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Effects of different sowing rates of annual Medicago
Sscutellata and Avena sativa mixed sowing on grassland
productivity and nutritional value

GAO Weiwei'?, WANG Bin', SU Yuzhao'?, WANG Tengfei', ZHANG Yiyin', LAN Jian"

(1. College of Forestry and Grassland, Ningxia University, Yinchuan 750021, China;
2. Animal Husbandry and Veterinary Bureau of Huan County, Qingyang 745707, China)

Abstract To investigate the optimal seeding rates of annual Medicago scutellata and Avena sativa mixed sowing
suitable for the irrigation areas in Northwest China and their effects on grassland productivity and nutritional value,
a field trial was conducted in the Yellow River diversion irrigation area of Ningxia in 2024. A. sativa seeding rate
was fixed at 120. 0 kg/hm? and were mixed with six different seeding rates for annual M. scutellata (12.0, 18.0,
24.0, 30.0, 36.0 and 42. 0 kg/hm?, designated as IM,, IM,, IM;, IM,, IM; and IMg). Monoculture of annual M.

scutellata (SM, 30. 0 kg/hm?) and monoculture of A. sativa (SO, 180. 0 kg/hm?) served as controls. Grassland
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productivity, nutritional quality, and interspecific relationships were systematically determed through two
successive crop cycles of sowing and harvesting. The results indicated that: 1) Mixed cropping significantly
enhanced grassland productivity. Among all the treatments, IM, performed the best ,with the highest total dry
matter production (20. 93 t/hm?) across two harvests, representing a 24. 2% increase over A. sativa monoculture
and a 44. 7% rise in crude protein yield (2. 36 t/hm?). This treatment achieved land equivalency ratio of 1. 33,
and had 33% increase in land utilization efficiency. 2) While the IMg treatment had the highest crude protein
content and relative feeding value (25. 3% and 12. 6% higher than monoculture respectively), the IM, treatment
achieved a better balance between yield (20. 93 t/hm?) and quality ( 11. 48% crude protein content). In summary,
mixed sowting of 30. 0 kg/hm? of annual M. scutellata with 120. 0 kg/hm?* A. sativa can synergistically achieve
a high yield and superior quality while efficiently utilization land resources. This approach provides a theoretical
foundation and practical planting solution for establishing ecological agro-pastoral systems in arid irrigated areas.

Keywords mixed sowing of annual Medicago scutellata and Avena sativa; irrigation area; the proportion of
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Table 1 Analysis of variance of plant height, SPAD), leaf area index and land equivalent ratio under the interaction of crop

rotation stubble and treatments

o i SPAD
ant heig . + b
A= S s S s "t B Land e uifalent
Factor Jek AR W AR Leaf area index ) a
. Annual Medicago . Annual Medicago ratio
Avena sativa Avena sativa
scutellata scutellata
S 46.49™ 1.41™ 0.28™ 4.55" 193.49™ 6.36"
T 3.24" 4. 717 2.99 4.97 44.86™ 1.84™
SXT 0.64™ 0.52™ 0.85™ 1. 44" 11. 277 0.47™

WS HAER, T HALFE, SX T R S A FL Y38 AL o+, F s 53 J| F 7R 76 0. 05,0. 01 F1 0. 001 /K [ 25 5% | 35, ns Fon 6 o 3

25 TR

Note: S denotes crop rotation, T denotes treatment, and SX T denotes the interaction effect between stubble and treatment. *, ** and

*xk indicate significant differences at the 0. 05, 0.01 and 0. 001 levels, respectively, while ns indicates no significant difference.

The same below.
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SO indicates monoculture of A. sativa (180.0 kg/hm?®), SM indicates monoculture of annual M. scutellata (30.0 kg/hm?®), IM, to IM; represent
12.0, 18.0, 24.0, 30.0, 36.0 and 42.0 kg/hm” of annual M. scutellata mixed with A. sativa (120.0 kg/hm®) , respectively. The same letter in the
figure indicates that the difference is not significant(P=>0. 05), and different letters indicate a significant difference (P<<0. 05). The same below.
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Fig. 1 Plant height of A. sativa and annual M. scutellata under different treatments
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Fig. 2 SPAD values of A. sativa and annual M. scutellata under different treatments
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Fig. 3 Leaf area index under different treatments
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Fig. 4 Partial land equivalence ratio for different treatments of A. sativa and annual M. scutellata
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Fig. 5 Land equivalent ratio under different mixed sowing treatments
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Table 2 Analysis of variance for hay yield and crude protein yield under the interaction of crop rotation and treatments

TR &/ (1/hm®)
A& Hay yield HLZE H =8/ (kg/hm?)
Factor e — AR J=%a8 Crude protein yield
A. sativa Annual M. scutellata Total
S 9.66 22.69" 0.86™ 5.66°
T 0.49™ 86. 02" 18.56™ 15.69™
SXT 0. 04" 4.30" 2.22® 5.96™
®3 AEEXMLENTEMHEEASE
Table 3 Hay yield and crude protein yield of different crop rotation and treatments
TH 5/ (¢/hm?)
R 4k 3 Hay yield HLEE 17 &t/ (kg/hm”)
Crop rotation ~ Treatment M AR it Crude protein yield
A. sativa Annual M. scutellata Total
SO 8.63+0.25a 8.63+1.25b 810.48+117.74 ¢
SM — 5.02+0.30a 5.02£0.30 ¢ 717.874+42.26 ¢
M, 8.69+0.42 a 0.81+0.24 ¢ 9.5040. 40 ab 995.89442.30 b
1 ™, 8.79£0.67a 1.16+0.43 be 9.95+1.43 ab 1076.28+£155.17 ab
First crop 1M, 8.81+£0.78a 1.4840.59b 10.30+£1.71a 1118.41+186. 30 ab
M, 9.064+0.67 a 1.6640.33b 10.7240.89 a 1167.92+97.04 ab
M; 8.70£0.21a 1.68+0.18b 10.38+t1.72a 1155.12+£191. 35 ab
e 8.11+0.28 a 1.8340.19b 9.94+1.46 ab 1256.13+184.20 a
SO 7.9840.26 a — 7.98+0.32b 819.08432.35¢€
SM — 7.174+0.16 a 7.174+0.61b 1210.43+102. 36 ab
™, 7.75£0.17 a 1.414+0.09 ¢ 9.08+0.11a 954.344+11.03d
27 M, 7.92+0.21 a 1.6340. 15 be 9.53+0.25a 1036.12+27.49 cd
Second crop IM, 7.97+0.48 a 1.68+0.03 be 9.65+0.58 a 1092.05+66.19 be
™, 8.11£0.32a 1.76+0. 04 be 9.91£0.38a 1197.57+46. 28 ab
IM; 7.7440.55a 2.06+0.13 be 9.72+0.64 a 1240.13+81.94 a
M, 7.584+0.75a 2.27+0.12b 9.71+£0.85a 1241.924109.07 a
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F4 FERMLBEZEERATHRS HEEH EEaMPERRTEFTESN
Table 4 Variance analysis of crude ash, crude fat, crude protein and neutral detergent fiber under the interaction

between crop rotation and treatments

SN RLUR 53 ML i HLE A o i e 2T 4
Factor Coarse ash Crude fat Crude protein Neutral detergent fiber
S 19.06™ 454.44™ 18.29™ 2.92™
T 53.54™ 48.62" 38.10™ 9.64™
SXT 12.21™ 10.01™ 2.46 0. 28"

T, b IV A B R B B A 2 28 TR B e L5 L
28 0 AEFH 2 5 R AR Y R (P<<0.05), b B AR TEFEE 22 50 9 12.64% F112.79% (K 6(c)) .
35 S i PR VE IR AT 4E S B2 (P<<0.001), HHIE 6 7] Hh P A AT Y AR A A B, A PG B, — AR AR
N, MR PR oy o I, — AR AR B RS AR HLK T SRR AR, B — A AR RS R R s, H
Gyt iR o TEIRFE AL E b KL O AU B O I Ak B G b U TR AT A S RO 2 R AR 2B
i AR A R B B —AF A T R R A B g 1 TRERNG 25091 4 46. 39 % F144. 24 % (K 6(d)) .

Wy 0 5 W M B 1 i (P<<0. 001) , 78 U FiT Ak B Y

14.0 24
aa a
b i ¢ bc be ab ab
-~ ¢ abb _ 18 b b b b
g 5 d :
=) g €
S S
Q\\Q § 12
i o
4o 4o
0.6
0
SO SM IM, IM, IM, IM, IM, IM, SO SM IM, IM, IM, IM, IM, IM,
AbHH Treatment Kb FH Treatment
(a) #LJK 4> Crude ash (b) #LAEW; Crude fat
201 64
a a
a abab abc b b be
5 15} b _ 48 o b bed Thed 7bed ¢4
8 5
§ de cde cde ced ¢ é
S 10p Sy
= =
Kot s 4o
16
0 0
SO SM M, IM, IM; IM, IM; IM SO SM IM, IM, IM, IM, IM; IM,
AbFE Treatment {38 Treatment
(c) #1ZE H Crude protein (d) H PV £F 4k Neutral detergent fiber

[ ] #—# First crop I %5 —# Second crop
6 AEAEXMERXRS EERH HAEGMAEEEFENZ N

Fig. 6 Effects of different treatments on crude ash, crude fat, crude protein and neutral detergent fiber
2.6 —SEEHBERBENBERFFE EXE B (P<0.001) ; U T 3 5 w0 F6H ] 1A A AT

RME.BAEALFSMEANARRERN  XHER R (P<0.05), 4b B H A w5 2 3% (P<<
A 0.001) 5 FE U Ak P e 52 B AR FH 44 B (8 =5 52 ) s

H1 3% 5 Al 0, b PR 0 25 S R VR DR TR AR AR ATIH AR IR 20 (P<Z0.001) o AN [R] Ak B A 8 74 3% 4% £F
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PR N A+ A [ i i — A A 5 2 T R X e £ 5 RE AT SR A (B S 105

2 RE T ] WA LT I b 3% 0 R0 X ] IR TR
WE 7 BN, Rk Uk % 2F 4 5 A e 2 SR Ab B R
R, — A S R B/ O B — A A S R D
R AT 0 G v ML Ak T ) R R R AT A B R
FE 2 FE P AR, B L AE RS 2 3 A e
29.68% H126.94% (& 7Ca)) ., HH X ia M4 (4 L

A A IR 0 FAR X ] DR A A AR R S X R ) B
F LN ME AL B R A, — AR A B SRR A, O Bl
— A AT R Rl 0 T R, T Ak B A A X A
MR L S AT T A 3R 0 RRE X ] R B A 2 FE R 2
54

o, 2 4 4y Bk 137.72% . 64.80% Al

201.23% (K 7(b) (O FICd))
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Table 5 Analysis of variance of acid detergent fiber, relative feeding value, total digestible nutrient and relative

feeding quality under the interaction between crop rotation and treatments

A% W% P Uk W% 4 4 AF X 5] W A (L SAH AR o AR X ] M B A
Factor Acid detergent fiber Relative feeding value  Total digestible nutrient — Relative feeding quality
S 33.42™ 8.33" 92.53™ 8.33"
T 14.59™ 13.16™ 6.83"" 13.16™
SXT 1.09™ 0.18™ 6.83™ 0.18™
43 184
aa
bed pbed  be baP
36|20 2 T abc bed abed o 138 de 1,5 b-'p
g € b b decq 5 ce be
g d g
O 24 O 92
g g
AR} 46
07S0 SM IM, M, IM, IM, IM, IM, 0750 SM IM, IM, M, IM, IM, IM,
43 Treatment AbEE Treatment
(a) BRI VR 4T 4 Acid detergent fiber (b) FHXF1AIMEAH Relative feeding value
84 280 -
bedpbed b b2
., 63tded 210 e cd pcP%hb b
g 5 b be
g g ce
o] @)
= 42 = 140
] I
« 21 s 70
0 0750 SM M, IM, IM, IM, IM, IM,

SO SM IM, IM, IM, IM, IM, IM,
Ab# Treatment
(c) B A[YHLFR 4> Total digestible nutrient

AbFE Treatment
(d) #H*$ 15" 5 & Relative feeding quality

[ 1% —% Firstcrop [ 2% —# Second crop
E7 AEACEXERMERRTE ANEARNEZHELFS MBI EARRTENF N

Fig. 7 Effects of different treatments on acid detergent fiber, relative feeding value, total digestible nutrient and

relative feeding quality
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