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Figure 1- Interaction of planting date and species on Survival percentage of clover under controlled conditions
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affected by freezing stressin controlled conditions
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Planting datex Species
k> 16 0.4 22 0.4
Error

o> gy aw )0 I gxe g ) Gxe pE i pa i g NS
nsand *: non- significant and significant at %5 level of probability, respectively

Table 4- Effect of planting date and species on L Tsog,, RDM Tgpand RLAT 5 (°C) as affected by freezing stressin controlled

conditions
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il s
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29265 A -17.0 142 -15.0
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! 171 -17.0 -165
Persian
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Evaluation of Growth Characteristics of Four Clover Species (Trifoliums pp.)
Affected by Freezing Stress under Controlled Conditions
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Introduction: In Iran, clover is the second most important forage crop after alfalfa (Medicago sativa) and is
cultivated on a surface of about 70,000 hectares. Yield improvement of this plant could be achieved through
autumn cultivation. Iran is still one of the main centers for the diversity of clover species, there is not much
information about freezing tolerance of native species of this important plant. Since freezing stress is one of the
most important winter stresses which causes severe damage to the plant cells and tissues and ultimately plant
death, evaluation of freezing tolerance of this crop could help to determination of the best planting date in order
to achieve the highest yield. The aim of this study was to evaluate the freezing tolerance of four clover species
through assessment of plant survival and re-growth after freezing stress.

Materials and Methods: In order to study growth criteria of four clover species after freezing stress in
controlled conditions, an experiment was conducted in 2012-13 in Faculty of agriculture, Ferdowsi University of
Mashhad. Treatments were arranged as factoria based on Completely Randomized Design with four
replications. Factors were included of planting dates (late September and late October), clover species (red
clover T. pratense, white clover T. repense, Persian clover T. resupinatum (autumn species) and crimson clover
T. incarnatum (spring species) and freezing temperatures (O (control), -3, -6, -9, -12, -15, -18, -21°C). Survival
percentage, LTsy according to Survival (LTseg), leaf area, Reduced 50% Leaf Area Temperature (RLATsg), dry
weight and Reduced Dry Matter Temperature 50 (RDM Tg,) were measured after three weeks re-growth.

Results and Discussion: Results indicated that survival percentage was significantly affected by interaction
of planting date, species and freezing temperatures. In both planting dates, crimson and white species showed a
good surviva till -15°C while they were killed as temperature was more decreased to -18°C. In first planting
date, two species of red and Persian clover had 50 and 42% survival, but were killed in this temperature in the
second planting date. The lowest LTsg, in autumn (red, white and Persian) and spring (crimson) species was
found in first and second planting dates, respectively indicating higher freezing tolerance in crimson species at
second planting date and a better acclimation of autumn species at first planting date which led to a higher
survival compared to spring species. Leaf area was significantly affected by planting date, species and freezing
temperatures at the end of the recovery period. In first planting date, decreasing temperature from zero to -18°C
caused reduction of 98 and 48% of leaf area in red and Persian species while no plant of white and crimson
species was survived in this condition. In second planting date, leaf area was decreased about 6, 33 and 2% as
temperature decreased from zero to -15°C while leaf area of Persian species, not only was not decreased, but also
increased by about 12%. The lowest and highest RLAT 5, were observed in Persian and red species. Interaction
of planting date and species on RDMTg, was significant in a way that in delayed planting date, RDMTg, was
increased in red, Persian and crimson species while it was decreased in white species.

Conclusions. Red and Persian species showed higher freezing tolerance according to indices of survival
percentage and LTxg. The highest recovery ability of plants based on leaf area per plant, RLATs,, plant dry
matter and RDM Ty was found for second planting date. Also annual species of Persian and crimson had lower
RLATs, and RDM T, and higher freezing tolerance compared to perennial species of red and white clover.

Keywords: Acclimation, Leaf area, Planting date, Recovery period, Survival
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Effect of Organic, Biological and Chemical Fertilizers on Yield, Yield
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Introduction: Purslane (Portulaca oleracea L.) is an annual and C4 plant that belongs to the family of
Portulacaceae that is tolerant to drought and salt stresses which contains high amounts of beneficial omega-3
fatty acids and antioxidant vitamins. Adaptation to both dry and saline conditions makes Purslane a prime
candidate as a vegetable in areas with dry conditions and salty soils, often present together where land is
irrigated. Purslane seeds provide nutritional value and have beneficial health effects on the body, especially in
preventing cardiovascular, cancer, and hypertension (high blood pressure) diseases, because it contains omega-3
and omega-6 fatty acids and other nutrients like antioxidants, tocopherols, and dietary fiber. Nitrogen is a key
element in soil fertility and crop production. Recently, attention to the soil quality and health has increased,
especially for sustainable production of medicinal crops. Thus, using natural and on-farm inputs has been
considered, to produce healthy food especially in developed countries. Achieve this goal needs organic
fertilizers. Given the importance of Purslane as a medicinal plant and the fact that there is no detailed
information about the nitrogen requirement for this plant, this study was conducted to evaluate the effect of
organic, biological and chemical fertilizers on yield, yield components and percent oil of common Purslane
(Portulaca oleracea L.) in Birjand, Iran.

Materials and Methods: This research was carried out during two growing seasons (2014/2015 and
2015/2016) at the research farm of Birjand University. In this experiment, the treatments were a combination of
four sources of nitrogen supply, including cow manure, vermicompost, chemical fertilizer (NPK) and control
(without any fertilizer), as well as four types of biofertilizers including nitroxin (including Azotobacter and
Azospirilum), Mycorrhiza (Glomus intraradices), Biosulfur (including Thiobacillus with sulfur) and control
(without any fertilizer) on Purslane in a factorial design based on randomized complete blocks design with three
replications. The studied characteristics were performed separately in each harvest. From each plot, ten plants
were randomly selected, and plant height and SPAD index were measured. Five plants were randomly selected
from each plot, and yield components, including the number of capsules per plant, number of seeds per capsule,
1000-seed weight, biological yield, and harvest index, were calculated. The grain yield was performed when
yellowing of 70% of the capsules. The oil percentage was measured by Soxhlet method. Qil yield was calculated
by multiplying grain yield by oil percentage. Statistical analysis was performed using Minitab 17 software. LSD
test was used at the 5% probability level to compare the means.

Results and Discussion: The results showed that the effect of organic and chemical fertilizers on all studied
traits (except harvest index) was significant. The highest plant height (49.24 cm), number of capsules per plant

(351.23 capsules) and 1000- seed weight (0.41 g) was related to NPK treatment. The highest chlorophyll index
(34.27), seed number per capsule (45.4) and seed oil percentage (14.6) was related to vermicompost treatment.
Also, the highest grain yield (1959.29 kg.ha™), biomass yield (9782.43 kg.ha™) and oil yield (277.68 kg.ha™)
were obtained from NPK treatment, while no significant differences were observed between NPK fertilizer and
cow manure. The effect of biofertilizer on number of capsules per plant, number of seeds per capsule, 1000-grain
weight and oil content was significant, but the effect on the other traits was not significant. The highest number
of capsules per plant (355.38 capsules) and 1000 seed weight (0.41 g) was related to mycorrhiza treatment, but
the highest number of seeds per capsule (43) and oil percentage (14.6) were related to biosulfur treatment. The
interaction of two studied factors (different nitrogen sources and biofertilizers) on plant height, chlorophyll
index, capsule number per plant, biomass yield, harvest index and oil percentage were significant. The maximum
biomass yield was obtained of the interaction between NPK and Nitroxin (10670.1 kg.ha), and the interaction
between NPK and biosolfur (10306.7 kg.ha™). The maximum percentage of oil was obtained of control and
biosolfur treatments (15.4%).
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Conclusions: Based on the results of this study, it is recommended to replace cow manure with NPK
fertilizer to minimize the application of chemical inputs and maximize production of purslane seed and oil in
Birjand.

Keywords: Biosulfur, Mycorrhiza, Nitroxin, Purslane, Vermicompost
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Shedl  (SSlcola el Gioi oepted BB S o ped BB ey
Texture EC (dS. m?) pH N (%) P ava (ppm) K ava (ppm)
p9) (Loam) 3.23 8.2 0.033 6.8 133

astin g3 Aol 4 (odm Sl oBb gl § 5 jaw Sl e aiin
Hossinzadeh ) a5 5L Jsloxe Jgexe ol b 55 aals g 0 plol
Jolsd b Cogs 93 50 55 Shogud dpuwl 555" Lo (et al., 2013
(sl 5l g olo o) iy (2los S5 1 9,10 293 (Lo
Sacde e bata ol (el s pbul (bl O )3 Gas ygod g
Opgmodey 9 4By, Jseme ol 3 |y e Sopogen aul 1 p3Y
b 4y s (950 sl alad 3l s g 03,900 OF ) Jglowe
b iy i) JoLs Soiggiyge lio (6,0l sl
sl Gl b oy s oo o Lol dil ableds! slis 5 a8l
sobaie 4o )8 bl dolal Cjgods dg Ve ol glagils
o Gl Cond 1oy S a3 0 Sles ljal g 3 Sdos dlxe
e 5l Laase cudldy 5l w9 b by mpe jio ¥ Colu
Pl joln (o)las Slidos dagST g wigy Sl hyled 5 (0
3y Slas g asly 3, Shas gy anly )3 asly g ST olaw b cé )5
s A iy a5 Y+ Aged Sy 95 dpalons Sl
93l L sl i (g e S g b (ol joby 08
Sl elyo o Bpan SIS s pjgi p)5 +/+) cds b Jlusod
Cawddy gdaw 15lg )3 (Bpae O (e 4 4ild 3, Sloe s I 35
Slis §I S pn ol odd (gylaen slaodly 4355 HbL > .l
L Layless 5:S5o dlio s MSTAT-C 5 3ls 5 51 odlizl L
A plool 70 prdaw j3 (SOl (glassly wis 905l 51 enlazal

$255158,90 wlio
g lis)) o)l ol 148 ol s iyl 4328 @l
oy Sy s 3 1 ol ol Bles llaii] Sl g 4Bl Jlad
Al 03l 51 g wig i)y Joilio o3l 510l 5 50 cou
O b I e (GlS A8l jlaB g gy £ S
Jobie Xl lite Sl 3 cod ()l dne yoboas g0 5]
Jod) €85 )18 Jolio X Sosed dpusl 5 Sose duwsl x5 L]
ol o] 5Ly Jsitie 5 okl Blite 31 slaysSlee duglie (¥
9 VY e GlapsSSle b gy )l o ieS g cp pi oS
e g Jglie 30 5 oS GB35 g sl o e il FVIY
pie 5 (228 e yiosho YV+ 5l Gy (o)) (S 5 (15
Ve g Vel G bl Zakew 50 din el Cusddy Jgibio 38

Tk B > el O bl & g0ty pialesl
bl 593 cptmoRy cnl 5o b Ll 1S5 a b dalay Ll Sl
e S | (redS 5 plahe Y+ 9 1F e V) o duw >
g 93 > Jylio b (0l Joloxs ool 15556 e (A oS
Vg yio) gaw 93 L Shogen bl g (oo 203 VY 9 yio)
o Jobo b 485 Jlas > o8 o yeS plgiea (LS )5 sl
bolas ol g las ¥ eosls bobs sl (e 0 ol )8
yo 5l YO+ dgds J,ST 90 o dlold gy e Bl O+ il
CalSs s g3 g ,len e yids o0 g ol G S s Al
Y

3 ceilS i (ilwodlel Sllas 5390 il 18 Jlo (e
3 s S s mlss pell 1 .cd)S plool 33598 Lausly
4 50 09l 355 b ABlSl S & puwly Slalgw S 43 p,55LS
Slados jl g 203 8+ ) Cugh 93 53 ,USs 5 p)SokS V0 (e
Ladigy 4 Sy Syg0 o g (2 958 53 S0 Aoy3 B 5 SIS
coslS §) o plaiol yiy ol €855 5] 0ad g ol a5 ool
5 HAS (Sgers Jlim )3 53 Cund & plpd (eSS (ESE)B L
)5 cudS SB e Lo YUY dgds Gos )0 Culgud)l YV o
o515 4 Gy (Sl e Bl VO g (g ol ey L g (S
5o -(Zarei et al., 2014) i pbol LS )3 ag 4l VWY ol
3 oslil U g jlid cost i S8 b ()bl ¢ inlol oyl
oS S sl Jlosl (255 plosl 0,8 a3 4558 5 Sl
o> 1 plsl (05 455 0 B F al> o) (ol izl Sl ey
Do, 13 CaxSo o YYD 5 OF«r MY Cud gy odd sl
Cagh dw 3 (Gl A3 0)93 (b )3 3 e slacdle b oj)ls
b plol (fd (g ©jgody

g 48 odlitul Jilie S plgieds (olol O Sl (Gaios ol o
S GpealS p 3 )5V e ¢ Jgilie Bpan plie Sl S5 o 4
Cpa cpidred i d8lo] Jgilio Caow | BU Glodio 1 (6565 ol
i) 5 08 S e Jlie Jlone Ssismy G135 3520
Safarazade Vishgahi et ) a_s solawl ylge olgicas A 355
Sygo oS Wby fad (b 5 Cug dw b Jelxe (al., 2007
it alols > gy 1y aloge (b (il Jooxe g 255



Voo 5l o) oylosds 08 s oyl pl o615 Sleiidgy 4y TF

9 ady) o> Glll el o)y (Sgeygmdnd Caols sl Siogn
obS (Jgb 48 5 55530 (N yolie Gl (Sl Gial33l 4 >
g o S i bl

Ol Sl Seogen dewl 9 Jilie Jlite 51 6l (5:0ke aulie
VNZ oyt sl uSile b a5 g5)] (35208 9 (p pian 45 ol
sl 350 5 St (3l s bowe Lo 33 i 5l PR
Cmddy (Soged Sl g Joilio )8 pas) ald jlod 5 Sogenr
B ome pis 5 ik Jolone Ll 53 &8 Canl 55 8y p5Y o
odnl o Srogut ol 3,5 b &gy elas)l jlo me Liul38l Joilie
5 Sepoged dyol 3,28 5 J5lio ik Joloxe pie (slalass Ll 5
2555 G Yl 5l g dwl 3 )8 pe g Jgilio (SL Jglee
aS S g e Silear (¥ Jgas) ails gylel @oglis wa b
ORI 3 Gty ] Ssagen ol g Jplio plgs 2,0)15 a2z
Sloe ol 3 Sy s 3,18 Ll s sl |y ol gy el
b Jobre S g oo caily Caio ol il SluSS Ll
005 weSlied sl Gl g )5 i JRalS Bk ) Jgile
Saoged Juwl 558 5 (Zbiec et al., 2003) olS ¢ iwwsd yle5 o
Nardietal., ) ol yobe g ol Gis olos iulsl cde &
5a= oS 61l Sesy Coles 5 anie 0y I3l sl (2002
Ll

Sl el oS i Jleel 48 3 oL b uSibe dugli
a5 gybdy )5 Lol dle Gblassl slae g dBlu b > sxe
ol ey Comd (o 50 el W 5TV ) e o)l
VB 9 Y15 ity |y 4Bl Jlab (202 s aho Ve J) g
Lod VO/F o ¥F a1y Lol able clleiil sl § do)d
U Gl S 25 8 oo i 40 (F Jgiz) 3 el
ohalS g Lidsjy) dile (s g 4018 )3 J5e sl
Fimgd Glise g 008 dSlied il Grals oles 5 Sy s
g 0db aie )8 el el (Moussavi-Nik et al., 2012)
ol (o ptod bl b dliie )3 1) obS g8y sty a5
ey skaie 4 &S B > Gl 00l ialS (g,ld xe joboay
oS 5ym 9 yuS o> YO g 00 VO Voo o)Ll g Jloa
Sl @ ls ol ol o a5 il b s pbsl gwlS )0z pe
2l (Foaadeini et al., 2015) codl yials wlS &g )
Uil 55 (Taheri Asghari et al., 2009) )L 4 (5 0!
ekl 59 LRl b1y wlS 4Bl blaiil dlass cauoyd FA/S
it puls Al 5158 xesd y s e e VO 4 O
A5l bl pials L aS ol olis 5, e (ogas )3 allug
4)9: ) L.S*JB as L olaws 6‘_5.91)) w.‘)).‘o w}‘o) o yd ' L doyd
(Oveysi Omran et al., 2020) cél, jials

S gyl Jlogine Gl s Sl (read g e e
IeS 2 A5 Lyl ) bl b edalite Jgilie 2,018 tlS
20,5 el cans oyl a1y ()b bxe pusd Cunilss Joilie 5,8
o35 (Ramroudi et al., 2017) -, ISen 5 (63950, (Y Jgi5)
ol s b anlio o el); cud b o yd 00 (bl a5 w8
W ly GwlS Gy elas)) gao FY ials ol); cud s ao )y A
Taheri Asghari et al., ) ;Ko g (s 0l 5yl .cuily Lo
190 o3l L 1y awls 6oy elasy) (gasyn Yo Lials 50 (2009
300l ()38 ey e ee VO an B¢l o)l
1o VO 900 D Ve ()bl oo o (o2 sglatody oS
oS G5 Gl b o] Al > e oS 5,5 5 0
s (Foaadeini et al., 2015) coél, ialsS asge gl
bl Sl b aS oy s J5)B o pogas ) dlugd s
osals ag el ely; cudyls Cogby o Ve 4 do Al
5l ookl ¢ 2ui>s )> (Oveysi Omran et al., 2020) ¢l
Khosravi et al., ) sl> Lil5- 811, 5,6 asg elas)l Joilis
b slxe 45 3l L S oguad ) Ladod gl (2011
Azimi and ) sl (iol3 81y ase elas)l oo doyn Fr Joilio b
(IS Wb 55 bl s )3 dwy e ,las 4 (Nejatzadeh, 2020
B ey cola (Eals g (BT Ol 4 olS adyy (g ytwd pas
i Jsloee (6al ST s (LACK, 2013) boaijg) oy ey ]
oS odyg) A5) 4 ol polandl g ity s ole W)y )5 Jgilie
L leS ad (105 Ll (ol 50 g i) g0 5 5 3L 00
255 e 6yl re il Jgilie 5,08
O Sl oz ol 5 olel iz 1 oo (:ilo dylie
Lol L (ools asg el (S g (o piien 85 ol
2208 5 oS D5 g e ) el FHIA g AR s e,
Ssoged dusl 3,8 pie 5 2l 0d (AT Jlosd g Soped s
Uil oyl zokaw dan > aS conl S5 & p3Y kel Cunday
(Y Jodn) o osmliie Shoged duawl 3)5 b Ctao ol Iy imo
3,8 &S Waazeo (Kulkarni et al., 2014) )\ Ken o 5,5 JsS
500 O lal zals 4 o diiny by 9 b sl Spogun
g i oil331 & gygbar oad (il (2 2900 coga
s polae o Ol dgueS byl b )0 SYUK 5 5Uge s dpus]
Ay daag g 39 Bin Al dnwgl & e Bdes el Sogen
5 JUge—d 0a S s (slajlisl oo 55 il s 4 g oo
ady) J Ol JEl sl Sogem 3,018 sy 0 5 4y 8l VLIS
5 (Khaled and Fawy, 2011) sls 5811, olsn (claplsl 4,
e 5 o 305 ol yad & |y Ul 35maS S5 5l as tals
el dile (g olic 48 aadixe 35 (Salehi et al., 2010)
oS Lol il g o) B oS gai gy )3 i g pudS



U «solg> g sgwgo

B

skl 50

s Jelxo 9 Saogud vl ¢

0 Slos (S 5elg8 590 Wlawo v Joilio

v

A[aAnoadsar quedijiugis-uou pue ‘sjaAa| Ajiqeqoad (o4 pue go4 I8 JURDIJIUSIS SUBdWL |, PUB 4,
!..m su el oso.hm.mu_ 3««.%_.”_.1 ef .:d_.U Qm \ cfor 6 avd qﬁ(..jﬂﬁ oLJJ.‘sﬁ

»

9'8 991 ¢zl ¢'9 'S €9 86l Ll $6 -
LYLI STOLLI 96l 0200 676 6'TE Tl SH'T €T 81 7 q
w b8 EE wSS8TSE  W8L'6T W SHI00 wl6 wl'f «S§90°T wl'8 w CP8S1 z V xgx)
awtl'T wIl'ESEE 6817 & 1TE00 s €19 w9'T w8S'E su8€°S ,.86'F€8 I 0]
wll 01 .T1'9866 L9CTT W Th00 o €789 w$8T wtS'T w€T9 LS1059 z VxD
LOOPEL L O0°EE0TI 8ELIT 865070 LTER0T ,.88T1 wIF'T wlS'L L bTses z vxd
)]
LOL6LE w€918S9 | L¥FL8S 0950 ..0Tr e L8LYS w8L'E bS8l LSTP8 [ proe sluiny
| et
()
,.08°10T1 LSTPSSLT |, TT86E 860 L89g1ee L1926 w P9y u S961 Lriss I [OUBISN
[
- . . . . - . - ﬂm
6£°6 CT'8SST 9I'Sh TSLO'O #+99 6'0€1 PS0°S €78 98'88¢ ¥ 7 e
(V)
L19719€] LLUPS00S L L91EE L 601°T LLISLSEE LPEILET L1955zl LISPST L PPSIL z uomE3 L
E
uonedijday
L.86°88¢ LETL86T 68965 SL90 ,.09198 ,.068Y wSH6S JFEL wSH'1TS z o
5 wals
MM.”.NM_M‘H PIRIA pIoIk o o_wm_» yuepd sad yuepd aad urew 1od 1aquinu .
' [earSoporg paag p dquInu pRR§  PqUNU WYY saypuesyg 19pmerp Wy ¥p AOS
paseq-ureis) e -0001 . . walg weld (feS
Mo g 510 510 bl : MR o
Niad lad o ¢ ev fon2 ev oy MRS 20N i
R P Forste Forsie T T <t eeve |57 ef I a e
| o

S[9Ad] PIOE dIWINY puUE

[ouBY)IW ‘UoNESLLII Aq PI)IIJJe Se snqdiul wntieydi) Jo AOUIDYJI asn 1)em pue sjusuodurod ppRiL ‘praif ureas ‘syea) jedrsojoyd.aown aoj saaenbs Jo uvdy -z Jqe L,

<ob p- gD L e AR sonslo S sorsle € 9F el | 9o o K o2 AT e € e ot



9k apis YA

S

oo sl o oyl 04 ala eyl o215

(607 0=d) 1891 a8ues odnnw s, uedUN( 03 FUIPI0IIE JUBIYIUTIS JOU I8 UWN[OI OB UI SIANI| SWes Ay} A PamO[[0f SUBJA]

AT oo v o 7l 80 |9 Lo e e K e (80 v e s qer (ece o o e @y e

su su su su su L 98L 01
su su su su su aFSL 0 1z
su su su su su 0 S9L 0l
su su su su su , 669 0 0
(,-8y 1) proe oiung x (A/A%) [OUBLIRIA
o [ x
su 2 8L > €€l su su 2 9°€9 01
su 2 8°LI AN su su ;809 0 012
su > 8°88T > 91€ su su > 6'8L 01
su p 0°9TT pTLT su su pL'TL 0 orl
su o ISV v §SE su su » 6'68 01
su q8'SLE q Por su su q ¥'¥8 0 0L
(B ") PIoE J1WN x
(ued uonerodeas ay} woly uonerodeAd dABNWIND JO W) UOETLL]
T [y S
p FO¥ 2 0FEl > L€l 2 0790¢ > I'LS - 819 1T
> £EE 2 8°€l 2 €11 2 COvY > 87CS 2 L719 0 0I¢
e L799 2 8'LLT > I'PE 2 6°€0T1 > €101 > C6L 1T
> S8 p 0°L0T p 8FC p C1'9T6 p 6°68 p PTL 0 orl
q 196 e V'ECTY v CLS e EFFOL e S°OCI e C06 1T
> 69 q $'L9€ q 8'LY q SLITI A q 588 0 0L
(A/A%) [0UBYRIA x
(ued uonerodeaa ayy woyy uonelodeAd JANBINWND JO WW) UOHESLL]
[« (A
._Aw._m_uww_wwww Awﬂ_wv £1°3) yued sod hma«,.—uouhm.== (o) 341y
asn a13jEm earSoo1g PRIA foquinu paas uNy HW:WE jusuBa.Lf,
talilis e Poos ° she “o e
SF el Torsie s oK SRR AP 157 < ‘3

S[OAJ]

pPIoE drwny pue oury)aw ‘uoneILLI £q pajdyJe se sngdpur wniioys1) jo syuauoduwod ppIA pue syea) [edadojoydiow dwos 10§ uosLiedwod sugdw Ay I, -¢ dAqEL
<0 \- e AR | £ oY KT oo A EIRe €S st qemT pon g egf2 (I e[ € o e



B

okl 590 w3l (o3ls g (Gomge

s Jelxo 9 Saogud vl ¢

0 Slos (S 5elg8 590 Wlawo v Joilio

Y4

(60" 0>d) 1521 93uel oy nu s, uesUN(] 0 SUIPIOE JUBDIUSIS JOU AIB UWN[OD YR UT SIANI[ SWES dY) Aq PIMO[[O] SUBIA]
AN e gv o @l mEQ (|9 Lo opyiy oTRere # e (A0 S gy et qer e el o mep2 gy e

¢ 8IS ¢ C0'89C e PSEE e 1€°T ¢ 0°LSO1 » 876 e SL'S e 8F11 ¢ 05°6L 01
q £SF v [6°6ET q 6¥'6T q 0T q L'SS6 q 10°L8 v EO'F q V86 q89°0L 0
(;ey ") proe oluny
i e
e VTS v LV'8LT » SO°SE e €8°C e 87801 2 6°56 e $9°C e LETL ¢ 90°6L 1T
q 8'CF qS¥'6TT q 86°'LT q 20T q 6°LT6 q8°¢8 e £0° v 96°60 G ITIL 0
(A/A%) [ouByIa N
e
»89¢ L LO'ETI » £§°¢C1 5 69°1 > V'ELY 2 6'FS q E9°€ q €578 q 8€°T9 01¢
e SLS q SPTPT q 6¥°6C q 17T q 0°ST01 q 956 @ L9°S @ ¥ITI @ V8'SL orl
V1S v LV'S6E v CS'CS v C9°C ¢ 6°0ES1 o I'TCI v CL'9 e [€°T1 e LI'L8 0L
(ued uonerodead ay) woiy
uonelodead aAne[NUND
Jo wiw) uonesLu|
(i
(wrg) ] ) sayoueIq
oty i g quma O e (W) EoH
ofm JapEM PId! P! (8) ;ySam q q BENLLITN JoweEIp Jueld usunEa
[easopo1g pads Pa3s-0001 pads Y wayg 1 Jeal]
PISEq-uIe1s) . ad v o€
o Ml T HOH e e e i e (o3 S
¢ —. ¥ o+ h 3
. . < < N G A =
9 el | Torst s’ << iy - Gl

[ouey)IW ‘uonesLII Aq PO SB snqAiul wniio011) Jo KUY Isn 1djem pue sjuduodwod ppaIL ‘pPRIA ureasd ‘syer) [eangojoydiow Joy uosiredwod sugdwW Y |, - Qe

S[9AJ] PIOE dIWINY pue

<ré 3- oy AT omym e ey sorsler (<4157 Torslc 6 9 sl [ e pom K g2 IS endb 6 v oot



VPoo sl ) oylods I wlr oyl l o81)5 leitrgfy a9 pits Yo

Lod WY g Vo /8 N o ja g jly pme jobas ails Hla 50
4 (¥ Jg) <ol [l Shogd sl 3)8 pas logd 4y
35y Gl b 51 ool T 3 sl Soogads 3,18 sy o LS
O g3 aie &) g olS (s ol (¥ Jgax) (o)
rbo g a5l (g9 Gl g (o) (Sojsler b il 555
ALl L g ol Cwl aily (6350 (i 5,8l g3
s dawgs g obS Ay lalj3l )3 (gude SISl g3 (Sgejgnand
sl o BLS i 4y olie ol gycpl il g 3yl oS (slady,
S s e g 4Bl Sllesl 3lass L2l3) sl ol 5,5 e 3 olS
slge zazs g (Nardi et al., 2002) ou ol jiiwgsd o Jlid 4 4
5 &3S dals &ypo (B (i 4 (w5 oST) dolie 1o 0395
Bpae andoo Ol 1) gyl dne ial3l 0o lil coles 5
(Carum carvi L.) obw oy ,0 1y 4y jlin 59 Shoged sl
Nourihoseini et al., ) oy ]38l o )d VY el a coud
Rahimi et ) 155 3 ,Skes gli! g 3,Skos 3 ine 233l .(2016
Spoged pnsl 3,018 | (Hatami, 2017) s St 4 (al., 2016
L (Rahimi et al., 2016) )L 5 (ous) cCawl 0 ()15
G331 0508 5, Slae Syl 1 dal Saoget 3,28 5 o
23 Sl Smged )5 (oo Ve 28 L L &l jle 59 3 gne
a0 G )

el o Sl Jglie g o)lol Blize 31 sl Sibo dunslio
s s o pSile b olS 3 aild dlass g ST slus oy yidiy oS
9 Jolse 3,0)8 g SleS Li5 ek slewi )3 2as VEFF/Y 4 VYR/0
slowd 3 3e FYL/Y 5 OV/A Cuips slo ko b byl o 268
(1 Jga) soel Cuoay Jgilio 5,08 pas g oS 05 (i
SLid3,S 5 (2alS alsje (o Logas Ol 39008 85 sy a3
0l (Sole adMS 500, 5 sladily osie g s S el
2 M) ecel 3 alius o) o (Ramak et al., 2008)
039> (b ) S polv 4 295 L Caled 53 45 2950 JLiBled S
135458 5 a0k e S daws disMe LB zalS wlS oyl ad,
el 1y olS 5 aily olusi g olS 3 ST dlasy s ime ialS asmgs
o 015 gl oy 1B Cugy (ol Sl 035 oo
2 0l olS H9lS Arwgr o (F Jada) aBl Slleisl slass i3l
4 eyl opl 4 39 g olS e (it (adindd (5 A
ashy 0, Sas glint Jb pme i158) dons 13 g auie cyad Gol58l
Taheri ) ol gpalb 5 .ds gls 23,5 o Jwls oS
elS Gg 5> ST olaw (cao s YA Lials ;5 (Asghari, 2010
QL (20 3 yia o V0o 0 00 1 syl hgd ialiél L1,
Fe 3l oy bl o s (g1 pslato 4y 505 (sladllas 5o 01>
L i plool )l ddigen 5> St | s yio oo YA+ 5 1Y

a5 0w g Bl b I e ialS ¢ TS i 8l cou
03,5 5,8 55 (Carthamus tinctorius L.) 5,8 5 )8
owdise sl (Behdani and Jami Al-Ahmadi, 2011) ¢!
el sl 3w eyl Joolsd zalsdl b Yiazs] a8 aizsls bl
5 2lioo ol Bl gl Sllatil g e oad JSUs e
el o olS )3 o3 a5Ls slaw ygals 4 oleS LS 4

Cel Sogad bl 3)LS a S ol Lo b 1, Sko duslds
P VoS L S psboay )5 a8l jlad I e il
pie Lo dn Cud S0 VY dilu Jlod Siogads ol HLS
a8 e 5 (¥ Joia) b Sl Saagen dul 3
Samavat and Malakuti, ) JSgeyea &Il 50 )b 5l Seogad ol
b T pis 3 S5 (Sidss laan]§ s 5 (2005
SUEEMS €508 | iorad 5 (LS puadplio b b g 4l
il 38l s o(Nardi et al., 2002) ol yole Cla il s
Do o A8l b
oSl gl 3l

5 Jslie o)l ool gl a8 oy Lt il 4528 @l
Al Jlia )59 9 0LS )3 aild sl ol 55 ST sl Sogers dunol
Dlize 31 cpiomen 0l 8 45U Cov oy G paw o 1y wlS
yoboass 1y oS 5 asily slaw g olS 55 ST oluws Jgilio x (6,
3l )l by, Sileo dulio (Y Jgi) ol 15 15l cow (g Iy e
bl & S maz8 5 oo Yo 5l e )bl Jlesl &8
Aoy YOIB 1)y asls jlim (g (e jes yia o Ve 5l
bl ) )3 ol (8,5 58 L w0 Jlad 4 (¥ Jgaz) ol ials
Lo g 29-doe Jimo oS )3 (g blga g Ol il oS 15
2 oS G5 it 86 35 5 @l A5 0,93 g 45 lsS
» dLack, 2013) gyl jiwgd 5 S o slajgy culin
osalsS Ladily 4 baplul plw 9 S 5l (sjumgid slge Jlanl coles
Dgdise oS W3 lia ()jg 9 4Bl

2o VY (bl Jglone 48 ols (LIS lapSSbe duslie (oo
byl 59 gy VOIY g 4l bxe i3l cely Jgilio oo
A (F gin) 108 Jle o2l Jslowe pas Jle 4 G
Yot g (F Jga) (g 38y Jylio Gyman b &5 sy o
sl} GiS G 4y 03)90 Dl anaS g 3L (¢ fhgd oy
N5 038 apcn) 31 s sl aly Ll eus b s clodils
ool 2l 1y (gl bz )3l ¢ swlS &l

Cel Siogat bl 3)LS a S ol Lo b 1 Silo duslie
F Vb g ygbd )8 5 Shes lipl e il
9 0LS ;0 aily slaw w0lS 55 ST olaws Slowe Spoguts dul [ )



PV o Shas (S alay9m lho s Jsilio o5l Jpbno 5 Saoged sl 6 5betl 599 3 c80lg= 3 53mi0

S5 g o Slac g dil g ySlac

5 Jolse «oyll ool @l gl as als s el )y 4350 gl
3y Slae Jplio g s )lul o3ks @l il g ails 3,Slase «Seogan ol
iz 2 )15 5l cod 1oy S aw 3 |y lS Sojglsn
oyl «Samgen gl X )kl 5 Jsilio x o)l lize <l
aulio (Y Jgas) oy 5,8 18l st (ol e yeboass |,
Oty o sl o Sl Jsitie g o)l Jlize 31 slouSibe
5 OVIY iy Lo Silie by o 2,8kee 5 4l 3,Skee
5 Jlie 3,8 5 leS L5 09 slesd )3 @peste o )5 FYYID
coyoyie 3 2,5 WA g WY ity slanSibe b ol oy yieS
5 e V-l Gy ll) (S 0 G jles 5
Mg 25 o {1 Jyin) adl ey Jslio 3,5 pis 5 (o8
bsgio G 5 s llas o)l bl )5 Jgilie 5,8 in ya
St | e pte e VY 5 Ve Sl )lel sl )93) (2leS
0l So5elam 2Slos 5 aily 3, Sas b sxe Linlidl cely (s
VY5l ol 09) oS ead s byl 5 Lol
Colin yialS 4 deg b Yies! o puses St s e o
{(Fazeli Rostampour et al., 2013) cis mew 5 gl
Ash Slas (pl ) (awowxo pudl Cuwl dtuiles Joilie 5l ooldiwl
2 8 Slino )3 Jgilie dans 93y o)l g el )3 5 3L
Ay gy b aS ol Jb > ol s 315 oylel 09,5
BUBSCNIIN WI | SPR A g &bl )?s » S8 ol @ ols
Sy 99 3L) gldSjey colin (ol Yleas! o yows Suis
g Gl 5 15 e sl Ll 5 5, 5l (s,
L domdi )3 g odd plosil (5,050 920 & Jgilie Qlo olS Gl
g ash 0y Sloe ¢ oz 1oy VY & yao | Jgilio 28 il 58]
ORIl 6o ime yobar (ylol (slaygd cpl > Solsn 3 Shes
O g Jol gl bl o &5 S plgioe (1 Jgie) <l
Jloss Ay Cud 0359y g0 Mg g jriwgid (e ¢ lpS lawgie
o3 5l e & bulyd opl )3 g Wb Gl (S s i
i alS b 3l eole oyl 3,8 ¢ Jgilio 5o da g adijy,
plgs Lial8l g Sy ¢y N9, 53U ((ZDiec et al., 2003) 5,4
(Hossinzadeh et al., 2013) glasjg, colan § Sy o w
9 0 Mos (il (olag) 1) ol (itwgd Gly i Gl
940 5, Sloe sl 50 g 0400,5 cely ) ladily (i 4y sy
Gl )l psbods aw dalg 3 1) (GlS SuTglgn 3)Sles
L i bl b cod By cpl &S casl Jbjd cpl ol ool
@l 25 Slao ool Gl g Jlie 5)5 LI g Gl pas

g ash o, Sles o (S (1T g Jgilie (bl Jglone Sl o)y

St ) ey yia e VA 4 B 5l o)l e il
YA/D o VOIS i e mye sio 53 ab dlasi g b jo &by sluws
Byme by 8,k 5l (Mousavi et al., 2012) cély  galS as)d
e A\ Jﬁ-‘{) gy 48 (Jolie (oo o> VY
4 0359, dlgo arass Ylais! g (Li et al., 1995) o oL
g Cunl adly (158l cud p Jb 0 sladily o Llol) iy o
S sime Sislidl o awlS &y i 59 5 0LS 3 ild dlass 450y ]
Jsis) dBlu cbleiil sl jlo bz il poomad .l aiils 1)
el 03,8 walyd 1y oS (5 ST ol ial3dl ol p3Y Lol o€
wes—a> ) iss gl J(Khosravi et al., 2011) sy 58l
s ez dopd ¥ Joilio b (bl Jolxe a5 sl oyl i
Azimi and )by Sislially Loy dsb sl g a0 pls
a5 b Ylan o leS s i blys > (Nejatzadeh, 2020
Fazeli Rostampour et ) s pdaw ¢ (glaijs, colin (ials o
2 wgure ysd Cowl diwiles Joilio 1 oslatul <(al., 2013
oxl 9 9 il anily olS 5 &l Wg 5 g olS o ST g Sbles
055 S 3 y55ie lio 5 §) J5lio gl 53 5)ll 190
29 0 B ol an oS aidy) (uoyton b bl iz S5 (ol
Ol g s St ) s e e VF g Ve Sl (o)l
bl ) g g Syl (Loasiey st 9 5L2) laijgy ol
P04 Jplie Cla ol Clo v Gl g 13) Cap Foglhe
a sho | Jilio 3,8 (R8I L aoms )5 g 00l plosl (5535
ol 930S 3 asily slasi 5 ol p3 58T sl ¢ e o yd ¥
3 iz (¥ Jgiz) €8l (I3l (o)l sne ysboas (g5lal (sl
3 ST olas Cds 93 s Jols jlolS po ails sluws a7 Sl
Uil b olaw ol 93 1 g 0] e comsas ST ;5 &l sluss g ol
(F Jgaz) 28 oo oy el Jplio )8 L 5 tlS (loS
208 5 (S GRS et Jles 3 Cibo ol S e il
e 3 o e GRS 55 5 lolass plo & s 5o
28 L s St s oo VFe g Ve 5l g syl
(Khosravi, 2015) (g, ddl oo jlaml LB (Y Jois) Joilio
3 e o WWo Sl my o)l Jlass 48 903 3138 4y
oSl L Jplie (oo 20> VY (8L Jghone g p5es St
pie g e oo VY 5l gy ilel slosi g oty Se AFIY
13 0558 e o yia dae FA/A 5 Silie b Jsilie b Jsloee
ul)\_ﬁm 9 ..\_;.A)i )y CJL».’ Lol uoL.a...&l .)95 4 ‘) T oo
O oygdm bl b > a S ol L 50 (Armand et al., 2016)
u..ul)_‘)‘d,_:)m JyL.m (TS o )d Y. 9 Ve .!):.)ls ‘éa.»

5 Logl olS 50 M sluw > dze



VFoo o ) oylods I wlr oyl o815 lesitrgfy a9 pis Y

ok VF 5l ey i) (e bssite G155 jlag 5 (asSo
Y g b re g5 5l &S dal Candas Jgilio 3,8 g (2025 puses
YVl e oll) (oS s (a5 sles & s sl
Ored D9 51395 51 Jgilie 3,8 pas g ((rea y5eS o e
9 U5 Geh bl sk e Jlie 52 pie lild 53 42 5]
asly Ol Gy oS JLas 5l ()l gxe cglis  SleS bawgre i
ceel oS buwgie (25 Ll sy Jgilie 3,)l8 Lol cdis osalie
e tuypo o 4 (1 Jgi2) 9,5 113,58 5 ogllae (bl Ll
T LS & ol ol Lo 5 bl 21 3390
OB (ke Sl S ) Jeilie 3 e i j5 g (B
BB Sl e o coles 3 85 ol g ol s g 2l
ol 4 il byye 03,5 o SwolS &by 5 Slas dlas Mo
S312¢ 2 5550 B s Lo 5 Bl > J3lio 358
h")_w PRI I) JyLA .)).3)[5 (APHI J.Jy d]).s c_j ‘_9)..40 u.:l)l.{
4 Cand) 28 0ad g bawgio (15 bl )3 42 g ogllas (gl
il palaw )3 wiby 5,Slee (55 4 e o (Jolio 5,8 pac
a2g b sy ol b s by Jsibio 3,0)8 Lalyd > o]
bl 4 Cuns SIS B (a5 s 4l 5 Slhes LialS a8 cuily
Jpbie 3p)lS pace laly s 3 4 938 Ll )3 do ollas
laless 0 (Brao Ol Sl 292y b a5 35 el (7 Jgu2)
Wb Gl b lass opl ) (0L e 4 &l W5 (gl Ol b paa
i (] 9008 awgio (i al s ot Sy g0 Has 4 (Y Jgis)
4ol )3 g o3l el g Iyt 1) 5y ey (Ji S
uA_A] u».Jl_: cde a u] d)_.m U.)T)lf 9 o3l> C) lmd.:)a) JAK
Rezaei and ) \ob o Gials o Slas (inls coles )0 g juiwgd

.(Soltani, 1996

& 5
T osimnagun dlge I ookl a8 sl L iolejl ol ol
Ot 5 gl )lal bulyd )3 (Jgkie) (liasss 5 (Spoged o)
olS 55 &by slaai 9 oL j0 ST olaw dgups s )b 51 ol o5 lawgio
S s i bald po Lol s wols aly 5 Sas dauy g0
a5, Shes 658U olond o I oimd3gmy dlgo 5l odlizul ]
5 wodbe (olal slaless )3 ol Wl 5 Slae iy il
Jeols g dpasl 3,08 5 gllao o)l g Jgilie (3L Jgloxe
b Jode 5l gwlS 4l Ol Gypine IS oy s Lol s

Omaraei et al., ) ol)LSen g (ol ol g bgw Ly slajasls
15 s il 3,Skas s Jgilie o3 Jslxe &5 3l s (2017
Ot 90,3 ke g I3 sine il SutS odle mest 5 Jorases
Aol Gty o 2o d YV b Jgilie (b Jgle 5l ails 5 ,Slas
s ORI (St 1 blyd 5o Jilie (8L Jolre (ien

Al pme 2)Sles g (gddy sl yadls olod

O Sl Sogd gl 5 )l Jlito 1 sloSils dulio
duu&u L &)95» J)fJA.c ) &ly >)§.Lo.: Oy aS Cowl
IS L5 gh s 0 @peyie y3 )8 FAD/N 5 0O/F ity
P o= ) (Rl 28 (25 Jlesd 3 @yapio > 5V WVIA
ol Canddy Sogat duuol 3118 pie g (2o w55 pio Juo Y+
i) 5 agy ddy adoyo )3 (S (15 GRIBI(Y Jg2)
Cagby 5 Jd)lS Olise il @l g O Qo ialS g
Fwgd o dugy Aby LiblS as ) g (Lack, 2013) Sy (o
Jlo)l 1 eils (il dls po )3 9 398 00 03)92 050 Mg 9 S
Iy oS 5y Sdas g 03l Ll S|y Laassly any 3 (g5tuwgid dlge
0 s Sloged duul 58 a5 sl Jls j3 cpl s o il
OB g pas bl 3 Logad 1) olS (sitgd ply g Jidg)lS
Nardi et al., 2002) s a3 o Liol33] )5 gxe ygbods o oS Lai
Sal sl oS50 izmen ((Sanjari Mijani et al., 2016;
o8l L g (Mirhajian, 2012) 395 o ol 5,05 gle (3L
Uil33l g (Delfine and et al., 2005) (oS gy wjs! clled
Chang etal,, ) olie yole ay yiibn wywd g B,
o=l a4 0n il oLS (gimiwsd culld ili8l Caw (2002
Soiglan 9 4 glad Slos 93, Sloe (slin] 2oy oo 3]

ol 03gr 2o Wad (i pas baylyps o gwlS
dls ol & pan ol yls

9 Joilie gyl ool il gl a8 sls Lis il g 4350 ol
Gz 2D Jsilio X (gylel blite S izeed 5 Spoged Sonl
Ceod doyd ® Cja_w 29 )")(_s*""" )9L>¢\A |) &l ..\;Jy d])g u]
Vo 38 LS ol i lapSile dulie (Y Jgaa) oy )3 5l
oy AR SN ui g_B)_.a.n u)‘)l_f ¢;§.m9,.m J.».w‘ )LSJb 2 )...J
@ (¥ Jgio) <8l Gl Saagen Al 3,58 pae o 4 s
A5 39 9 (Sya9n S Byl I Sengan sl & s 0 sl
iy iliel eel (Samavat and Malakuti, 2005) a.y,
DS ol cales 3 5 (F Jgaz) s 5 Shos g ay) bawgs O

Do g0 &l uT g_B).;.a.a

Col o1 Sl Jglia g syl Jlite 51 (slapSibo dulio



¥r

wd S Los 559099 )90 ©lio p Jgilio LBL Jalone § Sogud dal 55l 530 ;3T (93192 9 Ggmge

Sl ot ) plion lS b 3Skos S 4y liwd a4 ol S gt (5 Luly 3 5 Jb

YV (ibdslone 5 e Sl jl (rens 5 yacshee Ve il bsbre pae 5 g llae ()l Jlos & G (o3 FYIY

3 Sroget sl S8 33 2l Ve S b e o koys 5 3 Jyitie (Bbsbne oS el S5 4 p3Y 35 Jloys s
2,5 ookl dis y ddlaie eoplpls )3 &l Ol Gpne LIS il 4 yoeie (6)lol o

References

1. Amraei, B., Peknezad, F., Ebrahimi, M. A., and Subhaniyan, H. 2017. Effect of methanol foliar application and

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

drought tension on grain yield and growth indices of soybean (Glycine max L.). Crop Physiology Journal 9 (34):
111-129. (in Persian).

Armand, N., Amiri, H., and Ismaili, A. 2016. The effects of foliar application of methanol on morphological
characteristics of bean (Phaseolus vulgaris L.) under drought stress condition. Iranian Journal of Field Crops
Research 13 (4): 854-863. (in Persian with English abstract).

Azimi, F., and Nejatzadeh, F. 2020. Effect of Methanol Spraying on Seed Yield and Mucilage of Flixweed
(Descurainia sophia L.). Journal of Plant Productions (Agronomy, Breeding and Horticulture) 43 (1): 81-92. (in
Persian).

Behdani, M. A., and Jami Al-Ahmadi, M. 2011. Response of spring safflower varieties to different irrigation
distance in Birjand. Iranian Journal of Field Crops Research 8: 315-323. (in Persian with English abstract).

Chang, W. C., Kim, S. C., Hwang, S. S., Choi, B. K., and Kim, S. K. 2002. Antioxidant activity and free radical
scavenging capacity between Korean medicinal plants and flavonoids by assay-guided comparison. Plant Science
163: 1161-1168.

Delfine, S., Tognetti, R., Desiderio, E., and Alvino, A. 2005. Effect of foliar application of N and humic acids on
growth and yield of durum wheat. Agronomy for Sustainable Development 25: 183-191.

Downie, A., Miyazaki, S., Bohnert, H., John, P., Coleman, J., Parry, M., and Haslam, R. 2004. Expression
profiling of the response of Arabidopsis thaliana to methanol stimulation. Photochemistry 65 (16): 2305-2316.
Farhadi, A., Daneshvar, M., Eisvand, H., and Nazarian Firoozabadi, F. 2018. Effects of humic acid on morpho-
physiological characteristics, yield components and essential oil of Matiricaria chamomilla L. under water deficit
stress. Iranian Journal of Medicinal and Aromatic Plants Research 33 (6): 1060-1071. (in Persian).

Fazeli Rostampour, M., Yarnia, M., Farokhzadeh Khoee, R., Seghatoleslami, M. J., and Moosavi, G. R. 2013.
Physiological response of forage sorghum to polymer under water deficit conditions. Agronomy Journal 105 (4):
1-9.

Foaadeini, M., Seghatoleslami, M. J., and Moosavi, S. G. R. 2015. Effect of water deficit stress on traits of
chichory (Cichorium intybus L.) in different planting dates. Iranian Journal of Medicinal Aromatic Plants 31 (3):
383-395. (in Persian with English abstract).

Ghafori, A., Rezvani Moghaddam, P., Nassiri Mahallati, M., Khorramdel, S., and Ebrahimian, E. 2013. Evaluation
of growth characteristics of castor bean (Ricinus communis L.) affected by organic fertilizers. 605-609 Pp. 8"
Congress of Horticultural Sciences, 26-28 August. 2013. Bo Ali Sina University, Hamedan, Iran. (in Persian).
Gholami, H., Saharkhiz, M. J., Raouf Fard, F., Ghani, A., and Nadaf, F. 2018. Humic acid and vermicompost
increased bioactive components, antioxidant activity and herb yield of Chicory (Cichorium intybus L.).
Biocatalysis and Agricultural Biotechnology 14: 286- 292.

Hatami, H. 2017. The effect of zinc and humic acid applications on yield and yield components of sunflower in
drought stress. Journal of Advanced Agricultural Technologies 4 (1): 36-39.

Hossinzadeh, S. R., Salimi, A., Ganjeali, A., and Ahmadpour, R. 2013. Effects of foliar application of methanol on
photosynthetic characteristics, chlorophyll fluorescence and chlorophyll content of chickpea (Cicer arietinum L.)
under dought stress. Iranian Journal of Plant Biology 5 (18): 115-132. (in Persian with English abstract).

Janbazi Roodsari, A., Asouri, M., and Amiri, E. 2015. Effect of methanol and nitrogen spraying on yield and yield
components of soybeans in Gilan weather conditions. Plant Ecophysiology 7 (20): 1-14. (in Persian with English
abstract).

Khaled, H., and Fawy, H. A. 2011. Effect of different levels of humic acids on the nutrient content, plant growth,
and soil properties under conditions of salinity. Journal of Soil and Water Resource 6 (1): 21-29.

Khosravi, A. 2015. Effect of irrigation interval, foliar application of methanol and plant density on
morphophysiology traits, yield and yield components of cotton. MSc Thesis, Faculty of Agriculture, Azad
University of Birjand, Iran. (In Persian with English abstract).

Khosravi, M. T., Mehr Afarin, A., Naghdi Badi, H. A., Haji Aghaei, R., and Khosravi, E. 2011. The Effect of
Methanol and Ethanol on yield of Purple coneflower (Echinacea purpurea L.) in Karaj Region. Herbal Medicine
Journal 2: 121-128. (in Persian).

Kulkarni, V. V., Sivakumar, K., Singh, A. P., and Visha, P. 2014. Yield and quality characteristics of rendered


http://cpj.iauahvaz.ac.ir/article-1-817-en.html
http://cpj.iauahvaz.ac.ir/article-1-817-en.html
https://translate.googleusercontent.com/translate_c?depth=1&hl=en&prev=search&rurl=translate.google.com&sl=fa&sp=nmt4&u=http://paperjoo.com/%3Fs%3D%25D8%25A7%25D9%2585%25DB%258C%25D8%25B1%2520%25D8%25AC%25D8%25A7%25D9%2586%25D8%25A8%25D8%25A7%25D8%25B2%25DB%258C%2520%25D8%25B1%25D9%2588%25D8%25AF%25D8%25B3%25D8%25B1%25DB%258C&usg=ALkJrhiQqAIxF-2D6tfqpTOGmEZe-EhqKw
https://translate.googleusercontent.com/translate_c?depth=1&hl=en&prev=search&rurl=translate.google.com&sl=fa&sp=nmt4&u=http://paperjoo.com/%3Fs%3D%25D9%2585%25D8%25AC%25DB%258C%25D8%25AF%2520%25D8%25B9%25D8%25A7%25D8%25B4%25D9%2588%25D8%25B1%25DB%258C&usg=ALkJrhg5qte2rPG0O3DSS8dIfpwKJ65bnQ
https://translate.googleusercontent.com/translate_c?depth=1&hl=en&prev=search&rurl=translate.google.com&sl=fa&sp=nmt4&u=http://paperjoo.com/%3Fs%3D%25D8%25A7%25D8%25A8%25D8%25B1%25D8%25A7%25D9%2587%25DB%258C%25D9%2585%2520%25D8%25A7%25D9%2585%25DB%258C%25D8%25B1%25DB%258C&usg=ALkJrhiE2vpftsh9BivLkjHSsXqdX-NSAA

Voo 5l o) oylosds 08 s oyl pl o615 sleiimgy 4yt ¥

20.
21.

22.

23.
24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

chicken oil for biodiesel production. Journal Oil Chemistry Sociality 91: 133-141.

Lack, Sh. 2013. Evaluation of physiological traits effective on seed yield of corn in different irrigation, nitrogen
and plant density levels. Crop Physiology Journal 5 (19): 17-33. (in Persian with English abstract).

Li, Y., Gupta G., Joshi, J. M., and Siyumbano, A. K. 1995. Effect of methanol on soybean photosynthesis and
chlorophyll. Journal Plant Nutrition 18: 1875-1880.

Mehmood, N., Zubair, M., Rizwan, K., Muhammad Shahid, N. R., and Ahmad, V. U. 2012. Antioxidant,
antimicrobial and phytochemical analysis of Cichorium intybus seeds extract and various organic fractions. Iranian
Journal of Pharmaceutical Research 11 (4): 1145-1151. (in Persian).

Mirhajian, A. 2012. What is humic acid. Agricultural Engineering. 33: 7-16. (in Persian).

Moghaddam, M., Narimani, R., Rostami, G., and Mojarab, S. 2017. Studying the Effect of Foliar
Application of Methanol and Ethanol on Morphological and Biochemical Characteristics of Sweet Basil
(Ocimum basilicum c.v. Keshkeni luvelou). Iranian Journal of Field Crops Research 16 (2): 345-354. (in
Persian).

Mousavi, S., Seghatoleslami, M., Ansarinia, E., and Javadi, H. 2012. The effect of water deficit stress and nitrogen
fertilizer on yield and water use efficiency of Calendula officinalis L. Iranian Journal of Medicinal and Aromatic
Plants Research 28 (3): 493-508. (in Persian).

Moussavi-Nik, S. M., Salari, M., Mobasser, H. R., and Keshavarzi, M. H. B. 2011. The effect of different
irrigation intervals and mineral nutrition on seed yield of ajowan (Trachyspermum Ammi). Annals of Biological
Research 2 (6): 692-698.

Nardi, S., Pizzeghello, D., Muscolo, A., and Vianello, A. 2002. Physiological effects of humic substances on
higher plants. Soil Biology and Biochemistry 34: 1527-1536.

Nasooti, R., Samavat, S., and Tehrani, M. M. 2011. Effects of humic acid fertilizer on plant and soil. Agriculture
and Food 101: 53-55. (in Persian).

Nourihoseini, S. M., Khorassani, R., Astaraei, A. R., Rezvani Moghadam, P., and Zabihi, H. R. 2016. Effect of
different fertilizer resources and humic acid on some morphological criteria, yield and antioxidant activity of black
zira seed (Bunium persicum Boiss). Applied Field Crops Research 29 (4): 87-104.

Omaraei, B., Paknejad, F., Ebrahimi, M., and Sobhanian, H. 2017. Effect methanol spray and drought stress on
seed yield and growth indices of soybean. Crop Physiology Journal 9 (34): 111-129. (in Persian with English
abstract).

Oveysi Omran, M., Zavareh, M., Sefidkon, F., Abaszadeh, B., and Asadi-Sanam, S. 2020. Effects of potassium
and brassinosteroid on some morphophysiological characteristics and essential oil yield of Echinacea purpurea
(L)) Moench under different regimens of water availability Awvailability. Iranian Journal of Medicinal and
Aromatic Plants Research 36 (1): 40-58. (in Persian).

Oveysi, M., and Ghoshchi, F. 2012. Study of humic acid role on reduction of water deficit stress effects on crops.
Agriculture and Sustainable Development 43: 12-16. (in Persian).

Rahimi, Z., Mozaffari, H., and Hasanpour, D. 2016. Study of the effect of humic acid on irrigation water on yield
and yield components of rapeseed. Agronomy and Plant Breeding 12 (1): 95-106.

Ramak, P., Khavirenejad, R. A., Heydari Sharifabad, H., and Rafiee, M. 2008. Effect of water stress on
photosynthesis and growth factors in two sainfoin species. 10™ congress of agriculture and plant breeding. (in
Persian).

Ramirez, |, Dorta, F., Espinoza, V., Jimenez, E., Mercado, A., and Pena-Cortes, H. 2006. Effects of foliar and root
applications of methanol on the growth of Arabidopsis, tobacco and tomato plants. Plant Growth Regulation 25:
30-44.

Ramroudi, M., Chezgi, M., and Galavi, M. 2017. Effect of methanol spraying on quantitative traits and osmatic
adjustments in Moldavian (Dracocephlum moldavica L.) under low irrigation conditions. Iranian Journal of Field
Crop Science 48 (1): 149-158. (in Persian).

Ramroudi, M., Rezaei Nia, N., Galavi, M., and Foruzandeh, M. 2017. Study of crop characteristics, flower yield
and inulin percentage of Chicory root (Cichorium intibus) under the influence of soil fertilizers and drought stress.
Journal of Plant Production 24 (4): 129-140. (in Persian with English abstract).

Rezaei, A., and Soltani, A. 1996. Potato cultivation (translation). Mashhad University Jihad Publications. (in
Persian).

Rezaienia, N., Ramroudi, M., Galavi, M., and Fofouzandeh, M. 2017. Effects of Bio-fertilizers on
Physiological Traits and Absorption of Some Nutrients of Chicory (Cichorium intybus L.) in Response
to Drought Stress. Iranian Journal of Field Crops Research 15 (4): 925-938. (in Persian).

Safarzade Vishkaei, M. 2007. Effects of methanol on growth and yield of peanut. Ph.D. Desertation. Sciences and
Research Unit, Islamic Azad University Tehran, Iran. 232 pp. (in Persian).

Salehi, B., Bagherzadeh, A., and Ghasemi, M. 2010. Effect of humic acid on growth, yield and yield components
traits of three varieties of tomato (Lycopersicon esculentum L.). Agroecology Journal 2 (4): 640-647. (in Persian
with English abstract).


https://translate.googleusercontent.com/translate_c?depth=1&hl=en&prev=search&rurl=translate.google.com&sl=fa&sp=nmt4&u=http://www.iaujournals.ir/%3F_action%3Darticle%26au%3D536994%26_au%3D%25D8%25B2%25D9%2584%25DB%258C%25D8%25AE%25D8%25A7%2B%2B%25D8%25B1%25D8%25AD%25DB%258C%25D9%2585%25DB%258C&usg=ALkJrhi1ndTJvAHWf4DUjf8kEM0YqHmnIw
https://translate.googleusercontent.com/translate_c?depth=1&hl=en&prev=search&rurl=translate.google.com&sl=fa&sp=nmt4&u=http://www.iaujournals.ir/%3F_action%3Darticle%26au%3D530069%26_au%3D%25D8%25AD%25D9%2585%25DB%258C%25D8%25AF%2B%2B%25D9%2585%25D8%25B8%25D9%2581%25D8%25B1%25DB%258C&usg=ALkJrhht4ZH4soFy4PmJPX9xdbJ4q0SafQ
https://translate.googleusercontent.com/translate_c?depth=1&hl=en&prev=search&rurl=translate.google.com&sl=fa&sp=nmt4&u=http://www.iaujournals.ir/%3F_action%3Darticle%26au%3D530057%26_au%3D%25D8%25AD%25D8%25B3%25DB%258C%25D9%2586%2B%2B%25D8%25AD%25D8%25B3%25D9%2586%2B%25D9%25BE%25D9%2588%25D8%25B1%2B%25D8%25AF%25D8%25B1%25D9%2588%25DB%258C%25D8%25B4%25DB%258C&usg=ALkJrhir5rnypwR-fpLB3gSD05aBDIh2PQ
https://translate.googleusercontent.com/translate_c?depth=1&hl=en&prev=search&rurl=translate.google.com&sl=fa&sp=nmt4&u=http://jopp.gau.ac.ir/%3F_action%3Darticle%26au%3D41106%26_au%3D%25D9%2585%25D8%25AD%25D9%2585%25D9%2588%25D8%25AF%2B%2B%25D8%25B1%25D9%2585%25D8%25B1%25D9%2588%25D8%25AF%25DB%258C&xid=17259,15700022,15700124,15700149,15700186,15700191,15700201,15700214&usg=ALkJrhhpZppZpaO2iP_cuq8IlypKLeMGbA
https://translate.googleusercontent.com/translate_c?depth=1&hl=en&prev=search&rurl=translate.google.com&sl=fa&sp=nmt4&u=http://jopp.gau.ac.ir/%3F_action%3Darticle%26au%3D43015%26_au%3D%25D9%2586%25D9%2588%25DB%258C%25D8%25AF%2B%2B%25D8%25B1%25D8%25B6%25D8%25A7%25DB%258C%25DB%258C%2B%25D9%2586%25DB%258C%25D8%25A7&xid=17259,15700022,15700124,15700149,15700186,15700191,15700201,15700214&usg=ALkJrhgDxdwQmgnq-sruZ37cv0stX4JLPA
https://translate.googleusercontent.com/translate_c?depth=1&hl=en&prev=search&rurl=translate.google.com&sl=fa&sp=nmt4&u=http://jopp.gau.ac.ir/%3F_action%3Darticle%26au%3D9720%26_au%3D%25D9%2585%25D8%25AD%25D9%2585%25D8%25AF%2B%2B%25DA%25AF%25D9%2584%25D9%2588%25DB%258C&xid=17259,15700022,15700124,15700149,15700186,15700191,15700201,15700214&usg=ALkJrhjY2WAuqRK_w94SdHu6HvrDolftyg
https://translate.googleusercontent.com/translate_c?depth=1&hl=en&prev=search&rurl=translate.google.com&sl=fa&sp=nmt4&u=http://jopp.gau.ac.ir/%3F_action%3Darticle%26au%3D36914%26_au%3D%25D9%2585%25D8%25AD%25D9%2585%25D8%25AF%2B%2B%25D9%2581%25D8%25B1%25D9%2588%25D8%25B2%25D9%2586%25D8%25AF%25D9%2587&xid=17259,15700022,15700124,15700149,15700186,15700191,15700201,15700214&usg=ALkJrhg3lOtcLC4b14vE-dl1RZ-Ucf8jjQ

¥

3 ot S33958 590 lhio 1 Jyilio (obly Jpbmo 5 Spoged sl (s letl 599 55 golsr 3 g

42,

43.

44,

45,

46.

47,

48.

49,

Samavat, S., and Malakuti, M. 2005. Important use of organic acid (humic and fulvic) for increase quantity and
quality agriculture productions. Water and Soil Researchers Technical 463: 1-13. (in Persian).

Sanjari Mijani, M., Sirousmehr, A. R., and Fakheri, B. A. 2015. The effects of drought stress and humic acid on
some physiological characteristics of roselle (Hibiscus sabdariffa). Journal Crop Improvement 17 (2): 403-414. (in
Persian with English abstract).

Shahani, S., Zakeri, N., Hamzkanlu, N., and Hosseinimehr, S. J. 2015. The Protective Effects of Cichorium
intybus L. seed Extract against Cell Toxicity Induced by Bleomycin on Human Non-malignant Fibroblast and
Ovarian Cancer Cells. Journal of Mazandaran University of Medical Sciences 121: 39-47. (in Persian).

Taheri Asghari, M. 2010. Effect water deficit stress on some traits of (Cichorium intybus L.) under different plant
densities. Crop Ecophysiology 2 (3): 147-155. (in Persian with English abstract).

Taheri Asghari, M., Daneshian, J., and Aaliabdi Farahani, H. 2009. Effects of drought stress and planting density
on quantity and morphological characteristics of chicory (Cichorium intybus L.). Asian Journal of Agricultural
Sciences 1 (1): 12-14.

Valdrighi, M. M., Pear, A., Agnolucci, M., Frassinetti, S., Lunardi, D., and Vallini, G. 1996. Effects of compost
derived humic acids on vegetable biomass production and microbial growth within a plant (Cichorium intybus)
soil system: a comparative study. Agriculture, Ecosystems and Environment 58: 133-144.

Zarei, Gh., Shamsi Mahmoodabadi, H., Tabatabaei, S. A., and Mohtaram, S. A. 2014. Effect of sowing date and
plant density on yield of chicory (Cichorium intybus L.). Agronomy Journal (Pajouhesh and Sazandegi) 104: 136-
141. (in Persian with English abstract).

Zbiec, 1., Karczmarczyk, S., and Koszanski, Z. 1999. Influence of methanol on some cultivated plants. Folia
University, Agriculture Stetinensis, Agricultural 73: 217-220.



Iranian Journal of Field Crops Research Olnl 215 Rebudg sy 41 i
Vol. 19, No. 1, Spring. 2021, p. 33-47 A gindn YY-FY .o I 5l o) oylos 3] uls

Effect of Irrigation Interval, Humic Acid and Methanol Foliar Application on
Morphological Traits, Yield and Yield Components of Cichorium intybus L.
S. Gh. Moosavi'’, H. Javadi®

Received: 08-01-2020
Accepted: 06-03-2021

Introduction

Iran with mean annual precipitation of 240 mm is considered located in arid zones of the world. Water deficit
reduces plant growth and development by affecting various physiological and biochemical processes. Methanol
foliar application is a method which increases crop CO, fixation in unit area. Recent investigation showed that
C; crops yield, and growth increased via methanol spray and methanol may act as C source for these crops.
Generally, the major role of this substance is to prevent negative effects of stresses on crops via reduction of
photo respiration. The application of organic matters, such as humic substances have inhibitory effects of
drought stress by improving the physical and chemical properties of soils, increasing soil water retention and
providing the nutrients during plant growth. The objective of the present study was to examine the possibility of
increasing water use efficiency and tolerance to water deficit stress by using humic acid and methanol foliar
application and also influence of methanol and humic acid application on yield and yield components of
Cichorium intybus L. under water deficit stress in Birjand, Iran.

Materials and Methods

This research was carried out as factorial split-plot layout based on randomized complete block design with
three replications in the research farm of Islamic Azad University of Birjand, Iran in 2015. In this research,
irrigation interval was considered as main factor with three levels (irrigation after 70, 140 and 210 mm
cumulative evaporation from evaporation pan class A), the factorial of methanol spray at two levels (0 and 21 %
V/V) and humic acid at two levels (0 and 10 L.ha™) were considered as sub factor. The texture of the soil in
research farm was loam with the pH of 8.2, electrical conductivit¥ of 3.23 dS.m™ whose organic carbon, total N,
P, and K content was 0.3%, 0.033%, 6.8 mg.kg™ and 133 mg.kg™ at the depth of 0-30 cm, respectively. All data
were analyzed by MSTAT-C statistical software and means were compared by Duncan’s Multiple Range Test at
5% level.

Results and Discussion

The results showed that irrigation after 210 mm cumulative evaporation compared to irrigation after 70 mm
of cumulative evaporation significantly reduced stem diameter, branch number of main stem and 1000-grain
weight by 30.6, 46 and 35.5%, respectively. The means comparison showed that 21% V/V methanol spray
significantly increased 1000- grain weight by 15.3%. Also, application of 10 L.ha™ humic acid significantly
increased stem diameter, aken number per plant, seed number per plant, 1000- seed weight and water use
efficiency by 16.7, 8.9, 10.6, 13.2 and 14.3 % respectively as compared with no application of humic acid
treatment. Means comparison of interaction between irrigation and methanol revealed that the highest seed yield
(57.2 g.m?) and biological yield (423.4 g.m™?) were produced under the treatment of irrigation after 70 mm
cumulative evaporation with methanol spray. It seems that although methanol application at irrigation intervals
after 70 and 140 mm accumulation evaporation from the evaporation pan increased seed and biological yield but
methanol application in severe water deficit stress conditions (irrigation interval of after 210 mm cumulative
evaporation) probably due to the reduction in stomatal conductance and absorption, has not been able to change
dramatically these traits. Also, means comparison of interaction between irrigation and humic acid indicated that
highest seed yield (55.5 g.m™) and biological yield (415.1 g.m™) were produced under the treatment of irrigation
after 70 mm cumulative evaporation with humic acid application. Increasing of low water stress in vegetative
growth stage reduces the absorption of water and nutrients, chlorophyll content and relative humidity of leaves,
thus decreased vegetative growth, leaf photosynthesis and production of assimilate but humic acid application
significantly increases chlorophyll index and relative humidity of leaves. Hence the result of these positive
effects of humic acid application was the improvement of yield components and seed and biological yields of
chicory, even under conditions of water deficit stress. Moreover, means comparison of interaction between

1- Associate Professor, Department of Agronomy, Birjand Branch, Islamic Azad University, Birjand, Iran
2- Assistant Professor, Department of Agricultural Sciences, Payame Noor University (PNU), Iran
(*- Corresponding Author Email: s_rezal350@yahoo.com)
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irrigation and methanol showed that the highest water use efficiency for seed production (66.7 g.m™) belonged to
treatment of irrigation after 140 mm of cumulative evaporation and methanol application.

Conclusions
Overall, results of this study showed that treatment of irrigation after 70 mm cumulative evaporation with
humic acid application or methanol spray could be suggested for chicory cultivation in Birjand, Iran.

Keywords: Aken number, Organic and chemical improvers, Water deficit stress, Water use efficiency
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Table 2- Some of chemical and physiological properties of Soil
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Figure 1- station and replication Treatment and pots in greenhouse
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Figure 3- The effects of conjunctive moderation of saline

water on physical productivity of Quinoa
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Figure 2- The effects of conjunctive moderation of saline
water on grain yield and 1000 kernel weight of Quinoa
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Table 5- The effects of conjunctive moderation of saline water on EC, and ECy,
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Introduction: Increasing population growth along with the lack of freshwater resources have necessitated
the use of unconventional water resources in agriculture, as the largest fresh water consumer, especially in the
arid and semiarid areas. Application of suitable irrigation management with saline water can reduce the yield
loss caused by salinity. Saline farming is based on the cultivation of crops and plant varieties that can tolerate
high levels of salinity. Quinoa (Chenopodium quinoa Wild.) is a genetically diverse Andean grain crop that has
earned special attention worldwide due to its nutritional and health benefits and its ability to adapt to contrasting
environments, including nutrient-poor and saline soils and drought stressed marginal agro-ecosystems. Drought
and salinity are the abiotic stresses most studied in quinoa. Cultivation of salinity resistant cultivars, such as
Quinoa plant is one of the techniques to use saline water. The results of Jamali and Ansari (2019) showed that
irrigation with saline water during all the growth stages of quinoa plants (Titicaca cv) significantly decreases
grain yield and 1000 kernel weights by 20.8% and 20.0 %, respectively. Therefore, this study aims to investigate
the impact of conjunctive moderation of saline water in irrigation of Quinoa plants (Chenopodium quinoa Wild.).

Materials and Methods: Research station is located in northeast of Iran at 36° 16' N latitude and 59° 38' E
longitude with 958.0 meters height from sea level. In this study, six irrigation treatments including well water
(1.23 dS.m™; control treatment (W)), saline water (15 dS.m™, SW), alternative saline water and freshwater
(ASW), mixture of 50:50 saline and freshwater (7.2 dS.m™, MSW), fixed partial root-zone salinity-stress
(FPRS), and alternative partial root-zone salinity-stress (APRS) were evaluated on some growth parameters,
yield, and physical productivity of water in Quinoa (CV. Titicaca) production. The research was done based on
completely randomized design, including three replications as pot planting in the Ferdowsi University of
Mashhad, at greenhouse conditions, during 2018-2019. The seeds of Quinoa were planted at a depth of 1.5
centimeter in silty clay soil of each pot and were irrigated with well water. Physical and chemical properties of
irrigation water and soil were determined before experiment. The collected data analyzed using statistical
software of SAS (Ver. 9.0) and the means were compared using LSD test at 5 % probability.

Results and Discussion: The results showed that, different irrigation moderation had a significant impact on
physical productivity of water, harvest index, panicle length, plant height, stem diameter, panicle weight, and
grain yield at 1% (P<0.01), but this treatment was significant at 5% (P<0.05) on branches number, panicle width,
panicle number, and 1000 kernel weights. The maximum reduction in physical productivity of water was
observed in plants receiving SW treatment (15 dS.m™ NaCl). Notable increases of 23.1%, 19.2%, 3.8%, and
19.2% in the 1000 kernel weight, 25%, 23.4%, 2.7%, and 18.9% grain yield and 25%, 12.5%, 3.8%, and 25%
physical water productivity in Quinoa (c.v. NSRCQ) production were observed when plants were grown under
applying ASW, MSW, FPRS, and APRS moderation, compared with SW moderation.

Conclusions: Whilst comparing with control treatments (W), the lowest decreases of 19.4%, 23.5%, and
23.1% were noted respectively in grain yield, 1000 kernel weights, and physical water productivity exposed to
ASW treatment. The NSRCQ cultivar showed the highest potential for yield and growing under saline conditions
(ASW and APRS moderation). Morphological and yield responses of Quinoa (c.v. NSRCQ) to all treatments
(moderation saline water), under greenhouse conditions, showed that quinoa has wide plasticity and tolerance to
salinity stress. Due to the lack of water resources and increasing population growth, it is recommended to use
unconventional water (for exp. saline water) and cultivation of crop varieties (for exp. Quinoa) that can tolerate
high levels of salinity, especially in the arid and semiarid areas.

Keywords: 1000 kernel weight, Alternate moderate, Grain yield, Partial root-zone salinity-stress, Physical
productivity
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Block
Ll x x ox . N x
Rk 1 14.930 31.081 7.890 0.780 0.123 3.980
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Table 3- Mean comparison of total yield, marketable yield and non-marketable yield in irrigation and cultivar interaction

Loy P, JS 5 ,8des 0998 JB pf 3 Slos o998 1B 5 Slos
Treatments Cultivars Total yield (t.ha®)  Non-marketable yield (t.ha') Marketable yield (t.ha™)
L 32.78b 7.90a 24.65b
Agria
byisle 30.45 b 435 26.40 b
Marfona
Loy 39.45a 511b 34.20a
Atousa
) Loy 37.34a 5.76 b 32.78 ab
o8 ol Anousha
Full irrigation (LSt 4 00s palio) L ST 39.76 a 4.00b 3550 a
Agria (Drought resistant)
(55 4 023 polia) g Lo 31.30 b 4.10b 27.10b
Marfona (Drought resistant)
(552 & 013 polia) Loy 35.94 ab 4.70b 31.20 ab
Atousa (Drought resistant)
(5 & 03 pslic) L] 36.00 ab 415D 32.00 ab
Anousha (Drought resistant)
L 2111b 3.90a 17.10b
Agria
bsble 22.48 b 3452 19.20 b
Marfona
Loy 22.75b 211a 20.60 b
Atousa
Ly 21.46b 2.36 2 20.00 b
LSS Anousha
Drought stress ((Sid 4 o pglia) L ST 20.76 b 3.00a 18.10 b
Agria (Drought resistant)
(55 4 023 polia) g Lo 21.90 b 321a 18.70 b
Marfona (Drought resistant)
(555 & 03 polia) Lug 30.64a 1.85b 2853a
Atousa (Drought resistant)
(5 & 03 pylie) L] 31124 1.93b 29.31a

Anousha (Drought resistant)

5l I gime BT doy i Jledn] gaws 53 (Sl (905l bl 1yt y2 p3 il gy (I (o Sikio ¢ ylul pxaws o (¢l
For each irrigation level, the means with the same letters in columns are not significantly different according to Duncan multiple
range test (five percent probability)
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Figure 1- Trend of leaf surface changes of experimental potato cultivars during the growing season under full irrigation
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Figure 3- Comparison of water use efficiency in experimental cultivars under drought stress and full irrigation. For each
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condition, respectively.
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Introduction

Potato (Solanum tuberosum L.) as a drought sensitive crop is one of the main sources of human nutrition in
different countries and it is cultivated almost all over the world. It is predicted that among the 25 studied
countries, the decline in potato yield in Iran between 2040 and 2069 will be 13.3% for drought-adapted cultivars
and 48.3% for non-drought-adapted cultivars. Annually 164.4 thousand hectares of agricultural lands in Iran are
allocated to potato cultivation with a yield of 32.4 t ha™.

Nowadays, plant biology is experiencing great advances in studies related to the complex behavior of higher
plants, and stress memory is one of these progresses. Stress memory involves the accumulation of signaling
proteins or transcription factors and epigenetic mechanisms in plants that leads to an improvement in the stress
response when plants are exposed to a subsequent stress event. “Stress memory” in plants is also an essential
feature of “intelligent” behavior and can be investigated at different levels.

Materials and Methods

In order to investigate the effect of drought stress on yield and yield components of four potato cultivars, a
study was conducted in 2020 in Rozveh Agricultural Research Station, Chadegan city. Half of the required seed
tubers were obtained from the previous year's experiment. The treatments were laid out in a split plot
arrangement in a randomized complete block design with three replications. Main plots included two irrigation
treatments (100% and 75% of the field capacity) and sub-plots included four potato cultivars (Agria, Marfona,
Atousa, and Anousha). Each plot consisted of four rows with four m length and 75 cm x 25 cm of plant density.
At harvest time, two meters of the middle rows of each plot were used to estimate yield and yield components.
Stress tolerance index and water use efficiency were investigated in this study. SAS software (version 9.1) was
used to analyze the data and Duncan's multi-domain comparison method (5%) was used to compare the means.

Results and Discussion

The effect of irrigation treatment on total yield, marketable and non-marketable yield, and on water use
efficiency was statistically significant at the level of 1% and 5%, respectively. The effects of interaction between
irrigation treatment and cultivar on total yield was significant at 5% probability level, and on non-marketable
yield, marketable yield, and water use efficiency were significant at 1% probability level. The total yield in 8
experimental treatments under full irrigation conditions ranged from 30 to 39 t ha™. In full irrigation conditions,
Agria was the only cultivar that produced a significantly higher yield than other cultivars. Among the
non-resistant cultivars, Atousa and Anousha cultivars experienced a greater yield decline of 40% and 39%,
respectively, than Agria and Marfona cultivars. In drought stress conditions, two resistant cultivars, Atousa and
Anousha, had the highest yield compared to other cultivars and the lowest yield compared to adequate water
supply conditions (only 8.5% vyield loss). Drought-resistant Atousa and Anousha cultivars with water use
efficiency of 7.1 and 7.6 kg m?, respectively, compared to the non-stress condition (6.1 and 6.2 kg m?,
respectively) had significant superiority.

Conclusions

The results indicated that not only drought tolerance is different in different potato cultivars but also stress
memory is different in different cultivars. The use of tubers that have been exposed to drought stress (drought
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and Education Center, AREEO, Isfahan, Iran

2- Associate Professor, Vegetable Research Department, Seed and Plant Improvement Institute, AREEO, Karaj, Iran
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tolerant) during previous growth stages can affect plant behavior in the current growth. According to the results,
it seems that in some cultivars, "stress memory" can be used to moderate the effects of stress in subsequent
cultures.

Keywords: Stress tolerance index, Water use efficiency, Yield loss
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Table 1- Physical and chemical properties of soil before planting

‘.S& ulm,.» s1s Unit IFAT-AY  Ivav-aA
Soil characteristics 2017-18 2018-19
S see Soil depth cm 0-30 0-30
oSl eyl Electrical conductivity  dS.m’® 2.33 1.27
el 5/ anawl pH 7.48 7.26
23l Organic matter % 5..64 2.73
ST ep,s Organic carbon % 3.27 2.16
kg (s dlge Joyd T.NLV % 15 21
Js «;I N total % 0.32 0.21
ols L6 ,aus Available P mg.kg™ 11 6
s B gpely Available K mg.kg™ 320 238
S5y 2N mg.kg™ 0.96 0.89
&% Sand % 30 27
<Y Silt % 26 33
o, Clay % 44 40
Sk cél Soil texture Clay Clay
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Table 2- Specifications of the studied nanoparticles

R uedls Q‘)SIB}L\J‘ d@‘zpﬂﬁ gPpesw g o 5,
. Purity percentage  Particles size  True density SSA
Nanoparticles g _ Color
P (%) (nm) (g.cm®) (g.m?)
S >99% 20-30 2.4 180-600 white
SiO,
$9) AS] >99% 10-30 5.606 20-60 white
Zn0O
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Figure 1- The total number of spikelets per panicle under the interaction of foliar application with developmental stages
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T,: Beginning of tillering + Middle of tillering + Late of tillering + End of panicle emergence, T,: Middle of tillering + Late of
tillering + End of panicle emergence, Ts: Late of tillering + End of panicle emergence, T,: Late of tillering and Ts: End of panicle
emergence.
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Figure 2- Concentration of grain silica under the interaction of foliar application with developmental stages
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Figure 3- Concentration of grain zinc under the interaction of foliar application with developmental stages
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Introduction: Rice (Oryza sativa L.) is one of the three major food crops worldwide. Approximately 50% of
the world’s population uses rice as a staple food. Silica and zinc among nutrients play a key role in improving
plant nutrition and increasing rice growth, so that a lack of these elements reduces growth and consequently
reduces yield. Also fortifying rice with silicon and zinc can correct deficiencies of these elements in humans who
consume rice.

Materials and Methods: This experiment was conducted as factorial based on a randomized complete block
design with three replications at the private farm located in Babol (North of Iran) during the years 2017-18 and
2018-19. Measured values of electrical conductivity, soil acidity, organic carbon, total nitrogen, available
phosphorus, available potassium, zinc content and soil texture for the first and second years were 2.33 dS m™*
and 1.27 dS m™, 7.48 and 7.26, 3.27 % and 2.16 %, 0.32 % and 0.21 %, 11 mg kg™ and 6 mg kg™, 320 mg kg™
and 238 mg kg™, 0.96 mg kg™ and 0.89 mg kg™, Clay and Clay, respectively. The treatment included three levels
of foliar application (Potassium silicate, Silicon nanoxide, and Zinc nanoxide) as the first factor and five levels
of developmental stages (T,: beginning of tillering + middle of tillering + late of tillering + end of panicle
emergence, T,: middle of tillering + late of tillering + end of panicle emergence, T3: late of tillering + end of
panicle emergence, T,: late of tillering and Ts: end of panicle emergence) as the second factor.

Results and Discussion: The results showed that none of the studied traits were affected by the year.
Maximum grain yield was obtained by foliar application silicon nanoxide (7733 kg ha™) and zinc nanoxide
(7498 kg ha™), which was, respectively, due to increasing the total number of spikelets and the percentage of
filled spikelets (1420.0 spikelets and 95.53%, respectively) and increasing the total number of tillers and 1000-
grain weight (19.73 tillers and 26.80 g, respectively). The highest grain yield (7716, 7700 and 7492 kg.ha™) and
the percentage of filled spikelets (94.83, 94.72 and 93.89%) were obtained under T,, T, and T treatments,
respectively. By foliar application of silicon nanoxide and zinc nanoxide, the highest biological yield (19213 and
18986 kg ha™, respectively) and, the highest grain silica concentration (3.13%) and grain zinc concentration
(15.97 mg kg™) were recorded. The minimum 1000-grain weight (24.11 and 24.00 g), the maximum total
number of spikelets per panicle (143.1 and 143.2 spikelets) and the highest concentration of grain silica (3.00
and 2.97%) were obtained under T, and T, treatments, respectively. However, the highest total number of tillers
per hill and the highest number of grain were obtained under T, and T, treatments, respectively. The interaction
between treatments showed that the maximum total number of spikelets per panicle was obtained by foliar
application of potassium silicate under T, treatment (151.5 spikelets) and foliar application of silicon nanoxide
under T, treatment (153.3 spikelets). Also, the highest concentrations of silica and zinc in grain were obtained by
foliar application of silicon nanoxide under T, treatment (3.97%) and zinc nanoxide under T, treatment (21.67
mg kg™), respectively.

Conclusions: According to the results of this study, we found that grain yield increases with the application
of nanoparticles as well as foliar application during crop growth and development. In order to enrich rice grains,
foliar application of nanoparticles in the middle of tillering, late of tillering and end of panicle emergence is also
necessary.

Keywords: Grain silica, Grain yield, Grain zinc, Nanofertilizer
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Table 1- Atmospheric parameters recorded during the period of wheat growth (Source: General Meteorological Department
of Ardabil Province)

Bolo ERRT o3 (Silse T Olebs on o Caghy o Sika
Months Rainfall (mm) Temperature mean (°C) Total hours of sunshine Relative humidity mean (%)
e Oct 43.6 11.8 201.3 72
b Nov 9.7 11.7 166.5 64
1 Des 6.5 3 177.3 70
> Jan 16.5 4.6 165.4 67
oyoke FED 54.8 0.06 128.7 77
Ll MA 26.5 7 157.5 73

Crdy9,8 Apr 9.3 9 170.9 66
Cudg,l May 60.3 12.3 196.3 71
31,5 Jun 28.2 16.8 148.6 71

5 dul 3.9 215 344.2 60

sls 50 Aug 0.9 25.3 255.6 69




qy @SS A1 (Al 3 0590 9 O, hos (o ) SBOS 9 (yeSlwgili srcdale FI oy, on g gues!

as )50 SB ol 9 (K500 Olwogad Y Jouo
Table 2- Farm soil physicochemical properties
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Table 3- Analysis of variance morphological and physiological traits under experimental factors

Ol o (wSSbe  Mean squares

S ol R sl . SS9
Ay G S A bl FIEE s, e
d.f Leaf area Chlorophylla  Chlorophyll b Chlorophyll Carotenoid Root dry volume
index weight
,1,$5 Replication 2 0.046 0.035 0.033 0.100 0.413 6.039 86.11
&)l Irrigation (1) 2 1.623" 0.99" 0.17™ 0.200" 2.805" 390.29™  5658.33"
s 355 Biofertilizer (B) 3 0.899™ 2.338" 0.445™ 4.778" 53.321" 208.917 103055
OsSakbwst Nano-Si (N-Si) 2 0.237” 0.540™ 0.050" 0.911™ 27.376" 460.77"  2275.00"
IxB 6 0.030" 0.522" 0.110™ 1.023™ 14.947" 19.035™ 225.00"
IXN-Si 4 0.018™ 0.264™ 0.013"™ 0.323" 10.097™ 142.97 137.50™
BxN-Si 6 0.034"™ 0.382" 0.064™ 0.746™ 5.739™ 21.86"™ 115.74"™
Ix Bx N-Si 12 0.023"™ 0.356™ 0.049™ 0.637™ 8.252™ 17.86"™ 33.79"
salejl olzsl Error 70 0.027 0.015 0.011 0.033 0.549 27.90 62.30
Sl ; 11.4 10.8 26.3 118 16.0 27.6 15.7
C.V (%)

ns, * and ** indicating non-significant and significant at 5 and 1 % level, respectively TN g0 o y3 5 gme gyl ne pé S0l s g e g % NS
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Table 4- Means comparison Photosynthetic pigments as affected of bio-fertilizer, nano silicon under irrigation withholding

condition
&bl Zglaw PRI a Judg 5 b Jidg k5 S5 didg s Mgy,
Irrigation Tre;;trr{e“nts Chlorophyll a Chlorophyll b Total Chlorophyll Carotenoid (mg.g°
levels (mg.gt FW?) (mg.gtFW?) (mg.gt FW? LEw
BoSo 1.30 0.52 1.34 351
B1So 1.19 0.52 1.70 5.59
B»So 1.43 0.59 1.99 5.82
B3Sy 1.31 0.42 1.67 4.20
BoS: 1.25 0.38 1.64 4.37
| B:S; 1.93 0.74 2.67 8.10
1 B,S; 1.94 0.73 2.78 9.50
B3S; 1.67 0.67 2.20 4.31
BoS> 1.14 0.30 1.23 3.67
B;S, 1.42 0.42 1.94 8.17
B,S, 2.04 0.93 2.87 9.89
B3S, 1.60 0.55 2.16 6.83
BoSo 0.85 0.36 1.22 2.49
B1So 0.99 0.43 1.58 4.23
B»Sy 1.20 0.50 1.77 421
B3S, 1.10 0.34 1.56 4,18
BoS: 1.08 0.36 1.17 2.16
| B:S; 1.12 0.35 1.48 4.24
2 B,S: 1.22 0.50 1.73 4.66
B3S; 1.07 0.36 1.23 4.61
BoS> 0.75 0.23 0.98 3.07
B:S, 1.23 0.47 1.61 4.13
B,S, 1.88 0.29 2.55 8.01
B3S, 1.14 0.37 1.68 5.14
BoSo 0.55 0.19 0.80 0.81
B1So 0.95 0.23 1.00 2.65
B»Sy 0.82 0.24 1.47 3.29
B3Sy 0.96 0.28 0.93 241
BoS: 0.63 0.32 0.95 2.88
| B.S; 0.85 0.25 1.02 4.16
3 B,S; 0.71 0.29 1.38 4.41
B3S; 0.85 0.23 1.10 3.85
BoS, 0.69 0.25 0.98 2.25
B.S, 0.86 0.30 0.85 3.31
B,S, 0.92 0.35 1.14 6.58
B3S, 0.75 0.33 1.40 4.56
LSD 0.38 0.17 0.48 1.58
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Table 5- Means comparison LAI, root weight and volume traits under experimental factors

s lol (s Lo
Experimental treatments

Leaf area index

4":".',) s s

Root dry weight (gr m?)

039

sy o

Root volume (cm™®)

Irrigation levels ¢l zohaw

Normal irrigation Jb, s, 2.81° 22.86% 63.33°%
Moderate water limitation b b b
TS 231 17.82 49.16
! mle Cadgie
Severe water limitation b
T s e 2.12° 16.67 38.33°
« BYS W) ;4{.)9.)&!»
Nano silicon (mg.I™) sSbusls
Control als 2.29° 16.81° 41.94°
30 (mg.I"Y) 2.56° 17.31° 51.11°
60 (mg.I™) 2.43° 23.24° 57.77°
Bio fertilizers _u.; lases
Non-inoculated sals 2.1¢ 16.39°° 41.48°
Mycorrhiza g, b gl 23° 22.70® 55.92 ¢
owliagig 5 oSt 6 plys 20,8 . o )
Both application of Flavobacterium and 2.52 17.56 51.48
pseudomonas
agSole b uligagrgw 5 oo pSLs X ply 3) . . o
Both application pseudomonas 2.81 18.81 52.22

and Flavobacterium with mycorrhiza

5,35 LSD (9051 ol by iy sllas Jloinl grbans 13 0085 b (g)l5 gime BMB] Jole g g2 ya 55 S e B> (o)l sl Silo

Means in each column and factors followed by similar letter(s) are not significantly different at 5% probability level, using LSD test.
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Table 6- Analysis of variance grain filling components and yield under experimental factors

Olay e (wSSke  Mean squares

3 abio Ayl as ) iy e R
:xsﬂoé:./ S fj ; >0 &b u.&.v-) ,.,g,-a,-sa Jeb W13 b gy b gt > u-‘“’_r.!. )Jgo-b)sb &l 5.1
o ' Grain _f||||ng Grain filling rate Effe.c“"e grain Grain yield
period filling period
,1,$5 Replication 2 1889.29 2.56 1.07 919674.88
<kl Irrigation (1) 2 18.92™ 462" 175.70" 10748405.21™
i 355 Biofertilizer (B) 3 6.36" 3.74” 74.03™ 7176908.25™
OsSelwssi Nano-Si (N-Si) 2 6.30 3.70” 65.48™ 5809863.99"
IxXB 6 2.33" 2.007" 7.83" 480148.99”
IXN-Si 4 11.18 6.95" 5.30" 76486.35™
BxN-Si 6 2,727 3.85" 17.78" 42499553
Ix Bx N-Si 12 1.98™ 3.29™ 573" 130796.09™
salejl olzsl Error 70 4.49 7.48 2.84 58836.63
Elyis a0 C.V (%) - 5.0 2.5 7.1 8.7

ns, * and ** indicating non-significant and significant at 5 and 1 % level, respectively
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Table 7- Means comparison grain filling components of wheat as affected of bio-fertilizer, nano silicon under irrigation
withholding condition

&olel gobw Solos S WIS b gy s s I O3 2 0590 J5b S Ok 1 g0 092
Irrigation levels Treatments Grain filling rate (mg.day™) Gra_ln filling . Eﬁectwg grain
) Period (day) filling period (day)
BoSo 2.31 34.56 26.59
B;So 2.46 35.25 25.47
B,So 2.31 35.40 28.67
B3So 2.75 36.01 28.85
BoS: 2.42 35.12 28.74
I B;S; 2.79 35.62 29.66
B,S; 2.96 36.21 29.81
BsS; 3.04 37.00 30.44
BoS; 2.73 34.79 25.46
B:S; 2.77 35.48 29.08
B.S; 2.80 35.62 28.36
BsS, 291 36.48 29.23
BoSo 2.53 31.38 23.99
B:So 2.77 32.26 25.58
B,So 2.79 32.70 26.25
B3So 2.83 34.92 26.80
BoS; 2.15 32.77 27.64
I, B;S; 2.59 34.93 28.05
B,S; 2.78 35.15 27.64
BsS; 2.97 34.44 28.63
BoS; 1.86 31.83 25.03
B,S, 2.13 32.49 27.90
B,S; 1.96 35.00 28.02
BsS; 2.07 35.33 26.41
BoSo 1.82 30.78 23.59
B:So 2.28 31.19 24.57
B,So 2.27 31.63 24.38
BsS, 2.56 31.86 24.96
BoS: 2.01 31.88 24.12
| B;S; 2.14 31.82 25.51
s B,S; 2.15 32.64 25.14
BsS; 2.18 34.47 26.80
BoS; 1.83 30.94 24.19
B;S, 2.05 31.40 24.97
B,S; 2.07 33.14 24.70
BsS, 2.36 32.08 26.40
LSD 1.00 0.62 1.60

6L 5 2,8 ply gl 5 S L gl @8 b el el pae i 5y B Bo By Bo sl b gyl 5 (2oeigs b )l o JolS (oilul s ila s o
0sSdeoglb 33 )3 25 (oo Fe 5 ¥+ aald 54 :S2 5 51 So

I, I, and l5: No stress, Mild stress Severe stress

Bo, By, B, and B;: Non-inoculated, Inoculated with Mycorrhiza, Inoculation with bacteria and Co-inoculation of Mycorrhiza and bacteria
So, Sy and S,: 0, 30 and 60 mg L silicon

.(Subra Manian et al., 2006) !>
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Figure 2- Effect of irrigation levels, bio-fertilizer and nano silicon on grain yield
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Introduction

Water limitation can damage pigments and plastids, reduce chlorophyll a, chlorophyll b, rate and grain filling
period. One approach to improve the water stress problem is the use of plant growth promoting rhizobacteria
(PGPR) and Mycorrhiza. The PGPR are a group of rhizosphere colonizing bacteria that produces substances to
increase the growth of plants, synthesize different phytohormones, including auxin, cytokinin, and gibberellin,
synthesize enzymes that can modulate plant growth and development. Arbuscular mycorrhizal fungi (AMF)
symbiosis is considered a valuable component in most agricultural systems due to their role in plant nutrition and
soil health. Silicon (Si) is considered as quasi-essential for plant growth and development, and alleviates toxic
effects caused by various environmental stresses in plants. So, it seems that application of nano silicon and bio-
fertilizer can improve wheat yield under water limitation conditions.

Materials and Methods

In order to study the effect of nano silicon and bio-fertilizer on yield and grain filling components of wheat in
different irrigation levels, a factorial experiment was conducted based on randomized complete block design
with three replications at the research farm of faculty of Agriculture and Natural Resources, University of
Mohaghegh Ardabili in during 2018-2019. The experimental factors were included irrigation in three levels (full
irrigation as control, moderate water limitation or irrigation withholding at 50% of heading stage; severe water
limitation or irrigation withholding at 50% of booting stage) based on codes 55 and 43 of the BBCH scale,
foliar application of nano silicon (foliar application with water as control, 30, and 60 mg L™) and bio-fertilizer

(no application as control, mycorrhiza application, both application of flavobacterium and pseudomonas, both
application of flavobacterium and pseudomonas with mycorrhiza). Mycorrhiza fungi (mosseae) was purchased
from the Zist Fanavar Turan corporation and soils were treated based on method of Gianinazzi et al. (2001).
Psedomunas and flovobacterium were isolated from the rhizospheres of wheat by Research Institute of Soil and
Water, Tehran, Iran. A two part linear model was used to quantifying the grain filling parameters. In this study,
total chlorophyll, chlorophyll a, b, carotenoid, grain filling components and yield of wheat were investigated.
Grain dry weight and number were used to calculate the average grain weight for each sample. Total duration of
grain filling was determined for each treatment combination by fitting a bilinear model:

a + bt, t <ty
W = {a + bt t>t,
Effective grain filling duration (EGFD) was calculated from the below equation:
EGFD = the highest grain weight (g)/rate of grain filling (g day™).

Results and Discussion

Means comparison showed that highest grain filling rate (3.04 mg day™), grain filling period (37 day),
effective grain filling period (30.44 day) and grain yield (4593 kg ha™) were obtained at foliar application of 30
mg L™ nano silicon, both application of flavobacterium and pseudomonas with mycorrhiza under normal
irrigation. Also, maximum of chlorophyll a, chlorophyll b, total chlorophyll and carotenoid content (2.04, 0.93,
2.87 and 9.89 mg g FW™ respectively) were obtained at foliar application of 60 mg L™ nano silicon in seed
inoculation with flavobacterium and pseudomonas under normal irrigation. Maximum of volume and root dry
weight were obtained at foliar application 60 mg L™ nano silicon and mycorrhiza application fungi under normal
irrigation. The highest leaf area index was obtained at both applications of flavobacterium and pseudomonas
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with mycorrhiza, foliar application 30 mg L™ nano silicon under normal irrigation.
Conclusions

Generally, it seems that application of bio-fertilizers and nano silicon can be recommended as appropriate

management factors for increasing grain yield and grain filling components of wheat under water limitation
conditions.

Keywords: Drought, Mosseae fungi, Nanoparticles, PGPR, Photosynthetic pigments
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