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THEaFIY  E R LUE S SR LE 2% 3 S B SR Ol Xk GBS R A R ik 0 4R T B8 A A 0 I
%%Eﬁ*%mik I P& TE T R B L R M 25 AR R TE G AL AT S AR B R R
(10 80 T v S ) v G o B R R R 43 SO A B 0 BTN A 2 TR AR T A G I A R A
DX, Fh b b B AR AT .
BT = AR N M P AT T E A e R AR R BT O AR R GE . TR = AR U DR R A 800 T
P AR ) R 0 2 300 T3 R Q] B A b R ) b T B AT A W DX 28 T
PRI BAT E S S, T A A T R B R e e A T R ) T A R A A R S R e 1
GERGUTIOD BN = A YN B R A — RV R 2 1 AR 9 22 4 b TR B R e L v B
P R R e b 2 BN AT T A R e e 22 1000 BT = N e DX B RO S S AR R
HuARTE]  HATA RROFSE . A0 7E 1L AR 2R 8 1 0 B2 Rl b R R R R 5 R A 0 =R R DL A A R
TR 2 5 B 10 5 DL K m PR 3460 WFFEXT AR B 7.5 kg/hm® (15 kg/hm? 30 kg/hm® (45 kg/hm’
PO Rl . R TGE— A58 5 1 3 AT A () ket - 49 - o5 ) R 7 R BT A B2 ) L O RO A AN TR
) B AP AN [R) R Bl - g R I

1 MRS Ik

1.1 RBEHh#ER
AT 2023 FAE IR AR E T IR, R E T SFEFEHE M 13,6 °C, &4FRFKE N 583, 3 mm, 4
K27 A8 A M AR H I 75 % . IR, o F 35

180

PR = oFERmR
W21 KHE= 0 CTRBURN 4 713.5 °C, = 10 CTHM 30 [ U, TR | 5o

Hoh 4245 TR D, R S FER PR @ Y% 30
G ARE . AR T O AR A, 43 s 0 R e 1 & EZO
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B K B /mm
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P 1178 H0 = f A B AR R R (N3 719, ) o,
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BT # = #A BHIFIE i (N118°54'  E37°40" ) L T BE A 19 £ 4 7 2 . ] H |_| .
A58 0. 2196 Clig B Hh 94D A 0. 83 %6 CTRFE SR LML) B ST O ST OB 10K 1

S R S B 1 A1 2023 F4- 1 AREMRARS %

®1 AEANIESSE

b H i EE/ W/ e/ B/ TR/ HAAE/ HHLE/  FihE/
P
(g+ kg (gekg') (grkg") (mgekg ') (mg+kg ') (mg+kg ') (g+kg %
R 8.98 1.15 0. 84 16. 33 12.11 291. 07 72.12 18.76 0.21
HELM 9.63 0.58 0.77 10. 23 37.40 315. 47 15. 26 11. 20 0.83
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3460 (sorghum-sudangrass 3460) , BHif 2 S AR 10 5 b v (=85 Be Al 9 0F 5% B 15 & O 42 41 (2022 4¢ 9
AWOHR) 5 & PR 3460 MAAE 5 5w 57 IR Bl o 3K (2022 4 9 H IR .
L3 REH*E

T 7 B R EE 3 Rl X T AN [ ) R A SR FH e — (9 a6 15 T L U Dy R R A o R 2R
8 S R R 2 7.5 kg/hm® (15,0 kg/hm® .30, 0 kg/hm® (45. 0 kg/hm® . WL S/NXATHR
60 cm, 474 6 m, Al 10 47, /NX IR 36 m* . DL ESER =k R R X L H B it mA Oy X, 7
HEOMENX R N A8 1 7 2R Rl 2e AR /0N DX 43 5510 20 A7 i el %) 5 Pl i 9 DX 2R A i R R 6l
FEFRES I 5 H 20—22 H RSB FRAS RIS 6 H 7—9 B . FloR 5 # B2 Hb i 48 21 7 Xk 47 K H
I, TEREFh Z AT R R 0~20 em K2 LA T R (E.
1.4 #EiAE
1.4.1 AHhZHXI\AR

B 1 Tl ot P 8 9 98 A I ] 30 R 4 10 ] 2022 HRN10 [ 22—24 H . fERAD/NXAHE
BEMLZEH = 2 mX2 m BREDT AT i B BRSOk, AT S EE I g B AERE N 5 em, ZJF =
AN A 52 AR D7 I ER S R LA AR PR AR R I B R PR Y B S CAHEAE 24 bt T B AE S, R TR
SR R O U =7 N v/ A R W U G B R WA= i /A = & A S0R A P Sl N R = St
A T) Ao 3] S 8 A K R B L PRI T SC PP A [ ) e A ) R O R A T R
1.4.2 Zhmaem e

W LT I 00 B R A it TS I SR A 20 A0 6 5 vk R A7 B 2 0 2 48 B B 45 HL AR 1 (Crude protein,
CP) , s PPk % £F 4 (Neutral detergent fibre, NDF) iR £ ¥k 4 £F 4 (Acid detergent fibre, ADF) {5 i
(Ethanol extract, EE) DA N ¥l JK 43 (Crude ash, Ash),
1.5 #HBEBFHITHHF

K Rstudio 1. 1. 456 XJ £k 7 17 &b B2 A1 73 A7 . 6 H] Duncan ¥ X% % W 5 £ 9647 2 8 08 R
Excel 2016 #E47T 8045 19 5 A FIEL B, I 55 0 M7 Je B9 B VE

2 RS

2.1 HEFEER
2.1.1 BmEEREFZZEZF
AT 3 B AT 0 85 S A A L T R i AR R B Y T RN R A S T B R AT A
2L R AR L i T F A Yk B 22,0 /hm®, 5 2 M 5 1 5 Eh b (18 2) I’ i AR R 3R s 22
5B F(P<0.05),
2.1.2 &t BAHEHEEZZH IR
J7 2557 M 2 WY < 78 45 B R 00t AE A, 0 Al LB Aol R 4 25 ¢

B ST R B R T R R R R |
WU R R T AL OB R R RS R =
7 0 S A PR 0 B 7 B R R L LR KR 2|
B2 PR, PO A RPN S E R LTS F | b
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G LT RE AR I R R D 25 L SRR PR B
T S5 R BB R A5 =P AR R R 22 5 L BRI 2 S A B2 TR#ZEIHEAETE>E

BHRH10 5 B3 TS has . BRI 10 ST R =i e i 18 5 1725, 7 ¢/hm? s HLUCORBLET 2 55 @ P = i
Ao 19,9 t/hm® o 725 2SR A AR A3, BL I 10 5 7 f m e A P A A f (= i Bk 22 18] 22 57t O
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NTE AC ).
R2 RMMBHEMAETESRFEFESTER
FE IS Aib 7 A BT E ¥y F P
o 2 1900.20  950.11 14. 87 <0.01 % %%
% &= 3 71.70 23. 88 0.37 0.77
1% B Eh A
o - % o i 6 916. 50 152.75 2. 39 0.03 *
k2= 312 19 928.80  63.87
fn 2 5.78 2.89 0.18 0. 84
1 &= 3 74. 24 24.75 1.53 0.23
T R A
mn R R P 6 90. 61 15.10 0.93 0.49
B 2% 220 3 559. 60 16.18

Eix ATARRARAE P<O05 KPFEEFEH, xxx AR ARLEA P<0.01l XK FLEFIH
R3I AIMHEATFTAAERMTESFERSELRRER

v o BREERMM/ (t e hm™ ) FE M/ (1 hm ?)
B 2 5 23. 8070, 85a 8.87+1.51a
A 10 = 25.7040. 8la 9.76+1. 38a

PR 19.90=0. 66b 8.9240. 70a

R RRAFHATEP <0.05KFEEFRF,
TE T P 0 b A A5, VO R v B R e R ORI K T PR P A S i Rk 2R 2 ] 25 RO
2 BLE 10 5 i 3RS 4 Ak R 2 ML e — R i s p B R, 4331 R 308, 00 em AT 13,50 mm, 7E Y AR

R A AN [ ) 8 22 ) 22 AN S PRI I R SRS AL R T R BRI R 4 PR
F4 TAHFBTARHHRBENEANER
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BT 2 5 303.0043.25a  12.0040. 13a BEf 25 245.0046.09a 13.5020.62a
BE £
T BMEE 102 308.00-23.42a 13.5040. 15a Bt 10% 246.0047.31a  12.8040.78a
5 B 5 e
= 234.0042.79b  9.78+0.09b [P 247.00=£7.49a 9.39+0.68b
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a
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JRE 5 BB 5 A A AR P O R T A FORLAIR 7 =2 1] JC I 35 25 5 (3R 5) .

x5 ARAHREHAEESZRESELEER LRV
FE A CP ADF NDF EE Ash

T i 6 el 9.20+0.12a 39.00+0. 38a 61.10=+0.59b 2.254+0.046a 0.494+0.01a

o R 6.4140.18b 38.30+0. 29%a 64.200. 49a 2.2740.031a 0.4640.01b
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E:R—F AR FHEEATEP<0.05 K F LEFRFE,
2.2.2 SRt BBAT AR ER G R
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e S 5 7E EE R R R A b 6 R 6L B 1 R e S R RN R Y 28 B R R K 35 e
At PR 2% X0 ] et o 44 T R
®6 BMAMEMEMASEFRRRYMGTESITER
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2 FE Eh b bt 3 NS NS NS NS NS
s < 5 6 NS NS NS NS NS
i A 2 NS % x x x
ENEE AT b 3 * NS NS NS NS
vt il < 5 b i 6 NS NS NS NS *

Eix A RFRLEEEFLZEF NSEATAEZFEF.

5% B AR B A A5 rh v P E R R AR RO AR D 5 e S TR R M R A T PR SRR A S e
Fe TR 105, SR 2 525 AR E: =AM WRIERESEMH K 25 AR E ., fEEEH
B b A A e P R TR P VR A A AR RO 7 i I R T v s e PR R rh R VR A AR AR FRL K o i
BESTHH 0S5 MERM 2 S ERARE: A RMIHEASEER AR ECGRE D, #H—L0H
R b AN 7] 475 o i 0 ) RO AR B B i e, R C 7.5 kg/hm® BFREOHEE D S E R E S T
HAFFh 2 A PR, W& FhE i 15. 0 kg/hm® F+ = 45. 0 kg/hm” B HE A& 2 0B FH A (E 4,

R TR R M AR A X 4R B A R B 6
S sl CP ADF NDF EE Ash

BlE 2 = 8.86+0.17b  39.10+0.72a  61.10+1.09a  2.1140.04b 0.484+0.01a
BESWH  BHE 105 9.094-0.13b  38.0040.57a  59.7040.87b  2.20=0.08b 0.500.01a

1R H R 9.68=+0.23a 39.80+£0.55a  62.5040.94a 2.46£0.07a 0.51£0.01a

Bl 2 =5 6.2440.10a 37.60+0.21b  63.9040.38ab  2.1340.03b 0.47+0.01a

H

EAESREH  RHE 10 5 6.2840.07a  37.0040.37b  62.90£0.93b 2.2240.03b 0.424-0.01b
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PR 6.39+0.12a 39.70+0.40a  65.70+£0.87a 2.44+0.03a 0.46=+0.01a

EBREAREEEBE BRI FEATE P<<0.05 RFLEEZFEH,
3 e

3.1 EmEMAEFEMHRRMFE
R T AR AT B RS RS HE S EE s, S EE 0.8 L. fEm iR
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b6 F b SRR v A A A L 5 ) 3 52 A BT R AR B R AR T A e B R AR R ) KR
T3 AN o T R B AR 4 7 K R

8 a
Bk Ny et + 3 SR I G WA 060 TR RE T b b
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7.5 15.0 30.0 45.0
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[ 426 o £ T I 0 S 10 7 e B R R PR DR 7 R A A A R AR B A 3 ) O R R IR
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O 2 R 25 AT 10 B 3 R 08 B FH T 45 UM R 11 AR 0 1) Bk RE FE R I . SCRRL 25 Ix 246 B8 22 B BiF 53
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PR EA RIS E L Y TE R AR SN S 3R R P AT M AR ok R AR R W aa ki 3 B A 6
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F14) ) A o iy Ok B KL AR R RN TR
4 g

VL T Rk 1) T i A X TR IR R U H R R R 2 A B . AV TE AR E TR
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A

Effects of seeding rate on yield and quality of three forage crops

in different saline-alkali lands

LUO Yongkai' , WANG Luxin', LIU Zhiquan®*, GAI Ziyi', JIA Shulin', XU Longchao’,
LI Shichao*, LIN Shuang®*’
(1. Shandong Key Laboratory of Eco-Environmental Science for the Yellow River Delta ,
Shandong University of Aeronautics, Binzhou 256603, China;
2. Institute of Botany , Chinese Academy of Sciences, Beijing 100093, China;
3. School of Environmental Science and Ecology, Taiyuan University of Technology ,
Taiyuan 030000,China;
4. Binzhou Land Space Ecological Restoration Center , Binzhou 256603, China;
5. College of Life Sciences, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The development and utilization of saline-alkali land is of great significance for ensuring
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China’s food security, and the planting of saline-alkali tolerant forage is one of the important means of
utilizing saline-alkali lands. In field management measures for forage, appropriate sowing rates can
effectively improve forage yield and quality. Using sweet sorghum varieties Ketian No. 2, Ketian No. 10,
and sorghum-sudangrass 3460 as research objects, light saline alkali land and heavy saline-alkali lands in
Dongying were selected as sampling points. Four seeding rates of 7.5 kg/hm*, 15.0 kg/hm*, 30. 0 kg/hm?,
and 45. 0 kg/hm* were set for each forage variety at each sampling point to investigate the effects of
different sowing rates on forage yield and quality in different saline-alkali lands. The results showed that
the forage yield in mild saline-alkali lands reached 22 t/hm®, significantly higher than that in severe
saline-alkali lands; the main effect of sowing amount on forage yield was not significantly affected, and
the highest yield was achieved in the middle seeding rates (15. 0 kg/hm® or 30. 0 kg/hm®) of mild
saline-alkali lands for Ketian No. 2; at low seeding rate (7.5 kg/hm”), the crude protein content of
forage was significantly higher than other seeding rates, and seeding rates had no significant effect on
other qualities of forage; the yield of Ketian No. 10 and Ketian No. 2 was higher than that of sorghum-
sudangrass, and the crude protein content of sorghum-sudangrass is significantly higher than that of
sweet sorghum. Compared to seeding rate, variety was a more important factor in determining the
biomass and nutritional quality of forage. The opposite results between forage yield and protein may be
related to the interdependent relationship between plant carbon and nitrogen metabolism.

Keywords: seeding rate; sweet sorghum; sorghum-sudangrass; saline-alkali lands; forage yield;

forage nutritional quality; forage; the Yellow River Delta

(A% 2H58)

SIHEX BokIF, ERiE, XVE 4L A5, B Rl X A ) £ 0 b = Am) 7 o R 0T A [T 0. Il AR A 2 B 2R i 2025, 42
(6):107-115.
LUO Y K,WANG L X,LIU Z Q,et al. Effects of seeding rate on yield and quality of three forage crops in different
saline-alkali lands[J]. Journal of Shandong University of Aeronautics,2025,42(6):107-115.

BN IR WO N I N R N N I N WU WL WU WS N N N U N R WU WL WU WL R N N N U IR WL WL WR U N R N N U W WL WL WU WO R N U N U WU WU WL WUR R N R N N

& Fl = H

A FIE VE AT AR R o AR R OGSO B 25 40D AU 5007 J7 B ey A1 BR2S =1 O 77 B
T R VH PR AR B IR BR A W LR AR A R RRCF 5 S AR LA BB R S R P P LU A T K
S A R AT AR S AL REAS T 430 o A1 38 35 A At 2% 0 e A C R 0 355 B0 Rl e ' 458 R 1 190 45 it
AR J5 SR AR — I SORF o A 2 68 AS P IR S T TR B I i

¢ 115 -



