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Abstract: Long-term conservation tillage and straw incorporation are reported to improve the soil
health, growth, and yield traits of crops; however, little is known regarding the optimal nitrogen (N)
supply under conservation tillage with straw incorporation. The present study evaluated the effects
of conservation tillage practices (ZTsas: zero tillage plus wheat straw on the soil surface as such,
and MTsi: minimum tillage plus wheat straw incorporated) and different N application rates (50, 100,
150, and 200 kg ha~') on the yield and quality traits of cotton and soil characteristics in a five-year
field experiment. The results showed that ZTsas produced a higher number of bolls per plant,
boll weight, seed cotton yield, 100-seed weight, ginning out-turn (GOT), fiber length, and strength
than MTsi. Among different N application rates, the maximum number of bolls per plant, boll
weight, seed cotton yield, GOT, 100-seed weight, fiber length, strength, and micronaire were recorded
at 150 kg N ha=!. Averaged over the years, tillage x N revealed that ZTsas had a higher boll
number plant~!, boll weight, 100-seed weight, GOT, fiber length, and strength with N application at
150 kg ha~!, as compared to other tillage systems. Based on the statistical results, there is no
significant difference in total soil N and soil organic matter among different N rates. Further,
compared to MTsi, ZTsas recorded higher soil organic matter (SOM, 8%), total soil N (TSN, 29%),
water-stable aggregates (WSA, 8%), and mean weight diameter (MWD, 28.5%), particularly when
the N application of 150 kg ha=!. The fiber fineness showed that ZTsas had no adverse impact
on fiber fineness compared with MTsi. These results indicate that ZTsas with 150 kg N ha~! may
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be the optimum and most sustainable approach to improve cotton yield and soil quality in the
wheat—cotton system.

Keywords: cotton; productivity; soil quality; long-term conservation tillage; fertilizer; aggregate
stability; soil organic matter

1. Introduction

Wheat-cotton rotation constitutes a major production system in Pakistan [1]. Farmers
usually use wheat straw as animal feed, but cotton sticks are burned or used as a fuel source
in rural areas [2,3]. However, burning residues can produce greenhouse gases, which are
harmful to our environment and affect human health [4,5]. This burning destroys our
precious natural resources (organic matter) and may adversely affect the physical, chemical,
and biological properties of the soil [6,7]. In addition to these harmful effects, burning also
causes nutrient loss (up to 80% N, 25% P, 21% K, and 4-60% S) and reduces soil microbial
activities [8].

Residue accumulation in the soil acts as mulch, which protects the soil from soil ag-
gregate destruction, enhances infiltration of water, and reduces soil losses by erosion [9,10].
In addition to increasing the infiltration rate, straw incorporation into the soil can also
increase the water retention of the soil [11]. It is an important organic source for retaining
and improving soil fertility [1]. Residue retention/incorporation into the soil is an impor-
tant management method to handle crop residues [7,12]. The retention/incorporation of
wheat residues may affect the soil fertility, soil physico-chemical properties, and yield of
the crop [13]. The incorporation of crop residues improves the soil nutrient status and
facilitates better growth and development of crops.

The adaptability of the conservation tillage system, such as the residue incorporation
and minimum tillage, can increase soil organic matter (SOM), improve soil physical and
biological conditions, and prevent soil degradation [14,15]. Conservation tillage, which
involves multiple tillage operations, including zero and minimumtillage, has been consid-
ered as a potential measure to reduce structure degradation, minimize the loss of organic
matter, and ultimately improve soil quality [16-18]. The combined effect of conservation
tillage and straw retention on the accumulation of soil organic carbon (SOC) content was
reported to be greater than the sole effect of conservation tillage with straw retention or
incorporation into the soil [19,20]. In addition to SOC, compared with CT and residue
retention (RR) alone, other traits (such as crop growth and yield attributes) were found to
increase more under the combined CT system and RR [19].

The application of N fertilizer is considered to be an important strategy to increase
cotton yield. In Pakistan, farmers tend to increase the use of N fertilizers to increase
cotton production. Both wheat and cotton are exhaustive crops, and there is continual
mining of nutrients from the soil. On the other hand, the extensive use of N under the
minimum tillage (MT) system may be economically ineffective and may also pollute the
environment [1,21,22]. Therefore, alternative tillage combined with optimal N fertilizer
can be explored to optimize cotton yield and soil quality. Conservation tillage with straw
returning to the field is a possible alternative, which can accumulate organic matter on
the surface of the soil, increase moisture absorption, improve soil properties (physical,
chemical, and biological), and may increase cotton yield in the long run [23,24]. Zero
tillage and straw incorporation into the soil can increase soil organic matter and total soil
N, thus causing significant changes in N management [1,2]. Studies have shown that
compared with the minimum tillage with straw incorporation, soil aggregates covered
by zero tillage mulch have larger aggregate size, aggregate stability, and total organic
carbon [25,26]. The higher seed cotton yields obtained with ZTsas may be attributed to
the positive impact of this practice on moisture accessibility for crops [2,27], hastening of
organic matter decomposition, and higher nutrient availability.
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Considering the importance of straw retention into the field, an appropriate tillage
system should be adopted. Choosing an appropriate tillage system allows farmers to
optimize soil conditions such as optimal N level to achieve better crop growth and bring
multiple benefits to the environment. During the past few years, many studies have been
conducted to evaluate the effects of conservation tillage and straw incorporation on soil
characteristics, crop growth, and productivity. However, it is still unclear whether a higher
or lower rate of N is beneficial under the straw-returning conservation tillage system.
Therefore, it is vital to explore the cotton productivity promoting role of different tillage
systems and N rates. Taking it into count, it may be hypothesized that ZTsas or MTsi
with different N rates improves cotton productivity by modulating soil characteristics,
cotton yield, and quality-related attributes. To test this hypothesis, the present study was
conducted to check the impact of zero and minimum tillage on cotton yield, quality traits,
and soil characteristics, and to identify the optimal N rate under these tillage systems for
sustainable crop production.

2. Materials and Methods
2.1. Experimental Site

The study was conducted at Cotton Research Station, Ratta Kulach (31°49" N, 70°55' E,
165 m above sea level) in Dera Ismail (D.I.) Khan, Pakistan. The experimental soil was
Hyperthermic, and Typic Torrifluvents, which is characterized by being moderately saline,
less fertile, and requiring irrigation for crop production [28]. The study area is located in
an arid region, and canal water is the main source of irrigation. The climate of the area is
temperate with hot and dry summer, and major quantity of rainfall is received during the
monsoon season (July to September). The climatic data during the study period (2011-2016)
are presented in Table 1.

Table 1. Total monthly precipitation (mm) received during experimental years (2011-2012 to
2015-2016).

Precipitation
Month
2011-2012 2012-2013 2013-2014 2014-2015 2015-2016

April 34 45 10 13 159

May 30 32 30 36 25

June 80 63 99 77 64
July 222 249 200 255 245
August 229 211 203 214 251
September 111 112 115 337 116
October 8 70 22 39 162

November 5 12 15 5 25

December 40 - 17 - 18

January 30 22 25 25 26

February 12 66 30 77 92
March 220 245 110 266 257
Total 1020 1127 876 1344 1440

2.2. Experimental Design and Treatments

The experiment was started in 2011 and conducted under split plot arrangement
with three replications. Two tillage treatments were maintained under the main plots:
(i) zero tillage plus wheat straw on the soil surface as such; (ii) and MTsi: minimum
tillage plus wheat straw incorporated. The sub-plots include the following four N rates:
(i) 50 kg ha~!, (ii) 100 kg ha—1, (iii) 150 kg ha~! and (iv) 200 kg ha— 1. Among tillage
treatments, MTsi involved ploughing to a soil depth of 7 cm by using tractor field cultivator
having 11 tines, followed by the plank for five successive years (2011-2012, 2012-2013,
2013-2014, 2014-2015, and 2015-2016) after the harvest of the previous crop (wheat,
Triticum aestivum L.), and the straw was incorporated immediately. No-tillage was car-
ried out for ZTsas treatment. Under the MTsi system, the cotton seeds were sown by
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dibbling method, with 2 seeds per hill. In ZTsas, cotton was sown directly into stand-
ing wheat straw (hand sowing with a wooden stick). The cotton cultivar, cv. Bt. CIM-
616 (a drought-tolerant cultivar), was selected for this study and sown in mid-May for
five years of experiment. Each plot was 30 m?, 10 m long, and 3 m wide and contained
four rows. The seed was planted at a distance of 70 cm between the rows and 30 cm within
the rows. Thinning was carried out 15 days after sowing (DAS). For all experimental plots,
60 kg ha~! phosphorus from triple super phosphate (TSP) and 30 kg ha~! potassium from
potassium sulphate were applied as the basal dose. The N was applied in three equal splits
(i.e., after thinning (15 DAS), at flowering, and boll formation stage). A post-emergence
herbicide, haloxyfop-R-methyl (108 g L~!) was applied to control weeds. An insecticide,
Novastar 56-EC (bifenthrin + abamectin, at the rate of 1.23 L ha~!) was sprayed by using
of knapsack hand-sprayer at 15-day intervals, starting from the time when the population
of insects reached the economic threshold level.

2.3. Soil Sampling and Analysis

Before sowing, soil samples were taken from experimental fields at a depth of 0 to
10 cm, and physico-chemical properties were analyzed. The experimental soil was silty-clay
in texture (containing 150, 450, and 400 g kg’l sand, silt, and clay, respectively), calcareous
in nature with slightly alkaline (pH 7.7), and low in organic matter (6.6 g kg_l). The soil
also contains: total N, 0.3 g kg~ !; extractable phosphorus, 7.7 mg kg ! soil; and available
potassium, 191 mg kg ! soil. At the end of each experimental year, the soil samples were
again collected from the soil managed by ZTsas and MTsi systems by use of a 50 mm
diameter steel sampling tube. From each plot, five soil core samples were taken from a
depth of 30 cm. The corresponding samples from all five cores in each plot were bulked
to make a composite sample for ZTsas and MTsi plots. The composite soil samples were
dried at 40 °C and ground to a size of <2 mm. From each composite sample, 10 g of
subsample were taken and stored in polythene bags for chemical analysis. The subsamples
from each plot (1 g soil) were analyzed for N content in soil. The organic matter content
was determined through wet oxidation determination by using the method described by
Nelson and Sommers [29]. The determination of total soil N was carried out according
to the Kjeldahl method as described by Bremmer and Mulvaney [30]. The phosphorus
content was measured by spectrophotometry, and the potassium content was measured by
using of the flame photometer. The extractable P and K in soil samples were determined
by the AB-DTPA extractable method [31].

2.4. Aggregate Stability

In order to measure the aggregate stability, at the end of the fifth year of the experiment,
soil samples were collected from the ZTsas and MTsi plots by using a 50 mm diameter
steel sampling tube. From each plot, three samples were taken from 2 locations at a depth
of 10 cm. The corresponding samples from all 3 cores were bulked, and the composite
samples for each treatment were collected in polythene bags. The wet sieving method was
used to determine the water stable aggregates and mean weight diameter, following the
method of Kemper and Rosenau [32].

2.5. Measurements of Soil Moisture Content

The soil moisture content was measured in the last year of the experiment (2015-2016).
First sampling was taken 30 days after sowing, and a total of six values were measured
at one-month intervals (June-November). In each experimental unit, soil samples were
collected from 2 points at a soil depth of 0 to 10 cm using a screw auger and transferred
directly to the soil moisture cans. The samples were then dried in an oven at 100 °C to a
constant weight, and the soil moisture contents were calculated by the gravimetric method.
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2.6. Measurements of Yield and Yield Components

From each experimental unit, five plants were tagged, and the mature fluffy bolls
of each plant were counted. In order to determine the weight of the bolls, 50 bolls were
randomly selected from the tagged plants in each experimental unit. Then, the average
weight of 50 bolls was used, and expressed in grams. The seed cotton was manually picked
from each treatment in the last week of November and the first week of January. Seed
cotton was then pooled over 2 picks, and total seed cotton yield was calculated.

2.7. Fiber Quality

Ginning out-turn (GOT) is the ratio of the weight of lint to the total weight of seed
cotton. The lint of each sample was weighed, and GOT was calculated by using the fol-
lowing formula: GOT (%) = (lint yield/seed cotton yield) x 100 [33]. For fiber length,
a representative cotton lint sample was taken from each plot, and the average length was
obtained in the laboratory using a high volume instrument (HVI) system. Similarly, micron-
aire (indicating fiber fineness), fiber strength, and fiber uniformity were all measured in the
laboratory through HVI system at the Central Cotton Research Institute, Multan, Pakistan.

2.8. Statistical Analysis

Data were processed using Microsoft Excel 2013, and then subjected to the analysis of
variance (ANOVA) using the M STAT C Package [34]. When the F-values were significant
for main and interaction effects, means were compared using least significant difference
test at 0.05 level of probability.

3. Results
3.1. Boll Number and Weight (g)

The number of bolls and the weight per boll are the main factors for determining
cotton yield. In the last year of experiment (the 5th year, 2015-2016), the number of bolls
per plant and weight per boll were significantly higher than 2011-2012, 2012-2013, 2013~
2014, and 2014-2015. The tillage systems had a significant influence on the boll number
plant~! and bolls weight (Table 2). ZTsas resulted in higher boll number plant~! and
heavier bolls than in MTsi. In 20152016, the boll number plant~! and bolls weight in ZTsas
treatment were significantly higher than that of MTsi. The mean values for N averaged
over tillage revealed that compared with other rates, the application of 150 kg N ha~!
produced more bolls plant~! and heaviest weight per boll. Under the interaction of T x N,
the maximum bolls plant~! and boll weight were obtained in ZTsas with the N application
rate of 150 kg N ha~!.

3.2. Seed Cotton Yield

The yield of seed cotton statistically differed over the years. The seed cotton yield in
the last year of the experiment (2015-2016) was higher than that in 2011-2012, 2012-2013,
2013-2014, and 2014-2015 (Table 2). The seed cotton yield under ZTsas treatment was
higher than MTsi. The mean values for N, averaged over the tillage system, revealed that
elevated doses of N enhanced the seed cotton yield. The highest yield was recorded at N
application at 150 kg ha~! compared with other rates. It is clear that ZTsas was better than
MTsi systems supplemented with 150 kg ha~! under T x N interaction.

3.3. Total Soil N and Soil Organic Matter

Over the years, total soil N (TSN) and soil organic matter (SOM) have improved
significantly. The highest values of TSN and SOM were obtained in 2015-2016 (Table 3).
Tillage treatments significantly influence the TSN and SOM. The significantly higher values
of SOM (8%) and TSN (29%) were achieved for soil managed by ZTsas system, as compared
with MTsi system. The results also showed that the application of N significantly increased
TSN and SOM, the highest values were recorded under the application of N at 200 kg ha~!.
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The highest TSN and SOM were recorded in the soil managed by the ZTsas system, with N
application at 150 kg N ha~!, during 2015-2016.

Table 2. Bolls number plant™!, boll weight (g), and seed cotton yield (kg ha™!) during five years of experimentation
(20112012, 2012-2013, 20132014, 20142015, and 2015-2016) under different tillage and nitrogen (N) treatments.

Treatment Boll Number (plant—1) Boll Weight (g) Seed Cotton Yield (kg ha—1)
Year (Y) ZTsas MTsi Mean ZTsas MTsi Mean ZTsas MTsi Mean
2011-2012 227¢g 242 f 23.5d 239¢g 241¢g 240e 1616 h 1717 g 1667 e
2012-2013 269 d 279 c 274b 2.88 cd 284 e 2.86 ¢ 2240d 2303 cd 2271 ¢
2013-2014 248 f 256 e 252 ¢ 2.62 f 2.63 f 2.63d 1801 f 1919 e 1860 d
2014-2015 28.8b 26.8 d 27.8b 291b 2.87d 2.89b 2547 b 2382 ¢ 2464 b
2015-2016 31.8a 273 cd 29.6 a 2.96 a 2.90 be 293 a 3085 a 2579 b 2832 a
LSD (0.05) 0.77 0.54 0.02 0.01 83.29 58.90
Tillage management (T) 26.98 a 26.35b 2.75a 2.73b 2258 a 2180 b
LSD (0.05) 0.34 0.01 37.25
Nitrogen (kg ha~1) (N)
50 199e 19.8 e 199d 2.64 f 259¢g 2.62c¢ 1804 1743 1773 d
100 24.4d 24.1d 242 ¢ 2.77d 2.75e 2.76 b 2290 2143 2217 ¢
150 34.8a 342a 345a 2.82a 2.78 c¢d 2.80a 2607 2593 2600 a
200 289b 273 ¢ 28.1b 2.78 bc 2.80b 2.79 a 2330 2241 2285b
LSD (0.05) 0.69 0.49 0.02 0.01 Ns 52.68
Interactions (p-values)
Y x N 0.0000 0.0000 0.0000
Y xTxN 0.6775 0.0022 0.6285

Note: Means in their respective group sharing no common letter(s) are significant (p < 0.05). Abbreviations: Ns, non-significant; ZTsas, zero
tillage with straw retention; MTsi, minimum tillage with straw incorporation.

Table 3. Total soil N and soil organic matter as influenced by tillage systems and N rates.

Treatment Total Soil N (g kg—1) Soil Organic Matter (g kg~1)

Year (Y) ZTsas MTsi Mean ZTsas MTsi Mean
2011-2012 0.18 f 0.18 f 0.18 e 3.60e 4.18d 3.89d
2012-2013 0.20 e 0.19 ef 0.20d 372e 430d 4.00d
2013-2014 0.31c¢ 0.26d 0.29 ¢ 4.38d 438d 438 c
2014-2015 0.38b 0.26d 0.32b 5.84Db 5.39c¢ 5.61b
2015-2016 0.46 a 0.28d 0.37 a 841a 571b 7.06 a
LSD (0.05) 0.02 0.014 0.26 0.18

Tillage management (T) 031la 0.24b 519 a 4.79 a
LSD (0.05) 0.03 0.12
Nitrogen (kg ha=1) (N)
50 0.25 0.19 0.22¢ 435 3.92 413d
100 0.29 0.23 0.26 b 5.01 4.70 4.85c
150 0.33 0.25 029 a 5.43 495 5.18b
200 0.34 0.27 0.31a 5.98 5.60 579 a
LSD (0.05) Ns 0.01 Ns 0.16
Interactions (p-values)
Y x N 0.6137 0.4416
YxTxN 0.9960 0.0003

Note: Means in their respective group sharing no common letter(s) are significant (p < 0.05). Abbreviations: Ns, non-significant; ZTsas, zero
tillage with straw retention; MTsi, minimum tillage with straw incorporation.

3.4. Quality Characteristics

The average data of 100-cotton seed weight (g), ginning out-turns, and quality traits
(fiber length, fiber strength, and micronaire values) are presented in Table 4. The values
were varied significantly over the years. Seed weight, fiber length and strength were
recorded higher in 2015-2016, compared with other experimental years. The results also
showed that N and tillage treatments had a significant impact on the quality traits of cotton
crop. The seed weight, fiber length, and strength in ZTsas treatment were significantly
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higher than that of MTsi treatment. Compared with ZTsas treatment, the micronaire values
in MTsi treatment were higher, indicating the lesser fitness of fiber under MTsi system.
Under N application, the heaviest seeds and fine fiber were obtained from N application at
150 kg ha~!. However, there were no significant year x tillage x nitrogen interactions for
these traits.

Table 4. Fiber properties as influenced by tillage treatments and N rates, averaged over the years.

Treatment 100-Seed Ginning Fiber Length  Fiber Strength Micronaire
Weight (g) Out-Turn (%) (mm) (gtex 1)
Year (Y)
2011-2012 723 e 39.2 285¢ 26.5b 4.4
2012-2013 7.74d 39.2 285¢ 26.5b 44
2013-2014 8.24c 39.2 285¢ 26.6b 44
2014-2015 8.43b 38.9 28.6b 28.5a 4.4
2015-2016 8.70 a 38.9 28.7 a 285a 44
LSD (0.05) 0.13 Ns 0.06 0.06 Ns
Tillage management (T) ZTsafs 811a 39.1 28.6a 274 a 44D
MTsi 8.03b 39.1 285b 27.3b 45a
LSD (0.05) 0.08 Ns 0.04 0.04 0.04
Nitrogen (kg ha=1) (N)
50 7.60 ¢ 382D 28.5b 27.2b 39d
100 8.16b 39.2a 28.6a 274 a 42c
150 8.40 a 39.3a 28.6a 274 a 47b
200 811b 395a 28.6a 274 a 49a
LSD (0.05) 0.12 0.51 0.05 0.05 0.05
Interactions (p-values)
Y XxT 0.4956 0.9967 1.0000 1.0000 0.9738
Y x N 0.1054 1.0000 1.0000 1.0000 0.9862
TxN 0.1367 0.7991 0.1549 0.1523 0.0346
Y xTxN 0.9905 0.9894 1.0000 1.0000 1.0000

Note: Means in their respective group sharing no common letter(s) are significant (p < 0.05). Abbreviations: Ns, non-significant; ZTsas, zero
tillage with straw retention; MTsi, minimum tillage with straw incorporation.

3.5. Aggregate Stability and Soil Moisture Content

As shown in Table 5, the tillage and N treatments significantly affected the water stable
aggregates (WSA, %) and the mean weight diameter (MWD). The significantly higher WSA
and MWD were recorded for ZTsas treatment. Under N treatments, N application at
150-200 kg ha~! can get the highest values of WSA and MWD at a depth of 0~10 cm.
Similarly, in the last year of the experiment, MTsi had higher moisture content than ZTsas
(Figure 1).

Table 5. Water stable aggregates (%) and mean weight diameter (mm) as influenced by different
tillage treatments and nitrogen rates.

Treatments Water Stable Aggregates (%) Mean Weight Diameter (mm)

Tillage management

ZTsas 61.28 a 0.45 a

MTsi 56.78 b 0.34b

LSD (0.05) 0.61 0.011
Nitrogen (kg ha™1)

50 58.77 0.33 ¢

100 59.12 0.39b

150 59.12 043 a

200 59.12 0.44a

LSD (0.05) Ns 0.016

Tillage x nitrogen Ns Ns

Note: Means in their respective group sharing no common letter(s) are significant (p < 0.05). Abbreviations: Ns,
non-significant; ZTsas, zero tillage with straw retention; MTsi, minimum tillage with straw incorporation.
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Figure 1. Effect of tillage treatments (ZTsas, zero tillage with straw retention; MTsi, minimum tillage with straw incorpora-

tion) on soil moisture content during the last year of experiment (2015-2016).

4. Discussion

The rainfall is a major source of irrigation for cotton cultivation in the study area.
There was a significant variation in the amount and the distribution of rainfall during
the experimental years. The highest amount of rainfall was received during the year of
2015-2016; however, the lowest amount of rainfall was received during 2013-2014, followed
by 20112012 (Table 1). In this study, a greater number of fruiting sites was recorded for
ZTsas system compared with the MTsi system. A higher number of bolls and weight of
boll were reported under ZTsas than that of MTsi. Similarly, a higher seed cotton yield
was also obtained under the ZTsas treatment, compared with the MTsi treatment (Table 2).
The enhanced boll retention and weight of boll in the ZTsas system were due to the
improved soil N, soil organic matter, and conserved soil moisture. Under the ZTsas
treatment, the cotton seed yield was higher, because of the greater number of bolls and
boll weight under the same treatment. Similar findings were reported by [22,35,36], which
found that zero tillage significantly improved the cotton yield. In a recent study, Nouri
et al. [37] also reported that conservation tillage practices are markedly increased the
cotton yield. However, these findings are inconsistent with Lewis [38] and Ajayi [39],
who reported that tillage practices did not influence the lint yield of cotton. Additionally,
according to Usman et al. [40], higher lint yield could not be achieved with conservational
tillage practices under the condition of poor drainage of the soil. The higher yield of
cotton under the zero tillage system was mainly due to reduced evaporation and greater
infiltration under residue retention [36]. More values of yield contributing factors under
zero tillage cultivation are attributed to the improved physical properties and organic
content of soil [41]. The improved soil moisture content under straw mulching may
also help to improve the yield and yield components [42]. However, these findings are
inconsistent with the results of Song et al. [19], who found that zero tillage negatively
influences the yield-contributing factors of rice crop. Fertilizers are an important factor in
today agriculture. They are responsible for substantial increase in crops yields, and allow
crops to be planted in soil that would otherwise be nutrient deficient. Fertilizers are also
used in agriculture to maintain soil fertility. It is well established that each of the nutrient
elements plays an essential role in growth and development of the plants, and when present
in deficient quantities can reduce growth and yields. Inorganic fertilizer, especially N, P,
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and K, not only serve to maintain, but their application directly or indirectly causes changes
in the chemical, physical, and biological properties of the soil. These changes, in the long
term, are believed to have significant influences on the quality and productive capacity of
soils [43]. Plant growth and yield production are affected by different parameters including
soil, plant, and climate properties. Altering soil properties, including physical, chemical,
and biological ones can influence plant growth and yield production [44]. In the current
study, increased values of yield and yield parameters with increasing N were reported,
and the higher cotton seed yield was reported when N was applied at 150 kg ha~!. These
findings are consistent with [22,45], which suggest that the increasing level of N are resulted
in a significant increase in number of bolls per plant and boll weight, and the application
of N at 150 kg ha~! gave the maximum values of these traits. The highest cotton seed
yield under ZTsas and N application at 150 kg ha~! may be due to increased N supply and
improved decomposition of wheat straw, which enhances the biological activities in the soil,
and better root growth because of the improved soil structure and soil moisture content.

Over the years, the highest yield was attained in 2015-2016, which may be due to the
more precipitation during this experimental year (Table 1). A lower number of bolls per
plant and lower cotton seed yield in 2011-2012 and 2013-2014 was also due to less amount
of rainfall received during this period. Variable yields of crops under changing patterns
of rainfall were also reported elsewhere [46]. Furthermore, less rainfall was received in
September and October, during the period of boll formation. Therefore, crops may suffer
from water stress due to the uneven distribution of rainfall. Water scarcity limits the supply
of photosynthates to developing organs, and leads to the shedding of fruiting forms [41],
which ultimately reduces crop yields.

There were non-significant tillage x nitrogen, year x tillage x nitrogen interactions for
quality traits. Generally, tillage practices and N rates significantly affected the quality traits,
such as fiber length, fiber strength, and micronaire. These findings are inconsistent with
the results of previous studies [47-49], where the authors have found that tillage practices
did not influence the fiber quality traits. However, these findings are consistent with Khan
et al. [50], who reported that tillage practices significantly affected the fiber quality traits.
Similarly, McDonald et al. [51] also reported that zero tillage with cover crop positively
influenced the quality traits of cotton as it increased the cotton fiber strength. Under
different tillage practices, increasing N rates significantly increased the number of bolls per
plant [38,52]. However, opposite findings were reported by Afzal [53], N application under
different planting densities did not influence the lint weight and fiber quality.

Compared with un-disturbed soils (ZTsas), disturbed soils (MTsi) showed larger
destruction of soil, resulting in smaller aggregates and lower WSA [54-56]. Zero tillage with
wheat straw had a higher proportion of WSA and MWD than MTsi (Table 5). Significant
improvements in WSA and MWD were reported under ZTsas than tilled treatments [54,56].
Water stable aggregates and MWD were improved in zero tillage with wheat straw as such
on the soil surface than those minimum tillage plus straw incorporated into the soil [57].
In another study, Li et al. [58] reported that zero tillage practice effectively improved the soil
structure, thereby increasing the water storage compared with conventional tillage. Similar
findings were also reported by Wilkes et al. [59], where the authors have reported that
zero tillage practice significantly improved the WSA than the conventional tillage system.
An improvement in WSA under residue incorporation was also reported elsewhere [60].
According to Abbas et al. [61], under zero tillage, more availability of plant residue and
minimum soil disturbance significantly improved the aggregate stability in the soil layers.
Similarly, tillage practices also significantly influence the soil moisture content (Figure 1).
Under zero tillage (no soil disturbance), a large amount of plant residues on the soil surface
reduces the water and energy exchange between the soil surface and the atmosphere,
and ultimately lead to an increase in soil water content [58,62,63]. The ZTsas provides
straw mulch to protect moisture from evaporation losses.

Conservation tillage practices, including reduced tillage, rotary tillage, and zero tillage,
had a positive effect on total soil N (TSN) and soil organic matter (SOM) accumulation [64,65].
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However, this study showed that not all the conservation tillage practices are effective in
improving the TSN and SOM. The results revealed that among tillage systems, the higher
TSN and SOM were found under the ZTsas system compared with MTsi system. This may
be due to reduced damage to soil aggregates, and increased stability of organic carbon
under zero tillage practices [19]. Similar findings were reported by Dou and Hons, [66],
who found that zero tillage practice significantly improved the soil organic carbon, com-
pared with conventional tillage. In a recent review-based study, Mondal et al. [67] also
reported that zero tillage significantly improved the soil organic carbon content than con-
ventional tillage practice. Under zero tillage, an abundance of plant residue on the soil
surface reduces the exchange of water and energy between the atmosphere and soil surface,
and leads to a decrease in soil temperature and increase soil water content, thereby favoring
more organic matter in the soil [68]. Our results also showed that increasing the rate of
N significantly increased the TSN and SOM. Similar findings were reported by Dou and
Hons [66], who proposed that N application under zero tillage significantly improved
the TSN. In general, TSN and SOM also varied among experimental years. Addition-
ally, the highest TSN and SOM were recorded during the final year of the experiment.
In the long run, the earthworms and burrowing insects cut the wheat straw and gradually
incorporate organic matter, as well as increasing soil fertility in zero tillage plus straw as
such on the soil surface. Thus, the maximum values of these traits were found during
the last growing seasons [1]. Overall, modern seed and biotechnological approaches in
combination to tillage practices may play a crucial role in sustainable crop production
under harsh environmental conditions [69-74].

5. Conclusions

Our results demonstrated that ZTsas and N application at 150 kg ha~! increased the
boll number plant~?, boll weight, seed cotton yield, GOT, 100-seed weight, fiber length,
strength, and micronaire, compared with MTsi and other N treatments. Significant improve-
ments in soil physical properties were shown in ZTsas compared to MTsi. Furthermore,
compared with MTsi, ZTsas also had a constructive impact on soil fertility in terms of
higher organic matter and TSN. In comparison with MTsi, the ZTsas treatment had higher
amounts of WSA and MWD. In addition, the higher WSA and MWD were obtained with
N application at 150-200 kg ha~!. Therefore, ZTsas with N application at 150 kg ha~! can
improve cotton yield, fiber quality, and soil fertility under rain-fed conditions.
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