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ABSTRACT
Amaranth is an important leafy vegetable crop that provides nutrition inform of vitamins, minerals, anti-oxidants and other health benefits to humans. It does well in a variety of climatic conditions so long as the soils are of fertile, free draining and of good moisture availability. However, its production in Kilifi and much of the Coastal Kenya is constrained mainly by factors such as soil moisture stress and unbalanced nutrition. Therefore, to inform on conditions necessary for its sustainable production in the region, a study was set to evaluate the use of climate smart technologies, namely Super Absorbent Polymer (SAP), and NPK fertilizer. The study sought to determine the effects of NPK fertilizer and (SAP) rates on soil moisture, water-use efficiency, growth and yields of Amaranthus in Kilifi county.  Thus, a 3 by 3 factorial experiment laid in Randomized Complete Block Design (RCBD) with three replications was set at Pwani University Crop Science Research Farm between October and December 2022 and from January and March 2023.  Two factors were involved namely; SAP at 3 levels ((S0= 0 gm (0kg/ha), S1 = 2.5 gm (250 kg/ha) and S2 = 5 gm (500 kg/ha)) and NPK fertilizer at 3 levels: ((N0= 0 gm (kg/ha), N1 = 10 gm (200 kg/ ha) and N2 = 20 gm (400 kg/ha)). Data was collected on soil moisture content, water-use efficiency, plant height, leaf area, leaf chlorophyll content, stem diameter, number of leaves per plant, branch number, harvestable yield, fresh weight and dry matter. Soil analysis was conducted for pH, macro and micro nutrients before planting and after harvesting. The collected data for each variable was subjected to analysis of variance (ANOVA) using SAS software 14th edition and the means obtained subjected to Tukey’s Honestly Significant Difference Test for comparison at 5% level of significance. The results indicated that use of SAP and NPK enhanced soil moisture, WUE, growth and yield of Amaranthus. However, significant interaction effects were notable when SAP and NPK fertilizer were combined; followed by NPK fertilizer without SAP; followed by SAP alone and lastly control.
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1.0 INTRODUCTION
Amaranth is the common name for the domesticated species of the genera Amaranthus (Gigliola, 2012). It is one of the oldest vegetable food crops in the world (Jimoh et al., 2022; Dilshod et al., 2023).  According to Sokoto and Johnbosco (2017); Dilshod et al. (2023), it is one of the vegetables that have been consumed throughout the history.  Amaranthus is one of the most promising plant genera and it comprises of approximately 70 species, 40 of which are native to the Americans, 17 are mainly vegetable species, three are grain while others are weeds (Sokoto and Johnbosco 2017). It is a multipurpose crop whose leaves and grains are tasty and of high nutritional value. Additionally, it can be cultivated as an ornamental plant (Venskutonis and Kraujalis, 2013; Dilshod et al., 2023). According to Rastogi & Shukla (2013), amaranth has vitamins A (carotenoids) (0.83 mg/kg), Ascorbic acid (vitamin C) (112.33 mg/kg), fiber (6.95–9.65%), potassium (6.4 to 6.7 g/kg), calcium (0.73 to 1.9 g/kg), starch (48%) and fat/ oil (4.8–8.1%). 
[bookmark: _Toc111623263][bookmark: _Toc111632428][bookmark: _Toc111636613]In Kenya, Amaranthus is a traditional vegetable known to grow in open fields. It exhibits the highest diversity of species exploited as traditional vegetables. It is locally recognized and each community has a name for amaranth. The Kikuyu call it, Terere; Kisii call it, Emboga; Luhya call it, Omboga; the Swahili call it, Mchicha; the Luo call it Ododo; Pokot call it Chepkuratian; Turkana call it Lookwa and the Teso call it Ekwala, just to mention a few (Gamel and Linssen, 2007). It is mostly grown for its edible leaves which are a regular food component of most local community diets in the country. However, some of the species such as Amaranthus caudatus L., Amaranthus cruentus L., and Amaranthus hypochondriacus L. are used as grain Amaranthus (Gamel and Linssen, 2007). 
In the entire Coastal region of Kenya and in particular Kilifi, Amaranthus also locally known as Mchicha is the second most important, and highly consumed vegetable after Kales (Sukuma wiki), most of which is obtained from upcountry regions where cool climate and plentiful of rains support the production (Mogeni & Ouma., 2022). Besides Kilifi, Amaranthus is also cultivated in Kwale, Mombasa and some other counties of coastal region of Kenya. It is grown for both subsistence and commercial purposes. The fact that Amaranthus is well adapted and its production can be enhanced locally, and in the entire Coastal region, makes it a prime crop in terms of addressing food security in the region. It is also an important source of income to local farmers and the communities.
 Although Amaranthus is largely produced in the region, farmers obtain relatively poor yields (Chepkoech et al., 2018). Among the major constraints to achieving its full potential production in small holder farms in Kilifi and entire Coastal region of Kenya are the poor soils and prolonged periods of water stress during the growing season as a result of erratic rainfall, leading to low productivity (Gala, 2019). The soils in the region are predominantly sandy loam, which are inherently poor in major nutrients such as Nitrogen (N), Phosphorous (P) and Potassium (K) (Omuto, 2013). Nitrogen is a key element in growth and production of vegetables while soil carbon and Potassium are important in maintaining good soil health conditions for sustainable crop growth and yields (Onyango et al., 2012). According to Abebe et al. (2017) and Nyaundi, (2017), this situation can be corrected through use of inorganic compound fertilizers such as NPK.
[bookmark: _Hlk106795056]Additionally, much of the attention is currently being directed towards the use and adoption of sustainable farming systems that embrace modern technologies that are capable of moderating the effects of climate change for successful crop production (Nylund et al., 2022). Thus, evaluating and embracing climate smart agricultural techniques that enhance water-use efficiency, crop growth and yields such as use of Super-Absorbent Polymers (SAPs) at different rates is vital.  However, scanty information exists on their use in production of this vegetable crop. The use of SAPs has been considered important especially in hot and dry areas which are drought prone as they enhance water management in agricultural production (Sayyari and Ghanbari, 2012; Pradeep et al., 2023). The SAPs have the ability to absorb water more than 1000 times their weight (Inobeme et al., 2023). It takes them up to 12 years as they biodegrade to water, carbon dioxide and ammonia due to microbial activity (Chen and Tan, 2006; Mnyika et al., 2020). According to Fernando et al. (2014); Zheng et al. (2023), the use of SAPs led to improved soil structure, increased water retention capacity, aeration in soils and increased crop production. In a study by Khadem et al. (2010), on maize under stress conditions, the use of SAPs increased leaf water potential, chlorophyll content and cytoplasm membrane stability. According to Mnyika et al. (2020), the use of SAPs under irrigation helped in moisture conservation, improved chlorophyll content, increased number of fruits per plant, leaf area and fresh weight of eggplants. A study by Karipçin (2023), on use of SAPs on parsley under water deficit stress conditions resulted to increase in soil moisture. Therefore, while evaluating growth and yield potential of Amaranthus and water use efficiency due to use of NPK and Super-Absorbent Polymers, the study will also provide insights on the most appropriate rates in which production can be optimized.
2.0 MATERIALS AND METHODS
2.1 Study site 
The study was carried out at Pwani University farm in two trials. The first trial was conducted between October 2022 and December 2023 while the second trial was done between January 2023 and March 2023. The farm is located 60 kms from Mombasa and lies between longitudes 39º E and 40º E, and latitudes 3º S and 4º S, and at an altitude of about 30 m above sea level (ASL) in Coastal lowland zone 3 (CL3) (Jaetzold et al., 2012). The area experiences bimodal rainfall with average annual rainfall ranging between 600-1100 mm. The long rains normally occur between April and May while the short rains occur from September to December. Annual mean temperatures ranges between 28 °C - 32.0 °C. The pre-dominant type of soil in the study area is sandy-loam characterized by poor water holding capacity due to low organic matter content and is poor in nutrients (Omuto, 2013). 
2.2 Description of materials used 
Super-absorbent polymer (SAP) of trade name Belsap®, was obtained from Makupa Agrovet in Mombasa. The active ingredient includes 80 % w/w cross linked potassium acrylate co-polymer. It is nontoxic and environmentally friendly (Rop, 2019). It biodegrades into ammonia, carbon dioxide and water. It has a neutral pH (6-6.8) and does not increase salinity levels in the soil, which is attributed to its potassium base structure (Rop, 2019). NPK fertilizer (17:17:17) was obtained from Good life Agrovet in Kilifi. Amaranthus dubious variety was obtained from Good life Agrovet in Kilifi town. The variety was chosen because of its good adaptability to the study area. It is also widely grown and consumed in the region.
2.3 Experimental Design and Treatment Application
[bookmark: _Hlk106802800][bookmark: _Hlk106802820][bookmark: _Hlk106802839][bookmark: _Hlk106802859][bookmark: _Hlk106802893][bookmark: _Hlk106802912]A 3 by 3 factorial experiment laid out in a randomized complete block design (RCBD) with three replications was used. Two factors were involved namely, SAP and NPK fertilizer. SAP treatments was applied at 3 levels namely: S0=0gm, S1 =2.5 gm (250 kg/ha) and S2 =5 gm (500 kg/ha while NPK fertilizer was applied at 3 levels namely: N0=0 gm, N1 = 10 gm (200 kg/ha) and 20 gm (400 kg/ha). This resulted in 9 treatment combinations i.e., T1=S0N0, T2= S0N1, T3= S0N2, T4= S1N0, T5= S1N1, T6= S1N2, T7=S2N0 and T8=S2N1 and T9=S2N2. The nine treatments were replicated three times resulting in a total of 27 plots. The replications formed 3 blocks each with 9 treatments. Amaranthus seedlings were planted in plots measuring 2 m × 1.5 m with spacing of 30 cm × 15 cm resulting in 45 plants per plot. A pathway of 0.5 m between the plots and 1 M between the blocks was allowed for ease of management
2.4 Planting and Agronomic Practices
Nursery beds of 1 m wide by 2 m long were prepared to a fine tilth. Furrows of 2 cm deep placed at a spacing of 10 cm between rows were made in each nursery. Amaranthus seeds were then placed evenly in the drills and covered with some soil. Mulching was applied to conserve moisture and was removed after seedling emergence. 15 litres of water was applied in the nursery beds daily during the evening when temperatures were cool. Weeding was done manually by use of hand on a weekly basis. Hardening-off seedlings was done two weeks before transplanting when the seedlings attained a height of 10-12 cm tall or had four true leaves, by reducing watering to once after every 2 days.
Land preparation was done by ploughing followed by harrowing in order to obtain the required tilth. This was done two weeks before transplanting. Holes were dug at a spacing of 30 cm by 15 cm in each plot. Each plot measured 2m × 1.5 m with a total plant population of 45. NPK fertilizer at rates of (0 gm (0 kg/ha), 10 gm (200 kg/ha) and 20 gm (400 kg/ha)) and SAP at the specified rates of (0 gm (0 kg/ha), 2.5 gm (250 kg/ha) and 5 gm (500 kg/ha)) were placed in the holes for respective treatments then mixed thoroughly with the soil. The Amaranth seedlings were then pricked out after watering the nursery to field capacity to minimize root damage, then transplanted into the prepared holes. This transplanting was done in the evening when the temperatures were cool and favorable. Only healthy seedlings were selected for transplanting. Gapping was done within the first week after transplanting. After planting, 15 litres of water was applied thrice a week during the evenings to minimize excessive evapotranspiration. This was important in water use efficiency determination. All other agronomic practices including weed control, pest and disease control were done uniformly in all plots as appropriate.


2.5 Data Collection and Methods of Their Determination
2.5.1 Weather parameters
These were obtained from Pwani University weather station, namely, rainfall, air temperature and relative humidity.  This data was recorded on monthly basis during the entire study period.
2.5.2 Soil chemical characteristics
This involved soil sampling and testing. Soil chemical characteristics were determined at the beginning of the trial before planting and at the end of the trials after harvesting. Soil samples were randomly selected from ten points of each plot along the diagonals using a soil auger at a depth of 30 cm in all the nine treatments. Soils from similar treatments were then mixed thoroughly and later dried for three days to make them stable and avoid major changes that would result from chemical reactions (Erich and Hoskins 2011). A composite sample of 0.5 kg was obtained from each treatment packed and sent the National Agricultural Research Laboratories (KARLRO-NARL) in Nairobi for complete soil analysis. The soils were analysed for pH(water), total nitrogen (N) and exchangeable phosphorus (P), potassium (K), calcium (Ca), Magnesium (Mg), Zinc (Zn), Copper (Cu), and manganese (Mn) following the procedures described by Okalebo et al. (2002).
Soil moisture content: this was obtained through the use of gravimetric method where soil samples from 5 selected points in each treatment were randomly taken. They were mixed to form a composite of 100 grams which was weighed using an electric balance (Model PM 200, Mettler Instrument Limited, Switzerland). The soils were later placed on petri dishes and dried in an oven  at 105oC until a constant weight was obtained.
Water use efficiency (WUE): water used for irrigation per each treatment, including rain water was recorded. This was used in determination of WUE as described by Sharma et al. (2015) using the equation below:
Water use efficiency= Total dry matter/total amount of water used (m-3ha-1)…………………(1)
Leaf Area: This was determined by measuring the length and width using a ruler and readings recorded in square centimeters. 
Number of leaves per plant: These were determined by physically counting the number of leaves per plant.
Number of branches: These were determined by physically counting the number of branches per plant. 
Plant height:  This was determined by measuring the tagged plants from the base of the plants to the terminal buds using a tape measure and recorded in centimeters. 
Stem thickness: Stem thickness of the main stem was determined by use of 
vernier calipers (WW-TH54A, Fuzhou Winwin Industrial Co., Ltd., China).
Chlorophyll content: This was determined using a chlorophyll meter (Model: SPAD-502Plus, Decagon Devices).  The readings were recorded in chlorophyll concentration index units (CCUI) as described by (Rodriguez and Miller, 2000).
Fresh weight: At maturity, the tagged plants were harvested and their fresh weight determined using a weighing balance and their readings recorded in grams. 
Dry matter: This was determined using a weighing balance. After weighing the fresh weight the samples were oven dried until a constant weight was obtained. The total dry matter was recorded and used to estimate water use efficiency (WUE) using equation (1).
2.6 Data analysis
[bookmark: _Hlk107257285]The collected data for each variable was subjected to analysis of variance (ANOVA) using SAS software 14th edition and the significant means obtained were subjected to Tukey’s Honestly Significant Difference Test for comparison, at 5% level of significance. Since there was no seasonal effect on the treatments, the data for the two seasons were pooled and presented as one.



3.0 RESULTS
3.1 Temperature and rainfall from Pwani University agrometeorological weather station
During the first trial the average maximum and minimum air temperatures experienced in Kilifi were 32.6 °C and 24.3 °C, while during the second trial, the average maximum and minimum air temperatures were 33 °C and 24.3 °C respectively (Table 1).  The average amount of rainfall experienced during the first trial was 9.1 mm while during the second trial the rainfall was 2.0 mm (Table 2).
[bookmark: _Toc172563429]Table 1: Temperatures at Pwani University, Kilifi county during trials I and II (in °C)
	

ar
	Month
	Maximum Temperature(°C)
	Minimum Temperature(°C)

	
	
	First trial
	

	2022
	October
	31
	25

	
	November
	34
	24

	
	December
	33
	24

	Mean
	
	32.6
	24.3

	
	
	Second trial
	

	2023
	January
	33
	24

	
	February
	32
	24

	
	March
	34
	25

	Mean
	
	33
	24.3


(Source: Pwani University Agrometeorological weather station, Kilifi county)

[bookmark: _Toc172563430]Table 2: Average rainfall (mm) at Pwani University, Kilifi county
	Year
	Month
	No. of Rainfall days 
	Rainfall (mm)

	
	
	First trial
	

	2022
	October
	0
	0

	
	November
	3
	11.8

	
	December
	4
	15.6

	Mean
	
	
	9.1

	
	
	Second trial
	

	2023
	January
	0
	0

	
	February
	0
	0

	
	March
	2
	8

	Mean
	
	
	2.7


(Source: Pwani University Agrometeorological weather station, Kilifi)
[bookmark: _Toc172563431]3.2 Pre and post plant soil chemical properties at Pwani University farm
The results indicated that the soils at Pwani University farm were slightly alkaline at pH (7.1-7.7). The soils had low levels of total nitrogen, organic carbon, exchangeable copper, iron and zinc. However, the soils had adequate levels of P, K, Ca, Mg, Mn and Na (Table 3).
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Table 3: Soil chemical properties taken before and after the trials at Pwani University farm (n=3).	
	
	Treatments

	Parameters
	Initial soil analysis (before planting)
	control
	NPK 
@ 10 g
	NPK 
@ 20g
	SAP 
@ 2.5 g
	SAP 
@ 5 g
	SAP 
@ 2.5+ NPK @ 10 g
	SAP 
@ 2.5 g+ NPK @ 20 g
	SAP @ 5 g+ NPK @ 10 g
	SAP 
@ 5 g+ NPK @ 20 g

	Soil pH - H2O
	7.2 S Al
	7.2 S Al
	7.4 S Al
	7.2 S Al
	7.3 S Al
	7.1 S Al
	7.7 S Al
	7.5 S Al
	7.6 S Al
	7.7 S Al

	Total N (%)
	0.02 low
	0.02 low
	0.06 low
	0.07 low
	0.05 low
	0.05 low
	0.06 low
	0.07 low
	0.06 low
	0.06 low

	Organic C (%)
	0.29 low
	0.3 low
	0.4 low
	0.4 low
	0.5 low
	0.4 low
	0.5 low
	0.6 low
	0.5 low
	0.6 low

	Avail P (ppm)
	26.1 Ad
	26.1 Ad
	28.7 Ad
	31.1 Ad
	27.9 Ad
	28.5 Ad
	32.1 Ad
	32.6 Ad
	31.8 Ad
	32.7 Ad

	Exch K (me %)
	1.2 Ad
	1.2 Ad
	1.4 Ad
	1.6 Ad
	1.3 Ad
	1.4 Ad
	1.8 Ad
	1.8 Ad
	2.1 Ad
	2.0 Ad

	Exch Ca (me %)
	2.2 Ad
	2.2 Ad
	2.3 Ad
	2.6 Ad
	2.5 Ad
	2.7 Ad
	2.5 Ad
	2.6 Ad
	2.7 Ad
	2.8 Ad

	Exch Mg (me %
	1.8 Ad
	1.8 Ad
	1.9 Ad
	2.0 Ad
	2.1 Ad
	2.2 Ad
	2.3 Ad
	2.4 Ad
	2.1 Ad
	2.4 Ad

	Exch Mn (me %)
	0.4 Ad
	0.4 Ad
	0.4 Ad
	0.5 Ad
	0.6 Ad
	0.6 Ad
	0.7 Ad
	0.6 Ad
	0.6 Ad
	0.7 Ad

	Exch Cu (ppm)
	0.6 low
	0.6 low
	0.6 low
	0.7 low
	0.6 Low
	0.6 low
	0.5 low
	0.5 low
	0.4 low
	0.5 low

	Exch Fe (ppm)
	8.5 low
	8.5 low
	8.5 low
	9.0 low
	8.1 Low
	8.0 low
	7.3 low
	8.6 low
	8.3 low
	8.4 low

	Exch Zn (ppm)
	2.1 low
	2.1 low
	2.3 low
	2.4 low
	2.1 Low
	2.2 low
	2.5 low
	2.7 low
	2.3 low
	2.8 low

	Exch Na (me %
	0.6 Ad
	0.6 Ad
	0.7 Ad
	0.7 Ad
	0.8 Ad
	0.7 Ad
	0.8 Ad
	0.7 Ad
	0.8 Ad
	0.8 Ad

	EC (mS/cm)
	0.4 Ad
	0.4 Ad
	0.4 Ad
	0.5 Ad
	0.5 Ad
	0.5 Ad
	0.5 Ad
	0.5 Ad
	0.4 Ad
	0.3 Ad


Key: Exch – Exchangeable, S Al- Slightly Alkaline, Avail- Available, Ad- Adequate.
3.3 Effect of Superabsorbent Polymer and NPK fertilizer on soil moisture
Use of SAP alone or in combination with NPK fertilizer had significant effect on soil moisture content during the growth of Amaranthus (Table 4). SAP500NPK400 treatments recorded the highest soil moisture content compared to control treatment. This was followed by SAP500NPK200, SAP250NPK400, SAP250NPK200, SAP500NPK0 and SAP250NPK0 treatments that had no significant differences in soil moisture content. Treatments with SAP0NPK400 and SAP0NPK200 had similar soil moisture while the control treatment recorded the lowest soil moisture content. 

Table 4: Effect of Superabsorbent polymer and NPK fertilizer on soil moisture content during growth of Amaranthus.

	Treatment
	Soil moisture (%)

	SAP0NPK0	
	3.6  f

	SAP0NPK200
	6.2  e f

	SAP0NPK400
	7.8  d e

	SAP250NPK0
	8.5  c

	SAP250NPK200
	9.5  b c

	SAP250NPK400
	10.0  b c

	SAP500NPK0
	11.0  b c

	SAP500NPK200
	12.1  b

	SAP500NPK400
	18.2  a


Means sharing the same letter are not significantly different at 5% level of significance

3.4 Effect of Superabsorbent Polymer and NPK fertilizer on WUE
NPK fertilizer and SAP had significant interactions on WUE during the growth of Amaranthus. SAP250NPK200 interactions recorded the highest WUE compared to control. However, interactions of SAP250NPK400 resulted in comparable WUE with SAP250NPK200, SAP500NPK200 and SAP500NPK400 treatments. Interactions of SAP0NPK200 and SAP0NPK400 recorded higher WUE compared to control treatment. However, WUE of SAP250NPK200, SAP500NPK200 and SAP500NPK400 interactions were not significantly different from those of SAP0NPK200 and SAP0NPK400. WUE under treatments with SAP were not significantly different with those of control (Figure1).



Figure 1: Water use efficiency of Amaranthus as influenced by interactions of NPK and Super absorbent polymer (SAP) at Pwani University farm. Means ± standard deviations followed by the same letter within a column are not significantly different at p ≤ 0.05, according to Tukey’s HSD test.

3.5 Effect of Superabsorbent Polymer and NPK fertilizer on Growth and Yield of Amaranthus
Use of NPK alone or in combination with SAP resulted in tallest plants, thickest stem, highest chlorophyll content, highest number of leaves, branches and leaf area. This was followed by the use of SAP alone without fertilizer and lastly control treatment where neither SAP nor NPK was applied resulting in shortest plants, thinnest stems and lowest amounts of chlorophyll content (Table 5). 

Table 5. Effect of superabsorbent polymer and NPK fertilizer rates on plant height, stem diameter and chlorophyll content of Amaranthus.

	Treatment
	Plant height
	Stem diameter
	Chlorophyll content
	Leaf number
	Branch number
	Leaf area

	SAP0NPK0
	51  c
	1.4  c
	26.  c
	60.3  b
	6.4  b
	83.5  d

	SAP0NPK200
	124.9  a
	3.1  a
	42.2    a b
	267.0  a
	19.6  a
	178.4  a b

	SAP0NPK400
	108.2  a
	3.0  a
	44.3  a b
	226.8  a
	16.9  a
	175  a b

	SAP250NPK0
	62  b  c
	1.5  b c
	40.4  b
	69.6  b
	7.4  b
	105.8  c d

	SAP250NPK200
	116.2  a
	3.1  a
	42.9  a b
	242.2  a
	18.2  a
	194.2  a

	SAP250NPK400
	117.8  a
	3.4  a
	47.3  a
	237.0  a
	18.3  a
	200.6  a

	SAP500NPK0
	79.5  b
	2.2  b
	39.   b
	87.0  b
	10.0  b
	134.1   c

	SAP500NPK200
	123  a
	3.0  a
	43.7 a  b
	229.0  a
	17.5  a
	209.4  a

	SAP500NPK400
	118.3  a
	3.2  a
	44.3  a b
	248.8  a
	17.8  a
	209.9  a


*Means followed by the same letter within a column are not significantly different at p ≤0.05, according to Tukey’s HSD test. SAP=super absorbent polymer, NPK= NPK fertilizer

3.6 Effect of Superabsorbent Polymer and NPK fertilizer rates on Yield of Amaranthus
The pooled results indicated that SAP and NPK rates had significant effects on fresh and dry shoot and root weights of Amaranthus. SAP250NPK400 treatments resulted in highest fresh and dry shoot and root weights compared to control that had comparable fresh and dry shoot and root weight with SAP250NPK0 and SAP500NPK0 treatments. However, all other SAP and NPK combinations (SAP250NPK200, SAP500NPK200, SAP500NPK400) resulted in comparable fresh and dry shoot and root weights with NPK treatments without SAP (SAP0NPK200, SAP0NPK400). Additionally, SAP0NPK200 and SAP0NPK400 treatments resulted in higher fresh and dry shoot and root weights compared with control that was not significantly different with SAP250NPK0 and SAP500NPK0 treatments.
Table 6: Effect of superabsorbent polymer and NPK fertilizer rates on fresh and dry weight of amaranthus.
	
		Fresh weight (g)
	Dry weight (g)

	Treatment
	shoot
	Root
	shoot
	Root

	SAP0NPK0	
	84.3  c
	20.3  c
	18.8  c
	3.0  c

	SAP0NPK200
	744.0  b
	96.5   b
	145.5  b
	19.2  b

	SAP0NPK400
	729.5  b
	91.1  b
	137.5  b
	18.4  b

	SAP250NPK0
	190.7  c
	45.9  c
	35.1  c
	9.8  c

	SAP250NPK200
	825.3 a  b
	114.4  a b
	179.6  a b
	25.5 a b

	SAP250NPK400
	1071.5  a
	159.0  a
	205.0  a
	32.9  a

	SAP500NPK0
	135.7 c
	43.1  c
	24.2  c
	6.5  c

	SAP500NPK200
	873.3  a b
	100.8  a b
	180.7 a b
	23.7  a b

	SAP500NPK400
	854.7  a b
	121.3  a b
	184.0  a b
	27.2  a b


*Means followed by the same letter within a column are not significantly different at p ≤ 0.05, according to Tukey’s HSD test. SAP=super absorbent polymer, NPK= NPK fertilizer


4.0 DISCUSSIONS
4.1 Effect of Superabsorbent Polymer and NPK fertilizer on soil moisture content
Use of Super absorbent polymer (SAP) and /or NPK fertilizer rates aided in soil moisture conservation compared with where they were not applied. Previous studies have shown that the SAP has the ability to absorb and retain 1000 times more water than its original size and weight thus, enhancing soil water holding capacity (Li et al., 2014). This helps extend soil moisture availability in crops as SAP acts as moisture reservoirs (Dabhi et al., 2014). They then release the water slowly (preventing seepage loses) into the plant root zone when needed by the plants (Yang et al., 2014). Application of SAP also helps improve soil physiochemical properties which in turn enhance soil moisture conservation (Bhat et al., 2022). These results are in agreement with those observed by (Mnyika et al., 2020). SAP storage capacity is directly proportional to SAP concentration. Thus, SAP helps improve soil structure thereby improving water retaining capacity. Additionally, the use of NPK fertilizer helps in providing required nutrients that lead to vigorous crop growth (Ikeh and Udoh 2022). High vegetative growth leads to dense canopy which promotes shading, preventing direct sunlight to the ground. This in turn prevents water loss from the soil through regulating evaporation rates leading to moisture conservation (Ali et al., 2023). 

4.2 Effect of Superabsorbent Polymer and NPK fertilizer on WUE of Amaranthus
Use of SAP and/or NPK fertilizer improved WUE of Amaranthus. The effect was much better when SAP was combined with NPK fertilizer, followed by NPK fertilizer rates without SAP, and when SAP rates were used without fertilizer and lastly control. Combinations of SAP and NPK rates enhanced yield attributes and thus improved WUE. This is in agreement with studies by Tyagi et al. (2015) who observed that WUE was improved where SAP and NPK were combined. Super absorbent polymers have been reported to increase saturated and residual water, water holding capacity and available water content thus, improving WUE (Tyagi et al., 2015). Studies by Zheng et al. (2023), indicated that when SAP is used it absorbs large amount of nutrients to its structure and retains them in the root zone. The nutrients are then slowly released thus preventing leaching and nutrient runoff. This leads to efficient uptake of nutrients which in turn leads to increased yields. This is in agreement with studies by Liu et al. (2013), who observed that the use of SAP acts as controlled release system by favoring uptake of nutrients. The nutrients are held tightly and through prolonged dissolution, plants can obtain nutrients during late growth period and lead to improved crop performance. NPK fertilizer enhances fast vegetative crop growth which leads to early canopy development (Ikeh and Udoh 2022). This helps cover the soil and intercept more radiation thus reducing evaporation. The healthy plants were able to maintain their physiological functions such as regulating transpiration and optimizing water use.  SAP without fertilizer resulted in lower WUE compared to SAP and NPK rates combined and NPK rates without SAP. This could be due to the fact that there was suboptimal level of nutrients to boost crop growth despite the availability of water. These findings are in agreement with studies by Liu et al. (2013), who observed that SAP alone without fertilizer had lower WUE when compared to SAP combined with fertilizer that resulted in highest WUE. 

4.3 Effect of Super Absorbent Polymer and NPK fertilizer on growth of Amaranthus
From the results, of use SAP and NPK rates significantly (P < 0.05) affected plant growth. The effect was much better when SAP rates were combined with NPK rates, followed with NPK rates without SAP rates, SAP rates without NPK rates and lastly control where neither SAP nor NPK were used. The highest plant height was recorded by the use of SAP250NPK400 treatment. This could have been be as a result of SAP availing water whenever needed by the plant while NPK fertilizer provided required and available nutrients for plant uptake. SAP enabled efficient utilization of nutrients and water as it held and released them slowly when needed. Similar observations were recorded by (Fernando et al., 2021). The release and uptake of nutrients especially Nitrogen contributed to cell division causing stem and root elongation, higher number of branches, higher number of leaves, branches and increased chlorophyll content. This enhanced vegetative growth of Amaranthus. These results are in agreement with those reported by Ibrahim et al. (2022), who observed that SAP and NPK combination recorded the highest plant growth attributes such as plant height, leaf number, increased branching and chlorophyll content compared to control. Similar observations were also recorded by Tyagi et al. (2015) during production of wheat. Treatments with SAP alone also enhanced plant growth. However, the influence was minimal compared to treatments with fertilizer alone and those with SAP and NPK fertilizer combination. This could be attributed to the fact that SAP provided water alone which reduced plant stress but there were insufficient nutrients to enhance vegetative growth of Amaranthus. These findings are in agreement with observations made by Liu et al. (2013), who reported that SAP alone without fertilizer has little influence on plant growth.

4.4 Interaction effects of Superabsorbent Polymer and NPK fertilizer rates on yield of Amaranthus
From the study, NPK and SAP rates interaction affected fresh shoot and root weight of Amaranthus. NPK combined with SAP rates had highest shoot and root weight followed by NPK fertilizer rates without SAP, SAP rates without NPK fertilizer and control that recorded the least fresh shoot and root weight.  A combination of SAP at 250 kg/ha and NPK at 400kg/ha (SAP250NPK400) resulted in highest harvestable yield, fresh shoot and root weight of Amaranthus. This could be attributed to the fact that the most conducive environment for proper growth and development of Amaranthus was provided by this combination. This is because NPK fertilizer provided the required nutrients for plant growth and root development whereas SAP provided water and slowly released the nutrients required for crop utilization (Zheng et al., 2023). This finding was consistent with that of Tyagi et al. (2022) and Ibrahim et al. (2022) who reported that SAP and NPK combination resulted in highest yield, fresh shoot and root weight compared to control.  Zheng et al. (2023) also found that NPK and SAP combinations resulted in highest yields which led to highest dry matter accumulation when compared to control treatment. Ghehsareh et al. (2010) and Liu et al. (2013) also found that SAP and NPK combination resulted in highest dry shoot and root weights compared to control. SAP rates without fertilizer had minimal fresh and dry shoot and root weights compared to treatments with fertilizer alone and those with SAP and NPK fertilizer combination. This could be attributed to the fact that SAP provided water alone and the absence of required nutrients contributed to low vegetative plant growth. These findings are in agreement with observations made by Liu et al. (2013), who reported that SAP alone without fertilizer had little influence on plant growth.
5.0 CONCLUSION
Based on the findings from this study it is evident that SAP250kg/ha and SAP500kg/ha had positive influence on soil moisture, WUE, growth and yield of Amaranthus compared to control. On another note, the use of NPK fertilizer significantly affected soil moisture, increased WUE and enhanced growth and yield of Amaranthus compared to control. This was through availing required plant nutrients for uptake and thus resulting in vigorous growth. NPK and SAP interactions significantly affected soil moisture, WUE, growth and yield of Amaranthus. The effect was more when SAP and NPK rates were combined, followed by NPK rates without SAP, SAP rates without NPK fertilizer rates and lastly control where neither SAP nor NPK was used. This is because SAP acted as a controlled slow release for water and nutrients. This enhanced efficient water and nutrient utilization hence improved crop growth and yields.
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