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(1. PEICARMEBE K AR 2 e . BRPE A7 712100: 2. rp B B2 B KRR OK HARFERF 28T BRPE A7 712100;
3. PHACR AR 2 SR SR 2 e, By #7ik 712100)

B OE. RBTAT RRRRAE N E R AR R Y, %R AREMN P E T
BRI B . P BAS 099.8 kg/hm. 77 3k 2159, B 6B R A A R 14.0% 0 18,420, B E A B

B7; B A LB 2 NMLPM NPM 38 7= % 40 B 1k 5] 6.63% 4.12% 11.3% , (PR AT B 28 &

B 4o 2 dy RE R A

i3 T AR R 2 R A ALALECHE AR S BEAE B9 R 3 2 AR AR 2 4R 3 171 v 12.55 M B 2 /G R
B B A T R 4R B AUTE SRR JL B RUTTIRE 4 155300, g Tk 1k 12,2690, B AR REH T 2410, %

ARBBART 17.57%,

KU AN E AR S AN AEFRRAE ZELFR

hE 4y EE . S143.6; 8512. 1

b B R R E AT R R BT S P X
W —, TRWME KLme™E RaEy-g—
BHAR b F1 000 kg/hm” ZiA7, KBALLKR. AAF
PR EHREIE, LI G T O X
BHREm N EEREIFEM, 20 42 80 LA
S B IEFEN - 22 - 3 S [X AR B b £ 2P 1Y
— I E TR, BTN A T R S8 E
T F R AT MR 24 2 ) R R s ) ks
W, B AE SRR EL T, R R
AR AE RS Z G0 PR IR T - A8 0 S N X 3
S UEER PR AE AT R b B RO b
7. Gl & BEREAL, S e E e B B K A 28
R HATFRERRARE T, AR T ARG
AEADFE NS /NG A S DL 2 B L 32
B /N P B RUK B P AR (A
L bl ik
L1 I

6 37 T8 - 5 b R AR B T S K R L
B A AR KR V2R KU, o S ) A A
WPIX, B R 1200 m, £ 4F -2 R 578.5
mm, FE AR 9. 1°C, =10°C 3R 3 029°C, L #H
171 d, 00 b T 7 30 8 Sk 2okl B s - 1
RV B R 22 L, DA VST IR b
s, 4 KL 60 m 2245,

XERFRIRED . A

Wk B # . 2008-04-20

Y EHES . 1000-7601(2009)03-0143-05

A5 2006 4 9 J A, fEil AR — B VK
H BT oA S0 AE 77 =2 38 5 o AR RO i it IE &
359 90~110 kg/hm’. oA HUIRBOBEN . 3o 60 [X
RHAE #7 E K A HLRE 13. 35 g/kg, 44 L. 05
g/kg HELA 54. 37 mg/kg., 4x B 0. 89 g/kg., Ak B
19. 20 mg/kg. AR 142. 46 mg/kg.

L2 Rt

ARG BRA 10 A40HE . CK NP K, M,PM . NM,
NP \NPM NPK. ZUER R E - BEAL o BERR 5 . 47 1
SRR A LR B (42 & B 1.59 g/kg, 4288
LN 0.8 g/kg), Horp AR B AUIE (45 N) 120
kg/hm®, B A (P205) 60 kg/hm®, 4§ BB (K20) 90
kg/hm” . AHUIE 75 +/hm”, B RHAE & /N 22 48 Pl 4
i, BN, BN A 30 m* (6 m X5 m),
ZREE FENLX AT, N RO KR
134, #E 0N 180 kg/hm?. 2006 48 9 23 4% Fh,
2007 4 6 7 29 Bk,

HEE A (2006 4E 7~ 2007 48 6 F) YRR K
496. 2 mm, 5 Z4E P-4 K & 578. 5 mm A H. K
BT 14200, BT T RAERE,

1.3 BEmREMST

L.3.1 #HaRERHPLAE LK MENERE
FRTFISCER S > FIBE T35 (105°C) 2 5 /N2 oAk
(6 H 29 B ) REMWHPFE 5 Fh: /N XK, 92k
77, TSR 1 Microsoft Excel \DPS Fl1 SAS %§

BT . P EA AR TREEEN I E (keex2yw424-3 Fll ksex IywN-15-04 ) ; [5 5 B} 4 32 # 31 % (2006BADOSBO7 Fil

2006BAD15B01—03)

FEE A Vi (1984 ), 40, YT PG -RBE A B0 , £ BN SR S HEE Jy E A TFE . Ermail , jocujingjing @126 com,
< SERAES U (1957— ). 55, BRpiHE B A BFFE 5 Wbk ST B MR ) 58 + B R4S A A BRI ST Email ; mdhao@ms.
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PG R TALHE
1.3.2 40 %454red 7+

RS ELAF: T 7 = PR R 7
LR

BRSOk (20) = (AR DO 6 — 7
FEIX 7 B ) /R X 7 B < 10095,

RERHRI IR (20) = (MEAR AL/ T2 3% 7 Wi it
— B NSRS TR ) /A B < 10027,

IR BTk 5 = SE4L 53 1™ B/ S M4 2
g X100%

TKG3F A2 Ckg/ (hm” emm ) ) = {4 7= e/ 1
B AITHFER K

FEK BT (mm +hm”) /kg) = A= & WIBT I RER K
5/ R
2 GRS
2.1 FEMEAESTNE = ERRNE

XIS [E] it AE Y NS o B s SR ) 7 22 T R 2
A (1SD %) % PH (£ 1) . NP .M, PM,NPK . NM N,
NPM K #b 5 CK Z [Hlpy == R B %, K
NP .M .PM,NPK \NM N 4B 5 CK 2 [A] #7722 7
REIR B, Hrh RUBREC i 7 B B s, ATaA5 099.8
kg/hm”, t CK 3477903 3 kg/hm”, H7= 2 5% 21.5%,
PP R BT R BC B AL W I Bt ™ £ 0 |4
7 625.3 kg/hm’ F1792.1 kg/hm”, 7% 53 5
14.0% 0 18.4%,

F1 HERESINE =B HIENE (kg/hm®)

Table 1  Wheat yield of different fertilizing treatments

fham i K B3 Significance
Treatment Yield Yield increase F
(kg/hm®) rate (/4) 5% 1%
NP 5099. 8 21.5 a A
M 4919.2 17.2 b AB
PM 4724.6 12.6 ¢ BC
NPK 4613.4 9.9 ed CD
NM 4613.4 9.9 cd CD
N 4474.5 6.6 de DE
NPM 4418.9 5.3 e DEF
K 4405.0 5.0 e DEF
P 4307.7 2.7 of EF
CK 4196.5 0 f F

B AR KN F R R 2 R4k 10R 520 B K. T,
Note ; Different capital and small letters mean significane at 1 % and

5% levels. respectively s They are the same as follows-

TERERL LA A HUIE St (¥ 1 P8 R o> 5
CK MIEIEF722, 7 kg/hm”, 47228 ]9 17. 204, B NM

PM NPM {4 3 77 2 43 31 9 6. 6306 4.1204 1. 300
B AL B 7 B B AG, 1U A4 3077 kg/hm”, 3477 2
N2 705 R A AL FIC e R e 22 P R AL
5. 300 BB LI A 113400, A, A Al e A
XF /N B AR R — BB BREC A T HL e X
LR ABRFRSERAR
2.2 E{ERFR BN TR
2.2.1 FRAERY K ZZE BRI BAEHZ
& RIS R IRBERL SR 23 (8] AH B2 00 BT 7
A= X B G e AV . NXP R EAE A
K (3 2), HERAEE514. 1 kg/hm” s HUAE 2. 32, 33
B AU 55 i N TEC & i P 38 7 3R BE it AU T 5%
Z R hN 13276 5 T B BE e 7y 2 I A4 g A fE
Il B 22 BAE R 1) 6 B A 24/ L 36 BH A AILIE 7351
SR B A R . X AR A i ISR T
BCRE XS 7 F RE ARk Bt 1 384 7 508 2 il o NXP X
M R A —889.5 kg/hm”, 38 H AN £ H.NXP
XK HERAE K —180. 8 kg/hm” , 3 B 7E RUBERC G )
filt -3t A HUAE ST AL . BRI AR AL & 4. BAk
JRRARFF#— 205, B & BiEE A AE S
SR H A B0 2 A R PR

TE R RBEIE Bt A A T AR R K45 ¥ i)
Frea RAEAHUAE B A HLAE A1 &R A LA A B
Jita REASH ) g 32 7 34 4y £ AR 3R BH AR BN AN (AN B
P ARG T RSO AH R 25 RE R AE S A 45

F2 TEMEEEEENEEER (kg/bm’)

Table 2 Interaction between different fertilizing treatments

gl WA H AR
Treatment Interaction Ratio

NXP 514.1 NP/ (N+P)=2.32

NXM —583.8 NM/ (N-+M)=0.42

PXM —305.8 PM/(P+M)=0.63
NXPXM —889.5 NPM/ (N+P-+M)=0.20
NXPXK —180.8 NPK/(N+P+K)=0.35

2.2.2 Jetxd FEHRRE  ERRTTE 5L
R A2 AR (L) OB BCHE A 7
B TURR R IR K17 70 R R S AR S T
LLSANLS . IANE 43 s B A AL AE BT 20 B A1
Jitt \ RA HUAEECHE | RUBE A HLAEECHE 7 Bl $2 s 176-5,
8. 7. 8. 7T 12. T ANE 7 ks FEHERH AT » B HE HL it
FEAL TRk 28 B AIE hy 2. 626, A AL AR B i 5T Ak o
e B B PN B DTk 4R i T 115 120 LA
L0ANE 7 13 FAHLAL B HLAE A BERL TRk R 4
BB AR L 3.2 M 121 AN E L
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5 3 1A

25 B— 77 it £ Contribution ratio 7 5200.00
< 112 —— & Yield 4 5000.00
\5 ] o
Z Mr 480000 E
= B o0
50 14600.00 by
Z w0t s
T o8f { 440000 &
g i i}
S j { 420000

1 4000.00
£ 2
Mool T3800.00
NP M PM NPK NM N NPM K P

2 3 Treatment

Bl FEMEAEMAER SR )
Fig- 1 The contribution ratio of fertilizer to

yield of different fertilizer treatments

L LB LA SRR 2 4R AR e
R R » AL L H Tk R B S A LIS S
TR, TSR AR A M T4 AR X A 5T
AR LU AL R AN
2.2.3 A PRfesteyrest AU sl R i 1Y
HOR 2 W2 A HLAE B 3 7 R A s EH Y

54 914, A A HLAE AT LAIEARFRL 9 6 kg/hm”, iR
it i DA B A AL AT G M 7R AR R B T R
31. 6720, A A WL RIS - 6 kg/hm” s FUEF-24
AR 10 kg/hm”, A FH SRR R 2. 0520, 7R
PRt b B o SR TR R e Oy 15. 5300, ML
B34 P ) B £ T 35 6.6 kg/hm, 977 2K
ik 18.8800, 347 R R B3 s e R R B 1R 4
PN 3. 9990, AT S BEAL Y7 1.4 kg/hm”, 7ERBE
P 38 77 00 S e o B B, 3977 R0k 27, 100, 45
Tk AT 14710 4 kg/hm, BE TR K 12. 2670,
PR R B NP A AL EE Y NP M B TR
Pk G, 43y —6.92%  —4.40%  —15.41%, 34
HH NPM Bt AR T NP M ERLH &A%, LLE T
EARER RS PM ELHEEK P St eI 3 7=,
20 316704, T PM BCHER: M HHE To 10 JE 1 7 R0
SRSy TR A FE - DA BEAE A HUAE R (e
BUIE AR A% EDASHI T BEARAL i R 4%, BRABEY)
TR 1 1 kg, ARES TR TRk g —2. 6604, 43
AR R RN AR F =B AHE s

&3 EEN.P K FAHLAE M AIEF= RIS /NE = BRI ST (kg)

Table 3 Yield-increasing effects of N P> K and organic manure and each of their contribution rate to wheat yield

= e FATIE AT HEL2H 7> RS ES
JEt R , " as: g JERE 7 DU Average
aER Yield . u‘e . Yield increasing Average yield Contribution contribution
Calculation increasing lncrfeasmg by 1 kg of increasing by rate of each rate of
formula (kg/hm?) (r‘%e) fertilizer 1 kg of fertilizer fertilizer fertilizer
(kg/hm®) (kg/hm®) component (%0) (%)

N—CK 278.0 6.62 2.3 1.0 6.21
NP—P 792.1 18.88 6.6 — 15.53

N 2.05
NM—M —305.8 —7.29 —2.5 - —6.63
NMP —MP —305.7 —7.28 —2.5 - —6.92
P—CK 111.2 3.99 1.9 1.4 2.58
NP—N 625.3 27.10 10.4 — 12.26

P 1.58
PM—M —194.6 —8.43 —3.2 — —4.12
NMP—N —194.5 —11.19 3.2 - —4.40
M—CK 722.7 54.91 9.6 2.0 14.69
PM—P 416.9 31.67 5.6 — 8.82

M 2.78
NM—N 138.9 3.31 1.9 - 3.01
NPM—NP —680.9 —16.23 —9.1 — —15.41
NPK —NP —416.9 —9.93 —4.6 —1.1 —9.04

K —2.66
K—CK 208.5 4.97 2.3 — 4.73

TE AR RLANE A 1 kg AEHE (N, P20s ) /N ZE R 387 8300 A AU AR RO LAGE & mi A HLIE A /N 22 347 B 38R
Note : The efficiency of N and P is donated by the yield increasing of 1 kg of fertilizer(N and P205)  and the organic fertilizer is donated by the yield increas-

ing of 1t of organic fertilizer -

2.3 HEBEXTAEHFI A A=A RN
PRI R FH Al I 0 s HLIERSC R 2R R AR 5 4

Pr A IS ZAE A A S AR (R 4) . FiE AL
PR SR AR | BB S CK R HR 22 R kR
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TR XA T

w2 %

BEIKFE, AUEHEER. RIEMAHE R H
33. 8570 B AU i AUE R FH 4R 15 1 28. 81 AN
YR R ARUEAR S T 28. 33 kg/hm”. BEHHABEIE 5
PRAEECHE » A F T R RER A A% 5 AL Bt Y RUIE
PRI N 26. 940 HHUEBRERFE. Bl TH

HERCRE I, IR BECR EB I (A A LA 24 7
SUIE A 2 AL 2. 33905 A HLIE 5 AU I it
JE RAEA IR0 Itk B R AL L 42 = 1723 61
NAD R BANUE R T 26.32 M0 R AL
R,

&4 FEBAEFRGTNEEMFIRE
Table 4 Effect of different applying methods on fertilizer use efficiency (FUE)
b SU/E 8 FHEA = B T AR %
Treatment N uplakoe N use efficiency P20s upte}ke P205 use efficiency

(kg/hm?) (%) (kg/hm®) (%)
NPM 182.30 hB 28.65 18.82 aA 8.92
NP 163.97 ¢C 5.04 14.50 dC 1.72
NPK 188.54 aA 33.85 16.35 heB 4.80
NM 154.03 ¢C 5.09 16.01 ¢B 4.23
PM 138.34 F —7.98 12.35 fE —1.87
150.71 dD 2.33 16.05 heB 4.30
180.25 hB 26.94 16.55 hB —
151.90 dD 3.32 14.63 dC 1.93
130.75 ¢G - 11.29 gf —3.63
CK 147.92 eE — 13.47 eD —

H T B A, S0 -9 B AS ST, [ T
BEAE R R &5, b fE s 56 LR ED i J5 A BT 14
I, W FA A HUIERE S 5 1L 1 S P i B 22 BB A A
RS B A LIRS 4. 3020, BB A HLAE D
) P 2 e Sy 8- 920 ARSI N T 7.2
T B U R e T 4. 62 T4 A,
BB 5 HLIE IC MG 2 42 w5 EORL A F 26 0 A 20k
U5 U BRI F 25k 4. 8024, AR

BARE T 288 kg/hm” B RAUK T A B A HLIE A

Jiti 3 24 2= HE LR ACARAN 58 2B BT A I 241K

THRHFZ —,

2.4 BHEEAENT /N Kk o F F RIS
TR AEAE SR m R T R A R S th e 4R Ry

IKIT BRI AR R LLRE R KA VR BRI ATRHAY

BEFRRAN A XK A R B M AN ] (3R 5)

RO FEHEAELLIRAI K53 F A (kg/mm)

Table 5 Water use efficiency of different fertilizer treatments

. IKASF 2% IKZ IK &% P23
WkR kmms  KIEDE RARN ke
Kb F . W HIE Using water Decreasing of
Water consumption WUE - . :
Treatment (mm) Cka/ ( -hmz)] Increasing of WUE coefficient using water
g7 Lmm ( %) [mm/(kg °hm2)] coefficient ( %)
NP 682.1 7.48 aA 21.43 0.134 B 17.57
M 695.6 7.07 bB 14.77 0.141 cdeAB 12.84
PM 684.5 6.90 ¢C 12.01 0. 145 bedeAB 10.71
NPK 684.1 6.74 dD 9.48 0.148 deAB 8.61
NM 723.3 6.38 eE 3.57 0.157 abcA 3.37
NPM 689.4 6.41 eE 4.06 0.156 abedA 3.85
N 658.1 6.80 dCD 10.39 0.147 abedAB 9.36
694.5 6.34 e EF 2.97 0.158 abA 2.83
P 690 6.24 fFG 1.30 0.160 abA 1.27
CK 680.9 6.16 fG — 0.162 aA —

5 CK M, A BERC i K 7> M R 4E & T
214350 FEK R BUHEAR T 175700, Bl B AE ot

IR B T 10.0% 1 19.9% . Rk 2%
SRR T 9- 1Y 1 16. 5% 20T« 45 HLAR 26 1
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Vrdhih S B L A R N AT S A HUE AR 105 147

Bk 4> Fl AR 25 7 14. 7%, 36 K E BB IE T
12. 8% B HUIR L b 7K 73 R R4 85 T 2.5~
10. 8%, %5 5 HH 5 B0t 60 A R T 4 v UK 40
FNT 10400 MG TEAE A0 AR AR A B AT
HUIE UK 23 PR A3 B4R & T 1. 3262, 972,
S C N

£ PR AL AR M B 45 B S84 25 2K 23 2%
RFE/K R, RUBEICHE B M A WU D s LA e
HLAE B3GR 5 I S A AITRE K 2R 20 42 K L 26
BRI TR B B AT S 20 LA VA /K L 35 A L
1 BEIN/INZ B A A B B A A RS AR K
R EOE T G-

S 4 W

Ly AS[R] BERERT INZE P B R AN (] » RUBBE I it 7
R 495 099.8 kg/hm”, #9723k 21. 500, a7
R, AR OAER D RSRS8O 5
T B AT B 1 R 43 1)y 14. 000 A 18. 404,
DRI R T it 4R v 5 /N 22 7 B A A R i
A UL BAERF=722. 7 kg/hm”, %5 NM ,PM ,NPM {141
FEAAY I 6. 630 4. 1204 11, 300, A HLAE Bt 2%
RAFFANEACAEECHE

2) RUBEECHE S 7 B TR B s, ok 17. 704,
BR B R T 115 15 IAYE 43 a5 A
PR Bt F Wl P B i PR 5k R AR A, o 2. 600,
7B HLAE Bt DK 23 o AL L Wl BB PG TR
Gyl T 1.5 12, 1 A0 10 AN 43 o5 s BB i A2
PR A AR Fe &A% A HLAE S A AT A
R A, NP KM X7 8 i 5Tk 2 . M—N
—PK s UL A AR [ R = AL B A% NP R
BITTHR 4> 5k 15.53%0 F1 12.26% 5 ML AR 2 jte
SRS PO B B bR T R s
54. 910 , FEm A HLIE AT LARSAIKALO - 6 kg/hm”, B
ATUAE i T 4 77 31. 6706 , 4 i A AL A 7] 184 Ik
5.6 kg/hm”, BLHIAHUL R0 LR E 2 — ¥
TEREAE P AR E,

3) G B i e RCHE . Bl AR R A 2R 43 51k
33.8500 8. 920, Hjiti A HLHE 24 2 56 A ) 2 A
AL N 2. 3376, Ul A ML AR IE 76 AR 1) ) 26 5 R
JE AR 43 4R i L TLRLZ. 55N E 4 L AR
BERCHE 73 I $2 5 T 23 6107 24 F 43 i BCA P

B S $ E5 T26. 3200 4. 6200, MR B U T
P R RS ARG » R4 N 52 4 A2 ik B R S T A0 i
Nz,

4) RBEAVUERCH A RT3k SRR, 5
X B AR H K 73 ) 2R 889 1 24 100, FE 7K 2R B RATR
T17.57%; A HLRE B K 2 R SRR T
14,796, FEK ZRUA T 12 870, e ML A B e 7K 43
R R 17 2-520~10.8%0, AR m{EY = B AR
T K R 3 A B ORIt 2 5 LR
Hl AT AR TEE

2 F X .
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Analysis of the content of macro-elements in root system between maize
genotypes with different tolerance to drought

LIU Sheng-qun'» SONG Fenghin'» WANG Xiaoho’
(1. Northeast Institute of Geography and Agro-ecology, Chinese Academy of Sciences, Changchun 130012, China;
2. College of Agronomy Jilin Agricultural University > Changchun 130118, China)

Abstract; The primary root and the first to ninth layer secondary roots of two maize genotypes of Yedan — 13
(droughttolerant ) and Danyu— 13(non droughttolerant ) with different tolerance to drought in the field conditionwere in-
vestigated to study their content of nitrogen, phosphorous, kalian, calcium and magnesium by ICP. The results showed
that the total nitrogen and available nitrogen of Danyu— 13 were higher than that of Yedan—13 at the most significant
difference level ( P<<0.01). And the calcium and magnesium of Yedan— 13 were higher than that of Danyu—13 at the
most significant difference level ( P <20.01). However, there were no significant differences in phosphorous and kalian of
root between the two genotypes ( P=>0.05).

Keywords : maize; root system: macro-element ; tolerance to drought -

(E#EF 4T R)

Combination effects of nitrogen, phosphorus, potassium and organic
manure on winter wheat in dryland of the Loess Plateau

XU Jingjing's HAO Ming-de’, ZHAO Yunying’
(1. College of Agronomy, Northwest A & F Unwersity > Yangling, Shaanxi 712100, China;
2. Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling
Shaanxi 712100, China; 3. College of Resources and Environment, Northwest A & F University > Yangling, Shaanxi 712100, China)

Abstract ; The effect of different fertilizing treatments on dryland wheat yield and water and fertilizer use efficiency
was studied - The results show that ;: The combination of N and P application has the highest fertilizing contribution rate ,
with a wheat yield of 5 099.8 kg/ hm” and an increasing rate of 21. 5% the yield-increasing rate of the combination of N
and P application is 14. 0% and 18.4% higher than that of N application and P application separately, and there is ob-
viously positive interaction; the increasing rate of wheat yield of the single application of organic manure is 6- 63%4.
4.12% and 11.3% higher than that of the combination of N and M, P and M. NP and M respectively - Fertilizer com~
plication application can increase wheat yield, water use efficiency and fertilizer utilization, and the complication applica~
tion of organic manure and N and P can increase fertilizer use efficiency of N and P by 17.71 and 12.55 percentage
points ; the combination of N and P can both increase the fertilizer use efficiency of N and P with15. 53%6 of the contri-
bution ratio of fertilizer component of N and 12. 26%0 of P. which can reduce water consumption coefficient by 21. 4%,
and increase water use efficiency by 17. 57%.

Keywords . winter wheat ; yield; water and fertilize use efficiency ; Loess Plateau



