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(1. PEALRARBI: K25 Be , BeVE #be 71210052, B EATARLET, T H EJR  756000)

REETERRRX 15°308 B, T 2007 4£ 5 H 2 2008 48 10 A3%E%E 2a BF5E T 7 FARREHDR EE (8 T RBE T BIEE
8 B SRR A (X IRACER) BT PR ™ i JE 848 KRR R oK LR HHIE. SR EY, R RIEML,
4:4 4:6.6:4.6:6.6:8.8:6 Fl 8:8 45 7 MR (A TEEET ) B (EME) A MAEF AR K VR Y 42 5 /5 00 B0 b ot T R B0k o At W)
BIEIN, AEYIK S FI AR 0.99 — 1. 57kg/m’ , P=HEHEN 3. 02% — 15.72% , HuFRARWBID 6. 86% — 58. 42% , JRUDI 5K Bk
2> 56.09% —100% o AR EHF HG IR R FIAEAR 3 b, A7 B AR AR R03E 7= SIOR AN (AR 1 J R Bl iR O Rl . JUHR: 414,
4:6701 6:4 3 Ty L [RIE MR B S8 B ORI

KRB R (EAE b R A s K R R

Different strip intercropping of grain-grass on sloping field in dry areas of
south Ningxia

LU Haidong' ,JIA Zhikuan'* , YANG Baoping' , LI Yongping’ ,LIU Shixin*
1 College of Agronomy, Northwest A&F University, Yangling, Shaanxi 712100, China
2 Guyuan Institute of Agricultural Science, Guyuan, Ningxia 756000, China

Abstract; On 15°sloping field in dry areas of south Ningxia province, the crop yield, morphological index, water use
efficiency and soil erosion characteristics were researched about seven different types of strip intercropping of grain-grass
(Millet and Alfalfa) and sloe cropping of grain ( Millet) during May 2007 to October 2008. The results were showed that ;
Compared with sloe cropping of grain, other seven different types of strip intercropping of grain-grass(4:4, 4:6, 6:4, 6:6,
6:8, 8:6, 8:8) increased leaf area and quality of single plant significantly. The intercropping of grain-grass patterns
increased crop water use efficiency by 0. 99kg/m’— 1. 57kg/m’ and crop yield by 3.02% — 15. 72% , decreased surface
runoff by 6.86% — 58.42% and sediment runoff by 56.09% — 100% . Among different types of strip intercropping of
grain-grass, the strip of intercropping of grain-grass was more narrower, the effects of crop yield increase and soil erosion
control was more better. Consolidated comparative results of different intercropping grain-grass patterns was that the three

types of 4:4, 4:6 and 6:4 were the best intercropping pattern.
Key Words: intercropping of grain-grass; sloping field; yield; soil erosion
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Bt GBS N EERERR. i WERR LG 1T, HEA RIFAER LU SR M3
Hok AR FEHE BRI MBS, KEFFSTEN, MY & ST e Y 5 38 2R AT
HER AL AT B K LS, BRI K AR AR . T S HUM B 450 TR PR 5 O PR B 7= B K 4%
FIASCR AR R M5B

(] RS SR B A B B A P e AR . R YR 5 SRS AR R R AR X B 1 BB
X, FRLUGRI TS B o T SR R A R 5 T8 R R H 1] A A A 2
RONEHLIR 7 8 T R T T 5 DX ) S A AR B (R E A AR =X, A0 7 77 g T X 15 3 o B B R (]
LR A ERE AL, AR (B FHEEF) B (ETE ) AR FERIVE T MEK 0 I RRCR R E ™
B HK SRR , RR IS T 78 B XM £ A 77 58 7 s il K 3 2k i B AR AR =X, i B IR
Fro R BRI T
1 #REFZX
1.1 5

RITET BRI HE B R A RRE S H#H T M TTEERBER L% ASELRE, N
FZR% 106°32'—106°58" k. 45 35°41'—36°17' Z [d], ¥k 1800m £ 45, 4E 7€ & B 1000—1100mm, [ 7K &
350—550mm , =80% {5-iIF Z& Y 4E & 7K B {X 250—350mm , 245 - Y pE T & 435mm, 4357 7. 4—S8. 5C,
=0°C R 2600—3700°C , TLFEHH 140—170d, 56 b £ Ay B4 £, $F 2 0—20em 357405 &2 051
S B HLE 6.403g/ kg, BhifiE A 40. 23mg/kg, 5. 0. 618g/kg, &5 0. 611g/kg, 240 2. 937g/kg , B 5. 05mg/
kg, HALHH 54. 69mg/ kg,
1.2 Amikit

RIGFEA [F AR R B LR R 8 M3 (R 1) RAFENL X H 1T, WA A 7 Ik & =
FEHLHESY 3 IRE R, 3k 24 /MK, T 2007 SEHIZESE BE Ry 15° A3 #F b IRl — 3 1D I, 4 RR AL BB SR i /N X T8
Jg 4m, P K g 20—26m IR /N X 24 A, /ANX PN TR T 1) 3 By R R TR IUR (B VEFIAEL, /N DX THT
1 80—104m* , A Jal/P X [a] FIRE R, &/ NX B 0. 5Sm x 0. 5m x0. 8m =0. 2m’ (2 il & o

2007 AR TE 3 A B b AL Al bR T i T B B S B Sr IR B/ E W RIEAT R IR B 1
YRR R Y E RS T RR 14 5 $BFEAS A 10 BH,5 418 HitE,7 A 25 HIkT5,8 A 19 Hi
T,9 59 H¥EHRK,10 H 20 HIGE, 548 3 A ETE , A I E TE (Medicago stativa L. ) , 2008 £EiR T 4%
SEAER BT R BE 7, AP R TBE O 5. MERFERIIT2/™E, XM MBEE TR HHRSE 6 A 15 H,6
A 21 BHH,7 A 20 HRT5,8 A 26 HAhEE,9 A 15 H#EEIK,10 A 20 HIGE, BTN ETE (4 F4) .

F1 RAAbE
Table 1 Treatment of test
P 40 . SRR . HIVKK/m
Intercropping Cropping patterns Top of t,he hill start Grass Bandwidth Food Bandwidth Dealing with
treatment planting crops cell length
4:4 [A]4E R 4 4 24
6:6 [/ HiE 6 6 24
8:8 [/ HiE 8 8 24
4:6 [A]4E R 4 6 24
6:4 [/ HiE 6 4 26
6:8 [/ HiE 6 8 20
8:6 A E 8 6 =
HfE CK HfE LR EY 0 24 24

1.3 MENAENITE
£ 2007 FERIR AL PR B AT, 35 S BUAE M BGRAYE H 0—20em + 2 HHERES, , BT RRESR M E . AR
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VIR AR ARG , I E A R 455 A0 B A M AP A /N X, 0—200em ( £ 20em B—/RE) I H3K &8, T
R I R SR R A /N X e 4% 20 AR VAR R , DU AR e L TR | B B 2 R
HARTE(105CHAFE 15min, 0CH T FIHE ) . EBIRKHIFKERLIG , BB E 2 A R /NX A2 0t o 42 3t
o HE R LR R BT OR (B4R 2 WO ™ (A A AR B AT 8) R EEMERRE #TIk
At W /N X B A T AR BB AE Y B RUFPRL &, IR ORTE 8. BAETERBEY MG, A SMI
RATWEITA T ERSIEY BN AT AR,

I E K E I E R BTV, 3R WL S SR P F BB I AT B8 BR AR A B 1k, U R0 8 R 9 B
25, AN E R 0. Smol/L NaHCO, 2 $&-FHE T Lh .3 , B AL SR I %€ 5k A 1mol/L. NH, OAc {2 4&- KMt
Bo 2A(TN) MlsE R FE P =UE Ak, 20 (TP) W R H] NaOH & Bh SR 8651 1 A1k, 288 (TK) I R
Jf NaOH R KM

MEVEYIK AR FIRER (WUE) 5 SR EVEY =& Y(keg/hm®) 5 F#E/K B ET(mm) (9 HL{E, B :

WUE =Y/ET

MRYEAR HK &R ET = Wy — Wy +1+P + GG WUE =Y/ (Wi — Wy +1+P +G)

T, Wi AFEFIET IR K&, mm; W HBGRES TIRK &, mm; 1 A F AWK &, mm; P 4 F
Mk & ,mm; G VEWFI R T K &, mm, X560 O BE 4514, R 1 =0, BFSE X4 T /K 70m, F itk 6
=0,

TERF Y MERI & 5 SRR BTG KR 0 b R TR 5 R & KA 500mL, FIuE 4% u8 i P v, 72 105°C
R T ERE, ITEFRERRED & &, RIS RENNERE RHED & &, ITERMERNRY R
Ki,

1.4 FaEgitS5atr

% F Microsoft Excel 2003 #EAT/ER, SR DPS Gt RGE g AT 8RR L BASE 12047, R ] 1SD 1kl AT B3
PERT
2 ZRS5HWH
2.1 AFEFEEXE 22

2 M 3 SRR RILA EFEALTE 2007 £ 5/ T =2 B0 2008 FETE 5B T2 E 5.
MEFFLE 2007 4, AFEFFLEAEEH-BREREES, MATFH-RERPA R, REEEL
HEATHAF-2EE S THRIEATLE(XIR) , JUHZ 4:4 .6:4 F14:6 X 3 NME/EAE ™ B K B
= TERVEALIE , 43 AL BRERE 7= 15.72% \15.49% F1 13. 22% ;2008 4 & [R] [BIVEAL B B & 15 FIBE F =R 32
S 44 F4:6 A RIVEAL BB 78 7 B B T HAALH, [R/EAL AR ) BE 7 7= B 1 W 3 R T B AL
A BAAERE 728, 03% % —12.73% , AN [F] B VEAL 38 L35, 44 46 F16:4 33440 38 A 3 7= IR B B K, 43 il %

®2 2007 EARAEHFLEERNE FHE
Table 2 Yield of alfalfa and millet in different bands treatment in 2007 year

B8 Alfalfa AT Millet
4k B LA THE Feh WAk 5% B R BE
Treatment Fresh weight Dry weight Yield HI Production rate
/(kg/hm?) / (kg/hm?) /(kg/hm?) /% /%
4:4 8142.10a 3250.15a 2431.98aA 31.81 15.72
6:6 8161.53a 3236.83a 2241.31bB 31.24 6.64
8:8 8001.95a 3208.73a 2234.94bcB 31.47 6.34
4:6 8066. 85a 3258.20a 2379.55aA 31.25 13.22
6:4 7982.65a 3163.61a 2427.18aA 31.92 15.49
6:8 7988.20a 3206.43a 2168. 82c¢dBC 31.50 3.19
8:6 7956. 60a 3192.50a 2165. 14¢dBC 31.15 3.02
HifE CK - - 2101.68dC 30.82 -

REFEFRRERKE,/NEFEERR 0.05 K, KEFEFER 0.01 KF

hitp : //www. ecologica. cn
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BRI 12.73% \11.44% F1 10. 31% o AT WL, ¢ 3t R PR B 2675 [RIVE R AL, B S8 3 38 7 B0CR, LR
4:4 4:6 1 6:4 3% 3 A [E] A A BEAE S0 7 OR B A, 5 T B ARE IS = 13, 22% —15. 72% , BE T B AR 3
10.31% —12.73%

£3 2008 EREFHAEBERNETHE
Table 3 Yield of alfalfa and panicum miliaceum in different bands treatment in 2008 year

BT Alfalfa BEF Panicum miliaceum
4k B LA TH i ¥ Wk R %L b s
Treatment Fresh weight Dry weight Yield HI Production rate
/(kg/hm?) / (kg/hm?) /(kg/hm?) /% /%
4:4 7850. 50aA 3001.45aA 1220.7aA 38.25 12.73
6:6 7800. 20abA 2903. 40bAB 1198.45abcAB 37.70 10.67
8:8 7667.25abA 2878.70bBC 1178.40bcAB 37.38 8.82
4:6 7825.35aA 2996. 20aA 1206. 7abAB 37.16 11.44
6:4 7801. 45abA 2919.70bAB 1194.45abcAB 38.32 10.31
6:8 7750. 50abA 2857.65bcBC 1188.30bcAB 37.18 9.74
8:6 7612.95bA 2784.35¢C 1169.85¢B 37.40 8.03
e CK - - 1082. 86dC 37.15 -

REFEFRERKE , NFFRFIR 0.05 K, KEFEFER 0.01 K

2.2 RRAFHEERE ST REYIE SR L
2.2.1 AFEMHEERE T2 T YRR AR AR R

AT B HAR I AR BEAE B HEE 2L (B 1) hREHA IR, BEJG THIR T o A RIAC 3R HL g, 72
FHRR AT AL BRI 22 A K, flAB)E ,4:4 .6:4 1 4:6 55 3 AN [E] /R AL 2 f) B bR T AR 2 5 T SR AL B8 28 1
PRI TEMAE A B B i , A UG BARIFRS A2 , A RIAL BR8] 22 5 AW B 5 487 bR B B B A A0 R e ol
B, AR BB R . ARSI F FVEAL B B B TR A3 . JUHR7EMFELUG ,4:4.6:4 F14:6
3 A AR R BE R T AR,

—@—¥ff M 86 —A—68 ——-i-—-64 —*%—46 —@— 88 6:6 --- o ---4i4
600 — 80 — 16 ~
14
500 70
B e 1o L
=
3 )
S 400 - 60 |- b
3 § 2 0f
S = >
- 20 e
5 300 = sof g st
~ = ~
Eé =%
1= i ﬁ 6l
T 200 |- #® 40 | 35
= # 4|
H
100 - 30
2 —
0 | | | | 20 L L 1 1 0 | | | |
07-25 08-19  09-09 10-20 07-25 08-19 09-09 10-20 07-25  08-19 09-09 10-20

H BB Stage

E1 2007 £FRAREFHEAEBAFHHER GEMEAKRTEEL
Fig.1 The change of leaf area, plant high and dry weight of different treatment during different stage in 2007 year

* BB 3 AN X P

2.2.2 AR EE T &4 B IR BRI SR R
BE T I AR E ML AL (B 2) , A SRR, ARG BEE £ T WM T 0 T e, ARIALEE HLES,
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St AT 4% A0 B E] 22 5 A8 K, R B4R Ak 2L i - T AR B B/ N T L ] AR B, U 404 1604 Fi1 4:6 45 3 4>
(] PP A A K 5 B PR B A B S AW R, i AR RS AU, S [RIAR B ] 22 5 A B g 5 B 7
PR B A F S O T R T i, AR B R o A AR A MR VRS B ey T B, TR
FERMPRLAJG ,4:4 .6:4 F1 4:6 2 3 /A FEACIE B35 i T HAAEAC B T L AR ) AR PR AR AR X REAS (55 S i BE

FohRE 2 AR F) AR T AR A BAAR PR, TR 4041604 1 4:6 45 3 M/ EALBACR B A

—®—¥fF —M—86 —A—68 --—--—-64 —x—46 —@— 838 6:6 ---e---44
120 70 4.5
4.0
100 o=
a 35+
g =1
S 50 <
g 80 |- g 5 30r-
& i z
3 B 40 B oast
=t =
e 60 |- = b=
- s =
~ = 30 % 2.0 -
S i
' 40 *‘% =131
#® 20 - #®
piin gy 1.0 -
20 |- -
10 05L
| 1 | | 0 | i | | 0 | | |
07-20 08-26  09-15  10-20 07-20 08-26  09-15  10-20 07-20  08-26  09-15  10-20

HEH ] Stage

B2 2008 ERFAEFTHEAELERTHHER AESMEKRTETL
Fig. 2 The change of leaf area, plant high and dry weight of different treatment during different stage in 2008 year

* [ b 3 NS4 LI P
2.3 AR K o A R R

AR ARk SR FTECR (WUB) 25 B3 (3 4) , R R BG4, RO EESER 69 WUE
BHERTHEBR IR 44 46 1 6:4 {EATIN WUE B %75 THE AL I EAL T, 45T WUE

A B A AL BRI 1. 57 1. 26 1. 28 kg/m® , BEF WUE 4> BI%5 A Ab B8 11 1. 25 1. 04.0. 99kg/m® , ] AL,

SR PR B (B VR R P S 2 4R RO B AR (KK 20 A RSO, AS Rl [V AF LU ELAE 424 (416 711 6:4 37 HU A1/

RUCREF , THR 4:4 BRIt

x4 FTRKFELEHASFRARE

Table 4 Efficiency of water use in different bands treatment

AF Millet (2007 ) BEF Panicum miliaceum (2008 )
Treitt}m%mt :i Wateiéjfs;ﬁmption WUE3 :f:il Water%fo]i(s;impﬁon WUE3
{hapint . /(kg/m) ) e /(kg/m?)
4:4 2431.98aA 235.25¢B 10.34aA 1220.7aA 190.38¢C 6.41aA
6:6 2241.31bB 240.18bAB 9.33bBC 1198.45abcAB 201.45bB 5.95bcABC
8:8 2234.94bcB 247.36aA 9.04bcC 1178.40bcAB 208.33aA 5.66¢CD
4:6 2379.55aA 237.22bcB 10.03abAB 1206. 7abAB 194.52¢C 6.20abAB
6:4 2427.18aA 241.46bAB 10.05aAB 1194.45abcAB 194.16¢C 6.15abABC
6:8 2168. 82c¢dBC 238.39bcB 9. 10bcC 1188.30bcAB 206.85aAB 5.74cBC
8:6 2165.14¢dBC 238.78bcB 9.07bcC 1169. 85¢B 205.33abAB 5.70¢BC
ik CK 2101.68dC 239.64bB 8.77dC 1082. 86dC 209. 84aA 5.16dD

AR FEERR 22 7K, NE TR 0. 05 K, RE TR 0.01 KP

http ://www. ecologica. cn
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&t
3
=

30 &

2.4 AFEMEEKXRHBERR

5 72007 = 2008 £F 2 YEGRFE T IUE KK LA R, 14mm FERT Y 2007 4F 8 A 25 HUE , FitE i)
WEAEYI AT ,21mm 2 2008 459 H 6 HUE, FOAE IR E/EY NEE T, 2 IRFERTRTAY 0—20em £ /= 485
KEEAMF NFES FTUEH, E—KERETNE R 14mm &, H= 4/ BWKENR, BIP KA EILE R
T A I B PR , AR )V AL R X R B AL BB D R AR T 8. 63% —58. 42% , JLHR 4:4 4:6 1 6:4 55
3 A BEB PRI AR R 50% LA b 7E—RPERETT B O 21mm B, R AR B LB 0, B A AR
BERIPRP TR s A FIAL B EAE 404 Ab B BAAE AR BRI/ 3R BAR IR 58. 42% , D YR U 5k 84.41% ,4:6 Fl 6
14 QLRI EL BAE AL B D R EAR I 50. 37 % Fl 50. 04% , TSR 100% ,6:8 .8:6 Fl 8:8 4AbEHALX IR
Y HIRAR 6. 86% —17.75% YV IR 100% o AT L, /X A7 56 BERRAE AR , I /D b AR W ABOR
ML A FIFETT R LU, IR T , R AR TR B K, B R A AR RN AR MR A IR BE T R . AR IR
BRI ERE SURAEE S RNAE AR TR BRIV AT W, B xR kR A HE
B o

x5 TEKMETELENMRER
Table 5 Rainfall under different processing of surface runoff

14mm [ FiE Rainfall 21mm i Rainfall
sz} MR W B WIHE BRI Yol WUHE Yol
Treatment Total runoff Decrease Sediment Total runoff Decrease Sediment Decrease
/(m3/hm?) /% /(/hm?) /(m3/hm?) /% /(t/hm?) /%
4:4 5.01fF 58.42 0.00 31.25fF 43.91 1.25¢C 84.14
6:6 7.89dD 34.52 0.00 44.05dD 20.93 3.46bB 56.09
8:8 11.01bB 8.63 0.00 51.89bB 6.86 0.00 100.0
4:6 5.98€E 50.37 0.00 37.64¢E 32.44 0.00 100.0
6:4 6.02eE 50.04 0.00 36.93¢E 33.71 0.00 100.0
6:8 10.35¢BC 14.11 0.00 45.82dD 17.75 0.00 100.0
8:6 10. 04cC 16. 68 0.00 48.67cC 12. 64 0.00 100.0
HifE CK 12.05aA - 0.00 55.71aA - 7.88aA -

REFEFRRERKE,/NEFEERR 0.05 K, KEFEFER 0.01 KF

3 itig

XS e I R A5 S IR 2 BRI SE e A, DI VE77 IO 6 KBl v L 00 A0 o T RS 2 A R A
TR BAAE B KA BIBRE T 2.3% —20.9% (0. 4% —7.6% F12.2% —19.6% . ABFFrs:RF M, S H R
B S5 I VE AR, IR B0 P bk 728 Y TS A (EDRR A P 0 2 35 U 300 F) Bk o T AR I B MR T B
B E I BIRE MY B BN, U R 4:4 4:6 T 6:4 % 3 A LLEME A RS, 8 T B B
BN 13.22% —15.72% , BE T 7~ BB AR AN 10.31% —12.73% . HHER % W& G BiE  KE 3 MER
VW15 FORIEE T K AR PG RS £ 00 , B 5/ FOR TS/ TR EEA R T30 FOR R 43R Pl sk 1
i1 33.33% #123.45% . ABFF &I - RIS BAAEAR He B B R R MR BT /EY) WUE B B3R % . X R
TA B HTEVERLRE AN , 7T BEIE 538 b B R 1 5 K AR 8O0 A %

FISEBFFE B, PR PR 5 3 508 2 25 B 4 1) AR R L8 W B D MR R W IAE R ™ o ASHF
FEW AETEEHER 158, REUREEY 5 B8 4 /R MR TR & B e M R B %
6.86% —58.42% , /PR Fi Sk 56.09% —84. 14% , SHTABIFR LR —3, IS Bk, e #
AR B REA AR LK S, S A B A N Tk AR SR E 4D iR R R M B A
BB E RO SRR . AT SRR, P AR S A 1 1R A A B A /N X AR i 4, K
TSR, B AR . B DU B A R I AR AR S T A S LR RV B AR . T, R EEHRR
[ EFER R AR () HHES] T SHEY S HE BN K LIRARCR . Sl 4% £k 5 5
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FIEVERTSE R, ZEAK P R R R SR B T, R A VR A0 3 (9 7 359 1R i 2 4 51 B B R AR b B AR sk 20> 35. 7%
61.4% F170.2% , FoBEMERT T, FIMEABUK H R BORF B . ABFF R, MK, R R R
B HEEER WA IEE R T X SMARSRIFERSZER, TR SABFTIE RN
A T T S 2 PR TSR B K

K g R B TSR R B R R M BB R R 2 —  Hoh R R AR I S v R 5 4
BE R BRI B 90. 14% F1 87.37% 02 o BRAFATY S5 £ L, S HH IR 1mm A2, R
Ve B TS 0% —9.7% o FEETE " B RM, SR, EXBEMERERS TEXR> R
A HERE . AR AR, E R EE SR EED &R BEMEES /E =8N, XBRTS5
HTE MR BB B (B VRS =500 A8 Sk , 10 AT BE-5 3 RS B [B] /R BB 508l s R AR TR AR VD I R T RIS T
HFEHIERSRA —ERR WA IR TR T 35 b 1 35543 (3 25 AL IR A ek — 2B 05T . T4k
JEEPY BTN, AL BT 5 HOEE S, 2R B Ol R H A AR G5 5 IR A S TR B B
—o AHIFEEM, RARAEN BT SR AR A R AR, A E AT LR & 2A 07 [ AR O VR 7= B
TKAMFI AR , TR °] AR AN AR E 7 P B o XN AR X 38T B 338 S b Al B 7T 5482 %

&, ARt aEBENE.
4 it

ARl A T R R X 1503t R R AEY) (8 7 EBE 1) 5 E 1 S R AR T AR MBI S R B, AR
RS RT3 AR BV A 7 0 B SR I T AR SRR R, A B R B T U R AR B9 7= K 7
PR Dtk £k o AR BRIV 2K EL A, SRR O 7 i T A8 0B L TR i 4%, AR R ) BB
7 P ROR K LR BA ORI . JUHSE 4:4 F14:6 .6:4 55 3 Fhla] /AR, HAEF 5 3 (R 2 A
FAS ) 1 B R v THT AU BEL BRI B, AR B AR AR A R R SRR AR 7 0. 99—1. 25kg/m” , P B4R
PRSI 10. 31% —15. 72% , 3 R AR W 6 BB RARE R 4> 30% LA |, R VI 2% 2 B AR A s 2D
56. 14% —100%
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