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Evaluation and Screening of Maize Varieties for Intercropping With Alfalfa
in the Hexi Irrigation Region
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YIN Li-nan', WANG Ling-na', CAO Wen-xia"
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Province 730070, China; 2. College of Forestry, Gansu Agricultural University, Lanzhou, Gansu Province 730070, China)

Abstract: To optimize the alfalfa-maize intercropping system in the Hexi Irrigation District and identify the suit-
able maize cultivars, 10 maize (Zea mays L.. ) cultivars were used to compare their agronomic traits, yield per-
formance, and nutritional quality under sole-cropping and intercropping conditions. Structural equation model-
ing and a multi-criteria decision-making model were further employed for integrated analysis. The results
showed that cultivar, cropping pattern, and their interaction had highly significant effects on plant height, stem
diameter, effective plant density, fresh weight per plant, and dry matter yield (P<Z0.01). Under intercrop-
ping, ‘Jinzhangye 1706 had the highest dry matter yield (27.12 t-hm™?). ‘Tunyu 168’ had the highest ear
fresh weight (522. 33 g), and its fresh weight per plant reached 1. 32 kg. ‘Ganyu 23’ had the highest number
of green leaves and the highest crude protein (CP) content (10.77%). Structural equation modeling indicated
that the pathways by which agronomic traits affected dry matter yield and relative feed value (RFV) differed
between planting patterns. Based on the multi-criteria decision-making results, cultivar selection for the inter-
cropping system should comprehensively consider agronomic traits, yield and nutritional quality. Among the
tested cultivars, ‘Ganyu 23’ ‘Jinzhangye 1706’ and ‘Tunyu 168 can be selected as optimal cultivars for the
alfalfa/maize intercropping system in this region.
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T 56 b 457 F H R 2 Ek T SR B (37°47'53"N,
102°53'35"E) , 2% X Sl 407 9] P8 76 JiR AR B, J LR TRy
KB T R AR X MR 1604, 21 m, 4 F 3 SR
9. 7°C AR KR 170, 3 mm, 4E78 &7 1994. 3 mm,
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Table 1 The maize varieties tested
%> Z A B AL il Rl £ PR
Number  Tested varieties Breeding institutions Variety characteristics Suitable areas
M1 BE 510 %5 HN B Aol B AT R R BRAY B, D22 AR R LA EAR X
Longdan No.10 Gansu Longyu Seed Industry Technology Co., S5 Rk kTR
Ltd.
M2 [ 521 FOR Bl R R A PR A ) RN P2, BT 22 BT HON A g K X
Boao 521 Gansu Boao Agricultural Development Co., Ltd.
M3 HARFEETS TN LA Bl BB 6y A BR2S W PREL: B BUEMR 3 AT HOR TR B
Wugufengzhu NO.1 Gansu Wugu Seed Industry Co., Ltd.
M4 il 168 Je st BRI A R T W) BRAR R ORI R TN A s oK X
Tunyu 168 Beijing Tunyu Seed Industry Co., Ltd. ST AT A
M5 H %23 H R Al A BR 2 PRASEEE  BULL I RIS, T A T 0 A A B
Ganyu 32 Gansu Seed Industry Co., Ltd. T FF 1 AR IX
M6 %E 22 HO AL A R W B R HURE I K B PILFEERKX
Yuyu 22 Gansu Seed Industry Co., Ltd. eSS el
M7 kA 1706 A SR AR CR DA BR A BRALE R 22 UM BB G TN T RS X
Jinzhangye 1706 Gansu Jinzhangye Seed Industry (Group) Co., A
Ltd.
M8 JeE 1225 SOOI e R ANA PR W PRAS G DU B L 2 TN A I R
Xianyu 1225 Dunhuang Seed Industry Pioneer Seed Co., Ltd. EEEE Tl i IX.
M9 iR R1831 rh R E R AP BR 2 F BRI B P 22 A FidbE AKX
Dika R1831 Zhongzhong International Seed Co., Ltd.
M10 K 260 HEN A SR A 2 R BE 5 A7 BR 2 ) BRALN R ORI Rl HON A P IR R IX
Dunyu 260 Dunhuang Seed Industry Group Co., Ltd., Gansu

Province

s R 44 #1022, 5kg-hm %, 471 15 em,
W 5E 120 em, JiS A0 it 8% iR i 250 kg-hm %, & A A0
(N-P-K,15-15-15)350 kg-hm 2, 2023 4F 4= 4F XI] |
27,5 F 7 H 20 H A9 H 10 H #2024 443 51
F5H10H .6 H20H .8 H 10 H .9 H 20 H X &,
4,

Tk T 20254F 4 A 17 H FioRE , >R 7 IR 8
R FP T35 R B LR R 3~4 em, &
K A B (N+P,0,+K,0=45%) 350 kg-hm 2, #
MR 4% (N+P,0,=>64%)250 kg-hm >4 3L A0 , 4%
FRAG Y 200, 45 BB B 40 (276 kg-hm ) 3B
BRI 7 . A itk T A BE R — 8% 375 kg-hm %,
WEOK K@ A 15 dVEME — Wk, A B HE Y
KH,

1.4 RE¥FH*E

1.4.1 Rz kg HEFICREN DA
KR B B (Effective plant density, EPD) , 1 24 4]
(91 13 HOBAS i F T £ /N X BE AL L B 10 Bk £ oK
(% Bk 31 A7) M %E Bk % (Plant height, PH) | 25 #l
(Stem diameter, SD) | £ It #( (Green leal number,
GLND #l & % w6 Ml 5 B {7 1 1 L (Ear leaf area,
ELA)M,

1.4.2 % #&/NXXE %R Z IR A1 10
R K BEAT X R HORE | B 8 B 10 em, FREE I 10 ok
T & 7 (Fresh ear weight, FEW ) Fl B #k ff # (Fresh
weight per plant, FWPP) J5 105°CHEH & 7 30 min,
65°C 4t 1 % {6 & , fx &= I 1B T 9 i 5~ & (Dry
matter yield, DMY) .

1.4.3 E2REZTRZBHA A/DXBEHL D 5 B3 BRIL
RIGVIWEIF 4%, T 105°CHEAE A4 5 30 min, 65°CHE T
2 H Ry % )5 o 40 H 7% (0. 425 mm) |, il 15 5ok &
o BLARFEAR S J5 vk an s o ML [ (Crude pro-
tein, CP) & &t - R I HL G € &L . MBI (Ether
extract, EE) & i : 5K FH FOSS Soxtec™ 8000 fi 8t 4=
3 2R ECHE I $2 B0 sz . MK 43 CAsh) f 2 R
FH A IR AR 2 00 5 = o M Ok U 41 4 (Neutral deter-
gent fiber, NDF) F1 [ig 1 1 % 4T 4 (Acid detergent
fiber, ADF) & & 3R J J& Ji 49 0 IR 2T 4k vk e
I A X R PR (B (Relative feed value, REV)'#,

+¥ )5 74 AL # (Digestible dry matte, DDM)=
88.9—0.779X ADF %
T 9y i K & & (Dry matter intake, DM =120/
NDF %
A X £ M A B (RF V)= (DMI X DMD) /1. 29

1.4.4 ¥ 4%t 5 4 4 R JH Microsoft Excel
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Smirnov) 5 J7 2% 5% ¥ (Levene) ¥ 55 , 3£+ 24 X 1% i1
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22 43 A LAAG: 30 ol AELASE 2 L i B ELAE RO L R
/N 2 vk (LSDO AT MME 2 & i, 35 1k
KB 5E S P<<0. 05, #) . 3% o P<<0.01. R R
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K FH A o A % AR 3R SR AE AR & (8] Y B S AR AL
N IF 45 A A 0 B 4R bR X BT AT IR . R AT R
4.5.2(R Development Core Team) dplyr %4 #i& €1 i
TR AE 0 & VR R AR AL, 7R MRl A 2
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2 ER5H5H

2.1 AEMEEXTERRMREEREERRHR

AN TR) oK A R R AR S & L EOARE X PH,
SD,EPD,FWPP fil DMY 7= A= # i 3 52 il (P<<
0.0, b Ff 5 Fp AR AL X ELA 1 FEW 19 52 i) 4

3 (P<<0. 0D fH =35 HEAEXT ELA fil FEW ¥R
%, fhRh K T T AR GLN ¥ W B %
(P<<0.01)(F2),

BAEF, PH A 269.00~333. 50 cm, Hi ¢ 4
SRR 1706 1 3 = T B K 1687 FilC K 2607 LA
PO T R T SO B O i
(30.89 mm) . P 105 HAFER 1S M6
E 168" Mgkt B2 , KT 114 % '. ELA
£ fE 650~700 cm®, {H * 18 B 5217 ‘3l K R1831°
i F 0t 78 Bl , B A 485.26 cm® A1 493.39 cm?,
FEW f @& 19 & 1 E 168 [ 81 10 5 7, 4» 9 4%
‘3R R18317 4235 T 44.69% F142.29% ., FWPP
PLCRARER 1S f 0 & 168 e i, 20 51~ 1. 40
1,32 kg-#k (£ 3D,

LT ,PH L SE E 12257 5 55 (309. 20 cm)
R 521 £ AR (246. 20 em) . SDABLL LA F07 1
5 R (25,03 mm) o H E 237 E 2607 GLN
O 907 JE AR — FTER (1171 F110.83 4+ kD) .
ELA £/ T 510~625 cm?,{H “ i 4 R1831° il < 1 B8
521" f ik (496. 81 F1461. 52 em®) . FEW & & () 2
CHL R 1687 (495.67 @), Hk g2 H K 237 (397.67
g) . E 168" By FWPP & 5 (1.29 kg) , ‘i &
R1831" i (0. 55 kg, % 3D

K2 AFMERERRRAESN

Table 2 Analysis of variance of production traits and nutritional quality

. FOK A FP Maize variety (M) FE A Cropping pattern (C) MXC
FE8 45 Index

F P F P F P
Pk Plant height 24.29 <<0.01 86.21 <<0.01 13.17 <<0.01
ZXH Stem diameter 9.14 <20.01 80.48 <20.01 4.81 <20.01

FEA7 A Ear leaf area 6.81 <0.01 44.94 <0.01 1.80 ns
25 % Green leaf number 8.50 <20.01 0.08 ns 3.96 <0.01
AR EUE B Effective plant density 46.05 <0.01 55.04 <0.01 26.19 <0.01

M T Fresh ear weight 8.30 <£0.01 59.34 <20.01 2.08 ns
Rk T Fresh weight per plant 12.89 <<0.01 48.81 <<0.01 3.51 <<0.01
Ty 7 4k Dry matter yield 5.29 <<0.01 51.22 <<0.01 2.77 <<0.01
HLEE M Crude protein 2.58 <20.05 0.36 ns 4.31 <£0.01
HUBE 5 Ether extract 13.88 <<0.01 19.75 <<0.01 9.67 <<0.01
HK Sy Ash 5.07 <0.01 0.70 ns 7.78 <0.01
AT 4E Neutral detergent fiber 12.31 <0.01 0.02 ns 16.53 <0.01
R PEVE IR T 4 Acid detergent fiber 2.88 <0.05 6.11 <0.05 2.71 <0.05
AR A {E Relative feed value 11.09 <0.01 0.16 ns 12.82 <0.01

2.2 AEMEEXERGMOTURSE

AN TR] K ol R AS [ A A RS = DL B 3 32
HAE X DMY B 52 i ¥ o ) 2 #F (P<<0.01) (&
2) o HAEBTT AR R OK SRR 0 T 8 5 A
T 25.00~35. 80 t-hm 22 [a] , H: b 85 i 1 2 < Bl 2
105,k EE18, “H i kx

1225° #5851 42.37% M1 34.32% . 1 EAE M X
TR E E K &R DMY 3% 3 £/ T 19. 00~27. 20
t-hm * Z 8], e o8 & ik 4 17067, 35 27,12
tehm 2, ¥k b $ E 227 F0 ¢ i E 1687, 43 Wil K
26. 88 f126. 45 t-hm *, e J5 b B 5217 45 fik, 2
£ 9.98 t+hm 2,
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Table 3 Agronomic traits of maize varieties under different cropping patterns
R AR =X fi A (M) PR = E il S Tl 7 v 17 ol f. T TR ff
(CP) Crop- Maize Plant height/ Stem diameter/ Green leaf Ear leaf area/ Fresh ear Fresh weight per
ping pattern variety cm mm number//> cm? weight/g plant/kg
A M1 313.6045.36" 25.5440.79" 11.004-0.37* 686.914-41.26"  513.67426.03" 1.2620.10"
Monoculture M2 269.00+2.87 24.0440.44° 7.0040.93¢ 485.26-38.47°  417.67+12.72° 0.980.05"
M3 269.10+8.44¢ 30.894-0.55 11.630.50" 825.58480.29"  380.00411.55° 1.4040.13"
M4 330.80+3.02% 25.764-0.87" 11.67+0.33" 684.84+16.59"  522.334-44.37° 1.3240.13"
M5 290.2043.59° 23.7240.54° 9.6740.71"  683.844+51.24"  435.33455.13" 0.9940.10"
M6 277.6044.18¢" 27.2840.78" 9.5040.85"  666.78420.79"  420.00416.92° 0.9240.05"
M7 333.50+2.32° 25.7341.64" 7.6740.56"¢  739.88+41.07"  424.334-11.33° 0.9840.06"
M8 277.00415.43  25.0941.15" 10.1341.36" 694.53424.19"  425.67+£2.96° 1.00£0.09"
M9 288.60+£2.97% 23.154:1.05° 7.3340.339  493.394-32.43°  361.004-18.19° 0.714£0.05°
M10 327.2041.02* 25.5040.95" 10.004-0.37*  655.36227.37"  398.67423.78" 0.9440.08"
B3 (M M1 275.10+3.06 22.6141.32" 10.1740.60"  567.36£29.15™  353.33454.14" 0.7140.084
Intercropping M2 246.2042.25' 17.4741.25¢ 7.50420.43° 461.52421.08°  266.67428.18™ 0.60%0.07"
M3 270.75+7.66% 25.0340.97 9.3340.42" 571.014£68.37"  314.334+20.87  0.91+£0.06"
M4 267.3845.50% 24.7840.40" 10.6740.42"  558.12424.86™  495.67433.19" 1.2940.06"
M5 285.504-1.98" 24.3240.84" 11.714-0.36" 621.12411.75*  397.67425.14"  0.9740.04"
M6 263.80+2.82 22.1040.63" 10.1740.54"  565.16+47.97"  357.674+14.68"  0.88-0.04b°
M7 287.0041.80" 22.5140.60"" 10.0040.52" 597.95433.34"  316.67+£9.53" 0.9140.08"
M8 309.204-4.88" 19.3040.97¢ 7.1740.31° 539.384-34.30"  255.67429.36" 0.664-0.05"
M9 261.00+4.43¢ 22.4340.67" 7.1740.70°¢ 496.81429.75"  322.33+39.43"  0.5540.05¢
M10 293.8043.13" 20.010.44% 10.8340.60"  517.01£16.13"  238.67415.45° 0.6040.07"

T AN RN B 30 ) — B R AR 2R AN [ it i 1) 22 7t 2 35 (P<C0. 05)

Note: Different lowercase letters indicate significant differences among cultivars within the same cropping pattern (P<<0. 05)

e i 2 (P<<0. 01) (B Fh A A 3 =& JC B 2 52 )
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Fig. 1 Dry matter yield of different cropping patterns and dif-
ferent maize varieties
T e ANENE B 7R (6] — Rl A 2R A [ 5 i ] 22 55 2 (P<<
0.05). T
Note: Different lowercase letters indicate significant differences
among cultivars within the same cropping pattern (P<Z0.05). The

same as below

2.3 ARMHEERXERRFHERARRERIN
SR DL — 3 5 AEXE Ash .NDF #l REV (7 5% i

CPAERLC E RN A 83 0 3 BAE X A 5 )
BEEI(P<0.01)., EE&Z &M A & —F% 5 E
A SE IR B2 (P<<0. 01, X} ADF £ %5 il & % i (P<<
0.05,%2).

BAETR CP ¥ A F 9.00%~13.00% 2 [,
e E 12257 Ee i (12.17%) , BB 105 F B E
22 M (8.80% A1 7.74%) . ‘ H E 23" Y EE e 1%
4. 11%), B & TR e E 1225 A FE1
5 LAAM Y H At R BE B 10 5 Y Ash i I, A
3.33% . Ak 1706"  HAEN 15 105’
AR 521 M NDF KT 50%, * 6 £ 1225 % &
I fik (34.62%) . © il & R1831 ) ADF % 1%
(18.94% K 2),

EAETF CPAEFLEI. 00%~11.00% Z &), Hfh
FEASE S FE RO R B R R18317 Y EE & & e i
(2.95%) , KA HAFER15702.93%) i+
R1831’ 1) Ash & &K (3. 61%), ik b # % 227
(3.65%), “H £ 23" 45K 1706 1 NDF %A%, 7
Bk 42.61% F142.62% , ADF & & iR A & < il
R1831°(17.72% ) (& 2).
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Fig. 2 Nutritional quality of maize varieties under different cropping patterns
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Table 4 Pearson correlation between production traits and nutritional quality of maize under monoculture.

e EH BUM@ER RWH ARREEER BEE SREE TRRUR HER M WA S MIERAE AR

J447 Index Plant ~ Stem Earleaf  Greenleal Effective plant Freshear Freshweight Drymatter Crude  Ether ﬁ?)j//} Neutral Acid detergent  Relative feed
height  diameter area number density weight  per plant yield  protein extract . detergent fiber fiber value
Hk# Plant height 1.00
ZH Stem diameter ~ —0.17 1.00
B AR Ear leafares 020 075 100
Ly 015 059 071 100
Green leaf number
AR 026 —066° —051  —07¥ 1.00
Effective plant density
BT Fresh car weight 049 —0.09 0.20 049 =019 1.00
LS 011 066 066 0.80° —0.69' 0.56 100
Fresh weight per plant
THR i 052 040 0.1 0.55 ~0.18 067 0.71° 1.00
Dry matter yield
R&HA Crudeprotein ~ —0.33 0.11 0.17 0.31 049 —0.12 0.34 0.03 1.00
HUIEH Ether extract ~ —0.56 0.01 0.14 027 —0.23 =0.07 0.17 013 073 100
HLRA Ash 069 013 —0.09 0.12 0.39 043 0.08 044 061 057 100
RS 015 03 023 —014 000 —0.03 0.29 041 002 036 002 100
Neutral detergent fiber
MR 4% —0.34 0.51 0.20 0.01 =017 —0.04 0.21 000  —048 =029 007 0.34 1.00
Acid detergent fiber
TR (A =007 =039 -021 0.4 =0.01 0.06 =027 —036 009 039 008 —0.9%8" —049 100

Relative feed value

T, oo SR R P<C0. 05, P<0. 01, P<<0. 001K F iy 5 22 5 . R I
Note: *, **, and *** represent statistically significant differences at P<<0. 05, P<<0. 01, and P<<0. 001 levels, respectively. The same as below

RS EFEEXREFERSEFMRERFELE

Table 5 Pearson correlation between production traits and nutritional quality of maize under intercropping

s A BEMER St AMGECRE  BET RRET TURSE HER  EKN kS PHEERSE  RIERRSE RO E
147 Index Plant Stem Earleal  Greenleal — Effective  Freshear Freshweight Drymatter Crude  Ether s Neutral Acid detergent Relative
height  diameter area number ~ plantdensity  weight per plant yield  protein  extract o detergent fiber fiber feed value

Pk Plant height 1.00
ZHL Stem diameter — —0.00 1.00
Bt ER 043 078 1.00

Ear leaf area

g 026 05 0.73 1.00

Green leaf number

HRRE 020 072 041 —044 1.00

Effective plant density

HHE —025 076 0.49 045 =072 100

Fresh ear weight

HHET 000 073 0.64° 063 —0.89™ 085" 1.00
Fresh weight per plant

TR & 028 073 0.65 042 036 0.53 0.53 100

Dry matter yield
HEA Crudeprotein —058  —0.05  —0.03 0.21 0.01 0.05 -0.01 -030 1.00
B Etherextract =033 031 005  —043  —022 0.12 0.08 033 004 100

HII Ash 061  —044 =005  —0.12 0.50 —0.38 =037 =02  —036 —0.60 100

PHEESSE —019 033 —037  —066 0.51 —047 —0.62 001 =017 039 015 1.00
Neutral detergent fiber

(iR e 057 019 0.53 012 —021 0.14 0.39 030  —014 021 026 =025 100
Acid detergent fiber

A IR 002 031 0.20 064 —049 0.49 055 =007 02 —046 —025  —094™ —0.09 1.00

Relative feed value
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Fig.3 Structural equation modeling of the pathways through which production performance affects dry matter yield and
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tistical significance at the 0. 05, 0. 01, and 0. 001 levels, respectively. The same as below
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Fig.5 Relative closeness coefficients of maize varieties under different cropping patterns

3 itig

3.1 AEER AE R EKEF=HEEE R
AN R A AL SR oK i 5 R SR R
EY R 2 S, HLA R TR [ B AR T R B
—E L XOR 25 R Gl R A DG MR e < R
Wt E 5D T H RS SRR R IEA S, B
Gz 7=y 5 g v T ARSI 3 OE A G, DA B 4 Rk
MO REIIE A A B R B WS
¢ BH 25 M AR R 55 2 52 R B K T B SR A A
o FERBEAERMT , Fhia] 58 20808 BRdER,
CAMIRIRERMET S EREZM ST
B CERE/ EREES B ERMKERT YRS
w58 ARG Th B VR ER A R
WHAEY A EANFRREN T M., SIERMET ™
fi Rl R ¢ Bz B 105 AN TS K 1687 i B AR A T i
AR R 4K 17067 $ K 227 M K 1687, HE—
PR P R, B 22" BAE N IR 49 8.00% , 1
B5217 9™ 29 61. 40 %0, U B[R] 5 Bl A £ BB )
FAEZN . JrZm s ik — 2 WoR,PH.SD,
ELA .FEW FI FWPP £ ) A 2 ] 25 5 1 2%, & ]
ol b A BB 6% 52 BR AL A L 5 P B L. A5 A R
RMOR LB, E E 168" FEEAE R Hr i FEW

5 FWPP, XJ h H 4w 7= it R 521 FEEAE T
SD ik H FEW .FWPP i fi% , 5 JH: K i vl 7= A —
., M2 T, GLN 222 Fignm H 2% 5 8%,
77 %S XA AN B 3, AT B U B R S A AR A R
(1438 % 2 S EL AR AR A A Bk

3.2 AAEX AEAMEEREFRRNOFMN

FE K i B 2 5 Rk B R SO b, B 5
W IR I G TE CP /K 547 4 & W RRAE . HLEE (207
B ERE M E W EE S PR SR
PR R U 27 4k 45 5 ) S 24 B R B R R AR
AR 1 8 A R T R v H R R R B
TR ETWR KB, EoR—K G HAEREHE &S E I
FOK R SRR I & i . AR BRI R
AT ERMHEE AR & 0. BERLT X
KL R A 22 S e 2 HLOX BB A SRR R
AN Ta] i B AR B AR R 5 B 3R 40 BE b A A R D R 22
o MEEREKXT , LRFMHEATEEES,
H AR A BB/ 856 T 22 0t 45 L FL R R
FRON A W E AR R A BAER W DO R
1B A2 R il b A R B 2 B B T Sl B — [
R Isgm



3352

o8 F

Eird 834 %

3.3 AEMERKXMEMTERRZERE =2
KA M mRK SRS N
TERARSAMET , T B B 22 57 2 2032 bk
FEi SRR A I S A S T R T
P R G RS Y 5 A OC, R R
52 ZH DRI . PR IT 2245 R s bR AR
R P T B o 9 Y PR G T R G AR e
Yy R R . AR AR T B B AR A R A
FaY K R B 5 R T ) B B R B A BEAE A
FEAG A R B R BT R TR By 7 A R B
IR BRI B AR BORSE R T A E O AR
L5 B A (] F) oA RE A R 0 Dl R B O 9
75 () TC DT R AR A AR BT S SR AR X R AE T
R PR [R] R AT T o 1 0k v R SR O R I,
EAR R G R R A DUR TR A8 br , T8 RE KL W b b %)
EARJEI G5 25 (8] 52 G A9 TE N A7 o T R B RIRR mp A2
25 R G, AR HH Bk Y S 0 nT RE A BE R I A
52 B DT 1) 555 Tl o % 4 7 A M R, S EOH
HEAS R BB IE [ HOR IR 3 o PG, A O 2
EELEE R, MR — 18 bR HE . AT SEM LU
Foft RELASE Xy 23 BT BRLTT , O T I = ol 2 T R A AR
(1879 I L 7 i T A B AR A AR A i AR 5
P EEAR R B o 32 BRT A A A R o b | A
2 DR A AT o B R AS M 2 AR B

4 Zip

ai R bR AR R DA e T AR R R kAR
AR A R, BB T SR T
25 AR, e PRV AR 20T i 3R I R A S
HAE B R B a8 B . R A A S T4
T i M REV B U AR A 22 5 b bk s o0
ok S T R Al i I AT O A N R A OC
TEMAR SRR o 0T P VE X 546 B 7% - B KR EAEK
AP CHE2GARAEGREERN, &k
1706 T4 o2 7= f e e, © oH K 1687 LR 7 o 1A fi
IR, B, 33X = A SRR S AT A T O X4
67 - R EAER R B0 5 R, AT 78 52 B 1 F o
HRE AE 7= H AR EAT 8

S % ik

(1] S8, 5 BT, B aShR, 45 . 30 E T AN S 7\ BOK k&
HEE A & DR AR [T]. k24, 2025, 34(3) : 189-203

[3]

(4]

[7]

[8]

[10

[t

[11]

[12]

[13]

[14]

FANY H,YUE S Y,NAN Z B, et al. The evolution of China’
s maize seed industry, relevant industrial policies and implica-
tions for grassland agriculture development[J]. Acta Pratacul-
turae Sinica, 2025,34(3):189-203

TR, WA, B A MOl B R R R S
FEART). A EA R 228, 2021(4) :85-99

YU F W, HUANG X, Wang G L.
of animal husbandry: theoretical interpretation and realization
path [J]. Chinese Rural Economy,2021(4):85-99

EORA IR BUIR DA B SO B R o s o L] R
BTl ,2024,45(13):139-144

WANG X Y. Research on the application of forage maize and

High-quality development

the progress in its cultivation measures [J]. Feed Industry,
2024,45(13):139-144

SR, A IR ORFAE R AR R s o LT Ak T
#,2021,11(3):140-143

GUO Y, WANG N. Benefit analysis of silage corn planting,
feeding and harvesting [J].
(3):140-143

AR . MR SR AL AR A 25 R G0 Ik 55 T R i B0F 5% ok e 5 1
JEBE[T]. A A A 4R, 2016, 24(4) 1 403-415

LIL.
tioning: current knowledge and perspectives [J]. Chinese Jour-
nal of Eco-Agriculture, 2016,24(4) :403-415

iR CINELI AT e P i A= K I (S B WO R (L i =94
T A s ], RO S, 2025,46(3) 1 398-408
DU G J,BAI W, CAI Q, et al. Effects of maize-alfalfa inter-
cropping system on crop yields and productivity [J]. Chinese
Journal of Agrometeorology,2025,46(3):398-408

MA H M, YU X Q, YU Q, et al. Maize/alfalfa intercropping
enhances yield and phosphorus acquisition [J]. Field Crops
Research,2023(303):109136

BT X TR TDEAR 4 B A - EOREAER R 52 5 0 R ez
LA BT[], b e R i 24l , 2020, 42(3) 1 133-140

XIAO Y,LIU Q S, YAN X D, et al. Competitive relationship
and spatial structure analysis of alfalfa-maize intercropping[J].
Chinese Journal of Grassland , 2020,42(3):133-140

XU R X,ZHAO H M, LIU G B, et al. Alfalfa and silage maize
intercropping provides comparable productivity and profitability

Agricultural Engineering, 2021, 11

Intercropping enhances agroecosystem services and func-

with lower environmental impacts than wheat - maize system in the
North China plain[J]. Agricultural Systems,2022(195): 103305
R, S, MRaHE, AF L B X AE T BRI K
WETERIRLT]. A4, 2024,14(2) : 1-6

GAO R,WU B,CHEN Y,et al. Preliminary study on summer
interplanting silage maize in alfalfa field in Huang-Huai-Hai
Region[J]. Journal of Agriculture,2024,14(2):1-6

DEMIE D T,DORING T F,FINCKH M R, et al. Mixture X
genotype effects in cereal/legume intercropping [J].
in Plant Science, 2022(13) :846720

R R, o S RO A i R 22 R K /R ELRIME R G
S A B [T ] TPl 2Bz, 2025,37(10) 1 7-13
CHEN G H,CAO G J,JIANG F H,etal. Effects of variety differ-
ences on yield and land productivity of maize-soybean intercropping
system[J]. Acta Agriculturae Jiangxi,2025,37(10):7-13
AFRILLAH M. Agroecological model employment with inter-
cropping between maize and soybean[J]. SABRAO Journal of
Breeding and Genetics, 2025,57(4) : 1564-1574

YUWARIAH Y, SUPRIATNA J,NURAINT A, et al. Screen-
ing of maize hybrids under maize/soybean intercropping based on

Frontiers

their combining abilities and multiple cropping components [J].
Asian Journal of Crop Science,2018,10(2):93-99



%9

P T4 ] P DR AR T A B A K A R 5 0

3353

[15]

[16]

—
o
=

i

[25]

[26]

[27]

[28]

BROOKER R W, BENNETT A E, CONG W F, et al
Improving intercropping: a synthesis of research in agronomy,
plant physiology and ecology [J]. New Phytologist, 2015, 206
(1):107-117

BRI i, 550, VESREF 45 I DGR A K- B A IR R A TR
JEXT TR R RERRENA L T]. B o4l , 2025, 33(6):2013-2022
CHEN Y L, QI S, XU R X, et al. Effects of planting row
number and density of corn-alfalfa intercropping system on
maize performance in Hexi Corridor[J]. Acta Agrestia Sinica,
2025,33(6):2013-2022

FRANCIS C A, RUTGER J N, PALMER A F E. A rapid
method for plant leaf area estimation in maize (Zea mays 1.. D[ T].
Crop Science,1969,9(5):537-539

BRADSTREET R B. Kjeldahl method for organic nitrogen[J].
Analytical Chemistry, 1954,26(1) :185-187

LUQUE DE CASTRO M D, PRIEGO-CAPOTE F. Soxhlet
extraction: past and present Panaceal J]. Journal of Chromatog-
raphy A,2010,1217(16):2383-2389

THIEX N,NOVOTNY L,CRAWFORD A. Determination of
ash in animal feed: AOAC official method 942. 05 revisited[J].
Journal of AOAC International, 2012,95(5):1392-1397

VAN SOEST P J,ROBERTSON J B,LEWIS B A. Methods
for dietary fiber, neutral detergent fiber, and nonstarch polysac-
charides in relation to animal nutrition[J]. Journal of Dairy Sci-
ence,1991,74(10):3583-3597

SANSON D W,KERCHER C J. Validation of equations used
to estimate relative feed value of alfalfa hay [J]. The Profes-
sional Animal Scientist, 1996,12(3):162-166
UL, F, X520, 4 TR - R SR I R K b b
M EER IR LB T]. AEZ8 5, 2014(3) :101-105
MENG F F, WANG B,LIU B Q, et al. Analysis of yield and
main agronomic traits of maize in maize and soybean strip inter-
cropping system[J]. Crops,2014(3):101-105

Tk 5t . BRPG SG i A X T K SR KA R T 7R R SR 3K Al
O L K b s B R E [D ] b« VE AL AR MR K2,
2025:25-27

YANG J G. Study on maize variety screening and plant height
control technology under maize-soybean strip intercropping mode
in summer sowing area of Guanzhong, Shaanxi Province [D].
Yangling : Northwest A & F University , 2025 : 25-27

E W, SR, b 305, 45 L 2108 M R OK R R ) AR R U
FORBIGLET]. VTP T2 4, 2020, 42(1D £ 10-19
WANG S B, ZHANG P, YANG W T, et al.
maize varieties suitable for maize soybean intercropping model

Selection of

in red soil [J]. Acta Agriculturae Universitatis Jiangxiensis,
2020,42(1):10-19

Wz, &, 5% TSR A 7 S A R A (T
BACAOM R4, 2024(16):16-19

YANG Y,JIN R, XIA Q Q, et al. Analysis on related traits of
biological yield of silage corn[J]. XianDai NongYe Keli, 2024
(16):16-19

GITELSON A A,PENG Y, ARKEBAUER T J, et al. Rela-
tionships between gross primary production, green LLAI, and
canopy chlorophyll content in maize: implications for remote
sensing of primary production[J]. Remote Sensing of Environ-
ment, 2014(144) :65-72

IR, £ 375 AT 55 SR 5 iR 2 6 A B X5
FORBIRIRTR RRZ e [J]. B A4, 2025,33(12):4152-4161

[29]

[30

—

[31]

[32]

[34

[

[36]

[38]

XU X X, WANG L J,YANG J W, et al. Effects of variety and
planting density on the introduction experiment of silage corn in
Yuyang areal J]. Acta Agrestia Sinica,2025,33(12):4152-4161
BEAC DL, R PR L A5 S I KA B e R T B
W ENRRIGRI I BTLT). taEAolh #2011, 26(4):572-576
LIAO C J, WANG Y H, LIN J X, et al. Preliminary analysis
on key agronomic traits relating to biomass and quality of silage
maize[ J]. Fujian Journal of Agricultural Sciences,2011,26(4):
572-576

LTS o U KBRS LRI R KRR B IR % B B O
AEFEHLRERYRE AT ] LA R, 2018, 46(26) : 38-40,43
JIANG S N,ZHANG S Y,LIU D P. Effects of mixed sowing
proportion of fodder soybean and silage maize on population pro-
duction function [J]. Journal of Anhui Agricultural Sciences,
2018,46(26):38-40,43

XU R X,ZHAO H M, YOU Y L, et al. Effects of intercrop-
ping, nitrogen fertilization and corn plant density on yield, crude
protein accumulation and ensiling characteristics of silage corn
interseeded into alfalfa stand[J]. Agriculture,2022,12(3):357
TUCKER S L,DOHLEMAN F G,GRAPOV D, et al. Evalu-
ating maize phenotypic variance, heritability, and yield relation-
ships at multiple biological scales across agronomically relevant
environments [ J]. Plant, Cell & Environment, 2020, 43 (4) .
880-902

TR SCHE AR, X R - EOKIR AT N A A A KRR
I oy R A2 B B R RSB [T]. fRHIF5Y, 2025,
48(1):32-36

ZHANG W H, LIN M M, LIU Y. Effects of soybean-corn
mixed silage on growth performance, nutrient apparent digest-
ibility, and rumen fermentation parameters of beef cattle [J].
Feed Research, 2025,48(1):32-36

NS TR AR, A R TR e OR R AT TR A OB H
M/ R TE R AL R R R A K pE e g [T]. R
Hb 242, 2023,31(10) : 3194-3202

SUN Y, JIANG Z H, XIE H D, et al. Effect of total mixed
ration pellet with different proportions of corn straw on the
digestive characteristics, ruminal fermentation and feed effi-
ciency of small-tailed Han sheep [J].
2023,31(10):3194-3202

PR ¥ R N I P I NECA I K (P WO M 57
PR R SR R BR U RS (], R
2021,35(2):462-470

WENG Q Y,HUANG X J,XU H L, et al. Effects of corn/soy-
bean intercropping model on yield, quality, soil nutrition and rhi-

Acta Agrestia Sinica,

zosphere microorganisms of silage corn[J]. Journal of Nuclear
Agricultural Sciences, 2021,35(2) :462-470

GRABBER J H, NORTHUP C P. Biomass, stalk, grain, and
root crown characteristics of silage maize hybrids interseeded
with alfalfa[J]. Crop Science,2025,65(4):e70105

JAFARI F, WANG B B, WANG H Y, et al. Breeding maize
of ideal plant architecture for high-density planting tolerance
through modulating shade avoidance response and beyond [J].
Journal of Integrative Plant Biology,2024,66(5) :849-864
LIANG B,LIJJ,ZHAO X Y, et al. Effects of bandwidth on
ear differentiation and grain yield formation of maize in strip
intercropping[ J]. Plants,2025,14(7):1081

(RHEhRE TEH



	目次
	专论与进展
	碳输入与氮添加对草地生态系统丛枝菌根真菌影响的研究进展
	狼尾草属牧草育种技术研究进展

	研究论文
	杂交狼尾草重离子辐射诱变体系及耐寒种质筛选
	象草GRAS基因家族鉴定及表达分析
	水肥管理对紫花苜蓿种子生产的影响及多光谱机器学习模型构建
	狼尾草WRKY基因家族全基因组鉴定与冷胁迫表达分析
	紫花苜蓿MsphyA基因鉴定分析及非生物胁迫下表达
	象草ERF基因家族鉴定及其对低温胁迫的响应分析
	多年生饲用狼尾草耐寒性评价研究
	48份狼尾草属材料表型及遗传多样性分析
	四种外源植物生长调节剂对虉草盐涝胁迫的缓解作用研究
	羊草叶面喷施6-BA用表面活性剂筛选
	乙烯利对草坪草干旱胁迫下脯氨酸等生理指标的影响
	刺五加不同产地种子生理差异的多维度解析
	10个野生一年生早熟禾种质耐盐性综合评价
	80份狼尾草种质农艺性状评价及优异种质筛选
	模拟增温对高寒草甸物种多样性和生态系统多功能性的影响
	河西灌区紫花苜蓿套作玉米品种评价与筛选
	不同利用方式下温性草甸草原植物多样性与表层土壤磷活化系数的关系
	不同狼尾草种质资源田间抗寒性鉴定与综合评价
	短期氮磷添加对尕海沼泽草甸土壤化学计量特征的影响
	‘云牧1号’象草新品系耐寒性及在云南不同区域的生产性能评价
	紫花苜蓿萌发期耐盐种质筛选及综合评价
	放牧强度对锡林郭勒典型草原土壤有机碳及其活性组分的影响
	不同植被类型对陇中黄土高原土壤质量的影响及关键驱动因素
	内蒙古草地生态系统土壤微生物生物量碳氮磷及其驱动因素
	全生态系统增温对高寒泥炭地生态系统碳通量的影响

	技术研发
	苜蓿草田常用杀虫剂致死中浓度对花蓟马生长发育与繁殖的影响
	不同苯氧羧酸类除草剂对燕麦田间杂类草防效及其草产量的影响
	植物乳杆菌对两海拔地区不同燕麦品种青贮品质的影响
	含水量、混合比例对饲用燕麦+田菁混合青贮品质的影响
	混作比例和刈割期对油菜-燕麦混作饲草生产性能的影响
	添加不同比例废弃茶树枝叶对发酵全混合日粮有氧稳定性的影响
	不同株行配置对饲用甜高粱抗倒伏性能的影响
	叶面喷施磷、钾、锌对梭罗草种子产量的影响及最优组合筛选


	Contents
	Column
	Research Progress on the Effects of Carbon Inputs and Nitrogen Addition on Arbuscular Mycorrhizal Fungi in Grassland Ecosystems
	Research Progress in Breeding Techniques of Pennisetum Forages
	Heavy-Ion Radiation Mutagenesis System and Screening of Cold-Tolerant Germplasm in Hybrid Pennisetum
	Identification and Expression Analysis of GRAS Gene Family in Pennisetum purpureum
	Effects of Water and Fertilizer Management on Seed Production of Alfalfa (Medicago sativa L.) and Construction of Multispectral Machine Learning Models
	Genome-Wide Identification and Cold Stress Expression Analysis of the WRKY Gene Family in Pennisetum alopecuroides
	Identification and Analysis of MsphyA Gene in Alfalfa and its Expression under Abiotic Stress
	Identification of the ERF Gene Family in Pennisetum Purpureum and Analysis its Response to Low-Temperature Stress
	Research on Evaluation of Cold Tolerance of Perennial Forage Pennisetum
	Phenotypic and Genetic Diversity Analysis of 48 Pennisetum Germplasm Resources
	Study on the Effects of Four Exogenous Plant Growth Regulators on the Alleviation of Salt and Waterlogging Stress on Reed Canarygrass
	Screening of Surfactants for Foliar Application of 6-BA on Leymus chinensis
	Effects of Ethephon on Physiological Indicators such as Proline in Turfgrass under Drought Stress
	Multidimensional Analysis of Physiological Differences in Seeds of Acanthopanax senticosus from Different Origins
	Comprehensive Evaluation of Salt Tolerance in Ten Wild Poa annua Germplasm Resources
	Evaluation of Agronomic Traits of 80 Pennisetum Accessions and Screening of Excellent Germplasm
	Effects of Simulated Warming on Plant Species Diversity and Ecosystem Multifunctionality in Alpine Meadow
	Evaluation and Screening of Maize Varieties for Intercropping With Alfalfa in the Hexi Irrigation Region
	Relationship Between Plant Diversity and Topsoil Phosphorus Activation Coefficient of Temperate Meadow Steppe Under Different Utilization Regimes
	Field Cold Resistance Identification and Comprehensive Evaluation of Different Pennisetum Resources
	Short-term Effects of Nitrogen and Phosphorus Additions on Soil Stoichiometric Characteristics in a Swamp Meadow at Gahai
	Cold Tolerance and Production Performance Evaluation of a New Pennisetum purpureum Line ‘Yunmu No.1’ in Different Regions of Yunnan
	Screening and Comprehensive Evaluation of Salt-Tolerant Alfalfa Germplasm at Germination Stage
	Effect of Grazing Intensity on the Soil Organic Carbon And its Active Components on Xilingol League Typical Steppe
	Effects of Different Vegetation Types on Soil Quality in the Central Loess Plateau and the Key Driving Factors
	Soil Microbial Biomass Carbon, Nitrogen, Phosphorus and Their Driving Factors in Inner Mongolia Grassland Ecosystems
	Influence of Whole-ecosystem Warming on Carbon Fluxes of Alpine Peatland Ecosystem
	Effects of Median Lethal Concentration of Commonly Used Insecticides in Alfalfa Fields on the Growth, Development and Reproduction of Frankliniella intonsa
	Effects of Different Phenoxycarboxylic Acid Herbicides on Weed Control Efficacy and Weed Biomass in Oat Fields
	Effects of Lactobacillus plantarum on Silage Quality of Different Oat Varieties at Two Altitudes
	Effects of Moisture Content and Mixing Ratio on Mixed Silage Quality of Avena sativa and Sesbania cannabina
	The Effects of Intercropping Ratio and Cutting Period on the Forage Production Performance of Rape and Oat Intercropping
	Effects of Adding Different Proportions of Waste tea branches and leaves on Aerobic Stability of Fermented Total Mixed Ration
	Effects of Different Row-Plant Spacing Configurations on Lodging Resistance of Forage Sorghum
	Effects of Foliar Application of Phosphorus, Potassium, and Zinc on the Seed Yield of Kengyilia thoroldiana and Screening for Optimal Combination



