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ABSTRACT
	As chia crop (Salvia hispanica L.) expands into new environments in Kenya, its response to moisture stress is only partially understood. This study simulated different soil moisture regimes to determine their effects on chia crop growth and yield, and to identify key traits that influence yield formation. Treatments comprised 40%, 60%, 80%, and 100% field capacity (FC). Watering soil to 40%, 60%, and 80% FC involved maintaining soil moisture at proportions equivalent to 0.40, 0.60, and 0.80 of the water content determined at field capacity, and irrigation was applied when approximately 50% of the assigned treatment moisture level had been depleted. Crop growth traits and yield components were maximized at 80% FC, with significant reductions observed at lower moisture levels, particularly 40% FC. However, in some instances, differences between crops grown under 80% and 100% FC were marginal. This suggests that moderate soil moisture levels may be sufficient in maximizing growth and yield of chia. The key determinants of chia seed yield were the number of panicles per plant and biomass production. These results imply that the introduction of chia into diverse agroecological zones in Kenya could consider not only rainfall amount and distribution patterns but also soil moisture retention capacity. Areas characterized by low rainfall, poor moisture retention, and heavy clay soils may be less suitable for chia production. However, field-based validation across agroecological zones is necessary in refining these recommendations.
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1. INTRODUCTION
Introduction of chia (Salvia hispanica L.) to other tropical regions outside of its centre of origin in Mexico and Guetamala continues to intensify (Joseph, 2004). Chia is a herbaceous annual crop with wide adaptation to diverse agro-climatic zones (Njoka et al., 2024). It is widely regarded for its nutritional and health benefits (Motyka et al., 2023). Chia seed contains a high concentration of polyunsaturated fatty acids such as omega 3 and omega 6, essential fatty acids and mucilaginous fibre (Motyka et al., 2023; Peiretti & Gai, 2009). While Mexico is the world-largest producer of chia, other countries such as Argentina, Australia, Bolivia, Colombia and Peru grow it for food and income generation (Cahill, 2003).
Chia was recently introduced in Kenya, and its adaptation to diverse growing conditions, and in particular to moisture stress is not well understood (Muriithi et al., 2022). Total rainfall, and its distribution, temperature and soil type, as well as topography are primary biophysical factors that influence crop allocation to different zones (Begizew, 2021). In addition, economic factors, such as profitability and input availability are important considerations (Ganiyu & Akintayo, 2025). In this regard, it important to allocate chia to regions that would maximize its growth and yield. Soil moisture limitations arise from low rainfall and poor distribution, and well as low capacity of soil to retain moisture. Chia requires well-drained soils (Muriithi et al., 2022), and does not tolerate waterlogging (Kirsch et al., 2024). Also, poorly drained heavy clay soils could predispose chia to root rot and fungal stem canker (Kirsch et al., 2024). 
Chia is relatively drought-tolerant compared with other warm climate annual crops but severe water deficit could cause significant yield reduction (Kirsch et al., 2024). However, the extent to which chia could withstand soil moisture depletion, and the associated mechanisms is only partially understood. In Kenya, rainfall is highly variable, both in amount and distribution. Planting of chia begins at the onset of rains when soil moisture is relatively high but subsequent crop phases could be impacted by marked moisture stress (Njoka et al., 2024). Seed yield in chia is determined during the vegetative phase, in particular, a few days before and after flowering. During this phase, critical determinants of yield are formed, including number of panicles per plant and fertile spikelets (Bochicchio et al., 2015; Rossi et al., 2020). Number of panicles per plant are directly associated with the number of branches per plant (Rossi et al., 2020). It is therefore imperative to closely track these traits when evaluating the response of chia to moisture stress. 
The regulation of drought tolerance in chia involves complex physiological, biochemical and morphological mechanisms. These mechanisms manifest through osmotic adjustment, reduced stomatal conductance and increased wax accumulation (Choukri et al., 2025). Moisture stress leads to reduced photosynthetic activity and biomass accumulation, as a result of stunting and reduced leaf area (Muriithi et al., 2022). Njoka et al. (2022), argue that elevating soil moisture content to 90 - 95 % of the water contained in the soil at field capacity (FC) increases vegetative growth, and stress is induced when soil moisture is depleted to less than 30% of water at FC. However, based on the established drought tolerance mechanisms, chia growth and yield could be optimized at moderate soil moisture levels. Further, the optimal soil moisture level could depend on the growing environment and soil type. 
The present study tested different soil moisture regimes to evaluate their effects on chia crop growth and yield, and to identify primary traits that influence the formation of seed yield in chia. It was hypothesized that soil moisture regimes influence chia seed yield through their effects on key growth traits, with specific primary traits exerting a dominant influence on yield formation under moisture stress. 
2. MATERIALS AND METHODS
2.1 Site and growth media preparation 
A two-cycle greenhouse experiment was carried out at the Faculty of Agriculture, University of Nairobi research farm in Kabete Campus. The site is located 1o14′ 52′′S, 36o 44′ 32′′E and 1930 m above sea level. Daily mean temperature in Kabete is 18 oC and 70% relative humidity. The greenhouse structure was a polytunnel with side ventilation for natural temperature and humidity regulation.
A potting media of soil, sand and well-decomposed dry cow manure was prepared in the ratio of 2:1:1 by volume, respectively. Plastic potting bags of 8 kg capacity were filled with media, and five chia seeds sown. After emergence, chia seedlings were thinned to three evenly spaced plants per pot.
2.2 Treatments and experiment design
Treatments comprised four soil moisture regimes: 40% field capacity (FC), 60% FC, 80% FC and 100% FC, with 100% FC serving as the control. Watering soil to 40%, 60%, and 80% FC involved adjusting the soil water content to 40%, 60%, and 80%, respectively, of the moisture content measured at 100% FC. Due to shading effects from surrounding trees and infrastructure with the greenhouse, the experiment was arranged in a randomized complete block design (RCBD) with three replications to account for environmental heterogeneity. The allocation of treatments within RCBD did not affect the total degrees of freedom, which were determined by the number of experimental units; rather, the design partitioned the total degrees of freedom into treatment, block, and residual components. Each treatment was represented by eight pots within each replication.
2.3 Soil moisture calibration and watering schedule 
The composite media of soil, sand and manure was thoroughly mixed and sub-samples drawn for laboratory analysis. Analysis returned pH 7.7, 1.21 g cm-3 bulk density, 31% organic carbon, 0.34% nitrogen, and 2.74, 0.2, 8.6 and 4.83 Cmol/kg for potassium, sodium, calcium and magnesium, respectively. The textural class was clay with 41% sand, 14% silt and 45% clay.
To calibrate for soil moisture, three aluminium cores of known weight and volume were filled with the composite growth media. The cores were saturated by soaking in water for 48 hours. The cores were covered at both ends with a cloth mesh secured by rubber bands to prevent media loss. After saturation, the cores were allowed to drain freely under gravity, until no further change in weight was observed, and this approximated field capacity. The wet weight of each core was recorded, and the corresponding volumetric moisture content was measured using a soil moisture probe. The samples were oven-dried at 105 oC to constant weight to determine gravimetric moisture content, which was used to calibrate the soil moisture probe readings. 
To determine the volume of water that brought the soil to field capacity (FC), a polynomial quadratic function of order four was computed as soil moisture % against the weight of wet soil, follows:

[bookmark: _Hlk222363444]Where the equation  was developed from the polynomial quadratic equation y = a.x4 + b.x3 + c.x + d. The moisture meter was scaled from 0 to 50% and hence was multiplied by 2 to make it to 100%. The x represented the moisture meter reading. The formula was further used to calibrate the moisture meter reading (%) and their corresponding volume of water (mL). Based on the determined volume of water to achieve field capacity, that amount was designated as 100% FC. The other treatment levels of 40%, 60%, and 80% FC involved adjusting the soil water content to 40%, 60%, and 80%, respectively, of the volume of water determined at 100% FC. Soil moisture was monitored regularly using a calibrated soil moisture probe, and irrigation was applied to restore moisture to the designated treatment level whenever soil moisture declined beyond 50% of the target field capacity. Other agronomic and crop management practices were applied uniformly across treatments, when required.

2.4 Measurements
The study tracked crop growth, morphology and yield components of chia. Growth and morphology traits were measured at 15, 45, 80 and 100 days after sowing, and measurements were collected from the three plants per pot. Plant height was measured from the base to the tip of the plant, using a meter rule. Number of both primary and secondary branches were counted at 45, 80 and 100 days after sowing. Primary branches are the lateral stems that grow from the main stem while the secondary branches are the lateral stems that grow from the primary branches of the chia plant. 
Number of leaves were determined by counting all fully developed leaves per plant at 15, 45, 80 and 100 days after sowing. Leaf area was determined by sampling five fully developed leaves at three layers of the crop canopy, including the top, middle and bottom profiles. Leaf area was computed as k × leaf length × leaf width; where k is a coefficient assigned 0.642 (Goergen et al., 2019). Leaf greenness was measured non-destructively with chlorophyll meter SPAD 502Plus (Konica Minolta). The chlorophyll meter did not require calibration. Measurements were obtained from five fully developed leaves from the three layers of the crop canopy; the top, middle and bottom layers, and average value computed per plant. 
At the physiological maturity of chia, approximately 100 days after sowing, stem girth was measured from five plants per treatment with the use of a digital venier caliper, 5 cm from the base of the plant. The same plants were carefully uprooted, cleaned off the soil and the girth of the centrally located root was determined at the middle length. At harvest, number of productive panicles were counted from the three plants per pot. The harvest maturity of chia is described in (Njoka et al., 2024), typically when crops presented with over 80% leaves turning brown. All plants were first counted, then hand harvested threshed, weighed with a digital scale, and grain yield expressed in g/plant. Shoot biomass was determined, and expressed in g/plant. Harvest index (HI%) was computed as ratio between grain yield and total biomass. 

2.5 Data analysis
Data was subjected to analysis of variance using GenStat, version 14. Treatment means were compared and separated using LSD at a 5% probability level. Relationships between traits were explored using correlation analysis. Correlation analysis was used to determine the strength of association and significant difference in chia growth and harvesting parameters. 

3. RESULTS
3.1 Plant height and number of branches
Table 1 presents the plant height of chia, which was tracked from a few days after emergence through to maturity. Over the two experiment cycles, plant height was marginally affected by soil moisture regime during the early phase but the magnitude of the differences increased as the crop matured. Generally, plant height increased with increasing soil moisture capacity, up to 80% field capacity (FC). However, there were no differences in plant height between 80% and 100%. Unlike plant height, number of branches per plant did not vary with soil moisture regime, in both seasons (Table 2). 
Table 1. Plant height at 15, 45, 80 and 100 days after sowing (DAS) of chia grown under different soil moisture regimes of 40%, 60%, 80% and 100% field capacity.
	Field capacity (FC)
	1st experiment cycle
	2nd experiment cycle

	
	15 DAS
	45 DAS
	80 DAS
	100 DAS
	15 DAS
	45 DAS
	80 DAS
	100 DAS

	40% FC
	22.6ab
	63.3a
	70.9a
	76.5a
	28.3a
	73.3a
	76.4a
	79.5a

	60% FC
	19.7a
	65.1a
	76.8ab
	81.7ab
	30.7a
	89.7b
	87.7ab
	90.3bc

	80% FC
	21.9ab
	65.6a
	81.3b
	86.5b
	30.2a
	91.1b
	91.0b
	94.0c

	100% FC
	23.5b
	70.5a
	83.5b
	89.6b
	30.8a
	84.0ab
	81.9ab
	83.5ab

	Mean
	21.9
	66.1
	78.1
	83.6
	30
	84.5
	84.2
	86.79

	P value
	0.033 
	0.142 
	0.011 
	0.005 
	0.609 
	0.003 
	0.013
	0.022 

	LSD
	2.6
	6.3
	7.7
	7.4
	4.1
	9.6
	9.0
	10.7


Means followed by the same letter in a column are not significantly different at 5% probability level. LSD is least significant different.



Table 2. Number of branches per plant at 45, 80 and 100 days after sowing (DAS) of chia grown under different soil moisture regimes of 40%, 60%, 80% and 100% field capacity
	Field capacity (FC)
	1st experiment cycle
	2nd experiment cycle

	
	45 DAS
	80 DAS
	100 DAS
	45 DAS
	80 DAS
	100 DAS

	40% FC
	8.1a
	10.9a
	12.0a
	10.1a
	11.6a
	11.6a

	60% FC
	8.1a
	11.5a
	12.3a
	10.9a
	12.0a
	12.0a

	80% FC
	7.9a
	10.5a
	12.4a
	10.9a
	13.1a
	13.2a

	100% FC
	9.4a
	11.9a
	13.4a
	10.9a
	12.4a
	12.5a

	Mean
	8.4
	11.2
	12.5
	10.7
	12.3
	12.3

	P value
	0.08 
	0.49 
	0.17 
	0.25
	0.56 
	0.42

	LSD
	1.4
	1.8
	1.8
	1.2
	2.5
	2.7


Means followed by the same letter in a column are not significantly different at 5% probability level. LSD is least significant different.

3.2 Number of leaves and leaf area
Number of leaves per chia plant increased two-fold during the first three sampling stages (Table 3). However, the rate of new leaf appearance reduced as the crops matured at 100 DAS. Crops grown under 80% FC had significantly a greater number of leaves per plant compared with those under other soil moisture regimes. Despite these differences in number of leaves per plant, individual leaf area was not affected by soil moisture regime, except in the early stages of the crop during the first experiment cycle (Table 4). In this sampling stage, individual leaf area of crops grown under 80% FC was larger compared to the other soil moisture regimes. 

Table 3. Number of leaves per plant at 15, 45, 80 and 100 days after sowing (DAS) of chia grown under different soil moisture regimes of 40%, 60%, 80% and 100% field capacity
	Field capacity (FC)
	1st experiment cycle
	2nd experiment cycle

	
	15 DAS
	45 DAS
	80 DAS
	100 DAS
	15 DAS
	45 DAS
	80 DAS
	100DAS

	40% FC
	4.2a
	42.4a
	78.6a
	81.1a
	16.6a
	60.2a
	78.3a
	82.5a

	60% FC
	4.1a
	51.4b
	82.3b
	87.9b
	15.1a
	73.3a
	85.7ab
	88.7a

	80% FC
	4.4a
	59.6c
	92.5c
	104.3c
	19.9a
	85.1a
	98.6b
	106.0b

	100% FC
	4.4a
	50.6b
	85.0b
	89.0b
	17.6a
	77.1a
	82.5ab
	86.3a

	Mean
	4.3
	51
	84.6
	90.5
	17.3
	73.9
	86.2
	90.8

	P value
	0.133 
	0.003 
	<0.001 
	0.025 
	0.75
	0.54 
	0.034 
	<0.001 

	LSD
	1.2
	7.3
	2.9
	5.3
	5.3
	27.7
	18.6
	7.9


Means followed by the same letter in a column are not significantly different at 5% probability level. LSD is least significant different.



Table 4. Leaf area (cm2) per plant at 15, 45, 80 and 100 days after sowing (DAS) of chia grown under different soil moisture regimes of 40%, 60%, 80% and 100% field capacity
	Field capacity (FC)
	1st experiment cycle
	2nd experiment cycle

	
	15 DAS
	45 DAS
	80 DAS
	100DAS
	15 DAS
	45 DAS
	80 DAS
	100DAS

	40% FC
	25.5ab
	59.8ab
	53.7a
	56.5a
	30.4a
	65.8a
	68.3a
	70.3a

	60% FC
	21.3ab
	64.5ab
	65.1a
	55.0a
	39.0a
	60.2a
	65.6a
	67.4a

	80% FC
	17.5a
	71.7b
	57.2a
	67.8a
	34.4a
	70.3a
	74.7a
	77.6a

	100% FC
	25.9b
	48.0a
	52.0a
	50.6a
	45.7a
	68.4a
	71.4a
	73.7a

	Mean
	22.5
	61
	57
	57.5
	37.4
	66.2
	70
	72.2

	P value
	0.025
	0.004
	0.148
	0.149
	0.109
	0.25
	0.87 
	0.73 

	LSD
	6.1
	12.6
	12.1
	15.3
	12.8
	14.4
	12.7
	15.0


Means followed by the same letter in a column are not significantly different at 5% probability level. LSD is least significant different.

3.3 Leaf greenness, and stem and root girth
Leaf chlorophyll content (leaf greenness) varied with soil moisture regime but results were not consistent across the sampling stages (Table 5). Nonetheless, in the instances when significant differences were measured, chia crops grown under 80% and 100% FC were greener than those grown under 40 drier soil moisture regimes. At physiological maturity, stem and root girth did not change with variations in soil moisture regime (Table 6).
Table 6 represents the stem and root girth of chia as influenced by different soil moisture field capacities. At harvesting, stem and root girth showed no significant difference across the soil moisture field capacities in the two seasons. Besides, there was a marginal increase in stem girth as the soil moisture increased from 40 to 100% FC.

Table 5. Leaf greenness (SPAD units) at 15, 45, 80 and 100 days after sowing (DAS) of chia grown under different soil moisture regimes of 40%, 60%, 80% and 100% field capacity
	Field capacity (FC)
	1st experiment cycle
	2nd experiment cycle

	
	15DAS
	45DAS
	80DAS
	100DAS
	15DAS
	45DAS
	80DAS
	100DAS

	40% FC
	40.3a
	38.6a
	36.9a
	35.5a
	45.2a
	33.2a
	28.9a
	26.8a

	60% FC
	39.7a
	38.9a
	39.2ab
	34.9a
	41.9a
	29.2a
	24.2a
	24.0a

	80% FC
	41.4ab
	40.1a
	39.8b
	39.0ab
	43.3a
	31.9a
	23.8a
	23.0a

	100% FC
	46.9b
	42.6b
	41.4b
	41.1b
	44.0a
	31.9a
	20.4a
	20.0a

	Mean
	42
	40
	39.3
	37.6
	43.6
	31.6
	24.3
	23.5

	P value
	0.032
	0.041
	0.032
	0.044
	0.55
	0.45
	0.63
	0.04

	LSD
	6.3
	2.3
	2.3
	3.5
	6.5
	5.8
	10
	6.2


Means followed by the same letter in a column are not significantly different at 5% probability level. LSD is least significant different.



Table 6. Stem girth (mm) and root girth (mm) at flowering of chia grown under different soil moisture regimes of 40%, 60%, 80% and 100% field capacity
	Field capacity (FC)
	1st experiment cycle
	2nd experiment cycle

	
	Stem
	Root
	Stem
	Root

	40% FC
	7.5a
	1.0a
	6.1a
	0.8a

	60% FC
	7.7a
	0.7a
	6.7a
	0.9a

	80% FC
	8.0a
	0.9a
	6.9a
	1.1a

	100%FC
	8.1a
	0.8a
	7.0a
	1.1a

	Mean
	7.8
	0.8
	6.7
	1.0

	P value
	0.34 
	0.21
	0.377
	0.12 

	LSD
	1.0
	0.5
	1.1
	0.6


Means followed by the same letter in a column are not significantly different at 5% probability level. LSD is least significant different.

3.4 Yield components of chia
Yield components of chia were predominantly maximized at the 80% FC (Table 7). Chia crops grown under 80% and 100% FC had significantly a higher number panicles per plant compared with counterparts grown under 40% and 60% FC. Similarly, grain yield and harvest index was higher under 80% FC compared with 40% and 60% FC but marginal differences were observed relative to 100% FC. Biomass yield was significantly reduced under 40% FC, with highest mass being recorded under 80% and 100% FC, during the second experiment cycle.
Table 7. Yield components of chia grown under different soil moisture regimes of 40%, 60%, 80% and 100% field capacity
	Field capacity (FC)
	Panicles plant-1
	Grain yield (g plant-1)
	Dry mass plant-1 (g)
	Harvest index (%)

	1st experiment cycle 

	40% FC
	19.3a
	15.3a
	154a
	9.6a

	60% FC
	23.7ab
	28.0ab
	216b
	13.0ab

	80% FC
	31.4bc
	47.3c
	217b
	21.4c

	100% FC
	33.1c
	41.0bc
	223b
	18.2bc

	Mean
	26.9
	32.9
	203
	15.5

	P value
	<0.001
	<0.001
	0.04
	0.011

	LSD
	6.8
	17.4
	34
	6

	2nd experiment cycle 

	40% FC
	14.2a
	8.8a
	58a
	15.3a

	60% FC
	19.7ab
	13.9a
	73b
	18.4b

	80% FC
	27.2b
	23.2b
	104c
	21.0c

	100% FC
	24.3ab
	14.8a
	89bc
	17.1b

	Mean
	21.4
	15.2
	81
	18

	P value
	<0.001
	0.03
	0.04
	0.018

	LSD
	12.5
	6.9
	19.6
	1.6


For each season, means followed by the same letter in a column are not significantly different at 5% probability level. LSD is least significant different.

3.5 Relationship between crop growth and yield traits
Figure 1 presents linear relationships between crop growth and yield traits. Pooled data across the two experimental cycles showed that, individual plant grain yield was strongly related with number of panicles per plant (Figure 1a), biomass yield per plant (Figure 1b), peak leaf greenness (Figure 1e), stem girth (Figure 1f) and root girth (Figure 1g). Conversely, rain yield was not related with harvest index (Figure 1c), number of branches per plant (Figure 1d) and number of leaves per plant (Figure 1h). Further, grain yield of chia was not related with plant height (P > 0.05) and individual leaf area (P > 0.05) (data not shown). 

[image: ]
[bookmark: _GoBack]Figure 1. Relationship between grain yield and number of panicles plant-1 (a), dry biomass plant-1 (b), harvest index (c), branches plant-1 (d), peak leaf greenness (e), stem girth (f), root girth (g) and number of leaves plant-1. Data points are means pooled across the two experiment cycles. n = 8. Slopes are linear regression. Slopes with P ≤ 0.05 are different from zero. 

4. DISCUSSION
4.1 Effect of soil moisture regime on growth of chia crop
The height of chia crops increased as soil moisture content increased up to 80% FC but plant height did not increase further when moisture was increased to 100% FC. Number of leaves per plant and leaf greenness followed a similar trend to that of plant height. However, variations in soil moisture content did not alter the number of branches per plant, individual leaf size, as well as stem and root girth. These findings suggest that variation in soil moisture regimes influences chia growth mainly through changes in plant height, leaf production, and functional leaf greenness, which highlights their key regulatory role in crop performance. In this context, these traits were enhanced under optimal soil moisture of 80-100% field capacity (CF). This reinforces earlier findings that high soil moisture content significantly boosts chia plant height, with studies showing substantial increases in the range 65-180% under 80-100% FC compared with less-watered conditions of 40-60% FC (Harisha et al., 2024; Muriithi et al., 2022). Lack of significant differences in plant performance between 80% and 100% FC implies that crop growth could be optimized at lower moisture levels. 
On the other hand, number of branches per plant and individual leaf area remained statistically unchanged by variations in soil moisture regime. This is contrary to well-established physiological theory that these two traits are highly plastic, and are significantly influenced by environmental factors and management. Trait plasticity is the extent by which an individual produces distinct phenotypes in response to environmental variations (Bradshaw, 1965), and is central to developmental biology (Mitchell et al., 2024). In this regard, the controlled greenhouse conditions could have buffered chia growth in response to soil moisture variations, compared to what could be observed under field conditions. Often, both greenhouse and laboratory experiments obscure potential trait plasticity (Hällfors et al., 2025; Vinton et al., 2022).

4.2 Determinants of chia crop yield 
Yield components of chia were predominantly maximized at the 80% FC (Table 7). Chia crops grown under 80% and 100% FC had significantly a higher number panicles per plant compared with counterparts grown under 40% and 60% FC. Similarly, grain yield and harvest index was higher under 80% FC compared with 40% and 60% FC but marginal differences were observed relative to 100% FC. Biomass yield was significantly reduced under 40% FC, with highest mass being recorded under 80% and 100% FC, during the second experiment cycle.
Simulation of soil moisture field capacity (FC) is a widely used and robust method for quantifying actual soil moisture limitations and water stress in agricultural settings (Turek et al., 2022). In the present study, yield components of chia were maximized at 80% FC, and in some instances a decline was reported when moisture was elevated to 100% FC. Studies show that, maintaining soil moisture around 80% FC or with 20% deficit irrigation which achieves around 80% reference evapotranspiration, is sufficient for optimal chia seed yield (Harisha et al., 2023, 2024). Increasing soil moisture to 100% FC could increase vegetative growth and lower the partitioning of photosynthates to the grain (Harisha et al. 2023). At this high moisture content, the plant lowers water productivity by prioritizing vegetative growth over reproductive organs. However, in the present study, biomass yield was only marginally reduced at 100% FC compared with 80% FC. Despite not measured, it appears that watering the pots to 100% FC could have resulted to waterlogging, as a result of the clayey texture of the growing media used in this study. Indeed, studies show that chia is susceptible to waterlogging but much more drought tolerant than most crops in warm and dry climates (Kirsch et al., 2024).
Present results are in line with established physiological theory of yield determination but seed yield did not correlate with harvest index. Physiologically, seed yield of chia is function of number of panicles per plant, panicle length and harvest index, as well as grain test weight which is the 1000-seed weight (Rossi et al., 2020; Thiago et al., 2016). The lack of significant effects of harvest index as a primary determinant of yield could have resulted from the highly controlled conditions in the greenhouse. In that case, the maintenance of soil moisture content via deficit irrigation could potentially have led to depressed biomass yield, irrespective of the field capacity. Like other determinate herbaceous annual plant species, seed yield of chia crop is not only dependent on environmental factors during flowering but also management practices, including soil moisture status. 

5. CONCLUSION
Growth and yield of chia was optimized at 80% FC. While moderate soil moisture levels may be sufficient, introduction of chia into diverse agroecological zones in Kenya could consider not only rainfall amount and distribution patterns but also soil moisture retention capacity. Areas characterized by low rainfall, poor moisture retention, and heavy clay soils may be less suitable for chia production. However, field-based validation across agroecological zones is necessary in refining these recommendations.
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