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1- Integrated Plant Nutrition Management (IPNM)
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Table 1- Some physical and chemical characteristics of soil in two years (2014 and 2015)

o SL bl o ulyw o) CCE <ol sp pH (1:1) EC (1:2)
Year Sand  Silt Clay oM (W:v) (w:v)
Soil Texture (%) - (dS/m)
2014 Clay loam 25 39 36 20.5 0.88 45 8.5 1.4
2015 Clay loam 25 39 36 20.1 0.86 47 8.5 1.3
o Ebdl Cugby 1o y3 $SP ¢ Jolre punds” il :CCE
Table 2- Soil total N and available P, K, Ca and Mg in two years (2014 and 2015)

Jw (N oi (P) wd (K)puwly  (Na) pooww (Ca) el (MQ) 2 a0

Year (%) (mg/kg)

2014 0.06 4 250.3 146.2 712.6 645.7

2015 0.05 6 230.7 137.3 758.7 686.9

(YFRE 5 IFAY) Sl 93 15 S )3 cyuiows I3l 5 13 g oS o1lid polis i JulB g JS Clile ¥ Jous

Table 3- The concentrations of total, available micronutrients and some heavy metals of soil in two years (2014 and 2015)

Jle Fe) ol (ZN) s (Mn) 355 (CU) pwe  (C) pse38  (PD) oy
Year (mg/kg)
2014-Total 14713 374 150.6 15.4 0.63 2.5
2015-Total 16800 334 141.9 15.1 0.55 2.5
2014-Available 4.6 0.2 3.6 2.3 0.03 0.06
2015-Available 4.4 0.3 3.2 2.4 0.03 0.07

(VYRE 5 IYAY) Jl 93,3 (gl y30 szl )3 23liiul 390 WS (2 srluond S S59 52— Jgo
Table 4- Some chemical characteristics of sewage sludge used in the field experiment (2014 and 2015)

[¢) 1. o) 1 o, et
Jb pHs) (W:v)  ECqs)(dS/m) (w:v) (%) f—*J rd (%) °" tosle (%) J5 I oIN
Year Organic Carbon  Organic Matter  Total Nitrogen
2014 6.9 2.8 31.1 60.1 2.7 115
2015 6.8 2.5 32.7 68.1 2.8 11.7

(VY€ 5 IVAY) Jlw 95, oaliiw! 590 IS 42d 13 jolis J5 Cdilé -0 Joun
Table 5- Total concentrations of elements in the used sewage sludge (2014 and 2015)

Ju P K Na Ca Mg Fe Mn Zn Cu Cd Pb
(mg/g) (mg/kg)
2014 25 11 075 183 12.0 12902 245 750.0 575 4.1 1415

2015 20 14 11 18 133 16280 310 9725 675 4.2 758
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Table 6- Analysis of variance (mean of squares) for effects of year (), irrigation (1), triple superphosphate (TSP) and sewage
sludge (SS) on yield characteristics of sunflower

JUECI T Gilan,y Al iagyy RO el o uon b ykd Al oSk
Sources of variation Df (1000 SW)  (WSH) &gy (NSH) aig (PEA) (HD) (SY)
(Y) Jw 1 39.5™ 4857 617 0.28™ 385.2™ 21155399
Replication (Y) (Jl) ,I,$5 4 3.1 5 3834 0.49 2.3 21386
O 1 2619.7" 2133" 209458" 5.3 28.7" 9290913™
Y x| 1 0.3 2m 5232 0.23™ 36.9 6844
(Error) s 4 11.3 7 14165 0.92 3.3 31928
(TSP) jaud 38 2 230.1" 1593™ 80511™ 50.1" 84.3™ 6940276™
TSP xY 2 19.4" 319 60778" 0.61™ 26.5™ 1391636™
TSP x| 2 60.0" 1441™ 200002 9.9 16.2™ 6274825
IxTSPxY 2 2.6™ 845™ 180818™ 1.6™ 1.7 3679417
(SS) oMl 3 1386.1™ 3540™ 233505™ 188.2" 69.0™ 15419007*"
SSxY 3 1.4 27" 49801" 1.5™ 19.0™ 117527
SSx| 3 29.2" 437 13404" 1.7 0.68™ 1904224
SSx TSP 6 148.5™ 400™ 79232 14.5™ 11.1™ 1743815™
SSxTSPxY 6 9.8™ 125™ 65720™ 247 2.4" 542903™
SSx TSP x| 6 27.3" 78" 55749™ 17.4™ 5.6™ 337695™
SSxTSPxIxY 9 13.1™ 56" 87045™ 1.1m 4.2 245529"
(Error) ks 88 10.6 22.4 15692 0.6 0.89 97477
(CVR) iy oy - 6.3 7.2 9.4 147 5.2 7.2

TN 5 70 Jlss] gdaws )3 jlolize Iz pué iy s g % NS
1000 seed weight: 1000 SW; weight and number of seeds per plant: WSP and NSP; the percentage of empty achenes:PEA; head
diameter: HD; Seed yield: SY
ns, = and == are non-significant and significant at 5 and 1 % probability levels, respectively
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Table 7- Means comparision on measured characteristics of sunflower for the main effect of year

Jole Zsbww g > &ild (39 (HD) &b ,hid (SY) 4ily 5 ,Slos
Factor Levels (WSP) (9) (cm) (kg/ha)

Jl 2014 59.8° 16.4° 3948.7°
(Year) 2015 71.4° 19.72 471532

)l oy iy Jlais ] e )0 jbolize oy Syiie Y G S JBlis gl (b Sile gty )
Means followed by the same letter in a column are not significantly different at p < 0.05
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Table 8- Means comparision on measured characteristics of sunflower for interaction effects of irrigationxTSP x SS

&b TSP ss Qb 5n 59 dgr Pl e PPN (PEA) Se bk (SY) ail dSles
Irrigation  (kg/ha)  (tha) (1000 SW) (g) (WSP) (g) (NSP) g9 (%) (HD)(cm) (kg/ha)
0 0 46.01 55.81 1330°h 7.4% 15.10 3685.21
0 15 50.99" 57.40 1191 6.1 16.3K 3792.01
0 30 60.9% 70.9° 13679 3.7km 17.6 4682.2°
0 60 65.32 80.7% 1435%¢ 5.2M 20.20¢ 5329.0%
100 0 50.0" 53.69" 1126 6.9°f 17.4Mi 3536.00"
ogllas 100 15 50.0h 61.2¢f 1316 6.5¢9 16.9+ 4042.3¢
Optimum 100 30 54589 57.31 1289¢ 4.91 17.2Mi 3782.7%
100 60 58.7¢¢ 70.3° 1435%¢ 3.2m 19.1¢¢ 4642.6°
200 0 55.10f 77.9° 136759 8.0°d 18.2¢h 5139.4°
200 15 56.0°-f 83.2% 15372 3.4+ 20.8° 549412
200 30 55,7 80.82 15432 3.6kn 20.9° 5330.6%
200 60 64.2% 84.5% 1513 2.20 22.18 5575.82
0 0 35.3' 37.3 1136 8.4% 13.2m 2462.61
0 15 37.3 52.09" 1238 5.80 15.44 3435.0%"
0 30 49.2h 63.8¢ 1313¢h 4.5k 17.4M 4211.0%
0 60 57.1cf 80.6% 1494 3.8km 19.6%¢ 5322.0%
100 0 41.3¢ 49.2h 1310%h 12.78 16.61 3250.2h
Sgime 100 15 46.2i 55.8 1239¢ 9.3 17.591 3684.0
Limited 100 30 447Kk 70.2¢ 13924 3.7km 1859 4632.3°
100 60 54.00 80.5% 1333¢h 1.6° 19.1¢0¢ 5310.32
200 0 49.2hi 49.1h 1070 5.99h 18.5¢h 3238.1"
200 15 42 6K 68.5¢ 1411%¢ 4.49 18.799 4522.2%4
200 30 49.1h 65.6¢¢ 13874 2.6 17.9% 4327.4%¢
200 60 59.0%¢ 68.8% 12099 3.0m 18.7¢ 4540.7¢

3,16 duoyd i Jlosis ! pdaws 55 Jhlize gles Syiiio Y B S JBls gl sl 1 Sibo <5 o 40
Means followed by the same letter in a column are not significantly different at p <0.05
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Introduction: Sunflower as one of the most important oil crops in the world is affected by water deficit
stress. Water deficit stress is one of the most important limiting factors of crops growth and production in Iran
and many regions of the world. Because of the low water productivity in lIran, the water conservation and
increasing of water use efficiency through good management including integrated application of organic and
chemical fertilizers and balanced nutrition of plants are necessary. One of the negative effects of water deficit
stress is impaired uptake of nutrients such as phosphorus (P) by plants and a decrease in plant yield. It has been
found that use of P can reduce the negative effects of drought stress on plants that means the tolerance of plants
to drought stress increases with optimal nutrition of P. In Iran, due to the lack of organic matter and the high cost
of chemical fertilizers, farmers tend to use organic wastes such as sewage sludge that can have an important
contribution in the improvement of soil fertility and plant nutrition and lead to an increase in water use
efficiency. Also, integrated and suitable nutrition of plants is a method of sustainable management of soil
fertility under environmental stresses. Therefore, this study aimed to evaluate the effects of sewage sludge (SS)
and triple superphosphate (TSP) on sunflower (Helianthus annuus L. cv. Farrokh) seed yield and its components
and determining the optimal levels of their consumption under optimum and limited irrigation conditions.

Materials and Methods: This experiment was conducted as a split-plot factorial arrangement in a
randomized complete block design in Agricultural Research Station of Khoy under field conditions for two
years. Experimental factors were irrigation time at two levels (irrigation after 60 and 150 mm evaporation from
class A evaporation pan), triple superphosphate at three levels (0, 100 and 200 kg/ha), sewage sludge at four
levels (0, 14.2, 28.4 and 56.7 t/ha) and year at two levels (2014 and 2015) with three replications. The 1000 seed
weight of sunflower, weight and number of seeds per plant, the percentage of empty achenes, head diameter and
seed yield were measured at the end of plant growth period. Statistical analysis of the data was performed using
MSTATC software and means comparison was done by Duncan’s multiple range test at 5% probability level.

Results and Discussion: The combined analysis of variances showed that the effect of year was significant
for weight of seeds per plant, head diameter and seed yield but it is not significant for 1000 seed weight, number
of seeds per plant and percentage of empty achenes. Although water deficit stress significantly increased the
percentage of empty achenes but 1000 seed weight, weight and number of seeds per plant, head diameter and
seed yield significantly decreased compared to optimum irrigation conditions. The application of integrated
application of 200 kg TSP and 56.7 tons SS per ha increased yield and yield components significantly compared
to the control treatment. The interaction effects of TSPxSSxirrigation were significant for all studied
characteristics. Under optimum irrigation condition, the highest 1000 seed weight (64 g), weight of seeds per
plant (85 g), number of seeds per plant (1513), head diameter (22 cm) and seed yield (5576 kg/ha) were observed
in intergrated treatment of 200 kg TSP+56.7 tons SS/ha. Under limited irrigation condition, the highest 1000
seed weight (57 g), seeds weight per plant (81 g), seeds number per plant (1494), head diameter (19.6 cm) and
seed yield (5322 kg/ha) were obtained from 56.7 tons SS/ha treatment which showed no significant difference
with 100 kg TSP+56.7 tons SS/ha treatment. Under optimum and limited irrigation conditions, the percentage of
empty achenes were significantly decreased by integrated treatments of 200 kg TSP+56.7 tons SS/ha and 100 kg
TSP+56.7 tons SS/ha (70 and 81 percent, respectively) compared to the control.

Conclusion: The results of this study indicated that integrated application of triple superphosphate and
sewage sludge can mitigate negative effects of drought stress; therefore in order to reduce the use of chemical
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fertilizers, increasing sunflower seed yield and development of sustainable agriculture, integrated treatments of
200 kg TSP+56.7 tons SS/ha under optimum irrigation and 100 kg TSP+56.7 tons SS/ha under limited irrigation
can be recommended at similar conditions (from the aspect of soil, plant, sewage sludge and climate).
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