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Table 1- Physicochemical properties of farm soil

) Colan w. . o5 - . B
Sloogas ol Sl B e ) i Ol Shd by el g9y e P
Properties  pH ) s»W  Sand Silt Clay N P K Fe Zn Cu Mn

EC oC
p
»‘5
) -- (Ms/cm) (gr/cm?) (mg/kg)
Unit
e
val 7.65 1.064 1.6 33 47 20 0.28 0.039 6 170 1.7 07 06 45
alue

The soil texture is loamy
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Table 2- Schedule of sowing, harvesting and returning residue of wheat and crops in rotation

A28 ely; J AV-aA <y J
2018-2019 crop year 2019-2020 crop year
cunls Sl g Ll 6ls,5 cuils Sl g Ly yadls )5
Sowing Harvesting Returning Sowing Harvesting Returning
residue residue
pus BB NAEA sl =Y obhy slo,s Ve sls >\ #
Wheat 3 November 26 May 2 June 8 November 31 May 6 June
olace olo > Y -— o)) ols > YY -— e VP
Wild Rocket 10 June 2 October 13 June 8 October
oile olo > Y. 9 VY FURE sls > YY 9o VY e VP
Mung Bean 10 June 14 September 2 October 13 June 18 September 8 October
&y 250 oV Ao Ve 250 olo g ¥ e VP
Corn 6 July 29 September 2 October 2 July 26 September 8 October

5JUT pll 51 SAS (5Ll Jl380s 5 51 (Brar et al., 2013)
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p)
SOC pool (Mg ha') = SOC concentration (%) x soil
depth (m) x bulk density (Mg m=3) x10*m?ha*x10?

SOC S JT )5 534590 SOC pool 1 ;o a5
soil depth «(aws,0) S JT,S ke concentration
S il e S g0l JE> bulk density § S ges
E9— 50 ()5 39790 slahe B Al (0
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53 Sl S gy o 5 Sl S 3 5
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Table 3- ANOVA results (MS) for soil chemical properties under the influence of cropping systems and different levels of nitrogen

fertilizer

S.O.V.

a0

sol3!
df

S (plberd Oloogas

Soil chemical properties

pH

ST o IS5 59 Prw o2l S
oC N P Fe CS

Sk
Block
Jw
Year
Jlox Sob
Block x Year
Cropping
System
s X JLo
Year X
Cropping
System
O39S e
Nitrogen Level
X Jls
0395
Nitrogen Level
X Year
O3ares o
Cropping
System x
Nitrogen Level
omaX J s
XS
03955
Year X
Cropping
System x
Nitrogen Level
Uas
Error
OlysS cp2
C.V.(%)

44

0.0089

0.0016"

0.0009

0.0063

0.0006

0.0052"

0.0015

0.0065

1.24

0.00001 0.0000121 0.090 0.038 0.008

0.06038" 0.0000269 2.683 1.375° 34.778°

0.00001 0.0000038 0.185 0.00009 0.007

0.02727** 0.0002991** 2.697* 0.443* 15.709%

0.00343** 0.0000391** 0.445* 0.042 1.976%*

0.00207%#* 0.0005776** 0.368 0.006 1.192%*

0.00047 0.0000304** 0.050 0.014 0.270

0.00027™ 0.0000006™ 0.178" 0.022" 0.156™

0.00018™ 0.0000003 0.033" 0.002 0.106™

0.00036 0.0000045 0.144 0.030 0.209

7.13 10.51 6.43 6.88 33.89

EE TS
¢

Ao go plad ly /o0 5 o/ ol mhaw ;o o s g i 5 4

** *significant at 0.01 and 0.05 probability level, respectively
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Table 4- Interaction effects of different levels of nitrogen fertilizer and cropping system on soil chemical properties

Slos S ol Cloogas
Treatment Soil chemical properties
s 0390 T ok o ST oS 55 o595 L) ool O3S o
. i Nitrogen levels o ocC N P Fe Cs
Cropping system pH
(%) (%) (%) (mg/Kg) (mg/Kg) (Mg/ha)
paS-clate 0 7.51 0.433 0.039 6.62 2.25 3.67
Wild Rocket- 50 7.56 0.427 0.047 6.95 2.20 3.52
wheat 100 7.46 0.439 0.049 7.17 2.36 3.82
e . 0 7.60 0.342 0.033 6.12 1.91 1.49
fv\,ffwl
Eall heat 50 7.61 0.343 0.039 6.45 2.03 151
aflow-whea 100 7.59 0.356 0.042 6.13 1.97 1.82
pasS- ke 0 7.52 0.385 0.037 6.67 2.23 2.51
Mung Bean- 50 7.54 0.398 0.044 7.03 2.29 2.83
wheat 100 7.57 0.405 0.046 6.90 2.27 3.00
N 0 7.63 0.354 0.031 6.25 2.06 1.78
e —u)o
c heat 50 7.65 0.34 0.037 6.13 2.02 157
orm-whea 100 7.63 0.377 0.040 6.23 1.98 2.34
FLSD (p=0.05) 0.13 0.031 0.0034 0.62 0.28 0.72
SL obend Oluogas (m (Smod il 6 -0 Jgox
Table 5- Correlation coefficients between soil chemical properties
A oo ST oS 0395 o ool S
pH ocC N P Fe CS
Aol
1.00
pH
'] .
oo **-0.34 1.00
ocC
SO *.0.28 #4059 1.00
N
s +.0.37 #4068 #2056 1.00
P
Ry
-0.33” 0.69” 0.377 0.61™ 1.00
Fe
oS e F " o - - -
cs -0.34 1.00 0.59 0.68 0.69 1.00

** *significant at 0.01 and 0.05 probability level, respectively

wilos (AL bl b 4528 Cope diejls )5 (oo
Qlgh sed DaeolisS o ax ST ode alS Ll Las 1A
ol el Jg ams olis S ST )5 0 g o sima b
G 365 S blae [0 a0 5 wales S ;s” oS sl
0SB Lyl 550 )0 5550 LiE Y5k 001l Logass
(Teriberti et al., 2016; Novara c.sls salgs SowelsS
Lyl o,y oo L5 44 140 et al., 2016; Zhang et al., 2016)

s gk 5 (WL 39 ol 9 axdllas 350 dilate ool
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s oo pladly efe0 gV Jlosol oy o9 o gire oS i 4 T

5 Uher 995 Il a5 wad e Gla baragh @l

3 b o ) 8 o e S5 T (sl G338
oy 9 yhed (039508 (Il loogS Jolets 5,15 s oo
@l pezee e Gl | S I S 0pd
ol b 39 el 45 s e L Sl I (s )l
W3 Sy Gl alauly 4 39 A ()5 S (092
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Figure 1- Interaction effects of year and cropping system on soil organic carbon
WR: Wild Rocket, W: Wheat, F: Fallow, C: Corn, MB: Mung Bean
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Figure 2- Interaction of year and cropping system on the percentage of total soil nitrogen
WR: Wild Rocket, W: Wheat, F: Fallow, C: Corn, MB: Mung Bean
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WR: Wild Rocket, W: Wheat, F: Fallow, C: Corn, MB: Mung Bean
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Abstract

Introduction: Increasing soil carbon, both globally and on a farm level, has been considered as a
fundamental strategy to reduce atmospheric carbon dioxide and increase soil productivity. Because
agricultural ecosystems cover 11% of the earth's surface and wheat is one of the three most important
grains in the world, any study on increasing soil carbon through land management and organic
additive management can lead to a better understanding of our potential for soil improvement,
ecosystem services, higher biomass yields, nutrient recycling, potentially increasing agricultural and
ecological productivity. Crop rotation significantly affects the sequestration capacity of atmospheric
carbon dioxide, and the change of cropping systems from fallowing to continuous cultivation can
affect the rate of carbon sequestration in the soil through the introduction of more organic carbon.
Also, managing the use of fertilizers, especially nitrogen, will not only increase crop yields, but also
increase carbon sequestration as a secondary benefit to the land. Due to the alkalinity of most soils in
arid and semi-arid regions, the addition of organic matter reduces soil acidity and improves plant
growth conditions, increases the ability to absorb elements such as phosphorus and iron, moreover
has a positive effect on increasing biomass production and carbon sequestration.

Material and Methods: This study was conducted to take advantage of a set of desirable crop
measures in diverse production systems with the aim of improving the chemical properties of soil and
carbon sequestration with a focus on wheat during the two cropping years of 2018-19 and 2019-20 in
a farm in Taybad plain. In this study, the factor of the cropping system in four levels (wild rocket-
wheat, fallow-wheat, mung bean-wheat and corn-wheat) and the factor of nitrogen fertilizer levels
(100, 50% and without nitrogen fertilizer application) were implemented in a randomized complete
block design as factorial with three replications. Soil chemical properties such as acidity, organic
carbon, total nitrogen, available phosphorus and iron were measured.

Results and Discussion: The highest amount of acidity was observed in corn-wheat treatment with
50% nitrogen fertilizer supply and the lowest amount of acidity was observed in wild rocket-wheat
treatment with 100% nitrogen fertilizer supply. The study of treatments shows that wild rocket and
mung bean showed the best results in increasing soil organic carbon and carbon sequestration. Corn
less than were able to increase soil organic carbon, although with increasing nitrogen fertilizer supply
in the corn-wheat cropping system, organic carbon improved compared to the control treatment. The
results also showed that wild rocket-wheat treatment with 100% nitrogen fertilizer supply experienced
the highest increase (56.7%) and corn-wheat treatment with 50% nitrogen fertilizer supply
experienced the lowest (21.4%) increase in soil organic carbon. Soil nitrogen was also significantly
affected by the increase of soil organic carbon mainly in two treatments of wild rocket-wheat (25.6%)
and mung bean-wheat (17.9%) in conditions of 100% nitrogen fertilizer supply, while fallow-wheat
and Wheat maize without nitrogen fertilizer showed the highest reduction in soil nitrogen content of
15.3% and 20.5%, respectively. Phosphorus and iron levels also increased in all treatments. The
results of trait correlation also showed that reducing acidity in alkaline soils is the key to success in
increasing plant access to phosphorus (r = -0.37 **) and iron (r = -0.33 **). It seems that the most
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important factor in the improving farming practices, which leads to an increase in organic carbon and
consequently soil fertility, is the removal of fallow and continuous cultivation of agricultural lands.
Conclusion: The results showed that soil organic carbon increased in all treatments and led to
increased carbon sequestration and improved soil chemical properties. The results regarding nitrogen
also showed that non-use of nitrogen fertilizer in all cropping systems reduce or stop the increase of
nitrogen and the need for optimal use of nitrogen fertilizer even in the case of using cover crops or
legume as a nitrogen stabilizer. Reducing acidity in alkaline soils is the key to success in increasing
plant access to phosphorus, although the capacity of soil organic carbon to retain phosphorus and iron
in the soil should not be underestimated. Also, cropping systems affected by the type of crop rotation
had different effects on soil properties. It seems that in addition to determining the quantity and quality
of plant residues, plant rotation will have a different behavior on the concentration of soil elements
depending on the amount of harvest of each nutrient.

Keywords: Cropping system, Organic carbon, Nitrogen, Rotation
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Table 2- Variance analysis of traits in 49 ecotypes of Dragon's head
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Coefficient of variation

"s, ™ and ": non-significant, significant at p<0.01 and p<0.05, respectively
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Figure 1- The average number of seeds per plant in 49 ecotypes of Dragon's head
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Figure 2- The average number of seeds per capsule in 49 ecotypes of Dragon's head
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Figure 5- Average grain harvest index in 49 ecotypes of Dragon's head
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Table 3- Analysis of the detection function to determine the cutting location of the dendrogram resulting from the cluster analysis for
seed yield and its related traits in 49 ecotypes of Dragon's head
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Table 4- The average of the groups and the percentage of their deviation from the average of the total traits in 2 clusters resulting
from the cluster analysis based on grain yield and its related traits
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Figure 6- Dendrogram resulting from the cluster analysis of 49 ecotypes of Dragon's head based on seed yield and related traits using
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Table 5- Causality analysis of seed yield with related traits in the studied Dragon's head ecotypes
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Figure 7- Causality analysis diagram of grain yield and its related traits in Dragon's head ecotypes
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Table 6- Variance analysis related to multiple regression by stepwise method for single plant seed yield in Dragon's head ecotypes
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Table 7- Regression analysis of grain yield (dependent variable) with other traits (independent variables) in Dragon's head ecotypes

o 3l (s T S

Wl i R Standardized regression coefficient (B)
Dependent variable A sS04 als slass oS 2 5o s slaws
Number of seeds per capsule Number of seeds per capsule
als o Slos
. 0.996 0.363 0.56
Seed yield

ails olasy cails o, Sloe Code 4500 5 g )55 4350 @l
0, 8les p Cudin ks Pl e S 5o il olaed g aig 4o

b)S.Lo.C L)uLw‘)J 5W0rd o9, d;l; Y] sl LYY S asls

05; ..\....Ajf)b_@ 05;5.)).> S A (_gjin ‘_:;me;l HR
JONF N AANAY N ALY (_ngweS‘ JGL&AJ ASrBBO

IS 55 doS

Sliws,) YO o Lo ;,f,,s}sl US\,LM aslie @L) u,,L..,lﬁ
L e e (Ol YA oj)le b isST g (L ¥ el
2 1y adslie o5 0 VL e )5 OIYAD 5 0,5 O/FVA (. Sile

ool il plais! 595 4 dasdlas 0,50 slowisST



Oli5en 3 GiIylS i

385 A5 eely 4 6N Gl oS el

Mgl o0 Ao g

Sl Sl
Seslaiwl bleay 5 5 o8B iils (g5 ,5lisS saSisls

&l o)l
3 8le (B)l5 A5z aF anlei e LI B
23,5 3925 Alie ol s b ala,

LA AN A TN A TN ATARTA VIR A SRR SAREA R WA 4
09,5 pl o olaw als gl (1 :Sike 5l Sl ooy 09
5 0Shes 5155 31 05,5 al slaesisST cal s g St
S olgise 5 009 5y gl 9,5 & o T i o Sla o
3 lis slaeasST 23S 5 ol slaasl o b
JgmS 50 ails dlaed 5 asgy j0 ails slaes sl o Slae Ll
il slel sloayiod mls aazr gl o) eolin
S g bl a5 CiF g oo s 3 Shas b pie Slio
YY oo «(obTtis sl limg,) YV ol slacadsS]

6345) Yo o)Lo...'f; ¥ d;‘?lf >.L’>m 6345) Y¥f o)Lo...'L «(f )

Olgisdny (F Bl Vool 5 (L2 V aSo3 e

References

Abdoli, S., 2017. Comparison of yield and some qualitative and quantitative characteres of common ecotypes of
Lallemantia (Lallemantia iberica Fisch. et Mey). Master's thesis in the field of agriculture, Faculty of
Agriculture, University of Tabriz, Tabriz, Iran. [In Persian].

Akbarpour, A., Kavoosi, B., Hosseinifarahi, M., Tahmasebi, S. and Gholipour, S., 2021. Evaluation of yield and
phytochemical content of different Iranian garlic (Allium sativum L.) ecotypes. International Journal of
Horticultural Science and Technology, 8(4), pp.385-400. doi: 10.22059/ijhst.2020.303657.373

Auld, D.L., Bettis, B.L., Crock, J.E. and Kephart, K.D., 1980. Planting date and temperature effects on
germination, emergence and seed yield of chickpea (Cicer arietinum L.). Journal of Agronomy, 80, pp.909-
914. doi: 10.2134/agronj1988.00021962008000060014x

Buisman, G.J.H., Overeem, A. and Cuperus, F.P., 1999. Synthesis of epoxidized novel fatty acids for use in paint
applications. Chapter 8, T.P. Derksen J. & Knothe G. (Eds). Recent developments in the synthesis of fatty acid
derives. The American oil chemist’s society. pp.250.

Carruthers, K., Prithiviraj, B., Fe, Q., Cloutier, D., Martin, R. and Smith, D., 2000. Intercropping corn with
Soybean, lupin and forages: yield component responses. European Journal of Agronomy, 12(2), pp.103-115.
doi: 10.1016/s1161-0301(99)00051-9

Fakhar, F., Biabani, A., Zarei, M. and Moghadam, A.N., 2019. Effects of cultivar and planting spacing on yield
and yield components of garlic (Allium sativum L.). Italian Journal of Agronomy, 14(2), pp.108-113. doi:
10.4081/ija.2019.1303

Gholizadeh-Khajeh, B., 2017. Evaluation of agronomic characteristics and performance of 49 landraces
Lallemantia (Lallemantia iberica Fisch. et Mey) collected from different regions of Iran. Master's thesis in the
field of agriculture, Faculty of Agriculture, University of Tabriz, Tabriz, Iran. [In Persian].

Jiang, Y. and Huang, N., 2001. Drought and heat stress injury to two cool season furfgrasses in relation to

antioxidant metabolism and lipid peroxidation. Crop  Science, 41, pp.436-442. doi:



A ... »» (Lallemantia iberica Fisch. et Mey) (s s 595l (029,18 obS o sST 5l (B p 60,5 dos g £1)) Wlio ow )y

10.2135/cropsci2001.412436x

Moslemi, E., Akbarian, M., Ravari, S.Z., Yavarzadeh, M.R. and Modafeh-Behzadi, N., 2023. Investigation of the
effect of drought stress on yield and yield components of cumin (Cuminum cyminum L.) ecotypes in climatic
conditions of Kerman Province. Eco-phytochemical Journal of Medicinal Plants, 10(4).

Nezamivand Chegini, R., Benakashani, F., Alahdadi, I. and Soltani, E., 2021. Quantification of salinity stress and
drought effects on fourteen ecotypes of black caraway (Nigella sativa L.) medicinal plant. Environmental
Stresses in Crop Sciences, 14(1), pp.211-220. [In Persian]. doi: 10.22077/escs.2020.2653.1688

Pandey, R.K., Herrera, W.A.T. and Pendelton, J.W., 1983. Drought response of grain legumes under irrigation
gradient. 1. Yield and vyield components. Journal of Agronomy, 76, pp.549-553. doi:
10.2134/agronj1984.00021962007600040009x

Rashidzadeh, H., Mosavi, F.S., Shafiee, T., Adyani, S.M., Eghlima, G., Sanikhani, M. and Ramazani, A., 2023.
Anti-Plasmodial Effects of Different Ecotypes of Glycyrrhiza glabra Traditionally Used for Malaria in
Iran. Revista Brasileira de Farmacognosia, 33(2), pp.310-315. doi: 10.1007/s43450-022-00353-8

Samadi, S., Khaiyamiand, M. and Hasanzadeh-Goorut Tappe, A., 2007. A comparison of important physical and
chemical characteristics of six Lallemantia iberica (Bieb.) Fish. et Mey. Varieties. Pakistan Journal of
Nutrition, 6, pp.387-390. doi: 10.3923/pjn.2007.387.390

Sarmadniya, G. and Koocheki, A., 2013. Physiology of Crop Plants. Publication of Jehad Daneshgahi Mashhad,
Mashhad, Iran. [In Persian].

Shafagh-Kolvanagh, J., Dehghanian, H., Dabbagh Mohammadi-Nasab, A., Moghaddam, M., Raei, Y., Zehtab-
Salmasi, S., Samimifar, P., Abdoli, S. and Gholizadeh-Khajeh, B., 2022. Machine learning-assisted analysis
for agronomic dataset of 49 Balangu (Lallemantia iberica L.) ecotypes from different regions of Iran. Scientific
Reports, 12(1), pp.19237. doi: 10.1038/541598-022-23335-1

Shahbazi, S., Alizadeh, K. and Fathirezaie, V., 2012. Study on planting possibility of Dragon's head (Lallemantia
iberica F. & C. M.) landraces in cold rainfed conditions. Iranian Dryland Agronomy Journal, 1(2), pp.82-95.
[In Persian]. doi: 10.22092/idaj.2013.100159

Shaltouki, M., Nazeri, V., Shokrpour, M., Tabrizi, L. and Aghaei, F., 2021. Phenotypic and genotypic assessment
of some Iranian Ziziphora clinopodioides Lam. Ecotypes. Journal of Agricultural Science and
Technology, 23(3), pp.645-660. doi: 20.1001.1.16807073.2021.23.3.4.1

Sirus Mehr, A.R., Shakiba, M.R., Alyari, H., Tourchi, M. and Dabbagh Mohammadi Nasab, A., 2008. Effect of
driught stress and density on yield and some morphological characteristics of autumn safflower cultivars. Asian
Journal of Agronomy and Horticulture, 78, pp.80-87. doi: 10.5267/j.msl.2012.06.001

Tetio-Kagho, F. and Gardner, F.B., 1988. Responses of maize to plant population density, I. Canopy development,
light relationships, and vegetative growth. Agronomy Journal, 80, pp.930-935. doi:
10.2134/agronj1988.00021962008000060018x

Turk, M. and Celik, N., 2006. Correlation and path coefficient of seed yield components in the Sainfoin
(Onobrichis sativa L.). Journal of Biological Sciences, 6, pp.758-762. doi: 10.3923/jbs.2006.758.762



olylSes 3 G515 i rY

Xia, M.Z., 1997. Effect of soil drought during the generative development phase on seed yield and nutrient uptake
of faba bean (Vicia faba L.). Australian Journal of Agricultural Research, 48, pp.447-451. doi:
10.1071/cp22316



Journal of Crop Science Research in Arid Regions/ Volume 6, Issue 3, Autumn 2024, P. 19-34

Investigating the agronomic and functional traits of some ecotypes of the
Dragon's head medicinal plant (Lallemantia iberica Fisch. et Mey) in East
Azarbaijan province

Jalil Shafagh-Kolvanagh', Mina Amani?, Payvand Samimifar®, Adel Dabbagh-Mohammadi-
Nasab?!, Yaegoob Raee!

! Plant Ecophysiology Department, Field of Crop Ecology, Faculty of Agriculture, University of Tabriz, Tabriz,
Iran

2 Ph.D Student of Physiology of Production and Post-Harvest of Horticultural Plants, Department of
Horticultural Science and Engineering, Faculty of Agriculture, University of Tabriz, Tabriz, Iran

3 Ph.D in Crop Physiology, Department of Plant Ecophysiology, Faculty of Agriculture, University of Tabriz,
Tabriz, Iran

*Corresponding Author: Shafagh.jalil@gmail.com

Received: 22 August 2023  Accepted: 5 November 2023 DOI: 10.22034/CSRAR.2024.412878.1370

Abstract

Introduction: Considering the growing human population and the loss of environmental
moderation, it is essential to use effective scientific methods to produce as many crops as possible
and create more diversity in them. Sustainable agriculture is the most beneficial way to use the sun's
energy and convert it into agricultural products without destroying the soil, water and environment.
The global approach to the use of medicinal plants and natural compounds in the pharmaceutical,
cosmetic-sanitary and food industries, followed by the attention of the people, officials and domestic
industries to the use of medicinal and aromatic plants, creates an urgent need for extensive basic and
applied research. It shows in this context. 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 scientifically recognized, cultivated, developed, and exploited
correctly. The diversity of climate and different ecological conditions have caused the diversity and
richness of medicinal plants throughout Iran. The need for comprehensive research and correct
utilization of these plants is very necessary, especially when the world's use of medicinal plants in the
pharmaceutical, cosmetic-health and food industries has accelerated. In this regard, in this research,
it has been tried to evaluate the ecotypes of the common Dragon's head in the region in terms of
performance and performance components, and identify and introduce the most suitable ecotypes for
the region and, if necessary, in the improvement programs. be noticed.

Materials and Methods: In order to evaluate the performance and components of performance of 49
ecotypes of Dragon's head (Gare Zarak) collected from different regions of the country, a research
was conducted in the form of randomized complete block design with 3 replications during 1995 and
1996 in the research farm of Tabriz University's Faculty of Agriculture. The most important traits
measured were the number of seeds per capsule, number of seeds per plant, thousand seed weight,
seed yield and harvest index.

Results and Discussion: The obtained results showed that the ecotypes showed significant
differences with each other in most of the studied traits. Ecotype No. 37 (Alvar Village, Bostan-Abad)
was highly superior in terms of many traits, especially in terms of grain yield. The results of
correlation, regression and causality analyzes showed that the number of seeds per plant and the
number of seeds per capsule had the highest correlation with seed yield and are considered effective
components in increasing seed yield. The highest correlation coefficient (0.879) was observed
between the number of seeds per plant and the seed yield of a single plant. Based on the cluster
analysis, ecotypes were grouped into two separate clusters based on seed yield and related traits, the
second group included 22 ecotypes with the highest value in terms of traits such as number of seeds
per plant and number of seeds per capsule. Based on the results of this research, ecotypes No. 37
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(Alwar Bostan-Abad village), 23 (Tabriz 4) and 24 (Kalvanagh 14) in terms of seed yield traits and
ecotypes No. 14 (Tabriz 3), 44 (Lilab village, Varzeghan) and 37 (Alvar Village, Bostanabad) were
recognized as the most appropriate and compatible ecotypes for Tabriz city in terms of dry fodder
yield.

Conclusion: Based on the average comparison results, ecotype No. 35 (Param 2 Haris village) and
ecotype No. 48 (Zanjan) have the highest 1000 seed weight among the studied ecotypes with an
average of 5.418 grams and 5.385 grams, respectively. They gave. Based on the results of regression
analysis and causality analysis of seed yield, the number of seeds per plant and the number of seeds
per capsule had a direct positive effect on the seed yield of a single plant. Based on the Word method
and based on grain yield, Dragon's head ecotypes were divided into two groups. The second group
includes ecotypes 2, 8, 10, 17, 18, 20, 24, 25, 26, 29, 31, 32, 33, 36, 39, 41, 42, 43, 46, 47, 48, 49.
Was. The percentage of deviation from the average for all traits in this group was positive; Therefore,
the ecotypes of this group are superior to the first group in terms of performance and traits related to
it, and they can be used in breeding programs and selection of suitable ecotypes in terms of seed yield,
number of seeds per plant and number of seeds per capsule. According to the results of various
statistical analyzes of some important traits with seed yield, it can be said that the selection and
cultivation of ecotypes No. 37 (Alvar village, Bostanabad), No. 23 (Tabriz 4), No. 24 (Kluvang local
mass 14), No. 25 (Tashe local mass) Kend 1 Harris) and No. 7 (Kelwanq 6) are recommended to the
farmers of Tabriz as the most suitable ecotypes for sowing.

Keywords: Dry fodder, Harvest index, Seed yield, Thousand seed weight
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Table 1- Physicochemical properties of soil in experiment site
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Table 2- Analysis of variance for yield, yield components and qualitative characteristics of barley grain affected by nitrogen source

and potassium foliar application
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Source of variation df Plant No. of No. of fertile Spike No. of fertile ~ No. of grain weight
height tiller tiller length spikelet per spike
"’S) 2 118.02 112 0.46 0.04 0.17 11.12 2.38
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u”"w & 4 19.43"™ 0.03" 0.03™ 0.94™ 7.89" 68.67" 50.95™
Nitrogen source
Ly 2 .
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Potassium foliar
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el | 50
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18 21.87 0.27 0.19 0.07 0.30 4.59 2.89
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CV (%)

"Non-significant, “Significant at P < 0.05, "Significant at P < 0.01
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"Non-significant, “Significant at P < 0.05, “"Significant at P < 0.01
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Figure 1- Interaction effect between nitrogen source and potassium foliar application on spike length
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Figure 2- Interaction effect between nitrogen source and potassium foliar application on number of fertile spikelets per spike
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Figure 3- Interaction effect between nitrogen source and potassium foliar application on number of grains per spike
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Table 3- Effect of nitrogen source on yield, yield components and qualitative characteristics of barley grain
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Table 4- Effect of potassium foliar application on yield, yield components and qualitative characteristics of barley grain
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Figure 4- Interaction effect between nitrogen source and potassium foliar application on grain yield
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Figure 5- Interaction effect between nitrogen source and potassium foliar application on biological yield
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Abstract

Introduction: Barley (Hordeum vulgare L.), is one of the oldest domesticated crops. In terms of
importance, it is considered the fourth most important grain in the world after wheat, corn and rice.
Proper nutrition of plants is one of the important factors in improving the quantity and quality the
crops. Among the nutrients, nitrogen is the most important growth limiting factor. Nitrogen foliar
application, especially at the end of the growing season and reproductive stage, can be an effective
factor in increasing the quality and possibly the quantity of grains. There are different sources of
nitrogen for agricultural purposes. In general, for most nutrients, there is little difference between the
effects of different sources. However, in the case of nitrogen, the effects of the form and source of
nitrogen on many vegetative and reproductive characteristics of plants are different and significant.
Materials and Methods: To investigate the effect of late season foliar application of nitrogen and
potassium on the yield and quality of barley, a factorial experiment was conducted in a randomized
complete block design with three replications in Sabzevar during the cropping year of 2018-20109.
The factors studied were nitrogen foliar application at five levels (no foliar application and foliar
application with urea, ammonium nitrate, ammonium sulfate and calcium nitrate at the rate of 3 kg N
hal) and potassium foliar application at two levels (foliar application of 2.5 kg K,0O ha in the form
of potassium sulfate and non-foliar application of potassium). The application rate of nitrogen and
potassium in foliar application treatments were 3 kg N ha* from different sources and 2.5 kg K0 ha-
Lin the form of potassium sulfate, respectively. Reyhan barley cultivar was used in this experiment.
Results and Discussion: The results showed that nitrogen foliar application at anthesis stage had no
significant effect on the plant height, number of tillers and number of fertile tillers per plant, but it
caused a significant increase in the spike length, number of fertile spikelets per spike, number of
grains per spike, 1000 grains weight, grain yield, biological yield, harvest index, and grain nitrogen
and protein content. The lowest harvest index of barley was obtained in the control treatment, which
had no significant difference with calcium nitrate and ammonium sulfate foliar application treatments.
The highest harvest index was also recorded in the conditions of foliar application of urea fertilizer,
which was not significantly different from the ammonium nitrate and ammonium sulfate foliar
application treatments. The highest grain nitrogen (2.1%) and protein (12.4%) contents were observed
under ammonium sulfate foliar application conditions. Nitrogen foliar application reduced the grain
starch content compared to non-foliar application conditions. Ammonium sulfate foliar application
treatment had the lowest content of grain starch with 57.91%. Late season foliar application of
potassium caused a significant increase in 1000 grain weight, grain yield and biological yield of barley
compared to the non-foliar application conditions, but it had no significant effect on the other studied
traits. Foliar application of potassium sulfate along with urea and ammonium nitrate, significantly
increased the number of grains per spike and grain yield compared to the foliar application treatments
of these fertilizers alone. The highest spike length (5.8 cm), number of fertile spikelet per spike (15),
number of grain per spike (46.1), grain yield (5178 kg ha) and biological yield (13965 kg ha™) of
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barley plants were observed under the combined foliar application of urea and potassium sulfate
conditions.

Conclusion: According to the results, combined foliar application of potassium sulfate and urea in
the anthesis stage is recommended to produce high yield and increase the protein content of barley
grains. Ammonium nitrate foliar application in the anthesis stage of barley will also lead to high starch
content in grains in addition to producing optimal seed yield.

Keywords: Ammonium nitrate, Calcium nitrate, Malting, Protein, Starch
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Table 1- The most important climatic parameters of the experimental site during the growth period of Isabgol in the year 2021
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Table 2- Some physical and chemical characteristics of the soil used for the expriment
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Sandy loam
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Table 3- The content of fulvic acid used in the experiment
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Table 4- The content of seaweed extract used in the experiment
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Table 5- The time and the number of irrigations in three different water availability treatments
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From the planting date (31, March) until full emergence (the start of irrigation treatments on the 23" April), all the plots were lightly irrigated

three times (200 m® ha'* each time).
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Table 6- The results of analysis of variance (mean square) for the effect of different levels of water availability and consumption of

organic fertilizers on the morphological characteristics of Isabgol

&l s @slio sol3T a0 olS gl

LT VSR RE JURIRES)

Ay Slasy .. . o
Ser ¥ (39 Wgy SS (439

Leaves number per Number of tiller per

S.0.V df Plant height Plant fresh weight Plant dry weight
plant plant
A
L 2 41.69™ 63.64™ 1.99™ 13.90™ 3.17™
Replication
<.5)lﬁ~.’T C&Jﬁ‘*’ .
L 2 1.09™ 8.90 1.23™ 8.04™ 9.45™
Irrigation (A)
Jol sl
4 0.40" 0.66"™ 1.26™ 471" 7.13™
Error A
355 &g - o " -
. 3 38.61 23.80 297 28.11 1.54™
Fertilizer (B)
355%5,ka]
6 4.24™ 5.12™ 0.83™ 9.17™ 6.61™
AxB
P9 sL‘a}
18 4.19™ 1.89™ 0.60™ 4.39™ 6.34™
Error B
Ol yadS g o
- 10.89 9.31 18.26 27.20 7.87
C.V. (%)
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*and ** indicate a significant difference at the probability level of 5 and 1%, respectively, and ns indicates the no-significant difference.
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Table 7- The effect of organic fertilizer type on the vegetative growth indices of Isabgol
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(SHB,l 855 g9) Lo G gl . ol yo azy slusy Ag P ol g SS9
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Treatments (Organic fertilizer Plant height Number of tiller Plant fresh Plant dry
type) (cm) Number of per plant weight (g) weight (g)
leaves per plant
16.04¢ 12.38¢ 3.47° 5.41° 3.05%
Control
Soglgd ol
L 19.16° 15.44° 4.15° 8.25° 3.382
Fulvic acid
S e
. 18.87° 15.28° 4.46° 7.50° 2,712
Humic acid
gj.l'.'.j‘) Sl
21.06° 16.01° 4.83° 9.64° 3.66°

Seaweed extract
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In each column, different letters indicate a significant difference at the 5% probability level using the LSD test
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Table 8- The effect of different levels of water availability on the vegetative growth indices of Isabgol
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. Number of Plant fresh Plant dry
Irrigation levels (mm of Plant height (cm) Number of . .
. leaves per . weight (g) weight (g)
evaporation from the pan) tiller per plant
plant
100 19.12% 15.74% 4.60° 6.83° 2.42%
150 18.73% 14.08° 4.09° 7.82¢ 3.03°
200 18.53% 14.53 4.01° 8.46° 4.17°
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In each column, different letters indicate a significant difference at the 5% probability level using the LSD test
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Table 9- The results of analysis of variance (mean square) for the effect of different levels of water availability and consumption of

organic fertilizers on the yield, yield components and mucilage content of Isabgol
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ampy MESNE L T . LD Plge duoys
Ol s’ 29lo "~ Number of : als SYielew o ,Sdos Al o Slos . Dwgo
@l . Seed N . . oy Mucilage
S.0.vV spike per 1000-seed Biological yield Seed yield Mucilage
df number Harvest index percentage
plant . weight yield
per spike
s
o 2 2.57™ 8.51™ 0.01™ 147835.0™ 3304.3™ 0.004" 0.0001™ 447
Replication
)bl sl
o 2 12.32™ 43.83™ 0.09™ 105519.1"™ 9630.7™ 0.00003"™ 0.002™ 39.79™
Irrigation (A)
Jsl >
4 9.65™ 36.07" 0.07™ 156968.0™ 28444.4™ 0.009™ 0.0006™ 75m™
Error A
255 &5 " - " - - -
. 3 116 559 0.50 95334.3 169147.8 0.003™ 0.002™ 117
Fertilizer (B)
355%5,ka]
AxB 6 6.78™ 39.41" 0.04™ 48827.9™ 13693.8™ 0.003™ 0.0005™ 30.33™
X
ped sl
18 13.11™ 53.61" 0.04™ 85417.0™ 9619.8™ 0.002™ 0.0007™ 21.58™
Error B
Ol yadS g o
- 16.17 17.92 13.40 15.25 11.63 17.09 23.31
C.V. (%)
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*and ** indicate a significant difference at the probability level of 5 and 1%, respectively, and ns indicates the no-significant difference.
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Table 10- The effect of nutritional source type on the yield, yield components and mucilage content of Isabgol

Slaxy
395 £99) bylod ails olaxy SUCIST o,
. 28 alsew : R .
(B o j aluw 4o ails 3% 0 ySdas Sigdam o 8dos 0 Plwge PDlwge o, Klos
&
Treatments # Number 1000- Seed yield Biological yield Seed Mucilage yield
(organic Nfum.ber of seeds seeds (kg ha™) (kg ha™) mucilage (kg ha™)
fertilizer type) of spikes per spike  weight (g) content (%)
per plant
8.67° 29.04° 1.15° 456.16° 1225.73° 3.42° 15.64°
Control
. 14.22% 44,932 1.62* 627.81° 1614.28° 3.05% 19.19%
Fulvic acid
Seaged Sl
. 16.82° 44.31° 1.60% 725.032 1878.01%® 2.83 20.48%
Humic acid
by Sl
15.62° 45,13 1.63% 763.47% 1942.27% 2217 24.40°
Seaweed
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In each column, different letters indicate a significant difference at the 5% probability level using the LSD test.
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Abstract

Introduction: The management of water and nutrients are among the most important factors
affecting the quality and quantity of medicinal plants. Among the medicinal plants, isabgol has a
particular importance due to its mucilage, which is obtained from the seeds. It is an annual plant,
which is mainly distributed in dry regions of the world. Considering that Iran is one of the arid and
semi-arid countries and has recently faced with consecutive droughts, the optimal use of water
resources should be prioritized. In this regard, it is important to introduce plants with low water
requirements, such as isabgol. Since it is a medicinal plant, its fertilization using biological and
organic fertilizers is also considered important. Therefore, in this experiment, the effect of different
levels of water availability and bio fertilizers was studied on the growth and yield of ishgol.
Materials and Methods: In this experiment, the effect of water availability (irrigation after
evaporation of 100, 150, and 200 mm from the evaporation pan) and organic nutritional resources
(humic acid, fulvic acid, and seaweed extract along with no fertilization as control treatment) was
studied on the growth of and yield of Isabgol, under climatic conditions of Birjand (59 °E, 32 °N,
1410 m above sea), Iran. The experiment was conducted as split plot based on a randomized complete
block design with three replications. The levels of water availability were placed in the main plots
and nutritional resources in the sub-plots. The measured traits included plant height, number of leaves
and number of tiller per plant, fresh and dry weight of plant, number of spikes per plant, number of
seeds per spike, weight of 1000 seeds, seed yield, biological yield, percentage and yield of mucilage.
Statistical analysis was performed using SAS, version 9.4 and the means were compared using the
protected LSD test at the 5% probability level.

Results and Discussion: The results of analysis of variance showed a significant effect of fertilizers
application on most growth and yield indices, while the effect of irrigation management (except for
number of leaves per plant) and interaction of studied factors was not significant on the evaluated
traits. Application of all fertilizes, especially seaweed, improved the vegetative growth of the plant.
The highest plant height (21 cm), number of leaves (16 per plant), number of tillers (4.8 No. per plant)
and fresh weight of the plant (9.6 g) were gained from the seaweed extract, which were 31.2, 29.2,
39.9 and 78.1%, superior to the control treatment (no fertilizer application), respectively. The highest
number of spikes (13.24 No. per plant) was obtained from humic acid application, which was 2.1
times more than the control treatment. Number of seeds per spike in seaweed, humic acid, fulvic acid
and control treatments were 45.1, 44.3, 44.9 and 29, respectively, and 1000-seed weight was 1.63,
1.60, 1.62 and 1.55 g, respectively. Fertilizers application improved biological yield and seed yield,
but in terms of these two traits, irrigation levels were in a same statistical group. The highest and the
lowest biological yield (1942.2 and 1225.7 kg ha?, respectively) and seed yield (763.4 and 456.1 kg
hal, respectively) were gained from seaweed and control treatments, respectively. The percentage of
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mucilage was not affected by irrigation and nutritional managements, but the mucilage yield by the
use of algae extract, humic acid and fulvic acid was increased by 56.4, 31.4 and 23.0%, respectively,
compared to the control.

Conclusion: In general, consumption of all organic fertilizer types improved the growth and
guantitative and qualitative yield of Isabgol, while reduced water availability had no negative effect
on the plant growth and yield, which indicates that isabgol is well adapted to semi-arid regions.

Keywords: Drought stress, Fulvic acid, Grain weight, Humic acid, Mucilage, Seaweed
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Table 1- Physicochemical soil characteristics at experimental site (depth 0-30 cm)

JB 595 JB iy BB s oS L
. . . . - QI
adlio oo Qo d S s 4l S| ECe
Location Available Zn  Available K Available P 0.C . pH (dS/m)
(mg/kg) (mg/kg) (mg/kg) (%) T.N (%)
ol s o Sas
0.75 340 15 0.47 0.05 6.8 2.25
Drought at Kaboutarabad
Sebdg) )0 S
. 0.72 400 275 0.14 0.07 7.2 8.6
Salinity at Rodasht
Glide gy s jo ‘S)Lﬁ.fi &y oolasiwl 890 gT o Oluogas -Y Jous
Table 2- Chemical characteristics of water used for irrigation in differrnt stresses
& 900 ) & goxo . ol S
. . e i edS . Olgw  wls
adlo b yels W ygui! HCO* ECe
. Na* Mg Ca SO Cr pH
Location S.Cations S.Anion
(meq 1) (dS/m)
5O Shs
oLl
el 55.3 30.7 24.6 55.6 15.9 36.2 35 0 7.7 0.4
Drought at
Kaboutarabad
BERIT
[
- 91.8 47.8 44 92.6 26.9 60 57 0 8.1 9.7
Salinity at
Rodasht
4325 gl ol ol ¥ Jgoz 10 5998 0 Slao il )l wvg@b‘a
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Table 3- Analysis of variance for some traits of four barley genotypes under different locations and zinc concentrations

a> 40 5 W,y aloow S dlicw dluaei S il Slus HESN A IO S
S ol 2 Wy el abiw Jsb ) abylpois Sdes
L ] Plant Spike &0 Al Thousand L. SO iel g
Source of variation . . . Grain yield
df height length  No. spike/square No. grain/spike grain weight Biological yield
. 1 601.5 0.38 806.7 217.0 6.12" 1481981.8™ 4987908.5"
Location
Uas
4 79.8 0.11 41901.9 434 0.17 6779.2 18363.7
Error
&3y wdale o *
. . 2 19.3 0.11 17324.8 11.0 1.04 87690.5 233162.8
Zinc concentration
aglaie % S9y clals " R
. . 2 18.2 0.09 12761.5 31.9 0.12 69460.5 142537.1
Zinc * Location
U
8 218.6 0.17 32403.9 13.6 0.69 5100.6 27283.3
Error
)
’ 3 427.2" 0.96™ 161370.3™ 95.5" 32.53™ 114246.3™ 2728.3"
Genotype
adlate # iyl - o o >
. 3 55.3 0.18 41042.1 203.6 4.68 414246.3 424095.2
Genotype*Loction
S5y Dl tais - -
. 6 56.7 0.27 9858.5 49.7 0.34 17641.8 75127.0
Genotype*Zinc
S9) Sldgu sadlaiettoig) - wox
6 8.4 0.19 7404.9 17.3 0.35 16817.8 101267.0

Genotype*Location*Zinc
Error U 36 37.7 0.17 19984.4 24.3 0.29 3815.6 18363.6
RV S STl [P P SR KPP REE XN A U P Vi

*

*, ** are significantly different at 5 and 1 percent, respectively.

69y Cllgw bt gacdils o Gbln )5 92 cuigi ez Cluogas 3l (S p il ylg 4325 -F Jauz ol

Table 3- Analysis of variance for some traits of four barley genotypes under different locations and zinc sulphate concentrations

e 2l o5l a0 by S (500 b Jdg,lS ol 50 ez ol 695 Ol
Source of variation df Chl-a amount Chl-b amount Proline amount Zinc amount
. 1 4.2 1.99 13359.3 47797.2
Location
Uas
4 0.88 0.61 9090.0 11294.6
Error
S9y ke
2 0.20 0.01 60993.7 1818.9

Zinc concentration
i # gy, il

. . 2 0.27 0.20 8026.4 1438.9
Zinc * Location
Uas

8 0.15 0.29 42564.7 1692.9

Error

S5 " *
3 031 0.41 32559.4 599.7
Genotype
dilate # oy - .
. 3 0.09 0.53 76944.0 1187.6
Genotype*Loction
3y Dy i
. 6 0.11 0.16 39600.8 565.3
Genotype*Zinc
S5, Slilgw wadlatotoies - -
6 0.69 0.47 14489.9 038.8
Genotype*Location*Zinc

Uas
36 0.081 0.12 23309.1 472.3

Error

*

Aoy S g g Jleizl a0l e saipolid i 5 4 F

*, ** are significantly different at 5 and 1 percent, respectively.
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Table 4- Mean comparison of different traits of experimental characteristics

s ag gl aliaw Job o pio 35 Al ol ALiias 5 ils lasd &l 15 (459
Plant height Spike length . . . Thousand grain
Treatment No. Spike/square No. grain/spike .
(cm) (cm) weight (gr)
il 57.3 3.8 821.2 50.9 39.9°
. Drought
Location
SoHgw
. 51.6 3.7 827.9 47.4 39.3°
Salinity
Slilpw cdale 0 54.9 38 850.3 49.4 39.4
89 05 53.4 3.7 826.5 48.4 39.8
Zinc
concentration 1.0 54.9 38 796.7 49.7 39.6
(0wo,0)
SUL
° 55.4 3.86° 833.3" 46.0° 415°
Goharan
e 60.4° 3.78° 745.9° 49.8° 39.3°
Genotype Mehr
Ol
53.1° 3.96% 764.0° 51.5% 38.9°
Armaghan
oY ALY 48.7°¢ 3.43° 9548 49.42 38.7¢

Aol o LSD (5031 Lululp auo 30 0 Jlais | zmhas 45 (g 5kel @glih 055 oaims )l S e By o JBlos (gm0 40

At least one common letter in each column indicated no statistical difference at the 5% level of probability based on the LSD test.

bl Jolge cilizn ilio (pufiles s lio —F Jgu dols!

Table 4- Mean comparison of different traits of experimental characteristics

S ySlos
e als o ySlos S3glem aJudg S oyl o b bdo,ls ol ymo o9 ol
i Grain yield Biological Chl-a amount Chl-b amount Proline amount
Treatment
(kg/ha) yield (kg/ha) (mg/gr) (mg/gr) (mg/kg)
il 5575.3% 11071.4% 15 14 2682.0
. Drought
Location
Sog=
. 2706.0° 5807.3° 1.0 11 2954.4
Salinity
Slilgs bl 0 3556.4° 7512.4° 1.14 1.21 2242.2
9 0.5 4763.5% 947477 1.29 1.26 3178.7
Zinc
concentratio
n 1.0 4102.1° 8330.9° 1.30 1.24 3033.8
)
oless
3698.9¢ 7600.6° 1.10¢ 1.09° 3183.7
Goharan
Pl
WP 4440.1° 8992.8° 1.16b° 1.13° 2698.0
’ Mehr
Genotype i,
5108.8? 10316.6% 1.36% 1.30%® 31225
Armaghan
oY ALY 3314.8° 6847.3° 1.35% 1.420 2268.7

Aol o LSD (5051 (olulp ao 30 0 Jlaio! gmlas 10 (5 ,lel cglis 095 odims )L S e By o JBlos (gm0 40
At least one common letter in each column indicated no statistical difference at the 5% level of probability based on the LSD test.



vy Sogd g (ShS byl pd e 59) Olilgw chilé @ 92 i el SQIge udgd o ST

60 - a
Drought
50 + a stress
. B g)ph 25
3 o 40 Salinity
-1 stress
29
3 £
2z 30
j ]
1 g
z 20 -
10 A
0 T
Ol oS A
Armaghan Goharan Mehr
s j0 ald dlaas gl g i ol Ol 51 Y JSCo
Figure 1- Interaction effects for stress * genotype on number of grain per spike
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Figure 2- Interaction effects for stress * genotype on thousand grain of weight
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Table 5- Mean comparison of triple interaction (location* concentration of zinc sulphate* barley genotypes) on grain yield, biological
yield, Chl-a and Chl-b amount
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At least one common letter in each column and location indicated no statistical difference at the 5% level of probability based on the Lsmeans test
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Figure 3- Mean comparison of interaction effects for stress and genotypes of barley on proline amount
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Figure 4- Mean comparison of simple effects for stress on zinc content of flag leaf
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Figure 5- Relationship between grain yield and biological yield of barley genotypes at drought and salinity stresses
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Table 6- Coefficient correlations between grain yield and different traits of barley genotypes
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. 1 2 3 4
Traits

5

6 7 8 9 10 11

ailo o ,Slos
Grain yield
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) 0.33" 1
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Al J5b

0.31" 0.24" 1

Spike length
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&0y 50
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Spike/square
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AL’.L..»
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0.35" 0.09 0.17 0.05
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&l 558 39
Thousand
grain weight
8 y5das
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yield
Ol
Ay A5
Chl-a
amount
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b Judg ks
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amount
O¥95 Olime
Proline
amount
S35 ol
Zinc amount

0.06 0.13 0.12 -0.05

0.96™ 0.28" -0.16

0.44™ 0.13 0.15

0.29 0.26" 0.05 0.36™

-0.08 0.16 0.10 -0.11
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-0.07 0.24" 0.80" 1
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*

™ and *, significant at 0.01 and 0.05 probability levels, respectively
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Abstract

Introduction: 90% of Iran's land area is in arid and semi-arid areas. It is expected that by 2025, about
two-thirds of the world's agricultural lands will face a water deficit. The yield also decreases by 50 to
90% under drought stress conditions compared to non-stressed conditions. Among the different types
of stress, drought stress at the end of the season is the most important stress in Mediterranean areas
such as many areas of Iran. Therefore, the yield of small grains cultivated in these areas is affected
by drought stress at the terminal of the season. Salinity and drought stress increases the concentration
of dissolved solutes in the root environment, increases the osmotic potential of the soil, decreases the
absorption of nutrients and decreases the mobility of zinc and iron elements in the soil solution.
Elements in the plant can be compensated and tolerance to saline conditions can be increased.
Researchers reported that the application of zinc increased the grain yield of wheat and barley
cultivars. Researchers reported that the application of zinc increased the grain yield of wheat and
barley cultivars. In stress conditions due to reduction of stomatal conductance and limited access to
CO, for carboxylation reactions, the rate of photosynthesis decreases and increasing stomatal
resistance is a suitable defense strategy for the survival of wheat and barley. Due to the cultivation of
barley in these moderate areas and the role of the micronutrient element zinc in reducing the effects
of drought and salinity stress, this research was carried out in different varieties of barley using
different amounts of zinc sulfate.

Materials and Methods: This research was carried out in November of the agricultural year 2017-
2018 in two areas: 1) Kobutrabad Agricultural Research Station (drought stress by removing water
after spike emergence); 2) Rudasht Station (rrigation with salt water 10 dS/m). Planting was carried
out by machine planter in November in both regions. In the dry area of Kabutrabad, the plots
containing 6 rows of 6 meters with the distance between the rows of 20 cm (the planting area of each
plot is 7.2 square meters) with a density of 400 grains per square meter were done. Data analysis and
step-by-step regression were performed using SAS9.1 software and mean comparison was performed
by LSD test at 5% probability level. If the interaction effect is significant, cutting (slicing) and
comparison of means was done by Lsmeans test at 5% probability level.

Results and Discussion: The results showed that barley cultivars under drought stress had higher
thousand-grain weight, grain yield and biological yield and lower proline content than under salt
stress. Drought stress at the end of the season compared to salinity stress during the growing season
had higher thousand-grain weight, grain yield and biological yield and lower proline content. Foliar
application of 0.5% zinc sulfate had higher grain yield (4763 kg/ha about 34%) and biological yield
(4763 kg/ha about 26%) than without foliar application and is recommended. It should be noted that
there was no difference in the amount of proline between cultivars in drought stress, but in salt stress,
tolerant and semi-tolerant cultivars had more proline content than the stress-sensitive line. In drought
stress, Armaghan (semi drought tolerant) and Goharan (drought tolerant) cultivars had more
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chlorophyll a in the application of zinc sulfate. It seems that the mechanism of increasing the tolerance
and performance of Armaghan and Goharan cultivars under drought stress conditions is the increase
in the amount of chlorophyll a due to the application of zinc sulfate. For this purpose, foliar spraying
of suitable cultivars (Armaghan and Goharan) is recommended in drought stress conditions.Grain
yield had positive correlation with traits of plant height (p = 0.01, r = 0.33), spike length (p = 0.05, r
= 0.31), number of grain per spike (p = 0.01, r = 0.35), biological yield (p = 0.01, r = 0.96), amount
of chlorophyll a (p = 0.01, r = 0.44), amount of chlorophyll b (p = 0.05, r = 0.29) and zinc element (p
=0.01, r =0.39), which is the highest correlation between grain yield and biological yield (r? = 0.99).
In terms of grain and biological yield, Armaghan and Goharan cultivars are recommended under
drought stress and Armaghan and Mehr cultivars are recommended under salt stress with a
concentration of 0.5% zinc sulfate. In salinity stress, the minimum and maximum grain yield and
biological yield were obtained respectively in foliar spraying of 0.1 and 0.5% zinc sulfate in all
genotypes.

Conclusion: It seems that foliar application of 0.5% zinc sulfate is sufficient for all barley cultivars
under salinity stress, and foliar application with a higher concentration of zinc sulfate is not
recommended due to the decrease in grain and biological yield in this stress.

Keywords: Biological yield, Chlorophyll, Correlation, Grain yield, Proline, Stress
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Table 1- Physical and chemical properties of the test site soil
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Table 3- Analysis of variance of the effect of planting date, iron and proline nanoparticles on yield and related traits
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s e oyl azyo aigr glad,l & &= I3 09 415 0 ySlos s5os g
SOV osad oubuls Lol ails S3slem ele
of Number  the of height L
. K . . 1000 seeds | Biological ~ Harvest
DF Height flowering flowering main . yield Seed . .
weight yield index
branches branch
Ju 282.8™ 167.2™ 455.4™ 0.39™ 678976.1" 119255.1" 222.5™
Year (Y)
e, 55 4 895.1" 17.21™ 211.2™ 572" 3067927.1™ 2103075 573.7"
Rep (Y)
Wls &b 2 33454™ 2831™ 7319.4™ 76.7" 8914061.2™ 16427782 682.1™
Planting data (P)
onl sl JLs " " " " " "
yp 2 217.7 229.5 123.7 1.98 314522.4 1258536 187.33
| clas
ke _6 8 80.083 6.36 11.62 1.05 271387.3 1069167.2 165.38
Residual
ool gk o - o - x - x
3 3074 276.5 629.2 6.38 456582.9 533577 54.39
Iron (1)
&‘irfdb 3 8.22"™ 6.62" 4.26™ 0.02"™ 28978.6" 17041.1™ 2.94"
ool gilixewls g )b - - - . - -
. 6 24.18 15.73 14.38 0.19 52055.3 24730.2™ 7.62
ool plinedls & lix Sl 6 467" 783" 330" 020" 207462  147042" 914"
Y*P*F
= sl
36 17.49 0.34 1.39 0.05 14846.6 292241 2.88
Ra
Q"_’J”’: 1 294.1™ 51.3" 105.5™ 1.15™ 196396.6™ 235710™ 21.48™
Prolin (Pr)
ol 1 10.56™ 1.48™ 1.38™ 0.006™ 8070.1™ 42.25™ 1.50m
Y*Pr
. xS 2, - - ke - * *
s pxp cw 2 36.14 3.96 2.70 0.06 30581.1 11718.4™ 3.76
e
Ol o lix Jls 2 21.89™ 0.16™ 0.34™ 0.01™ 19405.4™ 18972.7™ 3.87"
Y*P*Pr
O?]”I",'X;’M o 3 17.61" 0.25™ 0.17™ 0.013™ 27676.97 32250.2" 2.20™
*Pr
O*’”*«-;O‘I‘" F‘f"'XJ'“” 3 17.73" 2.25" 0.11ns 0.024"  17626.1™ 13236.2" 3.50"
* | *| r
049)9’*0‘:93:" XP“;“ &b g 1057 0.44" 0.87" 0030°  432565%  45667.1° 447"
% | | r
@)UXJL.:
&Jjﬁx&ﬂﬁ;mmlf 6 23.54™ 1.43™ 0.56™ 0.007™ 10096.3™ 11555.1™ 2.83"
Y#P*I*P
I sl 48 6.49 0.24 0.42 0.011 8563.21 19917.3 0.98
R Totall
“"“gv""‘ - 3.04 2.77 2,63 2.90 457 3.16 2.20
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" " and * and are non-significant and significant at the probability level of one and 5%, respectively.
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Table 4- Comparison of the mean of three interactions Iron and proline nanoparticles on plant height and seed yield

; ool 9l (il Jslo 85 doe
oo bl Jelme gus,l
. . L. Nano-iron foliar application A Seed yield
Proline foliar application . Height (cm)

(g Litr") (kg ha™)

0 70.809 1858.7°

0 0.3 78.53° 1970.4%

0.6 84.88° 2029.4%

0.9 94.17° 2091.1%®

0 75.21° 1939.8°f

A St 03 81.42¢ 1999.4¢c

100 mg Litr * 0.6 88.01° 2062.1%

0.9 95.18° 2238.1°
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Columns with common letters do not have a statistically significant difference by LSD test at the level of 5.
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Table 5- Comparison of mean interaction effects of planting date and proline on plant height, flowering branch height and seed

yield
. ooy 9l Jelo ag glas,l oS el gl )l 4ils & ySlos
cls & ,0 ’ ¢
. Proline foliar application Height main the of Height Seed yield
Planting date
(mg Litr ") (cm) branch flowering (kg ha™")
O V0 0 55.59° 12.30f 1637.5°
4 February 100 59.29¢ 13.54¢ 1673.1°
o T 0 82.47¢ 23.12¢ 1888.8¢
19 February 100 83.33° 24.85° 1943.7¢
asil 10 0 108.23° 36.48° 2431.6°
4 March 100 112.24% 38.67° 2562.7°
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Columns with common letters do not have a statistically significant difference by LSD test at the level of 5.
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Table 6- Comparison of mean interaction effects of planting date and iron nanoparticles on plant height and flowering branch

height
o] gl b auals asls gl
cblS g, 02! 96 5 Jylo Gyt gl ° e,
X Nano-iron foliar application . main the of Height
Planting date K Height (cm) X
(g Litr") branch flowering
0 47.0! 9.01°9
oo V0 0.3 54.5 12.21
4 February 0.6 60.9 9 14.2°
0.9 67.51 16.2°¢
0 73.9" 18.8°¢
REAR 0.3 79.69 22.2¢%
19 February 0.6 84.4f 2554
0.9 93.7° 29.3°
0 98.2¢ 32.1%
bl 10 03 105.9° 35.3"
4 March 0.6 114.1° 38.9%®
0.9 122.8* 43.82
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Columns with common letters do not have a statistically significant difference by LSD test at the level of 5/.
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Table 7- Comparison of the mean interaction of planting date, iron nanoparticles and proline on some traits

#U ool Jolo (SO Jokmo 5 asLi olass

cls ool odon PRSTX ails 13 39 4ils o Slos SO 59l gm0 Slos il sl
Nano-iron foliar Proline foliar ~ Number of 1000-seed Seed yield Biologic yield o
Planting L. L. . . 1 4 HI (%)
dat application application flowering weight (g) (kg ha™) (kg ha™)
a
¢ (g Litr?") (mg Litr P branches
. 0 6.66t 1855 1531.2 hjg 3688 fg 4159 g
100 14.75n 3.36 m 1724.7 gh 42225 ef 40.66 h
03 0 20.46 h 4.38¢ 2303.2¢e 4887.5 bc 46.92d
il 10 ' 100 8.19s 2.04r 1562.2 3729 h 45.39 de
4 March 06 0 15.26 m 3.491 1898.3 f 4458.5 de 42519
' 100 2229 453 f 2358.8 de 4932.3 ab 47.66 cd
0.9 0 9.05r 2.28q 1599.7 ij 37933 h 426 f
' 100 15.86 m 3.61k 19112 f 4478.2 de 42.61¢g
0 0 23.85f 4.67e 2400.5 cde 4953.5 ab 48.27c
100 11.26q 247p 1640.8 hij 3849.5 gh 42.86
. 0 16.51 1 3.73]j 19253 f 4482.5 de 42.85 fg
oo ¥ 0.3
19 100 25.18e 4.8d 2432.2 bed 4973.7 ab 48.69 bc
Feb 05 0 11.06 q 2.57 op 1671 g-j 3886.2 fgh 43.21 ef
ebruary ' 100 17.01k 382j 10447 F 4520.3 de 42.94fg
0.9 0 26.68d 4.96 ¢ 2472.5 bc 4992.5 ab 49.29b
' 100 12.15p 261p 1714.7 ghi 3930.2 fgh 43.85 ef
0 0 17.45 k 3.93j 1959.8 f 4543.7 de 43.06 f
100 28.33¢c 5.34b 2511.7 be 5020.5 ab 49.77 ab
. 0 1320 290 1748.2 gh 3978.2 fgh 4413 e
e VO 0.3 i
4 100 18.88j 4.06 h 1974.8 f 4569.3d 43.15 ef
0 29.71b 5.48b 2550.6 b 5054.3 ab 50.17 ab
February 0.6
100 14.11n 3.09n 177489 4044.8 fgh 44.06e
0.9 0 19.43i 42h 1991.3 f 4591.7 cd 43.31 ef
' 100 31.43a 5.87a 2948.2 a 54245 a 54.13a
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Columns with common letters do not have a statistically significant difference by LSD test at the level of 5.
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Abstract

Introduction: One of the benefits of agricultural research is the introduction of new and suitable
plants for food production according to the agricultural conditions in the country. Quinoa
consumption has become very common in countries around the world. On the other hand, climate
change has made it necessary to pay attention to the planting date.

Materials and Methods: In order to investigate the possibility of ecophysiological compatibility of
guinoa in different cultivation dates under the influence of foliar application of iron and proline
nanoparticles on yield and related experimental traits in two consecutive years 2017-2018 and 2018-
2019 in February in the farm of Sarableh Research Center in Ilam province as a split-split plot In the
framework of the basic design, randomized complete blocks with three replications were
implemented. The main factor included the planting date on 3 dates: 4th February, 19th February and
4th March. The secondary factor included proline in 2 levels of non-consumption and consumption.
The sub-factor included iron nanoparticles in four levels of non-consumption, consumption of 3.0
grams, consumption of 6.0 grams and consumption of 9.0 grams. Before statistical analysis and
analysis of variance, the test of normal distribution of data and errors was performed using SAS
software and also before the combined analysis of variance, the homogeneity test of variance of
experimental errors (Bartlett test) was performed. Then, two-year data were analyzed using SAS
software version 9, combined analysis, and mean comparison and graph plots were performed using
Excel. Duncan test was used to compare means.

Results and Discussion: The results showed that the interaction of iron nanoparticles and planting
date on flowering branch height; The interaction effects of planting date, iron and proline
nanoparticles on 1000-grain weight, grain yield, biological yield and harvest index were significant.
On the 4th March planting date, proline consumption and consumption of 0.9 g of iron nanoparticles,
the highest number of flowering branches was obtained with 31.4. The highest 1000-seed weight was
obtained on the 4th March planting date and consumption of 0.9 g of iron nanoparticles in the amount
of 5.87 g. In all planting dates, proline consumption and consumption of 0.9 g of iron nanoparticles
increased the weight of 1000 seeds and the number of flowering branches. The highest amount of
biological yield was obtained on the 4th March and the use of 0.9 g of iron nanoparticles and proline
consumption (5424.5 kg hal) and the lowest amount of biological yield was obtained on the 4th
February without iron nanoparticles and no proline ( 3688 kg ha*) was obtained. In all planting dates,
proline consumption and consumption of 0.9 g of iron nanoparticles increased biological yield. The
highest grain yield with a rate of 2238.1 kg ha! was obtained in the treatment of 0.9 g of iron
nanoparticles and proline consumption and also the lowest grain yield with a rate of 1858.7 kg ha™*
was obtained in the treatment of no proline consumption and no consumption of iron nanoparticles.
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In all planting dates, proline consumption and consumption of 0.9 g of iron nanoparticles increased
seed yield.

Conclusion: In general, in all planting dates, proline consumption and consumption of 0.9 g of iron
nanoparticles increased the number of flowering branches and 1000-seed weight as the main
components of grain yield, which was followed by grain yield and harvest index. Also, in all planting
dates, proline consumption and consumption of 0.9 g of iron nanoparticles increased plant height and
on the other hand, due to the fact that plant height has a transient effect on biological yield, this
treatment combination increased plant dry matter yield. According to the obtained results, the date of
cultivation is 4th March, the use of proline and treatment of 0.9 g of iron nanoparticles to achieve
high grain production in the region under cultivation conditions is recommended to slightly increase
the yield components.

Keywords: Antioxidant enzymes, Ecophysiological compatibility, Micronutrients, Yield
components, Yield
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Table 1- Specification of the population of M. sylvestris L.
9l @ox Jomo Ly Cuge
@, Origin Geographic Situation
Row e Ol e by LSl Job Lo oo 31 s
City Province Latitude Longitude Elevation (m)
Mo 832, Olel,> ; ., L,
1 . 36,207,9.8 59, 327,40 1050
Mashhad Khorasan Razavi
ool 0y O30 Lo sy e
2 27,11, 43 56,17°,1.4 25
Bandar Abbas Hormozgan
ey e s e o
3 . . 35, 167, 56.6 59, 13, 16.8 1365
Torbat Heydariyeh Khorasan Razavi
oles &30y Ol > , . . .
4 ) ) 35,16', 56.6 59,13, 16.8 1404
Fariman Khorasan Razavi
5 ol R . .
5 30, 487, 38.7 56, 33", 57.09 1657
Zarand Kerman
Lo, ol . . . .
6 28,2°,19.5 57,59, 13.8 488
Rudbar Kerman
o oless e ; .
7 i 28,40, 46.8 57,447, 43.11 680
Jiroft Kerman
Sike > ol C o e aa
35,437,20.8 51,157,49.4 1277
Khorramdasht Tehran
5 Olzsl 5 Gl , . . -
9 . 31,1%,51.07 61,29, 49.8 482
Zabol Sistan va Baluchestan

ool Sy diged 5 039 b 2y W

95 9 Jokoe Olyaudgr,S g gy (65 051
g5

OhlSen 5 ity (B, 5l oolaiul b elg (5 S0l
3 oS g,y 4 Jolowe ol jaung S o (Bates et al., 1973)
5,988 5 Lbg,y 4 Cpaigy 9 (Keles and Oncel, 2002) fuus
&b ell (Bradford, 1976)
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Slio G 03l (Sinad gl o a e ol
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gy da o Sle 4 wslie 5 8,5 slal Excel 4 Ver. 9
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Siogidy yiSemsl 3l oslaiul L FV e 4 FFO FFY slazgeJsb 5
S50 (UV-2100 Jow 5 UNICO 8 )i S ol L)
ROt 4
QD)
Chlorophyll a = (12.7 (A663)) — ((2.69) (A645))
(V/1000(W))
M
Chlorophyll b = (22.9(A645)) — (4.88(A663))
(\V/1000(W))
\p)
+(0/114(A663)-

Carotenoides = A480

(0/638(A645)
by lagaedsb o wizr Ca i A g8 Llg, 5o

5 Jstoxo byl Ve, ol 8 el S5l o



14 Ol 3 o chlizko (s oS 3l 55 PRI g5y 41525 3 52 3ol 190 3 (5K algt o (518 AL 3 o0l

Jolge 3B o dapinnnsST 53 lalS 8 Shoe 5 0t
5 e, S Lame cdilate noldl (s £o5 ulis it
Sla ool ge5 0l J18 L8l Cosdae g Lo e
Sl ol oaio ) lid oy 13050 Glacares 10 dxlllacs j50
Ll 5 LS assle 2ol gl looaisiy S olsil af
(Omidbeigi, 1996) sg; salgs 5o anlllnes g0 Sli o
Sl s s M 3539 45 CiS Hlgi e S50
a5 Sl (S5 95 3979 S0k Sl b 5 Su3olet g0
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Table 2- Analysis of variance of morphological traits in different M. sylvestris ecotypes

layo (koo
Mean of squares
. ¥ o 09 _
o @le (golilazys  EW L .. T Spolaw o
. " . Jeb POy SES 0l plal S RS PN VRS,
Sourcesof Degreeof el a8lw yla3 . . X ) Wgy ol i
iati 5] ) ) <l pladl &g
variation ~ freedom  ls Stem Number of Number of
. Root Rootwet Plantdry Plant Number of
Plant ~ diameter . . leaves per  flowers
. length  weight ~ weight  fresh plantdry seeds
height . ) plant
weight  weight
oS
ad 8 2798.73* 41.77* 2174.75** 305.85** 21.85** 346.99** 9.78**  734.92**  151.38**  114.25**
Ecotype
[ 72 23.27 2.3584 34.23 4.490 0.3978  20.674 1.1134 40.867 23.679 13.290
Error

**. significant at the level of 0.01

V Jlossl o )8 jlo e s

8ibS (o3 ilizie o oS 50 ST jgles 1 Wlie (il ylg 325 Y Jeus

Table 3- Analysis of variance of physiologic traits in different M. sylvestris genotypes

laypo (u&ileo
e 2l ol a0 Mean of squares
Sources of Degree of a Judy 5 b Judg,ls - RT3
o g S )l Clhuwpg S oo
variation freedom Chlorophyll-  Chlorophyll- . Total .
Carotenoids . Carbohydrate  Proline
a b Protein
oS
ad 8 0.0943* 0.0250%* 0.0598** 0.0213%* 0.1655%* 0.803**
Ecotype
s
18 0.0299 0.0031 0.0094 0.0010 0.0179 0.0029
Error
CV - 14.69 12.01 8.44 14.58 9.04 13.20

**and * significant at the level of 0.01 and 0.05, respectively

g, (Sreevalli etal., 2000) Petriwinkle medicina L.
cbale Gl al g aBly il Jelme glead g
A o s 5 Slpamg S asle 5w slacye
sl oy ol a4y 58 St adile ase S
&o25 45 0w, oo Ll au (Heidari and Karami, 2014)
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GRIFIL Sllllae ;5 g oaB 0235 g oo it g
«Ardekani et al., 2007) a0l o Sas i35
Bettaieb et al., ) 15 » (Safikhani, 2006) 4,5 ol
4 (Fatima et al., 1999) Cymbopogon martinii (2009
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Table 4- Mean comparison of the morphological traits in different M. sylvestris L. ecotypes

G . 039 P 038 039 Slusi
aed) 0l . _ .
" . Jeb Ss elusl S PSy RS . )
el a8l yhad ) Al ) ! 5 PRERIRES,
. )y Ay | Pl & .
oS NS Stem oot RO P el ' # b Agr 5
. 00 3 umber
Ecotype Plant diameter - wet Plant Plant AL Number i Number
height (m) 9 weight d.ry fre.zsh Plantdry  of leaves of seeds
(cm) (cm) © weight  weight  weight per flowers
(9) (9) (9) plant
i
2 b)l 33.66b 3.54d 13.44ef  1.18ef 0.47de 18.18¢c 4.08b 30.66ab 20.11a 17.11b
abo
u*'L‘:)J*’
36.77ab 3.93d 15.00f 0.62f 0.27de 24.23a 5.64a 30.77a 23.77a 20.55a
Bandar Abbas
e
. 40.55a 3.75d 17.22de 0.48f 0.20e 19.02bc 3.72bc 22.88¢c 14.33b 12.33c
Jiroft
Lo
e 33.55b 4.14cd 9.55f 0.65f 0.27de 25.49a 3.14bcd 24.00c 14.22b 12.11c
Rudbar
S
” 3.61c 5.51c 2188cd  562bc  2.23bc  13.63d  2.25d 1200d  2011a  17.11b
Zarand
yda>Ca )
Torbat 3.33c 3.88d 23.44c 3.16de 0.82d 10.41de 2.84cd 8.22d 23.77a 20.55a
Heydariyeh
Oles s
. 2.27¢c 7.74b 29.22b 6.85b 2.70b 18.44c 3.55bc 24.44c 14.33b 12.33c
Fariman
1.81c 9.58a 61.22a 18.86a 4.84a 23.23ab 3.37bc 24.66bc 14.22b 12.11c
Mashhad
SRV
3.55¢ 3.71d 32.66b 4.69cd 1.69¢c 7.59% 2.23d 7.44d 20.11a 17.11b
Khorramdasht

Means with similar letters are statistically not significant
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Table 5- Mean comparison of physiological traits in different M. sylvestris ecotype

cigs A Judg )5 B Judg s g )8 IS e n Ol S RT
E::(;t . Chlorophyll-  Chlorophyll- Carotenoids Total Protein Carbohydrate Proline
i A(mg/mL) B(mg/mL) (mg/mL) (mg/mL) (mg/mL) (mg/mL)
N
’ 0.877bcd 0.429cdef 1.114bc 0.237b 1.350def 0.154f
Zabol
u*'L-‘—)v\'-’
0.937bcd 0.401def 0.975¢ 0.143c 1.748ab 0.456¢d
Bandar Abbas
e
. 0.907bcd 0.565ab 1.136bc 0.369a 1.625abc 0.401d
Jiroft
ke,
0.862cd 0.492bcd 1.222h 0.271b 1.850a 0.552ab
Rudbar
&5
0.754d 0.390ef 1.076bc 0.243b 1.570bcd 0.501bc
Zarand
o> S
Torbat 0.902bcd 0.465cde 1.129bc 0.180c 1.125f 0.233ef
Heydariyeh
Oles s
. 1.330a 0.634a 1.481a 0.136¢ 1.427cde 0.554ab
Fariman
1.166ab 0.345f 1.067bc 0.238b 1.315¢ef 0.614a
Mashhad
Clbde >
1.056¢d 0.512hc 1.135bc 0.133c 1.305¢ef 0.254¢
Khorramdasht

Means with similar letters are statistically not significant
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Table 6- Amounts of traits correlation coefficient in different M. sylvestris ecotypes

Il g i L. s in sl g e Kb - 30 Sy ol
[ J . " PSS} o) P PSS} [$3}) Z
e 2l aslw ,kd Ay, Job &g S5 olasi
<l Root aiy, Plantaiy,  sled  (2lsd el
Sources of Stem Root Number of Number of
. Plant . fresh dry Plant fresh Plant dry
variation . diameter(mm)length(cm) . . ) ) leaves per flowers
height(cm) weight(g) weight(g) weight(g) weight(g) plant
L L
e S -0.45™
Stem diameter
e Job -0.061%*  0.64%
Root length
b S039 050% 075  0.94%
Root fresh weight
e 2 -0.66%* 0.78** 0.89** 0.96%*
Root dry weight
lop ol 5 s
SRCTSCN gs1ee 025 g 010 007
Plant fresh weight
| ol Sy
SEOTIITOS 0spe go¢ 016™ 014 016% 073
Plant dry weight
gy S olows
Number of leaves 0.59** 0.14™ 0.10™ -0.01™ -0.03™ -0.87% 0.79°
per plant
J5 olass . "
0.07" -0.26* -0.19"™ -0.24* -0.24* -0.05" 0.30%* 0.06™
Number of flowers
Wy y0 ydy olasy . . . .
0.05" -0.30%* -0.20™ -0.25% -0.27*% -0.12" 0.25% 0.01" 0.91%

Seed number

Sosre pENS g ae )00 o) Jlaisl mhaw 1o ls pe o 5 4y %
** and * significant at the level of 0.01 and 0.05, respectively; ns none-significant
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Table 7- Amounts of traits correlation coefficient in different M. sylvestris ecotypes

¥ 2l a Judg b5 b Judgyls Adgid y 8 N T3) Sl yoakgs S
Sources of variation Chlorophyll-a Chlorophyll-b Carotenoids Total Protein Carbohydrate
b ‘_}.._951.15 0.532%*
Chlorophyll-b
Carotenoids
K oS -0.355™ -0.006™ -0.979"™
Total Protein
Shsens S -0.231™ 0.037"™ -0.061"™ 0.283™
Carbohydrate
“'”J?’*" 0.285™ -0.021™ 0.205™ 0.113™ 0.404"
Proline

Sogre pENS gaw )00 ¢ ) Jlaisl maw o lo fme o 5 4y g e
** and * significant at the level of 0.01 and 0.05, respectively; ns none-significant
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Abstract

Introduction: Malva sylvestris, commonly known as the common mallow, is a flowering plant
species in the genus Malva. It is native to Europe, North Africa, and Western Asia, and has been
introduced to other parts of the world. The plant has been known since ancient times and is considered
the "type-species” for the genus. The leaves are edible and the plant (and seeds) are used as herbal
remedies. Malva sylvestris is either a perennial or biennial plant. It spreads readily from seed and can
self-seed prolifically. The seeds resemble small wheels or discs. The plant is known to be susceptible
to a virus called Malva vein clearing potyvirus, which is transmitted by aphids. It also contains
compounds such as malvin, malonylmalvin, and the naphthoguinone malvone A. The aim of this
article is to evaluate the various (nine) ecotypes of Iranian Malva sylvestris L. by analyzing their
morphological and physiological characteristics. By employing a step-by-step regression approach,
the study seeks to identify significant traits that differentiate these ecotypes. The research intends to
enhance understanding of the adaptive strategies of Malva sylvestris in diverse environmental
conditions. Ultimately, the findings aim to contribute valuable insights for conservation efforts and
the potential use of these ecotypes in horticulture and agriculture. This comprehensive evaluation will
also provide a foundation for future studies on the species' ecological adaptability.
Materials and Methods: In this study, 9 ecotypes of Malva sylvestris were collected in 2017 from
different habitats in Iran (Mashhad, Torbat-e Heydariyeh, Fariman, Zabol, Zarand, Jiroft, Rudbar,
Bandar Abbas and Khorramdasht) (Table 1) and identified in the Herbarium of Torbat-e Heydariyeh
University. They were then cultivated in a completely randomized design with three replications in
late February 2018 in the greenhouse of the Agricultural Research Institute of the University of Zabol
and evaluated in May 2019. The seeds of each ecotype were planted in 5-liter pots (after germination
and thinning, five plants of each ecotype were kept in each pot) in a growing medium consisting of
an equal mixture of agricultural soil, coco peat, perlite, and well-rotted animal manure. Irrigation was
calculated based on the temperature conditions in Sistan and the greenhouse, as well as the field
capacity of the pot mixture, and was carried out regularly until flowering. At full flowering, the stem
diameter and length of three plants from each pot were randomly measured and their means were
considered for each treatment. At this stage, the number of flowers with seeds and the number of
leaves of each plant were counted. Fresh and dry weights of root, stem and whole plant were measured
with a digital scale (0.01 g accuracy). For dry weight measurement, fresh samples were placed in an
oven at 70°C for 48 hours. Chlorophyll a, chlorophyll b and carotenoid contents were determined.
The absorbance of the samples for chlorophyll a and b and carotenoids was measured at wavelengths
of 663, 645 and 470 nm, respectively, using a spectrophotometer. Proline, soluble carbohydrates, and
protein were measured. Pearson correlation coefficients were used to calculate simple correlation
coefficients between morphological traits. Statistical analysis of traits was performed using SAS Ver.
9 and Excel software, and means were compared by Duncan's method at 1% and 5% probability
levels.
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Results and Discussion: The highest stem diameter (9.58 mm), root length (61.22 cm), root weight
(18.86 @), root dry weight (4.84 g), and proline content (0.614) belonged to Mashhad ecotype. The
number of leaves had a negative and significant correlation with the fresh weight of the plant, while
it had a positive and significant correlation with plant height and shoot dry weight. Other traits did
not show a significant correlation with the number of leaves per plant. The highest correlation was
observed between morphological traits between fresh weight and leaf dry weight (P<0.01) and in
phytochemical traits between carotenoid and chlorophyll b (P<0.05). Based on stepwise regression in
the presented models, root weight and plant dry weight had the most positive effect on root length,
but stem diameter and plant weight had the most negative effect. Chlorophyll b had the most negative
and direct effect on proline yield, but chlorophyll a, carotenoids, carbohydrates, and total protein had
the most positive effects, respectively. The variance analysis results indicated significant differences
among the various ecotypes of Malva sylvestris regarding morphological and phytochemical traits
(P<0.01) (Tables 2 and 3). Mean comparisons revealed that the Mashhad ecotype excelled in stem
diameter, root length, and fresh and dry root weight, while the Rudbar ecotype showed the highest
fresh weight in aerial parts. The Bandar Abbas ecotype had superior fresh and dry weights of aerial
parts, leaf count, flower count, and seed count, and the Torbat-e Heydariyeh ecotype was notable for
flower and seed counts per plant (Table 4). The tallest stem (40.55 cm) was recorded in the Jiroft
ecotype, while the shortest (1.81 cm) was from Mashhad. The greatest stem diameter (9.58 mm)
belonged to the Mashhad ecotype, and the smallest (3.54 mm) was found in Zabol. Root length also
varied, with the Mashhad ecotype having the longest (61.22 cm) and Rudbar the shortest (9.55 cm)
(Table 4). The highest fresh and dry root weights were observed in the Mashhad ecotype, while the
Jiroft ecotype had the lowest.

Conclusion: In the results of step-wise correlation and regression analysis of the medicinal plant
Malva sylvestris L., the highest positive regression coefficients for yield were related to the traits of
proline content, root fresh weight, and plant dry weight, which indicates their more fundamental role
in increasing yield and their potential for improvement. Overall, the present study showed that root-
related traits had an important effect on the final yield in the Mashhad population of Malva sylvestris
L., and the Mashhad ecotype also showed the most desirable performance in terms of the evaluated
traits. Due to its high performance in these traits, the Mashhad ecotype is recommended for
researchers, universities, and private sectors involved in the cultivation and domestication of
medicinal plants.

Keywords: Carotenoid, Morphological Traits, Proline, Root height, Stem diameter
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Table 1- Physical and chemical characteristics of soil
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Figure 1- The effect of gibberellin (GA) and cytokinin (Cyto) interaction on the amount of soluble sugars. GA0, GAS0, GA100:
gibberellin hormone concentration at 0, 50 and 100 ppm, respectively, and Cytokinin hormone values of Cyto0, Cyto50, Cyto100: 0,

50 and 100 ppm respectively. Common letters in each graph indicate non-significance and non-common letters indicate significant

differences at the 5% probability level (values are mean + SE of 3 replicates).
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Table 2- Results of analysis of variance (mean square) effect of gibberellin and cytokinin hormones on investigated traits in stevia
plant under greenhouse conditions
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GA 2 0.096™ 0.015 0.291"™ 2.11m 0.04" 0.034 0.137™
OeS gs " . .
2 0.016™ 0.000™ 0.111™ 0.154" 0.274 0.510 0.107
Cyto
S g # yd pn - . - *
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wu;‘ LgUa}
18 0.035 0.000 0.130 1.28 0.012 0.085 0.028
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CV (%)
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Table 3- Means comparison of the Gibberellin hormone effect on the biochemical traits and shoot dry weight of Stevia
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Soluble sugars . Shoot dry weight
GA Treatment o Proline (mg.gFW?)  Chla(mg.gFwW?)  Chlb (mg.gFwW?)
(mg.g DWT) (9)
GAO 1.21+0.08 a 0.532+0.13a 254+0.62 a 0.936 +0.08 a 110+0.21a
GA 50 1.41+0.06 a 0.599+0.12a 1.86+0.07 a 1.06+0.19a 1.23+0.18a
GA 100 1.30+0.08 a 0.871+0.18a 1.60+0.10a 0.992+0.07 a 141+045a
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Averages that have a common letter are not significantly different based on Duncan's test at the 5% probability level.
GAO: zero, GA50: 50 and GA100: 100 ppm gibberellin hormone
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Table 4- Means comparison of the Cytokinin hormone effect on the biochemical traits and shoot dry weight of Stevia
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Yy DWH) FW-) 1 1 ) Shoot dry weight
(%)
Cyto0 1.26 +0.08 a 0.474+0.01a 0.695+0.16 a 191+0.04a 1.06+0.08a 155+0.32a
Cyto50 1.35+0.07a 0.487+0.01a 0.762+0.17 a 1.94+0.07a 119+017a 122+08lab
Cyt0100 1.32+0.093 a 0.485+0.01a 0.545+0.10a 215+067a 0.732+0.05b 0.971+0.14b
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Averages that have a common letter are not significantly different based on Duncan's test at the 5% probability level.
Cyto0: zero, Cyto50: 50 and Cyto100: 100 ppm cytokinin hormone
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the interaction effect of Gibberellin and Cytokinin hormones on the biochemical traits of Stevia Table 5- Means comparison of
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GA x Cyto Protein Proline Chla Carotenoid
(mg.g FW™) (mg.gFW™) (mg.gFW™) (mg.gFW™)
GAO Cyto0 0.427 +£0.02 a 0.473+0.02b 1.63+0.07a 1.63+0.07a
Cyto50 0.445+0.00 a 0.855+0.38 ab 1.52+0.06 a 1.52+0.06 a
Cyt0100 0.451+0.00a 0.469 +0.05 b 1.30£0.08 a 1.30£0.08a
GAS50 Cyto0 0.472+0.00a 0.299+0.09 b 1.38+0.06 a 1.38+0.06 a
Cyto50 0.491+0.01a 0.454+0.23b 151+0.07a 151+0.07a
Cyt0100 0.486 +0.00 a 0.843+0.18ab 1.15+0.04a 1.15+0.04a
GA100 Cyto0 0524+001a 1.31+0.11a 157+0.02a 157+0.02a
Cyto50 0.525+0.00 a 0.978+0.32ab 1.48+0.04a 1.48+0.04a
Cyt0100 0.518+0.00a 0.323+0.15b 1.22+0.05a 1.27+0.05a
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Averages that have a common letter are not significantly different based on Duncan's test at the 5% probability level.
GAO: zero, GA50: 50 and GA100: 100 ppm gibberellin hormone; Cyto0: zero, Cyto50: 50 and Cyt0100: 100 ppm cytokinin hormone
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Figure 2- The effect of different concentrations of gibberellin on the protein amount in stevia leaf tissues; GAO: zero, GA50: 50 and
GA100: 100 ppm gibberellin hormone
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Figure 3- The interaction effect of gibberellin (GA) and cytokinin (Cyto) on chlorophyll b. GA0, GAS0, GA100: Gibberellin hormone
concentration is zero, 50, and 100 ppm, and Cytokinin hormone values are Cyto0, Cyto50, Cyto100: zero, 50, and 100 ppm,

respectively. Common letters in each graph indicate non-significance and non-common letters indicate significant differences at the

5% probability level (values are mean + SE of 3 replicates)
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Figure 4- The effect of foliar spraying with different concentrations of gibberellin (A) and Cytokinin (B) hormone on the amount of

leaf carotenoids. GAO, GAS0, GA100: Gibberellin hormone concentration is zero, S0, and 100 ppm, and Cytokinin hormone values

are Cyto0, Cyto50, Cyto100: zero, 50, and 100 ppm, respectively. Common letters in each graph indicate non-significance and non-

common letters indicate significant differences at the 5% probability level (values are mean + SE of 3 replicates)
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Figure 5- Effect of gibberellin (GA) and cytokinin (Cyto) interaction on shoot dry weight. GA0, GA5S0, GA100: Gibberellin hormone
concentration is zero, 50, and 100 ppm, and Cytokinin hormone values are Cyto0, Cyto50, Cyto100: zero, 50, and 100 ppm,
respectively. Common letters in each graph indicate non-significance and non-common letters indicate significant differences at the
5% probability level (values are mean + SE of 3 replicates).
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Table 6- Results of correlation coefficients between biochemical traits and shoot dry weight in Stevia plant
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Abstract

Introduction: Communication between cells in organic plants for growth and development is done
by chemical messengers called hormones. Meanwhile, GA3 is one of the most well-known plant
hormones that cause various growth reactions in the plant, and most of their activity is the longitudinal
growth between the nodes. Cytokinin is another type of plant phytohormones whose most important
effect is in the process of cell division. In this research, the effect of cytokinin and gibberellin
hormones on some chemical compounds and the dry weight of the Stevia plant shoot was studied
under controlled conditions.

Materials and Methods: A factorial experiment was conducted in the form of a completely
randomized design in the greenhouse of Razavi Khorasan Agricultural Research and Training Center
in three replications in 2017. Factors included gibberellin (0, 50 and 100 ppm) and cytokinin (0, 50
and 100 ppm). The average temperature of the greenhouse was approximately 25 to 30 degrees
Celsius and its humidity was 65%. Irrigation was done regularly every three days. Before treatment,
the potted plants were adapted to the greenhouse environment for two weeks. The treatment was
carried out as foliar spraying, in this way, for six weeks and before watering at 10 am for each plant,
20 cc at the beginning and 50 cc at the end of the growth were sprayed with the desired solutions so
that the leaves were completely wet. At the end of the experiment, the aerial parts were removed from
the ground and placed in paper envelopes inside a ventilated oven with a temperature of 70°C for 48
hours. The samples were weighed immediately after leaving the oven with a scale of 0.001.

Results and Discussion: The results showed that the highest amount of soluble sugars was obtained
from the application of 50 ppm of gibberellin along with 100 ppm of cytokinin (1.61 mg/g dry weight
of leaves), which showed an increase of about 25% compared to the control. The amount of leaf
protein was significant only in the presence of different concentrations of gibberellin hormone. The
highest amount of proline was obtained from the combined application of 100 ppm gibberellin and 0
ppm cytokinin (1.31 mg/g fresh weight of leaf), which showed an increase of about 63% compared
to the control. Foliar spraying with gibberellin hormone decreased the amount of chlorophyll a. The
highest amount of chlorophyll b was obtained from simultaneous application of 50 ppm levels of
cytokinin and gibberellin. The lowest dry weight of the shoot was shown in the presence of the
combined treatment of two hormones at the level of 100 ppm, and the highest value was obtained at
the level of 100 ppm of gibberellin hormone. The results of the correlation coefficients showed that
the dry weight of the shoot had a positive and significant correlation with the amount of proline
(r=0.63**). It seems that the hormone auxin (acidification and loosening of the cell wall) and
gibberellin enable elongation and growth by changing the characteristics of the cell wall. Therefore,
based on the results of this experiment, the increase in the dry weight of aerial parts can be attributed
to the effect of gibberellin and different ratios of hormones inside the plant.

Conclusion: In general, the results showed that gibberellin levels were more effective than cytokinin
hormone on the biochemical and morphological indicators of stevia plant; So that the maximum dry
weight of shoot was obtained from the effect of 100 ppm gibberellin hormone. Photosynthetic
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pigments showed different reactions to different concentrations of studied hormones. The effect of
100 ppm concentration of gibberellin on the amount of protein, soluble sugars and proline was
significant compared to other levels.

Keywords: Photosynthetic pigments, Proline, Protein, Soluble sugars
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Table 1- Average rainfall in the months of 2020-2021 and 2021-2022

Sk olime
Rainfall (ml)
olo 1¥a3-1f.. 1Fee—1Fe)
Months 2020-2021 2021-2022
ols > 15 0
June
5 0 0
July
3ls 5o 0 0
August
IRAS 0 0
September
Ao 26.5 255
October
o4 19.6 0
November

(o il o=F+ og) S oloonid 9 (55 S T 9 @i -F Joux
Table 2- The results of physical and chemical properties of soil (0-60 cm depth)

Results of soil analysis S a4 jox5' g0 LS

SB Slasie 1¥aq-1F.. VP10
Soil characteristics 2020-2021 2021-2022
Sk cdl e e
Soil Pattern Sandy Loam Sandy Loam
o 69 71
Sand (%)
o) 13 12
Clay (%)
S 18 17
Silt (%)
SL STy 7.7 7.9
pH
s eyl 1.98 1.91
EC(dS.m?)
by 255 250
K (mg/Kg)
Shd 7.9 8.1
P (mg/Kg)
TN 0.07 0.08

Total N (%)
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Table 3- Analysis of variance of agronomy, biochemical and physiological traits of quinoa plant under three levels of irrigation

treatments and two levels of glycine betaine in two years

Mean squares lx po (1Sl

égu.o a0 J.ljg],.u é)SJ.o.C alo JJS.Ln.G M‘eﬁ ua:Lm U‘““’)": JSJ.J
S.0.V d.fgol31  Biological yield Seed yield Harvestindex  Proline  Total phenol
J
1 78.88™ 3.85™ 0.01" 0.03™ 0.006™
Year
1.5 (b
A () 4 893.77 48.59 0.54 0.02 0.02
Rep. (Y)
ol ) 418429.20° 26262.69** 9.2 23.12%°  11.84°°
Irrigation treatment
Lo X g,lol e
Jue X sl e 2 186.27" 2.56" 0.16™ 0.02* 0.01"
Y x|
(IKe Lol s (e
X sl e (J) 8 607.20 68.18 0.25 0.004 0.006
Rep. x 1 (Y)
ij._. g;:-‘“iyf o e s Y
1 156069.44 11473.82 3.35™ 3.35 2.06

Glycine Betaine
okl s X 3k DS

2 19379.32™ 1832.19%* 1.06™ 1.87%* 0.29**

I x GB
Lo X 5l o W #
J o o 1 372.73™ 10.72™ 0.15" 0.003™ 0.04°

Y x GB

Lo X g kol jled X by S
J S e T o e 2 186.09™ 5.05™ 0.01" 0.002"™ 0.009™
Y x| x GB

Error U.s 12 879.88 60.01 0.73 0.02 0.007

Aoy ) 50 Jloisl mda jo Jls pee s 5 4y

Ns: non-significant and * and **: significant at 0.05 and 0.01 levels, respectively.

s g 5 0 Jae 8 NS
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Continued table 3- Analysis of variance of agronomy, biochemical and physiological traits of quinoa plant under three levels of

irrigation treatments and two levels of glycine betaine in two years

Mean squares <l o il

&b 4y JSadgidl VB myT ol yeSul mpl w5 b by T
S.0.V &7 Total Catalase oS SlasST s
flavonoid .
d.f Ascorbate Peroxidase Poly phenol
peroxidase oxidase
Ju 1 0.00007" 0.001"™ 0.0004" 0.003™ 0.000004"
Year
LS5 (L) 4 0.01 0.004 0.001 0.02 0.004
Rep. (Y)
bl e 2 0.54%* 2.38% 5.84%* 5.72%* 2.81%
Irrigation treatment
Jlo x oLl s 2 0.0005"™ 0.002™ 0.0002" 0.008™ 0.000003"
Y x|
S5 % oyl ks (JWo) 8 0.005 0.004 0.001 0.005 0.004
Rep. x 1 (Y)
O8Ls S 1 0.28** 1.25% 0.32%* 6.96%* 0.60**
Glycine Betaine
Solel Jlewd X ol oM 2 0.03** 1.52% 0.60%* 0.12%* 0.03**
I x GB
Jlo X by 1 0.0001" 0.000002"™ 0.0001" 0.007"™ 0.000001"
Y x GB
Jlo X o)l Jlas X 8l S 2 0.00004"™ 0.000003"™ 0.0002" 0.004"™ 0.000005"
Y x| x GB
Error W 12 0.001 0.005 0.001 0.009 0.003

o) 50 Jlasl e jo o e oS i 4
Ns: non-significant and * and **: significant at 0.05 and 0.01 levels, respectively.

S g % g 0 S e NS
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Table 4- Mean comparison of irrigation treatment and glycine betaine interaction on proline and total phenol and flavonoid contents

in quinoa plant

odon J5 s JS asgigis
Proline Total phenol Total flavonoid
&bl sles OBy NS
(nmol/g FW) (mg GA/g FW) (mg Q/g FW)
Irrigation treatments Glycine betaine
JolS (S, al> 1o b ookl o5 pase
I . o 4.388° 4.448° 0.948f
Irrigation to the full maturity stage Non-application
>,8
. 4.114f 5.254¢ 1.207¢
application
oS al> o 9,0 b (gL 3,8 pas
o I . T 6.469° 6.550° 1.467°
Irrigation to the beginning of the flowering stage Non-application
>,8
o 7.524° 6.998° 1.5332
application
> al> 56 gyl
S o &9 S GOk sp)lS pas

irrigation to the beginning of the development L 4.965¢ 5.295¢ 1.143¢
stage Non-application

s> ,8

application

5.963¢ 5.481° 1.350°¢

5105 2,0 0 Jlaol s ;0 LSD (5051 ool 31 (5,10 sime gl ot S e By o gl JBlas a8 SlanSile cio p2 sl
Means with a same letter are not significantly different at 5% level of probability according to the LSD test.
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Lo yuiig p Ay (S—id il Cood wilgl oo dg (2021
SgreS 5l (AL ot 4328 plp )0 g p 5B e Juate
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2 Sbe il Gl ez e ((Fang and Xiong, 2015)
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JS 259 9 S8 (slgime
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poe) by e o 93 58 0 (o (A5) (23 )5
Ol Gl Bl (Gl GedS b (3L Jslone 5 (3L J5lne
SIS )5 oo Ve i s o] ppolie o it il
039 P25 20 O 39S 5 (en VIOY 9 5 039 )5 50 s
et b (3l Jalore g w0t ol 25 bl 8 co 3
Lyl o lesS 5 ol ial33 iy o osmlion il
KVY OBV VRO CORUT) g AU WR W
(F Jgoz)

o3 g o3l (TSI T (s i
ke (5,855 55 g dmaal Syl 5o 15 Lo S Lid)
Akram et ) 54 oo gilasT 25 ol o o Jolo Lo 4
oLF 15 aeSolid glgime (ial3dl Lo b L aslis @l., 2017
Elewa ) ool ous snmline  Sis i bl b cod 190
OR5 A gl 5o Sl glgime yo ilsdl (et al., 2017
ol o 0l s ol 4y cad (e IS oS Lo St
b 5l Baee (5T JL8 loaiss )l yo Locplie
o 5,500 aallas jo i jls ads gslan ST T glaes il
lgS olS yo J5 Sl lyme ulfl & e (S A

g Lo s glgime iol3dl (Aziz et al., 2018) v 8



'FY

... (Chenopodium quinoa Wild.) lgus oL sely5 9 55390 3 ¢ 0 booumiligns ©lio 1 (yiliy cyummas M 0L Joloeo 51

Lil380(Lin and Chao, 2021) o__& coal_iw g oS
LS jo Sid i Cow GlaeuST 6T slaes 3l culled
«(Shafig et al.. 2021) coul oois somlice jus &3

s oS b b5 3 Jplome -2l asllhas 5
a2 5 ST ST w3l ez o cdled JalEl 4 2
Sl g5l 3 3VBIS slag 35T o 51 o a1 (s kel sl
O Jsoz) 9 (J59) @l G2 e alpd e slanSTy
g OS] T sl T cudlad iol38l e mls b ssllas
OB DS g 4 5lannST 5 VB Glgenns LS
(Magsood et al., 2021) ceul suis sanlin 1guS oLS o
b oSl T slags T codlad il 5 olbls pluw o
Faroog et al., ) &, asile opils pdS 2,5 0 )18
Shehzadi ) Yg o (Korkmaz et al. 2015) Jals (2010
el oo 155 (et al., 2019

5 STy SlysSl SVBL lga s LT 5
(Chao and Hsueh, 2019) s__ub o ;LS gs, oyeusliols
ST 5T sloJoSUge b ol yor Slow ST 5T (slaes 3]
o Sl o aSalail g Jslows glalss 5l cansil e
oS bk sy 5 08 o il (5T b slosisS
Arora ) oS o SaS (S i bl b o ol b
(et al. 2002
ot bl 2o ST T slae 5T e il
5 el oond 515 Lo gl b llas 1S oLS o S_is
5 Ugammnd BLaST oo slaps 5l codled ol glaslas
S ST IS LS s (St a5 Lyl 2o STy
codlss b8l 5 6,5 axlllas Lo (AzZiz et al., 2017)
Sl 555l B g d BlwST g Ql.xf_\..f\‘s‘;fl GL“’M}S]

30 ol 0gueS a5 Loyl b o 5LS90, elislS g jlasnSTy

g5 oLS 3 (yhuanT 5T (sl 35T cadlad  (oilis s NS g (6 5LaT Hlous' Jalie 51 (pSloo dunnslio - Jgo

Table S- Mean comparison of irrigation treatment and glycine betaine interaction on antioxidant enzymes activity in quinoa plant

| KO P T i oS o8
s Meslne 595w ST s Jb L
Ascorbate X Poly phenol
Catalase . Peroxidase .
peroxidase oxidase
&bl sl L S " iy
unit/m: rotein
Irrigation treatments Glycine betaine &P
ol (T a0 b (5L 0 p)l5 pas
o . o 1.349¢ 1.112¢ 1.497f 0.723f
Irrigation to the full maturity stage Non-application
S,,5
L 1.177¢ 0.930 2.213¢ 1.065¢
application
P Al e 9,5 b (s L]
. . . . 2 . 3).3)[; fsd.s b b
Irrigation to the beginning of the flowering L 1.229° 2.378 2.821° 1.748
Non-application
stage
>,,l5
L 2.407° 2.453 3.6312 1.899°
application
o Al e 5,56 5 ]
L o ’ 0y)8 poe g
irrigation to the beginning of the development . 2.088° 1.269 1.843¢ 0.985°
Non-application
stage
o,
o 2.197° 1.951°¢ 2.955° 1.265°
application

5,105 250 O Jlaxol s 50 LSD 5051 ool 1 (5,10 sine gl o S s By o sh)ls JBlas a5 Slan Sl cio p2 (sl
Means with a same letter are not significantly different at 5% level of probability according to the LSD test.
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Table 6- Mean comparison of irrigation treatment and glycine betaine interaction on biological and seed yield in quinoa plant

SO 59l g 0 Slos 4ls o Slos
Biological yield Seed yield
Gl slo Ol G S
g/m
Irrigation treatments Glycine betaine
JolS (S al> 1o b k! o8 pase
N . L 944 5° 201.9°
Irrigation to the full maturity stage Non-application
YLy
o 1122.12 259.9°
application
S Al e 9,5 b oL o5 pase
o e . o 648.21 132.8¢
Irrigation to the beginning of the flowering stage Non-application
YLy
. 687.0° 142.0¢
application
R L SplS pas
o o o 867.7¢ 167.9¢
irrigation to the beginning of the development stage Non-application
>,8
o 1005.3° 207.8°
application

5105 2o 50 B Jlez| s 50 LSD 5051 ulsl 1 (5,00 sire Sglis i S e By o (gl JBlas a5 Sl Sk cio 2 gl
Means with a same letter are not significantly different at 5% level of probability according to the LSD test.
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Table 7- Mean comparison for harvest index of quinoa plant in different irrigation treatments

Irrigation treatments (g ,lol jlous

Harvest index <uils a5l

%

L R ]

L . 22.29°

Irrigation to the full maturity stage

P Al 50 9,5 b (5L

L L . 21.56°

Irrigation to the beginning of the flowering stage

o Al 0 85,56 )]

20.54¢

irrigation to the beginning of the development stage

25,05 o )0 O Jla>! xhaws ;o LSD L‘)}a)'] bl gl s Sgles catins S e By S gl JBlas a5 Sl Sl
Means with a same letter are not significantly different at 5% level of probability according to the LSD test.
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Abstract

Introduction: Quinoa (Chenopodium quinoa Wild.) is a pseudocereal that is one of the oldest crops
in the Americas and a native plant in the Andes region. Compared to other grains, quinoa has more
protein and a more balanced amino acid composition with 8-5% lysine and 1.5-2.4% methionine.
Drought, heat, salinity, etc. are types of abiotic stresses that reduce plant growth and cause a sharp
drop in crop yield due to various changes at the physiological, morphological, and molecular levels.
In addition, drought stress may cause the production of reactive oxygen species in plants, which
damage lipid and protein structures and cause the cell membrane to lose permeability and selectivity.
Leakage of intracellular ions leads to disturbance in metabolism, chloroplast decomposition, and
reduction of chlorophyll content.

Glycine betaine not only acts as an osmotic regulator but also stabilizes the structure and activity of
enzymes and protein complexes and maintains the integrity of membranes against the damaging
effects of drought. Glycine betaine treatment increases the growth, survival, and tolerance of plants
to different stress conditions by regulating different metabolic processes, improving the rate of
absorption of pure CO2, maintaining proteins, enzymes, and lipids of the photosynthetic apparatus,
and maintaining the flow of electrons through thylakoid membranes.

This research was conducted to investigate the effect of glycine betaine foliar application on
agronomic, biochemical, and physiological traits of quinoa under water stress conditions.

Materials and Methods: The experiment of split plots based on randomized complete blocks design
with three replications was performed at the station of Research in the 2020-2021 and 2021-2022 crop
years, Agriculture and Natural Resources Center in Kerman province of Iran. The main factor
included three levels of irrigation treatment (irrigation to the full maturity stage (control), irrigation
to the beginning of the flowering stage, and irrigation to the beginning of the development stage) and
the secondary factor included two levels of glycine betaine (0 and 3 mM). Biological and seed yields
and harvest index, biochemical traits including proline and total phenol and flavonoid contents, and
physiological traits including the activity of antioxidant enzymes such as catalase, ascorbate
peroxidase, peroxidase, and polyphenol oxidase were measured. Variance analysis of all traits and
LSD mean comparison test at five percent level was conducted with SAS software version 9.2.
Results and Discussion: The effect of irrigation factor and glycine betaine and their interaction effect
on the most measured traits were significant. The highest biological and seed yields were observed in
control condition and the application of glycine betaine. The lowest of them were in plants grown
under irrigation condition to the beginning of the flowering stage and non-application of glycine
betaine. Water stress was increased the content of proline and total phenol and flavonoid and the
activity of antioxidant enzymes in both level of glycine betaine. The foliar application of glycine
betaine caused an increase in the biological and seed yields and biochemical and physiological traits
at all three irrigation conditions.

Conclusion: Under water stress conditions at both glycine betaine levels, the biological and seed
yields decreased while the biochemical and physiological traits increased. These results show that the
quinoa plant responds to water stress with enzymatic and non-enzymatic defense systems. The
application of glycine betaine led to the improvement of biological and seed yields and biochemical
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and physiological traits in all three irrigation treatments. So, glycine betaine can be used to
compensate for the harmful effects of water stress in quinoa.

Keywords: Antioxidant enzymes, Interaction effect, Proline, Seed yield, Water stress
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Table 1- Economic and environmental inputs and results of emergy analysis of wheat production systems in Sistan region
. & . .
).}5 . Fod o werd sl el Sl
52959 a2l Gpdaend el oledbl A Jros - Sh
. (sej Unit™) - (sej) are
Inputs Unit (%) Raw Refs. for
UEV . Emergy
Ran. Factor transformity
e o lagag s
Renewable environmental inputs
i J 1 2.92E+13 1.00E+00 Definition ~ 2.92E+13 0.05%
Solar energy
b sz 55,
et oy 3 1 6.26E+10 1.25E+03 Campbell and 7 goe 15 6 1504
Wind, Kinetic energy Erban 2016
b T
OO e S J 1 4.90E+11 2.25E+04 Campbell (man.) 1.10E+16 20.60%
Rain, chemical
b Jailiz g5 (55,
oLl Jelias’s 55 J 1 1.69E+08 1.34E+04 Campbell etal., , 5ee 115 0.00%
Rain, geopotential 2005
Afgeay ) 1.10E+16
Subtotal
2025 B d s (6999
Non-renewable environmental inputs
s Ol Cuadra and
[Ca S SR
J 0 1.47E+10 3.61E+04 5.31E+14 0.99%
Groundwater Rydberg, 2006 0
. A <
obt O s T J 0 1.14E+10 2.88E+04 Campbell (man.) 3.28E+14 0.61%
Evapotranspiration, ground water
S JTeole als i
ool e J 0 1.33E+11 9.36E+04 Brown and Bardi, ; 5 e 16 93 2504
SOM reduction 2001
S ol i
= o 9 0 1.68E+07 1.27E+09 Brown and Bardi, , 150 16 39 794
Soil erosion 2001
DA 3.46E+16
Subtotal
oads (5l 5 slacsog s
Purchased inputs
! .
e S J 0.1 1.53E+08 2.22E+06 Luetal, 2009 3.40E+14 0.63%
Human labor
YT ile
Yo g 0 1.28E+03 1.01E+10 Campbell etal., ) 5oe 413 0.0206
Machinery 2005
092 3 hoed lacS s g 0 6.63E+09 8.60E+04 Bastianoni etal., ¢ 700114 1 0706
Fossil fuel and lubricant 2009
et d g 0 2 00E+05 3.09E+10 Brandt-Williams, ¢ ;e 115 11 5506
Nitrogen fertilizer 2002
s 2S) J 0.05 7.74E+08 2.31E+05 Amiri etal,2019 1.79E+14 0.33%
Electricity
s Rials 0.2 8.00E+06 6.76E+07 Asgharipouret g 41414 10104
Seed al., 2020
A gee y ) 7.82E+15
Subtotal
) 5.35E+16 100%
Total
e
Output
5 4l
ps 4l g 2.08E+06
Wheat grain
pus el 3 3.05E+10
Wheat grain
pa5 ol g 2.25E+06
Wheat straw
pas s J 2.81E+10

Wheat straw
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Table 2- Specifications and formulae of the emergy-based indices of the Wheat production systems of Sistan

Indices Formula Specifications
S Gl ol o3 ez p gLl (g B G s sl 5l 50 53l ke
. Tr=U/E (sej J-1) . . L
Transformity (Tr) Amount of emergy required to produce an economic output in joules, a
measure of system efficiency.

D5l o0 6 pS o3l p S e oS (g aly S adg sl 5L 090 (65 el e
529 &5 sl J s BB 50 W

039 &30 gaze (poysd B (59

e SE=U/W _ _ i
Specific emergy (SpE) Amount of emergy required to produce an output unit measured in grams. W

ESSEIRTSRVECRE RS
Emergy renewability (R%)
Sl Aol s
Emergy exchange ratio
(EER)

Sipel o Ses S
Emergy yield ratio (EYR)

e SIS L cuns
Environmental Loading
Ratio (ELR)

ool (e (538 ,1 o
AW
Modified environmental
loading ratio (ELR*)
oy fame (g loly s
Emergy sustainability ratio
(ESI)
oy fame (gl S
0dl C)La‘
Modified emergy
sustainability ratio (ESI*)

&5l (6,105 Aoy
Emergy investment ratio
(EIR)

kel 5,0l 5T abe s Cas
OJ.»)
Modified emergy investment
ratio (EIR*)
olaidl o Sl o3|
Market value of the
economic yield

%R = (R+FR) /U

EER=YM/U

EYR = U/ (FR+EN)

ELR = (FN + NO +
FR)/R

ELR* = (FN + NO)/(R +
FR)

ESI=EYR/ELR

ESI*=EYR/ELR*

EIR= (FN + FR) / (R+
NO)

EIR* = (FN + FR) /R

Ym

is the accessible weight of the product.
el Lawgs ool oolatwl pdyasass (65,0l wo o

Percentage of renewable emergy used by the system

b 9ly 5o Jgaze 3 Slas (bl 2 (6550l dolis o
Emergy exchange ratio based on crop yield per unit area
plie a5 Gloy pdibasass g pdyasass o mbio 5l oslanul (gl ol S LUles
B9d o0 6,15 wlepw lo s (68955 (lsie s pllas o 215 5l goladl
Ability of a process to use local renewable and non-renewable resources when
economic resources from outside are invested in the system as a capital input.
2dpaes aime (650l 4 n3glasass dame 5 0ud (6l B (650l @l cd ELR
ol
ELR is the ratio of emergy resources purchased and Non-renewable
environmental to the free renewable environmental emergy
gle @ pdbaasd Jase 5 pdgbagass oad gyl > 65l gl cowd ELR™
el ol gl pdgnan g e Q) pdyass
ELR* is the ratio of emergy resources Non-renewable purchased and Non-
renewable environmental to the free renewable environmental emergy and
Renewable purchased
Col 598 plls5 (5)luly dl oy e az 58 camme 4 pllsS (g B (Sly
The dependence of the system output on the environment, the greater the
value, the stronger the sustainability of the system
axg Nk @ az gl e pdian glie jleslinul oS Sl g)luly eSS
Sl
Alternate Sustainability Index that focuses on the use of renewable resources
regardless of loading.
el 5o G, e gl ggazme 4 @) 5l ead )l 5 5] b <o EIR
shome
EIR is the ratio of emergy resources purchased from outside to all free
environmental emergy in the local system

‘sfaﬂ;m ulf;b JYRVRVRES) Syl Cl} 5lead gl 5 (655l rls cos EIR*
EIR* is the ratio of emergy resources purchased from outside to the free
renewable environmental emergy

u‘“5)9 ‘aLi;.m 5 Q\Jj.azn 6‘)—.’ oA Caélg.)b JBJ
Money received for the crops when sold.

U= FN+FR+R+NO

Ym =Jgame golatdl s Slae (5,l5L Sl x Jsr b oy

Ywm = Market value of the product economic yield x Money transformity

E=Economic yield

E= solatdl s Slae



oo g culie

£y

Chemical
Fertilizer
(N,P.K)

Diesel Fuel
(F)

Organic
Fertilizer
(OF)

(E)

Electricity

Chemicals
Pesticides,
Herbicides

Machinery

Irrigation
water
(W)

Soil Organic
Matter

(B)

Sun, Wind,
Rain

| [ LI /]
D DDDDDDDI -
Y =

Ol allaio 3 puiS adgi 5551 sLoplls (S yloges ) S

Figure 1- Energy Systems Language diagram of wheat production in the Sistan region
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Table 3- Indicators of emergy analysis of wheat production systems in Sistan region

Szl y P s L Hladie
Emergy based indices Quantity
Transformity (Tr) (sej/J) grain 1.75E+06
SpE (sej/g) grain 2.58E+10
Transformity (sej/J) straw 1.90E+06
SpE (sej/g) straw 2.38E+10

R% 34%

EYR 6.84

ELR 3.85

ELR* 0.517

ESI 1.78

ESI* 13.2
YM 7.71E+15

EER 6.94

EIR 0.171

EIR* 0.710
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Abstract

Introduction: Wheat is the most important agricultural product in Sistan, which, depending on the
availability of water, provides a substantial portion of the region's farmers with a living.
Consequently, farmers attempt to expand their cultivated area. But any progress towards increasing
production will be valuable if it continues for an extended period of time, particularly the continuation
of the production of this product, which is of great importance in terms of meeting a portion of
families' food needs and generating income for its producers. Proper management of the production
system, environment, and natural resources is required to ensure the long-term sustainability of this
crop. In order to determine whether this production system will continue to exist in the future, it is
necessary to examine the production stability of these systems by analyzing the total input and the
effect of these inputs on the substrate and the surrounding environment. Consequently, it was decided
to evaluate the sustainability of wheat production in the Sistan region by employing the emergy
analysis technique and determining the contribution of each input and their impact on the production
system and the surrounding ecosystems using this method's indicators. The emergy exchange ratio
was used to assess the sustainability of wheat systems in this article.

Materials and Methods: In 2020, wheat fields in Sistan (including Zabol, Zahak, Hamoun, Nimrouz,
and Hirmand) were surveyed for this study. Each category was further subdivided into renewable and
nonrenewable categories. Regional meteorological stations recorded renewable environmental inputs.
The USLE model was used to calculate soil erosion, and wheat fields were measured for organic
matter changes. The amount of economic inputs was determined by interviewing wheat farmers, and
the amount of machinery was based on its lifespan. The 1SO1928 method defines energy output in
calories. Multiplying the total input current by the transformities yielded solar emjoules (sej). In
addition to inputs, emergy indices, a function of environmental and purchased flows, must be
calculated to evaluate wheat production sustainability. The desired indicators for this study are
transfomity (Tr), specific emergy (SpE), emergy renewability percentage (R%), emergy yield ratio
(EYR), environmental load ratios (ELR and ELR*), environmental sustainability indices (ESI and
ESI*), emergy investment ratios (EIR and EIR*), and emergy exchange ratio (EER).

Results and Discussion: It was important that environmental inputs contributed 5.35E+16 sej ha™ yr-
!to the total inputs that the production system required. Both EYR and EIR have favourable values,
as a result of the strong impact that environmental inputs have on the production process. Considering
that all methods of production include the use of natural resources, it is inevitable that there would be
negative effects on the surrounding ecosystem. As a result of the significance of this matter, an index
that has been given the name environmental loading ratio has been established in order to provide an
approximation of the amount of pressure that this system puts on the environment. The determined
value of this index is 3.85, which suggests that the manufacturing system only puts a moderate amount
of stress on the environment. However, taking into account the fact that this system was sustained by
34% renewable resources, the revised environmental load ratio index caused the production system
to behave more flexibly with the ecosystems that were located in its immediate vicinity.
Conclusion: The normal operation of a production system requires the interaction of natural and
purchased inputs, and the absence of one of these inputs causes more of the other type to be
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introduced. The substantial contribution of natural resources to the production process, relative to
purchased inputs, demonstrated that wheat production in the Sistan region is traditional. This
traditional production method has had the greatest impact on wheat production in the region due to
soil erosion. Therefore, management practices that preserve plant residues within the field can have a
positive effect on the region's wheat production.

Keywords: Environmental loading ratio, Farmers' livelihood, Renewable inputs, Soil erosion,
Sustainability assessment
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Table 1- Physical and chemical properties of soil (0—30 cm depth)
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Table 2- Analysis of variance (Mean squares) of effect the organic, biological and chemical fertilizers on studied traits

Oy’ galo ax e Sy P o Sy SES (339 ay J5 slass a9 5 039
SOV 50|}T Leaf fresh Leaf dry Total corm Corm fresh
dr weight weight weight
S 2 10452.9" 1571.91" 2.17™ 257898"
Replication
S oss 2 2170.71° 378.25" 2,74 10081"
Organic fertilizer
Al gl 4 301.48 21.78 131 42232
Error a
sl 055 1 308.39"™ 218.05™ 0.27™ 283271
Chemical fertilizer
ot 095w JT 355 4 489.91™ 186.18™ 7.81" 455520
Organic fertilizer*Chemical fertilizer
< sl 6 728.28 141.45 1.73 4176
Errorb
o) 085 4 18203.64" 4668.36™ 92.37™ 578121"
Bio-fertilizer
s 355w T 058 8 674.76™ 119.48™ 2.78" 20010
Organic fertilizer*Bio-fertilizer
) 095 ool 095 4 619.89™ 99.07™ 1.055"™ 10540™
Chemical fertilizer*Bio-fertilizer
s g leon it JT 555 8 624.74™ 197.71™ 2.047 42802
Organic*Chemical*Bio-fertilizer
5l 41 2931.74 660.93 11.068 118083
Total error
Oy 50 - 22.38 21.52 12.89 22.28
CV (%)

ol o g g Dol e A4 NS g oo )0 iy g duoys SO Jleil mhaw 10 (60 cire oaio L s g s
ns = non-significant. * = Significant at 5% level. ** = Significant at 1% level.
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Table 2 Continued.

Oyt @l az e ay SS9 &y yhad Fslasi K50l
SOV ‘5¢|ji Corm dry Corm diameter Number of Flower fresh
dafr weight flowers weight
S 2 31635 83.71" 159 1426
Replication
Sless 2 11166" 11.55™ 205™ 151649™
Organic fertilizer
Al gl 4 14.30 3.45 480 930
Error a
stlrands 295 1 35724™ 85.58" 17696" 35657
Chemical fertilizer
wlosd 3555 J1 o8 4 31367 16.13" 530™ 8427
Organic fertilizer*Chemical fertilizer
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Figure 2- Effect of organic fertilizer on leaf dry weight
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Figure 3- The effect of chemical fertilizer on corm diameter
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Figure 4- The effect of chemical fertilizer on number of saffron flowers
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Abstract

Introduction: In recent years, in order to produce healthy products and reduce environmental
problems, organic and biological fertilizers are used to increase soil fertility, meet nutritional needs
and increase plant growth. Proper management of fertilizer consumption is one of the necessary tools
to have a stable and profitable agro-ecological system in saffron. Due to the fact that few studies have
been done on the combined use of biologic, organic and chemical fertilizers in saffron cultivation,
therefore the present study was conducted to investigate the effect of biological fertilizers containing
Azotobacter, Pseudomonas and Bacillus subtilis and different amounts of chemical and organic
fertilizers on some characteristics of the corm and yield of saffron flower.

Materials and Methods: Experiment was carried out as split-split plots based on a randomized
complete block design with three replications at the Research Farm of Ardebil Agricultural Research
Center during growing seasons of 2015-2016. Experimental treatments include: organic fertilizer at
three levels, control, manure (25 t.ha) and vermicompost (10 t.ha) placed in the main plots. The
second factor was chemical fertilizers in two levels including 100 and 200 kg.ha™ nitrogen and
phosphorus (NP) and the third factor is five levels of biological fertilizer including: no inoculation
(control) and inoculation with Azotobacter, inoculation with Pseudomonas, inoculation with Bacillus
subtilis and integrated inoculation (Azetobacter + Pseudomonas + Bacillus subtilis). The investigated
traits were: leaf fresh weight, leaf dry weight, total corm, corm fresh weight, corm dry weight, corm
diameter, number of flower and flower fresh weight. MSTATC software was used to conduct an
analysis of variance (ANOVA) on all collected data. Significant differences between means
correspond to a probability level of 0.05 according to the LSD test. Graphs were drawn using Excel
software.

Results and Discussion: The results showed that the application of chemical, organic and biological
fertilizers caused a significant increase in the characteristics of dry weight of leaves, number and
diameter of corms, fresh and dry weight of corms compared to the control. The integrated application
of biological fertilizers increased the dry weight of saffron leaves by 76%, respectively, and also the
dry weight of the corm by 81%, respectively, compared to the control. The results of analysis of
variance showed that the simple effects of chemical and biological fertilizers were significant at the
probability level of 1% on corm diameter. The results of mean comparison of chemical fertilizers
showed that the 100% recommended chemical fertilizer treatment had the maximum stem diameter
(21.78 mm), which had a significant difference with the 50% recommended fertilizer requirement
treatment. Also, the results of the mean comparison of biological fertilizers showed that the combined
application of biological fertilizers (Azotobacter, Pseudomonas and Bacillus subtilis) increased the
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corm diameter by 55% compared to the control (without inoculation). The yield of saffron flower also
showed a significant increase under the influence of the applied treatments. The results of mean
comparison of the chemical fertilizer treatment showed that the recommended chemical fertilizer
treatment (200 kg.hat) compared to 50% of the fertilizer requirement (100 kg.ha') had the highest
number of flowers with a significant difference.

Conclusion: The results obtained in this research showed that the investigated traits of saffron corm
were affected by the type and amount of fertilizers used. So that the simultaneous application of bio-
fertilizers combined with organic and chemical fertilizers significantly affected the characteristics of
saffron corms. The use of 200 kg.ha* chemical fertilizer along with bio-fertilizers was as effective on
the measured traits as the use of 100 kg.ha chemical fertilizer along with bio-fertilizers. Therefore,
it can be said that the use of chemical fertilizers alone is not suitable and the combined use of chemical
fertilizers with organic and biological fertilizers will increase the efficiency of chemical fertilizers
and reduce the amount of chemical fertilizers used, which leads to a decrease environmental pollution.

Keywords: Biofertilizer, Organic fertilizer, Sustainable management, Vermicompost
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Table 3- Analysis of variance of grass pea genotypes in the first harvest
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Table 3 (continued)
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Variation df Number of Dry .
Plant Number of . weight of Dry weight  Fresh weight
. . pods weight of
height grains per pod d pod of shoot of shoot
po
s
o 1 510.2 2.95 0.664 0.008 0.015 0.058 0.002
Replication
) .
’ 25 141.1 10.66 1.69 0.026 0.130 0.084 0.092
Genotype
oz .
. 3 79.6 2.08 0.213 0.031 0.028 0.53 0.239
Salinity
Soge X i g
Genotype x 55 117.6 6.7 1.05 0.018 0.071 0.115 0.110
Salinity
Uas
60 142.1 9.37 1.13 0.013 0.078 0.104 0.137
Error

“and ™ significant in 5 and 1 percent respectively

Sy 5l xiolion o8 el (S5 1) o s
oy 4 PlE lags @exS Fl )0 Pa Camgaan S0
sloriSly ;0 P zge 45 035 oo szl IS 5w
Leels (Ghavami et al., 2004) wgi o oS Sdglie

10 7Y Jloiol b 5 I sime o & ¥ 9

ol Gl ol ooy S 5055 (5 4 plolS &l
> a g ase cilisee Jalse dacygr g9 o Seod clale )
o (6 ol LA cgm o 310y g0 il olS (Ggei g 0,

9 390 LS slacdl 5l Ol zg,5 ceb ()00 Ll
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Table 4- Analysis of Variance grass pea genotypes in the second harvest
e o (rSileo
MS
U'M éf.m a0 . R
R (s (e . < . e - a9l
Source of ol ade, ek aSlh gl de asli slu S 2 oloss P Sndsb P
e > x
Variation df Root Location of first Number of Number of Leaf
Leaf Leaf
length shoot shoots leaves length
width angle
S "
o 1 71.40 0.270 0.167 453.6 0.044 0.013 24
Replication
S5
’ 25 14.53™ 0.193 0.300™ 243.7" 0.017 2.217 279™
Genotype
S .
. 2 127.9 0.112 0.007 140.4 0.003 1.05 60.2
Salinity
Sog X w9
Genotype x 29 9.89 0.144 0.198" 91.4 0.024 1.38* 58.5
Salinity
Uas-
E 49 6.51 0.187 0.112 128.2 0.020 0.765 92.4
rror

70 37 Jloil o 0 I3 sime w40 5%

“and ™ significant in 5 and 1 percent respectively

¥ Jous dolo!

Table 4 (continued)

lay po (u&ileo
MS
Olpdi @ 420 . . SES 0l <is .
= W)l 20 &l Sl s . i S 5 (339 039 ¥ o
Source of ol s M Slus S . .
L. dg e Fresh o lus i o lws Ll
Variation df Number of Dry .
Plant Number of weightof  Dry weight  Fresh weight
. . pods weight of
height grains per pod d pod of shoot of shoot
pPo
e
L 1 85.5 5.87 3.61 0.001 0.017 0.441 7.39
Replication
S5
’ 25 248.1" 7.62™ 2.740" 0.150 0.378 0.333 2.68
Genotype
oz
. 2 100.5 6.43 1.28 0.153 0.625 0.057 248
Salinity
Sog X i g
Genotype x 29 178.7 343 1.29 0.090 0.334 0.240 2.25
Salinity
Uas-
49 1314 3.48 1.38 0.109 0.355 0.245 2.08
Error
10 97 Jliol mhaw (o lo e i 4 ¥ g
“and ™ significant in 5 and 1 percent respectively
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Table 5- Mean Comparison of the grass pea genotypes for the studied traits in the second harvest

PHEYIRYS
. ol . 1 a9l .
- ad Job . oLS glis | ’ Sypdlas  Spdsh Py pliolas
L) 4L Sy
Root Plant height Leaf Leaf length Number Number of
Genotype (cm)length Number (cm) Leaf pumber (cm) of grain pod
of shoots angle (°) i
in pod
1 12.15de 4.41df 23.25¢c 47.50ah 21.50e 4.253e 0.25bc 0.25bc
2 14.11ad 1.54be 26.08bc 55.16ae 37.00ae 4.25ae 1.83ac 1.50ac
3 13.5ae 0.96f 35.40ac 60.80ab 30.40ce 4.60ac 1.80ac 1.40ac
4 17.28a 1.42¢f 33.80ac 57.80ac 32.40ce 4.40ac 3.80a 2.40a
5 13.41ae 1.26bf 66.50bc 48.50ah 23.10de 3.93bf 0.66ac 0.50ac
6 11.68be 1.47df 33.80ac 53.40af 36.80ae 4.26ae 3.00ac 2.20ab
7 10.76ce 1.39bf 33ac 56.00ad 39.40ae 4.36ae 3.00ac 2.00ac
8 11.68be 1.46bf 28.66hc 48.33ah 37.60ce 4.21ae 3.20ac 1.66ac
9 14.28ac 1.50bf 32.50bc 53.50af 31.10be 4.33ae 0.66ac 0.66ac
10 11.18be 1.66ae 37ac 61.40ab 46.60ac 4.56cf 1.40ac 1.20ac
11 10.63ce 1.60ae 27.16bc 50.50ag 34.00ae 4.70ac 1.33ac 1.16ac
12 12.47be 1.91ad 28.50bc 41.25dh 33.50ae 3.35¢cf 0.00c 0.00c
13 15.33ab 1.71ae 27bc 45.00bh 40.30ae 3.00ef 0.00c 0.00c
14 13.45ae 2.15a 20.50c 33.70h 41.70ad 3.25¢f 0.00c 0.00c
15 12.23be 1.91ad 26.66bc 35.00gh 45.30ac 3.40cf 0.00c 0.00c
16 19.76ae 1.95ad 21c 39.00eh 38.00ae 3.00ef 0.00c 0.00c
17 9.75de 2.03ab 28.50bc 35.00gh 42.00ad 3.10df 1.50ac 0.50ac
18 14.20ac 2.02ab 19.50c 38.00fh 35.20ae 2.62f 0.00c 0.00c
19 10ce 1.99ae 23.75¢ 38.00fh 39.20ae 2.95¢f 0.00c 0.00c
20 13.13ae 1.47df 21.56a 62.16a 44.50ac 5.06ab 3.33ab 1.83ac
21 13.86ad 1.43ef 38.50ac 44.16¢ch 40.30ae 3.75bf 1.50ac 1.16ac
22 13.08ae 1.66ae 32bc 46.00ah 31.80ae 3.70bf 0.80ac 0.80ac
23 12.34be 1.39df 37.40ac 59.20ac 30.20ae 5.10ab 3.40bc 2.00ac
24 10.93ce 1.66be 21.33c 45.00bh 23.30ce 3.83bf 1.33ac 1.00ac
25 13.75ad 1.61ae 43.50ab 47.50ah 50.00ab 4.75ae 0.00c 0.00c
26 9.32¢ 1.41df 44.75ab 52.50af 51.00a 5.62a 0.50bc 0.20bc
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Table 6- Analysis of variance grass pea genotypes in the third harvest

laypo (12Nleo
Ol i’ 2o a9 MS
Source of GOl Al Jeb asli gl e asLs slasy Sy olas Sy e Sy deb Sy aly
Variation df Root Location of Number of  Number of ) Leaf Leaf
Leaf width
length first shoot shoots leaves length angle
s
). i 1 0.112 0.086 11.16" 12.73 0.182 5.46 151.1
Replication
L)
’ 25 18.51 0.234 457" 192 0.106 272" 934
Genotype
S
. 2 111 0.151 1.62 175.8 0.034 4.03 67.2
Salinity
Sog X gl
Genotype x 27 9.79 0.249 1.23 204.3 0.128 1.82 68.4
Salinity
Uas
29 28.01 11.73 0.215 1.86 3145 0.283 141
Error
10 97 Jlil mhaw o lo poe a4 ¥ g
“and ™ significant in 5 and 1 percent respectively
? Jous alol

Table 6 (continued)

Ol po (1o
Ol s 2o a0 MS
T o Ew s . SRS 0 O oy SRS 0 F 09
Source of sol3! G GO wild olawy ML oo
L A SHMe Fresh o lws i o lws i
Variation df Number of Number ioht of
i weight o i i
Plant grains per pod of pods Dry weight g Dry weight Fresh weight
height of pod pod of shoot of shoot
SIS x
Lo 1 0.076 28.57 3.01 0.422 1.54 1.01 7.36
Replication
’ 25 2.30 29.90 5.18 0.198 1.62 0.441 3.37
Genotype
oz .
. 2 2.55 17.59 3.17 0.186 0.614 0.095 1.25
Salinity
X g
S
- 27 1.82 29.53 4.61 0.091 13 0.408 3.60
Genotype x
Salinity
Loz
29 79.84 141 29.42 3.72 0.056 0.813 0.817
Error

*and ™ significant in 5 and 1 percent respectively
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Table 7- Mean Comparison of the grass pea genotypes for the studied traits in the third harvest
RS L olaw S dsk eSS 59 S S 0l
Leaf length . Fresh weight of pod
Genotype Number of shoots Dry weight of pod (g)
(cm) (®
1 2.0cd 2.75ch 0.11cd 0.46b
2 2.3cd 4.33ah 0.42bd 1.72ab
3 1.8cd 4.2ah 0.13bd 0.28b
4 1.7cd 4.62af 0.19bd 0.41b
5 3.0bd 4.70ae 0.40bd 1.62ab
6 3.0bd 3.12bf 0.21bd 0.73b
7 2.5cd 4.00ah 0.39%bd 0.42b
8 2.0cd 4.16ag 0.31bd 0.57b
9 2.0cd 4.50af 0.23bd 0.48b
10 2.6¢cd 6.00a 1.04a 2.51a
11 2.0cd 5.00ac 0.58b 2.91a
12 4.5be 2.50dh 0.00c 0.00b
13 3.5bd 2.75ch 0.00c 0.00b
14 2.5cd 3.75ah 0.02c 0.28b
15 5.5b 2.25fh 0.00c 0.00b
16 3.5bd 2.00gh 0.00c 0.00b
17 2.0cd 4.00ah 0.41bd 1.23ab
18 8.5a 1.75h 0.00c 0.00b
19 4.0bd 3.00bh 0.00c 0.00b
20 2.6cd 4.83ad 0.14bd 0.22b
21 2.5cd 4.87ad 0.51bc 1.20ab
22 2.5cd 4.66ae 0.19bd 0.50b
23 3.0bd 4.62af 0.46bd 1.59ab
24 3.0bd 2.37eh 0.12bd 0.51b
25 2.0cd 4.00ah 0.05cd 0.37b
26 1.3d 5.33ab 0.00c 0.00b
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Table 8- Analysis of variance grass pea genotypes in the fourth harvest

Ol S 2o o3l a0 Ol po (1wl
Source of Variation df MS
Ay Job AL (gl Joxo asLi slosy S olass S Spdi Spagl
Root length Location of first shoot Number of shoots Number of leaves Leaf width Leaf length Leaf angle
S 2.97 0.280 11.87 1680™ 0.001 297 37.87
Replication !
95 4.29 0.455™ 7.76" 246.9 0.237 4.29 90.56
Genotype 28
Sz 3.74 0.105 1.13 729" 0.025 3.74 22.72
Salinity
o X i 9
. 1.73 0.288 1.95 279.3 0.098 1.73 52.61
Genotype x Salinity
e 247 0.227 3.50 194.4 0.213 247 83.19
Error 5

(AN PN NSRS P IE
“and ™ significant in 5 and 1 percent respectively

A Jgus aold!
Table 8 (continued)

layo (koo
MS
Olpdi g0 4290 . . S gy .\ .
i eyl 3 &ls Slus L i G § g S ) r o9
Source of XS] s e Slus S . .
L. dg SHE Fresh o lus i o lws Ll
Variation df Number of Dry .
Plant Number of weightof  Dry weight  Fresh weight
. . pods weight of
height grains per pod d pod of shoot of shoot
Po
S L 649.2 14.18 1.51 0.013 1.33 0.675 12.75
Replication
L) 25 569" 20.57" 4.37" 0.231" 1.21™ 0.391 4.79
Genotype
Soge ) 1184" 43.84" 8.63" 0.477" 4.20™ 1.87" 12.65
Salinity
Sope X i g
Genotype x 21 250 8.77 1.43 0.120 0.370 0.261 5.4
Salinity
o ” 232.2 9.73 1.95 0.119 0.454 0.282 431
Error
10 97 Jliml mhaw (o lo cme i 4 ¥ g
“and ™ significant in 5 and 1 percent respectively
230,85 0 oS odei JralS cmge JS 0 aS 0 5L ee sladgle (LS jo a5 el Sla o dlox 1 aig glas)
Oy 6 e ,—ae 56 .(Munns and Tester, 2008) LS sl 69 JSiive sias sl 034y g5 350 0|90
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Table 9- Analysis of variance grass pea genotypes in the fifth harvest

Olay po (ko
Ol yondi’ o a0 MS
T Jsb " PR - . P B a9l
Source of ol i 4L gl Joxo 4Ll slass Sy olass P Spdsb P
Variation df i Location of first ~ Number of Number of ” Leaf ”
Root shoot shoots leaves Leaf length Leaf
length width angle
SN 0.75 0.083 0.083 1017 0.083 1.02 33.33
Replication
ol D] 25 7.65 0.199 5.92" 624.7 0.015 2.04 37.31
Genotype
e 1 2.06 0.001 0.018 2109 0.008 6.86" 21.76
Salinity
Sog X gl 4.85 0.121 0.614 633.3 0.016 0.876 19.83
Genotype x 7
Salinity
o> 4.4 0.123 2.95 719 0.024 1.07 32.24
Error 32
185 1Y Jlzl s 5o Jfoine i * 5
“and ™ significant in 5 and 1 percent respectively
A Jguz aslol

Table 9 (continued)

©layo (25l
MS
Olpdd g 420 . . LS 03 . .
- eyl 30 ks Slaxs L o MWL g SRS )9 r ol
Source of ol o M Slas SN . :
L. 4}5: SN Fresh G)Lw#u:) e)Lw’u
Variation df Number of Dry .
Plant Number of . weight of Dry weight ~ Fresh weight
. . pods weight of
height grains per pod pod pod of shoot of shoot
ISS . 108 352 421" 2.36" 11.92 0.809 20.61
Replication
] ’s 595.7 38.04 5.87 0.708 3.35 0.908 11.94
Genotype
S 1 1523" 310 422" 4.48™ 28.9™ 8.36™ 127
Salinity
Sogd X e 218.8 39.56 6.88 0.383 2.90 0.937 8.45
Genotype x 7
Salinity
oz ” 349.1 31.34 4.05 0.499 291 0.658 134
Error

*and ™ significant in 5 and 1 percent respectively
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Abstract

Introduction: Grass pea is one of the most important crops and forage plants in the world, which is
known for its high protein and lysine content. Due to the importance of this plant among forage plants
in terms of livestock nutrition, planting in low-yielding lands, resistance to stresses, and also their
role in soil fertility, they are extensively used.

Materials and Methods: To investigate the response of early-maturing grass pea genotypes to
salinity stress, 26 genotypes were studied in a factorial experiment based on RCBD with two
replications. Salinity treatments were applied at four levels NaCl and various traits were evaluated.
The number of plants in each pot after thinning was five plants, and at the end of the growing season,
one plant was harvested from each pot every week.

Results and Discussion: In the first harvest, genotype had a significant effect on pod dry weight and
leaf length, and salinity had a significant effect on shoot dry weight, leaf number and root length. In
this harvest, for the root length, the lowest average was in the first level of salinity and the other three
levels were in the same group, that is, in the conditions of salinity stress, the root grew more than the
control. In the second harvest, the genotype had a significant effect on the traits of number of pods,
plant height, number of leaves, number of grains per pods, leaf angle, leaf length, number of branches
and root length. The effect of salinity was significant for root length. In the root length, the least effect
of salinity was related to the first level and the second and third levels were placed in the same group,
which increased the root length with the increase of salinity. In the third harvest, the genotype had a
significant effect on pod fresh weight, leaf length, pod dry weight and number of branches. The effect
of salinity on the dry weight of the pod was significant, and other traits had not a significant difference
for any of the effects. Also, in this harvest, the fourth level of salinity was removed. The results of the
fourth harvest showed that the genotype had a significant effect on the traits of pod dry weight,
number of grains, number of grains per pods, plant height, pod fresh weight, number of branches and
location of the first branch. Dry weight of shoot, fresh weight of pod, dry weight of pod, number of
grains, number of grains per pod, plant height and number of leaves were significant for the effect of
salinity. With the increase in salinity, the dry weight of the pod increased and the number of grains
and the number of leaves decreased. In this harvest, the traits dry weight of shoot, fresh weight of
pod, dry weight of pod, number of grains, number of grains in pod, plant height and number of leaves,
which are components of yield, were affected by salinity. The results of the fifth harvest showed that
the genotype had a significant effect on the number of branches. The effect of salinity was significant
for dry weight of shoot, fresh weight of shoot, fresh weight of pod, dry weight of pod, number of
grains and number of grains in pod, leaf length and plant height. The effect of salinity on yield was
consistent with the results of the fourth week.

Conclusion: The genotypes showed different reactions in different weeks, which may be because
genotypes are exposed more time to salinity, they show the more different reactions. Also, in the first
and second harvests, salinity had a significant effect on root length, and with increasing salinity, root
length increased. The dry weight of shoots was affected by salinity stress in the first and fourth
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harvests, and salinity had no significant effect on it in the second and third harvests. In general, it can
be said that in the first and second harvests, salinity had a significant effect on root length, and with
increasing salinity, root length increased. The dry weight of shoots was affected by salinity stress in
the first, fourth and fifth harvests, and salinity had no significant effect on it in the second and third
harvests.

Keywords: Forage yield, Grain yield, Legume, Tolerance
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