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Table 1- Monthly precipitation and maximum and minimum temperature during the experimental season in 2018 -2019

RIS Sl 3 )| o, Py 313 yo 29238
March-April April-May May-June June-July July-August  August-September
Seb
T 24.2 11.7 - - 2.3
Precipitation (mm)
Los Jilus
2.56 9.34 14.21 16.04
Minimum temperature (°C) 24.64 16.58
Lo siSlas
) 15.01 22.74 25.18 34.92
Maximum temperature (°C) 37.11 27.36
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Table 2- Some physical and chemical properties of the experimental soil

bl Jlade g UL Slado
Parameter Value Parameter Value
el 85 e
7.21 0.04
pH Total N (%)
oS glas Jols LB Laus
0.42 ) 75
EC (dS.m?) Available P (mg.kg?)
S oS Jobs BB enlsy
0.39 . 415
0.C. (%) Available K (mg.kg?h)
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Table 3- Some physical and chemical properties of the manure
Pl Slade Pl Slade
Parameter Value Parameter Value
7.93 0.65
pH Total P (%)
2.75 11
EC (dS.m?) Total K (%)
Sons 2!
26.0 2520
0.C. ) Total K (%)
05955 & 55 o e
185 175
CIN Manganese (ppm)
J5 Gier o
14 182
Total N (%) Cupper (ppm)
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Table 4- Some physical and chemical properties of the digested fertilizer

Pl Jlade Flyly Slade
Parameter Value Parameter Value
! I
7.64 11
pH Total N (%)
oS olas Js jas
1.96 0.94
EC (dS.m™) Total P (%)
S ]
59.0 0.86
Ash (%) Total K (%)
Sl olse ool
38.6 2800
O.M. (%) Total K (%)
Jows RS
22.1 23.86
O.C. %) Manganese (ppm)
0585 A (S S o
16.9 25.4
CIN Cupper (ppm)
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Figure 1- Effect of organic and chemical fertilizers on the plant height of flax
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Table 5- Analysis of variance of morphological traits and yield components of oil flax influenced by organic and chemical fertilizers

laypo (koo
Mean squares
% aslwo o314y S 4l slaxs K S oloas 138 o3
P solil 4z, e gl 3 ol 5L yh L 2% Jgues SUCIT
S.0.V df Jgmnss &g &l
Plant . Primary Sub- .
height Grain number branch branch Capsule number 1000 grain
per capsule per plant weight
S5
. 2 12.07 0.70 0.13 0.23 4.04 1.10
Repetition
Jles
9 25.64™ 1.07™ 0.38™ 2.89" 36.99" 1.02"
Treatment
Uas
18 6.14 1.85 0.31 1.04 11.18 0.62
Error
5.78 20.20 22.88 16.42 13.76 20.74
CV(%)

s * ** non-significant, significant at 5 and 1% respectively
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Figure 2- The effect of organic and chemical fertilizers on the sub-branches number of flax
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Figure 3- Effect of organic and chemical fertilizers on the capsule number per plant of flax
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Table 6- Analysis of variance of flax yield influenced by organic and chemical fertilizers

Olapo (ulo
i @b o3l a0 Mean squares
S.0V df S5l gm 0 ySlos ails 8 Slos €9y w3 gy o Sdles
Biological yield Grain yield Qil percent Qil yield
S
. 2 10983.23 0.52 4.78
Repetition
Jes
9 33990.68" 11754.68™ 44.96™ 2987.37"
Treatment
Uas
18 6144.5 1.30 97.27
Error
[ OO W
4.55 5 4.64 6.59
CV(%)

*, ** significant at 5 and 1% respectively
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Figure 4- Effect of organic and chemical fertilizers on biological yield of flax
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Figure 5- Effect of organic and chemical fertilizers on grain yield of flax
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Figure 6- Effect of organic and chemical fertilizers on oil percentage of flax



V¥ Sl (6559LaS plls 50 4y 3d g oo 4 (LINUM Usitatissimum L.) ég, s SiisTy

olo 1) lade o S (LS 4o 0,56LS AV/Y) vald les
5995 il slalecs
5SS VATIE) olands 055+ (55l 055 (LS jo 0 ,56LS
2 eSS VA Shoguaon—wl + (6 et 845 (JLiS j0
30 2SS V) olian i 055 + (5 pads 055 ¢ (LS
B/ g sl s bawlie ol 429, 0,5lee (LS

VABIA) Scogapa—ul + olios

(Y JSKS) Woisu ogape duo,0 FEIAT o FAYA H-/04

OF9) 3,5es
A5 el laysSUS e e sy o Slae
S s s, S oS o Shae il sbiied
3ol Jlamiul (g, olS (nlod5e oole oS 155 990 0
3gS 31 aS 09 ol 51 (S odal cwsts gl .ol o, &
S5 g aoys So Jleiml w0 (85, 5 Ses
08es YL (liard 095 + Snge el (P Jgoz)
goly plaislogs aul) (LS ,o 0 5LS YAQ/R) (e,

bc

0 -

= 80 | EW
il

20000 =
00 -

—

2000

o

1

955 sboylass

Fertillizer treatments
€9y LS (x99 o 2 louwds 9 Sl Glrogs SI-Y S

Figure 7- Effect of organic and chemical fertilizers on oil yield of flax

OLS g, 0,8 les 5 HEg, oy cadls o Slos (SG5elgm
a8 S 18 6068 slo,lews 5l oola ll,..;L; S Sy,
ol jgs.’.l.. D 0gS + L;),.Mojf@.habdhb)w

Ol 50 el (i 050 50 (olien b 055 +Segin

A S o S Gl e g cnl Sl e (585, 5 9, les
o=t Silgi ooy (65,5185 pimes By 8, LS

6LassS 8L Jlaie 50,00 om0l slajls owels

2 $e o (SaiglsST 5 ol Jyol ol 5 (loars

Al sl o5,0las Glaal 4y b

Sl ol
w2l 5 o Color S pliws S olRasls l akwgina

ol 0Ll o g pe a5 gl ool plasl gl SUISl (o503

.DQ;LSA ‘sal.)).\s | @W‘D

&8be 5,5
3 2l 2l AiS s a5 W)lo oo Jlebl QB wng
5 092 i ol 55 b ala]

09y O e Sooged ol + sliondh 065 aali jloos

355 ¢ 595 955 olonis 355 Ao slo Lo 4 o |
g Yo oV XY/FR NV iy 4 Seogud Sl g (6 s
gl gy o, Slee (Y JSTE) olo iolidl oo ,0 VA/PF
Sgudr a5 0l oo 9, a8 g &l 8 Slas S ol
oyl oyl Gialsdl jo (6350 Ly oS asdas 5 el bl
(s cpl jo IS el o cpl pliy (Liu et al., 2016)
Azl )0 g Adlosges ool LS oy 6l p ], g pael s
Slllas gl asles,S adgs ) (g iin 9, g ilo o, Slas
ol el siali sloogS 1 oslaiwl ols ylas 58 ey
Sl ,5ksl 4 (Sajadi Nik et al., 2011) szuS e, o Slos
A dage 45 (Yousefpoor and Yadavi, 2014) sus

IS (S aoeS
Sla o aS 0 ol 5l S Galej] ol 5 J—ol> s
O, as gy 10 JoueS slasi (e ,8 4L slaad gy gl )|



OlHon g oy Y

References

Abdelaziz, M., Pokluda, R. and Abdelwahab, M. 2007. Influence of compost, microorganisms and NPK
fertilizer upon growth, chemical composition and essential oil production of Rosmarinus officinalis L. Notulae
Botanicae Horti Agrobotanici Cluj-Napoca, 35(1): 86-90.

Abd Eldaiem, M.A.M. and El-Sherief, M.A.B. 2016. Effect of organic, phosphorus and zinc fertilization on
yield and quality of flax. International Journal of Advanced Research in Biological Sciences, 3: 161-173.
Ano, O.A. and Agwu, J.A. 2005. Effect of animal manure on selected soil chemical properties. Nigerian Journal

of Soil Science, 15: 14-19.

Arancon, N.Q., Edwards, C.A., Bierman, P., Metzger, J.D. and Lucht, C. 2005. Effects of vermicompost
produced from cattle manure, food waste and paper waste on the growth and yield of peppers in the field.
Pedobiologia, 49(4): 297-306

Ayas, H. and Gulser, F. 2005. The effect of sulfur and humic acid on yield components and macronutrient
contents of spinach. Journal of Biological Sciences, 5: 801-804.

Bakry, A.B., Mervat, S.S. and El-karamany, M.F. 2015. Effect of humic acid and sulfur on growth, some
biochemical constituents, yield and yield attributes of flax grown under newly reclaimed sandy soils. ARPN
Journal of Agricultural and Biological Science, 10: 247-259.

Barker, A. and Pilbeam, D. 2007. Handbook of plant nutrition (Books in soils, plants, and the environment).
CRC press. 613 p.

Canellas, L.P., Olivares, F.L., Aguiar, N.O., Jones, D.L., Nebbioso, A., Mazzei, P. and Piccolo, A. 2015.
Humic and fulvic acids as biostimulants in horticulture. Scientia Horticulturae, 196: 15-27.

Esmaili Behbahani, R., Fateh, E. and Aynehband, A. 2019. Evaluation of growth characteristics of flax (Linum
usitstissimum L.) with application of organic and nitrogen fertilizers. Agricultural Science and Sustainable
Production, 29(1): 137-150. (In Persian)

Green, A. 2000. Variation for oil quantity and quality in flaxseed. Australian Journal of Agricultural Research,
32:599-607

Hocking, P.J. and Pinkerton, A. 1999. Phosphorus nutrition of linseed (Linum usitatisimum L.) as affected by
nitrogen supply effects on vegetative development and yield components. Field Crops Research, 32: 101-114.

Hosseinpour, A., Habibi, H. and Fotokian, M.H. 2012. Effect of chemical and biological nitrogen on quality
and quantity of anise (Pimpinella anisum L.). Iranian Journal of Aromatic and Medicinal Plants, 28(3): 551-
566. (In Persian)

Hortensteiner, S. and Feller, U. 2002. Nitrogen metabolism and remobilization during senescence. Experimental
Botany, 53(370): 927-937

Karimi F. and Tadayyon A. 2018. Effect of humic acid spraying on yield and some morphological characteristic
of safflower (Carthamus tinctorius L.) under drought stress conditions. Applied Research in Field Crops, 31(1):
19-38. (In Persian).

Karimian, M.A., Mir, B., Bidranameni, F. and Keshtehgar, A. 2020. Effect of manure and intercropping



s Sl (6559LaS plls 50 4y 3d g oo 4 (LINUM Usitatissimum L.) ég, s SiisTy

patterns on quantitative and qualitative yield of rosolle (Hibiscus sabdariffa) and cowpea (Phasaeolous
vulgaris). Crop Science Research in Arid Regions, 2(1): 113-125. (In Persian).

Kaur, T., Brar, B.S. and Dhillon, N.S. 2008. Soil organic matter dynamics as affected by long-term use of organic
and inorganic fertilizers under maize—wheat cropping system. Nutrient Cycling in Agroecosystems, 81: 59-69.

Khodaei Joghan, A., Ghalavand, A., Aghaalikhani, M., Gholamhoseini, M. and Dolatabadian, A. 2012. How
organic and chemical nitrogen fertilizers, zeolite, and combinations influence wheat yield and grain mineral
content. Journal of Crop Improvement, 26: 116-129.

Kumar, S., Pandey, P. and Maheshwari, D.K. 2009. Reduction in dose of chemical fertilizers and growth
enhancement of sesame (Sesamum indicum L.) with application of rhizospheric competent Pseudomonas
aeruginosa LES4. European Journal of Soil Biology, 45: 334-340

Laila, K.M.A. 2004. Changes in nitrogen content in different soil layers after application of composted and fresh
chicken manure and nitrogen mineral during maize and wheat cultivation in sandy soil. Annals of Agricultural
Science, Moshtohor, 42: 1415-1430

Lawlor, D.W. 2002. Carbon and nitrogen assimilation in relation to yield: mechanisms are the key to
understanding production systems. Experimental Botany, 370: 773-787.

Leal, F., Rodrigues, A., Fernandes, D., Nunes, F.M., Cipriano, J., Ramos, J., Teixeira, S., Vieira, S.,
Carvalho, L.M. and Pinto-Carnide, O. 2009. Invitro multiplication of Calendula arvensis for secondary
metabolites extraction. Acta Horticulture, 812: 251-256.

Liu, L., Guan, L.L. and Wang, L. 2016. A review of fatty acids and genetic characterization of Safflower
(Carthamus tinctorius L.) seed oil. Organic Chemistry Current Research, 5(1): 160-174.

Mamnabi, S., Nasrollahzadeh, S., Ghassemi-Golezani, K. and Raei, Y. 2020. Morpho-physiological traits,
grain and oil yield of rapeseed (Brassica napus L.) affected by drought stress and chemical and bio-fertilizers.
Agricultural Science and Sustainable Production, 30(3): 359-377. (In Persian).

Mooleki, S.P., Schoenau, J.J., Charles, J.L. and Wen, G. 2004. Effect of rate, frequency and incorporation of
feedlot cattle manure on soil nitrogen availability, crop performance and nitrogen use efficiency in east-central
Saskatchewan. Canadian Journal of Soil Science, 84: 199-210.

Mosaddghi, M.R., Hajabbasi, M.A., Hemmat, A. and Afyni, M. 2000. Soil compatibility as affect by soil
moisture content and farmyard manure in central Iran. Soil Tillage Research, 55: 87-97.

Nejad, T.S., Hosseini, S.M. and Hyvari, M. 2011. Calculate changes of bean germination process in the presence
of various compounds of biological fertilizer humic acid mixed with micro and macro elements. Journal of
American Science, 7: 10-14.

Orendi, A. 2020. Flax cultivation in the southern Levant and its development during the Bronze and Iron
Age. Quaternary International, 545: 63-72.

Rajpar, 1., Bhatti, M.B., Ul-Hassan, Z., Shah, A.N. and Tunio, S.D. 2011. Humic acid improves growth, yield
and oil content of Brassica compestris L. Journal of Agriculture, Agricultural Engineering and Veterinary

Science, 27(2): 125-133.



Q‘)&»Ag ) \FF

Sajadi Nik, R., Yadavi, A., Balouchi, H.R. and Farajee, H. 2011. Effect of chemical (urea), organic
(vermicompost) and biological (nitroxin) fertilizers on quantity and quality yield of sesame (Sesamum indicum
L.). Agricultural Science and Sustainable Agriculture, 21(3): 87-101. (In Persian).

Toscano, P., Cassacchia, T., Diacono, M. and Montemurro, F. 2013. Composted olive mill by-products:
compost characterization and application on olive orchards. Agricultural Science and Technology, 15: 627-
638.

Verlinden, G., Pycke, B., Mrtens, J., Debersaques, F., Verheyen, K., Baert, G., Bries, J. and Haesaert, G.
2009. Application of humic substances results in consistent increases in crop yield and nutrient uptake. Journal
of Plant Nutrition, 32: 1407-1426.

Walker, A.J. 2001. The effects of soil fertilizer, nitrogen and moisture on yield, oil and protein of flaxseed. Field
Crop Research, 932: 101-114.

Yousefpoor, Z. and Yadavi, A. 2014. Effect of biological and chemical fertilizers of nitrogen and phosphorus on
quantitative and qualitative yield of sunflower. Agricultural Science and Sustainable Agriculture, 24(1): 95-
112. (In Persian).

Zandi, N., Khalesro, S.H., Badakhshan, H. and Heidari, G.H. 2021. Effect of humic acid foliar application on
the yield and morphological traits of some safflower cultivars. Agricultural Science and Sustainable
Production, 31(4): 35-48. (In Persian).

Zhi-Li, Y., Li-Zhuo, G., Zi-Sen, F., Jian-Chun, Y., Jun-Shan, G., Ji-Zu, L., Ji-Zhong, Y. and Jun-Yi, N.
2012. Effect of different organic manures on oil flax dry matter accumulation, distribution and yield. Chinese
Journal of Eco-Agriculture, 20: 988-995.

Zuk, M., Richter, D., Matula, J. and Szopa, J. 2015. Linseed, the multipurpose plant. Industrial Crops and
Products, 75: 165-177.



Journal of Crop Science Research in Arid Regions/ Volume 5, Issue 1, Spring and Summer 2023, P. 133-146

Response of flax (Linum usitatissimum L.) to nutrition management in the
sustainable agricultural system

Abas Rahimi?, Shiva Khalesro?", Samira Zareei®

1 M.Sc. in Agroecology, Department of Plant Production and Genetics, Faculty of Agriculture, University of
Kurdistan, Sanandaj, Iran

2 Department of Plant Production and Genetics, Faculty of Agriculture, University of Kurdistan, Sanandaj, Iran
3 Department of Biosystem Engineering, Faculty of Agriculture, University of Kurdistan, Sanandaj, Iran
*Corresponding Author: sh.khalesro@uok.ac.ir

Received: 26 May 2022 Accepted: 17 July 2022 DOI: 10.22034/CSRAR.2023.344249.1243

Abstract

Introduction: Conventional agriculture has altered the dynamic balance of agroecosystems by
decreasing soil fertility, reducing biodiversity, and putting human and animal health at risk due to
chemical residue in agricultural products. To reduce these negative environmental impacts,
sustainable agricultural systems have been promoted to protect resources and biodiversity. One of
the most effective strategies is the integrated management of organic and chemical fertilizers in
sustainable agricultural systems. Flax is an oil plant of the Linaceae family that is extensively used
in the modern pharmaceutical and food industries. Flax seeds contain protein and oil. Considering
the negative effect of excessive use of chemical fertilizers on the quality of medicinal and oil plants,
most food and pharmaceutical companies prefer materials derived from sustainable and organic
systems. Therefore, this study was carried out to investigate the effects of integrated application of
organic and chemical fertilizers on yield components, yield, and oil content of flax.

Materials and Methods: The field experiment was laid out in the 2018-2019 growing seasons at
the Research field of the University of Kurdistan, Iran (longitude 47° 18' E, latitude 35° 19' N, and
altitude 1865 m). The region has a semi-arid climate, according to the Koéppen climate
classification. The experiment was carried out in a randomized complete block design with ten
treatments and three replications. The experimental treatments included control, chemical fertilizer,
farmyard manure, digested fertilizer, humic acid, farmyard manure + humic acid, digested fertilizer
+ humic acid, chemical fertilizer + humic acid, farmyard manure + chemical fertilizer, and digested
fertilizer + chemical fertilizer. Each experimental plot consisted of six rows, 4 m long, with a 35
cm row spacing. The amount of manure, urea, superphosphate triple, and digested fertilizer was 10
tons/ha, 150 kg/ha, 50 Kg/ha, and 4 tons/ha, respectively. Fifty percent of fertilizers were applied
in the integrated treatments. The concentration of humic acid was 0.5 per thousand. The site was
irrigated immediately after sowing the seeds, and a drip irrigation system was used once a week.
Weeding was done by hand as required. Quantitative traits were measured at the maturity stage.
Seed samples were collected after the harvest process. To extract the flax oil, a Soxhlet extraction
with n-hexane solvent was used. The obtained data underwent analysis of variance (ANOVA) using
SAS statistical software (SAS Version 9.1), where means were compared using LSD.

Results and Discussion: The results showed that treatments had a significant effect on the most
measured traits in this study. The integrated treatments significantly increased plant height, capsule
number per plant, sub-branches number, biological yield, grain yield, oil percentage, and oil yield.
The traits consisting of grain number per capsule, primary branches, and 1000 grain weight of flax
were not affected significantly by the treatments. The highest values of biological yield (2440
kg/ha) and grain oil content (30%) were recorded in the integrated treatments of digested fertilizer
+ chemical fertilizer and digested fertilizer +humic acid, respectively. The integrated treatments of
digested fertilizer + humic acid, farmyard manure + humic acid, chemical fertilizer + humic acid,
and digested fertilizer + chemical fertilizer significantly increased grain oil content by 36.66, 34.84,
29.63, 28.73, and 26.92 % compared to control, respectively. The highest values of grain yield
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(688.3 kg/ha) and oil yield (185.9 kg/ha) were obtained in the integrated treatment of humic acid
and chemical fertilizer. The lowest of the mentioned characteristics belonged to the control
treatment. The integrated treatments of humic acid + chemical fertilizer and farmyard manure +
chemical fertilizer significantly increased grain yield by 30.46 and 29.43% compared to control,
respectively. The integrated treatment of chemical fertilizer and humic acid increased oil yield by
19.39, 33.69, 30.01, and 16.44% compared to chemical fertilizer, farmyard manure, digested
fertilizer, and humic acid, respectively. Environmental conditions and plant nutrition are effective
factors in the growth and yield of crops. It can be said that combined treatment increased the
positive effect of organic fertilizers, and there were synergistic interactions between them.
Conclusion: The integrated treatments of organic and chemical fertilizers improved the flax
characteristics compared to chemical fertilizer application alone. Overall, reasonable management
of fertilizers not only improved flax yield but also protected environmental safety.

Keywords: Digested fertilizer, Humic acid, Qil plants, Sustainable agriculture



