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1 INTRODUCTION 

Clusterbean [Cyamopsis tetragonoloba (L.) Taub], popularly known as guar, is an 

ancient multipurpose arid legume grown for seed, green fodder, vegetables and green 

manuring. Besides conventional uses, c1usterbean has emerged as an industrial crop because 

of the presence of galactomannan (guar gum) in Its endosperm which constitutes about 30-35 

% of seed weight. The most important property of guar gum is its ability to hydrate rapidly in 

cold water to attain a very high viscosity. Guar gum has diversified uses in textile, paper, 

petroleum, mining, cosmetic, oil, pharmaceutical, explosives, purification of potash, 

photography, tobacco and food industries. Maximum guar gum is being used in paper 

industries, as it ensures a more regular distribution of pulp fiber throughout the sheet, 

resulting in increased burst strength and tensile strength. For food industries, it is widely used 

to thicken and stabilize salad dressings, ice-cream, lollipops, bakery products and 

confectionery items. In textile industry it is used as thickening and sizing agent. Guar gum is 

also used as a thickening agent in various pharmaceutical preparations. Guar seed meal, a 

byproduct of guar gum industry, forms concentrated animal feed of immense value as it 

contains more than 42 % protein against 31 % in guar seed. 

Clusterbean is an important foreign exchange earning crop. The export of guar gum 

was 90530 MT earning Rs. 725 crores during 1998-1999 (Kumar and Singh, 2002). Out of 

the total global production of guar gum, India is in a leading position with 50 % share, 
~ 

followed by 45 % by Pakistan and 5 % by as many as six countries including USA, Australia, 

Mexico, Brazil and South Africa. 

Being deep rooted and drought hardy, clusterbean has occupied large areas i:lJarid and 

semi-arid tracts. India has the largest area (23.3 m ha.) and production (10.2 lakh ton) with 

average productivity of 428 kglha. The maximum contribution of the states in respect of area 

is shared by Rajasthan 09.85 m ha) followed by Gujrat 0.68 m ha.), Haryana 0.47 m ha) 

and Punjab (0.80 m ha). Rajasthan accounts for about 83 % of country's area and about 59 % 

of total production, based on last 28 years average (1970-71 to 1997-98). The productivity of 

guar however, is poorest (average of28 years, 231 kg/ha) in Rajasthan. Even though the crop 

is grown largely rainfed, there is great scope for increasing the productivity in good rainfall 

years. In most of guar growing areas, poor soil fertility is one of the severe constraints 

limiting expression of potential productivity of the p~esently available improved varieties. 

Phosphorus, next to nitrogen, is the fertilizer nutrient that limits crop yields under 

most agro-c1imatic situation. In Indian context, phosphate fertilization assumes great 

importance as All Indian soil test data (Sarkar and Goswami, 1982) indicate that about 98 % 



of the soils are of low to medium fertility in relation to phosphate availability. In the recent 

past the over all consumption of phosphatic fertilizer and the application rate per unit area has 

increased. But somehow this has not resulted in any proportionate increase in the yield 

response particularly in rainfed areas. Commercial phosphatic fertilizer being a non­

renewable costly input and much of its demand being met through import every year, its 

application should take into consideration. The various limiting factors that determine its 

efficient use by different crops. As the key probleIQSlinked with fertilizer phosphorus nutrient 

are its low utilization by crops, fixation in acid and alkaline soils, interactions with other , 
elements, its management aspect in soil crop system is all the more important. Arid zone 

soils, being sandy in nature, are poor in fertility. These coarse textured and intensively 

leached soils also lack in phosphorus reserves. Phosphorus deficiency is usually the most 

important factor for poor yield of legume crops. In areas where legumes are traditionally 

grown without phosphorus, poor nodulation is observed with low yield. Phosphorus 

management, therefore, has an important role to play for increasing productivity of 

clusterbean. Application of phosphorus at 40 kg P20s/ha has been reported to be optimum for 

clusterbean production under agro-climatic condition of semi-arid and arid zone. (Solanki et 

al., 1998 and Meena, 2001). However, response of c1usterbean to phosphorus application has 

not been studied in detail under arid agro-climate conditions of Bikaner. It may be noted that 

with the availability of irrigation water from IGNP, the area under c1usterbean cultivation has 

been increasing in recent years. It was, therefore, thought necessary to assess the response of 

clusterbean to phosphorus under irrigated condition. 

Besides P fertilization, a biotechnological approach for improving productivity of 

clusterbean could be the use of bioregulators for improving photosynthesis and photo 

assimilate partitioning. Since c1usterbean is largely a crop adapted to limited water 

environment, the use of bioregulator would prove most rewarding if partitioning of dry matter 

is hastened for yield formation. Improving crop photosynthesis for larger dry matter 

production by the use of bioregulators may also help in improving crop yield. Geiger and 

Giaquinta (1982) pointed out three approaches for improving crop productivity viz., (i) 

increasing- canopy photosynthesis (ii) enhancing efficiency of photosynthetic carbon fixation, 

and (iii) improving distribution of photosynthate for economic yield. The partitioning of 

assimilates between their sites of production in photosynthesizing leaves and their site of 

utilization in harvestable regions is unquestionably a major determinant of crop yield (Gifford 

and Evans, 1981). The potential of regulating the translocation of assimilates by either plant 

growth regulators or chemicals (bioregulators) promises substantial opportunities for 

increasing the yield of crops. Thiourea has been reported to improve dry matter partitioning 

and grain yield of maize and the effects have been attributed to its - SH content (Sahu and 



Solanki, 1991). It is a novel bioregulator with considerable potential for improving 

productivity of crops. It has also been reported that soil application of thiourea at 5 kg/ha 

increased phosphorus use efficiency in potato, bringing about a saving of nearly 20 kg 

P20siha. The treatment increased tuber yield by 15.2 % (Sud et al., 1991). In view of these 

observations, it was thought necessary to explore the effects of this bioregulator on 

phosphorus use efficiency as well as dry matter partitioning of clusterbean under arid 

environment of Bikaner region. Since thiourea contains both N and S, it is often presumed 

that the effects of thiourea are nutritional rather than bioregulatory in nature. It was, therefore, 

also attempted to assess the effects of thiourea by way of comparison with standard 

sulphydryl compounds and sulphydryl blockers, besides comparing with N and S compounds. 

Dimethylsulphoxide (DMSO) is a dipolar aprotic solvent with a high dielectric 

c~nstant and a tendency to accept protons and has been used as a carrier for many compounds 

used in cryoprotective studies (Dickinson et al., 1967). Chang and Simon (1968) studied the 

mechanism by which DMSO protects some biological membrane and the beneficial effects 

were found through alteration in the permeability characteristics. DMSO has got a property to 

modulate the level of -SH group and thus improve protein configuration and membrane 

permeability. Increase in grain yield of several field crops due to DMSO has also been 

reported by various researchers (Sharma, 1975; Pareek, 1976; Rathore, 1977 and Porwal et 

al., 1986). It was, therefore, presumed that DMSO might improve productivity of clusterbean 

either through improvement in phosphorus use efficiency or through improved dry matter 

partitioning. 

Taking cognizance of the facts mentioned above, an investigation entitled "Effect of 

Thiourea and Dimethylsulphoxide on phosphorus use efficiency, dry matter partitioning and 

productivity of c1usterbean [Cyamopsis tetragonoloba (L.) Taub]" was conducted with the 

following objectives. 

(i) to find out response of clusterbean to phosphorus application under arid agro-climatic 

conditions of Bikaner. 

(ii) to improve phosphorus use efficiency with Thiourea and Dimethylsulphoxide 

application. 

(iii) to study the effect :JfThiourea and Dimethylsulphoxide on dry matter partitioning and 

seed yield. 

(iv) to study the role of thiourea as an -SH compound. 

(v) to arrive at an economically viable recommendation for increasing clusterbean 

production in Bikaner region. 

The present thesis embodies the results of the afore mentioned investigation. 



2 REVIEW OF LITERATURE 

In this chapter, a attempt has been made to compile and collate the experimental 

findings related to the present investigation entitled "Effect of Thiourea and 

Dimethysulphoxide on phosphorus use efficiency, dry matter partitioning and productivity of 

clusterbean [Cyamopsis tetragonoloba (L.) Taub]" . As regards effect of phosphorus on 

growth and productivity of clusterbean, available research work has been briefly presented. 

However, no report whatsoever was available on the response of clusterbean to thiourea and 

DMSO. But the research fmdings on the effect of thiourea and DMSO in other crops were 

available still in a limited way. Therefore, these ,reports on thiourea and DMSO have been 

suitabl~presented to highlights the major effects on crop growth and productivity. Further, 

the experimental evidences related to effects of phosphorus, thiourea and DMSO have been 

presented under suitable headings in order to elucidate the major trends. 

2.1 EFFECT OF PHOSPHORUS 

2.1.1 Growth parameters 

Chauhan and Bajpai (1979) reported that on loamy sandy soil of Jobner, clusterbean 

responded significantly to the application of phosphorus upto 90 kg P20s/ha. They tried 0, 30, 

60 and 90 kg P20s/ha and recorded 14.56, 17.54, 19.06 and 22.44 g dry matter per plant, 

respectively. In another study, height of clusterbean did not increase at 35, 50 and 65 DAS 

due to P application but its effect was significant at harvest, wherein 30 kg P20s/ha produced 

5.1 cm taller plant height compared to control (Nehra, 1980). Wani and Patil (1982) in an 

experiment on clay loam soil of Rahuri, observed that application of 20 and 40 kg P20s/ha 

significantly increased plant height of clusterbean by 4.5 and 5.5 per cent, respectively over 

control (99.3 cm). 

Raut and Ali (1983) in a field experiment at Jhansi, observed that number of branches 

and net assimilation rate in clusterbean s.howed an increasing trend with increasing level of 

phosphorus (i.e. 0, 20, 40 and 60 kg P20slha). Application of 20, 40 and 60 kg P20s/ha 

resulted into significantly increased number of branches per plant over control. However, 

levels of 20, 40 and 60 kg P20s/ha were found at par with one another. Regmi (1983) while 

working with guar-wheat cropping system at IARl, New Delhi found that application of 50 kg 

P20slha increased plant height of clusterbean at 60 DAS and harvest over control by 4.7 and 

4.7 per cent, respectively. Similarly, dry matter accumulation in 40, 60 DAS and at harvest 

also significantly increased with the application of 50 kg Pz0 5/ha over control. 

Kumar (1987) in an experiment on clusterbean with three levels of phosphorus (0, 40 

and 80 kg P20s/ha) on sandy loam soil at IARI, New Delhi, observed that plant height, dry 



mattr-Yaccumulation per plant and LAI at 30,60 and 90 DAS significantly increased with the 

application of phosphorus upto 40 kg P20S/ha. Application of 40 and 80 kg P20 s/ha 

significant increased number of branches per plant by 10.1 and 21.2 per cent, respectively 

over control. However, levels of 40 and 80 kg P20s/ha were at par. 

Singh and Singh (1989) reported that on loamy soil at Agra, increasing levels of 

phosphorus (0, 30 and 60 kg P20s/ha) resulted into significant improvement in number of 

nodules per plant and root length of cluster bean. Number of nodules per plant was 

significantly increased upto 60 kg P20s/ha. Application of 30 and 60 kg P20s/ha increased , 
number of nodules by 9.9 and 25.4 and root length by 23.7 and 11.9 per cent, respectively 

over control. 

Meena et af. (1991) reported that on loamy sand soil of Jobner (Raj.), number of 

branches per plant and dry matter per plant of clusterbean increased significantly with 

application of phosphorus upto 30 kg P20s/ha over 20 kg P20s/ha. However, phosphorus 

application did not influence plant height. The maximum number of branches (14.9) and dry 

matter per plant (26.09 g) was recorded with 40 kg P20s/ha but it was at par with 30 kg 

P20Siha. 

Goswami and Naik (1992) reported that chlorophyll a, b and total chlorophyll content 

of clusterbean were increased by applying 10 % phosphatic effluent solution at Raipur, 

Chattisgarh. Amar Chand (1994) found that increase in chlorophyll content in clusterbean 

leaves by 10 % per cent was recorded with 40 kg P20s/ha over control. 

Tiwana and Tiwana (1994) reported that on sandy loam soil of Bhatinda (Punjab), 

plant height of clusterbean increased with increasing P levels upto 40 kg P20Siha. Singh and 

Tiwana (1995) reported that on sandy loam soil of Bhatinda, clusterbean exhibited 

significantly higher plant height with the application of 30 kg P20slha by 8.2 per cent over 

control. However, number of branches per plant remained unaffected due to phosphorus 

application. 

Shivran et af. (1996) reported that on loamy sand soil at Jobner (Rajasthan), 

application of 40 kg P20slha significantly increased plant height and dry matter/m row length 

of clusterbean by 5.2 and 14.9 per cent, respectively over 20 kg P20s/ha. Bhadoria et af. 

(1997) reported that on sandy loam soil of Gwalior (M.P.), plant height and number of 

branches significantly increased with successive increase in P levels upto 60 kg P20s/ha. 

Application of20, 40 and 60 kg P20s/ha significantly increased plant height by 10.1, 13.6 and 

23.1 per cent and number of branches per plant by 35.0, 37.6 and 59.1 per cent, respectively 

over control. 

Pareek (1995) m an experiment with clusterbean on sandy loam soil of Jobner, 

compared 20 and 40 kg P20s/ha. He observed that application of 40 kg P20s/ha significantly 



increased total dry matter at harvest over 20 kg Pz0 5/ha by 6.3 per cent. He also reported that 

plant height and total chlorophyll content of leaves increased with 010 kg Pz0 5/ha in 

comparison to 20 kg PzOs/ha. Dadhich (1997) in a trial on loamy sandr!0bner studied the 

effect of phosphorus on clusterbean. He found that dry matter accumulationlm row length 

increased significantly due to application of 30 kg Pz0 5/ha over control, 10 and 20 kg P20 5/ha 

by 25.9,20.1 and 6.8 per cent, respectively. While, lat (1997) and Kumawat (1997) at the 

same location found that application of 60 kg Pz0 5/ha significantly increased plant height, dry 

matter accumulation and number of branches per plant over control and 30 kg P20s/ha. 
\ 

Mand et al. (1999) observed that nodulation in clusterbean was improved by 

phosphorus application as compared to control. Meena (2001) reported that on sandy soil at 

Bikaner, plant height, number of branches per plant, dry matter accumulation at 30,60 and at 

harvest, LA! and total chlorophyll significantly increased with the application phosphorus 

upto 40 kg P20 5/ha. However, levels 40 and 60 kg Pz0 5/ha were at par. Reager (2001) also 

found similar results on loamy sand soil at Jobner. Naagar (2001) studied the response of 

clusterbean to phosphorus (0, 10, 20 and 30 kg PzOs/ha) on loamy sand soil of Jobner. He 

observed that plant height, dry matter at 30, 60 DAS and at harvest, number of branches per 

plant, total chlorophyll and number of nodules/plant increase significantly upto 30 kg 

P20s/ha. 

2.1.2 Yield and yield attributes 

Investigation carried out at Jodhpur and Hisar have shown that clusterbean responded 

to phosphorus fertilization upto 40 kg P20 5/ha. Beyond this level the yield attributes were not 

influenced significantly. (Tomar and Singh, 1976 and Singh & Henery, 1981). Singh (1978) 

observed significant increase in seed yield of clusterbean at CAZRl, Jodhpur with the 

application of phosphorus upto 20 kg P20 5/ha. 

Chauhan and Bajpai (1979) in an experiment with four levels of phosphorus viz., 0, 

30, 60 and 90 kg Pz0 5/ha, on sandy loam soil of Jobner, found that 90 kg Pz0 5/ha 

significantly increased grain yield by 51.8, 21.8 and 14.6 per cent over 0, 30 and 60 kg 

P20s/ha, . respectively. Though maximum increase in seed yield was obtained with 60 kg 

P20slha but it was at par.with 30 kg P20 5/ha. The maximum straw yield was recorded with 90 

kg P20s/ha but it did not differ significantly over 60 kg P20 5/ha. Application of 60 kg Pz0 5/ha 

was at par with 30 kg PzOs/ha. 

Malik et al. (1981) tried phosphorus fertilization at 0,40, 80 and 120 kg PzOs/ha on 

clusterbean on sandy loam soil of Hisar. Phosphorus application upto 40 kg Pz0 5/ha 

significantly increased grain yield by 12.9 per cent over control (15.9 q/ha). However, the 

difference in yield due to different rates of application i.e. 40, 80 and 120 kg PzOs/ha were not 



significant. Similarly, Gill and Singh (1981) at the same location found that application of 30 

kg Pz0 5/ha significantly enhanced the seed yield by 31.4 per cent over control. Levels of 30, 

60 and 90 kg Pz0 5/ha were at par. Yield attributing characters viz., number of cluster per 

plant, number of pods per cluster, number of seeds per pod, test weight and seed yield per 

plant were improved significantly with the application of 30 kg P20 5iha. 

Wani and Patil (1982) observed that on clay loam soil of Rahuri, number of cluster 

per plant, number of pods per plant and test weight of clusterbean significantly increased with 

phosphorus application upto 40 kg Pz0 5/ha. The difference between 40 and 80 kg P20 5/ha did 

not atta.irl. the level of significance. Similar trends were noted in respect of grain yield. 

Application of 40 kg P20s/ha significantly increased grain yield by 43.7 and 23.1 and straw 

yield by 34.3 and 6.0 per cent over control and 20 kg P20 5/ha, respectively. 

Raut and Ali (1983) reported that on sandy loam soil of IGFRl, Jhansi, phosphorus 

levels (0, 20, 40 and 60 kg Pz0 5iha) brought about significant influence on number of pods 

per plant and seed yield during both the years of study. Grain yield increased significantly up 

to 60 kg P20s/ha. The corresponding increases over 0, 20 and 40 kg P20 5iha were 57.0, 34.5 

and 13.8 per cent, respectively. They also reported that average response to kglha P20 5 

applied at 20,40 and 60 kg P20 5/ha was 43.9, 25.9 and 9.7 kg seed, respectively. 

Dahiya et al. (1986) in a study with clusterbean for three consecutive years on loamy 

sand soil of Hisar found that application of 30 kg Pz0 5/ha increased the grain yield 

significantly over control during all the three years. However, there was no additional benefit 

with 60 kg P20 5/ha over 30 kg Pz05/ha. On an average, 30 kg P20 5iha increased the yield by 

16.1 per cent over control. Kumar (1987) in a trial on response of clusterbean to phosphorus 

(0, 40 and 80 kg P20 5/ha) conducted on sandy loam soil at IAR1, New Delhi, found that 

number of pods, test weight grain yield and straw yield increased significantly with the 

application of phosphorus upto 40 kg P20 5/ha. Phosphorus application beyond 40 kg P20 5/ha 

did not bring about significant increase in yield attributing; character and grain yield. Grain 

yield increased by 17.7 per cent over controL 

Singh and Singh (1989) observed that on sandy loam soil at Agra, application of 60 

kg P20 5/h!l significantly increased grain yield by 38.1 and 13.6 per cent over control (13.9 

qlha) and 30 kg P20s/ha (16.9 q/ha), respectively. Number of pods also significantly increased 

with increasing levels of phosphorus upto 60 kg P20 5/ha. Meena et al. (1991) reported that on 

loamy sand soil of Jobner, increasing levels of phosphorus (20, 30 and 40 kg P20 5/ha) 

significantly increased grain yield of clusterbean upto 30 kg P20s/ha. Per cent increase due to 

30 kg Pz0 5iha over 20 kg P20 5/ha was 19.4. The harvest index and number of pods per plant 

remained unaffected due to phosphorus application. Number of grains per pods significantly 

increased upto 30 kg P20s/ha, while test weight increased significantly upto 40 kg P20s/ha. 



Tiwana and Tiwana (1994) reported on sandy loam soil of Bathinda (Punjab) that all 

the phosphorus levels (20, 40 and 60 kg PzOs/ha) produced significantly higher grain yield 

over 10 kg P20 5/ha. The grain yield of clusterbean increased significantly with increase in P 

levels upto 40 kg P20slha, beyond which a reduction in yield was noticed. The magnitude of 

increased in yield with 40 kg P20 5/ha over 10 and 20 kg P20 5/ha was 16.2 and 9.6 per cent 

during 1988, and 20.1 and 12.1 per cent during 1989, respectively, similar trend was observed 

in stover yield. Singh and Tiwana (1995) reported that the phosphorus application (30 and 60 

kg P20fta) increased grain yield of clusterbean over control, but the significant effect was 

noticed upto 30 kg P20 5/ha. Grain yield per plant, number of grains per pod and number of 

pods per plant significantly increased upto 30 kg P20s/ha. Application of 30 and 60 kg 

P 20 s/ha significantly increased grain yield by 50.8 per cent each in 1988 and 27.8 and 3 1.1 

per cent in 1989 respectively over control. However, levels of 30 and 60 kg P20 5/ha were at 

par. 

Baboo and Rana (1995) reported that on sandy loam soil at Bulandsahar, application 

of 60 kg P20 5/ha significantly increased grain yield of clusterbean during 1988 and 1989 over 

control and 30 kg P20 5/ha. However, the per kg P response was higher at 30 kg P20s/ha. 

Pareek (1995) at Jobner observed that application of 40 kg P20 5/ha to clusterbean gave 

significantly higher number of pods per plant, test weight, seed, straw and biological yields 

over 20 kg P20 5/ha. The seed yield significantly increased due to 40 kg P20s/ha (8.9 q/ha) by 

9.1 per cent over 20 kg P20s/ha. He also observed that average response per kg P applied at 

20 and 40 kg Pz0 5/ha was 46 and 24 kg seed of clusterbean, respectively. 

Shivran et al. (1996) at Jobner reported that application of 60 kg P20s/ha to 

clusterbean significantly increased number of pods per plant and number of seed per pod over 

control and 30 kg P20s/ha. While, test weight increased significantly upto 30 kg P20s/ha. 

Seed yield, straw yield and harvest index significantly increased due to application of 60 kg 

P20 5/ha over control and 30 kg P20s/ha. Seed yield increased significantly by 33.1 and 11.3 

per cent over control (11.8 q/ha) and 30 kg P20S/ha (14.1 q/ha), respectively. 

Bhadoria et al. (1997) at Gwalior tried 0, 20, 40 and 60 kg P20s/ha in clusterbean. He 

found that application of 60 kg P20s/ha significantly increased grain yield by 44.8, 29.5 and 

20.9 per cent over control, 20 and 40 kg P20 5/ha. The average response per kg P applied at 

20,40 and 60 kg P20 5/ha was 85.2,45.7 and 36.8 kg seed, respectively. 

A field study conducted by Dadhich (1997) at Jobner revealed that seed yield and 

yield attributes of clusterbean increased significantly with 30 kg P20 5/ha. However, Jat (1997) 

at the same location obtained significantly higher seed yield of clusterbean with 45 kg 

P20s/ha. Solanki et al. (1998) at Jalore observed that application of 40 kg Pz0 5/ha gave 

significantly higher seed yield of clusterbean over control and 20 kg P20s/ha by 38.7 and 24.6 



per cent, respectively. The average response per kg P applied at 20 and 40 kg P20S/ha was 6.9 

and 11.7 kg seed. 

Meena (2001) in a trial on response of clusterbean to phosphorus (0, 20, 40 and 60 kg 

P20s/ha), conducted on sandy soil of Bikaner found that yield attributes, yield and harvest 

index significantly increased with increasing levels of P upto 40 kg P20s/ha. Application of 

40 kg P20siha significantly increased seed yield by 31.1 and 13.3 per cent over control and 20 

kg P20s/ha, respectively. 

Naagar (2001) in a study with clusterbean for two years on loamy sand soil at Jobner 

,found'tbat yield attributes viz., number of pods per plant, seeds per plant, length of pod, test 

weight increased with every increased in P levels (0, 10, 20 and 30 kg P20s/ha). Application 

ono kg P20s/ha significantly increased seed yield by 40.7, 18.1 and 7.4 per cent over control, 

10 and 20 kg P20siha, respectively. Harvest index remained unaffected. 

2.1.3 Nutrient content and uptake 

The nitrogen content as well as the amount of nitrogen fined in nodules of legume 

plants were found to be higher with P nutrition (Khare and Rai, 1968). Under field condition 

oflight textured soils of Jobner, phosphorus application at 40 kg significantly increased Nand 

P content in grain and stover of clusterbean by 191.1 and 185.7 &167.59 and 932.5 per cent, 

respectively. The N and P contents were significantly higher in grains (4.197 and 0.468 per 

cent) due to fertilization with 30 kg P20siha over control (3.915 and 0.328 per cent). 

However, the content in straw were non significant (Nehra, 1980). Gill (1979) reported that 

application of 30 kg P20S/ha significantly increased plant P content of clusterbean. 

Patil and Pal (1985) reported that clusterbean seed contained 2.93, 1.38 and 4.27 per 

cent N in shoot, root and nodules, respectively and the corresponding values of P content 

were 0.29, 8.51 and 0.35 per cent, respectively. They also reported that total Nand P removal 

were in the order of 4.31 and 4.81 kg/ha, respectively. At New Delhi, Regmi et al. (1985) 

found that phosphorus uptake was 4.6 and ~,9 kg by straw and 16.7 and 16.9 kg/ha by grain at 

o and 50 kg P20s/ha, respectively. 

Kumar (1987) at lARI observed that P content in clusterbean grain significantly 

increased due to application of 80 kg P20s/ha by 59,9 and 32.8 per cent over control and 40 

kg P20s/ha, respectively. However P content in stover remained unaffected. N content and 

total P uptake by the crop significantly increased with the application of phosphorus upto 40 

kg P20s/ha. 

Singh and Singh (1989) at Agra observed that N, P and K uptake by clusterbean were 

higher under 60 kg P20s/ha. The maximum P uptake (11.3 kg/ha) was obtained with 60 kg 

P20s/ha, which was 39.8 and 14.6 per cent higher over control and 30 kg P20siha, 



respectively. They also found that a significant positive relationship between nutrient uptake 

and seed yield. 

Sing and Singh (1994) at Agra found that P uptake by clusterbean increased with 

increasing Prates upto 40 mg Plkg soil. However, P content increased with increasing rates of 

P upto 40 mg Plkg soil by 17.9 and 6.5 per cent over control and 20 mg Plkg soil, 

respectively. 

Baboo and Rana (1995) reported that P uptake by seed and straw of clusterbean significantly 

.increased with 60 kg P20s/ha over control and 30 kg P20s/ha during 1988 and 1989. The 

highest total P uptake of 11.3 kg /ha was obtained with 60 kg P20 51ha. 

Pareek (1995) reported that the content of N, P and S in seeds and stover were 

marginally enhanced under the influence of 40 kg P20s/ha in comparison to 20 kg P20s/ha but 

their uptake ofN, P and S was 10.1, 12.8 and 14.0 per cent higher due to 40 kg P20s/ha over 

20 kg P20s/ha. Bhadoria et al. (1997) reported that P content in seed of clusterbean 

significantly increased with the application of phosphorus upto 40 kg P20s/ha. Application of 

0,20 and 40 kg P20s/ha gave P content of 0.609, 0.629 and 0.666 per cent, respectively. 

Meena (1999) at Jobner while working on clusterbean found that P content in seed 

and total P uptake by the crop significantly increased with the application of phosphorus upto 

45 kg P20s/ha. Application of 45 kg P20s/ha significantly increased P content in seed (0.348 

%) by 24.7, 17.2 and 6.4 per cent and total P uptake by 57.7, 25.9 and 7.8 per cent over 

control, 15 and 30 kg P20s/ha, respectively. 

Naagar (2001) at Jobner on clusterbean found that P content of seeds and straw 

significantly increased with the increasing levels of phosphorus upto 30 kg P20s/ha. 

Application anD kg P20s/ha significantly increased total P uptake by 63.5,28.8 and 10.8 per 

cent over control, 10 and 20 kg P20s/ha, respectively. 

2.2.4 Protein and gum content 

Protein content i~ clusterbean seed had been found to vary from 26.8 to 31.0 per cent 

(Esser, 1957 and Misra, et al., 1968). Application of 20, 40 and 60 kg P20s/ha increased 

protein content of seeds of c1usterbean by 1.2, 2.5 and 2.8 per cent over control at Hisar (Jain 

et al., 1988). He also found that gum content of seed increased upto 20 kg P20s/ha. Higher 

doses of phosphorus (40 kg P20s/ha and 60 kg P20s/ha) resulted in the lowering of gum 

content though it was higher than the control value. 

Singh and Singh (1989) reported that protein content and gum content of clusterbean 

seed significantly increased with the increasing levels of phosphorus upto 60 kg P20s/ha. 

Application of 60 kg P20s/ha significantly increased protein content by 13.7 and 5.1 per cent 

and gum content by 31.6 and 12.2 per cent over control and 30 kg P20s/ha respectively. On 



the contrarily, Madalgeri and Rao (1989) and Malik et al. (1981) did not found improvement 

in seed quality of clusterbean. Protein content of clusterbean seeds improved significantly by 

7.2 per cent due to 40 kg P20s/ha over 20 kg P20S/ha (Amarchand, 1994). 

Baboo and Rana (1994) found that application of 60 kg P20slha significantly 

increased gum and protein content of clusterbean over control and 30 kg P20s/ha during 1988 

and 1989. Pareek (1995) found that application of 40 kg P20s/ha resulted in 2.3 per cent 

increase in gum content, of clusterbean over 20 kg P20s/ha. While protein content did not 

influence. Bhadoria et al. (1997) reported that protein and gum content of clusterbean grains , 
significantly influenced by phosphorus application upto 40 kg P20s/ha. However, 40 and 60 

kg P20siha did not differ with each other in this respect. Application of 40 kg P20s/ha 

significantly increased protein content (31.31 %) by 5.3 and 2.1 per cent and gum content 

(29.0 %) by 2.9 and l.7 per cent over control and 20 kg P20s/ha, respectively. 

Dadhich (1997) at Jobner reported that protein and gum content of clusterbean seeds 

significantly increased with the application of phosphorus upto 30 kg P20siha. However, 

Meena (1999) at the same location found that protein and gum content of cluster bean seeds 

significantly increased upto 45 kg P20s/ha. Application of 45 kg P20s/ha significantly 

increased protein content by 10.3, 7.5 and 2.7 per cent and gum content by 13.6, 8.1 and 2.3 

per cent over control, 15 and 30 kg P20s/ha, respectively. 

Naagar (2001) at Jobner reported that protein and gum content of clusterbean seed 

significantly enhanced due to phosphorus application upto 30 kg P20s/ha. Application of 30 

kg P20s/ha significantly increased protein content of seed by 14.3, 7.5 and 2.3 per cent and 

gum content by 6.3,3.1 and 1.3 per cent over control, 10 and 20 kg P20s/ha, respectively. 

2.2 EFFECT OF THIOUREA APPLICATION ON CROP GROWTH AND 

PRODUCTIVITY 

Thiourea is a sulphydryl compound (Jocelyn, 1972). It contains one -SH group 

besides containing nitrogen in the form 0£-NH2 as evident from its structural formula given 

below 

J'NH 
HS---C 

"-
NH2 

Thiourea contains 42.1 per cent sulfur and 36.8 per cent nitrogen. Thus, it behave in 

the physiology of plant both as a suphydryl compound and as an amino compound like urea. 

The stimulatory action of thiourea in various physiological processes of plants is well known. 

PoljakofI Mayber and Mayer (1960) have summarized some of these effects in plants. 

II 
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Thiourea is chiefly known for it dormancy breaking and germination stimulating effect 

(Mayer, 1956), Mayer and Poljakoff Mayber (1958) and Poljakoff Mayber et al. (1958). It is 

interesting to note that thiourea promoted growth in cytokinin requiring soybean and tobacco 

callous tissues in the absence of kinetnin (Erez, 1978). The increase in fresh and dry weights 

obtained was a result of cell multiplication. Callous tissues grew well when repeatedly sub­

cultured in kinetin free medium containing thiourea. Best growth was obtained with 10-4 to 

10-3 M thiourea. At these concentrations, synergism was demonstrated between thiourea and 

cytokinin, kinetin, BA and zeatin. Thiourea caused greater growth than diphenyl urea and 
\ 

phenyl thiourea. The possibility that a breakdown product of thiouera was responsible for the 

enhanced growth was noted excluded. The dormancy breaking effect of thiourea was 

suggested to be related to its growth enhancing effect. Vassilev and Mashev (1974) tried a 

number of derivatives of thiourea, using leaf discs of Raphanus sativus and concluded that the 

compounds exhibited cytokinin like activity, the substances with high cytokinin activity also 

brought about increased accumulation ofN in barley seedlings. 

2.2.1 Effect thiourea on crop growth and productivity 

Arkhangelski et al. (1975) reported that spraying of seedlings of sugar beet with 0.2 
arhCI 

per cent solution of thiourea at the stage of flower budsA'eed formation significantly increased 

seed yield and improved the quality. It was also reported that seeds obtained from the treated 

plants gave higher yields of roots in comparison to the control harvested from untreated 

plants. Hoping (1977) reported that application 1.5 % thiourea through foliage 55 weeks 

before anticipated bud break, increase bud break fruitful shoots and yield per plant of 

grapevines. Snir (1983) reported that foliar spray of thiourea at I % improved bud break and 

significantly increased yield of red raspberry in comparison to control. 

Pareek (1987) observed that foliar spray of thiourea + FeS04 significantly increased 

grain yield of sorghum by 21.9 and 46.5 per cent in comparison to FeS04 and control, 

respectively. Also thiourea treatment significantly increased N, K and S content of leaves but 

reduced P content. These results with thiourea were obtained in chlorotic sorghum grown on 

alkaline calcareous soils of Udaipur. 

Narang (1988) observed that foliar spray of 0.1 % thiourea improved LAI, dry matter 

accumulation per plant and harvest index of gram. The N, K and S, Ca+Mg and Zn contents 

of leaves significantly increased with thiourea spray in comparison to control but P content 

remained unaffected. Fe content showed a significant reduction over control. Further, thiourea 

spray also significantly increased chlorophyll content of leaves by 3.6 per cent and yield by 

47.08 per cent. 
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Sharma (1988) observed that foliar spray of 0.2 % thiourea at grain initiation in 

pearlmillet significantly increased dry matter accumulation per plant, LAI and number of 

green leaves per plant over water control. Thiourea spray increased number of grains per ear, 

1000- grain weight and grain weight per ear, which jointly resulted in 14.11 per cent 

increased grain yield with an improved harvest index of 36.03 per cent as against 32.13 per 

cent in control. The efficacy of thiourea spray was found attributable to improved dry matter 

partitioning to grain. 

Mahavar (1989) in a study assessing the role of thiourea in mustard production, 

observed that foliar spray of 0.2 % thiourea at flowering significantly increased seed yield by 

14.1 per cent over control. Further, thiourea spray increased LAI, dry matter per plant and 

harvest index of mustard. 

Verma (1989) observed that foliar spray of 0.2 % thiourea significantly increased 

number of pods per plant and number of kernel per pod of groundnut. It had no effect on seed 

index and shelling percentage. He also observed that thiourea spray significantly increased 

pod yield by 6.6 per cent over control. 

Patel (1991) reported that 0.1 % thiourea spray at flowering significantly increased 

number of pods per plant, number of grains per pod and seed index of chickpea in comparison 

to water control. Grain yield increased by 20.4 per cent over control. 

Sachan (1991) observed that foliar spray of 500 ppm thiourea increased dry matter 

accumulation per plant, LAI and number of leaves per plant at physiological maturity of 

maize. Yield components viz., length of cob, diameter of cob, number of grains per cob and 

grain weight per cob also increased under this treatment and the grain yield eventually 

increased by 25.4 per cent over control. Protein content of grain also increased under thiourea 

treatment. 

Seven year study conducted in green house and field trial by Sud et a/. (1991) on 

loamy sand soil of Shimla revealed that in green house study the application of thiourea 

increased potato yield and P uptake by 13.1 and 44.7 %, respectively over control. 

Continuous application of thiourea and phosphorus significantly increased the soil P by 15 

ppm compared with control. In field trial they observed that the combined application of 

thiourea and phosphorus gave the best results. The increase in seed yield was 10-20 % with 5 

kg thiourea, 34-49 % with 44 kg P Iha and 60-70 % with combined application of thiourea and 

phosphorus. Application of thiourea resulted in better utilization of P from the soil. Thiourea 

in combination with phosphorus increased uptake of P by 28.4 % compared with P 

application alone. They reported that application of 5 kg thiourea alone was found to save 22 

kg Plha for potato crop. 



Sahu and Solanki (1991) reported that foliar spray of 0.1 % thiourea at grain 

formation stage significantly increased grain yield of maize by 34.1 % over water control. 

Since foliar spray of 0.1 % urea did not improve grain yield, it was inferred that the biological 

activity of thiourea was primarily on account of its -SH group. Increased grain yield of maize 

with thiourea spray was found to have resulted on account of improvement in harvest index. 

Saini (1991) reported that 0.1 % thiourea spray significantly increased latex and seed yield of 

.opium poppy by 24.6 and 36.0 per cent, respectively over control. 

Int.?dia (1992) observed that foliar spray of 500 ppm thiourea at capsule development 

of opium poppy significantly improved LA!, DMA, LAD and chlorophyll. N, K and S content 

of leaves and seeds and their uptake by the crop also increased. Seed and lalex yields 

increased by 9.9 and 11.5 %, respectively over control. 

Moizi (1993) observed that foliar spray of FeS04 + thiourea significantly increased 

number of pods per plant, number of kernel per pods, yield per plant and pod yield per hectare 

of groundnut. FeS04 + thiourea was found to be significantly more effective than Fe-EDHA 

in improving these parameters. He also observed that FeS04 + thiourea spray increased the 

pod yield by 21.9 per cent over control. 

Sahu et al. (1993) reported that foliar spray of 0.1 % thiourea at 30 and 45 DAS 

significantly increased LA! and number of green leaves per plant at physiological maturity in 

maize. Thiourea spray increased grain yield by 40.6 per cent over control. 

Singh et al. (1993) observed that foliar spray of thiourea at 2 % resulted in advanced 

maturity by 3 days in 20 years old pear trees. Intodia & Tomar (1994) reported that foliar 

spray of 1000 ppm thiourea and 2-mercaptoethanol increased grain yield of foxtail millet over 

control. Kovacik (1994) reported that soil applied thiourea in radish reduced soil nitrate 

content only when it applied before sowing. However, it had no significant effect on radish 

nitrate content. 

The result of field trial conducted under AICMIP at Almora centrer revealed that 

foliar spray of thiourea (0.1 %) increased the grain yield of maize by 12.2 per cent over control 

(21.1 q/ha). Similarly, work carried out at Udaipur centre of ALCMLP further confirmed that 

foliar spray' of 0.1 % thiourea at tassel initiation and grain formation produced significantly 

higher test weight (244.8 g), grain and stover yields (35.5 and 60.7 q/ha, respectively) over 

water spray. However, plants treated with thiourea attained a significantly lower plant height 

over water spray (Anon., 1994). 

Similarly, Dadhich (1994) reported that soil application of thiourea at 10 kg/ha in 

combination with FeS04 at 25 kg/ha increased the grain yield of soybean by 17 % over FeS04 

alone. 



Sahu and Singh (1995) reported that soil application of thiourea at 10 kglha 

significantly increased ears/m row length, grains/ear, weight/grain and harvest index of wheat. 

The seed yield also significantly increased by 17.3 % over control with the application of 

thiourea at 10 kg/ha over control.'Pl"dfurther reported th;:tt foliar spray of thiourea (500 ppm) 

at tillering and flowering brought about an increase of 24 % in grain yield of wheat grown in 

heavy soils of Udaipur. 

Dhankhar and Singh (1996) reported that maximum number of roots in Aonla at 35 

DAS was attained with thiourea spray at 750 ppm. Gutierrez et al. (1996) observed that 

applicati'on of thiourea significantly increased the number of shoot and spikes for plant, as 

well as in the grains number and weight with concentrations of 2 % in wheat. 

Rathore (1996) reported that at Udaipur thiourea infusion in maize significantly 

increased total chlorophyll, LAl, green leaves per plant, number of seed per cob and seed 

weight/cob over the water control. 

Khafi et al. (1997) reported that at Udaipur foliar application of 0.1 % thiourea 

significantly increased the plant height, number of secondary branches per plant siliquae per 

plant, seeds per siliqua and seed yield per plant of mustard. The harvest index, seed and stover 

yields were also increased with thiourea foliar spray. 

Parihar et al. (1997 & 1998) while working at Jodhpur reported that foliar application 

of 1000 ppm thiourea significantly increased crop growth, dry matter partitioning, yield 

components and 1000 grain weight compared to water spray in pearl millet. When compared 

with water spray (188.3 kg/ha), he observed a mean increase in grain yield by 9.6 per cent. 

Non-significant result with respect to grain and fodder yield were obtained with sprays of 

1000 ppm thiourea and water in sorghum under AleSI P centre at Udaipur (Anon, 1995-96). 

Sharma (1997) reported that foliar spray of thiourea on maize maintained the higher 

number of green leaves per plant over water spray. 11riourea enhanced the DMA of cobs by 

18.4 per cent and increased LAl, total chlorophyll and number of grains per cob by 17.4, 15.8 

and 16.6 per cent, respectively. Further, thiourea also recorded the higher grains per row of 

cob, 1000 grains weight by 16.6 and 6.6 and 6.6 per cent and harvest index of maize was 

increased by 13.9 per cent. 

Shekhawat (1998) in a study on loamy sand soil of Bikaner observed that foliar spray 

0.1 % thiourea significantly increased the LAl, CGR and leaf area duration of mustard but 

decreased plant height and leaf are ratio. He reported that thiourea spray increased number of 

siliqua, length of siliqua and number of seeds per siliqua by 9.0, 4.5 and 2.7 per cent, 

respectively in comparison to water spray. He reported 17.6,8.8 and 10.7 per cent increase in 

grain, stover and biological yields, respectively with the application of thiourea spray over 

water spray. 
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Singh (1999) in a study under agroclimatic conditions of Bikaner found that seed 

soaking and foliar spray of thiourea (0.05 %) at pre flowering stage significantly increased 

grain yield of green gram by 15.8, 10.4, 8.9 and 9.1 per cent over control, seed soaking with 

TV, foli~ spray of TV at branching and foliar spray of TV at 50 % flowering, respectively. 

He also reported that total chlorophyll content, dry matter accumulation, number of pods per 

plant, number of grains per pod increased significantly due to this treatment over control. 

Positive effects of 0.1 % TV spray in clusterbean at 25 and 45 DAS on net 

photosynth~sis, total chlorophyll, starch and NR activity over control have been observed 

(Anonymous, 1999). The net photosynthesis increased from 10.30 1-1 mol m2 S-l under control 

to 17.061-1 mol m2 S·l under 0.1 % TV spray at 25 and 45 DAS. Similarly, chlorophyll content 

increased from 3.29 mg/g dw to 5-90 mg/g dw, starch from 149.0 mg/g dw to 239.0 mg/g dw 

and NR activity (~N02) from 434.2 mg/g dwh·! to 569.0 mg/g dwh·!, respectively. 

Chandra and Pandey (1998) at 10rhat (Assam) found that foliar spray of 1.5 % 

thiourea on pruned tea (Camellia sinensis L. 0 Kuntze) significantly increased quality 

parameters such as caffeine, crude protein, starch, N, carotenoid and ascorbic acid content 

over control. 

Yadava (2000) in a study on sandy soil of Bikaner observed that foliar spray of 0.05 

% thiourea at tillering and flowering significantly increased growth and yield attributes of 

oats under one and two cut treatment. He also reported that foliar spray of 0.05 % thiourea at 

tillering and flowering increased seed yield of uncut oats crop by 26.7 per cent over control 

(17.59 q/ha). 

Pandey et al. (2000) studied the effect of N levels and foliar spray of sulphydryl 

compounds (thiourea and 2-mercaptoethanol) on maize. The results indicated that spraying of 

0.1 % thiourea at 10 and 20 days after tassel emergence gave a yield of 3040 kg/ha compared 

with 2650 kg/ha from a water control and 2520 kglha from 0.1 % mercapto-ethanol. 

Iharia (2002) studied the effect of foliar spray of thiourea on clusterbean at Bikaner. 

The result indicated that foliar spray of 500 ppm thiourea at branching resulted in significant 

improvement in yield attributes viz., number of pods per plant, number of seeds per pod, seed 

yield per plant and test weight over control. N, P and gum content of seed also significantly 

increased due to foliar spray of 500 ppm thiourea. The total P uptake by the crop was 55.5 

per cent higher over control. He reported that seed, straw and biological yields and harvest 

index significantly increased due to foliar spray of 500 ppm thiourea by 22.6, 9.l, 12.7 and 

8.7 per cent, respectively over control. 

Sharma (2002) on sandy soils of fatehpur (Rajasthan) observed that foliar spray of 

500 ppm thiourea gave higher seed yield of clusterbean (11.05 qlha) over foliar sprays of 



DMSO and brassinoloids. Among the foliar applied growth substances maximum protein and 

gum content of grain (26.8 and 27.8 %) was obtained under foliar spray of 500 ppm thiourea . 

. 
2.3 EFFECT OF DIMETHYLSULPHOXIDE (DMSO) ON GROWTH AND 

PRODUCTIVITY 

DMSO in a dipolar aprotic solvent with a high dielectric constant and a tendency to 

accept protons and has been used as a carrier for many compounds used in cryoprotective 

studies (Dickinson et al., 1967). Chang and Simon (1968) studied the mechanism by which 

DMSO pr6tects some biological membrane and the beneficial effects were found through 

alterations in the permeability characteristics. They suggested that the effect of DMSO are 

primarily due to its ability to alter enzyme reaction rate and possibly the protein 

configuration. Therefore, it is possible that at low concentration DMSO permits protein 

molecules to assume more open, less hydrogen bounded configuration. Burns (1974) reported 

protection of citrus cell against freezing damage by DMSO. 

Significant increase in sugar content of leaf and seed yield was observed in opium 

poppy with DMSO application (Sharma, 1975; Pareek, 1976; Rathore, 1977). Porwal et al. 

(1986), while working on chemical cryoprotective in gram, reported significant increased in 

water soluble carbohydrate and protein content of leaves. Increase in grain yield was also 

significant. 

Broome and Zimmerman (1976) reported that DMSO proved an excellent solvent for 

the cytokinins and slightly enhanced their effects. Prikhod et al. (1978) observed that two 

foliar sprays of2.5 % DMSO increased root yield of sugar beet by 0.92 to 1.02 t/ha. 

Delmer (1979) reported that DMSO acts selectively on the plasma membrane of 

cultured tobacco cells, rendering it more permeable to small molecules, while having a for 

smaller effect on the permeability of the vacuolar membrane. Prikhod and Zub (1979) found 

that sugar beet plants treated with 2.5 % DMSO increased the N accumulation in roots and 

leaves, permeability of cell wall, non-metabolic absorption of nitrates by roots and utilization 

of soil N. 
f:Jry-

Lundberg et al. (1986) observed that treatment with 5 % DMSOA30 minutes resulted 

m permeabilization of most cells. Dhakar (1986) reported that foliar spray of DMSO 

significantly increased grain yield and oil content of mustard. 

Michalik (1987) reported that 0.01 % DMSO reduced root P influx in maize roots and 

increased it by 26.9 %. Rao (1987) reported that foliar spray of DMSO brought about increase 

in chlorophyll, N, K and S contents of leaves of grain, while P content was decreased. 

Increase in grain yield was 39.6 % over control. Romanenko et al. (1987) found that 

incubation for 9.5 h of root sigment of 3 or 4 day old radish cv. Red Gaint seeding treated 



\\Ith haemoglobin in 5 mg DMSO/I1lI almost doubled the plllOcytOlic activity III the loot hairs 

\\hereas incubation in 20 mg Dl'vISO/ml inhibited pinocytotic activity. In wheat root segment 

(lla\.ll1llllll pll10CytotiC activity occurred wIth D.5 mg DMSO/11l1 

Singh and Khangarot (1 9H7) reported that in a field trial designed to assess the 

efficacy of certain agro-chcmicals, foliar spray of DMSO (78 g/ha) significantly IIlcreased the 

gram YIeld of gram and that the beneficial effects were mainly on account of increase 111 the 

number of pods per plant. 

South\~ck and Poovalah (1987) studied auxin movement In stra\\berl) frUits 

corresponding to its growth promotlllg activity. The results indicated that NAA at 10 1 M 

concentratIon plus 2 % DMSO in lanolin paste, applied to apices of unpolllnated receptacles. 

promoted growth and receptacle elongation, resulting in full SIzed fnllt 

Narang (1988) reported that foliar spray of DMSO significantly increased chloropllyll 

a, total chlorophyll of leaf, water soluble carbohydrates, leaf sap, EC, Nand K content leaves, 

pod yield/plant, branches/plant, seeds index and grain yield of gram in comparison to control. 

The yield increased by 49.85 per cent control due to foliar spray ofDMSO over control. Saini 

(199]) reported that seed yield of opIUm poppy increased due to fohar spray of DMSO by 

16 5 % o\'er control. 

Kolupaev (1997) studied the effect of 0005, 20M DMSO applied before and after heat 

stress on the resistance of wheat coleoptiles grown at 18 nC for 5 days to heat stress of 45 - 46 

~C for 10 h was investigated. DMSO treatment reduced heat damage both during and after 

exposure It is suggested that the IIlhibltory ellect of DMSO 011 cellmetabolisl11 is responsible 

for it protection from heat damage. 

2.4 EFFECT OF MERCAPTOETHYLAMINE, DITHlOTHREITOL, PARA­

CHLOROMERCURICBANZOIC SULPI-IONIC ACID AND IODOACETATE 

Giaquinta (1976) suggested that the water soluble, sulfhydryl-specific, chemical 

modifier p-chloromercuribenzenesulfonic acid reversibly inhibited the accumulation of 

exogenously supplied 14C sucrose into the leaf discs of Beta va/garls. PCMBS treatment did 

not inhibit photosynthesis or respiration or induce membrane leakage to sucrose, indicating 

that the site of inhibition was the plasmalemma. The active loading of sucrose and I~C02 

derived assimilates into the phloem and their thranslocation from the source leaf were 

lllhibited by the non-permeant moditler. Several nOIl-perme:Jllt SUlnl~ dryl group 1ll0clIfiers 

abo Inhibited sucrose accumulation II1to leaf discs while two amiIlo leaetlve reagents had 110 

effect The results indicate that sugars arc actively acculllulated into the phloelll from the 

apoplast and that membrane sulfllydryl groups may be involved. 

/g> 
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Delrot et af. (1980) studied the effects of a penetrating (NEM) and a non-penetrating 

(PCMBS) sulfhydryl- specific reagent on proton extrusion, 86 Rb and (UI4
) sucrose uptake by 

Vida laba leaves. He concluded that PCMBS (1 mM) exerted, a strong inhibition on C4C) 

sucrose uptake but did not inhibit proton extrusion and 86Rb uptake. The sensitivity of phloem 

loading to PCMBS is thought to be consequence of sugar carrier blockage and not of 

inhibition of the proton pump. 

The respiratory metabolism of tobacco callus and its relation to tissue differentiation 

and bud primordium formation were studied in tobacco by Li and Liang (1990). They found 

that respiratorY-rate of callus increased on the 6lh day and decreased after 15 day in culture. 

'On the 18lh day, there was a second rise in respiratory rate, indicating the start of callus 

senescence. When treated with inhibitor (iodoacetate, malonate and Na3 P04), the degree of 

participation of HMP (hexose monophosphate pathway) was higher than that of EMP 

(Embden-meyerhoff-pamas pathway) in callus cultured for 6-12 day. On the 18th day in 

culture, callus respiration was markedly inhibited by iodoacetate, indicating that EMP was the 

main component of respiratory metabolism in callus at the beginning of senescence. 

Farrar and Minchin (1991) tested four hypothesis for the control of partitioning of 

photoassimitated 11 C between the 2 halves of split root system of young bartey plant. TIley 

found that import is related to total ability (metabolism plus storage) of the sink to use 

sucrose. Treatments that would have led to greatly decreased use of sucrose (iodoacetate 

inhibition) decreased import before those which would have led to a smaller decrease III 

sucrose use. 

Sahu and Solanki (I991) reported that foliar spray of 0.1 % mereaptoethylamine 

increased grain yield of maize by 29.2 per cent over water spray (control). They also observed 

significant increase in harvest index due to foliar spray of 0.1 % mercaptoethylamine over 

control. 

Hatch and Agostino (1992) found that hypocotyl protoplasts of cauliflower reduced 

their mitochondrial contribution to the fusion products with iodoacetate treatment, although it 

did not affect chloroplast segregation. They studied bilevel disulfide group reduction in the 

activation of C4 leaf nicotinamide adenine dinucleotide phosphate -l?l.alate dehydrogenase of 

Zea mays. They found that the maximum steady rate of activation was increased and the 

length of the lag in activation decreased, as the concentration ofthioredoxin -m, dithiothreitol 

and KCI were increased. The lag in activation (sigmoidicity) was eliminated by preincubating 

the inactivated enzyme with 100 millimole 2-mercapto ethanol, this pre treatment did not 

activate the enzyme. 
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Thimann et al. (1992) studied the effects of different inhibitors on oats coleoptile cell 

in IAA. They found that growth was inhibited by 2 rom iodoacetate, and short, fragmented, 

twisted or curled micro filaments occurred in most cells. 

Zhang et al. (1992) studied improvement of longevity and viability of sperm cells 

isolated from pollen of Zea mays. They observed that cysteine caused a rapid decrease in cell 

viability and increased lysis, whereas dithiothreitol increased the cell numbers but lowered 

their viability. 

Fieuw and Patrick (1993) studied photosynthate efflux from the vascular region of 
\ 

Vicia faba seed coats using was-out experiment after removal of the embryo. Sulphydryl 

group modifiers reduced 14 C- photosynthate efflux by 40-50 %, while the inhibitory effect 

was prevented or reduced by dithiothreitol, which competes with these compounds for 

sulphydryl groups. 

Harris and Heber (1993) observed that chlorophyll fluorescence yield in spinach 

slowly increased only when dithiothreitol or dithionite was added. Hayashi and Chino (1995) 

reported that active thioredoxin is a major protein translocated in rice sieve tubes. Parry et al. 

(1997) reported that treatment of the S 3-RNas)i from wild tomato Lycopersicon p'eruvianum 

(L.) Mill with iodoacetate at pH 6.1 led to a loss of RNase activity. In presence of a 

competitive inhibitor, guanosine 3' - monophosphate, (3' -GMP), the rate of RNase 

inactivation by iodoacetate was reduced significantly. 

Nakamura et al. (1999) observed enzyme activity in the leaf extract of Trillium 

apetalon was stimulated by EDTA and dithiothreitol, but strongly inhibited by P­

chloromercuribenzoate and iodoacetate. 

The signaling process of water stress induced abscisic acid (ABA) accumulation was 

investigated in maize (Zea mays L.) leaf and root tissues by Jia and Zhang (2000). They 

reported that dithiothreitol, a reducing agent but not a free radical scavenger, significantly 

inhibited dehydration induced ABA accumulation whereas solely free radical scavenger, 

dime!hylsulphoxide (DMSO), had no effect. Supfuydryl modifier, iodoacetamide (lOA) 

totally blocked the water stress induced ABA accumulation. Furthermore, an impermeable 

sulfhydryl modifier, P-chloromercuriphenyl-sulphonic acid (PCMBS), could also inhibit the 

water stress induced ABA accumulation in the leaf tissues. These results indicate that water 

stress perception protein (S) or receptor (s) may be located on the plasmalemma and 

sulpfbydryl group in the extracellular domain is critical to the reactivity of the speculated 

water stress receptors. Dithiothreitol and lOA did not lead to a decrease of the baseJine ABA 

level, i.e. in non-stress roots. 

Malanchuk et al. (2000) studied the activity of alpha-galactosidase isolated from 

culture fluid of cladosporium cludosporioides and how it is affected by cati9ns, anions and 
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specific chemical reagents. Ag + ions competitively inhibited alpha-galactosidase. Pre 

Incubation with galactose did not protetralpha-galactosidase from the inhibitory effects ofAg 

+ or P-ch MB, but thiol compound (L-cysteine, dithiothreitol, beta -mercaptoethanol) 

restored the enzyme activity. These results imply a role for the histidine imidazole group in 

catalysis. Sulphydryl groups play an important role in supporting the active conformation of 

the protein molecule. 

Eksittikul et al. (200 I) developed a leaf disc system to study sucrose uptake in 

cassava (Manihot esculenta). Sucrose uptake was found to be strongly inhibited by sulphydryl 

reagents, para-2hloromercuribenzene sulfonate and iodoacetate. 



3 MATERIALS AND METHODS 

The investigation entitled ' Effect of Thiourea and Dimethylsulphoxide on 

phosphorus use efficiency, dry matter partitioning and productivity of clusterbean 

[Cyamopsis tetragonoloba (L) Taub.] was conducted during kharif season of 1999 and 2000 

at the research farm, Agricultural Research Station, Beechwa1, Bikaner. In order to achieve 

the objectiv~ofthe study, two separate experiments were conducted. The materials used and 

techniques adopted during the course of the investigation are described in this chapter. 
\ 

3.1 LOCATION OF EXPERIMENTAL SITE 

Bikaner, the experimental location, is situated at an elevation of 234.70 metres above 

mean sea level with latitude of 28.01° North and longitude of 73.22° East. According to 

'Agro-ecological region map' brought out by National Bureau of Soil Survey and Land Use 

Planning (NBSS & LUP), Bikaner falls under Agro-Ecological region No.2 (M9El) under 

Arid Ecosystem (Hot Arid Ecoregion with Desert and Saline soils), which is characterized by 

deep, sandy and coarse loamy, desert soils with low water holding capacity, hot arid climate, 

and precipitation less than 300 mm. PET in this region ranges between 1500-2000 mm. As 

per NARP agro- climatic zone, Bikaner falls in Zone lc, which has recently carved out of the 

original zone lao The newly created zone lc is known as Hyper Arid Partially Irrigated 

Western Plains and consists of the districts of Jaisalmer, Bikaner and four tehsil of Churn 

districts, i.e., Dungargarh, Ratangarh, Sujangarh and Sardarshahar. The soils of zone are 

mostly sandy in texture and aeolin in nature having high permeability at surface and are very 

low in fertility and organic matter content. 

3.2 CLIMATE AND WEATHER 

The region has arid climate characterized by. moderate y.rinter and harsh summers. 
I 

Strong southwest winds during summer with frequent dust storms are regular phenomena. 

The average rainfall of Bikaner is 260 rum, most of which is received during the months of 

july and August. During the course of the study, weather conditions were, in general, 

favourable for the growth and development of the crop. 

The maximum and minimum temperatures during crop growth period ranged between 

30-40.6 a C and 15.8-30.4 a C, respectively during 1999. In the year 2000, the maximum and 

minimum temperature during crop growth period ranged between 32.0-41.0 a C and 11.3-30.2 

o C, respectively. During crop growth period, 3~.0 and 166.3 mm rainfall was recorded in 

1999 and 2000 respectively. 
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3.3 SOIL OF THE EXPERIMENTAL SITE 

Soil samples were taken from five different spots from the experimental field at 0-30 

em depth before sowing. Composite samples were prepared by grinding and passing through 

2 mm sieve and were analyzed to determine the physico-chemical properties of the soi1. The 

data on physico-chemical properties of soil for both the years of the study are presented in 

Table 3.2 along with the methods used for analysis. The soil analysis indicated that soils of 

the experimental field were sandy in texture and alkaline in nature. They are poor in organic 

matter while low in available nitrogen, phosphorus and potassium. 

Table 3.2 Physico-chemical properties of soils of the experimental site 

Soil characteristics 

Sand (%) 

Silt (%) 

Clay (%) 

Texture 

EC (1 :2) dSm') 

pH (1:2) 

Organic Carbon (%) 

Available Nitrogen 

(kglha) 

Available P2 0 S (kg/ha) 

Available K20 (kg/ha) 

Value at 0-30 em 

depth 

1999 2000 

90.80 

2.60 

6.60 

Sandy 

0.15 

8.33 

0.099 

105.0 

18.4 

206.0 

91.25 

2.64 

6.11 

Sandy 

0.18 

8.41 

0.080 

109.0 

16.5 

198.0 

3.4 CROPPING HISTORY 

Reference to Method of Analysis 

International Pipette Method (Piper , 

1950) 

Conductivity Meter (Jackson, 1973) 

pH meter (Jackson, 1973) 

Walkley and Black rapid titration 

.method (1947) 

Alkaline KMn04 method 

Olsen's method (Olsen et al. 1954) 

Flame photometrically (Jackson, 1973) 

Cropping history ofexperimentaI field is given in Table 3.3. 

Table 3.3: Cropping history of experimental site 

1999 2000 

YEAR KHARlF RABI YEAR KHARIF RABI 

1995 Fallow Fallow 1996 BAJRA WHEAT 

1996 MOTH FALLOW 1997 BAJRA GRAM 

1997 MOTH WHEAT 1998 CASTOR FALLOW 

1998 BAJRA WHEAT 1999 GROUNDNUT METHI 

1999 . GUAR* 2000 GUAR* 

*Experimental crop 



3.S DETAILS OF EXPERIMENTS 

l.5A EXPERIMENT-l 

This experiment entitled" Effect of Thiourea and Dimethyl sulphoxide on phosphorus 

use efficiency, dry matter partitioning and productivity of clusterbean (Cyamopsis 

tetragonoloba L. Taub) consisted of 24 treatments. The treatment consisted of three levels of 

phosphorus and eight chemical treatments of Thiourea and DMSO including control, thus 

making 24 treatments combinations in all. The details of treatments along with their symbols 

are given below and are presented in Table 3.4 , 
A. Levels of phosphorus 

(i) 0 kg P20s/ha = Po 

(ii) 20 kg P20S/ha = P20 

(iii) 40 kg P20 5/ha = P 40 

B Chemicals 

(i) Control = Co 

(ii) 5 kg thiourealha in soil (basal) = C, 

(iii) 5 kg thiourealha in soil ('/2+1
/ 2) = C2 

(iv) 2 kg DMSO/ha in so~ ('/2+'/2) = C3 

(v) 5 kg thiourealha + 2 kg DMSOlha in soil ('/2+'/2) = C4 

(vi) 500 ppm thiourea foliar spray = C5 

(vii) 100 ppm DMSO foliar spray =C6 

(viii) 500 ppm thiourea + 100 ppm DMSO foliar spray = C7 

3.SA.l Experimental Design and Layout 

The 24 treatment combinations replicated four times were laid out in randomized 

block design. The plan oflayout is shown in Fig. 3.2 

3.SA.2 Fertilizer application 

A basal d<;>se of nitrogen @ 20 kg Iha and potassium @ 20 kg K20 was applied. 

Potassium was supplied through Muriate of potash and basal dose of phosphorus was applied 

.as per treatment through DAP. Application of basal N, P and K was made manually through 

placement in furrows at 8-10 cm depth below the soil surface. Thereafter, the furrows were 

covered with soil dropping, leaving a depth of 5-6 cm for the purpose of sowing seeds. 



Fig. 3.2: PLAN OF LAYOUT OF EXPERIMENT NO.1 l' N 

LEGEND 
.(A) Levels of phosphorus 

Po'" 0 kg 
P20 '" 20 kg P20s/ha 
P 40 '" 40 kg P20s/ha 

(B) Chemicals 

Co'" Control 
C1 == 5 kg thiourea/ha in soil (basal) 
C2 '" 5 kg thiourea/ha in soil (112+ 112) 
C3 = 2 kg DMSO/ha in soil (112+ 1/2) 
C4 = 5 kg thiourea/ha+2 kg DMSO/ha in soil (1/2+112) 
Cs = 500 ppm thiourea fohar spray 
C6 == 100 ppm DMSO foliar spray 
C7 = 500 ppm thiourea+ 100 ppm DMSO foliar spray 

DESIGN: Randomized Block Design 
Replication : Four 

Plot size 
Gross : 5mx3 In 
Net :4mx1.8m 

Total treatment 
Combinations : 3 x 8 '" 24 

NB: Split application of thiourea and DMSO were made at sowing and 45 days after sowing 



Table 3.4 Details of treatment combinations for experiment-l 

SN Treatment combinations Symbol 
1 No phosphorus + control 
2 No phosphorus + 5 kg thiourealha in soil (basal) 
3 No phosphorus + 5 kg thiourealha in soil Clz+l/z) 
4 No phosphorus + 2 kg DMSO/ha in soil C/2+1/2) 
5 No phosphorus + 5 kg thiourealha+2 kg DMSO/ha in soil (1/2+1/2) 
6 No phosphorus + 500 ppm thiourea foliar spray 
7 No phosphorus + 100 ppm DMSO foliar spray 
8 No phosphorus + 500 ppm thiourea + 100 ppm DMSO foliar spray 
9 20 kg, P20s/ha + control 

PoCo 
POCI 
PoCz 
POC3 

POC4 

PoCs 
PoCo 
POC7 

P20CO 

PZOC I 

P20C2 

P20C3 

P20C4 

P20CS 

P20C6 

P20C7 

P40CO 

P40C. 
P40C2 

P40C3 

P4QC4 

P4QCS 

P4QC6 

P40C7 

10 20 kg PzOslha + 5 kg thiourealha in soil (basal) 
11 20 kg PzOs/ha + 5 kg thiourealha in soil C 12+1 12) 
12 20 kg P20s/ha + 2 kg DMSO/ha in soil CI2+1/2) 
13 20 kg P20s/ha +5 kg thiourealha+2 kg DMSO/ha in soil C/2+1

/ 2) 

14 20 kg P20s/ha + 500 ppm thiourea foliar spray 
15 20 kg P20slha + 100 ppm DMSO foliar spray 
16 20 kg P20s/ha + 500 ppm thiourea + 100 ppm DMSO foliar spray 

'17 40 kg P20s/ha + control 
18 40 kg P20s/ha + 5 kg thiourealha in soil (basal) 
19 40 kg P20s/ha + 5 kg thiourealha in soil C/2+1/2) 
20 40 kg P20siha + 2 kg DMSO/ha in soil C/2+1/2) 
21 40 kg P20s/ha +5 kg thiourealha+2 kg DMSO/ha in soil CI2+1/2) 
22 40 kg P20s/ha + 500 ppm thiourea foliar spray 
23 40 kg P20s/ha + 100 ppm DMSO foliar spray 
24 40 kg P20s/ha + 500 ppm thiourea + 100 ppm DMSO foliar spray 

3.SA.3 Details of crop raising 

"After seedbed preparation, guar variety" RGC-986 " was sown on 17th and 18u
• July 

during 1999 and 2000, respectively. Seeds were sown at 5-6 cm depth in furrows, 30 cm 

apart. A uniform seed rate of 20 kg/ha was used. In order to obtain uniform plant stand, seeds 

were yveighed for each plot separately in small packets for sowing. Sowing was done 

manually. Seed was treated with Rhizobium culture. The crop was sown after pre sowing 

irrigation. The crop was irrigated five times. One weeding and hoeing was done around 20-25 

DAS with a view to control weeds in early phase. Details of cultural operations from seedbed 

to harvesting are given in Table 3.5 

Table 3.5 Details of cultural operations carried out during the course of 

experimentation-l 

SN Operations 
1 Pre sowing irrigation 
2 Seedbed preparation 
3 Sowing 
4 Thinning 
5 Hoeing 
6 Harvesting 
7 Threshing 

1999 
15-07-1999 
16-07-1999 
17-07-1999 
02-08-1999 
08-08-1999 
10-11-1999 
15-12-1999 

2000 
16-07-2000 
17-07-2000 
18-07-2000 
03-08-2000 
10-08-2000 
11-11-2000 
12-12-2000 
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3.SAA Treatments application 

Phosphorus as per treatments was applied as basal through DAP. As regards soil 

application of thiourea (basal), thiourea @ 5 kg/ha was mixed with soil and applied in furrow 

manually at a depth of 8-10 em and followed by 3-4 em of soil layering, thus exposing about 

5 cm deep furrow for sowing of clusterbean seeds. DMSO was also applied in the same 

manner. The remaining half dose of thiourea and DMSO was top dressed at 45 days after 

50wing (DAS) when the crop plants were at flowering stage. Whilt> applying the split dose of 

TU and DMSO through top dressing, care was taken to ensure uniform distribution ofTU and 

DMSO in betwee\l the crop rows and light hoeing was done followed by light irrigation. 

As regards foliar spray treatments of thiourea and DMSO, 0.5 g thiourea and 0.1 ml 

DMSO per litre of water was used to achieve 500 ppm and 100 ppm concentration. 

Laboratory grade thiourea and DMSO were used to prepare spray solutions. In order to 

improve the spray retention, Labolene, a sticking agent, was' mixed into the spray solution @ 

0.5 mill. Foliar sprays of TU and DMSO were applied at pre flowering i.e. 40 DAS . The 

subsequent spray was done at pod development stage i.e. 60 DAS. A spray volume of 750 

litres per hectare was used to spray the crop-. The dates of treatment application for the two 

years of experimentation are shown in Table 3.6. 

Table 3.6 Schedule of treatment application in experiment-[ 

Treatments Date of treatment application 
1999 I 2000 

Phosphorus (full dose) 17-07-1999 I 18-07-200 
Soil application 

Thiourea (basal) 17-07-1999 I 18-07-2000 
Thi ourea (112 + 112) 17-07-1999,29-08-1999 I 18-07-2000,30-08-2000 

Foliar spray (two) 
Thiourea and DMSO 28-08-1999, 15-09-1999 I 29-08-2000, 16-09-2000 

3.SA.S Harvesting 

The crop was harvested by cutting with sickles. The harvested produce of each plot 

was bundled and properly tagged for treatment identification. Central rows forming net plot 

were harvested leaving two row on each side (lengthwise) and half meter on each side 

(Widthwise) in each plot. The bundles were kept open for sun drying. Threshing was done by 

beating the plants with thick sticks and thereafter, seed and straw yield per plot was recorded. 



3.SA.6 Treatment evaluation: Following criteria were adopted for evaluating the effects of 

the treatments 

Growth studies 

I . Plant height at 60 DAS and at physiological maturity 

2. Number of branches per plant at physiological maturity 

3 Dry mattcr accumulation at 30,60,90 and at physiological maturity 

4. Dry matter distribution in leaves, stems and pods at 30,60,90 and at physiological 

maturity 

5. Chlorophyll60ntent of leaves at 90 DAS 

6. LAI, CGR, LAR and NAR at 60 and 90 DAS 

7 Number of green leaves per plant at physiological maturity 

8. Root length, root weight and number of nodules per plant at 60 DAS 

Yield attributes 

Number of clusters per plant, number of pods per cluster, number of pods per plant, 

pod length, number of unfilled pods per plant, number of poorly filled pods per plant, seeds 

per pod, 1000 seed weight, seed yield per plant, and harvest index were recorded at maturity. 

Yields 

1. Seed yield per hectare 

2. Straw and biological yields per hectare 

Bio chemical studies 

1. PrQtein and gum content of seed 

2. N, P and S content of leaves at 90 DAS 

3. P distribution(%) in leaves, stem and pods at 60,90 DAS and at physiological maturity 

4. P uptake by seed and straw at harvest 

5 _ Phosphorus recovery 

6. Phosphorus harvest index (%) 

Soil studies 

Available P content of soil at 30 and 60 DAS and at harvest. 

Growth studies 

For periodical growth observation, two rows on either side were left. The 

observations were recorded at 30, 60, 90 DAS and at physiological maturity. 
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Plant height 

Plant height was recorded at 60 'DAS and at physiological maturity on the basis of 

the average height of five randomly selected plants from each plot. 

Number b.-anches per plant: 

TI1C branches of five randomly selected plants from side rows were counted at crop 

mJ.turity. The data were averaged to find out the mean number of branches per plant. 

Dry matter accumulation: 

Five plants were randomly collected from individual plots for estimating dry matter 

accumulation per plant at 30, 60 and 90 DAS and at physiological maturity. Leaves and pods 

were then detached from branches. Stems, leaves and pods so· separated were kept in paper 

bags aerated by making several holes over them. These samples were kept in sun for few 

days and then transferred to hot air oven for drying at 65 0 C till a constant weight was 

achieved. Dry weight of samples was recorded and weight per plant was then calculated. 

Dry matter distribution: 

Dry matter distribution in leaves, stems and pods were calculated from dry matter 

accumulation in leaves, stems and pods of five randomly selected plants at 30, 60 90 DAS 

and at physiological maturity. 

Leaf area index: 

As per schedule, leaf area of five plants from each plot was recorded with the help of 

Laser Area Meter (C 1203). All the leaves from plant were detached and inserted in the 

conveyor belt of the instrument, and the total area measured was recorded. Thereafter, leaf 

area per plant was obtained. Leaf area index was calculated as per formula suggested by 

Sestak et. al. (1971). 

Total leaf area 

Leaf area index 

Total land area 

Crop growth rate (CGR) and net assimilation rate (NAR) and leaf area ratio (LAR): 

The crop growth rate was computed by the following formula as given by Redford (1967). 

W2 -W1 

CGR =-----

(g/m2/d) 



NAR = ---------

(g/m2/d) 

LAR = 

Wr WI (LnL2 - LnLI ) 

Where, WI and W2 are dry weight and LI and L2 is LA! at time tl and t2, respectively. 

Ln is natural log and P is ground area. 

\ 

Number of green leaves per plant: Number of green leaves was recorded at physiological 

maturity on the basis of the average number of green leaves of five randomly selected plants 

from each plot. 

Root length, root weight and number of nodules: Five plants per plot were randomly dug 

out using kudali in a careful manner at 60 DAS. These plants along with the large soil mass 

enveloping roots were flushed under tap water. The root mass was then separated from plant 

by cutting with sharp knife. The length of root was measured and nodules were counted. The 

root mass was then dried between the folds of .filter papers. Thereafter, the plant as well as 

the root samples were placed in an oven and dried at 65 0 C to constant weight 

Yield attributes: Number of clusters per plant, number of pods per cluster, number of pods 

per plant, number of unfilled pods per plant and number of poorly filled pods per plant : Ten 

randomly selected plants at maturity were used for taking observation like cluster per plant, 

pods per cluster, pods per plant, unfilled and poorly filled pods per plant and seed yield per 

plant 

Number of seeds per pod: Total number of seeds of 20 randomly selected pods were 

counted at crop maturity to determine the average number of seeds per pod. 

Test weight: Guar seed sample were drawn from the produce of 10 randomly selected plant 

of each plot after weighing the net plot yield. From this, 1000 seeds were counted and 

weights recorded on an electric top-pan balance 

Harvest index: Harvest index was calculated as per formula given by Donald and Hamblin 

(1976) 



Economic yield 
Han'est IlIdex (%) = ------- X 100 

Biological yield 

BiD-chemical studies 

Gum content: The seed samples were analysed for gum content by phenol- sulphuric aCid 

method (Das' et. af 1977). 

Protein content: The protein content in seed was calculated by multiplying per cent nitrogen 

content 111 seed with the factor 6,25(AO.A.C., 19(0) 

Plant analysis: The plant samples collected as per schedule from each plot wcre dried and 
\ 

thereafter ground to a fine powder for estimating nutrient content. Nutrient content in leaves. 

stems, pods, seeds and stover were estimated by using standard method given below 

Nitrogen: Ncsslar's reagent colorimetric method (Snell and Snell, 1949). 

Phosphorus: Ammonium vanadate (yellow colour method, Richards, 19(8). 

Sulphur: Turbidnnetnc method (Tabatabai and Bremner, 1970) 

Chlorophyll: Chlorophyll content of leaves at 90 DAS was determined by the method 

advocated by Amon (1949). Fresh leaves from five pbnts- were picked up from each plot. 

Composite samples were washed 111 running tap water, O.OIN HC) and then thoroughly rinsed 

\\ ith distilled water in succession and were dried between folds of biottlllg paper. Onc-gram 

lot from the composite sample was wcighed and grollnd well in 80 % acetone with a pestle 

and mortar. The material was then filLered through whatman filter paper No. 42 and volul11e 

was made to 25 ml. The resu Itant intensity of colour was mcasured at 645 and 611] nm 

,vavelcngth on Spcctronic 20 The Lotal chlorophyll content was computed by tht..: 1'0110\1 ing 

formula . 

. Chlorophyll a = :-;V 
A:-; 1000 x W 

Chlorophyll b = xV 
Ax 1000xW 

20.2 A64s+8.02 AG63 
Total chlorophyll = ------- xV 

(mg/g f.w.) Ax 1000 x W 

Where, A = length of path light in the cell, V = voluillc of the extract ill mi. W = fresh \VClght of the 

samp Ie in 'g 

P uptake: The P uptake in leavcs, stcms and pods at 60 and 90 DAS and at physiological 

,maturity and seeds and stover was estimated using formula' 



P uptake (kg/ha) = P content ('Yo) X Dry matter (kg/ha)/\OO 

P distribution ('%) 

The total P uptake at 60 and 90 DAS and at physiological maturity was computed by 

SU!1ll11ll1g up the P uptake by leaves, stems and pods and for working out P dIstribution III 

leaves, stems and pods at 60 and 90 DAS and at physiological maturity, P uptake by lcetves. 
I 

stems and pods were then used to calculate per cent accumulation of P in relation to the total 

P uptake by the plant. 

Phosphorus use efficiency: Phosphonls usc efficiency ll1dices were estimated uSllIg the 

formulae given by Nova and LoomiS (1981) 
\ 

(a) Agronomic efficiency : Refers to effectiveness of P application In increasing gram yidcl 

per unit area. This was calculated by subtracting gr~:\In yield in control plot from gram 

yield obtained under various P treatments The increased grain yield LInder P trca(Il11:lIt 

was divided by the dose of P applIed! ha 

Kg grain (increase over control) 
Agronomic efficiency 
(Kg grainl kg applied P/ ha) Kg P applied 

(b) Physiological efficiency : Refers to the effectiveness of P application in increasing P 

uptake by the crop. This \\as calculated by worklJ1g out increase 111 grain yield 0\ er 

control (as described earlier) and diViding thc same by the incrcase in' P uptake under P 

treatmcnts In comparison to COlltrol. 

Physiological efficiency 
(Kg grain/ kg P uptake/ 11a) 

Kg grain (1llcrcase over control) 

Kg P uptake (Illcrease ovcr cOlltrol) 

(c) Phosphorus recovery : ThiS was calculated by working out increasc in P uptake under P 
treatments over control and dividing the samc by the dosc of P applicd/ha This \\as 
calculated on percentage baSIS. 

P uptake In treated plot - P uptake in control 
Phosphorus recovery ('Yo) = ----------------- X 100 

Dose of P applied 
(d) Phosphorus IUIl'vest index: This was worked out by dividlllg P uptake by the grain 

(yield/ha) by total P uptake by the crop (grain as well as straw yields/hal. TIllS \\as 

computed on percentage basis. 

P uptake by grain 
PhospholUS harvest in.dex (%) X 100 

Total P uptake by thc crop 

Soil analysis: Soil samples upto depths of 0-30 cm were taken from each plot at 30. GU. \)(J 

DAS and at harvest. The samples were analyzed for P as per mcthod mentioned in Tablc 32 



3.5B EXPERIMNT-II 

This experiment on effect of -SH compounds and -SH group blockers on dry matter 

partitioning and yield of clusterbean was conducted. The details of treatments are presented 

in Table 3.6. 

3.5B.l Experimental design and layout 

The 10 treatments replicated four times were laid out in Randomized Block Design. 

TIle plan of layout is shown in Fig. 3.3 

\ 

3.5B.2 Fertilizer application: 

A basal dose of nitrogen @ 20 kg /ha, phosphorus @ 40 kg P20slha and potassium @20 kg 

K20/ha was applied. Potassium was applied through MOP (Muriate of potash) and 

phosphorus was applied though DAP in all experimental plots. The amount of nitrogen 

already supplied through DAP was calculated and accordingly the remaining nitrogen was 

supplied through urea. It may be noted that application of basal N, P and K was made through 

placement in furrow at 8-10 cm depth below the soil surface. Thereafter, the furrows were 

covered with soil dropping, leaving.a depth of 5-6 cm for the purpose of sowing seeds. 

Table 3.7 The details of treatments along with their symbols for experiment-II 

Treatments: Foliar spray of chemicals Symbol 

(i) Control (water spray) To 

(ii) 500 ppm Thiourea (TU) Tl 

(iii) 500 ppm Mcrcaptoethyamine (MEA) T2 

(iv) 10 pplll Dithiothrcitol (DIT) T3 

(v) 10 ppm para-chloromercurybenzoicsulphonic acid (PCMBS) T4 

(vi) 10 ppm PCMBS + 500 ppm TU T5 

(vii) 100 ppm Iodoacctate T6 

(viii) 100 ppm Iodoacetate + 500 ppm TU T7 

(ix) 1000 ppm urea Ts 

(x) 1000 ppm Aluminium sulphate T9 

3.5B.3 Details of crop raising 

After seedbed preparation, guar variety RGC-986 was sown on 17th and 18th July 

during 1999 and 2000, respectively. Other details are same as described under experiment-I . 

. Details of cultural operation from seedbed preparation to harvesting are given in Table 3.7 
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Fig. 3.3 PLAN OF LAYOUT OF EXPERIMENT No.2 
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LEGEND Design: Randomized Block Design 

Foliar spray Replication: Four 
To = Control (water spray) Plot size: Gross: 3m x 2 m 
T. = 500 thiourea (TV) Net: 1.8m x I m 
T2 = 500 ppm Mercaptoetylamine (MEA) Total treatments: 10 
T 3 = 100 ppm Dithiothreitol (DTT) 
T4 = 10 ppm para-Chloromercurybenzoicsulphonic acid CPCMBS) 
Ts = 10 ppm PCMBS + 500 ppm TU 
T 6 = 100 ppm Iodoactate CIA) 
T7 = 100 ppm IA + 500 ppm TV 
Tg = 1000 ppm urea 
T9 = 1000 ppm aluminum sulphate 



Table 3.8 Details of cultural operation carried out during the course of experimentation 

S.N. Operations 1999 2000 

Pre sowing irrigation 15.07.l999 16.07.2000 

2 Seed bed preparation 16.07.1999 17.07.2000 

3 Sowing 17.07.l999 18.07.2000 

4 Thirming 3.8.199 05.08.2000 

5 Hoeing 09.08.1999 12.08.2000 

6 Harvesting 
\ 

10.11.1999 11.11.2000 

7 Threshing 15.12.1999 12.12.2000 

3.5B.4 Treatment application 

For the foliar spray treatment of chemicals, 0.5 g chemical per litre of water was used 

to achieve 500 ppm concentration and 0.01, 0.1, and I g chemical per litre was used for 

preparation of 10, 100 and 1000 ppm spray solution, respectively. Laboratory grade 

chemicals were used to prepare spray solution. In order to improve the spray retention, 

Labolene, a sticking agent, was mixed into the spray solution @ 0.5 mIll. Foliar sprays of 

chemicals were applied at pod initiation stage i.e. at 55 DAS. A spray volume of 750 Htres 

per hectare was used to spray the crop. In control plots, water was sprayed. The dates of foliar 

spray of chemicals during the two years of experimentation are shown in Table 3.8. 

Table 3.9 Schedule of treatment application in experiment-II 

Treatments Date of application 

1999 2000 

To,TI,T2,T3,T4,T6,Ts and T9 10.09.1999 11.09.2000 

10.09.1999 11.09.1999 

PCMBS and Iodoacetate spray PCMBS and Iodoacetatc spray , 

Tsand T7 11.09.199 12.09.199 

TU spray in Ts and T7 TU spray in Ts and T7 

*In treatments No. T sand T 7 where combmed apphcatlon of PCMBS + TU and Iodoacetate 

+ TV, The spray of TV was done just one day after PCMBS and Iodoacetate spray. 

3.SB.S Harvesting 

Fifty plants from each plot were collected and bundled. Threshing was done by 

beating the plants with thick stick and thereafter, seed and straw yield per plot was recorded 

.and seed and staw yields (qlha) was calculated. 



3.5B.6 Treatment evaluation 

Following criteria were adopted for evaluating the effect of the treatments 

Growth studies 

Dry matter accumulation ofleaves, stems and pods at 15 days interval after treatment 

application. 

Yield attributes 

Number of clusters per plant, number of pods per plant, number of pods per plant, 

pod length, number of unfilled pods per plant, number of poorly filled pods per plant, seeds 

per plant, ~st weight, seed yield per plant, ratio of grain and pod husk in lowermost, middle 

and uppermost cluster of main shoot at physiological maturity. 

Yield: Grain, straw and biological yields and harvest index 

Bio chemical studies: N and S content of leaves at 75 DAS. 

Dry matter accumulation by leaves, stems and pods 

Five plants were randomly collected from individual plots for dry matter 

accumulation at 75, 90 DAS and at physiological maturity. Leaves, stems and pods were then 

detached from branches. Leaves, stems and pods so separated were kept in paper bags aerated 

by making several holes over them. These sample were kept in sun for few days and then 

transferred to hot air oven for drying at 65°C till a constant weight was achieved. Dry weight 

of samples was recorded and weight per plant was then calculated for recorded dry matter 

distribution in leaves, stems and pods. 

Yield attributes 

Ten randomly selected plants at maturity were used for taking observations of yield 

attributes. 

Number of seeds per pod: Total number of seeds of 20 randomly selected pods were 

counted at crop maturity to determine the average number of seeds per pods. 

Pod length: Twenty 20 pods were randomly collected at crop maturity and used for 

measuring pod length. 

Test weight: Guar seed samples were drawn from the produce of each plot after weighing the 

net plot yield. From this 1000 seeds were counted and weights recorded on electric top pan 

b~ance. 

Ratio of grain and pod husk in lowermost, middle and uppermost cluster of main shoot: 

Samples collected for estimating yield attributes per plant at maturity were also used 

for taking observation pods from lowermost, middle and uppermost cluster were detached 

from main shoot and kept in paper bags. These samples were kept in sun for few days and 



then transferre'd to hot air oven for drying at 65 0 C till a constant weight was achieved. 

Grains were separated manually and weights recorded for grain and pod husk for calculating 

ratio of grain and pod husk. 

Yields:. Fifty plants collected from individual plots were kept in sun for few days and weights 

were recorded. Harvesting was done by beating bundles with stick and separated grains and 

weights recorded. From this weight grain, straw and biological yields for net plot were 

calculated. These were then converted into yield per hectare. 

\ 
Biochemical studies 

Nand S content of leaves at 75 DAS: leaves samples collected for estimating dry matter 

accumulation per plant at 75 DAS we.re also used for estimation efN and S content ofleaves. 

STATISTICAL ANALYSIS: The standard procedures as suggested"by Fisher (1949) were 

employed by applying the techniques of analysis of variance for Randomized Block Design 

in order to test the significance of results. Wherever" F" test was found significant at 5 per 

cent level of probability, the critical differences were calculated to assess the significance of 

difference between the treatments. 

ECONOMICS: In order to evaluate the effectiveness of different treatments, the expenditure 

incurred on all cultural operations including inputs applied to each treated plot was computed. 

The gross returns were worked out on the basis of grain yield and straw yield as per treatment 

and prevailing selling price. The net returns per hectare were calculated by deducting cost of 

cultivation from gross returns per hectare for respective treatments. It was done to ascertain 

the most remunerative treatments. Accordingly, benefit cost (B:C) ratio was also computed. 
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4 EXPERIlVIENTAL RESULTS 

Data arising out of the present investigation entitled "Effect of Thiourea and 

Dimethylsulphoxide on phosphorus use efficiency, dry matter partitioning and productivity of 

clusterbean [Cyamopsis tetragonoloba (L.) Taub.]" conducted during two consecutive kharif 

season of 1999 and 2000 are presented and described in this chapter. Analysis of variance for 

the data are provided in Appendices I to XXXVII 

As already detailed under Materials and Methods, one experiment was conducted on 

the effect qf Thiourea and DMSO at varying levels of phosphorus, while the second 

experiment was conducted on the effects of -SH compounds arid -SH group blocker on dry 

matter partitioning and yield of clusterbean. Data in respect of the main effects as well as 

interaction effects (wherever significant) of the treatments have been suitably presented and 

described to highlight the finding. It is worth pointing that most of the parameters studied in 

the experiment concerning first experiment showed interaction effects of TV and DMSO with 

phosphorus. It was, therefore, consider logical and necessary to present all such data in the 

interaction mode, of course, simultaneously providing the data for the main effect as well. 

4A.l EFFECT OF THIOUREA (TU) AND DIMETHYLSULPHOXIDE (DMSO) AT 

VARYING LEVELS OF PHOSPHORUS ON GROWTH PARAMETERS 

4A.1.1 Plant height 

Data (Table 4A.l) show 'that phosphorus application brought about significantly 

increase in Plan/j!t'at{DAS upto 40 kg PzOs /ha in both the year. On the basis of pool cd data, 

application of 40 kg PzOs/ha proved significantly superior to 20 kg PzOs/ha. Application of 20 

and 40 kg PzOs/ha significantly increased plant height at 60 DAS by 11.9 and 18.9 per cent, 

respectively over control. 

Soil application of TV and DMSO did not influence plant height at 60 DAS in both 

the years. Similarly, foliar sprays of TV and DMSO failed to increase plant height at 60 DAS 

during both the years. 

Data (Table 4A.2) reveal that application of 40 kg PzOs/ha significantly increased 

plant height at physiological maturity over control during both the years. However, 

application of 20 and 40 kg Pz0 5/ha was at par in this respect in both the years. On the basis 

of pooled data, application of 20 and 40 kg PzOs/ha significantly increased plant height at 

physiological maturity by 5.5 and 8.5 per cent, respectively over control. 

All the soil and foliar applied treatments were ineffective to improve plant height at 

physiological maturity during either of the years. Similar trends were noticed in pooled data 

also. 



Table: 4A.l Effect of thiourea and DMSO on plant height (em) at 60 DAS at 
varying levels of phosphorus 

Year 1999 PhosE horus {kglha) Mean 
0 20 40 

Control 62.0 70.83 75.20 69.34 
5 kg TUnla in soil (basal) 58.95 73.32 75.12 69.12 
5 kg TU&a in soil e 12 + 1/2) 67.60 70.83 77.10 71.81 
2 kg DMSO&a in soil (1/2+ l/z) 63.20 69.52 72.50 68.41 
TU+DMSO in soil e/2+ 1/2) 68.17 72.17 74.58 71.64 
500 ppm TU (spray) 60.09 70.17 79.65 69.97 
100 pp'm DMSO (spray) 67.70 72.41 72.66 70.92 
TU+DMSO (spray) 62.61 71.15 78.93 70.90 
Mean 63.82 71.30 75.72 

Phosphorus Chemicals Interaction 
S.Em+ 0.833 1.360 2.356 
C.D. (0.05) 2.308 NS NS 

Year 2000 PhosEhorus (kgfua} Mean 
0 20 40 

Control 61.06 17.93 75.31 69.09 
5 kg TU&a in soil (basal) 61.13 73.26 74.96 69.78 
5 kg TU&a in soil (1 /2 + liz) 67.07 69.77 7.7.71 71.52 
2 kg DMSO&a in soil e 12 + liz) 63.24 69.58 73.23 68.68 
TU+DMSO in soil C/2+ 1/2) 68.25 73.01 77.53 72.93 
500 ppm TU (spray) 61.59 71.21 77.72 70.17 
100 ppmDMSO (spray) 63.92 71.65 72.75 69.44 
TU+DMSO (spray) 63.18 71.47 78.20 70.95 
Mean 63.68 71.36 75.93 

Phosphorus Chemicals Interaction 
S.Em+ 0.819 1.338 2.317 
CD. (0.05) 2.270 NS NS 

Pooled Phosphorus ~ kgfua) Mean 
0 20 40 

Control 61.53 70.88 75.25 69.22 
5 kg TU&a in soil (basal) 60.04 73.29 75.04 69.46 
5 kg TU&a in soil (1 /2 + 112) 67.34 70.30 77.41 71.68 
2 kg DMSO/ha in soil e 12 + 1/2) 63.22 69.55 72.86 68.54 
TU+DMSO in soil e 12 + 1/2) 68.21 72.59 76.06 72.28 
500 ppm TU (spray) 60.84 70.69 78.69 70.07 

100 ppm DMSQ (spray) 65.81 72.03 72.71 70.18 

TU+DMSO (spray) 62.89 71.31 78.57 70.92 

Mean 63.73 71.33 75.82 
Phosphorus Chemicals Interaction 

S.Em+ 0.584 0.954 1.652 
C.D. (0.05) 1.619 NS 4.580 



Table: 4A.2 Effect of thiourea and DMSO on plant height (cm) at 
physiological maturity at varying levels of phosphorus 

Year 1999 Phos~horus (kg/ha) 
0 20 40 

Control 79.32 86.79 95.49 
5 kg TU/ha in soil (basal) 86.37 88.86 89.17 
5 kg TU/ha in soil e 12 + 1/2) 88.86 90.17 93.19 
2 kg DMSO/ha in soil e 12 + 1/2 ) 85.54 90.03 88.85 
TU+DMSO in soil e/2+ 1/2) 87.67 92.61 96.14 

.' 500 ppm\TU (spray) 80.07 88.92 92.43 
100 ppm DMSO (spray) 84.86 85.03 88.53 
TU+DMSO (spray) 89.23 90.22 90.94 
Mean 85.24 89.08 91.89 

Phosphorus Chemicals Interaction 
S.Em+ l.726 2.818 4.881 
CD. ((J.O~ 4.784 NS NS 

Year 2000 Phos~horus {kg/1la2 
0 20 40 

Control 79.09 86.28 93.10 
5 kg TU/ha in soil (basal) 85.66 89.15 90.63 
5 kg TU/ha in soil e 12 + 1/2) 89.l1 90.73 94.43 
2 kg DMSO/ha in soil e 12 + 1/2 ) 85.04 89.61 89.42 
TU+DMSO in soil e/2+ 1/2) 85.56 93.86 95.23 
500 ppm TU (spray) 80.57 89.16 92.54 
100 ppm DMSO (spray) 82.55 85.54 90.34 
TU+DMSO (spray) 85.07 92.70 88.09 
Mean 84.08 89.63 9l.87 

Phosphorus Chemicals Interaction 
S.Em± 1.977 3.229 5.590 
C.D. (0.05) 5.479 NS NS 

Pooled PhosQhorus (kg!ha~ 
0 20 40 

Control 79.21 86.53 94.90 
5 kg TUfha in soil (basal) 86.01 89.00 89.90 
5 kg TUfha in soil e 12 + 1/2) 88.96 90.45 93.99 
2 kg DMSOfha in soil e/2 + 1/2 ) 85.29 89.82 89.13 
TU+DMSO in soil (1 /2 + 112) 86.62 93.24 95.68 
500 ppm TU (spray) 80.32 89.04 92.48 

100 ppm DMSO (spray) 83.70 85.28 89.44 
TU+DMSO (spray) 87.15 91.46 89.52 
Mean 84.66 89.35 9l.88 

Phosphorus Chemicals Interaction 
S.Em± 1.525 2.090 l.770 
C.D. (0.05) 4.229 NS . NS 

Mean 

87.20 
88.13 
90.86 
88.14 
92.14 
87.14 
86.14 
90.13 

Mean 

86.56 
88.48 
91.42 
88.02 
91.55 
87.42 
86.14 
88.62 
88.53 

Mean 

86.88 
88.31 
91.14 
88.08 
9l.85 
87.28 

86.14 
89.38 



Data (Table 4A.l) on combined effects of treatments further show that interaction 

effects were not significant in any of the years. However, in pooled data, interaction effects 

were found significant. Under no phosphorus, soil application of TU+DMSO e/2+llz) 

significantly increased plant height at 60 DAS by 10.8 per cent over control. Rest of the soil 

and foliar applied treatments were ineffective in this respect. Under 20 and 40 kg PzOs/lla, 

none of the soil and foliar applied treatments proved effective. 

4A.1.2 Number of branches per plant: 

Data (Table 4A.3) reveal that phosphorus application resulted in significant increase 

in number of branches per plant upto 40 kg P20sllla in both the years. Further, application of 

40 kg PzOs/ha proved significantly superior to 20 kg PzOs/ha in both the years. On the basis of 

pooled data application of 20 and 40 kg PzOs/ha significantly increased number of branches 

per cent by 25.0 and 32.7 per plant, respectiveiy over control. 

Soil application ofTU at 5 kg/ha C/2+(/2) significantly increased number of branches 

per pant during both the years. On the basis of pooled data, soil application of TV at 5 kg/ha 

elz+1Iz) resulted in significantly higher number of branches per plant by 28.1 per cent over 

soil application of TV at 5 kg/ha (basal). Soil application of DMSO at 2 kglha ('/2+1
/ 2) failed 

to increase number of branches per plant in both the years. Soil application of TV + DMSO 

e/2+1Iz) significantly increased number of branches per cent in both the years. On the basis of' 

pooled data, soil application of TU at 5 kg/ha CIZ+l/z) and TV+DMSO CIZ+llz) significantly 

increased number of branches per plant by 32.7 and 34.5 per cent, respectively over control. 

Data further show that foliar spray of 500 ppm TV and TV+DMSO significantly 

increased number of branches per plant in both the years, foliar spray of 100 ppm DMSO did 

not influence number of branches per plant significantly. On the basis of pooled data, foliar 

sway ofTU and TV+DMSO significantly increased number of branches per plant by 12.7 per 

ccnt in each year over control. 

4A.1.3 Number of green leaves at physiological maturity 

Data (Table 4A.4) show that number of green leaves recorded under the influence of 

phosphorus application were significantly superior over control upto 20 kg P20s/ha in 1999 

and upto 40 kg Pz0 5/ha in 2000. On the basis of pooled data, application of 40 kg Pz0 5/ha 

significantly increased number of green leaves per plant over 20 kg P20s/ha. Application of 

20 and 40 kg Pz0 5/ha registered 28.9 and 39.2 per cent improvement in number of green 

leaves per plant over control, respectively. 

Soil application of TU at 5 kg/ha (basal) failed to increase number of green leaves per 

plant in 1999, while significant increase over control was observed in 2000. Soil application 



Table: 4A.3 Effect of thiourea and DMSO on number of branches/plant at 
varying levels of phosphorus 

Year 1999 PhosEhorus {kg/ha) Mean 
0 20 40 

Control 4.5 5.7 6.6 5.6 
5 kg TUlha in soil (basal) 4.9 5.9 6.6 5.8 
5 kg TU/ha in soil e Iz + liz) 7.1 7.5 7.7 7.4 
2 kg DMSOlha in soil e/2 + 1/2) 4.9 6.2 7.0 6.0 
TU+DMSO in soil e /2+ 1/2) 7.5 7.6 7.5 7.5 
500 PRm TU (spray) 5.2 6.7 6.7 6.2 
100 ppm DMSO (spray) 4.9 5.9 6.7 5.8 
TU+DMSO (spray) 5.1 6.7 7.1 6.3 
Mean 5.5 6.5 7.0 

Phosphorus Chemicals Interaction 
S.Em+ 0.117 0.191 0.331 
C.D. (0.05) 0.324 0.529 NS 

Year 2000 Phos~horus (kg/ha~ Mean 
0 20 40 

Control 4.3 5.4 6.8 3.5 
5 kg TUlha in soil (basal) 4.7 5.7 6.4 5.6 
5 kg TUlha in soil e 12 + 1/2) 5.6 7.9 8.2 7.2 
2 kg DMSOlha in soil e/2 + 1/2) 4.6 5.9 6.7 5.7 
TU+DMSO in soil e 12 + 1/2) 5.6 8.0 8.3 7.3 
500 ppm TU (spray) 5.2 6.5 6.7 6.1 
100 ppm DMSO (spray) 4.5 5.6 6.6 5.5 
TU+DMSO (spray) 5.2 6.5 6.8 6.2 
Mean 4.9 6.4 7.0 

Phosphorus Chemicals Interaction 
S.Em± 0.134 0.218 0.378 
C.D. (0.05) 0.371 0.604 NS 

Pooled Phos2horus {kg/ha~ Mean 
0 20 40 

Control 4.4 5.6 6.5 5.5 
5 kg TUlha in soil (basal) 4.8 5.8 6.5 5.7 
5 kg TU/ha in soil e 12 + 1/2) 6.3 7.7 7.9 7.3 
2 kg DMSOlha in soil e/2+ 1/2) 4.7 6.1 6.9 5.9 
TU+DMSO in soil e/2+ 1/2) 6.5 7.8 7.9 7.4 
500 ppm TU (spray) 5.2 6.6 6.7 6.2 

100 ppm DMSO (spray) 4.7 5.7 6.6 5.7 
TU+DMSO (spray) 5.2 6.6 6.9 6.2 
Mean 5.2 6.5 6.9 

Phosphorus Chemicals Interaction 
S.Em+ 0.089 0.145 0.251 
C.D._{0.05) 0.246 0.402 NS 



Table: 4A.4 Effect of thiourea and DMSO on number of green leaves / plant at 
physiological maturity at varying levels of phosphorus 

Year 1999 PhosEhorus {kg/ha) Mean 
0 20 40 

Control 26.7 35.9 43.2 35.3 
5 kg TU/ha in soil (basal) 28.9 42.9 47.8 39.9 
5 kg TU/ha in soil e 12 + 1/2) 53.5 87.9 97.4 79.6 
2 kg DMSO/ha in soil C12+ lIz) 34.8 42.2 44.2 40.4 
TU+DMSO in soil (lIz + lIz) 73.3 96.2 95.8 88.4 
500 pp~ TU (spray) 68.8 81.1 84.4 78.1 
100 ppm DMSO (spray) 49.2 64.9 68.7 60.9 
TU+DMSO (spray) 78.9 84.5 96.4 86.6 
Mean 51.8 66.9 72.2 

Phosphorus Chemicals Interaction 
S.Em± 2.08 3.39 5.88 
C.D. (0.05) 5.76 9.39 NS 

Year 2000 PhosQhorus (kg/hal Mean 
0 20 40 

Control 22.8 30.7 36.9 30.2 
5 kg TU/ha in soil (basal) 26.1 38.7 43.1 35.9 
5 kg TU/ha in soil C Iz + lIz) 40.7 66.8 74.1 60.5 
2 kg DMSO/ha in soil C 12 + 1/2) 30.3 36.7 38.6 35.2 
TU+DMSO in soil Clz+ lIz) 54.5 71.6 71.4 65.8 
500 ppm TU (spray) 62.4 73.5 76.6 70.8 
100 ppm DMSO (spray) 30.8 40.7 43.1 38.2 
TU+DMSO (spray) 71.4 76.5 87.3 78.4 
Mean 42.4 54.4 58.8 

Phosphorus Chemicals Interaction 
S.Em± 1.03 1.69 2.92 
C.D. (0.05) 2.86 4.68 8.09 

Pooled PhosEhorus (kg/ha) Mean 
0 20 40 

Control 24.8 33.3 40.1 32.73 
5 kg TU/ha in soil (basal) 27.5 40.8 45.4 37.9 
5 kg TU/ha in soil C Iz + 1/2) 47.1 77.4 85.7 70.1 
2 kg DMSO/ha in soil CI2 + 1/2) 32.6 39.4 41.4 37.8 
TU+DMSO in soil (1/2 + 112) 63.9 83.8 83.6 77.10 
500 ppm TU (spray) 65.6 77.3 80.5 74.5 

100 ppm DMSO (spray) 40.0 52.8 55.9 49.6 
TU+DMSO (spray) 75.2 80.5 91.8 82.5 
Mean 47.1 60.7 65.5 

Phosphorus Chemicals Interaction 
S.Em+ 1.I6 1.89 3.28 
C.D. (0.05) 3.22 5.25 9.10 



of TV at 5 kglha CI2+ 1
/ 2) and soil application of TU+DMSO ('/2+1

/ 2) significantly increased 

number of green leaves per plant over control during both the years. Pooled data reveal that 

soil application of TV at 5 kg/ha CI2+ 1
/ 2) and soil application of TU+DMSO e/2+1

/ 2) 

significantly increased number of green leaves per plant by 114.0 and 135.6 per cent over 

,control, respectively. 

Data further show that foliar spray of 500 ppm TV, 100 ppm and TV+DMSO brought 

about significantly increase in number of green leaves during both the years. On the basis of 

pooled data, foliar spray of 500 ppm TU, 100 ppm DMSO and TU+DMSO significantly 

increaS"((d number of green leaves per plant by 127.4, 51.4 and 152.1 per cent, respectively 

over control. 

Data (fable 4A.4) show that TU and DMSO interacted significantly with phosphorus 

in influencing number of green leaves per plant in 2000 only. Under no phosphorus, soil 

application of TV at 5 kg (112+ 1/2), soil application of TV+DMSO C/2+1Iz), foliar spray of 

500 ppm TV and foliar spray of TU+DMSO significantly increased number of green leaves 

per plant over control. Under 20 kg P20slha, except soil application of TU at 5 kg/ha (basal) 

and soil application of DMSO at 2 kg/ha C/2+(/2), all the soil and foliar applied treatments 

were effective. Under 40 kg p2p5/ha, soil application of TU at 5 kg/ha C/1+1/l ), soil 

application of TV+DMSO CIZ+llz), foliar spray of 500 ppm TU and foliar spray of 

TU+DMSO proved effective in this respect. Pooled data show that under no phosphorus, soil 

application of TU at 5 kglha CI2+1/2), soil application of TU+DMSO C/l+1Iz), foliar spray of 

500 ppm TU, foliar spray of 100 ppm .DMSO and foliar spray of TU+DMSO significantly 

increased number of grcen leaves per plant by 89.9, 157.6, 164.5, 61.3 and 203.2 per cent, 

respectively over control. Similar trends were recorded under 20 and 40 kg P20slha. The 

increases were in the order of 132.4, 151.6, 132.1, 58.5 and 141.7 per cent under 20 kg 

P205/haand 113.7, 108.5, 100.7, 39.4and 128.9 per cent under 40 kg P205/ha. 

4A1.4 Dry matter accumulation per plant at 30 DAS 

Figure 4.1-4.4 show that dry matter accumulation (DMA) per plant at 30 DAS 

varied significantly under different levels of phosphorus. Significant improvement in DMA 

per plant was recorded at 20 kg P20siha over control in 1999 while, it increased significantly 

upto 40 kg P20s/ha in 2000. On the basis of pooled data, application of 40 kg P20s/halha was 

at par with 20 kg P20s/ha. Application of 20 and 40 kg P20s/ha registered 27.3 and 32.8 

percent improvement in DMA per plant at 30 DAS over control, respectively. 

Soil application of TV at 5 kg/ha (basal) significant increased DMA per plant over 

control during both the years. Soil application of TV at 5kglha ('12+1
/ 2) significantly increased 

DMA per plant in 2000 only. In the pooled data, soil application ofTU at 5 kg /ha C/2+
1
/ 2) did 



not differ significantly from that under soil application of TU at 5 kg/ha (basal). Soil 

application of DMSO at 2kg /ha (Yz + Yz) significantly increased DMA per plant over control 

in 1999 only. Soil application ofTU+DMSO e/2+1/2) significantly increased DMA Iplant over 

control in both the years. On the basis of pooled data, soil application of TV at 5 kg! ha 

(basal), soil application of TU at 5 kg /ha (YZ+YZ), soil application of DMSO at 2 kg (YZ+YZ) 

and soil application of TU+DMSO CI2+1/2) significantly increased DMA per plant by 17.0, 

12.4,10.5 and 17.5 per over control, respectively. 

None of the foliar applied treatments had significant effect on DMA per plant at 30 

DAS in either of the years. In pooled data, similar trends were noted. 

4A.1.S Dry matter accumulation per plant at 60 DAS 

Figure 4.1-4.4 show that phosphorus application brought about significant increase in 

DMA per plant at 60 DAS upto 40 kg P20s/ha during both the years. Pooled data show that 

40 kg P20 S /ha significantly superior over 20 kg P20s/ha. Application of 20 and 40 kg P20slha 

significantly increased DMA per plant by 20.5 and 31.1 per cent, respectively over control. 

Soil application of TU at 5 kg/1m (Yz+Yz) significantly increased DMA per plant over 

control in 1999 only. Soil application of DMSO at 2 kg/ha (YZ+Y2) was in effective during 

both the years in this respect. Soil application of TU+DMSO brought about significant 

increase in DMA per plant over control .in both the years. On the basis of pooled data, soil 

application of TV at 5 kg/ha (YZ+YZ) and TU+DMSO (YZ+YZ) significantly increased DMA per 

plant by 11.2 and 17.1 per cent, respectively over control. 

Foliar spray of 500 ppm DMSO failed to increase DMA per plant at 60 DAS 

significantly but foliar spray of TU+DMSO brought about significant increase in DMA per 

plant during both the years. In pooled data similar trends were observed. Foliar spray of 

TU+DMSO significantly increased DMA per plant by 8.0 per cent over control. 

4A.1.6 Dry matter accumulation per plant at 90 DAS 

Figure 4.1-4.4 reveal that phosphorus application resulted significant increase in 

DMA per plant at 90 DAS upto 40 kg P20s /ha in both the years. Pooled data show that DMA 

per plant under the influence of 20 and 40 kg P205 /ha was higher by 25.1 and 35.4 per cent 

over control, respectively. 

Soil application of TV at 5 kglha (basal) significantly increased DMA per plant in 

2000 only. However, soil application of TU at 5 kglha (Yz+~) and soil application of 

TU+DMSO significantly increased DMA per plant over control during both the years. While, 

soil application of DMSO at 2 kg/ha (YZ+YZ) was effective only in 1999. On the basis of 

pooled data, soil application ofTU at 5 kg/ha (YZ+YZ) significantly increased DMA per plant at 



90 DAS by 5.6 per cent over soil application ofTU at 5 kg/ha (basal). Soil application ofTU 

at 5 kg/ha (basal), TU at 5 kg/ha (Y2+Y2), DMSO at 2 kg/ha (Y2+Y2) and TU+DMSO (Y2+Y2) 

significantly increased DMA per plant by 12.4, IS.7, 12.8' and 29.2 per cent, respectively over 

control. 

All the foliar applied treatments of TU and DMSO was found effective in improving 

DMA per plant during both the years except foliar spray of 100 ppm DMSO in 2000. Pooled 

data indicate that foliar sprays of 500 ppm, 100 ppm DMSO and foliar spray TU+DMSO 

significantly increased DMA per plant by 19.0, 14.1 and 22.8 per cent, respectively over 

contro I. \ 

4A.1.7 Dry matter accumulation per plant at physiological maturity 

Figure 4.1-4.4 show that phosphorus application brought about significant increase in 

dry matter accumulation (DMA) per plant at physiological maturity up to 40 kg P20 S /ha 

during both the years. In pooled data, application 40 kg P20 j Iha proved superior to 20 kg . 
PzO j /ha. Application of 20 and 40 kg P20 S /ha registered 33.9 and 45.6 per cent improvement 

in DMA per plant ovcr control, respectively. 

Soil application of TU at 5 kg/ha (basal) proved effective only in 1999. Soil 

application of TU at 5 kg/ha (Vz+Yl) and soil application of TU+DMSO (YZ+Yl) significantly 

increased DMA per plant over control during both the years. Soil application of DMSO at 2 

kg/ha (Y2+Vz) significantly increased DMA per plant in 1999 only. On thc basis of pooled 

data, soil application of TU at 5 kg/ha (VZ+VZ) significantly increased DMA per plant by 11.S 

per cent over soil application of TU at 5 kg/ha (basal). The per cent increase in DMA per 

plant due to soil application ofTU at 5 kg/ha (basal) soil application ofTU at 5 kg/ha (VZ+VZ), 

soil application of DMSO at 2 kg (VZ+VZ) and soil application of TU+DMSO (Vz+Yz) was to 

the order of 7.2, 19.8, 8.4 and 31.4 per cent over control, respectively. 

All the foliar applied treatments of TU and DMSO was significantly superior to 

control during both the years except foliar spray 100 ppm DMSO in 2000. Pooled data show 

that foliar sprays of 500 ppm TU, 100 ppm DMSO and TU+DMSO significantly increased 

DMA per plant by 14.9, 14.9 and 20.0 per cent, respectively over control. 

4 A.1.8 Dry matter distribution in leaves at 30 DAS 

Data (Table 4A.5) show that application of 40 kg P20 S /ha significantly increased dry 

matter distribution (DMD) in leaves at 30 DAS during 2000 only. In pooled data, phosphorus 

application did not influence DMD in leaves significantly. 

All the soil applied treatments of TU and DMSO were proved ineffective in 

improving DMA in leaves during 1999. However, in 2000 soil application of TU at 5 kg/ha 
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(Yz+Y.), soil application of DMSO at 2 kg/ha (YZ+YZ) and soil application of TU+DMSO 

(Yl+Y.) significantly increased DMD in leaves. On the basis of pooled data, only soil 

application of TU at 5 kglha (Y2+!12) was found effective in increasing DMD in leaves by 4.8 

and 3.20 per cent over control and soil application ofTU at 5 kg/ha (basal), respectively. 

'All the foliar applied treatments of TU and DMSO were failed to improve DMD in 

leaves during both the years. However, in pooled data increasing trends were noted due to 

foliar sprays of 500 ppm TU and 100 ppm DMSO over control. 

4A.1.9 Dry matter distribution in stem at 30 DAS 

Data (Table 4A.6) show that dry matter distribution (DMD) in stem at 30 DAS 

increased significantly due to application of 20 kg P20s/ha in 2000 only. In pooled data 

phosphorus application failed to increase DMD in stems. 

DMD in stems at 30 DAS showed inconsistent effect of soil applied treatments of 

TV and DMSO. In 1999, none of the soil-applied treatments of TV and DMSO was effective. 

Whereas in 2000, soil application of TV at 5 kg/ha (Yz+Yz), soil application of DMSO at 2 

kg/ha (Yz+Yz) and soil application of TU+DMSO (Yz+!I2) significantly reduced DMD in stems 

over control. Pooled data show that DMD in stems at 30 DAS reduced significantly under soil 

application of TU at 5 kg/ha (y'+Yz) over control, whereas soil application of TV at 5 kg/ha 

(basal), soil application of DMSO at 2 kg/ha (YZ+Y2) and soil application of TU +DMSO 

(Yl+YZ) remained unaffected. The magnitude of reduction in DMD in stems was 9.8 per cent 

due to soil application of TV at 5 kg/ha (l;2+Yz) in comparison to control. 

None of the foliar applied treatments of TU and DMSO was effective in affecting 

DMD in stems during both the years. Pooled data also showed similar trends. 

4A.1.10 Dry matter distribution in Jeaves at 60 DAS 

Data (Table 4A. 7) indicate that phosphorus application showed inconsistent effect on 

DMD in leaves at 60 DAS. In 1999, none of the phosphorus applied treatments proved 

effective. However, in 2000 phosphorus application significantly increased DMD in leaves 

per plant upto 20 kg P20slha. Pooled data show that phosphorus application did not influence 

DMD in leaves per plant. 

DMD in leaves at 60 DAS showed inconsistent effect of soil applied TV and DMSO 

treatments. In 1999, none of the soil applied treatments of TV and DMSO was effective. 

Whereas, in 2000 soil application of TU+DMSO (Yz+Yz) significantly reduced DMD in 

leaves. Pooled data show that DMD in leaves at 60 DAS re9uced significantly under soil 

application of TU+DMSO (Yz+Y.). 



Table: 4A.S Effect of thiourea and DMSO on dry matter distribution (%) in 
leaves at 30 DAS at varying levels of phosphorus 

Year 1999 PhosQhorus {kglha} Mean 
0 20 40 

Control 69.01 69.42 68.31 68.92 
5 kg TU/ha in soil (basal) 70.35 70.44 70.53 70.44 
5 kg TU/ha in soil e /2 + 1/2) 73.56 74.21 71.28 73.01 
2 kg DMSO/ha in soil (1/2+ '/2) 68.19 69.93 71.24 69.79 
TU+DMSO in soil ('/2+ 1/2) 68.89 71.89 67.30 69.36 
500 pI\m TU (spray) 69.97 72.05 70.59 70.87 
100 ppmDMSO (spray) 69.81 70.78 69.35 69.98 
TU+DMSO (spray) 64.14 70.85 12.87 69.09 
Mean 69.24 71.20 70.11 

Phosphorus Chemicals Interaction 
S.Em± 1.416 1.153 1.997 
C.D. (0.05) NS NS NS 

Year 2000 PhosEhorus {Kg/ha) Mean 
0 20 40 

Control 69.59 68.42 71.03 69.68 
5 kg TU/ha in soil (basal) 69.55 70.76 70.94 70.42 
5 kg TU/ha in soil (1/2+ 1/2) 72.68 71.33 76.01 72.34 
2 kg DMSO/ha in soil (1/2+ 1/2) 12.00 71.29 70.49 71.27 
TU+DMSO in soil (Ih+ Ih) 72.04 71.69 71.66 71.79 
500 ppm TU (spray) 69.84 69.55 71.27 70.22 
100 ppm DMSO (spray) 70.51 68.57 71.25 70.11 
TU+DMSO (spray) 70.40 69.02 70.44 69.95 
Mean 70.83 70.08 71.26 

Phosphorus Chemicals Interaction 
S.Em± 0.214 0.349 0.604 
C.D. (0.05) 0.593 0.967 NS 

Pooled PhosEhorus (Kg/ha) Mean 
0 20 40 

Control 69.29 28.92 69.67 69.30 
5 kg TU/ha in soil (basal) 69.95 70.60 73.23 70.43 
5 kg TU/ha in soil ('/2 + '/2) 73.12 72.77 72.14 72.68 
2 kg DMSO/ha in soil (1/2+ 1/2) 70.09 70.62 70.87 70.53 
TU+DMSO in soil ('/2+ '/2) 70.47 71.79 69.48 70.58 
500 ppm TU (spray) 69.91 70.79 73.43 70.55 

100 ppm DMSO (spray) 70.16 69.67 72.80 70.04 
TU+DMSO (spray) 67.27 69.94 71.36 69.52 
Mean 70.03 70.63 70.68 

Phosphorus Chemicals Interaction 
S.Em± 0.369 0.602 1.043 
C.D. (0.05) NS 1.669 NS 
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Table: 4A.6 Effect of thiourea and DMSO on dry matter distribution (%) in 
stems at 30 DAS at varying levels of phosphorus 

Year 1999 PhosEhorus (kglha) Mean 
0 20 40 

Control 31.02 30.64 30.55 30.74 
5 kg TU/ha in soil (basal) 29.46 29.45 28.05 28.99 
5 kg TU/ha in soil (112 + 1/2) 26.38 25.68 30.28 27.45 
2 kg DMSO/ha in soil e 12 + 1/2) 31.07 29.92 28.76 29.92 
TU+DMSO in soil e12+ 1/2) 30.93 28.15 32.20 30.43 
500 ppm TU (spray) 30.03 28.02 29.50 29.18 
100 ppm DMSO (spray) 30.02 29.14 30.77 29.98 
TU+DMSO (spray) 27.66 29.08 27.62 28.12 
Mean 29.57 28.76 29.72 

Phosphorus Chemicals Interaction 
S.Em+ 0.623 1.017 1.761 
C.D. (0.05) NS NS NS 

Year 2000 PhosEhorus {kglha) Mean 
0 20 40 

Control 30.42 31.59 28.97 30.32 
5 kg TU/ha in soil (basal) 30.45 29.24 29.06 29.58 
5 kg TU/ha in soil e 12 + 1/2) 27.32 28.67 26.99 27.66 
2 kg DMSO/ha in soil ct/2 + 1/2) 27.99 28.70 29.50 28.73 
TU+DMSO in soil C/2 + 1/2) 27.96 28.32 28.34 28.20 
500 ppm TU (spray) 30.16 30.45 28.73 29.78 
100 ppm DMSO (spray) 29.49 31.43 28.75 29.89 
TU+DMSO (spray) 29.59 30.98 28.57 30.05 
Mean 29.17 29.92 28.74 

Phosphorus Chemicals Interaction 
S.Em+ 0.214 0.349 0.604 
C.D. (0.05) 0.593 0.967 NS 

Pooled PhosQhorus {kg/ha~ Mean 
0 20 40 

Control 30.72 31.11 29.75 30.53 
5 kg TU/ha in soil (basal) 29.96 29.35 28.56 29.29 
5 kg TUfha in soil (1/1 + 1/1) 26.85 27.17 28.64 27.55 
2 kg DMSO/ha in soil ct 12 + 1/2) 29.53 29.31 29.13 29.33 
TU+DMSO in soil ct/2+ 1/2) 29.44 29.23 30.27 29.32 
500 ppm TU (spray) 30.09 29.24 29.11 29.48 

100 ppm DMSO (spray) 29.75 30.29 29.76 29.93 
TU+DMSO (spray) 28.63 30.03 28.59 29.08 
Mean 29.37 29.34 29.23 

Phosphorus Chemicals Interaction 
S.Em+ 0.329 0.537 0,931 
C.D. ('0.05) NS 1.489 NS 



TU and DMSO foliar spray treatments also showed inconsistent effect on DMD in 

leaves at 60 ~AS. In 1999, none of the foliar applied treatments of TU and DMSO was 

effective. However, in 2000 foliar spray of TU+DMSO significantly reduced DMD in leaves 

over control. Pooled data show that foliar spray ofTU+DMSO.significantly reduced DMD in 

leaves by 2.8 per cent over control. 

Data (Table 4A. 7) show that application of TU and DMSO interacted significantly 

with phosphorus in influencing DMD in leaves at 60 DAS during 2000 only. Under no 

phosphorus, 20 and 40 kg P20slha, all the soil and foliar applied treatments ofTU and DMSO 

proved ineffective in increasing DMD in leaves at 60 DAS over control. However, foliar 

spray of TU+DMSO under 20 kg P20s/ha and soil application ofTU at 5 kg/ha (basal) under 

40 kg P20s/ha significantly increased DMD in leaves at 60 DAS over absolute control. 

Combined effects of treatments on DMD in leaves at 60 DAS, however, turned out non­

significant in pooled data. 

, 
4A.1.11 Dry matter distribution in stems at 60DAS 

Data (Table 4A.8) show that dry matter distribution (DMD) in stems at 60 DAS 

showed inconsistent effect of phosphorus application treatments. In 1999, phosphorus 

application did not influence DMD in stems whereas, in 2000 application 20 and 40 kg 

P20s/ha significantly reduced DMD in stems. In pooled data, DMD in stems per plant 

remained unaffected due to phosphorus application. 

Soil application of TU and DMSO showed inconsistent effect on DMD in stems. 

~one of the soil applied treatments ofTU and DMSO proved effective in either of the years 

except soil application of TU+ DMSO ('l2+'l2) in 2000. In pooled data, all the soil applied 

treatments ofTU and DMSO were not effective in this respect. 

All the foliar applied treatments proved ineffective in affecting DMD in stems per 

plant during both years. Pooled data also show similar trends. 

Data on combined effect of treatments (Table 4A. 8) show that interaction effects of 

TU and DMSO with phosphorus were significant in 2000 only in respect of DMD in stems at 

60DAS. Under no phosphorus and 20 kg P20s/ha, none of the soil and foliar applied 

treatments of TU and DMSO proved effective. However, under 40 kg P20s/ha, soil 

application of TU at 5 kg/ha (basal), soil appJication of DMSO at 2 kg/ha ('l2+'l2), soil 

application ofTU+DMSO (YZ+YZ), foliar spray of500 ppm TV and foliar spray of TU+DMSO 

significantly decreased DMD in stems at 60 DAS as compared to control. Under 20 kg 

P20s/ha, maximum reduction of 43.28 per cent was obtained with foliar spray of TU+DMSO 

followed by soil application of TU at 5 kg/ha (Yz+Yz). When compared with absolute control, 



the decreases in DMD in stems at 60 DAS were of the order of 7.0 and 6.3 per cent, 

respectively. In pooled data, interaction effects were not significant in this respect. 

4A.1.12 Dry matter distribution in pods at 60DAS 

Data (fable 4A.9) show that phosphorus application brought about significant 

increase in dry matter distribution (DMD) per plant at 60DAS over control in 2000 only. 

Pooled data indicate that application of 20 and 40 kg P20siha significantly increased DMD in 

pods at 60 DAS by 7.4 and 14.4 per cent, respectively over control. Application of 40 kg 

P20s/ha Proved significantly superior to 20 kg P20s/ha in this respect. 

Soil application ofTU at 5 kglha (basal) and soil application ofDMSO at 2kglha 

(\I2+Y2) did not influence DMD in pods during both, years. However, soil application of TV at 

5kglha (\12+\12) and soil application TV+DMSO (\12+\12) significantly increased DMD in pods 

during 2000 only. On the basis of pooled data, DMD in 'pods significantly increased by 18.7 

per cent due to soil application of TU+DMSO (YZ+YZ) over control. Whereas, other soil 

applied treatments were at par with control. 

Foliar sprays of 500 ppm TV and TU+DMSO significantly increased DMD in 

pods per plant at 60 DAS over control during 2000 only whereas, it remained unaffected in 

1999. In pooled data, foliar sprays of 500 ppm TV and TU+DMSO significantly increased 

DMD in pods by 9.9 and 11.3 per cent, respectively over control. Foliar spray of 100 ppm 

DMSO was at par with control in this respect. 

4A.1.13 Dry matter distribution in leaves at 90 DAS 

Data (fable 4A.l 0) reveal that successive increase in P levels upto 40 kg P20s/ha 

significantly increased dry matter distribution in leaves per plant at 90 DAS during 2000 only. 

On the basis of pooled data, application of 40 kg P20s/ha was at par with 20 kg P20s/ha. 

Application of20 and 40 kg P20s/ha significantly increased DMD in leaves per plant by 10.2 

and 13.0 per cent, respectively over control. 

Soil application of TV at 5 kg/ha (basal) and DMSO at 2 kglha (Yz+\I2) significantly 

increased DMD in leaves during both years. However, soil atJplication of TV at 5 kglha 

(Yz+Yz) and soil application of TU+DMSO had significant effect on DMD in leaves during 

2000 only. Pooled data show that soil application of TV at 5 kglha (basal), soil application of 

TU at 5 kglha (Yz+12), DMSO at 2 kg/ha (12+12) and TU+DMSO (12+Yz) significantly 

increased DMD in leaves by 30.6,28.4,20.9 and 25.3 per cent, respectively over control. 

Foliar spray of 500 ppm TV, 100 ppm DMSO and TU+DMSO brought about 

significant increase in DMD in leaves at 90 DAS during both years. On the basis of pooled 

data the significant increases in DMD in leaves due to foliar sprays of 500 ppm TU, 100 ppm , 



Table: 4A.7 Effect of thiourea and DMSO on dry matter distribution (%) in 
leaves 60 DAS at varying levels of phosphorus 

Year 1999 PhosQhorus ~g/ha~ Mean 
0 20 40 

Control 46.87 45.58 46.22 46.22 
5 kg TUlha in soil (basal) 48.73 44.46 47.59 46.93 
5 kg TU/ha in soil (112 + 1/2) 46.61 44.51 45.79 45.64 
2 kg DMSO/ha in soil e/2 + 1/2) 45.99 41.83 45.49 44.43 
TU+DMSO in soil e /2+ 1/2 ) 43.79 47.42 44.42 45.21 
500 ppm 1\U (spray) 46.64 45.87 45.53 46.01 
100 ppm Dtv1S0 (spray) 43.86 45.00 44.83 44.57 
TU+DMSO (spray) 45.83 44.34 45.18 45.12 
Mean 46.04 44.88 45.63 

Phosphorus Chemicals Interaction 
.S.Em± 0.472 0.772 1.336 
C.D. (0.05) NS NS NS 

Year 2000 PhosQhorus {kg/ha} Mean 
0 20 40 

Control 46.15 47.24 46.40 46.59 
5 kg TU/ha in soil (basal) 46.51 46.36 47.51 46.79 
5 kg TU/ha in soil e 12 + 1/2) 45.79 46.36 46.45 46.20 
2 kg DMSO/ha in soil e /2+ 1/2) 46.23 46.73 46.23 46.39 
TU+DMSO in soil e/2+ 1/2) 44.04 44.26 46.73 45.10 
500 ppm TU (spray) 46.39 45.46 46.13 45.99 
100 ppm DMSO (spray) 46.37 46.34 44.59 45.76 
TU+DMSO (spray) 45.14 47.35 46.09 46.19 
Mean 45.83 46.26 46.27 

Phosphorus Chemicals Interaction 
S.Em± 0.143 0.234 0.405 
C.D. (0.05) 0.396 0.649 1.123 

Pooled PhosQhorus {kg/ha} Mean 
a 20 40 

Control 46.51 46.41 46.31 46.41 
5 kg TU/ha in soil (basal) 47.62 45.41 46.12 45.92 
5 kg TU/ha in soil e 12 + 1/2) 46.20 45.44 46.12 45.92 
2 kg DMSO/ha in soil e 12 + 1/2) 46.11 44.28 45.86 45.41 
TU+DMSO in soil e /2+ 1/2) 43.92 45.84 45.58 45.11 
500 ppm TU (spray) 46.52 45.66 45.83 46.00 

100 ppm DMSO (spray) 45.12 45.67 44.71 45.17 
TU+DMSO (spray) 45.49 45.85 45.64 45.66 
Mean 45.93 45.57 45.95 

Phosphorus Chemicals Interaction 
S.Em+ 0.247 0.403 0.698 
C.D. (0.05) NS 1.117 NS 



Table: 4A.8 Effect of thiourea and DMSO on dry matter distribution (%) in 
stems ~t 60 DAS at varying levels of phosphorus 

Year 1999 Phos~horus {kg/ha~ Mean 
0 20 40 

Contrbl 45.42 45.63 46.23 45.76 
5 kg TUlha in soil (basal) 43.56 46.89 44.38 44.94 
5 kg TUlha in soil C/2+ 1/2) 45.40 46.12 45.80 45.77 
2 kgDMSOlha in soil C/2+ 1/2) 46.34 48.75 45.66 46.92 
TU+DMSO in soil (112 + 1/2) 45.69 43.35 46.80 45.28 
500 ppm TU (spray) 45.42 44.95 45.20 45.19 
100 PP;X DMSO (spray) 47.03 45.97 46.06 46.36 
TU+D SO (spray) 45.98 45.75 45.81 45.85 
Mean 45.61 45.93 45.74 

Phosphorus Chemicals Interaction 
S.Em+ 0.479 0.782 1.135 
C.D. (0.05) NS NS NS 

Year 2000 Phos~horus {kg/ha~ Mean 
0 20 40 

Control 46.65 44.23 46.15 45.68 
5 kg TU/ha in soil (basal) 46.38 45.07 44.29 45.25 
5 kg TU/ha in soil e 12 + 1/2) 46.24 45.07 45.09 45.47 
2 kg DMSOlha in soil e 12+ 1/2) 46.61 44.65 44.97 45.41 
TU+DMSO in soil (1/2+ 112) 46.06 43.72 44.57 44.78 
500 ppm TU (spray) 46.45 43.84 44.93 45.08 
100 ppmDMSO (spray) 46.39 46.79 46.97 46.72 
TU+DMSO (spray) 47.61 43.38 44.97 45.32 
Mean 46.55 44.59 45.28 

Phosphorus Chemicals Interaction 
S.Em+ 0.149 0.243 0.420 
C.D. (0.05) 0.413 0.673 1.164 

Pooled Phos~horus {kg/ha) Mean 
0 20 40 

Control 46.03 44.93 46.19 45.72 
5 kg TU/ha in soil (basal) 44.97 45.98 44.34 45.09 
5 kg TU/ha in soil e 12 + 1/2) 45.82 45.95 45.45 45.62 
2 kg DMSOlha in soil e 12 + 1/2) 46.47 46.72 45.32 46.16 
TU+DMSO in soil e/2+ 1/2) 45.87 43.54 45.68 45.03 

. 500 ppm TU (spray) 45.94 44.39 44.07 45.13 

lOa ppm DMSO (spray) 46.71 46.38 46.52 46.54 
TU+DMSO (spray) 43.79 44.56 45.39 45.58 
Mean 46.08 45.26 45.49 

Phosphorus Chemicals Interaction 
S.Em± 0.251 0.409 0.709 
C.D. (0.05) NS NS NS 



Table: 4A.9 Effect of thiourea and DMSO on dry matter distribution (%) in pods 
at 60 DAS at varying levels of phosphorus 

.' Year 1999 PhosI2horus (kglha) Mean 
0 20 40 

Control 7.70 8.78 7.54 8.01 
5 kg TUlha in soil (basal) 7.70 8.64 8.03 8.12 
5 kg TU/ha in soil e /2 + 1/2) 7.69 9.35 8.40 8.48 
2 kg DMSOlha in soil e12+ 1/2) 7.69 9.41 8.84 8.65 
TU+DMSO in soil (1/2+ 112) 10.52 9.22 8.77 9.50 
500 ppm TV (spray) 7.93 9.17 9.26 8.78 
100 ppm DMSO (spray) 9.10 9.02 9.09 9.07 
TU+DMSo (spray) 8.18 9.90 9.01 9.03 
Mean 8.31 9.19 8.62 

Phosphorus Chemicals Interaction 
S.Em+ 0.312 0.509 0.883 
C.D. (0.05) NS NS NS 

Year 2000 PhosEhorus {kglha) Mean 
0 20 40 

Control 7.21 8.55 7.45 7.73 
5 kg TUlha in soil (basal) 7.12 8.57 8.19 7.96 
5 kg TU/ha in soil C 12 + 1/2) 8.02 9.47 8.45 8.64 
2 kg DMSOlha in soil eh+ 1/2) 6.92 9.02 8.79 8.24 
TU+ DMSO in soil e /2 + 1/2) 9.89 8.93 8.70 9.17 
500 ppm TU (spray) 7.17 9.43 8.94 8.51 
100 ppm DMSO (spray) 7.26 8.94 8.44 8.21 
TU+DMSO (spray) 7.25 9.31 8.93 8.49 
Mean 7.60 9.02 8.49 

Phosphorus Chemicals Interaction 
S.Em+ 0.169 0.277 0.479 
C.D. (0.05) 0.468 0.768 NS 

Pooled PhosEhorus {kglha} Mean 
0 20 40 

Control 7.46 8.67 7.49 7.87 
5 kg TUlha in soil (basal) 7.41 8.61 8.11 8.04 
5 kg TUlha in soil C/2+ 1/2) 7.86 9.41 8.43 8.57 
2 kg DMSOlha in soil (1/2 + 1/2) 7.30 9.22 8.82 8.45 
TU+DMSO in soil (1/2 + 1/2) 10.21 9.07 8.74 9.34 
500 ppm TU (spray) 7.55 9.29 9.09 8.65 

100 ppm DMSO (spray) 8.18 8.98 8.77 8.64 
TU+DMSO (spray) 7.71 9.61 8.97 8.76 
Mean 7.96 9.11 8.55 

Phosphorus Chemicals Interaction 
S.Em± 0.178 0.289 0.502 
C.D. (0.05) 0.492 0.804 NS 



DMSO and TU+DMSO over control were to the tune of 47.7, 13.6 and 45.0 per cent, 

respectively. 

Data (Table 4A.IO) further show that application of Ttl and DMSO interacted 

significantly with phosphorus in influencing DMD in leaves at 90 DAS during 2000 only. All 

the soil and foliar applied treatments of TU and DMSO, except soil application of TU at 5 

kglha (basal) under 20 kg P20 51ha, significantly increased DMD in leaves at 90 DAS over 

control under each level of phosphorus. The highest DMD in leaves at 90 DAS (27.59%) was 

obtained with foliar spray of 500 ppm TU under 20 kg P20s/ha. It was significantly superior 

over rest'Qfthe treatment combinations except soil application of TU+DMSO (1/2+112) and 

foliar spray ofTU+DMSO under 40 kg P20slha. 

4A.1.14 Dry matter distribution in stems at 90 DAS 

Data (Table 4A.II) show that phosphorus application brought about significant 

reduction in DMD in stems per plant at 90 DAS upto 40 kg PzOs Iha in 2000, whereas it 

remained unaffected in 1999. Pooled data show that application of 20 and 40 kg P20 5lha 

significantly reduced DMD in stems per plant by 9.3 and 12.5 per cent, respectively over 

control. In pooled data, application of 40 kg PzOs/ha was at par with 20 kg P20s/ha in this 

respect. 

Soil application of TU at 5 kg/ha (basal), soil application of TU at 5 kg/ha (Yz+Yz), 

soil application of DMSO at 2 kglha (\0+Yz) and soil application of TU+DMSO significantly 

reduced DMD in stems during both the years. Similar trends were noted in pooled data. Soil 

application of TU at Skg/ha (Yz+Yz) significantly reduced DMD in stems over soil application 

ofTU at Skg/ha (basal). On the basis of pooled data, significant reduction of 8.8 per cent was 

recorded due to soil application of TU at 5 kglha (Yz+Yz) over soil application of TU at 5 kg/ha 

(basal). In pooled data, soil application of TU at Skglha (basal), soil application of TU at 5 

kglha (\0+Yz), soil application of DMSO at 2 kg/ha (Yz+Yz) and ·soil application of TU+DMSO 

('12+\0) significantly reduced DMD in stems over control. The magnitude of reduction in 

DMD in stems was highest under soil application ofTU +DMSO (Yz+Yz) but it was at par with 

soil application of TU at 5 kg/ha (Yz+Yz) alone but was superior to soil application of DMSO 

at 2 kg/ha (Y2+YZ) alone. 

Foliar sprays of 500 ppm TU, 100 ppm DMSO and TU+DMSO significantly 

reduced DMD in stems over control during both years. Pooled data show that DMD in stems 

at 90 DAS reduced significantly under foliar sprays of 500 ppm TU, 100 ppm DMSO and 

TU+DMSO over control. The magnitude of reduction in DMD in stems at 90 DAS was 

highest under foliar spray ofTU+DMSO. 



Co 

Data (fable 4A.ll) show that interaction effects on DMD in stems at 90 DAS were 

significant in both the years. Pooled data show that under no phosphorus, all the soil and 

foliar applied treatments of TU and DMSO significantly decreased DMD in stems at 90 DAS 

over control. The maximum reduction in DMD in stems was recorded with foliar spray of 

TU+DMSO. Under 20 kg P20s/ha, soil application of TU at 5 kg/ha (1/2+1/2), soil 

application of TU+DMSO (1/2+1/2), foliar spray of 500 ppm TU and foliar spray of 

TU+DMSO significantly decreased DMD in stems at 90 DAS by 14.7, 12.6, 25.9 and 27.2 

per cent, respectively over control. Soil application of TU at 5 kg/ha (basal), soil application 

ofDMSO at2 kg/ha (1/2+112) and foliar spray of 100 ppm DMSO proved ineffective. Under 

40 kg P20s/ha, all the soil and foliar applied treatments of TU and DMSO proved effective in 

decreasing DMD in stems at 90 DAS over control. Under 20 kg P20s/ha, the highest 

reduction in DMD in stems was obtained with foliar spray of TU+DMSO (28.1 %) and foliar 

spray of500 ppm TU (28.6 %). When compared to absolute control, the decreases were of the 

order of 41.8 and 40.8 per cent, respectively. 

4A.1.1S Dry matter distribution in pods at 90 DAS 

Data (fable 4A.12) indicate that significant increase in dry matter distribution 

(DMD) in pods at 90 DAS was recorded under 40 kg P20 S /ha in 1999, whereas in 2000, 

application of 20 and 40 kg P205 /ha brought about significant increase in DMD in pods over 

control. In pooled data 40 kg P20s/ha was at par with 20 kg P20slha in respect of DMD in 

pods. Pooled data show that application of20 and 40 kg P20s/ha significantly increased DMD 

in pods by 4.3 and 5.4 per cent, respectively over control. 

Soil application of TU at 5 kg/ha (basal) significantly reduced DMD in pods 

during 1999, whereas in 2000 significant increase in DMD in pods at 90 DAS was noted over 

control. In pooled data, it was at par with control TV at 5 kg/ha (YZ+YZ) and TU+DMSO 

('l2+'l2) significantly increased DMD in pods during both the years. Soil application of DMSO 

at 2kg/ha (YZ+YZ) was ineffective during both the years. On the basis of pooled data, soil 

application of TV at 5 kg/ha ('l2+Yz) and TV+DMSO (YZ+YZ) significantly increased DMD in 

pods by 7.3 and 10.7 per cent, respectively over control. Soil application of TV at 5 kg/ha 

(Yz+Yz) resulted in significant improvement in DMD in pods over soil application of TU at 5 

kg/ha (basal). 

Foliar spray of 500 ppm TV+DMSO significantly increased DMD in pods at 90 

DAS during both the years. On the basis of pooled data, a significant increase in DMD in 

pods by 10.7 and 14.5 per cent was recorded due to foliar sprays of 500 ppm TV and 

T.U+DMSO, respectively over control. 



Table: 4A.I0 Effect of thiourea and DMSO on dry matter distribution (%) in 
leaves at 90 DAS at varying levels of phosphorus 

Year 1999 Phos~horus ~ kglha2 Mean 
0 20 40 

Control 25.07 27.33 25.89 26.10 
5 kg TU/ha in soil (basal) 30.95 31.13 33.26 31.78 
5 kg TU/lla in soil e 12 + 1/2) 29.37 28.44 26.65 28.15 
2 kg DMSO/ha in soil (112 + 1/2) 30.82 31.00 30.58 30.80 
TU+DMSO in soil el.+ II.) 26.44 24.79 25.35 25.53 
500 ppm TV (spray) 29.93 33.24 30.69 31.29 
100 ppmDMSO (spray) 27.71 27.55 29.16 28.14 
TU+DMSO (spray) 31.12 31.32 30.83 31.09 
Mean 28.93 29.35 29.05 

Phosphorus Chemicals Interaction 
S.Em+ 0.560 0.915 1.584 
C.D. (0.05) NS 2.535 NS 

Year 2000 PhosQhorus {kglha} Mean 
0 20 40 

Control 9.237 15.038 13.598 12.624 
5 kg TU/ha in soil (basal) 16.338 19.013 21.005 18.785 
5 kg TU/ha in soil (112 + 1/2) 18.445 22.300 23.918 21.554 
2 kg DMSO/ha in soil e/2 + 1/2) 11.697 16.770 19.520 15.996 
TU+DMSO in soil e12+ 1/2) 18.938 23.055 27.012 23.002 
500 ppm TU (spray) 23.945 27.597 26.115 25.886 
100 ppmDMSO (spray) 10.533 17.280 19.710 15.841 
TU+DMSO (spray) 22.902 24.740 27.562 25.068 
Mean 16.504 20.724 22.305 

Phosphorus Chemicals Interaction 
S.Em± 0.116 0.189 0.328 
C.D. (0.05) 0.321 0.524 0.909 

Pooled Phos~horus {kglha} Mean 
0 20 40 

Control 17.16 21.18 19.75 19.36 
5 kg TU/ha in soil (basal) 23.64 25.07 27.13 25.28 
5 kg TU/lla in soil e 12 + 1/2) 23.91 25.37 25.28 24.85 
2 kg DMSO/ha in soil e /2+ 1/2) 21.26 23.89 25.05 23.40 
TU+DMSO in soil (1 /2 + 112) 22.69 23.93 26.18 24.26 
500 ppm TU (spray) 26.94 30.42 28.40 28.59 

100 ppm DMSO (spray) 19.12 22.42 24.43 21.99 
TU+DMSO (spray) 27.01 28.03 29.19 28.08 
Mean 22.72 25.04 25.68 

Phosphorus Chemicals Interaction 
S.Em± 0.285 0.467 0.808 
C.D. (0.05) 0.792 1.294 NS 

6'1 



Table: 4A.11 Effect of thiourea and DMSO on dry matter distribution (%) in 
stems at 90 DAS at varying levels of phosphorus 

Year 1999 PhosEhorus (kg/ha2 Mean 
.0 20 40 

Control 42.03 34.47 36.34 37.61 
5 kg TU/ha in soil (basal) 35.90 37.67 32.55 35.38 
5 kg TU/ha in soil e 12 + 1/2) 35.50 32.42 31.96 33.29 
2 kg DMSO/ha in soil e 12 + 1/2) 34.59 34.63 34.36 34.53 
TU+DMSO in soil (1/2+ 112) 35.09 36.11 34.91 35.37 
500 ppm TU (spray) 25.31 26.82 27.61 26.58 
100 pl\m DMSO (spray) 36.35 36.79 36.53 36.56 
TU+DM!)O (spray) 25.83 26.35 27.46 26.55 
Mean 33.83 33.16 32.71 

Phosphorus Chemicals Interaction 
S.Em± 0.380 0.621 I.Q76 
C.D. (0.05) NS 1.721 2.982 

Year 2000 Phos~horus ~g/ha} Mean 
0 20 40 

Control 54.58 42.76 44.69 47.34 
5 kg TU/ha in soil (basal) 44.04 38.41 35.81 39.42 
5 kg TU/ha in soil e 12 + 1/2) 42.11 33.43 29.26 34.93 
2 kg DMSO/ha in soil (1 /2 + 112) 47.26 41.84 42.72 43.94 
TU+DMSO in soil e/2 + 1/2) 36.37 31.42 26.94 31.58 
500 ppm TU (spray) 35.31 30.37 27.04 30.91 
100 ppm DMSO (spray) 49.06 41.16 38.35 42.86 
TU+DMSO (spray) 31.98 29.87 28.22 30.02 
Mean 42.58 36.15 34.13 

Phosphorus Chemicals Interaction 
S.Em± 0.299 0.489 0.847 
C.D. (0.05) 0.829 1.355 2.348 

Pooled PhosQhorus ~ kg/ha) Mean 
0 20 40 

Control 48.31 38.61 40.51 42.48 
5 kg TU/ha in soil (basal) 39.97 38.04 34.18 37.40 
5 kg TU/ha in soil e 12 + 1/2) 38.81 32.92 30.61 34.11 
2 kg DMSO/ha in soil e/2+ 1/2 ) 40.93 38.23 38.54 39.23 
TU+DMSO in soil eh + 1/2) 35.73 33.76 30.93 33.47 
500 ppm TU (spray) 30.31 28.59 27.32 28.74 

100 ppm DMSO (spray) 42.71 38.98 37.44 39.71 
TU+DMSO (spray) 28.91 28.11 27.84 28.29 
Mean 38.21 34.66 33.42 

Phosphorus Chemicals Interaction 
S.Em± 0.242 0.395 0.685 
C.D. (0.05) 0.671 1.095 1.898 



Table: 4A.12 Effect of thiourea and DMSO on dry matter distribution (%) in 
pods at 90 DAS at varying levels of phosphorus 

Year 1999 Phos[!horus (kg/ha2 Mean 
0 20 40 

Control 32.89 38.21 37.76 36.28 
5 kg TU/ha in soil (basal) 31.54 31.20 34.19 33.14 
5 kg TU/ha in soil e 12 + 1/2) 34.55 39.14 41.39 38.36 
2 kg DMSO/ha in soil e 12 + 1/2) 34.58 34.37 35.06 34.67 
TU+DMSO in soil (Ih+ 1/2) 38.47 39.09 39.62 39.06 
500 ppm TU (spray) 44.76 39.93 41.70 41.29 
100 PPll\ DMSO (spray) 35.94 35.65 34.31 35.29 
TU+DMSQ (spray) 43.04 42.33 41.68 42.35 
Mean 36.66 37.80 38.21 

Phosphorus Chemicals Interaction 
S.Em+ 0.436 0.712 1.233 
C.D. (0.05) 1.208 1.973 3.417 

Year 2000 Phos[!horus (kg/ha2 Mean 
0 20 40 

Control 36.18 42.20 41.71 40.03 
5 kg TUllIa in soil (basal) 39.62 42.58 43.19 41.79 
5 kg TUlha in soil e/2+ 1/2) 39.45 44.27 46.82 43.51 
2 kg DMSOlha in soil e/2 + 1/2) 41.04 41.39 37.77 40.06 
TU+DMSO in soil (1/2+ 1/2) 44.69 45.53 46.05 45.42 
500 ppm TV (spray) 40.74 42.03 46.85 43.21 
100 ppm DMSO (spray) 40.40 41.56 42.06 41.34 
TU+DMSO (spray) 45.62 45.39 44.22 45.07 
Mean 40.96 43.12 43.58 

Phosphorus Chemicals Interaction 
S.Em± 0.338 0.551 0.955 
C.D. (0.05) 0.937 1.527 2.647 

Pooled PhosQhorus (kg/ha) Mean 
0 20 40 

Control 34.53 ·40.20 39.74 38.16 
5 kg TUlha in soil (basal) 35.58 38.14 38.69 37.47 
5 kg TUlha in soil e 12 + 1/2) 36.99 41.71 44.10 40.94 
2 kg DMSOlha in soil e 12 + I h) 37.81 37.88 36.41 37.37 
TU+DMSO in soil (1/2+ 1/2) 41.58 42.31 42.84 42.24 
500 ppm TU (spray) 41.50 40.98 44.28 42.25 

100 ppm DMSO (spray) 38.17 38.61 38.19 38.32 
TU+DMSO (spray) 44.33 43.86 42.95 43.71 
Mean 38.81 40.46 40.89 

Phosphorus Interaction 
S.Em± 0.276 0.779 
C.D. 0.05 0.764 



Data (fable 4A.12) show that application of TU and DMSO interacted significantly 

with phosphorus in influencing DMD in pods at 90 DAS during both the years. In 1999, 

under no phosphorus, soil application of TU at 5 kg/ha (Y2+Y2), foliar spray of 500 ppm TU 

and foliar spray of TU+DMSO significantly increased DMD in pods at 90 DAS over control. 

Under 20 kg P205!ha, only foliar spray of TU+DMSO proved effective. Under 40 kg P20 5!ha, 

foliar spray of 500 ppm TU and foliar spray of TU+DMSO significantly increased DMD in 

pods over control. In 2000, under no phosphorus, all treatments proved effective in increasing 

DMD in pods at 90 DAS over control. Under 20 kg P20 5/ha, only foliar spray ofTU+DMSO 

proved effecti~~. Under 40 kg P20slha, soil application of TU at 5 kg/ha (YZ+YZ), soil 

application ofTU+DMSO (Y2+Y2) and foliar spray of 500 ppm TU proved effective. In pooled 

data, under no phosphorus, soil application of TU at 5 kglha (Y2+Y2), soil application of 

DMSO at 2 kg/ha (Y2+Yz), soil application of TU+DMSO (YZ+YZ), foliar spray of 500 ppm TU, 

foliar spray of 100 ppm DMSO and foliar spray of TU+DMSO significantly increased DMD 

in pods at 90 DAS by 7.1, 9.5, 20.4,20.2, 10.5 and 28.4 per cent, respectively over control. 

Under 20 kg P205/ha, none of the TU and DMSO treatments proved effective. Under 40 kg 

P20s/ha, soil application of TV at 5 kglha (Yz+Yz), soil application of TU+DMSO (YZ+YZ), 

foliar spray of 500 ppm TU and foliar spray of TU+DMSO significantly increased DMD in 

pods at 90 DAS by 10.9, 7.8, 11.4 and 8.1 per cent, respectively over control. The highest 

DMD in pods at 90 DAS (44.3%) was obtained with foliar spray of TU+DMSO under no 

phosphorus. 

4A.1.16 Dry matter distribution in leaves at physiological maturity 

Data (Table 4A.13) show that phosphorus application brought about significant 

reduction in dry matter distribution (DMD) in leaves at physiological maturity in 1999. On 

the basis of pooled data, significant reduction in DMD in leaves due to 20 and 40 kg P20s/ha 

was recorded over control. 

Soil application of TU at 5 kg/ha (basal) significantly increased DMD in leaves 

during 2000. Soil application of TU at 5 kglha (YZ+YZ) and TU+DMSO (YZ+YZ) significantly 

increased in DMD in leaves during both the years. Significant increase in DMD in leaves due 

to soil application of DMSO at 2 kglha (YZ+Y2) was observed only in 2000. In pooled data, soil 

application of TU at 5 kglha (Yz+Yz) proved significantly superior to soil application of TU at 

5 kglha (basal), giving an increase of 54.1 per cent in DMD in leaves. On the basis of pooled 

data, soil application of TU at 5 kg/ha (YZ+YZ) and TU+DMSO (Yz+Yz) significantly increased 

in DMD in leaves by 76.5 and 74.7 per cent, respectively over control. 

Foliar sprays of 500 ppm TU, 100 ppm DMSO and TU+DMSO significantly 

increased in DMD in leaves at physiological maturity during both the years. On the basis of 



pooled data, significant increase in DMD in leaves due to foliar sprays 500 ppm TV, 100 ppm 

DMSO and TV+DMSO was in the order of 93.9,32.5 and 102.9 per cent, respectively over 

control. 

Data (fable 4A.13) further show that application of TV and DMSO interacted 

significantly with phosphorus in influencing DMD in leaves at physiological maturity in 2000 

only. All the soil as well as foliar applied treatments of TV and DMSO significantly increased 

DMD in leaves at physiological maturity over control under each level of phosphorus. Pooled 

data show that under no phosphorus, soil application of TU at 5 kglha (~+~), soil application 

ofTU+DMSO (~+~), foliar spray of 500 ppm TU, foliar spray of 100 ppm DMSO and foliar 

spray of TU+DMSO significantly increased DMD in leaves by 59.1, ~2.0, 105.6,34.0 and 

113.3 per cent, respectively over control. Under 20 kg P20slha, soil application of TU at 5 

kg/ha (~+~), soil application ofTU+DMSO (YZ+YZ), foliar spray of 500 ppm TU, foliar spray 

of 100 ppm DMSO and foliar spray of TU+DMSO significantly increased DMD in leaves at 

physiological maturity by 71.2, 78.7, 83.6,28.3 and 84.7 per cent, respectively over control. 

Under 40 kg P20s/ha, soil application of TU at 5 kglha (basal), soil application of TU at 5 

kg/ha (~+Y2), soil application of TU+DMSO (Yz+~), foliar spray of 500 ppm TV, foliar spray 

of 100 ppm DMSO, foliar spray of TU+DMSO significantly increased DMD in leaves at 

physiological maturity by 23.5, 100.6, 79.2, 92.2, 35.2 and 113.3 per cent, respectively over 

control. The highest DMD in leaves (8.3%) was obtained with foliar spray of TU+DMSO 

followed by foliar spray of 500 ppm TU (8.0%) under no phosphorus. 

4A.1.17 Dry matter distribution in stems at physiological maturity 

Data (Table 4A.14) show that phosphorus application brought about significant 

reduction in dry matter distribution (DMD) in stems at physiological maturity upto 20 kg 

P20s/ha in 1999 and upto 40 kg P20 S /ha in 2000. On the basis of pooled data, 20 and 40 kg 

P20s/ha significantly reduced in DMD in stems by 12.4 and 15.2 per cent, respectively over 

control. 

Soil application of TU at 5 kglha (basal) significantly reduced in DMD in stems 

during 1999 only. Soil application of TV at 5 kgl1la (Yz+Yz) and TU+DMSO (~+~) 

significantly reduced in DMD in stems during both the years. However, soil application of 

DMSO at 2 kg/ha (Yz+~) did not influence DMD in stems during 2000. In pooled data, soil 
I 

~pplication of TU at 5 kglha (Y2+~) was significantly superior to soil application of TU at 5 

kg/ha (basal), giving 9.5 per cent higher reduction in DMD in stems. Pooled data show that 

soil application of TU at 5 kg/ha (~+Y2), DMSO at 2 kg/ha (~+~) and TU+DMSO 

.significantly reduced DMD in stems over control. The highest reduction in DMD in stems 

was noted under soil application ofTU at 5 kglha (~+~) alone. 



Foliar sprays of 500 ppm TU, 100 ppm DMSO and TU+DMSO significantly 

reduced DMD in stems over control during both the years except 100 ppm DMSO in 2000. 

pooled data show that DMD in stems at physiological maturity reduced significantly under 

foliar sprays of 500 ppm TU, 100 ppm DMSO and TU+DMSO over control. Furthermore, 

magnitude of reduction in DMD in stems was highest under foliar spray ofTU+DMSO. 

Data (Table 4A.14) further show that application of TV and DMSO interacted 

significantly with phosphorus in influencing DMD in stems at physiological maturity in 1999 

only. Under no phosphorus, all the soil and foliar applied treatments significantly decreased 

DMD in Stems at physiological maturity over control. Under 20 kg P2051ha, except soil 

application of TU at 5 kg/ha (basal), soil application of DMSO at 2 kg/ha (~+Yz) and foliar 

spray of DMSO, all the soil and foliar applied treatments significantly decreased DMD in 

stems. Similar trends were noted under 40 kg P20s/ha and pooled data. In pooled data, lowest 

DMD of 28.9 and 28.9 per cent obtained with foliar spray of TU+DMSO and foliar spray of 

500 ppm, respectively, under 20 kg P20s/ha. However, they were at par. When compared to 

absolute control, the decreases were of the order of 34.1 and 34.1 per cent, respectively. 

4A.1.1S Dry matter distribution in pods at physiological maturity 

Data (Table 4A. I 5) show that phosphorus application brought about significant 

increase in dry matter distribution (DMD) in pods upto 20 kg P20s/ha during 1999 and upto 

40 kg P20s/ha during 2000. In pooled data, application of 40 kg P20s/ha significantly superior 

over 20 kg P20s/ha in respect of DMD in pods at physiological maturity. Application of 20 

and 40 kg P20 S Iha resulted in significant increase of 9.2 and 11.5 per cent, respectively over 

control. 

DMD in stems at physiological maturity showed inconsistent effect of soil applied 

TU and DMSO treatments. In 2000, none of dle soil applied TV and DMSO treatments was 

effective, whereas in 1999, soil application ofTU at 5 kg Iha (basal), soil application of TV at 

5kglha (~+Yz) and soil application of TU+DMSO (YZ+YZ) significantly increased DMD in 

pods over control, whereas soil application of DMSO at 2 kg/ha (y2+Y2) proved ineffective. In 

pooled data, soil application of TV at 5 kg/ha (~+~) significan~y increased DMD in pods by 

2.2 per cent over soil application of TV at 5 kg/ha (basal). Pooled data show that soil 

application of TV at 5 kg/ha (~+~), soil application of DMSO at;2 kg/ha (Y2+~) and soil 

application of TU+DMSO (~+~) significantly increased DMD in pods by 4.9, 2.4 and 3.6 

per cent, respectively over control. 

Foliar sprays ofTU and DMSO treatments also showed inconsistent effects on DMD 

in pods. In 2000, none of the foliar applied treatments proved effective. However, in 1999 

foliar sprays of 500 ppm TV and TU+DMSO significantly increased DMD in pods over 



Table: 4A.13 Effect of thiourea and DMSO on dry matter distribution (%) in 
leaves at physiological maturity at varying levels of phosphorus 

Year 1999 PhosQhorus (kg/ha) Mean 
0 20 40 

Control 5.09 4.23 3.88 4.40 
5 kg TV/ha in soil (basal) 4.49 4.61 4.76 4.62 
5 kg TV/ha in soil e 12 + 1 h) 7.29 7.85 8.25 7.79 
2 kg DMSO/ha in soil e /2+ 1/2) 4.77 4.26 4.15 4.39 
TV+DMSO in soil e/2+ 1/2) 7.99 7.54 6.93 7.49 
500 ppm TV (spray) 8.76 7.44 7.11 7.77 
100 ppn\ DMSO (spray) 6.42 5.67 5.63 5.91 
TV+DMSO (spray) 9.14 7.61 8.06 8.27 
Mean 6.74 6.15 6.10 

Phosphorus Chemicals Interaction 
S.Em± 0.166 0.270 0.468 
C.D. (0.05) 0.460 0.748 NS 

Year 2000 PhosQhorus {kg/ha} Mean 
0 20 40 

Control 2.73 3.47 3.35 3.18 
5 kg TU/ha in soil (basal) 3.89 4.12 4.17 4.06 
5 kg TU/ha in soil e 12 + 1/2) 5.16 5.35 6.23 5.58 
2 kg DMSO/ha in soil e/2+ 1/2) 3.97 3.73 3.69 3.79 
TV+DMSO in soil e/2+ 1/2) 6.24 6.22 6.02 6.15 
500 ppm TV (spray) 7.31 6.69 6.76 6.92 
100 ppm DMSO (spray) 4.06 4.22 4.14 4.14 
TU+DMSO (spray) 7.55 6.61 7.21 7.12 
Mean 5.12 5.05 5.19 

Phosphorus Chemicals Interaction 
S.Em± 0.033 0.054 0.094 
C.D. (0.05) 0.019 0.149 0.261 

Pooled PhosEhorus {kg/ha) Mean 
0 20 40 

Control 3.91 3.85 3.61 3.79 
5 kg TU/ha in soil (basal) 4.19 4.37 4.46 4.34 
5 kg TU/ha in soil e 12 + 1/2) 6.22 6.59 7.24 6.69 
2 kg DMSO/ha in soil e 12 + 1/2) 4.37 3.99 3.92 4.09 
TU+DMSO in soil e/2+ 1/2) 7.12 6.88 6.47 6.62 
500 ppm TV (spray) 8.04 7.07 6.94 7.35 

100 ppm DMSO (spray) 5.24 4.94 4.88 5.02 
TU+DMSO (spray) 8.34 7.11 7.63 7.69 
Mean 5.93 5.60 5.65 

Phosphorus Chemicals Interaction 
S.Em+ 0.084 0.138 0.239 
C.D. (0.05) 0.234 0.382 0.662 



Table: 4A.14 Effect of thiourea and DMSO on dry matter distribution (%) in 
stems at physiological maturity at varying levels of phosphorus 

Year 1999 Phos~horus {kglhal Mean 
0 20 40 

Control 45.85 35.15 35.49 38.83 
5 kg TUlha in soil (basal) 37.97 36.66 34.33 36.32 
5 kg TU/ha in soil e 12 + 1/2) 38.20 26.91 26.73 30.61 
2 kg DMSO/ha in soil e/2+ 1/2) 39.56 35.56 34.31 36.47 
TU+DMSO in soil (1/2+ 112) 38.36 29.95 28.22 32.17 
500 ppm TU (spray) 31.07 23.89 24.37 26.44 
100 ppmfMSO (spray) 39.92 33.89 33.46 35.76 
TU+DM q (spray) 30.76 24.05 24.15 26.32 
Mean 37.71 30.76 30.13 

Phosphorus Chemicals Interaction 
S.Em+ 0.379 0.619 1.073 
C.D. (0.05) 1.050 1.716 2.974 

Year 2000 PhosEhorus {kglha) Mean 
0 20 40 

Control 42.09 38.97 36.39 39.15 
5 kg TU/lla in soil (basal) 38.90 38.31 35.28 37.49 
5 kg TUlha in soil e 12 + 1/2) 38.34 35.53 34.68 36.18 
2 kg DMSO/ha in soil e 12 + 1/2) 39.31 37.37 35.85 37.51 
TU+DMSO in soil (1/2+ 112) 38.01 34.42 34.36 35.59 
500 ppm TU (spray) 37.70 34.05 34.63 35.46 
100 ppm DMSO (spray) 39.49 38.10 34.76 37.45 
TU+DMSO (spray) 37.29 33.87 32.42 34.53 
Mean 38.89 36.33 34.79 

Phosphorus Chemicals Interaction 
S.Em± 0.325 0.530 0.918 
C.D. (0.05) 0.901 1.469 NS 

Pooled PhosI!horus (kglha2 Mean 
0 20 40 

Control 43.97 37.06 35.94 38.99 
5 kg TU/ha in soil (basal) 38.43 37.48 34.80 36.91 
5 kg TUlha in soil C/2+ 1/2 ) 38.27 31.22 30.70 33.40 
2 kg DMSO/ha in soil (1/2 + 112) 39.43 36.47 35.08 36.99 
TU+DMSO in soil e 12 + 1/2) 38.18 32.19 31.29 33.89 
500 ppm TU (spray) 34.38 28.97 29.49 30.95 

100 ppm DMSO (spray) 39.71 35.99 34.11 36.60 
TU+DMSO (spray) 34.03 28.96 28.29 30.42 
Mean 38.30 33.54 32.46 

Phosphorus Chemicals Interaction 
S.Em± 0.250 0.408 0.706 
C.D. (0.05) 0.692 1.129 

'-
1.957 



Table: 4A.15 Effect of thiourea and DMSO on dry matter distribution (%) in 
pods at physiological maturity at varying levels of phosphorus 

Year 1999 Phos~horus {kglha) Mean 
0 20 40 

Control 49.06 60.62 60.63 56.77 
5 kg TU/ha in soil (basal) 57.54 58.73 60.91 59.06 
5 kg TU/ha in soil e 12 + '/2) 54.51 63.25 65.02 60.93 
2 kg DMSO/ha in soil ('/2+ '12) 53.62 60.17 61.55 58.45 
TU+DMSO in soil ('/2 + '12) 53.65 62.52 64.85 60.34 
500 ppm TU (sp{ay) 60.16 68.66 68.52 65.78 
100 ppm DMSO (spray) 53.66 60.47 60.91 58.35 
TU+DMSO (spray) 60.11 68.34 67.79 65.41 
Mean 55.29 62.84 63.77 

Phosphorus Chemicals Interaction 
S.Em+ 0.470 0.768 1.329 
C.D. (0.05) 1.302 2.128 NS 

Year 2000 Phos~horus {kglha} Mean 
0 20 40 

Control 55.13 57.56 60.26 57.65 
5 kg TU/ha in soil (basal) 57.21 57.57 60.56 58.45 
5 kg TU/ha in soil ('/2 + '12) 56.50 59.13 61.69 59.11 
2 kg DMSO/ha in soil ('/2+ '12) 56.73 59.00 60.46 58.73 
TU+DMSO in soil (' /2 + '/2) 55.75 59.36 59.62 58.24 
500 ppm TV (spray) 54.99 59.26 58.61 57.62 
100 ppm DMSO (spray) 56.44 57.68 61.11 58.41 
TU+DMSO (spray) 55.16 59.52 60.37 58.35 
Mean 55.99 58.64 60.34 

Phosphorus Chemicals Interaction 
S.Em± 0.384 0.628 1.087 
C.D. (0.05) 1.064 NS NS 

Pooled Phos~horus (kglha} Mean 
0 20 40 

Control 52.12 59.09 60.45 57.22 
5 kg TU/ha in soil (basal) 57.37 58.15 60.74 58.75 
5 kg TU/ha in soil (' 12 + '/2) 55.51 61.19 63.36 60.02 
2 kg DMSO/ha in soil ('/2+ '12) 55.17 59.59 61.00 58.59 
TU+DMSO in soil (' 12 + '/2) 54.70 60.94 62.24 59.29 
500 ppm TU (spray) 57.57 63.96 63.56 61.70 

100 ppm DMSO (spray) 55.05 59.07 61.01 58.38 
TU+DMSO (spray) 57.63 63.93 64.08 61.88 
Mean 55.64 60.74 62.05 

Phosphorus Chemicals Interaction 
S.Em± 0.304 0.496 0.859 
C.D. (0.05) 0.842 1.374 NS 
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control, whereas foliar spray of 100 ppm DMSO proved ineffective. Pooled data show that 

foliar sprays of 500 ppm TU and TU+DMSO significantly increased DMD in pods at 

physiological maturity. However, both the treatments were at par in this respect. 

4A.1.19 Chlorophyll content of leaves at 90 DAS 

Data (fable 4A.16) show that phosphorus application brought about significant 

increase in chlorophyll a, chlorophyll b and total chlorophyll content of leaves at 90 DAS in 

both the years. In pooled data, application of 20 and 40 kg P20 5/ha recorded significant 

increases of 26.3'a,nd 27.1 per cent, respectively in chlorophyll a, 52.9 and 52.9 per cent in 

chlorophyll b and 30.2 and 31.4 per cent in total chlorophyll content, respectively over 

control. 

Data further show that under no phosphorus, soil application of TV at 5 kg/ha 

(basal), soil application of TU at 5 kg/ha ('i)+'i), soil application of DMSO at 2 kg/ha ('i)+Yz) 

and soil application of TU+DMSO ('i)+Y2) significantly increased chlorophyll a content of 

leaves during both the years. However, chlorophyll b content of leaves remained unaffected 

by soil application of DMSO at 2 kg/ha (Y2+Y2) in both the years and soil application ofTU at 

5 kg/ha (Y2+Y2) in 2000 only. All the soil applied treatments of TU and DMSO proved 

effective in improving total chlorophyll content of leaves at 90 DAS except soil application of 

DMSO at 2 kg/ha (Y2+Y2). Pooled data show that increases in chlorophyll a, chlorophyll b and 

total chlorophyll content of leaves under soil application of TU at 5 kg/ha (basal) were 9.4, 

30.9 and 13.0 per cent, respectively over control. The corresponding increases under soil 

application of TV at 5 kg/ha (Y2+Yz) were 39.6, 14.7 and 35.5 per cent and those under soil 

application of TV+DMSO (YZ+YZ) were 18.9, 55.9 and 24.9 per cent. However, soil 

application of TV at 5 kg/ha (Y2+Y2) was significantly superior to 20 and 40 kg P20 5lha in 

respect of chlorophyll a and total chlorophyll content of leaves at 90 DAS. 

Data further show that all the foliar spray treatments of TU and DMSO proved 

effective in increasing chlorophyll a, chlorophyll b and total chlorophyll content of leaves 

during both the years. In pooled data, foliar spray of 500 ppm TV significantly increased 

chlorophyll a, chlorophyll b and total chlorophyll content of leaves by 42.2, 60.3 and 45.3 per 

cent, respectively over control. The corresponding increases under foliar spray of 100 ppm 

DMSO were 27.1, 39.7 and 29.1 per cent and those under foliar spray of TV+DMSO were 

51.5, 76.5 and 55.4 per cent. Data further show that foliar sprays of 500 ppm TV and 

rU+DMSO was significantly superior to 20 and 40 kg P205lha alone in this respect. 
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4A.1.20 Leaf area index (LAI) at 60 DAS 

Data (fable 4A.17) show that phosphorus application resulted into significant 

11crease in LA! at 60 DAS upto 40 kg P20siha during both the years. On the basis of pooled 

data, application of 40 kg P20s/ha proved significantly superior to 20 kg PzOiha. The 

magnitude of increase in LAI due to application of 20 and 40 kg P20s/ha were to the tune of 

24.1 and 40.9 per cent, respectively over control. 

Soil application of TU+DMSO ('lj+'lj) significantly increased LAI at 60 DAS in 1999 

only. Soil application of TU at 5 kglha ('lj+Yl) significantly increased LA! in both the years. 

On the basis of po'oled data, soil application of TU at 5 kglha (Yl+'lj) and soil application of 

TU +DMSO (~+~) significantly incrcased LA! by 10.5 and 16.3 per cent, respectively over 

control. Soil application of DMSO at 2 kg/ha (~+~) was ineffective in this respect. 

Data further reveal that foliar spray of TU+DMSO significantly increased LAI at 60 

DAS during 2000 only, whereas other foliar applied treatments were ineffective in this respect 

during both the years. On the basis of pooled data, foliar sprays of 500 ppm TU and 

TU+DMSO significantly increased LA! at 60 DAS by 7.1 per cent each over control. 

4A.1.21 Leaf area index (LAI) at 90 DAS 

Data (fable 4A.1S) reveal that phosphorus applica~ion brought about significant 

increase in LAI at 90 DAS upto 40 kg P20s/ha during both the years. In pooled data, 

application of 20 and 40 kg P20slha significantly increased LAI by 33.9 and 49.8 per cent, 

respectively over control. Application of 40 kg P20siha proved significantly superior over 20 

kg P20s/ha in this respect. 

Soil application of TU at 5 kglha (basal), soil application of TU at 5 kglha (1h+~), 

soil application of DMSO at 2 kg/ha (~+'lj) and soil application of TU+DMSO ('lj+'lj) 

significantly increased LA! in both years. In pooled data, similar trends were recorded and the 

increases were in the order of 27.4,47.4,22.9 and 59.4 per cent over control. Soil application 

of TU at 5 kg/ha (Yl+'lj) significantly increased LA! at 90 DAS by 15.6 per cent over soil 

application ofTU at 5 kg/ha (basal). 

Data further show that foliar sprays of 500 ppm TU, 100 ppm DMSO and 

TU+DMSO significantly increased LAI at 90 DAS in both years. In poled data, foliar sprays 

of 500 ppm TU, 100 ppm DMSO and TU+DMSO significantly increased LAI at 90 DAS by 

62.8, 2l.S and 69.9 per cent, respectively over control. 

Data (fable 4A.1S) show that TU and DMSO interacted significantly with 

phosphorus in influencing LA! at 90 DAS 2000 only. Under no phosphorus, soil application 

of TU at 5 kglha (basal), soil application of TU at 5 kglha ('lj+Y2), soil application of 

TU+DMSO (~+~), foliar spray of 500 ppm TU and foliar spray of TU+DMSO significantly 



Table: 4A.17 Effect of thiourea and DMSO on LAI at 60 DAS at varying levels of 
phosphorus 

Year 1999 PhosEhorus {kg/ful} Mean 
0 20 40 

Control 3.87 4.46 5.44 4.59 
5 kg TV/ha in soil (basal) 3.99 4.75 5.55 4.76 
5 kg TVlha in soil e 12 + 1/2) 4.73 4.86 5.95 5.18 
2 kg DMSO/ha in soil e/2 + 1/2) 3.99 4.33 5.35 4.56 
TU+DMSO in soil e/2+ 1/2) 4.27 5.55 6.21 5.34 
500 ppm TU (spray) 4.15 5.15 5.52 4.94 
100 ppm DMSO (spray) 3.92 5.15 5.38 4.82 
TU+DMSO (spray) 4.00 4.64 5.66 4.76 
Mean 4.11 4.86 5.63 

Phosphorus Chemicals Interaction 
S.Em± O.IlO 0.179 0.311 
C.D. (0.05) 0.305 0.498 NS 

Year 2000 PhosEhorus {kg/ha2 Mean 
0 20 40 

Control 3.37 4.61 5.15 4.37 
5 kg TUlha in soil (basal) 3.44 4.82 5.26 4.50 
5 kg TV/ha in soil e h + 1 h) 3.81 4.77 5.55 4.71 
2 kg DMSOlha in soil e /2+ 1/2) 3.50 4.43 5.12 4.35 
TU+DMSO in soil e12+ 1/2) 3.92 5.46 5.86 5.08 
500 ppm TU (spray) 3.84 4.85 5.29 4.66 
100 ppm DMSO (spray) 3.42 4.17 4.77 4.12 
TU+DMSO (spray) 3.89 5.19 5.46 4.85 
Mean 3.64 4.79 5.31 

I S.Em± 
Phosphorus Chemicals Interaction 
0.088 0.144 0.249 

i C.D. (0.05) 0.243 0.398 NS 

Pooled PhosEhorus {kg/ha2 Mean 
0 20 40 

Control 3.62 4.53 5.29 4.48 
5 kg TV/ha in soil (basal) 3.71 4.78 5.40 4.63 
5 kg TV/ha in soil e 12 + 1/2) 4.27 4.81 5.75 4.95 
2 kg DMSOlha in soil (1/2 + 1/2) 3.75 4.38 5.23 4.45 
TU+DMSO in soil e/2+ 1/2) 4.09 5.51 6.04 5.21 
500 ppm TV (spray) 4.00 5.00 5.41 4.80 

100 ppm DMSO (spray) 3.67 4.66 5.08 4.46 
TU+DMSO (spray) 3.94 4.91 5.56 4.80 
Mean 3.88 4.82 5.47 

Phosphorus Chemicals Interaction 
S.Em+ 0.070 0.115 0.199 
C.D,JO.05) 0.195 0.319 NS 



Table: 4A.18 Effect of thiourea and -DMSO on LAI at 90 DAS at varying ]eve]s of 
phosphorus 

Year 1999 PhoSE horus {kg/1m} Mean 
0 20 40 

CL'JlUD) 2.34- 3.77 4-.}J JA} 
5 kg TV/ha in soil (basal) 3.36 3.95 4.27 3.86 
5 kg TV/ha in soil (1/2 + 1/2) 3.71 4.l3 4.31 4.05 
2 kg DMSO/ha in soil (1/2 + 112) 3.83 4.18 4.15 4.05 
TU+DMSO in soil ('J~+ 1/2) 3.75 4.22 4.38 4.12 
500 ppm TV (Sp~y) 4.08 4.65 4.58 4.43 
100 ppm DMSO spray) 3.52 4.03 '4.47 4.01 
TU+DMSO (spray) 3.96 4.55 4.84 4.45 
Mean 3.57 4.18 4.39 

Phosphorus Chemicals Interaction 
S.Em+ 0.086 0.141 0.244 
C.D. (0.05) 0.239 0.390 NS 

Year 2000 PhosEhorus {kgl1m} Mean 
0 20 40 

Control 1.28 2.l3 2.32 1.91 
5 kg TV/ha in soil (b~al) 2.03 3.12 3.60 2.92 
5 kg TV/1m in soil (1/1 + 1/2) 2.51 4.14 4.73 3.79 
2 kg DMSO/ha in soil (1/2 + 1/2) 1.40 2.59 3.45 2.48 
TU+DMSO in soil e/~+ 1/2) 2.74 4.49 5.85 4.36 
500 ppm TV (spray) 3.18 4.63 4.84 4.22 
100 ppm DMSO (spray) 1.29 2.68 3.46 2.48 
TU+DMSO (spray) 3.24 4.74 5.82 4.60 
Mean 2.21 3.56 4.26 

Phosphorus Chemicals Interaction 
S.Em± 0.071 0.116 0.200 
C.D. (0.05) 0.196 0.320 0.554 

Pooled PhosEhorus {kglha} Mean 
0 20 40 

Control 1.81 2.95 3.23 2.66 
5 kg TV/ha in soil (basal) 2.69 3.53 3.94 3.39 
5 kg TV/ha in soil e /2 + 1/2) 3.11 4.13 4.52 3.92 
2 kg DMSO/ha in soil (1/2 + 1/2) 2.61 3.39 3.80 3.27 
TU+DMSO in soil ('/<+ 1/2) 3.25 4.35 5.11 4.24 

500 ppm TV (spray) 3.63 4.64 4.71 4.33 

100 ppm DMSO (spray) 2.40 3.36 3.97 3.24 
TU+DMSO (spray) 3.60 4.64 5.33 4.52 

Mean 2.89 3.87 4.33 
Phosphorus Chemicals Interaction 

S.Em+ 0.056 0.091 0.156 
C.D. ('0.05) 0.155 0.253 NS 



increased LAI at 90 DAS over control. Soil application of DMSO at 2 kg/1m (Yi+Yi) and foliar 

spray of 100 ppm DMSO proved ineffective in this respect under no phosphorus. Under 20 kg 

P20S/ha, soil application of TU at S kg/ha (basal), soil application of TU at S kg/ha (YZ+YZ), 

soil application of TU+DMSO (YZ+YZ) and foliar spray of TU+DMSO proved effective in 

increasing LAI at 90 DAS over control. Under 40 kg P205/ha, all the soil and foliar applied 

treatments significantly increased LAI at 90 DAS over control. The LAI obtained with foliar 

spray of SOO ppm TU and foliar spray of TU+DMSO under no phosphorus proved superior to 

20 and 40 kg P20 5/ha. Combined effect of treatments on LAI at 90 DAS however, turned out 

non-significant in pooled data. 

4A.1.22 Crop growth rate (CGR) at 60 DAS 

Data (Table 4A.19) show that phosphorus application resulted in significant 

increase in CGR at 60 DAS upto 40 kg P20s/ha during both the years. On the basis of pooled 

data, application of 20 and 40 kg P20s/ha significantly increased CGR at 60 DAS by 19.8 and 

30.9 per cent, respectively over control. Further, application of 40 kg P20s/ha proved 

significantly superior to 20 kg P20s/ha. 

Soil application of TU at 5 kg/ha (Yi+Y2) significantly increased CGR at 60 DAS in 

1999 only. Soil application of TU+DMSO. (Y2+Yi) significantly increased CGR at 60 DAS 

during both the years. Soil application of DMSO at 2 kglha (Yi+Yi) failed to increase CGR at 

60 DAS during both the years. On the basis of pooled data, soil application of TV at 5 kg/ha 

(Yi+Yi) significantly increased CGR at 60 DAS by 9.8 per cent over soil application of TV at 

5 kg/ha (basal). Soil application of TU at 5 kg/ha (Yi+Yz) and soil application of TV+DMSO 

(Yi+Yi) significantly increased CGR by 1l.0 and 17.1 per cent, respectively over control. 

Data further indicate that foliar sprays of 500 ppm TU an4 100 ppm DMSO failed 

to increase CGR at 60 DAS during both the years. However, foliar spray of TU+DMSO 

significantly increased CGR over control in 2000 only. In pooled data, foliar sprays of 500 

ppm TU and TU+ DMSO significantly increased CGR at 60 DAS by 7.4 and 17.1 per cent, 

respectively over control. 

4A.1.23 Crop growth rate (CGR) at.90DAS 

Data (Table 4A.2~) show that phosphorus application brought about significant 

increase in CGR at 90 DAS upto 20 kg P20s/ha during both the years. In pooled data, 

application of 20 and 40 kg P20s/ha significantly increased CGR by 30.9 and 40.3 per cent, 

respectively over control. Further, application of 40 kg P20s/ha was at par with 20 kg P20s/ha 

in this respect. 



Table: 4A.19 Effect of thiourea and DMSO on crop growth rate (g/m2/d) at 60 
DAS at varying levels of phosphorus 

Year 1999 Phosphorus (kglha) Mean 
0 20 40 

Control 15.18 16.83 20.08 17.36 
5 kg TUfha in soil (basal) 14.85 18.15 19.40 17.45 
5 kg TUfha in soil (112 + 1/2) 19.15 18.75 21.58 19.83 
2 kg DMSO/ha in soil C/2+ 1/2) 16.00 17.58 18.85 17.48 
TU+DMSO in soil e 12 + 1/2) 18.18 20.08 23.10 20.45 
500 PPl,ll TU (spray) 16.33 19.50 20.03 18.62 
100 ppm DMSO (spray) 15.40 20.43 19.75 18.53 
TU+DMSO (spray) 15.78 18.18 20.68 18.21 
Mean 16.36 18.68 20.43 

Phosphorus Chemicals Interaction 
S.Em+ 0.406 0.664 1.150 
CD. (0.05) 1.127 1.841 NS 

Year 2000 Phos~horus (kglha) Mean 
0 20 40 

. Control 14.33 18.38 20.73 17.81 
5 kg TUfha in soil (basal) 14.29 19.54 20.48 18.09 
5 kg TUfha in soil C 12 + 1/2) 15.98 19.53 22.19 19.23 
2 kgDMSOlha in soil C/2+ 1/2) 14.89 17.92 20.23 17.68 
TU+DMSO in soil e/2+ 1/2) 17.27 21.80 23.19 20.75 
500 ppm TU (spray) 16.18 19.84 21.55 19.19 
100 ppm DMSO (spray) 14.44 17.75 19.83 17.34 
TU+DMSO (spray) . 16.74 21.10 22.14 19.99 
Mean 15.51 19.48 21.29 

Phosphorus Chemicals Interaction 
S.Em± 0.348 0.569 0.984 
C.D. (0.05) 0.965 1.577 NS 

Pooled Phos~horus {kgtha) Mean 
0 20 40 

Control 14.76 17.60 20.40 17.59 
5 kg TUfha in soil (basal) 14.57 18.84 19.94 17.78 
5 kg TU/ha in soil C 12 + 1/2) 17.56 19.14 21.88 19.53 
2 kg DMSOfha in soil (1/2+ 112) 15.44 17.75 19.54 17.57 
TU+DMSO in soil e/2+ 1/2) 17.72 20.94 23.14 20.60 
500 ppm TU (spray) 16.25 19.67 20.78 18.90 

100 ppm DMSO (spray) 14.92 19.09 19.79 17.93 
TU+DMSO (spray) 16.26 19.64 21.41 19.10 
Mean 15.93 19.08 20.86 

Phosphorus Chemicals Interaction 
S.Em+ 0.267 0.437 0.757 
C.D. (0.05) 0.742 1.211 NS 



Table: 4A.20 Effect of thiourea and DMSO on crop growth rate (g/ml/d) at 90 
DAS at varying levels of phosphorus 

Year 1999 PhosEhorus {kg/ha2 Mean 
0 20 40 

Control 2.23 8.75 9.10 6.69 
5 kg TU/lla in soil (basal) 5.43 8.93 11.75 8.70 
5 kg TU/ha in soil (112 + 1/2) 7.00 8.50 6.98 7.49 
2 kg DMSO/ha in soil e 12 + 1/2) 8.15 1l.75 1l.40 10.43 
TU+DMSO in soil e/2+ 1/2) 9.55 10.10 8.75 9.47 
500 ppm'nJ (spray) 9.10 6.83 7.90 7.94 
100 ppm DMSO (spray) 8.93 9.93 13.18 10.68 
TU+DMSO (spray) 8.93 9.40 8.60 8.98 
Mean 7.41 9.27 9.71 

Phosphorus Chemicals Interaction 
S.Em+ 0.530 0.865 1.499 
C.D. (0.05) 1.469 2.400 NS 

Year 2000 PhosEhorus {kglha2 Mean 
0 20 40 

Control 5.72 7.92 9.23 7.62 
5 kg TU/ha in soil (basal) 9.36 10.92 12.98 11.08 
5 kg TUlha in soil (1/2 + Ih) 10.04 14.96 14.29 13.09 
2 kg DMSO/ha in soil C 12 + 1/2) 7.93 10.48 12.34 10.25 
TU+DMSO in soil e/2+ 1/2) 10.35 14.09 16.68 13.71 
500 ppm TU (spray) 11.85 16.51 15.09 14.48 
100 ppm DMSO (spray) 7.69 11.32 12.46 10.49 
TU+DMSO (spray) 1l.62 14.79 16.94 14.45 
Mean 9.32 12.62 13.75 

Phosphorus Chemicals Interaction 
S.Em+ 0.347 0.566 0.981 
C.D. (0.05) 0.962 1.569 NS 

Pooled PhosEhorus (kglha) Mean 

0 20 40 

Control 3.97 8.33 9.16 7.l6 

5 kg TU/ha in soil (basal) 7.39 9.92 12.36 9.89 

5 kg TUlha in soil e 12 + 1/2) 8.52 11.73 10.63 10.29 

2 kg DMSO/ha in soil e/2+ 1/2) 8.04 11.11 11.87 10.34 

TU+DMSO in soil e /2+ 1/2) 9.95 12.09 12.71 11.59 

500 ppm TU (spray) 10.47 1l.67 1l.49 11.21 

100 ppm DMSO (spray) 8.31 10.62 12.82 10.58 

TU+DMSO (spray) 10.27 12.09 12.77 11.71 
I 

Mean 8.36 10.95 11.73 
Phosphorus Chemicals Interaction 

S.Em± 0.317 0.517 0.896 

C.D. (0.05) 0.878 l.434 NS 

~I 



Soil application of TU at 5 kg/ha (basal) and soil application of TU at 5 kg/ha 

(~+Yz) significantly increased CGR at 90 DAS in 2000 only. However, soil application of 

DMSO at 2 kglha (Yz+Yz) and soil application of TU+DMSO (~+Yz) significantly increased 

CGR at 90 DAS during both the years. On the basis of pooled data, soil application ofTU at 5 

kg'/ha (basal), soil application of TU at 5 kg/ha (Y2+~), soil application of DMSO at 2 kg/ha 

(Yz+Yz), and soil application of TU+DMSO (~+Yz) significantly increased CGR at 90 DAS by 

38.1,43.7,44.4 and 61.9 per cent, respectively over control. 

All the foliar applied treatments of TU and DMSO superior to control in respect of 

CGR at 90 DAS during 2000 only, whereas in 1999, only foliar spray of 100 ppm DMSO was 

effective. In pooled data, foliar sprays of 500 ppm TU, 100 ppm DMSO and TU+DMSO 

significantly increased CGR at 90 DAS by 56.5, 47.8 and 63.5 per cent, respectively over 

control. 

4A.1.24 Leaf area ratio (LAR) at 60 DAS 

Data (fable 4A.21) indicate that phosphorus application brought about significant 

increase in LAR at 60 DAS upto 40 kg P20s/ha during both the years. On the basis of pooled 

data, application of 20 and 40 kg P20s/ha significantly increased LAR at 60 DAS by 3.9 and 

7.9 per cent, respectively over control. Further, application of 40 kg P20s/ha proved superior 

to 20 kg P20s/ha. 

Soil application of TU and DMSO did not influence LAR at 60 DAS during both the 

years. Similarly, none of the foliar applied treatments effective in this respect during both the 

years. Similar trends were recorded in pooled data. 

Data {Table 4A.21) show that TU and DMSO interacted significantly with 

phosphorus in influencing LAR at 60 DAS in 2000 only. Under no phosphorus, soil 

application of TU at 5 kg/ha (~+Y2) proved effective in increasing LAR at 60 DAS over 

control. Under 20 and 40 kg P20s/ha, none of the soil and foli.ar applied treatments proved 

effective in this respect. The highest LAR (0.266) was obtained with soil application ofTU at 

5 kg/ha (basal), soil application of TU at 5 kg/ha (Y2+Yz) and soil application of TU+DMSO 

(Y2+Y2) under 40 kg P20s/ha which was at par with soil application of TU+DMSO (Y2+Y2) 

under 20 kg P20s/ha but was superior to rest of the treatments under 20 kg P20s/ha and no 

phosphorus. In pooled data, interaction effects were non-significant. 

4A.1.25 Leaf area ratio (LAR) at 90 DAS 

Data {Table 4A.22) show that application of phosphorus upto 40 kg P20s/ha 

significantly increased LAR at 90 DAS during both the years. In pooled data, application of 

20 and 40 kg P20s/ha significantly increased LAR at 90 DAS by 8.9 and 13.1 percent, 



respectively over control. Further, application of 40 kg P20Siha was proved superior to 20 kg 

P205ih~ in respect of LAR at 90-90 DAS. 

Soil application of TV at 5 kg/ha (basal) and soil application DMSO at 2 kg/ha 

(Yl+12) significantly increased LAR at 90 DAS during both the years. However, soil 

application TV at 5 kg/ha (Yz+Yl) was effective in 2000 only in improving LAR at 90 DAS. In 

pooled data, soil application TU at 5 kg/ha (basal), soil application TU at 5 kg/ha (Yl+12), soil 

application DMSO at 2 kg/ha (12+12) and soil application of TV+DMSO (Yz+~) significantly 

increased Lf\.R at 90 DAS by 13.5, 16.6, 7.4 and 11.6 per cent, respectively over control. 

Data further show that significant increase in LAR at 90 was recorded due to foliar 

spray of 500 ppm TU in both the years. Whereas, foliar of 100 ppm DMSO and foliar spray 

of TU +DMSO significantly improved LAR at 90 DAS during 2000 only. In pooled data, 

foliar sprays of 500 ppm TV, 100 ppm DMSO and TV+DMSO significantly increased LAR 

at 90 DAS by 20.2, 3.1 and 18.4 percent, respectively over control. 

Data (fable 4A.22) show that TU and DMSO interacted significantly with 

phosphorus in influencing LAR at 90 DAS in 2000 only. All the soil and foliar applied 

treatments significantly increased LAR at 90 DAS under no phosphorus, 20 and 40 kg 
• 

P205/ha except foliar spray of 100 ppm DMSO under no phosphorus. In pooled data, under no 

phosphorus, soil application of TV at 5 kg/ha (V2+~), soil application of DMSO at 2 kg/ha 

(YZ+YZ), soil application of TV +DMSO (Vz+Vz), foliar spray of 500 ppm TU, foliar spray of 

100 ppm DMSO and foliar spray of TU+DMSO significantly increased LAR at 90 DAS by 

16.8, 16.8, 24.2, 8.7, 2.0, 10.7 and 22.1 per cent, respectively over control. Under 20 kg 

P20slha, soil application of TU at 5 kg/ha (basal), soil application of TV at 5 kg/ha (Vz+~) 

and soil application of TU+DMSO (Yl+Yz) and foliar sprays of 500 ppm TU and TV+DMSO 

significantly increased LAR at 60-90 DAS by 5.8, 7.0, 9.9, 19.3 and 12.9 per cent, 

respectively over control. Under 40 kg P20s/ha, soil application of TU at 5 kg/ha (basal), soil 

application of TU at 5 kg/ha (~+Vz), soil application of DMSO at 2 kg/ha (Yz+~) and soil 

application of TV+DMSO (Vz+Yz) and foliar sprays of 500 ppm TV, 100 ppm DMSO and 

TU+DMSO significantly increased LAR at 90 DAS by 18.4, 13.1, 12.5, 19.0, 8.9 and 20.8 per 

cent, respectively over control. The highest LAR of 0.204 was obtained with foliar spray of 

500 ppm TV under 20 kg P20~a. When compared with absolute control, the increase was 

36.9 per cent. 

4 A.1.26 Net assimilation rate (NAR) at 60 DAS 

Data (fable 4A.23) show that phosphorus application resulted significant increase in 

NAR at 60 during both the years. In pooled data, application of 40 kg PzOs/ha significant 



Table: 4A.21 Effect of thiourea and DMSO on leaf area ratio at 60 DAS at 
varying levels of phosphorus 

Year 1999 Phos:ehorus {kg/1m) Mean 
I 0 20 40 

Control 0.259 0.270 0.276 0.269 
5 kg TUlha in soil (basal) 0.263 0.259 0.286 0.269 
5 kg TU/ha in soil e/2 + '/2) 0.257 0.268 0.284 0.269 
2 kg DMSOlha in soil e/2 + '/2) 0.249 0.249 0.283 0.260 
TU+DMSO in soil e/2+ '/2) 0.248 0.277 0.275 0.267 
500 ppm TU (spray\ 0.259 0.272 0.285 0.272 
100 ppm DMSO (spray) 0.246 0.267 0.278 0.264 
TU+DMSO (spray) 0.249 0.268 0.284 0.267 
Mean 0.254 0.266 0.281 

Phosphorus Chemicals Interaction 
S.Em± 0.0022 0.0035 0.0061 
C.D. (0.05) 0.0061 NS NS 

Year 2000 Phos:ehorus (kg/ha) Mean 
0 20 40 

Control 0.247 0.258 0.263 0.256 

5 kg TU/ha in soil (basal) 0.248 0.257 0.266 0.257 

5 kg TU/lla in soil e 12 + '/2) 0.253 0.257 0.266 0.258 

2 kg DMSO/ha in soil e 12 + '/2) 0.249 0.258 0.264 0.257 

TU+DMSO in soil (' /2 + 'h) 0.245 0.262 .0.266 0.257 

500 ppm TU (spray) 0.252 0.256 0.261 0.256 

100 ppm DMSO (spray) 0.249 0.247 0.256 0.251 

TU+DMSO (spray) 0.248 0.258 0.261 0.255 

Mean 0.249 0.257 0.263 

Phosphorus Chemicals Interaction 

S.Em± 0.0007 0.0012 0.0020 
C.D. (0.05) 0.0020 NS 0.0057 

Pooled Phos£horus (kg/ha} Mean 

0 20 40 

Control 0.254 0.264 0.270 0.263 

5 kg TU/ha in soil (basal) 0.255 0.259 0.275 0.263 

5 kg TUlha in soil C 12 + '/2) 0.255 0.263 0.274 0.264 

2 kg DMSO/ha in soil e/2+ '/2) 0.250 0.254 0.274 0.259 

TU+DMSO in soil (' /2 + '/2) 0.246 0.270 0.270 0.262 

500 ppm TU (spray) 0.256 0.265 0.274 0.265 

100 ppm DMSO (spray) 0.248 0.258 0.266 0.257 

TU+DMSO (spray) 0.249 0.263 0.273 0.261 

Mean 0.252 0.262 0.272 
Phosphorus Chemicals Interaction 

S.Em+ 0.0011 0.0018 0.0032 

C.D. (0.05) 0.0032 NS NS 



Table: 4A.22 Effect of thiourea and DMSO on leaf area ratio at 90 
DAS at varying levels of phosphorus 

Year 1999 Phos2horus {kg/ha) Mean 
0 20 40 

Control 0.185 0.196 0.194 0.192 
5 kg TU/ha in soil (basal) 0.206 0.204 0.226 0.212 
5 kg TUlha in soil e 12 + liz) 0.195 0.196 0.201 0.197 
2 kg DMSO/ha in soil e /2+ 1/2) 0.199 0.198 0.212 0.203 

. TU+DMSO in soil (1/2+ 112) 0.179 0.189 0.193 0.187 
. 500 ppm Tv (spray) 0.199 0.216 0.214 0.209 

100 ppm DMSO (spray) 0.184 0.193 0.206 0.194 
TU+DMSO (spray) 0.199 0.205 0.214 0.206 
Mean 0.193 0.199 0.207 

Phosphorus Chemicals Interaction 
S.Em+ 0.0021 0.0034 0.0058 
C.D. (0.05) 0.0058 0.0095 NS 

Year 2000 Phos~horus (kglha~ Mean 
0 20 40 

Control 0.1l3 0.145 0.139 0.133 
5 kg TUlha in soil (basal) 0.143 0.158 0.169 0.157 
5 kg TUlha in soil e 12 + 1/2) 0.152 0.169 0.179 0.167 
2 kg DMSOlha in soil e/2+ 1/2) 0.124 0.149 0.164 0.145 
TU+DMSO in soil e/z+ 1/2) 0.151 0.184 0.192 0.175 
500 ppm TU (spray) 0.172 0.192 0.187 0.183 
100 ppm DMSO (spray) 0.119 0.147 0.160 0.142 
TU+DMSO (spray) 0.165 0.181 0.192 0.179 
Mean 0.142 0.166 0.173 

Phosphorus Chemicals Interaction 
S.Em± 0.0008 0.0013 0.0022 
C.D. (0.05) 0.0022 0.0036 0.0062 

Pooled PhosEhorus {kglha) Mean 
0 20 40 

Control 0.149 0.171 0.168 0.163 
5 kg TUllIa in soil (basal) 0.174 0.181 0.199 0.185 
5 kg TUlhain soil e/2+ 1/2) 0.174 0.]83 0.190 0.182 
2 kg DMSOlha in soil (1/2 + 112) 0.162 0.174 0.189 0.175 
TU+DMSO in soil e /2+ 1/2) 0.165 0.188 0.193 0.182 
500 ppm TU (spray) 0.185 0.204 0.200 0.196 

100 ppm DMSO (spray) 0.152 0.170 0.183 0.168 
TU+DMSO (spray) 0.182 0.193 0.203 0.193 
Mean 0.168 0.183 0.190 

Phosphorus Chemicals Interaction 
S.Em± 0.0011 0.0018 0.0031 
C.D. (0.05) 0.0031 0.0050 0.0086 



increased NAR at 60 DAS by 8.6 and 6.6 per cent, over control and 20 kg P20slha, 

respectively. 

None of the soil applied treatments were effective in improving NAR at 60 DAS 

during both the years. In pooled data also similar trends were observed. 

Foliar spray of SOD ppm TV and foliar spray of TU+DMSO significantly increased 

NAR at 60 DAS over control during 2000 only. In 1999, all the foliar applied treatments were 

ineffective. In pooled data, all the foliar applied treatments were ineffective in this respect. 

4A.1.27 Ne't assimilation rate (NAR) at 90 DAS. 

Data (Table 4A.24) show that application of,phosphorus did not influence NAR at 90 

DAS. 

Soil application of TV at S kg/ha (basal), soil application of TV at S kg/ha (1/2+ 112), 

and soil application of TV+DMSO (lI2+ lI2), significantly increased NAR at 90 DAS during 

2000 only. Whereas soil application of DMSO at 2 kg/ha (YZ+YZ) significantly increased NAR 

at 90 DAS over control during both the years. In pooled data, only soil application of DMSO 

at 2 kg/1m (YZ+YZ) significantly increased NAR at 90 DAS by 24.6 per cent, over control. 

Foliar spray of SOO ppm TV and foliar spray of TU+ DMSO significantly increased 

NAR at 90 DAS over control during in 2000 only, whereas foliar application of 100 ppm 

DMSO proved effective in improving NAR at 90 DAS during both the years. 

In pooled data, foliar spray of SOO ppm TU did not influence NAR at 60-90 DAS, 

w,hereas foliar spray of 100 ppm DMSO and foliar spray of TU+DMSO significantly 

increased NAR at 90 DAS by 30.8 and 16.9 per cent, respectively over control. Further, foliar 

spray ofTU+DMSO was at par with foliar sprays ofSOO ppm TU and 100 ppm DMSO alone. 

4A.1.28 Root length at 60 DAS 

Data (Table 4A.2S) indicate that phosphorus application brought about significant 

increase in root length at 60 DAS upto 40 kg P20s/ha during both the years. Pooled data show 

that application of 20 and 40 kg P20s/ha significantly increased root length at 60 DAS by 14.4 

and 24.3 per cent, respectively over control. Further, application of 40 kg P20s/ha resulted in 

significantly increased root length at 60 DAS over 20 kg P20slha. 

Soil application of TV at 5 kg/ha ('/2+1
/ 2) and TV+DMSO ('/2+

1
/ 2) significantly 

increased root length in 2000 only. On the basis of pooled data, soil application of TV at S 

kglha ('/2+1
/ 2) was at par with soil application of TU at S kglha (basal). Soil application of 

DMSO did not influence root length at 60 DAS during both the years. On the basis of pooled 

data, soil application of TV at S kg/ha ('/2+'12) and soil application of TV+DMSO ('/2+'/2) 



Table: 4A.23 Effect of thiourea and DMSO on net assimilation rate (g/m2/d) at 60 
DAS at varying levels of phosphorus 

Year 1999 PhosE horus ~ kg/hal Mean 
0 20 40 

Control 0.275 0.257 0.280 0.271 
5 kg TU/ha in soil (basal) 0.233 0.258 0.260 0.250 
5 kg TUllia in soil (1/2 + 112) 0.275 0.259 0.285 0.273 
2 kg DMSOlha in soil C 12 + liz) 0.237 0.269 0.287 0.264 
TU+DMSO in soil C/2 + 1/2) 0.273 0.246 0.304 0.274 
500 ppIll\,TU (spray) 0.263 0.271 0.287 0.274 
100 ppm DMSO (spray) 0.266 0.290 0.295 0.284 
TU+DMSO (spray) 0.258 0.270 0.272 0.267 
Mean 0.260 0.265 0.284 

Phosphorus Chemicals Interaction 
S.Em+ 0.0045 0.0073 0.0127 
C.D. (0.05) 0.0127 NS NS 

Year 2000 PhosEhorus {kg/ha2 Mean 
0 20 40 

Control 0.274 0.276 0.294 0.281 
5 kg TUlha in soil (basal) 0.260 0.271 0.282 0.271 
5 kg TUlha in soil ct 12 + 1/2) 0.267 0.272 0.281 0.273 
2 kg DMSOlha in soil (1/2 + 112) 0.269 0.263 0.292 0.275 
TU+DMSO in soil C12+ 1/2) 0.268 0.271 -0.294 0.278 
500 ppm TU (spray) 0.282 0.289 0.302 0.291 
100 ppm DMSO (spray) 0.276 0.286 0.294 0.285 
TU+DMSO (spray) 0.285 0.294 0.312 0.297 
Mean 0.273 0.278 0.294 

Phosphorus Chemicals Interaction 
S.Em+ 0.0017 0.0028 0.0049 
C.D. (0.05) 0.0049 0.0080 NS 

Pooled PhosE horus (kg/ha) Mean 
0 20 40 

Control 0.275 0.266 0.288 0.276 
5 kg TU/ha in soil (basal) 0.246 0.264 0.271 0.260 
5 kg TUlha in soil (1/2 + 112) 0.271 0.266 0.283 0.273 
2 kg DMSOlha in soil e/2 + 1/2 ) 0.254 0.266 0.290 0.270 
TU+DMSO in soil C12 + 1/2) 0.270 0.259 0.300 0.276 
500 ppm TU (spray) 0.273 0.280 0.295 0.283 

100 ppm DMSO (spray) 0.270 0.288 0.295 0.284 
TU+DMSO (spray) 0.271 0.281 0.293 0.282 
Mean 0.266 0.271 0.289 

Phosphorus Chemicals Interaction 
S.Em+ 0.0024 0.0039 0.0068 
C.D. (0.05) 0.0066 NS NS 



Table: 4A.24 Effect of thiourea and DMSO on net assimilation rate (g/m2/d) at 90 
DAS at varying levels of phosphorus 

Year'1999 Phos2horus {kglha2 Mean 
0 20 40 

Control 0.056 0.064 0.020 0.047 
'5 kg TU/ha in soH (basal) 0.062 0.059 0.045 0.055 
5 kg TVlha in soil (' /2 + '/2) 0.044 0.057 0.036 0.046 
2 kg DMSO/ha in soil ('/2+ 'h) 0.066 0.076 0.063 0.069 
TU+D~in soil ('/2+ '/2) 0.054 0.064 0.072 0.063 
500 ppm (spray) 0.047 0.042 0.048 0.046 
100 ppm DMSO (spray) 0.075 0.061 0.078 0.071 
TU+DMSO (spray) 0.049 0.062 0.068 0.059 
Mean 0.057 0.061 0.054 

Phosphorus Chemicals Interaction 
S.Em+ 0.0039 0.0064 0.0110 
C.D. (0.05) NS 0.0180 NS 

Year 2000 Phos2horus (kg!ha) Mean 
0 20 40 

Control 0.079 0.074 0.089 0.081 
5 kg TU/ha in soil (basal) 0.086 0.084 0.102 0.091 
5 kg TU/ha in soil (' /2 + '/2) 0.084 0.100 0.097 0.094 
2 kg DMSO/ha in soil ('/2 + 'h) 0.087 0.092 0.103 0.094 
TU+DMSO in soil ('/2+ '/2) 0.085 0.069 0.095 0.083 
500 ppm TU (spray) 0.086 0.095 0.098 0.093 
100 ppm DMSO (spray) 0.092 0.101 0.108 0.100 
TU+DMSO (spray) 0.090 0.089 0.098 0.092 
Mean 0.086 0.088 0.099 

Phosphorus Chemicals Interaction 
S.Em+ 0.0019 0.0032 0.0055 
C.D. (0.05) 0.0055 0.0090 NS 

Pooled PhosE horus ~ kglha) Mean 

0 20 40 
Control 0.069 0.070 0.055 0.065 
5 kg TU/ha in soil (basal) 0.075 0.071 0.074 0.073 
5 kg TU/ha in soil ('/2 + '/2) 0.063 0.078 0.066 0.069 
2 kg DMSO/ha in soil ('/2+ '/2) 0.077 0.085 0.082 0.081 
TU+DMSO in soil ('/2 + '/2) 0.070 0.068 0.084 0.074 
500 ppm TU (spray) 0.068 0.069 0.073 0.069 

100 ppm DMSO (spray) 0.084 0.080 0.093 0.085 
TU+DMSO (spray) 0.070 0.077 0.083 0.076 
Mean 0.072 0.075 0.076 

Phosphorus Chemicals Interaction 
S.Em± 0.0022 0.0036 0.0062 
C.D. (0.05) NS 0.0099 NS 



significantly increased root length at 60 DAS in the order of 10.8 and 14.2 per cent over 

control. 

Data further reveal that foliar sprays of 500 ppm TU, 100 ppm DMSO and foliar 

spray ofTU + DMSO did not influence root length at 60 DAS in both the years. 

4A.1.29 Dry matter of roots per plant at 60 DAS 

A perusal of data (fable 4A.26) reveals that phosphorus application brought about 

significantly increase in dty matter of roots per plant at 60 DAS upto 20 kg P20s/ha in 1999 

and upto 40, kg PzOslha in 2000. Pooled data show that application of 20 and 40 kg P20~a 

significantly increased dty matter of roots per plant at 60 DAS to tune of 39.2 and 48.9 per 

cent, respectively over control. Further, application of 40 kg P20sfha registered significant 

improvement in dty matter of roots per plant over 20 kg PzOslha. 

Data (fable 4A.26) show that none of the soil applied treatments of TU and DMSO 

was effective in improving dry matter of roots per plant at 60 DAS in either of the years 

except soil application of TU+DMSO CI2+1
/2) in 1999, However, pooled data show that soil 

application of TU at 5 kglha Clz+1lz) and soil application of TU+DMSO e/2+1/2) registered 

11.1 and 18.1 per cent significant improvement over control, respectively. 

Foliar spray of TU and DMSO alone as well as TU+DMSO did not influence dry 

matter of roots per plant at 60 DAS in any of the years. Similar trends were observed in 

pooled data. 

Data on combined effects of treatment (Table 4A.26) show that TU and DMSO 

interacted significantly with phosphorus in influencing dry matter of roots per plant at 60 

DAS in 2000 only. Under no phosphorus, soil application of TU+DMSO (Y2+Yl) significantly 

increased dry matter of roots per plant over control, whereas rest of the treatments remained 

unaffected. However, under 20 and 40 kg P20s/ha, soil and foliar applied treatments of TV 

and DMSO failed to increase dry matter of roots per plant over control. Combined effect of 

treatments on dry matter of roots per plant at 60 DAS, however, turned out non-significant in 

pooled data. 

4A1.30 Number of nodules per plant at 60 DAS 

Data ( Table 4A.27) show that phosphorus application brought about significant 

increase in number of nodules per plant upto 20 kg PzOslha in 1999 and upto 40 kg P20s/ha in 

2000. Pooled data show that application of 20 and 40 kg P20s/ha significantly increased 

number of nodules by 38.1 and 47.6 per cent, respectively over control. 

Data further show that soil application of TU at 5 kg/ha (lh+lh) proved effective in 

improving number of nodules per plant during both the years. Similar trends were noted in 

Pooled data. Foliar spray of TU+DMSO also proved effective in this respect. 



Table: 4A. 25 Effect of thiourea and DMSO on root length (em) at 60 DAS at 
varying levels of phosphorus 

Yea'r 1999 PhosQhorus ~kg/ha} Mean 
0 20 40 

Control 18.0 19.50 21.51 19.67 
5 kg TU/ha in soil (basal) 17.83 21.07 23.25 20.72 
5 kg TU/ha in soil e /2 + '/2) 19.83 21.55 22.27 21.21 
2 kg DMSO/ha in soil (1/2+ '/2) 19.52 20.50 22.33 20.78 
TU+D¥SO in soil ('/2+ 1/2) 20.62 22.22 23.35 22.07 
500 ppni TU (spray) 18.83 20.50 21.83 20.39 
100 ppmDMSO (spray) 18.08 20.15 22.13 20.12 
TU+DMSO (spray) 18.63 21.07 2l.73 20.48 
Mean 18.92 20.82 22.30 

Phosphorus Chemicals Interaction 
S.Em± 0.447 0.731 0.265 
C.D. (0.05) 1.239 NS NS 

Year 2000 PhosQhorus {kg/lla~ Mean 
0 20 40 

Control 17.0 20.16 22.11 19.75 
5 kg TU/ha in soil (basal) 17.34 28.86 23.27 20.48 
5 kg TU/ha in soil (' h + 'h) 18.37 22.73 26.31 22.47 
2 kg DMSOlha in soil ('/2 + 112) 17.91 20.66 22.34 20.30 
TU+DMSO in soil ('/2 + 1/2) 18.92 23.29 26.58 22.93 
500 ppm TV (spray) 17.62 21.09 22.23 20.31 
100 ppm DMSO (sprar) 17.46 20.11 21.99 19.86 
TU+DMSO (spray) 18.28 21.16 22.37 20.60 
Mean 17.86 21.25 23.40 

Phosphorus Chemicals Interaction 
S.Em+ 0.401 0.654 1.133 
C.D. (0.05) 1.111 1.813 NS 

Pooled PhosQhorus {kg/ha} Mean 
0 20 40 

Control 17.5 19.83 21.81 19.71 
5 kg TU/ha in soil (basal) 17.58 20.97 23.26 20.60 
5 kg TU/ha in soil (' h + '/2) 19.10 22.14 24.29 21.84 
2 kg DMSO/ha in soil ('/2 + '/2) 18.72 20.58 22.33 20.54 
TU+DMSO in soil ('h+ '/2) 19.77 22.76 24.96 22.50 
500 ppm TV (spray) 18.23 20.79 22.03 20.35 

100 ppm DMSO (spray) 17.77 20.13 22.07 19.99 
TU+DMSO (spray) 18.45 21.12 22.05 20.54 
Mean 18.39 21.04 22.85 

Phosphorus Chemicals Interaction 
S.Em± 0.300 0.490 0.849 
C.D. (0.05) 0.832 1.359 NS 



3( 

Table: 4A.26 Effect of thiourea and DMSO on dry matter of root/plant (g) at 60 
DAS at varying levels of phosphorus 

Year 1999 PhosEhorus {kg/ha) Mean 
0 20 40 

Control 1.114 1.564 1.488 1.389 
5 kg TU/ha in soil (basal) 1.214 1.508 1.680 1.467 
5 kg TUlha in soil (1/2 + 1/2) 1.499 1.583 1.600 1.561 
2 kg DMSO/ha in soil (1/2+ 112) 1.251 1.361 1.498 1.370 
TU+DMSO in soil (1/2+ 1/2) 1.535 1.635 1.99 1.720 
500 ppm :3! (spray) 1.103 1.480 1.405 1.329 
100 ppm DMSO (spray) 1.361 1.589 1.580 1.510 
TU+DMSO (spray) 1.203 1.499 1.890 1.531 
Mean 1.285 1.527 1.641 

Phosphorus Chemicals Interaction 
S.Em+ 0.043 0.071 0.123 
C.D. (0'.05) 0.120 0.196 NS 

Year 2000 PhosEhorus (kg/ha) Mean 
0 20 40 

Control 1.030 1.735 1.914 1.559 
5 kg TU/ha in soil (basal) 1.064 1.803 1.836 1.567 
5 kg TU/ha in soil (1/2 + 1/2) 1.280 1.879 1.980 1.713 
2 kg DMSO/ha in soil (1/2 + I h) 1.086 1.828 1.944 1.619 
TU+DMSO in soil (1/2 + 1/2) 1.304 1.953 2.031 1.762 
500 ppm TU (spray) 1.058 1.780 1.918 1.585 
100 ppm DMSO (spray) 1.053 1.775 1.922 1.583 
TV+DMSO (spray) 1.057 1.787 1.962 1.602 
Mean 1.117 1.817 1.938 

Phosphorus Chemicals Interaction 
S.Em± 0.033 0.054 0.093 
C.D. (0.05) 0.091 NS 0.257 

Pooled PhosEhorus {kg/ha} Mean 
0 20 40 

Control 1.073 1.649 1.701 1.474 
5 kg TU/ha in soil (basal) 1.139 1.655 1.759 1.517 
5 kg TU/ha in soil (1/2 + 1/2) 1.390 1.731 1.790 1.637 
2 kg DMSO/ha in soil (1/2 + 1/2) 1.169 1.595 1.721 1.495 
TU+DMSO in soil e/2+ 1/2) 1.419 1.794 1.010 1.741 
500 ppm TV (spray) 1.080 1.630 1.661 1.457 

100 ppm DMSO (spray) 1.208 1.683 1.751 1.547 
TU+DMSO (spray) 1.13 1.643 1.926 1.567 
Mean 1.201 1.672 1.789 

Phosphorus Chemicals Interaction 
S.Em+ 0.027 0.044 0.077 
CD. (0.05) 0.075 0.123 NS 



Table: 4A.27 Effect of thiourea and DMSO on nodules per plant at 60 DAS at 
varying levels of phosphorus 

Year 1999 PhosE horus {kglha} Mean 
0 20 40 

Control 3.5 5.5 5.8 4.9 
5 kg TUllia in soil (basal) 4.0 5.3 5.7 5.0 
5 kg TUlha in soil e h + 1/2) 6.0 6.0 6.1 6.0 
2 kg DMSO/ha in soil (1/2 + 112) 3.9 5.4 5.8 5.0 
TU+DMSO in soil e/2+ 1/2) 6.1 6.2 6.4 6.2 
500 ~pm TU (spray) 4.1 5.8 5.7 5.2 
100 pm DMSO (spray) 3.9 5.5 5.6 5.0 
TU+DMSO (spray) 3.9 5.5 5.9 5.1 
Mean 4.4 5.6 5.9 

Phosphorus Chemicals Interaction 
S.Em± 0.119 0.194 0.336 
C.D. (0.05) 0.329 0.539 NS 

Year 2000 PhosEhorus {kg/ha) Mean 
0 20 40 

Control 2.9 5.2 6.6 4.9 
5 kg TUlha in soil (basal) 3.4 6.1 6.1 5.2 
5 kg TUlha in soil C 12 + I h) 4.7 6.9 6.7 6.1 
2 kg DMSOlha in soil e 12 + 1/2) 3.7 6.0 6.3 5.3 
TU+DMSO in soil e/2+ 1/2) 4.8 6.4 7.0 6.1 
500 ppm TU (spray) 4.0 5.8 6.6 5.5 
,100 ppm DMSO (spray) 3.6 5.8 6.0 5.1 
TU+DMSO (spray) 4.5 6.4 6.6 5.8 
Mean 3.9 6.1 6.5 

Phosphorus Chemicals Interaction 
S.Em± 0.135 0.220 0.381 
C.D. (0.05) 0.374 0.610 NS 

Pooled Phos_Ehorus {kg/ha} Mean 
0 20 40 

Control 3.2 5.3 6.2 4.9 
5 kg TU/ha in soil (basal) 3.7 5.7 5.9 5,1 
5 kg TU/ha in soil e 12 + I h) 5.4 6.4 6.4 6,0 
2 kg DMSO/ha in soil e /2+ 1/2) 3.8 5.7 6.1 5.2 
TU+DMSO in soil e/2+ 1/2) 5.4 6.3 6.7 6.1 
500 ppm TU (spray) 4.0 5.8 6.2 5,3 

100 ppm DMSO (spray) 3.7 5.6 5.8 5.l 
TU+DMSO (spray) 4.2 5.9 6.2 5.4 
Mean 4.2 5.8 6.2 

Phosphorus Chemicals Interaction 
S.Em± 0.089 0.147 0.254 
C.D. (0.05) 0.249 0.407 NS 

32. 



4A.2: EFFECT OF TV AND DMSO AT VARYING LEVELS OF PHOSPHORUS ON 

YIELD PARAMETERS 

4A.2.1 Number of clusters per plant 

Data (fable 4A.28) show that successive increase in phosphorus levels upto 40 kg 

P20iha significantly increased number of clusters per plant during 2000, however, it 

responded significantly upto 20 kg P20s/ha during 1999. In pooled data, application of 40 kg 

P20siha proved significantly superior to 20 kg P20slha. Application of 20 and 40 kg P20s/ha 

significantl~ increased number of clusters per plant by 18.4 and 27.8 per cent, respectively 

over control. 

Soil application of TU at 5 kg/ha (basal) failed to increase number of branches per 

plant significantly during either of the years. However, soil application of TU at 5 kg/ha 

(~+~) and soil application of TV +DMSO (~+~) significantly increased number of cluster 

per plant during both the years, whereas soil application of DMSO at 2 kg/ha (~+~) proved 

ineffective in this respect. On the basis of pooled data, .soil appl~cation of 5 kg TVlha (~+~) 

significantly increased number of clusters per plant by 18.5 per cent over soil application of 

TU at 5 kg/ha (basal). In pooled data, soil application of TU at ~ kg/ha (~+~) and soil 

application ofTU+DMSO (Yz+~) significantly increased number of clusters per plant by 22.1 

and 25.8 per cent, respectively over control. 

Foliar sprays 500 ppm TV, 100 ppm DMSO and TV+DMSO significantly increased 

number of clusters per plant in 1999. In 2000, foliar sprays of 500 ppm TU and TU+DMSO 

proved effective in increasing number of clusters per plant. Whereas, foliar spray of 100 ppm 

DMSO proved ineffective in this respect. Pooled data show that foliar sprays of 500 ppm TU 

and TU+DMSO significantly increased number of clusters per plant by 18.4 and 19.0 per 

cent, respectively Over control. 

4A.2.2 Number of pods per cluster 

Data (fable 4A.29) reveal that phosphorus application proved ineffective in 

increasing number of pods per cluster during 1999. While in 2000, phosphorus application 

brought about significant increase in number of pods per cluster upto 20 kg P20s/ha. 

However, in pooled data, number pods per cluster remained unaffected due to phosphorus 

application. 

Soil applied treatments of TU and DMSO showed inconsistent effect on number of 

pods per cluster. In 1999, none of the soil applied treatments of TV and DMSO proved 

effective. However, in 2000 soil application of TU at 5 kg/ha (Yz+1/z) and soil application of 

TU+DMSO (~+1/z) significantly increased number of pods per cluster over control. Other 



Table: 4A.28 Effect of thiourea and DMSO on number of cluster/plant 
at varying levels of phosphorus 

Year 1999 PhosEhorus {kg/ha} 
0 20 40 

Control 13.42 18.32 17.15 
5 kg TU/ha in soil (basal) 16.60 15.00 16.75 
5 kg TU/ha in soil e 12 + 1/2 ) 19.10 19.50 26.60 
2 kg DMSO/ha in soil e 12 + 1/2) 13.32 16.42 17.75 
TU+DMSO in soil (112 + 1/2) 23.75 20.72 23.25 
500 ppm TU (spray) 18.15 18.62 18.95 
100 pp~ DMSO (spray) 18.35 18.10 20.92 

. TU+D SO (spray) 15.42 20.90 16.60 
Mean 17.20 19.64 21.12 -

Phosphorus Chemicals Interaction 
S.Em± 0.550 0.899 1.557 
C.D. (0.05) 1.526 2.491 NS 

Year 2000 PhosEhorus (kg/ha) 
0 20 40 

Control 13.40 17.3 18.2 
5 kg TU/ha in soil (basal) 13.0 16.4 18.4 
5 kg TU/ha in soil (1/2 + 1/2) 14.50 19.50 20.6 
2 kg DMSO/ha in soil e/2+ 1/2) 13.40 17.20 18.40 
TU+DMSO in soil (112 + 1/2) 14.80 19.60 20.80 
500 ppm TU (spray) 14.2 18.60 19.60 
100 ppm DMSO (spray) 13.20 17.40 18.30 
TU+DMSO (spray) 14.70 19.60 20.50 
Mean 13.90 18.20 19.40 

Phosphorus Chemicals Interaction 
S.Em+ 0.332 0.543 0.941 
C.D. (0.05) 0.920 1.505 NS 

Pooled PhosEhorus {kg/ha) 
0 20 40 

Control 13.4 17.8 17.7 
5 kg TU/ha in soil (basal) 15.1 17.7 . 17.6 

5 kg TU/ha in soil ('/2 + 1/2) 16.8 19.5 23.6 
2 kg DMSO/ha in soil e/2 + 1/2) 13.4 16.8 18.1 
TU+DMSO in soil <' 12 + 1/2) 19.3 20.2 22.0 
500 ppm TU (spray) 16.2 19.9 21.8 

100 ppm DMSO (spray) 15.8 17.8 19.6 
TU+DMSO (spray) 16.3 20.3 21.5 
Mean 15.8 18.7 20.2 

Phosphorus Chemicals Interaction 
S.Em+ 0.321 0.525 0.909 
C.D. (0.05) 0.891 1.455 NS 

Mean 

16.30 
17.45 
21.73 
15.83 
22.57 
21.07 
19.12 
2047 

Mean 

16.3 
16.10 
18.20 
16.30 
18.40 
17.50 
16.30 
18.30 

Mean 

16.3 
16.8 
19.9 
16.1 
20.5 
19.3 

17.7 
19.4 



Table: 4A.29 Effect of thiourea and DMSO on number pods/cluster at varying 
levels of phosphorus 

Year 1999 PhosEhorus {kglha} Mean 
0 20 40 

Control 3.90 3.30 3.88 3.69 
5 kg TU/ha in soil (basal) 3.31 3.32 3.64 3.42 
5 kg TU/ha in soil e 12 + 1/2) 3.89 3.47 2.55 3.31 
2 kg DMSO/ha in soil e/2+ 1/2) 4.50 3.92 3.74 4.05 
TU+DMSO in soil Ch + 1/2) 3.00 3.25 3.08 3.11 
500 ppm TU (spray) 3.62 3.27 3.01 3.30 
100 ppm DMSO (spray) 3.23 3.33 3:36 3.31 
TU+DMSO (spray) 3.55 3.63 3.12 3.44 
Mean 3.62 3.44 3.30 

Phosphorus Chemicals Interaction 
S.Em± 0.126 0.206 0.356 
CD. (0.05) NS NS NS 

Year 2000 Phos,Ehorus (kglha} Mean 
0 20 40 

Control 2.80 3.10 3.20 3.03 
5 kg TU/ha in soil (basal) 2.90 3.20 3.30 3.13 
5 kg TU/ha in soil C /2 + 1/2) 3.20 3.60 3.70 3.50 
2 kg DMSO/ha in soil (1/2 + 112) 3.00 3.20 3.30 3.17 
TU+DMSO in soil e/2+ 1/2) 3.30 3.70 3.65 3.55 
500 ppm TU (spray) 3.30 3.60 3.70 3.53 
100 ppm DMSO (spray) 2.75 3.30 3.25 3.10 
TU+DMSO (spray) 3.20 3.50 3.55 3.42 
Mean 3.06 3.40 3.46 

Phosphorus Chemicals Interaction 
S.Em± 0.039 0.065 0.113 
CD. (0.05) 0.110 0.180 NS 

Pooled Phos,Ehorus {kg/ha) Mean 
0 20 40 

Control 3.35 3.20 3.54 3.36 
5 kg TU/ha in soil (basal) 3.10 3.26 3.47 3.28 
5 kg TU/ha in soil e 12 + 1/2) 3.55 3.54 3.13 3.40 
2 kg DMSO/ha in soil e 12 + 1/2) 3.78 3.56 3.52 3.62 
TU+DMSO in soil e/2+ 1/2 ) 3.15 3.47 3.36 3.33 
500 ppm TU (spray) 3.46 3.43 3.36 3.42 

100 ppm DMSO (spray) 2.99 3.32 3.30 3.20 
TU+DMSO (spray) 3.38 3.57 3.33 3.43 
Mean 3.34 3.42 3.38 

Phosphorus Chemicals Interaction 
S.Em+ 0.066 0.108 0.187 
C.D. (0.05) NS NS NS 



soil applied treatments proved ineffective in this respect. In pooled data, none of the soil 

applied treatments proved effective in respect of number of pods per cluster. 

Foliar spray treatments also showed inconsistent effect on number of pods per cluster. 

In 1999, all the foliar applied treatments of TU and DMSQ proved ineffective. However, in 

2000 foliar sprays of 500 ppm TV and TV+DMSO significantly increased number of pods per 

cluster over control. Foliar spray of 100 ppm DMSO proved ineffective in this respect. Pooled 

data show that none of the foliar applied treatments proved effective in respect of number of 

pods per cluster. 

4A.2.3 Number of pods per plant 

Data (Table 4A.30) reveal that phosphorus application brought about 

significant increase in number of pods per plant upto 20 kg P20slha during 1999 and upto 40 

kg P20siha in 2000. In pooled data, application of 40 kg P20s/ha proved significantly superior 

over 20 kg P10slha. Further, application 20 and 40 kg P20siha significantly increased number 

of pods by 22.1 and 28.8 per cent, respectively over control. 

Soil application of TV at 5 kglha (~+Yz) significantly increased number of pods per 

plant in both the years. Soil application of TV+DMSO also proved effective in this respect, 

whereas soil application of DMSO at 2 kglha (~+~) did not influence number of pods per 

plant in both years. In pooled data, soil application of TV at 5 kglha (~+~) significantly 

increased number of pods per plant by 22.7 per cent over soil application of TV at 5 kglha 

(basal). Soil application of TV at 5 kg/lm (~""h) and soil application of TU+DMSO (~""h) 

significantly superior to control, giving an increase of23.9 and 25.4 per cent, respectively. 

Foliar sprays of 500 ppm TU and TU+DMSO significantly increased number of pods 

per plant during both the years, whereas foliar spray of 100 ppm OMSO failed to cause 

significant improvement in this respect. Similar trends were observed in pooled data. On the 

basis of pooled data, foliar sprays of 500 ppm TV and TU+OMSO significantly increased 

number of pods per plant by 20.9 and 21.7 per cent, respectively over control. 

4A.2.4 Number of poorly filled pods per plant 

Data (Table 4A.31) show that significant reduction in number of poorly filled pods 

per plant was recorded due to application of phosphorus upto 40 kg P20 5/ha during both the 

years. In pooled data, application of 40 kg P20siha significantly reduced number of poorly 

filled pods per plant over 20 kg P20slha. Pooled data show that 20 and 40 kg P20Jha caused 

significant reduction in number of poorly fIlled pods per plant by 31.9 and 40.4 per cent, 

respectively over control. 



Soil application ofTU at 5 kg/ha (basal) significantly reduced number of poorly filled 

pods per plant in 1999, whereas in 2000, it was ineffective. However, soil application of TU 

at 5 kg/ha (YZ+YZ) significantly reduced number of poorly filled pods per plant during both the 

years. This treatment was superior to soil application of TU at 5 kg (basal) in both the years. 

Significant reduction in number of poorly filled was recorded due to soil application of TU at 

5 kglha (YZ+YZ), soil application of DMSO at 2 kg/ha (YZ+YZ) and TU+DMSO (Yz+Yz) over 

control in both the years. Pooled data show that the magnitude of reduction in number of 

poorly filled pods per plant was highest under soil application ofTU +DMSO (%+%). 

Foliar sprays of 500 ppm TU, 100 ppni DMSO and TU:-DMSO significantly reduced 

number of poorly filled pods per plant over control in 1999. While in 2000, only foliar spray 

of 100 ppm DMSO proved effective in this respect. Pooled data sho,,": that foliar sprays of 500 

ppm TU, 100 ppm DMSO and TU+DMSO significantly reduced number of poorly filled pods 

per plant over control. The magnitude of reduction in number of poorly filled pods per plant 

was highest under foliar spray of TU+DMSO. 

Data (Table 4A.31) show that interaction effects ofTU and DMSO with phosphorus 

were significant in both the years. In 1999, under no phosphorus, number of poorly filled 

pods per plant was significantly decreased under all the soil applied as well as foliar applied 

treatments of TU and DMSO when compared with control. Similar trends were recorded 

under 20 and 40 kg P20s/ha. In 2000, under no phosphorus, number of poorly filled pods per 

plant was significantly decreased under all the soil and foliar applied treatments of TU and 

DMSO over control except soil application of TU at 5 kg/ha (basal). Under 20 kg P20s/ha, 

soil application of TV at 5 kg/ha (basal) and foliar spray of 100 ppm DMSO remained 

unaffected, whereas rest of the treatments caused significant reduction in number of poorly 

filled pods per plant. Under 40 kg P20s/ha, only soil application of TV at 5 kg/ha (Yz+%), soil 

application of TV+DMSO (%+~) and foliar spray of TV+DMSO proved effective in 

decreasing number of poorly pods per plant when compared to control. However, rests of the 

tr~atments were ineffective. Pooled data show that under no phosphorus, soil application of 

TV at 5 kglha (basal), soil application ofTU at 5 kg/ha (~+1Iz), soil application ofDMSO at 2 

kg/ha (1/2+ lI2), soil application of TU+DMSO (~+Yz), foliar sprays of 500 ppm TU, 100 

ppm DMSO and TU+DMSO significantly decreased number of poorly filled pods per plant 

by 24.7, 51.8, 40.7, 56.8, 64.2, 37.0 and 64.2 per cent, respectively over control. However, 

foliar spray of TU+DMSO was most effective. Under 20 kg P20slha, soil application ofTU at 

5 kglha (basal), soil application of TU at 5 kg/ha (1Iz+1Iz), soil application of TU+DMSO 

(Yz+1Iz), foliar sprays of 500 ppm TU, 100 ppm DMSO and TU+DMSO significantly 

decreased number of poorly filled pods per plant by 17.1, 26.8,34.1,29.3, 17.1 and 21.9 per 

cent, respectively over control. soil application ofDMSO at 2 kg/ha (%+%) proved ineffective 



Table: 4A.30 Effect of thiourea and DMSO on number of pods/plant at varying 
levels of phosphorus 

Year 1999 Phos:Qhorus (kg/ha) Mean 
0 20 40 

Control' 50.63 59.27 63.20 57.70 
.5 kg TU/ha in soil (basal) 53.13 61.22 59.42 57.92 
5 kg TU/ha in soil e 12 + 1/2) 71.38 67.52 67.72 68.87 
2 kg DMSOlha in soil (1 /2 + 112) 60.2 63,5 65.17 62.96 
TU+DMSO in soil e/2+ 1/2) 70.00 67.25 70.00 69.08 
500 ppm TU (spray) 62.55 68.87 72.45 67.96 
100 ppm :bMSO (spray) 59.12 60.00 67.52 62.23 
TU+DMS (spray) 62.88 70.92 70.00 67.93 
Mean 61.2 64.90 66.87 

Phosphorus Chemicals Interaction 
S.Em+ 1.310 2.139 3.705 
CD. (0.05) 3.631 5.929 NS 

Year 2000 Phos:Qhorus (kg/ha) Mean 
0 20 40 

Control 37.73 53.88 57.85 49.82 
5 kg TU/ha in soil (basal) 38.50 52.65 60.68 50.61 
5 kg TUlha in soil e 12 + 1/2) 46.43 70.18 76.40 64.33 
2 kg DMSO/ha in soil e h + 1/2) 40,43 54.92 60.75 52.03 
TU+DMSO in soil C12+ 1/2) 48.78 72.53 75.90 65.73 
500 ppm TU (spray) 46,78 67.00 72.40 62.06 
100 ppm DMSO (spray) 36,33 57.73 59.28 51.11 
TU+DMSO (spray) 47,13 68.78 72.88 62.93 
Mean 42.76 62.21 67.02 

Phosphorus Chemicals Interaction 
S.Em± 1.317 2.151 3.726 
C.D. (0.05) 3.651 5.962 NS 

Pooled Phos:Qhorus (kg/ha) Mean 

0 20 40 

Control 44.18 56.58 60.53 53.76 

5 kg TU/ha in soil (basal) 45.81 56.94 60.05 54.27 

5 kg TU/ha in soil e 12 + 1/2) 58.90 68.85 72.06 66.60 

2 kg DMSO/ha in soil C/2+ 1/2) 50.31 59.21 62.96 57.49 

TU+DMSO in soil C12+ 1/2) 59,39 69.89 72.95 67.41 

500 ppm TU (spray) 54.66 67.94 72.43 65.01 

100 ppm DMSO (spray) 47,73 58.86 63.40 56.66 

TU+DMSO (spray) 55.00 69.85 71:44 65.43 

Mean 52.00 63.51 66.98 
Phosphorus Chemicals Interaction 

S.Em± 0.929 1.517 2.627 
C.D. (0.05) 2.575 4.205 NS 



Table: 4A.31 Effect of thiourea and DMSO on number of poorly filled 
pods/plant at varying levels of phosphorus 

Year 1999 PhosEhorus ~ kg/llll~ 
0 20 40 

Control 8.7 4.1 4.0 5.6 
5 kg TUnla in soil (basal) 5.1 3.0 2.8 3.6 
5 kg TUnm in soil e 12 + 1/2) 3.1 3.0 2.9 3.0 
2 kg DMSOnla in soil e/2+ '/2) 3.7 3.0 2.1 2.9 
TU+DMSO in soil e 12 + '/2) 2.5 2.6 2.5 2.5 
500 ppm TU (spray) 2.3 2.8 l.8 2.3 
100 ppm DMSO (spray) 3.7 3.0 l.8 2.8 
TU+DMsO (spray) 2.5 2.4 l.4 2.1 
Mean 3.9 2.9 2.4 

Phosphorus Chemicals Interaction 
S.Em+ 0.074 0.122 0.211 
C.D. (0.05) 0.205 0.338 0.585 

Year 2000 PhosEhorus {kg/lla) 
0 20 40 

Control 7.5 4.0 3.6 
5 kg TUfua in soil (basal) 7.1 3.8 3.5 
5 kg TUfua in soil e/2+ 1/2) 4.8 3.0 2.8 
2 kg DMSOfua in soil e/2+ 1/2) 5.9 4.1 3.5 
TU+DMSO in soil ('/2 + '/2) 4.5 2.8 2.8 
500 ppm TU (spray) 3.5 3.1 3.0 
100 ppm DMSO (spray) 6.5 3.8 3.7 
TU+DMSO (spray) 3.2 2.4 2.2 
Mean 5.4 3.4 3.1 

Phosphorus Chemicals Interaction 
S.Em± 0.007 0.120 0.208 
C.D. (0.05) 0.019 0.333 0.577 

Pooled PhosEhorus {kglha) 
0 20 40 

Control 8.1 4.1 3.8 
5 kg TUfua in soil (basal) 6.1 3.4 3.2 
5 kg TUfua in soil e 12 + '/2) 3.9 3.0 2.9 
2 kg DMSOfua in soil e/2 + )/2) 4.8 3.6 2.8 
TU+DMSO in soil ('/z+ ' /2 ) 3.5 2.7 2.7 
500 ppm TU (spray) 2.9 2.9 2.4 

100 ppm DMSO (spray) 5.1 3.4 2.8 
TU+DMSO (spray) 2.9 2.4 l.8 
Mean 4.7 3.2 2.8 

Phosphorus Chemicals Interaction 
S.Em+ 0.052 0.085 0.148 
C.D. (0.05) 0.145 0.237 0.410 

Mean 

Mean 

5.0 
4.8 
3.5 
4.5 
3.4 
3.2 
4.7 
2.6 

Mean 

5.3 
4.2 
3.3 
3.7 
2.9 
2.8 

3.8 
2.4 
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in this respect. Under 40 kg P20s/ha, soil application ofTU at 5 kg/ha (basal), soil application 

of TU at 5 kg/ha (Yz+1Ji), soil application of DMSO at 2 kg/ha (Yz+Yz), soil application of 

TU+DMSO (YZ+YZ) foliar sprays of 500 ppm TU, 100 ppm DMSO and TU+DMSO 

significantly decreased number of poorly filled pods per plant by 15.8,23.7,26.3,28.9,36.8, 

26.3 and 52.6 per cent, respectively over control. Foliar spray of TU+DMSO was the most 

effective in this respect. The lowest number of poorly filled pods were recorded with foliar 

spray of TU+DMSO under 40 kg P20s/ha which was significantly superior to all other 

treatment combinations and giving 77.8 per cent reduction in number of poorly filled pods per 

plant as cOJUpared to absolute control. 

4A.2.S Number unfilled pods per plant. 

Data (Table 4A.32) show that phosphorus application brought about significant 

reduction in number of unfilled pods per plant upto 40 kg P20,5/ha in 1999 and upto 20 kg 

PzOs/ha in 2000. In pooled data, the magnitude of reduction in number of unfilled pods per 

plant by 40 kg PzOs/ha was significantly higher over 20 kg P20~ha. Pooled data show that 

application of 20 and 40 kg PzOs/ha significantly reduced number of unfilled pods per plant 

by 42.7 and 46.3 per cent, respectively over control. 

Soil application of TU at 5 kg/ha (basal) significantly reduced number of unfilled 

pods per plant in 1999, whereas it was ineffective in 2000. Soil application ofTU at 5 kg/ha 

(YZ+YZ) significantly reduced number of unfilled pods per plant during both the years. This 

treatment was significantly superior to soil application of TU at 5 kg/ha (basal) in both the 

years. Soil application ofTU at 5 kg/ha (Yz-Ph), soil application of DMSO at 2 kg/ha (YZ+YZ) 

and TU+DMSO (YZ+YZ) significantly reduced number of unfilled pods per plant over control 

during both the years. In pooled data, similar trends were noted. The magnitude of reduction 

in number of unfilled pods per plant was highest under soil application ofTU+DMSO (YZ+YZ). 

Foliar sprays of 500 ppm TU and TU+DMSO significantly reduced number of 

unfilled pods per plant over control during both the years. Foliar spray of 100 ppm DMSO 

failed to affect on number of unfilled pods per plant in either of the years. Pooled data show 

that foliar sprays of 500 ppm TU and TU+DMSO significantly reduced number of unfilled 

pods per plant over control. The magnitude of reduction in number of unfilled pods per plant 

was highest under foliar spray ofTU+DMSO. 

Data on combined effect of treatments (Table 4A.32) show that effects of soil and 

foliar applied treatments on number of unfilled pods per plant were significant under different 

levels of phosphorus in both the years. In 1999, under no phosphorus, all the foliar applied 

treatments proved effective in decreasing number of unfilled pods per plant as compared to 

COlltroi. Under 20 kg P20s/ha, except soil application ofTU at 5 kg/ha (basal), all the soil and 
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foliar applied treatments proved effective. Under 40 kg P20slha, soil application of DMSO at 

2 kg/ha (1/2+ 112) and foliar spray of 100 ppm DMSO proved ineffective. Whereas, rest of the 

treatments significantly decreased number of unfilled pods per plant over control. In 2000, 

soil application of TU at 5 kg/ha (basal) under each level of phosphorus proved ineffective in 

this respect. Under no phosphorus, soil application of TU at 5 kg/ha (~+~), soil application 

of DMSO at 2 kg/ha (1/2+112), soil application of TU+DMSO (~;-th.), foliar sprays of 500 

ppm TU and TU+DMSO significantly decreased number of unfilled pods per plant over 

c()ntrol. Foliar spray of 100 ppm DMSO proved ineffective. Under 20 kg P20S/ha, soil 

application Of TU at 5 kg/ha (~+~), soil application of TU+DMSO (~+~), foliar spray of 

500 ppm TU and foliar spray of TU+DMSO significantly decreased number of unfilled pods 

per plant over control. Soil application of DMSO at 2 kg/ha (~+~) and foliar spray of 100 

ppm DMSO remained unaffected in this respect. Similar trends were recorded under 40 kg 

P20siha. Pooled data show that under no phosphorus, soil application of TU at 5 kg/1m 

~asal), soil application ofTU at 5 kg/1m (YZ+YZ), soil application of DMSO at 2 kg/ha (~+~), 

s~il application of TU+DMSO (YZ+YZ), foliar spray of 500 ppm TU, foliar spray of 100 ppm 

DMSO and foliar spray of TU+DMSO significantly decreased number of unfilled pods per 

plant by 17.4,62.2,22.7,63.6,62.9,5.3 and 65.9 per cent, respectively over control. Under 

20 kg P205iha, soil application ofTU at 5 kg/ha (Yz+~), soil application ofDMSO at 2 kglha 

(YZ+YZ), soil application of TU+DMSO (~+~), foliar spray of 500 ppm TU and foliar spray of 

TU+DMSO significantly decreased number of unfilled pods per plant by 55.6, 11.1,61.1,65.3 

and 69.4 per cent, respectively over control. Soil application of TU at 5 kg/ha (basal) and 

foliar spray of 100 ppm DMSO proved ineffective. Foliar spray of TU+DMSO proved most 

effective in this respect. However, it was at par with foliar spray of 500 ppm TU and soil 

application of TU+DMSO (YZ+YZ) under 20 and 40 kg P20s/ha. Under 40 kg P20s/ha, soil 

application of TU at 5 kg/ha (YZ+YZ), soil application of TU+DMSO (1/2+ 112), foliar spray of 

500 ppm TU and foliar spray of TU+DMSO significantly decreased number of unfilled pods 

per plant by 53.0, 60.6, 62.2 and 68.2 per cent, respectively over control. Soil application of 

TU at 5 kg/ha (basal), soil application of DMSO at 2 kg/ha (YZ+YZ) and foliar spray of 100 

ppm DMSO remained unaffected. The lowest number of unfilled pods per plant per plant 

(2.1) were recorded with foliar spray of TU+DMSO under 40 kg P20siha. However, it was at 

par with foliar spray of 500 ppm TU; TU+DMSO and soil application of TU+DMSO (Yz+~) 

under 20 kg P20 s/ha, whereas, foliar spray of 500 ppm TU and soil application of TU at 5 

kg/ha (YZ+YZ) under 40 kg P20s/ha. 

4A.2.6 Pod length 

Data (Table 4A.33) reveal that significant increase in pod length was recorded due to 

phosphorus application upto 40 kg P20siha in 1999. Whereas, pod length responded 



Table: 4A.32 Effect of thiourea and DMSO on number of unfilled pods/plant 
at varying levels of phosphorus 

Year 1999 Phos£horus {kg/ha~ Mean 
0 20 40 

Control 14.2 7.6 6.6 9.5 
5 kg TU/ha in soil (basal) lOA 7.5 504 7.8 
5 kg TU/lla in soil e 12 + 1/2 ) 3.8 3.2 3.4 3.5 
2 kg DMSOn13 in soil e/2+ 1/2) 10.2 6.2 6.0 7.5 
TU+DMSO in soil e/2+ 1/2) 3.5 3.0 3.0 3.2 
500 ppm TU (spray) 4.8 2.5 2.6 3.3 
100 ppm DMSO (spray) 13.2 7.6 7.2 9.3 
TU+DMSO (spray) 4.2 2.2 2.1 2.8 
Mean 8.0 4.9 4.5 

Phosphorus Chemicals Interaction 
S.Em+ 0.103 0.169 0.292 
C.D. (0.05) 0.286 0.468 0.809 

Year 2000 PhosEhorus ~ kg/ha} Mean 
0 20 40 

Control 12.2 6.8 6.5 8.5 
5 kg W/ha in soil (basal) ll.5 6.2 '6.2 8.0 
5 kg W/ha in soil (112 + 1/2) 6.2 3.1 2.8 4.0 
2 kg DMSO/ha in soil e/2 + 1/2) 10.2 6.5 6.4 7.7 
TU+DMSO in soil e/2+ 1/2) 6.0 2.5 2.2 3.6 
500 ppm TU (spray) 5.1 2.4 2.3 3.3 
100 ppm DMSO (spray) 11.7 6.2 6.1 8.0 
TU+DMSO (spray) 4.8 2.2 2.1 3.0 
Mean 8.5 4.5 4.3 

Phosphorus Chemicals Interaction 
S.Em+ 0.114 0.186 0.322 
C.D. (0.05) 0.316 0.516 0.892 

Pooled PhosEhorus {kglha) Mean 
0 20 40 

Control 13.2 7.2 6.6 8.9 
5 kg TU/ha in soil (basal) lO.9 6.9 6.1 7.9 
5 kg TU/ha in soil (112 + 1 h) 5.0 3.2 3.1 3.8 
2 kg DMSO/hain soil ct/2+ 1/2) 10.2 6.4 6.2 7.6 
TU+DMSO in soil e/2+ 1/2) 4.8 2.8 2.6 3.4 
500 ppm TU (spray) 4.9 2.5 2.5 3.3 

100 ppm DMSO (spray) 12.5 6.9 6.7 8.7 
TU+DMSO (spray) 4.5 2.2 2.1 2.9 

. Mean 8.2 4.7 4.4 
Phosphorus Chemicals Interaction 

S.Em+ 0.077 0.126 0.217 
C.D. (0.05) 0.213 0.348 0.603 



significantly upto 20 kg P20s/ha in 2000. In pooled data, application of 40 kg P20s/ha proved 

significantly superior to 20 kg P20s/ha. Pooled data show that application of 20 and 40 kg 

P20s/ha significantly increased pod length by 4.9 and 9.1 per cent, respectively over control. 

Soil application of TU at 5 kg (basal), soil application of TU at 5 kg/ha (Yz-f-lh) and 

soil application of D MSO at 2 kg/ba (YZ+YZ) proved ineffective in respect of pod length during 

1999. In 2000, none of the soil applied treatments ofTU and DMSO was effective. However, 

s?il application of TU+DMSO (Yz-f-lh) found effective in increasing pod length over control 

during 1999. In pooled data, soil application of TU at 5 kg/ha (YZ+YZ) and soil application of 

TU+DMSO (YZ+YZ) significantly increased pod length by 3.9 and 5.0 per cent, respectively 

over control. 

Foliar sprays of 500 ppm TU and TU+DMSO significantly increased pod length 

during 1999 only. In 2000, none oftbe foliar applied treatments was effective in this respect. 

In pooled data, only foliar spray ofTU+DMSO (YZ+YZ) was significantly superior to control in 

respect of pod length. The per cent increase due to foliar spray of TU+DMSO was 9.1 over 

control. 

Data liable 4A.33) on combined effect of treatments further show that effects of soil 

and foliar applied treatments did not vary significantly under different levels of pbosphorus in 

any of the years. However, in pooled data, interaction effects were found significant. Under 

no phosphorus and 20 kg P20slha, none of the soil and foliar applied treatments of TU and 

DMSO proved effective in influencing pod length. Under 40 kg P20s/ha, soil application of 

TU at 5 kg/ba (YZ+YZ), soil application of TU+DMSO (Yz+lIz) and foliar spray of TU+ DMSO 

significantly increased pod length by 6.6, 7.7 and 27.7 per cent, respectively over control. 

However, soil application of TU+DMSO (1Iz+1Iz) and soil application ofTU at 5 kg/ba (YZ+YZ) 

was at par. The maximum pod length (6.63 cm) was recorded with foliar spray ofTU+DMSO 

under 40 kg P20 5/ha followed by soil application of TU+DMSO (Yz+lIz) under the same level 

and 20 kg P20 5/ba. When compared with absolute control, the increases were of the order of 

32.6, 11.8 and 11.8 per cent, respectively. 

4A.2.7 Number of seeds per pod 

Data (fable 4A.34) show that significant improved in number of grains per pod was 

recorded upto 20 kg P20 5/ha over control during both the years. In pooled data, 20 and 40 kg 

P20 5/ha were at par in this respect. Application of20 and 40 kg P20 5/ha registered 7.9 and 8.7 

per cent improvement in number of grains per pod, respectively over control. 

Soil application of TU at 5 kg/ha (Yz+lIz) significantly increased number of grains per 

pod in both the years. In pooled data, soil application of TU at 5 kg/ha (Yz+lIz) recorded 

significantly higher number of grains per pods by 8.4 per cent over soil application of TU at 5 



Table: 4A.33 Effect of thiourea and DMSO on pod Jength (cm) at varying leve]s 
of phosphorus 

Year 1999 PhosEhorus (kg/ha) Mean 
0 20 40 

Control 4.85 5.31 5.13 5.20 
5 kg TUllIa in soil (basal) 4.83 5.09 5.14 5.28 
5 kg TUllIa in soil e 12 + 1/2) 5.01 5.44 5.51 5.44 
2 kg ~SOllla in soil e/2+ 1/2) 4.91 5.26 5.27 5.23 
TU+DMSO in soil e/2+ 1/2) 5.10 5.49 5.50 5.55 
500 ppm TU (spray) 5.21 5.22 5.22 5.48 
100 ppm DMSO (spray) 5.17 5.24 5.41 5.25 
TU+DMSO (spray) .5.02 5.14 5.45 5.55 
Mean 5.04 5.45 5.62 

Phosphorus Chemicals Interaction 
S.Em± 0.057 0.093 0.161 
C.D. (0.05) 0.158 0.258 NS 

Year 2000 PhoSE horus {kg/ha) Mean 
0 20 40 

Control 5.16 5.33 5.24 5.24 
5 kg TUlIla in soil (basal) 4.92 5.16 5.32 5.13 
5 kg TUlIla in soil e 12 + 1/2) 5.21 5.49 5.55 5.42 
2 kg DMSOllla in soil e /2+ 1/2) 5.13 5.69 5.68 5.49 
TU+DMSO in soil e12+ 1/2) 5.29 5.28 5.28 5.29 
500 ppm TU (spray) 4.90 5.31 5.34 5.18 
100 ppm DMSO (spray) 5.15 5.29 5.47 5.30 
TU+DMSO (spray) 5.11 5.32 5.52 5.31 
Mean 5.11 5.36 5.43 

Phosphorus Chemicals Interaction 
S.Em+ 0.063 0.103 0.179 
C.D. (0.05) 0.175 NS NS 

'. 

Pooled PhosEhorus {kg/ha} Mean 
0 20 40 

Control 5.00 5.32 5.19 5.17 
5 kg TUlIla in soil (basal) 5.87 5.13 5.23 5.08 
5 kg TUlIla in soil e 12 + 1/2) 5.11 5.47 5.53 5.37 
2 kg DMSOllla in soil C/2+ 1/2) 4.91 5.28 5.31 5.17 

TU+DMSO in soil e12+ 1/2) 5.12 5.59 5.59 5.43 
500 ppm TU (spray) 5.25 5.25 5.25 5.25 

100 ppm DMSO (spray) 5.16 5.26 5.44 5.29 

TU+DMSO (spray) 5.06 5.23 6.63 5.64 
Mean 5.06 5.31 5.52 

Phosphorus Chemicals Interaction 
S.Em+ 0.043 0.069 0.120 
C.D. (0.05) 0.118 0.193 0.334 



(or 

kg/ha (basal). Soil application of DMSO at 2 kg/ha (YZ+YZ) remained unaffected in this respect 

in either of years. While, soil application of TU+DMSO (Yz+lh) significantly increased 

number of grains per pod in both the years. On the basis of pooled data, soil application of 

TU at 5 kg/ha (YZ+YZ) and soil application of TU+DMSO (Yz+lh) significantly increased 

number of grains per pod by 9.9 and 11.7 per cent, respectively over control. 

Foliar sprays of 500 ppm TU, 100 ppm DMSO and TU+DMSO resulted in significant 

increase in number of grains per pod over control during both the years. In pooled data, 

similar trends were observed. The per cent increase in grains per pod due to foliar spray 500 

ppm TU, 1'00 ppm DMSO and TU+DMSO over control were to the tune of 7.5, 6.6 and 9.5, 

respectively. 

Data (Table 4A.34) on combined effects of treatments further show that soil and 

foliar applied treatments of TU and DMSO with phosphorus application did not influence 

significantly in both the years. However, in pooled data, interaction effects were significant. 

Under no phosphorus, soil application of TU at 5 kg/ha (basal), soil application of TU at 5 

kglha (YZ+YZ), soil application of DMSO at 2 kglha (YZ+YZ), soil application of TU+DMSO 

(YZ+YZ), foliar spray of 500 ppm TU, foliar spray of 100 ppm DMSO and foliar spray of 

TU+DMSO significantly increased number of grains per pod by 12.1,25.2, 16.3,22.2, 19.7, 

16.7 and 20.5 per cent, respectively over control. Under 20 kg P20slha, soil application of 

TU+DMSO (YZ+YZ) and foliar spray of TU+DMSO significantly increased number of grains 

per pod by 9.6 and 6.9 per cent, respectively over control. Rest of the treatments proved 

ineffective in this respect. Under 40 kg P20slha, none of the soil and foliar applied treatments 

of TU and DMSO proved effective. The highest number of grains per pod of 7.84 was 

obtained with soil application of TU+DMSO (Yz+lh), under 20 kg P20slha. When compared 

with absolute control the increase was 31. 9 per cent. However, . it was at par with soil 

application of TU at 5 kg/ha (YZ+YZ), foliar spray of 500 ppm TU and foliar spray of 

TU+DMSO under 20 kg P20slha and all the treatment except soil application ofTU at 5 kglha 

(basal) under 40 kg P20s/ha in this respect. 

4A.2.8 Test weight 

A perusal of data (Table 4A.35) show that significant increase in test weight 

was recorded upto 20 kg P20s/ha in 2000 only, while during 1999 only increasing trends were 

observed with increasing rates of phosphorus. On the basis of pooled data, 20 and 40 kg 

P20s/ha were at par in this respect. Significant increase in test weight due to 20 and 40 kg 

P20s/ha was to the extent of 1.9 and 2.3 per cent, respectively over control. 

All the soil applied treatments of TU and DMSO failed to improve test weight in 

1999. However in 2000, soil application ofTU at 5 kglha (basal), soil application ofTU at 5 



Table: 4A.34 Effect of thiourea and DMSO on number of seeds/ pod at varying 
levels of phosphorus 

Year 1999 PhosEhorus {kglha} Mean 
0 20 40 

Control 6.03 7.12 7.37 6.84 
5 kg TUnla in soil (basal) 6.73 7.03 6.90 6.88 
5 kg TU/ha in soil e 12 + 1/2) 7.47 7.50 7.5 7.49 
2 kg DMSOnla in soil e /2 + 1/2) 6.97 7.15 7.42 7.18 
TU+DMSO in soil e /2 + 1/2) 7.30 7.87 7.70 7.62 
500 p: TV (spray) 7.25 7.32 7.5 7.36 
100 pp DMSO (spray) 7.02 7.30 7.62 7.32 
TU+DMSO (spray) 7.25 7.53 7.50 7.42 
Mean 7.00 7.35 7.44 

Phosphorus Chemicals Interaction 
S.Em± 0.078 0.128 0.222 
C.D. (0.05) 0.216 0.355 NS 

Year 2000 PhosQhorus ! kglha2 Mean 
0 20 40 

Control 5.85 7.18 7.50 6.84 
5 kg TU/ha in soil (basal) 6.60 7.20 7.18 6.99 
5 kg TU/ha in soil e 12 + 1/2) 7.40 7.65 7.60 7.55 
2 kg DMSO/ha in soil (1/2 + 1/2) 6.85 7.23 7.42 7.17 
TU+DMSO in soil e/2+ 1/2) 7.23 7.80 7.92 7.65 
500 ppm TV (spray) 6.97 7.47 7.57 7.34 
100 ppmDMSO (spray) 6.83 7.33 7.65 7.26 
TU+DMSO (spray) 7.07 7.78 7.82 7.55 
Mean 6.85 7.45 7.58 

Phosphorus Chemicals Interaction 
S.Em+ 0.078 0.127 0.220 
C.D. (0.05) 0.216 0.352 NS 

Pooled PhosQhorus {KgIha) Mean 
0 20 40 

Control 5.94 7.15 7.44 6.84 
5 kg TV/ha in soil (basal) 6.66 7.11 7.04 6.94 
5 kg TV/ha in soil (112 + 1/2) 7.44 7.57 7.55 7.52 
2 kg DMSO/ha in soil (1/2 + 112) 6.91 7.18 7.43 7.18 
TU+DMSO in soil e/2+ 1/2) 7.26 7.84 7.81 7.64 
500 ppm TV (spray) 7.11 7.40 7.54 7.35 
100 ppm DMSO (spray) 6.93 7.30 7.64 7.29 
TU+DMSO (spray) 7.16 7.65 7.65 7.49 
Mean 6.93 7.40 7.51 

Phosphorus Chemicals Interaction 
S.Em+ 0.059 0.096 0.167 
C.D. (0.05) 0.163 0.267 0.463 



kg/ha (Yl+Yl) and soil application of TV+DMSO (Yl+Yl) significantly increased test weight 

over control. In pooled data, an increase of 1.3 per cent was recorded due to soil application 

of TV at 5 kg/ha (Yl+Yl) over soil application of TV at 5 kg (basal). On the basis of pooled 
• 

data, soil application of TV at 5 kg/ha (Yl-H~), soil application of DMSO at 2 kg/ha (Yz+Yl) 

and soil application of TV+DMSO (Yl+Yz) significantly increased test weight by 3.5, 2.4 and 

4.4 per cent, respectively over control. 

Data further show that foliar spray of 500 ppm TV significantly increased test 

weight only in 2000. Foliar spray of 100 ppm DMSO did not influence the test weight during 

both the Years. Foliar spray of TV+DMSO registered significant improvement in test weight 

during 2000. On the basis of pooled data, foliar sprays of 500 ppm TV, 100 ppm DMSO and 

TV+DMSO registered significantly higher test weight by 3.4, 2.1 and 4.1 per cent, 

respectively over control. 

4A.2.9 Seed yield per plant 

Data (fable 4A.36) show that successive increase in phosphorus levels upto 40 kg 

P20s/ha significantly increased seed yield per plant during both the .years. Application of 40 

kg P20s/ha proved significantly superior to 20 kg P20Siha. On the basis of pooled data, 

application of 20 and 40 kg P20 S registered significant increase in seed yield per plant by 35.1 

and 47.7 per cent, respectively over control. 

Soil application of TV at 5 kg/ha (Yl+Yl) significantly increased seed yield per plant 

in both the years. In pooled data, soil application of TV at 5 kgllm (Yz+Yz) gave significantly 

higher seed yield per plant by 2l.5 per cent over soil application TV at 5 kglha (basal). Soil 

application of DMSO at 2 kglha (Yz+Yz) failed to improve seed yield per plant in either of the 

years. On the basis of pooled data, soil application of TV at 5 kglha (YZ+YZ) and soil 

application of TU+DMSO (Yl+Yz) significantly increased seed yield per plant by 30.4 and 

41.3 per cent, respectively over control. 

Data further show that foliar sprays of 500 ppm TV, 100 ppm DMSO and 

TU+DMSO resulted in significant increase in seed yield per plant during both the years. On 

the basis of pooled data, significant increase in seed yield per plant was recorded due to foliar 

sprays of 500 ppm TV, 100 ppm DMSO and TV+DMSO over control were in the order of 

22.6, 15.1 and 30.2 per cent, respectively. 

Data (fable 4A.36) show that TV and DMSO interacted significantly with 

phosphorus in influencing seed yield per plant in 1999 only. In 2000, interaction effects were 

not significant. In 1999, under no phosphorus, soil application of TV at 5 kglha (YZ+YZ), soil 

application of TU+DMSO (YZ+YZ), foliar spray of 500 ppm TV, foliar spray of 100 ppm 

DMSO and foliar spray of TV+DMSO significantly increased seed yield per plant over 



Table: 4A.35 Effect of thiourea and DMSO on test weight (g) at varying levels of 
phosphorus 

Year 1999 PhosQhorus {Kg/ha) Mean 
0 20 40 

Control 28.93 28.56 28.88 28.79 
5 kg TU/ha in soil (basal) 29.22 30.55 29.16 29.64 
5 kg TU/ha in soil (1/2 + '/2) 30.29 29.39 30.29 30.01 
2 kg DMSO/ha in soil (1/2+ 1/2) 29.13 30.36 29.92 29.8 
TU+DMSO ill soil ('/2+ 1/2) 29.71 30.42 30.29 30.14 
500 ppm TU (spray) 29.67 29.65 30.65 29.99 
100 p~ DMSO (spray) 30.09 29.68 29.34 29.70 
TU+D SO (spray) 29.68 30.05 29.95 29.89 
Mean 29.59 29.84 29.81 

Phosphorus Chemicals Interaction 
S.Em+ 0.174 0.285 0.493 
C.D. (0.05) NS NS NS 

Year 2000 PhosQhorus {Kg/ha) Mean 
0 20 40 

Control 28.56 29.68 29.93 29.39 
5 kg TU/ha in soil (basal) 29.22 30.05 30.10 29.79 
5 kg TU/ha in soil (' /2 + '/2) 29.47 30.54 30.54 30.18 
2 kg DMSO/ha in soil (112 + 1/2) 29.13 29.92 30.36 29.80 
TU+DMSO in soil ('/2 + '/2) 29.71 30.98 31.14 30.61 
500 ppm TU (spray) 29.67 30.10 30.65 30.14 
100 ppm DMSO (spray) 29.34 29.59 30.09 29.67 
TU+DMSO (spray) 29.68 31.10 31.16 31.64 
Mean 29.35 30.25 30.49 

Phosphorus Chemicals Interaction 
S.Em+ 0.156 0.255 0.442 
C.D. (0.05) 0.432 0.707 NS 

Pooled PhosQhorus {Kg/ha} Mean 
0 20 40 

Control 28.75 29.12 29.45 29.09 

5 kg TU/ha in soil (basal) 29.22 30.29 29.63 29.72 
5 kg TU/ha in soil (112 + 'Iz) 29.88 30.00 30.41 30.10 
2 kg DMSO/ha in soil ('/2 + '/2) 29.13 30.13 30.14 29.80 

TU+DMSO in soil ('/2 + '/2) 29.71 30.70 30.71 30.37 

500 ppm TU (spray) 29.67 29.88 30.65 30.07 

100 ppm DMSO (spray) 29.72 29.64 29.72 29.69 

TU+DMSO (spray) 29.68 30.58 30.56 30.27 

Mean 29.47 30.04 30.15 
Phosphorus Chemicals Interaction 

S.Em+ 0.117 0.191 '0.331 
C.D. (0.05) 0.325 0.530 NS 



Table: 4A.36 Effect of thiourea and DMSO on seed yield/plant (g) at 
varying levels of phosphorus 

Year 1999 Phos[!horus {kg/ha~ 
0 20 40 

Control 7,84 11.50 12,90 
5 kg TU/ha in soil (basal) 8,60 12,50 13,60 
5 kg TUlha in soil e 12 + 1/2) 15,05 14.90 15.2 
2 kg DMSO/ha in soil e 12 + 1/2) 8,56 12.50 13.00 
TU+DMSO in soil e/2+ 1/2) 16.82 16.42 16.58 
500 ppm TU (spray) 10.35 14.80 16.30 
100 p~ DMSO (spray) 11.85 13.80 14.50 
TU+D . SO (spray) 11.50 15.20 16.45 
Mean 11.32 13.95 14.81 

Phosphorus Chemicals Interaction 
S,Em+ 0.300 0.490 0.849 
C.D. (0.05) 0.831 1.358 2.353 

Year 2000 PhosEhorus (kg/ha~ 
0 20 40 

Control 8.01 11.54 14.08 
5 kg TU/ha in soil (basal) 9.04 12.63 14.39 
5 kg TU/ha in soil e /2 + 1/2) 9.83 14.24 16.70 
2 kg DMSO/ha in soil (1 /2 + liz) 8.93 13.37 13.55 
TU+DMSO in soil e/2+ 1/2) 10.03 16.12 17.11 
500 ppm TU (spray) 9.05 14.01 16.24 
100 ppm DMSO (spray) 8.69 12.68 14.30 
TU+DMSO (spray) 9.83 15.42 17.38 
Mean 9.18 13.75 15.47 

Phosphorus Chemicals Interaction 
S.Em+ 0.246 0.402 0.697 
C.D. (0.05) 0.682 1.114 NS 

Pooled PhosEhorus (kglha2 
0 20 40 

Control 7.93 11.52 13.49 
5 kg TU/ha in soil (basal) 8.82 12.57 13.99 
5 kg TU/ha in soil e 12 + 1/2) 12.44 14.57 15.95 
2 kg DMSOlha in soil e/2+ liz) 8.75 12.94 13.28 
TU+DMSO in soil e/2+ 1/2) 13.43 16.27 16.85 
500 ppm TU (spray) 9.70 14.41 16.27 
100 ppm DMSO (spray) 10.27 13.24 14.40 
TU+DMSO (spray) 10.67 15.31 16.92 
Mean 10.25 13.85 15.14 

Phosphorus Chemicals Interaction 
S.Em+ 0.194 0.317 0.549 
C.D. (0.05) 0.538 0.879 NS 

/0...3 

Mean 

10,75 
11.57 
15.05 
11.35 
16.61 
13.82 
13.38 
14,38 

Mean 

11.21 
12.02 
13.59 
1l,95 
14.42 
13.10 
11.89 
14.21 

Mean 

10.98 
11.79 
14.32 
11.65 
15.51 
13.46 
12.64 
14.30 



control Under 20 kg P20s/ha, sod appilcatlOn of TU at .5 kg/ha ('I2+Yz), sod applIcation of 

[U+DMSO ('12+'12), foliar spray of .500 ppm TU and foliar spray of TU+DMSO proved 

dT~ctl\'e in this respect Under <10 kg P20~/ha. only soil application of TU+DMSO (11,+'1,). 

iohar spray of .500 ppm TU and foliar spray of TU+DMSO were significantly superior in 

lncreasmg seed yield per plant over control. 

~,.u EFFECT OF TU AND DMSO AT VARYING LEVELS OF PHOSPHORUS ON YIELDS 

~A,3,l Seed yield: Sccd yields obtained in two ycars of expenmentatioll appcar to have been 

Illfluenced, through to a lesser cxtcnt, by wcather parameters, particularly rainfall and 

t..:mpcraturcs. Highcr rainfall during the initial crop establishment phase in 2000 helped the 

crop in better vegetative and reproductive development more favorably in comparison to the 

conditions prevailing in 1999. Similarly lower minimum temperatures during grain filling 111 

2000 also favoured the crop mo}c than the condition in 1999. This is evident from the fact that 

gelleral YIeld levels of various treatments \\erc higher in 2000. \Vhereas. the trends of 

treatmcnt effects (in case of chemicals) over largely simtlar III both the ~ cars. the effect of 20 

and 40 kg P20,/ha levels were significantly ditfercnt in 2000 probably bccausc of better sod 

moisture and temperature conditions in comparison to those in 1999. 

A perusal of data (Table 4A.37) reveal that phosphonls application brought aboul 

,slgmficant Il1creasc in seed yield upto 20 kg P20,(ha in 1999 and LIp to 40 kg P20,/ha In 200U 

In pooled data, 40 kg P20s/ha proved signIficantly superior to 20 kg P20'/,ha Pooled data 

show that application of 20 and 40 kg P20,/ha significantly increased seed yield by 2R.7 and 

3.5 9 per cent, respectively over control 

Soil application ofTU at 5 kg/ha ('12+'12) slgnrirealltiy Illcreased sec.:cI Yield in both the 

years. In pooled data, soil application ofTU at 5 kg/ba (l1,+'I,) proved significantly superior to 

soil apphcation of TV at 5 kglha (basal), giving an IIlcrease of 12 7 per cent in seed) idel. Soil 

applicatIon of DMSO at 2 kg/ha ('I2+Yz) significantly Increased seed Yield in 1999 only. Soil 

application of TU+DMSO ('12+'12) signific,:lIllly increased seed yield in both the years On the 

basis of pooled data, soil application of TU at 5 kg/ha (y1+YZ). soil application on DMSO at 2 

kg/ha (Y2+'/z) and soil appilcation ofTU+DMSO ('I,+'/z) significantly increased seed YIeld by 

18,9,6.6 and 19.9 per cent, respectIVely over control. 

Foliar sprays of 500 ppm, 100 ppm DMSO and TU+DMSO significantly increased 

seed yield over control during both the years. In pooled data, similar trends were noted. On 

the basis of pooled data, foliar sprays of .500 ppm TV, 100 ppm DMSO and TU+DMSO 

significantly increased seed yield by 11.5, 10.4 and 13.9 per cent, respectivel~' over control 

Data (Table 4A.37) show that application of TU and DMSO interacted significantl) 

with phosphorus in influencing the seed yield in 1999 only Under no phosphonls. soil 

application of TU at 5 kglha (Yz+'I,) , soil application of DMSO at 2 kg/ha ('I2+Yz). soil 

tlo 



application of TU+DMSO (YZ+YZ), foliar spray of 100 ppm DMSO and foliar spray of 

TU+DMSO significantly increased seed yield by 52.6, 24.6, 48.4, '31.8 and 36.4 per cent, 

respectively over control. Under 20 kg P20Sfha, only soil application ofTU at 5 kg/ha (YZ+YZ) 

significantly increased seed yield by 14.8 per cent over control. Rests of treatments were not 

significant. Under 40 kg P205fha, soil application of TU+DMSO (Yz-H'z), foliar spray of 500 

ppm TU and foliar spray of 100 ppm DMSO significantly increased seed yield by 13.7, 16.7 

and 12.8 per cent, respectively over control. Under 20 kg P20y'ha, seed yield obtained (18.78 

q/ha) with soil application of TU at 5 kglha (YZ+YZ) was significantly superior to 40 kg 

P205fh'a alone but was at par with soil application of TU at 5 kgfha (YZ+YZ) under no 

phosphorus and 40 kg P20sfha and soil application of TU at 5 kgfha (YZ+YZ) under different 

levels of phosphorus. When compared with absolute control, the increase was 60.8 per cent. 

Pooled data show that under no phosphorus, soil application of TU at 5 kg/ha (YZ+YZ), soil 

application of DMSO at 2 kg fha, soil application of TU+DMSO , foliar sprays of 500 ppm 

TU, 100 ppm DMSO and TU+DMSO significantly increased seed yield by 40.1, 19.0, 39.6, 

17.5,28.1 and 30.8 per cent, respectively over control. Under 20 kg P20s/ha, soil application 

of TU at 5 kglha (Yz+%), soil application of TU+DMSO and foliar spray of TU+DMSO 

significantly increased seed yield by 16.3, 15.9 and 11.3 per cent, respectively. Whereas 
, 

under 40 kg P20Slha, soil application of TV+DMSO and foliar spray of 500 ppm TU 

significantly increased seed yield by 11.2 and 9.S per cent, respectively over control. The seed 

yield obtained (19.22 qlha) under 20 kg P20y'ha with soil application ofTU at 5 kg/ha (Yz-Ph) 

was at par with 40 kg P20 siha alone and other soil and foliar applied treatment of TU and 

DMSO under 40 kg P20slha. 

4A.3.2 Straw yield 

It is evident from data (Table 4A.38) that phosphorus application brought about 

significant increase in straw yield upto 20 kg P20s fha in both the years. Application of 40 kg 

P20Sfha was at par with 20 kg P20y'ha. On the basis of pooled data, application of 20 and 40 

kg P20 s/ha significantly increased straw yield by 17.9 and IS.1 per cent, respectively over 

control. 

Soil application of TU and DMSO failed to increase straw yield during both the 

years. Similarly, foliar spray of TU and DMSO also did not influence straw yield in both the 

years. In pooled data, similar trends were recorded. 

Data (Table 4A.3S) further indicate that soil and foliar applied treatments of TV and 

DMSO interacted significantly with phosphorus in 1999 only. Under no phosphorus, soil 

application of TU at 5 kglha (YZ+YZ), soil application of TU+DMSO (YZ+YZ) and foliar spray of 

TU+DMSO significantly increased straw yield over control. Under 20 and 40 kg P20y'ha, 

(II 



Table: 4A.37 Effect of thiourea and DMSO on seed yield (q/ha) at 
Varying levels of phosphorus 

Year 1999 PhosEhorus (kglha~ 
0 20 40 

Control 11.68 16.36 16.57 
5 kg TU/ha in soil (basal) 12.85 17.08 16.15 
5 kg TU/ha in soil e /2 + 1/2) 17.82 18.78 18.42 
2 kg DMSO/ha in soil C /2 + 1/2) 14.56 16.78 17.21 
TU+DMSO in soil e/2+ 1/2) 17.33 17.57 18.85 
500 ppm TU (spray) 13.28 17.84 

. 
19.34 

100 ppmDMSO (spray) 15.40 15.83 18.70 
T0+DMSO (spray) 15.93 17.85 17.74 
Mean 14.86 17.26 17.87 

Phosphorus Chemicals Interaction 
S.Em± 0.256 0.417 0.723 
C.D. (0.05) 0.709 1.156 2.004 

Year 2000 PhosEhorus {kg/ha2 
0 20 40 

Control 10.92 16.68 19.17 
5 kg TU/ha in soil (basal) 11.58 17.88 20.94 
5 kg TU/ha in soil C /2 + 1/2) 13.83 19.65 20.22 
2 kg DMSO/ha in soil e/2+ 1/2) 12.34 17.39 19.17 
TU+DMSO in soil e /2+ 1/2) 14.22 20.73 20.91 
500 ppm TU (spray) 13.28 18.20 19.91 
100 ppm DMSO (spray) 13.53 18.52 .18.89 
TU+DMSO (spray) 13.62 18.93 20.10 
Mean 12.91 18.50 19.91 

Phosphorus Chemicals Interaction 
S.Em+ 0.314 0.513 0.889 
C.D. (0.05) 0.870 1.42 NS 

Pooled PhosEhorus {kg/ha2 
0 20 40 

Control 11.30 16.52 17.87 
5 kg TU/ha in soil (basal) 12.22 17.48 18.54 
5 kg TU/ha in soil (1/2+ 1/2) 15.83 19.22 19.32 
2 kg DMSOlhain soil CI2 + 1/2) 13.45 17.09 18.19 
TU+DMSO in soil e12+ 1/2) 15.78 19.15 19.88 
500 ppm TU (spray) 13.28 18.02 19.62 
100 ppm DMSO (spray) 14.47 17.18 18.79 
TU+DMSO (spray) 14.78 18.39 18.92 
Mean 13.89 17.88 18.89 

Phosphorus Chemicals Interaction 
S.Em+ 0.203 0.331 0.573 
C.D. (0.05) 0.562 0.917 1.588 

112 

Mean 

14.87 
15.36 
18.34 
16.18 
17.92 
16.82 
16.64 
17.17 

Mean 

15.59 
16.8 
17.9 

16.30 
18.62 
17.13 
16.9& 
17.55 

Mean 

15.23 
16.08 
18.12 
16.24 
18.27 
16.98 
16.81 
17.36 



Table: 4A.38 Effect of thiourea and DMSO on straw yield (q/ha) at varying levels 
of phosphorus 

Year 1999 Phos~orus (kg/ha) Mean 
0 20 40 

Control 33.85 44.24 44.70 40.93 
5 kg TU/ha in soil (basal) 33.79 45.76 41.28 40.27 
5 kg TU/ha in soil e 12 + 1/2) 44.01 39.68 46.61 43.43 
2 kg DMSO/ha in soil e 12 + 1/2) 39.62 39.88 40.61 40.03 
TU+DMSO in soil e/2+ Ih) 41.68 41.01 38.95 40.54 
500 ppm TU (spray) 33.68 44.24 43.41 40.45 
100 ppm DMSO (spray) 38.13 37.92 40.95 39.00 
TU+DMSO (spray) 41.15 43.31 40.40 41.62 
Mean 38.24 42.00 42.11 

Phosphorus Chemicals Interaction 
S.Em± 0.845 1.380 2.391 
CD. (0.05) 2.342 NS 6.628 

Year 2000 Phos~horus (kg/ha) Mean 
0 20 40 

Control 31.42 45.14 45.22 40.59 
5 kg TU/ha in soil (basal) 33.23 47.81 49.34 43.24 
5 kg TU/ha in soil e 12 + 1/2) 37.99 45.55 45.15 42.56 
2 kg DMSO/ha in soil (112 + 1/2) 35.71 46.29 44.86 42.29 
TU+DMSO in soil e12+ 1/2) 38.21 47.42 46.35 43.99 
500 ppm TU (spray) 37.82 42.45 44.09 41.45 
100 ppm DMSO (spray) 37.13 46.67 46.95 43.58 
TU+DMSO (spray) 37.03 43.90 44.53 41.82 
Mean 36.07 45.57 45.69 

Phospho!US Chemicals Interaction 
S.Em+ 0.664 1.084 1.878 
C.D. (0.05) 1.841 NS NS 

Pooled Phos~horus (kg/ha) Mean 
0 20 40 

Control 32.64 44.69 44.96 40.76 
5 kg TU/ha in soil (basal) 33.51 46.45 45.31 41.76 

5 kg TU/ha in soil e 12 + 1/2) 41.00 42.62 45.38 43.00 

2 kg DMSO/ha in soil e/2 + 1/2) 37.66 43.08 42.73 41.16 

TU+DMSO in soil e/2+ 1/2) 39.95 44.21 42.65 42.27 

500 ppm TV (spray) 35.75 43.35 43.75 40.95 

100 ppm DMSO (spray) 37.63 42.29 43.95 41.29 

. TU+DMSO (spray) 39.09 43.60 42.46 41.72 

Mean 37.15 43.79 43.89 
Phosphorus Chemicals Interaction 

S.Em+ 0.537 0.877 1.519 
C.D. (0.05) 1.489 NS 4.213 

1/:1 



none of the soil and foliar applied treatments proved effective. In pooled data, under no 

phosphorus, soil application of TU at 5 kg/1m (~+~), soil application of DMSO at 2 kg/1m 

(~+Yl), soil application of TU+DMSO (~+~), foliar spray of 100 ppm DMSO and foliar 

spray of TU+DMSO significantly increased straw yield by 25.6, 15.4 22.4, 15.3 and 19.8 per 

cent,' respectively over control. These treatments were at par with one another. Under 20 and 

40 kg PzOs/ha, all the soil and foliar applied treatments of TU and DMSO proved ineffective 

in increasing straw yield. The highest straw yield (45.38 qlha) was obtained with soil 

application of TU at 5 kg/ha (~+~) under 40 kg P20s/ha which was at par with soil 

application ofTU at 5 kg/ha (~+~) under no phosphorus and 20 kg P20s/ha. 

4A.3.3 Biological yield 

Da~(Table 4A.39) show that phosphorus application significantly responded upto 20 

kg P20s/ha in respect of biological yield during both the years. Levels 20 and 40 kg P20s/ha 

were at par in this respect. On the basis of pooled data, application of 20 and 40 kg P20s/ha 

significantly increased biological yield by 20.8 and 23.0 per cent, respectively over control. 

Data further show that none of the soil applied treatments of TU and DMSO was 

effective in improving biological yield in either of the years. Similarly, foliar applied 

treatments of TU and DMSO also ineffective in this respect. Pooled data also show similar 

trends. 

Data (Table 4A.39) show that TU and DMSO interacted significantly with 

phosphorus in influencing biological yield in 1999 only. Pooled data show that under no 

phosphorus, soil application of TU at 5 kg/ha (YZ+YZ), soil application of DMSO at 2 kg/ha 

(YZ+YZ), soil application of TU+DMSO (YZ+YZ), foliar spray of 100 ppm DMSO and foliar 

spray of TU+DMSO significantly increased biological yield over control. However, under 20 

and 40 kg P20s/ha, soil and foliar applied treatments of TU and DMSO failed to increase 

biological yield over control. Under 20 kg P20s/ha, the highest biological yield of 63.93 and 

63.37 qlha were obtained with soil application of TU at 5 kg/ha (basal) and soil application of 

TU+DMSO (YZ+YZ). When compared with absolute control, the increases were of the order of 

45.4 and 44.2 per cent, respectively. 

4A.3.4 Harvest index 

Data (Table 4A.40) show that phosphorus application brought about significant 

improvement in harvest index upto 40 kg P20s/ha during both the years. Application of 40 kg 

P20siha proved significantly superior to 20 kg P20slha. On the basis of pooled data, 

application of20 and 40 kg P20s/ha significantly increased harvest index by 6.4 and 12.3 per 

cent, respectively over control. 

III( 
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Soil application of TV at 5 kg/ha (YZ+YZ) significantly increased harvest index during 

both the years. In pooled data, soil application of TV at 5 kg/ha (YZ+YZ) recorded significantly 

higher harvest index by 7.1 per cent over soil application of TV at 5 kglha (basal). Soil 

application of DMSO at 2 kg/ha (YZ+YZ) significantly increased harvest index in 1999 only. 

Soil application of TV+DMSO (YZ+YZ) significantly increased harvest index in both years. 

Pooled data show that soil application of TV at 5 kg/ha (1/2+ 112), soil application of DMSO 

at 2 kg/ha (YZ+YZ) and soil application of TU+DMSO (Yz+llz) significantly increased harvest 

index by 10.3,4.3 and 10.7 per cent, respectively over control. 

\Data further show that foliar sprays of 500 ppm TV and TV+DMSO resulted in 

significant increase in harvest index during both the years. While, foliar spray of 100 ppm 

DMSO significantly increased harvest index only in 1999. On the basis of pooled data, foliar 

sprays of 500 ppm TU, 100 ppm DMSO and TU+DMSO significantly increased harvest 

index by 7.5, 7.9 and 8.3 per cent, respectively over control. 

Data on combined effects of treatments (Table 4A.40) show that effects of soil and 

foliar applied TU and DMSO on harvest index v:aried significantly under different levels of 

phosphorus in 1999 only. Under no phosphorus, soil application of TU at 5 kg/ha (YZ+YZ), soil 

application of TU+DMSO (YZ+YZ), foliar spray of 500 ppm TV, foliar spray of 100 ppm 

DMSO and foliar spray of TU+DMSO significantly increased harvest index over control. 

Under 20 kg P20slha, soil application ofTU at 5 kg/ha (YZ+YZ), soil application ofDMSO at 2 

kg/ha (YZ+YZ), soil application of TU+DMSO (YZ+YZ) and foliar sprny of 100 ppm DMSO 

significantly increased harvest index over control. Under 40 kg PzOslha, except soil 

application of TU at 5 kg/ha (basal) and soil application of TU at 5 kg/ha (YZ+YZ), all other 

treatments proved effective in increasing harvest index over control. Combined effect of 

treatments on harvest index, however, turned out non-significant in pooled data. 

4A.4 EFFECT OF TU AND DMSO AT VARYING LEVELS OF PHOSPHORUS ON 

AVAILABLE P CONTENT OF SOIL 

4A.4.1 Available P content of soil at 30 DAS 

Data (Table 4A.41) show that phosphorus application brought about significant 

improvement in available P content of soil at 30 DAS upto 40 kg P20s/ha in both the years. In 

pooled data, 40 kg P20s/ha proved significantly superior to 20 kg P20sl ha. Pooled data show 

that application of 20 and 40 kg P20s/ha significantly increased P content of soil at 30 DAS 

by 11.0 and 19.0 per cent, respectively over control. 

Available P content of soil at 30 DAS showed inconsistent effects of soil applied 

treatments ofTU and DMSO. In 2000, none of the soil applied treatments ofTU and DMSO 

was effective, whereas in 1999, soil application of TU at 5 kg/ha (basal), soil application of 



Table: 4A.39 Effect of thiourea and DMSO on biological yield (q/ha) at varying 
levels of phosphorus 

Year 1999 Phos~horus {Kg/ha) Mean 
0 20 40 

Control 45.56 60.60 61.27 55.81 
5 kg TU/ha in soil (basal) 46.64 62.84 57.43 55.64 
5 kg TU/ha in soil e 12 + '/2) 61.84 58.47 65.03 61.78 
2 kg DMSO/ha in soil ('h+ '/2) 54.17 56.66 57.82 56.22 
TU+DMSO in soil ('12 + '/2) 59.02 58.58 57.79 58.46 
500 PRm TU (spray) 46.98 62.09 62.75 57.27 
100 pp~ DMSO (spray) 53.33 53.74 59.65 55.64 
TU+DMSO (spray) 57.08 61.16 58.14 58.79 
Mean 53.09 59.27 59.99 

Phosphorus Chemicals Inleraction 
S.Em± 1.016 1.659 2.874 
C.D. (0.05) 2.816 NS 7.966 

Year 2000 Phos~horus ~ Kg/ha~ Mean 
0 20 40 

Control 42.34 61.82 64.39 56.18 
5 kg TU/ha in soil (basal) 44.81 65.02 70.28 60.04 
5 kg TU/ha in soil e/2+ 1/2) 5l.82 65.20 64.37 60.46 
2 kg DMSO/ha in soil (112 + 1/2) 48.05 63.68 64.03 58.59 
TU+DMSO in soil ('/2+ 112) 52.43 68.15 67.26 62.61 
500 ppm TU (spray) 51.10 60.65 64.00 58.58 
100 ppmDMSO (spray) 50.66 65.19 65.84 60.56 
TU+DMSO (spray) 50.65 62.83 64.63 59.37 
Mean 48.98 64.07 65.60 

Phosphorus Chemicals Interaction 
S.Em± 0.886 1.447 2.506 
C.D. (0.05) 2.456 NS NS 

Pooled Phos~horus (KgIha) Mean 
0 20 40 

Control 43.95 61.21 62.83 56.00 
5 kg TU/ha in soil (basal) 45.73 63.93 63.86 57.84 
5 kg TU/ha in soil (112 + 1/2) 56.83 61.83 64.70 61.12 
2 kg DMSO/ha in soil (1/2 + 1/2) 51.11 60.17 60.92 57.40 
TU+DMSO in soil (1/2+ Ih) 55.72 63.37 62.53 60.54 
500 ppm TU (spray) 49.03 61.37 63.37 57.93 
100 ppm DMSO (spray) 52.09 59.47 62.74 58.10 
TU+DMSO (spray) 53.87 61.99 61.39 59.08 
Mean 51.04 61.67 62.79 

Phosphorus Chemicals Interaction 
S.Em± 0.729 1.912 2.064 
C.D. (0.05) 2.022 NS 5.721 
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Table: 4A.40 Effect of thiourea and DMSO on harvest index (%) at varying 
levels of phosphorus 

Year 1999 PhosEhorus (Kg/lla) Mean 
0 20 40 

Control 25.58 27.02 28.07 26.89 
5 kg TUllla in soil (basal) 27.72 27.43 29.19 28.11 
5 kg TUllla in soil e 12 + 1/2) 31.12 32.14 28.56 30.60 
2 kg DMSO/ha in soil (112 + 1/2) 26.89 29.61 30.89 29.13 
TU+DMSO in soil e12+ 1/2) 28.45 28.81 31.13 29.46 
500 ppm TU (spray) 28.95 29.57 33.68 30.73 
100 PPll1 DMSO (spray) 28.87 28.97 33.21 30.68 
TU+DMSO (spray) 27.97 29.21 31.51 29.56 
Mean 28.19 29.22 30.78 

Phosphorus Chemicals Interaction 
S.Em± 0.303 0.495 0.858 
C.D. (0.05) 0.841 1.373 2.378 

Year 2000 PhosEhorus {Kg/ha) Mean 
0 20 40 

Control 25.79 26.97 29.83 27.53 
5 kg TU/ha in soil (basal) 25.77 27.46 30.47 27.90 
5 kg TU/ha in soil e 12 + 1/2) 26.70 30.11 31.39 29.40 
2 kg DMSO/ha in soil el2 + I h) 26.02 29.91 31.23 29.05 
TU+DMSO in soil 02+ Ih) 25.71 27.31 29.13 27.65 
500 ppm TU (spray) 26.86 28.33 28.72 27.97 
100 ppm DMSO (spray) 27.06 30.44 31.10 29.53 
TU+DMSO (spray) 26.87 30.11 31.10 29.36 
Mean 26.35 28.83 30.47 

Phosphorus Chemicals Interaction 
S.Em± 0.329 0.539 0.933 
C.D. (0.05) 0.912 L494 NS 

Pooled PhosEhorus {Kg/ha) Mean 

0 20 40 

Control 25.69 26.99 28.95 27.21 
5 kg TU/ha in soil (basal) 26.74 27.45 29.84 28.01 
5 kg TU/ha in soil e 12 + 1/2) 28.91 31.13 29.98 30.00 

2 kg DMSO/ha in soil e 12+ I h) 26.30 28.46 30.41 28.39 
TU+DMSO in soil (1/2 + 1/2) 27.97 30.20 32.16 30.11 

500 ppm TU (spray) 27.23 29.36 31.18 29.26 
100 ppm DMSO (spray) 27.91 28.95 31.19 29.35 
TU+DMSO (spray) 27.42 29.66 31.31 29.46 
Mean 27.27 29.02 30.63 

Phosphorus Chemicals Interaction 
S.Em+ 0.224 0.366 0.634 
C.D. (0.05) 0.621 1.014 NS 
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TV at 5 kg/ha (lfl+lfl) and soil application of TV+DMSO (lfl-Ph) significantly increased 

available P content of soil over control. Soil application of DMSO at 2 kg/ha (YI+lfl) proved 

ineffective in this respect. In pooled data, soil application of TV at 5 kg/ha (basal) failed to 

increase in available P content. However, soil application of TV at 5 kg/ha (lfl+YI) 

significantly increased available P content of soil over contra] but was at par with soil 

application of TV at 5 kg/ha (basal). On the basis of pooled data, soil application of TV at 5 

kg/ha (lfl+Yz) and soil application of TV+DMSO significantly increased available P contcnt. 

Data further show that all the foliar spray treatments proved ineffective to improve 

availabl6_ P content of soil at 30 DAS during both the years. Pooled data also show similar 

trends. 

4A.4.2 Available P content of soil at 60 DAS 

Data (Table 4A.42) show that significant improvement in available P content of soil 

at,60 DAS was recorded at 40 kg P20Siha in both the years. Application of 40 kg P20siha 

proved significantly superior to 20 kg P20 s/ha. On the basis of pooled data, application of 20 

and 40 kg P20s/ha registered 17.6 and 24.9 per cent significant improvement in available P 

content of soil over control, respectively. 

Soil application of TV at 5 kg/ha (YZ+YZ) significantly increased available P content of 

soil over control in both the years. Soil application of TV at 5 kg/ha (YZ+YZ) proved 

significantly superior to soil application of TV at 5 kg/ha (basal) in both the years. Soil 

application of DMSO at 2 kg/ha (¥z+Yz) proved ineffective in this respect during either of the 

years. On the basis of pooled data, soil application of TV at 5 kg/ha (Yz+Yz) and soil 

application of TV+DMSO (YZ+YZ) significantly increased available P content of soil by 8.5 

and 10.3 per cent, respectively over control. 

Foliar spray treatments of TV and DMSO failed to improve in available P content of 

soil at 60 DAS in either of the years. Similar trends were noted in poled data. 

4A.4.3 Available P content of soil at harvest 

Data (Table 4A.43) reveal that available P content of soil at harvest increased 

significantly with successive increase in phosphorus levels upto 40 kg P20slha during both 

the years. 40 kg P20siha proved superior to 20 kg P20siha. On the basis of pooled data, 

application of 20 and 40 kg P20siha significantly increased available. P content of soil by 18.3 

and 27.4 per cent, respectively over control. 

Available P content of soil significantly improved due to soil application of TV at 5 

kglha (YZ+YZ). In pooled data, soil application of TV at 5 kg/ha (YZ+YZ) proved superior to soil 

application of TV at 5 kg/ha (basal), giving an increase of 4.9 per cent in available P content 
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Table: 4A.41 Effect of thiourea and DMSO on available P content of soil at 30 
DAS at varying levels of phosphorus 

Year 1999 Phosphorus (kglha) Mean 
0 20 40 

Contrdl 17.92 20.12 21.98 20.01 
5 kg TUJha in soil (basal) 18.12 21.34 21.52 20.83 
5 kg TU/ha in soil e 12 + 1/2) 19.39 22.13 22.15 21.22 
2 kg DMSO/lla in soil el2 + 1/2) 18.19 20.98 21.99 20.39 
TU+DMSO in soil (1 /2 + Ih) 19.98 22.52 22.93 21.31 
500 ppm TU (spray) 18.01 20.12 21.99 20.04 
100 PP~MSO (spray) 18.0 20.33 22.01 20.11 
TU+DM 0 (spray) 18.0 20.42 21.39 19.94 
Mean 18.45 20.99 21.99 

Phosphorus Chemicals Interaclion 
S.Em+ 0.163 0.266 0.461 
C.D. (0.05) 0.452 0.723 NS 

Year 2000 Phos~horus ~ kg/ha} Mean 
0 20 

, 
40 

Control 15.82 17.24 18.92 17.33 
5 kg TUJha in soil (basal) 16.12 17.25 19.01 17.46 
5 kg TUlha in soil (1/2 + 1/2) 16.15 ·17.23 19.00 17.46 
2 kg DMSOlha in soil (112 + 1/2) 16.00 17.26 19.01 17.42 
TU+DMSO in soil (1 /2 + 112) 16.14 17.26 19.11 17.50 
500 ppm TU (spray) 15.80 17.25 18.90 17.32 
100 ppm DMSO (spray) 15.88 17.15 18.89 17.31 
TU+DMSO (spray) 15.77 17.21 18.95 17.31 
Mean 

Phosphorus Chemicals Inleraction 
S.Em+ 0.188 0.306 0.530 
C.D. (0.05) 0.521 NS NS 

Pooled Phos~horus {kglha2 Mean 
0 20 40 

Control 16.87 18.68 20.45 18.67 
5 kg TUlha in soil (basal) 17.12 19.29 20.27 18.89 
5 kg TUlha in soil (1/2 + 1/2) 17.77 19.68 20.58 19.34 
2 kg DMSOlha in soil (112 + 1/2) 17.09 19.12 20.50 18.91 

TU+DMSO in soil (1/2+ 112) 18.05 19.89 21.02 19.66 
500 ppm TU (spray) 16.91 18.69 20.45 18.68 
100 ppm DMSO (spray) 16.94 18.74 20.45 18.71 

. TU+DMSO (spray) 16.89 18.52 20.17 18.62 
Mean 17.21 19.11 20.48 

Phosphorus Chemicals Interaction 
S.Em± 0.124 0.203 0.351 
C.D. (0.05) 0.344 0.562 NS 
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Table: 4A.42 Effect of thiourea and DMSO on available P content of soil at 60 
DAS at varying levels of phosphorus 

Year 1999 Phos~horus {kg/ha~ Mean 
0 20 40 

Control 19.84 23.42 25.46 22.91 
5 kg TU/ha in soil (basal) 19.93 23.56 25.41 22.97 
5 kg TU/ha in soil (1/2 + 1/2) 21.46 25.56 26.74 24.59 
2 kg DMSO/ha in soil e /2 + 1/2) 20.n 24.16 25.63 23.30 
TU+DMSO in soil e/2+ 1/2) 21.92 25.88 27.0 24.93 
500 ppm TU (spray) 19.86 23.56 , 25.32 22.91 

~~B';:;S~~~p~~ray) 19.69 23.82 26.0 23.17 
19.70 23.62 25.56 22.96 

Mean 20.31 24.20 25.89 
Phosphorus Chemicals Interaction 

S.Em+ 0.219 0.359 0.622 
C.D. (0.05) 0.607 0.995 NS 

Year 2000 PhosQhorus ~ kg/ha~ Mean 
0 20 40 

Control 18.13 21.39 22.49 20.67 
5 kg TU/ha in soil (basal) 18.52 21.48 22.38 20.79 
5 kg TU/ha in soil e 12 + 1/2) 20.16 23.46 24.46 22.69 
2 kg DMSO/ha in soil e/2 + 1/2) 19.04 21.52 22.68 21.08 
TU+DMSO in soil e/2+ 1/2) 20.31 23.69 25.42 23.14 
500 ppm TU (spray) 18.94 21.79 23.0 21.24 
100 ppm DMSO (spray) 18.22 21.41 22.40 20.68 , 
TU+DMSO (spray) 18.89 21.81 23.10 21.27 
Mean 19.03 22.07 23.24 

Phosphorus Chemicals Interaction 
S.Em+ 0.243 0.396 0.686 
C.D. (0.05) 0.674 1.098 NS 

Pooled PhosQhorus {kg/1m2 Mean 
0 20 40 

Control 18.99 22.41 23.97 21.79 
5 kg TU/ha in soil (basal) 19.23 22.52 23.89 21.88 
5 kg TU/ha in soil (112 + 1/2) 20.81 24.51 25.60 23.64 
2 kg DMSO/ha in soil e/2+ Ih) 19.58 22.84 24.16 22.19 

TU+DMSO in soil e/2+ Ih) 21.12 24.79 26.21 24.04 
500 ppm TU (spray) 19.4 22.67 24.16 22.08 
100 ppm DMSO (spray) 18.96 22.62 24.20 21.92 
TU+DMSO (spray) 19.29 22.72 24.33 22.11 
Mean 19.67 23.13 24.57 

Phosphorus Chemicals Interaction 
S.Em+ 0.164 0.267 0.463 
CD.10.05) 0.454 0.741 NS 



Table: 4A.43 Effect of thiourea and DMSO on available P content of soil at 
harvest at varying levels of phosphorus 

Year 1999 Phos~horus {kglha~ Mean 
0 20 40 

Control 16.52 20.13 22.12 19.59 
5 kg runla in soil (basal) 17.69 20.16 22.52 20.12 
5 kg TUnla in soil e 12 + 1/2) 18.46 21.34 22.63 20.81 
2 kg DMSOnla in soil ('/2 + 1/2) 17.52 20.92 22.04 20.16 
TU+DMSO in soil (112 + 1/2) 18.32 21.56 22.79 20.89 
500 ppm TU (spray) 16.93 19.43 21.65 19.35 
10i\_Ppm DMSO (spray) 17.0 19.53 22.11 19.55 
TU DMSO (spray) 16.56 19.31 20.42 18.76 
Mean 17.38 20.30 22.04 

Phosphorus Chemicals Interaction 
S.Em+ 0.239 0.391 0.677 
C.D. (0.05) 0.662 1.084 NS 

Year 2000 Phos~horus {kglha) Mean 
0 20 40 

Control 13.72 20.01 21.12 18.28 
5 kg TU/ha in soil (basal) 13.99 20.51 21.62 18.71 
5 kg TU/ha in soil e 12 + 1/2) 17.42 20.42 21.96 19.93 
2 kg DMSO/ha in soil e 12 + 1/2) 17.51 19.13 20.99 19.21 
TU+DMSO in soil e/2+ 1/2) 17.51 20.52 22.13 20.05 
500 ppm TU (spray) 16.56 18.45 19.63 18.21 
100 ppm DMSO (spray) 16.88 18.49 19.70 18.36 
TU+DMSO (spray) 17.0 18.93 19.92 18.62 
Mean 16.32 19.56 20.88 

Phosphorus Chemicals Interaction 
S.Em+ 0.161 0.262 0.454 
C.D. (0.05) 0.446 0.726 1.258 

Pooled Phos~horus {kglha) Mean 
0 20 40 

Control 15.12 20.07 21.62 18.94 
5 kg TU/ha in soil (basal) 15.84 20.34 22.07 19.42 
5 kg TU/ha in soil (' 12 + 1/2) 17.94 20.88 22.29 20.37 
2 kg DMSO/ha in soil (1/2 + 112) 17.52 20.03 21.52 19.69 

TU+DMSO in soil e /2+ 1/2) 17.92 21.04 22.46 20.47 
500 ppm TU (spray) 16.75 18.94 20.64 18.78 
100 ppm DMSO (spray) 16.94 19.01 20.91 18.95 
TU+DMSO (spray) 16.78 19.12 20.17 18.69 
Mean 16.85 19.93 21.46 

Phosphorus Chemicals Interaction 
S.Em± 0.144 0.235 0.407 
C.D. (0.05) 0.399 0.652 1.129 
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of soil. Soil application of DMSO at 2 kg/ha (YzHS) significantly increased available P 

content of soil only in 2000, whereas soil application of TU+DMSO (Yz+J/z) proved 

significantly supcrior over control during both the years. On the basis of pooled data, soil 

application of TU at 5 kglha (YZ+YZ), soil application of DMSO at 2 kg/ha (YZ+YZ) and soil 

application of TU+DMSO (YZ+YZ) significantly increased available P content of soil by 7.6, 

4.0, and 8.1 per cent, respectively over control. 

None of the foliar spray treatments of TU and DMSO proved effective in respect of 

available P content of soil at harvest during both the years. In pooled data, similar trends were 

noted\ 

Data (Table 4A.43) further show that application of TU and DMSO interacted 

significantly with phosphorus in influencing available P content of soil at harvest in 2000 

only. Under no phosphorus, except soil application of TU at 5 kg/ha (basal), all the soil and 

foliar applied treatments of TU and DMSO significantly increased available P content of soil 

at harvest over control. Under 20 and 40 kg P20slha, none of the soil and foliar applied 

treatments proved effective in this respect. In pooled data, soil application of TU at 5 kg/ha 

(YZ+YZ), soil application of DMSO at 2 kg/ha (%+%), soil application of TU+DMSO (%+J/z) , 

foliar spray of 500 ppm TU, foliar spray of 100 ppm DMSO and foliar spray of TU+DMSO 

significantly increased available P content of soil at harvest by 18.6, 15.9, 18.5, 10.8, 12.0 and 

10.9 per cent, rcspectively over control. Soil application of TU at 5 kg/ha (%+%) found most 

effective. Under 20 and 40 kg P20s/ha, none of the soil and foliar applied treatments proved 

effective in this respect. Under 40 kg P20slha, the highest available P content of soil at 

harvest (22.46 kg/ha) was obtained with soil application of TU+DMSO (%+%). When 

compared to absolute control, the increase in available P content of soil at harvest was 48.5 

per cent. 

4A.S EFFECT OF TU AND DMSO AT VARYING LEVELS OF PHOSPHORUS ON 

NUTRIENT CONTENT OF THE CROP 

4A.S.l Gum content of seed 

Data (Table 4A.44) reveal that significant increase in gum content of seed was 

recorded upto 20 kg P20s/ha during 1999. However, in 2000, it responded significantly upto 

40 kg P20s/ha. In pooled data, 40 kg P20iha was at par with 20 kg P20/ha. Further, 

application of 20 and 40 kg P20slha significantly increased gum content of seed by 5.7 and 

7.1 per cent, respectively over control. 

Soil application of TU at 5 kglha (basal), soil application of TU at 5 kg/ha (%+%), 

soil application of DMSO at 2 kglha (%+Yz) and soil application of TU+DMSO (Yz+J/z) 

significantly increased gum content of seed over control in 1999 only. None of the soil 



Table: 4A.44 Effect of thiourea and DMSO on gum content (%) in seed at 
varying levels of phosphorus 

Year 1999 Phosl2horus {kg/ha2 Mean 
0 20 40 

Control 25.82 27.82 27.74 27.13 
5 kg TU/ha in soil (basal) 26.88 28.83 28.76 28.16 
5 kg TU/ha in soil e 12 + v,) 27.52 29.55 29.56 28.95 
2 kg DMSO/ha in soil (112 + I h) 27.0 28.98 29.15 28.38 
TU+OMSO in soil e/2+ 1/2) 27.62 29.71 29.59 29.05 
500 ppm TU (spray) 27.12 29.47 29.45 28.76 
100 ppm DMSO (spray) 27.10 29.59 29.18 28.45 
n)-tOMSO (spray) 27.15 29.48 29.46 28.78 
Mean 27.15 29.12 29.11 

Phosphorus Chemicals Interaction 
S.Em+ 0.201 0.329 0.569 
C.D.iD.05) 0.557 0.912 NS 

Year 2000 Phos2horus {kg/ha2 Mean 
0 20 40 

Control 26.10 27.10 27.89 27.03 
5 kg TUlha in soil (basal) 26.17 27.12 27.89 27.06 
5 kg TUlha in soil e/2+ 1/2) 26.76 27.79 28.45 27.66 
2 kg DMSOlha in soil e/2 + 1/2) 26.03 27.04 28.29 27.12 
TU+DMSO in soil e/2+ 1/2) 26.88 28.00 28.48 27.79 
500 ppm TU (spray) 26.56 27.75 28.34 27.55 
100 ppm DMSO (spray) 26.03 27.04 28.32 27.13 
TU+DMSO (spray) 26.59 28.02 28.35 27.65 
Mean 26.39 27.48 28.25 

Phosphorus Chemicals Interaction 
S.Em± 0.218 0.335 0.616 
C.D. (0.05) 0.604 NS NS 

Pooled Phos2horus {kg/ha) Mean 
0 20 40 

Control 25.96 27.46 27.82 27.08 
5 kg TUlha in soil (basal) 26.53 27.98 28.33 27.61 
5 kg TU/ha in soil e h + 1/2) 27.27 28.67 29.00 28.31 
2 kg DMSOlha in soil (1/2 + I h) 26.52 28.01 28.72 27.75 
TU+DMSO in soil e /2+ 1/2) 27.38 28.85 29.03 28.42 
500 ppm TV (spray) 26.96 28.61 28.89 28.16 
100 ppm OMSO (spray) 26.57 28.06 28.75 27.79 
TU+DMSO (spray) 26.99 28.75 28.90 28.22 
Mean 26.77 28.29 28.68 

Phosphorus Chemicals Interaction 
S.Em+ 0.148 0.242 0.419 
C.D. (0.05) 0.411 0.671 NS 
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applied treatments were effective during 2000. In pooleq data, soil application of TU at 5 

kglha (basal) did not influence gum content in seed. However, soil application of TU at 5 

kglha (~+~) significantly increased gum content in seed by 2.5 per cent over soil application 

of TU at 5 kg/ha (basal). Soil application of DMSO at 2 kglha (~+~) failed to increase gum 

content of seed in pooled data. Soil application of TU at 5 kglha (~+~) and soil application 

of TU+DMSO (~+~) significantly increased gum content of seed by 4.5 and 4.9 per cent, 

respectively over control. 

Foliar sprays of 500 ppm, 100 ppm DMSO and TU+DMSO significantly increased 

gum cOJ)tent of seed in 1999 only. In pooled data, foliar sprays of 500 ppm TU, 100 ppm 

DMSO and TU+DMSO significantly increased gum content of seed by 3.9, 2.6 and 4.2 per 

cent, respectively over control. 

4A.S.2 Protein content of seed 

Data (fable 4A.45) show that phosphorus application brought about significant 

increase in protein content of seed upto 20 kg P20/ha during both the years. In pooled data, 

40 kg P20 5/ha was significantly superior to 20 kg P20/ha in this respect. Further, application 

of 20 and 40 kg P20s/ha significantly increased protein content of seeds by 5.9 and 7.9 per 

cent, respectively over control. 

Soil applied as well as foliar spray treatments of TU and DMSO did not bring about 

significant variation in protein content of seeds in any of the years. 

4A.S.3 N content in leaves at 90 DAS 

Data (Table 4A.46) show that successive increase in P levels upto 40 kg P20s/ha 

significantly increased N content of leaves at 90 DAS during both the years. Levels of 40 kg 

P205/ha significantly superior to 20 kg P20s/ha in both the years. On the basis of pooled data, 

20 and 40 kg P20 5/ha significantly increased N content in leaves by 8.0 and 10.9 per cent, 

respectively over control. 

Soil application of TU and DMSO showed inconsistent effect on N content of leaves 

at 90 DAS. In 1999, none of the soil applied treatments proved effective. However, in 2000·, 

soil application of TU at 5 kglha (~H'2) and soil application of TU+DMSO (~-HIz) 

significantly increased N content of leaves over control, whereas soil application of TU at 5 

k&lha (basal) and soil application of DMSO at 2 kg/1la (~+~) proved ineffective. Pooled data 

show that soil application of TU at 5 kglha (~+~) and soil application of TU+DMSO (~+~) 

significantly increased N content of leaves by 2.9 and 3_8 per cent, respectively over control. 

However, both the treatments were at par in this respect. 



Table: 4A.4S Effect of thiourea and DMSO on protein content (%) in seed at 
varying levels of phosphorus 

Year 1999 Phos~horus {kg/ha1 Mean 
0 20 40 

Control 22,92 24,25 24.45 23.92 
5 kg TUIha in soil (basal) 22.99 24,27 24.46 23.96 
5 kg TU/ha in soil e 12 + 1/2) 23,23 24..44 25,01 24.23 
2 kg DMSOlha in soil e 12 + 1/2) 23,0 24.19 24,85 24.01 
TU+QMSO in soil (1/2 + 1/2) 23,25 24.65 25.04 24,35 
500 ppm TV (spray) 23.01 24.40 24.90 24,11 

" 100 ppm DMSO (spray) 23.0 24,19 24.88 24.02 
TU+DMsO (spray) 23.06 24.42 24.91 24,13 
Mean 23,11 24.35 24.81 

Phosphorus Chemicals Interaction 
S.Em+ 0.221 0.362 0.626 
C.D. (0.05) 0.613 NS NS 

Year 2000 Phos~horus ~ kglha} Mean 
0 20 40 

Control 22.92 24.28 24.50 23.90 
5 kg TU/ha in soil (basal) 22.92 24.30 24.48 23,89 
5 kg TU/ha in soil e/2+ 1/2) 22.96 24.47 25.05 24,16 
2 kg DMSO/ha in soil C 12 + 1/2) 22,85 24.20 24.87 23.98 
TU+DMSO in soil (1/2+ 1/2) 23.11 24.71 25.06 24.29 
500 ppm TU (spray) 22,81 24.42 25,00 24.08 
100 ppm DMSO (spray) 22.81 24.15 24.92 23.96 
TU+DMSO (spray) 22.83 24.70 25.00 24.18 
Mean 22.90 24.40 24.86 

Phosphorus Chemicals Interaction 
S.Em+ 0.168 0.274 0.475 
C.D. (0.05) 0.465 NS NS 

Pooled Phos~horus {kg/ha) Mean 
0 20 40 

Control 22.99 24.27 24.47 23.91 

5 kg TUlha in soil (basal) 23.03 24.28 24.47 23.93 
5 kg TUIha in soil e 12 + 1/2) 23,10 24.46 25.03 24,19 
2 kg DMSOlha in soil (1/2 + 112) 22.93 24.19 24.86 23.99 
TU+DMSO in soil (1/2 + 112) 23,23 24.68 25.05 24.32 
500 ppm TU (spray) 22.92 24.41 24.95 24,09 

100 ppmDMSO (spray) 22.90 24.17 24.89 23.99 

TU+DMSO (spray) 22,95 24.56 24.96 24.15 

Mean 23.01 24.38 24.84 
Phosphorus Chemicals Interaction 

S.Em± 0.139 0.227 0.393 
C.D. (0,05) 0.385 NS NS 



Table: 4A.46 Effect of thiourea and DMSO on N content (%) in leaves at 
90 DAS varying levels of phosphorus 

Year 1999 PhosI!horus {kg/ha) 
0 20 40 

Control 2.520 2.743 2.855 
5 kg TUlha in soil (basal) 2.525 2.747 2.850 
5 kg TUlha in soil C 12 + 1/2) 2.530 2.825 2.860 
2 kg DMSO/ha in soil (112 + 1/2) 2.512 2.752 2.850 
TU+DMSO in soil (1/2+ 112) 2.553 2.840 2.865 
500 ppm TU (spray) 2.527 2.780 2.850 
100 ppm DMSO (spray) 2.500 2.748 2,.848 
TU+DMSO (spray) 2.533 2.805 2.855 
Mean 2.525 2.780 2.854 

Phosphorus Chemicals Interaction 
S.Em+ 0.0183 0.0298 0.0516 
C.D. (0.05) 0.0507 NS NS 

Year 2000 PhosI!horus {kg/ha) 
0 20 40 

Control 2.470 2.670 2.690 
5 kg TUlha in soil (basal) 2.480 2.680 2.750 
5 kg TUlha in soil (1 /2 + 112) 2.600 2.780 2.820 
2 kg DMSO/hainsoil (1/2+ 112) 2.500 2.610 2.710 
TU+DMSO in soil (Ih+ 1/2) 2.610 2.800 2.880 
500 ppm TV (spray) 2.550 2.520 2.780 
100 ppm DMSO (spray) 2.520 2.680 2.720 
TU+DMSO (spray) 2.590 2.790 2.790 
Mean 2.540 2.691 2.768 

Phosphorus Chemicals Interaction 
S.Em+ 0.0231 0.0379 0.0658 
C.D. (0.05) 0.0640 0.1051 NS 

Pooled Phosphorus (kg/ha) 

0 20 40 
, Control 2.495 2.706 2.773 
5 kg TU/ha in soil (basal) 2.503 2.714 2.800 
5 kg TU/ha in soil (' 12 + 1/2) 2.565 2.803 2.840 
2 kg DMSO/ha in soil C/2+ 1/2) 2.506 2.681 2.780 

TU+DMSO in soil (1/2+ 112) 2.581 2.820 2.873 
500 ppm TV (spray) 2.539 2.650 2.815 
100 ppm DMSO (spray) 2.510 2.714 2.784 
TU+DMSO (spray) 2.561 2.797 2.822 
Mean 2.533 2.736 2.811 

Phosphorus Chemicals Interaction 
S.Em± 0.0147 0.0241 0.0418 
C.D. (0.05) 0.0409 0.0669 NS 
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Mean 

2.706 
2.708 
2.738 
2.705 
2.752 
2.719 
2.698 
2.731 

Mean 

2.610 
2.637 
2.733 
2.607 
2.763 
2.617 
2.640 
2.723 

Mean 

2.658 
2.672 
2.736 
2.656 

2.758 
2.668 
2.669 
2.727 



None of the foliar spray treatments proved effective in 1999. However, in 2000 only 

foliar spray ofTV+DMSO significantly increased N content in leaves at 90 DAS over control, 

whereas foliar spray of 500 ppm TV and 100 ppm DMSO proved ineffective. Pooled data 

show that foliar spray of TV+ DMSO significantly increased N content in leaves by 2.6 per 

cent over control. 

4A.S.4 S content of leaves at 90 DAS 

Data (Table 4A.4 7) reveal that phosphorus application did not bring about significant 

variation 1n S content of leaves at 90 DAS during both the years. Pooled data also show 

similar trends. 

Soil applied as well as foliar spray treatments of TV and DMSO also did not have 

significant effects on S content ofleaves at 90 DAS in any of the year. 

4A.S.S P content of leaves at 60 DAS 

Data (Table 4A.48) show that phosphorus application brought about significant 

improvement in P content of leaves at 60 DAS upto 40 kg P20siha during both the years. 

Pooled data show that application of 20 and 40 kg P20siha significantly increased P content of 

leaves by 8.8 and 7.2 per cent, respectively over control. 

Soil application of TU at 5 kg iha (Yz+Yz) and soil application of TU+DMSO 

significantly increased P content of leaves at 60 DAS over control. Rest of the soil and foliar 

applied treatments of TV and DMSO proved ineffective in this respect during both the years. 

Similar trends were recorded in pooled data. 

4A.S.6 P content of stems at 60 DAS 

Data (Table 4A.49) reveal that phosphorus application brought about significant 

improvement in P content of stems at 60 DAS upto 40 kg P20siha during both the years. In 

pooled data similar trends were noted 

Soil application of TV at 5 kg/ha (~+~) and soil application of TV+DMSO proved 

effective in increasing P content of stems at 60 DAS over control during 2000 only. In pooled 

data similar trends were observed. 

4AS.7 P content of pods at 60 DAS 

Data (4A.50) indicate that phosphorus application brought about significant increase 

in P content of pods at 60 DAS upto 40 kg P20slha during both the years as well as in pooled 

data. 
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Table: 4A.47 Effect of thiourea and DMSO on S content (O~) in leaves at 90 DAS 
at varying levels of phosphorus 

Year 1999 Phos~horus {kg/ha2 Mean 
0 20 40 

Control 0.375 0.365 0.363 0.367 
5 kg TU/ha in soil (basal) 0.360 0.368 0.355 0.361 
5 kg TU/ha in soil e 12 + 1/2) 0.378 0.370 0.358 0.368 
2 kg DMSO/ha in soil (' /2 + 1/2) 0.373 0.375 0.378 0.375 
TU+DMSO in soil ('/2 + 1/2) 0.368 0.373 0.375 0.372 
500 ppm TU (spray) 0.380 0.375 0.378 0.378 
100 ppm DMSO (spray) 0.370 0.374 0.368 0.370 
TU+DMSo (spray) 0.375 0.378 0.380 0.378 
Mean 0.372 0.372 0.369 

Phosphorus Chemicals Interaction 
S.Em± 0.0026 0.0043 0.0074 
C.D. (0.05) NS NS NS 

Year 2000 Phos~horus {kg/ha) Mean 
0 20 40 

Control 0.390 0.390 0.392 0.391 
5 kg TU/ha in soil (basal) 0.390 0.392 0.391 0.391 
5 kg TU/ha in soil (' 12 + 1/2) 0.393 0.402 00410 0.402 
2 kg DMSO/ha in soil ('/2 + 1/2) 0.389 0.395 0.400 0.395 
TU+DMSO in soil e/2+ 1/2) 0.391 0.401 0.402 0.398 
500 ppm TU (spray) 0.391 0.401 0.407 00400 
100 ppm DMSO (spray) 0.388 0.392 0.398 0.393 
TU+DMSO (spray) 0.392 0.401 0.408 0.400 
Mean 0.391 0.397 0.401 

Phosphorus Chemicals Interaction 
S.Em± 0.0031 0.0050 0.0087 
C.D. (0.05) NS NS NS 

Pooled PhosEhorus {kg!ha~ Mean 
0 20 40 

Control 0.383 0.377 0.378 0.379 
5 kg TU/ha in soil (basal) 0.375 0.380 0.375 0.376 
5 kg TU/ha in soil (' /2 + 1/2) 0.385 0.386 0.384 0.385 
2 kg DMSO/ha in soil (1(2+ 1/2) 0.381 0.385 0.389 0.385 

TU+DMSO in soil ('/2+ 1/2) 0.379 0.387 0.389 0.385 
500 ppm TU (spray) 0.385 0.388 0.393 0.389 
100 ppm DMSO (spray) 0.379 0.383 0.383 0.381 
TIJ+DMSO (spray) 0.384 0.389 0.394 0.389 
Mean 0.381 0.384 0.858 

Phosphorus Chemicals Interaction 
S:Em± 0.0020 0.0033 0.0057 
C.D. (0.05) NS NS NS 



Table: 4A.48 Effect of thiourea and DMSO on P content (%) in leaves at 60 DAS 
at varying levels of phosphorus 

Year 1999 PhosEhorus {kg/ha~ Mean 
0 20 40 

Control 0.413 0.451 0.495 0.453 
5 kg TUlha in soil (basal) 0.415 0.452 0.495 0.454 
5 kg TUlha in soil e /2 + 1/2) 0.444 0.494 0.497 0.476 
2 kg DMSO/ha in soil (1/2+ 1/2) 0.416 0.453 0.496 0.455 
TU+DMSO in soil ct/2+ I/Z) 0.453 0.495 0.498 0.482 
500 ppm TU (spray) 0.422 0.459 0.496 0.459 
100 ppm DMSO (spray) 0.413 0.452 0.496 0.454 
TU+DMSO (spray) 0.425 0.459 0.497 0.460 
Mean 0.425 0.485 0.496 

Phosphorus Chemicals Internction 

S.Em± 0.0031 0.0051 0.0088 
C.D. (0.05) 0.0086 0.0140 NS 

Year 2000 PhosE horus (kglha) Mean 
0 20 40 

Control 0.403 0.434 0.480 0.439 

5 kg TU/ha in soil (basal) 0.405 0.436 0.481 0.441 
5 kg TU/ha in soil (1/2+ 112) 0.427 0.482 0.488 0.466 
2 kg DMSOlha in soil (1/2 + 112) 0.407 0.435 0.481 0.441 

TU+DMSO in soil e/2+ 1/2) 0.430 0.489 0.490 0.470 

500 ppm TU (spray) 0.410 0.439 0.482 0.444 
100 ppmDMSO (spray) 0.404 0.434 0.483 0.440 

TU+DMSO (spray) 0.415 0.441 0.483 0.446 

Mean 0.412 0.449 0.483 
Phosphorus Chemicals Interaction 

S.Em± 0.0035 0.0058 0.0403 

C.D. (0.05) 0.0097 0.0161 NS 

Pooled PhosEhorus ~ kg/hal Mean 

0 20 40 

Control 0.408 0.443 0.488 0.446 

5 kg TU/ha in soil (basal) 0.411 0.444 0.488 0.448 

5 kg TUlha in soil (1/2+ 112) 0.435 0.488 0.493 0.472 

2 kg DMSO/ha in soil ct 12 + 1/2) 0.411 0.444 0.489 0.448 

TU+DMSO in soil e/2+ 1/2) 0.441 0.492 0.494 0.476 

500 ppm TU (spray) 0.416 0.449 0.489 0.451 

100 ppm DMSO (spray) 0.409 0.443 0.489 0.447 

TU+DMSD (spray) 0.420 0.450 0.489 0.453 

Mean 0.419 0.456 0.489 0.455 

Phosphorus Chemicals Interaction 

S.Em+ 0.0024 0.0038 0.0067 

. C.D. (0.05) 0.0065 0.0106 NS 
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Table: 4A.49 Effect of thiourea and DMSO on P content (%) in stems at 60 DAS 
at varying levels of phosphorus 

Year 1999 Phos~horus {kg/ha) Mean 
0 20 40 

Control 0.385 0.,411 0.418 0.405 
5 kg TU/ha in soil (basal) 0.386 0.410 0.426 0.407 
5 kg TU/ha in soil (112 + 1/2) 0.392 0.421 0.429 0.414 
2 kg DMSO/ha in soil e 12 + 1/2) 0.389 0.412 0.428 0.410 
TU+DMSO in soil (lh+ 1/2) 0.396 0.426 0.429 0.417 
500 ppm TU (spray) 0.390 0.418 0.426 0.411 
1 00 pp~ DMSO (spray) 0.385 0.413 0.426 0.408 
TU+D SO (spray) 0.3391 0.418 0.427 0.412 
Mean 0.389 0.416 0.426 

Phosphorus Chemicals Interaction 
S.Em+ 0.0025 0.0040 0.0069 
C.D. (0.05) 0.0069 NS NS 

Year 2000 Phos~horus {kg/ha} Mean 
0 20 40 

Control 0.371 0.396 0.405 0.391 
5 kg TU/ha in soil (basal) 0.371 0.395 0.406 0.391 
5 kg TU/ha in soil (1/2 + 1/2) 0.380 0.407 0.408 0.398 
2 kg DMSO/ha in soil e/2+ 1/2) 0.375 0.400 0.405 0.393 
TU+DMSO in soil e /2+ 1/2) 0.391 0.412 0.414 0.406 
500 ppm TU (spray) 0.377 0.402 0.407 0.395 
100 ppm DMSO (spray) 0.372 0.399 0.404 0.392 
TU+DMSO (spray) 0.378 0.404 0.409 0.397 
Mean 0.377 0.402 0.407 

Phosphorus Chemicals Interaction 
S.Em± 0.0019 0,0031 0.0053 
C.D. (0.05) 0,0053 0.0085 NS 

Pooled Phos~horus (kg/ha) Mean 
0 20 40 

Control 0.378 0.404 0.411 0.398 
5 kg TU/ha in soil (basal) 0.379 0.403 0.416 0.399 
5 kg TU/ha in soil e 12 + 1/2) 0.386 0.414 0.419 0.406 
2 kg DMSO/ha in soil e/2+ 1/2) 0.383 0.406 0.416 0.402 

TU+DMSO in soil eh+ 1/2) 0.394 0.419 0.422 0.412 
500 ppm TV (spray) 0.384 0.410 0.416 0.403 
100 ppm DMSO (spray) 0.379 0.406 0.415 0.400 
TU+DMSO (spray) 0.386 0.411 0.418 0.405 
Mean 0.383 0.409 0.417 

Phosphorus Chemicals Interaction 
S.Em± 0,0015 0.0025 0.0044 
C.D. (0.05) 0.0043 0.0070 NS 



Table: 4A.SO Effect of thiourea and DMSO on P content (%) in pods at 60 DAS 
at varying levels of phosphorus 

Year 1999 Phos~horus {kg/ha) Mean 
0 20 40 

Control 0.489 0.522 0.545 0.519 
5 kg TU/ha in soil (basal) 0.492 0.523 0.542 0.519 
5 kg TU/ha in soil (112 + 1/2) 0.532 0.546 0.547 0.542 
2 kg DMSO/ha in soil e 12 + 1/2) 0.496 0.525 0.546 0.522 
TU+DMSO in soil (1 /2 + 112) 0.539 0.550 0.551 0.548 
500 ppm TV (spray) 0.499 0.535 0.546 0.527 
100 ppm DMSO (spray) 0.490 0.521 0.544 0.518 
TU+DMSO (spray) 0.501 0.537 0.546 0.528 
Mean 0.504 0.532 0.546 

Phosphorus Chemicals Interaction 
S.Em+ 0.0042 0.0068 0.0119 
C.D.jO.05) 0.0116 0.0188 NS 

Year 2000 PhosEhorus (kglha) Mean 
0 20 40 

Control 0.487 0.520 0.540 0.516 
5 kg TU/ha in soil (basal) 0.499 0.521 0.542 0.521 
5 kg TU/ha in soil e 12 + 1/2) 0.528 0.538 0.545 0.537 
2 kg DMSO/ha in soil e /2+ 1/2) 0.500 0.522 0.542 0.521 
TU+DMSO in soil e12+ 1/2 ) 0.518 0.545 0.548 0.537 
500 ppm TU (spray) 0.501 0.530 0.542 0.524 
100 ppm DMSO (spray) 0.492 0.518 0.541 0.517 
TU+DMSO (spray) 0.503 0.531 0.541 0.525 
Mean 0.504 0.528 0.543 

Phosphorus Chemicals Interaction 
S.Em± 0.0033 0.0053 0.0095 
C.D. (0.05) 0.0091 0.0147 NS 

Pooled PhosEhorns {kg/hal Mean 
0 20 40 

Control 0.489 0.521 0.543 0.518 
5 kg TU/ha in soil (basal) 0.496 0.523 0.543 0.521 
5 kg TU/ha in soil e 12 + 1/2) 0.530 0.543 0.546 0.540 
2 kg DMSO/ha in soil (112 + 1/2) 0.498 0.524 0.544 0.522 

TU+DMSO in soil e12+ 1/2 ) 0.528 0.547 0.551 0.542 
500 ppm TV (spray) 0.500 0.533 0.544 0.526 
100 ppm DMSO (spray) 0.491 0.520 0.543 0.518 
TU+DMSO (spray) 0.503 0.534 0.544 0.527 
Mean 0.504 0.530 0.544 

Phosphorus Chemicals Interaction 
S.Em± 0.0031 0.0051 0.0088 
C.D. (0.05) 0.0087 0.0141 NS 
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Soil application of TU at 5 kg P205lha (YZ+YZ) and soil application of TU+DMSO 

significantly increased P content of pods over control during both the years. 

4A.S.8 P content in leaves at 90 DAS 

Data (4A.51) show that phosphorus application brought about significant 

improvement in P content of leaves at 90 DAS upto 40 kg P20slha during both the years. 40 

kg P20siha proved significantly superior to 20 kg P20siha in both the years. Pooled data show 

that application of 20 and 40 kg PzOslha significantly increased P content in leaves by 1.5 and 

12.4 per cent, respectively over control. 

~oil application of TU at 5 kg/ha (YZ+YZ) significantly increased P content of leaves 

during both the years. In pooled data, soil application of TU at 5 kg/ha (YZ+YZ) significantly 

increased P content in leaves by 4.5 per cent over soil application of TU at 5 kg/ha (basal). 

Soil application of TU+DMSO (YZ+YZ) significantly increased P content in leaves over control 

during both the years. On the basis of pooled data, soil application of TU at 5 kg/ha (YZ+YZ) 

and soil application of TU+DMSO (YZ+YZ) significantly increased P content in leaves by 6.3 

and 6.7 per cent, respectively over control. 

Foliar sprays of 500 ppm TU and TU+DMSO brought about significant improvement 

in P content of leaves during both the years. Pooled data show that foliar sprays of 500 ppm 

TU and TU+DMSO significantly increased P content of leaves at 90 DAS by 5.3 per cent 

each over control. 

Data (fable 4A.51) further show that interaction effects on P content of leaves at 90 

DAS were significant in 1999 only. In pooled data, under no phosphorus, soil application of 

TU at 5 kg/ha (YZ+YZ) and soil application of TU+DMSO (Yz+%) significantly increased P 

content of leaves at 90 DAS by 5.6 and 5.9 per cent, respectively over control. Under 20 kg 

P20slha, soil application of TU at 5 kg/ha (%+Yz), soil application of TU+DMSO (%+%) , 

foliar spray of 500 ppm TU and foliar spray of TU+DMSO significantly increased P content 

of leaves at 90 DAS by 10.5, 1l.8, 10.5 and 10.8 per cent, respectively over control. 

However, these treatments were at par with one another. Under 40 kg P20slha, none of the 

soil and foliar applied treatments of TV and DMSO proved effective in this respect. Under 20 

kg Pz0 5/ha, the highest P content of leaves (0.456%) was obtained with soil application of 

rU+DMSO (%+%). However, it was at par with all treatments under 40 kg P20s/ha. When 

compared with absolute control the increase was 16.0 per cent. 

4A5.9 P content of stems at 90 DAS 

Data (fable 4A.52) show that phosphorus application brought about significant 

increase in P content of stems at 90 DAS upto 40 kg P20slha during 1999 only. However, in 

pooled data, P content of stems increased significantly upto 20 kg PzOslha. 
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Table: 4A.Sl Effect of thiourea and DMSO on P content (%) in leaves at 90 DAS 
at varying levels of phosphorus 

Year 1999 PhosEhorus {kglha) Mean 
0 20 40 

Control 0.394 0.414 0.461 0.423 
5 kg TU/ha in soil (basal) 0.394 0.417 0.460 0.424 
5 kg TU/ha in soil e 12 + 1 h) 0.416 0.463 0.463 0.447 
2 kg DMSO/ha in soil (112 + 1 h) 0.395 0.417 0.460 0.424 
TU+DMSO in soil e/2 + 1/2) 0.417 0.464 0.464 0.448 
500 ppm TU (spray) 0.397 0.453 0.461 0.437 
100 fpm DMSO (spray) 0.394 0.414 0.461 0.423 
TU+DMSO (spray) 0.397 0.454 0.461 0.437 
Mean 0.400 0.437 0.461 

Phosphorus Chemicals Interaction 
S.Em+ 0.0027 0.0044 0.0076 
CD. (0.05) 0.0075 0.0122 0.0211 

, Year 2000 PhosE horus ~ kg/ha) Mean 
0 20 40 

Control 0.391 0.400 0.433 0.408 
5 kg TU/ha in soil (basal) 0.395 0.427 0.438 0.420 
5 kg TU/ha in soil (1/2 + 112) 0.414 0.440 0.449 0.434 
2 kg DMSO/ha in soil (1/2 + 1 h) 0.400 0.402 0.440 0.414 
TU+DMSO in soil e/2+ liz) 0.416 0.448 0.451 0.438 
500 ppm TU (spray) 0.407 0.449 0.452 0.436 
100 ppm DMSO (spray) 0.400 0.401 0.435 0.412 
TU+DMSO (spray) 0.410 0.450 0.451 0.437 
Mean 0.404 0.427 0.444 

Phosphorus Chemicals Interaction 
S.Em+ 0.0034 0.0055 0.0096 
CD. (0.05) 0.0094 0.0152 NS 

Pooled PhosI>horus {kg/ha} Mean 
0 20 40 

Control 0.393 0.408 0.446 0.415 
5 kg TU/ha in soil (basal) 0.395 0.421 0.449 0.422 
5 kg TU/ha in soil C /z + 1/2) 0.415 0.451 0.456 0.441 
2 kgDMSO/ha in soil (1/2+ 1/2) 0.398 0.410 0.450 0.419 

TU+DMSO in soil e/2+ 1/2) 0.416 0.456 0.458 0.443 
500 ppm TU (spray) 0.403 0.451 0.456 0.437 
100 ppm DMSO (spray) 0.398 0.408 0.448 0.418 
TU+DMSO (spray) 0.404 0.452 0.456 0.437 
Mean 0.402 0.432 0.452 

Phosphorus Chemicals Interaction 
S.Em± 0.0022 0.0035 0.0061 
C.D. (0.05) 0.0060 0.0098 0.0169 



None of the soil and foliar applied treatments of TV and DMSO proved effective in 

this respect during both the years. 

4AS.I0 P content of pods at 90 DAS 

Data (4A.53) show that phosphorus application brought about significantly increase 

in P content of pods at 90 DAS upto 40 kg P20s/ha during both the years. Pooled data also 

show similar trends. 

Soil application of TV at 5 kg/ha (Y2+Y2) and soil application of TU+DMSO 

significahtly increased P content of pods at 90 DAS over control during both the years. Foliar 

sprays of 500 ppm TV and TU+DMSO also significantly increased P content of pods over 

control during both the years. Pooled data also show similar trends. 

Data further show that TU and DMSO interacted significantly with phosphorus in 

influencing P content of pods at 90 DAS during both the years. Pooled data show that under 

no phosphorus and 20 kg P20slha, soil application of TU at 5 kg Iha (Y2+Y2), soil application 

of TU+DMSO, foliar spray of 500 ppm TU and TU+DMSO significantly increased P content 

of pods over control. Under 40 kg P20slha, none of the soil and foliar applied treatments 

proved effective. 

4A5.11 P content of leaves at physiological maturity 

Data (Table .4A.54) show that phosphorus application brought about significant 

increase in P content of leaves at physiological maturity over cotltrol during both the years. 

Pooled data also show similar trends. 

Soil application of TU at 5 kg Iha (Y2+YZ), soil application of TU+DMSO, foliar spray 

of 500 ppm TV and foliar spray of TV+DMSO significantly increased P content of leaves at 

physiological maturity during both the years. Rest of the treatments was not significant but 

exhibited increasing trends over control. Pooled data also show similar trends. 

Data further show that TU and DMSO interacted significantly with phosphorus in 

influencing P content of leaves at physiological maturity during 1999 only. Pooled data show 

that under no phosphorus, only soil application of TV at5 kg/ha (Y2+Y2) and soil application of 

TU+DMSO proved effective in increasing P content of leaves over control. Under 20 kg 

P20slha, soil application ofTU at 5 kg/ha (!t2+!t2), soil application of TU+DMSO, foliar spray 

of 500 ppm TU and foliar spray of TU+DMSO significantly increased P content of leaves at 

physiological maturity over control. However, under 40 kg P20s/ha, none of the soil and foliar 

applied treatments proved effective. 
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Table: 4A.52 Effect of thiourea and DMSO on P content (%) in stems at 90 DAS 

at varying levels of phosphorus 

Year 1999 Phos2horus {kg/ha) Mean 
0 20 40 

Control 0.373 0.388 0.399 0.387 
5 kg TU/ha in soil (basal) 0.370 0.389 0.401 0.387 
5 kg TU/ha in soil C 12 + 1/2) 0.384 0.396 0.402 0.394 
2 kg DMSO/ha in soil (1/2+ Ih) 0.373 0.389 0.398 0.387 
TU+DMSO in soil e12+ Ih) 0.387 0.398 0.403 0.396 
500 pplll TV (spray) 0.373 0.391 0.400 0.388 
lO~pm DMSO (spray) 0.373 0.388 0.398 0.386 
TU DMSO (spray) 0.378 0.393 0.400 0.390 
Mean 0.376 0.392 0.400 

Phosphorus Chemicals Interaction 
S.Em+ 0.0021 0.0034 0.0058 
C.D. (0.05) 0.0058 NS NS 

Year 2000 PhosE horus (kg/ha) Mean 
0 20 40 

Control 0.365 0.372 0.378 0.372 
5 kg TU/ha in soil (basal) 0.366 0.373 0.375 0.371 
5 kg TU/ha in soil (1/2 + Ill) 0.375 0.380 0.381 0.379 
2 kg DMSO/ha in soil e 12 + 1/2) 0.367 0.370 0372 0.369 
TU+DMSO in soil e/2+ 1/2) 0.376 0.381 0382 0.380 
500 ppm TV (spray) 0.367 0.380 0374 0.374 
100 ppm DMSO (spray) 0.365 0.371 0371 0.369 
TU+DMSO (spray) 0.370 0.374 0375 0.373 
Mean 0.369 0.375 0376 

Phosphorus Chemicals Interaction 
S.Em± 0.0039 0.0063 0.01I0 
C.D. (0.05) NS NS NS 

Pooled PhosEhorus ~ kg/ha} Mean 
0 20 40 

Control 0.369 0.380 0.389 0.379 
5 kg TV/ha in soil (basal) 0.368 0.381 0.388 0.379 
5 kg TU/ha in soil C 12 + 1/2) 0.379 0.388 0.391 0.386 
2 kg DMSO/ha in soil e/2+ 1/2) 0.370 0.380 0.385 0.378 

TU+DMSO in soil (1/2+ 112) 0.381 0.389 0.393 0.388 
500 ppm TV (spray) 0.370 0.383 0.388 0.380 

100 ppm DMSO (spray) 0.369 0.380 0.385 0.378 

TU+DMSO (spray) 0.374 0.384 0.388 0.382 

Mean 0.373 0.383 0.388 
Phosphorus Chemicals Interaction 

S.Em + 0.0022 0.0036 0.0062 
C.D. (0.05) 0.0061 NS NS 



Table: 4A.53 Effect of thiourea and DMSO on P content (%) in pods at 90 DAS 
at varying levels of phosphorus 

Year 1999 PhosEhorus {kg/ba} Mean 
0 20 40 

Control 0.470 0.507 0.538 0.505 
5 kg TV/ha in soil (basal) 0.475 0.508 0.538 0.507 
5 kg TVnm in soil C 12 + 1/2) 0.528 0.537 0.539 0.535 
2 kg DMSOnla in soil C12+ 1/2) 0.480 0.509 0.540 0.510 
TV+DMSO in soil (I h + 1/2) 0.529 0.539 0.540 0.536 
500 ppm TV (spray) 0.490 0.528 0.537 0.518 
100 ppm DMSO (spray) 0.475 0.508 0.543 0.508 
TV+DrVlSO (spray) 0.499 0.536 0.537 0.524 
Mean 0.493 0.521 0.538 

Phosphorus Chemicals Interaction 
S.Em+ 0.0029 0.0048 0.0083 
C.D. (0.05) 0.0080 0.0133 0.0230 

Year 2000 PhosEhorus (kg/ha) Mean 
0 20 40 

Control 0.469 0.505 0.535 0.503 
5 kg TU/ha in soil (basal) 0.474 0.510 0.537 0.507 
5 kg TV/ha in soil e 12 + 1/2) 0.526 0.535 0.538 0.533 
2 kg DMSO/ha in soil C12+ 1/2) 0.473 0.508 0.538 0.506 
TV+DMSO in soil C 12 + 1/2) 0.526 0.537 0.540 0.534 
500 ppm TV (spray) 0.488 0.523 0.536 0.515 
100 ppm DMSO (spray) 0.473 0.506 0.535 0.504 
TU+DMSO (spray) 0.488 0.536 0.536 0.519 
Mean 0.489 0.520 0.537 

Phosphorus Chemicals Interaction 
S.Em+ 0.0017 0.0027 0.0045 
C.D. (0.05) 0.0047 0.0075 0.0124 

Pooled PhosEhorus (kg/ha2 Mean 
0 20 40 

Control 0.470 0.506 0.536 0.504 
5 kg TU/ha in soil (basal) 0.475 0.509 0.538 0.507 
5 kg TV/ha in soil C h + 1/2) 0.528 0.536 0.539 0.534 
2 kg DMSO/ha in soil C12+ 1/2) 0.476 0.509 0.539 0.508 

TV+DMSO in soil C12+ 1/2) 0.528 0.538 0.540 0.535 
500 ppm TV (spray) 0.489 0.525 0.536 0.517 
100 ppm DMSO (spray) 0.474 0.506 0.539 0.506 
TU+DMSO (spray) 0.494 0.536 0.537 0.522 
Mean 0.491 0.521 0.538 

Phosphorus Chemicals Interaction 
S.Em± 0.0017 0.0027 0.0047 
C.D. (0.05) 0.0047 0.0076 0.0132 
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Table: 4A.S4 Effect of thiourea and DMSO on P content (%) in leaves at 
physiological maturity DAS at varying levels of phosphorus 

Year 1999 Phos{!horus {kg/ha~ Mean 
0 20 40 

Control 0.392 0.415 0.461 0.423 
5 kg TUlha in soil (basal) 0.393 0.417 0.459 0.423 
5 kg TUlha in soil e 12 + 1/2) 0.417 0.462 0.463 0.447 
2 kg DMSO/ha in soil ('/2+ 1/2) 0.396 0.418 0.461 0.425 
TU+DMSO in soil (1/2+ 112) 0.416 0.464 0.463 0.448 
500 ppm TU (spray) 0.398 0.454 0.462 0.438 
100 ppm DMSO (~ray) 0.393 0.414 0.460 0.422 
TU+DMSO (spray) 0.396 0.454 0.462 0.437 
Mean 0.400 0.437 0.461 

Phosphorus Chemicals Interaction 
S.Em+ 0.0025 0.0041 0.0071 
C.D. (0.05) 0.0069 0.0114 0.0197 

Year 2000 PhosEhorus (kg/ha} Mean 
0 20 40 

Control 0.391 0.400 0.433 0.408 
5 kg TUlha in soil (basal) 0.395 0.427 0.438 0.420 
5 kg TUlha in soil (1 /2 + 112) 0.414 0.440 0.449 0.434 
2 kg DMSOlha in soil (1/2+ 112) 0.400 0.402 0.440 0.414 
TU+DMSO in soil ('/2+ 1/2) 0.416 0.448 0.451 0.438 
500 ppm TU (spray) 0.407 0.449 0.452 0.436 
100 ppm DMSO (spray) 0.400 0.401 0.435 0.412 
TU+DMSO (spray) 0.410 0.450 0.451 0.437 
Mean 0.404 0.427 0.444 

Phosphorus Chemicals ~nteraction 

S.Em± 0.0044 0.0073 0.0125 
C.D. (0.05) 0.0123 0.0201 NS 

Pooled PhosEhorus {kg/ha) Mean 
0 20 40 

Control 0.392 0.407 0.447 0.415 
5 kg TU/ha in soil (basal) 0.394 0.422 0.449 0.422 
5 kg TUlha in soil ('/2+ 1/2) 0.415 0.451 0.456 0.441 
2 kg DMSO/ha in soil ('/2+ 1(2) 0.398 0.410 0.450 0.419 

TU+DMSO in soil ('/2+ 1/2) 0.416 0.456 0.457 0.443 
500 ppm TU (spray) 0.403 0.452 0.457 0.437 

100 ppm DMSO (spray) 0.397 0.407 0.448 0.417 
TU+DMSO (spray) 0.403 0.452 0.457 0.437 
Mean 0.402 0.432 0.452 

Phosphorus Chemicals Interaction 
S.Em+ 0.0026 0.0042 0.0072 
C.D. (0.05) 0.0071 0.0115 0.0199 
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4A.5.12 P content of stems at physiological maturity 

Data (fable 4A.55) indicate that application of 40 kg P205/ha significantly increased 

P content of stems at physiological maturity over control and 20 kg P20 5/ha during both the 

years. 

Soil application of TU at 5 kg/ha (YZ+YZ) and soil application of TU+DMSO proved 

effective in improving P content of stems at physiological maturity over control in 2000 only. 

With regard to foliar spray it can be seen that only foliar spray of TU+DMSO proved 

effective. Rest of the treatments remained ineffective in this regard. Pooled data also show 

similar trends \ 

4A.S.13 P content of pods at physiological maturity 

Data (fable 4A.56) show· that phosphorus application brought about significant 

increase in P content of pods at physiological maturity upto 40 kg P20s/ha over control during 

both the years. Pooled data also show similar trends. 

Soil application of TU at 5 kg /ha (Yz+Yz) and soil application of TU+DMSO 

significantly increased P content of leaves at physiological maturity during both the years. 

Pooled data also show similar trends. Rest of the soil applied treatments found non significant 

but an increasing trends was observed over control. 

Foliar spray of TU+DMSO proved effective in increasing P content of pods at 

physiological maturity over control during 2000 only. However, in pooled data, foliar sprays 

of 500 ppm TU and TU+DMSO significantly increased P content of pods at physiological 

maturity. 

Data further show that TU and DMSO interacted significantly with phosphorus in 

influencing P content of pods at physiological maturity in 2000 only. Pooled data show that 

under no phosphorus and 20 kg P20s/ha, soil application of TU at 5 kglha (YZ+YZ), soil 

application of TU+DMSO, foliar spray of 500 ppm TU and foliar spray of TU+DMSO 

significantly increased P content of pods over control. However, under 40 kg P20s/ha, none of 

the soil and foliar applied treatments proved effective. 

Soil application of DMSO and foliar spray of 100 ppm DMSO also showed increasing trends 

OVer control. 

4A.5.14 P distribution in leaves at 60 DAS 

Data (Table 4A.57) reveal that phosphorus application brought about 

significant increase in P distribution in leaves at 60 DAS during both the years. In 1999, 

application of 40 kg P20 5/ha significantly increased in P distribution in leaves at 60 DAS, 

while in 2000, level 20 and 40 kg P20s/ha proved superior over control. Level of 40 kg 



Table: 4A.55 Effect of thiourea and DMSO on P content (%) in stems at 
physiological maturity 'DAS at varying levels of phosphorus 

Year 1999 PhosEhorus {kg/ha) Mean 
0 20 40 

Control 0.358 0.375 0.388 0.374 
5 kg TU/ha in soil (basal) 0.360 0.377 0.388 0.375 
5 kg TU/ha in soil e /2 + 1/2) 0.378 0.386 0.391 0.385 
2 kg DMSO/ha in soil (1/2 + 1/2) 0~59 0.378 0.89 0.375 
TU+DMSO in soil (1/2 + 1/2) 0.379 0,388 0.392 0,386 
500 ppm TU (spray) 0,359 0,381 0,388 0.376 
100 ppmDMSO~spray) 0,357 0.377 0,389 0.374 
TU+DMSO (spray) 0.373 0.383 0.389 0.381 
Mean 0.365 0,380 0.389 

Phosphorus Chemicals Interaction 
S.Em± 0.0025 0.0041 0.0072 
C.D. (0,05) 0.0069 NS NS 

Year 2000 PhosEhorus {kg/ha} Mean 
0 20 40 

Control 0.355 0.372 0,381 0.369 
5 kg TU/ha in soil (basal) 0.358 0.372 0,380 0.370 
5 kg TU/ha in soil (1 h + 1/2) 0.375 0.385 0,391 0,384 
2 kgDMSO/ha in soil (1/2+ '/2) 0.358 0.372 0.383 0.370 
TU+DMSO in soil ct /2 + 1/2) 0.378 0.385 0,392 0.385 
500 ppm TU (spray) 0.358 0.380 0,387 0.375 
100 ppmDMSO (spray) 0.356 0.372 0,383 0.370 
TU+DMSO (spray) 0.365 0.383 0.386 0.378 
Mean 0.363 0.378 0,385 

Phosphorus Chemicals Interaction 
S.Em+ 0.0022 0.0032 0.0062 
C.D. (0.05) 0.0061 0.0088 NS 

Pooled PhosEhorus (kg/ha2 Mean 
0 20 40 

Control 0.356 0.374 0.385 0.372 
5 kg TU/ha in soil (basal) 0.357 0.375 0.384 0,373 
5 kg TU/ha in soil (' /2 + '/2) 0.376 0.386 0.391 0.385 
2 kg DMSOlha in soil (1/2+ 1/2) 0.358 0.375 0,386 0.373 

TU+DMSO in soil e/2+ 1/2) 0.379 0.387 0.392 0.386 
500 ppm TU (spray) 0.359 0.381 0.388 0.376 
100 ppm DMSO (spray) 0.356 0.375 0.385 0.372 
TU+DMSO (spray) 0.369 0.383 0.388 0.379 
Mean 0.364 0.379 0.387 

Phosphorus Chemicals Interaction 
S.Em± 0.0017 0.0024 0.0048 
C.D. (0.05) "0.0047 0.0066 NS 



Table: 4A.S6 Effect of thiourea and DMSO on P content (%) in pods at 
physiological maturity DAS at varying levels of phosphorus 

Year 1999 PhosEhorus {kg/ha~ Mean 
0 20 40 

Control 0.480 0.513 0.541 0.511 
5 kg TVlha in fioil (basal) 0.479 0.514 0.542 0.512 
5 kg TVlha in soil e 12 + 1/2) 0.530 0.542 0.548 0.540 
2 kg DMSO/ha in soil e/2+ Ih) 0.495 0.514 0.542 0.517 
TU+DMSO in soil elz+ liz) 0.532 0.544 0.549 0.541 
500 ppm TV (spray) 0.500 0.532 0.540 0.524 
100 ppm DMSO (s('ray) 0.481 0.513 0.540 0.511 
TU+DMSO (spray) 0.501 0.533 0.544 0.526 
Mean 0.500 0.526 0.543 

Phosphorus Chemicals Interaction 
S.Em+ 0.0036 0.0059 0.0102 
C.D. (0.05) 0.0099 0.0164 NS 

Year 2000 PhosEhorus {kg/ha} Mean 
0 20 40 

Control 0.470 0.506 0.537 0.504 
5 kg TU/ha in soil (basal) 0.478 0.510 0.537 0.508 
5 kg TUfha in soil (112 + 1/2) 0.528 0.536 0.538 0.534 
2 kg DMSO/ha in soil C12+ 1/2) 0.475 0.520 0.537 0.510 
TU+DMSO in soil (1/2+ 112) 0.527 0.539 0.540 0.535 
500 ppm TV (spray) 0.489 0.525 0.538 0.517 
100 ppm DMSO (spray) 0.473 0.506 0.536 0.505 
TU+DMSO (spray) 0.493 0.536 0.538 0.522 
Mean 0.491 0.521 0.538 

Phosphorus Chemicals Interaction 
S.Em+ 0.0023 0.0037 0.0065 
C.D. (0.05) 0.0064 0.0148 0.0180 

Pooled Phos[!horus {kg/ha} Mean 
0 20 40 

Control 0.475 0.509 0.539 0.508 
5 kg TU/ha in soil (basal) 0.479 0.513 0.540 0.510 
5 kg TU/ha in soil e 12 + 1/2) 0.529 0.539 0.543 0.537 
2 kg DMSO/ha in soil C12+ 1/2) 0.485 0.517 0.540 0.514 

TU+DMSO in soil e 12 + 1/2) 0.529 0.541 0.545 0.538 
500 ppm TV (spray) 0.495 0.529 0.539 0.521 
100 ppm DMSO (spray) 0.478 0.510 0.538 0.508 
TU+DMSO (spray) 0.496 0.535 0.541 0.524 
Mean 0.496 0.524 0.541 

Phosphorus Chemicals Interaction 
S.Em+ 0.0021 0.0035 0.0060 
C.D. (0.05) 0.0059 0.0097 0.0167 

lito 
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P20s/ha significantly superior to 20 kg P20s/ha in both years. On the basis of pooled data, 40 

kg P20/ha significantly increased P distribution in leaves at 60 DAS by 6.7 per cent over 

control. 

Soil and foliar applied treatments of TV and DMSO did not influence the P 

distribution in leaves at 60 DAS during both the years. In pooled data, similar trends were 

recorded. 

Data on combined effects of treatments (Table 4A.57) show that interaction effect on 

P distribution in leaves at 60 DAS were significant only in 2000. None of the soil and foliar 

applied treatments Of TV and DMSO proved effective under no phosphorus, 20 and 40 kg 

P20s/ha. Under soil application of TU at 5 kg/ha (basal), soil application of TU at 5 kg/ha 

(~+~), soil application of TU+DMSO (~+~) and foliar spray ofTU and DMSO, application 

of 40 kg P20s/ha significantly increased P distribution in leaves at 60 DAS over control. In 

pooled data, under no phosphorus and 40 kg P20s/ha, none of the soil and foliar applied 

treatments proved effective. Under 20 kg P20 5/ha, only soil application of TU+DMSO ('11+'11) 

significantly increased P distribution in leaves at 60 DAS by 5.2 per cent over control. The 

highest P distribution in leaves at 60 DAS (49.97%) was obtained with soil application of 

TU+DMSO ('11+'11) under 20 kg P20s/ha. It was significantly superior to absolute control by 

5.4 per cent. 

4A.5.15 P distribution in stems at 60 DAS 

Data (Table 4A.58) show that phosphorus application did not influence P distribution 

in stems at 60 DAS during 1999. However in 2000, P distribution in stems at 60 DAS 

si~nificantly reduced due to application of 20 and 40 kg P20s/ha over control. Level 20 and 

40 kg P20 5/ha were at par in this respect. On the basis of pooled data, application of20 and 40 

kg P20s/ha significantly reduced P content in stems at 60 DAS by 2.7 and 4.7 per cent, 

respectively over control. Application of20 and 40 kg P205iha was at par in this respect. 

In 1999, none of the soil and foliar applied treatments proved effective in influencing 

P distribution in stems at 60 DAS. However, in 2000 soil application of TU+DMSO ('I1+'Il) 

significantly reduced P distribution in stems at 60 DAS over control. On the basis of pooled 

data, significant reduction in P distribution in stems at 60 DAS by 3.4 per cent over control 

.was recorded due to soil application ofTU+DMSO ('11+%). 

4A.5.16 P distribution in pods at 60 DAS 

Data (Table 4A.59) show that phosphorus application brought about significant 

increase in P distribution in pods at 60 DAS upto 20 kg P20s/ha in 1999 and upto 40 kg 

P20Yha in 2000. On the basis of pooled data, application of 20 kg P20/ha significantly 

increased in P distribution in pods at 60 DAS by 11.3 per cent over control. 



Soil application ofTU at 5 kg/ha (YZ+YZ) significantly increased P distribution in pods 

at 60 DAS over control only in 2000. Soil application of TU+DMSO (Yz+'h) also significantly 

increased P distribution in pods during both the years. On the basis of pooled data, soil 

application of TU at 5 kg/ha ('h+'h), soil application of DMSO at 2 kglha ('h+Yz) and soil 

application of TU+DMSO ('h+Yz) significantly increased P distribution in pods by 8.5, 7.9 

and 18.0 per cent, respectively over control. Soil application of TU at 5 kg/ha (YZ+YZ) resulted 

in significantly higher P distribution in pods by 6.5 per cent over soil application of TU at 5 

kg/lla (basal). 

None "'of the foliar spray treatments proved effective in 1999. However, in 2000 only 

foliar spray of 500 ppm TU and TU+DMSO brought about significant increase in P 

distribution over control. On the basis of pooled data, foliar sprays of 500 ppm TV, 100 ppm 

DMSO and TU+DMSO significantly increased P distribution in pods by 9.8, 9.4 and 10.8 per 

cent, respectively over control. 

Data (fable 4A.59) show iliat application of TU and DMSO interacted significantly 

with phosphorus in influencing P distribution in pods at 60 DAS in 2000 only. Under no 

phosphorus, only soil application of TU+DMSO (Yz-Ph) proved effective in incresing P 

distribution in pods at 60 DAS over control. Under 20 kg P20s/ha, none of the soil and foliar 

applied treatments proved effective in this respect. Under 40 kg P20s/ha, soil application of 

DMSO at 2 kg/ha (YZ+YZ), soil application of TU+DMSO (YZ+YZ) and foliar spray of 

TU+DMSO significantly increased P distribution in pods at 60 DAS over control. In pooled 

data, under no phosphorus, soil application of TV+DMSO (YZ+YZ) significantly increased P 

distribution in pods at 60 DAS by 38.5 per cent over control. Rests of the treatments were not 

significant. Under 20 kg P20s/ha, all the soil and foliar applied treatments ofTU and DMSO 

proved ineffective. Under 40 kg P20s/ha, soil application of DMSO at 2 kg/ha (YZ+YZ), soil 

application of TU+DMSO (YZ+YZ), foliar spray of 500 ppm TV, foliar spray of 100 ppm 

DMSO and foliar spray of TU+DMSO significantly increased P distribution in pods at 60 

DAS by 15.8,15.0, 19.6, 15.3 and 17.7 per cent, respectively over control. The maximum P 

distribution (12.6%) was obtained with soil application of TU+DMSO (Yz+'.h) under no 

phosphorus. It was significantly superior to all treatment combinations except foliar spray of 

TU+DMSO under 20 kg PzOslha. 

4A.S.17 P distribution in leaves at 90 DAS 

Data (fable 4A.60) show that phosphorus application brought about significant 

increase in P distribution in leaves at 90 DAS upto 40 kg P20s/ha during 2000 only. On the 

basis of pooled data, 20 and 40 kg PzOs/ha significantly increased P distribution in leaves by 



'fable: 4A.S7 Effect of thiourea and DMSO on P distribution (%) in leaves at 60 
DAS at varying levels of phosphorus . 

Year 1999 PllosQhorus {kg/ha} Mean 
0 20 40 

Control 47.66 46.74 49.21 47.87 
5 kg TUlha in soil (basal) 49.51 45.84 50.34 48.56 
5 kg TU/ha in soil e Iz + 1/2) 48.65 47.27 48.41 48.11 
2 kg DMSO/ha in soil ('/2 + 'h) 46.68 43.07 48.06 45.93 
TU+DMSO in soil ('/2 + '/z) . 45.47 49.65 47.02 47.38 
500 ppm TU (spray) 47.62 47.01 48.13 47.58 
100 ppm DMSO (spray) 44.59 46.17 47.47 46.08 
TU+DMSO ~spray) 46.89 45.24 47.81 46.64 
Mean 47.13 46.37 48.31 

Phosphorus Chemicals Interaction 
S.Em+ 0.505 0.825 1.429 
C.D. (0.05) 1.400 NS NS 

Year 2000 PhosQhorus {kg/ha} Mean 
0 20 40 

Control 47.18 48.30 49.50 48.33 
5 kg TU/ha in soil (basal) 47.56 47.60 50.47 48.54 
5 kg TUlha in soil (1/2+ 112) 47.30 48.31 49.60 48.40 
2 kg DMSO/ha in soil ('/2 + '/z) 47.18 47.18 49.18 47.85 

, TU+DMSO in soil ('/z+ 112) 45.01 50.29 49.66 48.3] 
500 ppm TU (spray) 47.41 47.48 48.86 47,92 
100 ppm DMSO (spray) 47.37 45.19 47.77 46.77 
TU+DMSO (spray) 46.40 48.15 48.94 47.83 
Mean 46.93 47.81 49.25 

Phosphorus Chemicals Interaction 
S.Em+ 0.264 0.431 0.747 
C.D. (0.05) 0.732 NS 2.070 

Pooled PhosQhorus (kg/ha) Mean 
0 20 40 

Control 47.42 47.52 49.35 48.10 

5 kg TU/ha in soil (basal) 48.54 46.72 50.41 48.55 

5 kg TUlha in soil e Iz + I/z) 47.98 47.79 49.00 48.26 

2 kg DMSOlha in soil ('Iz+ lIz) 46.93 45.12 48.62 46.89 

TU+DMSO in soil e/2+ '/2) 45.24 49.97 48.34 47.85 

500 ppm TU (spray) 47.52 47.24 48.50 47.75 

100 ppmDMSO (spray) 45.98 45.68 47.62 46.43 

TU+DMSO (spray) 46.64 46.70 48.38 47.24 

Mean 47.03 47.09 48.78 
Phosphorus Chemicals Interaction 

S.Em± 0.285 0.465 0.806 
c.n. (0.05) 0.790 1.290 2.234 



Table: 4A.S8 Effect of thiourea and DMSO on P distribution (%) in stems at 60 
DAS at varying levels of phosphorus 

Year 1999 Phos~horus {kg/ha} Mean 
0 20 40 

Control 43.05 42.88 41.77 42.57 
5 kg TU/ha in soil (basal) 41.22 43.87 40.39 41.82 
5 kg TU/ha in soil (12 + 1/2 ) 41.76 41.74 41.81 41.77 
2 kg DMSOnla in soil e 12 + 1/2) 43.95 45.93 41.67 43.85 
TU+DMSO in soil (/2+ 1/2) 41.51 39.51 42.66 41.22 
500 pplll TU (spray) 42.86 42.01 41.07 41.98 
100 ppm DMSO (sl\_ray) 44.43 43.14 41.94 43.17 
TU+DMSO (sprny) 43.27 42.99 41.72 42.66 
Mean 42.76 42.76 41.63 

Phosphorus Chemicals Interaction 
S.Em+ 0.543 0.887 1.536 
C.D. (0.05) NS NS NS 

Year 2000 Phos~horus {kg/ha) Mean 
0 20 40 

Control 43.91 41.23 41.56 42.23 
5 kg TU/ha in soil (basal) 43.72 41.90 39.80 41.81 
5 kg TU/ha in soil e 12 + 1/2 ) 42.51 40.45 40.31 41.09 
2 kg DMSO/ha in soil (/2 + 1/2 ) 43.83 41.79 40.28 41.97 
TU+DMSO in soil (12 + 1/2) 42.81 39.15 .40.01 40.65 
500 ppm TU (spray) 43.64 40.92 40.43 41.66 
100 ppm DMSO (spray) 43.60 43.92 42.10 43.21 
TU+DMSO (spray) 44.56 40.45 40.44 41.82 
Mean 43.57 41.23 40.62 

Phosphorus Chemicals Interaction 
S.Em± 0.268 0.438 0.758 
C.D. (0.05) 0.743 1.214 NS 

Pooled PhosEhorus {kg/hal Mean 
0 20 40 

Control 43.48 42.05 41.67 42.40 
5 kg TU/ha in soil (basal) 42.47 42.88 40.10 41.81 
5 kg TU/ha in soil e 12 + 1/2) 42.13 41.10 41.06 41.43 
2 kg DMSO/ha in soil (/2 + 1/2) 43.89 43.86 40.97 42.91 

TU+DMSO in soil (12 + 1/2) 42.16 39.33 41.33 40.94 
500 ppm TU (spray) 43.25 41.46 40.75 41.82 
100 ppm DMSO (spray) 44.02 43.53 42.02 43.19 
TU+DMSO (spray) 43.92 41.72 41.08 42.24 
Mean 43.16 41.99 41.12 

Phosphorus Chemicals Interaction 
S.Em+ 0.303 0.494 0.856 
C.D:(O.05) 0.839 1.371 NS 



Table: 4A.59 Effect of thiourea and DMSO on P distribution (%) in pods at 60 
DAS at varying levels of phosphorus 

Year 1999 Phosl'horus {kg/lla} Mean 
0 20 40 

Control 9.30 10.38 9.02 9.57 
5 kg TUlha in soil (basal) 9.27 10.33 9.28 9.62 
5 kg TUlha in soil (112 + 1/2) 9.58 10.99 9.77 10.11 
2 kg DMSO/ha in soil e/2 + 1/2) 9.38 11.27 10.26 10.30 
TU+DMSO in soil e12+ 1/2) 13.02 10.86 10.32 11.40 
500 ppm TU (Sp~y) 9.53 10.99 10.81 10.45 
100 ppm DMSO sI?my) 10.99 10.70 10.58 10.76 
TU+DMSO (spray) 9.85 11.76 10.49 10.70 
Mean 10.11 10.91 10.06 

Phosphorus Cllemicals Interaction 
S.Em+ 0.238 0.389 0.674 
C.D. (0.05) 0.661 1.079 NS 

Year 2000 Phos_Qhorus {kg/ha} Mean 
0 20 40 

Control 9.91 10.45 8.95 9.44 
5 kg TUlha in soil (basal) 8.98 10.48 9.75 9.73 
5 kg TU/ha in soil e 12 + 1/2) 10.21 11.23 10.10 10.51 
2 kg DMSO/ha in soil e 12 + 1/2) 8.99 11.05 10.55 10.19 
TU+DMSO in soil e 12 + 1/2) 12.17 10.55 10.35 11.03 
500 ppm TU (spray) 9.85 11.60 10.68 10041 
100 ppm DMSO (spray) 9.03 10.90 10.12 10.02 
TU+DMSO (spray) 9.04 11.40 10.65 10.36 
Mean 9.54 10.96 10.14 

Phosphorus Chemicals Interaction 
S.Em+ 0.186 0.304 0.527 
C.D. (0.05) 0.516 0.843 1.460 

Pooled PhosE horus {kg/ha2 Mean 
0 20 40 

Control 9.10 10.41 8.98 9.50 
5 kg TU/ha in soil (basal) 9.12 10.40 9.51 9.68 
5 kg TU/ha in soil e 12 + 1/2) 9.89 11.11 9.93 10.31 
2 kg DMSO/ha in soil (1 /2 + 1/2) 9.18 11.16 10.40 10.25 

TU+DMSO in soil e/2 + liz) 12.60 10.71 10.33 11.21 
500 ppm TU (spray) 9.24 11.30 10.74 10.43 
lao ppm DMSO (spray) 10.01 10.80 10.35 10.39 
TU+DMSO (spray) 9.44 11.58 10.57 10.53 
Mean 9.82 10.93 10.10 

Phosphorus Chemicals Interaction 
S.Em+ 0.151 0.247 0.428 
C.D. (0.05) 0.419 0.685 1.186 

Ittr 



12.7 and 16.6 per cent, respectively over control. However, levels 20 and 40 kg P20s/ha were 

at par in this respect. 

Soil application of TV at 5 kg/ha (basal) significantly increased P distribution in 

leaves at 90 DAS in both the years. Soil application of TV at 5 kg/ha (YZ+YZ) also significantly 

mcreased P distribution in leaves during 2000 only. Soil application of DMSO at 2 kglha 

('!J+Yz) significantly increased P distribution in leaves during both the years. On the basis of 

pooled dL'lta, soil application of TU at 5 kg/ha (basal), soil application of TV at 5 kglha 

(Yz+Yz), soil application of DMSO at 2 kg/ha (YZ+YZ) and soil application of TV+DMSO 

('!J+Yz) significantly 'increased P distribution in leaves by 31.6, 29.9, 21.5 and 25.2 per cent, 

respectively over control. 

Foliar sprays of 500 ppm TV and TV+DMSO significantly increased P distribution in 

leaves at 90 DAS during both the years. Foliar spray of 100 ppm DMSO was effective in 

2000 only. In pooled data, foliar sprays of 500 ppm TV, 100 ppm DMSO and TV+DMSO 

significantly increased P distribution in leaves at 90 DAS by 48.0, 13.8 and 44.6 per cent, 

respectively over control. 

Data (Table 4A.60) show that TV and DMSO interacted significantly with 

phosphorus in influencing P distribution in leaves at 90 DAS during 2000 only. All the soil 

and foliar applied treatments of TV and DMSO significantly increased P distribution in leaves 

at 90 DAS over control, under each levels of phosphorus. The highest P distribution in leaves 

at 90 DAS was recorded with foliar spray 500 ppm TV under 20 kg P20 5/ha. In pooled data, 

mteraction effects were not significant. 

4A.S.18 P distribution in stems at 90 DAS 

Data (Table 4A.6l) show that phosphorus application resulted in significant reduction 

in P distribution in stems at 90 DAS as compared to control during both the years. On the 

basis of pooled data, a significant reduction in P distribution in stems by 12.1 and 17.1 per 

cent over control due to application of20 and 40 kg P20 5ha, respectively. Further, application 

of' 40 kg P20/ha recorded significantly higher reduction in P distribution in stems over 20 kg 

P20s/ha. 

Soil application of TV at 5 kg/ha (basal) brought about significant reduction in P 

distrib~tion in stems at 90 DAS during 2000 only. Soil application of TV at 5 kglha (Yz+Yz) , 

soil application of DMSO at 2 kg/ha (YZ+YZ) and soil application of TV+DMSO (Yz+%) 

Significantly reduced P distribution in stems as compared to control during both the years. In 

Pooled data, the per cent reduction in P distribution in stems due to soil application of TV at 5 

kg/ha (basal), soil application of TV at 5 kg/ha (Yz+%), soil application of DMSO at 2 kg/ha 



(~+Yz) and soil application of TU+DMSO (YZ+YZ) were in the order of 12.1, 22.5, 8.4 and 

24.4. 

Foliar spray of 100 ppm DMSO did not influence the P distribution in stems at 90 

DAS during 1999 only. However, foliar sprays of 500 ppm TU and TU+DMSO proved 

e~ective in this respect during both the years. Pooled data showed that foliar sprays of 500 

ppm TU, 100 ppm DMSO and TU+DMSO significantly decreased P distribution in stems by 

35.3, 7.3 and 36.2 per cent, respectively over control. 

Data (Table 4A.61) show that TU and DMSO interacted significantly with 

phosphorus in influencing P distribution in stems at 90 DAS during both the years. In pooled 

data, under no phosphorus, soil application of TU at 5 kg/ha (basal), soil application of TV at 

5 kglha (%.+%.), soil application of DMSO at 2 kg/ha (Yz;-th), soil application of TU+DMSO 

(Y2+Yz), foliar spray of 500 ppm TV, foliar spray of 100 ppm DMSO and foliar spray of 

TU+DMSO significantly decreased P distribution in stems at 90 DAS by 16.5, 23.7, 16.7, 

30.7, 40.2, 12.8 and 43.0 per cent, respectively over control. Under 20 kg P20s/ha, soil 

application of TU at 5 kg/ha (YZ+YZ), soil application of TU+DMSO (YZ+YZ), foliar spray of 50 

ppm TU and foliar spray of TU+DMSO significantly reduced P distribution in stems at 90 

DAS by 17.4, 16.3, 29.5 and 30.5 per cent, respectively over control. Under 40 kg PzO/ha, 

soil application of TU at 5 kg/ha (basal), soil application of TU at 5 kg/ha (YZ+YZ), soil 

application of TU+DMSO (YZ+YZ), foliar spray of 500 ppm TU, foliar spray of 100 ppm 

DMSO and foliar spray of TU+DMSO significantly decreased P distribution in stems at 90 

DAS by 16.4,25.9,24.6,34.7,8.5 and 33.2 per cent, respectively over control. 

4A.5.19 P distribution in pods at 90 DAS 

Data (Table 4A.62) show that phosphorus application brought about significant 

increase in P distribution in pods at 90 DAS during 2000 only. In pooled data, 20 and 40 kg 

P20s/ha significantly increased P distribution in pods by 3.0 and 4.9 per cent, respectively 

over control. Further, level 20 and 40 kg P20s/ha were at par. 

Soil application of TV at 5 kg/ha (YZ+YZ) significantly increased P distribution in pods 

during 2000 only. Soil application of TV+DMSO (YZ+YZ) proved effective during both the 

years. However, soil application ofDMSO at 2 kg/ha (Yz+Yl) proved ineffective in this respect 

in both .the years. In pooled data, soil application of TU at 5 kg/ha (Yz+Yz) and soil application 

of TU+DMSO (Yz+Yz) significantly increased P distribution in pods at 90 DAS by 6.7 and 

10.0 per cent, respectively over control. 

Foliar sprays of 500 ppm TV and TV+DMSO significantly increased P distribution in 

pods at 90 DAS during both the years. While, foliar spray of 100 ppm DMSO proved 

ineffective in both the years. On the basis of pooled data, foliar sprays of 500 ppm TV and 



Table: 4A.60 Effect of thiourea and DMSO on P distribution .in leaves at 90 DAS 
at varying levels of phosphorus 

Year 1999 PhosEhorus (kglha2 Mean 
0 20 40 

Control 24.02 25.71 25.54 25.09 
5 kg TU/ha in soil (basal) 29.64 29.97 32.70 30.77 
5 kg TU/ha in soil e 12 + 1/2 ) 27.77 27.93 25.95 27.22 
2 kg DMSO/ha in soil e/2+ 1/2) 29.28 29.44 30.17 29.63 
TV+DMSO in soil e/2+ 1/2 ) 24.50 24.52 24.83 24.62 
500 ppm TV (spray) 27.47 32.36 29.79 29.87 
100 ppm DMSO (spmy) 26.27 26.27 28.81 27.12 
TU+DMSO (spmy) 28.39 30.05 29.91 29.45 
Mean 27.17 28.28 28.46 

Phosphorus Chemicals Intemction 
S.Em± 0.599 0.978 1.695 
C.D. (0.05) NS 2.713 NS 

Year 2000 PhosEhorus {kglha) Mean 
0 20 40 

Control 8.92 13.88 13.08 11.96 
5 kg TU/ha in soil (basal) 15.53 18.40 20.08 18.00 
5 kg TU/ha in soil (112 + 1/2) 17.30 21.80 22.85 20.65 
2 kg DMSO/hainsoil C/2 + 1/2) 11.30 15.60 19.23 15.38 
TU+DMSO in soil C12 + 1/2) 14.48 22.08 25.73 21.76 
500 ppm TV (spray) 22.90 27.08 25.10 25.03 
100 ppm DMSO (spmy) 10.27 16.05 18.83 15.05 
TU+DMSO (spmy) 21.20 24.53 26.63 24.12 
Mean 15.61 19.93 21.44 

Phosphorus Chemicals Intemction 
S.Em+ 0.184 0.301 0.521 
C.D. (0.05) 0.511 0.834 1.444 

Pooled PhosEhorus {kglha2 Mean 
0 20 40 

Control 16.47 19.79 19.31 18.52 
5 kg TUlha in soil (basal) 22.58 24.19 26.39 24.38 
5 kg TU/ha in soil (112 + 1/2) 22.53 24.87 24.40 23.93 
2 kg DMSO/ha in soil C Iz + liz) 20.29 22.52 24.70 22.50 
TU+DMSO in soil (1/2+ liz) 20.99 23.30 25.28 23.19 
500 ppm TU (spray) 25.19 29.72 27.44 27.45 
100 ppm DMSO (spmy) 18.27 21.16 23.82 21.08 
TU+DMSO (spray) 24.79 27.29 28.27 26.78 
Mean 21.39 24.10 24.95 

Phosphorus Chemicals Interaction 
S.Em+ 0.313 0.512 0.887 
C.D, (0.05) 0.869 1.419 NS 



Table: 4A.61 Effect of thiourea and DMSO on P distribution in stems at 90 DAS 
at varying levels of phosphorus 

Year 1999 Phosehorus {kglha2 Mean 
0 20 40 

Control 38.16 30.33 31.03 33.17 
5 kg TU/ha in soil (basal) 33.89 33.50 27.95 31.78 
5 kg TU/ha in soil C 12 + 1/2) 30.87 27.51 27.05 28.41 
2 kg DMSO/ha in soil e 12 + 1/2) 30.90 30.67 29.29 30.29 
TU+DMSO in soil e/2+ 1/2) 30.22 30.64 29.88 30.25 
500 ppm TU (spray) 21.85 22.47 23.21 22.51 
100 ppm DMSO (~ray) 32.63 32.51 31.23 32.12 
TU+DMSO (spray 22.33 21.88 23.09 22.43 
Mean 30.11 28.66 27.84 

Phosphorus Chemicals Interaction 
S.Em+ 0.388 0.633 1.096 
C.D. (0.05) 1.075 1.755 3.039 

Year 2000 Phose horus {kglha) Mean 
0 20 40 

Control 49.16 36.82 37.47 41.15 
5 kg TU/ha in soil (basal) 38.99 32.41 29.32 33.57 
5 kg TU/ha in soil e 12 + 1/2) 35.75 28.18 23.67 29.20 
2 kg DMSO/ha in soil e /2 + 1/2) 41.88 35.81 35.55 37.74 
TU+DMSO in soil e/2+ Ih) 30.27 25.60 21.74 25.87 
500 ppm TU (spray) 30.40 24.89 21.48 25.59 
100 ppm DMSO (spray) 43.46 35.36 31.44 36.75 
TU+DMSO (spray) 27.42 24.79 22.65 24.95 
Mean 37.17 30.48 27.91 

Phosphorus Chemicals Interaction 
S.Em+ 0.372 0.608 1.053 
C.D. (0.05) 1.032 1.685 2.918 

Pooled PhosEhorus ~ kglha) Mean 
0 20 40 

Control 43.66 35.58 34.25 37.16 
5 kg TU/ha in soil (basal) 36.44 32.95 28.64 32.68 
5 kg TU/ha in soil e h + 1/2) 33.31 27.74 25.36 28.81 
2 kg DMSO/ha in soil e/2 + 1/2) 36.39 33.24 32.42 34.02 

TU+DMSO in soil e/2 + 1/2) 30.25 28.12 25.81 28.06 
500 ppm TU (spray) 26.13 23.68 22.35 24.05 
100 ppm DMSO (spray) 38.05 33.93 31.33 34.44 
TU+DMSO (spray) 24.88 23.33 22.87 23.69 
Mean 33.64 29.57 27.88 

Phosphorus Chemicals Interaction 
S.Em+ 0.269 0.439 0.760 
C.D. (0.05) 0.745 1.216 2.107 
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Table: 4A.62 Effect of thiourea and DMSO on P distribution in pods at 90 DAS 
at varying levels of phosphorus 

Year 1999 Phosl2horus {kglha} Mean 
0 20 40 

Control 37.82 43.95 43.43 41.73 
5 kg TU/ha in soil (basal) 36.47 36.53 39.36 37.45 
5 kg TUlha in soil e 12 + 1/2) 41.36 44.76 47.00 44.37 
2 kg DMSO/ha in soil e /2+ 1/2 ) 39.82 39.89 40.55 40.08 
TU+DMSO in soil e12+ 1/2) 45.28 44.84 45.29 45.14 
500 ppm TU (spray) 50.68 45.17 47.01 47.62 

~+~~~~;p~~f~Y) 41.10 41.22 39.96 40.76 
49.28 48.07 46.99 48.11 

Mean 42.73 43.05 43.70 
Phosphorus Chemicals Interaction 

S.Em + 0.633 1.035 1.792 
C.D. (0.05) NS 2.868 NS 

Year 2000 Phosl2horus {kg/ha} Mean 
0 20 40 

Control 41.92 49.31 49.48 46.90 
5 kg TU/ha in soil (basal) 45.49 49.19 50.59 48.43 
5 kg TU/ha in soil (112 + 1/2) 46.96 50.02 53.50 50.16 
2 kg DMSO/ha in soil (1/2 + 1/2) 46.82 48.60 45.24 46.89 
TU+DMSO in soil e/2+ 1/2) 52.24 52.31 52.52 52.36 
500 ppm TU (spray) 46.68 48.03 53.41 49.38 
100 ppm DMSO (spray) 46.29 48.61 49.74 48.22 
TU+DMSO (spray) 51.36 50.68 50.75 50.93 
Mean 47.22 49.58 50.65 

Phosphorus Chemicals Interaction 
S.Em± 0.407 0.665 1.153 
C.D. (0.05) 1.129 1.845 3.195 

Pooled PhosEhorus {kglha} Mean 
0 20 40 

Control 39.87 46.63 46.46 44.32 
5 kg TUlha in soil (basal) 40.98 42.86 44.98 42.94 
5 kg TU/ha in soil C 12 + 1/2) 44.16 47.39 50.25 47.27 
2 kg DMSOlha in soil (1/2+ 1/2) 43.32 44.24 42.89 43.49 

TU+DMSO in soil (1/2+ 112) 48.76 48.58 48.91 48.75 
500 ppm TU (spray) 48.68 46.60 50.21 48.50 
100 ppm DMSO (spray) 43.70 44.92 44.85 44.49 
TU+DMSO (spray) 50.32 49.38 48.87 49.52 
Mean 44.97 46.33 47.18 

Phosphorus Chemicals Interaction 
S.Em± 0.377 0.615 1.065 
C.D. (0:05) 1.044 1.705 2.954 



1.5-1 

TV+DMSO significantly increased P distribution in pods by 9.4 and 11.7 per cent, 

respectively over control. 

Data on combined effects of treatments (Table 4A.62) show that TU and DMSO 

mteracted significantly with phosphorus in influencing P distribution in pods at 90 DAS 

during 2000 only. Under no phosphorus, all the soil and foliar applied treatments of TU and 

DMSO significantly increased P distribution in pods at 90 DAS over control. Under 20 kg 

P20sllm, none of the soil and foliar applied treatments of TU and DMSO proved effective. 

Under 40 kg P20s/ha, soil application of TU at 5 kg/ha (YZ+YZ) and foliar spray of 500 ppm 

TV significantly increas~d P distribution in pods over control. However, rest of the treatments 

remained unaffected. In pooled data, soil application of TV at 5 kg/ha (Yz+Ih), soil application 

of DMSO at 2 kg/ha (112+112), soil application of TU+DMSO (Yz+Ih), foliar spray of 500 

ppm TU, foliar spray of 100 ppm DMSO and foliar spray of TV+DMSO significantly 

increased P distribution in pods at 90 DAS by 10.7, 8.6, 22.3, 22.1, 9.6 and 26.2 per cent, 

respectively over control. However, soil application of TU at 5 kg/ha (basal) remained 

unaffected in this respect. Foliar spray of TU+DMSO was n:tost effective. Under 20 kg 

P10s/ha, all the soil and foliar applied treatments of TU+DMSO remained unaffected. 

However, P distribution in pods at 90 DAS was significantly lower u.nder soil application of 

TU at 5 kg/ha (basal), when compared with control. Under 40 kg P20s/ha, soil application of 

TU at 5 kg/ha (Ya+Yz) and foliar spray of 500 ppm TV significantly increased P distribution in 

pods at 90 DAS by 8.2 and 7.9 per cent, respectively over control. However, rest of the 

treatments remained unaffected. The maximum P distribution in pods at 90 DAS (50.32%) 

was obtained with foliar spray of TU+DMSO under no phosphorus. The increases were of the 

order of26.2, 7.9 and 8.3 per cent over no phosphorus, 20 and 40 kg P20sfha, respectively 

4A.S.20 P distribution in leaves at physiological maturity 

Data (Table 4A.63) show that phosphorus application did not influence P distribution 

in leaves at physiological maturity during both the years. In pooled data, similar trends were 

noted. 

Soil application of TU at 5 kg/ha (basal) significantly increased P distribution in 

leaves at physiological maturity during 2000 only. Soil application of TU at 5 kglha (basal) 

and soil application of DMSO at 2 kg/ha (YZ+YZ) proved ineffective in 1999. Whereas, soil 

application of TV at 5 kg/ha (YZ+YZ) and soil application of TU+DMSO (112+1/2) proved 

effective during both the years. In pooled data, soil application of TV at 5 kg/ha (basal), soil 

application of TU at 5 kg/ha (YZ+YZ) and soil application of TU+DMSO (Yz-Ph) significantly 

Increased P distribution in leaves at physiological maturity by 14.8, 76.6 and 79.7 per cent, 

respectively over control. Soil application of DMSO at 2 kg/ha (Yz+Yz) did not proved 
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effective in pooled data. Further, in pooled data, soil application of TV at 5 kg/ha (YZ+YZ) 

proved superior to soil application of TV at 5 kg/ha (basal). 

Foliar sprays of 500 ppm, 100 ppm DMSO and TV+DMSO significantly increased P 

distribution in leaves at physiological maturity during both the years. In pooled data, similar 

trends were recorded. Thus, foliar sprays of 500 ppm TV, 100 ppm DMSO and TV+DMSO 

significantly increased P distribution in leaves by 91.7,31.7 and 102.5 per cent, respectively 

over control. 

Data on combined effect of treatments (Table 4A.63) show that effects of TV and 

DMSO on P distribut}op. in leaves at physiological maturity were significant under different 

levels of phosphorus in 2000 only. Vnder no phosphorus, all the soil and foliar applied 

treatments of TV and DMSO proved effective in increasing P distribution in leaves at 

physiological maturity over control. Under 20 and 40 kg P20s/ha, except soil application of 

DMSO at 2 kgllJ.a (IIz+Yz), all the soil and foliar applied treatments of TV and DMSO proved 

effective in this respect. In pooled data, soil application of TV at 5 kg/ha (Yz+IIz), soil 

application of TU+DMSO ('lS+'lS), foliar spray of 500 ppm TU, foliar spray of 100 ppm 

DMSO and foliar spray of TU+DMSO significantly increased P distribution in leaves at 

physiological maturity by 51.5, 73.2, 98.6, 32.2 and 104.8 per cent, respectively over control. 

Under 20 kg P20slha, soil application ofTU at 5 kgllla ('lS+'lS), soil application of TU+DMSO 

(Yz+'lS), foliar spray of 500 ppm TV, foliar spray of 100 ppm DMSO and foliar spray of 

TU+DMSO significantly increased P distribution in leaves by 80.3, 87.2, 92.5, 27.8 and 91.8 

per cent, respectively over control. Under 40 kg P20s/ha, soil application of TV at 5 kg/ha 

(basal), soil application of TV at 5 kg/ha ('lS+Yz), soil application ofTV+DMSO (Yz+%), foliar 

spray of 500 ppm TU, foliar spray of 100 ppm DMSO and foliar spray of TV+DMSO 

significantly increased P distribution in leaves at physiological maturity by 24.1, 100.3, 79.5, 

83.0, 35.4 and 111.0 per cent, respectively over control. Under no phosphorus, the highest P 

distribution in leaves at physiological maturity (7.56%) was obtained with foliar spray of 

TU+DMSO followed by foliar spray of 500 ppm TU (7.33%). It was at par with foliar spray 

of 500 ppm TV under no phosphorus and foliar spray of TU+DMSO under 40 kg P20s/ha but 

was significantly superior to rest of the treatments combinations in this respect. 

4A.5.21 P distribution in stems at physiological maturity 

Data (Table 4A.64) show that phosphorus application brought about significant 

decreased P distribution in stems at physiological maturity during both the years. In pooled 

data, 20 and 40 P20s/ha significantly decreased P distribution in stems by 14.6 and 18.2 per 

cent, respectively over control. The significant difference was noted between 20 and 40 kg 

P20s/ha. 



Table: 4A.63 Effect of thiourea and DMSO on P distribution in leaves at 
physiological maturity at varying levels of phosphorus 

Year 1999 Phos~horus {kg/ha) 
0 20 40 

Control 4.83 3.81 3.69 
5 kg TUlha in soil (basal) 4.15 4.20 4.51 
5 kg TUlha in soil C /2 + 1 h) 6.57 7.51 7.65 
2 kg DMSOlha in soil e /2 + 1/2) 4.41 3.86 3.93 
TU+DMSO in soil e /2 + 1/2) 7.17 7.11 6.46 
500 ppm TU (spray) 7.80 6.90 6.60 
100 ppm DMSO (spray) 5.93 5.06 5.34 
TU+DMSO (spray) 8.07 7.04 7.45 
Mean 6.11 5.68 5.70 

Phosphorus Chemicals Interaction 
S.Em± 0.166 0.271 0.469 
C.D. (0.05) NS 0.752 NS 

Year 2000 PhosQhorus {kg/ha) 
0 20 40 

Control 2.55 3.09 3.04 
5 kg TU/ha in soil (basal) 3.56 3.88 3.82 
5 kg TUlha in soil (1/2+ 1/2) 4.61 4.94 5.82 
2 kg DMSOlha in soil e/2+ 1/2) 3.73 3.29 3.51 
TU+DMSO in soil e/2+ 1/2) 5.61 5.82 3.61 
500 ppm TU (spray) 6.87 6.38 5.71 
100 ppm DMSO (spray) 3.85 3.76 3.76 
TU+DMSO (spray) 7.05 6.21 6.74 
Mean 4.73 6.67 4.75 

Phosphorus Chemicals Interaction 
S.Em± 0.071 0.116 0.201 
C.D. (0.05) NS 0.321 0.556 

Pooled Phos~horus {kg/ha} 
0 20 40 

Control 3.69 3.45 3.36 
5 kg TUlha in soil (basal) 3.85 4.04 4.17 
5 kg TUllia in soil C /2 + 1/2) 5.59 6.22 6.73 
2 kg DMSOlha in soil e/2+ Ih) 4.07 3.57 3.72 
TU+DMSO in soil e12+ 1/2) 6.39 6.46 6.03 
500 ppm TU (spray) 7.33 6.64 6.15 
100 ppm DMSO (spray) 4.88 4.41 4.55 
TU+DMSO (spray) 7.56 6.62 7.09 
Mean 5.42 5.18 5.23 

Phosphorus Chemicals Interaction 
S.Em+ 0.090 0.147 0.255 
C.D.jO.05) NS 0.409 0.708 

1.J3 

Mean 

4.11 
4.29 
7.24 
4.06 
6.91 
7.11 
5.44 
7.52 

Mean 

2.89 
3.75 
5.12 
3.51 
5.68 
6.32 
3.79 
6.67 

Mean 

3.50 
4.02 
6.18 
3.79 
6.29 
6.71 
4.91 
7.09 



Table: 4A.64 Effect of thiourea and DMSO P distribution in stems at 
physiological maturity at varying levels of phosphorus 

Year 1999 Phos~horus (kg/ha) 
0 20 40 

Control 39.26 28.65 28.48 
5 kg TU/ha in soil (basal) 31.78 30.05 27.45 
5 kg TUllm in soil C 12 + 1/2) 31.12 21.55 20.94 
2 kg DMSO/ha in soil e 12 + 1/2) 33.27 29.11 27.45 
TU+DMSO in soil ('/2 + 1/2) 31.32 23.67 22.19 
500 ppm TU (spray) 24.93 18.59 19.02 
lOO ppm DMSO (s,\ray) 33.49 27.69 27.56 
TU+DMSO (spray) 25.35 18.74 18.80 
Mean 31.31 24.75 23.99 

Phosphorus Chemicals Interaction 
S.Em+ 0.299 0.488 0.845 
CD. (0.05) 0.829 1.353 2.344 

Year 2000 PhosQhorus ~ kg/ha2 
0 20 40 

Control 35.67 32.23 29.12 
5 kg TU/ha in soil (basal) 32.58 31.43 28.08 
5 kg TU/ha in soil (' 12 + 1/2) 31.03 28.68 28.15 
2 kg DMSO/ha in soil ('/2+ 1/2) 33.02 30.52 29.66 
TU+DMSO in soil e12+ 1/2) 30.98 27.59 27.81 
500 ppm TU (spray) 31.12 27.56 27.93 
lOO ppm DMSO (spray) 33.14 31.46 27.79 
TU+DMSO (spray) 31.04 27.09 25.95 
Mean 32.32 29.57 28.06 

Phosphorus Chemicals Interaction 
S.Em± 0.308 0.503 0.871 
C.D. (0.05) 0.853 1.394 NS 

Pooled Phos~horus {kg/ha2 
0 20 40 

Control 37.47 30.44 28.80 
5 kg TU/ha in soil (basal) 32.18 30.74 27.77 
5 kg TU/ha in soil (' 12 + 1/2) 31.08 25.12 24.55 
2 kg DMSO/ha in soil e/2 + 1/2) 33.15 29.82 28.56 
TU+DMSO in soil e/2+ 1/2) 31.15 25.63 25.00 
500 ppm TU (spray) 28.03 23.07 23.48 
100 ppm DMSO (spray) 33.31 29.58 27.68 
TU+DMSO (spray) 28.20 22.92 22.38 
Mean 31.82 27.16 26.03 

Phosphorus Chemicals Interaction 
S.Em± 0.215 0.350 0.607 
C.D. (0.05) 0.595 0.971 1.682 

Mean 

32.13 
29.76 
24.54 
29.94 
25.73 
20.85 
29.58 
20.96 

Mean 

32.34 
30.70 
29.29 
31.07 
28.80 
28.87 
30.80 
28.03 

Mean 

32.24 
30.23 
26.91 
30.51 
27.26 
24.86 
30.19 
24.50 
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Soil application of TU at 5 kg/ha (basal) significantly decreased P distribution in 

stems at physiological maturity over control during both the years. Soil application ofTU at 5 

kglha (~+~) and soil application of TU+DMSO (~.ph) also significantly decreased P 

distribution in stems during both the years. However, soil application of DMSO at 2 kg/ha 

(Y2+~) proved effective in 1999 only. In pooled data, all the soil applied treatments proved 

effective. Soil application of TU at 5 kg/ha (basal), soil application of TU at 5 kg/ha (~+~), 

soil application of DMSO at 2 kglha (~+'ll) and soil application of TU+DMSO (Yz+~) 

significantly decreased P distribution by 6.2, 16.5 5.4 and 15.4 per cent, respectively over 

control. \ 

Foliar sprays of 500 ppm TU, 100 ppm DMSO and TU+DMSO significantly 

decreased P distribution in stems at physiological maturity during both the years. In pooled 

data also, similar trends were noted. The per cent decreased in P distribution in stems were in 

the order of22.9, 6.4 and 24.0 over control. 

Data on combined effects of treatments (Table 4A.64) show that TU and DMSO 

interacted significantly in influencing P distribution in stems at physiological maturity only in 

1999. Under no phosphorus, all the soil and foliar applied treatments of TU and DMSO 

significantly reduced P distribution in stems at physiological maturity over control. Under 20 

and 40 kg P20s/ha, P distribution in stems significantly reduced due to soil application of TU 

at 5 kg/11a (YZ+YZ), soil application of TV+DMSO (YZ+YZ). foliar spray of 500 ppm TV and 

foliar spray of TV+DMSO. Pooled data also show the similar trends. Further more, under 20 

kg P20s/ha, magnitude of reduction in P distribution in stems at physiological maturity was 

highest under foliar spray of TU,+DMSO. It was significant with rest of treatment 

combinations except foliar spray of 500 ppm TV under 20 kg P20slha and foliar spray of 500 

ppm TV and foliar spray ofTU+DMSO under 40 kg P20s/ha. 

4A.S.22 P distribution in pods at physiological maturity 

Data (Table 4A.65) reveal that phosphorus application brought about significant 

increase in P distribution in pods at physiological maturity during both the years. In pooled 

data, 20 and 40 kg P20s/ha significantly increased P distribution in pods by 7.8 and 9.6 per 

cent, respectively over control. Further, 40 kg P20s/ha was superior to 20 kg P20s/ha. 

All the soil applied treatment significantly increased P distribution in pods at 

physiological maturity during 1999 only. Whereas, in 2000, none of the soil applied 

treatments were effective in this respect. In pooled data, soil application of TU at 5 kgllla 

(basal), soil application ofTU at 5 kg/ha (~+Yz), soil application of DMSO at 2 kglha (Yz+'Iz) 

and soil application of TV+DMSO (~+Yz) significantly increased P distribution in pods by 



Table: 4A.65 Effect of thiourea and DMSO on P distribution in pods at 
physiological maturity at varying levels of phosphorus 

Year 1999 PhosQhorus {kg/ha2 
0 20 40 

Control 55.66 67.54 67.83 
5 kg TU/ha in soil (basal) 64.08 65.75 68.04 
5 kg TU/ha in soil e 12 + 1/2) 62.31 70.94 71.41 
2 kg DMSO/ha in soil (1/2 + 112) 62.32 67.04 68.62 
TU+DMSO in soil e /2+ 1/2) 61.51 69.22 71.11 
500 ppm TU (spray) 67.27 74.52 74.37 
100 ppm DMSO (~ray) 60.59 67.25 67.85 
TU+DMSO (spray 66.58 74.22 73.75 
Mean 62.53 69.56 70.37 

Phosphorus Chemicals Interaction 
S.Em± 0.381 0.622 1.078 
C.D. (0.05) 1.056 1.725 2.988 

Year 2000 PhosQhorus {kglha2 
0 20 40 

Control 61.79 64.69 67.84 
5 kg TUlha in soil (basal) 63.86 64.70 68.10 
5 kg TUlha in soil e 12 + 1/2) 64.36 66.38 66.03 
2 kg DMSOlha in soil e/2 + 1/2) 63.25 66.18 66.83 
TU+DMSO in soil C12+ 1/2) 63.41 66.59 66.58 
500 ppm TV (spray) 62.01 66.06 65.69 
100 ppm DMSO (spray) 63.02 64.78 68.44 
TU+DMSO (spray) 61.91 66.70 67.31 
Mean 62.95 65.76 67.10 

Phosphorus Chemicals Interaction 
S.Em± 0.310 0.507 0.877 
C.D. (0.05) 0.860 NS NS 

Pooled PhosQhorus {kglha) 
0 20 40 

Control 58.72 66.11 67.84 
5 kg TUlha in soil (basal) 63.97 65.22 68.07 
5 kg TUlha in soil (1/2 + 112) 63.33 68.66 68.72 
2 kg DMSOlha in soil C 12 + 1/2) 62.79 66.61 67.72 
TU+DMSO in soil C12+ 1/2) 62.46 67.91 68.84 
500 ppm TV (spray) 64.64 70.29 70.03 
100 ppm DMSO (spray) 61.80 66.02 68.15 
TU+DMSO (spray) 64.24 70.46 70.53 
Mean 62.74 67.66 68.74 

Phosphorus Chemicals Interaction 
S.Em+ 0.246 0.401 0.695 
C.D. (0.05) 0.681 1.112 1.926 

Mean 

63.68 
65.96 
68.22 
65.99 
67.28 
72.05 
65.23 
71.52 

Mean 

64.77 
65.55 
65.59 
65.42 
65.53 
64.59 
65.41 
65.30 

Mean 

64.22 
65.75 
66.90 
65.71 
66.40 
68.32 
65.32 
68.41 
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2.4, 4.2, 2.3 and 3.4 per cent, respectively over control. Soil application of TU at 5 kg/ha 

(Y2+lf2) proved superior to soil application ofTU at 5 kg/ha (basal). 

Foliar spray of 500 ppm TU and TU+DMSO significantly increased P distribution in 

pods during 1999 only. However, in 2000, all the foliar spray treatments were ineffective. In 

pooled data, foliar sprays of 500 ppm TU and TU+DMSO significantly increased P 

distribution in pods by 6.4 and 6.5 par cent, respectively over control. 

Data on combined effects of treatments (Table 4A.65) show that TU and DMSO 

interacted significantly in influencing P distribution in pods at physiological maturity during 

1999 only. Under no phosphorus, all the soil and foliar applied treatments of TU and DMSO 

significantly increased P distribution in pods at physiological maturity over control. Under 20 

kg P20s/ha, soil application of TU at 5 kg/Ita (Y2+ih), foliar spray of 500 ppm TU and foliar 

spray of TU+DMSO significantly increased P distribution in pods over control. Under 40 kg 

P20s/ha, soil application of TU at 5 kg/ha (Y2+Y2), soil application of DMSO at 2 kg/Ita 

(Yz+Y2), foliar spray of 500 ppm TU and foliar spray of TU+DMSO proved effective. In 

pooled data, all the soil and foliar applied treatments of TU and DMSO significantly 

increased P distribution in pods at physiological maturity over control under no phosphorus. 

However, under 20 kg P20 5/ha, soil application of TU at 5 kg/ha (Y2+lf2), foliar spray of 500 

ppm TU and foliar spray of TU+DMSO proved effective. Under 40 kg P20s/ha, only foliar 

spray of 500 TU and foliar spray of TU+DMSO proved effective in increasing P distribution 

in pods at physiological maturity over control. Under 20 kg P20 5/ha, the highest P distribution 

in pods at physiological maturity (70.46%) was obtained with foliar spray of TU+DMSO. 

HO,wever, it was at par with soil application of TU at 5 kg/ha (Yz+Y2) and foliar spray of 500 

ppm TU under 20 kg P20 5/ha. When compared to absolute control, 20 and 40 kg P20s/ha, the 

increases were of the order of 19.9,6.8 and 3.9 per cent, respectively. 

4A.6 EFFECT OF TU AND DMSO AT VARYING LEVELS OF PHOSPHORUS ON P 

UPTAKE 

4A.6.1 P uptake by seed 

Data (fable 4A.66) show that successive increase in P levels upto 40 kg P20slha 

significantly increased P uptake by seed during 1999, however, it responded significantly 

Upto 20 kg P20s/ha during 2000. In pooled data, 40 kg P20s/ha proved superior to 20 kg 

P20siha. Pooled data show that application of 20 and 40 kg P20s/ha significantly increased P 

uptake by 43.7 and 52.4 per cent, respectively over control. 

Soil application of TU at 5 kg/ha (Y2+Yz) significantly increased P uptake by seed over 

Control during both the years. In pooled data, soil application of TU at 5 kg/ha (Y2+ih) 

significantly increased P uptake by 15.4 per cent over soil application of TU at 5 kg/ha 



(basal). Soil application of DMSO at 2 kg/ha (~+~) has significant effect on P uptake during 

1999, whereas in 2000 it failed to improve in P uptake. However, soil application of 

TU+DMSO (~+~) significantly increased P uptake by seed during both the years. On the 

basis of pooled data, soil application of TU at 5 kg/ha (~+'i) and soil application of 

TU+DMSO (~+'i) significantly increased P uptake by 22.2 and 23.9 per cent, respectively 

over control. However, both the treatments were at par in this respect. 

Foliar sprays of 500 ppm TU, 100 ppm DMSO and TU+DMSO significantly 

increased P uptake by seed during 1999. However, in 2000 foliar spray of 100 ppm DMSO 

did not cause significant )rpprovement in P uptake by seed. On the basis of pooled data, foliar 

sprays of 500 ppm TU and TU+DMSO significantly increased P uptake by seed by 12.7 and 

15.3 per cent, respectively over control. 

Data (Table 4A.66) further show that application of TU and DMSO interacted 

significantly with phosphorus in influencing P uptake by seed in 1999 only. In 2000, 

interaction effects were not significant. In 1999, under no phosphorus, soil application of TU 

at 5 kglha (~+~), soil application ofDMSO at 2 kglha (~+~), soil application of TU+DMSO 

(Yi+~), foliar spray of 100 ppm DMSO and foliar spray ofTU+DMSO significantly increased 

P uptake by seed over control. Under 20 kg P20iha, only soil application of TU at 5 kg/ha 

(Yl+Yl) proved effective in incresing P uptake by seed over control. Under 40 kg P20siha, soil 

application of TU at 5 kg/ha (Y2+~), soil application of TU+DMSO (~+~), foliar spray of 

500 ppm TU and foliar spray of 100 ppm DMSO significantly increased P uptake by seed 

over control. However, these treatments were at par with soil application of TU at 5 kg/ha 

(Yl+'h) under 20 kg P20iha. The highest P uptake of 11.61 kg/ha obtained with soil 

application ofTU at 5 kglha (Y2+~) under 20 kg P20 5iha. When compared to absolute control, 

the increases were of the order of 91.3 per cent. In pooled data, interaction effects were not 

significant 

4A.6.2 P uptake by straw 

Data (Table 4A.67) indicate that phosphorus application brought about significant 

increased P uptake by straw upto 20 kg P20 5/ha during both the years. In pooled data, 40 kg 

P20slha was at par with 20 kg P20siha in this respect. Pooled data show that application of 20 

and 40 kg P20siha significantly increased P uptake by straw by 33.2 and 37.5 per cent, 

respectively over control. 

Effect of soil applied treatments on P uptake by straw were significant in 2000 only. 

Soil application of TU at 5 kg iha (Y,+~) and soil application of TU+DMSO (~+~) 

Significantly increased P uptake by straw over control, whereas soil application of TU at 5 kg 

IlIa (basal) and soil application of DMSO at 2 kg iha (Y2+'i) proved ineffective. In pooled 



Table: 4A66 Effect of thiourea and DMSO on P uptake by seed (kg/ha) at 
varying levels of phosphorus 

Year 1999 PhosEhorus {kg/ha} Mean 
0 20 40 

Control 6.07 9.71 10.04 8.60 
5 kg TUlha in soil (basal) 6.74 10.17 9.79 8.90 
5 kg TU/ha in soil e 12 + 1/2) 9.59 11.61 11.40 10.87 
2 kg DMSO/ha in soil (1/2 + 1/2) 7.71 9.89 10.25 9.29 
TU+DMSO in soil elz+ lIz) 9.44 10.90 11.67 10.67 
500 ppm TU (spray) 7.09 10.81 11.68 9.86 
100 ppm DMSO (spraZ> 8.03 9.43 11.09 9.52 
TU+DMSO (spray) 8.51 10.75 10.83 10.03 
Mean 7.90 10.41 10.84 

Phosphorus Chemicals Interaction 
S.Em± 0.152 0.249 0.431 
C.D. (0.05) 0.421 0.690 1.195 

Year 2000 PhosEhorus {kg/ha} Mean 
0 20 40 

Control 5.61 9.43 11.02 8.69 
5 kg TUlha in soil (basal) 6.02 10.13 12.09 9.41 
5 kg TUlha in soil e 12 + '/2) 7.35 11.52 11.95 10.27 
2 kg DMSOlha in soil ('/z + '/2) 6.43 9.84 10.89 9.05 
TU+DMSO in soil ('/2 + 1/2) 7.62 12.33 12.34 10.76 
500 ppm TU (spray) 6.97 10.47 11.47 9.64 
100 ppmDMSO (spray) 6.98 10.51 10.67 9.39 
TU+DMSO (spray) 7.19 10.91 11.60 9.90 
Mean 6.77 10.64 11.50 

Phosphorus Chemicals Interaction 
S.Em+ 0.180 0.294 0.508 
C.D._{O.05) 0.502 0.814 NS 

Pooled Phosl'hoIUs (kg/ha) Mean 
0 20 40 

Control 5.84 9.57 10.53 8.65 
5 kg TUlha in soil (basal) 6.38 10.15 10.94 9.16 
5 kg TUlha in soil e/2+ liz) 8.47 11.56 11.67 10.57 
2 kg DMSOlha in soil e 12 + lIz) 7.07 9.87 10.57 9.17 
TU+DMSO in soil ('/2 + lIz) 8.53 11.62 12.01 10.72 
500 ppm TU (spray) 7.03 10.64 11.57 9.75 
100 ppm DMSO (spray) 7.51 9.97 10.88 9.45 
TU+DMSO (spray) 7.85 10.83 11.22 9.97 
Mean 7.33 10.53 11.17 

Phosphorus Chemicals Interaction 
S.Em+ 0.188 0.192 . 0.333 
C.D. ('0.05) 0.327 0.533 NS 
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Table: 4A.67 Effect of thiourea and DMSO on P uptake (kg/ha) by straw at 
varying levels of phosphorus 

Year 1999 PhosQhorus {kg/ha2 Mean 
0 20 40 

Control 9.33 13.32 14.32 12.32 
5 kg TU/ha in soil (basal) 9.34 13.84 13.26 12.14 
5 kg TU/ha in soil (' /2 + 1/2) 12.44 12.79 15.38 13.53 
2 kg DMSOfha in soil ('/2+ 1/2) 10.81 12.61 13.08 12.16 
TU+DMSO in soil e/2+ Ih) 11.91 13.56 13.14 12.87 
500 ppm TU (spray) 9.36 14.16 . 13.93 12.48 
100 ppm DMS~(Spmy) 10.31 11.75 13.96 11.67 
TU+DMSO (sp y.) 11.77 13.92 13.10 12.93 
Mean 10.66 13.24 13.64 

Phosphorus Chemicals Intemction 
S.Em± 0.303 0.495 0.857 
C.D. (0.05) 0.840 NS NS 

Year 2000 Phos~horus {kg/ha} Mean 
0 20 40 

Control 8.97 14.23 14.92 12.70 
5 kg TUlha in soil (basal) 9.50 14.92 16.18 13.53 
5 kg TU/ha in soil e /2 + 1 h) 11.02 15.45 15.07 13.84 
2 kg DMSOlha in soil ('12 + 1/2) 10.24 14.78 14.86 13.29 
TU+DMSO in soil ('/2 + 1/2) 11.31 16.14 15.91 14.45 
500 ppm TU (spray) 10.94 13.69 14.79 13.14 
100 ppm DMSO (spmy) 10.43 14.76 15.55 13.58 
TU+DMSO (spmy) 10.75 14.25 15.01 13.34 
Mean 10.39 14.78 15.28 

Phosphorus Chemicals Intemction 
S.Em+ 0.266 0.434 0.752 
C.D. (0.05) 0.737 1.203 NS 

Pooled Phos~horus {kg/ha} Mean 
0 20 40 

Control 9.15 13.77 14.62 12.51 
5 kg TUlha in soil (basal) 19.42 14.38 14.72 12.84 
5 kg TUlha in soil (1/2 + 1/2) 11.70 14.12 15.22 13.89 
2 kg DMSOlha in soil e/2 + '/2) 10.52 13.69 13.97 12.73 
TU+DMSO in soil ('/2+ '/2) 11.61 14.85 14.52 13.66 
500 ppm TU (spray) 10.15 13.93 14.36 12.81 
100 ppm DMSO (spmy) 10.37 13.25 14.26 12.63 
TU+DMSO (spray) 11.26 14.09 14.05 13.13 
Mean 10.52 14.01 14.46 

Phosphorus Chemicals Intemction 
S.Em+ 0.202 0.329 0.570 
C.D. (0.05) 0.559 NS NS 
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data, all the soil applied treatments of TU and DMSO did not cause significant improvement 

in P uptake by straw. 

All the foliar spray treatments of TU and DMSO did not bring about significant 

variation in P uptake by straw during both the years. Pooled data also exhibited similar trends. 

4A.6.3 Total P uptake 

Data (fable 4A.68) show that phosphorus application resulted in significant increase 

in total P uptake upto 20 kg P20s/ha during 1999 and upto 40 kg P20siha in 2000. In pooled 

data, 40 kg P20sll\a proved superior to 20 kg P20s/ha. Application of 20 and 40 kg P20s/ha 

significantly increased total P uptake by 37.3 and 43.4 per cent, respectively over control. 

Soil application of TU at 5 kg /ha (ltS+Yz) significantly increased total P uptake over 

control. In pooled data, significant increase in total P uptake by 10.3 per cent due to soil 

application of TU at 5 kg /ha (YZ+YZ) over soil application of TU at 5 kg /ha (basal). Soil 

application of DMSO at 2 kg /ha (YZ+YZ) also did not influence the total P uptake during both 

the years, whereas soil application of TU+DMSO (YZ+YZ) has significant effect. On the basis 

of pooled data, soil application of TU at 5 kg /ha (YZ+YZ) and soil application of TU+DMSO 

(YZ+YZ) significantly increased total P uptake by 14.7 and 15.2 per cent, respectively over 

control. 

Foliar sprays of 500 ppm TU and TU+DMSO cause significant effects on total P 

uptake in 1999, whereas in 2000 all the foliar spray treatments were proved ineffective in this 

respect. Pooled data show that foliar spray of 500 ppm TU and TU+DMSO significantly 

increased total P uptake by 6.6 and 9.2 per cent, respectively over control. 

Data (fable 4A.68) further show that application of TV and DMSO interacted 

significantly with phosphorus in influencing total P uptake in 1999 only. In 2000, interaction 

effects were not significant. In 1999, under no phosphorus, soil application of TU at 5 kglha 

(Yz+Yz), soil application of DMSO at 2 kglha (YZ+YZ), soil appli~ation of TU+DMSO (ltS+'h) , 

foliar spray of 100 ppm DMSO and foliar spray of TU+DMSO significantly increased total P 

uptake by 43.1,20.6,38.7, ]9.1 and 31.7 per cent, respectively over control. Under 20 and 40 

kg P20s/ha, none of the soil and foliar appli~d treatments of TV and DMSO proved effective 

In this respect. Under 40 kg P20s/ha, the highest total P uptake of 26.78 and 25.61 kg/ha was 

obtained with soil application of TU at 5 kg/ha (112+112) and foliar spray of 500 ppm TV, 

respectively over control. However, these treatments were at per with soil application of TU 

at 5 kg/ha (basal), soil application of TU at 5 kg/ha (YZ+YZ), soil application of TU+DMSO 

(Yz+~), foliar spray of 500 ppm and foliar spray of TU+DMSO under 20 kg P20slha. Under 

20 kg P205/ha, soil application of TU at 5 kg/ha (basal), soil application of TU at 5 kglha 

(Yz+~), soil application of TU+(Yz+Yz), foliar spray of 500 ppm TU and foliar spray of 



Table: 4A.68 Effect of thiourea and DMSO on total P uptake (kg/ha) at varying 
levels of phosphorus 

Year 1999 Phos~horus (kg/ha) Mean 
0 20 40 

Control 15.40 23.03 24.22 20.88 
5 kg TU/ha in soil (basal) 16.08 24.00 23.04 21.04 
5 kg TUn13 in soil el2 + 1/2) 22.03 24.40 26.78 24.40 
2 kg DMSOnlu in soil (1/2+ 112) 18.58 22.50 23.32 21.47 
TV+DMSO in soil e /2+ Ih) 21.36 24.46 24.81 23.54 
500 ppm TV (spray) 16.44 24.97 25.61 22.34 
100 ppm DMSO (spra-<,) 18.34 2U8 24.05 21.19 
TU+DMSO (spray) 20.28 24.67 23.93 22.96 
Mean 18.56 23.65 24.47 

Phosphorus Chemicals Interaction 
S.Em± 0.374 0.611 1.058 
C.D. (0.05) 1.037 1.694 2.933 

Year 2000 Phos~horus (kg/ha} Mean 
0 20 40 

Control 14.73 23.66 25.94 21.44 
5 kg TU/ha in soil (basal) 15.52 25.06 28.27 22.95 
5 kg TV/ha in soil e 12 + 1/2) 18.36 26.96 27.01 24.11 
2 kg DMSO/ha in soil <,12 + 1/2) 16.67 24.62 25.74 22.34 
TV+DMSO in soil e 12+ Ih) 18.93 28.47 28.25 25.21 
500 ppm TV (spray) 17.91 24.16 26.26 22.78 
100 ppm DMSO (spray) 17.42 25.27 26.22 22.97 
TV+DMSO (spray) 17.94 25.16 26.61 23.24 
Mean 17.18 25.42 26.78 

Phosphorus Chemicals Interaction 
S.Em+ 0.410 0.670 1.160 
C.D. (0.05) 1.136 1.857 Ns 

Pooled Phos~horus (kg/ha~ Mean 
0 20 40 

Control 15.07 23.34 25.08 21.16 
5 kg TV/ha in soil (basal) 15.79 24.53 25.66 21.99 
5 kg TV/ha in soil e 12 + 1/2) 20.19 25.68 26.89 24.26 
2 kg DMSO/ha in soil e/2 + 1/2) 17.62 23.56 24.53 21.91 
TU+DMSO in soil C/2+ 1/2) 20.14 26.46 26.53 24.38 
500 ppm TV (spray) 17.18 24.57 25.94 22.56 
100 ppm DMSO (spray) 17.88 23.22 25.14 22.08 
TU+DMSO (spray) 19.11 24.92 25.27 23.10 
Mean 17.87 24.54 25.63 

Phosphorus Chemicals Int.eraction 
S.Em+ 0.278 0.453 0.785 
C.D. (0.05) 0.769 1.257 NS 



TU+DMSO significantly increased total P uptake by 55.8,58.4,58.8,62.1 and 60.9 per cent, 

respectively over absolute control. Combined effects of treatments on total P uptake, 

however, tumed out non-significant in pooled data. 

4A.6.4 Agronomic efficiency 

Data (Table 4A.69) show that agronomic efficiency decreased with incresing levels of 

phosphorus during both the years. Mean data show that application of 20 and 40 kg P20s/ha 

gave an agronomic efficiency of 32.9 and 18.9 kg grain/kg applied Plha, respectively. 

All the soil applied treatments proved effective in increasing agronomic efficiency of 

the crop during both the years. Mean data show that the highest agronomic efficiency of 30.4 

kg grain!kg applied Plha was recorded due to soil application of TV+DMSO followed by soil 

application of TV at 5 kg/ha (Yz+Yz) 

Agronomic efficiency increased under all the foliar spray treatments during both the 

years. Foliar spray of 500 ppm TV, 100 ppm DMSO and TU+DMSO recorded higher 

agronomic efficiency of 27.2, 24.1 and 27.3 kg grain!kg applied Plha, respectively in 

comparison to control (21.3 kg grain! kg applied PI ha). 

4A.6.5 Physiological efficiency 

Data (Table 4A.70) show that physiological efficiency increased with increasing 

levels of phosphorus during both the years. Mean data show that application of 40 kg P20s/ha 

gave higher physiological efficiency (71.9 kg grain! kg P uptakelha) in comparison to 20 kg 

P10 5/ha (69.4 kg grain! kg P uptakelha). 

Physiological efficiency increased due to all the soil applied treatments over control 

during both the years. On the basis of mean data, soil application ofTy at 5 kglha (basal), soil 

application of TV at 5 kg/ha (YZ+YZ), soil application of DMSO at 2 kg Iha and soil application 

ofTU+DMSO recorded higher physiological efficiency of66.8, 7l.2, 70.5 and 71.9 kg grain! 

kg P uptake! ha, respectively over control (64.4 kg grain!kg P uptake/ha). 

All the foliar spray treatments also proved effective in increasing physiological 

efficiency over control during both the years. The magnitude of increase in physiological 

efficiency due to foliar spray treatments was higher in comparison to soil applied treatments. 

[n mean data, the highest physiological efficiency (73.6 kg grain! kg P uptake/ha) was 

obtained under foliar spray of 500 ppm TV followed by foliar sprays of 100 ppm DMSO and 

TU+DMSO (73.3 kg grain! kg P uptake! ha). 
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Table: 4A.69 Effect of thiourea and DMSO on agronomic e.fficiency at varying 
levels of phosphorus 

Year 1999 

Control 
5 kg TU/ha in soil (basal) 
5 kg TU/ha in soil e/2+ 1/2) 

2 kg DMSO/ha in soil (112 + 1 h) 
TU+DMSO in soil e/2+ (/2) 
500 ppm TV (spray) 
100 ppm DMSO (spray) 
TU+DMSO (spcly) 
Mean 

Year 2000 

Control 
5 kg TV/ha in soil (basal) 
5 kg TV/ha in soil (1/2 + 1/2) 
2 kg DMSOlha in soil c'/z+ 1/2) 
TU+DMSO in soil (Ih+ 1/2) 

500 ppm TV (spray) 
100 ppmDMSO (spray) . 
TU+DMSO (spray) 
Mean 

Pooled 

Control 
5 kg TU/ha in soil (basal) 
5 kg TU/ha in soil (112 + 1/2) 

2 kg DMSO/ha in soil (112 + 1/2) 
TU+DMSO in soil (1/2+ 1/2) 
500 ppm TV (spray) 
100 ppm DMSO (spray) 
TU+DMSO (spray) 
Mean 

Phosphorus ( kglha) 
20 40 

23.4 12.2 
27.0 11.2 
35.5 16.9 
25.5 13.8 
29.5 17.9 
30.8 19.2 
20.7 17.6 
30.8 15.2 
27.8 15.5 

Phos2horus {kglha} 
20 40 

28.8 20.6 
34.8 25.1 
43.7 23.3 
32.4 20.6 
49.1 24.9 
36.4 22.5 
38.0 19.9 
40.1 22.9 
37.9 22.5 

Phosphorus {kg/lta) 
20 40 

26.1 16.4 
30.9 18.1 
39.6 20.1 
28.9 17.2 
39.3 21.5 
33.6 20.8 
29.4 18.7 
35.5 19.1 
32.9 18.9 

Mean 

17.8 
19.1 
26.2 
19.7 
23.7 
25.0 
19.2 
23.0 

Mean 

24.7 
29.9 
33.5 
26.5 
37.0 
29.5 
28.9 
31.5 

Mean 

21.3 
24.5 
29.9 
23.1 
30.4 
27.2 
24.1 
27.3 
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Table: 4A.70 Effect of thiourea and DMSO on physiological efficiency at varying 
levels of phosphorus 

Year 1999 

Control 
5 kg TUlha in soil (basal) 
5 kg TUlha in soil (112 + 1/2) 
2 kg DMSOJ1la in soil (1/2 + 112) 
TU+DMSO in soil ct/2+ 1/2) 

500 ppm TV (spray) 
100 ppm DMSO (spray) 
TU+DMSO (spray) 
Mean 

Year 2000 

Control 
5 kg TU/ha in soil (basal) 
5 kg TV/ha in soil e 12 + 1/2) 
2 kg DMSO/ha in soil (' 12 + 1/2) 

TU+DMSO in soil e/2+ 1/2) 
500 ppm TV (spray) 
100 ppm DMSO (spray) 
TU+DMSO (spray) 
Mean 

Pooled 

Control 
5 kg TU/ha in soil (basal) 
5 kg TU/ha in soil e 12 + 1/2) 
2 kg DMSO/ha in soil ('/2 + Ih) 
TU+DMSO in soil ('/2+ 1/2) 

500 ppm TV (spray) 
100 ppm DMSO (spray) 
TU+DMSO (spray) 
Mean 

Phosphorus ( kg/ha) 
20 40 

61.3 55.4 
62.8 58.5 
78.9 59.2 
71.8 69.S 
65.0 76.2 
64.4 75.0 
71.8 S1.2 
66.6 71.0 
67.S 68.3 

Phosphorus ( kglha) 
20 40 

64.5 73.6 
67.4 74.0 
71.4 75.7 
65.4 74.9 
71.4 73.9 
77.2 77.9 
72.1 '69.4 
76.8 77.3 
70.8 74.6 

Phosphorus (kg/ha) 
20 40 

63.1 65.6 
65.3 68.4 
74.6 67.8 
68.2 72.S 
68.9 74.9 
70.7 76.5 
72.1 74.4 
71.9 74.7 
69.4 71.9 

Mean 

58.4 
60.7 
69.1 
70.8 
70.6 
69.7 
76.5 
68.8 

Mean 

69.1 
70.7 
73.6 
70.2 
72.7 
77.6 
70.S 
77.1 

Mean 

64.4 
66.8 
71.2 
70.5 
71.9 
73.6 
73.3 
73.3 



4A.6.6 P recovery 

Data (fable 4A.71) show·that higher P recovery was recorded under lower dose of 

phosphorus during both the years. In mean data higher P recovery (47.36 %) was obtained 

due to 20 kg P20siha in comparison to 40 kg P20siha (26.42%). 

Soil application of TV at 5 kglha (basal), soil application of TV at 5 kg Iha (Yz+Yz) 

and soil application ofTV+DMSO increased P recovery over control during both the years. In 

mean data, the corresponding values were 36.9, 38.99 and 37.86 %. Foliar sprays of 500 ppm 

TU and TU+DMSO increased P recovery over control during both the years. In mean data, P 

recovery of 37.34 and 37.86 % was obtained due to foliar sprays of 500 ppm TU and 

TU+DMSO, respectively in comparison to control (33.22 %). 

4A.6.7 P harvest index 

Data (Table 4A.72) show that phosphorus application brought about significant 

in~rease in P harvest index upto 40 kg P20s/ha during 2000 only. In pooled data, application 

of 20 and 40 kg PzOslha significantly increased P harvest index by 4.6 and 6.3 per cent, 

respectively over control. Further, 40 kg P20 5lha was at par with 20 kg P20s/ha in this 

respect. 

Soil application of TV at 5 kg Iha (YZ+YZ) and soil application of TU+DMSO (YZ+YZ) 

significantly increased P harvest index during both the years. Soil application of DMSO at 2 

kg Iha (YZ+YZ) proved ineffective during both the years. In pooled data, soil application of TV 

at 5 kg Iha (YZ+YZ) and soil application ofTV+DMSO (Yz+%) significantly increased P harvest 

index by 7.3 and 7.9 per cent, respectively over control. Soil application of TV at 5 kg Iha 

(basal) and soil application of DMSO at 2 kg Iha (YZ+YZ) proved ineffective in pooled data. 

All the foliar spray treatments proved effective in increasing P harvest index during 

both the years, except foliar spray of 100 ppm DMSO in 2000. In pooled data, foliar sprays of 

500 ppm, 100 ppm DMSO and TV+DMSO significantly increased P harvest index by 6.1,5.7 

and 5.7 per cent, respectively over control. 

4A.7 ECONOMICS OF THE TREATMENTS 

4A7.1 Net monetary returns 

Data (Table 4A. 73) show that phosphorus application resulted in significant increase 

in net monetary return upto 20 kg P20slha during 1999 and upto 40 kg P20s/ha during 2000. 

In pooled data, application of 20 and 40 kg PzOsiha significantly increased net monetary 

returns by Rs 5671 and Rs 6791 per hectare, respectively over control (Rs 13424 per ha). 

Further, 40 kg PzOs/ha proved significantly superior to 20 kg PzOslha. 



Table: 4A.70 Effect of thiourea and DMSO on P recovery (%) at varying levels 
of phosphorus 

Year 1999 

Control 
5 kg TV/ha in soil (basal) 
5 kg TV/ha in soil (112 + 1/2 ) 
2 kg DMSOnl3 in soil e/2 + 1/2) 
TU+DMSO ill soil e/2+ 1/2) 
500 ppm TV (spray) 
100 ppm DMSO.(spray) 
TV+DMSO (spray) 
Mean 

Year 2000 

Control 
5 kg TV/ha in soil (basal) 
5 kg TV/ha in soil (112 + 1/2) 
2 kg DMSO/ha in soil e/2 + 1/2) 
TU+DMSO in soil e/2+ 1/2) 
500 ppm TV (spray) 
100 ppm DMSO (spray) 
TU+DMSO (spray) 
Mean 

Pooled 

Control 
5 kg TV/ha in soil (basal) 
5 kg TU/ha in soil e 12 + 1/2) 

2 kg DMSOnm in soil e 12 + 1/2) 
TV+DMSO in soil e /2+ 1/2) 
500 ppm TU (spray) 
100 ppm DMSO (spray) 
TU+DMSO (spray) 
Mean 

Phosphorus ( kglha) 
20 40 

38.15 22.05 
43.00 19.10 
45.00 28.45 
35.50 19.80 
45.30 23.53 
47.85 25.53 
28.90 21.63 
46.35 21.33 
41.26 22.68 

Phosphorus {kglha) 
20 . 40 

44.65 28.03 
51.65 33.85 
61.15 30.70 
49.45 27.53 
68.70 33.80 
47.15 28.83 
52.70 28.73 
52.15 29.70 
53.45 30.15 

Phosphorus ( kg/ha) 
20 40 

41.40 25.04 
47.33 26.48 
53.08 29.58 
42.48 23.67 
57.00 28.67 
47.50 27.18 
40.80 25.18 
49.25 25.52 
47.36 26.42 

Mean 

30.10 
31.05 
32.05 
27.65 
34.42 
36.69 
25.26 
33.84 

Mean 

36.34 
42.75 
45.93 
38.49 
51.25 
37.99 
40.72 
40.93 

Mean 

33.22 
36.90 
38.99 
33.07 
42.84 
37.34 
32.99 
37.86 

I':f-/ 



Table: 4A.72 Effect of thiourea and DMSO on P harvest index (%) at varying 
levels of phosphorus 

Year 1999 Phos~horus {kg!ha~ Mean 
0 20 40 

Control 39.42 42.19 4l.64 4l.08 
5 kg TUnla in soil (basal) 42.36 42.59 42.55 42.49 
5 kg TU&a in soil e 12 + 1/2) 44.39 47.58 42.57 44.85 
2 kg DMSO/ha in soil ct 12 + 1/2) 41.49 44.12 44.01 43.21 
TU+DMSO in soil (1/2 + 112) 44.21 44.60 47.09 45.30 
500 ppm TU (spray) 43.34 43.40 45.63 44.13 
100 ppm DMSO (spray) 44.19 44.64 46.25 45.03 
TU+DMSO (spray). 42.15 43.59 45.10 43.61 
Mean 42.69 44.09 44.36 

Phosphorus Chemicals Interaction 
S.Em+ 0.533 0.871 1.508 
C.D. (0.05) NS 2.413 NS 

Year 2000 Phos~horus {kglha~ Mean 
0 20 40 

Control 38.24 39.83 42.43 40.17 
5 kg TU&a in soil (basal) 38.75 40.45 42.74 40.65 
5 kg TU&a in soil (1/2 + 1/2) 40.07 42.68 44.19 42.31 
2 kg DMSOlha in soil (1/2 + 112) 38.65 40.02 42.29 40.32 
TU+DMSO in soil ('h+ 1/2) 40.25 43.37 43.71 42.44 
500 ppm TU (spray) 38.99 43.35 43.85 42.06 
100 ppm DMSO (spray) 40.25 41.54 40.76 40.85 
TU+DMSO (spray) 40.08 43.25 43.60 42.31 
Mean 39.41 41.81 42.95 

Phosphorus Chemicals Interaction 
S.Em+ 0.357 0.583 l.009 
C.D. (0.05) 0.989 1.615 NS 

Pooled PhosEhorus ~ kglhal Mean 
0 20 40 

Control 38.83 41.01 42.04 40.63 
5 kg TU&a in soil (basal) 40.55 41.52 42.65 41.57 
5 kg TU&a in soil (1/2+ 112) 42.23 45.13 43.39 43.58 
2 kg DMSOlha in soil (1/2+ 112) 40.07 42.06 43.15 41.76 
TU+DMSO in soil (1/2+ '/2) 42.23 43.99 45.40 43.87 
500 ppm TU (spray) 41.16 43.38 44.74 43.09 
100 ppm DMSO (spray) 42.22 43.09 43.51 42.94 
TU+DMSO (spray) 41.11 43.42 44.35 42.96 
Mean 41.05 42.95 43.65 

Phosphorus Chemicals. Interaction 
S.Em± 0.277 0.453 0.785 
C.D. (0.05) 0.769 1.257 NS 

1'1-2.. 
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Soil application ofTU at 5 kg /ha ('h+'h) and soil application of TU+DMSO brought 

about significant increase in net monetary returns over control in 1999 only. On the basis of 

pooled data, soil application of TU at 5 kg /ha ('h+'h) significantly increased net monetary 

returns by Rs 2523 over control (Rs 16426 per ha). 

Data further show that all the foliar spray treatments proved effective in increasing 

net monetary returns per ha in 1999 only. Pooled data show that foliar sprays of 500 ppm TU, 

100 ppm DMSO and TU+DMSO gave significantly higher net monetary returns by Rs 2014, 

Rs 1977 and Rs 2569 per ha, respectively over control (Rs 16426 per ha). 

Data (T"able 4A.73) on combined effects of treatments further show that TU and 

DMSO interacted significantly with phosphorus in influencing net ~onetary returns per ha in 

1999 only. Under no phosphorus, soil application ofTU at 5 kg /ha (Yz+'h), soil application of 

DMSO at 2 kg/ha, soil application of TU+DMSO (112+112), foliar spray of 100 ppm DMSO 

and foliar spray of TU+DMSO proved effective in increasing net monetary returns. However, 

under 40 kg P20s/ha, only foliar spray of 500 ppm TU significantly increased net monetary 

returns over control. In pooled data, soil application of TV at 5 kg/ha and foliar spray of 100 

ppm DMSO significantly increased net monetary returns under no phosphorus. The highest 

net returns of Rs 22497 per ha was obtained with foliar spray of 500 ppm TU with 40 kg 

P20s/ha foIJowed by foliar spray of 100 ppm DMSO (Rs 21478 per ha). 

4A7.2 Benefit:cost (B:C) ratio 

Data (Table 4A.74) show that phosphorus application brought about significant 

increase in B:C ratio upto 20 kg P20s/ha during 1999 and upto 40 kg P20s/ha during 2000. In 

pooled data, application of 20 and 40 kg P20s/ha significantly larger B:C ratio over control. 

Further, 40 kg P20siha was at par with 20 kg P20.slha. 

All the soil appJied treatments ofTU and DMSO caused significant reduction in B: C 

ratio during both the years. Similar results were noted in pooled data. 

None of the foliar spray treatments proved effective in improving B:C ratio during 

both the years. However, an increasing trends were observed due to foliar applied treatments. 

Data (Table 4A. 74) on combined effects of treatments show that TU and DMSO 

interacted significantly with phosphorus in influencing B:C ratio during 1999 only. Under no 

phosphorus, soil application of TV at 5 kg /ha (~+~), foliar spray of 100 ppm DMSO and 

foliar spray of TV+DMSO significantly increased B:C ratio over control. Similar trends were 

recorded in pooled data. However, the highest B: C ratio (2.04) was recorded under foliar 

Spray of 500 ppm TU with 40 kg P20s/ha. 



Table: 4A.73 Effect of thiourea and DMSO on net monetary returns (Rs/ha) at 
varying levels of phosphorus 

r Year 1999 Phosehorus {kg/ha2 Mean 
0 20 40 

Control 17726 27979 . 28141 24615 
5 kg TU/ha in soil (basal) 17943 27324 24766 23344 
5 kg TUlha in soil e 12 + 1/2) 28920 30455 29704 29693 
2 kg DMSO/ha in soil eh+ 1/2) 22493 26983 27615 25697 
TU+DMSO in soil e/2 + 1/2) 26503 26668 28982 27384 
500 ppm TV (spray) 20291 30316 33165 27924 
100 ppm DMSO (sp'ray) 25299 25884 31888 27691 
TU+DMSO (spray) 26279 30186 29491 28652 
Mean 23182 28224 29219 

Phosphorus Chemicals Interaction 
S.Em± 575.1 939.2 1626.7 
C.D. (0.05) 1594.3 2603.5 4509.4 

Year 2000 Phosphorus {kg/ha2 Mean 
0 20 40 

Control 2958 9662 12087 8236 
5 kg TVlha in soil (basal) 1405 8712 11870 7329 
5 kg TVlha in soil eh + Ih) 3818 10280 10518 8205 
2 kg DMSOlha in soil e 12 + 1/2) 2883 8649 10217 7249 
TV+DMSO in soil (1/2+ lIz) 3006 10309 10136 7817 
500 ppm TV (spray) 4858 10184 11829 8957 
100 ppm DMSO (spray) 5316 10964 11067 9115 
TU+DMSO (spray) 5099 10965 11966 9343 
Mean 3368 9965 11211 

Phosphorus Chemicals Interaction 
S.Em+ 340.4 555.869 962.8 
CD. (0.05) 943.6 NS NS 

Pooled Phosphorus ~ kg/ha) Mean 
0 20 40 

Control 10342 18821 20114 16426 
5 kg TVlha in soil (basal) 9674 18018 18318 15337 
5 kg TU/ha in soil e/2+ 1/2) 16369 20367 20111 18949 
2 kg DMSO/ha in soil e 12 + 1/2) 12688 17816 18916 16473 
TU+DMSO in soil e 12 + 1/2) 14754 18488 19559 17601 
500 ppm TV (spray) 12575 20250 22497 18440 
100 ppm DMSO (spray) 15307 18424 '21478 18403 
TU+DMSO (spray) 15680 20575 20728 18995 
Mean 13425 19095 20215 

Phosphorus Chemicals Interaction 
S.Em+ 334.1 545.6 945.0 
C.D. (0.05) 926.2 1512.5 2619.7 

17l! 



Table: 4A.74 Effect of thiourea and DMSO on B:C ratio at varying levels of 
phosphorus 

Year 1999 Phos2horus ~ kglha) Mean 
0 20 40 

Control 1.95 2.97 2.89 2.61 
5 kg TU/ha in soil (basal) 1.58 2.34 2.06 1.99 
5 kg TU/lla in soil (1/2 + 1/2) 2.49 2.56 2.43 2.49 
2 kg DMSOnla in soil (112 + 1/2) 2.09 2.43 2.42 2.31 
TU+DMSO in soil (1/2+ 112) 2.06 2.03 2.15 2.08 
500 ppm TU (spray) 2.04 2.95 3.13 2.71 
100 ppm DMSO (spray) 2.6 2.58 3.08 2.75 
TU+DMSO (spray) 2.62 2.91 2.76 2.76 
Mean 2.20 2.60 2.62 

Phosphorus Chemicals Interaction 
S.Em+ 0.053 0.086 0.151 
C.D. ('0.05) 0.146 0.242 0.419 

Year 2000 Phos~horus {kg/ha) Mean 
0 20 40 

Control 0.28 0.88 1.07 0.74 
5 kg TU/ha in soil (basal) O.ll 0.65 0.87 0.54 
5 kg TU/ha in soil (1/2 + 1/2) 0.29 0.75 0.75 0.60 
2 kg DMSO/ha in soil (1 h + 1/2) 0.23 0.68 0.78 0.56 
TU+DMSO in soil ('/2+ 1/2) 0.21 0.69 0.67 0.52 
500 ppm TU (spray) 0.42 0.85 0.96 0.74 
100 ppm DMSO (spray) 0.47 0.93 0.92 0.77 
TU+DMSO (spray) 0.43 0.90 0.97 0.77 
Mean 0.30 0.79 0.87 

Phosphorus Chemicals Interaction 
S.Em+ 0.027 0.045 0.078 
C.D. ('0.05) 0.076 0.125 NS 

Pooled Phos~horus {kg/ha2 Mean 

0 20 40 
Control 1.11 1.93 l.99 1.68 
5 kg TU/ha in soil (basal) 0.84 l.49 1.47 1.27 
5 kg TU/ha in soil (112 + 1/2) 1.39 1.65 1.59 1.54 

2 kg DMSO/ha in soil (1/2 + 'h) 1.16 1.55 1.60 1.44 

TU+DMSO in soil (1/2 + 1/2) 1.14 1.35 1.41 1.30 
SOO ppm TU (spray) 1.23 1.90 2.04 1.72 
100 ppm DMSO (spray) 1.53 1.75 1.99 1.76 

TU+DMSO (spray) 1.53 1.92 1.87 1.77 
Mean 1.25 1.70 1.75 

Phosphorus Chemicals Interaction 
S.Em± 0.029 0.049 0.084 
C.D. (0.05) 0.082 0.136 0.236 



~A7.3 Gum yield 

Data (Table 4A. 75) reveal that phosphorus applicatlOn brought about sigJ1lficant 

IIlcrease in gum yield up to 20 kg P20 5/ha in 1999 and upto 40 kg P205/ha in 2000 In pooled 

data, application of 20 and 40 kg P205/ha significantly increased gum yield by 36.0 and 45.2 

per cent, respectively over control. Further, 40 kg P20s/ha proved significantly superior to 20 

kg P20 ,/ha. 

Soil application ofTU at 5 kg/ha (!/;+Yz) significantly increased gun1 YIeld in both the 

years. In pooled data, soil application ofTU at 5 kg/ha (Y>+Yz) proved signlfic::1lltly superior to 

soil applIcation ofTU at 5 kg1ha. (basal), giving an increase of 14.4 per cent in gum yield. Soil 

application of DMSO at 2 kg/ha (Y>+Yz) significantly lllcreased gum yield in 1999 only. Soil 

application of TU+DMSO (Y2+Y2) significantly increased gum yield in both the years. On the 

basis of pooled data, soil application of TU at 5 kg/ha (basal), soil application of TU at 5 

kg/ha (yZ+Y2), soil application of DMSO at 2 kg/ha (y2+!/;) and soil application of TU+DMSO 

(lMYz) Significantly increased gum yield by 7.5, 22.9, 9.2 and 25.4 per cent, respectively 

over eontro l. 

Foliar sprays of 500 ppm, lOO ppm DMSO and TU+DMSO significantly increased 

gum yield over control during both the years. In pooled data, foliar sprays of 500 ppm TU, 

100 ppm DMSO and TU+DMSO significantly increased gum yield by 15.9, 13.5 LInd I H.6 per 

cent, respectively over control. 

Data (Table 4A.75) further show that application of TU and DMSO interacted 

signifIcantly with phosphorus in influencing the gum yield. Pooled data show that under no 

phosphorus, soil application of TU at 5 kg/ha (y2+YZ), soil application of DMSO at 2 kg Iha, 

soil application of TU+DMSO, foliar sprays of 500 ppm TU, 100 ppm DMSO and 

TU+DMSO significantly increased gum yield by 47.1,21.8,47.4,22.2,31.4 and 36.2 per 

cent, respectively over control. Under 20 kg P20s/ha, soil application ofTU at 5 kg/ha (\!;+Yz), 

soI] application ofDMSO at 2 kg Iha, soil application ofTU+DMSO foliar sprays of 500 ppm 

TU and foliar spray ofTU+DMSO significantly increased gum yield by 21.4,5.51,21.6,13.7 

and 16.3 per cent, respectively over control. Whereas under 40 kg P20s/ha, soil application of 

TU at 5 kg/ha (yz+Yz), soil application of TU+DMSO, foliar spray of 500 ppm TU and foliar 

spray of TU+DMSO significantly increased gum yield by 10.3, 16.1, 14.3 and 10.5 pcr cent, 

respectively over control. The gum yield obtained (5.50 q/ha) under 20 kg P20s/ha with sOli 

application of TU at 5 kglha (yZ+Yl) was significantly superior to 40 kg P20s/ha alone but at 

Par with other soil and foliar applied treatments of TU and DMSO under 40 kg P20s/ha. 

I~ 



4A 7.4 Net monetary returns based on gum yield 

Data (Table 4A. 76) show that phosphorus application resulted in significant increase 

in net monetary return upto 20 kg P20s/ha during 1999 and upto 40 kg P20s/ha during 2000. 

In pooled data, application of 20 and 40 kg P20s/ha significantly increased net monetary 

retums by Rs 6011 and Rs 7200 per hectare, respectively over control (Rs 9089 per ha). 

Further, 40 kg P20s/ha proved significantly superior to 20 kg P20s/ha. 

Soil application of TU at 5 kg Iha (~+~) significantly increased net returns in 1999 

only. While soil application ofTU+DMSO brought about significant increase in net monetary 

returns' over eontrol ill, both the years. On the basis of pooled data, soil appl ication of TU at 5 

kg /ha (~+~) and soil application of TU+DMSO significantly increased net monetary retums 

by Rs 2787 and Rs4685 per hectare, respectively over control (Rs 12037 per ha). 

Data further show that all the foliar spray treatments proved effective in increasing 

net monetary retums per ha in 1999 ol1ly. Pooled data show that foliar sprays of 500 ppm TU, , 
100 ppm DMSO and TU+DMSO gave significantly higher net monetary returns by Rs 1699, 

Rs 1976 and,Rs 3011 per ha, respectively over control (Rs12037per 1m). 

Data (Table 4A.76) on combined effects of treatments further show that TU and 

DMSO interacted significantly with phosphorus in influencing net monetary returns per ha in 

1999 only. Under no phosphorus, soil application of TU at 5 kg 11m (~+~), soil application of 

TU+DMSO (~+~), foliar spray of ]00 ppm DMSO and foliar spray of TU+DMSO proved 

effective ill increasing net monetary returns. However, under 40 kg P20s/ha, soil application 

of TU+DMSO (~+~) and foliar spray of 500 ppm TU significantly increased net monetary 

returns over control. In pooled data, soil app'lication of TU at 5 kg/ha (YZ+YZ), soil application 

of TU+DMSO (YZ+YZ), foliar spray of 100 ppm DMSO and foliar spray of TU+DMSO 

significantly increased net monetary retums under no phosphorus. 



rable: 4A.75 E!Teet of thiourea and DMSO on gum yield (q/ha) at varyillg 
levels of phosphorus 

'Year 1999 Phos!2homs (kg/h3) Mean 

tcontro1 
0 20 40 

3.01 4.55 459 4.05 
I 5 kg TU/ha in soil (basal) 3A4 4.93 4.64 4.34 
15 kg TUllia in soil (1/2+ 112) 4.93 5.55 5.19 5.22 
: 2 kg DMSO/lla in soil (1/2+ 1/2) 3.93 4.87 5.02 4.61 
I TU+DMSO in soil (1/2+ 112) 4.82 5.22 5.57 5.21 
I 500 ppm TU (spray) 3.63 5.26 5.71 4.86 
, 100 ppm DMSO (spray) 4 19 4.70 5.45 478 
TU+DMSO (spray) 4.36 5.25 527 4.96 
Mean \ 404 5.04 5.18 

Phosphoms Chemicals Interaction 
S.Em ± 0.092 0.149 0.259 
C.D. (0.05) 0.254 OA14 NS 

Year 2000 Phosphoms (kg/ha) Mean 
0 20 40 

I Control 2.85 4.52 5.33 4.23 
5 kg TU/ha in soil (basal) 303 482 5.83 4.56 

,5 kg TU/ha in soil (1/2+ 112) 369 545 575 496 
I 2 kg DMSO/ha in soil (1/2 + 112) 321 4.6') 541 4.44 
, TU+DMSO 111 soil (/2+ 1/2) 3.82 5.80 5.96 5.19 

500 ppm TV (spray) 3.53 505 5.64 474 
100 ppm DMSO (spray) 3.52 5 DO 535 462 
TU+DMSO (spray) 3.62 5.29 5.6') 4.X6 

Mean 3.41 5.08 5.62 

PltosphoI1ls Chemicals Interaction 
S.Em± 0.079 0.129 () 223 

C.D. (0.05) 0.218 0.357 NS 

Pooled Phoseilonls (kgllm) Mc:m 
0 20 40 

Control 2.93 4.53 4.96 414 

5 kg TU/lla in soil (basal) 3.23 4.88 5.23 4.45 

5 kg TU/ha in soil C /2 + 1/2) 4.31 5.50 5.47 5.09 

2 kg DMSOfha in soil (1/2 + 112) 3.57 4.78 5.22 4.52 

TU+DMSO in SOlI (I (2 + 1/2) 4,32 5.51 5.76 5.19 

500 ppm TU (spray) 3.58 5.15 5.67 4.80 

100 ppm DMSO (spray) 3.85 4.85 SAO 4.70 

TU+DMSO (spray) 3.99 5.27 5.48 4.91 

Mean 3.72 5.06 5.40 

Phosphoms Chemicals Interaction 
S.Em± 0.060 0.099 0.171 

C.D. (0.05) 0.168 0.274 0.474 

I~ 

-



lllble: 4A.76 Effect orthiourea and OMSO 011 IIct rcturns (Rs/ha) on the basis or 
gum yield at val)'illg levels of phosphorus 

Year 1999 Phosphoms (kg/ha) Mean 
0 20 40 

I Control 11959 21939 21SS3 1S594 
5 kg TUlha in soil (basal) 12327 22192 19767 IS095 

J 5 kg TU/ha in soil (1/2 + 112) 22180 25609 24946 ' 2n45 
I 2 kg DMSO/ha in soil (1/2 + 1 h) 14288 19995 20703 18329 
I TU+DMSO in SOli (1/2+ 1/2) 23281 25433 27269 25328 
! 500 ppm TU (spray) 14186 24771 27258 22072 
~ 100 ppm DMSO (spray) 18802 21090 26359 220R4 
I TU+DMSO (spray) 19958 25452 250S5 2149R 
!\Ic<ln 17122 23310 24159 

\ Phosphorus Chcmicals Interaction 
I S.Em± 598.31 977.04 1692.29 
~C.D (0.05) 1658.53 2708.37 469103 

I Year 2000 PhosphonIS (kg/ha) Mean 
0 20 40 

Control 647 6672 9121 548() 
I 5 kg TU/ha in soil (basal) -1032 5444 8649 4354 
15 kg TU/ha in soil C/2+ 1/2 ) 1185 7179 7841 5401 
2 kg DMSO/ha in soil (1/2 + I h) -1839 3419 5464 2348 

I TU+DMSO in soil (12+ 1/2 ) 3475 10364 10511 8117 
1500 ppm TU (spray) 1411 6510 8278 5399 
I 100 ppm DMSO (spray) 2173 7392 8263 5943 
I TU+DMSO (spray) 2426 8138 9228 6597 
I Mean 105G 6890 8419 

Phosphorus Chcmicals Intenlctioll 
I SEm± 285.93 4G692 80873 
, C.D. (0.05) 792 59 129429 NS 

: Pooled Phosphorlls (kg/ha) MC:ll1 
0 20 40 

, Control 6303 14306 15502 12037 
I 5 kg TUfha in soil (basal) 5M8 13818 1420S 11225 
! 5 kg TUfha in soil C 12 + 1/2 ) 11683 16394 J6394 14824 
! 2 kg DMSO/ha in soil (1 /2 + 112) 6225 11707 13084 10339 
. TU+DMSO in soil (12 + Ih) 13378 17899 I 889() 16722 
j 500 ppIll TU (spray) 7799 15641 17768 1373(' 
I 100 ppm DMSO (spray) 10488 14241 17311 14011 
I TU+DMSO (spray) 11192 16795 17157 150·PI 
I Mean 9089 15100 16289 
I PhosphonIS Chcmicals Intcractlon I 

: S.Em+ 331.56 541.44 937.XO 
I C.D. (0.05) 919.U8 1500.87 2599.58 
Note: Cost of gum Rs 6400 per q (1999) and Rs 3400 per q (2000) 

1=t::J 
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EXPERIMENT II 

4B EFFECT OF - SI-I COMPOUNDS AND -SH GROUP BLOCKERS ON DRY 

MATTER PARTITIONING AND YIELD OF CLUSTERBEAN 

4Bl EFFECT OF - SH COMPOUNDS AND -SH GROUP BLOCKER ON GROWTH 

OF 'CROP 

4B.1.1 Dry matter accumulation per plant at 75, 90 DAS and physiological maturity 

Foliar sprays of 500 ppm TU, 500 ppm MEA and 10 ppm OTT significantly 

increased total dry matter accumulation per plant at 75 OAS over control during both the 

years (fable 48.1). Foliar sprays of 10 ppm PCMBS and 100 ppm IA had no significant 

effect on dry matter accumulation plant per plant in both the years. Further, foliar spray of 

PCMBS+TU and IA+TU also significantly increased total dry matter accumulation per plant 

at 75 DAS over control during both the years. In pooled data, foliar sprays of 500 ppm TV, 

500 ppm MEA, 10 ppm OTT, PCMBS+TU and IA+TV significantly increased total dry 

matter accumulation per plant at 75 DAS 9.6, 14.3, 7.7,8.7 and 8.9 per cent, respectively over 

control. The maximum total dry matter accumulation per plant (25.96 g) was obtained with 

foliar spray of 500 ppm MEA. Further, it was significantly superior to foliar spray of 500 ppm 

TV and 10 ppm OTT. However, foliar sprays of 500 ppm TV and 10 ppm OTT was at par in 

this respect. Foliar sprays of 1000 ppm urea and 1000 ppm aluminum sulphate remained 

ineffective during both the years as well in pooled data. 

In respect of total dry matter accumulation per plant at 90 OAS, it can be seen that 

foliar spray of 500 ppm TU, 500 ppm MEA and 10 ppm OTT brought about significant 

increase in total dry matter accumulation per plant during both the years, except foliar spray 

of 500 ppm TV in 2000. Foliar sprays of PCMBS+TV and IA+TV had significant effect on 

total dry matter accumulation per plant at 90 OAS in 1999 only. In pooled data, foliar sprays 

of 500 ppm TV, 500 ppm MEA, 10 ppm OTT, PCMBS+TV and IA+TU significantly 

increased total dry matter accumulation per plant at 90 OAS by 6.5, 12.3,7.5, 7.5 and 5.5 per 

cent, respectively over control. Rest of the foliar spray treatments were not effective in this 

respect. The highest total dry matter accumulation of 27.48 g was recorded with foliar spray 

of 500 ppm MEA, which was significantly superior to foliar spray of 500 ppm TV and 10 

ppm OTT in respect of total dry matter accumulation per plant at 90 OAS. 

In respect of total dry matter accumulation per plant at physiological maturity, it is 

clear from the table that foliar sprays of 500 ppm TV, 500 ppm MEA and 10 ppm OTT 

significantly increased total dry matter accumulation per plant at physiological maturity over 

control during either of the years. However, foliar spray of 10 ppm PCMBS caused 

significant reduction in total dry matter accumulation per plant at physiological maturity over 

control in both the years. Further, when compared with foliar spray of 10 ppm PCMBS alone, 
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foliar spray of PCMBS+ TV caused significant increase in total dry matter accumulation per 

plant during both the years. Foliar spray of 100 ppm IA did not influence total dry matter 

accumulation per plant but foliar spray ofTA+TV had significant effect during both the years. 

In pooled data, foliar sprays of 500 ppm TV, 500 ppm MEA and 10 ppm DIT significantly 

increased total dry matter accumulation per plant at physiological maturity by 12.9, 14.8 and 

11.4 per cent, respectively over control. On the contrary foliar spray of 10 ppm PCMBS 

caused significant reduction in total dry matter accumulation per plant by 11.8 per cent over 

control. Foliar spray of PCMBS+ TV brought about significant increase in total dry matter 

accumulation per plant by 23.l and 8.6 per cent over foliar spray of 10 PCMBS alone and 

control, respectively. Foliar sprays of 100 ppm lA, 1000 ppm urea and 1000 ppm aluminium 

sulphate were at par in this respect. 

4B.1.2 Dry matter distribution in leaves, stems and pods at 75 DAS 

Data (fable 4B.2) indicate that dry matter distributibn (DMD) in leaves, stems and 

pods at 75 DAS showed significant variations under foliar spray of chemicals. 

All the foliar spray treatments proved ineffective in influencing DMD in leaves at 75 

DAS during both the years except foliar spray of 10 ppm PCMBS in 2000. DMD in leaves 

reduced significantly under foliar spray of 10 ppm PCMBS in 2000 only. In pooled data, 

similar trends were recorded. Per cent reduction in DMD leaves under foliar spray of 10 ppm 

PCMBS was 4.2 over control. 

In respect of DMD in stems, it can be seen that foliar spray of 10 ppm PCMBS 

proved effective in improving DMD in stems at 75 DAS during both the years. On the 

contrary, foliar spray of 500 ppm MEA brought about significant reduction in DMD in stems 

at 75 DAS over control in 1999 only. Rest of foliar spray treatments remained ineffective 

during both the years. In pooled data, only foliar spray of 10 ppm PCMBS significantly 

increased DMD in stems over control. On the contrary, foliar spray of 500 ppm MEA 

significantly reduced DMD in stems over control. Other foliar spray treatments proved 

ineffective in this respect. 

DMD in pods showed significant variations in 2000 only. DMD in pods reduced 

significantly due to foliar spray of 10 ppm PCMBS over control. Rest of foliar spray 

treatments had no effect on DMD in pods at 75 DAS during both the years. In pooled data, 

foliar spray of 10 ppm PCMBS significantly reduced DMD in pods at 75 DAS by 13.2 per 

cent over control. Rest of the foliar spray treatments proved ineffective in this respect in 

pooled data. 
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4 B.1.3 Dry matter distribution in leaves, stems and pods at 90 DAS 

Data (Table 4B.3) show that none of the foliar spray treatments proved effective 

during both the years except foliar spray of 10 ppm peMBS in 1999 only. Foliar spray of 10 

ppm PCMBS significantly increased DMD in leaves during 1999. In pooled data, DMD in 

leaves significantly increased due to foliar spray of 10PPM PCMBS over control. All other 

foliar applied treatments failed to affect DMD in leavc;:s at 90 DAS. 

In respect of DMD ill stems at 90 DAS, aU the foliar applied treatments proved 

ineffective during both the years. Similar trends were noted in pooled data. 

In }-espect of DMD in pods at 90 DAS, foliar spray of 500 ppm TV, 500 ppm MEA 

and 10 ppm DTT showed increasing trends during both the years. On the contrary, DMD in 

pods significantly reduced under foliar spray of 10 ppm PCMBS in 1999 only. Pooled data 

show that foliar spray of 500 PPM MEA proved effective in improving DMD in pods, where 

as foliar spray of 10 PPM peMBS caused significant reduction over control in this respect. 

Rest of the foliar applied treatments proved ineffective. 

4 B1.4 Dry matter distribution in leaves, stems and pods at physi~'ogica' maturity 

Data (fable 4 B.4) indicate that foliar sprays of 500 ppm TV, 500 ppm MEA and 10 

PPM DIT brought about significant increase in DMD in leaves at physiological maturity over 

control during both the years. On the contrary, DMD in leaves significantly reduced due to 

foliar sprays of 10 ppm PCMBS during both the years and 100 ppm IA in 1999 Only. Foliar 

spray of PCMBS+ TV also caused significant reduction in DMD in leaves over control during 

2000. Pooled data show that foliar sprays of 500 ppm TV, 500 ppm MEA, 10 ppm DTT and 

IA+TV brought about significant increase in DMD in leaves over control. On the contrary, 

foliar sprays of 10 ppm peMBS, PCMBS+TV and 10 ppm IA caused significant reduction in 

DMD in leaves over control. The magnitude of reduction in DMD in leaves was highest under 

foliar spray of 10 ppm PCMBS. 

In respect of DMD in stems at physiological maturity, foliar spray of 500 ppm TV, 

500 ppm MEA and 10 ppm OIT showed decreasing trends in DMD in stems during both the 

years. On the contrary, foliar sprays of 10 ppm peMBS and 100 ppm IA showed increasing 

trends in DMD in stems during both the years but foliar spray of 100 ppm IA could reach the 

sig~ificance level in 1999 only. In pooled data, foliar spray of 10 ppm OIT significantly 

r~duced DMD in stems over control. However, foliar sprays of 500 ppm TV and 500 ppm 

MEA also showed decreasing trends in DMO in stems when compared with control. On the 

contrary, foliar sprays of 10 ppm peMBS and 100 ppm IA caused significant increase in 

DMD in stems by 6.8 and 5.2 percent, respectively over control. 
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In respect of DMD in pods at physiological maturity, none of the foliar applied 

treatments proved effective during both the years. Similar trends were noted in pooled data. 

4;Bl.5 Number of branches and number of green leaves per plant. 

Number of branches per plant 

Data (fable 4 B.5) show that foliar spray of 500 ppm MEA proved effective in 

increasing number of branches per plant in 2000 only. Whereas, number of branches 

significantly reduced under foliar spray of 10 ppm PCMBS over control during 2000 only. 

Rest of the foliar applied treatments, remained ineffective during both the. years. Pooled data 

show that fuliar spray of 500 ppm MEA significantly increased number of branches per plant 

by 13.2 per cent over control. On the contrary, foliar spray of 10 ppm PCMBS significantly 

decreased number of branches per plant by 10.5 percent over control. Further, foliar spray of 

PCMBS+TU significantly increased number of branches per plant over foliar spray of 10 ppm 

PCMBS alone. Other foliar applied treatments remained ineffective in pooled data. 

Number of green leaves 

Data (fable 4B.5) show that foliar spray of 500 ppm TU, 500 ppm MEA, 10 ppm 

DTI, PCMBS+TU and IA+TU significantly increased number of green leaves per plant 

during both the years. On the contrary, foliar spray 10 ppm PCMBS brought about significant 

reduction in number of green leaves per plant over control during both the years, while foliar 

spray of 100 ppm IA showed significant reduction in number of green leaves per plant over 

control in 1999 only. In pooled data, foliar sprays of 500 ppm TU, 500 ppm MEA, 10 ppm 

DTI, PCMBS+TU and IA+TU brought about significant increase in number of green leaves 

per plant by 24.6,31.9, 18.9,9.0 and 22.2 percent, respectively over control. Number of green 

leaves per plant significantly reduced under foliar spray of 10 ppm PCMBS and 100 ppm IA 

by 34.2 and 14.8 per cent, respectively over control. The magnitude of reduction in green 

leaves per plant under 10 ppm PCMBS was significantly higher as compared to foliar spray of 

100 ppm IA. Foliar spray of PCMBS+TU and IA+TU proved significantly superior to foliar 

spray of 10 ppm PCMBS and 100 ppm IA alone, respectively. Further, the highest number of 

green leaves (70.2) was obtained under foliar spray of 500 ppm MEA, which was significant 

superior to foliar spray of 10 ppm DTT but was at par with 500 ppm TU. 

4B.2 EFFECT OF -SH COMPOUNDS AND -SH GROUP BLOCKERS ON YIELD 

ATTRIBUTES OF THE CROP 

4B.2.1 Number of clusters per plant 

Data (fable 4B.5) show that foliar spray of 500 ppm TU, 500 ppm MEA, 10 ppm 

DTI and IA+ TU significantly increased number of clusters per plant over control during 

1999 only. However, foliar spray of 100 ppm PCMBS showed significant reduction in 

number of clusters per plant over control in 1999 only. In 2000, none of the foliar applied 
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treatments proved effective in this respect. Pooled data show that foliar sprays of 500 ppm 

TU, 500 ppm MEA, 10 ppm DIT and IA+TU significantly increased number of clusters per 

plant by 14.4, 28.6, 23.6 and 10.4 per cent, respectively over control. On the contrary, fohar 

spray of 10 ppm PCMBS significantly reduced number of clusters per plant by 12.7 per cent 

over control. Foliar spray of PCMBS+ TU was significantly superior to foliar spray of 10 ppm 

PCMBS alone in this respect. However, foliar spray of 100 ppm IA had no significant effect 

on number of clusters per plant. The highest number of clusters per plant (13.81) was 

obtained under foliar spray of 500 ppm MEA, which was significantly superior to 500 ppm 

TU but was. at par with 10 ppm DIT. Further, foliar sprays of 1000 ppm urea and 1000 ppm 

aluminium sulphate had no significant effect on number of clusters per plant during both the 

years. 

4B.2.2 Number of poorly filled pods, number of unfilled pods and number or pods per 

plant 

Number of poorly filled pods per plant 

Data (Table 4B.6) show that foliar spray of 500 ppm TV, 500 ppm MEA, 10 ppm 

OTf, PCMBS+TV and IA+TV brought about significant reduction in number of poorly filled 

pods per plant over control during both the years. However, under foliar sprays of 10 ppm 

PCMBS and 100 ppm lA, number of poorly filled pods per plant increased significantly over 

control in both the years. In pooled data, foliar sprays of 500 ppm TV, 500 ppm MEA, 10 

ppm DTf, PCMBS+TU and IA+TU significantly decreased number of poorly filled pods per 

plant by 38.1, 71.4,42.9,38.1 and 33.3 per. The magnitude of reduction in number of poorly 

filled pods per plant was highest under foliar spray of 500 ppm MEA. Further, foliar sprays of 

10 ppm PCMBS and 100 ppm IA recorded significantly higher number of poorly filled pods 

per plant as compared to control. The corresponding increases were of the order of 90.5 and 

23.8 per cent. Foliar sprays of 1000 ppm urea and 1000 ppm aluminium sulphate remained 

ineffective during both the years. 

Number of unfilled pods per plant 

Data (Table 4B.6) show that foliar sprays of 500 ppm TV, 500 ppm MEA and 10 ppm 

OTf brought about significant reduction in number of unfilled pods per plant over control 

during both years. On the contrary, foliar spray of 10 ppm PCMBS significantly increased 

number of unfilled pods per plant over control in either of the years. Foliar spray of 100 ppm 

IA proved effectiv~ in increasing number of unfilled pods per plant over control during 1999 

only. Pooled data show that foliar spray of 500 ppm TV, 500 MEA and 10 ppm DTT 

si~nificantly decreased number of unfilled pods per plant by 31.3, 41.7 and 27.1 per cent, 



Vl 
"t:j 
o 
0.. 

"t:j 
(]) ,......... 

;:a 
!=: 
::::I 

4-< 
o 
'""' (]) 

,..Cl 

S 
Z 
"t:j 

(]) ,.._, 
...-
l+:: 

;:;... 
...-

'""' o 
o 
0.. 

4-< 
o 
'""' (]) 

,..Cl 

S 
Z 

o 
o 
o 
N 

"t:j 
(]) 

(3 
o 

0.... 

o 
o 
o 
N 

0\ 
0\ 
0\ ,......... 

"t:j 
(]) ,.._, 
o 
o 

0.... 

o 
o 
o 
N 

0\ 
0\ 
0\ ,......... 

00 
V) 

o 
\0 

N 
V) 

N 
N 

o 
N 

~ o 
U 

00 .-
V) 

\0 

N 
(f'\ 

(f'\ 

.-
\Q 

o 

on 
o 

~ 

~ 
8 
0.. 
0.. 
o 
o 
on 

o 
N 
o 
V) 

o 
N 
00 
~ 

o 
00 
on 
on 

0"1 \Q 

00 on 

o M 
~ .-

00 N 

M ...... 

0\ on 
N .-

on 
o 
o 
\Q 

N 
00 
\0 
V) 

on 
V) 

cQ 
Q) 
'-< 
;::3 

8 c. c. 
o 
o 
o .-

00 
00 
0\ 
on 

~ 

\Q 

o 

00 
o 
o 

on ...... 
o 

r--. 
o 
o 

o +1 

~ ~ 
8 c. c. 
o 
o 
o ...... 

M 
0\ 
00 

N 

N r--. 
o 

o 
N 
o 



1.31 

respectively over control. Whereas foliar spray of 10 ppm PCMBS, PCMBS+TU and 100 

ppm IA significantly increased number of unfilled pods per plant by 58.3, 18.7 and 37.5 per 

cent, respectively over control. However, foliar spray of IA+TV proved ineffective in this 

respect. Similarly, foliar spray of 1000 ppm urea and 1000 ppm aluminium sulphate also did 

not influence number of unfilled pods per plant during both the years. 

Number of pods per plant 

Data (Table 4B.6) show that foliar spray of 500 ppm TV, 500 ppm MEA and 10 ppm 

DTT had significant improvement in number of pods per plant during both the years. On the 

contrary, number of pods per plant significantly reduced over control under foliar spray of 10 

ppm PCMBS during both the years, while under foliar spray of 100 ppm IA significant 

reduction in number of pods per plant over control was recorded in 1999 only. Foliar spray of 

PCMBS+ TU proved significantly superior to foliar spray of 10 ppm PCMBS alone. In pooled 

data, foliar sprays of 500 ppm TV, 500 ppm MEA and 10 ppm DTT brought about significant 

increases of 17.7, 19.6 and 14.8 per cent, respectively over con~ol. On the contrary, number 

of pods per plant significantly reduced by 17.4 and 8.4 per cent under foliar spray of 10 ppm 

PCMBS and 100 ppm lA, respectively over control. Rest of the foliar applied treatment 

remained ineffective in this respect. 

4B.2.3 Pod length, number of seeds per pod, test weight and seed yield per plant 

Pod length 

Data (Table 4B.7) show that foliar sprays of 500 ppm TV, 500 ppm MEA and lao 

ppm DTT brought about significant increase in pod length during both the years except foliar 

spray of 500 ppm TU in 2000. On the other hand, foliar sprays of 10 ppm PCMBS and 10 

ppm IA caused significant reduction in pod length during 1999 only. Pooled data show that 

foliar sprays of 500 ppm TV, 500 ppm MEA, 10 ppm DTT and PCMBS+TU brought about 

significant increase of in pod length by 4.8, 9.7, 6.4 and 4.1 per cent, respectively over 

control. On the contrary, foliar spray of 10 ppm PCMBS and 100 ppm IA significantly 

reduced pod length by 5.4 and 4.8 per cent, respectively over control. The magnitude of 

reduction was higher under foliar spray of 10 ppm PCMBS as compared to 100 ppm IA. 

Further, foliar spray of IA+TV, 1000 ppm urea and 1000 aluminum sulphate remained 

ineffective in influencing pod length during either of the years. 

Number of seeds per pod 

Data tTable 4B.7) show that foliar sprays of500 ppm TU, 500 ppm MEA and 10 ppm 

DTT significantly increased number of seeds per pod in 1999. While in 2000, only foliar 



spray of 500 ppm MEA proved effective. In 2000, rest of the foliar applied treatments 

remained ineffective. On the other hand, foliar sprays of 10 ppm PCMBS and 100 ppm IA 

significantly reduced number of seeds per plant over control in 1999 only. In pooled data, 

foliar spray of 500 ppm TU, 500 ppm MEA and 10 ppm DTI significantly increased number 

of seeds per pod by 8.5, 12.7 and 5.6 per cent, respectively over control. However, foliar 

sprays of PCMBS+TV and IA+TU proved ineffective. Foliar spray of 500 ppm MEA proved 

most effective in increasing number of seeds per plant. However it was at par Wit11 foliar 

spray of 500 ppm TV and 10 ppm DTT. On the contrary, foliar spray of 10 ppm PCMBS and 

100 Ppm. IA caused significant reduction of 5.6 per cent each over control. Further, foliar 

sprays of 1000 ppm urea and 1000 aluminum sulphate proved ineffective in this respect. 

Test weight 

Data (fable 4B.7) show that foliar spray of 500 ppm MEA only proved effective in 

improving test weight during both tlle years. Rest of the foliar applied treatments remained 

ineffective in this respect during both the years. Pooled data show that foliar sprays of 500 

ppm TU, 500 ppm MEA and 10 ppm DTI significantly increased test weight by 2.8,9.9 and 

2.7 per cent, respectively over control. Rest of the foliar applied treatments did not influence 

the test weight. 

Seed yield per plant 

Data (4B.7) show that foliar spray of 500 ppm TU, 500 ppm MEA and 10 ppm DTT 

significantly increased seed yield per plant during 1999. Whereas, in 2000 only foliar spray 

of 500 ppm MEA proved effective. Similarly, foliar spray of PCMBS+TU proved effective in 

1999 only. On the other land, foliar spray of 10 ppm PCMBS significantly reduced seed yield 

per plant during both the years, whereas foliar spray of 100 ppm IA was effective in reducing 

seed yield per plant during 1999 only. In pooled data, foliar spray of 500 ppm TV, 500 ppm 

MEA and 10 ppm OTT significantly increased seed yield per plant by 13.5,25.8 and 12.2 per 

cent, respectively over control. Foliar spray of 500 ppm MEA proved most effective in 

increasing seed yield per plant. It was significantly superior to foliar sprays of 500 ppm TU 

and 10 ppm OTT. On the other hand, foliar spray of 10 ppm PCMBS caused significant 

reduction of 15.4 per cent in seed yield per plant over control. However, foliar spray of 100 

ppm IA did not influence seed yield per plant in pooled data. 

4B.2.4 Dry matter of pods in lower most, middle and uppermost cluster 

Dry matter of pods in lowermost cluster 

Data (fable 4B.8) show that foliar spray of 500 ppm TV, 500 ppm MEA and 10 ppm 

OTT brought about significant increase in dry. matter of pods in lowermost cluster during 
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1999, whereas only 500 ppm MEA proved effective in 2000. On the contrary, foliar spray of 

10 ppm PCMBS brought about significant reduction in dry matter of pods in lowermost 

cluster during both the years. In pooled data, foliar sprays of 500 ppm TV, 500 ppm MEA, 

100 ppm DTT and IA+TU brought about significant increases of 14.9, 19.7, 11.9 and 12.9 per 

cent, respectively over control. On the contrary, foliar spray of 10 ppm PCMBS and 100 1A 

significantly decreased dry matter of pods in lowermost cluster by 16.8 and 7.4 per cent, 

(espectively over control. The magnitude of reduction was higher under foliar spray of 10 

ppm PCMBS. Further, foliar spray of PCMBS+TV had no significant effect in this respect. 

Foliar spray of 500 ppm MEA proved most effective. However, it was at par with foliar spray 

of 500 ppm TU and 10 ppm DTI. 

Dry matter of pods in middle cluster: 

Data (fable 4B.8) show that foliar spray of 500 ppm TV, 500 ppm MEA and 10 ppm 

DTI proved effective in increasing dry matter of pods in middle cluster over control during 

1999, whereas in 2000 only foliar spray of 500 ppm MEA proved effective. However, foliar 

spray of PCMBS+ TV and IA+ TV proved ineffective during both the years. Foliar spray of 10 

ppm PCMBS resulted in significant decrease in dry matter of pods per plant in middle cluster 

over control during both the years. While, foliar spray of 100 ppm IA significantly reduced 

dry matter of pods per plant in middle cluster over control in 1999 only. In pooled data, foliar 

sprays of 500 ppm TV and 500 ppm MEA significantly increased dry matter of pods per plant 

in middle cluster by 12.7 and 14.5 per cent, respectively over control. On the contrary, foliar 

sprays of 10 ppm PCMBS and 100 ppm IA significantly decreased dry matter of pods per 

plant in middle cluster by 24.6 and 10.5 per cent, respectively over control. The magnitude of 

reduction was higher under foliar spray of 10 ppm PCMBS. However, foliar spray of 

PCMBS+ TV and IA + TV proved effective in increasing dry matter of pods in middle cluster 

over control. 

Dry matter of pods in uppermost cluster 

Data (fable 4B.8) reveal that foliar spray of 500 ppm TU and 10 ppm orr 
significantly increased dry matter of pods in uppermost cluster over.control during both the 

years. However, foliar spray of 500 ppm MEA proved ineffective during both the years. 

Foliar sprays of PCMBS+TV and IA+TV also proved effective in increasing dry matter of 

pods in uppermost cluster over control during 2000 only. In pooled data, foliar spray of 500 

ppm TV, 500 ppm MEA, 10 ppm OTT, PCMBS+TV and IA+TU significantly increased dry 

matter of pods in uppermost cluster by 37.3, 16.9, 39.8, 17.4 and 16.5 per cent, respectively 

over control. On the contrary, foliar spray of 1 q ppm PCMBS significantly reduced dry 
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matter of pods in uppermost cluster by 14.4 per cent over control. However, foliar spray of 

100 ppm IA proved ineffective in this respect. Foliar spray of 10 ppm DIT proved most 

effective in increasing dry matter of pods in uppermost cluster. However, it was at par with 

foliar spray of 500 ppm TV but was superior to foliar spray of 500 ppm MEA. 

4B.2.S Dry matter distribution in pods in lowermost, middle, and uppermost cluster 

Data (fable 4B.9) indicate that all the foliar applied treatments proved ineffective in 

influencing dry matter distribution (DMD) in pods in lowermost and middle cluster during 

both the years. Similar trends were also noted in pooled data. However, foliar spray of 500 

ppm TV and 10 ppm DIT significantly increased DMD in pods in uppermost cluster during 

1999 only. All the foliar applied treatments proved ineffective in 2000. In pooled data, only 

foliar spray of 500 ppm TV and 10 ppm DTT proved effective in increasing DMD in pods in 

uppermost cluster over control. Rest of foliar spray treatments proved ineffective in this 

respect. 

4B.2.6 Number of pods in lowermost, middle and uppermost cluster 

Number of pods per plant in lowermost cluster 

Data (fable 4B.l 0) show that foliar spray treatments had significant effect on number 

of pods plant in lowermost cluster in 2000 only. Foliar sprays of 500 ppm TV, 500 ppm 

MEA, 10 ppm DTT and IA+TV significantly increased number of pods in lowermost cluster 

over control in 2000 only. However, foliar spray of 10 ppm PCMBS significantly reduced 

number of pods in lowermost cluster over control. In pooled data, foliar sprays of 500 ppm 

TV, 500 ppm MEA and 10 ppm DTT significantly increased number of pods in lowermost 

cluster by 16.0,24.0 and 12.0 per cent, respectively over control. On the contrary, foliar spray 

of 10 ppm PCMBS significantly reduced number of pods in lowermost cluster by 12.0 per 

cent over control. However, foliar sprays of 100 ppm IA, PCMBS+ TV and IA+ TV proved 

ineffective. 

Number of pods in middle cluster 

Data (fable 4B.l 0) indicate that only foliar spray of 500 ppm TV and 500 ppm MEA 

brought about significant increase in number of pods in middle cluster over control during 

both the years. However, foliar spray of IA + TV proved effective in this respect during 2000 

only. On the contrary, foliar spray of 10 ppm PCMBS significantly reduced number of pods 

in middle cluster over control during both the years. While, foliar spray of 100 ppm IA proved 

ineffective. Pooled data show that foliar spray of 500 ppm TV, 500 ppm MEA and 10 ppm 

DTT significantly increased number of pods in mid~le cluster b,y 8.1, 22,9 and 6.8 per cent, 
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respectively over control. However, foliar spray of PCMBS+TU and IA+TU remained 

ineffective. Further, foliar spray of 10 ppm PCMBS significantly reduced number of pods in 

middle cluster by 9.5 per cent over control. However, foliar spray of 100 ppm IA proved 

ineffective. Further, foliar spray of 500 ppm MEA proved most effective in increasing 

number of pods in middle cluster over control. However, it was significantly superior to foliar 

sprays of 500 ppm TU and 10 ppm DTT. 

Number of pods in uppel'most cluster 

Data 'crable 4B.IO) reveal that foliar spray of 500 ppm TV, 500 ppm MEA, 10 ppm 

DTT, PCMBS+TU and IA+TU significantly increased number of pods in uppermost cluster 

over control during both the years, except foliar spray of IA+TU in 1999. However, foliar 

spray of 10 ppm PCMBS and 100 ppm IA proved in effective during the years. In pooled 

data, foliar sprays of 500 ppm TV, 500 ppm MEA, 10 ppm OTT, PCMBS+TV and IA+TV 

significantly increased number of pods in uppermost cluster by 31.8,27.3, 18.2,22.7 and 18.2 

per cent, respectively over control. On the contrary, foliar spray of 10 ppm PCMBS 

significantly reduced number of pods in uppermost cluster by 13.6 per cent over control. 

However, foliar spray of 100 ppm IA proved ineffective. Further, foliar spray of 500 ppm TV 

proved most effective in increasing number of pods in uppermost cluster, which was 

significantly superior to foliar spray of 10 ppm OTT but was at par with 500 ppm MEA. 

4B.2.7 Ratio of grain: pod husk in lowermost, middle and uppermost cluster 

Grain: Pod husk in lowermost cluster 

Data (fable 4B.ll) indicate that foliar sprays of 500 ppm TU, 500 ppm MEA and 10 

ppm DTT significantly increased grain: pod husk ratio in lowermost cluster over control 

during both the years. However, foliar sprays of 10 ppm PCMBS, 100 ppm lA, PCMBS+TV , 
and IA+TU had no significant effect in comparison to control during both the years. In pooled 

data, foliar sprays of 500 ppm TU, 500 ppm MEA, 10 ppm OTT, and lA+TU significantly 

increased grain: pod husk ratio in lowermost cluster by 17.4,28.7 17.4 and 15.7 per cent, 

respectively over control. Rest of the foliar spray treatments proved in effective. The highest 

grain: pod husk ratio of 1.48 was obtained under foliar spray of 500 ppm MEA, which was 

significantly superior to foliar sprays of 500 ppm TV and 10 ppm OTT. 

Grain: pod husk ratio in middle cluster 

Data (fable 4B.ll) indicate that all the foliar spray treatments proved ineffective in 

1999. While, in 2000, only foliar spray of500 ppm MEA proved effective in increasing grain: 

pod husk ratio in middle cluster. However, foliar spray of 10 ppm peMBS pr;ved effective in 
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decreasing grain: pod husk ratio in middle cluster during 2000 only. In pooled data, foliar 

spray of 500 ppm MEA significantly increased grain: pod husk ratio in middle cluster by 14.0 

per cent over control. Whereas, foliar spray of I ° ppm PCMBS brought about significant 

reduction of 13.9 per cent over control. Rest of the foliar spray treatments proved ineffective 

in this respect. 

Grain: pod husk ratio in uppermost cluster 

Data (fable 4B.ll) show that foliar spray treatments significantly influenced grain: 

pod husk ratio inconsistently. In 1999, foliar sprays of 500 ppm MEA, 10 ppm Drr, 10 ppm 

PCMBS, PCMB+TV, 100 ppm IA and IA+TV significantly increased grain; pod husk ratio in 

uppermost cluster over control. While, in 2000, only foliar sprays 500 ppm MEA and 10 ppm 

DIT proved effective in increasing grain: pod husk ratio in uppermost cluster over control. 

Foliar sprays of 500 ppm TV proved ineffective during both tlle years. In pooled data, all the 

foliar spray treatments proved effective in increasing grain: pod husk ratio in uppermost 

cluster over control. 

4B.3 EFFECT OF -SH COMPOUND AND -SH GROUP BLOCKER ON YIELD OF 

CROP 

4B.3.1 SEED, STRAW AND BIOLOGICAL YIELDS AND HARVEST INDEX 

Seed yield 

Data (Table 4B.12) show that foliar spray of 500 ppm TV, 500 ppm MEA and 10 

ppm DTT significantly increased seed yield over control during 1999. However, in 2000, only 

foliar spray of 500 ppm MEA proved effective in increasing seed yield over control. Further, 

foliar sprays of 500 ppm TV and 10 ppm Drr exhibited increasing trends over control. On 

the othcr hand, foliar spray of 10 ppm PCMBS significantly decreased seed yield over control 

in either of the years. However, foliar spray of 100 ppm IA proved ineffective in both the 

years. Foliar spray of PCMBS+TV significantly increased seed yield over control in 1999 

only. Pooled data show that foliar sprays of 500 ppm TV, 500 ppm MEA, 10 ppm DIT and 

PCMBS+TV significantly increased seed yield by 13.6, 27.5, 12.2 and 9.9 per cent, 

respectively over control (18.89 q/ha). On the contrary, foliar spray of 10 ppm PCMBS 

significantly decreased seed yield by 14.7 per cent, over control. PCMBS+TU proved 

effective over PCMBS, and the effects were at par with control. However, foliar sprays of 100 

ppm lA, IA+TV, 1000 ppm urea and 1000 aluminum sulphate remain ineffective in respect of 

seed yield 



Straw yield 

Data (Table 4B.12) show that foliar spray of 500 ppm MEA significantly increased 

straw yield over control in 1999 only, while foliar spray of 10 ppm PCMBS brought about 

significant reduction in straw yield over control during 1999 only. Rest of the foliar spray 

treatments proved ineffective during both the years. In pooled data, foliar spray of 500 ppm 

MEA significantly increased straw yield by 9.2 per cent over control. On the contrary, foliar 

spray of 10 ppm PCMBS significantly reduced straw yield by 8.9 percent over control. Rest 

of the foliar spray treatments proved in effective. 

Biological yield 

Data (Table 4B.12) reveal that foliar spray of 500 ppm TV and 500 ppm MEA 

significantly increased biological yield over control in 1999 only. On the contrary, foliar 

spray of 10 ppm PCMBS significantly reduced biological yield over control in 1999 only. 

Rest of the foliar spray treatments proved ineffective in 1999. ~owever, in 2000 all the foliar 

spray treatments proved ineffective. In pooled data, only foliar spray of 500 ppm MEA 

brought about significant increase in biological yield by 14.5 per c~nt over control. On the 

contrary, foliar spray of 10 ppm PCMBS significantly decreased biological yield by 9.0 per 

cent over control. Rest of the foliar spray treatments proved ineffective. 

Harvest index 

Data (Table 4B.12) indicate that foliar spray of 500 ppm TV, 500 ppm MEA, 10 ppm 

DTT and PCMBS+TU significantly increased harvest index over control in 1999, whereas in 

2000 only foliar spray of 500 ppm MEA proved effective in increasing harvest index. 

However, foliar spray of 500 ppm TV and 10 ppm DTT showed increasing trend over control. 

Foliar spray of 10 ppm PCMBS significantly decreased harvest index in 2000 only. In pooled 

data, foliar spray of 500 ppm TU, 500 ppm MEA, 10 ppm DTT and PCMBS+TU 

significantly increased harvest index by 7.7, 11.7, 8.8 and 5.9 per cent, respectively over 

control. On the contrary, foliar spray of 10 ppm PCMBS significantly reduced harvest index 

by 5.8 per cent over control. Foliar spray of TV+PCMBS proved effective over 10 ppm 

PCMBS and control. However, foliar spray of 100 ppm lA, IA+TV, 100 ppm urea and 1000 

ppm aluminum sulphate proved ineffective. 

4B.4 EFFECT OF -SH COMPOUND AND- SH GROUP BLOCKER ON NUTRIENT 

CONTENT OF THE CROP 

4B.4.1 Nand S content of leaves at 75 DAS 

Data (fable 4B.13) show that all the foliar spray treatments had no significant effect 

on N and S content of leaves at 75 DAS during both the years. Similar trends were recorded 

in pooled data. 
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5 DISCUSSION 

While presenting the results of the present investigation entitled "Effect of thiourea and 

Dimethylsulphoxide on phosphorus use efficiency, dry matter partitioning and productivity of 

clusterbean [Cyamopsis tetragonoloba (L.) Taub.] in the preceding chapter, significant 

variations were noted in number of crop parameters due to effects of different treatments tried 

in the two years of expcrimentation. In this chapter, an attempt has been made to critically 

assess the effects of different treatments on all such crop parameters and present a conceptual 

framework fOf\ better understanding of the treatment effects. Wherever felt necessary, 

experimental reports of other workers have been cited to support the findings of the present 

investigation. Since the present investigation comprised two separate experiments, the results 

of;these experiments are discussed accordingly in sequence in the following sections. 

5.1 EXPERIMENT 1: EFFECT OF TIllOUREA AND DIMETHYLSULPHOXIDE ON 

PHOSPHORUS USE EFFICIENCY, DRY MATTER PARTITIONING AND PRODUCTIVITY OF 

CLUSTERBEAN 

5.1 EFFECT OF PHOSPHORUS LEVELS 

5.1.1 Growth parameters 

The results indicated that mcreasmg level of P application upto 40 kg P20s/ha 

significantly improved morphological and physiological parameters of clusterbean (Table 

4A.I - 4A.4 and fig.4.1 & 4.2). Thereby capacitating the plants to accumulate significantly 

higher amount of dry matter at successive stage of crop growth with the increased P 

application. Root length and dry matter of roots at 60 DAS also increased significantly with 

40 kg P20s/ha over control and 20 kg P20s/ha. 

In general the overall improvement in growth of clusterbean with increased P could 

be ascribed to its pivotal role in several physiological and biochemical processes which are of 

vital importance for growth and development of plant. The influence of increased P 

application was noticed on better root length (Table 4A.25), root nodules (Table 4A.27 ) and 

availability of P from soil (Table 4A.41-4A.43). This seems to have provided congenial 

nutritional environment in the plants. It is also evident from the estimates of nutrient 

concentration, which showed a significant enhancement in N and P content of plant parts at 

successive stages of crop growth (Table 4A. 46-4A.56). Such improvement under increased P 

application might have increased metabolic processes in plant resulting in greater 

meristamatic activities and apical growth, thereby improving plant height, branches per plant 

and higher number of green leav63' per plant ultimately reSUlting in improved photosynthetic 

surface of the plant. This i$. evident from increase in LAI at 60 and 90 DAS (Table 4A.17 -18). 



Sll1ce the status of J1ati\ e phosphorlls III soli \\,;IS low (I X 4 alld I ().5 kg PlO~!lia), 

applicatIon of soluble phosphorus increased the availabilIty of" phosphorus to plant parts 

Thus, increased supply of labile phosphol1ls might havc hclped in early root ramIfication and 

establishment of the crop, thereb} leadIng to Increased growth para1l1eters. Singh and SlI1gli 

(1989) observed stImulating effect of phosphonls application on root growth and root nodules 

of clusterbean, Increase in chlorophyll content of leaves at 90 DAS was observed \\ ith 

application of 40 kg P20s/ha (Table 4A 16) Thc beneficial effect of phosphorus fertilizatlOIl 

on chlorophyll content of leaves I11lght bc due to the availability of higher energy in the forlll 

of A TP molecules which might have favoured the I11uit'iphcatIOI1 of cells and increased the 

chlorophyll content ~f leaf tissues (Pareck. 1995) 

P application 'at 20 and 40 kg P20~/ha signIficantly improved growth parameters in 

comparison to no P application. Beneficial effects of P on growth of clusterbean have been 

reported by several workers. Wani and Patll (1982) reported significant increase In plant 

height :lIld number of branchcs per pbnt in clusterbean due to application of P upto &0 kg 

P20s/ha. incrcase in number of branches and NAR of c1usterbean was also recorded with 40 

kg P20s/ha over control (Raut and Ali, 1983). Singh and Singh (1989) reported significant 

increase in nodules/plant and root dry wcight of clusterbean due to P application upto 60 kg 

P20s/ha over control and 30 kg P20s/ha. While, Pareck (1995) reported that application of 40 

kg P20 5/ha significantly improved dry matter accumulatlorllplant and chlorophyll contcnt of 

leaves in c1ustcrbcan. Thus, the results of these workers corroborate the finding obtained 1I1 

the present investigatIon. The larger canopy de\. elopment as evidenced by increase in LAI 

and LAR under the influence of 40 kg P20~/ha seems to have increased absorption and 

utIlization of radiant energy resulting into higher dry matter accumulation per plant 

The P distribution to leaves stems and pods is an important factor to increase dl) 

matter accumulation This is evidenceu from increased P content in different parts or the crop 

under the influence of P application (Table 4A.48-4A.S6). When P supply is limIted, the 

av:ulability of P and N to chloroplast becomll limited ultimately affect the photosynthetiC 

processes as well as photosynthaLes supply Lo nodules. Thus. interdependence of Illest.: 

processes in plant on P supply show effect of P on plant growth process \\ hich resulted in 

greater accumulation of biomass of individual plant through increase in assil1li!ato~ 

apparatlls (LAi) and other growth efficiency parameters viz., CGR. LAR and N;\R fhese 

results are in close accordance with results reported that Raut and Ali (In3) 

5,1.2 Yield attributes and yield: 

Application of 40 kg P20,/ha significanLly incrcased clusters per plant, pou,; per plant. 

pod length and seed yield per piant over control and 20 kg P:Odha (Table 4;\.21'1,29. :n, ;l()). 

However, number of seeds per pod and test weight Significantly incrcased upto 20 kg r20~/ha 

(Table 4A.34 & 4A.35). On thc contrary, number of poolly filled pods and unfi lled pods per 



plant significantly decreased with the application of 40 kg P20.slha over control and 20 kg 

P20s/ha (Table 4A.31-32). Seed yield and harvest index also significantly increased with 

increasing levels of P upto 40 kg P20.slha. However, straw and biological yields responded 

upto 20 kg P205/ha (Table 4A.38 & 39). 

The beneficial effect of increased P levels appears to be a result of growth of 

individual plant as reflected through increased plant height, branching per plant, number of 

green leaves, LAI, CGR, LAR and NAR and ultimately dry matter accumulation per plant at 

suc~essive stage of the crop growth. The favourable effect of phosphate fertilization on yield 

attributes might be, due to the fact that phosphorus plays a key role in the root development, 

energy transformation and various vitally important metabolic processes in plant. 

The significant increase in yield attributes observed under phosphorus application 

seems to have resulted on account of improved nutritional condition inside the plant. It was 

observed that phosphorus applications at 40 kg P20s/ha significantly increased P content of 

different parts at different growth stages (Table 4A.48-56). All these effects observed with 

phosphorus application suggest that some sort of nutrient balance was necessary for proper 

functioning of photosynthetic apparatus and growth of crop plants. This is further evidenced 

from the fact that there was significant increase in dry matter accumulation at different growth 

stages which finally reflected in significant improvement in biological yield. Improvement in 

yield attributes due to increased P application were also reported by Singh and Singh (1989), 

Tiwana and Tiwana (1994), Shivran et al. (1996) and Naagar (2001). 

The significant increase in test weight due to 20 kg P20s/ha might be due to better 

uptake and translocation of photosynthate, thus increasing the size and weight of grains. This 

is evidenced from the fact that dry matter translocation toward the sink increased significantly 

under the influence, :::If P ap~lication (fig. 4.3) and better P status in pods. 

A significant increase in seed yield of clusterbean due to application-of 40 kg P20.slha 

could be ascribed to the fact that yield of the crop is a function of yield attributes which are 

dependent on complementary interactions between vegetative and reproductive growth of the 

crop. Their overall effects reflect in the form of yield. This is also evidenced from the fact that 

number of poorly filled pods and number of unfilled pods per plant significantly decreased 

due to 40 kg P20slha over control and 20 kg P20s/ha (Table 4A.31-32). A positive and 

significant relationship was observed between seed yield and yield attributes, while negative 

relationship was observed with number of poorly filled pods and numb~r of unfilled pods per 

plant (Table 5.1 and 5.2). The observed relationship is in close agreement with findings of 

Pareek (1995) and Naagar (2001). 

In the preceding paragraph it has been emphasized that increased P fertilization 

played a vital role in improving yield determinants viz., number of green leaves per plant and 
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LA! for increase photosynthesis, root length and root dry matter for increased nutrient 

absorption and nodulation, strong sink strength for higher translocation of assimilates and 

development of reproductive structures as evidenced from increased number of pods per plant 

due to application of 40 kg P20s/ha. These effects culminated in maintaining source-sink 

balance to a larger extent, thereby resulting in higher seed yield with 40 kg P20s/ha. P content 

of leaves, stems and pods at different growth stages and seed yield were found positively 

correlated (Table 5.1 and 5.2). The results are in the line of findings of Naagar (2001). Further 

more, significantly higher number of nodules due to 40 kg P20s/ha would likely to retard 

senescence as eviaenced by increased number of green leaves per plant due to 40 kg P20y'ha. 

This all might have increased yield as a result of a longer filling period. Significantly higher 

seed yield of cluster bean with the application of 40 kg P20s/ha was also reported by Pareek 

(1995) and Solanki et al. (1998). 

2(0 

Significant increase in stover yield with 20 kg P20slha over control could be 

atq-ibuted to conducive effect on roots and growth of plant" which in tum increased 

morphological parameters viz., plant height, number of green leaves per plant, number of 

branches per plant and finally dry matter accumulation (Table 4A.1-4 and fig. 4.1). Baboo and 

Rana (1995) and Shivran et al. (1996) also observed significant increase in stover yield of 

c1usterbean with phosphorus application. Increase in biological yield with P application at 

both 20 an.d 40 kg P20s/ha levels could be attributed to beneficial effects of phosphorus on 

both vegetative and reproductive growth of the crop, as biological yield is a function of seed 

and stover yields. Harvest index increased significantly due to 40 kg P20s/ha over control and 

20 kg P20slha (Table 4A.40). The dry matter distribution in pods increased significantly from 

60 DAS to physiological maturity under the influence of phosphorus application (fig. 4.3). 

The probable reason for increased harvest index might be due to improved dry matter 

partitioning due to P application. Shivran et al. (1996) and Meena (1999) also observed 

significant increase in harvest index with P application. 

5.1.3 Quality parameters 

Gum content of seed increased significantly with increasing P levels upto 20 kg 

P20s/ha. The increase in gum content might be perhaps due to augmented carbohydrates and 

fat syntheses in seeds due to application of phosphorus. Thus, boldness of the seed increased 

by more accumulation of carbohydrates in seeds resulting in more gum content in clusterbean 

seeds. Significant improvement in protein content of seed was recorded with increasing levels 

of P upto 40 kg Iha (Table 4A.45). Improvement in protein content is ascribed to significant 

enhancement in N content of seed and leaves due to increasing P supply (Table 4A.46). The 

results are in close agreement with those of Wani and PatH (1982), Jain et al. (1988) and 
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Bhadoria el al. (1997). They also reported that application of 40 kg P20iha significantly 

increased gum and protein content of seed. 

5.1.4 Nutrient content and P uptake 

Application of 40 kg PzOsiha brought about significant improvement in P content of 

different parts of clustcrbean at successive stages of crop growth over control and 20 kg 

P20 5/ha (Table 4A.48-56}.The improvement in P content in different plant parts with the 

application of P seems to be on account of its pivotal role in formation of roots, their 

proliferation ~d improvement in their functional activities. This might have induced high 

extraction of nutrients from soil environment for longer duration and their efficient 

translocation in the plant system. It could be relevant to call into attention that increased P 

fertilization also resulted in increased soil available P at 60, 90 DAS and harvest (Table 

4A. 41-43), which might be easily absorbed by the plants. Increase of P influx with added P 

seems to have maintained critical concentration at cellular level in order to cope-up with their 

need and subsequent efficient translocation towards source and sink i.e. leaves and pods or 

seed resulting in higher concentration in all the plant parts. C lYIee:}'lQ.) 1.9.s~) 

As regards the status of P content in different part of clusterbean at successive stages 

of crop growth, though it increased with increase in P application in the order of pods > 

leaves > stems, the highest P content was estimated in pods and lowest in stems indicating 

maximum amount of P was allocated to clusterbean seed probably for formation of seed 

itself, protein and gum. Similar findings were reported by Bhadoria et al. (1997), Kumawat 

(1997) and Meena (1999). Significant increase in uptake of P by see,d and stover (Table 4A. 

66-67) of clusterbean recorded in the present investigation might be partly due to increased 

content in seed and stover under the influence of 40 kg P20 51ha over control and 20 kg 

PzOs/ha. Apart from this, the total amount of nutrient uptake by the crop is largely determined 

by total dry ttfatter production. The correlation studies showed significant and positive 

correlation between P uptake by seed, stover and total P uptake, and biological yield (r == 

0.954, 0.984 and 0.976). The results are in close accordance with those of Kumar (1987), 

Singh and Singh (1989), Baboo and Rana (1995) and Naagar (2001). 

,P harvest index significantly increased with increasing P application upto 20 kg 

PzOiha (Table 4A. 72). This might be due to the fact that translocation of P towards pods at 

physiological maturity was significantly higher due to P application (Table 65). Agronomic 

efficiency and P recovery decreased with 40 kg P20s/ha as compared to 20 kg P20s/ha.(Table 

69 & 71). Dubey (2000) also found that phosphorus use efficiency was superior under lower 

dose as compared to higher dose of phosphorus. However, physiological efficiency showed 

reverse trends (Table 4A.70). It may be further noted that while agronomic efficiency 



indicates kg grain/kg P applied/ha and P recovery represents kg P absorbed/kg P applied. 

Higher levels of both these parameter at 20 kg P20s/ha thus indicates that critical requirement 

for phosphorus was met at this level, and beyond 20 kg P200m, phosphorus application did 

not benefit the crop so remarkably both in terms of P uptake and seed yield. On the other hand 

physiological efficiency of P levels indicated reverse trends i.e. kg grainlkg P uptakelha 

increased with increasing P application upto 40 kg P20slha. This means that absorbed 

phosphorus was utilized well in grain production with increasing levels of P application. 

Decrease in agronomic efficiency and P recovery with increasing levels of P application, 

ther'efore, indi2ate that much of P applied was not absorbed by the crop plants and that P 

absorption was nearly sufficient upto 20 kg P20s/ha, beyond which absorbed P was less 

effective in grain production. Decrease in agronomic efficiency and P recovery with 

increasing levels of P application were reported by Khiriya et at. (2001) in fenugreek grown 

on sandy loam soil ofHisar. 

5.2 EFFECT OF THIOUREA 

5.2.1 Growth parameters 

Soil and foliar application of TU brought about significant variations in ~mber of 

growth parameters in comparison to control. However, it was generally observed that the 

effect of soil application of TU at 5 kg/ha e/2 +1/2) and foliar spray of 500 ppm TU proved 

superior to control in improving most of the growth parameters. Soil application of TV at 5 . 
kg/ha (basal) also proved superior to control in influencing growth of plants, but the effects 

were not very consistent (Table 4A.l-4). Further, it was noted that split application ofTU in 

soil proved superior to basal application ofTU. A reference to table 4A.3-4 & fig. 4.2 would 

reveal that significant improvement in branches per plant, number of green leaves per plant, , 
dry matter acctmulation at 60, 90 DAS and physiological maturity, LA! and CGR at 60 and 

90 DAS was noted on account of split application of TU in soil at.5 kg/ha el2 +1/2) and foliar 

spray of 500 ppm TU. Almost all these parameters were equally improved by both soil as well 

as foliar applied TU However, root length and number of nodules per plant at 60 DAS 

significantly increased with soil application of TV at 5 kg/ha e/2 +1/2) only. In light of these 

-observations it is fairly conceivable that TV might have stimulated the photosynthetic carbon ,,1 
. ($0. h(J et oJ. 199h. 

fixation mechanism and hence might have increased canopy photosynthesisL.. Significant 

increases in LAI and eventually dry matter accumulation obtained ,;"ith the TV treatment 

provide ample support to such effects. Smce TV exhibits cytokinin like activity (Vassilev and 

Mashev, 1974 and Erez, 1978) and cytokinins are well known for delaying leaf senescence 

(Woolhouse, 1974), TV might have resulted in the creation of larger photosynthetically active 

leaf surface during the grain filling. That, this is so evidenced by the fact that larger number 
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of green leaves per plant and significant increase in chlorophyll content of leaves was 

recorded in TV treatment. The larger canopy development as evidenced by number of green 

leaves and LAI under the influence of TV treatment seems to have increased absorption and 

utilization of radiant energy resulting into higher DMA per plant. 

5.2.2 Dry matter partitioning and productivity 

when the cffcctJof TV treatment are assessed in respect of dry matter distribution 

(DMD), it was noted that only soil application of TV at 5 kg/ha e/2 +1/2) proved effective in 

improving DMD' in leaves at 30 DAS ( Table 4A.5 & fig. 4.6). While at 60, 90 DAS and 

physiological maturity all the TV treatments including TV (basal) and TV (spray) were 

effective in improving DMD in leaves and pods (fig.4.4 & 4.6). However, the magnitude of 

increasing DMD in leaves and pods was higher under soil application of TV at 5 kg/ha (1/2 

+1/2) and foliar spray of 500 ppm TV in comparison to soil application of TV (basal). On the 

contrary, DMD in stems at 90 DAS and physiological maturity significantly decreased with 

soil and foliar applied treatments ofTU. With regard to yield attri~utes and yield it was noted 

that soil application of TV (basal) did not prove effective in influencing yield attributes as 

well as seed yield in comparison to control. However, almost all, the yield attributing 

parameters, except number of pods per cluster significantly improved with \Soil application of 

TV (split) and foliar spray of TV. Both soil and foliar treatment of TU increased the number 

of pods, seeds per pod and test weight, indicating an improving storage capacity. It may, thus, 

be noted that while split application of TU in soil worked well in influencing growth 

parameters significantly over control. Basal application ofTU did not show consistent effects. 

Obviously, persistence of soil applied TV appears to be more under split application in soil 

then when TU applied basal. This seems to have rejected on account of the highly permeable 

characteristics of the sandy soils of the experimental sites in the two years of the 

experimentation. The soils contain 90.8 and 91.25 % sand, and therefore much of TU when 

applied entirely basal might have leached down beyond root zone during rains or 

supplemental irrigation given to the crop. On the other hand, under split application despite 

leaching of some TU in the initial stage TU applied at flowering initiation stage was 

consistently available in the root zone for absorption and utilization in formation of yield 

organs including nersistence of photosynthetically active more number of leaves. This is 

convincing as in extremely sandy soils leaching of fertilizer nutrients and reduced fertilizer 

use': efficiency is a well known effect of fertilizer treatments applied to the soil. 

It was also evident from the result discussed earlier that split application of TU 

proved significantly superior to foliar spray of TV in improving crop yield. A reference to 

data (Table 4A.3, 4A.34 and 4A.30) would reveal that split application of TU resulted in 



significantly larger number of branches, number of seeds per pod and a consistent increase in 

number of pods per plant during both the years of experimentation. Also, number of poorly 

filled pods as well as unfilled pods were lower under this treatment in comparison to foliar 

applled TU. On the other hand, foliar applied TU significantly increased number of green 

leaves, LA1, CGR and LAR over split applied TU in soil. Foliar applied TU also resulted in 

significantly larger test weight as compared to that under split applied TV. It may be noted 

that foliar spmy of TU was made at 45-50 DAS when the crop was at flower initiation stage. 

TIlUS, evcn though post flowering, crop photosynthesis was improved under foliar spray of 

TU, the pre flowering effect under soil applied TU provided advantage through increased 

formation of storage capacity i.e. number of seeds and pods per plant besides more number of 

branches per plant. Thus, while sink capacity was larger under soil applied TV, sink strcngth 

was greater under foliar applied treatment and former was more dominant in improving 

number of seeds and hence yield. It, therefore, appears that early pre flowering stimulation of 

crop growth through -SH enrichment is necessary for maximizing crop productivity. ~ 

In this context, it is noteworthy that TU, containing -SH group, is a non biological 

, thiol (Jocelyn, 1972), stimulates dark fixation of CO2 in embroyonic axes of chickpea 

(Hemandtez-Nestal et al., 1983). Because of the -SH group, TV may play several 

bioregulatory roles in crop plants, as the -SH group has diverse biologicQ.l activity and having 

the following structural formula (Jocelyn, 1972). 

HS __ !NH 

"­ NH2 

Involvement of SH group in phloem transport of sucrose has been suggested 

(Giaquinta, 1976; Giaquinta, 1977). This is evidenced by increasing DMD in pods. For 

illustration of these points related to possible role of TU in photosynthate translocation, a 

brief note on the mechanism of assimilate transport via phloem loading of sucrose, the major 

photosynthetic metabolite, appears to be a necessary pre requisite. Giaquinta (1977) stated 

that for plant to grow, sugar and other assimilates must constantly be transported from the 

leaves to growin\ or storage region. This essential transport function takes place in the highly 

specialized phloem tissue which consists of a net work of inter connecting sieve tubes. In 

spite of its obvious agronomic importance, little is known about the first step of sugar entry 

(loading) into the sieve tubes. The model proposed by the author formulates several of the 

established but difficult to reconcile characteristics of the sieve tubes into a unifying model 

for sugar uptake. These characteristics include the alkaline sap (PH 8-8.5) with a high 

potassium ion and ATP concentrations, the presence of electrical gradient and the 



considerable ATPase activity of the sieve tube plasmalemma. According to this model, 

sucrose leaves the site of synthesis in the mesophyll cells and enters the free space or 

apoplast, which has a pH of 5-6. The sucrose is then accumulated into alkaline sieve tubes by 

an active process involving membrane sulphydryl groups. In this model, the proton gradient 

of nearly 3 pH units across the sieve tube plasmalemma provides the driving force of sucrose 

uptake (fig. 5.1). In this regard it is interesting to point out that TV has been observed to 

activate proton pump in germinating seeds of chickpea (Hernandez - Nistal et al., 1983). 

Giaquinta (1976) employed chemical probes to characterize phloem loading at the 

membrane lev'el. Further, the study showed that sugars are accumulated into the phloem from 

the apoplost by an energy dependant process which was associated with membrane bound 

-SH group. Komar et al. (1978) also reported that sugar translocating carrier protein possesses 

a suphydryl group that is essential for its function. Since the -SH group is essential at the 

substrate binding ,Site of the amino acid carrier (Mc Cormick and Johnstone, 1990), foliar 

spray of TV in the present might have enhanced formation of the ternary complex, sucrose -

It carrier, thus improving phloem loading of sucrose and hence translocation of 

photosynthates. This contention on the possible role of TV in improving translocation of 

photosynthate via improved phloem loading is substantiated by the effect of TV treatments on 

dry matter partitioning and yield components, particularly pods per plant and grain weight. 

It was noted that not only accumulation of dry matter increased due to effects of TU 

treatments, but translocation of dry matter was also found to be higher under TV treatment. A.,.t 

90 DAS and physiological maturity, dry matter distribution in stems decreased and in pods it 

was increased. Thus, TU treated crop showed significant relocation (partitioning) of dry 

matter from sterns and leaves for pod development. This indicates that there was improved 

phloem loading of assimilates and hence greater translocation of photosynthate under the 

influence of TV treatment, most probably on account of the - SH group present in the TU 

molecule. The role of TU as a sulphydryl compound and eventual effect' of - SH supply on 

crop growth productivity are further borne out by the fact that TU treatments had no 

significant effect on sulphur content of leaves at 90 DAS when the crop was at grain 

developme.at phase. Thus, it is clear that content of sulphur was not important but it was the -

-SH configuration, which was a factor in yield differences observed due to treatment. 

Therefore, TU has bio-regulatory effects, chiefly through mobilization of dry matter and 

translocation of photosynthate for improved yield formation. This in further evidenced from 

the fact that number of cluster per plant and number of pods per plant increased significantly 

under TU treatments. On the other hand, higher allocation of dry matter of storage organ 

resulted in lesser number of poorly and unfilled pods per plant under the influence of TU 

treatments. These parameters showed significant and negative correlation with seed yield 
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Fig. 5.1 : Model of transport of assimilates (sucrose) in sieve tubes (phloem) 



(Table 5.1) Harvest index increased significantly due to TU trcatment, (Table 4 A 40) 

Eventually seed yield increased sigillficantly under TU treatments, but straw yield did Ilol 

This clearly indicates that TU treatment in the present study improved seed Yield chiefl Y on 

account of ll11prm ed aSSimilate partitiolllng and transport during grain development. 

The role of TU in improvlI1g dry matter partitioning has been reported in \ anOllS 

crops by different workers Sahu and Solanki (1991) noted significant improvement in har\,est 

index \\ith foliar spray of 0.1 % TU 111 maize Parihar e( at (1998) observed that dry matter 

distribution in leaves and stems of bajra decreased due to foliar spray of TU but increase III 

DMD in ears. 

5.2.3 Phosphorus"use efliciency 

Soil application ofTU both as basal and split doses increased P harvest index as \\ell 

as agronomic efficiency of P. Physiological efficiency of P was also increased by these TU 

treatments Thus, it appears that TU has a role in improving P absorption and utilizatloll 

inside the pi:lIlts Slllce TU is a sulphydryl compollnd, the effects of TU on root growth ami 

activit)' might be a result of the metabolic role of - SH group in root physiology and 

biochemistry. It is also possible that the direct effect of TU on soil phenomenon like 

solubJllzing of nativc P and P availability due to rcduced P fixation might also be factors 

responsible for Increased P Lise efficiency due to SOil application of TU Sud e/ 01. (Il)l) I) 

\\hile reportll1g the effect of TU on P use effiCiency by potato in bro\\n hill salls of SI1Imia 

suggested three possibilities' (I) It helps ill better root growth. (II) antl-b:.1ctcrI:.11 clTcct on soil 

mlcro-flor:.1 to prevent nutrient fixation (De Ritis and Scalfi, 1946) :.1l1d (iii) sulphur preselllill 

thIOurea and applied near seed tuber solubilized Illore soil P compared mth lIlactive form of S 

from calcIUm sulphate. 

The biological environment of root IS essentially In::ll1lfested by a preferentl:.11 

colonization of soil microbes in the rhlzosphere. ll1e proliferatIon or these microbes is 

affected by secretIOn fr0111 the root :.1 wide range of readily available organic compound called 

'exudates'. The interactIOns of these Il1lcrobes \\'Ith plant root gives rise to a modified and­

localised biogenic mdi, surrounding the root which dissolves many essential planl nutrients 

from relatively Insoluble sources (Sarkar and Goswami. 1982). 

In the present study root length and root dry matter increased with soil :.1pplication of 

TU. Perhaps TU might have created better microbial popubtion in soil, which resulted in 

higher available P in soil. This is also evidenced by the increasing number of nodules under 

the influenced ofTU treatments (Table 4A.27). 

Soil application of TU at 5 kg/ha (1/2+1/2) significantly increased available P content 

of soil at 30, 60 DAS and maturity (Table 4A.22-24). This might be due to the fact th::1( TU 

has beneficial effect all solubilizing native as well as applIed phosphorus in the soil and better 

2f:t 



root growth. This is evidenced by more root length and root dry matter at 60 DAS under the 

influence of soil application ofTU at 5 kglha e/2+1/2). 

Since the availability of P increased, there was better root growth, which led to their 

deep penetration into soil to extract more nutrient P by the crop. This is evidenced by the fact 

that P content increased in different parts of plant at successive growth stages of the crop due 

to TU treatments (Table 4A.48-56). Increase in P content in different parts of the crop at 

successive stages of crop growth was observed on account of soil application of TV at 5 kg/ha 

(112 + 112). This could probably be due to increase in available P content of soil at successive 

stages of the crop growth and better root growth under the influence of split application ofTU 

in soil (Table 4A.25-26). This might have induced high extraction of nutrients from the soil 

environment for longer duration and their efficient translocation in the plant system. The P 

distribution in pods at 60, 90 DAS and physiological maturity was higher as compared to 

leaves and stems indicating better sink strength for importing assimilates. Split application of 

TV in soil significantly increased P uptake by the crop (Table 4 A 68). The nutrient mass in 

plants is dependent on concentration in plant tissues and dry matter accumulation. Hence, 

improvement in both of these components under TU treatment resulted in higher P uptake. 

The regression analysis supports the positive and significant relationship between biological 

yield and total uptake of P (r = 0.976). Sud e/ al. (1991) observed in green house and field 

study that application of TU in soil had positive effect on potato yield and P uptake as 

compared to control. Foliar spray of 500 ppm TV increased P harvest index as well as 
D 

agronomic efficiency of applied P. These parameters increased by 6.1 & 27.7 % respectively 

over control due to foliar spray of TV. Such improvement in P use efficiency under TU spray 

made at flower initiation seems to have rejected on account of physiological improvement in 

P utilization during seed development in the crop. Increase in P recovery as well as 

physiological efficiency of applied P strongly supports this contention. Since TU spray treated ,. 
plants had higher P content in pods, leaves and in stems, it can be assumed that P absorption 

mechanism also got stimulated under the influence of TV. This is understandable as TV , 
provided - SH groups to functional root and shoot systems, which became metabolic more 

active and hence showed greater accumulation of P. Because of the role of - SH group in 

metabolite partitioning as already discussed, there was improved partitioning of absorb P for 

utilization in seed development. 

It was noted that P allocation 111 pods increased whereas P allocation in stems 

decreased under foliar spray of TU. P uptake by the crop also significantly increased under 

the influence of TU spray. Thus, foliar spray of TU playa significant role in improving P 

accumulation and utilization inside the crop plants, which eventually showed increased P use 

efficiency. 



5.3 EFFECT OF DMSO 

5.3.1 Growth parameters 

Soil and foliar application of DMSO showed inconsistent effcct on growth 

parameters. It was noted that number of green leaves per plant significantly increased due to , 
fo'liar spray of DMSO only. (Table 4A.4). Dry matter accumulation at 90 DAS and 

physiological maturity and growth indices viz., LAI, CGR, LAR and NAR at 90 DAS also 

significantly increased under the influence of soil as well as foliar application of DMSO. 

Improvement in these growth parameters due to DMSO indicates that it acts like growth 

regulator. Alinost all thesc growth parameters were equally improved by both soil as well as 

foliar applied DMSO. DMSO might have stimulated the photosynthetic carbon fixation 
CNMQ.~~ I"Be). 

mechanism and hence might have increased canopy photosynthesis£. Significant increases in 

LAI and CGR and finally dry matter accumulation obtained with DMSO treatments provide 

support to such effects. foliar spray of DMSO might have resulted to maintain larger 

photosynthetically active leaf surface during crop growth. This is evidenced by the fact that 

significant increase in green leaves per plant and chlorophyll content of leaves was recorded 

in foliar spray of DMSO. Larger LAI under the influence of DMSO treatment seems to have 

resulted due to utilization of radiant energy resulting into higher DMA per plant. 

5.3.2 Dry matter partitioning and productivity 

With regard to dry matter distribution, it was observed that dry matter distribution in 

pods at 90 DAS and physiological maturity increased with soil and foliar applied DMSO 

(fig. 4.4-4.6). On the contrary, DMD in stem at 90 and physiological maturity significantly 

decreased with soil and foliar applied DMSO. With regard to yield attributes and yield it was ..... 
noted that a consistent increase in number of pods per plant was recorded under both soil and 

foliar application of DMSO. Number of seeds per pod and test weight were also significantly 
~ 

increased due to soil and foliar application of DMSO. Thus, soiJi application as well as foliar 

spray of DMSO significantly increased seed yield. 

DMSO is a chemical which has got a property to modulate·the level of - SH group 

and thus improve protein configuration and membrane permeability (Chang and Simon, 

1968). DMSO is known to be an excellent solvent for many chemicals and to increase plant 

absorption of chemicals dissolved in it. It improved solubilization of the cytokinins and 

slightly enhanced their effect (Oliva and Zimmerman, 1976). 

It would be evident from the data (Table 4A.12) that dry matter allocation to pods at 

90 DAS and physiological maturity increased under the influence of soil and folior applied 

DMSO. It was interesting to note that DMD in stems at 90 DAS and physiological maturity 

decreased with soil and foliar application of DMSO. This indicates that there was improved 
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phloem loading of assimilates and hence greater translocation of photosynthate under the 

influence of DMSO treatments. It was most probably on account of better permeability of cell 

for translocation of assimilates under the influence of DMSO treatments. DMSO acts 

selectively on plasma membrane of cells, rendering it more p~rmeable to small molecules 

(Delmer, 1979). He also indicated that treatment of intact plant cell or tissues with DMSO 

may be uscd to assess the distribution of metabolites between c>,!oplasmic and vacuolar 

compartments. DMSO has bio-regulatory effects, chiefly in mobilization of dry matter and 

translocation of photosynthate for improving yield. This is further evidenced from the fact 

that number of pods, seeds per pod and test weight increased under DMSO treatments. 

Harvest index also showed significant improvement. Finally seed yield increased 

under DMSO treatment without affecting the straw yield. This indicates that DMSO treatment 

improved seed production chiefly on account of improved assimilate partitioning and 

transport during grain formation. Some workers have also reported favorable effect of DMSO 

spray on grain yield of gram (Singh and Khangarot, 1987 and Narang, 1988). Correlation 

studies also reveal that all these growth and yield attributing parameters were significantly 

positively correlated with seed yield (Table 5.1 and 5.2). Further, harvest index also showed 

significant positive correlation with seed yield. This substantiates the role of DMSO in 

improving assimilate partitioning and transport. 

5.3.3 Phosphorus use efficiency 

Soil and foliar applications of DMSO increased P harvest index as well as agronomic 

efficiency of applied P (Table 4A.72 & 69). However, there was no effect on P recovery but 

physiological efficiency of P increased under DMSO treatments. This indicates that the major 

effects of DMSO, either applied to soil or to foliage, lies in improving physiological 

characteristics like plasma~embrane property for increased transport and utilization of P 

absorbed from the root environment. That is why P distribution for better seed development 

was significantly improved under both soil and foliar applied DMSO. This is evidenced due 

to fact that P allocation to pods significantly increased, whercas P allocation to stems showed 

significant reduction at physiological maturity (Table 4A.14 & fig. 4.6). 

It may be noted that soil application of DMSO brought about. significant improvement 

in available P content of soil measured at harvest. Also, soil applied DMSO significantly 

increased P content of pods at physiological maturity. Thus, it appears that DMSO has a role 

in mobilizing soil P and improving P absorption and accumulation inside the plants. Since 

DMSO is strong solvent for many organic compounds (Keil, 1965), it is conceivable that the 

solvent property of DMSO might have aided dissolution of more quantity of organic P inside 

the soil and thus increased available P in soil at maturity and P content in plant. 
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5.4 EFFECT OF TU+ DMSO 

5.4.1 Growth parameters 

Soil application of TU+ DMSO and foliar spray of TU+ DMSO brought about 

significant improvement in many growth parameters, viz., number of branches, number of 

green leaves, dry matter at 60, 90 DAS and physiological maturity, LAI, CGR and LAR. By 

and large, soil application of TU+ DMSO was at par with soil application of TU at 5 kg/ha 

CI2+1/2) in most of parameters. This shows that addition of DMSO in TU has no additional 

advantage for improving growth parameters over split application ofTU. Similarly in case of 

foliar spray, it *as noted that addition of DMSO in TU had not advantages over foliar spray 

of TU alone. Improvement in growth parameters due to soil application of TU+ DMSO and 

foliar spray TU+ DMSO was similar to those obtained under split application ofTU and foliar 

spray of 500 ppm TV. This might be due to role of TV as already discussed in the preceding 

paragraphs. 

5.4.2 Dry matter partitioning and productivity 

It was noted that only soil application of TU+ DMSO proved effective in improving 

DMD in leaves at 30 DAS (fig. 4.4-4.6). While at 60, 90 DAS and physiological maturity, 

soil and foliar application of TU+ DMSO proved effective in improving DMD in leaves and 

pods. However:'the magnitude of increasing DMD in leaves and pods was higher under foliar 

spray ofTU+ DMSO as compared to soil application ofTU+ DMSO. On the contrary, DMD 

in stems at 90 DAS and physiological maturity significantly decre~sed with soil and foliar 

application of TU+ DMSO over control. However, mixture of TU+ !>MSO in soil was as 

effective as soil applied TU (split). Similarly in case of foliar spray, mixture of TU+ DMSO 

was not more effective over foliar spray ofTU alone. 

With regard to yield attributes and yield it was noted that almost all the yield 

attributing parameters significantly improved with soil application, of TU+ DMSO and foliar 

spray of TU+ DMSO. Increase in number of pods, seeds per pod and test weight due to soil 

and foliar application of TU+ DMSO showed an improving storage capacity. However, soil 

application ofTU+ DMSO and foliar spray ofTU+ DMSO was at par with soil application of 

TU at 5 kg/ha CI2+1/2) and foliar spray of 500 ppm TU, respectively in improving yield 

attributes and yield. This indicates that DMSO had no synergestic effect when mixed into TU. 

Partitioning of dry matter was found to be higher under soil and foliar application of TU+ 

DMSO. At 90 DAS and physiological maturity, dry matter distribution in stems reduced and 

DMD in pods it was increased. Further, harvest index of the crop was also improved 

significantly under TU+ DMSO treatments but was at par with soil and foliar application of 

TU. This indicates that TU alone was responsible for improving DMD and yield of the crop. 



Since addition of DMSO did not prove effective in improving the effects of TV 

applied soil or through foliage, it can be assumed that the properties of TV are not only 

similar to those of DMSO but they are of much stronger in effectiveness. Since TV is a 

sulphydryl compound and since the effect of DMSO is reported to occur via -SH 

amelioration (Chang and Simon, 1968), these is enough reason to believe that TV alone 

should be as much effective as TU+ DMSO. 

It may be noted that soil. applied TU+ DMSO was more effective than foliar applied 

TU+ DMSO in respect of seed yield as well as yield attributes like number of pods per plant 

and number of ?eed per pod. As already explain under the efficacy of TV treatments, and soil 

applied TU and DMSO were more consistently available to plants not only upto pre flowering 

stage but also during post-flowering period. On the other hand foliar applied TU+ DMSO 

improved crop growth and yield formation during post flowering phase only and this made 

the difference in yield. 

5.,4.3 Phosphorus use efficiency 

Soil applied TU+ DMSO increased P harvest index as well as agronomic efficiency 

of applied P. Siinilarly, physiological efficiency and P recovery were also increased by soil 

applied TU+ DMSO. However, this treatment came out at par with TU alone applied to soil. 

Foliar applied TU+ DMSO, on the other hand, improved P harvest index and physiological 

efficiency of applied P, this was again at par with foliar spray of TU alone. Thus, by and 

larger, soil applied TU+ DMSO and foliar applied TU+ DMSO were similar to soil applied 

TU e/2 + 1/2) and foliar spray of 500 ppm TU, respectively. 

It may be noted that soil applied TU+ DMSO was more effective in improving P use 

efficiency as compared to foliar applied TU+ DMSO. There was significant increase in P 

uptake as well as P recovery due to soil applied TU+ DMSO. This is convincing, as both TU 

and DMSO have role in mobilization of soil P and improving P availability to plant as already 

discussed in proceeding paragraph. This is evidenced the fact that available P content of soil 

at 30,60 DAS and harvest showed significant increased under soil treatments ofTU+ DMSO 

in comparison to foliar treatment ofTU+ DMSO (Table 4A.41-43). 

The gum content significantly increased by soil application of TU at 5 kg/ha eI2+1/2), 

soil application ofTU+ DMSO, foliar sprays of 500 ppm TU and 100 ppm DMSO and TU+ 

DMSO. The improvement might presumably be due to increased rate to carbon assimilation 

which may have produced greater concentration of intermediate products acting as precursors 

in the synthesis of gum. TU and DMSO have enhanced the pace of vital activities going on 

within the plant cells. 



5. 5 ROLE OF SULPHYDRYL COMPOUNDS IN IMPROVING PRODUCTIVITY OF 

CLUSTERBEAN 

While studying the effects of TU and DMSO on growth and yield of clusterbean in 

the present investigation, and an attempt was also madc to study in more detail the effects of 

standard sulphydryl blockers on dry matter partitioning and yield of the crop. The sulphydryl 

compounds studied were 2 mercaptoethylamine and dithiothreitol including thiourea. 

Similarly, thc sulphydryl blockers were para-chloromercuribenzoic sulphonic acid (PCMBS) 

and Iodoacetate. It may be noted that PCMBS has a property of acting on the plasma 

membrane its~lf (Giaquinta, 1976), whereas Iodoacetate has the property of acting into 

cytosol (walter and Earle, 1993). 

A reference to table 4B.l would reveal that MEA, DTT and TU significantly 

increased dry matter accumulation per plant at 75, 90 DAS and physiological maturity and the 

effects of 500 ppm MEA were most marked. Thcse chemicals also significantly influenced 

dry matter distribution (Table 4B.2- 4B.4). Dry matter distribution in leaves increased 

whereas dry matter distribution in stems decreased. Increasing trends in DMD in pods were 

also observed. Significant increase in yield attributes viz., number of pods, number of seeds 

per pod, length of pod and test weight were observed due to effects of sulphydryl compounds 

and the magnitude of increase was most marked with foliar spray of 500 ppm MEA (Table 

4B.5 and 4B.7). As a result, seed yield increased significantly. Foliar sprays of 500 ppm TU, 

500 ppm MEA and 10 ppm DTT increased the seed yield by 13.6, 27.5 and 12.2 per cent, 

respectively over control (Table 4B.12). It is noteworthy that there was significant increase in 

harvest index, a trait indicative of assimilate partitioning and transport to seed during 

reproductive phase of the crop. This means that the sulphydryl compounds influenced 

assimilate transport (translocation of photosynthate) during seed development, most probably 

by influencing the process of phloem loading which is known to be inhibited by - SH 

blockers, PCMBS (Giaquinta, 1976). Giaquinta (1976) reported that in Beta vulgaris the 

active loading of sucrose and 14C02 derived assimilates into phloem and their translocation 

from the source leaf were reversibly inhibited by the water soluble, suphydryl specific, 

chemical modifier, para-chloromercuribenzenesulphonic acid. Several non-permeant 

s~lphydryl group modifiers also inhibited the sucrose assimilation into leaf discs. He 

concluded that sugars are actively accumulated into the phloem from the apoplast and that 

membrane - SH group might be involved. 

In tlle present study foliar spray of 10 ppm PCMBS significantly decreased harvest 

index as well as seed yield besides decreasing straw and biological yields (Table 4B.12). 

DMD in leaves and pods decreased, whereas DIViD in stems increased under PCMBS 

treatment. Similarly, yield attributing parameters viz., number of pods per plant and number 



of seeds per pod also significantly decreased. This indicates that the reduction in yield and 

yield attributes occurred most probably because PCMBS inhibited phloem loading by 

affecting the activity of sucrose transport protein. Since foliar spray of TV after the spray of 

PCMBS largely reversed the inhibiting effects on most of the parameters studied (Table 48.5 

- 4B.7). In some cases for e.g. DMA, pod length and test weight this treatment combination 

not only nullified the inhibition caused by PCMBS but it also brought about significant 

increased over control. 

Effect of - SH compounds and PCMBS on pattern of pod filling were also studied. It 

was observed iliat the effects were more marked on pod development in uppermost clusters. 

This indicates that the transport of photosynthates to the developing uppermost pods was 

limiting, and the supply of - SH group improved the functioning of sucrose transport protein, 

which ultimately contributed toward supplying assimilate for seed development. It was 

interesting to note that foliar spray of 10 ppm PCMBS markedly decreased number of pods as 

well as pod dry matter in uppermost cluster. It was also observed that while the - SH 

compounds, TV, MEA and DTT decreased the number of poorly filled pods and unfilled 

pods, the - SH blockers PCMES, on the other hand, increased the number of poorly filled 

pods as well as unfilled pods in comparison to control (Table 4B.6). This further proved that 

the filling of seed enhanced pod development was mainly influenced by - SH compounds and 

the - SH blocker, most probably through effects on phloem loading and assimilate transport. 

It is pertinent to point out here that another - SH blocker, iodoacetate, was also tested 

in the present study, and the effects were found largely inconsistent. No significant reduction 

in seed yield as well as harvest index was observed due to foliar spray of 100 ppm iodoacetate 

(Table 4B.12), though there were decreasing trends. However, significant reduction in 

number of pods per plant and number of seeds per pod. Similarly number of unfilled pods 

also showed significant increased under 100 ppm iodoacetate spray (Table 4B.6). But since 

the effects on seed yield and harvest index were non-significant, it is 'difficult to conceive that 

phloem transport of photosynthate was specifically inhibited by this - SH blockers, which has 

property of entering into the cysoplasm and affecting - SH group of proteins and other 

biomolecules (Walter and Earle, 1993). 

In light of above observations it may be stated that foliar sprays of -SH compounds 

viz., 500 ppm TV, 500 ppm MEA and 10 ppm DTT most probably improve!3 phloem loading 

and transport of photoassimilates (sucrose) and thus improve seed yield. The effect of TV can 

not be attributed to its N and S content, as no significant differences in N and S contents of 

leaves at 75 DAS were observed under the 500 ppm TV spray treatment (Table 4B.13). Sahu 

and Singh (1995) also suggested that since the - SH group is essential at the substrate-binding 

site of the amino acid carrier (Mc Cormick and Jhonstone, 1990). TV may also enhance 



22S-

formation of the ternary complex, sucrose W - carrier, thus improving phloem loading of 

sucrose and hence translocation of photosynthate. 



6 SUMMARY AND CONCLUSION 

In this chapter, results of the two experiments, one concerning the effect of thiourea 

and DMSO at varying levels of phosphorus and the other concerning the effect of -SH 

compounds and -SH group blockers on clusterbean productivity are summarized. In the first 

section of this chapter, the major finding on effect of thiourea and DMSO on phosphorus use 

efficiency, dry mattcr partitioning ,and productivity of clusterbean are briefly described. In the 

second section the results of second experiment "Effect of -SH compounds and -SH group 

blockers on dry ~atter partitioning and yield of clusterbean" are summarized. Conclusions 

derived from the results of these experiments are also presented in this chapter. 

6.1 Effect of thiourea and DMSO on phosphorus use efficiency, dry matter partitioning 
and productivity of c1usterbean 

.:. Application of 20 and 40 kg P20s/ha significantly increased plant height at 60 DAS and 

physiological maturity over controL Application of 40 kg P20siha proved superior to 20 

kg PzOs/ha in respect of plant height at 60 DAS, whereas 40 kg PzOsiha was at par with 

20 kg P20s/ha in respect of plant height at physiological maturity. Application of 20 and 

40 kg PzOslha significantly increased number of branches per plant over control. Further, 

40 kg P20~ha was superior to 20 kg PzOsiha in respect of number of branches per plant. 

.:. It was noted that total dry matter accumulation per plant at 30, 60 90 and physiological 

maturity was significantly increased due to application of 20 and 40 kg P20~a over 

control. 40 kg PzOs/ha was superior to 20 kg P20siha . 

• :. Dry matter distribution in different plant parts was also computed at 30, 60, 90 and at 

physiological maturity. It was observed that at 30 DAS, dry matter allocated to leaves and 

stems was not affected due to phosphorus application. Similarly, at 60 DAS, DMD in 

leaves and stems were also not affected due to phosphorus application but dry matter 

allocated to pods was significantly highest under 20 kg PzOslha. At 90 DAS, dry matter 

allocated to leaves was significantly increased with 20 and 40 kg P20siha over control. 

However, they were at par with each other. On the contrary, dry matter allocated to stems 

not affected due to phosphorus application. Similarly, at 60 DAS, DMD in leaves and 

stems were also not affected due to phosphorus application but dry matter allocated to 

pods was significantly highest under 20 kg P20s/ha. At 90 DAS, dry matter allocated to 

leaves was significantly increased with 20 and 40 kg PzOs/ha over control. However, they 

were at par with each other. On the contrary, dry matter allocated to stems at 90 DAS was 

significantly decreased with 20 and 40 kg P20s/ha over control. Levels 20 and 40 kg 



P20s/ha were at par. However, dry matter allocated to pods at 90 DAS was significantly 

increased with 20 and 40 kg P20 S over control but 40 kg P20 s/ha was at par with 20 kg 

P20s/ha. While, dry matter allocated to leaves and stems at physiological maturity was 

significantly decreased with 20 and 40 kg P20s/ha over control. However the effect of 40 

kg PzOs/ha was at par with 20 kg P20s/ha in respect ofDMD in leaves but was superior to 

20 kg P20s/ha in respect ofDMD in stems at physiological maturity. However, dry matter 

collected to pods at physiological maturity was significantly increased with 20 and 40 kg 

P20s/ha over control. Further, 40 kg P20s/ha was superior to 20 kg P20s/ha. On the 

whole, at 6b DAS the magnitude ofDMD in leaves, stems and pods was 45.93, 46.08 and 

7.96 per cent under control; 45.57, 45.26 and 9.11 per cent under 20 kg P20s/ha a and 

45.95, 45.49 and 8.55 per cent under40 kg P20s/ha, respectively. At 90 DAS, it was 

22.72, 38.21 and 38.81 per cent under control; 25.04, 34.66 and 40.46 per cent, 

respectively under 20 kg P20s/ha and 25.68, 33.42 and 40.89 per cent under 40 kg 

P20s/ha . 

• :. Chlorophyl1 a, chlorophyll b and total chlorophyll content of leaves at 90 DAS were 

significantly increased due to application of 20 and 40 kg P20ylha. Leaf area index, crop 

growth rate and leaf area ratio at 60 and 90 DAS significantly increased due to application 

of 20 and 40 kg P20s/ha except crop growth rate at 90 DAS, where it was at par with 20 

kg PzOylha. Crop growth rate under control, 20 and 40 kg P20s/ha was 15.93, 19.08 and 

20.86 glm2/d at 60 DAS and 8.36, 10.95 and 11.73 glm2/d- at 90 DAS, respectively. Leaf 

area ratio under control, 20 and 40 kg P20s/ha was 0.252, 0.262 and 0.272 at 60 DAS and 

0.168, 0.183 and 0.190 at 90 DAS, respectively. Net assimilation rate was significantly 

increased with phosphorus application at 60 DAS . 

• :. Root length, dry matter of root/plant and number of nodules/plant at 60 DAS were 

significantly increased with the application of 20 and 40 kg PzOylha. Further, the effect of 

40 kg P20s/ha also proved superior to 20 kg P20s/ha in respect of these parameters . 

• :. All yield attributing parameters, except number of pods per cluster, showed significant 

improvement due to application of 20 and 40 kg PzOs/ha over control. On the contrary, 

the least number of poody filled pods per plant (2.8) and number of unfilled pods per 

plant (4.4) were obtained under 40 kg P20s/ha, which were significant less than obtained 

at 20 kg P20s/ha and control. 

.:. Seed yield obtained under 40 kg P20s/ha was highest (18.89 q/ha) which was significantly 

higher by 5.6 and 35.9 per cent over 20 kg PzOylha and control, respectively. Straw and 



biological yields significantly increased with the application of phosphorus upto 20 kg 

P20Siha. Harvest index was significantly improved due to application of 20 and 40 kg 

P20Siha over control. 40 kg P20ylha proved superior over 20 kg P20s/ha . 

• :. It was observed that available P content of soil at 30, 60 and at harvest was significantly 

increased with the application of 20 and 40 kg P20s/ha over control. However, 40 kg 

P20 siha proved superior to 20 kg P20 s/ha in above parameters . 

• :. Gum content of seed significantly increased due to application of phosphorus upto 20 kg 

P20siha. Fuiilier, increased in P level had no effect on gum content of seed. Whereas, 

protein content of seed was significantly increased due to phosphorus application upto 40 

kg P20s/ha. Application 20 and 40 kg P20s/ha significantly increased gum content by 5.7 

and 7.1 per cent, respectively and protein content by 5.9 and 7.9 per cent, respectively 

over control. 

.:. N and P content of leaves at 90 DAS significantly increased with the application of 20 

and 40 kg P20s/ha over control. However, N content of leaves significantly increased 

upto 20 kg P20s/ha, whereas P content of leaves significantly increased upto 40 kg 

P20siha. S content of a leaves at 90 DAS remained unaffected due to phosphorus 

application . 

• :. Application of 40 kg P20siha brought about significant increase in P distr1bution in leaves 

at 60 DAS over control and 20 kg P20s/ha. On the contrary, P ~istribution in stems at 60 

DAS significantly decreased due to phosphorus application. While, P distribution in pods 

at 60 DAS was highest under 20 kg P20siha. At 90 DAS, P distribution in leaves 

significantly increased with the application of phosphorus upto 20 kg P20s/ha over 

control but significant decrease in P distribution in stems was noted due to 20 and 40 kg 

P20siha over control. However, P distribution in pods at 90 DAS significantly increased 

with phosphorus application upto 20 kg P20s/ha. At physiological maturity, phosphorus 

application proved ineffective in influencing P distribution in leaves. However, 

phosphorus application brought about significant reduction in P distribution in stems. The 

magnitude of reduction in P distribution was highest under 40 kg P20s/ha. While, P 

distribution in pods significantly increased with the application of phosphorus upto 40 kg 

P20s/ha . 

• :. It was noted that P uptake by seed, straw and P uptake by crop significantly increased 

with the application of phosphorus. P uptake by seeds and total P uptake by crop 



significantly increased upto 20 kg P20fha over control. Application of 20 and 40 kg 

P20sJha significantly increased P uptake of seed by 43.6 & 52.4 and total P uptake of the 

crop 37.3 & 43.4 per cent, respectively over control (7.33 & 17.87 kglha). Application of 

20 kg P20s/ha significantly increased P uptake by straw by 33.2 per cent over control 

(10.52 kglha) . 

• :. Agronomic efficiency of the crop decreased with 40 kg P20s/ha as compared to 20 kg 

P20sJha. However, physiological efficiency showed reverse trends. 

. \ 
.:. The maximum P recovery of 47.36 kglha was obtained with the application of 20 kg 

P20sJha followed by 40 kg P20s/ha (26.42 kg/ha). P harvest index was significantly 

improved with the application of 20 and 40 kg P20sJha over control. But level 20 and 40 

kg P20s/ha was at par. P harvest index under control, 20 and 40 kg P20s/ha was 41.05, 

42.95 and 43.65 per cent, respectively . 

• :. It was noted that soil and foliar applied treatments did not affect plant height at 60 DAS 

and at physiological maturity. However, under no phosphorus, soil application of 

TU+DMSO (YZ+YZ) significantly increased plant height at 60 DAS over control. 

.:. Soil application of TU at 5 kg/ha (Yz+Yz), soil application of TU+DMSO (YZ+YZ), foliar 

spray of 500 ppm TU and foliar spray of TU+DMSO significantly increased number of 

branches per plant over control. While all these treatments in addition to foliar spray of 

100 ppm DMSO also proved effective in increasing number of green leaves at 

physiological maturity. Under no phosphorus, all the soil and foliar applied treatment, 

except soil application of TU at 5 kglha (basal) and soil application of DMSO at 2 kglha 

(YZ+YZ), proved effective in increasing number of green leaves per plant. Under 20 and 40 

kg P20s/ha also similar trends were noted . 

• :. Soil application of TU at 5 kg/ha (basal), soil application of TU at 5 kg/ha (YZ+YZ), soil 

application of DMSO at 2 kg/ha (YZ+YZ) and soil application of TU+DMSO (YZ+YZ) 

brought about significant increase in dry matter accumulation (DMA) per plant over 

control at 30 DAS. While, none of the foliar applied treatments ofTU and DMSO proved 

effective. AT 60 DAS, DMA per plant significantly increased due to soil application of 

TU at 5 kg/ha (YZ+YZ), soil application of TU+DMSO (Yz+Yz) and foliar spray of 

TU+DMSO over control. While at 90 DAS and at physiological maturity, all tlle soil and 

foliar applied treatments of TU and DMSO proved effective in increasing of DMA per 

plant over control. 



.:. Dry matter distribution (DMD) in leaves, stems and pods at 30, 60, 90 DAS and at 

physiological maturity was computed in order to assess the effect of TV and DMSO 

treatments on relative allocation of dry matter in clusterbean plants. At 30 DAS, it was 

found that only soil application of TU at 5 kg/ha (%+Yz) proved effective in increasing 

DMD in . leaves and stems over control. At 60 DAS, soil application of TU+DMSO 

(Y:z+Y:z) and foliar spray of 100 ppm DMSO brought about significant reduction in DMD 

in leaves over control. With regards to DMD in stems, none of the soil and foliar applied 

treatments could bring a significant change in DMD in stems. However, DMD in pods 

significantly increased due to soil application of TU+DMSO (Yz+Yz), foliar spray of 500 

ppm TU and foliar spray of TU+DMSO over control. 

.:. Soil and foliar applied treatments of TV and DMSO significantly influenced dry matter 

distribution (DMD) in leaves, stems and pods at 90 DAS. It was noted that DMD in 

leaves and pods showed increasing trends, whereas DMD in stems showed decreasing 

trends under soil and foliar applied treatments of TU and DMSO. All the soil and foliar 

applied treatments ofTU and DMSO significantly increased DMD in leaves over control. 

These treatments were found to bring about corresponding decrease in DMD in stems. 

DMD in leaves due to soil application of TU+DMSO (Yz+\I2) was at par with soil 

application of TU at 5 kglha (%+\12) and soil application of DMSO at 2 kg/ha (Yz+Yz) 

alone. Similarly, DMD in leaves due to foliar spray of TV+DMSO was at par with foliar 

spray of 100 ppm DMSO alone. The magnitude of reduction in DMD in stems was larger 

in foliar sprays of TU+DMSO and 500 ppm TU alone in comparison to other treatments. 

Effectiveness of different TU and DMSO treatment when assessed under different 

phosphorus levels, showed significant interactions. Under no phosphorus, all the soil and 

foliar applied treatments of TV and DMSO significantly decreased DMD in stems at 90 

DAS. Similarly, in case of DMD in pods significantly increased due to all the soil and 

foliar applied treatments. Under 20 kg P20s/ha, all the treatments, except soil application 

of TU at 5 kglha (basal), soil and foliar applied of DMSO, significantly decreased DMD 

in stems over control. But under 40 kg P20j/ha, all the treatments showed decreasing 

trends in DMD in stems . 

• :. Soil and foliar applied treatments of TU and DMSO significantly influenced DMD in 

leaves, stems and pods at physiological maturity. It was observed that DMD in leaves and 

pods showed increasing trends, whereas DMD in stems showed decreasing trends under 

soil and foliar applied treatments ofTU and DMSO. However, except soil application of 

DMSO at 2 kglha (\I2+Yz) all the soil and foliar applied treatments of TU and DMSO 



proved effective in increasing DMD in leaves. The maximum DMD in leaves was 

recorded with foliar spray of TU+DMSO under no phosphorus. On the contrary, DMD in 

stems significantly decreased due to all the soil and foliar applied treatments. Similar 

trends were noted under no phosphorus. The magnitude or reduction in DMD in stems 

was highest due to foliar spray of TU+DMSO under 40 kg P20iha. With regards to DMD 

in pods, it was noted that all the soil and foliar applied treatments of TU and DMSO 

except foliar spray of 100 ppm DMSO resulted in significant increase in DMD in pods at 

physiological maturity. The highest DMD in pods was recorded with foliar spray of 

TU+DMSO followed by foliar spray of 500 ppm TU alone . 

• :. It was noted that chlorophyll a, chlorophyll b and total chlorophyll content of leaves at 90 

DAS significantly increased due to soil and foliar applied treatments of TU and DMSO 

under no phosphorus . 

• :. Soil application of TU at 5 kg/ha (Y2+Y2), soil application of TU+DMSO, foliar spray of 

500 ppm TV and foliar spray of TU+DMSO significantly increased leaf area index (LAI) 

at 60 DAS over control. Whereas at 90 DAS, all the soil and foliar applied treatments 

significantly increased LAI over control. Furthermore, foliar spray TU+DMSO proved 

most effective at 90 DAS, while at 60 DAS, soil application of TU+DMSO proved most 

effective. Crop growtll rate at 60 DAS significantly increased due to soil application of 

TU at 5 kg/ha (YZ+YZ), soil application of TU+DMSO (Y2+Yz), foliar spray of 500 ppm TU 

and foliar spray of TU+DMSO over control. However, at 90 DAS, all the soil and foliar 

applied treatment significantly increased crop growth rate. Soil application ofTU+DMSO 

at 60 DAS and foliar spray of TU+DMSO at 90 DAS proved most effective. It was noted 

that soil and foliar applied treatments of TV and DMSO did not influenced leaf area ratio 

(LAR) at 60 DAS. While at 90 DAS it showed significant variations. All the soil and 

foliar applied treatments significantly increased LAR at 90 DAS over control. Foliar 

spray of 500 ppm TU proved most effective. With regards to net assimilation rate (NAR) 

it was observed that foliar spray of TU+DMSO, foliar spray DMSO and soil application 

of DMSO at 2 kg/ha (Y2+Y2), proved effective at 90 DAS only. NAR remained unaffected 

due to soil and foliar applied treatments ofTU and DMSO at 60 DAS . 

• :. Soil application of TU at 5 kg/ha (Y2+Y2) and soil application of TU+DMSO (Y2+Y2) 

significantly increased root length and dry matter of root per plant at 60 DAS over 

control. All the foliar sprays of TV and DMSO failed to affect these parameters at 60 

DAS. However, number of nodules/plant of 60 DAS significantly increased over control 



due to soil application of TV at 5 kg/ha (YZ+YZ), soil application of TV+DMSO (YZ+YZ) and 

foliar spray ofTV+DMSO . 

• :. Soil and foliar applied treatment of TV and DMSO had significant effect on number of 

cluster p,er plant and number of pods per plant. However, no response of these treatments 

was found over number of pods per cluster. Soil application of TV at 5 kglha (YZ+YZ), soil 

application of TV+DMSO (Yl+Yz) , foliar spray of 500 ppm TV and foliar spray of 

TU+DMSO significantly increased number of cluster per plant and number of pods per 

plant overfontrol. Soil application of TV+DMSO proved most effective. However, these 

treatments were at par with one another. 

.:. Soil and foliar applied treatments of TV and DMSO had significant effect on number of 

poorly filled pods per plant and number of unfilled pods per plan!. It was noted that all the 

soil and foliar applied treatments of TV and DMSO proved effective in decreasing the 

number of poorly filled pods per plant over control. Similar trends were observed in 

respect to number of unfilled pods per plant except foliar spray of 100 ppm DMSO. Foliar 

spray of TU+DMSO proved most effective in decreasing number of poorly filled and 

unfilled pods per plant which is closely followed by foliar spray of 500 ppm TU alone . 

• :. Soil application ofTU at 5 kg/ha (YZ+Y2), soil application of TU+DMSO (Yz+!I2) and foliar 

spray of TU+DMSO significantly increased pod length over control. When effectiveness 

of different soil and foliar applied treatments of TV and DMSO was assessd under 

different levels of phosphorus, showed that in 40 kg P20s/ha, soil application of TV at 5 

kg/ha (YZ+YZ), soil application of TU+DMSO (12+12) and foliar spray of TU+DMSO 

proved effective in increasing pod length over control. Under no phosphorus and 20 kg 

P20 5iha, none ofthe TV and DMSO treatments proved effective . 

• :. Soil and foliar applied treatments of TV and DMSO had significant effect on number of 

grains per pods over control. Effectiveness of different TU and DMSO treatments varied 

significantly under different phosphorus levels. Under no phosphorus, all the soil and 

foliar applied treatments of TU and DMSO significantly increased number of grains per 

pod over control. While, under 20 kg P20.s/ha, only soil application ofTV+DMSO (12+Yz) 

only soil application of TU+DMSO and foliar spray of TU+DMSO proved effective in 

increasing number of grains per pods. However, under 40 kg P20s/ha, none of the soil 

and foliar applied treatments proved effective. Soil application of TV at 5 kglha (Yz+12) 

under no phosphorus and soil application of TU+DMSO under 20 kg P20s/ha proved 

most effective. 



.:. Soil and foliar applied treatments of TU and D MSO had significant effect on test weight 

All the soil and foliar applied treatments of TU and DMSO significantly increased test 

\\cIght over control. Test \\~ight was highest under soil application of TU t OMSO 

(Yz+ Yz). However, it was at par \~ It I! that under soil application of TU at 5 kg/ha (YZ+YZ) 

alone, foliar spray of 500 ppm TU and foliar spray ofTU+DMSO but was superior to sod 

application ofTU at 5 kg/ha (basal) 

.:. All the soil and foliar applied treatments ofTU and DMSO, except sod applicatIon ofTU 

at 5 kg/ha (basal) and soil application of DMSO at 2 kg/ha (YZ+YZ) significantly increased 

seed ~'Icld per plant over control. The hIghest seed YIeld per plant (15 5/g) \\as recorded 

WIth soil appliyation of TU+DMSO (Y2+Y2). It \\'as signifIcantly supcrior to soil 

application of TU at 5 kg/ha (Yz+Yz) alone. Among the folIar sprays, TU+DMSO \IUS 

most effective. However, it was at par with foliar spray of 500 ppm TU alone but \las 

sLlpenor to foliar spray of 100 ppm DMSO alone . 

• :. Sad and foliar applied treatments of TU and DMSO significantly influenced seed yield of 

clusterbean. In pooled data, all the soil and foliar applied treatments of TU and OM SO, 

except soil application of TU at 5 kg/ha (basal) caused a significant increasing in seed 

yield over control. Soil application of 5 kg/ha TU e/2 + 1/2 ) with 20 kg P20)ha was the 

most effective treatment combination, as it gave sced yield of 19.22 q/ha, which was at 

par With yield obtall1ed with 5 kg/ha TU e/2 + 1/2) with 40 kg P20sfha . 

• :. Gum yield obtained under 20 kg P20s/ha (5 50 qfha) with soil application of TU at 5 

kg/ha el2 + 1/2 ) was significantly superior to 40 kg P20s/ha alone. Under thiS treatments 

combinations the nct returns based on gum yield was Rs. 16394 per ha . 

• :. Soil and foliar applied treatments of TU and DMSO did not influence straw and 

biological yields. Howcvcr, thclr effectiveness undcr different levels of phosphorus was 

significant. Under no phosphorus, all the soil and foliar applied treatments of TU and 

DMSO significantly increased the straw yield over control. 

.:. Soil and foliar applied treatmcnts of TU and DMSO had significant effect on harvest 

index. All the soil and foliar applied treatments of TV and DMSO except soil application 

of TU at 5 kg/lm (basal), significantly increased harvest index over control. The highest 

harvest index (30.11%) was obtained with soil application of TU+OMSO (l.MY2). 

However, it was at par with soil application of TU at 5 kg/ha (V'l+ Ifl) but was superior to 

soil application of DMSO at 2 kg/1m (Y2+YZ) alone. Further, among foliar spray treatments 

TU+DMSO proved most effective. However, it was at par with foliar sprays of 500 ppm 

TU and 100 ppm OM SO alone. 



.:. It was noted that soil application of TV at 5 kg/ha (YZ+YZ) and soil application of 

TU+DMSO (YZ+YZ) significantly increased available P content of soil over control at 30 

and 60 DAS. However, at the harvest, all the soil applied treatment of TV and DMSO, 

except soil application of TV at 5 kg/Ita (basal), proved effective in increasing available P 

content of soil. But, none of the foliar sprays of TU and D MSO had a significant change 

in improving available. P content of soil at any stage of plant growth . 

• :. All the soil and foliar applied treatments ofTU and DMSO, except soil application ofTU 

at 5kglha {basal~. and soil application of DMSO at 2 kg/ha (YZ+YZ), significantly increased 

gum content (28.42%) of seed over control. The highest gum content was obtained with 

soil application of TV+DMSO (Yz+Yz). However, it was at par with soil application of TV 

at 5 kg/ha (YZ+YZ) alone but was superior to soil application of DMSO at 2 kg/1la (Yz+Yz) 

alone. Among the foliar sprays, TU+DMSO proved most effective. However, it was at 

par with foliar sprays of 500 ppm TV and 100 ppm DMSO alone. Protein content of seed 

did not influenced by different soil and foliar applied treatments ofTU and DMSO . 

• :. Soil application ofTU at 5 kglha (YZ+YZ), soil application of TU+DMSO (YZ+YZ) and foliar 

spray of TU+DMSO significantly increased N content of leaves at 90 DAS over control. 

In addition to above treatments, foliar spray of 500 ppm TU was also effective in 

increasing P content ofleaves at 90 DAS over control. However, S content of leaves at 90 

DAS remained unaffected due to all the soil and foliar applied treatments of TU and 

DMSO . 

• :. Soil and foliar applied treatments of TU and DMSO had significant effect on P 

distribution in leaves and pods under different levels of phosphorus at 60 DAS. Under 20 

kg P205/ha, only soil application of TU+DMSO (YZ+YZ) proved effective in increasing P 

distribution in leaves. With regards to P distribution in pods, it was noted that all the soil 

and foliar applied treatments of TU and DMSO, except soil application of TU at 5 kg/ha 

(basal), significantly increased P distribution. However, under no phosphorus, only soil 

application of TU+DMSO (YZ+YZ) significantly improved P distribution in pods over 

control. Under 40 kg P20s/ha, all treatments, except soil application of TU at 5 kg/ha 

(basal) and soil application of TU at 5 kg/ha (YZ+YZ), had the significant effect. However, 

soil application of TU+DMSO significantly decreased P distribution in stems over 

control. 

.:. All the soil and foliar applied treatments of TU and DMSO significantly increased P 

distribution in leaves at 90 DAS. The highest P distribution in leaves (27.45%) was 



, 
, recorded with foliar spray of 500 ppm TU. On the contrary, all the soil and foliar applied 

treatments of TU and DMSO showed significantly decreasing trends in respect of P 

distribution in stems over control. The magnitude of reduction was highest under foliar 

spray ofTU+DMSO. When effectiveness ofTU and DMSO was assessed under different 

levels of phosphorus, it was noted that all the treatments proved effective in decreasing P 

distribution in stems under no phosphorus. Whereas, under 20 kg P20 j /ha, foliar spray of 

TU+DMSO was most effective, while under 40 kg P20s/ha, foliar spray of 500 ppm TO 

was most effective in decreasing P distribution in stems. P distribution in pods 

significantly intreased due to soil application ofTU at 5 kg/ha (Yl+YZ), soil application of 

TU+DMSO, foliar spray of500 ppm TU and foliar spray ofTU+DMSO . 

• :. At harvest, all the soil and foliar applied treatments of TU and DMSO except soil 

application of DMSO at 2 kglha (YZ+YZ) significantly increased P distribution in leaves. 

When the effectiveness of TU and DMSO was assessed under different levels of 

phosphorus, it was noted that under no phosphorus, soil application of TU at 5 kg/ha 

(yz+Yz), soil application of TU+DMSO (Yz+Yz) and all the foliar spray treatments 

significantly increased P distribution in leaves. The highest P distribution (7.56%) was 

obtained with foliar spray of TU+DMSO followed by foliar spray of 500 ppm TU under 

no phosphorus. On the contrary, P distribution in stems showed decreasing trends due to 

soil and foliar applied treatments. The magnitude of reduction was highest under foliar 

spray ofTU+DMSO with 40 kg P20s/ha followed by foliar spray of TU+DMSO with 20 

kg P20s/ha followed by foliar spray of TU+DMSO with 20 kg P20s/ha. In pods, P 

distribution significantly increased with all the soil and foliar applied treatments of TU 

and DMSO, except foliar spray of 100 ppm DMSO, over control. 

.:. Soil application of TU at 5 kg/ha (yz+Yz), soil application of TU+DMSO (Yz+Yz), foliar 

spray of 500 ppm TU and foliar spray of TU+DMSO significantly increased P uptake by 

seed over control by 22.2, 23.9, 12.7 and 15.3 per cent, respectively. The highest P uptake 

by seed (10.72 kg/ha) was obtained with soil application ofTU+DMSO (Yz+Yz). However, 

it was at par with soil application of DMSO at 2 kg/ha (lh+Yz) alone. The magnitude of 

increase in P uptake by seed was larger under soil applied TU and DMSO as compared to 

foliar sprays. However, P uptake by straw due to soil and foliar applied treatments remain 

unaffected. With regards to total P uptake by the crop, it was noted that soil and foliar 

applied treatments showed increasing trends. Soil application of TU at 5 kglha (Yz+Yz), 

soil application of TU+DMSO (lh+Yz), foliar spray of 500 ppm TU and foliar spray of 

TU+DMSO significantly increased total P uptake by the crop over control by 14.6, 15.2, 



6.6 and9.2 per cent, respectively. The highest total P uptake (21.38 kglha) was recorded 

under soil application of TU+DMSO (Y:+Y:) followed by foliar spray of TU+DMSO 

(23. 10 kglha) . 

• :. Soil and foliar application of TV and DMSO increased agronomic as well as 

physiological efficiency of applied phosphorus . 

• :. Soil and foliar applied treatments of TU and DMSO showed increasing trends in 

phosphorus recovery. Maximum phosphorus recovery (42.84%) was obtained with soil 
\ 

application of TU+DMSO (Y:+Y:) followed by soil application of TU at 5 kg/ha (Y:+Y:) 

(38.95%). Under foliar sprays, phosphorus recovery of 37.86, 33.07 and 32.99% was 

noted due to foliar sprays of TU+DMSO, 500 ppm TU and 100 ppm DMSO, respectively . 

• :. Soil application of TU at 5 kg/ha (Y:+Y:), soil application of TU+DMSO (Y:+Y:), foliar 

sprays of 500 ppm TU, 100 ppm DMSO and TU+DMSO significantly increased P harvest 

index by 7.3, 7.9, 6.1, 5.7 and 5.7 per cent, respectively over control. However, these 

treatments were at par with one another. 

.:. In tenns of net monetary returns and B:C ratio, it was found that application of 40 kg 

P20s/ha gave the highest monetary returns (Rs. 20215 per ha) and B:C ratio (l.75). When 

effectiveness ofTU and DMSO was assessed under different levels of phosphorus, it was 

found that the maximum net monetary return (Rs. 22497 per ha) and B:C ratio (2.04) 

obtained under foliar spray of 500 ppm TU with 40 kg P20Jha. However, it was at par 

with soil application ofTU at 5 kg/ha (Yz+Yz) with 20 kg P20 5/ha, 

6.2 Effect of -SH compounds and -SH group blockes on dry matter partitioning and 

productivity of cluster bean 

.:. Foliar sprays of 500 ppm TU, 500 ppm MEA, 10 ppm DTT, PCMBS+TU and IA+TU 

caused significant increase in total dry matter accumulation per plant at 75 DAS over 

control. Foliar spray of 500 ppm MEA proved most effective. It was significantly superior 

over foliar sprays of 500 ppm TU and 10 ppm DTT . 

• :. Foliar sprays of 500 ppm TU, 500 ppm MEA, 10 ppm DTT, PCMBS+TU and IA+TU 

significantly increased total dry matter accumulation per plant at 90 DAS by 6.5, 12.3, 

7,5, 7.5 and 5.5 per cent, respectively over control. Rest of the foliar spray treatments 

were not significant. 



.:. In respect of total dry matter accumulation per plant at physiological maturity, it was 

noted that foliar spray of 500 ppm TV, 500 ppm MEA and 10 ppm DTT significantly 

increased total DMAlplant by 12.9, 14.8 and 11.4 per cent, respectively over control. On 

the contrary, foliar spray of 10 ppm peMBS caused significant reduction in total 
, 

DMAlplant by 11.8 per cent over control. 

.:. All the foliar sprays treatments proved ineffective in influencing DMD in leaves at 75 

DAS except foliar spray of 10 ppm PCMBS. It was not noted that foliar spray of 10 ppm 

PCMBS caused significant reduction in DMD in leaves by 4.2 per cent over control. 

.:. In respect of DMD in stems, it was found that foliar spray of 500 ppm MEA brought 

about significant reduction in DMD in stems at 75 DAS over control. On the contrary, 

foliar spray of 10 ppm PCMBS significantly increased DMD in stems over control. 

.:. Foliar spray of 10 ppm PCMBS significantly reduced DMD in pods at 75 DAS by 13.2 

per cent over control. However, rest of the foliar spray treatments proved ineffective . 

• :. DMD in leaves at 90 DAS significantly increased due to foliar spray of 10 ppm PCMBS 

over control. Rest of the foliar spray treatments failed to affect DMD in leaves at 90 DAS . 

• :. Foliar spray of 500 ppm MEA proved effective in improving DMD in pods at 90 DAS, 

whereas foliar spray of 10 ppm PCMBS caused significant reduction over control. 

.:. Foliar spray of 500 ppm TV, 500 ppm MEA, 10 ppm DTT and IA+TV brought about 

significant increase in DMD in leaves at physiological maturity over control. On the 

contrary foliar sprays of 10 ppm PCMBS, PCMBS+TU and 10 ppm IA caused significant 

reduction in DMD in leaves over control. 

.:. Foliar spray of 500 ppm MEA significantly increased number of branches per plant by 

13.2 per cent over control. However, foliar spray of 10 ppm PCMBS significantly 

decreased number of branches per plant by 10.5 per cent over control. 

.:. Foliar sprays of 500 ppm TU, 500 ppm MEA, 10 ppm DTT, PCMBS+TU and IA+TU 

brought about significant increased number of green leaves per plant by 24.6, 31. 9, 18.9, 

9.0 and 22.2 per cent, respectively over control. While, number of green leaves per plant 

significantly reduced under foliar spray of 10 ppm PCMBS and 100 ppm IA by 34.2 and 

14.8 per cent, respectively over control. 



.:. Foliar spray of 500 ppm TU, 500 ppm MEA, 10 ppm DIT and IA+TU significantly 

increased number of cluster per plant by 14.4, 28.6. 23.6 and 10.4 per cent, respectively 

over control. However, foliar spray of 10 ppm PCMBS significantly reduced number of 

cluster per plant by 12.7 per cent over control. 

.:. Foliar sprays of 500 ppm TU, 500 ppm MEA, 10 ppm DIT, PCMBS+TU and IA+TU 

significantly decreased number of poorly filled pods per plant over control. But in respect 

of number of unfilled pods per plant, foliar sprays of 500 ppm TU, 500 ppm MEA and 10 

ppm DIT pf0yed effective in decreasing number of unfilled pods per plant over control. 

Further, foliar sprays of 10 ppm PCMBS and 100 ppm IA caused significantly higher 

number of poorly filled and unfilled pods per plant over control. 

.:. Number of pods per plant was significantly increased due to foliar spray of SOD ppm TU, 

SOD ppm MEA, 10 ppm DIT over control. However, number of pods per plant 

significantly reduced by 17.4 and 8.4 per cent under foliar spray of 10 ppm PCMBS and 

100 ppm lA, respectively over control. 

.:. Foliar sprays of SOD ppm TU, 500 ppm MEA, 10 ppm DIT and PCMBS+TU brought 

about significant increase in pod length by 4.8,9.7, 6.4 and 4.1 per cent, respectively over 

control. On the contrary, foliar spray of 10 ppm PCMBS and 100 ppm IA significantly 

reduced pod length over control. 

.:. Foliar sprays of 500 ppm TU, 500 ppm MEA and 10 ppm DIT significantly increased 

number of seeds per pod by 8.5, 12.7 and 5.6 per cent, respectively over control. Foliar 

spray of 500 ppm MEA proved most effective. While, foliar spray of 10 ppm peMBS 

and 100 ppm IA caused a significant reduction of 5.6 per cent each over control. 

.:. Foliar sprays of 500 ppm TU, 500 ppm MEA significantly increased test weight over 

control. Rest of the foliar spray treatments did not influence test weight. 

.:. Foliar sprays of 500 ppm TU, 500 ppm MEA and 10 ppm DIT significantly increased 

seed yield per plant by 13.5,25.8 and 12.2 per cent, respectively over control. However, 

foliar spray of 10 ppm PCMBS caused significant reduction of 15.4 per cent in seed yield 

per plant over control. 

.:. Foliar sprays of 500 ppm TU, 500 ppm MEA, 100 ppm DIT and IA+TU significantly 

increased dry matter of pods in lowermost cluster over control. Similarly, in respect of 

dry matter of pods in middle cluster, only 500 ppm TU' and 500 ppm MEA proved 



effective. on the contrary, foliar spray of 10 ppm PCMBS and 100 ppm IA significantly 

decreased dry matter of pods in lowermost and middle cluster over control. However, 

foliar sprays of 500 ppm TU, 500 ppm MEA, 10 ppm DTT, PCMBS+TU and IA+TU 

significantly increased dry matter of pods per plant in uppermost cluster over control. 

Foliar spray of 10 ppm PCMBS significantly reduced dry matter of pods in upper most 

cluster over control. 

.:. Foliar sprays of 500 ppm TO, 500 ppm MEA and 10 ppm DTT significantly increased 

number of p~ds in lowermost, middle and uppermost cluster over control. However, foliar 

sprays of PCMBS+ TU and IA+ TU also effective in respect of number of pods in 

uppermost cluster. On the contrary, foliar spray of 10 ppm PCMBS significantly reduced 

number of pods in lowermost, middle and uppennost cluster over control. 

.:. Foliar sprays of 500 ppm TU, 500 ppm MEA, 10 ppm DTf and IA+ TU signifIcantly 

increased grain: pod husk ratio in lowermost cluster over control. While in middle cluster, 

only foliar spray of 500 ppm MEA proved effective. However, all the foliar spray 

treatments proved effective in increasing grain: pod husk ratio in lowermost cluster over 

control. Foliar spray of 10 ppm PCMBS brought about significant reduction in grain: pod 

husk ratio in middle cluster over control. However, it was ineffective in uppermost 

cluster. 

.:. Foliar sprays of 500 ppm TU, 500 ppm MEA, 10 ppm DTf and PCMBS+TU 

significantly increased seed yield by 13.6,27.5, 12.2 and 9.9 per cent, respectively over 

control (18.89 qlha). On the contrary, foliar spray of 10 ppm PCMBS significantly 

decreased seed yield over control. 

.:. In respect of straw yield, it was noted that only foliar spray of 500 ppm MEA proved 

effective in increasing straw yield by 9.2 per cent over control. On the contrary, foliar 

spray of 10 ppm PCMBS significantly reduced straw yield over control. Similar trends 

were noted in respect to biological yield . 

• ;. Foliar sprays of 500 ppm TU, 500 ppm MEA, 10 ppm DTf and PCMBS+TU 

significantly increased harvest index by 7.7, 11.7, 8.8 and 5.9 per cent, respectively over 

control. On the contrary, foliar spray of 10 ppm PCMBS significantly reduced harvest 

index by 5.8 per cent over control. 

.:. None of the foliar spray treatments proved effective in influencing N and S content of 

leaves at 75 DAS. 



CONCLUSION 

On the basis of the results of the investigation entitled "Effect of Thiourea and 

Dimethylsulphoxide on phosphorus use efficiency, dry matter partitioning and productivity of 

clusterbean [Cyamopsis tetragonoloba (L) Taub.]" conducted for two consecutive years 

(1999 and 2000), it can be concluded that soil application of thiourea at 5 kg/ha can improve 

phosphorus use cfficiency and crop productivity to a considerable extent. Split application of 

5 kg/ha thiourea, l~alf at sowing and other half at 45 days after sowing, along with 20 kg 

P20j/ha gave average seed yield of 19.22 q/ha as against 19.32 q/ha obtained with 5 kg/ha 

thiourea along with 40 kg P20 j /ha. Thus, thiourea application brought about a saving of 20 kg 

P20 j /ha. Effects of thiourea on phosphorus use efficiency as well as crop productivity 

appeared to be on account of its sulphydryl content, which played a bioregulatory role inside 

the crop plants. 

Split application of 5 kg/ha thiourea with 20 kg P20slha gave net returns ofRs. 20367 

per ha, which was larger by Rs. 10025 per ha over absolute control (Rs. 10342 per ha). Thus, 

split application of 5 kg/ha thiourea with 20 kg PzOs/ha is recommended for increasing 

productivity of clusterbean under agro climatic conditions of Bikaner region in arid western 

Rajasthan. 
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EFFECT OF THIOUREA AND DIMETHYLSULPHOXIDE ON 
PHOSPHORUS USE EFFICIENCY, DRY MATTER PARTITIONING AND 
PRODUCTIVITY OF CLUSTERBEAN [Cyamopsis tetragonoloha (L) Taub] 

N .S. Solanki 
Research scholar 

ABSTRACT 

Dr. M.P. Sahu* 
Major Advisor 

A field experiment entitled "Effect of Thiourea and Dimethylsulphoxide on 

phosphorus Use efficiency, dry matter partitioning and productivity of c1usterbean [Cyamopsis 

lelragona/oba (L.) Taub.]" was conducted during two consecutive kharifsea!5on of 1999 and 

2000 at Agricultural Research station, Beechwal-Bikaner. Two field experiments were 

conducted, one concerning the effect of thiourea and DMSO at varying levels of phosphorus 

and. the other concerning the effect of sulphydryl group and sulphydryl group blockers on 

clusterbean. The first experiment involved studies on effect of thiourea (TV) and 

dimethylsulphoxide (DMSO) at varying levels of phosphorus (0, 20 and 40 kg P20j/ha) and 

eight treatments of chemical application viz., control, soil application of TU at 5 kg/1m 

(basal), soil application of TV at 5 kg/ha ('/2+
1
/ 2), soil application of DMSO at 2 kg/ha 

('/2+
1
/ 2), soil application ofTU + DMSO ('/2+

1
/ 2), foliar spray of 500 ppm TU, foliar spray of 

100 ppm DMSO and foliar spray ofTU + DMSO. The second experiment involved studies on 

the role of sulphydryl groups and sulphydryl group blockers, consisting of ten foliar spray 

treatments viz., control (water spray), 500 ppm thiourea, 500 ppm mercaptoethylamine 

(MEA), 10 ppm dithiothreitol (DTI), 10 ppm para- chloromercurybanzoicsulphonic acid 

(PCMBS), 10 ppm PCMBS+500 ppm TU, lOa ppm iodoacetate (IA), 100 ppm IA+500 ppm 

TU, 1000 ppm urea and 1000 ppm aluminium sulphate. The treatments were replicated four 

times in randomized block design in both the experiments. Clusterbean variety RGC- 986 was 

used. 

The results revealed that phosphorus application upto 40 kg P20s/ha significantly 

increased plant height, number of branches per plant, number of green leaves per plant, dry 

matter accumulation at 30, 60, 90 DAS and physiological maturity, chlorophyll content of 

leaves, root length, root dry matter and nodules per plant at 60 DAS. Dry matter allocation to 

leaves and pods at successive growth stages of crop also significantly increased due to 20 and 

40 kg P20s/ha. Growth indices viz., LAI, CGR, LAR and NAR also improved with 

phosphorus application. 

* Director Research, RAU, Bikaner (Raj.). 



Application of phosphorus upto 40 kg P20s/ha significantly increased yield 

attributing parameters. However, test weight and number of grains per pod increased 

significantly upto 20 kg P20s/ha. The gum content increased significantly due to phosphorus 

application upto 20 kg P20s/ha. Agronomic efficiency as well as P recovery decreased with 

40 kg P20s/ha as compared to 20 kg P20s/ha. However, physiological efficiency showed 

reverse trends. Total P uptake and P harvest index increased significantly with phosphorus 

application upto 20 kg P20siha 

Soil application ofTU at 5 kg/ha e/2+1/2), soil application of TU+DMSO, foliar spray 

of 500 ppm TU and foliar spray of TU+DMSO proved effective in improving growth and 

yield attributing parameters. Foliar spray of 100 ppm DMSO proved effective in improving 

number of green leaves, dry matter accumulation at 90 DAS and at physiological maturity and 

LAI, CGR, LAR and NAR. Number of poorly filled pods and unfilled pods per plant 

significantly decreased with all the soil and foliar applied treatments in comparison to control. 

Dry matter allocation to leaves and pods increased due to soil and foliar applied TU and 

DMSO. 

Soil application of TU at 5 kg/ha Ch+i /2) and soil application of TU+DMSO 

significantly increased available P content of soil over control at 30, 60 DAS and harvest. Soil 

application of DMSO at 2 kg/ha proved effective in increasing available P content of soil at 

harvest only. Gum content also increased significantly due to all soil and foliar applied 

treatments except soil application of TU at 5 kg/ha (basal) and soil application of DMSO at 2 

kg/ha. 

By and large, P content in different parts of the plant increased under the influence of 

all soil and foliar applied treatments. P distribution in leaves and pods also increased 

significantly over control due to soil and foliar applied treatments. Soil and foliar applied TV 

treatments proved effective in improving P uptake by the crop. Agronomic as well as 

physiological efficiency and P recovery and P harvest index of the crop showed increasing 

trends over control under the influence of soil and foliar applied treatments except soil and 

foliar applied DMSO. 

Application of 40 kg P20s/ha produced significantly higher seed yield (18.89 q/ha) 

an~ registered increase of 35.9 and 5.6 per cent over control and 20 kg PzOs/ha, respectively. 
'. 

However, straw and biological yields increased significantly upto 20 kg P20slha. Soil 

application of TV at 5 kg/ha e/2+i/2) and foliar spray of 500 ppm TU brought about 

significant improvement in seed yield by 18.9 and 11.5 per cent, respectively over control 

(15.23 q/ha). Harvest index increased significantly due to soil and foliar applied TV and 

DMSO treatments. Soil application of 5 kg/ha CI2+1
/ 2) with 20 kg P20slha was the most 

effective treatment, as it gave seed yield of 19.22 q/ha, which was at par with yield obtained 



with 5 kglha TV with 40 P20s/ha. Thus, thiourea application brought about a saving of 20 kg 

P20s/ha. Thus split application of 5 kglha thiourea with 20 kg P20slha is recommended for 

increasing productivity of clusterbcan under agro-climatic condition of Bikaner region. 

Studies conducted to assess the role of thiourea as a sulphydryl bioregulator revealed 

that foliar sprays of 500 ppm TU, 500 ppm MEA and 10 ppm DTT caused significant 

improvement in growth and yield attributing parameters. Dry matter aJlocation to leaves and 

pods at successive stage of crop growth also increased due to foliar spray of sulphydryl 

cOl~pounds over control. On the contrary, foliar spray of 10 ppm PCMBS significantly 

decreased growth and yield attributing parameters. N and S contents of leaves at 75 DAS 

were not affected due to foliar applied sulphydryl compounds. Foliar sprays of 500 ppm TU, 

500 ppm MEA and 10 ppm DTT produced significantly higher seed yield and registered 

increase of 13.6,27.5 and l2.2 per cent, respectively over control. Similar trends were noted 

in respect of harvest index. Foliar spray of 10 ppm PCMBS, -SH group blocker, significantly 

decreased seed yield over control. 
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Appendix xxxvn 
Cost of cultivation of treatments (Rs/ha) 

S:t'I Treatment combinations 1999 2000 

1 No phosphorus + control 9089 10625 

2 No phosphorus + 5 kg thiourealha in soil (basal) 11379 12995 

3 No phosphorus + 5 kg thioureafha in soil e/2+1/2) 11599 13295 

4 No phosphorus + 2 kg DMSOlha in soil el.+1/2) 10781 12477 

5 No phosphorus + 5 kg thiourea/ha+2 kg DMSOlha in soil e/2+1/2) 12851 14547 

6 No phosphorus + 500 ppm thiourea foliar spray 9945 11641 

7 No phosphorus + 100 ppm DMSO foliar spray 9728 11424 

8 No phosphoms + 500 ppm thiourea + 100 ppm DMSO foliar spray 10039 11735 

9 20 kg P20/ha + control 9407 10943 

10 20 kg P20/ha + 5 kg thiourealha in soil (basal) 11697 13313 

II 20 kg P20s/ha + 5 kg thiourealha in soil e/2+1/2) 11917 13613 

12 20 kg P20/ha + 2 kg DMSO/ha in soil CI2+
1
/2) 11099 12795 

13 20 kg P20/ha +5 kg thiourealha+2 kg DMSO/ha in soil C/2+1
/ 2) 13169 14865 

14 20 kg P20s/ha + 500 ppm thiourea foliar spray 10263 11959 

15 20 kg P20s/ha + 100 ppm DMSO foliar spray 10046 11742 

16 20 kg P20s/ha + 500 ppm thiourea + 100 ppm DMSO foliar spray 10357 12053 

17 40 kg P20s/ha + control 9725 11261 

18 40 kg P20s/ha + 5 kg thiourea/ha in soil (basal) 12015 13631 

19 40 kg P20s/ha + 5 kg thiourealha in soil CI2+1
/2) 12235 13931 

20 40 kg P20s/ha + 2 kg DMSO/ha in soil e/2+1
/ 2) 11417 13113 

21 40 kg P20slha +5 kg thiourealha+2 kg DMSOlha in soil CI2+
1/2) 13487 15183 

22 40 kg P20slha + 500 ppm thiourea foliar spray 10581 12277 

23 40 kg P20s/ha + 100 ppm DMSO foliar spray 10364 12060 

24 40 kg P20s/ha + 500 ppm thiourea + 100 ppm DMSO foliar spray 10675 12371 

os 0 mpu s C t f· t 
1999 2000 

Cost ofP2Os 17.50 Rslkg 17.50 Rslkg 
Cost ofN 4.10 Rs/ha 4.10 Rs/ha 
Cost of thiourea 207 Rsl500 g 207 Rs/500 g 
CostofDMSO 313 Rsl500 ml 313 Rs/500 ml 
Cost of labolene(sticking agent) 168 Rs/lit 168 Rsllit 
Cost of guar grain 2150 Rs/ha J 100 Rslha 
Price of straw 50 Rs/q 50 Rs/q 
Labour cost 44 Rs/day 60 Rs/day 
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