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ABSTRACT

To investigate the effect of integrated nitrogen fertilizers (manure and urea) resources and mycorrhiza
under water deficit stress on soil chemical properties and biological yield of Purslane, an experiment was
conducted in Qom during 2015-2016 growing seasons. Treatments were arranged as a factorial split plot
in a randomized complete block design with three replications. A factorial combination of two levels of
wr:jgatlon_(lrrl%atlon at 50% and 70% of available water) and two treatments of mycorrhizal (inoculated
and non-inoculated) were assigned as the main plots. The subplots consisted of six different sole and
integrated combinations of fertilizers consisting of manure (sheep and chicken) and urea fertilizer
(control, without fertilizers, 100% manure, 75% manure+25% urea, 50% manure+50% urea, 25% manure
+ 75% urea, and 100% urea). Results showed that water deficit stress increased oil content and decreased
the electrical conductivity, total nitrogen, phosphorous, potassium of soil, mycorrhiza colonization
(30.3% and 15.3 %) and biological yield (21.3% and 17.7 %) of purslane in first and second year,
res?ectlvely. Also, manure in combination with urea fertilizer and mycorrhiza increased the biological
yield (50% Manure+50% urea) and oil content (25% Manure+75% urea) in purslane leaf and reduced the
consumption of urea fertilizer by modifying the negative effects of water deficit stress and increasing the
availability of nutrients. Decomposition of halophyte Igurslane plant residues in soil increased the
electrical conductivity and potassium content of the soil. Due to the key role of potassium in fertility and
osmotic regulation of soil, it could produce acceptable biological yield in water stress conditions.
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Table 1- Soil chemical and physical characteristics of the experimental site

Soil EC Organic  Bulk Total K Available  Total PWP FC
Texture pH Carbon Density Nitrogen P P %by  %by
Characteristics (dS.m™) %)  (g.cm?®) (%) (mg.kg®) (mg.kg?) (mgkg') wvolume volume

Loamy 3.8 8.14 0.92

0.095 372.6 9 25 31 14




e SB ol 6l g 2 (395 435 planes 9 1325950k (65 lleS 25U 1)) Ses g 00l Yy

SialeyT 3 oolituls e ols (slasgS Sleosds Slvgas -Y Jsoax
Table 2- Chemical characteristics of animal manure used in the experiment.

Manure ECWSm1) pH P@®) K(%)

N (%) Organic Carbon (%) Organic Matter (%) C/N

Sheep 12.66 8.28 0.39 3.8

Chicken 7.88 7.02 0.69 13

1.43 20.1 34.57 14

2.08 17.6 30.2 8.46
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Table 3. Analysis of variance (mean squares) of the effects of irrigation and fertilizer systems on soil and yield traits of purslane in 2015-2016

S0V df Ec N ocC P K oil concentration ~ Mycorrhizal colonization  Biological yield
Year 2015
Replication (R) 2 0.93™ 0.00001™  0.06" 8.97™ 298.38™ 0.0003ns 0.99ns 1975008.1™
Irrigation (1) 1 40.44** 0.003** 1.13**  541.89** 141684.8** 0.68** 143.27* 58558960.2**
mycorrhiza (M) 1 7.86** 0.004** 0.46*  438.14**  16407.94** 0.005ns 4473.24** 26002914.2**
IxM 1 3.86* 0.002** 0.54*  676.99*%* 5112.63™ 0.05** 143.27* 4173719.06™
Main Error(Ea) 6 0.56 0.00004 0.04 2.92 1010.31 0.002 10.56 1802161.87
Fertilizer (F) 5 0.95**  0.0003**  0.1**  63.21** 26951.79** 0.076** 24.63** 5074032.3 **
IXF 5  2.68** 0.001**  0.13** 110.99** 20082.54** 0.016** 18.7** 1660130.07™
MxF 5 1.05**  0.0003** 0.06** 34.35**  14161.8** 0.003* 24.63** 2666736.4 **
IXMxF 5 2.14** 0.0002**  0.07**  76.35** 2145.54™ 0.016** 18.7** 92626.62 ™
(Eb) 40 0.25 0.00004 0.02 1.61 1156.22 0.001 4.23 847306.8
(%C.V) 13.05 7.34 14.22 6.83 7.24 6.15 26.1 12.17
Year 2016
(R) 2 0.04" 0.00001™  0.004" 1.39™ 1728.11™ 0.0002ns 2.21ns 227768.13™
() 1 843* 0.00663** 0.47** 5.56* 20626.88** 0.866** 28.54ns 36023623.7**
(M) 1 811** 0.00092**  0.1*  770.89** 128511.9** 0.006ns 4154.16** 7086338.73**
IxM 1 1.45* 0.00006™  0.07*  92.33**  20942.05** 0.005ns 28.54ns 487487.61™
(Ea) 6 0.16 0.00002 0.01 0.7 878.42 0.005 5.26 383464.06
F) 5 3.03** 0.00084** 0.07** 189.52** 30099.57** 0.073** 11.09ns 11066918.8**
IxF 5 0.55** 0.0008**  0.05**  242.14** 1781.37* 0.02** 25.27** 215011.66"™
MxF 5 1.82** 0.00064** 0.06** 201.88** 19528.66** 0.01* 11.09ns 2645657.64**
IXMxF 5 1.35** 0.00037** 0.03** 98.52**  29167.99** 0.029** 25.27** 52915.38"™
(Eb) 40 0.15 0.00002 0.01 0.35 676.53 0.004 5.26 362262.1
(%C.V) - 7.65 4.04 8.33 4.78 6.03 12.79 30.19 8.2

ns ,* and**:: non significant., Significant at the 0.05 and 0.01 of probability levels, respectively.
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Table 4. Interaction effects of irrigation, Mycorrhiza and N fertilizer on some soil characteristics
Mycorrhizal

Ec N P R Organic carbon Oil concentration K
colonization
Treatment
ds/m % mg/kg % % % mg/kg
Year 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2016
F.  5.24ab 5.14efg 0.1e 0.105bc 29.31b 17.59 15.84cd 16.21bcd  0.91e-h 0.92e-h 0.31p 0.32ij 444.04fgh
F,  4.66b-f 5.41def 0.14a 0.11ab 28.49bc 21.84d 16.88cd 17.48a-d 0.75hi 1.11bc 0.36mno 0.37hij 654.47a
M Fs  3.39ikl 5.68de 0.11d 0.105bc 20.44ef 10.23h 24.82a 20.68a 0.82f-i 1.03cde 0.39Imn 0.36hij 517.3bc
! F, 4.94a-e 7.23a 0.13b 0.12a 24.29d 15.21fg 21.60ab 13.94de 0.85f-i 1.10bc 0.43jkl 0.46fgh 447 .26efg
Fs  4.23d-j 5.36def 0.11d 0.087def 31.97a 33.33a 18.48bc 19.73ab 0.74hi 0.87f-i 0.39Imn 0.42ghi 504.16bcd
| F¢ 5.71a 5.17efg 0.11d 0.106bc 27.19¢c 10.05h 13.89de 10.67e 1.12b-e 0.97def 0.34nop 0.37hij 387.24ijk
! Fi.  5.2abc 5.66de 0.09g 0.086def 18.71fg 4.34m 0.00g 0.00f 1.19bcd 1.03cde 0.3150p 0.30j 342.811
F, 5.07ad 5.42def 0.12c 0.066jk 14.88ijk 4.6lm 0.00g 0.00f 1.00d-g 1.39 0.37mn 0.34ij 453.77efg
M F;  3.73g- 4.630-j 0.12c 0.077f-i 16.06hi 5.25Im 0.00g 0.00f 1.26bc 1.06bcd 0.37mn 0.37hij 453.11efg
2 F, 5.3ab 5.11efg 0.12c 0.087def 14.52i-1 21.46d 0.00g 0.00f 1.63a 1.19b 0.41klm 0.39hij 361.33jkl
Fs  3.57h-k 5.87cd 0.09fg 0.088de 12.81k-n 4.95Im 0.00g 0.00f 0.8f-i 1.07bcd 0.47hij 0.40hij 502.46bcd
Fe  4.12e- 4.97f-i 0.11d 0.077f-i 17.78gh 22.99c 0.00g 0.00f 1.32b 1.06bcd 0.50ghi 0.50efg 424.61ghi
F.  3.41mn 4.57g-k 0.11d 0.075ghij 10.71n 6.97j 14.70d 11.44e 0.8ghi 0.82ghi 0.45ijk 0.46fgh 488.54cde
F,  4.29c-i 6.93ab 0.11d 0.075g-k 17.18gh 14.34g 10.86ef 16.09bcd 0.78ghi 0.98c-f 0.56f 0.54def 402.15hij
M Fs  4.01f 4.27jk 0.07h 0.096¢d 21.2e 26.02b 19.00bc 18.58abc  1.04c-f 0.96def 0.57ef 0.59cde 498.06bcd
! Fs  3.35jkl 6.41bc 0.06i 0.075g-j 15.79hij 17.71e 10.33ef 11.55e 0.7hi 0.94d-g 0.64cd 0.67abc 335.851
Fs  4.51b-g 5.04e-h 0.1le 0.084efg 12.32Imn 10.3% 13.41de 15.39cd 0.79ghi 0.78hi 0.76a 0.74a 540.42b
| Fe  3.38jkl 4.37ijk 0.11d 0.084e-h 14.24i-| 5.1lm 9.37f 10.55e 0.64i 0.89fgh 0.72ab 0.73ab 462.88d-g
2 Fi.  3.76km 4.34ijk 0.08h 0.073ijk 13.65j-m 5.43kI 0.00g 0.00f 0.75hi 0.99c-f 0.30p 0.29j 228.39n
F,  3.01mn 4.1jk 0.1le 0.074h-k 31.43a 15.5f 0.00g 0.00f 0.68i 1.03cde 0.53fg 0.71ab 478.97c-f
M F;  3.73kmn 3.97k 0.09fg 0.107b 16.02hi 8.41i 0.00g 0.00f 0.8f-i 0.75ij 0.62de 0.64bcd 420.61ghi
2 Fs  3.16mn 4.95f-i 0.09ef 0.066jk 13.99i-| 6.38jk 0.00g 0.00f 0.78ghi 0.62j 0.61de 0.70ab 357.99kI
Fs  3.93n 4.42h-k 0.08h 0.086def 11.33n 5.35Im 0.00g 0.00f 0.81f-i 0.98c-f 0.69bc 0.66abc 277.66m
Fe  3.629-j 4.08jk 0.09fg 0.064k 11.67mn 5.6kl 0.00g 0.00f 0.83f-i 1.08bcd 0.52fgh 0.52efg 366.7jkl

Ao, YO + ald duoyo VO =F3 ¢ sold auo 0 Voo =Fa ¢ 59,55 045 (309 =1t ,550ke (905 9 b =Mz g My FC 7.0+ mhaws j0 ool b8 OT L o168 (25 =l FC 7Y+ mhans j0 solatal JB ST L SleS (i cygou =l
O oy iy mhaw ) LSD g el Gulwl 35 eg,lol jlasd (2 50 5 siw ,o 10 GluSs gy gl ls (slayxKiles w045l duojo Vo v =Fg w05l 0o jo YO + als duoyo YO =F5 coygl duojo B+ + (ald duoy0 B+ =Fy o4l

Al el Sl Se
1= unstressed, irrigation at 70% of FC; I,= deficit water stress, irrigation at 50% of FC; M; and M,: inoculated and non-inoculated with the fungus; F1, F2, Fs F4 Fsand Fs: no fertilizer nitrogen, 100% Manure, 75%
Manure + 25% urea, 50% Manure + 50% urea, 25% Manure + 75% urea, 100% urea, respectively. Meanswith the same letter (s) in the same column are not significantly different at 5% of probability level using
LSD Test.
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Table 5. The main effect of irrigation on purslane Leaf oil concentration and biological yield.

. . . . . AMF
Oil concentration Biological yield colonization
Treatments
% kg ha* %
Irrigation 2015 2016 2015 2016 2015 2016
11 0.39b 0.38b 8462.5a 7999.5a 9.29 8.23a
12 0.58a 0.6a 6658.8b 6584.8b 6.47b 6.97a

Ggy s sl peSilos FC 0+ gl o sslital W ST L 168 (25 =l FC /Y- mhaw o oolinul b T b TS 25 gy =l

5,5 el o re S o )3 iy mhaws ;0 LSD (ygej] Gulusl s 6)lol Jles o 10 5 et 1o 0 LSS
1= unstressed, irrigation at 70% of FC; 1,= deficit water stress, irrigation at 50% of FC. Means with the same letter (s) in the same
column are not significantly different at 5% of probability level using LSD Test.
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Figure 1. Interactions effects of irrigation and N fertilizer on the soil K content in 2015. I1= unstressed,
irrigation at 70% of FC; I,= deficit water stress, irrigation at 50% of FC; F1, F2, F3 F4, Fsand Fe: no
fertilizer nitrogen, 100% Manure, 75% Manure + 25% urea, 50% Manure + 50% urea, 25% Manure +

75% urea, 100% urea, respectively. Means with the same letter (s) in the same column are not
significantly different at 5% of probability level using LSD Test.
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Figure 2. Interactions effects of Mycorrhiza and nitrogen fertilizer on the soil K content. M, and My:
inoculated and non-inoculated with the fungus; F1, F2, F3, Fa, Fsand Fg: no fertilizer nitrogen, 100%
Manure, 75% Manure + 25% urea, 50% Manure + 50% urea, 25% Manure + 75% urea, 100% urea,
respectively. Means with the same letter (s) in the same column are not significantly different at 5% of
probability level using LSD Test.
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Figure 3. Interactions effects of Mycorrhiza and nitrogen fertilizer on purslane biological yield. M, and
M_: inoculated and non-inoculated with the fungus; F1, F», F3 Fa Fsand Fe: no fertilizer nitrogen, 100%
Manure, 75% Manure + 25% urea, 50% Manure + 50% urea, 25% Manure + 75% urea, 100% urea,
respectively. Means with the same letter (s) in the same column are not significantly different at 5% of
probability level using LSD Test.
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