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Abstract

Genetically modified crops are making a significant improvement to agriculture regarding crop quality and quantity under
rapidly shifting environmental conditions, helping to meet the societal demands of foods. Genetically modified crops are
employed to determine their suitability in different localities of the country to increase crop yield. This study aimed to
evaluate three genetically modified wheat varieties: Faisalabad-2008, Punjab-2011, and Shafaq-2003 in the local environment
of Dera Ghazi Khan, Punjab Pakistan. Each modified variety of wheat was planted in four (04) rows/plot. The plot was
6X23 m with 25 cm row spacing. Yield parameters including no. of tillers, germination count?, plant-height, no. of
spikelets/spike, no. of grains pet spike, spike length, 1000-gtains weight, and production of grains were determined after the
application of fertilizers. Nitrogen (N), potassium (K), and phosphorus (P) sources were usedas fertilizers i.e. urea for N,
triple super phosphate for P, and potash sulphate and K. Statistical analysis was performed to evaluate the significant
difference in crop phenological parameters including no. of tillers, germination count?, plant-height, number of
spikelets/spike, no. of grains/spike, spike length, 1000-grains weight, and grains production. Faisalabad-2008 showed
significantly highest production due to higher yield parameters followed by Punjab-2011 and Shafaq-2003.
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Introduction

Wheat is the cereal crop of the genus T7iticum (family Poaceae) and a staple food worldwide (Russell ez a/, 2011). Wheat is a
central nutrition crop worldwide, provides food sources for almost 36% of the population all around the world, and
contributes around 20% of the entire diet calories (Singh and Chaudhary, 2006). For humans, wheat is the main source of
sugars while, its straw is used livestock feedstuff. Wheat grain comprises of 60-80% saccharides, 1.5-2.0% dietary fats,
inorganic ions and a chief source of vitamins especially B complex and vitamin E (Schellenberger, 1996). Wheat grows in a
temperate environment; it does not require high water content to grow throughout the season. Moreover, total time interval
for the complete plant growth is 5 to 6 months (Mfarrej ez al., 2022). About 80% of the farmers (more than a million) grow
wheat, around 40% of the total cultivated region, and 65% of the foodstuff crops region in the country (Khan ez a/., 2022).
Wheat is grown on 22 million acres which accounts for 7.8% of agricultural value added and 1.8% of GDP of Pakistan
(Pakistan Economic Survey, 2021-2022).

Government have been working hard to achieve self-sufficiency in the production of wheat because a shortage in wheat
production could lead to unpleasant situations, political turmoil, a huge reduction of foreign reserves, an increase in the cost
of wheat flour, and financial hardships in susceptible areas of the country. (Pakistan Economic Survey, 2021-2022). The
wheat crop of Pakistan faces the double risk of biotic and biotic stress which results in lower yield (Khan e# /., 2012). It has
been recommended that data about germplasm variety and genetic similarity between selected breeding materials is a vital
component in plant breeding (Babar ez a/., 2020). Genetic variability determines the future breeding program to gain higher
productivity; as a result, the goal is to attain a level of independence and sustainability. In that perspective, there is the
requirement to grow cultivars with various genetic makeups (Shahid Mukhtar e# 4/, 2002). Multiple factors are involved for a
stumpy yield of wheat in Pakistan like genetic varieties (Faheem ez @/, 2019), weeds (Memon e al., 2013), time of sowing
(Aheer et al., 2008), inappropriate water and fertilizers inputs (Kibe e# al., 2006), average rainfall in the area and impact of
insects and pests on crops. Among insects and pests, aphids are progressively damage the yield and a dominant group among
the regular pests in Pakistan (Aheer ¢z al., 2008). All of these agronomic dynamics are significantly prejudiced by humidity,
temperature, and rainfall. The vibrant influence for the apposite reaping environment of grain yield is the genetics of the
wheat crop (Magsood e/ al., 2014).

Despite high production potential, the average production of various varieties of Pakistan is far fewer than the other
countries (Bhutta e 4/, 2019). To meet the food requirements for increasing population of Pakistan, have maximum
production/unit area is needed. Number of elements, covering preparation of land, sowing time, preparation of seed bed,
use of multiple and effective fertilizers, management of weeds, and a prior schedule for irrigation are liable for the drastic
differences in the quality and quantity of wheat crop. Nevertheless, all parameters are of agronomic importance and largely
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affected by humidity, temperature, and rainfall of a particular area. The dynamic element for harvesting situations for grain
production is the genetic perspective of the crop (Nadeem, 2001). In this scenario, the use of new genetically modified
varieties having the ability of higher production of wheat and high pest or drought resistance are an important factors
accountable for enhanced crop production (Zeb e al, 20006). Different varieties have diverse crop yield potential and
respond contrarily in diverse environmental conditions.

The goal to develop new varieties of crops having desirable characteristics and yield is the only method to overcome the
issues of less production and poor quality of the crops. In the case of wheat, accessible genetic variability is available for
various yields and their related problems (Bhutta ez 4/, 2019). Each genetically modified variety with specific genotypic ability
to sustain its performance in a diverse environmental conditionsis the foremost need. Few reports are available on the
performance of genetically modified varieties of wheat at DG Khan and evaluation of Faislabad-2008(VI), Punjab-2011(V2),
and Shafaq-2003 (V3) are not performed in the said environment. Keeping in view the gap we design research to study the
effectiveness and yield parameters of genetically variant wheat species in the environment of DG Khan.

Materials and Methods

Preparation of Iand for Wheat sowing

The presented research was carried out at Agriculture Adaptive Research Farm, DG Khan, Pakistan (Latitude 31.046639 and
Longitude 71.687113). The seedbed was prepared by tilling soil up-to a depth of 6 inches and then seeds were sowed.

Study Area
(DG Khan) I

Figure 1. Map showing the study area

Wheat varieties, Sowing and Fertilization

Field trials were conducted in a randomized whole-block design. Samples of soil were analyzed for different biochemical
parameters. Each of the tested varieties was planted in four rows per plot. The plot was of the size of (6X23 m) with 25 cm
row spacing. Nitrogen (N), potassium (K), and phosphorus (P) were usedas fertilizers in the form of urea for N, potash
sulphate, K and triple super phosphate for P, respectively. In this study, three wheat varieties, Faislabad-2008 (VI), Punjab-
2011(V2), and Shafaq-2003 (V3) were sown. The seeds were taken from a local agriculture shop at DG Khan Punjab,
Pakistan. Fertilizer with nitrogen source was administered in 3 parts; 1/3 of nitrogen, potassium, and phosphotus was used
at time of preparation of soil and mixed by plowing. The other 1/3 was used at 15tirrigation following 1/3 at the 3 time
of irrigation. The source of irrigation was tube well water. During the growing season of the crop, standard agricultural
practices were adopted for better results.

Yield Parameters

The crop was harvested and sun-dried. The sun-dried crop was threshed and grain yield was noted. The crop germination
count (m?) was noted just before the time of harvesting by calculating no. of germinated plants (m2), number of productive
tillers (m2), number of spikelets/spike, 1000 grains weight (g), and grains yield (kg ha!) by random selection of 15 spikes on
experimental site. Average data was calculated for all of the counted parameters. 1000 grains were gathered from freshly
threshed grains and weighed using sensitive electronic balance. All of the generated data was analyzed by statistical methods
using different variance techniques to obtain significant differences. The analysis report was calculated by using different
methods of soil treatment from the water testing laboratory DG Khan, Punjab Pakistan by providing soil samples. Each
yield parameter was determined according to the method of Bhutta ef a/. (2019).
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Physio-chemical characteristics of Soil

The physio-chemical characteristics, (Electrical conductivity of the soil, pH of the soil, organic matter in the soil, availability
of potassium (K), and phosphorus (P) saturation, and loam texture) of experimental field soil were calculated and analyzed
(Table 1). Meteorological data including temperature, humidity, and precipitation of DG Khan Region was also recorded
during crop season 2019-2020 listed in the Table 2.

Table 1. Physio-chemical characteristics of soil

Characterization Value
Electric conductivity 3012 m cm!
pH of Soil 8.1

organic matter 0.34%
Auvailability of Phosphorus 5 ppm
Availability of Potassium 152 ppm
Saturation 58%
Texture loam 1

Table 2. Meteorological data recorded during crop season 2019-2020
Temperature (°C)

Months Maximum _ Minimom Relative Humidity (%) Precipitation (mm)
November-2019 25 14 89 12
December-2019 19 8 76 6.8
January-2020 17 6 88 6
February-2020 23 7 77 23
March-2020 27 17 85 215
April-2020 32 23 75 0.9
May-2020 40 27 66 0
Statistical Analysis

Significance of the data was determined using two-way ANOVA among different varieties by using the software GraphPad
Prism version (6.0).

Results and Discussion

Germination count

Wheat variety Faisalabad-2008 exhibited maximum germination count (193 m2) followed by Punjab-2011 (190.7 m-2) and
Shafaq-2003 (187.5 m2). However, no significant difference was observed (Figure 2a). Variance in germination count m=
among different wheat varieties (Faisalabad-2008, Punjab-2011, and Shafaq-2003) showed that each variety has its seed
reserves which perform accordingly in different soil conditions, and the suitability of their genetic makeup under each
climate. The previous findings (Mushtaq e 4/, 2011; Nadeem, 2001) are similar to our study. They observed that different
wheat varieties showed different germination counts under different soil and climatic conditions. Correspondingly, a
significant difference was reported in germination count m-2 by Nadeem (2001) among different wheat varieties under
variant climate conditions.

Productivity tillers

The maximum productivity tillers were found in the variety Faisalabad-2008 (278) followed by Punjab-2011 (273.15) and
Shafaq-2003 (268.67). Productivity tillers showed significance (P<0.0155) between Faisalabad-2008 and Shafaq-2003 (Figure
2b). Crop yield is defined as the function of spikes having productivity tiller per unit area. Among all genotypes, statistical
significance was observed which conformity with the results of Mushtaq e a/. (2011) and Naveed ¢7 a/. (2014). They observed
that different wheat varieties showed different productivity tillers under divers environments. Irfan e a/. (2005) also reported
the same finding which they thought was due to different genetic makeup and their response at different agronomical
locations.

Plant height

Plant height among Faisalabad-2008 and Shafaq-2003 showed a significant difference (P < 0.0083) among different
genotypes (Figure 2c). The relative mean study exhibited that maximum plant height (96.8cm) was recorded for the variety
Faisalabad-2008 as compared to Shafag-2003 which exhibit (86.49cm). The height of a mature plant is the result of the
expression of all the genetic makeup of the plant. Similar outcomes were presented by Musaddique e a/. (2000) and Bhutta ez
al. (2019) in their research. They observed that every genetic variety has its growth properties and variation in plant height
was recorded among other genetic and phenotypic characteristics. Our findings endotsed the results of Kaleem ez a/. (2010)
evident that height of a plant is greatly influenced by different environmental conditions in which they grow. Environmental
temperature and radiation can influence plant growth, but it is concluded that although plant height is a genetic factor but it
can largely influenced by environmental factors.
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Spike length and spikelets/spike

The data about spike length (cm) by various genotypic varieties showed no significant difference. Faisalabad-2008 showed an
increase in spike length (11.85cm) as compared to Punjab-2011 (10.81cm) and Shafaq-2003 (10.16cm) shown in (Figure 2d).
Faisalabad-2008 showed an increased no. of spikelets/spike (15.89) followed by Punjab-2011 (15.81) and Shafaq-2003
(13.83) presented in (Figure 2e). The spikelets/spike statistically showed no significant difference among different genetic
variants. Spike length variation is a result of variability among different genetic variants (Naveed ez 2/ 2014). Mushtaq et al.
(2011), produced the same results regarding this trait. They also observed variations in plant spike length and other relative
parameters of wheat crops. It is concluded that variation in spike length is because of fluctuation in nutrients in different
soils and also other environmental factors combined with the genetic properties of the crop (Mushtaq e# a/., 2011). Thus,
favorable conditions and availability of nutrients could result in increased spike length. The findings of (Bhutta e /., 2019)
support out results of spikelets/spike.

Grain/spikes

No. of grain spikes showed no significance among different wheat varieties (Figure 2f). In the case of Faisalabad-2008
higher no. of grain per spike (38.65) were recorded in comparison with Punjab-2011 (38.41) and Shafaq-2003 (37.73).
Multiple factors are involved in to effect no. of grain spikes such as conventional practices like seeding rates, planting dates
and fertility of the soil, genetic varieties, growth condition, temperature, groundwater level, nutritional standing, and weather
change (Kiliccedil, 2010). Our findings are similar to the results Bhutta ¢z /. (2019). Correspondingly, Imran e a/. (2015)
believe that no. of grains/spike are strongly correlated with the leaf area and biomass among different cultivars.

1000 grains weight

The 1000 grains weight (g) was found non-significantly different among different wheat varieties showed in (Figure 2g).
The weight of the 1000-grains was almost similar in the case of Faisalabad-2008 (37.6 g) and Punjab-2011 (37.66 g) but
lowers in the case of Shafaq-2003 (35.75 g). Arif et al. ( 2006) and Kiliccedil (2010) also reported similar findings. They stated
that different varieties have different weight of 1000 grains. Our results are also linked with Nadeem (2001) and Bhutta ez a/.
(2019) who reported the same findings in the case of 1000 grains weight of different genetic varieties. Irfan ef al. (2005)
stated that significant difference occurred among different varieties of wheat with respect to locations is because of the
differences in grain tillers and spikes which could be due to different climatic conditions and soil samples.

Grain yields

In the current study, no significant relation between grain yields (kg ha') among different wheat varieties was found.
Faisalabad-2008 showed maximum yield production (4060.5 kg ha'!) while Punjab-2011 (3905.7 kg ha) and Shafag-2003
(3822.5 kg ha'') showed less production comparatively (Figure 2h). The change in production was due to the genetics of the
wheat under given climate conditions. Our results are validation of the results of Bilalis e# a/. (2011) and Bazzaz (2015). Grain
yield potential is the function of its genetic components individually and in combination with environmental factors. The
increase in soil nutrients allows the plant to uptake more increasing the seed no, no. of tillers, 1000 grain weight, and
ultimately yield of grain. A similar study, proposed by Ali (2014), and Malik ez o/ (2009) evident that an increase in no. of
tillers, spikelets/spike, and grains/spike ate the cause of an increase in the grain yield in promising environmental and soil
conditions. The yield difference in different locations is due to changes in soil type and climate conditions.
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Figure 2. Yield traits of genetically modified varieties Faisalabad-2008, Unjab-2011 and Shafaq-2003.
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The statistical analysis of all parameters was analyzed and no significant difference was observed among wheat varieties. On
the other hand, productive tillers and plant height in the case of Faisalabad-2008 and Shafaq-2003 were significantly different

as shown in (Table 3). Table 3 shows a detailed comparison of all the yield parameters.

Table 3. Evaluation of various varieties of wheat and their performance in relation to the environment in DG Khan

Tukey's multiple comparisons test Mean Diff|  95% CI of diff,| Significant?] Summary| Adjusted P Value
Germination count (m?)
Faisalabad - 2008 vs. Punjab - 2011 2,245  -5.2411t09.731 No ns 0.7101
Faisalabad - 2008 vs. Shafaq - 2003 5500 -1.986t0 12.99 No ns 0.1647
Punjab - 2011 vs. Shafaq - 2003 3.255  -4.2311010.74 No ns 0.4978
Productive Tillers (m)
Faisalabad - 2008 vs. Punjab - 2011 4850 -2.636t012.34 No ns 0.2350
Faisalabad - 2008 vs. Shafaq - 2003 9.330 1.844 t0 16.82 Yes * 0.0155
Punjab - 2011 vs. Shafaq - 2003 4480 -3.006t011.97 No ns 0.2845
Plant Height (cm)
Faisalabad - 2008 vs. Punjab - 2011 5650, -1.8361013.14 No ns 0.1513
Faisalabad - 2008 vs. Shafaq - 2003 10.31 2.8241017.80 Yes * 0.0083
Punjab - 2011 vs. Shafaq - 2003 4660 -2.8261t012.15 No ns 0.2595
Spike Length (cm)
Faisalabad - 2008 vs. Punjab - 2011 1.040f  -6.446t0 8.526 No ns 0.9275
Faisalabad - 2008 vs. Shafaq - 2003 1690 -5.796t09.176 No ns 0.8216
Punjab - 2011 vs. Shafaq - 2003 0.6500| -6.836108.136 No ns 0.9709
No. of Spikelets spike
Faisalabad - 2008 vs. Punjab - 2011 0.08000|  -7.406 to 7.566 No ns 0.9996
Faisalabad - 2008 vs. Shafaq - 2003 2.060f  -5.426 t0 9.546 No ns 0.7485
Punjab - 2011 vs. Shafaq - 2003 1980,  -5.506 to 9.466 No ns 0.7648
No. of grains spike
Faisalabad - 2008 vs. Punjab - 2011 0.2400f -7.2461t07.726 No ns 0.9960
Faisalabad - 2008 vs. Shafaq - 2003 0.9200|  -6.566 to 8.406 No ns 0.9427
Punjab - 2011 vs. Shafaq - 2003 0.6800,  -6.806 t0 8.166 No ns 0.9682
1000 grains weight (g)
Faisalabad - 2008 vs. Punjab - 2011 -0.06000  -7.546t0 7.426 No ns 0.9997
Faisalabad - 2008 vs. Shafaq - 2003 1.850]  -5.636109.336 No ns 0.7908
Punjab - 2011 vs. Shafaq - 2003 1.910f -5.576109.396 No ns 0.7789
Conclusion

The yield performance of Faisalabad-2008 variety was higher than Punjab-2011 and Shafaq-2003 under local conditions of
south Punjab (Dera Ghazi Khan). Although we did not find any significant relationship between different varieties. The rise
in all yield parameters counting no. of tillers, germination count?, plant height, no. of spikelets/spike, no. of grain spike,
spike length, 1000-grain weight, and grain production yield was higher in the case of Faisalabad-2008. The main factors
responsible for this behavior of Faisalabad-2008 were the genetic makeup of this variety and its performance under these
favorable local conditions of DG Khan Region. Thus it is suggested that the sowing of Faisalabad-2008 could result in a
maximum yield production under the local conditions of DG Khan. The cultivation of Faisalabad should be promoted
among local farmers of DG Khan to get maximum production under the climatic conditions of DG Khan. Additionally,
more investigation is needed to investigate genetic suitability along with the adaptability of new genetic varieties to get a
better qualitative and quantitative performance of wheat varieties. This would ultimately increase the economic conditions of
poor formers in DG Khan Region.
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