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Average daily temperature range and precipitation, Tehran, Iran
Begin: 1/1/2014 - End : 30/12/2014
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Average daily temperature range and precipitation, Tehran, Iran
Begin: 1/1/2015 - End : 30/12/2015

50
10 ©
o @
]
{»«l ° 3 5 3
0 Q, @
% ﬁ o. O o,
o = 0 T,
E = g 5
=2 2, © =1 =4
S =1 s 20 2 g
2 ~ £
£ 3 g =
S 0 1 3 S 3
= EE 13
0 us 0 J\l 05
02 w2
Jan, Feb, Mar, Apr, May, Jun, Jul Aug, Sep, Oct, Nov, Dec, Jan, Feb, Mar, Apr, May, Ju, Ju, A, Sep, Oct, Nov, Dec,
Months Months
Average daily temperature range and precipitation, Varamin, Iran Average daily temperature range and precipitation, Varamin, Iran
Begin: 1/1/2014 - End : 30/12/2014 Begin: 1/1/2015 - End : 30/12/2015
50 © 50
t10
204 0]
E 3 ts o
3 @
30 Q, ]
%) T oU 0 g
= =3
£ 2 & 2 |, &
£ 204 ] =Ry o
5 2 g 5
g- 13 2 b1 3
5 104 3 2] 3
= o 10 =
05 = s
0 0]
02 L oa
10 o1 10 ‘ o1
Jan, Feb, Mar, Apr, May, Jun, Jul Aug, Sep, Oct, Nov, Dec,

Jan, Feb, Mar, Apr, May, Jun, Jul Aug, Sep, Oct, Nov, Dec,

Months Months

w‘)s 9 U‘)‘QJ dblﬁo wuwlgb d’lhbbb -9 J&w
OIS < ooy 2 Led 5 (yelys < olies )3 )k (Sle
Fig. 1- Meteorological data at agro-met observatory for Tehran and VVaramin regions
The annual total precipitation for Tehran was higher than Varamin, and temperature of VVaramin was higher than Tehran.
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Table 1- Soil physical properties of experiment station
ol il
Tehran region

oS O3 3100 &35 So e aas Sy e Colaa
Depth (cm) Particle size distribution (%0) Wilting point Hydraulic conductivity
o uL”.w ) u” b caL (%) (cm.s?)
Sand Silt Clay Organic matter Texture
0-30 47 16 37 2.94 S ) 321 2.7x10°
Sandy clay
30-60 47 17 37 231 S 321 2.7x10°
Sandy clay
W‘)g Ao
Varamin region
oS Olyd 8300 &35 So e aals Sy e Colaa
Depth (cm) Particle size distribution (%0) Wilting point Hydraulic conductivity
o uL”.w ) u” b caL (%) (cm.s?)
Sand Silt Clay Organic matter Texture
0-30 39 18 43 3.12 ) 3.93 2.2x10°
Clay
30-60 39 18 43 3.01 ) 3.93 2.2x10°

Clay
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Table 2- Soil chemical properties of experiment station

Ol pd adhieo
Tehran region
o Cudo (192
Depth (cm) Cations
Ca’* Mg* NH,* Na* K* Fe* Mn?
(mg.kg™) (meg.L™) (9-kg?)
0-30 1.87 28.50 13.29 0.34 0.021 1.86 0.19
30-60 1.05 36.84 3.76 0.35 0.031 1.72 0.12
e (492
Anions
CO;” HCO5 NO; cl 50~ H,PO, HPO,*
(mg.kg™) (meg.L™) (mg.kg™)
0-30 54.87 63.12 65.78 0.34 1.34 2.79 1.13
30-60 14.64 24.86 3.23 0.56 0.43 1.02 0.54
ool yg adilaio
oS Varamin region
Depth (cm) Cudo (992
Cations
ca* Mg** NH," Na* K* Fe®* Mn**
(mg.kg™) (meg.L™) (9-kg™)
0-30 2.16 31.24 7.18 0.39 0.023 1.37 0.11
30-60 1.24 41.84 4.65 0.42 0.041 1.08 0.09
e (3
Anions
CO5 HCO; NO; cl Yok H,PO, HPO,*
(mg.kg™) (meg.L™) (mg.kg™)

0-30 71.84 51.32 77.29 0.65 1.82 3.09 1.93
30-60 19.43 16.87 4.23 0.89 0.74 1.23 0.83
oialojl e Of olomd 4325 gl -Y Jgao
Table 3- Chemical analysis of the water used in irrigation of evening primrose
Ol pd adbio
Tehran region

oo (192 e o9
Cations (meq.L™) Anions (meq.L™
pH EC@S.m?Y) SAR Ca®* Mg® Na' K* CO;# HCO; CI S0,
7.12 0.27 072 124 054 093 0.8 1.28 3.65 0.34 0.13
0??°b5 adlo
Varamin region
oo (992 e o9
Cations (meq.L ™) Anions (meq.L™h
pH EC@S.m?Y) SAR Ca® Mg® Na' K* CO; Hcoy crI S0~
7.89 0.43 119 194 0.84 124 021 1.93 2.45 0.51 0.09
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Table 4- Analysis of variance (mean of squares) for the main and interaction effects of field locations “Tehran and Varamin
regions” (F), irrigation regime (IR), chemical fertilizers (CF) and biological fertilizers (mycorrhizal fungi “M” and
Azospirillum “Az”) on root dry weight (RDW), shoot dry weight (SDW), root ratio shoot dry weight (R/S DW), leaf area
index (LAI), catalase (CAT) and seed yield (SY) in evening primrose

Sudd pjg S 0jy Sudd 0y Comd g pad L

WYl aldy >
S ’ ady Glop Il aBle 4 Ay, Sy ! sSos
% @le 3l e s i ’
o RDW SDW R/S DW LAI CAT SY
Source of variation df ~ —
Olay o (il
Mean of squares
OFK" 1 96168~  141682" 0.00093™ 02953  159.90" 6178170
E”r‘r;r 3 15 44 0.00001 0.0010 0.22 2442
d’%ﬂ’i” 2 105865 2474603  0.04265™ 04519  14388™  98142991"
IRXF 2 53450™ 66490™ 0.0012™ 0.2054™  109.75™ 4060930™
I\L/I;le:r: ﬁ‘:gr 8 6134 7544 0.00008 00231 12,62 445454
@L‘g; d 2 51681"" 45156™ 0.00321™ 0.0266™ 8.41™ 8714691
'f;\’/l‘“’ 1 226925 549638 0.00442" 01796 7257 37288283"
f”%‘”’/’ 1 20901 127621 0.00556"" 0.0547"" 7.83" 10237116
IRXCF 4 1466™ 95114 0.00578™ 0.0623™ 2917 10044186
IRXM 2 2385 273857 0.00295™ 0.0110™ 4.09” 8024494
IRX Az 2 55" 11072™ 0.00001 ™ 0.0104™ 3.94" 2170645™
CFXM 2 4853™ 10090™ 0.00411™ 0.01117 0.07™ 2023483™
CFXAz 2 524" 313 ™ 0.00006 ™ 0.0103 053" 161745 "™
CFXF 2 213" 13245™ 0.00017 ™ 0.0114™ 0.08 ™ 2145453
MX Az 1 542" 52267 0.00052 ™ 0.000L™ 007" 3064593”
M XF 1 13787 16899 0.00431 0.0147” 0.06 ™ 2913588
AZXF 1 1553 84" 0.00011 ™ 0.0150” 0.16 ™ 3227183
IRXCFXM 4 312 5540 0.00021 ™ 0.0089 3.24” 1684566
IRXCFXAz 4 509 " 47377 0.00004 ™ 0.0003 ™ 3197 1610155
IRXCFXF 4 239" 18181 0.00056 "™ 0.0085 2.82 1628983
CEXMXAz 2 473" 6626~ 0.00001 ™ 0.0009™  0.01™ 54269 ™
CFXMXF 2 10237 5644 0.00321” 0.0123 0.13" 104959 "™
M X AzXF 1 1523 8397 0.00441 0.0003™  0.11"™ 3166767
IRXM XAz 2 505 " 13449™ 0.00315~ 0.0004 ™ 0.02" 2277824”
IRXMXF 2 157 "™ 6269 0.00311” 0.0114 4.46" 2201664
IRXAzXF 2 225" 5850 0.00304 0.0004 ™ 4.11 5857 "
CFXAZXF 2 444 5667 0.00001 ™ 0.0001™ 098" 172716 "
IRXCFXMXAz 4 237™ 4837 0.00225 0.0003 ™ 3.21 1712934
IRXCFXMXF 4 129 ™ 5140™ 0.00231™ 0.0098™  3.09™ 1907833™
IRXCFXAzXF 4 47 4144~ 0.00225™ 0.0085™ 278" 1765922™
IRXMXAzZXF 2 1023™ 5781 0.00307™ 0.0008™  0.11™ 2111414™
CEFXMXAzXF 2 1123™ 5807 0.00331™ 0.0002™  0.07™ 37678 ™
IRXCFXMXAzXF 4 765" 4274™ 0.00245™ 0.0003™  0.08™ 4380111
gx ;k’(‘; 132 212 1183 0.00061 0.0021 0.77 424049
‘“C'f\*/” E:/))‘” - 18 23 28.32124 27 27 25
V. (1]

Ao )8 G g i Jiol sk jo o soe g4y ¥ o gixe uf 8
™: Not significant. ": Significant at the 0.05 probability level. "": Significant at the 0.01 probability level.
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Table 5- Analysis of variance for the main and interaction effects of irrigation regime (IR), chemical
fertilizers (CF) and biological fertilizers (mycorrhizal fungi and Azospirillum “M and Az”) in Tehran
and Varamin regions on plant height (PH), relative water content (RWC) and water use efficiency
(WUE) in evening primrose

&gy f_l.iS,l c,.vi W4 PC ) c,.vi b a0 U
i asbio &3l 4y PH RWC WUE
Source of variation d.f Ol o (Slo
Mean of squares
Ol e adlaio
Tehran region (T)
Sk 2 860 "™ 0.0004 ™ 0.1961™
Blgck
d)‘fgﬁb 2 73703" 393.8830" 2.3319"
kol gt 4 500 0.0091 0.0312
Main error
@L‘g‘; > 2 1396™ 3.0698" 0.1395™
'ﬂ;\;‘““ 1 3605™ 1.9561" 0.0948™
ot 1 924" 0.8326™ 0.1577"
IRXCF 4 1537 02174 0.0756™
IRXM 2 573" 0.0453" 0.1509"
IRX Az 2 100™ 0.0354 0.0109"
CFXM 2 162" 00191 ™ 0.0109"
CFxAz 2 28" 0.0168 ™ 0.0044"
M X Az 1 67" 0.0125 ™ 0.0072"
IRXCFXM 4 119™ 0.0284™ 0.0072"
IRXCFx Az 4 e 0.0236 0.0077"
CFXMXAZ 2 56 " 0.0673" 0.0059"
IRX M x Az 2 51" 0.0323” 0.0086"
IRXCFXM XAz 4 141 00226 0.0682"
o= uls 66 95 0.0062 0.0052
Sub error
Ol g o
& 27 15 21.1012
Ol yg athie
Varamin region (V)
Sk 2 273 ™ 0.0008 ™ 0.0343"
quck
d)lf‘RM” 2 70518" 398.9475™ 0.7935™
kol sl 4 398 0.0078 0.0422
Main error
i 2 1914 28924 0.1346™
')’),\f*‘ 1 2914 24852 0.0904™
Servad 1 872" 0.6729" 0.0957"
IRX CF 4 2857 0.0189™ 0.0634”
IRXM 2 567" 00232 01276
IRX Az 2 95 1 00251 0.0132"
CFXM 2 710 01534 0.0122"™
CFxAz 2 65 "™ 0.0305" 0.0143"
M X Az 1 19 0.0544 0.0132"
IRXCFXM 3 108™ 0.0006 ™ 0.0151"
IRXCFx Az 4 131" 0.0009 ™ 0.0183"
CFXMXAZ 2 13" 0.0314 0.0187"
IRX M x Az 2 234 0.0004 ™ 0.0137"
IRX CFXM X Az 4 128 0.0315™ 00775~
g ulas 66 99 0.0046 0.0089
Sub error
Olyedl .
S 19 13 19.1825
" Not significant. Soginay

doyd g Jheis] zobaw 53 s gme o
20y> S et zobaws 1 iy gime °°

:*: Significant at the 0.05 probability level.
: Significant at the 0.01 probability level.
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Table 6- Irrigation regime (IR)xchemical fertilizers (CF)xmycorrhizal (M)xAzospirillum (Az)xfield locations “Tehran and
Varamin region” (F) interaction on root dry weight (RDW), shoot dry weight (SDW), root ratio shoot dry weight (R/S DW), seed
yield (SY), relative water content (RWC) and water use efficiency (WUE) in evening primrose

PN S (9 Suid (59 S

w,mw, . ).i.g.:)SJ.o.c yiw‘_gbbm «,:id)m‘;ﬁ)ls
wlop Bl 4y duly
RDW SDW R/S DW sy RWC WUE
(g.m?) (kg.ha) (%) (g.grain.L ™)

(omolygV 9 ol T) b syl s

IRXCPxMxAzxF F (T: Tehran and V: Varamin regions)

olxd omobe | olid ool | ol omehs | olid omebg | olxd | omols | olxd | omlis
T Vv T Vv T Y T Vv T Vv T Vv

-Az | 2370" 2725" | 3539" 3836% | 0.66% 0.719" | 19207 2128%% | 52.327 6154* | 0.64° 0.71%¢

CFO M L az| 2725 3002¢ | 3908° 4036' | 0697 076% | 2068"7 22087 | 64.92° 69.73° | 0.69°7 0.77°
wm Az 28957  3240% | 4094" 4304° | 0.70™ 0.75% | 2033*% 2274"% | 60.92° 65.767 | 0.68*7 0.76"7

+Az| 3190% 3505 | 4472% 4783™ | 0.719" 0.75% | 2227¥% 2745™% | 65.03"Y 69.86"* | 0.74"% 0.92"?

R o Az 25659 2910°7 | 3756 3891° | 0.68' 0.74% | 1962 2174"7%| 61.08” 65.887 | 0.65% 0.72"7

CF +Az| 28307 3167% | 4005 42209 | 0.70™ 0.75% | 2225Y% 2358°% | 65.16Y 69.97"W | 0.74'% 0.79°7

0,
3%’ 50% \, -Az| 3097°  3442° | 4503° 4608™ [ 0.68' 0.74% | 2151"7% 2355%% | 61.21Y 66.02% | 0.72"% 0.79%7
+Az| 3392%  4082° | 49044 5102 | 0.697 0.77° | 2338%7 2934%7 | 65.34% 70.16" | 0.78% 0.98"7

-Az | 2662° 3090° | 3823% 4106 | 0.69" 0.75° | 2021%% 22357 | 61.36™F 66.23" | 0.67°% 0.75"*
CF +Az| 2027°F 3340 | 4014  4330° | 0.72® 0.77° | 2258Y% 2457%7 | 65.47° 70.35Y | 0.75"% 0.82%7

100% ., -Az 3135%  3495° | 42819 4724™ [ 0.73° 0.73 | 2228"7 2506%7 | 61.52" 66.37 | 0.74"7  0.84%7
+Az| 3535% 41427 | 4751™ 5337 |0.74% 0.79° | 2495%% 3267 | 65.61" 70.45' | 0.83%% 1.09™

-Az | 2250'  2407" | 42979  4574° [ 0.52° 0.52° | 2382"% 2490%% | 78.26% 78.12° | 0.9™*  0.97"

CFO M L Az| 240" 26809 | 4470% 4764™ | 055 056™ | 2600™ 2862™ | 8241 82.23" | 1.06  1.23°°
wm A 2640° 28127 | 4802" 5392 |0.54™ 0.52" | 2797™* 29577 | 78.417% 78.28" | 1.15%Y  1.4°K

+Az| 2965 3062° | 5632' 6019%" | 0.52"° 0.50" | 3636°" 3919°" | 82.53™ 82.36™ | 1.27°° 1.82%

IR v Az| 2362"  2460" | 4429 4976 | 0.53" 0.49™ | 25187 2631°7 | 7857 78.39" | 1057 118"

40% CF +Az| 26429 27409 | 4617™ 5148 | 0.57" 0.53% | 2802"% 2872™% | 82.59™ 82.46™ | 1.16™ 1.31°"

50% .\, -AZ 2405" 26109 | 4979 61979 | 0.48" 0.42% | 30927 3396 | 78.65° 78517 | 1.27%° 1.61%*°

FC M az| 2770% 2005 | 57257 6893% | 048" 0.42° | 4186°% 4394% | 82.754 82,614 | 14201  1.77%¢

-Az | 28357 2925% | 4619™ 5744™ | 0.61' 0.50" | 2703™* 2719 | 78.88" 78.68 | 1.17"" 1.38%
CF +Az| 3092° 3475° | 4803' 5842" | 0.61' 0.59™ | 29907 3210™Y | 82.89% 82.79% | 1.37%™ 1.48*"

100%,,, -Az | 2722° 20857 | 5320' 69107 | 0.51" 0.43* | 3514™ 3768°P | 79.01" 78.79° | 157°" 175%
+Az| 3297° 3535% | 64297 7722 | 0.51% 0.45" | 4609*¢ 5394*° | 83.02' 82.86 | 1.83° 185

-Az | 1680™ 1935% | 5849" 63177 | 0.28° 0.30° | 2705™% 2905 | 85.45' 90.36' | 0.79"% 0.83%%

CFO M Laz| 2012 2275 | 60919 64987 | 0.33 035 | 31897 3701°7 | 89.61% 04.47° | 09™  0.95™

oy “Az| 1930%  2310" | 64937 7036™ | 0.307 0.32° | 3441%Y 4187°° | 8563" 90.53" | 0.93"* 0.9

+Az| 2275' 25759 | 7553% 7802™ | 0.307 0.33% | 3813%° 5448% | 89.76% 9459% | 1.21°" 1.31°"

R o Az| 17920 1995° [ 6038  6352' | 0.29° 0317 | 31557 3550 | 85.78" 90.62" [ 0.84°7 0.88°
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* Means in each column followed by similar letter are not significant different at 5 % probability level using the LSD test.
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IR: irrigation regime (IR30%FC: 30 percent of field capacity, IR40%FC: 40 percent of field capacity and IR50%FC: 50 percent of field

capacity); CF: chemical fertilizers (CFO: no-application, CF50%: 50 percent of N+P and CF100%: 100 percent of N+P); Azospirillum and
mycorrhizal (inoculated “+Az and +M” and non-inoculated “-Az and -M”)
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Fig. 2- Effect of irrigation regime (30, 40 and 50 percent of field capacity), chemical fertilizers (no-application, 50 and

100 percent), Azospirillum and mycorrhizal (inoculated “+Az and +M” and non-inoculated “-Az and -M”) on the
average of plant height (PH), root ratio shoot dry weight (R/S DW), leaf area index (LAI) and catalase (CAT) in
Tehran (T) and Varamin (V) regions
D5l gime iglds Moy gy Jlotn] aws > LSD 9051 bl cdisiads S jitio g o sy 45 lapuSibe ygia o
Values (means of three replicates) with different letters are significantly different at P < 0.05.
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Fig. 3- Influence of different application of chemical fertilizerxirrigation regimes on seed yield (kg.h™) and leaf area
index in Tehran and Varamin regions
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Introduction

To improve crops productivity under drought stress conditions, not only proper management of inputs in time, amount
and form, but also the understanding of important physiological processes and defense mechanisms are required to
avoid drought stress. Most plant species have the ability to form a symbiosis relationship with the Arbuscular
mycorrhizal fungi. AMF could increase growth and yield of plants under water stress, and it is one of the most
important biological fertilizers which can be used in mycorrhizal and Azospirillum fields. Research results have shown
that mycorrhizal and Azospirillum fungi can moderate the adverse effects of drought stress in plants. One of the most
important effects in terms of drought stress is changing the levels of some hormones in plant such as acetic acid and
indole acetic acid. Other effects are direct absorption of water by fungal hyphae in soil and its transfer to the host plant,
increasing leaf gas exchange, photosynthesis rate as well as enhance the activity of antioxidant enzymes in corn,
excellent nitrate and phosphorus assimilation. In addition, extend the water absorption by increasing the leaf water
hydration, leaf photosynthesis activity, osmotic regulation and changes in cell membrane flexibility. Hence, the current
study was aimed to evaluate chemical fertilizers (nitrogen + phosphorus) and biological fertilizers (Azospirillum and
mycorrhizal fungi) effects on water deficit stress on morpho-physiological traits and yield of evening primrose at
different experimental stations (Tehran and Varamin regions).

Material and Methods

Two experiments were conducted at two experimental stations in Tehran and Varamin in 2014 and 2015. Experiments
were conducted in a split factorial layout within a randomized complete block design with three replications. Three
irrigation regime treatments (IR 50 % FC, IR 40 % FC and IR 30 % FC; 50, 40 and 30 percent of field capacity) were
randomized to the main plots. Subplots were consisted of factorial combinations of three chemical fertilizers (CF 0, CF
50 % and CF 100 %: no-application, 50 and 100 percent of nitrogen + phosphorus needed by plant) as well as four
biological fertilizers (“-M and —Az” and “+M and +Az”: non-inoculated and inoculated with mycorrhizal and
Azospirillum).

Results and Discussion

Water stress (moderate and severe) reduced plant height, shoot dry weight, leaf area index, seed yield, phosphorus
content and relative water content. However, the highest water use efficiency was obtained at moderate water deficit
stress. In addition, the highest root dry weight, root ratio shoot dry weight and catalase were obtained at severe water
deficit stress. The application of chemical fertilizers and biological fertilizers in all cases mitigated the negative effects
of water deficit stress on plant height, shoot dry weight, root dry weight, root ratio shoot dry weight, leaf area index,
seed yield, phosphorus content, catalase, relative water content and water use efficiency traits. Water use efficiency of
evening primrose increased with moderate water deficit, application of chemical (Nitrogen + Phosphorus) and
biological (mycorrhizal fungi and Azospirillum) fertilizers.
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Conclusion
The compelling results of this study revealed that the inoculation mycorrhizal and Azospirillum could improve evening

primrose growth under water deficit stress. Results showed that the application of biological fertilizers can improve
evening primrose growth under drought stress. Moreover, mycorrhiza symbioses can increase absorption of moisture
and nutrients, reduced irrigation requirements, enhancement drought resistance, more access to food in new places,
production of thinner roots, increase root length and nitrogen fixation, which lead to reduction of drought detrimental

effects.

Keywords: Azospirillum, Biological Fertilizer, Mycorrhizal, Water Deficit Stress and Yield.



