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Study on allelopathic effects of alfalfa / forage maize / sorghum-sudangrass hybrid

LIU Chanchan, SHI Shangli, HE Long, WANG Wenjuan, WU Bei
(College of Prataculture, Gansu Agricultural University / Key Laboratory of Pratacultural Ecosystems, Ministry of Education /
Center for Sustainable Development of Grassland Animal Husbandry, Lanzhou 730070, Gansu, China)
Abstract: In this experiment, alfalfa (Medicago sativa), forage maize (Zea mays), and sorghum-sudangrass hybrid (Sorghum
bicolor x S. sudanense) were used as receptor plants, and plant germination and seedling growth were measured at different
concentrations (0, 12.5, 25, 50, 100, 150, 200 mg-mLfl). The aim was to investigate the relationship between the three crops
and their allelopathic effects, and to provide a reference for crop rotation, mixed cropping or intercropping production. The
results showed that all three crops had allelopathic effects on each other, and the effects differed significantly depending on
the receptor plant species, receptor organ and tissue extract concentration. In the range of concentrations tested, 25 and 50
mg-mLﬁl of forage maize aqueous extracts were the best concentrations to promote the growth of alfalfa and sorghum-
sudangrass hybrid, respectively, and both had the best effect on seed vigor, with a synthetical effect (SE) of 0.074 and 0.092,
respectively. A concentration of 50 mg-mLﬁ1 of alfalfa aqueous extract was the best concentration to promote the growth of
forage maize (SE = 0.027), and the best effect to promote radicle growth; all concentrations of alfalfa aqueous extracts were
inhibitory to sorghum-sudangrass hybrid (SE < 0), All concentrations of sorghum-sudangrass hybrid aqueous extracts were

inhibitory to alfalfa and forage maize (SE < 0). In conclusion, alfalfa should be rotated, set or mixed with forage maize and
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not with sorghum-sudangrass hybrid, and forage maize can be used as the front crop of sorghum-sudangrass hybrid, but not

as the back crop. In addition, when forage maize is the main harvesting object, set or mixed sowing is not suitable.

Keywords: water extract; seed germination; seedling growth; rotation; intercropping; allelopathic effect; forage grass

Corresponding author: SHI Shangli
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HAEH ARSI AR 2300 °C-d BL_E 3 X R
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1.2 REHESNERR

T EK WP R E IR I f % S
% Ja S olk S R 56 7 v, 4 B FRE 200 g B K
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Table 1 Experimental treatment of extract on receptor plants
vt 4 Y _ HERE N VAL HE 75 B B
HObkK R S AkH) el RIS SUEH IR
A lant extract R tor plant Combination  Treatment concentrations/  Extraction liquid
dueous plant extrac eeeptorp code (mg'mL™) dosage/mL
i EARIKIR S MLA
Forage maize extract AT )
RERERES 2 Alfalfa A
Sorghum-sudangrass hybrid extract :
PR AR S M
Sorghum-sudangrass hybrid extract A K B 0 (CK). 12.5.
. 25, 50. 100, 5

SRR B Forage maize AM 150, 200
Alfalfa extract )
T F FKAKIR AR M-S
Forage maize extract RN )
ALy Sorghum-sudangrass hybrid

; A-S
Alfalfa extract

AEGR T F MBI T ARR I, ARREILE R, SRR BT EMAERAM E KT T, ARRELETE M

T, SRERSTEMT. TR,

Combinatorial code “-” first letter M represents forage maize extract, A represents alfalfa extract, S represents sorghum-sudangrass hybrid extract .

“-” second letter M represents forage maize seeds, A represents alfalfa seeds, S represents sorghum-audangrass hybrid seeds. This is applicable for the

following figures and tables as well.

W 5E $6 b5 S 0 B Ah T8 50 2 9 07 0,
PAREAR SR B« B H 1 mm D &k 2E AR, & H 3E4T
T B8 7 RINGE B R 2 2, B LA ALEL 10 ¥R 4))
B, PRI E 5, FEARARAR I R ZF AR AR K .

THRE AR b 35 1) K 28 AR IR« K EF 3R
£ S 1ol o= T ol < L e e o 1K AR W e g )
Ak,

% 8 Williamson I Richardson "' {17 75 %, i+
A A 20 R F $X (response index, RI):

C
Rlzl—— T> H
= (T30
T
RI=Z-1 (T<C). (1)

Ao TR E AL ERAE s C X HRME s 2 RI>
0 I, RANAFAEARBER; 24 RI< 0, RARAFAE
RN o 800 B R /IR A TR RN 5 5
1% 7198 %L (vital index, VI):
VI=GIxS; 2
K F 8 %0 (germination index, GI):
Gt
EO
XS 7d WK (em); Gr A F A (7 d)

GI= 3)

(% 2% De R AR

25 A IR RL N 8 1 (synthetical effect, SE): & &
] — Aab B FE X6 [R] — AN 2 Ak 2 AN AT H (k3
RO SR B TS 1A E A O FE B
(RD) HI¥1H

THHJE CKEI Y 0 ZI e £, SEfE-1 & 12
(B, SE <0 Fonf| N, SE>0 KIAL RS, H
SE 4 H K /N F R A RS AE I 5 S n A2 A0 I
37 46 Hor A g
1.3 HIERIE

K FH SPSS 17.0 XJ 32 AR A5 W) K 28 16 b« 4 v A
KFabm 28 B BN F8 Bk AT B TR R 5 22 0 M
7 A 36 K £ & L (Waller-Duncan 7£), £dE H
PIMH + AR iE iR R N, K Prism 8 FEAT I

2 HR50M

2.1 RERNIT AR BRAN
2.0 CRAEE TG IR WO P B KR T
R BN

B CK 4, Bl 2 $2 WAk BLIR B B0 T &, A-M
M A-S KR LT mJa FIE S, A-S i J11R
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W R SR AR RN R B R B IR, A-M
TSI FR R W R SR A BN FE B R S T S PRI
A @& 2. B ).

B CK 4h, A-S K 3 % T 50 mgrmL ' 4b B i% 5
W, A-SSHWER TR EEFERT CK (P <
0.05). A-M KEHHEEEHII T 50 mgmL ' ik 5w,
Kb 3 B 25 A1 50 mg-mL ' IR 3 2% 50 mgrmL
N D488 CK 2R AR %, HRHEEKT
CK (P <0.05), 50 mg'mL ' B A-M ¥E /1 #6500 & &
T+ S-M.

A- s A-M [ R 5 B LN 4B 50T 12,54 25
mg-mL " Ak F N I B B i, 5 CKOME EEBEAR T 27.7%-
12.12%, 35 5 A1) 2808
2.1.2 G EOKRR RN SR R AR E R
R B ASN

B CK 4, B & 12 3 WAk 319Kk B 1 7 &1, M-S,
M-A K33 3G TR W0 K SR E R RN 15 203

BAETHE I RAGE S (R 2. B 1),

B CK 4h, M-S & % % T 25 mg'mL " &b ¥ ik 5
B, WA 125, 150, 200 mgmL | B R H R G E
KT CK (P<0.05). M-S i /1365 T 25~100 mg-mL "
B 52 5 T CK, 50 mgrmL ' A FH5A B 5, 3R T
67.75% (P < 0.05). M-A K % #% T 25 mg'mL "' i} i&
B, 100mg-mL ' & 2 HR 5 2K T CK (P<0.05),
=>150mg'mL ' AR M-A W& /85T 25 mg'mL ™
ik B e B 2% T CK 20.20%, =50 mg'mL ' i
ZELT CK, 25 mgmL ' I M-A (1935 /748 %00 &8
T S-A.

M-S, M-A 8 K %5 A 4 B3N $5 20T 25~ 100,
25mgmL ' I R, EHALHERN, & &5 CK H
FLEETFF T 19.1%. 7.8%.

2.1.3 EFFERET R E 1S
K R T
Bk CK 4b, BEE R FERACEIR EE (T, S-AL S-M

(ZLEES ]

*2 RERNZHEYHLNEN

Table 2 Effect of extract on germination of receptor plants

AL B 4445 Combination code
niH Treatment
ltem C‘z‘;zﬁrt;i@%“/ A-M AS M-A M-S S-A $-M
0(CK) 58.33+5.51a 63.33+441a 88.89 +2.94ab 63.33+44la 88.89 + 2.94ab 58.33+£5.51a
12.5 31.25+3.61cde  50.00 + 7.64ab 77.78 £2.22bc 38.33+333bc  81.11+6.19abc  41.67 +4.17abcd
. 25 4375+ 7.22abc  51.00 + 8.72ab 87.78 + 5.56ab 65.00+5.77a 90.00 + 3.33ab 43.75 £ 6.88abc
Geiin?;ion 50 52.08+5.51a 61.67 +7.26a 86.67 = 5.09ab 63.33+6.01a 91.11 +£2.94a 35.42 +4.17bcde
rate/% 100 2433 +3.48cde  48.33 +1.67abc 60.00 + 1.92d 48.33 £4.41abc  70.00 £ 5.77¢cd 35.42 + 5.51bcde
150 22.50 + 6.26de 40.00 £ 5.77bc / 40.00 £2.89bc  24.44 £2.94c 20.83 +6.71e
200 20.58 £ 8.72¢ 28.33+£9.28¢c / 40.00 £ 2.53bc / 16.67 +5.51e
0(CK) 6529+ 6091a 71.75 £ 3.64bc 98.25+8.52b 71.75+3.64bc  98.25+8.52b 65.29+6091a
12.5 35.98 +4.30bc 46.26 £ 8.72de 103.74 £ 9.96ab 48.85+6.73cde  92.76 + 6.94bc 52.85+9.00ab
25 36.35+6.29bc 33.50 £ 7.18ef 118.10 + 3.67a 111.37+11.60a  96.03 £ 8.20b 57.18 +7.38a
V{lﬁg?rfi?ezx 50 62.32+5.24a 33.18 £ 4.88ef 76.71 +491c 120.36 £ 12.75a 7521 +2.56¢ 32.41+19lcd
100 14.15 £ 3.62¢f 9.52 £0.89fg 31.27 +1.09d 104.91 £9.59a 36.98 +2.92d 30.98 + 6.17cde
150 5.33 £2.68f 4.55+0.87g / 78.49 +3.72b 5.59+3.48¢ 16.53 £ 1.90def
200 3.01 £ 1.65f 237+0.77g / 66.19 £ 5.76bcd / 6.62 £ 1.68f

“PFRORMCH IR T ARBIAR SRR E R, ARG TR R R AR R SR AL 0 ) — A AT A B 225 B (P < 0.05); B

R

“/” indicates that the seed has not germinated under this treatment. The significance of each index was calculated separately,and different lower case letters indicated that

combinations of different species and concentrations of plant aqueous extracts differed significantly in the treatment of the same plant at the 0.05 level. This is applicable for

the following tables as well.
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Figure 1 Synthetical effect index of extract on seed germination

R W JIFR AR S-A A R 45 A A BN $R B R
STt JE FRAR S, S-M B R 25 A A BRI iR 0
A EEIGES &2, B ).

B CK 4h S-A RHFZET 50mg'mL ' Rk, =100
mg-mL_1 I R 5 R R Z KT CK, 200 mg~mL_1 i A
R o S-AVEIEECT 25 mgmL " AbHIA B, =50
mg'mL ™ I 3% /7 #8 $E E KT CK (P < 0.05). S-M
RFEHR E BT 25 mgmL ' Tk &, =50
mgmL " I KR ISR FE KT CK 25
mg-mL71 i S-M 3% 718 50 B & T A-M.

S-A. S-M Hf K &5 A Ak B RS Fi o ) T 25,
125mgmL " Fikf .

22 ERE&ESHEEKOERYN
220 REHERBBSWHER. &P ELE A
KA BN

K CK 4b, BEE IR SFEMIK T =i, A-M &1 T
bt 2 PR3, A-S i BT T 28 & e BRI E
PO(EE3)e AM MK AR K AR 25T = 5 B
K%, A-S K, MR K 2 FELBEH (K 9.

Bk CK 4k, A-M 4 & T L T 12.5 mg-mL ™ 4k
HEIk R, =100 mgmL TR E R T CK (P <
0.05). A-M JE 2K JEIR K 2T 50 mg-mL ™" &b FLik
B, =100 mg'mL ™ I3 5 Z KT CK, 50 mg'mL ™
B A-M B R B 2 5 T S-M. A-S 41 i T L T

25 mg'mL ' 5B #, =100 mg-mL ' I 40 6 LB
EZLT CK. ASIEZF K, IRIR KT 125 mg-mL71
W, K =100 mgmL ' IRIRK KT 2T 50
mg-mL ' 34 5 LT CK.
222 W EKEBRBEN IR SEEHE L E
KA BN

Kr CK 4k, BEERFEBIREF &, M-S, 4T
L MK MARK 2R FA S ERIKES . M-A
T, g it K BT E I IE S, IR
KB RREH &3, K 4).

M-S 4Tt 5 CK Z 7 AN B3 (P <0.05).
% CK #F, M-S JIF 2 K T 25 mg-mL ' i34 52 &, 200
mg-mL ' I & KT CK, AR K T 100 mg-mL ™ i
i B IR B 2% B T CK 35.04%, 100 mg'mL ™' B} M-S
K MRS & T A-S. M-A S BT LS
CK Z %R E %, BHREKT 50 mgmL ' i & HKT
CK. BMHFK T 25 mgmL ' ik m HE % m T CK
23.93%, B2 & T S-A.
223 EFPHERPEEATELEE . FHEKRY A
K A B R

Bk CK 4b, BEERIEBAE IR &, S-AL S-M
4] T B LR AR R R B, SSA IR IR K
B AR, S-M IR ZEK L Y IR AR K B R 2 T
= E PGB S (B8 3. K 4).

W CK 4h, S-A 4 8 L T 12.5 mgrmL ' ik &
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Table 3 Effect of extract on fresh-dry ratio of receptor plants
Ab PRI FE #4185 Combination code
Treatment concentration/
(mg~mL71) A-M A-S M-A M-S S-A S-M
0 (CK) 3.68+0.31a 444 +£0.22a 12.69 £0.25a 4.44 + 0.22ab 12.69 £ 0.25a 3.68+0.31a
12.5 3.77+0.39a 432+0.58ab 12.13+£0.51a 4.52 +0.98ab 12.42 £ 0.41a 3.11 £0.13abc
25 3.44 +0.08ab 4.70+£0.13a 12.63 £ 0.26a 4.87+0.20a 11.97 £0.32a 3.01 +0.12abed
50 3.13+0.18abc  3.93+0.16ab  11.64+0.26a 423+0.24abc  11.93+0.19a 2.85+0.08bcde
100 227+0.14def 3.11£021bc 10.57+1.8lab 4.31 £ 0.33abc 8.74+291b 2.16 £0.11ef
150 1.11£0.56g 3.06 = 0.20bc / 3.52+£0.21abc  10.01 £0.52ab  2.43 £0.21cdef
200 1.93 + 0.06f 3.12+0.41bc / 3.35+0.15bc / 2.31 + 0.05cdef
F4 RERNZHEYEKHEMD
Table 4 Effect of extract on growth of receptor plants
- ALBEAR FE A4 45 Combination code
e Treatment
Parameter concentratj]()n/ A-M A-S M-A M-S S-A S-M
(mg'mL )
0 (CK) 5.19+0.22a  3.89+0.44ab 1.17 £ 0.02b 3.89 + 0.44ab 1.17 £ 0.02b 5.19+0.22a
12.5 5.17+0.60a  3.82+0.57abc 1.44+0.12a 3.65+0.23abc  1.29+0.07ab  5.45+0.33a
ny 25 4.68+042a  3.61 £0.14abc 1.45+0.04a 4.15+0.19a 1.16 £ 0.04b 549 +0.45a
Plﬂalr‘ltﬂ;tnn 50 555+0.34a  3.55+0.16abcd 1.23+0.02b 3.91+0.18ab 1.30+0.03ab  4.50+0.28a
length/em 100 2.79+0.38bc  2.65+0.32d 1.14 +0.06b 3.87+0.22abc  1.18 £0.08b 4.12 £0.25ab
150 0.73+0.45d  2.67+0.19d / 3.07+0.13bcd  0.94+0.10c 2.87 +0.76bc
200 228+0.43c  2.63+0.08d / 2.95+0.23cd / 2.43+0.22¢
0 (CK) 8.93+09lab 528+£0.90bcd  3.13£0.15a 5.28+0.90bcd  3.13+0.15a 8.93+0.91ab
12.5 8.26 + 1.42abc  5.12 £ 0.34cd 2.83 £0.28ab 545+0.46bcd 2.21+0.21bcd 5.97 +0.28cde
K 25 8.14+0.7abc  4.45+0.32de 2.52+0.05abc  5.49+0.19bcd  1.75+0.05d 6.25 + 0.28bcde
Pljft Fadicle 50 10.76 £ 0.65a  3.72£0.24e 227+0.07bcd  5.39+0.07bcd  2.18 £ 0.25bcd  6.63 + 0.21bcde
length/cm 100 431+0.47e 1.64 £ 0.30f 2.55+0.25abc  7.13+0.09a 2.65+0.24abc  8.27 +0.56abc
150 0.87+0.45f  0.48+0.03fg / 6.41+0.19ab  2.03+0.43cd  7.11 +1.52bcd
200 1.13+£047f  0.36+0.09¢ / 5.68 +0.27bc / 5.18+0.61de

#, 100 mg'mL ' I & (K T CK. S-A & i Ik 2 &K
% 150 mg-mL I & Z K T CK, %) IR K B 100
mgmL ' 4B EL T CK (P < 0.05). S-M %) i i
T T 125 mgmL ' 35K 55, =50 mg-mL i & T
25T CK, 150 mg-mL ™ B S-M ¥ F LL B 5 &
T A-M. S-MJIE# & T 25 mgmL ™' % & &, =150
mg-mL ™ B 3 K B K T CK, BE R K £ 100
mg'mL A 5 &, 12.5, 200 mg'mL | BRI K B2

T CK, 150 mg'mL "' I} S-M JIE 2 K | IR AR K &5 %
=T A-M.
2.3 HEYEKEXBENEESHESRITMN

b6 R PR BT =, SR B M-AL M-S, S-M
ARG A IR A P T Rk B E N B,
A-M HEFR A K 25 A0 RN 48 B 2 2 T S AR
FFFE r s, T A-S. S-A FE Bk A K 258 1 B R
FE MR R 2R PRI % (B 2).
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50 mg-mL " FRAR I T 2K K IR B W T DA A 1 7
Q¥R 2 A K, ) LR AR R K 25 mgemL () G
P8 KR B AT A2 33k 1A F R OK & R 2R AR K, #
R AR K, T KT 50 mg-mL ' B S-M 4L ¥ F %)
B R ZF o R AR AE KoK ¥ 52 B0 3 ), 3 3R B I $ 6T
SRR AR I AS [R]85 B 140 B AE T A — 2L

A, TE BT DA R H T I B BT, LA
FEEEFP AR AL, 52 A SRS BN, TR A A
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Figure 2 Comprehensive allelopathy index of extract on growth and development
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