

  agronomy-12-00896




agronomy-12-00896







Agronomy 2022, 12(4), 896; doi:10.3390/agronomy12040896




Article



Combined Application of Organic and Inorganic Amendments Improved the Yield and Nutritional Quality of Forage Sorghum



Ahmad Sher 1,2,*[image: Orcid], Muhammad Adnan 1, Abdul Sattar 1, Sami Ul-Allah 1[image: Orcid], Muhammad Ijaz 1, Muhammad Umair Hassan 3, Abdul Manaf 4, Abdul Qayyum 5,*[image: Orcid], Basem H. Elesawy 6, Khadiga Ahmed Ismail 7[image: Orcid], Amal F. Gharib 7[image: Orcid] and Ahmad El Askary 7





1



College of Agriculture, Bahauddin Zakariya University, Bahadur Sub-Campus Layyah, Layyah 31200, Pakistan






2



Department of Agricultural and Food Sciences, University of Bologna, 40127 Bologna, Italy






3



Department of Agronomy, University of Agriculture Faisalabad, Faisalabad 38000, Pakistan






4



Department of Agronomy, PMAS-Arid Agriculture University Rawalpindi, Rawalpindi 46300, Pakistan






5



Department of Agronomy, The University of Haripur, Haripur 22620, Pakistan






6



Department of Pathology, College of Medicine, Taif University, P.O. Box 11099, Taif 21944, Saudi Arabia






7



Department of Clinical Laboratory Sciences, College of Applied Medical Sciences, Taif University, P.O. Box 11099, Taif 21944, Saudi Arabia









*



Correspondence: ahmad.sher@bzu.edu.pk (A.S.); aqayyum@uoh.edu.pk (A.Q.)







Academic Editors: Jerome H. Cherney and Dubravko Maćešić



Received: 17 February 2022 / Accepted: 6 April 2022 / Published: 7 April 2022



Abstract

:

The use of organic amendments is seen to be a promising method for enhancing crop productivity and soil health. Therefore, this study was performed for two consecutive years (2019 and 2020) to determine the effects of organic biochar (BC), sugar industry press mud (MUD), and poultry manure (PM) combined with inorganic amendments on the yield and nutritional quality of forage sorghum at the College of Agriculture, Bahauddin Zakariya University, Bahadur sub-campus, Layyah, Pakistan. The treatments were comprised of the following: control (no inorganic or organic amendments added); recommended dose of NPK (59:72:30 kg ha−1); half dose of NPK (29.5:36:15 kg ha−1); recommended dose of poultry manure (PM) at 5 t ha−1; recommended dose of press mud (MUD) at 40 t ha−1; recommended dose of biochar (BC) at 11 t ha−1; BC + half NPK; MUD + half NPK; PM + half NPK; PM + BC + half NPK; PM + MUD + half NPK; BC + MUD + half NPK; PM + BC + MUD + half NPK. The treatments were carried out in a triplicate randomized complete block design. Results revealed that combined application of PM + BC + MUD + 1/2 NPK significantly enhanced the plant height (201 cm), number of leaves (17), stem diameter (18 mm), stem dry weight (201.7 g), leaf dry weight (30.4 g), leaf area (184.3 cm2), green forage yield (31.8 Mg ha−1), and dry biomass yield (12.7 Mg ha−1) compared with the control treatment. Forage quality traits, including crude protein (CP), brix percentage, acid detergent fiber (ADF), and acid detergent lignin (ADL), showed maximum value with the combined application of PM + BC + MUD + 1/2 NPK. ADF and ADL are linked with lower digestibility; therefore, it was concluded that the combined application of PM + BC + MUD + 1/2 NPK can improve the productivity, dry biomass yield, and CP of sorghum, but reduces the digestibility under semi-arid conditions, such as those in Central Pakistan.
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1. Introduction


Fertilizer application plays an important role in improving crop productivity [1]. Fertilizer application improves yield through boosting nutrient availability and strengthening the soil’s resilience to climatic change [1]. Long-term application of unbalanced fertilizers causes nutrient depletion and soil acidification and poses a serious threat to environmental quality [2]. Moreover, poor fertilizer application also intensifies the impacts of climate change on crop productivity [3]. Although the application of chemical fertilizers is considered to be important for obtaining higher productivity, over-dependence on chemical fertilizers can deteriorate soil quality and crop productivity over time [4]. As a result, in this context, the use of organic fertilizers can provide numerous advantages, including significant improvements in soil health and crop output [5,6,7].



Biochar (BC) is a carbon-rich byproduct of lignocellulosic biomass pyrolysis [8,9]. The usage of BC has been identified as an essential strategy for reducing greenhouse gas emissions by enhancing carbon sequestration [9,10]. The use of BC also improves soil fertility, soil aggregation stability, soil cation exchange (CEC) capacity, soil nutrients, and water retention capacity, and hence significantly improves crop growth and production [11]. Press mud (MUD) is another major organic fertilizer source that is obtained as a byproduct of the sugar industry. Its color is dark brown, and it is high in organic matter (OM), carbon, calcium, nitrogen, phosphorus, potassium, and sulfur [12,13]. The application of MUD significantly improved the growth and biomass productivity by improving the physiochemical properties and nutrient availability of soil [12,13,14,15].



Poultry manure (PM) is another valuable source of organic fertilizer. It is a low-cost, environmentally friendly source that promotes soil fertility, soil structure, and the availability of important nutrients (NPK) [16]. Although the amount of nutrients released by PM varies depending on the rate of application, PM application improves N availability by 53% [17,18]. Organic manure treatment considerably boosted plant development by increasing nutrient availability and minimizing nutrient losses [18]. Organic additions have been shown to boost crop yield and quality, as well as tolerance to various stressful conditions [19,20,21]. Ancient farmers used organic manures for crop productivity that proved to be good for soil health. However, they were slow in their response to improving crop yield. Modern agriculture has led farmers to use inorganic fertilizers for crop production as they are affordable, economical, and quick in their response. Soil health problems and nutrient leaching into underground water are posing serious threats to humans and animals [22]. Therefore, there is a dire need to find a midpoint between inorganic and organic fertilizers that may sustain the crop yield without affecting soil fertility. In this context, combined application of organic and inorganic fertilizers can improve crop productivity on a sustainable basis without affecting soil health. Sorghum (sorghum bicolor L.) is an important crop, which is cultivated globally for food and feed purposes. Ruminants such as sorghum, due to their sweet taste, are mostly used as green forage. Other uses include applications as a grain and syrup for human food, fodder for animals, and it is also used to make biofuels and alcoholic beverages. It is an important crop in Pakistan, where it is mostly grown for forage purposes. One of the major causes of the lower yield of sorghum is poor nutrient management [20,21]. Moreover, no information is available on the interactive effect of organic and inorganic fertilizers on the growth and yield of sorghum fodder grown in semi-arid regions of Pakistan. Therefore, this study was planned to assess the impact of different organic manures in combination with NPK on the productivity, forage yield, and nutritional quality (ADF, aNDF, CP) of forage sorghum grown in the semi-arid region of Punjab, Pakistan.




2. Materials and Methods


2.1. Study Site


A field experiment was conducted for two consecutive years (2019 and 2020), at the College of Agriculture, BZU, Bahadur Campus, Layyah, Pakistan. The mean rainfall and average temperatures are shown in Table 1. Soil samples from different parts of the experimental field were collected with a soil auger, homogenized, and stored in the lab. After that, the soil samples were analyzed by standard procedures to determine soil physiochemical properties. The soil particle size distribution was determined following the hydrometric method. The particle size distribution was sand 40.70%, silt 37.30%, clay 22%. According to the USDA, the soil texture was classified as sandy loam. Soil pH (pH) was determined potentiometrically in a water–soil solution in the ratio of 1:2.5 (w/v) using METTLER TOLEDO, Jenway, UK. Soil organic matter was determined using the Walkley–Black method; total nitrogen was determined using the Kjeldahl distillation method (Model MA 036/Plus from Marconi Company) [23]; available phosphorus was determined using UV-Vis spectrophotometry (BMS-1602, Biotechnology Medical Services K. Group, Calle Castelló, Madrid, Spain) [24]; potassium was determined using flame photometry (FP 6410, Shanghal Jingke, China). Soil pH was 8.2, organic matter comprised 0.62%, total nitrogen comprised 456 mg kg−1, and available phosphorus and potassium comprised 6.2 and 163 mg kg−1, respectively. Treatments were repeated in the same plots in both years. In both years, wheat was grown before sorghum.




2.2. Experimental Materials


Seed of forage sorghum cv. JS-2002 was obtained from Fodder Research Institute Sargodha, Pakistan. An organic amendment PM (N-64 P-71, K, 122 mg kg−1) was obtained from Hamza protein farm, MUD (N-120 P-116, K, 148 mg kg−1) was obtained from Thal Sugar mill, and BC (N-254 P-110, K, 152 mg kg−1) was collected from the Agronomy Department, College of Agriculture, BZU, Bahadur sub-campus, all in Layyah, Pakistan. In the organic amendments, N contents were determined using Kjeldahl distillation method (Model MA 036/Plus from Marconi Company, Chelmsford, UK), available P was determined using UV-Vis spectrophotometry (BMS-1602, Biotechnology Medical Services K. Group, USA), and potassium was determined using flame photometry (FP 6410, Shanghai Jingke, Shanghai, China).




2.3. Treatments and Experimental Design


The treatments were comprised of the following: control (no inorganic or organic amendments added); locally recommended dose of NPK (59:72:30 kg ha−1); half dose of NPK (29.5:36:15 kg ha−1); recommended dose of PM (5 t ha−1); recommended dose of MUD (40 t ha−1); recommended dose of BC (11 t ha−1); BC + half NPK; MUD + half NPK; PM + half NPK; PM + BC + half NPK; PM + MUD + half NPK; BC + MUD + half NPK; PM + BC + MUD + half NPK. The experiment was arranged in randomized complete block design (RCBD) with three replications, with a net plot size of 1.8 m × 5 m (9 m2).




2.4. Crop Husbandry


Soil was prepared by tractor plowing and rotavator application. The crop was sown on 28 June 2019 and 22 June 2020 with a hand drill, maintaining a row distance of 30 cm and a seed rate of 85 kg ha−1. The irrigations (flooded surface irrigation) were applied according to crop requirements. In total, 6 irrigations (75 mm each) were applied from sowing to harvesting. Organic amendments were applied at the time of sowing by broadcasting and inorganic amendments were applied in the form of powder with second irrigation when the crop was at 4–6 leaf stage, followed by fortnightly irrigation. All fertilization treatments were applied in single doses except nitrogen (N), which was applied in two equal doses. The N was applied in the form of urea, P2O5 was applied in the form of Di-ammonium phosphate, and K was applied in the form of sulphate of potash. For weed control, manual hoeing and Atrazine + mesotrione herbicide (1000 mL ha−1, 44.09% w/v) was used as a post-emergent weedicide to control the weeds. The crop was harvested at physiological maturity with a stubble height of 2.5 cm on 6 October 2019 and 2 October 2020.




2.5. Data Collected


2.5.1. Forage-Yield-Related Traits


The plots were hand-harvested and weighed to determine the forage yield. After that, the subsamples of plants were taken and kept in craft paper bag and then oven dried at 72 °C for 24 h to obtain the constant weight, weighed to determine the biomass yield, and converted into Mg ha−1. Ten randomly selected plants in every plot were taken to measure the plant height, number of leaves per plant, stem diameter, and plant biomass traits (leaf and stem dry weight). Flag leaf area was measured with leaf area meter (CI-202 leaf area meter, Forestry Suppliers Inc, Jackson, MS, USA).




2.5.2. Qualitative Traits


Five randomly selected plants from each plot were used to measure stalk brix value with a handheld refractometer (Sino Technology, Fujian, China) using the procedures of Yun-long et al. [25]. Samples were ground, after which, a subsample of 10 g was passed through a 1 mm sieve. An ANKOM A220 fiber analyzer (ANKOM Technology, Fairport, NY, USA) with F-57 filter bags and amylase was used to determine neutral detergent fiber (aNDF) and acid detergent fiber (ADF) [26]. The formula N concentration × 6.25 was used to calculate the crude protein concentration, while the Kjeldahl procedure was used to determine the nitrogen concentrations [27].





2.6. Data Analysis


The recorded data were subjected to analysis of variance using the Statistix 8.1 software to find differences between years and among treatments, along with the year × treatment interaction. Year and replicates within the year were considered to be random, while treatment and the year × treatment interaction were considered to be fixed effects. Means were separated by Tukey’s HSD at 5% of probability level [28].





3. Results


Analyses of the data showed that the year effects and the interaction of year and fertilizer treatments were significant, and the results were consistent across the years (Table 1 and Table 2). Therefore, a mean comparison of two years’ averages is presented in the tables and the figures, and the significant year–fertilizer treatment interaction will not be discussed. Otherwise, when the year effect was significant, 2020 had greater values than 2019. This was likely due to rainfall and lower temperatures in September 2020 than in September 2019 (Table 1).



3.1. Morphological Traits


The application of various organic and inorganic amendments significantly improved the growth traits of sorghum crop. The application of PM + BC + MUD + 1/2 NPK improved plant height (201 cm) number of leaves (17), stem diameter (18.0 mm), stem dry weight (201.7 g), leaf dry weight (30.4 g), and leaf area (184.3 cm) as compared with the control treatment. The year effect was also significant, as the significance difference for leaves, stem/leaves dry weight, and leaf area remained, but the results were nonsignificant for plant height. (Table 2).




3.2. Forage Yield Variables


Increase in organic amendments dosage resulted in an increase in green/dry biomass yield. Combined application of PM + BC + MUD + 1/2 NPK produced maximum green forage (31.8 Mg ha−1) and biomass yield (12.7 Mg ha−1), relative to the control treatment. The year effect also showed significant difference for green/dry biomass yield (Table 3).




3.3. Nutritional Quality


The application of various organic and inorganic amendments significantly improved the crude protein (CP), ADF, and acid detergent lignin of the sorghum crop and reduced the aNDF (Figure 1, Figure 2, Figure 3 and Figure 4). Increase in the level of organic and inorganic amendments increased the CP, ADF, and lignin, but decreased the aNDF. Maximum CP, ADF, and lignin were recorded with the combined application of organic PM + BC + MUD + 1/2 NPK as compared with the control plot. Neutral detergent fiber was found to be maximum in the control plot as compared with the organic and inorganic treatments (Figure 2). The maximum brix value (132.9 g kg−1) was observed under the application of PM + BC + MUD + 1/2 NPK, which was statistically on par with the application of BC + MUD + 1/2 NPK, relative to the control treatment (Table 3).





4. Discussion


Modern agriculture, with intensive use of inorganic fertilizers, has substantially increased crop production; however, it also disturbed the natural agroecosystem and polluted soil and water resources. Thus, the best practice is to use inorganic fertilizers with organic manures to improve crop productivity and the natural ecosystem. Here, in this study, we determined the impact of NPK fertilizers alone and NPK fertilizers in combination with different organic manures on the growth and the biomass production traits of forage sorghum, including the plant height, the number of leaves, the stem and leaf weights, and the leaf area and quality (ADF, aNDF, CP, and brix values of forage sorghum). Application of both organic manures and combinations of NPK and organic manures significantly improved the growth and biomass during both years of study (Table 2 and Table 3). Although not measured in the present study, combined application of organic manures and fertilizers has been shown to improve the nitrogen use efficiency (NUE), the recovery of macro- and micronutrients, and the P and K availability, thus resulting in substantial improvement in growth and biomass production traits [22].



Dineshkumar et al. [29] reported that the application of organic fertilizers even at low rates facilitates the uptake of NPK and Mg, which in turn improve chlorophyll synthesis. The increase in chlorophyll contents following organic amendments is also reported as having plant photosynthetic efficiency [29,30,31,32], and leads to improved growth and biomass production (Table 2 and Table 3). The application of organic manures also improved the soil microbial population and soil organic matter (SOM) and structural stability, according to Sutrino and Yusnawan [30], which contribute towards improvement in growth and biomass production, as reported by Asghari et al. [33] and Hosseinzadeh et al. [34]. Combined use of organic and inorganic fertilizers is a good option for improving crop growth and biomass (Table 2 and Table 3), and is better compared with higher applications of NPK fertilizers [35]. All three organic amendments (MUD, PM, and biochar) significantly improved the biomass production traits of sorghum, such as plant height, number of leaves, stem and leaf weights, leaf areas, and the biomass quality. Hao et al. [36] reported that the application of organic manures with reduced NPK content might improve the microbial activities and nutrients availability, which leads to significant improvement in growth and biomass production traits. Organic amendments have beneficial impacts on soil quality and improve the nutrient release and nutrient availability to the plants [37]. The soil nutrient status is directly related to grain yield, and it also affects the final quality [38]. Moreover, reduction in soil bulk density—owing to an increase in soil biopores, soil aeration, SOM, and aggregate stability—following organic manures improves soil’s water-holding capacity and soil porosity, which results in significant improvement in growth and biomass production [39,40].



The increase in biomass yield and the improvement in biomass quality traits, such as aNDF and crude protein, can be attributed to improved nutrient-use efficiency following organic manures and NPK application [41]. Ul-Allah et al. [42] reported that organic manure, if applied in equal amounts with respect to NPK, improves forage quality traits, such as NDF, crude protein, and metabolizable energy, compared with NPK alone, due to the presence of micronutrients and the improvement in soil physical properties. The addition of N in combination with organic manures (MUD, PM, and BC) increased the mineralization of nutrients from organic manures and enhanced nutrient supply, leading to significant improvement in growth, biomass production, and nutritional quality parameters, such as aNDF, CP, and brix values. Higher values of ADF and ADL are linked with lower digestibility [42]; thus, these reduce the forage quality. Here, further national quality tests (in vivo digestibility and metabolizable energy) are suggested to check whether these higher values are acceptable for forage or not. The application of organic manures prevented nutrient leaching by improving the soil structure and the binding of mineral nutrients [43], which in turn improved the yield and quality of the crops [44,45]. The integrative use of organic and inorganic fertilizers builds up soil quality and productivity on a long-term basis, and they also maintain a high rate of applied N in ammonium ions for a longer time, which improves NUE and, consequently, the final productivity [46,47]. Additionally, organic materials help to increase NUE, owing to their simple, controlled release [18,48], which also results in significant improvement in growth and biomass production.



The results indicated that the combined application of the poultry manure + biochar + press mud + half of recommended NPK treatment significantly improved the crude protein, brix percentage, ADF, and acid detergent lignin. This increase in quality can be attributed to improved availability of nutrients, SOM, soil structure, and increased NUE [8,9]. Organic manures contain appreciable amounts of NPK, and their field application improved the N uptake and resulted in significant increase in the protein contents of the plant parts [40,49].




5. Conclusions


The use of organic fertilizers is an essential strategy for improving crop development while reducing the negative environmental effects of synthetic fertilizers. According to the findings given here, the use of organic amendments in conjunction with inorganic fertilizers considerably improved the growth, biomass production, and crude protein of the forage sorghum crop, but simultaneously increased the ADL and ADF contents, indicating reduced digestibility. Surprisingly, all the organic additions increased the biomass productivity and forage quality. However, when compared with other amendment combinations across both years, the combined application of the poultry manure + biochar + press mud + half of NPK treatment remained the top performer. ADF and ADL also increased along with the productivity; therefore, more nutritional quality tests (in vivo digestibility, metabolizable energy, etc.) are required for final recommendations to be made.
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Figure 1. Effect of organic and inorganic amendments on crude protein of forage sorghum under the field conditions at Layyah, Pakistan. Values are the means of two years and three replicates. Means with similar letters at the top of the bar did not differ significantly at p ≤ 0.05 (HSD = 11.7). 
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Figure 2. Effect of organic and inorganic amendments on neutral detergent fiber of forage sorghum under the field conditions of Layyah, Pakistan. Values are the means of two years and three replicates. Means with similar letters at the top of the bar did not differ significantly at p ≤ 0.05 (HSD = 20.9). 
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Figure 3. Effect of organic and inorganic amendments on acid detergent fiber of forage sorghum under the field conditions of Layyah, Pakistan. Values are the means of two years and three replicates. Means with similar letters at the top of the bar did not differ significantly at p ≤ 0.05 (HSD = 14.8). 
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Figure 4. Effect of organic and inorganic amendments on acid detergent lignin of forage sorghum under the field conditions of Layyah, Pakistan. Values are the means of two years and three replicates. Means with similar letters at the top of the bar did not differ significantly at p ≤ 0.05 (HSD = 4.5). 






Figure 4. Effect of organic and inorganic amendments on acid detergent lignin of forage sorghum under the field conditions of Layyah, Pakistan. Values are the means of two years and three replicates. Means with similar letters at the top of the bar did not differ significantly at p ≤ 0.05 (HSD = 4.5).



[image: Agronomy 12 00896 g004]







[image: Table] 





Table 1. Meteorological data of the experimental site during 2019 and 2020 as observed in Layyah, Pakistan.






Table 1. Meteorological data of the experimental site during 2019 and 2020 as observed in Layyah, Pakistan.





	
Months

	
Rainfall (mm)

	
Temperature °C




	
2019

	
2020

	
Last 10 Years

Average

	
2019

	
2020

	
Last 10 Years Average






	
July

	
70.2

	
58.6

	
72

	
32.1

	
33.7

	
33.1




	
August

	
93

	
86.5

	
92

	
32.7

	
33.4

	
33.2




	
September

	
trace

	
28

	
24

	
32.6

	
30.8

	
31.0




	
October

	
33

	
trace

	
25

	
25.3

	
25.4

	
25.1








Source: Adaptive Research Farm, Karor Lal Esan, Punjab, Pakistan, which is 30 km from the research site at Layyah, Pakistan.
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Table 2. Performance for plant height, number of leaves, stem diameter, stem/leaves dry weight, and leaf area of forage sorghum at different organic amendments under field conditions of Layyah, Pakistan, during 2019 and 2020.
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Treatments (Trt)

	
Plant Height (cm)

	
Number of Leaves per Plant

	
Stem Diameter (mm)

	
Stem Dry Weight

(g)

	
Leaves Dry Weight

(g)

	
Leaf Area

(cm)






	
Control (no inorganic or organic ammendments added)

	
169.2 ± 1.57 I

	
9 ± 0.70 G

	
12.2 ± 0.18 J

	
158.4 ± 4.13 I

	
22.3 ± 0.87 H

	
94.2 ± 6.74 I




	
NPK, 59:72:30 kg ha−1

	
173.2 ± 1.29 HI

	
9 ± 0.85 FG

	
12.6 ± 0.18 IJ

	
163.4 ± 4.80 HI

	
22.8 ± 1.07 H

	
99.6 ± 7.57 HI




	
1/2 NPK, 29.5:36:15 kg ha−1

	
177 ± 0.63 GH

	
10 ± 0.67 FG

	
13.2 ± 0.22 HI

	
168.4 ± 5.33 GHI

	
23.2 ± 1.05 GH

	
105.3 ± 7.09 HI




	
Poultry manure (PM), 5 t ha−1

	
178.7 ± 1.19 FG

	
10 ± 0.94 FG

	
13.7 ± 0.18 GH

	
171.6 ± 5.17 FGH

	
23.6 ± 0.87 GH

	
109.56.80 GHI




	
Press mud (MUD), 40 t ha−1

	
181.7 ± 1.49 FG

	
10 ± 0.85 FG

	
14.2 ± 0.22 FG

	
174.8 ± 4.92 EFG

	
24.1 ± 1.02 FGH

	
114.9 ± 7.15 FGH




	
Biochar (BC), 11 t ha−1

	
183.3 ± 1.70 EF

	
11 ± 0.79 EF

	
14.7 ± 0.28 EF

	
177.3 ± 6.13 EFG

	
24.8 ± 0.86 EFG

	
121.6 ± 8.12 EFG




	
BC + 1/2 NPK

	
187 ± 1.93 DE

	
13 ± 0.67 DE

	
15.1 ± 0.27 DE

	
180.4 ± 5.89 DEF

	
25.6 ± 0.77 DEF

	
128.0 ± 7.35 EF




	
MUD + 1/2 NPK

	
188.3 ± 0.79 D

	
14 ± 0.43 CD

	
15.6 ± 0.26 D

	
184.8 ± 5.41 CDE

	
26.6 ± 0.73 CDE

	
135.0 ± 7.44 DE




	
PM + 1/2 NPK

	
190.7 ± 1.19 CD

	
14 ± 0.37 CD

	
16.3 ± 0.43 C

	
188.5 ± 6.04 BCD

	
27.2 ± 0.67 BCD

	
147.8 ± 5.36 CD




	
PM + BC + 1/2 NPK

	
193.8 ± 1.18 BC

	
15 ± 0.24 BC

	
16.9 ± 0.61 BC

	
192.5 ± 5.99 ABC

	
27.6 ± 0.75 BC

	
159.8 ± 5.51 BC




	
PM + MUD + 1/2 NPK

	
196.8 ± 1.18 AB

	
15 ± 0.48 BC

	
17.4 ± 0.49 AB

	
196.5 ± 5.42 AB

	
28.7 ± 0.47 AB

	
171.6 ± 7.73 AB




	
BC + MUD + 1/2 NPK

	
198.7 ± 2.02 AB

	
16 ± 0.92 AB

	
17.8 ± 0.46 A

	
200.1 ± 5.76 A

	
29.9 ± 0.40 A

	
179.6 ± 10.16 A




	
PM + BC + MUD + 1/2 NPK

	
201 ± 2.37 A

	
17 ± 1.08 A

	
18.0 ± 0.59 A

	
201.7 ± 6.51 A

	
30.4 ± 0.59 A

	
184.3 ± 13.02 A




	
HSD (p ≤ 0.05)

	
5.0

	
2

	
0.65

	
10.2

	
1.9

	
15.5




	
Years (Y)




	
2019

	
185.8 ± 6.04

	
12 ± 1.63 B

	
15.0 ± 1.00 B

	
175.8 ± 8.22 B

	
25.2 ± 1.95 B

	
132.1 ± 13.34 B




	
2020

	
186.4 ± 5.53

	
13 ± 1.88 A

	
15.4 ± 1.30 A

	
187.0 ± 9.34 A

	
26.6 ± 1.28 A

	
137.4 ± 23.17 A




	
HSD (p ≤ 0.05)

	
ns

	
0.40

	
0.15

	
2.3

	
0.44

	
3.5




	
Significance interactions




	
Treatments

	
<0.001 **

	
<0.001 **

	
<0.001 **

	
<0.001 **

	
<0.001 **

	
<0.001 **




	
Years

	
ns

	
<0.002 **

	
<0.001 **

	
<0.001 **

	
<0.001 **

	
<0.004 **




	
Trt × Y

	
ns

	
ns

	
<0.001 **

	
ns

	
<0.04 *

	
<0.001 **








Means having similar letters did not differ significantly at p < 0.05. ns, *, and ** indicate nonsignificant, significant at p ≤ 0.05, and at p ≤ 0.01, respectively. Values represent mean ± SE.
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Table 3. Performance for green/dry biomass yield and brix value on fresh stalk of forage sorghum under different organic amendments under field conditions of Layyah, Pakistan, during 2019 and 2020.
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Treatments (Trt)

	
Green Biomass Yield

(Mg ha−1)

	
Dry Biomass Yield

(Mg ha−1)

	
Brix Value

(g kg−1)






	
Control (no inorganic or organic ammendments added)

	
26.0 ± 0.93 H

	
9.7 ± 0.27 H

	
74.1 ± 3.07 H




	
NPK, 59:72:30 kg ha−1

	
26.8 ± 0.47 GH

	
10.0 ± 0.36 GH

	
82.1 ± 5.14 GH




	
1/2 NPK, 29.5:36:15 kg ha−1

	
27.8 ± 0.35 FG

	
10.2 ± 0.43 FGH

	
85.7 ± 4.48 GH




	
Poultry manure (PM), 5 t ha−1

	
28.0 ± 0.39 EFG

	
10.5 ± 0.51 E–H

	
88.9 ± 4.43 FGH




	
Press mud (MUD), 40 t ha−1

	
28.2 ± 0.43 DEF

	
10.9 ± 0.55 D–G

	
91.9 ± 4.47 EFG




	
Biochar (BC), 11 t ha−1

	
28.6 ± 0.57 DEF

	
11.2 ± 0.48 C–F

	
95.7 ± 6.28 D–G




	
BC + 1/2 NPK

	
29.1 ± 0.50 CDE

	
11.4 ± 0.47 B–E

	
101.4 ± 6.77 C–F




	
MUD + 1/2 NPK

	
29.4 ± 0.51 CD

	
11.6 ± 0.55 BCD

	
104.6 ± 6.89 CDE




	
PM + 1/2 NPK

	
30.2 ± 0.69 BC

	
11.9 ± 0.46 ABC

	
109.2 ± 7.09 BCD




	
PM + BC + 1/2 NPK

	
31.0 ± 0.88 AB

	
12.3 ± 0.53 AB

	
113.8 ± 7.11 AB




	
PM + MUD + 1/2 NPK

	
31.3 ± 0.86 AB

	
12.3 ± 0.39 AB

	
124.2 ± 7.26 AB




	
BC + MUD + 1/2 NPK

	
31.8 ± 0.94 A

	
12.7 ± 0.50 A

	
130.5 ± 7.64 A




	
PM + BC + MUD + 1/2 NPK

	
31.8 ± 0.71 A

	
12.6 ± 0.17 A

	
132.9 ± 8.14 A




	
HSD (p ≤ 0.05)

	
1.28

	
0.99

	
15.3




	
Years (Y)




	
2019

	
29.0 ± 0.81 B

	
10.8 ± 0.64 B

	
104.7 ± 12.42 A




	
2020

	
29.5 ± 1.53 A

	
11.8 ± 0.65 A

	
100.7 ± 11.42 B




	
HSD (p ≤ 0.05)

	
0.29

	
0.22

	
3.5




	
Significance interactions




	
Treatments

	
<0.001 **

	
<0.001 **

	
<0.001 **




	
Years

	
<0.001 **

	
<0.001 **

	
<0.02 *




	
Trt × Y

	
<0.001 **

	
ns

	
ns








Means having similar letters did not differ significantly at p < 0.05. ns, *, and ** indicate nonsignificant, significant at p ≤ 0.05, and at p ≤ 0.01, respectively. Values represent mean ± SE.
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