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Activated Carbon and Phosphorus Application  

Influence the Growth of Continuously  

Asparagus (Asparagus Officinalis L.)  

Rumana Yeasmin  , Satoru Motoki  , Sadahiro Yamamoto  & Eiji Nishihara   

Abstract - The influences of activated carbon (AC) and  
phosphorus (P) to asparagus growth were assessed under  
laboratory conditions. The asparagus cultivar; Gijnlim (G) of  
the European origin, were cultivated in different continuous  
replanting system. AC was incorporated into sandy soil, was  
amended with 15 years old root residue (RR) before the  
sowing of asparagus for the first, second (first replanting), third  
(second replanting) and fourth (third replanting) time of 
continuous planting. In all the planting, P was applied weekly  
basis at P0 (0), P1 (7.5), P2 (15.5) and P3 (22.5) mg·l 1. After  
third replanting, in without AC, P0 and with RR treatment, root  
biomass inhibited (P<0.05) by 55% and total P uptake by 52  
%. Controversially, when AC was incorporated into the soil as  
phosphorus (P3) increased level and without RR, asparagus  
root biomass inhibited (P<0.05) up to 18%, total P uptake by  
20 %. AC with applied P alters soil P availability and plant  
growth even in the presence of the RR allelopathic agent. This  
study provided the evidence of AC and P application will be  
required to improve growth and nutrient uptake by overcoming  
nutrient immobilization under continuous replanting.  
Keywords : asparagus; activated carbon; growth;  
nutrient uptake; phosphorus; root residue.  

I. Introduction  

sparagus (Asparagus officinalis L.) is a high-value  
perennial vegetable crop cultivated worldwide.  
Successive culture of the same crop on the same  

land for years cause soil sickness or replanting injuries  
(Tsuchiya, 1990). There are many reasons for the  
replanting problems such as disease, insect, pathogen,  
microorganism, soil physical and chemical properties,  
reduced number and diameter of stems, crowns and  
roots, and collapse of storage roots (Blok and Bollen,  
1993). Moreover, the continuous cropping for asparagus  
production caused serious replanting problem, which  
inhibited mainly phosphorus (P) uptake in mineral  
nutrients (Yeasmin et al., 2013). Therefore, in addition to  
being scarce, P is also poorly available to plants that are  
not adapted to these conditions. The involvement of  
autotoxins from root residues (RR) of former asparagus  
crops was evaluated for the reduction of P (Yeasmin et  
al.,  2013).   In   general,  under  low  P  availability  plant   
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biomass accumulation decreases and root morphology  
is modified (Lambers et al., 2006). P is a critical  
macronutrient required for numerous functions in plants  
and is one of the limiting factors for plant growth due to  
its rapid immobilization by soil organic and inorganic  
components (Richardson et al., 2009). The evolutionary  
adaptations of plants to P deficiency include responses  
that help them enhance the soil P availability, increase  
its uptake and improve the use efficiency of P within a  
plant (Lambers et al., 2006).   

Activated carbon (AC), with its large surface  
area and pore volume, as well as its polarity, has  
tremendous adsorptive capacity (Lau et al., 2007). AC  
adsorbs the putative allelochemical due to its great  
affinity for organic molecules and has very little affiliation  
for inorganic molecules (Batish et al., 2007). AC  
additions would also be expected to increase the growth  
of plants (Kulmatiski and Beard, 2006). Young and Chou  
(1985) have confirmed the allelopathic activity of  
chemical substances released by asparagus and  
allelochemicals such as the substances are considered  
to be one of the potentially important causes of the  
asparagus replanting problem (Putnam, 1985). One of  
the establishment of seedling technique was reported  
the utilization of AC for absorbing the allelopathic  
compounds (Lau et al., 2007), but there have been no  
other detailed studies on the effect of AC in replanting  
cultivation. Therefore to recover the growth and P uptake  
after the replanting, the purpose of the present  
investigation was to evaluate the growth of asparagus in  
subsequent cropping while investigating the impact of  
AC and P in mitigating the continuous replanting  
problem.  

II. Materials and Methods  

a) Planting Materials   

A replant culture system was employed to 
 

identify the growth inhibitory activity of asparagus. 
 

Seeds of asparagus cultivar, Gijnlim of the European 
 

origin, were obtained from a local commercial seed 
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b) Characteristics of the Sandy Soil
Physico-chemical properties of the soil are 

illustrated in Table 1. Sandy soil used in this experiment 

s : yeasminbd@gmail.com, 

Replanted 

company Pioneer Ecoscience Co., Ltd, Tokyo, Japan



 
 

   
 
 

was first sterilized at 121°C for 15 min in an automatic 

 

high pressure steam sterilized autoclave (MLS-2420; 

 

Sanyo, Tokyo, Japan). Prior

 

to showing, the soil was 

 

characterized for EC and pH of the soil: water 

 

suspension (1:5 w/v). EC and pH were measured with 

 

EC and pH meters (Horiba DS-14 and Accumut M-10, 

 

TOA electronics Ltd., Tokyo, Japan, respectively). 

 

Exchangeable cations (K+, Ca2+, Mg2+,

 

and Na+) were 

 

measured using an atomic absorption spectro-

 

photometer (Model Z-2300; Hitachi Co., Tokyo, Japan) 

 

after extraction with neutral ammonium acetate. 

  
Table 1

 

:

  

Soil physico-chemical properties

  
Soil Parameter

 

Value

 
EC (1:5) water

 

0.03 ds

 

m-1

 
pH

 

6.36

 
Total N

 

0.02%

 
Available-P

 

1.5 mg P2O2 100 g-1

 

Exchangeable K+

 

0.06 cmol kg-1

 

Exchangeable Ca2+

 

0.34 cmol kg-1

 

Exchangeable Mg2+

 

0.45  cmol kg-1

 

Exchangeable Na+

 

0.10  cmol kg-1

 

CEC

 

(Cation

 

exchange 

capacity

 

2.40  cmol kg-1

 
Bulk density

 

1.47 g cm-1

 

Infiltration rate

 

30 mm min-1

 

Hydraulic conductivity

 

0.05 cm sec-1

 

Texture

 

Sand

 

c)

 

Treatment Conditions 

  

The goals of this experiment were to investigate 

 

the effects of AC and P on asparagus growth. Physico-

 

chemical properties of the AC are illustrated in Table 2. 

 

The AC treatment included, by volume, 1.2 g powdered 

 

palm shell AC (Motoki et al., 2006) of the potting (size: 

 

10X10 cm2) soil and mixed homogeneously. The without 

 

AC treatment included, no addition (–) of AC.  Fifteen 

 

years old asparagus roots were obtained from an 

 

asparagus field in Nagano prefecture, Japan. After air 

 

drying, they were separated by cutting them into 

 

approximately 1 cm lengths. The roots were then 

 

powdered with a rotary shaker and mixed into the soil at 

 

the rate of 2 g·pot-1

 

(Blok and Bollen, 1993). Two sets of 

 

RR amended (+) and unamended (–) treatment was 

 

applied with and without AC treated soil.

  
  

Table 2 :  Characteristics of palm sell activated carbon  

Activated Carbon Palm shell 

Raw and processed materials  Coconut shell 

pH 9.9 

Specific surface area  956 m2· g-1 

Total pore volume  0.46 cc· g-1 

Micro-pore surface area  867 m2. g-1 

Micro-pore volume  0.35 cc. g-1 

Meso-pore surface area  83 m2. g -1 

Meso-pore volume  0.09 cc. g -1 

Meso+Macro-pore surface area  89 m2. g -1 

Pore diameter  0.7 nm 

Iodine absorption performance  1050 mg· g-1 

Methylene blue adsorption 

performance  

180 mg· g-1 

  16 meshes are equal to 1 mm size by Test methods 
 (Ajinomoto Fine -Techno Co.,

 
Inc., Japan) for activated 

 carbon in JAS K 1474-1991.
  

d)

 

Replant Culture

  

Prior to sowing, asparagus seeds were covered 

 

with a double layer of gauze and surface-sterilized in 

 

70% ethanol and then rinsed in deionized water several 

 

times. The pre-germinated seedlings of the asparagus 

 

cultivar were grown in commercially available plastic 

 

black pot (size: 10X10 cm2) in sand culture which was 

 

incorporated with or without AC and RR for the first 

 

times of planting. They were incubated at: 25° C; 12h 

 

light/12h dark; relative humidity 80% and 200 mol m–2·

  

s–1 intensity of light in growth chamber (MLR-351H; 

 

Sanyo, Tokyo, Japan) for 56 days.

 

To check the role of P 

 

to asparagus growth, 100 ml of a P0 (0), P1 (7.5), P2 

 

(15.5) and

 

P3 (22.5) solution (mg·l-1) from KH2PO4

  

(Nuruzzaman et al., 2005) was applied weekly to each 

 

pot/plant, in different combination of AC and RR

 
 

amended or unamended soils. 

 

The following 

 

combinational pattern was included: P0AC+RR+; 

 

P0AC+RR–; P0AC–RR+; P1AC+RR+; P1AC+RR–; 

 

P1AC–RR+; P2AC+RR+; P2AC+RR–; P2AC–RR+; 

 

P3AC+RR+; P3AC+RR–; P3AC–RR+.

 

Each pot was 

 

irrigated with distilled water according to field capacity. 

 

Field capacity was calculated as (wet mass-

 

dry mass)/ 

 

dry mass X 100% (Lambers et al., 2002). Nutrients were 

 

provided with 10-20 ml Hoagland’s P free nutrient 

 

solution everyday to avoid immobilization of nutrients. 

 

The seedlings were then harvested after 56 days and 

 

new seeds were replanted again in the same pot by 

 

using the same soil for the second (first replanting for 56 

 

days), third (second replanting for 56 days) and fourth 

 

plantings (third replanting for 56 days), respectively by 
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following the same process as above. All treatments 
were replicated three times. Inhibition, expressed as a 
percentage, was calculated using the following 
equation:

Inhibition (%) = (1 – Xt /Xc) × 100                (1)



 
 

 
 
 

  
     

Where, Xc denotes the dry mass of the roots for 

 

the first planting of each treatment and Xt represents the 

 

mean values of the corresponding dry mass of the 

 

treatments for the first, second and third replanting 

 

respectively. 

  

e)

 

Chemical Analysis of Soil after Subsequent 

 

Replanting

  

AC, RR and different levels of P amended or 

 

unamended soils pH, electrical conductivity (EC) and C: 

 

N ratio was determined by procedures already 

 

described in preceding sections. Total P was measured 

 

as described above. All treatments were replicated three 

 

times. 

  

f)

 

Plant Growt and P Uptake Measurements 

  

After harvesting, all seedlings were thoroughly 

 

cleaned; blotted dry between absorbing paper and their 

 

dry mass (g pot-1) were measured after oven drying at

  

70°C for 72h. All dry roots and shoots were combined 

 

and ground to a fine powder using a stainless ball mill, 

 

and analyzed for total P (mg g-1) using standard 

 

procedures. Total P in the digested mixture was 

 

determined colorimetrically with a spectrophotometer 

 

(Model U-2001, Hitachi Co., Tokyo, Japan) using the 

 

phosphomolybdate blue method (Murphy and Riley, 

 

1962). All samples were run in triplicate. 

  

Inhibition, expressed as a percentage, for P 

 

uptake was calculated by using equation 1. 

  

g)

 

Statistical Analysis

  

Experimental data presented are the means of 

 

three replicates; statistical analyses were executed 

 

using Stat View software. The percentage data was loge-

 

transformed before analysis where necessary to 

 

equalize variances between treatments (Lam et al. 

 

2012). Tukey’s protected multiple-comparison test at P 

 

< 0.05 was used to compare means. 

  

III.

 

Results and Discussion

  

a)

 

Impact of AC and P on growth

  

When asparagus was grown in soils that had 

 

been or had not been amended with AC and RR with 

 

different levels of P, responded differentially to 

 

asparagus growth after the three

  

subsequent

  
 

replanting

 

(Figure

 

1

 

a,

 

b

 

and

 

c). 

  

  

Figure 1 : Percentage of inhibition of asparagus  
seedling roots growth after the first, second and third  
replanting. Listed growth parameter suggests the values  
are actual dry mass (g· pot-1). P0, P1, P2 and P3 denote  
0, 7.5, 15.5 and 22.5 mg l-1 of applied P. Inhibition (%)  
was calculated by using equation 1. Bars presented as  
mean ± SE, Tukey’s protected multiple-comparison test  
at P < 0.05 was used to compare means, replication  
(n= 3)   

After the first, second and third replanting, the 
 

highest (23, 35 and 55%) and lowest (2, 3 and 8%) 
 

inhibitions for growth of root were found in the P0AC–
 

RR+
 

and P3AC+RR–, respectively. On average, the 
 

application of AC increased asparagus growth with the 
 

increased level of P.
 

Application of AC could reduce 
 

allelopathic effects and increased plant growth and yield  
 

(Ridenour and Callaway, 2001). In this study, the mixture 
 

of AC with the different concentration of P led to the 
 

production of asparagus seedlings with a high growth 
 

while reducing the effects of RR amendment.
 

Therefore, 
 

(a) 

(b) 

(c) 
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the positive effect of AC on growth could be a result of 
AC minimizing any negative growth effects of 
allelopathic compounds. Whatever the underlying 
mechanism(s), it was found that positive responses of 
combined AC and P influenced plant growth in the 
absence of the RR means that the biomass can be 
greater with AC and P than without AC and P.  

b) P uptake
The highest inhibition (P < 0.05) was found for 

P uptake (52%) in P0AC–RR+ combination, compared 
to P3AC+RR– combination after the third replanting, 



 
 

 
 
 
 
 
 
 

   
 
 

 
followed by first and second replanting  (Figure 2 a, b  
and c). Asparagus P uptake with RR amendment  
treatment showed the significant (P < 0.05) higher  
reduction in P uptake in compared to RR unamendment  

treatment. This nutrient decreased also could be due to 

 

a release of phytotoxic substances by the interaction 

 

between RR and microorganisms. 

 
   

  

Figure 2 :

 

Percentage of inhibition of asparagus seedling P uptake after the first (a), second (b) and third (c) 

 

replanting. Listed nutrient suggests the values are actual concentration (mg g-1). P0, P1, P2 and P3 denote 0, 7.5, 

 

15.5 and 22.5 mg l-1 of applied P. Inhibition (%) was calculated by using equation 1. Bars presented as mean ± SE, 

 

Tukey’s protected multiple-comparison test at P < 0.05 was used to compare means, replication (n= 3)
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Allelochemical compounds including amino

 

acids, organic acids, sugars, phenolic acids, and other 
secondary metabolites, serve as an important medium of 
root-based interactions with other microorganisms 
including bacteria, actinimycetes, pathogens, fungi, and 
insects in the growing media (Walker et al., 2003). AC 
also may reduce microbial activity by reducing 
concentrations of organic molecules (Kulmatiski and 

fertilizing pots to minimize the effects of trace 
concentrations of nutrients contributed by AC. However, 
our results show that AC and P influenced P uptake in 
both the presence and the absence of RR. AC can 
increase nitrification, in part because AC may sorbs 
compounds that are inhibitory to nitrifying bacteria 
(Deluca et al., 2002, 2006). In particular, the plant 
allelochemicals changes the soil nutrients concentration. 
On the contrary, nutrients concentration also influences 
the concentration of plant allelochemicals. Wacker et al. 
(1990) informed about several allelochemicals were 
isolated and characterized from asparagus root tissue, 
including ferulic acids and which could inhibit P uptake in 
plant roots (McClure et al., 1978). Allelochemicals like 
benzoic, vanollic, cinamic and ferulic acids showed 
inhibition in P uptake; likewise, benzoic and trans
cinnamic acids reduced growth, lowered the amounts of 
P, K, Mg, Mn, Cl-1, and SO4

-2 (Baziramakenga et al., 
2005). Since, the RR could enhance the microbial 
biomass that may be responsible for subsequent 
reduction of nutrient. However, in AC unamendment 
treatment, detect the effects of RR for total nutrient 

content; RR also affects the P uptake. RR trended for the 
highest reduction for P uptake depending on the different 
combinations with AC and P0, P1, P2 and P3. Therefore, 
AC and P can be a good tool for studies of allelopathy 
because it acts as an adsorbent for many large organic 
compounds and increased the P uptake.

c) Effect of subsequent replanting on soil pH, EC and 
C: N ratio and P uptake

Physico-chemical properties of the replanted 
soil were determined and the soil pH, EC and C: N ratio 
differed in with and between P3AC+RR– and P0AC–
RR+ combination as a result of three subsequent 
replanting (Table 3). The soil contained AC significantly 
(P < 0.05) increased the soil pH and C: N ratio and 
decreased soil EC, but the magnitude of that increase 
depended upon the RR. 

The influence of pH, EC and C: N ratio, to the 
soil properties revealed that application AC and P is an 
important factor for the soil property. With the increasing 
of planting time the soil pH was decreasing and soil was 
becoming more acidic. On the contrary to, EC was 
increasing with the increasing of plating time. Increases 
in soil pH (Lucas and Davis, 1961) may result in 
increases in bio- available P, and to often pH- related 
increases in nutrient availability (Lehmann et al., 2003). 
This contrasting difference is reflected in the significant 
effect of C: N ratio.  The soil contained AC increased the 
soil pH and C: N ratio but the magnitude of that increase 
depended upon the RR with different combinational 
treatments with P. The effect could be attributed to the 

Beard, 2006). Inderjit and Callaway (2003) recommend 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

  
 

   
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 

 
 
 

  

   
   

 
 

  
 
 
 
 

  
 
 
 
 
 
 
 

   
 
 
 
 
 
 
 
 
 
 

  

  

 

 

   

5

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
III

 I
ss
ue

  
  
  
er

sio
n 

I
V

V
Ye

a r
  2 0
13

  
 B

)

)

© 2013  Global Journals Inc.  (US)

high surface area of AC. The reduction for total soil P 
uptake ranged from 5-63 % (Figure 3 a, b and c). After 
third replanting, the highest and lowest decreased was 
found for soil P uptake (12 and 63%) in P0AC-RR+ and 
P3AC+RR- combination, respectively. This result imply 
that the addition of AC and P to a sandy soil,  making 

soil moisture and nutrients more available to plants 
growing to the soil, and eventually in improving crop 
productivity. Yeasmin et al. (2013) revealed that soil P 
uptake showed decreasing trend with the increasing of 
planting time. 

Table 3 : Effects of phosphorus (P) and activated carbon (AC) application on soil physic-chemical properties after 
the first , second and third replanting

First 
replanting

Second 
replanting

Third 
replanting

AC+RR– AC+RR+ AC–RR+ AC+RR– AC+RR+ AC–RR+ AC+RR– AC+RR+ AC–RR+
pH (H20)

5.9±0.04d 5.4±0.05d 4.8±0.11d 5.1±0.02d 4.7±0.09d 4.3±0.01c 4.7±0.04c 4.4±0.05d 4.0±0.23d
6.1±0.07c 5.8±0.03c 5.3±0.08c 5.6±0.01c 5.2±0.07c 4.8±0.06b 5.0±0.03bc 4.7±0.01c 4.4±0.65c
6.7±0.05b 6.3±0.01b 5.7±0.06b 6.0±0.04b 5.7±0.01b 5.5±0.02ab 5.3±0.09b 5.1±0.03b 4.9±0.71b
7.3±0.01a 6.7±0.02a 6.2±0.03a 6.5±0.07a 6.3±0.02a 5.7±0.02a 5.6±0.05a 5.5±0.00a 5.1±0.15a

C:N ratio
20.4±0.66d 17.9±0.11d 14.4±0.71d 16.8±1.29d 14.4±2.13d 11.5±0.93d 12.9±1.31d 9.7±2.61d 7.1±1.93d
24.8±1.02c 22.2±0.87c 18.2±0.94c 20.8±1.43c 18.8±1.21c 13.2±1.22c 15.2±2.14c 11.1±1.03c 9.9±1.43c
30.2±1.51b 24.8±0.25b 20.4±0.58b 23.2±2.81b 20.2±1.18b 16.8±0.81b 17.8±1.03b 15.4±3.03b 11.4±2.03b
35.7±2.78a 29.3±0.19a 25.8±1.92a 27.7±1.55a 24.7±3.27a 19.3±0.17a 21.3±1.23a 17.5±1.03a 14.8±1.03a

EC(ds·m1)
0.45±0.03a 0.53±0.06a 0.89±0.11a 0.68±0.04a 0.95±0.01a 1.8±0.06a 1.3±0.02a 1.6±0.15a 2.0±0.01a
0.37±0.05b 0.44±0.04b 0.84±0.09b 0.65±0.06b 0.92±0.09b 1.4±0.02b 0.91±0.04b 1.3±0.03b 1.8±0.05b
0.24±0.01c 0.38±0.05c 0.72±0.05c 0.43±0.03c 0.78±0.05c 1.1±0.02c 0.83±0.09c 1.0±0.07c 1.6±0.17c
0.18±0.07d 0.27±0.01d 0.63±0.02d 0.40±0.01d 0.66±0.02d 0.98±0.09d 0.75±0.01d 0.83±0.01d 1.2±0.08d

Data presented as mean ± SE, Tukey’s protected multiple-comparison test at P < 0.05 was used to compare 
means, replication (n= 3).

Figure 3 :  Percentage of inhibition of  soil P uptake after the first (a), second (b) and third (c) replanting. Listed 
nutrient suggests the values are actual concentration (mg g-1). P0, P1, P2 and P3 denote 0, 7.5, 15.5 and 22.5 mg l-
1 of applied P. Inhibition (%) was calculated by using equation 1. Bars presented as mean ± SE, Tukey’s protected 

multiple-comparison test at P < 0.05 was used to compare means, replication (n= 3)

Therefore, it is likely that allelochemical 
compounds could be readily leached from the residues. 
After entering into the soil, allelochemicals are 
influenced by microorganisms (Inderjit, 2001). However, 
the negative effect of allelochemicals depends greatly 
upon a variety of biotic and abiotic factors, soil type, 
presence of microorganisms and soil conditions, and 
further toxification and detoxification mechanisms in the 

soil (Blum et al., 1999). Based on the observed results, 
the present study evidences that root residues of 

by releasing allelochemicals into the soil rhizosphere 
through alteration of soil P which could be improve by 
the combined application of AC and P. 

Asparagus officinalis suppress the growth of asparagus 
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IV. Conclusion

In summary, in soils without RR amendment, 
combined AC and P application increased asparagus 
growth and nutrient uptake, resulting in higher P 
recovery in the asparagus. RR incorporation, however, 
retarded the effects of fertilization on asparagus growth 
and P uptake. In this study, plant growth and P uptake 
was increased with the increasing of level of P, but it 
was not known the optimum level of P, until which level 
growth will be retarded, therefore, the present steps are 
currently validating to explore the exact quantity or level 
of P and to find out the mechanism and specific causes 
of these problems and how to improve the growth and P 
uptake under continuous replanting.

Acknowledgements

References Références Referencias

1. Batish, D.R., Lavanya, K., Singh, H.P., Kohli, R.K. 
(2007). Root-mediated allelopathic interference of 
nettle-leaved goosefoot (Chenopodium murale) on 
wheat (Triticum aestivum). J. Agron. and Crop Sci. 
193, 37–44

2. Baziramakenga, R., Simard, R.R., Leroux, G.D. 
(2005). Effects of benzoic and cinnamic acids on 
growth, mineral composition, and chlorophyll 
content of soybean. J. Chem. Ecol. 20, 2821-2833 

3. Blok, W.J., Bollen, G.J. (1993). The role of 
autotoxins from root residues of the previous crop in 
the replant disease of asparagus. Neth. J. Plant 
Path. 3, 29–40

4. Blum, U., Shafer, S.R., Lehman, M.E. (1999). 
Evidence for inhibitory allelopathic interactions 
involving phenolic acids in field soils: concepts vs. 
an   experimental   model.  Crit . Rev.  Plant  Sci.  18, 
673-693.

5. DeLuca, T.H., Nilsson, M.C., Zackrisson, O. (2002). 
Nitrogen mineralization and phenol accumulation 
along a fire chronosequence in northern Sweden. 
Oecologia 133, 206–214.

6. DeLuca, T.H., MacKenzie, M.D., Gundale, M.J., 
Holben, W.E. (2006). Wildfire-produced charcoal 
directly influences nitrogen cycling in ponderosa 
pine forests. Soil Sci. Soc. Am. J. 70, 448–453. 

7. Inderjit, 2001. Soils: environmental effect on 
allelochemical activity. Agron. J. 93, 79–84

8. Inderjit, Callaway, R.M. (2003). Experimental 
designs for the study of allelopathy. Plant Soil 256, 
1–11.

 

 

V.

9. Kulmatiski, A., Beard, K.H. (2006). Activated Carbon 
as a restoration tool: potential for control of invasive 

plants in abandoned agriculture fields. Restor. Ecol. 
14, 251–257. 

10. Lam, S.K., Chen, D., Norton, R., Armstrong, R. 
(2012). Nitrogen demand and the recovery of 15N-
labeled fertilizer in wheat grown under elevated 
carbon dioxide in southern Australia. Nutr. Cycl. 
Agroecosyst. 92, 133–144.

11. Lambers, H., Damian, J., Cawthray, G.R., 
Veneklaas, E.J., Martinez- Ferri, E. (2002). The 
pattern of carboxylate exudation in Banksia grandis
(Proteacae) is affected by the form of phosphate 
added to the soil. Plant Soil 238, 111–122.

12. Lambers, H., Shane, M.W., Cramer, M.D., Pearse, 
S.J., Veneklaas, E.J. (2006). Root structure and 
functioning for efficient acquisition of phosphorus: 
matching morphological and physiological traits.
Ann. Bot. 98, 693–713.

13. Lau, J.A., Puliafico, P.K., Kopshever, J.A., Steltzer, 
H., Jarvis, E.P., Schwarzlander, M., Sttauss, S.Y., 
Hufbauer, R.A. (2007). Inference of allelopathy is 
complicated by effects of activated carbon on plant 
growth. New Phytol. 178, 412–423.

14. Lehmann, J., Da Silva J.P. Jr., Steiner, C., Nehls, T., 
Zech, W., Glaser, B. (2003). Nutrient availability and 
leaching in an archaeological anthrosol and a 
ferralsol of the central Amazon basin: fertilizer, 
manure and charcoal amendments. Plant Soil 249, 
343–357.

15. Lucas, R.E., Davis, J.F. (1961). Relationships 
between pH values of organic soils and availabilities 
of 12 plant nutrients. Soil Sci. 92, 177–182.

16. McClure, P.R., H.D. Gross, W.A. Jackson (1978). 
Phosphorus absorption by soybean varieties: the 
influence of ferulic acid. Can. J. Bot. 56, 764–767.

17. Motoki, S., Nishihara, E., Kitazawa, H., Hiradate, S., 
Shinohara, Y. (2006). Participation of allelopathy in 
injury due to continuous cropping of asparagus 
(Asparagus officinalis L.) in alluvial soil.  Hort. Res. 
Jpn. 5, 431–436

18. Murphy, J., Riley, J.P. (1962). A modification single 
solution method for the determination of phosphate 
in natural waters. Anal. Chim. Acta. 27, 31–36.

19. Nuruzzaman, M., Lambers, H., Bolland, M.D.A., 
Veneklaas, E.J. (2005). Phosporus benefits of 
different legume crps to subsequent wheat grown in 
different soils of Western Australia. Plant Soil 271, 
175-187.

20. Putnam, A.R. (1985). Allelopathic research in 
agriculture: past highlights and potential. In: 
Thompson AC (ed). The Chemistry of allelopathy:
Biochemical interactions among plants, American 
Chemical Society, Washington, D.C. pp 1–8

21. Richardson, A.E., Hocking, P.J., Simpson, R.J., 
George, T.S. (2009). Plant mechanisms to optimize 

This work was funded by KAKEN (C), (ID: 
23580457) and MEXT (Ministry of Education, Culture, 
Sports, Science and Technology) Scholarship program
(2008-2013) of the first author. 

access to soil phosphorus. Crop Pasture Sci. 60, 
124–143.



 
 

 
  

   

 
 
 
 
 
 
 
 
 
 
 
 

  

  

  
 
 
 

  

  

  
 
 
 

  
  

 
 

  
  

 
 

   
  

 
 
 

  
  

 
 

  
  

 
 

  
  

  

  
 

  
  

            
  

  
  

 
 

  
  

  
 
 

  
  

  
  

 
  

  
  

 
  

  
  

 
 

  
  

  
 
 

  
 

  
  

 
  

  
 

  
  

 
 

  
  

  
 

  
   

 
 
 

   

7

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
III

 I
ss
ue

  
  
  
er

sio
n 

I
V

V
Ye

a r
  2 0
13

  
 B

)

)

© 2013  Global Journals Inc.  (US)

 

 

 

 

22. Ridenour, W.M., Callaway, R.M. (2001). The relative 
importance of allelopathy in interference: the effects 
of an invasive weed on a native bunchgrass. 
Oecologia 126, 444–450 

23. Tsuchiya, K. (1990). Problems on allelopathy in 
vegetable cropping. Agric. Hort. 65, 9-16 (in 
Japanese).

24. Wacker, T.L., G.R. Safir, C.T. Stephens (1990). 
Effects of ferulic acid on Glomus fasciculatum and 
associated effects on phosphorus uptake and 
growth of asparagus (Asparagus officinalis L.) J. 
Chem. Ecol. 16, 901–909

25. Walker, T.S., H.P. Bais, E. Grotewold, J.M. Vivanco 
(2003). Root exudation and rhizosphere biology. 
Plant Physiol. 132:44–51.  J. Chem. Ecol. 16, 901–
909

26. Yeasmin, R., Kalemelawa, F., Motoki, S., 
Matsumoto, H., Nakamatsu, K., Yamamoto, S., 
Nishihara, E. (2012). Root residue amendment on 
varietal allelopathy and autotoxicity of replanted 
asparagus (Asparagus officinalis L.). Exp. Agric. 
Hort. 2, 31–36

27. Young, C.C., Chou, T.C. (1985). Autointoxication in 
residues of Asparagus officinalis L. Plant Soil 85, 
385–393.


	Activated Carbon and Phosphorus Application Influence theGrowth of Continuously Replanted Asparagus (AsparagusOfficinalis L.)
	Authors
	Keywords
	I. Introduction
	II. Materials and Methods
	a) Planting Materials
	b) Characteristics of the Sandy Soil
	c) Treatment Conditions
	d) Replant Culture
	e) Chemical Analysis of Soil after SubsequentReplanting
	f) Plant Growt and P Uptake Measurements
	g) Statistical Analysis

	III. Results and Discussion
	a) Impact of AC and P on growth
	b) P uptake
	c) Effect of subsequent replanting on soil pH, EC andC: N ratio and P uptake

	IV. Conclusion
	V. Acknowledgements
	References Références Referencias

