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Abstract 
Soybean (Glycine max (L.) Merr.) is one of the major oilseed crops in the world. A study was conducted 

at Main Agricultural Research Station, University of agricultural sciences Dharwad. Plant biostimulants 

contain substance(s) and/or micro-organisms when applied to plants stimulate natural processes to 

enhance/benefit nutrient uptake, nutrient efficiency, tolerance to abiotic stress and crop quality. 1st spray 

of biostimulants was taken up 5 days prior to the flowering, and the crop was in pod formation stage on 

52 DAS, 8 days later 2nd spray of biostimulant was taken up. Significantly higher growth parameters such 

as leaf area (11.47 dm2 plant-1), leaf area index (3.82) and dry matter accumulation (72.25 g plant-1), 

between 30-60 DAS, AGR (2.062 g day-1) and CGR (68.72 g m-2 day-1) and between 60 DAS to harvest, 

AGR (0.211 g day-1), CGR (7.02 g m-2 day-1) and biomass duration (1239.7 g days plant-1) were recorded 

with foliar application of Crop Max @ 750 ml ha-1 at flower initiation followed by Biozyme @ 625 ml 

ha-1 at pod formation (T8). Crop Max as a biostimulant @ 750 ml ha-1 followed by Biozyme @625 ml ha-

1 has a significant influence on the growth parameters and growth indices. 

 

Keywords: Biostimulants, Glycine max (L.) Merr., pod formation 

 

Introduction 

Soybean (Glycine max (L.) Merr.) is one of the major oilseed crops in the world. In the world, 

United States, Brazil, Argentina, China and India are the largest producers and exporters of 

soybean, concentrating more than 80 per cent of total production and 90 per cent of total 

exports, with total production of the world being 385.52 mt (SOPA, data bank 2021-22). 

Many studies on biostimulants have been reported on the productivity of soybean and other 

field crops (Kocira, 2018, Avornyo et al., 2020) [25, 3] (12% increase of yield over conventional 

method), (Rehman et al., 2018, Pashupatimath, 2018, Kavita et al., 2008, Singh et al., 2021, 

Kumawat et al., 2015) [20, 26, 11, 27, 15]. “Plant biostimulants contain substance(s) and/or micro-

organisms whose function when applied to plants or the rhizosphere is to stimulate natural 

processes to enhance/ benefit nutrient uptake, nutrient efficiency, tolerance to abiotic stress 

and crop quality (Calvo et al., 2014) [28]. Agronomist mainly emphasis on crop productivity 

and biostimulants are crop, cultivar and location-specific their suitability must be known on 

the productivity (Kocira, 2018) [25]. Biostimulants do not directly take part in increasing the 

crop yield but focuses on making the plant hardy for harsh prevalent biotic and abiotic stresses 

such as drought (Vasconcelos et al., 2009) [29], water stress (Delfine et al., 2005) [5], insect 

(Huang et al., 2018) and pest attack, salinity (Calvo et al., 2014) [28] of the soil etc., thus 

support the plants in escaping these stresses. Humic acid application on wheat under Pot trial 

with calcareous and noncalcareous field soils with three levels of N, P, and K increased plant 

height and dry weight of shoots (Tahir et al., 2011) [23]. Fulvic acid application on Maize under 

Pot trials in net house under drought and no drought conditions increased leaf area, plant dry 

weight and yield under drought stress (Anjum et al. 2011) [2]. Application of Maize grain 

extract + Mg reported increase of dry weight by 104.3% of harvested progeny of sunflower 

(Rehman et al., 2018) [20]. Pro-soil biostimulant as a stand-alone management practice 

increased dry matter by 42 per cent (Avornyo et al., 2020) [3]. Dry Matter contents of 

sunflower and corn increased by increasing rates of K-Humate application to soil and foliage 

(Ay dm et al., chapter-57). By keeping above reviews in view, the study was conducted on 

“Influence of biostimulants (Crop Max®) on growth indices of the soybean in zone-8 of 

Karnataka”. 
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Materials and methods 

A study was conducted in northern transitional zone of 

Karnataka, at Main Agricultural Research Station, University 

of agricultural sciences Dharwad on Bio efficacy of 

biostimulants on growth indices of soybean. The soil of the 

experimental site was in neutral pH (7.1), normal electrical 

conductivity (0.32 dS m-1), low in organic carbon content 

(0.44%), low in available nitrogen content (263 kg ha-1) 

medium in available phosphorus (30.5 kg ha-1), high in 

available potassium content (366 kg ha-1) crop period was 

from 23/06/2021 to 30/09/2021 flower initiation was seen on 

35 days after the sowing were the 1st spray of biostimulant 

was taken up 5 days prior to the flowering, and the crop was 

in pod formation stage on 52 DAS 8 days later 2nd spray of 

biostimulant was taken up, the physiological maturity was 

observed by visual methods such as turning of the leaves and 

pods to golden yellow colour. Observations were taken at 30 

DAS, 60 DAS and at the time of harvest. The statistical 

design adopted for experimentation was Randomised Block 

design consisting of 11 treatments replicated thrice. Crop 

variety chosen was MACS-1188 from Pune, and was raised 

on the rainfall without any external irrigation. Total of 33 

plots were there with gross plot size of 21.6 m2 and net plot 

size of 11.52 m2. Treatments consisting of T1- Crop Max @ 

375 ml ha-1, T2- Crop Max @ 500 ml ha-1, T3-Crop Max @ 

625 ml ha-1, T4- Crop Max @ 750 mlha-1 (T1-T4 double 

spraying of Crop Max at flower initiation and at pod 

formation stage), T5- Crop Max @ 375 ml ha-1 and Biozyme 

@ 625 ml ha-1, T6- Crop Max @ 500 ml ha-1 and Biozyme @ 

625 mlha-1, T7- Crop Max @ 625 ml ha-1 and Biozyme @ 625 

mlha-1, T8- Crop Max @ 750 ml ha-1 and Biozyme @ 625 

mlha-1, T5-T8 Crop Max at flower initiation followed by 

Biozyme at pod formation stage T9-Biozyme @ 625 ml ha-1 at 

both stages, T10-Control-1 (Urea @ 2% and KNO3 @1% 

spray) and T11-Control-2 (water spray) along with RDF (FYM 

@ 6.25 t + 40:80:25 kg N: P2O5 and K2O + ZnSO4 @ 12.5 kg 

+ Rhizobium and PSB @ 1250 g each per hectare) common to 

all treatments (For T1 to T10, foliar application at flower 

initiation (25-35 DAS) and at pod formation stage (45 – 50 

DAS). crop Max contains liquid nutrient supplement 

containing 24 per cent organic compounds (fermentation 

metabolites, selected marine algae and protein hydrolysates) + 

18 per cent mineral components (https://www.corteva.in/). In 

order to determine the growth indices such as leaf area index 

(LAI), Leaf Area Ratio (LAR) and leaf area duration (LAD) 

on the basis of leaf area which were recorded at 30DAS and 

60 DAS and AGR, CGR and Biomass duration (BMD) on the 

basis of dry weights recorded at 30 DAS, 60 DAS and at 

harvest the crop growth nature and extent of relation between 

growth indices and the yield was determined using the 

regression analysis in Microsoft excel software.  

 

Leaf area 

Leaf area was measured by disc method and expressed in 

decimeter square (dm2). And was calculated by, 

 

Leaf area = 
Wa ×A

𝑊b
  

 

Where, 

LA = Leaf area (dm² plant¹) 

Wa = Oven dry weight of all leaves (inclusive of disc weight) 

Wb = Oven dry weight of 50 discs in gram 

 

A = Area of the 50 discs (dm²). 

 

Leaf area index 

Leaf area index was worked out by dividing the leaf area per 

plant by land area occupied by the plant (Sestak et al., 1971) 
[6]. 

 

 
 

Leaf Area Ratio (LAR)  

The term, Leaf Area Ratio (LAR) was suggested by Radford 

(1967) [19] and expressed in cm-2 g-1 of plant dry weight.  

 

 
 

Leaf Area Duration (LAD)  

To correlate dry matter yield with LAI, Power et al. (1967) [18] 

and LAD is expressed in days and was calculated by, 

 

 
 

Where,  

L1 = LAI at the first stage  

L2 = LAI at the second stage  

(t2 - t1) = Time interval in days 

Absolute growth rate (AGR) 

It is expressed as g of dry matter produced in a day. i.e., g 

day-1. It is calculated by the formula, (Sharma, 2014) [30] 

 

 
 

Where,  

W1 and W2 are dry matter at time t1 and t2, respectively.  

Crop growth rate (CGR) 

It is the rate of growth of crop per unit area and expressed as g 

m-2 day-1 and was calculated by the formula, 

 

 
 

Where,  

W1 and W2 are dry matter at time t1 and t2, respectively.  

P is the land area. 

Relative growth rate (RGR) 

It is expressed as g of dry matter produced by a g of existing 

dry matter in a day. i.e., g  

g-1 day-1. It is calculated by the formula, (Sharma, 2014) [30] 

 

 
 

Where, 

W1 and W2 are dry matter at time t1 and t2, respectively.  

Net assimilation rate (NAR) 

It is expressed as g of dry matter produced per dm2 of leaf 

area in a day i.e., g dm-2 

day-1. It is calculated by the formula, (Sharma, 2014) [30] 
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Where,  
W1 and W2 are dry matter at time t1 and t2, respectively and 
LA1 and LA2 are leaf area at time t1 and t2, respectively,  
Biomass duration (BMD) 
The BMD is the integral of total biomass over a period and is 
expressed in g days. It is calculated by using the formula 
(Sharma, 2014) [30] 
 

 
 
Where, TDM is Total Dry Matter at time t1 and t2 

 
Statistical analysis  
The experimental data obtained at different growth stages was 
compiled and subjected to statistical analysis by adopting 
Fischer’s method of analysis of variance technique as outlined 
by Gomez and Gomez (1984) [8]. The level of significance 
used in ‘F’ test will be at 5 per cent. Collected data were 
subjected to the proper of statistical analysis of variance 
(ANOVA) of randomised complete block design as 
mentioned by Gomez and Gomez (1984) [8]. Regression 
analysis between yield and growth indices was worked out by 
simple linear regression in Microsoft excel. 
 
Results and discussion  
The analysis of variance (ANOVA) for seed yield of soybean 
under varied concentrations of Crop Max and are presented in 
Table 1. It is evident that seed yield significantly varied due to 
treatments (T1-T11), as indicated by five percent level (p < 
0.05) of significance.  
Significantly higher leaf area (11.47 dm2 plant-1), leaf area 
index (3.82) and dry matter accumulation (72.25 g plant-1) 
were recorded with foliar application of Crop Max @ 750 ml 
ha-1 at flower initiation followed by Biozyme @ 625 ml ha-1 at 
pod formation (T8) and which was on par with the foliar 
application of Crop Max @ 625 ml ha-1 at flower initiation 
followed by Biozyme @ 625 ml ha-1 at pod formation (T7) 
stage (11.35 dm2 plant-1,3.78 and 71.41 g plant-1), 
respectively. This might be due to better availability of 
nutrients by the foliar nutrition of Crop Max which might 
have provided the required Mg+2 which has biochemical role 
in stimulation of photosynthesis, phloem export, root growth 
and nitrogen metabolism. It also impacts the N-fixation in 
pulses as it contains Mn+2. Mn+2 is a constituent of abundant 
sources cation activated enzymes like decarboxylase, kinase, 
oxidase etc., and hence, vital for the formation of chlorophyll, 
reduction of nitrates. As the seaweeds also contain trace 
elements like Fe, Cu and Zn in considerable amount reduces 
redox reaction of respiration and photosynthesis, encourages 
reduction of No-3 and So-4 and boost-up the cation-activated 
enzyme respiration and transfer of photosynthates to growing 
sites and meristematic tissues helping in meristematic cell 
division and expansion that reflects positively in leaf area and 
leaf area index. These results are in line with the findings of 
Shyamrao et al. (2015) and vishwanatha et al. (2022) [24] in 
green gram. Higher dry matter accumulation might be due to 
higher leaf area and number of leaves resulting from higher 
light interception, maintaining chlorophyll content and higher 
photosynthesis ultimately leading to higher dry matter 
accumulation. The similar results were reported by Kuttimani 
and Velayutham (2011) [16], Kavipriya et al. (2011) [10], Singh 
(2013) [21], and Vishwanatha et al. (2022) [24].  

Between 30-60 DAS highest AGR (2.062 g day-1) and CGR 
(68.72 g m-2 day-1) were recorded with the application of Crop 
Max @ 750 ml ha-1 at flower initiation followed by Biozyme 
@ 625 ml ha-1 at pod formation (T8) and was on par with the 
foliar application of Crop Max @ 625 ml ha-1 at flower 
initiation followed by Biozyme @ 625 ml ha-1 at pod 
formation (T7) stage (2.041 g day-1) and (68.02 g m-2 day-1), 
respectively, Significantly lower AGR (1.915 g day-1) and 
CGR (5.57 g m-2 day-1) and was witnessed with control-2 
(T11). Between 60 DAS to harvest, Application of Crop Max 
@ 750 ml ha-1 at flower initiation followed by Biozyme @ 
625 ml ha-1 at pod formation (T8) resulted significantly higher 
AGR (0.211 g day-1), CGR (7.02 g m-2 day-1) and biomass 
duration (1239.7 g days plant-1) significantly lowest AGR 
(0.167 g day-1), CGR (5.57 g m-2 day-1) and biomass duration 
(1143.6 g days plant-1) was observed with control-2 (T11). 
This might be due to higher leaf area by which the site 
available for photosynthesis is maximum and produced 
photosynthates are accumulated in the sink from source thus 
increasing in the dry matter production and accumulation 
which was recorded maximum after the foliar application of 
biostimulants at flowering stage and pod formation than 
application at earlier growth stages (vegetative stages) and 
continued till the harvest of the crop. These results are in line 
with the findings of Pramanick et al. (2013) [31], 
Pashuapthimath (2020) [17] and Vishwanath et al. (2022) [24]. 
Ertani et al. (2013) [7] also showed that differences in effects 
of biostimulants were due to the number of treatments at the 
appropriate BBCH stages. This proves that not only the 
concentrations but also the stage at which the spray must be 
taken up. 
Foliar application of Crop Max @ 625 ml ha-1 at flower 
initiation followed by Biozyme @ 625 ml ha-1 at pod 
formation (T7) (81.4 days) recorded significantly higher leaf 
area duration. Significantly higher leaf area ratio (16 cm2 g-1) 
was observed with the foliar application of Crop Max @ 375 
ml ha-1 at flower initiation followed by Biozyme @ 625 ml ha-

1 at pod formation (T5) and it remained on par with rest of the 
treatments except control-2. Significantly lower leaf area ratio 
(14.5 cm2 g-1) was recorded with control-2 (T11) (Table 2). 
This might be due to the effective usage of the incident 
radiations which are involved in the photochemical reactions 
thus increasing the phytohormones and delay in the 
senescence because, biostimulants regulate the production of 
ethylene hormones in the leaves which might have helped in 
increasing the leaf area ratio and leaf area duration. These 
results are in line with the findings of Afifi et al. (2018) [1] 
and Pashuapthimath (2020) [17]. 
From the correlation and regression analysis it was verified 
that there is significant positive correlation between seed yield 
with growth parameters and growth indices such as leaf area 
(dm2 plant-1), leaf area ratio (cm2 g-1), leaf area duration 
(days), dry matter accumulation (g plant-1), AGR (g day-1), 
CGR (g m-2 day-1), Biomass duration (g days plant-1).  
There is a significant rate of change of seed yield with every 
dm2 plant-1 change of leaf area, cm2 g-1 change of leaf area 
ratio and days change of leaf area duration. R2= 0.7865, 
0.6191 and 0.6583 interprets that 78.56, 61.91 and 65.83 per 
cent leaf area, leaf area ratio and leaf area duration causes to 
the seed yield production, respectively with r=0.886, 0.843 
and 0.7868 indicating high degree of positive correlation 
between leaf area, leaf area ratio and leaf area duration, 
respectively with seed yield. 
There is a significant rate of change of seed yield with every g 
plant-1 change of dry matter accumulation at 60 DAS and at 
harvest. R2=0.9134 and 0.9312 interprets that 91.34 and 93.12 
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per cent dry matter accumulation causes to the seed yield 
production with r=0.956 and 0.965 indicating high degree of 
positive correlation between dry matter accumulation with 
seed yield, respectively. 
There is a significant rate of change of seed yield with every g 
day-1 and g m-2 day-1 change of AGR and CGR at 60 DAS and 
at harvest. R2=0.8994, 0.8501 and R2=0.8994, 0.8501 
interprets that 89.94, 85.01 and 89.94, 85.01 per cent AGR 
and CGR at 60 DAS and at harvest, respectively causes to the 

seed yield production with r=0.948, 0.9.22 and r=0.948, 0.922 
indicating high degree of positive correlation of AGR and 
CGR with seed yield, respectively. 
There is a significant rate of change of seed yield with every g 
days plant-1 change of biomass duration. R2=0.914 interprets 
that 91.4 per cent biomass duration causes to the seed yield 
production with r=0.956 indicating high degree of positive 
correlation between biomass duration and seed yield, 
respectively. 

 
Table 1: Leaf area, Leaf Area Index, dry matter accumulation and absolute growth rate of soybean as influenced by biostimulants 

 

Treatment 
Leaf area  

(dm2 plant-1) 
(60 DAS) 

LAI 
(60 

DAS) 

Dry matter accumulation (g plant-1) AGR (g day-1) 

60 DAS At harvest 
30-60 
DAS 

60 DAS-
harvest 

T1 Crop Max @ 375 ml ha-1 followed by Crop Max @ 375 ml ha-1 10.33d 3.44d 68.43cd 75.99cd 1.967bc 0.189a-c 

T2 Crop Max @ 500 ml ha-1 followed by Crop Max @ 500 ml ha-1 10.38d 3.46d 68.88b-d 76.45b-d 1.972bc 0.189a-c 

T3 Crop Max @ 625 ml ha-1 followed by Crop Max @ 625 ml ha-1 10.68cd 3.65bc 69.48bc 77.06b-d 1.985bc 0.189a-c 

T4 Crop Max @ 750 ml ha-1 followed by Crop Max @ 750 ml ha-1 11.33ab 3.78ab 71.31ab 79.16a-c 2.04ab 0.196ab 

T5 Crop Max @ 375 ml ha-1 followed by Biozyme @ 625 ml ha-1 11.20ab 3.73ab 69.96a-c 77.58a-c 1.996ab 0.190a-c 

T6 Crop Max @ 500 ml ha-1 followed by Biozyme @ 625 ml ha-1 11.28ab 3.76ab 71.21ab 78.85a-c 2.038ab 0.191a-c 

T7 Crop Max @ 625 ml ha-1 followed by Biozyme @ 625 ml ha-1 11.35ab 3.78ab 71.41ab 79.69ab 2.041ab 0.207ab 

T8 Crop Max @ 750 ml ha-1 followed by Biozyme @ 625 ml ha-1 11.47a 3.82a 72.25a 80.68a 2.062a 0.211a 

T9 Biozyme @ 625 ml ha-1 followed by Biozyme @ 625 ml ha-1 10.31d 3.44d 68.35cd 75.71cd 1.965bc 0.184bc 

T10 Control-1 (Urea @ 2% and KNO3 @ 1%) 10.96bc 3.56cd 69.54bc 77.10bc 1.985bc 0.189a-c 

T11 Control-2 (water spray) 9.7e 3.23e 66.85d 73.53d 1.915c 0.167c 

S.Em. ± 0.14 0.05 0.8 1.0 0.02 0.007 

Means followed by the same alphabet (s) within a column are not significantly differed by DMRT (P=0.05) DAS- Days after sowing 
Note 1. RDF: FYM @ 6.25 t + 40:80:25 kg N: P2O5 and K2O + ZnSO4 @ 12.5 kg + Rhizobium and PSB @ 1250 g each per hectare common to 
all treatments 
Note 2. For T1 to T10, foliar application at flower initiation (25-35DAS) and at pod formation stage (45 – 50 DAS). 

 
Table 2: Crop Growth Rate, Biomass Duration, Leaf Area Duration and Leaf Area Ratio of soybean as influenced by biostimulants 

 

Treatment 

CGR (g m-2 day-1) 
Biomass duration  

(g days plant-1) 
Leaf area 
duration 

Leaf area ratio 
(cm2 g-1) 

30-60 
DAS 

60 DAS-
harvest 

30-60 DAS days 60 DAS 

T1 Crop Max @ 375 ml ha-1 followed by Crop Max @ 375 ml ha-1 65.56bc 6.30a-c 1167.8cd 75.8ab 15.1a-c 

T2 Crop Max @ 500 ml ha-1 followed by Crop Max @ 500 ml ha-1 65.74bc 6.30a-c 1179.0cd 73b 15.0bc 

T3 Crop Max @ 625 ml ha-1 followed by Crop Max @ 625 ml ha-1 66.15bc 6.31a-c 1191.4bc 80.5a 15.3a-c 

T4 Crop Max @ 750 ml ha-1 followed by Crop Max @ 750 ml ha-1 67.99ab 6.53ab 1221.5ab 81.1a 15.8ab 

T5 Crop Max @ 375 ml ha-1 followed by Biozyme @ 625 ml ha-1 66.53ab 6.34a-c 1200.7bc 78.4ab 16.0a 

T6 Crop Max @ 500 ml ha-1 followed by Biozyme @ 625 ml ha-1 67.92ab 6.36a-c 1219.5ab 78.9ab 15.8ab 

T7 Crop Max @ 625 ml ha-1 followed by Biozyme @ 625 ml ha-1 68.02ab 6.90ab 1224.1ab 81.3a 15.8ab 

T8 Crop Max @ 750 ml ha-1 followed by Biozyme @ 625 ml ha-1 68.72a 7.02a 1239.7a 80.7a 15.8ab 

T9 Biozyme @ 625 ml ha-1 followed by Biozyme @ 625 ml ha-1 65.49bc 6.14bc 1166.3cd 75.9ab 15.1abc 

T10 Control-1 (Urea @ 2% and KNO3 @ 1%) 66.17bc 6.30a-c 1192.3bc 76.3ab 15.7ab 

T11 Control-2 (water spray) 63.84c 5.57c 1143.6d 73.1b 14.5c 

S.Em. ±  0.76 0.24 12 1.8 0.3 

Means followed by the same alphabet (s) within a column are not significantly differed by DMRT (P=0.05) DAS- Days after sowing 
Note 1. RDF: FYM @ 6.25 t + 40:80:25 kg N: P2O5 and K2O + ZnSO4 @ 12.5 kg + Rhizobium and PSB @ 1250 g each per hectare common to 
all treatments 
Note 2. For T1 to T10, foliar application at flower initiation (25-35DAS) and at pod formation stage (45 – 50 DAS) 

 

 
 

Fig 1: Linear regression graph indicating raise of yield in accordance 

with leaf area (r= 0.886) 

 
 

Fig 2: Linear regression graph indicating raise of seed yield in 

accordance with leaf area duration (days) (r= 0.81134) 
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Fig 3: Linear regression graph indicating raise of yield in accordance 

with leaf area ratio (r= 0.786845) 

 

 
 

Fig 4: Linear regression graph indicating raise of yield in accordance 

with dry matter accumulation at 60 DAS (r= 0. 0.956) 
 

 

 
 

Fig 5: Linear regression graph indicating raise of yield in accordance 

with dry matter accumulation at 60 DAS (r= 0.965) 
 

 
 

Fig 6: Linear regression graph indicating raise of yield in accordance 

with AGR between 30-60 DAS (r= 0.94835) 

 
 

Fig 7: Linear regression graph indicating raise of yield in accordance 

with AGR between 60 DAS-harvest (r= 0.922) 

 

 
 

Fig 8: Linear regression graph indicating raise of yield in accordance 

with CGR between 60 DAS-harvest (r= 0.948) 
 

 
 

Fig 9: Linear regression graph indicating raise of yield in accordance 

with CGR between 60 DAS-harvest (r= 0. 922) 

 

 
 

Fig 10: Linear regression graph indicating raise of yield in 

accordance with biomass duration (r= 0.956) 
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Conclusion 

It is interpreted from the current study that use of Crop Max 

as a biostimulant @ 750 ml ha-1 followed by Biozyme has a 

significant influence on the growth parameters and growth 

indices, significant correlation between growth parameters, 

growth indices and yield. There is a positive and significant 

correlation and high degree of relation between growth 

parameters/indices with the seed yield. 
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