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Introduction

At present, farmers are facing problems of shrinking landholding size, degradation of natural resources,
climatic vulnerabilities, and low financial returns due to escalating costs of cultivation and inefficient utilization
of agro-inputs. Thus, production per unit area of land, time, and inputs needs to be improved by efficiently
capturing the solar energy and carbon dioxide for conversion into economic products. In recent years, there has
been increased interest in agricultural production systems in order to achieve high productivity and promote
sustainability over time. Intercropping, as a common method in sustainable agricultural systems, plays an
important role in increasing productivity and yield stability to improve the utilization of resources. One of the
most important benefits of intercropping is increasing production per unit area compared with sole cropping. The
reason for increasing the yield in the intercropping is the better use of environmental factors such as water,
nutrients, and light. The present study was designed to investigate the effects of mixed and row intercropping on
yield and yield components of sunflower, cotton, and fodder beet.

Materials and Methods

In order to study the effects of mixed and row intercropping of cotton, sunflower, and fodder beet on yield
and yield components in three species, a split-plot experiment based on randomized complete blocks design with
three replicates was performed in research farm of Ferdowsi University of Mashhad in 2017-2018. Cropping
pattern (mixed or row intercropping) was allocated to the main plots and different planting ratios (50% Cotton
+37.5% Sunflower +12.5% fodder beet, 50% Cotton +37.5% fodder beet +12.5% Sunflower, 33.3% Cotton
+33.3% Sunflower +33.3% fodder beet, sole cropping of Cotton, sole cropping of Sunflower and sole cropping

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution
4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
o reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
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of fodder beet) were assigned to the sub-plots. Yield and yield components, as well as indices such as Land
Equivalent Ratio (LER) and Water Use Efficiency (WUE), were measured. SAS ver.9.1 was used to analyze
data, and mean comparison was performed based on the Duncan test.

Results and Discussion

The results indicated that in the intercropping of cotton, fodder beet, and sunflower and in all plant ratios, the
total LER was more than one. The highest LER was obtained in 50% cotton + 37.5% sunflower + 12.5% fodder
beet ratio and in both mixed and row intercropping patterns. The lowest LER was observed in the ratio of 50%
cotton + 37.5% fodder beet + 12.5% sunflower and the mixed intercropping pattern. The highest amount of LER
in cotton was obtained in the ratio of 50% cotton + 37.5% fodder beet + 12.5% sunflower and in both methods of
mixed and row intercropping and in the ratio of 50% cotton + 37.5% sunflower + 12.5 % fodder beet was
obtained in row intercropping pattern. In 33.3% cotton + 33.3% fodder beet + 33.3% sunflower ratio, cotton had
the lowest partial LER in both mix and row intercropping patterns. Among different ratios of cotton planting,
sole cropping, with 0.32 kg / m3, had the highest and ratio of 33.3% cotton + 33.3% fodder beet + 33.3%
sunflower, with 0.13 kg / m3, had the lowest water use efficiency.

Conclusions

Due to the different morphology, phenology, and growth type of plants used in the present study, it seems
that the intercropping of cotton-sunflower and fodder beet can increase the efficiency of using resources,
especially water. So, intercropping is one of the highly promising approaches for enhancing agricultural
productivity and profitability that can provide sustainability in the agricultural ecosystem. Intercropping reduces
the risk of crop failure, improves productivity per unit area, improves profitability, and can provide a pathway
to food security in vulnerable production systems.
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Table 1- Some physical and chemical properties of experimental site soil (depth 0-30 cm)
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Table 3- Mean comparison of yield and yield components of cotton in intercropped cotton, sunflower and fodder beet
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Height No. bolls per plant Economic yield Biological yield Harvest index (%)
(cm) ) (kg.ha) (kg.ha™)
cusls 53
Planting pattern
o) S ) 80.42 11.8° 1738.22 6563.82 26.82
Row intercropping
RS 67.2" 9.4b 1263.2" 5172.7b 24.9b
Mixed intercropping
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Planting ratios
la 743 11.22 1476.6 5594.5b 26.62
Ib 73.2bc 10.5% 1428.8" 5523.4b 25.92
Ic 69.5¢ 9.2b 906.1° 3504.9¢ 25.92
Is 78.32 11.52 2191.4¢ 8850.32 252
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* Similar letters in each column and for each experimental factor show non-significant differences according to Duncan’s
Multiple Range Test at 5% probability level.
la: 50% cotton, 37.5% fodder beet and 12.5% sunflower, I1b: 50% cotton, 37.5% sunflower and 12.5% fodder beet, Ic: 33%
cotton, 33% fodder beet and 33% sunflower, Is: Pur cotton.
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Table 5- Mean comparison of yield and yield components of sunflower in intercropped cotton, sunflower and fodder beet
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Height Head diameter ~ 100-seed &b 4"'3_ ;”9] ! Cesl>
(cm) (cm) weight (g) No.seeds  Seed yield Biological Harvest
per head (kg.ha!)  yield (kg.hah)  index (%)
cusls ‘59§J|
Planting pattern
iy S 180.3¢ 9.9 144 887,52 3299.4° 10608 32
Row intercropping
o2 i . 178.1° 9.70 14.92 850.52 3024.22 9918+ 30.1°
Mixed intercropping
il glacaws
Planting ratios
la 174.012 9.4b 1472 845.62 1628.5¢ 5306° 30.52
Ib 181.2° 9.6 15.0® 889.72 3241° 9883° 33.28
Ic 180.62 9.8% 1472 887.82 3136.1° 9909° 32.42
Is 180.72 10.5° 14.2° 852.92 4641.6° 159542 29.6%
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TXY (slddgle jaiin XYty 7YY IC L gladgle jaiin/l WW/O ¢ oo, SolsT 7 ¥V gy 70 :ID oI5 ) SLs VY0 (sladgle jaiia T ¥VID g, /0 dla
4 LAl cuss e ol Kol
* Similar letters in each column and for each experimental factor show non-significant differences according to Duncan’s Multiple
Range Test at 5% probability level.
la: 50% cotton, 37.5% fodder beet, and 12.5% sunflower; 1b: 50% cotton, 37.5% sunflower, and 12.5% fodder beet, Ic: 33%
cotton, 33% fodder beet and 33% sunflower, Is: Pur cotton.
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oS ol Sy a1 o mine w3l Al S b duglio
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J55 Ly ol sl byt e o ol 5oLl oS el s
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al., 2002)
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Table 6- Analysis of variance for planting pattern and different planting ratios of cotton, sunflower, and fodder beet on
yield and yield components of fodder beet

[CHJOVES 37 WP o3l 4 o S g 0 ,5das Ay y 3 ySdos S59 g 35 os Ol dpae 2,8
S.0.V. d.f Leaf yield Root yield Biological yield WUE
)‘)SJ . 2 1.14™ 2.36M 11.8™ 0.438"™
Replication
3l o) 1 4.16* 138.2™ 189.2* 6.89%*
Planting pattern (P)
(@) sl 2 0.557 0.585 0.321 0.281
A error
WK ‘Smw 3 95.6™ 929.2 ** 1586.2 ** 23.0**
Planting ratios (R)
S e xSl 3 0.674" 70.0%* 754" 6.61%*
PxR
(b) st 6 0.966 6.59 458 0.652
B error

s ows NS

oy gy g S Jlensl waw ) )b ne 5 Syt T

ms, **and"; are non -significant and significant at a=0.05 and 0=0.01 respectively.
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=15 Liwlejl ls (Koocheki et al., 2017) culs ol
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Table 7- Mean comparison of yield and yield components of fodder beet in intercropped cotton, sunflower and

fodder beet
S 3, 5es Ay y 3,Slos SC59gm 3,Sdes Sl dpas l,8
Leaf yield (ton.ha!)  Root yield (ton.ha)  Biological yield (ton.ha) WUE (kg.m3)
cubls oSl
Planting pattern
2y S5 1200 433¢ 55.5° 13.1%
Row intercropping
e 11.42 38.5b 49.9b 12.0b
Mixed intercropping
cusls LgLa:c..e.mj
Planting ratios
la 11.45 36.1° 47.5P 11.9°
Ib 7.2¢ 31.3¢ 38.5¢ 15.42
Ic 11.7° 37.0° 48.6° 12.25
Is 16.92 59.22 76.12 10.9¢
Dlaze <l 3l
Interactions
) CulS
Row intercropping
la 11.6° 41.2b 52.8¢ 13.20
Ib 7.2d 29.0¢ 36.2¢ 14.55
Ic 12.1¢ 41.7° 53.8¢ 13.50
Is 17.82 61.32 79.12 11.3¢
o2 )d CulS
Mixed intercropping
la 11.1¢ 31.0¢ 42.19 10.5¢
Ib 7.14 33.7¢ 40.8¢ 16.32
Ic 11.2¢ 32.3¢ 4354 10.9¢
Is 16.0° 57.12 73.1° 10.5¢

5,15 sy g Jlessl gaw 53 (g me BMIB] SSl 905l ol ys e jiolojl S oy bgyyo gt o 53 S o g > (gl (olouSilo
TN glabsle jain ZNY ks ZYYHC L ladsle jaiin ZAY/D ¢« oo S0l L YV/O sy 7 e oD L ols ST/ YD (sladsle jaiis L YV/D @iyl 0. dla
iy Lalld cuss’ :c .Ol.\)ig\:é’l
* Similar letters in each column and for each experimental factor show non-significant differences according to Duncan’s
Multiple Range Test at 5% probability level.
la: 50% cotton, 37.5% fodder beet, and 12.5% sunflower, 1b: 50% cotton, 37.5% sunflower, and 12.5 % fodder beet; Ic:
33% cotton, 33% fodder beet, and 33% sunflower, Is: Pur cotton.
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e mlis 5l edlatwl gy oS Wlgr o sel Cpl s 48”5l
5 oo Linlojl ot (Hulugulle & Lal, 1986) 1L o 1o
Lugl 5 o3yl bolswe cuisS (59, »» (Najafi et al. 2015) l,Ken
o Voo gl ) Ol s IS 4 ol L5 L eeds
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Table 8- Mean comparison of water use efficiency (kg.m-) of species in intercropped cotton, sunflower, and
fodder beet (for fodder beet, WUE is calculated based on fresh weight)

iy Ol S8 Sladgle juizs
Cotton Sunflower Fodder beet
cwls L;9§J|
Planting pattern
) S 0.262 0.872 13.12
Row intercropping
e 0.19° 0.79b 12,0
Mixed intercropping
Cbls lacus
Planting ratios
la 0.220 0.81° 11.9°
Ib 0.21b 0.932 15.4+2
Ic 0.13¢ 0.902 12.20
Is 0.322 0.68¢ 109¢

5 20> gy Sl g 53 (g )b sine GBI (Sl ppgeil ool s ialojl 5518y & bgiye gty p> S yde By s (sl Sile %
P TEIESRVEND/ o VYA o O [N PEIN PSR VERD/ARN 77- W NI I/ o 77\ R/0 S | O MU /AN 77 FEIN PSR RN/ o 77 PV ly/A O -
FYTON | EQUENEL 4 [ N /4 o o
* Similar letters in each column and for each experimental factor show non-significant differences according to
Duncan’s Multiple Range Test at 5% probability level.
la: 50% cotton, 37.5% fodder beet, and 12.5% sunflower, 1b: 50% cotton, 37.5% sunflower, and 12.5 % fodder beet;
Ic: 33% Cotton, 33% fodder beet and 33% sunflower, Is: Pur cotton.
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Fig. 1- Partial and total land equivalent ratio for different arrangements of intercropped Cotton with Sunflower and
Fodder beet
Ima; 50% cotton, 37.5% fodder beet, 12.5% sunflower, Imb: 50% cotton, 37.5% sunflower, 12.5 % fodder beet, Imc: 33%
cotton, 33% fodder beet, 33% sunflower (Mix intercropping).
Ira;: 50% cotton, 37.5% fodder beet,12.5% sunflower, Irb: 50% cotton, 37.5% sunflower, 12.5 % fodder beet, Irc: 33%
cotton, 33% fodder beet, 33% sunflower (Row intercropping).
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Introduction

Salinity, as one of the worldwide limiting factors, can restrict crop quality as well as world food products,
particularly in arid and semi-arid regions. Yellow sweet clover (Melilotus officinalis L., Fabaceae family), an
herbaceous plant with both medicinal and domestic utilizes that the most salt-tolerant legumes can improve
sustainable agriculture in saline soils. In order to minimize the harmful effects of salinity, various strategies,
including cost-effective and efficient use of foliar spraying, are adopted to increase plant tolerance by mainly
alleviating Na and CI injuries to the plants. Ascorbic acid (AA), a natural water-soluble antioxidant, and proline,
a beneficial solute amino acid, protect the plants as an anti-oxidative defense molecule during various stresses.
Foliar urea application directly affects nitrogen metabolism in saline soils and, consequently, amino acid
synthesis.

Materials and Methods

Two years (2017-2018) of field experiments were performed in a research field at Urmia University. For
each year, the experiment was arranged in a split-plot design based on a randomized complete block design with
three replications. The main factor was soil salinity (0.9 dS/m — as none-saline and 6.7 dS/m — as saline soil), and
also the sub-factor was foliar application including proline (20 mM, 2.3 g/L), ascorbic acid (5 Mm, 0.9 g/L), urea
(46% N, 10 g/L) and control (water spraying). plant biomass (oven-dried at 80 °C for 48 h) and seed yield (with
15% moisture content) were measured from harvested plants from 1 m? of each experimental plot. The chemical
composition of samples was obtained based on the standard procedures (The quantities of Photosynthetic
pigments and osmolytes) and forage qualities. Comparison of means was performed by Duncan’s multiple range
test (DMRT) at 5% and 1% probability levels by using SAS and MSTAT-C statistical software.

Results and Discussion
The analysis of variance showed that the interaction between salinity and foliar application on biomass, grain
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yield, chlorophyll a, carotenoids, proline, soluble sugars, and all the characteristics related to forage quality were
significant. Also, the effect of salinity on chlorophyll b and glycine betaine and the effect of foliar application on
chlorophyll b were significant. The salinity increased the amount of acid-soluble fiber, water-soluble fiber, and
total ash, but the amount of crude protein, digestible dry matter, water-soluble carbohydrates, and crude fiber
were higher in non-saline conditions. In the non-saline condition, the use of ascorbic acid increased the amount
of crude protein by 6.8% compared to the control, but in saline conditions, no significant effect was observed.
Under saline conditions, foliar application of urea had the greatest effect on acid-soluble fiber and water-soluble
fiber, so in these conditions, urea-sprayed plants had 0.5, 7.86 and 1.69% more acid-soluble fiber than control
plants and plants treated with proline and ascorbic acid, respectively. Also, in saline conditions, the amount of
water-soluble fiber in urea spraying was 0.46%, 3.32% and 6.31% higher than control, proline, and ascorbic acid
treatments, respectively. Proline improved biological yield and grain yield by reducing the adverse effects of
salinity, while foliar application of plants with ascorbic acid did not show an additive effect on yield. Osmotic
regulators can act as mechanisms to maintain cellular water potential in plants under salinity stress.

Conclusion

In general, biomass yield and grain yield were lower in saline conditions than in non-saline conditions. In
both conditions, urea foliar application had the greatest effect on yellow sweet clover yield and increased its
amount compared to control and other treatments. In general, yield reduction under salinity conditions may be
due to inhibition of photosynthesis, which causes the plant to absorb fewer nutrients. Our data show that foliar
application of urea in saline conditions counteracts the harmful effects of salinity on plant yield. Based on the
results, the amount of NDF and ADF increased in saline conditions compared to non-saline conditions. The
highest amount of acid-soluble fiber and water-soluble fiber was obtained in salinity conditions and by spraying
yellow sweet clover with urea.
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29295 SLaSLE 3 (359,55 pwdplio  lositis § A3L o
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slaptiSly i L plase 1) oS 59y 9 (e S
a b asllas ) ool 5ol Eals o slesdsid dlge 5 ladgS
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L g 9 3lge
O Cudewl Cyaods WAV § WWAF sla Sl jo Gudoo oyl
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9 CwMg)lS ol LSl a1 oy39) Som el r9d
yome 8 Jedg IS Gials (Bl il g e b9yl (e il
Olie L5 glej 2 48 SLalS 5 250 jrwgs (el &
2935 sy jriwgd G S i 1) g yide b kS
.(Sharma & Dubey, 2005) ssuu polie i yly

(S5 ply ) polae slapsS) loicay Melilotus (slaaiss
G 3 B dge y58 S K 1) Jlk 65y5liS Wl e
a6 s 5 Wbl eyl B ales ) oS
psS) S 45 ol WS e A5y 598 aS 3ble > Melilotus
(Rogers et al., 2008) cuwl [Siio (sladosle oo

sl s b 5l (g2a0t0 OLS 5 S 4 Jo5 1
5 el da sl o wlsial 45l (35,23 sol> LSy
Ol s Jos O)ly (sjeml GlaoniS el lsicdr b
9 035-e3 S8 Jsho o2 (654 g il i i 4 OS5
s9daiedss (Ashraf & Harris, 2004) x> o ol 1) a5 6]
ador jl il sl il )98 pae Ol by Jolus 4
oS Joou il 8l sl (o8hJolne 5o 9 40 4 (195ke Jlos!
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(Valizadeh-Kamran et al., 2019) »,5
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51 oolazul ¢ imgls ,> (Bastam et al., 2013) v cilaus] ]
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o L 8l al5 8 Ll e g 0ol 55 1,2 Jis)lS oo
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Sl oolaiwl Uy a5 oo dsyio SIS il a5 &ysn oyl
pLoml (s s Slilas 9 5 035 o0 4 ae 50 S gilsadss
3,5 bl e il Yo oxVOe o5l 4 bl slacs S .cé)8
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Table 1- Soil physical and chemical properties of the experimental field

N
Silt fasle Culas o C e B oy
il o < ; VIRV et O T i [WRTS e
salinity ) Organic . EATES N Available P o4 Na
Clay material pH EC (dS.m (%) Available K
o (%) B ’
Sand (mg.kg™)
.. 32
7 41 16 76 0.9 0.09 13 187 13
Non-saline 27
36
7 40 1.03 7.4 6.7 0.07 10 185 165
Saline 25

Chlorophyll b (g.I'Y) = (21.50 x OD646.8) - (5.10 x
0D663.2)

(v) bslso
Total chlorophyll (g.I'Y) = (0.0202x OD 663.2) +
(0.00802x OD 646.8)

(¥) abslso
Carotenoid (g.I") = {1000 x OD470) - 1.82 Chlorophyll
a- 85.02 Chlorophyll b}/198

g4, :0D663.2 ; OD646.8 ODATO ] ) a_S
SEVIY o SEFIN XY+ lazes Job 55 wis e oamd L
Al plogil

OhbSen 5 (i b9y 5 (g Slye 6 p=Soilul (ol
O opbg oy o STy wlwl , (Bates et al., 1973)
o3 Oygods (S ojl Bl jlp)S /01 (ol gl b olitl
s Seladlossilgs Sl 1) oo Ve 55 5y L o Sl 3
L yogls OV zoso Job jd Juol> (sladiges .o 02l 1,8 sy
5 3 agibg il ol8iwd KoS

2 ol gy i) 0355 3 Sles (S ojlul sl
Jbo 53 909508 V0 9y N 2 WWAP o) bapls jorls als o
(o puf 9 youd baslyd (glyy i 2ldpe VO g 2lape Y 3 VYAV
Slaasse was cdly JolS jobar & o jl e jlo So
3,5 Bl sy A gl p3 caeliw YA Goeds oas iy
s yo 53 aild 3,8dee (3y9] Cowddy (gl NAS e g oSl
o= 395 V90) ye Vo3 V0 3585 3 &by b)) S gl
o9 lalpd el G (Bl 1 g gy VAY) e V0 g (el
Er sy S L) ey il S Bdo ) ey (195 58 9
D (g5 el ) S8l g sy JalS psboay ol

(Turner, 1981) y55 gy St JsbyslS s Sosla
Sloslatwl b g a Judg s cilale eyl o 9 .cdply &joo
Lichtenthaler & Buschmann, ) .55 awlsws 55 sladlsle
(2001
(V) 4oleo

Chlorophyll a (g.I') = (12.25 x 0D663.2) - (2.79 x
0D646.8)

(V) aoleo
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Jleas! g )3 5SSl (glaiely dix 905l SaSay 9 MSTAT-C
A plsl o pd g

Hlasob Hlis Jlo ¢ laodly oS 5 uwilylg o0 guls
2 Joe Gaid (e g 4l 3 See 035 3 Slos p Jlo
Soo)d iy 52 3595, i 2 ol Bl g 20> S Jleto] s
2 8L o 9 D J89)lS i 2 (6098 S A I hme
P 0 Jd9)lS e 1 (Bl Jglre Sl g aops S Lot e
9 o9 o Jlite OlpSlag o e ho )y iy Jleis] o
@ Jdg IS cails 5, Slas 039 5Cinj 3, Slos 1 (8L Jole
o 090 Cluogad (alod g Jslore (ladB (g 45958
b I e oy S Jleinl e 5> ddgle iS4 by
Slyoe o (BbJglre 5 )98 (Jlo o Jilite 3T Gioeen
Ol 2 9 3oy i Jlesl a3 ol SBUI g @ Lég)lS
Jloiol gaw 53 ddgle cudS” (lil plo 5 Jole boaiB (g
(F 9V ladgin) 18 )l de doyd S

dila o Slac g o0 gicacas )y 9 ySlac
3y Slos oygi baylyd o a8 oy L bodly b 1Sl duslie
A Cud Joyd V0 9 2oy VY i s &by 5 Sl 5 0395 Cunn
Or iy 09l 98 9 s pd Larlpd )3l ialS Hed s Ll
33 SatygSwl Aol 5l odlaiwl sl 1y &l g 0395 ; 5 Slos
3pSos Ly adaly )5 dlatesMe b6 Cojo jodb s g y9 Ll
2 olS ady yials (B Jads) cudlis cily 5,Slos g 0395 Cauns
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Ol 38l A s 13 (el prlald g S1S Jolre u]p.{JMwLu
(Hasegawa et al., 2000) sy cuus lals 3 oo clale
Jdoan il 4 Shae (698 bl 13 0, Slee tals (IS j5boay
Sg—o yiaS il el 4S5 Al (6)9d SIS CoT g e
el L L olibsy 5l ol el g oo olS lawg s
09155 Lol g alie (Oko, 2011) o, Kan g o8 ol clii>s

8 gy bl jm S (TSSY) 57 Jo-loro sl
&ly— i s (Dubois et al., 1956) s wl 585w
ke 1Y Jslome JS slacytngy S Shids (5 S5l
95 i e dws g o 4y islejl dg) S50y 4y SN olas
Sl pd (po Voo o+ C)?)—u1 P (e V0 ) 0dd A 035
Cidedy u...uLo)T sladlgl .ui 03438l OT & (WIW JVY S50 gus
JSis 55, eole b s o3y H)3 g Of plas j> aids V-
zo—= Job L"’Oi ol O‘}ﬁ.‘c drdiged oy S5 o 03,5
A (6803l yrogudg Sl ol&iwd b yiogil £YO

089y ool 1= (GBT) 0l (s (3 9 (6 S 0ylae
Slgime i plodl (Grieve & Grattan, 1983) Ul,S 4 5,5
e yiogll Y20 5o Jobo 53 mansliy o b 28Ty 5l ey 052
oy hwgs o i A (s (S ptegiB il (09
b g ySejlasl it slyole dndl b odalie 8 yiogids Sl
Dynamica, Halo DB-20-UV-Visible )
.(Spectrophotometer, United Kingdom

9 WVe) 2S5 2o Ve b lojen digle CudS o Caa
Cubly (9 308 9 )9 baulpd sl i Sl 5l g 59y VYO
o sl u_m.:Lo)i slac S by sl 5l olS .us sl
Oliedes ey L g 00 oy (g yia Sl iy g5 5l 5 sles
3 g 00 Ol LadSges 0 ()59 9 Suid duoyd VY Cugh,
=B Sid ool e N0 0y yio duo S b 4 Sl S
{CP?) £ (553 (WSC) Jslwe 15055 (DMDY) uin
Sl > Jodme 08 (CFY) pls LI (ASH”) S o uss
b g, 3l edliwl Ly (NDFY) o )5 Jode b (ADF)
Percon- Ji. Spectroscopy (NIR) <Ga55 50,8 ye0le (2w
oLzl b olStwd yguwl 8" .50 (5 ,45s 5101 Inframatic 8620
A plool (Jafari et al., 2003) o, San g (g o> o3, jl

1- Total soluble sugars

2- Glycine betaine

3- Dry Mater Digestibility

4- Water soluble carbohydrates
5- Crude protein

6- Total ash

7- Crude fiber

8- Acid detergent fiber

9- Neutral detergent fiber
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03y bis el oyl sl ol Bl il 2ol (NCl ,Yge Lo
Del Amor & Cuadra-) 3 o e kS b alis yolde 4
aS 2 o ol b sleodls 0 Sloe L alayly 5> (Crespo, 2011
e O3l L oS ablie ccly o Laulyd )3 o)9l (o8l Jole

Do (§y9u

Sl s e L5 05yt 3y 5l s S
oLl 53 0355 j 3 Slos § Sy g ol (SuJelg 389890
9 LSSy el Hhalidl (s ine sobas ()98 b odd slas
b Jodoe 55,8 )55 (Venkatesh & Basu, 2011) awl
Cicer ) dg50 oLS o 1y asily 5, Slos g ol cas L slass o
Brassica ) 18gp oS Sis 59 00 i3l (aritinum L.

S ,> (Melilotus officinalis L.) 3,; doxigs 0LS ow )y 3590 ©lho 51 (A 3 33 (oWbglome w31 (las o 3uSlao) uily ylg 415565 -F Joua

290 il 9y
Table 3— Analysis of variance (mean of squares) of the effects of foliar spraying on some traits of yellow sweet clover

(Melilotus officinalis L..) under saline and non-saline soil

©la e nbe
Mean squares

&b ap a by is b Judg s Wgi ey A8 e
K JOWS; ‘5,|)~i 0395 Comny § ails 5,5los Chlorophyll  Chlorophyll  Carotenoid Proline Joloxo ol
sov  df Biomass Seed yield a b Total  Glycine
soluble betaine
sugars
e 1 49959602.08™  350208.33"" 0.17m 0.12™ 1.07" 2.52m 2.78™ 3.61™
Year (Y)
(Jb) b
Block 4 80047.92 108.33 0.15 0.05 1.24 4.74 0.06 0.55
(B)
g
Salinity 1 23060268.75™  24300.00™ 0.77" 0.39™ 0.71m 0.00m 0.00m 3.89™
©)
SxY 1 259602/08™ 2.08m™ 0.82"" 0.24" 0.38m 0.34m 0.00m 0.74™
a ‘ESU” 4 49085.42 57.29 0.04 0.02 0.12 0.24 0.02 0.01
a
sl
Foliar 3 1262924.31™ 182430 0.15™ 0.12* 0.73" 14.12" 0.56™ 2.54m
spraying
(FS)
FSxY 3 274718.75™ 5.55m 0.41™ 0.18™ 2.13™ 9.4™ 0.82*" 2.96™
FSxS 3 446552.08"™ 897.22™ 0.25" 0.05™ 1.73™ 7.49™ 0.60™" 1.09m
FSxSxY 3 93318.75™ 2.08™ 0.20" 0.03™ 0.28™ 9.68™ 0.58"" 0.91m™
b ESL;)” 24 59313.89 91.14 0.06 0.03 0.23 143 0.11 3.14
Sl ey 5.44 3.36 4,72 7.53 8.99 10.14 10.46 19.55
CV (%)
I gixe s M o )d S Jlain] s )5 5 Gxe FF o yd gy Jlain] e )3 Iy e
*: Significant at the 5% probability level; **: Significant at the 1% probability level;™: not significant
5 atel cawday joi balpd 43 g Jlo glod ;3 )3 ol lise (568 (S yiieu 938 (5Lao 3480 4 (5 gine

Jlo 5l AV Mgt FW) ks (o8 l5e o yidis 50
a5ig olS (Sb Jgke (Y Jodo) A5 samlie joi baulpd 1 9

Oyo oyt Bl LialS 6)95 5L cov b Ly IS
55 5 baly 3 9 1% o3 (Y/A mg.g* FW) b iy 5
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PS5l SO lgis s Syl dol 290 g3lanns a5
(Khan et al., 2011) 3_5 o Joe 5950 STy Jloe sy
PLE 21y 35558 5 D Jo)lS @ Jo)lS liee 5398 25
ol wl ¢ Jls ol L by Lzals (Triticum aestivum L.) puis

Talat et ) A (€ gl dl.mo)’,,il) Sy Casly ‘_)J”; 5! ‘)'Q9).3
[al., 2013

S 1A uda)ls b (g 5 SoygSsl sl Jlasi 35
4S5 b l5S tmgly 3 F giz) ol (RalS (92900 U 55
(Y oo 5lon) SygSnl sl 31 o3lil YU (6590 byl s s
(Cicer arietinum L.) 5459 Lol plya Jdg)lS ol5e
A Jd9)lS ggeom0 9 0 Jid9)lS lgime Sl cpl L dnd oo ol
bS5 58 SappsSanl dl (2,5 Jlowiwl 515 o5 b

sladiss (il 50,k 5l Wles o (595 35 (Beltagi, 2008)

9 gl g yoi S 45 (Melilotus officinalis L.) 5, ags 0US adgle CodS w obglne 51 (ol po (pSlo) (il g 413505 € Jouo

Table 4- Analysis of variance (mean of squares) of the effects of foliar spraying on forage quality of yellow sweet clover

(Melilotus officinalis L..) under saline and non-saline soil

©la e (n0le
Mean squares
&be 4y Olypdadgr)S 3 Jolro <Sul rud
Olwis il B Sdbel G g syl R N N
S.0V df  Crude protein a2 B Water soluble Acid S 4SE crude o
Dry matter ~ carbohydrates detergent ASH fiber Neutral
digestibility fiber detergent
fiber
Jlo " " . - "
91.16 1409.09 51.21 1369.06 2.68M 18.93m 648.63
Year (Y)
() Sk 4 4.64" 8.89m 4.4 10.58" 4.33™ 4,13 13.69™
Block (B)
K9
Salinity 1 66.67™ 676.57™ 1.56™ 566.29™ 2.78™ 69.14™ 485.45™
(S)
SxY 1 9.96™ 186.08™ 2.52"m 116.59™ 0.00m 7.65™ 17.29™
a Léi” 4 0.01 2.67 0.38 2.80 0.01 0.52 7.72
b sloce
Foliar 3 63.94" 62.68" 1.49™ 23.53™ 1.06™ 17.26"  92.46™
spraying
(FS)
FSxY 3 19.73" 14.42™ 3.14™ 453" 0.13" 47.07 36.67
FSxS 3 20.87" 98.58™ 2117 95.90™ 0.27" 15.78™ 27.24™
FSxSxY 3 16.92™ 57.14™ 2.36™ 40.73" 0.71*" 2.18" 30.37
bEL[:‘)” 24 0.62 1.24 0.07 121 0.01 0.59 2.46
Sl 3.75 1.94 2.09 2.52 1.04 2.76 2.82
CV (%)

I gixe e M o )d S Jlain ] s )3 5 Gxe FF o yd gy Jlain] e )3 Iy ize
*: Significant at the 5% probability level; **Significant at the 1% probability level;™: not significant



1FeY Gliwoy « Foylod VO alo ¢(55yglis (owliod pgs s s £YY

&9 T 43 (Melilotus officinalis L.) 5,5 asigs ails 3,Sles g 0395 Comnj (595 (ol oione f1 (1Sl dunnslio —0 Joun
Table 5- Mean comparison of foliar spraying on biomass and seed yield of yellow sweet clover (Melilotus officinalis) under
levels of salinity

Sy il gl 5395 Camal &y 5 Sl
Salinity Foliar treatments Biomass Seed yield
(kg.ha't)
L aald 4765.00+£1129.98 b 291.66+95.42 be*
29 e Control
Non-saline osdl
23 5753.33+1085.00 2 327.50+94.27 2
Urea
L"*-J’,)*f 5341.66+899.96 b 306.66+93.36 P
Proline
“gff”g‘f' *’“‘_" 4790.00+1138.63 300.00+93.22
Ascorbic acid
aald 3896.66:+1396.26 ¢ 272.50+94.59 ¢
Control
% 9| 3970.00+1444.99 © 275.00+93.54 ¢
Saline Urea
L"*-J’,)*f 3813.33+927.00 ¢ 254.16+94.36 °
Proline
Syl el 3425.00+1093.28 ¢ 244.16+92.81 ¢

Ascorbic acid

ol doyd gy Jloin] prdane 53 )b cixe gl oind L gty 50 Ciglitie By > *
* In each column, different letters indicate significant difference at p < 0.05.
Slixe Sl
+Standard deviation (£SD)

s oli8l dewly ol ,o (Abdelaal et al., 2018) uis” Jos
U gia) e aons g analis il b 69 Laulyd 53 Jslows
Sloize angi |8 3oy (Darko et al., 2017) ¢l ol yon
Sialidl 1y LS Jsloes claiis (lioee Yais] a8 wiS o Sy 05
Oleieds (odap 9 (il M5 (Hasani et al., 2015) s .
i 2o kS 3 &S Wi sl (ot dipel (cloiul
(Storey etal., 1977) 545 o dlow! glits Folaw 43 (g
5 S 3 s glacdgenl lojen s 9 (lgn @eas
(Bhuiyan et al., 2016) ¢l ons 5,5 151 (6y95 b Lyl
L S (Slgime 2 (6l sime 5B B Jglore (slajles
s 5 cisS o 45l 00 aseie oy obel .l
Al )..\_.5‘_,’_9 olal d)“’-“"] J)L:S Lﬁ])—’ uol_'> MS)J < )l

9 S yoSwl dumwol coygl Ly b Jo-lxo .(Hassan et al., 2016

(5 o) 3s 6y 50 gy lgome D90 el opdg

el gac
1S ygSssl sl g gy coyg) (bl Jglone y98 bl yih 5
Or it 3 GRali8l (a5 B pliser |y S oW Oliee
kg 5l gl Jlw 13 (15.47 mg.g™ FW) gy oliee
(913M.g™ o] (liee (e 5 59 e Ll 3 0pgl b lalS
Joi) del Camddy yob bulys )3 9 18l (lalS ) pgd Jlo FW)
5 255 baal )-8 ) Jolone (slodid 5 (g (e &Sl 2529 L (P
298 SIS 55 (8l e slgie (Jg 95 53 sne y9b e
Jlw 50 g dop i MW Jlw o jobpué bld & Caus
53 Jgbore 435 il [V Jgde) il Lialihl doys Slas AYRY
b dgdome (Bl (I3l 9 g 598 Laulpd ) (oBL Jglne
9t y5b yé bl b 3 1) Jodoe 28 IS liee (g 9 00l
2 (F/Y-mg.gt FW) Jslowe sload (e cnyid 5 aioy
Cowddy yod s Lalpd 53 09l b GlalS (8L Jgkxa I g Sl Jlo
ol Slgisds Ll o (S5oml (sloosiS et 5 Jgaz) ol
Grs=d O €8 GlalS ) Jobo O Jpuily b gl ol
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Table 6- Mean comparison of interactions effect between year and foliar spraying on some physiological traits of yellow sweet

clover (Melilotus officinalis) under levels of salinity

Jlo Judgylsa 3
Year Sy _«:M’li‘-bl’“ Chlorophyll a ‘”J”J s o
. Foliar treatments Proline Soluble sugars total
Salinity
(mg.g* FW)
298 sl 5.49+0.17 @ 12.4340.17 ¢ 2.73+0.16 ¢
Non-saline Control
23| 5.77+0.15 2 15.4740.15 2 4.200.192
Urea
oo 5.54+0.15 @ 9.38+0.10 f 3.82+0.13 %
Proline
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In each column, different letters indicate significant difference at p < 0.05.
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Table 7- Mean comparison of year effect on Chlorophyll b and Glycine betaine of yellow sweet clover (Melilotus officinalis)
under levels of salinity

bddg S ol S

Chlorophyll b Glycine betaine

Jw S
Year Salinity
29 pE
\yas Non-saline
2017 Y%
Saline
294
wyay Non-saline
2018 Y%
Saline

(mg.g* FW)
2.80+0.29 2 8.93+1.26
2.48+0.23° 9.75+1.15°
2.56+0.19 ° 8.63+1.77°
2.52+0.19 8.95+1.73P
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* In each column, different letters indicate significant difference at p < 0.05.
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Table 8- Mean comparison of interactions effect between year and foliar spraying on forage quality of yellow sweet clover
(Melilotus officinalis) under levels of salinity
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* In each column, different letters indicate significant difference at p < 0.05.
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Introduction

Drought conditions are one of the most important abiotic stresses in the world. In the first place, the best way
to prevent the reduction of crop yields in drought conditions is to use natural compounds that play a key role in
growth, development, and response to environmental stresses. Quinoa (Chenopodium quinoa Wild.) belongs to
the Chenopodiaceae family, a plant with high nutritional value and rich in protein as a future crop. Due to the
high resistance to various biotic and abiotic stresses, global demand for quinoa is increasing, and its global
production is less than market purpose.

Materials and Methods

This experiment was conducted during the 2020-2021 cropping season as split plots based on a randomized
complete block design with three replications at the Zabol University (UOZ) research farm, Iran. The main plot
factor was irrigation regimes at three levels: 1- Irrigation equal to 100% crop water requirement (control), 2-
Deficit irrigation equal to 75% crop water requirement (mild stress), 3- Deficit irrigation equal to 50% crop
water requirement (severe stress) and six levels of foliar application was assigned to the subplot: Control
(sprayed with distilled water without ethanol), 70% ethanol, 0.5 mM SA, 0.5 mM MeJA, 1 mM SA and 1 mM
MeJA. This study measured plant height, stem diameter, panicle dry weight, root dry weight, dry matter, seed
yield, harvest index, stomatal conductance, electrolyte leakage, chlorophyll florescence and water use efficiency.
Determination of irrigation interval and crop water requirement was based on CROPWAT 8.0 software and the
Penman-Mantis equation. For plant coefficients, used FAO default data. Irrigation planning was determined with
85% efficiency, and the water volume of each plot was calculated using a digital water meter.

Results and Discussion
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The results revealed that the irrigation 50% crop water requirement (severe stress), regime increased
electrolyte leakage, water use efficiency, and root dry weight, whereas it did not significantly affect Fv/Fm,
stomatal conductance, and harvest index. The highest plant height, with a mean of 144.02 cm, was obtained from
100% crop water requirement and 1 mM SA, and the lowest, with a reduction 71.5%, was obtained at 50% crop
water requirement and no spraying conditions. Quinoa had 54.3% higher seed yield than control under drought
stress conditions owing to unaffected Fv/Fm and stomatal conductance and less electrolyte leakage. Spraying 1
mM MeJA and SA increased chlorophyll fluorescence (22.4%), stomatal conductance (53.4%), and harvest
index (38%). In severe drought stress (supply 50% crop water requirement), foliar application significantly
increased the water use efficiency (from 0.2 to 1.1 kg m®). In severe drought stress, increased quinoa seed yield
was due to an increase in water use efficiency. According to the results, drought stress decreased physiological
and seed yield traits; 1 mM MeJA could increase the seed yield (292.93 g m) and partially compensate for the
reduction caused by drought stress. Also, seed yield with a mean of 281.96 g m? was in the second rank at 1 mM
MeJA application and 75% crop water requirement (mild stress) conditions. Fv/Fm ratio was not significantly
affected by drought stress. The highest harvest index was observed in 1 mM MeJA and SA compared to the
control. Therefore, to minimize the effect of drought stress, we could recommend using 1 mM MeJA.

Conclusion

The least stress treatment for quinoa economic yield supply was 100% crop water requirement (control) and
1 mM MeJA application. Also, the average seed yield (281.96 g m?2) was at the second rank in 1 mM MeJA and
75% crop water requirement (mild stress) treatment. It seems that stress tolerance mechanisms study and MeJA
foliar application are necessary, especially in areas with less water, and we need to develop crops that are
possible to produce high quantities with require low water in farms.

Keywords: Chlorophyll fluorescence, CROP WATT software, Drought stress, Plant growth regulator, Water
use efficiency
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Table 2- Analysis of variance (mean of squares) of spraying and drought stress effect on measured traits of quinoa

“?)” Wg e, allw ,hd Add S 39 iy S (59 < id osle Sl 5.5
sS.0.v 8150 Plant Stem Panicle dry Root dry Drv matter Seed vield
df height diameter weight weight y y
I 3
’ _’S‘ . 2 88.32 1.37 419.03 108.91 209363.60 189829.65
Replication
Drought 2 5715.47* 43.13* 108015.24** 3470.70* 3185703.38*  3274843.74*
stress (D)
a clbs
4 700.55 6.06 5180.80 376.50 353496.53 216739.33
Error a
o l"bb“’ 5 1601.06** 9.57* 9835.76** 2948.21** 2894890.67**  2359003.27**
Spraying (S)

Dx S 10 511.09* 8.15* 5452.85** 787.83* 819317.35** 150920.08*
bsles 30 228.46 3.42 1693.20 360.24 160053.02 64328.71
Error b

P 15.26 15.72 18.49 17.18 10.39 12.33
CV (%)

o> S g duoyd gy Jlesn] e (5 5 xe s Sy

*

*and **: are significant at 5% and 1% probability levels, respectively.
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A osalie 15 9S> (Keshtkar et al., 2021)
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28 bl (3 (Y Jgia) €85 )13 sl 5 (Suis 15
oy Ve ools Ll )3 Slgewls Juio ,Ygo o G clale
3905 dulgi migeyio )3 p)5 VAN Jaleo  Siis odlo olS uj 5L
i gt i Bylogi L Ly dclie )3 45 51 jegdle oS
ookl pae byl i Uy anlie )d (g0l Y0 2905 yiol58l &
dilen b (as iiS) olS ol 5L oy B UAAL PRy v
3 wegmasdl e dlgs oyl 5,8 il 5 Slas p baygtd! 5
oS (s i oale dgupo 0 (5,550 i o Sl D byl
33l 0l T 5 dopd Voo el Laslyd )3 S g ooty wcils
Jls ob Ll al]) Sis ool 5)Slos o yd V5 dgas b jgiaanad!
Sid odlo (yalp VIO iali3l amls wyad (55 Hles a5 )]
— (Anjum et al., 2016) ,LSen 4 pgsl (Y Jgin) w2392
O cov Gligewls Jao b odds jlawd LS o a8 58" 4Ly
(Sl 25kes s B 5 pKoin phals 8l wals 5 (S
slazewl | glod s ol Gligawls Juto (i odnlin puS
byl b cod alS o 1) (olerdsn 5 (Soiglssd ((Seglshyse
dslllas oyl ,5 (Creelman & Mullet, 1997) 5350 o o i
dste e 3 58,5 3L s B pgons o i) et
Gl S bLEE ()l ial5dl ol &8 4l il Slgasls

lginS (S259998 )90 o Byt 1 (SWid AT g (il dglore T (Sl o (a5le) il )l 455 € Jgs
Table 4- Analysis of variance (mean of squares) of spraying and drought stress effect on some morphological traits of

guinoa
4?)3_ iy sl S g SN il Slaijey Cald  Jede S lwpgls by 0,5

SOV 51 arvest index Electrolyte Stomatal Chlorophyll " WUE

df leakage conductance florescence

)‘)Sv . 2 62.36 131.03 2.83 0.0254 0.0335

Replication
(S 2 830.82 ™ 2931.2* 17.57m 0.0080 ™ 0.1186 ™
Droght stress (D)

Al 4 330.56 283.68 32.85 0.0187 0.0360

Errora
il Jolone 5 388.84 ** 787.13% 301.93 ** 0.0346 * 0.2665 **
Spraying (S)

Dx S 10 69.20 221.33** 59.36 ™ 0.0089 ™ 0.0521 **
bslas 30 41.80 48.81 32.82 0.0136 0.0070
Error b

et - 12.32 11.93 19.88 14.99 13.89
CV (%)

oy S g doyd gy Jlain] g )3 5 ixe > xe ué s gay K 4 * NS

ns,* and **: are non-significant, significant at 5% and 1% probability levels, respectively.
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Table 5- Mean comparisons of simple effects of spraying on the measured traits of quinoa

W ylow
Treatments Cuild yy as bl M50y colun Jadg S pwiluw yold
wbjgbw Harvest index (%) SE?nmratoe}lﬁ(zngt.jrl:ﬁ 22;8 Chlorophyll florescence (Fv/Fm)
Spraying

So 42.49 d* 22.53 cd 0.67 b

S1 47.25 cd 21.64 d 0.72 ab

S2 52.48 bc 32.00 ab 0.81 a

Ss 5447 ab 2767  bc 0.80 a

S4 59.28 a 3449 a 0.82 a

Ss 58.70 a 3458 a 0.82 a

5 gl ime il Mo yd gy Jlesnl 4y o cdablone I ime BMS] JBlus yg0jl b S yriie B G JBlis (il (sl nSibe ygiw pa 0 %
Yo o S 1S5 5 Suliudlo ol ;Y g0, oo S5 1S4 wligomsls o ;Y50 duo /0 1S3 «Syliudlis dpuol ;Y g0 o /0 :S2 hoys Vo Joilil :S1 o jlasie i :So
Slgansls Jiio
* Means with at least a common letter in each column are not significantly different by FLSD test at 5 % probability.

So: Distilled water, S1: 70% Ethanol, Sz2: 0.5 mM SA, Sz: 0.5 mM MeJA, Si: 1 mM SA and Ss: 1 mM MeJA.

LAl GRS e 3 48 Cdl da g gl job @l @ g
IS (s 5ihuogi bl jia (ol ol S5 003 B+ ) (Sis
“5jgy Colin J1alS 4y e g 48,55 )18 8L cow s gboa,
Colin (3 s byt L Ylaisl di) .l oais ol
45 4l eade (e3aste (liioee ¢ Byl Sl 29 gt (5145,
Colin plise (Suid A5 Lalpd )3 ol g Lol oaiiSdga0
J(Fischer & Maurer, 1987) cuwl Ldg;e
Sl s lac bl oL 2 b IS il ol
3y Slos pSlas (PSH/+0) o mxe iulj8l el Slgomls Juto
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U5 So 5 +/5Y e JBlas 5l FVIFM caas b L cdo
(S5) Shigomsls to )Ygo oo Ky clalé 3 +/AY e ,STas
st sl il (BB e (b Jpie) <55 5
Joiz) a5 edaliie ()3 sine gld5 Sl gl g lgosl>
sl Slgouls o )Ygog,Sae Voo ) s o) alise (0
ald UL dwlie o puiS pB,) FVIFM i sy A/F i3]
S ehesdsud el uals . (Javadipour et al., 2021) i
Souza et) &S o dgdoxe |y jiiwgid a8 Cuwl (gldizey e Jolse ;]
ol addllas ;3 (PSH) 53 piussd b ¢yl (al., 2004
48 @B B oy 090 JBg)lS uilioygld (b I eslatul L
ot ol lie 5 GRS Jeod 3 ol Ul 5,50 ) Sl

zobw U coso oS (glassy, colin 1 gldije, Culad

Samol (bl Jodone (3l Lpis 9 8,50 1,8 Siis i calisee
Joyd S paw jd ey colia p Algemls i g Sl
(sl 4 Loy clajlasd o 3 (¥ Joi2) 392 Jbsine
g B Vel Sy & +/0 il sl 93 Gal3él b
it 5 Sl sl Vo o S ke Jlasl &8 55y 3,
oS (sldsey culin (ghumyd OF Lisli8l & jonie dald L duslds
J—ie 9 Sl 0 l) oyl 4 s (310 Jgas) 0
iz byly b o ade apualSe (gildlé 4 B (Clgeuwls
o33l Gl (Venegas-Molina et al., 2020) sws olS ) jiis
055 oS 53 Sl sl 3,18 | oy G 5 85355 52935
= (Glycine max L.)Lsw g ,> (Nicotiana rustica L.)
(Habibi et al., 2015; Khan et al., 2003) ¢l oo 5135
o=l 4o Gl colia ilidl ey s )5k g Lo uSe

PLS 9 ah e ) plaladijy) (S b agalse 3 (G cul
il b (Siid jl Slin] jolateds g 39y o0 sleidbas O 028z )5
S8 5y o3t () 3 45) Blibnag 5 s slolsy )
ol J9S595 9 S €8 > g dugly pek (0l o dxe 5 A
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(s Fugate et al., 2018Abhari & Radman, 2020)
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Ol L ol Bpae lasily g g iUl s ey St (g
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Josto Moo S Lot b o 532 Cliganle Lo Ngo o
b (lawgio 25) ol o1 5L 4o pd VO el Lasl i 53 Slgowsls
G mme BB cayoyio 43 p,8 YAV/AF &l 5 Slos 1S5bo
ool Laslpd 53 iy Sebulls sl Yoo o S 5508 o
Fv/iFm s W odly ua.oo.w LML.O ‘LSJ )L.s o yd [\l 9 Voo
oy )55 I Suss i 8l cod )b ne jebds lgiS
4o $r9ps Cdo (pl Sl aeyze lailpd > A5 VL zolaw il
balys b g B ()15 198 o 31> L5 gl by om0
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Introduction

Sunflower is one of the plants that must receive nutrients, particularly nitrogen, and often responds positively
to fertilizers. Optimizing fertilizer application in oil crops not only enhances grain yield but also leads to an
increased percentage of seed oil. Furthermore, it improves plant resistance to environmental stresses such as
drought, salinity, and frost. Additionally, this optimization contributes to enhanced biological activity in the soil,
early crop production, decreased concentrations of pollutants like cadmium in seeds, reduced toxicity, and
increased efficiency in water consumption. Despite the crop's considerable potential, its cultivation has been
confined to relatively poor soils and has suffered from inadequate fertilizer management, marked by unbalanced
nutrient consumption, thereby limiting its overall performance. Considering the comparatively low organic
matter content in Iranian soils and the environmental repercussions of continuous nitrogen fertilizer use, ensuring
optimal nutrition for this crop is crucial. Hence, given the significance and necessity of proper and
environmentally sustainable nutrition, this study aimed to explore the impact of various fertilizer types on the
yield and components of sunflower. The investigation also incorporated diverse nutritional supplements through
foliar spraying to identify the most effective fertilizer in combination with a nutritional supplement.

Materials and Methods

A field study was conducted to determine the effects of different nutrition systems and foliar spraying on
sunflower yield and its components. The experiment was conducted as a split plot based on a randomized
complete block design with three replicates on a research farm at “Khaje Marjan” village under the supervision
of the Sophian Agricultural Jihad organization in 2019. Factors were soil fertilization (nitrogen fertilizer of urea,
vermicompost, and mycorrhizae) as the main plot and foliar spraying (amino fish AMI-16, fulvic acid, and micro
fertilizer) as the subplot. Soil fertilizers were used at the beginning of the growing season, and foliar sprayings
were used before flowering and flowering stages. Data were subjected to ANOVA using Minitab ver. 17.0 and
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4.0 Interr_latiqnal Licens.e (CC BY 4.0), which permi_ts use, sha_ring, adgptation, d_is@ribution and
m reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
and the source.
d https:// doi.org/10.22067/agry.2022.73721.1081



https://agry.um.ac.ir/
https://orcid.org/0000-0002-0027-0735
mailto:Sarabi20@azaruniv.ac.ir
https://agry.um.ac.ir/journal/about
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

VFeY Gliowoy oF ojlouds VO alor ¢(55 )9l (wliods pgy a9 s Yoo

SAS ver. 9.2.0 statistical software. The main interaction effects of experimental factors were analysed as a
PROC GLM by slicing interactions in SAS software. The assumption of the variance analysis was tested by
ensuring that the residuals were random, homogeneous, and with a normal distribution about a mean of zero
using residual plots and the Anderson-Darling test. Means were separated using Fisher’s least significant
difference (FLSD) test at a 0.01 significance threshold.

Results and Discussion

Results indicated that the highest yield and its components were obtained using mycorrhizae and
vermicompost compared to nitrogen fertilizer. In addition, the highest yield and its components were obtained
when micro fertilizer and amino fish AMI-16 were used as foliar spraying treatments compared to fulvic acid
and control. Interaction effects showed that the highest yield and seed oil yield are related to micro fertilizer
foliar spraying + vermicompost and micro fertilizer + mycorrhizae by 4292.90 and 2035.95 kg ha™?, respectively.
However, there was no significant difference between these treatments and the application of amino fish AMI-16
as foliar spraying with mycorrhizae and vermicompost. Biological and organic fertilizers provide the required
nutrients of crops during the growth period, and stresses are not imposed on nutrients and water deficit. Although
fulvic acid is one of the effective sprays in increasing the yield and its components and increasing the
performance of this industrial crop compared to control, its effect was less than micro fertilizer and amino fish
AMI-16.

Conclusion
Therefore, it can be concluded that foliar spraying of micro fertilizer or amino fish AMI-16 with mycorrhizae
and vermicompost can provide water and nutrients required for sunflower plants in the sensitive growth stages

especially seed filling periods and result in increased yield and its components. The results of this study can be
used in the extensive cultures of this industrial crop to achieve the highest grain and oil yield.

Keywords: Biofertilizer, Nutritional supplements, Oil crops, Organic fertilizer, Yield and its components.



S$9LS (bl p gy 4 g

Homepage: https://agry.um.ac.ir/
page: TSR0 irdh

VA4V o AV ErY Sliee) b oyled VO Al

~d o Cou S s alS adss ‘5‘.&('3.«’.;.» 4 (Helianthus annuus L..) QI;J.@L:%T cwb

JolS 5 Sn 5 S g5 el AMI 16 b sl e 555 4 2

id v e . *Y \ s,
22258 S 9T gl Ay S bl e
Y/ AYA S35 b

SAVERVAL SRR e

2SS

Helianthus ) oo, KLl s o sl 5 3, Slos 1 pito SLaS 5 Ly (8l Jsloe o6 S 55 (LS 405 55 b )0 pslitons
$529S Sl @)L o de 0 50 ) S5 )3 (ol ol oSl 25k 4l 00d 0,5 (Sla S g0 bl (@nnuUs L.
03l i 3l 455552) (Sl d sloptaes gl 318" Jols Shlol sl g8l el )3 T2l YW Jlo 1 ol po dlss (sliog) 1 Bl g
Mt )3 Glapds St o 2o (ol 5,500 395 9 Suglsd dpel AMI 16 (idgicel gl 355) (ke 5 ((52)55be 5 CumsgaS 509
CowgraS (239 9 |1yg5ole 2,8 L aS oy (Lt ol ab 030 )54 (235 9 (235 1 B dl>pe 93 53 (8L Jglore (sljlos 9 oS
lizl g2, Slae ol iy oizpad bl oo Candty 435505 liasds 355 0,08 b dunlie )3 (0, ST 5 ol elinl g3 Slas ppolio (s
Hlsdme pas jlag 5 Saggd sl 32 L avglie )3 AMI 16 (iidgicel qlo 3557 5 JolS' 5,80 355 3,18 b fo,Slidl sloasyy 5 ]
CuogeoS (29 olyod & Jol 9,50 395 31575 ails 5 Sdae oyt 4 3l (i 5 (8L Jslone 5 (sl 3 ot Jlite SIS el Cundey
ol bl o sty 1S 53 £ SSLSTYYD/AD o FYAY/A- b ity 1 psSilo ol o 4y JolS 9)Si0 3987 5,0)18" Sl iy (49, 5 Slas o2t
L5 A5 oanldio (6l tme BMES] Cusgia a9 5 12)sSile olyen 4 AMI 16 idsial mlo 358 (0,)08 (slalos 5 ojloss 0l o Jl>
el b Sl o CangeaS (a9 5 152550l elyon 4 AMI 16 idgisal qalo 358 JolS' 5,500 395 b (ol Jlomo o8 3> (i 3o ol S
il by 0393 Logad) (otalj 5 otugy 38y sbooygd Jsb sl b g gy oules Jolye 3 IS slacig 3L 3,90 T g 13 Sl
g oo, K1 5 ol elinl g0 Slas (tal3l 4 e (o

Sludss gl JoSo ¢t 365 ( S 3s8 ] slinl 93, Shes  idg) slaails 1 g0dS Wojlg

Ol by e s sl ¢ 659l 0aSuisly (il Mol g el 09,5 ) awlih, S cgmmaily =)
! el e duped oSl g5l 0uSiilsy Sbls e Mol 5 caslyj 09,5 il =¥
ol el e duged oSl g5l oSl Wbl 2 Mol 5 el 09,5 babisl Y
(Email: Sarabi20@azaruniv.ac.ir = :Jstus stiw g —%)
https:// doi.org/10.22067/agry.2022.73721.1081


https://agry.um.ac.ir/
mailto:Sarabi20@azaruniv.ac.ir

\f.¥ QLo.m.n) F ojlouds O Wl ((65,9LS 5.»‘.2.& P9 A yuad Ye¥Y

Slogad 90 Gk ) oS b 390 o B3k S5
9 3 Sbos Ghalil o 503 Bib 5l g (S oo 9 (38
= ) olS bawg GraseS g Spasy (i polis Ol
(Kizilkaya et al., 2012) 35 o (olist ,olic jl o35
Qe Spae jl (0 Gasrecun g goladl )bob; sbely
gazs o b G B & 05 55 5 alord s
aS Cowl old S Cage hluls 3, ohsds (0SB g ge ggite
ly W (3o 390 sladinj () 5 Cn e Sl S
sleags (Bashan et al,, 2004) uil iwwj sladsS 0y
ot sbdgS Jhe il plsisdr Jluk (55)sliS 53 (i
B Ggen daly (g (o)) QLS Sl o)l b 130500
oled 0 daS wiun glag B g 5l g B ol a8
Adesemoye & Kloepper, ) ;15 o god g My 4 LS ¢lgl
(Oigr— i jlad (Sase polis 4y (o yiws cl  JLisl
Marschner & Dell, ) cowl 553 Lsae olS 4 (595 9 s
dg—p sl 15,60 758 aS” wleoly lis ewliadss (1994
Porcel & Ruzi-Lozano, ) sg—i e 5 oLS ol us lado
by Sl cage g oduiSe 29 adyy g Blo o |y O 5 i
oS (Clark & Zeto, 2000; Wu & Xia, 2006) 344 o0 oLS
oLl 4 Cad (g i D ySlas 5 dBlo Sl 59 (250 le
ol ) Wlgicee (g ISl & 8 alesole e
03298 9 (e spolly cpomndlS gy el ilisee oIS jolis
Heidari & ) il 15,5500 z)L8 slaca o aSs bawgs yaud
.(Karami, 2013
=SS adew a sy 0, Sae iy 8l ol 5,58
Slails 28y ) @ glaby; jl (S (S p (Sl sl

oMo
Cawl (¥ game dlox ;I (Helianthus annuus L.) ) okl
oxlatwl 350 olie mlio Sy )JL&; 5 kel g0 Baes &5
oLl plae (sloyg—iS 5l (B g OWlnl o 2 925 o )18
g 2lie i)l oe0 YU Jdsay segy aily olS ol ols (glodsg
b y s dodas gy ‘OT Of9y » sluis as eSSl lags
yolie 4 i p olals 5l (S o, 5okel (Sosulski, 1979) el
Cgio gl olowd ladsS Brms & Caws el g 0dg olic
olalS 15 558 iy B yas (Allievi et al., 1993) e o i
Oy doyd Linlibl Coge aiby 3 Slas inli8l yos  ggy &b
St b §) e sln L5 45 ol Caoglio a8l il
%95 SIS ) (e Scdld dgipe ( Sjlo s 9 5598
sialS @l )3 edlS pbai pleean VT cdale jials ¢ Jgm e
Malakouti & ) .).))_gu_n uT d)aa_n u.:l)lf um‘)BI 9 ); w.wou.:
Ay o Jeasly 3929 o8 )l (lnl 9S> (Sepehr, 2003
uol_.a.ol)_..osl..._w sl S 4 Lis Oi CuiS Jpa>e oyl
o (JJl_xmb d)aa_a) ‘_5)95 s Co o ol yo 4 a5 Al
Jbe d dn g b sl 03,5 Jguamo cpl 3 5,Slas kel b
e ) Sl g ol sy b S1E 5 T osle o8 L
)l H] ool d)a.a_n ‘)‘30)9)—“"’ 61_0:355 Psl.\_n d)..m
(Rasouli & Maftoun, 2010) cewl jl5)5 55 (sloj g Conl
e by Jpamo 1y ) (M sladss il slisial 050l
2l a5 oo asir Sy T olge atig o e g ol Bl
I slesss ore slaids aden Il (ol lopiumm
(2l polie el G | plalS auis 4 S g
ool slaaslss LS (ST o) gledlsd il
S Se5lS s cad b g ol (ol g55 cud b il
b S 58 g o0 03,238 Jl S o> )8 9 JB Ll
A8l plord sl sl (i (0l Sl o0 45 350
S (sunj by 15w CiwgnaS’ 0y9 (Allievi et al., 1993)
Lo 3ey3 o el L3 o lmsgy oo U
Bremness, ) oib o SIS pyS o JouS o olie ol
9 YL JeslS ol e byl ghyls CiwgnaS’ o9 (1999

A w2y g eaelS a5 phud ulas lie yolie



VoY LS 405 s 49 (Helianthus annuus L.) ¢ls Kb T gewly ol )Ken g ool

Oid Jmgb (Il i Gl g a8 5l opipen
o lS i Gl oo 5 s b Gials 8 5 Lo o
o3l g v JoJs0 159 o4 (Mothaghi, 2015) 5,5 .
L S Lol (ST 5 ge ol cSaghsd el S
Sy g o 30 Wy o 3 5 ikisin ol L e
g e Sl el s ol e 4], S 5 oS 3 olie
b elueS 5 gdojm) jolis adar jl jolie I (oolyj Slass
oSl 53 A lgts ol ] 45 sygbty S e
Ay Sgike & Pxie doml ) g 0dd ol olS ady) bhwgd b
.(Schnitzer, 1977) 15,3 oLS

L5l 5 cuslie 435 )90 9 Caol 4 a9 b ool
S3gS Elgl 3 )8 gy 3a85 cnl plol I Ban i ame
o) el Sl 5 Slee (lipl g 5)Sloe y S 5> b jae
Cygodn lanis slaJoSe glesl L olyon a8 35 (6 pusiionis
2 U s edlawl o, Kolsl cladie cogil caa > bl oo
D9 (Do SlAS JoSo ol o (B pan 395yt Culs

L yig) 9 2190

cstlhord 395 3,8 4y () Soll Gy (s sp-biton;
ol o dy 152)5Sale (s 365 9 CuwggaS 059 M 295" iy i
555 5 Sogsh el AMI 16 il o 355 | il Jobns
Tkl 0ad 0y 5 (b S Sypody ilojl (ol S
dles oyl cod as e 40 1,50 aw jo Bolal oS slaSsh
wlase L la peanls gl » &38ly plds—o (5)slis
AaBYA 5 a0 Y0 5 Jlod o, 488> VY 5 a0 YA olilyss
g9 51 0SBl yodny s plol WA Lo sl o (B Jobo
BG40 (g5 Gl g 1 4 g (e (gynbad o) 5 Sl
oS )3 g Sadcs s bome > il ol 9k a5l
235 ko a3 VA g 5oy 53 0l il @2 )3 YO (slod) ygiliee)
Gas U celw W olidg) e Job b g lopd Ve Cugby ccuis
s 303 A0 YL 45 035 ez g ploxl (S VY e
L s 290 oo daad (gilwmslel 51 iy ) il b
9005 5y Sdges (£yio Slw =Fr Bas JIW oSl 5l oolaiuwl
oielal an b e gl & wd (e ol )3 35290 polis 20>
Wl 0ab 03yg1 Y Jodo y» S

m4y0 j23 39S Bpae ) gy (ml 3 48wl lalS (9398
Loy oxe ceolatdl Cuto din pogdle ol 51,0 590,50 29>
il > ol ol g 353 > (alians (391 5] G
4w (Malakouti, 1996) cowl Jla b (65)0liS 50
wbyany, g ByaenS yuolie oS5 0aS sl lgicdr S
ol die jolic plu g 0y GBS 20 (LS sl gey9n
ey (N (S (2955 4 olS Gl 503 (g 3> (o
by by 9395 38 Wlads g8 chale g S (LS 455
olals auis ) (izen (Malakouti et al., 2008) 5,l> oLS
Atliee (S a0dS ol i (Sl Gl (S 2 G5k )
odlauwl S5 3 (5355 48 LK (Malakouti et al., 2008)
Ol 5 S 3 solie plo b Sgy (gt s LYS 4 05l 00
B oLS Loy jl ol oled b (oo conl 5 ¢yl 5,
lse Sl gl g el lgipe bosS (S (Sl glre dI 123,5
ot ldlla (Liu et al., 2008) 33,5 ciliseo pliasd 5 oS0 38
SFE9e U9y 95590 (238 polie I (B (b gl oS wlosly
wile bl )3 105 b (s Glabs 5Shee a3l sl
Ol 9355 (oo )18 o3kl 3)50 950 (238 polic I oS polie
(Teixeira et al., 2004) 355 o5 L3l S 4 logiiiuns yolic
S Gaeg) polis (Bl Jgdoe g (S Bpas nlpl
Gpas | ol Lol Laylis 5 550 5 (59 (e o2 2
0iolS oo el al Ll 5408 gy by Jdoa SB 53 Lo
S jl S ol 9 SIS 0 polie (1ol oo I (86 S
395 &Bly Fhe oliS 5)Shos ialidl )5 i e g 0392 ke
slaswl gol> &Y gaxs 54,8 (Gooding & Davies, 1992)
Sty spomoly e (35950 51 65l il gl 4S) il
5 9=y dgtp js-laedny (A aipel lavenl 5 lagise
35Shos I3 5 (LS oollas 41055 Bl 5 loatn annys
GloosS sl (st (230l a5 5,5 oo 18 eolitil 550
Oigr Moy il Bl b lg oo S8 (al il oo ilerd
ot Slllon 13,5 b (g Ll cirge (LS (syione
Cicer ) 2450 aily (ggiomo mumly g youmd ¢y55,00 Juoyd 45 Llodly
Al (gl ixe il 8l aielipwl 5L Jgle b (@rietinum L.
e ju Sogled Al (Mahmudi & Rustaei, 2012) ¢!



\f.¥ QL».m.n) F ojlouds O Wl ((65,9LS 5.»‘.2.& P9 A yuad Y¥

VAN Jo 43 gya il e U o Bas 1 5 90 (o) dalad 1 ouud angd S8 diged (o lbownd 9 (S 5ud 4350 gl - Joua
Table 1- Physical and chemical analysis of the experimental soil collected from a depth of 0-60 cm in 2019
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Table 2- Nutrient contents of vermicompost, amino fish AMI1-16 and micro fertilizers prepared based on analysis of these
three fertilizers used in this experiment
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Table 3- Analysis of variance (mean of squares) of morphological characteristics and some of yield components
in sunflower (Helianthus annuus L.) under different nutrition systems and foliar spraying

kS 4?)-‘1 £, aBlw yhd  gb ki b 40 &l dlass &l 15 39
SOV &3l Heiaht Stem Capitule Seed 1000-kenel
o d.f g diameter  diameter  number.capitule? weight
e 2 87.44 9.62 211 6142.2 373.32
Block
(A )55E) Sl s 2 1622.90°  47.42" 78.62" 22846.9" 2092.58"
Nutrition system (A)
A st et 4 171754 417 59.01 4768.5 509.59
Error A
(B 155) 2l Jyloxe 3 126929 3478  7483" 39661.4" 3816.28"
Foliar spraying (B)
A S X B gt 6 23345° 567" 3.23" 1238.6° 111.25"
AXB
Sl 18 78.45 21 1.35 461.5 46.87
Total error
S i 51 S 2 (gl (ool gl il ST (B30
The slicing for effects of nutrition systems x foliar spraing — mean squares
“““9“‘5 it 3 287.26" 20.51* 34.85™ 13946™ 1200.77™
Vermicompost
l}i”gil_n 3 70.46 " 111 15.87" 16788 983.26™
Mycorrhizae
i 3 137848~ 2449  3057" 11405™ 1854.74™

Nitrogen fertilizer

A sixe pae NS im0 i |y do > S g iy Jloin ] o )3 ()b e iy FF g

*

*and **: show significantly different at a = 0.05 and o = 0.01, respectively, and ns: is not significantly different.
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G b o ine I3l (g 15y )sSule 5L 45 S0l
S Ll b b it ol &S (g ygba g0 o Sl
G. 4G. fasciculatum Glomus mosseae l_az,l3

Fayazi et al., ) 4,LSen 5 L8 .05,8" 5,55 scrobiculata
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Table 4- Sunflower (Helianthus annuus L.) morphological characteristics and some of yield components under different
nutrition systems and foliar spraying

adl ,lad b b . U P13 3T
S Gt gw,! Stem Capitule & ); ‘U:; M 1000-kernel
iti i i i ee weight
Nutrition systems Height (cm) diameter diameter number.capitule: 9
(mm) (cm) (@)
“‘”*“5 it 136.84 19.76 18.75 483.36 169.57
Vermicompost
Brssile 152.88 2133 19.90 500.80 175.75
Mycorrhizae
ek 130.28 17.39 15.01 418.03 150.42
Nitrogen fertilizer
(7)) sloisine 05185 Jolo 10.41 1.70 1.36 2524 8.05
LSD (1%)
gl (b slon
Foliar spraying treatments
(rBlidsbrs pac) ol 123.77 17.34 14.56 382.62 142.63
Control
AMI 16 byl mbo 368
Amino fish AMI-16 145.63 20.22 19.69 497.16 168.77
fertilizer
Srglgh s 139.32 18.57 16.47 452,27 157.98
Fulvic acid
Je 9,50 295 151.29 2185 20.82 537.53 191.62
Micro fertilizer
(2] oo slis oo 12.02 1.97 1.58 29.15 9.29

LSD (1%)

0l e 5l 3,15 L o8 5l (i IS gl
A5 (A 16 st ole 555 5 JolS 5500 355 opat)
S0l e Gl aals b awlis o b, k8l cladis » 5o
b (o8hJglore olpen 4 CusgeeS 00y9 35 b i jhad (o yd
s ol e (g 1l sy (sl YYIAV) JolS 50 255
Solsne SMSIAMI 16 iedg ool gole 565 5,0, o 9

(£ 90 sl Jsan) \is ssalie
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939 (o 5l YAUSA 5 Yo/AY L s o) AMI 16 jiubginel
Sladss b jhad 1 0o Y840 o Yo/ oV limedy bojlos ]
Jolize ol 31 (¥ Jads) asng38l aali b duslds 4o ol bl
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Table 5- Analysis of variance (mean of squares) of morphological characteristics and some of yield components in sunflower
(Helianthus annuus L.) under physical slicing for foliar spraying at different nutrition systems (ai, a and as) separately

alw ,h3 Gb s Gab > &l dlaas Al I3 39
Stem Capitule Seed 1000-kernel

diameter diameter number.capitule* weight

Ol et gbe @3lilax p ew)!
S.0.V. d.f Height

CowrgoS (959
Vermicompost (a;)

Sk 2 815.20 12.12 79.75 174.30 758.35
Block

(B 1g56) it Jslone 3 287.26%* 20,51%* 34.85%* 13945.58%* 1200.77%*
Foliar spraying (Factor B)

s
Error

525950
Mycorrhizae (a,)

Sok 2 358.02 5.20 14.99 6849.81 374.79
Block

6 28.08 1.66 1.94 502.78 27.37

(B 5g5E) (Abge 3 70.46 ns 1.11ns 15,87+ 16787.77%* 983.26%*
Foliar spraying (Factor B)

s
Error
w594 395
Nitrogen fertilizer (as)

6 89.97 2.23 1.25 486.88 75.44

Sk 2 2349.30 0.65 25.37 8655.14 259.35
Block

_(B 5 ls)_‘-"; bslowe 3 1378.48** 24.49** 30.57** 11405.33** 1854.74
Foliar spraying (Factor B)
s
Error
o 11
Total

6 117.28 241 0.85 394.80 37.79

Kk ok

S gime pas NS ixd oo i |y Mo pd SO g iy Jlein] e jd (6)b pxe i g
*and **: show significantly different at a = 0.05 and a = 0.01, respectively, and ns: is not significantly different.
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Table 6- Interaction effects between different nutrition systems and foliar spraying on a height, stem and capitule diameter of
sunflower (Helianthus annuus L.)

ews)!
Height (cm)

L puiio
Variables

Stem diameter (mm)

JEE b 3

Capitule diameter (cm)

(B ot

Slag iz
Nutrition
systems

13,550
Mycorrhizae
&j9 5 395

Vermicompost
Nitrogen fertilizer

CuwgreS (09

LN
Foliar
sprayings

Vermicompost

CowgsoS (o059

L

Mycorrhizae

1525950
Mycorrhize

525
W9k 295

Nitrogen fertilizer

W9k 295

Vermicompost
Nitrogen fertilizer

CawgroS (059

-Jsle pas) dalis
(b
Control
b gial lo 355
AMI 16
Amino fish
AMI 16
fertilizer

Soglgh el
Fulvic acid
Jol8 9550 258
Micro fertilizer
- o glas JBlas
(1) b
LSD 1%

124.31 146.73 100.26

143.77 155.67 137.47

133.89 151.47 132.60

145.41 157.67 150.78

10.59 18.95 21.64

16.88

20.66

18.58

22.93

2.57

20.58 13.88 15.63 16.68 11.36

21.47 18.55 20.20 21.46 17.40

21.25 16.54 16.29 19.82 13.31

22.05 20.57 22.87 21.65 17.95

2.98 3.10 2.78 2.23 1.85
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MooSaVvi & ) (+8g) 5 sg—wge 45> o3 2 (LS (65t gid
o slaplil odgicun; oyl &5 aisls bl (Ronaghi, 2011
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S5 93 0 Slas
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5 s s (A Jods) soal cwdan kS y3 p,5 LS AASA/
byl by aS sl ol (Haghshenas et al., 2020) ,\Son
Carthamus tinctorius ) _el)5 5,05 5ol zudli cogllae (¢,
ol (Seisdsn 2 ,8as ls pas L auglie 1o 15)sSolo g6 L (L.
slaz s e o il dals b duglie 1o o> YV 1yl ey 1y
obis (ol GRlil g gy laoriS elals A L 1j)sSule
PLS Seis olo wdgi o ) g g Gl cege 21
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Table 7- Interaction effects between different nutrition systems and foliar spraying on a seed number/capitule and 1000-
kernel weight of sunflower (Helianthus annuus L.)

. . &l 415 &30
‘ b 45 &l °"‘_’" 1000-kernel weight
L yuiio Seed number.capitule )
Variables ..
Sl das s aumw
Nutrition systems
o~ B o~ B @
58 8 %sgy ve8  s8  2gy
o w5 %% ai W§ 4f agl
Foliar sprayings € xS X =L € % 8 NE L
> >
(isibgbee pas) ol 411.53 396.74 339.60 152.54 157.07 118.29
Control
AMIIE Jiedgiel gl 358 509.05 520.23 462.21 172.33 178.67 155.30
Amino fish AMI 16 fertilizer
;&9]_95 M] 447.02 511.49 398.30 156.69 167.80 149.44
Fulvic acid
“’_‘AK ”SM 395 565.85 574.74 472 196.72 199.47 178.67
Micro fertilizer
(2] ifoisin eslis oo 44.80 44.08 39.70 10.45 17.35 1228
LSD 1%

JeS| o wis ‘O] A gy as )b)fua lmdi O b gl
Sl GR35 0 g Sthegd ol 3 g Bl Gl S
Wahba et al., ) ol,LSen g Laly (Vijaykumar et al., 2019)
5 9 (OLgin 5 il sl b 3L Jgloce 15T (2015
Olli8l a S a55,S" 515 g eald 8wy 3)9e (pilulifera L.
WU et alS a8 ol Sid g 5 o3 ) )3 () sime
Cryiin (=S 5 0] e oy el dl aw o b 5L Jolxe
208 L pogmadar JolS 5580 355 & bgrye (Sufglon 3, Nes
Ot ieS 9 (HLiSs 53 S 9 kS VABYY) 132,00 Le (sianj 255
pas Ll )8 )3 435953 358 3,)8 4 bgnye ji (Sajslom 2, Skes
Ve lasiz) 39 (e 53 ¢S5k OFIAY) (3l slxe Jles!

O

5 Sl ($905 Frlwogid caons 3 g Jibo)lS LSt (gl o]

amd o ialS |y LacMogwl Wi (gloie condan o] 39008
Adams et al., ) ol ,)Len 4 50l .(Pirzad & Shokrani, 2012)
b gy Uil )5 lagiiwe opal &8 03,8 i)l (2000
ool el (902 9 p3Y Jg)lS s gl g il
- 8a)lS Sl 555 e b sl Jolone i 1) (sla b3S
oilidl Cage g odly inli 8l 1) 90 piuwsid culled g b @ sla
g 3 Sl (515 OS5 i J) culplie gazs
i (Gpioped Db (LS (glor slapluil > ol sl
Ol s 2 9 03 Gl S o o plo> g s liee )
Yousefipour et al., ) aad oo iol33l 1y Mool g5 ol 5a0
13 gy digel el | SLaligls sl g DS (2018
I Soligls” dssl il oo SIS jiiw 5 (odngy sl M)

48 9o ge j gy Ladlre sy ol (sienl Jolse
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o CugraS 009 9 11ygSole 0,8 4 boga o 4ils 3 Slae oy il
2 p S o bS FYVF/Y o ¥YAVA L ey JolS 9,800 355" ol jo
Bromand Sivieri et al., ) o,)LSen 5 (¢ g dingy Dg LS
(prS +/¥) aSgy S5 3, Shos (pyidis & 3,5 3155 (2021
L ool slore (g)les oS5 51 4 (Nigella sativa L.) ailaslow
Jlosl pae Ll )3 1500k + (9, 4Tl 32 ) p)5° +/A
Seyyed Sharifi et ) o)Kan g o ydauw Ded 0 bosyo ()9
P35 i 5 S ebale (B Jgbore a5 aiils oy (al., 2017
G liysole @B @55 93 olan 4 Ol 1) S o palaasl
ashy oy Slas i3 3l > wles 0 G intraradices 5 mosseae
30 b 0 Sles oy yieS 0Bl y35e (Triticum aestivum L) pus
V018 L (il Sy oo pis Ll 5 4y 355 3,
(Y 9V sla o) dol Cawdas S ,5 p,SolS

23 gy aSlas g ais
P obRlsl i ey duoyd 1 lals lapiug 30
Ot puinr 45 S psbod A Jgaz) 392 )l gime 0> S Jloi] s
L e ian) CompeeS s0y9 9 LpsSole 200751 5 (29, 2oy
03l ylond (A Jgan) sel s (3o )d YO/+Y ¢ YS/AY
20 15565 0e 5,)LS &S 5l Lis (Soleymanzadeh, 2012)
FIN o jmmds 19,5081 cladils )3 gy duoyd I3 e il
L, (bl sbe cslaslass 350 o 3,8 pe b suslio 3 00
s IS 35500 355 3 Saglys el AMI 16 tbgind] sle 355
(P<-/+) s o, Kbl )dy (9 syl sine Gl g

9550 398 )53 )30 (€9, Mo yd oy yiiis &S (5 y9bd (A Jga)

dala o Slac
e s, Solusl asls 5 Slee p (slayiss sbapiames b
4S5 ygban A Jgaz) (P=1/0)) 392 Jl e 20> S Jlois]
@ CungeaS 5099 9 ysSale slodg 3,8 5l s 5 Shos (3 2t
Aol Cwddy ,LSa 3 0,59 LS Y-SVIVA g YAA/FA L Cus 5
VAYA/YA L a5 365 35)5 s bgyye 5 ails 5 Slae 1 S
Soleimanzadeh, ) esljlesdw (& Jgia) 35 ;S 15 p,55LS
e lidl Coge (535550ke 358 3 )18 &S oy Lis (2012
3y)LS pace 3l yidin doyd VA lieds ol S0LT &l 5 Ko 5
— (Adewole et al., 2010) ;l,LSen ¢ Jogo! 33,5 o
203 VY laeds) 1, 30L8T s 5 Shas (5 1y (gl xo ol 3]
3oLy 50,91 sy 152,956 Le 3,8 15l cowr (1l b awglio 5
Byne Ly a8 w8 3 aecs 50 (Yadav et al., 2017) )\Ken 4
O3ars SYL palie d92g Jddar &5 &l 5 Slos ungueS 009
Lo A5 Gl (5958 Lnj ebioe GRIFEI (s
23l (gLl CungeoS oy cnlpogdhe cunl (6)95 olS (kL
A (e id S9e Gy 1 olge ol & Cenl (Suagen dlge (o305
pgtlie o e 151 5 5 g9y 5 onl ofigas i ol
Tartoura, ) 155)5 o LS 5,Ses 5 0dy Lili8l Coge BLS
AMI s il gle 358 il Jgbmo slo o 3,28 1 (2010
2 S rine Sal3 Bl 55 IS 55 S0 355 5 Sagdsh sl 16
ol Cmnds o)y SO Jlon] gaw j3 oo, okl &l 3 Sles
975 295 )8l asly 3 ySlee oy e oS 5k (A Jg2)
AMI 16 ibgial mlo 365 5 ;S , p )5k YVEY/VY) Lels
g 0dlj ey (A Joan) dol Cowday (iSa j> p,S oS YEYY/FS)
1 ol 345 5,8 5L (Rahimizadeh et al., 2010) ), Ko
395 3,)5 L oS w8, des g ool Hl,8 adlllas 390 1y oo, Solis]
= 0 03938 0, 5k8] &ild 3 Slae o yd YA ey a] (ools
5 o2l slasgs 5L (Khan et al., 2009) o \Son 5 o1 594
3,8 L 4S W39 sdmlie g 03903 (awyp ), 5 1y (g,
3-Slos (LIS 13 TS Ve 5 oty i) g il
Ol b e iulial sald b dwslie 3 ao )3 VWY 5o il
o935 (Ghofran Maghsud et al., 2014) )L Sea 5 dg—aio
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Ebrahimian et al., ) o),lKen g Gloudlpl (A Jgi) sol Cowday
L1y o), Sl iy )5 gy duoyd ls sme yiljél 55 (2010
3,5 535 69y 5 onl gl (slmagS by Jsle
3 Sl g Wl cov (bRl L o, 3,Slee
O 4SS sbds (A Joix) €8)5 )18 dops S Sl e
by 6 sk o) 3Skes (208l Casdsy 1S 13 p S olS
(X Jgi) 290 S 43 £,55LS VAVF/EY L 559500 065 205 &
25,8 yyl55 (Haghshenas et al., 2020) )\ Sen 5 ol 3>
O£y 3y Shae 152,650k )8 b il cogllao (g)lul Laalyd )5 &S

$1521 535508 51 (5143355 s 5 St 2 53 Sl sl (S5has g0 sSlin) il ly 42325 a6 A g
18 5LaT 5 ySlos

Table 8- Analysis of variance (mean of squares) of yield and its components in sunflower (Helianthus
annuus L.) under different nutrition systems and foliar spraying

S ,Slo.c ey oa .
ol s @)l . ol o9 »
) JOVES 3 W) i R > 3 ,Sos " . o9, 3 Nes
S.O.V. S o ogical | Seedyield SRR 0¥ Oil yield
d.f o9 HI Seed oil
yield
e 2 13185063 68119 212.89 0.23 3197
Block
(A )55E) slauds s 2 62148527**  5506910**  47.72ns  88.98**  1467037**
Nutrition system (A)
A gt sl 4 36028294 471588 596.19 57.93 949573
Error A
ot a s *
B _”‘s 4) &“_EJ’*"" 126437371**  9850746**  38.46 ns 137,;12 1863770**
Foliar spraying (B)
AgS Z ' BB 55 e 6 3502523* 320766*  13.09ns  17.88%  33980*
I ol 18 978646 115184 17.23 7.40 10781
Total error
S35 B I Sy 2 gl il Jglome Joliie 451 (B3 40y
The slicing for effects of nutrition systems x foliar spraing — mean squares
““”*"5 3 3 62032577**  4210979** 1.43ns  50.62**  888140**
Vermicompost
hrosiile 3 A7120536**  4605502**  5579ns  68.67**  610107**
Mycorrhizae
s 395 3 24289305**  1675796** 743ns  53.59* 433482%*

Nitrogen fertilizer

b dre pae NS wimd o Ui 1y lo > S g iy Jloin] plaw )3 (gl Gixe el iy K

*

*and **: show significantly different at a = 0.05 and a = 0.01, respectively, and ns: is not significantly different.
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Table 9- Sunflower (Helianthus annuus L.) seed yield and some of yield components under different nutrition systems and
foliar spraying

55 elaa 5o 3, Skos 4l 5,Slas oadle e okyy ki ofg)dySles
Nu{rition s ster;13 Biological yield Seed yield Coild Seed oil QOil yield
Y (kg.ha') (kg.ha') HI (%) (%) (kg ha?)
“‘”"“5 9 11903.7 3067.78 27.18 25.02 1476.33
Vermicompost
bssile 13449.4 3180.49 23.28 26.82 1700.37
Mycorrhizae
ek 8969.1 1945.28 25.94 21.47 1014.67
Nitrogen fertilizer
(7)) s foisine 5185 Jolo 11625 398.82 4.88 3.20 122.02
LSD (1%)
wbdglxo s )lowi
Foliar spraying treatments
(Slidsbrs pac) a2l 7592.8 1514.84 2314 20.46 750.44
Control
AMI 16 tedgial glo 358 12686.9 3423.46 28.13 26.25 1646.90
Amino fish AMI-16 fertilizer
Sagsh 9394.8 2222.66 25.67 22.02 1419.65
Fulvic acid
JlS 9,5 25 16088.4 3763.77 2492 28.99 1771.50
Micro fertilizer
() s foisine 5l&5 Joloo 1342.3 460.5 5.63 3.69 140.89
LSD (1%)

P sl Glagimm old )0 &S gybay il bb Jolow
oIS 5,50 355 g AMI 16 jiubgivel sl 365 (sl slons b dulio
72 lp (Bl dsle Jlite 31 (st ol (Ui 1) (6558 08,
Ol 3 oo, Kl L5y i) 3)Ses (Sl (sl I S
L dnglio ) (o8bJgle 3,055 b (6355 (slajloss (polos )3 &5 5l
o 5335531 OIS e gy 35kl ps Ly
oo a1 )sSole 3)LS 51 YAy (589, 3y Shos (s 398
(LS ) £S5 5Ls V¥B/AB) ol 5,0 265 Lo (0L J5lxa
oyt 4 15,650ke (63,0)8 Hlows g sl ol oy cd] ol Canday
13 s onliia 6l ine ST AMI 16 _tsbgine] golo 355
4o bope yio 9y 3 8ee (eSS Glapiugs (oles
Liloss pls b1 (6o uine <351 & 395 il Jgboee pie jlas

DOV 51+ el Jgis) sl

5L (Ebrahimian et al., 2010) o ,Lsen 5 olaosalyl

3 Slos 4o 1y (5959 u_oj ol sadsS 5,8 Galises (gla i,
A4S By donl (pl 4 g 00> 148 adllas 550 ob)i{l:éi o9y
cge (b oo g Bpae SIS Ojpoh dgS (pl 28
Jolize sl g o 10,30l e g, 3, Sdes Ho xe yialjl
P 9y 2o g b0y (B gbre 5 (Sl Sl
Joi) (PS/40) g1 o gize oy g Jlois] o j3 o, Kbl
~Jgdoee ol yem 4y 152,50l 38 J1 )4 (s89) o> (i (A
GBM3] 48 aal Cwddy (1o )d YY/F-) ol 9,00 565 b b
s 9355 Jlasi 3 (Bl sl (slajles ady LTy (gl gxe
Ll )3 4559y 395 2)8 4 bgye 55 )k (489) Meoyd (2 yieS
U Soglgd ol jlas 29 (dmoyd WIAR) Lsb Jolxo pas

Shoslos b e )3 jede 189y o> GRS 0 ) (658
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Table 10- Analysis of variance (mean of squares) of yield and some of yield components in sunflower (Helianthus annuus L..)
under physical slicing for foliar spraying at different nutrition systems (a1, a2 and as) separately

Oyt gt Glilaa,y  (Sujdom 3, Shes ails 3 Slos Mgy e gy 3,8
S.0.V. d.f Biological yield Seed yield Seed oil (%) Qil yield
CewrgeoS ()9
Vermicompost (ay)
Soh 2 39229454.5 382103.6 46.04 1108802.73
Block
_(B 5 b)_ rilislee 3 62032576.8** 4210979** 50.62* 888140.35**
Foliar spraying (Factor B)
e 6 1280014.2 145676.3 8.72 9452.17
Error
152,95
Mycorrhize (az)
Sl
2 216834.2 69883.02 1.51 214088.48
Block
_(B 5 b)_ rilslee 3 47120535.8** 4605502.22** 68.67** 610107.34**
Foliar spraying (Factor B)
k> 6 411801.8 46721.76 9.33 12723.95
Error
Ajg ki 395
Nitrogen fertilizer (as)
Bifk 2 45795362.3 559308.85 68.54 579451.92
_(B 5 lé)_ rilislee 3 24289304.5** 1675796** 53.59** 433481.83**
Foliar spraying (Factor B)
k> 6 1244120.7 153155.45 4.15 10167.24
Error
S 11 - - - -
Total

Kk ok

S gime pas NS izd oo i |y Mo pd SO g iy Jleinl e > (6)b Gxe i g
*and **: show significantly different at o = 0.05 and a. = 0.01, respectively, and ns: is not significantly different.

amd o L el opl sl 138 51 e ol 3 Wil o o)l s
Sl 0,51 )0 (s byl s &y ) Cop &S
05w 5 955 Lo yolie by Sl @85y (o) ol ol (g8 4
Slg L 33,5 walyd (il g (odag) 45y Jolpe (b 3 0o
Soglgd Al 48 (929 b adl azil |y gy 2 )Slas Sl
Cgaxe GLalS 3y Slas Al )3 350 sladl Jglore S (o
sl pie b duglis )3 ) (gaio olS (pl 3 Sdae 9 2950
3 sl s o clisl g5, Shoe o 48l Jg ol ialjal
ilyo & AMI 16 idgisel golo 365 o JolS 5,Sa 358 b duaslio
03y wS glacudS (d Slgs o aind opl 5l ol gl e S
3y50 o9y 5 Al 3)Skes VL 4 ol S ixio oS

& 5 4o
i 9 Al clodgS 38 L a8 oy Ui s oyl ol
sl Jlosl 5 4Bl 3500 (2, S1 5 Slae (glizl 5 3,SMas
lmags s Gl G 3l Gl ]y ol izl 5 2,Sdes Wlgi e
0393 Jobo )3 1y (elys (ol 5l 2)90 olie yolie g
5 it jolie ol jl i g aimd oo )15 ol Ll )5 su)
“33 9 isSale 3,8 Ly 355 sad Jre o] g2 Ol 29008
ol (oSl el L 2)50 2liE polie bl CusgyaS
ol cllsd o SlS 5 g (shregyy polie (o2bJsle g 00
Ay o hali ) (53t Sl ygoMiagl 3 S
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Table 11- Interaction effects between different nutrition systems and foliar spraying on a biological and seed yield of
sunflower (Helianthus annuus L.)

L puiio Sieem 3,Ses &1y 3 Slos
Variables Biological yield (kg.hat) Seed yield (kg.ha?)
[ ~ O <
Nutrition systems Yy 2 3 N 255 Yy 2 3 N s
S £ 3 85 € F £ 3 85
% 2 8 %25 % g = 8 % =5
o I R B B
Foliar sprayings > >
(rBlidsbrs pac) als 7352 9807.8 5618.7 1738.2 1800.7 1005.6
Control
AMILE iedgel gl 358 14025.1 145755 9460.2 3804.5 42203 22456
Amino fish AMI-16 fertilizer
Soled dunl
9195“ 9004.1 10871.3 8308.9 2435.6 2466.5 1765.9
Fulvic acid
“_}AK 9)&@ 395 17233.5 18543 12488.6 4292.9 4234.4 2764.1
Micro fertilizer
(7)) s laisine 5165 oo 2260.4 1282.1 2228.5 762.6 431.85 781.9

LSD 1%

OB )3 yis s, 3,0es 5 203 (59, (omldglone 5 SIS (S phumsns Jolike 15T =YY Jgun
Table 12- Interaction effects between different nutrition systems and foliar spraying on a seed oil percentage and seed oil
yield of sunflower (Helianthus annuus L.)

Lyt FRORTY 2 gy 3,Nes
Variables Seed oil (%) Seed oil yield (kg.ha?)
dlq.\:ﬁ duw « g ) o @ <)
[¢] ~ O o
Nutrition systems L) g 3 B % £ 3 L) 3 3 = % 58
c) —_— - t] U) -_—
"i.@ h £ g "i.S &= Sk
£ % 3 NEL £ % 3 NEL
b il Jole ] 5 -2 T ZE } 5 -2 T ZE
Foliar sprayings > >
(Shslone pas) als 19.09 24.41 17.89 694.61 1043.72 512.99
Control
AMILE bl glo 358 28.33 27.06 23.37 1823.34 1946.80 1170.54
Amino fish AMI-16 fertilizer
el 25.60 22.40 18.07 1517.40 1775.02 966.53
Fulvic acid
Job5 95 398 27.06 33.40 26.53 1869.96 2035.95 1408.61
Micro fertilizer
PN) loisine colis Jila 5.90 6.10 4.07 194.24 225.36 201.45

LSD 1%
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Introduction

Sweet corn (Zea mays L. Var saccharata) is an important cereal crop that refers to considerable human nutrition
and industrial products of its sugar content, minerals phosphorus, magnesium, iron, zinc, and vitamins in most of
the literature. The negative impacts of the long-term application of chemical fertilizers on the soil, environment,
and human health in arid and semi-arid regions have increased by the application of biological fertilizers in these
areas. Applying biological fertilizer is an environmentally friendly approach to plant growth and production. Bio-
fertilizers have been applied in agriculture to reduce the application of chemical fertilizers significantly, and it is
used as a strategy for improving crop productivity, sustainability, soil health, and environment-friendly and cost-
effective.

Material and Methods

This experiment was carried out as a factorial arranged as randomized complete blocks design with three
replications during the 2017 growing season at the School of Agriculture, Shiraz University. The treatments
included water regime at two levels (75% and 100% of water requirement) and five nitrogen rates and sources (no
fertilizer, nitroxin, 150 kg urea, 150 kg urea + nitroxin, and 300 kg urea). The traits included ear number per plant,
row number per ear, grain number per row, canned grain yield, water use efficiency, ear harvest index, urease
enzyme activity, and soil microbial respiration. Crude protein was determined by the Kjeldahl method, multiplied
by the 6.25 (N x 6.25) conversion factor, and the results were then calculated as a percentage (%), and soluble
sugar was measured by pocket model ATAGO refractometer. Moreover, the ear harvest index was determined by
the ratio of fresh grain yield (canned yield) per ear yield with husk, and urease enzyme activity and soil microbial
respiration were estimated by the modified Kandeler and Gerber and Black et al.'s methods. Furthermore, yield and
yield components were measured. Data were analyzed by using SAS 9.2 software, and the means were separated
using LSD test at 5% probability level.

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution
@ ® 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
o reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
and the source.
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Results and Discussion
The results showed that application of 150 kg urea + nitroxin significantly increased canned yield and its
components, grain protein, grain soluble sugar, urease enzyme activity, and soil microbial respiration, respectively,
compared to individual application of nitroxin and or 150 kg urea under water stress levels and there was no
significant difference between 150 kg urea + nitroxin treatment and 300 kg urea ha*. Regular irrigation (100% of
water requirement) and combination of 300 kg urea + nitroxin, significantly increased ear number per plant (21.7
and 16.6%), row number per ear (21.4 and 21.4%), grain number per row (19.3 and 11.5%), canned grain yield
(41.4 and 30.5%), water use efficiency (45 and 8.4%), ear harvest index (20.3 and 22.1%), urease enzyme activity
(40.0 and 68.8%) and soil microbial respiration (12.1 and 1.6%), respectively and there was no significant
difference between 150 kg urea + nitroxin and 300 kg urea compared to individual application of nitroxin and 150
kg urea. Therefore, applying nitroxin as a bio-fertilizer combined with 150 kg urea ha?® produced the optimal
canned yield and reduced nitrogen use and can be recommended in the arid and semi-arid regions.
Conclusion
According to the results, to improve the soil biological activity and yield and yield components of sweet corn, the
combination of N150 and Ni instead of N300 is recommended and further research is also required to investigate
the effects of applying Ni in combination with other bio-stimulants on yield and yield components of sweet corn.
Acknowledgments
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Fig. 1- Monthly rainfall, mean minimum and maximum air temperature during the 2017-2018 growing season
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Fig .2- Effect of nitrogen fertilizer sources on grain protein content and soluble sugars of sweet corn
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Table 4- Correlation coefficients between canned grain yield and measured parameters of sweet corn under
deficit irrigation levels.

Y X1 X2 X3 Xa Xs Xe
Y
X1 0.82"
X2 0.57" 0.75™
X3 0.80™ 0.73" 0.67"
X4 0.24ms 0.31" 0.32"m 0.82"
Xs 0.77" 0.77" 0.63" 0.78™ 0.47™
X 0.78" 0.71" 0.55™ 0.83" 0.50™ 0.66™
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*, **and ns: are significant at 0.05 and 0.01 probability levels and not significant, respectively.

Y: canned grain yield, X1: row number per ear, Xz2: grain number per row, Xs: water use efficiency, Xa: ear harvest
index, Xs: grain protein, Xe: grain soluble sugar.
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Introduction

Wheat and maize are important and strategic crops in Iran. These crops are widely grown in the Dez
catchment area. Therefore, due to climate change, recent droughts, water bankruptcy in the country, low water
consumption efficiency in agriculture, and the excessive consumption of input, which pose a serious threat to
agriculture and food security, it is necessary to achieve a correct understanding of the sustainable production of
crops in the region. Improper use of chemical fertilizers, pesticides, fossil fuels, and machinery causes
irreversible environmental damage. To reduce these adverse environmental effects, the idea of sustainable
agriculture and the transformation of agriculture from high-input to low-input consumption are very important.
The footprint index determines the pressure on nature caused by man or other man-made systems. The carbon
uptake criterion is used to assess the ecological footprint. Ecological footprint estimates the amount of
productive land needed to compensate for the environmental impacts of a particular activity by calculating
resource consumption and carbon dioxide production. According to studies, each hectare of land can absorb 1.8
tons of carbon. The carbon uptake criterion is used to assess the ecological footprint.

Materials and Methods

The method of the present study has a practical approach because it is in line with achieving sustainable
agricultural development. This research was carried out in the cropping year of 2019-2020 at the Dez catchment.
To determine agriculture's environmental sustainability, we used the modified ecological footprint method
presented by Kissinger and Gottlieb (2012) and Guzman et al. (2013). In this study, the ecological footprint was
determined based on a place-oriented approach by obtaining the inputs' energy consumption and the amount of
crop and land energy. All the variables were collected in the form of a questionnaire and through interviews with
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4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
o reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
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400 wheat and maize farmers in the study area. Equivalent factors were also selected from similar studies. An
independent samples t-test was performed between the two crops to determine whether there were differences in
the evaluation of EF.

Results and Discussion

The results of evaluating the ecological footprint method of wheat and maize cultivation in the study area at
the level of one hectare were 3.50 and 4.66 global hectares, respectively. The results of the ecological footprint
assessment for wheat and maize showed that both cropping systems are in an unsustainable state in terms of the
environment. These systems produce 1.7 tons and 2.86 tons of excess carbon to produce wheat and maize,
respectively, which are more than the ecological capacity of one hectare to absorb environmental pollution. For
both wheat and maize crops, nitrate fertilizer at 40.85% and 49.36%, diesel fuel at 18.57% and 17.60%, and
water consumption at 14.57% and 16.31%, respectively, had the greatest impact on environmental instability in
the study area. The mean comparison of the ecological footprint between the two crops showed no significant
difference between wheat and maize. The high ecological footprint of traditional agriculture was consistent with
previous studies (Naderi Mahdei et al., 2015; Kissinger and Gottlieb, 2012; Bevec et al., 2011). Also, the
important role of nitrate fertilizer and fossil fuels in increasing environmental hazards and ecological
unsustainability was consistent with Fallahpour et al., (2012). It should be noted that no study was found to
contradict the current study's findings.

Conclusion

Both wheat and maize cropping systems were not environmentally sustainable, and the total consumption
inputs for both crops, chemical fertilizers, especially nitrate fertilizer and diesel fuel, have had the greatest
impact on environmental instability in the study area. As a final result, the ecosystem of irrigated wheat
production is more desirable than grain maize in terms of environmental sustainability; therefore, the production
of both crops, especially maize, must be done with the highest accuracy and consider environmental
considerations in the region.

Keywords: Cereals, Energy, Global hectare, Input, Sustainable agriculture
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Introduction

One of the main problems in arid and semi-arid regions of the country is the lack of water for irrigating
agricultural products and other uses. Sistan and Baluchestan provinces is considered to be one of the arid and
semi-arid regions in Iran that are facing water shortages. The present study evaluated the trend of changes in
water footprint of two crops, wheat and watermelon, as the main crops in Sistan and Baluchestan province. In
this way, the changes in water footprint in the two components of blue and green water products and the cause of
these changes under the influence of various factors will be investigated.

Materials and Methods

The present study aimed to evaluate the trend of changes in the water footprint of two crops that is wheat
and watermelon, as the main crops in Sistan and Baluchestan province. In this way, the changes in water
footprint in the two components of water and green water products and the cause of these changes under the
influence of various factors will be investigated. For this purpose, first, the water footprint of these two products
were investigated in all cities where they were cultivated in two sections: blue and green water footprint in a 30-
years’ time span from 1978 to 2017. Then, by using Mann Kendall Trend Test, the trend of long-term changes
was investigated. Water footprint calculations were performed through Cropwat and aqua crop software and,
finally, according to the blue and green water footprint formula in Excel.
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Results and Discussion

The results have indicated that the trend of changes in the water footprint of wheat has been increasing in
Sarbaz and Iranshahr. As for watermelon, this trend has also been increasing in Zahedan and Konarak, mainly
due to reduced rainfall and yields. The average water footprint of wheat and watermelon in Sistan and
Baluchestan province has been reported to be 2134.9 and 318.1, respectively. Moreover, the share of blue and
green water for two crops, wheat and watermelon has been reported to be 1773, 361.9 and 291.7, 26.5,
respectively. The results obtained in this study are consistent with Karandish's research (Kardashian, 2018). The
30-year trend of Mann Kendall method calculated water footprint in three sections :blue, green, and total water,
as well as for yield and rainfall. The results of trend finding for both wheat and watermelon at 95 and 99% levels
showed that the yield of watermelon in Nikshahr, Chabahar, and Khash counties had an increasing trend, and
this reduced the blue water footprint and consequently reduced the total water footprint of the crop. Wheat crop
is a more effective factor, and with the changes in its 30-year trend, the water footprint of the crop, especially its
green water footprint, has been affected. In Zabol, Iranshahr, and Zahedan stations, this issue is quite evident,
and with the decrease in rainfall trend, the green water footprint of the crop has decreased.

Conclusion

The results show more water footprint of wheat than watermelon due to the high yield of watermelon
versus wheat. In comparing the green and blue water footprints of the crops, the results show a greater share of
green water footprints in the wheat crop than in the watermelon crop, which is also due to the length of the
growing season and the date of cultivation and harvest of wheat and more use of rainwater resources. Evaluating
the change with the Mann Kendall Trend Test indicates an increase in yield and a decrease in rainfall in the 30
years studied in two places, which has increased the blue water footprint and reduced the green water footprint of
crops.
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Tabel 2- Average water footprint of wheat and watermelon in Sistan and Baluchestan cities
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(Average)
291.7 244.5 178.7 276.8 123.9 295.2 4235 499.3 WF blue Wy
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Fig. 2- Share and percentage of blue and green water footprints of wheat and watermelon in Sistan and Baluchestan cities
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Introduction

One of the most important issues in improving the growth and increasing the yield of oil plants is proper
nutrition and providing the nutrients the plant needs during the growing season. Today, using biofertilizers in
agriculture is considered an effective way to reduce the consumption of chemical inputs to increase the
quantitative and qualitative yield of plants using beneficial soil microorganisms. Among these organisms,
phosphate-solubilizing bacteria, which can increase the phosphorus uptake efficiency of plants, can be
mentioned. According to reports, humic acid is a plant growth stimulant mainly by changing the root structure
and growth dynamics, increasing the root size, branching and density.

Materials and Methods

A field experiment was conducted at the agricultural research station, Bu-Ali Sina University, in the 2020
growing season. The employed soybean cultivar was Habit. This factorial experiment was performed based on a
randomized complete blocks design with three replications. Experiment factors were two levels of phosphorus
fertilizer, including application and non-application, biophosphate, including inoculated and non-inoculated, and
foliar application of humic acid, including 0, 2, and 4 g.I'* (during two stages of 15 and 30 days after emergence
at the rate of 250 liters per hectare). In the present study, the interaction effect of humic acid and phosphate
solubilizing biofertilizer was evaluated on phosphorus agronomic efficiency, water use efficiency, yield, yield
components, and quality characteristics of soybean. In this study, after checking the residual normality of the
data, SAS software (Ver. 9.1) was used to analyze the data variance. Also, to compare the means, Duncan's
multiple range test at the level of 5% probability was used.

Results and Discussion

The results showed that with phosphorus fertilizer application, simultaneous use of biophosphate and
humic acid increased plant height (19.2%), biological yield (28.8%), and number of pods per plant (20.4%)
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compared to the lack of biophosphate and humic acid conditions. For the treatment level of non-use of
phosphorus fertilizer and use of biophosphate, foliar application of 4 g/l of humic acid compared to 2 g/l
increased the biological yield of soybean by 13.9%. The 1000-grain weight of soybeans in phosphorus fertilizer
application conditions showed no no significant difference between humic acid levels. However, in non-
phosphorus fertilizer conditions, foliar application of 4 g/l of humic acid caused a significant increase in 1000-
grain weight compared to non-humic acid treatment. It seems that the application of humic acid has strengthened
the relationship of the plant with phosphate-solubilizing bacteria. Also, the number of grains per pod of soybean
increased by 14.6% with biophosphate and 16.8% with the foliar application of 4 g/l of humic acid compared to
the conditions of no application of any of them. The application of 4 g/.I"* of humic acid and the application of
biophosphate increased grain yield by 27.3% and 26.4%, respectively. The highest percentage of seed oil (23.21)
was obtained in the absence of phosphorus fertilizer and simultaneous application of 4 g.I" of humic acid and
biophosphate. In contrast, the highest percentage of grain protein (51.3) was obtained in the presence of
phosphorus fertilizer, 4 g.I"* of humic acid, and no biophosphate. In the absence of available phosphorus in the
soil, the application of biophosphate takes precedence over the foliar application of humic acid. This is evident
as, without biophosphate application, there was no significant difference in seed oil percentage across various
levels of humic acid. When biophosphate and humic acid were used in combination, compared to the sole use of
biophosphate, the individual application of 4 g.I"* and 2 g.I"* of humic acid increased phosphorus agronomic
efficiency by 21.1%, 35.7%, and 48.3%, respectively. The results indicate that the combined use of biophosphate
and foliar application of 4 g/l of humic acid, in comparison to their absence, improved the water use efficiency of
soybean by 25% and 26%, respectively.

Conclusion

Therefore, simultaneous application of 4 g.I"* of humic acid and biophosphate can improve growth yield, and
increase soybean phosphorus agronomic and water use efficiency. However, to achieve a higher percentage of
seed oil, 4 g.I"* of humic acid alone is recommended.

Keywords: Grain oil percent, grain protein percent, grain yield, pods number per plant, water use efficiency
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Fig. 1- Means comparison of soybean plant height affected by phosphorus fertilizer, biophosphate, and humic acid
interaction
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* Means showed with the same letter are not significantly different based on the Duncan's Multiple Range Test at 5% probability
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Fig. 2- Means comparison of soybean biological yield affected by phosphorus fertilizer, biophosphate, and humic acid
interaction
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* Means showed with the same letter are not significantly different based on the Duncan's Multiple Range Test at 5% probability
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Fig. 3- Means comparison of the number of pods per soybean plant affected by phosphorus fertilizer, biophosphate, and
humic acid interaction
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* Means showed with the same letter are not significantly different based on the Duncan's Multiple Range Test at 5% probability
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Table 3- Means comparison of seed per pod affected by phosphorus fertilizer, biophosphate and humic acid
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* Means in each factor, with at least one similar letter, are not significantly different based on Duncan's Multiple
Range Test at 5% probability level
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Fig. 4- Means comparison of 1000 seed weight of soybeans affected by phosphorus fertilizer and humic acid interaction (2
and 4 are grams per liter of humic acid)
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* Means showed with the same letter are not significantly different based on the Duncan's Multiple Range Test at 5% probability
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Fig. 5- Means comparison of 1000 seed weight of soybeans affected by phosphorus fertilizer and humic acid interaction
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* Means showed with the same letter are not significantly different based on the Duncan's Multiple Range Test at 5% probability
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Table 4- Means comparison of soybean seed yield affected by the main effects of phosphorus fertilizer,
biophosphate, and humic acid
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Soybean seed yield (g.m?)
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Use No-use Use No-use
313.34 2* 279.22° 246.02 ¢ 313.22° 247.83° 314.58% 244.47°
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* Means in each factor, with at least one similar letter, are not significantly different based on Duncan's Multiple
Range Test at 5% probability level.
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Fig. 6- Means comparison of soybean harvest index affected by phosphorus fertilizer, biophosphate, and humic acid
interaction
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* Means showed with the same letter are not significantly different based on the Duncan's Multiple Range Test at 5% probability
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Table 5- Means comparison of water use efficiency of soybean affected by the main effect of phosphorus fertilizer,
biophosphate, and humic acid

g O b pe 21,5
Soybean water use efficiency (kg.m)
EI— Ol NG
Humic acid (g.I") Biophosphate Phosphorus fertilizer
4 2 0 t.é’m J,.«A.o Pic J,m »_é,m i
Use No-use Use No-use
0.681a 0.607 b 0.514c 0.676 a 0.538 b 0.683 a 0.491b
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* Means in each factor, with at least one similar letter, are not significantly different based on Duncan's Multiple Range Test at 5%
probability level
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Table 6- Results of analysis of variance of phosphorus agronomic efficiency

P s34y Olr o (ke
S.O.V. d.f Mean of squares
S 2 3.42"
Block
(BP) cliwsse 1 77.76™
Biophosphate
(H) Sogen a0 2 22.96™
Humic acid
BP x H 2 34.89™
bl sl 10 1.69
Error
Sl o 4.48
C.V. (%)

* ‘**
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*** and ns: are significant at 1% and 5% probability levels and non-significant, respectively.
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Fig. 7- Mean comparison of phosphorus agronomic efficiency affected by humic acid and biophosphate (2 and 4 are grams
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Introduction

Utilization of different plant nutrition systems in terms of optimal use of climatic factors, agricultural
management and consumption of agricultural inputs can be an effective way to increase production and reduce
the use of chemical fertilizers. Under such conditions, using organic manures can protect the environment,
produce healthy agricultural products ,provide better nutritional conditions for crops, and have a favorable effect
on plant growth. Organic manures are natural and safe products. Organic manures positively affect plant growth
by increasing porosity and permeability, reducing soil bulk density, and increasing soil water-holding capacity.
The combined use of chemical and organic fertilizers as a correct and rational management system, in addition to
reducing the use of chemical fertilizers and preventing their harmful effects on surface and groundwater, can
maintain the nutritional balance in plants and increase their yield. Recognizing the significance of integrating
organic and chemical fertilizers in sustainable agriculture, this study was undertaken to examine the variations in
yield and yield components of sunflower nuts. The investigation focused on utilizing different levels of chemical
fertilizers and pelleted poultry manures.

Materials and Methods

This experiment was performed as a randomized complete block design with 11 treatments in three
replications in the University of Kurdistan research farm in 2018. Experimental treatments including poultry
manure in combination with chemical fertilizers, including 1000 kg of poultry manure + zero chemical fertilizer,
1000 kg of poultry manure + 25% of recommended chemical fertilizer, 1000 kg of poultry manure + 50% of
recommended chemical fertilizer, 2000 kg poultry manure + zero chemical fertilizer, 2000 kg poultry manure +
25% of recommended chemical fertilizer, 2000 kg poultry manure + 50% of recommended chemical fertilizer,
4000 kg poultry manure + zero chemical fertilizer, 4000 kg poultry manure + 25% of recommended chemical
fertilizer, 4000 kg Poultry manure + 50% of recommended chemical fertilizer, 100% chemical fertilizer
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application (recommended) and no fertilizer application. This experiment measured traits such as plant height,
head diameter, 1000-seed weight, number of seeds per head, biological yield, and grain yield.

Results and Discussion

The experimental results highlighted the positive impact of combined poultry and chemical fertilizer
treatments on grain yield and yield components. This included increasing the number of grains per head,
maintaining a 1000-grain weight by enhancing the number of grains per head, and boosting biological yield,
grain yield, and harvest index. Additionally, improvements were observed in grain quality, with elevated protein,
oil, phosphorus, and potassium content in sunflower seeds. Notably, the most favorable outcomes in terms of
grain yield were observed in plants treated with 4000 kg of poultry manure + 25% chemical fertilizer (1413
kg.hal), those without poultry manure + 100% chemical fertilizer (1411.2 kg.ha*), and those treated with 4000
kg of poultry manure + 50% chemical fertilizer (1367.07 kg.ha™). These treatments exhibited the highest grain
yield, representing a substantial increase of 60.57%, 60.3%, and 54.55% compared to the control treatment (880
kg.ha?). Treatments of 4000 kg poultry manure + 25% chemical fertilizer, no poultry manure + 100% chemical
fertilizer, and 4000 kg poultry manure + 50% chemical fertilizer had the highest percentage of harvest index,
respectively. Treatments of 1000 kg poultry manure + 25% chemical fertilizer, 2000 kg poultry manure without
chemical fertilizer, 1000 kg poultry manure without chemical fertilizer and control treatment had the lowest
percentage of harvest index. Treatment application of 1000 kg poultry manure + 25% chemical fertilizer
(39.84%) had the highest percentage of seed oil, but there was no significant difference with other fertilizer
treatments, and only the control treatment (32.91%) had a significant difference. The highest amounts of grain
protein, phosphorus and potassium were obtained from the combined treatment of 25% chemical fertilizer +
2000 kg of poultry manure.

Conclusion

In general, due to the negative effects of chemical fertilizers, the combined treatment of 4000 kg.ha? of
poultry manure + 25% of the recommended chemical fertilizer with the highest grain yield was the best fertilizer
treatment. From the results of this study, it is inferred that using organic and chemical fertilizers in sunflower
cultivation, in addition to achieving acceptable yields and improving grain quality, can increase the efficiency of
fertilizer application and use of chemical fertilizers that negatively affect the environment and environment.
Crop systems have proven to shrink and move towards achieving sustainable agricultural goals.

Keywords: Percentage of seed oil, percentage of grain protein, harvest index, head diameter, 1000-grain
weight
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Table 1- Some physical and chemical properties of soil at the experiment site
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242 384 374 0.76 0.49 762 07 2.2 08 320 124
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Table 2- Amounts of chemical fertilizers based on the soil test results and recommendations of the Soil and Water Research

Institute
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- Consumption amount Lo
Fertilizer type (kg.ha')) Consumption time and method
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Urea One-third at planting, one-third at 8 leaves, and one-third before flowering

ooly Sla) guo 90 13,5 S o)ly o5 b ol yor cuilS” 5l LB
Potassium sulfate Before planting, it was plowed into the soil
superphosphate It was used as a strip before planting

(431,5) 3,555 290 13,5 S 3y o3 b olyen B8 )

Sulfur (granular) Before planting, it was plowed into the soil
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Table 3- Chemical analysis of pelleted poultry manure
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1- The least significant difference
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Table 4- Analysis of variance (mean of squares) of sunflower yield and yield components affected by different levels of
poultry manure and chemical fertilizers

ey ke
Mean of squares
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)‘":UO?/ Gl e e, GbyhE b aiboslaxi Al I 45 Py &> 3 Slos "’a}‘
T d.f Plant Head Seed number 1000-grain . "”‘_”" Grain By
height diameter per head weight Biological yield Harvest
yield index
"’S" . 2 823.5" 6.8 39.6" 166.7" 55498.1"™ 3973.2™ 1.16™
Replication
&35 sjlas
Fertilizer 10 737.07" 48.16™ 5960.3" 48.6™ 549717.4™  110507.0™  10.6™
treatments
s 20 237.8 2.01 301.9 6.58 43513.3 4203.8 0.48
Error
e 8.4 7.6 5.2 16.2 6.0 5.6 2.9
C.V (%)

o)) S g iy Jleis! e p3 I gize g Iy pixe s e, FE *ns
Ns, * and **: represent non-significant and significant at 5% and 1% of probability levels, respectively.
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Fig. 1- Mean comparison of sunflower plant height affected by different fertilizer compounds (chemical + pelleted poultry
manure)
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ChF: indicates the amount of chemical fertilizer application in percentage, and PM: indicates the amount of application of poultry
manure in kilograms
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Fig. 2- Mean comparison of sunflower head diameter affected by different fertilizer compounds (chemical + pelleted poultry
manure)
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ChF: indicates the amount of chemical fertilizer application in percentage, and PM: indicates the amount of application of poultry
manure in kilograms.
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Fig. 4- Mean comparison of biological and grain yield of sunflower affected by different fertilizer compounds (chemical +
pelleted poultry manure)
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ChF: indicates the amount of chemical fertilizer application in percentage, and PM: indicates the amount of application of poultry
manure in kilograms.
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Fig. 5- Mean comparison of harvest index of sunflower affected by different fertilizer compounds (chemical + pelleted poultry
manure)
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ChF indicates the amount of chemical fertilizer application in percentage and PM indicates the amount of application of poultry
manure in kilograms.
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Table 5- Analysis of variance (mean of squares) of traits related to sunflower seed quality affected by the application
of different levels of poultry manure and chemical
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Introduction

Intensification of agriculture and increasing use of chemical pesticides can have significant environmental
effects on other non-target organisms and various environments such as air, soil and water. Growing concerns
about the negative effects of pesticides have resulted in some indicators that measure the environmental risk of
each pesticide. One of these indicators is the Environmental Impact Quotient (EIQ), which has been used
repeatedly to monitor environmental pesticides in a wide range of agricultural and horticultural fields. This study
aims to investigate the environmental effects of pesticides used in wheat fields in Bandar-e-Turkeman County in
the 2019-2020 year.

Materials and Methods

To implement the model, information about the name, amount of consumption, and times of application of
pesticides used by farmers were collected in the form of questionnaires and face-to-face interviews with 59
farmers. The Environmental Impact Quotient (EIQ) of these pesticides was extracted from version 2021 of the
Integrated Pest Management (IPM) site. The environmental effect of used pesticides in each wheat field was
obtained from the sum of EIQ of pesticides in the consumption and dose of pesticides per hectare. The
calculations of this model were done in Excel version 2013.

Results and Discussion

The result showed that the final EIQ score for all toxins had the highest impact on the ecological section.
Imidacloprid (92.88), Carbendazim (86.00), Acetamiprid (71.95), Cyproconazole (67.00), and Deltamethrin
(65.15) had the highest toxicity for the ecological section, respectively. Based on the results, carbendazim was
introduced as the most dangerous and the insecticides Acetamiprid and Imidacloprid were the least dangerous
toxins for the farm workers. Calculation of the environmental impact of pesticides per hectare showed a high
numerical variation among surveyed fields. So ,the lowest index related to fields No. 25, 55, and 42 had about
6.31, 7.01, and 7.02 environmental impact, respectively. In these fields, no pesticides were used during the wheat
growing period and only at the time of planting carboxin fungicide was used for seeds at the rate of 0.45 and
0.50 kg/ha. Fields No. 40, 10, 30, and 35 recorded with EIQ-FUR equal to 41.49, 33.20, 31.20, 30.85, and 30.67,
respectively. In these fields, we have observed the highest environmental impact per hectare. In continuing, the
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distribution map of this index in studied fields was produced. The results showed that there is a different variety
in terms of pesticide application in fields, therefore, target points can be determined to farmers for reducing
pesticide application and fields with high environmental impact.

Conclusion

The numerical values of the three components of the EIQ index, including risk to farm workers, consumers,
and ecology, can vary depending on location. The current values of this index do not consider differences in the
technology of application or use of personal protective equipment. It can be concluded that the EIQ model
requires changes in the direction of localization within the study areas, including the number of farm workers,
specifying the type of tools and equipment used, and separating the type of developed or developing countries. In
general, in these fields, the management of pests, and the identification and management of weed diversity can
effectively control the amount of pesticide consumption and reducing environmental risks.
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Fig. 3- Distribution of environmental effects of pesticides used on wheat fields in Bandar-e-Turkeman County
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Introduction:

Water is considered one of the main factors driving agricultural activities. It is predicted that more than 67%
of the world's population will suffer from water shortages in their habitats by 2050. Therefore, maximizing water
efficiency is the best solution to the problem. Water productivity is important in evaluating the efficiency of
irrigated and rainfed systems. Sugar beet is one of the strategic crops in Iran and its area under cultivation has
decreased in the last two decades, especially in Khorasan Razavi Province. The high water requirement of sugar
beet and the problem of water shortage during spring and summer are the most important reasons for the
decrease in the area under cultivation of this crop. Given the crisis in water supply for crop production,
increasing water productivity in irrigated agroecosystems can be considered a suitable strategy to increase the
area under cultivation and yield of crops. In recent years, different studies have been conducted to increase the
water productivity of different crops using simulation models.

Materials and Methods:

In this study, root yield and water productivity of sugar beet were evaluated in response to three different
sowing date treatments (20 February, 21 March, and 21 April) and four irrigation interval treatments (10 days,
12 days, 14 days, and treatment with the model according to the crop water demand) in Neyshabur, Sabzevar,
Quchan, and Torbat Jam locations. For this purpose, the SUCROS simulation model and long-term
meteorological data were used to estimate the growth and production of sugar beet. In addition, the trend of
sugar beet daily water demand and changes in soil water in different treatments during the growing season was
extracted and analyzed.

Results and Discussion:
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The results showed that the highest yield of sugar beet (63.80 t.ha') was obtained in Sabzevar by sowing on

20 February and irrigation with ten days intervals, while in Torbat Jam, Neyshabur, and Quchan, the maximum
root yield (66.44, 109.38 and 112.15 tha, respectively) was achieved by sowing on 20 February and irrigation

based on crop water demand. In contrast, sowing sugar beet on 21 April with 14 days of irrigation intervals in
all studied locations resulted in the lowest yield among treatments. Water productivity comparison in different
locations showed that in Sabzevar, Torbat Jam, and Neyshabur, the treatment of the 20 February sowing date and
irrigation based on crop water demand resulted in maximum water productivity (4.08, 4.52, and 8.10 kg.m?,

respectively) and in Quchan, the treatment of 20 February sowing date and 14 days irrigation interval with 7.70
kg m led to the maximum water productivity. The results also indicated that in Sabzevar, the lowest water
productivity was obtained by sowing sugar beet on 21 April and irrigation with 14 days intervals, and in Torbat
Jam, Neyshabur, and Quchan, the minimum water productivity was simulated by sowing date of 21 April and ten
days irrigation intervals. Evaluation of the relationship between the length of growth season (as a criterion of
sowing date) with sugar beet yield and water productivity in all locations showed that there were significant
relationships among these variables and the length of growth season at 1% probability level, which indicated the
importance of early cultivation in increasing the sugar beet production and water productivity in Razavi
Khorasan Province.

Conclusion:

The findings of this study suggest that modifying the sowing date, in comparison to adjusting irrigation
intervals, may have a more significant impact on enhancing sugar beet yield and water productivity.
Additionally, in warmer locations like Sabzevar and Torbat Jam, exploring alternative options such as autumn
sugar beet cultivation is advisable. In light of the constraints posed by limited water resources, it is
recommended that researchers prioritize investigations into water productivity rather than solely focusing on
maximizing crop yield.
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Fig. 4- Mean comparison of simulated yield between different treatments in studied locations
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The means with different letters in each column are significant at 5% probability level based on Tukey test.
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Fig. 6- Regression relationship between length of growth season with A) yield and B) water productivity at all studied
locations
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Introduction

In recent years, the heightened concentration of greenhouse gases has brought increased attention to the
pressing issue of climate change. Therefore, monitoring climatic variables to prevent the adverse effects of climate
change is more important than ever. In pursuing long-term climatic forecasting and assessing their evolving
patterns; various international scientific societies have concentrated on understanding the extent of climate change
and devising measures to counter its adverse effects. The development of general circulation models of the
atmosphere (GCM) has been a significant stride in this direction. However, GCMs may lack precision in predicting
minor changes at a local scale. To address this limitation, the utilization of downscaling models such as SDSM
and Lars_ WG (that were used here) becomes imperative. These models serve as essential tools for simulating the
viability of cultivating agricultural species in the future, especially when considering localized impacts. Because
climate change will probably change the conditions for growing canola, as one of the strategic and prominent crops
in Iran, studying the effects of this worldwide event on the canola-grown fields in the future is needed.

Materials and Methods
In this research, using temperature and precipitation forecasting models, GIS functions and hierarchical
analysis process (AHP), canola suitability classes for 2050 were determined in Mazandaran Province. 37
meteorological and synoptic stations were involved, and climatic data (including temperatures and precipitation)
were generated under three RCP scenarios (2.6, 4.5, 8.5). In this study, we utilized two general circulation models
(Can-ESM2 and HadGEMZ2-ES) that had been recommended for application in the study area.

Results and Discussion

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction
BY in any medium or format, as long as you give appropriate credit to the original author(s) and the source.
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A comparison of the involved models showed that the SDSM model was superior in predicting temperature,
while the Lars-WG model performed better in predicting precipitation. The results for the land suitability revealed
that the changes in climatic variables would lead to changing the suitability of agricultural lands for growing
canola. Examining temperature change maps in the investigated region revealed that minimum and maximum
temperature variables are poised to rise under climate change scenarios, with a more pronounced increase
anticipated in maximum temperatures. The findings indicate that the projected temperature increase will establish
more conducive conditions for canola cultivation. Additionally, precipitation patterns increase in both RCP 2.6
and 4 scenarios, with a more substantial rise in the RCP 2.6 scenario. Conversely, the RCP 8.5 scenario predicts a
decline in precipitation levels. Also, considering the climate change scenarios, the spatial distribution and the area
of each suitability class changed slightly, so the high-suitable class will extend under RCP2.6, especially toward
the center parts of the study area. Under RCP 8.5 and RCP 4.5 scenarios, not only suitable lands were not
considerable, but also the less suitable land extended to the southern and western parts of the study area.

Conclusion

The output of the land suitability maps showed that climate change would change the suitability of the studied
agricultural lands in the future. Also, with the implementation of the climate change scenarios, the area and
geographical distribution of detected classes will change. In the optimistic scenario, the lands will be more
appropriate for canola cultivation and will cover a wider area. In other scenarios, the conditions for canola
cultivation in the lands of Mazandaran will be more unsuitable compared to the present, and the decrease in the
level of suitability will be more evident in the western and southern lands of the province. Therefore, solutions
such as the use of more compatible cultivars and changes in agricultural management in facing new conditions in
these areas should be considered. The outcomes of these studies offer practical insights for shaping regional
planting strategies, aiding decisions on crop inclusion or exclusion, and informing the overall design of agricultural
patterns in the area.

Keywords: Geographic information system (GIS), Precipitation, Temperature, Zoning
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sy s e 5l ool wl o e ol j3 enlBl Ol s o i
slels &S sl o Lars WG 4 SDSM ks sles (wliie
Sl o.).:..:j 2 =l gbags culs Sl gilwanss slp sy5 o
.(Hashemi & kiani, 2018)

9y oS sl bl (S (Brassica napus L) 1318
ol S Sl w yp 4 33,5 o g 0 Lid > dliine 3bolie
(Everest cuwl jly5 1 sloig Caoal 5l (ol s byl cos
2 eSS Ll ags 4 oo Cuenl 4 4> L et al., 2021)
Ear—b 9% 31 ! 3 135 35 epls g sl STy el i
I3 5las s dxw o5 (gladelip j3 ¢ Sfg) slaaily cui ST glacu)ls
ol cusS anw 5 el o i g Sy o e el g 43S
ol 23] 5

gy ‘Ol.:wa)f [Jk'“’] 2 I)’lf CuisS Sxianno @\55 Oy d\).g
Ko gl &S S Gyao (ol e OleMb] wlobo 1 oslatwl b
Ol Sl 2o o b 4 Al 4Y o8l sjls 5l
S cuns Gl b | (po 1)l Colue jldo 3 VEIA g5 oS og
Uja.wy.a 4>y ).)).a)ulu»‘ Coliwo )‘ o yd a‘“//\ 69.4“)‘.;.0 )l.yug
byls s fliw] o)) colus 5l s ;3 YA/F 2905 5 cuslio
Ol |3 158" candig yslaieas (Khorshiddoust et al., 2011)
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508, b Lars-WG 4 SDSM las (whiide 33y Jdo 9o laxal
5 (51 J8las) slalod iy Jao 3l am pl8 10 5 Ba b 4 _uslde
5 S Sl (it B b g 35l 0NV Jlo > 53k

A 00y 0400 13I8 S (gl u.@'bl ol e ags

s, 9 310
@& JLw YO U V) coeaids slaosly 1 sudos oyl 4o
o] YVl (glite  Slanl e Bl 5 calises (laolSi )
b I8 e yhya5ke ola iyl | odgize )3 Sigiw g (o Wb lon
CanBgo ol 0a b ol wl Jlods oylowl 3 g liaw (NS
JKE )3 gy )90 Sroliasl g adlllas 3590 03545 (oLl )2>
Shal o glaodls bl (g5 pl 55 .ol sa s odly L
B oy )90 092 Jloyi Jai 3l g 0 (g pglzen lnolSi ]
SeS L SDSM - sles whidosy Jdo 3l odli ol b w28
NCEP- _xiwlg 0y90 (sl a5 Can_ESM2  sg0s jid,5 oo
Al Yo slaoygd dwyin culB 5 Y-8 1YY Jls jNCAR
Gy Gigs oyl pd b 48T oyps (b o YVer BYeF Jlo
b 0y93 olSiunl ya JleMbl ailu ljse 4 diws oSiusl y2
s (Yo BASRY) m Joo 0 05390 Glojojl o Jglase
B3 3 iy 0y50 alBlis o 4y oSyl b g A a8 )S
Jse jledla_wl b oS Lars-WG ol wldejsy Jdo jl Cuomed
sie (Siwly (sboyed (olyly &S HAAGEM2-ES _ogos i )5
Oled b aulsl cbaols el o Ve b i slaoygd g
00,8 e 93 oyl Glasl s s adgr ea s S5 glags i
Jse glgisas ol 8yme (HAAGEM2-ES 4 Can-ESM2)  oges
Khan et al., 2016; ) ¢l 035 oyt lising )3 o wlio
obie 3y Jde 90 opl eadg slaesly (Hashemi et al., 2011
L plas o gy Jlos! ;I L3 (SDSM 4 Lars-WG) ,les
(MAE") s sllas Sk claoylol bl (losnlive (slaodls
a_iy, 9 (Whitley & Ball, 2002) (MBE") s ol nSke
o Jdo oyt g 04 dunlio (RMSET) s claypo (1Sko pgo
ol s Okl )b g xSl (Bl slales jI S ya (ol
sl ds yo 48 g5 o Jolis 1) G b o (slodgase Lo, Lol

3- Root Mean Square Error

Bad gdadl obj Codgize B codgize (9 | (oS )l 5
w23 ciS cwls —wyp > .(Sobhani & Roshanali, 2018)
P o KR Fr o A O L SO B 1 ¢
Lol g onld] Jolse ()35 185 ol3m  2ldl i oMbl i
(Kazemi & AkKinci, 2018) ai )l55 ool)l cawls p 1y S
1Sl by (ol Lars-WG 5 SDSM . Jie ¢85 (s

0ys3 b GEV3 (gl T aujsi jlme 5 sl Ggin > 30k
AD gl Aol 3 Al Vee g0 Xe A e Sl
b ol Je @By (silwand oUly Jae 93 po o 08 ()15
-owbdoy Jlo oS Limg} o (Hashemi et al., 2011) 5l
Cos (YoYU YV 0)90) (wlidlen claosls dLars-WG ;L
L8 iyl 3yse olize sbao Lol 1 osliusl by cilises (slagy L
Gy omwlio G5 iy Jao cpl a8 ol L_is g cé S
Karandish, 4 adllas ddlaie ;5 0dil euldl cunss g (55lo dndd
Jde 4w aslio 4 gladles 4> (Darzi Naftchali & 2016)
sjl—war b » CLIMGEN 5 Weet herman Lars-WG
w3l dgeto 5 15 (05 S ik ulil a3 el (sl
Silwdni » Lars-WG Jue iy o) 5l (Sb uls g0
22 oS jebds g 09 M 9 (55 slaadlate )3 Lo Jilo yiel b
535 ey oot sl yially b 31 e 1y oo sl Jso
oobdossy o gy 3)Slas 4_uwlio .(Kamkar et al., 2014)
ol ol | 53 OIS L oK) > Lars-WG 5 SDSM les
Blas 550 pas | (St J—ols @l )5 )8 () 2)90
;| .(Ajamzadeh & Mollainia, 2014) ¢l K06 o b Jse
55 15 ok S e S bayly 5 glad ooy il i oS x|
S e glagiagh pLol cplply )8 dalgd s (hes
D)o 5 4 (6)9)—5 i Jg—aze nl Mg g dopp Copde
b ol wkie 5oy lo Jio jloslar wl b gudss cpl jo cplyplis
Sl g 2B lp) 5l pSope 5 ol 5 lod i iy an
A Ll g 4 o w18 5 (GIS) oLl ole M
crodlil Ll b 3 IS oS (15 (snaigg 4 (AHP) (310
a3by hlile Gl |5 (oMo Voo Jlo (sly s o i
Dot cpl p disly cped yd .(Kazemi et al., 2012) cul onis

1- Mean Absolute Error
2- Mean Bias Error
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RMSE = \Ezﬂﬂ(zo{i) — Z* (xi)

Z (Xi)5 005 i (sboodls Z*(Xi) «V¥oleo () > a8

(¥) asles

slrodly 4 cu i gyipe Bollay Jao 1 Bb 5SG05 4w
.(Mozaffari et al., 2012) s s Slalse

1 n
MAE=>Y" | 7*xi) - Z(xi
b lalie shaeds w2 |2+ - Z (x|
| ;
MBE =3 (Z*(xi) - Z(xi))
i=1
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34°0'0"N < 34°0'0"N
1cm =70 km Stations and study area
33°00°N | 0 75 150 300 km Agricultural lands |7 33°0'0"N
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32°0'0"N F ° Meteorological stations| 4 32°0'0"N
1 1
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adllan 390 (owlidlgn (S0l g ol i5le L] (65y9LiS (1,1 (2Bl pda Cundge ) JSUS
Fig. 1- Geographical location of Mazandaran agricultural lands and studied meteorological stations
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2- Inverse distance weighting
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1-Geographic Information Systems
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Kazemi et al., 2012; ) 135 S (510 001, cowld 31 550 conlSl Jolgs auids adgi 15 oaliinw] 3,90 Gl —Y Jgun
(Makhdoom et al., 2011; Martin & Saha, 2009

Table 1- Classes used in the generation of climatic factors maps for canola suitability assessment (Kazemi et al., 2012;
Makhdoom et al., 2011; Martin & Saha, 2009)

awds 4'\7..%4 sl oS lod . buwgio slod ; ‘-,;:'-,lg _
aximum . o verage temperature recipitation
Class temperature (°C) Minimum temperature (°C) °C) (mm)
. s ‘b 25-30 10-15 17-20 400-500
Highly suitable
“"_wtﬁ 30-33 7-10 15-17 300-400
Suitable
Moderately- 33-38 4-7 20-25 250-300
suitable
i >38 <4 >25 <250
Non-suitable

Kazemi et ) 1315 CuiS 1m0 o8y cawld o 30 HS9197 9 S Jolge (Wil udoi ;5 03wl 5,90 i -Y Jou
(al., 2012; Makhdoom et al., 2011; Martin & Saha, 2009
Table 2- Classes used in the generation of soil- and topographic factors maps for canola suitability assessment

(Kazemi et al., 2012; Makhdoom et al., 2011; Martin & Saha, 2009)

as £l o s S9d gl
Class Elevation (m) Slope (%0) Aspect EC (dS.m?) pH
TER TSR O9
ol ks Srhoge
j § 0-1500 0-2.5 ; P 0-4 6-7
Highly suitable Without direction
South
Southeast
~ il = By )
S“‘T‘”l‘gl 1500-2000 255 East 48 5%&?86
uitable Northeast
cawlio s widled —p g
Moderately- 2000-2500 575 Southwest 8-12 8-8.5
suitable Northwest
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Fig. 2 - Flowchart of the work steps
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Table 3- Comparison of SDSM and Lars_WG climate simulators for the maximum temperature
of studied stations

oK oU Lars-WG SDSM
Station RMSE MBE MAE RMSE MBE MAE
3 et 0.654 0.133 0.594 0.024 -0.0048 0.0178
Dashtnaz
Peiall 0.580 0.152 0.462 0.024 0.011 0.018
Ghaemshahr
S5l 0.567 0.147 0.450 0.024 -0.007 0.017
Gharakhel
’,‘”L"s 0.680 -0.057 0.568 0.031 0.016 0.021
Kiasar
”"_& 0.656 0.009 0.480 0.177 0.055 0.126
Kojor
Rl 0.662 -0.036 0.542 0.014 0.006 0.009
Noshahr
i JJ 0.684 0.033 0.529 0.033 -0.007 0.027
Polsefid
el 0.656 0.104 0.547 0.009 0.002 0.008
Ramsar
g)Lf’ 0.648 0.122 0.529 0.022 -0.007 0.016
ari
M fl*” 0.676 0.033 0.550 0.292 -0.064 0.229
Siahbishe
wa’“‘ 0.524 -0.119 0.432 0.378 -0.284 0.295
Minodasht
e 0.468 0.166 0.362 0.445 0.069 0.223
Kordkoy
Ul ile 0.523 -0.128 0.405 0.328 -0.177 0.271
Hashemabad
o5 0.717 -0.099 0.568 0.014 -0.001 0.011
Gorgan
AN
0.958 0.604 0.785 0.149 -0.009 0.118
Kalalehh
4 oglye 0.633 -0.044 0.487 0.191 -0.092 0.146
Maravetape
OS5 0.742 0.104 0.568 0.153 -0.003 0.121
Bandar Torkman
SLlyeel )M 0.710 0.006 0.582 0.018 0.001 0.014
Bandar Amirabad
sl s
. 0.860 -0.044 0.701 0.062 -0.035 0.045
Aliabad
el 0.678 0.049 0.575 0.060 0.024 0.051
Amol
el 0.632 0.081 0.521 0.018 -0.009 0.015
Babolsar
WLy
i 0.693 -0.139 0.576 0.026 0.013 0.021
Gonbad
3)_9&‘9 0.669 0.101 0.634 0.035 -0.004 0.015
Bojnord
ot 0.595 0.120 0.502 0.035 -0.010 0.015

Esfarayn
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oS o538 0.582 0.115 0.490 0.035 -0.006 0.014
Gorgan Airport
lolows
0.695 -0.089 0.608 0.042 0.017 0.018
Samafan
] 0.671 -0.023 0.520 0.188 0.056 0.123
Alasht
Jl’;I”"’I 0.677 -0.032 0.582 0.025 0.007 0.006
Amirabad
sl 0.699 0.001 0.569 0.044 -0.006 0.024
Badele
79 0.671 0.072 0.587 0.020 0.003 0.005
Rodsar
"’b'bfb\j 0.663 0.090 0.569 0.033 -0.006 0.013
Lahijan
M G
T 0.691 0.001 0.590 0.303 -0.063 0.226
Bayekola
M)L” 0.539 -0.151 0.472 0.389 -0.283 0.292
Biarjmand
Oliows
0.463 0.134 0.402 0.456 0.070 0.220
Semnan
25818 0.538 -0.160 0.445 0.339 -0.176 0.268
Shahrod
oleel 0.732 -0.131 0.608 0.025 0.000 0.008
Damghan
e 0.173 0.572 0.825 0.160 -0.008 0.115
Garmsar

axdlls 3590 (SOl WipeS slod g1y Lars. WG g SDSM ool (o jlusdnud duglio —€ Jgin
Table 4- Comparison of SDSM and Lars WG climate simulators for the minimum temperature of studied stations

o Rws] o Lars-WG SDSM

Station RMSE MBE MAE RMSE MBE MAE
O 0.655 -0.032 0.534 0.016 -0.006 0.017
Dashtnaz

el 0.571 0.139 0.444 0.027 -0.008 0.017
Ghaemshahr

J13 0.567 0.147 0.450 0.024 -0.007 0.017
Gharakhel

’_“’l”{ 0.634 -0.072 0.536 0.020 0.009 0.016
Kiasar

)’"_'5 0.600 0.009 0.501 0.091 0.021 0.072
Kojor

R 0.653 0.012 0.554 0.015 0.007 0.010
Noshahr

'\MJ” 0.637 -0.029 0.509 0.015 0.000 0.013
Polsefid

el 0.731 0.293 0.588 0.016 -0.004 0.013
Ramsar

“”L_” 0.640 -0.022 0.512 0.015 -0.004 0.012
Sari

Adn olw

0.615 -0.028 0.517 0.166 -0.043 0.125
Siahbishe

sl 0.400 0.179 0.310 0.371 -0.147 0.169

Minodasht
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S35
Kordkoy
ol pasls
Hashemabad
oS
Gorgan
FIMLY
Kalalehh
45 oglye
Maravetape
OeS ¥
Bandar Torkman
bl el iy
Bandar Amirabad
s sl
Aliabad
ol
Amol
bl
Babolsar
A5
Gonbad
29
Bojnord
Og_b.é.ul
Esfarayn
OBS o838
Gorgan Airport
RAC
Samafan
syl
Alasht
3Ll ol
Amirabad
PN
Badele
r939)
Rodsar
by
Lahijan
M4l
Bayekola
R
Biarjmand
Sliows
Semnan
39,0l
Shahrod
Ol
Damghan
Sawe S
Garmsar

0.417

0.467

0.686

0.927

0.472

0.614

0.686

0.447

0.605

0.758

0.730

0.733

0.642

0.617

0.402

0.419

0.469

0.688

0.929

0.474

0.616

0.688

0.449

0.607

0.760

0.732

0.098

0.039

-0.018

0.658

-0.080

0.031

-0.025

0.033

-0.009

0.313

0.299

0.281

-0.034

-0.04

0.017

0.086

0.027

-0.03

0.646

-0.092

0.019

-0.037

0.021

-0.021

0.301

0.287

0.344

0.375

0.566

0.702

0.380

0.510

0.548

0.367

0.488

0.613

0.563

0.602

0.526

0.531

0.324

0.358

0.389

0.58

0.716

0.394

0.524

0.562

0.381

0.502

0.627

0.577

0.313

0.304

0.016

0.043

0.166

0.098

0.013

0.014

0.021

0.012

0.027

0.015

0.014

0.165

0.370

0.412

0.303

0.015

0.042

0.165

0.097

0.012

0.013

0.020

0.011

0.026

-0.077

-0.185

0.005

-0.012

-0.080

-0.016

0.001

0.002

-0.009

-0.003

-0.008

-0.002

-0.002

-0.041

-0.245

-0.075

-0.183

0.007

-0.011

-0.078

-0.014

0.003

0.004

-0.007

-0.001

-0.006

0.200

0.256

0.013

0.034

0.132

0.073

0.011

0.011

0.016

0.009

0.021

0.011

0.010

0.123

0.267

1.198

0.254

0.011

0.032

0.130

0.071

0.009

0.009

0.014

0.007

0.019
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Table 5 -Comparison of SDSM and Lars_WG climate simulators for precipitation forecasting in the studied stations

o] oU Lars-WG SDSM
Station RMSE MBE MAE RMSE MBE MAE
b eud> 0.292 -0.030 0.255 0.452 0.390 0.381
Dashtnaz
Pl 0223 -0077 0.175 0451 0415 0421
Ghaemshahr
J2 0233 -0.074 0.174 0.457 0.405 0.405
Gharakhel
",“’L"s 0.234 0113 0.173 0.363 0.310 0.310
Kiasar
”’;‘S 0.105 -0.014 0.082 0.219 0.168 0.169
Kojor
Rl 0.666  0.359 0.432 1.061 0.819 0.819
Noshahr
M‘“’J’ 0.198 0.031 0.161 0451 0.369 0.369
Polsefid
el 0.640 0.237 0.434 1.110 0.847 0.847
Ramsar
‘Sjglr“ 0.288 -0.029 0.235 0.422 0.385 0.385
i
Ao olow
0.177 -0.006 0.126 0.351  0.283 0.283
Siahbishe
w>9.m 0.306 0.138 0.260 0451 0371 0411
Minodasht
9525 0.369 0.075 0.306 0.421 0.377 0.377
Kordkoy
U il 0.159 0.005 0.117 0431 0.378 0.378
Hashemabad
g 0.175 0.044 0.138 0.314 0.291 0.291
Gorgan
AN
0.035 0.001 0.106 0.052 0.037 0.139
Kalaleh
& oglye 0.173  0.041 0.125 0.245 0.185 0.185
Maravetape
oS F 0.185 0.038 0.135 0.349 0.280 0.280
Bandar Torkman
ﬂ""’*""f‘" 0.241 0.006 0.183 0.427 0.353 0.353
Bandar Amirabad
Sl e
. 0.321 0.114 0.247 0.367 0.335 0.335
Aliabad
el 0.326 0.106 0.238 0.401 0.366 0.366
Amol
el 0.301 -0.095 0.232 0.519 0.406 0.406
Babolsar
Wit
j 0.415 -0.090 0.163 0.601  0.142 0.522
Gonbad
°’_"’” 0.149 0.028 0.168 0.155 -0.080 0.193
Bojnord
oyl 0.104 0.018 0.174 0.154 -0.077 0.203

Esfarayn
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oS °l§_°"'é 0.143 0.123 0.138 0.153  0.140 0.204
Gorgan Airport
lolows
0.013 0.081 0.136 0.062 -0.017 0.075
Samafan
] 0.063 0.132 0.078 0412 0.356 0.636
Alasht
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Table 6- Mean and change values of the main temperatures and precipitation in 2050 compared to current state during
canola growing season in Mazandaran province
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Table 7- Area and total share of each suitability class for canola cultivation in agricultural lands of Mazandaran province

1305 CcuiS (gl o)) s b
Land suitability classes for canola cultivation

gy , b Carads ol L wlin Culio s
Scenarios Non-suitable Moderately- suitable Suitable Highly suitable
1o o yd 1o oyd lroes o yd lroes KW
Hectares  Percent Hectares  Percent Hectares  Percent Hectares  Percent
Current state Jis \l; — - 2092 0.39 391475 74.45 132238 25.15
RCP 2.6 — — 1334 0.25 118200 22.47 406326 77.26
RCP 4.5 895 0.17 105772 20.11 419184 79.71 3 0.0004
RCP 8.5 315 0.06 68248 12.97 457290 86.96 — —
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