Genotypic Evaluation of Groundnut (arachis hypogeae L.) Yield-related Traits in Response to Foliar Application of Liquid Organic Fertilizer
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ABSTRACT
Indiscriminate use of chemical fertilizers has degraded soil quality and reduced groundnut production by depleting nutrients, disrupting microbial balance, and causing soil acidification. Understanding how organic alternatives can enhance growth and yield, reduce chemical fertilizer dependence, and promote sustainable farming is therefore essential.. This study examined the effects of liquid organic fertilizer (LOF) on the growth and yield of two groundnut varieties, SAMNUT24 and SAMNUT25, using four LOF concentrations: 4.7 ml, 6.5 ml, 8.28 ml, and a control (0 ml). The results indicate that LOF and variety significantly influenced leaf number, with SAMNUT25 showing the highest leaf number at 8.28 ml in 2018 and 2019, while SAMNUT24 peaked at 4.7 ml. Both varieties exhibited increased branch number and leaf area with higher LOF concentrations. Total grain yield and yield components were significantly affected by LOF and variety, with the highest 100-seed weight observed at 8.28 ml for both varieties. Control treatments yielded the lowest seed weight. Total pod weight was highest at 8.28 ml for both varieties and decreased with lower LOF concentrations. Positive correlations were found between 100-seed weight, total pod weight, and total grain yield, with SAMNUT25 showing a stronger positive relationship to LOF than SAMNUT24. This study demonstrates that LOF significantly influences groundnut growth and yield, with varying responses among different varieties, providing valuable insights for agricultural practices.
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INTRODUCTION
Groundnut (Arachis hypogaea L.) is considered one of the most important legumes grown in different climates across the country. It is primarily a crop in the semi-arid tropics, including Asia and African countries (Bailey, 2004). The crop is grown as a sole crop and as a catch crop in the dry and rainy seasons. It contains 48%–50% oil and 26%–28% protein and is a rich source of fiber, minerals, and vitamins. Almost every part of the groundnut is commercially valuable (Bala and Nath, 2015). 
The global average groundnut yield stands at 1.8 tons per hectare (FAO, 2021). At the national level, the mean groundnut yield in Nigeria stood at 1.37 tons per hectare in 2022 and the production of groundnuts in Nigeria experienced a slight decline to a value in 2021 (FAO, 2022). Throughout the period under scrutiny, there was a consistent trend of decreasing production. Notably, the highest growth rate occurred in 2014, with a remarkable increase of 73%. However, from 2015 to 2020, the growth in production remained subdued (Merem et al., 2021). The decline in groundnut production in northern Nigeria can be attributed to a combination of factors related to genotypes and fertilizer application, as well as other agricultural and environmental factors.

Many farmers in northern Nigeria continue to cultivate traditional, low-yielding groundnut varieties instead of high-yielding, disease-resistant, and drought-tolerant improved varieties. Over time, the use of the same groundnut genotypes lead to genetic erosion, reducing crop resilience and productivity. It's worth noting that groundnut is known to exhibit a limited genetic diversity (Bhad et al., 2016). Consequently, broadening the genetic foundation of groundnut constitutes a primary objective in numerous breeding programs (Okito et al., 2004; Abady et al., 2019). To achieve this, several studies focused on genetic diversity, evaluating morphological, biochemical, and genetic variations within a specific population. Such assessments are critical for advancing groundnut cultivation (Bhad et al., 2016; Merem et al., 2021). Hence, gaining insights into genetic diversity among and within genotypes proves essential when selecting suitable parent plants for hybridization and planning effective breeding programs. Additionally, the genotypic evaluation takes into account the genetic variability among groundnut varieties, which can determine their ability to exploit the benefits of liquid organic fertilizers or, conversely, their compatibility with conventional fertilizers (Naab et al., 2005; Mohammed et al., 2014; Lomada et al., 2023). The genotypic evaluation of groundnut, with regard to liquid organic fertilizer is an important aspect of modern agricultural research. 
Foliar application of organic liquid fertilizers can be used as an effective means of providing plant requirements for macro and micronutrients, in addition to solving nutrient deficiencies in the soil and increasing yield, both quantitatively and qualitatively. The technique of applying foliar fertilization plays a key role in stimulating physiological processes. The aim of this research was to identify the role of foliar application of organic liquid fertilizers in some growth, and yield-related traits of some groundnuts genotype. 
MATERIALS AND METHODS
Field trials were conducted during the 2018 and 2019 rainy seasons, at the teaching and research farm of the Faculty of Agriculture and Agricultural Technology, Kano University of Science and Technology Wudil. The farm was situated at Gaya town; latitude 110 52” 22.03” N Longitude 80 58”29.08 E and latitude 110 51”04.15” N Longitude 90 01”05.25” E with an elevation of 439 m above sea level located in the Sudan Savannah zone of Nigeria.  Random samples of soil to a depth of 30 cm were taken before land preparation in each season and analyzed for physical and chemical properties (Supplementary Table 1). The treatments consisted of two groundnut varieties (SAMNUT 24 and SAMNUT 25), three levels and control of liquid organic fertilizer rich in phosphorus and calcium (0, 4.7 ml, 6.5 ml, and 8.28 ml). The treatments were factorially combined and laid out in a randomized complete block design with three replications. Groundnut varieties were obtained from the International Institute of Tropical Agriculture (IITA) sub-station Kano, two seeds were sown at a spacing of 75x25 cm inter and intra row. The organic liquid fertilizer foliar application was administered using a 16-litres handheld sprayer during the early morning hours until the plants were thoroughly moistened. Care was taken to prevent cross-contamination between experimental units by using cardboard as a barrier. This spraying protocol was conducted three time throughout the plant's growth cycle, with a two-week gap between each application: 2, 4 and 6 weeks after sowing. Data were collected on growth and yield characteristics such as number of leaves, number of branches, leaf area, 100 seed weight, total pod weight, and total grain yield. The pods were harvested manually after the crop had attained its physiological maturity by yellowing and drying the leaves using a hoe and later handpicked.
STATISTICAL ANALYSIS
All the collected data were statistically analyzed as described by Snedecor and Cochran (1967). Where the F- values were found to be significant; the treatment means were compared using the Students Newman-Keuls-test (SNK). Regression analysis was performed according to the procedure of SAS (SAS Institute, 2001).
RESULTS AND DISCUSSION
Table 1 shows that some growth characteristics of groundnut were significantly influenced by liquid organic fertilizer and variety. The result of the study revealed that the number of leaves was significantly influenced by liquid organic fertilizer and variety. Thus, explaining that the yield increased with increasing levels of fertilizer for SAMNUT25, application of 8.28 ml of liquid organic fertilizer resulting in more number of leaves in both growing season. Moreover, the number of branches and leaf area was increased with increasing levels of fertilizer for both genotypes and the yearly sampling period showed no significant difference within a genotype but under the number of leaves SAMNUT25 was significantly higher than SAMNUT24, and the opposite result was observed under leaf area. In general, it was observed that SAMNUT 25 responds better to different rates of liquid organic fertilizer in this experiment.  The observed increase in the number of leaves and leaf area may be attributed to the nutrients present in the liquid organic fertilizer, which can promote plant growth and development. Ali et al. (2009) and Nabil et al. (2015), in their respective studies on legumes (groundnut and cowpea – Vigna unguiculata L. Walp) and cereals (maize- Zea mays L.) observed that significant difference in number of branches plant-1 and other morphological characters in plants could not only be as a result of difference in the genetic make-up of the crop but also due to the differential influence of the soil amendments or growth media of the crop. However, the number of branches may not have been significantly affected by the concentration of liquid organic fertilizer, indicating that other factors or treatments may have a greater influence on branch development in groundnut. The results corroborate with the findings of Malligawad et al. (2007) and Kelechukwu et al. (2007), who reported that plant morphology, especially plant height, number of branches and number of leaves are dependent on the type of variety as well as the nutrient status of the growing environment. Overall, most of the parameters measured were remarkably improved by the increase concentration of organic fertilizers application in groundnut cultivation.

The yield and yield component of groundnuts were significantly influenced by liquid organic fertilizer and variety these are presented in Table 2. A significant response of 100 seed weight of ground nut was observed. It was revealed that a significantly higher 100 seed weight was recorded when liquid organic fertilizer was applied to the groundnut variety at the rate of 8.28 ml per plot in both the 2018 and 2019 growing seasons. On the other hand, significantly lower seed weight was recorded when zero liquid organic fertilizer was applied to both SAMNUT 24 and SAMNUT 25 in the 2018 and 2019 growing seasons. The results were supported by previous studies that showed organic fertilizer addition to soil improved crop yield (Ncube et al., 2011). A Significant response of total pod weight was recorded in this trial. The result of the investigation revealed that in 2018, SAMNUT 24 and SAMNUT 25 when sprayed with 8.28ml of liquid organic fertilizer, produced significantly higher pod weight. It was also noted that a reduction in the rate of liquid organic fertilizer caused a decrease in total pod weight in both varieties. The lowest pod weight was recorded in treatments where zero liquid organic fertilizer was applied. A similar result was obtained when the trial was repeated in 2019.  These results were in line with the findings of Xiao et al. (2018) who reported that organic fertilizer treatments had a considerable effect on the mean weights of pods and seeds per plant compare with absolute control which gave lower values in all measured parameters.

The effect of liquid organic fertilizer and variety on total grain yield is presented in Table 2. The result of the study indicated that in 2018, both groundnut varieties (SAMNUT 24 and SAMNUT 25) when sprayed with 8.28 ml of liquid organic fertilizer produced significantly higher total grain yield. It was also observed that when the liquid organic fertilizer rate was reduced to 6.5 ml and 4.7 ml, a significant reduction in the total grain yield was recorded. A similar result was recorded in the 2019 growing season. This could directly be attributed to the cumulative increase in the plant's vegetative growth including an increase in the number of leaves, plant height and branches as a result of balanced nutrition supplied to the plants. Studies with different rates of cattle manure in some crops showed that an increase in the rate of cattle manure up to 15 t/ha increased crop yield and further increment caused yield reduction (Dada and Fayinminnu, 2010) and squash (Jahan et al., 2008; Abul-Soud et al., 2010).

Table 1: Effects of variety and organic liquid fertilizer on some growth parameters of Groundnut
	Treatments

	Number of leaves
	Number of branches
	Leaf area (m2)

	
	2018
	2019
	2018
	2019
	2018
	2019

	SAMNUT 24 + 0 ml
	8.67±0.17b
	8.66±0.14cd
	3.00±0.02cd
	2.66±0.04cd
	111.0±0.26bc
	111.7±0.34b

	SAMNUT 24 + 4.70 ml
	10.00±0.28b
	10.00±0.28bcd
	3.00±0.02cd
	2.66±0.17cd
	119.2±0.51bc
	119.7±0.47b

	SAMNUT 24 + 6.50 ml
	9.00 ±0.15b
	8.67 ±0.18cd
	3.67±0.10bc
	3.70±0.12bc
	123.5±0.33b
	120.7±0.61b

	SAMNUT 24 + 8.28 ml
	8.66±0.07 b
	9.00 ±0.31bcd
	5.67±0.21a
	5.33±0.29a
	149.7±0.19a
	147.3±0.32a

	SAMNUT 25 + 0 ml
	8.67 ±0.29b
	8.33 ±0.13d
	2.33±0.08d
	2.30±0.1d
	104.3±0.53c
	107.7±0.61b

	SAMNUT 25 + 4.70 ml
	11.00±0.10ab
	10.67 ±0.09ab
	3.00±0.03cd
	3.01±0.01cd
	113.8±0.22bc
	112.3±0.26b

	SAMNUT 25 + 6.50 ml
	11.00±0.11ab
	10.67±0.41abc
	3.33±0.13bcd
	3.66±0.09bc
	118.2±0.09bc
	116.0±0.16b

	SAMNUT 25 + 8.28 ml
	12.67±0.40a
	12.33 ±0.21a
	4.33±0.03b
	4.40±0.06b
	155.7±0.42a
	149.1±0.50a


Means with the same letter(s) in the same column are not significantly different (P < 0.05%) using SNK = Student-Newman-Keuls test
Table 2: Effect of variety and organic liquid fertilizer on Yield attributes og Grpundnut
	Treatments

	100 seed weight(g)
	Total pod weight(kg/ha)
	Total grain yield(kg/Ha)

	
	2018
	2019
	2018
	2019
	2018
	2019

	SAMNUT 24 + 0 ml
	66.33 ±0.08bc
	64.0±0.10b
	263.3±0.73c
	225.0±0.63bc
	188.3±0.41c
	186.0±0.23bc

	SAMNUT 24 + 4.70 ml
	93.00±0.13abc
	90.33±0.11ab
	290.3±0.54c
	295.0±0.43bc
	238.0±0.19c
	240.7±0.07bc

	SAMNUT 24 + 6.50 ml
	86.67±0.06abc
	86.67±0.04ab
	220.0±0.12c
	218.0±0.14bc
	193.3±0.06c
	200.3±0.07bc

	SAMNUT 24 + 8.28 ml
	123.33±0.17a
	125.33±0.2a
	645.3±0.60a
	604.3±0.71a
	573.7±0.36a
	553.7±0.24a

	SAMNUT 25 + 0 ml
	61.67±0.05c
	60.00±0.02b
	183.0±0.06c
	183.0±0.04c
	135.7±0.16c
	134.3±0.08c

	SAMNUT 25 + 4.70 ml
	116.33±0.07ab
	114.67±0.12ab
	297.3±0.11c
	296.3±0.10bc
	260.0±0.29bc
	256.6±0.52bc

	SAMNUT 25 + 6.50 ml
	100.00±0.45abc
	97.67±0.71ab
	307.0±0.42c
	306.3±0.37bc
	248.0±0.03c
	248.7±0.31bc

	SAMNUT 25 + 8.28 ml
	113.67±0.66ab
	113.00±0.81ab
	469.0±0.51b
	450.3±0.44ab
	399.7±0.11a
	388.7±0.30ab


Means with the same letter(s) in the same column are not significantly different (P < 0.05%) using SNK = Student-Newman-Keuls test
When 100 seed and total pod weight regressed against total grain weight, significant positive relationships were recorded between 100 seed and total pod weight as well as total pod weight to total grain yield (Fig. 1A-B). The relationship between pod weight and total grain yield and the 100 seed weight could be attributed to plants with a larger leaf area having the capacity to engage in more photosynthates, consequently leading to the production of a higher number of pods and an increased grain yield. Furthermore, the results revealed a noteworthy genotypic variation in the response of the tested groundnut varieties to organic liquid fertilizer. For SAMNUT24, the relationship between organic liquid fertilizer concentrations and total grain yield followed a linear positive trend (Fig. 1C), with a lower coefficient of determination (R2=0.45. However, for SAMNUT 25, a strong positive correlation was observed between organic liquid fertilizer concentrations and total grain yield, characterized by both linear and quadratic regression models (Fig. 1D). The linear regression exhibited a high coefficient of determination (R2=0.88), indicating a significant relationship between increasing organic liquid fertilizer concentrations and total grain yield of SAMNUT25. Additionally, the quadratic regression yielded an even stronger association (R2=0.95), suggesting a curvilinear response with an optimal N rate for maximum yield. This indicates that increasing organic liquid fertilizer concentrations had a positive but slightly less pronounced impact on SAMNUT24 total grain yield incontrast to SAMNUT25. The difference between the genotypes in this study could be due to the effective utilization of foliar-applied nutrients. As previously reported 100 pod weight and 100 kernel weight had positive and significant associations with pod yield per plant at both the genotypic and phenotypic levels (Thayamini, 2018). Additionally, a field experiment showed that the application of liquid fertilizers resulted in higher pod yield and kernel yield. These findings suggest that the use of liquid organic fertilizers can positively impact the relationship between seed weight, pod weight, and yield of groundnuts.
In conclusion, the study found that liquid organic fertilizer and variety had significant effects on the growth and yield parameters of groundnut plants. The results suggest that higher levels of liquid organic fertilizer generally led to increased growth and yield. SAMNUT25 exhibited better responses to varying fertilizer levels compared to SAMNUT24. The positive relationships observed between seed weight, pod weight, and grain yield emphasize the importance of balanced nutrition in enhancing crop productivity. 
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Figure 1: Relationships between 100 seed weight and Total pod weight (A), Pod weight and Total grain weight (B), Total yield and different concentration of organic liquid fertilizer (C)  SAMNUT24 , (D) SAMNUT25
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Supplementary Table 1: Physico-chemical Properties of the Experimental Plot Soil 

Soil Properties



2018 


2019
Physical (%)
Sand




88


81
Clay 




7.3


7.2

Silt 




12


11

Textural Class

    
       
Sandy loam      

Sandy loam 
   
Chemical
pH (H2O)



6.50


6.90

Organic Carbon (gkg-1)


7.10


8.30

Total Nitrogen (gkg-1)


0.11


0.18

Available P (mgKg-1)


14.10


11.12

Exchangeable base (cmol (+) kg-1)  
Ca




1.30


1.77

Mg




0.30


0.97

K




0.27


0.42

Na




0.30


0.26

CEC




5.29


4.53

Source: Analyzed in the Soil Science Department's K.U.S.T. Wudil  
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