126—138 ok % ¥35% H5
2026 4F 5 A ACTA PRATACULTURAE SINICA Vol. 35,No. 5

DOI:10. 11686/cyxb2025217 http : //cyxb. magtech. com. cn
T K, kg, ZRER, S L N R AT I R x5 e 8 R B ) e R AR Y S L L2, 2026, 35(5): 126—138.
XTIANG Ling-fei, ZHANG Feng-ju, LI Yue, ez al. Effects of varied row spacings and sowing rates on forage and seed yield and quality of Echinochloa

frumentacea in saline-alkali land. Acta Prataculturae Sinica, 2026, 35(5): 126—138.

AEMTEMBEX R E M A EE FEHE
EMFrEamREmnzim

D 1 N2 : VY 4 v N 1*
Tk« RKIER FREFE ek, T IA
(1. FERAMN S E 2B, 7 2 I 75002152, 7 H R2FHAEBAE B, 7 2 AR 7500215 3. w1 [ Al K 2 Tl B 2% 5 R 2= B, db 5t
100191 ;4. T E R EH AR & B S0 AE BAFE AT, T 5 11 7500215, TE TH-HF LR R EARA R, 72 F% 753400)

FEE Bh 2 A TG Bl 2 B 2 3 TR AR B AR A 7 R 0 SRR M o R, A T AR L R T X T B 9 a E
A7 I 5 4 A T % H ke 7 A 5 B 1 S R . AR R SR SR R KA B, 1 5 AN T KA (20,30,
40,50 F1 60 cm) Al 34 K (7. 50,11, 25 F115. 00 kg hm ™) , 35 78 H: Xt 4] 55 R0 7 77 5 K% 8 B9 52 0, b 6 5 b
BT 1R T A B (R A R AR o 2 SRR AT I X I B R A M S (P<<0. 01) , /£ H,D, (AT iE
20 cm & 11. 25 kg-hm ?) 4b BEF ff &0 7= & e , o 36129, 17 kg-hm %5 #0777 & 78 H.D, (47 #H 60 cm & & 7. 50
kg+-hm ) 4b R e @, 34 1631, 95 kg-hm *, H,D, (171 40 cm & 7. 50 kg-hm *) 405 (1) % 25 3 & 2548 BORE
8O B R AL IR Bl O . AT B AR N A T R AR S R S e (P<<0. 01) ,
6 B X S PR AR T R R 2SR R S R R (P<C0. 01) , 7 B A0 B 10 58 1A 6k S BR R 7 R LA R T
14 45 TLAE A 35 7= 2B W W 3 S0 (P<<0. 01) o MECHESI BT s AT HE S5 R A0UR AR 35 15 AR 56 (P<C0. 01) , 5 fif
B b AR 3 UM G (P<C0. 01) s 38 48 40 T e W], SUBRBSC Bl 77 B BB DTk B R . AU BT A R R
HLD, A3 4 254 A5 43 Jre o o TR, Ay 50 300 e 3 ol 52— A 0 R o 1 00 7, 8 AL 0 A 7 SR FH R AT (20 em) il
T AERE R (11, 25 kg-hm *) , B4 7™ I DL 5247 8 (60 em) FIR#E 5 (7. 50 kg-hm *) K H .

KR W T AT R AR A B R AT

Effects of varied row spacings and sowing rates on forage and seed yield and quality

of Echinochloa frumentacea in saline—alkali land
XIANG Ling-fei', ZHANG Feng-ju’, LI Yue’, WANG Xue-qin’, LIU Jin-long’, MA Qiao-li"

1. College of Forestry and Prataculture, Ningxia University, Yinchuan 750021, China; 2. College of Ecological Environment,
Ningzia University, Yinchuan 750021, China; 3. College of Grassland Science and Technology, China Agricultural University,
Beijing 100191, China; 4. Ningxia Institute of Science and Technology Development Strategy and Information, Yinchuan 750021,
China; 5. Ningzia Qianyeqing Agricultural Science and Technology Development Co. , Ltd. , Pingluo 753400, China

Abstract: A scientifically based and rational planting density is a key measure to improve the production efficiency of
Poaceae forage. The aim of this study, therefore, was to determine the optimal row spacing and seeding rate for

Echinochloa frumentacea in saline-alkali land in Yinbei, Ningxia, and to determine the impacts of these factors on
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yield and quality. We conducted a field experiment with a split-plot experimental design with five row spacings (20,
30, 40, 50, and 60 cm; designated as H,—H;) and three sowing rates (7.50, 11.25, and 15.00 kg-ha ';
designated as D,—D;). The results show that row spacing exerted a highly significant influence on the fresh yield of
E. frumentacea (P<<0.01), with the highest yield of 36129. 17 kg-ha ' in the H,D, treatment (row spacing 20 cm,
sowing rate 11. 25 kg-ha ') ; and the highest seed yield of 1631. 95 kg+ha ' in the H.D, treatment (row spacing 60
cm, sowing rate 7.50 kg+ha'). In terms of seed quality, the best results (highest germination potential,
germination index, and vigor index) were in the H,D, treatment (row spacing 40 cm, sowing rate 7.50 kg-ha ').
Row spacing had an extremely significant effect on the spikelet number, spike weight, spike length, and germination
potential of seeds (P<C0.01), whereas the sowing rate had an extremely significant effect on actual seed yield,
germination rate, and germination potential (P<C0.01). The row spacing X sowing rate interaction was highly
significant for both seed production and quality parameters (P<0.01). Correlation analysis showed that row spacing
was extremely significantly positively correlated with spike weight and total spike number (P<C0.01), and extremely
significantly negatively correlated with fresh forage yield (P<C0.01). A Path analysis indicated that the total spike
number made the largest direct contribution to seed yield. In a principal component analysis, the H;D, treatment had
the highest score. Therefore, to achieve high yields of forage and seeds of E. frumentacea in saline-alkali land, it is
recommended to use narrow row spacing (20 cm) and a medium sowing rate (11. 25 kg-ha ') for forage production,
and wide row spacing (60 cm) and a low sowing rate (7.50 kg+ha ') for seed production. These findings provide
scientific evidence for the precise management of forage cultivation in saline-alkali land.

Key words: Echinochloa frumentacea; row spacing; sowing rate; seed yield; seed quality; Path analysis
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Tablel Effects of row spacing and seeding rate on agronomic traits of E. frumentacea

(5 it /3= E-vil i e e A - T FR A5 £
Rowing spacing Sowing rate Plant height (m) Stem diameter (mm) Fresh yield (kg-hm ?) Leaf area index
H, D, 1.33=0. 13bed 4.72+0.69b 27791. 6741470. 60abed 0.9640. 06b
D, 1.43+0. 15abed 5.3941. 15ab 36129. 1747555. 04a 1.0140. 05ab
D, 1.32+0. 17cd 4.83+1.14b 32516. 254-3820. 72ab 1.16+0.07a
H, D, 1.29+0. 15d 4.754+1.10b 24271.3942981. 76abced 1.0140. 04ab
D, 1.52+0. 24abed 5.0141.00ab 31145.1944965. 34abe 1.0240. 07ab
D, 1.51+0. 15abed 5.4640. 86ab 29459. 1741667. 50abed 1.0640.07ab
H, D, 1.53=0. 28abc 5.4341.41ab 22955.924-2021. 74bed 1.05+0. 07ab
D, 1.36+0. 20abed 4.56+1.05b 21399. 58+3391. 95bced 0.76£0.07d
D, 1.46+0. 19abed 6.03+1.06a 18027. 53+3652. 23d 0.9540. 03bc
H, D, 1.39+0. 12abed 5.00%1. 11ab 19231.83+£1747. 12cd 0.90+£0. 05bed
D, 1.47+0. 24abed 4.85+0.82b 25901. 8344565. 96abed 1. 00=£0. O4dab
D, 1.45+0. 29abed 5.3640.90ab 19231. 83+£4058. 73cd 0.79+£0. 05cd
H; D, 1.58+0. 18a 5.2140. 78ab 23159. 724-2598. 85bed 1. 04+0. O4ab
D, 1.56+0. 35ab 5.1241. 24ab 23067.08+4008. 17bcd 0.95+0. 05bc
D, 1. 38+0. 15abed 4.93+0. 74ab 20565. 8342048. 56bced 1. 05+0. 03ab
S E RS (F () Significance test (F value)
#7 85 Rowing spacing (H) 0. 68NS 0. 44NS 5. 43% 2.53NS
% i Sowing rate (D) 0. 27NS 0.44NS 1. 78NS 0. 70NS
T X H XD 0.79NS 0.90NS 0.53NS 2. 04NS

H, 2 HAUER 5 R0 A7 B Ak BHUK -, Dy 22 D, 43 51068 BE 3 A 4% Rk B B 5 [6 910 A i) /N5 7 B 3 738 Ak B ) 47 76 d 35 4 22 57 (P<<0. 05) o H, to H; represent
five row spacing treatment levels, D, to D, correspond to three seeding rate settings; different lowercase letters in the same column indicate significant
differences among treatments (P<20. 05). ** & /R AT HE 4 &k DL B AT I X R 5t 0 £ 45 A B AT A 2 52 i (P<<0. 01) 5 NS 387K JE W 35 52 i (P=>0. 05) .
FIA . ** indicates that the influence of H, D and HX D factors on each index is extremely significant (P<C0.01). NS indicates no significant influence
(P>0.05). The same below.
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R FH 2R RSP H,D,(0. 17 kg- ¥k DR E T 317.65% . H.D, 4B K A4 5 K, 4 14. 38 cm, H,D, &b
PR Z 13,89 em, B H,D, (8. 92 em) Ab B 43 i) & 5 48 % 1 61. 2126 .55.72% . T RLH{HH 3. 38~3.80 g, £
H,D b B8R e, HLD AR e ik, & M 22 0. 42 g
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Table 2 Variance analysis of the effects of row spacing and seeding rate on seed yield related factors of E. frumentacea

fib # /NEEEL AR P K TR E
Treatment Spikelet number Total spike number Spike weight Spike length Thousand-grain weight
TR H 5. 428 1. 702NS 10. 760%* 9. 296%* 0.218NS
& D 1. 776NS 0. 366NS 0. 839NS 0. 734NS 0.561NS
FTHHE X B HXD 0.53NS 0. 750NS 0. 454NS 9. 445%%* 0.776NS
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Fig. 1 Effects of different row spacing and sowing rate on yield component factors of E. frumentacea
AR/NG F B FRR R FAT IR 46 i 4b 33 H) 25 5 W % (P<<0.05) . T . Different lowercase letters indicate significant differences among different row

spacing and sowing rate treatments (P<C0.05). The same below.
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J7 25 0 W 4k R W] A6 i DL S 6 5 AT B B0 5 A TG I e R T B Se B b T A R B SE R R (P<<0. 01),
A7 B 52 ) AN 3 (3R 3) o v HoD, b # 52 PR b 7™ i fe i, o4 1631, 95 kg-hm *, H,D, Ab B Ik, 24 1077. 91
kg-hm *, ~# M1 2% 554. 04 kg-hm . 78 [7]— 4% 5K F -, BEAT B A9 38 Jn S B 7= B 00 B S A AR ML 5 7 TR — 47
B K SF 1 B 2 R0, L CHL CHL A HL A B S B A 7 S 0 S AR HL A R AR . A,
FE DA HLR W 7E B T 9 S PR AR 7 A HLD, b B SE R IR (P<C0. 05) , 2 B3 o 1 Rl 2% B R R R R
= (E2).
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Table 3 Variance analysis of effects of different row spacing and seeding rate on seed yield and quality of E. frumentacea

Ak 3 SR T S 2F R K 2FH R ZEIREL IR i1
Treatment Actual seed yield Germination rate Germination potential Germination index Vigour index
1R H 1. 046NS 3.492% 8. 498 1. 206NS 1. 840NS
D 9. 794+ 13. 364** 11. 676%* 5.326* 3.555%
FrE X 4 H XD 6.611%* 5.827** 16. 411%* 3.961%x 9.132%x

*FRRATHE A DL AT IR X | 4 A dR hr A B 3 3 (P<<0.05) . * indicates that the influence of H, D and HXD factors on each index is
significant (P<C0.05).
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SRR RO R % (P>0.05) a2 zo O
3 A K 5 AT B R (P<0. 01) , % & 245 %2 soof
BOMTE J7 468 BOA 535 52 0 (P<20. 05) 3 47 B A4 1 (0 ; .
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Fig. 3 Seed quality of E. frumentacea under different treatments
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2.5 ATEREFEETAPERTATZZEAAAXERG YA

P AE DG 2 M 8 SR (TR 4) T 60 A7 I 5 Bl B A W B 3 I A G (P<20. 01) , 5 fif 0 7= 2 W I 8 B A G
(P<<0.01) ; & 1 5 H A 45 35 A AH G HE R 18 3% (P=>0. 05) 5 SEPR Al 177 1 5 A B0 5E W Bl 38 15 A 56 (P<€0. 01) 5
P w5 G S AR W TE AR OC (P<<0.01) , 5 25001 /DA B R SF AR R IS D R A 1A B IE AR OC (P
0. 05) ; fif B 7= 15 55 i 1] ARG A0S W IE A 56 (P<T0. 05) , SR & 35 FuM 06 (P<C0. 05) s K 2E R 5 Kk 2E R 5
W 2 TE AR OG (P<<0.01), 5% S48 82 B3 TEAH G (P<C0.05) .
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Fig. 4 Correlation analysis of row spacing and sowing rate on agronomic traits, yield and seed quality of E. frumentacea
PH: # i Plant height; ST: 25H#l Stem diameter; FY: ff 5= & Fresh yield; LAL: M1 #4544 Leaf area index; SN: /N4 Spikelet number; TSN:
B BEL Total spike number; SW: & Spike weight; SL: # { Spike length; TGW: T-4i & Thousand-grain weight; GR: & 2f % Germination rate;
GP: % ZE# Germination potential; GI: % Z£#8 %X Germination index; VI: i 7148 %% Vigour index; ASY : SZPRFP T 7= & Actual seed yield; H: 71
Row spacing; D: % & Sowing rate. *: P<C0.05; **: P<C0.01.

26 HHRTHTEFEEHRE T S LERY )2 REE LS

B F AL WA 6 ) R T e A [N A(X) B E(X,) B E (X)X TR E
(X)) |5 S BR AP 7 7= 5 W B B o 15 2 d5 fE 1 H J7 B2 2 Y=18. 058 —46. 154X, +4. 166X,—553. 822X+
76.437X,+186. 824X, (F=3.467,R*=0. 658, P=0. 051) , &5 £ g7~ , Hofl £ 14 A28 i p 3R 7 10 BB (X,) B
(X)) AT T (X)) B 38 i — > BRI o= 57 i gl 43 3l $2 7 4. 166 .76. 437 i1 186. 824 4> A 5 /NEEL (X)) FlI A
(X)) B 3G i — A B L, Bh 7 2 43 5980 46. 154 F 553, 8224 FL A

Xof o 7 i 5 7 A PR R AT R AR A AT (R 4) R GE A VRO Bl 57 it Y L EE S e R [RS8 B
AR Sy B A 52 e 1) R B R Y A A L R AR ORI B RU(X,) > K (X)) > TR E
(X5) > HEHE (X)) >/NMER(X) , Hrp, SR ECE AR R TRHEE N Z M, HYOR R . Bk, SRR 52 e )
BRI = i 0 EE R o FESEERAE P b R BOCR IUA 38 Y A % 1 it LA S R A, 0 T A R T
2.7 H@RTEEKRIBAF AT = ZARTHARNG LRSS

K 3 A3 43 A 2 X W R R B A MR O A R S S BT SR G VA ol R AR > 1A a0
FE T 4% F2 A 09 5 25 DTk R K R A (3R 5) , THR IS A sy, BAUT 22 BTk R A 21 88. 901 0, MR T BMASS
S 88.901 %0 0 R ML NERE B R AR R IFHR A TS R AT 0 T b A e BB AE 1) B E 1Y
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R4 HEBTFHFFESHRERNEEZSN

Table 4 Path analysis of seed yield and component factors of E. frumentacea

S LIEE ¥4 B R ] 42238 12 2 4L Indirect path coefficient
Factor Correlation coefficient  Direct path coefficient —~X, —~X, —~X, —~X, —~X, 231 Total
X, —0.155 —0.790 0.029 —0.067 0.717 —0.043 0.636
X, 0.647 0. 950 —0.024 —0.432 0.083 0. 069 —0.304
X, 0.393 —0.539 —0.098 0.077 0.222 0. 046 0.247
X, 0.859 0.850 —0.666 0.093 —0. 141 —0.046 —0.760
X, 0.387 0.146 0.233 0.448 —0.171 —0.270 0.240

5

X~X; o0 ) e m /ANFRBC, B AR B E K RN TR E . X, — X, represent spikelet number, total spike number, spike weight, spike length, and

thousand-grain weight, respectively.

x5 BRAFHEESERSFHEEMRRIERKE

Table 5 Loading values of each factor, principal component eigenvalue and accumulative contribution rate

LgE| F 843 Principal component

ftems 1 I i IV v
¥k Plant height 0.914 —0.288 0.222 —0.016 0.026
25 Stem diameter 0.629 —0.341 —0.521 0.173 0.271
6 30 & Fresh yield 0.134 0. 855 0.112 —0.008 0. 368
I T 45 %K Leaf area index 0.270 0.563 0.053 0.526 0.325
/NI Spikelet number 0.521 —0.666 —0.440 —0.042 0.114
S 4L Total spike number 0.036 —0.537 0.771 0.007 0.189
T Spike weight 0.239 —0.577 0.659 0. 060 —0. 256
MK Spike length 0.766 —0.471 —0.220 0.084 0.145
T-#2H Thousand-grain weight —0. 344 —0.088 0.703 0. 100 —0.067
SL R P F 7= i Actual seed yield 0.307 0. 050 0.776 —0.157 0.482
& % % Germination rate 0.629 0.441 0.022 —0.586 —0.167
& 2E # Germination potential 0.444 0. 201 0.167 0.618 —0.532
& 2484 Germination index 0.761 0.398 0.142 —0.338 —0.331
W 7148 %4 Vigour index 0.716 0. 504 0.162 0.197 —0.035
HEEfH Eigenvalue 4.135 3.190 2.778 1.232 1.110
77 2% 5k % Variance contribution rate (%) 29. 536 22.789 19. 843 8.803 7.930
FFTTHER R Accumulative contribution rate ( %) 29.536 52.325 72.168 80.971 88.901

NIE, TRCE AR M LR AR ) B B0, R W R m e OO DU 2 BB R ZE R R ZFR AL
CIRCIPA (=€ = B AT S N S N O i e el o 1 B/ 7 L Rl 1 5 A o s ol | NS R T2 (=S -4 4 G
345 B HO R LR R O O /R SRR R R R A e ELARR AR 1) B B, 3 B LA A e Y T
BUHE B 5 2548 BRI 746 2, /0 (/N L BB, S i e R A et P AR T g R e 7 B Ry, S P el
T AR . A I AR R TR A A R ELARAIE i O I S /AR A A R LR 1)
ot RS R 2 R R TR A 2R A RN R D ) T R T e R AR, SR T R AR
o R IV e T AR R A 2 A A A e ELARRAE 1 O TE, R ZE AR A 2 R R A R ELRRAE 1 O
WY I T RS B R ZE AR R 2 RN R 2 RO A T80 e R e S S BR Ah  EER . B V A
R TORCEL 28R KRR BORIE 7 48 B R A O O, Ul AR A TR E R, AR I AR RO K 2R
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e B 1 18] g i 7 e S S B T R R

HRAE F2 8o 25 A PE A K DR R B AT AR VLS 5 A SPSS B4R @ ST LR A T AL B AT Y
Y, Y Y, MY, Y HD 5 e, Yo H D A 4k e, Yo HoD A 4 e, Y, 1 HoD A8 43 s, Y HLDL 7%
Iy s R Y=1(29.536Y,+22. 789Y,+19. 843Y,+8.803Y,+7.930Y,)/88. 901 i+ , 15 I K [F] & & 15 /7>,
H.D, 18 43 f5¢ &5 (1. 083) , 15 4 A Rl 47 1 5 #8 & (19 &b B HE 4 0T 5 8 H.D,>H.D,>H,D,>H,D,>H,D,>H,D,>
H.D,>H,D,>H,D,>>H.,D,>H,D,>H,D,~>H,D,>H,D,>H,D,(£6),

x6 ARLEBABRFEREAHA

Table 6 Common factor values and comprehensive ranking of different treatments

4 F Treatment Y, Y, Y, Y, Y. Y HE4 Ranking
H,D, —2.243 1.426 0.149 0.263 —0.451 —0.361 9
H,D, 0. 844 2.487 —0.147 0.705 0.695 1.017 3
H,D, —1.342 3. 386 —0.682 —0.500 0.874 0.298 8
H,D, —3.678 —0.062 —1.049 1.259 0. 144 —1.335 15
H,D, 1.235 —0.071 1. 383 —1.026 2.306 0.805 4
H,D, 2,252 1.737 —1.737 —0.341 —0.223 0.752 5
H.D, 3. 355 0.693 —0.924 1.022 —1.232 1.078 2
H.D, —1.733 0.045 0. 802 —2.953 —1.152 —0.780 11
H.D, 1.031 —2.789 —3. 386 —0.239 1. 393 —1.028 13
H,D, —1.997 —1.316 —0.311 0. 850 —0.048 —0.990 12
H,D, 0.432 0.552 2.043 —0.022 —0.522 0.692 6
H,D, —0.831 —2.769 —0.669 —0.837 —0.359 —1.250 14
H.D, 1.589 —1.578 3.663 0.698 0.818 1.083 1
H.D, 2.396 —0.738 —0.239 —0.256 —1.600 0. 386 7
H.D, —1.311 —1.002 1. 105 1.378 —0.644 —0. 367 10

3 itig

3.1 /TR ERTHEERIBRG D W

R AT R A ] AR P S AR R A T R VA R R R O G EE  s L A R
T b %% B2 RE 0% 70 43 3 A FH KIS e AR | M55 43 S5 PR B G, Xk 0 Bl bt AR A 7 ) i BT R AR . MR
J2 VA ) e i AR R G RR AR 2 — o A WS ER B AT IR S e A 1S M B bk v (P<<0. 05) L #%
N AT BE Y 52 B D ORE R R R e A S R s 2 AT BE A I R T4 e, b 30 em AT BEAL BER A 6]
5 o Auh AR MR R R R R AR SR I HLD A BRI R B T B R B R T HLD AR A SR A T IE T A bR
N, T RE R T T AN 3R 0> K A DG R SE P D R E I A KO B R T AR . X SR
5 T JE A3 T 5 (A gropyron mongolicum) FJGTE4E % ( Bromus inermis) W 5T & BL— %0, B 96 17 14 A T4l
PRI BRI B RO 2 T DAOE A6 PR 0 R 25l 0 AT R R Y T R X R AR R R ) 7 Y
e 8 3 o X PR B O R A e JE M X AR 1S R I 245 & & (Elymus sibiricus) B R BEAEAT
B 15 cm B AR i 22,5 kg-hm “B fif 5P R 4 13K 12668, 16 1 12180. 94 kg-hm *, & 35 ft F H A Ak B 41
B o AWFFE Ak B AT BEC A v S5 R i O TG R R B 1 B I ALY B BT 7E HODL AR B (T EE 20 em, #
it 11. 25 kg-hm ) B B IR, Jy 36129. 17 kg-hm *. A7 HEE R F] 40 cm DL i), 6 50 5 B R B, X il e 2
PR] S Bt 2 47 B 486 K, B A57 TR AR PN A Lk 285 B8 AT, DT 020 T RO A g e i AR R, R B0 1 R R U8 T e AR
A AR B HA B TS R o TR B A VR W R E 2 A R S B R DG BEAR AR . B ST SR AR R 7 P
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e DX A B AR K B8 (Oryza sativa) i B SR 401 i & 3R, Bl 5 R 2 B 1) 2 55 L 5 0% B8 R FH 28038 25 D0 AH G 1 - e
FREE B B TR 3, o oR 25 om 5547 6 2 4y 2 nT ff i 1o AR H00K B e MR, DT S B e 7 H AR . AR
e, HL D, Ak B T AR e R B B (1. 162) , 3R WY IR A e Ak D) I 8 vy %) ol A 28 B2 W) LA K4 o A iy o v AR B
i B DI = G AR R 6, 5 — T B A O A 9 e 82 1 1) T () 4 I T o AR AR
3.2 ITEREETSPERT S ZULS G IR

A7 55 9% B 1 6 LG R DR O G BE R T 5T R B R A A 1) O B AR % R O v 4 S B Ak
Hb T AR ZR A AT AN IR AN AR T 4 8 75 5 A, DA (AR BT 5 (8RR 4 S BOR 7 R W 5 R R B A AR 2%
e A T ARURE 3t 114 ) P AR AR A R A [ IS AB R S AN I OB VR 55 L 3 OGO IE YR 2%, [ R 5 Fh 1
PR R R R B M A R R R A T T T B B A SE G 5 0 VR R R [ B R A R i
AddisuZE B BF T £ W, M ATHE R 15 em, 76 5 20 kg-hm *Bf, 0] S2 30 & £k (Eragrostis tef) i1 7= B 1 B KAk
EIR AR B LG RAE 60 em ATFE A AR 777 5 3 & T 3081 120 em AT (P<20. 05) , 1 46 Ff 2t X0 5 7 5 1)
5 W R X SN o AR ST AR W R 0 Rl T R E HLD, AR B (47 BE 60 cm, #% i 7. 50 kgrhm ) F A S
1631.95 kg-hm *, Ui ] 5847 FEAR 25 B2 A R T A2 58 AR K, 3 5 6 2 2R 7 09 SR A T 8 T B 66 D X6 1L o 5 X 7 A
J PR 21 5 W K X A5 55, AFL A8 ELAE FH A A 36 B L A BE OCCRR B A BT A B e (P<<0. 01) » 7 D, AR (15. 00
kg-hm ") T, Ff 7 7= i 0 40 A, Al AE 2 3% il el s i m B P B AR KSR A M AR . X—BL s
KA IRV 7 L A F 5 2 SR A W AEL LA e i R AL R A B T S

25 P R AT I S 2 5 W ) B TR AR S AL e B R . TH 2 SRR BT R B AE 2 (Bromus catharticus ) 1E
20~60 cm 47 BEA BT, i 7 i B AT RS TR 0 2 BE AR (P<<0. 01) , i #§ & 24 7. 5~30. 0 kg+hm *, X fif 7= i
) S ) DU) AR S 5 o A A A S [ A7 I X e 9 b [X ) FH B2 32 (Secale cereale) ¥ 8 EAS BB | T4 5 R
TR 2 (P<C0. 05) , {H X4 25043 BEBOR BERL 50 Wi AN | 35 (P=>0. 05) o ARWF5T 5 22 0 Hr & B 47 R
Xof ) R AR T A /N R T AR ELA AR S SR (P<C0. 01) , 6 S B EIORT Tk R A 8.3 (P>0.05) ., M6
PR3 AT 7, AT 5 R R R A S LR OGN R R B A OG, b TR S BB R Y
B 2E 5 5506 IR PE B (Sorghum sudanense) WWF5E % A B AS 6], FI BB 5 1800 g B 1 110 24 40 2 AR R 3 ol b 17 R
WA . ZIuhlH 5 AR5 T BE 98 1 A 1 7 5 55 2% 4 B IR 3R 22 1) 10 G R, R G M A 5 PR % 7 Y
B2 Ko la) 252 ), Ry A b 7 20 PR R BERL 22 AR IR o N (Leymus secalinus ) 5 B4R | BA07 1T AR AR JE AR5 /N
B TR T 3 R R e YD R AR BRI R A N AR B A TR RN AR OO R
VB FH R0 E] 24 AR s AR 7 1 /N BSOR g /N K /N A RO 22 45 A B &2 RE (L olium perenne) BT -7 5 4 .3
s Y AR R B, R A R R G R e B TE 1) TR, L rh SRR Y AR R BUR
H0.95, K BHEBCR M TR A CHEE ., XA AN RG2S T iESRY 2 b X4y
APPSR AR DL R R B % R T R = R A G SR BRI R 7 B A 5 A K AR AR AE AU (P R
oy B, R MR E B TR AR K SRR AR K BAEFE I i A PR R Se 0GR o JE Tk, Se bk = v DR A A
(Fof 7 Bl f0F 0 ) 2 3% AS [ 0 8, P A 7% 55 3 o 98 AT B (60 em) AR %8 B 4% Ff (7. 50 kg-hm ) UAE 2 2R 58 kG 201k
T i A 7 v R AR LA R SR AR K
3.3 AEAFEZSHARTHTREN W

BORE R A0 DG 25 L R W AR 1 7 A RO K R B KT BT R 2R R R R IR AR B I
FIHR B, S VAR B TR A O R AR AR BRI AR RS R B M AT IR 20 cm, i N 5 kg-hm CHE, 5 I R
b FLOR (Poa pratensis Qinghai) B 1 7= 1k fi ey FLBG it e 4 5 B35 46 098 R A, JC 1548 22 A A7 1 30 em 4% 1 20
kg-hm *B & ZEFR bR et o A7 B W 25 e R 2E R R AR TR F AR EL(P<C0. 058 P<<0. 01) , # 1 {0 i 355 ) &
ZESRNE T8 B0 AT IE 5 R B B R ZFE A R B R (P<<0. 01) , X AL R bR C WEAE . AR R,
H,D 4b 3 (1775 30 cm, # 1 15. 00 kg-hm ) B & 2 #5535 80. 33% , H.D Ab B (47 8#E 40 em, # 4 7. 50 kg-hm *) 1)
K R ZEARBORIE S48 B0 38 B w8, 31X 3 WS h AT BE 25 5 AR A 46 Fh LA R TR0 0 BT . AT EE
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X ) P R 14 A 2 R i 2 SR A S R R RO A 2 AR R R A A B A R R AT AR A
VEXT B AT B ol B 8 A 2 77 A T A 3 R R (P<<0. 01) o E B 20 M o, Bl 7 IR 38 AR e o T b Sk
e B SR A e b B A R B A S R IR PR A ROIR O ELE R R AR T RO . ZREOR A, WM R AR HLD, AR B
AT R R L, DN S 2 B R SRR IS AR B SRR AR B R B B R A A O, B S P AT
O 2H & AT A AR B A TR, IR AR AR (bR RS ) w8 BERH G , i R b 7 8 7= L I

4 Fig

T S AR M DX 9 0 e R T R R Al A P D 3OS [ R R G A I R T S 7 A AT 20
cm HEHE 11, 25 kg-hm 24b B F 255 (36129, 17 kg-hm %) ; i T 7= f 76 4755 60 cm 364 7. 50 kg+hm 24b B0 F ¢ i
(1631. 95 kg-hm ?) ; 7 5 & 5 T , A7 8 40 e B 8 7. 50 kg-hm 2Ab PR EL A , 2 90 ]9 8 234 0% ) #8 B S 48 47 0
HPETE o 2 TR S AT R R R DL RO T i B, HD AR B (T 60 em B L 7. 50 kg+hm )
AP AT DAy 1 Bl 380 e R T AR R S R
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