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1.1.1 X#H#H KK LKk (Zea mays) b Fp R 1E K
12, & JF ¥ (Sorghum bicolor X S. sudanese) iy Fi 4
F10, ¥ 3K FAb 5 1E i R S RHE A IR Al
1.1.2 KB I 7E T 2 B G X E 5
JEL M DX Sk 8 FELAR VAT 2R AT, o H 3R A A7 N36°09 7,
E 106°14" . 7 27 T3 E P L AR A, b 5 + 5
PN 52 oy e AR T R i s T M A T R R B 2
BAM, TR, BT E . K5 AE S B A
2518 h, T 1 150 d, 4E PR 7.8 °C, i ik
1 550 m, K BRR 5 5, B80T 22 K, 41 2 [ K & 350
mm, N ZELEPHET—9 A AFEHZE KB 1 336 mm
1S
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KB F 2019 4F 4—10 A #F47 , 2R I Bl #L X 41 1%
I A MR A E AT AT R AT 3R AR B A
i/ & 3 43 90 A 460,300 1 140 em . 7 3 Fhs 1 fig B
KT, EARMESHE AT 3 5]y 6:12 4:8 1 2: 4, [H]
PE/NX TR R 18 m*, LA K i FH 5 () SRR Sk o) R
AN RN 84 m”, AN AL B B 3R A L 4L 154/
X o FRATHE N 40 em, A% BE S 12, 55 #k /hm’, 755
FPHEERIATEE R 20 em, 8 A i R 225 kg/hm?. [AEAE
Py 0 TR 5 3 AT R R 5 0 N SR AR TR R AT )
Pl o JFAEBERR AT, B 422 A 675 kg/hm* (457
4y =43% ,N:P,0,: K,O=30:6:7) , /£ ¥ 4= K ] [a] &~
it I, 7E 38 24 B AT BN R R, HOA it AT
i 28 TR R B A

FE T K I 200 55 b AT M K, R FH 2 56 = 7 A
HEAT AR € BL28 0, 75 WA i 288 20 LY SR 5 45
TR T 53 B MR 0580 018 A R P e B, K il e I
A, RS e S N ST AT RS 0 B B R S
SHEA L B A 13 kg, Z0d 60 d KB R EE A
[ S 3 %, Bl A 60~70 CHEAR 8t 5 FH T I a2 45 10
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(NEL) %2R FH I £L A6 43 A 3G A7 I 22
1.4 REBXBEZEEN

R R A8 G BE 2545 43 W 7 061 4 B — AN R A
I A B 8 2 2% BUR 9 (X)), B — A Ab BT Y 4%
ANEARIEE R N X, (k) o LR EUR B Bk DL 2 %
G 8 JBG AR EAL (i 0 X <1,

PRIF N1

gk:

min min

— | X)) = X(#)]+ o

max max

7|Xo(k)—X,(k>|

l

max max

T‘Xo(/@)*
| Xo(k) — X(B) [ ol xd 2208 30 HE A(R), A(k) =
| Xo(£)— X(£) |,p=0.5
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¥ R K

ERIETE P AT T R AEER D
(P<<0.05) , % x5 B 43 5l B Ik 1 19.7% . 33.3% .
A7.0% s FFHT EORAESE . AT R TR
BTSN B E  HEA SRS D TR
BRI 22 5 B 3 (P<<0.05), 58 A AT 0 S 45 ) B
WA T 25.4% .5.5% . 12. 3% ; IR 1 vk ¥ 4F 4 & = 16
Pi R AT AL BN B IR 25 S B 2 (P<<0.05) , B
A7 4h PR 5t BRI T 5. 5% (i 7E HR AT FAE AT Ak B
AR B AR T 14, 4% A 14, 8% s Hh PR PR IR £F 4 &5 1
FEGEAT AL LR et R 22 N i 3 L Wi AE P AT MIZEAT
B IR 25 5 B Ay AR IR AR T 12. 7 M 12, 7%
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AP S R AESE P AR AT AL R B S S
(P<<0.05) , 7E Fa AT A BT 3% BRIG 1 4% e A7
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AEAT AL BER BN MR 22 5 2 (P<<0. 05) , 7 il g B g
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PR ARG P EAT AN T RO I 2 R AbFER g0k HE 22 7 5 2 (P<<0. 05) , 76 AT AL B R 4 Xt
BEMEATBEGCHE TR EERADE (1 WMERRRE, 75T R B BN T 17. 9%, ifi
FE AT FIZE A7 A0 R B0t IR 25 5 3 (P<<0. 05) , 433l FEAEATAL BT B HRFRAR T 7. 8%
F1 AETFETEX SALEEPANERLRAE
Table 1 The effect of intercropping row widths on the nutritional quality of maize and sorghum
Hybrid Sudan Grass before silage
T H &fi: i)/ TR/ % U1/ % mr:ffg *'rszﬁ ATVEPERE/ %
GeAT 213.21+6.98" 89.85+0.02° 6.3640.02¢ 31.840.1° 54.26+0.07° 11.3740.03"
. hAT 177.00£ 3. 68° 90. 7540. 04" 8.06=+0.03" 25.78+0.05¢ 46.4640.23" 7.68=£0.04¢
o AT 140. 96+3. 31 90.74+0. 06° 7.48+0.02° 25.66+0. 1° 46.44+0.27° 8.9740.1¢
PR 265.5041.99° 90.2-+0.13" 8.5340. 06 30.13+0.72 53.19+1.13" 10.93+0. 25"
AT 57.62440.81¢ 90.344+0.03" 6.5240. 05 38.25+0.06° 60.36+0.12° 16.19+0. 03"
I hAT 91.18240. 66° 90.48+0.07" 7.99+0. 06 35.140. 16" 58.144+0.17" 13.73+0.02"
S AT 152.71+3. 60" 90.7240. 04" 7.8240.04" 35.76+0.07¢ 58.44+0.1" 12.6740. 1°
AR 373.85+6. 8" 89.98+0. 04° 6.45+0. 04° 36.140.02" 57.0540. 04¢ 13.74+0.03"
2.2 AAEETEMEX.GRAEENESRREN 100 OcK 0% =i mF
A | 1oa a a e Wb
2.2.1 FHFE G P AT KT R =
SR RS R B E (P0.05) 5 @5 FH R I T iﬂé N
I Sy 89. 9994 T 72 ST AR 47 10 4 20T 43 .
B N 88.16%6 . 89.08%, ¥ B X M 22 5 W % (P< .
0.05), 73 F B %t FRFEAR T 2% M1 1% , MifE AT 4B R K FiHi
BN B 22 SR 3 (P=>0.05) . T KT I A P AT 4b FIHEAT 5
1 AREETETELBSAEELANTORSE

R T 00 ek B 5 T 0. 406, T i A B
FEHAT AR B A BRI T 0. 4% (B 1)

2.2.2 HMEkH EREVYAEMBEHEATERN
8.30% , 1M B . h AEAT AL B 4 B 7.14% .6.79% .
7.06% , BN R 22 53 1 2 (P<<0. 05) , 43 Sl B 0] BRI
IR T 14.0% .18. 2% H1 14. 9% ; & P4 B 55 12 4y % 18 ML
B A RN 6.55%, 58, th AT IR 4y 5 Ol 7.4
7.0% .6.5% , BEAT AR AT Ab B IR 25 5 B 3 (P<<

0.05) , AT PR X IR 22 R R L2 (K 2) .

Fig.1 Effects of intercropping row widths on the dry matter
content of maize and sorghum hybrid sudangrass
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Xif B iR PR R R £F 4 S R 26,06 %, B8 R AR AT AL B
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PR PR Pk U 21 4 % b A0 IR 25 S 19 3 (P<Z0. 05) , M 9

A7 b B X I8 22 S 1 5 5 R ) ORI G AT Ak R R
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Fig. 2 Effects of intercropping row widths on crude protein

content of maize and Sorghum Hybrid Sudan grass
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Fig.3 Effects of intercropping row widths on the content of acid detergent fiber in silage of maize and

Sorghum hybrid Sudan grass
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TR SRR 22 R R, AEETA I TR
X REE & T 27,6 %0 5 1M AE 5 AT AL R B R AL T
5.0% ,H 2R W (P>0.05), ; & FF 5 4 16 %t
WER ATy P & o 13,55 %0, 658 T AT AR B
AV M A R4 0 12.06% . 14.08% . 14.09% , %%
X BRI 2% 5 I 3 (P<<0. 05) , 8 1T A BT B X) HE 42
T4.0%, SeAT AT B IR T 11. 0% (E 4) .

2.3 AAEETERER. SRAELZERRNZIE

2.3.1 pH EKEFW WM pH {H X 3. 39, 1M 1E
B EATARFE R 4008 4. 304, 26 4. 06, BT A1
AT AL R B pH (B B0 IR 3% 22 57 B 25 (P<<0. 05) , 7E 72
AT AL BETR () pH A e R, B0 BE Y &5 T 26. 8%, I 7E A
AT AR 3R Y A0 0] I 22 S VR 1 3 5 e FHRE S I 9 pH
fE7ETE h AT A IR 22 R R W (5.,

2.3.2 B ERMESFREFEWALAET B AT
PR LR & RS A M IR 22 % (P<C0.05)
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Fig. 4 Effects of intercropping row widths on soluble sugar

content of maize and sorghum hybrid Sudan grass
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Fig. 5 Effects of intercropping row widths on pH of maize
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Fig. 6 The content of lactic acid, acetic acid,butyric acid and net lactation energy of silage maize and

sorghum hybrid Sudan grass
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Table 2 Comprehensive analysis of grey relational degree
i H PRVEVE SR 4 PR R AT 4 ik S| A T pH1E
i 0.197 0.197 0.222 0.248 0.198 0.211
. h 0.212 0.212 0.231 0.220 0.197 0.210
K 7 0. 208 0. 205 0.224 0.197 0.198 0.202
CK 0.198 0. 206 0.197 0.238 0.197 0.197
T 0.318 0.317 0.304 0.338 0.308 0. 304
e i 0.304 0. 305 0.315 0. 304 0.305 0.317
akihs 7 0.305 0.307 0.331 0. 304 0. 306 0. 306
CK 0.304 0.304 0.330 0.312 0.304 0.317
EYIgE| L i TR WL RE PRSIl HEP
i 0.235 0.197 0.197 0.197 0.210 3
. h 0.222 0. 280 0.219 0.205 0.221 2
X % 0.326 0.291 0.242 0.202 0.230 1
CK 0.197 0.215 0.197 0.201 0.204 4
i 0.512 0.374 0.466 0.352 0.359 2
e h 0.538 0.520 0. 396 0.345 0.365 1
SRR . . . . o
7 0.401 0.397 0.396 0.342 0.339 4
CK 0.457 0.409 0.396 0.343 0.348 3

FI & mAESEAT AT AT AL 3T S5 B AIK 5 78 9817 b 28
KA R M R AR ARG I, e P AT AL B R R OK Y
PEVE AR e, X 5 bR B 5 a5 SR 2L, T e
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JIt L AE AR R B 20, R OK RN R P R ] Y 3R A
25, % K R IR T AR L R P R K
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A B I A B FE PR SR B TR R B R
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TR PR R A AT A R T T AR R A AL
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F oA 6 12 B FOK R i Pk R U 4F 4 5 1t A X BR BRI
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X, SR B IR R T 480 %6, H IR

24 IR CIRBE LRG0T, KRR R FR R TE (2:4)
VRSN, Ok 3 I 5l T 84 5 7E 5 K R P B 7
(4:8) [AIVERLZR o Jh B0 75 It 480 o

Bk

(1] 3B, pERR T, ke, 4 & O A8 A B Ah b IX b &
Bol s ERLT]. Bl B, 2016, 33(11) : 2353 —2359.

(2] Tk, 3EFH WA % RIRE PR &5 50 R RRE
ot B by 2 7 R R R S [T B b4, 2021,
29(4):828—834.

(3] FWely  falig 22, 5 S & . Rkl 25 0 AS [ Al I
oK A W 7 R SRS (7], Bl B2 2019, 36(1)
169—177.

(4] FEORZE W moERE , £, 4 IR PR R R T R R
FR[T]. F W5 kR, 2004,19(2) : 36.

[5] medLAR, B a5 % MR SRR ENR S &
R [ T]. = Al K224 (3 SRR %), 2013, 28
(3):340—345.

(6] XHF . BIITAS BURW I E R & LR
MIRFFE D). MR : AL ARl K2, 2008,

[7] Lithourgidis A S,Dordas C A, Damalas C A, et al. Annual
intercrops: An alternative pathway for sustainable agricul-
ture [J]. Australian Journal of Crop Science, 2011, 5(4) :
396—410.

(8] [ . 4] i S o 9 ) 445 5 e S X A 7 o i %

LA HLBR S R LD . DR R R S Al R

£, 2020.

LR AL A S R R R AR A I MR AL

AWy K SE G TR (7], Bl R4 2020, 37 (11)

[9]

2284—2292.
[10] kL. SRl s B ds S ML dbat . E ARk
H R A, 2009.

[11] B3 MR T0R, 55 . PR 4T 4 W FLIR B R
IR SR Y e Sy T IR R
2015,27(9) :2977—2986.

[12] @OV BT I B 5 R R
LA LV S5 AT LT). b IR A L 2 4, 2008,



86 GRASSLAND AND TURF (2022) Vol. 42 No. 6

16(1):196—199. [21] ka3 . EOK 5 TR [V B A =X 35 I 5 5T 19 52

(13] EJ 4 . 4% TR B XS ] T K Bl A e R & B e [D]. 228 kgl K23, 2018.
JRAYEZ I (D], Mo 1 LR MA K2, 2019, [22] 5 TR Rl R N RGO EOR T R e [T].

[14] 4t , 23, 5 45 RIE % BEXT 76cm 4547 FE AR AL Je g R, 2015(12) : 37—40.

FEAE ™ s [J]. pras Al B4, 2018(4) : 32— 33. (23] oK. 4300 55 00 01015 S [w] i b e 22 7= b 5 I 1Y) 52
[15] ZE&d, T, TR, % . RFFE 7 3O 8 74 20k LD, KPR BRI A — 4R B K, 2019.

RO Y 5 m [T]. BE VS 4ROl RE 3, 2018, 64 (6) [24] 288 . IR BRGS0 TAH I8 RS MAED N K

50—52. FISZm D] b o E Rl B2 B L 2009,
[16]  ZENIZR . — 47 A W A O g P e e a7 B IR & b [25] M7k, GESERE ol T, 45 . VS 2L R TR %) R K 55 I

MBF5E D). FE 5L e 5t ARl K2, 2008. S B AT SRR E R S e [T ). R e VI O I 2009
[17] Strydhorst S M ,King J R ,Lopetinsky K J , ez al. Forage (13):68—70.

Potential of Intercropping Barley with Faba Bean, Lupin, [26]  J& B0 25 . 7 5 b XA 1R 4 A% A1 55 450 B TR A 3 00T 5T

or Field Pea [J]. Agronomy Journal, 2008, 100 (1) : [D]. &t B stk R, 2012.

182—190. [27] HHE. EKRAEMGERTEARABFRID]. 22l
(18] 7k A, WRAI . AN [l I £ J7 2% K 7~ 8 s e [T 1. 1 Aol K, 2018.

Hu Al 2 24, 2004,23(5) - 381 — 385. [28]  FJRBr, 2280, B 264, 55 . 7 ER 57 KON R 35 I 2K
[19] TR 24, B30 % L R 1/ A E TR A 7=V Bl KB IR M AH 45 A VR A [T]. RO 5 R B

7 L A7) 0N 0 I 00 75 00 5 BT R SE g [T]. Bk o# 4R, 2021,41(6):9—14.

2018,27(12):187—198. [29] /Nl W52 HOM Hp BOR LT de kL 5 2 Sl SRR E 7
[20] MEZRA, s AFF HZ525 . HIEK SC704 5HE iR B R ST (DL M R U AR L ARk R

5 175 00 5 BT e [T]. L8R R, 2015,43(26) 2017.

151—154.

Effects of intercropping row widths on silage quality
of maize and sorghum hybrid sudan grass

WANG Xue-ping, QI Juan, QI Xi-ming, WANG Xiao-juan, LI Xiao,
AT Shuang-hong, SHEN Ji-shun

(College of Pratacultural Science , Gansu Agricultural University ,Key Laboratory Pratacultural Ecosystem ,Minis-
try of Education , Pratacultural Engineering Laboratory of Gansu Province ,Sino-US Center for Grazingland Eco-

system Sustainability , Lanzhou 730070, China)

Abstract: To explore the effects of planting patterns on the nutritional quality and fermentation quality of maize and
sorghum hybrid sudan grass,the nutritional quality and fermentation quality of corn and grass silage were studied by using
wide,medium and narrow planting patterns, cutting at the waxing stage and silage fermentation. The results showed that
the content of NDF in corn silage was reduced by 5. 4% and lactation net energy was increased by 2. 4% in the wide-row
planting mode. The content of crude protein and acetic acid in silage were increased by 10. 8% and 480 %, respectively.
Under the middle-line planting model, the lactation net energy of corn silage was decreased by 1. 9% compared with the
control. The content of crude protein in silage was increased by 7. 0% and lactation net energy decreased by 0. 8%4. In the

narrow -row planting mode, the soluble sugar content and lactic acid content of corn silage increased by 27. 6% and
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49. 2% ,respectively. The content of dry matter in silage was reduced by 1. 0% and lactation net energy was increased by
0.8%. The grey relational analysis showed that the silage quality of maize was the best in the narrow-row planting mode,
and that of Sorghum hybrid Sudan grass was the best in the middle-row planting mode.

Key words: maize ; sorghum hybrid sudan grass;intercropping row widths; quality of silage
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Spatio—temporal differentiation investigation of land
use and ecological service value in the water supply
area of the Yellow River in Gannan

HAO Xu-ran', WANG Yan-yan', CAI Ming-juan', SUN Wen-li', MA Hai-jing',
CHEN Qiang-qiang"*
(1. College of Finance and Economics , Gansu Agricultural University, Lanzhou 730070, China;2. Gansu Research

Center for Ecological Construction and Environmental Protection , Lanzhou 730070, China)

Abstract: The change of land use structure is of profound significance to the spatio—temporal change and sus-
tainable development of regional ecosystem service value. Based on the data of land use structure in the water supply
area of the Yellow River in Gannan from 1980 to 2017, the dynamic attitude of land use and the modified equivalent
factor method of ecosystem service value were used to analyze the ecosystem service value and its temporal and spa-
tial changes. The results showed that grassland became the largest land use type with the ecological service value of
¥ 183.18X10°, followed by woodland, wetland and cultivated land. In 37 years, the ecosystem service value of
woodland only increased by ¥ 29. 46 < 10%, while the others all decreased to different degrees. The total value of eco-
system services in the water supply area of the Yellow River in Gannan increased from 328. 50X 10° yuan in 1980 to
329. 63X 10° yuan in 2017, basically maintaining a stable state and experiencing a two-period fluctuation of "decline
and growth" during the period. The value of different ecosystem service functions fluctuated , among which, the value
of regulation function was up to 211. 86X 10° yuan, support function 77. 82X 10° yuan, supply function 21. 39X 108
yuan, and cultural service 18. 56 X 10°yuan. The regional difference of ecosystem service value was significant. Maqu
county ranked first with 113. 55X 10° yuan of ecological service value, Xiahe County ranked second and Lintan
County had the lowest ecological service value, which was only 10. 26 X 10® yuan. The adjustment function value of
each region is the highest. Maqu County assumes the important ecological adjustment function of the study area with
the value of 79. 77 X 10° yuan. It is of great significance to implement forest protection projects and grassland ecologi-
cal compensation mechanisms, broaden the livelihoods of residents in the study area, reduce dependence on local ecol-
ogy, coordinate regional planning and joint prevention and control, inherit and promote the Yellow River culture,so as
to better build local development.

Key words: equivalent factor method ; gannan water supply area of the Yellow River;land use;ecosystem service

value ; spatiotemporal differentiation



