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Effect of foliar applied signal molecules on growth and yield traits for Rice (Oryza sativa. L) resilience under salinity stress 
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ABSTRACT 

	Aims: To study the effect of foliar applied signal molecules on growth and yield & yield attributes parameters of rice (Oryza sativa. L) under salinity stress.
Study design:  Randomized block design
Place and Duration of Study: Agricultural College Farm, Bapatla, Andhra Pradesh during kharif, 2023-24
Methodology: Experiment was carried out with two contrast varieties (MCM103- Salt tolerant, as a check; BPT 5204- Salt susceptible) and with eight treatments viz., MCM 103 (Check variety) - T1, 0.25 mM/L of SNP - T2, 0.50 mM/L of SA -T3, 0.50 mM/L of BR -T4, 0.25 mM/L SNP+ 0.50 mM/L SA -T5, 0.25 mM/L SNP+ 0.50 mM/L BR -T6, 0.25 mM/L SNP+ 0.50 mM/L SA+ 0.50 mM/L BR -T7 and No spray control -T8 in three replications.
Results: The present study revealed that the foliar application of consortia, 0.25mM/L Sodium nitro prusside + 0.50mM/L Salicylic acid + 0.50mM/L Brassinosteroids (T7) showed better results under salinity stress of 4 dSm-1 in terms of improving growth besides increasing the yield and yield contributing characters in BPT 5204, a salt sensitive variety of rice.
Conclusion: The foliar application of 0.25 mM/L of Sodium nitro prusside + 0.50 mM/L of Salicylic acid + 0.50 mM/L of Brassinosteroids at before and after reproductive stages under soil salinity of 4 dSm-1 can be recommended, where salinity is the major problem to minimize the effect of salinity stress in BPT 5204 after validation through on-farm trials.
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1. INTRODUCTION 
Rice (Oryza sativa L.) is the most vital cereal food crop, serving as a staple for nearly half of the global population. It ranks as the second most crucial food grain after wheat, with approximately three billion people relying on it for 50 to 80 percent of their daily caloric intake (Ma et al. 2007). In the year 2023/2024 worldwide production of rice accounts for 513.54 million metric tons and India stands second in global rice production that accounts for 137 million metric tons, which is 26% of total rice production (USDA 2024). China stands first in rice consumption with 150 million metric tons, followed by India where 118 million metric tons of rice consumed in 2023/2024 (Statista 2024).
Rice is cultivated under various climate and soil-water conditions, but environmental stressors significantly threaten its yield, necessitating increased production to satisfy the demands of a growing population. Biotic and abiotic stresses, including heat, salinity, drought, and cold, severely impact rice growth and yield, posing substantial threats to global food security (Mantri et al. 2012). Amid these stress factors, salinity is a significant factor, particularly following drought, because rice is highly susceptible to salt. Soil salinity, characterized by excessive salt accumulation, adversely affects crop development. Two primary contributors of increased salinization of agricultural areas are rising mean sea level and inefficient irrigation practices (Negacz et al. 2022). Globally, over 833 million hectares of soils are currently affected by high salinity (FAO 2021), with India seeing 6.73 mha of irrigated land degraded by salt (Sharma et al. 2004). Approximately, greater than 10 percent of the agricultural cropland is impacted by salinity, presenting a severe risk to global food security. 
Rice crop can tolerate salinity levels around 3 dSm-1, beyond that, significant yield losses occur (Gao et al. 2007). The seedling and early vegetative stages  (Lutts et al. 1995), and the reproductive (booting) stage  (Singh et al. 2009) are the critical stages under salinity stress. The reduction of endogenous phytohormones correlates with salinity's detrimental effects on growth and germination (Debez et al. 2001) and are vital for alleviating salt stress and fostering adaptive mechanisms (Harris et al. 2002). Plant Growth Regulators (PGRs) perform as signalling agents (Pal et al. 2018) that enhance resilience to salt stress through physiological and developmental changes. 
[bookmark: _Hlk171884949]Brassinosteroids, derived from sterols, regulate various physiological, developmental, and biochemical functions, such as seed germination and stress adaptation. Their application under salt stress enhances antioxidant enzyme activity and modifies ion content, ultimately improving yield (Hayat et al. 2010). Sodium Nitroprusside (SNP), a Nitric Oxide (NO) donor, improves plant resilience to abiotic stresses, optimizing Na+/K+ ratios and enhancing antioxidant activity (Ali et al. 2017). Salicylic Acid (SA), a key regulator, helps plants cope with stress by optimizing ion transport, maintaining redox homeostasis, and reducing oxidative damage through increased enzyme activity and osmoprotectant synthesis (Dolatabadian et al. 2009). At this juncture, the exogenous application of signalling molecules may be the promising strategy for enhancing rice productivity in saline-prone areas.

2. material and methods 
2.1 Experimental site and soil
A field experiment was carried out in kharif during 2023-24 at Agricultural College Farm, Bapatla, Andhra Pradesh. It is geographically located at 15°54 Northern latitude, and 80°25 Eastern longitude, with an altitude of 5.49 m above the mean sea level (MSL), which is about 8 km away from the Bay of Bengal in the Krishna Agro- Climatic Zone of Andhra Pradesh. In this investigation, two distinct varieties with varying salt tolerance were chosen. The first type, BPT 5204 is sensitive to salt, while the second type, MCM 103 exhibits higher tolerance to salt stress which is used as a check to compare the impact of signal molecules which were foliar applied on BPT 5204. The present study was conducted in randomized block design with eight treatments viz., MCM 103 (Check variety) - T1, 0.25 mM/L of SNP - T2, 0.50 mM/L of SA -T3, 0.50 mM/L of BR -T4, 0.25 mM/L SNP+ 0.50 mM/L SA -T5, 0.25 mM/L SNP+ 0.50 mM/L BR -T6, 0.25 mM/L SNP+ 0.50 mM/L SA+ 0.50 mM/L BR -T7 and No spray control -T8 in three replications with the salinity level 4 dSm-1. The foliar application of different signal molecules was done at two different growth stages (before and after reproductive stages). The data were collected for various parameters associated with growth related to salinity tolerance at four different stages: Maximum tillering, Panicle initiation, Anthesis and Physiological maturity stage. Data on the yield and yield attributes were recorded at harvest and the quality parameters were recorded after the harvest.
2.2 Observations recorded
[bookmark: _Hlk171887429]Five plants were randomly tagged in every plot for recording data at different stages of growth period. Plant height and number of tillers per plant were recorded as growth parameters at four different stages viz., Maximum tillering, Panicle initiation, Anthesis and Physiological maturity stages in five randomly tagged plants. Days to 50% flowering was recorded when the plants attained 50% flowering in each replication and in each treatment was expressed in days. 
[bookmark: _Hlk171887463]Yield and yield components were recorded from the five tagged plants used for recording morphological characters. The panicles harvested from the tagged plants were threshed, cleaned and total number of grains per panicle were counted and recorded. From that, number of filled and unfilled grains were counted and Spikelet fertility was worked out using the following formula and expressed in percent. Straw yield also recorded and harvest index was calculated.
[bookmark: _Hlk171887366][bookmark: _Hlk171887579](Number of filled spikelets /Total number of spikelets) × 100
[bookmark: _Hlk171887697][bookmark: _Hlk171887599]In order to quantify the head rice and broken kernel as quality parameters, the polished kernels are passed through a rice grader. Then the whole grains from the broken grains were separated. If the grains retained full or 3/4th of the size were considered as head rice and those grains were weighed for calculating the head rice recovery (%).
Head Rice Recovery (%)  
Broken kernel (%) was calculated by using the following formula
Broken (%)  
2.3 Statistical Analysis
The data were analyzed statistically following analysis of variance (ANOVA) technique suggested by Panse and Sukhathme (1978) for randomized block design (RBD). The statistical hypothesis of equalities of treatment mean was tested by F- test in ANOVA at 5 per cent level of significance. Critical difference was correlated at 5 per cent level of significance to compare different treatment means.  

3. results and discussion

3.1 Plant Height
Generally, an increased soil salinity levels can stress plants, impeding their growth. This might be due to excess salt disrupts root water uptake, causes dehydration, limits nutrient absorption, induces toxicity, and causes physiological drought that results in stunted growth. Shalhevet et al. (1995) stated that the salinity tends to have a greater impact on shoot growth than on root growth. In the present study, salinity stress reduced the plant height and the reduction was more in salt susceptible variety (BPT 5204) than that of salt tolerant variety (MCM 103) at all the four stages, showed in table 1 and figure 1. The results of our present study coincide with the studies of Islam et al. (2007) and Kibria et al. (2017) who witnessed that the increased salinity resulted in the reduction of plant height significantly in all the rice varieties. In addition, Hasamuzzaman et al. (2009); Dramalis et al. (2021) and Bhowmik et al. (2021) reported that in comparison to the susceptible variety, the tolerant variety exhibited a higher plant height. In this study, after the foliar spray of signal molecules, the plant height was improved significantly in all foliar treated plants. Among different foliar application treatments, foliar spray of consortia (T7) recorded the highest plant height of 85.09, 89.71 and 90.08 cm and it was 10.1, 10.1 and 7.6 % higher than that of control (T8), followed by T6, T5 and also on par with salt tolerant MCM 103 (maximum plant height by 10.6, 12.8 and 9.9 % over control -T1) at panicle initiation, anthesis and physiological maturity stages respectively. The above results were supported by the studies of Hussain et al. 2023 in rice, Escobar et al. (2010) in maize and Pai & Sharma (2023) who stated that the exogenous application of brassinosteroids, sodium nitro prusside, as nitric oxide (NO) donor and salicylic acid had a positive significant effect on plant height under salinity stress. Brassinosteroids can interact with endogenous auxin synergistically, results in cell elongation and cell proliferation of meristematic tissue (Sairam 1994).

3.2 Number of Tillers per plant
Numerous reports (Zeng et al., 2000; Haq et al., 2009 and Hasanmuzzaman et al., 2009) have been indicated that salinity negatively influences tillering in rice, as this factor plays a crucial role in determining the formation of grain-bearing panicles that are directly correlated to yield and higher reduction of tillering capacity was observed in salt sensitive variety compared to tolerant variety in rice. In this present study, an increased number of tillers per plant was recorded in the salinity tolerant variety (MCM 103) compared to the salinity sensitive variety (BPT 5204) in saline stress environment. The present study revealed that the application of plant growth regulators as signal molecules, increased tillering capacity significantly under salinity stress compared to control and were shown in table 1 and figure 1. Among different foliar application treatments of signal molecules, foliar spray of consortia (T7) recorded higher of number of tillers per plant of 13.33, 13.67 and 14.00 and increased by 38.3, 35.7 and 28.1 % over the control (T8) and also on par with salt tolerant, MCM 103 variety (T1), which recorded maximum number of tillers by 57.0, 55.6 and 46.4 % over the control at panicle initiation, anthesis and physiological maturity stages, respectively. These results are supported by Habib et al. (2016), Hussain et al. (2023) and Okasha (2018) who reported that exogenously applied sodium nitroprusside (SNP), Brassinosteroid and Salicylic acid, respectively on rice led to significant increase in number of tillers under salinity stress.

3.3 Spikelet fertility percentage
The present study is in accordance with Xu et al. (2024) and Li et al. (2023) who reported that the salinity stress reduced the number of filled grains and spikelet fertility % in the salt sensitive variety more than that of the salt tolerant variety. This reduction in the number of filled grains might be due to inadequate translocation of assimilates, ion imbalance, nutrient deficiency, and oxidative stress associated with saline conditions (Sadak et al. 2012). According to Mahmood et al. (2009) who reported that the higher salinity stress drastically decreased grain filling capacity, which in turn reduced grain yield. Reduced translocation of soluble carbohydrates to superior and inferior spikelets, increased sodium (Na+) and decreased potassium (K+) accumulation in all floral parts of the spikelet, and a decrease in starch synthesis in rice grains, which is essential for grain development were the causes of spikelet sterility and a decrease in seed setting rate (Hasanuzzaman et al. 2019). Literature has reported that the reduction in seed set in the panicle and it was attributed to decreased pollen viability, decreased receptivity of the stigmatic surface, or a combination of both factors (Khatun and Flowers 1995). Several spikelets on the lower primary branches do not mature into grains, potentially have a negative impact on both grain number and yield. The negative impacts of high salinity were mitigated through hormone treatment, focusing on revitalizing sink potential and enhancing the rate or duration of dry mass accumulation in developing reproductive organs. In the present study, foliar spray of consortia (T7) at different stages recorded the highest number of filled grains per panicle (112.93) and spikelet fertility percentage (80.54) and were 62.7 and 16.3 % more than that of control (T8) and were shown in table.2 and figure 2. Chen et al. (2022), Imran et al. (2023) and Okasha (2018) also reported that exogenous application of signal molecules increased the filled grains percentage under abiotic stress conditions.






Table.1. Influence of Signal molecules on plant height and number of tillers in rice under salinity stress
	Treatments
	Plant Height (cm)
	Number of Tillers per plant

	
	Maximum tillering stage
	Panicle initiation stage
	Anthesis stage
	Physiological maturity Stage
	Maximum tillering stage
	Panicle initiation stage
	Anthesis stage
	Physiological maturity Stage

	T1
	69.45
	85.47*
	91.88*
	92.17*
	12.18
	15.13*
	15.67*
	16.00*

	T2
	62.18
	81.12*
	85.01*
	85.37
	9.53
	11.52*
	12.13*
	12.71

	T3
	62.43
	82.99*
	86.37*
	87.19
	9.47
	11.00
	12.00
	12.40

	T4
	63.73
	83. 17*
	87.52*
	88.30*
	9.64
	11.71*
	12.20*
	12.80

	T5
	64.77
	83. 53*
	88.53*
	89.52*
	9.67
	12.04*
	12.40*
	13.00*

	T6
	60.40
	84.67*
	89.16*
	89.69*
	9.80
	12.58*
	12.67*
	13.27*

	T7
	66.25
	85.09*
	89.71*
	90.08*
	10.13
	13.33*
	13.67*
	14.00*

	T8
	64.17
	77.29
	81.47
	83.15
	9.00
	9.64
	10.07
	10.93

	SE.m±
	0.75
	0.53
	0.78
	1.46
	0.49
	0.61
	0.67
	0.68

	CD (p= 0.05)
	2.27
	1.62
	2.35
	4.42
	1.48
	1.85
	2.03
	2.05

	CV (%)
	2.02
	1.11
	1.54
	2.86
	8.52
	8.76
	9.20
	8.90


	T1
	: MCM 103 - A salt tolerant variety (Check)
	SNP: Sodium Nitro prusside

	T2 - T8
	: BPT 5204 - A salt sensitive variety
	SA  : Salicylic Acid

	*
	 : Significant at 5% level
	BR  : Brassinosteroids







103 (maximum plant height by 10.6, 12.8 and 9.9 % over control -T1) at panicle initiation, anthesis and physiological maturity stages respectively. The above results were supported by the studies of Hussain et al. 2023 in rice, Escobar et al. (2010) in maize and Pai & Sharma (2023) who stated that the exogenous application of brassinosteroids, sodium nitro prusside, as nitric oxide (NO) donor and salicylic acid had a positive significant effect on plant height under salinity stress. Brassinosteroids can interact with endogenous auxin synergistically, results in cell elongation and cell proliferation of meristematic tissue (Sairam 1994).

3.3 Spikelet fertility percentage
The present study is in accordance with Xu et al. (2024) and Li et al. (2023) who reported that the salinity stress reduced the number of filled grains and spikelet fertility % in the salt sensitive variety more than that of the salt tolerant variety. This reduction in the number of filled grains might be due to inadequate translocation of assimilates, ion imbalance, nutrient deficiency, and oxidative stress associated with saline conditions (Sadak et al. 2012). According to Mahmood et al. (2009) who reported that the higher salinity stress drastically decreased grain filling capacity, which in turn reduced grain yield. Reduced translocation of soluble carbohydrates to superior and inferior spikelets, increased sodium (Na+) and decreased potassium (K+) accumulation in all floral parts of the spikelet, and a decrease in starch synthesis in rice grains, which is essential for grain development were the causes of spikelet sterility and a decrease in seed setting rate (Hasanuzzaman et al. 2019). Literature has reported that the reduction in seed set in the panicle and it was attributed to decreased pollen viability, decreased receptivity of the stigmatic surface, or a combination of both factors (Khatun and Flowers 1995). Several spikelets on the lower primary branches do not mature into grains, potentially have a negative impact on both grain number and yield. The negative impacts of high salinity were mitigated through hormone treatment, focusing on revitalizing sink potential and enhancing the rate or duration of dry mass accumulation in developing reproductive organs. In the present study, foliar spray of consortia (T7) at different stages recorded the highest number of filled grains per panicle (112.93) and spikelet fertility percentage (80.54) and were 62.7 and 16.3 % more than that of control (T8) and were shown in table.2. Chen et al. (2022), Imran et al. (2023) and Okasha (2018) also reported that exogenous application of signal molecules increased the filled grains percentage under abiotic stress conditions.


3.4 Grain yield
Soil salinity has a significant impact on several components that contribute to grain quality and yield (Khatun et al., 1995). Grain yield is determined by the ability of the source to furnish assimilates during the ripening period and the capacity of the sink to accumulate the translocated assimilates (Emongor et al., 2007). In the present study, grain yield was drastically decreased in the salt susceptible, BPT 5204 compared to the salt tolerant, MCM 103 variety under salinity stress. The similar results have shown by Prodjinoto et al. (2023) and Li et al. (2023). Further, the plant growth hormones played a positive role in increasing yield. Among different foliar application treatments, the foliar spray of consortia (T7- 5727.50 kg/ha) recorded the highest grain yield, followed by T6 (5655.42 kg/ha), and T5 (5644.36 kg/ha), also which were on par with MCM 103, salt tolerant variety (T1- 6189.89 kg/ha). The foliar spray of T7, T6 and T5 increased the grain yield by 20.8, 19.3 and 19.1 % over the control (T8), respectively. The studies of Jangid et al. (2017) and Dabariya and Bagdi, (2019) concluded that the exogenous application of brassinolide increased the grain yield by mitigating the salt stress effectively in wheat and barley, respectively. The application of salicylic acid through seed priming and foliar spray had a positive impact on grain yield under salt stress (Okasha, 2018). The above findings are in accordance with the results of the present study and it can be concluded that plant growth regulators, as a signal molecule could serve as valuable tools in enhancing grain yield.
3.5 Straw yield and Harvest index		
The present study showed the results that the salinity stress reduced the straw yield, biological yield and harvest index reduced in the susceptible variety BPT 5204 more than that of salt tolerant MCM 103. Jahan et al. (2023) stated that straw yield decreased with increasing salinity levels in rice crop. All foliar treatments recorded significantly higher straw yield and on par with MCM 103 (T1- 6894.54 Kg/ha), except the foliar spray of T3. Among them, foliar spray of consortia (T7) was noticed with highest straw yield of 6508.49 kg/ha and it was 15.9% more than that of control (T8) and no significant influence was observed in HI. Hanif et al. (2024) observed a decrease in the straw yield and harvest index in Barley under salinity stress, while the exogenous application of salicylic acid improved those characters compared to control plants. The alleviating effect of foliar applied SA on harvest index was observed in Salvia officinalis L. and faba bean (Es-sbihi et al., 2021 and Hafez et al., 2021). It is an evident that the Plant growth regulators increased harvest index by maintaining proper photo- assimilate partitioning under stress conditions. 

3.6 Head Rice Recovery Percent and broken kernel percent
	In our study, the salinity stress degraded the quality of grains, in particular it reduced the head rice percent in susceptible variety, BPT 5204 more than that of the salt tolerant variety, MCM 103. It was observed that among different foliar applications, foliar spray of consortia treatment (T7) increased head rice rate (61.20%) by 24.62 % and decreased broken kernel percent (11.67%) by 211.5% over the control (T8), followed by T6, T5 and were on par with the salt tolerant MCM 103 (T1). The present study is consistent with the results of Yao et al. (2022) and Li et al. (2023) who stated that the percentage of head milled rice decreased significantly under the increasing salinity level. Pan et al. (2013) noted that head rice rate has positive impact when plant growth regulators applied externally in super hybrid rice. Yang et al. (2021) and Tang et al. (2022) reported that the exogenous application of plant growth regulators increased head rice recovery percent under high temperature stress and all these findings are in agreement with the results of our investigation.





Figure 1: Percentage increase of foliar application treatments over the control treatment (T8) in plant height and number of tillers per plant under salinity stress in rice crop



Figure 2: Percentage increase of foliar application treatments over the control treatment (T8) on yield traits and quality character under salinity stress in rice crop


Table.2. Influence of Signal molecules on the Number of spikelets per panicle, Number of filled grains per panicle, Spikelet Fertility (%), Panicle length, Test Weight, grain and straw yield and Harvest index in rice under salinity stress 
	Treatments
	Spikelet Fertility (%)
	Grain yield (kg/ha)
	Straw Yield (kg/ha)
	Harvest Index (%)
	Head rice recovery (%)
	Broken kernel (%)

	T1
	85.36*
	6189.89*
	6894.54*
	0.47
	66.22*
	11.04*

	T2
	77.26*
	5441.42*
	6364.24*
	0.46
	58.64*
	12.93*

	T3
	76.42*
	5482.97*
	6302.61*
	0.47
	53.19
	13.29

	T4
	78.18*
	5553.08*
	6376.77*
	0.47
	58.86*
	12.71*

	T5
	79.93*
	5644.36*
	6434.38*
	0.47
	59.81*
	12.32*

	T6
	80.02*
	5655.42*
	6431.83*
	0.46
	59.98*
	11.99*

	T7
	80.54*
	5727.50*
	6508.49*
	0.46
	61.20*
	11.67*

	T8
	69.24
	4739.50
	5614.56
	0.46
	49.11
	14.86

	SE.m±
	2.26
	218.64
	175.50
	NS
	2.27
	0.52

	CD (p = 0.05)
	6.84
	663.07
	532.13
	
	6.88
	1.58

	CV (%)
	4.99
	6.82
	4.80
	
	6.73
	7.23


	T1
	: MCM 103 - A salt tolerant variety (Check)
	SNP: Sodium Nitro prusside

	  T2 - T8
	: BPT 5204 - A salt sensitive variety
	SA  : Salicylic Acid

	*
	: Significant at 5% level
	BR  : Brassinosteroids




4. Conclusion

The current investigation on the effect of salinity stress on growth and yield aspects in two varieties revealed that salinity stress had a negative impact on these traits and ultimately has an impact on reduction of per hectare yield in the susceptible variety, BPT 5204. It was demonstrated through this study that there was considerable variation in responses to the foliar application of signal molecules on BPT 5204 at two growth stages i.e., before and after reproductive stages. The best foliar spray combination to mitigate salinity stress was found to be 0.25 mM/L Sodium nitro prusside + 0.50 mM/L Salicylic acid + 0.50 mM/L Brassinosteroids. This combination increased plant height, number of tillers per plant, improved yield attributes and yield, and also enhanced grain quality under salinity stress. From this study, it can be concluded that the foliar application of 0.25 mM/L of Sodium nitro prusside + 0.50 mM/L of Salicylic acid + 0.50 mM/L of Brassinosteroids at before and after reproductive stages can alleviate the deleterious effects of salinity stress and it can be recommended safely for coastal areas, where soil salinity level is around 4 dSm-1.
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PLANT HEIGHT	Panicle initiation stage	T1	T2	T3	T4	T5	T6	T7	10.579203864234245	4.9510501574157946	7.3769784793203108	7.6101910553327325	8.0778022167593804	9.552766636477326	10.096174580583957	PLANT HEIGHT	Anthesis satge	T1	T2	T3	T4	T5	T6	T7	12.781801071969223	4.3431119839613865	6.016529601898454	7.4219549118284851	8.6698580254490576	9.4431488073319532	10.110060963135712	PLANT HEIGHT	Physiological maturity	T1	T2	T3	T4	T5	T6	T7	9.9430670339761171	2.4407713498622625	4.4517906336088071	5.6730945821854828	7.0156106519742814	7.2066115702479259	7.6363636363636287	TILLERS PER PLANT	Panicle initiation stage	T1	T2	T3	T4	T5	T6	T7	56.984785615490999	19.467496542185671	14.10788381742738	21.483402489626531	24.941217150760703	30.473720608575363	38.312586445366527	TILLERS PER PLANT	Anthesis satge	T1	T2	T3	T4	T5	T6	T7	55.57762330354187	20.489904005296253	19.165839126117177	21.151936444885809	23.13803376365442	25.786163522012568	35.716650115855671	TILLERS PER PLANT	Physiological maturity	T1	T2	T3	T4	T5	T6	T7	46.386093321134496	16.294602012808774	13.449222323879237	17.108874656907588	18.93870082342178	21.378469045440678	28.087831655992684	




Yield and Quality traits

Spikelet Fertility (%)	T1	T2	T3	T4	T5	T6	T7	23.28115491327485	11.582615109144291	10.374234456253282	12.90639655496458	15.444276445665201	15.573058405537985	16.324943230853656	Grain yield (q/ha)	T1	T2	T3	T4	T5	T6	T7	30.602149781388039	14.809930724056464	15.68672269695587	17.166016105777679	19.091910773522724	19.325174948130904	20.846080810212047	Head rice recovery (%)	T1	T2	T3	T4	T5	T6	T7	34.838797257856235	19.404058915360075	8.29928278920341	19.857462838525763	21.780583271114732	22.135794927487009	24.618656530690728	



