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ABSTRACT 

 
 We evaluated the autotoxic effects of aqueous extracts of leaves, stem, root, 
rhizosphere soil, litter and root exudates from field grown chrysanthemum on the seed 
germination and seedling growth of the same plant specie. The aqueous extracts, from 
above-ground parts were highly autotoxic to seed germination and seedling growth 
and autotoxicity increased with the increasing concentrations. The aqueous extracts 
inhibited the enzymatic activities of isocitrate dehydrogenase (IDH) in roots and 
nitrate reductase (NR) in leaves and significantly stimulated the formation of 
malonylodialdehyde (MDA) in leaves. We conclude that autotoxicity observed in 
laboratory conditions was partly responsible for negative effects observed in field or 
greenhouse, or for problem of continuous cropping of chrysanthemum. 
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INTRODUCTION 

 
The continuous growing of the same crop in the same field leads to problem of 

poor establishment and stunted growth and it has been partly attributed to allelopathy. 
Allelopathy is defined as the direct or indirect harmful or beneficial effects of one plant on 
another through the production of chemical compounds that escape into the environment 
(29). Autotoxicity is an intraspecific form of allelopathy that occurs when a plant species 
releases chemical substances that inhibit or delay the germination and growth of the same 
plant species (28). A plant species inhibits the growth of its own kind through the release 
of toxic chemicals into the environment making the soil unproductive in both managed and 
natural ecosystems. The allelopathic soil sickness occurs, when flowers, crops and fruits 
are cultivated in the same soil over extended periods of time, which reduces the growth 
and yield of same plant species (14,26,36). 

Chrysanthemum (Chrysanthemum morifolium (Ramat) Tzvel.) is a major 
ornamental crop and is known to Chinese since 1000 years B.C. (7). It has ornamental, 
medicinal and industrial uses, which has lead to its protected cultivation and specialized 
production in China. Under protected cultivation and specialized production, the 
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agricultural soil may contain autotoxic levels of allelochemicals, due to their accumulation 
after the harvest of chrysanthemum and then replanting of the same crop seedlings in the 
same land in consecutive years. Autotoxicity caused by continuous cropping is the major 
problem which must be solved for stable production of chrysanthemum and other crops in 
protected and specialized production. Soybean autotoxicity due to continuous cropping in 
Northeast China has been studied (25), but no information is available about the ecological 
role of chrysanthemum autotoxicity. To evaluate the autotoxic potential and to avoid the soil 
sickness from the continuous cropping under protected and specialized production, more 
intensive studies are required. The allelopathic potential of chrysanthemum and other plants 
of Compositae family has been well investigated in natural and agricultural ecosystem 
(3,4,16,17,19,40). The chrysanthemum cultivars have poor establishment and less 
productivity, when replanted to the same land in consecutive years (19) and this is the major 
problems of this crop (30). However, autotoxic effects of chrysanthemum have not yet been 
investigated. In this study, we did laboratory and greenhouse experiments to determine the 
possible autotoxic effect of different plant parts from field grown chrysanthemum on seed 
germination and seedling growth of the same plant species. Different parts of 
chrysanthemum, (roots, stems and leaves), litter, root exudates and rhizosphere soil were 
extracted with distilled water, to detect possible autotoxic activities.  

Nitrate reductase (NR; EC 1.6.6.1) is a key enzyme in nitrate assimilation in crops. 
Isocitrate dehydrogenase (IDH; EC 1.1.1.42) is an important enzyme which participates in 
the citric acid cycle. The measurements of NADH-nitrate reductase and isocitrate 
dehydrogenase activities can be used as indices of the biological activity and natural 
biochemical processes in plant. Malonylodialdehyde (MDA) is the product of lipoxygenase; 
its levels were measured as a marker of oxidative stress. Therefore, MDA in leaves was also 
determined to evaluate the possible autotoxic stress against seedling growth of the same plant 
species.  

 

MATERIALS AND METHODS 

 
Fresh leaves, stems, roots, litter and rhizosphere soil from field grown 

chrysanthemum cultivar ‘Gaoyataizi’ and its seeds were also collected from the Youbang 
Chrysanthemum Limited Corporation in Nanjing, China in November and December, 2002 
respectively. The seeds were stored in dark at 4oC. 
 

Extraction procedure 
Fresh leaves, stems, roots, litter and rhizosphere soil were air-dried, and stems, leaves 

and root were then separated into small pieces. These were soaked in deionised water in 1:10 
ratio (g dry weight/ml) at room temperature for 24 h on a shaker. Extracts were filtered to 
remove the fibre debris, rotary evaporated and condensed at 51oC under reduced pressure of 
0.095 atm (ZFQ-85A, Shanghai Medical Instruments Co., Ltd, China).  

Air-dried, grinded and sieved (2 mm mesh) rhizosphere soil were soaked in deionised 
water in 8:10 ratio (g dry weight/ml) at room temperature for 24 h on a shaker. The extracts 
were centrifuged at 1811×g for 10 min, then filtered, rotary evaporated and condensed under 
reduced pressure of 0.095 atm at 51oC. Air-dried and chopped litter was treated as described 
above but soaked for 72 h. The extracts were stored in a refrigerator at 4oC. 
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Root exudates 
The rooting of cuttings (10 cm in length) of ‘Gaoyataizi’ was done in greenhouse 

(Photoperiod: 12 h, temperature 25oC and 15oC) at Nanjing Agricultural University, China 
in March, 2003 with quartz sand as the substrate for rooting. After 15 days, cuttings that 
had rooted were transferred into half-strength Hoagland nutrient solution (replaced once 
every 3 days and aerated continuously). After 120 days, chrysanthemum was blotted and 
weighed, then incubated in half-strength Hoagland solution replaced once every 3 days in 
1:10 ratio (g fresh weight/ml) at 25oC. The remnant of solutions were collected and 
condensed with the same method as described above.  
 

Seed germination, seedling growth and data conversion 
The experimental treatments consisted of two factors: (i). Aqueous extracts: 6 

(Leaf, litter, stem, root, rhizosphere soil, root exudates) and (ii). Concentrations: 4 (Control, 
4:10,8:10,16:10g dry weight/ml). The treatment was replicated three times in a randomized 
block design. Bioassay method was designed as per Leather and Einhellig (23). Prior to 
germination, seeds were surface sterilized with 0.1% (w/v) mercuric chloride for 1 min. 
The seeds were washed several times with distilled water to remove its residues. Each 
treatment had 50 sterilized seeds, which were evenly placed for germination on filter paper 
(9-cm dia Petri dish) containing 5 mL of different concentrations of aqueous extract (4:10, 
8:10 and 16:10, g dry weight/ml, the same below) or deionised water as control. The 
dishes were covered and placed in a growth chamber at 25oC for 24 h in dark. During seed 
germination, the losses of original extracts or deionised water by evaporation were 
compensated. Numbers of seeds germinated were counted daily till 8th day. The seeds with 
1 cm radicle were considered as germinated.  

The seeds after surface sterilization [0.1% (w/v) mercuric chloride, for 1 
minute], were germinated in sand before being treated. 10 uniform seeds each were placed 
on filter paper glass pots (5.5 cm dia and 9.5 cm high) containing 5 mL of aqueous extract 
or deionised water as control. These were sealed with polyethylene foil and kept in growth 
chamber (25oC during the 14 h light and 22oC during the 10 h darkness). After 11-days 
growth, the plant height, root length and fresh weight of seedlings were measured. All 
treatments consisted of at least three replications under identical conditions. From seed 
germination, data germination index and germination rate were calculated. The data of 
germination index, germination rate, plant height, root length and fresh weight of the 
seedlings were then transferred into response index (RI) as per by Williamson and 
Richardson (33), respectively as under: 
 

 
 
Where, C : control data, T : treatment data. RI ≥ 0 or RI＜0 indicates 

stimulation or inhibition over control, respectively. The absolute value of RI represents the 
autotoxic intensity of aqueous extracts. 
 

Activity of NR, IDH and MDA content evaluation 

NR activities in leaves were assayed as per Alsam et al (2). The reaction medium 
contained 100 µmol potassium phosphate buffer (pH 7.5), 20 µmol KNO3, 0.3 µmol 
NADH and an appropriate amount of crude extract (in vitro assay). The reaction was 

RI = 1-C/T if T≥C  or  RI = T/C-1 if T＜C 
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initiated by adding NADH. The amount of nitrite formed was determined after 30 min at 
30°C. The NO2

-1 formed was determined by spectrophotometer at 485 nm (38). 
IDH was determined by colorimetric method (27). Triplicates of 1 g fresh root 

samples of chrysanthemum were mixed with 10 ml reaction set [50 µmol potassium 
phosphate buffer (pH 7.5), 4 µmol D,L-isocitrate, substrate 0.4% 2,3,5-
triphenyltetrazolium chloride (TTC) (w/v)]. In control sample, instead of substrate an 
appropriate amount of potassium phosphate buffer was added. These samples were 
incubated at 30oC for 4 h in darkness, as trizolium dyes are light sensitive. After incubation 
triphenyl formazan (TPF) was formed, it was extracted with 25 mL ethyl acetate and 
measured spectrophotometrically at 485 nm. Concentrations of TPF in the filtrate were 
determined from calibration standards. All chemical used in these experiments were of 
analytic grade.  

The MDA content was determined by the 2-thiobarbituric acid (TBA) reaction 
with minor modification of Dhindsa et al (8) method. A 0.50 g crushed sample of 
chrysanthemum was homogenized in 5 ml trichloroacetic acid (TCA) (5%, w/v). The 
homogenate was centrifuged at 1811×g for 10 min. To 2 mL aliquot of the supernatant was 
added 2 mL 0.67% (w/v) TBA. The mixture was heated at 100oC for 30 min, cooled off 
and then centrifuged at 1811×g for 10 min. The absorbance of aliquot of supernatant was 
recorded spectrophotometrically at 450 nm, 532 nm and 600 nm, respectively. The 
concentration of MDA was calculated using the extinction coefficient of 155 mM-1cm-1. as 
Li et al. (24) formula as under: 

 
( 450600532 56.0)45.6 AAAC −−=  

 
Where C is concentration of MDA, A is absorbance of aliquot of the supernatant.  
 

Statistical analysis 
Differences among the means were analyzed with LSD test. Statistical 

analysis was performed in SPSS 11.5 software package for Windows (SPSS Inc. USA). 

 

RESULTS 

 
Seed germination 

Aqueous extracts from different parts of chrysanthemum had significant 
autotoxic effects on seed germination of the same plant species (Table 1). Under 
laboratory conditions, the inhibitory effects of aqueous extracts from different parts 
increased with their increasing concentrations (Table 1). The extracts from above-ground 
parts (shoot) of chrysanthemum inhibited the seed germination and growth of the same 
plant species. Compared to control, significant differences were especially observed in 
litter, leaf extracts and stem extract treatment. However, lower concentrations of 
underground parts had weak inhibitory or stimulatory effects on seed germination. 
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Table 1.  Autotoxic effects of aqueous extracts of various plant organs on the seed germination of 
‘Gaoyataizi’ 
 
Aqueous 
extracts 

Concentration 
 (g dry weight/ml) 

Germination index  
RI 

Germination rate  

RI 

Average of 
RI 

Control 0.000 0.000 0.000 
4:10 -0.182** -0.174** -0.178 
8:10 -0.273** -0.248** -0.261 

Litter 

16:10 -0.428** -0.313** -0.371 
Control 0.000 0.000 0.000 
4:10 -0.162** -0.041 -0.101 
8:10 -0.218** -0.246** -0.232 

Leaf 

16:10 -0.393** -0.364** -0.379 
Control 0.000 0.000 0.000 
4:10 +0.084* +0.050* +0.067 
8:10 -0.208** -0.153* -0.181 

Stem 

16:10 -0.325** -0.204** -0.265 
Control 0.000 0.000 0.000 
4:10 -0.050 -0.026 -0.038 
8:10 -0.064 -0.058* -0.056 

Rhizosphere 
soil 

16:10 -0.070* -0.105* -0.088 
Control 0.000 0.000 0.000 
4:10 +0.105** +0.057* +0.081 
8:10 -0.092** -0.055 -0.074 

Root 

16:10 -0.141** -0.110* -0.125 
Control 0.000 0.000 0.000 
4:10 +0.044 +0.025 +0.035 
8:10 -0.106* -0.090 -0.098 

Root 
exudates 

16:10 -0.120** -0.106* -0.113 
Note: Total time for germination: 8 days; RI data are the mean of three replicates in the same 
treatment; + and – indicate effect of increase and decrease respectively; Germination index =∑Gi/I 
(%d). Where, Gi is germination rate at i day (%), I is time of seed germination. Asterisks represent 
significant differences among means respect to control at 0.05(*) and 0.01 (**) level (LSD test), and 
so does the following tables.  
 
Autotoxic effects of aqueous extracts from different parts on seed germination followed 
the order of RI at 16:10 (g dry weight/ml): leaf (0.379) > litter (0.371) > stem (0.265) > 
root (0.125) > root exudates (0.113) > rhizosphere soil (0.088), which suggested that 
autotoxic effects of aqueous extracts mainly depended on above-ground parts (shoot) of 
chrysanthemum.  
 

Seedling growth 
Aqueous extracts from underground parts of chrysanthemum slightly stimulated 

the seedling growth at low concentration (4:10), but inhibited at higher concentrations of 
8:10 and 16:10. The effects of aqueous extracts from above-ground parts (shoots) on 
seedling growth caused growth abnormalities (Table 2). It could be concluded that 
aqueous extracts were more inhibitory to root length than plant height and fresh weight of 
the same plant species. 
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Table 2.  Autotoxic effects of aqueous extracts various plant organs on the early growth of seedlings 
 
Aqueous 
extracts 

Concentrations  
(g dry 
weight/ml) 

Plant height 
RI 

Root length 

RI 

Fresh weight 
RI 

Average of 
RI 

Control 0.000 0.000 0.000 0.000 
4:10  -0.104** -0.200** -0.017 -0.161 
8:10 -0.140** -0.309** -0.038* -0.244 

Litter 

16:10 -0.166** -0.357** -0.082** -0.303 
Control 0.000 0.000 0.000 0.000 
4:10  -0.129** -0.200** -0.073* -0.201 
8:10 -0.132** -0.250** -0.070* -0.226 

Leaf 

16:10 -0.241** -0.314** -0.098** -0.326 
Control 0.000 0.000 0.000 0.000 
4:10  -0.101* -0.165* -0.024 -0.145 
8:10 -0.094* -0.197** -0.059* -0.175 

Stem 

16:10 -0.120** -0.224** -0.093** -0.219 
Control 0.000 0.000 0.000 0.000 
4:10  +0.055* +0.120** +0.036* +0.111 
8:10 -0.073* -0.096* -0.054* -0.112 

Rhizosphere 
soil 

16:10 -0.108** -0.147** -0.069** -0.162 
Control 0.000 0.000 0.000 0.000 
4:10  +0.062* +0.070 +0.071* +0.101 
8:10 -0.109* -0.109* -0.090* -0.154 

Root 

16:10 -0.124** -0.103* -0.082* -0.155 
Control 0.000 0.000 0.000 0.000 
4:10  +0.046 +0.061* +0.080* +0.094 
8:10 -0.070* -0.077* -0.061* -0.104 

Root 
exudates 

16:10 -0.103** -0.092** -0.095** -0.145 
 
NR activity in leaves and IDH activity in roots 

The aqueous extracts of above-ground parts (shoots) were more autotoxic to 
NR activity than extracts of rhizosphere soil, root and root exudates (Fig. 1). At 11th day, 
the activities of NR in leaves were high (8.16 to 9.12 µg NO2

-1 g-1 FW h-1) at lower 
concentration (4:10 in w/v) for all the extracts. It suggested that lower concentrations of 
aqueous extracts from different parts of chrysanthemum were slightly stimulatory to NR 
activities in leaves. In control, the activities of NR in leaves were 8.05 µg NO2

-1g-1 FW h-1. 
Thus there were no significant differences for NR activity between control and lower 
concentration (4:10 in w/v) of aqueous extracts from different parts. Aqueous extracts 
inhibited the NR activity as the concentrations were increased to 8:10 or 16:10. At 8:10 
concentration, the NR activities decreased from 6.25 to 7.12 µg NO2

-1 g-1 FW h-1, while at 
16:10 concentration the decrease was from 4.31 to 7.16 µg NO2

-1g-1FW h-1 (in Fig. 1). 
IDH activity in roots was also high at lower concentrations (4:10) of litter, 

leaf, stem and rhizosphere soil extracts, whereas, extracts significantly inhibited the 
activity as concentrations were increased to 8:10 and 16:10 (Fig. 2). At 11th day, the IDH 
activity in control was 4.12 µg TPFg-1FWh-1, but at 8:10 concentration it decreased from 
1.28 to 3.44 µg TPF g-1 FW h-1 and at 16:10 concentration from 0.29 to 3.38 µg TPF-1g-1 

FW h-1. The aqueous extracts of above-ground parts (shoots) were more inhibitory to root 
IDH activity than of rhizosphere soil, root and root exudates. Compared to controls, the  
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Figure 1.  Autotoxic effects of aqueous extracts on NR activities in leaves of chrysanthemum 

seedlings.  
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Figure 2. Autotoxic effects of aqueous extracts on IDH activities in roots of chrysanthemum 

seedlings.  
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 decrease in IDH activity at 16:10 concentration was 93, 85 and 52 % for aqueous extracts 
of leaf, litter and stem, respectively. The IDH activity was similar between the control and 
aqueous extracts at lower concentration, but the differences were significant at higher 
concentration extracts of various parts. 
 

MDA content 
MDA content in leaves were significantly stimulated with increasing 

concentrations of aqueous extracts from different parts of chrysanthemum (Fig. 3). In 
control MDA content was 8.45 nmol g-1 FW, whereas at 16:10 concentration it increased 
to 12.57 nmol g-1FW for leaf extracts, 12.14 for litter and 10.51 nmol g-1 FW for stem. This 
increase in MDA content in leaves at 16:10 concentration was 49, 44 and 24 % for leaf, 
litter and stem, respectively compared to controls. The extracts from rhizosphere soil, root 
and root exudates stimulated the formation of MDA, it implied that autotoxic stress of the 
aqueous extracts plays important role in the formation of MDA in chrysanthemum. 
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Figure 3.  Autotoxic effects of aqueous extracts on MDA content in leaves of chrysanthemum 

seedlings.  

 

DISCUSSION 

 
The chrysanthemum had strong autotoxic effects on its own seed germination and 

seedling growth. The aqueous extracts of chrysanthemum (i). substantially suppressed the 
seed germination and seedling growth of the same plant species and (ii) inhibited the 
activities of nitrate reductase in leaves and isocitrate dehydrogenase in roots but stimulated 
the formation of MDA in plants. The inhibitory effect on activity of isocitrate dehydrog-
enase in roots may inhibit the nutrients uptake, as the root is the first organ to come into 
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contact with autotoxins in the rhizosphere (5). Under the autotoxic stress, aqueous extracts 
accelerated the membrane lipid peroxidation and increased the MDA content significantly 
and the inhibition was concentration dependent. The allelochemicals obtained from 
different Compositae family plants inhibited the root growth and germination and injured 
the plasma membrane and caused electrolyte leakage in receptor plants (13). The autotoxic 
stress stimulates the peroxidation of membrane lipids, decreases the level of soluble 
protein in leaves and inhibits the photosynthesis in leaves of receptor chrysanthemum (39). 
In this study, aqueous extracts increased the MDA content in chrysanthemum leaves, 
especially in leaves treated with extracts of above-ground parts (shoot), which disturbed 
the balance between the activity of anti-oxidative enzymes and peroxidation of membrane 
lipids and accordingly affected the structure and functions of membranes, the main 
mechanisms of allelopathy (11,28,32). Autotoxicity is a chemical interaction between the 
intra-specific individual plants. Inhibition in growth of the same species will alter the plant 
response to population density (15). This mechanism will result in avoiding the future 
competitions that were acquired through long time adaptation to the environment and 
selection (6). Autotoxicity may be a common phenomenon in agriculture and natural plant 
communities and it (i). inhibits the germination and early growth of seedlings 
(1,10,18,21,22,31,35), (ii). inhibits the activities of examined enzymes (34,37) and (iii). 
stimulates the formation of MDA (37). Our results indicated that aqueous extracts of 
chrysanthemum reduced the growth of the same species, inhibited the activities of nitrate 
reductase and isocitrate dehydrogenase but stimulates the MDA formation in plants 
exposed to autotoxic stress of chrysanthemum. Autotoxic potential varied with extracted 
plant part and enhanced with the increase in aqueous extract concentration (1,12). 
Autotoxicity observed in laboratory conditions is partially responsible for harmful effects 
observed in field or greenhouse, or in continuous cropping problem of chrysanthemum. 
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