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Table 1. Physicochemical properties of the studied soil.
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Table 2. The interaction of organic and biological fertilizers and salt stress on some growth and physiological parameters and nutrient uptake of evening primrose
(O. biennis L.).

et 5 I sleogs S ol S ey 85 oeon O3y S Fohp e SAS ) (a5 0y Jsb s et F ks

Organic and biological fertilizers (dS.m™) STy o  Totalprotein ol.sls Sus ady a0 )lusly Js Duration of  Number of Diameter

Salinity  py (umol Electrolyte nele gy & SFW/RFW Flower flowering flowers flower of

/Min/gfw  leakage (%) SDW/RDW dry weight (day)
) (W) ®
Control sals 0.85¢ 84.86° 71.61¢ 2.35b 1.74° 1.92¢ 23.13¢4 22.66° 24f
Mycorrhizal fungi (1.5 gkg™) 15,55 4 0.82°¢ 89.99% 74.3¢ 2.6% 1.87% 2.18° 21.2° 424 354
Mycorrhizal fungi (3 gkg™) 15,550 1.63% 85.23° 73.31¢ 2.8% 1.89% 2.19° 23.24 45°¢ 40.66*
Humic acid (16 mg L) sl Sogen 0.53¢ 85.52° 80.8* 1.85¢ 2.09* 2.37% 27.35° 49.33° 37°
Humic acid (32 mg L) sl Sogen 0.644 74.259 80.53* 1.28¢ 0.54¢ 2.41* 42° 51.33® 39°
Madder residue .bs, bl 1.14° 81.2¢ 76.7° 2,58 1.84° 1.88¢ 26.83¢ 45.33¢ 30°
Control sals 1.16° 84.56* 69.92¢ 1.56 2.36° 1.29¢ 23.03¢ 25.334 21¢
Mycorrhizal fungi (1.5 gkg™) 15,550 7 2.16* 79.47° 78.55% 3.56* 1.74° 1.5% 21.14¢ 47.33% 284
Mycorrhizal fungi (3 gkg™) I;,s%L 1.6° 66.53¢ 78.45° 1.7° 1.48° 1.832 25.17° 40.66° 31¢
Humic acid (16 mg L") sl Sogn 1.17¢ 79.77° 70.834 1.92° 1.06° 1.44¢ 22.534 43.33b 36°
Humic acid 32 mg L) snlSogn 0.85¢ 60.77¢ 74° 0.83¢ 0.85¢ 1.56° 25.17° 39.33¢ 38
Madder residue .bs, <Ll 1.13¢ 80.24° 72.43¢ 1.98° 0.75¢ 6.36 26.13% 44.33° 284
Control sals 1.1 81.58° 69.50° 1.7° 1.74% 0¢ 0° 0° 0f
Mycorrhizal fungi (1.5 gkg™) 15,550 0.49¢ 84.55° 74.44° 3.4 1.99* 1.32¢ 18.18° 33.66¢ 20.66°

Mycorrhizal fungi (3 gkg™) 15,55 12 0.56¢ 47.58¢ 71% 2.06° 1.81% 1.33¢ 22.28° 37.66¢ 310
Humic acid (16 mg L) sl Sogen 0.74b¢ 47.62¢ 71.48% 0.924 1.51° 1.32¢ 17.46¢ 41° 30°
Humic acid 32 mg L) sulSogen 0.99% 84.31% 70.32% 0.86¢ 1.19¢ 1.43° 23.56° 40° 284
Madder residue b, <Ll 1.28* 78.83¢ 74.13% 2.31° 1.54° 1.522 22.41° 45.33¢ 332

1 Means with different letters are significantly different (P<0.05) based on Duncan test.
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Table 3. Pearson coefficient correlation between growth and physiological parameters and nutrient uptake of
evening primrose (O. biennis L.)

b (S Sl o oy O3 et 5 k8 e e updi ok S W
Characteri 5 Js S Sis Js  Diame ool pORW soals had & s 039
stics Peroxi  Total  Electrol loazls Num  terof K Na Duratio P ol Ss
dase protei yte Flow berof flower  apsorpt  absorpti nof absorpt  Na/K sty
n leakage ers flowe ion on floweri ion ’
dl'y r ng ada)d
weig SDW/
ht RDW
JS o 011
Total
protein

cisase 0118 -0.06

e
Electrolyte
leakage
S 559 -0.126  0.51™ 0.24"
axls
Dry
weight of

flowers
55l 0.08 0.57™ -0.16 0.772

Number of
Flower
Js ks -0.19 0417 0.09 0.692  0.64*

. *% *
Diameter

of flower
ol ois 039% 0367 -0.22 0.239  042*  0.016
K
absorption
xS 0.38*  0.002 -0.32*

- 0.178  -0.127  0.45%*
* 0.115

Na oo
absorption

0,90 Jsbo -0.01 0.43™ -0.12 0.82*  0.89*  0.66** 0.21 0.024

Rty

Duration

of
flowering
P asoir  036% 0367 -0.16 0256 043*  0.132  0.76** 0.38%* 0.25
absorption

(e Cand -0.55 -0.5" 0.04 -0.5™ -0.34"  -0.61" 0.27" 0.38" -0.37"

el &
Na/ K
058 S 0.32 0.21 0.15 0.15 0.09 -0.15 0.43™ 0.34" -0.6 0.28" -0.15

4 0,lsls
ady)
SDW/RD
w
PR

4o lusls

0.04 -0.07 0.17 -0.1 -0.3" -0.3" 0.07 0.28" -0.3" 0.12 0.23 0.45™
als)

SFW/RF
W

1 Significant levels at P< 0.01 are represented by ** using Pearson correlation coefficient.
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Research article

Effect of Humic acid, Mycorrhizal Fungi and Madder Residue on Some
Growth Characteristics and Nutrient Uptake of Evening Primrose
(Oenothera biennis L.) Under Salt Stress

M. Bohloli, M. Dehestani-Ardakani®, M. Shirmardi, J. Razmjoo!

In this study, effects of humic acid, mycorrhizal fungi and madder residue on some growth
characteristics and nutrients uptake of evening primrose (Oenothera biennis 1L.) were
investigated under soil salinity stress. The experiment was conducted as factorial based on a
completely randomized design. Six levels of fertilizers including control (without soil
amendments), 1.5 and 3 g L"! mycorrhizal fungi, 16 and 32 mg L' humic acid, and 25% v/v
madder residue were used in the presence ofthree levels of soil salinity (4, 7, and 12 dS m™!)
with three replications. Results showed that in salinity of 4 dS m™! the maximum number of
flowers, flowering duration and dry weight of flowers were obtained in 32 mg L' humic acid.
In salinity level of 7 dS m™! the treated plants with 1.5 mg kg! mycorrhizal fungi showed the
maximum number of flowers, flowering duration, and the highest uptake of Na, K and P. In
salinity level of 12 dS m™! the maximum number of flowers, dry weight of flower, total protein,
peroxidase activity, and the lowest Na uptake were observed in plants treated with madder
residue. Using organic and biological fertilizers induced flowering in salinity of 12 dS m™.
Generally, mycorrhizal fungi and madder residue in all salinity levels caused increasing growth
and yield of plant.

Keywords: Peroxidase activity, Evening primrose, Salinity stress, Biological fertilizer,
Organic materials.
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