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URING the two growing seasons of 2021-2022 and 2022-2023, an experiment (field) was

carried out at the faculty of agriculture's farm at Kafrelsheikh Univ., Egypt. This study set out to
investigate the application of N fertilizer and molasses to the soil, the effects of this combination on
improving specific soil properties, the cost-effectiveness of nitrogen use, the optimization of wheat
grain and straw yields and uptake, and the economic assessment of wheat yield. The major plots of
the split-plot design were assigned to five distinct nitrogen treatments (NO: without, N40: 40 kg fed?,
N80: 80 kg fed™, N120: 120 kg fed™, and N160: 160 kg fed) and four molasses treatments (MO:
without molasses, M30:30L fed?, M60: 60L fed, and M90:90L fed™).The findings showed that soil
bulk density dropped considerably following two growing seasons when molasses application reached
90 Lfed.™. At the same time, soil porosity hit its peak levels during this treatment, moving in the
opposite direction from bulk density. When molasses was applied at rates up to 90 | fed™, there were
notable improvements in soil NPK levels, NPK uptake by plants, protein content, how efficiently
nitrogen was used, nitrogen recovery rates, and overall wheat production, with the M90 treatment
showing the best results across the board. When nitrogen and molasses treatments were combined,
they worked together to significantly boost flag leaf size, the number of spikes per square meter,
thousand-grain weight, grain production, straw production, protein levels, and total NPK absorption
by the plants. It could be concoluded that yield of wheat responded to the interaction between 160 kg
of N/ feddan and 90 L of molasses / feddan, the best results for total profits, net profits, and the ratio
of benefits to costs. Also, adding 90 L of molasses / feddan really boosted the levels of N, P, and K
that plants could actually use from the soil. Additionally, the most efficient N use when applied about
104 kg of N and 79 L of molasses / feddan. The plants recovered N best with slightly different
amounts - around 105 kg of N and 82 L of molasses / feddan .For getting the biggest grain harvest,
the sweet spot was using about 148 kg of N and 84 L of molasses / feddan. to maximize straw
production instead by 145 kg of N and 78 L of molasses / feddan.

Keywords: molasses, net return, Nitrogen use efficiency (NUE), N-recovery, nutrients uptake,
porosity, wheat yield and soil fertility.

1. Introduction

Wheat (Triticumaestivum-L.) is one of the main winter cereal crops for grain and straw production.According to
the Ministry of Agriculture and Land Reclamation, Economic Affairs Sector (2024), Egypt produces 9.44
million tons of wheat, covering only 44.51 % of its annual demand (21.52 million-ton), leaving a 55.49 % import
gap (12.08 million tons). Nitrogen fertilizer is one of the most important mineral fertilizers added to cereal crops
to improve growth and yield. The nitrogen fertilization improved grain quality and increased protein content by
improving nitrogen uptake, Nitrogen use efficiency and Nitrogen metabolism(Amer, 2009 and Rossini et al.,
2025).El-Refaey et al. (2022) stated that the addition of 100 kgNfed.™ increased straw yield. The different
parameters of yield, N uptake and protein content were significantly increased by increasing N levels up to
120kgNfed.™ (Amer 2009). When it comes to fertilizing wheat, research shows that applying 100 kg of
N/feddan gave the best results for wheat yield and its components, according to El-Refaey et al. (2022). Another
study by Atia and Ragab(2013) found that the top grain yields came from using 90 kg of N fed*.Shahin (2020)
pointed out that farmers should try to match their nitrogen application as closely as possible to what the plants
actually need and what's already available in the soil. The amount of N also affects how much protein ends up in
the wheat grains, as Zhao et al. (2015). While Shahin's (2020) research showed that 90 kg of N/feddan
produced the highest yields and N uptake, some treatments actually showed lower N use efficiency. On the other
hand, Faizy's et al. (2010) showed that wheat yields peaked when they applied 140 kg of N/feddan. A couple
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years later in 2012, the same research group reported that both grain and straw yields increased significantly
when nitrogen levels went up to 120 kg /feddan for the Giza 168 and Sids7 wheat varieties.

Yield component, NPK uptake, N efficiency and N recovery percentage of wheat were significantly increased by
adding of molasses (Ibrahim 2021), it stimulated plant growth (Adi et al., 2023),improved soil aggregation,
(Wynne and Meyer, 2002), increased soil hydraulic conductivity(Gaafar et al 2019),increased the vegetative
growth, yield and improved soil physical, microbiology and its fertility (Amer 2015, Pyakurel et al, 2019 and
Omara et al., 2022).Molasses contains organic carbon, mineral nutrients such as N, P, K, Mg, Ca, S, Fe and
some important micronutrients, and the K (%) was higher in the case of plant roots with sugar beet molasses
(Kozminska et al, 2021).With an increase in molasses up to 175 Lfed.™, soil bulk density was decreased, soil
porosity improved, availability of N PK in soil was increased (Rashedet al., 2022 and Omara et al. 2022), and
soil available potassium was increased,(Sanli et al., 2015).Surface application molasses (150Lfed™), increased
yield of sugar beet and sugar content, improved the available NPK and organic matter and calcium contents in
the soil (Abofard et al., 2021 and Rashed et al. 2022). Applied of 200 Lfed™ of molasses, to the soil enhanced
the physicochemical properties of the soil (EI-Tokhy et al. 2019 and Rashed et al.2022).The highest yield of
sugar beet was recorded with 60Lfed™ of sugar beet molasses (Abd El-Azeem, 2023), Nevertheless, molasses
application or overuse can cause salts and other harmful materials to build up in the soil, which can ultimately
reduce soil production (Naveed et al.,, 2018). Integrated fertilization can improve soil properties and
conditionsand the right combination of fertilizers and cropping systems is still an open question that needs to be
answered, (El-Bialy et al, 2025).The co- application of mineral and organic fertilizers can also improve
utilization of N- fertilizer (Wu et al., 2020).The present study hypothesizes that due to the high calcium and
organic acid content of molasses, it can effectively improve the physicochemical properties of soil and thus
maximize both of wheat productivity and utilization of nitrogen fertilizers.This study aimed to evaluate the
following: soil application of N-fertilizer, molasses and the interaction effects between them on improving some
soil properties; maximizing grain, straw yields of wheat, uptake and N- use efficiency and economic evaluation
yield of wheat

2. Materials and Methods
2.1. Experimental design

A field study took place at the Faculty of Agriculture farm at Kafr EI-Sheikh Univ., during two growing seasons
from 2021/22 to 2022/23 to studieds of different amounts of N and sugar beet molasses affected wheat yields,
how well plants absorbed certain nutrients, and whether various treatments made economic sense for wheat
farming. They set up the experiment using a split-plot design with three repetitions to make sure their results
were reliable.The subplots were exposed to the four levels of sugar beet molasse (0, 30, 60, and 90 L fed™)
whereas the main plots were assigned to nitrogen levels of 0, 40, 80, 120, and 160 kgNfed™. Each plot had three
by three and a half meters (1/400 fed) and was seeded with wheat (Triticum aestivum L.). In 2021 and 2022,
Sakha 94 were sown on November 15 and November 13, respectively, and harvested on May 9 and May 12,
2023. The nitrogen was added as urea (46% N).Before planting, soil tillage was used to apply 50 kg of K
fertilizer as K,SO, (48% K,0) and P fertilizer 50 kg fed.™ as (15% P,0s).

2.2. Soil characteristics and analysis

Before planting and after harvesting in both seasons, soil samples were collected from three levels of each plot
(0-20, 2040, and 40-60 cm). As indicated in Table (1), the physical and chemical characteristics of the soil
were assessed in accordance with Klute (1986) and Page et al. (1982).

2.3. Plant analysis

According to Owen (1968), plant samples were randomly selected from each plot 90 days following sowing in
order to calculate the flag leaf area.In order to calculate the 1000-grain weight (g), twenty spikes were randomly
selected from each plot and one square meter of plants were gathered at harvest. Following the harvest of each
plot's plants, the yields of grain and straw in kilograms fed each day were calculated. Yash (1998) explained that
they gathered plant samples when the crops were ready for harvest each season. They washed the samples with
distilled water, then dried them in an oven at 70°C for two days straight. After that, they ground up the dried
samples and mixed them together. To break down the plant material, they used hot sulfuric acid and kept adding
30% hydrogen peroxide (H,0,) bit by bit. When they wanted to figure out how much protein was in the samples,
according toA.O.A.C. (1980). For every treatment, the apparent nitrogen recovery of fertilizer (%) was
determined using the following formula (Crasswell and Godwin, 1984):
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N-uptake from fertilized-N-uptake from control
N-applied from fertilizer

Recovery of N fertilizer (%) = x 100

Grain from treatment -grain from control

N-use efficiency:(Kggrains/Kg N)=) fertilizer N-application

2.4. Economic evaluation (profitability)

FAO (2000) provided the following formulas for calculating profitability: Benfit Cost Ratio, BCR (= net return /
total cost), Net return, NR (= total return-total cost), and Total return (= yield X price LE, grain+straw).

Table 1. Average values of some physicochemical properties of the experimental soil during the two
growing seasons (2022 and 2023).

Physical properties

Depth Soil moisture PSD(%)
(cm) FC WP s . .
(%) (%) AW (%) BD (kg m™) Sand Silt Clay Soil texture
0-20 44.11 22.18 21.93 1.35 1730 25,50 57.20 clay
20-40 40.52 20.29 20.23 1.36 18.83 24.78 56.39 clay
40-60 38.03 19.13 19.90 1.36 19.03 25.15 55.82 clay
Chemical properties
Depth DH* EC*_* SAR CEC _ oM CaCO; Ava.N Ava. P Ava. K
(cm) dsm™ cmolekg™ (%)
0-20 8.01 3.65 8.5 37.36 1.71 2.42 16.5 6.5 241
20-40 8.04 3.68 8.8 36.45 1.60 2.53 16.1 6.1 230
40-60 8.04 3.71 9.2 35.42 1.32 2.31 15.4 6.0 225

PSD: Particle size distribution; FC: Field Capacity; WP: Wilting Point; AW: Available Water; BD: Bulk Density; pH*: was
determined in soil water suspension (1:2.5); EC**: was determined in saturated soil paste extract; SAR: Sodium adsorption
ratio; CEC: Cation Exchange Capacity;OM: Organic Matter.

Table 2. Analysis of sugar beet molasses.

Item % Item % N.O.A® % vitamins Value,
mg kg

NO; 0.40 Sucrose 48 lactic 1.30 pyridoxine (B6) 0.5

PO, 0.21 Water 20 citric, 0.75 thiamine (B1) 13

K* 5.0 Starch 1.0 malic 0.75 riboflavin (B2) 0.4

ca® 15 Polysaccharides 1.0 oxalic, 0.20

Mg** 1.14 Dextrin 3.0 succinic 0.20 Density (gcm-2) 1.47

Na* 0.17 Total N content 10 acetic 0.20 O.M(non sugars) 21.90

cl* 0.4 Crude protein 9.5 propinic 0.20

SO, 1.12 Glutamic acid 2.5 putyric 0.20

@: Non-nitrogenous organic acids
2.5. Statistical Analyses

The statistical analysis was conducted using DMRT (Duncan's Multiple Range Test) and CoStat (Version 6.303,
CoHort, USA, 1998-2004), as outlined by Gomez and Gomez (1984).

3. Results
3.1. Bulk density andsoilporosity

According to Table 3, nitrogen fertilization didn't really make much difference to the soil's bulk density during
either growing season. However, the data revealed that adding molasses had a notable impact - it actually
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reduced the soil bulk density quite a bit during both seasons. The best results came when they used 90 L of
molasses /feddan, which gave them the lowest density readings at 1.363 and 1.362 kg / cubic meter for the first
and second seasons. When they looked at how N and molasses worked together, there wasn't any significant
interaction effect on bulk density during either season. On the flip side, soil porosity got a real boost from the
molasses treatment, reaching its highest levels of 48.55 and 48.60% in the first and second seasons when they
applied that same 90 L/feddan of molasses, as shown in Table 3.

Table 3. Soil bulk density(kgm™) and soil porosity (%) as affected by application N-fertilization and
molasses application after harvesting of wheat in the two growing seasons (2021/2022 and

2022/2023).
2021/22 2022/23
Treatments 3 - 3 -
Bd(kgm™) Porosity(%o) Bd(kgm™) Porosity(%b6)
Nitrogen fertilization (kgfed.™)

0 1.367a 48.38a 1.366a 48.41a
40 1.367a 48.38a 1.366a 48.41a
80 1.367a 48.38a 1.366a 48.41a
120 1.367a 48.38a 1.366a 48.41a
160 1.367a 48.38a 1.366a 48.41a
Frest ns ns ns ns

Molasses(Lfed.™)

0 1.377a 48.08d 1.376a 48.08d
30 1.366b 48.42¢ 1.365b 48.49c
60 1.365¢ 48.47h 1.364c 48.50b
90 1.363d 48.55a 1.362d 48.60a
Ftest x* o x* x*

LSDg s 0.002 0.009 0.002 0.008
LSDg o, 0.003 0.013 0.0021 0.011
Interaction (N x M)
N*M ns ns ns ns

3.2. Availablity of nitrogen, Phosphorus and Potassium in soil

Table (4) demonstrated that increasing nitrogen fertilization greatly enhanced the amount of nitrogen available
(mgkg™). The highest values (25.2 and 26.21 mgkg™) were obtained for the first and second seasons,
respectively, when N fertilization was increased to 160 kgfed™. Additionally, the same data demonstrated that
the mean nitrogen availability values improved significantly as molasses was increased. The greatest values
(27.62 and 30.44 mgkg™) were observed for the first and second seasons, respectively, when molasses
application was raised up to 90 Lfed™.The findings demonstrated that increasing nitrogen fertilization greatly
boosted phosphorus availability, with the first and second seasons recording the greatest values (8.49 and 8.46
mgkg?) when N fertilization was increased to 160 kgfed™. Additionally, the same data (Table 4)
demonstratedthat the mean values of phosphorus availability improved significantly as molasses was increased.
For both seasons, the maximum values (9.62 mgkg™) were obtained by increasing molasses application up to 90
L fed™.

The same data also showed that increasing nitrogen fertilization greatly boosted potassium availability, with the
maximum values (271.0 and 274.3 mgkg™) occurring in the first and second seasons, respectively, when N
fertilization was increased to 160 kgfed™. Additionally, the same data demonstrated that the mean potassium
availability values increased significantly as molasses was increased. The greatest values (286 and 289 mgkg™)
were observed for the first and second seasons, respectively, when molasses application was raised up to 90
Lfed? (Table 4).As seen in Table 4, the interaction between nitrogen (N) and molasses (M) during the two
growth seasons greatly boosted the availability of NPK .
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Table 4. Availability NPK (mgkg™) in soil as affected by N- fertilization and molasses application for two
growing seasons (2021/2022 and 2022/2023).

Treatments 2021/22 2022/23

Nitrogen  Molasses

(kgfed™  (Lfed™ N P K N P K
0 15.00 14.56° 6.68jk 6.73i] 226730 277.66n
. 30 18.2k 19.11 6.78 ij 6.80ij 246.5i 246,33k
60 18.7j 21.93] 6.88ij 6.90i 258.00gh  257.66i
90 18.9j 25.90f 8.75¢ 8.80e 275000  278.33¢
0 15.16™ 14.70° 6.41l 6.48F 230.6" 235.00"
40 30 18.86f 20.83K 7.78fg 7.83fg 249.33i 250.33]
60 19.10j 22.63i 8.58¢ 8.63¢ 260.00g  264.00h
90 25 86e 27.93d 9.51 cd 9.60c 280.00c  284.00d
0 15.53mn 15.36n 6.95i 6.80i 23366 235.60m
" 30 20,53 24.00h 7.08f 8.00f 257.66h 258.33i
60 22.13h 26.90¢ 8.61e 8.66e 266.66f  268.33g
90 28.73¢ 30.93c 9.60bc 9.66hc 287.66b  287.33c
0 15.76m 15.50n 6.81ij 6.90i 236.33k 238,331
120 30 23.73g 24.83g 7.21h 7.23h 265.00f  267.66g
60 25.60¢ 27 36¢ 8.58¢ 8.63¢ 27033 276.33¢f
90 31,630 32.40b 9.82b 9.87b 289.66b  295.00b
0 16,061 16.00m 6.51KI 6.58jK 236.33k 239.331
160 30 24.63f 25 50f 7.71g 7.769 271.33¢ 274.66f
60 27.13d 28.30d 9.31d 9.34d 278.33c  283.00d
90 33.00a 35.06a 10.41bc 10.16a 208.00a  300.33a
Ftest *k **k *k *k *%k *k
N LSDo s 0.36 0.49 0.24 0.22 2.01 1.37
LSDoo; 0.49 0.66 0.32 0.30 2.70 2.33
Ftest *k **k *k *k *%k *k
M LSDg o 0.22 0.25 117 0.26 0.22 1.18
LSDys, 0.32 0.37 1.07 0.38 0.32 1.72
] Frest *k Kk *k *k *k Kk
'”(t,flrj‘;\t/:;’” LSDo os 0.16 0.103 0.89 0.22 0.101 0.77
LSDoo; 0.22 0.138 121 0.29 0.136 1.04

According to the Duncan's test, means denoted by distinct letters signify significant differences across treatments (p < 0.01).

3.3. Yield of wheat and growth
3.3.1. Growth

The results in Table 5 showed that wheat flag leaf area grew substantially when more nitrogen fertilizer was
applied, hitting peak measurements of 43.63 and 45.19 cm? when nitrogen levels reached 160 kg /feddan in both
growing seasons. The data also revealed that adding more molasses led to noticeable increases in wheat flag leaf
area, with the best results of 40.75 and 41.19 cm? occurring when molasses application reached 90 L /feddan
during each respective season. Similarly, the number of wheat spikes per square meter increased significantly
with higher nitrogen fertilizer rates, achieving maximum counts of 292 and 296 spikes when nitrogen application
hit 160 kg /feddan in the first and second seasons.

The same information also showed that when more molasses was added, the number of wheat spikes in each
square meter went up significantly. The highest numbers, 280.5 and 286 spikes / square meter, happened during
the first and second growing seasons when farmers used 90 L of molasses /feddan. When wheat plants got more
nitrogen fertilizer, their 1000-grain weight went up quite a bit too, reaching peak weights of 40.75 and 41.77
grams in the first and second seasons when nitrogen was bumped up to 160 Kg/feddan. The data also showed
that wheat's 1000-grain weight got heavier when molasses amounts were increased. The heaviest weights, 39.77
and 41.19 grams, were seen in the first and second seasons when molasses was raised to 90 L/feddan. Looking at
Table 5, you can see that when nitrogen and molasses were used together over both growing seasons, there was a
really significant boost in flag leaf area, the number of spikes per square meter, and 1000-grain weight.
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Table 5. Flag leaf, no.of spikesm™ and 1000-grain weight of wheat as affected by N- fertilization, molasses
application and the interaction between N*M for two growing seasons (2021/22 and 2022/23).

Flag leaf (cm?) No. of spikes m™ 1000-grain weight (g.)
Treatments st nd st nd st nd
1 season 27" season 1> season 2" season 1> season 27" season
Nitrogen fertilization (kgfed.™)

0 35.61e 35.65e 177.08e 181.50e 37.34e 38.21e
40 38.35d 38.36d 246.50d 253.16d 37.99d 38.81d
80 40.58c 40.57c 276.50c 281.50c 39.89c 40.91c
120 41.97b 42.20b 286.50b 294.60b 40.54b 41.66b
160 43.63a 45.19a 292.50a 296.50a 40.75a 41.77a
Ftest ** ** ** ** ** **

LSDg s 0.223 0.271 1.121 1.233 2471 2.800
LSDg o1 0.325 0.394 1.447 1.794 3.596 4.077
Molasses (Lfed.™)

0 39.34d 39.57d 195.20d 201.26d 38.66d 38.96d
30 39.75¢ 40.12c 271.26¢ 275.80c 39.26¢ 40.18¢
60 40.27b 40.76b 276.26b 282.60 39.52b 40.77b
90 40.75a 41.19 280.53a 286.06a 39.77a 41.19a
Ftest ** ** ** ** ** **

LSDy 05 0.081 0.117 0.994 1.288 0.045 0.042
LSDg 1 0.109 0.158 1.509 1.734 0.060 0.057
Interaction (N x M)

N*M ** ** ** ** ** **

According to the Duncan's test, means denoted by distinct letters signify significant differences across treatments (p < 0.01).

3.3.2. Grain, straw yield of wheat and protein content

The best yields of 2715 and 2963 kg /feddan were achieved when nitrogen fertilizer was applied at 160 kg per
feddan during the first and second growing seasons. Figure 1.a clearly shows that wheat grain production
increased substantially as more N fertilizer was used. When molasses was added to the treatment, wheat yields
also improved significantly, with the highest production levels of 1850 and 2022 kg /feddan recorded in the first
and second seasons when 90 L of molasses /feddan were applied, as shown in Figure 1b.

The results in Table 6 clearly showed that when nitrogen and molasses were used together, they had a really
strong impact on how much wheat grain was produced in both growing seasons. When researchers combined
N160 with M90, they got the best results - 3120 kg /feddan in the first season and 3463 kg /feddan in the second
season.Looking at wheat straw production, the numbers were pretty impressive too. Figure 2a shows that as
farmers added more nitrogen fertilizer, the straw yield kept going up, reaching peak values of 2876 kg /feddan in
the first season and 3177 kg /feddan in the second season. Similarly, when molasses application was increased to
90 liters per feddan, the straw yields hit their highest points at 2010 kg /feddan and 2181 kg /feddan for the first
and second seasons respectively, as you can see in Figure 2b. Basically, more molasses meant better straw yields
across the board. Just like with grain production, Table 6 confirmed that combining nitrogen fertilization with
molasses application made a huge difference in straw yields during both growing seasons. The winning
combination of N160 and M90 delivered the top straw yields of 3114 kg /feddan in the first season and 3644 kg
/feddan in the second season.

Table 7, showed that when added more nitrogen fertilizer, the protein content in wheat grains went up quite a bit.
The best results were obtained by application of 160 kg / feddan - that gave them protein levels of about 11.12 %
in the first year and 11.05% in the second year.Table 7 shows something similar happened with molasses. The
sweet spot was around 90 L/ feddan, which boosted protein levels to about 10.26 % and 10.27% in the first and
second growing seasons.What's really interesting is what happened when they combined both treatments. When
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used both 160 kg of N fertilizer and 90 L of molasses together, they got the absolute best results - protein content
reached 11.31% in the first season and 11.34% in the second season. This shows that using nitrogen and

molasses together works much better than using either one alone.

Fig.1a showed that application of 148.4 and 148.2 kgNfed™ which give maximum grain (2704 and 2950 kg
fed. for the 1% and 2™ seasons, respectively).While application of 83.3 and 85.3 L molasses fed give the
maximum grain (1838 and 2006 kg fed™ for the 1% and 2" seasons, respectively), as shown in Fig.1b. Also,
Fig.1c showed that application of 141.28 and 149.20 kgN fed™ give the maximum straw (2942 and 3155 kgfed™
for the 1 and 2™ seasons, respectively).While application of 75.81 and 79.26 L molasses fed™ give the
maximum straw(2014 and 2173 kgfed.™ for the 1% and 2" seasons, respectively). , as shown in Fig.1d.
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Fig. 1. Grain (A and B) and Straw yield of wheat (C and D) as affected by N-
fertilization and molasses application for the two growing seasons 2021/22 and

2022/23.
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Table 6. Grain and straw yield of wheat (kg fed™) as affected by N Fertilization and molasses application
for the two growing seasons, (2021/2022 and 2022/2023).

Treatments

2021/22 2022/23
Nitrogen Molasses
(kgfed™ (Lfed™ Grain Straw Grain Straw
0 241.36q 312.00q 255.06s 347.33q
30 249.86pq 323.33pq 271.06r 351.66
0 60 275.000p 333.00p 294.50q 380.66p
90 279.030 340.60p 294.90q 382.00p
0 618.50n 750.000 655.03p 855.330
30 714.63m 816.00n 758.860 942.66n
40 60 754.53I 871.00m 799.66n 996.33m
90 774.86l 923.301 835.63m 1036.66l
0 1493.4k 1752.00k 1621.33l 1820.00k
30 2221.16h 2451.30h 2426.33i 2715.00h
%0 60 2322.9¢ 2655.00g 2527.50h 2742.00g
90 2335.2fg 2665.60fg 2540.20g 2747.00g
0 1719.46j 1955.00j 1879.70k 2145.00j
30 2361.23f 2679.60f 2553.80f 2762.66f
120 60 2471.00e 2755.00e 2717.13e 2918.33e
90 2742.83c 3008.30c 2979.60c 3096.00d
0 2139.23i 2316.60i 2310.43j 2516.00i
30 2691.96d 2979.60d 2939.43d 3188.00c
160 60 2909.63b 3096.30b 3141.90b 3362.00b
90 3120.96a 3114.60a 3463.90a 3644.33a
Fre *k >k . ok
N LSDo.os 13.97 8.63 5.08 3.00
LSDoo1 20.33 1255 7.40 5.07
= *k ok ke .
M LSDg o5 8.97 5.98 2.69 3.48
LSDoo1 12.08 8.04 3.62 4.04
Fre ok . - .
'”(tﬁrf‘;\t/:;’” LSDy0s 20.75 13.37 6.01 6.71
LSDg 1 27.03 18.00 8.10 9.04

According to the Duncan's test, means denoted by distinct letters signify significant differences across treatments (p < 0.01).
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Table 7. Mean values of protein wheat grain yield (%) as affected by N-fertilization, molasses application
and the interaction between Nitrogen and molasses during the two growing seasons (2021/2022
and 2022/2023)

Treatments
Nitrogen(kgfed?) Molasses (Lfed ™) 202112022 2022/2023
0 7.45m 7.40m
30 7.54Im 7.49]
° 60 7.63l 7.491
90 7.63 7 58k
0 9.90k 9.99j
40 30 10.14j 10.14i
60 10.39i 10.45h
90 10.58h 10.57g
0 9.89k 9.92]
80 30 10.44i 10.45h
60 10.60h 10.60g
90 10.79ef 10.82¢
0 10.64gh 10.73f
120 30 10.73¢f 10.73f
60 10.96¢d 11.01cd
90 11.01bc 11.03c
0 10.88de 11.01cd
160 30 10.90cd 10.94d
60 11.10b 11.19b
90 11.31a 11.34a
Frest *x *k
N LSDo.0s 0.047 0.026
LSDo.01 0.068 0.038
Fest *% *k
M LSDo.0s 0.038 0.027
LSDo.oy 0.051 0.036
Interaction Fest * **
(N x M) L-SDo.05 0.085 0.060
LSDo.01 0.114 0.081

According to the Duncan's test, means denoted by distinct letters signify significant differences across treatments (p < 0.01).
3.4. Total NPK uptake

The results in Table 8 show that when wheat plants took up more nitrogen, the total yield from both grain and
straw went up quite a bit as N fertilizer amounts increased. The best results came from using N160, which gave
us 65 and 72 kg /feddan in the first and second growing seasons. We also found that adding more molasses made
a real difference in how much N the wheat absorbed, with the top amounts being 44 and 48 kg /feddan when we
used 90 L of molasses per feddan in both seasons. What's really interesting is that when we combined N fertilizer
with molasses, the N uptake jumped even higher. The combination of N160 with 90 L of molasses gave us the
best results at 76 and 86 kg /feddan for the first and second seasons.

The research findings revealed that wheat's total P uptake increased notably as N fertilizer levels rose, with peak
values reaching 12.17 and 13.64 kg /feddan in the first and second growing seasons when using N160 treatment.
When it came to molasses application, wheat's P uptake also showed significant improvement, hitting maximum
levels of 8.28 and 9.24 kg /feddan during the respective seasons when molasses was applied at 90 L/feddan. The
most impressive results came from combining both treatments, where N160 paired with M90 produced the
highest P uptake values of 14 and 16 kg /feddan across both seasons, as shown in Table 6.

Similar patterns emerged for K uptake in wheat. Higher N fertilization led to significantly better K absorption,
with top results of 48.46 and 53.98 kg /feddan achieved using N160 during the first and second seasons.
Molasses application also boosted K uptake considerably, reaching peak values of 21.49 and 35.84 kg /feddan
when applied at 90 L/feddan in both growing seasons. The data clearly demonstrated that combining N and
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molasses treatments had a meaningful effect on wheat's total K absorption throughout both growing periods. The
best outcomes occurred when N160 was combined with M90, yielding the highest K uptake rates of 53 and 62
kg /feddan in the first and second seasons.

Table 8. Total NPK- uptake of yield of wheat (kg fed™) as affected by the interactions between N-
fertilization and molasses application during the two growing seasons (2021/2022 and

2022/2023).
Treatments 2021/22 2022/23
Nitrogen ~ Molasses N P K N P K
(kg fed™ (L fed™
0 4.17¢ 0.73r 3.44r 4.440 0.80q 3.85¢
0 30 4.37pq 0.78qr 3.59qr 4.690 0.87pq 3.96q
60 4.76p 0.85¢q 3.79q 5.12n 0.960p 4.33p
90 4.840 0.92p 3.93p 5.16n 1.020 4.41p
0 13.43n 2.240 8.770 14.51m 2.48n 10.010
40 30 15.72m 2.78n 10.35n 17.01l 3.09m 11.89n
60 16.971 3.02m 12.12m 18.31k 3.341 13.84m
90 17.84k 3.291 13.001 19.47j 3.67k 14.861
0 32.61j 6.17k 26.26k 35.06i 6.79j 27.82k
80 30 50.64h 9.55i 37.64i 55.32¢ 10.67h 41.97i
60 53.81g 10.02h 41.229 58.03f 11.04g 43.55h
90 54.97f 10.52g 42.20f 59.31e 11.60f 44.53g
0 39.71i 7.62j 30.79j 43.78h 8.56i 34.17j
120 30 55.31f 10.67f 42.69¢ 59.38e 11.68f 44.97f
60 59.32¢ 11.13e 44.85d 64.75d 12.41e 48.43e
90 66.31c 12.63c 49.69c 71.15¢ 13.81c 52.50d
0 50.31h 9.54i 38.19h 55.04¢ 10.58h 41.95i
160 30 64.74d 12.04d 49.49c 70.86¢ 13.45d 53.83c
60 70.63b 13.05b 52.26b 76.78b 14.44b 57.25b
90 76.83a 14.07a 53.92a 86.11a 16.10a 62.91a
Ftest ** ** ** ** ** **
N LSDq s 0.154 0.035 0.124 0.113 0.048 0.128
LSDg1 0.225 0.051 0.181 0.164 0.069 0.187
Ftest ** **% ** ** *%* *%*
M LSDqgs 0.146 0.036 0.069 0.107 0.041 0.085
LSDg 01 0.196 0.04 0.09 0.145 0.09 0.114
I nteractlon Ftest **% *% ** **% ** *%*
(N X M) LSDq s 0.326 0.081 0.155 0.240 0.091 0.190
LSDg 1 0.439 0.109 0.209 0.324 0.123 0.256

According to the Duncan's test, means denoted by distinct letters signify significant differences across treatments (p < 0.01).

3.5. Nitrogen use efficiency (NUE)

Table 9 showed that Nitrogen use efficiency (NUE) grain yield of wheat (kg grain kgN %)significantly increased
with increasing of nitrogen fertilization and recorded the highest values (22.91 and 22.91 kg grain kgN™) up to
80 kg fed™ for the 1% and 2" seasons, respectively. It might be in put in NUE values in descending order as
affected by N-fertilizer : Ngy > N1 > Nigo > Ny According to the same data, the mean values of NUE grew
dramatically as molasses was added, reaching their highest values (19.14 and 20.94 kg grain kgN™) for the first
and second seasons, respectively, when molasses application was raised to 90Lfed.™.It might put NUE in
descending order as affected by molasses application : Mgy> Mgy > M3y > My. Nitrogen use efficiency was
significant increased due to the interaction between the nitrogen fertilization and molasses application and
recorded (25.59 kg grain kgN™) with Ngo * Mg, for the 1 and (28.06 kg grain kgN™) due the interaction between
to Ngo and Mg, for the 2™ seasons as shown (Table 6). Fig.2a showed that linear relation betweenNitrogen use
efficiency (NUE) and N-fertilization :to get the maximum value of these equations, first derivatives have to
equal zero subject to the second derivatives be negative, N-(103.64 and 104.0 kg fed*)which give maximum
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NUE (20.90 and 22.87 kg grain kgN™) for the 1% and 2" seasons, respectively.While Fig.2b showed that linear
relation between N-recoverey(%) and molases —application :to get the maximum value of these equations, first
derivatives have to equal zero subject to the second derivatives be negative, Molasses-(77.43 and 80.64 L fed™)
which give maximum NUE (19.50 and 20.77 kg grain kg N™) for the 1% and 2" seasons, respectively

3.6. N-Recovery (%)

Table 9 demonstrated that N-Recovery (%) by wheat yield grew significantly as nitrogen fertilization increased,
reaching its greatest values (54.34 and 58.84%) at 160 kg fed™ for the first season and the second season,
respectively. It could be put N-Recovery (%) values in descending order as affected by N-fertilizer : Nigo> N2>
Ngo> N4o. The same data showed that mean values of N-Recovery (%)was significantly increased with increasing
molasses and recorded highest values (47.80 and 52.25 %) by increasing molasses application up to 90 Lfed™ for
the 1% and 2™ seasons, respectively. It could be put N-Recovery (%) values in descending order as affected by
molasses application : Mgy > Mgy > M3y > My. N-Recovery (%) was significant increased due to the interaction
between the nitrogen fertilization and molasses application and recorded (62.66 and 67.68%) with Ngy * Mg for
the 1% and 2" seasons as shown (Table 9). Fig.2c showed that linear relation between N-recoverey and N-
fertilization to get the maximum value of these equations, first derivatives have to equal zero subject to the
second derivatives be negative, N- (104.52 and 105.04 kgfed.™) which give (50.257 and 53.757%) maximum N-
recoverey (%) for the 1% and 2™ seasons, respectively. While Fig.2d showed that linear relation between N-
recovereyandmolases —application :to get the maximum value of these equations, first derivatives have to equal
zero subject to the second derivatives be negative, M- (83.31 and 80.74Lfed.™) which give (47.49 and 51.75 %)
maximum N-recoverey (%) for the 1% and 2™ seasons, respectively

Table 9. Mean values of NUE (grain yield of wheat, kg grain kgN™) and Nitrogen recovery (%) as affected
by N-fertilization, molasses application and the interaction (N*M) during the two growing

seasons (2022 &2023).
: -1
Treatments NUE(kg grain kgN.™) N-Recovery (%)
Nitrogen Molasses 2021/22 2022/23 2021/22 2022/23
(kg fed™ (L fed™®
0 9.430 9.990 23.15p 25.170
30 11.62n 12.19n 28.400 30.79n
40 60 11.99m 12.36m 30.53l 32.97I
90 12.39k 13.52k 32.50k 35.76k
0 15.70i 17.07i 35.55] 38.26j
80 30 24.77c 26.94c 57.84c 63.28¢c
60 25.59a 27.91b 61.32b 66.13b
90 25.56b 28.06a 62.66a 67.68a
0 12.263 13.53k 29.62m 32.78l
120 30 17.56g 19.02g 42.45¢ 45.57g
60 18.33¢ 20.19 45.47e 49.69f
90 20.69d 22.37d 51.23d 54.99d
0 11.811 12.841 28.83n 31.62m
160 30 15.14j 16.67j 37.74i 41.35i
60 16.43h 17.79h 41.61h 44.78h
90 17.83f 19.80f 44.99f 50.59
Ftest ** ** ** **
N LSDo0s 0.045 0.067 0.176 0.176
LSDy .01 0.070 0.101 0.268 0.267
Ftest ** **% **% **
M LSDo05 0.035 0.043 0.147 0.131
LSDo.01 0.047 0.059 0.199 0.178
. Ftest ** ** ** **
'”t,flrfcl\t/:"” LSDy 05 0.070 0.087 0.294 0.262
( ) LSDy.01 0.095 0.118 0.398 0.356

Means followed by different letters indicate significant differences among treatments according to the Duncan’s test (p <
0.01).
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Fig. 3. NUE (grain kgN™) and Nitrogen recovery (%) by wheat as affected by N- fertilization and
molasses application for the two growing seasonsp 2021/22 and 2022/23.

3.7. Economic evaluation of N-and molasses application treatment on wheatyield

Table (10) showed that increasing the amount of nitrogen fertilizer enhanced the total return by wheat yield, with
the first and second seasons recording the greatest values (19875 and 34532 LE fed™) up to N160, respectively.
Additionally, the same data demonstrated that increasing the amount of molasses applied enhanced the total
return by wheat yield, with the first and second seasons recording the greatest values (13612 and 23587 LE fed™)
up to M90, respectively.Table (10) demonstrated that the overall return on wheat yield improved as N
fertilization and application molasses increased. The interaction between N160 and M90 for the 2021-2022 and
2022-2023 seasons, respectively, produced the highest values (22587 and 40251 LE fed™).Additionally,
increasing the amount of nitrogen fertilizer enhanced the net return by wheat yield, which reached its highest
value (8414 and 20666 LE fed™) for the first and second seasons, respectively. Additionally, the same data
demonstrated that increasing the amount of molasses applied enhanced the total return by wheat yield, with the
first and second seasons recording the greatest values (3419 and 11436 LE Fed™) up to M90, respectively.

Table (10) demonstrated that net return rose when N-fertilization and molasses increased. The interaction
between N160 and M90 for the 2021-2022 and 2022-2023 seasons, respectively, produced the greatest values
(10901 and 26159 LEfed.™).Table (10) demonstrated that raising the amount of nitrogen enhanced the benefit-
cost ratio by wheat yield, with the first and second seasons recording the highest values (0.73 and 1.5) up to
N160, respectively. Additionally, increasing the amount of molasses applied raised the benefit-cost ratio by
wheat yield, which reached its highest values (0.27 and 0.80) up to M90 for the first and second seasons,
respectively.Table (10) demonstrated that the benefit cost ratio of wheat yield rose when N and molasses levels
increased. The interaction between N160 and M90 for the 2021-2022 and 2022-2023 seasons, respectively,
produced the greatest values (0.93 and 1.86).
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Table 10. Economic evaluation of yield of wheat as affected by N-fertilization and molasses application in
the two growing season (2021/2022 and 2022/2023).

Treatments Variable Ecc))tsatll r-:utiln reTj:n Berlefit cost
cost LE fed- LE fed.™ (NR) LE feg  "3t0 (BCR)

'(\lk';'];zgeg “(/lffl 2;5(13)5 18t ond 18t ond 1t ond 18t ond 1t ond
0 0 0 8250 9760 1842 3085.5 -6408 -6674.5 -0.78 -0.68

30 150 150 8400 9910 1907 3252.2 -6493  -6657.8  -0.77 -0.67

0 60 300 300 8550 10060 2069 3531.2 -6481  -6528.8 -0.76 -0.65
20 450 450 8700 10210 2103  3537.3 -6597 -6672.7 -0.76  -0.65

0 746.6 970 8996.6 10730 4654 7867.5 -4342  -28629  -0.48 -0.27

30 896.6 1120 9146.6 10880 5310 9040.3 -3837  -1840.1 -0.42 -0.17

40 60 1046.6 1270 9296.6 11030 5619 9530.9 -3678  -1499.4  -0.40 -0.14
90 1196.6 1420 9446.6 11180 5809 9952.8 -3638  -1227.6  -0.39 -0.11

0 14931 1941 97431 11701 11159 190161 1416 73153  0.15  0.63

30 1643.1 2091 9893.1 11851 16389 28444.4 6496  16593.6 0.66 1.40

%0 60 17931 2241 10043.1 12001 17263 29497.7 7220 174969  0.72 1.46
20 19431 2391 10193.1 12151 17350 29632.4 7156 174816 070  1.44

0 22397 2911 10489.7 12671 12764 22100.3 2274 94291 022  0.74

30 2389.7 3061 10639.7 12821 17522 297925 6882 169713 0.65  1.32

120 60 2539.7 3211 10789.7 12971 18271 316655 7481 186944  0.69  1.44
90 2689.7 3361 10939.7 13121 20214 34563.8 9274 214427 085  1.63

0 2986.3 3882 112363 13642 15726 26978.9 4489 13337.4 040  0.98

30 3136.3 4032 11386.3 13792 19875 34303.8 8489 20512.3 0.75 1.49

160 60 3286.3 4182 11536.3 13942 21316 36596.5 9779 22654.9 0.85 1.62
90 3436.3 4332 11686.3 14092 22587 40251.3 10901 26159.7 0.93 1.86

Total fixed cost (fertilizer both of potassium and phosphor as well as tillage, seeds irrigation and harvest was (8250 and 9760
LE fed™) for growing seasons 2021/2022 and 2022/2023, respectively.The price of local market of grain yield of wheat in
Egypt (5.9LE kg and 10.0 LE kg.™®) for the 2021/2022 season and straw (1.34LEkg™ and 1.54 LE kg™ for the 2021/2022
seasons. The variable cost (18.665 and 24.25 LE KgN™) for the two growing seasons (2021/2022 and 2022/2023) and 5 LE
L molases in the both the two growing seasons (2021/2022&2022/2023).

4, Discussion

The application of molasses at rates up to 90 L/feddan led to a notable drop in soil bulk density while boosting
soil porosity considerably. When molasses and N application rates were increased, the availability of essential
nutrients like N, P, and K improved significantly, with the best results occurring when N160 was combined with
M90. This improvement likely happens because molasses is packed with organic carbon and various mineral
nutrients including N, P, K, Mg, Ca, S, Fe, and several vital micronutrients, which has been confirmed by
multiple research studies conducted by Amer (2015), EI-Tokhy and colleagues (2019), Gaafar and team
(2019), Kozminskaet al., (2021), and Omaraet al. (2022).

The size of the flag leaf, number of spikes per square meter, and the weight of 1000 grains in wheat plants got
much better when farmers used more N and molasses together, especially when they combined 160 units of N
with 90 units of molasses over two growing seasons. The best results happened when they added 160 kg of
N/feddan, probably because N is so important for how plants get their nutrition - it helps them stay green and
photosynthesize better, which means they can make more proteins and carbohydrates. Other researchers like
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Ibrahim (2021) and Rashed et al. (2022) found similar things, showing that adding molasses really does help
wheat grains get heavier.

According to research by Schenck (2001) and Chikhoune et al. (2014), molasses changes the carbon to nitrogen
balance in soil, which impacts how soil microbes work and creates better conditions for plants to thrive. When
farmers used more nitrogen fertilizer up to 160 kilograms /feddan, wheat crops produced higher yields and the
grain had more protein. The best results came when researchers combined nitrogen fertilizer with molasses -
specifically when they used 160 kg of N along with 90 L. of molasses, which gave the highest grain and straw
production. This improvement likely happens because molasses contains essential minerals and trace nutrients
that help create a better growing environment for plants. These findings match up with what other researchers
have found in earlier studies, including work by Schenck (2001), Wynne and Meyer (2002), Raad (2011),
Faizy et al. (2012), Sharma and Singh (2017), Ibrahim (2021), and Rossini et al.(2025).

This shows how important it is to use molasses and nitrogen fertilizer together to get the best wheat yields and
improve various wheat characteristics. When you combine 160 kg of N with 90 L of molasses, you end up with
higher total and net profits, plus a better benefit-to-cost ratio. The reason this works so well is probably because
molasses does amazing things for soil - it makes both the physical structure and chemical makeup better. Plus,
molasses is packed with sugars and other essential compounds like organic acids that help plants absorb nutrients
more easily (Amer, 2015 and Omara et al. 2022).

When you apply 103.64 and 104.0 kg /feddan, you get the best nitrogen use efficiency at 20.90 and 22.87 kg of
grain / kg of N for the first and second growing seasons. Using 77.43 and 80.64 L of molasses /feddan also gives
you the highest N use efficiency, with 19.50 and 20.77 kg of grain / kg of N in the first and second seasons. For
N recovery, the best results come from applying 104.52 and 105.04 kg /feddan, which gives you 50.25 and 53.75
% recovery in the first and second seasons. When it comes to molasses, using 83.31 and 80.74 L/feddan gets you
the best N recovery at 47.49 and 51.75 % for the first and second seasons. These findings match up with what
Amer et al. (2015), and Ibrahim (2021) - basically that adding molasses to the soil really helps with nitrogen
use efficiency and recovery. The financial side looks good too - total returns, net returns, and the benefit-to-cost
ratio for wheat yields all went up when more N fertilizer and molasses were used. The sweet spot was using 160
kg of N/feddan combined with 90 L of molasses /feddan. This lines up with earlier research from Amer et al.
(2009), Ibrahim (2021), and Omara et al. (2022).

5. Conclusion

It could be concoluded that yield of wheat responded to the interaction between 160 kg of N/ feddan and 90 L
of molasses / feddan, the best results for total profits, net profits, and the ratio of benefits to costs. Also, adding
90 L of molasses / feddan really boosted the levels of N, P, and K that plants could actually use from the soil.
Additionally, the most efficient N use when applied about 104 kg of N and 79 L of molasses / feddan. The plants
recovered N best with slightly different amounts - around 105 kg of N and 82 L of molasses / feddan .For getting
the biggest grain harvest, the sweet spot was using about 148 kg of N and 84 L of molasses / feddan. to
maximize straw production instead by 145 kg of N and 78 L of molasses / feddan.
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