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Abstract. Tillage management and fertilizer application are important components of wheat
plant growth and productivity. Yet limited data are available on the consequences of
simultaneous tillage and integrated fertilization on wheat production and soil chemical
characteristics in the heavy soil of Sothern parts of Iraq. Hence, split-split plots were used to
conduct a field experiments at two locations. The primary plots were divided into three tillage
techniques that are no tillage (NT), tine cultivator (TC) and moldboard plow (MP). Five
selected combinations of organic and inorganic nutrient sources were arranged in sub plots
including the traditional chemical fertilizer application of nitrogen, phosphorus and potassium
(CF), farm yard manure (FYM), poultry manure (PM), 50% CF+FYM and 50% CF+PM
application, in addition to control treatment, and three wheat cultivars (Al-Rasheed, IPA-99
and Abu Ghraib-3) were allocated to sub-sub plots. The results showed positive superiority of
MP and TC in the growth parameters, yield components, wheat yield and some soil properties
at both experimental locations. Likewise, the MP and TC had the lowest bulk density, while
MP had the lowest electrical conductivity and the highest soil pH. The results also revealed
that organic and inorganic amendments affected plant growth, yield components, grain yield
significantly. The 50% CF+PM and 50% CF+FYM gave significantly higher thousand grain
weight, spikes number at the 2nd location, wheat yield, and tillers per square meter at the 2nd
location. Furthermore, soil bulk density, pH and electrical conductivity were significantly
affected by all organic and inorganic treatments. The results also indicated that the highest
spikes number, grain yield, chlorophyll content SPAD were recorded by IPA-99 cultivar at
both locations. Moreover, under experiment conditions, the flag leaf chlorophyll content was
significantly related to grain yield.

Keywords. Bulk density, Electrical conductivity, pH, SPAD, Yield components.

1. Introduction

Agricultural strategies exist to enhance the growing conditions of crops. These strategies include many
interventions methods. One of these methods is agricultural methods. Falls under the agricultural
practices, the implementation of various tillage techniques, which have an important role in changing
the growing conditions. To ensure agricultural sustainability and preserve soil resources from
degradation, soil and water use and management must be optimized. The way the soil is managed
through tillage and fertilization, as well as the cultivars selected, are crucial elements of crop
production [1]. Tillage impacts soil structure directly through mechanical rupturing of soil so the soil
is subject to water and wind erosion [2]. The flipping and mixing crop leftovers plus grass in the soil
due to tillage increased the stability of soil aggregates and increased soil health [3]. However, tillage is
credited with damaging soil aggregates by crushing and compacting them when agricultural machinery
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passes irregularly during tilling, which has been cited as one of the direct negative effects, and it has
an indirect effect on the long-term aggregation of soil group units, by accelerating oxidation rates of
organic matter when it is mixed with soil [4]. By using five N rates and four tillage practices, North
China, this study's findings revealed that yields of wheat and maize produced by conventional
(moldboard), harrow or rotary tillage were not significantly different; however, the yields produced by
No-tillage were significantly lower [5].

Providing nutrients exclusively through chemical fertilizers increases crop yield. However, excessive
chemical fertilizer use contributes to soil fertility loss, soil compaction, loss of soil organic matter, and
soil carbon loss [6]. Furthermore, over time, chemical fertilizers have proven less effective at
increasing crop yields [7, 8]. So organic fertilizers as sources of nutrients have gained widespread
attention as of late. Nitrogen, along with other macronutrients, can be controlled in the upper soil layer
by the application of organic fertilizers and mineral fertilizers [9, 10]. The major nitrogenous
components in organic fertilizers such as poultry manure (PM) are readily mineralized to ammonia
and nitrate, as with chemical fertilizers [11]. As an important source of nutrients for crop production,
cow manure (CM) is regarded as a good substitute for inorganic fertilizers due to its rich N content
[12]. Organic fertilizers affect soil microbial biomass [13]. The organic carbon content of the soil is
also positively influenced by organic fertilizers [14]. The production of wheat is determined by the
genetic potential of cultivars, agro-ecological conditions and the technology used to produce it. The
purpose of the research is therefore aims to estimate the growth of wheat cultivars and their production
under the influence of different tillage and fertilization treatments.

2. Materials and Methods

2.1. Study Sites Description

A field experiment was conducted at two private farms situated at two locations in Iraq. The first
location was located at Al Tannumah, which is situated at 15 km East Basrah province, while the
second location was at Al Qurna, 74 km to the north of Basrah. It has a continental monsoon climate
that is warm and mild, with a cool dry winter from November to February. The basic description of the
experimental field is shown in Table 1.

2.2. Treatments and the Design of the Experiment

During the growing season of 2021-2022, the experiment was carried out. A randomized full block
design was used in this study with three replications in a split-split configuration. The study included
three tillage practices that are moldboard plow (MP) at 25 cm tillage depth, tine cultivator (TC) at 12
cm tillage depth and no-tillage (NT), which consisted of a narrow slot into which the seed was placed,
as the main plot factors. Then, the three plots were divided into six subplots including the control
treatment. The subplot factors were control without added fertilizer, Chemical fertilizer NPK
160:80:120 (CF) (The recommended dose for traditional farming), Farmyard manure (FYM) (based on
N equivalency of chemical fertilizer), Poultry manure (PM) (based on N equivalency of chemical
fertilizer), 50% Chemical fertilizer + FYM (50% CF+FYM) and 50% Chemical fertilizer + PM (50%
CF+PM). The experiment mainly focused on nitrogen application from chemical fertilizer, farmyard
manure and poultry manure. The sub-subplots factors were allocated to three certified winter wheat
cultivars (Al-Rasheed, IPA-99 and Abu Ghraib-3). Moldboard plow and tine cultivator tillage
treatments were achieved by two orthogonal passes followed by leveling. The organic manure was
decomposed well and applied to the experimental field one month before sowing. The experiment
field was ploughed down immediately after organic manure application. Urea 46% N, triple super
phosphate (46% P,0s) and potassium sulfate (48% K,O) were used as sources of N, P and K,
respectively. The full dose of phosphorus and potash and half dose of nitrogen were applied at the time
of seeding. The second half dose of nitrogen was applied 30 days after sowing. The size of each plot
was 4x3 m. A distance of 1.5 meters has been established among plots within each replication. The
same distance was left among replicates. Winter wheat seeds were sown on November 15, 2021, with
a 3-4 cm seed depth and rate of 120 kg ha'. The seeds of wheat cultivars were sown in rows with a
spacing of 15 cm. During the growth period, hand weeding was carried out when needed.
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2.3. Growth Data Collection

The number of tillers and spikes per square meter was counted from one square meter sampled
randomly from the central rows at harvesting. Chlorophyll content was measured at the end of the
flowering stage with the use of a chlorophyll meter (Konica Minolta Japan Leaf Chlorophyll Meter
502 Plus, which is a portable Soil Plant Analysis Development SPAD chlorophyll meter). The SPAD
meter was used by taking the reading on three locations on the flag leaf blade. Twenty measures were
performed from each treatment and the readings were averaged [15]. Thousand grain weight in (g) was
determined by counting 1000 grains from the harvested area and weighed using an electronic balance.
Grain yield was determined with a 14% moisture base by threshing the harvested spikes from the
entire plot. The grain yield per plot was weighed and converted into kg ha™.

2.4. Soil and Organic Manure Analyses
Soil sampling was carried out to measure the initial soil properties prior to the field experiment. Soil
samples were collected by using a soil core (5 cm in diameter) in ten locations in the experimental
field at 0-10, 10-20 and 20-30 cm depths. These soil samples were oven-dried and were analyzed to
determine their physical and chemical properties. At harvest, soil samples were taken to assess the
effects of tillage and fertilizers on soil bulk density, pH and electrical conductivity (EC). Within each
plot, three randomly chosen locations were selected to measure the previous soil parameters through
the soil depth of 10 cm, then the samples were averaged for each replication. After drying for 48 hours
at 105°C, the cores were analyzed to determine the bulk density [16]. In a complete block randomized
design, the factorial design was used to determine the effects of tillage practices as well as fertilizers
on soil bulk density, pH and EC.
Soil texture was determined using the hydrometer method developed by Bouyoucos [17]. Soil pH and
electrical conductivity (EC) were measured in a 1 soil to 2.5 distilled water suspension using pH and
EC electrode meters [18]. Total nitrogen was calculated using Bremner's Kjeldahl technique [19]. To
measure the available N of the samples, the hot water extraction routine was used [20]. The amount of
phosphorus in the soil was determined using [21] approach. The flame photometer was used to
measure available potassium, according to [22]. Total carbonate was measured according to [23]. Soil
organic matter was determined by the Walkley-Black method described in [24] (Table 1). Samples of
farmyard and poultry manure were collected randomly, then air-dried, ground, sieved and then
analyzed for total N, P, K (%), total organic carbon (%), C:N ratio and dry matter (%) [25]. The
composition of organic manures is given in Table 2.

Table 1. A preliminary characterization of the experiment soil.

. EC Total Organic Available mg kg™
Sand Silt Clay CaCos
Texture dS PH Ng matter g )
0, [0) [0)
% Yo % il kg kg gkg* N P K
1% Silty
. 1243 4335 44.22 9.27 7.24 053 4.13 221 39 6.05 120.17
location Clay
nd .
2 . 16.72 425 40.78 Silty 6.19 7.83 041 6.01 227 32 432 113.24
location Clay
Table 2. The organic manure's properties.
Source Total organic carbon C:N Dray matter Total N Total P Total K
(%) ) (%) (%) (%) (%)
Farmyard 15.9 17 61.7 1.27 0.38 0.71
manure
Poultry manure 19.7 21 72.8 1.71 0.61 1.01

2.5. Statistical Analyses

The obtained data were analyzed using GenStat 12" Edition. To determine if there are any differences
between groups of variables, an analysis of variance was performed. The test of least significant
difference (LSD) was used to compare the means of treatment when the p-value for the difference was
less than 0.05.
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3. Results and Discussion

3.1. Tillers m”

The results of Table 4 showed significant superiority of MP in achieving the highest average of tillers
per square meter of 442.28 and 507.17 tillers m™ at the first and second location respectively, with a
4.22%, 26.14% increase percentage compared with TC and NT respectively at the first location, and
5.57% and 32.39% compared with TC and NT respectively at the second location. The NT treatment,
gave the lowest average of 350.63 and 383.09 tillers m™ at the first and second locations respectively.
MP and TC effectively relieved compaction beneath the surface of the soil, resulting in a reduction in
bulk density (Table 9); those that encourage root development of crops. Root systems spread out over
a wide area, so that they can absorb soil moisture and nutrients more efficiently. This causes more
tillers to grow than no tillage treatment.

The fertilizer treatments application significantly affected wheat tillers per square meter. The results of
Table 4 show that the 50% CF+PM treatment has significantly increased tillers per square meter for
both locations. The treatment 50% CF+PM gave 440.41 and 497.41 tillers m™ at the first and second
locations respectively. While Control treatment gave an average of 359.30 and 407.07 tillers m™ at the
first and second locations respectively. The results also showed that there were no significant
differences between 50% CF+PM and 50% CF+FYM treatments at the second location, which gave
average tillers of 497.41 and 487.07 tillers m™ respectively. There was an increase in tillers per square
meter when synthetic fertilizer was applied. This may be due to the rapid availability of nutrients from
inorganic sources [26]. Also, organic fertilizers have different chemical compositions and may have a
different effect on the soil and the growth of plants. The synergistic effect of the chemical and organic
fertilizers led to an increase in the nutrients available for absorption by the roots of plants, which led to
the promotion of growth and an increase in the number of tillers.

In accordance with the findings in Table 4, it can be concluded that cultivars have a clear and
statistically significant impact on the number of tillers per square meter. There was an increase in the
tillers m™ achieved by Abu Ghraib-3 cultivar by 12.36% and 19.76% compared to Al-Rasheed and
IPA-99 cultivars respectively at the first location, and by 4.53% and 14.30% compared to Al-Rasheed
and IPA-99 cultivars respectively at the second location. Different cultivars have different genetic
makeups, which may explain this variation.

The results of Table 5 showed that there were significant differences in the characteristic of tillers per
square meter when tillage practices overlapped with the fertilizers at the first location, as the highest
average of tillers was 469.33 tillers m™ recorded for MPxCF. Whereas NTxControl interaction
treatment recorded 296.67 tillers m™. Tillage procedures and cultivars had a substantial interacted
impact on the results (Table 6). The higher number of tillers at the first location was 496.00 tillers m™
recorded for MPxAbu Ghraib-3 interaction treatment, while it was 340.22 tillers m™ for NTxAl-
Rasheed. At the second location, the maximum tiller number were 536.72 tillers m™ for MPxAbu
Ghraib-3, than 374.00 tillers m? for NTxIPA-99. The interaction of FertilizersxCultivar was also
significant for tillers per square meter at the first location (Table 7). The highest number of tillers was
obtained from 50% CF+PMxAbu Ghraib-3 interaction treatment of 486.56 tillers m~, while it was
316.56 tillers m™ for the ControlxIPA-99 interaction treatment.

3.2. SPAD (Chlorophyll Content in Flag Leaf)

Table 4 showed the results that relate to the content of wheat flag leaf chlorophyll. Based on the data,
the chlorophyll content was significantly affected by the different tillage practices fertilizer and
cultivars and the interaction of the three factors. According to Table 4, the chlorophyll content of
wheat flag leaf was significantly affected by tillage practices. The highest values of chlorophyll
content were observed in the flag leaf of wheat grown under MP and TC of 32.24 and 30.31 SPDA
respectively at the first location and 34.08 and 34.04 SPDA respectively at the second location. The
lowest chlorophyll content was obtained from the flag leaf of wheat grown under NT (28.34 and 30.31
SPDA respectively at the first and second locations). The SPDA values after the application of TC and
NT did not differ significantly at the first location recording value of 30.31 and 28.34 SPDA
respectively. The favorable effect of MP and TC tillage practices on SPDA maybe as a result of the
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greater accessibility of nutrient elements through the cultivated area, as a consequence of low bulk
density (Table 9) and ease of flow of water and nutrients through the root zone. A soil tillage method
that used conventional soil tillage (Cultivator + cage roller) tended to encourage a greater level of leaf
greenness SPAD values as compared to simplified tillage (Rototiller) at silt loam soil in Poland, as the
conventional tillage method significantly increased the quantity of mineral nitrogen in the 0-60 cm
stratum [27].

In addition, Table 4 showed that the application of fertilizer significantly affected SPAD values. The
highest chlorophyll content at the first location of 32.44, 30.97 and 30.71 SPAD was obtained from
flag leaf of wheat grown under 50% CF+PM, CF and 50% CF+FYM respectively, whereas the lowest
chlorophyll content was receded under Control and FYM (27.98 and 29.50 SPAD respectively). It was
also discovered via the process of statistically analyzing that all fertilizer treatments at the second
location were superior to Control treatment following the order 50% CF+FYM, 50% CF+PM, CF,
FYM and PM (34.57, 34.56, 33.24, 33.03 and 32.90 SPAD respectively), while the Control treatment
recorded 28.56 SPAD. The SPAD values produced by all fertilizer treatments gradually increased
compared to control, and this pattern may be linked to increased nutrient uptake in wheat. A study by
[28] found no differences between corn SPAD values produced by 50 tons ha™ manure and compost or
by 200 kg N ha”. Moreover, they suggested that organic materials like chemical fertilizers could
increase soil fertility and satisfy crops' nutritional needs. Further, they found that organic fertilizer
provides crops with adequate nutrients to grow and develop. It was reported that half dose of chemical
fertilizer + a half dose of poultry manure (4.87% total nitrogen) application for rice cultivars resulted
in higher SPAD values than a full dose of chemical fertilizer (equivalent to N at 85 kg/hm® as urea),
while lowest values recorded under control treatment where no nitrogen fertilizer was added [29].

The results of Table 4 showed that there were significant differences among cultivars in the
chlorophyll content, as the IPA-99 cultivar outperformed by giving the highest average of chlorophyll
content of 32.19 and 34.70 SPAD at the first and second location respectively, meanwhile it was 28.18
and 31.26 SPAD at the first and second location respectively for the Al-Rasheed cultivar. However,
The Abu Ghraib-3 and Al-Rasheed cultivars were not statistically different from each other at the
second location (32.46 and 31.26 SPAD respectively). It is possible that the variation in SPAD
readings might be attributed to genotypic differences among cultivars.

At the first site, there was a significant interaction between tillage and fertilizers (Table 5). The
interaction treatment MPx50% CF+PM gave the highest chlorophyll content of 35.12 SPAD
compared with NTxControl that it gave the lowest value (24.21 SPAD). Similarly, the analysis of
variance indicates significant triple interaction at the first location. The separated mean values by LSD
test showed that the interaction treatment of MPx50% CF+PMXIPA-99 achieved the highest SPAD
value of 37.13, in contrast, it was 19.03 SPAD for the NTxControlxAl-Rasheed (Table 8).

3.3. 1000-Grain Weight

From Table 4, the 1000-grain weight varied among the study treatments. More specifically, the MP
treatment produced the highest winter wheat yield (30.26 and 31.20 g at the first and second location
respectively), whereas the NT treatment produced the lowest (26.56 and 27.99 g at the first and second
location respectively). The results of analysis of varies at the first location also showed that MP was
on par with TC (30.26 and 28.57 g respectively), in addition there was no significant difference
between NT and TC (26.56 and 28.57 g respectively). Moreover, NT and TC were at par with each
other (27.99 and 29.38 g respectively). By applying MP and TC tillage treatments, soil bulk density
was declined (Table 9). That made it easier for roots to grow horizontally and vertically. Improved
conditions of the soil have resulted in a gradual enhancement of crop components since the basic
elements for plant thrive have been more obtainable.

Study results showed that sources of nutrients significantly affected 1000-grain weights, which were
important factors in grain yield (Table 4). At the first location, the 50% CF+PM and 50% CF+FYM
fertilizer treatment recorded higher 1000-grain weight of 32.19 and 31.39 g respectively, and 32.34
and 32.29 g respectively at the second location. While it was 23.66 and 25.01 g respectively for
Control treatment at the first and second location respectively. Using both organic and inorganic
fertilizers enhanced the weight of a thousand grains, according to [30]. It is likely, the improved
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availability of plant nutrients, the extension of leaf area duration and the time it takes for
photosynthates to accumulate during grain fill, the increase in soil water retention and reduction of
nitrogenous fertilizer volatilization into ammonia gas, contributed to organic fertilizers in addition to
inorganic fertilizers' favorable effects on weight of grain, and the individual kernel weight was finely
increased [31, 32].

Data regarding the 1000-grain weight in both locations showed significant differences among wheat
cultivars (Table 4). Maximum 1000-grain weight (31.81 and 30.37 at the first and second locations
respectively) was for the Al-Rasheed cultivar. The control treatment resulted in the minimum 1000-
grain weight (25.18 and 28.67 g at the first and second locations respectively); however, the Al-
Rasheed cultivar was statistically at par with IPA-99; and Abu Ghraib-3 cultivar was statistically at
par with IPA-99 at the second location. Cultivars have different genotypes, which explains the
variation in the weight of a thousand grains.

In terms of 1000-grain weight, the tillage methods and fertilizer interaction was significant. The
highest weight was 33.39 g at the second location respectively for MPx50% CF+PM, in return,
NTxControl yielded 21.10 g (Table 5). At the first location, tillage techniques and cultivars interacted
significantly (Table 6). Higher 1000-grain weight 33.16 g was for MPxAl-Rasheed than 23.12 g,
which was recorded in NTxAbu Ghraib-3.

3.4. Number of Spike m”

The results in Table 4 show significant differences among tillage practices, fertilizers and cultivars for
the first and second location of spike m™ under different treatments. The MP achieved the heights
value (334.85 and 346.11 spike m™) at the first and second location respectively followed by TC gave
the value of (311.41 and 319.61 spike m™ at the first and second location respectively). The lowest
number of spikes at the first and second locations respectively was 265.17 and 274.56 spike m™
recorded under NT. A change in the moisture content and physical properties of soil occurs during MP
and TC. It decreased soil bulk density (Table 9); in addition, this mechanism of soil preparation might
facilitate root penetration and encourage nutrient movement.

Using chemical and organic fertilizer combinations significantly enhanced the number of spikes per
square meter (Table 4). It can be noticed that 50% CF+PM and 50% CF+FYM treatments gave the
highest values (326.67 and 316.96 spike m™ respectively at the first location, and 333.96 and 325.74
spike m™ respectively at the second location, while spike number under control treatment was 269.74
and 289.04 spike m™” at the first and second location respectively. The results of the analysis of
variance also showed that there was no significant difference between 50% CF+PM and 50%
CF+FYM treatments and Control and FYM treatments at the second location. There is a significant
rise in spikes for unit area when varied amounts of municipal waste compost are used (0, 30 and 60
Mg ha) and soil incorporated and four levels of nitrogen (0, 80, 160 and 240 kg N ha™") was also
reported by [33]. According to their findings, increased tillering was the cause of increased spike
density at harvest due to organic and inorganic nitrogen fertilization.

Cultivars varied significantly in their spike productivity, as the IPA-99 cultivar was superior. It
achieved 330.69 and 332.33 spike m™ at the first and second locations respectively followed by Abu
Ghraib-3, the lowest number of spikes recorded for Al-Rasheed cultivar (265.85 and 280.81 spike m™
at the first and second location respectively). The results also showed no significant difference
between IPA-99 and Abu Ghraib-3 cultivars at the second location (Table 4). Genetic differences
among cultivars may be responsible for this variation.

The influence of TillagexCultivar interaction was significant (Table 6). The highest number of spike
350.56 spike m™ was recorded for TCxIPA-99 respectively at the first location, while the lowest
number was 216.89 spike m” recorder under NTxAl-Rasheed. At the and second location, the
MPxIPA-99 recorded the higher spikes of 358.22 spike m™, while it was 231.44 spike m™ for NTxAl-
Rasheed interaction treatment.

3.5. Grain Yield
The results of Table 4 showed significant superiority of MP treatment in achieving the highest average
of wheat grain yield of 3713.01 and 4296.01 kg ha™ at the first and second location respectively,
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compared with the NT treatment, which gave the lowest average of 2525.98 and 2934.96 kg ha™' at the
first and second location respectively. No significant difference was observed between the MP and TC
treatments at the first location in regards to their test average.

The statistical analysis showed the significant effect of different fertilizer treatments on the mean grain
yield at both locations (Table 4). Generally, it is clear that 50% CF+PM and 50% CF+FYM recorded
an increase in grain yield values of (4189.50 and 3890.20 kg ha™' respectively at the first location), and
(4389.52 and 4242.35 kg ha™ respectively at the second location) not showing statistically significant
changes as compared to the control that recorded minimum grain yield of 2065.35 kg ha™ at the first
location and 2620.47 kg ha™ at the second location. The reason for the increase in the grain yield is
due to the role of organic and inorganic fertilizers combination in providing the plant with
macronutrients (N P K) which led to an increase in the characteristics of growth such as the number of
spikes and the weight of 1000 grains and the number of grains in the spike (Table 4) and this was
reflected in the yield of grains as a result of the efficient transfer of carbon synthesis products and the
storage of carbohydrate and protein materials in grains. According to [34], organic fertilizers (Before
sowing, 40 Mg ha™' yr ' apply of liquid dairy cattle manure) resulted in a significantly higher grain
yield and better uptake of nutrients. It is because the soil health conditions have improved, the soil
fertility has increased, and the stand establishment has enhanced.

As for tested cultivars, the cultivar IPA-99 out yielded the other cultivars on the number of grain per
spike and the number of spikes per square meter. That led to the increase in grain yield. The cultivar
IPA-99 gave 3621.11 and 3993.56 kg ha™' compared with 2942.41 kg ha for Abu Ghraib-3 at the first
location and 3320.34 kg ha for Al-Rasheed at the second location. The findings also demonstrated
that the Al-Rasheed and Abu Ghraib-3 cultivars showed indistinguishable statistical response at the
first site (Table 4). A genetic variation between wheat cultivars can account for the variation in yield.

3.6. The Relationship Between Flag Leaf SPAD Values and Grain Yield

In order to verify the relationship between SPAD readings and grain yield, a correlation analysis was
done. Taking both sites into consideration, the results indicated that SPAD values were positively and
significantly correlated with wheat grain yield. R*, however, was higher at the 1% location than at the
2", As illustrated in Figure 1, a regression analysis of the SPAD readings and yield revealed
significant linear relationships at both locations, with R* equal to 0.9099™ for the 1* location and
0.8419" for the second location.

5000 5000

o y =510.46x - 12247 v y =274.06x - 5323.2
< 4000 R?=0.9099°" 2 4000 R?=0.8419"
[eT] oo
X X
S 3000 S 3000
@ ©
> >
> 2000 > 2000
< £
o 1000 T T T T T T 1 O 1000 T T T T 1
27 28 29 30 31 32 33 27 29 31 33 35
Flag leaf SPAD Flag leaf SPAD
1% locations 2" Jocations

Figure 1. Relationship between grain yield and SPAD values are taken for flag leaf at the 1™ and 2™
locations of the wheat plants.
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Table 3. Effect of tillage practices, integrated use of organic and inorganic fertilizers and cultivars on
wheat traits at both experimental locations.

1SI 2nd
Treatments Location Location

Tillage TN  SPAD TGW NSM _GY TN SPAD TGW NSM  GY
NT 35063 2834 2656 26?'1 2%%5' 3893'0 3031 27.99 27; = 2%%4'
TC 42439 3031 2857 3111'4 31%9' 488'3 3404 2938 31?'6 3;25'
MP 44228 3224 3026 3354 8 32113' 5077 1 3408 31.20 345"1 4%916'
14507 2484 1207 7307 2275 3.018 1313 3513

Fertilizers

2697 2065. 407.0 2890  2620.

Control 35030 27.98  23.66 4 . 70 85 2501 y yo
CF 42230 3097  29.68 31;"3 3‘(‘539' 4633 3324 30.36 31?'6 386‘11'
FYM 38550 2950  26.16 28? -6 255%0' 4217 4 3303 27.85 2986'7 325%7'
PM 30856 3016  27.70 305'4 3%‘;1' 452'0 3200 2928 31?'3 37131'
50% 3169 3890, 487.0 3257 4242,

Cravy, 42844 3071 3139 . o 10 sas1 3220 y .
50% 3266 4189, 497.4 3339 4389,

ooy 44041 3244 3219 ; b 14 sase 3234 ; >

* * * *
. 7E8S*  LO4% . BN . 1395 2036 oo, BE 3004
Cultivar

Al-Rasheed 39757 2818  31.81 26?'8 3%814' 4673'0 3126 30.37 28?'8 335310'
IPA-99 37300 3219 2841 338'6 32211' 4203'5 3470 2953 333?'3 3%%3'
Abu 3148 2042, 484.0 3271 3692.

ol 44672 3051 25.8 A " 10 3245 2867 ! >

* * *

Lo ATIZF 1595 oo, 834F 1724 1257 207 ... 837 231

TN = Tillers m~, SPAD = Chlorophyll content in flag leaf, TGW = Thousand grains weight g, NSM =

Number of spikes per m>, GY = Grain yield Kg ha™. * Significantly different at 0.05, ** Significantly

different at 0.01, ns: denoting not significant according to threshold significance level.

Table 4. Effect of tillage practices and integrated use of organic and inorganic fertilizers interaction on
wheat traits at both experimental locations.

1St 2nd
Location Location
Tillage -\ spap Tow NS Gy TN spaD Tow S gy
xFertilizers M M

296.6 233. 1389. 328. 248. 1591.

NTxControl 7 24.21 19.95 11 18 78 26.34 21.10 44 76
361.4 273. 2649. 393. 284, 3131.

NTxCF 4 27.90 26.77 89 04 29 30.30 29.03 11 80
323.6 248. 1986. 356. 258. 2434.

NTxFYM 7 30.24 24.30 67 19 33 31.78 25.41 00 41
NTXPM 338.7 27 60 25 24 272. 2345. 372. 29 62 2857 281. 3145.

8 33 85 67 22 20
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1% ond
Location Location

a0 TN SPAD  TGW NS GY TN SPAD  TGW N> Gy
Chipym 1 230 w88 G U o m ws Y
v AL 3076 mazp ) N UZ aise a1z 2 0
TexControl  %2° 2846 2546 L) 2005 0% 3020  aamm 20 2D
toxcr P01 s006 3022 ) NS 350 080 ) X
Torym 04 030 2430 % PRT O sz o 0 OO
ToeM 2 3004 2642 S0 O UL sser 2838 %0 PO
Joron 428 g063  maaa o> M VT 3sse 3244 S
TCCF’EFSPO,\O//I" 45;” 3144 3191 373§ 4‘1%7' 5018' 3482  32.32 3§§' 4%26'
MPxControl 90 3127 2558 0> 2% 4% 2913 g982 2L S
MPXCF 463?'3 3496  32.04 31317 4%236' 5:5' 3592 3124 36‘8' 41%7'
MPxFYM 20 2706 2083 5 9 T 5599 904 B 4DSL
MPxPM 43?'6 3194 3146 353§ 38520' 5ff' 3327 3090 3;‘3' 4%%2'
pOn 0% ap19 305 SO DT ST g5 31e3 SOk 4
Mo 400 3512 zpaz BF M 9D g7ar 33z 3N O
LSD 16.69 3.579* ns ns ns ns ns 2.681** ns ns

**

TN = Tillers m™, SPAD = Chlorophyll content in flag leaf, TGW = Thousand grains weight g, NSM =
Number of spikes per m*, GY = Grain yield Kg ha™. * Significantly different at 0.05, ** Significantly
different at 0.01, ns: denoting not significant according to threshold significance level.

Table 5. Effect of tillage practices and cultivars interaction on wheat traits at both experimental

locations.
Llst - 2nd
ocati Location
on
Tillage
. TN SPAD TGW NSM GY TN SPAD TGW NSM GY
xCultivar
NTxAI- 216.8 2298. 377.8 231.4 2656.
Rasheed 340.22 25.84 29.53 17 3 28.44 29.53 4 67
NTxIPA-99 344.33 30.22 27.03 294.3 Zi?;" 373"0 31.81 27.97 30§'7 3:,15%5'
NTxAbu 284.2 2345. 397.4 291.4 3022.
Ghraib-3 367.33 2895 23.12 34 4 30.68 26.47 4 63
TCxAI- 264.2 3221. 485.7 280.1 3400.
Rasheed 418.33 26.75 32.73 10 8 30.83 30.46 1 45
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1St ) 2nd
Locatl Location
on
Tillage
- TN SPAD TGW NSM GY TN SPAD TGW NSM GY
xCultivar
TCxIPA-99 37800 32.53 27.68 35(2'5 3?37' 4337'3 3642  29.10 33(?'0 4}5%9'
TCxAbu 319.4 3109. 518.0 340.7 3796.
Ghraib-3 476.83 31.64 25.30 4 47 5 34.86 28.57 5 01
MPxAI- 316.4 3735. 525.6 330.8 3903.
Rasheed 43417 3196 33.16 4 45 1 34.52 31.12 9 o1
MPxIPA-99 396.67 33.83 30.50 3477'1 433:’51' 45?'1 3588  31.53 3528'2 42%5'
MPxAbu 340.9 3372. 536.7 349.2 4258.
Ghraib-3 496.00 30.93 27.11 4 43 5 31.84 30.95 5 63
14.345 2.676 15.06 25.47 15.69
LSD o ns - - ns o ns ns o ns

TN = Tillers m™, SPAD = Chlorophyll content in flag leaf, TGW = Thousand grains weight g, NSM =

Number of spikes per m>, GY = Grain yield Kg ha™. * Significantly different at 0.05, ** Significantly

different at 0.01, ns: denoting not significant according to threshold significance level.

Table 6. Effect of integrated use of organic and inorganic fertilizers and cultivars interaction on wheat
traits at both experimental locations.

lst 2nd
Location Location

- . NS NS
FertilizersxCultivar TN SPAD TGW M GY TN SPAD TGW M GY
229. 1991. 419. 250. 2176.
ControlxAl-Rasheed 364.56 24.89 27.41 1 01 00 27.67 25.89 00 05
299. 2473. 363. 304. 3091.
ControlxIPA-99 316.56 30.28 23.97 78 97 67 30.07 26.58 78 65
. 280. 1731. 438. 312. 2593.
ControlxAbu Ghraib-3 396.78 28.77 19.61 33 06 56 27.94 22.56 33 69
278. 3300. 464. 287. 3464.
CFxAl-Rasheed 408.00 29.18 33.05 99 94 89 31.34 31.94 67 63
336. 3870. 450. 329. 4137.
CFxIPA-99 407.00 33.49 29.10 00 32 78 36.97 30.62 78 86
. 325. 3327. 489. 332. 3922.
CFxAbu Ghraib-3  451.89 30.24 26.88 89 65 29 3141 28.51 56 34
247. 2415. 439. 268. 2890.
FYMxAI-Rasheed 376.44 27.73 29.37 44 91 78 30.57 28.16 44 44
329. 3192. 382. 327. 3600.
FYMxIPA-99 346.89 32.54 26.72 44 79 00 35.32 27.50 4 49
. 292. 2163. 460. 294. 3152.
FYMxADbu Ghraib-3 433.44 28.22 22.39 1 08 44 33.20 27.90 44 73
265. 2998. 457. 281. 3516.
PMxAI-Rasheed 397.67 30.01 31.53 99 47 a4 32.37 29.34 1 30
PMxIPA-99 35578 2822 2729 O28. 3446 426 4,4, )ggy 332 3982

78 46 11 22 59
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1St an
Location Location
- . NS NS
FertilizersxCultivar TN SPAD TGW M GY TN SPAD TGW M GY
. 325. 2739. 478. 341. 3604.
PMxAbu Ghraib-3 442,22 32.26 24.29 33 85 56 34.03 29.69 78 53
50% CF+FYMxAI- 282. 3665. 506. 294, 3756.
Rasheed 416.00 27.94 34.03 67 05 56 31.62 32.93 78 98
50% CF+FYMXIPA- 340. 4315. 439. 348. 4583.
99 399.89 32.39 31.73 33 13 89 38.33 32.09 33 51
50% CF+FYMxAbu 327. 3690. 514. 334. 4386.
Ghraib-3 469.44 31.79 28.39 89 13 78 33.74 31.87 11 57
50% CF+PMxAI- 292. 4138. 490. 302. 4117.
Rasheed 42278 29.33 35.46 44 04 78 34.02 33.97 89 65
349. 4428. 478. 351. 4556.
0, -
50% CF+PMxIPA-99 411.89 36.23 31.61 78 04 56 35.21 31.59 44 24
50% CF+PMxAbu 337. 4002. 522. 347. 4494,
Ghraib-3 486.56 31.76 29.49 78 41 89 34.44 31.47 56 67
LSD 11.991 ns ns ns ns ns ns ns ns ns

**

TN = Tillers m~, SPAD = Chlorophyll content in flag leaf, TGW = Thousand grains weight g, NSM =
Number of spikes per m”*, GY = Grain yield Kg ha™. * Significantly different at 0.05, ** Significantly
different at 0.01, ns: denoting not significant according to threshold significance level.
Table 7. Effect of tillage practices, integrated use of organic and inorganic fertilizers and cultivars
interaction on wheat traits at both experimental locations.

1St

| ocati 2"

ocnatlo Location
xFert“iI;'r':féumvar TN SPAD TGW '\l\'/? GY TN SPAD TGW '\l\'/? GY
NTxControlxAl-Rasheed zgg. 19.03  22.83 1385" 12122' 355' 2193 2344 2801' 1%‘;4'
NTxControlxIPA-99 2;3? 2617  19.77 2(5)3(5)9. 1%%0' 3;? 2870 2356 25;“ 2%%6'
NTxControl;Abu Ghraib- S8 gray 1rae BT 1S M2 g ggpy 200 15
NTXCFxAl-Rasheed o> 27.00 2068 ‘oo 000" 3% 3030 2088 0 2P
NTXCFxIPA-99 /% 3233 2696 ‘oo “op 3y 3603 3057 S0 B
NTXCFxAbu Ghraib-3 333' 2437 23.66 238"' 2‘:'3%5' 3(??' 2457  26.65 33?' 321213'
NTxFYMxAl-Rasheed 3&5' 2517 2751 13?3?' 121' 388"' 2727 2751 288"' 2%;;1.
NTXFYMxIPA-99 3% 3503 2640 00 7B %% 3567 2550 S0 2%
NTxFYMxAbu Ghraib-3 o0 2063 1000 215 10003955549 9y 252 2725
NTxPMxAl-Rasheed o0 2837  27.08 222+ 2097 371 3113 9g3g 241 3064,

67 67 16 67 33 02
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1St. ond
Locnatlo Location

xFert”iI;'r'SaEgultivar TN SPAD TGW ’\I:/‘T‘ GY TN SPAD TGW ’\I\'f GY
NTXPMxIPA-09 0 2453 2487 oo P45 3% 5593 p773 3% 3208
NTxPMxAbu Ghraib-3 oo 2090 2285 ‘o ‘ot S 3250 2060 S0 S
NTXSO‘?;E;;YMXAI- V. goar sase 20 BIS A gy g 202 322
NT#0% CEAFYMAPA: 385 ooy gpp5 300 30LL 403 o) 57 308 3004
NTXSO(’/oGﬁrI;-;\B(MXAbu 9. g9 gees 21 W0 4B gy gy 0. 3T
NTXSO(I;A)aSChI;dPMXAI- . g0 sy B0 B2 42 gy gq, 28T
NTHS0% CEAPMXIPA- 402 gc gy gpgp 318 3898 419, ypp g5 310. TS0
NTHS0% CEIPMXAb 415, 51 7 pgqp 302 SMT 452 gyp0 gy o0 306 3830
TCxControlxAl-Rasheed ) 2553 3091 ‘or 2ol ST g7 aams %0 23S
TCxControlxIPA-99 o> 2967 2583 0 2900 I3 mpa0 2600 0% 0%
TCxControl;Abu Ghraib- Q0. g1y gees 203 1096 45 gyp g0 32005
TCxCFxAlRasheed o0 2550 3397 o> ST 4T oga7 aagg B0 I
TCXCFxIPA-99 3571' 3127 2752 33?3‘,'“ 4%%3' > 3583 2975 33?3? 4%%’5'
TCxCFxAbuGhraib3 00 3340 2018 oo S S 3e20 o777 3% SO0
TCxFYMxAl-Rasheed ‘oo 2513 2863 o0 S0 OF 3037 2669 o> 20T
TCXFYMxIPA-99 383' 3423 23.92 3(&)381. 31722' 4232' 3837 2714 3553' 32%4'
TCxFYMxAbu Ghraib3 o0 3153 2034 oo 070 % 3403 3082 20 2N
TCxPMxAlRasheed ‘00 2030 3060 oy 200t S0 3433 2040 200 BB
TOPMxIPA99  SIZ 2067 2608 oo PR T 3azz arer 30 VS
TCxPMxAbu Ghraib-3 47> 3387 2260 oo 273 T 3gg0  2g12 T ST
TCx50% CF+FYMXAI- 432, 279. 3973. 536 291. 4049.

Rasheed 67 26.90 36.43 33 56 33 32.73 33.25 67 92
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1St. ond
Locnatlo Location

xFert”iI;'r'SaEgultivar TN SPAD TGW ’\I:/‘T‘ GY TN SPAD TGW ’\I\'f GY
TCHS0 CFAFVMAPA 397 gy 7 31gy 361 4020 428 o7 55 360 4864
TCHSOK CEAFYMXADL 498, 504 goq 338 4121 S04 gy gpop 3L 4125
TCHSO% CEAPMAAL. 435y g ggpg 204 4354 474 g1y 5o 297 4079
TCHSO CEAPMXIPA- 412, 577 gy 360 4832 42 5oy gypg 365, 4955
TCASO CEPMAADL 814 3013 pgq5 33 4125 03 g5 gy 364 4765
MPxControlxAl-Rasheed 1 3010 2848 0> b Y02 330 2060 S 2
MPxControlxIPA-99 %5 3500 2631 e 2510 A0l 2910 3007 33 4%
Mpxgﬁr”;irg_';Ab“ Yoo 2195 0 UL O 2470 2960 Son SO0
MPxCFxAl-Rasheed oo 3503 3550 o0 40 S gsa7 3105 %0 9N
MPXCFxIPA-99 2> 3687 3284 O 430 403 5903 3155 T 40X
MPXCFxAbu Ghraib-3 o 3297 2779 S0 3090 590 9347 g1y 302 7T
MPXFYMxAl-Rasheed ‘1> 3200 3197 0o SO 47T 3407 3029 313 %093
MPXFYMxIPA09 500 27.47 2984 oo % A 3193 956 00 470U
MPXFYMxAbu Ghraib-3 ‘0 2350  27.88 S0 2% S 3397 2997 52 ST
MPxPMxAl-Rasheed oo 3237 3602 oo “OM 4 3163 g023 S MO
MPXPMxIPA-99 510 3047 3095 o AT A% grzr g1qe 303 4
MPXPMxAbU Ghraib-3 40 3300 2741 oo BT ST 3080 a134 350 414
MPXSO0% CESEYMXAL: 408, pq 7 gpoq AL 4146 STO. 5oy gy g 350, 4006
MPXS0% CEAYMIPA 416 g5 7 3059 350, 4613 48T ggp0 gy, 360 4%6L
MPXS0% CRAEYMXAbY 516, g0 577 354 3932 S50 gy gy 360, 4002
MPx50% CF+PMxAl- 446, 332. 4547. 574 353. 4793,

Rasheed 67 34.87 34.92 67 11 00 37.30 3359 00 24
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1St . 2nd
Locnatlo Location
Tillage NS NS
xFertilizersxCultivar TN  SPAD TGW M GY TN SPAD TGW M GY
MPx50% CF+PMxIPA- 421. 362. 4553. 523. 370. 4962.
99 67 37.13 31.96 00 47 67 38.83 33.64 00 88
MPx50% CF+PMxAbu  529. 367. 4433. 553. 369. 4868.
Ghraib-3 67 33.37 3041 67 99 00 35.67 32.93 67 28
LSD ns  6.501* ns ns ns ns ns ns ns ns

TN = Tillers m™, SPAD = Chlorophyll content in flag leaf, TGW = Thousand grains weight g, NSM =
Number of spikes per m?, GY = Grain yield Kg ha™. * Significantly different at 0.05, ** Significantly
different at 0.01, ns: denoting not significant according to threshold significance level.

3.7. Soil Bulk Density

Soil hardness may be gauged by its bulk density, a soil compaction indication. There was a significant
impact of soil tillage on bulk density (Table 9). CT and TC recorded the lowest values at the 1¥ and 2™
location in the absence of any notable differences between them (1.416 and 1.426 g cm™ at the 1
location respectively in addition to 1.318 and 1.343 g cm™ at the 2™ location respectively). The
highest values (1.466 and 1.419 g cm™) were recorded for no tillage at the 1% and 2™ locations
respectively. It is likely that the lower density at greater tillage depth is a consequence of increased
soil disturbance, along with the plough's shape, leading to the disturbance variance in soil that result.
The findings are in line with [35], which indicates that tillage significantly affected soil bulk density,
being respectively 1,48, 1,44, and 1.38 mg m” for zero tillage, conventional tillage and deep tillage.
The addition of chemical and organic manure had a statistically significant effect on bulk density at
both locations (Table 9). Bulk density increased progressively at the 1% location in the order of CF>
50% CF+FYM> Control> 50% CF+PM> FYM> PM. The highest bulk density mean values were
observed at CF while all other treatments shared the same significant level. Meanwhile, CF and
Control were on a par with each other by recording the highest bulk density of 1.386 and 1.383 g cm™
at the 2™ location, while the lowest density was recorded for PM (1.329 g cm™). Reduced bulk density
could be a consequence of the low-density fibers derived from organic manures [36], increased soil
pores and aeration, and better soil aggregation from organic manure [37].

3.8. Soil pH

Significant differences in soil pH were observed at both locations owing to tillage practices (Table 9).
Soil pH were 7.354 and 7.616 for CT at the 1% and 2™ location respectively, whereas it was the lowest
for NT treatment (7.19 and 7.447 at the 1* and 2™ location respectively). [38] assert that the lowest pH
rate occurs in no-till systems, while the highest level occurs in conventional systems in northern parts
of Khorasan Razavi province. With no-till, the soil in the upper soil layers is likely to be more acidic,
as organic matter is mineralized and surface applied nitrogen fertilizer is nitrified [39].

Analyzing the data, soil pH was significantly influenced by the addition of the chemical and organic
manures (Table 9). The highest soil pH was recorded for CF treatment, which was 7.537 at the 1%
location and 7.73 at the 2™ location. Minimum values of soil pH were 7.061 at the 1 location and
7.383 at the 2™ location for PM treatment. Adding organic material decreased soil pH significantly.
The decrease is probably a result of increased soil microbial activity caused by increased soil N levels.
In addition, roots release hydrogen ions to absorb nitrogen as ammonium, which results in decreased
soil pH [40].

3.9. Soil Electrical Conductivity (EC)

According to the one-way ANOVA, EC was influenced by different tillage methods at both
experimental locations (Table 9). At the 1* location, the data pertaining to EC as affected by tillage
practices was significant, where NT recorded the highest mean values of 9.997 dS m™” compared to
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other tillage practices, while the lowest values were recorded for MP 7.771 dS m™. The highest values
of soil EC at the 2™ location were found under NT (7.119 dS m™) followed by TC (6.953 dS m™) as
there are no notable statistical distinctions between them, in contrast, the EC value of 6.434 dS m™'
was recorded under MP. Lower soil electrical conductivity under MP might be attributed to the
enhanced water movement in the soil as a consequence to lower bulk density. [41] reported in their
experiment, that electrical conductivity was higher for no-till than for deep conservation tillage,
shallow conservation tillage and moldboard ploughing in silty loam soil in eastern Austria. In the
current study, the organic and inorganic amendments showed a significant effect on soil EC through
soil tested profiles at both experimental locations; in general, adding organic and inorganic
amendments increased soil EC (Table 9). Soil EC was found greater (7.375 and 10.53 dS m™ at the 1*
and 2™ location respectively) in the plots receiving FYM, while it was the lowest over the control
treatment (6.132 and 7.473 dS m™ at the 1* and 2™ location respectively). In sandy clay loam at
Pretoria, South Africa, [42] showed that poultry, cattle, and goat manures significantly increased soil
electrical conductivity. [43] observed that the application of manure increased the EC compared to that
of inorganic fertilizer and control treatment without fertilization for 0- to 10-cm depth, in silty loam
soil in South Dakota.The EC in all treatments at the 1% location showed no significant defenses,
however, there was a significant tillagexfertilizer interaction for the electrical conductivity (EC) at the
2" location (Table 9). The EC was higher (13.397 dS m™") with NTXxFYM, compared to CTxControl
(6.178 dS m™). By comparing NT to MP and CT at a soil depth of 0-20 cm, [44] found that NT
showed a higher EC.

Table 8. Effects of tillage practices, fertilizers treatments and their interaction soil bulk density, pH
and EC at both experimental locations.

1 location 2" location 1% location 2" location 1% location 2" location

Bulk density  Bulk density pH pH EC EC

gcm?® gcm?® dsm* ds m?

Tillage
NT 1.466 1.419 7.191 7.447 9.997 7.119
TC 1.426 1.343 7.233 7.530 9.038 6.953
MP 1.416 1.318 7.354 7.616 7.771 6.434
LSD 0.01865** 0.02798** 0.1344* 0.1313* 0.502** 0.514*

Fertilizers
Control 1.432 1.386 7.298 7.570 7.473 6.132
CF 1.467 1.383 7.537 7.730 9.321 7.041
FYM 1.426 1.341 7.193 7.494 10.530 7.375
PM 1.424 1.329 7.061 7.383 8.324 6.612
50% CF+FYM 1.437 1.351 7.254 7.534 9.141 6.953
50% CF+PM 1.429 1.370 7.212 7.476 8.824 6.900
LSD 0.02637* 0.03958* 0.1901** 0.1856* 0.710** 0.727*
Tillage xFertilizers

NTxControl 1.459 1.469 7.131 7.404 8.896 6.459
NTxCF 1.493 1.417 7.407 7.592 10.462 7.142
NTxFYM 1.453 1.397 7.130 7.388 13.397 8.155
NTxPM 1.451 1.392 7.008 7.289 8.324 6.611
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1% location 2" location 1% location 2" location 1% location 2" location

Bulk density Bulk density pH pH EC EC
gcm?® gcm?® dSm* ds m?
NTx50% CF+FYM 1.483 1.411 7.256 7.534 10.080 7.446
NTx50% CF+PM 1.457 1.426 7.212 7.476 8.824 6.900
TCxControl 1.429 1.342 7.256 7.601 7.345 6.661
TCxCF 1.433 1.364 7.578 7.657 9.877 7.072
TCxXFYM 1.423 1.353 7.065 7.502 10.143 7.480
TCxPM 1.421 1.313 7.032 7.409 8.324 6.612
TCx50% CF+FYM 1.424 1.348 7.253 7.534 9.717 6.994
TCx50% CF+PM 1.426 1.340 7.212 7.475 8.824 6.900
MPxControl 1.409 1.348 7.507 7.703 6.178 5.276
MPxCF 1.473 1.367 7.627 7.941 7.624 6.908
MPxFYM 1.403 1.274 7.383 7.592 8.049 6.490
MPxPM 1.401 1.282 7.142 7.451 8.325 6.612
MPx50% CF+FYM 1.404 1.294 7.254 7.534 7.626 6.419
MPx50% CF+PM 1.404 1.343 7.212 7.476 8.824 6.900

LSD ns ns ns ns 1.230** ns

Conclusion

Field experiment results, at two different locations, indicated that under southern Iraqi environmental
conditions, the significantly highest values of growth parameters, yield components, wheat yield and
some soil properties at both experimental locations were recorded under MP and TC tillage practices
compared to NT treatment. In addition, the application of MP and TC can enhance soil bulk density
and reduce electrical conductivity while increasing soil pH. Organic and inorganic fertilizer
combination is essential to maintaining the soil's nutrient balance and contributing to wheat
production. Application of organic manures in conjunction with mineral fertilizers can improve soil
properties, wheat growth and production. It can be concluded from the results of this study that the
application of 50% CF+PM and 50% CF+FYM were the best among fertilizer combinations
treatments, followed by CF alone. Furthermore, the application of organic and inorganic fertilizer
combination significantly affected soil bulk density, pH and electrical conductivity. It was observed
that the IPA-99 cultivar exerted the highest number of spikes number, grain yield, chlorophyll content
SPAD at both experimental locations. Also, the flag leaf chlorophyll content was significantly
correlated with the grain yield under experimental conditions. It seems that MP and TC with organic
and inorganic fertilizer combination application help to enhance some of the physico-chemical
properties of the soil and provide enough nutrients for sustainable environments to increase
productivity; however, the conditions of the experiment must be taken into account when re-applied in
different environmental conditions.
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