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Abstract  

Wheat (Triticum aestivum L.), being the staple food of  Pakistan is in high demand in order to achieve the food necessity 

of people, yet owing to biotic and abiotic stresses, its yield is decreasing drastically. Climate change has caused a shift in 

crop maturity duration and ultimately impacts grain y ield. In order to achieve a sustainable balance in crop yield, the 

emphasis on biotic stress factors should also be focused. Weeds hoist yield loss, create physiological and biochemical 

imperfections and cause crop losses through competition and allelopathic interactions. This study was designed to 

evaluate weed control in wheat crops by adopting cultural control practices.   The research was carried out at Reg ional 

Agricultural Research Institute Bahawalpur f rom 2022 to 2024. This trial comprised of six treatments v iz. sowing of 

wheat under 15 cm apart single row spacing, 15 cm apart cross row spacing, 30 cm apart single row spacing with 

increased seed rate, 30 cm apart cross row spacing with  increased seed rate, chemical treatment and comparison with 

control  was made. RCBD factorial  design with  three repl ications was used to evaluate the trial  statistically. Growth 

parameters were observed along with Principal component analysis.   The results revealed that 30 cm apart cross row 

spacing with increased seed rate provided highest grain yield (4770.8 kg/ha) followed by chemical control (3905 kg/h a) 

and 15 cm apart cross row spacing (3879 kg/ha). The results of this study  rendered positive aspects for farmers who lack 

economic resources for weedicide, as well as discouraged the use of herbicide thus ensuring sustainable agricul tural 

practices. 

Keywords: Cross row spacing, Row spacing, Seed rate, Triticum aestivum L., Weed control  

INTRODUCTION  

Wheat (Triticum aestivum L) is among the most cultivated crop of Pakistan and dominates other 

cereals in terms of acreage and production (1). Wheat has high production ability and quality uses from 

domestic to industrial level (2-4). During the last year about 9.2 million hectares of Pakistan land was under 

wheat cultivation and produced about 27.5 million tons of wheat grain. Wheat contributes in country GDP  

(1.8%) and value added in agriculture (9.2%), however there are certain factors which threats wheat 

production and yield is still under its potential levels due to certain management constraints. Among them, 

poor crop management practices, lack of irrigat ion facilities, biotic and abiotic stresses like insect, pests, 

diseases and climate change are the major ones (2). 

Weeds pose serious threats to the agricultural system by reducing the quality and quantity of the 

final produce. Hashim et al., (5) stated that according to 96% farmers, Phalaris minor was most important 

weed in wheat field followed by Avena fatua L. (94%). The primary weed management practice is control 

through chemical means, but it is detrimental for the well-being of environment, moreover the chemical 

residue damages the ecosystem and may enter the food chain via consumption of affected grains. There is a  

dire need to devise alternative to chemical control plans for weed control. The implementation of cultural 
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weed control, use of natural plant extracts, and use of varieties that can withstand stresses can be a good 

solution in this regard (6). Increasing the populations of crop plants in the row is an effective strategy for 

suppressing weeds and achieving higher yields (7). De Cauwer et al, (8) found that narrow intra-row 

spacings reduced weed biomass and increased total and commercial spinach biomass. Similar reports 

indicated that the use of increased plant populations within the row can improve the competitiveness of 

even low-competitive crops with slow early growth rates (9). Moreover, the seed yield increased linearly 

with increasing phosphorus levels (10). 

Weeds are successfully managed via implementation of cultural weed management practices like 

sowing of wheat crop in an appropriate row orientation and vigorous wheat varieties are reported 

previously (11, 12). Sowing of wheat crop to appropriate rows row orientation to sunlight has affirm that 

cultural weed control can suppress weeds as well as enhance crop production (11, 13 ). By incorporating 

such management practices an environment friendly weed control plan can be made for wheat crop (12, 14) . 

Weeds are the drastic enemies for major crops and their overtaking creates major yield losses (15) 

due to their competitive nature for water nutrient and light (16). It has become the most important biotic 

stress that render in low yield is not managed on time. Chauhan (17) stated 100 billion dollars losses due to 

weeds worldwide while Swanton et al, (18) had stated that 25 billion dollars are used to control weeds. Arid 

and semi-arid countries including Pakistan are prone to drought stress. Climate extremes are threatening 

sustainable development goals (19), and our country is vulnerable to the changing climatic extremes (20,21). 

The deficit rainfall during summer monsoon and prolong impacts on winter crops along with increased 

evapotranspiration rate under extreme heat is making water deficient situations for crops (22) . However, in  

such conditions, the hardiness of weeds makes them survive and make them stronger against climate 

sensitive crops (23).  

The predominant weeds of wheat crops are Phalaris minor, Avena fatua , Chenopodium album and 

Rumex dentatus causing considerable reduction in crop growth and yield, (24). By keeping in view, the 

importance of weed management in wheat crop, this study aims to determine cultural control practices like 

row orientation and seed rate on weed management.   

MATERIALS AND METHODS  

STUDY AREA AND SITE DESCRIPTION 

This study was carried out at the research farm of regional agricultural research institute, 

Bahawalpur, Pakistan. The site is located at 29.3544° N, 71.6911° E and elevation of 118m. The site 

experiences hot dry summers and cool winters. The soil characteristics are depicted in Table I.  

Table I. Soil characteristics of the study site 

Depth (inches) EC dS m-1 pH OM (%) Available K (ppm) Available P (ppm) Texture 

0-6 3.2 8.3 0.59 116 7.8 Loam 

6-12 2.9 8.2 0.54 110 7.4 Loam 

EXPERIMENTAL SET UP AND TREATMENTS 

The trial followed RCBD layout with three replications. The plot size was maintained as 3mx8m. all 

management practices were kept constant for all treatments. It comprised of six treatments viz. Control, 

chemical, 15 cm apart single row spacing, 15 cm apar t cross row spacing, 30 cm apart single row spacing 

with increased seed rate, 30 cm apart cross row spacing with increased seed rate. The sowing of the trial was 

done during the first fortnight of November in both years.  

Table II. Characteristics of wheat variety ‘Gold-16’ 

Yield potential High- 7900 kg/ha  

Biotic stress Rust resistant 

Abiotic stress Drought tolerant 

Physiological Shattering resistant 

Grain Shining and attractive grain color 

Protein percentage 13.1-14.1 % 
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Three Irrigations were applied at tillering, booting and anthesis stage respectively while fertilizers 

were applied according to the recommended doses. Wheat variety ‘gold-16’ was the tested variety and had 

characteristics as given in Table II. As this var iety is released for arid and semi-arid areas, hence testing it for 

row spacing is crucial for farmers of southern Punjab, Pakistan.  

STATISTICAL ANALYSIS 

The data was subjected to one way ANOVA and means were compared by applying lsd at 5% 

probability level. Principal component analysis and correlation matrix was also produced. All statistical 

analysis was carried out using the software ‘OriginPro’.  
 

RESULTS AND DISCUSSION 
 The results of our study showed that row spacing and seed rate impose significantly different 

results in most of the observed parameters. The highest plant population was observed in 15 cm apart cross 

row spacing as 480.67 plants/m2 followed by 30 cm apart cross row spacing with increased seed rate as 424 

plants/m2 (Fig. 1). Plant height was maximum in 15 cm apart cross row spacing however all other 

treatments were also statistically at par to each other showing non-significant differences among them (Fig. 

2). 

  

Fig. 1. Impact of cultural weed control methods on plant 

population in wheat crop where control: plot with no 

amended row spacing; chemical: herbicide applied plot; 

15SRS: 15 cm apart single row spacing; 15CRS: 15 cm 

apart cross row spacing;30SRS-(IS): 30 cm apart single 

row spacing with increase seed rate : 30 CRS-(IS): 30 cm 

apart cross row spacing with increased seed rate. The 

means are compared at 0.05 Lsd 

Fig. 2. Impact of cultural weed control methods on plant 

height in wheat crop where control: plot with no amended 

row spacing; chemical: herbicide applied plot; 15SRS: 15 cm 

apart single row spacing; 15CRS: 15 cm apart cross row 

spacing;30SRS-(IS): 30 cm apart single row spacing with 

increase seed rate : 30 CRS-(IS): 30 cm apart cross row 

spacing with increased seed rate . The means are compared 

at 0.05 Lsd 

Spike length also varied significantly among the treatments. For spike length 15 cm apart cross row 

spacing, 30 cm apart single row spacing with increased seed rate and 30 cm apart cross row spacing with 

increased seed rate gave highest values (Table II, Fig. 3).  

As far as the final grain yield is concerned 30 cm apart cross row spacing with increased seed rate 

gave the highest yield (4770.8 kg/ha) followed by chemical control (3905.1 kg/ha) and 15 cm apart cross row 

spacing (3879.6 kg/ha).  The least grain yield was obtained in control/weedy check (3231.5 kg/ha). The 

comparison between all treatments is depicted in Fig. 4.   

The principal component analysis was performed in order to know the relationship among the 

observed variables. The results show that 58.35% variation occurred on PC1 while 25.46% occurred on PC2. 

Loading plot showed a clear depiction that four measured parameters were correlated to each other. Fig. 5a 

shows that grain yield and plant population share a very small angle between the vectors thus affirming a 

significantly positive relationship between these two. While plant height and plant population shared 

larger angle and had relatively less relationship among them. As far as the scores plot (Fig. 5b) is 

concerned, the placement of 30 CRS-(IS) and 15CRS nearer to each other show their similar performance. 
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The control treatment is situated far away from all remaining treatments thus showing that it performed 

differently in comparison to other treatments. The combined vectors and scores are depicted in biplot (Fig. 

5c).   

  
Fig. 3.  Impact of cultural weed control methods on spike 

length in wheat crop where control: plot with no amended 

row spacing; chemical: herbicide applied plot; 15SRS: 15 

cm apart single row spacing; 15CRS: 15 cm apart cross 

row spacing;30SRS-(IS): 30 cm apart single row spacing 

with increase seed rate : 30 CRS-(IS): 30 cm apart cross row 

spacing with increased seed rate . The means are 

compared at 0.05 Lsd 

Fig. 4. Impact of cultural weed control methods on grain 

yield in wheat crop where control: plot with no amended 

row spacing; chemical: herbicide applied plot; 15SRS: 15 

cm apart single row spacing; 15CRS: 15 cm apart cross row 

spacing;30SRS-(IS): 30 cm apart single row spacing with 

increase seed rate : 30 CRS-(IS): 30 cm apart cross row 

spacing with increased seed rate . The means are compared 

at 0.05 Lsd 

DISCUSSION 

In our results, the results showed that row orientation can significantly impact the weed infestation 

and ultimately reduces the grain yield in wheat crop. In this regard, previously Holt (25) suggested that 

altered crop row spacing reduces the ability of weeds to intercept light.   Similarly, Barberi (26 ) stated that 

narrow crop row spacing results in higher crop shading which controls weed without extra chemical inputs.  

The crops get a competitive edge by producing early and rapid canopy closure (27 -30). Sowing wheat crop 

in a uniform pattern reduces the total amount of light reaching smaller weeds as it is exponential nature of 

light to extinct within the canopies (31). Resources availability is the crucial step that determines the extend 

of crop weed competition, environmental factors like temperature, light, space are significant as well (31, 32) 

An inverse relationship has been found between narrow crop rows and weed growth in plants like 

wheat, rice, barley, cotton, millet, sorghum and soybean (27, 29, 33 -37).   Wider rows in crop can facilitate 

intercultural practices however, narrower rows suppress weed growth in wheat (38 ). 

 Lemerle et al, (39) stated that in addition to row spacing, seed rate also impact wheat yield as in the 

presence of L. rigidum, row spacing did not impact grain yield but it was reduced significantly at lower seed 

rates. Higher crop density suppressed Lolium  rig idum which was also unaffected by row spacing. Grain 

yield was maximized when post-emergence herbicide was applied at 60–100% of the recommended dose at 

wheat densities >~300 plants/m2.  

In another study it was revealed that narrow row spacing in wheat delays the time for weed 

emergence thus giving competitive edge over weeds (40). Fahad et al, (40) carried out an experiment in 

which wheat was sown at 11, 15 and 23 cm apart rows. The weed emergence (gallium aparine and Lepidium 

sativum) time was noted. They revealed that narrow row spacing (11 cm) reduces growth of both weeds and 

increased wheat growth in comparison to 15 cm and 23 cm row spacing.   
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Fig. 5(a). PCA loading plot where x axis is PC1 and y axis is PC2, the angles between vectors determined relationship 

between variables; (b). PCA scores plot where x axis has PC1 and y axis has PC2, control: plot with no amended row 

spacing; chemical: herbicide applied plot; 15SRS: 15 cm apart single row spacing; 15CRS: 15 cm apart cross row 

spacing;30SRS-(IS): 30 cm apart single row spacing with increase seed rate : 30 CRS -(IS): 30 cm apart cross row spacing 

with increased seed rate; (c). PCA biplot where control: plot with no amended row spacing; chemical: herbicide applied 

plot; 15SRS: 15 cm apart single row spacing; 15CRS: 15 cm apart cross row spacing;30SRS -(IS): 30 cm apart single row 

spacing with increase seed rate : 30 CRS-(IS): 30 cm apart cross row spacing with increased seed rate   

Sustainable weed management is only possible by completely understanding the weed-crop 

interference. Such understanding plays a critical and integrated weed control program. In our study, we 

observed that chemical weed control and 30 cm apart cross row spacing were statistically at par thus 

assuring that chemical weed control can be avoided by designing appropriate row spacing layout.  

Furthermore, adopting integrated practices can lead to sustainable land use, boosting agricultural 

productivity while maintaining ecological balance in the region  (41). Herbicide usage can be substantially 

minimized by applying principles of biological and ecological weed control measures (42, 43).  

CONCLUSION 

This study demonstrates that cultural practices, particularly 30 cm cross-row spacing with increased 

seed rate, can effectively control weeds and enhance wheat yield. These findings are significant for resource-

limited farmers seeking alternatives to herbicide use. Future research should explore the long-term effects of 

these practices on soil health and weed dynamics across diverse agro-climatic regions. It is assumed that 

planting geometry if managed properly can render beneficial results in managing weeds. This research is 

helpful to the farmers who cannot afford chemicals to control weeds; moreover the continuous suppression 

of weeds will render minimum reproduction of unwanted weeds by this method.   

(a) (b) 

(c) 
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