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Abstract

Introduction: Water is a limiting factor in agriculture, deficit of water reducing plant development
and yield. The need to maintain quality in water scarcity condition, mineral nutrition plays a beneficial
role in developing environmental stress tolerance in crop plants. Potassium (K*) is a phyto-beneficial
macro-element that performs a pivotal role in organizing physio-biochemical processes to support
plant survival against abiotic stresses. Also Silicate fertilization is a promising technology because
silicon (Si) has been used as an elicitor of resistance in plants under conditions of abiotic stress, such
as saline, heavy metal poisoning or water stress. The accumulation of Si in transpiration organs causes
the formation of a double layer of silic, with a subtle decrease in opening of the stomata, reducing leaf
transpiration, which restricts the loss of water without influencing growth. Calcium is an essential
element for plants, functioning as a second messenger in cells, and can influence aquaporin on
membrane structures, helping plants resist many kinds of environmental stress. It is widely accepted
that Calcium ions (Ca?") can facilitate plants resist drought stress. Among exogenous substances
discovered to alleviate plant stresses, calcium ion has proven to be more effective and the cost/benefit
efficient, not only as an essential nutrient for the plant growth actively involving in a various metabolic
activities and as an intracellular messenger for many signal transductions, such as abscise acid (ABA),
reactive oxygen species (ROS), nitric oxide.

Materials and Methods: In order to investigate foliar application application of calcium nitrate and
potassium silicate on photosynthetic pigments and concentration of mineral elements in seed of
safflower in a dry condition, a factorial experiment as randomized complete block design with
threereplications, was conducted. The treatments included potassium silicate at three level: (PS): 0, 1,
and 2 and calcium nitrate at three level: (CaN): 0, 1, and 2 kg per thousand liters of water. Foliar
application was done in two times. The first time at the beginning of the spring growing season. The
second foliar application was done two weeks after the first one.

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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Results and Discussion: The results showed that the interaction between CaN and PS had a significant
effect on grain yield and yield components. The highest grain yield was related to the second level of
PS and CaN (1034 kg ha). Maximum biological yield (31.6%) and the number of branches in per
plant (28.1%) were obtained at the second level of PS and the third level of CaN. Except flavonoid,
interaction between PS and CaN had a significant effect on the chlorophyll “a”, “b”, carotenoid and
anthocyanin in leaves. The highest amount of chlorophyll “a “and carotenoid was in the third level of
CaN and PS, and about anthocyanin, it was in the third level of CaN and the second level of PS. The
concentration of nitrogen and potassium in the seed were increased by increasing the concentration of
PS and CaN. The highest concentration of nitrogen was at the third level of PS and CaN (5.01%), and
about potassium, it was 4.97% in the third level of PS and the second level of CaN.

Conclusion: The use of compounds that help plants in low humidity conditions can partially reduce
the adverse effects of dehydration on plants and prevent the reduction of production performance in
these conditions. Based on the results obtained in this experiment, it can be stated that calcium nitrate
and potassium silicate had a positive role in the safflower plant in dry conditions, so that the use of
these two compounds improved the grain yield and grain yield components. This increase was due to
the improvement of photosynthetic pigments and physiological parameters.

Keywords: Dry farming, Nutrient elements, Physiological characteristics, Quantitative yield
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Table 1- Physicochemical properties of soil at a depth of 0-30 cm

. I O3 ST onss )
S el N N iy P _
? Total . Organic **“#*'  Electrical
. Sand  Clay Loam . Potassium Phosphorus -
Soil texture nitrogen ] _ carbon pH conductivity
(%) (%) (%) (mg.kg™) (mg.kg™)
(%) (%) (dsm?)
) oy
28 42 30 0.04 210 5.55 0.53 75 21
Loam-Clay
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Table 2- Average meteorological data (2016-2021) from March to September
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Months temperature temperature percentage temperature
0 (mm)
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Table 3- VVariance analysis of grain yield and yield components in safflower affected by potassium silicate and calcium nitrate

Mean Square (MS) <l 5o (.Silo

30 Sl sl olaws 4 Gub dlaxy

4> 40
¥ &b .|)T ald o Slos S j O ySlos &g dg Gub oAl sluxy &ld a9
6ol d d
S.0.vV of Grainyield Biomassyield Number of branch Capitul per Seeds in capitul 1000 seed weight
per plant plant
SIS .
2 44063.5™ 0.093" 4.9™ 12.4 18.9"
Block 6706.9"
Potassium silicate (KS) 2 10666.9"  3610539.5™ 11.6™ 145.9™ 230.7" 231.1™
S’ ol i
Calcium nitrate (CaN) 2 96592.4™ 2682278.9™ 1.75™ 55.4™ 114.4™ 43.8™
KS*Ca N 4 15419.1" 299308.3™ 0.56" 3.12™ 8.05™ 62.9™
s
16 1903.7 18127.1 0145 5.47 7.61 5.19
Error
C.V (%) 4.8 2.5 4.6 8.1 4.9 6.3

il o do 0 S g iy Jleil mha )0 (6410 g gl gme pas Kl oS 5 4 ¥

# NS

ns: non significant, * and **: significant at 0=0.05 and 0=0.01 of probability levels, respectively
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Table 4- Mean comparison the main effects of potassium silicate and calcium nitrate on number of capitul per plant, seed per capitul
and flavonoid in safflower

Sigigdls
Hlowd g 50 Gub Gub o ails .
il | dsi ul Flavonoid
Treatments Capitul per plant Seeds in capitu (Mg g. Fw?)
Potassium silicate by oSl
Potassium silicate=1 30.7a 55.8b 5.7a
Potassium silicate=2 31.6a 60.4a 5.8a
Calcium nitrate qds” ol s
Calcium nitrate=0 26.3b 51.4b 5.06b
Calcium nitrate=1 29.2a 57.5a 5.23b
Calcium nitrate=2 31.2a 57.6a 5.85a

25,105 LSD (5051 b suoys gy Jleio! el 50 (5,00 cime WS S piiie B> G JBlas slls slagy g
Column with the same letters are not significantly different at 5% of probability level (LSD).
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Figure 1- Interaction of calcium nitrate and potassium silicate on grain yield
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Figure 2- Interaction of calcium nitrate and potassium silicate on biomass
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Figure 3- Interaction of calcium nitrate and potassium silicate on number of branches per plant
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Figure 4- Interaction of calcium nitrate and potassium silicate on thousand seed
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Figure 5- Interaction of calcium nitrate and potassium silicate on chlorophyll “a”
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Table 5- VVariance analysis of photosynthesis pigments and nutrient elements in seed of safflower affected by potassium silicate and

calcium nitrate
Mean Square (MS) @l yo (nSiles

N s - a Jub b Jué s
i g9l S cm&%f "CN“L"” ’f e 8l anihocyaning lesgsT
S.0V ‘st’ NitrogenPhosphorusPotassium O“r;,f) Y QEEB Y Carotenoid  Flavonoid o
21 2 0002® 0012® 0005  0.08™ 0.15" 0.07" 0.28" 0.005"
Block
POtaSS'(‘:(“;)S"'cate 2 067 037 133" 177" 111" 35" 457" 453"
ponedS” Ol i
Ca'c'”m,(‘l')“ate Ca 5 55 253 1100 1327 0.73" 456" 15 0.4
KS*Ca N 4 0165 0065® 023" 0.35" 0.37° 0.355™ 177 0.313"
s
c 16 0036  0.036 0.036 0.086 0.057 0.041 0.089 0.102
rror
CV (%) 24 512 3.7 3.46 9.8 95 55 6.1

s % NS

Al e do s SO g iy Jloil e )0 ()18 e 15 )l8 gime pae LS s 5 4 *F
ns :non significant, * and **: significant at a=0.05 and a=0.01 of probability levels, respectively

B Calcium nitrate=0 puuds ol s E Calcium nitrate=1 puuds ol pis
O Calcium nitrate=2 puwds ol xis

3.5 be

b Judg s
Chlorophyll b (mg/g FW)
N

Potassium silicate=0 Potassium silicate=1 Potassium silicate=2

S 500 Jdg S (ylime iy Sl 3 eSOl s Jiliio 1 -7 S5
Figure 6- Interaction of calcium nitrate and potassium silicate on chlorophyll “b”

e

B Calcium nitrate=0 axwlS < jis Calcium nitrate=1 xS & i
[@ Calcium nitrate=2 axlS &l iy

a a
—_ 3.5
- b [ °
0
od 2.5
28
g e
e s
2
o 1
©
o 0.5
0
Potassium silicate=0 Potassium silicate=1 Potassium silicate=2

S 133 a5 (i 2 prwliy O 9 oS’ Ol s Jolio 1V S
Figure 7- Interaction of calcium nitrate and potassium silicate on carotenoid



Ol g 39,5l

B Calcium nitrate=0 axdS &) 5 Calcium nitrate=1 adS < S

7 O Calcium nitrate aslS & s a
: b ab
— cd
E 5
2
W 4
|.:— £
3) [=
3£ 3
ERd
8 2
s
g 1
0
el ol sl ol el alsala

Potassium silicate=0

Potassium silicate=1 Potassium silicate=2

Sy 30 craibeuwgiil ()l ime g ool Sk 3 oS’ Sl ol 1A S
Figure 8- Interaction of calcium nitrate and potassium silicate on anthocyanin

leng et al., ) o oS o 5Tl J=ds)lS Jls 5l g 03,5
S5 5laemaS Ty 5 Dds IS glaa 3T codlad w025 .2000
sl 5 O3S Jleb slo JIS0ol,) Gl (L8 LS
SLle oasals’ Jolge (g jl g IS slad 4 aile,
Oley onl 5o gy se sla b anlo i Ll 0 jo Judg)lS
5° byl 9 098 e ools plts wlalllas
alanly ar SLeS 5 cnl Gl 09 o 005381 (lalS oS
Jedo b5 5l cdablne el a5 Cnlno 1SS cnl (Bl i
Inze and Montagu, ) ais—i o 5,9 (ygmliuuST oly 5o

(2019

W13 oanlly 9 pawd (359 5 prolis Bl
Sl bl jilole flois bosls S bl a5 =l
5 0397 9myd p 6 IS me S S Sl g el
4350 gl o ol Ho ails S5 wls o el clale
S blate &l 31 g ools &l 51 ols yLis Wosls il lg
als yind cdale 5 gl cme il 5l peandS Sl s g peselis
S5 0 oddline Vo 9 4 sla JSh 0 (0 Jgo) 995 o5 5
u’_wl;Jsl?bc lJ o‘).o.lb FHY p.A—MJLAJ 9 u)j)..\..u)_.a.dl 9o cdale
Lo cnl o ilion Gl peelS Dl 5 ety Sl
So 4 ol pely SlSGhs 5 peelS Ol s il 2158
sl tie (s ClE 3 (6 o] il 38 55 o 5kS

gL slsd o a5 wiva SLaS 3 laadess IS
Sloanl b 5 (soge 18 5 wig e Sl Lac s IS
50 asesg, 5 ails oleS g e Ll i )0 alex 5l alS
Jlesl ailys oo i Sls cage il (lalS 0,98 Qi
lp OS5 cnlazes pladl olS jo ) (olite (Soelgn b
3asilon )3 (cmliad (25 9 0092 (65978 (5 Py i
Sl b cali GlolS ol g i, 4o loasseiss S
5l 2,5 oo Lagil . wguil (Arango et al., 2010)
50 OlaS 5 cpl jiin a5 o Ol ,0 Jole laasssigdls
Wb oo Bl oS o panl g Jdgje (o slaaY
S ooy Lablxe 055, Ll (Ahmed et al., 2011)
Lﬁs.q)): .LMSLSQ Cdadloe U’Jaw LgLQu».A.:)_J‘)J o |) OL‘.}f
O g w0 alaz 3l alisee byly s a S oly L
o g aiBls oLS 0 1) 6,9 cblas i i wilgs o St
Ngds guilouanST 25 b j0 oyienSTolT sla IS0l ) Bas
oolasul Wi ,S 5155 odi=e (Hatier and Gould, 2008)
Ol el o byl 0 Jg jlade penliy SIS |l
Jlade ioly8l (Savvas and Ntatsi, 2015) s a5
S 3,5 by (puiliwgis]) (oo 3l pué laaslass,
S olr 855 o 155 5l Wl oo S Sl 5 pely
cblis llaé asles wlos slotislo 5l baplwgs]



v K5I8 il Sume polic CAALE g (6 ptmgid BAIIAKS ) (ails 8,Slos y1 pumedS Ol i g by o (oL Jolo 15T

3gs do,d FPIYV ol ol3dl e s Jols oo )oY Y 2,5 olS 90 s sl S 5 S s cdale ol
0395 9 el (P pole gl S Ol (A JS2) Sl (sl I adls 3 il O i e s
Loass j0 a8 oo omeli 1) asle 005y (gl oS 5Ls a5 el 39 2,55k 90 mhaws yo Ails y5g 50 dus )8y yiidey aS (5 jekay
U RRYS ] PATC S PSCUU I KV-IRPONI LS JCO ARV ISR W | O/ Y Gl 4 punndS Ol 25 g ey SIS O 2 Jl50
O Oliae 40 (B man pae) vali mhaw o ol (p 1S g a0y
B Calcium nitrate=0 axdS &l i £ Calcium nitrate=1 axwlS &l i
@ Calcium nitrate=2 axdS &f i
6
a
-~ 5
S
‘. e
18§ a4
3 4
3 g de
3 3
(]
A
2
1
0
paally Sl pasally Sl pasally sl
Potassium silicate=0 Potassium silicate=1  Potassium silicate=2

13 (59 ks B2 analiy SUSkons § oS s Blino 51 -4 S
Figure 9- Interaction of calcium nitrate and potassium silicate on nitrogen in seed

B Calcium nitrate=0 axdS <55 B Calcium nitrate=1 amalS @l i
@ Calcium nitrate=2 axlS &) s

6
5
_ ab
g 4 c
F S 3
1% cd
a 3
78 2
°
g 1
0 .
Potassium silicate=0 Potassium silicate=1 Potassium silicate=2

815 iy S 5 pomoliy O 9 S’ Ol i ol 51 Ve JSCB
Figure 10- Interaction of calcium nitrate and potassium silicate on potassium in seed

50 gl 4 bgayo pessliy e 0 s &5 0l atdie 3 i pe—ally ol e (5 Olie ar Dl sl ()b )
15 oS S s 5 ety Sl ) 38 5 S5k S 55 (o5 AL spliy el 21381 5 0 o5
O (r S 84 0u0,0 FIAY (e 4y euedS @l s ) i Sl ey 50 Guizmes (Mei et al., 2001) wby o Liol58l

9 o iL\J ulsl > )l oola_wl ‘QJ.C) ol )Lo..u LYl ,]ag_v).o alo f""‘"“’L’J Oy90 4O M u‘;w 9 WLJ um J.JL(L.A



https://www.bbk-iran.com/section-539.html

Ol g 39,5l

e bl b onl )o gadgs 9 Shes als Bl 5 walS
a5 0,5 ole gleise ialesT ol 50 sal oy s elaly
S5 olS 50 (e A ey Sl g S 5
S 5 99 ol Sl ooliiul aS (g polay Al s Ll 8 50
0,8les) ale o Slas glizl g asls o Slae gy o
5o adls dlasd g dligy jo Gubs olosy cadls e 55 ¢ S 5el e
S g SLaalaS) Sgagy o 4 Rl B (nl 0t (Bl
2 Om ol 5 05 (Cuilessil g 9e IS D @ Lo )15)
oelS S5 5 T e 8 0,55 ¥ (5l Jsbos i
Slao gy 5o bl oy 5o o balyd 5o ety SlGLw
S Sy 5l ookl aF a5 as it K1l Calie
el 5 slin S D25 0 S 0L 99 5 sl DS
5l sboe s Ll 53 5 (Sleiol 3,) 5,05 (ol 19
oeealS S5 0 5 9L 90 g ey Sk S0lS S

g o0 Aoy

References

Aoy Gali8l e 0 a0 VT (e b (pumndS Ol s
5T Crizee (Ve USLE) 39 9o ys VY s il sl
odd Dl peilly Ol (SiS B Ll B p0 45 s S
Ol Gl sl oo 38l oLS 50 Jgeme bl 4 o
03,5 oLS 0 Ol i a5 (shesl eais 4 s0b5 S5
OO A 5 5k S Sl el i 50 i
(Dastbandan Nejad et al., 2010) a5 o S5 loaiss,
ey oz Gl cle oS oS ais S ol Geizen Ll
JU iz pnsle 4 glgien | (St 15 Ll b oo
S95 Cuglie Byl (ppay oS ol o oS aliwss 4 3
o Wlgioe ol cnl Caled 50 9 o pee YU i plp o,

Wled S5 o HlalS awls jo el cdale 2ol

IS (55 doS

S huls o (bl 4 casS SS LS 5 5l eolasl

oLl » ol 08 2o SIS 590 5l om Loy oo Casb,

Ahmadi, J., Seyfi, M.M. and Amini, M. 2012. Effect of spraying micronutrients Fe, Zn and Ca on grain and oil
yield of sesame (Sesamus indicum L.) varieties. Electronic Journal of Crop Production, 5(3), pp.115-130. [In
Persian].

Ahmed, M., Hassen, F. and Khurshid, Y., 2011. Does silicon and irrigation have impact on drought tolerance
mechanism of sorghum? Agricultural Water Management, 98, pp.1808-1812.
https://doi.org/10.1016/j.agwat.2011.07.003

Anjum, S.A,, Xie, X.Y., Wang, L.C., Saleem, M.F., Man, C. and Lei, W., 2011. Morphological, physiological
and biochemical responses of plants to drought stress. African Journal of Agricultural Research, 6(9),
pp.2026-2032. https://doi.org/10.5897/ajar10.027

Anrist-Rangel, Y., 2008. Quantifying mineral source of potassium in agricultural soils. PhD Thesis, Swedish
University of Agricultural Sciences, 105 p.

Arango, J., Wust, F., Beyer, P. and Welsch, R., 2010. Characterization of phytoene synthases from cassava and
their involvement in abiotic stress -mediated responses. Planta, 232, pp.1251-1262.
https://doi.org/10.1007/s00425-010-1250-6

Asadi, A., Haqgania, M., Lekzian, A. and Mafotun, M., 2013. The effect of different amounts of silicon and
nitrogen on morphological characteristics, performance and yield components of two wheat cultivars. Applied
Field Crops Research, 103(4), pp.66-78. [In Persian].

Balouchi, H.R., Modarres Sanavy, S.A.M., Emam, Y. and Barzegar, M., 2008. Effect of Water Deficit, Ultraviolet

Radiation and Carbon Dioxide Enrichment on flag Leaf Qualitative Characters of Durum Wheat (Triticum


https://doi.org/10.1016/j.agwat.2011.07.003
https://doi.org/10.5897/AJAR10.027
https://doi.org/10.1007/s00425-010-1250-6

10 K5I8 il Sume polic CAALE g (6 ptmgid BAIIAKS ) (ails 8,Slos y1 pumedS Ol i g by o (oL Jolo 15T

turgidum L.). Journal of Agricultural Science and Technology and Natural Resources, 12(45), pp.167-181.
[In Persian].

Barker, A. and Pilbeam, D., 2007. Plant nutrition. CRC Press. USA. 2007, pp. 125- 128.

Cottenie, A., 1980. Fractionation and determination of trace elements in plants, soils and sediments. In 27th
International of Pure and Applied Chemistry (pp. 45-53). https://doi.org/10.1351/pac198052010045

Dastbandan Nejad, S., Saki Nejad, T. and Lack, S., 2010. Effect of drought stress and different levels of potassium
fertilizer on K* accumulation in corn. Natural Sciences, 8(5), pp.23-27.

Dordas, D., 2009. Foliar application of calcium and magnesium improves growth, yield, and essential oil yield of
oregano (Origanum vulgare ssp. hirtum). Industrial Crops and Products, 29, pp.599-608.
https://doi.org/10.1016/j.indcrop.2008.11.004

Flagella, Z., Rotunno, T., Tarantino, E., Dicatarina, R. and De Caro, A., 2002. Changes in seed yield and oil fatty
acid composition of sunflower (Hellianthus annuus L.) hybrid in relation to the sowing data and the water
regime. European Journal of Agronomy, 17(3), pp.221-230. https://doi.org/10.1016/s1161-0301(02)00012-6

Gitz, D.C., Liu, L. and McClure, J.W., 1998. Phenolic metabolism, growth and UV-B tolerance in phenylalanine
ammonialyase-inhibited red cabbage seedlings. Phytochem, 49(2), pp.377-386.
https://doi.org/10.1016/50031-9422(98)00011-9

Haghighi, M. and Pessarakli, M., 2013. Influence of silicon and nano -silicon on salinity tolerance of cherry
tomatoes (Solanum lycopersicum L.) at early growth stage. Scientia Horticulturae, 161, pp.111-117.
https://doi.org/10.1016/j.scienta.2013.06.034

Hatier, J.B. and Gould, K.S., 2008 .Foliar anthocyanins as modulators of stress signals. Journal of Theoretical
Biology, 253, pp.625-627. https://doi.org/10.1016/j.jthi.2008.04.018

Hussain, M.I., Lyra, D.A., Faroog, M., Nikoloudakis, N. and Khalid, N., 2016. Salt and drought stresses in
safflower: a review. Agronomy for Sustainable Development, 36(1), No.4.
https://doi.org/10.1007/s13593-015-0344-8

Inze, D. and Montagu, M.V., 2019. Oxidative stress in plants. Current Opinion in Biotechnology, pp.153-158.

Jamshidi, P., Baradaran Firoozabadi, M., Oloumi, H. and Naghavi, H., 2017. Evaluation of Foliar Spraying of
Zinc and Calcium Fertilizers on Yield and Physiological Traits of Safflower under Lead Stress. Iranian
Journal of Field Crops Research, 15(2), pp.368-379. [In Persian].

Kanai, S., Ohkura, K., Adu-Gyamfi, J., Mohapatra, P., Saneoka, H. and Fujita, K., 2007. Depression of sink
activity precedes the inhibition of biomass production in tomato plants subjected to potassium deficiency
stress. Journal of Experimental Botany, 58(11), pp.2917-2928. https://doi.org/10.1093/jxb/erm149

Kaya, C., Tuna, L. and Higgs, D., 2006. Effect of silicon on plant growth and mineral nutrition of maize grown.
Under  water- stress condition. Journal of Plant  Nutrition, 29(8), pp.1469-1480.
https://doi.org/10.1080/01904160600837238


https://doi.org/10.1351/pac198052010045
https://doi.org/10.1016/j.indcrop.2008.11.004
https://doi.org/10.1016/s1161-0301(02)00012-6
https://doi.org/10.1016/S0031-9422(98)00011-9
https://doi.org/10.1016/j.scienta.2013.06.034
https://doi.org/10.1016/j.jtbi.2008.04.018
https://doi.org/10.1007/s13593-015-0344-8
https://doi.org/10.1093/jxb/erm149
https://doi.org/10.1080/01904160600837238

obls.o.bs)'s)éu \#

Khayat Moghadam, M.S., Gholami, A., Shirani rad, A, H., Baradaran Firoozabadi, M. and Abbasdokht, H., 2021.
The effect of potassium silicate and late-season drought stress on the physiological characters of canola.
Journal of Crops Improvement, 23(4), pp.761-776. [In Persian].

Krizek, D.T., Kramer, G.F., Upadhyaya, A. and Mirecki, R.M., 1993. UV-B Response of cucumber seedling
grown under metal halide and high pressure sodium/deluxe lamps. Plant Physiology, 88, pp.350-358.
https://doi.org/10.1111/j.1399-3054.1993.tb05509.x

Kumar, A.R. and Kumar, M., 2008 .Studies on the efficacy of sulphate of potash on physiological, yield and
quality parameters of Banana cv. Robusta (Cavendish- AAA). Asian Journal Biological of Science, 2(12),
pp.102-109.

Leng, P., Itamura, H.B., Yamamura, H.B. and Deng, X, M., 2000. Anthocyanin accumulation in apple and peach
shoots during cold acclimation. Science Horticulture, 83, pp.43-50.
https://doi.org/10.1016/50304-4238(99)00065-5

Liu, Z., Rong, Q., Zhou, W. and Liang, G., 2017. Effects of inorganic and organic amendment on soil chemical
properties, enzyme activities, microbial community and soil quality in yellow clayey soil. Plos one, 12, pp.3.
e0172767. https://doi.org/10.1371/journal.pone.0172767

Ma, J. F., Yamaji, N., Tamai, K. and Mitani, N., 2007. Genotypic difference in silicon uptake and expression of
silicon transporter genes in rice. Plant Physiology, 145(3), pp.919-924. https://doi.org/10.1104/pp.107.107599

Malekinejad, R. and Majidi, M., 2015. Association of seed yield, oil and related traits in safflower genotypes
under normal and drought stress. Iranian Journal of Field Crops Research, 13(1), pp.109-119. [In Persian].

Mei, S.H., Lai, L.T. and Hui, X., 2001. Effects of potassium fertilizer on nutrient absorption and growth of tomato
in the greenhouse. China Vegetables, Institute of Vegetables and Flowers, Beijing, China, 4, pp.14-16.

Merajipour, M., Movahhedi Dehnavi, M., Dehdari, A., Farajee, H. and Meerajipour, M., 2013. Effect of drought
stress on some physiological characteristics of four spring safflower (Carthamus tinctorius L.) cultivars in
Yasouj. Environmental Stresses in Crop Sciences, 5(2), pp.125-134. [In Persian].

Mir Abbasi Najaf Abadi, N., Nikbakht, A., Etemadi, N., & Sabz Alian, M., 2013. The effect of different
concentrations of potassium silicate, nano silica and calcium chloride concentrations of potassium, calcium
and magnesium, chlorophyll content index and the number of Asian Lilium flower varieties brunello.
Greenhouse Culture Science and Technology, 4(14), pp.41-49. [In Persian].

Mohammadi, K. and Sohrabi, Y., 2014. Effect of integrated methods of fertilization on soil nitrogen, phosphorus
biological properties and canola traits. Soil Research Journal, 28, pp.27-38. [In Persian].
https://doi.org/10.22092/ijsr.2014.120116

Payandeh, K.H., Mojdam, M. and Derogar, N., 2018. Application of micronutrient elements on quantitative and
qualitative yield of rapeseed under drought tension conditions. Crop Physiology, 10(38), pp.23-37. [In
Persian].

Prochazka, S., Machaackova, I., Kreekule, J. and Sebanek, J., 1998. Plant physiology. Academia. Praha.


https://doi.org/10.1111/j.1399-3054.1993.tb05509.x
https://doi.org/10.1016/s0304-4238(99)00065-5
https://doi.org/10.22092/ijsr.2014.120116

1\ iS55 &5 oo polis ClAS g (g gid AN ) (il 5 5Slas yy pmandlS O s 5 prmoliy Slalas (LBl Joloxo 3T

Romero-Aranda, M.R., Jurado, O. and Cuartero, J., 2006. Silicon alleviates the deleterious salt effect on tomato
plant growth by improving plant water status. Journal Plant Physiology, 163, pp.847-855.
https://doi.org/10.1016/j.jplph.2005.05.010

Ruiz, J.M., Rivero, R.M., Lo pez-Cantarero, |. and Romero, L., 2013. Role of Ca?* in the metabolism of phenolic
compounds in tobacco leaves (Nicotiana tabacum L.). Plant Growth Regulation, 41, pp.173-177.
https://doi.org/10.1023/a:1027358423187

Savvas, D. and Ntatsi, G., 2015. Biostimulant activity of silicon in horticulture. Scientia Horticulturae, 196,
pp.66-81. https://doi.org/10.1016/j.scienta.2015.09.010

Shahrokhnia, M.A. and Khadem Hamzeh, H.R., 2022. Investigation of the effect of drought stress on safflower
cultivars and presentation of critical stress limits based on plant canopy temperature. Iranian Water Research
Journal, 16(3), pp.1-12. [In Persian].

Zuccarini, P., 2008. Effect of silicon on photosynthesis water relation and nutrition uptake of phseolus vulgaris

under NaCl stress. Biologia Plantarum, 52, pp.157-160. https://doi.org/10.1007/s10535-008-0034-3


https://doi.org/10.1016/j.jplph.2005.05.010
https://doi.org/10.1023/a:1027358423187
https://doi.org/10.1016/j.scienta.2015.09.010
https://doi.org/10.1007/s10535-008-0034-3




Crop Science Research in Arid Regions

homepage: https://cropscience.uoz.ac.ir/

Research Article
Volume 7, Issue 1, 2025, P. 19-37

Multivariate analysis of new genotypes of durum wheat (Triticum durum)
in full irrigation and terminal drought stress conditions

Rashin Taheri 2, Zahra Khodarahmpour ", Manoochehr Khodarahmi ¢, Mohammad Moradi ®

2 Ph.D Student, Department of Genetics and Plant Breeding, Ahvaz Branch, Islamic Azad University, Ahvaz,
Iran

b Department of Production Engineering and Plant Genetics, Shoushtar Branch, Islamic Azad University,
Shoushtar, Iran

¢ Seed and Plant Improvement Institute, Agricultural Research, Education and Extension Organization
(AREEO), Karaj, Iran

*Corresponding Author: zahra.khodarahmpour@iau.ac.ir

Received: 7 October 2022 Accepted: 22 February 2023 DOI: 10.22034/CSRAR.2025.364731.1279

How to cite this article:

Taheri, R., Khodarahmpour, Z., Khodarahmi, M. and Moradi, M., 2025. Multivariate analysis of
new genotypes of durum wheat (Triticum durum) in full irrigation and terminal drought stress
conditions. Crop Science Research in Arid Regions, 7(1), 19-37.
https://doi.org/10.22034/csrar.2025.364731.1279

Abstract

Introduction: Simplifying the selection procedure to improve yield of new genotypes of wheat is
necessary. Performance is a complex trait that is influenced by many factors, and usually due to its
low heritability, direct selection for performance is not very effective, so it is better to use indirect
selection to improve yield. By using some statistical methods, it is possible to obtain the relative share
of each of the yield components in the yield amount.

Materials and Methods: In this study, in order to investigate traits relationship using multivariate
analysis, 11 varieties and lines of durum wheat: Shotordandan, IDSN-2, IDYN-20, IDYN-35, IDYN-
19, Karkheh, Behrang, Dena, Aria, Shabarang and Hana along with three varieties of bread wheat:
Sirvan, Chamran 2 and Mehregan in two conditions of full irrigation and no irrigation after the
pollination stage as factorial experiment in the form of randomized complete blocks design in four
replications for two crop years 2016-2017 and 2017-2018 in the research farm of Islamic Azad
University Ahvaz branch were evaluated. After data collection, the assumptions of variance analysis
were established, including normality of errors using the Shapiro-Wilk test, independence of errors
using the Durbin-Watson test, and uniformity of variance within treatments using the Bartlett test.
After the composite analysis, separate variance analysis was performed for each year under full
irrigation and end-of-season drought stress conditions separately for the traits using SAS ver 9.4 and
META-R ver 3.4.1 software. Correlation coefficients between traits, stepwise regression analysis, path
analysis and factor analysis of relationships between traits were examined and the genotypes were
grouped using cluster analysis using the WARD method using standard data and Euclidean distance
using SPSS ver 20 software.

Results and Discussion: Based on the results of composite analysis, the interaction effect of genotype
and year was significant only for spike length trait. Results of the Pearson correlation coefficients
between the studied traits under full irrigation conditions showed that economic yield had a positive

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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and significant correlation with the number of spikes per plant and harvest index, and in stress
conditions, the correlation of grain yield with the number of spikes per plant, harvest index and 1000
seed weight was positive and significant. Based on the results of stepwise regression analysis for
economic yield in full irrigation condition, plant height entered the model as the only effective variable
and explained 69.7% of the grain yield changes. In stress condition, three variables, the number of
grain.spike, the number of plants and the 1000 grain weight were entered into the model respectively
and explained 98.4% of the changes in economic yield. Factor analysis using principal component
analysis showed that in full irrigation and stressful conditions, the first four factors were able to explain
88.2 and 88.7 percent of the data changes, respectively. The results of cluster analysis for grouping
different genotypes in full irrigation and stress conditions created 3 groups. Under full irrigation
conditions, the genotypes IDSN_2, IDYN20, IDYN35, IDYN19 and the varieties Karkheh, Behrang,
Dena, Aria, Shebrang, Hana and Sirvan were in the first group and the varieties Chamran2 and
Mehregan were in the second group. Under stress conditions, the genotype IDYN35 and the varieties
Karkheh, Sirvan, Chamran2 and Mehregan were in the first group and the genotypes IDSN_2,
IDYN20, IDYN19 and the cultivars Behrang, Dena, Aria, Shebrang and Hana were in the second
group. In both conditions, the variety Sherdandan was alone in the third group.

Conclusion: According to the research conducted, the IDYN-19 line had a high yield in both full
irrigation and stress conditions, and the IDYN-35 line also had a high tolerance to drought stress. It is
suggested to use these lines in the breeding program, compatibility and stability of these lines should
be investigated in the relevant tests.

Keywords: Cluster analysis, Factor analysis, Path analysis
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Table 1- Composite variance analysis of mean squares of different traits of durum wheat genotypes under full irrigation and
terminal drought stress conditions in two crop years
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Ge"‘“xJ YX ““";" >3 021  004° 00003° 000008  002% 001" 147 297 18"
notypexYearxStress
iolosl las
S 104 07 18 003 00003 03 019 37 21 38
Experimental error
ks o 2
S 0 23 95 87 27 23 24 19 14 15
Coefficient of variation

R PRy Y V2N e POV N PR K PONOV-SD J Y VR

ns, * and ** Not significant and significant at 0.05 and 0.01 probability levels, respectively

* % ns
¢
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Table 2- Coefficients of correlation of of different traits in durum wheat genotypes in full irrigation (bottom diameter) and terminal
drought stress (above diameter) conditions

Olaw
. 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
Traits

- 0683" -0403 07227 0033 0342 -002 0845" 0799 -0672" -0346 -052 -0801" 0214 0096 -0.713" 0690 -0.699™
0635" - 0785”7 0935”7 -0.199 0635 0.138 -0.790" -0.824™ 0.844™ 0.727" 0614~ 0827 0234 -0271 0.739™ 0826 0.735”
0358 080" - 07897 -0212 -078 0154 0625 -0679" 0513 0774 0268 0485 -0507 0468 0408 0622° 0351
06927 0935™ 0784" - 015 0606 0094 -0.786" -0.795" 0.870” 0.740™ -0.719™ 0825~ -0.237 -0.202 0.820™ 0.871" 0.760”
0007 -0157 -0019 0102 - -0042 0197 045 0335 -0204 0259 -0308 -0287 -0076 -0064 0115 -0.0% -0.021
0098 0227 0492 0276 0450 - 022 0547 038l -0496 -0688" -0075 -0415 0619" 0.798™ -0452 0693 -0473
0229 0046 0063 -0017 0241 0131 - 0181 0379 0177 0112 0171 -0163 -0061 0152 0232 0313 -0.358
0699™ -0.849™ -0.80" -0839™ 0137 0428 0309 - 084 077 -0610" -0556" 0.865™ 0305 0289 -0628" -0.765" -0.692"
0576" -0.844™ -0.858™ -0.854™ 0021 0346 -0.255 0.84™ - 0630% 0521 -0444 0729” 0293 0163 -0466 -0545" -0453
0.719” 0818™ 0520 0.891™ 0.184 0009 -0.183 -0651" -0572° - 0635 082" 0891" -01 -0165 0892" 0.879™ 0921"
0321 07197 0.749™ 0.732" 0118 -03% 0241 -0672" 0557 0623 - 0387 0493 0185 -0251 0495 0693" 0476
07777 0.754" 0510 0.768™ 0.090 -0.157 -0.260 -0.706™ -0566" 0.823" 0.445 - 0744" 0172 0226 0805" 0697" 0790
0.716™ 0.773" 0555" 0.844™ 0252 0116 -0.145 -0608" -0558" 0915~ 0555° 0719" - 0031 -0083 0825 0843™ 0868~
0192 0250 -0333 -0262 -02550.776™ 0185 0293 0188 -0053 0339 -0199 0015 - 0853" -0014 -0209 -0046
0210 0229 -0249 -0213 -0197 0678 0118 0224 0150 -0009 0286 -0160 0048 0970 - 0058 029 014
0.762" -0658" 0256 0.750” -0.157 0145 -0206 0526 -0432 0920™ 0316 0761 0849” 0062 0100 - 0058 -029
0.739™ 0892" 0633" 0935™ 0226 -0.141 0258 -082" -0.704" 0922™ 0626° 0797 0885~ 0212 -0145 0860~ -  0924”
0.767" 0818™ 0453 0.826™ -0.224 -0.026 0408 -0.732" -0527 0906~ 0564° 0808~ 0841~ -0.135 -0083 0876~ 0957" -

-

[N geled Jbb!ch.a)a)hszm&%‘;)‘;@* P

© 00 N o O~ W N

T e T S =
0 N o ohs WN PP O

*and ** significant at 0.05 and 0.01 probability levels, respectively
alw 5o &l olaws =0 Spiklet.spike™ aliw s axbaw slaws =F Spike lenght alow Jsb =Y Plant height w4 glis,l =Y No. plant g slax =)

cslsy asls =4 Economical yield olazsl s Slee =A Biological yield G505 o,Slae =Y 1000 grain weight «ls,l;a ;5 =5 Grain.spike™
=\f Grain lenght «ls Jsb =\Y Grain width «ls e =\Y JInternode lenght o ,Sile Jsbo =)V [Peduncle lenght JSils, Jsb =) - Harvest index
Day t0 lzdls,5 5 35, =\V « Day to heading 4l ,sl U 35, =)# . Retransmission efficiency sase Jlsl ol 5 =)0 Retransmit soze !

Day to maturity Sa.w, b 59,=\A pollination

o g ol (gl Ll 10 pE4plS g 155 Jto (bl 31 03390 S Sloedpi§ (golasdl o ;Shas 1 50 Sl (ygmm ) ol pd - Jour
Juab sl S
Table 3- Regression coefficients of traits affecting the economic yield of durum wheat genotypes based on the stepwise regression
model in full irrigation and terminal drought stress conditions

5 . O Sy b Gl g0 (i g g SRS (S 0
Ll s B ol . ooy &yl b Stepwise Cumulative
» . Regression L L
Condition Variable L. Standardized determination determination
coefficient L. -
regression coefficient coefficient coefficient
_ Gg gl )|
Job5 55t ) -0.080 0.849** 0.697 0.697
Plant height
Full i g
S 32,
irrigation 11.135
Intercept
alw jo als slass
Grain. Spikel 0.069 0.446** 0.85 0.85
fs aen rain. Spike
S g 5o slass
4494 Oldss
Jad byl 0.009 0.722** 0.09 0.94
i No. plant
T Sl 03 0.098 0.319** 0.044 0.984
drought 1000 grain weight ' ’ ’ :
stress : .
lae 5l o250
-5.334
Intercept

LY il ma jo e pae ®F
**: Significant at 0.01 probability level
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Table 4- Results of path analysis of economical yield of durum wheat genotypes with traits entered to model based stepwise
regression at the terminal drought stress conditions

J ilo wilivo oo i1 178l iane st Lassl & ,Shos b Koo
o yO o - % 3 slazdl o . .
2 = : 7 Indirect effect through ¢ ’ S e
Traits remaining in the Direct 0 4l olass Slows 58 039 Correlation coeffic.ient with economical
model effect g il yield
alcew j0 dilo olawy
) ) 0.446** - 0.024 -0.013 0.456**
Grain. Spike!
a5 g oy
0.722** 0.015 0.109 0.845**
No. plant
ails 52 (339
- 0.319%* -0.019 0.247 - 0.547%%
1000 grain weight

Residual effect 0.012  sailo.dl il

**: significant at 0.01 probability level

aloglia y5g cails olaas (ioldl L 1y 0 oot S50 SS
,o (Sadegh Ghol Moghadam et al.,2020) sl zals
039 P 4 plE o 5 428 s bl (253
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Table 5- Results of factor analysis for different traits of durum wheat genotypes in full irrigation and terminal drought stress
conditions
Lyl | ol Jol5 kel o Sl (S i
Traits/condition Full irrigation Terminal drought stress
Joldele  pgddole  pow Jole pilox Jole gl Jole pgo Jole pou Jole o e Jole
First factor Second factor Third Fourth  First factor Second  Third Fourth factor
factor factor factor factor
aigs glay 0.942 -0.08 0.159 -0.105 0.908 -0.208 0.227 -0.105
Plant height
aloww Job 0.744 -0.375 0.391 -0.246 0.615 -0.581 0.272 -0.246
Spike length
Sl Jgb 0.916 0.244 -0.082 0.071 0.948 0.009  -0.128 0.071
Peduncle length
0 S5l Job 0.718 -0.292 0.007 -0.349 0.657 -0.351  -0.027 -0.349
Internode length
ails Jgb 0.868 0.312 -0.016 -0.017 0.939 0.091 -0.040 -0.017
Grain length
Wl by 0.848 0.057 -0.134 0.351 0.804 0.398 -0.150 0.351
Grain length
alow jo0b UG 39, 0.796 0.421 -0.182 0.238 0.913 0.094 -0.196 0.238
Day to heading
SLadled 56 39, 0.971 0.094 -0.102 -0.019 0.928 -0.184  -0.239 -0.019
Day to pollination
Sy U 39, 0.909 0.210 -0.283 0.046 0.908 0.061 -0.318 0.046
Day to maturity
LEPYRINEY) -0.766 -0.377 -0.006 -0.319 -0.812 -0.010  -0.210 -0.319
No. plant
alidow 59 ageliaw slass 0.973 -0.063 0.160 -0015 0.942 -0.157  0.188 -0.015
Spiklet.spike®
aliiow jo alo olass 0.136 -0.422 0.192 0.812 -0.189 -0.106 0.085 0.812
Grain.spike™
ailsl52 39 -0.233 0.888 0.033 -0.113 -0.523 0.802 0.155 -0.113
1000 grain weight
SO 590 gm 0 Slos -0.211 -0.022 0.860 0.147 -0.106 0.042 0.955 0.147
Biological yield
Cbld yy Ll -0.788 0.193 -0.523 0.060 -0.751 0.133 0.552 0.060
Harvest index
Sazmo JLi! -0.237 0.874 0.313 -0.042 -0.113 0.858 -0.128 -0.042
Retransmit
dazme JUss! oI, -0.181 0.837 0.300 -0.020 -0.124 0.924 0.134 -0.020
Retransmission efficiency
©obaidl o Slos -0.884 0.191 -0.034 0.123 -0.856 0.189 0.028 0.123
Economical yield
0319 ylado 9.811 3.275 1.593 1.197 9.774 3.041 1.727 1.197
Eigen value
ol ylg sy 54.506 18.193 8.849 6.651 54.301 16.892 9.594 6.651
Variance%
o5 (il ylg duo o 54.506 72.699 81.548 88.199 54.301 71.193  80.787 88.199

Cumulative variance%

Kaiser-Meyer-Olkin (KMO) = 3/76, Bartletts test = 15/1075**
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Figure 1- Dendrogram obtained from cluster analysis of durum and bread wheat genotypes based on different traits under full
irrigation and terminal drought stress conditions (1.Shotordandan, 2.IDSN-2, 3.IDYN-20, 4.IDYN-35, 5.IDYN-19, 6.Karkheh,
7.Behrang, 8.Dena, 9.Aria, 10.Shabarang, 11.Hana, 12.Sirvan, 13.Chamran 2 and 14.Mehregan)
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Table 6- Mean and percentage deviation from the total mean of each group of durum wheat genotypes in cluster analysis in full
irrigation and terminal drought stress conditions
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Abstract

Introduction: The barely (Hurdium vulgare L.) is one of the oldest cultivated plants and that is one
of the most important cereals in Iran after wheat in terms of production and cultivated area. One of the
main problems of barely production in the eastern region of Golestan province, Iran is considerable
difference between actual yield and attainable yield which is called yield gap. In recent years, this gap
has been impressive, which decreasing the gap between actual and potential yield (maximum
production which can be achieved by proper management), requires detailed study and analysis of its
causes. Therefore, identifying barely yield-limiting factors are essentially needed. Therefore, the
present study was conducted in Kalaleh in the eastern region of Golestan province, Iran for
simultaneous recognition of best management practices, percentage of the affected fields, estimation
of barely yield potential and gaps using the Comparative Performance Analysis (CPA) method.

Materials and Methods: Therefore, identifying barely yield-limiting factors are essentially needed.
Inorder to this study was conducted to evaluate the factors limiting barely yield in Kalaleh in the
eastern region of Golestan province using the Comparative Performance Analysis (CPA) method in
2020-2021. Collection of the required information (such as planting date, holding and harvesting
activities, soil physicochemical properties) was done by fieldwork, and personal interviews with
farmers. To this aim, 38 barely fields in geographical location of the study area were monitored in
each crop year. In the comparative performance analysis (CPA) method, using stepwise regression,
the relationship between variables and yield were considered. And yield gap rate, its causes factors
and it was also estimated the contribution of each of these factors to the creation of a yield gap.

Results and Discussion: Among the investigated variables, the model (final regression equation) with
four independent variables was selected (nitrogen fertilization frequency, amount of phosphorus
fertilization, frequency of fungicide use and frequency of pesticides).The results of yield model
showed that there was a difference of 1253 kg/ha between attainable (5063 kg/ha) and actual yield
(3810 kg/ha). Among studied variable, nitrogen fertilization frequency, amount of phosphorus
fertilization, frequency of fungicide use and frequency of pesticide use with 29, 22.6, 24.2 and 24.2%

| @ Cey ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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respectively, had the most influence on barely yield gap in the study area. The results showed that the
number of times of fertilization caused 363.8 kg/ha of yield gap. Every plant needs the right time for
fertilization for more yield. If the best fertilization time is not chosen for the plant, later or earlier
fertilization will cause harmful effects in the plant. The amount of phosphorus consumed was the
factor that had the least contribution to the limitation of barley yield in the studied fields (828.8 kg/ha).
Phosphorus nitrogen affects root growth, and helps absorption of nutrients by plant, balances nitrogen
deficiency in the soil. The results showed that frequency of fungicide use caused 302.8 kg/ha of yield
loss. In other words, by using fungicide twice during the crop growing season, barley yield increased
by 302.8 kg/ha. Also, the effect of frequency of pesticide use on the yield gap was similar to frequency
of fungicide use. Therefore, farmers should consider weed control as an important factor in increasing
the yield of this crop.

Conclusion: In this study by examining four important management factors in growing barely,
optimal requirements of each factor to achieve the highest yield was determined by CPA. Inorder to
with proper and principled agricultural management and modification of the influencing factors, the
difference between the attainable yield and the actual yield can be reduced and the desired result can
be achieved.

Keywords: Achievable yield, Actual yield, Regression, Yield potential
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Abstract

Introduction: Satureja mutica commonly belongs to the family Lamiaceae, is one of the important
species in Iran. This plant is rich in essential oil, flavonoids, monoterpene glycosides, trypanocidal
terpenoids. The main compounds of the essential oil from S. mutica collected from natural habitats are
alpha-pinene, thymol, Beta-thujone, carvacrol, alpha-terpinene, gamma-terpinene and germacren-d.
The environmental factors cause changes in the growth, quantity, and quality of active substances
(such as alkaloids, glycosides, steroids and volatile oils) in the medicinal and aromatic plants. Among
environmental stresses, water deficit stress plays an important role in the biosynthesis of secondary
metabolites in medicinal and aromatic plants in arid and semi-arid regions like Iran. Drought stress
has detrimental effects on plants growth and yield and can upset the balance between the antioxidant
defense system and free radicals by stimulating a series of biochemical reactions, where free radicals
cause cell damage. In sustainable production systems of the medicinal and aromatic plants, stable
guantitative and qualitative functions can be achieved under conditions of environmental stress and it
is possible to improve the production of secondary metabolites in these plants under adverse
environmental conditions. Therefore, this study was done to evaluate the organic and alcoholic
elicitors on the physiological and phytochemical characters of S. mutica to determine and introduce
the best elicitor under water stress.

Materials and Methods: This investigation was done from spring (May) 2022 to fall (September)
2023 in Shahrekord, Iran (latitude. 32°20" N, longitude. 50°51" E, altitude. 2061 m). Based on the
Kdppen climate classification, the climate of the area of study is classified as cold and semiarid. The
present study was conducted in a randomized complete block design (RCBD) with three replications
to investigate the effect of foliar application of different elicitors of organic (chitosan, salicylic acid,
phenylalanine) and alcoholic (ethanol, methanol, acetone) and control level (without any spraying).
Three irrigation regimes (3, 6, 9 day interval) in main plots and foliar application of elicitors in sub
plots were done. In each year, treatments were applied in 3 stage (before flowering, beginning of
flowering and flowering in 50% completing) and harvesting were done in complete flowering. The
essential oils were extracted by hydro-distillation and analyzed by using GC/MS.

Results and Discussion: According to obtained results, applied elicitors significantly influenced the
morpho-physiological and phytochemical characters of Satureja mutica. In two years, the highest

| @ Cey ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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chlorophyll content (1.29-1.31 mg.g*FW) and total phenol content (2.23-2.11 mg.g*FW) were
obtained in chitosan (0.25 mg.I), phenylalanine (1 mg.I) and ethanol (10 %) treatments by irrigation
regimes 3 and 6 day interval, respectively. The highest essential oil contents (1.31-1.21 %) were
obtained from the plants treated by chitosan (0.25 mg.I?), ethanol (10%) and salicylic acid (1.5 mM)
by irrigation regime 3 day interval. According to the biennial results of the chemical analysis of the
essential oils from by GC/MS, the most important chemical compounds that determine the quality of
S. mutica essential oil included alcoholic monoterpenes such as Thymol (41.12-41.3 %), P-cymene
(32.1-33.9 %), gamma-terpinene (18.91-19.11 %), Carvacrol (3.12-3.91 %) and Alpha-terpinene
(3.12-2.93 %) made the most components of essential oil plants. Thymol belonging to phenolic
monoterpenoid was the predominant constituent of essential oil of Satureja mutica. Proline content in
irrigation regime of 9 day interval more than other regimes and in other hand, the irrigation regime of
3 day interval with chitosan and ethanol treatments was leaser than other treatments. Foliar application
of chitosan (0.25 mg.I"%), ethanol (10 %) and salicylic acid (1.5 mM) significantly increased the
monoterpene alcohols compounds in essential oils of S. mutica.

Conclusion: Morpho-physiological and essential oil of Satureja mutica had significant differences by
elicitors and irrigation regimes. Foliar application of chitosan, ethanol and salicylic acid significantly
increased the cyclic monoterpene alcohols compounds in essential oils of S. mutica so that the content
of these compounds in treated plants by elicitors approximately 65% was more than the control plants.
Finally, the application of chitosan at 0.25 gr.I''can be a good strategy to improve morpho-
physiological characters and essential oil quantity and quality of S. mutica in cold and semi-arid
climates.

Keywords: Chitosan, Medicinal plant, P-cymene, Salicylic acid, Thymol
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i3l «(Yaghoubi Kiaseh and Yadegari, 2015)
Ocimum basilicum C.v. ) ;ylou, o ge g augili SlLuS 5
4 Joss 33l (Moghaddam et al., 2018) (Keshkeni
(Pelargonium graveolens) e il)3 oL 5 1o (5,5

Olee 3 S—is oole 581 (VOjodi Mehrabani, 2019)
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Table 1- Physicochemical and climatic properties of experimental field

Sluoguas VP VP
Characters 2022 2023
dl Clay loam
Texture
yad 82 83
P (ppm
ey 209.2 212
K(ppm)
0395 0.09 0.08
N (ppm)
S caloa 0.41 0.42
EC (ds.m™)
S ons 0.77 0.85
Organic Carbon (%)
Aol 7.4 7.3
pH
ol fagie 3111 309.3
Average rainfall (mm)
Les Lawgie 11.6 11.2
Average temperature (C°)
oo aiiny Lawsgio 226 21.8
Average maximum temperature (C°)
Lo azoS Lawsgie 124 -12.1

Average minimum temperature (C%

6oLl e ooliswl 8590 o Glaseive =Y Jgus

Table 2- characters of used water for irrigation

Ol 59y 8o o (BT eredlS Sl gas Sl S Sl sS (o1 T 03 rd s bty o1 s Jglone ol Slge JS (oS SN gl iy !

NO3 Zn Mn Cu Fe Cd SO, CO; HCO; CI Ca K Na TDS EC pH
553 oYy (ST ks SIS e p e (e
meg/| mg/Il ms/m
24.550.0010.0010.0010.008 0 0.001 0.22 3.44 093 145 2.31 0.18 0.543 245.2 366 7.4
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s> o il oo VA G o p 5 o Ve 5 A 50 F
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o2 sl Lo (uill CudS 4 ol JBla> 5 ladiges
55 9h3T slgn gy 4 ot (591 mer SIS slacSy 4o
Sz Wals ol il a5 )0 YO-Y - Jgare slos b aslus
3,5 4y pladl e olee sla Ll as Sis 5o wsud
PSS PRI R RNV JUINIE JPPRC IO
STy el Sartorius Joe Jiuows 69505 b diges
A s e e e ) B Ly

sl oS 5 ol L o g, 4 (5 S el
do s bl g (Ol YT 4z el Sl Slsihns )
a5 28,8 O yguo oS il ax 0 VY glos gSTas b g5
OlS Luilwl awelos] Jobs 4y el g0 Soe diged o gl
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calst el 7890A/5975C Joo) GC/IMS o8
B g yie Yo Jolo 4 HP-BMSaisse oyt 4 eome (155 4]
L5 5l o ol aled oagamme L g, San +/TY0 L5l
S5 4 bbb olulis o 5 5,5 ol F il az o Y-
9790 sloas i b o)l alio g bl (5)l05k Lol
slocal jloslarwl b o (Adams, 2007) gz o oS )0

39 99z g0 Oledbl 5l oolaiwl g ojlails Wl OlS 5 oo

Sz oad gt GLaleS Sy il rizren 00,5 s
9 &858 plasl ()l padges o S3eln b Slio (5 5 0lud]
SAW}” Jogd 0 alolddl ae 10 40 oas oy ladiges
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o8 il ax 0 Ve sles b oygl jo el Y Goe 4 o5
LS, S (g eoe (ol SB35 5l o g 085 I8
ol ;0 (DW) w05 s y9lp +/e o) cdo b Jlusws g5l
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:(Arnon, 1975)

% R.W.C= (FW-DW) / (TW-DW) W)
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2955 Jee ol alyo (31585 0055 & jgu0a b 0h sugls
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Fegs RO 5 @ by 5 5 iz Slas) yegls FPY
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Y doles b g 28l,8 a2 0 Jolome lgicdy oo o Ae gl
(Dere et al., 1998) 6o 5 arwl=e
Chl total (mg.Kg Fw™) = (20.21 x A645) + (8.02 x

A663) ™
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Table 3- Complex analysis variance of mean of squares of essential oil content and the main components of essential oil of Satureja

Ol b @001 4250 Jgond -0 5kyx W JoSloyls el oLl sl el
Sov* DFY  ThymolGermacen-DAlpha-TerpineneCarvacrol Beta-thujone Gamma-Terpinene P-CymeneEssential oil
Juw 1 233" 2.8 2777 0.055"™ 0.091" 0.079" 277 5.33"
Year (Y)
(J) 1S5 4 0.065 0.044 0.023 0.061 0.081 0.009 0.06 0.55
R(Y)
&k 2 134 4317 2.24™ 0.077™ 0.051" 277 1.55™ 2.99™
Irrigation(A)
Jbe ¥ Ll 2 162" 112" 3.65™ 0.044" 0.042" 2.44™ 1.88" 277
AxY
shelgles S glas 8 0.021 0.03 0.043 0.082 0.04 0.043 0.022 0.023
Ea
S e 12 143 223" 2.99™ 0.088™ 0.045™ 1.99” 1.49” 1.99”
Elicitor (B)
S X sl 24 1.66" 1.93" 3.52™ 0.081™ 0.033" 244" 1.88™ 2777
AxB
JUX S e 12 121" 4217 377 0.071™  0.021™ 2.66" 12.7" 2.66™
BxY
JuxS =g ll 24 0011 0.12% 0.11" 0.077™ 0.014m 0.091" 0.033™  0.044™
AxBxY
sbo,S glas 144 0.021 0.11 0.15 0.095 0.043 1.44 0.045 0.22
E3C
Ep
(1) Sy a8 7.12 6.5 5.33 7.44 4.45 8.55 8.91 3.44
C.V*

% NS
<

Do, 0 5 ) Jleil e )8 (g)ls ge gl ge pae s g 4 T

Z SOV: source of variation, Ydf: degree of freedom, *CV: coefficient of variation, *, ** significant at P=0.05 and P=0.01 levels of probability

respectively, ns: not significant.
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Table 4- Means of essential oil content and main chemical composition of essential oil of Satureja mutica plants affected by elicitors
and irrigation regimes by 3 day interval (1% year)

Sles Jsedd -0k AW JaSle)ls gl oL Gmle- g bl
Treatment Thymol Germacen-D Alpha- Carvacrol Beta- Gamma- P-Cymene Essential oil
Terpinene thujone Terpinene
Jrs 32.5£0.6% 0.76+0.01°  2.32+0.03°  2.04+0.06° 0.85£0.01*  15.78+0.4° 22.18+0.9°  0.84+0.03°
Control

Jsle 10 35.5:0.9° 0.44:0.02° 2.35:0.01° 3.09£0.01% 0.99+0.02° 18.81+0.3°  23.66+0.8° 0.85:0.02°
Methanol 20 33.02+0.4% 0.73+0.02°  1.81+0.02¢  2.73+0.03° 0.81+0.02®  17.3920.5°  24.51+0.9° 0.96+0.01°

Jstl 10 38.9+0.9® 0.85+0.02° 2.85+0.01°  2.85x0.02° 0.89+0.02°  16.38+0.4°  31.31+0.9° 1.31+0.03?
Ethanol 20 36.88+0.8° 0.44#0.01° 2.1240.03°  2.21+0.02¢ 0.79+0.03®  17.44+05°  23.92+0.7° 1.09+0.01°
O] 10 36.43+0.7° 0.76x0.02° 2.89+0.01*  2.99+0.06° 0.91+0.03*®  18.1+0.6%®  27.69+0.8° 0.88+0.03°
Acetone 20 34.82+#0.6° 0.55+0.01¢ 1.81+0.01¢ 2.65+0.05° 0.88+0.03®  16.22+0.4°  24.22+40.7° 0.92+0.01°
LSD 0.66 0.99 0.77 0.98 1.00 0.88 0.93 0.2
Selewdlo asl 1 31824069 0.76£0.02"  3.12+0.02%  3.12+0.06° 1.01+0.02°  17.82+0.3"  25.69+0.8° 1.21+0.02°
*Salicylic Acid 2 33.1+0.58% 0.22+0.01¢  2.29:0.01°  2.91x0.01° 0.81+0.01®  16.02+0.4™  23.14+0.9% 1.12+0.04%
oV s 1 3221405 0.11+0.03°  2.98+0.03°  2.95+0.05° 0.91+0.02°  16.91+05°  29.37+0.7° 1.11+0.03%®
Phenylalanine 2 31.7820.8¢ 0574#0.02° 257+0.01° 2.62+0.07° 0.81+0.02®  17.44+05°  26.75:0.9°  0.92+0.01°
RUTEAS 1 36.82+0.8° 0.76+0.01" 1.88+0.02¢  2.77+0.08" 0.85+0.012  16.1+0.4° 32.1+0.8%  1.31+0.02°
Chitosan 2 33.82+0.7¢ 0.66+0.02° 1.76+0.01¢ 2.31+0.06% 0.71+0.01°  17.9620.5%  29.78+0.9° 0.99+0.03°

LSD 0.99 0.85 0.77 0.98 0.94 0.99 0.55 0.55
il 3 5 IO Y g i 5 S VY oW eid o 8 V) VT st Ve oo VT Skl sl Y0 s VO ) Skl
iz ailiie 09,5 )l aiie alin By, gl aiw o 0 a5 golael ——— X 0 0 5 /0 Y S
*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5

gl
Numbers in each column that have same word, have same group.
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Table 5- Means of essential oil content and main chemical composition of essential oil of Satureja mutica plants affected by elicitors
and irrigation regimes by 3 day interval (2" year)

. . g - W7 gy i, 55— Lo .
Sless Jeod 63-0 Sy "’:Jl‘fh JasSla,ls u;’Byt "’(:”' oobw- bl
Treatment Thymol  Germacen-D pha- Carvacrol eta- amma- P-Cymene Essential oil
Terpinene thujone Terpinene
N

Control 33.5+0.7° 0.81+0.02®  1.32+0.03°  2.21+0.01¢ 0.44£0.03° 15.78+0.3°¢ 20.1140.91% 0.84+0.03°
ontro

Jsile 10 36.5+0.6® 0.66+0.03® 2.32+0.01°  2.91+0.01° 0.41+0.03° 16.81+0.6" 21.21+0.95¢ 1.12+0.02%®
Methanol 20 35.02+0.8° 0.73+0.02° 2.73x0.01°  2.61+0.02° 0.33+0.03¢ 17.39+0.35°  22.76+0.96% 0.96+0.01°

Jebs! 10 34.1+0.8° 0.85+0.01%  1.85+0.03¢  3.77+0.02* 0.42+0.01°  18.38+0.44%  29.9+0.93* 1.12+0.03*
Ethanol 20 29.88+0.9° 0.55+0.02¢  1.44+0.03°  3.14+0.03® 0.32+0.01¢  18.44+0.35%  25.44+0.88° 1.09+0.01°
O] 10 35.43+0.6° 0.81x0.01® 2.76+0.02°  3.09+0.01* 0.44+0.01° 17.1+0.38"° 26.69+0.78° 0.98+0.03°
Acetone 20 30.82+0.9 0.86+0.03  1.76+0.01¢  3.01+0.05* 0.77+0.02°  16.22+0.47°  24.91+1.04° 0.89+0.04>
LSD 0.69 0.74 0.88 0.88 0.88 0.94 0.66 0.95
Slewdlo ol 1 32.8240.6% 0.76+0.02°  1.86+0.01¢  3.91+0.05° 0.66+0.01° 19.01+0.5° 21.14+0.91% 1.21+0.01°
*Salicylic Acid 2 34.1£0.7¢ 0.55+0.04¢  1.22+0.02°  3.45+0.01° 0.56+0.01°  18.02+0.4 @ 22.33+0.84¢ 1.12+0.01%*
oY1 s 1 33.21+0.5° 0.82+0.01*° 1.01+0.01"  2.99+0.05° 0.91%0.02? 15.91+0.3°¢ 23.11+1.01% 1.14+0.03®
Phenylalanine 2 32.78+0.8% 057+0.02¢ 2.57+0.01°  2.55+0.02° 0.33+0.01¢ 17.44+0.5° 22.55+0.77% 0.92+0.01°
RUTs 1 35.82+0.8° 0.85+0.01° 1.11+0.01°"  3.01+0.03" 0.85:0.02% 15.1+0.5°¢ 31.69+0.88% 1.21+0.02?
Chitosan 2 34.82+0.7° 0.76£0.03° 1.76+0.02¢  2.18+0.01¢ 0.22+0.01°¢ 16.96+0.4° 26.41+0.99° 0.99+0.02°

LSD 0.65 0.88 0.88 0.95 1.00 0.91 1.00 0.78
i 53 5 YD) Gl i 5 8 Y Y oaWT b i 5 8 ) ) T b Ve e ¥ Y Sl el Yo e VIO ) Sl s
iz il 09,5 l)lo aiiws alin By, Sl aiw o 0 aS golael - X 0 5 510 Y lieS
*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5

-1
g.l
Numbers in each column that have same word, have same group.
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Table 6- Means of essential oil content and main chemical composition of essential oil of Satureja mutica plants affected by elicitors
and irrigation regimes by 6 day interval (1% year)

Slod Jsedd -0l W JaSle)ls gl bl pele-g ouilel

Treatment Thymol Germacen-D Alpha- Carvacrol Beta-thujone Gamma- P-Cymene Essential oil
Terpinene Terpinene
Jrs 34.5£0.8° 0.79+0.01*  1.32+0.01° 2.14+0.08¢ 0.65+0.02°  14.31+0.7%  27.41+0.88" 0.66+0.03¢
Control

Jyle 10 38.5#0.7° 0.77+0.02° 1.42+0.03°  2.91+0.01° 0.87+0.032 15.81+0.8°¢ 25.91+0.99° 0.89+0.02%
Methanol 20 34.02+0.4°¢ 0.89+0.03° 1.7340.01¢  2.73x0.05° 0.73+0.02° 16.39+0.35°  24.33+1.02° 0.71x0.01°
Jsitl 10 39.1+1.01* 0.99+0.04° 1.85+0.02¢  2.85+0.02° 0.89+0.03° 17.38+0.34" 32.1+0.77% 0.99+0.03°
Ethanol 20 36.88+1.1° 0.66+0.02° 1.44+0.01°¢  2.21#0.01¢ 0.780.02° 18.44+0.35%  30.78+0.88* 0.81+0.01°
O] 10 38.43+0.6° 0.81+0.01*  2.76+0.04°  2.18+0.02¢ 0.93+0.01%°  16.1+0.48°  25.69+0.99° 0.88+0.03°
Acetone 20 35.82+0.77° 0.71#0.03°  1.76+0.03¢  2.08+0.05¢ 0.79+0.02* 17.22+0.3>  22.11+1.02¢ 0.68+0.02%

LSD 0.55 0.75 0.98 1.00 0.55 0.77 0.75 0.94
Sebeecdlo sl 1 34.8240.7°  0.79£0.01%  1.96+0.02°  2.18+0.05¢ 0.91+0.01% 15.82+0.3°  30.55+1.01° 1.14+0.01%®
*Salicylic Acid 2 32.1x0.8! 0.88+£0.02®  1.22+0.01°¢  2.55+0.02° 0.81+0.03"  16.02+0.4™  25.14+0.88° 1.02+0.04"
oY1 s 1  39.21+0.8° 0.63x0.03" 2.01+0.03¢  2.78+0.02°> 0.87+0.02° 18.91+0.3° 29.44+0.77° 1.1120.03%®
Phenylalanine 2 37.78%0.7° 0.59+0.01™  157+0.02¢ 211x0.01° 0.78:0.01®  18.04+0.4%  28.75:0.69° 0.95:0.01°
OleeS 1  41.12#0.8° 0.76x0.02° 2.11+0.01¢  2.22+0.02¢ 0.92+0.01° 16.1+0.3% 29.34+0.99° 1.29+0.02°
Chitosan 2 38.82+0.7% 056+0.03° 1.76+0.01¢ 2.18+0.03' 0.84+0.02%  17.96+0.4%  26.11+0.88° 1.05+0.01°

LSD 0.93 0.82 1.00 0.98 0.98 0.66 0.65 0.66
il 3 5 IO g i 5 S VT T s o 8 V) VT st Ve oo VT Skl sl Y0 s VO ) Skl
iz ailiie 09,5 )l aiie alin By, gl aiw o 0 a5 golael ——— X 0 0 5 /0 Y S
*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5

gl
Numbers in each column that have same word, have same group.
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Table 7- Means of essential oil content and main chemical composition of essential oil of Satureja mutica plants affected by elicitors
and irrigation regimes by 6 day interval (2" year)

B B S - (N > . .W —LaJT > "—~l.‘£.3 . .w Ny .
Sless Jyes ¢ oty oy Jossla s O%% o R P bl
Germacen-  Alpha- Beta- Gamma- L
Treatment Thymol . Carvacrol R . P-Cymene  Essential oil
D Terpinene thujone Terpinene
s

Control 37.5+0.9° 0.76£0.01° 2.32+0.01° 2.94+0.04° 0.65+0.02° 14.78+0.38° 28.25+0.99"°  0.67+0.03¢
ontro

Iyl 10 39.5#0.7% 0.81+0.02° 252+0.02° 2.21+0.03¢ 0.89+0.02% 16.81+0.36° 27.31+1.02°  0.99+0.01°
Methanol 20 37.02+0.4° 0.73+0.03°® 223+0.01°¢ 2.73+0.05° 0.78+0.02®° 17.39+0.45° 26.76+0.89°  0.81+0.02°
Jsl 10 39.1+0.8%® 0.85+0.02° 1.85+0.03¢ 2.85+0.02® 0.85+0.02% 18.38+0.34%  25.52+0.78°  1.03+0.01°
Ethanol 20 37.88+0.9° 0.44+0.01° 2.44+0.01° 221+0.09¢ 0.79+0.01* 16.44+0.35" 24.92+0.88°  0.82+0.01°
O] 10 35.43:0.6° 0.91+0.04° 2.76+0.02° 2.18+0.06¢ 0.94+0.01% 16.1+0.4° 23.38+0.99°  0.88+0.01°
Acetone 20 34.82+0.7° 0.69+0.01° 1.76+0.03¢ 2.88+0.05* 0.91+0.01* 17.22+0.37® 2551+1.02°  0.74+0.02°

LSD 0.95 0.88 0.93 0.96 0.69 0.55 0.77 0.88

Sbedlo sl 1 41.20+0.9*  0.88+0.01° 2.73+0.01® 2.18+0.08Y 0.94+0.01%  16.82+0.3° 33.9+0.892 1.19+0.01°
*Salicylic Acid 2 38.1+0.8° 0.63+0.02° 2.22+0.01¢ 2.01+0.01® 0.66+0.02° 17.02+0.52°  29.14+0.95°  0.89+0.01"
T s 1 39.21+05° 1.01+0.03® 2.93+0.01* 2.78+0.05° 0.89+0.01°  19.11+0.4°  30.44+0.79®  1.11+0.03°
Phenylalanine 2 37.78+0.6° 0.81+0.04* 257+0.02° 2.11+0.02¢ 0.68+0.02° 18.01+0.3%®  26.75+0.88*  0.92+0.01°
RUTs 1  41.3+0.8% 0.76£0.01® 2.77#0.01* 2.22+0.08" 0.91+0.02° 15.1+0.4°¢ 33.9+0.872 1.18+0.02°2
Chitosan 2 39.82+0.75° 0.54+0.02° 2.41+0.03° 2.01+0.01%® 0.77+0.01°  16.96%0.6°  30.71+0.91®  1.09+0.01°

LSD 0.65 0.91 1.00 0.91 0.99 0.59 0.63 0.95
i 53 5 YD) Gl i 5 8 Y Y oaWT b i 5 8 ) ) T b Ve e ¥ Y Sl el Yo e VIO ) Sl s
iz il 09,5 l)lo aiiws alin By, Sl aiw o 0 aS golael - X 0 5 510 Y lieS
*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5

-1
g.l
Numbers in each column that have same word, have same group.
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Table 8- Means of essential oil content and main chemical composition of essential oil of Satureja mutica plants affected by elicitors
and irrigation regimes by 9 day interval (1% year)

e W e ai—e s G-
oy JosSTa,ls oy d oy

Sl Jeod 305k Ao Bet o oube-g el
Treatment Thymol Germacen-D p' & Carvacrol e_ & a”?ma' P-Cymene Essential oil
Terpinene thujone Terpinene
NER

Control 31.99+0.9° 0.09+0.02°¢  1.12+0.01°  2.01+0.06% 0.63+0.02° 14.21+0.3% 21.01+0.81% 0.45+0.03
ontro

Jole 10 33.5+0.7¢ 0.33£0.01°¢ 2.32+0.03°  2.21+0.01Y 0.89+0.03*  16.81+0.41°  26.99+0.77* 0.78+0.01°
Methanol 20 30.12+0.8° 0.11#0.01® 2.12+0.01° 2.11+0.03% 0.66+0.01° 17.39+0.5° 25.44+1.01°  0.66+0.02¢

Jsib 10 34.1#05° 044+0.01° 1.99+0.02° 2.22+0.02¢ 0.88+0.02° 18.3820.46%  25.3620.67° 0.99+0.03"
Ethanol 20 33.88+0.7° 0.32£0.02° 144#0.03¢ 2.010.01% 071:0.03°  16.44%03°  24.31+0.92° 0.65+0.02¢
s 10 35.43+0.6* 052+0.03° 1.76£0.96¢ 2.18+0.06¢ 0.99+0.02°  15.1+02°  22.11+0.88¢ 0.88+0.03°
Acetone 20 33.8240.7° 03120049 1.14+0.01°  2.08+0.05¢ 0.65:0.01°  16.22+05°  20.9+0.99¢ 0.62+0.01¢
LSD 0.85 0.88 0.95 0.96 0.88 0.66 0.99 077
Seleodls ol 1 34.82407° 0.31#0.02¢  1.96:0.01°  2.18+0.06° 093#0.02%  15.82+0.5°  28.11+1.3° 0.6620.02¢
*Salicylic Acid 2 32.1#0.89 021+0.01¢ 122+0.02°  233+0.01° 0.86+0.01° 16.02+0.3™  26.77+1.1° 0.55+0.01
ooV Laé 1 3321#05° 0.41#0.02° 149+0.03%  278+0.05° 094+0.01°  16.91+04b  20.11+0.89 0.75+0.03°
Phenylalanine 2 31.7840.8° 033+0.01¢ 114+0.01° 2.11+0.07% 064%0.02°  17.44+0.3"  20.87+0.78¢ 0.61+0.01¢
s 1 3482405 041:001°¢ 1.18+0.02¢ 2.22+0.08¢ 0095:0.01° 17.96£0.4%  26.69+0.88° 0.8820.01°
Chitosan 2 32.14207¢ 0.3020.02¢ 1.76+0.01¢ 218+0.06° 061+0.01°  16.1+0.5%  2455+1.1¢ 0.69+0.02%

LSD 1.00 0.92 0.95 0.91 0.88 0.55 0.88 0.55
d 30 w8 YO N lienS i 0 e Y Y VT s i o e 5 ) ) YT L Ve ek V¥ el ol Voo (Lo VO 1) SClcdl o]
Al wline 09,8 ()l iis dlin B > gl g o 0 aS golael - (0 008 <[0T l5enS
*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5
o] j— Numbers in each column that have same word, have same group.
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Table 9- Means of essential oil content and main chemical composition of essential oil of Satureja mutica plants affected by elicitors
and irrigation regimes by 9 day interval (2™ year)

Y —Lﬁ.‘T . "—’L:Q .. . ‘.f
Oy JoSlgls  OFF TR oAl

st s s ool Alpha Beta: Gamma ol e
Treatment Thymol Germacen-D P Carvacrol R . P-Cymene Essential oil
Terpinene thujone Terpinene
Jrs

c | 30.5£0.7¢ 0.11+0.02®  1.32+0.01°®  1.91+0.06° 0.73+0.02°  15.78+0.22°  26.99+0.92° 0.66+0.02°
ontro|

Jgte 10 315+0.6¢ 0.44+0.01° 1.41+0.02° 221+0.01¢ 0.79£0.02® 16.81+0.31°  25.91+0.89° 0.79+0.01°
Methanol 20 29.91+0.8° 0.22+0.02¢  1.73+0.02¢  2.13+0.03' 0.59+0.02" 16.39+0.4° 24.76+0.77°  0.69+0.02¢
Jgb! 10 34.1+0.9° 0.51%0.01¢ 1.85+0.01¢ 2.31+0.02% 0.63+0.02°  17.38+0.55°  26.36+0.85*° 0.81+0.03°
Ethanol 20 32.88+0.8¢ 0.38+0.02%  1.44+0.02°  2.21+0.01Y 0.47+0.01° 16.44+0.3° 25.92+0.99° 0.78+0.01°¢
10 34.43+0.5° 0.49+0.03° 1.76+0.089  2.18+0.06° 0.51+0.01¢  17.98+0.4® 20.99+1.2¢  0.75+0.03°

A‘:;:,e 20 31.82+0.8% 0.35+0.01¢  1.41+0.03® 2.01+0.05% 0.38+0.01%  16.22+0.34° 19.9+1.19  0.68+0.01¢
LSD 0.88 0.73 0.88 1.00 0.99 0.88 0.77 0.99
R 1 31.82+#0.6% 0.55+0.02° 1.93+0.02° 2.18+0.06% 0.61+0.01°  16.82+0.55°  28.69+1.2° 0.77+0.01°

Sebewdle 5 30140.7¢ 033+0.01¢  099+0.017  233+0.01° 056+0.01° 13.92+40.47¢  22.77+0.95° 0.65+0.01°

*Salicylic Acid
oe¥T Juss 1 33.21205° 0.38+0.01%  1.08+0.01°"  2.78+0.05* 0.41+0.02° 16.91+0.36"  28.11+0.93° 0.66+0.03¢
Phenylalanine 2  30.78+0.8° 0.31+0.02¢  1.03x0.03"7  2.11#0.07¢ 0.11+0.01°  15.44+0.41° 26.99+0.87* 0.51+0.01¢
RUTS% 1 34.82+0.7° 0.29+0.01¢  1.11+0.02® 2.22+0.08% 0.38+0.02*  18.01+0.38®  26.69+0.99° 0.77+0.02°
Chitosan 2 30.82+0.5° 0.19+0.01®  1.04+0.017  2.18+0.06° 0.33+0.01°¢ 17.96+47° 24.69+1.2°¢  0.69+0.01%

LSD 0.95 0.66 0.92 0.78 0.77 0.99 0.55 0.99
i 53 5 VDY (g il 5o 5 VY VT b il 5o 81 ) T b Ve e ¥ Y Sl sl Y50 (oo VIO ) Sl
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*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I%. Chitosan 2: 0.5

-1
g.l
Numbers in each column that have same word, have same group.
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Table 10- Complex analysis variance of mean of squares of morpho-physiological characters in Satureja mutica

Oledi e @liTazy (alsp el Sis ool gy Judo s Js Js g5 T (i (5gimo
SOV* DFY Shoot Dry Matter Proline  Total Chlorophyll  Total Phenol R.W.C (%)
[
J 1 2417 0.78™ 29.1" 35.1" 33.1"
Year (Y)
L) S5
Wl 4 0.77 1.55 0.45 0.55 16
R(Y)
L
o= 2 18.9™ 257" 32.4™ 445" 44.9™
Irrigation(A)
Lo X g ,Lol
Jlo Xl 2 155~ 22.56™ 322" 24.6™ 181"
AxY
eboo 5 sl
shels E’S ¢ 8 0.29 0.23 077 0.99 0.33
S e - - - - "
- 12 122 18.2 288 34.12 29.9
Elicitor (B)
S X o, Lol
SRS 24 155™ 20.23" 33.2" 23.7" 456"
AxB
Lxs
JS e 12 111" 24.56™ 33.44™ 24.67" 165™
BxY
X S eX g, L]
JLr Sl 24 0.12" 0.85" 1.120 0.87" 0.13"
AxBxY
5 oo 5 ol
A . = 144 0.33 131 155 0.75 0.22
b
Ol i
e 18.32 9.12 6.65 7.33 6.84
C.V* (%)

Z SOV: source of variation, Ydf: degree of freedom, *CV: coefficient of variation, *,

respectively, ns: not significant.

ns

oy 05 ) Jloil s o (5l sine s fosian pae i 4 5
*, ** significant at P=0.05 and P=0.01 levels of probability
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Table 11- Means of morpho-physiological characters in Satureja mutica plants affected by elicitors and irrigation regimes by 3 day

interval
Jis s Judg ls Js O (o glgine
Total phenol (mg.g* FW) Total Chlorophyll (mg.g™* FW) Relative Water Content (%)
™ AR VE-Y VFe AEAS VFe AR
Year 2022 2023 2022 2023 2022 2023
Jps 1.21+0.01°¢ 1.01+0.01f 1.22+0.04® 1.18+0.03* 49.8+1.2% 48.7+1.4°
Control
Jsilee 10 1.67+0.01°¢ 1.44+0.02¢ 1.21+0.02° 1.19+0.01° 56.5+1.5% 55.3+1.32
Methanol 20 1.16+0.02f 1.69+0.01°¢ 0.91+0.01° 0.79+0.03° 57.6+2.52 49.99+1.2%
Jsl 10 1.99+0.02% 2.05+0.012 1.02+0.03% 1.29+0.02° 50.7£2.2%® 58.61+1.3%
Ethanol 20 1.22+0.02°¢ 2.06+0.02% 1.14+0.02° 1.01+0.01% 48.5+1.2° 49.81+2.2%
Oygiees] 10 2.02+0.01%® 2.08+0.01° 1.15+0.08 2 1.21+0.01° 55.9+1.92 54.6+£1.52
Acetone 20 1.56+0.01% 1.99+0.02%® 1.16+0.04* 0.81+0.03° 53.5+1.42 47.9+1.2°
LSD 1.00 0.95 1.00 0.88 1.00 0.78
Sl ol 1 1.81+0.01° 1.76+0.01°° 1.13+0.02° 1.18+0.01° 51.1+1.2® 50.1+1.4%®
*Salicylic Acid 2 1.55+0.01 % 2.04+0.02? 0.89+0.06° 1.21+0.02° 57.8+1.82 48.3+2.3°
oY1 s 1 2.21+0.02° 2.03+0.01° 1.01+0.02%® 1.31+0.032 55.8+2.22 46.4+2.4°
Phenylalanine 2 1.62+0.01°¢ 1.59+0.01°¢ 0.87+0.01° 1.01+0.01%® 52.2+1.42 43.1+1.1°
Oligas 1 1.99+0.02% 1.99+0.02%® 1.29+0.05° 1.29+0.02° 59.67+1.9° 58.61+1.2%
Chitosan 2 1.19+0.01°¢ 1.77+0.01°° 0.96+0.04° 0.95+0.01° 50.7+1.7® 51.5+1.6%®
LSD 0.95 0.85 1.00 1.00 1.00 0.86

i 53 S YO lieS i o m S Y Y YT s gnd o 8 ) ) YT b Ve e T Y Skenndlo ol ¢ ¥oe e VO ) Selie L o
iz il 09,5 )l s alin By, gl eiw o 0 a5 golael ——— X 0 6 5 /0 Y S
*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5

g.I*
Numbers in each column that have same word, have same group.
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Continued-Table 11- Means of morpho-physiological characters in Satureja mutica plants affected by elicitors and irrigation regimes
by 3 day interval

(9.m™) Shoot Dry Matter olga elasl Sis oolo (Mg.gt FW) Proline
AL A 9
Ju VEe VEeY VE- VEeY
Year 2022 2023 2022 2023
34.9+2.5° 35.1+1.2° 8.1+0.2¢ 8.7+0.2°
Jrs
Control
Jsibe 10 35.87+2.9° 35.9+2.3% 8.5+0.3¢ 7.55+0.1%
Methanol 20 35.242.3"° 32.1+2.1° 9.1+0.1% 8.3+0.2¢
G 10 41.5+2.1% 40.65+1.2° 7.65+0.2° 8.15+0.1°
Js
Ethanol 20 39.9+2.12 35.8+1.2%® 8.99+0.2°¢ 9.55+0.1°
O] 10 32.8+1.2° 30.8+1.4° 8.8+0.3¢ 7.51+0.2
Acetone 20 33.5+3.3"° 28.99+2.3° 9.4+0.2° 8.4+0.1°
LSD 0.76 0.88 0.96 0.88
Sl ol 1 37.1+1.2% 37.99+3.4% 8.1+0.2¢ 7.99+0.1°
*salicylic Acid 2 35.1%2.1" 34.88+3.2" 8.5£0.3° 9.1+0.1%
T s 1 38.1+3.12 39.9+2.92 7.45%0.1 7.49+0.2¢
Phenylalanine 2 35.942.2%® 30.9+1.8%® 8.65+0.2°¢ 8.11+0.3"°
OlygsS 1 41.51+3.4% 40.65+3.2° 7.15+0.2¢ 7.48+0.14
Chitosan 2 36.01+1.8% 35.99+1.2% 8.8+0.3° 9.7¢0.2°
LSD 0.85 0.87 1.00 0.99
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*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"*. Chitosan 2: 0.5

-1
g.l
Numbers in each column that have same word, have same group.
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Table 12- Means of morpho-physiological characters in Satureja mutica plants affected by elicitors and irrigation regimes by 6 day

interval
Jid s Judg ks g5 T (o (glgimo
Total phenol (mg.g™* FW) Total Chlorophyll (mg.g* FW) Relative Water Content (%)
J VFe AR VFe VFe VF AR
Year 2022 2023 2022 2023 2022 2023
Ci;:;l 1.55+0.05 1.61+0.01°¢ 0.98+0.01° 0.99+0.03% 35.8+1.5¢ 41.7+0.91"
Iyl 10 1.91+0.03° 1.99+0.01%® 0.88+0.02° 1.01+0.01% 46.5+1.4° 48.3+1.1°
Methanol 20 1.88+0.08" 1.66+0.01°¢ 0.72+0.01°¢ 0.86+0.03° 47.6+1.3° 45.4+0.9°
Jsit! 10 1.99+0.04 % 2.04+0.02° 1.02+0.01%® 1.09+0.02° 40.7+1.2"% 51.3+1.4®
Ethanol 20 1.1440.05 1.89+0.01° 0.65+0.02°¢ 0.87+0.01° 435+1.4° 455+1.3°
gl 10 2.32+0.03° 2.02+0.02° 0.85+0.02° 1.01+0.06%® 459+1.2° 51.6+1.2%®
Acetone 20 2.11+0.09? 1.89+0.01° 0.76+0.01" 0.73+0.03° 33.5+1.1° 42.9+1.1°
LSD 0.65 1.00 0.96 1.00 0.67 0.78
Sedewcdlo ol 1 1.99+0.04 % 2.05+0.03° 1.01+0.02%® 1.02+0.04%® 41.1+1.4% 50.1+1.4®
*Salicylic Acid 2 2.22+0.03? 2.04+0.01° 0.84+0.02° 0.81+0.02° 48.8+1.2° 48.3+1.3°
oYl s 1 2.23+0.04° 2.11+0.01° 0.71+0.02°¢ 1.02+0.05%® 45.8+15° 46.4+1.4°
Phenylalanine 2 1.93+0.05° 1.89+0.01° 0.77+0.03" 0.91+0.07° 42.2+1.3% 43.1+1.1°
OligS 1 2.14+0.06* 1.99+0.04 % 0.84+0.02° 1.01+0.02%® 43.2+1.2° 44.7+1.2°
Chitosan 2 1.99+0.08 % 1.14+0.05¢f 0.63+0.01°¢ 0.89+0.03° 34.7+1.1° 415+1.1%
LSD 0.95 0.87 0.78 1.00 0.88 0.77
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*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I'%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5

g.It

Numbers in each column that have same word, have same group.
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Continued-Table 12- Means of morpho-physiological characters in Satureja mutica plants affected by elicitors and irrigation regimes
by 6 day interval

(9.m?) Shoot Dry Matter lga plail i sobo (Mg.g™* FW) Proline ;g
Ju VE VE-Y VE- VE-¥
Year 2022 2023 2022 2023
JAs 30.1+1.3"% 25.1+1.1 9.1+0.5% 9.7+0.6"°
Control
Jole 10 31.8+1.2° 30.5+1.9% 10.15+0.8° 10.66+05°
Methanol 20 30.2+1.1° 27.1+1.8¢ 11.01+0.7% 10.98+0.6®
Jsil 10 32.1+1.7° 31.9+1.5% 10.79+0.6° 10.15+0.5°
Ethanol 20 31.9+1.8° 28.88+1.3¢ 11.09+0.5% 10.55+0.6°
Ol 10 32.8+1.2° 30.8+1.2% 9.8+0.6"° 10.3+0.7°
Acetone 20 30.99+1.9% 28.4+1.1° 11.0240.7 % 10.99+0.6®
LSD 1.00 0.69 0.88 0.77
Sl ol 1 37.1£1.7% 32.3+1.5° 10.51+0.5° 9.99+0.6°
*Salicylic Acid 2 35.1+1.1° 30.3+1.8% 11.01+0.7 % 11.02+0.5%
YT s 1 38.142.2° 36.9+2.1% 10.1x0.8° 9.240.7%
Phenylalanine 2 33.2+#1.5° 32.9+1.4° 10.98+0.9% 10.11+0.6°
OlygiS 1 35.8+1.3% 33.7+#1.3° 9.88+0.5° 9.61+0.6"°
Chitosan 2 32.1+1.1° 30.9+1.1% 10.9940.6 % 11.01+0.5%®
LSD 0.95 1.00 0.94 0.58

i o pF YO S id 5 w8 VY VT L i o o5 ) 1) T b Vs e VT ekl al Ve (s 1O ) Skl s
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*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5

gl
Numbers in each column that have same word, have same group.
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Table 13- Means of morpho-physiological characters in Satureja mutica plants affected by elicitors and irrigation regimes by 9 day

interval
Jis s Judg ls Js O (o glgine
Total phenol (mg.g™* FW) Total Chlorophyll (mg.g* FW) Relative Water Content(%)
J AR AR VFe AR VFe AR
Year 2022 2023 2022 2023 2022 2023
Jss 1.13+0.01 ¢ 1.01+0.01° 0.47+0.01¢ 0.51+0.01¢ 21.8+0.9¢ 21.31+0.8¢
Control
Iyl 10 1.19+0.02°¢ 1.22+0.01°¢ 0.51+0.02¢ 0.79+0.01° 30.5+1.3¢ 25.3+0.95¢
Methanol 20 1.31+0.01°¢ 1.19+0.02°¢ 0.73+0.01°¢ 0.66+0.03° 27.6+1.1¢ 28.4+0.99¢
Jsit! 10 1.32+0.02°¢ 1.11+0.02° 0.62+0.03°¢ 0.79+0.02° 30.7+£1.2¢ 29.3+0.89 %
Ethanol 20 1.19+0.01°¢ 1.46+0.02¢ 0.52+0.02¢ 0.58+0.01° 28.5+1.2¢ 25.5+0.99¢
gl 10 1.14+0.02 ¢ 1.13+0.01°¢f 0.65+0.02°¢ 0.75+0.06° 25.9+0.98¢ 34.6£1.1°
Acetone 20 1.15+0.01 ¢ 1.01+0.02f 0.51+0.01¢ 0.55+0.03 20.91+1.1¢ 32.9+1.2¢
LSD 0.98 1.00 0.78 0.65 0.95 0.77
Sedewcdlo ol 1 1.11+0.01° 1.44+0.03¢ 0.88+0.02° 0.67+0.04°¢ 31.1+1.2° 30.1+1.1
*Salicylic Acid 2 1.01+0.02f 0.99+0.01f 0.74+0.01°¢ 0.58+0.02°¢ 27.8+1.1¢ 28.3+0.88¢
oYl s 1 1.14+0.02 ¢ 1.53+0.01¢ 0.51+0.02¢ 0.75+0.05°¢ 35.8+1.2¢ 26.4+0.99¢
Phenylalanine 2 1.12+0.01° 1.39+0.01¢ 0.57+0.01°¢ 0.55+0.01 22.2+1.4¢ 23.1+0.88¢
OligS 1 1.14+0.02° 1.65+0.01°¢ 0.74+0.02° 0.74+0.02° 33.2¢1.2¢ 34.7+1.2°
Chitosan 2 1.13+0.01¢f 1.55+0.02 % 0.53+0.01¢ 0.69+0.03°¢ 28.7+0.99¢ 21.5+1.1¢
LSD 0.95 0.88 0.55 0.78 0.74 0.89
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*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"X. Chitosan 2: 0.5

g.I*
Numbers in each column that have same word, have same group.
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Continued-Table 13- Means of morpho-physiological characters in Satureja mutica plants affected by elicitors and irrigation regimes
by 9 day interval

g2 pluil oS o0l R3]
Shoot Dry Matter (g.m?) Proline (ug.g* FW)

Ju VE- \E-Y VE- VE-Y

Year 2022 2023 2022 2023
JAs 16.27+1.2° 15.1440.88f 10.81+0.7° 10.88+0.3°

Control

Jole 10 20.8+1.8°¢ 24.5+0.94¢ 11.02+0.9% 10.85+0.4°
Methanol 20 16.24+1.47 21.1+1.01° 12.1+0.8? 11.99+0.42
Jgbs! 10 20.1+1.3°¢ 23.9+1.1¢% 11.05+0.9% 10.15+0.5°
Ethanol 20 18.9+1.5°¢ 21.88+0.89° 11.88+0.8? 11.55+0.52
Ol 10 22.8+1.2° 20.8+1.1° 10.8+0.9° 10.88+0.6°
Acetone 20 19.5+1.1¢ 15.1340.99f 11.03+0.8% 12.4+0.52

LSD 0.81 0.91 0.88 0.98
Sl ol 1 24.1+0.89¢ 24.3+0.95¢ 10.1+0.6° 11.99+0.52
*Salicylic Acid 2 22.1+1.1°¢ 22.3+1.1°¢ 12.66+0.52 12.39+0.7°
oY1 s 1 24.1+0.99¢ 26.9+1.1° 11.1+0.6%® 10.2+0.6°
Phenylalanine 2 22.2+1.2°¢ 21.9+0.89¢ 11.65+0.82 11.11+0.6°
OligS 1 24.8+1.1% 23.7£0.99 % 10.88+0.7° 10.61+0.5°
Chitosan 2 23.1+1.1°¢ 20.9+1.1°¢ 11.8+0.6° 11.7+0.5¢

LSD 0.99 0.78 1.00 0.71
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*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5
o] j— Numbers in each column that have same word, have same group.
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Abstract

Introduction: Qil production is very important in the economy of any country, because oil
consumption in the world has an increasing pattern. . However, in Iran, there is only about 10% self-
sufficiency in oil production, and to meet the needs, it is necessary to import this important food item.
For this reason, in recent years, more attention has been paid to the cultivation of oilseeds. Water
deficit stress in the stage of reproductive growth severely reduces the yield of rapeseed because the
number of seeds and the weight of seeds decrease. In some areas of Khuzestan province, rapeseed is
mainly cultivated as a suitable plant for crop diversification and creating plant diversity. On the other
hand, periodic conditions in Khuzestan province cause this plant to be cultivated outside the
recommended planting date. This issue causes the growth period of rapeseed to coincide with the
growth of some other crops. In this situation, some irrigation turns are necessarily allocated to other
plants (including wheat which is in the pollination stage and okra which is in the germination stage),
which causes rapeseed to face water shortage stress, even in the Flowering is possible. Based on this,
it is necessary to apply appropriate management methods to reduce the effects of drought stress on
rapeseed during the flowering stage.Thus, the current research was aimed to evaluate the response of
rapeseed to organic fertilizer (cow manure) and potassium, and the possible effect of these food
sources on reducing the effects of drought stress in the flowering stage on the quantitative and
qualitative yield of rapeseed.

Materials and Methods: In this study, which was carried out during 2022-23 growing season at
Payame Noor University of Shadegan, the effect of cow manure and potassium on the yield of rapeseed
and oil under different irrigation conditions was evaluated. The experiment was split split plot with
three replications, in which irrigation (full irrigation and interruption of irrigation during the flowering
stage) was applied in the main plot, cow manure (0.0, 15 and 30 t ha-1) in the sub plot and potassium
fertilizer (0.0, 75 and 150 kg/ha) were placed in the sub-sub plot. To evaluate the effect of treatments
on rapeseed, grain yield and grain yield components (including number of spikelet per plant and
number of seeds per spikelet, 1000-grain weight), harvest index, biological yield and water
productivity were measured. The quality of the grain was also determined by measuring the amount
of protein and oil of the grain.

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
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Results and Discussion: Drought stress during the flowering stage decreased the number of spikelet
per plant, the number of grain per spikelet and consequently the grain yield by 27.3%, 19.2% and
19.6% respectively. By water shortage at flowering stage, the protein percentage of rapeseed increased
from 24.2 to 27.6 percent. With the consumption of 30 t ha* cow manure, the number of silique per
plant, the number of grain per silique, and the grain yield increased by 27.4, 57.4, and 14.1 percent,
respectively. In terms of grain quality, the use of cow manure improved the oil percentage and yield
(10.4% and 24.2%, respectively), but the protein percentage of rapeseed decreased with the use of cow
manure. Rapeseed grain quality increased in terms of oil percentage and oil yield in response to
potassium consumption (4.3% and 25.8% for oil percentage and yield, respectively). Water
productivity in drought stress conditions was about 39% higher than in full irrigation conditions. In
any case, the highest water productivity was obtained by applying drought stress and using 30 t ha*
of cow manure. Under full irrigation conditions, rapeseed had the lowest water productivity and the
use of cow manure could not significantly improve water productivity in rapeseed.

Conclusion: Drought stress reduced components of grain yield, grain yield and grain quality (based
on oil percentage) of rapeseed. The consumption of potassium and cow manure led to the improvement
of the studied traits. The use of cow manure (at the rate of 30 tons per hectare) in drought stress
conditions resulted in achieving the highest water productivity. Therefore, it is recommended to use
30t hat of cow manure and 150 kg ha* of potassium fertilizer to achieve the highest yield and quality
of rapeseed in conditions of interruption of irrigation during the flowering stage.

Keywords: Grain oil, Grain production, Grain protein, Irrigation interruption, Water consumption
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Table 1- Some physical and chemical properties of the experimental site

o cdly S clan H iy oo O39r SToss
Depth (cm) Texture EC (ds m™) P K (mg kg™?) P,0s (mg kg-1) N (%) Organic C (%)
0-60 Silt-loam 1.88 7.3 224 14.0 0.08 0.51

V\F-F.Y ‘5‘:‘)) J o L""’L")T 6‘)?‘ Joo Go.a.b' Oluoguas Er- Y Jous
Table 2- Some climatic properties of the experimental site during 2022-23 growing season.
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obo S ol
Monthly minimum Monthly maximum Relative humidity .
Month Precipitation (mm)
temperature (°C) temperature (°C) (%)
olo o0
27 38 48 -
October
ot
23 31 23 6.2
November
N
18 26.2 65 9
December
«K°
8.6 16.8 68.4 16.5
January
O
9.8 19.1 78.2 41
February
e
154 245 61.3 4
March
R398
. 17.9 28.2 64.7 -
April
. oa .__Q)l
. 22 37 53 -
April
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Table 3- Moisture content and nutrients of manure used in the experiment
Cugb, o P ool &9 Fowd el OSer e
Moisture content Cu Mn Fe Zn P2,0s K0 N Mg
(%) ppm (%)
21 21 320 7225 95 0.48 1.64 3.1 0.65
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Table 4- Analysis of variance of measured traits of rapeseed in response to irrigation, manure and potassium
Mean square ol po uSleo

oegs pals e ofdes wSlE
s . s Ofgyweys Oydes gy wo s $r904
Agy0 e Al o,Sloe  jglem  cbloy -

sl 1000- o oil RIS Protein <l
S.0.V o Silique Grain per Grainyield Biological Harvest

o grain ) ) percentage Qilyield percentage WP
per plant  silique . yield index
weight
S5 .
L 2 1023 26.2" 0.571 196675 ™ 1571734™  8.10™ 2.79™ 49972 5.15™ 0.02"
Replication
LS)LH.T
L 27880" 253" 5807  2869494" 8394568™ 172" 742" 728945™ 152" 0.421"
Irrigation (1)
Uas-
£ 183 1.72 0.022 184204 690520 9.19 7.19 39708 3.19 0.015
rror
S5 oS o " o " o - " . "
8192 668 4.70 1306820 4675909"™  48.7 89.3 411816 215 0.109
Manure (M)
IxM 2 76.2"™ 6.5™ 0.582"  246456™ 2239746™  6.45 0.551™  26716™ 1.02™ 0.049™
Uas-
£ 110 111 0.101 101113 688223 0.855 2.74 21150 2.96 0.003
rror
Potassium 2 2441 192 1.36™ 707962  2469130" 27.9 1417 178502™ 9.02" 0.053™
(K)
I xK 2 37.2™ 1.5m™ 0.042" 24776™ 3373™ 7.58™ 0.100"™ 1793™ 0.004" 0.008™
M x K 4 19.7™ 0.167™ 0.012"™ 53295 21798 5.33"™ 0.219™ 12107™ 0.167™ 0.003™

IxMx K 4 27.7™ 20m™ 0.012"™ 2405™ 82193™ 1.83™ 0.273™ 137 0.192" 0.001™
Uas

£ 24 332 22.2 0.291 112835 584444 6.43 2.35 24944 2.76 0.009
rror
Oy g
12.8 19.9 147 15.9 11.3 8.14 3.80 18.2 6.42 17.7
C.V (%)

ns

ans oo i 1) o )0 S g oo iy il mhaw jo o S Gl g pas ol 5 4 FF 5K
ns, * and ** indicate non-significant, significant at P<0.05 and P<0.01, respectively.

1345 53 adlllan 390 Olio (5 3 2 G915 055 1 (Sloo s liio -0 Jgur
Table 5- Mean comparison of the effect of manure on some traits of rapeseed
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. Grain per Grain yield . Oil yield Grain protein
Manure treatment (t ha®) Silique per plant . N grain oil (%) N
silique (Kg ha™) (Kg ha!) (%)
0.0 146¢ 19.7c 2209b 39.4c 885h 25.6a
15 163b 26.7b 2231ab 41.4b 963ab 24.2ab
30 186a 31.0a 2520a 43.5a 1099a 22.9b

Wibee (S5 303l bl ao o i Jleist mhaws [0 s ire B il gty 40 Sglite By,

Different letters in each columns indicates significant difference according to Tukey’s test
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Figure 1- Mean comparison of silique number per plant, grain number per silique, grain yield and the percentage of grain protein of
rapeseed in response to irrigation interruption during flowering
Different letters in each shape indicates significant difference according to Tukey’s test
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Table 6- Mean comparison of the effect of potassium on some traits of rapeseed

Ly sled 2209 S asls 15 o3 K Lo s K
el Hlowd Oe08> . 3 )“ o Slos uﬂ’ u-fs; ;S-'M s outiesg
Potassium g9 R Ss &l o Sglem ol «ls R2Y )
treatment o . ~ Grainyield = . o o Grain

o Silique Gr'a!n per 100(?-gra|n (Kg ha) biological yield . harvest grainoil Oil yield protein (%)
(kgha')  perplant silique weigh(g) (kg ha!) index (%) (%)  (Kgha?)

0.0 130b 20.2b 3.38b 1932b 6415a 29.9b 39.5b 770b 480b

75 144ab 24.0ab 3.67ab 2099ab 6722ab 31.3ab 40.2ab 860ab 538ab

150 153a 26.6a 3.93a 2327a 7153a 32.3a 41.2a 969a 598a

w3lise (S5 O9e3l pobel 2 a0y gy Jleiml e ol sine ST il gt 8 50 Sglice By,

Different letters in each columns indicates significant difference according to Tukey’s test
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Figure 2- Mean comparison for the interaction of irrigation x manure on 1000-grain weight (g) of rapeseed
Different letters in each columns indicates significant difference according to Tukey’s test
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Abstract

Introduction: Nowadays, with the growing global population, the sustainable production of
agricultural products to feed humans is one of the ministerial problems that cause researchers to find
solutions to increase crop products by increasing the cultivated area and yield per unit area. Under
high soil pH absorbing nutrients through the roots is undesirable. Thus, it is essential to use foliar
application and foliar absorption of nutrients in providing nutrients needed by plants. Iron is one of
the low-use essential elements for the growth of plants, and generally, the amount of this element in
the soil is high. But some chemical and physical properties of soils, such as the lack of organic matter,
and alkaline pH, prevent the absorption of iron by the plant. This research aims to investigate the effect
of iron foliar application on grain maize cultivars' quantitative and qualitative yield.

Material and Methods: This experiment was conducted in the agricultural year of 2015 in the
educational-research farm of the Agricultural Research Institute of Zabol University in a factorial
design in the form of a basic design of random complete blocks with 3 replications. Maize cultivars
in four levels including (Single Cross 704, Limagrain LG 36.07, Iranian Maxima and Hungarian
Maxima) as the first factor and the foliar application of the micronutrient iron sulfate in concentrations
(control, 3 and 6 gr.lit?) as the second factor was performed the six-leaf stage and before flowering.
Each experimental plot had four planting rows with a distance of 40 cm, the distance between the
planting rows was 15 cm, and the length of the planting line was 4 meters. Analysis of variance data
was done with SAS software version 9.1 and comparison of means was done using Duncan’s test at
the 5% level.

Results and Discussion: The results of the means comparison showed that the highest seed yield
(4251.6 kg ha*) was obtained from the Limagrain cultivar under foliar application of 6 g lit™ iron
sulfate showed an increase of 49.13% compared to the lowest value. Considering the role of the iron
element in the enzymes involved in the photosynthetic process of the plant, it can be said that the foliar
application of iron sulfate at a concentration of 6 g lit* has improved the photosynthetic activity of the
plant and by increasing the access of the reproductive organs of the plant to the photosynthetic
materials, the weight of one thousand seeds and the length of the cob (the number of seeds formed in
the row) and finally the grain yield increased. Also, the results showed that the seed nitrogen and
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protein percentage was the highest in the Limagrin cultivar (1.4% and 8.75%, respectively). Also, the
seed nitrogen and protein percentage increased under foliar application by 6 g lit™ iron sulfate (1.33%
and 8.31%, respectively). The seed nitrogen percentage increased by 9.02%, and the seed protein
percentage showed an increase of 8.9% compared to the control treatment. Based on the results of this
research, it was found that foliar application of iron sulfate significantly improved the protein of maize
seeds compared to the control. Considering that the percentage of protein is related to nitrogen, thus
iron sulfate foliar application showed a positive effect on both traits. It concluded that foliar
application of iron sulfate has participated in protein production in maize plants.

Conclusion: Considering that many of the soils of arid and semi-arid regions have calcareous
characteristics and alkaline reactions, foliar application of the micronutrient element iron during the
vegetative growth stage can cause the absorption of other nutrients, growth of meristem tissues,
increase in greenness and photosynthesis of leaves and finally cause increase performance. The results
of the present experiment showed that using the foliar application and foliar absorption is necessary
for providing iron micronutrient elements. As a result, foliar application of iron sulfate on maize plants
can compensate for the lack of this essential element in the soil of dry areas. Based on the obtained
results, it was determined that the use of the Limagreen cultivar under foliar application of 6 g lit?
iron sulfate can produce a good yield in the Sistan region.

Keywords: Chlorophyll, Iron, Limagrin cultivar, Micronutrients, Seed protein
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Table 1- Physical and chemical properties of soil
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(%) (ppm) (%) @sm)
=y
37 27 36 124 10.2 0.01 0.14 7.6 1.6
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Table 2- Analysis of variance for qualitative and quantitative of maize cultivar under foliar application of iron sulfate
4’ é . * e . . . & .
oS golo .)— ag glas,l adlw ylad gy Sy oloxs I Jsb als s
Source of variation &9l Plant Stem Number of leaf per Cob Seed vield
df height diameter plant length y
|5
2 ’S" ) 2 493.75 7411 0.194 0.287 56433.21
Replication
s;a):) ﬁ@) o
) ] 3 407.307 "™ 5.806 "™ 0.444 ™ 2.667 ™ 1021671.22
Maize cultivar (M)
w2 ol
obl S 2 454558 54,30 ™ 0.444 ™ 117.46™  11905187.22 ™
Iron sulfate (1)
T Sl gus x @)y 8 . -
M1 6 23295 ™ 16.78 0.444 " 1.661"™ 522341.24
s
22 343.38 5.71 1.103 2.323 111692.94
Error
s .
T e - 13.3 118 9.64 8.00 111

Coefficient of variation (%)

Aoy S g iy Jleil ok 1o o cre oS 4 KT ¢l e 2 NS
ns: not significant; * and **: significant at five and one percent probability levels, respectively
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Continued table 2- Analysis of variance for qualitative and quantitative of maize cultivar under foliar application of iron sulfate

S yeeis il @lazs i JbsAsa bagls  ROISE b oy
Source of variation df Thousand seed weight  Chlorophylla Chlorophyll b .SEEd Seeq
nitrogen protein
|5
)_‘&’_ 2 224.19 12.3 1411 0.0103 0.373
Replication
SN P@)‘ x x - o o
. . 3 23322.25 41.19 10.03 0.153 5.951
Maize cultivar (M)
ol ol
ol & ¥g 2 13506.36 49.25™ 3.701 ™ 0.049 " 1.907 "
Iron sulfate (1)
U'QT uwg.w x 0)5 PG)‘ ns ns ns ns ns
. 6 1597.17 2.289 0.389 0.008 0.310
s
22 1274.70 3.944 0.472 0.0102 0.4004
Error
s .
Sl re - 121 168 211 8.03 8.05

Coefficient of variation (%)
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ns: not significant; * and **: significant at five and one percent probability levels, respectively
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Table 3- Means comparison for qualitative and quantitative of maize cultivar under foliar application of iron sulfate

oy RN il L3 S 30 Sy olasi I Jsb ails 8 ySlos
Treatments Plant height Stem diameter Number of leaf Cob length Seed yield
(cm) (mm) per plant (cm) ha™) (kg
0)5 ,alé,l
Maize cultivars
(Sl o bons o
14482 199¢ 11¢ 18.74% 3314.3°
MV 524
Vof ol S
ol S 143.4 % 21.9% 11° 19.75° 2581.9°
K.S.C 704
il 331 LowanS Lo
R 13572 20.1° 11° 19.18° 3319.6 °
Iranian Maxima
'y 35 Lod
5 Lo 1305° 19.32 10.5° 18.522 2817.8°
LG 36.07
ool g
Iron sulfate
50
Bl dslns pas 117.1° 18.8° 10.6° 155° 1926.2°
Control
. & r
o e 14372 1950 112 19.9° 2815.08"
3glit?
. & 9
o0 155.08 * 2254° 11° 216° 4672.1°
6 g lit!

235505 (5l e glas 3o )0 B mhans 13 (SIS yaesT bl oS e Bgym b (slo  Kilee gt o 50
Means within a column followed by the same letters are not significantly different based on Duncan test at 5% Probability level.

ol paie il Jaloe il o )8 oyl S g 05 SS9 Sl dumglio —Y Jguz dolsl
Continued table 3- Means comparison for qualitative and quantitative of maize cultivar under foliar application of iron sulfate

oo als 58 (39 a Judg s b Judg k5 1S (39 p wls oig
Treatm:ents Thousand seed weight Chlorophyll a Chlorophyll b Seed nitrogen Seed protein
C) (Mg g*) (Mg g) (%) (%)
@y pld)|
Maize cultivars
Sl oo LopanSTo
3512 10.35 b 4720 1.09°¢ 6.82°¢
MV 524
ol S
VeF ool I 249.4° 12.622 3.04° 13 8.15
K.S.C 704
i1 31 LoaasS Lo
e 323.7° 9.93° 3.003° 1.23" 7710
Iranian Maxima
4 55 Loud
oty les 253.3" 12.22° 281° 142 8.75%
LG 36.07
ool Slalgw
Iron sulfate
oL
il dslre pas 256° 9.61° 263" 121" 757"
Control
. e Yl
70 F5 318.08° 12.13° 3.36° 1.23° 7.68"°
3glit?
. = ;
A F5 319.08° 1361° 3720 1332 831°
6 g lit!
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Means within a column followed by the same letters are not significantly different based on Duncan test at 5% Probability level.
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Figure 1- Interaction effects of maize cultivars and foliar application of iron sulfate on stem diameter
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Abstract

Introduction: Identifying and selecting suitable lines and varieties for wheat cultivation in each
geographical area is of great importance. New wheat lines are commonly evaluated through advanced
experiments in similarly climatic regions, using the results to identify appropriate varieties for
cultivation in each area within most breeding programs worldwide. The aim of this research is to
conduct an initial assessment of wheat lines and identify superior lines for further testing, with the
goal of introducing new varieties in the southern region of Fars province.

Materials and Methods: This research was conducted to evaluate and select superior bread wheat
lines with desirable agronomic traits at the Agricultural Research Station of Darab during the
agricultural years 2019-2020 and 2020-2021. The lines used in this research were selected from
various experiments conducted in Zabol, Darab, and Karaj, as well as from international trials.
Additionally, double haploid lines derived from a joint program between the Seed and Plant
Improvement Institute and Florimond Desprez in France were included.. In the first year, 315 pure
bread wheat lines were examined, and 65 superior lines were selected using the Selection index of
ideal genotype (SIIG). In the second year, these lines, along with three control cultivars, were planted
and evaluated in an alpha lattice design.

Results and Discussion: The analysis of variance for quantitative traits in the control varieties
indicated no significant differences between the blocks. Performance analysis of the traits shows that
the two traits of grain yield (equivalent to 16.45) and grain filling rate (equivalent to 14.78) had the
highest coefficients of variation, thus exhibiting the greatest diversity among the quantitative traits.

| @ Ciy ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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Additionally, the minimum and maximum grain yield of the evaluated lines were 1.83 and 8.33 tons
per hectare, respectively. The results of the coefficient of variation parameters, along with the
minimum and maximum values, confirm the presence of high diversity in grain yield. Consequently,
using the selection index SIIG, lines were selected with an average yield of 7.49 tons per hectare,
which was higher than the average yield of the control genotypes (6.97 tons per hectare) and the total
lines (6.50 tons per hectare). In the second year, significant differences were observed between the
lines for most examined traits. The results of this study also indicate that the average performance of
65 selected lines in the second year was 5.04 tons per hectare, which represents a decrease of
approximately 2 tons per hectare compared to the performance of the same lines in the first year. The
rainfall recorded in the first year was 486.2 mm, while in the second year, it was 73.7 mm. An analysis
of the average temperatures during the two critical months of grain filling, namely April and May,
shows that the weather in the first year during these months was cooler than in the second year. This
contributed to the reduction of the thousand-grain weight from 42.19 gr in the first year to 33.50 gr in
the second year. Regarding selection differential, the highest and lowest values corresponded to the
traits thousand grain weight (4.80%) and height (-0.89%), respectively. Additionally, the total
selection differential, both positive and negative, was obtained as 5.60% and -2.69%, respectively.
The SIIG categorized the lines into six groups. Genotypes number 28, 36, 60, 25, 45, 53, 35, 12, 33,
11, 37, 16, 34, 19, 59, 48, 49, 8, and 30 were identified as the best genotypes with yields exceeding
that of the control cultivars. Examination of the pedigree of the top selected lines showed that several
of the top selected lines included parents PASTOR, BORL14, KACHU, and WBLL1. These parents
likely played a crucial role in the success of these lines compared to other tested lines. The selected
parents in this research possess beneficial genes (such as drought resistance genes from the top
selected lines originating from SAWYT, temperature tolerance from HTWYT, rust resistance from
13STEMRRSN, etc.) that have enhanced yield and quality of wheat under specific climatic conditions.
Conclusion: The results demonstrated the effectiveness of the SIIG in classifying the genotypes, and
based on the findings, the selected lines were introduced for adaptability testing in national uniform
trials in the hot climate of the country.

Keywords: Alpha lattice design, Grain yield, Thousand grain weight, SIIG index
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Table 1- Pedigree of bread wheat pure line at 2020-2021 cropping season

Genotype pedigree
Chamran2
2 TURACO/CHIL//SKAUZ/3/PASTOR/4/Pishtaz/5/Sirvan
3 TURACO/CHIL//SKAUZ/3/PASTOR/4/Unknown/5/Sirvan
4 TURACO/CHIL//SKAUZ/3/PASTOR/4/Unknown/5/Sirvan
5 TURACO/CHIL//SKAUZ/3/PASTOR/4/Unknown/5/Sirvan
6 Chamran 2//SW89.3064/STAR
7 Pishtaz//Falat/Barakat/3/IRENA/BABAX//PASTOR
8 Pishtaz//Falat/Barakat/3/IRENA/BABAX//PASTOR
9 Pishtaz//Falat/Barakat/3/IRENA/BABAX//PASTOR
10 Pishtaz//Falat/Barakat/3/IRENA/BABAX//PASTOR
11 Pishtaz//Falat/Barakat/3/IRENA/BABAX//PASTOR
12 Pishtaz//Falat/Barakat/3/IRENA/BABAX//PASTOR
13 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/Baaz
14 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/Baaz
15 F60314.78/MRL//ICNO79/3/K A/Nac/4/Star/5/NSP88/Siren//Shiroodi
16 CBRD-3/STORK X DICOCCOIDES//Baz/3/ATTILA50Y//ATTILA/BCN
17 KAUZ*2/OPATA//KAUZ/3/DEEK/4/ATTILAS0Y//ATTILA/BCN
18 F60314.78/MRL//CNO79/3/KA/Nac/4/Star/5/WEEBILL 1
19 ATTILAS0Y//ATTILA/BCN/4/OASIS/SKAUZ//4*BCN/3/2*PASTOR/5/PRL/2*PASTOR
20 ATTILA*2/AMAD//ENKQOY/3/PFAU/MILAN
21 BORL14//BECARD/QUAIU #1
22 MUTUS/ROLFO7//MUCUY
23 WBLL1*2/BRAMBLING/4/BABAX/LR42//BABAX*2/3/SHAMA
24 SOKOLL/WBLL1/4/D67.2/IPARANA 66.270//AE.SQUARROSA (320)/3/CUNNINGHAM
25 HUW234+LR34/PRINIA*2//SNLG/3/KINGBIRD #1/4/BAJ #1
26 SERI.1B*2/3/KAUZ*2/BOW//KAUZ/4/FRANCOLIN #1/5/MUNAL/6/KACHU #1/KIRITATI//KACHU
27 SERI.1B*2/3/KAUZ*2/BOW//KAUZ/4/FRANCOLIN #1/5/MUNAL/6/KACHU #1/KIRITATI//KACHU
28 BORL14*2//KFA/2*KACHU
Mehregan
30 KANCHAN*2/JUCHI//2*BORL14
31 ATTILA*2/PBW65*2//MURGA/3/KACHU/KIRITATI
32 BORL14*2/FITIS
KACHU
33 #1//WBLL1*2/KUKUNA/3/BRBT1*2/KIRITATI/6/ROLF07*2/5/REH/HARE//2*BCN/3/CROC_1/AE.SQUARROSA
(213)//PGO/4/HUITES/7/BORL14
34 KACHU//KIRITATI/2*TRCH/3/KFA/2*KACHU
35 KACHU//KIRITATI/2*TRCH/3/KFA/2*KACHU
36 PUB94.15.1.12/WBLL1
37 BORL14*2//BECARD/QUAIU #1
38 ONIX/KBIRD//BORL14/3/ONIX/KBIRD
39 KRL 19/QUAIU #1//BECARD/QUAIU #1
40 BABAX/LR42/IBABAX*2/3/[KUKUNA/4/CROSBILL #1/5/BECARD/6/BORL14
41 SUP152/BLOUK #1/3/PRL/2*PASTOR*2//VORB/4/SUP152/BLOUK #1
42 SUP152/HUIRIVIS #1//2*BORL14
43 KFA/2*KACHU*2//SUP152
44 WBLL1*2/KURUKU//HEILO/3/WBLL1*2/KURUKU/4/SUP152/BAJ #1/5/SUP152/BAJ #1
45 WBLL1*2/BRAMBLING//WBLL1*2/BRAMBLING/3/2*BORL14
46 MERCATO/BECARD//BOKOTA
a7 FD07072/FRANCOLIN #1/4/ATTILA*2/PBW65//MUU #1/3/[FRANCOLIN #1
48 SUP152/BAJ #1/3/[KACHU//WBLL1*2/BRAMBLING
49 WBLL4/KUKUNA//WBLL1/3/WBLL1*2/BRAMBLING/4/BECARD/FRNCLN
50 VILLA JUAREZ F2009/CHYAK//MUTUS/AKURI
51 SUP152*2/TECUE #1/3/ATTILA*2/PBW65*2//MURGA
52 OASIS/SKAUZ//4*BCN*2/3/PASTOR/4/HEILO/5/PAURAQ/6/BECARD/QUAIU #1
53 FRAME//MILAN/KAUZ/3/PASTOR/4/SOKOLL/5/KACHU//WBLL1*2/BRAMBLING
54 PREMIO//P1 610750/PIFED/4/VORB/FISCAL//KACHU/3/WBLL1*2/BRAMBLING
55 MUNAL #1/FRANCOLIN #1*2//[KUTZ
56 KACHU//WBLL1*2/BRAMBLING*2/3/KACHU/KIRITATI
57 FRET2*2/BRAMBLING//BECARD/3/WBLL1*2/BRAMBLING*2/4/BECARD/QUAIU #1
58 Chamran/Baz
59 PRL/2*PASTOR//Morvarid
60 DEZ/SW891882//Shiroodi
61 DEZ/SW891882//Morvarid
62 KIRITATI/WBLL1//2*BLOUK #1*2/3/BECARD/QUAIU #1
63 BORL14*2//BECARD/QUAIU #1
64 BORL14*2//BECARD/QUAIU #1
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Table 2- Monthly meteorological data in the cropping seasons of 2019-2020 and 2020-2021

WAAIYAA cly Juad
2019-2020 Cropping season

VPeemIYAQ ely) Juad
2020-2021 Cropping season
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Rainfall (mm) e Aoy (Sl Rainfall (mm) e ddw eSile
Min Max Mean Min Max Mean
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Oct 0.2 18.4 35.4 26.9 0 16 33.4 24.7
obl
Nov 26.1 10.8 26.2 18.5 7 16.2 27.3 18.7
431
Dec 117.3 6.3 19.8 13.1 40.6 7.6 20.4 14.2
<°
Jan 122.8 3.9 17.6 10.8 2 2.2 19.4 10.8
oo
Feb 24.6 3.8 18.3 111 4.1 4.5 22.8 13.7
odu|
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0959
Apr 158.7 10.8 23.6 17.2 0.9 13.6 315 22.6
Clage
May 24.5 15.8 319 23.9 1.9 18.4 34.8 22.6
KEges
June 2.6 21.3 40.5 30.9 0 23.3 42 32.7
Los (SSlro
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Figure 1- Heat graphs of genetic diversity of agricultural traits of bread wheat lines
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DHE: Days to heading, DME: Days to maturity, PLH: Plant height, TGW: Thousand grain weight, SFP: Seed filling period, SFR:
Seed filling rate and YLD: Grain yield
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Table 3- Descriptive statistics of different morpho-phenological traits in bread wheat pure lines

Loy €900 aals Sl gy
wlio Total lines Checks Selected lines

IS il Jan Sl psdd o pb dineS dindor Sy Volor  oBne jle il shno 1l lpdd o pd dhseS L
Mean STD  CVariation Min  Max Barat Chamran 2MehreganSarang Mean  STD  CVariation Min Max

DHE 11817 261 221 11100 127.00 11800 12025 11650 11825 11761 211 1.80 111.00 123.00
DME 15471 331 214 14300 16400 15675 15725 15325 15750 15524 294 1.89 150.00 164.00
PLH 9878  11.26 1140 2900 14800 10375 100.75 9375 9600 9708 1228 1265  29.00 120.00
TGW 4228 484 1145 2680 5520 4070  36.90 3760 4120 4219 370 8.77 3120 54.40
YLD 650 1.08 16.54 183 833 6.99 6.20 706 764 769 0.27 350 732 833
SFP 3654 315 8.63 2700 4700 3875 37.00 3675 3925 3763 299 7.94 3200 47.00
SFR 117 017 1478 075 164 1.05 1.00 102 106 113 0.12 10.22 084 137
ails & yShos JS' pKileo
6.50 6.97 7.69

Total average grain yield
wls o Sloe (YLD ¢ ails o 53 e s SFR (yals 5 0,90 Jobo :SSFP ails 52 59 TGW gy glas )] : PLH ( S0, b 59, DME ( 204l U 3, DHE

DHE: Days to heading, DME: Days to maturity, PLH: Plant height, TGW: Thousand grain weight, SFP: Seed filling period, SFR: Seed filling
rate and YLD: Grain yield
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Table 4- The results of variance analysis of 65 bread wheat genotypes in the cropping season 2020-2021
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S.0vV df
DHE (day) DME (day) PLH (cm) TGW (gr) YLD (ton/ha)  SFP (day) SFR (mg/day)
S . . . .
1 0.07"* 10.70 34.36"° 1.84 12.54 0.07
Replication
(o0 grumai) S'oy
. 2.45"s 18.35™ 191.30™ 0.36"* 20.74™ 0.07"
Block (adjusted)
(o0l gasmas) (¥
. i 5.09" 5.40™ 29.14™ 3.88" 5.22" 0.02™
Line (adjusted)
olac!
60 1.16 261 14.43 0.36 2.9 0.01
Error
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", “and ™" indicate non-significance, significance at the 5% level, and significance at the 1% level, respectively.
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Table 5- Grouping of bread wheat lines based on the SIIG index and the average of different morphophenological traits in each

group
50 oo —alins G
aie | bes E:r:]’g:r';’; . B S liey g, sy Al ,Sles Al sy 0)gd 4D by Cad s
Groups genotypes  DHE (day) DME (day) PLH(cm) TGW (gr) YLD (ton/ha) SFP (day) SFR (mg/day)
0.8<SIIG<09 1 1 111.00 150.00 100.00 46.00 7.09 39.00 117
0.7<SIIG<0.8 2 1 114.00 146.50 105.00 44.00 5.64 3250 135
0.6<SIIG<0.7 3 6 112.00 145.83 102.17 39.83 5.64 3383 118
0.5<SIIG<0.6 4 11 11177 146.64 100.27 36.24 5.58 34.86 1.04
04<SIIG<05 5 20 112.28 146.05 99.53 34.08 5.08 33.77 101
0.3<SIIG<04 6 26 113.09 146.71 101.37 29.52 453 33.62 0.88
Y olsz 4 1 116 146 100 335 464 33.00 112
Chamran 2
b e 4 1 112 146 98 35 534 3450 1.02
Mehregan
Sl 4 1 111 144 103 35 5.03 3250 1.07
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Table 6- VValues of different morphonological traits and SI1G index in 65 bread wheat genotypes studied

ogsF Ay bl s il abols waiyislakolh b s, b,”) A SR o o ydles 2 0y90 prgerye
oY . - Sy 4l 4l i FHENORY)
_ Gro Ra SIIG N Jlow! e PLH Al (s
Line DME TGW YLD SFR
up nk SIG d- d+ DHE (day) (cm) SFP (day)
(day) (gr)  (ton/ha) (mg/day)
Y ol
Chamra 5 33 044 0.09 0.07 115.50 14550 99.50 33.50 4.64 30.00 112
n2
2 5 29 046 0.08 0.07 114.00 149.00 101.50 34.50 5.28 35.00 0.98
3 6 62 0.20 0.13 0.03 113.00 146.50 9450 26.00 4.28 33.50 0.77
4 5 35 042 0.09 0.06 114.00 14750 93,50 32.00 5.18 33.50 0.97
5 5 37 040 0.09 0.06 114.00 148.00 103.00 32.50 5.22 34.00 0.95
6 6 50 0.32 0.10 0.05 113.50 14550 107.50 31.00 4.47 32.00 0.97
7 6 63 0.19 0.13 0.03 114.50 148.00 97.00 26.00 4.34 33.50 0.77
8 4 18 052 0.07 0.08 114.00 148.00 103.00 34.50 5.85 34.00 1.01
9 5 36 041 0.09 0.06 114.50 148.00 91.00 34.00 4.34 33.50 1.02
10 6 65 0.11 0.14 0.02 115.00 146.50 103.50 25.00 3.73 31.50 0.78
11 4 10 056 0.07 0.08 111.00 145.00 96.50 36.50 5.59 34.00 1.07
12 3 8 060 0.06 0.09 113.00 146.50 93.00 35.50 6.28 33.50 1.06
13 6 41 0.39 0.09 0.06 110.50 147.00 109.50 32.50 5.24 36.50 0.90
14 6 45 0.37 0.10 0.06 110.50 145.00 105.50 33.00 457 34.50 0.97
15 6 44 0.38 0.10 0.06 112.50 148.00 99.50 29.00 5.79 35.50 0.81
16 4 12 055 0.07 0.08 110.50 144.00 98,50 36.00 5.59 33.50 1.07
17 5 39 040 0.09 0.06 110.50 14350 93,50 31.50 5.10 33.00 0.96
18 6 47 0.36 0.10 0.06 113.50 146.00 106.50 29.00 5.55 32.50 0.89
19 4 14 053 0.07 0.08 110.50 14450 106.50 36.00 5.54 34.00 1.08
20 6 60 0.24 0.13 0.04 113.50 149.50 103.00 25.50 4,93 36.00 0.71
21 5 22 048 0.08 0.07 112.50 14550 102.00 35.00 5.15 33.00 1.05
22 5 25 047 0.08 0.07 110.50 14450 101.00 36.50 4.68 34.00 1.06
23 6 51 031 0.11 0.05 114.00 148.00 99.00 31.00 4.46 34.00 0.90
24 5 27 046 0.08 0.07 114.00 146.00 99.50 34.00 5.02 32.00 1.07
25 3 4 064 0.06 0.10 111.00 147,50 106.00 41.50 5.69 36.50 112
26 5 38 040 0.09 0.06 109.00 145.00 97.00 33.50 4,93 36.00 0.92
27 6 43 0.39 0.09 0.06 111.33 145.00 99.00 32.00 4,98 33.67 0.95
28 1 1 086 0.02 0.14 111.00 150.00 100.00 46.00 7.09 39.00 1.17
OB e
Mehreh 5 20 049 0.08 0.07 111.50 146.00 97.50 35.00 5.34 34.50 1.02
gan
30 4 19 050 0.08 0.08 112.00 14750 100.50 36.50 5.21 35.50 1.02
31 6 42 0.39 0.09 0.06 114.50 148,50 98.00 33.00 473 34.00 0.97
32 5 28 046 0.08 0.07 111.67 145.00 107.67 34.67 5.19 33.33 1.04
33 4 9 058 0.06 0.09 112.00 147.00 93.00 36.50 5.84 35.00 1.05
34 4 13 054 0.07 0.08 111.00 14550 101.00 35.50 5.68 34.50 1.04
35 3 7 0.61 0.06 0.10 112.00 14550 113.00 41.50 5.14 33.50 1.24
36 2 2 073 0.05 0.12 114.00 146.50 105.00 44.00 5.64 32.50 1.35
37 4 11 056 0.07 0.09 111.50 147.00 104.00 38.00 5.38 35.50 1.09
38 5 31 045 0.08 0.07 112.00 14550 104.50 34.00 5.18 33.50 1.02
39 6 49 0.32 0.10 0.05 110.00 14450 103.00 32.00 4.40 34.50 0.93
40 6 40 040 0.09 0.06 114.00 145.00 104.50 33.00 455 31.00 1.06
41 5 30 046 0.08 0.07 110.00 146.50 106.50 35.50 5.15 36.50 0.97
42 6 57 0.25 0.11 0.04 114.50 148.50 104.50 29.00 451 34.00 0.85
43 6 46 0.36 0.10 0.06 112.00 147,50 100.50 32.50 4,78 35.50 0.91
44 6 48 0.35 0.10 0.05 115.00 14550 98.00 31.50 4.27 30.50 1.02
45 3 5 063 0.06 0.10 110.00 143.50 108.00 40.00 5.52 33.50 1.19
46 6 53 0.28 0.12 0.05 114.00 148.00 87.00 27.50 4,59 34.00 0.80
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Table 6- Continued

47 5 32 044 0.09 0.07 111.50 14750 90.00 34.00 5.04 36.00 0.95
48 4 16 053 0.07 0.08 112.00 14750 106.00 36.50 5.55 35.50 1.04
49 4 17 053 0.07 0.08 112.00 148.00 97.00 36.67 5.43 36.00 1.02
50 6 61 023 0.12 0.04 112.50 146.00 96.50 27.50 4.46 33.50 0.81
51 5 34 043 0.09 0.07 112.50 14750 101.00 32.00 5.63 35.00 0.92
52 6 55 025 0.12 0.04 111.00 146.00 101.50 30.50 3.84 35.00 0.87
53 3 6 063 0.06 0.10 112.00 148.00 102.50 39.00 6.03 36.00 1.07
54 6 52 029 0.11 0.04 111.00 143.00 106.00 30.50 4.23 32.00 0.95
55 6 58 024 0.12 0.04 115.50 146.00 110.50 29.00 4.23 30.50 0.93
56 5 26 047 0.08 0.07 112.50 148.00 102.00 34.50 5.49 35.50 0.96
57 6 56 025 0.11 0.04 111.00 145.00 100.00 29.50 4.19 34.00 0.87
58 6 64 013 0.14 0.02 115.50 148.50 103.50 23.50 432 33.00 0.71
59 4 15 053 0.07 0.08 113.00 149.00 97.00 36.00 5.69 36.00 1.00
60 3 3 068 0.06 0.12 114.00 144.00 90.50 41.50 5.20 30.00 1.39
61 6 59 024 0.12 0.04 115.00 150.00 104.50 30.00 3.96 35.00 0.86
62 6 54 027 0.11 0.04 113.00 14750 93.00 28.50 4.48 34.50 0.83
63 5 23 048 0.08 0.07 111.50 14450 103.50 36.00 4.77 33.00 1.09
64 5 21 049 0.08 0.07 113.00 14450 93.50 34.00 5.19 31.50 1.07
Sl
5 24 047 0.08 0.07 111.00 143.50 103.00 35.00 5.03 32.50 1.07
Sarang
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Table 7- Correlation coefficients between different morphophenological traits and SIIG index in cropping season 2020-2021

G 39, B » el ’ ’ai O s Sloe o 5 0y90 OOy Sy
el . S &l . .
oalow PLH YLD als &l
Slao DME TGW
< SIG DHE (day) (cm) (ton/ha) SFP (day) SFR (mg/day)
Trait SIG (day) @n
SHG ey
1.00
SHG
—aloiw U 59,
<O -0.27"
DHE (day) 1
Sy B 39,
DME (day) -0.1"s 0.52" 1
syl
PLH (cm) 0.017- -0.13"s -0.11"s 1
&l 515 (39
TGW (gr) 0.96" -0.30" -0.13" 0.12" 1
S ySlos
YLD (ton/ha) 0.84" -0.22n 0.14"s -0.01" 0.68" 1
RESBRIT
als
SFP (day) 0.17" -0.45" 0.52™ 0.01"* 0.16M 0.39” 1
OO 5y S
als
SFR (mg/day) 0.88™ -0.14"s -0.32™ 0.09"s 0.93” 0.544" -0.19" 1

*% % g

doye S Jloiol mda 53 (g5l pie 5 vy i Jlainl mha o (6 pixe o5 I pxe pas e lis cud Say g
"s, *and ™ indicate non-significance, significance at the 5% level, and significance at the 1% level, respectively.
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Table 8- Differential selection of morpho-phenological traits of SI1G index in bread wheat lines

w| Lﬁ ERTS ERRY ~|~ ERRY 4 .|-
Slio Jale bowigy Js S SO O il e 58 el s Gun
. Selected Selection Selection differential
Traits Factor  All genotypes . . Goal sense
genotypes differential (%)
als I o3 .
FALl 33.50 39.30 4.80 14.00 increase 100
TGW (gr)
ailo o ,Slos
FAl 5.04 5.68 0.64 12.20 increase 100
YLD (ton/ha)
Alo yud s g
FALl 0.99 1.15 0.16 12.70 increase 100
SFR (mg/day)
1o 4ol 3 0490
FA2 33.90 33.40 -0.43 1.50 increase  0.00
SFP (day)
@ asw U 39,
FA3 113.00 112.00 -0.92 -0.86 decrease 100
DHE (day)
Sy U 3,
FA3 146.00 145.00 -0.45 -0.32 decrease 100
DMA (day)
syl
FA3 101.00 100.00 -0.89 1.80 decrease 100
PLH (cm)
O 35 el 0 S5
-2.69
Total negative
selection differential
Ot 35 il p 0 S5
’ 5.60

Total positive
selection differential
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Figure 2- Ranking pattern of selected lines based on the SIIG index (A) and the strength and weakness pattern of selected lines based
on the MGIDI index (B)

The first factor (grain yield, thousand-grain weight and grain filling rate) (red), FA2: the second factor (grain filling period) (green) and FA3:

the third factor (days to heading, days to maturity and plant height) (blue). The dotted line indicates the theoretical value if all factors play an
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Abstract

Introduction: The first step in the breeding of agricultural traits is to have sufficient information about
genetic parameters such as the mode of inheritance and the way genes work for traits. One of the most
suitable methods for calculating genetic parameters is the method of analyzing the average of
generations due to the low error calculation. The interpretation of the method of analysis of the average
of generations determines the gene effects, which are actually the result of all the gene loci that are
diverging. This means that the additive effects as well as the reciprocal effects in connection with
these effects are a function of the degree of dispersion of the genes increasing the traits between the
parents in the Study, if the dominance parameters result in the direction of dominance in each gene
locus. Therefore, the effects of genes in different directions may cause the estimate to be lower than
the actual amount. On the other hand, the genetic variance is calculated from the sum of squares of
each gene locus.

Materials and Methods: Therefore, in order to study the type of gene action for some quantitatively
important traits in safflower plant, crossing between 93 and American cultivars (resistant and sensitive
to drought stress, respectively) was done and then F2, BC1.1 and BC1.2 generations were obtained.
The parents along with the F1, F2, BC1.1 and BC1.2 generations were studied under drought stress
conditions in the research farm of Plant Production Technology Research Institute of Shahid Bahonar
University in 2020-2021. The research was conducted in the form of a randomized complete block
design with two replications. Dry stress was applied at the 10% Heading stage and up to the full

| @ Ciy ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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ripening stage. 8 traits including plant height, SPAD, number of sub-branches, number of bolls, single
plant yield, days to 5% tillering and number of days to 50% flowering were evaluated.

Results and Discussion: The results of analysis of variance of this research showed that the mean
square of the generations for all studied traits in the cross was significant. Therefore, the best genetic
model was made for all investigated traits. The interaction effect of generation x location was
significant for the studied traits. To evaluate the best genetic model, Meter and Jenkins method and
individual scale test (A, B, C and D) were used, and the results of these tests indicate the existence of
additive and dominant effects, as well as non-additive parameters (incremental x additive (i), additive
x dominance (j) and dominance x dominance (1)) also played a role in the genetic control of all traits.
In the irrigation conditions of no stress, most of the traits except the number of sub-branches and the
number of bolls were not significant by chi-square and individual scale test and were under the genetic
control of the three-parameter additive-dominance model. Also, in the condition of drought stress, it
was significant in controlling the inheritance of all chi-square traits and their scale test (A, B, C and
D). The opposite sign of h and | in the characteristics of plant height, number of sub-branches and
number of bolls under drought stress indicates epistasis of double type. This type of epistasis causes
disruption in the selection process by reducing diversity in the F2 generation and subsequent
generations and shows the complexity of the inheritance of these traits.

Conclusion: Based on the results of this research, the importance of non-additive effects (epistasis
parameters) in the control of investigated traits under conditions of moisture stress, the necessity of
selection in segregating generations (after reaching purity and relative homozygosity) and the use of
bulk-pedigree method or production Hybrid cultivars show in safflower plant. The different results in
the experiments can be attributed to differences in genetic material, sample size, and experimental
environment.

Keywords: Epistasis, Genetic variance components, Generation mean decomposition, Moisture stress
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Table 1- Soil information of the research field of Plant Production Technology Research Institute located in Shahid Bahonar
University of Kerman

Colon
b i gy b Ly :
X e I LN “_”5# = N e o S ool
Sk Ph Nitrogen ~ Phosphorus  Potassium
. Fm EC Mn (ppm)  Cu(ppm)  Zn (ppm)  Fe (ppm)
texture Soil 4 (%) (ppm) (ppm)
(dS.m™)
- oy
7.59 2.43 31 10.72 346.20 3.96 0.37 1.33 2.16
Sandy -loamy
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Table 2- Analysis of variance of studied traits for different generations resulting from crossbreeding 93xAmerican

Fev) a0 syl SPAD 4L olaws Slaxy P S ySlos B39, 1.0+ G 39,
&l gt sol51 Height e 0jgd g Wy ST RSO, XLy
S.0.vV Df (cm) Number of ~ Number Plant Single- Day up to Day up
sub of boll fresh plant 50% to 50%
branches weight  yield (gr) Heading flowering
Polse 1 ##16354.26  **248.066 #4147.16 *#4300.86  **3.80  **9806.99 ##1625.91 #2166.19
(5,185
2 0.38 0.60 0.28 0.25 0.12 0.62 0.25 0.23
R(P)
G Jus 5 *30.57 #434.42 #7.27 *18.42 *#0.08  **3911.90 *34.80 #21.96
kJL.‘-;.:EE u&n £33 et EES £33 3| ELY e £33
5 163.01 39.63 2.79 132.81 0.04 639.35 84.18 147.86
P*G
Uas-
2.32 0.82 3.61 441 3.99 1.83 0.45 0.30
Error

2oy3 ) 50 Jlo glaw ol gine DS o 4% 5"

% and **: significant at the 5 and 1% probability levels, respective
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Table 3- Estimation of genetic parameters of evaluated traits in safflower plant with three-parameter model, in crossbreeding 93*A
in non-stress humidity environment

Jbo s 4y a0 syl SPAD as Lo olawy 03¢ Sluwi g 5039 S o Slos B39,
N.93 s Height Py Number  Plant fresh &g SROAST .
Df (cm) Number of of boll weight Single-plant Day up to
sub branches yield (gr) 50% Heading
133.41%* 65.01** 16.98** 69.81** 1.07# 3.78** 129.94%* 160.30%*
m
ol
el -9.09% 5.25% 1.20 -7.68% -0.25% 49.28%* 5.28% 9.03%*
d
Codle ol N N »
-0.69 -7.65*% 0.85% -10.25%* 0.45%* -50.82#* 6.26%* 5.44%*
h
Sl S5
) 5.63 7.48 11.46* 29.68** 4.83 4.94 2.56 3.08
X
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% and **: significant at the 5 and 1% probability levels, respective
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Abd El-Hady et al., 2018; Salmi et ) el oo 5,155
.@l., 2019; Taheri et al., 2022

CrheS g 0, 8es (S5 55 9 (S5 Sl asllae jslaiea,
w0iml paiS g0 BW 5l ol 4l Jud ied o Jeae
1S comial3bl d g a3 S a8 el o] 5 S mls
S azgi 6l 10l cdles dalllas 590 Dlao &g
il ol U5 (Collé — 33 (6 ol b as e elio
(Cadle x cdi) g3l wnl OISl g codle Ol Sl piman
9 sl SIS (6 e (BB (om0 090 Dlio STl
iz (Bilgin et al., 2016) ausls g5kl Koo IS
slizl 5 0,8es (S5 o el 05l oz (slaalllas o
ol B s 52k a3 525 5l oolawl b b pasS jo 0 Sles
5 oal33l Ol asllas 550 Sl o Culyg s 4 wis,S
SO N |51 PO [51) WP RN K IO

S (agby buseo 50 93FA ([ IW 55 (5 plyly A Juo b SIS oS 50 oud (b il wlheo (i) s el e —F Jgus
Table 4- Estimation of genetic parameters of traits evaluated in safflower plant with three-parameter model, in crossbreeding 93*A
in stress humidity environment

S
- 9 az Ll oluxi  0)ef Slowy A ¥ ) 240SG 7.8 U
S Ay ol5T 4250 el <€ LadCST o ¥ X039 . < 395
T93 Df Height (cm) SPAD Number of sub  Number of Plant fresh Day up to 50%
' g branches boll weight SergIe—pIant Heading
yield (gr)
81.69%* 52.41%* 11.54%* 37.73%* 0.42%* 117.75%* 115.73** 146.85%*
m
LR N N
| 7.92 -1.97% 1.53* 4.34*% -0.02 21.08* -8.94¢ -7.26
Codle ol 51 v , . " .
-3.98% 210 -0.50%* 0.71% 0.08° -48.05° 0.25% 1.32¢
h
A5l S8 - - - - - - - -
) 158.04 246.76 21.28 144.10 122.69 216.62 454.14 308.88
X

% and **: significant at the 5 and 1% probability levels, respective
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Table 5- Individual scale test of A, B, C and D evaluation traits in safflower plant in crossing 93*A in the humidity environment of

non stress
. Lo ofows . S0 Slos B39, as Ll oluwi
Jboy bl 905 el sy ojgf Sl g J (439 " poanS5Be E
o ¥ 1
Normal Height  SPAD Number of Plant fresh
- Test Number of sub . Single-plant Day up to 50% Number of
conditions (cm) boll weight . )
branches yield (gr) Heading sub branches
?i @ A 1.470 1.882 0.89 3.48** 0.658 1.831 0.234 1.527
5 \;5 B 0.356 1.542 2.81** 3.23** 1.642 1.319 1.191 0.312
% & C 1.720 0.996 2.02* 171 1.131 0.957 1.340 0.451
s © D 0.948 1.130 0.91 1.73 1.882 1.028 0.297 1.160

% and **: significant at the 5 and 1% probability levels, respective
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Table 6- Individual scale test of A, B, C and D evaluation traits in safflower plant in 93*A crossing in stress humidity environment.

ol . S olus Sl 5039 S ySlos 39
. o ax )0 éu-"'ﬂ N . &g &g 6»&4»55&"/.
i 0go3! a ) =2 039¢
sl Height SPAD Plant Single- Day up to
Stress Test Number of sub  Number .
n df (cm) fresh plant yield 50%
conditions branches of boll . .
weight (gr) Heading
© A 7.15%* 14.02** 2.58** 7.34* 7.35 0.60 11.57** 0.65
K Q
ﬁ x 7.79%* 9.0** 2.99** 6.79** 6.27 0.02 5.95* 3.78**
3 %
%- & C 0.93 11.96** 0.79 3.42%* 8.91** 14.38** 5.70** 14.19**
QO -t
=
D 11.07** 1.28 4,12%* 3.37** 1.04 12.03** 17.80 13.15*

% and **: significant at the 5 and 1% probability levels, respective
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(5! 1) (suial 331 51
05 U oS (05 S Fl a5 w0 25 Sl sk
P 33 0,5 518 55,500 Gl e 0 Koo slags b
Slio 00 J 715 glagys Sl amslons 6y )bl sloJos
S (o8 Coeal (g3liucyl Sl aS 398 o0 (558 (oS
Sladse ;3 sill 0s2s pae (58l 8 (i seges
(Kearsey and Pooni, 1996) ail o oS 53

St 15 g by bl ot o (S sl el )l 050

*

2oy3 ) 50 Jlodl gl ol gine DS o 4%

S o ag ol plas (A 5 Y Jglaz) asdlhae ol gl
=5 4L o lio (oled ok Jloy Ll )3 AxO3
W gl o Slao 25T Susb, (A5 Ll pd o Grizen
Soigine [A] el )l (o205 00,0 70 b 59, 5 43y 5 (39
Sloslaiwl b gy 8 90 Dlao 39t Jomnily [;Kls a5 0
® Sme 0 adgl gla s )3 (loym b 235 slahs)
Soliman, 2018; Koubisy, 2019; Al-) uib e &, Jl>
4 ol38l Sl el )l cuie cdle (Naggar et al., 2021
el aalllas 390 Slio J S s I Wiy 65 e
A s ook ly (g5 oo las yelil cnl og (S
=l 380 Ol 31 el (Asadi et al., 2019) ail o Ciws
&5 S8 SaSTy 5l oYb 4z 0 0429 Jdoas conl (S
ol 4 el cnl cdle af a i jsloly sl cal by a3l
413§ L 5 P2 ally plaf 5 PL ally alas af o ls Ko us
(Shayan et al., 2017; Mather and Jinks, 1982) s¢
i)y 5o sl B O Conl Jloyi Ll jo gy oplye
Al jg, g aig G0 ,Slas o e 8 axl5 SPAD wlo o
Slino o (Sois A5 Ll d 0 rizen 5 (2S00
Ol digy ST o, Slas g 0398 Slasd (o ,8 axli iy gl )]
SlpaS ol las KI5 o tolejT (A 5V Jgaz) ams e
Lol )b )0 (oo G 0 (B DI ST (o B a3l slaws
0,18 Cupliin Jiogh ol s b as c il  Sas s
.(Amini, 2020)



wy S S e Ls.’.lS-.'.}“T X AY s ool 18 ) (I 51 Jrole S5 sleadisi) (2155 moee Wl 9 0 Soe (S s ol (b))

S es ol e 3,85 oo sl uilly als
o dm gladd o F s 0 £935 (2ol L 5k
o rsd B E3S Ja 5 33,5 oa G35 b s LS
Ol g 4l 12l 4 b G5 Cen 5 (VL gl &
sl JStie gl S 035 S o 55kl £5
@l g 5 0l (2ol )l helas (55buns] S oo
Yadava and ) sas &, o i JolS ¢

.(Narsinghani,1999; Dorri et al., 2014

Doy (1399 Ug ST D Slas dje dlan
30 i pae bl o dslllas 0550 Slao (pl 0550 40
o,Slee io sl M-A-h g lib 4w Jow 93XA 8
Gilr Joe (e Oloredr i 5 (59 9 0598 Slai iy ST
O Jow o Stz i aoe byl b o poras s )T
Srolb F o wig S5 o ,Slee Slao M-0-h-i-l szl )b
M-0-j e, ¥ Jos g aligs 49 Sbo gl M-d-h- |

(Vg A Jglaz) &b 05l Jow on e Olgres
5 o=l Ol g ST o Slos Cao ¢ imghy (pl o
Al ceodle (glyls ((—uljdl x (il (o3l el )l
Sy90 St o gl Juldie Slol_aie conle Sily 4 aidg
anje jleslai b (6,500 —iogh 0 0 —il o dallas
Wer ST 0 Slae a5 ol ooly i &3 o b Jud .Sk
a8,8 1,5 (M-d-h-i-1 & 2l )l 0 Jow) g5k 156 cos
Sl Seis ni byl s 0 asdllae ol ol b as el

.(Moosavi et al., 2018) cils

O 203 DU 59,9 (2465 o> B+ U g,
Sl ol Giaghy (nl slod— (:Slee aujos mls
&l 93*FA W jo Jloy Loyl i 40 dalllas 5550 slo s
23S 0000 U 3, 9 B34S dn 0 B0 L g, Slaws
x5 Slp Je o e el - (il 6 el s Joe
Lyl 50 bt ol oo asdllas 850 Sl S5y J oS
0+ 59, o glp aS ol T ossmo i S_is i
G 59, Cho s M-0-N-i-l 5 ,200l)l O Joo 204655 a0
O ya—lio lgieaa M-0-h-i 5 el L § Jow 00dS 70+

58 4L dlaxs SPAD (glis

Jow Ax93 535 15 Jloys Lasl, s o Slio ol 550 4o
Joe glas )| cbo (g1 SPAD s gl m-0-h (s el )l ¥
0 Joo e,dasl b olows b o gl g M-d o l, ¥
S Sl e e elie lsisay met-heicg s
S 3 Susby A (anme by 8 )3 (izeen (Y J9u2)
0 Jas SPAD ciw sl m-d-h-1 ¢ el )b F Jos Ax93
L oo Cbs gy g5 Caio g M-0-N-i-l g 2l
o e Olgie 4o Med-h-i-l gl 0 Jos (22
ot S S gk ) Geltie (A Jgoz) ol L]
4350 5l oolainl b g 0, Slee b oo Slao S &)lgh 0550
Al slaws Zhs oS wisls las b pasS o by s .50
o (Sad i bl b s Al gl g s yo 55,L0
(Codle x ol g il x ial38) (6 k] ST 36
£ 5 o 45t Slas) agiy ol s b oS wiid S 13
Frozanfar et ) ccols caisllae (s, (i Ll d )0 aig
eSiles ay325 5 ooliul L a5 glasllas s .@l., 2010
Joe a5 ol lss gmls e plosl 1515 535 (g5, 2 b s
O bl il po el )| Cho iz gi (ol ol - il 8l ool
ol ol i sl (s3] Al 0Bl o3 (IS Ssb,
Sl Joo o (nl (gugb) Jloy Ll 3 5 0l ool
Ahmadian ) s s chllas jimgs ol glo b aS aiio)lg
(etal., 2016

Cedle) (bl SIS g codle 1 ally g0 a5 Sl
oatien gt oo 1y (g3l £45 1) il Jow o (Codle x
Sedle yhly 93 cnl a8 Gl (pdione DL pliy 05
koSS bl 295 5l (3l 0 Bb i dls ol
bl wails Al in 9o (pl Cuadle a5 Sloj g 0 il go
oy opl 4 (Al-Naggar et al., 2021) c_wl cacl i
Slows gy glis )| lio sl | g N sl el b llses coadle
975 5l (Sl (S 5 bl s 0 SPAD 5 (08 4L



OhKes g (Sud oila W

SHeby SIS pus byl 53 93FA (IW 53 (o 1 3 90 Olbo (gl dilie (S 1521 05900 -V Jgur
Table 7- The estimation of different genetic components for the studied traits in the cross of 93*A in the condition of no humidity

stress
Traits <o m [d] [h] [il (il ]
s
e 133.41% -9.09% -0.69™ ] ; ]
Height (cm)
SPAD 65.01%* 5.25% 7.65* . . )
5 a5Ls ol
Sttt 19.44% 2.23% -3.93* -3.43° -6.87° .
Number of sub branches
ot s
595 S 69.15% -9.09% -9.59% . 7.97¢ .
Number of boll
e 1.07% -0.25% 0.45% ] ] ]
Plant fresh weight
oo
gt S5 2 Sl 230.48"* 49.28*  -50.82%* . . .
Single-plant yield (gr)
Day up to 50% Heading 2s4s557.0+ bjs, 129.94%* 5.28** 6.26** - - -
NESISRTS
o5 0 5, 160.3% 9.03* 5.44% ) . )

Day up to 50% flowering

*

Soldgire pas NS g a3 ) 50 Jlaisl s jo o s IS s 5 ay ™

% and **: significant at the 5 and 1% probability levels, respective and ns, not significant
esomma il e 5 ol sla il bl 1 ggama i« sial3l (slo il Jlie 5 ggomme il ol sl 31 gnmme N o siul3l slo il ggaze il (plly (uSiloo M
ol i i

[m]: mid-parent value, [d]: pooled additive effects, [h]: pooled dominance effects, [i]: pooled interactions between additive effects, [j]: pooled
interactions between additive and dominance effects, [I]: pooled interactions between dominance effects
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Table 8- The estimation of different genetic components for the examined traits in the 931*A cross under humidity stress conditions

Slas
m d h i j |
Trais [d] (h] (il b1 ]
Las |
e #*124. 76 “8.38 *-117.76 #-40.79 - “76.66
Height (cm)
SPAD *#57.07 223 #.23.23 _ - #26.15
&8 aLs olaws
Number of sub *021.45 *1.52 *-26.53 -9.61 ) +17.42
branches
0368 Sloss
538 Sl ##38 97 *7.88 052 - *-30.41 R
Number of boll
B +0.39 #.0,02 #20.48 ; ] #.0.45
Plant fresh weight
G S5 5 S
©¥ > ##250.52 #¥20.93 #.322.15 #.137.43 - #-140.54
Single-plant yield (gr)
Da; 4S50+ b
e 2% #162.76 567 #.119.14 #.46.70 . #77.05
up to 50% Heading
B0 b 5,
Day up to 50% **163.38 *-6.89 *-26.16 *-21.09 i, -
flowering

doy0 ) g0 Jlas ! maw o ls e M i 5 4 g

% and **: significant at the 5 and 1% probability levels, respective
Egoo e 5 38l sl il bl 31 g gemme j (il sl 31 blie 51 ggemme d el sl ggome h (il sl Sl ggaze d (pdly 5. Skeo M
ol Jlas 51

[m]: mid-parent value, [d]: pooled additive effects, [h]: pooled dominance effects, [i]: pooled interactions between additive effects, [j]: pooled
interactions between additive and dominance effects, [I]: pooled interactions between dominance effects
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Abstract

Introduction: Drought is one of the most important limiting factors for wheat production in the world
and it affects the plant from different aspects. Drought stress causes many physiological changes,
including changes in relative water content, vegetation index and photosynthetic efficiency of wheat,
which ultimately causes a significant reduction in plant growth parameters and grain yield. Basically,
the response of plants to drought stress is complex; because it is a combination of the effect of stress,
plant reactions to stress, time, intensity, and duration of stress occurrence in different years and places,
and therefore the amount of damage also varies greatly depending on the growth stage of the plant at
the time of stress occurrence. The most damage caused by drought stress in Iran is in the stage of
wheat grain filling. Durum wheat (Triticum durum, Desf) is an important food product with heavy
gluten and non-sticky dough, ideal for making pasta and spaghetti.

Materials and Methods: In order to investigate the relationship between physiological characteristics
and grain yield in durum wheat cultivars under rainfed conditions, 10 durum wheat genotypes were
studied in the form of a randomized complete block design with 3 replications during the cropping
years of 2017 - 2018 and 2018 - 2019, in Kohdasht city of Lorestan province was evaluated. Seed
yield traits and physiological characteristics of photosynthetic pigments, vegetation index, relative
water content, leaf protein and light use efficiency were investigated.

Results and Discussion: The phenotypic correlation of the traits showed that all the physiological
traits had a positive relationship with the yield, and among the eight investigated traits, the relationship
between the chlorophyll a, total chlorophyll and vegetation index with grain yield was significant at
the 5% level, but the other five traits had a non-significant relationship. Based on Principle
components analysis for traits among genotypes, two components were extracted that explained 83.2%
of the variance. According to the distribution diagram of traits based on two components, it was
observed that vegetation index and relative leaf water content had the most relationship with seed
yield. According to the path analysis, it was observed that the two traits of light use efficiency and
total chlorophyll had the highest positive effect on grain yield with direct effects of 1.392 and 0.772,
respectively, and leaf protein and chlorophyll b with the effects of direct -0.646 and -0.884 had the
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most negative effect on grain yield. On the other hand, it was observed that chlorophyll-a and
carotenoids had a positive indirect effect on yield through the two traits of total chlorophyll and light
use efficiency, and relative leaf water content and vegetation index also had a positive indirect effect
on grain yield through light use efficiency. And finally, all traits except the vegetation index had a
negative indirect effect on yield through chlorophyli-b.

Conclusion: In general, it can be stated that all the physiological characteristics investigated under
rainfed conditions were directly or indirectly effective on the yield of durum wheat, and among these
traits, total chlorophyll and light use efficiency directly had the most positive effect on the seed yield.
Photosynthetic pigments also increased seed yield through total chlorophyll and light use efficiency.
The vegetation index, leaf protein and relative water content of leaves also increased the seed yield by
increasing the efficiency of light use. All the traits, except the vegetation index, increased the yield
through a negative indirect effect on chlorophyll b. Based on this, it is recommended that in breeding
programs, in order to improve yield under dryland conditions, selection be made based on two
characteristics: total chlorophyll and light use efficiency to increase yield.

Keywords: Path analysis, Plant physiology, Seed yield, Water stress, Wheat
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Table 1- The list of studied durum wheat genotypes
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Table 2- Soil characteristics of the research field at a depth of 0 to 60 cm, average monthly rainfall and temperature during two crop years

- R
o2l ol o J5 o9 r Gi B enly i B Al Splcelie S dhsl  Caogas
Organic . .
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Value
o o o) 29 e $9) Coogas
. . Manganese
Sand (%) Silt (%0) Clay (%) Boron (ppm) Copper (ppm) Zinc (ppm) (opm) Character
35 38 27 06 050 0.73 65 ©
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Temperature
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Table 3- Variance analysis and estimation of variance components of durum wheat traits of under raninfed conditions
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2 o o = 2 - . @
components 9 £ T eS8 25 53 O 2% 3 \\}9 ) 1;
X o A= > <
[a) ~ | >
04
A .
o 2 895.5™ 0.172° 0.034™ 0.313™ 0.007™ 0.0001™ 0.001™ 3.91™ 85.69™
Replication
) . o - - - - -
9 1441™ 1.415° 0.210™ 24477 0.674" 0.116" 0.688" 33.39" 44.85
Genotype
s
18 1380 0.124 0110 0.219 0.073 0.014 0.088 8.3 18.94
Error
Ol g 6 0y
o o 20.40 6.44 3.86 17.00 422 10.08 9.56 455 6.24
Coefficient of variation percentage
i il sl
) ) 1400 0554 0143 0962 0273 0.048 0.288 16,55 27.58
Phenotypic variance
u-‘dwu‘“b)‘s
1380 0.124 0110 0.219 0.073 0.014 0.088 8.3 18.94
Environmental variance
S5 il ylg
) ] 20.34 0430 0.033 0743 0200 0.034 0.2 8.42 8.64
Genetical variance
gsh"-"“d“"l‘)b oo
. . 98,55 2237 76.74 2277 2671 2917 3056 49.14 68.68
Environmental variance percentage
S il lg W yo
1.45 7763 2326 77.23 7329 70.83 6944 50.87 31.32

Genetical variance percentage
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™ Significant at 1% level; " Significant at 5% level; " Non-significant difference
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Table 4- Phenotypic correlation coefficient of investigated traits by Pearson's method
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® = 2 = 3
= & §
a Judg 5
0.721"
Chlorophyll a
b Judg s .
0.511 0.754
Chlorophyll b
J5 Judg b5 . " "
0.698 0.981 0.866
Total Chlorophyll
Aigidgyls . - o
] 0.596 0.755 0.925 0.845
Carotenoid
298 Span 8 . ” ” "
) . 0.624 0.679 0.874 0.772 0.925
Light use efficiency
SR - N - -
] 0.361 0.576 0.825 0.680 0.782 0.857
Leaf protein
d T (slgizmo - . .
. 0.574 0.581 0.779 0.670 0.742 0.589 0.433
Relative water content
o 0.651 0.577 0.676 0.637 0.657 0.636 0.684 0.677
Vegetation index
(48,1 90) o gixe +/+ 0 o jo Siwoon 5

* Correlation is significant at the 0.05 level (2-tailed)

** Correlation is significant at the 0.01 level (2-tailed)

SroeBon 5 S 2SS (o Ol lyime
Bruae oI5 Slaws g ozl |y ails o Slee b alayl ) oy i
adaly Glls S 89,5 5 b @ Jodg I ooy LS )50
Jol adlse ol 5 Slas pled iz 0 wiog o, Slas b (5508
58 Jdg )l o Spje (a3 oSy (e 0l sl
Slas g oy |y als o ,Slae b abaly o is S Judg IS
alal, S (w9 5 555 Srae 2L s 5D Judg IS
Wog ilflas wig, SO gyl g anils dils o Slae b (5505
4>4i b faoome ;0 Lol Laiogs guad dilo 0, Slac b Jle 4y by
A g IS g IS Judg IS Slao a5 ol cvline Lloged 4

e 09 poliie ddlga g0 ;o (wlul g odls 8 09,5 SO

(@8, 50) Yo gime o /2 mhw )0 (Siwon

ol sailie & 4525
on Sge Slao sl ol slaadlie 4 4525 wll
Iy ombslg 5l oo 0 AUF pgo adlie g oo )0 YYIA Jol adlis
oo, AVIY (Jol adlie g0 L ggamme ;0 ¢ Midgel dumg
99 Loyl 5l @V ooy ol 4y JS bl
et Sle b Koea b oliw bLs )| Slas Jgl aalie
5 69l (St ol a5 il e Slio Ol i o
og Slas  Siwwen mls
b Sl alayly () 4320 cpl 5l Bus sS4 azgi b
3o 4.0.]}95;) uuL.u‘);uLu‘S.ws‘)A )L)}.Q.SLQ,JJ“)%\ Q)SLQ.C
s.;LMJj‘MJ%wL.»‘deMOMLMjMdj‘)‘\ J.ig)



pdo (5,35 g (o)

\FA

Rahimi et al., ) s9—is oo 135 S y—ao 25 5 hio 3L
oy omial38l 1 il o Sy o T (glgime (2019
oo)hulysa as o)lo @YL\. L>_’45_"=> 6)JJ;W‘)5 9 009
sl 0 Lyl 50 ol g (81 (Vb b (S5
il o i cabo ol (Maleky et al., 2019) cosls
Chandrasekar et al., ) sgi o olS jiioy 5,05 5 jiiwgis
9 cL:.f LS.\" u.u_,as u_,.u )d W ‘5,4.>L.1 u‘?.cdg 9 (2000
Rezaie et al., ) S_as oi a4 Joxio plb)l oLl &
L llas a5 cwl 550 adls o Slhoe 0gge > o (2020
ool uLw.a uL‘LM 5 CuLu u,»‘ 5 og)l.c s }M 5 u"‘ CuLu
P @ (g it mead g Fiw pslatedy IS uSg

o S b 5l (Ghaderi et al., 2021) el of jon 25

o byl o L_,’_SLA..,_,..Sl‘_,’_';.;'l Lo o lousgug I8 Jlad
005 o5 Jds w lal b al ) o 958 o s (Sl
by el 03559l Gl (ST b slaasss
Oliee y0 LialS ol g50e 40 a5 (Samsami et al., 2020)

0, 8ee )laly g LS gz o Joloe (ntig 5 aSsidg IS

)JJLAA 9 J5‘ MJ9A 6‘)‘ Cdia o)aj );QLM w‘é L: )5; d)..a.c
WS 15 loged 5l Crannd S5 )3 9o adlge sl (e o
50)@61).:&..4%43).’01.9.4 u,._.,.»lobsj).» g p S g
ol Sl )3 9 285 18058 Sy 2l 4 adlse
09,5 S5y g ol |y ale o Slee b alayl,y cp ity S
O JS8) ass 51,8
O > 65 Julge 51 (o oS (s Slgie
Muiwwﬁwb@&m}oéuuyswsﬁwﬁ
a4 Sad 55,0 Jdg IS sl zals (Ghosh, 2004)
w75 g Je S i sl ¥ Julge a2t oS o
2odle ol eee cle aS wb o iolpdl Sas p bl o
Aol 5oy395 G Jodo 4 Olgier 005578 3190
Moradgholi et ) wsl Sas o 5l 50 Seeye S
Ol Js g Judg IS lgima LzalS > ,» 0 (al., 2023
Cdled ald oS 4 e olS 0 (S el ol oS

Azilyd g oy Byras S Gl GialS g (g wgs

Abl e ails Olywe a5 o0ls las Olaass gl .l oo (iolS 505 0 ,Slese
@ 0507 , Oseed yield
£
)
-
g
"5 0.25 1 Relative water content OChlorophyll a
o o Total Chlorophyll
%_ O
3 Vegetation index g
2
+~ 000
o
[
g Carotenoid O
g- o Chlorophyll b o
8 -0.251 Light use efficiency
2
o
g Leaf protein
-0.50 1
T T T T T T
19 20 21 2.2 2.3 24
Frst Component (73.8% of variance)

£9295 PS5 G gif Vo 30 (g 3 90 Wlho ol sadlge 4y & 3o 51 ol Jal aldge 99 (wlul p lao (JaSTy Mgl - S
Figure 1- Traits scater plat for the first two components resulting from principal component analysis of the investigated traits in 10
durum wheat genotypes
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Table 5- Direct (humbers on diameter), indirect and total effects of physiological traits on durum wheat seed yield
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a Judg 5
0.065 0.049 0.064 0.049 0.044 0.037 0.038 0.037
Chlorophyll a
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Chlorophyll b
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Figure 2- Path analysis diagram of effective physiologic triats on seed yield of durum wheat



o) o yuitio Wiz (550l (sohg ) 51 ooliiul b med byl s comi 3 Sl 2 0990 puiS K3 5glgr b Sloguas il a0

Yo b 5 S oo 2 Slgiomo 5 S 1 a9 (S
plas dia2 5 Shoe (Ml crge yo Byae 2L (02
2ol D Jdg)lS e et s i 5l Gyl i o
5 IS Jed,lS cho 90 ull (pl oy o Slas iali8l
2 Gty 3l ey 2 3590 Slis (s 55 598 Bpme SIS
plol g o ale oo dayl i )0 pg 90 pasS o Sles iulial

u’s d)ﬁf‘\"ﬁb

S35 2w Ll SoB () 2 3590 Sojels 508 Ologas

F5o s € b orine O jsods by pgy90 paiS 5 Slee
29 Smae LS 5 S g ,lS Slao ol j0 45 W0y
. oo .'“b ]) 3 S )-.‘ . .:. )-:SL“ L,J-"‘ . ES " 7 “"..

5 JS Jedoyls cho g0 &b 5l 5 (g wgid Gladilb XS,

R BRI OV POV PE S Ity

References

Abdoli, M., Saeidi, M., Jalali-Honarmand, S., Mansourifar, S. and Eghbal-Ghobadi, M., 2013. Evaluation of some
physiological and biochemical traits and their relationships with yield and its components in some improved
wheat cultivars under post-anthesis water deficit. Environmental Stresses in Crop Sciences, 6(1), pp.47-63. [In
Persian]. https://doi.org/10.22077/escs.2013.137

Afiuni, D. and Mahlouji, M., 2006. Correlation analysis of some agronomic traits in Wheat (Triticum aestivum L.)
genotypes under salinity stress. Seed and Plant, 22(2), pp.186-197. [In Persian].

Ahmadi, Gh., 2021. Relationship between developmental traits and grain yield in durum wheat (Triticum durum
Desf.) under terminal drought stress condition. Applied Research in Field Crops, 33(4), pp.84-107. [In Persian].

Alvandi, R., Mohammadi, R. and Shooshtari, L., 2015. Genetic diversity of durum wheat genotypes using
agronomic characteristics and molecular markers, Seed and Plant Journal, 31(3), pp.441-458. [In Persian].
https://doi.org/10.22092/spij.2017.111269

Amiri, R., Bahraminejad, S. and Sasani, S., 2013. Evaluation of genetic diversity of bread wheat genotypes based
on physiological traits in non-stress and terminal drought stress conditions. Cereal Research, 2(4), pp.289-305.
[In Persian].

Asadi, A., Askary Kelestani, A.R., Mirfakhraii, R., Abasi, A. and Khodadadi, M., 2018. Genetic variation of bread
wheat geneotypes for some important physiological traits under chiling stress, Environmental Stresses in Crop
Sciences, 11(1), pp.171-183. [In Persian]. https://doi.org/10.22077/escs.2017.195.1049

Asadi, A.A. and Hatami, A., 2021. Effect of Water Deficit Stress on Physiological Characteristics in Wheat
(Triticum aestivum L.). Plant Process and Function, 10(41), pp.115-128. [In Persian].

Asadi, A.A., Valizadeh, M., Mohammadi, S.A. and Khodarahmi, M., 2020. Genetic analysis of response to water
deficit stress based on physiological traits in Wheat. Plant Genetic Researches, 6 (2), pp.1-20.
https://doi.org/10.29252/pgr.6.2.1

Baghbankhalilabad, S., Khazaee, H.R. and Kafi, M., 2019. Effect of deficit irrigation on kernel yield, yield
components and some physiological traits of different varieties of bread wheat and durum wheat. Applied Field

Crops Research, 32(1), pp.1-12. [In Persian]. https://doi.org/10.22092/aj.2018.116367.1220


https://doi.org/10.22077/escs.2013.137
https://doi.org/10.29252/pgr.6.2.1

pudo (635 9 (o) oy

Bavandpouri, F., 2022. Association mapping of in vitro and In vivo indicators of drought tolerance in bread wheat.
Ph. D. Thesis. Campus of Agriculture and Natural Resources, Razi University, Kermanshah, Iran, 429 P. [In
Persian].

Chandrasekar, V., Sairam, R.K. and Srivastava, G.C., 2000. Physiological and biochemical responses of hexaploid
and tertaploid wheat to drought stress. Agronomy & Crop Science, 185, pp.219-227.
https://doi.org/10.1046/j.1439-037x.2000.00430.x

Colasuonno, P., Lozito, M.L., Marcotuli, L., Nigro, D., Giancaspro, A., Mangini, G., Vita, P.D., Mastrangelo, A.
M., Pecchioni, N., Houston, K., Simeone, R., Gadaleta, A. and Blanco, A., 2017. The carotenoid biosynthetic
and catabolic genes in wheat and their association with yellow pigments. BMC Genomics, 18, 122.
https://doi.org/10.1186/5s12864-016-3395-6

Dong, H., Zhang, X., Li, J., Zhang, C., Wei, T., Yang, Z., Cai, T., Zhang, P., Ding, R. and Jia, Z., 20109.
Photosynthetic characteristics and grain yield of winter wheat (Triticum aestivum L.) in response to fertilizer,
precipitation, and soil water storage before sowing under the ridge and furrow system: A path analysis.
Agricultural and Forest Meteorology, 272-273, pp.12-19. https://doi.org/10.1016/j.agrformet.2019.03.015

Ezzat Ahmadi, M., Nourmohammadi, Gh., Ghodsi, M. and Kafi, M., 2012. Evaluation of Water and Radiation
Use Efficiencies of Bread Wheat (Triticum aestivum L.) Genotypes under Different Moisture and
Photosynthetic Conditions. Iranian Journal of Field Crops Research, 10(1), pp.225-239. [In Persian].
https://doi.org/10.22067/gsc.v10i1.14512

Feiziasl, V., Fotovat, A., Astaraei, A., Lakzian, A. and Jafarzadeh, J., 2019. Determination of Chlorophyll Content
and Nitrogen Status Using SPAD in Dryland Wheat (Triticum aestivum L.) Genotypes. Iranian Journal of
Field Crops Research, 17(2), pp.221-240. [In Persian]. https://doi.org/10.22067/gsc.v17i2.68973

Fischer, R.A., 2001. Selection traits for improving yield potential. In: Reynolds, M.P., Ortiz-Monasterio J.1.,
McNab, A., (eds). Application physiology in wheat breeding (pp. 148-159). CIMMYT, Mexico, D.F.

Ghaderi, A., Jahanbakhsh Godehkahriz, S. and Raeisi sadati S.Y., 2021. Study of total protein content, soluble
sugar, proline content and P5CS gene expression in leaves of three wheat cultivars under drought stress.
Journal of Agricultural Biotechnology, 12(4), pp.125-144. [In Persian].

Ghosh, P.K., 2004. Growth, yield, competition and economics of groundnut/cereal fodder intercropping systems
in the semi-arid tropics of India. Field Crops Research, 88(2-3), pp.227-237.
https://doi.org/10.1016/j.fcr.2004.01.015

Groppa, M.D. and Benavides, M.P., 2008. Polyamines and abiotic stress: recent advances. Amino Acids, 34, pp.35-
45, https://doi.org/10.1007/s00726-007-0501-8

Hakimipoor, A. and Mostafavi, Kh., 2011. Evaluation of yield relationships and grain yield components in bread
wheat using path analysis. Journal of Plant Production Sciences, 1(1), pp.25-28. [In Persian].

Hassanpour Lescokelaye, K., Ahmadi, J., Daneshyan, J. and Hatami, S., 2015. Changes in Chlorophyll, Protein
and Antioxidant Enzymes on Durum Wheat under Drought Stress. Journal of Crop Breeding, 7(15), pp.76-87.

[In Persian].


https://doi.org/10.1046/j.1439-037x.2000.00430.x
https://doi.org/10.1186/s12864-016-3395-6
https://doi.org/10.1016/j.agrformet.2019.03.015
https://doi.org/10.22067/gsc.v10i1.14512
https://doi.org/10.1016/j.fcr.2004.01.015
https://doi.org/10.1007/s00726-007-0501-8

A1 o piie Wiz (5 bal (slashy s 3 0oLl b mrd bl o i 8 Shos 2 9598 pusS S Sel g2 ud Lo gas pil (o)

Jafarian, T. and Maghsoudi Maud, A.A., 2015. Wheat leaf rolling under drought stress and its effect on yield and
yield components, Journal of Crop Production, 8(2), pp.117-132. [In Persian].

Jaleel, C.A., Manhvannan, P., Kishorekumar, A., Sankar, B., Gopi, R., Somasundaram, R. and Panneerselvam, R.,
2007. Altrations in osmasundaram, antioxidant enzymes and indole alkaloid levels in Catharanthus roseus
exposed to water deficit. Colloids and Surfaces B: Biointerfaces, 59, pp.150-157.
https://doi.org/10.1016/j.colsurfb.2007.05.001

Keshavarznia, R., Peyghambari, S.A. and Bihamta, M., 2017. The impact of seedling drought stress and recovery
on chlorophyll fluorescence parameters and physiological characteristics of wheat. Iranian Journal of Field
Crop Science, 48(1), pp.39-45. [In Persian]. https://doi.org/10.22059/ijfcs.2017.202541.654065

Kilic, H. and Yagbasanlar, T., 2010. The effect of drought stress on grain yield, yield components and some quality
traits of durum wheat (Triticum durum ssp. durum) cultivars. Notulae Botanicae Horti Agrobotanici Cluj-
Napoca Journal, 38(1), pp.164-170. https://doi.org/10.15835/nbha3814274

Kranner, I., Beckett, R. P., Wornik, S., Zorn, M., & Pfeifhofer, H. W. (2002). Revival of a resurrection plant
correlates with its antioxidant status. The Plant Journal, 31, 13-24.
https://doi.org/10.1046/j.1365-313X.2002.01329.x

Kukal, M.S. and Irmak, S., 2020. Interrelationships between water use efficiency and light use efficiency in four
row crop canopies. Agrosystems, Geosciences & Environment, 3(2), €20110.
https://doi.org/10.1002/agg2.20110

Lichtenthaler, H. and Wellburn, A.R., 1983. Determinations of total carotenoids and chlorophylls a and b of leaf
extracts in  different  solvents.  Biochemical  Society = Transactions, 11, pp.591-592.
https://doi.org/10.1042/bst0110591

Lizana, C., Wentworth, M. and Martinez, J.P., 2006. Differential adaptation of two varieties of common bean to
abiotic stress. 1.Effects of drought on yield and photosynthesis. Journal of Experimental Botany, 57, pp.685—
697. https://doi.org/10.1093/jxb/erj062

Maleky, AA., Saba J. and Shekary F., 2009. Inheritance of leaf relative water content in bread wheat (Triticum
aestivum L.) under rainfed conditions. Journal of Agricultural Knowledge, 19(2), pp.177-183. [In Persian]

Mohammadi, M., Mirfakhraei, R. and Abbasi, A., 2013. Study of genetic variation on response to spring cold
stress in iranian bread wheat cultivars using multivariate statistical methods. Journal of Crop Production, 6(2),
pp.149-166. [In Persian]. https://doi.org/10.1001.1.2008739.1392.6.2.9.7

Mohammadi, R. and Haghparast, R., 2022. Review; Durum wheat: production, nutritional value and economic
importance.  Cereal Biotechnology and  Biochemistry, 1(3), pp.414-445. [In  Persian].
https://doi.org/10.22126/chb.2022.8385.1021

Mohammadi, R., Daryaei, A., & Rajabi, R. (2010). Study of agro-physiological characteristics related to drought
tolerance in advanced durum genotypes. Iranian Journal of Field Crops Research, 8(3), 403-414. [In Persian].

https://doi.org/10.22067/gsc.v8i3.7754


https://doi.org/10.1016/j.colsurfb.2007.05.001
https://doi.org/10.22059/ijfcs.2017.202541.654065
https://doi.org/10.15835/nbha3814274
https://doi.org/10.1046/j.1365-313X.2002.01329.x
https://doi.org/10.1002/agg2.20110
https://doi.org/10.1042/BST0110591
https://doi.org/10.1093/jxb/erj062
https://doi.org/10.1001.1.2008739.1392.6.2.9.7
https://doi.org/10.22126/cbb.2022.8385.1021

pudo (635 9 (o) of

Mohammadi, SS. and Prasanna, B., 2003. Analysis of genetic diversity in crop plants salient statistical tools and
considerations. Crop Science, 43, pp.1235-1248. https://doi.org/10.2135/cropsci2003.1235

Moradgholi, A., Mobasser, H., Ganjali, H., Fanaie, H. and Mehraban, A., 2023. Improving the water use efficiency,
greenness index, and wheat grain yield under various irrigation regions using biofertilizer. Journal of Plant
Production Sciences, 13(1), pp.43-58. [In Persian]

Naghavi, M.R., Moghaddam, M., Toorchi, M. and Shakiba, M.R., 2016. Evaluation of Spring Wheat cultivars for
Physiological, morphological and agronomic traits under drought stress. Journal of Crop Breeding, 8(18),
pp.64-77. [In Persian]. https://doi.org/10.29252/jcb.8.18.64

Najafi, S., Mohammadi, R., Shooshtari, L., Etminan, A. and Mehrabi, A.M., 2022. Evaluation of morpho-
physiological diversity of Durum Wheat genotypes using genotype x trait biplot method. Journal of Crop
Breeding, 14(44), pp.211-226. [In Persian]. https://doi.org/10.52547/jcb.14.44.211

Neocleous, D. and Nasilakakis, M., 2007. Effects of NaCl stress on red raspberry (Rubus idaeus L. "Autumn
Bliss™). Scientia Horticulture, 112, pp.282-289. https://doi.org/10.1016/j.scienta.2006.12.025

Pour-Aboughadareh, A., Etminan, A., Abdelrahman, M.K., Siddique, H.M. and Phan Tran, L.S., 2020. Assessment
of biochemical and physiological parameters of durum wheat genotypes at the seedling stage during
polyethylene  glycolinduced  water  stress. Plant  Growth  Regulation, 92, pp.81-93.
https://doi.org/10.1007/s10725-020-00621-4

Rahimi, Z., Hosseinpanahi, F. and Siosemardeh, A., 2019. Evaluation of yield, radiation and water use efficiency
of drought resistant and susceptible Wheat cultivars under different irrigation levels. Plant Production and
Genetics, 2(1), pp.19-34. [In Persian]

Rahmati, H. and Nakhzari Moghadam, A., 2024. Evaluation of agronomic and physiological characteristics of
durum wheat cultivars under rainfed and supplementary irrigation conditions. Cereal Biotechnology and
Biochemistry, 2(4), pp.446-467. [In Persian]. https://doi.org/10.22126/cbbh.2024.10445.1068

Rahmati, H., Nakhzari Moghadam, A., RahemiKarizaki, A. and Avarseji, Z., 2020. Evaluation of drought tolerance
in Durum Wheat genotypes using drought tolerance indices. Journal of Crop Breeding, 12(33), pp.174-183.
[In Persian]. https://doi.org/10.29252/jcb.12.33.174

Rahmati, M., Ahmadi, A. and Hosseinpour, T., 2018. Study of genetic variability, heritability and relationship
between grain yield and yield-related traits on bread wheat genotypes under dry land conditions. Journal of
Crop Breeding, 10(25), pp.167-175. [In Persian]. https://doi.org/10.29252/jcb.10.25.167

Reddy, A.R., Chaitanya, K.V. and Vivekanandan, M., 2004. Drought-induced responses of photosynthesis and
antioxidant metabolism in higher plants. Journal of Plant Physiology, 161, pp.1189-1202.
https://doi.org/10.1016/j.jplph.2004.01.013

Rezaie, A., Bijanzadeh, E. and Behpouri, A., 2020. Evaluation of weed control on biochemical characteristics,
relative water content, and grain yield of mixed cropping of Wheat cultivars .Iranian Journal of Field Crops

Research, 18(3), pp.297-308. [In Persian]. https://doi.org/10.22067/gsc.v18i3.85660


https://doi.org/10.2135/cropsci2003.1235
https://doi.org/10.29252/jcb.8.18.64
https://doi.org/10.52547/jcb.14.44.211
https://doi.org/10.1016/j.scienta.2006.12.025
https://doi.org/10.1007/s10725-020-00621-4
https://doi.org/10.29252/jcb.12.33.174
https://doi.org/10.29252/jcb.10.25.167
https://doi.org/10.1016/j.jplph.2004.01.013

80 o yuitio Wiz (550l (sohg ) 51 ooliiul b med byl s comi 3 Sl 2 0990 puiS K3 5glgr b Sloguas il a0

Rezvani, H., Asghari, J., Ehteshami, S.M.R. and Kamkar, B., 2014. Investigation of light use efficiency and light
extinction coefficient of Wheat (Triticum aestivum 1.) cultivars in competition with wild Mustard (Sinapis
arvensis |.) at Gorgan. Journal of Plant Process and Function, 3(8), pp. 97-110. [In Persian]

Sadegzadeh, N., Hajiboland, R. and Sadegzadeh, B., 2014. Different physiological response to drought in bread
and durum wheat genotypes. lranian Dryland Agronomy Journal, 3(1), pp.21-32. [In Persian].
https://doi.org/10.22092/idaj.2014.100526

Saed-Moucheshi, A., Razi, H., Dadkhodaie, A., Ghodsi, M. and Dastfal, M., 2019. Association of biochemical
traits with grain yield in triticale genotypes under normal irrigation and drought stress conditions. Australian
Journal of Crop Science, 13(02), pp.272-281. https://doi.org/10.21475/ajcs.19.13.02.p1403

Samsami, S., Bazrafshan, F., Zare, M., Amiri, B. and Bahrani, A., 2020. Interaction Between Different Levels of
Nitrogen Fertilizer and Drought Stress on Photosynthetic Pigments and Yield in Four Wheat Cultivars. Journal
of Plant Ecophysiology, 12(43), pp.171-184. [In Persian]

Shahbazi, H., Arzani, A. and Esmaelzadeh Moghadm, M., 2016. Effects of drought stress on physiological
characteristics in Wheat recombinant inbred lines. Plant Process and Function, 5 (15), pp.123-132. [In Persian]

Shirvani, F., Daneshvar, M., Mohammadi, R. and Ismaili, A., 2021. Evaluation of agro-physiological
characteristics and drought tolerance in some of Durum Wheat breeding genotypes. Journal of Crop Breeding,
12(36), pp.117-135. [In Persian]. https://doi.org/10.52547/jch.12.36.117

Siosemardeh, A., khalvandi, M., Bahram nejad, B. and Roohi, E., 2013. Effect of water stress on gas exchanges,
leaf soluble protein and chlorophyll content of Sardari Wheat ecotypes. Iranian Journal of Field Crop Science,
43(4), pp.573-588. [In Persian]. https://doi.org/10.22059/ijfcs.2013.29414

Slafer, G.A. and Savin, R., 1994. Sink-source relationships and grain mass at different positions within the spike

in wheat. Field Crops Research, 37, pp.39-49. https://doi.org/10.1016/0378-4290(94)90080-9


https://doi.org/10.21475/ajcs.19.13.02.p1403
https://doi.org/10.52547/jcb.12.36.117
https://doi.org/10.1016/0378-4290(94)90080-9




Crop Science Research in Arid Regions

homepage: https://cropscience.uoz.ac.ir/

Research Article
Volume 7, Issue 1, 2025, P. 157-178

The effect of nanosilicon and zinc nanooxide on the quantitative,
qualitative, and water and zinc use efficiency of soybeans (Glycine max L.)
under irrigation regimes

Heshmatollah Azizi 2, Abbas Maleki **, Mohammad Mirzaei Heydari ¢, Farzad Babaei °, Ali Hatami °

2Ph.D Student, Department of Agrotechnology, College of Agriculture, Islamic Azad University of llam Branch,
Ilam, Iran

b Department of Agronomy and Plant Breeding, IL.C, Islamic Azad University, Ilam, Iran

¢ Department of Agronomy and Plant Breeding, Isfahan (Khorasgan) Branch, Islamic Azad University, Isfahan,
Iran

*Corresponding Author: maleki97@yahoo.com
Received: 10 December 2023  Accepted: 14 January 2024 DOI: 10.22034/CSRAR.2024.429770.1383

How to cite this article:

Azizi, H., Maleki, A., Mirzaei Heydari, M., Babaei, F. and Hatami, A., 2025. The effect of
nanosilicon and zinc nanooxide on the quantitative, qualitative and water and zinc use efficiency of
soybeans (Glycine max L) under irrigation regimes. Crop Science Research in Arid Regions, 7(1),
157-178. https://doi.org/10.22034/csrar.2024.429770.1383

Abstract

Introduction: Soybean (Glycine max L.) is rich in nutrients and has vegetable proteins, dietary fiber,
and minerals such as calcium, and its saturated fat content is also low. Soybean oil is one of the most
important vegetable of the area arable land under cultivation in the world, among oil plants, soybean
is in the first place. Recently, the use of nano-fertilizers in agriculture has expanded a lot in the world.
On the other hand, it seems that the use of zinc nanosulfate or nanosilicon in arid and semi-arid
climates like Iran can reduce the harmful effects of drought stress on plants.

Materials and Methods: Therefore, an experiment was carried out during two crop years in the form
of a split-factorial design in the form of a basic randomized complete block design with 4 replications
in Malekshahi city located in llam province (Iran) in crop years 2019-2020 and 2020-2021. The main
factor included irrigation regimes in three levels without stress (control), irrigation based on 50% of
the agricultural capacity of the field and irrigation based on 75% of the agricultural capacity of the
field. The combination of nano zinc oxide treatments at three levels (zero (control), 0.75 and 1.5
g.L™") and nanosilicon at three levels (zero (control), 0.8 and 1.6 g.L™) in factorial form were placed
in the secondary cards. Processing and classification of the extracted information was done using
Excel software and data analysis was done using SAS version 9 software. Making comparisons with
the Least Significant Difference (LSD) method at the 5% level. In this study, composite analysis
method was used for analysis. To ensure the uniformity of the variances in order to integrate the data,
Bartlett's test was performed, and the results indicated the absence of data and the necessary provision
for integration.

Results and Discussion: The results regarding the mutual effect of drought stress and zinc sulfate
showed that the highest seed yield was obtained in the treatment of no drought stress (100% crop
capacity) and the consumption of 1.5 g.L™ nano zinc sulfate in the amount of 3452.2 kg.ha?. At

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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drought stress levels of 75 and 50% of the agricultural capacity, the consumption of zinc sulfate
increased this index. With the use of 1.6 g.L* of nanosilicon, the grain yield was 3253.9 kg.ha, which
was 28% higher than the non-use treatment. Seed oil was used to treat the lack of drought stress, and
consumption of 1.6 grams per liter of nano silicon was obtained in the amount of 58.6%. In the drought
stress of 50% of the agricultural capacity, the use of nitrogen fertilizer and, especially 0.8 grams per
liter of nano silicon increased this index. The results regarding the mutual effect of drought stress and
zinc sulfate showed that the highest water use efficiency was achieved in the treatment of severe
drought stress and the consumption of 1.5 g.L™ nano zinc sulfate in the amount of 1.78 kg.m. The
lowest amount was obtained in the treatment of normal irrigation and no use of zinc sulfate. In the
drought stress levels of 75 and 50% of the agricultural capacity, the consumption of zinc sulfate
increased this index. The results regarding the mutual effect of nano silicon fertilizer and zinc sulfate
showed that highest efficiency of irrigation water consumption was in the treatment of using 1.6 g.L™*
of nano silicon fertilizer. The lowest value was obtained in the treatment of not using nano silicon and
zinc sulfate. With the increase in the use of nano silicon fertilizer, the response to zinc sulfate also
increased.

Conclusion: In general, the results showed that by using nanosilicon and nanozinc oxide in soybeans,
it is possible to effectively increase the grain yield and increase the amount of oil and protein.
Probably, nanosilicon and zinc nanooxide increase the activity of enzymes effective in oil and protein
synthesis in soybean plant. These nanomaterials activate hormonal regulators of plant growth and
improve factors such as better absorption of nutrients and reduced water evaporation, all of which help
increase seed yield and increase the amount of oil and protein in the soybean plant. In summary, the
use of nanosilicon and zinc nanosulfate in soybeans brings a significant improvement in seed yield
and increases the amount of oil and protein of this plant. These results can be used to improve the
production and quality of soybean-based products.

Keywords: Dehydration, Nanotechnology, Protein, Seed oil, Seed yield
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Table 2- The mean square obtained from the analysis of variance of the effect of experimental factors on the characteristics of
absorption of elements and yield

ICAJUUES g5 119 &ol3T a0 89y cdald 059w edale als 0 ,Shos S 59l 8 ySlos
SOV df Zinc concentration  Nitrogen concentration Seed yield Biologic yield
L
J 1 0.00004"™ 0.005™ 5465.4" 2719224.1™
Year (Y)
1S5 x L
Asxd 6 0.000064 0.006 103546.3 2086921.9
YxRep
oS . - - -
2 0.0011 0.096 12125365 234216404.9
Stress (A)
o x e .
2 0.00001"™ 0.005™ 1252455 ™ 6104906.0
YxA
| & Uas-
ot _;6 12 0.000031 0.005 89256.5 133616.7
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S35 demST 56 . - - -
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*** and ": significance at the probability level of 5%, 1% and no significant difference
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Figure 1- Comparison of the average interaction effect of drought stress and nanozinc oxide on seed yield
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Table 3- Comparison of the average triple interaction effect of drought stress, nanosilicon and nanozinc on the absorption of some
elements in soybeans
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Figure 3- Comparison of the average interaction effect of drought stress and nanosilicon on biologic yield
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Table 4- The mean square obtained from the analysis of variance of the effect of experimental factors on the quality traits and
efficiency of water and zinc consumption
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Table 5- Comparison of the average triple interaction effect of drought stress, nanosilicon and nanozinc on seed protein and ZUE in

soybeans
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Abstract

Introduction: Chickpea (Cicer arietinum L.) is the second most important leguminous crop that is
cultivated in 59 countries of the world with an area of 13.98 million hectares and a production of 13.73
million tons. Chickpeas are cultivated throughout the Mediterranean basin, Central Asia, East Africa,
Europe, Australia and North and South America, but mainly in developing countries, where more than
90% of chickpea production is consumed locally. Annual chickpea varieties are obtained from
interspecies crosses with cultivated chickpeas and are classified into three gene pools (primary,
secondary and tertiary), which indicate their genetic distance from cultivated varieties. Chickpeas have
two types of white and usually large Kabuli seeds and colored and usually small desi seeds. In addition
to the importance of chickpeas as an important food source in human diet and animal fodder, this plant
can have significant importance in soil fertility, especially in rainfed areas and in rotation with cereals.
Chickpea is very valuable due to its nutritional quality and health benefits and its ability to improve
soil fertility and sustainability of agricultural systems. Due to the fact that chickpeas are often
cultivated in marginal lands in a dry land and completely dependent on the moisture stored in the soil
and rainfall during the growing season, it is affected by various abiotic stresses during its life cycle.
In most cases, such tensions have overlapped each other, resulting in a significant decrease in crop
growth and productivity. Plants undergo abiotic stresses through a series of morphological,
physiological, biochemical and molecular changes in an attempt to compensate for such adversities.
Materials and Methods: In this article, an attempt has been made to review the method of content
analysis by searching the keywords of chickpea, drought stress, living stress, etc., proteomics,
genomics, transcriptome analysis, RNA sequencing, hybridization, microarray, chain reaction.
Polymerase chain reaction in related articles in Google scholar, Web of science, PubMed and Scopus
websites.

Results and Discussion: The extracellular signals that pea plants respond to, such as inositol
phosphate, sugars, reactive oxygen species (ROS), calcium ions (Ca2*), cyclic nucleotides (CAMP and
cGMP), and nitric oxide (NO), are coupled to particular receptors in the plant's stress sensing system.

| @ Ciy ©2024 The author(s). This is an open access article distributed under Creative Commons
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As a result of these signals being sent to additional cells, the plant's reaction to stress expands.
Chickpea plants have benefited greatly from the activation of crucial antioxidant enzymes by SA,
which has helped to reduce oxidative damage brought on by stress. Simultaneously, the development
of stress tolerance by SA has also been demonstrated to be significantly influenced by the management
of stress effects, particularly in roots where proline and sugar buildup occurs. In chickpea, eight HSP
genes—flowering time regulators (efll, FLD, GI, Myb, SFH3, bZIP, bHLH, and SBP)—have been
identified. These genes are critical for the plant's ability to withstand heat stress. QTLs that account
for 22.6-48.5% of the phenotypic variations have been found in the genomic areas of LG4 that are
related to salinity performance. A QTL responsible for 11.5 to 48.4% of the phenotypic variations in
cold stress tolerance has been found in LG8. The primary detrimental impact of cold stress on pea
plants is that it results in freezing during cold stress, which severely damages membranes owing to
cellular dehydration.

Conclusion: To produce pea plants that can withstand harsh environmental conditions, various genetic
improvement techniques must be integrated, and our understanding of the molecular, biochemical,
and physiological mechanisms involved in abiotic stress response must be improved. With
consideration for the effects of climate change, a more precise and efficient screening/selection of
genotypes and/or genes/alleles may help boost grain yield with medium- and long-term implications
on chickpea production.

Keywords: Chickpea breeding, Drought stress, Proline, Salicylic acid, Seed priming
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1 cyclic AMP (CAMP)

2 cyclic GMP (cGMP)

3 Nitric oxide (NO)

4 Mitogen-activated protein kinases (MAPKSs)
5 calcium-dependent protein kinases (CDPKSs)
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Table 1- The response of chickpea (C. arietinum L.) to abiotic stresses and its flexibility to changing weather conditions
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Chickpea cultivars need to be
developed that can tolerate multiple
stress environments

Combination of
Stresses
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1 lipid-transfer protein (LTP)
2 Late embryogenesis abundant (LEA)
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1 Heat Shock Proteins (HSP)
2 Leucine-Rich Repeat (LRR)
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2 Membrane Stability Index (MSI)
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1 Relative Water Content (RWC)
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1 Marker-Assisted Back-crossing (MABC)
2 Marker -assisted recurrent selection (MARS)
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Abstract

Introduction: The mung bean (Vigna radiate L. Wilczek) is one of the most important pulse crops in
the world. It is a protein rich staple food and contains about 25 percent protein. Producing higher
potential yield in comparison with other crops, is one of the greatest features of the mung bean crop.
The use of organic fertilizers, including humic acid, without damaging the environment, may be
effective for increasing yield. Humic acid is a natural organic polymer compound that is formed as a
result of the decay of soil organic matter, peat, lignin, etc., which may be used to increase the product
and its quality. One of the important benefits of humic acid is the chelation of various nutrients such
as sodium, potassium, magnesium, zinc, calcium, iron, copper, etc. Water deficit by affecting on
vegetative and reproductive growth period and balance between them will change yield and product
quality. Humic substances play a vital role in soil fertility and plant nutrition. Plants grown on soils
which contain adequate humic acid are less subject to stress, are healthier, produce higher yields; and
the nutritional quality of harvested foods and feeds are superior. In this regard, the present study was
conducted to investigate the effect of different levels of humic acid on yield and yield components of
mung bean under drought stress conditions.

Materials and Methods: This study was conducted as split plot design with randomized complete
block design with three replications in a field located in Firouzabad city during. Experimental
treatments included water deficit stress as the main factor in three levels: control (normal irrigation),
cutting irrigation at flowering stage and cutting irrigation at seed filling stage) and sub factor including
use of humic acid at four levels (0, 2, 4, 6 kg / ha). The studied traits were: plant height, number of
branches, number of lateral-secondary branches, number of leaves, leaf area index, pod length, number
of seeds per pod, number of pods per plant, thousand seed weight, biological yield, seed yield,
photosynthetic pigments (chlorophyll a, chlorophyll b and carotenoid), proline and seed protein. The

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
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collected data were analyzed using SAS software and means were compared with LSD test at the 5%
level of probability.

Results and Discussion: The results showed that the highest amount of chlorophyll a and 1000 seed
weight was obtained in the conditions of full irrigation and the application of 4 kg/ha of humic acid,
which showed an increase of 39.65 and 35.77% respectively compared to the control treatment. The
use of humic acid in the amount of 4 kg per hectare caused a significant increase in the number of sub-
branches, sheath length and number of leaves by 34, 18 and 14%, respectively. The application of 6
kg/ha of humic acid in the stress treatment at the flowering stage increased the amount of protein by
26.45% and in the stress treatment at the seed filling stage, the amount of proline increased by 48.85%
compared to the control treatment. Also, the application of 4 kg/ha of humic acid in non-stress
conditions increased the grain yield by 13.01% compared to the control treatment. Based on the results
of the present study, the application of humic acid can reduce the negative effects of water stress and
increase mung bean yield.

Conclusion: In general, the results of the present study showed that drought stress in the stages of
flowering and seed filling caused a significant decrease in yield and yield components in mung bean
plant. Among the levels of drought stress, stress caused more damage to the plant in the flowering
stage than in the seed filling stage. The use of humic acid under stress conditions increased the amount
of proline and mung bean protein compared to the control treatment (no use of humic acid). Also, the
application of all levels of humic acid compared to the control (no use of humic acid) increased
chlorophyll a, b and carotenoids, so that the highest amount of the mentioned traits was observed in
the condition of full irrigation and the application of humic acid at the rate of 4 kg per hectare. The
application of humic acid had a positive effect on the investigated traits and among the consumption
levels, the application of 4 kg/ha was more effective. In general, it can be stated that with the use of
humic acid, the negative effects caused by drought stress can be reduced to a great extent, which can
ultimately improve the growth and increase the yield and yield components of the plant. According to
the results of this research, it can be said that in similar conditions of the research site, the application
of 4 kg of humic acid per hectare is the most appropriate treatment to deal with drought stress and
increase yield in mung bean.

Keywords: Carotenoid, Chlorophyll a, Proline, Protein
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(Aghdasi et al., 2018)

3 SO,I5 o Swged dunl Byas S0 olS Sl wlileid]
(Karimi and Tadayyon, 2018) ¢l sa 5,155
@5 Al ye 3 5 ol plis ol fagh @S ez e
Oty ol s £,8 ax Ll slaws malS el dils oy g
(F Jgaz) 2o 5 (L pae) wald 4y Cod o 0 Yo o VY

Sl iegh jo Sas i Sl il Ll obleis! el
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Table 3- Interaction effect of drought stress and different levels of humic acid on studied properties of mung bean

L Lo
Treatments g gl a by ls g )ls R R TT)
i 4l o Sogad ol Plant height  Chlorophylla (mgg* Carotenoid (mg g™ Proline Protein
Humic acid (cm) FW) Fw) (mg g*FW) (%)
Stress stage
(kg/ha)

0 79.6% 0.7¢ 0.9° 2.2f 20.4"
oe pas 2 91° 0.8¢ 1b 2.4¢f 21.2¢
No stress 4 113.6° 112 1.22 2.5% 21.6%

6 85 1 1.3 2.6% 22.1°

al> e )0 A5 0 53 0.3" 0.5f 2.7 24.4°
s2als 2 72% 0.6f 0.5f 3.2° 25.6°
Stress at 4 78.6% 0.7¢ 0.6° 3.7 25.9°
flowering stage 6 69° 0.5¢ 0.6° 3.8° 27.7%
naleye o A5 0 73.6% 0.6 0.6° 3.3 22.3°
als o 2 84 0.8¢ 0.84 3.7° 23.4¢
Stress at seed 4 89° 0.9° 10 4.22 23.79
filling stage 6 79% 0.8¢ 10 4.3 24.4¢

5,505 b gl sine S LSD (g3l Goll oS it Gy S Jilas (51l slo il cygim o 50
Means with similar letters are not significantly different at the 5 % probability level based on LSD test

Sl andllan 0590 Sluogas 1 Suogad duwl Lilisio £glaw § (Suins L5 Jilise J1-Y Jgus aolol
Continued table 3- Interaction effect of drought stress and different levels of humic acid on studied properties of mung bean

Treatments Lo W 5o BME oluss &510,138 39 S 5elgm o ySlos &l 0 ,Sloc
O Al yo Serogad sl Pod number per 1000 seed weight Biological yield Seed yield
Stress stage Humic acid (kg/ha) plant (gn) (Kg/ha) (kg/ha)
0 29.8¢ 29.8¢ 1562.9¢ 835.6"
RS pae 2 43.8° 43.8%® 2050.3% 855°
No stress 4 46.4° 46.4° 2363.2% 960.6°
6 35.1° 35.1° 1634.8" 843.5"
Al e jo S 0 20.8¢ 20.8f 1222.49 596.9"
rEX\iy 2 27.4% 27.4% 1526.9° 6931
Stress at 4 41.1° 41.1° 1628.8 722.3"
flowering 6 23.2¢ 23.2¢ 1500¢ 670.8°
stage
Ao o S 0 23.8¢ 23.8°f 1523.4¢ 734.1¢f
asls b 5 2 34.2¢ 34.2° 1652.2° 776%
Stress at seed 4 44.5° 4452 1874.6° 801.7¢
filling stage 6 29.14 29.14 1676.4" 783.8¢

Q555 K0S b sl gire BB LSD yge3l ulusl oS e B G JBlas syls (slapnSiloe «ygim jo 50
Means with similar letters are not significantly different at the 5 % probability level based on LSD test.
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(2015
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G5 a8 ol ol (F Jga) baosls iyl 325 s
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(Lotfi et al., 2015)
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(Pirzad et al., 2015) sl o
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Table 4- VVariance analysis of drought stress and humic acid on mung bean yield and yield components

MS
e o il olawy 0 AL slawy o
SR ofiT am 1o o PH O TS ) . <
Pl e UL ) G Job o S I3 059 S5 5olms K als o
S.0vV df 1000-seed . . . .
Pod length Seed number  Pod number weight Biological yield  Seed yield
per pod per plant
NS .
oo 2 3.6™ 0.02™ 16.69™ 1.4™ 92621.2™ 54937.8
Replication
oS . - - - “ -
2 19.3 37.0 551.4 342.2 704167.3 123577.3
Stress
Uas
4 11 0.3 6.5 8.0 87994.3 4918.6
Error
Saget Sl - - o o - -
o 3 7.0 45 508.5 622.0 468566.5 17034.0
Humic acid
Sogad sl s
5t e 6 0.4 1.3 11.7° 17.6" 97674.6" 2146.1"
Stressx Humic acid
U
18 0.4 0.7 3.9 6.0 25861.8 777.0
Error
o
s 6.9 9.0 5.1 73 9.4 36
C.V (%)

aoy0 ) 50 Jlaiml molaw jo lo gae g jlo sixe pas i 5 4
ns, * and **: no significant and significant at 5% and 1% levels of probability, respectively
Solo axllae 8590 Gluogas 3 Soogad duml Gilicke Zalaw § (Sis iod oolw 51-8 Jgus

Table 5- The simple effect of drought stress and different levels of humic acid on the studied characteristics of mung bean

ALl oluwi oo Lo . L 30 &1 dlaw
. . . . . b Judg,ls A Jsb .
Lo <2 S ol Sy e
Chlorophyll b Pod length
Treatments Number of Leaf number Leaf area 1 Number of
. (mg g™ FW) (cm)
lateral branch index seed per pod
G5 Al
Stress stage
11.6° 15.52 4.3% 0.6% 10.5% 11.2¢
No stress
RS Al e o
Stress at flowering 7.3° 10.6° 2.4° 0.3¢ 8.2b 7.8°
stage
oSy Al o 25
aslo
m 9.3° 12.8° 3.3° 0.4° 10.3a 8.8°
Stress at seed filling
stage
Sroge densl Zgkans
Humic acid (kg/ha)
0 8.2° 11.5¢ 2.3° 0.3¢ 8.4° 8.7°
2 9.3° 13.1° 3.5° 0.4° 9.6° 9.2°
4 112 13.8° 4.3% 0.5% 10.4* 10.3¢
6 9.2° 13.4° 3.3 0.5° 10.2% 8.8°

Q555 K0S b (gl gire BB LSD yge3l ulasl 3 oS jiiin B G JBlas slyls (slopnSiloe ¢ygim o 50
Means with similar letters are not significantly different at the 5 % probability level based on LSD test.
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