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W, “FHE1BS + RERBAESFZFHERS, 2005-00° + R ERFAT AL, Hibhd 6 PR FIK, 54
SMLERER, 2005-00°F L E3EAFH 13 5 R L LB ELSRNES, TH—FRARAETESERRRE LA .
EEF: BHALK; —FAME; AR RS 2RSS BFKE; BEER

XEAFRIREE: A XEHS: 1001-0629(2023)07-1875-13

Comprehensive benefit evaluation of monocropping and mixed
cropping of different forages in the alpine region

LI Caidi, ZHANG Chunping, YU Yang, LIU Yuzhen, YANG Zengzeng, FENG Bin,
ZHANG Xiaofang, ZHANG Xue, YANG Xiaoxia, DONG Quanmin
(Qinghai Provincial Key Laboratory of Adaptive Management on Alpine Grassland, Key Laboratory of Alpine Grassland
Ecosystem in the Three-River-Source (Qinghai University), Ministry of Education, Qinghai Academy of Animal
Science and Veterinary Medicine, Qinghai University, Xining 810016, Qinghai, China)
Abstract: This study aimed to explore the annual forage crops and planting patterns suitable for alpine pastoral regions in
Qinghai. In this study, different varieties of broad bean (Vicia faba) and rapeseed (Brassica napus) were sown in
monocropping and mixed with oats (Avena sativa). Plot experiments were conducted at Qinghai Bakatai Farm in 2020 to

measure the production performance, nutritional quality, economic benefits, and soil nutrients of each treatment, and evaluate
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the comprehensive benefit. The hay yields of the tested treatments were found to range from 1 378.56 to 2 792.94 g~m72.
Mixed cropping with oats increased hay yield, with the highest yields of 2 836.46 g~mf2 and 2 668.79 g~mf2 for the
treatments of ‘Huayouza 62’ + oat and ‘Siyou 2’ + oat, respectively. The crude protein content of ‘Qinghai 13’ (20.13%) and
2005-00” (18.34%) were significantly higher than that of other treatments (P < 0.05). Mixed cropping with oat decreased the
crude protein and crude ash but increased the neutral detergent fiber, with no significant effect on crude fat and relative
forage value (P > 0.05). Soils in the 0— 20 cm layer with broad bean monocropping had higher total N, total P, nitrate N,
ammonium N, and available P than soils with rapeseed monocropping. Although soils in the 0— 20 cm layer with the
rapeseed-oat mixtures had higher total N, total P, nitrate N, ammonium N, and available P than soils with rapeseed
monocropping, these values were still lower than those of monocropping of broad bean. The values of net economic benefits
were highest after ‘Qinghai 13’ + oat treatment and lowest after ‘Huayouza 62’ treatment. The multivariate data evaluation
showed that <2005-00" monocropping and ‘Qinghai 13’ monocropping performed excellently in the alpine region of Qinghai

and could be further tested for promotion and utilization.

Keywords: alpine areas; annual forage; production performance; nutritional quality; soil nutrients; economic benefit;

comprehensive evaluation

Corresponding author: DONG Quanmin E-mail: gmdong@qhu.edu.cn

M R A BRVE N A R I IR R T
—, 2 BT AR 20% Y, B EERAS. E
PR AR TE SR T RE, TE AR R & PO Kk R B Bk 16 R
S5 T R AT B AR RIE Y. R 2 S E
AN TG B E KRR, SEREHAES RS H
iy T 1 i 2 5K SR ALR e B 2 40% [ £ 1
PR TR B, 5 AT I 90% i 55 £ 20 38 10,
5 A 29 1.28 12 hm” & FE B M, Mk T 3R
K] 6 S R B 0l 2 e D L4
K, TEUIGE G N DB s 3 K% AN E s 5 48k
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AR AR -18.7 Co I E/KE 250~450 mm, = %
EHETH—10 H, S&FERKER 75% UL E; 45
AR LN 1400 mm. F H %2 670.4~3 036 h;
SEF X JY 2.0 mes o BRI b 4 S R R AT 1
1.2 RIEs R

PE A B IE S A, I 13 5| S, 2005-00
ECRC AN T EE A B i N o (3 W S Uk
i, <Al % 620 32 5 AV 2 5l 3% B AR ROk
KFfAL,
1.3 HARGE
1.3.1 W5

W E 4 D PFELAHE: FF 135 515F (V).
2005-00" HL & (Vo) B 2% 62° 5 36 (B))- < 1 i
25 B (By)s 4 MR g 13 5 + MR
& (VA 2005-00" + #EZZIRFE (VA,)- IR 627 +
He VR AF (BA)) Tl 2 5 + MFIRIE (BA,). 3%
8 ANALER (% 1), AL FE A 3R, K EE A FEAL
X 2083, 3t 24 A/NX; MK AR 5000 m” (250 m
20 m), #%/NIX (Al [A] #E 2 mo SR #08% O 30T 2020 4E
5 H AR IR, $B R R TR A HLAE . B R e RN R
=, A HUAE . B IR — B RN IR 2 it B &= 4y B A 375,
150. 75 kg-hm *. 7§ {1438 i R 2% 75 kg'hm ~ 4hFE 6
o e S S5 LAt FH ) A e
1.3.2 BFAMLIN . B R AR KR AR E

T 2020 4 9 H 10 H 347 BF 40 W J £ 5K
B, FNPNXBENE 3N Tmx 1 mFET7H T
E R R, S LM EAYE . AR E
9 ANRETT, it 72 NRETT . T E SRR RE TS

rh R AL 15 R e B AR SR H B AR N A
JEE 1R D 6 B0, B S R A T v R ] R 5% e T X
FE X B RE Al 7] 8258 %, J64E 105 °C R AT 30 min,
BiJEAE 70 C FHTEEE, W E K57 & (hay
yield)o KBt 5 R 5ok B T35 3% o 5t i g
43 3 I 52 A & A (crude protein, CP). ¥ g i (crude
fat, CF)s ¥ 7K 43 (crude ash, CA). & P ¥t i 45 4% (acid
detergent fiber, ADF). 74 ¥ ¥ £F 4E (neutral detergent
fiber, DNF). CP & &% H Ul K€ &%l 2 ; CF & &
K H} ANKOM XT15i 5! 4= 5 3h i iy 43 #7452
CA &8 K1 K ALVE D 7€ ;» ADF 1 NDF & &R e
PR 5 V25 5

fE B IRXE 5 AT B4R 3.5 om [ R LR
40— 10, 10—20, 20— 30 cm + )2+, ZFEH AN
3EVR G RN LAFEM, AN 9N LR, St
216 b LFERETRE /K H S W, — 0
it A F T 4 7 % (ammonium nitrogen, AN). i &5 &
(nitrate nitrogen, NN) Bl &, 55— B B, i
i F T+ 345 ML i (soil organic matter, SOM). 4= &
(total nitrogen, TN). 4= (total phosphorus, TP). i# 2L
15 (available phosphorus, AP) [l 2 . M LS Rt
A AL A AT O

14 BIBHIT S

AH X4 FH A B (relative feeding value, RFV) K
/N /N Vi gl =

RFV =(DMIxDDM)/1.29;

DMI =120/NDF;

DDM =88.9-0.779 X ADF .

=1 REAE

Table 1 Experimental treatment

At A e AR
Sowing treatment Sowing combination Code Sowing rate/(kg-hm )
G135 &5 Vicia faba ‘Qinghai 13’ v, 225
b 48 2005-00"% 5. Vicia fuba *2005-00° v, 150
Monocropping <431 762" }iH13% Brassica napus ‘Huayouza 62’ B, 45
Y25 IMSE Brassica napus Siyou 2 B, 45
G135 T + M Vicia faba ‘Qinghai 13° + Avena sativa VA, 112.5 + 300
RE 2005-00°ZE 5. + #eZZ Vicia faba <2005-00° + Avena sativa VA, 75.0 + 300
Mixed cropping <ty J62°JHi3E + #3 Brassica napus ‘Huayouza 62° + Avena sativa BA, 22.5+300
TRIM25 WM EE + #EFE Brassica napus *Siyou 2’ + Avena sativa BA, 22.5+300
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A W : DMI (dry matter intake, %) N T ¥ i X & &,
DDM (digestible dry matter, %) N 7] V4L T #J5

HET A = RATHRGE — A

K M1 Excel 2019 # P %045, R R 4.0.2 247 %
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way ANOVA), DL KA [F AL 3R A [\ 4 2 3358 5
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PRSI A4Sy 5 V) Vo Bys By HEE, VAL VA,
BA|. BA, HEHE A S BIFK T 57.5%. 60.5%. 42.2%
H135.0%, BRIEVEERLAHEREAL T 14.3%. 3.50%. 8.58%
H16.67%, FH K 43 FEAK T 20.61%- 19.01%. 5.34% F
49.14%, TYEYRR A 48R T 3.0%. 5.1%- 11.8% Fl
8.2%, b B, kb FE 5 BA, Ab BE 2 8] g W5 . HH 2K
I BRMEVR IR AL R E %R (P> 0.05). RIGLH
L, VA VAW BEHED S 2R E S T
BA, 1 BA, (P <0.05), fHE A& EXNEF N VA, >
VA, > BA, > BA,; % VR #% &b P [A]FH g 197 . B2 Mk vk
2F 2 F1 Hp I R Uk A 4 AR O i AN R R R

3 #.5% Monocropping =3 ¥4 Mixed cropping

4000 160 110
*
) 3500 | . o £ 150 . @ % 105 ok ok
£ 3000 | 2 S 140 | ab 100 L, a |
Es boob = 2} b 2 o5 [P g
G3 250 ¢ 2 ¢, beb e N
T2 2000 |oalf] 2 ! 2120 - m 0
T 1500 b 2 1o + g5 |
[ g A N S N Y S | 0T 1 1 0L 1 1

V,VA, V,VA, B,BA, B,BA,
AbPE Treatment

V,VA, V,VA, B,BA, B, BA,
AbFE Treatment

V,VA, V,VA, B,BA, B, BA,
AbFE Treatment

1 AEIAESERRBLETRHEE TR
Figure 1 Changes in forage production performance in different mono- and mixed cropping forage
Viv VAL Voo VAy. By BA| A% 1. ARVNG FRERRE—FE 7 0N AR BRI 25 2.3 (P<0.05). * R ) J 30K Ak 5 IR A A 22 7 3%

(P<0.05) FIHE 23 (P<0.01). TEIR.

Vi, VA, V,, VA,, B;, BA,, B,, and BA, are present in Table 1. Different lowercase letters indicate significant differences among different treatments in

the same planting pattern at 0.05 level; * and ** indicate significant differences between the monocropping and mixed cropping at the 0.05 and 0.01 levels,

respectively. This is applicable for the following figures as well.
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3 #.5% Monocropping 3 4% Mixed cropping
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Kb F Treatment
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Kb Treatment

V,VA, V,VA, B,BA, B,BA,
Kb Treatment

2 FTEHERMERLERLETRAEERMRENK

Figure 2 Changes in forage nutritional quality in different mono- and mixed cropping forage
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TR P<0.05; BIEERE: P<0.05; TR < B3R P<0.05

Planting pattern: P < 0.05; Soil depth: P < 0.05; Planting pattern x soil depth: P <0.05 3 #i5% Monocropping
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E3 TREAERMERELRBLELREGNR. 25, £2HSE

Figure 3 Soil organic matter, total nitrogen, and total phosphorus content in different mono- and mixed cropping forage
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10 0-10 cm 10
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Planting pattern: P < 0.05; Soil depth: P < 0.05; Planting pattern x soil depth: P <0.05 3 #.4% Monocropping
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Figure 5 Ranking of the importance of soil nutrients to the relative forage value (RFV) of mono- and mixed cropping forage
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