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Abstract

Introduction: Wheat (Triticum aestivum L.) is one of the most important crops and is grown nearly
everywhere in the world. Whest is the primary staple food in many countries. In light of the fact that
wheat yield varies depending on environmental conditions, it is crucial to employ strategies that
increase wheat yield.

Materials and Methods. To investigate the effects of foliar application of cytokinin on the
physiological traitsand yield of wheat cultivars, afactorial experiment based on randomized compl ete
block design with tree replications was conducted at the research farm of the Agriculture Faculty,
University of Zanjan, during the 2016 cropping seasons. Six wheat cultivars (Azadi, Kargj 3, Roshan,
Falat, Sardari and Y avarus) were treated with foliar applications of cytokinin (6-benzylaminopurine)
at two levels (0 (control) and 50 uM). At the 50% stage of cluster emergence (code 55 Zadox growth
stage), hormone foliar application was performed three times per week. Foliar spraying was done at
sunset. To improve absorption, five ml of diluted Tween 20 (0.1%) was added to each 20-liter sprayer.
10 days after the third spraying, a sample wastaken and the traits were measured in order to determine
their value.

Resultsand Discussion: The application of cytokinin significantly increased photosynthetic rate, | eaf
area index durability, weight per thousand grains, biological yield, and grain yield. The application
of cytokinin had no significant impact on the greenness index of the Falat, Karg 3, Roshan, and
Y avarus cultivars, but increased the greennessindex of the Sardari cultivar by 116.2% and decreased
the greennessindex of the Falat cultivar by 12.0%. TheKargj 3 cultivar had the highest photosynthesis
with an average of 10.6 umol.m?2.s* net CO, assimilation rate, while the Falat cultivar had the lowest
photosynthesis with 6.46 umol.m?2.s! net CO, assimilation rate. The application of cytokinin
increased the leaf area index duration of the Falat, Karg 3, and Yavarus cultivars while having no
effect on the other cultivars. The foliar application of cytokinin had no effect on the number of seeds
per plant, but there were significant differences in the number of seeds among the cultivars studied.
The cultivars Karg) 3 and Y avarus had the highest and lowest seed yields per plant, with 172.6 and
83.7 seeds per plant, respectively. The foliar application of cytokinin increased the final grain dry
weight of the Azadi, Roshan, and Y avarus cultivars by 5.6%, 14.8%, and 6.2%, respectively, but had
no effect on the Karg 3, Falat, and Sardari cultivars. The Azadi cultivar with an average of 1.08
mg/day and the Sardari cultivar with an average of 1.55 mg/day had the lowest and highest grain
filling rates, respectively, among the cultivars studied. Except for the cultivar Roshan, the application
of cytokinin increased during the grain filling period of all other cultivars. Compared to the control
treatment, cytokinin increased the one-thousand seed weight by 5%. Cytokinin increased the weight
of one-tousand seeds by 5% compared to the control trestment. The application of cytokinin increased
the yield of the Yavarus, Kargj 3, and Sardari cultivars by 23.7%, 30.1%, and 65.5%, respectively,
but had no effect on the yield of other cultivars. In the absence of cytokinin application, Azadi had
the highest grain yield at 5700 kg/ha, while Roshan had the lowest at 3100 kg/ha. The application of
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cytokinin had no significant effect on the harvest index. The Sardari and Y avarus cultivars had the
highest and lowest harvest indices (31.4% and 25.1%, respectively), whereas the harvest indices of
the other cultivars did not differ significantly.

Conclusion: Morphological, physiological, and yield-related traits differ among wheat cultivars, as
demonstrated by the results of the present study. The results demonstrated that the response of wheat
cultivars to cytokinin application was highly variable, and that hormone application may be
ineffective or have a negative impact on certain traits.

Keywor ds: Benzylaminopurine, Grain filling, Leaf area duration, Photosynthesis, Triticum aestivum
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Table 1- Physical and chemical analysisof soil in thefield site
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Table 2- Specifications of plate poultry manure used in this experiment
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Table 3- Analysis of variance of investigated traits of cotton as affected by nutrition systems and planting method
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S . |
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ns: not significant; * and ** represent significant difference at P < 0.05 and P < 0.01, respectively.
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Table 4- The effect of nutrition systems and planting method on height, number of reproductive branches, 1000-seed weight and lint

per centage
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The means with similar |ettersin each column are not statistically significant (Duncan, a=0.05).
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Figure 1- Effect of nutrition system and planting method on the number of bolls per plant
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Abstract

Introduction: Cotton (Gossypium hirsutum L.) is one of the oldest agricultural crops, cultivated in
over 100 countries with a total production of approximately 25 Mt. This plant's ail, protein, and
seed cotton are used in human and animal nutrition, and as the best coating raw material for
spinning mills, respectively. Cotton, following sugarcane (Saccharum officinarum) and sugar beet
(Beta vulgaris), is Iran's third largest industrial crop and first oil crop. Appropriate agronomic
practices, such as plant density and fertilizer management, have a substantial impact on crop
development and final yield. Adjusting the distance between cotton rows has been a technigque used
to increase yield. Typically, cotton is planted in rows separated by 70 to 100 cm. Ultra narrow row
(UNR) cotton production has been proposed as a cost-effective method for increasing yields and
decreasing production expenses. The fertilizer needs of UNR cotton are not well-established, and
thelint yield of UNR cotton relative to that of conventional-row (CR) cotton has been variable. This
research aimed to determine the optimal nutrition systems for UNR and CR cotton production.
Materials and Methods: This research was conducted on a private farm in Rudab (Khorasan
Razavi province), 60 km from Sabzevar at a latitude of 36° 13, longitude of 57° 44, and an
elevation of 990 m above sea level, during 2019 and 2020. The experimental design consisted of a
split plot arrangement of treatments with three replicates in a completely randomized complete
block design. The type of fertilizer, which included chemical, organic, chemical+organic, and
control (without fertilizer), was regarded as the main plot, while the planting method, which
included conventional and ultra-row spacing cultivation, was regarded as the sub plot. Each plot
consisted of four 50 cm (UNR) or 25 cm (CR) rows with alength of 4 m and a 20 cm plant spacing.
Utilizing a pneumatic seeder and Varamin cultivar, sowing was performed. Before planting, a
physicochemical analysis of the experimental soil was conducted. In accordance with the
recommendation of the soil test, a uniform dose of phosphorus (150 kg ha?) in the form of Triple
Super Phosphate was applied at the time of sowing as part of the chemica treatment. The
recommended amount of N (250 kg ha*) was applied as urea. One-third of the N was applied at the
time of sowing, and the remaining two-thirds were applied in two equal splits at the first and second
weedings (50 and 80 days after sowing, respectively). In organic treatment, the rate of poultry
manure application was 3000 kg ha. In the chemical+organic treatment, each organic and chemical
fertilizer was applied at a rate of 50%. At the time of harvest, five plants were randomly selected
from the middle rows of each plot and their final height, number of branches, and number of bolls
per plant were measured. In order to determine the weight of bolls, 10 bolls were selected at random
from the harvested plants and their average weight was determined. The seed cotton yield was
harvested at one stage after approximately 90 percent of the bolls had opened. The lint and seeds
were separated and weighed separately from the seed cotton. The lint percentage was calculated by
dividing the lint weight by the seed cotton weight. The collected data on various parameters were
statistically analyzed using SAS (Version 9.4), and the least significant difference (LSD) test at a
5% probability level was used to compare the treatment means.

Results and Discussion: Chemical and organic treatment increased the number of lateral branches
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(48.7 percent), number of bolls per plant (88.9 percent), and boll weight (131 percent) compared to
the control, while organic fertilizer treatment increased lint percentage (42.3 percent). In all
nutrition systems, conventional cultivation produced more bolls per plant than ultra-row spacing,
and integrated treatment and conventional cultivation produced the greatest number of bolls per
plant. In ultra-row spacing and integrated nutrition systems, seed cotton yield was increased by
18.5% over conventional and organic fertilizer and cultivation, and lint yield was increased by
9.28% over conventiona cultivation.

Conclusion: Overall, the results of this experiment demonstrated that it is possible to produce a
satisfactory seed cotton yield by substituting 50 percent of the chemical fertilizers in an integrated
system with 50 percent |less organic fertilizer and by utilizing ultra-row spacing.

Keywords: Industrial crop, Integrated nutrient management, Planting method, Seed cotton yield
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Table 3- Mean comparison of interaction effects of irrigation and mulch on maximum growth and quality indices of Cucurbita pepo
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Figure 1- Thetrend of crop growth rate
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Abstract

Introduction: In most developed nations, pumpkin-naked seed (Cucurbita pepo convar. Pepo var.
Styriaca) is regarded as one of the most important and valuable plants in the pharmaceutical
industry. In traditional and modern medicine, pumpkin-naked seed oil is used to treat a variety of
diseases, including prostate hypotrophy, prevention of irregular heart contractions, and treatment of
intestinal worms, as well as gastritis, atherosclerosis, decreased blood cholesterol, and decreased
risk of bladder and kidney stones. Due to the fact that the environmental conditions for the growth
of this plant are rarely optimal and the plants are subjected to a variety of stresses due to the
influence of living and nonliving factors, plant yield is diminished relative to plant growth potential.
The most significant non-living stress on plant growth and yield is typically drought, especially in
arid and semiarid regions of the world such as Iran. About half of the world's agricultural lands are
affected by drought stress. Drought stress has caused significant damage to the agricultural sector.
Due to the importance of irrigation water in agriculture and the impact of drought stress on crop
growth and yield, methods should be implemented to prevent water loss and improve the
management of water resources in agriculture, which mitigates the effects of drought stress to some
extent. Among these techniques is the use of plastic mulch. The use of plastic mulch in the
cultivation of agricultural products for the purpose of increasing soil moisture by reducing the
amount of sunlight reaching the soil surface and preventing water evaporation, reducing weeds in
the field, and minimizing the damage caused by certain pests. Some crop yields have increased in
agriculture throughout the world. This experiment was conducted to determine the effect of
different irrigation levels and the use of plastic mulch on pumpkin-naked seed yield and yield
components, growth indices, light consumption efficiency, and oil content as the most important
quality traits.

Materials and Methods: This study was conducted at the Agricultural Research Station, Ferdowsi
University of Mashhad, during 2015-2016 growing season using a split plot design based on
randomized complete blocks with three replications. The treatments consisted of three irrigation
levels (50, 75, and 100 percent water demand) as the main plot and two mulch surfaces (presence
and absence of mulch) as the subplot. At the end of the growing season, yield and its components
were evaluated.

Results and Discussion: The use of plastic mulch for non-stress irrigation (irrigation 100percent
water requirement) increased the number of seeds per plant by 5.7% and the relative water content
of leaves by 12.8%, but had no significant effect on other traits. However, under mild stress
conditions (irrigation of 75% of water requirement), all studied traits except relative growth rate
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increased, with grain yield (97.3%) having the greatest effect. Also, under conditions of severe
stress (irrigation of 50% of water requirement), the use of plastic mulch had the greatest effect on
grain yield (312%) but no effect on crop growth rate or relative crop growth rate.

Conclusion: In general, the results indicated that maintaining soil moisture and irrigation based on
the plant's water requirements can play a significant role in enhancing pumpkin growth and yield. In
addition, it was observed that irrigation at 75% of the plant's water requirement and the use of
plastic mulch produced the greatest yield, light consumption efficiency, growth indices, and ail
content. Therefore, the use of plastic mulch is an effective method for reducing the amount of water
aplant consumes in conditions of dehydration.

Keywords: Drought stress, Product growth rate, Radiation use efficiency, Relative growth rate,
Relative |eaf water content
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Table 1- Cropping area under traditional and modern irrigation methods in Tajan plain of Mazandaran in the cropping year of

2019-2020
S 5
Crop area (ha)
Ry (.Q)L:‘.‘Pl (s Lg)l:;l
Modern irrigation Traditional irrigation
‘G‘.\Qf
535.3 48.4
Wheat
6‘4519 Q)S
367 -
Corn
6145 PR
1604 104 5 S
Fodder corn
250 20 =
Barley
4
70 15 o
Alfalfa

5 oo okl e, am 00l ely3 Slgame Ol (590

Ol (S48 (5590542
e ) (e Ol pz Gl (p S5l s ) o)y

> Ao Joy).a Slell! ‘WMS)J) c]aw Slells! > bjLLc
b patld (e Bam w azg Lo g0l g p5le—ex

1. Crop Per Drop
2. Benefit Per Drop
3. Net Benefit Per Drop



Ohles g (AL (5B

oy

wa>Ls (Ehsani and Khaledi, 2003) o_sb o asls
<l oz axly lil |y Al (355] ol s 4 NBPD
Sraebp 5 5oL Sl aSl WIS o (et 00l B s
Olgies Gub cnl o)l Sas bl jo cis oS 5 g 55l
Sl Brae azly S L oS placiS o) ol Glas sl
sle plaisl asled oo 1000 00 comai | Sgu o UL
ce L alie slacasdse o alls (35)) lade (s
Ehsani and Khaledi, ) a_ib o sasls ool 5l eola ol
olazil g 50,00 o asls polie duslio olul,; (2003
5 aaly0 (goladl Bl a5 sgei uasd (g5 oo Slgame

Sl g sty 4 bgje mls idu cpl o

O Slas ¥ Jgaz 0980 o0 lo 26 Clbo adhais jo Slgams
olaidl g Sopd sloasla ¥ Jsaz g (Bpae ol o>
ez 83 ge ol (s )kl Gogy 1y ol (690 0
slagasls & Jsazr 5 bras ol o2 0 Shos oF Jgor
Ol o kel Ghey 4 1) O (590 0 solasdl g (So5d

.Mbu’.;a

i 4 2l e aSa i 0,55 35 a3
o aingy B e soaolis ail i olS S 4,0 CPD
O b 9 MLO.A PRIY ool ua}-l.w u.v‘ ML?LA |
e | (Lo 959)) (59,0 dumliie 5 (5150 () (sladlare

(Y akayl)) (Ehsani and Khaledi, 2003) ;L o

Cpp = iFd R%)

0dds b pae ol jlake

<l 5oLl (5,90 3¢
aS el goel )0 e o] (goladl LS el
e Li ol e o S (B pan O Jlade Gl 4 1o 0,00
SBras ol Qlisean AL ATy ke o &30 99 4
San ol Glieds Lalls aalys Jlaie cous 3 (BPD)
(F oV sloalal ) 358 o iy 25 (NBPD)
AL s i

BPD = ————— ™

od B pae o jlade

NBPD _ A el s jlade (f)

o.\.iuj)mg])l._\i.o
s ol ez 5 sy e B alls el o
L) ey Jsame (0))l 4 b9 (= = Jsl ar LS

o=l cnles 5l Jeame adei duje 4y azgi b Lol Logd oolal

WAA-RR ely5 Jlo 5 olywisle o2 cadd 50 (i &5kl B9y 30 (o T a9 0 ) Sas —F Jgur
Table 2- Performance and volume of water consumed in traditional irrigation method in Tajan plain of Mazandaran in the cropping
year of 2019-2020
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Table 3- Mean water productivity in traditional irrigation method in Tajan plain of Mazandaran in the cropping year of 2019-2020
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Table 4- Performance and volume of water consumed in moder n irrigation method in Tajan plain of Mazandaran in the cropping
year of 2019-2020
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Table5 - Mean water productivity in modern irrigation method in Tajan plain of Mazandaran in the cropping year of 2019-2020
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Figure 1- Theamount of crop yield by traditional and modern irrigation methods in Tajan plain of Mazandaran in the cropping
year of 2019-2020
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Abstract

Introduction: In this study, the physical and economic productivity of water consumed by five
crops (wheat, corn, forage corn, barley, and afalfa) in Tajan plain located in Mazandaran province
were investigated. Population growth, rising demand for agricultural products, unfavorable climatic
conditions, dwindling precipitation, and water scarcity are among the world's most pressing
problems today. According to studies, the global population will reach 7.8 billion by 2025, putting
additional pressure on food security, particularly in developing countries where the popul ation will
increase by more than 80 percent. Water's physical and economic efficiency is frequently
considered in analysis and decision -making. Physical productivity of water is generaly defined as
crop yield per cubic meter of water consumed, whereas economic productivity is calculated by
dividing the net benefit by the amount of water consumed. Recent water shortages and droughts in
Iran necessitate the use of appropriate irrigation techniques for crop cultivation in order to increase
crop yields and better manage water resources. In this study, two traditional and modern irrigation
systems were compared for the production of five crops (wheat, corn, fodder corn, barley, and
afalfa) in the province of Mazandaran's Tgjan plain. In addition, the physical and economic water
productivity of five crops were evaluated in order to achieve the optima state (less water
consumption, good crop yield, and high income for farmers).

Materials and Methods: Tagan catchment has an approximate area of 4005.22 km?, of which
3980.75 km? are located within Mazandaran province and about 25 km? are located outside the
province. Tgjan catchment is located eastern longitude of 53 degrees and 7 minutes to 53 degrees
and 42 minutes and a northern latitude of 35 degrees and 56 minutes to 36 degrees and 17 minutes.
In this study, data and information from Jihad Agriculture and Regional Water Organization were
collected, including soil texture, crop water requirement, cropping area, crop Yield, crop water
requirement, water inflow to the farm, duration and frequency of irrigation, product prices, and
investment costs. A two-stage random sampling method was employed based on the available data
and information from Tgjan, as well as the various cropping areas and irrigation techniques used in
this region. For the study, wheat, corn, forage corn, barley, and afalfa were chosen as crops.
Notably, among the crops, cornis not cultivated using conventional irrigation techniques.

Results and Discussion: In the traditional irrigation method, the highest yield belonged to forage
corn and the lowest yield. Additionally, afalfa had the highest volume of water consumption while
barley had the lowest volume of water consumption. In the traditional irrigation method, forage corn
and wheat had the highest and lowest Crop Per Drop (CPD) values, respectively. Also, feed corn
and barley had the highest and lowest Net Benefit Per Drop (NBPD) values, respectively. Alfalfa
and barley had the highest and lowest Benefit Per Drop (BPD) indices, respectively. Therefore,
barley and alfalfa, which have the lowest yield and the highest water consumption using the
traditional method, are unsuitable for cultivation in this region. Additionally, in the new method,
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wheat has the lowest water consumption, but its performance is subpar.

Conclusion: Considering the obtained values of physical and economic water productivity of the
aforementioned crops in the Tgjan plain, it is advisable not to use traditional methods for irrigating
the fields under the aforementioned cropping patterns, with the exception of fodder corn. In addition
to barley and wheat, the cultivation of fodder corn, afalfa, and grain corn is also a top priority. The
cultivation of barley using either method of irrigation should be eliminated entirely.

Keywords: Cereals, Economic productivity, Net benefit, Yield






g allie FA-VF o IF) lawsl g 5les (gl oyled pylear ol [ Sis bl yo 2,5 pole wlinixs

@IS G Cod 189y (G 99 Sos 53 SOS (31 S 9 S (g pewgkd S (o)
Ypl.lml ‘)lwb ok cr)%M‘ stlh c‘d)szﬁq éblp Lé)”o‘ 4"'.53 @lm )bU fﬂ‘:’;féb Saraw

Al 6o (bl et oy «65y9LiS 0aSuiild «bls llol 5 el 0,5 =)

Al 6o ulbydl Sk dupes olRisls g 559liS 0uSLisly «bils plhol g sl 09,5 )| (ki8S (gmeily =Y
Ol 0585 ¢ Byd (lmly)dl (o wlio 5 (65)5liS” (Bjg0l Clindions S0 ¢ L1 g ()5 pole Dladd s Y
saeid.hazrati @azaruniv.ac.ir :4slse Jotuwe *

DOI: 10.22034/CSRAR.2022.320094.1168 VE NV s gy VE- [ UYE il s gl

U
55 595 silel ol S A Co g (slime 5 0,8 kee Loty ;0 NS (31 US 5 Sy (gitegid GhE (w ) pslie 4
ol 555 ol VWA el Sl o S5 dn b bolss LolS (glaSsly gyl B 55 lly il 50 45 il ol
s Lo n Bio ced )58 5 (B35 oo 0 o 5l R (23S £955 alye 51 (5 55 (990) s a3 SIS S
ot Jlest ol lad gl wiagy (31U (g 5 UL o S Bl wmly ood S Bl el las oz o 31 (i
0y Shas a5 >0 wols 2ol 1) ails o Slas o po VA g VFIF i ar 205 duoy0 O al>ye 5l g (20 J5 £4,8 al> o 5l IS
e sl a4z s bl Las |y 6oy FIF o sie (2alS (a0 S £5,8 al> pe 5l 25 Jlee! Lo il cow o3 025,
565 B S @l olal 2 aizren i o 9lS SUL GBS s, w5 SIS ailo Gy sl lhaonsl 0018 (el e
(=TS G g sless 53 )l (e S Al s Sl am DTS 5 DTS A pae Laulph g0 e 50 dadils Gud 50 |, ege S
UL o b8y Bis 4y by o (0o )0 YAIP) (liae 505 9 S 5 Bds pac 4y bgy o 2o 0 YAV clilsyy as bl lie o it

ad> o 5l (IS s Jleel aanls K55 29, 0, Shas S 4o g aild o Sles )0 (5550 i (315 Gudzs bl bl 04

S (2 JB Sl S0 ) (589, 5 4l o Shes 55 (80 5 £9,0
O § g (O, 0,5 ( g, slaails ( Sis i s ,lol (guadS ol

olelS Sl )0 azsl (IS b 4 ol eloizl g solacdl
L oyl 6,55k o)l cosal dilie 5y S gl £y
Sblie ;0 o9 4 oly) Slgame QBT Cunl (Janome Jalge
blyd Jds o Glpl y9aS asle Yo Sidaes 3 Sas
Gialod Blie 13 LS ol 5 O 3g0aS o ol o>
Bhattarai et al., ) coul 15,55 1 6 i Comanl 51,55

(2020
FYFAAY Jolae Y0 Jlo ;5 5,08 Sl adss olies
od—os 4S5 39 oo Wi Lo )9S Fe Sl A )0 45 0 05
FAO, ) aiwa S350 5 LS el s o] Foss odgs
slacells s S8 el ol F a Syl o1&, e (2020
2LBS 5508 LS 5 alsS )0 5 el ol (oag 00 e
sl U aililio Jy g ge il 5989 4 ol ol (S
Al oboyeiS o aS Jb o el onis Ol 4 g0l axgs

dodlo

oiols J—Jds 4y (Carthamus tinctorius L) S5 15
oS g Srino Gl sbvoslainl  2l); oslas Dliogas
ol o aslics 55,1 L ol S laie 4 oos, UL
o0y 0 1y oS (nleg,08 5 (Sid 4 ogllas [C Cooglie
szl oSl 5 ot (5580 onimsgsts GLS o Fote
ol osls 8 olger Sadaas g Seas bl s oy
5 s, asly ol 5l S 5,15 (Naderi et al., 2005)
ol 53 001 (g slaatsS 352y Ll H9AST (ee:
g2l bl L oS ol ceslie ()85l oaima Lt (508
(Nasseri et al., 2017) el ol 5l olen

3yl 3 i as g S adlae ;5 oonldl a5l ol
=hy 5 s ol as Jesie plalS S S

bl b 05 Gl (8o pte sl 51 (SO wilyi oo


mailto:saeid.hazrati@azaruniv.ac.ir

RULS e

Y

LS L (0 S 0enS1ies g Lod il Loy 4S5 9k ( Sl
WEISS) 555 o (mSie (Sl (1ol 3l 50 Ol a4y (g s
olalS oliol ol o Shoe iglél g ¢ (6t al., 2020
blyy coled jo el wgliie (35 g aie Lails, b )5
2 OLelS o, Sdes g 0l sote )0 WSl ge (3B 5 ae
ools (st o bl ansls |, g Ll TS Lyl
Gl cwd Ly (2loS 5150 00 Wl sl S 5 (5 5m Jloo o5
OLelS jo 1) (Sis an Ceaglie wlgs o (SLS 5o (S

(Cortleven et al., 2019) sas 258l
laplasil (65 gid o e 5o Slellbl iyl 4 azgi b
5 Sl 390 me €g, g dild 0,7 Sles ;0 K,I5 oLS alizee
Lulys ol 3 Shos 5 Galiisee (slapluil (5 5imgid i Ugoss
oS 2 (b3l Gaos () Bae nlpl el (e
oS 0, Shae o)1 5l 5 (s tmgid Slga (el o 31T
IS 5 S (585 iz o2 g (S SRS Ce SIS
AU 5 S5 0, Slee 05t 5 28 25 S aals o
O3y oy 5 9,5kee ;3 S Bl 5 lnS B5 plejen

il e KI5

W dg; 9 dlge
S55aS oaS il Slinisd as e o Sl §dod
etz 20 b (B8 olnl)ST il (e agd slfasls
AV ga=z>,0 O oldlme Job g Jlodi asBs AY g am 0 YV
Syeo an Lijo mhaw 51 e YWYAMA glasl g (8,5 asds
5 ol Jels slatsl 2,k B s ol el il
Bl 15 (55, ke Jad 0 WWAA el Jle (b LS5 an
559 g as o oS Juls 5 Lol 4555 s |
B pley 3 s @ IS g9, al>yo 5l AL (amlly) s
35 sy 5 oS Bl (08 )5Sl 5 (oS oy
(Ol o S Bde (S Bl pas) wall) ghaw oz o
G e 45 oy dl L iy 5 UL cod 5y B
03y 2SSy Ve 4 K5I8 slaaigy a5 Jlojy S
SIS gy 9 90,5 Bl oal Sghe w5 Cewd b ol
L ctls ol 5l ol i oailingy sogetnogll isd b 5
O3 slas,S o Ol ses Sas leolannl b 2o J5 g4,
S Sl ey A oy 0 ool g (S

5 amd> plB )l as e gl g0l sla s 1S5 o] samie UL
2 gl ol 59, 4 59, 5 AT O )90 SN sl
ManSOUI’I et ) 05_».:‘-,’_&7 oés}é‘ oLsf U"‘ ailo J)ﬂ‘o.c 9 hAY
«@l., 2020

Ol ez QLS ) e (T o 2l 4 sl
olelS Flool ( T ol Sgt sl cl (LS o Slas
aS ol olﬁf )‘ 6“’)’9 uLuoj,A} 3o ‘Su.:l.w‘ u‘r...u M)lﬁ..:
O 5kl elS s e 4 5,15 (Maleki et al., 2013)
s 55 St slon 5 Sl gy 5 s Sl L iblie
(5['“4—“’“) U"_"’”b l_> 9 9w tSJ )‘ PR UM » 5‘_,;&6Jf 0,99
S 3| S Sgas slaiide 31Ul O i gy by b
lioe ol 4 Ol 058 a Jamin 289, il 500
(Zaffaroni, 2020)

iy (59, wilyi e (St 15 aS oy lis Slallas
Slogas 15 ;i 4 e g 50 oL alises slapla]
B0 (S an Jamte JlalS o 0058 olS (5905850
Ql_’?.i‘ g_)‘)_u.u L;.ﬁ)?_l};f.j 9 ‘;95.[5.0 Cj.la_...v col_zf h.AJlJ
|y oS (U155 ol Sy | o 5 L eyl 2o
Caser et al., ) oS o crend Ol 39050 8,0, Jos &
S gl 23l g iegd pelS o gl Gey095 S
Uik 35 (de Lima Bueno et al., 2020) sy oo S5 )15
b8 gl o ol et Lulyd 0 S5 ol slocadsi
Sgupn Sl dils Sl 59 9 Bubo o awls dlows (Gubo jlad cadlu
50 ol gz (Al et al., 2020) 55,5 o ails 5 Slas
5 B yan Gl b Sl alie Jilse o9lS uais g ails
asls and o by g Sladlos 5 5 am 3 (o odas
S e sl cnles 50wl 133 cplply sl o9l
aS csle p a0 0l e wilgs (Lo el slasllewl
SLadlos 5 jlan (SiS £9g D)0 ) LS Fwsid Gl
o bz Lalg, (Livetal., 2020) ool o zalS S a
L=<l ololS o U o Sloe (6l sllas o35 g aie
S0 pilis e Lyl o o LS 4sS SO g0 S

Sl g ol ol pli aibge 35w 5 ate J3I05 (S



Y TS G Coni pgy Ggiono 9 8 Ko 50 U 3T 9 5y (5 imgid GRS (o 2

Ol ol Bl (g LSaSis &g ay andy (55 Ul
g o 4ol b aw slags Lol g cals 51 o alolilly L]
5 deads jlaul s CllS Gl ey 0s )5 Jleel )L 3,
99238 Gy 9 S pladl (T ez g0 sl
oo L o)l .l aslol iy ol (L B pzrg Sldee
Saci L oj)lee g obua s ;- 3lsl 50 9050 e L SIS

6)L:.J s@]pf oS sl sl ,S 8 .cd )T el ol JoC
i8S ploml O o St 5l 5 e dee VP olej o
SLE adgel dc)ie 5o il = Ve Goe 5l s 5l L3
sl 5 i ST o Jlol sltglesl 4y 5 4y
A 50 90 5,5 e ol el ool 1,1Y Jgaz o S LT
S5 5 95 s S8 L jedy (S 51 LS 09 mpe e
@laaiy O Els e ;0 SIS 1500 ac )50 j0 00 jles

VIO Gos jo g aiils J18 oo 5l (g e sl Ve alold & a5

axdllan 350 S (o leand 9 (S 5ud ST B ) J9ux
Table 1- Some physical and chemical properties of the studied soil

. m s
S el ety - Foswrs 0T o
Soil texture Potassium (ppm) Phosphorus Nitrogen(%) Organic pH RS
(ppm) carbon (%) EC (dSm)
s 1085 5185 0.12 1.29 8.17 142
Sandy loam
OS9) Mo yd GO 5Nos g gy Olao (55051

b5 Oyge Slles JU 5l eolizal b s, 2l

JE a0 g 300 6508y sl 0 5 90 pelatecn
JU> 5l e Ve sg0 o asizu, (olesT slaady)
slmoole] Jsos g ot adlol _ilesl sloalg) 4 5l Lslgs
Jodome Lol 000 ST 55 olws 3l ool wl L oo
J=ls a @QLQ)‘T sledlg) slaimes ¢ g RO RUWRY eSS
Ve Sae 4 byl aiad sols JUiil oy e B¢ 5SIG
3 0D feudy sl 4280 j0 H0 e Ve Ce b dado
- 8L Joloe daysSIb ol Coand o )y slaallis (g,
Ly ol e il iligs ol S LagysSIB UL coand s ouils
iy o ol Slogize 5 0 (y5laoz 9 y9d (89,
Jolaie AL ol Ay, des 0dd (yjs B 5l a5 (6,500 iulej]
o9l oKiws s 4 laJghme sy, soole 5l JU> (o5lulos
i Jate celo Y Gue 4 ol 5 il gaz 0 Ve sleo b
-l soole Les el sliss JU s oz 5 e 3l g
iale3T sl 39 S b ol (3 45 03 SIS (48, oaile
Sy 09 00 039 b 5 &5 stalojl gl 5l (85, (sgime
Oty 0 Shas dwlxe sl (Zeindli et al., 2018) ol
Oy S Nes 5 b LS 0 j0 0,8 hee 3 (585, o0

el ey

azlg , o 5l ase Ve olaw glaal ol jl Bis 5l as

S yh9 b e g 0 Sl Bolal O jso 4 k5.';'.9‘L<,)'—l
5 adls o Slae casls lia 59 (b 1 ad ¢ plan slaplasl
A8, S 18 Sl o e mhw asly o cils y el
(g el )| (g pSoslasl (gl,) Stz oolaul 9,50 sla 3l
93l 5 (b a8 6 pFoslasil sl) (Jlms dsS
(oo slaplasl Sis (59 5 alo 1o 059 slp) Jbezms
O3k g oo jloslaul b Iy slos (65,5051l (gl aios
A (6 S oIl Ll g 4l )15 el 825-T2 Joe 0,8
o3l Ladl slos g olsusl JBolal &jgo a4 aigy Ve olows
slos 65 ojluil iz Wb end Al e (2l 5 25

8,5 s VF N Sl S

0y9% d=lsh) (stag) 08, Slas al> e o jslae ol ol
2 S e el ol st eslanul b (ails ol 5
So yo ade UL g laws opml Galisee U a5l 5 a5 iy

RERPIC SR PRVAFECHE

1. SPAD



RULS e

¥

Ross and Privitello, ) s iol; slaplil a5 (6 5miwgis
(2019

il 152 09

@ &l 5 (359 a5 0ls GLas (wibly 429 5l el gl
s 5 el sl Lo ol Sl b o (sl gine 5k
5 Sobl gshe (SR 5 C855 418 (s plail Bi
Anlin (Y Jgoz) ois o sime caao ol 5 pladl B
as ol plas adls Jlie 055 1 )bl gl 1 Sk
g 2old e 4 Lo (p)5 FYIV) &l 58 (359 0 yitin
00 a5l s 4 by (05 TV s Jlim 059 0 508
et eSle aglie iz (T Jsaz) 092 (20 S5 0o y0
5 s omly Sy B sl Lo s ol L plasl Bi
o3 aine Bl plasl Bis pue b gy UL slacSy i
adls Jlie (3 oSS Gl Jlad 53 (s endls sg2
o 5o el Css dy olail Bl poe b duglie 45 (g y2aS
Ly aalio ;0 45 05 0,5 YAIA &ils Jl30 (55 ndTUS sy
= (0 Jaaz) 090 yiaS a0 VYT (i a4 plail Bd> sue
o B SIS 50 (31 (g (e slaaily ol
lamonico and Mokni, ) ails 5,15 slaails o 5 o1,
3 omdT LS a8 ol ol il adllae b pimen (2019
3l et ol (a0 GFwgts plie (ke
aS 0505 A5 o)l SIS 6] o) 2 b 010 lalllas
O Sl SS e e 88 18 (Sas  cod il e (s
b 1y el Snge acds sl alls 5o (359 00 Shas 132l
WS oo ol Al b 0590 )0 &S (anma (155 Julge
O S g0 il Jgams ojlail o5 4 s (S'gy ol b
(Heshmati et al., 2017) 55,5 o o Slas ialS g laails

&> > ,Slos
Sl g bl gshs ams oo las il ly a5 s
Jezl gl o plail Bio 5 6Ll zlaw (iS22 5 pll
Qs K5I8 asls o, Shes o (6,5 e i wo e S
O 09 ok 5o ol s (S0lee Slaslie (Y Jgux)
LS 53 oSl 0 Gl 4 iails 0 Shes Gl (n i

o als s Shes Glime (n5pS g0 S Bdo pas 4 bgype

&bl U1

s 5 Pl Losls ogy Jloyi s s bl ez 51 3
Slao (5 wSojlsl 5l ensliawsds slaosls g kel Julos g 4350
duolie gl 0l skl SAS 9.1 138ls 5 5l oolazwl b L5 o590
oolii sl 9o 0 O Jlais! mhaw o SSls (a0 51 b Sileo
20,5 oolatwl EXCE 15818 5 5l Lo S g 5 (5150 0

G sk

sk an 3=b jlad il ly s Sl ol s bl 2
plasl Bl g 5 kel slalows Lol @l 36 cos g )ls ne
pll Bio 5 ()Ll gl (RS Ll 28,5 )8 (g rimgid
Aaplia (Y Jgaz) Sl 3o 58 o sl ine 3L
a8 ols olss i e s o g1l a8 slacnSile
el K5 Gl Jlad ] (olite gl AL Jlos! (slajles
S 9,8 ad> e 5l A Jles] Lo 4S5 5ba it
Wl el K8 gl hd o 1) as 0 VY b pee ralS
oy ar (205 2oy 00 Al e 5l 25 Jlesl e a5 oo
SV gl ) Cdo ol g 0933l Cdo al  (s)lo S
A8 sl e Silee dmlie ls (izrea (F Jouz) ols (2131
ombs lasy i sl sl i 56 cos gb
5 Sblos Gl 5By ()l sine S SIS gy 5 &5
Sho (pl 2l g Sl g UL sl Sis s
dlio )0 Gub ,hd &g UL sl Bix jlag jo el
(0 J992) 990 yieS o 0 VAIY (lae 4 plail B> pae L

1 6l 2alS (SleS A sols ol Slidss
Sy Gl LS 5 95000 Sel SO oS ol
o, geals Lol s oS b cos sadss slaclloo!
Ghassemi-Golezani and ) s—ib o 1S b cov gl
5 o Jlasl Uy gk , ki s zals (Mamnabi, 2019
S o 1z a5 @ ilaie Ll (23S 5, 4l 5
Jlosl L (i 5 08 (oo 08 @ £9,5 LGk Al o ol
SHapl Jlasl g ollewl ads (e o placosgame
(Hahn et al., 2020) s »lS o 5l o, 5l (iub 4 S 5
Ot QLS (LUl Ao oS oS ols s gladdlas

el 3 So5 daplail (nl ]y 5 asls ails o Slae 1) i



70

TS G Coni pgy Ggiono 9 8 Ko 50 U 3T 9 5y (5 imgid GRS (o 2

RN IV NE SO TR SOR KU PRV-S P L PP H W Y
Moosavi €t ) sgi o oazlS L1565 ails slasy 5 lacsllan!
sl S 5 oS 5l e J>le yo S @l 2017
Cel bl 5g g olawy 5l s b wlo o Sloe jo 1) (gauads
oealS daails (59 g ails slasy ;o palS poe JiUs 3106 co
aed ;53 B olS jew v ialS g dils ol 4y 0490
Jlael L oS sols lis lo s, » (HErrmann et al., 2020)
5o oad oloml GlSiw o 4y ( 20 5 £g,b > o 5l s
o LS5 sbaasils slases doasls 5,L o SLidlos 5 3]
a8l pl of, Jde (Mangwe et al., 2020) sl o ials
Sl becd 18 SleS b cos als slaws pol> (wyp o
JeSis o a8 el o o 5o S b s ed 2925
O al> e o 25 Jlosl b ogzs ol b2 5 oauoli 1) baasls
5L 090 laclowl 2alS L s oleS (205 do s
Barker Plotkin) sals e ails o,Sles 5l daasls o 55 (sl

(etal., 2021

UL s S B @ bgyje )1Se )3 0 5l S WWYF (e
YN0 Gl opyiion (20 al> o | (A8 ok 3 09
Ol (rpS 9 S Bi pae 4 bgyye LS 5 p,55LS
S0 Bas a by LS 0 6,56l Ve e AY wils o Slae
23S 9oy 00 gl l i Ll b pe e UL oS
pas @ bape coi i 4l o ySlee i (S g (A
VWYOIF 5 AVIN/E liee s U o 5y Bl 5 5y Bl
O JS0) sl Casss JiSa o 0 55LS
Cho oslyy QLalS ;5 e 0 558l 5 o et
iy Sy sl ye 50 ey oo Hlad 4Bl e Al 5 Sles
9 S g pald S gl GRS 4 e (SaS Gis
0y Slos ualS azmis )3 098 o0 S gl wly o Fiwgid
Al oo 039 p0 by slaws palS galavly 4 al> e ol jo
8093 Sl sabaleds piuly el o 50 8 Shoe alS
Al oo aasls 5 ymalS 5 baasle ol S oS daasls s

3 =550 slagge,sn siw oleS (Jamali et al., 2020)

0)lte S (53 (s g ilio Glaehail Bio 5 (0SS e anlllan 590 Slo (il ly 425 Y Joox
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Irrigation (1)
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ns, *, ** not significant, Significant at P < 0.05 and P < 0.01, respectively
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Figure 2- Effect of removal of different photosynthetic organs and water stressat different growth stages on biomass (M eanswithin
a column followed by the same letter s have not significantly difference (p< 0.05).)
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Abstract

Introduction: Drought stress is an unavoidable factor that exists in a wide range of environments
without boundaries or clear warning, diminishing plant biomass production and quality. It is caused
by changes in temperature, light intensity, and precipitation levels. This is despite its cumulative,
multidimensional nature, which has a negative impact on plant morphology, physiological,
biochemical, and molecular characteristics, as well as the photosynthetic capacity. Plants evolve
different adaptation mechanisms to cope with water scarcity, including physiologica and
biochemical responses, which vary according to species. Plants respond to drought by altering their
growth pattern and structural dynamics, reducing transpiration loss through modulation of stomata
conductance and distribution, leaf rolling, varying root-to-shoot ratio dynamics, increasing root
length, accumulating compatible solutes, and enhancing transpiration efficiency, adjusting hormone
levels, and delaying senescence. The purpose of this study was to examine the photosynthetic role
of safflower leaves and inflorescence on seed yield and oil content under water stress at Shahid
Madani University of Azarbaijan in 2019 using the spring cultivar (Goldasht).

Materials and Methods: This study examined the effects of different irrigation regimes (no stress,
water stress from the beginning of flowering stage, and water stress from 50% of flowering stage)
and removing different types of photosynthetic organs (control, removal of leaves from the bottom
of the plant, removal of leaves from the top of the plant, and inflorescence cover) on the growth and
yield characteristics of safflower. SAS software (version 9.2) was used to perform an analysis of
variance (SAS Insgtitute Inc. 2002). At a probability level of 0.05, Duncan's Multiple Range Test
was used to separate the means. Using a Class A Evaporation Pan, plots without drought and normal
stress were irrigated to a depth of 80 mm from the time of planting until the beginning of flowering.
Irrigation was performed at 160 mm evaporation time from water evaporation pans on water-
stressed plots.

Results and Discussion: The highest 1000-seed weight (42.7 g) was associated with the control
treatment, whereas the lowest weight (42.1 g) was associated with 50% flowering stress. During
stress (seed filling stage), leaf temperatures were 27.9 °C and 26.6 °C, respectively (control). At the
beginning of the flowering stage and at the 50% flowering stage, water stress reduced seed yield by
16.4% and 7.9%, respectively. The oil yield decreased significantly by 4.4%, only when the stress
treatment was applied from the beginning of flowering. According to the results, the most important
source of assimilates for safflower seed filling and oil yield is the top leaves. Also, in this study, the
petals play an important role in filling the seeds, both under conditions of full irrigation and water
stress. Under full irrigation, the highest harvest index (39.7%) was associated with non-removal of
leaves, while the lowest harvest index (38.6%) was associated with removal of top leaves. Without
removing the leaves, the highest seed yield (1305 kg/ha) was obtained without water stress. There
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was no significant difference in chlorophyll index between removing the top leaves of the plant and
the inflorescence cover, but more chlorophyll index was obtained by removing the bottom leaves
than when organs were not removed. In both treatments, removing the bottom leaves increased the
chlorophyll index by 7.4% compared to not removing the leaves.

Conclusion: Studies confirm that removing the leaves at the plant's base increases the chlorophyll
index of safflower plants. Additionally, the inflorescence cover plays a significant role in safflower
seed and oil yield. Beginning with the flowering stage, safflower seed and oil yields are negatively
impacted by water stress.

Keywords: Drought stress, Irrigation, Qil yield, Seed oil, Source and sink
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Table 2- Analysisof variance of element concentrationsin quinoa seeds and soil organic matter
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Table 3- Comparisons of aver age concentrations of elementsin quinoa seeds and soil organic matter
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(%) %)

0 25 0.142 0.26° 0.085° 77.54° 59.09 0.89°
50 0.154 0.38¢ 0.126% 81.87* 70.27° 0.90°
75 0.166' 0.39° 0.130%° 76.53¢ 68.18' 0.92%
100 0.203° 0.39¢ 0.132%¢ 86.73 62.12 0.93°
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50 0.184' 0.46° 0.141%¢ 102.67% 90.11° 0.98%
75 0.195° 053" 0.145%® 86.48" 84.25° 1017
100 0.241% 0.58* 0.154% 91.91° 93.58% 1.04%

..\J)Lb' G)bg_;;"“ Lg)LeT Sl JM «35):> Lgl)b Lgl.bwﬁ.\Lm OFw o 50
In each column, the means with common letters do not have a statistically significant difference.
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Abstract

Introduction: Quinoa (Chenopodium quinoa) seeds are an excellent source of antioxidants,
vitamins (B1, B2, C, E), and minerals (K, Fe, and Zn). Considering its nutritional value, the
cultivation of quinoa is crucial. This plant can produce high yields in soils with low fertility.
Various natural ecosystems are irreparably harmed by the misuse and imbalanced application of
chemical fertilizers. In addition, continuous use of these fertilizers without organic fertilizers will
degrade the soil's physical, chemical, and biological properties, leading to environmental
degradation. The use of organic fertilizers such as vermicompost increases plant yield and improves
soil structure by increasing the amount of available water and nutrients to plants, followed by an
increase in the soil's organic matter content. In this study, we proposed optima levels of
vermicompost and chemical fertilizers and evaluated their impact on the elemental content of red
guinoa and certain soil propertiesin the Sistan region.

Materials and Methods This research was conducted on the research farm of the University of
Zabol during the 2019-2020 growing season. The experiment was conducted using split plots in
randomized complete block designs with three replications. In this experiment, three levels of
vermicompost were considered for the main plot (zero, five, and ten tons per hectare), while four
levels of chemical fertilizer were considered for the subplot (25, 50, 75, and 100 percent). To
determine the physical and chemical properties of the soil, samples were taken from a depth range
of 0 to 30 cm prior to the commencement of tillage. Before planting, triple superphosphate and
potassium sulfate fertilizers were added to the soil. Before planting, during the 6-8 leaf stage, and
prior to flowering, nitrogen fertilizer derived from urea is applied. After harvest, the proportion of
soil organic matter and grain elements was determined. SAS software (version 9.1) was used for
statistical analysis and mean comparison .

Results and Discussion: According to the results, the combined effect of vermicompost and chemical
fertilizers was significant for al measured properties with the exception of the concentration of soil -
soluble potassium (concentrations of N, P, K, Fe, and Zn in grain, and soil organic matter). Compared to
the control treatment, the amount of seed € ements such as nitrogen, phosphorus, potassium, zinc, and
iron as well as soil organic matter increased by 18.71, 48.71, 16.66, 597, 50.64, and 11.82%,
respectively, when 10 tons of vermicompost was applied per hectare with 100 percent of the
recommended chemica fertilizers. Vermicompost had a significant effect on the concentration of
soluble potassum in the soil, but the concentration of this element was unaffected by the combined
effects of vermicompost and chemical fertilizers. The highest amount of soil-soluble potassium was
produced by 10 tons of vermicompost per hectare, which increased by approximately 29.2% compared
to the control trestment.

Conclusion: In conjunction with chemica fertilizers, 10 tons of vermicompost per hectare
increased soil organic matter and quinoa nutrient concentrations. Development of high-nutritional -
value crops that can be grown on low-fertility arable land, such as quinoa, can significantly reduce
the use of chemical inputs. Due to the favorable climatic conditions, the introduction of quinoa as a
plant that grows in the Sistan region will increase the region's crop diversity, sustainable production,
farmer incomes, and food security.

Keywords: Organic fertilizers, Seed nitrogen, Seed potassium, Soil organic matter
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1394 )
2015 i 0.48 9.01 203 7.7 16

Loamy clay
1396

) 0.50 93 78 78 21

2016 Loamy clay
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Table 2- Analysis of variance of studied traits (aver age of two years)
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Mean of squares

T . 41> 5 ,Slos &15 4058 0y &g glasyl aldow 0 4ils Slas aloww
Oyl g o3l 4z Grainvidd IR 039 # &) 0 e Jsb
SOV df y 1000 _Gram Plant height Grain nu'mber per Spike
T weight spike length
Ju 1 404 0.003 6.49 25.46° 13.63"
Year
Jlo > S5k 4 0.204 042 0.651 115 0.33
BlockxY ear
w5 10 1.16% 52s 50,02+ 172.21% 3,205
Cultivar
w8 55 Jo 10 0.504¢ 2.75 115 453 0.489
Y earxCultivar
> 40 0.056 1,59 234 211 0.320
Error
CV(%) : 15.07 7.01 8.01 5.69 6.98

* and ** are significant at P=0.05 and P=0.01, respectively
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Table 3- Comparison of two-year mean of studied traitsfor different cultivars
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Cultivar Cultivar Grain Kldd 1000 Grain Plant height Grain number per Spike length
Number (ton/ha weight (9) (cm) spike (cm)
5 1 6.63def 37.6f 96.3c 46bc 10a
Shoosh
Shabrang 2 7.77a 44.5b 97.8bc 55.6a 8.9bc
g 3 6.78bcd 39.1e 93.5d 55.6a 9.9a
Sivand
Ol 4 6.49¢f 40.1de 97.5bc 44.8c 9.8a
Sirvan
¥ olex 5 6.75bcde 40.8d 97bc 45.5bc 8.6¢
Chamran2
b 6 6.91bc 43c 101a 46.5bc 9.8a
Parsi
SUsl
Aflak 7 6.67cdef 40.9d 98.6b 42.8d 9.4ab
ooz 8 5.969 39.5de 96.8c 41.3de 9.1bc
Chamran
Syt 9 6.86bcd 47.8a 92.3de 39.6e 7.8d
Behrang
oble 10 6.47f 435bc 911e 41e 8.5¢
Baharan
OB e 11 6.97b 43.9bc 97.3bc 47.1b 9.96a
Mehregan
55 (gl sire glis 10 Jleiz] lans 10 LSD (yge3] bl s cdiiins 5 e d5)>6| (SR < PPN

Meansin each column, followed by similar |etter(s) are not significantly different at 5% probablllty Ievel using LSD Test.

Table 4- Comparison of the mean of studied traitsunder the influence of year interaction in cultivar
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YearxCultivar Grainyield 1000 Grain weight Plant height Grain number per Spike length
(ton/ha) (9) (cm) spike (cm)
VIY1 6.04hi 37.3g 96.6def 45def 9.6bcde
V<Y1 7.51b 44.6bc 97cde 54b 8.8¢efgh
V3x Y1 6.35hi 39%fg 92.6gh 57a 10abc
VaY1l 5.94ij 40¢f 97.4cde 44, 6¢f 9.1cdef
V5« Y1 6.44ghi 41de 96.3def 43.6fg 8hi
V6xY1 6.40ghi 42.8cd 100.6ab 46cdef 9defg
V7Yl 6.16hi 40.8de 98cde 42gh 9.1cdef
V8« Y1 5.60j 39%fg 97cde 40.6h 8.3fghi
VoxY1l 6.66€fg 49.6a 92.6gh 39.6h 7.5i
V10« Y1 6.19hi 43.6¢ 90.6h 40h 8.3fghi
V1Yl 7.06cde 43.1c 97cde 46.6cde 9.3cde
VicY2 7.11cde 38fg 96ef 47cde 10.4ab
V2xY2 8.04a 44.5bc 98.6bcd 57.3a 9.1cdef
V3<Y2 7.22bcd 39.3¢efg 94.3fg 54.3b 9.9abc
VaxY2 7.03cdef 40.3e 97.6cde 45def 10.4ab
V5« Y2 7.06cde 40.6e 97.6¢cde 43.3cd 9.3cde
V6xY2 7.42bc 43.2c 101.3a 47cde 10.7a
V7xY2 7.18bcd 41de 99.3abc 43.6fg 9.8abcd
V8« Y2 6.32hij 40¢f 96.6def 42gh 9.9abc
VY2 7.06cde 46b 92gh 39.6h 8.1ghi
V10xY2 6.75efg 43.3c 91.6h 42gh 8.8¢fgh
V11<Y2 6.89def 44.7bc 97.6cde 47.6¢ 10.6ab

e V11 .l V10 S, VO o

oz VB SBINT s V6T oy V5 gy VA i V355,08 V2 gt VL g Jlo Y2 o3l Jo Y1

Y 1: First year, Y2: Second year, V1: Shoosh, V2: Shabrang, V3: Sivand, V4: Sirvan, V5: Chamran2, V6: Parsi, V7: Aflak, V8:; Chamran,

V9: Behrang, V10: Baharan, V11: Mehregan
3,105 (6,l8 cixe gl V0 Jloil gehans 50 LD 5031 ool 1 s S idie By > (61l a5 oo SKilis cygis 52 50
Meansin each column, followed by similar letter(s) are not significantly different at 5% probability level using LSD Test
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Table5- Correlation coefficients between grain yield and some agronomic char acteristics

<y ol ails o ,Shos 1o 515 39 ag el alcaw jo @18 oluwy
Agronomic traits Grainyidd 1000 Grain weight Plant height Grain number per spike
sl o5
WS G)9 051°
1000 Grain weight
e elas
» &5 021 022
Plant height
alow jo &l sloss
0.64* -0.36** 0.19
Grain number per spike
alees Job .
_ 0.01 -0.64° 0.52 0.44°
Spike length

* and ** are significant at P=0.05 and P=0.01, respectively
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Abstract

Introduction: Orzuiyeh city (one of Kerman province's warm regions) is known as the center of
wheat production in Kerman province. Wheat is one of the main crops in the region, which plays an
important role in providing food for the people and the economy of the region. The high area under
wheat cultivation in this city is the most important source of income for farmers. Wheat is primarily
sown in Orzuiyeh for bread production using the Chamran cultivar and durum whesat production
using the Yavaros cultivar. Due to the introduction of new cultivars, additional cultivars must be
introduced to farmersif they outperform conventional cultivars.

Materials and Methods: The yield of 11 bread wheat (Triticum aestivum) and durum wheat
(Triticum turgidum var. Durum) cultivars (Chamran, Shoosh, Parsi, Sivand, Sirvan, Chamran-2,
Shabrang, Aflak, Behrang, Baharan, and Mehregan) was evaluated in the hot zone Orzuiyeh in this
experiment. The cultivars were compared on yield and performance components over a two-year
period using a randomized complete block design with three replications. Each cultivar was planted
in six 6-meter lines with aline spacing of 20 cm and the distance between replicates was considered
one meter. The amount of fertilizer used was done according to the experiments and according to
the needs of the farm soil based on the recommendations of the soil and water department. The first
irrigation was done immediately after planting by sprinkling method and according to the custom of
the field. Operations and weed control were performed manually (weeding) in the same way on all
plots. After physiological maturation of cultivars, harvest was performed in each plot from four
middle lines and after removing half a meter from both sides of each line. Grain yield for each
treatment was cal culated based on the total area of plot harvest and after threshing. Then, based on
the obtained data, the analysis of variance of the data was performed in the year. After Bartlett test
results, composite analysis of variance was performed by SAS software and mean comparison was
performed by LSD method and the results were interpreted.

Results and discussion: There was a positive correlation between grain yield, 1000- Grain weight,
and Grain per spike. Shabrang, for example, had a higher Grain density per spike and 1000- Grain
weight. Additionally, the 1000- Grain weight correlated negatively and statistically significantly
with the number of Grains per spike and spike length. At the 1% level, there was also a positive and
significant correlation between the number of Grains per spike and the spike length. Additionally,
Shabrang cultivar produced the most grain per hectare (8.04 tons), while Chamran cultivar produced
the least grain per hectare (6.32 tons). A thousand Behrang cultivar Grains weighed 46 g. Shabrang
cultivars typically had 57 se Grains per spike, while Behrang cultivars typically had 39 Grains per
spike. Parsi, Shoosh, and Sirvan cultivars, on the other hand, had the longest spikes at 10.7 and 10.4
cm, respectively, while Behrang cultivar had the shortest spikes at an average of 8.1 cm. The Parsi
and Aflak cultivars grew to the greatest heights of 101.3 and 99.3 cm, respectively, while the
Behrang and Baharan cultivars grew to the smallest heights of 92 and 91.6 cm, respectively.
Conclusion: The Durum Shabrang cultivar should be used in place of the conventional Durum (Y avaros)
cultivars, according to the findings of this sudy. Additionaly, Mehregan and Pars bread whest cultivars
are recommended for use in the Orzuiyeh region in place of Chamran bread whest cultivars.

Keywords. Correlation Coefficients, Mehregan, Plant height, Shabrang, Yield
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Table 2- Theimportance of factorsfor land suitability assessment
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Table 3- The used mapesin implementing the M CE method
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Table5- Method to fuzzify and control points of factorsin assessing the suitability of isabgol
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9
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Table 6- Fuzzy land use category and its prioritiesfor evaluation of isabgol land suitability

<o gl ol pbiey g g5 Ol s,
Priority Land useand land coverage  Row
0 1
Water resources
&t
0.6 2
Garden
»b
0.8 3
Arid
S (505 b9
0 ) 4
Rock outcropping
ol
0 5
Wetland
0 6
Sandy hill
6)&&3—'.’
0.3 7
Forestry
BN
0.2 8
Woodlands
o9 azl o
0 . 9
Sdlinelake
5% 2]
0 ) 10
Saline lands
SigkeS
1 11
Cropland
rd @ e
0.7 12
Poor rangeland
bgle @iy
0.7 ) 13
Medium rangeland
J ows
0 14
Stream
SR Bblo
0 15
Urban area
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Table 7- MCE formula for isabgol
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(Sl slo ol85igSs (yelgy i
MCE: (Fuzzy map of direction x 0.019) + (Fuzzy map of slope x 0.0448) + (Fuzzy map of height x 0.064) + (Fuzzy map of land use x
0.056) + (Fuzzy map of human settlements x 0.056) + (Fuzzy map of soil x 0.125) + (Fuzzy map of distance from the river x 0.12) +
(Fuzzy map of distance from the road x 0.04) + (Fuzzy map of rainfall x 0.163) + (Fuzzy map of temperature x 0.23) + (Fuzzy map of
evapotranspiration x 0.76) + (Boolean map of slope x Boolean map of river x Boolean map of elevation x Boolean map of road x

Boolean map of human settlements)
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Figure 2- Temperatureinvestigated for isabgol cultivation in Sistan region
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Figure 4- Topographic parameter sinvestigated for Psylliom cultivation in Sistan area: d) sea level elevation, e)Aspect, f) slope, g) soil
texture, h) land use, i) distance from residential
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Table 8- Land area (ha) for each category of Sistan land suitability for isabgol cultivation

el b ‘sﬂ):q bl bl cewboo jlows Wols’ ko
Not suitable Marginally suitable Suitable Highly suitable Variable
79643.97 33719.31 12231.45 - & .’l* )
Precipitation
- 50535 144952.3 150486.8 L
Temperature
277935.2 2583185 1089259 16950.06 8 5 i
Evapotranspiration
47614.86 6717357 73312.56 146172.1 ks g | )]
Altitude
109550.6 122758.2 181278.9 250278.4 et
Slope
45738 41753.07 77940.54 - e S
Slope direction
9191.88 82695.5 33688.71 - St i
Soil texture
30528.63 24759 89869.14 19784.16 =l sl
Land use
79643.97 33719.31 12231.45 - ool Jl alolo
Road distance
17789.13 38785.14 47808.27 61719.12 o anlyl g ailssy, 5l alolé

distance from rivers and streams
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Table9- Land areafor each category of land suitability of Sistan based on AHP and Boolean model for isabgoal cultivation
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Figure 5- Assessment map of Psylliom specieswith (a) AHP method and (b) Boolean in Sistan area
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Abstract

Introduction: Because of the ever-increasing human population and the limited quantity of resources that
are currently accessible, it is imperative that these resources be used as effectively as possble. The Sigan
region experiences a significant lot of hardship in terms of the availability of water and soil that are suited
for agricultural purposes (Wang et a., 2015). The dimination of discrimination between different regions,
the guaranteeing of food security, and the lessening of the severity of deprivation among the population of
the world are some of the key objectives of sustaindble agriculture in the context of environmental
protection (Shokati and Feizizadeh, 2019). The cultivation of medicinal plants such asisabgol, which have
alow requirement for moisture, a high tolerance to drought, and a high value added, are key solutions for
deding with a multitude of environmental, economic, and socid condraints in the Sistan region
(Asgharipour and Rafiel, 2010). Using a method known as spatial analys's, the purpose of this study was to
determine the agro-ecologica zoning of the isbgol plant in the Sistan region in order to identify potentia
areasfor the cultivation of this plant in the Sistan region. This was accomplished in order to fulfill the
objective of thisresearch.

Materials and methods: In the course of this research, the climatic, topographic, and hydrological
layers of the area were analyzed. The appropriate planting areas were zoned using a Geographic
Information System (GIS) technique that consisted of Boolean models and Hierarchical Analysis
Processing (AHP). In this study, equivalence maps were created with Arc/GIS 10, and then the two-
dimensional matrix of each layer was mapped in order of importance using the Idrisi software.
Finally, the degree of importance of each component was calculated. At the very end of the process,
final maps were produced by combining existing mapsin Arc/GIS 10.

Results and discussion: According to the findings, only 11 percent of the total arable land areais
suitable for the cultivation of isabgol, while 42 percent is suitable, 42 percent is moderately suitable,
31 percent is marginally suitable, and 14 percent is not suitable at all. According to the final map,
the areas of the Sistan area that have the greatest potential for isabgol cultivation include the
northern parts of the area, as well as parts of the west and southwest, and a small portion of the
northeast of the region. Isabgol could be grown successfully in the majority of Zabol's landscapes
thanks to the region's favorabl e growing conditions. However, there are areas of the northwest and a
portion of the southwest and northeast, as well as scattered parts of the west and southwest and a
portion of the northeast, that are not appropriate for the cultivation of isabgol. Due to the high
precision of the Boolean model and the inherent limitations of the AHP model in this respect, the
Boolean model also provides better results than the AHP model. Therefore, it is possible to draw the
conclusion that the final map that was derived from the Boolean model is very accurate and that it
can be used for locating suitable land areas for isabgol in arid and semiarid regions of Iran.
Conclusion: It is possible to apply feasihbility assessment modds for the am of management awarenessin
order to plan appropriately and to maintain environmenta sustainability. This can be accomplished through
the utilization of management awareness. These modds are used to identify medicind plants that are
capable of thriving in each region and are suited for cultivation there. In addition, prospective land-based
planning is the best dternative for averting the ongoing crises and lessening the impacts on the
environment. Thisis because progpective land-based planning is focused on looking forward.

Keywords: Feasibility study, Boolean model, AHP, Medicinal plants, GIS
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Table 1- Results of analysis of variance of mor pho- physiological traits of milk thistle under different irrigation treatments
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Figure 1- The effect of different drought treatmentson a: wet weight, b: dry weight, c: chlorophyll a, d: carotenoids, e: protein, and
f: proline, at different harvest stages: 6 weeks and 13 weeksin milk thistle
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Figure 2- The effect of different drought treatments on the activity of oxidative enzymes including a: catalase, b: polyphenol oxidase, c:

ascorbate peroxidase, d: superoxide dismutase e: guaiacol peroxidase at different stages of harvest: 6 weeks and 13 weeks in milk thistle
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Abstract

Introduction: Milk thistle contains flavonolignan silymarin in its fruits, making it one of the most
important medicinal plants for protecting the liver and treating a variety of liver diseases, such as
hepatitis and liver diseases containing toxins. The drought resistance mechanisms of medicinal
plants, such as milk thistle, are of critical importance. The investigation of the effect of drought
stress on the activity of antioxidant enzymes will aid in the identification of these mechanisms.
Water stress modifies plant behavior via its effect on plant metabolism and consequently has a
substantial effect on plant production. The biosynthesis pathway of secondary metabolitesis altered
by environmental stresses, altering the production and concentration of active substances in plants.
In addition to playing a crucial role in defense mechanisms, secondary metabolites are an important
source of bioactive compounds. However, flavonoids not only have antioxidant activity via the
release of free radicals, but they also regulate cellular pathways in the defense of plants against
environmental stresses, alter plant metabolism, and have a significant impact on plant production.
Materials and method: In order to determine the effect of drought stress on the physiological and
biochemical characteristics of milk thistle, treatments of 100%, 75%, 50%, and 25% water
requirement were applied in a greenhouse in the village of Shandel, city of Hirmand. There were
multiple harvesting stages, including 6 and 13 weeks after planting. Measurements included dry
weight, fresh weight, chlorophyll a, chlorophyll b, carotenoids, proteins, proline levels, and
antioxidant enzyme activity. First, the data were examined for normality in Minitab software
version 18, using the Smearnof Columnograph method to determine data normality, and then the
errors were examined for normality to confirm data normality. Then, analysis of variance of all
traits and comparison test of Duncan were performed at 5% level with SAS software version 9.2
(SAS 2010).

Results and discussion: The analysis of variance revealed significant differences in harvest time,
irrigation level, and the interaction between harvest time and irrigation level. In both harvest stages,
the concentration of carotenoids began to decrease as the level of stress increased. The amount of
chlorophyll a at the stage 6 weeks after planting was less than at the stage 13 weeks after planting,
but its amount decreased with increasing stress at both stages. The levels of protein and proline also
increased as the level of stress increased. The activity of antioxidant enzymes also increased as the
intensity of stress increased, to the point where 100% of water requirements reached the minimum
value and 25% reached the maximum value. Due to the fact that most oxidative enzymes in this
study increased in response to stress, it can be concluded that catalase, superoxide dismutase,
guaiacol peroxidase, polyphenol oxidase, and ascorbate peroxidase can eliminate ROS in this plant.
Therefore, milk thistle has a good adaptation to drought stress, which is likely due to the reduction
of oxidative damage caused by the activation of the antioxidant system and the accumulation of
osmolytes such as proline and protein. These modifications are a form of adaptation to stress
conditions.

Conclusion: The mgjority of traits were affected by growth stage and stress level. The levels of
protein and proline increased with increasing stress intensity. Most antioxidant enzymes, including
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catalase, ascorbate peroxidase, and superoxide dismutase, increased in activity under the influence
of stress. According to these findings, milk thistle responds to drought stress by increasing proteins
and amino acids, decreasing photosynthetic pigments, and increasing the activity of antioxidant
enzymes, among other mechanisms. Also, because the amount of metabolites in this plant increases
with increasing drought stress, it is possible to determine the stress tolerance threshold of this plant,
cultivate it on alarge scale, and apply stress to increase secondary metabolites.

Keywords. Ascorbate peroxidase, Catalase, Enzyme, Photosynthetic pigments, Stress
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Table 1- Characteristics of soil sample (0-30 cm depth)
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Table 2- Combined analysis of variance for different traits of bean genotypes in normal and low water deficit and nitrogen fertilizer levels
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Abstract

Introduction: Legume crops as human and animal feed are high in protein and have a positive
effect on the yield of other crops when grown in rotation with cereals or as cover crops. However,
drought can reduce pulse grain yield by 10 to 100 percent. It has been observed that drought stress
has different effects on the yield of various genotypes of lentils; additionally, drought stress reduces
grain yield in various cultivars of pinto beans and other genotypes of beans. According to reports,
nitrogen can effectively mitigate the damaging effects of drought stress on maize. It has also been
reported that the application of fertilizer treatments to various chickpea cultivars increases yield.
The creation of stress-resistant plant cultivars has always been regarded as an effective method for
mitigating the negative effects of stress. Consequently, the purpose of this study was to examine the
impact of irrigation stress and varying nitrogen fertilizer levels on yield and yield components of
bean genotypes.

Materials and Methods: In 2020, two separate experiments (normal irrigation and low irrigation)
were conducted on the research field of the school of Agriculture and Natural Resources at the
University of Tehran in order to evaluate the effect of low irrigation stress and different levels of
nitrogen fertilizer on bean plant yield and yield components. The experiment was designed with a
factorial layout based on a completely randomized block with three replications. The experimental
treatments included two levels of irrigation (normal irrigation and 50% normal), five levels of bean
genotype (Pak, Dorsa, Goli, Sadri, D81083), and three levels of nitrogen fertilizer (no nitrogen
fertilizer, 50% nitrogen fertilizer, and 100% nitrogen fertilizer). SAS 9.4 and Excel 2016 were
utilized for data analysis, combined analysis of variance of both experiments, comparison of means,
and graphing. Also, Minitab was utilized to examine the homogeneity of error variance.

Results and Discussion: Prior to the combined analysis of variance, the homogeneity of variance of
the experiments was examined, and it was determined that the homogeneity of variance of error in
none of the experiments (at the one percent level) was rejected. The results of a combined analysis
of variance indicated that irrigation stress and bean genotypes had a significant effect on all
investigated traits. In addition, the application of different nitrogen fertilizer levels had a significant
effect on all traits except harvest index and number of grains per pod. The dua interaction of
treatments and the triple interaction of irrigation, nitrogen, and genotype on the number of seeds per
pod. A comparison of the means of different levels of irrigation revealed that the values of all yield
traits and yield components of beans decreased when low irrigation stress was applied. Significant
reduction in grain yield, biological yield, and harvest index percentage under drought stress
conditions were 30.5, 23 and 12 percent, respectively, when compared to the fully irrigated
treatment, demonstrating the significance of drought stress effects on bean crop yield.

Conclusion: The findings of this study indicate that drought stress and nitrogen fertilizer have a
significant effect on yield and yield components for all bean genotypes. In such a way that a 30%
reduction in grain yield is observed with low irrigation stress. Nevertheless, application of nitrogen
fertilizer caused relative resistance of bean genotypes to low irrigation stress, so that using 100%
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nitrogen fertilizer treatment, the highest grain yield was obtained for white beans (4481 kg / ha),
pinto beans Sadri (4373 kg / ha), and red bean (3936 kg / ha), among the five genotypes. In general,
the findings of this study indicated that the destructive effects of low irrigation stress or drought on
bean grain yield could be mitigated to some extent by selecting suitable bean genotypes and
applying appropriate nitrogen fertilizer levels.

Keywords: Drought stress, Harvest index, Red bean Goli cv., Normal irrigation
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Figure 1- Changesin digestible or ganic matter of aerial part of Jerusalem artichoke plant from 71 and 67 days after planting to full
flowering in 2018 and 2019, respectively
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Table5- Digestibility of the aerial part of Jerusalem artichoke plant during different growth stagesin 2018 and 2019 year s

ST oole g culié i oole guid Corlils
Organic matter digestibility (%) Dry matter digestibility (%)
Jlw bl 51 g W39, oy 5 oy S5
Y ear Days after planting e Sy adlw slep Sy adlw
Total aerial L eaf Stem Total aerial L eaf Stem
part part
71 63.2¢ 63.0 61.5% 63.6% 65.5% 60.7¢
99 62.8% 65.1 58.6% 64.7% 65.8% 59.2%
120 61.3% 63.7 59.8% 64.12 67.8 59.9%
148 58.7° 61.7 55.7% 60.2° 65.2% 57.2%
162 55.3° 60.3 52.0° 58.8° 63.2° 55.3°
Ol 0 laibiwl gl
YAy ’ 09 10 12 08 0.8 0.8
SEM
2018 G e el
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obe;
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Time
Sk
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Block
67 64.97 66.8% 59.8% 67.5% 68.12 61.07
93 66.22 66.5% 57.7%¢ 67.32 68.2¢ 57.6
135 62.5° 65.3%° 58.7% 66.7% 67.7% 60.3%
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Numbers with the same letters for each column for each year are not significantly differentns (P<0.05).
SEM: Standard error means
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Abstract

Introduction: Due to the increasing demand for anima protein resources on the one hand and the lack of
available water resources on the other, it is crucia to investigate the forage potentia of plants for animal
nutrition. The Jerusdem artichoke, which is primarily grown for its tubers, produces a substantial
amount of forage-worthy aerial parts. However, few studies on the aerid portion of this plant have been
conducted in Iran, and those that do exist were conducted at the Research Indtitute of Animal Sciences
in Alborz province. Consequently, the present study was conducted to determine the variations in yield,
chemical composition, and digedtibility of the Jerusdem artichoke aerid part and its constituents at
various growth stages over two consecutive years.

Materials and Methods: To examinethe variations in yield and quality of the aerial portion of
Jerusalem artichoke, a randomized complete block experiment with 4 replications was conducted in
the Agricultural Research Station of Razi University over the course of two consecutive years, 2018
and 2019. From the vegetative stage to full flowering, the yield and yield components (at 7 stages)
and chemical composition and digestibility (at 5 stages) of the aerial part of the plant were
determined. The chemica composition was determined includes organic matter, ash-free cell wall
fibers, water-soluble carbohydrates, and crude protein. In addition, the digestibility of samples
whose chemical compositions were measured was determined invitro using two stages of anaerobic
digestion and acidic pepsin digestion.

Results and Discussion: In the first and second years, the dry matter yield of Jerusalem artichoke
aeria part at two stages of just before flowering and full flowering was 29.1 and 30.4 tons per
hectare and 24.0 and 25.3 tons per hectare, respectively. Increased dry matter accumulation in the
stem was associated with increased yield during growth stages. These alterations were associated
with an increase in height and adecreasein leaf: stem ratio. Theratio of leaf to stem decreased from
1.62 t0 0.41 in the first year and from 1.50 to 0.61 in the second year between the vegetative stage
and full flowering. In the present study, the increase in aerial organic matter with increasing plant
age was due to an increase in stem yield and an increase in its organic matter. During the growth
stages, the stem contained more organic matter, insoluble fibers in neutral detergent, and soluble
carbohydrates, while the leaf contained more crude protein. Organic matter, insoluble fibers in
neutral detergent and acid detergent content, and lignin in the aerial part just before flowering were,
respectively, 895.3, 418.7, 310.6, and 85.3 g/kg dry matter over the course of two years of study.
With the continuation of the growth period, the water-soluble carbohydrate content increased and
the crude protein content decreased to 225 and 92.4 g/kg dry matter, respectively, just prior to
flowering. In the aerial portion of the plant, the digestibility of organic matter and dry matter
decreased significantly from the vegetative stage to full flowering in the first and second years,
respectively, from 64 to 56 and 65 to 59. An increase in cell wall fibers and an increase in the dry
matter yield of Jerusalem artichoke aerial part as the plant matured and reached full flowering
reduced the digestibility of the forage. However, the yield of digestible organic matter per hectare
remained unchanged between the pre-flowering and flowering stages.

Conclusion: The highest dry matter yield of Jerusalem artichoke aeria part was obtained at the full
flowering stage, but the digestible organic matter yield per hectare remained unchanged from just
before flowering to the full flowering stage.

Keywords: Forage, Harvesting time, Jerusalem artichoke, Nutritive value
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ns, * and ** are non-significant and significant differencesin thelevels of 0.05 and 0.01, respectively.
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Figure 1- Interaction effects of stress x variety on yield and some of morphological traits of mung bean. Treatments with the same

letters don’t show significant differences.
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Figure 2- Interaction effects of stress x salicylic acid on yield and yield components of mung bean. Treatments with the same letters
don’t show significant differences.
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Figure 3- Interaction effects of variety x salicylic acid on some of mor phological traits of mung bean. Treatmentswith the same
letters don’t show significant differences.
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Table 3- Correlation coefficients between yield and yield components of mung bean varieties under drought stress and foliar spray of

salicylic acid
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ns, * and ** are non-significant and significant differencesin thelevels of 0.05 and 0.01, respectively.
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Table 4- Analysisof variance results of effect foliar application of salicylic acid on physiological and biochemical traits of mung bean
varieties under drought stress
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ns, * and ** are non-significant and significant differencesin the levels of 0.05 and 0.01, respectively.
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Figure 4- Interaction effects of stress x variety on physiological and biochemical traits of mung bean. Treatmentswith the same
letters don’t show significant differences.
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same letters don’t show significant differences.
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Abstract

Introduction: One of the most common environmental stresses that affect plant growth and
development is drought stress. This stress directly impacts plant morphology, physiology, and
biochemistry of plants. Salicylic acid (SA) is a signaling molecule and hormone-like substance that
plays an important role in growth and physiological processes, as well as in the regulation of plant
growth and development. The purpose of this research was to determine the effects of SA foliar
application on morphological, physiological, and biochemical traits of two mung bean genotypes
under drought stress.

Materials and Methods: This experiment was conducted in 2020 at Shandel village, 13 Km away
of Zabol. A split plot design within a randomized complete block design with three replications was
used. The main-plots were included irrigation after 70 (as normal conditions), 120, and 180 mm
evaporation (as stress conditions) from Class A Evaporation Pan, and the sub-plots include two
local cultivars of Sistan and Parto mung bean, and sub-sub-plots included the foliar application of
distilled water (control), foliar application of 0.5 and 1 mM SA. Drought stress was applied in the
middle of the vegetative growth stage. The foliar application of SA was done in three stages: the
vegetative growth stage (20 days after planting), beginning of flowering stage and end of flowering
stage. After full plant maturity, plant height, biomass, grain yield and yield components,
photosynthetic pigments (chlorophyll and carotenoid), Relative Water Content (RWC), and proline
of mung bean were measured.

Results and Discussion: Analysis of variance of yield traits and yield components revealed
significant differences between drought stress levels, cultivar, and application of SA for all traits.
The interaction effects of drought stressin cultivar on plant height and grain yield at 1% probability
level and on fresh and dry plant weight at 5% probability level were significant and non-significant,
respectively, while the interaction effects on other traits were not significant. The interaction effect
of stress and SA was significant for the number of pods per plant, thousand seed weight, fresh and
dry weight of the plant, grain yield, and the number of pods per m?. The interaction effect between
SA and cultivar were not significant on 1000-seed weight, fresh and dry weight of the plant. The
interaction of stress x cultivars, and SA was significant on all traits except grain yield and the
number of pods per square meter.

Drought stress has a profound effect on photosynthesis and water potentials of plant. Grain Yield
and yield components were better in Parto cultivar than local Sistan cultivar. It is possible that the
presence of superior stress resistance genes in Parto cultivars has caused higher yield and yield
components than the local cultivar. Application of SA increased pod production per plant. Foliar
application of SA probably reduces flower loss by reducing the adverse effects of stress and
increases the number of pods per plant and consequently the number of pods per square meter.
Foliar application of SA increases photosynthesis by improving photosynthetic pigments. In
addition, foliar application of SA enhances photosynthesis, resulting in an increase in 1000-seed
weight. SA, as an important signaling molecule, promotes plant growth and induced abiotic stress
tolerance. Likely SA increases growth and yield by increasing potassium, phosphorus, nitrogen, and
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calcium concentrations. The effect of this hormone on other plant hormones that increase vegetative
growth and increase cell division in meristematic regions, and cell growth may also contribute to the
growth enhancement.

Conclusions: Based on the present study findings, drought stress had a negative effect on al traits
examined. The effect of SA at a concentration of 1 mM was the highest in non-stress conditions and
in the Parto cultivar. The Parto cultivar was better compared to another cultivar. Foliar application
of SA improved drought resistancein both cultivars. Thisimprovement was greater in Parto cultivar
than local Sistan cultivar. Based on the results of this experiment, it is recommended to improve the
yield and growth characteristics of mung bean during stress conditions. It also seems that Parto
cultivar performs better in Sistan's conditions than the local cultivar of Sistan.

Keywords. Environmental stress, Leguminose, Photosynthetic pigments, Proline, Yield
components
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Table 3- Interaction of different treatments on the mean of the evaluated traits
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i . Capture of Stem height Tuber
Graft Scion age leaves (per length flowers (per seeds (per
graft (%) (cm) length (cm)
type plant) (cm) plant) plant)
Ao S 100d 3.66 cde 146e 6.00d 116¢ 1.00d 0.666 d
Annual
dlo g0
o 11.6d 5.66 bcd 21.3d 6.66 cd 136¢ 2.00d 0.333d
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Control dbo 4w 100d 7.66b 356¢ 533d 2462 166d 0.666 d
Three-years old
o ler 116d 143a 446b 7.00 cd 26a 133d 0.666 d
Four-years old
o K
20.0cd 3.33de 6.00f 6.33d 7.66 cd 1.33d 0.666 d
Annual
ale 99
o 333c 4.00 bede 20.3d 10.3c 116¢ 9.00c 5.00c
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Tuber o s 53.3b 7.33bc 330c 29.0b 24.3db 13.0b 7.66b
Three-years old
doler 80.0a 12.0a 56.3a 473 a 326a 24.3a 15.3a
Four-years old
Ao S 10.0d 1.00e 1.00f 5.66d 1.00d 1.66d 1.00d
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Al g0
B o 10.0d 1.00e 1.00f 6.00d 1.00d 2.00d 0.666 d
Sy Biennial
Leaf Ao o 100d 100e 1.00f 6.00d 1.00d 166d 1.00d
Three-years old
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Four-years old
Ao S 11.6d 133e 2661 6.00d 7.00 cd 166d 1.00d
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alo bz
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Four-years old

5l 5l gire B wo 0 S mhaws ;0 LSD yge3l ulisl g 5o 50 alie By, sl b sloSilee
Means with similar lettersin each column were not significantly different based on LSD test at 1% level.
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Abstract

Introduction: Barijehisamonocarpic perennial plant belonging to the Umbellifersfamily. It isone
of the most valuable native plants of Iran, and its extracts is a significant export item of Iram. The
propagation of plantsis one of the most essential processes for the plant sustaining life. In situations
where plant propagation via seeds is impossible or problematic, asexual propagation techniques,
such as transplantation, can be used. Due to the preservation of genetic characteristics and the
absence of somaclone diversity in plants, transplanting is an appropriate technique for large-scale
plant production. Increasing the growth rate of young seedlings can frequently shorten the seedling
period and advance the plant to the fruiting stage. Type of transplant and age at the time of
transplant appear to be influential in this regard.

Materials and Methods: This experiment was conducted in the greenhouse and research farm of
the Shirvan Branch of Islamic Azad University in 2018-2019 using a randomized complete block
design with three replications and two factors in a factorial arrangement. The first factor was the
type of grafting performed on the Barijeh, which was examined at four levels: control (no grafting),
tuber grafting, leaf grafting, and crown grafting. The second factor was the age of the grafts, which
was examined at four levels: annual, biennial, triple, and four-year-old grafts. Mid-May 2018 saw
the preparation of basic plants (aged five years) and tested scions from the botanical garden of the
North Khorasan Research Center in Bojnourd. End of May of the same year, three types of
transplantation were performed on basic plants: tuber, stem, and | eaf transplantation. Midwinter saw
the transfer of seedlings to the main land, where they began vegetative growth in early March. At
the end of May 2019, three months after the transfer of seedlings to the main land, graft yield, stem
height, leaf number, leaf inclination, and tuber length were measured. In addition, once the plant
entered its reproductive phase (early July), the number of flowers per plant was measured on June 1
and the number of seeds per plant was measured in late June. Data analysis were performed by Mini
tab statistical software version 17 and comparison of means were performed using LSD test at a 1%
probability level.

Results and Discussion: The results indicated that the interaction effect of graft type and age was
significant for al investigated traits. Tubular and four-year-old grafts had the highest graft success,
leaf length, and stem height, at 80%, 3.56 cm, and 4.47 cm, respectively. The greatest number of
leaves was observed on four-year-old grafts in the control and tuber graft treatments, and only in
these two treatments the number of |eaves reached more than 11 leaves per plant. The longest tuber
length was observed in three-year-old and four-year-old control and tuber graft treatments, and only
in these four treatments the tuber length was observed at more than 24 cm.

Conclusion: The success of the grafting is contingent on a number of factors, including the type of
base, the physiologica condition of the base, the type of graft, the origin of the graft, the age and
duration of the graft, and the compatibility of the base and the graft. Because the crown diameters of
one- to four-year-old plants used as grafts on five-year-old mature plants as grafting bases were
smaller in the present study and in the study of barijeh, crown grafting was less successful. Due to
insufficient contact between the rootstock and the graft, leaf grafting was not particularly
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successful. This experiment revealed that the optimal transplantation method for barijeh is tuber
grafting, while the optimal age for graft selection is afour-year-old plant.

Keywords. Flowering, Growth characteristics, Tuber graft, Tuber length
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Table 3- Descriptive statistics for chemical characteristicsin recombinant inbred lines of oriental tobacco
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Abstract

Introduction: Tobacco, scientifically known as Nicotiana tabacum L. is an annua allotetraploid
plant (2n=4x=48) in the Solanaceae family and is widely used as a model in plant biology. Oriental
tobacco is a sun-cured, highly aromatic, small-leafed type which is mainly grown in Turkey, Iran,
Greece, Bulgaria, Lebanon and the Republic of Macedonia. It is capable of growing in low fertile
soils. To create an American Blend cigarette, it is necessary to mixed oriental tobacco with more
robust tobacco such as Virginia and Burley tobaccos. Estimating genetic diversity and knowledge
on genetic relationships among genotypes is a crucial aspect of promoting and implementing
breeding programs; without it, effective and desirable genetic modification cannot be accomplished.
Various types of marker including morphological, biochemical, and molecular ones are used by
plant breeders to estimate genetic diversity. The purpose of this study is to investigate the genetic
diversity in the population of recombinant inbred lines for chemical characteristics such as chlorine
accumulation in leaves, nicotine, sugar and ash.

Materials and Methods: In the present study, genetic diversity of an oriental tobacco population
consists of 55 recombinant inbred lines, coming from Basma seres 31 x SPT 406 cross, was
assessed for chemical traits in randomized complete block design with three replications. From the
middle leaves of each genotype, 20 leaves were randomly selected in each replication and the
percentage of chemica elements such as chlorine, sugar content, nicotine contentand ash content
was determined using the method proposed by CORESTA (Cooperation Center for Scientific
Research Relative to Tobacco). The identification of outlier data and the test of normality of the
distribution of experimental errors were performed according to Shapiro and Wilke's method in
SAS software version 4.9. Analysis of variance of the chemical traits data was performed according
to the statisticd model of randomized complete block design in the SAS software. After
standardizing the data, the cluster analysis was carried out using the minimum variance method.
Principal components analysis was performed using the correlation coefficients matrix of traits. The
average comparisons of the groups resulting from the cluster analysis was done in SPSS version 20
software using the SNK method.

Results and Discussion: Analysis of variance revealed significant difference among the studied
lines for nicotine and chlorine concentration. There was significant negative correlation between
nicotine and sugar and significant positive correlation was observed between sugar and ash.
Principal component analysis revealed 3 of the 4 main components play the most important role in
explaining the total diversity among individuals and all traits except chlorine concentration showed
negative correlation with the first component. Using cluster analysis by Ward’s method, the studied
population was grouped into 4 separate subgroups. Groups mean comparisons using SNK test
showed that individualsin group 1 have the higher values for most of the studied traits.

Conclusion: According to the present study, a wide genetic diversity was observed for nicotine and
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chlorine traits in the studied population, which can be used in breeding programs for oriental
tobacco. A negative correlation was observed between nicotine and sugar, and a positive correlation
between sugar and ash. This can be used to modify correlated attributes, as increasing or decreasing
the value of atrait increase or decrease the traits associated with that trait. Individuals of the studied
population were divided into 4 separate groups, which can help researchers in choosing parents
because offspring resulting from the crossing of distant parents; show more heterosis and diversity.

Production of desirable varieties increases the farmers' incomes by reducing the average production
costs.

Keywords: Cluster analysis, Correlation analysis, Nicotine and chlorine content
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Table 1- Different genotypes of spring barley studied in the experiment
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Number Genotype
1 Sahand
2 Abider
3 Ansar
4 Sararood-1
5 Nader
6 71482
7 71530
8 71530
9 71538
10 71557
11 71704
12 71938
13 72295
14 72406
15 72498
16 72546
17 72566
18 72566
19 72680
20 Tokak/Demir-2
21 AZE-Lerik-ICB-123363/GaraArpa ICB04-1512-0AP
22 CWB117-5-9-5//CWB117-77-9-7/ICB-104073/3/K-334 ICB01-1791-OAP-OMh-5Mh-OMh
23 Ste/Antares//Y EA762-2/Y EA605-5/3/Sr//Alpha/Durra ICB01-1402-OAP-OMh-1Mh-OMh
24 Alpha/Gumhuriyet//Sonja
25 Dayton / Ranney
26 Yea/168
27 Denmark
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Table 2- Analysisof variance of measured traitsfor studied spring barley genotypes

Sl po (uileo
MS
5 Eee T dmeye ks gk Jsb Sl e &b &b W)
Sour ce of &3l - . . . _ . . .
Variation df °; G)S:lm 4‘1"“"“ M} ~ d)’ Mlmsbé 4‘"“'?,‘5“9 Xl
Diameter Internode  Spike Flag leaf PO Shooting  Tillering Plant
at the node length length  length length o date date height
| : Flag leaf
ocation (
width
"’S) . 3 0.095™ 047 1.44 452 5.71™ 4.009™ 28.18™ 0.46™ 15.35™
Replication
w53 27 0.193" 311" 307** 619" 1561  5199°  1483" 697"  57.63"
Genotype
Uas-
78 0.087 1.52 0.98 5.83 2.407 9.304 2.72 23415
Error
R - 15.23 15.94 14.82 1353 10.29 10.89 7.94 5.83 12.80
CV (%)

=3
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* **: Probability level of significantly in 0.05 and 0.01 respectively; ™ non-significant



i 38198590 9 (S Seled Olio (B B jl oyl 92 srcai9if (Sl £ 2L
Y Jgus anlol
Table 2 (continued)
Ol po rSSleo
MS
el Ll 059 oleg ologm osdes g >y alogo &b 20 ybd
Bk B A SRV Js Gy STl Sy, b ges aolS Jxo
Sourceof &bl parvess 1000 Total Biomass ; Awn Milk  Dough  Flowering £ilw
Variat ; : . Ly . o5k
ariation df index grains  biomass per plant ; weight  stage  stage date .
weight Grain Diameter
yield at the
per internode
plant location
S B
Replicatio 3 0066™ 3295 91217  553° 0070 0005° 884  129% 15.31" 0.132"
n
e 27 0041 8833 221250  1439°  0316° 0005° 2077 446 8.69" 0.151"
Genotype
Uas
E 78 0.015 41.35 91417.9 5.97 0.188 0.0022 11.22 2.62 5.47 0.071
rror
oy
Ol s - 40.19 16.94 33.22 33.35 22.03 33.12 457 2.07 12.63
CV (%)

Sl sire ™ o 0wy 9SG e o s eSS g "

*,"": Probability level of significantly in 0.05 and 0.01 respectively; " non-significant
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Table 2 (continued)

%

Slaspo (ko
MS
TPV - S ol ol ol
aka o aslee &6 wbolaw - - oy s Al olas
Sour ce of &3 ] " i (3] (3] %I ) 40 axls a5Lw
Variation df ails Js J el B S i yls Al jogls Ay ‘ .
Total ads>  Number " L L eaf Number : )92
! : . aturity  Germination . ; Floret  Fertile
grain Earin of grains number in of grain
i 9 date date i number  shoot
yield date  Per plant spike per spike ~ NUME
emer gence in spike  number
)I‘SJ ) 3 1830.9™ 2.81™ 127.63™ 3.21™ 0.453™ 64.07™ 2.37™ 1.37" 0.601™
Replication
e 27 1568816 560"  279.32"  2248" 165 45,60 775" 912 5508"
Genotype
Uas
E 78 3538.2 2.87 133.06 11.57 2.53 26.49 4.00 5.27 1.101
rror
ol s - 25.29 2.67 22.54 3.50 11.22 28.41 12.26 12.41 23.18
cV (%)

Do ™ o) gy 9 S v 3 o i 4Ty

*, ™" Probability level of significantly in 0.05 and 0.01 respectively; "™ non-significant

=3



Y.v

O‘)m 9 ()0

sadAjoueb fo]Jeq u1sIfe ]l PRIPNIS JO UBS |\ -€ 3|qe L
el A= A omm okle o of (€A £



Ye¥

239099590 9 (S Slend Wlho (B Bl 1oyl 92 sbocaiel) (S 95 b))

¥ Jgus awlsl
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Table4- Estimation of different variances and heritability of studied traitsin spring barley genotypes

. Jeb P
Jxo 5o yhad ~ ~ - .- s
B _. Jsb Jsb Sy Sy & & Wl
0)S 0 5k Job . . . . .
aloww Sy o~ o~ poasle (oA &g
Diameter Internode ike A g g Shoot Tilleri Plant
ike wn ootin illerin an
atthenode  length > Flag  Flag g 9 |
; length  length leaf leaf date date height
location .
length width
S5 el
= Sk’
_) . > 0.03 0.40 0.52 0.82 245 0.70 1.39 1.06 8.55
Genetic variance
shee bl
Environmental 0.09 1.52 0.98 293 5.83 2.41 9.30 272 23.42
variance
Srdysdly
o 054 051 0.68 0.52 0.62 0.53 0.37 0.60 059
Heritability
¥ Jous aolol
Table4 (Continued)
S ySlos .
) 5o yhad
logws Al e
Lo o Jl5h o5 olog . 09 Aew Ao <3
o oS3 We S5 . . ¢ il
Cebls _ 5 , g Sy b s 2l o
1000 grains Biomass ) . Diameter
Harvest weight Total or Grain Awn Milk  Dough Flowering h
index biomass P yield weight stage  stage date atthe
plant inter node
per location
plant
S5 by 0.01 1175 32458.05 211 0.03 0.00 2.37 0.46 0.81 0.02
Genetic 0.02 41.35 91417.90 597 0.19 0.00 11.22 2.62 5.47 0.07
variance
e ikl
Environmental ) o5 053 058 058 040 056 045 041 037 052
variance
Sndysdls

Heritability
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Table4 (Continued)
30 Sy oloay &lo olosy Sy Slowy
S Slos - S B "
294l G, . ) L el &l ab ol alowwye el Al
ails Js .. Ag 50 &l dlass N g
ang> e3 aliow Number aliow 90t
Total ] Number of o  orai )
grain Earing grains per plant Germination | eaf number  of grains Floret Fertile
yield date date in spike per number shoot
emer gence spike in spike  number
S5 ol
Genetic 38335.85 0.68 36.57 -0.22 478 0.94 0.96 1.10
variance
e bl
Environmenta  3538.20 2.87 133.06 253 26.49 4,00 5.27 1.10
| variance
Sriydly
o 0.97 0.48 0.52 0 0.41 0.48 0.42 0.80
Heritability
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Figure 1- Path diagram of traits affecting total grain yield in spring barley genotypes
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Table 5- Results of principal components analysisfor 27 barley genotypes
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Figure 2- Dendrogram of cluster analysis of barley genotypes based on the mean of the evaluated traits using Ward’s algorithm and
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Abstract

Introduction: Barley (Hordeum vulgare) is the fourth most important crop in the world. It is
commonly used for human food, malt, and anima feed. Through the study of pedigrees,
morphological and biological traits, and molecular markers, it is possible to estimate the genetic
diversity of crops, which plays an essential role in promoting breeding programs and preserving
genetic resources. This study aimsto identify superior barley genotypesin terms of phenological and
morphol ogical traits, group them using cluster analysis, and reduce the measured traits using principal
component analysis.

Materials and Methods: To evaluate the genetic diversity of spring barley genotypes based on
phenological and morphological traits, an experiment was conducted at Divandareh Dryland
Agricultural Research Station using a randomized complete block design with 27 genotypesin four
replications. In this investigation, plant height, tillering date, shooting date, flag |eaf width, flag |eaf
length, awn length, spike length, internode length, diameter at node location, internode diameter,
flowering date, dough stage, milk stage, rootlet weight, grain yield per plant, biomass per plant, total
biomass, 1000 grains weight, harvest index, number of fertile stems, number of florets per spike,
number of grains per spike, number of leaves at spike emergence, germination date, maturity date,
number of grains per plant, spike emergence date and total grain yield were evaluated. Analysis of
variance was performed, and the method of least significant differences was used to compare the
means (L SD). Using Pearson's correlation coefficient, the relationship between the studied traitswas
determined. Principal component analysis was utilized for data reduction. Using cluster analysis, the
studied genotypes were grouped. MSTATC and SPSS softwares were utilized for data analysis.
Results and Discussion: Except for flowering date, differences between genotypes were significant
for the majority of traits, indicating ahigh level of diversity among spring barley genotypes. Greater
heritability was observed for total grain yield, number of fertile shoots, main spike length, harvest
index, and flag leaf length than for other traits. These traits can be used to segregate generations for
indirect grain yield selection due to their high heritability. Path analysis (by stepwise regression)
revealed that number of grains per plant and 1000-grain weight had adirect and significant effect on
total grain yield, whereas the direct effect of awn weight on grain yield was less than that of number
of grains per plant and 1000-grain weight. Therefore, grain number per plant and 1000-grain weight
were the most influential factorsin spring barley grainyield. Based on the evaluated traits, the cluster
analysisdivided the studied genotypesinto three groups. The genotype 1 wasfound inthefirst cluster,
the genotypes 26, 25, 27, 22, 14, 13, and the remaining genotypes were found in the third cluster. The
first three principal components in principal component analysis explained 52.88 % of the total
variance. The respective values for the second and third components were 17.23% and 9.15%. The
traits of booting date (0.884), number of grains per spike (0.855), flowering date (0.776), and flag | eaf
width (0.883) had positive coefficients and high values in the first component. In the second
component, plant height (0.885), shooting date (0.880), and flag leaf length (0.873) all had large
positive coefficients, whereas 1000 -grain weight (-0.387) and plant weight (-0.377) had large
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negative coefficients. The number of leaves can be proposed as the third component. Cluster
emergence date (0.586), milk stage (0.739), and number of grains per plant (0.570) had high
coefficientsin the third component. The third component is maturity-rel ated characteristics.
Conclusion: According to the means, the third cluster of genotypes can be utilized in grain yield
breeding programs. Based on the results, the first component shall be designated as the grain yield
and total biomass component. This component can be used for spring barley genotype selection.

Keywords: Cluster analysis, Grain yield, Principal components analysis
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Table 1- Mean of consumed inputsin wheat agroecosystems during season year of 2020-2021
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CHz 5 (359, 9uuST Lzl IN2O flux CO2 Lzt flux
el e Lecst flux

5l iS sl lp COp HLail ey po 0525 poe Jds &

3 ot SlaS 5 Gl 52l e Brae 5 L 2571
OialeyS Jemiliy 5o ooyl (2 055152 5l eomy 2 955 )50
S e aS Al 4 az g Lol g )bogs puiS g)le Sz
U Gl gl S Jily 1 GlaolxlS slajls )
o ¥ adoles 5l osliiwl U a3l cpl 14 aijls Sslite



ol 9 LsblL

YV

Sl GloyS Joily g Gl b3 )Ll calps =Y Jguar
Table 2- Greenhouse gas emission and global war ming potential coefficients
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Source CH4(9) N2O (g) CO;(9) Input
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Electricity (kWh)
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(Tzilivakis et al., 2005) 21 310 1 CRT e

Global warming potential (CO, eq)
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Table 3- Soil chemical characteristicsof irrigated and rainfed wheat fields
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Table4- Analysisof variance for dry weight, organic matter, conver sion coefficient and carbon sequestration of shootsand roots of
irrigated and rainfed wheat cultivars
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Wheat 4 152" 2.36" 0.06™ 450.63" 0.258™ 96683.22"
cultivar
Uas
20 0.13 0.21 043 10.36 0.0032 2567.04
Error
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14 - - - - - -
Total

**: Significant at 1% probability level
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Figure 2- Mean comparison of organic matter of shootsand roots of wheat cultivars

Al
Pishgam

R
Mihan

T T T

&8 8 R 8 8 8 8 R &8 °

100

(%) 3uaju0d 1333eW dJULSIQ
eré S e __.-J



ma (0319 3 3069 390 anlllao) CSins o 3bLio 33 @33 9 (2 PSS &5150 (Sa ol 5 Jomdliy 9 (255 cum

S 9 00d o 08 (She e 0l S (SR 50
YYAVE | poasyo pllss s 0| 15 Ly ol S slapla]
(Moushani et al., 2019) .l oo 3,91 iSa 0 p SolS

odal Cwd dn bl ad, (0 caw S ol b bLSL o
B 5l yii pasS 000 P8yl Ay (25 o3 g ol (Lt
L ai) odd b ()5 jlade (o 455 5oy 092 (o]
595 ¥ 30 o8y 4 bgye JSe 0 0 SolS YY/F - (o Sike
P eSS VPIB (Sile b aday ()5 o 5§ Ol 00 5508
Sl oleS 5 s 4y mao pB)) 5o 00 3 alaxlle (54 05,
& i Ay (Gl ) e« 2l0S Ll s cov Ol Gds
3 ke ()5 ce i Oy SRl el Altas ren g Wb (o0
g g0 G;T Al s a0 p8)|

S i lgi ol las sl s 4 gl ggaze
S e 5 o 3l G w05 w5 2 P (s el
plasl jo LS oogican; UL adgs el plB)l cpl ay
o155 o5 U S 51 (S, i, 950 b amlin 5 (lso
a3 8b sl ccwlaiy ) b aslie o olee plasl o
Wl Bl Gl a4y Cond (55 i 8L sl lo Ay, csl
(Daudu et al., slacy, Olxs 5 g3g 45 sy o Hlai 4 Jg
(Russell et al., ;5950 4 (2,5 5ol Cams 5 9 2009)
50 Cdl ol o e melS Corge ady, 2él 2005)
Ao G el i Byl oads glen plasl b 4 lie
Olss 3 (@l aiile) 5 agm <l b slapladl 45wy o
S iali8l g 009 510,95 0 (25 con 5§50 (6
o g5 GRIB (el QLS 5o 29z (2l9e slapla]
(Khorramdel et al., 2016) cuils salgs o enas 1) o)

(a2 5 2lo2 Al 25 com s oty ggomme anlie
Ty 3 a0 a1 L avglie o C,J AlBlols lis paus 68|
Jeesily ggomme a5 (5 9k Wingy 10,55 1 (6 5UL (2)S o
5 55 LS 0 0,55 LS YAYAISY T aL5,1 0y S s
2 TS PN o 8| 08 5 s £y
318 s 5 o T A8 dglie (O JSE) b 3051 i
O rie LS 50 0,5 LS YYAMY .Sl b (e o8,
oy Ol L i 08, 9SS 1y (0p S e Ol
S S a5 195 Ga S HSe )0 0,5 6L S YV

L ohbs o8y 58 pmo a3, 50 (0 JS3) ol lias 045

a5k am a5 s plasil (T esls (gge
(F Jauz) wivg calizes (pasS o181 50 (p<0.01) 5,0 e
3550 e8] o 5o il plasl (T oole gmome (e
L ol o) 9 90 )0 AVITD (5:50ke b (L)L o) 4 andllas
et Gl aine Blls a5 cusls plazsl aoys AY . Sile
L o5 an 55 oo 5 V31 a8 1o sanlin o]
3 s glaas) ;o a3 AR g AYTAL (1SSl
A YO 5eSSlo b s puem 08 50 5 Jlade [ teS g i8S
(Y US5) i alislle wo s
=l g s plE)) Aty JTools (sgime (:Sils anlie
Lty (T ool ggima jladio oy i oo (Lt puiS
s oLl g 95y ¥ 5T o8, by e do s FOIY uSilis
FAFY FUBA 5:Sle L 5 a2 e 5 PR 150>
JSC3) aiid T 1,8 som cloas, 4o aoys YYD+ 5 YE/VD
L aslio 1o olsa plasl JTesle ggizme S jsb 4y (Y
Ohle 5 6yt Bty ot o8] 50 at; Il oole (sgime
5 liizes 5l o Lass ool Cas & gl b 4 55 UL
(Khorramdel Mollafilabi and Shabahng, 2020) a_L.>
sl calas et al., 2016;

a9 (2lgp eIl (258 i (g
Gl jobo any paiS LBl aiy; 5 2lse slapll
Jooz) wsvg bt (0)S 5 Sy il (p=0.01)
Pl (1S i Ol Jawgia olo (i Ghegsy (nl @l (¥
9= LIS 50 0 5o LS VORVF - () 3550 L3 (2l92
PSS VY pBl cnl )0 ala) ()5 G i bawgte &S Jl> o
L s 08, candlac 0550 plB)] 5o yo ol e 4 LS o
5 s 5 U s S 5 S5 YYAYIT-
Y05 oLl e i iy slaed) 5 951 (2o pludl
FACIY - g VE-S TPV Ee IVIVIE o Sile U oy
@l om0 )5 18 o slaad, jo LS o 0,5 5lS
Ols=5 31 (o 5 iy te) oS (2 pL)) 0l LS
5 0L o o)) L aslie )5 6 5UL (also plail ()8 s 5
o8y 1panS (=l LBl (e 50 izman iogy Jlo,95 5 (V3]
S w55 ODL o8, oS w2 pB1 G 53 5 e

(Y JS5) aals o5k slsn slaaladl



ol 9 LsblL

55 S92y Qo> a5 gl (s p SRS SRy 5o 2013)
5 o Slaphil ()8 com 3 09l Gl5 ggeme sl (i
(Mollafilabi and ss iSa ;5 o5 AT ply i s
T osle 5085 Oyl & azg3 b ooyl by <Shabahng, 2020)
Olo QL g g S bl (2l slaplliips ;o S
5 oo (Sajed Shoosas  ALS Ll St il
odle S5 Cacl Wi o puS SLE Bras (S (Sojels
1 gblie ol SLS (08 i Jodlly 5 955 S ]
(Hajabbasi and Mosaddeghi et al., 2000) oo 53
15 oS 1) sy ey a3l oyl Hemmat, 2000;
Slogas g ( 2SI Slades ulisl el wusjlye
S0 ol 6)lS cedyl 3 alerd 5 (S5
(Jafarian and Tayefeh <ol SLs alu s als

Seyyed Alikhani, 2013)

LY 3T 03, b dlie o S 0 a5l VEYOY - Lavgia
S5 10,55 2 UL (S e 5 Olg 51 OVYIF e (Sl
IS QS G (Regh (nl sladaisl b alis (0 JS5)
(P slaplasl s laases )0 (S o 5 e Woges
O (297 S0yd g b U gl I L g 039 glite
§50 o,y o (Tamartash et al., 2012) cil 38
2 S 5 (o350 4355 an Slaplail ()8 s 5 iy
UL Leddl « ey s 2lse alizee slaplail aslin
(Foroozeh and axils 1) o5 cp, 268 LaS g oyl
20 S poS (59, alej] o uizen Mirzaali, 2006)
i, 5 ooyide atlsd il a5 0 osls ()L yuliS dblace
s Olee Lol Bl 1) (528 s Ol 2508
S8 50 I VAAT 1) o0 paiS ol oogicans o ()5
(Jafarian and Tayefeh Seyyed Alikhani, wsges ,l55

oS e (s2lgp a1l (52,5 s 5 Sy (eSiloo dumn Lo - ¥ S0
Figure 3- Mean comparison of carbon sequestration potential of the shoots of wheat cultivars

Figure 4- Mean comparison of carbon sequestration potential of theroot of wheat cultivars
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Figure 5- Mean comparison of total carbon sequestration potential (shootsand roots) of wheat cultivars
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Table 5- Greenhouse gases emission rate (kg.ha?) in irrigated and rainfed wheat cultivation

Rainfed wheat Irrigated wheat
R e LT &S S| st (g9
P o . (& ol . ;
55 & gomo o 0388 oS 5 & goxo o 0395 R ooled
Total Gases ¢ Total Gases * Input
(Kg/ha) N2O CO, (Kg/ha) N2O CO, p
(Kg/ha) (Kg/ha) (Kg/ha) (Kg/ha)
ps cg
410.006 0.598 0.008 409.400 0.780 1.050 534 .
Diesdl
059 055
155.186 0.185 0.001 155.000 0.555 0.004 465 Nitrogen
fertilizer
S 355
51.901 0.090 1.001 50.000 0.180 0.002 100 Phosphate
fertilizer
ol oS
35.050 0.050 0.0005 35.000 0.100 0.001 70 Potassium
fertilizer
R
- - - 0.011 5.20 36.10 o
Electricity
Egome
651.3335 0.923 1.0105 649.400 1212.975 1.625 6.250 1205.100
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Abstract

Introduction: Carbon sequestration in biomass and soilsis one of the simplest and least expensive
ecological strategies for removing carbon dioxide (Uri, 2000). According to researchers, carbon
sequestration is an important factor in reducing global warming (Wiesmeier et al., 2014). It was
demonstrated that returning fifty percent of plant residues increased the soil's capacity to sequester
carbon (Yan et al., 2007). Another study reveal ed that the wheat-rice cultivation system sequestered
55% more carbon in fields with animal manure and 70% more carbon in fields with chemical
fertilizer than the wheat-corn system (Kukal and Benbi, 2009). Given the low levels of soil organic
matter in lran's arid and semi-arid regions, particularly in the agricultural ecosystems of North
Khorasan, it is crucia to employ strategies that increase the carbon content of soil organic matter.
Therefore, the purpose of this study was to assess the carbon sequestration capacity of the aerial and
subterranean portions of wheat and the global warming potential of the wheat production
ecosystems in the province of North Khorasan.

Materials and Methods: In order to assess the carbon sequestration and global warming potentials
of irrigated and rainfed wheat cultivars, an experiment was conducted in Shirvan, North Khorasan
province, during the 2020-2021 growing season. For this purpose, systematic random sampling was
conducted in 30 farms with 0-30 cm of soil depth, and a face-to-face questionnaire was used to
assess greenhouse gas emissions and global warming potential. The studied irrigated varieties
included Mihan, Pishgam, and Heydari, while the studied rainfed varieties include Azar 2 and
Baran. In order to carry out the research, systematic random sampling (Chambers, 1983) was done
from six points in 30 farms from a soil depth of 0-30 cm (Mahdavi et al., 2009). In the spring,
vegetative and reproductive organs such as seed + spike, stem, leaf, and root were harvested at three
distinct phenological stages (shooting, flowering and physiological ripening). To study the soil, six
30-cm-deep profiles were dug under each plant and soil samples were collected. The combustion
method (Abdi et al., 2008; Foroozeh and Mirzaali, 2006) was utilized to determine the organ
conversion coefficients.

Results and Discussion: The resultsindicated that irrigated cultivars had a higher shoot conversion
efficiency than rainfed cultivars, with the Pishgam cultivar having the highest average conversion
efficiency at 49.68%. Among the irrigated cultivars studied, the Mihan cultivar had the highest total
carbon sequestration capacity, averaging 3,398.70 kg/ha. Among rainfed cultivars, the Baran
cultivar had a higher total carbon sequestration than the Azar 2 cultivar, which had an average of
512.60 kg/ha. The amount of greenhouse gases (CO2, N-O, and CH,) produced in irrigated and
rainfed wheat fields in Shirvan was estimated to be 1626.932 kg/ha and 651.33 kg/ha, respectively,
and the global warming potential of one hectare of wheat was equal to 3404.890 kg of carbon
dioxide and one hectare of rainfed wheat was equal to 919.263 kg of carbon dioxide. The cultivation
of Mihan (irrigated) and Baran (rainfed) cultivars in the agroecosystem of North Khorasan will
increase carbon sequestration capacity and decrease CO, emissions, according to the findings of this
study.
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Conclusion: Based on the results of this study, the aerial carbon sequestration capacity of irrigated
wheat cultivars was greater than that of rainfed cultivars. Moreover, among plant organs, the wheat
leaves had a greater capacity for carbon sequestration than the wheat roots. Mihan was the cultivar
with the highest aerial carbon sequestration capacity among irrigated cultivars, while Baran was the
cultivar with the highest aerial carbon sequestration capacity among rainfed cultivars.

Keywords: Carbon dioxide, Conversion coefficient, Greenhouse gases, Organic matter
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Table 1- Analysis of variance of the effect of salicylic acid and biochar on physiological traits and yeild of Echinacea under drought stress

o Sloc . . slolang s
il st el a2y . a Judg L5 b Judq, s o T .
Sl gl &ol3T S5 59lgn Chlorophyll  Chlorophyll ot Joko o9 odan
Sour ce of variance Of Biological a b Carotenoid Soluble Protein Proline
yield carbohydrates
. oct):atS{ron 1 1.99% 113 102 0.004° 51.39° 5.43° 382
oo sllaz 4 0.01 0.02 0.02 0.0004 114.82 171 074
L ocation error
(S S 2 980.24°* 64.36* 9.55* 0.51* 18315.24° 834.86*  206.05*
Drought stress
Siad s xS
drought xLocation 2 0.08" 0.1 0.06> 0.001°* 0.75™ 062 812
stress
hol sl 8 0.03 0.0008 0.002 0.00001 19.01 1.80 051
Main error
Sebdlio aml 2 24.85% 113 1.10% 0.01°° 6623.99* 170 297+
Salicylic acid
sl x (80
Sebadle 2 0.01" 0.012° 0.002" 0.0008" 4,32 0.004" 2.31%
sdlicylic xL ocation
acid
B)ll(;:ﬁ;r 2 29.27* 1.02% 0.012° 0.02°* 4443 .58 2.75* 24.40%
> g x S0 s s
it Rl 5e -
biochar xL ocation 2 0.02 0.014 0.01 0.0008 0.90™ 0.01™ 0.26™
Sl X (S (R
Sl b 4 1.23* 0.07+ 0.22* 0.0004* 631.65" 0.03™ 1.95*
xDrought stress
sdicylic acid
g eSS 4 o 0.02+ 0007%  00001° 15013+ 005 392
biochar
2290 x Sl sl
xSalicylic acid 4 0.72° 0.02¢¢ 0.01* 0.0005** 145.32+ 0.05™ 0.43"
biochar
x ;ub > Q.M.a X "_,lSw
Sbnl 4 0002 0.001% 0.001™ 0.0005°* 432 0.001™ 407
drought xL ocation
salicylic acidxstress
X (S i x 8
)l?}“ . 4 0.004_"3 0.001“3 0.0006”5 0.0006“ 061 ns O.OOGnS z_elezsezs
drought xL ocation
biochar xstress
ol x (8%
Ao Sl 0.02% 0.002° 00006  0.0006" 154 0002° 093"
sdlicylic xL ocation
biochar xacid
S X (S i
«Drought stress 8 049 0.01° 0.01 0.0002* 54.93" 0.06™ 0.61°
xsalicylic acid
biochar
X (Ss i x (480
2 g x Sl Sanasl
drought xL ocation 8 0.01m™ 0.0008™ 0.0004" 0.0004** 1.54™ 0.002 0.85*
salicylic acid xstress
biochar x
ouile (S gl % 0.04 0.002 0.001 0.0003 7.99 0.81 0.24
Remaining error
T p
< 26-\*/-”(0/‘5:" - 2,62 2.20 3.89 1.62 7.79 7.92 11.86

NS s e
9
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,~and "indicates significance in P < 0.01, P < 0.05 and non-significance, respectively.
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Table 2- Mean comparison of interactions effects of drought stress x salicylic acid x biochar interaction on the studied traits (Slicing
at drought stressand salicylic acid)

S ySlos R R
H oo f e a . b . .
S . o RN e Ses Jslxo Sl jud g1,
L] J Chlorophyll a Chlorophyll b
Drought Solowdl Biochar Biological (mglg FW) (mglg FW) Soluble car bohydrate
stress Salicylic acid yield (Mg glucosein g FW)
(txha?)
el 11.20+0.16° 2.47+0.04° 1.21+0.0%° 29.86+0.82°
Control
aals K20 Y 95 060,00 2.50+0.03° 1.36£0.02° 23.98+1.08°
1
Control é(: txhé .
Aol 1203004 2.60£0.02* 1.53£0.01% 19.94+0.80°
LSD (5%) 0.36 0.09 0.06 3.03
sl 12.0040.07° 2.60+0.04° 1.27+0.0%° 25.55+0.88°
Control
£ Lo ld  lSe s o5y
sl » e 3“’ e U‘_f 12.74+.052 2.68+0.02° 1.35+0.01° 20.41+0.79°
Control 0 7 a é(:txhéf
SmgL® o) 12826040 2.92+0.01° 157+0.01° 13.37+0.89°
LSD (5%) 0.8 0.06 0.04 2.82
sl 12.80+0.06° 2.74+0.03° 1.27+0.03° 25.55+0.88*
Control
PeSeke S e ST 138740.08° 2.86+0.02° 154+0.02° 15.15+1.70"
el 20 txha
1 mgxL )ng no T maea011° 32200010 1.78+0.02° 8.49+1.50°
LSD (5%) 0.23 0.62 0.06 4.67
el 5.49+0.16° 2.79+0.04° 0.75:0.04° %54,54+0.93
Control
anls B2 Y 6 5g40,090 2.95:0.05" 0.90+0.03" 46.83£0.91"
Control éztxh? ¢
fees 1140060 3.09+0.03° 1.05+0.022 39.53+0.74°
LSD (5%) 0.36 0.10 0.06 2.83
el 6.79£0.09° 3.16+0.05" 1.200.05° 45.31+0.83°
85 i Control
S § .10 . v,
o Pruke B a0 Y 69140050 3.15£0.04° 1.19+0.04° 25.33+1.27"
Drought b 1 20 <ha
sressb00 0D MoXL )'“jg re T 7680052 3.26£.032 1.40£0.05° 15.84+1.28°
LSD (5%) 0.8 0.07 0.06 3.68
sels 7.19+0.05° 3.200.03° 1.19+0.05° 34.33£1.032
Control
s < " v,
#pr ke )L‘;ﬁ’; re T 70.26+0.06° 3.24+0.02° 1.49+0.04° 21.08+2.12°
1 mgxL )L‘jg 20 T g49+009° 3.45:0,03° 1,53+0.06° 12.67+0.79°
LSD (5%) 0.19 0.08 0.08 4.46
sl 3.06£0.13° 0.86+0.08° 0.43+0.06° 79.92+1.00°
Control
aals KT 3 8440,090 1.05+0.06° 0.57+0.05° 74.87+0.76"
Control éztxh? ¢
wer ol 44550080 1.15+0.052 0.680.032 66.84:+0.95°
LSD (5%) 0.25 0.07 0.08 3.19
el 3.98+0.11° 0.93+0.08° 0.50+0.05° 66.83+0.94°
t5 Control
S s .0 . ey,
opve Pk 23 Y 4 2240,06° 1.05+0.05" 0.60+0.04° 44.46+1.14°
Drought b 1 20 t<ha
sress750 0D MoxL )L‘jg re T ssiz005° 1.20£0.05° 0.78£0.04° 44.89+0,95"
LSD (5%) 0.19 0.04 0.05 335
el 4.37+.05° 1.09+0.05° 0.57+0.05° 55.32+1.692
c s Control
PeSe S e ST 43240180 1.14+0.04° 0.66£0.04° 4252+3.16"
ol 20 txha
1 mgxL )L‘jg re T 6oar008° 1.310.05° 0.85:0.03° 30.11#2.75°
LSD (5%) 0.32 0.06 0.06 8.93
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Means with the same letter are not significantly different according to LSD test at 0.05. Mean + standard error.
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Table 3- Mean comparison of main effect of location, drought stress and biochar on the studied traits

Hlowd ;M’ b’.ﬁ’
. rotein
Traitment (mg/g FW)
= 1 11.56+0.352
o> 2 11.20+0.382
Location (5%) LSD 0.57
C““t‘b | 12.61+0.04°
ontrol
et e oy b a
Sis o 14.55+0.18
Droughté?ess 50%
“‘;;;/VA 6.98+0.05¢
0
(5%) LSD 0.59
C“t‘b | 11.14+0.44°
ontrol
LSa o 5 O
> b »ro 40+0.462
S st S
)t“;‘a;“' H’)‘l‘ : 11.55+0.45°
xha
(5%) LSD 0.34
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Means with the same letter are not significantly different according to LSD test at 0.05. Mean + standard error.
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Table 4- Mean comparison of interactions effects of location x drought stress x salicylic acid x biochar on the studied traits
(Slicing at year, drought stress and salicylic acid) (location 1)

JETEN Sabnnllis sl s kot s
Drought stress Salicylic acid Biochar (mglg FW) Proline (mg/g FW)
CST}l{fm 0.004%£0.42 0.04%2.24
anls e pol 0.001°:0.43 0.01%42.14
Control 20txha
St T 0.0022:0.45 0.01%2.05
LSD (5%) 0.011 0.07
el 0.003%£0.41 0.022:2.06
Control
s .10 . v,
s 3 p S ke o A5 50 3 ¥ 0.003 2£0.43 0.02°+1.91
Control 7 4 20 txha
oo med N 0.005%:0.46 0.03%1.74
LSD (5%) 0.014 0.09
el 0.002%£0.43 0.17"3.50
B Control
2 e ke S e o o5 ¥ 0.002%:0.47 0.11%4.40
20 txha!
1 mgxL A 0.0012:0.48 0.33%221
LSD (5%) 0.007 /78
CS:IEOI 0.001%0.36 0.14%455
sols )L'";g AN 0.001:0.38 0.16+3.88
Control lSa a ¢
0 {:ﬁg_l ’ 0.0032:0.39 0.017+3.89
LSD (5%) 0.007 043
—— 0.002%:0.30 0.02%5.91
Control
s .10 . v,
doys B Sid s 2k ] e s 5 ¥ 0.004:0.40 0.30%4.45
el 20 txha
Drought stress 50% 0.5 maxL lSa s o f-
= mg e 0.0012:0.41 0.02°£3.64
LSD (5%) 0.01 041
el 0.005:0.38 0.12%5.95
Control
s R4 . v,
2 Ak S 5 53 3 ¥ .003%:0.42 0.17°:5.21
20 txha
1L mgxL Al 0.005:0.43 0.11%4.06
LSD (5%) 0.016 0.48
2148
Control 0.006"+0.23 0-21%:8.06
sals )L";‘a {iﬁ"ﬂv‘ 0.006:0.23 0.01%46.20
Control N a .
0 f:ﬁgl ’ 0.0032:0.25 0.07 %+6.06
LSD (5%) 0.015 046
el 0.003 :0.24 0.03%:6.09
Control
¢ oD . v,
Soys VO Sid A 2 ekl S 53 3 Y 0.004%:0.26 0.03%5385
20 txha
Drought stress 75% 0.5 maxL-1 Sa s 5%
= Mg AN 0.0042:0.27 0.21"+4.18
LSD (5%) 0.013 0.44
el 0.00320.25 0.342%6.21
Control
2P ke S e o 5 ¥ 0.005%0.28 0.41°:4.92
il 20 txha*
1 mgxL )L‘j‘a {:k%f 0.003%:0.29 0.20 445,17
LSD (5%) 0014 114
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Means with the same | etter are not significantly different according to LSD test at 0.05. Mean + standard error.
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Table 4- (Continued)- M ean comparison of interactions effects of location x drought stress x salicylic acid x biochar on the studied
traits (Slicing at year, drought stress and salicylic acid) (location 2)

Sl as! S gl RtT)
Salicylic acid Biochar (mg/g FW) Carotenoids (mg/g FW) Proline
c;l{:ol 0.41+0.004° 3.93:0.21°
el e s iV 0.43+0.002° 2.04+0,01°
Control tégtxha" .
- fir%l ’ 0.44+0.0032 1.79+0.11°
LSD (5%) 0011 049
ot 0.41+0.004° 1.91+0.02°
LS o o5 Ve
w“ e . D PLES 4 w b + b
;‘-:J(;QS %‘f’[ﬁ [ 0.43+0.003 1.81+0.02
)“i‘a {;}%f‘ 0.44+0,002° 1.69+0.03°
LSD (5%) 0011 0.09
c;?ol 0.42+0.003° 1.72+0.01°
. e SESe o o Ve a a
s o o f e 3 0.44+0.005 1.61+0.58
1 mgxL? 20 txha
AN 0.45:0,004° 15240582
LSD (5%) 0015 1.65
Cg‘:‘ﬁol 0.350.002° 4.02+0.02°
LS 53 o5 Y
Ls R .36+0.001° .83+0.02°
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. =z )L‘;S_b BRI Y- a b
ERINRE S 2 0.26£0.005 6.51+0.53
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LSD (5%) 0.024 1.29
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Means with the same letter are not significantly different according to LSD test at 0.05. Mean + standard error.



ool

YYA

adei Gl cel (o8lys jei 5l iy 4z e colanl
4 a>gb (Khaleesi, 2014) ool oo (5 5omgd sloo S5,
o 5l eolinl Jds 4 gy cnl dwsy0 S5 @ Glalojl b
oS LS 5,90 ol Sgw 5l eolaiul Oyee o AT Gl all
Gl b olS culpln eud g5 i Sl 5l LS 5 el
g 0 AslS A595 5 e Sl el g0y e 05255, iy
oS opdee Sl Seleole wpul (L3 Joloxe Jlos) iz
gl ALl (S 9si) S Gliee 5l g polie (A5 4y olS Sy
I WA .\3155‘5.o oS Jml).w 5o ades 5 s s
o puSS, pl 1) bl (gromed Sl o LQQT bl
ISl g S e
bl golanS] 5 ol g o] GamwlannSTy
oS 50,8 Gagels 5 oglle laalies IS .(Koyro, 2006)
ST Ol5T JG0ly ol gy 0isles o i jgb 4y ¢ S USS
u»}ol} ‘) de)lf ‘5’:‘[.: dw 4.,..7:.&‘).: cJ= J..;)QG osLlr. L) ..\.:54.\.\

08 Gls St

Jbd sleaiss w5 peiteend ok 4 Galplo sle
Gk 5l bagss)S ez s a5 1) G5eS]
Bypas cel 04d o0 0l JudsiliS as > a5 (g Sg5le
Sigin ogemlionSlss Jlie 5 Juds IS Sl ciliz 5 5o
(Loggini et al., 1999)

logaS 5 Llpd o Sy sle Geinn Gliee SRelS
Ranja et al., 2001; ) cool ool oLy (ubize sloyo,)l5 5o
AOleS 9 rete g, (RODIUI ISam et al., 2010
g n il po 2alS asS el S Jsle (e
“"‘9“;5" J.A‘ w‘ aS 005.3 9&.....45) cdale w..lbls oD ul.m.) J}lza
Saeidi etal., ) asb atslsy o o) 6)lx rwgs e s als
as i Wlgs o il Cod Jeloe (afign Seime LialS (2011
slompl ol Gl ST Kl b et STy
aalionl @2 55 5 Oeign P SRS (atis p 0aiiS a5

J6rSsle g pols a2 p Jlrgn &5 Col oad 318
3l loslallss 3l Sy jand g o3s s (S 63, e
Cat s b a8 il oo e Sulis sla S0 ) glasals g1l a5
Srdols 5 1) gslite SlSh g ens S ol Sglite sla
el ylrgn o958 (Mukherjee et al., 2013) &l S

0 Ay (Gedgaze 0 (g yd Lli8l g Bl pedal Lials

Jlee! 50 sammsplias ool HllS 5 5, olillas
Fatima et al., 2002) ail o o,5loe 2als o Sas s
Dol Sial38l b So5glgm o, Slee zals (Eman et al., 2008;
ad, sl Glea 5l olS a5 cudl e opl saiSanl s
Jodo g S e @i 1) 355 08 Bliee wlie 3925 4 dtay
ok s 5 Jobo 0y c0y98 U 50 e cnl yo Ol 2gueS
(Eman et al., 2008) sl 009 oS o less pluo b duslis ;o
0 yol> aslllas ol Cewsdy =l o Sislen o Sae v
2 Sebeadlo a5 Jlogn it d b Jdo @ Wiy
Ll ognge Ui il Sogsls o Shoe 5 @50 £lis) 5o
s,fles a5l s Wlgi e slram 5l eolinul 1 s kS T
bope Sl sl (AL olne iz il Soelsn
Ny, Sempr 4 SLLL SGS ol Sy ool cailes ol
cou oS GllS je Sl dle apnl icwl ails ol gu,
GBS g5 e bl S (Sa a5 o 5l e sla i
Sl ] s 5o 1y oLF Caegliie g axils clis 5 bl
a5 eoliiwl ((Abreu and Munné-Bosch, 2008) sao
ol 5 g Iy ol rals 5l cenl anuily 5o Sl

Siboolil pohte ar JeBo 5 i el (Sas g
25 B e liz sl o same eolitul Cu (39
& S, slacsl Ol (18, cwws 5l (Rong-Hua et al., 2006)
7S4S Sy o0y @ aSl 398 0 89 1 (il wle oS
LS sl O 050a i 003, o0 Sl o3 1y by IS
Heidari-) seice Jedg 5 clale a5 culls)lS as
15 oLS oS, Jids,lS o slyie (Sharifabad, 2011
Ul slypome i Ulaiml 5 03gr ol smgd lies b LLs)|
o ol 95aS G5 Lyt o o Shos Lk g by IS
.(Abreu and Munne-Bosh, 2008) s ,§

obS 3 Shos g 0 » jlogm 5 Suiglm 095 b TS B
Celys JLSe 30 55 AV Gl @ g 995380 (ks i L)
S slonl aals a4 s sanlidl 3l D g @ SIS lre
aox 5l Griwgd oS, il (Yaghoobi, 2014)
Sl 51 ool bl i cos oS o ases IS 9 D@ sy 15
Sy gl i (5S4 Wlgiee sz 5 Sl

spbie dy Wl )l Sl b ao olml b oS wil ol plgs 5



Y4 S il g S pac daylpd jo J5H1 e (29,10 oLS 8 Sl 9 SO el jud Slao y Submd b sl g 5l gas S

J e slo i cou 4 SblS s Skl ol
=l g (GBli> 1E wlgiee sijlo JF (Sas a S
Abreu and ) aas islysl ol ply )0 1) olS Coglie ¢ atils
b Sl ol Vbl s 0! o (Munne-Bosh, 2008
olsn Ol 5 S (s s Sl 5l 5 Ceaglia slov
2 ol Glgme Lmals es (Sis i el ools iol38l
Olyass Sy g Ay Had sgamme el (LS slacdl
French and ) so,5 o ool o SJgle 5 olowdsn
el Slawdls ol 5 g 5l oolaxwl (Turner, 1991
wote 9> 50 1y gl (e 5 ead e slaylid tals
(Yaghoobi, 2014) sas .o ialS

IS (8 5 Ao
Cj-‘ﬁ—NJLo&‘Jal‘)_&)ool_:f‘é_Lfdﬁf ~~-"‘O‘9-;-°4e
J_llécncpj‘odmlﬁ.;)j_p)d S is ia s s
st oS ol lis Fglite sla 2uSTy o)y 9590 sl eS

Sgter 50 Sl dsl g jl g 5l oolisiul ggomme s 00,5

S dude S5, ol o S il G6U e sl

References

oV slad ol UL o35 mlaw (NOVaK et al., 2009) 55
Shile 5 yolis b ol wsn 5 lapss] 5 Lossls ez sl
o |y S i olge L ubils 5 00,5 ool |, S
Oy 285 g olS g e Gl g g ounisy
(Lietal., 2014) 55,5 oo Olyoung,S

e 4 185 cov glaSy 50 oy ges g GRIP
el 2 oglle (g n Cenl GgmalinST a5 5 g Sl
i WS (oo e b B plp p0 Bl Glyie 4 (shenl
Al adsse b b putne o8 b g pditne )b 0 &5 o 5
lag)] (grsb Sl Lo 5 IS8 Laa> a4y 5 o0l 5 g axils Jlise
Odem aezs (Koc et al., 2010) wis o S8 i Layl,l o
Sl goaie Siglen b OT seeS i Lals e
S Jslre ol Sy by 5 0bl o 35T T S90S a5 olSin
ORI g @l Gl ST g i sabe (ralS
Kuznetsov and ) 05,5 o Joko o, (greml lud
EezS 45 Wadine S ey 5l an (Shevyakova, 1999
Ol 5 oS 0GR Ol 09 plSie 4 olS )0 (s
Soenl Bl 25 5l s Jole g ol G oS WS e 3L
(Kavikishore et al., 2005) <!

Abbaszadh, B., Layeghhaghighi, M., Azimi, R. and Hadi, N. 2020. Improving water use efficiency through
drought stress and using salicylic acid for proper production of Rosmarinus officinalis L. Industrial Crops

and Products, 144: 345-367.

Abd El-Mageed, T.A., Bdal, E.E., Rady, M.O.A., Abd ElI-Mageed, SA., Mansour, E., Awad, M.F. and
Semida, W.M. 2021. Acidified biochar as a soil amendment to drought stressed (Vicia faba L.) plants:
influences on growth and productivity, nutrient status, and water use efficiency. Agronomy, 11: 2-18.

Abreu, M. and Munné-Bosch, S. 2008. Salicylic acid may be involved in the regulation of droughtinduced |eaf
senescence in perennials: A case study in field-grown Salvia officinalis L. plants. Environmental and

Experimental Botany, 64: 105-112.

Arnon, D.I. 1949. Copper enzymes in isolated chloroplasts. Polyphenoloxidase in Beta wulgaris. Plant

Physiology, 24: 1-15.

Bates, L.S., Waldren, R.P. and Teare, |1.D. 1973. Rapid determination of free proline for water-stress studies.

Plant Soil, 39: 205-207

Bradford, M.M. 1976. A rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Analytical Biochemistry, 72: 248-254.
Delauney, A.J. and Verma, D.P.S. 1993. Proline biosynthesis and osmoregulation in plants. Plant Journal, 4:

215-223.

Downie, A., Crosky, A. and Munroe, P. 2009. Physical properties of biochar. In: Biochar for environmental
management: science and technology (Eds. Lehmann, J. & Joseph, S.), Earthscan.



ob! Y¥.

Eman, E.A., Hendawi, S.T., Azza, E.E.D. and Omer, E.A. 2008. Effect of soil type and irrigation intervals on
plant growth, essential oil yield and constituents of Thymus vulgaris plant. American Eurasian Journal of
Agriculture & Environment Science, 4(4): 443-450.

Eradan, F., Inal, A., Gunes, A. and Alpadan, M. 2007. Impact of exogenous salicylic acid on growth,
antioxidant activity and physiology of carrot plants subjected to combined salinity and boron toxicity.
Scientia Horticulturae, 113: 120-128.

Fatima, S., Farooqi, A.H.A. and Sharma, S. 2002. Physiological and metabolic responses of different
genotypes of Cymbopogon martinii and C. winterianus to water stress. Plant Growth Regulation, 37: 143-
149.

French, R.J. and Turner, N.C. 1991. Water deficit change dry matter partitioning and seed yield in narrow
leafed lupines. Australian Journal of Agricultural Research, 42: 471-484.

Gharib, F.A.E. 2007. Effect of sdlicylic acid on the growth, metabolic activities and oil content of basil and
marjoram. International Journal of Agriculture and Biology, 9(2): 294-301.

Ghosh, D., Roy, K. and Mallik, S.C. 1981. Effect of fertilizers and spacing on yield and others characters of
black cumin (Nigella sativa L.). Indian Agriculture, 25: 191-197.

Gualandi, R.J. 2010. Fungal endophytes enhance growth and production of natural products in Echinacea
purpurea (Moench.). Masters Thesis, The University of Tennessee, Knoxville.

Hasanbeige, H., Saidi, M. and Mohammadi, M. 2021. Effects of gibberellic acid and salicylic acid application
on morphophysiological characteristics and essential oil yield of Echinacea purpurea (L.) Moench. Iranian
Journal of Medicinal and Aromatic Plants, 36(6): 1038-1051.

Hasanvandi, M.S., Ayneband, A., Rafiee, M., Mojadam, M. and Rasekh, A. 2014. Effects
of supplemental irrigation and super absorbent polymer on yield and seed quality of safflower
(Carthamus tinctorius L.) under dry-farming conditions. Bulletin of Environment, Pharmacology,
and Life Sciences, 3(12): 174-185

Heidari-Sharifabad, H. 2001. Plant aridity and drought. Research Institute of Forests and Rangelands
Publication, Tehran. (In Persian).

Irrigoyen, J.H., Emerich, D.W. and Sanchez Diaz, M. 1992. Water stress induced changes in concentration of
proline and total soluble sugarsin nodulated alfalfa plant. Physiologia Pantarum, 84: 55-66.

Kavikishore, P.B., Sangam, S., Amrotha, R.N., Laxmi, P. and Naidu, S. 2005. Regulation of prolin
biosynthesis, degradation, uptake and transport in higher plants. Its implications in plant growth and abiotic
stress tolerance. Current Science, 88: 424-438.

Khaleesi, Kh. 2014. The effect of nitrogen and biochar on quantitative and qualitative traits of maize in low
irrigation conditions. Master Thesis, School of Agriculture. Shahroud University of Technology. (In Persian).

Kim, H.R., Oh, SK., Lim, W., Leg, H.K., Moon, B.l. and Seoh, J.Y. 2014. Immune enhancing effects of
Echinacea purpurea root extract by reducing regulatory T cell number and function. Natural Product
Communications, 9: 511-514.

Koc, E., 1 slek, C. and Ustun, A.S. 2010. Effect of cold on protein, proline, phenolic compounds and
chlorophyll content of two pepper (Capsicum annuum L.) varieties. Gazi University Journal of Science, 23:
1-6.

Koyro, H.W. 2006. Effect of salinity on growth, photosynthesis, water relations and solute composition of
potential cash crop halophyte Plantago coronopus (L.). Environmental and Experimental Botany, 56: 136-
149.

Kuznetsov, V.V. and Shevyakova, N.I. 1999. Prolin under stress: biological role, metabolism and regulation.
Russian Journal of Plant Physiology, 46: 274-286.



\Ag S i g e pus byl )0 S e (529,10 ol 0 ;e 9 S Solgr b Wlao p Saiuad b vl gyl g 51

Li, J.H., Lv, G.H., Bai, W.B,, Liu, Q., Zhang, Y.C. and Song, J.Q. 2014. Modification and use of biochar
from wheat straw (Triticum aestivum L.) for nitrate and phosphate removal from water. Desalination and
Water Treatment, 57(10): 4681-4693.

Loggini, B., Scartazza, A., Brugonli, E. and Navari-lzzo, F. 1999. Antioxidative defense system, pigment
composition, and photosynthetic efficiency in two wheat cultivars subjected to drought. Plant Physiology,
119: 1091-1099.

Miar Sadeghi, S., Shekari, F., Fotovet, R. and Zangani, E. 2011. The effect of priming by saicylic acid on
vigor and seedling growth of canola (brassica napus) under water deficit condition. Iranian Journal of Plant
Biology, 2(6): 55-69.

Mirjalili, M.H., Salehi, P., Naghdi Badi, H. and Sonboali, A. 2006. Volatile constituents of the flowerheads of
three Echinacea species cultivated in Iran. Flavour and Fragrance Journal, 21: 355-358.

Moradi Marjane, E. and Goldani, M. 2011. Evaluation of different salicylic acid levels on some growth
characteristics of pot marigold (calendula officinalis |.) under limited irrigation. Environmental Stresses in
Crop <iences, 4(1): 33-45.

Mukherjee, A. and Zimmermanm A.R. 2013. Organic carbon and nutrient release from a range of laboratory-
produced biochars and biochar—soil mixtures. Geoderma, 194: 122-130.

Novak, J.M., Lima, I., Xing, B., Gaskin, J.W., Steiner, C., Das, K.C., Ahmedna, M., Rehrah, D., Watts,
D.W. and Busscher, W.J. 2009. Characterization of designer biochar produced at different temperatures and
their effects on aloamy sand. Annals of Environmental Science, 3: 195-206.

Parsons, J.L., Cameron, S.l., Harris, C.S. and Smith, M.L. 2018. Echinacea biotechnology: advances,
commercialization and future considerations. Pharmaceutical Biology, 56: 485-494.

Pastirova, A., Repcak, M. and Eliasova, A. 2004. Sdlicylic acid induces changes of coumarin metabolites in
Matricaria chamomilla L. Plant Science, 167(4): 819-824.

Ranjan, R., Bohra, S.P. and Jeet, A.M. 2001. Plant senescence. Jodhpur, Agrobios New York, pp. 18-42.

Raskin, I. 1992. Role of salicylic acid in plants. Annul Review Plant Physiology and Plant Molecular Biology,
43: 439-463.

Reddy, A.R., Chiatanya, K.V. and Vivekanandan, M. 2004. Drought induced responces of photosynthesis
and antioxidant metabolism in higher plants. Journal of Plant Physiology, 161: 1189-1202.

Rezaeian, A. 2014. Effect of Biochar and mycorrhiza on absorption, transport and accumulation of cadmium in
the peppermint plant. Master's thesis, Faculty of Agriculture, University of Shahrod. (In Persian).

Rezaie Alulu, A., Kheiry, A., Sani Khani, M. and Arghavani, M. 2020. The effect of salicylic acid, glycine
betaine and gamma amino butyric acid foliar spray on Carla antioxidant activity under water deficit stress.
Plant Ecophysiology, 12(40): 140-151.

Robiul Idam, M.R., Hu, Y., Mao, S, Jia, P., Engji, A.E. and Xue, X. 2010. Effect of water-saving
superabsorbent polymer on antioxidant enzyme activities and lipid peroxidation in corn (Zea mays L.) under
drought stress. Journal of the Science of Food and Agriculture, 91: 813-819.

Rong-Hua, L.I., Pei-Guo, G.U.O., Baumz, M., Grando, S. and Ceccaré€lli, S. 2006. Evaluation of chlorophyll
content and fluorescence parameters as indicators of drought tolerance in barley. Agricultural Science, 10:
751-757.

Saedi, M., Moradi, F., Ahmadi, E., Sepehri, R., Najafian, G. and Shaabani, A. 2011. The effect ofterminal
drought stress on physiological characteristics and source-sink relationship in two cultivars of wheat
(Triticum aestivum L.). Iranian Journal of Agricultural Science, 12(4): 392-408.

Sepaskhah, A.R., Tavakoli, A.R. and Mousavi S.F. 2000. Principles and applications of deficit irrigation.
Tehran: Iranian National Committee on Irrigation and Drainage (IRNCID). P. 288. (In Persian).



ool YFY

Shah, S, Sander, S., White, C.M., Rinaldi, M. and Coleman, C. 2007. Evaluation of Echinacea for the
prevevtion and treatment of the common cold: a metaanalysis. The Lancet Infectious Diseases, 7: 473-480.
Siddique, M.R.B., Hamid A. and Idam M.S. 2000. Drought stress effects on water relations of wheat

Botanical Bulletin of Academia Sinica, 41: 35-39.

Turkan, I., Bor, M., Ozdemir, F. and Koca, H. 2005. Differential responses of lipid peroxidation and
antioxidants in the leaves of drought-tolerant P. acutifolius Gray and drought-sensitive P. vulgaris L.
subjected to polyethylene glycol mediated water stress. Plant Science, 168: 223-231.

Yaghoobi, M. 2014. Effect of some biological fertilizer and biochar on plant growth and yield of cowpea.
Master Thesis, Shahroud University of Technology. (In Persian).

Yang, X., Lu, M., Wang, Y., Liu, Z. and Chen, S. 2021. Response mechanism of plants to drought stress.
Horticulturae, 7: 2-36.

Zafar, Z., Rasheed, F., Atif, R.M., Javed, M.A., Magsood, M. and Gailing, O. 2021. Foliar application of
salicylic acid improves water stress tolerance in Conocarpus erectus L. and Populus deltoides L. Saplings:
evidence from morphological, physiological, and biochemical changes. Plants, 10: 2-16.

Zhang, Z., Pang, X., Duan, X., Ji, Z.L. and Jiang, Y. 2005. Role of peroxidase in anthocyanin degradation in
litchi fruit pericarp. Food Chemistry, 90: 47-52.



Journal of Crop Science Research in Arid Regions/ Volume 4, I ssue 1, Spring and Summer 2022, P. 229-243

Effect of biochar and salicylic acid on physiological traits and yield of
echinacea (Echinacea purpurea L.) under non-stress and drought stress
conditions

Tahereh Emami®*

! Department for Agriculture, Payame Noor University, Tehran, Iran
*Corresponding Author: t.emami @pnu.ac.ir

Received: 20 December 2021 Accepted: 14 April 2022 DOI: 10.22034/CSRAR.2022.320762.1172

Abstract

Introduction: Echinacea (Echinacea purpurea L.) is a herbaceous, perennia plant in the sunflower
family; its essential il and extract are widely used in the pharmaceutical, food, health, and cosmetic
industries; and it has antimicrobial, anti-oxidant, and radical -neutralizing properties. Anti-allergy,
anti-tumor, and anti-inflammatory properties have been ascribed to them. In arid and semiarid
regions, a lack of water and inefficient irrigation techniques are the primary factors limiting the
development of the agricultural sector. Drought is one of the most influential stresses on crop
performance, and it is well known that it affects a number of physiological processesin plants. This
investigation sought to determine the impact of biochar and salicylic acid on the physiological traits
and yield of echinacea (Echinacea purpurea L.) under non-stress and drought -stress conditions.
Materials and Methods: In order to examine the effect of biochar (in three levels without biochar
as control, 20 txha! and 40 txha?) and salicylic acid (in three levels of zero, 0.5 mM and 1 mM) in
two humid environments (no stress and drought stress), a factorial experiment in split plot
experiment was carried out in llam province (two locations) in a randomized complete block design
with three replicates in 2020. The evauated traits included chlorophyll a, chlorophyll b,
carotenoids, soluble carbohydrates, total protein, proline activity, and biological yield.

Results and Discussion: The results indicate that the highest increase in biological yield was
45.97% and 45.42%, respectively, in the treatment combination of 40 tons of biochar and no
salicylic acid foliar spray and the treatment combination of 20 t ha® of biochar and 0.5% salicylic
acid foliar spray in the condition of 75% drought stress. Proline content decreased in all treatment
compounds; except in the combination of non-drought stress treatment and use of 40 t ha' of
biochar and 0.5% sdlicylic acid which increased by 25.71%. The highest increase in carotenoids
(36.66%) was obtained if 40 t ha® of biochar were used and sdicylic acid was not sprayed under
50% drought stress. Also, the results show that by using 20 t ha® of biochar and spraying 1%
salicylic acid under 50% drought stress, the amount of carotenoids increased by 33.33% compared
to the control.

Conclusion: As one of the growth regulators, salicylic acid was used to increase plant tolerance to
stresses such as drought. In addition, biochar had a positive impact on the enhancement of several
physiological characteristics and echinacea yield. Echinacea purpurea L. appears to benefit from
the use of biochar and salicylic acid to mitigate the negative effects of drought stress.

Keywords: Biological yield, Carotenoids, Chlorophyll, Proline, Protein, Soluble carbohydrates
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Table 1- Characteristics of cultivarsused in thisresearch
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Cultivar Source Characteristics
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Denmark Salinity resistant, early, suitable for spring and neutral day cultivation
Q26 L_s,l""’ = S 3959 o)lee S (6l camlin oy lamgio
Chile Medium, suitable for spring and neutral day cultivation
Q29 g;"“" “ 5909 oyl oS 61)% e ¢y langie
Chile Medium, suitable for spring and neutral day cultivation
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Table 2- Some meteorological parameters of Damghan
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Month Temperatur e°C) Relative humidity (%) Rainfall(mm)
migs) 23.91 34.43 431
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July
Aoye 28,56 30.35 0
August
IRAS 25.49 36.48 0

September




ol Bws g Jeol YEA
Salo3l 3590 4cy30 S s Shg-T Jous
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Figure 1- Mean comparison of leaf areaindex under theinfluence of drought stressand cultivar (a) and drought stressand priming (b)
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Table4- Analysisof variance of traits measured in quinoa under drought stress, cultivar and priming

a0 Lo als slasy Slasi 039
et gl @3 o Slos Tl ' S JeSuily ;o IS I i
sgllfjig?o?: Degrees ails Sy Cu:]SI J@,;lS” Jdg s Number g yo &l I
f e((a)(]jc Seed yield L eaf orophy alb of seeds  Number 1000 Protein
reedom area Chlorophyll per of panides  seeds  Percentage
index panicle per plant  weight
)l_’sj . 3 20102.78™ 0.05™ 96.06" 2.08m 212.71" 0.18" 0.011™ 0.26"
Replication
e 2 1758189.75™ 5.25" 8066.15™ 3.83"™ 4643.46" 14.42” 0.95" 115.01"
Drought stress(@)
Jol sl 6 454437 0.03" 16.89™ 3.19m 111151 0.68" 0.01" 0.200"
Error,
® 2, 2 6318471 231 812" 0907 1436604 3277 002™  2212°
Cultivar
(CI)Dr' 'f 21z 1 357505.58" 4.20* 2522.03" 1.75™ 3418.81™ 7.72" 017" 0.60"
iming
a*b 4 33433.85™" 0.39* 37.60™ 3.60" 2247.83" 1.22" 0.01" 0.81"
arc 2 3804.06™ 0.18* 57.67"™ 450 2755.97™ 0.67™ 0.005" 291"
b*c 2 574.48" 0.055" 7.56" 3.69" 3718.39™ 0.63" 0.01" 1.96™
a*b*c 4 8954.22" 0.041" 18.32™ 0.52" 283.22" 0.03" 0.008"™ 5.16™
p9° sth> 45 7206.84 0.037 56.48 294 2382.40 0.28 0.01 0.22
Errory
Sl - 8.01 8.70 9.80 17.63 1633 1145 528 294
c.v (%)
- . 4> 30
Sl o e
. !
L&';.A
& ) Degrees
Interaction of
slicing freedom
a*b
5 b o sy
a s
(Slicingof bin
alevels)
al 2 94558.0™ 213" - - - 4.02" - 6.71"
a2 2 20022.0" 0.75" - - - 147" - 6.55"
a3 2 15473.0™ 0.20" - - - 0.23™ - 10.47"
ac
2 C palp
a
(Slicing of cin
alevels)
al 1 - 278" - - - - - 5.49™
a2 1 - 1.09™ - - - - - 0.0003"
a3 1 - 0.70" - - - - - 0.94"
b*c
P PC (B
b @Q.MJ
(Slicing of cin
b levels)
bl 1 - - - - - - - 133
b2 1 - - - - - - - 1.19
b3 1 - - - - - - - 2.00™
TDb°C
» b*c By
Agla o
(Slicing of b*c
inalevels)
al 5 - - - - - - - 498"
a2 5 - - - - - - - 3.14"
a3 5 - - - - - - - 757"

A2 o Hlid 1) o0 S gt 0 gl Ho (6, S (50 P pas i 4y %
ns, * and ** respectively: non significantly, significance at the level of five percent and one percent.
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Table4- Analysisof variance of traits measured in quinoa under drought stress, cultivar and priming

ax e sl Jud S
B 289 15 Lo |gixo A -
i gl &ol3T EERT Sl alb e ST 3 g Sl g5l
Sourceof  Degrees W) Las chlorophyll ;;Ité:"‘“ ot U o d el SloasST
variation of ‘Malon Membrane chloréc‘)/ il ng-le Proline  guperoxide ~Catalase  Ascorbate
freedom  dialdenyde gapility phy content dismutase per oxidase
Index
)‘)S" . 3 13.73™ 79.57" 2.08" 159.60" 3.37™ 0.003" 0.0004" 0.023"
Replication
52 W *k ok * k ok * % **
drought @ 2 331.05 2707.52 3.83™ 1051.57 40.56 4.45 0.44 “5.17
stress
Jol sl 6 2.98" 12.93" 3.19™ 8.70"™ 2.63™ 0.01" *0.001 0.006"™
Errora
® o5, 2 982" 12,00 090" 630"  438™ 353" 052" 485"
Cultivar
<C;)rﬁ?:$ﬁ 1 6.46 226.24" 1.75m 488™ 0117 0.87" 026" 102"
a*b 4 1.39™ 7.16™ 3.60™ 5.73™ 0.85™ 0.06™ 0.48™ 0.04™
ac 2 229" 7.84"™ 4.50m 12.34" 0.39™ 0.14™ 0.07" 0.18™
b*c 2 0.80™ 21.50™ 3.69™ 90.05™ 0.64"™ 0.02" 0.06™ 0.06™
arb*c 4 0.90™ 18.98" 0.52" 8.13™ 0.34"™ 0.05™ 0.05™ 0.05™
e 45 1.58 10.48 2.94 40.44 1.63 0.01 0.0005 0.009
Errory,
e
Oy - 8.46 9.00 17.63 8.97 17.65 423 4.67 5.23
CV (%)
5 e
P -
Sl ot !
Interaction De((});ees
slicing freedom
a‘b
b 25y
Azhw ;50
(Slicing of
bina
levels)
al 2 - - - - - 1637 0.002° 137
a2 2 - - - - - 0.82"" 0.005™ 2.09"
a3 2 - - - - - 121" 1.47" 147"
arc
Cposiy
Azhw ;o 50
(Slicing of
cina
levels)
al 1 - - - - - 044~ 0.02” 0.85"
a2 1 - - - - - 0.70™ 0.01" 053"
a3 1 - - - - - 0.01™ 0.38" 0.01™
b*c
C (2ouhy
b @a...;]m)d
(Slicing of
cinb
levels)
bl 1 - - - - - - 0.33 0.28
b2 1 - - - - - - 0.02™ 0.12"
b3 1 - - - - - - 0.02"" 0.74"
arb*c
b*c oo sy
ac[a.u B
(Slicing of
b*cina
levels)
al 5 - - - - - 0.74 0.01 0.73
a2 5 - - - - - 047" 0.008™ 0.94™
a3 5

- - - - - 052" 071" 064"
Ao oo L 1y d )0 SO g ao)s iy g 50 (510 de (5 IS Je pas i 5 ay e g
ns, * and ** respectively: non significantly, significance at the level of five percent and one percent.
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Table 5- Comparison of the mean of the main effects of the measured traitsin quinoa

ua:'l..'b ‘5|9£zo Slowy
~soudb b : BULIST) st 4o dlasy
) i . T ey s Ul s oShes
L Lo sl oS Relative ) W92 5 ;
Treatments Malon — Chiorophyll A Proline 1000 No. of Number of <l
embrane water 0.0
Dialdehyde N ma. g1 FW) (umol.g” seeds i scedsper  Seed yield
. stability 9-9 content _ panicles , B
(umol.g ) Fw) weight panicle (kg.ha ™)
index (%) (%) per
FW) (@
plant
Drought
stress
100% WR 11.10c 4691 a 94.62 a 77.85a 598c 214a 548a 314.79a 1337.96 a
75% WR 15.02b 35.26b 77.34b 70.09 b 717b 190b 4.44b 290.90 b 1042.66 b
50% WR 1852 a 2570c 57.97¢c 64.68 c 858a 1.75c 397b 290.51 b 797.41c
ey
Cultivars
Titicaca 14.93 ab 3521a 75.18a 7142a 7.49a 1.90a 422b 322.27a 1023.61b
Q26 1549a 36.03a 78.72a 70.78 a 749a 1.96a 4.74a 300.51ab 1118.14a
Q29 14.21b 36.62a 76.03a 70.41a 6.75a 193a 493a 273.43b 1036.27 b
Sigosl
Priming
ol
1458 b 34.18b 70.72b 71.13a 7.28a 1.88b 4.30b 305.63a 988.88 b
Control
Primi 15.18a 37.73a 82.56a 70.61a 721a 1.98a 496a 291.84a 112981 a
iming
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Theletters next to the numbers represent comparisons of the mean LSD at the 5% probability level. Means with similar letters are not

significantly different at the 5% probability level.
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Table 6- Mean comparison of tripartiteinteractions of drought stress, cultivar and priming of traits measured in quinoa (physical
dlicing performed at drought stresslevel)

s o, Sisngly, 59 b e U6l 3o Ole»_SwT Oria ey
Droudht stress  Cultivar Primin Super oxide dismutase Catalase Ascor bate peroxidase Protein
9 9 (U. mg* pro.min %) (U. mg* pro.min %) (U. mg* pro.min %) per centage
100% WR Titicaca — 2.79b 0.48a 1.15c 1520 a
Control
_. i _“lﬁ" 299a 0.29e 0.95d 14.79 ab
Priming
Q26 sal 186e 0.39¢c 2.08a 14.47b
Control
Sl 212d 043b 164b 1211d
Priming
Q29 — 224 0.40 be 154b 1361¢
Control
Sl 260¢ 0.35d 1.06 cd 1350 ¢
Priming
75% WR Titicaca " 303b 0.45b 153e 17.24a
Control
Sl 33la 047b 1.261 1655 b
Priming
Q26 — 234d 052a 2542 15.46 ¢
Control
Sl 277¢ 0.40¢ 229b 16.35b
Priming
Q29 — 287¢ 0.44b 209¢ 1517 ¢
Control
Sl 317ab 0.39¢ 172d 15.00¢
Priming
50% WR Titicaca 235b 141a 20Le 1836b
Control
Sl 253a 0.87b 1.83f 2088a
Priming
Q26 — 177e 052¢ 265b 17.82b
Control
Sl 1561 042d 290a 17.95b
Priming
Q29 sal 1.98d 0.39d 240¢ 18.18b
Control
Seaily 215¢ 0.29e 220d 16.73¢
Priming
Gl sire ©olis wo o my Jleizl gl jo wiline Ggym sl slo (1 Sl aiis wo )0 iy Jleizl mhaw [0 LD (.Sl Slaglie ,Sbles wlael LS g,
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The letters next to the numbers represent comparisons of the mean LSD at the 5% probability level. Means with similar letters are not
significantly different at the 5% probability level.
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Figure 2- Mean comparison of the number of panicles per plant under the influence of drought stressand cultivar
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Figure 3- Mean comparison of seed yield under the influence of drought stress and cultivar
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Table 7- Analysis of seed yield under the influence of leaf area index (LAI), malondialdehyde (MDA), total chlorophyll, 1000-seed
weight and number of panicles per plant (seed yield is dependent).
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Traits Leaf area Chlorophyll 1000-seed Number of effect
index weight panidespe plant
f 4 21?;1 ﬁ; 0.08 0.12 0.18 0.24 011 0.76
Mj(;’\ ;ﬁdﬁ;e -0.04 -0.21 -0.17 -0.22 -0.08 -0.75
Chﬁéﬁiyn 0.05 0.14 025 0.26 0.10 0.84
100“;‘)“ Ségg Vi;gght 0.05 014 0.20 033 0.08 0.84
S 50 JsSely sl 0.06 011 0.17 0.19 015 071
Number of panicles per plant
R-sguer 0.8317
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Abstract

Introduction: The cultivation of quinoa (Chenopodium quinoa Willd), an annual plant with high
nutritional and economic significance, is expanding throughout the world. Quinoa is a traditiona
Andean seed crop highly tolerant to abiotic stresses. Since most seed crop cultivars are sensitive to
drought stress, quinoa is regarded as a vauable candidate for the plant's exposure to harsh
environmental conditions. Due to the importance of quinoa in arid regions, the effects of seed
priming on yield and certain morphological and physiological traits were investigated in this study.
Material and Methods: A factorial split-plot experiment based on a randomized complete block
was designed with four replications was conducted in 2019 at Damghan Research Farm Station. The
experimental treatments included drought stress based on the plant's water requirement at three
levels (100% (control), 75%, and 50%) as the main factor, and sub-factors included three cultivars
(Titicaca, Q26, and Q29) as well as priming at two levels (no priming and hydropriming) as a
factorial experiment into sub-levels. To perform water requirement (WR) trestment, WR were
calculated using the CROPWAT program and then applied to the 6-leaf stage plants.

Results and Discussion: The results demonstrated that drought stress (50% WR) reduced relative
leaf water content (13.1%), leaf membrane stability index (21.2%), chlorophyll content (38.7%),
1000-seed weight (18.2%), number of panicles per plant (27.5%), number of seeds per panicle
(7.71%), and seed yield (40.4%). The use of hydropriming increased the membrane stability index,
leaf chlorophyll content, 1000-seed weight, and the number of panicles per plant. Under 50% WR,
the activity of antioxidant enzymes such as catalase and leaf ascorbate peroxidase increased by
139.58 and 42.55 percent, respectively, compared to the control. Additionally, drought stress
increased quinoa seed protein content and decreased seed yield.. The percentage of seed yield
reduction in drought stress was 50% and 75% of WR and was lower in Titicaca than the other two
cultivars. The comparison of the mean of irrigation interactions in the cultivars revealed that 100%
WR produced the maximum quantities of Chl a, Chl b, and carotenoids in all three cultivars.
Additionally, seed priming boosted the Chl a, and Chl b concentrations in Titicaca and Q26.
Furthermore, the highest biological yield in the Damghan region was achieved in Q26 with 100%
WR. Under normal irrigation conditions, Q26 cultivar had the highest seed yield, whereas under
drought stress conditions, the seed yield of al cultivars decreased significantly. Nevertheless, this
decline in the Titicaca cultivar was 12% less than in Q26 and Q29. The findings of the mean
comparison revealed that priming improved seed yield in al three cultivars, with the Q29 cultivar
producing the maximum seed yield at 1,452.03 kg/ha.

Conclusion: In general, Titicaca cultivar was more resistant to drought stress than other cultivars,
hence its cultivation is encouraged in the Damghan region. Within the scope of this study, the use of
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hydropriming to improve quinods physiological features in conditions of drought stress is
suggested. In conclusion, the results demonstrated that seed priming significantly increased seed
yield, biological yield, leaf areaindex, and chlorophyll content in drought-stressed quinoa cultivars.
These results indicated that seed priming can play a significant role in enhancing quinoas drought
resistance under low irrigation conditions. This study could contribute to the understanding of seed
priming effects, which could be applied as an effective strategy to mitigate the negative effects of
drought stress on quinoa cultivars.

Keywords: Antioxidant, Irrigation stress, Pretreatment, Protein yield, Seed yield
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Table 1- Name and pedigree of the studied genotypesin this experiment

K [t puass
R ol ot [ o3, pb £99°
Genotyp Variety name/ Line pedigree Bread/
e code Durum
wheat
Gl Linel7 BW
G2 Koohdasht BW
G3 Mehregan BW
G4 Aftab BW
G5 Asman BW
G6 Saverz DwW
G7 Kabir BW
G8 KANZ*4/KS85-8-4/ 5/2* FRET 2*2/4/SNI/TRAP #1/ 3/ KAUZ*2/ TRAP//IKAUZCGSS05Y 00186T-099M - BW
099Y -099M-099Y -099ZTM-2WGY -0B
G9 Paya BW
G10 PBW343*2/KUKUNA//WBLL1*2/KUKUNACM SA05M00118S-0100ZTM-029(LR34 HOM+HET) ZTY - BW
040ZTM-040SY -16ZTM-0Y-0B
Gl1 BECARD/KACHUCM SS06B00169S-0Y -099ZTM-099Y -099M-28WGY -0B BW
G12 GUAYACAN INIA/POMA_2//SNITAN/4/D86135/AC0O89//PORRON _4/3/ SNITAN CDSS02B00562S-0Y - BW

0M-2Y-1M-04Y-0B

G13 AVTA/Y AZI_1//GREEN/SOMO/6/AJAIA_1/EUDO//PLATA_6/4/BUTO//SCOT/MEXI_1/3/PLATA_8/5/ISLA BW
CDSS05B00584T-0TOPY -26Y -OM-2Y -4M-0Y

Gl4 Icavereve (Azegharl/4/|camor TA0462/3/Maamouri3 DW
/IVitron/Bidral/5/Mgnl3/Ainzenl)

Bezajihane (Ossl 1/Stj5/5/Bicrederaal/4/Bezai zZSHF//

G15 SD19539/Wahal3/Stj/Mrb3/6/Icgjihan12) bw
G16 Zaghavin-2 (Icasyrl/3/Gen//Stj/Mrb3) DW
G17 Secondrue DW
G18 Miki-3 DW
G19 Berghouta (Terl//Mrfl/Stj2) DW
G20 Icamoram-7 (ICAMORTAO472/Ammar7) DW
G21 Margherita (Terbol975/Geruftel 2) DW
G22 Julia (Mgnl3/Ainzenl/3/Ter/IMrf1/S;j2) DW
G23 Trouve (Amedakul 1/ TdicoSyrCol//Loukos) DW
G24 Jabal (Korifla/AegSpeltoidesSyr//Mrb5) DW
G25 Maghrour (Amedakul 1/TdicoSyrCol//Cham1) DW
o6 Icarukus (Maamouri 1/5/IcamorTA0462/4/St 3// DW
Ber/Lks4/3/Icamor/6/Mgnl3/Ainzenl)
G27 IDON 39-33 (Ossl 1/Stj5/5/Bicrederaal/4/BEZ Al ZSHF//SD19539/Waha! 3/Stj/M rb3/6/Stk/Hau//Hecal) DW
G28 Mikikassem (lcamilmuss/Miki2//Geromtel 1/1casyrl) DW
G29 IDON 39-15 (IcamorTA0471//IcamorTA0459/Ammar8/4/Stj3//Dra2/Bcr/3/Ter3) DW
G30 Oussara-2 (Mgnl3/Ainzenl/3/Ter/IMrf1/Stj2) DW
G31 Icakassem (Icamilmusb/Miki2//Geromtel 1/Icasyrl) DW
G32 IDON 39-30 (IcamorTA0472//Quarmal/Gbch2/3/Mgnl3/Ainzenl) DW
G33 IDON 39-18 (IcamorTA041/4/IcamorTA0469/3/Bcr/Grol//Mgnl 1/5/MIK12) DW

Pj)j.) f..\.f DW ‘UL f..\.f BW
Bread wheat (BW), Durum wheat (DW)
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Table 2- Physical and chemical characteristics of the experimental site
SO eolon T . = .o
sy sl Soss iy . ey o) e o
EC H Organic carbon K (ppm) P (ppm) N (%) Clay Silt Sand
(ds) i ) i P Vo m) ) )
041 74 0.71 386.6 22.04 0.07 25.6 384 36
200 25
180
160 20
140 g
_ 120 15 o
% E 100 =
—.-:) N
5z & 10, &
e 3
3 € 60 5
" g 40 5 %
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0 0 =
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Figure 1- Average temperature and rainfall in cropping season 2017-2018
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Table 3- Variance analysis of traits evaluated for 33 wheat genotypes

o T ©layo (il
Source s9151 Mean of squares
variation df DH PH DM SSM NGPS  TKW BY GY HI
=
2 ’s" _ 1 1188 2673 388 29333 491 5097 113237309 5213629 4418
Replication
s "
e 32 551 912" 084" 62017 4278 3405 260331303  579514.8 16.63
Treatment
s
c 32 375 238 044 44066  47.09 2534 2026064.6 242044.8 1521
rror
SRNTION
Sl tays 14 65 03 181 276 117 15.3 145 107
CV (%)
LSD (5%) 39 99 135 135.2 139 102 2899 1002 7.94
LSD (1%) 53 134 182 181.8 188 138 3898 1347 10.68

**: Significant at 0.01 probability level
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Abbreviation signs: Days to heading (DH), Plant height (PH), Days to mature (DM), Spike per square meter (SSM), number of grain per
spike (NGPS),1000 kernel weight (TKW), Biological yield (BY), Grain yield (GY), Harvest index (HI).
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Table 4- Average of different agronomic traits of 33 wheat genotypes

sa

G 95 BY GY
DH (day) PH (cm) DM (day) SSM NGPS TKW (g) HI
Genotype (kg/ha) (kg/ha)

Gl 133 74 190 494 21 36 9500 3293 35
G2 135 87 192 330 28 42 8438 3025 36
G3 134 63 191 390 25 39 9750 2765 30
G4 133 68 190 410 26 42 9350 3845 41
G5 133 92 191 370 25 46 10763 3433 32
G6 138 84 191 308 24 48 8600 3318 39
G7 133 82 189 320 37 45 12750 5280 42
G8 134 83 189 276 27 45 8600 3158 37
G9 131 74 190 328 26 47 10388 3985 38
G10 132 80 191 378 29 43 9225 3203 35
G111 132 73 189 332 25 43 8563 3218 38
G12 136 75 190 272 22 43 9275 3323 36
G13 137 75 191 352 18 43 8325 2718 34
G14 135 79 190 381 24 43 9581 3259 34
G15 137 7 191 326 23 47 8600 3173 37
G16 134 78 190 407 27 47 10400 3826 37
G17 136 82 190 430 23 35 11738 4210 36
G18 135 79 190 346 37 47 11075 4003 36
G19 134 76 190 377 25 40 9000 3240 36
G20 135 69 190 361 22 43 8788 3118 35
G21 136 73 190 406 27 45 7563 2688 36
G22 135 65 190 394 18 48 8813 3528 40
G23 135 65 191 416 21 47 8163 2568 32
G24 137 70 191 380 23 43 8588 3258 37
G25 135 71 190 378 24 37 9125 3638 40
G26 136 68 190 364 29 37 7725 3175 42
G27 133 75 190 308 19 44 8500 2650 31
G28 133 73 190 372 17 33 8713 3010 35
G29 136 68 190 444 31 40 10288 3708 37
G30 136 83 192 286 23 43 8050 3005 37
G31 136 70 192 486 30 46 10088 3950 39
G32 135 78 191 386 26 42 9275 3628 39
G33 135 81 191 268 25 48 9150 3423 38
ol 134 75 190 366 25 43 9295 3382 36

Mean

PSlas
138 92 192 494 37 48 12750 5280 42

Max

Jélos

Min 131 63 189 268 17 33 7563 2568 30
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Table5- Selection index of ideal genotype (Sl G) and distance from ideal (d*) and non-ideal (d*) genotypes

s} JTows) caigis 31 alols JTows) e cuigis 5 aliols SIG aslis as,
Genotype d d Sl G index Rank

G1 0.176 0.344 0.662 14
G2 0.184 0.314 0.631 20
G3 0.184 0.341 0.649 16
G4 0.131 0.347 0.725 7

G5 0.166 0.357 0.682 10
G6 0.186 0.318 0.630 21
G7 0.094 0434 0.822 1

G8 0.190 0.316 0.625 22
G9 0.140 0.358 0.720 8

G10 0.157 0.335 0.681 11
G11 0.176 0.317 0.643 18
G12 0.196 0.323 0.622 23
G13 0.219 0.305 0.582 27
G14 0.167 0.335 0.667 13
G15 0.186 0.316 0.630 21
G16 0.124 0.363 0.745 5

G17 0.137 0.383 0.736 6

G18 0.110 0.390 0.779 3

G19 0.168 0.325 0.659 15
G20 0.185 0.320 0.633 19
G21 0.187 0.307 0.622 23
G22 0.183 0.331 0.643 18
G23 0.205 0.316 0.607 24
G24 0.173 0.320 0.649 16
G25 0.160 0.331 0.675 12
G26 0.172 0.313 0.645 17
G27 0.225 0.306 0.576 28
G28 0.215 0.313 0.592 25
G29 0.112 0.369 0.767 4

G30 0.209 0.300 0.590 26
G31 0.099 0.375 0.791 2

G32 0.146 0.337 0.697 9

G33 0.190 0.327 0.633 19
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Table 6- Correlation coefficients among the evaluated traitsin wheat genotypes

wlao
DH PH DM SSM NGPS TKW BY GY HI SlIG
Traits
DH 1
PH -.038 1
DM 407 153 1
SSM -.018 -.438" .066 1
NGPS -.101 .223 -.119 .014 1
TKW .092 .203 167 -.347" .206 1
BY -.288 .265 -.249 195 526" .015 1
GY -.179 .202 -.308 11 .609™ .077 .848"™ 1
HI 123 -.038 -.212 -.056 381" .060 .100 .602"" 1
SIG -.180 .048 -.188 -.402 758" .078 .837" .879” 411 1

* and **: Significant at the 0.05 and 0.01 probability level, respectively
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Figure 2- Cluster analysisfor traitsevaluated of 33 wheat genotypes. The left figure showed the cluster analysis using the WARD
method and the right figure showed a comparison of three classes of cluster analysisfor traits evaluated of 33 wheat genotypes
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Abstract

Introduction: Itiscrucia to introduce and develop new high-yielding dryland wheat cultivars with
resistance to biotic and abiatic stresses, given the extent of wheat cultivation in tropical regions and
the occurrence of drought in recent years. On-farm experimentation provides new insights and is a
suitable method for informing farmers about novel technologies, such as new crop varieties. Using
the SIIG index and cluster analysis, the current study aimed to identify the superior wheat genotypes
for grain yield and other agronomic traitsin tropical drylands and introduce them to farmers.
Material and Methods: In current study, 33 varieties/ pure lines selected from the DARI and
ICARDA wheat breeding programs were cultivated on farmers fields of Lorestan province using a
randomized complete block design (RCBD) with two replications during 2017-18 cropping season.
The genotypes evaluated consisted of 12 cultivars and 21 pure lines of bread wheat and durum
wheat, respectively. The pedigree of al genotypes is presented in table 1. The following nine
characteristics were recorded: days to heading (DH), plant height (PH), Days to maturity (DM),
spikes per square meter (SSM), number of grains per spike (NGPS), 1000 kernel weight (TKW),
biological yidd (BY), Grain yield (GY), and harvest index (HI). Using ANOVA, all investigated
characteristics were analyzed. Genotypes means were compared using the least significance
difference (LSD) at 5% and 1% probability level. Correlation analysis was performed using the
Pearson method. Selection index of ideal genotype (SI1G) was utilized to select the genotypes with
the highest yield and agronomic traits. In addition, cluster analysis using the WARD method and
principal component analysis were employed to categorize genotypes. To analyze the data,
MSTATC, IBM SPSS Statistics ver. 22 and Excel were utilized.

Results and Discussion: Paya and Kabir varieties and G17, G18, and G3L1 lines had the highest
average grain yields, with yields of 5,280, 3,985, 4,210, 4,003, and 3,950 kg/ha, respectively. The
SIIG index indicated that Kabir and Paya varieties, and G31, G18, G29, G17 and G16 lines with a
high SIIG value (0.822, 0.720, 0.791, 0.779, 0.767, 0.736 and 0.745, respectively) were superior
genotypes, whereas G13 and G17 lines with a low SIIG (0.582 and 0.576, respectively) were the
weakest genotypes for the magjority of traits evaluated in the current study. Grain yield exhibited a
significant and positive correlation with biologica yield (BY), number of grains per spike (NGPS),
and harvest index, according to correlation analysis (HI). Days to heading and maturity correlated
negatively with grain yield. Therefore, BY, NGPS, HI, and early maturity may be suitable
indicators for selecting high-performing genotypes in wheat breeding programs under rainfed
conditions. Strong and positive correlation was observed between the SIIG index and grain yield.
This issue reflected a larger proportion of grain yield in the SIIG index. Cluster analysis classified
genotypes into three primary classes. Class 1 consisted of maturity date genotypes with high yield,
Class 2 consisted of early maturity genotypes with low yield, and Class 3 consisted of early


mailto:avinmahnaz@gmail.com
https://doi.org/10.22034/csrar.2022.340070.1230

Yvo S0 y0 50 bl 30 090 P S 9 0 5o by (U 3!

maturity genotypes with low yield. In the current study, first -class genotypes with high yield and
earliness were deemed promising genotypes for planting in tropical regions under rainfed conditions
or as parents for improving yield and desirable agronomic traits in wheat breeding programs.
Conclusion: The best genotypes, as determined by the SIIG index and cluster anaysis, are the
Kabir and Paya varieties and the G31, G18, G29, G17, and G16 lines, which are suitable for
planting in drylands and further breeding programs. Significant and positive correlations between
grain yield and biological yield (BY), number of grains per spike (NGPS), and harvest index (HI)
indicated that these traits could be regarded as suitable indicators for enhancing grain yield in wheat
under rainfed conditions. In the current study, genotypes with higher grain yield and desirable
agronomic traits had the highest SIIG index. SIIG index could therefore be utilized as a suitable
method for identifying the best genotypes on various crops.

Keywords: Cluster analysis, Correlation, SI1G index
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Table 1- Some climatic properties of the experimental site during 2018-19 gr owing season

W Al sloo J8los> Al sbos yiSlus (i Cagb S Nb ¢l
L
Month Monthly minimum Monthly maximum Relative Precipitation
temperature (°C) temperature (°C) humidity (%) (mm)
3
115 20.5 79.2 55
December
«“K°
116 15.8 71 45
January
O
9.1 194 61.9 58
February
KW
14.3 255 60.4 11
March
o9
. 17.8 29.1 50.9 137
April
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Table 2- Some properties of animal manure and compost applied in the experiment

_ TN I s a Lu

o g5 pSlelas Sl 097 - e
Organic fertilizer type EC [dsmY) pH Nitrogen Phosphorous Potassium

(%) (mg/kg) (mg/kg)

7.4 7.8 1/0 0.81 0.67

Compost
($95) Slgem 555
6.8 7.3 0.55 0.38 0.31

Animal manure (cow)
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((Eskandari and Alizadeh-Amraie, 2018)
WP =Y /1g

1. WP = Water productivity

3 @kl cas) ely; 8 Jad jo nalesl sl Je
P I | [P PR KCH PRSI IS P JROR. N |
adS ap 0o oied Slids alglE 5l solitul b 5,08 al> e
(S95) (olo 355 5 (LS 50 (5 ) CowgeS (sladsS polis
b oS Ly ot adlol fmey 4 cosls 51 L3 (LS s o5 ¥)
clls G S S byl S L e le Voo Bes
555 slord 3 pelly Sllge 5 ho 5 Slad g ool sladeS
bolse S L (5008l Vo Goe U g adlol S a4y olanss
wd Oyg0 4 S g ol batsy g9 aslsl o Wuge,§
Job as cuils sy i Jolis &) o 4 g5y diad oole]
LBl s’ dadigy o Gow Sl Gliebol e 09y 520 05
bl LT Y0 2,6 0 5 (quposie o 455 Y o) UL oST5
Slam cdpd Oy cilS lan Aol kel ol
oS5 L ey ey o bazels jlaiul 5 ol e
B )S (9 Wad S (peyie )0 L V1) ogllae
obel slajles pulel » gam laglal wiss L

5 6897 Dyge 4 phlesl cul o WL (55lel b, i plxl



Olgwee 9 B

YA

WAY-AA oly) Jhw 5o sinlo)T b lows bl g WBL A i 15 g kol slowil Jolpo —F Jgu>
<) 20 b)) B Lo (wlwl o LBL »eowle o 9

Table3- Stagesof irrigation in sole cropping of faba bean based on experimental treatments during 2018-19 growing season

Sl Ao 5o &b Wl wdsy al> 50
Irrigation stage Date Faba bean growth stage
Jsl al> e »o ks
First stage 26November Planting
pos al> o RN azalSo,
Second stage 6 December Seedling growth
pgm Al 5o Sve (F» D) azals
Third stage 16 December Seedling establishment (4 |eaves)
plez al> e ¥ gy )
The fourth stage 24 December V egetative growth
py 4> e 3\ gy )
Thefifth stage 5 January Vegetative growth
i Al e ssvo gy )
The sixth stage 15 January Vegetative growth
s dl> o oo V) gy 2
The seventh stage 31 January Vegetative growth
piie al> o oot YO 28 g5,5
The eighth stage 14 February Early stages of flowering
ot 4l e azal F ity
The ninth stage 23 February Flowering
o2 al> o Qal VO ooddlle 5 auls
Thetenth stage 6 March Flowering and podding
w235l al> e aawl Y8 Ganals £g,.0 g 2o Bl
The eleventh stage 17 March Podding and early stages of grain formation
w23l9d al> 5 299,80 @anails
The twelfth stage 25 March Grain formation
@ 5w 4l 5o 20598 Y Ganalls JooSs
The thirteenth stage 2 April Completion of grain formation
w03,k > o NIRTAN Wl (S £955 5 gl JooS
The fourteenth stage 10 April Completion of grain formation and starting of grain maturing

Slao o 055 x6 kol blie Sl Jlcpl b ogs Jlo sxe a5
Ol 6530 40 9 Su5elam o, Slos gy ;0 BUE dlaas g ails sl
iy JLaio s s o o Shat 5 a0y 5y Jlazo! gl o
(F Jga) 09y jlo gine ao o

Sy g5, glat, pieme JolS )] Luls o WL
oalS el ats) Sy kel Jlesl aS s sbas cuils (5 i
S oolaiul iz ee (VS al WBL @iy glas )] gus o VF
Gt WL oS 0l Sl s g plgie @ gl 055
b plo 5l g (g)lo sime job 4 aS WS wdgi | wigy gl )|
wals Lo 5| i ao,s BV o VEIO YFID (a5 4) (5955
UBL g5 5l oolaiwl pae Lyl )l ;o 09 ((sold 965 5 CawguaS
O JSo) csls ) (o sl $O/0) d5gs glas )| oy oS

o WL &ls 0, Shae Y ol (gy50 00 WP (T j5 a8
OESe )3 caSayie) (Brae of gz lg g S jo o, S6ls
RVIAp
ool al e JsSt Gralesl Goll  laosls (uily)ly 4
plol MSTATC 3l 51 solizal b ol ol slaSsly

A 0590 Cio aS (b o 0 a1 Sk i Cys 8 S

A ooliiul 5SSl (glacels aiz yge3] 5l o o e

Slao adS 15555 5 kel Loy, sl a5 ol las b

el g asils Jia 59 «dle jo ails slows Slao 345 x5, L]



M

UBL 55 O (5590 00 9 431 3 ,Khos 1 (BO355 Cu ko g ddyy JFi 6kl 3T

iy F3x 9 JolS 3l bl )0 (6395 hlizin sl jlowd 50 UBL il 5 Slos (gl g 0 ;Khas (ilay o (ruKilen) il ylg 4 325 —F Jgurr
Table4- Analysisof variance (Mean Square) for grain yield and yield components of faba bean in different treatments of fertilizer
under conventional irrigation and partial root zone condition

sl Sl 39 &ls slaxy SUE olasy &ilo olaxy > ySlos S S dos 519 0
a9 -
e b i o ails SUe o aigs y0 aigs y0 S 5edgu PHES ol
1)
SAGAY df Plant 1000 Grain  Grain per Pod per Grain Biological Grain Water use
height weight pod plant per plant yield yield efficiency
1S5
A 2 70.9* 9517+ 0.202** 0.502** 16.2* 1339091* 489120 0.159**
Replication
(]
o 1 376** 40017+ 1.65* 2.04* 234.4% 10354320* 2585297+ 2.01*
Irrigation(l)
= 3 244+ 1978 0.568** 2.54 121.4* 2463090 1060663** 0.247+
Fertilizer(F)
Ix E 3 2.40" 650" 0.025" 0.212% 7.3 158531 23036° 0.065*
Uas-
14 731 250 0.019 0.015 1.02 12744 7246 0.006
Error
247 133 454 201 5.34 244 3.79 6.74
CV(%)

S sire s NS 0o )0 iy Szl o [0l s ¥ tao,0 S Lol o )0 lo gine ¥

* and ** indicate significant at P<0.05 and P<0.01, respectively. ns: not significant
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F1, F2, F3 and F4 are control, chemical fertilizer, animal manure and compost, respectively.

11: conventional irrigation, 12: partial root zoneirrigation.

Different letters indicate significant difference at P<0.01 according to Duncan’s multiple test.

USL &g £551 2 (D) 395 £55 9 (@) 55T sbgy 511 S5
Figure 1- Effect of irrigation method (a) and fertilizer type (b) on plant height of faba bean
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F1, F2, F3 and F4 are control, chemical fertilizer, animal manure and compost, respectively.
11: conventional irrigation, 12: partial root zone irrigation.
Different lettersindicate significant difference at P<0.01 according to Duncan’s multiple test.
UL il 58 59 3 (D) 295 95 9 (@) 3kl b9, H1-Y JSCb
Figure 2- Effect of irrigation method (a) and fertilizer type (b) on 1000-grain weight of faba bean
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F1, F2, F3 and F4 are control, chemical fertilizer, animal manure and compost, respectively.
11: conventional irrigation, 12: partial root zone irrigation.
Different letters indicate significant difference at P<0.01 according to Duncan’s multiple test.
USL SLLE ;5 &l olasi 1 (0) 955 &35 5 (@) 55T Shgy H1-T S
Figure 3- Effect of irrigation method (a) and fertilizer type (b) on grain number per pod of faba bean
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Table5- Grain yield and yield components of faba bean at different fertilizer treatmentsunder conventional and partial root zone
irrigation conditions

- 95 3l
sl G 395 £ wgr yo Sl Agryd Al gl 5 o 25
L - . Biological yield Grainyield
Irrigation method Fertilizer type Pod per plant Grain per plant
(kg ha') (kg ha')
F1 5.77c 18.0c 4773c 2067e
Jo5 Lo F2 7.0a 28.7a 6130a 3051a
Conventional irrigation F3 6.5b 22.7b 5220b 2724b
F4 6.33b 19.0c 5030bc 2458¢c
F1 4.67d 10.7e 3130f 13169
@z bl F2 6.47b 20.0c 4557c 2276d
Partial root zoneirrigation F3 6.30b 19.0c 4363d 2187de
F4 5.83c 13.7d 3657e 1896f
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F1, F2, F3 and F4 are control, chemica fertilizer, animal manure and compost, respectively. In each column, different letters indicate
significant difference at P<0.01 (for grain yield at P<0.05) according to Duncan’s test.
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F1, F2, F3 and F4 are control, chemical fertilizer, animal manure and compost, respectively.
11: conventional irrigation, 12: partial root zone irrigation.
Different letters indicate significant difference at P<0.01 according to Duncan’s multiple test
o lejT calizeo gl ylows jo T (5590 o0 —F St
Figure 4- Water productivity in different experimental treatments.
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Abstract

Introduction: Water is essential for the production of biomass and grain by plants. In recent years,
deficit irrigation induced by partial root zone irrigation has been one of the methods used to increase
water productivity in agronomic systems. In this method, only a portion of the root system is
irrigated and is exposed to semi- moistened and semi dried conditions. In sustainable agriculture ,
on the other hand, efforts are made to reduce the use of chemical fertilizers due to their negative
impact on agronomic systems, such as reducing water and plant root penetration into soil and
causing soil degradation. However, plants should be supplied with nutrients through other means,
such as manure and compost. In order to reduce water consumption in agricultural systems, low-
intengity irrigation has always been regarded as an essential management strategy. Due to the fact

that, in the mgority of the country, a decrease in precipitation occurs during the reproductive
growth period of crops, resulting in a limitation of grain filling, research on limited irrigation
techniques that can optimally reduce water consumption in agricultural systemsisatop priority.

Materials and Methods: The research was carried out in Shadegan, Khuzestan during 2018-19. A
two-factor factorial experiment based on randomized complete block design and three replications
were employed to compare the treatments. The first factor was the irrigation regime applied after
seedling establishment. The twoirrigation treatments were total root zone irrigation (I11) and partia
root zone irrigation (12). In complete irrigation, furrows were completely irrigated. In the partial
root zone irrigation method, alternate furrow irrigation was used. The control (no fertilizer),
chemical fertilizer, anima manure (cow manure), and compost comprised the second factor. Urea
(100 kg ha), triple super phosphate (100 kg ha') and potassium sulfate (100 kg ha') were used as
chemical fertilizers (50 kg ha). Before planting, the entire amount of compost (30 t ha') and cow
manure (30 t ha't) was applied. Each plot's incoming water volume was measured.

Results and Discussion: The interaction between irrigation and fertilizer had a significant effect on
grain number per plant, biologica yield, and water productivity (P<0.01) and grain yield (P<0.05).
With the application of chemical fertilizer and thorough irrigation, the highest grain yield (3051 kg
ha) was achieved. Grain yield of faba bean under partial root zone irrigation and chemical fertilizer
was 9.2% more than that of complete irrigation and control (no fertilizer) treatment. The application
of fertilizer increased the grain yield of faba bean under partial root zone irrigation (in chemical
fertilizer, animal manure and compost was 42%, 40% and 31% more than that of control (no
fertilizer), respectively). However, only when chemical fertilizer was used was the grain yield of
faba bean greater under partial root zone irrigation than under full irrigation and no fertilization.
Other fertilizer treatments were unable to compensate for deficit irrigation's negative effects on faba
bean grain yield. The highest (1.73) and lowest (0.83) of water productivity (kg grain m3) were
achieved with the application of chemical fertilizer under partial root zone irrigation and no
fertilizer application under full irrigation regime, respectively. Compost did not improved water
productivity under full irrigation. However, under partial root zone irrigation, compost resulted in
higher water productivity compared with al fertilizer treatments under full irrigation. The highest
water productivity under partial root zone irrigation (1.73) was more than 40% more than the
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highest water productivity under full irrigation (1.037).

Conclusion: The results of the present research confirm that partial root zone irrigation can help
improve water productivity by reducing water consumption while maintaining grain yield.
Furthermore, animal manure and compost cannot be used as a replacement of chemical fertilizers
because dow release of nutrients.

Keywords: Animal manure, Compost, Deficit irrigation, Grain yield, Water use
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