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ABSTRACT 

This is due to approaching the upper limits of the harvest index. The 

study aimed to determine the effect of sowing density (SD) practices 

on BY in the Central Anatolian Region and the use of normalized 

vegetation index (NDVI) values in estimating BY easily. Field trials 

were carried out for three consecutive years in rainfed and irrigated 

conditions in Eskişehir between 2012 and 2015. Four different SDs 

(Sparse, Ordinary, High, and Very High) were applied to six winter 

wheat cultivars. Biomass samples were taken during flowering and 

harvesting periods. NDVI values were measured using the Green 

Seeker Handhold Sensor (GSHS) tool during the flowering period. In 

both conditions, the correlation between the NDVI values during the 

flowering period and the biomass yields obtained during the 

harvesting period was found to be positive and significant (in rainfed 

conditions (R = 0.837), in irrigated conditions (R = 0.786)). To obtain 

high BY, it is recommended that to be sowed with High SD in rainfed 

conditions, and Ordinary SD practices in irrigated conditions. 

Considering the varieties, Alpu 2001 and Harmankaya-99 stand out 

from the others in terms of getting high biomass yield in both 

conditions. In addition, it was determined that the GSHS is a reliable 

tool that can be used for the estimation of BY. 
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Ekmeklik Buğdayda Biyokütle Verimi: Ekim Sıklığının Etkisi ve NDVI Kullanılarak Tahmini  
 

ÖZET  

Bu çalışmanın amacı, İç Anadolu Bölgesi'nde ekim sıklığı(ES) 

uygulamalarının BV'ye etkisini ve BV'nin kolayca tahmin edilmesinde 

normalize edilmiş bitki indeksi (NDVI) değerlerinin kullanımını 

belirlemektir. Tarla denemeleri 2012-2015 yılları arasında arka 

arkaya üç yıl süreyle yağmura bağımlı ve sulu koşullarda Eskişehir'de 

yapılmıştır. Altı adet kışlık buğday çeşidine dört farklı ekim sıklığı 

(Seyrek, Sıradan, Yüksek ve Çok Yüksek) uygulanmıştır. Biyokütle 

örnekleri çiçeklenme ve hasat dönemlerinde alınmıştır. NDVI 

değerleri çiçeklenme döneminde Green Seeker Handhold Sensor 

(GSHS) cihazı kullanılarak ölçülmüştür. Her iki koşulda da 

çiçeklenme dönemindeki NDVI değerleri ile hasat döneminde elde 

edilen BV’leri arasındaki korelasyon pozitif ve istatistiksel olarak 

önemli bulunmuştur (yağmura bağımlı koşullarda (R = 0,837), sulu 

koşullarda (R = 0,786)). Yüksek BV elde etmek için çeşitlerin yağışlı 

koşullarda Yüksek ES uygulamasıyla, sulu koşullarda Normal ES 

uygulamasıyla ekilmesi önerilir. Çeşitler arasında Alpu 2001 ve 

Harmankaya-99 çeşitlerinden  her iki koşulda da yüksek verim 

alınmıştır. Ayrıca GSHS'nin BV tahmini için kullanılabilecek 

güvenilir bir araç olduğu belirlenmiştir. 
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INTRODUCTION  

Bread wheat (Triticum aestivum L.) is an ancient 

nutritionally important field crop grown worldwide. It 

is also the most widely used crop for making bread, 



KSÜ Tarım ve Doğa Derg 27 (5), 1148-1158, 2024 

KSU J. Agric Nat  27 (5), 1148-1158, 2024 

Araştırma Makalesi 

Research Article 
 

1149 

which is one of the most consumed foods worldwide and 

has a sacred status in many religions (Shewry, 2009). 

Knowledge of the various physiological traits 

associated with genetic gains in yield potential is 

essential for understanding yield-limiting factors and 

informing future breeding strategies (Aisawi et al., 

2015). Thanks to effective breeding strategies, wheat 

grain yield (GY) has increased tremendously over the 

last five decades (Lovegrove et al., 2020). However, to 

meet the food needs of the world population, which is 

expected to reach 9.8 billion by 2050 (Anonymous, 

2022), additional increases in wheat yield per unit area 

are required (Reynolds et al., 2022). In the studies 

carried out so far, shortening of plant height has led to 

an increase in yield due to an improvement in the 

harvest index, but the harvest index has approached 

the upper limit of significance (Foulkes et al., 2011). 

The challenges of increasing the harvest index also 

emphasize the importance of improving biomass in 

recent years (Reynolds et al., 2017; Savaşlı et al., 

2023). There is a need to increase biomass yields due 

to its use in many industries such as food, paper 

production, energy, and especially livestock (Foulkes et 

al., 2007; Khan & Mubeen, 2012; Dai et al., 2016; 

Ravindran & Jaiswal, 2016; Townsend et al., 2018). 

Increasing total biomass production seems inevitable 

to achieve higher grain yields (Reynolds et al., 2012; 

Mitchell & Sheehy, 2018; Savaşlı et al., 2023). Crossing 

and selecting germplasm solely for biomass yield 

seems to be insufficient, as negative relationships 

between biomass yield and grain yield often lead to 

inappropriate and off-target results (Aisawi et al., 

2015). For many reasons, high biomass yield has 

become one of the most sought-after traits in wheat 

agriculture (Molero et al., 2019). Higher total biomass 

yields can result from increasing the light-blocking and 

radiation-use efficiency of the plant or its component 

traits (Reynolds et al., 2020). 

Since sowing density is shaped under the influence of 

both genotype and environment, it may vary according 

to the annual rainfall amount and distribution, soil 

characteristics, agricultural techniques applied, and 

the variety of characteristics to be grown. In this 

respect, it is important to determine the optimum 

sowing density in each region and variety. Many 

researchers have reported that the relationship 

between planting density and photosynthetic 

efficiency, nitrogen use efficiency, and nutrient and 

water use efficiency of plants positively affects plant 

growth (Carr et al., 2003; Amanullah et al., 2010; Khan 

et al., 2020; Shah et al., 2020).  Sowing density is one 

of the agronomic practices that have a significant effect 

on obtaining high grain yield and biomass yield per 

unit area (Bhatta et al., 2017; Ma et al., 2018; Khan et 

al., 2020).   In this study, it was aimed to determine the 

optimum sowing density to obtain high biomass yield 

by investigating the effect of different planting 

frequencies on the biomass yield of bread wheat 

varieties under rainfed and irrigated conditions. 

Measuring the biomass yield of wheat is both difficult 

and time-consuming for wheat breeders and 

agronomists. Therefore, they need new reliable 

methods to measure biomass yield more easily (Walter 

et al., 2019; Atkinson Amorim et al., 2022; Savaşlı et 

al., 2023). Optical sensors can be widely used to 

estimate yield and biomass characteristics in wheat 

(Savaşlı et al.,2021a). Normalized vegetation index 

(NDVI) data has been used successfully by many 

scientists in different regions of the world (Gündoğdu, 

2018). The use of vegetation index is one of the reliable 

methods of biomass yield estimation for researchers 

willing to work with a large number of genotypes, as it 

allows rapid and non-destructive assessment of plant 

traits. (Cabrera-Bosquet et al., 2011; Zecha et al., 2018; 

Chandel et al., 2019; Savaşlı et al., 2023). To make 

better use of such new methods, it is necessary to test 

whether their use is appropriate for the plant variety 

and region (Savaşlı et al., 2021b). In this study, it was 

aimed to measure the effect of planting density on 

biomass yield as well as the usability of the Green 

Seeker Hand Sensor (Lapidus et al., 2022) to estimate 

biomass yield easily and quickly. 
 

MATERIALS and METHODS  

Trial area, soil properties, and climate data 

Field trials were conducted for three consecutive years 

between 2012 and 2015 crop years in the central 

campus of the Transitional Zone Agricultural Research 

Institute, Eskişehir (39° 46' N, 30° 24' E, 780 m above 

sea level). Soil samples taken from 0-50 cm depth 

before sowing were examined at the Soil-Water 

Research Laboratory of the Transitional Zone 

Agricultural Research Institute and analyzed as clay 

loam with a slightly alkaline structure and no salinity. 

It was also classified as moderately calcareous, with 

low organic matter and phosphorus content and a high 

content of plant-useful potassium. Total annual 

rainfall was 254.1 mm, 318.7 mm, and 643.0 mm, 

respectively. The highest rainfall occurred in the 2014-

15 crop year, but this rainfall was not effective enough 

to increase biomass yields due to the maturing period 

of wheat. This high rainfall in the 2014-15 crop year 

positively affected biomass yield in rainfed trials as 

expected, but not in irrigated trials due to the increase 

in lodging and diseases (Table 1). 
 

Plant materials and crop cultivation 

Six winter wheat (Triticum aestivum L.) cultivars 

released between 1969 and 2001 years by the 

Transitional Zone Agricultural Research Institute 

were used as plant material. The cultivars are grown 

widely in the Central Anatolia Region. Alpu 2001, 

Atay-85, and Sultan 95 are white-grained, awned 

cultivars recommended for irrigated areas.  

Bezostaja1, Harmankaya-99, and Sönmez 2001 are red 

grain varieties that are recommended for rainfed areas  
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Table 1. The precipitation (mm) and air temperature data (˚C) for the average of years and long years in which the 

trials were conducted in Eskişehir. 

Çizelge 1. Eskişehir'de denemelerin yapıldığı yıllara ve uzun yıllara ait yağış (mm) ve hava sıcaklığı verileri (˚C) 

                  Precipitations (mm)                Air temperature ( ºC ) 

Months  2012-13 2013-14 2014-15 Long years*  2012-13 2013-14 2014-15 Long years** 

October  0.0 2.0 41.4 14.5  18.7 16.7 18.4 17.1 

September  16.1 65 66.1 27.2  14.2 9.8 13.6 11.9 

November  14.5 15 26.2 29.3  7.3 6.7 7.6 6.4 

December  73.2 1.5 72.1 45.1  2.2 1.7 5.8 2.0 

January  18.5 21 39.0 38.4  1.7 3.6 0.8 -0.2 

February  36.5 7.0 60.9 32.3  4.3 6.0 2.3 1.3 

March  33.2 27.1 46.0 33.6  7.1 6.2 5.1 4.9 

April  37.8 23.2 41.3 35.1  10.8 11.3 7.1 10.2 

May  9.5 53.8 61.2 44.9  17.7 16.4 14.9 15 

June  14.0 70.5 125.3 30.5  20.0 19.9 16.3 18.8 

July  0.8 20.4 0.0 13.8  21.6 23.7 21.0 21.5 

Agust  0.0 12.2 63.5 7.8  22.4 24.1 21.7 21.4 

Monthly average  21.2 26.6 53.6 29.4  12.3 12.2 11.2 10.9 

Annual total  254.1 318.7 643.0 352.5  148 146.1 134.6 130.3 

*: Means of between 1995-2015 years; **: Means of between 1925 - 2015 years 
 

and Bezostaja1 and Sönmez 2001 have awnless spikes 

Sowing density amounts were determined to cover one 

degree below and one degree above the normal and 

high sowing densities currently practiced in the 

Central Anatolia Region. According to this, four sowing 

density treatments were used (SSD: Sparse Sowing  

Density is 350 seeds m-2; OSD: Ordinary Sowing 

Density is 500 seeds m-2; HSD: High Sowing Density is 

650 seeds m-2 and VHSD: Very High Sowing Density is 

800 seeds m-2). Drilling was done by a six-row plot 

seeder on a plot size 7.0 x 1.2 m and 20 cm distance 

between rows. The plot size was 6 m2 (1.2 m x 5 m) and 

drilled on the second week of October in all three years. 

The fertilizing was made 70 kg ha-1 N and 70 kg ha-1 P 

for rainfed trials and 120 kg ha-1 N and 90 kg ha-1 P for 

irrigated trials. Half of the nitrogen fertilizer was 

given at drilling and the rest was given in spring at the 

tillering stage Zadoks Growth Stage (GS) 25 (Zadoks 

et al., 1974). Field trials were conducted in rainfed and 

irrigated conditions.  The irrigated trials were watered 

three times (after sowing, at stem-elongation and 

heading stages) by sprinkler method with 40 mm of 

water. To control broadleaf weeds in all three years of 

the experiment, an herbicide with 2-4 D 2-Ethylhexyl 

ester + 6.25 g/l Florasulam active ingredient was 

applied to the plots at a dose of 1500 mL ha-1 before 

the stem-elongation period using a sprayer method 

under windless and suitable temperature conditions. 
 

Data collection and statistical analyses 

Flowering biomass yield (FBY) was measured at the 

anthesis stage (GS 65) and harvesting biomass yield 

(HBY) was measured at the harvest stage (GS 94). 

Biomass samples were taken from the soil surface at 

both ends of the plots using a knife and a 50 cm line 

was selected from the middle rows considering the 

edge effect. They were immediately placed in a plastic 

bag to prevent moisture loss and weighed in the 

laboratory. Thus, the total green plant weight was 

obtained. After, randomly selected 50 spiked plants 

were weighed and placed in a paper bag. Then, drying 

at 75 °C for 48 hours, it was weighed again and the dry 

weight of the sub-sample was obtained. The biomass 

yields were calculated according to Önder (2007). 

NDVI values were obtained at the flowering (GS 65) 

stage by using the Green Seeker Handheld Crop 

Sensor (Savaşlı et al., 2021b). Field trials were set up 

in randomized complete blocks according to factorial 

experimental design with three replications. A gap of 

30 m was left as an isolation distance between rainfed 

and irrigated trials. The rainfed and irrigated trials 

were analyzed separately. Statistical analysis was 

performed using the JMP statistical software (JMP, 

2016). The equality of variances was checked with 

Levene's test to determine whether the multiyear data 

were suitable for analyses by combining them. The 

significance of the differences among sowing densities, 

cultivars, years, and interactions was determined by 

analysis of variance. After testing the significance of 

treatment effects by analysis of variance, means were 

compared using Student's t method (Student, 1908). 

The Least Significant Difference (LSD) test was used 

to compare the means. 
 

RESULTS  

Flowering period biomass yield (FBY) 

According to the results of the analysis of variance, the 

differences between years were found significant in 

both rainfed and irrigated conditions (Table 2). The 

highest average FBY was obtained in 2014-15 years at 

11.13 t ha-1 under rainfed conditions and 13.45 and 
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13.34 t ha-1 under irrigated conditions in 2012-13 and 

2014-15 years, respectively (Table 3). The differences 

between sowing density treatments were significant 

only in rainfed conditions and the highest average FBY 

value was obtained from VHSD application with 10.31 

t ha-1. Although the difference was not significant in 

irrigated conditions, the highest value was obtained 

from the OSD treatment with 13.38 t ha-1. While linear 

increases were observed in rainfed conditions and a 

parabolic curve was observed in irrigated conditions. 

The effect of cultivars was significant only in irrigated 

conditions and Alpu 2001, Harmankaya-99, and 

Sultan 95 cultivars stood out with 13.81, 13.85, and 

13.05 t ha-1 respectively. The mean FBY value was 

obtained in irrigated conditions with 12.92 t ha-1 and 

the average FBY value was 33% higher than the 

rainfed conditions with 9.72 t ha-1. In addition, since 

the cultivars showed different performances according 

to the mean of years, the Year x Genotype interaction 

was found to be significant in irrigated conditions. For 

instance, in the 2012-13 season, the Harmankaya-99 

cultivar came to the forefront, while the Alpu 2001 

cultivar came to the forefront in 2013-14, and no 

difference was observed between the cultivars in 2014-

15. Similarly, since the performance of SD treatments 

in irrigated conditions differed between years, the Year 

x Sowing Density interaction was also found 

significant (Table 2). While OSD and HSD were 

prominent in 2012-13, there was no difference between 

SD applications in other years (Table 3). 
 

Harvesting period biomass yield (HBY) 

According to the results of the analysis of variance, the 

differences between years, sowing densities, and 

genotypes were found statistically significant in both 

rainfed and irrigated conditions (Table 2). When the 

years were analyzed, the highest HBY was acquired in 

2014-15, the year with the highest rainfall with 9.90 

and 11.75 t ha-1, under both rainfed and irrigated 

conditions, respectively (Table 4). This was followed by 

the years 2013-14 and 2012-13, respectively. 

Considering the SD applications in Table 4, the highest 

average HBY values were obtained from VHSD and 

HSD applications in rainfed conditions with 8.97 and 

8.73 t ha-1 respectively. In irrigated conditions, OSD 

application stood out with 11.49 t ha-1. The effect of 

increasing sowing density on HBY values was positive 

and linear in rainfed conditions, while it was positive 

and quadratic in irrigated conditions. When looking at 

the cultivars, Alpu 2001, Harmankaya-99 and 

Bezostaja1 cultivars stood out in both cases according 

to the average HBY values. While 9.01, 8.97, and 8.26 

t ha-1 were obtained in rainfed conditions respectively, 

11.97 and 11.41 t ha-1 were obtained in irrigated 

conditions,  respectively. It was determined that the 

average HBY value was obtained at 10.88 t ha-1 in 

irrigated conditions and it was 31% higher than in 

rainfed conditions. In addition, the Years x Genotype 

interaction was found to be significant due to the 

different performances of cultivars in both conditions. 

According to the mean values, it was determined that 

the differences between the cultivars were significant 

and they showed similar performance in both 

conditions. While Alpu 2001 and Harmankaya-99 

cultivars stood out in the 2012-13 years, only the Alpu 

2001 cultivar was prominent in the 2013-14 season in 

both conditions.  In the 2014-15 season, all cultivars 

except Atay-85 were similar to each other under 

rainfed conditions. Again, according to the average 

values, since sowing density treatments showed 

different performance in both conditions according to 

years, the interaction of Years x Sowing Density was 

found to be significant (Table 2). In rainfed conditions, 

HSD and VHSD stood out with 8.73 and 8.97 t ha-1, 

respectively, while in irrigated conditions, OSD values 

stood out with 11.49 t ha-1. 
 

Normalized difference vegetation index (NDVI) 

According to the results of the analysis of variance, the 

differences between years, sowing densities, and 

genotypes were significant in terms of NDVI in both 

rainfed and irrigated conditions (Table 2).

 

Table 2. Analysis of variance table with mean squares for biomass yields and NDVI values 

Çizelge 2. Biyokütle verimleri ve NDVI değerlerinin kareler ortalaması ve varyans analiz tablosu 

Source of variation  

    FBY   HBY    NDVI 

Df    Rainfed Irrigated   Rainfed Irrigated   Rainfed Irrigated 

Years (Y) 2  144.41** 49.25**  205.11** 41.59**  285.20** 69.59** 

Sowing density (SD) 3  14.23* 8.79  23.49** 9.00*  133.86** 48.18** 

Genotypes (G) 5  6.17 27.51**  11.82** 21.74**  22.04* 33.63** 

Error 108  3.66 3.91  2.08 2.91  7.91 563.33 

Y x G 10  5.22 12.46**  4.42* 8.16*  306.90** 23.54** 

Y x SD 6  6.4 9.05*  8.43* 11.28**  24.69** 7.13 

SD x G 15  3.07 1.71  2.76 1.57  6.90 5.74 

Y x SD x G 30  3.62 4.06  3.49 4.3  5.79 6.92 
* Significant at the 0.05 probability level; ** Significant at the 0.01 probability level; ns: Not significant; Df: Degree of freedom; FBY: Flowering 

period biomass yield; HBY: Harvest period biomass yield; NDVI: Normalized difference vegetation index 
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Table 3. Flowering period biomass yield values (t ha-1) and comparison of its means in both conditions 

Çizelge 3. Çiçeklenme dönemi biyokütle verimi değerleri (t ha-1) ve her iki koşulda ortalamaların karşılaştırılması 

                    Rainfed     

Treatment   2012-2013   2013-2014   2014-2015    Mean  

Sowing density      

       SSD                     7.04 ± 0.30 b   9.78 ± 0.32 a 11.02 ± 0.31 ab   9.28 ± 0.44 b   

       OSD 8.14 ± 0.62 a   9.21 ± 0.71 a 10.42 ± 0.45 b   9.29 ± 0.40 b   

       HSD 8.93 ± 0.33 a 10.18 ± 0.42 a 10.88 ± 0.32 ab 10.00 ± 0.28 ab   

       VHSD  9.01 ± 0.61 a   9.82 ± 0.44 a  12.21 ± 0.71 a 10.31 ± 0.46 a   

LSD (0.05)                  0.73*   

Varieties      

       Alpu 2001 8.09 ± 0.65 a 11.16 ± 0.55 a 11.38 ± 0.59 a 10.22 ± 0.56 a   

       Atay-85 7.96 ± 1.26 a   9.43 ± 0.32 b 10.25 ± 0.36 a   9.21 ± 0.50 b   

       Bezostaja1 8.51 ± 0.82 a   8.61 ± 0.65 b 11.96 ± 0.72 a   9.66 ± 0.61 ab   

       Harmankaya-99 8.98 ± 0.52 a   9.77 ± 0.60 ab 11.90 ± 1.01 a 10.22 ± 0.54 a   

       Sönmez 2001 8.12 ± 0.52 a   9.39 ± 0.46 b 10.75 ± 0.09 a   9.42 ± 0.39 ab   

       Sultan 95 8.03 ± 0.33 a 10.12 ± 0.24 a 10.55 ± 0.47 a   9.58 ± 0.38 ab   

LSD (0.05)             ns   

Means of years 8.28 ± 0.28 C   9.75 ± 0.24 B 11.13 ± 0.26 A                       9.72**   

CV (%)     17.75       19.28        20.64        19.68   

Sowing density      

       SSD                     12.69 ± 0.74 c 11.38 ± 0.63 b 13.12 ± 0.50 a 12.40 ± 0.39 b   

       OSD 14.29 ± 1.10 a 13.06 ± 0.34 a 12.80 ± 0.62 a 13.38 ± 0.44 a   

       HSD 13.98 ± 0.98 ab 11.60 ± 0.23 b 13.38 ± 0.27 a 12.98 ± 0.41 ab   

       VHSD  12.82 ± 0.93 bc 11.82 ± 0.61 ab 14.05 ± 0.57 a 12.90 ± 0.45 ab   

LSD (0.05)           ns   

Varieties      

       Alpu 2001 14.11 ± 0.94 bc 13.43 ± 0.67 a 13.88 ± 0.44 a 13.81 ± 0.38 ab   

       Atay-85 12.71 ± 0.45 c 11.33 ± 0.93 b 13.07 ± 0.65 a 12.37 ± 0.43 cd   

       Bezostaja1 10.45 ± 0.47 d 11.30 ± 0.29 b 12.94 ± 0.28 a 11.56 ± 0.36 d   

       Harmankaya-99 15.84 ± 1.03 a 11.81 ± 0.68 b 13.91 ± 0.37 a 13.85 ± 0.63 a   

       Sönmez 2001 13.19 ± 0.98 bc 11.57 ± 0.43 b 13.80 ± 1.08 a 12.85 ± 0.54 bc   

       Sultan 95 14.38 ± 1.03 ab 12.34 ± 0.21 ab 12.42 ± 0.60 a 13.05 ± 0.46 abc   

LSD (0.05)           0.96**   

Means of years 13.45 ± 0.46 A 11.96 ± 0.26 B 13.34 ± 0.26 A       12.92**   

CV (%)       13.29       16.20       16.47       15.30   
* Significant at the 0.05 probability level; ** significant at the 0.01 probability level; ns: Not significant; LSD: Least significant difference;     

CV: Coefficient variation; SSD: Sparse sowing density; OSD: Ordinary sowing density; HSD: High sowing density; VHSD: Very High sowing 

density 

 

Looking at the mean NDVI values of the years, the 

highest NDVI values were acquired at 73.17% and 

72.58% in 2013-14 and 2014-15, respectively in rainfed 

conditions, while it was obtained with 75.47% and 

75.67%, in 2013-14 and 2014-15 years, respectively in 

irrigated conditions. When the NDVI values of the  

sowing densities were evaluated, the highest average 

NDVI values were obtained at 72.52% and 73.51% 

respectively from HSD and VHSD applications in 

rainfed conditions. In irrigated conditions, OSD, HSD, 

and VHSD applications stood out with 75.11%, 75.48 

and 75.78% respectively. Considering the average 

NDVI values of genotypes, the highest values were 

obtained from Bezostaja1, Harmankaya-99, and 

Sultan 95 cultivars in both conditions. While 71.78, 

72.97, and 72.34% values were obtained from these 

cultivars in rainfed conditions, respectively, 76.08, 

75.42, and 75.47% values were obtained in irrigated 

conditions, respectively. When the effect of the 

environment on NDVI values was evaluated, the 

average NDVI value obtained from irrigated 

conditions was found to be 75.00%. This value was 

4.5% higher than the average NDVI value of 71.76% in 

rainfed conditions. On the other hand, due to the 

instability of Harmankaya-99, Bezostaja1, and Sultan 

95 cultivars in years, the interaction of Years x 

Genotypes was found statistically significant in both 

conditions. Years x Sowing Density interaction was 

significant only in rainfed conditions because of 2013-

14 years SSD value stood out (Table 5). 
 

Correlations between NDVI and Biomass Yield 

A very high positive correlation was found between 

biomass yields of flowering and harvest period under 

rainfed and irrigated conditions (Table 6). This value 
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was slightly higher in rainfed conditions (R = 0.837) 

compared to irrigated conditions (R = 0.786). In 

parallel with this, the correlation value between NDVI 

values and biomass yields in both the harvest and 

flowering period was found to be positive and 

significant too. Similarly, the correlation values 

between NDVI, FBY, and HBY values were higher in 

rainfed conditions (R = 0.645 and R = 0.659) compared 

to irrigated conditions (R = 0.313 and R = 0.359), 

respectively. 
 

Table 4. Harvesting period biomass yield values (t ha-1) and comparison of its means in both conditions 

Çizelge 4. Hasat dönemi biyokütle verimi değerleri (t ha-1) ve her iki koşulda ortalamaların karşılaştırılması 

   Rainfed      

Treatment 2012-2013 2013-2014 2014-2015 Mean  

Sowing Density      

       SSD  5.17 ± 0.36 b 7.84 ± 0.27 b   10.26 ± 0.37 ab 7.76 ± 0.37 b   

       OSD  5.98 ± 0.51 b 8.09 ± 0.56 b   8.98 ± 0.50 b 7.67 ± 0.30 b   

       HSD  7.36 ± 0.63 a 9.21 ± 0.31 a     9.63 ± 0.36 ab 8.73 ± 0.30 a   

       VHSD  7.59 ± 0.68 a   8.62 ± 0.35 ab 10.73 ± 0.69 a 8.97 ± 0.35 a   

LSD (0.05)      0.69**   

Cultivars      

       Alpu 2001 6.93 ± 0.68 ab 9.87 ± 0.48 a 10.24 ± 0.33 ab 9.01 ± 0.42 a   

       Atay-85 6.37 ± 1.34 bc 8.02 ± 0.24 b 8.94 ± 0.48 b 7.77 ± 0.39 b   

       Bezostaja1 6.07 ± 1.04 bc 7.82 ± 0.48 b        10.94 ± 0.84 a 8.26 ± 0.47 b   

       Harmankaya-99       7.59 ± 0.78 a 8.48 ± 0.60 b        10.85 ± 0.73 a 8.97 ± 0.43 a   

       Sönmez 2001 6.31 ± 0.56 bc 8.17 ± 0.39 b   9.30 ± 0.38 ab 7.92 ± 0.34 b   

       Sultan 95       5.88 ± 0.44 c 8.26 ± 0.36 b   9.14 ± 0.54 ab 7.77 ± 0.39 b   

LSD (0.05)    0.60**   

Means of years 6.52 ± 0.33 C 8.44 ± 0.21 B 9.90 ± 0.27 A 8.28**   

CV (%) 18.97 17.09 22.55 21.71   

   Irrigated       

Treatment 2012-13 2013-14 2014-15 Mean  

Sowing Density      

       SSD    9.75 ± 0.64 b 10.33 ± 0.57 b 11.85 ± 0.43 a 10.65 ± 0.31 b   

       OSD  11.06 ± 0.61 a 12.06 ± 0.47 a 11.35 ± 0.62 a 11.49 ± 0.30 a   

       HSD  10.89 ± 0.77 a   9.69 ± 0.32 b 11.63 ± 0.22 a 10.74 ± 0.27 b   

       VHSD    9.64 ± 0.59 b 10.14 ± 0.60 b 12.16 ± 0.68 a 10.65 ± 0.32 b   

LSD (0.05)     0.65*   

Cultivars      

       Alpu 2001   11.10 ± 0.74 ab 12.40 ± 0.85 a 12.42 ± 0.39 a 11.97 ± 0.40 a   

       Atay-85 10.21 ± 0.30 b 10.64 ± 0.59 b 11.38 ± 0.69 a 10.74 ± 0.28 b   

       Bezostaja1   7.99 ± 0.45 c   9.74 ± 0.35 b 11.25 ± 0.18 a 9.66 ± 0.36 c   

       Harmankaya-99 12.07 ± 0.65 a 10.31 ± 0.74 b 11.86 ± 0.18 a 11.41 ± 0.37 ab   

       Sönmez 2001 10.41 ± 0.73 b   9.58 ± 0.74 b 12.43 ± 1.06 a 10.81 ± 0.37 b   

       Sultan 95 10.23 ± 0.54 b 10.68 ± 0.38 b 11.15 ± 0.72 a 10.69 ± 0.29 b   

LSD (0.05)            0.82**   

Means of years 10.34 ± 0.33 B 10.56 ± 0.30 B 11.75 ± 0.25 A 10.88**   

CV (%) 14.4 14.94 17.05 15.69   
* Significant at the 0.05 probability level; ** significant at the 0.01 probability level; ns: Not significant; LSD: Least significant difference;     

CV: Coefficient variation; SSD: Sparse sowing density; OSD: Ordinary sowing density; HSD: High sowing density; VHSD: Very High sowing 

density. 

 

DISCUSSION 

In this study, the effect of sowing density treatments 

on total biomass yield at flowering and harvest periods 

in bread wheat was found statistically significant 

under both rainfed and irrigated conditions. However, 

this effect varied depending on the condition. When the 

average values of the years in rainfed conditions were 

analyzed, it was determined that there was a linear 

and positive effect on the biomass yield with increasing 

sowing density. This result is compatible with the 

studies of some researchers (Sajjad et al., 2009; Hu et 

al., 2018; Özkan, 2020; Shah et al., 2020). The lower 

germination rate of seeds in rainfed conditions may be 

one of the reasons for this situation. In addition, it has 

been reported by many studies that high sowing 

density provides an advantage in weed control 

(Menegat & Nilsson, 2019; Aharon et al., 2021; Wu et 

al., 2021). In the region of Central Anatolia, it has 

traditionally been adopted to use higher sowing 

density in wheat farming, generally in rainfed 
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conditions. On the other hand, Bhatta et al. (2017) 

have reported that the increase in sowing density did 

not have a significant effect.  But, when it comes to 

irrigated conditions, the situation is different. The 

highest biomass yield was obtained from the OSD 

treatment in both flowering and harvesting periods.  

 

Table 5. NDVI values (%) and comparison of its means in rainfed and irrigated conditions 

Çizelge 5. NDVI değerleri (%) ve yağışa dayalı ve sulu koşullarda ortalamalarının karşılaştırılması 

 Rainfed Conditions  

Treatment 2012-2013 2013-2014 2014-2015 Mean  

Sowing density      

       SSD  65.83 ± 0.85 c   72.78 ± 0.79 ab 70.83 ± 0.87 b 69.91 ± 0.85 c   

       OSD  69.46 ± 0.75 b 71.67 ± 0.93 b 71.83 ± 0.72 b 71.10 ± 0.51 b   

       HSD    70.83 ± 1.02 ab 73.89 ± 0.52 a   72.83 ± 0.95 ab 72.52 ± 0.49 a   

       VHSD  71.71 ± 0.93 a 74.33 ± 0.64 a 74.83 ± 0.77 a 73.51 ± 0.46 a   

LSD (0.05)       1.08**   

Cultivars      

       Alpu 2001   69.31 ± 1.03 bc   73.83 ± 0.62 ab 70.83 ± 0.83 b   71.32 ± 0.72 bc   

       Atay-85   69.24 ± 1.77 bc 72.17 ± 0.74 b 71.25 ± 1.11 b 70.82 ± 0.77 c   

       Bezostaja1 67.28 ± 1.71 c 72.42 ± 1.24 b 75.67 ± 0.71 a     71.78 ± 1.24 abc   

       Harmankaya-99 72.42 ± 1.44 a   73.92 ± 1.36 ab 72.58 ± 1.55 b 72.97 ± 0.79 a   

       Sönmez 2001 69.75 ± 1.36 b   72.17 ± 1.09 b 72.00 ± 0.65 b   71.31 ± 0.65 bc   

       Sultan 95  68.83 ± 1.54 bc 74.50 ± 0.52 a   73.17 ± 0.63 ab   72.34 ± 0.92 ab   

LSD(0.05)       1.46**   

Means of years 69.46 ± 0.63 B 73.17 ± 0.41 A 72.58 ± 0.49 A              71.76**   

CV (%)             3.97              3.29 4.60 3.92   

 

 Irrigated Conditions      

Treatment 2012-2013 2013-2014 2014-2015 Mean  

Sowing density      

       SSD  72.06 ± 0.93 b 74.17 ± 0.92 b 74.72 ± 0.83 b 73.65 ± 0.56 b   

       OSD  74.11 ± 0.74 a 76.28 ± 0.62 a 74.94 ± 0.74 b 75.11 ± 0.44 a   

       HSD  74.67 ± 0.17 a 75.78 ± 1.04 a   76.00 ± 1.05 ab 75.48 ± 0.49 a   

       VHSD  74.67 ± 0.38 a   75.67 ± 1.00 ab 77.00 ± 0.71 a 75.78 ± 0.46 a   

LSD (0.05)    0.87**   

Cultivars      

       Alpu 2001 73.67 ± 1.05 b  75.83 ± 0.42 bc 75.50 ± 1.06 b 75.00 ± 0.55 b   

       Atay-85 72.83 ± 1.27 b  74.50 ± 1.00 cd 72.42 ± 0.44 c 73.25 ± 0.57 c   

       Bezostaja1 73.75 ± 0.52 b  76.75 ± 0.83 ab 77.75 ± 0.71 a 76.08 ± 0.63 a   

       Harmankaya-99 75.42 ± 0.83 a  74.25 ± 1.25 cd   76.58 ± 0.25 ab   75.42 ± 0.54 ab   

       Sönmez 2001   74.25 ± 0.50 ab 73.67 ± 1.16 d   76.50 ± 0.93 ab 74.81 ± 0.60 b   

       Sultan 95 73.33 ± 1.04 b 77.83 ± 0.62 a 75.25 ± 0.69 b   75.47 ± 0.70 ab   

LSD(0.05)    0.99**   

Means of years 73.88 ± 0.37 B 75.47 ± 0.45 A 75.67 ± 0.44 A 75.00**   

CV (%) 2.68 3.01 3.21 3.04   
** significant at the 0.01 probability level; LSD: Least significant difference; CV: Coefficient variation; SSD: Sparse sowing 

density; OSD: Ordinary sowing density; HSD: High sowing density; VHSD: Very high sowing density  
 

Table 6. Correlation coefficients and significance status of NDVI and biomass yield values   

Çizelge 6. NDVI ile biyokütle verimleri arasındaki korelasyon katsayilari ve önemlilik durumu 

Irrigated Conditions   

  NDVI FBY HBY   

NDVI 1 0.313** 0.359** NDVI 

FBY 0.659** 1 0.786** FBY 

HBY 0.645** 0.837** 1 HBY 

  NDVI FBY HBY   

Rainfed Conditions  

** Significant at the 0.01 probability level; NDVI: Normalized difference vegetation index; FBY: Flowering period 

biomass yield; HBY: Harvest period biomass yield 
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The HSD and VHSD treatments caused a decrease in 

biomass yield. In other words, increasing sowing 

density had a parabolic effect. This result is consistent 

with the result of the study of Amanullah et al. (2010). 

In this case, the importance of optimum sowing density 

in the utilization of nutrients and light in the soil has 

emerged. Soomro et al. (2009) reported that the 

increase in sowing density caused a decrease in total 

weight per plant. 

Biomass yields obtained in this study varied 

significantly between years. This was observed to be 

more evident, especially in the trials under rainfed 

conditions (Table 3, 4). The fact that the highest 

biomass yields were reached in 2014-15 when the 

highest rainfall was received, also supports this view. 

Kara & Akkaya (2009) found similar results to this 

study and reported that the amount of precipitation 

had a significant and positive effect on biomass in 

rainfed conditions. This can be explained by the fact 

that temperature and precipitation values can vary 

considerably from year to year in Central Anatolia 

(Table 1). In addition, it has been reported that the 

distribution of precipitation within the season 

significantly affects the biomass yield values, and 

drought, especially during the stem-elongation and 

heading periods, negatively affects the biomass yield 

(Öztürk, 2011). In this case, since water stress is less 

experienced in irrigated trials, it can be expected that 

the biomass yields of rainfed trials will show more 

variability compared to irrigated trials. Some 

researchers declared that higher biomass yields were 

obtained from irrigated trials than from rainfed trials 

(Önder, 2007; Savaşlı et al., 2012). In the study 

conducted by Önder (2007), it was reported that the 

biomass yield obtained from the irrigated trial was 

37% higher than that obtained from the rainfed trial. 

In the research, it was observed that the increase in 

sowing density had a linear and positive effect on 

NDVI values under both rainfed and irrigated 

conditions (Table 5). In the 2013-14 and 2014-15 crop 

years, NDVI values were higher than in 2012-13, when 

less rainfall was received. On the other hand, NDVI 

values were proportional to the amount of water 

received during the vegetation period. Consequently, 

NDVI values acquired from the irrigated trials were 

higher than rainfed trials. This result is consistent 

with the results obtained in many studies (Önder, 

2007; Savaşlı et al., 2012; 2023; Morgounov et al., 

2014).  In recent years, NDVI has been widely used to 

monitor wheat growth and correlate it with grain and 

biomass yield (Morgounov et al., 2014, 2019). NDVI 

has a positive relationship with biomass yield 

(Gutiérrez-Rodríguez., 2004; Önder, 2007; Savaşlı et 

al., 2012; 2023; Trentin et al., 2021: Walsh et al., 2022). 

According to Babar et al.(2006), the best growth 

periods for the application of vegetation index in 

biomass production were heading and grain-filling 

periods. Many studies have indicated that NDVI 

values can be used for biomass estimation (Önder, 

2007; Meng et al., 2013; Morgounov et al., 2014; 

Savaşlı et al., 2023). 

When the results of correlation analysis were 

examined (Table 6), a significant positive correlation 

was found between the NDVI value and the biomass 

yield results obtained in both flowering and harvesting 

periods in both conditions (Table 1). However, the 

correlation between NDVI and biomass yield was 

stronger in rainfed conditions than in irrigated 

conditions (Table 6). In other words, the biomass yield 

obtained during the flowering period and the NDVI 

values achieved during the flowering period gave 

parallel results (Table 5). In this case, it was 

determined that NDVI values obtained during the 

flowering period can be used reliably in the estimation 

of biomass yield. The findings obtained in this study 

are similar to many studies on the same subject. Many 

researchers have found a strong positive correlation 

between NDVI values during the flowering period and 

biomass yields obtained during the harvest period and 

reported that the NDVI tool can be used safely in 

biomass yield estimation (Meng et al., 2013; 

Mourgunov et al., 2014; Trentin et al., 2021; Walsh et 

al., 2022; Savaşlı et al., 2023). 

When we examine the reasons why the year x genotype 

interaction was significant, in 2012-13, the 

Harmankaya-99 cultivar stood out in both rainfed and 

irrigated conditions, while the Alpu 2001 variety stood 

out in 2013-14. In 2014-15, there was no difference 

between the cultivars in irrigated conditions, while 

only the Bezostaja1 cultivar lagged the other cultivars 

in rainfed conditions (Table 3). It is one of the expected 

results that the cultivars responded differently to 

precipitation, cultivation, and temperature conditions 

over the years (Savaşlı et al., 2023).  
  

CONCLUSION 

It has been observed that sowing density practices 

have a significant effect on biomass yields and NDVI 

values in both rainfed and irrigated conditions. As a 

result, it can be recommended to plant the cultivars by 

applying High Sowing Density in rainfed conditions 

and with Ordinary Sowing Density in irrigated 

conditions to achieve a high biomass yield. When it 

comes to the evaluation of cultivars, Alpu 2001 and 

Harmankaya-99 are recommended for getting a high 

biomass yield in both conditions. These cultivars can 

be used as parents for breeding studies to develop new 

cultivars with high biomass in the future. In addition, 

it has been seen that the NDVI values obtained during 

the flowering period have a strong correlation with 

flowering and harvesting period biomass yields. 

Consequently, it can be said that the Green Seeker 

Hand Sensor used to obtain NDVI values is a fast and 

more reliable tool for biomass yield estimation. 
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However, in the future, investigating the relationship 

between NDVI values at other growing stages of wheat 

(e.g. tillering, stem elongation, booting, or heading) 

and biomass yield may also be beneficial for breeding 

studies. 
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