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Effects of grass-legume sowing ratio and nitrogen application mode on yield and
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Abstract: To determine the ideal mixed sowing ratio and nitrogen application mode for alfalfa (Medicago sativa)-Bromus

inermis stands in the semi-arid area of the Loess Plateau in central Gansu, alfalfa monoculture (A,S,) and B.
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inermis monoculture (A,S,) plots were used as the control, and three mixed sowing ratios of 3: 7 (A,S;), 5:5
(A.S;), and 7:3 (A,S,) were set up. Four nitrogen application modes were also set up under each mixed sowing
ratio: no nitrogen fertilizer (U,), standard urea nitrogen application of 100 kg N+ha ' (U,,), standard urea nitrogen
application of 50 kg N+-ha '+ organic fertilizer 3. 75 t+ha™' (U,,+OF), and slow-release urea nitrogen application of
50 kg N-ha ' (CU,,). The yield, water and nitrogen utilization and interspecific competition of the mixed stands in
the second year of planting were observed and analyzed. It was found that compared with the two monocultures,
mixed sowing had several yield advantages. The hay yields of A,S,, A.S. and A,S, were, respectively, 44.2%,
35.4% and 43.8% higher (P<C0.05) than that of A;S,,. A.S; and A,S, were, respectively, 19.4% and 19.0%
higher (P<C0.05) than that of A,S,. The crude protein yields of A;S;, A;S;, A;S, and A,S, were, respectively,
69.1%, 54.6%, 68.9% and 56. 8% higher (P<C0.05) than that of A,S,,.. The dry matter water use efficiency and
nitrogen partial factor productivity of mixed sowing treatments were significantly higher than those of monocultures.
The dry matter water use efficiency of A,S,, A,;S; and A,S, was, respectively, 58.3%, 44.9% and 55.5% higher
(P<C0.05) than that of A;S,,. The partial factor productivity of nitrogen fertilizer in CU;, was significantly increased
(P<<0.05) by 86.6% and 97.8%, respectively, compared with U, and U, +OF. The land equivalent ratio,
alfalfa competition rate, alfalfa relative yield and total relative yield of each mixed sowing treatment were all greater
than 1. The alfalfa competition rate and relative yield of U,,, were significantly higher than those of A,S,, treatment.
The land equivalent ratio and total relative yield of U, were significantly higher than those of U, and CU,,. Multi-trait
radar map result analysis showed that the overall performance of the A;S,-U,, treatment performed best in this
experiment, and was therefore the recommended planting regime in the L.ongzhong semi-arid area of the Loess Plateau
in central Gansu. This study systematically explored the production of different legume-grass mixed sowing ratios and
nitrogen application modes, thereby providing technical support for efficient forage cultivation in this region.

Key words: the Loess Plateau; legume-grass mixtures; nitrogen application mode; yield; water and nitrogen

utilization; interspecific competition
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Table 1 Basic physicochemical properties of 0-20 cm soil layer in the test plot
TR A 0] 45 7K A 25 S A R TR A HLB pH

Soil depth  Bulk density  Field moisture ~ Total nitrogen  Nitrate nitrogen ~ Available potassium  Available phosphorus ~ Organic matter

(cm) (g-em %) capacity (%) (g-kg ") (mg-kg ) (mg-kg ") (mg-kg ) (g-kg ")

0~20 1.6 14.6 0.5 8.6 79.3 19.3 7.4 7.9

1.2 &t
mm 20244F A [FK &

AHIEFE R PR 2R B AL XA 53, 3 ik Monthly precipitation in 2024
BSOS R (ALS,) , o AR - iggg;eoﬁoiijiicﬁijgin in 2020-2023
HECAS) . BRI (A SEERE (S 200, resess motls bamperature n 2024 40
3T(AS) 5 5(AS) TS AS Rl FIREAE e At 9
HEA IR L0 T R AR AR, S R £ 160F 3 &
U (U,) %3 JR % 100 kg N-hm *(Uy,)) 33l 5 wi
JR % 50 kg N+hm *+ 4 HLAE 3.75 t-hm *(U,,+ :‘gmh ' 2°g§
OF) SRR IRH 50 kg Nohm “(CUL) . IS £ omE
204 Ab 3T L 260 /MK K9 2 5
m’(3mX3m), XAE 0. 5m,i{ 54k Bl 4n 2 2 = 40+ 0 §
75 - )
TR AR T 202348 5 H g A, 24 48 X E gk 1 2 3 4 5 6 7 8 9 10 11 12

H 4> Month

e 1] <3V . [l s o
LU, 2024 A ATRIC SR S 0 BEASIETAR M g e i 50042 4020202023 S 0 Mk B BB 98
Y ‘ —H- =1 SN =] Y 3 ARl
HOPHE 1S ’jﬁ‘téi””ﬁ:jﬂ JEEP o PR Fig. 1 The precipitation and average monthly temperature of the
FORH [FATIR 8 , 17154 20 om, A 8% &2 43 51 test area in 2024 and 2020-2023
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H22.5.30.0 kg-hm *, AN [RITRHE L A7) 0 A A0 200 1) 9% AR A0 45 1 70 TR 0t o 10 5 b SR S AR A (BT 5
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MOHGR T WA, R U 1 30 %, B E T 45 1 WRANER 2 YN B it A 5t A0 4820 91 5 40% F130% . Bl A4
SR BEER S (PO, 12%0) Ff B 48 (% K,O 52% ) ,jifi F & 43 51 > 100 kg P,O.+hm *,100 kg K,O+hm *, fifi /|
R SR A HUIE , Hrp A HLR & 5 =>40% , M350 (N+P,0,+K,0) =5%, jifi 1l 4 & 3750 kg-hm *. BEAE 40 AE A HL
JIEAE Ay 5 I T 4R 7T 0 — M A o R B 1] B AT N TR R S A TR Ak B

F2 KR

Table 2 Experiment treatments

R LU I AE TorAE A R R il AL b AR
Mixed sowing  Alfalfa seeding rate  B. inermis seeding rate Nitrogen application modes Code of
ratios (kg-hm™*) (kg+hm™*) treatment
10:0 22.5 0.0 i Z T No nitrogen fertilizer AS,-U,
22.5 0.0 3 JR 2 100 kg N-hm ™ Common urea of 100 kg N+ha ' ASe-Uo
22.5 0.0 3 JR 2 50 kg N-hm ™+ A HLAE 3. 75 t-hm ™ Common urea of 50 AS,-Uy,+OF
kg N+ha '+ organic fertilizer of 3. 75 t+ha "'
22.5 0.0 ZE IR 2% 50 kg N-hm ™ Slow-release urea of 50 kg N+-ha ! AS,-CU,,
0:10 0.0 30.0 ANJiti U1 No nitrogen fertilizer AS,-U,
0.0 30.0 38 JR % 100 kg N-hm* Common urea of 100 kg N+-ha ' AS1-Ug
0.0 30.0 WSm JR % 50 kg N-hm *+ A HLAE 3. 75 t-hm* Common urea of 50 AyS,-Us,+OF
kg N+-ha '+ organic fertilizer of 3. 75 t-ha '
0.0 30.0 5B JR % 50 kg N-hm * Slow-release urea of 50 kg N+ha ' AS,-CUs,
3:7 6.8 21.0 ANjifi Z JE No nitrogen fertilizer A,S,-U,
6.8 21.0 38 JR % 100 kg N-hm * Common urea of 100 kg N+-ha ' A,S;-Uyg
6.8 21.0 i JR 2 50 kg N-hm >+ A HLAL 3. 75 t-hm ™ Common urea of 50 A,S;-Uy,+OF
kg N+ha '+ organic fertilizer of 3. 75 t+ha ™'
6.8 21.0 e bR % 50 kg N-hm ™ Slow-release urea of 50 kg N+ha ' AS,-CU,,
5:5 11.3 15.0 ANJiti U1 No nitrogen fertilizer A.S.-U,
11.3 15.0 3@ JR % 100 kg N-hm * Common urea of 100 kg N-ha ' AS;-Uy
11.3 15.0 W38 JR % 50 kg N-hm 4+ A HLUIE 3. 75 t-hm * Common urea of 50 AS.-U,,+OF
kg N-ha '+ organic fertilizer of 3. 75 t-ha
11.3 15.0 5 R IR % 50 kg N-hm ™ * Slow-release urea of 50 kg N-ha ' A;S;-CU,
7:3 15.8 9.0 ANJiti A No nitrogen fertilizer A,S.-U,
15.8 9.0 3 JR 2 100 kg N-hm ™ Common urea of 100 kg N-ha ™' A;S-U
15.8 9.0 3 JR 2 50 kg N-hm ™+ HLAL 3. 75 t-hm ™ Common urea of 50 A,S,-U,,+OF
kg N-ha '+ organic fertilizer of 3. 75 t-ha '
15.8 9.0 e R % 50 kg N-hm ? Slow-release urea of 50 kg N+ha ' A,S,-CU.,

1.3 NMEIRARR T &
TESRAE B 15 0 A6 WO BRURE | B4 /N X S B FILE $F 2 4~ 50 em K B9 FE B, BE 3 7 3~4 cm 4b X1

1.3.1 ™&

H o Ho — AR B WA AS T S B AR B AE RN O 4 2y TR AR EE L 7E 105 CHEAR T R T 30 min, ZJE1E 75 ‘CHLAS
ok e T R A T B AR R AR R 0 o s O — AR B R BT R S T 1.0 mm B, 2
NI EFLERFIN S BTAE AR o [R)IE K /0N DR (A R WS ) G i o, R0 ) 1 6 LU 45 S5 B h* B B g

1.3.2 EFRMFE IRRE R HAESOHLE [ (crude protein, CP, %) & B I GB/T 6432—2018 M5 ™, i vk
B4 4E (neutral detergent fiber, NDF, %5 ) Fl 2 4 3k 14 2T 4k (acid detergent fiber, ADF, % ) % 5% JH VU FC Uk % T 4
Sy AT E . A A (relative feed value, REV) FUHH X 4072 57 & (relative forage quality, RFQ) 524
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AR
RFV = DMI X DDM/1. 29 (1)
RFQ=1.9499 X RFV — 67. 038 (2)
DMI=120/NDF (3)
DDM =88.9 — 0.779 X ADF (4)

A DMI R T Y R & & (dry matter intake) ; DDM 3R 7 0] {46 T 9 i (digestible dry matter) .

1.3.3 KEFHEFH ¥&/K i+ (evapotranspiration, Ey,mm) f3HE AR W .
E:=P+CR+I1+ASWS—DP—R (5)

K P4 FWIREK B (mm) ; CR A HL T 7K m) B AR5 B (mm) T8 & (mm) ; ASWS 18 46 72 b 3 F i -5 0

5 0~200 em + )2 WK & (2246 & (mm) s DP A HE)Z B i (mm) s R AR AR & (mm) o H AR T

TEWE , FLIZAE S DX 3P 30, o T KR, ERZ B i, I LUEE WM T.CR .DP FI R Al Z g ANt ik, 4= & Bt

K ETHR T RE AT A R A

E;=P+ ASWS (6)
T 5 K 43 R BCR (water use efficiency of dry matter, WUE ,kg-hm *+mm ") B8 AR W0 F .
Y
WUE = — (7)
Ey

Y AN R b $ A Y T B i (kg -hm 7)o
Z N 4 7= 71 (nitrogen partial factor productivity , PFPy,kg-kg )iTHE AR T .

Y
PFPN:WN (8)

A YO A AR B BORE T B & (kg-hm *) N oA A & (kg-hm 7).
1.3.4  Flfal 54 + 4 >4 &t (land equivalent ratio, LER) j& i St 1R 4% R 58 LML R M EE 545, iHRA

ﬁ{zolﬂuF:
Yis Y
+
Y/\A YSS
AP Y M Yo BRI RGBS M 2 2 P2 85 Y M Yoo o SRR KA B 45 gk fJo 48 &
PR e Y LER> 1, BHIRIEA L LER<1 ), RUIRIEA HH.
55 4R (competition ratio , CR) 42 [z B IR #& BE AR dh AL 9 v 4+ BE 1 048 b, Hoa P A F .
PLER, Zs

LER =

(9)

PLERs Z,
PLERs _ Z.

o= =X = (11)
PLER, Zs

K PLER,FI PLER 353 R 1R HE 28 48 v 58 46 B A& A TG 145 46 22 10 (i 0 3tb 24 3 LU 5 Z0 0 Zo 03 00 Ry 55 46 A R G 1
ERRE RGP IS B L] ; CRA CR 710 AL F A M2 Z WY SEFRE I, CR> 1 UL W5 AL A8 7R TR
S W N L A NS
AH X F= 1 (relative yield , RY) VA XF 7= i & Fil (relative yield total, RYT) AJ DL Jz 1R & 5 48 H 45 R 1Y) o 4
P A AT
Yas

RY,=————— 12
YZoX Y, 12

YSA
RY.= 13
T ZoX Y (13)
RYT=RY, X Z,+ RY:X Zs (14)

A RY M RY o3 3 55 A8 F A8 RG22 48 22 i A X = 4k RY o<1, 3R W T 12 48 22 (¥ of P 3 4 15 b 11 5 5 A AL 5
RY =1 W) 2 WY Jo 5 48 22 A Ff N 5 40 R T JUA ] 38 4 o 24 RY T<T1 i), 3% W 4y Fob ] A 7 380 20 A9 B 558 4, 24
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RYT>10, YR FE— @ B LR 7805, L8 T RS0 5.
1.3.5 &P A 7R AL AR R T IR 5 55 ) ) B AL FE B 2 B R ISR i T2 s SR 1 AE
Tor A T RIS LA 2024 4E H OB T S e, 435 2.2 1. 8 CNY ~kg ', T 47 &b FH A% 1 B A7) At A 41 1 24
NS B/ i n e | B E i R e v B = R 7R RIS | Wi B o 1 = R/ W (1
FRE = 1EY B — A A (15)
PR = AR B A 7 AR (16)
1.3.6 ZERTEM TS T MR B BT BE A v AT AT | EUL M S TR A X B2 0 £ A 2 B DL R A5 TR F
b SRR B RBR T IR BT R MR A e R KR T K FIHRCR \RFV . RFQ .LER .CR \RY
SEARARAE R IE 148 bR % AR A Ak B ) A 2R

!

Ty = /Ij ( 17)
r/_’/‘max

A IV BRGPP9S R 7 O VR SRR AR 4 RN R A PR RS R R 46 B 5 g D A VA 4R
ﬁ%ﬂﬁ;nﬁmax?@%&{ﬁtﬂ@%jﬁﬁ;rlji%!%i?fﬁ’r?‘éﬁft’z‘?ﬁﬂﬁ

T8 AP HE AR 2R T Ak v 7R IR R T AR o S = AR A = AR R AR R T A 6 B
JIE, A AT T Al 2 1] 0% A D 360°BR A o AR TK 1T A 11 BR (.S AR (L) A D AR i) 85, 49 B — A~ 4R FFAIE 18]
VAR T LR A PPN BREUE . SR L3 A 3N T

WIS S sina

S, = - (18)
C,
Lf: nz;;iz::l 7’,%‘:7’3,* Zrl}brfl/ cos a (19)
C,
S AT AR R 7, B, 2R S TFAN X G5 p F g A8 AR e 4 5 o Sy AR AT 80 22 1) 19 e £
F 3 — PP I VAV, V) SR RS AR PEA 4 G 10 25 G 3R 90 LA K 45 48 A [R] 119 35 5 P2 2
VI'IZS{/Smax (20)
S, 4zS,;
V,= = (21)

i "

S, o IR e R TR Vo o DRI, R 5 A P X G s T ) T B o K AR LA, LB
U8 BT AN X R 25 G R BB AT, R 2 W 22 5 V., ok A AN 1, i'%ma P TR S LA A TR K [ e R
FUAF , L RICME BR300 B VT M ot 52 4% 48 b 1) 40 i 1l o R B i e, e =2 i 22

T i 8 3 VAR 1) 1 DR SRR Y, IR XA R R AT LRSI PR Y IR A R

= VXV, (22)

AP AP Y R R WZ VP X G 255 RIARAL , 55 VFA0 48 b 1) 249 8 M A
1.4 H#E% 5 5

K ] Excel 2019 % # #4700 45 (19 8 BRI S5 31, 2R ] Origin 2024 3 4 #E47 R 45 , ] SPSS 27. 0 8 F k17
MR 2 (ANOVA) J7 22438, 5 28 HAE FH 8 32 2500 38 3 5 35 K7, Wtk — 25 5k I XB 45 ( Duncan ) 2 5 22 5 8 25 /9 A
T AT 2 B WA, B R FH R A EE TSR A VAN .

2 ER5HMW

2.1 FRRBREAZEIBEIMNRELZATESZTH IR
AR F IR HE LU X TR 36 R e T R B R 2 5 e (P<<0. 001) , {H it A =X K I 55 YR LU 1) ) 28 B
EFMIRIE RS TR HIC B EHW(P>0.05,K2) . % 17#,A,S,.A,S,  A.S, A,S, Z a1 T #7503 2%
S HALS, AS, TR SR A LS, BN 26.5% .26.0% (& 2b) 345 2 4, A,S, VALS, VALS, A LS, Z T8 #Y T
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U E LR FELR  HE AS M FR N 260.4% .217.9% .238.0% .210.9% (& 2d) ; &% 3 # , A.S, . A.S;.
AS, A S Z B TR LR &2 B AS, 203 5 WA 45. 5% .50. 6% .60. 1% .37. 7% (K 2f) . Frj=&
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0
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- g M7 Total yield N %517 The first cut I %27 The second cut [ %537 The third cut [ h R: ***; N: ns; RxN: ns
Aa Aa
20 L
Aab Aab A ap dabd, L AAy
c
10 L
0
s 5 o O CEEATE
= = < PP D%B
U, Ui U, +OF Cu,, =
A Treatments

2 AEEBELEFREEREXNNBEEREAESENZMN

Fig. 2 Effects of different mixed sowing ratios and nitrogen application modes on the yield of forage grass in mixed sowing system
R: R HE H # Mixed sowing ratio; N: Jifi &1 5, Nitrogen application mode; ***: P<C0.001; ns: P>>0.05. AN [R] K5 £k 375 A 7] it 08 2 b # 10] 25 5
W R NG 5B R fE IR 7% L) b PR ) 2% 5 W 3, T [ . Different uppercase letters showed significant differences among different nitrogen

application mode, and different lowercase letters showed significant differences among different mixed sowing ratio, the same below.

2.2 FARERBIHBAFEXNRBRALAENEYG S TH R

BRI TR H BT IR 2R g0 i RO A B R (P<20. 05) , {H it 00 2 DL K H 5 TR 4 H i i
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Fig. 3 Effects of different mixed sowing ratios and nitrogen application modes on the crude protein yield of forage grass in mixed
sowing system

*: P<C0.05. T [d] The same below.
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Fig. 4 Effects of different mixed sowing ratios and nitrogen application modes on evapotranspiration and water use efficiency of
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Fig. 5 Effects of different mixed sowing ratios and nitrogen application modes on nitrogen partial factor productivity of forage
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Table 4 Land equivalent ratio and competition rate under different mixed sowing ratios and nitrogen application modes treatments

T H 4k 3 Y L E Y A ok L T AR
Item Treat- Land equivalent ratio (LER) Alfalfa competition rate (CR,) B. inermis competition rate (CRy)
ments 13 2 W3 P EIFE B2 W3 VY BIE Wi B 125
The first Thesec-  The Average The first Thesec-  The Average The first Thesec- #iThe  Average

cut ond cut  third cut cut ond cut  third cut cut ond cut  third cut
TRAE L 5] A,S, 1.2+ 1.7+ 1.3+ 1.4+ 1.4+ 2.7+ 2.2+ 2.0+ 1.1+ 0.7+ 0.6+  0.8%+
Mixed sowing 0.1a 0.1a 0. 2a 0. 1a 0. 2a 0. 5a 0. 5a 0. 3a 0. 3a 0.2a 0. 1la 0. 3a
ratios (R) A.S, 1.2+ 1.5+ 1.3+ 1.3+ 1.6+ 3.7+ 3.2+ 2.2+ 1.1+ 0.8+ 0.4+ 0.8+

0. 1a 0.1a 0.1a 0.1a 0.4a 0. 3a 0.7a 0. 3a 0. 2a 0.2a 0.1a 0.1a

A,S, 1.2+ 1.5+ 1.4+ 1.4+ .5% 4.2+ 3.4+ 2.94 0.64 0.5+ 0.4+ 0.5+
0.1a 0.1a 0.2a 0.1a .4a 0. 6a 0. 8a 0. 5a 0.1a 0.1a 0.1a 0.2a

1.2+ 1.5+ 1.2+ 1.3+ 1+ 1.7+ 2.1+ 2.0£ 0.7+ 0.8+ 0.6+ 0.7+

0.1A  0.1BC 0.1AB 0.1B .5A 0.3B 0.3B 0.3B 0.2A 0.2A 0. 1A 0. 1A

1.3+ 1.9+ 1.7+ 1.6+ 9+ 3.9+ 4.8+ 3.5+ 0.7+ 0.4+ 0.3+ 0.5+

(N) 0.1A 0.1A 0.3A 0.1A 0.8A 0.3A 0.7A 0.1A 0.1A 0.1A 0.1A
1

0

1

0

[S)

it R 5 U,
Nitrogen appli-

cation modes U,

© - o - o o No
IS
>

U,,+OF 1+ 1.7+ 1.3+ 1.4+ 7+ 1.5+ 2.3£ 1.8+ 1.0+ 1.0+ 0.5+ 0.8+
1A 0.1AB 0.1AB 0.1AB S5A 0.2B 0.3B 0.2B 0.2A 0.3A 0.1A 0.2A
CU;, B 1.2+ 1.1+ 1.1+ 5+ 2.0+ 2.6% 2.1+ 1.3+ 0.6% 0.5% 0.8%
1A 0.1C 0.1B 0.1B 4A 0.3B 0.4AB 0.2B 0.4 A 0.1A 0.1A 0.1A
R ns ns ns ns ns ns ns ns ns ns ns ns
N ns *k ns * ns *k ns * ns ns ns ns
RXN ns ns ns ns ns ns ns ns ns ns ns ns
#%; P<C0.01. T~ [F] The same below.
x5 TRABRBUOIEREREX TELENEXN~E
Table 5 Relative yield under different mixed sowing ratios and nitrogen application modes treatments
SNl Jipi R AR R iON Tt 48 2 FH X 7 o AR X 7 e B
Item Treat- Alfalfa relative yield (RY ) B. inermis relative yield (RY) Total relative yield (RYT)

ments  SE1FE N2FE 3% Py IR 2Rk E3FE PR 13 ot Wisd P
The The sec-  The Average  The The sec-  The Average  The The sec-  The Average

firstcut  ond cut third cut firstcut  ond cut  third cut firstcut  ond cut  third cut

RIEH ALS, 2.1+ 3.6=% 2.9+  2.9% 0.8+ 0.9+  0.6+% 0.8+ 1.2+ 1.7+ 1.3+ 1.4+
Mixed sow- 0. 2a 0. 5a 0. 6a 0. 3a 0. 1b 0.1b 0.1b 0.1b 0. 1la 0. 1la 0.2a 0.1la
ing ratios A.S 1.3+ 1.8+ 1.8+ 1.6+ 1.0+ 1.2+ 0.7+ 1.0+ 1.2+ 1.5+ 1.3+ 1.3+
(R) 0.2b 0.2b 0. 2ab 0.1b 0. lab 0. 2ab 0.1b 0.1b 0.1a 0.1a 0. la 0. 1la
A.S, 1.2+ 1.5+ 1.5+ 1.4+ 1.3+ 1.5+ 1.2+ 1.3+ 1.2+ 1.5+ 1.4+ 1.4+

0.1b 0.2b 0.3b 0.2b 0.2a 0.1a 0.1a 0.1la 0.1a 0.1la 0.2a 0.1a

ABK U, 1.6+ 1.9+ 1.8+ 1.8+ 0.9+ 1.3+ 0.9+ 1.1+ 1.2+ 1.5+ 1.2+ 1.3+
Nitrogen 0.2AB 0.2B 0.3AB 0.2B 0. 1A 0.2AB 0.1A 0. 1A 0.1A 0.1BC 0.1AB 0.1B
application - 1.7+ 3.3+ 3.0+ 2.7+ 1.1+ 0.9+ 0.7+ 0.9+ 1.3+ 1.9+ 1.7+ 1.6+
modes (N) 0.2A  0.7A  0.8A  0.5A  0.2A  0.1B  0.1A  0.1A  0.1A  0.1A  0.1A  0.1A

U,+OF 1.5+ 2.2+ 1.9+ 1.9+ 1.1+ 1.6+ 0.9+ 1.2+ 1.1+ 1.7+ 1.3+ 1.4+
0.4AB  0.4B 0.2AB  0.3B  0.1A  0.3A  0.1A  0.1A  0.1A 0.1AB 0.1AB 0.1AB
CU,, 1.3+ 1.8+ 1.6+ 1.6+ 1.1+ 1.0& 0.7+ 1.0+ 1.1+ 1.2+ 1.1+ 1.1+
0.2 0.3B  0.2B  0.2B  0.2A 0.2AB  0.1A  0.1A  0.1A  0.1C  0.1B  0.1B

R sk sokok * skoskosk * * skoskosk kokk ns ns ns ns

N ns Hk ns Hok ns ns ns ns ns Hok ns *

RXN ns ns ns ns ns ns ns ns ns ns ns ns
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Table 6 Comparison of economic benefits under different mixed sowing ratios and nitrogen application modes treatments

T H fib 7 ST FFHA NEAHZE A e A RN L
Item Treatments Total output Seed input Fertilizer input Labor input Net profit Input-output ratio
(CNY-hm %) (CNY+hm ?)  (CNY-hm ?)  (CNY-:hm ?) (CNY-hm %)
TRAE L i) ASy, 21199. 5+759. 8b 1600. 0 6059. 2 9722.3 3818.1734.6b 1.24-0. 04b
Mixed sow- A,S, 34928. 441970. 4a 1759.0 6059. 2 9722.3 17387.941990. 7a 2.0%0. 1a
ing ratios
(Rg) A,S, 32963. 64-1315. 3a 1865. 1 6059. 2 9722.3 15317. 0=1390. 8a 1.9740. 1a
A,S, 35575. 7+ 2467. 3a 1971. 1 6059. 2 9722.3 17823. 2--2477. 6a 2.0%+0. la
ALS, 31304. 94-1963. 7a 2130.2 6059. 2 9722.3 13393. 3421939. 0a 1.840. 1a
it A U, 29609. 242025. 3A 2331.4 5479. 2 9722.3 12542. 741997 6A 1.740. 1A
Nitrogenap= y 33286. 042257, 2A 2331.4 5941. 1 9722.3 15757. 622239, 2A 1.940. 1A
lication
P Uy, +OF  31369. 7+ 1950. 4A 2331. 4 5710. 1 9722. 3 14072. 3-1944. 6A 1.840. 1A
modes (N)
CU,, 30512. 84-2096. 4A 2331.4 7106. 4 9722.3 11819. 0=2074. 9A 1.640. 1A
R 3k sk — — — Kk kokok
N ns — — — ns ns
RXN ns — — — ns ns

— Rl R Y Bl B A £ A B SRR TC A W A ORI AT O 25 T B 25 R WA PEARIE o Seed, fertilizer and labor input were the

summary data of each treatment, and there was no biological repetition, so no analysis of variance and significant difference markers were performed.

M ARAF R i Y AR R W, ALS, ALS, A SN IR RS0 i W T O A IR ALS, (A S b FE
PR TR AL S A AT T AR R W T OO A g L X e A I B T R B [ R
1 5 3R AR A R ELIR K 5 0 7 AR R [ R E B A, L b R R SR T 1L U
RIBFEFEIL S A EAFAE B AR 38 HOR W . B b, GORME P B UR 1 AR 22 AT LA i 4 388 % )23 1 7K 43 1
Feort AR B b RO 1 5 AR A A A UV R R R R M R R R RS P AR R
ZRABIHR b W T IR R A S A, B e T IRAR R P SRR, I OORAE TR T SR B A AR 3 AT A PR
T R R, B T B (Elymus sibiricus) %45 B F 5 1 15 1R 3% 85 0 T %07 i, AR 1 86 00 W 5 4%
H5 HR 58 4 — B, I T B8 55 Rk 8 SRR (BRSPS AR AR PR IR I A B AR 2 R I R A G, HRRTE R
(02, AR I 505 1 7 S0 N 1 e O 14 48 22 BAA% 7 0 5 A TR A TP G 0 M 2 AR B 2 0 3 7 X1 I TR
B b B K 5 AR SR R T T OO AR A R X T 5Kk SR Y BB ST A A . 1R ROl AR LRI e
FETEAEF T R R T 1, M5 2 3N FI O 1448 22 52 A R/ T 1, T 1548 22 1 5 4 SR A 800 U 80 % 1 Jm 222 A
oo b Y LR DT A TR K FR Gkt b U TR R AR G HE B, AR 5T v TR R AL B A b Y AR P R Y >
1, 3¢ W TR 06 22 G0 3 40 ol [B) B A0S B0 1 0 9 b R R R T RRE 1A R . XS SIS RIS 4 R —
B, FE 4] DL R R A IR AR AR U T M SE SR RIS T AR B A S G R > 1k R AR A A
Fofr i) 5 4 oo by P 34 A G 1 48 22 AR K 3k 5 3K K RS AR 24 5 B8 AR R I R A S — B

Jit ) 2R P S S 0 A 4R O 7 0 T R Mt . AR T, AR P 4 R it B SR TR B B 25 R, X T RS
PRl SA 0 IX e K B g 20 9 A 25 Bk R K R A DR 2R BRI T VR o AT 3 4 A A AR e L DA D Tt
RE 38 P22 N o AR B 25 SR R B, U A B Y T 5 7= &l U+ OF \CUL B B 3 22 5% HAWFITIESE T A HL— il
JIEL P it T A T A A T R e O A L — AL T A B 5 A R R e A LA R AR R A BB B A
BLAE B, 7= 5 B2 T 2 B A 16 90 5 o RUN0 FH A8 A A 0 A HILAE 5 1350 40 AR AT o] LB SIE 7= o AR AR5 7
B/ 30 %% UIE P A LT B 28 Bk RUIEATY E 4 15 oK (Zea mays) PR iR e Y s GE B IR A 25 %6 Ab B £
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Fig. 6 Radar chart of forage main indexes under different treatments
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Table 7 Comprehensive evaluation results of different treatments

4k 7 mE K Vi 1 Y HErP Ak 7 ma K Vi Vi Y e
Treatments  Area Perimeter Rank Treatments Area Perimeter Rank
AS, U, 1.17 4.44 0.55 0.75 0.64 13 AS-U, 1.38 5.03 0.64  0.68 0.66 11
AS, Uy 1.30 4.50 0.61 0.81 0.70 8 AS-U 2.14 6.37 1.00  0.66 0.81 1
AS-U;,+OF  1.29 4.50 0.60 0.80 0.69 9 A,S,-U,+OF 1.43 5.79 0.67  0.54 0.60 14
AyS,-CU;, 1.23 4.39 0.57 0.80 0.68 10 A.S,-CUy, 1.50 6.31 0.70  0.47 0.58 15
A,S;-U, 1.40 4.66 0.65 0.81 0.73 6 AS-U, 1.43 4.60 0.67  0.85 0.75 4
A,S;-U 1.77 6.56 0.83 0.52 0.65 12 ASiUyg, 1.29 4.45 0.60  0.81 0.70 8
A,S;-U,,+OF  1.79 5.90 0.84 0.65 0.74 5 A S-Ug+OF 1.52 4.75 0.71  0.85 0.78 2
A,S,-CU;, 1.51 4.76 0.71 0.84 0.77 3 AS-CU;, 1.43 4.61 0.67  0.85 0.75 4
AS:-U, 1.49 4.94 0.70 0.77 0.73 6
A;S:-Uy 1.43 4.69 0.67 0.82 0.74 5
AS-Uy,,+OF  1.52 5.05 0.71 0.75 0.73 6
AS-CU;, 1.36 4.58 0.64 0.81 0.72 7

Vi HFPEfH Area evaluation value; V,: P {A Perimeter evaluation value; Y: ZE G 340 f Comprehensive evaluation value.
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