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In a field experiment with three levels of P (0, 50 and 100 kg P
2
0

S 
ha-1) and four levels of 5 (0, 10, 

and 20 kg 5 ha-1
) on a P and 5 deficient Typic HapludalJ of Meghalaya, the bulb and straw yield, 

nutrient uptake and protein content of garlic increased significantly with increasing levels of P 
and 5 application. The available P and 5 content in post harvest soil increased significantly with 
P and S application. The interaction effects of P and S were significant for bulb yield, N, P and S 
uptake and available P and S in post harvest soil and their highest values were recorded with 
Pmo 520 treatment combination. P use efficiency increased with 5 levels and was higher at P 50 as 
compared to Pwo level. 5 use efficiency increased with increasing levels of P and S. Maximum P 
and S use efficiency were recorded with P 50S20 and P 100S20 treatment combinations, respectively. 
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The availability of phosphorus and sulphur in 
soil and their uptake by plants are fairly pro
portionate and application of these nutrients 
together affects the availability of each other 
and thereby growth and yield of crops (Shinde 
et aI, 1979). Bulb crops respond well to P and 5 
application (Rohal & Kalra 1986; 5ingh et al. 
1995). Garlic as a spice crop is becoming popu
lar in Meghalaya. The soils of the state are 
highly acidic and low in available P and 5 con
tents (Prasad 1981). The information regard
ing P and S nutrition to garlic in the acid soils 
of north eastern hill region is lacking. Hence 
the present field experiment was conducted 
during rabi (winter) seasons of 1999 and 2000 
at leAR Research Complex for NEH Region, 
Umiam, Meghalaya (25°41 /N, 91° 63/E) to study 

the effect of P and 5 levels on yield, nutrient 
uptake, P and S use efficiency and build up of P 
and 5 in the soil. The experimental soil was Typic 
HapludalJ with sandy loam texture having pH. 
5.3, organic carbon 1.7 % and available N, P, K 
and S as 375, 10.8, 250 and 12.5 kg ha-I

, respec
tively. Three levels of P (0, 50 and 100 kg P20 S 

ha-1 through diammonium phosphate) and 4 
levels)Jf- 5 (0, 10, 15 and 20 kg S ha-1 :hro~gh 
elemental sulphur) in 12 treatment combInatIons 
were applied and replicated thrice in factorial 
randomized block design. A common basal dose 
of 100 kg N as urea and 100 kg K20 as muriate 
of potash and farmyard manure 10 t ha-1 was 
applied to all the plots. Lime @ 2 t ha-"J was also 
applied uniformly 15 days before planting the 
cloves during first year of the experiment. Half 
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dose of N was applied as basal and the remain
ing half was top dressed in two equal splits at 
30 and 60 days after planting. Elemental sul
phur was applied 15 days before planting so 
that the S could be oxidised to sulphate form. 
A local cultivar of garlic was planted (second 
week of September) with a spacing of 50 cm x 
20 cm in plots of 6 m 2 size and harvested dur
ing second week of May. The bulb and straw 
samples collected at harvest were analysed for 
total N, P, K and 5 by micro-Kjeldahl, vanado
molybdate yellow c:::olour, flame photometric 
and turbidimetric methods, respectively 
(Tandon 1993). Protein content in bulb was cal
culated by multiplying N content in bulbs with 
the factor 6.25. Available P and S in post har
vest were extracted by Bray PI extractant and 
0.15 per cent CaCl

2
, respectively and analysed 

following standard procedures (Page et aI. 
1982). Phosphorus Use Efficiency (PUE) and 

_ Sulphur Use Efficiency (SUE) were calculated 
as follows: 

PUE or 5UE= 

(P or S uptake in treated plots -
P or S uptake in control plots) 

Fertilizer P or S applied 

Yield and protein content 

xlOO 

Increasing levels of phosphorus and sulphur 
significantly increased the bulb and straw yield 
of garlic (Table 1). This result confirms the 
findings of Singh et al. (1995) and Rohal & Kalra 
(1986). The interaction effect of P and S was 
significant for bulb yield and all the levels of S 
increased the bulb yield at every dose of applied 
P except that the effect of S10 and S15 was at par 
at zero level of P application. This increase in 
bulb yield might be due to increase in uptake 
of nutrients with the combined application of 
P and 5, which favoured the better nutrition of 
garlic for optimum growth and development. 
The maximum bulb yield (64 q ha- l ) was 
recorded with a combination of 100 kg P20 S and 
20 kg S ha-1 which was 35.6% higher than control 
(P oSo)' The protein content of bulbs increased 
Significantly with increasing P and 5 levels. An 
increase of 31.6% and 17.2% in protein content 
of bulb were recorded due to application of 20 
kg S and 100 kg P

2
0

S 
ha-1

, respectively. 

Majumdar et a1. 

Nutrient uptake 

Application of P and 5 significantly increased 
the P uptake by garlic bulb (Table 2) which 
might be due to increase in soil available P and 
its higher absorption by bulbs. Similar increase 
in P uptake by applied P was also reported by 
Verma et al. 0-996). The interaction between P 
and S was positive for P uptake. P and S are 
absorbed as anions by plants, so if anyone of 
them is available in higher amount, the avail
able pool for other will also increase (Joshi & 
Seth 1975). The P uptake at Po with increasing 
levels of S was non significant, but at both P so 
and P

IOOO 
all the 5 levels had significant positive 

response on P uptake. There was significant 
increase in P uptake at each S level with increas
ing levels of P from 0 to 100 kg P

2
0

S 
ha· l

• 

Sulphur uptake increased significantly at all the 
levels of S application (Table 2), which nlight 
be the result of rapid absorption and translo
cation of it by the plant with adequate supply 
of S to the soil in combination with increase in 
bulb yield. Similar result has also been reported 
by 5ingh et aI. (1995). S uptake by bulb also in
creased significantly by all the levels of applied 
P. The significant increase in S uptake by P ap
plication could be due to higher S absorption 
as a result of greater root proliferation and in
crease in the activity of S oxidizing bacteria 
(Singh et al. 1986). A significant interaction was 
found between P and S levels for 5 uptake. Sul
phur uptake increased significantly by increas
ing S levels at zero level of P application but 
the differential response of 5 levels was non 
significant. However, at 50 and 100 kg P 20S ha'), 
the response of all the 5 levels was significant 
over each other. MaximUIU S uptake (57.6 kg 
ha- l

) was recorded when 20 kg S was applied 
along with 100 kg P20 S ha·1

. 

The Nand K uptake of garlic bulb increased 
significantly withP and S application, which was 
apparently the result of favourable effect of P 
and 5 on Nand K absorption coupled with 
higher bulb. production. The interaction be
tween P and 5 was significant for N while it 
was non significant for K uptake and the maxi
mUln values of these paralneters were recorded 
with a treatment combination of 100 kg P

2
0

S 
+ 



Effect of P and S on garlic 

20 kg 5 ha-1• A significant positive correlation 
between bulb yield and P uptake (0.99~·) and 5 
uptake (0.97") indicated that application of both 
5 and P is advantageous in this soil to get op
timum yield of the garlic crop. 

Phosphorus and Sulphur Use Efficiency 

PUE was higher at Pso level as compared to P
100 

(Table 1). This lnight be due to the fact that 
plants being grown in soil, exhibited greater 
capacity for nutrient absorption at lower doses 
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of P (Dubey 2000). However/ there was an in
crease in PUE by 5 levels at each P level. Maxi
mum PUE (61 %) was recorded in the treatlnent 
combination of P 50520' PUE increased with 5 lev
els at both levels of P indicating synergisln be
tween P and 5. 5UE (Table 1) of garlic increased 
linearly with increasing levels of both P and S. 
5UE was very low at zero level of P applica
tion but increased to more than double at 100 
kg P20 S 

ha-1
• The highest value of 5UE (121%) 

was recorded at P 100520 treatment combination. 

Table 1. Effect of P and S on bulb and straw yield~ P and 5 use efficiency and protein content of garlic; 
P and 5 on nutrient uptake by garlic bulb; P and 5 on available P and S in post harvest soil 

Mean 50 5
10 SIS S20 Mean 

Dried bulb yield (q ha-1
) P uptake (kg ha-1

) 

F'o 43.20 46.20 47.50 49.80 46.70 Po 20.80 23.10 25.15 27.90 24.25 

Psu 47.40 50.30 52.90 62.00 53.10 Pso 25.60 28.70 32.25 40.90 31.85 

P
lOII 

52.00 54.30 57.90 64.00 57.00 P100 
30.70 34.20 38.20 44.80 37.00 

Mean 47.50 50.20 52.70 58.60 Mean 25.70 28.70 31.90 37.90 

C.D. at 5% P = 0.85 S = 0.98 Px5 =1.70 CD.at5% P = 1.50 5 = 1.70 P x 5 = 3.00 

Dried straw yield (q ha-') K uptake (kg ha-1
) 

Po 1.30 1.60 2.20 2.70 1.90 Po .34.50 46.20 49.80 54.80 46.30 
Ps 1.60 2.50 3.00 3.50 2.60 42.70 53.30 58.10 73.10 56.80 

PIO !} 2.00 3.00 3.50 4.00 3.10 P,wo 49.40 61.90 69.50 80.00 65.20 

Mean 1.60 2.30 2.90 3.40 Mean 42.20 53.80 59.10 69.30 

C.D. at 5% P = 0.265 = 0.30 PxS = NS CD.at5% P = 4.90 5 = 5.65 PxS NS 

Protein content (%) in bulb S uptake (kg ha-l
) 

Po 5.60 6.10 6.60 7.30 6.40 Po 25.95 29.10 31.85 34:90 30.45 

P 50 5.95 6.90 7.30 8.10 7.05 29.40 33.70 38.10 48.40 37.40 

PIOO 6.45 7.30 7,90 8.40 7.50 PlOD 33.80 39.10 46.30 57.60 44.20 

Mean 6.00 6.75 . 7.25 7.90 Mean 29.70 33.95 38.75 46.95 

C.D. at 5% P = 0.32 5 = 0.37 PxS = NS C.D.at5% P = 2.00 5 = 2.35 PxS 4.10 

P use efficiency (%) Available P (kg ha·1
) 

Po Po 8.90 9.50 10.90 12.00 10.30 

Pso 23.20 26.85 33.72 61.00 36.20 10.10 12.50 13.80 16.50 13.20 

P lllll 
23.87 26.50 31.10 40.20·30.40 Pl00 

13.60 15.20 16.70 18.60 16.00 

Mean 23.50 26.70 32.40 50.50 Mean 10.80 12.40 13.80 15.30 
CD.at5% P = 0.54 S = 0.63 P x S = 1.10 

S use efficiency (%) Available 5 (kg ha- I ) 

14.00 11.90 Po 33.00 40.30 46.75 40.00 PI) 10.00 11.20 12.50 

Pst) 45.00 59.80 97.00 67.20 P
50 

11.40 12 .. 70 14.20 16.00 13.60 

PIOO 56.00 85.00 121.00 87.30 P IOO 
12.50 14.50 17.00 18.80 15.50 

Mean 44.60 61.70 88.20 Mean 11.30 12.80 14.00 16.30 

N uptake (kg ha -I) 
C.D.at5% P 0.54 S:= 0.63 P x S =·1.10 

Po 38.80 45.25 50.35 58.30 48.20 
Pso 45.00 55.30 61.90 80.60 60.70 

P100 55.60 63.50 73.00 85.70 69.45 

Mean 46.45 54.70 61.75 74.85 
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Soil nutrient status 
The available phosphorus and sulphur in post 
harvest soil increased significantly with their 
respective application (Table 3). The available 
S content increased with P application and vice 
versa suggesting synergism between Sand P. 
Similar result in acid soil has been reported by 
Majumdar & Venkatesh (2001). The interaction 
between P and S was significant and maximum 
values of available P (18.6 kg ha-1) and S (18.8 
kg ha-1) were recorded at P

lOO
S

20 
treatment com

bination. 

Thus" it can be inferred from the above study 
that both P and S levels showed synergistic 
effect for garlic bulb yield and the nutrient up
take. Application of 100 kg P 205 with 20 kg S 
ha-'J is the optiInuln dose for higher produc
tion of garlic in acid Alfisol of Meghalaya. 
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