55037 B 3 W S &~ £ Eild Vol.37,No.3
2017 4F2 A ACTA ECOLOGICA SINICA Feb.,2017

DOI: 10.5846/stxb201509081853

ROH, EF], ZFEAR, WO, soBgs, KRB, XAk, TSI AT RERITA 28 H K A R EEAE B TE TR . A A A, 2017
37(3):

Song X Y, Wang Q, Li F C, Hu G R, Zhang D K, Zhang E H, Liu Q L, Wang H L.Effects of mulching materials and furrow-to-ridge ratios on soil
moisture and alfalfa forage yield.Acta Ecologica Sinica,2017,37(3) . -

EEMBIAZIL LEKSMEXEETEF=N
22

Rxm'E AN FEA, SR, REE, KRR, ATHKT, ZER
L HR gl K2 4B, >0 730070

2 Wil ol KRRt =20 730070

3 TES LR 2N T RREH5E I H A A S R E, 20 730020

WE TR TR R XA A E 78 B8 B S AR e LRV 22 L, SR SE B ML T A B K RIS, AL SRR
X W8 WFSE A TR 2278 T e ( 4t Bz A 0 T AR e 230 B ) RO [RITA ZE e (JR 9 . 2B 9643 3R 60:30,60:45 F1 60:60 , .
P em) X HHOK A FERAE H 5 TR = SR, 4550 W%t 2012 450 2013 AR A6 B8 AR BN = 4031, 2 4RF
PUE R, Tosk I R B (53 W) KT A S RE(27 ¥R , TR R X BB 2 B BTAR R (19% ) /INT A RUFE T (81%) , HE%%
WEESEFEW S, 5 ¥EMLL, SR, SR, SR, .BMR,, .BMR,, .BMR, .CMR,, ,CMR,, fil CMR,,( SR .BMR FI CMR /351t
28 A=Yy R 2B 2 T RSO B2 R ZE 55N 30,45 F1 60cm ) HEEE 2 AESFIIAR)Z (0—140 em) HHEI K 543 B4
1 12.8,19.2.24.4 26.0,30.7.,40.5.,29.9 37.1 f147.7 mm, ZEVHEMMHILE 1 FRM 2 FRELEEFERZRALAHE TZ,
EPAEMILE SRy (SR Fll SR, PSSR 2 45 AL T 48 - ¥ 5 BT B 7= i 43 B B AIK 3% 8% 1 13% , WUE 43 51l 2 /55 52% , 58% il
55% ;BMR,, .BMR,; .\BMR, .CMR,, \CMR s Fl CMR, 3 £E 2 42576 & 75 T34 52 B T 5 7= i 43 4R &5 14% . 12% 7% 17% 19%
9% ,WUE 43342 5 49% .62% .59% 51% 67%H 56% . 52516 15 A & WIKE ™ &2 380.7—427.6 mm AV ZE LN 60 cm:
35—36 cm I, 2 40 T A il 288 005 300 2 1) SR A T S o T R 7= i K B KA, i b IX 28 T SE O R A S5 AL B e 4Rt 5%
KR ZBWWARNT AL A s LUK S TR 5 K R FHACR

Effects of mulching materials and furrow-to-ridge ratios on soil moisture and
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Abstract: To determine the optimum furrow-to-ridge ratio and a suitable ridge-mulching material for alfalfa production in a
ridge-furrow rainwater harvesting system in the semi-arid Loess Plateau, a field experiment with a randomized complete
block design was conducted during the 2012 and 2013 alfalfa growing seasons. The experiment was designed to investigate

the effects of different mulching materials ( manually compacted soil crust, hiodegradable mulch film, and common plastic
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film) and furrow to ridge ratios (60:30, 60:45, and 60:60 [ cm:cm]) on soil moisture and alfalfa forage yield, with
traditional flat planting (TFP) as a control. The average number of ineffective rainfall events (53) was greater than that of
effective rainfall events (27) over these two years, and the contribution rate (19%) of the ineffective rainfall to annual
rainfall was less than that (81% ) of the effective rainfall. Compared with TFP, increases in the soil water storage at depths
of 0 - 140 cm were 12.8, 19.2, 24.4, 26.0, 30.7, 40.5, 29.9, 37.1, and 47.7 mm in SR,,, SR,;, SR, BMR,,,
BMR,;, BMR,, CMR,,, CMR,; and CMR,(SR, BMR, and CMR were ridges with manually compacted soil, covered with

60 > 30

bio-degradable mulch film, and covered with common plastic film, respectively, and subscripts 30, 45, and 60 refer to
ridge widths (cm) , all with 60 cm furrow width) , respectively. There was no distinctive dry soil layer found within the root
zone among ridge-furrow rainwater harvesting treatments during 2 consecutive years. Compared with TFP | forage yields
decreased by 3%, 8%, and 13% for SR,,, SR,; and SR, respectively, while water use efficiency (WUE) increased by
52% , 58% , and 55% over the two years in these ridge-furrow systems. Forage yields increased by 14% , 12%, 7%, 17%,
19%, and 9% for BMR,,, BMR,;, BMR,, CMR,,, CMR,; and CMR,,, respectively, while WUE increased by 49%,
62% , 59% , 51% , 67% , and 56% in these ridge-furrow systems in the same period. Optimum furrow width was 35—36 c¢cm
for BMR and CMR in the ridge—furrow rainwater harvesting system with 60 c¢cm furrows for alfalfa production in this region
that has an annual 380.7—427.6 mm rainfall. This information is useful for alfalfa production in ridge-furrow rainwater

harvesting systems in this region.

Key Words: ridge-furrow rainwater harvesting; alfalfa; soil moisture; forage yield; water use efficiency
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SR D N BEFLHES 2 10 AR PR (3 M s bRk X3 R ZE L +1 PAF) 52 3 W, 3 M s bk sl
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BMR, 5 CMR,, .CMR ; Il CMR, ) f22 5843531 30 .45 F160 em, MU SHIFIAELEE , 283 24 40°, 22 R 298
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Table 1 Soil chemical properties of the experimental plots

WIE o X il AL AR A AR B

Depth Total N/ Total P/ Total K/ Organic matter/ Available N/ Available P/ Available K/

/cm (&/kg) (g/kg) (g/kg) (g/'kg) (mg/kg) (mg/kg) (mg/kg)

0—40 0.78 0.69 22.40 10.37 48 13.35 204
1.3 A

BB O XHA PR A PR A TPR AN A 28 . 7E 2012 4R 5846 B A& AP AT 30 d JFIR 8t A\ TR0 53/
X ERZEFIEE, T 2012 4F 3 H 28 H 5¢ M 2816 B A28 FAIEAE T AR AR i AL 2856, i BRI 4 (420
kg/hm*) FIPRE (220 kg/hm? ) FE N FEAL , FERDHITHS 2 FhALRHE 5 J5 26 55 it A 226 5 R AR AR Y 38 v, 100 P-4
AbFE K RO 2B DU A BEAS/INX AR TR BE 297 20 em,, 2012 4F 4 J1 10 H B REREIEE TS, X T2
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Fig.1 Schematic diagram showing ridge-furrow rainwater harvesting for alfalfa production

SETAAE AL P, B 1 RI0/NXA 3 SRV 4 4528 B ZRIETEF R 10 m (K) X 0.6 m (%)= 6 m®, B ALK
ANXFRAE TR (3 2578 6 m* (REARIATHAR ) = 18 m®) FIEFN AL (22.5 kg/hm®) HHIA]  FEFIREE N 2—3 em, 1T
B 20 em, B | ZR7AFHE 4 AT A6 E T, B 1 /NX AR 12 T8 E 15 PR BECSEN X, FE A 10 m
(K) x 3.6 m(98)=36 m®, FAEMIRAC S B AR TR A0 B BP0 % B R A 4 7 1 5 2 9/ 4 RN A O oA
X (38) AR, B 1 /NXRRRE 24 F76AE 75 . 76 2012 4F 10 H 16 H S AEH TG |, (0435 i b 2 i 1)
TIFIGER 55 2 AR A0 B IR T 1T (2013 4E 4 H 7 H) | B0 78 55 25 Wy 1T 5% At b RT3 b s | + 2B 4 %
AR TR VAR A B N A EWI(2012 4E 4 H 10 H—20124E 10 H 16 H) FI%5 2 4E IR 248 H 75 B A
AEW(2013 44 A 13 H—10 H 27 H) AJIEFIEERE, RN TERE 25 1 A BRESEE RN X ( 28) Flfk K28
ERE, 2012 4ERR TR 6 H 17 H .7 A 18 HAIS H 19 H ,2013 SRR E AR50 5 H 12 H .6 H
20H7H23H 8720 HM9H10H,
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Table 2 Experimental design for alfalfa production in ridge—furrow rainwater harvesting

b3 W2/ em ZETHI R/ m? WA m? ANX T FY m? ZEEEM B
Treatment Furrow ; ridge Ridge area Furrow area Plot area Ridge mulch material

TFP - - - 36 -

SR 60: 30 12 18 30 + et R

SR, 60: 45 18 18 36

SReo 60: 60 24 18 42

BMR;, 60: 30 12 18 30 A= A9y T R i

BMR,; 60 45 18 18 36

BMRg, 60: 60 24 18 0

CMR,, 60: 30 12 18 30 300 b

CMR; 60 45 18 18 36

CMR 60: 60 24 18 4

TFP; 4. F-AF Traditional flat planting; SR: 2% Ridge with manually compacted soil ; BMR ; =4 7] B fi# F5 28 Ridge covered with bio—degradable
mulch film; CMR . 22 Ridge covered with common plastic film; T4% 30,45 1 60 F/RZE 98 Subscript 30, 45 and 60 refer to ridge widths in cm

1.4 FES R E

R TR 000 T R R R 22N T R e W T R R 5 A S S A S R e, A 3
LIS 50—100m, 7655 1 AFRS SCAEE A FEFh AT (2012 4F 4 F 9 H) B3 2 4RI 20165 16 1R 7 Al
(2013 4F 4 A 13 H) KES (2012 X E HI A 8 A 19 HA 10 A 16 H , 2013 FEXE HM K7 A 11 H .8
A 20 HAI10 A 27 H) FIRER (RIS > 5 mm) /5 I 138K E, 88 /KE R LT (105°C,10 h) 1l
L METREE 140 em, 7 0—20 em HIEREE, )2 R EEH 10 em; 7F 20—140 em H3EIREE 70 2R EEH 20 cm,
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ET,

X, W o R KE (mm) 56 9 13 FiE 5K (%) ;BD 3BT (g/em’) s H A LIEWREE (em) 510 2
RBGET, HZEVHE TR (28 AT R AR 22 A 3m 528 ) AR IR /K B (mm) s ET, 0 SR O VE P RE K i
(mm) ;P REACETE 24T WHKE (mm) ;RN ZZHF R TRCR (%) sh F by 5 518 2258 FHH FE (em) 5
W W, a5 R 5 1 AR A0 B RS R AT (S50 2 RIS B IR AT ) 1 d MRS 1 RNENS 1 d W%E 140
em HIEGE A K (mm) 5 FY, A 2878 55 AN A 2846 B F6 4815 T80 77 i (kg/hm ) 5 FY SRR Y
EAH TR & (kg/hm?) .

TELAEEHTE0IAE I (2012 4E004E 90 8 A 19 H ,2013 44045 7 A 11 HA1 8 H 20 H ) A k4= K
(2012 A5 kA KA 10 A 16 H ,2013 4545 EAE KIS 10 H 27 H) , F TS5 MXEIEALE T NE K 2%
E T AT 22 1, AR a5 TR =8, T A R BT 22 16 4 T R R+ AR A 34
FERCR R 2 FoOr i MR IR B TR R S TR R (FY ) ST/ PR = R DU/ X A TR, i 5
7 S AR A T A SR A KR BRI B e o, SRR B i (FY,) A5 /N B R DL/ X R R (2B T
R+ Y TEAR) |, SRR s e AR e g
1.5 HdEab

Bidlik H Excel 2010 F1 SPSS 21.0 1707 220 M MR S5 PERE IS, T 22 0B 2 8 LB Duncan % (P<
0.05) .

2 ZR5HH

2.1 EACETE A B IR I AR

2012 4EF1 2013 4RI HOAR AR 43 51 g 414.4 1 448.8 mm, 53T 40 a (1972—2012 4F ) 4F P-4y 4 1
(383.3 mm) A H,2012 4FA1 2013 AFEYER A, MK 2 AT LA H L 1E 2012 45H1 2013 AR08 E s 2 F 1L, B¢
95 B 1 77 1 82 U, W RTEESM 59 380.7 i 427.6 mm, 4351 i 4R T Bk 91.9% A1 95.3% , 3 b X
2 a PEWEEIEST, 2012 4, <5 mm FEHTA 50 WK, B BRI UR BT 64.9% ;5—10 mm AYFERT 13 WK, & AN
KB 16.9% ;10—20 mm FFFR 10 U, B FERTRER) 13.0% ;>20 mm BIRETR 4 ¥, o5 LR TR B 5.2%
2013 4F | <5 mm [N 56 UK, (5 SR A 68.3% ;5—10 mm BYFEFR 12 WK, o5 SRR B 14.6% ;10—
20 mm FEF 7 WK, o5 S BERTIRE 8.5% ;>20 mm HYFERT 7 I, i EREFRIRELAY 8.5% , KT 5 mm [ E LN
AR, 2a T TR FR R ER (53 W) KT AR R REL (27 IR ) , AHA A0 R 6T A B4 W DTRR % (81% ) K
T IR STk R (19%) ,2 AEFEF /0 A AR, Hodr 2012 4E 4 5,67 .89 #1110 A FEHIE0510 19.9 49.1
58.1.78.1.93.8.68.5 fl 13.2 mm, /3 5| i AL E 15 &4 F WM E MY 5.2% .12.9% 15.3% .20.5% .24.6% .
18.0% 1 3.5% ,2013 4 4 .5.6.7.8.9 Fl 10 HF¥M &350 24.7 .68.9 .36.1.139.3 .85 .63.7 F1 9.9 mm, 535 /5
L TR 5.8% 16.1% 8.4% 32.5% .19.9% 15.0%H1 2.3%
2.2 ZEYAE AN IR K B R

R T R 2B I AR W R AR B AR X AN R R B 3K S i 52, ¥ 0—140 em + 2R 5 0—40 . 40—100

http ; //www.ecologica.cn



6 S % 378

30

25 F

20 F

F& i & Rainfall/mm

08-12 E
E

| J.LJm

0 | _dll 1 1 1 1 i
o o o o o™ (o] o o o o o on o on o o o o
RS R o e T T T N T B s B
< e} O [y (=) S — o — o o < e} el c~ <o} (o)) S
(=] (=) (=] (=] (==} — — — (=} (=] S < (=) (=} f=} S [} —

2012 2013
H A Date

B2 20122013 FELABFLEEHERE
Fig.2 Rainfall during alfalfa growing seasons in 2012 and 2013

F1100—140 cm, WLIE 3, MK 3 WTLIE Y, B S840 8 s A2 B AR AR RIS I, 2% 12 URBE ) 1 I K &2 38
WRREAR , BRI J , JUH R FE R R B R T, TR K S BRORIG N, 2012 4F 8—9 A F1 2013 4F 6—7 H 2L
1 AT SVRIIT G, A A HE S X K A 5 SRR, AP o T R ooy 28 A ft RN K 4 T A IR AIR
2012 4F 9—10 H 12013 4F 7—8 A MR K, )2 I R K b T4 7 W s i, g % 0—40 40—
100 F1 100—140 cm + 3K SHEAT HGES, AN [] b 34 22 ) - e /K i 2 S Bl 4 9 R B 3G I mig 38 n L 3R )2 (0—
40 em) HIEW K EREEY AT AR FE RS2 0T, PR Z (0—140 cm) HIEIOK &I, 7ER 1
BT AEET AN ] 2858 1) - SR SR A A5 B FAE  28 AR Wy mT R fige 5 2 R 5 3 152 28 (1% °F- 1) - e
K, SR T ST WY KR 5, 2012 4ES-AE | 28 A5 Wy a [ i R 2 T3 30 I 22 1y - S 0
IR 1M 246.8 265.7 .286.9 F11290.9 mm,2013 4E{E 43514 172.6 .191.3 [197.4 F1205.1 mm, #EZE 2 4Ei56
SRR 2 ) K R W R T AR ] A TR AR T B R R ) I K I R KT 28,
2B I KB R R TAE RIS, K R fil 2 e i3S, K S HES IR )T R 60 em 2B YE >
45 em ZB5E > 30 em 258, SUERACE 1S &4 B WIS ,2012 45 TFP SR, SR, .SR,, .BMR,, . BMR 5 .BMR, .
CMR,, .CMR s Hl CMR, (SR .BMR Fl CMR 23543 28 A= 4] B fife 15 22 53 28 R bR o B R R 2858 0
30 .45 F1 60cm ) A4 320K 570 9N 246.8 259.8 .266.0 271.1.,277.7 .289.1 ,293.9 283.1 ,288.5 #1301.0
mm, 2013 4E{H 43518 172.6,185.3 .191.7 .197.0.193.8 .191.7 .206.6 ,196.2 205.3 #1213.8 mm,
2.3 BV F AT F TR S K R A S

SEACH TR 1 P FE KBRS A E T8 X - K B FEAAAE R L, R T LU 2B T AR I AR B AT ) T+
SR IS TR | AR S0 ET S R P (B 2 AR SAE T IR T A0 ) AR 1 RXIENG A ] ik 34
BT I EK AT (B 4) o TESS 1 AR SAE B A FE R AT (356 2 RIS E B TE IR D) , AR EEAY
P IR A K 2 ORI AR SR)ZE (0—40 em) I AERE 1 OIS, 28 A= 400 AT 8 fifk i 28 3
5 28 %) 7 T - 498 K I i TP USRS 2 AR SR AR EE . fEddE 1 RNIEJE 2012 4F TFP SR, SR,s .
SR .BMR,, .BMR,; .BMR, .CMR,, .CMR s Fll CMR, [T 0—140 cm V-3 5T - 58 & K 50430008 13.49% ,15.
58% 16.17% .16.13% 16.98% .17.60% 18.13% .16.92% 17.10%F1 18.80% ,2013 4FAE 4351 8.76% .10.50% .
10.57% 10.73% 10.75% .11.18% 11.45% .10.80% .11.61%F1 11.82% . |1 35 2 7K & Bf 28 S B hn i 8
HEFNR T F 60 em ZEFE > 45 em 2E9E > 30 em 2B 58 AN [R5 A ORHR T 18 & /K EHES R T - g > A
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Fig.3 Dynamics of soil water storage in various treatments during alfalfa growing season in 2012 and 2013
TFP; 451 Traditional flat planting; SR: +2& Ridge with manually compacted soil; BMR ; 4= ¥ a] & f# I 2& Ridge covered with bio-degradable
mulch film; CMR: 38 %22 Ridge covered with common plastic film; T #1 30 .45 Fl 60 /R ZEFE Subscript 30, 45 and 60 refer to ridge widths

in cm

Yyl e > 128 > SPAE, ZBHEINARIL , 2B AT bR 28 T SR 2% A, AT Jin 2 34 5 1 A ) v
will Ty K SRAE AR AR REMSIR)Z LK 73, HAR K R Tl B MR, ATIE4 AR
7, 8 AT A I 2R I S 2 £ 7 T S K B e T OA T AR R R R A 12 AR SR AR A
TERRZHBA L I B T)=
2.4 ZEYRAETRRIAROS B i R

M3 HT LA A AL B RO iR T b R e, USRS e A m T R RN, 2012
AR T 2R R A T R R 2 R R i T 28 R 2B T R R B TR R AR S
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Fig.4 Comparison of soil moisture between various treatments before sowing ( before post dormant emergency) and after last cutting

Yy AT i B 28 22 TR A 25 A8 B 355 2013 A58 28 e T 7k B 35 K T A= W T R i 28 ) A= 1 T e fi R 2E 1Y
FTRPREERT L2, F NG TR B ERTE, 1 ESAMRET &5 1t 6 22 5815 i 1
fn, S5FEAVEAALE, 2012 4F SRS, SR, .SR, .BMR,, .BMR,; . BMR,, .CMR,, .CMR ; Fll CMR , At ¢4+ T2 7 43 1) 34
i 54% 64% 72% 72% 120% 138% 81% .132% 1 146% ,2013 4= 15 T 5 7= B 43 58 1 65% 88% 104% .
131% ,154% .176% 139% 161% 1 182% , £ ZEHHEMFE RGH, 50K 3855 0 e 18 rh 1T SR 48 fif
ZEVR SE TR () T B 1 B K TP . FESEBRAE P v Aot A 7 0 0 - b 28 55 8 R R 2 B QT I £
SOUEAEE T A T PR TR RN S 2012 4F 78+ 2R SR, AT R TR R B E S T
SR.s , SRs 225 B WA SEBR T80 7 4 i 3 55 T SRy 5 76 A 1 T [ A R 28 138 3 JE 22 AP AT Y, BMIR,5( CMR 5 ) 1)
EF YR TR E B & T BMR,,(CMR,,) 1 BMR,,( CMR,,) ,BMR,,(CMR,,) 5 BMR,,( CMR,, ) Z [i] %
FARE, 2013 4F 7E - BRI T, SR, MR B W SCBR TR R B2 = T SR, SRy 9 SRy ZMH LSR5 5
SR g Z 0] 25 AN S 38 5 A 100 T AR i S 2 R0 3 IS 28 A TP BMR, ( CMR,, ) H 2 B 1 S B T 3 7 it 3
T BMR,s(CMR,;) ,BMRs( CMR, ) A= & W SEBR T 507 5 W3 5 T BMR (CMR,) . 5 TFP #H 1L ,2012 4F
SR, SR, Fll SR, ISR T 5577 it 43 B AR 8% (18% F1 26% ,2013 4E43 HIFEA 1% 6% F1 13% ;2012 4F BMR,, .
BMR,s .BMR, \CMR;, ,CMR ;s Fl CMR o, 1 SE B F2 7 5 3 3 32 55 3% 10% 2% 9% 16% F1 5% ,2013 4£43 5l $i
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15 39% 27% \18% 43% 31% 1 21% , TE[) 1 AR T XS 6] 28 58 1) S s+ 0 = iR P 3408, 45 301 |
+ 28 AR T R AR 2R R AR 2R R SE PR TR R SRR B AR B WY SE bR T R R, 2012

308 R 28 1 S s T R i S TR AR SRR T i T 2 AR T R A A 2R A 2
2 [a) AT R AR 22 5 A 2 (R R 22 R 1 3 5 2013 A3 3 A5 22 N A W mT e A A 2R ) SEBR T B P i L e T
AR SRR SE PR R B T 2B, M R AR S AR )R] R AR 2R 2 (R A 25 R 3 . 5 TFP M EE, 2012
AR ZB I PR T R PR RERRAR 17% ,2013 EFRAK 7% 52013 45 A ) 0 [55 Ak i 28 15 1 28 (1 52 B 1 B 7= 440 )
PE1R 5% F1 10% ,2013 4F 53045 15 28% Fll 32% ., 2834 35 /K B MR 2R B, NI I 58 46 1 45 bk ™=
w, TR LES N, 2B MEY R R AL, 6 £ 220 Se R R e BT R, AR R
L 2 1 38 2 EL A s i AR SR, 388 3 5 K RN 3R 2 R B, AR T 7 Ak R o T R T B D e R
T {6 A 20 T o2 i B2 R L 30 S 22 ) S B o 7 i I 3 o TP

R3 ZAEWRMENEREESETHTESEMRSFALENZM

Table 3 Effects of ridge-furrow rainwater harvesting on annual total alfalfa forage yield and water use efficiency

2012 2013
TR el gy e ERG y areweti
Y, Y, Increase/ % (kg b= mm!) FY, FY, Increase/ % (kg hm™ mm™)
TFP 4112¢g 4112d — 9.62b 8440g 8440e — 18.40d
SR 6323f 37%e -8 14.65a 13951f 8370e -1 30.20¢
SR s 6746ef 3373f -18 15.17a 15832e 7916ef -6 32.43abe
SRy 7060de 3026¢ -26 14.87a 17198d 73711 -13 33.02ab
BMR;, 7069de 4241cd 3 14.33a 19495¢ 11697a 39 33.65a
BMR,;s 9034¢ 4517b 10 15.56a 21458b 10729bc 27 32.02abc
BMRy, 9788ab 4195d 2 15.32a 23327a 9997d 18 30.14¢
CMR;, 7454d 4472bc 9 14.52a 20174¢ 12104a 43 33.50a
CMR 5 9543b 4772a 16 16.11a 22032b 11016b 31 32.38abc
CMRg, 10098a 4328bcd 5 15.01a 23822a 10209cd 21 30.67be
SEY{E Mean
TFP 4112¢ 4112b — 9.62b 8440d 8440b — 18.40b
SR 6710b 3397¢ -17 14.89a 15660¢ 7886¢ -7 31.89a
BMR 8630a 4318ab 5 15.07a 21427b 10808a 28 31.94a
CMR 9031a 4524a 10 15.21a 22009a 11110a 32 32.18a

F34 Duncan 25 HLA, [ 3B J5 A R 6 R 22 57 B3 (P<0.05) 5 FY, 5 T 577 i forage yields based on furrow area; FY, : SCPRT =i

Alfalfa forage yields based on land areas of ridges and furrows

2.5 ZBIRAEMIFMAEXT WUE #5200

M 3 ATLIE 2012 4, SR, .SR,5 SR, .BMR,, . BMR,, .BMR,, ,CMR,, .CMR ; #ll CMR,, [} WUE 4.7 %
T TFP,SR,, 5 SR,; .SR, .BMR,, .BMR,; .BMR,, .CMR,, .CMR , F1 CMR,, & [H] {22 . 3% ; 2013 4F | 7£ +- Z&F
HEHT, SR, i WUE 2 3E 5T SRy, , SR, 5 SRy Z 0] SR, 5 SR, 2 [HIAHZE A I 3 78 Az 40 T 4 At A 2 13 3 s
JEFPRET  BMR,,( CMR,, ) ) WUE %21 F BMR,, ( CMR,, ) , BMR,;( CMR,;) 55 BMR,, ( CMR,, ) Z [i] . BMR,;
(CMR,,) 5 BMR,(CMR,, ) Z [E A2 A 8%, 5 TFP Mk, 2012 4E SR,,.SR,; .SR,, .BMR,, .BMR,; .BMR,, .
CMR,, .CMR s Fl CMR, 1Y) WUE 20514 55 52% .58% .55% 49% .62% .59% .51% 67% Fl 56% ,2013 4F-43 51| $2
1 64% . 76% 19% 83% \14% 64% 82% 16% M 67% . TE[F] 1 EimM BT AR ZE T8/ WUE SKF-YME 15
FNFARE A28 A=y AT R fie F 2 R 3 1 15 28 (1 SF- 2 WUE,, 552 WUE 1 75, 2012 4E 1 2013 4F 28 A= ¥ af
o ik FEE 28 N5 R 48 WUE I 2508 1A, Sl i 22 5 A Y T R A 28 AN L B 2 [ A 22 A B 2. S5 F1EAH
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Eb,2012 4 428 AWy nT i 5 22 A0 3 I 22 1 WUE 43 B4 55 55% 57 % 1 58% ,2013 443 5 73% 74%
M 75% .
2.6 IfEHZE A E

- ZE R A A A S T R R TR A 2012 4ERN 2013 AR E 1S A4 F B 51
380.7 1 427.6 mm , - ZEFPREHE AR RENG 1SS A6 A TR i 10 A 40 AT R fgk B 2 R S 2B AP AT L R 2
BN AE B g PR T R A

S TR 1 7 3 MR 2B Y AR TR R S5 A6 A 1) S A VA 28 EL B R (AR B, LA AR 0 T o i e 28
S8 BB A R 2 B SRR T E = (FY,) Ny fll, IZESE A « %l (x (E550°4 0,30 .45 1 60 cm,
Horp 0 fRFEAE) 6 e B I SC b+ B 5 B S EAT [BNH 4087, 75 30 A 0 n R 28 1) [l A 5 A Sy y =
-0.2096x>+ 15.299x + 4091.9( R*=0.314,2012) il y=-2.4558x>+ 169.72x + 8493.9( R>=0.8666,2013) , T
T 28 4 (81 U5 J7 B4 v = —0.4051x% + 29.395x + 4089.6( R*=0.6654,2012) Fll y=—2.7505x>+ 190.47x + 8501 (R> =
0.9172,2013) , WK 5, XF[EIH G RERALAE , 76 2012 4F, 242858 x =36 cm B, A4 Al B A 22 (4371 kg/hm*)
I3 R 22 (4623 kg/hm®) B 546 B 15 44 B A SE B 1 3 7™ B ah B I KA, 78 2013 47, 42898 x =35 cm B,
H W T AR IR 28 (11426 kg/hm?®) FIRGHE 28 (11798 kg/hm?) (L8 46 E1 76 426 & W S2 bR T 25 P2 sk B R R

o EWTEARICZ BMR O 2 CMR

5000 r 20124F 12800 20134
a o
12200 |
T 11600 |
< 4600
iy 11000
L3
i 10400 |
" E 9800 |
£ 4200
= & 9200
@ BMR: y =—0.2096x2+ 15.299x +4091.9 R*=0.314 8600 %/ BMR: y = -2.45587+ 169.72x +8493.9 R*=0.8666
CMR: y = —0.4051x2+ 29.395x + 4089.6 R? = 0.6654 @ CMR:y=-2.7505x>+190.47x+8501 R?=0.9172
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Fig.5 Regression equations for alfalfa forage yield and ridge widths under ridges covered with biodegradable mulch film (BMR) and with

common plastic film (CMR)

3 e

T HEK A BRI A AR R A A K A B EER R 2 —" B WENM RS T, 2R 5
FRITE) R R TR A 38 v A 2 I, 14 TNV PR R TR, 88 R B, A B TR B TR, 28 R i /b | (] 22 7 55 b Ak
TRV TCRLZE K, DT 48 155 780 R = 9K o T TR B ORI AROR S AR 45 R, 5 PR L, SR,
SR, .SR¢, .BMR,, .BMR,; .BMR,, .CMR,, .CMR,,, 1 CMR , ) 2a 2876 78 44 B W F- M2 (0—140 em) 44
K AN 12.8 ,19.2 .24.4 26.0.30.7 .40.5 .29.9 37.1 F147.7 mm, 2B 5 W FhAl 2 G0 1K 45 2 8 B
P2 LTV ) S R e w7 1 NS 1 e N e B B /G U R Rl Wb ) 7 A 2 e w7 7
T K 3 A B b AR BRI AVE R MSORIR T DT i 55 3 T o R AR

15 2012 AR5 AE 15 2/ B, TFP SR, .SR,5 .SR,, .BMR,, .BMR,; .BMR,, .CMR,, .CMR,, Fll CMR , 14 14
W (YRR +28 FARTR) 2091y 427.3 .1426.0 439.1 463.4 485.6 .569.2 .623.5 .505.6 .586.6 F1 669.1 mm; 7E
2013 4L E f5 L F W, TFP (SR, .SR,; .SR,, .BMR,, .BMR,; .BMR,, .CMR,, .CMR ,; Fl CMR, 74 45 i 1 53 5]
} 459.2 458.4 482.6 .511.0.560.5 .641.1.739.1.,586.5 ,654.0 1 741.6 mm 33 [I5 28 (1) 1 o 45 T B % s T2
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Yy el R iR 28 | A= 1y mT e A RS 2B 1 v vh SR TR S A Sk o T - 28 - B A TR AR W A I S TAE Y rh A R B
ZEGERGIE N, FHE TR AR A KRR AFE K B, B A A K AR RN, AR R ) T 4, 1
FR)ZE T GOK Ay, SRR T 2 R, 2 HOR T2, T2 iR ) A K R TR A A AR AT AR
b, ANTRIBE AR FEAS [FIR BE - S8 7K 3, AN [RIAF 0% 55 46 B T THAEAS [ UR BE - 838K o, AT ZE AN [R] BB MR BE TP A+
BRI HFEZE S . AW ES SRR 2B E AR 1 AR IR 2 AR SR AE B 18 0—140em TR 35 /K 1t
5 TR, 281 AR T A AR B I 251G 0 - ) EoK R EARZR A TR U )2

SAHETE TR 5 H2A T NZEB ARG, A FWZES S 18K e YA RAR B XGE
KBRS O, 2B R AR R A 8 v B ARG | - SR B S R R R AR A T e R
276 55 TP B3 78 PP - K 43 R - BSR4 AR 22 AN - 2 | A T A A 2 R 3 28 ) o R
PR T AR, SR R i TR S AR P AR R R 25, Li A5 Y B ST R, 2 B P 2
F - 2B (S840 B AE 4 T 7 B R A B B 171 % 1 52% . AT R, SRR L, T 28R
18 2B W LE 2a VI SLFR TR = FEAIK 129% , WUE 3255 64% , A4 nl B i 22 F i 2 1 SR Ab E s & F
WIS 2a IS bn T H =R A 4R 5 17% 1 21% , WUE 70 B 5L 66% F1 67% , A6 E T T 577 WUE
B 22 e K Pk >, B N AR RS R B, 2 A T A S 2 R A A 2 1 S B AR R R 4 ol 32,
0% ,90.7%H1 96.4% , 4 = BTN /I I A5CR FVR RS T AU 2 (i 4 28 () SEBR B = AR A, i 28
FIA AT Rt it B 28 ELAT 3 R AR TSR, 5 e 48 5 K i R g P (e S8 AR 7 1 GR T AR T 5—7 d, W)
AP ok A K B R AR e s e, AT/ N4 i gE R I, S AL G P AEAT L, 24 T 1o 230,340 FlT 440 mm
Asf, 28 96 45 TR AT 7 e AR P 43 S48 il 83% . 43% F1 11% , WUE 43 42 155 77% 43% Fl 10% , 22 5 56 TR Ff
LA T KA AR B K R B A R R I ek 2>, BRI A ST R I, SRR L, - 2B A AR A bR T
FEAEREAR 7.7%—26.4% , 54 0] [ fiff Hi 22 115 3 522 119 55 46 4 S B T R 8 4 i B R 2.0%—9.9% 1 5.
2%—12.0% ., Moreno Fl Moreno"** #ff 53 F& W , 75 KUK K PH RE S % w2 K B A 0 S5 VE IR, 26 W [ figt b
R, AT S s | A ] R IR B 55 70—75 d JFBRREAR % Xk 6 H Ak A2, ZE1ED)
AT, A5 AT I i b 5 30t RS AT S AU PR K 1 T RIS 7 8  FE R N R JS | A AT 3 fie b R T 7
NI, HA A 81 TJei5 P 005, A R TR,

4 it

L2 a(2012 4FH1 2013 4F) SAE B & 24 B WP 0E R, JCRUE R YR (53 k) KT %R W I B
(27 W) , FCRI R R R AR T et ) DTRRE (19% ) /N T A SR T (81% ) . ZBIHAE M FIAESE 1 AR ISR 2 AR 48
WHETEREY A NS T2, SE5FEH L, SR, (SR, Fl SR, 3ESE 2 4F 248 1 15 T2 52 Fr 1 5
B3 HIFEAR 3% 8% M1 13% , WUE 43 5142 5 52% .58% .55% ; BMR,, .BMR,; .BMR,, .CMR,, .CMR, Fl CMR,
LR 2 AR B G A P LR TR R R R 14% 12% 1% 17% 19% F1 9% , WUE 43 5l 52 & 49% .62% |
59% 51% 67%H1 56% , 46 H 164 F WIM &4 380.7—427.6 mm FIVHZEH AN 60 ¢m:35—36 cm A, 4
W] e ffe B 2 R A2 1) 24 A A B S PR T R i ik B R KA
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