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ABSTRACT 

A field experiment was conducted at Bikaner during 1999 and 2000 on sandy soil to study the effect of bio- 
regulators (thiourea and dimethylsulphoxide) and phosphorus on productivity and P-use efficiency of clusterbean 
[Cyamopsis tetragonoloba (L.) Taub.]. The study revealed that application of thiourea 5 kgtha in the soil (split), thio- 
urea 5 kgtha + dimethylsulphoxide 2 kgtha in the soil (split), foliar spray of 500 ppm thiourea and foliar spray of 500 
ppm thiourea + 100 ppm dimethylsulphoxide proved effective in improving the growth and yield-attributing param- 
eters over the control. The maximum seed yield of 1.988 tonnestha was obtained with thiourea 5 kgtha ++ 
dimethylsulphoxide 2 kgtha in the soil (split) along with 17.2 kg Ptha, which was on a par with yield obtained with 
application of 5 kg thiouredha in soil (spilt) and 8.6 kg Ptha, and foliar spray of 500 ppmtha thiourea and 8.6 kg P/ 
ha. Growth indices, viz. leaf-area index (LAI) and crop-growth rate (CGR) also improved with bio-regulators and 
phosphorus application. Application of phosphorus up to 17.2 kg Ptha significantly improved the LA1 and CGR at 
60 and 90 days after sowing (DAS), number of nodulestplant, podstplant and pod length as well as P-use effi- 
ciency. The gum content increased significantly due to phosphorus application up to 8.6 kg Ptha. The maximum P 
recovery of 47.4 kglha was obtained with the application of 8.6 kg Ptha followed by 17.2 kgtha (26.4 kgtha). The 
highest P uptake by seed (10.72 kgtha) was obtained with 5 kg thiouredha + dimethylsulphoxide 2 kgtha in the 
soil (split). Soil and foliar applications of thiourea and dimethylsulphoxide recorded higher agronomic as well as 
physiological efficiency of the applied phosphorus. 
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Low productivity of clusterbean [Cyamopsis 
tetragonoloba (L.) Taub.] may be ascribed to many rea- 
sons, but inadequate and imbalanced fertilization is the 
major factor. In most of the clusterbean-growing areas, 
poor soil fertility is one of the severe constraints limiting 
expression of its potential productivity. In arid region 
phosphorus deficiency is usually the dominant factor lead- 
ing to poor yield of legume crops due to poor nodulation. 
Thus phosphorus management has an important role to 
play for increasing the productivity of clusterbean. Besides 
P fertilization, a bio-technological approach for its im- 
provement could be the use of bio-regulators to improve 
photosynthesis and photo-assimilate partitioning. Since 
clusterbean is largely a crop adapted to limited water en- 
vironment, the use of bio-regulator would prove most re- 
warding by hastening the partitioning of dry matter for 
yield formation. The potential of regulating the transloca- 
tion of assimilates by either plant-growth regulators or 
chemicals (bio-regulators) promises substantial opportuni- 
ties for increasing the yield of crops (Girrford and Evans, 
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1981). Thiourea is a novel bio-regulator with considerable 
potential to improve crop productivity. Sahu and Solanki 
(1991) reported that it improves the dry-matter partition- 
ing and grain yield of maize. The soil application of thio- 
urea at 5 kglha increases the phosphorus-use efficiency in 
potato, bringing about a saving of 8.6 kg Plha and increas- 
ing tuber yield by 15.2% (Sud et al., 1991). The increase 
in grain yield of several field crops due to 
dirnethylsulphoxide application has also been reported by 
various researchers. It was therefore presumed that thio- 
urea and dirnethylsulphoxide might improve the produc- 
tivity of clusterbean either through improvement in phos- 
phorus use efficiency or through improved dry-matter par- 
titioning. In view of these observations, an experiment was 
conducted to study the effect of thiourea and 
dimethylsulphoxide on the productivity and P-use effi- 
ciency of clusterbean under arid environment of Bikaner 
region. 

MATERIALS AND METHODS 

The field experiment was conducted at Agricultural 
Research Station, Bikaner (Rajasthan) during 1999 and 
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2000. The geographical co-ordinates of Bikaner are: 
28O01' N latitude, 73O22' E longitude and 234.7 m above 
mean sea level. The soil was sandy, having low available 
N (107.0 kgha), available P (7.4 kgka) and high available 
K (167.7 kgka) with pH 8.4. The experiment consisted of 
24 treatment combinations, viz. three levels of phosphorus 
(P @ 0, 8.6 and 17.2 kgka) and eight bio-regulators, viz. 

- the control, thiourea 5 kgka in the soil (basal), thiourea 5 
kgka in the soil (split), dirnethylsulphoxide 2 kgka in the 
soil (split), thiourea 5 kgka + dimethylsulphoxide 2 kgka 
in the soil (split), thiourea 500 pprn foliar spray, 
dimethylsulphoxide 100 pprn foliar spray and thiourea 500 
pprn + dirnethylsulphoxide 100 pprn foliar spray. The ex- 
periment was laid out in randomized block design with 
four replications. Phosphorus was applied basal through 
diaammonium phosphate @AP) as per treatment and thio- 
urea @ 5 kgka and dirnethylsulphoxide @ 2 kgka were 
mixed with soil and applied in furrow manually at a depth 
of 8-10 cm, followed by 3-4 cm soil layering. The remain- 
ing half doses of thiourea and dirnethylsulphoxide were 
top-dressed at 45 days after sowing between the crop 
rows, followed by hoeing and light irrigation. Foliar spray- 
ing of thiourea and dirnethylsulphoxide was done at pre- 
flowering (40 DAS) and pod-development stage (60 
DAS). The crop was fertilized with N @ 20 kgka and K 
@ 16.6 kgka. Clusterbean variety 'RGC 986' was sown 
on 17 and 18 July during 1999 and 2000, respectively. The 

crop was grown under irrigated conditions. During crop- 
growth period, 34.0 and 166.3 rnrn rainfall was recorded 
in 1999 and 2000, respectively. 

RESULTS AND DISCUSSION 

Growth and yield 
Soil and foliar application of thiourea and thiourea + 

dimethylsulphoxide brought about significant variations in 
the number of growth parameters in comparison with the 
control (Table 1). The maximum leaf-area index (LAI) and 
crop-growth rate ( CGR) at 60 DAS, number of nodules1 
plant, podslplant, pod length, test weight, seedslpod, har- 
vest index and gum content were recorded with the appli- 
cation of thiourea 5 kg + dirnethylsulphoxide 2 kgka in 
the soil (split). However, the number of noduleslplant at 
60 DAS significantly increased with soil application of 
thiourea at 5 kglha (split) and thiourea 5 kg + 
dirnethylsulphoxide 2 kgka in the soil (split) only. It indi- 
cates that thiourea might have stimulated the photosyn- 
thetic carbon fixation mechanism and hence might have 
increased the canopy photosynthesis. Significant increases 
in LA1 obtained with thiourea treatment provide ample 
support to such effects. Since thiourea shows cytokinin- 
like activity (Erez, 1978), which is responsible for delay- 
ing leaf senescence, thiourea might have resulted in the 
creation of larger photosynthetically active leaf surface 
during grain filling. By and large, soil application of thio- 

Table 1. Effect of bio-regulators and phosphorus on growth and yield parameters, and gum content of clusterbean (pooled data of 2 years) 

Treatment LAI 
60 90 
DAS DAS 

Bio-regulator 
Control 
TU 5 kgha in soil (basal) 
TU 5 kgha in soil (split) 
DMSO 2 kglha in soil (spilt) 
TU 5 kg + DMSO 2 kgha in 

soil (split) 
TU 500 pprn (spray) 
DMSO 100 pprn (spray) 
TU 500 pprn + DMSO 100 

ppm (spray) 
SEm * 
CD (P = 0.05) 

Phosphorus (kg/ha) 
0 3.80 - 2.89 

8.6 4.80 3.87 
17.2 5.47 4.33 

SEm i 0.07 0.06 
CD (P = 0.05) 0.19 0.16 

CGR Nodules/ Pods/ Pod Test Seeds/ Straw Harvest Gum 
(g/m2/d) plant plant length weight pod yield index content 

60 90 (60 ( 4  (g) ( t w  (%I (%I 
DAS DAS DAS) 

TU='thiourea; DMSO= dimethylsulphoxide, DAS= days after sowing 
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urea 5 kg + dimethylsulphoxide 2 kgha (split) was on a 
par with soil application of thiourea at 5 kgha (split) in 
most of the parameters. This shows that addition of 
dirnethylsulphoxide in thiourea has no additional advan- 
tage for improving the growth and yield parameters over 
split application of thiourea. Similar trends were observed 
for foliar spray as well. Basal application of thiourea did 
not show consistent effects. Obviously persistence of soil- 
applied thiourea appears to be more under split application 
in soil than when it was applied basal. The maximum gum 
content (28.42%) was recorded with thiourea 5 kg + 
dirnethylsulphoxide 2 kgha in the soil (split). 

Harvest index increased significantly due to application 
of thiourea 5 kgfha (split), thiourea 5 kg + 
dirnethylsulphoxide 2 kgha in soil (split) and all the foliar 
applications over the control. Eventually seed yield in- 
creased significantly under thiourea treatments, but straw 
yield did not. This indicates that thiourea and 
dirnethylsulphoxide treatments in the present study im- 
proved the seed yield chiefly on account of improved as- 
similate partitioning and transport during grain develop- 
ment. 

A significant interaction was recorded between bio- 
regulators and phosphorus levels for pooled seed yield 
(Table 2). The data reveal that soil and foliar applications 
of thiourea and dirnethylsulphoxide increased the seed 
yield up to 8.6 kg Pha. Soil application of 5 kg thiourea 
+ 2 kg dimethylsulphoxidefha (split) and 17.2 kg Pfha 
gave the highest seed yield (1.98 tha). However, this treat- 
ment was on a par with that of soil application of thiourea 
5 kgha (split) with 8.6 kg Pha  and foliar spray of thiourea 
500 pprn + dirnethylsulphoxide 100 pprn with P 8.6 kgha. 
Meena and Sharma (2005) in pigeonpea, and Mehta et al. 
(2006) in mustard also reported improvement in their yield 
on application of thiourea. 

An increase in the levels of P application up to 17.2 kg/ 

ha significantly increased number of nodules at 60 DAS 
(Table 1). LA1 and CGR also improved significantly due 
to application of phosphorus up to 17.2 kgha. Naagar 
(2001) also reported the beneficial effects of P on growth 
of clusterbean. Growth improvement under increased P 
application might have increased the metabolic processes 
in the plant, resulting in greater meristematic activity and 
apical growth, thereby improving the growth parameters 
and ultimately resulting in improved photosynthetic sur- 
face of the plant. This is evident from increase in LA1 at 
60 and 90 DAS due to P application. 

Application of 17.2 kg P h a  significantly increased the 
podsfplant and pod length over the control and 8.6 kg PI 
ha. However, the number of seedsfpod and test weight sig- 
nificantly increased up to 8.6 kg Pha.  Straw yield and 
gum content responded up to 8.6 kg Pha  improvement in 
yield attributes due to increased P application. Shivran et 
al. (1996) and Naagar (2001) also reported improvement 
in yield attributes due to P application. The favourable ef- 
fect 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 the plant. 

P-use efficiency 
The data on P-use efficiency, viz. P uptake, P-harvest 

index, agronomic efficiency, physiological efficiency and 
P recovery, are presented in Tables 3 and 4. The highest P 
uptake by seed (10.72 kgha) was obtained with applica- 
tion of thiourea 5 kg + dirnethylsulphoxide 2 kgha in the 
soil (split). However, it was on a par with thiourea 5 kgha 
in the soil (split). Application of thiourea 5 kgha in the 
soil (split), thiourea 5 kg + dimethylsulphoxide 2 kgha in 
the soil (split), foliar spray of thiourea 500 pprn and foliar 
spray of thiourea 500 pprn + dirnethylsulphoxide 100 pprn 
significantly increased P-uptake by seed over control by 

Table 2. Effect of bio-regulators on seed yield (tlha) at different levels of phosphorus (pooled data of 2 years) 

Treatment P level (kgha) 
0 8.6 17.2 Mean 

Control 
TU 5 kgiha in soil (basal) 
TU 5 kgiha in soil (split) 
DMSO 2 kgiha in soil (spilt) 
TU 5 kg + DMSO 2 kgiha in soil (split) 
TU 500 pprn (spray) 
DMSO 100 pprn (spray) 
TU 500 pprn + DMSO 100 ppm (spray) 

Mean 

SEm + 
CD (P=0.05) 

1.12 
1.22 
1.58 
1.34 
1.57 
1.32 
1.44 
1.47 
1.38 

Phosphorus 
0.02 
0.05 

1.78 
1.85 
1.93 
1.81 
1.98 
1.96 
1.87 
1.89 
1.88 

Interaction 
0.05 
0.15 

TU = thiourea, DMSO = dimethylsulphoxide 
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22.2, 23.9, 12.7 and 15.3%, respectively. The magnitude 
of increase in P uptake by seed was larger under soil-ap- 
plied thiourea + dirnethylsulphoxide compared with foliar 
sprays. Application of 5 kg thioureaha in the soil (split), 
thiourea 5 kg + dimethylsulphoxide 2 kglha in the soil 
(split), foliar spray of thiourea 500 pprn and thiourea 500 
pprn + dirnethylsulphoxide 100 pprn significantly in- 
creased the total P uptake by the crop over the control by 
14.6, 15.2, 6.6 and 9.2% respectively. The highest total P 
uptake (24.38 kgha) was recorded under soil application 
of 5 kg thiourea + 2 kg dimethylsulphoxideha (split) fol- 
lowed by 5 kg thioureaha in soil (split). Sud et al. (1991) 
also reported that P uptake by potato increased with the 

application of thiourea 5 kgha in the soil. Application of 
thiourea 5 kglha in the soil (split), thiourea 5 kg + 
dirnethylsulphoxide 2 kg in the soil (split), foliar sprays of 
500 pprn thiourea, dimethylsulphoxide 100 pprn and thio- 
urea 500 pprn + dimethylsulphoxide 100 pprn significantly 
increased the P-harvest index by 7.3, 7.9, 6.1, 5.7 and 
57% respectively over the control. However, these treat- 
ments were at par. Soil-and-foliar applied treatments of 
thiourea and dimethylsulphoxide showed increasing trends 
in phosphorus recovery. Higher agronomic and physi- 
ological efficiencies were recorded due to soil-and foliar- 
applied thiourea and dirnethylsulphoxide treatments over 
the control. The maximum agronomic efficiency of 30.4 

Table 3. Effect of bioregulators and phosphorus on P uptake and P-harvest index of clusterbean (pooled of 2 years) 

Treatment P uptake (kgha) P-harvest 
Seed Straw Total index (%) 

Bio-regulator 
Control 8.65 12.51 21.16 40.63 
TU 5 kgha in soil (basal) 9.16 12.84 21.99 41,57 
TU 5 kgha in soil (split) 10.57 13.89 24.26 43.58 
DMSO 2 kgha in soil (spilt) 9.17 12.73 21.91 41.76 
TU 5 kg + DMS02 kgha in soil (split) 10.72 13.66 24.38 43.87 
TU 500 ppm (spray) 9.75 12.81 22.56 43.09 
DMSO 100 ppm (spray) 9.45 12.63 22.08 42.94 
TU 500 ppm + DMSO 100 ppm (spray) 9.97 13.13 23.10 42.96 

SEm * 0.19 0.33 0.45 0.45 
CD (P=0.05) 0.53 NS 1.26 1.26 

Phosphorus (kgha) 
0 
8.6 
17.2 

SEm i 
CD (P = 0.05) 

TU= thiourea, DMSO= dimethylsulphoxide 

Table 4. Effect of bio-regulators on agronomic efficiency, physiological efficiency, and P recovery at varying levels of phosphorus in 
clusterbean (pooled data of 2 years) 

Treatment Agronomic efficiency Physiological efficiency P recovery 
(kg grainikg applied P) (kg grainikg uptake) (%I 

8.6 kg 17.2 kg Mean 8.6 kg 17.2 kg Mean 8.6 kg 17.2 kg Mean 

Bio-regulator 
Control 
TU 5 kgha in soil (basal) 
TU 5 kgha in soil (split) 
DMSO 2 kgha in soil (spilt) 
TU 5 kg + DMSO 2 kgha in soil (split) 
TU 500 pprn (spray) 
DMSO 100 pprn (spray) 
TU 500 pprn + DMSO 100 pprn (spray) 

Mean 

TU= Ihiourea, DMSO= dimethylsulphoxide 
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kg grainikg applied P was recorded with the application of 
thiourea 5 kg + dimethylsulphoxide 2 kglha in the soil 
(split) which was 42.7% higher over the control. However, 
the maximum physiological efficiency of 73.6 kglgrainikg 
uptakeha was recorded with foliar spray of 500 ppm thio- 
urea which was 14.3% higher than that of the control. 
Maximum P recovery (42.8%) was obtained with thiourea 
5 kg + dimethylsulphoxide 2 kgha in the soil (split), fol- 
lowed by thiourea 5 kgha in the soil (split) (38.9%). The 
increase in P-use efficiency on soil application of thiourea 
might be due to direct effect of thiourea on soil phenom- 
ena like solubilizing of native P and P availability due to 
reduced P fixation 

Uptake of P by seed, straw and total P uptake by the 
crop significantly increased with the application of phos- 
phorus (Table 3). Application of P @ 8.6 and 17.2 kgha 
significantly increased the P uptake of seed by 43.6 and 
52.4% and total P uptake of the crop by 37.3 and 43.4% 
respectively over the control. P-harvest index was signifi- 
cantly improved with the application of 8.6 and 17.2 kg PI 
ha over control. But P levels at 8.6 and 17.2 kg Pha  were 
at par. Agronomic efficiency of the crop decreased with 
the application of 17.2 kg Pha  compared with P 8.6 kgha 
(Table 4). However, physiological efficiency showed re- 
verse trends. Application of 8.6 kg Pha  gave higher P re- 
covery (47.4%) compared with 17.2 kg P/ha (26.4%). 
Decrease in agronomic efficiency and P recovery with in- 
creasing levels of P indicates that much of the applied P 
was nearly sufficient up to 8.6 kg Pha, beyond which the 
absorbed P was less effective in grain production. Khiriya 
et al. (2001) also reported an decrease in agronomic effi- 

ciency and P recovery with increasing levels of P applica- 
tion in fenugreek. 
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