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The allelopathic effect of ginseng root exudates on rice seeds
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ABSTRACT

In this study, the laboratory bioassay and matrot pxperiment were conducted with the deionizecmas the
controls (CK), for the goal of studying on the impaof ginseng root extraction solution at low
concentration(10g/mL), medium concentration(20g/rabfl high concentration(40g/mL) on parameters a@kri
seed, including the germination, biomass of thellgggs, root activity, the conductivity and net pbs&ynthetic rate.
Results presented that: compared with the controlg, after the treatment with ginseng root extiattsolutions
of different mass concentrations, the germinatiater seedling height and biomass of the seedlifigE® seeds
were improved to different degrees. Among thenh thig rise of mass concentration of extracts, tbenjnation
rate of rice seeds gradually increased. Treatmemups of medium and high mass concentration present
significant differences from that of CK €0.05). When the mass concentration of root soilaet$ was 40g/mL,
the fresh weight and dry weight of a single plaaswhe largest, as 14.22mg and 1.66mg respectitzadyacts of
different mass concentration did not impose an alwviimpact on the seedling height, yet greatlyliting the
seedling growth. Extracts of low mass concentratemarkably improved the root activity, while extts of high
mass concentration reduced the root activity; estisaof different mass concentrations significamtiywered the
absolute conductivity of rice leaves; net photolsgtit rate of leaves after the treatment with estseof low and
medium mass concentration was increased. Meanwdxigacts of high mass concentration slightly iriteith the
net photosynthetic rate of leaves. Thus, it candyeluded that ginseng root extraction solutionygla certain role
of promotion in the early germination and growthrigk, and presented the dose-related response@aqiing at
low concentrations and inhibiting at high conceniwas for root activity and net photosynthetic rate
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INTRODUCTION

The allelopathic effect refers to the process thahg plants release secondary metabolism prodtctshe

environment through approaches such as leaching@atlization of the aerial parts, root secretmswell as the
decomposition of plant residues, which will prodingmful or beneficial effects on surrounding pfadirectly or

indirectly, and hence affect the growth and dewelept of surrounding plants or plants of later cfb@]. The

allelopathic effect extensively exists in the agmmsystem, and it is particularly evident in thecassive cropping
obstacle of crops, thus playing a key role in thterspecies relation construction, the collocatbplant species,
and its yield in the agricultural production [3-T)ecomposed residues of tobacco significantly iihte lettuce
seed germination and seedling growth, and predentdbuble effects of concentration as promotiora dow

concentration and inhibition at a high concentra{i®]. The asparagus root remainders can inhilgitgérmination
and radicle growth of asparagus and other crogkttanrise of its concentration enhances inhibigffgcts [9].

Ginseng Panax ginseng C. A. Mdyis a medicinal plant of Araliaceae Panax, whighmainly produced in the

foothills of the Changbai Mountains in Northeastir@h Currently, its production mainly depends oe #rtificial
cultivation. The most prominent problem in the piliag of ginseng is the successive cropping obstatiewing
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problems such as reduced yield, weakened qualityhégh incidence of diseases in the continuous pirmp of
ginseng. Under severe situations, it may lead ¢otdital crop failure. However, to eliminate sucoesgropping
obstacle by crop rotation requires the duratiod®to 30 years. So far, although the formation taedmechanism
of successive cropping obstacle of ginseng is lawified, according to the fruitful findings of esting research, it
can be inferred that factors such as the accuroalaif soil-borne pathogens, the variation of micabHfora, the
deterioration of the physical and chemical propertf soils, and the reduction of soil fertilitynche attributed to
the situation [10]. In addition, the discovery abstantial allelochemicals in root exudates, tissxgacts and the
leaching substances has provided new approachie istudy of the formation and the mechanism otassive
cropping obstacle of ginseng.

One of the effective ways to overcome the successigpping obstacle is the crop rotation of ginsand food

crops, and the common ways of crop rotation inclinde between ginseng and rice, and that betwewegg and
corns and so on [11]. Among them, the paddy fieldry farmland rotation of ginseng and rice has bten

commonly used model. Compared with farmland rotatiofarmland rotation, this model has shorter waér
(generally, 4 to 5 years are taken as a circleotdition). With the planting of rice in the crop abon, the

micro-environment of soils can be modified in aatielely fast period, and the plant diseases anecingests of
ginseng can be effectively avoided. Besides, itiogafacilities of paddy fields can be efficientlysed [12].

However, in the ginseng - rice rotation systemretis no study on the allelopathic factors. To #misl, we selected
rice as the receptor in the experiment and analyfzedmpact of soil extracts from ginseng-growndisuon the early
growth of rice, so as to identifying the allelogatkffect among species in the crop rotation. Triterition of our

study was to provide a scientific basis for furtbterdies of the ginseng - rice rotation system.

EXPERIMENTAL SECTION

The preparation of extraction solution of ginseagf soils (herein referred to as the Solutiothje ginseng farm
soils were collected from a ginseng farm in Changc@ity of China in March 2013. The land has besedun the
continuous cropping of ginseng for 3 years, andsthits were black soils. The samples were driethénshade in
our laboratory, and filtered through the sieve wvitie pore diameter of 0.25mm. 200g of samples waken and
added with 300mL of the deionized water, and ticbatith the overnight vibrating extraction in a thmrstated
shaker (RPM of 60r/min). The solution was extradd3 times, and each time the extraction lasted?# hours.
After the filtering, the filtrates were combinedppepare the mother solution with the mass fraatib40%. Via the
trial test, the Solutions at the low concentratfdfig/mL), medium concentration (20g/mL) and higim@entration
(40g/mL) were prepared for later tests. All Soladavere placed in the refrigerator for further use.

The cultural methods of rice seedsst rice seeds were purchased from ChangchundipahiSeed Company. Full
rice seeds were selected, washed, sterilized vgth HgCL, for 20min, and soaked at 25°C for 48h. After the
treatment, the seeds were placed in the petriwighthe diameter of 10 cm, which was placed with bilayer
filter paper on the bottom. In each dish, 50 seeel® uniformly placed. Dishes were then covered@aded in an
incubator at 25°C for the germination in the shade treatment groups were provided with the Sotutf 10, 20,
40g/mL, 5mL/dish. CK was provided with the isometdieionized water. During the germination, the essivere
kept moist, with the bottom without hydrops as a@equate condition. 2 days later, the germinatide was
assayed. Seeds through the same treatment werel sowe large petri dish filled with glass sandseafthe
high-temperature sterilization, and treated wightidark cycles for 12h/12h. Other conditions wire same with
the treatment groups. 4 — 5 days later, we apgitbn ropes to measure the seedling height, eswth, and the
fresh weight of the overground part and undergropad of seedlings. The seedlings were then drethé dry
oven at 70°C to constant mass. After that, we nredsits dry mass.

Pot experimentGerminated rice seeds from Section 1.2 were takehsowed in the foam boxes with glass sands.
50 strains in a box were regarded as one treatgrenp. The planting space was 3Cmx4Cm. Boxes warered
and placed in the artificial climate chamber (25°C/RHoagland nutrient solution was applied to kéep base
moist. To the germination, the covers were remaued the boxes were treated with light-dark cyctesiPh/12h.
When the seedlings had 4 leaves, the Solution a2d@nd 40g/mL, 5mL/plant. CK provided with thergetric
deionized water. 48 hours after the treatment, eeduacted the assay of physiological indicators. abeve
treatment was repeated for 3 times. The tests areamged according to randomized blocks. The baezs moved
periodically to maintain the uniformity of light.

The assay of physiological indicators of rice sae: rice seedling leaves were cut and immersed in&o th
deionized water, and were kept in vacuum for 1h.SPDP11C conductometer was used to measure the
conductivity(EC). EC of boiled seedlings was reddrito calculate the relative conductivity.-£6400 portable
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photosynthesis analyzer (USA) measured the netoplinthetic rate of leaves between 10: 30 and 11E3@h
indicator was measured repetitively for 3 timeg] t#re average value was taken.

Experimental data processingdllelopathic effect index (RI) was calculated wittiilliamson equation [13]: RF1
—CIT(T=C) or RI=T/IC—1(T<C), where C was the measured value of the contoalggand T was the measured
value of the treatment group. RD indicates promotion while RI0 inhibition. The data was expressed with “mean
+ standard errors”( +SE). One-way ANOVA was appligith SPSS 17.0, and LSD was adopted to verify the
significance of difference among treatment groups.

RESULTSAND DISCUSSION

Impact of the Solution on rice seed germination aeedling growthTable 1 shows that the Solutions of different
mass concentrations have promoted the germinafidneoseeds and the extension of seedling heahR({ values
were positive), yet inhibiting the growth of riceeslling (all Rl values were negative). Comparechv@K, the
germination rate corresponding to 10, 20 and 40gWak raised by 5.5%, 6.4% and 8.0%. Among therafrirent
groups with the Solutions of medium and high mamscentrations showed statistical difference from G
0.05); After the treatment with the Solutions ofvJanedium and high mass concentrations, the riedlsgy height
increased by 0.14, 0.15 and 0.20 cm respectivelt, Wo statistical difference from CK was found.tekfthe
treatment, the root length of rice seedlings wasiced. Among them, the group treated with the Solutf 40g/mL
showed statistical difference from CK. This maymstieom the allelochemicals in soils, which werestly contacted
by roots of rice. Hence, the sensitivity of ro@shvironmental factors was larger than seedlings.

Table 1. Changes of germination rate and length of root and shoot in rice after treated with extract from old ginseng soil

. i Germination rate Shoot height Root length
Extract concentration(gemt) Vale RI RI RI
0(CK) 0.826+0.02 0 1.23+0.07 0 3.50+0.20 0
10 0.872+0.01 +0.053 1.38+0.06 +0.102 3.24+0.16 07-D.
20 0.880+0.0f +0.061 1.39+0.09 +0.109 3.15+0.22 -0.102
40 0.892+0.07 +0.072 1.43+0.03 +0.138 2.91+0.1f -0.168

Note: In RI column, +indicates promotion, - indieatinhibition; *and * *indicate significant differences among the treattae 0.05 and
0.001 level respectively. The same as below.

Table 2 shows that the Solutions of different messcentrations have promoted the increased biomwiagse
aboveground and underground parts of rice seedlanys the biomass increased as the level of magntation
rose. The treatment with the Solution of low mamscentration slightly promoted the dry mass ofaheveground
and underground parts of rice seedlings. Excepttrgmtment with the Solution of medium mass conedion
which lead the maximized underground dry mass endlight declining, dry and fresh mass of abovaegdoparts
and the fresh mass of underground mass treatedthétBolutions of medium and high mass concentrafmwed
significant difference from CK. The increase ampul# of aboveground biomass of rice seedlings wgrsfisiant
larger than that of underground part, indicatingt tthe impact of the Solution was greater on thewgr of the
underground part than that of the aboveground [pamt.rice treated with the Solution of 0, 10, 2@ af0g/mL
concentration, the fresh biomass of single plaathed 10.84, 11.34, 13.25 and 14.22mg respectigaly,the dry
biomass of single plant reached 1.33, 1.41, 1.871a66mg.

Table 2. Change of biomass of above ground and under ground in rice after treated with extract from old ginseng soil

Extract Abovegro_und dry Undergio_und dry Abovegroynd fresh Undergrognd fresh
concentration(gemt) quality quality quality quality
Vale(mg) RI Vale(mg) RI Vale RI RI
0(CK) 0.70£0.02 0 0.65+0.02 0 5.18+0.25 0 5.68+t0.29 O
10 0.77+0.04 +0.016 0.66+0.01 +0.046 5.43+0.23 449.0 5.94+0.23 +0.093
20 0.87+0.03 +0.099  0.71+0.02  +0.193  6.41+0.27 +0.172 6.85+0.11 +0.199
40 0.98+0.04 +0.073 0.69+0.02 +0.269 7.08+0.22 +0.205 6.76+0.06 +0.162

The impact of the Solution on the conductivityiogé teaves and net photosynthetic raasma membrane is the
most sensitive to changes in the environment. Utideradversity stress, the membranal permeabilayldv be
increased. The larger the amplitude, the more geriibe damage becomes. The membranal permeabigyoften
expressed by EC. EC value of the rice seedlingele&neated with the Solution of different mass emti@tions, net
photosynthetic rate and its Rl were listed in Tehlés can be observed in Table 3, the absolutairelative EC
of rice leaves 48 hours after the treatment showetkclining trend. The absolute EC had highly gigammt
differences from CK (R.0.001). Meanwhile, the relative EC of rice leave=ated with the Solution of low mass
concentration was significant different from CK.eThbove results present that the treatment wittStiation of
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different mass concentrations lowered the membraeaineability of rice leaves, indicating that themfbranal
functions were not affected and the treatment ithSolution did not form adversity stress. Besidtesan also be
seen from Table 3 that the treatment with the Rmistof low and medium mass concentrations carhthjig
promote the photosynthesis of rice seedlings. Wten mass concentration was 10 - 20g/mL, as the mass
concentration of the Solution increased, the netqdynthetic rate of leaves gradually increasedefiVine mass
concentration was 40g/mL, the net photosynthetie od rice leaves declined by16.9% than CK, yetstaiwing
significant differences from CK.

Table 3. Changes of seedlings EC and net photosynthesisrate in rice after treated with extract from old ginseng soil

Extract concentration(ger) Absolute EC Relative EC Net photosynthesis rate
ValeuSecn?) RI Vale(%) RI Valegmolem®es?) RI
0(CK) 19.601+0.22 0 0.1940.07 0 10.81+0.95 0
10 8.532+1.08" -0.566 0.08+0.02 -0.577 11.22+0.12 +0.035
20 8.901+1.25° -0.546 0.13+0.02 -0.318 12.31+0.88 +0.123
40 8.566+0.97° -0.562 0.08+0.04 -0.527 8.99+0.76 +0.169

The impact of the Solution on root activity of reeedling: 48h after the treatment with the Solution ofeatiént
mass concentrations, the variation of root actisityice seedlings was shown in Figurel. As shawhigurel, with
the mass concentration of the Solution increadedlydot activity of rice showed a changing trendisihg before
declining. The root activity under the treatmenttbé Solution with low mass concentration was tighést,
followed by that under the medium mass concenmmattmmpared with CK, the two all presented promoéffects,
and the root activity of the two was higher than BK63.6% and 28.7%; when the mass concentraticnd@g/mL,
the promotional role of the Solution was graduallgakened, and the root activity was lower than @Kthis

moment, the Solution presented the slight inhilitaie, and led to a 16.6% decrease than CK. Tuiated that
after the treatment, the root activity of rice mmet®d typical dose-related response as promotiotowat
concentration and inhibition at high concentration.
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Figure 1. Changesof riceroot vigour after treated with different concentration extracts from old ginseng soil
CONCLUSION

Ability of organelle membrane, thus triggering cbas in the cell division, photosynthesis, proteid ahlorophyll
the synthesis and other physiological processed §l4Besides, some allelochemicals entering thir@mment can
improve the development status of crops to a cedatent, as well as the yield and quality of crfipd. In this
study, the deionized water was taken as the solaght extraction of ginseng farm soils, and thel@pathic effect
of ginseng planting on follow-up crop. We exploriatb the interspecific crossing impact from the gperctive of
allelopathic effect between ginseng and rice. Tindifigs demonstrate that when the mass concermiratis
between 20 and 40g/mL, the Solution significanthprpoted the rice seed germination and the growththef
aboveground part. Yet, it remarkably inhibited thet growth. It was inferred that the abovegrousadt @nd the
underground part of rice had different sensitivenesvards the allelochemicals in the ground. Thisadnsistent
with findings of many of the existing results [18}Vith the treatment of the Solution of different sea
concentrations, the root activity and net photosgtit rate presented typical dose-related respasiggomotion at
low concentration and inhibition at high concerntmat The plasma membrane was the first barrier betwthe
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plants and the external environment. In this stitdyas found that treatments with the Solutionioghtly reduced
the permeability of organelle membrane of rice ésavand protected the completeness of the cell marab
structure, so that the stability of membrane furctivas improved, which became conducive to the G@wth and

development of rice. Allelochemicals in ginsengniasoils had similar impact on the different physgtal

metabolism process of seedlings. This may be at&ibto the complexity of allelochemical compositimn the

ginseng farm soils. Thus, based on all physioldgicdicators, the allelopathic effect of the prawsocrop of
ginseng on the follow-up crop of rice showed greatgplementing effect than restriction.
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