A SR AR, 2017, 32(12): 2065-2074 http://www.jnr.ac.cn
Journal of Natural Resources DOI: 10.11849/zrzyxh.20161142

BT Efe B RAR R EMEXE & ==

—UE &R AIE M SR I B X 151
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X RS RS TR A
(1. P ERMF B b HR 5 YERATSE A, JL st 1001015 2. JL Il ks 1 538 £ & J@2# 5%, L 5T 100875;
3. [ - R ERR AL K AR FH - by T AR B SE 0=, Jb T 100101)

FEE . W R IR AT SEB A M YRR v ORI R R R i T e T AR DX T W ) 98
(7] 81, SR A0 RT 38 53 A FEAR ROt DX 1) L ARSI A, PR b o) B 4 R P 23 6 () ARl A A
o ARFTAE LT 5 3 X2 Bl ) B3 o Y4) S 50 3 b, 30 5 K SR A 9T 1 ¥ = B VA AR X 743
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B SRR 1) 1822 1 X EL A R B A=l e =2 0 AR AR 253 T, B R T b e A
12 3.9~5.1 kg/hm? g B, 145 1003 B B 4% T 22.5 T f/hme 42 47 5 2) Fal Rk SE Aok o5 2 — 1 1 [ 8]
AP ARG A 0 2 A ) A < F R IR, 4~5 F TT TR B O 2B AR B K 5
)RR Z T et , B b Fele K] & R A 3 F+ 1 S T+ DGR 5 2 b Sl 2 A A
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“HROTAS” MK FOKRZEA TR AR AR SR L) FE i, MR E EORMER TR, R AR
I, MRFF LA LS R AN XA SRy o b AR B i DX AR M Ao L DX o S A 25 XY
AT, LR IE TR &, R R R SRR AR R e, SR RS A
IR PEER I T S VA R RRCR, R E R &l ik . SRk, 2T
iR

HEERE TR S B Y, BEREEMMRMEY, ORI EEY . CA
FEFRM, WSERE AT TR AR AR T EADRE . BEVEZE S R ARDRLA e
FZMAE. HED, WAMSRCERI ., TE . fbRSEIL T M KR s ) I B8 sk
£ MO PRI, 1/15 hm* RN S TS AT 5~6 Sk 3 100 dfRRLFE 2. B kL
45 thm 3, MY T2 hm? R R0 1 a =i, AlAEmIsk2E 1 a pmaRied, SE R
BEL, ML S JE R L HSEEE L WSROI AR BOGER TR AL
SR ERFF GG 7TVE L R 4R 55000 . TR AT B FA A . 57
B WOCE TR ZIRERL b sE, A “RRPRAMR” B+ mERl S £
PR RESERL, Rk, TREULT 2015 4FH) T LA B 2R T 1 st H X B AL A3 T e T f e
TSRS . A SCEIEN AR SR, W AE 2 b X AR R A R AR A 5 ¢
HESH, PRITH A A B X LIRDRHI SR A O R R 2 & B AE 7= ik, Bk,
TRTA T IS P8 s B YA AR 2 ORI P R X Al e R R ek 5 %

1 s iy s IRtk

B R E SRS LB TR A B, MRS E A, T
AR HYER L FEXEARMT R, R, 1) mkhlse (Rl 4
S eth25) MERSEIAEI20% A4, SEAMOE (AR, fiBiE., BET)
AL, RS TERE . DTIE . mPh SR 2) IR S RE R R R E IR
2, mkENmsen R R AT AR AR R Y, RS I E SR KT 3) KILE
HERZMA I O ASE T, BSOS SR ME R TR, DRSO AT 4 S AR B 4) G
IR (FZRBOKAEY)) 25w Ll sl i A i F 2Ok IR, ARRm=RA A
B MDA T ROARAR, i T HAGRMCR; 5) 85 BEESIIE A BT RICER, 1A
AL | WK A 5 A AR, RDRHIN SR AR S i S SRR, e T A
B, PSRN T 3 AN R, i T AR . AT, GRS R A B
FerE, AR TRESERER.

2 bHRH

2.1 XX

AR IR FCHE + 5 J5IR 10 1 M5 - MRS A F LI A 5 s T 8 o s o7 T S 22 7T
T X A A R BV B, (109°31/17.917E, 36°41'48.31"N) I H 4 FRAE A i i bk (109°
48'5.61"E, 36°47'37.38"N), k>0 1 065 F11 013 m, XIS fg Jy=f 1+ R hlivEZ
A, Al 2B P MO R SR, MIFATRIID, 4F H E 2 563 h, AHXS B 56%, JC7E M
195 d, ZAFHEKEZ550 mm, EHHESHABHEZETT7T—9H ., SLHXHHE
St HE I T i bR R TR H X, ORI AR R+, HR
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Table 1 Comparison of nutritional contents of forage rape and typical high-quality forage grass (%)
fiAh HMEA MIRN HE4E RARNY MK Ca P E= BTN
a1 23.46 4.03 11.65 43.86 17.00 1.79  0.46 B ey
L2 20.44 2.62 15.93 47.10 13.29 211 0.30 H/NGEAF
et 15HFMER 21.68 2.39 15.93 48.20 11.80 243 019 A 2 A
it 17.00 2.30 25.20 7.20 127 0.23 T A A
VRFTHE 13.20 2.20 26.40 7.00 132 022 ST AT A
iR 7.00 2.30 29.90 7.30 0.38 0.18 BT A
TR 6.50 1.30 34.00 7.70 0.13 0.04 ST A
ok 9.00 3.00 29.70 7.20 041 0.27 JRNT T A
— A 13.04 1.49 13.66 60.23 11.56 027 0.19 i H A
Sk 16.79 3.02 13.33 53.21 13.65 039 0.10 it H AFE
HI LK 6.40 2.10 33.00 50.30 8.20 027 025 7R H AER
LN 19.52 2.63 17.08 49.19 11.58 1.88 0.29 H/NGEAF
s s 21.97 1.25 23.77 37.89 15.12 153 0.32 H/NYEAFD
EBHT 24.74 2.38 19.69 39.87 13.32 143 0.35 HE/ NG
FORAEFF 6.43 1.09 35.18 45.26 12.04 0.78 0.15 g 2 A

FE: 2% (Brassica napus L.). H7% (Medicago sativa) . P4THE (Astragalus adsurgens) . 4% (Sorghum bi-
color x S. sudanense) . J %L (Pennisetum alopecuroides) , B2 % (Lolium perenne) . H AR (Melilotus suaveo-
lens Ledeb) . #i&#iti (Vicia sativa L), BT (Vicia villosa) . F>Kk (Zea mays L.).,

A PR PRI T TR T b 5 ) T AT RS SE e B 25 5
2.2 iR

IR BT Th AR A ESERRBE P 5T AT A & 1 rh s A 2 62, b i
o H R 2 P A I SR AN T AR ARSI, ST IR i 0.10%, DFRIRR T i 26.74
umol/g, fhJEIE WUIR” ISR SRR
2.3 Bt

AT Er iz IR I, T [ 9 30 A AS ] b oA 2% B2 8 o, 3% H B 4 1 19
H.5H9H. 6JJ10H, ultrich AL, A2, A3; Filiss B HISE i), ARICh
3.9. 5.1, 6.5 kg/hm?, FH L (A A% 25 FE 43 91l 4 15.0 J3 #k/hm? . 22.5 J5 #k/hm?*, 30.0 J7 #k/
hm?, Zp5lbRid A B, B2, B3, #EMEE i fl FfE LIk iiE , — B a5 1%
BAFOU A, SRITBERFILEIM, Pt 2Rl (i AL 600 kg/hm?), i— MR 2T,
2.4 WEDH

FEAZEIR . TR AEH, AR 06 FH BEALAI I 10 BRAEAS, IR bk m . AR ZE
R BB SRR bR . MRS A IS R B, SRS THRP (R ARSI bS - R
W, REITHECPIE,; SRREEEAFREERIE , RATHEFEE, ST ENE: 1
SPIAE, AERAS O HRARS HFIH L mPAdR, #FTFRE, B3, THEFIE,

A RCRR IR AN B R A R A S AR K ) E R R R, STl A 5%
AR, TR FEEI T A AR R AR . H TR R A, PRSI R E
B2 XIS AR A AR
2.5 HEALIE

IR EE FH Excel FX AL 3, 5 B SPSS GE i (A% Bt 4T LSD LR 28 7 22530 #1 -
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3.1 AEBHENEREEERKEREFE

ANTRIRE RN H 2R T RS A RARIRAEE 3 25 5 (3R 2) . ARG H I ) falke
TSRS . 2SRRI bR T4 20 A3>AL>A2, H A341 5 AL FIA2 41 etk = 45
IR T 13%120%, ZEHL43 HIHE N T 5%F113%, FARKEEE A WM T 11%F126%., 7E
AR Rl 2 B 25 A T, AR [RIE D H I B G b S - ik i . ZEMEURD ik i o 25 = Mtk
FI R SeueE Ak s, H AL R = E MRl (B 1) [FEE, 7E/R% %
(15.0 T #k/hm?) Firpgs i (22.5 Jitkim®) &R, BRI RIS, A K
REFEE . MESHE (30.0 TR/ FERFET, AR EENR S AR Kk 22
SR, BARE, FEFH RS KA BB, ARG g AR 6 H 10

%2 FRMBAEAR FHRBHEE KRR 8

Table 2 Growth characteristics and yield of forage rape with different treatments

W e AL P70 R L/ fR/Am?)  BREs/em ZMlmm  HRREETG EUEE/(kg/hm?)

Al1B1 15.0 109.0° 12.9° 161.0° 27 345°

4F19H A1B2 225 101.5* 11.7° 168.4* 38 745°
A1B3 30.0 90.3° 9.6° 58.0° 20 955°

T2y 100.3° 11.4° 129.1° 29 010°
A2B1 15.0 102.2* 11.3° 153.6° 25 680°

50 9H A2B2 225 92.0° 11.2° 136.5° 31 455°
A2B3 30.0 87.5° 9.3 50.3° 17 610°

3y 93.9° 10.6° 113.5° 24 825°
A3B1 15.0 114.8° 13.9° 195.4° 33 225°

6H10H A3B2 225 125.5° 12.0° 173.8° 41 730°
A3B3 30.0 98.8° 10.1° 59.8° 21 885°

S5 113.0° 12.0° 143.0 32 280"

VE: MIRHER R, RO R AR RVING SRR 5% KT F 2 R 0%, RN TOMMIL, %&
WA S B e 5%k F 25 %,

300, o . 50 000

300 30 ISOMkEE ¢ 22.50bkAm 300 |

2500 2s0f 25 40000
=0 &
= 200} g200} § 20 U0 E
g |z |z 30 000 %
12 150} 150} i 15 25000 S
1501 F =
20000 4

ey 300k K 15 000

sof st S 1900

5000
0

0
BIAl BIA2 BIA3 B2Al B2A2 B2A3 B3Al B3A2 B3A3
ARy

BIL AR B SRR SR A AR B

Fig. 1 Growth characteristics and yield of forage rape sowed on different dates
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ENIOLEE SN E Y PO R o

MW=k E, AEFER BB MR R A s R BE, HAS>AL>A2 (&
2) . AR L AL A2 53 5B N 119% 71 30%., FBHAR K6 6 H 10 H 1% #h 015
A B R R e = W o T N | i 1 o T N [ B E 2B LR N SR B
B RS D S S NS FEAREE R R R AN SRR, TR S L S A H T
B IR S, WfE = 2 B A AR N, ORI I T Rk S ™ 25 o B 3 H ™= AR b
B ik, ARFE RN B X R ENR S R A B s, HAR I 6 7 10 H AR
GG A=
32 ARMEZENFERRRERKERRTE

AN i B 5 A N R S A AR R R A A S 2 2 Sk, HObR S . ARZEHL . Bk
ff TR A B1>B2>B3, RFHIFEIESE (K2), EALMAIREFM AT, BL, B24]
Mm-S B3Itk 22 R B, MEAFEF T, B2, B3dMm S5 BLAIkm 25
o M, R RN SR A A K MR e, ELAIREE T DR SR AR K R A
XS

300p 300 30 47190 SH9H ; 6/ 10H 50000

: .' 45000

250f 250} 25 46660
=0 &
= 200} g200} § 20 U0 E
2 ¥ |g 30 000 %
1z € : =
i 150 F150¢ 15 25000 S
' 20000 4

ey 300k K 15 000

sof st S ; : 1900

] e 254 P o i

AIBI AIB2 AIB3 A2Bl A2B2 A2B3 A3Bl A3B2 A3B3
RS b

B2 AN[FERRE BE A DR A K R B

Fig. 2 Growth characteristics and yield of forage rape with different sowing densities

M= RH, ANFEFED AT, Bl B2, B34 M i WA TE b 35 25 S0k,
M HAP R S e 2 A R RS (K2), RIS AR R, 7P a5 fin s s
Ao MXFMIE L 22.5 J5 R by SE 2 Y6 38 35 2R Am Rh S8 A A A A 28 B, Tl ™ 2t 430l
Ft 15.0 J3 #R/hm? F1:30.0 J7 #k/hm? Il 32 7= 5 5 30% 411 80%., Hirh 6 A 10 H#&F, Fiiiss i
k1 22.5 T RRINM? 25 2255 7= 1A 31 41 730 kg/hm?s
3.3 KR EHERERIHREEK

ANTRIRE KRR SR A K A T R (3R3): 1) 7EMSE IR By, A34l
SRR A2 24 F AL 4 1A BRI 4 0 38 i 37.5 C 1 146 °C, H 43R 40 B3 2 C
4.1 °C, PR HIEIN82.10/59.2 mm; 2) 7EIEHIZMIM B, A3 A2 411
AL YA RBEA MG N 52,5 CHI49.0 °C, HIIRAHIEIN1.6 CFI3.1 C, M5 H
9 H#/>33.8 mm, %4 H 19 HH/N81.6 mm; 3) —BABEN T, =4 KB H 36
A KRR R B T A 7 R AR R 4, (ER A2 SR B A AL 2 2 d, Xk R
JE IR R A2 ZH ISRV PR R R AL ALUED 44.2%, TS RSB ISR, INTHE
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K3 FAEBEBHTREBTHSBKERMFLER

Table 3 Climate conditions during each growing period when sowed on different dates

i HEHE FHd AR C H B3/ R T/ mm
Al (419H) i 42 316.0 175 74.7
P 2210 29 314.5 20.5 10.1
A2 (5H9H) Wiy 44 424.5 19.6 51.8
ISR Z 26 311.0 22.0 125.5
A3 (610H) HiY 40 462.0 216 133.9
PTE R ZE ) 27 363.5 236 91.7

GEMSEET I AER R E, JEma, ISR EAKEY, NN s A AR R
RS Hh 2 A K S P

KGR B Sah s AR, ZEi sk i AR T AR X e R e, BRI R 5 A < A
S [ (AR X A e — 2 T SR A A R R, BIR AR v A K B 408 o 23 T o (LA o) o
e Bk, 7E A2FEFMNIE, HimSeRiie 25 B2k 3 22.5 T BRIhm? i), SRtk S I 1R 52 5
WEEW, TEALMASFEMHW T, Bl, B2, B3ZaMZEM L SR, A2/ H
W, Bl, B2ER A, BRI AR XS 50 AR, AR R R o 28 AN ] 25 S
W S IEOKES, PN TR S AR E . ISR G R R AR AN
AR IR m B 22 S, 3K F Bl 3 5 A o 2 B AN G AR =Z [ X 7Ky 3748
B2, S PR it b AR A (RIS J2 1T S S A A S L o

4t B IX AR S R AR 2

4.1 EHARETH, BIEME

HRYEIE 22 AR I A, SE 2/ IMSEtE 4 Al 25 H LA RIaT4E R, AT 2545 sl
B, —MnV RN S R I B A TR R . FERNREE 2~3 om, 47E30~40 cm, FREE
10~15 cm, #&EFhEAEHITE 3.9~5.1 kg/hm?, 1R R4 HI7E 22.5 TRk Ihm* 247,
4.2 1EREEAE, & HIERE

FEZHIX FELIEAE O, H A RHAN S TEHE, (ERMUKEIEER2E, Mg
B RO A, B BRAEC R S RO U, UL, SR E R R SN i 2
JEAE, JHE MBI . — B BT A hm? il FH B R — 4% 300 kg. JRZ 45~75 kg 5% 600
kg AL, 4~5 M- F I %RE hm? AT 36 i IR 3R 45~75 kg.
4.3 MEEE, MRS

T FE ()45 BV SRS 5 2 A5, JEE b DX AR B N AR D, SRR H
[ FAE I A e oy e, BRI IETE AR 4.

5 i B X ARl & SR i 5

ARSI, HiE 2 A M DO SRR, RIME SRRV TR R B A 5™
AIIAEN 41 730 kg/hm?, S, 207 AR T 2 hm T AR R RAGAR R, BB SR
B (GRD), HIE A f#t5~6 3k F 1 100 d RGPk, Tz IRpTR, sl as A 45
I TAEYIE BA Z A HME (K3). dseghm e e R EH, BAERIESR
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F4 BErEBRREARHMEHEOEETIERERRAEZSR
Table 4 Main measures and techniques of field management
T ) A A ) AR
i) 55 7 [l B 7R 2~3 1 FLH RS, S BTE 4~5 )7 B 52 I
(VBN 2 B A) . B R/NROR . R E . Al
TEGR W25 TN, S0 S A AR R R i LA
IEHEAL . Bk JE&EEKENM“?)?@E&HE — A 5 BN, S5 A B B A SR EUR 5

TG A S FOVRRERDOKE R, — B A ivek—I.
R iﬁ~%ﬁﬂﬁ#ﬁf‘rm}iéﬁﬁlﬁ]mﬁﬁ, TR 3~5 cm;
SRR RE R LA HEA T
i HE BTG 1~2 )3 B B AR, RAKTTRERD T 48% 4301 4 300~600 mihm? HEFTHEF 5

4~5 F IR AR T AL, ELAR T 20% K L0 2 500 5 mE%s 5
HWILABTIG W o 3, BAAHRT ] 50%3¢ 55 14 2 000~3 000 f5 i Wi%s

T BOKEEG #7 JZ R RS Z N FEA TR ZE AR, Al S IE A 2 A i

LiESrd SRR, {4
Yritis, 7T EH fel it SR et 1

K3 fakhhsen 2 et

Fig. 3 The multifunction of forage rape

Wil , AIELSIR S JE RIS o ISR E IR E R, AEISERs 22T iE &Tétlﬁﬁ*f
R R e R Bl 4 o BRAE 8—9 BT I L Gk Mg I Nk 22, IE SRR Al
HIENE, TEA ?ﬂmﬂaxfﬁg%rﬁﬁ?, T S SE AL AT 3 000~4 500 JG/hm?, /EH%?E
BETFI & —TE S I R 2k, o] DGRz . FE it AL A dn] DR HlscE ) +
W7o AR B 58 R I R SR B R e, DR, AW A, T
R E PO & P B GEPE BIREL,  JFBEAT U DGR o b DX P B A R B AR, SEELRD
O S BRI F VLG, ARG SR RIGIECE , B ESRAE A U SR A v] 5 1
3, PR AP, MRS I R SE, Eb‘f;%it IR BB G Sk LA K TR,
ARk S AR, Bl o WS BT SRR A P AR R DR S A 2 ikl ok
A AR 44855

R Z IR, %+ b X Y r] R 2= Ma A, . 1) safify
Tl T IR A —— A 22 s B A nT S SRS AT, I TR VE RURE 3R 2)
S+ PSS ——Fh 22T YIS SR 22 4 5 BT AT S 25, BT T =R
FF, 0 THIVE SRR T3R5 3) S+ UG+ IR X —— il A2 I8 i =2
ZERERITAAR M Im es , BRACIATE A s i KGR T & R AR, TSR RS
ISR F I
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AT, FEZAIE N AR O A EOK, HOCICRA IR BT & 3 E A0 454
PERE ) LR AT Ry o R SRR AT DR E B IR TG 2 Tihe
Pl A, BAPAEH P BT | SEEEIE S R RIS 2 HY)
o AARREHE— LA EL . Ll Hed ik, X TR0HTE R E AR AR AR
EHE X

6 4iEHITE

1) HFREZHIXOEHOK +Z RS2 R, 3Fh B ARG 2 BRI R 1 ik
R ARZERL . AU AN R S AR R TS EOKVEY, E AR R K oy
EHEOUIU N BUR, SOV AR R K R A BB A I, IR B OV T A . ARAT
T, YRR EEAE 22,5 T MRMme A AT I TR R . R RS R AT MY
FEOLT, R IRRNI R B = s n] LAk E 41 730 kg/hm® (2541 7™ 2 800 kg) o

2) B B XK ZEY AR YS], FZEREMARTA, e H )5S A A3 T
SRR NS, DOEIRERD . SRR, iR E M, R,
B 1 DX R A I 45 I TE 3.9~5.1 kg/hm?s 4 hm it i #5 2 — %% 300 kg, JR & 45~75 kg i§
600 kg & A AE s [ EIAE] “H LR N, 4~5 R B o8 08 ORE MBI e
K5 FIIRBER, BB 3~5 cm R, AR R E TR TAE,

3) B b R AE 1 LR LA T A & o ISR 2 oRerE, B4+ ke
X RS . S+ . SRS 2 R0 S Al At B A i
HARAT= L Z5H . Pl ) | s o . Bk RIRASEZ ET)sk, I HAF
A EFE S G T I “BETE I TRFAE R Ry 18, B B0 %
A, AN A HEA oI AR, AT Y Sl “— AR AR =l
BEE SR

4) AR T 8 Bl XA 8 U I TR SR A T A T . RSk
HE— I RN SERI R 525 B/ N M . AR L RERR K S AR (4 T AR A 5T
FHRZGE T T 8+ B X A DRI R | RDEHIN TR S G AR @ 7™ it I i
FCHA, WG R rpanfl R bl S 1A . Rolifl . SErbfb g, ki
BT R VA TE LR GG . A EE IR | AR BRI

S 3k (References):

[ A, SO, KRB, 45, 0 L Rl RS R 2 b 5 L Ef i [M]. JEst: Bl Hi it 2014, [FU B J, ZHAO W
W, ZHANG Q J, et al. Landscape Pattern Changes and Soil Erosion in Loess Plateau. Beijing: Science Press, 2014. ]

[21 LUY H, FU B J, FENG X M, et al. A policy-driven large scale ecological restoration: Quantifying ecosystem services
changes in the Loess Plateau of China [J]. PloS One, 2012, 7(2): e31782.

[3] XU, + bz AW 5 4 IR T 7% [9]. ¥EUEAL2%, 2015, 37(1): 1-8. [LIU Y S. Integrated land research and land re-
sources engineering. Resources Science, 2015, 37(1): 1-8.]

[4] BZZ, FA 5. A2 b B Y AR XV I L s RIS FLE PP AIE ST (). #sBESE 5T K, 2013, 32(3): 129-132.
[WEI H A, WANG J Y. Assessment of land consolidation suitability in loess hilly-gully region in Yan’an City. Areal Re-
search and Development, 2013, 32(3): 129-132. ]

[5] XUk, Bl2EHEdE b E AR - oG 5w [3]. b b Rl2, 2011, 25(4): 3-8. [LIU Y S. Scientifically promoting the
strategy of reclamation and readjustment of rural land in China. China Land Sciences, 2011, 25(4): 3-8. ]



12441 XZRE 55 0t e pe i A X DRI SRR e b 0™ L AR 2073

[6] XUEWE, 2. B 1 B VA B DU T8 4 i ey T AR RO 53 HROR [3]. Aolk T2 254, 2017, 33(10): 1-9. [LIU Y
S, LI'Y R. Engineering philosophy and design scheme of gully land consolidation in Loess Plateau. Transactions of the
CSAE, 2017, 33(10): 1-9.]

[7]1 LIU Q, WANG Y Q, ZHANG J, et al. Filling gullies to create farmland on the Loess Plateau [J]. Environmental Science
& Technology, 2013, 47(14): 7589-7590.

[8] LIUY S, GUOY J, LI'Y R, etal GIS-based effect assessment of soil erosion before and after gully land consolidation:
A case study of Wangjiagou Project Region, Loess Plateau [J]. Chinese Geographical Science, 2015, 25(2): 137-146.

[91 Fo P, XVIET, Wizt 55 AAEYRFTRRE R ZIBCRPOr [3]. §r 4=l 2005, 21(11): 145-147. [WEI H
P, LIU ZY, TAN Y M, et al. Experimental study on Ganoderma cultivating with corp stalks. Chinese Agricultural Sci-
ence Bulletin, 2005, 21(11):145-147. ]

[10] G NI, &S1EE, 2N, S5 A FEY L IFSFT 9 558 0 BERUCRAE IR [3] &0k TR %441, 2010, 26(6): 272-276.
[DAI Z G, LU J W, LI X K, et al. Nutrient release characteristic of different crop straws manure. Transactions of the
CSAE, 2010, 26(6): 272-276. ]

[11] AF A ®, REDLIE, FEHRIN. JhRFFLF4E/PVC AR SE MRS [3]. %88 Tllk, 2008, 36(4): 67-69. [FU Z Z, XIONG H
G, WANG Z J. Study of rape straw fibre/P\VC composite. China Plastics Industry, 2008, 36(4): 67-69. ]

[12] J3AEs, BOREE, X, 45, AP A SRS RS T B BV S i RS2 R[], 40lk TR, 2010, 26(6): 267-271.
[WAN C J, HUANG F H, LIU R, et al. Effect on increasing biogas production using rape straw by microbiological pre-
treatment. Transactions of the CSAE, 2010, 26(6): 267-271. ]

[13] 2R, WarEs, SRR, 5. WSV A 1 0 A S0 B R Besias 43T [3]. Al T /22441, 2008, 24(2):
309-312. [ZHU M, XIE Q Z, WU M C, et al. Industrialized technology and economic benefit analysis for extracting
feeding protein concentrates from rapeseed meal. Transactions of the CSAE, 2008, 24(2): 309-312. ]

[14] (HAEAR. S FpiDRHE R I —24 215 [N]. 42 R H 4%, 2015-08-18. [FU T D. Multiple cropping rape can serve multiple
purposes. Farmers’ Daily, 2015-08-18. ]

[15] fHEEME, iRk A, okB, 5. 7E TR E WYL S IX 22 J5 S A inpRL S M F 2 SR [9]. b B P AR, 2004(6): 4-7.
[FUTD, TUJX, ZHANG Y, et al. The research and utilization of multiple cropping rape after wheat cropping in north-
west China. Science and Technology of West China, 2004(6): 4-7. ]

[16] TR, WBA, 553, 55, Mol DX AT S | Fh B s 7 R HORAIFE [9]. B &l B2, 2013(6): 102-105. [XU A
X, HUANG Z, LU R W, et al. Study on introduction and high yield cultivation techniques of winter rape in Yulin.
Shaanxi Journal of Agricultural Sciences, 2013(6): 102-105. ]

[17] SIENI, 5K BT, b, TG R X [ 2 (R R AR O R B LRt [9]. Fll 244z, 2002, 11(3): 22-
28. [GUO Z G, ZHANG Z H, GAO S L. Supply and demand of nutrient between livestock and forage and its forage pro-
vision plan in oasis region of Hexi Corridor. Acta Prataculturae Sinica, 2002, 11(3): 22-28. ]

[18] FE/NSE, REIEIR. GRS A Yy~ et S TR #E R [3]. 1k % 44, 2014(7): 9-11. [DONG X Y, TANG S Q. Re-
search progress on biological characteristics and application of feed rape. Feed and Animal Husbandry, 2014(7): 9-11. ]

[19] 42822, AR, RN, 45, BUIGIIZE LT L5 T A R i 7 [0, Falk2#48, 2003, 12(1): 90-93. [NIU J L, YANG
Q F, TENG HY, et al. Evaluation of feeding value of Huaxie 1 rape (Brassica napus) to sheep. Acta Prataculturae Sini-
ca, 2003, 12(1): 90-93. ]

[20] WAL, s, MEAR IR, 4. 5 A B 4 S SRS B0 E ST [9]. Bl FLF:, 2013, 30(8): 1284-1288. [CHENG L X,
YANG R J, GE G T, et al. Measurement and evaluation of grading indexes (Gl) of five forages. Pratacultural Science,
2013, 30(8): 1284-1288. ]

[21] 7RifE H, EHEM, B Ha. 307 Mo DXRAE S M R R 1180 4 [3]. o 4, 2012(3): 9-11. [MOU H R, WANG
C P, HU LY. The experiment report of planting foreign feed rape in Liaoning. China Dairy Cattle, 2012(3): 9-11. ]

[22] BT, B 2. AR A [R5 R R 3 v A s e [3]. 187 FH A= 452417, 2001, 12(6): 853-858. [LIAO G P,
GUAN C Y. Effect of seeding date on yield characteristics of different rapeseed (Brassica napus) genotypes. Chinese
Journal of Applied Ecology, 2001, 12(6): 853-858. ]

[23] 855, THAHEN, 25 a0, S5 A B IS R 2 Xl S R B S [3]. A TR SRR, 2012, 18(2):
146-153. [ZENG Y, LEI Y L, LI J, et al. Effects of application amounts of nitrogen, phosphate and potassium and



2074 H % % | 2% i 32%:

planting density on yield and quality of rapeseed. Journal of Plant Nutrition and Fertilizer, 2012, 18(1): 146-153. ]

[24] & AT, SRR, EAVE, 45 AUE Z X FFE S pbim s Zr R b= s i sz (). VE#) %4k, 2011, 37(12): 2261-
2268. [HAN Z X, ZHANG C S, WANG J J, et al. Effects of nitrogen application on agronomic traits and yield of rape-
seed in no-tillage rice stubble field. Acta Agronomica Sinica, 2011, 37(12): 2261-2268. ]

[25] fHAEAR, BAEZR, JE TR ISR NE A BACAO A P 38 Bk e g i [3]. i A B4, 2012, 28(8): 37-39. [FU T
D, LIANG H D, ZHOU G S. The advantage and development suggestion of green manuring by rape in modern agricul-
ture. China Agricultural Technology Extension, 2012, 28(8): 37-39. ]

The Planting Technology and Industrial Development

Prospects of Forage Rape in the Loess Hilly Area
—A Case Study of Newly-increased Cultivated Land Through
Gully Land Consolidation in Yan’an, Shaanxi Province
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(1. Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China;
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Abstract: The sustainable and efficient utilization of land resource has become a prominent
problem in loess hilly-gully region since gully land consolidation. The key issue is to bring the
advantages in the agro-pastoral ecotone into full play and develope an agriculture production
pattern combining farming and animal husbandry according to the local conditions. This paper
analyzed the effects of planting date and seeding density on the growth characteristics and yield
of forage rape based on the plot experiments in the Yangjuangou catchment and the Gutun
catchment and then explored the new agriculture production mode in the agro-pastoral ecotone.
The results indicated that: 1) The seeding date of forage rape should be earlier, mid- April is
good, and the suitable density of spring forage rape is 225 000 per hectare. The appropriate
seeding rate of spring forage rape is 3.9-5.1 kg/hm?. 2) The spring forage rape needs enough
base fertilizer and appropriate topdressing. The principle of “five abandon five reserve” should
be followed when thinning out, and singling and watering should be done in the 4-5 leaf stage.
3) According to the multifunction of forage rape, the modes of livestock breeding, vegetable—
livestock breeding, vegetable-sightseeing—-rapeseed oil can be developed in Yan’an.

Key words: gully land consolidation; forage rape; planting technology; development prospect;
Yan’an



