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Introduction

Hemp (Cannabis sativa L.) is one of the oldest cultivated annual crops in the world belonging to the cannabaceae
family and annual wind-pollinated broadleaf. It is originated in central Asia and considered a multi-purpose crop
including stalk fiber (apparel, fabric, bags), stalk hard (animal bedding, mulch, biofuel, filter, and so on), seeds (nut, and
snacks), oil (salad oil, cosmetic, shampoo, soap, oil paint, industrial oil, and solvent), leave and inflorescence (anti-
microbe (hand soap), and agrochemical products (insecticide and herbicide). Weed competition for nutrients, water, and
light led to decreased growth and yield of hemp. Mechanical and agronomical techniques are commonly used for weed
management in hemp. Since mechanical and agronomical techniques are expensive and time-consuming, finding a new
approach to save time and money is essential. Determination of weed critical period may facilitate arriving at this
approach. The critical period of weed control (CPWC) refers to a part of the integrated weed management (IWM)
program and is defined as a part of the crop growth cycle in which weeds must be removed for avoiding economic yield
losses due to weed competition with crops for water, light, and minerals. On the other hand, CPWC is a period in which
crops must be growth-free of weeds. Numerous agents' effects on CPWC include crop species and growth
characteristics, crop density, crop variety, and crop planting pattern. The main goal of this study was to determine the
effect of hemp density on CPWC and hemp yield and yield components' responses to the critical period of weed control.

Materials and Methods

A field trial was carried out in 2016 at the research field of Birjand University in South Khorasan Province, Birjand,
Iran (latitude 32°, 86', 49" N, longitude 59°, 22', 62" E, and altitude 1491 m). Before sowing seeds, the field was
fertilized with urea (250 kg ha') split at two times (sowing time, 2 mount after emergence), P,Os (100 kg ha'), and
K20 (100 kg hal). The field was plowed with a mouldboard plough (30 cm depth), and then harrowing by a disk used
for seedbed preparation twice, and finally, leveling the soil surface by leveler tools. Hemp has never been cultivated in
this field. The hemp seeds were sown on May 4, 2016, in a cluster, 5 seeds in each hole with 60 cm between rows and
10 and 20 cm between plants in the row for 8 and 16 plants/m?, respectively. Sown depth was 3 to 4 cm. Crop
emergence began about 2 weeks after planting. Two weeks after emergence (four weeks after planting), the plants were
thinned to reach a determined density. The experiment was arranged in a randomized complete block design (RCBD) in
a factorial arrangement with three replications. Each experimental plot was 6 m long, 3 m in width, and included 5
rows. Data were collected in three central rows. Treatments included six weed-infested periods (2 (WI2), 4 (Wl4), 6
(Wle), 8 (Wlg), and 10 (WIl1o) weeks after crop emergence (WAE)), in which weeds were allowed to grow to 2, 4, 6, 8,
and 10 weeks after that control conducted by hand hoeing until harvest time. In weed-infested control (WIC), weeds
were allowed to grow in all growing seasons duration. Six weed-free periods (2 (WF,), 4 (WF.), 6 (WFg), 8 (WFs), and
10 (WF1o) weeks after crop emergence (WAE)), which weeds were hand hoeing control to 2, 4, 6, 8, and 10 WAE and
then weeds were allowed to grow until harvest time. In weed-free control (WFC), weeds control in all season growth
duration. The experimental treatments during the growing season of hemp are described in Figure 1. Seed hemp yield
and yield components were determined at the end of the growing season.

Results and Discussion

Weed-infested and weed-free periods treatments have significant effects on the seed yield and yield components
including flower number and seed number per plant of hemp (Table 1). Moreover, hemp density has a significant effect
on the seed yield and yield components including flower number and seed number per plant of hemp (Table 1). Higher
crop density led to limited CPWC since under weed-infested fields using higher crop density led to improved crop
competition ability (Zimdal, 1993). (Hayat et al.,2003) reported that high crop density led to decreased seed yield of
crops by increasing inter-species competition. (Purcell et al.,2002) demonstrated the seed yield of soybean depends on
crop density whereas by increasing crop density firstly seed yield was increased but under high crop density seed yield
was decreased. Therefore, using proper crop density is known as an important challenge to crop production. Flowers per
plant, seed number per plant, and seed yield were affected by crop density. Results of this study demonstrated that
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under weed-infested fields using 16 plants/m is more suitable than 8 plants/m? compared to weed-free in Birjand
conditions (Dry climate)(Table 2).

Conclusions

A greater understanding of weed behavior can help with IWM strategies. The critical period of weed control
determination is a key factor for IWM strategies that led to less introduction of herbicides into the environment, saving
money and time, and so on. Data obtained from the results of this study revealed that more crop density led to a
decrease in the duration of the critical period of weed control in hemp.
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Common name Scientific name Plant family Leaf type Life cycle Photosynthetic path
Tumble pigweed Amaranthus albus Amaranthaceae  Broad leaf annual C4
Barnyard grass Echinochloa crus-galli Poaceae grass annual C4
Common purslane Portulaca oleracea Portulacaceae Broad leaf annual C4
Puncturevine Tribulus trrestris Zygophyllaceae  Broad leaf annual C4
sea-blites Suaeda sp Amaranthaceae  Broad leaf annual C4
Camel Thorn Alhaji spp Fabaceae Broad leaf perennial C4
European turn-sole  Heliotropium europaeum  Boraginaceae Broad leaf annual C4
lamb's quarters Chenopodium album Chenopodiaceae  Broad leaf annual C3
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Fig. 1: Weed interference and weed free periods treatments
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Table 2: Analysis of variance (mean of squares) of yield and yield components of hemp

Means of square

SOV df Flower number Seed number 1000 seed weight Seed yield
Block 2 2893.18™ 1850093.60 ™ 2.86M™ 165.20 ™
Density 1 10633.68" 54296883.68™ 3.67" 11286.05™
Weed infested 11 46093.56™ 55960108.59™ 5.12" 8360.12™
Densityx Weed infested 11 5532.44" 16870500.17" 0.280" 2354.10™
Error 46 2142.75 1981424.67 2.08 101.01
cv - 29.73 21.30 14.63 14.87

ns,* and **, respectively shows, non-significant and significant at levels of 5% and 1%
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Fig. 2: Effect of weed interference and weed-free treatments on the number of hemp flowers per plant (Treatments
showed the weed infested and weed free weeks after emergence of hemp)
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Fig. 6: Means comparison of 1000 seed weight in each plant in weed interference and weed free treatments (Protected

LSD on 5% significant level)
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Fig. 7: Means comparison of 1000 seed weight in each plant in eight and sixteen plant density per m? (Protected LSD on

5% significant level)
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Table 3: Means comparison of yield and yield components under interaction effects of hemp density and weed interference

Treatments  Density

weed infested and weed free periods (Weeks)

W2 Wi4 Wi6 Wi8 WI10 WF2 WF4 WF6 WF8 WF10 WwIC WFC
Number of 8 270.33%  22366°° 174.66°9  70.33M 32.66' 3233 62.667 254330 3108 273.66°° 251 284+
flowers 16 250.33°T  190.33%¢ 120.33%1  80.33M 49.66" 51.33" 142 192.66%¢  179.66%¢  218.66"* 1M 210,66
Number of 8 11468.67°° 8367%° 57991  355233m  2368.66" 2131.66™™ 4697.33"% 0876.66°0 15493.677  12356°  1567.66" 13298.33%0
Segf;ﬂ"t’er 16 7285.66°9 6289.66°" 549791 427233 3504.33"M  3481.66™ 58657  6460.66°" 6489.66°" 7466.33°9 4285.66M  8007.66%
Seed yield 8 132.69° 83270  53.479" 3178 19.78"  20.10"™ 4473 103.71° 15958  1505° 13.06"  148.18%°
in plant 16 749447 60.79"" 501791  36.21H 29.51km 29 .30km 52.99¢ 62.867¢  64.00°9  77.67%¢  36.927 85.07¢

The sane letters in each trait show non-significant difference based on t he protected LSD test at 5% probability level
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Table 4: Correlation coefficient between hemp traits
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Number of flowers Seed yield 1000 seed weight Number of seeds per plant
Number of flowers 1
Seed yield 0.880™
1000 seed weight 0.271" 0.507™ 1
Number of seeds per plant 0.942™ 0.964™ 0.329" 1

*and **, shows significant effect at levels of 5% and 1%, respectively
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