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Abstract

Hibiscus is a large genus of more than 200 species of shrubs, trees, annuals, and perennials from warm-
temperate, subtropical, and tropical areas are grown around the world. Seeds of five kenaf varieties
were cultivated from Sulaimani, Kurdistan for the first time at spring season in two consecutive years
(2022-2023). Which was to investigate their growth and yield performances and to adaptation these
varieties with Sulaimani climatic conditions. Results showed that, 4383 var. superior on other varieties
by having the best growth parameters such leaf number, plant height and stem diameter (239.28 LN
Plant?, 314.48 cm and 24.77 mm), respectively. Additionally, the maximum values of total fresh yield,
fresh and dry core and bast fibers were also found in the same variety (454.27, 114.70, 43.43, 55.17
and 19.10 t ha'l), respectively. Generally, the first year of plant growing was better compared to the
second year. The best results of both growth and yield parameters were indicated in the interaction
treatment 4383 var. in the first year (4383xyearl). While, the maximum days for flowering was noted
in HCI95 var. (119.83). In the interaction treatments HC95 and HC2 varieties both in the second year
(HC95xyear2) and (HC2xyear2), needed to (124.33 days) for flowering, which was the highest number
of days. That's while, other varieties also performed well, not only about photoperiodism/day of
flowering but also for yield and yield components, which were affected by growing seasons. Finally,
could concluded that kenaf plants can be cultivated and developed very well in Sulaimani conditions.

Keywords: Environmental factors, Sowing time, Varieties, Growth and Yield improvement, Fiber dry
matter.

I. Introduction

Climate change has a great role in growing seasons of the crops, due to that fact doing more
researching are necessary to find the right period for growing plants successfully. On the same time,
varieties are also having the significant impact on growth and improving quality properties.

Vayabari et al. (2023) stated that nowadays, kenaf has gained significant global attention as a more
cost-effective, adaptable, and manageable alternative to other fiber crops. India and China, with nearly
70% of the global kenaf production, have emerged as the leading producers of kenaf plants. While
kenaf was traditionally valued for its paper production, it has evolved into a multipurpose crop with
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diverse industrial applications over the past two decades. The global kenaf market is projected to cross
USD 854 million by Jason Thomas (2019). The same source indicated that kenaf is a major crop in
Africa and Asia, where it is used for various cordage products such as rope, twine and burlap. In
construction, it is used for thermal insulation of walls, floors and roofs and soundproofing solutions,
while in furniture, is it used in the manufacturing of medium-density fiberboard (MDF) and other wood
composite materials. Globally, the demand for natural fibers such as kenaf is growing at 10 to 15 per
cent annually, especially for use in composite material. China, Bangladesh, Thailand and Myanmar
contribute 95 percent of global kenaf production which totals three million tons a year.

Kenaf plant population is approximately 400000-600000 plants ha, it is required to water 780-1200
mm, plants ready for harvesting only 3-5 months after planting date, at that time its dry matter
production (stem) will be reached to 17-60 t ha?' (Bafiuelos et al. 2002, Danalatos, N.G. and
Archontoulis, S.V. (2010), Mohd, H. Et al., (2014), Salih, R.F., (2014a), Salih, R.F. (2016) and Salih et
al.2020).

Kenaf is one of the most important fiber crops globally, its scientific name is (Hibiscus cannabinus L.)
belongs to family Malvaceae. Kenaf fibers can be used for timber and other biocomposite purposes,
moreover growing kenaf plant will caused to conserve environment from pollution through absorption
optimal value of carbon dioxide (CO,), additionally cultivation this kind of crop has impact role in
agricultural sustainability Salih ea al.,(2022). . Ezzadin et al., (2022) concluded that leaves and seeds of
kenaf plants have various important uses such as food and medicinal applications. Amount of nutritive
value in kenaf leaves is too high, which that causes to use as medicinal plants and also as a food source
for cooking and forage for animals, Sultan, D.M. and Salih, R.F.(2022). As mentioned earlier kenaf is
one of the fiber crops so fiber crops generally have numerous benefits that can be used in textile
industries and their plant parts may usefulness in various products such as in food, medicines,
cosmetic, animal feed, etc. Furthermore, natural fibers are renewable, economy, environment friendly,
low weight, not toxic as compared to synthetic fibers, Ezaddin, N.A. & Salih, R.F.(2023a).

Increasing and enhancing growth, yield and yield components of kenaf plant are depending on growth
conditions and also agriculture processing. Salih et al. (2020) stated that Kurdistan environment
condition was suitable for cultivation kenaf crops, some varieties adapted very well. Olanipekun, S.O.
and Togun, A.0.(2020) suggested that, if the purpose of kenaf cultivation is to reach the best quality
and quantity of fiber June is the best for sowing, while July is better for seed production, that was based
on Ibadan, South Western Nigeria. From the results of Budi, U.S. and Murianingrum, M.(2020) were
noted that keanf genotypes, environment, and their interactions had significant effect on the fiber yield.
The best growth, fiber yield and quality were noted in Cuba-108 cultivar, it means that kenaf cultivars
have significant impact on growth and yield parameters Eifediyi et al., (2022), the importance of the
kenaf varieties was also confirmed by Sadhineni et al.,(2023).

The objective of this present research was to investigate the performances of different kenaf varieties
under Sulaimani, Kurdistan condition, and to adaptation these varieties while all of them for the first
time sowed in there, additionally to know growing seasons had the impact on growth, yield and yield
components or not.

From this present study it is hypothesized that kenaf plants will be well adapted to the environmental of
the project site, moreover it is growing well and providing high amount of fiber.

Il. Methods and Materials
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Study Site:

This current investigation was done in the Qlyasan, which is the Research Station of the Biotechnology
and Crop Science Department, College of Agricultural Engineering Sciences, University of Sulaimani.
Qlyasan is located at the Governorate of Sulaimani in the Northeast of Irag, on the border with Iran,
(Latitude: 35° 34" 17" N, Longitude: 45° 22" 00" E, and altitude of 757 masl), 2 km northwest of
Sulaimani city. “Garmin, GPS map 60 Cx.”.

Soil Analysis:

Table 1 displays the physical and chemical properties of the soil taken from the experimental site. 0 to
30 cm was the depth of the soil to take the samples randomly in several places of the farm before it was
divided into plots. Afterward, the soil was air dried and sieved through a 2 mm pore size sieve, which
was in the laboratory. Then, physicochemical parameters were determined.

Table 1 Physicochemical properties of the soil samples from the study site:

Physicochemical Properties
Physical Properties Chemical Properties

N P K
Sand | Sily | Clay Texture pH ECe | O.M. | CaCos | (total | (availabl | (availabl
) e) e)

g s 3 ¢ |E

© R 2 |£ |°

87 435 | 457 | Silty Clay (SiC) | 7.59 490 224 304.3 0.12 5.24 80

Experimenatl Design:

Two field experiments were carried out during the spring season 2022 and 2023 in Qlyasan Research
Station. The first experiment was done on June 6, 2022, while second experiment was done in June 1,
2023. Seeds of five kenaf varieties were selected as plant material and then planted. Randomized
Complete Block Design with three replicates was the field experiment design. The area of each
experimental unit was (1m?), and there were four lines within each experimental unit. The distance
from one line to the next was 25 cm, while it was just 10 cm between plants, and the distance between
experimental units was 1 meter, with 2 meters between blocks. Two to three seeds were planted in each
hole. In this current study drip irrigation system was applied, additionally weeds were also controlled
manually. Moreover, any pesticide and herbicide was not used, on the same time organic and inorganic
fertilizers were not added to the plants, which was to identify its ability for adaptation with
environmental of the project site. In the maturity stage growth parameters such as plant height, stem
diameter and leaf number were taken according to the previous research Salih et al., (2014b), while
date of flowering was calculated at flowering stage. Finally, total fresh yield, fresh and dry fiber yields
(core and bast) were determined according to Salih et al., (2023).
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Meteorology of the study site in both growing seasons were determined to show its affect the growth
and yield characteristics of kenaf plants (Figure 1).

Statistical Analysis:

All data were collected from this present study statistically analyzed according to the technique of
analysis of variance (ANOVA) for randomized complete block design, (RCBD) using IBM SPSS
Statistics Program (20), the mean comparison was fulfilled according to Duncan multiple range test at
the level of significant 0.05.

IIl. Results and Discussions

Growth Parameters:

The highest significance of all growth parameters was recorded between varieties, at the same time
year of plant growing was caused to record different results (Table 2). The highest values of leaf
number, plant height and stem diameter were found of 4383 var. (V4), by (239.28 LN Plant, 314.48
cm and 24.77 mm), respectively, while HC2 var. (V3) recorded the smallest values of leaf number and
plant height were by (148.35 LN Plant -* and 228.22 cm), respectively, despite that 4202 followed by
HC2 varieties recorded the smallest stem diameter.

Growing seasons were also as varieties caused to record different results of all parameters. Generally,
plants were growing well in the first year compared to the second year.

Differences of leaf number per plant, plant height and stem diameter may have occurred due to climatic
differences in the location of the study, especially average temperature between both years (2022 —
2023), refer to (Figure 1). Results from this present study supported by Salih, R.F et al.,(2022) whose
stated that sowing time and kenaf varieties significantly affected growth and yield characteristics.
Moreover, table 3 displays the impact of interactions (variety x year). These results were evidence to
show the impact of growing seasons on the plant growth characteristics. The weather certainly varies
from year to year, which causes to change not only plant growth but also amount and quality of crops.
So could said that, the results recorded in this present study are really normal, while from this kind of
case planting date is more efficiency to confirm that fact about growth characteristics.

Interaction between both factors (variety x year), caused to find the significant differences of all
growth parameters (Table 3). The highest values of leaf number, plant height and stem diameter noted
in the interaction treatment (4383xyearl), were (265.53 LN Plant-1, 341.47 cm and 26.67 mm),
respectively followed by (4383xyear2) in leaf number (213.03), later plant height and stem diameter
were (314.37 cm and 24.70 mm) in the interaction treatment (FH952xyear1).

Yield and Yield Components:

The highest amount of total fresh yield, fresh and dry core and bast fiber yields found in the 4383 var.
(454.27, 114.70, 43.43, 55.17 and 19.10 t hat), respectively. On the same time, the first year of plant
growing June 6, 2022 was better to record the best amount of all yield and yield component parameters
(395.25, 113.22, 40.07, 49.42 and 16.97 t ha'l), respectively (Table 4).

Interaction between both factors was also significantly affected total fresh yield, fresh and dry matter of
core and bast fibers (Table 5). The maximum amount of all parameters were found in the interaction
treatment (4383xyearl), were by (496.17, 135.63, 47.20, 59.13 and 20.87 t ha™?), respectively.
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Total fresh yield is directly relative to fresh and dry matter of core and bast fibers, likewise yield and
yield components are also strongly linked to growth parameters that’s why the best amount of yield and
components were noted from the plants had healthy growth (Tables 2 and 4). These results in line with
Alexopoulou et al., (2000) whose stated that fresh and dry matter yields and yield components were
found to be affected by the kenaf varieties. However, five varieties of kenaf were planted in Ibadan
Nigeria in 2018 and 2019 planting season. Results indicated that mid-June in South Western Nigeria
will give optimum seed yield of high quality, which means that environment had significant affected
Adetumbi et al., (2022). Likewise, interaction between both factors significantly affected yield and
yield components as Ogunniyan et al., (2017) stated that kenaf genotypes and environment affected
fiber yield. From the newest study the impact of interaction between environmental factors and
varieties on yield of the natural fibers was confirmed, Ezaddin, N.A. and Salih, R.F (2023b) reported
that cotton fiber yield was significantly improved by environmental factors and varieties.

Day of Flowering:

Figure 2 shows the number of days were requested for plants flowering. Variety and also year of plant
growing were significantly affected this field parameter. HC95 needed to (119.83) day for flowering,
while 4202 var. needed to (118.17) day. Plants from the first year of growing were only requested to
(116.00) day for flowering, while in the second year increased to (121.93) day.

Effect of interaction between variety and year of plant growing on flowering period was recorded in the
following figure. The maximum days was found in the interaction treatments (V2Y2 and V3Y2), by
almost (124) day. While, the minimum days for flowering was found in the interaction treatment
(V3Y1), by (114) days followed by (V2Y1 and V5Y), which was by almost (115) day as can be seen in
the (Figure 3).

The case of flowering may belong to difference of average temperature and rainfall especially in the
latest months of growing season (Figure 1). While, flowering period is strongly linked to genetic but in
the same time environmental factors are also affected this agronomic trail. Ryu et al., (2017) confirmed
that this field characteristic strongly linked to genotypes and they found a significant correlation
between flowering time and dry matter yield of kenaf plants. Additionally, Lee et al., (2021) stated that
kenaf varieties significantly affected day of flowering. Similarly, interaction (variety x year) caused to
record significant differences of this parameter (Figure 3). These results were evidence to confirm the
relationship between varieties and environmental condition on flowering period. Results from this
current study is in line with the Vayabari et al., (2023) whose said that photoperiodism has affected
flowering stage of kenaf plants, period of flowering also is one of the most important factors effecting
fiber production and quality.

IV. Conclusion
The aim of this study was to develop and improve kenaf plants since it is one of the most important
fiber crops ecologically and economically around the world. This current investigation focused on
environmental conditions as a main factor since it has a great role on the growing seasons of the crops.
As previously mentioned that seeds of five kenaf varieties in the spring season of two different years
(2032 and 2023) were planted. Generally, from the outcomes found that both factors variety and year
and its interaction (variety x year), were significantly affected all growth, yield and yield component
parameters. Additionally, it was proofed that Sulaimani conditions appropriate to cultivate kenaf plants.
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Table 2 Effect of variety and year of plant growing on growth parameters:

Variety Leaf number plant? Plant height (cm) Stem diameter (mm)
FH952 179.90° 290.97° 24.032
HC95 172.15°¢ 263.73¢ 21.77°
HC2 148.35¢ 228.22¢ 20.63°¢
4383 239.28° 314.482 24772
4202 160.20¢ 238.47¢ 20.37°¢
Year
First year 197.882 284.022 23.992
Second year 162.07° 250.33° 20.63P
*Means with different alphabetic letters differ significantly at (p <0.05).

Table 3: Interaction effects (variety x year) on growth parameters:

Interaction Leaf number plant? Plant height (cm) Stem diameter (mm)
(FH952xyear1) 197.47° 314.37° 24.70°
(FH952xyear?) 162.33¢ 267.57¢ 23.37%
(HC95xyear1) 185.30¢ 276.10¢ 23.60°
(HC95xyear?) 159.00¢ 251.37 19.93¢

(HC2xyearl) 164.77¢ 241.309 22.204

(HC2xyear2) 131.93¢ 215.131 19.07¢

(4383xyearl) 265.53% 341.472 26.672

(4383xyear?) 213.03° 287.50° 22.87¢

(4202xyearl) 176.33¢ 246.871 22.80%

(4202xyear?) 144.07° 230.07" 17.93f
*Means with different alphabetic letters differ significantly at (p <0.05).
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Table 4 Effect of variety and year of plant growing on yield parameters (t ha?) in kenaf fibers:

Variety Total fresh yield Fresh core Dry core Fresh bast Dry bast yield
yield yield yield
FH952 402.25° 103.80° 39.67° 48.90° 16.55°
HC95 364.87¢ 95.53¢ 36.23° 44.80° 15.62¢
HC2 312.52¢ 90.73¢ 33.28¢ 42.02¢ 13.37¢
4383 454,272 114.708 43.432 55.178 19.108
4202 333.45¢ 94.37°¢ 34.28¢ 42.90¢ 14.27¢
Year
First year 395.252 113.222 40.072 49.422 16.972
Second year 351.69° 86.43° 34.69° 44.09° 14.59°
*Means with different alphabetic letters differ significantly at (p <0.05).
Table 5 Interaction effects (variety x year) on growth parameters of kenaf fibers:
Interaction Total fresh Fresh core Dry core yield Fresh bast Dry bast yield
yield yield yield
(FH952xyear1) 427.37° 118.53° 42.10° 52.77° 17.70°
(FH952xyear?) 377.13¢ 89.07f 37.23¢ 45.03¢ 15.40¢
(HC95xyear1) 386.93¢ 105.87°¢ 37.53¢ 46.97¢ 16.63°
(HC95xyear2) 342.80¢ 85.20¢ 34.93¢ 42.63 14.60%
(HC2xyearl) 323.07° 99.53¢ 35.97¢ 43.87¢f 14.33¢
(HC2xyear2) 301.979 81.93¢ 30.60° 40.17" 12.40f
(4383xyearl) 496.17° 135.632 47.202 59.13% 20.87°
(4383xyear?) 412.37° 93.77¢ 39.67°¢ 51.20° 17.33%¢
(4202xyearl) 342.70¢ 106.53°¢ 37.53¢ 44.37¢ 15.30¢
(4202xyear?) 324.20 82.209 31.03f 41.43% 13.23f
*Means with different alphabetic letters differ significantly at (p <0.05).
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Figure 1: Meteorology of the study site; Average temperature and rainfall for both growing
seasons (2022 and 2023).

Day of flowering

119.33 ab

Figure 2: Response of day of flowering to variety and year of plant growing. V1= FH952, V2=
HC95, V3= HC2, V4= 4383, and V5= 4202, Y1= First year and Y2= Second year.
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Figure 3: Interaction effects (variety x year) on day of flowering of kenaf plant.
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