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Article Info ABSTRACT

Article type: Background and Objectives: Chia (Salvia hispanica L.) is an annual plant
Full Length Research Paper  pelonging to the Lamiaceae family, native to Mexico and northern
Guatemala. Its seeds are commercially valuable due to their high omega-3
and omega-6 content, as well as being a potential source of antioxidants
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Received: 09.25.2024 and dietary fiber, making them widely used in the food and pharmaceutical
Revised: 01.02.2025 industries. Given the limited cultivation of this plant in Iran, this study
Accepted: 02.06.2025 aimed to identify the optimal planting density and biostimulant treatments

to enhance growth, increase yield, and improve the biochemical quality of
chia seeds under the climatic conditions of Gorgan.
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Chia, Materials and Methods: White chia seeds were obtained from the
Height, Agricultural and Natural Resources Research and Training Center of
Mucilage Tehran and cultivated in a 6 x 10 m? field. The experiment was conducted

in a factorial design based on a randomized complete block design (RCBD)
with three replications at the research farm of Gorgan University of
Agricultural Sciences and Natural Resources. Treatments included aqueous
extracts of green walnut and pistachio husks at a concentration of 1000
ppm, along with different planting distances (50, 60, and 70 cm). The
measured variables included morphological traits and yield components
(dry weight, plant height, leaf area, number of inflorescences per plant, fresh
seed weight per plant, and stem diameter), as well as phytochemical properties
(total phenols, total flavonoids, antioxidant activity assessed by TAOC and
FRAP methods in leaves and seeds, and seed mucilage content).

Results: The findings indicated that plant extracts and planting distances
significantly influenced plant height, leaf area, number of inflorescences,
fresh seed weight, and some phytochemical traits. The tallest plants
(238 cm) were observed in the control treatment with a 50 cm planting
distance, while the shortest plants (194 cm) were recorded in the walnut
extract treatment with a 60 cm planting distance. The highest number
of inflorescences (268) and fresh seed weight per plant (14.28 g) were
obtained in the control treatment with a 70 cm planting distance. The
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largest leaf area (183.11 cm?) was found in the control treatment with a
60 cm planting distance, whereas the smallest (82.48 cm?) was observed
in the walnut extract treatment with a 70 cm planting distance. Regarding
phytochemical traits, the highest total phenol content in seeds (19.5
mg gallic acid. g ™ pw) was obtained in the walnut extract treatment at a 60
cm planting distance, while the highest total flavonoid content in seeds
(0.66 mg quercetin. g "' pw) was observed in the walnut extract treatment at
a 70 cm planting distance. The highest antioxidant activity in seeds, as
measured by the FRAP method (165.95 mg. g ™), was recorded at a 70 cm
planting distance, whereas the highest antioxidant activity using the TAOC
method (301 mg. g ™) was observed at a 50 cm planting distance in the
walnut husk extract treatment. Additionally, the pistachio husk extract
treatment at a 50 cm planting distance resulted in the highest seed mucilage
content (0.1 mg g * pw), showing a 1.5-fold increase compared to the
control at the same planting distance.

Conclusion: The application of green walnut and pistachio husk extracts as
biostimulants, along with appropriate planting density, positively
influenced the growth and yield of chia plants. Both planting density and
the type of extract significantly affected chia’s morphological and
phytochemical characteristics. Notably, walnut husk extract played a
crucial role in controlling plant height and enhancing seed antioxidant
activity. These results could contribute to improving chia cultivation and
productivity in similar climatic conditions while promoting the use of plant
extracts in sustainable agriculture.
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Fig. 1. Chia plant seeds and aerial parts (Salvia hispanica L.) Photograph taken by the author.

(Plmem Voor CllE) wimy ol b Ldbd s
Gl oS (55, anin SGoalolil L Y Lajles s
53 5 olS Liugs A, Al se s ibd gl s
3o SAS Sl 5 e 0Ad S L sy, A
5ol gl 53 Ly s bl oSl glas
Dolon 5 S oo My JRalS el oml o5 oS
Sge ol 5 2ls S 2w 358 Gl 8 SR Ol
sl AT ey s e GRS
Ol S Sl s LS Sl sl e
dsb 3 s el olay3T 53 Layd Sl (gols 0 gad
20k 53 okl Ol 5 sle Juad 53 olS A,
el wia 5o LSS Al b Gt o 5 s
3 8es gl 5 i, Slio culgys 2 S
sl oS che Wy pli) S, S 0y)
ki s S a5 Ld S05s W s s 3 S
JS S50 (IS J5d) plend b Slis 5 (Ll
(TAOC, FRAP) 55, 55 4 glhnSl 2T ol
DB op s Gl Dlawge 5 50 5 S o

=z

RO

Yy

o9, 9 3150
oS 5 Shas 5 Ady g osken s ol
Voosled asyie 5s 088 a3l Ll s L
L8 S b mle 5 isliS pule oS5
YU LV N 5 0" YUY E LUl s Coxd e
el VE) L 3 Ls e 31 A gl L
il 5 Dl S 5l Ade glagd, 23S
ol s A g O b mle 5 sislis
55 Slo B8 gy CiS s w0 ol el
L35 sl (Top of paper: TP) s o
IS VE) sl 53 45 5m 53 e OV
K8 4
35 4 53 e TXA bl a4 se 02 7k )
Sl Voux1er sl Lol S Ll bl
Sy e le YVexVor 5 te Sl VAYXY O
L » oS b B s bl s @ S
S 3 s sled 4w b ol LS e L
©x00) i8S ol an Jold Jyl Jele oS 1>
hdsle pg3 Jale (e Sla Vaxor 5 ex0n
e Jolo 5 (pligg Ve ald) 538 ol L



AEXZ AN o b)lo.q.s ¥y 249 c@lﬁf .\.:)95 dl&w&sf Q)Aw

N AT }‘; - o
(Salvia hispanica L) \z o\ 8 ils 5 b i8S =10 =Y |S2

Fig. 2. Steps from planting to harvesting the chia plant (Salvia hispanica L.).
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Table 2. The effect of walnut and pistachio green hull extracts on chia (Salvia hispanica L.) morphological
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Fig. 3. The effect of pistachio, walnut green hull extracts, and row spacing on the total phenol of the chia
(Salvia hispanica L.) leaf and seed.
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Fig. 4. The effect of pistachio, walnut green hull extracts, and row spacing on the total flavonoid of the chia
(Salvia hispanica L.) leaf and seed.
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Table 3. The effect of pistachio, walnut green hull extracts, and row spacing on the antioxidant activity of the

chia (Salvia hispanica L.) leaf and seed.
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Fig. 5. The effect of pistachio, walnut green hull extracts, and row spacing on the chia (Salvia hispanica L.)
seed mucilage.
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