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Introduction

Global warming directly affects agricultural production and food security (Ainsworth & Ort, 2010).
Temperature controls the rate of plant metabolic processes that ultimately affect biomass production and grain
yield (Hay & Walker, 1981). Although farmers are not able to control the climatic conditions, management and
changes in factors such as irrigation, soil, crop varieties, activities, and technologies used in the cultivation of
crops can reduce the harmful effects of climate change (Moradi et al., 2014). One of the reliable approaches to
studying the effects of climate change on agricultural production is using crop growth models. The present study
was conducted to simulate the effects of climate change on phonological stages and yield of maize and to
investigate the possibility of mitigating the negative effects of climate change on maize by changing the sowing
date and selecting suitable cultivars as management strategies for adaptation to climate change in Kermanshah
region.

Materials and Methods

The study was conducted in Kermanshah region conditions. The evaluated traits included days from the
sowing date to anthesis, days from the sowing date to physiological maturity, total dry weight, and grain yield. In
general, the results of the evaluations showed that the CERES-Maize model can accurately predict the growth
and yield of maize cultivars (SC704, Simon, BC678) in different soil moisture conditions. After ensuring
acceptable agreement between simulated values with observed values, the evaluated model was used to study the
effects of climate change on maize production in the near future (2021-2050) and the far future (2051-2080)
climate change according to RCP4.5 and RCP8.5 scenarios and comparing them with baseline conditions (1981—
2010). The average of 17 general circulation models was used to simulate meteorological parameters under
climate change conditions. The common sowing date for maize in the Kermanshah region is May 5. In this study
sowing dates of May 5 and April 26 as early sowing dates, April 15 as the common sowing dates, and May 25
and June 4 as the late sowing dates, and maize cultivars SC704, BC678, and Simon were considered as
adaptation strategies to climate change.

Results and Discussion

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution

4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
B reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
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The results of simulation showed that regardless of cultivar and sowing date, traits of days from sowing date
to anthesis, days from sowing date to physiological maturity, total dry weight and grain yield in the near future
climate change in the scenario RCP4.5 varied as -2, -1.5, 2.7, and 3.3% and in the RCP8.5 scenario varied as, -
2.9, -2.8, -0.66, and -3.6% compared to baseline conditions, respectively. These values for the RCP4.5 scenario
in the far future climate change condition were -5.2, -5.4, -7.1, and -16.2 and for the RCP8.5 scenario were -8.8,
-9.8, -23.1, and -45.83%, respectively. In both near and far future climate changes and under both scenarios, by
sowing the studied cultivars at late dates (May 15 and May 25) compared to the early dates (April 15 and April
25) and common date (May 5), the length of the developmental period was shorter but other traits such as total
dry weight and grain yield were higher. Among the studied cultivars, in both future climate changes and
scenarios, the Simon cultivar had the highest grain yield. The highest duration of developmental stages and total
dry weight belonged to SC704.

Conclusion

In general, if any of the RCP4.5 and RCP8.5 scenarios occur in the near and far future climate change
periods, the sowing of the Simon cultivar should be in late dates on May 25 and will have the highest grain yield.
Therefore, it can suggest as a suitable strategy to reduce the negative effects of climate change on maize
production in the Kermanshah region.

Keywords: Adaptation strategy, CERES-Maize model, Cultivar, Sowing date
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Table 1- Physical and chemical properties of the experiment soil

S b S Gos Bos
Soil traits Depth (0-30 cm)  Depth (30-60 cm)
Texture cél Clay-Silt Clay-Silt
Clay (%) ) 24.00 27.20
(%) Silt cdow 39.00 38.70
Sand (%) (s 37.00 34.10
pH 7.55 7.60
Cation exchange capacity (meq.100g) 5515 Jols cub b 18.50 -
Soluble salts (dS.cm™) Jsbxe &Ml 0.60 -
Organic carbon (%) JI cp,S 1.17 1.12
Total N (%) JS 5955 0.17 0.11
Absorbable P (ppm) wls LB jaus 5.20 -
Absorbable K (ppm) Cis b pawls 340.00 -
Soil ware in wilting point (%) 1> (53503 4k » S 20.50 22.50
Soil ware in field capacity (%) _<ly; cud,bs 4> > Sk 32.50 35.50
Soil ware in saturation point (%) gl.sl abi > S O (glgixe 49.00 49.50
Saturated hydraulic (cm hr?) conductivity bl (Sdgyid colin 0.41 0.29
Bulk density (g cm) ol ogase o 1.42 1.45
G ) JS0) 1 ey it (V-0 BYAY+) oo Con 5 gl

350 pLB)l 5l 1508, » CERES-Maize Jao sla o yiw
L cdls jl 59y o9 0)93 Jp-bo <ol )5 5t b o
() JS5) 88 )5 ol s sl 39 0 5l o oS
S5 0393 Job (n S SYsb (YN 04) S35 (codlil )93 5
55 ,n ,5 BCB78 4 Simon SC704 &) _auls b culs 1 5o,
45 39 (n2)9.)8 V) ©Bl yl5 (5095 4 bgrye syl
MID 5 RCPAS (co5 )l (sl 59, AOIY 5 AD/Y AAID s iy
yelisS A5 it RCPBS (o ylias (clys g, AF/E 4 AF/E
i o g9 pB)l 3 (S L Bl ) g9e 0)93 Jobo

(V JS8) 48 (g3loand

A B cudls 59,
P (IS L5 cils 159, (5905 0y93 Jsbo Lo Laalyd 5
01 0] 090 a8l i Lasly B 4> ccudlS o )b 5l Jlaich o a5 (Y
SFIMN L 54 RCPAS (g9l b (YoVV-V0+) Soo5
() JSCB) sy 5o, VY o VY VEIY 4y jialS 1oy> BIYA 5 OIVA
Sl > (2L il 5l o) (g5 0)95 Jo-bo LialsS
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Table 2- Phenological development stages and yield of maize cultivars in the baseline period (1981-2010) and common sowing

date (May 5)
SC704 Simon BC678
(A5 B 236 5y 80 76 76
Days from sowing to anthesis
Days from sowing to physiological maturity
LS 2 p,55k8) JS St s 22817 22604 20478
Total dry weight (kg ha™)
(S 12 p55k) o 2,8l 9842 10266 8141

Grain yield (kg ha'l)

Meza, Silva, & Vigil, ) l,LSen 150 .(V JKb) 0 pl8im 30
A Y0 L Ve edgame j0 Led Liuljel a8 W S i )155 (2008
$od o Ul 2500 53 (Seflgis Jolyo o oy IS5 il
IM] el g adl gals gol ce puo 3,5 Sl a0 Fr 5l 5YL
oL (Shirt, 2018) (s, (gilwduss zuls e so yd Ay 43
Wb cov e adlate 3 @3 2AS B el g, dlas oS sl
93 3 30 (VA=Y VF) Lo Loy & Carnad gyl ol 0l s
D Gt (S ) Sl o yieS 59, ¥ L AZ g0l 3l
ollz8l as” oy ol (Bowling et al., 2018) -, Sen 5 Sils
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Sl 3 8k
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Introduction

Applying innovative nanotechnology in agriculture is considered as one of the promising approaches to
obtain significant increases of crop yield. Nanoparticles (NPs) are considered potential agents for agriculture as
fertilizers and growth enhancers and using of nano-fertilizers has led to an increasing in the efficiency of
nutrients, the correct management of fertilizer consumption, and a reduction of the frequency of fertilizer
application. Stimulants are compounds that initiate signals for cells to increase or decrease the production of
secondary metabolites and plant defense response. Stimulants such as Putrescine play a role in regulating various
plant physiological processes. In this regard, considering the importance of using new technologies, including
nanotechnology, in sustainable agriculture to increase the quantitative and qualitative performance of agricultural
products, especially oil-medicinal plants, and the lack of sufficient information about the use of iron
nanoparticles and polyamine putricine in Camelina plant nutrition, The effect of foliar spraying of these
stimulants on functional, morphological and physiological traits of Camelina plant (Soheil veriety) was
evaluated.

Materials and Methods

This research was conducted as factorial layout based on a randomized complete block design with three
replications at the research fields of Baye-Kala Agricultural Research Station (BARS) at Neka city in 2021. The
studied factors included iron nanoparticles in four concentrations (0, 20, 40, and 60 ppm) and polyamine
putrescine in four concentrations (0, 0.5, 1, and 1.5 mM). Each experimental plot was prepared in 6 square
meters area and the studied treatments were applied by foliar spraying at the beginning of the reproductive phase
of the plant. Two weeks after applying the treatments, sampling was done to evaluate the different traits of the
plant. After checking the normality of the data, they were analyzed with SAS (ver 9.1) software; obtained
averages compared with using Duncan Test at the 5% probability level.

Results and Discussion

The results of variance analysis indicated the significance of the simple effect of iron nanoparticles and
putrescine on all the studied traits at the 5% level, as well as the significance of the interaction of the two factors
on all the studied traits except carotenoid and peroxidase in the reproductive stage at the 5% level. According to
the results, the highest amount of carotenoid (0.142 and 0.141 mg.g™, respectively) and peroxidase (4.96 and
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4.38 mg.g™, respectively) were observed in application of 60 ppm iron nanoparticles and 1.5 mM putrescine
which had no statistically significant difference with the concentration of 40 ppm iron nanoparticles and 1 mM
putrescine. The results indicated that the highest amount of flavonoid (40.72 mg.g™), soluble sugar (139.27
mg.g™), and plant height (115.75 cm) were observed in the treatment combination of 60 ppm iron and 1 mM
putrescine, the highest percentage of oil (41.76) and protein (27.77) were observed in the treatment combination
of 40 ppm iron and 1.5 mM putrescine and the highest amount of grain yield (210.27 g) and morphological
components of yield were observed in the treatment combination of 40 ppm iron and 1 mM putrescine. The
correlation result showed that there were the most positive and significant correlation values among the
physiological traits and the yield trait had a positive and significant correlation with plant dry weight (0.44) and
oil percentage (0.40).
Conclusion

The results have demonstrated that foliar application of 40 ppm iron nanoparticles and 1.5 mM putrescine
significantly enhanced various growth characteristics, including photosynthetic pigment content, crude protein,
oil content, as well as the physiological and morphological aspects of Camelina. Additionally, the application of
iron nanoparticles and putrescine via a uniform supply of low-consumption nutrients has been shown to
strengthen the plant's defense system, ultimately leading to improvements in the growth, development, and yield
of the medicinal-oil Camelina plant.

Keywords: Correlation, Oilseed, Pigment, Microelement, Stimulant
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Figure 1- Image and Size of Fe nanoparticles by SEM. Iron Oxide Fe,O; Nanopowder/ Nanoparticles Purity: 98%o. Iron
Oxide Fe,0; Nanopowder/ Nanoparticles Making Method: High-Temperature Cumbustion Method

2 S5 S 5 bk b JS o 55 51 S5l
U a1, (Brassica oleracea L.) ISgy oS sladasds
35T sla LGl (Suss 18 caols gl aasgghs syl
Van Acker, Tromp, Haenen, Van Der Vijgh, & ) sl .
ole (Verma & Mishra, 2005)1, i 4 Loy, .(Bast, 1995
039 Sl Olie (35 05 b Gl B G Ty o5 izl
Sl dzaslb olS jo ST sl ias

sbaylass ol 13l (5 S0lee sl ) Jols gls (o) b
Lialols oS )0 (Sefstonsd Slio o s igy 9 o0l ©l)3gil
5o ol LS 5 50 YUK clale o VL oS ub ooy )l
¥ i Yook VO L gl ©l3gl (gibe )3 Cuand
Ol b s isy oo VB L 5] 350 ek 19 o
olol M3 aanls s Cuus Liol38l iy AS/Y 5 20/4
Lo il gl 9 YU a5l aiilys Sosan L (o)l dxe
5 008 o claibe Hy0p sl il il p oo 51 sl ]
5yb oage o1y auilanS 55 4 Cuoglio Lyiuli8l 1o oge il
onl &gl s ,,18 (Mittler, 2002; Willekens et al., 1997)
Cobblone (i 5l (86 4 35108 Sl olS a5 pl & g L
SoS a5 b ablie cps pd olS o8 i 4 Wlg¥ o LS 0
Gege g 03g0i Jas 1Sy )3 503lbI G lgisy ppal a8
550 STy g2 e

Cbile g 5 ool Sl slajles (S emy ()

S)bes S5 1) 159 Clale oy it oS ol (LS 439ig M
o O Vs Vg o0l SO (ke 10 Cuand ¥
A Cuus Gl 8l oo d A F) 5, S 4 p S e ¥HIVYS e
Sl Sy pas loS 5 plas b aS oy olaid] 2gs 4y (dald
9 S Mgy plalejl guls (¥ Joia) cuils (6)lo gine SIS
Bromand-sivieri, Heydari, Gholami, & ) L Sea
=l Jatxo lejpd (8yuns aS sl 4lis (Ghorbani, 2021
i i8] comw cuily s sladeS g oyal auSTel
cdale )38l .gs (Nigella sativa L) ailaslbus j> 05959M8
S5 ol 1ST6l p 5ok dw 4 aalis paw 1 ol 1S b
Pln b onromen ab 03958l 4 dgig (live p O 1
a$ 45 ol (Mentha piperita L.) Jab sls p ool Syl
Uil By 0 86iaM e oyl STl cdale jiol38l L
Mohammadi, Majnoun Hosseini, & Dashtaki, ) s,b
Jafarpour, Bakhshi, Ghasem ) |l g j5- 02> (2016
sladaxlS o wsges i))55 (Nejhad, & Hassan Sajedi, 2014
Sy JS 3393 (e G g 5 Y50 ke V/B L 0d3 e
L g jl adale ol aslealis Lis ) (g)ls ime O3



e UalolS (35992 348 9 (2 5g 9590 (90 Fhoe Wilho d9ae ], 502 9 (yLSLS,

¥4

SW # 6w ol avd (5 € (5 o R @ 6 | Cor

Kjoanoadsal a3ejuaoiad | pue ¢ 1e JueoyIuSis JUBOLIUSIS UOU iy, ‘4 ‘SU

AND %
97l 191 jad! 181 91 €61 €Ll 9Ll 9°¢l 97l Pl 6l vol L1l 081 ol a.k_a)\
Jouq
8¢S°L s ¥€0°0 6¥°0 $000°0 900°0 690070 600070 ELSE 2000 1€TC L0991T  ¥9°6€01 70 ¥T0 0€¢ -
aurdsanng
x'd'N 3]
LLO'IT VST LLLO0 wuSTO L100°0 LE10°0 L1070 «L000°0 68T 9000 JI8 LOLETIB  €T79€9€ [ 0S6 0Ly 6 Bl oD
e |0 x
doy
«6T'6 sl 0°EET w100 600 «100°0 «l00  wl10°0 00070 sul¥°0 ,b00°0 w610 @6’ €09E W PL0S6 LSO BI'PI (4 o
aursanng
SOEIT STl ,905°0 Sle L10°0 LS00 ,F01°0 91000 Lo6vT  S€0°0 L8011 LLIL6S  €1709€ 189 L60 € $ O
. . . . . . . . . . . . . . . N2
LE0°1TT L6€981 ,a6v'0 ,6T°6 LE0°0 o L6T0 ,6100°0 «6CT 1T 9200 LULT Jroter o 80y TSP ITE € aelm |«
ySm [TEEXY
aegns o g Jmsded L1p urRjoIy
(AL} quuo o8 d 'O % .
s AGUIOS  jsepeje)  IsePIXOIRG ph q IEI0OL  proudjoae) IySH 0001 19d paag % PIRIA (650 %o ad
Y PIOUOAR 5 . " '3 * e 6 o
SR TPl 14 b aqr¢ H sl i i s af6eber 3 olev Dl Forsie 6D _.«_an
U SR o e . ;™ Coe .
e s o ST 6o o NS

Mrs<? Can  aaenbs jo ueapy

eurppwe)) jo syex) uo sunLynd pue sapniedouru U0l JO 133)J2 YY) JO IUBLIBA JO SISA[BUY -[ I[qE
b (- ol 6 e | |m S el (@0 6 BeloniQ K omed 70 9017



YEY by € 8,0l TV Al eyl ) (£1y5 Slomidgis aspuis ¥ o

Wil 3,50 sy cbale Lnylil b aS 05 i yljS (2021
b e g ol 2,08 g 0y (a1 51 clam 3T colld
b e 005 Mg (59 d Ml GRS 4 () sadgS

5 o2l DLl Lol (i Spn sy (Sl dulio U
ebale it (ol Sl 5 lee 3 &3 (LS (e
Ot ) ConB P (e GLuS 5 0 e pana byl
P Cand P S5 g e g Yaaihe MO L ol ldgil
Ol L iy o Voo V L ool S35 (ks
ylol OMST aanlis Jlass 4 Coms (suo)d YIY 5 AD ysol38l
DS ke duglie (1 Jgaz) 2l ;0uSo b ()l sine
2 0S5 J89)5 bS89yl Glise oyt o5 5l (Ui Jale 9
Noodeo VL 2l G366 psedes )0 Cond £+ (glod S 5
Jbes do S alj8l o )3 VYTV o VYT s ) o S
g PV V¥ ) JS 9D ga b S i yieS g (aald
A odaliio alld (g)lasd S5 )3 (£S5 pS e </
P b e gyles a3 4595 Cio Jlade (ke
(1L jlas as Caus il 3l 2o )3 YV/F) ol @136 ygabee
2 Comud ¥ gyles o L (gl gz M a8 0 oamliio
23 35958 eyt (izen B al Sl gilee
VAD) 1 oanlite sy Y go o VB (6 lags eaus 3,0,
Y e b (o) pme NS oS (1l jlows 4y s i3] Aoy
(Y Jga2) bl Cymn oy )Y 9o e

4 a8 w05 JsSUge i b oo e doppel s
slasgeg,Sle any Jluail b ilgs oo (S551 (y canols Sl

(Alcazar et al., 2006) L4 b Jobo Hldlo g Lic (gglam ©ls
@l gd oo Flwgid dgute 1y )9 yid CEL) & xie g 0D
st dg s Ly oy g (65,0840 ol Lis bodly 1 Juols
T o JLSodly g bl ol g lasnsT 5T (slags 51
2 Aws)l g Jdg)lS g Gialjdl g g cuts pialS cage
Gerami et al., ) a5,5 (Stevia Rebaudiana B.) Lgiwl oS
98 Jdg)lS jladie (lidl s (g 3 )8 Geioees (2019
Chattopadayay et ) . (Oryza sativa) gy oLS ;o b gl
0sMe a0yl cllas imgiy (ol saasl L &S (al., 2002
aoaly ol (Mahros et al., 2001) ), S 5 gyl
52991 0L 53 A5959)8 ke al3El e ey (6554
o=l eleaidl b oS cuwl suss (Chrysanthemum indicum L.)
39008 Jhamm (i IS el ali 8l o)y cdillae ingiy
59 a8 Cunlagl GlenSI sl sl Shy > 4

Azad, Fakheri, Mahdinejhad, & ) l,LSea g5l
3 bl OW G ¢ Sess i 5l wyp b (Parmoon, 2018
9y a5 assh ol (Matricaria Chamomilla L.) <54l oLS
ol olS 53 lasS Ty o YLK by (iol38] caw dalllas 590 Jole
9 O elnsST sla 5l L ablio )3 olS (sla B8 4t o &S
Gerami, ) oL,LSen g ol )5 0 il o gy 5l liblxe (sla ]
4 S 455463 iyl3-5 (Mohammadian, & Akbarpour, 2019
59y e ol (hl 38 Ll o SYBK 051 polie
GRS oeolae duslie izmen Sy |y ()l gne ($39m0
Voo Lo /0 o jd &S ol i Slowdls dwl g o o
23] Sl l5e ooy gt GRal381 L Sibinagllis 2y
A L ) gyl ime (]38l g, dald diged 4 Caws JYLK
Amraee-Tabar, Ershdi, & Robati, ) - ,LSea 5 L5 o5l
(Prunus persica) oL 5 (Prunus dulcis) glsL ;> (2016
cbale jlade (halidl s (i 65) 84 45 W3S ()18
Gl 0030)5 5laSTy o YU slags 3
2 s g onl sl lajles o3l Sl (5o dulie
Fo o Hlo p Sy clale oy i o ol L LlelS olS
PS5 oS e ¥V i 41 oml S35l gdes > Caans
YW/ i 40 oyl gl yao pdaw b duslie 3 45 sel Candes
3L sy cdale oy in S LS b xe (iul58) Moy
85 3 oS ske ¥IVAD (lion & 5 Vo o VD s 53 (s iy
Yo paw Hles A Cond (ghuoyd YO o il b a8 el Canday
L )loigine GBI (p)5 )3 £ (o YIVYY lise ) (s g0
9 Sngpme Mgy |V Jgi) Cudl (s gy y V5o ke )
$ 3l —wy» L (Bromand-sivieri et al., 2021) | ,Len
S oy 45 53505 1SS linls 1 (s 355 5 ol 10|
NP3 WERT BESWEP IS PR KW P N
5 STy gl GYBE a1 5T ol b lien
ol 3081 g )5 ¥ e AL gbee 5 43313 Shases] Jgib b
&Sy pge s a1 Bl sloml clled Lol ) 2 )
YL ebld > lansl sl sl 3l clled (l38l oLl as
o gl 3 ST JLb slaasss il 4] el 11yl
cdlid ) pal Gid 4 dngi b g 0D Cus ol )3 ol e
23 Clleb o e S 48 a2l (o Sl 5T (slogn 3
a0 20Ls g 3 aSI gl 5 STy Syl 5 VB
Al w9y ol 5l il oo dlanlus olS )3 al sgueS L
Yousefzadeh, )ccwl 595 5 oliwds cuenl | (o)l glas
» (Naghdi Badi, Sabaghaniya, & Jan Mommadi, 2016
Seyed Sharifi & Narimani, ) sleyy 5 &y dbdsw )y



FAN o Gabols (S3550 508 3 (o5u59999 590 w50 5has Sl Sgate o y0n 5 Lo

il 33l (o] yao) aals 4 cuws (Medicago sativa L.) assg
352 slapadld (i g (p oS w8300 (L 1) (53 dxe
ool 38T Alydgil Y g00,Sue YO clale g uald jlad 0 cud iy
Peyvandi, Mirza, & ) 4,LSen 5 (ga0s gl b sdalie
cbale 3 al O 5,8 sl oLis (Kamali Jamakani, 2012
O g 4) ool $ Sclale dan g (LS 5 p)55lS VD) o
8 Jbg )l cbald ) Jlidl cnge (LS )3 p)Se LS 0 5 ¥
0 9Y ) maw dw) babale dan (> ol gl 2gS 5,8 g0 oo
slackale | 550 b 39, (l5e ialjdl 3 (S )3 p55kS

Doy oyl S

Cohen, Popovic, & ) 1S o (605 sl> cundlys IS slie sl
Hussein, EL-) )L Sen g pws )y, (Zalik, 2004
ol L g0 308" 50 (Gereadly, & EI-Desuki, 2006
9 orS| B 5l (2LS slagigeygr sy 9 (Jobow punds
sl (]33] Comgo S sl Al Hlade ialS g oy
Wb 13559)8 9 JS D @ Jidg kS
sl il 5l )l (509500 09,5 ) (i 2
Taiz) cul b 5,90 Jidg)lS siiw (sl g canl slinl g guolipus]
Askary, Amini, ) ;Ko g (5,Sus )y (& Zeiger, 2010
b iulj8l L as ol oLis (Talebi, & Shafiei Gavari, 2018

olS sbaie )5 5 JS Jdg)lS b Lo S @ L)l olse al

UakolS 08 (S 55092 528 Lo 2 o it 9 02 3930 (Lo 03l ST (oo szl Y g
Table 2- Mean comparison of iron nanoparticles and putricine treatment effect on physiological traits of Camelina

S sy Mg,
Treatment Peroxidase (mg.g™ FW) Carotenoid (mg.g™'FW)
Fe N.P. ppm

0 2.860° 0.117°

20 3.641° 0.121°

40 4.082° 0.140°

60 4,969 0.142%

Putricine mM
0 3.247° 0.119°
0.5 3.714% 0.121°
1 4.206%® 0.139°
1.5 4.385° 0.141°
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The means, in each column and for each factor, that have at least one similar letter, according to the Duncan test at the level of 5%
probability are not significantly different.
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Table 3- Mean comparison of iron nanoparticles and putricine interaction effec on physiological traits of Camelina
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Iron Putricine  C*09% ¥ Catalase 2P Flavonoid b a
nanoparticles utr;\(;llne % o9 sugar Total - chp  chia
ppm m Protein % Oil chi
(mg.g"FW)

0 0 25.04"4 34.949 0.98¢ 91.38" 2255 0.910 0.670"  0.240¢
0 05 24.71%  39.02% 0.98¢ 95.04" 21.54' 0.956°  0.680°  0.279°
0 1 25.62° 40.59° 1.24% 117.79% 27.63° 1.086%¢  0.790°7  0.292%
0 15 24.84>9  39.42%¢ 1.20% 120.44"¢ 26.81%9 1.036%  0.750%"  0.283°
20 0 24.30%  40.18™ 0.98¢ 100.61°" 22.74% 0.953  0.703°"  0.248™
20 05 25.39 37.11f 1.04% 108.83% 21.22°f 1.090°¢ 0.813°¢ 0.272°
20 1 22.94f 40.61° 1.34% 116.26% 27.36% 1.073%¢  0.773%"  0.302%
20 15 25.02°¢  39.01% 1.13¢ 113.35% 33.06%" 1.140°¢  0.836%  0.300%
40 0 24.87¢ 38.34° 1.28« 109.49%¢ 29.39%" 1.113%  0.793°F  0.320%
40 05 25.49% 38.38° 1.18¢ 109.30% 2551 1.083%¢  0.783°F  0.301%
40 1 25.65° 38.81% 1.32° 118.62"¢ 27.30%°9 1.180*  0.823°°¢  0.355°
40 15 27.77° 41.76° 1.83° 135.27° 34.42% 1.203*  0.850%  0.352%
60 0 24.72% 40.20 1.29¢ 129.98%® 30.24%* 1.150%¢  0.810°¢  0.341*
60 05 23.35 40.85® 1.17¢ 129.29% 27.63% 1.260°  0.903*  0.354°
60 1 2477 39.91°¢ 1.64% 139.272 40.722 1576  1.163*  0.411°
60 15 23.59°% 39.01% 1.922 136.97% 38.77% 1.453*  1.010°  0.444%
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The means, in each column and for each factor, that have at least one similar letter, according to the Duncan test at the level of 5%
probability are not significantly different.
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Table 4- Mean comparison of iron nanoparticles and putricine interaction effec on morphological traits of Camelina

ool Oly3450 PULFICINe cymmns yiog dgr SWA (39 &> )5 o359 3 ,5os JaunsS 3 &l fa3)
Iron nanoparticles mM ’ Dry weight 1000 seed weight Yield Seed per Height
ppm () () (g.m?) capsule (cm)
0 0 622.931%¢ 0.993" 94.72° 14.001 91.75
0 0.5 630.669"° 1.144°%" 180.60%¢ 11.33° 109.50%¢
0 1 570.552"¢ 1.112°% 149.65"" 11.33° 113.75%®
0 1.5 561.140¢ 1.134%" 96.51™ 10.00 107.50%¢
20 0 502.840° 1.113°%% 187.37%°¢ 13.66%° 98.25°"
20 0.5 442 757 1.155¢" 119.59%9 11.33°f 102.50¢"
20 1 441.567¢¢ 1.084% 191.28® 14.33% 106.25%¢
20 1.5 543.963%¢ 1.205%¢ 183.56%¢ 16.33% 114.75°%
40 0 573.239%¢ 1.194%¢ 149.67"f 13.66%° 107.50%*
40 05 737.631%°¢ 1.187%¢ 151.48"¢ 12.33%" 111.25%¢
40 1 672.370"° 1.187%¢ 210.272 17.00% 110.00%¢
40 1.5 504.448"¢ 1.227%¢ 134.54%9 12.00¢" 100.50%"
60 0 416.581° 1.0429" 178.70%¢ 14.33% 104.50°"
60 0.5 406.280° 1.245%® 200.27% 13.00%® 103.75F
60 1 957.176° 1.174%¢ 165.05%¢ 12.66%¢ 115.75%
60 1.5 850.018% 1.275% 133.08%9 11.66%f 108.75%¢

518 gl gime M sy iy Jlein] aaws j3 (Sl (ygesl bl pr aiilpe S piie By K Bl gl a8 Jole gl g gt 0y b Sile
The means, in each column and for each factor, that have at least one similar letter, according to the Duncan test at the level of 5%
probability are not significantly different.
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Table 5- Correlation of studied traits

i, 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
&g &L&I)I - - « « "
A 004 023 026 019 023 005 037 0.3 034" 029" 0.36 025 013 0.23
Height
JgusS 5> s
2 Seed per 1 g 001 006 032" 033 . 003 002 000 005 -016 -007 019
capsule
SLBULIID )
3 1000 seed 1 028 011 015 - 0.48™ 0377 042™ 0517 0427 038" 034" 037"
weight '
4 O;/”(;iél)) 1 004 040" 015 029* 026 028 039" 033" 046™ 028 0397
(1]
5 ofmier 1 0004 -011 -022 .. _ 007 001 T 045 019 -0.25
% Protein ' ' ' 0.005 ' ' 0.001 ' ' '
6 o 1 044 005 002 003 -006 0002 -001 -015 0.26
Yield
7 SEeon 1 007 -023 -019 -009 -023 -016 -024 008
dry weight
8 & 255 1 0777 088" 073" 078" 0737 0767 0707
Chla
9 b s, ts 1 0.98™ 059™ 070" 068" 0617 064"
Chlb
10 Sl 1 066~ 0767 073" 068" 069
Total Chl
11 995 1 065" 069" 070" 059
Carotenoid
12 gl 1 070" 066" 062"
Flavonoid
ol 18 R R
13 Soluble 1 0727 0.70
sugar
VBl "
14 ’ 1 0.66
Catalase
Sl 1
Peroxidase
Lo gy 9 Sy aw 3 Syl gne iy Ty
** and * significant at 1 and 5 % level respectively
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Introduction

South of Iran has been located in the dry belt and desert strip thus water stress has always been one of the
serious problems in its agriculture (Buzarjomehri et al., 2020). Intercropping is the cultivation of two or more
plant species in a specific land and growing season, which is important in agricultural systems with limited
resources and low input (Brooker et al., 2015). Due to the differences in the rooting depth, lateral expansion, and
root density of cereals and legumes, they have been the best candidates for intercropping traditionally for limited
soil water and nutrient availability environments (Babalola, 1980; Haynes, 1980). Application of bio-fertilizers
(PGPR bacteria) that have nitrogen (N) fixation and phosphorus (P) solubilizing activity (Azospirillum brasilense
and Pseudomonas fluorescence, respectively) is a promising approach for obtaining N, P, and water-restricted
areas (Tien et al, 1979; Barea, 2015). Organic manures enhance soil water holding capacity and serve as
excellent slow-release sources of nitrogen (N) and phosphorus (P) in the soil (Risse et al., 2006). This study
aimed to investigate the effect of different fertilizer systems (chemical, integrated, and bio-organic) on triticale
grain yield and its components in sole and intercropped triticale in triticale/chickpea system under late season
water stress in a hot and dry area of southern Iran (Fars province - Darab).

Materials and Methods

To evaluate the yield and yield components of triticale (x Triticosecale Wittmack) in monoculture and
intercropping with chickpea (Cicer arietinum L.) under late season water stress conditions, a split-factorial
experiment in a randomized complete block design with three replications was implemented at the research field
of the College of Agriculture and Natural Resources of Darab - Shiraz University in 2019-2020 growing season.
Treatments were two levels of irrigation (Ir): [1- normal (IRy): irrigation based on the plant water requirement
up to the physiological maturity stage (ZGS92) and 2- water stress (WS): irrigation based on the plant water
requirement up to the milking stage] as the main plots and three fertilizer sources (Fs) [1- chemical: ( 50 kg P ha’
1+ 150 kg N ha™), 2- integrated: (25 kg P ha™ + 75 kg N ha™ + 20 tons sheep manure ha™ + inoculation with
Pseudomonas fluorescens and Azospirillum brasilense) 3- bio-organic: 40 tons sheep manure ha™ + inoculation
with Pseudomonas fluorescens and Azospirillum brasilense] and two cropping systems (Cs) [1- monoculture of
triticale, 2- intercropped triticale with chickpea (1:1)] as the sub-plots. Triticale grain yield and its components
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were measured and the harvest index (%) was calculated. Data were analyzed using SAS 9.1 software and the
means were separated by the least significant difference (LSD) test at 5% probability level.
Results and Discussion

The results demonstrated that water stress reduced the grain yield and its components in triticale, with the
extent of reduction varying among different treatments. In the Ir x Cs interaction, the Ws treatment reduced the
triticale grain yield as compared to IRy by 38% and 55 % in the intercropped and sole-triticale, respectively. The
Ir x Fs interaction showed that the grain yield decreased by water stress as a function of the fertilizer system
(60.4%, 43.7%, and 30.7% reduction in the chemical, integrated, and bio-organic treatments, respectively).
Evaluation of the results related to the triticale yield components (grain weight, biological yield, and harvest
index) also showed that the WSs treatment reduced these traits. However, the least reduction occurred in bio-
organic fertilizer as compared with the other fertilizer systems (significant Ir x Fs interaction). Furthermore, the
Ir x Cs interaction showed that the Ws treatment reduced triticale grain weight and its biological yield as
compared to IRy in both cropping systems with different manners. The least reduction of their traits by Ws
treatment was showed in intercropped triticale as compared to its sole cropping.

Conclusion

Based on the results of this study, intercropped triticale with chickpea and using of bio-organic fertilizer were
recommended for hot and dry areas of southern Iran where water stress may occur at the end of the growing
seasons. Using these strategies leads to water stress alleviation and therefore less reduction of triticale grain yield
in these environments.

Keywords: Azospirillum, Pseudomonas, Grain yield, Integrated fertilizer
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Figure 1- Monthly rainfall, pan evaporation (E), sunshine duration, mean minimum and maximum air temperatures (T in
and T,y respectively), and relative humidity (RH) during 2019-2020 growing season
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Table 1- Physical and chemical characteristics of the soil in 0-30 cm depth
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Table 2- Physical and chemical characteristics of the sheep manure
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Table 3- Analysis of variance for the effect of irrigation regime, cropping system, and fertilizer system on fertile tiller per square meter,
grain per spike, grain weight, biological yield, harvest index, and grain yield of triticale
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*and **: significant at the 5% and 1% probability levels respectively, ns: Non significant; €: Coefficient of variation.
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Table 4- Effect of Ir and Cs interaction on grain weight, biological yield, harvest index, and grain yield of triticale
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Irx Cs Grain weight Biological yield Harvest index Grain yield
(mg) (kg ha™) (%) (kg ha)
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Water stress byle a8 34.90° 12260° 36.0° 4352°

Inter cropping
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* Means in each column followed by the same letters are not significantly different at 5% probability level using the LSD test.
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Table 5- Effect of Ir and Fs interaction on grain weight, biological yield, harvest index, and grain yield of triticale
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* Means in each column followed by the same letters are not significantly different at 5% probability level using the LSD test. £:
Chemical (50 kg P ha™* and 150 kg N ha'), ££: Integrated (25 kg P ha®, 75 kg N ha™ and 20 tons sheep manure ha™ + inoculation

with Pseudomonas fluorescens and Azospirillum brasilense), ¥: Bio-Organic (40 tons sheep manure ha™* + inoculated with
Pseudomonas fluorescens and Azospirillum brasilense)
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Table 6- Effect of irrigation regime, cropping system and fertilizer system on grain No. spike™, fertile tiller per square
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* Means in each column followed by the same letters are not significantly different at 5% probability level using the LSD test. £: Chemical (50
kg P ha™ and 150 kg N ha™), ££: Integrated (25 kg P ha, 75 kg N ha™ + 20 tons sheep manure ha™ + inoculation with Pseudomonas fluorescens and
Azospirillum brasilense), ¥: Bio-Organic (40 tons sheep manure ha™ + inoculated with Pseudomonas fluorescens and Azospirillum brasilense)
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Introduction

Crop cultivars are the most important factor in crop optimum quantity and quality products achievement and
cotton is one of the most industrial crops. Objectives of new cotton cultivars introduction are yield increase,
earliness, and resistance to biotic and abiotic stresses. Despite the improvement and introduction of numerous
new cotton cultivars in Iran in recent years, new foreign cotton cultivars have also been registered, introduced,
and commercialized for the first time in Iran. Therefore, the cultivation of new foreign cotton cultivars that show
early maturity, high-yielding, and have good fiber quality is included in projects of the Ministry of Jihad of
Agriculture for cotton cultivation development. This research was carried out to evaluate and compare the seed
cotton yield and its components and some fiber qualitative characteristics of new cotton with thought VCU trial
in South Khorasa> province in Birjand Mohammadieh agriculture research station to introduce and

commercialize these cultivars.

Materials and Methods
Value of Cultivation and Use (VCU) of six cotton new Turkey origin cultivars including Carisma, Lydia,

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution

4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
B reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
and the source.
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PG2018, BA440, Flash, and Edesa cultivars in comparison with Varamin and Khordad cultivars as the control in
South Khorasan province (Birjand- Mohammadieh agriculture research station) evaluated during 2016-2017 and
2017-218 crop years by determination of seed cotton yield and its components (boll number per plant and one
boll weight), earliness and fiber quality characters including fibers percent, length, fitness, flexibility, strength,
uniformity, yellowness and brightness and Verticellium wilt tolerance.

Results and Discussion

Combined analysis of variance in time showed that seed cotton yield, boll number, boll weight, length,
fineness, elasticity, strength, uniformity, and reflectance of fibers showed yearxcultivar were significant for boll
number and fiber reflectance. Also, seed cotton yield, boll weight, and fiber uniformity in the first year were
more than in the second year and Varamin and Khordad control cultivars had more boll numbers in the second
year. The Varamin control cultivar had the finest fibers and the Lydia foreign cultivar and the Varamin control
cultivar had the most and lowest fiber elasticity respectively. Lydia foreign cultivar having 33.55 and Carisma
having 29.1375 gr/tex had the most and lowest strength respectively. The most and lowest fiber reflectance
belonged to the Lydia foreign cultivar and Varamin control cultivar in the first year respectively. PG2018 foreign
cultivar and Varamin control had the most and lowest gin turn out respectively. Varamin and Khordad control
cultivars had the lowest and the most fiber yellowness. Varamin control cultivar having 5.720 Lydia foreign
cultivar having 5.645 tons per hectare and Carisma foreign cultivar having 4.625 tons per hectare had the lowest
seed cotton yield. The most boll weight belonged to the Varamin control cultivar and Lydia foreign cultivar
having 5.720 and 5.645 gr respectively. Varamin and Khordad control cultivars were the late early and earliest
maturity cultivars having 100 and 87 days from planting to full boll opening among the studied cultivars. Also,
BA440 and Lydia foreign cultivars were the most tolerant and the most sensitive to Verticillium wilt cultivars.

Conclusion

According to the results, the control cultivars Varamin and Khordad outperformed the studied foreign
cultivars in terms of seed cotton yield, yield components, and earliness. Additionally, among the six new foreign
cotton cultivars evaluated in this research, Lydia exhibited superior characteristics, including seed cotton yield,
boll weight, and several fiber quality attributes such as fiber strength and reflectance. Moreover, Lydia
demonstrated a high tolerance to Verticillium wilt. Based on these findings, we recommend Lydia as a suitable
choice for commercial cotton cultivation in South Khorasan province and similar regions.

Keywords: Fiber technological characteristics, Tolerance to Verticillium wilt, Upland cotton
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Table 1- Average temperature and precipitation data of Birjand meteorology station in South Khorasan province during trial

conduction months in 2016-2017 and 2017-2018 crop years (South Khorasan Province Meteorology Office, 2017; South
Khorasan Province Meteorology Office, 2018)

bod Lauwsgie 0Pk bawgie
o Jl olo Average Average
Location Year Month Temperature Precipitation
(®) (mm)
21 April-21 May 25.20 6.10
22 May-21 June 27.00 9.00
(Y-8 ely; o) Jgl Jlo 22 June-22 July 29.30 0.00
2016-2017 crop years 23 July-22 August 2450 0.00
23 August-22 September 25.30 0.00
(32 ) 2> ololy> 23September-22 October 17.70 0.00
South Khorasan Mean .5Le 24.67 2.52
Province (Birjand) 21 April-21 May 20.10 5.10
22 May-21 June 24.20 0.00
(¥aE-YaY el o) ped Jlo 22 June-22 July 27.70 0.00
2017-2018 crop years 23 July-22 August 25.00 0.00
23 August-22 September 21.60 0.00
23September-22 October 18.70 0.00
Mean ,Sle 22.88 0.85
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b @lie 5 (55l pole ol Sl oud ans slen Jole
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Table 2- Studied new cotton cultivars some important, morphologic, agronomic and fiber technology characteristics

(www.progenseed.com)

Cultivars
Characteristics Carisma Lydia PG2018 BA440 Flash Edesa
S 023%9) 023%9) ooke %) %) %)
Mat w9 Early Early Medium Early Early Early
aturity maturity maturity maturity maturity maturity maturity
SUI Cods e e e o ks e
Fiber quality Good Good Good Good Very good Good
gy gl il bawgio il oo Lgia Lausgie willawgie aillawgie
Plant height Medium-Tall ~ Medium-Tall Medium Medium Medium-Tall ~ Medium-Tall
gyl 5t o s w2 Bt it
Plant structure Open Pyramidal Pyramidal Pyramidal Open Open
Sy vy Pin ST SPTRRIAY i Mix M5 G ix
Leaf hairiness A little hairy Hairless Hairy Hairy Hairless Hairy
Tolerance to diseases Tolerant Tolerant Tolerant Tolerant Tolerant Tolerant
Silo Cuild  Clsd clio cwlio cwlio sl sl Calio
Mechanically harvest ability Suitable Suitable Suitable Suitable Suitable Suitable
&85 S e S s e Je
Adaptation Excellent Good Excellent Very good Excellent Excellent
Tolerance to drought Tolerant Tolerant Tolerant Tolerant Tolerant Tolerant
Tolerance to sever wind Tolerant Tolerant Tolerant Tolerant Tolerant Tolerant
P95 CuiS' ‘51)..3 Ob-ggwl'm oo ] ) o o oolie
Adoptable for C:rlggatlon as second Suitable Suitable Suitable Suitable
AU cél b yasls
Fiber fitness index(Micronair) 4.4-49 4.0-4.8 46-4.8 49-49 4.6-4.9 4.4-49
pgr/inch
S el 30-32 32-38 31-33 31-33 31-35 30-33
Fiber strength(gr/tex)
. Sl ok 28.5-30 29-31 28.5-30 28.5-30 29-31 28.5-30
Fiber length(mm)
Y s, =. Sy
. ‘-‘5 - ‘_5’15’“ oasls 130-150 140-180 140-150 140-150 140-160 130-150
Spinning Consistency Index (SCI)
(Rd) BWI Swiwis y
Fiber reflectance 76-78 77-80 74-76 70-72 77-80 70-74
(Rd values)
(o) S ey 75-7.8 7478 7.6-8.0 7.8-8.2 74-78 7.5-8.0
Fiber brightness(b+)
(se2) S U5 42-44 40-42 42-43 42-44 40-42 43-45

Gin turn out (%)

e 3 HVI Ly So3lail (S5 S5 (055 Aol 31 o3lizl b ey G IS (SPIn ability) (Ssiunsy cublB kS y50 (s (St ()5l sl =)
Sais 4y (Uniformity Index-Ul) 5ls=Ss jasLs (Upper Half Mean Length-UHML) oYU des :S5ke Job Sluogas (olp odel anddy (slaodls

:(Karakan Giinaydin, Serkan Soydan, & PalamutGu, 2018) c.ul ) z s 4 odlitul 3550 (ygmw,S ) dldles 33,5 o dule 4ty U1 (+h) (53,5 5 (Rd)
SCI= -414.67+2.9*strength-9.32*micronaire+49.17*UHML+4.74*U1+0.65*Rd+0.36*(+b).
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Table 3- Studied control cotton cultivars some important agronomic and fiber technology characteristics (Ramazani
Moghaddam, 2014)

Traits
p Gl el L
. et oasLa) GBS . Ojg bwgte lawgle
sals p6)| iy s 395 . ; N Jb St S ISTERIW
Seed cotton 09 Gin  (creSe > Fiber i jo
Control yield Earliness Fiber Fiber length Average  Average
cultivars 1 criterion Tum i uniformit boll boll
(kg-ha™) out fitness Yo (mm) .
(%) )  (Mironair (%) weight(gr)  number
index)
‘}"wl”, 2804.5 86.51 39 3.90 48.1 30 7.1 7.2
Varamin
b 33785 93.71 39 4.05 46.7 29-30 5.4 15.6
Khordad

3 S YIVE Jslse (39 4ls) "y S 0 e e
s Lid g ad)S )5 HVI oSy daiee ,3 BUI claaiges
o abaioee poo by b g oad 03l gee dlaioee (49, 5l ol
N3l HVE oiss Ly g o 5l s bz 00 s9e 5 <o olie
5 BLI (a8 o Sy (a 3b5 sl @l xS0l
Sl edlb (asls (o (e cue ) SUI Jobo (il : Jols
Al o0 g gl 2 p )55 Sun o) C g Sen a3 L
Py 42y L )L @l VUsb (g cw ) )6 Jsb o515
I 5 pSojlul asly a5 gltex) S plsoxl (g (3,0 ol
(5 (sl ay )b Jobo o Veve (il p )5 sy g sl s
ploi Jsb (oo s o 30y s ) UL (J5b) (51
Job Sl 5 U 65 103 8- Jsb (Sl 4 &iges LI
(5 dHmyd o ) SLII (23S (o (sl 20y 0451 il LI
5 i 45 Sl aiy 555 CUJL) (RD) (Suiisys 4
5 10l o Blgi oo AD B ¥ oy g A8 o e |, o (St o
slaasy 59550 (6503l (s, glS) g 5, olStos b
VLI (50) 6355 5 (5 9 (45,0 YO (W (Swiis )3 Jgons g
L (g pSojlul

3- Grin

4- High volume Instruments (HVI)
5- Micronaire index

6- Strength

7- Fiber length uniformity

8- Upper-half mean length

9- Reflectance Degree(RD)

10- Colorimeter

11- Yellowness or Brightness(b+)

Bl 5l o) &Sy easccdby by S s b sledd
Cuomuad 51y S ym 3> Bokal 058 Vo dldad 0 (597 o ausls
0j9- (339 olgean ol xSl g 0k (g g by g Shee
9591910 S oS Claoguad (65505ll (gly b el
Aged ()5 b (b Cubldy I e (2l 3090 Sy SUI
"ASTM) slgs 5 95l (sl I pol dnols '3 bl 5. L)
YA Sdody g g Al jgbay p 5 VY Jolis liea HVI (6l
Glod amilgby g 3,5 olwds > YV £ /8 gloy > celw
03,5 0kl Cogboy g lod Jlasil B asads edly 18 suoyd FOEY
wlaasly g assy JS oyl as BUI (5995 oliialoj] 4 yuosas
b @alio 9 (65gliS Shjael 5 lais [S1e g (55 )5 i,
o)l A o L g a5l g o Jloyl Gelyg 53 olped il
5 Bl 39 e 3 L g ol s il ay jl BUI ¢ el
0jg & Job zobre (g Cund o)k | wlue (59515 L ey
ool |y sl B a8 o K o B LS a3 g JS
Seed and Plant Certification and ) +_i awlxe (V) alal, ;|

:(Registration Institute, 2009

()

SUI 59
IS dopy =—————x 100
N Sl gt el ay o

1- Standard Test Methods for Measurement of Cotton
Fibers by High Volume Instruments (HVI) (Motion
Control Fiber Information System). Designation D-
4604-95 and Designation D-5867-95.

2- Established by the American Society for Testing and
Materials(ASTM)
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Table 4- Error variance of measured traits during foreign cotton cultivars VCU trial conduction years for combined in time

analysis of data

s il ylg
Error Variance

8,92
U cusls
. S - . S Wwid 4>
3 Slos 3l .. Js Jsb itk P U | C W) B S V. ) ‘—;. 7 . )
) . 3 Jots’ . . . . . RN SUI 65
ov9 8398 . K Y Y . S E1A]] EIA]] i .
0596 0jsd ; - W] - ] - Fiber Fiber
Seed Boll ? Gin Fiber : Fiber Fiber Fiber brightnes
c Boll Plantin Fiber Bagele reflectanc 9
otton numbe iah g turn Lengt fi eelongat strengt uniformit - s (b+)
Vield r weight to full out h itness ion h y e index
boll (Rd)
opening
duratio
n
2
s . . -
| | 0.3654"  1.1313™  06393" 5.3181 5.6830°  0.2469™ 3.7677"™ 0.4400™  1.9748™ 0.0455™ 0.0001™ 23.9622
)95,"‘"
-Jlia ldans
)'55‘“’"56 0.5455 0.5455 04240 0.0211 00171 0.0523 0.0523 0.5071 0.1599 0.8311 0.9917 <0.0001
¥*Probablit
y level

deopd ) 50 el Jlas! mdaw )3 b dxe oS4 s g # b Jxe e NS
ns non-significant, * significant at 5 percent probability level, and ** significant at 1 percent probability level.

Gpao g =5 G5 e osesl slaosly cil ygel b
sladlo 3 (2 pm) g glold gl ) sy (2)6 05) Gl
sl ST oy L5 YWASAYAY 5 \WAD-\YAS el
Gl e ol bl jd Gilejl ela Jlo > baodly (clalas
BLL (Jobo c0jst (1jg W )3 098 A (g 3 Shes Clio
Joisine el sl LI Sais )3 5 SleiSy eplSiontal o it
plosl i g (uibxie L (slapib)ly 9,cnlil g (F Jg2) 0395
Jsiz) 4 plsl cido ol gl ooy 3 <8 0 uil)ly 20
®

Ojg oy 2o A (L loj 3 S e uibly S s
Ioine glis Gialojl sl Jlo g3 )3 (BleiSs 5 L 0jee
S s Sl 3155 §) oy 3y90 pB,) cysizmens il
Jolite 45 g sy (gl ine oglis G 18l 5 plSoctul
Mo SUIl (Saiid)> 5 g1 o 0j9f s sl 5 Jloxeb)
350 pLByl glis 9 8,55 )13 Jlo b cov jo GBI Job g
(B Jgaz) 298 )l me Cdvo ol Blod 5l (g

b bl gl el adlaie o slogysesl sloodly
Sl S s skt oS5 e b skt Lo (S
09 P @50 5 0ad loj )3 S ye illy 4 js (Jle
i 9 1) plaj 3 oo 44320 ol xSl Ml
LA ool yuilyly s S8 @ o o slaedly Ciygo oyl
SAS ver. ol l58le 5 b ssslcansay (slaosls 4 )bl 4550
2 oSl geil gy 5l edlitul b Sl duslie g As 355 9.4
b gl bo > gy 5 S Jleto] o

ialej] Jolge a8 sl ol uil)ly 328 g o 5l (S
aS ol Bolo by (By8 ol ail ash gl Gubyls
sl eliio o bdy cilisee sl Jlo 5 bl 1 b iolesl don
503l S 4y l_a,(j don ) oo g anlil Jolge o 154
ialejl odle (Kanli g 55 plolp 5 200,518 Csllas by
(bl ogajl) Lapsl)ly (139 riloie (9ol ploxl ba il g
[(Yazdi Samadi, Rezaei, & Valyzadeh, 2013) cul (59,5

1- Bartlett’s test for homogeneity of variances
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Table 5- Time-combined analysis of variance (mean squares) of seed cotton yield and its components and fiber quality traits
of foreign cotton cultivars VCU trial

Olazpo il
MS
a N Eyoonz
e gl o , T B P I R
sov o Ry 3,Sdes . o3¢ U S L LI S
Seed Cotton Yield Boll Fib Fiber Fiber Fiber Fiber
b 1ber 1
umber Weight Length fitness eeloonngatl uniformity :?]E;Zit(zg]g)e
Year Jlw 1 71402500.00” 9.620™ 1.664™ 1.032™ 2.850°  2.850" 4.040" 39.140"
(Aslas) Jlo xSk 6 2863932.290°  19.870" 0587 1153® 0970° 0970°  11.140"  0.900"
Block xYear(Error a)
Cultivar p3, 7 923191.960™ 26.630”  0.52™ 1.158™ 1.980" 1.980™  11.510" 9.490"
Cultivar xYear Jlwx 3, 7 2245357.13™ 132707  0.380™ 0.482™ 0620° 0.620™  0.920°  17.880"
bW Errorb 21 1373337.100 1.790 0.050 1.020 0540 0.54 1.210 3.717
C.V.% Ol paad g > 24.4 8.0 43 35 15.4 15.4 1.3 25

oy ) g0l Jlaisl maw pd I gime i iy s g b xe s INS
ns non-significant, * significant at 5 percent probability level and ** significant at 1 percent probability level.

OhESen g jiuSag a8 (0)135 1y diy )9S aiy Cliuios
(Wiggins, Brian, Leib, Mueller, & Christopher, 2013)
50558 dlas (6,10 Sz yoboay Jluw g3 53 Lod clyos a8 wisly L
iy S5 lg Lol @l G 3 juii ) 0398 )3 U5 0
s b NS o 5y g 5 e Sy Gl Wojsé
oladss ol 10 pod 9 Jgl claJlw e slod 900
olal pliwl )3 Jalesl (dlyal oo a2 o e (55,5l88
Joda) Cuwl 039y ogmudis a3 VOF/Y ¢ VA i iy oS ogin
255 Bojes 3 Sal5sl LAYAS o 3 b coled Ylazsl o)

Gl 0390 (o5 2, Slos 30 YL > &gy

{7 Ji) 330 s> Jw i Jyl Jlw 55 g 3y Shos

S oo (slagy gy & Canl (o8 o 4ty 3Sles
Loy o o S5 58b Cod 4y bS50 Shos [l 5 39500
(Rauf, Mansoor Khan, & Nazir, 2005) 45,5 - ,, 8
(G) e pil cods | iy 3,Slas (Pettigrew, 2004) o8
5 Comeils g (510555 (GE) bog] Jlize @l 5 (E) bams
iz slalse (0 blite il dawlgas cans opl cail pdlel
Hamidi, Zangi, ) ,lSen 5 (gdmo> .cudld taled  alises gls
wglas (Soltani, Arab Salmani, & Mohajer Abbasi, 2022d
5 P58l awnlio ilejl (clyal clalo o (g 3,Sles s e
e (Byme Cewd )3 g oddpdhol i 4ty lacy)

g (2B Byl Bpan g (815 085! o 905! Sl el 55 Ol (oSl dmlie -1 Jga
Table 6- Mean comparisons of traits during VCU trial conduction years

by 3,5dac 039 o9 STl ST 1y,
Seed cotton yield Boll Fiber Fiber uniformity
(kg.ha) weight(g) fitness(Micronair) (%)
(I (o Jl) gl Jle 5848.40000a 5.5681a 5.0100a 83.8994a
First year (2016-2017 Crop year)
(WYY (ol Jlo) g 3735.9000b 5.2456b 4.5875b 83.39690

Second year (2017-2018 Crop year)

05l me gl 0 Jlass] a0 (Sl (glatalin (gl wlal 2kl o S ytde Gy K Bl ghyls &S Sl n Sl #
*Means those followed by at least one letter in common are not significantly different at the 5% of probability level- using Duncan’s
Multiple Range Test.

Dgmr Agy 2y 0jof sy yider S g jobay Sy a0
Wb U ped Jlw o Lad 9 PG2018 o )15 sl piseed
(Y JS5) 054 059 dlass o yiaS (gyld 09

0598 Vo 5l 6)lnygd b pgd Jlo p3 3135 5 ey ol o)l
Hamidi ) o) Ken g (gdses 25091 Iy 5 0558 Sl (i ]
0555 VY 51 (oyl0y05 1 b oyolys o8, 1335 saalie (et al., 2021a
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Carisma Lydia PG2018 BA440 Flash Edesa Varamin Khordad

Cultivar p)|

BFirst year Js| Jl
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Figure 1- Mean comparisons of Year x Cultivar interaction for boll number of foreign cotton cultivars in VCU trial
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OHLSen 5 y500 053,8 pMel o dio YA/VY 4 YV/FA (s ey
Y0 5 VY sla Jluw jd 455,8 salin (Copur et al., 2019)
YAEY o YA/SA (o yiass 5 coglize PG2018 o8, LI Jsbo
Baris Engizek, ) ol)lSen o S5-S1 i)l D9 yto oo
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o koo YA+ o YAFN YVIYS YY)+ s yasy Lo 5 ilb
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1S s glio 5 GBI gyl il GBI plSocil
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932 Al 1S o B (539,50 (a3l o b)) 5l 2 ls
55 d9—e3 e gl Ned oo Cguine iyl SUIL P

BA404 L) daj)lS «ils o)l o5yl ol ol ol
Slaes g 03 Iy g (g by 09 a5 Jgl b > PG2028,
OhBes g s00 92y pgd Jlo )3 0ad (0 pB)l b 09é
- bls \G'P cubd  (Copur, Polat, & Odabasioglu, 2019)
o8 0398 Jass Cadyi Y410 5 YIF el Jlo o a8 5 7 slogl
3,Skes linl iy 3o 05,8 pMl AYY 4 V/AS |, PG2018
3 i S i o g s G s Jold 4ty 9 g
Tarig, Abbas, ) a5l o e w S5ly 3 055 dlasd g 0js s
(Pettigrew, 2004) o, X .(Yasmeen, & Ahmad, 2020
WS Ay 39 9 ol wlS )3 0598 e 5l b ) 4y 5 Sles
P dSe p 0jef i Cpedl il BLJ oy 5 0558 59
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9 S5 il AL o pd g 055 59 cdildasy 59 g ol
VA oo |y (Siien olys (Zhang et al., 2021) Lo
Sl iy 3y Sloe 45 4B Ao g Wdged () Ariy
3y olS 45 cuilyp bl ojee dlam b (gl Sxe g Cute (S
PYLE Jga) 392 pg> Jlo 51yt Sl Jlo )3 0598 ()9
by $YL 0 Sles Jole wlg oo Jol Jlo 13 0j98 S5 (59 039
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Carisma Lydia PG2018 BA440 Flash Edesa Varamin Khordad
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Figure 2- Mean comparisons of new foreign cotton cultivars fiber fitness in VCU trial
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B Canglio yu8 IS oboay plSomiunl .053,8" sl (gr.tex )
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aS Sl ccwl py S asly 0 BUI e Vere 50 bl WSS
G Fan 4Bl Yol i o V1 e gl plSoctl (asls
g bige sA b 555 5 i ool b S lsie
g il alols &5 plSoxtal )3 (5550 Jole ady B ot
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4, (Haigler, 2010) cuol pogllas ax )by g 55 ans (gly sl
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Aiel BL yiiS (Ao yd) dapd el o)l als o B yilS” 31 g
S oxsasl sl 5 &5 St o ey G S 30> 35 Yl
Neg et al., ) o,Len 5 S5 . (Alishah, 2009) 35,5 o
5 i Pl g Jobo Uy plbcaiss) 4 aizsls o Ll (2013
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Figure 3- Mean comparisons of foreign cotton cultivars fiber elasticity in VCU trial
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Figure 4- Mean comparisons of foreign cotton cultivars fiber strength in VCU trial
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Figure 5- Mean comparisons of foreign cotton cultivars fiber uniformity in VCU trial
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Figure 6- Mean comparisons of Year x Cultivar interaction for fiber reflectance of foreign cotton cultivars in VCU trial
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Table 7- First year analysis of variance (mean squares) of seed cotton yield, its components, planting to full boll opening
duration and some fiber quality traits of new foreign cotton cultivars in VCU) trial
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Figure 7- Mean comparisons of gin turn out of foreign cotton cultivars in VCU first year trial
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Figure 8- Mean comparisons of fiber yellowness (b+) of foreign cotton cultivars in VCU first year trial
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Table 8- Analysis of variance (mean squares) of seed cotton yield, its components, earliness and some fiber quality
characteristics of six new foreign cotton cultivars in VCU trial second year
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Figure 9- Mean comparisons of seed cotton yield of foreign cotton cultivars in VCU first year trial

L, (Kakaei, Kahrizi, & Moosavi, 2017) )l San ¢ LSK
pLE )| S0 dy s ool yg By a5 L0l L Ay B, VO duslde
Naderi Arefi) gaws 9 (3yle (530 g1 (g i 05 ()59 (510
by Glao (S g by 2ySes oy b 50 (& Hamidi, 2014
Oty 8y 49,5 (0135 jluwe S Ll 5> aty calisee pB)) 5
Hanefi ) yuesl)LS g 5-bge (> 39 098 ()39 Crynder s>
0595 (59 &S 5 )b dalais j> (Mutlu & Karademir, 2022

3,8 )55 0,8 £IVA 1) BA440 4 PG2018 6yl 4o y»

Jlw 53 iy ()5 08y (b 0jef (15s o ele Al

O p b ()8 08, g (pelyg dald 08, 3,5 jasde pgo
g 513y 5 0 oy S OIYY 9 IV (lie 4 i 0j9f ()39
(PS5 ¥I¥F) 0352 (139 npeS shls Lojp )8 2yl o8, (ysimen
Hamidi, Ramezani ) -l g (saas (V+ JS—5) 29—
Moghaddam, Najjar, Arab Salmani, & Mohajer Abbasi,
A Cud (Gyidur 05 yjg 5 omelyg By 13,5 edalin (2022
(Khalid et al., 2018) \|,LSen g 3B 55 jloy55 5 33,5 8,
P52, S 1y ey 5, Sles b ojod ()jy Cute (Shunen



YEY (ylio £ 0ylowd FY ala oyl (€15 Slomidgls as i YOV

Boll weight(gr) sjs¢ 9
S P DN W ~ g o

Carisma

Lydia PG2018 BA440
Cultivar 13|

Flash Edesa  Varamin Khordad

Sycn g ()5 0055 03031 90 Sl 3 any (2 )18 0Bl 0508 ()59 S Sle Aunlie —Y ¢ JSU
Figure 10- Mean comparisons of boll weight of foreign cotton cultivars in VCU second year trial
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Figure 11- Mean comparisons of earliness of foreign cotton cultivars in VCU second year trial
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Introduction

Seed pretreatment is one of the simple techniques that can increase seed vigor and seedling establishment,
and thus plant yield. Seed pretreatment can be done with water (hydropriming), inorganic salts such as potassium
nitrate (halopriming), and growth regulators such as salicylic acid (hormone priming) and ascorbic acid (vitamin
priming). Another effective factor in producing strong seeds is proper nutrition of the mother plants. Proper
nutrition of the maternal plant in the form of foliar sprays with essential elements leads to the production of high-
quality seeds, which affects germination and yield. Considering the positive role of seed pretreatment in
improving germination rate and seedling establishment, and increasing seed yield of various plants as a result of
foliar application of growth regulators and inorganic salts, this experiment was conducted to study the effect of
seed pretreatment and foliar spraying with salicylic acid, ascorbic acid and potassium nitrate on improving
physiological and biochemical characteristics, yield and yield components of borage.

Materials and Methods

The experiment was conducted in 2017-2018 cropping year as a randomized complete block design with
three replicates at Samian Ardabil Natural Resources and Medicinal Plants Research Farm. The experimental
treatments were water pretreatment for 48 hours, seed pretreatment with ascorbic acid (0.85 mM) for 48 hours,
seed pretreatment combined with foliar spray with ascorbic acid (0.85 mM), seed pretreatment with salicylic acid
(4 mM) for 60 hours, seed pretreatment combined with foliar spray with salicylic acid (4 mM), seed pretreatment
with potassium nitrate (20 mM) for 24 hours, seed pretreatment combined with foliar spray with potassium
nitrate (20 mM), and control treatment (without seed pretreatment and without foliar spray of the maternal
plant). Statistical analyses were performed using SAS software (Ver 9.1) and comparison of means was
performed using the Duncan multiple range test at the 1 and 5 percent probability level.

Results and Discussion

The results showed that although pretreatment of seeds by improving growth, physiological and biochemical
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characteristics cause increased yield and yield components of borage but, seed pretreatment combined with foliar
sprays had a greater effect on increasing yield components and flower and grain yield due to synergistic effects.
The use of potassium nitrate as a seed pretreatment in combination with foliar sprays had the greatest effect on
increasing the amount of photosynthetic pigments, caused a 2.3-fold increase in total chlorophyll and a 1.8-fold
increase in carotenoids compared to the control treatment. The use of ascorbic acid as a seed pretreatment in
combination with foliar sprays increased the amount of proline a 2.3 fold, leaf protein a 2.5 fold, and flower
yield a 3.8 fold compared to the control treatment. Application of salicylic acid as a seed pretreatment in
combination with foliar sprays by increasing the components of seed yield had the greatest effect in increasing
grain yield and caused a 3.4-fold increase in grain yield compared to the control. Seed hydropriming showed the
highest seed weight among the treatments with a 28% increase in 1,000-seed weight compared to the control
treatment.

Conclusion

The results of this study indicate that both seed pretreatment and foliar sprays of maternal plants with growth
regulators and chemical stimulants led to an increase in flower and grain yield in borage. This increase was
achieved by enhancing the levels of photosynthetic pigments, the quantum efficiency of photosystem IlI, the
accumulation of amino acids like proline, and soluble proteins in the leaves. These treatments also had a positive
impact on various yield components. While seed pretreatment alone had a positive effect on borage yield and its
components by improving the plant's growth, physiological, and biochemical characteristics, the combined use
of ascorbic acid, salicylic acid, and potassium nitrate as seed pretreatment, along with foliar spray, had an even
more pronounced positive effect. This was likely due to synergistic effects on the plant's physiological,
biochemical, and yield traits.

Keywords: Ascorbic acid, Photosynthetic pigments, Proline, Protein, Salicylic acid
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Table 1- Physical and chemical properties of the farm soil

Soil zn* P Sand _Silt Clay ... Base
Growing Soil organic  Salinity CaO Nitrogen turation
year texture matter  (dS.m™ (mg kg™) % I(oﬁ) gen - sa ucya 0
(g dm) ? >0
Sand
2017 7.8 11.2 0.34 18 214 7.2 0.08 28 43 29 142 40

loam
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Table 2- Climatic information of the experimental site (Ardabil, Iran)

Year 2017  Mean temperature ('C)  Precipitation (mm)
April 8 59.6
May 15 29.7
June 17 14.2
July 19.6 2.2
August 19.8 1.2
September 185 6.4
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Table 3- Variance analysis of studied traits of borage affected by seed pretreatment and foliar application of the plant
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ns, = and ==: are non significant and significant at 5 and 1% of probability levels, respectively
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Figure 1- The effect of seed pretreatment and seed pretreatment in combination with foliar application of borage plant on
chlorophyll a (a), chlorophyll b (b), total chlorophyll (c) and carotenoids (d)
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Figure 2- The effect of seed pretreatment and seed pretreatment in combination with foliar application of borage plant on
Fv/Fm (a), plant height (b), lateral per plant (c), and flowering branches plant (d)
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Figure 3- The effect of seed pretreatment and seed pretreatment in combination with foliar application of borage plant on the
number of fruit per plant (a), grain per unit area (b), flower yield (c), and weight of 1000 grain (d)
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Figure 4- The effect of seed pretreatment and seed pretreatment in combination with foliar application of borage plant on
grain yield
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Figure 5- The effect of seed pretreatment and seed pretreatment in combination with foliar application of borage plant on
protein (a) and proline (b)
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Table 5- Correlation coefficients of measured traits

1 2 3 4 5 6 8 9 10 11 12 13 14 15

Traits

1 1

2 0.93™ 1

3 0.99™ 0.96" 1

4 0.93™ 089" 0937 1

5 0.37™ 0.30™ 0.36™ 040 1

6 049™ 0.38™ 047" 032" 0.22™ 1

7 046"~ 044" 046" 031™ 012" 067"

8 0.32™ 023 030" 022" 0557 0597 061 1

9 0.20" 0.08™ 017" 0.12® 043" 0637 053 0.877

10 0.51 045" 0507 044" 034™ 0647 049
11 0.26™ 0.06™ 0.20™ 0.24" 039" 0577 0.12™
0.49
0.55
040" 048" 052 0.28™ 058 0.43"
15 0.26™ 0.14™ 023" 0.16™ 035" 074" 0.33™

12 0.16™  0.04™ 013" 0.01™ 027" 0.49
13 0.51 044" 0507 042" 037" 0.69

ok

1
0.63" 0.66™ 1

046" 0517 043" 1

049" 0.29™ 0.02™ 0.38™ 1

0.69™ 070" 099" 0477 0.15™ 1

0.35™ 045" 0577 048" 0.01™ 055" 1
058" 0597 055" 066" 044" 0607 045 1

*k kx

o) S5 g g Jlein] maw )3 ()0 bxe g (I gize pas i T 9 * s
ns, = and ==: are non significant and significant at 5 and 1% of probability levels, respectively
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O MO (ouBgy VY @b 3 Slae AY @l )lia 590 (5 0,Sloe VY e s lg o aily slaws N+ gy 40 500
1. Chlorophyll a, 2. Chlorophyll b, 3. Total chlorophyll, 4. Carotenoid, 5. Fv/Fm, 6. Plant height, 7. Lateral per plant, 8. Flowering
branches per plant, 9. Fruits per plant, 10. Grains per unit area, 11. Flower yield, 12. 100 grain weight, 13. Grain yield, 14. Protein,
15. Proline
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Introduction

The excessive use of chemical fertilizers is a leading cause of environmental pollution in the agriculture
sector. Therefore, optimizing fertilizer application is a crucial approach to boost production while minimizing
environmental harm. On the other hand, application of chemical fertilizers along with manure can be considered
as the proper management system that led to reduce the amount of chemical fertilizers and adverse effects on
environment and also improve nutrition for plants. Response-surface methodology is a powerful tool to optimize
production resources which decreases cost and time of the experiments by reducing number of them. Therefore,
the aim of the study was optimization of chemical fertilizers of nitrogen and phosphorus along with manure
application in fodder maize production.

Materials and Methods

The field experiment was carried out according to box-benkhen design in Savojbelagh, where located in the
west of Alborz province, over two years 2017 and 2018. The fifteen treatments were selected based on low and
high levels of nitrogen (0 and 300 kg.ha™), phosphorus (0 and 150 kg.ha™), and manure (0 and 40 ton.ha™).
Three replications were considered in central points under box-benkhen design. The experiment was performed
in two replications. Fodder yield, dry matter, nitrogen losses, and nitrogen use efficiency were the measured
traits in the study. Stepwise regression model by fitting a full quadratic function were used to predict response
variables. Treatments were optimized based on three scenarios: economic, environmental, and eco-
environmental. Fodder yield, nitrogen losses, and nitrogen use efficiency were the primary factors used to
determine the treatments in each respective scenario. In final, the optimum levels of treatments as independent
variables were suggested to obtain target amounts of traits as dependent variables in each scenario. All analysis
was performed using Minitab ver.16.

Results and Discussion
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The results of regression analysis showed that the model had adequate accuracy to predict the studied
properties (as dependent variables) based on experimental treatments (as independent variables). The calculated
values of NRMSE illustrated that the model predicted data of dry matter, fodder yield, nitrogen losses, and
nitrogen use efficiency with difference as 5.4, 2.3, 6.1, and 17.4 percent from measured data, respectively.
Fodder yield was raised by increasing nitrogen fertilizer under all levels of phosphorus and manure. Increase
slope of fodder yield by increasing nitrogen fertilizer amount under high levels of phosphor and manure was
more than in low levels. The highest nitrogen loss was gained by application of 300 kg N.ha™ along with no
application of manure under nitrogen fertilizer x manure interaction. As findings, increasing the amount of
nitrogen fertrlrzer caused to mcrease nitrogen losses and decrease in nitrogen use efficiency. Applrcatlon of
242.42 kg N.ha™ and 95.45 kg P ha along with 33.13 t manure. ha was suggested under economic scenario that
led to produce 105 t fodder.ha™ wrth nitrogen losses of 150 kg.ha™. In environmental scenario, no application of
nrtrogen and using 146.9 kg P.ha™ with 21.82 t manure. ha™* was proposed to gain 80.94 t fodder and 51.2 kg. ha’

! as nitrogen losses and 103.03 kg fodder.kg™ N as nitrogen use efficiency. Under eco-environmental scenario
that had priority in comparison with two other scenarros due to considering economlcal and environmental issues
simultaneously; applying 78.79 kg N.ha™, 150 kg P.haand 8.48 t manure ha™ was suggested as optimum levels
of treatments that led to obtain 90 87t fodder ha*, 64.75 kg N losses.ha™ and the highest value of nitrogen use
efficiency as 116.4 kg fodder.ha™ N.

Conclusion

Considering the results, applying 78.79 kg N.ha™, 150 kg P.haand 8.48 t manure.ha™ in eco-environmental
scenario was suggested as optimum levels of treatments.

Keywords: Chemical fertilizers, Environmental scenario, Nitrogen losses, Optimum values
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Table 1- Coefficients and treatments in box-behnken design

2017 1.95 0.92 3.49 460.43 296.3

Coefficients <yl Value ,lado
Runs O Hud ol 558 095 Hud ol 555
(Nitrogen) (Phosphor) (Manure) (Nitrogen) (Phosphor) (Farmyard manure)
(x1) (x2) (%3) (kg.ha™) (kg.ha™) (tha™)
1 -1 -1 -1 0 0 0
2 +1 -1 -1 300 0 0
3 -1 +1 -1 0 150 0
4 +1 +1 -1 300 150 0
5 -1 -1 +1 0 0 40
6 +1 -1 +1 300 0 40
7 -1 +1 +1 0 150 40
8 +1 +1 +1 300 150 40
9 -1 0 0 75 20
10 +1 0 300 75 20
11 0 -1 150 0 20
12 0 +1 150 150 20
13 0 0 -1 150 150 0
14 0 0 +1 150 75 40
15 0 0 0 150 75 20
5 CutS g1y kel 390 42 )0 ST (2 loanlsSa jad Sluoguas —F Jgan
Table 2- Physicochemical characteristics of soil for maize sowing
Jw cdly 039 jiwd ey EC Soske
Year Texture N(Z) P(pm) K(ppm) (ds.m™) PH oMm(%)
2016 Loamy-sandy  0.11 9.61 349 0.6 7.83 1.1
2017 Loamy-sandy  0.103 10.88 214 0.91 780 0.96
O3 CuiS gy 03] 3590 (5915 355 ot o Oluogad - Jgun
Table 3- Chemical characteristics of used farmyard manure for maize sowing
Jo O3 b paly Sk $9; o ol EC Sl oske
Year N() P(ppm) K(ppm) Mn(ppm) Zn(ppm) Cu(ppm) Znppm) (@Sm) PM o giom M
2016 1.89 1.10 421 510.34 289.4 70.1 3947.4 9.73 9.31 51.12 13.52

67.9 4657.94 9.80 9.24 50.06 12.83
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Vo¥ LolyS JSmw @) yein cudlS (opmoj (gjlwodlel 5l an
5 395 WO als el gy 0y93 Jobo (nSbe b (o))
c‘h)._f \"0~—\"~~ 4.3].) )I}_h O}? OSJL:A 5}9) \\'_ﬂ' d.é}lc ‘_5‘).{
Aol Ly i Fx oS o (ol Yoo gy glis)) 1 Sikio
22 Se ) WShI L () 8 ) F) pe il £ i,
355 b glaeys 5 b plsl )L, 5oy Vo2 o) 5l ey 5 <8
P 9% 9 CdlS Gloj 53 0y9l @ite Sl (395 355 pom Su o
W c_‘))_a.a.n L;)'f v-4 4_1.>).a 5 4_{)_w O ygody 39§ o.\JLaLéL.
o il yawd 345 plos (Mirzashahi & Hossainpour, 2014)
I ole SO ki yge slajles 4 dn g b o 5 lawd pgm
Jolite 4y 5 bglie S5 b g bl dbgype (oS 4y cuils
sle S LS jd 5 Fe g Ve luo (ol 365 ( JT 568" Jlocl
iy e )50 oS paw )3 CAlgSy by cuiS I LS
S Oygmody g Ay Jad (b )3 jya sladile bojile 0,8
5 o3li] S Gile a8 gn A5, Juad b 3 5 <85 sl
» &y slaasy Loy colue (VT) 5 5 )50l alsye 5
=503 o8 3l oalitwl b yS ya 5l e /0 X /0 Colue
it Ll o ile]l )3 Sl 5 W eS8 5y prhaus
0L (e g 6353l )5 ) @ly ol oKl (65)5LiS
als o )d ddole Jguame cudldyy b duwloes (LAL) Sy prdas
WWAF olo ypo pow 9 YWAD olo oo pgd oyl 3 (RA) by (g0
)l e mu g d)l_,.f @), 99 ¢‘_5.:LQ) .))S.Lo.c O ‘_5‘); W) Pl?o‘
Olyedn a9 Bl 4 il Sl plyed &) o bl g bl
sladsg «Sid i cpan sl s G315 ol o Sles
Al ol (65y9LiS ey SLel oBinles] 4 srdcusls y
S 5l a2 YV (5lod )3 59y 93 S &y 9 Jille 25 ) &l
SBAS (3 s 9 02IKES gl )3

sotaiods Jlogs o (Bl I (5l peiged ¢ 2ld cudldy I
OFar 4o e (sl A plol olS (595 (slgone (e
» (Nelson & Somers, 1973) , 5 p—an ybg) jl Lad Sges
00,8 edlaiwl (C)S) L.o)i Ot SB S5 pogas Dliudl.a)]
I S a903 b SB 3 39290 (3955 e ialesl pladl |
355 3eris Sl ad s SB gte Bl Yo U b Bes
:(Jarvis et al., 2011) uib apoles (V) alaly 5 )b
Nloss = Ninitiell + Nfertilizer + Nmanure - (Nplant + Nsoil) (\)

059 Ninitiar (KG-M?) 159, LAl Niggs )] ) 45
05935 Neertiizer (Kg.M?) 43y Juabd gl > SB )5 3990
}1 u—s)-"m u)9)—*-’ 3Nmanure f(kg.m'z) ")9‘ 39-5 d’)’” }] uﬁ)m



YAV L ladgle )b addgi 50 gold g piund (i 550 S80S b s (g 5lusionts (050 § 5 ducii

5N AV AFEY QMDY L 1l ity (g i G puan Cou g W
ol e Lg?:(:b J:l);:;:) :;i::;ﬁvﬁ ol Sty Job5 9> 20 0ge)S) Jio by 4325 @S
Jice 45 3l 5lts NRMSE asls (sl odisdumlone ylia el ¥ g 2 losledd o Jilite Sl g 92 2 ot o Jold
Jol 93 42> (ge)S) Joo illy 438 gl olil el
(P <0.01) o)V Jhin! g )3 oy 3590 Slas plad (gl
a8 ob L mls (Jie ol (oyp pogad > 29 )l dne
P e clio plas  Jao Blite gl g 93 423 (o (s3]
(¥ Jgi2) 392 o sime adgle 5 Sloe  bnjlos Jlite
o a3 Ld aily lajsste iy gm)S) Ol
=hi @S s s Sl wdgle 3 Slas (Sis olo 5

iy sl yito ool (ol Sl smolio 2512 (g S
SLis ool oSy e adls Slas Jae &5 gyebay fcdl

i 10y WIEY  SIVE AN DIFY /¥ GBS | s

() JS5) 058 o (6o 05 g 5505 clmols &y

Sladgle ©)3 (o) y 3590 Olao (sl o sl ol yod 4 ol 93 a2 53 Jbo (Fgmw )55 (il ylg 4325 —€ Jga
Table 4- Variance analysis of full quadratic regression model along with its components for studied traits of fodder maize

e g = oy s . o et Spao £)5 218
geve Xl Y00 (df) oljias 5 Spmhw gasls SWa ol ddgle dSlos (5900 A A
S.0.V. ’ LAI Dry matter Fodder yield N losses sl
ANUE
Block <l 1 0.049** 7.65ns 62.59** 17.9ns 171ns
Regression ;s )3, 9 0.796** 76.0%* 449.2** 6949** 5595**
Linear las 3 2.37** 188** 1301** 17169** 9278**
(N) 5950 1 6.10** 494** 3258** 41494** 18858**
(P) yawd 1 0.062** 17.32* 62.67** 915** 245ns
(M) (ol 568 1 0.947** 54.45** 584** 9099** 8732**
Quadratic ¢5 4> > 3 0.008* 26.29** 34.98* 1084** 2539*
NxN 1 0.0001ns 12.72ns 100** 168ns 5192**
Pxp 1 0.017* 20.65* 4.31ns 8.7ns 1592ns
MxM 1 0.005ns 55.58** 6.98ns 2957** 434ns
Interaction Jtz I 3 0.009* 12.84* 10.88ns 2593** 4967**
NxP 1 0.001ns 0.376ns 1.39ns 48.3ns 170ns
NxM 1 0.021** 34.24%* 28.12* T717** 14732**
PxM 1 0.006ns 3.92ns 3.12ns 15.5ns 100ns
Error oLl 19 0.002 4,14 7.30 84.3 513

2oy ) g0 Jlaas! maw )3 () gxe b g FEF L oIy dxe pae NS
ns: no significant. *,**: significant at 5% and 1% of probability.

ladgle &5 adlllan 3,50 Ol (5152 JolS 95 4250 (opwr 5 ) il oo -0 Jgaa
Table 5- The coefficients of full quadratic regression for studied traits of fodder maize

Ty Jov Spgbw gadld S b adgle 3 ,Slos 059 Ll 0395 B pao £ly; 21,

Coefficients LAI Dry matter Fodder yield N losses ANUE
EN 5.3253 26.567 88.889 110.259 53.483
ap 0.6177 5.5612 14.270 50.925 -34.331
a, 0.0621 1.0405 1.9792 -7.563 3.9171
as 0.2433 1.8448 6.0417 23.847 -23.361
ay -0.0044 1.3127 3.6806 -4.772 26.515
as 0.0478 1.6723 0.7639 1.086 -14.684
as -0.0261 2.7434 0.9722 20.012 7.6730
az -0.0124 -0.2169 0.4167 2.456 -4.6111
ag -0.0512 2.0688 1.8750 -31.058 42.913
ag -0.0266 -0.6998 0.6250 1.392 0.0456

R? (%) 98.51 84.41 90.79 96.19 83.82
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Figure 2- Response-surface plot of LAl as affected by interaction of nitrogen (N, kg.ha™), phosphor (P, kg.ha®) and
manure (M, kg.ha®)
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Figure 4- Response-surface plot of fodder yield as affected by interaction of nitrogen (N, kg.ha™), phosphor (P, kg.ha™) and
manure (M, kg.ha™)
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Figure 5- Response-surface plot of N losses as affected by interaction of nitrogen (N, kg.ha™), phosphor (P, kg.ha*) and
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Figure 6- Response-surface plot of NUE as affected by interaction of nitrogen (N, kg.ha™), phosphor (P, kg.ha*) and
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Table 6- Optimization of the N, P fertilizers and manure to gain response variables under different scenarios
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Introduction

Long-term use of chemical fertilizers can cause many adverse effects. In addition, excessive consumption of
chemical fertilizers can lead to decreased food safety and low quality of vegetables, such as the accumulation of
nitrates in plants. Today, using organic fertilizers is an efficient way to achieve sustainable agricultural
development. The release rate of nutrients from organic fertilizers is slow and hardly exceeds the absorption
capacity of plants compared to chemical fertilizers.

Materials and Methods

To compare the effect of chemical and organic fertilizers on the quantitative and qualitative traits of tomatoes
in field conditions, an experiment was conducted in the cropping year of 2020-2021 in a randomized complete
blocks design with three replications in the research farm of the Faculty of Agriculture, Ferdowsi University of
Mashhad, Iran. Experimental treatments included: 1- biochar (8 tha™), 2- animal manure (30 t.ha), 3-
vermicompost (25 t.ha™), 4- NPK chemical fertilizer (225 kg.ha™ urea, 150 kg.ha™ phosphorus fertilizer and 150
kg.ha potassium sulfate), 5- 50% biochar + 50% animal manure, 6- 50% biochar + vermicompost, 7-50%
animal manure + 50% vermicompost, 8- 50% biochar + 50% NPK, 9- 50% animal manure + 50% NPK, 10- 50%
animal manure + 50% NPK, 11- 25% biochar + 25% animal manure + 25% vermicompost + 25% NPK and 12-
control. The harvesting operation was carried out in two cutting. Five plants were randomly selected in each plot,
and traits such as fruit size, length, and diameter were measured. Also, total yield, Brix index, vitamin C, and
lycopene were measured in both cuttings.

Results and Discussion

In the first and second cutting, the highest fruit volume was obtained in the treatment of NPK chemical
fertilizer (80.5 cm™) and the combined use of NPK chemical + animal manure (131 cm™), respectively. In the
first cutting, the maximum fruit length was reported in the treatment of NPK chemical fertilizer (5.61 cm), and
the second cutting, in the combined application of NPK chemical fertilizer + animal manure (7.16 cm) that
compared to the control (4.73 cm) had a longer fruit length of 51%. The largest fruit diameter was observed in
the NPK chemical fertilizer treatment (5.01 cm), which was 16% more than the control (4.31 cm). On the other
hand, in the second cutting, the largest fruit diameter was shown in the combined application of chemical NPK +
manure (5.54 cm). In the first cutting and the total of both cuttings, the highest yield was observed in the
treatment of NPK chemical fertilizer (39.6 and 70.5 t.ha™, respectively), while in the second cutting, the highest
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yield was obtained in the combined treatment of NPK chemical fertilizer + animal manure. (32.8 ton.ha™). The
results showed that using organic fertilizers individually and combinatorial compared to NPK chemical
fertilizers had more Brix index, vitamin C, and lycopene. The highest amount of Brix index in first and second
cutting (6.55 and 7.13, respectively), vitamin C (12.9 and 11.4 mg.100 g sample™, respectively), and lycopene
(2.48 and 2.25 mg.100 g sample™, respectively) in the combined treatment of animal manure + vermicompost.
Since the elements in the chemical fertilizer are released faster than the elements of other fertilizers and are
available to the plant, therefore, by increasing the initial growth of the plant and as a result of improving its
flowering potential, the total yield increased, in particular in the first cutting, where the superior treatment was
the NPK chemical fertilizer. Further, due to the gradual release of organic fertilizer elements, the combined
treatment of chemical and organic fertilizers increased the yield. On the other hand, organic matter plays an
important role in soil fertility and performance. The rare elements in organic matter can meet the needs of soil
microorganisms, enhance microbial activities, affect soil-microorganism interactions, and indirectly affect crop
quality.
Conclusion

The use of organic fertilizer, when combined with chemical fertilizer, can enhance both the qualitative and

quantitative characteristics of tomatoes. By substituting a portion of chemical fertilizer with organic fertilizer,

not only can yield be improved, but it's also possible to reduce the consumption of costly chemical fertilizers.
This approach aligns with sustainable agricultural goals by optimizing the use of organic fertilizers.

Keywords: Biochar, Brix index, Tomatoes, Vermicompost, Vitamin C
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Table 1- Soil chemical and physical characteristics of the experimental site

Soil texture  Available nitrogen (%) P (mg.kg™)

K (mg.kg?)  pH

OC (%) OM (%)

EC
(ds m™)

(Loam) s 0.05 6.4

242 8.06 1.16 0.59 1.01
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Table 2- Chemical decomposition of animal manure, biochar, and vermicompost

Sample EC O0C OM o] CEC
specificgtions PH @sm (%) (%) N(®) P((%) K() C(%) (%) CIN (cmol.kg™)
Biochar 83 * * * 0.3 * * 476 93 1475 417
Vermicompost 7.16 2.34 20.9 35.9 1.54 1.92 0.751 * * * *

Manure * * 10.5 * 1.11 * * * * * *
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Table 3- Analysis of the variance of different organic and chemical fertilizers and their combination on the quantity, quality
characteristics, and yield of tomatoes in the first harvest

Mean Squares) e yo il
20 (e
Sources sljl ST o o900 Ko 3Sles ” S omoliag oS
Change "i”) Fruit Fruit Fruit °9'{‘° vield ol Vitamin ijg
' volume length diameter ~ Fruitshape e Brix C ycopene
index index
65‘“ ns ns ns ns * * ns ns
Block 2 8.65 0.042 0.086 0.001 67.4 0.609 1.19 0.249
oc
Ferii’; ror 11 359" 0.234" 0.123" 0.001™ 69.6™  0.558™ 1.39" 0.424™
Euajo 22 56.6 0.100 0.044 0.006 13.3 0.158 0.553 0.108
rror
C.V. 11.8 6.2 45 7.3 125 6.9 6.3 16.8

dopd N Jlain] g )3 (g5 ixe g 2o )3 B Jlein] o 13 (g3 e o )3 O Jlein ] o )3 (g5 e pis 4 *K, K NS
ns, *, **: non-significant, significant at % 0.05 and % 0.01, respectively
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Table 4- The effect of different organic and chemical fertilizers and their combination on - tomatoes' quantity and quality
characteristics and yield in the second harvest

(Mean Squares) e yo b
Sources oyl PEeeT o ‘J_’J’ o9 4’]” sgs0 TS SORI s
Change df Fruit Fruit Fruit 7 : g Vitamin
' volume length diameter Fruitshape ~ Yield Brix C Lycopene
index index
J?'b ns ns ns ns *x ns ns ns
Block 2 8.05 0.039 0.034 0.00006 85.8 0.398 3.36 0.249
oc
. :f 11 856" 1.01" 0.182™ 0.0126" 39" 0.445™ 9.88™ 0.467™
ertilizer
s
Error 22 143 0.363 0.054 0.016 7.31 0.130 1.61 0.094
C.V. 10.8 9.9 4.4 11.0 104 5.4 14.0 18.0

S0y ) Jlein] o )3 ()3 gme g Ao )3 B Jlais ] s 13 (g5 me o3 O Jlain] grlaws )3 (g3 dxe pis 3 54*F, K, NS
ns, *, **: non-significant, significant at p = 0.05 and p = 0.01, respectively
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Table 5- The effect of different fertilizers on the number and weight of tomato fruits under different
fertilizer treatments in two harvest stages

D%.o )Lé oy &
> ]
il 5WdgS o o3 Job Fruit o=
; o rurt volume Fruit diameter S
Different fertilizers -3 -
(em™) length (cm) (cm) Brix index
(First harvest) Jgl cpe
Bio 47.8 4.82 4.38 5.61
Man 53.3 4,95 4.63 6.03
Ver 55.0 5.01 4.56 6.08
NPK 80.5 5.61 5.01 5.16
Bio + Man 61.1 5.08 4.64 5.79
Bio + Ver 68.9 5.18 4.77 6.05
Bio + NPK 67.2 5.11 4.71 5.46
Man + Ver 69.4 5.24 4.78 6.55
Man + NPK 73.9 5.33 4.90 5.72
Ver + NPK 71.1 5.30 4.84 5.61
Bio + Man + Ver + NPK 69.4 5.20 4.65 6.02
Control 45.6 4,50 431 5.59
LSD (5%) 12.7 0.536 0.354 0.673
(Second harvest) pg> cp
Bio 845 5.85 5.09 6.40
Man 109 6.07 5.33 6.81
Ver 101 5.91 5.15 6.74
NPK 129 6.61 5.42 6.45
Bio + Man 111 6.05 5.24 6.91
Bio + Ver 96.6 5.78 5.24 6.58
Bio + NPK 121 6.37 5.49 6.61
Man + Ver 118 5.74 5.29 7.13
Man + NPK 131 7.16 5.54 6.69
Ver + NPK 127 6.34 5.45 6.69
Bio + Man + Ver + NPK 119 6.18 5.33 6.91
Control 80.0 4,73 4.61 4,99
LSD (5%) 20.3 1.02 0.394 0.61
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Table 6- The effect of different organic and chemical fertilizers and their combination on total fruit yield

(Mean Squares) el yo uSibe

5 gl @33l aa
Sources Change d.f ogae °:5~10-f &9.“’.“
Total fruit yield
Sob 2 304™
> 1 199"
s 22 21.1
C.V. - 7.9

dopd N Jlein] o 55 (6l xe g 2o )3 B Jlain] g j3 (6515 ixe o )3 O Jlain ] pdaws )3 (g1 xe pis o3 5™, *, NS
ns, *, **: non-significant, significant at % 0.05 and % 0.01, respectively
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Figure 1- The effect of different fertilizers on yield in the first harvest (a), the second harvest (b), and the sum of two
harvests (c)
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