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Abstract 

Soil salinity is a major constraint to rice production in sub-Saharan Africa, limiting yield and 

productivity. This study evaluated the effectiveness of seed priming in enhancing growth and yield 

performance of rice (Oryza sativa) in salt-affected soils. Seeds of five rice cultivars were primed with 

gibberellic acid (GA), zinc (Zn), GA+Zn, water, or left unprimed (control) in a factorial experiment 

arranged in a randomized complete block design with three replications. Data were collected at tillering, 

booting, and maturity stages, and analyzed using ANOVA. Results showed that GA and GA+Zn priming 

significantly (p < 0.05) improved performance across most traits. The highest mean grain yields were 

recorded in GA+Zn (3.9 t ha⁻¹), GA (3.8 t ha⁻¹), and Zn (3.5 t ha⁻¹) treatments, compared to 2.5 t ha⁻¹ in 

water-primed and unprimed controls. Among cultivars, SATO1 (GA) achieved the highest yield (5.51 t 

ha⁻¹), followed by SATO1 (GA+Zn, 4.74 t ha⁻¹) and TXD306 (GA+Zn, 4.06 t ha⁻¹), indicating 

genotype-specific responses to priming. Priming also increased filled grain number and reduced sterility 

and salt injury across cultivars. Overall, seed priming particularly with GA and GA+Zn enhanced rice 

resilience and productivity under saline conditions. Integrating priming into existing rice production 

systems offers a simple, low-cost strategy to improve yields and promote food security in salt-affected 

environments. 
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1.0 Introduction          

Rice (Oryza sativa) serves as a staple food for over half of the world’s population, providing essential 

carbohydrates and nutrients that meet daily dietary needs (Alam et al., 2024; Hijam et al., 2025). Beyond 

nutrition, rice plays a central role in global food security and economic stability. It is deeply embedded 

in cultural and social traditions, especially in Asia, where it is often referred to as "the grain of life" 

(Kumar et al., 2023; Radanova, 2023). The crop is cultivated across diverse environments from irrigated 

lowlands and rainfed uplands to flood-prone areas, due to its adaptability to varying climatic and soil 
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conditions (Bhuyan et al., 2024; Bwire et al., 2024). Asia leads global rice production, accounting for 

approximately 90% of the total output, with China, India, and Indonesia being the largest producers 

(FAO, 2020; Mokhtar et al., 2024). China alone produces around 210 million tons annually, followed by 

India at 175 million tons (Ashraf et al., 2024; Anandan et al., 2024), while Indonesia and Bangladesh 

contribute between 30–35 million tons each (Al Mamun et al., 2024; Susanti et al., 2024), whereas world 

rice production (milled basis) is forecast to reach 523.9 million tonnes in the 2023/24 period (FAO, 

2024). 

 

Global rice cultivation has expanded significantly over the past two decades. Between 2000 and 2019, 

production increased from 600 million to over 780 million tons, with an average annual growth rate of 

1.5% (Connor et al., 2023). This growth is largely attributed to advancements in agricultural practices, 

including the development of high-yielding varieties and improved irrigation techniques (Jyoti et al., 

2024; Mthiyane et al., 2024). 

 

Despite these gains, rice production faces multiple sustainability challenges. Climate change, 

characterized by rising temperatures and erratic rainfall, threatens yield stability especially during 

critical growth stages like flowering and grain filling (Jyothsna et al., 2024; Li et al., 2024a). Among the 

emerging threats, soil salinity has become another serious constraint, particularly in coastal and low-

lying areas where rice is commonly grown. Saline soils hinder nutrient uptake and induce physiological 

stress, leading to poor crop performance (Hussain et al., 2024; Ji et al., 2024). 

 

Various strategies have been employed to address salinity stress. Breeding for salt-tolerant cultivars has 

shown promise (Khanna et al., 2024; Saminadane et al., 2024), alongside integrated soil and water 

management practices such as the use of organic amendments, improved irrigation methods, and crop 

rotation (Irin & Hasanuzzaman, 2024; Zhu et al., 2024). Another emerging strategy is seed priming, a 

pre-sowing treatment that enhances seed vigor and improves establishment under stress conditions 

(Houmani et al., 2024; Anwar et al., 2024; Jarrar et al., 2024). 

 

Although seed priming has been evaluated in several crops, its application in rice, particularly under 

Tanzanian conditions, remains largely unexplored. Salinity has become a growing concern across many 

of Tanzania’s irrigation schemes, manifesting as saline, sodic, or saline-sodic soils. As the country 

population increases, boosting rice productivity under such stress conditions is imperative. Farmers’ 

traditional efforts appear insufficient, necessitating integrated solutions. However, knowledge gaps 

persist particularly regarding how seed priming and priming methods influence rice establishment, vigor, 

and yield under saline environments. Moreover, differential responses of rice varieties to priming under 

salinity stress have not been documented. 

 

Therefore, this study aims to fill these knowledge gaps by examining the effects of seed priming 

methods in enhancing rice resilience to salinity, with a focus on varietal differences. The goal is to 

support adaptation and mitigation strategies for improved rice productivity and food security in Tanzania 

and the broader region. 
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2.0 Materials and Methods  

 

2.1 Study Area 

 

The study was conducted in Chanzuru Village, Kilosa District, located in the Morogoro Region of 

eastern Tanzania. The area is characterized by diverse agro-ecological conditions that provide a 

favourable environment for rice cultivation. Chanzuru lies approximately between 6°45' and 6°55' S 

latitude and 37°30' and 37°40' E longitude, at an altitude of about 460 meters above sea level (Mfupe et 

al., 2024). The average annual rainfall ranges from 800 to 1,200 mm, with most precipitation occurring 

during the long rainy season. Soils in the area vary but are generally classified as alluvial, offering good 

fertility for rice production. The region features lowland ecosystems that are vital for rice cultivation, as 

they are frequently flooded during the rainy season, ensuring adequate soil moisture. The main rice-

growing season coincides with the long rains, typically from March to June, while a secondary season 

occurs during the short rains from October to December. Notably, the area is salt-affected, making it a 

suitable site for studies addressing salinity-related challenges in rice cultivation.  

 

2.2 Soil sampling and Analysis  

A baseline survey was initially conducted in the field to identify salt films and indicators of salinity, 

confirmed using a portable electrical conductivity (EC) meter and supported by previous studies by 

Omar et al. (2022, 2024). Soil samples were then collected from various areas characterized by salt-

affected soils. A random zigzag sampling technique was employed prior to field preparation, focusing on 

a depth of 0-30 cm. The collected samples from each site were combined to form a composite sample of 

1.5 kg for laboratory analysis in accordance with procedures detailed by Okalebo et al. (2002). Soil 

analysis was done at the International Institute of Tropical Agriculture (IITA) laboratory in Mikocheni 

Dar es salaam Tanzania. Key soil parameters analyzed to determine the type and extent of salt affected 

soil included pH, EC and Exchangeable Sodium Percent (ESP). Additional soil fertility standard 

indicators were also analysed, including organic carbon (OC), nitrogen (N), texture, along with 

phosphorus (P), zinc (Zn), iron (Fe), calcium (Ca), magnesium (Mg), potassium (K) and sodium (Na). 

The analysis typically indicated the soil used for this experiment has high pH of 8.7, EC of 7.02 dS/m, 

and ESP of 48%. According to Zamora Re et al. (2022), the outlined soil can be classified as saline-

sodic. A summary of all soil parameter results is presented in Table 1. 

 

Table 1: Physicochemical properties of soils at the Chanzuru study site 

Soil Parameter Value Soil Parameter Value 

pH 8.7 Zn (mg kg-1) 1.13 

EC (mhos cm-1) 7.02 Fe (mg kg-1) 86.7 

CEC (Cmol+/kg) 6.8 Ca (cmol(+) kg-1) 7.98 

OC (%) 0.56 Mg (cmol(+) kg-1) 10.44 

N (%) 0.08 K (cmol(+) kg-1) 0.14 

ESP 48 Na (cmol(+) kg-1) 3.26 

Textural class Sandy Clay  Description  Saline-sodic 

P (mg kg-1) 8.16     
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2.3 Experimental Design and Treatments 

 

The study employed a factorial experiment arranged in a Randomized Completely Block Design 

(RCBD) to evaluate the effects of seed priming on different rice cultivars. Two factors were considered: 

genotype (rice varieties) and priming. The variety factor consisted of five rice cultivars: KALAMATA 

(a local variety), SATO1 (improved for salt tolerance), TARI RIC2, TARI RIC3, and TXD306 (SARO 

5) which are most preferred by famers. The priming factor also comprised of five levels: gibberellic acid 

(GA), zinc (Zn), a combination of GA and Zn, water, and a non-primed control. This resulted in a total 

of 25 distinct treatment combinations (5 varieties × 5 priming methods). The experiment was replicated 

three times (blocks), with all treatment combinations randomly assigned within each replication. 

 

2.4 Seed Priming  

 

Gibberellic acid (GA) was prepared at a concentration of 100 ppm by dissolving 0.1g in 1 L of distilled 

water, while zinc (Zn) was prepared by dissolving 50 g of Zn in 1 L of distilled water. Hormonal 

priming; rice seeds were soaked in 100 ppm GA solution for 24 hours, followed by air-drying for 6 

hours before sowing. Micronutrient (Zn) priming; rice seeds were soaked in 0.5% zinc sulfate (ZnSO4) 

solution for 24 hours, followed by air-drying for 6 hours before sowing to reduce moisture content up to 

12% (Kumar,. et al 2020). Hydro priming; rice seeds were soaked in water for 24 hours followed by air 

drying for 6 hours before sowing and mixture of GA +Zn, seed was soaked in solution of (100 ppm GA 

3 +0.5% zinc sulfate (ZnSO4)) followed by air-drying for 6 hours before sowing to reduce moisture 

content up to 12%. After priming, seeds were directly sown by drilling into furrows 2–3 cm deep, with a 

row spacing of 25 cm. Each treatment was established in a plot measuring 8 m². Following the 

approaches of Awio et al. (2021) and Senthilkumar et al. (2021), synthetic fertilizers were applied to 

correct nitrogen (N) and phosphorus (P) deficiencies. Di-ammonium phosphate (DAP), containing 18% 

N and 46% P₂O₅, was uniformly applied at planting, supplying 40 kg P ha⁻¹ and 36 kg N ha⁻¹. To 

achieve a total of 100 kg N ha⁻¹, an additional 64 kg N ha⁻¹ was provided using urea (46% N), applied in 

two equal splits once at the tillering stage and again at the booting stage each contributing 32 kg N ha⁻¹. 

 

2.5 Data Collection 

 

Data were collected at three critical growth stages of rice: initial tillering, booting, and maturity. At the 

initial tillering stage, various growth parameters were measured to assess the early response to seed 

priming under salt-affected conditions. These included plant height in centimetres, root dry weight and 

root fresh weight in grams, root length in centimetres, number of roots per plant, shoot dry weight and 

shoot fresh weight in grams, and the number of tillers per square meter. The same set of measurements 

was repeated at the booting stage to monitor changes in plant development except for shoot and root dry 

weight. At maturity, data collection focused on growth, yield, and yield components, including plant 

height, panicle length in centimetres, panicle weight in grams, number of panicles per square meter, and 

a salt injury score. Additional measurements taken at this stage were days to maturity, biomass in grams 

per square meter, number of filled and unfilled grains per panicle, 1000-grain weight in grams, and grain 

yield per plot, which was later converted to grain yield per hectare in tons per hectare. 
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2.6 Statistical Analysis 

 

A two-way analysis of variance (ANOVA) was conducted to assess the effects of seed genotype and 

priming treatments on rice growth and yield. The analysis examined the main effects of both factors as 

well as their interaction. Where significant differences were detected, Tukey’s post hoc test was applied 

to identify specific differences among treatment means.  

 

3.0 Results 

 

3.1 Analysis of variance 

 

The analysis of variance (ANOVA) results are presented in Tables 2–4, with growth parameters at initial 

tillering (Table 2) and booting (Table 3), and growth, yield, and yield components at maturity (Table 4). 

The results revealed differential effects of seed priming and genotype across rice growth stages. At the 

initial tillering stage, the genotype factor significantly influenced plant height (p < 0.001) and shoot 

fresh weight (p < 0.01), while other traits were not significant. For the priming factor, six parameters; 

root dry weight, root fresh weight, number of roots per plant, shoot dry weight, shoot fresh weight, and 

number of tillers per square meter were highly significant at the 0.1% level, whereas root length was 

significant at the 1% level and plant height was not significant at the 5% level. No traits showed 

significant interaction effects between priming and genotype even at the 5% threshold. 

 

At the booting stage (Table 3), plant height, number of tillers, and shoot fresh weight were statistically 

significant for the genotype factor (p < 0.001), while the remaining traits were not significant. For the 

priming factor, number of roots per plant was significant at p < 0.001 and shoot fresh weight at p < 0.01, 

whereas the other traits were non-significant. None of the interaction effects were significant for any 

parameter. 

 

At the maturity stage (Table 4), several parameters showed significant variation among genotypes: plant 

height, number of panicles, panicle length, thousand-grain weight, days to maturity and grain yield (p < 

0.001), and panicle weight (p < 0.01). Number of filled grains, unfilled grains, salt injury score and 

biomass were not significant. For priming methods, significant variation was observed in plant height, 

number of panicles, panicle weight, thousand-grain weight, filled grains per panicle, salt injury score, 

days to maturity, grain yield, and biomass (p < 0.001), as well as panicle length (p < 0.01) and unfilled 

grains per panicle (p < 0.05). Only grain yield was significant for the interaction between priming and 

genotype. 
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Table 2. Mean squares from the analysis of variance (ANOVA) showing the main effects of 

genotype, priming methods, and their interaction at the initial tillering stage. 

Source of 

variation 
D.f. 

Plant 

height 

Number 

of tillers 

Root 

length 

Number of 

roots per 

plant 

Shoot 

fresh 

weight 

Root 

fresh 

weight 

Shoot 

dry 

weight 

Root dry 

weight 

Replication 2 162.9 1.4 15.3 1119.5 107.6 25.4 4.3 0.6 

Genotype 4 729.0*** 4.8 11.5 275.8 151.4** 2.2 6.1 0.4 

Priming 4 66.0 48.9*** 37.2** 2064.4*** 623.8*** 336.6*** 33.3*** 13.3*** 

Genotype × 

Priming 
16 72.5 1.2 12.9 380.9 44.5 34.1 1.4 0.9 

Residual 48 70 1.4 7.1 337 38.5 29.1 2.6 1.0 

Key: * = significant at 5% (p < 0.05); ** = significant at 1% (p < 0.01); *** = significant at 0.1% (p < 

0.001)  

 

Table 3: Mean squares from the analysis of variance (ANOVA) showing the main effects of 

genotype, priming methods, and their interaction at the booting stage. 

Source of 

variation 
D.f. 

Plant 

height 

Number 

of tillers 

Root 

length 

Number of 

roots 

per plant 

Root 

fresh 

weight 

Shoot 

fresh 

weight 

Days t0 50% 

flowering 

Replication 2 321.4 5.7 6.0 195.1 37.8 56.5 7.9 

Genotype 4 3222.2*** 36.4*** 18.7 910.5 26.8 2031.5*** 439.3 

Priming 4 290.0 8.7 11.8 2829.2*** 60.3 1660.5** 2.0 

Genotype × 

Priming 
16 143.1 3.0 9.2 257.6 29.9 368.2 161.3 

Residual 48 229.7 6.5 9.1 365.6 31.4 322.5 5.1 

Key: * = significant at 5% (p < 0.05); ** = significant at 1% (p < 0.01); *** = significant at 0.1% (p < 

0.001) 

 

Table 4: Mean squares from the analysis of variance (ANOVA) showing the main effects of 

genotype, priming methods, and their interaction at the maturity stage. 

Source 

of 

variatio

n 

D.

f. 

Plant 

height 

Numbe

r of 

panicle

s 

Panic

le 

lengt

h 

Panic

le 

weigh

t 

Thousan

d-grain 

weight 

Filled 

grains 

per 

panicle 

Unfill

ed 

grains 

per 

panicl

e 

Salt 

injur

y 

score 

Days 

to 

maturi

ty 

Grai

n 

yield 

Biomass 

Replicati

on 
2 39.8 25,990 11.9 2.9 2.2 198 587.6 14.6 7.9 3.1 12,872 

Genotyp 4 3,037.0* 36,051* 43.1* 6.9** 71.9*** 5,229 1,264. 1.2 439.3* 1.7* 40,495 
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Source 

of 

variatio

n 

D.

f. 

Plant 

height 

Numbe

r of 

panicle

s 

Panic

le 

lengt

h 

Panic

le 

weigh

t 

Thousan

d-grain 

weight 

Filled 

grains 

per 

panicle 

Unfill

ed 

grains 

per 

panicl

e 

Salt 

injur

y 

score 

Days 

to 

maturi

ty 

Grai

n 

yield 

Biomass 

e ** ** ** 5 ** ** 

Priming 4 
562.4**

* 

47,251*

** 

28.8*

* 

16.3*

** 
55.6*** 

22,146*

** 

3,032.

7 

10.4*

** 

161.3*

** 

7.2*

** 

342,029*

** 

Genotyp

e × 

Priming 

16 64.5 3,625 7.6 1.7 2.4 2,482 748.9 2.3 5.1 0.8* 29,287 

Residual 48 77.9 4,743 7.0 1.7 2.1 2,381 711.4 1.9 4.2 0.3 – 

Key: * = significant at 5% (p < 0.05); ** = significant at 1% (p < 0.01); *** = significant at 0.1% (p 

< 0.001) . 

 

3.2 Effects of seed priming on growth, yield, and yield components in rice 

The effects of seed priming on agronomic parameters at initial tillering, booting, and maturity are 

summarized in Tables 5, 6, and 7, respectively, with results presented only for traits that exhibited 

significant variation in the analysis of variance. 

 

At the tillering stage (Table 5), root fresh weight was highest in GA-primed seeds (16 g), followed by 

GA+Zn (14.1 g) and Zn (10.0 g), while water-primed and unprimed seeds produced the lowest values 

(5.7 and 5.6 g), which did not differ significantly. For root dry weight, GA (3.4 g), GA+Zn (2.8 g), and 

Zn (2.4 g) were statistically similar and significantly higher than water (1.4 g) and unprimed (1.2 g). A 

similar trend was observed for shoot fresh weight, where GA (23.3 g), GA+Zn (17.1 g), and Zn (22.1 g) 

were significantly superior to water (10.1 g) and unprimed (9.6 g). Root length was greatest in GA (13.1 

cm) and GA+Zn (12.8 cm), with Zn (10.7 cm) intermediate and comparable to both the higher and lower 

groups (water, 9.6 cm; unprimed, 10.2 cm). Shoot dry weight also followed the same pattern, with GA 

(5.7 g), GA+Zn (5.2 g), and Zn (4.2 g) outperforming water (2.6 g) and unprimed (2.5 g). The number of 

roots per plant was highest in GA (81.1), statistically similar to GA+Zn (78.6) and Zn (73.6), while 

water (57.6) and unprimed (56.3) produced the fewest roots. The number of tillers was highest in GA 

(7.2), statistically similar to Zn (6.6), while GA+Zn (5.9) did not differ significantly from Zn. The 

lowest and statistically similar number of tillers was recorded in water (3.6) and unprimed (3.3). 

 

Table 5: Effect of seed priming treatments on early growth parameters of rice at the initial 

tillering stage 

Priming 

treatments 

Root 

dry 

weight 

(g) 

Root 

fresh 

weight 

(g) 

Root 

length 

(cm) 

Number of 

roots per 

plant 

Shoot 

dry 

weight 

(g) 

Shoot 

fresh 

weight (g) 

Number 

of tillers 
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Priming 

treatments 

Root 

dry 

weight 

(g) 

Root 

fresh 

weight 

(g) 

Root 

length 

(cm) 

Number of 

roots per 

plant 

Shoot 

dry 

weight 

(g) 

Shoot 

fresh 

weight (g) 

Number 

of tillers 

GA (Gibberellic 

acid) 
3.4a 16a 13.1a 81.1a 5.7a 23.3a 7.2a 

Zn (Zinc) 2.4a 10.0bc 10.7ab 73.6ab 4.2ab 17.1a 6.6ab 

GA + Zn 2.8a 14.1ab 12.8a 78.6a 5.2a 22.1a 5.9b 

Water 1.4b 5.7c 9.6b 57.6b 2.6bc 10.1b 3.6c 

Unprimed 

(Control) 
1.2b 5.6c 10.2b 56.3b 2.5c 9.6b 3.3c 

Grand mean 2.25 10.28 11.26 69.4 4.04 16.41 5.32 

LSD (5%) 0.745 3.949 1.773 12.78 1.236 4.66 0.783 

SE (±) 0.27 1.43 0.64 4.61 0.45 1.68 0.28 

CV (%) 12.0 13.9 5.7 6.6 11.1 10.2 5.3 

p-value <0.001 <0.001 <0.01 <0.001 <0.001 <0.001 <0.001 

 

Key: *Means within a column followed by different letter(s) differ significantly at the 5% error rate (p < 

0.05); means sharing the same letter are not statistically different. 

 

At the booting stage (Table 6), days to 50% flowering were shortest in Zn- and GA+Zn-primed seeds 

(77 days), significantly earlier than GA (79.7 days), water (84.1 days), and unprimed (83.3 days). The 

number of roots was significantly higher in GA (104.1), Zn (105.9), and GA+Zn (109.2) compared to 

water (82.2) and unprimed (81.0). Shoot fresh weight was also enhanced by GA (55.1 g), GA+Zn (54.1 

g), and Zn (40.6 g), which were significantly greater than water (36.6 g) and unprimed (31.6 g). 

 

Table 6: Effect of seed priming treatments on rice growth parameters at booting and flowering 

stage 

 

Priming 

treatments 

Days to 50% 

flowering 

Number of roots per 

plant 
Shoot fresh weight (g) 

GA (Gibberellic 

acid) 
79.7b 104.1a 55.1a 

Zn (Zinc) 77.4c 105.9a 40.6abc 

GA + Zn 77.0c 109.2a 54.1ab 

Water 84.1a 82.2b 36.6bc 

Unprimed 

(Control) 
83.3a 81.0b 31.6c 

Grand mean 80.31 96.5 43.6 
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Priming 

treatments 

Days to 50% 

flowering 

Number of roots per 

plant 
Shoot fresh weight (g) 

LSD (5%) 1.578 14.91 12.38 

SE (±) 0.57 5.38 4.47 

CV (%) 0.7 5.6 10.2 

p-value <0.001 <0.001 <0.001 

 

Key: *Means within a column followed by different letter(s) differ significantly at the 5% error rate (p < 

0.05); means sharing the same letter are not statistically different. 

 

At maturity (Table 7), GA (32.5 g), Zn (32.2 g), and GA+Zn (32.3 g) produced the highest thousand 

grain weights, significantly greater than water (29.0 g) and unprimed (28.7 g). A similar trend was 

observed for biomass, grain yield, and panicle weight. Filled grains per panicle were significantly higher 

in GA (230.4), Zn (248.5), and GA+Zn (259.6) compared to water (174.1), while GA was statistically 

similar to unprimed (184.2). GA+Zn produced the longest panicles (21.2 cm), statistically comparable to 

GA (20.6 cm) and Zn (19.4 cm), but significantly longer than water (17.0 cm) and unprimed (17.4 cm). 

The number of panicles per unit area was highest in GA (457.1), GA+Zn (447.9), and Zn (436.8), all 

superior to water (385.5), with Zn statistically similar to unprimed (418.3). A comparable trend was 

observed for plant height, except that Zn was similar to water but greater than unprimed. Salt injury 

scores were lowest in GA (3.3), Zn (3.5), and GA+Zn (3.8), which were statistically similar and 

generally lower than water (4.6) and unprimed (4.8). Seed priming treatments significantly influenced 

the days to maturity of rice (p < 0.001). Seeds primed with GA, Zn, and GA+Zn matured earlier (112–

115 days) compared to water-primed and unprimed seeds, which reached maturity at 118–119 days. 

Among the treatments, Zn and GA+Zn recorded the shortest maturity periods (112–112.4 days), 

highlighting their role in accelerating crop development under the tested conditions. 

 

             Table 7: Effects of priming treatments on rice at maturity 

Priming 

treatments 

Thousand 

grain 

weight (g) 

Biomass 

(g/m²) 

Filled 

grain 

per 

panicle 

Grain 

yield 

(t/ha) 

Panicle 

length 

(cm) 

Panicle 

weight 

(g) 

Number 

of 

panicles 

(m²) 

Plant 

height 

(cm) 

Salt 

injury 

score 

Days to 

maturity 

GA 32.5a 1155a 230.4ab 3.8a 20.6ab 8.0a 457.1a 84.7a 3.3c 114.7b 

Zn 32.2a 1129a 248.5a 3.5a 19.4ab 8.1a 436.8ab 82.8ab 3.5bc 112.4c 

GA+Zn 32.3a 1075a 259.6a 3.9a 21.2a 8.7a 447.9a 84.5a 3.8abc 112c 

Water 29b 827b 174.1c 2.5b 18.1b 6.7b 331.9c 74.4bc 5.1a 119.1a 

Unprimed 28.7b 875b 183.7bc 2.5b 18.2b 6.2b 363.5bc 71.7c 4.9ab 118.3a 

Grand 

mean 
30.93 1012 219.3 3.255 19.5 7.57 407.5 79.6 4.12 115.31 

L.S.D. 1.09 114.8 35.43 0.374 2.009 0.928 52.61 6.43 1.019 1.578 

p value <0.001 <0.001 <0.001 <0.001 0.009 <0.001 <0.001 <0.001 0.001 <0.001 
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Key: *Means within a column followed by different letter(s) differ significantly at the 5% error rate (p < 

0.05); means sharing the same letter are not statistically different. 

3.3 Varietal and priming interaction effects on yield 

Grain yield was the only parameter that showed a significant interaction between priming and genotype, 

indicating that yield performance under salt-affected conditions is both genotype- and priming-

dependent. The combination of SATO1–GA produced the highest yield (5.51 t/ha), although it was not 

significantly different from SATO 1–GA+Zn, TXD306–GA+Zn, SATO 1–Zn, TXD306–GA, and 

KALAMATA–GA+Zn, all of which recorded mean yields slightly below 5.0 t/ha (Table 8). Notably, 

although grouped with some statistically similar treatments, the mean yield of SATO 1–GA was 

significantly higher than most other treatment combinations. The lowest yield was observed in 

TXD306–Unprimed (1.97 t/ha), which was statistically comparable to 18 other treatment combinations 

(sharing letter “f” in the mean comparison). Overall, treatments involving unprimed or water-primed 

seeds consistently produced the lowest yields compared to primed treatments across genotypes. 

Table 8: Interaction effects of priming and genotype on yield 

Genotype x Priming Mean Yield 

SATO 1-GA 5.51 a 

SATO 1-GA+Zn 4.74 ab 

TXD306-GA+Zn 4.06 a-c 

SATO 1-Zn 3.90 a-d 

TXD306-GA 3.89 a-d 

KALAMATA-GA+Zn 3.81 a-e 

TXD306-Zn 3.63 b-f 

TARI RIC2-GA+Zn 3.61 b-f 

KALAMATA-Zn 3.57 b-f 

TARI RIC3-GA+Zn 3.38 b-f 

TARI RIC3-Zn 3.36 b-f 

KALAMATA-GA 3.29 b-f 

TARIC RIC3-GA 3.27 b-f 

TARI RIC2-GA 3.17 b-f 

TARI RIC2-Zn 2.94 c-f 

SATO 1-Unprimed 2.90 c-f 

TARI RIC2-Unprimed 2.88 c-f 

TARI RIC2-Water 2.83 c-f 

TARI RIC3-Water 2.62 c-f 

TXD306-Water 2.57 c-f 

KALAMATA-Water 2.54 c-f 

TARI RIC3-Unprimed 2.48 c-f 

KALAMATA-Unprimed 2.26 d-f 

https://www.ijsat.org/
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SATO 1-Water 2.11 ef 

TXD306-Unprimed 1.96 f 
*Means in each column bearing different letter(s) differ significantly at 5% error rate. 

4. Discussion 

This study demonstrates that seed priming enhances rice resilience to salt stress by improving 

physiological growth and yield traits. The use of gibberellic acid (GA), zinc (Zn), and their combination 

improved plant performance across growth stages, consistent with earlier reports that priming promotes 

crop establishment, vigour, and productivity under stress (Mathpal et al., 2023; Nazir et al., 2024). 

Most agronomic traits showed no significant genotype × priming interaction, except for grain yield, 

indicating that priming effects were generally consistent across cultivars. Root traits responded strongly 

to priming, particularly with GA and Zn, contributing to improved water and nutrient uptake under 

saline conditions. These findings align with Ellouzi et al. (2024) and Zhang et al. (2024), who linked 

robust root systems to stress adaptation. The limited response of some genotypes may reflect inherent 

differences in root plasticity (Ganie et al., 2024; Libron et al., 2024), suggesting potential for breeding 

programs to incorporate such adaptive traits. 

Above-ground growth was also enhanced by priming, notably under GA and Zn treatments, while 

unprimed and water-primed plants performed poorly. Plant height varied mainly at maturity, but yield 

components; key determinants of productivity benefited significantly from GA, Zn, and GA+Zn. Primed 

plants also showed reduced salt injury, indicating enhanced physiological tolerance. Similar effects have 

been reported by Li et al. (2023) and Zhang et al. (2022), who emphasized the synergistic role of seed 

priming and genotypic tolerance in maintaining yield and quality under salinity. These findings support 

the potential of seed priming as a complementary approach to genetic improvement in stress 

environments. 

Grain yield varied among cultivars and priming treatments, confirming a significant genotype × priming 

interaction. The highest yield was recorded in SATO 1 primed with GA, followed by other GA-, Zn-, 

and GA+Zn-treated genotypes. These results, consistent with Samota et al. (2024) and Dueñas et al. 

(2024), highlight the need to align priming strategies with genotype characteristics to maximize yield 

benefits. Seed priming also influenced flowering and maturity, where GA and Zn treatments accelerated 

crop development, an advantage for escaping late-season stress. This agrees with Dharni et al. (2024), 

who reported priming-induced advancement in phenology. Under increasing climate variability, such 

shifts can improve synchronization with favourable growing conditions (De Vos et al., 2023; Jamal et 

al., 2023). 

Overall, hormonal and micronutrient priming proved effective in enhancing growth, yield, and stress 

resilience. The consistent superiority of GA- and Zn-based priming confirms its value as a low-cost, 

scalable technology for improving rice performance under saline and climate-stressed environments (Hu 

et al., 2024; Wen et al., 2024). Future research should explore the physiological and molecular 

mechanisms underlying genotype-specific responses and evaluate multi-season or multi-location effects 

to refine seed priming strategies for resilient rice production systems (Suvi et al., 2021). 
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5. Conclusion and Recommendations 

This study confirms that seed priming with micronutrient zinc (Zn) and the growth regulator gibberellic 

acid (GA) significantly enhances rice performance under salt stress by improving growth and grain 

yield. Among the treatments, GA, Zn and GA+Zn priming achieved the highest yields (>3.0 t ha⁻¹), 

outperforming water-primed and unprimed seeds. The cultivar SATO 1 treated with GA produced the 

highest yield (5.5 t ha⁻¹), followed by SATO 1 and TXD 306 treated with GA+Zn (>4.0 t ha⁻¹). In 

contrast, water-primed and unprimed treatments yielded below 3.0 t ha⁻¹, with unprimed TXD 306 

recording the lowest (1.96 t ha⁻¹). These results suggest that GA and GA+Zn seed priming are effective, 

low-cost strategies for improving rice productivity in saline environments. It is therefore recommended 

that extension programs promote the adoption of seed priming practices. Further studies should focus on 

genotype–priming interactions and long-term field validation to strengthen climate- and stress-resilient 

rice production systems. 
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