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ABSTRACT: Safflower (Carthamus tinctorius L.) is an important oil crop which has a favorable production
under low input conditions, particularly in organic farming systems. This study was carried out to evaluate
the effect of organic and mineral fertilizers including urea nitrogen (N), farmyard manure and municipal
waste compost on growth, yield and yield components of safflower. The experiment was conducted at the
Experimental Farm of School of Agriculture, Shiraz University, Shiraz, Iran, located at Badjgah in 2014 and
2015 growing seasons. Results showed that maximum seed yield was recorded at 50 tons compost ha-1. Seed
yield showed a significant increase by increasing N from 0 to 100 kg ha-1 at 50 tons ha-1 of compost treatment;
however increasing N beyond 100 kg ha-1 had no significant effect on safflower seed yield. Results of stepwise
regression analysis showed that contribution of yield component of safflower varies with change in N and
organic fertilizer application rates. Application of organic fertilizers caused a non-significant increase in soil
organic carbon and a significant increase in soil N content.
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INTRODUCTION

Recently, increasing of global population has resulted
in severe limitation of food resources. Although wheat
(Triticum aestivum L.), rice (Oryza sativa L.), bean
(Phaseolus vulgaris) and corn (Zea mays L.) are
considered as main food, oil crops are also counted as
the second important food resources. In recent years,
Iranian farmers have shown an interest in cultivating
safflower because it is well adapted to salinity and
drought stress (Bye Bourdi, 2007). Several suitable
characteristics of safflower including medical,
industrial and nutritional use, high quality of oil (more
than 80% saturated fatty acids specially linoleic and
oleic), high tolerance to salinity and drought stress, low
water demand, good compatibility to low and high
temperature have made it as a valuable oilseed crop
(Ahmadi and Omidi, 1994). Application of organic
amendments including cow manure, sewage sludge and
municipal waste compost is known as a suitable
strategy to increase soil organic matter, and to improve
soil structure by increasing aggregate stability (Davari
Nezhad et al., 2004). Application of the aforementioned
organic amendments can also increase soil water
holding capacity and aeration and would improve
nutrient availability and soil physical conditions (Viator
et al., 2002).
Organic amendments would play a crucial role in
improving soil quality, besides their role in crop plant

nutrition and soil fertility. However, their effects on soil
structure improvement could be more important than
their impact on crop nutrient supply (Kamkar and
Mahdavi Damghani, 2008). Additionally, organic
fertilizers would increase soil organic matter and soil
productivity as a result of modifying chemical
characteristics of the soil such as, pH, cation exchange
capacity, and increment of microorganism's activity and
availability of nutrients (Renato, 2003). It has been
reported that application of organic amendments could
increase yield of various crops including wheat
(Kazemeini, 2007), corn (Naderiand Ghadiri, 2010;
Sarhadi Sardouyi, 1998), vegetable amaranth
(Amaranthus sp.) (Onyango et al., 2012), and tomato
(Solanum lycopersicum L.) (Samavat et al., 2001).
Heckmat (2008) reported that dry matter production in
soybean increased by application of organic fertilizers.
Composts could aid to water supply as well as to
provide a suitable conditions for root growth (Remus,
2000). Patil et al. (2006) evaluating the effect of
organic fertilizers, manures and chemical fertilizer on
sorghum (Sorghum bicolor L.), reported that organic
amendments particularly compost, caused a significant
increase in sorghum yield. Bhattacharya et al. (2005)
found that municipal waste compost could meet crop
nutritional demand  and stimulate microbial activity of
the soil in short term while it could maintain nutrient
resources and soil organic content in long term.
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Results from evaluation of organic fertilizer in an
experiment on Safflower showed that consumption of 5
tons h-1 municipal waste compost produced more seed
yield (1813 kg h-1) in comparison with 10 and 15 tons
h-1 but it had less yield in comparison with chemical
fertilizer about 12.5%. Consumption of 50 tons cow
manure ha-1of also produced the seed yield equivalent
to chemical fertilizer in deficit irrigation treatment
(Azimzadeh, 2013). The objective of this experiment
was to determine the effect of organic and mineral
fertilizers on safflower yield and yield components and
soil properties.

MATERIALS AND METHODS

Field experiments were carried out in a silty clay loam
soil at the Experimental Research Center (Badjgah),
Shiraz University (52º 46 E, 29º 50 N and 1810m) in
two growing seasons (2014 and 2015).

The experimental design was split plot with three
replications. Treatments included mineral fertilizer as
urea in four levels (0, 100, 200, and 300 kg N ha-1) as
main plots, and organic amendments including
farmyard manure in two levels (7.5 and 15tons ha-1),
municipal waste compost in two levels (35 and 50 tons
ha-1) and control (no fertilizer) as sub plots. Data on
monthly average temperature and rainfall for two years
of study and 30-years means of the region as well as
properties of experimental treatments are shown in
Tables 1 and 2.
Land preparation practices included plowing, disking
and ridging of the plots (sized 3 by 5 m). In the first
year, organic fertilizers were mixed into the soil by disk
harrow. Urea Nwastop-dressed to plots in two times (½
at planting time and ½ at flower bud stage).
Weeds were controlled by Triflouralin (2 liters ha-1)
that was applied prior to planting and incorporated into
the soil by disking.

Table 1: Monthly average temperature and rainfall values during the years of the
experiment and 30-year means at Agricultural Research Center (Badjgah), Shiraz. Iran.

Month
Rainfall (mm) Temperature (ºC)

2014 2015 2014 2015
Sep 0 0 16.7 15.7
Oct 0 0 12.3 11.3
Nov 12 21 8.7 9.1
Dec 34 31 2.6 6.6
Jan 23 76 0.38 1.4
Feb 37 29.5 4.5 3.7
Mar 35 28 7.4 8.9
Apr 78 67 11.5 14
May 3 5 17.3 17.9
Jun 0 0 22 22.4
Jul 2.5 0 25.1 25.8

Aug 0 0 24.1 24.7
Total 224.5 257.5 - -

Table 2: Physiochemical properties of compost and farmyard manure used in experiment.

Parameters Compost Farmyard manure
pH 7.82 ± 0.04 7.81 ± 0.01

C (g kg-1) 286.5 ± 1.67 266.3 ± 0.51

N (g kg-1) 23.1 ± 1.0 14.4 ± .31

P (g kg-1) 9.85 ± 0.10 6.59 ± .03
Organic matter (g kg-1) 495.5 ± 2.7 461.2 ± 1.31

C/N ratio 12.3 ± 0.13 18.5 ± 0.13
K (g kg-1) 15.2 ± 0.19 8.87 ± 0.05

Ca (g kg-1) 23.8 ± 2.91 15.7 ± 1.31

Mg (g kg-1) 6.74 ± 0.10 2.59 ± 0.06

Na (g kg-1) 6.03 ± 0.06 5.70 ± 0.01

Cu (mg kg-) 0.97 ± 0.04 0.77 ± 0.01

Fe (mg kg-1) 8.68 ± 0.14 5.59 ± 0.121

Mn (mg kg-1) 13.6 ± 0.18 7.72 ± 0.12

Zn (g kg-1) 16.9 ± 0.17 8.31 ± 0.10
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The seeds of safflower cultivar Faraman (prepared from
Iran Dryland Research Institute-Kermanshah) were
sown in plots by pneumatic grain drill (model Accord,
Germany) on April 5th in both years. Plots were
irrigated by tape drip system with 15days intervals.
Plants were dried in an oven at 75°C for 72h to
determine seed yield. Plants were harvested on August
22nd. Some traits such as seed yield, crop biomass,
harvest index (%), capitol number per plant, seed
number per capitol, mean kernel weight and branch
number were measured by randomly selecting ten
plants in each plot. Soil samples of each plot were
collected at a soil depth of 0 to 30 cm to determine total
N (Bremmer and Mulvaney, 1982), organic C (Nelson
and Sommers, 1982), pH and EC (Thomas, 1996) at the
end of each growing season. Each soil sample was
placed in a plastic bag and transformed to the
laboratory. The samples were air-dried at room
temperature after removing visible roots and crop
residues, and ground to pass through a 2 mm sieve.
Potassium contents in both soil extracts and plant
digests were determined by flame atomic absorption
spectrometry.

The amount of available portion of Phosphorous in soil
was measured based on the method developed by Olsen
et al., (1954).
Analysis of variance over years indicated that there is
no significant (P>0.05) year by N urea and organic
amendments for all data. Thus, data of two years were
combined. The experimental data were analyzed using
SAS (version 9.3) system. Where analysis of variance
showed significant treatment effect, LSD Test was used
to compare the means at P<0.05.

RESULTS AND DISCUSSION

A. Seed yield
Urea N fertilizer had a significant effect on safflower
seed yield. Increasing urea N rate from 0 to 100 kg ha-1

and from 100 to 200 kg ha-1 increased seed yield
significantly; however no significant increase in seed
yield was observed when the rate was increased from
200 to 300 kg N ha-1 (Table 3). Similar studies reported
that application of urea N caused an increase in
safflower seed yield (Jehad et al., 2008; Rasti et al.,
2015).

Table 3: Effects of nitrogen on growth, yield and yield components of safflower (mean two years data).

Organic fertilizers significantly enhanced safflower
seed yield. Application of 7.5 and 15 tons ha-1 of
farmyard manure and 35 and 50 tons ha-1 of municipal
waste compost resulted in 15.5, 16, 40.7, and 46.4%
increase in safflower seed yield, respectively. However,
maximum seed yield was found at 50 tons compost ha-1.
There was no significant difference between 7.5 and 15
tons farmyard manure ha-1 for seed yield. There was
also no significant difference between 35 and 50 tons
municipal waste compost ha-1. Municipal waste
compost increased safflower seed yield more than
farmyard manure (Table 4). These results are in
agreement with those of Naderi and Bijanzadeh (2014)
who found that in greenhouse study municipal waste
compost and farmyard cattle manure was able to
increase safflower seed yield but municipal waste
compost increased safflower seed yield more than
farmyard cattle manure. There was a significant
interaction between urea N and organic fertilizer (Table

5). Application of 50 tons municipal waste compost
combined with 200 kg urea N ha-1 produced maximum
seed yield (469 g m-2) which it was significantly higher
than both 35 and 50 tones municipal waste compost ha-1

combined with 300 kg N ha-1 (Table 5). Although
application of 7.5 and 15 tons farm yard manure ha-1

combined with 300 kg N ha-1 caused an increase in seed
yield, they were not significantly different from 7.5 and
15 tons farm yard manure ha-1 combined with 200 kg N
ha-1 (Table 5). Minimum seed yield was observed at
control (no use of urea N and organic amendments)
(120 g m-2). These findings suggest that application of
organic amendments can increase safflower seed yield
and simultaneously reduce safflower N requirement,
possibly through improvement of soil physical,
chemical and biological characteristics (Mantovi et al.,
2005; Cherif et al., 2009) which may be considered a
step toward sustainable agriculture.

Urea
(kg ha-1)

Seed yield
(g m-2)

Biomass
(g m-2)

H.I. SP TCP TSP
MKW

(g)
BN

N0 171.9 951.2 18.0 8.9 84.8 848.8 3.9 4.4

N1 284.3 1225.0 20.0 10.0 127.7 1333.8 4.7 6.0
N2 366.5 1314.3 27.8 10.5 146.8 1514.0 5.1 6.8
N3 382.8 1412.0 27.1 10.6 151.4 1536.0 5.3 6.8

LSD (5%) 23.23 80.92 1.97 0.34 6.03 60.55 0.31 0.77

N0=0 kg urea ha-1, N1=100 kg urea ha-1, N2=200 kg urea ha-1, N3=300 kg  urea ha-1

H.I.=Harvest Index, SC= seed number per capitol, TCP=total capitol number per plant, TSP= total seed number per
plant,  MKW= 1000 seed weight, BN=Branch number
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Table 4:  Effect of organic fertilizers on growth, yield and yield components of safflower (mean data of two
years).

Table 5: Interaction effects of mineral and organic fertilizers on growth, yield and yield components of
safflower (mean data of two years).

Naderi and Ghadiri (2013) also showed that application
of organic amendments combined with appropriate N
fertilizer led to an increase in corn yield. Barzegar et al.
(2002) in a study on the effect of various organic
amendments including farmyard manure and
composted sugarcane bagasse residue showed that
application of organic materials increased wheat yield,
aggregate stability, and soil infiltration rate. However,
they reported that effectiveness of different organic

materials on improving the soil physical properties did
not show any difference.

B. Crop Biomass
Urea N fertilizer had a significant effect on biomass of
safflower per unit area with an optimal level of 300 kg
N ha-1 (Table 3). Application of organic amendments
generally increased the biomass over control at all
levels of urea fertilizer, however the magnitude of
increase of biomass was higher at lower levels of urea.

Treatments
Biomass
(g m-2)

Seed yield
(g m-2)

HI SC TCP TSP
MKW

(g)
BN

Cont. 1098.3 243.5 22.1 9.2 105.1 1026.0 4.3 5.2
FM1 1166.2 281.4 24.1 9.6 124.2 1261.5 4.6 5.7
FM2 1187.1 282.7 23.8 9.8 125.5 1273.7 4.7 5.7
C1 1328.7 342.7 25.7 10.4 140.7 1483.7 5.0 6.5
C2 1347.8 356.6 26.4 10.9 143.0 1485.5 5.1 6.9

LSD (5%) 48.64 15.8 1.67 0.285 5.01 63.35 0.281 0.47

Cont.= Control, FM1=7.5 tons farmyard manure ha-1,  FM2=15 tons farmyard manure ha-1, C1=35 tons
compost ha-1,  C2=50 tons compost ha-1

HI=Harvest Index, SC= seed number per capitol, TCP=total capitol number per plant, TSP= total seed
number per plant, MKW= 1000 seed weight, BN=Branch number

Treatments
Biomass

(g m-2)
Seed yield

(g m-2)
HI SC TCP TSP

MKW
(g)

BN

Cont. 786 120 15.27 7.2 64.5 513 3.5 3.4

FM1 941 150 17.34 8.8 83.7 825 3.9 4.0
N0 FM2

C1
855

1061
160
208

17.57
19.63

8.1
9.5

79.9
91

723
996

3.7
4.3

3.6
5.0

C2 1111 221 20.13 10.6 105 1147 4.4 5.8
Cont. 1096 220 20.06 9.4 105 1102 4.3 5.0
FM1 1200 246 21.89 9.7 122 1285 4.6 5.9

N1 FM2
C1

1110
1341

260
340

22.24
25.44

9.5
10.5

117
147

1234
1584

4.3
5.0

5.4
6.3

C2 1376 355 25.80 10.7 147 1464 5.2 6.9
Cont. 1183 289 24.43 9.9 119 1171 4.4 6.0
FM1 1231 346 28.14 10.3 139 1397 5.1 6.4

N2 FM2
C1

1250
1383

350
387

23.03
28.10

10.4
10.5

147
152

1578
1664

5.3
5.2

6.8
7.0

C2 1528 469 30.18 11.5 177 1760 5.6 8.0
Cont. 1326 345 26.05 10.3 132 1318 5.1 6.0
FM1 1375 365 26.55 10.3 152 1540 5.1 6.5

N3 FM2
C1

1450
1523

379
435

26.15
28.48

10.5
11.1

158
172

1560
1698

5.3
5.4

6.8
7.4

C2 1380 390 28.27 10.5 143 1564 5.2 7.1
LSD (5%) 97.3 29.4 3.35 0.5711 10.03 126.7 0.5625 0.95

N0=0 kg  urea  ha-1, N1=100 kg  urea ha-1, N2=200 kg  urea ha-1, N3=300 kg  urea ha-1, Cont.= Control, FM1=7.5 ton
farmyard manure ha-1,  FM2=15 ton  farmyard manure ha-1, C1=35 ton compost ha-1,  C2=50 ton compost ha-1

HI=Harvest Index, SC= seed number per capitol, TCP=total capitol number per plant, TSP= total seed number per plant,
MKW= 1000 seed weight, BN=Branch number
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For instance, the highest increment in biomass over
control was 26.2% which was observed at 0 kg N ha-1

whereas the lowest (8.04%) was observed at 300 kg
urea ha-1. The highest increase in biomass occurred at
50 tons compost ha-1combined with 200 kg N ha-1 that
was not significantly different from 35 compost tons ha-

1combined with300 kg N ha-1 level (Table 5). Naderi
and Bijanzadeh (2014) also showed that both urea N
and organic amendments increase safflower biomass
significantly. Kazemeni (2007) studying the effects of
municipal waste compost and nitrogen on dry-land
wheat found similar results.

C. Harvest index (HI)
Harvest index (HI) of safflower was significantly
affected by urea N application. Increasing N application
rate resulted in increased HI, however beyond 200 kg N
ha-1 rate the increase was not significant (Table 3).
Increasing the rate of fertilizer application was shown
to increase HI in other studies (Faramarzi et al., 2009;
Cheema et al., 2001), but some studies reported
negligible effect of N application rate on HI (Hocking
and Stapper, 2001; Hocking et al., 1997). The HI
reached its peak at 50 tons compost ha-1 combined
with200 kg ha-1 of N fertilizer. The lowest value of HI
was achieved at control (no organic matter, no urea
fertilizer). Both compost and farmyard manure
increased HI; however compost caused 20% increase in
HI over control while farmyard manure caused 10% HI
increase over control (Table 4). The HI increase pattern
was consistent across organic material treatments at all
levels of N fertilizer and across N-fertilizer at all levels
of organic matter (Table 5). Naderi (2011) in corn and
Kazemeini (2007) in wheat also reported that organic
amendments caused and increase in HI and the
increment was higher for municipal waste compost
compared to animal manure.

D. Seeds number per capitol (SC)
Increasing mineral fertilizer application rate up to 200
kg ha-1 increased seeds number per capitol significantly
but the increase was not statistically significant
thereafter (Table 3). Maximum SC was found at 50 tons
compost ha-1 showing a significant difference with
farmyard manure regardless of the rate applied.
Generally compost had a better effect on SC so that the
increase in SC over control was 18.5% at 35 tons
compost ha-1 while it was 6.5% at 15 tons ha-1 farmyard
manure (Table 5). The optimal SC was recorded at 50
tons compost ha-1combined with200 kg N ha-1, however
the lowest value of SC was recorded at control (no-
organic matter and no N-fertilizer treatment) (Table 5).
Naik et al. (2007) in a study on organic amendments on
yield and yield components reported similar results.

E. Total number of capitol per plant (TCP)
The total number of capitols per plant (TCP) peaked at
300 kg N ha-1 and it was lowest at 0 kg N ha-1 while the

difference between TCP at 200 and 300 kg N ha-1 was
not significant (Table 3). The TCP reached its peak at
50 tons compost ha-1 that did not show a significant
difference with 35 tons compost ha-1 (Table 4).
Application of organic amendments increased the TCP
over control at all levels of urea. TCP increasing trend
was decreased with application of mineral fertilizer at
all levels of organic amendments (Table 5). These
results are in agreement with those of Naik et al.
(2007). Sharma et al. (2009) studying organic manure
and N on safflower reported similar results.

F. Total seed number per plant (TSP)
The total number of seeds per plant (TSP) responded to
both mineral and organic fertilizer (Tables 3 and 4).
Maximum TSP was found at 50 tons compost ha-1

which was significantly higher than that farmyard
manure at all levels of the application rate (Table 4).
The maximum TSP occurred at 50 tons compost ha-

1combined with200 kg N ha-1. Compared to farmyard
manure, application of compost had a better effect on
TSP. Increasing trend of TSP over control at 50 tons
compost ha-1 was 44.5% but only 24% at 15 tons
farmyard manure ha-1 (Table 4). These results are
similar to findings of Naik et al. (2007) and Sharma et
al. (2009).

G. Mean kernel weight (MKW)
N-fertilizer and organic amendment had positive effects
on MKW. Application of compost also caused a
significant increase in the MKW over both farmyard
manure and control (Table 4). Application of 200 kg N
ha-1 caused an increase in MKW compared to 0 and 100
kg N ha-1. However, no significant difference was
found between 200 and 300 kg N ha-1 (Table 3). An
increase in the MKW was observed with increase in
urea fertilizer however at higher rates of mineral
fertilizer this effect was not significant (Table 3).
Ahmadi and Bahrani, (2009) reported no significant
effect for increased N levels on 1000-seed weight.
However, Naderi and Ghadiri (2013) reported that urea
N caused an increase in 1000-seeds weight. Maximum
MKW were obtained 50 tons compost ha-1 combined
with 200 kg N ha-1 (Table 6). An enhancement in 1000-
seeds weight of sunflower (Helianthus annuus) has
been also reported by Maiorana et al. (2005). In
contrast, Rezvantalab et al. (2008) growing corn with
municipal waste compost found that compost did not
affect the 1000-kernels weight of the corn.

H. Branch number (BN)
The number of branches of safflower was increased
significantly following increase in urea N application
rate. Municipal waste compost caused a 29% increase
in BN over control, while the increase was only 9.6 %
for farmyard manure (Table 4).
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Maximum number of branches was observed at 50 tons
compost ha-1 combined with 200 kg N ha-1 and
minimum was obtained at control (no urea N and no
organic amendments) (Table 5). Similar results were
found by Naik et al. (2007).

Stepwise selection of yield components
Results showed that contribution of yield components
of safflower varied with change in mineral and organic
fertilizer application rates. The mean kernel weight
explained 97.8% of the variations in seed yield when no
N-fertilizer applied. Nitrogen deficiency causes a
reduction in vegetative growth and accumulation of
non-structural carbohydrates in stem tissues of the
plant. It appears that remobilization of assimilates is
impaired in vegetative growth stage but recommences
in final stages of seed development and contributes in
seed weight through re-translocation of non-structural
sugars making MKW a critical component of seed yield
under poor nitrogen condition (Table 6). Increasing
urea N fertilizer to 100 kg ha-1 changed the role of the
number of seeds per capitol as the main contributing
component in seed yield (partial R-square=0.985) and
diminished the contribution of MKW (Table 6).

Safflower is an indeterminate plant and its reproductive
growth is also followed by any flash of vegetative
growth, so an increase in N fertilizer rate proceeds with
increased vegetative growth and consequently with
higher number of capitols per plant. This may explain
the reason that application of 100 kg N ha-1 increased
the contribution of the number of capitols per plant in
seed yield up to 97.6 % (Table 6). Increasing the rate of
N fertilizer to 300 kg ha-1 caused a significant increase
in the number of secondary branches and improved the
contribution of this component in seed yield to 93.1%
(Table 6). With increasing N application rate as a
vegetative growth stimulant, the number of secondary
branches and accordingly the number of capitols per
plant increased.
When no organic amendments was applied, the number
of capitols per plant explained 97.2% of variation in
seed yield and the proportion of explained variance
approached 99.6% after adding farmyard manure to soil
(Table 7). Most of the nutrient content of farmyard
manure might be converted into a readily available
form for plant nutrition not before several years of
manure decomposition in soil.

Table 6: Summary of Stepwise Selection for nitrogen treatments (mean two years data).

Nitrogen (kg ha-1) Variable entered Partial R2 Model R2 F  Value Pr >F

N0
Mean kernel weight 0.978 0.978 365.93 <0.0001
Capitol no. per plant 0.016 0.994 23.27 0.0019

Seed no. per plant 0.004 0.999 35.37 0.001

N1
Seed no. per capitol 0.985 0.985 554.64 <0.0001
Mean kernel weight 0.012 0.997 31.94 0.0008
Seed no. per plant 0.003 1.00 1190.68 <0.0001

N2 Capitol no. per plant 0.976 0.976 333.4 <0.0001

N3
Branch no. 0.931 0.931 109.5 <0.0001

Seed no. per capitol 0.063 0.994 88.77 <0.0001
Seed no. per plant 0.005 0.999 101.92 <0.0001

N0=0 kg urea ha-1, N1=100 kg urea ha-1, N2=200 kg urea ha-1, N3=300 kg urea ha-1

Table 7: Summary of Stepwise Selection for organic fertilizer treatments (mean two years data).

Organic Matter
(ton ha-1) Variable entered Partial

R2 Model R2 F  Value Pr >F

Cont.
Capitol no. per plant 0.972 0.97 211.88 <0.0001
Seed no. per capitol 0.026 1.00 91.97 0.0002

FM1
Capitol no. per plant 0.979 0.98 291.27 <0.0001

Branch no. 0.02 1.00 2030.49 <0.0001

FM2
Capitol no. per plant 0.996 1.00 1515.25 <0.0001
Mean kernel weight 0.004 1.00 52.44 0.0122

C1
Mean kernel weight 0.979 0.98 291.78 <0.0001
Seed no. per plant 0.015 0.99 16.17 0.0101

C2
Seed no. per plant 0.997 1.00 2370.39 <0.0001

Mean kernel weight 0.003 1.00 223.65 <0.0001
Cont.= Control, FM1=7.5 ton farmyard manure ha-1,  FM2=15 ton  farmyard manure ha-1, C1=35 ton compost ha-1,  C2=50 ton
compost ha-1
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Therefore application of manure to soil will not
possibly have a significant advantage to the crop
planted immediately in the next season. This may give
an explanation why no significant difference between
organic amendments treatment and control (no organic
matter) was found. However, Municipal waste compost
contains more available minerals and organic matter,
thus application of 35 tons compost ha-1 improved the
contribution of MKW in seed yield (partial R-square
97.9 %) (Table 7). As the rate of application of compost
was increased to 50 tons ha-1, the contribution of
number of seeds per plant in seed yield replaced the
MKW and became the most important component with
a partial R-square of 99.7 %. Application of more
compost led to a nutritional surplus in soil which
improved utilization of soil nutrient by roots and
enabled producing more seeds per capitol.

Soil characteristics
Electro-conductivity and pH. Application of N-
fertilizer increased soil electro-conductivity (EC)
(Table 8). Neither compost nor farmyard manure
caused significant changes in EC over control.
Although an increase in EC was observed at compost
treatments, this increase did not show a significant
difference with control which may be owing to the
effect of higher EC of the compost used (Table 9).
Similar effect of compost or manure on soil EC was
also reported by Eghbal et al. (2004). Application of
urea fertilizer resulted in a decrease in pH, though the
decrease was only significant between 300 and 0 kg N
ha-1 treatments (Table 8). Biological nitrification of N
sources that are mainly in the form of urea may cause

reduction in soil pH. Naderi et al. (2016) in a study on
N and organic manure on corn reported similar results.
Amending of soil with organic amendments did not
cause any significant change in pH (Table 9). However,
Lee (2012) and Naderi et al. (2016) and Naderi (2011)
found that increased cattle manure rates caused an
increase in soil pH.

Potassium and phosphorus. Neither mineral nor
farmyard manure caused a significant change in soil
potassium level; however compared to farmyard
manure, application of municipal waste compost
increased soil potassium level significantly (Tables 8
and 9).
Available phosphorus in soil responded to the
application of organic amendments. Application of
farmyard manure and municipal waste compost
increased available phosphorus significantly, but the
increase was not significant (Table 9). In contrast,
Eghbal (2002) reported a significant increase of
available phosphorus in soil after application of animal
manure and compost.

Soil nitrogen content. Application of N fertilizer had
no significant effect on total soil nitrogen content
(Table 8). These results are in agreement with Maltas et
al. (2013) and Dai et al. (2013) who have reported that
N fertilizer had no effect on soil nitrogen content.
However, Naderi et al. (2016) and Alijani et al. (2012)
found an increase in soil nitrogen content by application
of N fertilizer. Municipal waste compost increased the
total nitrogen content of soil significantly (Table 9).

Table 8: Effects of nitrogen on some soil nutrient concentration (mean two years data).

Table 9: Effects of additive organic matters on some soil nutrient concentration (mean two years data).

Nitrogen
(kg ha-1)

K (ppm) P (ppm) N (%) OC (%)
EC

(dSm-1)
pH

N0 589 13.9 0.058 0.561 0.345 7.86
N1 575 13.8 0.058 0.573 0.346 7.81
N2 573 13.4 0.062 0.577 0.395 7.81
N3 569 13.2 0.066 0.581 0.401 7.80

LSD (5%) 23 0.75 0.009 0.23 0.065 0.052
N0=0 kg urea ha-1, N1=100 kg urea ha-1, N2=200 kg urea ha-1, N3=300 kg urea ha-1

Treatments
K

(ppm)
P (ppm) N (%) OC (%)

EC
(dS m-1)

pH

Cont. 550 13.5 0.059 0.55 0.415 7.88
FM1 560 13.4 0.061 0.61 0.418 7.86
FM2 557 14.0 0.063 0.64 0.412 7.88
C1 560 13.6 0.062 0.60 0.444 7.87
C2 580 14.0 0.069 0.69 0.468 7.86

LSD (5%) 32 0.65 0.002 0.165 0.058 0.03
Cont.= Control, FM1=7.5 tons farmyard manure ha-1,  FM2=15 tons  farmyard manure ha-1,
C1=35 tons compost ha-1, C2=50 tons compost ha-1
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Increased soil nitrogen content after adding compost or
farmyard manure to the soil has also been reported by
Eghball et al. (2004). In another study Beraud et al.
(2005) also found that cropping condition may change
mineral nitrogen uptake and carbon and nitrogen
mobilization in soil through its effects on soil
temperature and liberation of organic carbon from root
seepage. Since mineralization rate of manure is slower
than compost, it can be concluded that manure left over
has a residual effect on soil fertility and nitrogen
availability in long term.

Organic carbon (OC). Urea N increased soil OC
content over control, but the increase was not
significant (Table 8). Halvorson et al. (2002) found that
regardless of increasing of plant residue after applying
nitrogen to soil, this treatment did not cause any
significant change in organic carbon content of the soil.
Soil organic carbon was increased due to application of
organic amendments but it was not significant (Table
9). Naderi et al, (2016) found a significant increase in
soil OC by application of organic amendments.

CONCLUSION

Our results showed a beneficial effect of municipal
waste compost to reduce application of mineral
nitrogen fertilizer. The optimal rate of application to
guarantee the maximum safflower seed yield was50
tons compost ha-1 combined with 200 kg urea ha-1. It
appears that 50% of the required N-fertilizer could be
replaced by compost application. Stepwise regression
results showed that contribution of yield components of
safflower varies with change in urea N and organic
fertilizer application rates. Compared to the control (no
use of urea N and organic amendments), application of
organic amendments had no effect on soil pH or EC.
Application of 50 tons compost ha-1 increased total soil
nitrogen. Organic amendments increased soil organic
carbon, even though this increase was not significant.
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