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Abstract 

In order to examine its morpho-phenological and yield response of wheat to tillage practices and straw 
incorporation, the study was carried out in saline sodic soils, using tillage practices, wheat straw 
amendments and gypsum amendments as treatment factors in a randomized complete block design 
(RCBD) with four replications. Tillage practices comprised of shallow tillage (ST) to 0.10 m with two 
passes of a disk harrow and deep tillage (DT) using moldboard ploughing to a depth of 0.25 m followed 
by two passes of disk harrow as under ST. Wheat straw amendments consisted of 3 mg ha-1(WS3), 7 
mg ha-1 (WS7) and 10 mg ha-1(WS10); while gypsum amendments consisted of 25% of gypsum 
requirement (GR25), 50% of gypsum requirement (GR50) and 75% of gypsum requirement (GR75). 
These treatment factors were tested under conventional practice (CK) with no straw, only NPK and 
gypsum; and control (CTRL) without straw and gypsum amendments. It was concluded that seed 
emergence, number of tillers, plant height, spike length, grains spike-1, number of grains spike-1, seed 
index and grain yield in wheat increased significantly (P<0.05) when straw was incorporated into the 
soil, and this increase in the values of these parameters was proportional to the rate of straw 
application. Under shallow tillage, STWS3 - STWS10 (wheat straw 10 Mg ha-1 + 50 or 75% gypsum) resulted 
in higher wheat yields; while in deep tillage, DTWS3 - DTWS10 (wheat straw 7-10 Mg ha-1+75% gypsum) 
resulted in higher wheat yields than rest of the treatments. Replacement of NPK with wheat straw 
remained highly beneficial for soil health and crop yield. Moreover, the crop yield was higher under 
deep tillage as compared to shallow tillage practice. Regardless of rate of straw incorporation to the 
soil, the grains spike-1, seed index and grain yields were higher in the second year of experiment over 
the first year of study. This indicated that longer the time between straw application and wheat 
sowing, more will be the grains spike-1, greater seed index and higher grain yields. The crop 
performance was significantly improved with the rate of straw incorporated into the soil in the order 
for plant height and spike length (DTWS10 >STWS10 >DTWS7 >STWS7 >DTWS3 >STWS3); while the order for seed 
emergence, number of tillers, grains spike-1, seed index and grain yield stood as STWS10 >DTWS10 >STWS7 

>DTWS7 >STWS3 >DTWS3. 
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INTRODUCTION 

 Worldwide, the soil stores about 1550 Pg of carbon; the most of which is organic carbon. The carbon 
pool found in terrestrial plants and in the atmosphere are both much less than the soil organic carbon 
pool, which is approximately 2.5 times as high as the other two carbon pools (Jarecki and Lal, 2003). 
Because of this, even slight changes in the amount of organic carbon found in the soil can have a 
significant impact on the amount of carbon dioxide found in the atmosphere (Benbi and Senapati, 
2010). Prior to the discovery of this problem, the primary purpose of soil tillage was to enhance crop 
yields by improving growth conditions in the soil, to conserve water, and to prevent soil erosion (Gao 
et al., 2003). In spite of this increased awareness of the greenhouse effect, research has shown that 
soil organic carbon is easily influenced by tillage and fertilization, and that different tillage practices 
exert a considerable influence on soil disturbances, aggregate stability, and organic carbon flux rates; 
in result the crop growth and yield are influenced (Benbi and Senapati, 2010; Erenstein and Laxmi, 
2008; Miura et al., 2010). The objective of soil cultivation has evolved from merely increasing 
agricultural yields to also decreasing the amount of greenhouse gas emissions that are produced as a 
result (Koga and Tsuji, 2009). 

 Increasing agricultural productivity and sustainable food production will be crucial in the future as the 
world’s population increases; thus, increase in production of cereal grains should be the focus (Li et 
al., 2022). Among cereals, wheat (Triticum aestivum L.) is a source of food for nearly half of the world 
population (Belderok et al., 2000; Shewry, 2009); and more than 60% population of Pakistan 
dependent of wheat for their daily diet, where the average per capita utilization of wheat is 125 kg 
(Khan and Habib, 2003). In Pakistan, wheat is cultivated on an area of 9,168 thousand ha with a 
production of 26.394 million tons (GoP, 2022).  

 Wheat can be successfully produced even in temperatures that are greater if the crop is maintained 
in a different manner from an agronomic aspect (Ortiz et al., 2008). The vulnerability of wheat to heat 
stress can be reduced by implementing a number of different agronomic practices, such as; adoption 
of water conservation methods, (ii) judicious fertilization, (iii) consistent sowing at the appropriate 
time of year; and (iv) the application of exogenous protectants (Singh et al., 2011b). The pace of grain 
filling in wheat, the length of time it takes for the grain to fill, and the size of the grain are all dependent 
on a consistent supply of water. When it comes to sustaining appropriate moisture and thermal 
regimes in the soil system, which are not attainable in regions that are rain-fed and produce wheat, 
mulching can be the finest solution. The application of a protective layer made of straw mulch on top 
of the soil might be done in order to stop the soil from drying out (Chen et al., 2007). Wheat yields, 
on the other hand, are susceptible to falling when less tilling is done; as a potential option, mulching 
is proposed (Glab and Kulig 2008). In other contexts, it has been documented that increasing the 
amount of mulch applied to heat-stressed and water-deficient wheat fields can result in enhanced 
wheat yields (Chakraborty et al., 2008). Organic mulches have the ability to increase the efficiency 
with which water and nitrogen are used, and as a result, they have the potential to minimize expenses 
associated with water and nitrogen. This is because organic mulches assist preserve soil moisture and 
boost plant growth and development (Singh et al., 2011b). It has been demonstrated that the 
production of wheat in regions that experience extreme heat stress, such as temperate and tropical 
countries, can considerably benefit from the utilization of this technology. 

 Extensive research has demonstrated that conservation tillage, which includes zero tillage, minimum 
tillage, and the incorporation of straw, is an effective alternative to conventional tillage in terms of 
reducing soil disturbance and the destruction of the soil aggregate structure. Additionally, 
conservation tillage has the potential to slow the rate at which macro aggregates decompose, protect 
organic carbon from being degraded by microbes, and extend the amount of time aggregates are able 
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to retain organic carbon (Muramoto and Werner, 2002; Peterson, 2003). On the other hand, there are 
a number of studies that refute this. When compared to conventional tillage, conservation tillage as 
believed by Carter (2002) and Blanco-Canqui et al., (2011), is thought to result in a lower level of 
carbon storage in the soil profile. Even though many studies have investigated the effects of various 
tillage practices and field management methods on the amount of organic carbon contained in soil as 
well as its capacity for storage, the question of whether or not conservation tillage can increase the 
amount of organic carbon stored in soil remains an important one (Fonte et al., 2009; Six et al., 2000; 
Li et al., 2007; Holland, 2004). In addition, the vast majority of previous research has been on a single 
crop variety grown in either dryland or paddy fields (Choudhury et al., 2010; West and Post, 2002; 
Rudrappa et al., 2006). Tillage practices have an impact, albeit of varied degrees, on the 
physicochemical characteristics of the soil as well as the yields of crops. In addition, the use of a single 
type of ploughing for an extended length of time results in soil conditions that are unfavorable for the 
growth of plants (Campbell et al., 2001). As a result, it is contested as to whether conventional tillage 
or zero tillage and straw integration with conservation tillage can meet the demand for both ecological 
and production benefits, that is, increasing the capacity of soil carbon preservation and improving 
crop yields.  

 The soil microbial biomass and activity are affected by management practices like tillage and straw 
incorporation because of the way these practices change the soil environment such as temperature, 
moisture, root development stage, and amount and quality of crop residues; which in turn affects the 
content and stability of soil aggregates and, by extension, land productivity (Curaqueo, 2011; 
Ramachandran et al., 2009; Zhang, 2012). When applied to agriculture, zero-tillage and straw 
integration allow the topsoil to build a complex breakdown sub-system that mimics the natural 
environment. This component of the system can operate as a shock absorber for the soil mass and a 
source of energy and nutrients for the crop roots in the topsoil when no-tillage techniques are used. 
Identical distributions are a natural phenomenon that can boost recycling rates and energy efficiency 
(Lorenz et al., 2005; Husnjak et al., 2002; Aoyama et al., 1999; Bandyopadhyay et al., 2010). However, 
protecting the topsoil from repeated wet-dry freeze-thaw processes by adding plant residues in 
conjunction with minimal tillage can increase the concentration of stable macro aggregates. The 
turnover of macro aggregates in farmland can be reduced by zero tillage, and organic carbon can be 
more easily enclosed in micro aggregates, allowing for greater quantities of physically protected 
organic carbon and an increase in macro aggregate formation (Causarano et al., 2008). This is mostly 
due to the release of organic components like polysaccharides and organic acids from fresh straw and 
other organic materials. Both the microbial and fungal development they foster and the cementation 
of straw and soil particles into macro aggregates are aided by the presence of these organic 
compounds (Decaens, 2000). According to Fonte et al. (2012), the increased content and stability of 
macro aggregates in the topsoil layer can be attributed to the enormous intake of plant wastes and 
the avoidance of disturbance under zero tillage.  

 Quantitative changes in the soil organic carbon in deep soil are brought about by various tillage 
practices, in addition to the alternating wet and dry soil environment, particularly in cropland under 
rice-wheat rotation. Conventional tillage, such as ploughing, on the other hand, absorbs organic 
elements, such as straw mulch at the soil surface and residual roots in shallow soil, into deeper soil, 
as opposed to zero tillage, which does neither of these things. When organic matter is linked to soil 
particles, mineralization is more stable and organic carbon accumulates in the subsoil (Pinheiro et al., 
2004). This finding also suggests that using only shallow soil for organic carbon analysis will produce 
inaccurate results. To accurately quantify the carbon preservation capability of bulk soil, particularly 
in deep soil. Numerous studies have demonstrated that zero-tillage farming practices can increase 
wheat yields (Changquan et al., 2001; Lithourgidis et al., 2006). The impact of zero tillage on rice yields, 
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however, has been found to have both positive and negative results. Zhuang et al. (1999) proposed 
that the increased bulk density of the soil between 7 and 14 cm deep is the principal reason of rice 
premature ageing and decreased yield under zero-till conditions. Increased soil permeability under 
zero tillage, as documented by Feng et al. (2006), has been linked to decreased water percolation and 
fertilizer leakage, which in turn leads to less rice tillering and an insufficient population, both of which 
reduce rice yields. Results reported by Ke Song et al. (2016) showed that zero-till significantly 
increased wheat yields by 13.32%. However, rice yields were reduced by 10.55 percent due to zero-
till practices. The zero tillage can increase the effective panicle number and wheat yield by enriching 
the topsoil with nutrients (Gangwar et al., 2004; Li et al., 2001; Shumin et al., 2010).  

 Adding straw to soil is a tried and true method of boosting soil health in a number of ways, including 
increased fertility, decreased bulk density, increased permeability, and elevated organic carbon levels 
(Shreyasi et al., 2013). Research by Ke Song et al. (2016) found that increasing the rate of straw 
integration improved soil carbon preservation capacity and raised the concentration of SOC in 
aggregates. Wheat yields may be impacted by straw integration; though, the inclusion of rice straw 
into wheat resulted in lower wheat yields because the added straw took too long to breakdown and 
mineralize. Conventional tillage introduces straw to the topsoil, where its high spacing between pieces 
has a negative impact on soil water losses, seedling germination, and root development. Both the rate 
at which wheat germinates and the quality of its early growth are affected by factors such as a lack of 
water and the presence of straw. Thus, under straw integration and normal tillage, wheat yields 
dropped significantly. Toxins released during the straw decomposition and mineralization process can 
stunt the development of crop seedlings, which in turn reduces crop yields. In this study, wheat crop 
was subjected to examine its morpho-phenological and yield response to tillage practices and straw 
incorporation in saline sodic soil. 
 
MATERIALS AND METHODS 

Experimental site  

 The study was carried out at farmer’s field taluka Khipro, district, Sanghar (Sindh), Pakistan (Lat. 
25°45'0" N, Long. 69°23'15" E, Elev. 13 m AMSL). The experimental site had been barren for more than 
20 years due to salinity/sodicity problems and unavailability of water. Across all treatment plots and 
based on USDA soil particle size analysis (Bouyoucos, 1927), the soil at the study site was classified as 
silt loam, and a Haplic Yermosol (FAO, 2006). Table 1 shows the physical properties of experimental 
soil. Respectively, the monthly average minimum and maximum temperatures were 18.21⁰C and 
41.55⁰C during 2018 and 16.90⁰C and 40.57⁰C during 2019. The average monthly minimum and 
maximum rainfall was 2.2 mm and 4.2 mm in 2018 and 2.1 mm and 5.2 mm in 2019, respectively.   

Experimental design 

 The treatments were arranged in a randomized complete block design (RCBD) with four replications 
as follows:  

A) Tillage practices 

1) Shallow tillage (ST) to 0.10 m with two passes of a disk harrow 

2) Deep tillage (DT), moldboard ploughing to a depth of 0.25 m followed by two passes of disk 
harrow as under ST 
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B) Wheat straw amendments 

      1)  3 Mg ha-1 (WS3) 

      2)  7 Mg ha-1 (WS7) 

      3)  10 Mg ha-1 (WS10) 

C) Gypsum amendments 

     1)  25% of gypsum requirement (GR25) 

     2)  50% of gypsum requirement (GR50) 

     3)  75% of gypsum requirement. (GR75) 

 Conventional practice (CK) with no straw, only NPK and gypsum,  

 Control (CTRL) with no straw and no gypsum, 

 The experimental field (66 m × 520 m) was accordingly divided into 104 plots (26 × 4) (15 m × 20 m 
each). Wheat straw was chopped into 50 mm pieces (Zhang et al., 2014b) and three rates of straw 
were mixed with the soil using the specified tillage practices during 2018–2019. 

The gypsum requirement was calculated as Nan et al. (2016): 

 GR = 0.344 ∙ ρ ∙ d ∙ ([Ca2+]g − [Ca2+ +Mg2+]f)            

(1) 

Where,  

GR   is the soil gypsum requirement (Mg ha-1) 

2+

g
Ca    is the Ca2+ content of a saturated gypsum solution (me L-1) 

2+ 2+

f
Ca + Mg    is the Ca2+ + Mg2+ content of the filtrate (me L-1)  

d   is the soil depth (m) 

ρ  is the soil bulk density (Mg m-3) 

Statistical analysis: The data were processed using Microsoft Excel 2010 (Microsoft Corp., Redmond, 
WA, USA) and then subjected to an analysis of variance (ANOVA) using the SPSS 17.0 Statistical 
Package (SPSS Inc., Chicago, IL, USA). Multiple comparisons of various treatments were conducted 
using Tukey’s method. The graphics were produced using Origin 8.0 (OriginLab Corp., Northampton, 
MA, USA). 
 
RESULTS AND DISCUSSION 

Seed emergence  

The seed emergence was significantly influenced by the tillage treatments as well as wheat straw and 
gypsum amendments (P<0.05). The seed emergence was higher in shallow tillage (ST) and deep tillage 
(DT) treatments comprised of soil amendment with wheat straw and gypsum STWS7GR75 × DTWS7GR75 
(82.5 and 83.5%), STWS10GR75 × DTWS10GR7 (82.0 and 84.5%), respectively. The seed emergence followed 
a marginal decrease in ST×DT treatment combinations of STWS10GR50 × DTWS10GR5 (80.5 and 77.5%), 
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STWS3GR75 × DTWS3GR75 (79.5 and 82.5%) and STWS3GR50 × DTWS3GR50 (79.0 and 80.5%), respectively. 
Subsequently, a decline in seed emergence (P<0.05) was noted in ST×DT treatment combinations of 
STWS7GR50 × DTWS7GR50 (73.0 and 75.5%), STWS10GR25 × DTWS10GR2 (69.0 and 63.0%), STWS7GR25 × 

DTWS7GR25 (63.5 and 60.5%) and STWS3GR25 × DTWS3GR25 (61.0 and 48.5%), respectively. However, the 
least seed emergence was seen in ST×DT treatment combination of STNPKGR25 × DTNPKGR25 (47.0 and 
41.5%) and control treatment STCK × DTCK (44.0 and 44.5%), respectively. Apparently the response of 
deep tillage to wheat straw and gypsum amendments was greater than the shallow tillage treatment. 

The data indicated that the seed emergence was 28-33 and 27-31% higher under straw incorporated 
treatments (shallow tillage: STWS3-STWS10 and DTWS3-DTWS10) than deep tillage as compared to those of 
without straw incorporated treatments (STNPK and DTNPK and STCK and DTCK) after two years (Fig. 1 a, 
b). Seed emergence was 3.22, 0.9, 2.62, 2.59 and 2.32% higher under shallow tillage treatments (STWS3, 

STWS7, STWS10, STNPK and STCK) than under deep tillage treatments (DTWS3, DTWS7, DTWS10, DTNPK and DTCK). 
Seed emergence significantly increased with the rate of straw incorporated into the soil in the order 
STWS10 > DTWS10 >STWS7 > DTWS7 > STWS3 > DTWS3. Seed emergence increased significantly (P<0.05) with 
the passage of time; and it was higher (2.56-2.7%) and (1.33-1.4%) in 2019 as compared to 2020 under 
both shallow and deep tillage treatments, respectively. 

 

Fig. 1a.   Seedling emergence % under shallow tillage treatment at different rates of wheat straw 
in saline sodic soil 

 

Fig. 1b.   Seedling emergence under deep tillage treatment at different rates of what  
 straw in saline sodic soil 
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Number of tillers  

The effect of tillage treatments and soil amendment based on wheat straw (WS) and gypsum 
requirement (Gr) was significant (P<0.05). The number of tillers plant-1 was equally maximum in ST 
and DT treatments STWS7GR75 × DTWS7GR75 (3.5 and 3.5) and STWS10GR75 × DTWS10GR75 (3.5 and 3.5), 
respectively; followed by STWS10GR50 × DTWS10GR50 (3.5 and 3.0%), STWS10GR25 × DTWS10GR25 (3.5 and 2.5), 
respectively. The tillers plant-1 followed a marginal decrease under ST×DT treatments of STWS3GR50 × 
DTWS3GR50 (3.0 and 3.0), STWS3GR75 × DTWS3GR75 (3.0 and 3.0) and STWS3GR75 × DTWS7GR50 (3.0 and 3.0) 
tillers plant-1, respectively. Considerable decrease in tillers plant-1 (P<0.05) was observed in ST×DT 
treatments of STNPKGR50 × DTNPKGR50 (3.0 and 2.5) and STNPKGR5 × DTNPKGR5 (3.0 and 2.5) tillers plant-1, 
respectively. The minimum number of tillers plant-1 was recorded under ST×DT treatment of STWS3GR25 

× DTWS3GR25 (2.5 and 2.0) against control treatment STCK × DTCK (2.5 and 2.5), respectively. The crop 
response regarding the number of tillers plant-1 was relatively better in shallow tillage compared to 
deep tillage treatment; while discontinuation of wheat straw application caused more reduction in 
tillers plant-1 as compared to termination of gypsum application. 

The results showed that the number of tillers was 33 and 24% higher under straw incorporated 
treatments (shallow tillage: STWS3 - STWS10 and deep tillage: DTWS3 - DTWS10) as compared to those of 
without straw incorporated treatments (STNPK and DTNPK and STCK and DTCK) after two years as 
illustrated in Fig. 2 a, b. Tillers number normally increased with rate of straw incorporated into soil in 
the order STWS10 > DTWS10 >STWS7 > DTWS7 > STWS3 > DTWS3. Number of tillers was 11.33, 11.33, 11.33, 
25.64 and 0% higher under shallow tillage treatments (STWS3, STWS7, STWS10, STNPK and STCK) than deep 
tillage treatments (DTWS3, DTWS7, DTWS10, DTNPK and DTCK). Tillers increased significantly (P<0.05) with the 
time; and were higher (11.33-25% and 12.4-20.12%) in 2019 as compared to 2018 under both shallow 
and deep tillage practices. 

 

Fig. 2a. No. of tillers under shallow tillage treatment at different rates of wheat straw in saline 
sodic soil 
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Fig. 2b. No. of tillers deep tillage treatment at different rates of wheat straw in saline sodic soil 

 

Plant height  

The plant height of wheat was significantly (P<0.05) affected by tillage treatments as well as by the 
wheat straw (WS) and gypsum (Gr) based soil amendment. The plant height was maximum in ST and 
DT treatments STWS10GR75 × DTWS10GR75 (84.0 and 84.5 cm), followed by treatments STWS10GR50 × 

DTWS10GR50 (82.0 and 83.5 cm), STWS10GR25 × DTWS10GR25 (80.5 and 82.0 cm), and STWS7GR75 × DTWS7GR75 
(79.5 and 81.5 cm), respectively. The plant height decreased considerably (P<0.05) under ST×DT 
treatments of STWS7GR50 × DTWS7GR50 (76.0 and 79.0 cm), STWS3GR75 × DTWS3GR75 (74.5 and 80.5 cm) and 
STWS7GR25 × DTWS7GR25 (73.0 and 77.0 cm) plant height, respectively. The plant height diminished when 
wheat straw application was discontinued in treatments of STNPKGR75 × DTNPKGR75 (66.5 and 73.5 cm), 
STNPKGR50 × DTNPKGR50 (68.5 and 71.5 cm) plant height, respectively; while in control treatment STCK × 
DTCK the plant height was (63.0 and 64.0 cm), respectively. In absence of wheat straw, the plant height 
of wheat was significantly influenced in negative direction even in presence of NPK application. 
However, the effect of gypsum on plant height of wheat was dose dependent. 

It is evident from the results that the height of plants was 16.4-26.5% and 19-24% higher under straw 
incorporated treatments (shallow tillage: STWS3 - STWS10 and deep tillage DTWS3 - DTWS10) as compared to 
those of without straw incorporated treatments (STNPK and DTNPK and STCK and STCK) after two years 
(Fig. 3 a, b). Plant height significantly increased with rate of straw incorporated into soil in the order 
DTWS10 > STWS10 >DTWS7 > STWS7 > DTWS3 > STWS3. The plant height was 0, 3.7, 6.41, 5.71 and 3.17% higher 
under deep tillage (DTWS3, DTWS7, DTWS10, DTNPK and DTCK) than under shallow tillage treatments (i.e., 
STWS3, STWS7, STWS10, STNPK and STCK). Plant height (cm) increased significantly (P<0.05) with the passage 
of time. Plant height was higher (0.1% to 1.3% and 0.4% to 0.78%) in 2020 as compared to 2019 under 
both shallow and deep tillage practices. 
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Fig. 3a.  Plant height under shallow tillage treatment at different rates of wheat straw      in saline 
sodic soil 

 

Fig. 3b.   Plant height under deep tillage treatment at different rates of wheat straw in saline sodic 
soil 

Spike length  

The spike length in wheat was measured to examine the effect of soil amendment with wheat straw 
and gypsum at different concentrations under shallow tillage and deep tillage systems. The data 
showed that the effect of tillage treatments and soil amendment treatments on spike length was 
significant (P<0.05). Relatively longer spikes were obtained in ST and DT treatments comprised of 
STWS10GR75 × DTWS10GR75 (10.1 and 9.8 cm), followed by STWS10GR50 × DTWS10GR50 (9.4 and 10.0 cm), 
STWS7GR75 × DTWS7GR75 (9.6 and 9.4 cm), STWS7GR50 × DTWS7GR50 (9.4 and 9.8 cm), STWS3GR75 × DTWS3GR75 
(9.5 and 9.1 cm), and STWS3GR50 × DTWS3GR50 (9.1 and 9.1 cm) spike length, respectively. The spike 
length declined (P<0.05) under ST×DT treatments of STNPKGR75 × DTNPKGR75 (7.6 and 7.3 cm), STNPKGR50 

× DTNPKGR50 (7.6 and 7.8 cm) spike length, respectively; while in control treatment STCK × DTCK the spike 
length was least (6.7 and 6.7 cm), respectively. This indicates that absence of wheat straw as soil 
amendment caused adverse effect on spike length even when the recommended rate of NPK was 
applied. The effect of gypsum on spike length of wheat was associated with its rate of application. 

It can be seen from the data that the spike length of wheat was 32.5-38.1% and 25-31% higher under 
straw incorporated treatments (deep tillage: DTWS3-DTWS10 and shallow tillage STWS3-STWS10) as 
compared to those of without straw incorporated treatments (DTNPK and STNPK and DTCK and STCK) after 
two years (Fig. 4 a, b). This trait was significantly improved with the rate of straw incorporated into 
the soil in the order STWS10 > STWS10 >DTWS7 > STWS7 > DTWS3 > STWS3. Spike length was 7.56, 1.74, 0.67, 
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4.2 and 6.25% higher under shallow tillage treatments (DTWS3, DTWS7, DTWS10, DTNPK and DTCK) than those 
in deep tillage treatments (STWS3, STWS7, STWS10, STNPK and STCK). Length of spike increased significantly 
(P<0.05) with the time; and it was higher (5.13-5.08% and 1.94-0.31%) in 2020 as compared to 2019 
under both deep and shallow tillage practices, respectively. 

 

Fig. 4a. Spike length under shallow tillage treatment at different rates of wheat straw      in saline 
sodic soil 

 

Fig. 4b. Spike length under deep tillage treatment at different rates of wheat straw        
in saline sodic soil 

Grains spike-1 

The number of grains spike-1 in wheat was counted to investigate the effect of soil amendment with 
wheat straw and gypsum at different concentrations under shallow tillage and deep tillage treatments. 
The results indicated that tillage treatments and soil amendment treatments had significant (P<0.05) 
influence on the number of grains spike-1. Comparatively more grains spike-1 were counted in ST and 
DT treatments comprised of STWS10GR75 × DTWS10GR75 (48.5 and 49.0), followed by treatments STWS7GR75 

× DTWS7GR75 (47.0 and 47.5), STWS7GR50 × DTWS7GR50 (46.5 and 42.5), STWS10GR50 × DTWS10GR50 (48.0 and 
42.0), STWS3GR75 × DTWS3GR75 (39.0 and 44.0), and STWS3GR50 × DTWS3GR50 (43.5 and 39.5) grains spike-1, 
respectively. The grains spike-1 declined (P<0.05) under ST×DT treatments of STNPKGR75 × DTNPKGR75 
(39.5 and 41.0), STNPKGR50 × DTNPKGR50 (37.5 and 37.5) grains spike-1, respectively against control 
treatment STCK × DTCK where the grains spike-1 was least (33.0 and 33.5), respectively. The grains spike-

1 were greater in most cases when deep tillage was adopted as compared to shallow tillage; however, 
in treatments with wheat straw soil amendment, the grains spike-1 were more under shallow tillage 
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treatments as compared to deep tillage practice. Moreover, corresponding to the rate of wheat straw 
and gypsum, the grains spike-1 were affected. 

The data for two years indicated that the grains spike-1 was 20.5-32.6% and 15.38-23.25% higher in 
straw incorporated treatments (shallow tillage: STWS3 - STWS10 and deep tillage: DTWS3 - DTWS10) as 
compared to those of without straw incorporated treatments [STNPK and DTNPK and STCK and DTCK] (Fig. 
5 a, b). Grains spike-1 proportionately increased with rate of straw incorporated into the soil in the 
order STWS10 > DTWS10 >STWS7 > DTWS7 > STWS3 > DTWS3. Grains spike-1 were 0.88, 6.66, 6.52, 0.8 and 3.12% 
higher under shallow tillage treatments (STWS3, STWS7, STWS10,  STNPK) than deep tillage treatments (STCK 
DTWS3, DTWS7, DTWS10, DTNPK and DTCK). Grains spike-1 increased with the time (P<0.05) and was higher 
(6.12-9.3% and 4.87-2.27%) in 2020 as compared to 2019 under both shallow and deep tillage 
practices. 

 

Fig. 5a. Grains per spike under shallow tillage treatment at different rates of wheat      straw in 
saline sodic soil 

 

Fig. 5b. Grains per spike under deep tillage treatment at different rates of wheat straw in saline 
sodic soil 
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Seed index (1000 grain weight) 

The seed index was calculated on the basis of 1000 wheat grains and the data revealed that tillage 
treatments and soil amendment treatments had significant (P<0.05) effect on seed index value. It can 
be seen from the data that seed index was greater in ST and DT treatments comprised of STWS10GR75 × 

DTWS10GR75 (47.5 and 45.9 g), followed by treatments STWS10GR50 × DTWS10GR50 (47.5 and 45.4 g), 
STWS10GR25 × DTWS10GR25 (45.0 and 46.5 g), STWS7GR75 × DTWS7GR75 (46.0 and 43.0 g), STWS7GR50 × 

DTWS7GR50 (46.0 and 44.5 g), STWS7GR25 × DTWS7GR25 (43.5 and 45.5 g), STWS3GR75 × DTWS3GR75 (46.3 and 
42.5 g), STWS3GR50 × DTWS3GR50 (45.0 and 43.9 g) and STWS3GR25 × DTWS3GR25 (43.0 and 44.5 g) seed index, 
respectively. The seed index declined (P<0.05) under ST×DT treatments of STNPKGR75 × DTNPKGR75 (43.5 
and 40.9 g), STNPKGR50 × DTNPKGR50 (43.0 and 40.8 g) and STNPKGR25 × DTNPKGR25 (39.5 and 38.9 g) seed 
index, respectively against control treatment STCK × DTCK where the seed index was least (37.0 and 
34.0), respectively. It was observed that soil amendment with wheat straw and gypsum showed 
significant and positive influence on seed index value, which indicates that the improvement in the 
grain quality.  

The results further suggested that the seed index was 25.5-26% and 20.4-23.9% higher under straw 
incorporated treatments (deep tillage: DTWS3 - DTWS10 and shallow tillage: STWS3 - STWS10) as compared 
to those of without straw incorporation (STNPK and DTNPK and STCK and DTCK) after 2 years (Fig. 6 a, b). 
Seed index markedly improved with increasing rate of straw incorporation into soil in the order STWS10 

> DTWS10 >STWS7 > DTWS7 > STWS3 > DTWS3. Seed index was 2.2, 2.2, 2.17, 7.3 and 8.57% higher under 
shallow tillage treatments (STWS3, STWS7, STWS10, STNPK and STCK) than deep tillage treatments (i.e., DTWS3, 

DTWS7, DTWS10, DTNPK and DTCK); and it increased significantly (P<0.05) with time advancement; and was 
higher (2.2-2.08% and 2.27-2.17%) in 2020 as compared to 2019 under both shallow and deep tillage 
practices. 

 

Fig. 6a. 1000 grain weight under shallow tillage treatment at different rates of wheat      straw in 
saline sodic soil 
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Fig. 6b. 1000 grain weight under deep tillage treatment at different rates of wheat straw in saline 
sodic soil 

Grain yield  

The effect of shallow and deep tillage practices on grain yield of wheat sown in wheat straw and 
gypsum amended soil at different concentrations was investigated. The results revealed that the grain 
yield was significantly affected by tillage treatments as well as by the soil amendment (P<0.05). 
Significantly highest grain yield was achieved under ST and DT treatments comprised of STWS10GR75 × 

DTWS10GR75 (3.7 and 3.7 t ha-1), followed by STWS10GR50 × DTWS10GR50 (7.3 and 7.6 t ha-1), STWS7GR75 × 

DTWS7GR75 (3.6 and 3.6 t ha-1), STWS7GR50 × DTWS7GR50 (3.6 and 3.4 t ha-1), STWS3GR75 × DTWS3GR75 (3.3 and 
3.4 t ha-1) and STWS3GR50 × DTWS3GR50 (3.3 and 3.1 t ha-1) grain yield, respectively. The grain yield 
declined (P<0.05) under ST×DT treatments of STNPKGR75 × DTNPKGR75 (2.1 and 2.1 t ha-1), STNPKGR50 × 

DTNPKGR50 (1.9 and 1.9 t ha-1) grain yield, respectively; while in control treatment STCK × DTCK the grain 
yield was minimum (1.1 and 1.2 t ha-1), respectively. This indicates that absence of wheat straw as soil 
amendment caused adverse effect on grain yield even when the recommended rate of NPK was 
applied. The effect of gypsum on grain yield of wheat was associated with its rate of application. 

It is evident from the results that the grain yield of wheat was 64-69% and 55-62% higher under straw 
incorporated treatments (shallow tillage: STWS3 - STWS10 and deep tillage: DTWS3 - DTWS10) as compared 
to those of without straw incorporated treatments (STNPK and DTNPK and STCK and DTCK) after two years 
(Fig. 7 a, b). The increase in grain yield was distinctly associated with rate of straw incorporated into 
the soil in the order STWS10 > DTWS10 >STWS7 > DTWS7 > STWS3 > DTWS3. The change in yield was 0.33, 6.08, 
4.76, 0.54 and -9.09% under shallow tillage treatments (STWS3, STWS7, STWS10, STNPK and STCK) over deep 
tillage treatments (DTWS3, DTWS7, DTWS10, DTNPK and DTCK); and increased (P<0.05) with progress in time. 
Regardless of tillage system, yield was higher (3.23-8.3% and 2.85-7.7%) in 2020 over 2019.  
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Fig. 7a. Yield under shallow tillage treatment at different rates of wheat straw in saline sodic soil 

 

Fig. 7b. Yield under deep tillage treatment at different rates of wheat straw in saline sodic soil 
 
DISCUSSION 

In decreasing soil disturbance and soil aggregate structure destruction, organic mulching and 
incorporation of wheat straw to the soil are considered as effective tillage practices. (Peterson, 2003). 
The study showed that the seed emergence, number of tillers, plant height, spike length and grains 
spike-1 in wheat increased significantly (P<0.05) when straw was incorporated into the soil, and this 
increase in the values of these parameters was proportional to the rate of straw application. 
Moreover, all these traits improved in the second year of study as compared to first year of 
experiment. This indicates that with the passage of time after straw incorporation to the soil, the soil 
fertility was improved due to increased soil nutrients and soil organic matter in result of straw 
incorporation into the soil. The greater values were observed under shallow and deep tillage practices 
for seed emergence (2.56-2.7%), number of tillers (11.33-25%), plant height (0.1-1.3%), spike length 
(5.13-5.08%), and grains spike-1 (6.12-9.3%) during 2019 as compared to 2018 for seed emergence 
(1.33-1.4%), number of tillers (12.4-20.12%), plant height (0.4-0.78) and spike length (1.94-0.31) and 
grains spike-1 (4.87-2.27%),  respectively. There are numerous studies worldwide showing the similar 
results (Fonte et al., 2009; Six et al., 2000; Li et al., 2007; Holland, 2004; Choudhury et al., 2010). 
According to these studies, the tillage practices have an impact, albeit of varied degrees, on the 
physicochemical characteristics of the soil as well as the yields of crops. Ramachandran et al. (2009) 
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found substantial improvement in soil organic matter and other soil nutrients when chopped wheat 
straw was incorporated into the soil. Zhang (2012) reported that tillering capacity in wheat improved 
apart from a minor increase in plant height; while grains per spike also improved in after straw 
treatment or straw retention. Deep tillage was more effective to improve wheat yields over the 
shallow tillage or zero-tillage. This suggested that straw integration allow the topsoil to build a 
complex breakdown sub-system that mimics the natural environment and in result improved soil 
organic matter and subsequent increase in crop yields. Fonte et al. (2012) reported stability of macro 
aggregates in the topsoil layer that attributed to the enormous intake of plant wastes. Under 
integration of wheat straw and deep plowing, the crop yields were increased because organic matter 
is linked to soil particles, mineralization is more stable and organic carbon accumulates in the subsoil 
(Pinheiro et al., 2004). Ke Song et al. (2016) reported 13.32% increase in growth traits and yield of 
wheat due to the effect of improved tillage practices.  

The study further showed that the number of grains spike-1, seed index (1000 grains weight) and grain 
yield showed a remarkable improvement (P<0.05) in result of straw incorporation into the soil, and 
with increased quantity or rate of straw application to the soil, these yield traits showed a 
simultaneous positive and highly significant response to straw incorporation to soil. Regardless of rate 
of straw incorporation to the soil, the grains spike-1, seed index and grain yields were higher in the 
second year of experiment over the first year of study. This indicated that longer the time between 
straw application and wheat sowing, more will be the grains spike-1, greater seed index and higher 
grain yields. Moreover, under deep tillage, the crop performance was markedly better than the crop 
under shallow tillage practice. The greater values were observed under shallow and deep tillage 
practices for number of grains spike-1 (6.12-9.3%), seed index (2.2-2.08%) and grain yield (3.23-8.3%) 
during 2019 as compared to preceding year of study 2018 for number of grains spike-1 (4.87-2.27%), 
seed index (2.27-2.17%) and grain yield (2.85-7.7%), respectively. Shreyasi et al. (2013) reported that 
adding straw to soil is a tried and true method of boosting soil health including increased fertility, 
decreased bulk density, increased permeability, and elevated organic carbon levels; which ultimately 
affect the crop yields positively. Ke Song et al. (2016) found that increasing the rate of straw 
integration improved soil carbon preservation capacity, in result increased wheat yields. Arif et al. 
(2011) reported increased crop yields due to integrated use of wheat straw as mulch. Imdad et al. 
(2015) reported that crop residue incorporation into the soil resulted in increased crop yields and soil 
health as well. Pandiaraj et al. (2015) reported higher grain and straw yields in wheat under crop 
residues management treatments. Sohail et al. (2017) suggested that 60% crop straw incorporation 
under reduce tillage practice is the best option decrease soil dry bulk density, increase porosity, SOC 
and SCS as well as achieve optimum yield under the wheat-rice cropping system. Reported that 
greater grain yields as well as higher nutrient contents were achieved with different tillage practices 
and increased the crop yields by upto 26.75% over control. Yu et al. (2016) reported that the based 
on strategy of incorporating 9000 kg ha−1 wheat straw to replace inorganic potassium (150 kg K2O 
ha−1) was effective for achieving higher crop yields. 
 
CONCLUSIONS 

The seed emergence, number of tillers, plant height, spike length, grains spike-1, number of grains 
spike-1, seed index and grain yield in wheat increased significantly (P<0.05) when straw was 
incorporated into the soil, and this increase in the values of these parameters was proportional to the 
rate of straw application. Under shallow tillage, STWS3 - STWS10 (wheat straw 10 Mg ha-1 + 50 or 75% 
gypsum) resulted in higher wheat yields; while in deep tillage, DTWS3 - DTWS10 (wheat straw 7-10 Mg 
ha-1 + 75% gypsum) resulted in higher wheat yields than rest of the treatments. Replacement of NPK 
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with wheat straw remained highly beneficial for soil health and crop yield. Moreover, the crop yield 
was higher under deep tillage as compared to shallow tillage practice. 
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