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Abstract—The aim of this study is to assess the 

adaptability and productivity of winter wheat varieties under 

variable weather conditions by analysing grain yield, 1000-

grain weight (TGW), and protein content through long-term 

trials, as well as evaluating the impact of nitrogen fertilisation 

in short-term case studies. A field trials study assesses the 

performance of long-established (over 13 growing seasons) 

and newly introduced wheat varieties (one growing season at 

two locations). Seven significant correlations between 

weather conditions and grain yield, TGW, and protein 

content were recorded for the varieties 'Skagen' and 'Brons' 

over a long-term period. ‘Skagen’ and ‘Brons’ are well-

adapted to the local conditions in Latvia. Negative 

correlations were observed between grain yield and mean 

temperatures in July at Vilani (r = −0.60; r = −0.73 for both 

varieties), as well as between total precipitation in September 

(rSkagen = −0.73) at Stende. Additionally, negative correlations 

were found between TGW and mean temperatures in June 

(rSkagen = −0.72; rSkagen = −0.64) at both locations, while a 

positive correlation was observed between total precipitation 

in June (rSkagen = 0.73) at Stende. Positive correlations were 

also recorded between protein content and total precipitation 

in May and June at Vilani (r = 0.59; r = 0.71) for both 

varieties. Negative correlation was identified between protein 

contents and total precipitation in April (r = −0.68; r = −0.69) 

for both varieties and positive correlation mean 

temperatures in June (rSkagen = 0.57) at Stende. One growing 

season compared the effects of nitrogen fertilisation N0, 

N120, N180 treatments on wheat varieties 'Bright', 'Brigens', 

'KWS Ahoi', and 'KWS Imperium' at two locations. At N180, 

the mean values for the four varieties were significant higher 

at Vilani and Stende compared to the control. The highest 

grain yield was recorded for the variety 'Bright' at Stende 

and for 'KWS Ahoi' at Vilani. The variety ‘Brigens’ was 
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identified as having the high protein content and TGW at 

both locations. These findings provide insights into 

sustainable wheat cultivation, with a short-term study 

ongoing to further develop resilient growing systems. 

Keywords— correlation, long-term and short-term trial, 

nitrogen fertilisation, varieties, weather. 

I. INTRODUCTION 

In Latvia, wheat has been cultivated for centuries, and 
the sown area of winter wheat is larger almost each year 
compared to spring wheat. In recent years, winter wheat has 
been sown on an average of over 400 thousand hectares per 
year. The average yield obtained is 4–5.5 t ha–1. According 
to official statistics, the sown area of winter wheat in Latvia 
has significantly increased over the past 10 years – from 
164.0 thousand hectares to 438.1 thousand hectares [1]. 
Global wheat yields and sown area are projected to increase 
by 2033, with the European Union expected to become the 
largest wheat producer [2]. 

The diversity of winter wheat varieties is dynamic and 
constantly evolving, driven by the introduction of new 
varieties each year aimed at enhancing yield and 
adaptability. Some varieties offer more stable yields and 
consistent quality, demonstrating less susceptibility to 
environmental fluctuations. In Latvia, there is an ongoing 
effort to develop new winter wheat varieties that are 
specifically adapted to the unique Baltic conditions, 
ensuring improved resilience and productivity in the region 
[3], [4]. In Nordic-Baltic conditions it is important to use 
varieties which are well adapted to marginal environments 
in order to reduce the influence of the environment on yield 
and grain quality parameters [5]. As new high-yielding 
varieties have been developed over the last few decades, 
their nutrient requirements have also increased [6]. 

Annual variations in wheat grain yield across varieties 
can be primarily influenced by meteorological conditions 
[7] – [9]. Studying the relationship between weather 
conditions in a specific month and crop yields is crucial due 
to the ongoing global warming phenomenon. Highlights 
that climate change leads to increased weather variability. 
Analysing weather patterns and their effects on yields helps 
predict future trends and assess the risks or benefits of 
global warming, enabling informed decision-making and 
proactive measures [10]. 

Wheat yield is a complex trait influenced by the genetic 
composition of the plant, the environmental conditions, and 
the interaction between genotype and environment [11]. 
The prevailing view that winter wheat in the northeastern 
part of Europe will benefit from climate change is largely 
based on the assumption that rising average air 
temperatures will be accompanied by an increase in total 
annual precipitation [12]. However, with more variable 
rainfall, droughts could occur more often in Latvia. 
Modelling weather changes in the UK would have little 
impact on wheat yield, although drier years could reduce 
yields, particularly in soils with lower water-holding 
capacity, where drought-induced yield loss could exceed 
50% [13]. Increasing heat stress around anthesis is 

expected to cause significant yield losses in heat-sensitive 
wheat cultivars in Northern Europe. The crop scientists and 
breeders should focus on developing wheat varieties 
resistant to high temperatures during flowering [14]. 
However, due to climate warming, favourable factors such 
as warmer winters are also influencing yields. Nonetheless, 
the potential benefits of a longer thermal growing season in 
Northern Europe are often limited by the risk of late frosts 
and early spring and summer heatwaves [15]. 

The effect of mineral fertilizers also depends on 
weather conditions [10]. The fertile soils with high water 
retention enable nitrogen to play a key role in maintaining 
wheat yields, even under dry conditions. Model simulations 
suggest that under low or moderate input, nitrogen will 
remain a major limiting factor for increasing winter wheat 
yield potential in the coming decades [12]. Therefore, 
efforts should focus on improving nitrogen efficiency, 
considering both nitrogen and climatic factors [16]. 

Overall, the study in Latvia suggests that winter wheat 
yield was influenced by 34% by cultivar, 33% by weather 
conditions, and 13% by the crop-year cultivar, with a small 
effect of nitrogen fertiliser at 3% [17]. 

This field study focuses on the most widely grown 
varieties over the long-term, as well as those with the 
greatest potential in recent years. The aim is to evaluate the 
adaptability of winter wheat varieties under variable 
meteorological conditions by analysing grain yield, 1000-
grain weight, and protein content through a long-term trial. 
Additionally, a short-term case study assesses the 
productivity of different varieties and the impact of 
nitrogen fertilisation, contributing to the development of 
resilient and sustainable wheat cultivation practices. 

II. MATERIALS AND METHODS  

A. Experimental place 

Field trials were conducted over 13 growing seasons 
(from September 2011 to August 2024) at the Agricultural 
Scientific Centre of Latgale, Vilani and the Institute of 
Agricultural Resources and Economics (AREI), Stende. 
This study evaluates the performance of long-term trials for 
the wheat varieties 'Skagen' and 'Brons'. The objective of 
the trial was to analyze the impact of weather conditions on 
the variability of grain yield, 1000-grain weight (TGW), 
and protein content in winter wheat. Winter wheat varieties 
were sown at a rate of 450–500 germinable seeds m⁻². The 
main agrochemical parameters are presented in Table 1.  

Over the long term, complex mineral fertiliser NPK 
was applied annually at various ratios, with a rate of 300 kg 
ha⁻¹. Additional fertilisation was carried out with 
ammonium nitrate (34N + S) at an N rate of 150 kg ha⁻¹ at 
Vilani. At Stende, either ammonium nitrate (34N + S) or 
N27-S4 was applied at an N rate of 120–150 kg ha⁻¹, 
depending on spring climatic conditions. Nitrogen 
fertilisers were applied twice during the wheat growing 
season: in spring (BBCH 22–23) and a second during stem 
elongation (BBCH 32). 
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Additional results from the 2023/2024 season compare 
the performance of prospective wheat varieties 'Bright', 
'Brigens', 'KWS Ahoi', and 'KWS Imperium' at two 
locations: AREI in Vilani and Stende. This study examines 
the effects of nitrogen fertilisation treatments (control - N0, 
N120, N180) on grain yield, TGW, and protein content in 
winter wheat varieties. Both locations applied N at rates of 
120 kg ha⁻¹ and 180 kg ha⁻¹, with ammonium nitrate (34N 
+ S) used at Vilani and N27-S4 at Stende. Nitrogen 
fertilisers were applied three times during the wheat 
growing season: in spring (BBCH 22–23), during stem 
elongation (BBCH 32), and at the beginning of heading 
(BBCH 51). 

In both long-term and short-term field trials, plant 
protection measures are organized taking into account the 
situation in the field, following the generally accepted 
integrated pest management practice for weed and disease 
control in wheat growing technologies. Except for the 
short-term trials, the N0 control variant was not treated with 
any plant protection products. 

Grain yield was recalculated to 100% purity and a base 
moisture content of 14%. Grain quality indicators, protein 
content, were analysed using the express method (Infratec 
Nova 6). The thousand-grain weight (TGW) was 
determined according to the ISTA (International Seed 
Testing Association) methodology. 

TABLE 1 THE MAIN AGROCHEMICAL PARAMETERS OF THE ARABLE SOIL 

LAYER DURING 13 GROWING SEASONS  

Location Organic  

matter  

contents, % 

Soil  

acidity  

(pHKCl) 

Available  

P2O5, mg  

kg-1 

Available  

K2O, mg  

kg-1 

Stende 2.0±0.3 5.7±0.1 161.0±18.4 151.2±20.8 

Vilani 4.2±2.5 6.7±0.3 117.2±42.9 125.2±20.1 

 

 

Fig. 1. Meteorological conditions from September 2011 to August 

2024. 

B. Meteorological conditions  

Agro-meteorological conditions for Vilani were 
characterised using data from the Rezekne station, and for 
Stende, data from the Stende hydrometeorological station  
(Fig. 1). 

C. Statistical analysis 

Software JASP was used for data statistical analysis. 
The difference between the yields properties were 
determined using analysis of variance (ANOVA). 
Significant differences among the measured characteristics 
of wheat varieties were compared by Fisher’s protected 
least significant difference (LSD) tests (p ≤ 0.05). The 
Pearson correlation coefficient was used to analyse the 
relationships between grain yield, TGW, and protein 
content with daily mean temperature and precipitation 
during the vegetation period with significant difference  p 
< 0.05 and p < 0.01. 

III. RESULTS AND DISCUSSION 

The results indicate variations in yield, protein content, 
and 1000-grain weight (TGW) over a 13-year period. The 
average yield exhibited a wider range, varying from 5.61 to 
12.78 t ha⁻¹ for the variety ‘Skagen’ at Vilani and from 6.01 
to 12.84 t ha⁻¹ for ‘Brons’ at Stende (Table 2). The variety 
‘Skagen’ has been cultivated in Latvia for a longer period, 
whereas ‘Brons’ was introduced in later years. The 
varieties at both locations demonstrate the potential to 
achieve yields exceeding 12 t ha⁻¹. These results suggest 
that both ‘Skagen’ and ‘Brons’ are adaptable to local 
growing conditions and can achieve high yields under 
favourable conditions. Yield variation reflects the influence 
of factors such as weather, soil quality, and agronomic 
practices, highlighting the need for further research to 
optimise and ensure stable yield performance. 

TABLE 2 WINTER WHEAT YIELD BY VARIETY AND LOCATION OVER 

MULTIPLE YEARS  

Variety Location (Years) 
Yield, t ha-1 

mean ± SD  min. max. 

Skagen 
Vilani (2012-2024) 9.38 ± 1.93 5.61 12.78 

Stende (2012-2024) 9.25 ± 2.18 6.23 12.28 

Brons 
Vilani (2013 – 2023) 10.03 ± 1.24 8.78 12.40 

Stende (2015-2024) 8.59 ± 2.21 6.02 12.84 

The average 1000-grain weight of winter wheat was 
higher for the variety ‘Skagen’ at both locations, with a 
range from 29.03 to 58.90 g (Table 3). TGW was 
determined primarily by the variety.  

TABLE 3 WINTER WHEAT 1000-GRAIN WEIGHT BY VARIETY AND 

LOCATION OVER MULTIPLE YEARS  

Variety Location (Years) TGW, g 

mean ± SD  min. max. 

Skagen Vilani (2012-2024) 44.73 ± 6.83 29.03 53.20 

Stende (2012-2024) 47.39 ± 6.20 38.55 58.90 

Brons Vilani (2013 – 2023) 41.26 ± 5.48 31.06 47.70 

Stende (2015-2024) 39.79 ± 5.32 32.11 45.80 

The protein content was higher for ‘Skagen’ at both 
locations, with a wider range from 10.54% to 15.33% at 
Stende (Table 4). The variety ‘Skagen’ is more suitable in 
certain years for food quality, reaching 12%. 
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TABLE 4 WINTER WHEAT PROTEIN CONTENT BY VARIETY AND 

LOCATION OVER MULTIPLE YEARS  

Variety Location (Years) 
Protein content, % 

mean ± SD  min. max. 

Skagen 
Vilani (2012-2024) 13.03 ± 1.01 11.40 15.20 

Stende (2012-2024) 12.93 ± 1.71 10.54 15.33 

Brons 
Vilani (2013 – 2023) 12.36 ± 0.71 11.30 13.70 

Stende (2015-2024) 11.97 ± 1.08 10.39 13.23 

A correlation analysis was conducted to assess the 
relationship between weather conditions in specific months 
and yield, 1000-grain weight (TGW), and protein content. 
Seven relationships were found to be statistically 
significant. 

 

Fig. 2. Correlation of winter wheat ‘Skagen’ yield with July average 

temperature at Vilani. 

Negative correlations were observed between grain 
yield and mean temperatures in July at Vilani (r = −0.60; r 
= −0.73 for both varieties), as well as between total 
precipitation in September during the sowing period (r = 
−0.73 for ‘Skagen’) at Stende (Figs. 2., 3., 4.). These results 
suggest that higher temperatures in July during the grain-
filling period may negatively impact grain yield, 
potentially through increased evaporation or heat stress, 
which can limit the plant's ability to accumulate dry matter. 
Similar results [18] were found in another modelling study 
in Latvia, showing a negative correlation between July 
temperatures and winter wheat yield. In Stende, the 
negative correlation with July temperature is weaker. 
Observing higher average July temperatures in Vilani in 
certain years may indicate regional differences in variety 
adaptability. In this study lowest grain yield was observed 
at a critical average daily temperature of 21.5°C in July for 
both varieties at Vilani. The study by [19] indicates that the 
optimum temperature for wheat growth is between 15 oC 
and 20 oC. It is estimated that for every 1°C increase in 
temperature, the duration of grain filling in wheat decreases 
by 2.8 days [20], which results in a yield reduction of 
approximately 6% [21]. An increase in the average ambient 
temperature is not only due to rising maximum 
temperatures but also growing minimum temperatures 
[22]. In this study [23] found a stronger correlation between 
wheat grain yield and minimum temperature than with 
maximum temperature, estimating a 10% yield decrease for 
every 1°C rise in night temperature.  

 

Fig. 3. Correlation of winter wheat ‘Brons’ yield with July average 

temperature at Vilani. 

 The strong negative correlation between September 
precipitation and yield in ‘Skagen’ at Stende suggests that 
excessive moisture during the sowing period can interfere 
with crop establishment. Lower grain yields were identified 
with September precipitation ranging from 134.10 to 
152.40 mm, which had a negative impact over two years. 
This could result in poor germination, uneven emergence, 
or waterlogging, all of which can hinder early growth.  

 

Fig. 4. Correlation of winter wheat ‘Skagen’ yield with September 

total precipitation at Stende. 

Protein content and TGW interaction with weather 
conditions across different Latvian regions have not been 
extensively studied. However, the results indicate regional 
differences and varietal adaptability. Additionally, negative 
correlations were found between TGW and mean 
temperatures in June (rSkagen = −0.72; rSkagen = −0.64) at both 
locations, while a positive correlation was observed 
between total precipitation in June (rSkagen = 0.73) at Stende 
(Table 5). These results indicate that higher mean 
temperatures in June negatively affect TGW, while 
increased precipitation in June positively influences TGW 
at Stende. This suggests that warmer conditions may reduce 
grain weight, possibly due to heat stress, while higher 
moisture availability supports grain development and yield 
productivity. 
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TABLE 5 CORRELATION OF WINTER WHEAT TGW AND PROTEIN 

CONTENT WITH MONTHLY TEMPERATURE AND PRECIPITATION  

Variety Location rApril P rMay P rJun P rJun T 

TGW 

Skagen 
Vilani  

 

0.06 -0.71** 

Stende  0.73** -0.64* 

Brons 
Vilani  0.42 -0.12 

Stende  -0.33 -0.46 

Protein content 

Skagen 
Vilani  -0.16 0.47 0.59* -0.09 

Stende  -0.68* -0.43 -0.43 0.57* 

Brons 
Vilani  0.10 0.71** 0.42 -0.12 

Stende  -0.69** -0.26 0.40 0.45 
* p < 0.05, ** p < 0.01 

Positive correlations were observed between protein 
content and total precipitation in May and June at Vilani (r 
= 0.59; r = 0.71) for both varieties (Table 5). Increased 
precipitation in May and June positively affects protein 
content. A negative correlation was found between protein 
content and total precipitation at Stende in April (r = −0.68; 
r = −0.69) for both varieties, while a positive correlation 
was identified between protein content and mean 
temperatures in June (rSkagen = 0.57). This suggests that 
higher precipitation in April may reduce protein content, 
while warmer temperatures in June may have a greater 
impact on protein synthesis for wheats variety at Stende. 
According to [24], [25] protein content increases under 
drought and heat stress during grain formation and filling, 
and decreases under optimal weather conditions. Studies 
[26], [27] reveal that weather interactions during anthesis 
and mid-grain filling influence TGW and protein content, 
depending on the variety. 

TABLE 6 YIELD (T HA
-1) OF WINTER WHEAT VARIETIES BY LOCATION 

AND VARIETY DURING THE 2023/2024 GROWING PERIOD  

N, kg 

ha-1 

Bright Brigens Ahoi Imperium 
Mean A 

Vilani 

0 5.23 5.27 5.23 4.37 5.02 

120 6.64 6.31 6.72 4.58 6.06 

180 7.36 7.39 7.52 5.51 6.95 

Mean B 6.41 6.32 6.49 4.82  

A factor LSD0.05 = 0.30; B factor LSD0.05 = 0.35 

Stende 

0 1.54 1.27 1.24 1.43 1.37 

120 3.89 3.95 3.72 3.55 3.78 

180 5.83 5.28 5.48 5.48 5.51 

Mean B  3.75 3.50 3.48 3.49  

A factor LSD0.05 = 0.34; B factor LSD0.05 = 0.40 
A, B with bold significant difference (p < 0.05) 

This study compared long-term and short-term results, 
indicating that the climatic conditions during the 
2023/2024 growing period affected lower grain yield, 
protein content, and 1000-grain weight for all prospective 
varieties at both locations. 

Grain yield was comparable across all varieties, with 
the exception of variety ‘Imperium’, which exhibited a 
significantly lower yield at Vilani (Table 6). The highest 
grain yield was recorded for the variety 'Bright' at Stende 
(5.25 t ha⁻¹) and for 'Ahoi' at Vilani (7.52 t ha⁻¹) under the 
N180 rate. Due to high soil organic matter at Vilani, 
relatively high yields were observed even at N0, and the 

effect of nitrogen was less pronounced than at Stende. N 
treatment had a significant impact on yield, with the 
highest yield observed at N180, particularly in Stende. 
Several studies in Latvia have shown that grain yield 
increases when nitrogen rates are raised to 180 kg ha–1 N. 
Beyond this point, further increases in nitrogen application 
do not result in significant yield growth, but grain quality 
indicators continue to improve [6]. 

TABLE 7 PROTEIN CONTENT (%) OF WINTER WHEAT VARIETIES BY 

LOCATION AND VARIETY DURING THE 2023/2024 GROWING PERIOD 

N, kg 

ha-1 

Bright Brigens Ahoi Imperium 
MeanA 

Vilani 

0 10.02 9.95 9.50 9.83 9.83 

120 10.82 10.91 10.19 11.59 10.87 

180 11.72 11.66 11.10 12.29 11.69 

Mean B 10.85 10.84 10.26 11.24  

A factor LSD0.05 = 0.50; B factor LSD0.05 = 0.54 

Stende 

0 9.18 10.18 9.18 9.13 9.41 

120 10.16 10.85 10.02 10.52 10.38 

180 12.69 13.06 12.92 12.25 12.73 

MeanB  10.68 11.36 10.71 10.63  

A factor LSD0.05 = 0.26; B factor LSD0.05 = 0.31 
A, B with bold significant difference (p < 0.05) 

Protein content was more variety-specific, with 
significantly higher levels for ‘Brigen’ at both locations, 
as well as for ‘Imperium’ and ‘Bright’ at Vilani (Table 7). 
N treatment had a significant impact at both N120 and 
N180 compared to the control. The highest protein content 
was observed with the N180 treatment at both locations, 
indicating a strong positive effect of higher nitrogen 
application on protein accumulation. The standard protein 
content for food-quality wheat grain is 12%. This quality 
was achieved by almost all varieties under the N180 rate, 
except for the variety ‘Ahoi’ at Vilani. A study in Latvia 
[16] and research in Germany [28] both found that an N 
rate of 180 kg ha⁻¹ is crucial for achieving protein content 
suitable for bread baking, highlighting the importance of 
optimal fertilisation for wheat quality. 

TABLE 8 1000-GRAIN WEIGHT (G) OF WINTER WHEAT VARIETIES BY 

LOCATION AND VARIETY DURING THE 2023/2024 GROWING PERIOD 

N Bright Brigens Ahoi Imperium MeanA 

Vilani 

0 39.28 35.27 35.69 36.59 36.71 

120 39.79 35.49 33.93 35.25 36.11 

180 43.18 40.68 37.83 39.64 40.33 

MeanB 40.75 37.15 35.81 37.16  

A factor LSD0.05 = 1.08; B factor LSD0.05 = 0.94 

Stende 

0 27.44 30.61 28.14 28.83 28.75 

120 28.91 29.23 27.92 30.11 29.04 

180 33.15 34.56 29.79 34.07 32.89 

MeanB  29.84 31.47 28.62 31.00  

A factor LSD0.05 = 1.26; B factor LSD0.05 = 1.09 
A, B with bold significant difference (p < 0.05) 

The results for the 1000-grain weight of winter wheat 
varieties showed that ‘Brigens’ and ‘Imperium’ had higher 
potential at both locations, while ‘Bright’ also had a higher 
weight at Vilani. Coarser grains were observed at Vilani 
(Table 8). The N180 treatment had a higher impact on 
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thousand-grain weight for all varieties and locations 
compared to the control, highlighting the positive effect of 
higher nitrogen application on grain size. Effect of N-rate 
on TGW is also shown by [16], [17].  

At N180, the mean values for the four varieties were 
higher at Vilani, with yield increasing average by 130%, 
protein content by 16%, and TGW by 6% and at Stende, 
yield increased by 241%, protein content by 23%, and 
TGW by 8% compared to the control (Fig. 5). These 
results confirm that higher N treatment significantly 
impacted grain yield across all varieties. The findings 
suggest that the effect of nitrogen is more pronounced at 
Stende, likely due to differing soil and environmental 
conditions between the two locations. 

 

Fig. 5. Yield, protein, and TGW changes by N treatment compared to 

control during the 2023/2024 growing period. 

IV. CONCLUSIONS 

‘Skagen’ and ‘Brons’ are well-adapted to local 
conditions and can achieve yields exceeding 12 t ha⁻¹, with 
protein content ranging from 10.54% to 15.33% and TGW 
ranging from 29.03 to 58.90 g under Latvian climatic 
conditions. 

Analysis of the interaction with weather conditions 
identified seven significant correlations, providing further 
insights due to future climatic and agronomic challenges. 
Negative correlations were observed between grain yield 
and mean temperatures in July at Vilani (r = −0.60; r = 
−0.73 for both varieties), as well as between total 
precipitation in September (rSkagen = −0.73) at Stende. 
Additionally, negative correlations were found between 
TGW and mean temperatures in June (rSkagen = −0.72; rSkagen 
= −0.64) at both locations, while a positive correlation was 
observed between total precipitation in June (rSkagen = 0.73) 
at Stende. Positive correlations were also recorded between 
protein content and total precipitation in May and June at 
Vilani (r = 0.59; r = 0.71) for both varieties. Negative 
correlation was identified between protein contents and 

total precipitation in April (r = −0.68; r = −0.69) for both 
varieties and positive correlation mean temperatures in 
June (rSkagen = 0.57) at Stende.  

One growing season compared the effects of nitrogen 
fertilisation treatments on wheat varieties 'Bright', 
'Brigens', 'KWS Ahoi', and 'KWS Imperium' at two 
locations. The application of N180 significantly increased 
yield, protein content, and TGW at both Vilani and Stende. 
Results highlight the positive effects of N180 on crop 
performance, with particularly strong benefits observed at 
Stende. The highest grain yield was recorded for the variety 
'Bright' at Stende (5.25 t ha⁻¹) and for 'KWS Ahoi' at Vilani 
(7.52 t ha⁻¹). The variety ‘Brigens’ was identified as having 
the highest protein content and TGW at both locations. 
These findings provide insights into sustainable wheat 
cultivation, with a short-term study ongoing to further 
develop resilient growing systems. 
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