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old gardens. Just in the young gardens, the weed species 
were moved by pappus. There was a linear and stable regres-
sion between weed frequency and dominance in the final 
sampling. Higher relative growth rate as well as higher N 
and P uptake was resulted in the young gardens. Seed size 
and growth rate were correlated in the young gardens, and 
the smaller seeds resulted in a higher rate of weed survival. 
Parameters including weed dominance, functional and physi-
ological characteristics, seed size, and the environment may 
determine weed ecology and survival at different stages of 
succession in Citrus gardens.

Keywords  Citrus (Citrus sinensis L.) · C. reticulata · 
Nutrients · Succession · Weed ecology

1  Introduction

Ecologists have recognized two important successions: ini-
tial succession, which is the occurrence of ecosystem expan-
sion on the sites that have not been previously occupied by 
living organisms (such as bare rocks and frozen surfaces); 
and secondary succession, which happens in the ecosystems, 
which have been previously occupied by organisms. Tilled 
fields, clear-cut forests, and burned areas are all exposed 
to secondary succession (Letcher 2010; Podda et al. 2011; 
Rezvani et al. 2013).

During the succession, vegetative variations are not coin-
cidental, and spread of vegetation is regularly carried out 
with the following functional variations (Dölle et al. 2008; 
Schmid et al. 2017). The early stages in succession include 
species, which have light seeds (Rockwood 1985), high seed 
production (Hyatt and Casper 2000), extensive distribution 
(Samuel and Hart 1994), and rapid growth rate (Lambers 
et al. 2008). Species with large seeds have longer life period, 

Abstract  The concepts of destruction and rebuilding in the 
succession play an important role in agro-ecology. Agricul-
tural ecosystems are always affected by tillage, soil prepara-
tion, harvest, burning, and arboriculture. A common practice 
in the northern province of Mazandaran (Iran) is to replace 
rice (Oryza sativa L.) cultivation with Citrus farming. It 
can be accordingly interesting to investigate the ecology of 
weed community specifically the dominance and characters 
during the different stages of succession, using constitutive 
and physiological aspects. In a 2-year research work, some 
functional (species composition and stability) and physio-
logical characteristics (relative growth rate, biomass, and N 
and P uptake) of different weeds in the initial and final stages 
of secondary succession in Citrus gardens were compared. 
Three young (Citrus sinensis L.) and three old Citrus (Citrus 
reticulata Blanco) gardens (with the average age of 2 and 
29 years, respectively), were selected in the suburb of Qaem-
shahr city (Iran), the centre of Citrus production. In each 
garden, three main fixed plots (30 m2), with five subplots 
(1 m2) and destructive quadrates in each one, were prepared 
and used for the experiment (January 2013–August 2014). 
Weed composition was monthly recorded. The concept of 
dominance diversity was used to estimate the community 
consistency. Thirty-three weed species were identified 
among which the Poaceae and Asteraceae families were the 
dominant ones. In the young gardens, the number of weed 
species was twice more than the old ones. Poa nemoralis 
as a perennial and sciophytes species were plentiful in the 
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meaning they are more competitive and dominant in the final 
stages of succession (Fenesi et al. 2014). In such stages, 
perennial weed species replace the annual ones (Corbin and 
D’Antonio 2004) in a period of one (Brown et al. 1987) 
to 40 years (Bornkamm 1981). The rate of these events 
depends on factors such as soil (Dzwonko and Loster 1997; 
Fanelli and Lucchese 1998), climate (Calvo et al. 2005), 
weed seed bank (Bekker et al. 2000), and the initial density 
of perennial weed species (Turner et al. 1998).

The establishment of juvenile plants, bush, and weed 
under the tree shadow idiomatically is called ‘understory’ 
(Leopold and Solozar 2008) that have interference with 
trees. The interactions between weed growth and tree behav-
iour have been addressed by different studies (Cantarelli 
et al. 2006; Rondon 2006; Bonari et al. 2017). For exam-
ple, Larpkern et al. (2010) have identified specific species 
of weeds under the trees after tillage. It is preferable that 
such weeds be controlled at the early stage of growth, or the 
use of repair trends become difficult. Increased frequency 
of species is largely controlled by seed production, species 
growth rate (Chapin et al. 1997), and competitiveness (Til-
man 1988).

The chemicals characteristics of soil such as nutrients, 
salts, and organic matter may cause the appearance of spe-
cific weed species (Garnier et al. 2004; Salama et al. 2017). 
Some research work has shown a correlation between vari-
ation of soil nutrients and plant composition (Shaltout et al. 
2014; Angiolini et al. 2017). For example, when soil nitro-
gen and organic matter reduces, bushes are replaced with 
grasses (Reynolds et al. 1999; Suding et al. 2008).

Unfortunately, important changes in planting patterns 
in Mazandaran province (Iran) have occurred for various 
economic reasons, e.g., farming in uplands and rice fields 
has been changed to Citrus gardens. Such changes will defi-
nitely result in the change of weed ecology including domi-
nance and characteristics affecting weed control. How weed 
ecology may be affected in the Citrus gardens by important 
parameters, such as succession, is an important question 
which must be addressed by research work. Accordingly, 
this study was carried out to determine weed dominance and 
functional and physiological characteristics (life cycle, seed 
size, growth rate, and biomass accumulation), affected by 
succession, in the young and old gardens of Citrus sinensis 
and C. reticulata.

2 � Materials and methods

In this experiment, three young and three old Citrus gardens 
were selected as samples of two communities in the early 
and final stages of secondary succession, respectively. The 
reason of secondary succession was due to the tillage of the 
rice fields. Following a destructive deep ploughing (30 cm 

depth) in the rice fields, farmers transplanted Citrus seed-
lings. Old gardens in the same region were considered as 
samples in the climax peak or final succession stages (Blatt 
et al. 2003) (Table 1).

Three plots (each measuring 30 m2, 15 m × 2 m), with five 
subplots (measuring 1 m2) in each (making the total number 
of subplots to 15), were selected in each garden. Moreover, 
destructive sampling was performed in 50 × 50 cm quadrates 
(Souza et al. 2013). Weed species in the fixed plots were 
labelled and were identified from the beginning to the end 
of the experiment (Nov 2013–Aug 2014). Weed seeds were 
separated and their size was measured in the laboratory after 
plant maturity and before shedding.

Composition of weed species in the fixed plots was 
monthly examined (Gregg 1972). In this period, the weeds 
in the quadrates were randomly sampled, identified, and 
weighted. The roots were separated and sent to the labora-
tory to determine dry matter as well as N and P contents 
according to Olsen et al. (1954) using a spectrophotometer 
(Jensen 1991). The collected samples at different stages of 
weed growth were identified in the lab, and their stem and 
root weights determined (Shimi and Terme 2003).

The index of relative growth rate (RGR) was used for the 
comparison of dry matter accumulation in young and old 
gardens (Van Arendank and Porter 1994; James and Dreno-
vsky 2007). Due to the significant differences between the 
weed population means, least significant difference (LSD) 
test was used for the determination of significant differences 
using SAS (2012) (P = 0.05) (Dodge 2008).

3 � Results and discussion

In the young Citrus gardens, the number of weed species was 
more (27 species) than the old ones (12 species). The main 
species belonged to Poaceae and Asteraceae families. In 
general, 33 weed species were identified in all sites. During 
the study of the two gardens with different age, Souza et al. 
(2013) also showed that the number of weed species was 
more in young gardens. With time, the more stable species 
of weed species became dominant in the second succession.

Table 1   Characteristics of the experimental Citrus species

Citrus species Area (ha) Age at 
sampling 
(year)

Citrus sinensis 1 2
Citrus sinensis 2 3
Citrus sinensis 2 1
Citrus reticulata 2 30
Citrus reticulata 4 32
Citrus reticulata 2.5 25
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The share of annual weed species was more (77%) in the 
young gardens, which may be due to the lack of plant cover 
and high seed production rate. In addition, among annual 
weeds in the young gardens, the two species of Senecio 
arvensis and Conyza canadensis, were found, which had 
never been found in the old gardens. The above-mentioned 
species not only can produce plenty of seeds but also their 
seeds have pappus for dispersion facility, which can also be 
the explanation for spreading in the young gardens (Monty 
et al. 2010).

Moreover, bulky canopy, plenty of stems, and high leaf 
area in the old gardens (Mueller et al. 2015) can cause the 
extension of sciophytes species. This was confirmed by the 
high frequency of Poa nemoralis in the old gardens, which is 
a perennial and shadow bearing weed (Hawksworth and Bull 
2006). Oka (1984) also showed that in the end of a second-
ary succession, the portion of perennial weed was higher. 
Increase of perennials weed in the old gardens probably can 
be related to tillage frequency and soil compaction (Stolcova 
2002; Woźniak and Soroka 2015).

In the young gardens, weeds absorbed higher rate of P 
(Table 2). Hauser and Mekao (2009) carried out an experi-
ment in Cameron forests that were exposed to secondary 
succession. They found that during the final stages of suc-
cession, the biomass of broad-leaf weeds and P uptake in 
all species reduced. Similarly, Saxena and Ramakrishnan 
(1984) showed that weed biomass and nutrient uptake 
decreased in lands, exposed to secondary succession.

The regression analysis between the frequency of weed 
species and percentage of accumulated dominance in the 
final sampling (Nov 2014) in both gardens was only sig-
nificant in the final succession stages (Farahat et al. 2016) 
(Fig. 1). Linearity of this function in the peak of succession 
indicates that there was a balance between species and the 
lack of dominance. This result is confirmed with current 
supplementary connection instead of competitive linkage 
among species (Numata 1982). Growth of weed species in 
the young gardens was more rapid as 22% of them had the 
highest RGR (12–20 g g−1 w−1). Meanwhile, the frequency 
of this trait was zero in the old gardens. Moreover, the high-
est rate of abundance in the old gardens belonged to the 
species, which had the least RGR (0–4 g g−1 w−1) (Fig. 2; 

Table 3). On the whole, the rate of photosynthesis during 
the early succession stages was more than the next stages 
of succession (Owens 1996). In the old gardens and during 
the secondary stages of succession, only the more stable 
weed species, which are tolerant to the less abundance of 
soil resources such as nutrients, can survive. This is due to 
the fact that in the old gardens, the higher growth of Citrus 
trees makes them more demanding for the soil resources, 
adversely affecting the growth of weed species.

Weed species in young gardens had smaller seeds (Fig. 3). 
It seems that this happened to make transformation simple. 
The large seeds in the old gardens increased the seed food 
storage indicating that the weed seedlings can be more com-
petitive in the dense canopy of trees. High food storage in 
bigger seeds let them to survive in the final succession stages 
declining plant mortality under the tree canopy (Grime 
and Jeffrey 1965). The species grown in the unclosed sites 
(young gardens) can produce numerous seeds. Therefore, 
due to the high diversity of re-grown weed species, the prob-
ability of seed adaptation can be maximal in the destroyed 
places (Marshall et al. 2002).

There were significant differences in N and P uptake in 
weed roots in young and old gardens (Fig. 4) as the young 
gardens absorbed more nutrients (Touraine et al. 1994). 
This can be due to the high potential for growth rate (Fig. 2) 

Table 2   Changes in the 
functional and physiological 
characteristics of the weeds 
from the initial to the secondary 
succession

Weed characteristics Initial stage Secondary stage

Life cycle Mainly annual (23% perennial) Increased perennial (33% perennial)
Weed dominance Broad-leaf (74% biomass) Narrow-leaf (66% biomass)
P concentration (%) 312 267
Total weed biomass (g m−2) 7.94 3.83
Annual weed biomass (g m−2) 26.1 1.55
Broad-leaf biomass (g m−2) 5.35 1.10

Fig. 1   Accumulated dominance of species in the various stages of 
succession (July sampling)
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and more demand for nutrients. Van der werf et al. (1992) 
also showed that Holcus lanatus had higher RGR relative to 
Carex diandra, because their rates of N absorption were 2.7 
and 0.7 m mol g−1 day−1, respectively. There was a strong 
correlation between N uptake and RGR (Lambers and 
Poorter 1992; Blank et al. 2015) in both gardens (Fig. 5) and 

its line slope was significant in both sites. Such correlation 
means that more metabolic compounds are allocated to the 
roots and leaf side than the cell wall in the aerial part (Van 
der werf et al. 1992). Therefore, it can be mentioned that 
the rapid growth of seedlings in the early succession stages 
(young gardens) is related to the great potential uptake of N 
(Table 3) (Salama et al. 2017). In addition to growth activity, 
root storage allocation causes RGR variation.

Fig. 2   RGR frequency distribution of species in the initial and final 
succession

Table 3   Weed root N 
concentration and dry weight in 
the initial and secondary stages 
of succession (July sampling)

Initial stage Secondary stage

Species N (%) Root dry 
weight (g)

Species N (%) Root dry 
weight (g)

Conyza canadensis 1.52 0.2 Setaria glauca 2.75 0.16
Amaranthus retroflexus 3.25 0.52 Amaranthus retroflexus 2.28 0.23
Chenopodium album 2.47 0.36 Mercurialis annua 2.18 0.42

Cyperus esculentus 1.67 0.28
Mean 3.41 0.36 2.22 0.27

Fig. 3   Distribution of seed size frequency in the initial (n = 62) and 
final stages (n = 36) of succession
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4 � Conclusion

Weed ecology, specifically dominance and characteristics, at 
the initial and secondary stages of succession in the young 
and old Citrus gardens, was investigated using different 
functional and physiological characteristics. The compo-
sition of weeds and their response to the environmental 

parameters, including N and P nutrients, was significantly 
different in the young and old gardens. This experiment 
showed that the weed species in the young gardens were 
more competitive, and the higher RGR was related to the 
higher rate of compound translocations to the roots and 
high seed production. In the old gardens, perennial scio-
phytes species had more frequency and used much storage 
for maintenance process, which leads to the rise of higher 
stability. Parameters including weed dominance, functional 
and physiological characteristics, seed size, and the environ-
ment may determine weed ecology and survival at different 
stages of succession in Citrus gardens. Such findings can be 
used for a more efficient use of weed controlling strategies 
by determining the composition of weeds and their interac-
tions with Citrus trees. Future research work may determine 
how other ecological and environmental parameters, rather 
than the ones investigated in this study, may affect weed 
ecology in differently aged Citrus gardens.
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