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RAFBEEGTERFT R TEHBEFZT2HAP<0.05), L PHBEH Tt @mRfert A T
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§A47 & feBerk (N 275 kg/hm® +P 225 kg/hm? +K 225 kg/hm?) + % & F 4 #F 10 t/hm’® , R A4+
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TFELRVDHVITRE S, 2 8 R0 SRR 2 8 & bt
M SR B HOR A KBRS, R RIR 7. 7°C,
A S B e SR 38, 1°C, el —29. 6°C AR B K & 4
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Wit IERR LRI R 1. 4 MHRERHE A K
TR, 6 MK FARKA A i 80K B (Agropyron
cristatum) \ A, : 5% 77 VK EL (Agropyron mongolicum) |\ A; :
YHTRE (Astragalus adsurgens) \ A, : B8 18 (Medicago
sativa) JAs : B AR MR (Melilotus suaveolens) . As : 3% B B
(Elymus dahuricus) , INZE B HEIIEEZE,3 PNKFEMK
WA B :12 t/hm’ \B, :24 t/hm’ B, :36 t/hm’, HEK CHy
ARSI L(N : P K=11:9 ¢ 9,3 MKFARK S G«
fRAREE L (N 55 kg/hm® +P 45 kg/hm? +K 45 kg/hm®)
C,: AR bt (N 165 kg/hm® 4+ P 135 kg/hm® + K
135 kg/hnt ) .G, : B AEEC LN 275 kg/ hr +P 225 kg/hnt +
K 225 kg/hm®) . INZ D 43 T I T/G & 27
FRIE 3 DK AR Dy :5 t/hm® (D, :10 t/hm® \D;
15 t/hm? . REGIE 18 NMALH,3 IREE 54 /MK, BEHL
X ZHHEF , /DX AR 25 m? (5 mX5 m),4&/NX 2 6] IR

50 cm FHIARFRES
*1 EXRE
Table 1 The orthogonal test
15 No. 1 2 3 4 5 6 7
KT Fh AHHLE AR TR
Level Species  Organic fertilizer 233 NPK 23%1] 2531 Straw of Sophora
Ve A ®B © alopecuroides(D)
1 A1 B G D
2 Az By Cy Dy
3 As Bs Cs Ds
4 Ay
5 As
6 As

1.2.2 HEEE 2012 4F 6 A 2 HIEF, RAFHHEFH
B 15 kg/m’ 3B 1~2 cm, SRHEF B4 30 kg/m’,
IR 2~3 om, ¥R 4586 . ATHE 30 cm, K56 (6] R A
A IR R B i, A8 HILRE FRS FF AR R A8, 78 + S B o
AMI—RHEEEE S ST RA P, BEEME T
YEFPAL, ZERE Pl A SR I N 45, AR R A ER
28 VOVEFEAE IR E B AR 72% . TEFERNRT. B GRHF B
FEUNE G £ 1K, BIKHEKE 2N 400 m*/hm,
B RBRRE, A5 R, 5 A E LAE D bk P AR
JEBEE AL T M LRSS FRFERE.
RAEN IR E (N 46%) , B AL I B R — 4% (N 16%. PO,
46%) , K BEAHR RS (K. O 50%) .
1.3 THWE

20134 6 H 7 H 9:00—11.30 £&/NX 816 FH . TC
i UE HARFEE A 5 B B, SPAD-502 A4
RO BRI R RS R, &/ OR I E A X 4R
TRJE W S AR B, BT O B R 5 b B
Delta-Till %€ 5 A0 F #9 S i AR B Lt AR, K
HIEHM Rl ARG E T 105°C F R 15min, 65°C
THTFEEE HRELSM R TEIE RN TE, 2013 4 6

H 9 HA&/NX#E 1 o’ 77, X & OR BB #) J5 57 B AR Hefef
FEREEE R M S 105 C A 2R 15min J5,65°C
Ht 24 h FEEDKZE MHELFRE 1 o’ HFRHETE,
BEE 3R, HEARXWT A (em®) = Bt R/
W HANE BT (mg) = S T3/ R AN
AN SLA (e /) = B0 T AR/ B4 0 25 o i AR 4 8K
LAI= (M T3/ Hrt-F3E) < BrEFH/10 000,
L4 BdEsHT

R B HE R Fl Excel 2003 34 i 17 % 285 R A
SPSS 18. 0 #4707 22 4047, N R Rl 47 F K56, 9
Duncan 3 %f [ % 4 £ K F #4172 H 3G IRIEN 2 R
AR R =dXRXM"* (d BB RZELM HHEKF
FEEBOHEFAKFEMBEZE R™7 . FIH Pearson H5%
RBCHATHEMEEMS
2 HRE5SW
2.1 FREARXTACE O AR AR R

M AR RAEY A K AT R EE IR IR, &40
PRI RREE br - 7 B LR 2, X ek AR AT R
KRR (R 3), R A X HE AR i B 2%
(P<<0. 01, [N % B #i1 C i i 2 (P<<0.05), A& D #¥
WS 8.3 (P>>0. 05) . FFH R'K/IMEH & R R LR
3 A>C>B>D, ZEIEMAHA, R A HEEER
INF A >SA>SA >SA A ALALA LA ZEESR
BEP<.0D, ZEHBERT A A il A, (P<0.05),
A 5A 25A8%,.5 A 27REBEP<0.05), YL
FHH , RASRH A T B/ o 9 > 52 oy K R > g
VKR, O 2 ) 22 5 8 2 BB e AR R/ R BOKR
BSUHTIE > SR E R, EAR DTS S HEEE
SRZE., B BHEHE¥YERNEB>B,>B,B 5
B 2R A EE, "KW E B £RBEP<0.05, WK
CrtmBHELRNN C>C>CLG.C BERTF C
(P<0.05), 43#rfd - m AR M LA A8 ABGD,
(x=1,2,3), 5 mREKMAES ABCD, UhH 17D
— 3, FE B T AR A IE A 45 SRR AT HE A
2.2 HEAEXHHCE M BT E RN

XiF 18 AMbER g & (% 2 TR, &
I A U6 2 B (3R 3), IR A C X it i T E b
B3 (P<0.0D),H&E D MALRE(P>0.05), Rk
INELER AR, B R AR N AS>C>B>D, £EIL
BEERAM,NER AR TEIERNE A>A>A >
A>SAAGLAWA VA BKTEZEZR B E (P
0.05), =HHWBERT A A, Tl Ay (P<<0.05),A; 5
A ERABEP>0.05,5 A, 25 BE(P<0.05),
PL_E 2B RAS B i T AR S B 2 R T SR, K
BRE >SS K > R, AR E R EREE,. S
P i T AR R /NI SRy B AR > A T > VDT HE ,
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ABEWATEZ R B %, WK Bt TEERNA
B>B>B.B, 5B ZRAE%E, " EHEB £RE

Y2 a2 Sl B (P<<0. 01, ZrHrig Hi it i T H i

#. WRCHRATEIERMIUFH CG>G>CL8K  ABGD G 1D

&2 AEAEHIFHESEE~E
Table 2 Leaf characteristics and fresh yield under different treatments
hb 3 i T AR I Lo AR A MR SR L N T3
Treatment Leaf area/cm? LDW/mg SLA/(cm? » g~ 1) LAI Chlorophyll content/ % Fresh yield/ (kg « hm—2)
1(A1B1 C1 D2) 3.42 22. 57 151. 46 2. 85 33. 44 8 129. 39
2(A1B; G2 D) 3.76 27.53 136. 58 3.09 35. 80 9 212.72
3(A1B3 G Dg) 3.96 30. 28 130. 78 3.32 38.16 9 980. 64
4(A2B1CeDp) 4.15 33. 95 122. 24 2.53 35. 30 7 237. 80
5(A2B2C3D3) 4. 27 36. 78 116.17 2. 86 37.19 8 971.43
6(A2B3C1D2) 3.91 29. 81 131.11 2.41 33.10 8 350. 61
7(A3B1C1Dg) 0.98 9.10 107. 69 3.84 44, 83 19 761. 87
8(A3B C2D1) 1. 05 9.92 105. 85 4.25 48. 10 21 763.59
9(A3B3 C3D3) 111 11. 36 97.71 4.49 51. 37 23 245.97
10(A4B1 C3D3) 0. 94 10. 66 88.18 3.97 45. 64 22 530. 62
11(A4B, G D2) 0. 96 11. 01 87.19 3.82 45. 90 22 109. 07
12(A4B3 G D1) 1.03 12. 29 83. 81 4,27 47.74 25 444. 52
13(AsB1C3Dy) 1.15 11. 56 99. 13 4.29 53.28 19 717.58
14(As B;C1 D3 ) 1. 20 11. 98 100. 17 4. 50 53.70 19 103. 96
15(As B3 C2D2) 1. 29 13. 35 96. 63 4.76 56. 12 24 952.18
16(AsB1 C2D3) 4. 36 36. 34 119. 98 3.16 38. 67 9 029. 13
17(As B C3D2) 4.71 39. 98 117. 81 3.91 43.73 11 256. 43
18(AsB3C1D1) 4.45 36. 37 122. 35 3.28 40. 20 9 419. 80

®3 HERMMARTFENFTESWREE

Table 3 The variance analysis and rang of leaf area and LDW

AN 5% B8 << 5 oy vk < AR UK R R R L S
KESRBKEZREE. B C Lt mHREERN

KF T B Leaf area/cm? M FE LDW/mg HCG<G<C,.G 5C ERABE, —EHEC 2R
el 28 ¢ b A2 B € D W . BB R4 A ABCD, (x.y=1,
1 37lc 2.50b 2.49b 2.60a 26.79c 20.70b 20.14c 21.94ab
2 411b  2.66a 2.6la 2.54a 33.5lb 22.87a 22.23b 20.97b 2,3), H L EBE/ MIA S AB G Dy (Ab3 12) H Y4
3 1.05de 2.62a 2.69a 2.64a 10.13e 22.24a 23.44a 22.90a EEAAHEE AE—2.
: f ;’i‘; 1112' 332 2.4 T2 5 AL XS B T ARG E) B
5 4sia o7 80 X 18 A ALERAG - ETRUE B R 2 HEATHH A A
R 35 016 020 010 27.44 217 330 193 KA FEHGR 4 ,HE AB M C Xt EiRTE %L
R 22 02 02 012 1758 276 420  2.46 B 5 2 (P<0. 01), A2 D B IR B2 (P>0.05).,
F 803.56 4.02  4.66  0.01 52227 873 13.28 0.33 , ,
P <00l 003 002 099 <00l 0.0l <00l 072 FHT RK/IN B 25 R I AR By A>C>B>
2' 3 ﬁﬁﬂﬂxﬂ-q&ﬁ tbu+ﬁﬁﬂg%}2uﬂ Do gﬁ t[ﬁﬁ"%%ﬂ’lﬂ? A n‘[’ﬁ‘*}i%ﬁjﬁ{ﬁﬁlj\jﬂ A5>

ASASASA A LA SHEKFZRZERY B #E
(P<0.05),A, 5 A, ZRARE, “HEHWBERT A,
Ay 1A, (P<0.05), A5\ Ay Fil Ay £KFZ 022 734 i
Z. U ERY, SRR B E K TFARAR,
KANRAFEARBSVATHE>S EHRE TS, EABEEAEE
16 UPITREZ [B) 22 53 8.2 , AR AP i ThD AR A8 H R/
PE > K>S KR, K RARZ 27 B
#. HR BHEREEHERNN B>B,>B,,B, 5
B, ZBRZEFARE, _EHWEDB £RE%. HRCHt
HARERIE RN A CG>G>C,G 5C 2RAR
E,2HEBYE5C 2RBE,. ERRITEHHHERER
KR A AN ABCD, (x=1,2,3), 5B
A AsB,CD, b3 15) FEAR—3,

LRt EAR AT R B RS R, SHEY A 1E
F PR AR M AR R B SR R, Xk 2 et
ARG HR RN AR REGE O, HE
A XF TR B B B 35 (P<<0. 01, N & C o g &
(P<<0.05),HZ B D EWRALEZE(P>0.05), FH
R/ A5 H 5 4% PR G i T AR A 52 0 7 B R/ g
A>C>D>B, ZELEZEREH, WK A iRy
ERANF A <A <A <A <A, <ALA 5 A A =
S E(P<0.05), = H W B EMTF A A Tl A (P
0.05),A; 5 A, ZRIZEFRARE, _EHE5 A 2758
FH(P<0.05), YU EERH,ERMEHEEREENTR
B, K/NBF S ETE <HEAR<UITHE,. £HE
TEESEARVITHEZRBE ., RABHEOEH Lt R
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Table 4 The variance analysis and range of SLA and LAI
K Lot E B SLA/ (em? » g=1) i T AR LAL
Level A B C D A B C D
1 139. 10a 114.53a 116.41a 111. 66ab 3.09d 3. 44b 3. 45b 3. 60a
2 123.17b 110. 63a 110. 85b 115. 06a 2. 60e 3. 74a 3. 68a 3. 62a
3 103. 75¢ 110. 40a 108. 30b 108. 83b 4.19b 3. 76a 3.8la 3.72a
4 86. 39d 4.02b
5 98. 64c 4.52a
6 120. 05b 3. 45¢
R 52.71 4.13 8.11 6.23 1.92 0.31 0. 36 0.12
R 33.77 5.26 10. 33 7.94 1.23 0. 40 0.45 0.15
F 93. 79 2.77 4.70 0. 86 104. 63 12. 30 12.58 1. 20
P <0.01 0.07 0.01 0.43 <0.01 <0.01 <0.01 0. 31

2.5 FPREHEITHEM SRS BROE R

MG REMYOCEER T REE EEERD, &4
HMMHSRRTEGE DEITIERILE 5, HREK
MG R, NE AB I CXF M-SR A& B Mk 5%
(P<<0.0D), [N & D WA BE (P>0.05), Fi R K/
SR, BN EE MR N ASC>B>D, £EELE
SERAAL,HE AMGREEWERNE ASAS>AS>
ASASALBRA 5 A A 5A 2R ABEINP>
0.05), HB/KFZ 0253 8% (P<0.05), & Bt
ZRETEBEWHEKX/NMAB>B>B,B 5B 2R A E#F
(P>0.05),—#¥5 B 27 8% (P<0.05, FHEC
HSESBYERNE CG>C>C,C 5C £2RAE
FEP>0.05),= %15 C £RBEP<0.05, 4
BHHRRETENREHAE R ABGD,(x=1,2,3),5
HEESERAENAS ABGD b 15)FA—F,
2.6 Jita AT XS A0 R R R )

XiF 18 AR ff P R (R 2) BEAT SR, N &
5N K I e B (3R 5), IR ALB Al C X 55 7= B B
W 335 (P<<0. 01, A D i 3 3% (P<<0.05), B R’
K/NGEA AR & N R AL A>B>C>D,

ZEILVERERBM HER ASEEHERNE A >
A SASASA A A SHEKFPZEZ R B E
(P<0.05),A; 5 A 2 EIZFAREZE(P>0.05), —#&
BWREET A A Fil A, (P<0.05),A, 5 A 25 KRE
E,5A 2R BE(P<0.05, YU EEH, TRMEEK
FH R R B E R T ARAR, KN EHETE >
VATHESREAR , B O ST  EARER B
(P<<0.05), ARAE;HT- 3t 50 7 8 R/ g B 0 >
HKESSEHKE HHE S REBAKEERABE. 5
FHkEEREE, N BHESBEYHERDR B>
B,>B,,B, 5 B,.B R B &, RHAHLIE 36 t/hm”
12,24 t/hm’ BERS TR &, HEK CHETREY
HXNK C>C>CLGC 5 C ZRAEE(P>0.05),
5 C 25783 (P<0.05), i3 B8 & AR b 5 A
BitbZ B ESARE, A ML LB E]R® THRE
R =&, R D¥WEK/IAD>D,>D,D 5
D,.D, Z[a2 R 8% (P<<0.05), IFEASBETE H ff e
BMRMAGH ABGCD,, 5 18 A-4b 38 i fif 5 5™ & &
BRAE ABGCD (b 12) AR —3,

x5 HERESENHEETENHTESNERE
Table 5 The variance analysis and range of chlorophyll content and fresh yield
] R AR SRR
A Chlorophyll content/ % Fresh yield/ (kg « hm—2)
Level A B c D A B c D
1 35. 80d 41. 86b 41. 86b 43. 40a 9 118. 19¢d 14 428. 39b 14 497. 39b 15 185. 31b
2 35. 20d 44.07a 43. 62a 42. 85a 8 194. 73d 15 423.17b 16 295. 73a 16 388. 67a
3 48.10b 44, 45a 44, 90a 44, 12a 21 618. 68b 16 922. 26a 15 980. 70a 15 199. 84b
4 46. 43b 23 395. 35a
5 54. 37a 21 304. 41b
6 40. 87¢ 9 916. 28¢
R 19.17 2.59 3.04 1.27 15 200. 62 2 493. 87 1798. 34 1 203. 36
R 12. 28 3.30 3.87 1. 62 9 740. 56 3 175. 94 2 290. 19 1532.48
F 93. 26 6. 44 6. 45 0.13 169. 17 10. 31 9.53 3.69
P <0.01 <0.01 <0.01 0. 838 <0.01 <0.01 <0.01 0.03

2.7 RSN ARIESEIMERER
M 6 7B 5 RHESER AR T E L, R
A} p) e 17 B 5 RSB I T AR TR AR RO R R

HFEREMBEFEMR, 5 TEREEEFEMK; Z/
FR B 5 TR AR RO AR B ARG, ST
THEHAMZRXEBEEREFEMX., BHETETREKX
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FEAF LT T AR BOR R AR AR K E R R B Ok
BNR,

® 6 MHABHESHS~EREEXSH

Table 6 Correlation coefficients between leaf characteristics and yield

EAR A TE M ER R SRR R
Leaf area LDW SLA ¥ LAI Chlorophyll content

RAPHE R = i
Fresh yield of Gramineae
TR R R

Fresh yield of Legume
3 WitE4ie

FEH A i MR AT AR B A 0 K BA BE A5E z R
LA - B~ G T AN i s N E AL 2
TE] PR B0% A (2 2, 3 U B B AR e A BEURN 45 4 Xof Ak
LIRS A T8 L 5 R EL A R 20 Hx g 25 B R 5
2 HBAERE T P RE 1, 72+ 01 )k fb R o, R TR AR B
B2 A R AIE R 5 Y o RASF AR G - T AR
METE R ERT SR, K s et 5 A KR L
if. SRR RSB EE R TARAR, it mH g
EFARAEL, PR 2R &' m R
ERTEEEHEMPITIE, £ FAEN B #OEE1EH
RN . AL E T M L AL DN TR R
FTRE, R LW E T A TR RN T YRR
%, WOR R f B 7 B AR B 3 (P<<0. 01, B
WO e 5 7 B KN R A 1S > AR > VT RE , H
HETEENE R’ B ER TUITREMERE, &
TRASFH Y ff B 7 8 3 B AR T B R, KNI S
B> f A KR > 58 1y KB, JEL o B O £ R 7 R
KT UK B, A 7= M BB 4 4, W7 AR Ry i . X b A A
RE,

AHUEST T B - AR gL T G R A B e
EPE R B2 (P<<0.0D), X HEREmEE, A
HLAE 36 t/hm® AbFE T 4405 ) F ¥ it T AR AE ORI it 4R R
ERET 24 t/ho” Kb, FiiE AR B R A fE S A T AR
BHORIE I B B SRR AT, K SF T 8 e B I E B
2HF 24 t/hm?® 1 12 t/hm? ZbEE(P<0.05), A HLAE
24 t/hm’ % 12 t/hm” @ 48 & BOR ek AR AN B
L5 36 t/hm® kbHE2E BN B2 , 76 FhAE LA Kt i
R T 3R R B Y B AR AR, 5 49 B8 IR,
BEAMUE 24 /ho” FE R S fERE AL B . Z B4 Xk
FHE GRS R R EOR & 7 B R A B
(P<0. 01), XoF BT AR LE P TG AR i (2 2. BB &
FEL T EL -5 AL L A B A F 387 -4 2 A i I D AR B
ME R -REFARE, “HEYEE S TR (P
0. 05) , Lt A TE AR f 2 IR FARAL e bb (P<<0. 05) , 1 7 A
B H A S ¥ B F B R T AR A AR L (P<
0.05), DA, 7EFAE 2 RHHCR iR 26 2 B4 o AR IE L

74

0.563* * 0.453*  —0.095 0.844* * 0.776* *

0.243  0.461* —0.143 0.591* * 0.412*

DL 28T IR, FEFIAE R AR B 7 5 5 U 41 =5 AT e Lk A
R R TERREY R, & 2 FREFXH R FT
LA AR A E AR ECR R R B R A 0, X £
F RN B & (P<0. 05), ¥ B FREF R 10 t/hm® 4b
PR SR B E S E R T 15 ¢/hm’ A1 5 /b
bR, 3R T T AT A W T I 2 4R v R I e R
Fea, JRIA AT R R A B A R A AT R R, 1
AR SR 4 A, 5 M A AR B B AR £, 31X 5 TR B
T R e A — 3L

RAFHIE M ERAN F TEHBEXTEZR,
Hr s i 7 et AR A T E B S TR A K
TS VKR SRR B Lt T AR B N TFARAF
MR E E TARAR, K rh S E T T et
T AR B KT B AR AV AT RE , BORHR A ¥ it T AR 4R
HEERTEEEBAITE. 4800 EH, fEk
AR EAER AL A A PR 24 +/ h” + E B4 5 A
Be HL(N 275 kg/hm? +P 225 kg/hm? +K 225 kg/hm?®)+
W 2 FAEFF 10 /b , RABHLE I 7 52 E A AE F 508
TR BB, O 11 256. 43 kg/hm® , FiE SR B
{EREAC 4 & A PLAE 36 t/hm® + Z B 40+ AB I kb (N
165 kg/hm? +P 135 kg/hm” +K 135 kg/hm®) +# 5 F

FEFF 10 t/hm’ , ZEABU B8 EAME R S E TS B 5 &
B .36 25 444. 52 kg/hn? ,

S 230k
(1] ZFERE, T35, 508, % TEARBRLFA - HEEYX R
R EREPELT]. K £ 0 H723], 2011, 25(5) :107-111.
[2] HE4%E FEPIWTEWELEEH 5 ESF R AESHT]. b
5B ,2011(22) :186-188.
[3] W% AR, T 7 HE AT 54 5 i 3 Bl & &35 5
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(4] ZE, H#FE,XFEME, SRR X b g S Ry
RV R K 335 AR T]. B AE A 24, 2011,22(12) - 3145-3149.
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Effect of Fertilization on Leaf Characteristics and Yield of Pasturs on
Abandoned Cultivated Land in Arid Area of Ningxia

CHEN Keyuan' ,JTIA Qianmin' ,CHEN Yanyun'-?
(1. Breeding Base of State Key Laboratory for Preventing Land Degradation and Ecological Restoration, Ningxia University, Yinchuan, Ningxia
75002132, College of Life Science,Ningxia University, Yinchuan, Ningxia 750021)

Abstract ; Taking six kinds of pastur (Medicago sativa ,Melilotus suaveolens ,Astragalus adsurgens ,Agropyron cristatum ,
Agropyron mongolicum and Elymus dahuricus) ,organic fertilizer,fertilizer and bitter bean stalks as four factors,in arid
regions of Ningxia abandoned farmland, its impact on leaf characteristics and their forage production were studied by
L (6" X3%) orthogonal test. The results showed that the leaf area and leaf dry weight of the Gramineae forages were
significantly higher than those of legumes (P<C0. 05) ,and the average leaf area and leaf dry weight of Elymus dahuricus
were significantly higher than those of Agropyron cristatum and Agropyron mongolicum. The specific leaf area (SLA) of
the leguminous forages was significantly lower than that of Gramineae forages,but the leaf area index was significantly
higher than those of Gramineae forages (P<C0. 05) ,and the average SLA of the Medicago sativa was significantly lower
than that of Melilotus suaveolens and Astragalus adsurgensl. The average leaf area index of Melilotus suaveolens was
significantly higher than those of Medicago sativa and Astragalus adsurgen. Ultimately, the comprehensive analysis
showed that the organic fertilizer 24 t/hm’ +high levels of NPK (N 275 kg/hm’ +P 225 kg/hm® +K 225 kg/hm®) was
the best fertilizer combination for planting Gramineae forages,the output of Elymus dahuricus could reach the highest,
11 256. 43 kg/hm®. The organic fertilizer 36 t/hm’? + moderate levels of NPK (N 15 kg/hm’ + P 135 kg/hm’ +
K 135 kg/hm?®) +straw of Sophora alopecuroides 10 t/hm’ was the best fertilizer combination for planting Leguminous
forage, the output of Medicago sativa could reach the highest,25 444. 52 kg/hm?.

Keywords : abandoned cultivated land;organic manure; NPK;leaf characteristics;yield
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