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o m Zh e 2 swe o o
Texture Year EC (&S.m'l) pH carbon (%) Total N (%) (ppm) (ppm)
sy 2015-2016 1.70 7.65 0.65 0.068 471 356

Silty loam 20162017 171 7.68 0.68 0.066 46.50 355
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Figure 1- Mean comparisons for biological yield and seed yield of sunflower affected as intercropping arrangements with
common bean and pumpkin in the first and second years
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Figure 2- Mean comparisons for biological yield and seed yield of pumpkin affected by intercropping arrangements with
common bean and sunflower
C: Sole cropping of pumpkin, (C:P): common bean + pumpkin, (H:C): pumpkin+ sunflower, (H:C:P): sunflower+ pumpkin+
common bean (one row) and (HH:CC:PP): sunflower+ pumpkin+ common bean (two rows)
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Means with the same letter(s) in each column and each component have not significant difference at 5% probability level based on Duncan’s test



YP
(al., 2015

95 4y

o

PFRA 5l ¥ o5led A al ol o255
95 4 1) Oliwe YL 398 lajlosi 3 (IS Cungy 945 ose

bl o ySlos oS Cllao cpl (58,5 a5 2 b g Ldgy 02l olaidl
Slow C)?-I )]J.B.p 09 M Qg.l)gtq fa)la ke M Slow O:{]

3,Sles dyg0 50 (e Cungy 915 bolre culS slajlos plos jo
On &S ob ol pdioee gladdl bt WS e Bl 0 4l
38es Jlai 5l s b lagh pB)l bglses 9 el cuiS slalos

02l slaslas ;5 S gy uily 295 (gl Sxe AW il

sy 1y yel opl cde a8 by bgbore I juin a5 Sles

059 9 om0 ) Ald yjg wame 1O &by dlasy aS oyl 4y gy b
Dabbagh Mohammadi Nasab et ) cul oad S5 (claigS 9,0

I gu,Slac

S

2 sl LS olaw pls jo alb olis iy yo 1> plo Sl Wiy
iy Wy SdS g Ly

= Lol cusly (asli o aiby 5 ) Slee «S5elou 3 Sas el

Sew ) Jlo 1 as ol lis zls pomen g (PS4/+V) o e

L gl o Slae

oS e slacuS 5 S as ol LS il 4300 ol

=
i > 4l (g g pl (g Cio ket byl i
A (P14 0) b e s o) cuilbyy adls g a5 Sles

Ao 59 g )d Qb 09 Ag yd rDLJ

1591 8 TRIUN(] U0 paseq [243] Aiqeqoxd oy 18 0URAITIP JURDTUEIS 10T ALY JU=U0AW0D ok PUE TUn[0d [BS UL ()11 SWes 1) (I STRRJA
(smo3 om) Te2q HOTAND +Unydmnd +1amofjuns
(dd:D)'HH) pue (mos 310) teaq UoTHm0d +unjdmnd +mopuns :(£:)H) Teaq uownwod +unjdumd :(4:)) Teaq TOTIT0D +I3MO[Funs :({-H) Teaq nommod Jo swddomn 3og :d
s o

9 i el o ol mh T8 H D ol o oy

7 s mbe onTql o el e 82 ooy o

& 57 o 9 0 (@) = £ (g ) 57 F A S0 (EH) e e st Fo e £ 97 (50 () 4 (g D HEY (1 57 B g e 4 (6 )
*L8EC R 0L 20 0e P el 25¢ 28¢ PROgEl  PAREEa0l  ddDJHH
P 6ETE 2o *68°L PUYI Pl P8I 26 369 PIg dOH
P2g 1E°6¢ PLETE 2097 PITOC PE0TT P8t 287 F99L Peg dd L1-9101
LFT9 P0ECE 2687CE e 9t Q¥ 99y 2QeE91 P29 06 dH
P29 86 09 9963¢ 909 e61101 PLETY 290¢ °8¢ PEEBE LEECTl d Ty
PIELy 30T 088 PETST SRG0 T 28t P9t Pe6 01 e LTT dd-D)-HH s
PIge 6L CY 9.9°6¢ 205701 PL8LT 369 Pt 0Ty F0vs  PAORLOCOL dOH
Qey e 2 £69¢ PTLOT P&o6l 300, POt PTE J0C6 P2 [958 dd ITET0t
Pge3Co  PAQECOL 2TICE 2 060¢ 35206701 It e3¥ 908°L1 P29 {6 dH
E1¥L9 eorey 2Te08 96CTL 980°€E ®LY NIy CELLE 9e 0Tl d
966 € AFTT P08 96T 6L E 9Bt qLE 20ET1 PITENT ddDYHH  juwemsBueire
QBH68C 9L0°Te PeI'6 66T NETT BT 9290 PrL 2qEE°E6 dOH Buddoassju]
£96°<9 9eTse 29991 %8861 g AT %0 PEvs 8C8 dd wcfq
9T HL qI6'cE 905°GE 9eeee 9BrL1 PO ELY POLT 290516 dH o
%61+ BT 0L BT98 LNl %t ®y POBE 0TI d G
argce 990°T¢ 98T 9c1e 90 v1 v9E gt £0E91 BELL6 19107 ey
20L€9 BCECE BETTE 2 0r B €T _‘.mﬁ.m @m:w_,w Em.ﬁ 298 P01 91-¢10¢ )
e o e
;) voput 3) mEon @medred - @)yl ed - @)medp “E_EEQ tn_._%mum ,aun m“sn ()
IR ¢ o) 3o MEBA PG JEBALpO]  JSIaL Iy . . .
” P 001 p y o 1o IaquImy JoRQEOY o RQUENN psry ey
e ) g fag Dl td W 93 )
O o gee . et M ¢orw fm3 #ee
ik 0 g el €M el HD omp '

F o B TS O A T

140.03 044 T 13no[juns pue urjdumd [y sjuswasue.Le Smddold12)un Jualagp £q pa1dajje Tear ToumIod Jo sjusnodmod ppLd pue prard 1) 1oj suostieduwnd ueafy -4 qe

i 3- e A asle 60 st £ 0 nen qF 5 sro eefq A st € sé Eeen g o of e 7



Y#\  ..(Helianthus annus L.) ;ls ,SlsT belse cois cilisn glocus 5 5l b, ooy Ko 9 (K295

sl 00 bgle (sl lagi sl by duglio 13 3,Shos (glinl Lials
oA (agy pyd L (AL Cangy 935 2929 03 (9w ]
0ol gy JolS jsbay SB o 0 casly bgbs (claens 5
odlao Sy 5 5y sl s (50ills 5 4y yol gl &S 00
2 g od o Sas slsgl (gas U Yiasl g i L) sladss
byl cuis loylass o (i gl 0,8 (lia] J2al cals
o)y ol g gcnl bl azsh Jlis 4 1y palls 4 cuus
Dibe crse SoidssT e slogl b bbe cutS a8 1,4l
g 093'1_5 J_»Iyu_p 9 o wf& L) :qulsbo B U“") )JA.A.MJL.O
5 S sled Jials g by b 2 sbadils Jyus
GLrasss 1y lasme cLa i 5l iman 5 03,5 sl |, Sk
Nakhzari et al., ) .8 ¢ Sols ol U 5l L ¢ 1l byl
2016; Lamei Harvani, 2013; Eskandari and Alizadeh-
(Amragi, 2015
C.\.JEMJ.) ugala g 6:13313:\4 daly o Slac

dySlos (a8 g cp i 45 3 L (5 Ske auslie ol
slesd o byuye ciian ped 5 Jgl sladle o (i Log ab
B w bolsw 5 (LS 13 £,55LS VYV 5 V2O L) (P) L2l
2l L 45 35y (6o 5 p,Ssls \WY 4 ¥OY L) (HH:CC:PP)
3yShas oYL (¥ JSC5) il (o s ime B3] L jlos
VOY) (P) Lalls ctS Lo 4 byoye (e Logd Sojglsn
¥ )

1200

a Eyearl Wyear2

1000

800

600

400

Seed yield (kg/ha)

200

P HP C:P H:CP HH:CC:PP
Intercropping arrangements

Whass (39 9 g pa @l (59 Aigs Haalid 059
s 4 P i o o8 3 i (Sile Al ol
bl i (slolass o Jgl o 5 i L) €55 50 s s
WBld 29 g I ixe BMLB] (I Cangy ¢S g oo, okl L
VAIVQ) (P) Lalls Jless 1) 4y 53 pls (g (e 45 s psbo
(H:P) )0, 3ol + s Logd a5l895 slos )] 5 o g (G590 )3 p)5
gy slajlas o g Lo Jolaidl dgs & (859 40 0,5 Y+/4)
93 9 a3y S asldaw o (CiP) (dels gy 58 + > Ly
s s sanlie gl sine M| (H:C:P, HH:CCPP) aigs,
s ped Jl o aiils GMsI (P) Lalls cutS b loylag oyl
42 (P) A Jlow 4 boye s (939 Cn i Jgl Jlo ulitie
SBM3] Loyl ol b oS sl cowday d5gr 13 2,5 VANl
9 45 2 51 iy sl (elde @S izren Sl (6l gne
295 9 Jol sl Ly a S (glassSay b sdmlive &by o s
pyS EoIVY g A JOY L s yidy) gy 50 &l (59 oy dlllao
2 0 (pyS YMRE 5 YNV L o) aild wo (59 9 (699 0
CiS 59y 3 (S )3V Jgia) 48 oamlie (P) pals cuts
Lagd a0l Veee g YLy 45 0 oumlito Lyg) 5 )3 Lol
J> s (Habte et al., 2016) 555 alls s 4 basye
CitS )3 4y o g 9 By A G Wy 3 pls (g Rl
O 14055 09 oy (g GVL 4 ]y el 4 s bl
Lo jlagi )3 cpsizmad 03 Cand ;53055 b Lug) 5 )3 alS
L o, Sl a8 el pylany oo, Rl 5 s L) 45 5
Cezge dalS o o] a) g e Al e lugd p (gilulale

d (kg/

1000

Biological yiel
ig]

P H:P CP H:C:P HH:CC:PP
Intercropping arrangements

b bglseo CuiS slaceS 5 il Cod (n oyl (093 9 Jgl sl 13) b g (JLw 93 (ko) S 59lgn 5,Shas (3lo dummyllo -Y JSUS
C,lb)iql:éi 9 SRl Cungy 95
(HH:CC:PP) 4 (i3, <) Lo Lol +delS Cungy 938 + 15,5080 :(HICP) ¢ s Loght cIelS gy 538 {(CiP) ¢ is Lo+, K031 (HIP) « s Lol Lyalls s P
(s823) 99) s Log +(GAelS Cangy 9a5 + )l Kolisl
Figure 3- Mean comparisons for biological yield (mean of two years) and seed yield (for the first and second years) of
common bean affected as intercropping arrangements with pumpkin and sunflower

P: Sole cropping of common bean,(H:P): sunflower+ common bean, (C:P): pumpkin+ common bean, (H:C:P): sunflower+ pumpkin+ common bean
(one row) and (HH:CC:PP): sunflower+ pumpkin+ common bean (two rows)
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Means with the same letter(s) in each figure have not significant difference at 5% probability level based on Duncan’s test.
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Figure 4- Partial and total land equivalent ratio for different arrangements of intercropped sunflower with pumpkin and
common bean
H:P: sunflower+ common bean, C:P: common bean + pumpkin, H:C: sunflower+ pumpkin, H:C:P: sunflower+ pumpkin+ common bean (one row)
and HH:CC:PP: sunflower+ pumpkin+ common bean (two rows)
(Dotted line indicates LER=o0ne.)
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Introduction

Intercropping is an old agricultural practice which is growing of multiple crop species at the same time in the

same place. Traditionally, intercropping has been used to increase crop production and the efficiency of the
resource as well mitigate any possible risk. Intercropping has been shown to decrease the risk of crop failure by
increasing the crop yield stability over time. Intercropping creates biodiversity in the cropping systems, and it is
considered to make the systems more resilient against environmental perturbations, thus enhancing food security.
Land equivalent ratio (LER) is often conceded as an indicator to determine the efficacy of intercropping that
measure the land productivity. LER may be interpreted as the relative area required by sole crops to produce the
same yields as achieved in a unit area of intercrop. The objective of the present work was to evaluatethe effect of
row intercropping of three plant species such as sunflower, pumpkin and common bean on the vyield, yield
components and land equivalent ratio under climatic conditions of Mashhad.

Materials and Methods

This experiment was conducted based on a randomized complete block design with three replications at the
Agricultural Research Station, Ferdowsi University of Mashhad, Iran during two growing seasons of 2015-2016
and 2016-2016. The treatments were double (H:C, H:P, C:P) and triple (H:C:P and HH:CC:PP including one
row and two rows of each species) arrangements of sunflower, pumpkin and common bean as replacement series
and their sole cropping. Investigated traits were plant height, 100-seed weight, number of seeds per head, head
diameter, seed weight per plant, biological yield, seed yield and harvest index of sunflower, seed weight per
fruit, 100-seed weight, fresh weight of fruit, dry weight of fruit, number of seeds per fruit, dry weight of plant,
biological yield, seed yield and harvest index of pumpkin and plant height, number of pods per plant, number of
seeds per pods, number of branches per plant, dry weight of plant, pod weight per plant, seed weight per plant
and 100-seed weight, biological yield, seed yield and harvest index of common bean. The LER was calculated as
the sum of relative yields of component crops in an intercrop versus sole crops. For analysis of variance SAS ver
9.2 was used. All the means were compared according to Duncan multiple range test (p<0.05).

Results and Discussion

The results showed that the effect of different intercropping arrangements of sunflower, pumpkin and
common bean was significant (p<0.05) on their yield components, seed yield, biological yield and harvest index.
The highest seed yield of sunflower, common bean and pumpkin were observed in triple cropping as two rows
(10158 kg.ha™), sole cropping(10493 kg.ha™) and common bean+ pumpkin (25014 kg.ha), respectively. The
maximum biological yield of sunflower, pumpkin and common bean were observed in it sole cropping, triple
cropping as one row and sole cropping. The highest and the lowest land equivalent ratio were calculated with
triple cropping as one row (1.69) and sunflower+ common bean (1.06), respectively.

Conclusions

Results revealed that growth, yield components and yield of sunflower, pumpkin and common bean were
significantly affected by intercropping arrangements. However due to different criteria of these species
associated with better use of water, radiation and nutrient resources when they are intercropped, land use
efficiency was increased.
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Table 1- Physical-chemical properties of soil of experimental farms (0-30 cm)
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Table 2- Analysis of variance of the effect of iron and zinc nano chelates on some yield traits and yield components in black seed
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Table 3- Analysis of variance of the effect of iron and zinc nano chelates on some yield traits and yield components in black seed

MS ©lasye (Sl

&be a3 o
3 Slos . . W
sl A Y Y P Sydpralee T
s.oVv d.f Capsule 1000-seed Biofc)mg ifél & & P ,_T;:Vg;’t
diameter weight i i i i
g yield Seed yield Biological yeild index
R T ‘}‘l’““ 0.1609™ 0.010™ 0.076™ 191.29™ 2.57™ 61.34™
“ 1 e M?n
) i 0.0027™ .046™ 0.08™ 159.61™ 128.00™ 11.36™
Goonbad
Fe Tdr"ﬂf" 23.97" 5.45™ 28.92" 49915.14™ 43430.94™ 2776.20"
ol 2 e - . . . - .
* 35.76 1.81 54.29 30712.86 86899.49 839.41
Goonbad
7n Tdr']’*' 3.27" 3.18" 13.83" 2404.45™ 20553.87™" 1457.43"
2 e A*eran
<9 ~ 9.06™ 0.19" 14.27" 13356.33™ 22839.86™ 340.37"
Goonbad
o 0.321" 0.599™ 3.33" 9102.71" 3684.45™ 307.81
Fe*7n . . . . . .
Koyonl 4 Teirfan wx - wx o *x *
i 2.426 0.183 9.65 3442.65 15441.64 23.44
Goonbad
ol 0.102 0.054 0.223 188.57 261.84 40.48
E 17 Tehran
Ua$ .z
. 0.146 0.032 0.282 172.76 452.53 7.12
Goonbad
CV (%) ol 6.4 9.4 8.1 14.6 7.0 185
. Tehran
xS ad - S
&l s j 6.1 6.9 55 13.1 55 11.1
= Goonbad
sl dopd S Jloin ] grdaws (3 I3 ixe GBS 3539 g 45 dme BB pae osimd i i *F 4 NS
** and ™ are significant at 1% probability levels and non-significant, respectively
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Table 4- Analysis of shear variance interaction of zinc surfaces at different iron levels for some yield traits and yield

components
MS&laypo ggoome
Alislax JowS dlax aaildslass 0l 45
ol 13} &3l3l ax s C’&f Patiy b Wgr JgmaS JgS
Fe Zn DF Location Plant Number ~ Number ~ Number Seed
height of lateral of pods  ofseed per  weight per
branche per plant pods pods
Fel 7n T:;]); . 90.22" 4.33" 12.00" 294.42" 0.0052"
<l WS gl
UT > \/Z <9 ’ 5 214.81" 412" 4.10™ 648.117  0.0046™
s Goonbad ' ' ' ' '
Fe2 2 ol 577.83" 12.117 16.44™ 1094.15™  0.0654™
ol 3 i Zn Tehran
Jio 0¥ < = 625.99™ 30.117 30.09™ 1258.16™  0.0199™
Goonbad
B o x o
Fe3 2 oRe 87.73 0.03™ 14.69 16.33ns 0.0554
Y ool o Zn Tehran
s < = 70.63"™ 0.77" 2011%  8L44** 00195
Goonbad

<ol 2oy S Jloin] e )0 HId gime BB 3535 9 5 gime BB pie simd i oy

ns

" and ™ are significant at 1% probability levels and non-significant, respectively

Fel=nano chelated iron 1.5 per thousand, Fe2= nano chelated iron 4 per thousand, Fe3= chelated iron 3 per thousand
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Table 5- Analysis of shear variance interaction of zinc surfaces at different iron levels for some yield traits and yield

components
MSilas e ggooe
a3 . N3 oj9 5 Slos
2 SH ol JgmsS 5had als , PalbaSles P Sujgdem dNes CUilyp ad Ll
o2l Zn S Location SUj9om . .
Fe 895 DF C_:apsule 1000- Biological &0 yo & Fo H_arvest
diameter seed ie?d Seed yield  Biological yield index
weight y
Fel wox ax wx ox aox x
o g 71 Tehran ), 1.805 0.771 4.361 3498.62 3977.14 358.097
PO 89 2 - * - - - -
s Goonbad +.s 3.810 0.013 0.715 2894.95 1144.76 134.110
EEZ , , Tehran ol 1.9057  3.2137 12,6737 38537.917 18606.19" 1657.028"
< U
IR Goonbad +:s  10.086™  0.519" 32.49™ 16996.82"" 51979.75™ 210.267"
Fe3 2 Tehran s 0.203™ 0.368™ 1.447 213.96™ 2316.44 57.09"™
Y ol oM 2 o o
“‘; | 9 Goonbad +:s 0.0174™  0.018™ 0.38"™ 349.92 598.63™ 33.87
J p)
¥ ns

ol dio > S o] a3 ) gime AR 3539 g 55 gxe BB pae oL i iay g

““and ™ are significant at 1% probability levels and non-significant, respectively

Fel=nano chelated iron 1.5 per thousand, Fe2= nano chelated iron 4 per thousand, Fe3= chelated iron 3 per thousand
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Table 7- Analysis of variance of orthogonal comparisons of experimental treatments on some yield traits and yield

components
. X Pl 39
S5 ol e s ew)! ol a3l o » ‘JM s JomsS 53 &l slaws JgmnsS
e o WL Pl_ant Number of A Number ofseed per Seed
SOV Location height lateral branche Number of pods weight per
(cm) pods per plant pods (q)
I Tehran s 1 819.47: 6.00*; 80.67: 1738.08: 0.014:
Goonbad .5 1 636.54 16.67 96.00 3128.17 0.037
felzn2ls  TENTAN ol 1 1387.76*; 20.16: 130.67: 3360.66: 0.037:
Goonbad .5 1 16650.04 28.16 130.66 6208.16 0.066
T Tehran s 1 557.02: 2.67; 42.66: 1172.92; 0.0089:
Goonbad .5 1 436.91 6.00 73.50 1872.66 0.0267
foomls | ehran s 1 2242.66" 28.16" 130.66" 4004.16™ 0.104™
Goonbad .5 1 1998.37" 60.17" 160.17" 6468.16" 0.075™
f027N2 ol Tehran ;s 1 3504.16" 54.00" 216.00" 6800.66" 0.2169™
Goonbad .5 1 3513.84™ 130.66™ 280.17" 9520.17" 0.0888™
I Tehran s 1 659.40:: 6.0*; 80.66: 1290.67: 0.011:
Goonbad .5 1 580.17 135 80.67 2320.65 0.013
—— Tehran s 1 153.52: 0.672 42.66: 150.00; o.ooz:
Goonbad .5 1 132.54 2.66 37.50 504.16 0.003
—— Tehran s 1 308.16: 1.52 42.67: 280.17: 0.0038:
Goonbad .5 1 261.36 6.0 60.17 912.67 0.0049
f03713sals Tehran lxs 1 19.44™ 0.17f 13.5o: 130.66; o.ooo4i
Goonbad .5 1 19.08™ 15 16.67 308.17 0.0013
clSy-wls  Tehran ol 1 1461.89" 1517 137.95™ 2816.30" 0.0453"
S)less Goonbad s 1 1354.30" 3557 164.89™ 5000.90" 0.0474™




Yvo aloolow 8 )Slos gl32l 9 0, 5kos 11595 9 u.bi LS 4L sm‘al.sz}bu Sl ‘obl&m 9699l

Sl b o il o S daw plg3 3 5 S law yiihey S
$BLy g 5l i doym odlitel Cua 2l (Sofdgr s e
(Izadi and Modares cul ol s o3lo g iul58l cels

Sljles a8 10,8 jasie s S o Sanavi, 2018)
als b oawlie 3 b JS5 4 gdaogy) polis b (3L Jolxe

Bl Rl ejel (Safdsn 0Sles Jhidne ysba
bS5 b sals o b gee M| (Ramroudi et al., 2011)

9> NS g )lm 3 ¥ pal O S 5 b sl I i) ()l
(A J9i2) 03,5 anlin Slaiod asyje 93 10 53 (jl30 )5 ¥

530300 2 Slac
2 b Fl gl GiSany 5 oy 5 ool clales
(7 Jpin) 535 Slados soyie 39 0 53 ol 3,5k
A oonl dlize pow 3 sy gl e 51 mdhy
By s A5 acyie > ol O dlp a1y )l e
2 (e fo 2 p)5 OAY) Sijglon 3 8hes cp e (0 Jgio)
15 depze im0 ¥ g9y O gl g ¥ el S b e
olS » ey S ool Linlidl (F Jads) W )5 odaline
Jdody Wlgi o M gl @ygody gllas 4l byl il cod

3 80s gliat g 3, dos Olio (B 52 Glalojl G jlowi JUsS 5 551 Clulile uilyyl @325 -A Jgua
Table 8- Analysis of variance of orthogonal comparisons of experimental treatments on some yield traits and yield

components
2 ,SJ»& .
5 i 3 Slos 3 il 3 ,Slos ) ) ol
5 ol “@» e 5, 3 359 ’ . o 53 Sajglom .
o & &y Capsule 1000-seed S9em Qo po Sl
S.0.Vv DF diameter weigh (g) Biological Seed yield & Harvest
(mm) yield (g) (g.m? Biological jndex (96)
yield (g.m™)
Tehran ;s 1 9.70™ 0.99" 11.34™ 5426.43" 18150.00™ 79557
felznl-sals _ - - o o - -
Goonbad .5 1 20.83 1.49 16.40 13939.14 26241.70 905.28
Tehran e 1 15.94™ 3.96" 29.61" 16917.66" 47383.71*  2197.27"
felzn2-.als - o - - - ok
Goonbad .5 1 28.34 1.47 27.52 28510.83 44032.66 1536.00
~ Tehran s 1 439" 0.714™ 6.68" 2339.59™ 10685.04™ 438.27"
felzn3-.als x - - o o o
Goonbad .5 1 6.99 1.833 21.69 8908.91 34716.83 496.86
~ Tehran 1 15.32" 8.906" 56.86 41800.11™ 90970.91™ 2619.617
fe2znl-.als o o - o ke ke
Goonbad .5 1 37.80 1.773 68.68 36429.16 109890.67 1235.63
~ Tehran g 1 20.46" 11.02” 5557 117656.007  79718.43™ 7018.52™
fe2zn2-.als o o - o ke ke
Goonbad .5 1 69.22 1.23 110.51 64979.226 176816.66 1686.73
Tehran ) 1 6.82" 0.952™ 9.88" 4275204~ 15810.67"" 696.17"
fe2zn3-.aals , . ns . . o o
Goonbad .5 1 14.66 0.128 7.24 5352.106 11580.83 445.48
fedznl sty ONTAN O 1 0.020™ 0.482* 3.37" 770.67° 5400 17334°
Goonbad .5 1 1.717* 0.059™ 2.03*" 1066.67¢ 3248.026* 114.41*
fe3mnp-y,  TEMTAN O 1 0.018™ 0.742" 5.80* 1176.00* 92082.66* 210.87°
Goonbad .5 1 1.685" 0.096™ 2.02* 2105.63* 3229.44* 235.62*
fe3n3 L TENTAN Ol 1 0.170™ 0.002"™ 0.54"™ 196.77™ 864" 21.13™
Goonbad .5 1 1.306" 0.006™ 0.45"™ 377.62™ 726™ 51.04%
clSy-wls  Tehran ol 1 8.99* 3.59" 26.48* 19678.55* 41386.34* 1864.3*
Solowd Goonbad 1.5 1 25.58* 1.14* 33.74* 22143.01* 53978.04* 1096.1*
O Cond Cuby asls e cpyiie e ¥ ol oS Cudils ys padld

ool g cnl 0 ) sk om g A5 eamlie S0 gslaw
PV 69 O b @ by e ciby padls i
sy g2 )58 3 ¥ 9y OIS g 5l50 13 VB (g9, SIS $U I3
Pl 3 F ol 4 gl O gl ah Jslome &S a0
olS 5> Suid oole Wi (Il o (lj 5 (odagy 455 e
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Introduction

The black seed is scientifically known as Nigella sativa L. from the family Ranunculaceae, which is

susceptible to deficiencies in micro elements, including iron and poor soils. The concentration of Fe and Zn in
soil solution is usually very low and is mostly mixed with organic matter. The solubility of Zn and Fe is strongly
dependent on soil acidity. Managing nutrient intake can improve plant growth and product quality. Inappropriate
nutrient management in today's common practice results in degraded agricultural ecosystems and endangered
human health, and these problems have necessitated rethinking ways to increase crop production. Rezaei et al.
(2016) reported increasing yield traits in stevia plant through using nano iron and zinc and manganese solution.
Foliar application of micronutrients can improve grain and oil yield by improving yield components. In the
present study, the effect of iron and zinc nanoparticle foliar application on morphophysiological and
phytochemical changes of black seed has been evaluated.

Materials and Methods

The experiment was carried out as a factorial experiment based on a randomized complete block design with
three replications in the research field of Gonbade-Kavous University of Agriculture and Natural Resources
University of Tarbiat Modares University in 2018-2019. Experimental treatments included control (no foliar
application), iron nutrient (iron nano chelates at 1.5 and 4 in a thousand + 3 iron per thousand chelate) and zinc
nutrient (zinc nano chelate at 1.5 and 3 in a thousand) and chelate (3 in a thousand) which was used as foliar
application. Treatments were applied at 8-10 leaf stage and at the time of capsule filling. The experimental plots
were two meters wide with four rows of 50 cm and the length of each plot was 6 m. There was a distance of one
meter between each trial unit and a distance of 2 meters between each block. Midlines were used for sampling.
Data were analyzed using SAS ver 9.3 statistical software and LSD test was performed at 5% level.

Results and Discussion

The results showed that the studied traits such as plant height, number of lateral branch, number of pods per
plant, number of seed per pods, seed weight per pods, capsule diameter, 1000-seedweight, yield seed,
biologicalyield and harvestindex were affected by main effects and interactions of the treatment compounds in
Tehran and Goonbade-Kavus fields. Application of iron and zinc chelates in the form of nano-chelates had the
highest effect on yield and yield components of the black-seeded medicinal plant in comparison to the chelate
form. Maximum grain yield (217.44 g.m™ in Goonbade-kavus and 288.66 g.m in Tehran), biological yield (582
g.m? in Goonbade-kavus and 352.93 g.m? in Tehran) and harvest index (37.43% in Goonbade-kavus and
76.467% in Tehran) were observed in the nano-treatment of iron chelate 4 per thousand and the lowest value of
seedyield (25.2 g.m? in Goonbade-kavus and 20.05 g.m? in Tehran), biological yield (260.67 g.m? in
Goonbade-kavus and 130.67 g.m™ in Tehran) and harvest index (25.2% in Goonbade-kavus and 11.81% in
Tehran) were observed in iron and zinc chelates.

Conclusions

Based on the results obtained and considering the different measured properties, the application of iron and
zinc in the form of nano will have a positive effect on the quantitative performance of black seed. given the role
of micronutrients in some enzymes and their effective role in protein synthesis, this increase in yield can be
justified compared to control.

Keywords: Micro element, Medicinal Plant, Nano chelate, Yield components
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Table 1- Results of field soil testing prior to first year experiment
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Table 2- Results of field soil testing

at the end of the second year experiment
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2- Organic Carbon

3- Total Neutralizing Value (TNV) is Percentage of neutralizing agents obtained from equivalent of calcium carbonate

(lime)

4- Saturation Percent

5- Total Nitrogen

6- Available Phosphorous
7- Available Potassium
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Table 5- Means comparisons of year effect on some morphological and seed yield of sesame affected by biofertilizers during
two growing seasons 2017-2018 and 2018-2019
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height of node One Multiple  Number of number dry (g.m™) Number yield
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node node branch (cm) plant @ per plant
Y1 85.4b 28.4b 13.3b 15.1a 210a 18.7a 458a 5.38a 714b 48.8b 316b
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Table 6- Means comparisons of seed type effect on some morphological and seed yield of sesame affected by biofertilizers
during two growing seasons 2017-2018 and 2018-2019
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S1: One capsule seed and S2: Multiple capsule seed.
)5 oh b oyd O s 55 ()15 sine BT 5S> 05T Loll S jide By S5 (hyls &S ol Sl
Means followed by the same letter are not significantly different based on LSR test (p<0.05)
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Table 7- Means comparisons of interaction year in seed type on some morphological and seed yield of sesame affected by
biofertilizers during two growing seasons 2017-2018 and 2018-2019
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Treatment  Plant Number Jyes Js i Length Leaf Leaf Blomgzss o Seed
height of node One Multiple  Number of number dry (g.m?) Number yield
(cm)  per plant capsaule capsaule b of p  branch per weight capslule @m?
node node ranc (cm) plant @ per plant

Y1xS1 85.8b 204D 104c 9.60c 2.06a 8.55Db 379D 3.04b 680 a 449D 264b
Y1xS2 85.1b 305b 16.1c 1l42a 211a 29.0a 53.7a 7.72a 714 a 56.9 a 395a
Y2xS1 119a 62.4a 49.8a 126 b 0.200c 4.15b 36.8Db 387b 818a 49.8 ab 274b
Y2xS2 115a 48.1b 325b 156a 0.783 b 18.0ab 515a 5.82 ab 899a 50.5ab 358a
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Y1: Firth year and Y2: Second year; S1: One capsule seed and S2: Multiple capsule seed.
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Table 8- Means comparisons of biological fertilizer on some morphological and seed yield of sesame affected by biofertilizers
during two growing seasons 2017-2018 and 2018-2019
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node node branc (cm) plant @ per plant
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BF3 109 a 49.2a 35.7a 13.6ab 16la 269a 52.2a 6.51a 579a 57.8a 349a
yhudgn 5 CpnS g5 3l (Golune cunS 5 B3 jandgn BF2 (S g yns :BFL walis :BFO
BFO: Control, BF1: Nitroxin, BF2: Biophosphor and BF3: Equal mixture of nitroxin+biophpsphor.
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Means followed by the same letter are not significantly different based on LSR test (p<0.05)
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Table 9- Means comparisons of interaction year in biological fertilizer on some morphological and seed yield of sesame
affected by biofertilizers during two growing seasons 2017-2018 and 2018-2019
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Treatment Plant  Number N N - Length Leaf Leaf g - Seed
height  of node One Multiple  Number of number dry (g.m?) Number yield
(cm)  perplant capsule  capsule of p  branch per weight capslule (g-m?)
node node branc (cm) plant @ per plant
Y1xBFO 70.6d 22.6¢C 9.76d 12.9 abc 1.03b 13.5ab 400b 3.63b 767a 436b 281b
Y1xBF1 80.5d 29.1c 10.0d 19.1a 2.69a 14.6 ab 43.3ab 4.58 ab 743 a 55.6 ab 308 ab
Y1xBF2 93.2¢ 249¢ 12.5d 12.4 abc 220 a 13.6 ab 43.5ab 4.63ab 715a 44.8 ab 285b
Y1xBF3 97.2 bc 38.6 bc 229¢c 15.7 ab 242a 32.2a 56.3a 8.52a 737 a 59.4a 416 a
Y2xBF0O 107 b 440b 36.3b 7.73¢C 0.401 cd 10.2b 419b 455 ab 780 a 42.7b 291b
Y2xBFL  121a  462b  370b  920bc 0900 108ab  431ab 497ab  886a  453ab  360b
Y2xBF2 119a 51.8ab 42.7 ab 9.10 be 0.166 d 125b 44.9 ab 5.34 ab 885a 52.3ab 333ab
Y2xBF3 122 a 60.1a 48.5a 11.6 abc 0.800 bc 20.6 ab 48.0 ab 4,51 ab 922 a 56.3 ab 306 ab

yindon o S 9550 il sobue Sy BF3 (jandgn BF2 (uu's s BFL canls BFO (p95 Jlo:Y2 5 Jgl Jlo:Y1
Y1: firth year and Y2: second year; BFO: Control, BF1: Nitroxin, BF2: Biophosphor, BF3: Equal mixture of nitroxin+biophpsphor.
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Table 10- Means comparisons of interaction seed type in biological fertilizer on some morphological and seed yield of sesame
affected by biofertilizers during two growing seasons 2017-2018 and 2018-2019
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Treatment  Plant Number of N Multiple Number  Length of Leaf » Biomass Number Seed yield
height node per One capsule b h branch number Leaf dry & capsule per (g.m™)
(cm) plant Cti’)SdU;e node orbranc (cm) per plant W?;@)ht (@.m™) plant
S1xBFO 87.7d 349 bc 255D 9.46 bc 1.11d 294c 35.2b 219c 398d 376¢c 241c
S1xBF1 100 be 36.4b 236D 12.8 bc 127c 3.49 be 33.2b 2.79 bc 529 abc 41.7¢c 247¢
S1xBF2 106 ab 36.9b 27.3b 9.66 bc 112¢c 5.36 bc 29.7b 2.93 abc 510 bc 39.3¢c 269 bc
S1xBF3 116 a 65.2a 440a 212a 1.82 ab 20.9ab 40.3b 5.85 abc 532 abc 40.7¢c 318 bc
S2xBF0 90.6 cd 3l6¢ 205b 11.1bc 113c¢ 22.9ab 514 a 6.25 abc 492 cd 45.7 bc 350 be
S2xBF1 101 be 36.8b 213D 15.5ab 20la 219ab 53.1a 6.76 ab 599 ab 59.2 ab 362 ab
S2xBF2 107 ab 39.7b 279D 11.8ab 124c 16.2 abc 52.7a 6.90 ab 608 ab 57.8 ab 377 ab
S2xBF3 102 b 438b 275b 16.3ab 1.40 bc 329a 63.1a 717a 627 a 60.0 a 397a

yindans g CpenS 95 5| sobne oSy BF3 (indgn BF2 (uusg 25 BFL waals BFO ¢ JguS s> ,3:52 5 JguaS 5,4 :S1
S1: One capsule seed and S2: Multiple capsule seed; BFO: Control, BF1: Nitroxin, BF2: Biophosphor, BF3: Equal mixture of
nitroxin+biophpsphor.
)5 oh b oyd O s 55 ()15 sine BT 50l 05T Loll S jide By S5 (hyls &S ol Sl
Means followed by the same letter are not significantly different based on LSR test (p<0.05)
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Introduction

Soil bacteria plays an important role in bio-geochemical cycles that cause soil ecosystem dynamics to return
nutrients to life cycles. In recent days, these organisms can serve as complementary or, in some cases, alternative
fertilizers, to maintain the sustainability of the agricultural ecosystem. On the other hand, the production of high-
yielding cultivars has increased the consumption of agricultural inputs, especially fertilizers, which has caused a
crisis of environmental pollution. Bacteria are soil microorganisms that are involved in the nutrient cycle of the
soil, can improve plant growth, and are known as growth promoting bacteria (PGPRS). Approximately two to
five percent of root-borne bacteria are in the group of growth-promoting bacteria. These bacteria improve plant
growth in a variety of ways, including nitrogen fixation, synthesis and production of iron-complex
ingsiderophore, production of plant hormones, production of antibiotics and fungicide compounds. Soil has a
wide range of organic phosphate sources that must be converted to its inorganic form by enzymes such as
phosphatase, phytase and phosphonostat, and bacteria in the Bacillus and Pseudomonas groups can be produced
by the production of acid phosphatases that dissolve phosphates to help absorb them by plant. Another group of
bacteria such as Azotobacter and Azospirillum have the ability to stabilize nitrogen. Sesame (Sesamum indicum
L.) is one of the oldest oilseed plants and has been named as the queen of oilseed plants and compatible with arid
and semi-arid regions. Lowing sesame yield per unit area necessity to exerted agronomic management practice.
The number of capsules is the main components of yield that has highly correlated with it. The aim of this study
was to investigate the effect of biofertilizers on number of capsules per node of leaves sesame plant under field
conditions.

Materials and Methods

An experiment was conducted as factorial arrangement based on a randomized complete block design with
three replications at Mashhad Agricultural and Natural Resources Research and Education Center during two
growing seasons (2017-2018 and 2018-2019). The first factors were: seeds single capsule and multi-capsule seed
types and second factors were four Biofertilizers: 1) Nitroxin® (containing Azotobacter and Azospirillum
bacteria), 2) Biophosphorus® (containing phosphatase-solubilizing bacteria of genus Bacillus and
Pseudomonas), 3) Equal mixture of Nitroxin and biophosphorus and 4) control. At planting time, seeds were
inoculated with biological fertilizers by standard method, away from direct light and foliar spraying was done in
50% reproductive stage with the bio fertilizer treatments. The morphological traits (plant height, number and
length of lateral branches, number and dry weight of leaves, number of nodes, number of capsules, number of
single and multiple capsules nodes were measure per plant and biomass and seed yield were measured per unit
area. Data was analyzed using MSTAT-C and means was comparison with LSR at the 5% probability level.

Results and Discussion

Application of biofertilizers increased plant height by 11 to 19.9 cm compared to no fertilizer treatment (89.1
cm). In the second year, the number of nodes was about 43% higher than the first year. Triple interaction
treatments showed that in the second year and in single capsule seeds the application of nitroxin and
biophosphorus fertilizer had the highest number of nodes (85.7) and the lowest amount of it was observed in
single seed capsule plants in the first year. The highest number of single capsule nodes was obtain in the
application of biofertilizer (nitroxin+ biophosphorus) in single capsule seeds. In the second year, the number of
single capsule nodes in both seed types was more than 29 per plant. In the second year, the highest number of
multi-capsule nodes was recorded from multi-capsule seeds with use of nitroxin and biophosphorus combination
fertilizers. Interaction between treatments of seed type and biofertilizer results showed that plant was growth
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from multi-capsule seed had a positive reaction to biofertilizer so that in multiple seed type the number of
capsule per plant was more than 57 in application of biofertilizer. Both in the first and second year, in the
multiple seed capsule type, the use of biofertilizers produced more grain yield per square meter than other
treatments.

Conclusions

The results of this study showed that consuming of biofertilizers together that containing Azotobacter,
Azospirillum, Bacillus and Pseudomonas had a positive significant effect on the plant height, number of capsules
per node leaf, biomass and number of capsule that lead to increase of seed yield in sesame plant. Therefore, it is
recommended that seeds inoculate with these bacteria in sowing time and applying one foliar spraying in mid-
flowering time lead to enhance sesame yield.

Keywords: Biomass, Biophosphour, Leaf node, Nitroxin, Seed yield
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Table 1- Physical and chemical properties of the experimental soil
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Soil depth s o) * Jovt sl S S pH
an Clay (% Silt (% 0.C (% BS (% :
(cm) (%) y (%) it (%) (%) ) ecedsm?
0-15 3812 1718 a2 0.977 8.88 1.092 742
15-30 38.16 17.26 44 0.970 8.93 1.090 7.54
Soil dm 097 o oy ool ) 9 o
(cm) N(%) P(mgkg") K(mgkg") Fe(mgkg’) Cu(mgkg’) Zn(mgkg”) Mn(mgkg™)
0-15 0.084 54 320 5.104 161 0.564 148
15-30 0.084 58 300 7.30 1.63 0.540 14.8
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Table 2- Results of analysis of variance of weed control effect and cropping system on biochemical traits, weed biomass and
grain yield of wheat
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ns,* and **: non-significant, significant at 5% and 1% probability levels, respectively.
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Table 3- Mean comparison of simple effects of weed control and cropping system on some biochemical traits, relative leaf
water content and grain yield in wheat
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o)k g g Loyl
0.40° 0.10% 1.77° 4.17° 4.24a 73.68° 4113.17

Mix cropping of
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515 eyl me glis duoyd S Jlein ] o 13 LSD (9051 bl 3 ey (sl i 5o 50 aliio Cig > (el (sla Sl
Means in each column and treatment followed by similar letters are not significantly different at 1% probability level using LSD

test.
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Figure 1- Interaction of weed control and cropping system on weed biomass (Means with similar letters have not significant
difference based on LSD (p< 0.01) test.
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Introduction

Wheat is the most important crop in the world, which has always been of particular importance since its

domestication and has the highest cultivated area among crops. Wheat is the main food of most people in many
parts of the world. Among the factors that reduce wheat production, weeds are of particular importance and
according to the studies; the average weed damage in wheat fields is 23%. Mixed cropping systems based on
carefully designed species mixtures reveal many potential advantages in terms of enhancing crop productivity,
reducing pest and weed interference. Recently, mixed cropping of wheat cultivars by different morphological
characteristics is a suitable approach in increasing crop productivity especially under biotic stress conditions.
This study aimed to investigate the effect of weed control on some biochemical traits, relative leaf water content
and grain yield of mixed cropping of wheat cultivars.

Materials and Methods

In order to study the effect of weed control on biochemical traits and yield in mixed cropping of wheat
cultivars, a field experiment was laid out as randomized complete block design with three replications in
Research Station of Agriculture College and Natural Resources of Darab, Shiraz University, in 2018-2019
growing season. Experimental treatments consisted of six levels of weed control including weed control at
tillering, stem elongation, booting and ear emergence stages, weed-free and weedy check and cropping system
consisted of Sirvan monoculture, Setareh monoculture, and mixed row intercropping of Sirvan and Setareh
which were in a ratio of row one to one. The sowing date was 4" Dec in 2018 and harvest date was 19" Jun
2019. At late flowering stage, chlorophyll a and b content, carotenoid content, catalase and peroxidase activity,
relative water content and weed biomass was measured. In addition, at physiological maturity grain yield were
determined by one square meter quadrat.Finally, data were analyzed by SAS ver 9.1 software and the means
were compared by LSD test at 5% probability levels.

Results and Discussion

The results showed that the simple effects of weed control and cropping system had significant effect on
chlorophyll a and b, carotenoid content, catalase and peroxidase activity, relative water content, weed biomass
and grain yield . The amount of chlorophyll a, carotenoid and relative water content of leaf, catalase and
peroxidase in weed control at tillering stage were 64.2, 38.97, 31.4, 93.10 and 88%, respectively, compared to
weedy check and these traits in mixed cropping increased by 5.2, 7.2, 12.8, 15.8 and 20.7%, compared to Setareh
monoculture, respectively. Also, weed biomass in mixed cropping decreased by 29.6% compared to Setereh
monoculture. The highest grain yield was observed in mixed cropping of Sirvan with Setereh which had 29.6%
increase compared to Setareh monoculture and the best time to weed control was at the tillering stage because it
had the lowest reduction in grain yield compared to weed free treatment.

Overall, weed control at late-season especially at ear emergence would be less effective in crop productivity
while weed control at early growth stages and before flowering provided the best crop performance in terms of
photosynthetic pigments and grain yield.

Conclusions

It seems that mixed cropping of wheat cultivars could be effective in weed competition compared to
monoculture, so that weed biomass in mixed cropping decreased especially at tillering and only 11.9% grain
yield was reduced compared to weed-free control. Overall, when plants exposed to weed interference up to late
growth stages, chlorophyll a and b content and carotenoid content decreased while catalase and peroxidase
activity and weed biomass increased, significantly. Also, mixed cropping treatment weed interference increased

1- MSc. Student of Agroecology, Department of Agroecology, College of Agriculture and Natural Resources of Darab,
Shiraz University
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University

3- Assistant Professor, Department of Agroecology, Agriculture College and Natural Resources of Darab, Shiraz
University

(*- Corresponding Author Email: bijanzd@shirazu.ac.ir)



YRR 5l o ojleds AN Wl (0l £ly5 sleidgfs as piid YO A

catalase and peroxidase activities and relative water content and caused grain yield increasing compared to
monoculture.

Keywords: Carotenoid, Chlorophyll a, Peroxidase, Setareh cultivar, Weed biomass
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Table 3- Combined variance analysis (mean squares) effect of organic, chemical and biofertilizer on biomass yield and
nitrogen use efficiency of purslane

o Olor Glee s )8 S LS oje = 2B
PR il e e 0395 Camm 5 (339550 2395 Camm 3
Oyt il i s s 239 Cunnt Ojer ) :
e & ST 8355 Cuunnt Nitroaen Nitrogen Nitrogen Nitrogen
S.0V qf Biomass Biomass conter?t of U ta?<e physiological agronomic
' yield nitrogen biomass effﬁ:ienc efficiency of efficiency of
Y biomass biomass
b 1 030" 0.017™ 106.0™ 50229 10.18™ 17631~
Year (Y)
() 55 4 9.13 0.25 4263.3 3204 74953 621
Rep (Y)
o A__J" &l
Inorganic and 3 10.66 015" 7513.8™ 3573 283.83 ™ 468"
organic sources
A
P Lsll @u,, x Jlm
o 3 2.05 "™ 0.000001 ™ 4272 90 "™ 16.21™ 54 s
YxA
s D95 ns ns ns ns * ns
Biofertlizer () 3 0.91 0.120 652.9 414 467.61 81
U““”\;fg b 3 141" 0.00001™ 4143™ 324™ 25.01 ™ 108"
* @w 9 Ji etﬁ * *k *k *k Kk Kk
it 355 9 453 0.459 7408.4 4257 946.36 315
AxB
) uﬂ @L:,e ™ . . .
it 355 X olomsd 9 4.01 0.00004 ™ 1049.1 ™ 1062 10.82™ 288
YxAxB
9"';”"5 60 1.74 0.048 794.4 450 129.26 108
a
(9) s 0 ;
oV o) 19.3 16. 24.3 24.7 18.0 21.0

3bge 5 gme b 9 20 N prdaw ) I me cuigau NS o

** * and ™ are significant at 1 and 5% probability levels and non-significant, respectively
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Table 4- Comparison of the average interaction of organic, chemical and biofertilizers on biomass yield and nitrogen use
efficiency of purslane
il gwn BIOSUITUT 13,5500 :MYCOITNIZA « e g 525 :NITFOXIN (558 5,18 pac) aslis :Control

Slgoe AR 4 Soiglarimd 2,8 u&‘” uf»{)‘s
e - S U e
R 355 X 0505k 9395 le mdgicuy  SPSI ORI e, 039 Nitrogen 2355 Cas
Nitrogen fertilizer sources X  Bjomass  (-e,3)Biomass Nitrogen Nitrogen physiological Nitrogen
Biofertilizer yield nitrogen (%) content of uptake efficiency of agronomic
-1 - efficiency ; efficiency of
(kg ha™) biomass (%0) tl)(lorrllagls biomass
(kg. ha™) (kg. kg™) (kg. kg™)
Control 6.03 de 1.19e 91.47 e-g 66.0 gh 77.95 ab 43.8 de
(365 5,08 pas) sals Nitroxin 6.42 c-e 1.46 ed 120.09 d-f 94.5 c-e 56.65 e-g 51.3 b-d
Control Mycorrhiza ~ 6.90 b-e 1.34c-e 115.77 d-f 89.1c-g 60.34 c-f 52.8 b-d
Biosulfur 5.98 de 1.20e 91.83 e-g 69.9 f-h 65.17 b-e 453 c-e
Control 7.09 b-e 1.18 ef 108.33 d-f 80.4 d-g 67.76 b-e 52.5 b-d
95 258 Nitroxin 5.66 e 0.94 f 68.12 g 46.5h 84.23 a 38.7e
Cow manure Mycorrhiza  7.42 a-d 1.76 ab 168.25 ab 121.8 ab 44.68 gh 53.4 b-d
Biosulfur 6.39 c-e 1.32 c-e 108.55 d-f 76.8 d-g 59.36 d-f 45.9 c-e
Control 6.00 de 1.23 de 95.76 e-g 72.0e-g 65.73 b-e 45 c-e
CawsguaS 09 355 Nitroxin 7.63 a-c 1.31c-e 123.77 c-e 91.5 c-f 61.55 c-f 56.7 a-c
Vermicompost ~ Mycorrhiza 6.44 c-e 1.13 ef 93.02 e-g 69.6 f-h 72.61 a-c 48 c-e
Biosulfur 6.18 c-e 1.29 de 102.72 d-f 78.6 d-g 61.31 c-f 471 c-e
Control 7.97 ab 1.56 bc 155.10 be 109.5 be 51.30 f-h 56.1 a-d
2o 368 Nitroxin 8.78 a 1.23de 132.80 cd 100.8 bcd 66.58 b-e 66.6 a
(NPK) Mycorrhiza  6.34 c-e 1.09 ef 90.46 fg 65.4 gh 70.68 b-d 45.6 c-e
Biosulfur 8.18 ab 182a 188.24 a 1404 a 4341h 60.6 ab
LSD sy 1.52 0.3 32.55 25.8 8.0 73

(P <e/+0) 35,15 150080 b ()b ixe M) 0o )3 B Jlats] o 13 LSD (901 (bl p1 S yiie g o sy (slacuSibie ¢ Jale yo (glys g g0 o )
In each column, with at least one similar letter (s) are not significantly different at 5% probability level using LSD Multiple Range Test
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Table 5- Combined variance analysis (mean squares) effect of organic, inorganic and biofertilizer on phosphorus use
efficiency of purslane

- JECRPN s g, S 2L hed £y 26
s e 4, ! 03¢5 Cownns § e 0365 Commn § ydmsd 8395 Cannet 3
Ol i 2slio B} S s § 9 Comnd § ol
s3l3! ) Phosphorus Phosphorus Phosphorus Phosphorus
S. 0V df Biomass content of take physiological agronomic
phosphorus biomass e#ﬁ:iency efficiency of efficiency of
biomass biomass
JL“ ns ns el ns *x
Year (Y) 1 0.0009 25.29 5795.54 249 70846
(Jhe) S5 4 0.0009 14176 266.26 375 3760
Rep (Y)
GLM 5 "ﬂ é’lM *k Kk Kk *k *k
Inorganic and organic sources 3 0.264 3234.79 5483.53 224392 141405
(A)
ctlios 3 \71 X“" xJb 3 0.0002 ™ 28.30 ™ 1379.17" 235 "™ 25730 ™
s 095 o ns ns xx ns
Biofertilizer (B) 3 0.0039 37.90 119.52 5088 892
U‘““’;fB Ju 3 0.0001 ™ 3227 103.22"™ 749 ™ 1263"
ke KXL;” 2 el 9 0.0117" 208.56™ 212.08" 13410 ™ 883"
Gty 3 X st s gl S g 0.0001 ™ 7221 128.75™ 373" 1573"
YxAxB
J”'Ed”é 60 0.00089 22,22 68.96 1138 825
a
(3033) Sy o
CV (%) 9.55 17.13 26.98 11.94 30.37

Al oo o stne it 5 7D ) o 5 Jlogine g NS 5
***and "™ are significant at 1 and 5% probability levels and non-significant, respectively
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Table 6- Comparison of the average interaction of organic, chemical and biofertilizers on phosphorus use efficiency of
purslane
g :BIOSUITUT 5,600 :MYCOITNIZA (S 525 :NTEFOXIN (395 35,8 pae) 18l :Control

0397 Canns 5 shd 51k b e 5 i
e 357 O S e gttt L8 SRS SR T 253
Nitrogen fertilizer sources x Biomass gf biomass Ubtake gfficienc Phosphorus physiological
Biofertilizer phosphorus (%) 1 P Y efficiency of biomass
(kg. har") (%) e ko)
Control 0.22 f 17.33h 52.30b 353.88 bc
(59 3,08 pac) aalis Nitroxin 0.23 f 19.11 f-h 64.04 a 333.00 be
Control Mycorrhiza 0.17h 15.40 h 50.58 b 459.73 a
Biosulfur 0.18 gh 14.03 h 45.33b 429.82a
Control 0.29 e 26.71 de 18.09 ef 262.75d
95 558 Nitroxin 0.33d 2457¢e 15.26 f 231.68 de
Cow manure Mycorrhiza 0.43 ab 41.58b 27.64 c-e 178.98 f
Biosulfur 0.37¢c 30.80 cd 19.89 ef 207.32 ef
Control 0.21fg 16.69 h 22.18 d-f 359.54 be
CawgnoS 039 365 Nitroxin 0.24 f 23.01 e-g 30.13 cd 330.95¢
Vermicompost Mycorrhiza 0.21 fg 17.61 gh 23.27 c-f 371.25b
Biosulfur 0.30 de 24.04 ef 32.22¢ 257.46d
Control 0.43 ab 42.87b 22.94 c-f 185.10 f
b 355 Nitroxin 0.46 a 48.84 a 26.59 c-e 178.90 f
(NPK) Mycorrhiza 0.41b 3455¢ 18.59 ef 184.98 f
Biosulfur 041b 43.03b 23.32 c-f 191.71 f
LSD sy 0.034 5.44 9.59 23.9

(P <4/+0) 5,185 %0385 b ()15 gime GOS0 )3 B Jloinl o 13 LSD (yg05l bl S o g syl (sl Silio «Jole o gy gy o
In each column, with at least one similar letter (s) are not significantly different at 5% probability level using LSD Multiple Range Test
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Introduction

Purslane (Portulaca oleracea L.) is an annual and C4 plant belonging to the family portulacaceae. The plant

is drought- and salt-tolerant which contains high amounts of beneficial omega-3 fatty acids and antioxidant
vitamins. Nitrogen is the key element in soil fertility and crop production. Attention to the soil quality and health
has increased in recent years, especially for sustainable production of medicinal crops. So that, for production of
healthy food in industrialized countries, using natural and on-farm inputs has been considered. One of the
practical ways to achieve this goal is organic and biofertilizers. Given the importance of purslane as a medicinal
plant and due to the fact that there is not detailed information about the nitrogen requirement for this plant, this
study was conducted to evaluate the effect of organic, biological and chemical fertilizers on biomass yield, N and
P use efficiency of the purslane in Birjand, Iran.

Materials and Methods

This research was carried out during two growing seasons from 2014 to 2016 at the research farm of Birjand
University. The experiment was conducted as factorial based on a randomized complete block design with three
replications. The treatments were a combination of four sources of nitrogen supply, including cow manure,
vermicompost, fertilizer (NPK) and control (without any fertilizer), as well as four types of biofertilizers
including nitroxin (Azotobacter and Azospirilum), Mycorrhiza (Glomus intraradices), Biosulfur (Thiobacillus
with sulfur) and control (without any fertilizer). The studied traits included stem biomass yield, nitrogen and
phosphorus percentage, nitrogen and phosphorus content, nitrogen and phosphorus uptake efficiency, nitrogen
and phosphorus physiological efficiency and nitrogen and phosphorus agronomic efficiency based on biomass.
Statistical analysis was performed using Minitab 17 software. To compare the averages, LSD test was used at the
5% probability level.

Results and Discussion

The results of the experiment showed that in chemical fertilizer (NPK) treatment, nitroxin consumption
increased biomass yield (45.6%), nitrogen agronomic efficiency of biomass (52%), biomass phosphorus (2
times), the content of biomass phosphorus (2.8 times). On the other hand, biosulfur consumption increased
biomass nitrogen (52.9%), biomass nitrogen content (2 times) and nitrogen uptake efficiency (2.1 times)
compared to the control treatment. In the treatment of cow manure, the use of nitroxin increased the
physiological efficiency of biomass (8%), however in the control treatment, the use of nitroxin increased the
efficiency of phosphorus uptake (22.4%). Also in control treatment, the use of mycorrhiza and biosulfur (29.9%
and 21.4%, respectively) increased the physiological efficiency of biomass phosphorus compared to the control
treatment. On the other hand, consumption of nitrogen fertilizer sources reduced phosphorus agronomic
efficiency of biomass compared to the control.

Conclusions
Based on the results of this experiment, in Birjand region, the use of chemical fertilizer (NPK) and nitroxin
are recommended to achieve maximum biomass yield and phosphorus and nitrogen use efficiency.

Keywords: Biosulfur, Cow manure, Mycorrhiza, Nitroxin, Vermicompost
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Table 1- Some of the monthly meteorological factors during the growth season of potato in the first year of experiment

! . G . ; .
Meteorological factors Jo }c <2 ook , o290 43l
oo lilgd Dec.-Jan. Jan.-Feb. Feb.-Mar. Mar.-Apr. Apr.-May
Mean temperature ('C) o> (ko 12.92 12.25 16.61 21.78 29.27
. . sl (:Kke
Mean maximum temperature ( C) Sl 19.62 17.32 22.76 30.26 37.77
L o sl (1o
Mean minimum temperature ( C) 5 6.07 7.27 10.45 13.26 22.10
>
Absolute maximum temperature ('C) Loy e yiShis 25 23 29 37 45
Absolute minimum temperature ('C) o> 3llas JBlis 1 2 7 1 16
Precipitation (mm) Sk 32.80 129.30 71.90 3.80 0.70
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Table 2- Some of the monthly meteorological factors during the growth season of potato in the second year of experiment

Meteorological factors Jo 9& &2 o . 02295 )|
wwbudlgn Dec.-Jan. Jan.-Feb. Feb.-Mar. Mar.-Apr. Apr.-May
Mean temperature ('C) Lod (1Sikie 13.15 11.95 14.55 20.30 32.85
. . LAV
Mean maximum temperature ( C) e 19.15 17.90 21.20 28.60 37.70
- . sl (:55ke
Mean minimum temperature ( C) i 6.80 6.30 7.90 13.80 22
Absolute maximum temperature ('C) L sllao yiSls 23.60 24.40 31 33.8 15.20
Absolute minimum temperature ('C) Lo> 3l J8lus 2 -3.20 2.20 4.60 42.20
Precipitation (mm) S,k 28.60 62.80 25.90 22.50 0
wilojl Jlw 93 )3 S orlonsd 9 (S8 Cloguad Y Jgoo
Table 3- Physical and chemical properties of soil in two years of experiment
s S Cglan JEwE sy ™
Year Jw Textu‘re EC pH Available P Available K Organic
(ds m? (mg kg™t (mg kg™ Carbon (%)
2015-2016 RN YA Silty clay loam 2.3 7.8 8.9 279 0.70
2016-2017 ¥a0-a5 Silty clay loam 2.2 7.7 7.9 269 0.80
TUE=Yield/GDD (¥) HTU= GDD x Duration of sun shine hours (v)

b Goy a2yd )3 LS 53 p)SolS s Led 36 LS TUE
by joy a,d GDD 4,8 ;3 p)S6kS sy 3,Slae Yield
Worthington and Hutchinson, 2005; Grijesh et al., )
(2011, Singh et al., 2014, Maji et al., 2014
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2ol 90 0 g olecuinudyl YO 10 oloedVY 5 Jo cuilS’ zu,l
b Cadld p olocudinud)l Yo pd olopaty Jol 5 ologd VY cusls

Js-b Duration of sun shine hours 5 1, jg, 4> ,> GDD
Bl olels S
HTUE=Yield /HTU (v
282 3 pSelS oo Jloy sula soly 13 LIS HTUE
5 )52 )3 p S5k s 3Slae Yield ) g, 423 3 casls
) 39y 4>, GDD
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Table 4- Results of combined variance analysis for duration of sprout development stage, growth degree days and helio
thermal units in sprout development stage

e Sl o (55le
- Error mean square
Sources of .. &3ljl a2y ..
variation ¥ gl Degree of 9w o po Bode .
freedom Bailgs drwgi a0y j9y 4 Jloyi gl asly
Duration of sprout GDD HTU
development stage
Year (Y) Jle 1 1.681"™ 4261.84" 840970.470"
Replication x Year Jls )18 4 6.889 713.750 13528.531
Planting date (P) cuslS ol 3 1554.718™ 44613.653™ 1528578.997""
YxP el Fo)b X 3 163.718" 10020.102™ 257606.114™
Error s 12 6.789 658.775 22516.883
Cultivar (c) o5, 2 270.681" 15803.507™" 573777.760™
YxC o8y X o 2 60.181" 3433.816™ 2235221.300"
PxC o) X cusls fu 6 31.829™ 1592.323 ™ 775502.448"™
YxPxC o8y XCusls o)l X Jls 6 22.218" 1601.533" 44958.665"
Error [ 32 7.250 366.233 15904.601
CV (%) Sy iy 5.6 7.6 10.1

70 g 7N Jloin] gaws 13 3 gixe gl dme pé ol gay FF 5 * NS
ns, * and **: Not significant and significant at 1% and 5% probability level respectively
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w» (Worthington and Hutchinson, 2005) ls uesls
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Table 5- Means comparison of duration (days) and GDD (°C day) at phenological stages in studied planting dates

bipd S wbgeens g

) L prou egetative . i

Planting &0 development growth Tuber initiation Tuber bulking Total

date ol 39 47:-’ e 39 ‘1?)-’ e 39 “;?)-’ e 39 ‘:?;’ e 395 ?)3 e

) Duration e Duration " Duration e Duration W Duration
GDD GDD GDD GDD GDD

21 Dec. @63 Jo 326.86a 58.79a 118.62a 15a 150.81b 15a 953.54c 55.2l1a 1531.83 144

31 Dec. w> ol 285.59ab  50.83b  121.59a 15a 148.84b 15a 928.66¢ 53.47a 1484.68 134

10 Jan. 9T 235.33b 44.00c  118.29a 15a 185.33ab 15a 1031.91a 56.00a 1571.06 130

db

20 Jan. oo ol 216.90b 37.06d 122.04a 15a 195.40a 15a 995.25b  52.94a  1529.59 120

)5 70 Jlaas ] prdaws )3 (55 dme BMB! ot b p3 Sy By s b b Sileo
Means followed by similar letters in each column are not significantly different at 5% probablity level.
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Table 6- Means comparison of of duration, GDD, helio thermal units at phenological stages in studied planting dates

o3 Lailgs i, 14 o i el EXYIENWPOr U8
3] : S .
Cultivar Sprout development Vegetative growth Tuber initiation Tuber bulking
Duration GDD HTU Duration GDD HTU Duration GDD HTU Duration GDD HTU
lﬁ.‘.
"f’s 51.25a  288.19a  14882.35a 15a 125.13a  758.37a 15a 163.25a  1190.51a  50.50c 941.79c  7213.82c
Cozima
oYl
44.25¢ 23.99c  1199.64b 15a 117.02b  732.67a 15a 149.62c  988.2b 57.88a  1021.18a  7903.53a
Savalan
W
Al 47.21b  272.33b  1439.95a 15a 118.26b  738.52a 15a 154.68b  1175.57a  53.46b  969.25b  7439.00b
mera

By 70 Jlein] o 13 gyl sine B! gty 13 S yidia LBy by by Siles
Means followed by similar letters in each column are not significantly different at 5% probablity level .

o5 ol whosle g 298 Jhine baler b alsje e
o g0 ol by Jlogeda dnly oAby 59y a0 e oy yieS
B Yl o8, 4 culls 2,6 Jlke o (SSided als e

Jleyge dsly g ) jo) a2 Clms Xy 098 ey
o B 2036 el ) adllaedjge pB)) Laugs 0l Bl >

5 Jloyigsde a5l 5 43, 59y 42> p Jole 93 cl Blite JI 40)8



AR 50l F ojleds VA ol ol ! ‘Spl))' Sleinr gy 49 i YYA

Cuto Jole fliwisd )3 aejiaw diliue) CuiS 3 ged g A

Dy e Cgmxe o8y (! (2b5)l sl

o &8 290 (St iy Olpe rlpl (A Jgie) il

Ay s o 53 gy 390 pBl b b avslie )3 08y cnl (Sl

adllles g0 SLCWE )b )3 (590538 alpe 5 Jlo gl aaly (S (Kb duglio -V Jgaa
Table 7- Means comparison of helio thermal units, HTU, at phenological stages in studied planting dates

Planting . s . 2R Sl M) ljond N
date Cwils )b Sprout Vegetative ~ Tuber initiation  Tuber bulking Total
development growth
21 December @ Jsl 1767.06a 731.42a 923.65b 7273.72¢ 10695.83
31 December @ o33l 1423.18b 772.44a 1072.99ab 7218.86¢ 10487.47
10 January > Sy 9w 1198.96¢ 731.34a 1195.87a 7928.94a 11052.11
20 January oot Jo! 1114.72¢ 773.19a 1279.62a 7653.18b 10800.71

3,570 Jlois] o 13 (6l sime BMS] 5t o 55 S e By b bapSibe
Means followed by similar letters in each column are not significantly different at 5% probablity level
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Table 8- Means comparison for duration of sprout development

s yae addi
P Sgd dloja ul )3 2900 pasiie (uibly 4325 @l
Llg 9 ) joy 420 o8y 9 bl Zo)b Jlie §l g S b

3 BAilgs drwgi g dudy Al o Ode (1 pSile du e —A Jgin

&b
stage (days), growth degree days, GDD and helio thermal

units at sprout development stage in interaction effect of planting date and cultivar

Cuils & ,0

] ailgn drwgs g iy dls yo ke

. Cultivar 8, . GDD HTU
Planting date Duration of sprout development stage
Cozima L 63.67a 354.15a 1873.70a
> Jyl Savalan  oYlsl 56.33b 237.90c  1552.08¢
21 December
Almera W] 56.33b 333.70ab  1875.40a
Cozima  lujss 57.00b 327.58b  1701.46b
2 023k Savalan Vil 47.00¢ 260.42de  1238.44de
31 December
Almera W] 48.50c 268.77d  1329.55d
Cozima  lejsS 45.67c 242.13ef  1250.23de
@Sy et gaualan oYlsls 41.00d 210.22gh  1031.67f
10 January
Almera [N 45.50c 256.63def  1314.98d
Cozima  ljss 38.67d 228.88fg  1127.93ef
oo Jd Savalan  Ylsle 34.00e 188.60h  976.37f
20 January
Almera W] 38.50d 233.22fg  1239.87de

)5 70 e gdaws 55 (gl me BB gt b )3 S yide By b b uSile
Means followed by similar letters in each column are not significantly different at 5% probablity level.
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Table 9- Results of combined variance analysis of growth degree days and helio thermal units in vegetative growth and tuber

initiation stages

Error mean square s Ol po (3o

Sources of 5 obie &35 4y d“ﬁl_}w KW ‘;ﬂ)b.\s _
variation Pl of Vegetativegrowth Tuber initiation
M9y ey Jlgedd sy ad)gy ey Jloyisds saly
GDD HTU GDD HTU
Year (Y) Jus 1 22511.0417 211535033 92865.734"°  43032.042"”
Replication x Year b 3,1, 4 110.388 2248.761 173.865 74372.057
Planting date (P) sl oyl 3 68.738™ 10303.542™  11029.182"  413889.921"
YxP el gl X L 3 531.565" 20555.311™ 337.391™  558905.172"
Error s 12 132.890 7117.528 102.935 84407.982
Cultivar (c) o) 2 458.064" 20111510  11390.590”  3058905.172™
YxC by X o 6 442184" 97405.502™ 413153™ 212494.630™
PxC oy X casls ol 6 193.489™ 16106.302"™ 239240 21755.795™
YxPxC oy X clS oyl X Lo 6 37.117™ 19528.268"™ 70.318™ 84000.833
Error L 32 128.377 8461.720 47.717 26451.294
CV (%) Olydd <o po 9.5 11.9 121 17.1
T g 7N Jloin) o ;3 3 x5 )5 ime yuf s gas X 5 NS

ns, * and **: Not significant and significant at 1% and 5% probability level respectively

A U col (Sew dsyo ol lojess oS (Brown, 2007) 5
ez Al o oy de i D) 3939 (Sialed bl aaldl 3,
08) » Cho ol QLI g bgpe (Vlgls 15, 4 ead (0
Mo 5 A 500 i all 5 Loy oS o8 L anliio )3 y5250
(Y g ) 2

L oduslie > Guiod (pl 50 0de ad puoes doge lojcude

oy OY B ¥Y 51 (Maji et al.,, 2014) ,Ken 5 lo 555
OhBer 5 59503 dhg GBI L awlie »» Jy s oYk
Darabi, ) Jl,l> 5 j9, #Y (Loyla Rodriguoz et al., 2016)
oS g b imgh ol bt el $olsS 59, AMEY (2019

195 9 Cedls &)U e 5153 aljosl g Sla s wud) Ualye 53 Jlo gl dnlg g 0 jo) 42 (il dmglio =Y+ Jouo
Table 10- Means comparison of growth degree days, GDD, and helio thermal units at vegetative growth and tuber initiation
stages in interaction effect of planting date and cultivar

o 1o o 100
"‘“’ls &Y cyitivar o) Vegdetati)\j:grO\l)vth Tubef i;itiation
Planting date GDD HTU GDD HTU
Cozima s  12017b  786.29ab  161.73a  1022.62cd
o g;cgri L, Sl oL 120236 66639c 15073 74568
Almera Ll 11547b  74158abc  109.56d  1002.67d
Cozima s  13503b  821.58a  162.07a  1144.67bcd
&> ok Savalan oYl  112.03b  748.83abc  145.30bc  1004.75d
3LDecember | era  LJ 11448  746.91abc  139.15¢  1069.54cd
Cozima LS 121.28ab  779.50abc  163.45a  1227.29abc
LTO? 9 St Savalan YLl 115.95b  762.32abc  151.30b 1030.74cd
auay  Almera 1, 11448b  652.19c  160.25a  1069.5cd
Cozima LojeS  124.03ab  754.09abc 165.75a 1367.47a
oo Jg Savalan  ovsl. 116.63b  753.14abc  161.82a  1170.92a-d
20January - ajera L0 12547ab  81234a  168.62a  1300.48ab

)5 70 Jlein] e )3 (gl ime BMEE] gty )3 S b Bgys b a1 Sile
Means followed by similar letters in each column are not significantly different at 5% probablity level.
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Table 11- Results of combined variance analysis for duration, growth degree days and helio thermal units in tuber bulking

e Sl o (SSle
Sources of eI NEEESE Error mean square
variation e d.f e 2 39, da > Jlos suli ol
20909 r 9
Duration GDD HTU
Year (Y) Juo 1 22.222™ 1823.077™ 2973661.075"
Replication x Year Jbs > )sS 4 15.727 1247.741 129941.907
Planting date (P) cuslS ol 3 18.148™ 37483.276™ 2018474.856™
Y xP culs )b X e 3 71.556™ 16057.467"" 2428501.196™
Error s 12 22.463 1420.476 64042.768
Cultivar (c) ) 4 330.597" 399006.709”  2968776.637
YxC o8y X Jlo 4 59.764" 11896.944™ 969845.749"
PxC o) X il g 4 36.356" 4266.059 219753.565™
YxPxC o) X el gl X L 12 15.487"™ 2141.653" 125046.402"™
Error s 32 13.757 809.3365™ 59294.398
CV (%) Oy gy 7.8 3.4 33

T g 7N Jloin) o 53 5 iz g )5 ime et i gas FF 5 *F NS
ns, * and **: Not significant and significant at 1% and 5% probability level respectively

Tyl 90 )0 g oleCuiigudyl YO Fu,li 50 olo6d wadjl 9 Jgl sl
plol oo )l Yo 2u b )3 ologyens Jol 5 ologd ¥ cusls
059y zm 0393 oyl 50 28] Slelw dlaxs g Lod (39 Y g (8,5
RV

ol > Jlogsle sly g 0y o) arp> el 5> awglie
Loyla ) odire plo (5)55 L dwlie p» (Sigled abye
a5 3905 asuiie (ROdriguoz et al., 2016; Maji et al., 2014
Loy s Lol cle &y adllas opl o Sl jaslis o0 opl Jlade
Fobar e 93 cpl IS 5l (g8 ooy lecutinna)l 5
duslde > asye cpl Glojese aS pl pf,) e uinpen (Cuol 039
do yieS (dwsjiumw oiml CuiS )0 bodd Ad poes 0jed L
3y50 guiS Fo,b ads’ > sl g0 ol Jg (Darabi, 2019)
oo Al yo )3 SbB] Slebo s 5 oy 390 YU e @ adlllas
e sgbdr o Vllo 18y )3 Jloyigdn dalg 9 43) jgy 42> Al ye
23 A5y joydayd SRl (Y Jad) 29 yide ;500 08, 93 il )b
D9 /D g A ey yall 5 LaassS pB)l b anylie )3 (Vlglo o5,
ol 5 lorisS B & s Vo o8y 5o Jloyipdle 25l
b bl Sl 0 bSile L)l il JIBIZY 9 i ja
9 (319 V-FY) A 5y 42> ySlas dg9ei asudie o) 9 CuBlS
Y Jgio) sl aisly glai olo (00 VY sl 5,6

oo -8y 9 CBlS o)l blite g1 5 npiSilee dulie

cils guyls 50 o Ylslo o8y 4 alsye cpl loj e S las dges
O (VW Jgi2) Conl atils 3la5 (59, OA) olacsd w50 9 Cons
Cob dw b cidls Zu,b cpl M (g5 adlis g0 Llod I g 04
ul_.\MJ u,u)‘)ﬁ‘ Z\c 9 Vo & ;AJ)JJ.J OL"L}"‘Q(: J9‘ 9 b‘.nd.) \\ 9 J9‘
J8 Jolye 0 cans alsyo cpl 0 ()l slo sl duslds ol
oA A pa e 0y9d do la sl oyl Slas &S dged asuiie
Soiedeid dlds g ol e jasld pl jlade g cunl atdly 3l
a5 ol oty de S pgboas il bl Ll ae g LB jsboes
9—0.3 9 ..\._w) 0)9 J_gladu.u)l.la 2 I UJ.M) [oa> 09 ul&)uJA
Ol (Hg 291 yusio Juoyd FF U YA o cublS go,l & dis olS
4515 50 Jglan) d5m yuxio Juoyd FEIVY VDY (yu ge5
o CblS glagy )l adS )5 0de ud e s o de M
VY sl o6 93 50 Jlopigale dalg g 035 jg) 4255 (Jg 295 1>
oLoLgb AR} 9 J9‘ cusls (’?)b 99 l) deal.o.o JLl DLAM J9‘ 9 b‘wd)
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Sl 93 50 Laose il ) bjlass ol cubly o)l o M3



VAR 5l oF ol AA Al 1l 2155 Sleeida iy s i VY'Y

Dy g Cudls g U oo 1 03 00 (s s Al po 10 Jlo g danlg g iy 9y A 4D e S (il A lio - VY Joua

Table 12- Means comparison of duration, growth degree days, GDD, and helio thermal

units at tuber bulking stage in interaction effect of planting date and cultivar

Gl &)U Cultivar o, - GDD HTU
Planting date Duration

o Cozima losjs8 49¢ 914.88f 6892.53fg
” [‘;ecgr;ber Savalan oVl 56.33b 1011.70bc 7788.19bc
Almera |yl 52.50cde 934.05¢f 7140.45¢f
L Cozima s 49.17e 856.58( 6680.07g
2l Sec:e;n"ber Savalan oYl 56.17hc 971.92d 7584.84cd
Almera Iyall 55.00bcd 957.47de 7391.68de
] Cozima s 53.17b-e 1014.88bc 7779.20bc
L51°0 “j’ 9 S Savalan Vil 58.00a 1067.35a 8276.59a
anuary Almera 1yl 53.50b-¢ 1013.60bc 7731.02bc
e o Cozima Loz joS 50.50b-e 980.82cd 7503.49cd
) 6’3‘;] - ;ry Savalan Vil 55.00bcd 1033.73b 7469.51b
Almera el 52.83cde 971.90d 7492.84cd

5,106 70l pdaws 55 (g ze BB gt b 4> S i Bgy> b b, Sike
Means followed by similar letters in each column are not significantly different at 5% probablity level.
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olocyate Jgl g oloced ¥V CuilS’ Zuyb 90 & G oloed V)
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Table 13- Results of combined variance analysis for yield, heat use efficiency and helio thermal units use efficiency

s Olayyo (ube
Sources of o 63031 4y Error. mean square .
variation e galie df 3,Slos bd U 2L Jloyd gald aaly 2l 2l
Yield Heat use Helio the_rr_nal unit use
efficiency efficiency
Year (Y) Jbo 1 221.271™ 58.518" 1.764"™
Replication x Year Jls 3,45 4 6.097 2.620 0.056
Planting date (P) cusls ol 3 10.684"™ 7.149" 0.115"™
Y xP cuslS dyb X 3 16.699" 8.434™ 0.125"
Error s 12 3.234 1.387 0.033
Cultivar (c) ) 2 146.425™ 64.223" 1.319”
YxC ody X Jlo 2 6.281™ 3.215™ 0.067™
PxC o8y X CuBlS g 6 13.028" 5.685" 0.100™
YxPxC o8y X sl G )b X L 32 18. 448" 7.690° 0.154"
Error s 64 5.200 2.232 0.064
CV (%) Sl G pd 14.2 12.2 12.7

70 g 7N Jloin] gaws 13 3 gixe g 3 dme pé udygay FF 5 * NS
ns, * and **: Not significant and significant at 1% and 5% probability level respectively
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£33 dar p lod Liul8l e 4y a5 2505 dx gy e o 1 ole
e 5 bdiley dnwg (el oiclas b olod Laylyd cologyoqe

D0l Ao 0AE b mue 090 ;0 wlidlsn Jolge dxlllas

S Bl e Yol dlisy slod xSk slocuigud)l Lawlyl
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Mo YL g a5 ol ax 0 Y sled p> (and Veilleux, 2007
A5y Loy (g YU il salgs ials Gada bedew! allb
s oer 3 il g WS S ]y lea slapll
bl 4 dlge cpl w0id & jwgd 5l Jols dlge JEl lras
9 99850 obS (il 5 9 Sy g gL AD) By g 0dd Jie Juw
cab salgs asg B Gl 0, Sles g sde WS, Aoy
ool 93 2903 (g pSas e o oplply (Kazemi et al., 2011)
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Jedi) delacls ol ulyd b ol iitnlys 4 ol |y o
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ool 023 (idgdy cnl 33 Jgapt g o) (il dly by
L 0990 YU s s Lo 36 LS SLE oe b ol cans
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Cawl o 5,135 506 (Worthington and Hutchinson, 2005)
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» ogMe (Levy and Veilleux, 2007) sus anlge (31,5 ol
2 S Glow b osd b moes dape 3 QLS )lge
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dw yd LS & Cuns (009 olex S 4 ole ety Jgl cusls
G Jolge cnl Egeome b 3)ly (65168 s Sod CBlS )b
Ol ologery Joh cudlS )b 3 Vlgle 03, &5 08
Sl bl ol 53 481 (15 Js) wles ads 1y 58k
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ool e b duglie 3 lass ul 3,Skos &8 3905 255 el g
390 Fomb (R B Jlde  9iS Jaine 3ble ) Joae
4 (Hassanpanah et al., 2009; Parvizi et al., 2011)
(Lambert et al., 2006) ,Ken 5 ©ywY 5155 oxSanl
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Table 14- Means comparison of yield, heat use efficiency (kg ha™ °C day™) and helio thermal units use efficiency (kg ha™ °C
day™ hr'!) in studied planting date

3,Sdos b pib I8
Heat use efficiency  Helio thermal units use efficiency
(tha')  (kg.ha™ °C day™)

Planting date  <wil§ &,0 vyield

Jbyigdd aaly ;30 o],

(kg.ha* °C day™ hr)

21 December «> Jd 16.77a
31 December ©d b 16.33a
10 January > S scw  16.01a
20 January ke Jo 17.78a

10.83b 1.55a
10.98b 1.58a
10.36b 1.46a
11.87a 1.66a

) 70 Jleisl s 53 (g5l sine BB (gt 3 S e B b b Slie
Means followed by similar letters in each column are not significantly different at 5% probablity level.
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Table 15- Means comparison of yield, heat use efficiency and helio thermal units use efficiency in studied cultivars

3 ,Sos by i 2,8
Heat use efficiency  Helio thermal units use efficiency
(tha®)  (kg.ha™ °C day™)

Cultivar N Yield

Jloigala saly ;50 21,

(kg.ha* °C day™ hr?)

Cozima Lejss  17.98a
Savalan oYl 18.31a
Almera Iyell 13.88b

11.83a 1.69a
12.06a 1.71a
9.12b 1.29b

)5 70 Jleas ] prdaws )3 (gyl5 cme BMB! gt b j3 Sy By s b b, Sileo
Means followed by similar letters in each column are not significantly different at 5% of probablity level.
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Table 16- Means comparison of yield, heat use efficiency and helio thermal units use efficiency in interaction effect of
planting date and cultivar

S i > Slos Sl B e 1,5 Jloisds sy byae 2,15
Planting date ultivar o5, Y|el_(‘1l Heat use cEeffmler?fy Helio therm;flll Bnlts use ef_lzlmency
(tha™) (kg.ha™ °C day™) (kg.ha™ °C day™ hr™)
s Cozima Lo joS 17.31bcd 11.19bcd 1.60bc
” D“e Ce?n ber  Savalan Vgl 18.03bc 11.67b 1.67b
Almera 1yoll 14.98def 9.62cde 1.38cde
Cozima Loy 358 18.03bc 12.13b 1.74ab
w02k Savalan Vsl 17.11bcd 11.50bc 1.66b
31 December Almera Iyodl 13.85efg 9.30de 1.34cde
Cozima Loz S 18.66b 12.08b 1.71b
‘ia i n’u:r““ Savalan oYl 16.55h-e 10.70bcd 1.51bcd
y Almera I 50ll 12.83fg 8.31.e 1.17e
Cozima Lo jsS 17.92bc 11.95b 1.70b
zoﬁhji y Savalan oYlsla 21.56a 14.39a 1.99a
Almera Iyodl 13.87efg 9.27de 1.28de

) 70 Jlezsl s 53 (g5l sine B (gt 3 S jiiie B b b uSlie
Means followed by similar letters in each column are not significantly different at 5% of probablity leve.l
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Introduction

Growing degree days (GDD) and helio thermal units (HTU) are the temperature based agro-meteorological

indices that play important role in predicting crop growth and yield. Growing degree days is based on the
concept that the actual time to achieve a phenological stage is linearly related to base temperature (Ty) and
optimum temperature. The efficiency of conversion of heat and radiation energy to dry matter depends on
genetics factors and planting date. Heat summation units (HSU), that mainly called growing degree days, and its
derivations such as helio thermal units are the most necessary to determine phenological stages and the suitable
planting dates for cultivars of different crop. Growth of potato can be divided into five stages: sprout
development, vegetative growth, tuber initiation, tuber bulking and maturation. There is little information
concerning of growing degree days and helio thermal units for potato in the sub-tropics. This experiment was
undertaken to define growing degree days and helio thermal units at phenological stages and effect on yield for
potato cultivars established at different planting dates.

Materials and Methods

The research was conducted in the research farm of Behbahan Agriculture Research Station for two years
(2015-2017). The experiment was arranged as a split-plot in a randomized complete block design with three
replicates. Planting dates from 21 December to 20 January at a 10-day interval were the main plot and the
Cozima, Savalan, and Elmera cultivars were considered as sub-plot. When the diameter of the swollen tip of
stolon was twice as long as stolon diameter, considered as tuber initiation. Tubers were harvested in mid May.
Growing degree days and helio thermal untis were calculated at all phenological stages and after harvest thermal
use efficiency and helio thermal unit use efficiency. Results from experiments of 2 years were combined for
analysis. Data were statistically analyzed by MSTAT-C. Significant differences among treatments means were
determined at p < 0.05 by Duncan’s multiple test range.

Results and Discussion

The longest of the sprout development stage was recorded for 21 Dec. planting date. With the postponement
of planting date, due to increase temperature, duration of sprout development significantly shortened, and
growing degree days and helio thermal unit decreased. The duration of vegetative stage was 15 days. Early
exposure of plants to favorable climatic conditions for tuber initiation, short day and cool night temperature,
caused the duration of vegetative growth, growing degree days and helio thermal unit were low. Tuber initiation
is thought complete within 2-6 weeks of that event, but since the majority of the tubers are formed over a period
of 15 days, duration of this stage is usually considered about 15 days. Although the duration of tuber initiation
was equal in all planting dates, however there was significant difference between the amount of growing degree
days and helio thermal unit in some treatment dates due to unsimultaneous timing of tuber initiation. The
duration of tuber bulking, depend on planting date and cultivar, ranged from 38 to 44 percent days. Growing
degree days and helio thermal units at tuber bulking stage were higher than previous stages, such as depend on
planting date 61.52 to 66.27 percent of total growing degree days belong to tuber bulking stage. Maturation stage
was not observed. There were no significant differences for yield and helio thermal unit use efficiency among all
planting dates, however the highest thermal use efficiency was recorded in 20 Jan. planting date. The highest
yield, thermal use efficiency and helio thermal units use efficiency belong to Savalan cultivar. Climatic
conditions at sprout development, vegetative growth and tuber initiation stages were relatively more favorable
for Savalan cultivar in 20 Jan. than other planting dates. Moreover, plants of Savalan cultivar in 20 Jan. planting
date, during incidence of late blight in effect of less age were more tolerant as compares with other planting
dates. Therefore, the yield of Savalan cultivar in 20 Jan. was significantly higher than other planting dates.

Conclusions

The duration of sprout development and vegetative stages are long and short respectively. In this experiment
low temperature during sprout development and high temperature from mid tuber bulking stages caused the less
tuber yield than temperate regions of the country. According to results, planting of Savalan cultivar in mid
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January is recommended for winter potato production in Khuzestan province. Planting from mid December to
mid January is recommended for Cozima and Elmera cultivars.

Keywords: Growth degree days, Helio thermal units, Sprout development, Tuber bulking, Yield
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Table 1- Physical and chemical properties of soil used in the farm experiments

: . Calas oS Ol Oles dlge . e L .
S cdl g ! S s e S ke 3595 paely  ud migse el
Texture pH EC 0.ct TN? MN° T.N.V* S K P Mg Ca
ds.m™ % mg.kg™
Clay 6.51 0.465 2.42 0.12 9.2 012 1694 34 4.3 10.2
Siwosly I 5l CulS il Lol dwslio Y Jgao
Table 2- Comparison of different planting systems in terms of implementation
Systems of planting
CulS sl
L ols Olhogas Properties of Systems Cg&\{ﬁ/l;ttlﬁ)r:]al Improved cultivation -
Jolsio cuis Wbl dguy CuiS
e i us 1.2 kg.m 0.12 kg.m™ 0.04 kg.m
Jsl b gsalys e Tor 25 DAG 20 DAG 15 DAG
L b Jasl ob; Trr >300 min <100 min <30 min
oS 5 alS slis NSH 12-15 4-6 1
4S dlol HS variable intervals 25cmx 25cm 25cm x 25 cm
&S es PD >5cm 3-5¢cm 1-2cm
&Sl s, PM J method J method L method
Gl ba IM FF1 FF2 Al
s 355 CF 80:6@%%.’}”'( 80:64:80 NPK kg.ha™* 16:64:40 NPK kg.ha™
9 OJars (P95 Ole T 1/3 at 0, 25 DAT 1/3 at 0, 25 DAT and 95 1/3 at 0, 25 DAT and 95
ol Nand KA and 95 DAG DAG DAG
b 23355 ke Tra 7DBT 7DBT 7DBT
b 358 MF - - 6 ton.ha™
ol (23358 o Twve - - first plowing

J method: Seedling planting is vertical, root tip is upward and root energy consumption for emergence is much; L method: Seedling planting is
horizontal, root tip is along the ground and root energy consumption for emergence is low; IM: Irrigation method; FF1: Full flooding to 15 day before
harvesting (3-5 cm water height); FF2: Full flooding to 15 day before harvest (3-5 cm water height), with a one-step drought in tillering until the
appearance of capillary cracks; Al: Alternate irrigation, full flooding until 15 day after transplanting (3-5 cm water height), with a multiple-step drought
until panicle initiation flooded with a thin layer water 1-2 cm to 15 day before harvest; CF: Chemical fertilizer; N: Nitrogen fertilizer from CH4N,O; P:
Phosphorus fertilizer from P,0s; K: Potassium fertilizer from K,O; Ty ana ka: Time of nitrogen and potassium application; Tpa: Time of phosphorus
application; DAG: Day after germination; DBT: Day before transplanting; 0 DAT: in transplanting time; 25 DAT: Tillering stage; 95 DAT: Milk stage;
MF: Manure fertilizer (cow); Tme: Time of manure fertilizer.
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Table 3- Physical and chemical properties of manure fertilizer used in farm experiments

Y Colaa oS Ol Olas oRgy - c -
VIRV g > o ..
$o5 3 oSS! i s G S wli FSF el Jed g paelS
Manure pH EC oct TN MN TNV S K P Mg Ca
ds.m™ % mg.kg™
Cow 7.37 3.6 5037 1.35 184 28.5 2300 8900 500  40.4 50
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Table 4- The average volume of water consumed during the growing period of the plant in the intended treatments
in 2018 and 2019 (the volume of water consumption was the same at the level of Weed control treatments).

Volume Water (m°.ha™)

Culs gellai S3yl jopdle J s B pan Of goxs
PS D W 2018 (Y¥4Y) 2019 (Y¥4A)
Control bl
S5yl Jlosl 98
Once . LS 11933.083 11921.111
Un-Use Duck . O N
Joliso pllas Twice o9 )bgd
CC Control bl
S 3 dalad VO
Once : LSS 9931.889 9923.519
750 No.ha! _ o9
Twice o9 )bgd
Control s
Syl Jlasl g
Once : LS 11538.741 11324.667
Un-Use Duck ] O N
aisly sgupy pllis Twice o9 bgd
IC Control wls
JiSa 5> axkad V-
Once : LS 9770.767 9753.685
750 No.ha™ _ o9
Twice o9 )bgd
Control s
Syl Jlasl g0
Once . LS 8015.970 8002.056
Un-Use Duck Twi ‘ﬁ“'b )
wice : >
SRI 09 )49
Control aals
S > aabaB VO
Once : LSS 7114.515 7102.531
750 No.ha! ) o9
Twice o9 ylgd
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(Jaltio cuiS” glapllas (5 oyl 5,8 pae balyd 4 s S
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(o /B x +/B) @y yio +IYO K 5l jya sladile S5l
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225 dosle Bl Jloy @iy Jl pluebl Jl (9 48,5 el
sl a8 pbxl (BLM) (gages (ad Jae 32l J (bl
o 53 (LSD) s sne g5 Jois 5051 1 oSl sl
ale blae Sl a8 sbloe ;0 b eolaiel Jlisl doyd zb
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Table 5- Analysis of variance (mean squares) for the effects of rice-duck cultivation in different planting system on yield, weed
abundance and water productivity in Rice

s B R . R Slasy 9y Aoy
Ay sl 722 S s 3,51 Sl 5590540 PV )b gl Slaxs B gw dlaxs et LS
gOV : &3 Paddy vield Water No. Umberella  No. Barnyard o9 etlo
of Yy productivity sedge grass No. Knot  No. Arrow
: weed leaf
(Y) Jw 1 922312.88" 0.01" 9532.73" 5053.55™ 127.50™ 1.06™
Error (Y) Jlo sllas 4 73896.00 0.001 114.23 45.63 15.74 0.26
(PS) cuS slaplias 2 3145533.57" 051" 128350.37" 9895.78" 105.38™ 2267
YxPS 2 7349.25" 0.00™ 1876.06" 284.53™ 1.84" 0.11™
Error (A) kol slas 8 420593.50 0.005 161.58 347.66 16.62 0.16
(D) S5, 1 31411752.31" 0.89” 512218.69" 95911.41" 9045.32™ 98.98"
PSxD 2 1203303.00” 0.04™ 118151.50™ 5579.95" 170.21™ 8.35"
(W) jycile Jyus 2 8245936.19™ 0.08™ 19729.99™ 52327.07" 3584.55™ 14.47
PSxW 4 448243.38" 0.008" 1374.95™ 434217 243.84™ 7.54"
DxW 2 4059524.01™ 0.03” 15788.94™ 42969.40™ 3268.13™ 13.79™
PSxDxW 4 520347.69"™ 0.005" 2602.46™ 3803.46™ 338.32" 2737
YxD 1 976.79"™ 0.0001" 7772.76™ 2429.04™ 121.84™ 2.367
YXPSxD 2 4486.30™ 0.00002" 1655.32" 45.73" 2.03™ 0.14™
Y xW 2 6013.22" 0.00009" 504.22" 726.08™ 43.99 0.01™
Y xPSxW 4 1180.89"™ 0.00002" 25.14" 23.70™ 2.80™ 0.18™
Y xDxW 2 946.91"™ 0.00001" 362.06™ 281.76™ 40.77" 0.34™
Y xPSxDxW 4 974.00™ 0.00001" 35.24™ 128.47" 3.23™ 0.11™
Error (B) oxilo, B (clas 60 217236.67 0.002 599.21 280.95 10.02 0.51
CV (%)  (top) Ol pki cupo - 12.22 12.77 33.23 46.45 33.59 49.60

*, Significant at the 0.05 probability levels. **, Significant at the 0.01 probability levels. ns, not significant
sxe pe NS oy S o )3 (g)b Gre et o> gy plaw )d (515 iz it
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Table 6- Means comparison of the paddy yield and water productivity in interaction of planting system and duck (slice in
planting system levels)

cwis el Sy, S gl 3 ySdas 1 690 e
Planting systems Duck Paddy Yield (kg.ha™) Water Pproductivity (kg.m?)
Sl Jlosl g b b
Conventional Cultivation Un-Use Duck 3097.23+196.06 0.25945+0.016
e S > eabb VO 3951.05+134.23° 0.397970.013°
750 No.ha
Syl Jlos! g b b
Improved Cultivation Un-Use Duck 3355.50+167.27 0.29078+0.014
Vi cuss R 5 V0.
o S ol Y 4236.98+87.97° 0.43408+0.009°
750 No.ha
Sl Jloel i 3364.46225.71° 0.419000.027"
SRI Un-Use Duck
HiSe )> dalad VO + a + a
250 No.hal 4864.99+87.69 0.68341+0.012

Means + STDERR, followed by the similar letters in each column are not significantly different by LSD test at 5% probability level.
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(5og il s oS 03,5 oalyd olS A3 (gl 1y (I Slge
Long et al. 2013; ) 25,5 0 33 0ul8l Coundg 2gups 9 0395 Cuums
{(Zhang et al., 2013; Li et al., 2019

GRIBl g SB35 or p e D)) (35 Sg g S
Goo 3 e 5 (533555 €y GalS (Zhang, 2013) (]
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slepiille >0 4 (Randriamiharisoa et al., 2007
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2y G K5 o a5 Sriostd Gl o5 e b S
Sy gaw padld Ll g Sokd (al 5 Sjsle s ges
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1- Azotobacter

2- Azospirillum

3- Phosphobacteria
4- Mycorrhizal fungi
5- Protozoa
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Table 7- Means Comparison of paddy yield and water productivity in duck interaction and weed control (slice in duck level)

S, jppdle J8 S g 5 ySlos 1 6590 54
Duck Weed Paddy yield (kg.ha™) Water productivity (kg.m™)
Control s 2420.03+148.82° 0.24202+0.023°
S5yl Jles! 98 Once Oy by 3355.69+92.11° 0.32514+0.011"
Un-Use Duck .
Twice s g 4041.48+107.26 0.40207+0.026"
] Control wls 4188.13+120.08" 0.48422+0.028"
’fgo”N‘*;]‘;an' Once g bk 4396.96+122.67° 0.51047+0.032°
' Twice s Sl 4467.93+164.92° 0.52078+0.037

Means = STDERR, followed by the similar letters in each column are not significantly different by LSD test at 5% probability level.
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Table 8- Means comparison of the main effect of year on water productivity

Jw o S99

Year Water productivity (kg.m™)
2017-2018 \wyas-ay 0.424950+0.0212
2018-2019 \Yav-aA 0.403279+0.020°

Means + STDERR, followed by the similar letters in each column are not significantly
different by LSD test at 5% probability level.
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Table 9- Means comparison of the water productivity in interaction of planting system and duck (slice in planting system)

CudS glaplls jppdile J s <l 5590
Planting systems Weed Water productivity (kg.m™)

_ o Control nls 0.28046%0.036"
Conventional cultivation a
e i Once o K 0.346730.016
Twice s sbed 0.35893+0.021°
o Control wls 0.31962+0.031"
Improved cultivation . bes, . a
il i Once o K 0.37581+0.023
Twice s sbed 0.3918620.017°
Control s 0.48928+0.050"
SRI Once o by 0.53086+0.049°
Twice s sbed 0.63347+0.030°

Means + STDERR, followed by the similar letters in each column are not significantly different by LSD test at 5% probability level.
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Table 10- Means comparison of the weed abundance of Rice in interaction of planting system, duck and weed control
(slice in planting system and duck levels)

(EYNIEY . oS o o
e 5, jpcile J i S~ 005 ol O 2%

cwis 3 jadile J s Umberella Barnyard Kot weed <!
Planting Duck Weed sedge, grass (No.m?)  Arrow leaf
systems (No. m") (No. m®) (No. m?)
Control s 11198+845°  20242:2315° 47.324325°  0.44%0.27°
j;)' Lﬁ;‘gﬁg Once g oS 513147.26°  35.0046.33°  1287+1.90°  3.0940.28°
st s Twice g sl 2754+345°  9.99+0.74°  066:029°  0.00+0.00°
cc ] Control ol 044:043  620+117°  0000.00°  1.10+0.40°
)L;‘;())’N“;‘“;a‘_’f' Once g ke 2.44+1.76° 531+0.68°  0.00+0.00°  0.00+0.00°
' Twice g b 0.00£0.00°  332+057  0.00£0.00°  0.0040.00°
Control wal 150.00+17.88°  71.76+855°  50.64+357° 242+0.41"
S;" UJ;‘I'D‘:’CE Once o9 b 61.53+7.82° 16.64+2.61°  11.98+1.38°  3.54+0.44°
“““5 Twice oy )lgd 24.65+3.65° 9.54+2.24° 1.32£0.34°  1.3240.34°
“llﬂé“d ] Control aals 0.44+0.43° 1543040  0.00£0.00°  0.22+0.21°
22 53 2ol VO Once s S 200£1.98°  199+095  0.00£0.00°  0.00+0.00°

750 No.ha™* o
' Twice g sl 0.00£0.00°  088:043°  0.00£0.00°  0.00+0.00°
Control bt 204.20423.14° 17131x1316° 22.874260° 4.43+0.44°
Sl Jlascl 09 Once g e 2782042443  60.20+1122° 13.98+2.03° 3.32:+0.30%
Un-Use Duck ik

. Twice g by 251.76+19.38  1598+4.50°  554+0.93°  3.00+0.28"
] Control ol 1420:277°  23004549°  243t080°  3.09+0.28"
)l‘;‘;“(fN“;‘“;a‘_’f' Once g ke 044%043°  842+148°  0.00£0.00°  0.00+0.00°
' Twice g sl 067+0.66°  576+107°  0.00£0.00°  0.0040.00°

Means + STDERR, followed by the similar letters in each column are not significantly different by LSD test at 5% probability

level.

i B ixe e LSD (gl do s gy Jleato! ) S e By o (sl (slaygian laibial (sllast p:Sile

(Jlo g y3 (23000 32) S50 9 Jlw (oS 2 3 g5 2 52 Glacdle (Sloly8 (S dmlio -1 ) Jgor
Table 11- Means comparison of the weed abundance of Rice in interaction of year and duck (slice in year levels)

J 3l P! B9 yg & obS 9
Umberella sedge Barnyard grass Arrow leaf
Year Duck (No. m?) (No. m—g) (No. m?)
Syl Jlasl g a a a
122.15+18.36 54.30+12.59 2.65+0.31
2017-2018 Un-Use Duck
yras-ay .. 5 V-
S 53 dsla Vf 1.38+0.75° 4.18+0.86° 0.44+0.20°
750 No.ha"
S Jlasl g a a 8
157.90+23.45 77.46%15.22 2.16+0.30
2018-2019 Un-Use Duck
AYAV-2A .. 5 V-
Josh p 4 V8 3.20+1.20° 8.38+1.90° 0.54+0.21°
750 No.ha”

Means + STDERR, followed by the similar letters in each column are not significantly different by LSD test at 5%
probability level.

s I3 gxe e LSD 03l do s gty Jlasn )3 S i Bgyn shyly slo g o )llin] slad  Silo

5 bl odgicumi g Sl Gl cuw v gladile | 4is
L5 el g b (g laJeSe (13938 pimen
&dasie sla yoyl53 (Thakur et al., 2011; Li et al., 2019)
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Table 12- Means comparison of the weed dry weight and abundance of Rice in interaction of planting system, duck and weed
control (slice in year and duck levels)

Jw i) jpdile J s lgai P Jlgl SWld (g ol oS g 5 SWS 5
Year Duck Weed P?Rl%t Vr;?%d DW of U(n;'l?ﬁ_rzt)ella sedge DW o{;\nrql_'zo)w leaf

Control wls 35.68+4.66° 56.99+8.60° 11.45+2.45°
lfr?biti)ﬁiﬁ Once o9 LSS 11.53+1.57° 23.71+5.27° 8.93+1.36
2017-2018 Twice 9 5bed 2.06+0.70° 17.1245.21° 6.71+1.92°
WAy ) Control sls 0.74+0.59° 2.05+1.08° 1.16+0.38°
)fgoﬁ\l ‘;ﬁav_f' Once  cug bk 0.00+0.00% 0.04+0.04" 0.00+0.00°
' Twice o sk 0.00+0.00° 0.00+0.00° 0.00+0.00°
Control s 44.87+4.89% 70.24+9.84° 9.96+2.63°
l:lgri)bjsl;;l])if:ﬁ Once  oessbfe  14.35+1.10° 33.22+6.98" 7.8241.20°
2018-2019 Twice g g 2.95+0.96° 21.3046.25° 2.17+1.10°
A=A ) Control sols 0.88+0.49° 3.20+1.50° 0.97+0.26°
)L?;()PN ?ﬁ;f‘ once o b 0.0040.00° 0.3740.20 0.0040.00°
' Twice g g 0.00+0.00° 0.13+0.13° 0.00+0.00°

Means + STDERR, followed by the similar letters in each column are not significantly different by LSD test at 5% probability level.
i 3z 3 LSD (ygeil wops iy Jlol )3 Synde By o (sl (slagygins o il slasE Kol
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Table 13- Means comparison of the weed abundance of Rice in interaction of year, planting system and duck (slice in year
and planting system levels)

Jlo CuiS g ollis S| T

Year Planting systems Duck Knot weed (No. m?)

Jolise cuis Control Syl Jlosl 9 21.3545.34%

Corventional 750 No.ha™® S 3 4ok Vb 0.04+0.04°

2017-2018 wisge S Control S5)) Jlas! % 19.07+4.97°

WAZAY Improved cultivation 750 No.ha™ JSa 4> dslad V- 0.00+0.00°

SRI Control Syl Jlosl 9 57.39+8.62°

750 No.ha™* LS > dakad Vo 2.05+1.08"

Jolaze s’ Control Syl Jlosl y9 27.566.20%

Corventional 750 No.ha'™ S > aukib V- 0.2740.18"

2018-2019 N Control 3yl sl ppoks 25.10+6.47

TAV=3A Improved cultivation 750 No.ha S 53 askad Y- 0.27+0.17°

SRI Control Syl Jlosl y9 72.1149.60%

750 No.ha* S 3 axkad V- 3.17+1.51°

Means + STDERR, followed by the similar letters in each column are not significantly different by LSD test at 5%
probability level.
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Table 14- Analysis of variance (mean squares) for the effects of rice-duck cultivation in different planting system on Weeds dry
weight in Rice

.- . o SS 39 9 78 SWS (59 J s 059
ks galio A Mylbgl SWS (59 By e S (39 e | oleS A cladile
- = 151 ight of Dry weight of g o S
SOV 1) Dry weight o Yy weig ’ -
of Umberella sedge Barnyard grass Dry weight of ~ Dry weight of Total weed dry
) Knot weed Arrow leaf weight
(Y) Jw 1 61150 2214.09" 3.40™ 40.23" 1052.96™
Error (Y) Jlo s 4 1.62 329.04 2.93 0.83 391.22
(PS) cuiS (sloplls 2 5806.32" 105480.49™ 162,917 250.62" 134269.40™
YxPS 2 67.33" 196.88™ 0.88"™ 2.59"™ 660.55™
Error (A) ol s 8 4.12 248.64 1.90 1.39 355.85
(D) s)) 1 35244.88™ 884944.95™ 4485.90™ 1512.75" 1775812.13"
PSxD 2 4577.63" 24425.15™ 231.39" 283.50™ 27229.10™
(W) jmaile s 2 5559.31" 454333.34™ 1748.87" 121.18" 747558.45™
PSXW 4 243.42™ 11627.80" 35277 21.99™ 6867.93"
DxW 2 4358.29” 298624.49™ 1548.87" 66.18™ 516856.18™
PSxDxW 4 53.33" 15369.24™ 451.70" 28.88™ 20020.30
YxD 1 481.75™ 439.61"™ 267" 36.22" 142.22"™
YxPSxD 2 4490 18.57™ 0.99™ 3.24™ 387.51™
YxW 2 57.40" 170.31™ 1.91™ 7.60™ 62.43™
YxPSxW 4 157" 78.18"™ 1.42" 6.07™ 41.93"
YxDxW 2 37.44 198.59™ 1.38™ 8.36™ 128.52"™
YxPSxDxW 4 2.81™ 58.01"™ 1.79™ 5.99™ 47.59"
Error (B) ol 8 gllas 60 10.24 369.07 4.15 3.25 314.82
CV (%) (3053) oS g o - 16.8 16.55 30.5 43.9 11.3

*, Significant at the 0.05 probability levels. **, Significant at the 0.01 probability levels. ns, not significant
sre pe NS o> S o )0 (g)b Gire et o) gy plaw )d (5)I0 iz it

;_,@ls 59y Ja)i S .(l}/lohanjmadi. et al. ’2012)" w] 3o 50 o> g b oyl S 38 4l gy 5 cosies
i oyl sl 9"-‘“" 5 Sy Bl e s agicen; Eolie L 5y slacile s )jg 4 W) a4 gy
@l o,y (Endriany, 2018) cul ssis [i)lS yisdsce lawes
Suid 59 hls a8 ol ol SRI cuis” g Jolito S pllas g
ol 4 SRE cuss pllas )3 @iy g)lie 53 39290 o Slacile
SB ol w0l e slacdlad 3l Gk 5l 4y le

Styger et ) w5 o3ls cons bl alg clal g 50 sladale wiss

CoS gy jpp gladle o3 JS S g olen 4
Py ele plgisa g ails J13 pag 9 S 20 )5 gne 3T
Long et al., 2013; ) cuol ouss aslis jyo slacale Jyuus 5
dacs S 51 (S 0 Syl (Furuno, 1996; Quan et al., 2008

5 ol ObS 5 bl foemen v sbdile Sid g

9 BS ot 2 S Ghgn 5 @ pla Js I (al, 2011
(Qu, 2010) cusl Sy Sib 0 slacale 5 e Hlows b Ss
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Table 15- Means comparison of the weed dry weight of Rice in interaction of planting system, duck and weed control (slice in planting system
and year levels)

:."039 S 5 SN
Sl o R gy Sl 339 » ::9 9 : .w‘-’” 5 Sis 39
csS s, jopudle J s : Dry weight of orlo w O o Sl
Dry weight of )
Planting Duck Weed Umberella Barnyard grass D|r<y weight dOf D)&y We'glht fo T Total weed dry
system sedge (g.m”) not V\_/Zee rrow_zea weight (g.m)
(g_m-Z) (g-m ) (g-m )
ol Control sl 47.05+2.54° 494.54+10.98* 36.4121.49° 1.370.86° 596.11+11.38"
U”UJ D“”ﬁ Once s b  16.4621.56° 78.55+3.40° 7.27+0.95° 5.01+0.56° 113.25+2.61°
e n-Use Duc )
Jshe cuz$ Twice s e 9.86+0.70° 30.52+2.44° 0.53+0.24° 0.00£0.00° 42.412.72°
Conventional Control sl 0.1620.16° 17.77£1.72° 0.000.00° 1.29+0.43 21.37+1.96°
Cultivation S 5 dala V- b p b
oo N Once o9 by 0.30£0.23° 9.271.29 0.000.00° 0.00+0.00 10.3740.62
o-na Twice g e 0.000.00° 2.81+0.38° 0.000.00° 0.000.00° 3.03+0.32°
e Control b 43.90+3.02° 323.90+10.86° 40.97+2.09° 18.33+0.96° 520.93+11.82°
U ”UJL“‘DO’*I(* Once REIPIEN 16.28+1.58" 45.25+2.19" 8.33+0.70 12.54+1.26" 87.16+2.99°
“a Y n_
4Blague CudS se bue Twice o ks 6.08£0.72° 21.4742.11° 1.03£0.24° 8.02+2.06" 39.08+2.41°
Improved Control sl 0.16+0.16" 10.83+2.68° 0.000.00° 0.17+0.16° 12.16+2.88°
Cultivation LS 3 dsled V- . .
) 750)N L Once o by 0.23+0.23° 3.64+1.65 0.000.00° 0.000.00° 4.21+1.94
0.ha .
Twice o s 0.000.00° 2.37:1.12° 0.000.00° 0.000.00° 2.89+1.33"
ol Control 1l 99.90+4.99° 491.97+11.67° 8.05£0.52° 12.41£0.26* 625.60+12.96"
U”UJ D“”ﬁ Once s b 52.65+4.13° 271.32+15.70° 8.38+0.52° 7.580.61° 350.46211.10°
n-use buc .
SRI Twice o sl 41.70+2.75° 101.55+11.58° 7.20+0.99° 5.30+2.00° 171.21+10.88°
e sy Control 1l 7.561.06° 120.14+12.56° 2.17+0.69° 1.740.24° 134.25+12.56°
o 4 a'
J 750)3N bl Once o b 0.08+0.08" 40.34+5 50" 0.000.00° 0.00+0.00° 44.14+4 46°
o-ha Twice g s 0.20+0.19° 22.53+2.65" 0.000.00° 0.000.00° 23.66+2.57°

Means + STDERR, followed by the similar letters in each column are not significantly different by LSD test at 5% probability level.
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Introduction

Rice-duck cultivation is an integrated farming technology, which could increase rice production, grain
quality and ecological sustainability in paddy fields. One of the main strategies in sustainable agriculture is the
use of optimal cultivation systems in agricultural systems which could be increased the range of adaptation of
rice to flooding depth and degree of moisture control. Rice-duck cultivation could be affective to weed control as
well as reducing environmental pollution which caused by herbicides and providing the development of
environmentally friendly agriculture. It should be noted that traditional and conventional cultivation systems
have been faced with problems such as permanent flooding of paddy fields, soil erosion, resistance to pests and
pathogens and weeds to chemical pesticides, and environmental pollution. Moreover, they require a lot of labor
and water, and high energy, which has increased the need to pay attention to new approach. Studies have showed
that the application of effective methods in water productivity, including SRI due to improved irrigation
management in the field in terms decreased drainage water, permeability and the consequences of conventional
cultivation and increasing soil fertility (duck) can significantly increase the water productivity. The aim of this
study was to investigate the effect of duck application and weed control in different planting systems on yield
and abundance of dominant weeds under field conditions.
Materials and Methods

The experiment was conducted as a split plot factorial in a randomized complete block design with three
replications during two years of 2017-2018 and 2018-2019 at Guilan University. Treatments included three
different cultivation systems (conventional, improved, and SRI) as the main factor, and factorial combination of
two duck density (un-use and 750 No ha™) and three weed control (control (un-weed control), once and twice of
weed control) as the sub factor. The experiment had three replications and the length of each plot was 4.5 meters
and the width was 4 meters. In order to carry out the experiment, first plowing in the land to a depth of 20 to 25
cm with a rotator and paddling with a tiller was done according to the custom of the farmers of the region. In all
plots, 80% of the recommended fertilizer was applied in SRI system after deducting the values of cow.
Results and Discussion

The results showed that abundance and dry biomass of weeds (Umbrella sedge, Barnyard grass, Knot weed
and Arrow leaf) were significant in terms of planting system. In all planting systems, 750 ducks ha™, once and
twice weed control, caused complete loss of ovaries, Umbrella sedge, Barnyard grass, Knot weed, and Arrow
leaf due to ducks' non-use conditions. 750 ducks ha™ compared to un-use duck in conventional, improved and
SRI planting systems increased grain yield of 21.61, 20.80 and 30.84%, respectively. Also, the application of
750 ducks ha™ in compared to the conditions of un-used of duck in the cultivation systems of conventional,
improved and SRI, increased by 34.80, 33.01, and 38.69% of water productivity, respectively, while there was
no significant difference between different levels of weed control in the 750 ducks ha™ in terms of water
productivity.
Conclusions

In general, duck increased plant growth, improved power of rice and finally increased rice yield by proper
weed control in the field with muddy water and beak, as well as adding rubbish to the paddy field. According to
the results of this study, probably do once the initial hand weeding to control dominant weeds in SRI rice
cultivation system with 750 ducks ha™ to improve rice production systems and to increase water productivity in
fields of Guilan province is appropriate.

Keywords: Hashemi cultivar, Rice-Duck, SRI cultivation system, Weeding
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Table 3- Results of analysis variance of morphological traits and yield of medicinal plant Satureja bachtiarica

RIS Cusby duoyd
s Seael S
R Slasi 5, Slos Fone )QM. 4 JL&‘\!%
S gsli ER ey cb.c_flm holas s St aole ol Yoo glages e
SOV &b plant height Bandd Number Dry weight Percentage o Sl Fo il Ye-to
d.f Canopy area of main Y Idg of dry "“"5” Moisture content
shoots yie weight Moisture relative
comparedto  content relative to dry soil
plant fresh ~ todry soil at 0- at 20-40cm
weight % 20cm
YJeL;r 1 2216.936™ 294521.185" 2787.852"" 135200.074”  158.329" 95.228™ 50.344™
(Jb) e 4 5148 503852  6.796" 184370°  7.934™ 0.355™ o
Rep(Y)
>.’§. 2 323556  88141.352"  332.074" 14501556  189.591"" 2.470" 0.633™
Fertilizer
368 X Jlw o - o - - ns ns
2 124.963 6014.685 176.963 11489.407 165.515 2.126 1.082
Fer*Year
(5% EGJ‘;; e 8 2.926"™ 532.796" 1.852" 31.565™ 6.804" 0.484ns 4516™
w ')f' 2 220.500™ 98.130™ 98.130™  119384.722"  67.729" 0.780" 6.905"
Density
r‘,Sl);; XJL..; sk * ok ok e ns ns
2 37.574 26390.519 41.796 37028.574 314.211 2.403 2.218
Den*Year
w1 x5 4 4.472" 1049.741™ 3.713™ 1372.944™ 77.703" 0.808™ 8.409"
Den*Fer
Sl x oy 1.491" 1141.685™ 0.824"™ 2055074  98.448"™ 1.753™ 4.273™
Year*Fer*Den
”°E$ 24 1.917 1282.315 1.472 129.889 12.465 0.937 2.354
holebays 6.9 46 9.1 7.2 83 20.6 19.7
% C.V

Bl oo gyl e pie S NS ¢ 7N D waw 3 (g b dre by cud Sy %
*, ** respectively means significant at the level of 5%, 1% and ns indicates non-significant.

059 & Comd SWS (59 Moyd 5 Sl odle 5,Slos ¢ Juol a5l
STy o 5 (Y Jos) o yuss (o)l me jebay 1y oS
g gla)l al38l oy s o gme jgbot Db oS5 calise
4 Sis olo 3Sloe ioli8l p gYL 55 5 doyd FY e &
ol 3l G 3,5 ol oS WS1 L awslie 3 oy WYY ke
Olyee Oy Opioned g2 losd (cwlie bugie (ST lag
A Caws SUS jg doyd g Giubey gl pdaw o Lol adls dlus
Sl xSile auwglie el Camdts bwgio w15 Jlas j3 ol 5 459
= Ghges p Sid SB @ Cund Cugby dopd @S5 oolw

(¥ Jods) 29y xe ¥o=Ye 4 V-

0y olS ;5 a8 ol ol I 568 ol I ke dunlie

eyl Claw b pxe el bbb 35S Bras pie b (gl
S oobe dSlos g ol @i ol (idg gl pdew iy
Oli8l o by gme ML el 558 08 L Ll d S Oy
b HsSde Glas oyt &5 (gysb 4 b odnliie o o)l Glaw
dwlio rimed el Canddy ol 365 jlow p jre Sl YF/AM
S dy Cos Cugby doyp Olaw 5 1 2gS o3l il 1 Ske
S me AW o ilo ¥omVe 5 Voo clages » Siis
ol Ga oS5 oolw 1 Sk duwlie (F Joio) aid odalive
Miss ¢ yiidgy gU paw e gla) Claw adls (Sl o8 sl



VAR 5l oF ol AA Al Il 21)5 Sl iy 4 s YPY

05155 9 1355 ol Jolge 18U o (5L 0550 (219,15 oS 3,5 5 SG9l98 y90 Olho (ke dmnnlilo —£ Joua
Table 4- Comparison of the average traits of morphological traits and yield of medicinal plant Satureja bachtiarica under the
influence of the main factors of organic fertilizer and density
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Figure 2- Results of comparing average interaction effect in year and density on the plant height of the medicinal plan
Satureja bachtiarica
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Figure 3- Results of comparing average interaction effect in year and fertilizer on the Canopy area of the medicinal plant
Satureja bachtiarica
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Figure 4- Results of comparing average interaction effect in year and fertilizer on the number of branches of the medicinal
plant Satureja bachtiarica
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Table 5- Results of comparing average interaction effect in fertilizer and density on the dry yield of the medicinal plant
Satureja bachtiarica
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Figure 6- Comparison of mean moisture content relative to dry soil at depths of 0-20 and 20-40 cm in the first and second
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Introduction

Savory plant (Satureja bachtiarica) belonging to the Lamiaceae family and the genus Satureja is considered

as a valuable medicinal plant. Flowering branches are widely used in food and pharmaceutical industries. This
plant is native of Iran and grows well in the western, southwestern and central regions of Iran. Cultivation of
permanent medicinal plants adapted to the dryland farming conditions of each region can be the best option for
alternative annual cereal cultivation. Establishment of permanent medicinal plants, while creating suitable
vegetation, can prevent erosion caused by repeated annual plowing. One of the main pillars in sustainable
agriculture is the use of organic fertilizers in crop ecosystems with the aim of eliminating or significantly
reducing the harms of chemical fertilizers. Organic fertilizers help to human health and environment. Also it is
absolutely evident the importance of their application to medicinal plants that are directly related to human
health. In dryland farming condition, plant density is an effective strategy to improve plant yield, which depends
on climate and rainfall. At optimum density, plants make the most of environmental factors such as light,
moisture, and nutrients. Plant density per unit area is one of the important factors in creating competition among
plants. The appropriate distance between planting rows and between plants on the row are usable growth space
of each plant. Proper density is one of the important factors in the success of dry farming of medicinal plants.
Therefore, achieving proper density in different areas is very important.

Materials and Methods

An experiment was conducted as a split plot based on randomized complete block design with three
replications at Homand rangeland research station of Damavand in 2017 and 2018 in dryland farming conditions.
Organic fertilizer as a main factor included three levels of cattle manure (30 tons ha), wheat straw (10 tons ha™)
enriched with ammonium sulfate, and control (no fertilizer). Plant density included three levels of 26666, 40000,
and 80000 plants ha™ as a sub-factor. Measured traits included plant height, canopy area, number of main
branches, shoot dry matter yield, percentage of dry weight to fresh weight of plant, and percentage of moisture to
dry soil at 0-20 and 20-40 cm depths. Analysis of variance was performed using SPSS software. The statistical
significance of differences in mean values was assessed by Duncan's multiple range test.

Results and Discussion

The results showed significant differences between treatments in measured traits. Among the measured traits,
the effect of organic fertilizer and plant density on plant height, canopy area, number of main branches, shoot dry
matter yield were significant at 1% level. The interaction effect of year, organic fertilizer and plant density
showed that the highest of shoot dry matter yield (426 kg ha™*) was related to cattle manure application and high
plant density in second year. The highest plant height and number of main branches were observed 34 cm and 29
numbers, respectively in treatment of cattle manure and second year. Organic fertilizers increased the storage
capacity of soil moisture and created suitable conditions for growth and increased the biological Satureja
bachtiarica yield. Improving soil structure and nutrients and better root growth increased plant growth and yield
due to the use of organic fertilizers. The plant density due to higher plant per unit area, plant competition,
optimal use of available space, and also establishment and more plant growth in the second year increased
significantly the Satureja bachtiarica yield.

Conclusions
This study showed that understanding the success of establishment and full tolerance of this plant under
dryland farming conditions and the minimum soil moisture in the cold semi-steppe region (Damavand) with an
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average rainfall about 340 mm per year and also the use of cattle manure and high plant density can increase the
economic yield of Satureja bachtiarica in second year of cultivation.

Keywords: Ambrothermic diagram, Canopy area, Cattle manure, Dry weight, Percentage of dry weight



Contents

Full Research Papers

Effect of Different Arrangements of Intercropping for Sunflower (Helianthus annus L.), Common Bean
(Phaseolus vulgaris L.) and Pumpkin (Cucurbita pepo L.) on Yield and Yield Components
A. Koocheki, M. Nassiri Mahallati, M. Hooshmand, S. Khorramdel

Effect of Iron and Zinc Nano Chelates on Yield and Yield Components of Black Cumin Medicinal Plant
(Nigella sativa L.)

S. H. Davoodi, A. Biyabani, A. Rahemi karizaki, S. A. M. Modares sanavi, E. Gholamalipour Alamdari, M.
Zaree

Evaluation of Plant Growth Bacteria (PGPR) on Number of node Leaves and Capsules in Sesame Plant
under Field Condition
S. F. Fazeli Kakhki, M. Eskandari, J. Daneshian, S. Anahid

Evaluation of Weed Control on Biochemical Characteristics, Relative Water Content, and Grain Yield of
Mixed Cropping of Wheat Cultivars
A. Rezaie, E. Bijanzadeh, A. Behpouri

Evaluation of Biomass Yield and Nitrogen and Phosphorus Efficiency Indicators of Portulaca (Portulaca
oleracea L.) Affected by Organic, Chemical and Biological Fertilizers
H. Javadi, P. Rezvani Moghaddam, M. H. Rashed Mohasel, M. J. Seghatoleslami

Effect of Planting Date on Agro-Meteorological Indices at Different Phenological Stages of Potato
Cultivars
A. Darabi, Sh. Omidvari

Effect of Rice-Duck co-Cultivation on Rice Yield, Water Productivity and Weed Control in Different
Cultivation Systems
K. Mansour Ghanaei-Pashaki, Gh. Mohsen-abadi, M. H. Biglouei, M. B. Farhangi

Evaluation of Morphological Traits and Yield of Satureja bachtiarica Affected by Density and Organic
Fertilizers under Dryland Farming Conditions
A. Mirjalili, M. H. Lebaschi, M. R. Ardakani, H. Heidari Sharifabad, M. Mirza

266

278

294

307

321

338

355

370



Iranian Journal of Field Crops Research

Ferdowsi University of Mashhad
Center of Excellence for Special Crops (CESC)

Vol. 18 No. 3 2020
Publisher Ferdowsi University of Mashhad
Managing P. Rezvani Moghaddam (Agroecology) Prof., Ferdowsi University of Mashhad
Editor- in-chief H.R. Khazaei (Crop Physiology) Prof., Ferdowsi University of Mashhad

Editorial Board

Emam, Y. Crop Physiology Prof., Shiraz University

Bagheri, A. Genetic and Plant Breeding Prof., Ferdowsi University of Mashhad

Behdani, M.A. Crop Ecology Prof., University of Birjand

Banayan Awal, M. Agro-Environment Modeling Prof., Ferdowsi University of Mashhad

Jami Alahmadi, M. Crop Physiology Assoc. Prof., University of Birjand

Rahimian-Mashhadi, H.  Crop Physiology Prof., Tehran University

Zamani, Gh.R. Crop Physiology Assoc. Prof., University of Birjand

Zare- Feizabadi, A. Crop Ecology Prof., Agriculture and Natural Resources Research
Center of Khorasan Razavi Province

Shahriari-Ahmadi, F. Genetic and Plant Breeding Prof., Ferdowsi University of Mashhad

Kafi, M. Crop Physiology Prof., Ferdowsi University of Mashhad

Nezami, A. Crop Physiology Prof., Ferdowsi University of Mashhad

Khazaei, H.R. Crop Physiology Prof., Ferdowsi University of Mashhad

Address: Iranian Journal of Field Crops Research Ferdowsi University of Mashhad Faculty of Agriculture
Mashhad, Iran

P. O. Box: 91775-1163

Email: cesc@ferdowsi.um.ac.ir

Web Site: https://jcesc.um.ac.ir



A
27

\

) Iranian Journal of

¥ L — ==
N/ -
Field Crops Research

ISSN:2008-1472

Contents

Full Research Papers

Effect of Different Arrangements of Intercropping for Sunflower (Helianthus annus L.),

Common Bean (Phaseolus vulgaris L.) and Pumpkin (Cucurbita pepo L.) on Yield

andiYield Compoments. T 266
A. Koocheki, M. Nassiri Mahallati, M. Hooshmand, S. Khorramdel

Effect of Iron and Zinc Nano Chelates on Yield and Yield Components of Black Cumin
MedicIn Al R A G (N ella S A ) e oot esssessantesssenenstesansassssosanesesnassnnss 278
S. H. Davoodi, A. Biyabani, A. Rahemi karizaki, S. A. M. Modares sanavi, E. Gholamalipour Alamdari,

M. Zaree

Evaluation of Plant Growth Bacteria (PGPR) on Number of node Leaves and Capsules in
Sesame Plant under Field Condition ..........eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeensssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 294
S. F. Fazeli Kakhki, M. Eskandari, J. Daneshian, S. Anahid

Evaluation of Weed Control on Biochemical Characteristics, Relative Water Content, and
Grain Yield of Mixed Cropping of Wheat Cultivars .........cooeeveiirieinneininininiinniiineinnnecineenneceneesneens 307
A. Rezaie, E. Bijanzadeh, A. Behpouri

Evaluation of Biomass Yield and Nitrogen and Phosphorus Efficiency Indicators of
Portulaca (Portulaca oleracea L.) Affected by Organic, Chemical and Biological Fertilizers............... 321
H. Javadi, P. Rezvani Moghaddam, M. H. Rashed Mohasel, M. J. Seghatoleslami

Effect of Planting Date on Agro-Meteorological Indices at Different Phenological Stages of
L T O L ] B 338
A. Darabi, Sh. Omidvari

Effect of Rice-Duck co-Cultivation on Rice Yield, Water Productivity and Weed Control in
Different CuliyationE Sy S IS Ty 555
K. Mansour Ghanaei-Pashaki, Gh. Mohsen-abadi, M. H. Biglouei, M. B. Farhangi

Evaluation of Morphological Traits and Yield of Satureja bachtiarica Affected by Density and
Organic Fertilizers under Dryland Farming Conditions............ccccoeeinuiniineiinniniiininnennennninnncnneceecenens 370

A. Mirjalili, M. H. Lebaschi, M. R. Ardakani, H. Heidari Sharifabad, M. Mirza



	1.pdf (p.1)
	first.pdf (p.2)
	zerae content 18-3 fa.pdf (p.3)
	1.pdf (p.4-19)
	2.pdf (p.20-31)
	3.pdf (p.32-49)
	4.pdf (p.50-61)
	5.pdf (p.62-75)
	6.pdf (p.76-93)
	7.pdf (p.94-109)
	8.pdf (p.110-124)
	zerae content 18-3 en.pdf (p.125)
	onvan.pdf (p.126)
	2.pdf (p.127)

