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ABSTRACT 
 

An experiment was conducted in research farm of Kaha, Agricultural Research Center (ARC), Kalubia 
governorate, Egypt in  winter season of 2010/2011 and 2011/2012 to study the effects of different planting  
dates, cultivars and growing degree days (GDD) on vegetative growth, yield and its components of garlic. The 
experiment was a split plot design with three replications. The planting date at four different times (Sep.25, Oct. 
10, Oct. 25 and Nov. 10) made the main plot and three cultivars (Balady, Sids-40 and White super) constituted 
the sub-plot. The Maximum and minimum Temperature was recorded during growing season to calculate 
accumulative growing degree days (GDD). The obtained results showed that planting date on 25th Sep. combined 
with all cvs. recorded the highest germination percentage in both seasons whereas, the late planting date 
(November 10) gave the lowest germination percentage.  The Balady cultivar was minimum GDD accumulation 
when it was emerged after 18.67 day from planting. The 25th Sep. planting date significantly produced higher 
means on plant height, number of leaves per plant and leaves weight per plant in the first and second seasons. 
The super white  cultivar combine with planting date Sep. 25 has the height GDD about 1929 and 1345 unit for 
the two seasons. The yield and its components was increased under early planting date furthermore, under late 
planting date conditions the yield and its components were significantly decreased. The plating date on Sep. 25 
was the highest yield and GDD accumulated compared to other planting date on the 2010-11 and 2011-12 
seasons.  The lowest yield and GDD was observed by planting on 10th Nov. in first and second seasons. The 
White super cultivar produced the highest yield due to increase GDD accumulated followed by Sids-40. 
Whereas, cv. Balady produce the lower most bulb yield and less GDD in the first and second seasons. The N, P 
and K contents in the garlic bulbs were increased when garlic seed cloves planted on 25th Sep. However, the 
NPK contents in garlic bulbs were decreased with planting date was late.  
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Introduction 

Growth and development of garlic (Allium sativum L.) are mainly affected by environmental conditions 
such as soil, photoperiod, and temperature as well as agricultural practises i.e., planting date; cultivar, 
fertilization and irrigation among others have an effect on the growth, yield and bulb quality of garlic.  

      Garlic crop is exposed to a great seasonal fluctuation of temperature and photoperiod (day-length), 
both having a strong influence on the growth and development of garlic (Pooler and Simon, 1993). Plant 
development depends on temperature and requires a specific amount of heat to develop from one point in their 
lifecycle to another, such as from seeding to the harvest stage. Temperature is a key factor for the timing of 
biological processes, and hence the growth and development of plants. Growing degree-days (GDD) or crop 
heat unit (CHU) or thermal time is a temperature response of development that differs between day and night 
(Parthasarathi et al., 2013). Planting garlic seeds requiring moderate temperature to germination and 
establishment of growth. Further, growth stage required a short days however, the bulbing stage of garlic is 
enhanced as soon as long day exceeds a certain critical minimum number of hours, a specific garlic cultivar in 
one specific area will reach maturity at more or less the same time, regardless of planting date. The earlier 
planting garlic will have a longer growth period before bulb initiation, resulting in larger plants producing large 
bulbs (Qaryouts and Kasarawi, 1995). The number of green leaves per plant and leaf area found significantly 
maximum with early planting while late planting decreased the quantity of green leaves. This is possibly due to 
the attained higher vegetative growth; as a result, the plants gave maximum number of leaves. Rahim et al., 
(1984) and Das et al., (1985) supported similar results. The results obtained revealed that plant height, No. 
cloves/bulb, bulb diameter, bulb clove weight, yield (ton/fed.) were higher at, early planting date for the white 
garlic genotype "Clone 24" followed by "Egyptian". Sowing date for colored garlic genotypes affected yield and 
yield component and October 10 date gave the higher values. The lowest yield and higher disease incidence 
percentage of leaf blight was scored at the late planting date (November1) with all tested genotypes. Therefore, 
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the white garlic genotypes (Egyptian and Clone 24) must be planted early on the mid of September (7-10) while, 
colored genotypes (Sids-40 and Egaseed 1) could be planted on the mid of October under El-Minia Governorate 
conditions. Moreover, cultivar Egaseed-1 ranked the first for whole plant weight, bulb weight, clove weight, 
yield as ton/fed. (Youssef and Tony, 2014).The response of different planting dates in different years on root 
length was encouraged under short day and cool temperature. While long day and high temperature is favorable 
for better bulb development. Rahman and Talukda (1986) also observed the same results. Ali and El-Said (1999) 
evaluated the effects of different planting dates and varieties on garlic bulb yield and quality attributes, results 
indicated that early planting on 22nd  Oct. gave the highest bulb yields of large bulbs average over the two 
seasons 8452, 6717 and 5202 kg/ha for the 22nd October, 7th November, 22nd and 7th  December, respectively. 
Yields decreased consistently with delayed planting. Comparing the newly developed Varity, Hudeiba S to the 
local pne, there were no significant differences between them in yield capacity and both were comparable in 
their quality attributes. The performance of largely depends on the time of planting as the vegetative growth is 
encouraged under short day and cool temperature. While long day and high temperatures favourable for better 
bulb development (Subrata et al., 2010). The main phonological stages in the garlic are number of days from 
planting to emergence, emergence to bulb formation, clove sprouting, leafing, bulb initiation and maturation 
(Swati Barche et al., 2013). 

Temperature is among the most important environmental factors that control plant development, growth 
and yield. All biological processes respond to temperature, and all responses can be summarized in terms of 
three cardinal temperatures, namely the base or minimum (Tmin), the optimum (Topt), and the maximum (Tmax) 
temperatures. The nature of the response to temperature between these cardinal points, which is important for 
calculating the phonology, adaptation and yield of various crops (Shaykewich, 1995) .Temperature, also plays 
an important role in bulb initiation and formation in onions. Temperature variations have been shown to 
influence the rate of vegetative growth, leaf initiation, and emergence (de Ruiter, 1986 and Tesfay et al., 2011). 

This study was conducted to investigate the effects of temperature (accumulation growing degree-day) in 
different planting date and cultivars on garlic vegetation parameter and yield. 
 

Materials and Methods 
 

Site description and soil type 
 

A field Experiment was conducted at the Agricultural Research Farm (Kaha), Kalyoubia Governorate, Egypt 
during the two winter seasons of 2010/11 and 2011/12 to study the effect of planting dates and some cultivars on 
growth, yield and chemical composition of garlic (Allium sativum L.).The site is located at an altitude of 21.1 m 
above sea level, latitude 30°16' N and longitude 31°12' E. Chemical and physical properties of the experimental 
field are shown in Table a. The soil is clay loam in texture. 
 
Table a: The physical and chemical properties of the soil 

Variable 2011/12 2012/13 
1- Physical properties 

 Clay% 
 Silt % 
 Total sand% 

 
59.80 
20.90 
18.50 

 
60.50 
21.00 
17.60 

Texture Clay loam 
2- Chemical properties 

 Available 
 N (ppm) 
 P (ppm) 
 K (ppm) 
 pH 

 
 

97.90 
5.90 
214.8 
7.70 

 
 

98.60 
5.60 
215.6 
7.60 

 
Experimental design 

 

The experiment included four planting dates 25th September (D1), 10thOctober (D2), 25th October (D3) and 
10th November (D4), which was the combined with three cultivars i.e., Balady (Cv1) Sids-40 (Cv2), and White 
super (Cv3). Experiment design was a split plot design with three replications where planting dates were 
distributed in the main plot and cultivars allocated in sub plots. Each experimental plot included five ridges 4  m 
length and 70 cm width with an area about 11.2 m3, where 4 ridges were planted and the fifth one was left 
without planting as a guard ridge between plots. All data collected were subjected to analysis of variance 
(ANOVA) to test treatment effects for significance using Statistix 10 software package 2013.The differences 
among means for all traits were tested for significance at 5 % level according to Waller and Duncan (1969). 
 

http://bio.sophiapublisher.com/index.php/ijh/article/html/592/policy


1171 
Middle East j. Agric. Res., 3(4): 1169-1183, 2014 

Planting technique 

 

Garlic seeds (cloves) for each cultivar were planted on 25th September, 10th October, 25th October and 10th 

November in the first and second seasons, respectively.  Cloves were manually planted based on 10 cm apart 
between cloves in both sides of ridges running east to west. Horticultural practices that were common applied in 
garlic management were followed as usual. 

 
Data recorded 

 

a- Germination percentage 

  

          Germination% after 30 days from planting date: the germinated cloves were counted and germination 

percentage was estimated using the following formulas: 

 
 Number of germinated cloves per plot 

                             Total number of planted cloves per plot   

 

b- Vegetative growth characters 

 

 Ten plants were randomly chosen at 20 weeks after planting from each sub plot for determination of 

vegetative growth characteristics as follows: 

- Plant length. It was measured from base of swelling sheath to the tip of the largest linear blade in plant. 

-Number of leaves per plant. Number of leaves calculated as the average number of green leaves per plant. 

- Fresh weight of plant leaves. It was determined as average weight of plant after the removal of bulbs at neck zone. 

-Dry matter (%). A representative sample of 100 g from fresh weight of each of different plant parts were taken and 

dried in an electric oven to constant weight at 70 Co and dry weight percentage of each part was calculated. 

 

c- Yield and its components.  

With respect to yield and its components, bulb properties and chemical composition, sample were taken at 
harvest (26 weeks after planting) to record the following characteristics:  
-Average bulb weight. It was determined as an average weight of ten plants after the removal of the foliage at neck 

zone. 

-Total yield (ton/fed.). At harvest (182 days from planting), plants of each experimental plot were harvested, weighted 

and total yield of whole plants (ton/fed.) was calculated. 

-Average bulb length and diameter. It was determined by using Bioclase. 

-Average neck diameter. Bioclase was used to measure neck diameters. 

 

d- Chemical constituents. 

In the digested, dry matter of bulbs, total nitrogen was determined according to the method described by 
Pregl (1945) using micro-kjeldahl apparatus. Meanwhile, phosphorus was estimated calorimetrically according to the 
method described by Murphy and Riley (1962) as modified by John (1970). Furthermore, potassium was determined 
flam-photometrically as described by Brown and Lilleland (1946). 
 

Climate data 

 

The Kaha  was located at an altitude of 21.1 m above sea level, latitude 30°16' N and longitude 31°12' E . 
Figurer (1) show daily maximum and minimum temperatures for Kaha weather station form September to April for 
2010/2011 and 2011/2012 respectively. Data show that 2010/2011 in daily maximum and minimum temperatures was 
height than 2011/2012.  

Germination % = X 100 
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Growing degree days (GDD) 
 

Cumulative temperature measurement temperature or accumulative growing degree days (GDD) using 
weather data and daily maximum and minimum temperatures during the growing season according to the proposed 
method, was calculated using the following formula: 

 
GDD =  Σ (Tmax + Tmin)- Tbase 
                            2 
GDD: Growth degree-day. Tmax and Tmin: Daily minimum temperature and maximum temperature, respectively. Tb 
(base temperature) (the temperature below which growth is not done) to 5 °C was considered shallots. In other words, 
did not germinate at temperatures lower than the temperature of bulbs. This is called physiological zero temperature 
(Ghersa et al., 1995 and Gimdil et al., 2013). 

 

 
Fig. 1: Max and min temperature in 2010/2011 and 2011/2012 at Kalyoubia weather station.  
 

 

Results and Discussions 
 

Days to emergence 
 
Effect of planting date and growing degree-days (GDD) on days to emergence 
 

Data presented in Table 2 show that maximum days to emergence (29.67 and 29.0) were observed on 
D4 planting in the first and second seasons respectively, whereas minimum days to emergence were recorded in 
garlic seeds planted on D1. In this concern, early-planting garlic on D1 (25th Sep.) planting took minimum days 
to emergence; this might be due to the prevailing high temperature for germination during early swing date Fig. 
(1). On the other hand, the late emergence recorded in garlic seeds planed on D4 planting. Late germination was 
observed as a result of planting on D4 in both seasons, was due to low temperature for germination. Jamroz et al. 
(2001) reported similar results when planted garlic seeds on 1st Nov., 15th Nov. and 15th December, they found 
that early planting were the most effective in minimizing number of days to emergence followed by the planting 
date on 15th Nov., while the maximum number of days to emergence were recorded in the plants that were sown 
on 15th December. On the other hand, Ansari (2007) reported that a delayed sowing date of onion accelerated 
the emergence of onion seedlings in Iran. 

 Data illustrated in Fig. (2) Show that planting dates had statistically significant differences for GDD 
accumulation, the D4 planting had accumulated the maximum (614 and 639) in both season respectively, 
whereas planting on D1plantingrequired minimum GDD accumulation (364). However, the GDD accumulation 
was progressively decreased with decreasing the number of days to emergence.These results may be due to the 
cool temperatures and inadequate accumulation of GDD can cause uneven emergence (Fig.1). If soil is cold 
during planting, extra GDD may be required to warm the soil enough to make germination possible. 
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Effect of Garlic cultivars and GDD accumulation on days to emergence 
 

Concerning the effect of garlic cultivars on number of days to emergence, the same data in Table (2) 
display that comparison for the mean of cultivars showed the average maximum days to emergence in both 
seasons (24.92 day) were recorded in Cv2 followed by Cv3 (19.67 day) while, Cv1, (18.94 day). Significant 
variations were observed for number of days to emergence were reported by Abdel-Naem et al. (2011) 
suggested that germination values were high at the age of 30 days for all studied garlic genotypes and ranged 
from 88.65% to 92.09% with significant differences.  
 
Table 1: Experimental details 

Planting dates 
Season 

2010-11 2011-12 
D1 25th September 25th September 
D2 10th October 10th October 
D3 25th October 25th October 
D4 10th November 10th November 
Cultivars: 
Cv1 Balady Balady 
Cv2 Sids-40 Sids-40 
Cv3 White super White super 

 
Table 2: Effect planting time, cultivars and their interaction on number of days to emergence and germination rates. 

Planting date 
2010/11 2011/12 

Days to emergence 
Cv1 Cv2 Cv3 Mean Cv1 Cv2 Cv3 Mean 

D1 13.33I 19.33fg 13.33i 15.25d 13.00e 19.33d 13.67e 15.33d 

D2 17.33b 24.00c 19.00gh 20.11c 18.00d 24.00bc 18.67d 20.22c 

D3 21.00ef 27.00b 21.33de 23.11b 22.33c 27.00a 22.33c 23.88b 
D4 23.00cd 29.67a 24.33c 25.66a 23.66bc 29.00a 24.66b 25.78a 
Mean (B) 18.67B 25.0A 19.50B ------ 19.25B 24.83A 19.83B ------ 
 Germination rates (%) 
D1 95.00b 95.33b 98.31a 96.22a 95.33ab 91.00de 97.00a 94.43a 

D2 93.67b 89.67c 94.00b 92.44b 93.33bc 90.67e 94.67bc 92.89b 
D3 88.67c 90.00c 94.00b 90.88c 89.00ef 86.67f 93.00cd 89.56c 

D4 84.66d 80.65e 86.01d 83.78d 83.33g 79.67h 87.00f 83.33d 
Mean (B) 90.50b 88.92c 93.08a ------ 90.25b 87.00c 92.92a ------ 

*D1= 25thSep.               D2 = 10th Oct.         D3= 25th Oct.         D4= 10thNov. ** Cv1= Balady     Cv2 = cv. Sids-40         Cv3 = cv. white super 
 

        The GDD accumulation by garlic cultivars on number of days to emergence shown in Fig. (3).In case of 
Cv1 459 minimum GDD was accumulated when it was emerged after 18.67 day from planting. GDD 
accumulated by other cultivars were 5-33 % upper thanCv1. However, Cv2 required 25 day plus 614 GDD to 
emergence. 
 
Interaction effect between planting date, cultivars and GDD accumulation 
 

Various cultivars combined with planting date showed significant differences in days to emergence and stand 
establishment of garlic. In this concern, the number of days to emergence was reduced when all cultivars were 
planted in the first planting date (D1) then, it were gradually increased up to the last planting date (D4). 
However, planting Cv1 on D1 recorded the shortest period to emergence followed by Cv3 with no significant 
differences between them in both seasons. However, Cv2 took maximum days for emergence when planted in 
the fourth planting date (D4.).This result may be due to the dormancy period in Cv2 requiring longer time to 
broken before germination compared with other cultivars. 
       Interaction between planting date, cultivars and GDD accumulated during the period of germination were 
represented in Fig. (4).In this regard, planting cv. Sids-40 on the first planting date 25th Sept.(D1)recorded the 
highest GDD accumulated due to the long period to germinate and high temperature followed by the same 
cultivar when planted on D2in both seasons, respectively. However, the lowest GDD accumulation was found on 
Cv1when planted on 10th November (D4).On the other hand, cv. White super occupied an intermediate position 
between cvs. Balady and Sids-40 in both seasons in terms of the thermal requirements in order to germinate. 
These results were agreement with those reported by Comrie, (1997) and Abu- Rayyan et al. (2012) they 
reported that the seeds of onion and garlic can germinate at temperatures as low as 1.4 to 3.5°C. However, for a 
germination and emergence percentage of more than 70%, temperatures between 7.5 and 30 °C are required and 
the optimum temperature to high germination is 24oC. 
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Fig. 2: Number of days from planting to emergence and GDD for emergence period on four planting date at 

2010/11 and 2011/12. 
 

 

 
 

Fig. 3: Number of days from planting and GDD require to garlic cultivars to emergence. 
 

 

 
Fig. 4: Number of days from planting to emergence and GDD for emergence period in interaction between four 

planting date and three cultivars of garlic. 
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Germination (%). 
 
Effect of planting date, cultivars, and their interactions on germination rate 
 
   The treatments comprising of different planting dates have a significant effect on germination 
percentage of garlic seed cloves. The results illustrate in Table (1) indicated significant superiority on 25th Sep. 
with (96.36 and 95.94 %) in the two seasons respectively, followed by 10th Oct. (92.44 and 92.89 %) 
respectively, whereas the minimum germination percentage was (83.7 and 83.33 %) sequentially, was observed 
on 10th Nov. Furthermore, plantation on 25th Oct. occupy the bottom position with 90.88 and 89.56 % 
respectively, in the ranked order of treatments. Decrease in germination count in case of late planting as a result 
of temperature fluctuation. As the planting delayed, the temperature falls this cannot fulfill the temperature 
requirement for seed germination. This result was agreement with those reported by Abdel-Naem et al. (2011). 
El-Helaly and Karam (2012) on onion stated that, percentage of seed germination were resulted from planting 
on mid of November, Meanwhile the lowest significant values were recorded with delaying planting up to mid 
of January. 
        A significant effect of cultivars on germination rate was observed. The germination percentage from 
Sids-40 cultivar was found to be noticeably lower (89.26 and 87.47 %) than that of the rest of cultivars. 
However, cultivars White super and Balady showed significant differences among them. The maximum 
germination percentage (92.84% and 93.57%) in the first and second seasons respectively, was recorded in case 
of cv. White super followed by cv Balady. Gad El-Hak et al., (2012) showed that garlic cultivar “Egaseed 1” 
recorded the highest significant increase in the germination percentage after 30 days from planting (89.75%) 
compared to the other garlic genotypes.  Also, garlic cultivar “Sids-40” gave an increase in the germination 
percentage (82.80%) with insignificant differences when compared with cv. “Egaseed 1”.  The lowest values for 
germination percentage was recorded with garlic cultivar “Egaseed 2” and “Grower’s Clone” (79.99 and 
79.57%), respectively. 

       The interaction between planting dates and cultivars show that the communication between 
planting date and cultivars were significantly affected in both seasons. In this respect, planting date on 25th Sep. 
combined with all cvs. recorded the highest germination percentage in both seasons whereas, the late planting 
(November 10) gave the lowest results. 
 
Growth parameters. 
 
Effect of planting dates 
 
         There were a significant differences among the studied treatments on plant morphological characters due 
to planting dates (Table 3). In this concern, D1 (25th Sep.) planting date significantly produced higher means of 
plant height (78.6 and 76.4cm), number of leaves per plant (10.2 and 10.1) and leaves weight per plant (151.1 
and 151.1 g) in the first and second seasons respectively, compared with other planting dates. D4 (10th Nov.) 
planting date significantly gave lower means of plant height (47.4 and 49.3 cm), number of leaves per plant (6.3 
and 6.2) and leaves plant weight (68.7 and 70.3 g.) in both seasons respectively. In addition, there were 
significantly differences between 10th Oct. and 25th Oct. planting dates. However, significant differences were 
observed between these treatments and 10th Nov. planting date. Earliest planting gave the highest plant height, 
probably because the plants received along cool period and shorter day length, which enhanced the vegetative 
growth of plant before the formation of bulbs. This result is in harmony with the findings of Rahim et al. (1984), 
Das et al. (1985), Qaryouts & Kasarawi (1995), Sultana et al. (1997), Islam et al. (1998), Swati Barche et al. 
(2010) and Swati Barche et al. (2013). They reported that in early planting, plants attained higher vegetative 
growth, which possibly led to the development of the largest bulbs. Youssef and Tony (2014) on garlic found 
that, the highest plant height was recorded from Sept. 7th and 11th (81.20.and 84.94 cm) in the first and second 
season respectively. While, Nov. 1 plantation produced the lowest plant height (67.0 and 71.51 cm). 
          Concerning the effect of planting dates on leaf area and nick diameters. Data in Table (3) show that, leaf 
area and nick diameter values were decreased with delaying planting date from 25th Sep. up to 10th Nov. in both 
seasons, this was due to the fact that there was enough time for plants in this treatment to complete both their 
growth and developmental stages that enhanced the production and partitioning of photo assimilates, thus 
leading to an increase in growth characters. The beneficial influence on plant growth due to early planting has 
been reported by Qaryouti and Kasrawi (1995). The number of green leaves per plant and leaf area found 
significantly maximum with early planting while late planting decreased the quantity of green leaves. This is 
possibly due to the attained higher vegetative growth; as a result, the plants gave maximum number of leaves. 
Similar results were reported by Das et al., (1985), Rahim et al. (1984), Jamrozet al., (2001), Rahman et al. 
(2004) and Swati Barche et al. (2013). 
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Table 3: Effect of planting date and cultivars on plant height, number of leaves and leaves fresh weight. 

Planting date 

2010/11 2011/12 

Plant height (cm) 

Cv1 Cv2 Cv3 Mean(A) Cv1 Cv2 Cv3 Mean(A) 

D1 101.1a 66.0bc 68.7bc 78.6a 100.7a 66.3bc 62.4cd 76.4a 
D2 70.3b 62.5cd 56.7def 63.2b 69.6b 62.5cd 57.3de 63.2b 
D3 55.2defg 57.3de 53.3efg 55.3c 55.5ef 58.8de 52.6efg 55.7c 

D4 48.5fg 49.5efg 47.4g 48.5d 49.8fg 50.2fg 48.0g 49.3d 
Mean (B) 68.8A 58.9B 56.5B ------ 69.0A 59.5B 55.1C ------ 

 
No. of leaves 

D1 10.6ab 11.1a 9.0bc 10.2a 10.2ab 10.8a 9.3b 10.1a 
D2 6.3ef 9.7ab 7.7cde 8.0b 6.9cdef 9.9 ab 7.6cd 8.2b 
D3 6.1ef 8.0cd 7.2def 7.1c 6.3ef 7.9c 7.2cde 7.2c 
D4 6.0f 6.7def 6.0f 6.3d 5.8f 6.6def 6.0f 6.2d 
Mean (B) 7.3b 9.0a 7.5b ------ 7.3b 8.8a 7.6b ------ 

 
Leaves fresh weight (g)   

D1 120.2c 145.3b 188.7a 151.4a 119.9c 138.7b 194.7a 151.1a 
D2 80.7e 117.3c 125.7c 107.9b 76.3ef 118.0c 125.7bc 106.7b 
D3 61.3gh 77.3ef 94.3d 77.7c 71.3f 83.3ef 98.6d 84.4c 
D4 51.7h 66.7fg 87.7de 68.7d 52.0g 69.0f 90.0de 70.3d 

Mean (B) 78.5c 101.7b 124.1a ------ 79.9c 102.3b 127.3c ------ 

*D1= 25thSep.               D2 = 10th Oct.         D3= 25th Oct.         D4= 10thNov. ** Cv1= Balady     Cv2 = cv. sids-40         Cv3 = cv. white super 

 
Cultivars performance.  

 
  Different tested cultivars show remarkable variations on their effect on plant height, number of leaves 

per plant, fresh weight of leaves per plant, leaf area as well as nick diameter, which presented in Table (3 and 4). 
Plant height of different garlic cultivars varied significantly from each other. Among the planted cultivars, the 
highest plant height (68.9 cm) was obtained from cv. Balady and the lowest plant height (59.2 cm) was found in 
cv. Sids-40 while the foreign cultivar (Super white) gave 55.8 cm. the differences in plant height may be due to 
varying cultivars characters. The highest numbers of leaves (8.9) were obtained from cv. Sids-40 and the lowest 
number of green leaves (7.55) was achieved from cv. White super. The different between cultivars showed 
highly significant effect in case of fresh weight of leaves per plant, leaf area and nick diameter whereas, cv. 
Balady gave the lowest values compared with other cultivars. The maximum values were documented to cv. 
super white during both seasons of this study. These results might be expected based on the genetic structure 
that characterized each garlic cv. and the differences between genotypes. The obtained results are in harmony 
with those reported by Omer and Abou-Hadid (1992), Al-Otayk et al. (2008) on garlic cultivars found that 
number of leaves/plant had insignificant response between cv. Balady and Chinese cultivars, in both seasons 
also, Abdel-Razzak and El-Sharkawy (2012) on the same cultivars they reported that, cv. Balady recorded the 
longest plants, however, Chinese plants detected the heaviest shoot dry weight. 
 
Table 4: Effect of planting dates on leaf area and nick diameter during2011/12 and 2012/13. 

Planting date 
2010/11 2011/12 

Leaf area (cm2) 
Cv1 Cv2 Cv3 Mean (A) Cv1 Cv2 Cv3 Mean (A) 

D1 492.0b 352.0e 560.7a 468.2a 481.2c 362.3e 561.8a 468.4a 
D2 421.0d 329.5ef 517.7b 422.7b 412.3d 314.9f 514.7b 413.9b 
D3 323.6f 309.4f 453.5c 362.2c 337.3ef 317.3f 432.2d 362.2c 
D4 228.8h 217.8h 271.9g 239.5d 229.4h 213.0h 267.7g 236.7d 
Mean (B) 366.4b 302.2c 451.0a ------ 365b 301.8c 444a ------ 

 
Neck diameter (cm) 

D1 2.10bc 2.30b 2.79a 2.40a 1.88de 2.23bc 2.90a 2.34a 

D2 1.56d 1.82cd 2.34ab 1.91b 1.62ef 2.12cd 2.52b 2.08b 
D3 1.37def 1.61d 1.77cd 1.59c 1.25gh 1.62ef 1.89de 1.59c 
D4 0.96f 1.07ef 1.40de 1.14d 1.06h 1.03h 1.42fg 1.17d 
Mean (B) 1.50c 1.70b 2.07a ------ 1.45c 1.75b 2.18a ------ 

*D1= 25thSep.               D2 = 10th Oct.         D3= 25th Oct.         D4= 10thNov. ** Cv1= Balady     Cv2 = cv. sids-40         Cv3 = cv. white super 
 

Effect of the interaction 
 

Compensation effect among planting date and cultivars show significant differences Table (2 and 3). Cv. 
Balady showed the highest plant height than cvs Sids-40 and White super in the four plantings while, cv. Sids-
40 produced the highest number of leaves per plant in four plantings. However, exotic cultivar (White super) 
superiority over local cultivars in case of leaves fresh weight per plant, leaf area and nick diameter in fourth 
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plantings compared with other cultivars under the same planting dates (25thSep., 10th Oct., 25th Oct. and 10th 
Nov.) during both seasons of this study. These results may be due to variation of germplasm performed better 
than that of local. 
 
Growing degree-days accumulation of garlic during the growth period 
 

Growth degree-days (GDD) and planting dates on the number of days during the growth period presented 
in Fig. 5 show that all planting dates i.e., 25 Sep., 10 Oct., 25 Oct. and 10 Nov. growth period100 days after 
planting and the highest GDD was found at Sep. 25 about 1714 and 1211 unit in the first and second seasons 
respectively. The lowest GDD was found at planting date Nov. 10about 1217 and 821 unit at 2010/11 and 
2011/12 respectively.   
The cultivars was influence by GDD data in Fig. 6 illustrated that the super white  was that height GDD  about 
1661 and 1155 unit in the first and second seasons respectively,  followed by Balady  and Sids-40 with the same 
GDD about 1367 and 913 unite at 2010/2011 and 2011/2012, respectively.  
     The interaction between planting date and cultivars was presented in Fig. 7 date show that super white 
combine with planting date Sep. 25 has the height GDD about 1929 and 1345 unit for the two seasons 
respectively, followed by White super combine with planting date Oct. 10 about 1748 and 1176 unit for the first 
and second seasons, respectively, while the lowest GDD unit was obtained by Balady and Sids-40 combined 
with planting date Nov. 10 at 2010/11 and 2011/12 respectively. This result was agreement with Immelman 
(2006) and Acedera (2000) they found that the suitable growth temperature for garlic is 13 to 24 °C. The plants 
are also influenced by temperature and day length but to a lesser extent than onions. Long days and high 
temperatures during the growing season encourage bulb formation. Early cultivars are more likely to react to 
changes in temperature than late cultivars (Immelman, 2006 and Acedera, 2000). The growth temperature of 17-
20 oC combined with long photoperiod enhanced scope elongation in onion, shallot, and other Allium species, 
while higher temperature of 25-30 oC suppressed the emergence of inflorescences that were already initiated ( 
Krontal et al .,2000).  

   

 
 

Fig. 5: Number of days from emergence to bulbing and GDD for emergence period on three garlic cultivars at 
2010/2011 and 2011/2012. 

 

 
 
Fig. 6: Growing degree-days accumulation of garlic as influenced by cultivars 
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Fig. 7: Growing degree-days accumulation of garlic as influenced byinteraction: 
 

 
Yield parameters 
 
Effect of planting dates 
 

Data obtained in Table (5) show that, the bulb height and diameter differed significantly by the different 
planting dates. The average bulb height was3.02 and bulb diameter 3.80 cm. Plants, which planted on September 
25 produced largest bulb height and bulb diameter(3.66 and 4.53 cm) respectively, followed by 3.42 and 3.09 
cm of October 10 and October 25 plantation, respectively. The minimum bulb height and bulb diameter were 
(2.49 cm) and (3.19 cm) were obtained from the plants, which were planted on November 10. Results are 
similar to the those report by many authors, Rahim et al. (1981), Rahim et al. (1984), Siddique and Rabbani 
(1985), Park and Lee (1989), Ali and Elsid (1999), Rahman et al.(2004) and Swati  Barche et al. (2013), who 
reported that early planted, plants produced larger bulbs than the late-planted plants. The plants that produced 
smaller bulb may be explained by the fact that the plants did not receive a long cool growing period, which was 
essential for proper development of bulbs.  

 
Table 5: Effect of planting date and some cultivars on yield attributes. 

  
Planting date  

2010/11 2011/12 

Bulb height (cm) 

Cv1 Cv2 Cv3 Mean (A) Cv1 Cv2 Cv3 Mean (A) 
D1 3.65a 3.71a 3.77a 3.71a 3.40abc 3.61ab 3.82a 3.61a 
D2 3.43ab 3.17bc 3.77a 3.46b 3.27bcd 3.08cde 3.77a 3.37b 
D3 3.16bc 2.87cd 3.59a 3.20c 2.91def 2.76ef 3.27bcd 2.98c 
D4 2.13e 2.68d 2.50d 2.44d 2.54f 2.56f 2.53f 2.54d 
Mean (B) 3.09b 3.10b 3.41a ------ 3.03b 3.00b 3.35a ------ 
  Bulb diameter (cm) 
D1 4.26cd 4.70ab 4.82a 4.60a 4.08bc 4.57ab 4.73a 4.45a 

D2 3.76e 3.85de 4.40bc 4.01b 3.66cde 3.88cd 4.63a 4.05b 

D3 3.21fg 3.63e 3.60ef 3.48c 3.16ef 3.59cde 3.53de 3.42c 

D4 3.02f 3.55ef 3.17fg 3.24d 2.72f 3.42de 3.25e 3.13d 

Mean (B) 3.56b 3.93a 4.00a ------ 3.40b 3.86a 4.03a ------ 

  No. of cloves / bulb 

D1 53.0a 17.7d 13.0de 27.9a 48.4a 17.9c 13.2de 26.5a 
D2 46.0b 15.4de 12.4de 24.6b 48.4a 17.9c 13.2de 26.5a 

D3 39.0c 14.9de 11.4de 21.7bc 48.4a 17.9c 11.1de 25.9a 

D4 36.3c 15.4de 11.0e 21.0c 41.5b 14.5d 10.8e 22.3b 

Mean (B) 43.6a 15.8b 12.0c ------ 46.7a 17.0b 12.1c ------ 

*D1= 25thSep.      D2 = 10th Oct.         D3= 25th Oct.         D4= 10thNov. ** Cv1= Balady     Cv2 = cv. sids-40         Cv3 = cv. white super 

 
The same data in Table (5) showed also that, the means of number of cloves per bulb produced different result 
in both planting dates and seasons. In this respect, Sep. 25 produced the highest means number of cloves per 
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bulb compared with other third plantings while, there were no significant detected between the three planting 
dates (Sep. 25, Oct. 10 and Oct. 25) in the second season. 

 
Cultivars performance 
 
The same data illustrated in Table (5) show that, the foreign cultivar (Whit super) recorded the highest 
consequence on bulb height and bulb diameter compared with other cultivars whereas; it gave the lowest values 
in case of number of cloves per bulb. The cv. Balady recorded the upmost number of cloves per bulb and 
recorded the lower results in case of bulb height and bulb diameter during both season of this study. The cv. 
Balady gave the highest number of cloves per bulb and cv. Whit super gave the lowest. This result may be 
attributed to their genetic potential. 
 
Effect of the interaction 
 
      Significant interaction effect of planting dates and cultivars was observed on yield attributes Table (5). The 
interaction of cv. White super with all planting dates produced extra bulb height and diameter whereas; the 
interaction of cv. Balady with all planting dates produced the uppermost number of cloves per bulb. Moreover, 
the best bulb height and diameter was recorded to the combined among Sep. 25 planting and cv. Whit super. 
However, the interaction between Nov. 10 planting and cv. Balady gave the lowest values in case of bulb height 
and diameter during both seasons of study. 
 
Yield and its components.  
 
 Effect of planting dates. 
 

 Data presented in Table (6) reveal that, average clove and bulb weight as well as total yield per feddan 
was significantly influenced as a result of planting dates. Early planting date was significantly higher as 
compared to late planting and the largest bulb size from the early planting contributed the highest yield. Smaller 
bulbs and lower yield was obtained from late planting, which did not receive a long cool growing period, which 
was essential for proper development of vegetative growth for garlic. Delaying planting until Nov. 10 led to a 
reduction total yield of 192 to 226 percent compared to Sep. 25 planting. These results are consistent with other 
studies that documented similar reductions in total yield of garlic in delayed or late planting. 
 
Cultivars performance 
 
        The cultivars influenced on clove weight, bulb weight and total yield significantly (Table 6). Cv. Whit 
super recorded the highest clove and bulb weight and both characters reflected highest total yield per feddan 
followed by cv. Sids-40. However, cv. Balady gave the lower result during both seasons of this study. There 
were significant differences among cvs Sids-40 and Balady. These results might be due to the genetic variations 
among garlic cultivars and their ability for exploiting the environmental sources particularly, light, CO2, water 
and nutrients. Similar results were obtained by Al-Otayk et al. (2008), who found that Balady cv. produced 
more cloves number compared with the Chinese one. While, Chinese cv. gave the highest mean value for bulb 
diameter over than Balady cv. It could be concluded that, the largest garlic total yield was achieved owing to the 
increase in number of cloves/bulb than clove weight. Nevertheless, Noorbakhshian et al. (2008) evaluated some 
agronomic traits related to yield components for several garlic cultivars and reported that cloves weight had 
maximum positive effect on the yield character. 
 
Effect of the interaction 
 
           The interaction between planting dates and the cultivars illustrated in Table (6) show that, generally yield 
and its components was increased when the cultivars under this investigate early planted although, under late 
planting conditions the yield and its components were significantly decreased. Planting cv. Whit super on Sep. 
25 resulted in an increase in clove weight, bulb weight and total yield per feddan followed by Oct. 10 date. The 
relative increments in yield for cv. White super interact with Sep. 25 compared with Oct. 10 Oct. 25 and Nov. 
10 dates were amount 163.04, 225.61 and 283.63 %, respectively. Similar to cv. Balady was 121.15, 158.42 and 
211.37 %, respectively. 
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Relationship between GDD accumulation and yield of different garlic cultivars 
 
         The relationship between amount of yield and GDD accumulation of different garlic cultivars was 
presented in Figure (8) illustrated that; cv. White super produced the highest yield due to increase GDD 
accumulated followed by Sids-40. Whereas, cv Balady produce the lower most bulb yield less GDD obtained 
the lowest yield in first and second seasons.  
 
Table 6: Effect of planting date and cultivars and their interaction on yield and its components.  

*D1= 25thSep.               D2 = 10th Oct.         D3= 25th Oct.         D4= 10thNov. ** Cv1= Balady     Cv2 = cv. sids-40         Cv3 = cv. white super 

 
The effect of planting date on yield and GDD accumulation was presented in Fig. 9 show that plating 

date on Sep. 25 was the highest yield and GDD accumulated compeer to other planting date in the 2010-11 and 
2011-12 seasons.  The lowest yield and GDD was observed by 10thNov. in first and second seasons. The early 
planting date in Sep. encourages vegetation growth, suitable temperature during September and October give 
best growth, and that reflect on the yield. The largest bulb size from early planting contributed the highest yield. 
Smaller bulb and lower yield was obtained from late planting date, which did not revive a long cool growing 
period that was essential for proper development of negative growth for garlic (Shahidur et al., 2004). 

 

 
 

Fig. 8: Relationship between relative yield and GDD accumulation for cultivars. 
 

Chemical constituents of garlic bulbs 
 
Effect of planting date 
 
          Data on the effect of planting dates on N, P and K contents in the garlic bulbs are shown in Table 7. Such 
data indicate that, there were significant differences among different planting dates in both seasons of this study. 

Planting date 
2010/11 2011/12 

Average clove weight (g) 

  Cv1 Cv2 Cv3 Mean (A) Cv1 Cv2 Cv3 Mean (A) 
D1 1.04efg 2.72b 3.58a 2.44a 1.03fg 2.74bc 3.61a 2.46a 
D2 1.07efg 2.51bcd 2.59bc 2.05b 0.98gh 2.63c 2.88b 2.16b 

D3 0.91fg 2.36cd 2.27 1.85c 0.87gh 2.25d 2.31 1.81c 

D4 0.83g 1.13ef 1.26e 1.07d 0.80h 1.25e 1.20 1.08d 

Mean (B) 0.96c 2.18b 2.42a ------ 0.92c 2.22b 2.50a ------ 

  Average bulb weight (g) 

D1 58.7c 70.1b 82.2a 70.3a 57.4c 68.6b 78.5a 68.8a 

D2 48.4cdef 55.1cd 53.7cdef 52.4b 47.7de 54.2cd 55.7c 52.5b 

D3 32.6gh 43.0ef 44.7def 40.1c 36.3g 44.1ef 44.8ef 41.7c 

D4 28.8h 37.6fg 40.3fg 35.5c 29.4h 36.7g 39.8fg 35.3d 

Mean (B) 42.1c 51.5b 55.2a ------ 42.9c 50.9b 54.7a ------ 

  Yield ton/fed.  

D1 8.317c 11.644b 13.642a 11.201a 8.154c 10.834b 13.116a 10.701a 

D2 6.867d 7.990c 8.324c 7.727b 6.728d 7.916c 8.684c 7.776b 

D3 4.923ef 6.067de 6.444d 5.811c 5.474ef 6.124de 6.549d 6.049c 

D4 3.827g 4.890fg 5.434ef 4.717c 3.965g 4.775fg 5.415ef 4.718d 

Mean (B) 5.983c 7.648b 8.461a ------ 6.079c 7.412b 8.441a ------ 
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In this regard, the N, P and K contents in the garlic bulbs were increased when garlic seed cloves  were planted 
on D1 (25th Sep.). However, the NPK contents in garlic bulbs were decreased with late planting than 
D1.Moreover, there were no significant differences between the planted on D2 and D3 in both seasons. This is in 
line with the data suggested by different investigators, who also observed that the N, P and K contents of AL-
Hassawi onion plant, increased when planted on 20 October (El-Marabaa et al., 1975), and AL Abdulsalam and 
Hamaiel, (2004). 
 
Cultivars performance 

 

As for the effect of cultivars on NPK contents in garlic bulbs, the same data reveal that Cv2 (Sids-40) gave the 

highest NPK contents in the bulbs while, the minimum values was recorded to Cv3 (White super). On the other 

hand, Cv1 (cv. Balady) occupy the median position in the ranked order of treatments. 

 
 

Fig. 9: Relationship between relative quantity yield and GDD accumulation for planting date. 

 

Effect of the interaction 

 

       Data in Table (7) show that the interaction between planting dates and cultivars reflected significant effect 
on N, P and K contents in garlic bulbs. It is clear that the first planting date D1 (25th Sep.) combined withCv2 

(Sids-40) produced the highest values of nitrogen (16.81 and 16.76 mg/g DW) while, Cv1 and Cv2 in the same 
planting date gave the highest results in phosphorus content with no significant differences between them. 
However, planted garlic seed cloves of Cv2 on 25th Sep. gave the maximum result in case of potassium in both 
seasons. Finally, planting garlic seeds too late (D4) produced the lowest values, in each of macronutrients 
contents in cloves of garlic bulbs in both seasons. 
 

Table 7: Effect of planting date, cultivars, and their interaction on chemical constituents of garlic bulbs. 

Planting date 
  

2010/11 2011/12 
Nitrogen(mg/g D.W) 

Cv1 Cv2 Cv3 Mean (A) Cv1 Cv2 Cv3 Mean (A) 
D1 15.48c 16.81a 15.21cd 15.83a 15.61cd 16.76a 15.17de 15.85a 
D2 15.04d 16.03b 14.62e 15.23b 15.76c 16.01bc 14.54f 15.44b 
D3 14.67e 16.56a 14.44ef 15.22b 14.72ef 16.50ab 14.40f 15.21b 
D4 14.31f 15.44c 14.44ef 14.73c 14.42f 15.50cd 14.44f 14.79c 
Mean (B) 14.87c 16.21a 14.68c ------ 15.13b 16.19a 14.64c ------ 

  Phosphorus (mg/g D.W) 
D1 5.54a 5.64a 5.40b 5.53a 5.54ab 5.62a 5.41bc 5.52a 
D2 5.35b 5.42b 5.19cd 5.29b 5.38c 5.40bc 5.19d 5.32b 
D3 5.03de 5.18c 4.73f 4.98c 4.86e 5.20d 4.69f 4.90c 
D4 4.70f 4.93e 4.48g 4.70d 4.69f 4.97e 4.49g 4.72d 
Mean (B) 5.16b 5.29a 4.93c ------ 5.12b 5.30a 4.94c ------ 
  Potassium  (mg/g D.W)  
D1 17.33b 17.89a 17.16c 17.46a 17.37b 17.85a 17.20c 17.48a 

D2 16.87d 17.06c 16.84d 16.92b 16.84e 17.19d 16.81e 16.91b 
D3 16.68e 16.58ef 16.49f 16.58c 16.61f 16.56fg 16.52fg 16.56c 
D4 16.52f 16.49f 16.35g 16.45d 16.50g 16.49g 16.37h 16.45d 
Mean (B) 16.85b 17.01a 16.71c ------ 16.83b 17.00a 16.72c ------ 

*D1= 25thSep.               D2 = 10th Oct.         D3= 25th Oct.         D4= 10thNov. ** Cv1= Balady     Cv2 = cv. sids-40         Cv3 = cv. white super 
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Conclusion 
 

Sowing date and cultivars are among the critical factors determining the yield and quality of garlic. The 
earlier sown garlic (25th Sep.) will have a longer growth period before bulb initiation, resulting in larger plants 
producing large bulbs and yield. The Sep. 25 planting date was the highest yield and GDD accumulated 
compared to other planting date. The White super cultivar produced the highest yield due to increase GDD 
accumulated. 
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