
 

 

 

INTRODUCTION 

 

Due to its high nutritional value and great economic 

importance, rice is the staple food for more than half of the 

world’s population and more than 60% of China’s population 

(Long-ping, 2014). Increasing rice yield is therefore crucial 

for solving the food shortage problem, ensuring food security, 

and reducing poverty. The ever-increasing population needs a 

sufficient food supply that can be achieved through greater 

agriculture productivity, but the higher yields can’t be 

achieved without scientific weed management even under 

ideal management practices (Towa & Guo, 2014). 

Experimental data indicate that as much as 85% of yield could 

be lost due to weeds (Gharde et al., 2018; Smith Jr, 1983). 

Weeds cause an enormous reduction in crop yields, wastage 

of resources, and human energy and also pose health hazards 

to human beings. Weed is one of the limiting factors for the 

growth and yield of paddy. They usually compete with crops 

for nutrients, water, sunlight, and space, which hinders field 

ventilation and light transmission, reducing crop yield and 

quality (Singh et al., 2016). Weeds grow faster than rice 

plants and many weeds are intermediate hosts or hosts for 

disease-causing microorganisms and pests that can lead to 

disease and insect infestations (Dass et al., 2017). Some 

weeds can secrete harmful substances, stimulate the plant, 

suppress crop growth in the process (Colbach et al., 2014). 

Farmers largely rely on herbicides to control weeds, which 

will cause pollution of soil and water (Colbach et al., 2014). 

Consequently, there is a strong interest in developing 

alternative methods of weed control in organic agriculture. 

Jiangsu province is one of the leading rice-producing areas 

with 37.06 million tons in China (Chen, 2007; Zhang et al., 

2020). Due to the high water consumption, flooding irrigation 

is often used in traditional rice planting which not only causes 

the loss of water and fertilizer but also causes yield reduction, 

soil subcultures, soil gleization, soil deterioration, and other 

adverse effects. Studies have shown that water-saving 

irrigation techniques can reduce the loss of nitrogen and 

phosphorus in the field, improving soil permeability and field 

micro-climate (Zhou et al., 2014). Meanwhile, its benefit of 

weeds and pests controlling, and so on (Towa & Guo, 2014). 

The study of water-saving irrigation patterns mostly focused 

on the effects of different irrigation and fertilization methods 

on crops, while the study of water management as an 

important measure on the diversity of weed communities in 

rice fields was inadequate, and previous studies focused on 

the types and extent of weeds in the fields, but the research on 
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Water control is an important way of farmland management to decrease weeds species diversity and increase crop yield in the 

rice fields. This study investigated the effects of different irrigation treatments i.e., 1) frequent shallow irrigation (FSI); 2) wet-

shallow irrigation (WSI); 3) control irrigation (CI), and 4) rain-catching and controlled irrigation (RCCI)) on typical weeds, 

and weeds community dynamics in the rice field. The results showed that 11 species of weeds were found in the rice fields. 

Compared with frequent shallow irrigation (FSI), the water-saving irrigation treatments reduced the density of the weeds in all 

growth periods by 22.88%～38.60%. The wet weeds were the dominant weed species in the experiment. Aquatic weeds had 

an advantage over xerophytes under FSI and WSI. Xerophytes were more common than aquatic weeds in CI and RCCI. In the 

water-saving irrigation treatments, Margalef index, Simson index, and Pielou index were all higher than that in the FSI, 

increased by 14.25%, 39.71%, and 30.13% respectively, and RCCI was significantly higher than other treatments; Water-

saving irrigation can improve the diversity of weeds and inhibit the growth of dominant species. Moreover, CI and RCCI have 

fewer weeds than WSI, water-controlled irrigation has a higher diversity of weeds. This study concludes that RCCI is the best 

water saving strategy and provides valuable data support for weeds controlling and protecting weeds diversity. 
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weed hazards, dominant species, uniformity, and diversity 

index was insufficient.  

Weeds are greatly impacted, in terms of both abundance and 

functional composition, by agricultural practices (Bond & 

Grundy, 2001; Buhler, 2002). Weed species respond 

differently to changing water regimes (Juraimi et al., 2011b), 

and soil moisture status following planting is a major factor 

influencing weed flora composition (Anwar et al., 2010). 

This experiment, by comparing the effects of different 

irrigation patterns on the composition and diversity of rice 

field weeds communities, studied the sensitivity of rice fields 

weed communities to different irrigation patterns and 

analyzed the influence mechanism of weeds growth. The 

objectives of this study were to assess a scientific basis of the 

comprehensive management and diversity protection of 

water-saving irrigation on rice paddies. 

 

MATERIALS AND METHODS 

 

Site Description: The experiments were carried on in 2016 at 

State Key Laboratory of Efficient Irrigation and Drainage of 

Hohai University, Nanjing, China at 31°95´ N, 118°83´ E, and 

15 m above the sea level. The soil was taken from the 

laboratory site. Soil physical and chemical properties are 

presented in Table 1. 

Experimental Design: Four different irrigation treatments 

were settled by pots experiment, i.e., Frequent shallow 

irrigation (FSI), Wet-shallow irrigation. (WSI), Controlled 

irrigation (CI), and Rain-catching and controlled irrigation 

(RCCI). A randomized complete block design with four 

replications was established. The plastic boxes used for this 

study were 90 cm long, 68 cm wide, and 77 cm deep. Counter-

filter layer was laid at the bottom of the pot before soil 

loading, then the soil layer compaction was done (once per 10 

cm compacting), each pot was reserved for 20 cm water 

storage depth. The irrigation patterns moisture management 

design is shown in Table 2. 

The experiments were started on June 24 in 2016 and 

harvested on October 25. Fertilizing 300 kg/ha on June 21 (N: 

P2O5: K2O = 15%:15%:15%), 150.0 kg/ha, 125.0 kg/ha and 

150.0 kg/ha of Urea (Nitrogen content ≥ 46.2%) was applied 

on 3 July, 21 July and 28 August as re-greening fertilizer, 

tillering fertilizer and panicle fertilizer, respectively. The 

amount of fertilizer in each treatment was consistent. Due to 

the high incidence of locusts and leaf rollers in rice fields, the 

pesticide was sprayed on July 7 and August 10. 

Measurement Method for Weeds 

Types and quantities of weeds: 30 days, 90 days, and 120 

days after transplanting, each treatment randomly selected 3 

sample buckets, all the weeds in the bucket pulled out, record 

the type and quantity of weeds, then cleaning, sorting, 

marking, counting weed plants, weighing fresh weight, and 

then put in the oven 4 hours with 105℃ and 75℃ to bake 48h 

then recorded the dry weight. The identification of weed 

Table 1. Soil physical and chemical properties. 

Soil type pH  Bulk density 
g·cm-3 

Field capacity 
(%) 

OM 
mg·kg-1 

TN 
mg·kg-1 

Available N 
mg·kg-1 

Total P 
mg·kg-1 

Available P 
mg·kg-1 

Clay 8.10  1.31 38.20 2.40 62.90 47.40 33.00 10.37 
Where, OM: organic matter, TP: total nitrogen, N: nitrogen, and P: phosphorous. 

 

Table 2. Water management detail 

Treatments Irrigation 

Index 

Re-

Greening 

Tillering Jointing and 

booting 

Heading and 

flowering 

Milk-

maturity 

Yellow 

maturity 

FSI UL (mm) 30 30 50 40 40 0 
LL (mm) 10 10 ~ 60%* 10 10 10 60% ~70%* 
RS (mm) 40 100 100 100 80 0 

WSI UL (mm) 30 20 20 30 30 0 
L(%) 20mm* 90 ~ 70 90 100 80 70% ~ 80% 
RS (mm) 40 60 100 100 80 0 

CI UL (%) 30 mm* 100 100 100 100 80 
LL (%) 10 mm* 60 ~ 70 70 ~ 80 80 70 ND 
RS (mm) 40 60 80 80 80 0 

RCCI RS (%) 30 mm* 100 100 100 100 80 
LL (%) 10 mm* 60 ~ 70 70 ~ 80 80 70 ND 
RS (mm) 80 150 200 200 200 0 

Note: FSI: Shallow water frequent irrigation, WSI: Shallow wet irrigation, CI: Control irrigation, and RCCI: Rain catching-

controlled irrigation, UL: upper limit of irrigation, LL: lower limits of irrigation, RS: rain storage limit, and ND: naturally drying. “mm” 

indicates the depth of water on the surface of the field, “%” indicates the percentage of the water content of the 30 cm surface soil to the 

saturated water content of the soil, and “*” indicates that the data of this bank are expressed differently from other data in the same 

industry. The irrigation control index at the tillering stage was high before and low after, while that at jointing and booting stage was low 

before and high after. 
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species is mainly based on "Chinese Weeds Recording" and 

“Jiangsu Plant”. To eliminate the effect of the different 

distribution of various weeds on measuring dominant weeds 

species, the relative abundance value(RA) containing weed 

density and frequency was used as an indicator to measure the 

importance of a certain weed and to represent the position and 

function of a species in the community, and its calculation 

formula is (Wei et al., 2005): 

𝑅𝐴 =
(𝑅𝐷+𝑅𝐹)

2
                          (1) 

where, RA is the relative abundance of weeds, RD is the 

relative density which is the ratio of the density of one specific 

weed to the total density of all weeds, %; RF is the relative 

frequency, which is the frequency of a certain weed in the cell 

as a percentage of all weed frequency (%).  

Biodiversity Index: The Margalef Species Richness Index 

(DMG), Shannon Diversity Index (H'), Pielou Species 

Uniformity Index (E), and other bio-diversity indices were 

selected. H' is a comprehensive measure of the richness and 

species uniformity of field weed species, DMG is a measure 

of the number of species in a certain total number of field 

weeds, E is a measure of the uniformity of the distribution of 

different weeds in the field weed communities, and these 

factors were calculated using following formulas (Qiu et al., 

2015; Wu, 2004): 

H'=(NlgN-∑nlgn)N−1. (2) 

E = H′(lnN) − 1 (3) 

DMG = (S − 1)(lnN) − 1 (4) 
where N is the total number of all weeds in 1m2 in each cell, n is the 

number of plants of weeds within 1m2 in each cell, and S is the 

number of weed species in 1m2 in each cell.  
Statistical Analysis: The analysis of variance was achieved 

using Statistix 8.1 statistical software and LSD was applied 

for means comparisons at p<0.05 significance level. 

 

RESULTS AND DISCUSSION 

 

Effects of Different Irrigation Treatments on Weeds Growth 

Parameters 

Species and Density: Table 3 shows the effect of different 

irrigation treatments on families, genera, and species of the 

rice field weeds. The number of species can be sorted as 

RCCI>WSI>CI>FSI. Sagittaria pygmaea, Leptochloa 

chinensis, Lindernia procumbens, Monochoria vaginalis, 

Echinochloa crusgalli, Cyperus difformis, Digitaria 

sanguinalis appeared in each treatment. Alternanthera 

philoxeroides, Ludwigia prostrata, Paspalum paspaloides, and 

Echinochloa crusgalli appeared in WSI treatment, CI 

treatment and RCCI treatment, Oenanthe javanica, and 

Persicaria lapathifolia appeared in FSI treatment and RCCI 

treatment, Rotala rotundifolia only appeared in WSI treatment 

and RCCI treatment, Potamogetonaceae appeared in FSI 

treatment, WSI treatment, and RCCI treatment, Cynodon 

dactylon in CI treatment and RCCI treatment, and Cyperus 

rotundus in FSI treatment, WSI treatment, and CI treatment.  

The effect of different irrigation treatments on weeds 

classifications and density are shown in Table 3, weeds 

density differences are significant at 60 days, 90 days, 120 

days, and of the whole growth period (p<0.05), with FSI 

treatment having the highest weed density, followed by WSI, 

CI, and RCCI, respectively. As time went by, the density of 

weeds decreased continuously during the sampling time, 

which is related to rice shade, indicating that during the pre-

stage and mid-stage of rice, the growing period was a period 

of the high incidence of weeds. Compared to FSI treatment, 

the reduction of other treatments on weeds density is shown 

in Fig. 1.  

 
Figure 1. Relative reduction in weeds density (Compared 

to FSI treatment). 

 

As shown in the figure, the density of the weeds in water-

saving irrigation mode (WSI, CI, RCCI) is significantly lower 

than the frequent shallow water irrigation mode (FSI). The 

weed density of CI and RCCI was lower when compared with 

FSI treatment. This is related to a lower irrigation limit and a 

longer duration of the waterless layer. It has also concluded 

by the previous researchers that rice that is cultivated under 

Table 3. Effect of different irrigation treatments on weeds classifications and density 

Treatment Weeds Classification Weed density (plant /m2)) 

families genera Species 60d 90d 120d Whole period 

FSI 9 11 12 238.0a 134.0a 43.3a 415.3a 

WSI 9 13 14 190.7b 95.0b 34.7b 320.3b 

CI 8 12 13 149.0c 71.0c 35.0b 255.0c 

RCCI 11 16 17 157.0c 65.7c 33.3b 256.0c 
Values within the same columns followed with different letters are significantly different at p<0.05 according to the LSD test. 
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the standing water can limit germination and lessen the 

abundance of many weeds and it also competes better with 

weeds than rice that is grown in the saturated soils (Luo et al., 

2017; Towa & Guo, 2014). Generally, CI treatment decreased 

weeds density and coverage ratio, however, it also caused 

higher weeds. This could be closely related to the water 

conditions in the fields as stated by the above researchers: the 

dominance of semi-aquatic grasses favoring saturated and 

sub-saturated conditions is usually higher and they cover less 

soil, whereas aquatic broadleaves and sedges which grow 

rapidly when the soil is submerged in the water are usually 

short and spread horizontally. 

Fresh and Dry Weight: The weed biomass of rice fields in 

different irrigation treatments is presented in Table 4. All the 

irrigation treatments have significant effects on weeds fresh 

and dry weight over different sampling times (p＜0.05). FSI 

treatment had the highest fresh and dry weight i.e., 2405.9 

g/m2 and 325.5 g/m2, respectively. Fig. 2 and 3 show the 

reduction in weeds fresh weight and dry weight when 

compared to FSI treatment. As is shown the figures, the water-

saving irrigation treatments (WSI, CI, and RCCI) 

significantly reduced the weeds biomass in FSI, with the 

largest reduction in the CI and RCCI, which is consistent with 

the pattern of reduction in the number of weeds (Table 3).  

 
Figure 2. The relative reduction of fresh weight of weeds 

(compared to FSI treatment) 

 
Figure 3. Relative reduction in weed dry weight 

(compared to FSI treatment) 

 

Some weeds even have higher heights than the nearby rice 

plants give the impression that water saving irrigation 

treatments favor weed growth in the rice fields. Contrary, the 

weeds had approximately similar values of total dry matter for 

the different irrigation treatments. Water saving irrigation 

reduced Monochoria vaginalis, which was a very harmful 

aquatic weed in rice fields (Zhu et al., 2012) and thus 

decreased the herbicide usage. 

Effect of different irrigation patterns on the relative 

abundance of weeds: The relative abundance value of weeds 

is the average of the relative density of weeds and the relative 

frequency of weeds, including two indicators of weed density 

and weed occurrence frequency, taking the relative 

abundance value of more than 10% as the dominant weed.  

Table 5 shows the relative abundance of rice field weeds 

under different irrigation treatments. As is shown in the table, 

at 60 days, 90 days, and 120 days, the dominant weeds in all 

treatments were the same, respectively, i.e., Sagittaria 

pygmaea, Leptochloa chinensis, Monochoria vaginalis, and 

Cyperus difformis. The dominant weed species were different 

when sampled at 120 days in different treatments. The 

dominant species in FSI treatment were Sagittaria pygmaea, 

Leptochloa chinensis, Lindernia procumbens, Monochoria 

vaginalis, Cyperus difformis, Digitaria sanguinalis and 

Persicaria lapathifolia. The dominant species in WSI 

Table 4. Weeds biomass in different irrigation treatments 

Treatments Fresh weight（g/m2） Dry Weight（g/m2） 

60d 90d 120d whole growth 

period 

60d 90d 120d whole growth 

period 

FSI 1313.2a 807.8a 285.0a 2405.9a 178.6a 108.8a 38.1a 325.5a 

WSI 1204.8b 573.9b 195.2b 1894.7b 165.8b 80.7b 28.2b 263.4b 

CI 861.9c 434.1c 215.7b 1511.7c 121.1c 61.1c 30.6b 212.8c 

RCCI 920.1c 393.7c 197.3b 1511.2c 127.1c 54.9c 28.6b 210.7 
Values within the same columns followed with different letters are significantly different at p<0.05 according to the LSD test.  
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treatment were Alternanthera philoxeroides, Leptochloa 

chinensis, Monochoria vaginalis, Cyperus difformis and 

Digitaria sanguinalis. The dominant species in CI treatment 

were Alternanthera philoxeroides, Leptochloa chinensis, 

Monochoria vaginalis and Digitaria sanguinalis. The 

dominant species in RCCI treatment were Alternanthera 

philoxeroides, Leptochloa chinensis, and Monochoria 

vaginalis. In the whole growth period, the dominant weeds in 

paddy field were roughly the same under different treatments. 

With the decrease of soil moisture content and the increase of 

waterless time, dry weeds such as Digitaria sanguinalis 

become the dominant weed, indicating that the difference 

moisture condition in the field not only affects the type and 

density of weeds but also change the dominant weed 

community species. A similar trend has also been reported in 

previous studies (Chang et al., 2009). In general, all the 

species observed in our findings are the most common weeds 

present in rice fields in China (Yu et al., 1993). 

Table 6 presents the hazard degree of Leptochloa chinensis, 

Monochoria vaginalis, and Cyperus difformis in different 

irrigation modes, the degree of dominant weed hazard varies 

significantly between different treatments (p<0.05) in 

different irrigation treatments, and the dominant weed hazard 

is greatest in FSI treatment. Compared with FSI, WSI, CI, and 

RCCI effectively reduced the harmful degree of Leptochloa 

chinensis, Monochoria vaginalis, Cyperus difformis, also 

lowered their relative abundance, wet weight, and dry weight. 

This shows that water-saving irrigation can effectively inhibit 

dominating weeds, easier to control and eliminate weeds. 

Hence, the effect of weed controlling of RCCI (Rain-catching 

and Controlled Irrigation) is much better. 

Effect of different irrigation patterns on the number of weed 

communities: According to the adaptability of weeds to 

water, the field weeds are divided into three types: dry, wet, 

and aquatic. Dry weeds are more drought-resistant, but not 

resistant to water, such as Alternanthera philoxeroides, 

Cynodon dactylon, Digitaria sanguinalis and Paspalum 

paspaloides. Wet weeds are suitable for living in higher 

water-table areas, such as Leptochloa chinensis, Lindernia 

procumbens, Sagittaria pygmaea, Echinochloa crusgalli, 

Rotala rotundifolia, Cyperus difformis and Ludwigia 

prostrata, aquatic plant are suitable for living in a water-

layered environment such as Monochoria vaginalis, Oenanthe 

javanica, Oenanthe javanica, Potamogetonaceae, Cyperus 

rotundus and Persicaria lapathifolia.  

Figure 4, Figure 5, and Figure 6 are the density changes of dry 

wet and aquatic weeds in different irrigation modes in 

different periods, and the density of rice paddies, and affected 

significantly in different modes in different periods (p<0.05)., 

Compared with FSI treatment, WSI, CI and RCCI treatment 

of dry weed density increased by 173.13%,626.87%, and 

332.84%, wet weed density decreased by 11.84%,45.68%, 

and 39.97% respectively, and aquatic weed density decreased 

by 56.85%, 76.76%, and 68.05%. This shows that long-term 

flooded irrigation can effectively limit the growth of dry 

weeds, control irrigation, and water storage control irrigation 

significantly inhibited the growth of wet weeds, while 

controlled irrigation and water storage control irrigation play 

a positive role in the control of aquatic weeds. The non-

ponding conditions favor semi-aquatic weeds therefore they 

dominate water saving irrigation rice fields, whereas sedges 

Table 5. Relative abundance of rice field weeds in different irrigation treatments (%) 
Name of weeds 60d 90d 120d Whole growth period 

FSI WSI CI RCCI FSI WSI CI RCCI FSI WSI CI RCCI FSI WSI CI RCCI 

Sagittaria pygmaea 16.33a 10.15

c 

10.81

b 

11.01

b 

14.47

a 

11.79b 11.25

b 

10.43c 13.83 9.21 - - 14.88

a 

10.38

b 

7.35c 7.15c 

Alternanthera 
philoxeroides 

- 6.40b 9.35a 5.63c  5.93c 7.98b 8.90a - 10.08
b 

12.18a 11.75a
b 

- 7.47c 9.84a 8.76b 

Leptochloa chinensis 12.60a 11.14

b 

10.47

b 

10.39

b 

14.91

a 

12.88b 11.73c 10.43

d 

18.25a 10.78c 13.62

b 

9.66d 15.25

a 

11.60

b 

11.94

b 

10.16c 

Lindernia procumbens - 9.09a 4.39c 5.83b 8.10a 8.46a 5.02c 6.38b 12.15a 9.21b - 7.69c 6.75b 8.92a 3.14c 6.64b 

Monochoria vaginalis 13.33a 10.71

b 

10.70

b 

10.59

b 

12.33

a 

11.30a

b 

11.01

b 

11.19

b 

15.19a 14.43a 12.76

b 

9.66c 13.61

a 

12.15

b 

11.49c 10.48

d 
Oenanthe javanica 8.72 - - 3.25 10.05 - - - - - - - 6.26 - - 10.8 

Echinochloa crusgalli 4.47c 6.86a 3.45d 5.73b - 6.23a 4.17c 5.16b - 9.41a 6.37b 7.18b 1.49d 7.50a 4.66c 6.03b 

Rotala rotundifolia - 8.01 - 5.85 - 6.5 - 6.44 - 13.05 - 7.18 - 9.19 - 6.49 
Cyperus difformis 15.14a 12.81

b 

10.47c 10.07c 15.77

a 

14.47b 11.25

d 

11.95c 19.40a 13.51

b 

9.73c 8.16d 16.77

a 

13.59

b 

10.48c 10.06

d 

Potamogetonaceae 7.58 - - 3.51 3.13 - - - - - - - 4.12a 1.04b - 1.17b 

Ludwigia prostrata - 8.05a 4.73c 5.63b - 6.88a 5.73b 5.68b - - - 7.65 - 4.97b 3.49c 6.32a 

Cynodon dactylon - - 9.14 5.95 - - 9.85 6.89 - - 11.75 13.25 - - 10.25 8.7 

Ammannia auriculata 7.26a 4.66b 3.29d 3.59c - - - - - - - - - - - - 
Cyperus rotundus 9.67a 5.75c 7.18b - 8.20a 4.55c 5.58b - - - 9.23 - 5.96b 3.43c 7.33a - 

Digitaria sanguinalis 4.89c - 8.81a 6.90b 5.82d 7.89b 9.62a 7.14c 10.41

b 

10.32

b 

15.05a 9.20c 7.04c 6.07d 11.16a 7.75b 

Persicaria lapathifolia - - - - 5.57 - - 3.81 10.77 - - - 5.45 - - 1.27 

Paspalum paspaloides - 6.39b 7.24a 6.05c - - 6.8 5.61 - - 9.3 9.62 - 2.13c 7.78a 6.76b 

Values within the same columns followed with different letters are significantly different at p<0.05 according to the LSD test. 
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and aquatic broadleaves grow swiftly when the soil is flooded 

conditions (Anwar et al., 2012; Juraimi et al., 2011a).  

 
Figure 4. Changes in the density of dry weeds in different 

irrigation modes in different periods 

 

Impact of different irrigation patterns on weed bio-diversity: 

As shown in Table 7, The Shannon Diversity Index(H'), 

Pielou Species Uniformity Index(E), and Margalef Species 

Richness Index (DMG) were used to analyze the number of 

weed species in the field, species abundance, and species 

uniformity. Compared with FSI, CI and RCCI, the types of 

weeds, species abundance and species uniformity have been 

improved to varying degrees, and the effect of water storage 

control irrigation is the most obvious, indicating that water-

saving irrigation maintains the uniformity of the distribution 

of weeds in the fields and the ecological diversity of weeds is 

higher.  

 
Figure 5. Changes in the density of wet weeds in different 

irrigation modes in different periods 

 

Table 6. Degree of advantage weed hazard in different irrigation treatments of rice field 
Sampling 

time 

Treatment Leptochloa chinensis Monochoria vaginalis Cyperus difformis 

Relative 

abundance 

(%) 

Fresh 

weight 

(g/m2) 

Dry weight 

(g/m2) 

Relative 

abundance 

(%) 

Fresh 

weight(g/

m2) 

Dry weight 

(g/m2) 

Relative 

abundance 

(%) 

Fresh 

weight 

(g/m2) 

Dry weight 

(g/m2) 

60d FSI 12.60a 309.7a 35.8a 13.33a 64.9a 8.5a 15.14a 508.9a 71.6a 
WSI 11.14b 234.7b 27.2b 10.71b 34.3b 4.4b 12.81b 351.7b 49.5b 

CI 10.47b 180.3c 21.0c 10.70b 29.5b 3.8c 10.47c 212.1c 30.2c 

RCCI 10.39b 210.9bc 24.5bc 10.59b 34.3b 4.4b 10.07c 236.2c 33.6c 
90d FSI 14.91a 241.5a 28.1a 12.33a 32.7a 4.2a 15.77a 312.3a 44.3a 

WSI 12.88b 149.7b 17.3b 11.30ab 18.7b 2.4b 14.47b 212.1b 29.9b 

CI 11.73c 102.1c 11.9c 11.01b 14.4c 1.9c 11.25d 112.1c 15.9c 
RCCI 10.43d 85.1d 9.9c 11.19b 15.0c 1.9c 11.95c 124.1c 17.6c 

120d FSI 18.25a 85.1a 9.9a 15.19a 11.8a 1.5a 19.40a 112.1a 15.7a 

WSI 10.78c 34.3c 4.0c 14.43a 9.1b 1.3b 13.51b 64.1b 9.5b 
CI 13.62b 54.4b 6.3b 12.76b 7.5c 0.9c 9.73c 32.0c 4.5c 

RCCI 9.66d 34.0c 3.9c 9.66c 5.3d 0.7d 8.16d 28.0c 4.0c 

Whole 
growth 

period 

FSI 15.25a 554.7a 64.4a 13.61a 92.6a 12.0a 16.77a 837.1a 118.4a 
WSI 11.60b 384.5b 44.5b 12.15b 58.6b 7.6b 13.59b 547.9b 77.4b 

CI 11.94b 336.8b 39.2c 11.49bc 53.5b 6.8bc 10.48c 364.3c 51.8c 

RCCI 10.16c 221.2c 25.5d 10.48c 35.9c 4.7c 10.06c 256.3d 36.5d 

Values within the same columns followed with different letters are significantly different at p<0.05 according to the LSD test. 

 

Table 7. Rice field weed bio-diversity index in different irrigation modes 

Treatment 60d 90d 120d Whole growth period 

H' E DMG H' E DMG H' E DMG H' E DMG 

FSI 0.904d 0.165d 1.644d 0.849c 0.174d 1.852d 0.823c 0.219c 1.592c 0.943d 0.303c 1.825d 

WSI 1.042c 0.198c 2.095c 0.995b 0.218c 2.416c 0.928b 0.258b 2.221b 1.065b 0.391b 2.253b 

CI 1.060b 0.212b 2.398b 1.022a 0.240b 2.581b 0.924b 0.260b 2.253b 1.055c 0.391b 2.166c 

RCCI 1.100a 0.218a 2.770a 1.042a 0.249a 2.868a 1.009a 0.288a 2.854a 1.112a 0.488a 2.706a 
Values within the same columns followed with different letters are significantly different at p<0.05 according to the LSD test. 
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The diversity indices calculated from our research fall within 

the spectrum of those recorded in crop systems for weed 

communities (Legere et al., 2005), and low diversity looked 

to be common for agricultural weed communities. Srivastava 

(2012) has reported similar results and stated that diversity 

values in irrigated agro-ecosystems were slightly greater 

when compared to dryland agroecosystems. The Shannon–

Wiener index was gradually increased at a constant rate for 

all the irrigation treatments throughout the growing season. 

Gabriel et al. (2005), Luo et al. (2017) and Roschewitz et al. 

(2005) have also previously concluded that species diversity 

in arable fields was improved by increased landscape 

complexity. 

 

 
Figure 6. Changes in aquatic weed density in different 

irrigation modes at different times 

 

Conclusions: It was concluded that water-saving irrigation 

helps in reducing the weeds. Weed species in the rice field of 

FSI, WSI, CI, and RCCI have (9 families, 11 genera and 12 

species), (9 families, 13 genera, and 14 species), (8 families, 

12 genera, and 13 species), (11 families, 16 genera, and 16 

species), respectively. Compared to FSI, the density of weeds 

during the whole reproductive period was reduced by 22.88% 

to 38.60% under water-saving irrigation conditions. Wet 

weeds were more common in the rice field, aquatic weeds 

more than dry weeds in FSI and WSI. There are far more dry 

weeds than aquatic weeds in CI, and slightly more dry weeds 

than aquatic weeds. It was also concluded that drought stress 

can inhibit the growth of aquatic weeds, the longer the stress 

time, the better the inhibition effect, wet weed growth has 

better adaptability on drought and flood stress. Early flooding 

of rice helps to kill weeds in rice fields, and weeds are easier 

to control when the rice leaf area index increases and the rice 

fields become more shaded. Shannon Diversity Index (H'), 

Pielou Species Uniformity Index (E) and Margalef Species 

Enricheance Index (DMG) of water-saving irrigations in rice 

field increased by 11.88% to 17.92%, 29.04% to 61.06%, 

18.68% to 48.27%, respectively and the increase of RCCI was 

the highest. Water-saving irrigation can improve the diversity 

of rice field weeds and inhibit the growth of dominant weeds. 

The occurrence and diversity of weeds in different water-

saving irrigation modes also varied, with fewer weeds in CI 

and RCCI, and a higher variety of weeds in RCCI. 
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