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ABSTRACT

To evaluate the effect of different irrigation regime and chemical and biological fertilizers on the fatty acids
content and oil yield of evening primrose, a factorial experiment based on randomized complete blocks
design with three replications was conducted in the years of 2015-2016. In the main plots, three levels of
irrigation re |me_$|_rr|gat|on at 30, 40 and 50% of field capacity) and in the factorial sub-plots three levels
of chemical fertilizer (no application, 50% and 100% urea + superphosphate combined apﬁllcatlon
Recommended) with four levels of biofertilizers (inoculation and non- inoculation of mycorrhiza and
azospirillum). The results of the analysis of variance showed a significant difference between irrigation
regimes, chemical fertilizers, biological fertilizers and interaction of irrigation regimes and fertilizer in all
studied traits. Drought stress, reduced oil yield per hectare, omega (3, 6, 7 and 9), ratio of total unsaturated
fatty acids to saturated fatty acids and total unsaturated fatty acids. But the total saturated fatty acids and
all saturated fatty acids increased. The highest levels of gamma-linolenic, linolenic, oleic and vaccinic fatty
acids due to irrigation interaction at 40% agronomic capacity and combined application of urea + triple
superphosphate fertilizers with 100% recommended in combination with inoculation of mycorrhiza and
Azospirilum were achieved. In general, drought stress decreased the amount of unsaturated fatty acids
(reduced oil quality) and oil yield, and the use of fertilizers increased the amount of unsaturated fatty acids.
Keywords: Azospirillum, drought stress, fatty acids, mycorrhiza, urea, superphosphate triple.
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Fig. 1. Daily maximum and minimum air temperatures (°C) and precipitation (mm) recorded during the growing
season in 2014, Tehran (A) and Varamin (B) regions.
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Table 1. Soil physical and chemical properties of the experiment station.

Tehran region

Depth  Soil texture Bulk density Organic matter N P K  PWP FC EC
cm % % mg kgt % % dSm-t
0-30 Sandy clay 1.3 294 7.05 0.123 1.7 275 321 15.12 0.32

30-60  Sandy clay 1.3 231 719 0.102 2.8 320 3.21 15.12 0.37

Varamin region

Depth  Soil texture Bulk density Organic matter N P K PWP FC EC
cm % % mg kg % % dSm?
0-30 clay 1.3 312 7.43 0.114 15 287 393 17.23 0.46

30-60 clay 1.3 301 725 0.093 3.1 346 3.93 17.23 0.51
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Table 4. Fatty acid, IUPAC name, molecular formula, common name, lipid numbers, Trans or cis and
(omega=n) abbreviation studied in this study

Lipid numbers, trans or cis Molecular International union of pure and applied
Common name

and omega “number” formula chemistry (IUPAC name)
C 14:0 Myristic acid SFA C14H2802 Tetradecanoic acid
C 16:0 Palmitic acid S™ Ci16H3202 Hexadecanoic acid
C 16:1, cis and o7 Palmitoleic acid UFA Ci16H3002 (Z)-hexadec-9-enoic acid
C17:.0 Margaric acid SFA C17H3402 Heptadecanoic acid
C 18:0 Stearic acid S CisH3502 Octadecanoic acid
C 18:1, cis and »9 Oleic acid V™A Ci8H3402 (Z)-octadec-9-enoic acid
C 18:1, trans and o7 Vaccenic acid Y™ C18H3402 (E)-octadec-11-enoic acid
C 18:2, cis and w6 Linoleic acid Y™ C1gH3202 (9Z,122)-octadeca-9,12-dienoic acid
C 18:3, cis and o3 Linolenic acid YFA C18H3002 (92,12Z,15Z)-octadeca-9,12,15-trienoic acid
C 18:3, cis and 06 y -linolenic acid YFA C18H3002 (62,92,12Z)-octadeca-6,9,12-trienoic acid
C 20:0 Avrachidic acid 5™ C20H1002 Icosanoic acid
C 20:1, cis and ®9 Eicosenoic acid Y™ C20H3302 (2)-icos-11-enoic acid
C22:0 Behenic acid S C22H4402 Docosanoic acid

Eldlpe Gz ol UFA (glsl oy slaawl [SFA
SFA: Saturated fatty acid, UFA: Unsaturated fatty acid
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Table 5. Analysis of variance for physiological characteristics of evening primrose at irrigation regime, chemical and
biological fertilizer treatments in Tehran and Varamin regions.

54.72**  0.164** 0.0003ns 0.00020ns 43.71ns 0.00142ns 57.739**  57.92** 2.32*
17.86*  0.066ns 0.0017 ns 0.00059 ns 4000.43** 0.00091ns 17.634ns 22.31ns 1.15ns
1.12* 0.244ns 0.0017 ns 0.00011ns 1891.90ns 0.00178** 0.003 ns 0.06 ns 0.41ns

IRXCFxAz
CFxMxAz
IRXMxAz

C18:2, cis, C18:3, cis, C20:1, cis, . TUFA/
SOV d.f 06 3 9 C20:0 oYy TO7 TO6 TUFA TSEA
Means squares
Tehran (T)
Block 2 11lns 0.073ns 0.0020 ns 0.00052 ns 1050.72ns 0.00137 ns 2.274ns 1.93ns 1.01ns
IR 2 2811.66** 118.834** (0.5592** 0.36341** 835119.68** 2.41955** 1043.499** 351.90** 1065.13**
Mainerror 4  878.30 12.650 0.0493  0.03252  77168.80  0.12275 946.705 974.12 85.77
CF 2 281.40** 12.528** 0.0510** 0.02516** 58765.94** (.18769** 538.181** 743.84** 158.07**
M 1 473.83** 5764** 0.0319** 0.01662** 30010.67** 0.01215** 473.202** 325.80**  85.04**
Az 1 703.66** 7.775** 0.0547** 0.03535** 88489.61** 0.27592** 1136.191** 1540.73** 285.03**
IRXCF 4 67.09**  0.819** 0.0048** 0.00178** 3219.14** 0.00722** 88.423**  98.30** 3.81**
IRxM 2 2832ns 0.274ns 0.0011ns 0.00058 ns 2777.55** 0.00114** 24.975ns 31.73** 9.68**
IRxAz 2 27.85ns 0.057ns 0.0012ns 0.00046** 4815.27** 0.00730** 17.318 ns  9.15ns 22.73 ns
CFxM 2 1402ns 0.003ns 0.0011ns 0.00008 ns 413.43ns 0.00719** 13.379ns 10.50 ns 0.09 ns
CFxAz 2 19.73ns 0.343ns 0.0003ns 0.00053 ns 5076.15** 0.00073ns 22.123ns 26.24 ns 4.05*
MxAz 1 6.80ns 0.398ns 0.0003ns 0.00023ns 389.65ns 0.00055ns  1.448 ns 1.05ns 0.67*
IRXCFxM 4 179ns  0.014ns 0.0005ns 0.00099** 318.31ns 0.00105ns 1.561 ns 2.78 ns 0.52 ns
4
2
2
4

IRXCFxMxAz 16.49* 0.109ns 0.0005ns 0.00062 ns 1382.59** 0.00447ns 19.785ns 17.81ns 0.53 ns
Suberror 66 53.68 0.084 0.0019  0.00316 5269.32 0.00968 51.367 58.46 10.27
C.V. (%) - 6.03 8.420 75754  7.65957 7.73 5.60707 5.335 4.82 8.25

Varamin (V)
Block 2 3.62ns 0.129 ns 0.00115ns 0.0010ns 850.77ns 0.0016 ns 6.61 ns 4,98 ns 0.52 ns
IR 2 3297.16** 133.644** 0.74346** 0.4234** 105783.29** 1.8502** 1377.13** 423.23** 1301.44**
Mainerror 4 912,95 11.2361 0.04568  0.0346 78571.03 0.0942 943.12 912.15 78.66
CF 2 189.81** 9.3543** 0.05566** 0.0397** 76810.93** 0.1516**  380.23** 617.22** 174.36**
M 1 52556** 11.6254** 0.03326** 0.0312** 70025.19** 0.0040**  605.38** 408.10** 111.17**
Az 1 923.55** 12.5373** 0.03547** 0.0733** 95518.93** (.2211** 1323.59** 1789.82** 309.88**
IRxCF 4 85.78** 0.2909** 0.00210** 0.0013** 4457.32** 0.0113**  93.80** 104.96**  5.95**
IRxM 2 2198ns 0.6988ns 0.00341* 0.0029** 2247.26ns 0.0064** 1591ns 31.45ns 7.98 ns
IRxAz 2 436ns 1.2770ns 0.00033 ns 0.0045** 5645.19** 0.0167** 1.84ns 2.37ns 14.70**
CFxM 2 175ns 0.3487ns 0.00002ns 0.0004ns 640.96 ns 0.0079** 191 ns 1.19ns 1.16 ns
CFxAz 2 12.23ns 0.2000ns 0.00020 ns 0.0011ns 1784.38ns 0.0015 ns 9.89 ns 10.02 ns 0.36 ns
MxAz 1 0.63ns 0.0009ns 0.00065ns 0.0002ns 48.35ns 0.0001 ns 1.96 ns 1.14ns 3.32*
IRXCFxM 4 61.29ns 0.0377ns 0.00176* 0.0005ns 363.42ns 0.0029ns 63.73ns  67.71** 2.81*
IRXCFxAz 4 12.51** 0.4708** 0.00042ns 0.0002ns 689.72ns 0.0007 ns  15.76** 16.02 ns 1.73ns
CFxMxAz 2 22.47* 0.4654* 0.00015ns 0.0005ns 2006.40ns 0.0026 ns  28.42 ns 34.13* 2.55ns
IRxMxAz 2 18.10* 0.1292ns 0.00104ns 0.0003ns 10.80ns  0.0036**  17.94 ns 23.96* 0.31ns

IRXCFxMxAz 4 7.48* 0.1784 ns 0.00026 ns 0.0005ns 1433.97** 0.0024 ns 5.28 ns 4.66 ns 0.89 ns
Suberror 66  40.63 0.7893  0.00372  0.0020 962.42 0.0079 36.58 40.28 1.83
C.V. (%) - 5.71 6.9061  6.35224  6.9257 6.90 5.5657 4.99 4.36 7.12

IR: Irrigation regime; CF: chemical fertilizers; M: mycorrhizal; Az: Azospirillum; T: Tehran and V: Varamin regions.

C18:2= linoleic acid; C18:3= linolenic acid; C20:1= eicosenoic acid; C20:0= arachidic acid; OY: oil yield; TO7: total
omega 7; TO6: total omega 6; TUFA: total unsaturated fatty acid and TUFA/TSFA: total unsaturated fatty acid/
saturated fatty acid.

% NS

o3 S5 gz Jlisl zola jo o e il 4
ns, * and **: significant at the 0.05 and 0.01 percentage probability levels.
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Table 6. Analysis of variance for physiological characteristics of evening primrose in effect of field locations,
irrigation regime, chemical , and biological fertilizer treatments.

Cl6:1, C18:1, C18:1, C18:3, ) . . . .
sov d.f cis, o7 cis, 9 Tran, o7 cis, o6 Cl14:0 C16:0 C17:0 C180 C22:0 TO9 TSFA

Mean squares

F 1 0.03022** 46.71** 0.24001** 26.16** 0.00898** 11.19** 0.002144** 2.11** 0.0143505** 52.22** 3,105**
Error 3 0.00076 058 0.00114 0.14 0.00002 0.119 0.000040 0.06 0.0000434 0.60 0.032
IR 2 0.40584**512.2** 2,02880** 221.1** 0.08843** 136.2** 0.021426** 27.21** 0.1343992** 564.9** 323.6**
IRxF 2 0.00223** 2.83** 0.00918** 1.21** 0.00053** 0.363** 0.000068** 0.06** 0.0002695** 3.11** 0.146**
Main error 8 0.03561 4459 0.21292 21.97 0.00853 12.830 0.001653 2.53 0.0105400 44.51 14.957
CF 2 0.03793** 35.72** 0.15038** 18.37**0.00708** 10.71** 0.001705** 2.33** 0.0118276** 39.63** 27.79**
M 1 0.02829** 36.12** 0.08454** 8.59** 0.00381** 6.020** 0.000983** 0.95** 0.0035010** 33.12** 14.42**
Az 1 0.04412**56.55** 0.24387** 23.41**0.01217** 12.02** 0.002124** 3.16** 0.0186632** 52.14** 34.36**
IRXCF 4 0.00173** 0.43** 0.00889** 0.56** 0.00022** 0.319** 0.000037* 0.08** 0.0004936** 0.52** 0.786**
IRxM 2 0.00156** 3.52** 0.00238 ns 0.14** 0.00006 ns 0.330** 0.000037* 0.01 ns 0.0000650 ns 3.32** (0.524*
IRxAz 2 0.00200** 2.29** 0.01069** 0.43** 0.00105** 0.161** 0.000120** 0.19** 0.0010019** 2.19** 0.807**
CFxM 2 0.00045 ns 0.79** 0.00256 ns 0.04 ns 0.00004 ns0.057 ns 0.000007 ns 0.09** 0.0000300 ns 0.76** 0.179 ns
CFxAz 2 0.00009 ns 0.26 ns 0.00033 ns 0.01 ns 0.00003 ns0.005 ns 0.000010 ns 0.01 ns 0.0004544** 0.26 ns 0.007 ns
CFxF 2 0.00028 ns 0.79** 0.00233 ns 0.16 ns 0.00005 ns0.187 ns 0.000006 ns 0.13** 0.0005920** 0.79** 0.010 ns
MxAz 1 0.00003 ns 0.01 ns 0.00031 ns 1.00** 0.00007 ns0.028 ns 0.000007 ns 0.02 ns 0.0001904 ns 0.01 ns 0.075 ns
MxF 1 0.00031 ns 0.20 ns 0.00262 ns 0.23 ns 0.00013 ns0.112 ns 0.000004 ns 0.03 ns 0.0000162 ns 0.20 ns 0.021 ns
AzxF 1 0.00124** 0.07 ns 0.00001 ns 1.89** 0.00025** 0.067 ns 0.000036** 0.06** 0.0000002 ns 0.09 ns 0.001 ns
IRXCFxM 4 0.00008 ns 0.93** 0.00088 ns 0.03 ns 0.00006 ns0.069 ns 0.000021 ns 0.01 ns 0.0000884 ns 0.89** 0.102 ns
IRXCFxAz 4 0.00008 ns 0.10 ns 0.00166 ns 0.03 ns 0.00003 ns0.022 ns 0.000008 ns 0.02 ns 0.0001162 ns 0.10 ns 0.010 ns
IRxCFxF 4 0.00017** 0.04 ns 0.00073 ns 0.05 ns 0.00005 ns0.137 ns 0.000005 ns 0.06** 0.0001783** 0.03 ns 0.078 ns
CFxMxAz 2 0.00004 ns 0.40 ns 0.00252 ns 0.06** 0.00011 ns0.017 ns 0.000008 ns 0.05** 0.0001580 ns 0.38 ns 0.012 ns
CFxMxF 2 0.00105** 0.11 ns 0.00727 ns 0.18 ns 0.00001 ns 0.302** 0.000002 ns 0.01 ns 0.0001095 ns 0.10 ns 0.234 ns
MxAzXF 1 0.00002 ns 0.11 ns 0.00018** 0.01 ns 0.00009 ns0.128 ns 0.000006 ns 0.02 ns 0.0000156 ns 0.11 ns 0.045 ns
IRxMxAz 2 0.00002 ns 0.48 ns 0.00145 ns 0.36 ns 0.00003 ns0.069 ns 0.000005 ns 0.02 ns 0.0000212 ns 0.49 ns 0.149 ns
IRXMxF 2 0.00044 ns 0.50 ns 0.00386** 0.36 ns 0.00003 ns0.039 ns 0.000008 ns 0.07** 0.0000020 ns 0.47 ns 0.005 ns
IRxAzxF 2 0.00001 ns 0.40 ns 0.00219 ns 0.57 ns 0.00003 ns0.016 ns 0.000035** 0.09** 0.0000002 ns 0.39 ns 0.052 ns
CFxAzxF 2 0.00007 ns 0.30 ns 0.00158 ns 0.20 ns 0.00007 ns 0.614** 0.000003 ns 0.02 ns 0.0000188 ns 0.30 ns 0.899**
IRXCFxMxAz 4 0.00043** 0.10 ns 0.00303 ns 0.28 ns 0.00009 ns0.077 ns 0.000018 ns 0.02 ns 0.0000253 ns 0.10 ns 0.040 ns
IRXCFxMxF 4 0.00039 ns 0.18 ns 0.00197 ns 0.24** 0.00007 ns0.053 ns 0.000007 ns 0.001 ns0.0001319 ns 0.16 ns 0.045 ns
IRXCFxAzxF 4 0.00038 ns 0.21 ns 0.00077 ns 0.18 ns 0.00015** 0.091 ns 0.000014 ns 0.02 ns 0.0000254 ns 0.21 ns 0.156 ns
IR xMxAzxF 2 0.00037 ns 0.11 ns 0.00180 ns 0.12 ns 0.00001 ns0.188 ns 0.000016 ns 0.03 ns 0.0000218 ns 0.13 ns 0.168 ns

CFxMxAzxF 2 0.00014 ns 0.84** 0.00036 ns 0.10 ns 0.00004 ns0.071 ns 0.000060** 0.01 ns 0.0000339 ns 0.84** 0.021 ns

IRXCFxMxAzxF 4 0.00010** 0.20** 0.00263 ns 0.05** 0.00008 ns0.077 ns 0.000024** 0.06** 0.0000413 ns 0.21** 0.077 ns
Suberror 132 0.00245 178 0.01282 0.80 0.00012 0.978 0.000079 0.25 0.0010276 181 1.124
C.V. (%) - 739450 745 800305 819 7.88080 8.001 7.053832 7.51 6.9823370 7.09 5.319

oS S sl Foepgh yuwg ;T A 5 5550 M ¢ sloonds 355 CF «5,lol o235, IR

IR: Irrigation regime; CF: chemical fertilizers; M: mycorrhizal; Az: Azospirillum and F: Field locations (Tehran and

Varamin regions)
ol Sy j0 =C14:0 ol Sl g JlalE =C18:3 counl SS9 =C18:1 ol Sl gl =C18:1 ol Szl gedL=C16:1

TSFA 5 Kal gamme TO9 corusl Singe =C22:0 el Ll =C18:0 ol 3,15 Lo =CL7:0 ol Sially =C16:0

et 4 gldlnd oy laasal ggone
C16:1= palmitoleic acid; C18:1, cis=oleic acid; C18:1 and trans= vaccenic acid; C18:3=y-linolenic acid; C14:0= myristic
acid; C16:0= palmitic acid; C17:0= margaric acid; C18:0= stearic acid; C22:0= behenic acid; TO9: total omega 9 and
TSFA: total saturated fatty acid.

Aoy Sy g gy Jleixl ol (o I cee oS 5 4 ® NS

ns, * and **: significant at the 0.05 and 0.01 percentage probability levels.
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Table 7. Mean comparison of some physiological characteristics in the interaction effect of IRXCFxMxAzxF.

C16:1, cis, o7 C18:3, cis, w6 C17:0 C18:0 TO9
F (T: Tehran and V: Varamin regions) %
IRXCPxMxAzxF T vV 1 T v( T T vV i : v 1 T v
30% SAW xCF0Ox-Mx-Az 2.210v 1.850z 2.330u 1.740z 9.650k 12.220ef 5.740st 6.330r 0.236z  0.245y
30% SAW xCF0x-Mx+Az 2.710r 2.060yz 2.390st 2.060yz 11.320g 13.010d 6.080s  6.920q 0.254w  0.258u
30% SAW xCF0x+Mx-Az 2.130x 2.130w 2.090y 2.130x 9.3501 10.000j 5.920s 7.060pg 0.256v  0.257uv
30% SAW xCFOx+Mx+Az 2.350t 2.330u 2.850r 2.410st 10.280i 12.420e 6.630qr  7.480p 0.261t  0.268s
30% SAW xCF50%x-Mx-Az ~ 2.300u 2.090y 2.490s 2.210v 11.470fg 11.290g 5.280w  5.660t  0.240yz 0.263st
30% SAW xCF50%x-Mx+Az  2.850r 2.300u 2.710r 2.300u 12.160ef 14.020ab 5.650t  6.360r 0.260t  0.274r
30% SAW xCF50%x+Mx-Az  2.630rs 2.390st 2.350t 2.300u 10.510h 12.210ef 5.400uv  6.380r 0.255v  0.266s
30% SAW xCF50%x+Mx+Az 2.920qr 2.410st 3.120pq 2.710r 11.420fg 12.730de 6.300rs  7.020q 0.273r  0.278q
30% SAW xCF100%x-Mx-Az 2.530s 2.290st 2.530s 2.130w 12.510e 13.410c 4.470z 5100y  0.262st  0.277r
30% SAW xCF100%x-Mx+Az 3.050q 2.710r 3.080g 2.630rs 13.620b 15.470a 5.330v  5.670st 0.269rs 0.282pq
30% SAW xCF100%x+Mx-Az 2.940q 2.490s 3.050q 2.390st 10.690h 11.670f 5.070yz 5.310v  0.265s 0.279q
30% SAW xCF100%x+Mx+Az 3.3800p 3.080q 3.3800p 2.920qr 12.950de 13.670b 5.510u  5.970s  0.279q 0.288op
40% SAW xCF0x-Mx-Az 3.350p 3.120pq 4.550hi 4.0401 6.330r  7.520p 6.760gqr 7.7000p 0.314Im 0.335ij
40% SAW xCF0x-Mx+Az 3.6800 3.4100p 5.140f 4.530hi 7.480p 8.350n 8.0000 8.290no 0.343g  0.358f
40% SAW xCF0x+Mx-Az 3.890n 3.110pq 4.890gh 4.260k 7.7000p 8.270n0 7.520p 7.7600op 0.33%hi  0.353f
40% SAW xCFOx+Mx+Az 4.580hi 3.6200 5.890cd 5.000g 8.0000p 9.3601 8.220no  9.3501  0.347fg 0.379de
40% SAW xCF50%x-Mx-Az  3.3800p 3.330pq 5.230ef 4.600hi 7.530p 8.500mn 7.230pg 8.270no  0.323k  0.341h
40% SAW xCF50%x-Mx+Az  3.990Im 3.4300p 5.760d 4.700h 8.2200 9.680k  8.420n  9.360I 0.346g 0.371e
40% SAW xCF50%x+Mx-Az  4.260k 3.780no 5.080fg 4.700h 8.290no 9.160m 9.160m 8.500mn 0.336hi  0.383d
40% SAW xCF50%x+Mx+Az 4.700h 4.200k 6.430ab 5.240ef 8.420n 10.120ij 9.680k 10.500hi 0.380de 0.397b
40% SAW xCF100%x-Mx-Az 3.990Im 3.900n 5.408e 5.260ef 7.760op 9.860j  7.530p  9.470l 0.340h  0.363ef
40% SAW xCF100%x-Mx+Az 4.700h 4.0101 6.110b 5.570de 9.4701 10.500hi 9.210Im 10.510hi 0.355f  0.395b
40% SAW xCF100%x+Mx-Az 4.500hi 4.0701 5.980c 5.540de 9.210lm 10.120ij 8.350n  10.000j 0.364e  0.396b
40% SAW xCF100%x+Mx+Az 5.080fg 4.530hi 6.610a 5.620de 9.870j 10.960h 10.208i 11.320g 0.393c  0.408a
50% SAW xCF0x-Mx-Az 5.230ef 4.310j 3.350p 2.940q 5.970s 5.670st 9.860j 10.120ij 0.280q 0.285pq
50% SAW xCF0x-Mx+Az 5.760d 4.600hi 3.900n 3.3800p 6.630gr 7.060pg 10.960h 12.510e 0.286p 0.307n
50% SAW xCF0x+Mx-Az 5.240ef 3.920n 3.4300p 3.110pgq 5.660t  7.020g 9.650k  9.870j 0.288p 0.308mn
50% SAW xCFOx+Mx+Az 4.360j 4.550hi 4.0701 3.4100p 6.920q 7.230pq 12.220ef 11.290g 0.297no 0.323k
50% SAW xCF50%x-Mx-Az  5.050fg 5.140f 3.780n03.330pq 5.070yz 5.400uv 12.420e 13.010d 0.286p 0.297no
50% SAW xCF50%x-Mx+Az 6.490ab 5.540de 4.360j 3.890n 5.920s  6.300rs 11.420fg 13.570b 0.2890p 0.302n
50% SAW xCF50%x+Mx-Az  5.000g 4.0401 4.0101 3.6800 5.330v  6.360r 10.120ij 10.690hi 0.301no 0.330j
50% SAW xCF50%x+Mx+Az 5.260ef 4.730h 4.500hi 3.990Im 5.740st 6.760qr 11.670f 13.620b 0.311Im 0.327jk
50% SAW xCF100%x-Mx-Az 5.880c 5.570de 4.200k 3.6200 4.470z  5.310v  12.160ef 13.430c 0.2940 0.322I
50% SAW xCF100%x-Mx+Az 6.670a 6.150b 4.730h 3.920n 5280w  6.080s 12.950de 15.760a 0.310m 0.331j
50% SAW xCF100%x+Mx-Az 5.480e 4.890gh 4.310j 3.990Im 5.100y  5.510u 11.470fg 12.210ef 0.322I 0.335i
50% SAW xCF100%x+Mx+Az 5.980bc 5.620de 5.050fg 4.580hi 5.650u  6.380r 12.730de 14.050ab 0.334ij 0.349fg

el ggazma TO9 g ol G liinl =C18:0 sl S5, )L =C17:0 coon] SetlgiJlels =C18:3 sl S giall=C16:1
C16:1= palmitoleic acid; C18:3=y - linolenic acid; C17:0= margaric acid; C18:0= stearic acid and TO9: total omega 9.
2oy B 50 % SAW g oolisl bl T asys £+ 40 % SAW ¢ solizwl LB T wsys Y+ :30 % SAW) (s ,LoT w3, IR
5 0LS L3 90 oleond 355 3o )0 B¢ :CF 50 % ¢ slawd 865 5l ooliiwl oyg0s :CF 0) _gliowis 595 CF c(oolitusl b8 T

A (5,650 b il pac M- g 155,680 b dls +M) 15556800 M (0LS L5590 (olond 55 auoyo Ve -+ :CF 100 %
'(C)’t“")ﬁ aslaie V 9 u‘).e; dilaie ) olS s dLQQlia F ‘(@ab pos Az- 9 c‘_mb +AZ) f’ﬁl"f“'“’ﬁ)]
IR: Irrigation regime (30 % SAW: 30 % of Soil Available Water, 40 % SAW: 40 % of Soil Available Water and 50 %
SAW: 50 % of Soil Available Water); CF: chemical fertilizers (CF 0: no application, CF 50 %: 50 % of nitrogen and
phosphorus needed by plant and CF 100 %: 100 % of nitrogen and phosphorus needed by plant); M: mycorrhizal (+M:
inoculated and -M: non-inoculated); Az: Azospirillum (+Az: inoculated and -Az: non-inoculated) and F: Field locations
(T: Tehran and V: Varamin regions).
D5 s e Diglds sy iy Jletis| s ;0 LSD 5031 ol 3 coiind S piiie g > (gl s a5 ol Sl (g o 40
Means in each column followed by a similar letter (s) are not significantly different at 5% probability level using the
LSD test.
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Table 8. Mean comparison of some fatty acids in irrigation regime and fertilizer in Tehran and VVaramin regions.

C 140 C 18:1, cis C18:1,trans C 18:3,cisand C 20:1, cis C 200 C22:0

and o9 and o7 ®3 and ©9
%

T \Y T \Y T V T \Y T \Y T V T \Y
30% SAW 0.14a 0.12a 3.40c 4.04c 0.35c 0.30c 7.20b 8.11b 0.23c 0.26c 0.18 0.22c 0.09c 0.07c
40% SAW 0.10b 0.09b 7.03a 7.89a 0.7la 0.62a 9.20a 9.86a 0.36b 0.42b 0.28b 0.33b 0.13b 0.12b
50% SAW 0.07c 0.06c 5.16b 5.98b 0.53b 0.47b 493c 547c 0.48a 055a 0.3%9a 043a 0.18a 0.16a
T V T \Y T V T \Y T V T V T V
CFO 0.09c 0.08c 4.63c 5.43c 0.48c 0.42c 6.79c 7.54c 0.32c 0.37c 0.26c 0.29c 0.12c 0.10c
CF50%  0.10b 0.09b 5.15b 6.03b 053a 0.49% 7.22b 8.1l1b 035b 041b 028 0.32b 0.13b 0.12b
CF100% 0.1l1a 0.10a 5.8la 6.45a 0.58a 0.53a 7.98a 9.14a 0.39a 0.45a 03la 0.36a 0.15a 0.12a
T \ T \ T V T \ T \ T V T V
+M 0.11a 0.09a 5.43a 6.3a 0.55a 0.48a 7.71a 8.70a 0.36a 0.43a 0.30a 0.34a 0.14a 0.12a
-M 0.10b 0.09b 4.96b 5.64b 0.51b 0.45b 6.95b 7.82b 0.34b 0.39b 0.27b 0.31b 0.13b  0.11b
T \ T \ T \Y T \ T \ T \Y T \Y
+Az 0.11a 0.09a 5.46a 6.31a 0.56a 0.50a 7.83a 8.79a 0.38a 0.48a 0.30a 0.35a 0.15a 0.14a
-Az 0.10b 0.09b 4.93b 5.63b 0.50b 0.43b 6.84b 7.73b 0.31b 0.39b 0.27b 0.30b 0.12b  0.11b

=C22:0 5 Seasl,T=C20:0 «SlgimsSsl =C20:1 « Sl gid =C18:3 ( SeienS Ty =C18:1 (Sl =C18:1 « St oo =C14:0

C14:0= myristic acid; C18:1= oleic acid; C18:1 and trans= vaccenic acid; C18:3= linolenic acid; C20:1= eicosenoic

acid; C20:0= arachidic acid and C22:0= behenic acid.
CF 0 wolazwl LB ol Ao, O+ 50 % SAW 4 oolail LB ol Ao, Fe 40 % SAW «oolail 8 ol oy Ve 30 % SAW
0l L5 0,90 abard 355 2oy Voo CF100% g ob3 Lo )50 ooleond 955 duoyd B+ CF 50 % o loands 555 5l oolail yg

Ol yg ddlaio Vg ) g5 ddbaie T radls poc AZ- 5 il FAZ dyy 680 b adli poe M- g 13,6500 b s +M
30 % SAW: 30 % of Soil Available Water, 40 % SAW: 40 % of Soil Available Water and 50 % SAW: 50 % of Soil
Available Water
CF 0: no application, CF 50 %: 50 % of nitrogen and phosphorus and CF 100 %: 100 % of nitrogen and phosphorus,
+M: inoculated and -M: non-inoculated, +Az: inoculated and -Az: non-inoculated, T: Tehran and V: Varamin regions

D5 o gime gl oy iy Sl mhas (0 LSD (g0 el s e S piiie gy (sl )ls a5 ola Sile iy 0
Means in each column followed by a similar letter (s) are not significantly different at 5% probability level using the
LSD test.
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Fig. 3. Effect of irrigation regime (30, 40 and 50 percent of FC), chemical fertilizers (no application, 50

and 100 percent), Azospirillum (inoculated and non-inoculated) and mycorrhizal (inoculated and non-
inoculated) on the average of linoleic acid (C 18:2) contents in Tehran (T) and Varamin (V) regions.
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Table 9. Mean comparison of total saturated fatty acid, total unsaturated fatty acid, TUFA to TSFA ratio, total
omega 6 and total omega 7 in effect of irrigation regime and fertilizer in Tehran and VVaramin regions.

TSFA TUFA TUFA/ TSFA TO6 TO7
%

T \% T \ T \% T \% T \%

30 % SAW 28.58a 28.30a 69.18b 71.28b 2.42c 251c 67.52b 71.3b 0.5¢ 0.44c
40 % SAW 26.47b  25.17b 66.82b 73.20b 2.52b 2.907b 68.26b  73.04b 0.77b  0.68b
50 % SAW 2427c  24.14c 73.0la 74.13a 3.00a 3.07a 77.19a 82.78a 1.02a 0.9a

T \Y T \% T \Y T \Y T \Y

CFO 2581c 2558c 64.68c 689c 250c 2.69c 66.67c 72.15c 0.7c 0.61c
CF 50 % 26.45b  26.23b 70.76b 70.89b 2.67b 2.70b 722b  76.44b  0.76b  0.67b
CF 100 % 27.07a  26.8a 71.57a 74.12a 2.64a 2.76a 74.11a 7853a 0.84a 0.74a

T \% T \% T \% T \% T \%
+M 26.71a  26.45a 71.4la 74252 2.67a 2.80a 73.09a 78.08a 0.77a 0.68a
-M 26.18b 25.95b 64.93b 70.36b 248b 2.71b 689b 73.34b 0.75b  0.67a

T \% T \% T \% T \% T \%
+Az 26.84a 26.60a 71.45a 73.37a 2.66a 2.75a 74.24a 79.21a 0.8la 0.72a
-Az 26.05b 25.80b 63.89b 70.23b 2.45b 2.70b 67.75b 72.21b  0.71b  0.63b

ebdl e oy slowl coed TUFATTSFA slisl e o > slasnl ggamme TUFA (gLl > (slaoiul gg0me :TSFA

TSFA: total saturated fatty acid; TUFA: total unsaturated fatty acid; TUFA / TSFA: total unsaturated fatty acid to total

saturated fatty acid; TO6: total omega 6 and TO7: total omega 7.
CF woliztsl B T wo o 0+ 50 % SAW 4 ool b8 T oo ys £+ 40 % SAW . soliiwl J8 T ss s ¥+ :30 % SAW
3L 0,90 (oliand 395 a0 Voo LCF 100 % 4 ol3 L35 50 (ooliand 355 do )0 8+ CF 50 % ¢ olonds 355 5l oolail 9050

Q’.f“")9 dglaio V 9 u'ﬁf agdlaioe ;T st\.».aJa pie AzZ- 55"‘°l' +AZ ‘l).o)ji..a Lo C...da pds M- 9 |).v)95,~o L @.al; +M wLS
30 % SAW: 30 % of Soil Available Water, 40 % SAW: 40 % of Soil Available Water and 50 % SAW: 50 % of Soil
Available Water
CF 0: no application, CF 50 %: 50 % of nitrogen and phosphorus and CF 100 %: 100 % of nitrogen and phosphorus,
+M: inoculated and -M: non-inoculated, +Az: inoculated and -Az: non-inoculated, T: Tehran and V: Varamin regions

D5 s e Diglds sy iy Jletis| s ;3 LSD 5031 ol 3 coiind S piiie B9 > gl a5 il Sl (g o 40
Means in each column followed by a similar letter (S) are not significantly different at 5 % probability level using the
LSD test.
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Fig. 4. Effect of irrigation regime (30, 40 and 50 percent of field capacity), chemical fertilizers (no
application, 50 and 100 percent), Azospirillum (inoculated and non-inoculated) and mycorrhizal
(inoculated and non-inoculated) on the average of palmitic acid (C 16:0) content in Tehran (T) and

Varamin (V) regions.
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