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Abstract

Background and objectives: Pink evening primrose is one of the world's most well-known
and economically valuable medicinal plant species. It has also been cultivated as an ornamental
and medicinal plant in Iran. In addition, its seed oil is used in the pharmaceutical, food,
cosmetic, and healthcare industries. Micronutrients and biofertilizers can enhance the quality of
agricultural products. Therefore, this study was conducted to investigate the effect of arbuscular
mycorrhizal fungi and zinc foliar spraying on the nutrient uptake morphophysiological and
biochemical characteristics of pink evening primrose.
Methodology: This research was conducted on evening primrose for one year, from October
2022 to September 2023. For this purpose, evening primrose seeds were first grown for 120
days in greenhouse conditions in size 10 pots and then at the time of transplanting to the main
pot, they were inoculated with Glomus intraradices arbuscular mycorrhizal species, and
inoculation was carried out at two levels of inoculation and non-inoculation during the transfer
of the seedlings of the main pot. This experiment was carried out factorially in a completely
randomized design and foliar application of zinc element in zinc sulfate at three levels of zero
(control), 3 and 5 mg/L in three replications at the eight-leaf stage. Before planting the plant,
samples were taken from the soil mixture used, and the physicochemical test of the soil included
The concentration of nitrogen, potassium, phosphorus and biomass carbon elements. The
examined traits include Morphological traits (wet and dry weight of shoot, number of flowers
per stem, flower diameter, length of flowering period, number of leaves, number of capsules,
number of seeds in capsule, number of lateral branches) and number of mycorrhizal spores in
the soil and physiological traits including chlorophylls a, b and total, carotenoid, phenol and
flavonoid and antioxidant and activity of catalase and peroxidase enzymes were evaluated in
leaves.
Results: The results showed that in the foliar treatment with 5 mg/l zinc sulfate, the number of
flowers per plant, number of capsules per plant, number of seeds per plant, seed yield, number
of internodes, number of secondary stems, fresh and dry weight of shoot and flavonoid
phytochemical traits, antioxidant, catalase and peroxidase and in addition elements of
phosphorus, zinc, boron, manganese, iron and copper were significantly different at the 1%
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probability level. Carotenoid, nitrogen and potassium elements were found to have a significant
difference at the 5% probability level. The effect of inoculation treatment with arbuscular
mycorrhizal fungus on the traits of number of flowers per plant, number of capsules per plant,
number of seeds per plant, seed yield, flower diameter, stem diameter, leaf area, number of
leaves, fresh and dry weight of shoot, plant height and length flowering period and in addition,
total chlorophyll, phenol, flavonoid, antioxidant and catalase and elements of nitrogen, zinc,
boron, manganese, iron and copper were significantly different at the 1% probability level. The
traits of the number of secondary stems, carotenoids, and peroxidase were significant at the 5%
probability level. The interaction effect of foliar spraying treatments with zinc sulfate 5 mg/litre
and arbuscular mycorrhizal fungus on shoot weight and total chlorophyll at the 1% probability
level, and the number of flowers, chlorophyll a, catalase and zinc element was observed to be
significant difference at 5% probability level. The comparison between the treatments showed
that the foliar treatment with zinc sulfate 5 mg/litre, along with the inoculation of arbuscular
myecorrhizal fungus, had the most significant effect on increasing the amount of flowering, seed
yield and phenolic compounds and catalase and peroxidase enzymes.

Conclusion: In general, it can be concluded that among the treatments used, foliar spraying
treatment with zinc sulfate (5 mg/litre) along with arbuscular mycorrhizal fungus can achieve
high flower and seed yield by affecting the availability of nutrients and increasing vegetative
growth. It can also increase the amount of chlorophyll and total carotenoid, flavonoid,
antioxidant, catalase, and peroxidase of this valuable plant.

Keywords: Peroxidase, antioxidant capacity, total flavonoid, catalase.
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Table 1. Physicochemical characteristics of experimental soil

EC H Carbon K P N Sand Silt Clay Soil
(ds.m™) P (%) (mg.kg?)  (mg.kg?) (%) (%) (%) (%) pattern
1.25 6.81 1.48 107 20.35 0.39 4842 3508 1649  Loamy sand
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Table 2. ANOVA of zinc sulfate and mycorrhiza effects on morphological traits and yield of Oenothera speciosa

M.S.
SOV, d. f. Number of Number Number Seed weight Seed Number of Number Number of
flowers of capsules of seeds or bush ield internodes of leaves sub-stems
per bush per bush per bush P y per bush per bush per bush
(A) ZnSOq4 2 348.11™ 244.11™ 1041.44™ 0.003" 0.005™ 108.11™ 66.33" 176.77"
(B) Mycorrhizal 1 1352 1901.38™ 4170.88™ 0.0015™ 0.011™ 9.38™ 1476.05™ 125
AxB 2 171% 70.77m 48.11m 0.0002" 0.001" 2.7m™ 3.44ms 1ns
EXpirr'rrgf”ta' 12 22.76 21.86 20.83 7.75 15.06 10.82 7.29 5.91
C.V. (%) 11.77 12.96 7.21 14.36 0.28 9.28 13.70 16.14
=Y Joda aelsl
Continued Table 2. ...
M.S.
Flower Stem Plant Leaf Shoot fresh Shoot dry Flowe_:rlng Number
S.0.V. d. f. - . - - . period of spores
diameter diameter height area weight weight
length per bush
(A) ZnSO4 2 34.93m 0.132m 42.11m 2.83™ 438.11™ 138.54™ 82.33m™ 0.06™
(B) Mycorrhizal 1 206.45™ 177 213.55™ 16.41" 1042.72™ 260.22™ 401.38™ 94.21™
AxB 2 19.54"s 0.116M 105.44m 0.52m 188.77" 6.33" 19.44rs 0.06m™
Experimental error 12 6.96 26.39 3.22 14.71 21.09 19.89 2.94 46.59
C.V. (%) 6.43 5.13 8.54 9.5 15.74 1451 7.68 27.81
n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively
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Table 3. Means comparison of zinc sulfate and mycorrhiza effects on morphological traits and yield
of Oenothera speciosa

Number Number Number Seed Siielg Number Number Number of
Treatment of flowers  of capsules of seeds weight (I)<, ha: of internodes  of leaves sub-stems
per bush per bush per bush per bush (g) gl) per bush per bush per bush
Control 28.5¢ 29.66° 87.50° 0.0462 5.43¢ 13¢ 428 12¢
ZnS04 (3mg) 35.83% 36.16° 99.83° 0.0522 5.45b 16.16° 46.832 15.5°
ZnS04 (5mg) 392 38.33? 108.172 0.0572 5.472 192 53.662 19.66°
No 25.77° 24.44° 83.33° 0.042° 5.42b 15.332 38.44° 14.88°
mycorrhizal
Myecorrhizal 43.112 452 113.782 0.0612 5.472 16.772 56.552 16.552
e =Y Jsds asld
Continued Table 3. ...
Flower Stem Plant Leaf Shoot Shoot dry Flowering Number
Treatment diameter diameter height area fresh weight period of spores
(mm) (cm) (cm) (cm) weight (g) (s)) length per bush
Control 40.718 2.3 53.832 5.062 18.33¢ 10.27¢ 73.162 2.212
ZnS0O4 (3mg) 42.728 2.42 552 5.272 28.16° 14.43° 77.332 2.292
ZnS04 (5mg) 44.10° 2.52 57.52 5.992 29.33¢2 172 782 2.352
No mycorrhizal 39.12° 2.09° 52b 4.49° 17.66° 10.10° 71.42° ob
Mycorrhizal 45.892 2.78 58.52 6.40° 32.882 17.702 80.882 3.572
=Y Jods aslsl
Continued Table 3. ...
Number Number Number Seed S;eeeig Number Number Number of
Treatment  of flowers  of capsules of seeds weight (I></ ha: of internodes  of leaves sub-stems
per bush per bush per bush per bush (g) gl) per bush per bush per bush
AOBO 23.33¢f 21.66° 73.66¢ 0.042¢ 5.419% 12¢ 34.66¢ 11¢
AOB1 33.66° 37.66% 101.33° 0.050° 5.44b¢ 149 49.33b 13¢¢
A1BO 27.66% 23.33% 84.66% 0.042¢ 5.42¢¢ 16>d 37 15¢
Al1B1 445 492 1152 0.0622 5.48 16.33% 562 16%¢
A2B0 26.33% 28.33° 91.66% 0.043¢ 5.43% 18%® 43¢ 20.66%

A2B1 51.66% 48.332 1252 0.070? 5.502 208 632 18.662
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Continued Table 3. ...
Flower Stem Plant Leaf Shoot Shoot dry Flowering Number
Treatment diameter diameter height area fresh weight period of spores
(mm) (cm) (cm) (cm) weight(g) (9) length per bush
AO0BO 38.40% 1.934 47d% 3.87¢ 15¢f 7.24¢ 67.33%¢
A0B1 43,01%¢ 2.67b¢ 59.66% 6.25% 21.66° 13.30% 798¢ 2.63°
A1B0O 39.65% 2.03« 53.66%¢ 4.47¢% 17c¢ 10.534 72.33%¢
AlB1 45,78 2.782 55.330 6.07b¢ 39.332 18.33% 82.33? 3.83®
A2B0 39.31¢% 2.31« 60.33? 5.12¢ 21 12,53 74.66%4
A2B1 48.892 2.71% 56.66%¢ 6.862 37.66%® 21.482 81.33%® 3.9

In each column, means with common letters are in the same statistical group at 5% probability level (Tukey test).
A0BO (ZnSO4 (0) x No mycorrhizal), AOB1 (ZnSO4 (0) x Mycorrhizal), A1BO (ZnSO4 (3mg) x No mycorrhizal), A1B1 (ZnSO4 (3mg) x
Myecorrhizal), A2B0 (ZnSO4 (5mg) x No mycorrhizal), A2B1 (ZnSO4 (5mg) x No mycorrhizal).
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Table 4. ANOVA of zinc sulfate and mycorrhiza effects on phytochemical traits of Oenothera speciosa

M.S.
Total Carotenoids Phenols Flavonoids Antioxidants i
Chlorophylla  Chlorophyll b Catalase Peroxidase
S.O.V. d.f. chlorophyll content content content content
(A) ZnSOq4 2 10.37" 0.08" 0.89" 0.98" 0.006" 0.05™ 670.44™ 0.01™ 0.00002™
(B) Mycorrhizal 1 0.004"s 23.71m 29.44™ 0.57" 0.074™ 0.09™ 1250™ 0.004™ 0.000003"
AxB 2 42.04 8.71m 69.64™ 0.22m 0.001" 0.009™ 74.56™ 0.001" 0.000002"
Experimental
12 2.53 0.67 2341 3.20 21.40 15.30 10.82 20.71 10
error
C.V. (%) 4.30 18.40 11.56 8.79 3.43 9.93 12.72 0.53 2.25
n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively
(Oenothera sPeciosa) i, e sie S8 (sland std Sl i 15,5556k 5 55 O Ll 0:Kle aulic =0 Jsux
Table 5. Means comparison of zinc sulfate and mycorrhiza effects on phytochemical traits of Oenothera speciosa

Total Carotenoids Phenols Flavonoids Antioxidants .

Chlorophylla  Chlorophyll b Catalase Peroxidase
chlorophyli content content content content ] .
Treatment (mg.g?* leaf (mg.g? leaf (units.mg* (units.mg*
(mg.g! leaf (mg.g! leaf (mg.g? (mg.g*! leaf (mg.g*! leaf
FwW) FW) leaf FW) leaf FW)
FW) FW) leaf DW) DW) FW)

Control 13.372 16.872 7.562 3.61° 0.782 0.38° 40.79¢ 2.43¢ 0.034¢
ZnS04 (3mg) 14.228 17.082 7.952 3.64% 0.812 0.46° 46.69° 2.47° 0.036°
ZnS04 (5mg) 15.232 17.372 8.09? 4.128 0.832 0.512 55.63? 2.52 0.0372

No mycorrhizal 14.262 15.962 6.59° 3.6 0.74° 0.38° 39.37° 2.45b 0.035°
Mycorrhizal 14.292 18.26? 9.15? 3.9 0.872 0.522 56.042 2.482 0.0362
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Continued Table 5. ...

Total Carotenoids Phenols Flavonoids

Chlorophyll a Chlorophyll b Antioxidants Catalase Peroxidase
chlorophyli content content content . .
Treatment (mg.g? leaf (mg.g* leaf content (units.mg* (units.mg*
(mg.g! leaf (mg.g! leaf (mg.g? (mg.g! leaf
FW) FW) (mg.g! leaf FW) leaf FW) leaf FW)
FW) FW) leaf DW) DW)
A0BO 15.24% 16.680¢ 9.452 3.31¢ 0.732¢ 0.34¢ 30.18¢% 2.492 0.0362°¢
A0B1 11.59% 17.05%¢ 8.86%¢ 3.90% 0.840b¢ 0.420¢ 51.39b¢ 2.492 0.036%
Al1BO 14,1924 15.28¢¢ 6.61%¢ 3.610d 0.750¢% 0.37¢ 37.96¢% 2.45¢% 0.0362°¢
AlB1 14.24%¢ 18.882 9.93? 3.67% 0.873%® 0.54% 55.41% 2.502 0.0372
A2B0 13.34b¢ 15.92¢¢ 4.76% 3.90% 0.759¢ 0.420¢ 49.97¢ 2.41¢ 0.033¢
A2B1 17.122 18.842 7.59%d 4,332 0.9122 0.60? 61.302 2.46° 0.035¢

In each column, means with common letters are in the same statistical group at 5% probability level (Tukey test).
AOBO (ZnSO4 (0) x No mycorrhizal), AOB1 (ZnSO4 (0) x Mycorrhizal), A1BO (ZnSO4 (3mg) x No mycorrhizal), A1B1 (ZnSO4 (3mg) x Mycorrhizal), A2B0 (ZnSO4 (5mg) x No mycorrhizal), A2B1
(ZnS04 (5mg) x No mycorrhizal).
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Table 6. ANOVA of zinc sulfate and mycorrhiza effects on essential elements of Oenothera speciosa

M.S.

S.O.V. d.f. Nitrogen Phosphorus Potassium Calcium Magnesium Zinc Boron  Manganese Iron Copper

Zr(é)o 2 3.66" 0.005™ 1.95" 0.19™ 0.01™ 132.92" 31.19™ 553.08" 1667.90” 28™
4
(B) . 1 1417 0.00002"™ 0.62" 0.15™ 0.001" 40.50" 17.33™ 72" 355.55™ 14.22"™
Mycorrhizal

AxB 2 0.66™ 0.001"™ 0.01™ 0.02™ 0.01™ 30.14" 2.23™ 7.25™ 25.92m 2.37™
EXP‘;'rr(’)’re”ta' 12 1642 5.04 19.14 178 252 1045 395 19.24 10.38 5.78
C.V. (%) 9.23 4.69 9.58 15.03 13.10 10.96 7.67 3.78 8.65 12.02

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively
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Table 7. Means comparison of zinc sulfate and mycorrhiza effects on essential elements of Oenothera speciosa

Treatment Nitrogen Phos;s)horu Potassium Calciu Magnesium Zinc Boron Manganese Iron Copper
(%) (%) (%) %) (%) (mgkg?) (mg.kg?!)  (mgkg?)  (mgkg?) (mg.kg?)
Control 1.6° 0.34° 1.26° 1.20° 0.29° 15.44¢ 19.11°¢ 60.33° 59.44° 8.66°
ZnS0O4 (3mg) 2.1° 0.35° 1.86% 1.382 0.33* 17.72° 21.22° 69.22° 76.11° 10.66°
ZnS0O4 (5mg) 2.4° 0.36° 1.9 143 0.34* 220 22.27° 73.66° 82.22* 11.66°
No mycorrhizal 1.8° 0.34% 152 1.25° 0.31% 16.88° 19.88° 65.74° 68.14° 9.4°
Mycorrhizal 2.7% 0.38% 2.022 1.442 0.35° 19.18° 21.85% 69.742 77.032 11.222
=Y Jods aslsl
Continued Table 7. ...
Nitrogen Phosphoru Potassiu Calciu Magnesiu Zinc Boron Manganese Iron Copper
Treatment (%) S m m m (mg.kg™) (mg.kg") (mg.kg?) (mg.kg?)  (mg.kg?)
AOBO 1.40¢ 0.366° 1.118 1.15¢ 0.31% 13.88%f 17.77% 58.33¢ 56.66° 8.2%
AOB1 1.80% 0.383® 1.41% 1.25% 0.27% 17vd 20.44%¢ 62.33% 62.22% 9.1%
Al1BO 1.58% 0.353° 1.65% 1.25% 0.28%¢ 14.44% 20.11%¢ 66.44% 71.11% 9.3¢
Al1B1 2.67° 0.334¢ 2.06% 1.51% 0.36° 21%¢ 22.33% 72 81.11%® 10.77%¢
A2B0 2.61%® 0.338¢ 1.82% 1.35M% 0.33%® 2233 22777 T4 87.66° 12.55
A2B1 2.80? 0.385% 2.23° 1.55% 0.36° 21.66% 21.77%¢ 72.44% 76.77% 12%®

In each column, means with common letters are in the same statistical group at 5% probability level (Tukey test).
AO0BO (ZnSO4 (0) x No mycorrhizal), AOB1 (ZnSO4 (0) x Mycorrhizal), A1BO (ZnSO4 (3mg) x No mycorrhizal), A1B1 (ZnSO4 (3mg) x
Mycorrhizal), A2B0 (ZnSO4 (5mg) x No mycorrhizal), A2B1 (ZnSO4 (5mg) x No mycorrhizal).
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