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Table 1. The main effects of seaweed extract (Sargassum angustifolium) and Mg-aminochlate

on pigments and photosynthetic indices of cucumber.
e 2 eSSk b Jedg ks 2 e k) a8 Jyeiskee) slais,; colon 2 doeske) G5 25
Treatment (3 5 (456 50 @y 2 (456 50 o ye
Chlorophyll b (mg g=  Carotenoid (mg g* Stomatal Transpiration rate
LFW) FW) conduction (mmol (mmol m2.s?)
m2.s?)

g LY by Sl
Seaweed extract

0 (Go) 0.45 0.64° 0.09° 3.33¢
1.5 (Gis) 0.44 0.70 % 0.10° 2.02°
3 (Gs) 0.51 0.80° 0.13° 2.87°2
Sl Fxo ns * *x *
Significance
(L L o2 e OIS gl
Mg-aminochelate
0 (Mgo) 0.35° 0.50°¢ 0.07° 2.77
2.5 (Mg2s) 0.48° 0.63° 0.12° 2.75
5 (Mgs) 0.58 1.012 0.14° 2.70
d)b@_’da ** ** ** ns
Significance
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Means with different letters are significantly different at the 5% probability level (Duncan’s test)
** *and ns indicate significant differences at the 1%, 5% and non-significant levels, respectively.
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Fig. 1. Effect of different concentrations of Sargassum angustifolium seaweed extract (G) and magnesium
aminochelate (Mg) on the chlorophyll a content of cucumber plants under magnesium deficiency
conditions.
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Fig. 2. Effect of different concentrations of Sargassum angustifolium seaweed extract (G) and magnesium
aminochelate (Mg) on the total chlorophyll a content of cucumber plants under magnesium deficiency
conditions.
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Fig. 3. Effect of different concentrations of Sargassum angustifolium seaweed extract (G) and magnesium
aminochelate (Mg) on photosynthesis rate of cucumber under magnesium deficiency conditions.
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Table 2. The main effects of seaweed extract (Sargassum angustifolium) and Mg-aminochlate
on cucumber yield indices.

Sl ogae Slaas (P55 o900 S5 09 (&g 3 p5) 3,Skee
Treatment Number of Single fruit weight Yield (g plant?)
fruits (9)
QLY oL Sl ML LY e oM gl
Seaweed extract Mg-aminochelate
0 (Mgo) 20.00° 74.49 1503 ¢
0 (Go) 2.5(Mg2s) 25.00 % 80.52 % 2011 ¢f
5(Mgs) 35.00° 67.57 ¢ 2363 ¢
0 (Mgo) 22.33 ¢ 71.65 % 1593 ¢
1.5 (Gis) 2.5(Mg2:s) 30.00°¢ 70.94 % 2120 ¢
5(Mgs) 40.66 ° 62.81" 2554 b
0 (Mgo) 26.00 % 70.97 % 1842 f
3 (Gs) 2.5(Mg2s) 28.66 77.66 ¢ 2225
5(Mgs) 41662 82.85° 3038°*
d)b@_’.‘a * ** *
Significance

O sazaslis s 4 NS o X ((Sls ysej]) wites 0o )0 O Jleil mhaws (o (g lo tme OB glls wlive e By y L (. Silo

S s puf g o) iy o, S mhaw jo e S
Means with different letters are significantly different at the 5% probability level (Duncan’s test)
** *and ns indicate significant differences at the 1%, 5% and non-significant levels, respectively.
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Fig. 4. Effect of different concentrations of Sargassum angustifolium seaweed extract (G) and magnesium
aminochelate (Mg) on magnesium in cucumber leaves under magnesium deficiency conditions.
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Fig. 5. Effect of different concentrations of Sargassum angustifolium seaweed extract (G) and magnesium
aminochelate (Mg) on phosphorus in cucumber leaves under magnesium deficiency conditions.
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Table 3. The main effects of seaweed extract (Sargassum angustifolium) and Mg-aminochlate
on nitrogen and potassium concentrations in cucumber leaves.
Slesd (%2)9) (3395 (329) foily
Treatment Nitrogen (%) Potassium (%)
QLD by Sl
Seaweed extract

0 (Go) 3.52 6.262
1.5 (G1s) 3.52 5.93P

3 (Gy) 3.35 570"
Sl gxe ns falad

Significance
L LY o2 e OIS gical
Mg-aminochelate

0 (Mgo) 2.97° 6.05 2
2.5 (Mgzs) 3.38" 6.05 2

5 (Mgs) 4.042 5.79®

6)‘05:‘-*" ** *%*

Significance
B sazaslis cus 4 NS §* @ TS a0 atiie ao 0 8 Jlatsl mhaw j0 (5l e SN lls alie e By b (2 Sile

S s puf g 0oy iy o0 S mhaw jo e Jxe
Means with different letters are significantly different at the 5% probability level (Duncan’s test)
** *and ns indicate significant differences at the 1%, 5% and non-significant levels, respectively.
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Abstract

The excessive use of high-potassium fertilizers to improve fruit weight and color in Iranian
greenhouse units has made magnesium deficiency a major challenge. This issue is further
intensified by poor irrigation water quality, characterized by high levels of bicarbonate and
salinity, and by high competition for nutrient absorption between vegetative and reproductive
parts during the mid-season. High light intensity in greenhouses in southern Iran increases the
plant's need for magnesium and exacerbates its deficiency due to an increase in the rate of
photosynthesis and carbohydrate production. In this regard, an experiment was conducted in
the autumn and winter of 2022-2023 in the educational-research greenhouse of Shahid
Chamran University of Ahvaz in the form of a split-plot design in a randomized complete
block design with three replications in order to improve the photosynthetic, yield and
elemental indices of cucumber using seaweed biostimulants and magnesium aminochelate
under magnesium stress conditions. The experimental treatments included foliar spraying of
different concentrations of brown seaweed (Sargassum angustifolium) (0, 1.5 and 3 g L™?) (as
a main plot) and magnesium aminochelate (0, 2.5 and 5 mL L) (as a subplot). Foliar
spraying of seaweed and magnesium aminochelate began two weeks after transplanting and
continued once a week until one week before the end of harvest. The results of this
experiment showed that the use of 3 g L™ seaweed and 5 mL L™ magnesium aminochelate
treatment (GsxMgs), compared to the control treatment (GoxMgo), increased chlorophyll a by
186.27% and total chlorophyll by 151.19%, respectively. Furthermore, the highest
photosynthetic rate (10.05 umol m~2.57) was observed in the GsxMgs treatment, whereas the
lowest rate (3.53 umol m™2.571) was recorded in the control treatment. The highest and lowest
yield was observed with 3038 and 1503 g plant, respectively, in the GsxMgs and GoxMgo
treatments, which resulted in a 102% increase in yield. In all seaweed levels, the magnesium
concentration of cucumber increased significantly with increasing levels of magnesium
aminochelate foliar application, such that foliar application of the Gs3xMgs treatment
increased the magnesium concentration of greenhouse cucumber leaf tissues by 115%
compared to the control treatment. According to the results of the present experiment, the use
of 3 g L of Sargassum angustifolium seaweed extract and 5 mL L™ of magnesium
aminochelate is recommended to improve the physiological, photosynthetic, and yield indices
of greenhouse cucumber under magnesium deficiency conditions.

Key words: Seaweed, Cucumber, Soilless culture, Chlorophyll, Yield, Magnesium.



