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Introduction

Intercropping reduces the application of chemical pesticides to control pests and weeds, reducing the
environmental risks associated with chemical pesticide application (Himmelstein et al., 2017). Biochar is a soil
amendment because of its potential to retain water and nutrients, prevent nitrogen leaching, increase soil fertility,
and improve plant growth (Fang et al., 2018; Munoz et al., 2016). Other benefits of vermicompost are increased
stability of soil resources, maintenance of production, reduction of environmental pollution, and increased soil
biological activity too (Demir, 2019). Therefore, the purpose of this study was to investigate the quality of forage
turnip (Brassica rapa var. rapa) leaves in different intercropping ratios of forage turnip and basil (Ocimum
basilicum) using biochar as soil amendment and vermicompost.

Materials and Methods

A biennial study was conducted on the quality performance of forage turnip (Brassica rapa var. Rapa) in the
form of split-plot factorial in a randomized complete block design with three replications in the research farm of
Islamic Azad University of Karaj in two years (2018-2019). The treatments of this study include: intercropping
in four ratio (100% forage turnip (monoculture), 90% forage turnip + 10% basil, 80% forage turnip + 20% basil,
70% forage turnip + 30% basil), in main plots, and vermicompost in two levels (15, 18.5 ton.ha*) and biochar in
two levels (No consumption and 5 ton.ha) which was placed in subplots. The forage turnip cultivar was
PacFBO05. In this study, Photosynthetic pigments were measured by the Arnon (1967) method, membrane
permeability (Ferrat and Loval, 1999), relative moisture content (Bertin et al., 1996), soluble leaf sugars (Sheligl,
1986), catalase (Dazy et al., 2008) and soil respiration (Isermeyer, 1952). Using SAS software (Ver.9) for data
analysis of a two-year experiment and analysis of means was done with Duncan’s test in significance at 5%
probability level. Excel software was used to plot the graphs.

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution
@ ® 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
o reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
and the source.
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Results and Discussion

The results of this study indicated that by increasing the ratio of basil in intercropping, the quality traits of
forage turnip leaves increased. Consumption of biochar and application of vermicompost at the level of 18.5
ton.ha* increased the quality of forage turnip leaves. The highest chlorophyll a ((17.52 mg.g™*Fw), chlorophyll b
(8.76 mg.g™*Fw) total chlorophyll (26.38 mg.g™Fw), carotenoids (6.91 mg.g'Fw), relative water content
(59.54%), of soluble sugars (69.43%), catalase (0.018 micromole Fresh weight/min) were due to the interaction
of (70% forage turnip + 30% basil) x vermicompost 18.5 ton ha* x application of biochar. The highest value of
membrane stability index was related to 100% forage turnip x vermicompost 15 ton ha? (4.85 (mol.ml.s2)).
The highest amount of soil respiration is associated with the interaction of vermicompost 18.5 ton.ha x 70%
forage turnip + 30% basil with value of 0.28 (micromole.gsoil-*.hour?)), interaction of biochar x70% forage
turnip + 30% basil (0.32 (micromole.gsoil*hour?)), and interaction of vermicompost of 18.5 ton.ha® x biochar
0.31 (micromole. g soil*.hour?). Due to the potential of biochar (water and food retention and prevent of
nitrogen leaching) it can increase the availability of water and nutrients for the plant, which leads to increased
photosynthesis of the plant and thus the quality of forage turnip leaves (Akhtar et al., 2015; Hammer et al.,
2015). Vermicompost increases soil organic matter and the uptake of zinc, copper, iron, phosphorus, potassium,
and nitrogen in soil. The presence of these elements in the soil and their absorption by the roots increases
vegetative growth and leaf production in the plant, which causes the level of light absorption, photosynthetic
level, the formation of hydrocarbons in the leaves, and the resulting growth also increases leaf quality
(Theunissen et al., 2010).

Conclusion

The results of this study indicated that the application of vermicompost 18.5 ton ha* and biochar increased
forage turnip quality, which is due to the availability of water and nutrients for forage turnip. The best
intercropping ratio was related to 70% forage turnip + 30% basil, which can be said to be due to the increase in
the percentage of basil and the competition of plants for better use of intercropping components of growth
sources such as light, water, and food.

Keywords: Catalase activity, Chlorophyll, Membrane stability index, Relative water content, Soluble sugars
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Table 1- Physical and chemical properties of vermicompost
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2018 4.58 7.8 1.78 0.48 0.50 7.8 41.25 25.17 14.45

2019 4.06 7.6 1.63 0.43 0.55 7.5 40.18 22.89 13.22
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Table 2- Analysis of variance (mean of squares) of intercropping of forage turnip and basil, vermicompost, and biochar for
photosynthetic pigment traits of forage turnip
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S.0.vV d.f Chlorophyll a Chlorophyll b Total chlorophyll Carotenoid
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**: Significant at p < 0.01, ns: no significance
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Fig. 2- Interaction effects of intercropping and vermicompost on soil respiration
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Fig. 3- Interaction effects of intercropping and biochar on soil respiration
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Fig. 4- Interactions of vermicompost and biochar on soil respiration
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Table 4- Analysis of variance (means of squares) of intercropping of forage turnip and basil, vermicompost and biochar for membrane
stability index, relative water content (RWC), soluble sugars, catalase activity of forage turnip and soil respiration
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** *: Significant at p < 0.01 and p=0.05 respectively and ns: no significance (P<0.05)
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Introduction

Vetches are especially important due to their resistance to cold and water-deficient stresses, and due to the
high amount of crude protein and detergent fibers, they have the same nutritional value as alfalfa and clover.
Planting vetch can increase soil nitrogen due to the symbiosis of its root nodes with Rhizobium bacteria. No-
tillage reserves more moisture in the soil than other tillage systems. No-tillage and reduced tillage significantly
increase mycorrhizal fungi in soil compared to conventional tillage. Increased leaf area index (LAI) and dry
matter in plants under reduced and no-tillage systems have been observed, too. Also, increases in chlorophyll
concentration, decreases in canopy temperature, increases in plant height and improvements in forage quality in
plants under a no-tillage system have been reported. This experiment evaluated the effects of different types of
tillage on morpho-physiological traits related to yield and quality of vetch forage to protect the soil and select the
best tillage system.

Materials and Methods

This experiment was carried out in Saral Rainfed Agricultural Research Station located 55 km north of
Sanandaj county, Kurdistan province, in the west of Iran. The effects of reduce tillage (RT), no-tillage (NT) and
conventional tillage (CT) systems were evaluated on rainfed vetch in rotation with wheat during two years
(2018-02019). Sowing date was 18 and 9th of October in the two experimental years respectively. All sampling
of rhizobium nodules, relative leaf water content, leaf area index, chlorophyll and carotenoids, chlorophyll
fluorescence, canopy temperature, enzymes, proline, hydrogen peroxide, malondialdehyde, leaf soluble proteins
and carbohydrates, leaf elements took place in early seed filling stage. The combined (2-year data) analysis of
variance (ANOVA) was performed using SAS software by the general linear model (GLM). The means value

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution
@ @ 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
oy reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
and the source.
9. https://doi.org/10.22067/agry.2022.76580.1109
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were compared using Duncan’s range test at P < 0.05.
Results and Discussion

In this study, the yield of dry forage in reduced and no-tillage systems increased by 14 and 24%, respectively,
compared to CT. A significant relationship (R = 0.75") was obtained between the relative leaf water content and
dry forage yield. According to the results, vetch in the no-tillage system had the highest percentage of
colonization (30.16%), the number of fungal spores (179.8), and rhizobium nodes (12.16) on the roots. The high
symbiosis of mycorrhizal fungi in RT and NT compared to CT was probably due to higher water uptake and
higher RWC. In the present study, vetches under the NT system probably had higher chlorophyll a and b
concentration due to more moisture and higher nitrogen and phosphorus in leaves. The results showed that the
tillage treatments had significant effects on the activity of reactive oxygen species (ROS), which was directly
related to the amount of plant moisture and antioxidant enzymes. The lowest activity of enzymes was in vetches
under a no-tillage system.

Conclusion

In this experiment, reduced and no-tillage systems increased yield compared to conventional tillage.
Significant increases in relative leaf water content and canopy temperature difference were observed in different
types of tillage. Chlorophyll content and carotenoids in plants grown in the conventional tillage were lower than
in reduce and no-tillage systems. The percentage of colonization, sporulation of mycorrhizal fungi, and the
number of rhizobium nodes were higher in no-tillage system. The levels of antioxidant enzymes, hydrogen
peroxide, malondialdehyde, and proline increased in CT compared to RT and NT. Types of tillage in rainfed
conditions due to biological and structural changes in the soil cause positive morpho-physiological changes and
forage quality in rainfed vetch seem to be effective in increasing yield and improving growth conditions.

Keywords: Chlorophyll, Forage, Mycorrhiza, Near-infrared reflectance (NIR), Oxidant, Relative leaf water
content
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2- Near infrared reflecrtance spectroscopy
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1- Thiobarbituric acid
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Fig. 1- Meteorological data during two growing seasons (2017-2019) in experiment station
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Table 1- Combined (2-year data) analysis of variance goes to effect of different tillage treatments on traits related to yield and
plant height of Pannonica vetch

3, Sos 3, Sos 3,Slos Jqoa
el ate S0 oy CEEWY S aSles ot
Swo Vv ‘ &33! 7 gk ke Plant N b Biologic Coils 1
O.V. df Fresh_ forage Dry_forage height G_raln yield Hi
yield yield yield
\;JeL;r 1 7620608 670868™ 848.7" 17923.5™ 532856™ 1.95m
(Jbe) 55l 4 40660.6 7700.8 0.9 59.5 5999.3 0.75
Block (year) (Y)
_‘55” =t 2 3388249.5™ 347858.7" 122.5™ 94169.3" 793884.2" 67.5"
Tillage (T)
iS5 x Ju 2 44294rs 3993.7™ 1.04m 269.3™ 6690.8™ 0.36"™
YxT
s 8 12490.5 1299 2.08 636.2 1489.4 1.06
Error
) s et 1.97 2.04 2.96 8.1 1.81 7.2
CV (%)

20yd K g iy Jleis] a3 (391 510 gime g 5 gixe pie Sl (o ey s g % NS
* and **, respectively, 5% and 1% level of significance, ns is not significant
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Table 2- Combined (2-year data) analysis of variance goes to Effect of different tillage treatments on some physiological traits

of Pannonica vetch
TP a by S b Uy lS U5 by S -
Sl gl sl CTD LAI SLA Chloro-  Chloro- Total '\”ﬂ”l.s Fv/Fm  Fv'/Fm’
S.0.V. J Carotenoids
d.f phyll a phyll b chlorophyli
\‘(JL" 1 0.11™ 171™ 0.005™ 0.071™ 0.006™ 0.136™ 0.0006™ 42.09™ 9.23™
ear
() S5k 0.04 0.15 0.00000006 0.0048 0.0006 0.0097 0.00019 0.27 0.47
Block (year) (Y)
f””“gu 2 5.08™  3.62" 0.00003™ 0.67" 0.032™ 1.04™ 0.01™ 47.32" 199/21™
Tillage (T)
dj)ijl&; b 2 0.008™ 0.001™ 0.00000006™  0.0049™  0.0002" 0.0005™ 0.00006" 2.28™ 1.07™
Eu:r; 8 0.01 0.019 0.00000006 0.0028 0.0001 0.004 0.00003 0.56 0.91
(2) s 25 4.99 52 1.94 3.37 4.06 3.34 2.36 0.98 2.07
CV (%)

o> S5 g iy Jlein] mdaw )3 (09 510 Gixe g )l gime pias WL ey ks g % NS
CTD: Canopy temperature depression, LAI: leaf area index, SLA: Specific leaf area, Fv/Fm; Fv'/Fm'. photosynthetic efficiency
Night-Day
*and **, respectively, 5% and 1% level of significance, ns is not significant

9 Jolne (g ccson 351 b 9 (so2 1 (Gline —S 1 O (oo (Glgie 2 (5,55 B llideo (S jlowd TGS po (il yly 232 T Jgoa
Sl ol »® 5).5 C)‘).\ﬁ.ﬁ%;
Table 3- Combined (2-year data) analysis of variance goes to effect of different tillage treatments on Relative water content,
enzymatic and non-enzymatic activity and leaf Protein and carbohydrates in Pannonica vetch

4y Jolew e
Sl ele 5 RWC AT soD POD MDA  HO, ©9%  [Cocliple  Jse
S.O.V. ? Proline ; Soluble
o f protein
carbohydrates
;Je“;r 1 58  0.00012" 0.016™  0.157" 5098.21* 0.153™ 0.073™ 0.047™ 0.028"
(Ju) Ssb 0.344  0.000004 0.0003 0.001 17.46 0.001  0.001 0.00007 0.00004
Block (year) (Y)
iy 2 22439 0.00043™ 0.054"  0.278™ 8080.56™ 0.528™ 0.79" 0.096™ 0.05™
Tillage (T)
‘5”95 5; d“ 5 0062% 00000003 0000019 0.002  43.05% 0003 0.003" 0.0007" 0.0009"
E”:rzr 8 1.64  0.000009 0.0012 0.009 104025 0.005  0.001 0.0006 0.0003
() Slyess o po 2 4.81 5.05 7.75 4.15 5.8 3.97 3.42 5.87
CV (%)

599 A1y (H202 sl > yolle MDA (jlasnS g0 POD 3bg0mnrd 1S yge0 :SOD YU :CAT o5 ol o (slgima RWC
2o > S5 g i Jlain] maw )3 (09 55 Gxe g Jl3 pime pie Gl ey ki g % NS
RWC: Relative water content, CAT: Catalase, SOD:superoxide dismutase, POD: peroxidase, MDA: Malondialdehyde, H205:
Hydrogen peroxide
* and **, respectively, 5% and 1% level of significance, ns is not significant
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Table 4- Combined (2-year data) analysis of variance goes to effect of different tillage treatments on mycorrhiza fungi,
rhizobia nodes, leaf and seeds elements of Pannonica vetch

st e B T T T NNt L pU v 3%} . 78 jopw! dlaxi w93y S0
Ol et galio T 7 R g P Y 1 R Parasty S0
&5l - Grain - Number of Number of
S.O.V. Leaf N Leaf P Grain N - colonization o
protein Spores rhizobium nodes
b 1 0.68™ 0.02™" 1.25™ 42.04™ 3.55™ 76.05M 2.72™
Year
(L) Sk 4 0.008 0.0004 0.0007 0.03 1.88 59.55 3.05
Block (year) (Y)
f‘”’“ﬂi 0.79™ 0.022™ 0.131™ 0.4.0™ 615.05" 26745.05™ 154.38™
Tillage (T)
dj)ijl&; b 2 0.0003"™  0.00008™  0.0007™ 0.005" 0.72m 37.38™ 1.05™
1229
8 0.023 0.0002 0.0006 0.018 3.22 80.3 3.05
Error
T Sl pds o
(7) Sl o 5.52 3.83 0.7 0.67 9.1 7.98 7.36
CV (%)
Loyd S g gy Jlein] o 55 (3 Y i 5 )b me pas ALt ud 5y e g % NS oSy yawd IN 5y 55,05 N
N: Nitrogen, N: phosphorus ; * and **, respectively, 5% and 1% level of significance, ns is not significant
Siilo ol g5 ) g 3,500 b dad po Sl 1 (65,956 ciliro (b, lowi 51 Al 93 (puSiluo duwglilo -0 Jgan
Table 5- Comparison of the 2-year average of traits related to yield and Plant height of
Pannonica vetch
. we s = i Al SU59)gm 3
§abgle 3 Shas Suid adgled Slos  olS glis! Aot SijggmaSes
. . . Grain Biologic r o>
Fresh forage yield  Dry forage yield Plant height . .
(kg.hal) (kg.ha'y (cm) yield yield HI
' ' (kg.ha™) (kg.ha™)
R NT 6464.32 2013.82 53.62 446.62 2509.82 17.78
“;’ﬁ RT 5482.3° 1738.6° 47.7° 287.5° 2080.8° 13.6°
IHiage cT 4988° 1533.3° 44.8° 199.5¢ 1786.5° 11.1¢
oialejl Jlo 2018 6295.52 19552 55.52 342.72 2297.78 14,52
Years 2019 4994,25 1568° 41.8° 279.6° 1553.6P 13.92

5,15 o b (gyld sme M) 4SSl 905l ol p cditaan S jidie Cgys clyl> 457 (oolael (ygtunyn )3 powye cuiS ICT (65,9508 RT (sbitane cuiS :NT
NT: No-tillage, RT: Reduce tillage, CT: Customer tillage; Mean values followed by same letters in each column are not statistically
different based on Duncan’s range test at P = 0.05

Sdlo ol Sy jglgr 5d Olbeo 12 (55,9 Ao byl ST Al 93 5Nk dmngliio T Jooa
Table 6- Comparison 2-year average of some physiological treatments of pannonica vetch

a Jadgi5 b lds i JS Judyls

igiig,l
c(:o-l(—:[)) I(_n,?;)l (r?]lz_.?l) Chlor;)phyll Chlorlg)phyll chl;-rootalh | Carotenoids Fv/Fm  Fv'/Fm'
° - OPYI (mg.gtrw) (%) (%)
(mg.g'FW)  (Mg.g'FW)  (mg.g'FW)

. NT 306 35 00145 1.92 0.397 2.33¢ 0.297 7848 527
29 1.83* 25  0.0115° 1.54b 0.3° 1.86b 0.23° 75.63"  45.18P
Tillage o1 126c 26 00103  1.26° 0.24¢ 1.5¢ 0.21° 72.86°  4053°
Lalej L. 2018 213" 301* 0.0126° 164 0.33° 1.98° 0.25% 7718 46.62°

Years 2019 197¢ 239"  0.0115° 1.51b 0.29b 1.81b 0.242 7413  45.18

auaitane CuiS INT gy g cad 3 Y piamgid cog0lgS” oIS IFVIFM; FVIFM' ¢ b9zl (slod M3 :CTD o5y 039 gdaw :SLA 5y prdaw a3Ls (LAI
L)l6 o2 b ‘_;)IJL;LM sl Oiil) Qyzﬂ u.JLu‘ JURRv ‘S)‘*“‘ gy sy &8 (golael OG0 yR )3 (pow o cuiS :CT (‘_;)')%SBWS RT
CTD: Canopy temperature depression, LAI: leaf area index, SLA: Specific leaf area, Fv/Fm; Fv'/Fm': photosynthetic efficiency

Night- Day; NT: No-tillage, RT: Reduce tillage, CT: Customer tillage; Mean values followed by same letters in each column are not
statistically different based on Duncan’s range test at P = 0.05
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Table 7- Comparison 2-year average of relative water content, enzymatic and non-enzymatic activity and leaf protein and
carbohydrates in pannonica vetch

. Ol gs S
CAT SOD POD MDA H:0: 0“‘9_’*: oo x5 Jale
RWC  nits.mg- its.mg its.mg : line Leaf solubl
% (Units.mg?  (Unitsmg®  (Units.mg® (nmol.g® (mmol. Proline Leaf soluble Leaf solubl
(%) protein.min®) protein.min) protein.min) FW) g!Fw) (pmolg®  protein €af soluble
FW) (mg.gt Fw) carbohydrates
(mg.g* DW)
" NT  70.782 0.056¢ 0.58¢ 1° 205.32¢ 0.96° 0.6¢ 0.91@ 0.42
“_f_);lg RT 62.67° 0.066° 0.7° 1.3° 254.74° 132> 0.81° 0.72b 0.290
Wage  c1 588 0073 0.772 143 277.02* 155 1312 0.66° 0.22°
oialeil Jle 2018 64.65?2 0.063° 0.65° 1.13° 228.8> 1.18° 0.84°P 0.812 0.342
Years 2019 6.52° 0.0682 0.72 1.328 265.52 1.36% 0.972 0.71b 0.26°

ioiiiane oS INT )59,00 STy H202 sl 5 lle MDA (5lasnS g POD 3bgomnd 38T g :SOD YL :CAT o5 o s (glgie :RWC

35,15 o2 b (gyld e M) 4SSl y905] ol cditnds S yiidia Chgys (clyl> a8 oolae] ygiunyn 53 pgwpe oS (CT (g5 SBpS RT
RWC: Relative water content, CAT: Catalase, SOD:superoxide dismutase, POD: peroxidase, MDA: Malondialdehyde, H202:
Hydrogen peroxide; NT: No-tillage, RT: Reduce tillage, CT: Customer tillage; Mean values followed by same letters in each column
are not statistically different based on Duncan’s range test at P = 0.05

Sl oLS dild g g0 eolic coamginy S0)5 32,00k 48w (65,551 Cliseo b lowd T dlw 90 (1Sl dun o —A Jou>
Table 8- Comparison 2-year average of mycorrhiza fungi, rhizobia nodes, leaf and seeds elements of pannonica vetch

s JEE 5955 U"';”’ s T8 ygpel laa P93 855
ROl ls als pls Osl36995  Number of Number of
Leaf N "’ . Graincrude Colonization spores rhizobium nodes
LeafP G N
(%) eoa r%m protein (%) No, per No, per
(%0) (%) (%) 10g Soil Plant
e NT 3.16*  0.49* 3.728 21.232 30.16° 179.832 12.16°
#fﬁa . 2.64° 041° 351° 19.98° 18.5° 110.66" 4.33
fag CT 2.47°  0.37° 3.44¢ 19.69° 10¢ 46.33¢ 2.66"
ol w2018 295  0.46° 3.822 21.832 202 114.33? 6.72
Years 2019  256°  0.39° 3.29° 18.77° 19.112 110.222 62

5,15 o b (gyld sme M 4SSl 905l bl p cditans S jidie gy clyls a5 oolae] yginym )3 pomye cutS ICT (65,9508 RT (oshitane cuisS :NT
NT: No-tillage, RT: Reduce tillage, CT: Customer tillage; Mean values followed by same letters in each column are not statistically
different based on Duncan’s range test at P = 0.05
Sl ol abgle CaS g1 (55,9515 iz (g, lod 31 (3T Jlus) s Sy il fy 41355 -4 Jgon
Table 9- Analysis of annual variance (last year) goes to effect of different tillage treatments on forage quality of pannonica
vetch

Ok gle @3l oo pup  wsc  ADF ASH  CF NDF

S.0O.V. d.f
e 2 0.32" 0.34" 0.11™  0.058™ 0.058™ 5.21" 0.21m
Block
Lg))f‘—gl> *k *k *x *k * * ok
’ 2 6.13 20.25 3.11 25.62 2.98 43.19 46.99
Tillage
s

4 0.04 0.26 0.02 0.25 0.33 0.31 0.47
Error
(2) s e 0.98 0.84 5.4 141 5.5 1.8 1.2

CV (%)

SUINDF GBI pls 0 :CF (S5 a0 :ASH (gl 0395 55 Jolomeli :ADF (Ol Jolomo (i WSC wadsle (¢ piomuan DMD «jalls yi5g ) :CP
S 0diysd 5> Jolonal
o> S5 g i Jlein] o )3 (09 50 Gxe g Jl3 pixe pie Gl ey ki g % NS
CP: Crude protein, DMD: dry matter digestibility, WSC: water soluble carbonates, ADF: acid detergent fiber, CF: crude fiber, NDF:
neutral detergent fiber, ASH: percentage of ash; * and **, respectively, 5% and 1% level of significance, ns is not significant
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Table 10- Comparison of annual average (last year) of the effect of different tillage treatments on forage quality of vetch

CP DMD WSC ADF ASH CF NDF

(%)
o NT  222° 64° 3.8 322° 116° 26.7°52.7°
Sig S RT  202° 604° 23b 36 10° 31° 57.75
Tillage cT 194¢ 59¢ 1.8 38 9.8 34.3260.5°

GLINDF (GBI a1 iCF ¢2uS6 500 2ASD ¢ giusl 00355 5> ool AADF o Jsloxe (325551 WSC bgle (¢ .isouin DMD ¢ jalls oyui5g s :CP
(S odizgd )3 Joloal
B85 0n b (gyld gme M3 Sy (905l olol yr isants S yidie gy glyls 45 (oolael gt 43 powye cuiS (CT (65,9 B0S RT couiitun s :NT
CP: Crude protein, DMD: dry matter digestibility, WSC: water soluble carbonates, ADF: acid detergent fiber, CF: crude fiber, NDF:

neutral detergent fiber, ASH: percentage of ash; NT: No-tillage, RT: Reduce tillage, CT: Customer tillage; Mean values followed by
same letters in each column are not statistically different based on Duncan’s range test at P = 0.05
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Fig. 2- Correlation of physiological traits and forage quality of vetch
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A: Relative water content and Leaf area index; B: Relative water content and Colonization of mycorrhiza fungus; C: Relative water
content and Quantum efficiency of photosystem II; D: Relative water content and Total chlorophyll; E: Relative water content and
Dry forage yield; F: Number of rhizobium nodes and Leaf nitrogen; G: Colonization of mycorrhiza fungus and Leaf phosphorus; H:
Colonization of mycorrhiza fungus and Hydrogen peroxide; I: Number of rhizobium nodes and Leaf soluble protein; J: Canopy
temperature depression and Catalase; K: Canopy temperature depression and Malondialdehyde; L: Relative water content and
Catalase; M: Relative water content and Superoxide dismutase; N: Relative water content and Peroxidase; O: Crude protein and

Relative water content; p: Relative water content and Canopy temperature depression; Q: Crude protein and Number of rhizobium
nodes; R: Crude fiber and Relative water content S: Dry matter digestibility and Canopy temperature depression.
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1- Crude protein

2- Dry matter digestibility
3- Water soluble carbonates
4- Percentage of ash

5- Crude fiber

6- Acid detergent fiber

7- Neutral detergent fiber
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Introduction

Barley is the fourth most important cereal in the world and is considered one of the least expected crops that
has adapted and distributed globally due to its resistance to salinity. The growing world's population has
expanded the cultivated domain, which caused the utilization of extravagant chemical fertilizers in modern
agricultural cropping systems. This approach has not been cost-effective and has caused severe environmental
damages like contaminating the underground water and creating unusual salinity in the fields. Therefore, it
seems to be essential to replace risky approaches with eco-friendlier methods. In addition, with increasing
environmental stress as a result of climate warming, we need to understand better ways to reduce environmental
stress for the sustainable production of barley. Mycorrhiza has been introduced as an essential portion of
agricultural ecosystems because of its positive effect on the soil texture, growth, and productivity of almost all
host plants. This trend is attributed to reduced chemical fertilizer demands. Mycorrhiza enhances the water
relations under stress conditions, water and nutrient uptake by augmenting the hyphae network. In this study we
aimed to investigate the role of mycorrhizal inoculation in alleviating the detrimental effects of salinity stress on
barley. Our hypotheses were: (i) mycorrhizal inoculation can alleviate the detrimental effect of stress at low to
medium levels but not at high levels of salinity, and (ii) there is an interaction effect of low levels of salinity and
arbuscular mycorrhizal symbiosis lead to higher the performance of barley.

Materials and Methods

In order to evaluate the effects of Funneliformis mosseae mycorrhiza on morphological, biochemical and
yield of barley, one experiment was conducted in research farm of School of Agriculture, Shiraz University.
Field experiment was a split-plot in a randomized complete block design with three replications. Factors
included salinity levels (0.4, 4, 8 and 12 dS m) as the main factor and the mycorrhiza (with and without) was
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applied as sub factor. Data were analyzed by using SAS 9.2 software and the means were separated using LSD
test at 5% probability level.
Results and Discussion

The results of the experiment showed that salinity decreased yield and vegetation traits, including plant
height, number of tillers per plant, number of spikes per plant, number of seeds per spike, 1000-grain weight,
grain yield, and biological yield. All the measured traits in plants inoculated with mycorrhizal fungi were higher
than the non-mycorrhizal plants. The inoculation of plants in most cases improved the effects of stress; i.e.,
inoculation under high salinity stress (12 dS m™) increased SOD by 5.7%, CAT by 8.0%, K concentration by
30.8%, K/Na ratio by 131.1%, plant height by 8.1%, number of spikes per plant by 9.4%, number of grain per
spike by 6.6%, 1000-grain weight by 4.2%, grain yield by 20.2%, and biological yield by 11.0% compared with
non-inoculation plants. Also, Fayaz and Zahedi (2021) reported that mycorrhizal inoculation could promote the
growth and salt tolerance of wheat cultivars by improving osmoregulation and antioxidant enzyme activity and
reducing the Na*/K* ratio.

Conclusion

In this experiment, inoculation treatment alleviated the high salinity stress (12 dS m) effects in most cases
and raised the grain yield and K*/Na* ratio up to 20.2 and 131.1%, respectively, compared with non-inoculation
plants. The results from this experiment showed that Funneliformis mosseae fungi inoculation could promote the
growth and salt tolerance of barley by improving antioxidant enzyme activity, and ion homeostasis. In summary,
the use of Funneliformis mosseae could reduce salinity damages by improving the physiological and
biochemical responses of barley. This study highlighted the potential role of Funneliformis mosseae inoculation,
in particular with native strains, as an innovative and eco-friendly technology for a sustainable crop-growing
system in arid and semi-arid areas.

Keywords: Antioxidant enzymes, K*/Na* ratio, Yield, Yield components
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Table 6- Correlation coefficients between grain yield and biochemical traits of barley under salinity stress conditions
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Introduction

Food security is one of the most important concerns of human society. Given the importance of climate
for the agricultural sector, achieving long-term climate forecasts in this area is essential. The advent of global
climate (GCM) and regional models (RCM) has made it possible for researchers to study the impact of climate
on agricultural products. Predicted climate change, especially the increase in atmospheric carbon dioxide and
temperature, as well as changes in the amount and patterns of rainfall, will have severe effects on agricultural
production and food security, especially in arid and semi-arid regions. Therefore, any change in the world
climate, directly affects the production of agricultural products in different parts of the world and, consequently,
the issue of food security in the world. This study was conducted to investigate the effects of climate change on
yield and length of phenological stages of potato plant in tropical and subtropical regions of Kerman province.

Materials and Methods

The study area in this research includes stations with a statistical period of 17 years (1989 to 2005),
including Jiroft, Kahnooj, and Manojan. In this study, maximum and minimum temperature data, precipitation,
average relative humidity, average wind speed, and sunny hours on a daily time scale were used for the
exponential microscale. From the output of the CanESM2 general circulation model was used under the three
scenarios rcp2.6, rcp4.5, and rep8.5. The SDSM microscale model was used to exponentially scale the output of
the general circulation model. In order to prepare field data for calibration and to determine the validity of the
WOFOST model in potential conditions, data from research projects of Jiroft Agricultural Research Center
during 2010-2011 were collected and used as a basic course. This information includes planting date,
phenological stages from planting to emergence, emergence to flowering, and emergence to physiological
maturity of the potato plant in the study areas.

Results and Discussion
The results of WOFOST model validation for phenological stages and potato yield provided acceptable

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution
@ ® 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
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estimates for both variables. The ability of the SDSM model to simulate meteorological parameters was
confirmed, however, the model showed less accuracy in simulating precipitation. The simulated maximum and
minimum temperatures for the next period (2011-2100) under RCP scenarios increased compared to the
observation period in all three RCP scenarios. Precipitation has also will change in future periods in all three
scenarios and show a declining trend. Combining the results of the CanESM2 climate model under RCP
scenarios in three climate periods 2011-2041, 2041-2070 and 2071-2100 with the WOFOST growth simulation
model showed that the length of different phenological stages and potato tuber yield under potential conditions
will be reduced in the study areas. The stage of germination to the physiological maturation of the tubers, due to
its longer duration, the greatest reduction in the length of the period occurred in this stage. The results of potato
tuber yield simulation showed a decrease in yield in the study areas. According to the results, the highest
reduction in performance was observed in the third period (2071-2100). The percentage of glandular function
reduction was observed on average between 2 and 4.3%. In general, the results showed an increase in the
average minimum and maximum temperatures of 0.37 to 0.9 degrees Celsius over the next three periods. The
length of the phenological stages of the potato plant from emergence to physiological maturity has decreased in
parallel with the increase in the mean minimum and maximum temperatures. The reduction in the length of the
germination stage is between 0.2 to 1.9 days, the flowering stage is between 0.5 to 1.7 days, and the maturation
stage to maturity is between 1.4 to 3.5 days. The greatest reduction during the phenological stages is related to
the emergence stage to maturity of 3.5 days.

Conclusion

In general, the results of this study indicate an increase in the negative effects of climate change on the
potato plant in three stations of Jiroft, Kahnooj, and Manojan. As the temperature rises and the rainfall decreases,
and naturally, the length of the growing season and the yield of potatoes decrease, the amount of damage in
future climates will increase. Generally, for one degree Celsius increase in average annual temperature, tuber
yield will decrease by 4.99%.

Keywords: General Circulation Model, Exponential Microscale, WOFOST Model, Phenological Stages of
Potato, South of Kerman Province
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Table 1- List of NCEP variables

),

Row  Predictor variable

Ol 9
Description

1

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

p5_f
P5_u
P5 v
P5 z
P5th
P5zh
P500
r500

P f

P_th
P_zh
P8 f
P8_u
P8_v
P8 z
P8th
P8zh
P850
850
Mslp
Rhum
Shum

temp

kg 8+ pdaw 53 3,00 O sy
Geostrophic airflow velocity at 500 hPa
JSligSa 00 o )3 3k sy (g o iy
Horizontal wind at 500 hPa
JBslygiSa b+ o )33k s (5)oedl b adlge
Zonal wind at 500 hPa
Sl gt B+ + a1 2ol
Vorticity at 500 hPa
Sl B+ prdaus 3 5L oo
Wind direction at 500 hpa
JBlySa 0 a3 3L (51,
Divergence at 500 hPa
JBlgiSa b+ gaw > Jraslygy el
Geopotential height at 500 hPa
JBlgSa 00 a3 (i Cugb,
Relative humidity at 500 hPa
3% b sy
Surface geostrophic airflow
b s pw (g)lde addgn
Surface horizontal wind
S ey 5 lodll s adlge
Surface zonal wind
sl
Surface vorticity
3l Coows
Surface wind direction
b 215l
Surface divergence
JoligiSn 0+ s 53 3,80 b oo
Geostrophic airflow velocity at 850 hPa
JBligiSa b+ gaw 3 3k Cop ()00 adlge
Horizontal wind at 850 hPa
JBlgiSa e+ aw 3 3k Cop ) ledll cas adlge
Zonal wind at 850 hPa
Sl A+ s 3 gl
Vorticity at 850 hPa
Sl Ad e 53 3l oo
Wind direction at 850 hpa
ISl o AD- s 3 3k (21
Divergence at 850 hPa
JSlSo A+ a3 umiligis elis)
Geopotential height at 850 hPa
JBlgiSa Ab: gaw )3 (oo Cugby
Relative humidity at 850 hPa
by gdaw Lt (0L
Mean sea level pressure
Owe) g S5 (g Cugh
Near surface relative humidity
O g S35 0fg Cugb)
Near surface specific humidity
Sy ¥ sy 3 lgn slod
2-m air temperature
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Fig. 1- Stages of plant growth simulation in WOFOST model (Supit et al., 1994)
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1- Root Mean Squre Error

2- Root Mean Square Error-Normalized
3- Maximum Error

4 - R-Squared correlation

5 - Nash Sutcliffe coefficient
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Table 2- Plant parameters of the WOFOST model in calibration stage under potential conditions

slado
. . ..\5'5
>l Fol)ly oy Value Unit
Parameter Parameter description JE7-ZEIPRT- YR KW PRES)
Default Justified
Temperatures below the threshold for emergence °C
TSUMEM _ O3 o bl 5, ‘:.>)> 4e 9000 170 4349 59y 4>
Daily degree set from planting to emergence °Cd
TSUM1 _ s U_d-u’ w3l 59y 42y asgerme _ 150 502.1 599 40
Daytime collection from emergence to flowering °Cd
il b g5 b S 3l g, a0 dsgacns o
TSUM2 Daily degree set from flowering to maturity or 1550 8154 °Cd
harvest
SLATB Srehyghe 0.003 0.002 Pkl s
Special surface of leaves ha.kg!
AMAXTB i e Sl CO2 30 35 celol ale 5ol
Maximum rate of CO- uptake kg.ha.hrt
CVL J)f 4 J"-\“ 5,90 o 0.720 0.760 F)S%LS/F)S?L;
Leaf conversion productivity kg.kg?
CVR d"““")4’ J"\“" 51900 0.720 0.755 F;?l“'{/f’)s%
Productivity becomes the root kg.kg*

WAL-AY sl (b nbe © g (a19il5 Jol 31 59, 31aa) Codls G0 bl 2 (5515 Uty 0,95 Job —F g
Table 3— Duration of phenological stages based on planting date (day from January 1) on average during the years 2011-2015

(595) Se3999%8 Jolpo

Phenological stages

. S, U O
O o U bl BB b o (il ) (Sojglon s

é?:; Jw Da;':fls & b Planting-Sprout (day) Sprout-flowering (day) Sprout-physiological
planting -

Year (day) (day) maturity

S5l and S S5l and S 3l S

Simulated Observation Simulated Observation Simulated Observation

1389 260 25 26 35 37 104 106
s 1390 260 23 24 33 34 98 100
o 1391 260 24 26 36 37 100 102
Jiroft 1392 260 24 25 34 36 103 105
1393 260 22 24 33 35 106 108
1389 260 24 24 32 33 104 103

. 1390 260 24 25 35 36 102 101
s . 1391 260 22 24 34 36 104 103
Kahnuoj 1392 260 22 23 32 33 96 98
1393 260 24 26 34 35 101 102

1389 260 21 22 33 35 102 104
e 1390 260 23 24 34 35 97 99
oEr 1391 260 20 22 33 35 103 103
Manuojan 1392 260 21 22 32 33 100 101
1393 260 22 23 35 36 104 105

oSl 22.7 24 33.7 35 101.6 102.7

Average
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Table 4- Calibration results and model validation for potato yield and phenological stages under potential conditions

Yield and phenological stages  Station Observation Simulated
o 25 24 1 4 093 4
Jiroft
‘Jm_}’”_wg E’;{S_ 24 235 0.5 2 0.94 2.9
Planting-sprout Kahnouj
obs 23 21.8 0.9 4 1 44
Manoujan
w’» 35.3 35 1.7 4.9 0.75 5.7
Jiroft
A 7 Gl 34.4 33 1.3 4 081 58
Sprout-flowering Kahnouj
o o5t 32.3 33 082 25 078 3
C
=S ¥ Manoujan
o <
D -
s @ o 103.7 100.3 3.6 34 0.81 4.8
Jiroft
Sy "M
(esby) Gl 101 100 1.7 1.7 072 25
Sprout-physiological ~ Kahnouj
(maturity)
olsie 101.3 99.7 17 17 095 197
Manoujan
uﬁ’» 44899 44545 567.5 2.5 0.97 1.8
Jiroft
X ))S.l.o& .
Tuber yield e 497657 42281 5675 25 099 35
Kahnouj
45232.3 44950.4 390.6 1.6 0.82 2.6

Olge
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Manoujan
o 24.5 23 1.3 5.2 1 8.2
Jiroft
05 S 7SS ol 24 23 0.82 3.4 1 4.2
Planting-sprout Kahnouj
ol 215 21 0.58 2.7 1 46
Manoujan
“P 34.5 34.4 0.9 2.6 1 35
Jiroft
(PSS S Gl 345 343 0.1 0.37 1 0.6
Sprout-flowering Kahnouj
s ol 34 335 13 3.8 1 6
= o Manoujan
g
S .
> cﬁ “P 105 99.5 49 4.7 1 7.6
Jiroft
S 3y ()3 s
(eiby) ol 1025 102.3 094 092 1 13
Sprout-physiological ~ Kahnouj
(maturity)
"’l?’% 104 103.5 0.58 0.55 1 0.96
Manoujan
w"} 43806.5 42212 3267.5 7.4 1 12
Jiroft
o 2p5las ol 42716 43180 17645 4 1 5.7
Tuber yield Kahnouj
"’l?’% 44563 43996 2685.7 6.7 1 10
Manoujan
Tuber yield-calibrated Tuber yield- validation
26000 - - 50000 _
T 25000 y=1.0717x - 2115.5 H Ty y =1.2938x - 12795 o
2 00 R = 0.9641 = 45000 R* = 0.921 /
> 23000 ::‘: - - (o]
E 22000 ’,f’ EE! 40000 ”a”
E 21000 L - & _-"
20000 =~ 35000 =~

20000

21000 22000 23000 24000 25000 26000

Observed(kg. ha™')

39000 41000 43000
Observed(kg. ha™')

35000 37000

45000

47000
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Sprout - calibrated

y = L0075x - 1.0672 -7
R*=0.9445 -7

Simulated (day)

20 21 n 23 24 25 26 27
Observed (day)

Flower - calibrated

38
=~ 3 y=0,7778x + 6.3704 _-"
£y 2= -7
3 R*=0.9074 .-"o
T 34
=
F
£ 2
w
30 -
30 32 34 36
Observed (day)
Physiological ripening - calibrated
110
- -
y =0.9964x - 0.8504 P
= 105 R?>=0.8168 -
=
T 100
= -
= -
-
- -
90 ~
90 95 100 105

Observed (day)

38

110

Sprout - validation

30
¥y =0.9091x + 0.3636 i
= R?=0.9358 -
= -
2
=
@
=
=
=
w
20 22 24 26 28 30
Observed (day)
Flower—validation
38
vyv=13x-12.2 -
2 =
= 16 R*=0.8244 _- -
3 -
= _-"
= -
% 34 - P (o]
= -
E -
= 32 _--
-
_-
30 =~
30 32 34 36 38
Observed (day)
Physiological ripening —-validation
110 PR
-
—_ - - -
= 105 y—ﬂ.?l99x+l7.87 -
= R?=0.7516 .
T 10 -7
= -
= -
g -7
7 95 P
-
-
-
-
90 ~
920 95 100 105 110
Observed (day)
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Fig. 2- Comparison of the simulated values with measured values for potato tuber yield (data for 2011, 2012 and 2014 for the
calibration stage and data for 2013 and 2015 for the stage Validation), the one-to-one line is also shown in the figure
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Table 5- Efficiency of the SDSM model in simulating precipitation and mean minimum and maximum temperature and
maximum temperature during the observation period with NCEP data

Cd Hlo
RETw i Accuracy criteria
Station Variable a0
4 Ens RMSE RMSEn (%) ME R2
Percentage error
S o> -0.02 0.99 0.02 0.1 0.21 1
T-min
s & b sled -0.02 0.99 0.03 0.1 0.24 1
S }) T-max
o _’b‘ ) -4.5 0.99 1.2 0.7 21 0.99
Precipitation
Sl sl -0.03 0.99 0.02 0.1 0.2 1
T-min
x 2
2 e slad 0.004 0.99 0.02 0.05 0.1 1
5 % T-max
2
o _’b' ) -1.7 0.99 0.7 0.4 10.8 0.99
Precipitation
e ‘.‘L‘” -0.04 0.99 0.01 0.07 0.1 1
T-min
Z .
5o A sled 0.04 0.99 0.03 0.1 0.1 1
e ‘g T-max
g
ot -1.8 0.99 1.6 0.8 28 0.99

Precipitation

3, Sl a5 +/Y L RCP2.6 (540 )l 5o o, Kol dn p> < /¥
gyl glod Lalidl oy pids A5 saalie RCP8.S (g4 liw )
5 zokS oK)y ol Kol ax 3 VY oV (l5medy iy JBlas
ol pals (1 SKke 00,5 saalie RCP8.5 (g5l 3 cé s
2 yeudio VY L RCP2.6 (g45,l0 53 yaudio VY 5 sody
A ol pialS o yide 203)5 odalis 55 RCP8.S (515l

5 odmlie s ol )3 el YA luie

g s Jilas clod (giludnd 4 bgyo @l £ Jga>

3 RCP4.5, RCP2.6 ,Liwsl (g0 )liw o 0] 093 4w jd i)l
g Sl glod & Jogdo 4 dogi b .l oib o0y iules RCP8.5
Ceos (Yo WN=Y Ve o) oa il 0,93 (glym o0 (gjlwdn s JSlis
RCP 4 L acw y 2 30 Sbasd 6y50 4y Cuus RCP gl jliw
aw p y odl slaoyed )0 o 5y aad o ol il
Ao (Ui 1) SRRl gy Kg) 5 Cusl 0l S )l bagy sl
dalllas 3y90 bl > yiSlas o JBlis glod &Vl i3l 1 Sle
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Table 6- Changes in the average minimum and maximum temperatures and annual precipitation at selected stations in the
three periods 2040-2011, 2070-2041 and 20100-2071 compared to the observation period under the three emission scenarios
RCP2.6, RCP4.5 and RCP8.5

Jilos glod PSlas glod ook

LSOy Minimum temperature Minimum temperature Precipitation
Station e TS olgie cdye TS RS e TS olsie

Jiroft Kahnouj  Manoujan Jiroft Kahnouj  Manoujan Jiroft Kahnouj Manoujan
PR PR VLY 17 19.7 18.8 32.8 33.7 34.2 175.8 185.9 203.8
Observed % °C % °C % °C % °C % °C % °C % mm % mm % mm
S Rcp26 2 0.4 Y 04 2 04 04 05 1 04 1 03 -8 -13 -8 -15 -8 -16
o
2: Rcp4.5 2 0.3 Y 04 2 05 05 04 1 03 1 03 -6 -10 -7 -12 6 -12
-
& Rcp8.5 2 0.4 2 04 2 04 04 05 1 04 1 03 -8 -14 -7 <14 -9 -18
© Rcp26 3 0.5 3 05 2 04 04 06 1 05 1 04 -7 -12 9 -16 -6 -12
o
E Rcp4.5 4 0.6 3 06 3 06 06 07 2 06 2 05 -11 -9 12 22 -6 -12
g
& Rcp8.5 5 0.8 4 09 4 07 07 1 2 08 2 07 -18 31 13 24 5 -10
g Rep26 3 0.4 2 04 2 04 04 06 1 04 1 04 -7 -12 -7 -13 75  -15
-
E Rcp4d.5 4 0.7 4 08 4 08 08 1 2 07 2 06 -14 25 14 27 -3 -6
N~
& Rcp8.5 7 1.2 7 13 3 05 05 1 4 1 ) 04 -21 -3 11 -20 -5 -9

Cledy i L5 sl oy Jy b ialS e b (98
2Ai IS ejs o0 olos 3Skes Sl ple)S
b dLed Lil58l 54940 Ly (Turkaman, 2016) ¢l
OELS Cabdn (e Bblie 3 1) 455 0)93 Job walilinss
olaleS U1 (Sl )b s 9090 onlpliy 2l salss
Sl Sl oS i L )5l LSl 5 Slea
oSl jskay 2AS B 0w 050 Jsb (Turkaman, 2016)
Olie bwgie jodar Bl alss ol 59, VO U ) /Y o
P gy IAL </ 5o RCP2.6 (sos)lw j3 2a5 (g0y90 Lials
Gonliw )3 959y VLS Y (god90 >0 ;3 RCPAS (445l
s yo gy A bles 59, VY LS V/+0 (god90 >0 ;3 RCP8.5
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Table 7- Simulation of potato tuber yield (kg.ha'!) and yield reduction percentage based on CanESM2 model under RCP
scenarios in the studied areas in the periods 2040-2011, 2070-2041 and 2100-2071
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Table 8- Comparison of the duration of reduction of phenological
of Average minimum and maximum temperatures (degrees Cels

stages (days) and potato tuber yield (kg / ha) and increase
ius) based on the general circulation model anCanEMS2

under RCP scenarios in the study areas

W 5ol 2011-2040 2041-2070 2071-2100
Parameter RCP26 RCP45 RCP85 RCP26 RCP45 RCP85 RCP26 RCP45 RCP8.5
Sprout -0.2 -0.6 -1 -0.4 -0.8 -1.2 -0.3 -1.2 -1.9
Flower -0.5 -0.7 -0.7 -0.4 -0.9 -1.2 -0.5 -1.3 -1.7
Ripening -1.4 -1.9 -2 -1.3 -2.1 -2.7 -1.6 -2.7 -35
Yield -603.6 -1138 -921 -746.3 -1712.8  -2479.4 -994 -2077.8  -2592.3
Average temperature 0.37 0.37 0.38 0.45 0.6 0.8 0.4 0.7 0.9
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Introduction

Agriculture plays an essential role in providing food, and in order to achieve sustainability in the agricultural
sector, resources must be used in the best possible way. In order to achieve the maximum possible yield, it is
necessary for the crop plant to use the environmental factors, water, nutrients, light, and carbon dioxide, with the
maximum possible efficiency. The maximum use of the required factors for growth is achieved only when the
plant community exerts maximum pressure on these factors. In general, intercropping is one of the ways to
achieve sustainable agriculture, with higher yields without increasing agricultural inputs, absorption, and
environmental factors productivity. Researchers for the intercropping of corn and mung bean have reported that
the mixed cultivation systems used environmental resources more effectively compared to the sole cropping of
corn and mung bean. For this reason, nowadays, many plants, especially legumes, are cultivated in an
intercropping form due to their ability to fix nitrogen. Due to the lack of resources regarding the effect of
planting direction on plant yield, this study was conducted in order to evaluate resources and soil nutrients by
changing the planting direction and replacing the intercropping system of the sunflower with cowpea.

Materials and Methods

This research was conducted in the field of the Agricultural Research Station of Zabol University during
2015-2016. The experiment was performed as a split-plot based on a randomized complete block design with

three replications at the Research Farm of the Agricultural Research Institute of Zabol University. The main
factor was two levels of planting direction (North-South and East-West), and the secondary factor was
intercropping system in five levels, including (100% pure sunflower), (100% pure cowpea ), (50% sunflower +
50% cowpea ) (25% cowpea + 75% sunflower) and (75 % cowpea + 25%sunflower) were considered. Data for
studied traits were measured as follows: radiation, temperature, volumetric humidity, calcium, phosphorus,
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magnesium, potassium, and the land equality ratio. Statistical analysis including, analysis of variance and mean
comparisons (least significant difference (LSD) test at the 5% level), were applied to evaluated traits.

Results and Discussion

The variance analysis results indicated a significant difference (P<0.01) for the active photosynthetic
radiation trait. The maximum absorption of photosynthetically active radiation (PAR) was in the east-west
cultivation direction (77.90%) compared to the north-south treatment, which was 24.6% more than the north-
south direction. The analysis of variance indicated that the cultivation direction and intercropping systems on the
amount of phosphorus in the soil after harvest were significant at 1% probability level. The comparison of means
treatments showed that the amount of phosphorus in the soil in the direction of east-west cultivation was 15%
higher compared to the direction of north-south cultivation.

The highest amount of soil potassium was obtained in the east-west treatment and the intercropping system of
50% sunflower plus 50% cowpea (24.7 ppm). The lowest amount of soil potassium (16.15 ppm) was obtained in
the treatment of east-west cultivation and the intercropping system of 75% sunflower plus 25% cowpea. The
relative advantage of intercropping is expressed by the land equivalent ratio. The increase in the ratio of equal
land per unit shows the relative usefulness of intercropping compared to sole cropping of each of the mixed
components. The comparison of means of the intercropping system showed that among the treatments, the
mixture of 75% sunflower plus 25% cowpea had the highest land equivalent ratio (2.54).

Conclusion
It seems that in order to maintain humidity make maximum use of limited water resources, and obtain high
yield, the intercropping system of 75% sunflower plus 25% cowpea and planting direction the prevailing wind of
the region (east-west) should be suitable for this region and regions with similar climate and windy conditions.
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Olaspo uile
Means of squares
Oyt &vo Gyl dnyd g wgid Jlad pubiadis S sl o Cagh,
S.0V d.f PAR Soil temperature  Volumetric humidity
;’b‘ . 2 290.68™ 4.90m™ 87.89m
Replication
(S 1 2772.48" 456.30™ 42.43%
Planting direction (P)
ol ol 2 139.04 8.02 11.18
Error (a)
byloee w.s 185.03" 2.85" 369.38
Intercropping (1)
P X1 4 119.002" 2.231m 23.51m
oo s 16 106.31 7.41 32.47
Error (b)
oot - 5.0 8.87 9.16
C.V (%)
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ns: Non significant different and ™ significant at 1% probability level
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Table 3- Comparison of means treatments on environmental resource consumption efficiency indicators
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L 2D + o2, ST 7Y 63.38 31.36 57.65
25% sunflower + 75% cowpea
LSD 5% 13.73 3.62 6.97
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Table 4- The analysis of variance on the qualitative traits of sunflower

Ola o (1Kile
Means of squares

Ol ge @Mjlaayy e hed el eely
S.0.V. d.f Mg P Ca K
“_f’l*_ 2 1.76™  0.00024™ 133.98"  7.88"
Replication
““‘5%’ 1 139.75"  0.0040™ 906.84"  4.12™
Planting direction (P)
kel sl 2 1.88 0.00056  5.438 8.74
Error (a)
byl ““‘5 4 505.39"  0.0093™  46.03™  15.45"
Intercropping (1)
o X : s
— = XJ”I’*"" cuis 4 2873 0.00002% 160.84 26.82"
e 16 3335  0.00014 2367 412
Error (b)
S8y oy 13.83 9.54 5.05 10.42
C.V (%)
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ns: Non significant different and ™ significant at 1% probability level
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Table 5- Comparison of means experiments treatments on soil nutrients

ol lojl gl slows
Experiment treatments

s Coa
Planting direction

GE TS
East-west
e —Jled
North-south

LSD 5%

b’b@ = .‘.s
Intercropping

oKl yalls
Sole crop of sunflower
by pals
Sole crop of cowpea
Lug) 70+ + o, S0l81 70+

50% sunflower + 50% cowpea

Lug) 7¥0 + b, 50l31 7va

75% sunflower + 25% cowpea

Lug) Y0 + ), S0li3T /v

25% sunflower + 75% cowpea

LSD 5%

2 o pr
Mg (mg.kg™) P (mg.kg™)
37.04 0.13
32.73 0.11
2.16 0.037
31.75 0.081
50.11 0.081
36.22 0.145
29.45 0.15
26.90 0.16
5.91 0.014

probability level.
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Introduction

Salinity stress is an important abiotic stress threatening the production of cotton in arid and semi-arid regions
of the country and the world, which can be reduced by the proper use of organic materials. Cotton is the most
important fiber product, which is widely cultivated for agricultural and industrial purposes in temperate and hot
regions of more than 15 countries of the world. Although cotton is known as a salinity-tolerant plant, not only is
the resistance to salinity limited in this plant, but different stages of development also show different reactions to
salinity. One of the effects of stress is disturbing the nutritional balance in the plant. Proper nutrition during
times of stress can partially help the plant deal with various environmental stresses. In this regard, by using
fertilizers containing micronutrient elements, firstly, plant yield increases, secondly, increasing the concentration
of these elements in agricultural products plays an important role in improving the quality of food consumption.
Using organic fertilizers, especially organic and animal manure such as humic acid, can improve the
performance and performance components of different products under stress conditions.

Materials and Methods

To study the effect of manure and humic acid on some of the physiological qualities of cotton under salt
water salinity stress, an experiment was conducted as factorial split plots (factorial split plot) in which different
levels of irrigation water salinity at three levels (2.5, 5.5 and 8.5 ds.m) as the main factor and two treatments of
manure at two levels (0 and 20 t/h) and humic acid at two levels (0 and 200 gr/100 kg of seeds) as sub-factor in 4
replications in a farm located in Boshrouyeh city in 1398 years. The software SAS (V9.1) and Excel were used
to analyze the data and draw the figures. Means were compared using the FLSD test at a 5% probability level.

Results and Discussion

Analysis of variance results showed that the simple effects of three experimental factors (salinity stress,
manure, and humic acid) were significant on all studied traits (on the relative water content, Electrical
conductivity and membrane stability, chlorophyll a and b contents, and proline content). With increasing salinity
level, increased proline content (286.5%), membrane Electrical conductivity (4.2%) and carotenoids (88.79%)
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and decreased chlorophyll a (20.7 1 %) and b content (39.38%), relative water content (23.16%) and membrane
stability (13.54%). The application of animal manure and humic acid increased the relative water content,
membrane stability and chlorophyll content under stress conditions, which indicates the modifying effect of
these fertilizers in reducing the adverse effects of salinity stress. The interaction effects were significant, too.

Conclusion

The results of this research showed that the use of water with high salinity, such as salinity of 8 ds.m™,
caused significant changes in the physiological traits of the plant, including relative leaf water content,
membrane stability, membrane electrolyte leakage, chlorophylls, and proline. With increasing salinity levels, the
amount of proline, membrane electrolyte leakage, and carotenoid increased, and the content of chlorophyll a and
b, relative water content, and membrane stability decreased. The application of animal manure and humic acid
increased the relative water content, membrane stability, and chlorophyll content under stress conditions, which
indicates the moderating effect of these fertilizers in reducing the adverse effects of salinity stress. Considering
the positive effects of using organic fertilizers in this experiment, it is recommended to test and investigate the
use of humic acid during the growing season in addition to the use of animal manure before planting and the use
of humic acid in bulk Thus, it is suggested to use humic acid and animal manure in cotton cultivation to adjust
the salinity levels.

Keywords: Chlorophyll, Electrical conductivity, Proline, Relative water content
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Table 1- Some fundamental physical and chemical properties of the experimental site
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Texture s pH Total N (%) OM (%) P (mg.kg?) ¥
EC (dS.m?) K (mg.kg?h)
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5- Membrane Stability Index
6- Chlorophyll a

7- Chlorophyll b

8- Carotenoids
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Lactuca ) 4als (Tabatabaian., 2013) (esculentum Mill
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(Beta vulgaris) 13,13 4 (Ramek et al., 2013) (altissima

ol 0a y3,1358 (Mohammadi Chiragabadi et al., 2014)

paS (Kaya et al, 2017) (Spinacia oleracea) gl

4 JFarhoudi.,, 2011) (Triticumn aestivum V.)
( JafarAghayi et al., 2016) (Gossypium herbaceum L.)
Narimani et al., ) (Dracocephalum moldavica L.) _..,5
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Table 3- The mean comparison of the effect of different levels of salinity stress, manure, and humic acid on cotton traits

el Sl WEegeSliens Ly g, ade bJdeyls  aigd,l
o ol Membrane I Chlorophyll ~ Chlorophyll ~ Carotenoid <9
] Membrane ) A
Treatments  Relative water  electrolyte leakage stability a b (mg.g FW-  Proline
content (%) (%) (mg.g FW1)  (mg.g FW?) D)
S1 82.87 36.9 75.18 3.708 13.56 0.857 5.75
S2 72.62 37.9 69.37 3.116 9.51 0.988 14.20
S3 63.68 38.48 65 2.94 8.22 1.618 29.96
LSD (5%) 0.944 0.097 0.433 0.044 0.051 0.22 0.29
AL 71.16 38.53 66.87 3.14 10.56 1.105 17.66
Az 74.95 37.05 72.83 3.37 10.95 1.204 15.61
LSD (5%) 0.516 0.197 0.423 0.025 0.031 0.033 0.233
Hi 71.02 38.17 68.45 3.164 10.6 1.12 17.30
H> 74.88 36.42 71.25 3.35 10.91 1.18 15.98
LSD (5%) 0.516 0.197 0.423 0.025 0.031 0.023 0.23
Si1Aa 76.25 37.7 61.25 3.52 14.22 0.83 6.6
S1A2 78 36.95 65.25 3.69 14.54 0.86 5.62
S2A1 715 38.87 66.75 3.02 9.04 096 15.97
S2A2 75.5 37.52 70.25 3.14 9.59 0.98 13.9
S3A1 62.25 40.1 71 2.76 8.07 1.45 23.8
S3A2 67 37.87 76.25 2.84 8.26 1.62 28.9
LSD (5%) 0.309 0.92 0.918 0.041 0.051 0.038 0.413
AiH1 70.33 38.89 6.33 3.10 10.44 1.08 18.45
AiH2 73.91 38.17 67.41 3.17 10.68 1.12 16.86
AzH1 72.85 37.45 70.58 3.22 10.76 1.15 16.14
AzH2 76 36.66 75.08 3.52 11.13 1.25 15.09
LSD (5%) 0.259 0.259 0.759 0.036 0.044 0.029 0.239
SiH: 81.87 81.87 37.32 3.6 14.38 0.85 6.11
SiH2 83.87 36.66 66.75 3.8 14.69 0.863 5.4
SoH1 71.75 37.32 38.20 3.83 9.32 0.976 14.93
SaH2 73.5 36.66 37.61 3.38 3.70 1 13.46
SsH1 62.75 38.20 38.98 2.8 8.11 1.537 30.85
SsH> 64.62 37.61 37.98 3.098 8.33 1.70 29.07
LSD (5%) 0.317 0.914 0.929 0.044 0.054 0.036 0.430

21 365) A2 (o> 365 Bpas pie) AL (o 2 ko (o0 M (595 (5) S8 £(e y2 iosj (om0 OID (6595 (5) S2 (o 32 ko (503 VID (59 Si5) St
(53 PSS Ve v (sl Sangat sl 25 Ve Bpune) Ha (Simged sl Bpao pc) Ha (a5 o5 Y-
S1 (salinity Stress 2.5 deciSiemens/meter) Sy (salinity Stress 5.5 deciSiemens/meter) Sz (salinity Stress 8.5 deciSiemens/meter) Ax

(no use of manure), Az (use of manure 20 tons per hectare) Hi (No use of humic acid) H2 (Use of 100 grams of humic acid for 100 kg
of seeds)

a8 s Lié eyl cuti il g Lie ol Liulsdl coge

Jsin) ol J5e sl 5 Ll S & olS Conglie (yal381 1> 295
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Fig. 1- The interaction effect of animal manure and salinity stress on membrane stability (a) and membrane electrolyte
leakage (b) in cotton (b) in cotton
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Fig. 2- The effect of animal manure and salinity stress on leaf chlorophyll a content in cotton
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Fig. 3- The interaction effect of animal manure and salinity on the amount of chlorophyll b in cotton leaves
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Fig. 6- The effect of different manure treatments on the amount of proline in cotton plants under the conditions of irrigation
water salinity stress
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Introduction

Rice is a staple and valuable grain that is the main source of food for over 50 percent of the world's
population after wheat (Lopez et al., 2019; Jabran and Chauhan, 2015). Rice production should increase by over
50 percent by 2050, which can be realized by improving its cultivars and applying sound agronomic
management practices (Esfahani et al., 2005; Asadi et al., 2016). Nitrogen (N) is a key macroelement that is
decisive for plants, but it is deficient in most farms. N fertilizer is applied chemically, organically, and
biologically (Moslehi et al., 2015).

Materials and Methods

This research was conducted as a factorial experiment based on a randomized complete block design with
three replications at two sites at the experimental farm of Islami Azad University of Lahijan (the village of
Tustan) and Kateshal farm in 2018-2019. The study site (Lat. 36°55' N., Long. 45°20' E. (first location) and Lat.
37°21' N., Long. 50°18' E. (second location)) has a temperate and humid climate with a 10-year mean annual
precipitation of 1150 mm (Guilan Meteorological Quarterly, 2020). Table 1 presents the meteorological data of
the region during the experiment. Before the experiment, the physical and chemical characteristics of the soil at
the study site were measured in the laboratory of the Water and Soil Department of Rice Research Center. The
experimental factors included organic, chemical fertilizer, and control as the three levels of the first factor and
urban waste compost, biochar, and Azolla, and control as the four levels of the second factor. Statistical analysis
of data, data conversion, and drawing of graphs and charts were done using SAS 9.2 and Excel 2010 software.
The averages obtained were statistically compared with each other using Tukey's test and at the probability level
of 5%.

Results and Discussion

The simple effects of the chemical, organic, and organic nutritional systems were found to be significant (P <
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0.01) on grain yield. Based on the comparison of data means for both research farms, the highest grain yield
of, on average, 3699 kg/ha was obtained from the treatment of chemical fertilizer and biochar, and the
lowest one of 2209 kg.ha' (40% lower than its maximum counterpart) from the control (unfertilized)
treatment. Among the subplots, the biochar treatment was the most effective, and the control (unfertilized) was
the least effective in this trait. The treatments that were fertilized with chemical N fertilizer produced more
panicles per plant than the treatments that weren’t. Among the sub-plots, the highest number of panicles per
plant was related to the biochar treatments under no-fertilization, ecological, and chemical conditions, and
the lowest number to the control (unfertilized treatment). The plants treated chemically and ecologically in
the presence of biochar were the tallest, growing to a height of 127 and 124 cm, respectively, whereas the
lowest plant height was 108 cm, related to the control (unfertilized plants).

Conclusion

The use of organic fertilizers alone or in combination with chemical fertilizers, in addition to improving the
quantitative and qualitative characteristics of rice, has a positive effect on the sustainability of production and
preservation of the environment. The results of this research showed that the application of nitrogen fertilizer and
biochar, in addition to optimizing the application of fertilizer, increased the yield of rice. It was also found that
the consumption of biochar caused an increase in traits related to grain yield. The role of biochar was evident in
the significant change of the studied traits of Hashemi rice in the main treatments (control, ecological, and
chemical). Therefore, it is recommended to use biochar along with chemical fertilizer in order to maintain yield,
prevent biological pollution and increase soil and rice fertility.
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Table 1-Meteorological information of 2017 in two locations (one city) of the project

liadlgn rlaseds 23958 Codignd,! 33,5 » 21350 29 R
Climatic item 21 Mar.-20 21 Apri-16 17 May-16 17 Jun.- 19 Jul.-18 20 Agu.-19
Apr. May. Jun. 18 Jul. Agu. Sep.
lo
’ 13.7 18.5 22.3 275 26.7 23.9
Mean temperature (°C)
S8k
Rainfall (mm) 20.3 225 60.4 70.8 107.8 20.5
PR EINES
Minimum temperature 12.1 12.4 16.7 22 223 19.3
(°C)
Lod Jalas
Maximum temperature 153 24.6 28 33.1 31.2 30.3
(°C)
oL Cas
. ) 38 54 40 36 28.8 36
Wind speed (m.s?)
Sabejl g1yat o S obowd 9 (S b Slasuiv Y Joio
Table 2- Physical and chemical characteristics of soil of experiment farm (0-30 cm depth)
5 soys  HBmele JE RS ) ) Calaa -
ot — s wia iy ! STosbo S S il
Location Y (’j/“)' K vailable P vailable pH OoC (%) EC Texture
> (mgkg?)  (mg.kg?) (ds.m)
Lo ae 0 0.9 205 122 6.1 2.2 0.7
Kateshal farm o
&l ae 30 <
0.86 213 13.8 6.2 21 0.6
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Introduction

Maize (Zea mays L.) ranks first in terms of forage production among forage plants by producing about 490
million tons of fresh and silage forage in the world. Chemical fertilizers are used to increase crop yields and
provide human food, but reduce soil organic matter content and, in the long run, pose a serious environmental
risk, resulting in contamination of arable soils and surface and groundwater. Organic manures reduce the harmful
effects of chemical fertilizers by producing humus and increasing the activity of the soil microbial community.
Utilization of non-chemical resources such as farmyard manure in combination with chemical fertilizers can lead
to soil fertility and increase yield and crop quality because combined fertilizer systems can provide most of the
plant's nutritional needs by increasing the absorption efficiency of nutrients in crops. Considering the importance
of organic manures and their combination with chemical fertilizers, this experiment was conducted in order to
investigate the effects of different levels of poultry manure, chemical fertilizer, and their combination on yield,
yield components, and maize forage quality.

Materials and Methods

The research was carried out in the research farm of Kurdistan University located in Dehgolan County,
Kurdistan Province, Iran in the crop year 2017-2018. The experiment was performed in the form of randomized
complete blocks with three replications. Experimental treatments included different levels of pelleted poultry
manure in combination with chemical fertilizers: Figure 2. T1: no fertilizer (control), T»: 1250 kg of poultry
manure + zero kg of recommended chemical fertilizer, T3: 1250 kg of poultry manure + 25% of the
recommended chemical fertilizer, T4: 1250 kg of poultry manure + 50% recommended chemical fertilizer, Ts:
2500 kg of poultry manure + zero kg of recommended chemical fertilizer, Ts: 2500 kg of poultry manure + 25%
of recommended chemical fertilizer, T7: 2500 kg of poultry manure + 50% Recommended chemical fertilizer,
Tg: 5000 kg of poultry manure + 0 kg of recommended chemical fertilizer, To: 5000 kg of poultry manure + 25%
of recommended chemical fertilizer, T1o: 5000 kg of poultry manure + 50% of chemical fertilizer Recommended,
Ti1: 100% recommended chemical fertilizer. In this experiment, traits such as plant height, 1000-seed weight,
biological and grain yield, seed nitrogen, starch, oil contents and forage quality were measured.
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Results and Discussion

The results of the analysis of variance showed that the plant height, grain yield, biological yield, grain
nitrogen, starch and oil contents, and oil yield were affected by fertilizer treatments at a probability level of 1%.
The index harvest of maize was significant at the level of 5% probability. The number of plants per square meter
and 1000-seed weight were not affected by fertilizer treatment. The highest plant height (241.2 cm), number of
ears per plant (1.2 ears), 1000-seed weight (26.99 g.m?), seed yield (12.76 tons per hectare) and biological yield
(26.42 tons per hectare) were observed in the treatment of 5000 kg of plated chicken manure + 50% of the
recommended chemical fertilizer. The highest percentage of fodder silage protein (12.58%) and silage ash
(10.32%) was observed in the treatment of 2500 kg of plated chicken manure + 50% of the recommended
chemical fertilizer. The highest percentage of insoluble fibers in neutral detergent was observed in the T and Ts
treatments, and the lowest percentage of insoluble fibers in neutral detergents was observed in the T10 treatment.
The highest and lowest percentages of insoluble fibers in acidic detergent were in the Ty, T4, and T3 treatments,
respectively. According to the results of the present experiment, the combination of chemical fertilizer with
different amounts of chicken manure has reduced the consumption of chemical fertilizers, and in addition to
saving on the consumption of fertilizer and the resulting costs, the harmful effects on the environment have also
been reduced, and the condition of the soil in terms of fertility in the long term, the percentage of soil organic
matter will improve.

Conclusion
The results of the experiment showed that combined fertilizer treatments were superior compared to pure
chemical fertilizer and pure poultry manure treatments, improved the yield and yield components of maize and

caused a reduction in chemical fertilizers consumption. Chemical fertilizer treatment provided acceptable yield
only at high levels.

Keywords: Ash, Crude Protein, Forage maize, Harvest Index, Starch percentage
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Fig. 1- Annual temperature and rainfall in the 2017- 2018 crop year at the test site
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Table 1- Results of soil decomposition of the test site
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Table 2- Analysis of variance of the effect of different treatments of pelleted poultry manure and chemical fertilizer on
plant height and yield components of corn

. 5.1 L
abe silan,s g glis)l Wy ;5 I laws S5l 039 1y 5 Stes -
s sl e R EW, 2PN 1000-seed _ S 59 gn Cudls
S O";/ d.f Plant height Number of ear per plant weight Seedyield  Bjological Harvest
T yield index
Ssk
Block 2 11.96™ 0.05™ 0.36™ 0.08™ 1.39™ 13.60 ™
oc
)L"*' *k ns ns * ok *
Treatment 10 169.95 0.0241 1.45 7.27 14.17 69.13
s
Error 20 7.69 0.01 1.27 0.62 1.02 25.28
ug\j(;))w - 521 11.12 4.45 7.07 4.42 10.45
0
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ns: non-significant, *: significant at p<0.05, **: significant at p<0.01, respectively.
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Table 3- Analysis of variance of the effect of different treatments of pelleted poultry manure and chemical fertilizer on seed
quality traits
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Slos . - - .
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Treatment
ks
20 0.011 0.04 0.31 54.25
Error
s - 6.09 10.63 10.63 12.30
CV (%)
o pd S g g Jlein] pdaw ) 5 dxe il s s g # I dxe pe NS
ns: non-significant, *: significant at p<0.05, **: significant at p<0.01, respectively.
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Table 4- Effect of different levels of poultry manure and chemical fertilizers on maize yield and yield components
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Treatment Plant height ~ Number of ear per Seed yield Biological yield Harvest index
(cm) plant 1000-seed (that) (tha) (%)
weight (g)
Ta 218.8 11 24 7.4 194 36.3
T2 2195 13 24.9 10 214 458
Ts 223.6 1.3 25.2 10.9 211 47
Ts 225 14 253 10.2 22.2 50.3
Ts 221.9 1.6 26.4 10.7 214 51.1
Ts 2235 15 24.6 114 231 51.6
Tz 233.2 1.7 26.4 12.5 239 52.3
Ts 226.3 1.7 25.6 124 23.2 52.3
To 2331 1.9 25.9 123 26.4 53.7
To 241.2 21 26.9 12.8 26 54
Tu 237.8 1.7 25.6 12 26.2 52.7
LSD 5% 5.5 0.4 2.6 15 2.2 15
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Ty: no fertilizer (control), T,: 1250 kg of poultry manure + zero kg of chemical fertilizer, Ts: 1250 kg of poultry manure + 25% of the recommended
chemical fertilizer, T,: 1250 kg of poultry manure + 50% recommended chemical fertilizer, Ts: 2500 kg of poultry manure + zero kg chemical
fertilizer, Te: 2500 kg of poultry manure + 25% of recommended chemical fertilizer, T;: 2500 kg of poultry manure + 50% Recommended chemical
fertilizer, Tg: 5000 kg of poultry manure + zero kg chemical fertilizer, To: 5000 kg of poultry manure + 25% of recommended chemical fertilizer, T1o:
5000 kg of poultry manure + 50% of chemical fertilizer Recommended, T1: 100% recommended chemical fertilizer.
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Table 5- Effect of different levels of poultry manure and chemical fertilizers on seed quality traits

QI3 dwlis ao >

slowd AId (59 5 Mo yd Al €9y Mo yd &> €9, 3 Sl
Treatment Seed N content (%) Seed starch content Seed oil content (%)  Seed oil yield (t.ha?)
(%)

T1 1.23 70.4 44 0.33
T2 1.4 71.2 5 0.5
Ts 15 71.1 53 0.59
Ta 1.6 71.3 5.2 0.6
Ts 1.63 714 5.6 0.61
Te 1.6 72 5.6 0.64
Tz 1.63 72.4 5.7 0.71
Ts 1.63 727 6 0.75
To 1.6 73 5.8 0.71
Tio 1.73 73 5.7 0.73
Tu 1.66 71.7 5.9 0.7
LSD 5% 0.19 0.5 0.8 0.12
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Ti: no fertilizer (control), T,: 1250 kg of poultry manure + zero kg of chemical fertilizer, Ts: 1250 kg of poultry manure + 25% of the recommended
chemical fertilizer, T4: 1250 kg of poultry manure + 50% recommended chemical fertilizer, Ts: 2500 kg of poultry manure + zero kg chemical
fertilizer, Ts: 2500 kg of poultry manure + 25% of recommended chemical fertilizer, T7: 2500 kg of poultry manure + 50% Recommended chemical

fertilizer, Tq: 5000 kg of poultry manure + zero kg chemical fertilizer, To: 5000 kg of poultry manure + 25% of recommended chemical fertilizer, T1o:
5000 kg of poultry manure + 50% of chemical fertilizer Recommended, T11: 100% recommended chemical fertilizer.
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Table 6- The effect of chemical fertilizer and pelleted poultry manure levels on the chemical composition of maize fodder
(percentage of dry matter)

o SuSe or Swis ool s o..\&.lg.d? 5 J,bub W) S n.a.;.ly.i-& 5 J,bmb él.:ﬂ
Treatments Ash (%) Protein (%) Dry matter Insoluble fibers in neutral Insoluble fibers in acidic
(%) detergent (%) detergents (%0)
T1 8.69 10.85 24.36 60.61 24.93
T2 9.25 11.28 25.72 63.11 31.70
Ts 10.32 11.17 23.71 63.31 29.15
Ta 7.63 10.63 25.01 64.76 21.73
Ts 9.43 10.21 26.41 60.61 25.36
Ts 9.43 11.65 26.96 65.51 21.40
Tz 9.09 12.58 27.51 61.71 25.30
Ts 7.33 12.21 26.77 72.26 22.60
To 8.93 12.06 27.05 62.76 23.20
Tiwo 7.71 11.83 24.74 54.33 24.30
Tu 8.64 10.47 26.42 65.51 27.66
LSD 5% 0.9 0.5 1.9 8.5 6.2
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Ti: no fertilizer (control), T,: 1250 kg of poultry manure + zero kg of chemical fertilizer, Ts: 1250 kg of poultry manure + 25% of the recommended
chemical fertilizer, T4: 1250 kg of poultry manure + 50% recommended chemical fertilizer, Ts: 2500 kg of poultry manure + zero kg chemical
fertilizer, T¢: 2500 kg of poultry manure + 25% of recommended chemical fertilizer, T;: 2500 kg of poultry manure + 50% Recommended chemical

fertilizer, Tg: 5000 kg of poultry manure + zero kg chemical fertilizer, To: 5000 kg of poultry manure + 25% of recommended chemical fertilizer, T1o:
5000 kg of poultry manure + 50% of chemical fertilizer Recommended, T1;: 100% recommended chemical fertilizer.
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Introduction

Seed aging reduces the quality and quantity of agricultural production by reducing quality, viability, and
irreversible seed vigor over time. Researchers are increasingly interested in seed aging, which is a serious
problem in agriculture. To reduce damages caused during aging, various pretreatment techniques have been
studied, including chemical compounds, growth regulators, and antioxidants. Sowing seeds in low osmotic
potential osmotic solution is one method of slowing seed aging by osmopriming them. To reduce the negative
effects of seed aging, biostimulants such as seaweed extract are used. In order to investigate the effect of
seaweed extract on the quantitative and qualitative yield of soybean, an experiment was conducted in the two
years of 2018 and 2019 in the research farm of Shahrood University of Technology.

Materials and Methods

The experimental treatments involved the acceleration of aging in two groups: normal seeds and aged seeds.
Additionally, seaweed extract was applied at four different levels: control, seed pre-treatment with a seaweed
extract concentration of 0.3%, foliar spraying with a seaweed extract concentration of 0.3%, and a combination
of seed pre-treatment and foliar spraying with a seaweed extract concentration of 0.3%. This was conducted as a
factorial experiment, employing a randomized complete block design with three replications. A sample of DPX
was collected from the Mazandaran Agricultural Research Center. A controlled storage room was used to
maintain the seeds at a temperature of 14-17°C and relative humidity of 30-40%. The seeds were harvested the
same year as the experiment. In order to apply accelerated aging, the seeds were kept for 72 hours at a
temperature of 41°C and relative humidity of 95%. Foliar spraying was done at the beginning of flowering (R1).

Results and Discussion
The results showed that accelerated aging decreased the mean daily emergence and germination index by

61.39 and 42.08% compared to the control. The pretreatment of soybean seeds made them more responsive to
external stimuli and counteracted stress conditions before they emerged as seedlings. When the seeds were
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pretreated with seaweed extract, the mean daily emergence and seed germination index increased. The weight of
one hundred seeds and the number of pods per plant decreased by 11.64 and 11.38% compared to the control.
The combined application of seed pretreatment and foliar spraying in normal and aging conditions had the
highest hundred seed weight and the number of pods per plant. In protein-rich crops, seaweed biostimulants can
increase protein production. Pretreatment of normal and aged seeds with seaweed extract increased by 1.48 and
1.61 percent of seed protein. In order to improve soybean germination percentage, protein, and seed yield, ellagic
acid and seaweed extract should be used individually or combined. Accelerated aging caused a 32.69% decrease
in seed yield compared to normal conditions. The combined application of pre-treatment and foliar spraying of
seaweed extract had the highest seed yield, which increased by 87.85% compared to the control. Seed aging
likely caused a reduction of seed yield by reducing the mean daily emergence, leaf area index, and 100-seed
weight. There are three main characteristics (mean daily seedling field emergence, the number of pods per plant,
and 100-seed weight) that can explain 85.96% of seed yield variability based on the coefficient of explanation.
An analysis of causal connections between seed yield and 100-seed weight showed that seed protein content
directly affects seed yield. By increasing the number of pods per plant and the weight of 100 seed, soybean seeds
yield may be enhanced by using seaweed extract.

Conclusion
With its powerful antioxidant properties and anti-aging properties, seaweed extract minimizes the effects of
aging on aged seeds. Finally, within the scope of the research, it is possible to suggest the use of pre-treatment
and foliar spraying with seaweed extract to increase seed yield and protein percentage in normal and aged
soybean seeds.

Keywords: Bio-fertilizer, Deterioration, Priming
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Table 1- Analysis of variance (mean of squares) for traits related to germination and grain yield of soybean under accelerated

aging and seaweed extract
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Fig. 1- Effects of accelerated aging and pretreatment with seaweed extract (a) and comparison of the mean effects of
accelerated aging and year (b) on the mean daily emergence of soybean
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Table 2- Mean comparison of main effects of accelerated aging on germination index, 100 seed weight and grain yield in

soybean
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Table 3- Mean comparison of main effects of accelerated aging and seaweed extract on germination index in soybean
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Fig. 2- Effects of accelerated aging and seaweed extract on the number of pods per plant of soybean
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Fig. 3- Effects of accelerated aging and seaweed extract on the number of seeds per plant of soybean
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Table 4- Mean comparison of main effects of seaweed extract on 100 seed weight and grain yield in soybean
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Fig. 4- Effects of accelerated aging and seaweed extract on the protein of soybean
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Table 5- Path coefficient analysis of mean daily emergence, number of pods per plant and 100 seed weight traits on seed yield
(seed yield is dependent trait).
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Traits Mean daily emergence  Number of pods per plant 100 seed weight  Total effect
Wigs ok s ke 0.32 0.09 0.16 0.58
Mean daily emergence
g 2 M b 0.08 0.34 0.19 0.62
Number of pods per plant
b ao v 0.09 0.11 0.57 0.78
100-seed weight
R- square 0.8596
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Direct (bold) and indirect effects of traits on seed yield.
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Introduction

The application of various inputs, such as pesticides and chemical fertilizers, has been one of the most
significant factors negatively impacting the sustainability of agricultural systems. To accurately assess the value
of agricultural ecosystem services, both the positive and negative aspects of agricultural systems must be taken
into account. In the past three decades, the emergy analysis has been developed for assessing environmental
policies and resource quality based on the dynamics of complex environmental and economic systems. Emergy
analysis can be used to evaluate the sustainability of agriculture. By definition, emergy is the amount of direct or
indirect solar energy required to produce a good or service. By converting all forms of energy, resources, and
services into a single unit, the solar emjoule (sej), emergy analysis can assess the interdependence of economic,
social, and environmental factors. The production of three important oil crops of Sistan, including rapeseed,
safflower, and sesame, was investigated using emergy and economic analysis techniques to evaluate the
ecological health and productivity of the use of inputs in the production of oil crops in Sistan.

Materials and Methods

This research was conducted at the level of Sistan's oil plant production systems in the Northern provinces of
Sistan and Baluchistan. This research used questionnaires and face-to-face interviews with the owners of small
ownership systems to determine the input consumption and performance of these systems. According to their
service life, the annual input energy flow in the form of structural facilities, buildings, machinery, and materials
used in the systems was calculated. The RUSLE model was used to assess water erosion. Inputs are divided into
four categories to analyze production systems: renewable environmental resources (R), non-renewable
environmental resources (N), purchased renewable resources (Fr), and purchased non-renewable resources (Fn).
After calculating all input and output flows, the raw data for each of the production systems was multiplied by
their unit emergy value in Joules, grams, or Rials, according to Iran's conditions. This study utilized
transformity, the renewable emergy ratio (R%), the rmergy yield ratio (EYR), the rmergy investment ratio (EIR),
the rnvironmental loading ratio (ELR), the emergy sustainability index (ESI), the emergy exchange ratio (EER),
and the emergy index of product safety (EIPS).
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Results and Discussion

The total supporting emergy for rapeseed, safflower, and sesame production systems was calculated to be
7.28E+16, 4.75E+16, and 3.55E+16 sej.ha.yr?, respectively. In all three studied production systems, wind
emergy was the largest source of free environmental input. In all three studied systems, environmental non-
renewable inputs accounted for the largest portion of total emergy input, which was 83.42 percent for rapeseed,
80.11 percent for safflower, and 84.4 percent for sesame. The high proportion of nonrenewable inputs in this
study for all three production systems demonstrated the vulnerability of Sistan's landscape cultivation systems as
a result of the obvious lack of water, severe soil erosion, and contamination of agricultural lands. The total
amount of purchased inputs for rapeseed, safflower, and sesame production systems was estimated to be
1.14E+16, 8.78E+15, and 5.40E+15 sej.halyr?, respectively. Nitrogen and phosphorus chemical fertilizers
comprised the largest proportion of purchased inputs in all three systems.

The transformity for rapeseed, safflower, and sesame production systems, respectively, was 3.88E+06,
3.76E+06, and 2.48E+06 sej.J%. The higher transformability of the rapeseed production system was due to the
lower input utilization efficiency of this system compared to the safflower and sesame systems. The values of the
saffron system's environmental sustainability indices (ESI and ESI*), renewable energy ratio (%R),
environmental loading ratios (ELR and ELR¥*), and modified investment ratio (EIR*) indicate that this system is
more sustainable. The lower health of rapeseed and sesame systems based on emergy indices was primarily due
to the large proportion of input emergy related to organic matter losses and soil erosion, which are nonrenewable
environmental resources. The economic analysis revealed that the sesame production system generated a higher
profit-to-cost ratio and net profit than the safflower and rapeseed systems.

Conclusion
This study demonstrated that emphasizing practical solutions in the comprehensive management of

production ecosystems, particularly through the protection of soil organic matter and the prevention of erosion,
can significantly enhance their ecological health.

Keywords: Economic analysis, Environmental burden, Environmental inputs, Profitability analysis,
Rapeseed, Renewable resources
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3- Purchased non-renewable inputs

4- Purchased non-renewable inputs

5- Inputs

6- Outouts

7- Transformity

8- Renewable Emergy Ratio

9- Emergy Yield Ratio

10- Emergy Investment Ratio

11- Modified Emergy Investment Ratio
12- Environmental Loading Ratio

13- Moadified Environmental Loading Ratio
14- Emergy Sustainability Index

15- Modified Emergy Sustainability Index
16- Emergy Exchange Ratio

17- Emergy index of product safety
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Fig. 1- Emergy flow diagrams of sesame production ecosystems in Sistan region
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Fig. 2- Emergy flow diagrams of rapeseed and safflower production ecosystems in Sistan region
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Table 1- Specifications and formulas of the emergy-based indicators used to evaluate rapeseed, safflower and sesame

production systems in Sistan

o e st e Reference ase
Index Formula Specifications
Oy gl ) pedsnes clacedg)s _— o
Renewable inputs from free R AR 2T SRORY 5 S
Renewable environmental flows By definition
local resources
dbaes (e GG cleig)s Oy e e 3l pigbnes slagl > iy 3l
Non-renewable N - e
. - Non-renewable environmental flows By definition
environmental inputs
o 6lil glaesdg)g E St gl jl i lagh > iy b
A R . el
Renewable purchased inputs Renewable flows from purchased resources By definition
23bae8 )ik glagdg )y B o b e A
1L wlie 5 pdobasiss lab
Non-renewable purchased Fn I &5 RRBREE SROR s S
inputs Non-renewable purchased flows By definition
o s B sl Jpazme 555l lgiome A_‘E Jg3 o (2 2Ty Su Mg sl losge 55 e Brown & Ulgiati
. Tr=U/AE Amount of emergy required to produce an output unit in joules. AE is the
Transformity (2004)
energy content.
L el p)F s (g ly S g sl LS 390 g5l ke ot
ok S5yl _ ; L . Brown & Ulgiati
: SE=U/PW
Special emargy Amount of emergy required to produce an output unit in grams. AE is the (2004)
energy content.
Siyol G pdidos dop %R =R+Fg/ il o gadgr plla bawgs o odliil ydiaa58 (g5 el o yd
" . Ux100 ’ Odum (2000)
Renewable emergy ratio Percentage of the renewable energy used by the system
il s EYR=U/ N ol (oolaidl o jd (g5l a ko po b Jrze molis 1 oxlil u.;L..o.a
- - Ability of a process to use renewable and nonrenewable environmental Odum (2000)
Emergy yield ratio Fn+Fr - . ;
resources with economic resources as a capital
el Il _ } _--\‘f’lf«_s‘ PUN 2 o8y dame (5551 US4 )8 jlesdis )l B 5 :‘:’Lﬂ g Brown & Ulgiati
Emergy investment ratio EIR = Fr+F\/R EIR is the ratio of emergy resources purchased from outside to all free (2004)
environmental emergy in the system.
d)lfqbﬁwoﬂc)&olw . .
_ ol Gy pdanao8 e glie 4 G Jpame a5 )0 )l (g8l s Clillao 30 -
&5yl =FvtFr /R : - . o A Amiri et al.
Modified . tment EIR* The adaptation rate of investment in product production is compared with (2019)
oaifie eer{?g/ investmen environmental resources received for free.
e 5 5l G ELR = N+Fy/ ol (g5 plsS S bausgs 0 Sgl Jame jLiS
. . . . Lu et al. (2014)
Environmental loading ratio R+Fr Environmental pressure produced by a process
gheetus; i b Pl s g b Ny b Sl ke
Modified environmental . - Lu et al. (2014)
: - R+Fr An inverse measure of sustainability
loading ratio
o e st oS ESI=EYR/ ol 8 il sl R e ko e s 28 2,2 Sy
Sl The dependence of the system output on the environment, the greater the Luetal. (2014)
Emergy sustainability index ELR L
value, the stronger the sustainability of the system
Lo (5l asls ond Mol deus 35 yete Cannj bama s 03l )Lid J8ls b plgs pdsdsiog glie jl ool oS glize gyl asls
G ESI* = ELR* ow|
e S Lu et al. (2014)
Modified emergy EYR/ Alternate sustainability index that focuses on the use of renewable
sustainability index resources with minimal pressure on the environment.
il e S (U) pllss 63959 5550l IS 2 oanss (YM) 15 5 Jgp L o s (pllss 5,Shoe) (soliaidl g5
LA EER = U/YM ; : : : Odum (1996)
Economic output (a system yield) traded with money in the market (YM)

Emergy exchange ratio

Mg oMo 550l pa3Ls
Emergy index of product
safety

EIPS=1 — [C/ (Fn
+ Fr)]

on total emergy input rate (U).
Bl byl Jpame (ool 2 |y piSiile g Ul b pgams ¢ oliond 358 51 pasls oyl
It assesses the effect of chemical fertilizer, pesticide and herbicide use on
product safety

Xi & Qin (2009)

NR=GVP-TCP
GVP=CY XCP
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Table 2- Natural and economic flows of rapeseed, safflower and sesame production systems in Sistan region

asly 1518 S5 KCOs
Unit Rapeseed Safflower Sesame
phbs Jaoe gla634)4
Renewable environmental inputs
g S5 Js3 2.98E+13 2.76E+13 2.89E+13
Solar energy J
et Js) 5.30E+11 5.19E+11 8.77E+10
Wind, kinetic energy J
obl (aleesd 53] Js3 1.09E+09 1.09E+09
Rain, chemical J
By 5 Jsj 8.06E+08 8.06E+08
Evapotranspiration J
2hbnsed e claedg)9
Non-renewable environmental inputs
i) ! Jss 9.15E+10 8.37E+10 5.20E+10
Groundwater J
8% 9 55 Js3 7.40E+10 6.77E+10 4.20E+10
Evapotranspiration J
Sty Hosls il o3 4.75E+10 4.75E+10 4.75E+10
SOM reduction J
S ol ed 2 88E+07 1.23E+07 1.13E+07
Soil erosion g
0l (g5l 5 slaodly
Purchased inputs
SIS G Jsi 4.98E+08 4.02E+08 6.08E+08
Human labor J
eVlonile ed 7.77E+03 7.77E+03 2 30E+03
Machinery g
hed S350 5 3 ed 1.21E+10 5.21E+09 3.78E+09
Fossil fuel and lubricant g
0395 355 ed 1.50E+05 1.25E+05 7.50E+04

Nitrogen fertilizer g
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b 355 4 7.50E+04 6.50E+04 4.00E+04
Phosphorus fertilizer g
ol 25 4 5.00E+04 3.50E+04 0.00E+00
Potash fertilizer g
Paid pr 2.50E+03 2.00E+03 1.00E+03
Micro fertilizer g
I e 4.00E+06 3.50E+06 3.00E+04
Organic fertilizer g
sl pr 1.00E+03 6.00E+03 0.00E+00
Pesticide g
) Js) 3.60E+09 1.17E+09 6.30E+08
Electricity J
s Jb 3.50E+06 2.40E+06 1.45E+06
Seed Rials
=y
Output
cdladl 3,8koe 2d 7.50E+05 8.60E+05 5.50E+05
Economic yield g
oLl 3,Skoe Js} 1.88E+10 1.26E+10 1.43E+10
Economic yield J
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Table 3- Emergency analysis and input structure in rapeseed,

safflower and sesame production systems in Sistan region

135 5 aoS
3,190 Aoyl 550! Rapeseed Safflower Sesame
Items Emergy/unit &isl KW Siz! oy &ize! oy
Emergy % Emergy % Emergy %
e e clasdg)g
Renewable environmental inputs
S S0P 1.00E+00 2.98E+13  0.04% 2.76E+13  0.06% 2.89E+13  0.08%
Solar energy
et e 1.25E+03 6.74E+14  0.93% 6.49E+14  1.36% 110E+14  0.31%
Wind, kinetic energy
ot ot 5350 2.25E+04 2.45E+13 2.45E+13 0.00E+00
Rain, chemical
é’ﬂjﬁ . 2.88E+04 2.32E+13 2.32E+13 0.00E+00
Evapotranspiration
&2 7.04E+14 0.97% 6.76E+14 1.42% 1.39E+14 0.39%
Subtotal

hbpios Jame slocsd)s
Non-renewable environmental inputs
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Grg:;g;véter 1.92E+05 1.76E+16  24.13% 1.61E+16  33.80% 0.98E+15  28.10%
Evapf;:;;;; ation 2.88E+04 2.13E+15  2.93% 1.95E+15  4.10% 1.21E+15  3.40%
Sk T slge clils
SOM reduction 9.36E+04 445E+15  6.11% 4.45E+15  9.35% 4.45E+15  1251%
SB il
Soil ;’:si::n 1.27E+09 3.66E+16  50.25% 156E+16 32.85% 1.44E+16  40.39%
Suké):)tal 6.07E+16  83.42% 3.81E+16 80.11% 3.00E+16 84.41%
=
Purchased inputs
i s
Hj’r;;nfégor 2.22E+06 111E+15  1.52% 8.92E+14  1.88% 1.35E+15  3.80%
eV ile
Macr;)i: ery 1.01E+10 7.85E+13  0.11% 7.85E+13  0.17% 241E+13  0.07%
Fossﬁ?jeﬁ;":lj;’icam 8.60E+04 1.04E+15  1.43% 4.48E+14  0.94% 3.25E+14  0.91%
N"]fé;ﬂi ; 3.09E+10 464E+15  6.37% 3.86E+15  8.12% 232E+15  6.52%
P ;::Iii or 2.82E+10 2.12E+15  2.91% 1.83E+15  3.86% 1.13E+15  3.17%
Ly
K LfJ;rtIJIier 2.23E+09 1.12E+14 0.15% 7.81E+13 0.16% 0.00E+00 0.00%
Mic;())i;;tflizer 3.91E+09 9.78E+12 0.01% 7.82E+12 0.02% 3.91E+12 0.01%
S 2.96E+08 1.18E+15 1.04E+15 8.88E+12
Organic fertilizer
P;fi:: de 1.89E+10 1.89E+13  0.03% 1.13E+14  0.24% 0.00E+00  0.00%
Electricity 2.31E+05 8.32E+14  1.14% 2.70E+14  0.57% 146E+14  0.41%
S;: g 6.76E+07 2.37E+14  0.50% 1.62E+14  0.34% 9.80E+13  0.28%
Sug:)tal 1.14E+16  15.62% 8.78E+15  18.47% 5.40E+15  15.20%
A'JFSOEI? 7.28E+16 100.00% 475E+16  100.00% 3.55E+16 100.00%
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Introduction

Medicinal plants are one of the most valuable resources in Iran's wide range of natural resources, which can
play an important role in society's health, job creation, and non-oil exports if they are scientifically recognized,
cultivated, developed, and exploited properly. Iran is considered one of the world's best regions in terms of
climate, geographical location, and medicinal plant growth, and it has been a source of production and
consumption of medicinal plants in the past. Lemon balm is generally used in traditional medicine to treat
digestive problems, pain, and mental disorders. Drought stress is one of the most serious and widespread
problems that limit plant productivity because it negatively affects plant physiology. The effects of drought
stress depend on the duration, intensity and stage of growth and the genetic tolerance capacity of plants, which
can reduce the growth of plants. It causes a change in morphological and physiological structures and the pattern
of biomass distribution or even death.

Materials and Methods

To study the effect of foliar different growth stimulants on the growth characteristics and essential oil of
balm at different levels of drought stress, an experiment was carried out in the crop year 2021. The experiment
was a split plot based on randomized complete blocks with four replications, where different levels of irrigation
include irrigation after 80, 60, and 40 percent of the field crop capacity (FC) in the main plots and foliar
application of different growth stimulants including control, melatonin, amino acid, and folic acid were placed in
sub-plots. In this research, total chlorophyll, dry matter yield, relative water content, phenoline content, soluble
sugars, essential oil content, essential oil yield, total phenol, and flavonoid were measured. The data obtained
from the experiment was analyzed using SAS.9.4 software. The obtaineds averages were statistically compared
using Duncan's method (LSR) and at the five percent probability level.

Results and Discussion
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The results of variance analysis of the data showed that the effect of irrigation and foliar spraying on growth
stimulants on all investigated traits were significant at the probability level of 1%. There was a significant
difference between the interaction treatments in terms of chlorophyll content, proline content, essential oil
percentage, essential oil yield, and flavonoid content at the probability level of one percent and in terms of
relative leaf water content, dry matter yield, soluble sugars content and total phenol content at the probability
level of five percent. The results showed the highest chlorophyll content (2.25 mg g* FW), relative leaf water
content (88.12 percent), and dry matter yield (793.79 kg ha) was recorded in melatonin foliar application and
irrigation of 80% of FC treatments. Also, the highest essential oil content (0.81%) and essential oil yield (6.46 kg
hat) were observed in treating foliar application with melatonin under the irrigation treatment of 60% FC. This
study allocated the highest total phenol content to melatonin foliar application at 40% of the FC conditions. In
this study, 40% FC irrigation treatment increased the flavonoid content by 29.90% and 93.23%, respectively,
compared to 60% and 80% FC. Furthermore, foliar application of melatonin, proline amino acid, and folic acid
increased the flavonoid content compared to the control treatment by 17.64, 23.35 and 32.35%, respectively.

Conclusion

In this study, melatonin foliar application in all three irrigation conditions increased essential oil yield
compared to the corresponding control. Under irrigation and foliar spraying of melatonin, the synthesis of
secondary metabolites and essential oil has been accelerated and produced the maximum yield of essential oil.
Therefore, foliar spraying of melatonin and mild water deficit stress can be recommended to achieve maximum
economic yield in Lemon balm.

Keywords: Dry matter, Essential oil percent, Irrigation, Melatonin, Proline
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Table 3- mean comparison of measured characteristics in balm influenced by different irrigation regimes and growth
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Means in each column, followed by a similar letter(s), are not significantly different at the 5% probability level.
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