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Introduction

Saline soils due to lack of organic matter and poor physicochemical properties and subsequent lack of
moisture, usually having poor vegetation. The use of organic fertilizers in saline soils, can improve the growth
and tolerance of plants under salinity conditions by improving the physical and chemical properties of the soil.
For this purpose, this research was carried out with two types of organic fertilizers to modify saline soil
properties along with humic acid foliar application as a stimulant for the growth of the Stevia (Stevia rebaudiana
Bertoni.) plant. The experimental factors included the first factor: 1) control (without organic fertilizer), 2) vermi
compost (20 ton.ha*), 3) vermi compost (40 ton.ha), 4) Spent Mushroom Compost (SMC) (20 ton.ha?), 5)
Spent Mushroom Compost (40 ton.ha?), and the second factor was foliar spraying of humic acid at two levels of
0 and 0.1% in a Completely Randomized Design (factorial) with three replications. Photosynthesis rate, leaf
area, plant dry weight, pH, salinity, bulk density and soil organic carbon were investigated in order to determine
the most effective organic matter treatment under soil salinity stress conditions. Results showed that SMC
significantly decreased soil pH, bulk density, but increased electrical conductivity and soil organic carbon. Leaf
area was reduced but total phenol, chlorophyll a, b, total and carotenoid were increased resulting in significant
increase in the dry weight of Stevia plants in saline soil. The highest dry weight of the plant was obtained with
application of 40 tons.ha* of SMC fertilizer and humic acid foliar, which was 45.12% more than the control
(without fertilizer). Therefore, SMC fertilizer can be a suitable remediator for saline soil, humic acid spray also
had a significant positive effect if used along with SMC soil application.

Materials and Methods

This experiment was conducted as a completely randomized design (factorial) in boxes (dimensions
30x40x30 cm) containing natural saline soil (EC=10.15 dS.m™) under natural agronomic conditions at The
Ferdowsi University of Mashhad with three replications from July to January, 2018. Experimental factors were
included the first factor: 1) control (without organic fertilizer), 2) vermicompost 20 tons/ha, 3) vermicompost 40
ton.ha?, 4) Spent mushroom compost 20 ton.ha, 5) Spent mushroom compost 40 tons per hectare and the
second factor: foliar spraying of humic acid at two levels of zero and 0.1%. A soil sample was collected from
Kushk region of Neyshabur city with desired salinity (ECe=10.15 dS.m™?) and some physical and chemical
properties of soil and organic fertilizers were measured before the experiment. Organic fertilizers after mixing
with the experimental soil, were added to the plastic boxes according to the amount of each treatment. Two
seedlings were planted in each plastic box, maintaining a spacing of 20 cm. Irrigation was carried out daily using
tap water. One month after the stevia plants had adapted to the climatic conditions of Mashhad, foliar application
of humic acid was performed in three stages at 20-day intervals. After plant physiological maturity stage some
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parameters including plant dry weight, leaf area, total plant phenol, amount of chlorophyll a, b, carotenoid, total
plant chlorophyll, and soil organic carbon, bulk density, salinity, and soil pH, were determined after plant
harvest. The dry weight of the stevia plant was obtained by weighing the plants after drying in an oven for 48
hours at 70°C. Statistical analysis of data was performed by JMP software version 0.8, drawing graphs using
Excel software and comparing average data using LSD test at significance levels 1 and 5 percent.

Results and Discussion
Results showed that the SMC fertilizeralone and in combination with HA foliar application significantly
increased the dry weight of the stevia plant compared to the control through improving saline soil physical and
chemical properties like pH, OC, soil bulk density. These improvements resulted in some improvement in
photosynthetic pigments and total phenol. The highest dry weight of stevia plant was obtained with application
of 40 ton/ha of SMC fertilizer and humic acid 0.1% leaf spraying.

Conclusions

According to the results of this research, application of SMC fertilizer with and without foliar application of
humic acid was able to significantly increase the dry weight of the stevia plant compared to the control (without
fertilizer) through modifying the physical and chemical properties of saline soil (pH, OC, bulk density) and some
phytochemical properties of the plant (Photosynthetic pigments and total phenol). Application of VC fertilizer
was not successful. Even though humic acid foliar application increased the total plant phenol, it could not
improve the growth of the plant in saline soil alone, but it could increase the dry weight of the plant only with
application of SMC fertilizer. Thus, the highest dry weight of stevia plant was obtained with application of 40
ton/ha of SMC fertilizer and humic acid spraying.Therefore, it is suggested that in order to achieve proper
performance (>80%) and improvement in the physiological and morphological characteristics of the stevia plant
in very saline soil (ECe>10 dS.m™), it is necessary to use 40 ton.ha or more of mushroom compost waste. It
should be used in saline soil three to six months before cultivation and 0.1% humic acid foliar spraying should
be done three times with an interval of 20 days.

Keywords: Physiological characteristics, Plant biostimulants, SMC (spent mushroom Compost), Soil
salinity, Stevia sweet leaf , Vermicompost
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Table 4- The effect of two organic fertilizers levels on dry weight and some phytochemical traits in stevia plant

szl 0L S g ogsa DlbnS g 80 ol b
Levels of organic byl “C’h (ghb Car“tenoieds Total S gl PFlenoI
o " a .
fert|l|ze_rs Dry weight of (mogifw) (megifw) (mggfw) p|gn?ent Leaf area (mg.gt fw)
(ton.ha 1) p|ant (g.pot'l) 99 E8 (mgg ! fW)
Control (-) 9.89 ¢ 1.23b 0.56¢@ 0.32 be 2.11° 21.45¢@ 80..62 ¢
SMC (20) 14.05° 1.33b 0.622 0.35be 1.98b 18..77° 91.89°
SMC (40) 17.46 2 1.602 0.60@ 0.44 @ 2.64¢2 16.20 ¢ 109.72 2
VC (20) 6.16 © 0.99¢ 0.46°P 0.28°¢ 1.73¢ 15.21 < 84.33 ¢
VC (40) 7.3649 0.854 0.44° 0.234 1,524 13.78¢ 92.30°

25,5 LD g0l olisly b0 > ety Jlais! pdans 13 o L ()l stme glis o By o (sl (sloyiSilia (ygies y2 3 %
* In each column, means with the similar letters are not significantly different at 5% of probability level using LSD test.
Sooga sl (HA g 00508 pas 7)B CusgpaS SMC uvguoS (0y9 VC crals :C 0
CO: Control, VC: Vermicompost, SMC: Soil mashrom compost, HA: Humic acid

Lol oS orlhonsdgisd Slho (3 1 9 SWiS (359 52 Suagad sl (Sl Jglone 510 Jga
Table 5- The effect of foliar spraying humic acid on the dry weight and some phytochemical traits in stevia plant

Saogad ] ol SWS (39 by s a b Judg,5 Mg, S S WSS
HA Dry weight of plant Cha Chb Cartenoieds Total pigment | eaf area Phenol
(%) (9-pot*) (mg.g'fw) (mgg'fw) (mgg*fw)  (mg.g™fw) (cm?)  (mg.g™ fw)
HA O 11.39 1.262 0.573 0358 2048 17.86¢ 87.27"

HA 0.1 10.58° 1.14° 0.50° 0.30° 1952 16.3° 96.28

35,5 LSD (905l (bl sy gy Jlozn) o 13 ob b (555 gixe gl sl gy (il (slouSilio ygim so0 p
* In each column, means with the similar letters are not significantly different at 5% of probability level using LSD test.
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bl b Gl aoy BB jeba sndjlas obLS )3 boge
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(Mindari et al., 2014; Khaled & Wafy, 2011).
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Gl ) GhnSIial ol priman g S dpul g 59350
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ol 02l LS ke
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Table 7- The effect of two organic fertilizers levels on the soil physical and chemical properties

(" S 5
Levelifirgliigg;: lizers S‘ji‘rszji)rﬁ:y e ‘-"M ¢ SLpb ‘-’p pase 02 ‘Sl_& < i g
(ton.ha?) (ds.m?) Soil pH Bulk density (g.cm™) Organic carbon (%)
Control (0) 10.86 ¢ 8.48 152® 0.25¢
SMC (20) 13.06° 8.28°¢ 1.47° 0.35°
SMC (40) 14.77 @ 8.09¢ 141°¢ 052
VC (20) 10.54 ¢ 8542 1542 0.36°
VC (40) 11.23°¢ 8.45 % 152® 0.38°

)5 LSD (y90l (bl duo > i Jloin! s 13 o b (6l i gl cilitio gy gyl (gla puSilio gim poo y 3
* In each column, means with the similar letters are not significantly different at 5% of probability level using LSD test.

CO: control, VC: vermicompost, SMC: soil mashrom compost, HA: humic acid

S olownd 5 (2308 Olooguas: 5 Saoged sl (Sl slone X I 355 £95 93 o LS w0 —A g
Table 8- The interaction of organic fertilizers levels xfoliar spraying humic acid on the soil physical and chemical

properties
I s ok Spoga ] SB g9 PN SK 2l yogase o2
Organic fertilizers levels HA Soil salinity B Bulk density

(ton.ha't) (%) (dS.m™?) pH (9.cm?)
Cco 10.35 ¢ 8.48 % 1.51b¢

SMC 20 12.95b 8.28°¢ 1.49 bc
SMC 40 0 14822 8.10¢ 1.48 ¢

VC 20 10.59 ¢ 8.55¢ 1612

VC 40 11.35¢ 8.45%® 1.49 be

Cco 11.36 ¢ 8.48 @ 1.52bc

SMC 20 13.17° 8.28°¢ 145¢

SMC 40 0.1 14722 8.08¢ 1.344

VC 20 10.49¢ 8.52 % 1.47bc

VC 40 11.11°¢ 845" 154

)5 LSD (905 bl yr duo > iy Jloin] o 13 o b (61 sixe o9l cilive gy gyl (slopuSilio g yo )
Soogn ol (HA 5 (5100 2,58 CavgeS :SMC ciwsguaS 059 :VC il :C 0
CO: control, VC: vermicompost, SMC: soil mashrom compost, HA: humic acid
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JS JB L yloine g e (Stusen ST I 08 0l s oS 039 3 smg SB lasd 5 (Sopd sloyioll Sy g bt
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oSy G (Suwer 3D (Ui (P<O.01) jbdne 5 (ite 5 (P<O.01) I sixe 5 Cuto Sinod SB (6y5 5 45955 (IS
Mogne g Cute jo (855 JS D@ J5g)lS) (sus Sod SB epls ogase p 5 b o byl |
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Figure 1- Pearson correlation matrix between measured variables
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DMW: dry matter weight, Chla: chlorophyll a, Chlb: chlorophyll b, Total Chl: total chlorophyll, Carotenoid: carotenoid, Leaf
area: leaf area of stevia plant
Total phenol: plant total phenol, OC: soil organic carbon, Soil pH, EC: Electrical conductivity of soil
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