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Abstract: The objective of this research was to determine effects of growth medium composition on the propagation of

cultured milk vetch (Astragalus adsurgens Pall) roots. An orthogonal design was used to test multiple components in the
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growth medium. A second objective was to measure allelopathic activities of cultured milk vetch roots by conducting a
bioassay using filtered extracts from the growth medium after culturing the roots. The results indicated that among all the
nutritional components, Fe’* had the greatest effect on the propagation of cultured milk vetch roots; the effects of sucrose,
H,PO; , Mg’", Mn’*, Cu’", Zn’*, BO]™, Co’*, I and C;H,,CINO; + C,H,CI,N,08 + C,H;0,N + C.H,,0, were
intermediate ; and the effects of nitrogen, Ca’*, MoO} ™ and NAA were lowest. A recommendation was made regarding the
optimum nutrient content of growth medium for the propagation of cultured milk vetch roots. A bioassay using filtered
extracts from the growth medium indicated that milk vetch roots might have produced allelopathic chemicals during their
culture. Differences in the degree of allelopathic effects suggest that nutrient stress may influence the production of
allelopathic chemicals. This study provides a basis for the improvement of milk root regeneration and propagation and

suggests that nutrition may influence the production of allelopathic chemicals by this plant.

Key Words: milk vetch; cultured root; medium composition; culture filtrate extracts; allelopathic effect

Milk vetch (Astragalus adsurgens Pall) is a perennial pasture plant that is native to China. Milk vetch grows
well under a wide range of conditions. Its high protein content makes it a desirable forage plant for livestock.

Consequently, milk vetch has been planted in dry areas of northern China for over 100 years.

(121 bhysiology and

[13-16]

In recent decades, milk vetch has been widely studied (eg. biological characteristics

[3-6] [7-10] 1,12]

ecology , pests and diseases , heredity and breeding'’ , cell, tissue and organ culture , planting

techniques and utilization'"”" ™). These findings have promoted the use of milk vetch as a forage and green manure

crop. Milk vetch has also been used for ecological restoration''*!.

One specific finding from the studies listed above was that the introduction of milk vetch resulted in a rapid shift

from a Mongolian thyme ( Thymus mongolicus Ronn) community to a Bunge needlegrass ( Stipa bungeana Trin)

(121] " Banded sowing of milk vetch led to an increase in the yield of air-dry herbage, a decrease in

(22]

community
poisonous plants, and an increase in the proportion of legumes Moreover, the establishment of milk vetch
enhanced the degree of vegetative cover and altered the community composition of pastures on steep slope!”!. Guan
et al. '"®1 observed that short-rooted cereal pastures grew well after milk vetch pastures declined, however, long-
rooted legume forages grew poorly. Liu et al. 2] found that yield and biomass of millet [ Setaria italica (L. ) Beauv]

was significantly less in fields infested with milk vetch compared to fields that had previously been planted to smooth

[25]

brome grass ( Bromus inermis Leyss). Du et al. emphasized that there was a sharp decline in forage yield when

milk vetch was planted for more than three consecutive years in agricultural areas with rainfall of 300 mm. The
observations described above have traditionally been attributed to competition between species. However, recent
studies suggest that allelopathy could be a contributing factor' !,

Allelopathy is an interspecific relationship between plants and other organisms. It is a common phenomenon in

nature and plays a significant role in the existence and multiplication of some plant species?’. Allelopathy in plants

is influenced by environmental factors'®™! | especially soil microorganisms'?*). The presence and effect of

microorganisms complicates allelopathic research. Sterile plant material eliminates environmental effects caused by

[31,32]

microorganisms and therefore is considered ideal for the analysis of allelopathy . Hence, we used sterile cultures

of milk vetch roots in this study.

The climate is dry in the main milk vetch growing areas of northern China. The aerial parts of the plant are
harvested two or three times per year. This suggested to us that the release of bioactive substances from milk vetch
shoots might be limited. We hypothesized that the majority of bioactive chemicals were released from underground

parts of milk vetch. This was another important reason why we used cultured roots but not other cultured tissues.

http . //www. ecologica. cn
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The objective of this experiment was twofold. First, we wanted to determine the influence of growth medium
compositions on the propagation of cultured milk vetch roots. Second, we wanted to analyze the alleleopathic effects
of milk vetch roots. The latter objective was pursued by treating radish ( Raphanus sativus L. ), wheat ( Triticum
aestivum Linn) and milk vetch seeds with filtered extracts from the growth medium that had been used to culture milk
vetch roots and then measuring the germination ‘and seedling growth of the three species. This research shouid
provide a basis for determining the allelopathic effect of milk vetch on other plant species.

1 Materials and methods
1.1 Establishment of sterile and stable milk vetch root cultures

Milk vetch seeds were surface sterilized in 72% (m/m) ethanol for 3 min and then washed three times with
autoclaved distilled water. The seeds were then put into 1% NaClO for 5 min and washed three times with autoclaved
distilled water. Surface sterilized seeds were cultured for 12 days in a 200 ml flask containing 50 mL of MS medium
(pH 5.7) with agar. The flask was kept in an incubator at 25°C with (40 +2) wmol/m’ s of light.

Seedling roots were excised and put into a 200 mlL flask containing 50 mL of B; medium (pH 5.7) with 2.0%
sucrose and 2. 148 umol/L of NAA. The excised roots were cultured in the dark on a rotary shaker ((70 £1)
r/min) at 25°C and sub-cultured at three week intervals. After six months of sub-culture, the propagated cultures of
milk vetch root were stable.

1.2 Test to determine the effect of medium composition on the propagation of cultured milk vetch roots and the
preparation of culture filtrate extracts

This experiment was designed to determine the effect of medium composition on the propagation of cultured milk
vetch roots. The basic medium for the propagation of cultured milk vetch roots was Bs. Adjustments in all
compositions content of the medium were made according to the descriptions in Table 1. There were nine treatments
arranged in an orthogonal design!®’ (Table 2). Each media treatment contained the same components, but the levels
of the components varied among treatments.

For each treatment, a 0.1 g (fresh weight) segment of sterile milk vetch root was transferred to a 100 ml
Erlenmeyer flask containing 25 ml of improved B; medium (pH 5.7). After incubation in a rotary shaker ( (70 +1)
t/min) at 25°C for 18 d, the cultured roots were collected, freeze-dried and weighed. Least significant differences
(LSD) in the dry weight of cultured roots were determined using JMP 4.0 software. In addition, the dry weight of
the cultured roots in each treatment was compared by range analysis to select the optimum improved medium for the
propagation of cultured milk vetch roots.

Used medium from each treatment was vacuum filtered and then partitioned three times with ethyl acetate
[ culture filtrate: ethyl acetate =1:1 (V/V)]. The ethyl acetate phase was collected from each kind of culture
filtrate and then evaporated to dryness with a rotary evaporator. The dry substance remaining in the evaporation flask
will be referred to as the culture filtrate extract throughout the rest of this paper.

1.3 Test to determine the effect of culture filirate extract on seed germination and seedling growth of other plants

The purpose of this part of our experiment was to determine if milk vetch roots had an alleleopathic effect on the
germination and growth of radish ( cv. Xinong-Qingfengdong ), wheat (cv. Xiaoyan No. 22) and milk vetch
(collected from Guyuan, Ningxia Hui Autonomous Region in October, 2005).

Solutions of the culture filtrate extracts ( SCFE) were prepared by dissolving the culture filtrate extracts
described in the previous section in a small amount of acetone. Distilled water was added to the samples to bring
them up to the same volume as that of the culture filtrate before it was partitioned with ethyl acetate. There were nine

SCKFEs. A solution containing distilled water was also prepared as a control ( CK). This made a total of ten SCFE

hitp ;. //www. ecologica. cn
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treatments.

We put double layers of filter paper (9 c¢m diam. ) in the bottom of Petri dishes (10 ¢cm diam. ) and then added
a 3 mL aliquot from one of the SCFE treatments to the paper'*!. Ten radish seeds, or ten wheat seeds, or thirty milk
vetch seeds were put into the dishes. Enough dishes were prepared so that each SCFE treatment was applied to 60
seeds/ species.

Treated seeds were incubated in darkness at 25°C. Distilled water was added to the dishes as needed to
maintain moist conditions. The radish seeds were divided into groups of ten and the germination rate for each group
was determined at 12, 16 h and 22 h. Germination rates for wheat and milk vetch were determined in a similar
manner except that observations were made at 16, 26, and 40 h. Radish radicle and coleoptile lengths were
measured at 48 h; wheat radicle and coleoptile lengths were determined at 64 h; and milk vetch radicle and
coleoptile lengths were measured at 94 h. Statistical indices for seed germination and seedling growth were compared
using the least significant difference (1SD) test calculated with JMP 4.0 software.

2 Results
2.1 Effect of growth medium composition on the propagation of cultured milk vetch roots

Results indicated that differences in the nutritional components in By media influenced the dry weight of cultured

milk vetch roots after 18 d of incubation in a rotary shaker (Fig. 1).

The numerical analysis showing the effect of different 020 —
nutrient concentrations in the improved Bs media on milk 018 L a
vetch roots is given in Table 3. Range comparison for the 016 L ab T
effect of nutrient concentration on the dry weight of B g4 Lab } abe bed {
cultured roots declined in the order R, (0. 0756) > R, g‘) 012 hi ‘Ir ‘£
(0.0582) = R;= R, = Ry> R;(0.0574) = R, = R, %’ 010 U
> R,(0.0558) > Ro(0.0392) > R,(0.0364) >k, £ M| 1 &
(0.0043) = R, = Ry = R,. This indicated that among 5 006 |
all the nutritional components tested in this study, Fe’® 0.04 U
had the greatest effect on the growth of cultured milk vetch 002 _J .
roots. The effects of sucrose, H,PO, , Mg’*, Mn®>* | Cu**, 0 A ﬁ, A1 |
Zn®*, BOY™, Co™*, 17, and CH,,CINO, + C,H,CL,N,0S S S A B

+ C,H;0,N + C¢H,,04 were intermediate, and the effects
of N, Ca’*, MoO  and NAA were lowest.
The results also showed that the dry weight of the

Fig. 1 Effect of nutrient levels in the Bs; medium on the dry weight of

cultured milk vetch roots
Data are mean + SE of 6 replications; The same letters indicate no

cultured roots declined in the order A, >4, >4,, B, > B, significant difference at p = 0.05 (LSD)

>B,, C,>C,>Cy, D, >D,>D,, E, >E,>E,, F| >F,

>F,, 6,>6G, >6,, Hi>H, >H, , I, >, >1,, ], >),>),, K, >K, >K;, Ly >L, >Ly , M >M, >M;, N, >N, >
N, and O, >0, >0,(Table 3). From these, we determined that the combination of A;B,C,D,E,F,G,H,I,J,K,L,M,N,0,
[3. 0% sucrose + 0. 510mmol/L. ( NH, ),80, + 12. 380mmol/L KNO, + 0. 550mmol/L NaH,PO, H,0 +
0. 500mmol/L CaCl, 2H,0 + 0. 510mmol/L MgSO, 7H,0 + 0. 025mmoi/L FeSO, 7H,0 + 62. 780umol/L MnSO,
4H,0 + 0. 039umol/L CuSO,5H,0 + 1. 735umol/L ZnSO, 7H,0 + 12.095pmol/L H;BO; + 0. 258 pmol/L
Na,MoO, 2H,0 + 0. 026 umol/L CoCl, 6H,0 + 1. 130pmol/L KI + 2. 432 ymol/L C H,; CINO, + 14. 825jumol/L
C,,H;CLLN,0S + 4. 062pmol/L C¢H; O,N + 0. 278mmol/L CiH,, O¢ + 1. 074pumol/L NAA] was the optimum

improved medium for the propagation of cultured milk vetch roots. Compared to standard B; medium, the optimum

http : //www. ecologica. cn



4189

B v BE L0 53 X U0 FT RE 21 B AR 34 58 ) B2 ) B FLEE TR BE MR AR I i) AL R

THEM %

x|

(AST) $0°0 = d 18 3ouaI_Ip JuEOYIFIS ou SIBOIPUT UWINOD SUO UIYIIM SIaNa[ swres oy, ¢ suoneorpder g Jo §g ueaw are eje(]

9P PEEF 00°ST PO 8E0F €€°¢ 2000F00°0 qe Sy "TF £€°€6 FL9VFELOTY 297°0F ce’¢ B 99°CF €289 PeeeFee et POL'T* L9711 6
9p2 0S'TF ££°8C PP SI0F L] IGT°0F L9°T q® 90°CTF 00°S6 % $T°$¥ 00705 20007000 BOSOF EEEL P2 ICEF €£7°8C P TS TFee el 8
SpP2 ST EF €€°8T PO 6E0F €€°¢ 2ETOFLYT B9E0F 9€°66 3P Ly 97 (979 90 78°0F L9°9 BLSTLFL9OL P2 8LV ¥ 00°S¢ P2 9T EF 9791 L

q LBTEF L9 9P 2PETFLYTL 219°0F00°S qe eCeF L9°16 9P TS 9F L9799 M GO TFLIIT BOE9F LI9IL P2 Cl'vF ge'ee P2 60°€F L9791 9
P2q €2°v¥F 00°0F PET'OF L9°] 200°0%00°0 q® L8°€F 00706 9P2 80 'L ¥ ££°89 20T°0FL9°1 BZTLFLYIL  PAGE'SFOO0OF PG €9°€F00°0T S

9 €0TF L9791 P2 9T0F €£°¢ 2LE0F L9 q8C°0F €£°86 PG $T9F €€°8L qeI'tFee 8l B L8°9F ££°89 P E€CE€F 00°ST P 89°1%F 0001 14
PPq Te v ¥ €£°8¢ PP ¥S'0F L9°9 200°0¥00°0 q® ¥8°0F ££°86 J°P 6£°SF 00°S9 24 ¢L°0F 00701 B C0'LFO0OL X YTICFO0Sy  PATIEF00°0T €
P 90°€EF L9°IT PP TLO0F L979 2P 0F £EE o8 CTF EEE6 e FF"CF €£°¢8 q996°1%00°0C Byp9OF ££°89 0 88V F £CEV e $C°€F L97°9T (4
Byr ST €L EL BE0'SF €€ 8¢S B 8T 'SF €L 8T qe STOF €£°86 B GL'OF €£°86 BLOEF LOTY BCI'LF€E']9 qe §v'9F €¢'ES qe CR'EF €€ 8T 1
q69°'vF £EES qe8vF e et qLLEFL979T q® ST'TF00°S6 qe €8°€F €£°¢6 BRUEF LYY BPELF L9718 B 8C'9F €£°¢9 BE9 VT EEEE 30
qov 49T 491 q oy 49z Y91 qe 991 qyzl
2104 NI oYM qsipey EQ.HMEH
( 9% ) 9181 UOHRUIULISS)
sjuefd pap3fas Jo uoneunLIdS Paos uo AADS JO SIRPA b AqEL

£700°0 7850°0 ¥LS0°0 7850°0 £v00 0 7850°0 vLS0°0 ¥9¢0°0 T6£0°0 9SL0°0 ¥LS0°0 €v00°0 85070 £v00 0 86S0°0 -4

101170 8160°0 ¥vL0 0 8160°0 1011°0 81600 ¥7L0°0 10110 81600 ¥vLO0 ¥rL0°0 101170 81600 1011 °0 SIET 0 fy

8CIT 0 560 °0 0IEl "0 $560°0 8CIT°0 560 °0 0TE1 "0 $§60°0 01€T "0 8Z11°0 (1 EANY 8CIT°0 ¥560 "0 8CIT'0 00€1°0 x

14439 00S1°0 8110 00S1°0 PrIT°0 00ST°0 81€1°0 S8IET°0 il 0 00S1°0 81¢1°0 124390 00ST "0 Wil o LSLO"0 B¢

°0ee 0 PSLT 0 €0 YSLT 0 0¢ee°0 PSLT 0 T 0 °0ee 0 VYSLT'0 [£x4AY (A4 0ee 0 PSLT 0 0ee 0 6t 0 £y

£8¢€°0 1982°0 1€6€°0 19820 £8€€°0 1982°0 1€6¢€ 0 1982°0 1€6£°0 £8¢€°0 1€6¢°0 £8¢€°0 198270 £8¢€°0 006¢ "0 oy

T1eve 0 10sv 0 £56£°0 10S¥°0 1ev€ 0 105¥°0 £66£°0 £56¢°0 1eve°0 10S¥°0 £66€°0 1ePe°0 10570 1eve "0 TLTT 0 Y

0 N W 1 X ! I H 9 A q a ) q 14 N
jusuiaddns owuedi) SIUSUIA[a-0IOT]Y SIUSUIR3-010BW PUE 9S0IONG "o\ [9A9T

SI0J08J JO $9pOY)

(8) WBpPa AI1p 1001 [IPA N[IW PAIM[ND 10 SIsAfeue dBuvy ¢ QL

1ca. cn

//www. ecolog

.
.

hitp



4190 A ¥ W 28 4%

improved medium contains 3. 0% sucrose, 1.074 pmmol/L. NAA, plus 1/2 strength macronutrient concentration,
1/4 strength microelement concentration ( with the exception of MnSO, which was full strength), and 1/2 strength
basic organic supplements. Culturing 0.1 g (fresh weight) of milk vetch roots on the optimum improved medium for
18 d resulted in the production of 0.2538 g (dry weight) roots.

2.2 Effect of culture filtrate extracts on seed germination and seedling growth of other plant species

2.2.1 Effect of culture filtrate extracts on seed germination of other plant species

Statistical analysis of the germination rate indicated that the SCFE affected seed germination of all three test
species ( Table 4). However, the effect was not the same for all treatments. The more details can be described as
follows .

The SCFE from all treatments inhibited radish germination, but the effect decreased with time. There was no
difference among the treatments in radish germination at 22 hours, which suggested that the inhibition effect was
disappearing.

Wheat germination was stimulated by SCFE from treatment 1, however, SCFE from treatments 2, 5, 6, and 9
inhibited germination. The SCFE from treatments 3, 4, and 7 initially inhibited wheat germination, but later
stimulated germination. Similar to our observation for radish, the effect of SCFE on wheat germination decreased with
time. There was little difference in germination rates among the treatments at 40 hours.

The SCFE from treatment 1 sharply stimulated milk vetch germination, but SCFE from all other treatments
inhibited milk vetch germination. Large differences in milk vetch germination rates at 40 hours showed that SCFE
had a prolonged effect on milk vetch.

2.2.2 Effects of culture filtrate extracts on seedling growth of other plant species
Radicle and coleoptile length were measured for each test species to determine the effect of the SCFE on

seedling growth. The results are given in Fig. 2, Fig. 3, and Fig. 4.

30 r a Radicles 10 l: Coleoptiles a
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b b b
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= 15 L I C C
%}) [E‘ cod cde cde e o ?‘:f 0
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0 bbb B bbb i el 4y 0 BENNTIEII AN NSNS R Ny
CK'1 2 3 4 5 6 7 8 9 CK'1 2 3 4 5 6 7 8 9
Treatment number Treatment number

Fig. 2 Effect of SCFE on seedling growth of radish
Data are mean = SE of 60 replications; The same letters indicate no significant difference at p = 0.05 (LSD). The same pattern is used in Fig. 3 and

Fig. 4

The SCFE from all treatments inhibited the growth of radish radicles (Fig. 2). In contrast, SCFE from
treatments 1, 5, 6, 7, 8, and 9 stimulated the elongation of radish coleoptiles. The SCFE from the other treatments
inhibited radish coleoptile elongation.

The growth of wheat radicles { especially the longest radicles) was stimulated by SCFE from treatment 1 ( Fig.

3). The SCFE from all other treatments inhibited the growth of wheat radicles. The growth of wheat coleoptiles was
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Fig. 4 Effect of SCFE on seedling growth of milk vetch

inhibited by SCFE from all treatments. Wheat seedlings treated with SCFE from treatment 1 had the longest radicles
and coleoptiles. In contrast, wheat seedlings treated with SCFE from treatment 7 had the shortest radicles and
coleoptiles.

Data in Fig. 4 indicated that SCFE from all treatments inhibited the elongation of milk vetch radicles and
coleoptiles. However, the degree of inhibition varied among the treatments. For example, SCFE from treatment 7
had a strong inhibitory effect on both radicle and coleoptile elongation. In contrast, the inhibitory effect of SCFE from
treatment 1 on radicle and coleoptile elongation was weak.

3 Discussion
3.1 Propagation of cultured milk vetch root and its response to nutrient regulation

Sterile roots cultures are ideal for testing allelopathy in milk vetch. One purpose of this study was to determine
the optimum growth medium for the rapid propagation of cultured milk vetch roots. The results suggest that cultured
milk vetch roots responded differently to adjustments in the sucrose, macroelement, microelement and organic
supplement content in the culture media. Among all nutritional components in the improved Bs media, Fe’* had the
strongest effect on milk vetch root culture. This is consistent with result.s from previous studies. In contrast, the small
The success of tissue culture

effect of MoO;™ on the root cultures is different from the results of Jia et al. .

depends primarily on having the correct type and amount of hormone, however organic supplements such as
CyH,,CINO;, C,H;4CL,N,0S, C,H;0,N and C;H,, O, also have an important role. These nutritional compounds
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were not studied as individual factors in this experiment, but they will be considered in the future.
]

Although B, medium is generally considered to be the best medium for tissue culture of hedysarum plants'®’ | it
was not very effective for the culture of milk vetch roots. Results from this study showed that better results were
obtained when the nutrient concentration of standard B; medium was adjusted in the following way: 1/2 strength
macroelement concentration, 1/4 strength microelement concentration (with the exception of MnSO, which was at
normal concentration) , and 1/2 strength basic organic supplements. In addition, 3.0% sucrose and 1. 074 pmmol/
I. NAA was added to the growth medium. The concentration of sucrose was very high compared to the relatively low
concentration of the other basic nutrients in the medium. This indicates that the successful propagation of cultured
milk vetch roots depends highly on the carbon source. Rapid propagation of cultured milk vetch roots was possible
when the optimal improved media was used. This is significant because it means that the quantity of milk vetch root
that can be produced is large enough for the isolation and identification of allelopathic chemicals.
3.2  Allelopathic effect of cultured milk vetch roots

Though SCFE influenced germination and seedling growth of the selected species, we can not determine if the
effect is due to allelopathic effect. It is possible that residual, organic nutrients in the SCFE could have influenced
seed germination and seedling growth. Preliminary results showed that the residual organic nutrient content in all
SCFEs was extremely low (data omitted) and therefore probably would not have affected seed germination and
seedling growth in this study. However, this needs to be investigated more carefully. In this way, we can determine
if the influence of SCFE on seed germination and seedling growth of selected species is an alleolopathic effect.

Certainly, some new substances could have been excreted during the course of the root culture. Not all
treatments had the same effect. It may be that the nutrient content of the culture medium affected the type or amount
of allelopathic chemicals excreted by the cultured roots. This suggests that different nutrient combinations can affect
the intensity of the allelopathic effect in milk vetch roots, which is consistent with some previous studies™” *'. The
effects of SCFE on seed germination and seedling growth differed significantly between plants species. This must be
related to differences in the biological characteristics among the three test species. In addition, the results suggest
that the three species have different tolerances to the allelopathic effect of milk vetch root. The effect of SCFE from
the culture of milk vetch root on milk vetch seed germination and seedling growth indicated that this plant has an
auto-toxicity effect.
3.3 Problems for future research

This work provides important preliminary information regarding the propagation and use of cultured roots for
determining allelopathic activity in milk vetch, however several reseach questions still remain. Specifically,
allelopathic chemicals produced by cultured milk vetch roots should be identified in future. Furthermore, allelopathic
effects of milk vetch in the natural environment, especially the dynamic variation of allelopathy and the relationship
between allelopathy and the environment should be analyzed. The relevance of this study could be enhanced by
testing allelolpathic activity on receptor species which commonly grow in the same area as milk vetch. In addition, it
is important to study the allelopathic effect of milk vetch on some target species (e.g. Stellera chamaejasme). The

studies described above would provide significant advancement in the study of allelopathy in milk vetch.

References;

[ 1] GaolL, Terefework Z, Chen W X, et al. Genetic diversity of thizobia isolated from Astragalus adsurgens growing in different geographical regions
of China. Journal of Biotechnology, 2001, 91: 155 — 168.
[2] LiuYY, LiuJJ, Liu J X. Preliminary study on reason of normal ripening of creeping type of Astragalus adsurgens Pall under low temperature.

Agriculture Research in the Arid Areas, 2000, 18(4) . 88 —93.

hitp ; //www. ecologica. cn



9 1

THREL % B IR R X DT I 2 B AR A ) 5 0 B HL R S BB W SR I 11 (L B 4193

(3]

(4]

(6]

(7]

(8]
(9l

[10]

[11)

[12]

[13]

(14]

(5]

[16]

(17]

(18]

[19]

(20]

(21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]
[29]

Xu B C, Shan L, Li F M. Responses of Medicago sativa and Astragalus adsurgens seedling growth and water use to soil moisture regime. Chinese
Journal of Applied Ecology, 2005, 16(12) ; 2328 —2332.

Cheng J M, Wan H E, Wang J, et al. Over depletion and recovery of soil moisture on Astragalus adsurgens grasslands in the loess hilly-gully
region. Acta Ecologica Sinica, 2004, 24(12) ; 2979 —2983.

Xu B C, Gichuki P, Shan L, et al. Aboveground biomass production and soil water dynamics of four leguminous forages in semiarid region,
northwest China. South Africa Journal of Botany, 2006, 72; 507 —516.

LiJH, Xu D H, Wang G. Weed inhibition by sowing legume species in early succession of abandoned fields on Loess Plateau, China. Acta
Qecologica, 2008, 33(1) . 10 —14.

Liu AP, Sun Q Z, Yan Z J, et al. Investigation of insects in grasslands of Astragalus adsurgens. Inner Mongolia Prataculture, 2002, 14(4); 22
—23.

Wang M L, Zheng S Y, Xie B R, ef al. Swudy on Grapholita shadawana and its control. Grassland of China, 2001, 23(3); 38 —44.

Zhou HY, Yang HT, Tang W H. Occurrences of Fusarium root rot in Astragalus adsurgens and identification of the pathogens. Acta Agrestia
Sinica, 2004, 12(4) : 285 —289.

Yin YL, NanZ B, Li CJ, et al. Root-invading fungi of milk vetch on the Loess Plateau, China. Agriculture, Ecosystem and Environment, 2008 ,
124(1-2): 51 —59.

Du X R, Wang C S, ShiJ Z, et al. Breeding of Astragalus adsurgens cultivars with white and multicolor flowers. Acta Prataculturae Sinica, 2003,
12(5): 99 —102.

LiRF, Li C, SulJ K. Genetic diversity of Astragalus adsurgens Pall germplasm by RAPD analysis. Acta Agrestia Sinica, 2001, 9(3): 171
—175.

Luo J P, Jia J F. Plant regeneration from callus protoplasts of the forage legume Astragalus adsurgens Pall. Plant Cell Report, 1998, 17 313
—317.

TLuoJ P, JiaJF, GuY H, et al. High frequency somatic embryogenests and plant regeneration in callus cultures of Astragalus adsurgens Pall. Plant
Science, 1999, 143 93 —99.

Luo J P, Jiang ST, Li J P. Enhanced somatic embryogenesis by salicylic acid of Astragalus adsurgens Pall, relationship with H, 0, production and
H, 0, -metabolizing enzyme activities. Plant Science, 2001, 161 125 —132.

Luo J P, Jiang S T, Li J P. Cold-enhanced somatic embryogenesis in cell suspension cultures of Astragalus adsurgens Pall; relationship with
exogenous calcium during cold pretreatment. Plant Growth Regulation, 2003, 40. 171 —177.

Sun J H, Song M Z, Zou J S. The establishment and utilization of Astragalus adsurgens artifical grassland at the broder of Talimu basin.
Pratacultural Science, 1997, 14(2) . 39 —41.

Zhang J. Technology research on sowing Astragalus adsurgens Pall by aircraft in Qinghai Province. Civil Aviation Economy and Technology, 1997,
(187): 43 —45.

Zou HY, Cheng J M, Zhou L. Natural recoverage succession and regulation of the prairie vegetation on the Loess Plateau. Research of Soil and
Water Conservarion, 1998, 5(1); 126 — 138.

ZouHY, LuZY, Guan X Q, et al. Study on sustainable development of the grassland production in Loess Plateau II. Influence of the declined
grassland evolution by reseedling Astragalus adsurgens. Research of Soil and Water Conservation, 1994, 1(3): 61 —64, 68.

Zou HY, Cheng J M, Lu Z Y, et al. Testing on the effect of Astragalus adsurgens population on grassland vegetation evaluation. Memoir of
NISWC, Academia Sinica & Ministry of Water Conservancy, 1990, (11): 77 —83.

Dong K H, Wang J J, Yang G Y, et al. Study on banded improved-pasture of highslope. Pratacultural Science, 1994, 11(2): 30 —33, 21.
Guan X Q, Zou HY, Lu Z Y, et al. Study on sustainable development of the grassland production in Loess Plateau [ . Grass varieties
alternation in the declined artificial grassland of Astragdlus adsurgens. Research of Soil and Water Conservation, 1994, 1(3) . 56 —60.

Liu HL, Li X L, Liang Y M. Effects of raising soil fertilities by planting different forage species on newly-built terrene land on China loess hilly
regions. Acta Botanic Boreal Occident Sinica, 1998, 18(2): 287 —291.

Du G Q, QuZ Q, Hang Z Z. The study of balancing law and renewing cycle of forage water in arid region farmland. Pratacultural Science, 1994,
11(3): 25 —28.

YuFK, MaY Q, WEI G H, et al. Allelopathic effect of prairie milk vetch (Astragalues adsurgens Pall) on the growth of cultured Stellera
chamaejasme L. Allelopathy Journal, 2006, 17(2) ; 255 —264.

Rice E L. Allelopathy. Orlando, FL: Academic Press, 1984.

Kong C H, Hu F. Allelopathy in Plants and Applications. Beijing: Chinese Agriculture Press, 2001. 168 —181.

Ma R X, Liu X F, Yuan G Ly et al. Allelochemicals and allelopathy from microorganisms in wheat rhizosphere. Journal of Environmental Sciences,

http: //www. ecologica. cn



4194 fasy

&
4
Ed

28 #

1997, 9. 108 —112.

[30] Schmidt S K. Degradation of juglone by soil bacterial. Journal of Chemical Ecology, 1988, 14 1561 —1571.

[31] MaY Q, Babiker AG T, Al A, et al. Striga hermonthica (Del. ) Benth genmination stimulant(s) from Menispermum dauricum (DC.) root
culture. Journal of Agriculture and Food Chemistry, 1996, 44(10) : 3355 —3359.

[32] Flores H E, Hoy M W, Pickard J J. Secondary motabolities from root cultures. Trends of Biotechnology, 1987, 5. 64 —69.

{33] Yuan ZF, Zhou J Y. Design and Analysis of Experiments. Beijing: Higher Education Press, 2000. 292 —303.

[34] 1Leather G R, Einhelling F A. Bioassay in the study of allelopathy. In: Putnam A R and Tang C S, eds. The Science of Allelopathy. New York
John Wiley and Sons Inc. , 1986. 133 — 145.

[(35] JiaHY, Cheng P H, Mu X M, et al. A preliminary study on the effect of Medicago sativa and Astragalus adsurgens in response to nutrient element
applied. Research of Soil and Water Conservation, 1994, 1(3). 120 —127.

[36] CaoZY, Liu G M. Textbook of practical techniques on plant tissue culture. Lanzhou: Science and Technology Press of Gansu, 2001. 34.

[37] MaY Q, Babiker A G T, Sugimoto Y, et al. Effect of medium composition on production of Striga hermonthica ( Del. ) Benth genmination
stimulant(s) by Menispermum dauricum (DC. ) root cultures. Journal of Agriculture and Food Chemistry, 1998, 46(4); 1587 — 1592.

[38] Sugimoto Y, Sugimura Y, Yamada Y. Effect of culture conditions on bisbenzylisoquinnoline alkaloid production in cultured roots of Steohania
cepharantha. Agricultural Biology and Chemistry. 1988, 52 1495 — 1498.

S

(2] XEZE, WEE, MNEF. FERUGEPTEEFAFEESFEREN. TRERKARVHFFT, 2000, 18(4): 88 ~93.

[3] MR, £, ZRE. HRESYITHERPIERFKDIFx L 9K AR R . B A SR, 2005, 16(12) : 2328 -2332,

[4] BRR, TER, £, % BLERXTESS 0k 35E 5 E. A5%4R, 2004, 24(12) : 2979 ~2983.

[7] XEE, NEE, BFRE, % PIEETEERNE AFEFL, 2002, 14(4):22~23

[ 8] F®k, MIUE, #FRC, % WITEDECHRBERIR. PEFMS, 2001, 23(3): 38 ~44.

91 Fitk, BAR, B UITIERERLE REESE. Hil%iR, 2004, 12(4) ; 285 ~289.

[11] #h@EsR, Fg6, RE%E, % QEMEREDITESMEFTNR(ER) . FlER, 2003, 12(5); 99 ~102.

[12]  ZEadF, 28, HIRE. YPITIEM B FRIE S A RAPD 20T, B4R, 2001, 9(3): 171 ~175.

[17] &%, Ry, Bord. EEARMLZITEA TEMEE SR, BlRE, 1997, 14(2) . 39 ~41.

(18] skt HEEERE BDITHLARTR. RMEFSER, 1997, (187): 43 ~45.

[19] #pEim, BRE, BB # Lo e B AR SR LA, K LIRFERIFT, 1998, 5(1): 126 ~ 138.

[20] ASRJESR, BT, LA, & HIRERESEHERETE —— 0. #MEVITEX R B MBS AW, K LRI, 199, 1
(3): 61 ~64, 68.

(21] &pEit, BRR, §FH, % GO MEEANRBMIR. b EBFEAKFREIK L RRFRTER, 1990, (11): 77 ~83.

[22] #RR, FEE, BEE, & FHARREHEMAITR. LR, 1994, 11(2): 30 ~33, 21

[23] XRFH, SRR, 87H, ¥ HISFEEREFREERMR—— 1. UHEATEMIGREWEMER. K HEFHIR, 1994, 1
(3): 56 ~60.

(24] Xjptks, ZFF2, B—R. REFEEZREEN® L EER A H - IESURM HARTFY. Pty R, 1998, 18(2) . 287 ~291.

(25] HRER, &R, BEE TREXRAREKSFERERTHAMNHER. Hl A%, 1994, 11(3): 25 ~28.

[28] flafe, B HEWABCHANO ERRAMA. Joat: HER iR, 2001. 168 ~181.

[33] &R, A BREOHS54. db5. S%8E iRk, 2000, 292 ~303.

[35] PRfEX, R, MMRE, & BHEE DITENEABRTRMMANFI ST, KERFEFS, 1994, 1(3): 120 ~127.

[36] WHX, XER. SSAMEpESEREE. =M. HABEaAR L R, 2001, 23 -39,

http . //www. ecologica. cn



