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Effects of different inter—-row planting ratios of alfalfa and smooth brome on grass

production performance and soil physicochemical properties
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1. College of Forestry and Prataculture, Ningxia University, Yinchuan 750021, China; 2. Ningria Grassland and Animal
Husbandry Engineering Technology Research Center, Yinchuan 750021, China; 3. Key Laboratory for Model Innovation in Forage

Production Efficiency, Ministry of Agriculture and Rural Affairs, Yinchuan 750021, China

Abstract: To determine the optimal inter-row planting ratio of alfalfa (Medicago sativa) and smooth brome ( Bromus
inermis) for cultivation in the semi-arid region of Ningxia, a field study was conducted with single-crop alfalfa (CKy,)
and smooth brome (CK,;) as controls. The treatments consisted of five different inter-row planting ratios of M.
sativa (M) and B. inermis (B): 3:1 (M,B,), 2:1 (M,B,), 1:1 (M,B,), 1:2 (M,B,), and 1:3 (M,B,). The
agronomic traits and nutritional quality of both species and soil nutrient contents were measured and analyzed under
these different planting patterns. It was found that the 2: 1 inter-row planting ratio (M,B;) achieved the best
performance in terms of yield, quality, and soil nutrient accumulation. Compared with CKy, the M,B, treatment

increased the number of alfalfa branches by 18.36%. Compared with CK;, the M,B, treatment enhanced smooth
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brome plant height and leaf area by 22.40% and 37.03%, respectively. The mixed hay yield under M,B, reached
17.70 t-ha ', comparable to that of CKy. In terms of nutritional quality, the M,B,; treatment increased the crude
protein content by 33.83% and decreased the neutral detergent fiber content by 5.12% , compared with CK,,. Soil
analysis revealed that the M,B, treatment increased the soil organic matter content by 2.13% and 3. 90% compared
with that in CK,, and CK,, respectively, and the alkaline-hydrolyzable nitrogen content by 16.53% and 37.33%,
respectively. The results of a redundancy analysis indicated that mixed yield was positively correlated with soil
available potassium and alkali-hydrolyzable nitrogen contents. In conclusion, the 2: 1 inter-row planting ratio of
alfalfa and smooth brome in Ningxia optimized land resource utilization efficiency, productivity, and soil nutrient

accumulation.

Key words: Medicago sativa; Bromus inermis; inter-row planting; production performance; soil nutrients

RS ARABI ] AR S — Tl 5y 280100 ol A 3 gt 3 i ASE O AN BB 6% 1 2 02 P 3 Ml 19 A 7 g RVBCRE s 5T, i R X -
BRSBTS R G T RS R R . GRS AR AR AR A A AR FR R AR R 4 [ 25 4
RAERETN, FEMRARESCSE XA R T SRS B #ER Y AR, CRHEY B
R AR WAL AR BE R RO 1 5 b K A3 RN R, R EUE AT S AR AR B W 4 A A A b i) R A b x &
JIES 8 A0 361, [ i R AL A 420 1) AR 2R D0 A B T Bl 3 - B A, 1 0 - 1 BROK BRAE RE 0, 3 Bk B AN E R {45 18] 1F
Al Y PO P R T G R IR R G AT 0 RGP ROR o B BB Rl LU 491 T A 0 S el ] SE L DA
T4 R B AR 7 T o M fE (Medicago sativa) 5 W % (Dactylis glomerata) P 1: 1'% | 5 & 8 3 0% 5 (Elymus
nutans) VA 3: 77 5K F (Agropyron cristatum) LA 5: 5" 41 5 R (Onobrychis viciaefolia) Lk 3: 7 IR AF I, F b AR AL
AE 52 0 w0 A MR AR L I RE DR RE 800 R ORI R R AE VB M X, 35 R Y TR R H 6 B T R (Avena
sativa) 5 §i & P 5. (Vicia sativa) 501 77 50 58 5 BEELOES S BbAh A GO SR HE — 2B R SE T SRS R AR ]
VER AR AR AT o BN, B oK (Zea mays) /B A& BIAE (MLA, MA ) 48 5 AR A BCES R EH R TH T +
M A Y 2R T GE R B Y R AR S ORI IE P b R B, 5 4R SR
BARRAA L, fn I AHEEE - SR AR B AE Dy 20 1 ] 3 R e ) T e S SR AR A T R s HL S ) e SRR A LL ) Al
B R 3 VIR AR S 0] 2 A0 R e 22 25 bk o A Tl P G R AT ROk — B A YRR ST A SR R
(] 45 R [ AT 500 %8 6 75 I oK (e v Z50HL v B i 5 o T BUR R B AT

SACE A BOPR e 2 7, B TR R R PO A R R, 7 R A h 0 A 4R AR AL EE AR
M F 2~3 hm® K 5 (Glycine max) B HEM 8 A i, OF H B A B A o B B IESEThRL . 154 % (Bromus inermis)
FUA G B R B R KRR AL R—ARAR BRI R 2 AR /O A AT R A A AR
ZARH, —Ir L ARABHEY) (A1 TC 154 22 ) YA R 53 WA R 65 £ i S RHAE ) (G 5 48 8 4 ) AR T 1 T /PR 5
oy — 7 0, GRS RARFPHE Y A AL 43 Ak 7E B A A ) E S K Ay 3R 4 AF R R A ORI S M X
ZAE A W RIR B W 9T, 2 4 TP E B 8 & (Elymus sibiricus) VR AEE T8 VKR | TE BB B 2E B (Leymus
chinensis)'"* LA B £1. 15 R 55 O () [ AT R 4% 5 IRV D 8T o T 76 77 B0 T 5 b DA X SR AR TR 5 JE e AR A R L
B (R PF 55 AR X /0 AT O F 9 A B 0 S8 A0 1 5 T 2 48 22 R T) LU BT A 75 I O R i e e AR Y 5
M AT VEME AR R AT E T R X AR A 0T A A AN [ [RIA AL L9 %) R A M R - SR AL
PE Y 52 W J B A7 AE 35 22 5 73X — ()l 19 4 1 ik 1 S RE 5 AR AR ] VAR A 4 T b 2B 77 A o o LA B
S B A SR 3 1 R Y e T N T = R 1D R P A S (e b v w2 L1 B B 4 1 SR IS DO Sl WS 8
ZRAE T WAL R LG A 0 AN TS R . DRt AR BIE 5 1B A 38 3 X LU AS [R] ) A7 FibE LU 9] B S5 AR B A S R R 2
PR B TR BT LA K A SR 03 1 A2 Ak 48 s HOGS Bl A= 7 M BE R g PR R RS2 g AL R L DU T B T R
DA R RS B A T A R A AR N LR R I HOR S



5 35 55 5 ]

wlk2E 4 2026 4 115

1 MR57HE
1.1 BB

N L VA s = B T = BN P R LS LT
TR I, R4 107°17 7, d04h 37°47 " J& T L AR A
KBl P 2 U, 4P B R 8. 0 °CL, =0 “CRY 4R BUR
3430.3 °C, L FE M 160 d &£ 47, A P& 7K i 289. 3 mm /2
A AEZE R 2141, 8 mm, iR K b+ 4 32 O BEAR A+
+ 4 pH K 8. 66, A7 ML 12.9 g-kg ', =& 0.75 g~
kg ', &85 0.5 g-kg ', & # 16.97 g-kg ', B fif A
19.80 mg-kg ', BB 7. 62 mg-kg ', HALH 112. 21
mg-kg ' EME A R AT
1.2 X%t

I T 2023 4F 5 H 2 2025 4F 10 H #6417, L% 48
8 Bk (CK ) MJC 2 48 22 Bl (CK,) X IR, 5648
HAE R TS A E N L o I A R AR
A TR, R AR AT 30 em, B E 101
(M,B,) .3:1(M,;B,) .1: 2(M,B,) .2: 1(M,B,) .1: 3
(M, B,) 5[] £ Lt 451, 18]/ 45 2 = SR F & X< [ AE 1
], AR 15 kg-hm 7, R Mt 7 S Ak B,
BAALE 3 EE 21 AN X, NX T 28 m?
(4mX7m), it 1 m. A5 R #E 1 Jr KT
VEWE , 20 AR AR T B B N B S R L GRS e AE —
YR MR 2o 8 R it A, 30 300 1) S 0N T R R 2
1.3 M EI|ARE T &
1.3.1 RIS AR & PR BN B AL
ik 10 MR S AL E A8 L TC 154 22 ZE W0 A8 0 A RO &5t
AR DA M T 55 I QB AR T T i 1 4 % = B . 2R G
W 10 R E S SE AT 25040 B R KUT S 4 B AR T 4L 3
B (R =2k T/ T E) . KR R
o BER B/ X R AL DK BE 5276 1 7 01 A 4%
10 Bk AR R RO 2 S AL B A8 — Hor A e & —
PP EER) HAR PGS AE B 1 N 2R Kl 19 4 Bk
FNTC P48 A2 PRI 3 BE T Kt R AR B, TR
NI PN I ML 35 BBC2E A 1 A RN G 1 4 A2 ] — FE AL i R
% 10, g o A A Il S 00 =, R A i AR

1 FiE&RK
Fig. 1 Planting pattern
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Table 1 Effects of different inter-row planting ratios on agronomic traits of M. sativa and B. inermis

i s b K i S HOB RS B 0t T
Species  Treatment Plant height Stem diameter Leaf area Branch/tiller Stem-leaf ratio Hay yield
(cm) (mm) (mm*) number (t-hm %)

EYASE M,B, 92.78+£1.08bc 3.56=£0.17a 318.11£11.97ab 210.00£7.93a 1.71£0.07ab  11.87+£0. 45¢

M. sativa M,B, 87.4641.79d 3.19+0.12a 311.30£10. 20b 189.80+5. 84ab 1.7540.05ab  14.4940.72b

M,B, 94.74+1.04ab 3.41£0.12a 244.93+11. 64c 201.90=£6. 95ab 1.67+£0. 06ab 9.64£0.64d

M,B, 87.8941.57d 3.34+0. 14a 237.09+11.72¢c 181.80+7.62b 1.5940. 04b 15.1940. 86b

M,B, 89.46+1. 25cd 3.37£0.12a 246.71£10. 74c 210.30£8.77a 1.5740.06b 7.38+£0. 31e

CKy 98.21+1.10a 3.37+0.12a 346.96+£11.27a 153.60+6. 12¢ 1.834+0.07a 17.87+0.93a

TCis A M,B, 108.86+1. 33a 2.46+0.09a 2068.86+109. 87a 269.08=£15. 76¢ 0.98=£0. 08¢ 4.07£0. 20d

B. inermis M,B, 102. 56+1. 59b 2.61+0.13a 2229.82+101.63a 286.42+21. 23bc 0.96+0.07c 1.97+0. 12¢

M,B, 108.11+1.03a 2.54+0.10a 1582.82+£60. 10b 283.92£15. 37bc 1.34+0. 15ab 7.03£0.41c

M,B, 107.36+1. 33a 2.52+0.10a 1689.89+104. 57b 255.58=£11. 27¢ 1.524+0. 15a 2.51£0. 14e

M,B, 107.78+1.51a 2.54+0.11a 1437. 1174, 77bc 327.67+16.86ab 1.51+0.11a 8.51£0.43b

CK, 87.7141.40c 2.61+0.12a 1233.21£59. 19¢ 343.75+10. 75a 1.14+0.07bc 9.70£0.43a

M: 8 ETE M. sativa; B: L1484 B. inermis; CKy: 4K LWL E T M. sativa monoculture; CKy: MHE 1484 B, inermis monoculture. N [F] /)N
B R R AN AL B 22 5 8 2% (P<<0.05) . R[], Different lowercase letters indicate significant differences among different treatments (P<<0. 05).

The same below.
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Fig.2 Mixed hay yield and crude protein yield under different inter-row planting ratios of M. sativa and B. inermis
AN /NS B 2 s AN W) 4k B ] 25 57 8 3% (P<<0.05) . FIA] . Different lowercase letters indicate significant differences among treatments (P<Z0.05).

The same below.
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R )4 B 310 6 450 50 785 % i IO 14 5% Tl ik 3 (P<<0. 05,36 2) o Hovb MRS R HLER 11 & 1o 10. 73%6~16. 21%,
AN TR ()5 AR LE ) T B3R 5 B oL 1 (CP) & 4 12 25 i T CK,(P<<0. 05) , B 12 2 iK T CK,(P<C0. 05) o A A
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44.32% ,Horp  MB AR BE R B BR VEVE IR AR 4 S R 5 MB, M,B, M, B, 2 F AR B3 (P>0.05) , 14 M,B, \M,B, &b
PR B R eV AT 4 5 i 0 35 = T MLB AR B (P<T0. 05) o AN [R)FP A EL 81 T TR A B30 19 AR XA IR B (RF V) Hp
CKyAb B 5, oM 97. 29, M B, e, 4 77. 9053 M, B, \M,B, Fl M., B, &b B 1] (1% AH X £ WA 1 22 7R 8. 3% (P=>0. 05) ,
{H¥5 8 25 5 F M, B, ML B, b B3R f) AR 64 A (B (P<<0. 05) .
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Table 2 Forage nutritional quality under different inter—-row planting ratios of M. sativa and B. inermis
Ak 7 HEA oI Y U T 4 PR P 1k A 21 4 X ] MR A
Treatment  Crude protein (CP, %) Neutral detergent fiber (NDF, %) Acid detergent fiber (ADF, %)  Relative feeding value (RFV)

M, B, 14.7340. 21b 63.37+1. 14b 42.7340.44b 83.78+1.55b
M,B, 13.8440. 13c 60.404=0. 33¢c 44.327%0. 32a 84.45+0. 80b
M,B, 12.2740. 16d 66.18+£0. 38a 43.9640. 32a 77.90=£0. 80c
M,B, 14.36+0. 12b 62.4040.58b 43.97+0.42a 82.69=+1.23b
M,B, 11.684-0. 13e 67.01+0. 35a 43.5140. 25ab 78.75+0. 76¢
CKy 16.214-0. 18a 55.2340. 62d 40.22£0. 46¢ 97.29+1.8la
CK, 10.7340. 25f 65.77+0.22a 39.11£0. 32d 82.61£0.48b
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Fig. 4 Soil nutrient content under different inter-row planting ratios of M. sativa and B. inermis
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Fig.5 Relationship between agronomic trait indicators and soil physico-chemical properties of M. sativa and B. inermis
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Fig. 6 Redundancy analysis (RDA) of forage yield, crude
protein yield (CPY) , land equivalent ratio (LER) and soil
nutrient content of different inter-row planting ratios
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Table 3 Eigenvalues and cumulative contributions rate of indicators under different inter-row planting ratios
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