


Effects of selected soil amendments on germination and emergence of maize in Kilifi County

Abstract
Kilifi County in Coastal region of Kenya is mainly semi-arid where rainfall is the most limiting factor to crop production and therefore a source of food insecurity. In the last five years researchers at Pwani University have conducted studies to find out the most appropriate soil amendment to ameliorate on deficit soil moisture and crop performance of maize during the growing season. The tested soil amendments included, farm yard manure, super absorbent polymer and DAP fertilizer. Germination and emergence stage were considered important because they determine crop ground coverage and establishment during the early stages of growth, thinning and gapping requirements and final yield. They also inform the state of the planted seed in terms of viability, dormancy and damage by pests/diseases and therefore germination percentage. A study was carried out at Pwani University crop sciences farm where a randomized complete block design experiment replicated three times was set during the on-set of 2023-long rains season. The treatments were applied per plot at planting in the holes spaced at 90cm by 60cm where each respective amendment material was thoroughly mixed with the soil before placing the seed and covering it with a thin layer of soil. Data collected included total number of planted maize seeds per plot and number of emergent seedlings above the soil surface per plot after seven days since planting. The collected data was converted to percentage emergence per plot and then subjected to analysis of variance (ANOVA). The obtained treatment means were then compared using Tukey's Honest Significant Difference (HSD) test at α=0.05. The results showed that the tested soil amendments had significant effects on emergence of maize seedlings. The manure and control treatments had the highest emergence percentages of 87% and 98% respectively while Super Absorbent Polymer (SAP) and DAP-fertilizer recorded the lowest emergence percentages of 36% and 6% respectively. Thus, it would appear that DAP and SAP significantly suppressed emergence of maize seedlings, suggesting that the amendments could have had some toxic or scotching effects on the maize seeds or created adverse soil moisture conditions for germination and or emergence of the maize seedlings. 
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1.0 Introduction
Much of the Coastal Lowland areas of Kenya, excluding the coastal strip areas are considered marginal for crop production [1]. The rainfall, even though considered high at 1000mm per annum in the coastal strip, decreases as one advances into the hinterlands, decreasing to 300mm [2,3]. This amount of rainfall can barely support successful crop production given that the basal evaporation in these areas stands at an average of 500mm p.a or 52% of received rainfall [4]. Thus, before any meaningful dry matter can be accumulated, over 50% of received rainfall has to be evaporated to meet the atmospheric demand. In these areas, performance of seed systems plays a vital role and dictates successful crop production and stability in food security [5,6]. In much of the Coastal region of Kenya, less than 30% of farmers buy certified seeds which in most cases have some rating on germination percentage and viability [7]. However, majority of these farmers recycle and plant seeds of the previously harvested crop, whose viability and germination percentage are unknown [8]. Besides, farmers use different soil amendments which also impact on seed germination, emergence, crop establishment and final yield [9,10]. Thus, this study was conceived to find out how selected soil amendments most commonly used by Kilifi farmers affect germination and emergence stages in maize. The aim of the experiment was to determine whether these commonly used soil amendments positively or negatively affect germination and emergence of maize especially in these sandy loam soils that are characterized by being saline, free draining and frequent occurrence of moisture deficit [11]. The test soil amendments included, farm yard manure, Super Absorbent Polymer and DAP-fertilizer. Maize germination and emergence stages were considered important because they determine crop ground coverage and establishment during the early stages of growth, thinning and gapping requirements and final yield [12,13]. They also inform the state of the planted seed in terms of viability, dormancy and damage by pests/diseases and therefore germination percentage. Soil amendments can affect seed germination and emergence [14]. DAP-fertilizer is a synthetic fertilizer and is the most widely used fertilizer in Kilifi County and much of the Coastal region compared to other types of fertilizers such as N:P:K (17:17:0; 23:23:0), TSP among others [15]. It has a high concentration of major plant nutrients and supplies N (18%); P2O5 (46%) and K (0%) that are highly soluble and readily available [16]. However, being a salt, DAP can lead to scotching of maize seeds and localized salt stress especially if the soil moisture is limiting due to poor rains [17]. DAP is also highly hygroscopic and tends to absorb moisture from the surrounding environment [18]. Therefore, with insufficient moisture in the soil, DAP can absorb most of the available soil moisture leading to decreased water uptake (imbibition) by adjacent seeds and result in poor germination [19].
Super Absorbent polymer (SAP) is a synthetic derivative and is widely being used in agriculture especially in water limiting environments such as arid and semi-arid land (ASAL) areas to absorb and conserve rainfall water for crop production and also improve on water use efficiency [20]. It can absorb moisture more than 100-fold their weight and release it slowly to plants when needed [21]. It is inert and environmentally friendly since it bio-degrades to ammonium, carbon dioxide and water with time [22]. Since SAP has high affinity for water, in water limiting conditions, it can absorb most of the soil moisture and starve the germinating seeds, leading to poor germination [23].
Farm yard manure is a derivative of plant and or animal remains and is normally rich in a variety of microbes [24]. It offers a slow-release nutrient profile, improves soil structure, and lowers salinity effects, which are generally considered beneficial for crop establishment, growth and yield production [25].
This study aimed at determining the effects of selected soil amendments commonly used by Kilifi farmers, (namely manure, SAP, and DAP) on percentage germination and emergence of maize seeds.
2. Materials and Methods
2.1 Experimental materials
Materials used included Pwani Hybrid 4 maize seeds, sourced from Kilifi Agro-vet shop, farm yard manure sourced from Pwani University animal farm, DAP-fertilizer sourced from Kilifi Agro-vet shop and super absorbent polymer (SAP) sourced from Lamu fashions shop in Mombasa.
2.2 Experimental design and treatments
A randomized complete block design (RCBD) experiment with three replications was set at Pwani University Crop Sciences farm during the 2023 long rains. The treatments included: i) Control (without soil amendment application); ii) Farm yard manure; iii) Super Absorbent Polymer (SAP) and iv) Di-ammonium phosphate (DAP) fertilizer. The effects of these soil amendments were measured against observed response variable of percentage germination and emergence of the maize seedlings per treatment during the first seven days after planting.
2.3 Agronomic practices
The land was prepared three weeks before the start of the long rains by clearing the bushes, ploughing using a tractor, followed by harrowing to achieve a fine tilth and also expose any weeds and inherent pests and diseases. Planting holes were dug at a spacing of 90cm by 60cm two weeks before the rains. Planting was done at on-set of rains, one seed per hill when the soil was well saturated with soil moisture. The treatments were applied at planting in the respective plots in the holes where each respective amendment material was thoroughly mixed with the soil before placing the seed and covering it with a thin layer of soil. DAP fertilizer was applied to supply 60kg of P2O5 per ha. SAP was applied at a rate of 185kg/ha (or 10g/hill). The plots measured 5m by 4m with a plant population of 37 plants per plot while the blocks measured 24m by 4m (Figure 1). The total number of treatments per block was four. Plots were separated from each other by a path of 1m while blocks were separated from each other by a path of 1.5m. The total number of experimental plots was 12, with a plant population of 444. After planting, the total number of planted hills per plot were recorded.
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Figure 1: Experimental field plot layout
2.4 Data collection and analysis
Data on emergent seedlings per plot was taken seven days after planting, and a ratio of emerged seedlings to total planted per plot taken and multiplied by 100 to obtain germination and emergence percentage. This percentage germination and emergence data was then subjected to analysis of variance (ANOVA) using Genstat statistical software, 14th Edition, to partition the total variation in germination and emergence into components attributable to treatment and replication effects. The obtained treatment means were then compared using Tukey's Honest Significant Difference (HSD) test at α=0.05. 
3.0 Results
3.1 Analysis of Variance
The results in Table 1 indicates that the soil amendment treatments had significant effects on germination and emergence of maize seedlings (F3, 6 = 114.62, P < 0.001). The replications (Blocking) had no significant effect (at P = 0.217) on germination and emergence of the maize, suggesting that the observed variability was mainly due to treatment effects of the soil amendments.


Table 1: Results of Analysis of variance for emergence rate of PH4 maize in Kilifi county
	Sources of error
	Sum of squares
	Degrees of freedom
	F-statistic
	P-Value

	Treatment
	12932.2
	3
	115.1
	<0.001

	Replication
	127.4
	2
	1.685
	0.217

	Residual
	338.22
	6
	
	




3.2 Comparison of treatment means based on Tukey's HSD
Table 2 compares the effects of the different soil amendments on emergence of maize seedlings. The results indicate that the tested soil amendments had significant effects on germination and emergence of PH4 maize seedlings (Tables 1 and 2). The manure and control treatments had the highest emergence percentages of 87% and 98%, respectively, while Super Absorbent Polymer (SAP) and DAP-fertilizer recorded the lowest emergence percentages of 36% and 6% respectively (Table 2).
Table 2: Comparison of treatment means due to the soil amendments
	Treatment
	% germination and emergence

	Control
	97.1a

	Manure
	86.1a

	SAP
	36.0b

	DAP
	6.5c


Means sharing the same letter are not significantly different at α=0.05
Thus, it would appear that DAP and SAP significantly suppressed emergence of PH4 maize, suggesting that the amendments had some toxic or scotching effects on the maize seeds or created adverse soil moisture conditions for germination and or emergence of the maize seeds. 


3.3 Pairwise comparison of treatment means based on Tukey's HSD grouping
Table 3 shows pairwise comparison and the differences in percentage emergence due to the different soil amendment treatments. The results show that a part from manure and control treatments that had highest and comparable levels of percentage emergence, all the other soil amendment treatments showed significant differences in percentage emergence. The SAP soil amendment treatment caused significantly (P=0.001) lower percentage emergence than both control and manure treatments. The DAP soil amendment treatment resulted in significantly (P = 0.001) the lowest percentage emergence compared to all other treatments (Table 2 and 3). 
Table 3: Pairwise comparison of soil amendment treatment means using Tukey's HSD
	Soil amendment treatments under comparison
	Treatments Mean differences
	Adjusted P-Value
	Are treatments significantly different

	DAP
	Control
	90.6
	0.001
	Yes

	Manure
	Control
	11.0
	0.203
	No

	SAP
	Control
	60.1
	0.001
	Yes

	Manure
	DAP
	-79.6
	0.001
	Yes

	SAP
	DAP
	-30.5
	0.001
	Yes

	SAP
	Manure
	49.2
	0.001
	Yes



4. Discussion
A number of studies have highlighted the effects of using inorganic fertilizers on germination, emergence, seed viability and or dormancy [26,27].
This study has highlighted the differences brought about due to use of organic (manures) and inorganic (fertilizers) soil amendments. 
The fact that the manure soil amendment treatment resulted in highest percentage germination and emergence rate (of 86.1%) comparable to that of the control treatment (at 97.1%) suggests that manure, being an organic amendment, provides nutrients in a slow-release form and improves soil properties without introducing high concentrations of soluble salts, and does not cause osmotic stress to the imbibing maize seeds. Similar findings were reported by [25,28] and [29] who observed that manure offers a slow-release nutrient profile, improves soil structure, and lowers salinity effects.
However, DAP (Di-ammonium Phosphate, 18-46-0) fertilizer had the lowest percentage germination and emergence (of 6.5%). This could have been attributed to the fact that DAP is known to have very high salt concentration index and, on dissolution, releases high concentrations of ammonium (NH4+). [30] [31] reported that high concentration of ammonium (NH4+) in the root zone can be phytotoxic to emerging seedling radicles, and even cause scotching (salt burn) especially when placed near to the seed.
The Super absorbent polymer (SAP) soil amendment treatment also resulted in significantly low percentage germination and emergence (of 36.2%) compared to manure and control treatments. This low percentage germination and emergence could be attributed to the fact that SAP being highly hygroscopic and having high affinity for water could have exerted high osmotic stress to the seeds, starving and denying them of adequate imbibition water necessary to allow for successful seed germination and emergence. These findings are in agreement with those reported by [32] who observed that application of SAP during planting reduced the rate of seedling emergence especially in arid and semi-arid environments where soil moisture is limiting.
5. Conclusion
From the findings of the study, it is evident that application of different soil amendments significantly affects seed germination and emergence processes. The findings indicate that organic manures can be safe and effective amendment for crop establishment, since they occasion germination rates comparable to those of control treatment. However, use of highly concentrated inorganic fertilizers such as DAP and N: P: K (23:23:0; 17:17:0) and other synthetic derivatives such as SAP can pose a significant risk of phytotoxicity and osmotic stress to germinating seeds, that severely compromise crop emergence. Therefore, for applications that require direct placement and contact with the seed, organic soil amendments are preferred to the high-salinity inorganic fertilizers. 
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