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ABSTRACT 
 

Effect of different levels of nitrogen, phosphorous and potassium (NPK) 

combinations on yield and its component in various garlic (Allium sativum L.) 

genotypes was studied at Horticultural Research Institute, NARC, Islamabad 

during 2009 and 2010. The experiment was laid out in a RCBD factorial design 

with three replications. The experiment comprises five NPK treatments (T1 = 

140-0-60, T2 = 140-60-0, T3 = 150-60-50, T4 = 180-90-90 and T5 = 220-90-120 

kg/ha) which were applied as basal dose and top dressing on four garlic 

genotypes (Italian, Irarian, MJ-84 and Chinese). Data were recorded on number 

of leaves per plant, plant height (cm), number of cloves per bulb, bulb weight 

(g) and bulb yield (t/ha). Maximum leaves per plant (7.92), plant height 

(58.97cm) bulb weight (52.83g) and yield (5.54t/ha) were recorded in plot 

fertilized with T4 (180:90:90). Among genotypes                                  

higher yielder (5.09t/ha) with maximum bulb weight (58.78g) and plant height 

(57.89cm) as compared to rest of the cultivars. The effect of interaction 

between cultivars x fertilizer levels was significant only for plant height 

(61.40cm). Cultivar x year interaction was significant for number of leaves, 

plant height and number of cloves per bulb, while the interaction effect 

between fertilizer x year was significant for number of leaves per plant, plant 

height and yield.  

 

Key Words: Allium sativum L.; garlic; genotypes; fertilizer; agro-climatic 

conditions; Pakistan. 
 

INTRODUCTION 

 
Garlic (Allium sativum L.) is an annual crop of the family Alliaceae and used 
as spice. It is an important bulb vegetable with several medicinal values world 
wide. Garlic is believed to be originated in central Asia and spread to other 
parts of the world through trade and colonization (12). It has also anti-
infective properties such as power suppliers, insecticidal, anti-bacterial, 
antifungal, anti-cancer, lowering blood sugar, blood lipids, and reduces blood 
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platelet aggregation (17). One of the outstanding features in the chemical 
composition of Allium plants is the large amount of organic bound sulphur. 
These sulphur compounds in onion and garlic have received a lot of attention 
because of their potential antibiotic and flavour properties. Today global 
production of garlic exceeds than 15,686,310 metric tons, from 1,204,711 
hectares of land (1). In Pakistan area under cultivation is 6768 hectare with 
production of 57335 tonnes during 2011-2012. Garlic is also an exportable 
commodity for Pakistan, as 847302 kg garlic is exported every year. Pakistan 
also  imported  51533  tonnes  of  garlic  from China, Afghanistan and India 
in 2011-12 (6).  
 
Compared to other agricultural crops the demand of garlic for nutrients is 
relatively high in terms of yield and quality (14). Generally, excessive amount 
of inorganic fertilizer is applied to vegetables to achieve a higher yield and 
maximum value of growth (5, 21). Nitrogen is essential and vital element for 
increasing the yield and quality of vegetables specially garlic thus more 
profitable for farmers (8). Gaviola and Lipinski (7) revealed that garlic 
cultivars have high nitrogen requirements, especially in early vegetative 
period and obtained the highest productions with 300 kg/ha of nitrogen. 
Kakar et al. (10) observed that 100 kg/ha N responded to maximum growth, 
yield components and yield followed by higher (110kg/ha N) and lower (90 
kg/ha N) nitrogen in garlic. 
 

Present study was designed to find out the response of genotypes to various 
levels of NPK under agro-climatic conditions of Islamabad. 
 

MATERIALS AND METHODS 

 
This study was conducted during 2009 and 2010 growing season in 
vegetable programme, Horticultural Research Institute, National Agriculture 
Research Centre (NARC), Islamabad, Pakistan. Four genotypes namely 
Italian, Iranian, ‘MJ-84, and Chinese were evaluated with five NPK 
combinations. T1 = 140-0-60, T2 = 140-60-0, T3 = 150-60-50, T4 = 180-90-90 
and T5 = 220-90-120 kg/ha) which were applied as basal dose and top 
dressing. The experiment was laid out in a RCBD factorial design with three 
replications. Half of nitrogen (N) and whole of phosphorous (P) and 
Potassium (K) were applied during land preparation, while rest of N was 
applied in two equal doses with monthly intervals after planting. Plot size was 
kept as 3 x 1.5 (4.5m)

2
 while row to row and plant to plant spacing was 

maintained at 25cm and 10cm respectively. The experiment was conducted 
in a three factor factorial RCBD with three replications. Data were recorded 
on bulb weight, number of cloves/bulb, plant height (cm), number of 
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leaves/plant and yield (t/ha). Data were subjected to analysis of variance by 
using Statistix software and means were separated using least significant 
difference test (LSD). 
 
Meteorological data were also recorded during study years which are given in 
Fig. 1 and Fig. 2. 

 

 
 

Fig. 1.  Meteorological data for the year 2009. 
 

 

 
 

Fig. 2. Meteorological data for year 2010. 
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RESULTS AND DISCUSSION 
 

The analysis of variance (ANOVA) revealed significant mean square 
estimates for fertilizer levels and cultivars indicating variation among the 
studied characters for fertilizer level and cultivars (Table 1). However, 
differences among replications were non-significant. Interaction between 
cultivar x years was significant for plant height, number of cloves/bulb and 
yield whereas fertilizer level x year interaction was significant for number of 
leaves, plant height (cm) and yield (t/ha).   
 

Table 1. Analysis of variance for different parameters of garlic. 
 

Source of variance D.F Number 

of leaves 

Plant 

height (cm) 

Number 

of Cloves 

per bulb 

Bulb 

weight (g) 

Yield 

(t/ha) 

Replication 2 0.087     7.01   1.22 25.08 0.036 

Cultivars 3 0.682* 160.67**  1110** 1331** 8.09** 

Fertilizers 4 5.79** 113.8**  12.54** 19.98* 11.52** 

Year 1 76.16** 487.22**    9.07* 154.59** 87.72** 

Cultivar ˟ Fertilizer 12 0.087NS     5.11**    0.66NS 2.59NS 0.02NS 

Cultivar ˟Year 3 2.06**   80.6**  21.39** 4.10NS 0.43* 

Fertilizer ˟ Year 4 11.78**   49.40**    1.49NS 4.68NS 7.03** 

Cultivar˟Fertilizer ˟Year 12 0.18NS     5.30**    0.50NS 3.27NS 0.061NS 

Error 78 0.141     1.21    1.78 6.16 0.15 

**highly significant, *significant, NS: non-significant 
 

Number of leaves 
 

The effect of fertilizer levels on growth of leaves was found to be significant 
at different levels. Number of leaves per plant were maximum (7.92) in T4 
followed by T5 while minimum number (6.70) were recorded in T1 (Table 2). 
 

Table 2. Effect of fertilizer application on growth characteristics and yield of garlic. 

 
NPK (kg/ha) Number of 

leaves/plant 

Plant height 

(cm) 

Number of 

cloves/bulb 

Bulb weight 

(g) 

Yield 

(t/ha) 

T1 (140-0-60) 6.70c 56.75b 14.58a 50.84ab 3.87c 

T2 (140-60-0) 7.27b 53.54d 14.08 50.42b 3.86c 

T3 (150-60-50) 7.64a 57.36b 13.87a 51.38ab 4.64b 

T4 (180-90-90) 7.92a 58.97a 12.66b 52.83a 5.54a 

T5 (22-90-120) 7.80a 54.59c 14.16a 51.271ab 4.58b 

LSD 0.30 0.89 1.07 2.00 0.31 

CV 5.03% 1.96% 9.62% 4.83% 8.67% 

Means followed by same letter along the columns are not significantly different using DMRT (P<0.05). 
 

Among genotypes MJ-84 expressed higher leaves per plant (7.62) (Table 3). 
However, non-significant difference was found among MJ-84, Iranian and 
Italian. Chinese produced the lowest (7.31) number of leaves. As far as the 
year is concerned highest number of leaves were produced during 2010 
(8.26) compared to the year 2011(6.67) (Table 4). 
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Interaction between cultivars and fertilizer level showed non-significant 
difference for numbers of leaves (Table 1 and 5). 
 

Table 3. Effect of cultivars on some growth characteristics and yield of garlic. 

 

Cultivars Number of 

leaves/plant 

Plant height 

(cm) 

Number of 

cloves/bulb 

Bulb weight 

(g) 

Yield (t/ha) 

Italian 7.56a 57.89a 11.33c 58.780a 5.096a 

Iranian 7.37ab 58.427a 9.067d 50.88c 4.416b 

MJ-84 7.62a 55.11b 12.33b 53.04b 4.640b 

Chinese 7.310b 53.54cc 22.76a 42.700d 3.8467c 

LSD 0.25 0.74 0.90 1.68 0.26 

CV 5.03% 1.96% 9.62% 4.83% 8.67% 

Means followed by the same letter along the columns are not significantly different using DMRT (P<0.05) 
 
Table 4. Effect of year on growth characteristic of garlic (Allium sativum L.). 

 

Year Number of 

leaves/plant 

Plant height 

(cm) 

Number of 

cloves/bulb 

Bulb weight 

(g) 

Yield (t/ha) 

2010 8.26a 58.26a 14.15a 52.48a 5.35a 

2009 6.67b 54.23b 13.60b 50.21b 4.90b 

LSD Value 0.13 0.40 0.48 0.90 0.14 

 Means followed by same letter along the columns are not significantly different using DMRT (P<0.05) 

 

Table 5. Effect of interaction between cultivars x fertilizer levels on growth characteristic of garlic. 

 

Cultivars Treatments Number 

of leaves/ 

plant 

Plant 

height 

(cm) 

Number of 

cloves/ 

bulb 

Bulb 

weight (g) 

Yield 

(t/ha) 

 

Italian 

T1(140:0:60) 6.83def 57.58defg 11.66bcdef 57.36abcde 4.51defgh 

T2(140:60:0) 7.36abcde 55.50ghi 11.66bcdef 58.05abcd 4.51defgh 

T3(150:60:50) 7.86ab 58.96bcd 11.50bcdef 58.80abc 5.16bcd 

T4(180:90:90) 7.98a 61.40a 9.83cdefg 60.63a 6.08a 

T5(220:90:120) 7.78ab 56.03efghi 9.67defg 59.05ab 5.20bcd 

 

Iranian 

 

T1(140:0:60) 7.78ab 58.23cde 9.50efg 50.68f 3.83hij 

T2(140:60:0) 6.65ef 57.20defg 9.00 49.33fg 3.75hij 

T3(150:60:50) 7.11bcdef 60.23abc 8.16g 51.63f 4.51defgh 

T4(180:90:90) 7.41abcde 60.68ab 9.00fg 52.23ef 5.48abc 

T5(220:90:120) 8.01a 55.78fghi 13.33b 50.51f 4.50defgh 

 

MJ-84 

 

T1(140:0:60) 6.91cdef 56.75defgh 12.16bcde 53.56cdef 4.03fgh 

T2(140:60:0) 7.48abcd 51.11k 12.50bc 51.51f 3.98fghi 

T3(150:60:50) 7.78ab 55.71fghi 11.33bcdef 52.75ef 4.80cdef 

T4(180:90:90) 7.86ab 57.91cdef 12.33bcd 54.31bcdef 5.70ab 

T5(220:90:120) 8.08a 54.06ij 23.66a 53.05def 4.68cdefg 

 

Chinese 

T1(140:0:60) 6.43f 54.43hij 23.00a 41.75h 3.08j 

T2(140:60:0) 7.11bcdef 50.36k 22.50a 42.78h 3.20ij 

T3(150:60:50) 7.51abcd 54.53hij 21.33a 42.35h 4.10efgh 

T4(180:90:90) 7.82ab 55.90efghi 23.33a 44.15gh 4.90bcde 

T5(220:90:120) 7.66abc 52.48jk 22.35a 42.46h 3.95hi 

LSD Value  0.79 2.33 2.82 5.24 0.80 

Means followed by same letter along the columns are not significantly different using DMRT (P<0.05) 
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Cultivars x year interaction also expressed variation during both the years. 
The highest number of leaves (8.41) were attained by the cultivar MJ-84 
followed by Chinese (8.36) and Iranian (8.28) cultivars respectively during 
2010, while lowest number of leaves (6.25) were achieved by the cultivar 
Chinese during 2009. These three cultivars were statistically at par in number 
of leaves (Table 6). 
 
Table 6. Effect of interaction between Cultivars and years on growth characteristic of garlic. 

 

Cultivars Number of leaves Number of cloves/bulb Plant height (cm) 

2009 2010 2009 2010 2009 2010 

Italian 7.12b 8.00a 12.00bc 10.66cd 56.94b    58.85a 

Iranian  6.47cd 8.28a 7.73e 10.40d   58.08ab    58.77a 

MJ-84  6.84bc 8.41a   11.86bcd 12.80b 52.20c    58.02ab 

Chinese 6.25d 8.36a 22.80a 22.73a 49.69d    57.39b 

LSD Value 0.42 1.51 1.25 

   Bulb weight (g) Yield (t/ha) 

Cultivars   2009 2010 2009 2010 

Italian   58.12a 59.43a 4.12cd 6.06a 

Iranian   49.56c 52.20bc 3.50ef 5.33b 

MJ-84   51.53c 54.54b 3.80de 5.48b 

Chinese   41.64d 43.76d     3.15f 4.54c 

LSD Value  2.80 0.44 

Means followed by the same letter along the columns are not significantly different using DMRT(P<0.05). 
 

Interaction between fertilizer and year was significant (Table 7). The highest 
number of leaves (8.55a) were recorded in T1 during 2010 followed by T2 
(8.31) during the same year. Minimum number of leaves (4.85) were 
observed in T1 during 2009. This shows that different levels of fertilizers 
affected production of leaves in both the years (Table 7).  

 
Table 7. Effect of interaction between fertilizer level x years on growth characteristic of garlic. 

 

 

Means followed by same letter along the columns are not significantly different using DMRT (P<0.05). 

Years Treatments Number 

of leaves/ 

plant 

Plant height 

(cm) 

Number of 

cloves/ 

bulb 

Bulb 

weight (g) 

Yield 

(t/ha) 

2009 T1 (140:0:60) 4.85f 54.01c 14.50ab 49.70bc 2.38f 

T2 (140:60:0) 6.22e 50.19e 13.83abc 49.28c 2.57f 

T3 (150:60:50) 6.90d 57.55b 13.16abc 50.96bc 4.41d 

T4 (180:90:90) 7.80c 57.61b 12.50c 51.40abc 5.13bc 

T5 (220:90:120) 7.57c 51.77d 14.00abc 49.71bc 3.71e 

2010 T1 (140:0:60) 8.55a 59.48a 14.66a 51.97abc 5.35bc 

T2 (140:60:0) 8.31ab 56.90b 14.33ab 51.55abc 5.15bc 

T3 (150:60:50) 8.39b 57.17b 14.58ab 51.80abc 4.87cd 

T4 (180:90:90) 8.03bc 60.33a 12.83bc 54.26a 5.95a 

T5 (220:90:120) 8.03bc 57.40b 14.33ab 52.82ab 5.45ab 

LSD Value  0.49 1.46 1.77 3.29 0.51 
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Plant height (cm) 
 

Plant  height  was maximum (58.97a) in T4 followed by T3 (57.36) and T1 
(140-0-60) (56.75) against minimum plant height (53.45) in T2 (Table 3). 
Increase in plant height by fertilizer application is also reported by Jalil (9) 
and Alam (3). Reduction in plant height might be due to genetic factor of the 
cultivar. As reported in literature fertilizer application upto a certain level 
increases plant growth after that it inhibits growth. 
 

The results regarding plant height showed significant difference among all 
tested cultivars (Table 4). Italian and Iranian cultivars achieved highest plant 
height (58.42 and 57.89) followed by MJ-84 (55.11) and Chinese (53.54). 
Difference in performance of various garlic cultivars under different 
conditions have also been reported by Mehmood et al. (15).  
 

Plant height was the highest (58.26) during second year (2010) while lower 
(54.23) in 2009 (Table 5).  
 

The effect of interaction between cultivars x fertilizer levels on plant height 
was significant (Table 2 and 6). The tallest plant (61.40) was found in Italian 
cultivar by T4 while the shortest plant (50.36k) in Chinese by T2 (Table 6). 
These results support the findings of Karakurt et al. (11) who reported that 
potassium had beneficial effects on nutrient uptake and was important for 
availability of micronutrients needed for optimal plant growth in pepper. 
 

Interaction between cultivars x year also showed significant difference for 
plant height (Table 7). Italian cultivar attained maximum plant height (58.85) 
during the year 2010 followed by Iranian (58.77) in the same year and MJ-84 
(58.02). Minimum  plant  height (49.69)  was  noticed  in  Chinese  cultivar 
during 2009 (Table 6). 
 
Interaction between fertilizer levels x year exhibited significant variation for 
plant height (Table 8). Plant height was maximum (60.33) in T4 during the 
year 2010 followed by T5 (57.40) within same year. Minimum plant height 
(50.19) was achieved by T2 during 2009 (Table 8).  
 

Number of cloves per bulb 

 
Different levels of fertilizer also affected number of cloves per bulb. Maximum 
number of cloves/bulb (14.58) were recorded in T1 followed by T5 (220-90-
120) (14.16a) and T3 (150-60-50) (13.87a) (Table 3). These treatments are 
statistically at par (Table 2). 
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Number of cloves/bulb varied significantly among cultivars (Table 4). Chinese 
got the highest number of cloves per bulb (22.76) followed by MJ-84 and 
Italian (12.33 & 11.33) against the lowest (9.06) by Irarian. These results are 
in line with Abdlkader et al. (2) who reported that clones of Chinese cultivar 
of garlic had maximum number of cloves per bulb. 
 

Number of cloves per bulb also varied significantly during the both years 
(Table 5). Number of cloves/bulb was highest (14.15) during year 2010 while 
lowest (13.60) during the year 2009. 

 
Interaction of cultivars x fertilizer levels was non-significant (Table 6). 
However, significant variation was shown by interaction of cultivars x years 
for number of cloves/bulb (Table 7). Number of cloves per bulb was 
maximum (22.80, 22.73) in cv Chinese during year 2009 and 2010 followed 
by cv MJ-84 (12.80) during the year 2010. The effect of fertilizer level x year 
interaction was also found non-significant (Table 8).  
 

Bulb weight (g) 

 
Maximum bulb weight (52.83) was recorded in T4 followed by T3 (51.38) and 
T5 (51.27) (Table 3). These results are in line with the findings of Nasiruddin 
et al. (16) who reported that application of both potassium and sulphur either 
individually or in combined increased bulb diameter, bulb weight as well as 
the bulb yield. These results are also supported by the findings of Sheikh et 
al. (19) who observed that nitrogen from 120 to 150 kg per hectare gave best 
results in turning. T3 and T5 showed negligible difference regarding bulb 
weight.  
 
Highest bulb weight was recorded in cv. Italian (58.78) and cv. MJ-84 (53.04) 
(Table 4). However, lowest value for bulb weight (42.70) was recorded in cv 
Chinese. Leghari et al. (13) reported that different fertilizer levels had 
different effect on yield components except number of leaves and plant 
height in onion crop. 

 
More bulb weight (52.48) was recorded during the year 2010 than 2009 
(50.21) (Table 5). Year’s effect on the bulb weight is not much greater which 
might  be due to little variation in climatic conditions during the growth 
periods (Fig. 1 & 2). 

 
Interaction between cultivars x fertilizer levels, cultivars x year and fertilizer 
levels x year was non-significant for bulb weight (Table 6, 7 and 8).  
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Yield (t/ha) 
 

Maximum output (5.54 t/ha) was achieved in T4 followed by T3 (4.64 t/ha) and 
T5 (4.58 t/ha). Minimum (3.87c) yield was recorded in T1 (Table 3). Zhang et 
al. (24) found that effect of combined applications of nitrogen and sulphur in 
vegetables species was positive. Present results are also in line with the 
results of Smatanova et al. (20) who noted increased yields in spinach by 54 
percent  after  application  of nitrogen and sulphur in the soil. Kakar et al. 
(10) also reported  that 100 kg N per  hectare  gave  best  results  for  
maximum growth  and  yield  as  compared  to   higher  (110 kg/ha  N)  and   
lower (90 kg/ha N) level of nitrogen application. Present findings are also in 
close  conformity  with  those  of  Yadav  (22),  Banafer  et al. (4) and 
Sharma et al. (18). 
 
The cultivar Italian was found significantly high yielder (5.09) as compared to 
rest of cultivars (Table 4). MJ-84 (4.64) and Iranian (4.41) showed non-
significant difference with respect to yield. Lowest yield was recorded in 
Chinese cultivar (3.84). The main reason for higher yield in Italian cultivar is 
due to significantly higher bulb weight. These results are in accordance with 
Mehmood et al. (15), who found that higher yield in cv Chinese was due to 
higher bulb weight. These differences among cultivars might be attributed to 
the genetical divergence which led to the difference in tissue of garlic bulb. 
Highest yield (5.35) was recorded in year 2010 followed by lowest (4.90) 
during the year 2009 (Table 5). Effect of interaction between cultivars x 
fertilizer levels and between cultivars x year for yield was non-significant 
(Table 6 and 7). 
 
Significant interaction between fertilizer levels and year was observed for 
yield (t/ha) (Table 8). T4 recorded higher yield (5.95) during the year 2010 
followed by T5 during same year (5.45) (Table 8). 
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