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1- Tortuosity
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1- Eutrophication
2- Integrated Plant Nutrition Management (IPNM)
3- Sewage Sludge (SS)
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1- Leaf Area Index: LAI
2- Leaf Chlorophyll Index: LCI
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1- Biological Yield: BY
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Table 1. Soil physical and chemical characteristics of the experimental field at two years (2014 and 2015).
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Cla ALY
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Table 2. General characteristics of sewage sludge used in the field experiment (2014 and 2015).

Pb Cd Cu Mn Zn Fe K P CN (N ocC EC(1:5) pH I
(mg/kg) Js <Ll (mg/g) Js ¢ - (%) (dS/m)  (1:5) Year

1415 41 575 245 750 12902 1.1 25 11.5 2.7 31.1 2.8 69 2014
758 42 675 310 972 16280 14 20 11.7 2.8 327 2.5 68 2015
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Figure 1. Total rainfall in sunflower growing period in 2014 and 2015 (Khoy Meteorological Station).
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Table 3. Mean of squares for effects of year (Y), irrigation (I), phosphorus fertilizer (TSP) and sewage sludge
(SS) on measured characteristics of sunflower.

Sl e Sle
Mean of squares FUN
e o 141 = Gb’
al s Sy gl S :’vlﬂd "’%LN 6];; Sources of variation
dii:ﬁ:t]er Plant height i Sag S
(BY) (LAI) (LCI)
0.1™ 16074.0%* 10.7%* 0.01%* 1.8™ 1 () Jl.
2.1 99.0 0.1 0.001 0.8 4 Replication (Y) (JL) 155
110.9%* 2079.9% 176.4%% 0.20%*%  113.4%* 1 @ sk
2.7 3738.7%* 0.8™ 0.01%* 32.4%% 1 (YD) skl x Jl
222 159.6 0.2 0.001 0.9 4 (Error) U
76.6%* 1110.8%* 57.4%% 0.12%* 75.7%* 2 (TSP) ,id
5.9%* 48.8™ 1.7%* 0.001™ 9.8%* 2 (TSPxY) Jlw x ,ivd
2.8™ 114.8™ 14.3%* 0.03%* 0.5™ 2 (TSPxI) okl x i
0.31™ 186.9% 4.4%% 0.01™ 9.4%% 2 (IXTSPxY) Jlox jivd x 55k
111.6%%  2005.3%* 175.8%%  0.003%*  66.9%* 3 (88) ML
6.1%* 380.1%* 0.1" 0.19™ 4.1% 3 (SSXY) Jlu x M5B )
2.4™ 272.1%* 5.1%% 0.001%*% (9% 3 (SSXD) (sl x Ml
17.8%* 251.9%* 11.4%+ 0.01** 18.8%+ 6 (SSXTSP) jiwd x O ol
3.1% 463.9%* 1.2%* 0.001™ 5.0%* 6 (SSXTSPxY) Jlu x jiwd x GG
6.3%% 422.1%* 6.7%* 0.02%* 3.2% 6 (SSXTSPxI) (5Ll x jind x MG 2
1.2™ 282.7%% 0.4™ 0.001™ 11" 9 (SSXTSPxIxY) Jbw x (5Ll x jid x S )
1.1 39.1 0.3 0.001 1.1 88 (Error) U
5.7 52 42 3.9 6.8 - (CV%) &l peds 2

#% % ns

VA ‘5./.0 Jlaz! cl:—w BE )‘é&m E) )‘é&m_ﬁé \,:JJ:M B
Leaf chlorophyll index: LCI, Leaf area index: LAI, Biological yield: BY.
™ * and ** are non-significant and significant at 5 and 1% probability levels, respectively.
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Table 4. Means comparison on measured characteristics of sunflower for effect of year.

Sx sl i o St o Ll £ s bl
Plant height (BY) (LAI) Levels Factor
(cm) (t/ha)
130.9° 13.2° 0.92° 2014 I
109.7° 13.7° 0.94° 2015 (Year)

LI Sl O e3T L s e et s 3l e sl S nie By (6l (oSOl s
Means within each column followed by the same letter are not statistically different at a = 0.05 by Duncan test.
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Table 5. Means comparison on measured characteristics of sunflower for interaction effects of irrigation, TSP and SS.

L. L Sy ol s Shee L " . " .
S RO el Syl pails 505 a5l §S TSP Sl
Stem( rcrlllra;r)neter Plalzi rl:lf;lght gt}?h\;)) (LAT) (LCI) (t/ha)  (kg/ha) Irrigation

15.0 113.28 10.6" 0.69" 13.6* 0 0

16.2! 118.9%¢ 11.4™ 0.73™ 14.3™ 14.2 0

19.24f 125.3° 14.1¢ 0.96°" 157 28.4 0

20.8° 130.6 16.1° 1.18° 18.0%¢ 56.7 0

17.0¢ 115.7% 12.61 0.95" 14,987 0 100

16.8" 118.6° 13.9" 0.97" 15.2%" 14.2 100 < sllae
20.7% 125.8"° 14.9° 0.99%¢ 157 28.4 100 (Optimum)
20.3%¢ 120.3%¢ 16.7° 1.07% 19.0° 56.7 100

20.0°¢ 128.9% 14.6" 1.05%° 17.9%9 0 200

20.0°¢ 126.0°° 15.5%° 1.02%F 17.0°* 14.2 200

20.7% 123.4%" 15.6% 1.04° 18.4%° 28.4 200

22.0° 142.4° 18.5° 1.66° 18.8% 56.7 200

12.7¢ 94.9' 8.1° 0.58° 10.7™ 0 0

15.0 103.4" 9.6° 0.72™ 13.5¢ 14.2 0

18.1%¢ 116.0% 12.5' 0.85% 14.4m% 28.4 0

19.4%° 133.7° 15.3% 0.96°" 16.8%F 56.7 0

15.0 104.1" 9.2° 0.63° 12.2! 0 100

16.7" 112.28 11.5" 0.82" 13.5¢ 142 100 5 sdome
17.0%" 118.6° 14.1# 0.87™ 157 28.4 100 (Limited)
20.3*¢ 129.0 17.3° 1.13% 16.2% 56.7 100

18.1¢ 111.98 10.6" 0.77™ 16.6%F 0 200

18.4° 127.4>9 13.5" 0.87"k 16.2¢ 14.2 200

19.1%F 128.5¢ 13.3 0.92' 17.6"¢ 28.4 200

17.9™ 118.0°¢ 13.0" 0.91% 14,987 56.7 200

Al Sl ()}»)'TL_ oo iy Jlax! d‘“ 03 I3 pme Ll S i Gy Glls L;Laaf\}l.:a Qs A 53
Means within each column followed by the same letter are not statistically different at o = 0.05 by Duncan test.
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Abstract

Background and Objectives: Water deficit is one of the most important factors limiting crops
production in the world and Iran. To increase the tolerance of plants to water deficit and
reducing the consumption of chemical fertilizers, integrated application of organic and chemical
fertilizers is recommended. Several studies have been done about the effects of phosphorus and
sewage sludge on yield and quality of different crops at the world, but a report has not yet been
presented about the effect of integrated application of phosphorus and sewage sludge on the
growth of sunflower and determination of optimal amount of fertilizer under optimum and
limited irrigation conditions. Therefore, the present study was conducted for evaluating the
effect of triple superphosphate (TSP) and sewage sludge (SS) on leaf chlorophyll index (LCI)
and some growth characteristics of oil sunflower under optimum and limited irrigation
conditions in a clay loam soil.

Materials and Methods: The study was carried out as a split-factorial experiment based on
randomized complete blocks design for two years in Agricultural Research Station of Khoy
under farm conditions. Experimental factors were included year at two levels (2014 and 2015),
irrigation time at two levels (irrigation after 60 and 150 mm evaporation from pan class A), TSP
at three levels (0, 100, 200 kg/ha) and SS at four levels (0, 14.2, 28.4 and 56.7 t/ha). Statistical
analysis of the data using MSTATC software and means comparison was performed by the
Duncan test at 5% probability level.

Results: According to the combined analysis of variances, the effect of year was significant
only for plant height, BY and LAI. Water deficit decreased LCI, LAI, BY, plant height and stem
diameter but application of TSP and SS increased all studied characteristics significantly
compared to the control. In both optimum and limited irrigation conditions, the highest LCI,
LAI, BY, plant height and stem diameter were obtained from integrated treatments which
increased 40, 141, 75, 26 and 47 percent at optimum irrigation conditions and 51, 95, 114, 36
and 60 percent at limited irrigation conditions respectively compared to the control treatments.
Conclusion: In order to reducing the consumption of chemical fertilizers and achieving the
optimum growth of sunflower, application of 200 kg TSP + 56.7 tons SS under optimum and
100 kg TSP + 56.7 tons of SS per hectare under limited irrigation is recommended at similar
conditions.

Keywords: Chlorophyll, Integrated plant nutrition management (IPNM), Sunflower, Water
deficit
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