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Annexure CR-2 

Performa for Reporting Completed Contract Research Project 

 

1.  Name of the Institute: ICAR-Indian Institute of Soil Science 

2.  Title of the proposed Project (including brief of the project): Effect of AQUASORB on 

water and nutrient use efficiency and crop productivity of soybean and tomato in 

selected soils of India. 

Objectives of the Project: 

• To study the effect of Aquasorb water absorbent on water retention capacity and water 

release in selected soil types at different suction levels. 

• To evaluate the effect of Aquasorb on water nutrient absorption and release. 

• To determine the effect of Aquasorb application on water and nutrient use efficiency in 

different soils. 

• To evaluate evapo transpiration  losses from soils amended with Aquasorb 

• To study the effect of Aquasorb application on soil properties and crop productivity. 

 

Rationale: Rainfed agriculture is a highly risky business. Uncertain precipitation is a major 

constraint to crop production especially when it occurs at an unexpected time and problems 

become aggravated if dry conditions prevail for a longer time. Crop damage from dry weather 

can be reduced by supplemental irrigation of harvested rainwater or conservation of as much 

rainwater in the soil as possible. Suitable conservation techniques help in reducing the frequency 

of irrigation. Such practices can ensure crop survival and increased production (Chaudhary, 

1992). Crop production is mainly dependent on ecological soil and weather conditions. Moisture 

stress is a major constraint for crop growth in arid and semi - arid regions, as the precipitation is 

low and uncertain in these areas. Efficient utilization of meager soil and water resources 

necessitates the adaptation of appropriate water management techniques. Soil conditioners have 

been reported to be effective tools in increasing water holding capacity, reducing infiltration rate 

and cumulative evaporation and improving water conservation of sandy soils (Al-Omranet al., 

1987). Application of water-saving super absorbent polymers (SAP) in to the soil could be an 

effective way to increase both water and nutrient use efficiency in crops (Lentz et al., 1998). 

When polymers are incorporated in soil, it is presumed that they retain large quantities of water 
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and nutrients, which are released as required by the plant. Thus, plant growth could be improved 

with limited water and nutrient supply (Gehring and Lewis, 1980). 

When polymers are incorporated into a soil or soilless medium, they retain large 

quantities of water and nutrients. These stored water and nutrients are released as required by the 

plant. Thus, plant growth could be improved, and/or water supplies conserved. It has been 

reported that a 171% to 402% increase in the water retention capacity is recorded when polymers 

were incorporated in coarse sand (Ekabafe et al., 2011). Increased water retention capacity 

attributed to polymer addition significantly reduced irrigation frequency (Flannery and Busscher, 

1982). Super absorbent polymers cause improvement in plant growth by increasing water 

holding capacity in soils (Boatright et al., 1997) and delaying the duration to wilting point in 

drought stress (Gehring and Lewis, 1980). 

The structure of the gel, control water release under dry conditions and optimize recovery 

of the stored water by plants (Johnson &Veltkamp, 1985). Hence in view of the characterizing 

the hydro gels/polymers for addressing peculiar problems of rain fed areas, the laboratory and 

field/pot studies will be undertaken to observe the absorption of water by polymer (AQUASORB 

water absorbent) and to evaluate the effects of AQUASORB water absorbent polymer on water 

holding/ retention capacity and release rate of water in soil, soil nutrient dynamics and crop 

behavior like water and nutrient use efficiency with the title “Effect of AQUASORB on water 

retention and release, nutrient retention and release, water and nutrient use efficiency and crop 

productivity of soybean and tomato in selected soils of India”. 

 

Progress report of the project (Completion Report) 

The project comprised of three experiments. One experiment was conducted exclusively in the 

laboratory, and other two experiments were conducted in the field (for soybean crop) and then 

both in the field and pots (for tomato crop).  

 

Laboratory Experiment: 

Experiment 1:  The effect of graded doses of Aquasorb Water Absorbent on water 

absorption and retention at various suction levels (0 -15bar) in three 

soils of varying textures viz. clay, silty clay loam, and sandy loam.   
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Treatment details: 

 

T1 = No Aquasorb application to soil.  

T2= 10 kg/ha of Aquasorb application to soil. 

T3 = 20 kg/ha of Aquasorb application to soil. 

T4 = 30 kg/ha of Aquasorb application to soil. 

T5 = 40 kg/ha of Aquasorb application to soil. 

T6 = 50 kg/ha of Aquasorb application to soil. 

 

Number of Replications: 3 

 

 This experiment was carried out in laboratory under controlled conditions, where the 

saturated mixtures (as per the treatments) of soil and Aquasorb were subjected to various matric 

suction levels in the Pressure plate apparatus to see the magnitude of the water retention under 

different treatments as a function of various suction levels. The soil and aquasorb mixtures were 

prepared based on the amount of aquasorb used in 5 cm length of crop rows under different 

aquasorb treatment levels/doses. This is because we used the 5cm diameter (and 3cm ht) steel 

core for soil moisture retention experiment. The lab experiment was conducted on all the 

selected three soils which are structurally quite different. The soils were the clayey, silty clay 

loam and sandy loam, which in general are having different water transmission and retention 

behavior. 

 The soil – aquasorb mixtures were filled with the help of spatula, in the steel cores of 5 

cm diameter and 3cm height placed on the ceramic plates in proper order. The plates containing 

there samples were saturated for 24 hours by putting in water trough in such a manner that the 

water reached the middle of the cores and moved from bottom to top of soil sample by capillary 

action. Afterwards,  the ceramic plates containing the soil cores were placed in pressure 

chambers of pressure apparatus (SMC, Santa barabara, California) and exposed to varying 

pressures (matric suctions) of 0, 0.1,0.3,0.5,0.7,1,5,7,10 and 15 bars. The moisture retained by 

the three texturally different soils at various suctions is presented in the figure 1. 

 

   The soil moisture retention characteristics revealed that the clayey soils (fig.1.a) retained 

the soil moisture from 63% to 71% at 0 bar matric suction. The lowest moisture content was 63% 

in T1 treatment where no aquasorb was added to the soil. The moisture retention increased with 

the increase in the aquasorb doses from 10kg/ha (T2) to 50kg/ha (T6). The highest moisture 

retention of 70.89% was recorded under the treatment T6 followed by 69.92%, 67.51%, 65.57%, 
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and 66.14% under T5, T4, T3 and T2 treatments, respectively, which is higher than control 

(63.35%). At 0.1 bar matric suction, the moisture retention in clayey soils was higher in the 

aquasorb treated samples, but the moisture retention was relatively less than that at 0 bar. The 

moisture retention was minimum in T1 (35.54 %) and increased with the increasing levels of the 

aquasorb application up to 40% (T6). At field capacity (0.3 bar), there was slight increase in the 

moisture retention with increase in the aquasorb levels but this increase was less than 1%. At 0.7 

and 1 bar matric suction, almost similar trend was observed as in the case of 0.3 bar. After 1 bar 

matric suction, the moisture retention at different suctions upto 15 bars remained unaffected due 

to aquasorb applications. There was no change in moisture retention with increasing levels of 

aquasorb. Beyond 1 bar matric suction, the soil moisture retention remained around 21%.  

 

In sandy loam soils, the soil moisture retention, as per its characteristics (fig.1.b), was 

much less than clayey soils. At 0 bar matric suction, the soil moisture retention varied from 32% 

to 38% with increase in the aquasorb doses. At 0.3 bar the moisture retention slightly increased 

with increase in the aquasorb doses but the variation was in the range of 1%. The moisture 

content at 0.3 bar varied from 6.56% to 7.7%. Same was the trend at 0.5 bars upto 1 bar with 

overall moisture retention slightly less than that under 0.3 bars. Beyond 1 bar, the moisture 

retention did not vary with increase in the aquasorb dose and the moisture content remained in 

the range of 2%-3% upto 15 bars.  

 

In silty clay loam soils the soil moisture retention (fig.1.c) at 0 bar varied from 51.5% 

(T1) to 62 % (T5). At 0.1 bar, the moisture content varied from 28.6% (T1) to 30.72 % (T5). Same 

was the trend in moisture retention upto 1 bar matric suction where the moisture content went on 

decreasing with increasing matric suction. Beyond the matric suction of 1 bar up to 15 bars, there 

was no variation in soil moisture retention and the moisture content remained around 13% by 

weight.  

 

A perusal of the data of all the three soil types, indicate that the water availability is 

augmented by aquasorb to variable degrees between 0.3 and 1 bar which is a narrow range 

especially for rainfed crops where the irrigation water is scarce and a farmer may re-irrigate the 

crops even at 10 bar moisture content.  
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Figure 1.  Soil moisture retention with different levels of aquasorb application in 

(a) Clayey soils; (b) Sandy Loam soils and; (c) Silty Clay Loam soils, 

                under different matric suctions. 
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 Field Experiments 

The field experiment under the project was conducted for 2 years i.e. 2016-17 and 2017-

18 for both the kharif and rabi seasons at ICAR- Indian Institute of Soil Science, Bhopal. The 

hydrogel “Aquasorb” was applied in crystalline form along the rows of the soybean crop and in 

tomato the aquasorb was applied in gel form. The treatment details and results of the experiment 

are given below.  

 

 

A. Soybean Crop (2016-17 and 2017-18) 

 

Experiment 2. The effect of graded doses of Aquasorb application on water use efficiency 

and crop yields of soybean and tomato in selected soils. 

The experimental soil of the field is a Typic Haplustert having sand, silt and clay content 

of 20, 22 and 58 %, respectively. The initial soil properties that were recorded are, pH (7.7), EC 

(0.174 dsm-1), OC (0.44%), available N (200.3 kg ha-1), available P (36.6 kg ha-1), and available 

K (558 kg ha-1). The soils are characteristically of swell and shrink nature and hence desiccate 

very fast after cessation of the rain / irrigation and that is why the water management remains a 

challenge in the soils especially during the rabi crops. 

The field experiment was on soybean conducted with four aquasorb treatments (table 1.) 

viz., T1 (No Aquasorb), T2 (20 kg ha-1 Aquasorb), T3 (30 kg ha-1 Aquasorb), and T4 (40 kg ha-1 

Aquasorb) in randomized block design (RBD) with nine replications. The plot size of experiment 

was 3x2 (6 m2). The recommended dose of fertilizers (RDF) for soybean was 30:60:30 kg ha-1 

(N: P2O5 :K2O). The fertilizer dose was applied uniformly in all the plots of experiment. The 

Aqusorb was applied in the rows below the soybean seeds. 

 

In the year 2016 the soybean (variety JS: 9560) was sown on 15th July and harvesting on 

15th October. However, in the year 2017 soybean (variety JS: 9560) was sown on 28th June and 

harvested on 4th October.  
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Table 1. Treatment details of soybean crop (kharif season) 

 

 

 

 

 

The rainfall data of both the years (fig. 2a and 2b) shows the distribution and amount of 

every single event during the growth periods of the soybean. During 2016 there were only three 

events of more than 100 mm rainfall and majority of the events recorded the rainfall of less than 

40mm. During the kharif 2017 five events of high rainfall between 40-90 mm were recorded. 

However like the previous year, most of the events recorded rainfall less than 40mm. In general, 

the rainfall was distributed normally throughout the growth period of soybean with few 

exceptions of some dry spells and some excessive downpours.  
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Fig.2: Rainfall distribution during Kharif season of year 2016 (a) and 2017 (b). 

 

Results  

Growth and yield parameters 

  The biometric and the yield parameters of soybean viz. number of nodules/plant, number 

of pods/plant, number of grains/plant, grain yield /ha and the biomass yield/ha recorded during 

two years are presented in the table 2 and table 3. The number of nodules/plant in the year 2017-

18, varied significantly unlike that in the year 2016-17. Here, the application of the 40kg/ha of 

aquasorb recorded significantly higher number of nodules (61) when compared with the 

treatment having no aquasorb application (50). The mean values of two years for the number of 

nodules/plant generally increased from 49.5 (T1) to 51, 54 and 57 in T2, T3 and T4, respectively. 

In the year 2016-17, the pods/plant did not vary significantly with aquasorb dose. In the 

year 2017-18, the number of pods/plant varied significantly among the Aquasorb treatments, 

however this variation did not follow any specific trend. The mean values of the number of 

pods/plant averaged over the 2 years, were higher in aquasorb treated plots than the control, but 

did not follow the increasing trend with increasing dose of Aquasorb.  
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The number of grains/plant in both the years did not show any significant variation due to 

aquasorb treatment. However the mean values averaged over the two years followed an 

increasing trend with increase in aquasorb dose but without statistical significance. 

 

Table 2. Growth, parameters of Soybean under different Aquasorb doses. 

Treatments Nodules plant-1 Pods plant-1 Grains plant-1 

2016-17 2017-18 Mean 2016-17 2017-18 Mean 2016-17 2017-18 Mean 

T1 (0) 48.9 50 49.5 15.3 19 17.2 26 20 23.0 

T2 (20) 50.0 52 51.0 17.2 30 23.6 30 22 26.0 

T3 (30) 50.9 57 54.0 20.2 24 22.1 31 25 28.0 

T4 (40) 53.1 61 57.1 20.6 23 21.8 34 28 31.0 

CD (0.05) NS 7.98  NS 3.3  NS NS  

 

The biomass and grain yield obtained during the two years of experiment are presented in 

the table 3. The soybean grain yield during 2016-17 did not show any statistically significant 

variation due to aquasorb treatments. However, the yield increased to certain extent with increase 

in aquasorb dose. In the year 2017-18, the soybean yield under the treatment T3 was significantly 

higher (681 kg/ha) in comparison to the control (574 kg/ha). The 2 year mean yield of soybean 

showed increase in yield with increase in the aquasorb doses although it decreased under the T4 

treatment in comparison to T2 and T3. 

    

 The biomass yield varied significantly in both the years. In the first year (2016-17) the 

biomass yield varied significantly with increase in aquasorb doses,  the values being  2013, 2517, 

2816 and 3076 kg/ha under T1, T2,T3 and T4, respectively. In the second year (2017-18) the 

biomass yield under the treatment T3 and T4 (2714 and 2717 kg/ha) was significantly higher than 

control (2353 kg/ha). The mean values of the biomass yield averaged over 2 years  also indicated 

an increase in biomass yield of soybean with increase in the aquasorb doses from T1 to T4, the 

values being 2183, 2540, 2765 and 2896 kg/ha under T1,T2,T3 and T4, respectively. 
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                   Plate 1: Soil moisture sampling in soybean crop 2017 during dry spells. 
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Table 3. Yield parameters and yield of Soybean under different Aquasorb doses. 

Aquasorb 

doses, kg/ ha 

Grain yield (kg/ha) Biomass yield 

(kg/ha) 

 2016-17 2017-18 Mean 2016-17 2017-18 Mean 

T1 (0) 842 574 708.4 2013 2353 2183.0 

T2 (20) 969 630 799.5 2517 2563 2540.0 

T3 (30) 948 681 814.5 2816 2714 2765.0 

T4 (40) 985 584 784.5 3076 2717 2896.5 

CD (0.05) NS 64.5  242.37 287  

 

Soil moisture content 

During the soybean growth, in both the years, few dry spells were observed and the soil 

moisture during these spells was determine and is presented in the fig.3. The idea was to 

ascertain the level of soil moisture maintained by aquasorb application. In the year 2016, it was 

observed that during the dry periods and at the time of harvest of soybean, the soil moisture 

content was relatively higher (only by 0.5-1.5%) in aquasorb treatments than control. In the year 

2017 the soil moisture was recorded on 14th August and 4th October. On 14th August the moisture 

content decreased with the increase in aquasorb doses. In October 2017, after the recession of the 

monsoon the moisture content under T3 and T4 treatments was slightly higher than control but 

there was not much variation. 
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Fig.3. Soil moisture content during dry periods of soybean growth in 2016(a) and 2017(b) under 

different doses of Aquasorb.  

 

 

 

Experiment 3: Effect of graded doses of Aquasorb application on water and 

nutrient absorption and release in selected soils. 

 

A field experiment was initiated from 2016-17 and continued during 2017-18 to evaluate 

the effect of graded doses of aquasorb application on water and nutrient application in soybean– 

potato cropping sequence at Research Farm of ICAR-IISS, Bhopal, India. The soil of the 

experiment site was a deep heavy clayey in texture and slightly alkaline in reaction with pH 7.7 

(using 1:2.5, soil: water suspension).  Soil is having the electrical conductivity (EC) 0.174 dsm-1, 

soil organic carbon (SOC) 0.44%, available N 200.3 kg ha-1, available P 36.6 kg ha-1 and 

available K 558 kg ha-1, respectively. The experiment was laid out with 12 treatments in 

randomized block design (RBD) for soybean and potato crop with three replications. Fertilizers 

were applied as per treatments details (Table 4). 

 

0.00

5.00

10.00

15.00

20.00

25.00

14/08/2017 04/10/2017

T1

T2

T3

T4

M
o

is
tu

r
e 

re
te

n
ti

o
n

 b
y

 V
o

l.
(%

)

Dates of Soil Sampling

b.  2017



14 
 

Table 4.   Treatment details of Soybean crop (kharif season) 

T1  Control (no aquasorb) without fertilizer   

T2  20 kg ha-1 aquasorb without fertilizer   

T3  40 kg ha-1 aquasorb without fertilizer   

T4  T1+ 50 % RDF* 

T5  T2+ 50 % RDF 

T6 T3+ 50 % RDF 

T7  T1+ 100 % RDF 

T8  T2+ 100 % RDF 

T9  T3+ 100 % RDF 

T10  T1+ 150 % RDF 

T11 T2+ 150 % RDF 

T12 T3+ 150 % RDF 

  *= RDF: Recommended dose of fertilizer. 

 

 

Results 

Growth and yield parameters 

The growth and yield attributing parameters of soybean crop as influenced with the 

application of different treatment combinations are presented in table 5. The number of nodules 

per plant varied among the treatments. Application of 40 kg ha-1 of aquasorb recorded 

significantly higher number of nodules per plant in comparison to no aquasorb when no fertilizer 

was applied (T1-T3) during both years. At 100% recommended dose of fertilizers (RDF) of the 

crop recorded significant increase in nodule number in combination of 40 kg/ha aquasorb 

application as compared to no aquasorb application during both years (2016-17 and 2017-18). At 

other levels of nutrient doses there was no significant change in nodule number of the soybean 

plant with change in aquasorb doses.  

 

The yield parameters like pods and grain did not show any significant variations among 

the treatments involving various combinations of nutrients and aquasorb during first year (2016-

17). However, during second year (2017-18) pods and grains were significantly influenced with 

applied treatment combinations in soybean crop when compared to T1.  The pods and grains did 

not increase significantly with the application of 100% RDF in combination of aquasorb @ 20 

and 40 kg/ha respectively (T8 and T9), as compared to no fertilizer/ no aquasorb application.  
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Table 5. Growth and yield attributes of soybean influenced by varying level of aquasorb 

doses and nutrient application. 

 

The grain and biomass yield of soybean was significantly influenced (Table 6) by 

application of treatments during 2016-17. But in the year 2017-18 there was no significant 

variation due to aquasorb doses with fertilizer levels except T1 to T3 where no fertilizer was 

added  The highest grain yield (993 kg ha-1) was observed with the application of aquasorb @ 40 

kg/ha in combination of 100% RDF application followed by T6, T8 and T11 during 2016-17, 

however, second year (2017-18) experimental data showed that the highest grain yield was 

observed with the application of aquasorb @ 40 kg/ha in combination of 150% RDF followed by 

T11 and T6 and T8 (Table 6). 

 Further, result revealed that the application of different doses of nutrients (RDF - 50, 100 

and 150 %) and aquasorb doses (0, 20 and 40 kg ha-1) brought no clear cut effect on grain yield 

during both years. The application of aquasorb at 40 kg ha-1 recorded highest total biomass yield 

followed by application of 40 kg ha-1 aquasorb in combination of 150% nutrient dose as 

compared to remaining treatment levels. However, during second year (2017-18), the highest 

biomass yield was observed with the application of 40 kg ha-1 aquasorb in combination of 100% 

nutrient dose followed by 20 kg ha-1 aquasorb in combination of 150% nutrient dose (RDF) 

(Table 6). Overall, there was no clear cut response with respect to grain yield and total biomass 

yield with different levels of fertilizer and aquasorb dose during both the years.  

 

Treatments 

Nodules plant-1 Pods  plant-1 Grains  plant-1 

2016-17 2017-18 Mean 2016-17 2017-18 Mean 2016-17 2017-18 Mean 

T1 (0 kg ha-1 aqua) 26 22 24.2 15 24 19.3 31 26 28.6 

T2 (20 kg ha-1 aqua) 29 26 27.5 17 28 22.3 38 27 32.7 

T3 (40 kg ha-1 aqua) 38 30 34.1 16 26 21.0 40 33 36.4 

T4 (T1 + 50%  RDF) 32 31 31.4 15 32 23.5 30 32 30.8 

T5 (T2 + 50%  RDF) 29 28 28.7 15 33 24.0 35 30 32.6 

T6 (T3 + 50% RDF) 30 27 28.7 16 33 24.7 32 36 33.9 

T7 (T1 +100% RDF) 27 30 28.6 17 35 25.8 39 38 38.6 

T8 (T2 +100% RDF) 35 32 33.6 17 39 27.9 35 41 37.8 

T9 (T3 +100% RDF) 35 35 35.1 21 38 29.3 42 38 39.8 

T10 (T1+150% RDF) 30 30 30.1 18 32 25.1 37 35 35.8 

T11 (T2+150% RDF) 28 28 28.1 21 35 27.9 38 38 38.0 

T12 (T3+150% RDF) 27 31 29.2 19 33 26.0 36 38 36.9 

LSD (P=0.05) 6.8 5.03  NS 6.99  NS 6.71  
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Table 6. Growth and yield attributes of soybean influenced by varying level of aquasorb 

doses and nutrient application. 

 

 

 

Nutrient uptake 

Nutrient (N, P and K) uptake in soybean significantly varied with the application of 

different treatment combinations (Table 7). The nutrient uptake was computed from the 

respective concentration in the biomass and it was observed that the total N uptake varied from 

67-119 and 50-93 kg ha-1 during 2016-17 and 2017-18 respectively. At 50% RDF level no 

significant difference was observed with increase in aquasorb dose during both years. However, 

at 100% RDF there was significant increase in total N uptake from 66.87 (T7) to 85.77 (T8) and 

finally to 101.07 (T9) as the aquasorb doses increased from 0 to 40 kg aquasorb/ha during first 

year. However, the mean value of the both years, the highest N uptake was noticed with the 

application of 100% RDF along with 40 kg ha-1 aquasorb and minimum uptake was observed 

with control plots where as no fertilizer and no aquasorb was applied. At 150% RDF no 

significant change in N uptake was observed with increase in aquasorb doses during both years.  

Treatment Grain yield ( kg ha-1 ) Biomass yield ( kg ha-1 ) 

 
2016-17 2017-18 Mean 2016-17 2017-18 Mean 

T1 (0 kg ha-1 aquasorb) 653 568 610.5 2234 1679 1956.4 

T2 (20 kg ha-1 aquasorb) 720 583 651.6 2364 1805 2084.7 

T3 (40  kg ha-1 aquasorb) 915 733 824.1 2903 2008 2455.8 

T4 (T1 + 50%  RDF) 872 779 825.5 2429 2333 2381.4 

T5 (T2 + 50%  RDF) 924 852 888.3 1963 2689 2325.8 

T6 (T3 + 50% RDF) 942 860 901.3 2081 2657 2369.1 

T7 (T1 + 100% RDF) 831 789 810.3 1174 2777 1975.6 

T8 (T2 + 100% RDF) 926 817 871.8 1710 2854 2281.9 

T9 (T3 + 100% RDF) 993 839 916.0 2320 3130 2724.7 

T10 (T1 + 150% RDF) 788 811 799.4 2329 2722 2525.3 

T11 (T2 + 150% RDF) 933 879 906.1 2127 3005 2566.0 

T12 (T3 + 150% RDF) 898 852 875.0 2548 2781 2664.7 

LSD (P=0.05) 158.1 124.93 
 

390.9 304.6   
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Table 7. Nutrient uptake (kg/ha) by soybean under various doses of Aquasorb and 

nutrients.  
 

Treatment 

N Uptake P Uptake K Uptake 

2016-

17 

2017-

18 

Mean 2016-

17 

2017-

18 

Mean 2016-

17 

2017-

18 

Mean 

T1 (0) 77 50 63.14 8 6 6.7 41 24 33.0 

T2(20) 98 61 79.30 8 5 6.6 44 26 34.9 

T3 (40) 119 68 93.69 9 6 7.2 51 28 39.3 

T4 (0+50%) 94 70 82.04 7 5 6.2 45 32 38.4 

T5 (20+50%) 92 85 88.54 8 7 7.7 42 39 40.7 

T6(40+50%) 91 81 86.15 8 7 7.1 43 38 40.5 

T7 (0+100%) 67 84 75.44 6 8 7.1 28 38 32.8 

T8 (20+100%) 86 89 87.39 8 9 8.5 39 42 40.6 

T9 (40+100%) 101 93 97.19 11 9 10.0 43 40 41.4 

T10(0+150%) 89 81 84.97 8 7 7.6 41 36 38.5 

T11 (20+150%) 92 91 91.34 10 10 10.2 41 40 40.7 

T12 (40+150%) 105 88 96.40 9 8 8.7 48 39 43.2 

LSD (P=0.05) 15.89 12.1  1.74 1.07  6.70 3.38  
 

The P uptake recorded significant increase with increase in aquasorb only at 150 % RDF 

level, the values being 6.41 (T7-no aquasorb), 8.42 (T8 +20 kg ha-1 aquasorb), 10.58 (T9+ 40 kg 

ha-1 aquasorb) during 2016-17 and similar results were also noticed during 23017-18. At the 

other levels of nutrients, no significant changes were seen in total P uptake during both the years. 

Similarly, total K uptake showed significant change at 100% RDF level with aquasorb. However 

even at 150% RDF level, 40 kg ha-1 aquasorb recorded a significant change in total K uptake 

from 40.79 (T10 + no aquasorb) to 47.65 kg ha-1 (T12) during first year. Further results revealed 

that the highest K uptake was noticed with the application of aquasorb @ 20 kg/ha in 

combination of 100% RDF application (T9) followed by aquasorb @ 40 kg/ha in combination of 

100% RDF application (T8) and only 100% NPK whereas no aquasorb was applied (T7) during 

2017-18. 

 

Soil chemical properties  

The  soil chemical properties like soil pH, soil electrical conductivity (EC), soil organic 

carbon (SOC) and soil available N, P, K were determined after harvest of soybean during both 

years and are presented in the table 8 and 9. The soil pH and soil organic carbon (SOC) after 
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harvest of soybean did not showed any significant difference with various combinations of 

nutrients and aquasorb doses during 2016-17 and 2017-18. However, the soil electrical 

conductivity (EC) (dS m-1) in general decreased with increase in aquasorb doses up to 50% level 

of RDF during both years.  At 100% and 150% RDF level there was no significant difference in 

EC with increase in aquasorb dose during both years.   

 

Table 8. Soil chemical properties influenced by the various graded doses of Aquasorb  and 

nutrient applications. 

 

The available soil nutrient i.e. N, P and K status were also analyzed during both the years. 

The soil available soil N were differed with the application of different treatment combinations 

during both the years and  the  highest available  soil N was noticed with the application of 150% 

RDF in combination of 20 kg ha-1 aquasorb and minimum soil N was observed whereas no 

aquasorb and no fertilizer was applied during both years (Table 9).  

The application of 100% RDF in combination of 20 and 40 kg ha–1 aquasorb also 

improved the available N in soil during both years (Table 9). Similarly available P was also 

analyzed during both years and the highest soil P was noticed with the application of 150% RDF 

in combination of 40 kg ha-1 aquasorb and followed by 150% RDF in combination of 20 kg ha-1 

aquasorb during both the years (Table 9).   In case of available K there was no significant change 

at 50% and 150% RDF. However, at 100% level of RDF the available K values significantly 

 

Treatment 

Soil pH EC  (dS m-1) OC (%) 

2016

-17 

2017-

18 

mean 2016-

17 

2017-

18 

mean 2016

-17 

2017-

18 

mean 

T1 (0  kg ha-1 aquasorb) 8.07 7.92 7.995 0.177 0.171 0.174 0.50 0.44 0.47 

T2 (20 kg ha-1 aquasorb) 7.99 7.85 7.92 0.172 0.162 0.167 0.54 0.48 0.51 

T3 (40 kg ha-1 aquasorb) 8.18 8.22 8.2 0.141 0.154 0.148 0.55 0.52 0.535 

T4 (T1+50%  RDF) 8.08 8.10 8.09 0.180 0.178 0.179 0.50 0.48 0.49 

T5 (T2+50%  RDF) 8.11 8.17 8.14 0.131 0.138 0.135 0.54 0.51 0.525 

T6 (T3+50% RDF) 8.16 8.20 8.18 0.141 0.151 0.146 0.52 0.49 0.505 

T7 (T1+100% RDF) 8.20 8.27 8.235 0.131 0.139 0.135 0.55 0.53 0.54 

T8 (T2+100% RDF) 8.10 8.20 8.15 0.141 0.148 0.145 0.49 0.47 0.48 

T9 (T3+100% RDF) 8.17 8.14 8.155 0.138 0.152 0.145 0.58 0.55 0.565 

T10 (T1+150% RDF) 8.08 8.25 8.165 0.140 0.140 0.140 0.53 0.50 0.515 

T11 (T2+150% RDF) 8.12 8.09 8.105 0.131 0.144 0.138 0.60 0.58 0.59 

T12 (T3+150% RDF) 8.15 8.29 8.22 0.150 0.163 0.157 0.56 0.53 0.545 

LSD (P=0.05) NS NS  0.021 0.017  NS NS  
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increased from 448.9 kg ha-1 (no aquasorb) to 492.2 kg ha-1 (20 kg ha-1 aquasorb) and further to 

522.9 kg (40 kg ha-1 aquasorb) during 2016-17 and similar trend were also followed in 2017-18 

(Table 9). 

 

Table 9. Soil nutrient content influenced by the various graded doses of aquasorb and 

nutrient applications. 

 

 

Nutrient use efficiencies (NUE) of soybean  

The agronomic nitrogen use efficiency in soybean 2016-17 and 2017-18 computed after 

harvest of the crop (Table 10) reveled that there is marginal increase in the NUE at all the 3 

levels of RDF with increase in at application of aquasorb doses during 2016-17 and 2017-18. At 

50% RDF levels the NUE increased from 14 kg grain kg N -1 applied (without aquasorb) to 18 kg 

grain kg N -1 applied (at 20 kg aquasorb ha-1) and further to 18.4 kg grain kg N -1 applied at 40 kg 

aquasorb applied during 2016-17.  In similar, during 2017-18, the N use efficiency was also 

increased with 50% RDF levels.  However, The NUE decreased at 100% RDF and further at 

150% RDF, in comparison to 50% RDF during both the years. At 100% RDF the NUE increased 

from 5.6 kg/ kg N applied to 8.1 kg/ kg N applied and further to 10.1 kg grain kg N -1 applied 

with 0, 20 and 40 kg aquasorb ha-1, respectively in 2016-17. Similarly, the NUE further 

decreased at 150% RDF level from 3.1 kg grain kg N -1 applied to 6.3 kg grain kg N -1 applied 

Treatment 

Avail N( kg ha-1 ) Avail P( kg ha-1 ) Avail K( kg ha-1 ) 

2016-

17 

2017-

18 

Mean 2016-

17 

2017-

18 

Mean 2016

-17 

2017-

18 

Mean 

T1 (0 kg ha-1aquasorb) 2 1 5 . 3 183.4 199.4 18.03 17.38 17.7 427.5 401.0 414.3 

T2 (20 kg ha-1aquasorb) 2 0 4 . 9 208.4 206.7 20.97 23.26 22.1 458.8 408.2 433.5 

T3 (40 kg ha-aquasorb) 2 1 7 . 4 207.0 212.2 20.13 25.10 22.6 446.7 436.9 441.8 

T4 (T1+50%  RDF) 2 0 7 . 4 201.7 204.6 24.80 26.28 25.5 464.9 461.4 463.2 

T5 (T2+50%  RDF) 2 1 8 . 6 232.1 225.4 23.63 22.07 22.9 444.7 410.2 427.5 

T6 (T3+50% RDF) 2 3 3 . 2 222.1 227.7 27.63 26.36 27.0 500.4 473.0 486.7 

T7 (T1+100% RDF) 2 1 5 . 3 204.9 210.1 19.40 25.09 22.2 448.9 439.4 444.2 

T8 (T2+100% RDF) 2 4 0 . 8 238.2 239.5 22.87 23.38 23.1 492.2 450.6 471.4 

T9 (T3+100% RDF) 2 5 3 . 2 233.3 243.3 30.97 29.16 30.1 522.9 492.5 507.7 

T10 (T1+150% RDF) 2 3 3 . 1 212.0 222.6 24.57 23.25 23.9 476.3 442.0 459.2 

T11 (T2+150% RDF) 2 7 3 . 8 253.0 263.4 28.37 26.85 27.6 510.3 421.9 466.1 

T12 (T3+150% RDF) 2 5 6 . 5 227.9 242.2 31.77 30.40 31.1 493.6 451.0 472.3 

LSD (P=0.05) 2 1 . 9 2 0 . 2  4 . 9 9 3 . 9 2  3 7 . 6 33.6 
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and to 5.1 kg grain kg N -1 applied under 0, 20 and 40 kg ha-1aquasorb, respectively. Similar 

results were also observed in 2017-18 (Table 10). It is worth mentioning here that the data of this 

table was not statistically analyzed due to first three treatments being treated as control for rest of 

the 9 treatments. Therefore it is apprehended that the difference in the NUE values may or may 

not be significant. 

 

Table 10. Agronomic N use efficiency in soybean influenced by the by the various graded    

doses of Aquasorb and nutrient applications. 

Treatment kg grain kg-1 N  applied 

2016-17 2017-18 Mean 

T1 (0  kg ha-1 aquasorb) 0.0 0.0 0.0 

T2 (20  kg ha-1 aquasorb) 0.0 0.0 0.0 

T3 (40  kg ha-1 aquasorb) 0.0 0.0 0.0 

T4 (T1+50%  RDF) 14.0 14.04 14.02 

T5  (T2+50% RDF) 18.0 18.93 18.47 

T6 (T3+50% RDF) 18.4 19.47 18.94 

T7 (T1+100% RDF) 5.6 7.37 6.49 

T8 (T2+100% RDF) 8.1 8.30 8.20 

T9 (T3+100% RDF) 10.1 9.02 9.56 

T10  (T1+150% RDF) 3.1 5.39 4.25 

T11 (T2+150% RDF) 6.3 6.91 6.61 

T12 (T3+150% RDF) 5.1 6.30 5.70 

 

Besides N use efficiency, the P and K use efficiencies were also determined during both 

years (Table 11 and 12).  Results revealed that the highest P and K use efficiencies were noticed 

with the application of 50% RDF along with the different doses of aquasorb during both the 

years. Among the different doses of aquasorb, 40 kg ha-1aquasorb along with 50% RDF recorded 

the highest P (mean value 9.69 kg grain kg-1 P applied) and K (mean value 19.39 kg grain kg-1 K 

applied) uses efficiencies in soybean. However, the minimum P and K use efficiencies were 

noticed with the application of highest levels of nutrients levels i.e. 150% NPK levels. The 

application of 100% NPK along the different doses of aquasorb, also observed the lower values 

of P and K use efficiencies in soybean crop during both years (Table 11 and 12). Therefore, it is 

clear that there is no significant effect of the application of differed levels of aquasorb in 

soybean.  
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Table 11. Agronomic P use efficiency in soybean influenced by the by the various graded 

doses of Aquasorb and nutrient applications. 

 

Treatment kg grain kg-1 P  applied 

2016-17 2017-18 Mean 

T1 (0  kg ha-1 aquasorb) 0.0 0.0 0.0 

T2 (20  kg ha-1 aquasorb) 0.0 0.0 0.0 

T3 (40  kg ha-1 aquasorb) 0.0 0.0 0.0 

T4 (T1+50%  RDF) 7.31 7.02 7.165 

T5  (T2+50% RDF) 9.06 9.46 9.26 

T6 (T3+50% RDF) 9.65 9.73 9.69 

T7 (T1+100% RDF) 2.97 3.69 3.33 

T8 (T2+100% RDF) 4.56 4.15 4.355 

T9 (T3+100% RDF) 5.67 4.51 5.09 

T10  (T1+150% RDF) 1.50 2.70 2.1 

T11 (T2+150% RDF) 3.11 3.46 3.285 

T12 (T3+150% RDF) 2.73 3.15 2.94 

 

 

Table 12. Agronomic K use efficiency in soybean influenced by the by the various graded 

doses of Aquasorb and nutrient applications. 

Treatment kg grain kg K -1 applied 

2016-17 2017-18 Mean 

T1 (0  kg ha-1 aquasorb) 0.0 0.0 0.0 

T2 (20  kg ha-1 aquasorb) 0.0 0.0 0.0 

T3 (40  kg ha-1 aquasorb) 0.0 0.0 0.0 

T4 (T1+50%  RDF) 14.62 14.04 14.33 

T5  (T2+50% RDF) 18.11 18.93 18.52 

T6 (T3+50% RDF) 19.31 19.47 19.39 

T7 (T1+100% RDF) 5.95 7.37 6.66 

T8 (T2+100% RDF) 9.12 8.30 8.71 

T9 (T3+100% RDF) 11.34 9.02 10.18 

T10  (T1+150% RDF) 3.00 5.39 4.195 

T11 (T2+150% RDF) 6.22 6.91 6.565 

T12 (T3+150% RDF) 5.46 6.30 5.88 
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B.  Tomato Crop (2016-17 and 2017-18) 

 

Experiment 2: The effect of graded doses of Aquasorb application on water use    

efficiency and crop yield of soybean and tomato crops in selected soils. 

 

 The tomato crop was grown subsequent to soybean crop in both the years. The tomato 

variety ‘Laxmi’ was grown in three type of soils viz. clay, silty clay loam and sandy loam soils. 

The silty clay loam soils were procured from Palampur, district Kangra of Himachal Pradesh and 

the sandy loam soils from PAU Ludhiana. In both, the silty clay loam and sandy loam, soils the 

tomato was grown in the pot experiment. However the field experiment was conducted on clayey 

soils of IISS-BHOPAL. In both, the pot and field experiment, the treatments were imposed as 

given in the table 13 below.    

 

Table 13. Treatment details of tomato crop. 

 

 

 

 

 

 

 

 

 

 

Field Experiment on Tomato. 

  The tomato seedlings were transplanted on 11-11-2016 and 28-11-2017 in both the years 

with recommended dose of fertilizer as per the treatments given in the table 13. The main plot 

treatments comprised of three irrigation levels viz. I1 (10 days interval), I2 (20 days interval), and 

I3 (30 days interval). The sub plot treatments comprised of four aquasorb doses viz. T1 (control), 

T2 (Root coating of tomato seedling with aquasorb-gel), T3 (T2 +25g aquasorb-gel/planting-hole  

Main Plot Treatments: 3 irrigation levels  

     I1= 10 days interval 

     I2= 20 days interval 

     I3= 30 days interval 

Sub Plot Treatments: 4 aquasorb rate 

     T1 = No Aquasorb (Control) 

     T2 = Root coating of tomato seedling with  aquasorb-gel 

     T3 =   Root coating of tomato seedling with  aquasorb-gel 

     T4 =  T2 +50g  aquasorb-gel/planting-hole at transplanting 
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  Plate 2: Nursery raising and treatment imposition at the time of tomato transplanting. 

 



24 
 

at transplanting), and T4 (T2 +50g aquasorb-gel/planting-hole at transplanting). The plot size was 

maintained at 3mx2m and experiment was replicated thrice in a split plot design. The growth and 

yield parameters of tomato such as plant height, number of primary branches and fruit yield were 

recorded during both the years, and the averaged values of two years are presented in the table 14          

to 19. Immediately after transplanting, lives saving irrigations with hand held water fountain pot 

were given for few days till the seedlings stood erect. After the tomato plant grew to one foot 

height, each plant was supported with 1 m high wooden stick. The number of primary 

branches/plant and the plant height were recorded at reproductive stage of the crop.  

 The first fruit picking of tomato was done on 20-2-2017 and 22-3-2018 and continued till 

3-5-2017 and 1-6-2018 during the two years, respectively. In total 17 to 24 pickings were done 

and summed up to get final fruit yield of tomato crop. The yield was then converted from kg/plot 

to tons/ha.      

 

Results  

Growth and yield parameters   

The plant height of tomato (cm) in 2016-17 (table 14) significantly varied among the 

irrigation levels, the values being 70.4 (I3), 78 (I2), and 74 (I1). The I2 treatment recorded highest 

plant height followed by I1 and I3. In general the plant height varied from 66.5 to 82.17 cms 

across irrigation and aquasorb levels. Among the different levels of aquasorb, only the treatment 

T3,  having seedling  root coating with gel plus 25g aquasorb gel/planting hole, recorded 

significantly more plant height in comparison to control. Other two treatments (T2 and T4) did 

not show significant change when compared to control and T3.  

 

Table 14.  The plant height of tomato affected by irrigation and Aquasorb treatment (2016-17). 

Irrigation T1 T2 T3 T4 Mean 

I1 72.4 73.1 76.3 74.4 74.0 

I2 74.1 75.0 80.7 82.1 78.0 

I3 70.7 72.7 71.9 66.5 70.4 

Mean 72.4 73.6 76.3 74.3  
CD (0.05) Irrigation = 6.7    Aquasorb =3.04        IxA = 5.26 

 

In the year 2017-18 the maximum height of tomato (table 15) was recorded in I3 (74.86 cm), 

which is higher than I1 and I2 Irrigation levels. However, the values did not show significant 
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variation among I1, I2 and I3. The aquasorb treatments also did not show significant change with 

increase in the aquasorb doses. Here the plant height decreased from 77.18 cm (T1) to 67.67 cm 

(T4).   

Table 15. The plant height of tomato affected by irrigation and Aquasorb treatment (2017-18). 

Irrigation T1 T2 T3 T4 Mean 

I1 60.78 69.00 67.67 66.56 66.00 

I2 66.33 68.89 67.00 75.44 69.42 

I3 104.43 67.67 66.33 61.00 74.86 

Mean 77.18 68.52 67.00 67.67 
 

CD (0.05) Irrigation = NS           Aquasorb =NS,           IxA = NS 

 

The number of primary branches of tomato in 2016-17 varied from 7 to 15 (table 16). 

The mean value of primary branches significantly varied with irrigation levels, the highest values 

being 13.86 (I1) followed by 9.23 (I2) and 7.39 (I3) respectively. However, with increase in the 

aquasorb doses, no significant increase was recorded in the number of primary branches, 

although there was slight increase in values with increase in aquasorb doses. 

 The number of primary branches in 2017-18 varied from 11 to 13, but the mean value 

across the irrigation levels and across the aquasorb treatments did not show any significant 

change statistically (table 17).  

 

Table 16. The number of primary branches of tomato (2016-17).  

Irrigation T1 T2 T3 T4 Mean 

I1 12.53 12.93 14.67 15.30 13.86 

I2 7.80 9.33 8.87 11.27 9.32 

I3 6.53 8.27 8.00 6.77 7.39 

Mean 8.96 10.18 10.51 11.11  
CD (0.05) Irrigation = 3.09        Aqua=NS              IxA =NS 

 

Table 17. The number of primary branches of tomato (2017-18).  

Irrigation T1 T2 T3 T4 Mean 

I1 10.78 11.11 11.22 12.00 11.28 

I2 11.22 11.78 10.67 12.00 11.42 

I3 11.56 12.78 12.22 11.44 12.00 

Mean 11.19 11.89 11.37 11.81  
CD (0.05) Irrigation =  NS      Aqua=  NS            IxA = NS 
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Plate 3: Glimpses of the tomato crop at reproductive stage with varying aquasorb doses. 
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The fruit yield of tomato in 2016-17 (table 18) was recorded in the range of 90.30 to 

146.49 tones ha-1. There was a significant increase in the yield from I3 (102.6) tones/ha to I1 

(131.62) tones ha-1. The tomato fruit yield at I1 (irrigation at 10 days interval) was significantly 

higher than I3 (irrigation at 30 days interval).  With increase in the aquasorb doses there was 

slight increase in the fruit yield of tomato but the increase was not statistically significant. The 

highest fruit yield of tomato across aquasorb treatments was observed under T4, T1, T2 and T1.  

 

Table 18. The Fruit Yield of tomato in tonnes ha-1 (2016-17)  

Irrigation T1 T2 T3 T4 Mean 

I1 134.47 122.00 123.53 146.49 131.62 

I2 90.30 117.39 99.75 124.18 107.90 

I3 104.43 98.29 113.01 94.65 102.60 

Mean 109.73 112.56 112.10 121.77  
CD (0.05) Irrigation = 28.68        Aqua=NS          IxA = 27.36 

 

In the year 2017-18 the fruit yield of tomato (table 19) showed a significant change with 

irrigation level. The highest fruit yield of 146.43 tons/ha was recorded under I1, where the 

irrigation was repeated after every 10 days. It was followed by an yield of 90.45 tons/ha in I2, 

where the irrigation was given after every 20 days interval and I3 recorded the least quantity of 

fruit yield (57.04 tons/ha) where irrigation was applied at 1 month interval. There was no 

significant change in the fruit yield of tomato due to increase in the aquasorb doses.  

 

Table 19. The Fruit Yield of tomato in tonnes ha-1 (2017-18)  

Irrigation T1 T2 T3 T4 Mean 

I1 145.66 137.21 152.74 150.09 146.43 

I2 90.91 92.22 89.77 88.90 90.45 

I3 56.67 51.73 59.38 60.41 57.04 

Mean 97.75 93.72 100.63 99.80  
CD (0.05) Irrigation = 12.33         Aqua=NS          IxA = NS 

 

 

Water use efficiency (WUE). 

 The water use efficiency (WUE) recorded during 2016-17 expressed as unit weight of 

the ripened tomato fruits per unit of water applied in one hectare (kg ha-1 mm-1) is presented in 

the table 20. As far as the impact of irrigation level is concerned, the water use efficiency  
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Plate 4: Fruiting in the tomato field experiment. 
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significantly increased from 219.36 kg/ha/mm (I1-Irrigation at 10 days Interval) to 370.78 

kg/ha/mm (I2-Irrigation at 20 days Interval) and further to 512.99 kg/ha/mm (I3-Irrigation at 30 

days interval). No significant difference was observed between WUE values at I2 and I3-

irrigation levels. The WUE although showed an increasing trends with increase in aquasorb 

levels but statistically the increase was not significant. 

 

Table 20. The WUE (kg ha-1mm -1 water) of tomato (2016-17). 

Irrigation T1 T2 T3 T4 Mean 

I1 224.10 203.30 205.90 244.13 219.36 

I2 345.33 391.33 332.50 413.93 370.78 

I3 522.17 491.50 565.10 473.20 512.99 

Mean 363.87 362.04 367.83 377.09  

CD (0.05)  Irrigation =  143.8        Aquasorb=  NS       IxA = NS 

 

The water use efficiency of tomato crop in the year 2017-18 (table 21), increased 

significantly with irrigation levels from I1 (209.18 kg/ha/mm) to I2, (258.43 kg/ha/mm) but 

dropped at I3, level of irrigation (228.18 kg/ha/mm). With the increasing doses of aquasorb, no 

significant change was observed in the water use efficiency of tomato crop.  

 

Table 21. The Water Use Efficiency (kg/ha/mm) of  tomato (2017-18) 

Irrigation T1 T2 T3 T4 Mean 

I1 208.09 196.01 218.19 214.42 209.18 

I2 259.74 263.50 256.48 254.00 258.43 

I3 226.67 206.90 237.52 241.62 228.18 

Mean 231.50 222.14 237.40 236.68  
CD (0.05)                   Irrig. = 21.55               Aqua=NS                          IxA =NS 

 

 

Bulk Density 

The bulk density of soil after harvest of the 2016-17 tomato crop (table 22) did not record 

any significant change with increase in aquasorb level. However, among the irrigation 

treatments, the bulk density at I3 (1.24 Mg m-3) was significantly lower than the bulk density at I1 

(1.40 Mg m-3). The bulk density of I2 (1.28 Mg m-3) was also significantly lower than that of I1. 

However, the bulk density values between I2 and I3 had no significant difference.  
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Table 22. The Bulk Density of Soil after tomato harvest (2016-17). 

 

Table 23. The Bulk Density of Soil after tomato harvest (2017-18). 

Treatments T1 T2 T3 T4 Mean 

I1 1.36 1.34 1.29 1.34 1.33 

I2 1.43 1.35 1.38 1.29 1.36 

I3 1.38 1.36 1.34 1.39 1.37 

 1.39 1.35 1.34 1.34  

CD(0.05)              Irrigation = NS                  Aquasorb =NS            IxA = NS  

 

The bulk density of soil after harvest of the tomato crop of 2017-18 (table 23) did not 

show any significant change (neither with the irrigation levels nor with the variation in aquasorb 

doses). However, the general trend indicates a slight decrease in bulk density due to increase in 

the irrigation frequency. The bulk density values at the end of the second year crop cycle (after 

harvest of tomato) were recorded as 1.33 Mg m-3 under I1, 1.36 Mg m-3 under I2, and 1.37 Mg m-3 

under I3. The bulk density values with increase in the aquasorb doses did not change but there 

was decrease in bulk density from 1.39 Mg m-3 (T1 no aquasorb) to 1.34-1.35 Mg m-3 under T2, 

T3 and T4, treatments.  

 

 

Experiment 3: Effect of graded doses of Aquasorb application on water and nutrient 

absorption and release in selected soils. 

The tomato seedlings were transplanted on the dates as given in experiment No. 2, with 

variable doses of fertilizers viz., 50 %, 100% and 150% of RDF with three levels of aquasorb as 

per the treatment details (Table 24) during both years. The growth and yield attributes of tomato 

as influence by varying levels of aquasorb and nutrient applications were recorded. The growth 

parameters like plant height, number of primary branches/plant, number of fruits per plot, 

Irrigation T1 T2 T3 T4 Mean 

I1 1.40 1.38 1.41 1.40 1.40 

I2 1.33 1.24 1.25 1.30 1.28 

I3 1.24 1.21 1.27 1.24 1.24 

Mean 1.32 1.28 1.31 1.31  
CD (0.05)               Irrigation =   0.05             Aquasorb=  NS          IxA = NS 
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number of fruits per plant, weight of tomato fruit and yield of tomato fruit/ha were recorded at 

appropriate stages of the plant growth during both the years (2016-17 and 2017-18).  

 

Table 24. Treatment details of tomato crop. 

T1  Control (no Aquasorb) with no fertilizer   

T2  Root coating of seedling with aquasorb gel with no fertilizer   

T3  T2+ 50 gm of aquasorb gel/ plant at transplanting with no fertilizer   

T4  T1+ 50 % RDF 

T5   T2+ 50 % RDF 

T6 T3+ 50 % RDF 

T7  T1+ 100 % RDF 

T8  T2+ 100 % RDF 

T9  T3+ 100 % RDF 

T10  T1+ 150 % RDF 

T11 T2+ 150 % RDF 

T12 T3+ 150 % RDF 

    RDF= Recommended Dose of Fertilizer 

 

Growth and yield parameters 

Plant height, number of primary branches and the number of fruits in tomato were 

recorded under all combinations of nutrient levels and aquasorb doses during both the years i.e. 

2016-17 and 2017-18 (Table 25).  There were no significant effect of different fertilizer and 

aquasorb doses on plant height and number of primary branches/plant and number of fruits in 

tomato during first year. However, during second year (2017-18) the number of primary branch, 

number of fruits in tomato was significantly influenced by applied fertilizer and aquasorb levels. 

The highest number of primary branch (12.17) were observed with the application of 150 % RDF 

whereas number of fruits was noticed with the application of 50 gm of aquasorb gel/ plant at 

transplanting with 150% fertilizer  and root coating of seedling with aquasorb gel (T12). The 

mean values of number of fruits per plant varied from 46 to 71 (Table 25).  

 

Table 25. Growth attributes of tomato influenced by varying levels of Aquasorb and nutrients. 

Treatments  

 

Plant height  (cm) No. of Primary branch plant-1 No. of fruits plant-1   

2016-17 2017-18 Mean 2016-17 2017-18 Mean 2016-17 2017-18 Mean 

T1  62.1 63.7 62.9 7.20 8.40 7.80 54.1 39.0 46.6 

T2  65.9 70.3 68.1 8.13 10.13 9.13 63.9 39.7 51.8 

T3  66.5 63.3 64.9 6.93 9.23 8.08 49.8 40.7 45.3 

T4  70.2 70.7 70.5 7.67 10.53 9.10 62.5 51.7 57.1 

T5  64.2 62.3 63.3 7.60 9.00 8.30 69.7 44.0 56.9 

T6  68.5 67.3 67.9 7.20 9.20 8.20 68.4 53.0 60.7 
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The statistical analysis revealed that fruit size and yield of tomato did not show 

statistically significant change with application of different nutrient levels and aquasorb doses 

during first year (Table 26). While, during second year fruit weight and yield of tomato 

significant varied with the application of fertilizer and aquasorb levels but without any specific 

trend. The individual fruit weight (44.3 g) and yield of tomato (113.7 t ha-1) were significantly 

increased with the application of 150 % RDF along root coating of seedling with aquasorb gel + 

50 gm of aquasorb gel/ plant at transplanting as compared to remaining treatments (Table 26). 

The minimum weight and yield of tomato was noticed where as no fertilizer and aquasorb 

application 

Table 26. Yield attributes of tomato influenced by varying levels of Aquasorb and nutrients. 

 

 

T7  69.0 67.0 68.0 8.13 9.43 8.78 72.0 54.3 63.2 

T8  68.5 64.0 66.3 7.67 10.90 9.29 72.1 50.7 61.4 

T9  74.0 67.3 70.7 8.80 11.67 10.35 77.2 55.3 66.3 

T10  72.7 72.0 72.4 8.40 12.17 10.35 86.3 56.0 71.2 

T11  70.6 70.3 70.5 8.60 10.20 9.40 71.1 51.7 61.4 

T12  67.1 68.3 67.7 8.60 10.50 9.55 75.6 59.0 67.3 

C.D. NS NS  NS 1.50  NS 7.7  

Treatments Fruit size (g) of tomato  Yield of tomato fruit  (t ha-1) 

 2016-17 2017-18 Mean 2016-17 2017-18 Mean 

T1  60.87 28.3 44.6 88.4 52.5 70.5 

T2  61.07 30.0 45.5 84.8 80.4 82.6 

T3 67.50 35.7 51.6 81.1 73.5 77.3 

T4  67.27 34.7 51.0 96.2 89.4 92.8 

T5  61.13 31.7 46.4 109.1 67.3 88.2 

T6  62.63 34.0 48.3 110.8 75.9 93.4 

T7  60.07 35.3 47.7 112.1 82.7 97.4 

T8  64.20 33.7 49.0 109.7 86.2 98.0 

T9  61.33 33.7 47.5 105.9 89.9 97.9 

T10  59.90 33.7 46.8 119.6 88.2 103.9 

T11  61.90 34.0 48.0 98.2 90.6 94.4 

T12  61.10 44.3 52.7 111.7 113.7 112.7 

C.D. NS 5.3 
 

NS 10.3  
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Nutrient content 

Nutrient content in tomato fruits and residues influences by various aquasorb doses and 

nutrient levels during both the years are presented (Table 27 and 28). The nitrogen content in the 

tomato fruits which varied from 2.56 % to 3.27% did not show significant variance across all the 

combination of treatments during 2016-17. The nitrogen content in residue varied significantly 

from 2.92 % (T7) to 3.24 % (T8) and further to 3.44 % (T9) at 100% RDF levels with increase in 

aquasorb dose from 0 to 40 Kg ha-1 (Table 27). At other levels of nutrients and aquasorb, there 

was no significant difference in tomato residue nitrogen content. The P content of tomato fruits 

and residue did not show any significant variation across all the combinations of nutrients and 

aquasorb. However, the K content (%) significantly varied at 100% RDF level with increase in 

aquasorb dose. For example, K content in Tomato fruits at 100 % RDF levels varied from 2.53 % 

(no aquasorb) to 3.40 % (20 Kg ha-1 aquasorb) and further to 3.83 % (40 Kg ha-1 aquasorb). 

 

Table 27. Nutrient content in tomato influenced by graded doses of Aquasorb and nutrients        

(2016-17). 

Treatment N content (%) P content (%) K content (%) 

Fruits residue Fruits residue Fruits residue 

T1 Control (no aquasorb) 2.643 2.85 0.02 0.017 2.70 2.90 
T2 (Root coating with  aquasorb  gel) 3.267 3.06 0.03 0.018 3.63 3.27 
T3 (T2 +  50 gm of  aquasorb  gel/hole) 3.06 3.06 0.02 0.028 3.80 3.33 
T4 (T1 + 50% RDF) 3.183 3.00 0.02 0.028 3.60 3.53 
T5 (T2 + 50% RDF) 2.683 3.10 0.02 0.023 3.13 4.03 
T6 (T3 + 50% RDF) 2.823 3.14 0.03 0.046 3.30 4.23 
T7 (T1 + 100% RDF) 2.683 2.92 0.03 0.022 2.53 3.17 
T8 (T2 + 100% RDF) 2.92 3.24 0.02 0.031 3.40 3.73 
T9 (T3 + 100% RDF) 2.587 3.44 0.02 0.050 3.83 4.13 
T10 (T1 + 150% RDF) 2.947 3.13 0.02 0.023 3.03 3.00 
T11 (T2 + 150% RDF) 2.643 3.02 0.03 0.023 2.90 3.07 
T12 (T3 + 150% RDF) 2.56 2.89 0.02 0.025 2.87 2.83 

C.D. NS 0.28 NS NS 0.55 0.62 

 

During 2017-18, the nutrient content in tomato fruits and residues were also influenced 

by various fertilizer levels and aquasorb doses (Table 28). The nitrogen content varied from 2.24 

to 4.06% and 1.72 to 2.56% in tomato fruit and residue respectively, and there were no 

significant differences across all the treatment combinations in respect to N content in fruit of 
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tomato during 2017-18. The highest N content was recorded with the application of T10 

treatment (T1+ 150 % RDF) where as no aquasorb was applied. Hence, there were not any 

significant effects of aquasorb on N content in tomato plant. Similarly, P content of tomato fruits 

and residue did not show any significant variation across all the combinations of nutrients and 

aquasorb. However, the K content showed significantly varied with application of different 

fertilizer and aquasorb levels in tomato plant during 2017-18. The highest K content in tomato 

fruits and residue was observed with T2, T3 and T4 treatment (Table 28).  

 

Table 28. Nutrient content in tomato (fruit and residue) influenced by graded doses of 

Aquasorb and nutrients in 2017-18. 

Treatment 

N content (%) P content (%) K content (%) 

Fruits residue Fruits residue Fruits residue 

T1 Control (no aquasorb) 3.063 2.170 0.024 0.020 2.840 3.140 

T2 (Root coating with  aquasorb  gel) 3.687 2.180 0.029 0.016 3.070 2.710 

T3 (T2 +  50 gm of  aquasorb  gel/hole) 2.780 2.080 0.019 0.027 3.240 2.770 

T4 (T1 + 50% RDF) 2.903 1.720 0.022 0.028 3.040 3.970 

T5 (T2 + 50% RDF) 3.103 2.020 0.027 0.022 2.570 3.470 

T6 (T3 + 50% RDF) 2.243 2.560 0.029 0.035 2.040 2.770 

T7 (T1 + 100% RDF) 3.103 2.340 0.023 0.021 1.970 2.610 

T8 (T2 + 100% RDF) 2.940 1.860 0.019 0.030 2.840 2.870 

T9 (T3 + 100% RDF) 3.087 2.160 0.020 0.032 2.270 3.570 

T10 (T1 + 150% RDF) 4.067 2.150 0.019 0.022 2.470 2.440 

T11 (T2 + 150% RDF) 2.863 1.894 0.029 0.022 2.340 2.510 

T12 (T3 + 150% RDF) 3.980 2.310 0.021 0.031 2.310 2.270 

C.D. NS 0.220 NS NS 0.550 0.620 

 

 

Nutrient use efficiencies (NUE) of tomato 

The mean values nutrients (N, P and K) use efficiency in tomato as influenced by various 

doses of aquasorb and nutrients levels during 2016-17 and 2017-18 are presented in table 29, 30 

and 31. In general, among the different fertilizer levels, the highest N use efficiency in tomato 

was recorded with the application of 50% recommended dose of NPK fertilizers (RDF) during 

both the years. However, among the different levels of aquasorb, the mean values shows that 

there were slight improvements in N use efficiency  where as 50 gm of aquasorb gel /plant at 
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transplanting and tomato seedling were coated with aquasorb gel as compared to no aquasorb 

during both years. 

Table 29. Agronomic N use efficiency in tomato influenced by graded doses of Aquasorb      

and nutrients. 

 

Treatment kg grain kg-1 N applied 

2016-17 2017-18 Mean 

T1 Control (No aquasorb) 0.0 0.0 0.0 
T2 (Root coating of seedling with  aquasorb  gel) 0.0 0.0 0.0 
T3 (T2 +  50 gm of  aquasorb  gel/ hole ) 0.0 0.0 0.0 
T4 (T1 + 50% RDF) 128.9 614.8 371.9 

T5 (T2 + 50% RDF) 344.5 245.7 295.1 

T6 (T3 + 50% RDF) 372.5 390.8 381.7 

T7 (T1 + 100% RDF) 197.0 251.6 224.3 

T8 (T2 + 100% RDF)  177.1 280.6 228.9 

T9 (T3 + 100% RDF) 146.1 311.1 228.6 

T10 (T1 + 150% RDF) 173.3 198.5 185.9 

T11 (T2 + 150% RDF) 54.5 211.7 133.1 

T12 (T3 + 150% RDF) 129.5 339.9 234.7 

 

The application of 100% and 150% RDF along with tomato seedling coated with 

aquasorb gel decreased the N use efficiency during both years. Similar results also observed in 

case of P and K use efficiency in tomato during both years and highest P and K use efficiencies 

were noticed with the application of 50% recommended dose of NPK fertilizers (RDF) and 

followed by 100% RDF and 150% RDF levels, however, there were no clear cut results to 

indicate whether the nutrient use efficiencies increased with application of fertilizer or aquasorb 

doses during both years.   

 

 

Table 30. Agronomic P use efficiency in tomato influenced by graded doses of  

    aquasorb and nutrients. 

 

Treatment kg grain kg-1 P applied 

2016-17 2017-18 Mean 

T1 Control (No aquasorb) 0.0 0.0 0.0 
T2 (Root coating of seedling with  aquasorb  gel) 0.0 0.0 0.0 
T3 (T2 +  50 gm of  aquasorb  gel/ hole ) 0.0 0.0 0.0 
T4 (T1 + 50% RDF) 257.7 1229.6 743.7 

T5 (T2 + 50% RDF) 689.0 491.4 590.2 
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T6 (T3 + 50% RDF) 745.1 781.6 763.4 

T7 (T1 + 100% RDF) 394.1 503.2 448.7 

T8 (T2 + 100% RDF) 354.3 561.2 457.8 

T9 (T3 + 100% RDF) 292.3 622.1 457.2 

T10 (T1 + 150% RDF) 346.6 397.1 371.9 

T11 (T2 + 150% RDF) 109.0 423.3 266.2 

T12 (T3 + 150% RDF) 259.0 679.7 469.4 

 

 

Table 31. Agronomic K use efficiency in tomato influenced by graded doses of  

    Aquasorb and nutrients. 

 

Treatment kg grain kg-1 K applied 

2016-17 2017-18 Mean 

T1 Control (No aquasorb) 0.0 0.0 0.0 
T2 (Root coating of seedling with  aquasorb  gel) 0.0 0.0 0.0 
T3 (T2 +  50 gm of  aquasorb  gel/ hole ) 0.0 0.0 0.0 
T4 (T1 + 50% RDF) 309.3 1475.5 892.4 

T5 (T2 + 50% RDF) 826.8 589.6 708.2 

T6 (T3 + 50% RDF) 894.1 937.9 916.0 

T7 (T1 + 100% RDF) 472.9 603.8 538.4 

T8 (T2 + 100% RDF) 425.1 673.4 549.3 

T9 (T3 + 100% RDF) 350.7 746.6 548.7 

T10 (T1 + 150% RDF) 415.9 476.5 446.2 

T11 (T2 + 150% RDF) 130.8 508.0 319.4 

T12 (T3 + 150% RDF) 310.7 815.7 563.2 

 

 

 

Pot Experiments on Tomato 

 

Experiment 2. The effect of graded doses of Aquasorb application on water use efficiency 

and crop yields of soybean and tomato in selected soils. 

Three textually different soils were selected for the experiment on tomato. As stated earlier, 

the field experiment on tomato was undertaken on clayey soils. Whereas, the sandy loam and 

silty clay loam soils procured from outside the experimental station were used for pot experiment 

on tomato crop.  
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Plate 5: Growth and fruiting of tomato in pot experiment in the screen house of IISS. 
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The treatment details of the pot experiment are given in the table 32. The main plot 

experiments (like field experiment) comprised of 3 irrigation levels. Each irrigation was of 5 cm. 

depth and amount of water to be added to the pot was calculated based on average diameter of 

the pot. During the intense hot summer, the irrigation intervals were reduced to 7, 14 and 21, 

days instead of 10, 20 and 30 day’s intervals. The sub plot treatments comprised of four aquasorb 

doses given in the table.  

 

Table 32. Treatment details of tomato crop in pot experiment. 

 

 

 

 

 

 

 

 

 

 

 

In the first year (2016-17) due to the delay in transportation of the above said two soil types, 

the initiation of the pot experiment got delayed. That is why the experiment in the first year on 

tomato crop on both the soils (sandy loam and silty clay loam) failed. In the year 2017-18 the pot 

experiment on tomato was undertaken in the screen house of the institute, and experiment 

succeeded. But the data showed huge variations. In the pot experiment, the crop growth and yield 

parameters like plant height, number of primary branches/plant and the fruit weight (gm/plant.) 

were determined. The water use efficiency and cumulative evapotranspiration were also 

determined.  

 
Growth parameters  

 

The plant height of tomato in silty clay loam soils (table 33) indicated a significant increase 

under T3, treatment (106.67cm.) in comparison to T1 (95.11 cm.). However, T2, and T4, treatment 

did not show any change when compare to T1. Across the irrigation levels, the plant height did 

Main Plot Treatments: 3 irrigation levels  

     I1= 10 days interval 

     I2= 20 days interval 

     I3= 30 days interval 

Sub Plot Treatments: 4 aquasorb rate 

     T1 = No Aquasorb (Control) 

     T2 = Root coating of tomato seedling with  aquasorb-gel 

     T3 =   Root coating of tomato seedling with  aquasorb-gel 

     T4 =  T2 +50g  aquasorb-gel/planting-hole at transplanting 
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not vary significantly but slightly decreased with decrease in the irrigation frequency from 10 

days’ interval (104 cm.) to 30 days’ interval (93 cm).  

 

Table 33. Plant height of tomato in silty clay loam soils (2017-18) 

Irrigation T1 T2 T3 T4 Mean 

I1 95.33 101.67 111.67 106.67 103.83 

I2 96.67 95.00 108.33 110.00 102.50 

I3 93.33 100.00 100.00 80.00 93.33 

Mean 95.11 98.89 106.67 98.89  
CD (0.05)                   Irrig = NS                 Aqua=8.54                     IxA =NS 

 

The height of tomato plant in sandy loam soils (table 34) did not show any significant 

change or trend with aquasorb doses. The variation in irrigation frequencies, too, did not bring 

any statistically significant change in plant height of tomato in sandy loam soils. Nevertheless, 

the plant height increased to some extent with the increase in the frequency of irrigation. 

 

Table 34. Plant height of tomato in sandy loam soils (2017-18) 

Irrigation T1 T2 T3 T4 Mean 

I1 103.33 103.33 115.00 108.33 107.50 

I2 92.33 101.67 95.00 99.33 97.08 

I3 89.67 101.67 96.00 78.67 91.50 

Mean 95.11 102.22 102.00 95.44  
CD (0.05)                     Irrig = NS               Aqua=NS             IxA =NS 

 

The number of primary branches/plant of tomato in the pot experiment with silty clay loam 

soils (table 35), in 2017-18, did not record any significant change and remained around 7 

branches/plant in all the aquasorb treatments. With variation in irrigation levels too, statistically 

no significant change was observed. However, the mean values of primary branches/plant 

increased from around 5 (I3), to around 9 (I1), with increase in the irrigation frequency.  

 

Table 35. Primary Branches of tomato in silty clay loam soils (2017-18) 

Irrigation T1 T2 T3 T4 Mean 

I1 7.67 7.67 9.67 9.67 8.67 

I2 6.67 5.33 6.67 6.67 6.33 

I3 5.33 5.67 4.67 3.33 4.75 

Mean 6.56 6.22 7.00 6.56  
CD (0.05)                    Irrig = NS                 Aqua=NS                   IxA =NS 
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In sandy loam soils, similar pattern was observed for number of primary branches/plant 

(table 36). Here too, across the aquasorb levels no significant change was observed and the 

numbers of branches/plant were counted around 6 to 7. With change in the irrigation frequency, 

the number of branches did not record any significant change. Although, the number increased 

from 5 (I3) to 7 (I1). 

 

Table 36. Primary Branches of tomato in sandy loam soils (2017-18) 

Irrigation T1 T2 T3 T4 Mean 

I1 7.00 5.33 8.67 8.33 7.33 

I2 6.00 6.67 6.00 7.00 6.42 

I3 4.33 5.33 6.33 4.33 5.08 

Mean 5.78 5.78 7.00 6.56  
CD (0.05)                   Irrig =NS                   Aqua=NS                IxA =NS 

 

 

 

Fruit weight  

  

In pot experiment the fruiting was less uniform in both the soils (table 37 and 38). The fruit 

weight (gm/plant) of tomato in silty clay loam soils (table 37) showed some decrease with 

increase in the doses of aquasorb, the values being 52.84 (T1), 40.11(T2), 36.01 (T3), and 27.99 

(T4).  Although, there is no statistically significant variation but as a general trend the fruit 

weight in gm/plant decreased with increasing doses of aquasorb. As an effect of varying 

irrigation frequencies, the fruit weight, in general, increased with increase in the irrigation 

frequency. Although, the increase in fruit weight was not statistically significant across the 

irrigation levels.   

 

In sandy loam soils, the fruit weight of tomato (table 38) did not show any statistically 

significant change with increase in aquasorb levels. Also, the change in the irrigation 

frequency/level did not show any significant change in the fruit weight. In the sandy loam soils, 

the pots receiving irrigation at 30 days interval did not bear any fruit. The values of the fruit 

weight recorded in pot experiments did not exhibit any trend.  
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Table 37. Fruit wt (gm/plant) of tomato in silty clay loam soils soils (2017-18) 

 

Irrigation T1 T2 T3 T4 Mean 

I1 124.25 96.29 60.33 57.43 84.58 

I2 18.02 19.73 47.71 15.06 25.13 

I3 16.27 4.30 0.00 11.48 8.01 

Mean 52.84 40.11 36.01 27.99  
CD (0.05)                    Irrig =36.16             Aqua=NS                 IxA =NS 

 

 

Table 38. Fruit wt (gm/plant) of tomato in sandy loam soils (2017-18) 

 

Irrigation T1 T2 T3 T4 Mean 

I1 55.76 49.89 34.15 28.40 42.05 

I2 8.37 85.56 28.66 10.12 33.18 

I3 0.00 0.00 0.00 0.00 0.00 

Mean 21.38 45.15 20.94 12.84  
CD (0.05)                    Irrig = NS                 Aqua=NS                 IxA =NS 

 

 

 

Water use efficiency.  

 In pot experiments, the water use efficiency of tomato crop (2017-18) was determinant by 

dividing the total yield with total water applied. In silty clay loam soil, the water use efficiency 

of tomato, in general, varied from 1.17 to 2.06 gm/cm among the aquasorb treatments (table 39). 

The increase in aquasorb doses did not show any significant increase in water use efficiency. 

Similarly, with increase in irrigation levels, there was no significant change in the water use 

efficiency of tomato in silty clay loam soils and the values across the irrigation levels were in the 

range of 1.1 to 2.03 gm/plant/cm.  

 

Table 39. WUE of tomato (gm/plant/cm) in silty clay loam soils (2017-18). 

  

Irrigation T1 T2 T3 T4 Mean 

I1 3.10 2.21 1.47 1.35 2.03 

I2 0.75 0.81 2.25 0.61 1.10 

I3 2.33 0.48 0.00 1.69 1.12 

Mean 2.06 1.17 1.24 1.21  
CD (0.05)                    Irrig =NS                  Aqua=NS                  IxA =NS 
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The water use efficiency of tomato in sandy loam soils (table 40) also did not show any 

statistically significant change under variable aquasorb doses. In general, the mean values varied 

from 0.57 to 2.40 gm/plant/cm under aquasorb treatments. The effect of variable irrigation levels 

on water use efficiency of tomato in the sandy loam soil is also statistically   non-significant. The 

water use efficiency, however, increased from 1.0 (I1) to 1.41 (I2) gm/plant/cm of water applied. 

In I3 irrigation level, where the irrigation was at one month interval, the water use efficiency was 

recorded zero on account of no fruit yield under this main plot treatment.   

 

Table 40. WUE of tomato (gm/plant/cm) in sandy loam soils (2017-18) 

 

Irrigation T1 T2 T3 T4 Mean 

I1 1.32 1.18 0.81 0.68 1.00 

I2 0.35 3.63 1.19 0.45 1.41 

I3 0.00 0.00 0.00 0.00 0.00 

Mean 0.84 2.40 1.0 0.57  
CD (0.05)               Irrig = NS           Aqua=NS            IxA=NS 

 

 

 

Evapotranspiration (ET) losses 

The ET losses were recorded under both pot experiments (soil types) by weighing the 

pots at regular intervals. In silty clay loam soils, the cumulative ET losses (fig. 4) varied from 

7cm to 44cm. Under I1 irrigation level, where the irrigation was repeated after every 10 days, the 

cumulative ET varied from 40 to 44 cm. Under I2 irrigation level, where the irrigation was 

repeated after every 20 days the cumulative ET varied from 20 to 25 cm. throughout the growing 

season of tomato, under I3 irrigation level, where the irrigation was applied after every 30 days, 

minimum ET value (7 to 9 cm) was recorded.  

 

In sandy loam soils (fig. 5) of pot experiments on tomato, the cumulative ET varied from 

7.5 to 42 cm. Under I1 irrigation level across all the aquasorb treatments, the cumulative ET 

remained around 42 cm. Under I2 irrigation level the cumulative ET varied from 22.5 to 24cm 

across the aqusorb doses. Here too, the cumulative ET was recorded minimum under I3 irrigation 

level and the value varied from 7.5 to 10.5 cm throughout the crop season. 
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Figure 4. Cumulative evapotranspiration of tomato crop in silty clay loam soils. 

 

Figure 5. Cumulative evapotranspiration of tomato crop in sandy loam soils. 
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Experiment 3: Effect of graded doses of Aquasorb application on water and nutrient 

absorption and release in selected soils. 

The above experiment on tomato was also carried out in three textually different soils. The 

field experiment on tomato was undertaken on clayey soils. Whereas, the sandy loam and silty 

clay loam soils were used for pot experiment on tomato crop. The treatment details of the pot 

experiment are given in the table 41.  In the first year (2016-17) due to the delay in transportation 

of the above said two soil types, the initiation of the pot experiment got delayed. That is why the 

experiment in the first year on tomato crop on both the soils (sandy loam and silty clay loam) 

failed. In the year 2017-18 the pot experiment on tomato was undertaken in the screen house of 

the institute.  

 

Table 41. Treatment details of tomato crop in pot experiment. 

T1  Control (no Aquasorb) with no fertilizer   

T2  Root coating of seedling with aquasorb gel with no fertilizer   

T3  T2+ 50 gm of aquasorb 

 gel/ plant at transplanting with no fertilizer   

T4  T1+ 50 % RDF 

T5   T2+ 50 % RDF 

T6 T3+ 50 % RDF 

T7  T1+ 100 % RDF 

T8  T2+ 100 % RDF 

T9  T3+ 100 % RDF 

T10  T1+ 150 % RDF 

T11 T2+ 150 % RDF 

T12 T3+ 150 % RDF 

    RDF= Recommended Dose of Fertilizer 

 

In the pot experiment the crop growth and yield parameters were determined (Table 42 and 

43). The plant growth parameters were observed under different treatments during crop growth 

period in both soils and highest plant height were noticed under the T4 treatment however, the 

number of primary branches was highest under the treatment T2 and T3 in silty clay loam soil. 

Similarly, in sandy loam soil, the plant height and number of primary branches were significantly 

highest under the treatment T10 followed by T3.   
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Table.42. Tomato growth parameters influenced by graded doses of aquasorb and 

nutrients on silty clay loam soil.  

Treatments Plant height  (cm) Number of primary branches 

T1 76.7 6.33 

T2 88.3 8.33 

T3 99.7 8.33 

T4 100.3 8.00 

T5 92.7 4.67 

T6 90.0 7.00 

T7 80.7 4.33 

T8 86.3 5.00 

T9 84.0 4.33 

T10 88.0 7.00 

T11 87.7 6.67 

T12 75.3 7.33 

LSD 11.5 1.67 

 

Table.43. Tomato growth parameters influenced by graded doses of aquasorb and 

nutrients in sandy loam soils.  

Treatments Plant height  (cm) Number of primary branches 

T1 81.00 5.00 

T2 88.33 6.67 

T3 98.33 7.33 

T4 64.00 5.67 

T5 79.33 4.67 

T6 86.33 6.33 

T7 81.67 6.00 

T8 96.67 6.33 

T9 94.33 5.67 

T10 103.33 8.33 

T11 77.00 5.33 

T12 93.33 6.67 

LSD 12.0 1.54 

 

As far as the number of fruits per pot, fruit weight and nutrient use efficiency are 

concerned majority of the pot plants did not bear the fruits despite of all treatments imposed 

properly and all the management care undertaken. Very few pots/ plants (7-8 only out of 36) 

came into bearing that too single fruit each plant in general. Therefore, the data recorded is not 

worth statistical analysis. That is why the data tables/computations for the number of fruits per 

pot, fruit weight and nutrient use efficiency are not presented.  
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Conclusion 

The effect of graded doses of aquasorb water absorbent on water absorption and retention 

at various suction levels (0 -15bar) in three soils of varying textures viz. clay, silty clay loam, 

and sandy loam revealed that the water retention is augmented by aquasorb to variable degrees 

between 0.3 and 1 bar of matric suction. The effect seems good only at 0 - 0.3 bar, beyond which 

the effect is small. The matric suction of 0 to 1 bar, however, is a narrow range especially for 

rain fed crops where the irrigation water is scarce and a farmer may re-irrigate the crops even at 

10 bar moisture content.  

The rainfall during both the years was normal accept some excessive rainfall events and 

few dry spells during the soybean crop. The experimental study on the effect of graded doses of 

aquasorb application on water use efficiency and crop yield of soybean during both the years 

indicated that the soybean grain yield in 2016-17 did not show any statistical significance due to 

aquasorb doses, whereas in 2017-18 the soybean yield under 30 kg/ha of aquasorb dose (T3) was 

significantly higher in comparison to the control (T1- No aquasorb). However, two years mean of 

soybean yield showed slight increase in yield with increase in aquasorb doses.  

During the soybean growth few dry spells were observed and the moisture retention in 

the soil due to aquasorb doses was slightly higher (0.5 to 1.5 %).        

The study on the effect of graded doses of aquasorb application along with various 

combinations of NPK nutrients on retention, release and nutrient use efficiency was also carried out on 

soybean crop. In soybean crop, number of pods and grains per plant did not show significant 

differences among the different rate of aquasorb application. The highest nodules were noticed 

under application of 40 kg ha-1aquasorb and 20 and 40 kg ha-1aquasorb application with 100 % 

RDF. Grain yield were significantly higher under all treatment except T2 and T1. Highest 

biomass yield was recorded with the application of 40 kg ha-1aquasorb only and 40 kg ha-

1aquasorb with 150 % RDF during 2016-17. However, during second year (2017-18) pods and 

grains were significantly influenced with applied treatment combinations in soybean crop.  The 

highest grain yield was observed with the application of aquasorb @ 40 kg/ha in combination of 

150% RDF. Total N uptake was recorded significantly higher under 40 kg ha-1 aquasorb 

application and 40 kg ha-1 aquasorb application with 100% and 150% RDF. Phosphorus total 

uptake was recorded significantly higher under 40 kg ha-1aquasorb applications with 100% and 

150% RDF and 40 kg ha-1 aquasorb application only.  Potassium total uptake was recorded 

significantly higher under 40 kg ha-1 aquasorb application and 40 kg ha-1 aquasorb application 

with 150% RDF. The NUE increased with decreasing rate of fertilizer doses. Maximum NUE 



47 
 

was observed under 50% RDF levels followed by 100% RDF and 150% RDF. Increasing rate of 

aquasorb increased NUE.  

The field experiment on the effect of graded doses of aquasorb application on water use 

efficiency and yield of tomato crop during both the years indicated that during 2016-17 the plant 

height of tomato significantly increased with increase in aquasorb doses but in 2017-18 no effect 

was observed. The number of primary branches did not vary with increase in aquasorb doses in 

both the years. As far as tomato fruit yield is concerned, it is found that in both the years, with 

increase in the aquasorb doses there was no statistically significant increase in the fruit yield of 

tomato. With the increasing doses of aquasorb, no significant change was observed in the water 

use efficiency of tomato crop. The soil bulk density values measured after harvest of second year 

tomato crop did not show any significant change with increase in the aquasorb doses.  

 

The study on the effect of graded doses of aquasorb application along with various 

combinations of NPK nutrients on retention, release and nutrient use efficiency was also carried out on 

tomato crop. In tomato crop, all the growth and yield attributes namely plant height, number of 

primary branch, numbers of fruits weight of tomato and fruit yield did not differ significantly 

among the aquasorb rates and nutrient application rates. The potassium content in fruit 

significantly increased under all treatment except T12, T11, T7 and T1. The potassium content in 

residue significantly increased under all treatment except T12, T11, T7 and T1. In phosphorus 

content in residue and fruit, there were no significant differences among the treatments. The 

NUE increased with decreasing rate of fertilizer doses. NUE was highest under 50% RDF 

application followed by 100% RDF and lowest was found in 150% RDF. The available soil N 

differed with the application of different treatment combinations during both the years and  the  

highest available  soil N was noticed with the application of 150% RDF in combination of 20 kg 

ha-1 aquasorb and minimum soil N was observed where no aquasorb and no fertilizer was applied 

during both years. 

 The pot experiment was also conducted on tomato on another two soils which were 

texturally different viz. silty clay loam and sandy loam. This field experiment was conducted on 

the effect of graded doses of aquasorb application on water use efficiency and yield of tomato 

crop. In pot experiment the fruiting was less uniform in both the soils. The fruit weight/plant of 

tomato in silty clay loam soils showed some decrease with increase in the doses of aquasorb. In 
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sandy loam soils too, the fruit weight of tomato did not show any statistically significant change 

with increase in aquasorb levels. 

 In silty clay loam soil, the water use efficiency of tomato, in general, varied from 1.17 to 

2.06 gm/cm among the aquasorb treatment. The increase in aquasorb doses did not show any 

significant increase in water use efficiency. The water use efficiency of tomato in sandy loam 

soils also did not show any statistically significant change under variable aquasorb doses. The 

ET losses were recorded under both pot experiments (soil types) by weighing the pots at regular 

intervals. In both soil types, the cumulative ET losses varied from 7cm to 44cm and no 

significant difference was caused due to aquasorb rate variation under any single irrigation 

treatment. 

 The pot study was also carried out to study the effect of graded doses of aquasorb application 

along with various combinations of NPK nutrients on retention, release and nutrient use efficiency on 

tomato crop in two texturally different soils. 

As far as the number of fruits per pot, fruit weight and nutrient use efficiency are concerned 

majority of the pot plants did not bear the fruits despite of all treatments imposed properly and 

all the management care undertaken. Very few pots/ plants (7-8 only out of 36) came into 

bearing that too single fruit each plant in general. Therefore, the data recorded is not worth 

statistical analysis. However, the plant height and number of branches / plant varied significantly 

across various aquasorb doses and fertilizer combinations but did not follow any specific trend. 
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