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Abstract 

The crops like Rice, Finger millet, Black gram and Horse gram were grown as sole crops and as mixed 

crops in all four paired combinations in 1:1 ratio (i.e., Rice + Black gram, Rice + Horse gram, Finger 

millet + Black gram and Finger millet + Horse gram) as treatments to estimate the effects on weed 

biomass and diversity and on systems’ effectiveness. The study showed that, there were significant 

differences between different treatments in respect of total grain yield of target crops and weed diversity 

parameters. Significantly higher grain yield in cropping system was recorded in Finger millet (3.72 t ha-1) 

as sole crop followed by Finger millet + Black gram (3.11 t ha-1) and Finger millet + Horse gram (3.11 t 

ha-1) as mixed crop and the lowest grain yield was recorded in Rice (1.30 t ha-1) as sole crop. Compared 

to sole crops, weed biomass was significantly reduced by mixed crops of Finger millet + Black gram 

(0.20 t ha-1) and Finger millet + Horse gram (0.30 t ha-1). The correlation between total grain yield of 

cultivated crop and dry weed biomass (R= -0.860) or species richness (R= -0.319) or basal area of weeds 

(R = -0.518) or weed density (R= -0.567) and between Rice equivalent yield of different cropping 

systems and associated dry weed biomass (R= -0.468) showed that mixed cropping systems have higher 

natural capacity to control weeds. Among all the treatments, Finger millet + Black gram was found to be 

the best followed by Finger millet + Horse gram cropping system for controlling weed biomass and 

diversity, both naturally and biologically. 

 

Keywords: Conventional practices, cropping system, yield, weed biomass and diversity 

 

Introduction 

In general, weeds that are associated with crops are exposed to many disruptive factors viz., 

climate, soil, topography, etc., which make their populations variable and dynamic nature over 

time (Booth et al. 2003) [4]. In case of responses to these causes of change, not all the species 

in an agricultural system are equally important but with differences in frequency, density, and 

growth habit making some species the principal ones which generate economic yield (Pitelli 

2000) [22], which warrants detailed studies in predominant cropping systems. One of the more 

utilized methods for the analysis of weed communities in cropping systems is the 

phytosociological study (Ige et al. 2008) [16]. A quantitative phytosociological study of a weed 

community in a defined area and time provides a momentary analysis of the plant composition, 

providing a tool that supplies various inferences for a plant community (Ferriol & Merle 2006; 

Pandey et al. 2011) [8, 21], which can be approached with the description of their characteristics 

by employing tools such as similarity and diversity indices that clarify their performance. 

Ever since man began cultivating plants, he has to fight with weeds competing with crops for 

space, water, mineral nutrients and sunlight.  
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The concept of weeds as unwanted plants was born when man 

started to deliberately grow plants for food (Shah et al. 2006) 
[23] and the weeds started competing with crop plants for light, 

water and nutrients (Wang et al. 2007) [29], thereby reducing 

yields and quality of produce. All of these ultimately end up 

with high monetary expenses on agronomic practices by the 

farmers (Abbasi et al. 2013) [1]. In the meantime, weeds also 

act as a good shelter to many detrimental pests and diseases of 

the crops. Therefore, weed control is must to reduce 

cumulative negative impacts on yields of target crops. Hence, 

weed control during first four weeks is very critical in many 

vegetable crops (Holm 1956) [15]. Marana et al. (1983) [17] had 

reported the critical period of weed competition to be as 30-40 

days after sowing, otherwise their presence during that period 

or ahead may lead to reduced fruit yield by 70% depending on 

stage and duration of competition (Govindra et al. 1986) [13]. 

There is therefore a need for an effective weed crop 

management which includes cultural, biological, mechanical 

and chemical control. Among all, the management through 

chemicals or herbicide may lead to increase in the rate of 

toxification in soil as well as in plants, animals and human. In 

addition, herbicide use requires particular equipment and 

expertise to be sure that proper rates are used and that human 

health and safety are protected (Carballido et al. 2013) [5]. The 

other means of management like mechanical one are tedious, 

laborious, time taking and costlier. Furthermore, Cultural 

practices such as hoeing and mulching is a well 

acknowledged and effective non-chemical weed control 

approach. In mulching, soil surface is covered with different 

materials including shredded plant materials, pebbles, plastic 

sheets and paper (Moreno et al. 2011) [18] which restrict weed 

germination by blocking sunlight and access to atmospheric 

oxygen for germinating weed seeds (Fontanelli et al. 2013) [9]. 

Therefore, cultural practices along with biological control of 

weeds may have high impacts in improving yield of grain of 

crop interest and reducing the rate of weed biomass and 

diversity. 

For such an integrated approach in controlling weeds to be 

visible, accurate information on the systematics of weeds, 

their frequency, density, growth habit, phenology (Ghersa & 

Holt 1995) [11] and weed crop relationships are pre-requisite. 

But very few information on weeds, especially in Eastern 

Plateau and Hill Region, is available. Because of limited 

recommendations available for weed managements in 

different conventional land use systems of this region, this 

study was designed for the development of an integrated weed 

control strategy through biological means by selecting 

different crop combinations. The main objective include dhow 

naturally the weeds can be managed through conventionally 

practiced system’s effectiveness and efficiency without 

compromising the yield of interest. 

 

Material and methods 

The experiment was conducted during 2016-2018 at research 

farm of ICAR Research Complex for Eastern Region, 

Research Centre, Plandu, Ranchi (the capital of Jharkhand 

state) in Eastern Plateau and Hill Region (EPHR) of India, in 

a randomized block design with three replications in 2017, to 

study the effect of selected different conventional land-use 

systems on phytosociology of weeds and yield of the crops of 

respective systems. In this study, diversified cropping systems 

as treatments (Table 1) had been compared to know the 

effects of different treatments on weeds phytosociology under 

rainfed upland situations. The phytosociological history of 

weeds (at different stages of development of crop) 

considering a fixed time intervals was recorded at 30 days 

after sowing (Marana et al. 1983; Govindra et al. 1986) [17, 13] 

from centre of the plot by using quadrat method. In this, 

quadrats of size 1m X 1m were laid out to study the weed 

diversity parameters (Nkoa et al. 2015; Ahmad et al. 2016; 

Tikariha et al. 2016; Sinha & Banerjee 2016) [19, 2, 28, 26]. A 

wooden scale was used to measure the length or height of the 

weeds and a vernier calliper was used to measure the basal 

diameter of the weeds. The weed identification was done by 

fellows/experts of this institution and other institutions/ 

organizations as and when required. The number of weeds 

including specific number of each species was recorded from 

each replicated quadrats and the fresh weed biomass thus 

obtained were oven dried to estimate dry weed biomass. The 

total grain yield of the crops of respective cropping systems 

were also recorded and compared with to study the effect of 

weed infestation and to draw their correlation or relationship 

pattern. The average value of all the data of two years (2016-

17 and 2017-18) was calculated and tabulated accordingly to 

reduce any error. 

Data collected including crop yield and ecological parameters 

of weeds viz., frequency, density, diversity indices and 

Importance Value Index (IVI) were analyzed following Curtis 

and McIntosh (1950) [6] and by using Systat-12 software 

(Wilkinson & Coward 2007) [31], first for normalization and 

assumption of homoscedasticity, computation of descriptive 

statistics (mean, standard deviation, standard error and critical 

difference) and computation of ANOVA to test the significant 

difference. Upon significant results, correlation coefficients 

were also estimated to compare and to identify the significant 

effect of different conventional land-use systems or the crop 

combinations on weed biomass and diversity. 

 

Results and discussions 

The average crop yield and weed diversity under different 

land-use systems were enumerated and tabulated in Table 1. 

Significantly higher grain yield of crop was recorded in case 

of Finger millet (3.72 t ha-1) followed by Finger millet + 

Black gram (3.11 t ha-1) and Finger millet + Horse gram (3.11 

t ha-1), Horse gram (2.37 t ha-1), Rice + Horse gram (2.13 t ha-

1), Black gram (1.93 t ha-1), Rice + Black gram (1.72 t ha-1) 

and the lowest grain yield was recorded in Rice (1.30 t ha-1). 

Similar effect of weeds on yield of different crop 

combinations or cropping systems in case of intercrops like 

Lettuce, Favabean and Pea was reported by Sharaiha & 

Gliessman (1992) [24]. The results were also in accordance 

with the results of Smith et al. (2008) [27] who reported that 

yields of winter wheat did not get affected by weeds under 

diversified cropping systems included in the rotation but the 

yields of the same crop got reduced in monocultures. The 

reduction in yield of sole crop compared to mixed crop could 

be attributed to differences in light penetration through crop 

canopy (Sharaiha & Haddad 1985) [25] and also attributed to 

decrease in competitive effects due to distance between 

competing plants (Weiner 1982) [30]. Gohil (2010) [12] stated 

that, the innumerable weeds grow in the fields of cultivated 

crops which are a serious problem as they compete with 

neighbouring crops or plants of economic importance and 

reduce their yield. Moreover, increased weed diversity may 

have a positive impact on the functioning of agro-ecosystems 

(Norris & Kogan 2005; Franke et al. 2009) [20, 10]. 

While comparing the weed biomass and diversity, the species 

richness was significantly higher (ranging from 14.33 to 

16.67) in case of sole crop than crop combinations (ranging 

from 8.00 to 10.00). But when compared within the sole crop 

http://www.chemijournal.com/
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and within crop combinations in mixed cropping, there was 

no significant difference. In total, 33 species of weeds had 

been identified and recorded. The maximum weed density 

was recorded in Rice plot (2313333.33 ha-1) and the lowest 

was recorded in Finger millet + Black gram (813333.33 ha-1) 

followed by Finger millet + Horse gram (816666.67 ha-1). In 

case of basal area of weeds, it was found significantly higher 

in Black gram (2.88 m2 ha-1) and lowest in Finger millet + 

Black gram (0.83 m2 ha-1). The Shannon’s diversity index 

value of weeds was found to be comparatively and 

significantly higher at Horse gram plot (0.99) and 

significantly lower in case of Finger millet + Horse gram 

(0.73) and Finger millet + Black gram (0.74). Among all the 

treatments, Rice plot constituted significantly higher dry weed 

biomass as 1.34 t ha-1 and significantly lower dry weed 

biomass were recorded in Finger millet + Black gram (0.20 t 

ha-1) and Finger millet + Horse gram (0.30 t ha-1) among 

mixed cropping and Finger millet (0.27 t ha-1) among solo or 

mono cropping systems. The weed diversity parameters viz., 

biomass and diversity are better controlled/reduced by mixed 

crop than sole crop and the result agrees with the other studies 

related to intercropping (Sharaiha & Gliessman 1992) [24]. The 

conventional farming systems show substantial variation in 

their relative influence on weed species diversity and 

community composition (Bàrberi et al. 1997; Doucet et al. 

1999; Hald 1999) [3, 7, 14]. 

Jaccard’s index (β-diversity) was computed with the view to 

decipher the trends of species turnover in the different weed-

crop associations. The results presented in Table 2 revealed 

that comparatively higher value of β-diversity (83.33%) with 

respect to weed species composition was recorded between 

Black gram and Rice plot, followed by Finger millet + Horse 

gram and Rice + Black gram (72.73%) and Finger millet and 

Rice plot (72.22%). The lowest level of similarity (34.61%) 

was recorded between Finger millet + Horse gram and Finger 

millet + Black gram plot (Table 2). 

The Importance Value Index (IVI) indicates the population 

structure of species since it takes into account collectively the 

structural parameters such as relative density, basal area and 

frequency of the species (Curtis & McIntosh 1950) [6]. The 

results obtained are presented in Table 3. In most of the 

treatments (viz., Rice, Rice + Black gram and Rice + Horse 

gram plot), the weed ‘Brachiaria deflexa’ was found to be the 

dominant species. On the other hand, Dactyloctenium 

aegyptium weed was found dominant in Black gram plot, 

Alternanthera sessilis weed in Finger millet and Finger millet 

+ Black gram plot, Cyperus rotundus weed in Horse gram 

plot and Spilanthes paniculata was found to be dominant in 

Finger millet + Horse gram plot. In total, 33 different species 

had been identified and their distribution to their respective 

cropping systems had been mentioned in Table 4. 

The correlation or the degree of association between weeds 

and its associated crops is an important statistical indicator 

which ultimately depicts the actual picture of the component 

systems as a whole in respect to their competitiveness and 

performances (Sharaiha & Gliessman 1992; Nkoa et al. 2015; 

Ahmad et al. 2016; Sinha & Banerjee 2016) [24, 19, 2, 26]. The 

correlation between total grain yield of cultivated crop and 

dry weed biomass was estimated (Fig. 1) and found that they 

were negatively correlated (R= -0.860). It was also revealed 

that in Finger millet + Black gram (as mixed crop) and Finger 

millet (as sole crop) had capacity to control maximum dry 

weed biomass. Hence, the degree of associations and their 

relative measure of dry weed biomass and total grain yields in 

crop of interest depend upon the crop combinations those 

were selected. While comparing the relationship between the 

total grain yield of cultivated crop and the species richness of 

associated weeds (Fig. 2), these were also negatively 

correlated (R= -0.319). That means the degree of associations 

with respect to species richness to that of target crop was very 

less and showed comparatively lesser control than dry weed 

biomass. The highest control over the species richness of 

weeds was found in case of the treatment Finger millet + 

Black gram. There was also a negative correlation (R = -

0.518) between total grain yield of cultivated crops and basal 

area of weeds (Fig. 3). That means, the basal area of weeds 

was highly being controlled in the treatments like Finger 

millet + Black gram and Finger millet + Horse gram. The 

total grain yield of cultivated crop was also found to be 

negatively correlated (R= - 0.703) with the weed density (Fig. 

4). The weed density was highly being controlled in both the 

treatments like Finger millet + Black gram and Finger millet 

+ Horse gram. Also, there was a negative correlation (R= - 

0.567) between the Shannon’s diversity index of weed and the 

cropping systems (Fig. 5). While estimating the degree of 

association between Rice equivalent yield of different 

cropping systems and associated dry weed biomass, there was 

also a negative correlation (R= - 0.468) between them (Fig. 

6). The control on dry weed biomass was found to be 

comparatively and significantly higher in case of Finger millet 

+ Black gram followed by Finger millet + Horse gram. 

 
Table 1: Average crop yield and weed diversity under different cropping systems 

 

Treatments 
Crop components Total grain 

yield (t ha-1) 

Weed diversity parameters 

Species 

richness 

Density 

(individuals ha-1) 

Basal area 

(m2 ha-1) 

Shannon's 

Index 

Dry biomass 

(t ha-1) Description Symbol 

T-1 Rice R 1.30f 16.67a 2313333.33a 2.41ab 0.96ab 1.34a 

T-2 Finger millet (Ragi) FM 3.72a 14.33a 1663333.33c 1.72abc 0.87abc 0.27d 

T-3 Black gram BG 1.93de 16.00a 2256666.67ab 2.88a 0.95ab 0.77b 

T-4 Horse gram HG 2.37c 14.33a 1816666.67abc 2.43ab 0.99a 0.56c 

T-5 Rice + black gram R + BG 1.72e 9.33b 1750000.00bc 1.40bc 0.85bcd 0.56c 

T-6 Rice + Horse gram R+ HG 2.13cd 10.00b 1800000.00bc 1.40bc 0.86abc 0.87b 

T-7 Finger millet + black gram FM + BG 3.11b 8.00b 813333.33d 0.83c 0.74cd 0.20d 

T-8 Finger millet + Horse gram FM + HG 3.11b 9.67b 816666.67d 0.86c 0.73d 0.30d 

SE(m)±  0.13 1.06 167073.91 0.40 0.04 0.05 

CD (0.05%)  0.39 3.25 511676.48 1.24 0.13 0.15 

Values having different superscripts within rows are significantly different at p<0.05. 
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Table 2: Jaccard’s index (β-diversity in %) between different cropping systems 
 

Rice- legume systems R FM BG HG R + BG R+ HG FM + BG FM + HG 

R - 72.22 83.33 63.15 57.14 54.29 51.52 54.29 

FM 
 

- 66.67 67.65 56.67 50.00 51.72 41.18 

BG 
  

- 71.43 51.52 67.74 45.45 41.67 

HG 
   

- 42.42 45.45 46.67 41.18 

R + BG 
    

- 58.33 54.55 72.73 

R + HG 
     

- 50.00 52.94 

FM + BG 
      

- 34.61 

FM + HG 
       

- 

 
Table 3: Importance Value Index (IVI) of five dominant weeds of associated cropping systems 

 

 
Importance Value Index of five dominant weeds of associated cropping systems 

S. N. R FM BG HG R + BG R+ HG FM + BG FM + HG 

1 
Brachiaria 

deflexa (33.96) 
Alternanthera 
sessilis (42.27) 

Dactyloctenium 
aegyptium (40.57) 

Cyperus rotundus 
(43.98) 

Brachiaria deflexa 
(53.08) 

Brachiaria 
deflexa (47.60) 

Alternanthera 
sessilis (44.96) 

Spilanthes 
paniculata (50.54) 

2 

Dactyloctenium 

aegyptium 

(29.95) 

Dactyloctenium 
aegyptium (40.18) 

Brachiaria deflexa 
(32.33) 

Brachiaria deflexa 
(38.75) 

Spilanthes 
paniculata (43.46) 

Alternanthera 
sessilis (34.23) 

Cynodon 
dactylon (38.20) 

Alternanthera 
sessilis (39.35) 

3 
Alternanthera 

sessilis (29.40) 

Ageratum 

conyzoides (28.24) 

Alternanthera 

sessilis (24.89) 

Cynodon dactylon 

(24.68) 

Dactyloctenium 

aegyptium (29.68) 

Spilanthes 

paniculata (33.96) 

Brachiaria 

deflexa (36.47) 

Brachiaria deflexa 

(32.33) 

4 
Cynodon 

dactylon (21.63) 

Brachiaria deflexa 

(27.44) 

Cynodon dactylon 

(22.45) 

Alternanthera 

sessilis (22.49) 

Lepidium sativum 

(23.21) 

Cyperus rotundus 

(29.78) 

Oxalis 

corniculata 
(26.59) 

Dactyloctenium 

aegyptium (32.27) 

5 
Portulaca 

oleracea (18.20) 

Cynodon dactylon 

(24.02) 

Cyperus rotundus 

(19.42) 

Dactyloctenium 

aegyptium (22.39) 

Cyperus rotundus 

(21.70) 

Dactyloctenium 

aegyptium (25.81) 

Amaranthus 

spinosus (22.58) 

Oxalis corniculata 

(23.56) 

 
Table 4: List of the weed species and their distribution 

 

S.N. Species name Family 
Cropping systems 

R FM BG HG R + BG R+ HG FM + BG FM + HG 

1. Ageratum conyzoides Asteraceae - * * - - - - - 

2. Ageratum houstonianum Asteraceae - - - - - - * * 

3. Alternanthera sessilis Amaranthaceae * * * * * * * * 

4. Alternanthera tenella Amaranthaceae * * * - - - - - 

5. Amaranthus spinosus Amaranthaceae * - * - * * * * 

6. Amaranthus viridis Amaranthaceae - - - - * - * * 

7. Bidens pilosa Asteraceae - - * - - - - - 

8. Brachiaria deflexa Poaceae * * * * * * * * 

9. Cassia tora Caesalpiniaceae - - * - - - - - 

10. Commelina benghalensis Commelinaceae * * * - - - - - 

11. Conyza sp. Asteraceae * * - - - - - - 

12. Cynodon dactylon Poaceae * * * * * * * * 

13. Cyperus kyllingia Cyperaceae * * - - - - - - 

14. Cyperus rotundus Cyperaceae * * * * * * - - 

15. Dactyloctenium aegyptium Poaceae * * * * * * - * 

16. Digitaria ciliaris Poaceae * * - - - * - - 

17. Digitaria sanguinalis Poaceae - * - - - - - - 

18. Echinochloa crus-galli Poaceae * - - * - - - - 

19. Eleusine indica Poaceae - - * * - * - - 

20. Emilia sonchifolia Asteraceae - - - * - - - - 

21. Eragrostis unioloides Poaceae - - - * - - - - 

22. Euphorbia hirta Euphorbiaceae - - - * - - - - 

23. Hedyotis corymbosa Rubiaceae - - - * - - - - 

24. Hygrophila spinosa Acanthaceae * - - - - - - - 

25. Ipomoea sp. Convolvulaceae - - - - - - - * 

26. Lepidium sativum Cruciferae * * - - * - - - 

27. Mimosa pudica Fabaceae - - - * - - - - 

28. Oxalis corniculata Oxalidaceae * - - * - - * * 

29. Portulaca oleracea Portulacaceae * - * - * * - - 

30. Scoparia dulcis Scrophulariaceae - * * - - - - - 

31. Sida cordifolia Malvaceae - - - * - - - - 

32. Solanum torvum Solanaceae - - * - - - - - 

33. Spilanthes paniculata Asteraceae * * * * * * * * 
* =Presence of particular weeds, - = Absence of particular weeds 
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Fig 1: Correlation between total grain yield of cultivated crop and dry weed biomass 
 

  
 

Fig 2: Correlation between total grain yield of cultivated crop and associated weed’s species richness 
 

 
 

Fig 3: Correlation between total grain yield of cultivated crop and basal area of weeds 
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Fig 4: Correlation between total grain yields of cultivated crop and associated weed density 
 

 
 

Fig 5: Correlation between total grain yield of cultivated crop and associated weed diversity 
 

 
 

Fig 6: Correlation between Rice equivalent yield of cultivated crop and associated dry weed biomass 
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Conclusion 

Among all the treatments (cropping systems), Finger millet + 

Black gram (T7) and Finger millet + Horse gram (T8) were 

found to be the best conventionally practiced cropping 

systems or land-use systems for controlling weed biomass and 

diversity naturally without compromising the yield of interest. 

While considering the sole crops or monocropping systems, 

the treatment Finger millet (T2) can be considered the best 

among others in getting the highest grain yield of interest 

without controlling the weed infestation. But management of 

weeds are very crucial since its infestations may lead to 

severity in terms of deterioration of land productivity through 

lower grain yield and soil nutrient loss. Hence, farmers can be 

advised to select the different crop combinations as mixed 

cropping for controlling weed infestations as well as getting 

higher grain yield from the target crops. 
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