHENARE W, YERRRN
*15 kg/667m’, B .67 4> H) K 6 kg/66Tm’ .3 kg/667m’
BBk B &, M 179.3 cm, HEXT BB N 96.4% ,fHR
RN ZMELBBKRMESI.2%, XTTERERE
K@, FaiERE, AHMEKEFRAR, B RKF
BRI ML Y RE R Y 10 ke/667m?, FEBE 59 4 51
59 9 kg/667m* Fl 3 kg/66Tm® B, KF R A REE B D,
ARG HESSERAEERS AEMEHUR
THEZREZERBE.

4 4 ©

D EMAEMNERSRES, B BANERER
AF-EHEN FAEREBRE-ERERE, 8
—EHEe, R RS TREEYE,

2) WAL A HEREE B AE R B Ry,
HE 2 RERYEEENEREMHE. ik
T A E B E LA RN 15 ke/667Tm KRS
REBXPIR KM 54.2%, M A BN 10 kg/667m’,
BEF 2> B4 9 kg/667m* Fl 3 kg/667Tm? B, ¥R ARG5S
REFE/N, BEAREYSHELRERS . AER
ZHURTHREZAERBE,

%9 WUTHMEBEEFEHBRELEKERHER
Table 9 Effects of fertilizer application on growth traits of sunflower in alkali soil

iy B (cm) %M (cm) &% (cm) T E(g) BRE(%)
Treatments Plant height Stem diameter Disc diameter 1000-grain weight Empty hull rate
NoPoKo 67.2+2.08b 1.2040.03c 8.10£0.60b 40.122.10¢ 2.8
NyPsKs 75.7+3.51ab 1.28+0.07c 9.70 £ 0.58b 50.10+1.52be 2.5
NsP¢K; 83.1+2.00a 1.34+0.0lbe 11.67 + 0.30ab 63.66 + 3.00a 2.6
NioPoKs 83.7+0.58a 1.39+0.0lab 12.67+1.53a 60.46 +£3.12ab 7.4
NioPsK; 87.0+2.10a 1.46 + 0.06a 13.00+£0.58a 61.92+1.53ab 3.4
NioPsKs 95.7+2.25a 1.41 £0.01ab 12.70+0.20a 58.66 +2.78b 4.0
NioPsKs 82.722.25 1.380.01b 10.70 + 0. 60b 61.7411.022 4.4
NisPeKs 94.2+2.65a 1.44£0.07a 12.67 £ 0.58a 41.74 £ 0.58¢ 11.8
NsPK; - 78.30 + 2.08ab 1.47+0.1a 10.70 + 0.58ab 62.40+2.1a 2.4
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Table 10  Effects of fertilizer application on growth traints of sunflower in saline soil
i B # (em) &% (em) %4l (em) TH.E(g) PHE(%)
Treatments Plant height Disc diameter Stem diameter 1000-grain weight Empty hull rate
NoPoKy 91.3+6.4¢c 1.52+0.06¢ 15.0+0.6b 24.2+1.1d 54.0
NoPsK3 123.7+8.5b 1.93+£0.50b 18.3+0.6a 33.0t1.21c 45.4
NsPeK; 164.0x1.5a 1.96+0.27b 20.0+2.0a 74.7+1.53a 12.8
NyoPoKs 168.1%1.9a 2.17 £0.06ab 17.0x1.1a 35.8+1.3¢ 20.2
NioP3K; 15132 1a 2.2+0.15a 18.0£1.4a 45.6+1.3b 21.0
NioPsK; 152.7+9a 2.3+0.16a 17.0+0.05a 54.5+1.16b 10.6
NyoPyK; 165.0+0.6a 2.3+0.17a 20.7+0.6a 55.8+1.53b 8.0
NisPeK; 179.3+6.5a 2.4+0.18a 19.7+0.6a 60.9 + 1.34ab 54.2
N;P;K, 169.3+0.5a 2.15+0.19ab 21.0+1.2a 71.5+2.2a 37.2

3) Wb LR BEE D 10.56 kg/66Tm” B, 7=
BiXFB KE 183.2 kg/667m’; i B B — 5 m,
MHOEFBEETHREE  GHAENSFRIERER
H 7.5 kg/66Tm” , BAEZ T =N 175 kg/66Tm?, X4
HEBEBIAET 5. 71 kg/66Tm® B, = B KB B A E
156.9 kg/667m’; Bt gk EF— M, W B E>= &
ETHRAD BENBELFHEER V4.4
ke/66Tm? , B £ BF =8 N 153.8 kg/667m’, 15 H B
BBty A BE e 10.56:5.71:3, &
LT =Rt 7 E B WA 7.51:4.44:3,

4) #h1b 3% M R 5 F) 10.51 kg/667m” B,
FERIAPI B KIE 222.6 kg/667m’; ¥ A RFE—#
Wihn,mEHEFREFTHREE, AENRELTER
BR 7.47 kg/66Tn?, BRIEZF RN 215. 5
kg/66Tm’* . LiBEE AP 5.78 kg/667m’, * A F)
BOAMHE 195.8 kg/667m? ; 24t % B F— A3, 1 H
EFERETRAE BIENEESFHEER 4.49
kg/667m”, BAE L UF 7= B H 192 kg/667m’ . B HBH
FEEBER T AR 10.51:5.78:3, A
FRMEER S BB 7.47:4.49:3,
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The effects of different fertilization structure on yields of
sunflower in saline alkali soil

CHEN Ping', HE Wen-shou®
(1. Agricultural Technology Extension and Service Center of Ningxia Agricultural Reclamation, Yingchuan, Ningxia 750011, China;
2. School of Agriculture, Ningxia University , Yinchuan , Ningxia 750021, China)

Abstract: Experiments were conducted to study the effects different fertilization rate on the yields of sunflower grow-
ing in saline and alkali soil and to establish a functional equation of fertilizer efficiency. The results show that for the al-
kali soil: if nitrogen reached 10.56 kg/667m?, the production reached the maximum 183 .2 kg/667m*; and if the phos-
phorus reached 5.71 kg/667m’, the production reached the maximum 156.9 kg/667m’; and for the saline soil: if nitro-
gen reached 10.51 kg/667m*, the production reached the maximum 222.6 kg/667m”; and if the phosphorus reached
5.78 kg/667m’, the production reached the maximum 195.8 kg/667m’. Therefore: for the maximum production, the
fertilization ratio among nitrogen, phosphate, and potash is 10.51:5.78:3, while the best economic yield’ s fertilization
ratio among nitrogen, phosphate, and potash is 7.47:4.49:3,
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Abstract: Research was carried out in the hope of restoring the saline land rapidly and effectively through improving
halophytes’ biomass and performance by applying nitrogen fertilizer in saline areas. Effects of various levels of nitrogen
fertilization (0, 75, 150 and 225 kg/hm®) on growth, mineral ash absorption and accumulation of Salicornia europaea
L. were studied through complete randomized block design under the saline field condition in Xinjiang. The results indi-
cated that the aerial biomass, the root dry weight, the seed yield and the mineral ash cumulant increased significantly
with increasing N levels. Among different nitrogen treatments, the highest ash cumulant absorbed by Salicornia europaea
L. was N3(225 kg/hmz) , with 8 435.06 kg/hm2 being the figure recorded, which was 4.28 times of CK. Meanwhile,
N3(225 kg/hm’) also claimed the highest aerial biomass, root dry weight and seed yield which were 4.02, 4.72 and
2.84 times of CK, respectively. Furthermore, compared with CK, applying nitrogen can improve nitrogen concentration
in shoot and seed of Salicornia europaea significantly when nitrogen level was up to 225 kg/hm’®, however, no significant
difference in nitrogen concentration in stem and phosphorus concentration in all the three plant organs listed above were
noted among different nitrogen levels. The effect of nitrogen on phosphorus concentration in Salicornia europaea is varying
which mainly depends on the specific part. Although mineral ash concentration in assimilation shoot and stem were in-
creased to some extent by nitrogen application, yet the difference was not significant. The results suggest that under the
saline land condition, nitrogen can significantly promote Salicornia europaea’s growth and mineral ash absorption and, as
a result, strengthening nitrogen management is very important in the process of saline land restoration by planting Salicor-
nia europaea .
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