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Abstract: To improve the production and the productivity of chickpeas, increase farmers' income, and improve
Jordan's protein food production, researchers developed and are still developing cultivars as well as proper and
effective cultural practices and technologies, and transferring them to chickpea growers. The effect of seeding
dates (1 Jan., 20 Jan. and 10 Feb.), seeding rates (20, 40 and 60 plants m ), phosphorus levels (0, 35.0, 52.5 and-2

70 kg P ha ) and two methods of P placement (banding and broadcast) were investigated at the semi-arid region-1

in north of Jordan. The seeding date, seeding rate, rate and method of P application significantly affected yield,
yield  components  and  phenological  traits.  Early  seeding  (1  Jan.),  high  seeding  rate  (60  plant m ), and-2

P application (70 kg P ha ) drilled with the seed after cultivation (banded) obtained high yields. -1
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INTRODUCTION accumulated more biomass and produced a higher grain

Chickpea is considered major food legume crops in required for maximum grain yield than for maximum
Jordan since they are an important part of the diet. biomass . Earlier studies have shown that seeding rate
However, production of this legume declined in the last or planting density is an important factor-affecting yield
years. Originally an exporter of chickpeas, Jordan now of grain legumes. Therefore, yield response of seed
imports its major local requirements of chickpea because legumes to seeding rates were discussed by several
of low yields of this crop. In Jordan chickpea is consumed workers, and different relative values between hay and
as a dry pulse crop or as a green vegetable with the former seed yield with seeding rate were found . Results that
use being most common. Chickpea seed has 38-59% describe yield response to plant population alteration in
carbohydrate, 3% fiber, 4.8-5.5% oil, 3% ash, 0.2% different cultivation systems are highly variable. In
calcium, and 0.3% phosphorus. Digestibility of protein Jordan, Haddad  reported that the density range of 25-33
varies from 76-78% and its carbohydrate from 57-60% . plant m  or equivalent of 90 to 120 kg ha  produced the[1,2]

From 1986-1997, the average area in Jordan planted to highest amounts of seed and straw. However, Rathoree
chickpea was about 1560 ha. During the same period, of and Patel  showed that increasing seeding rate from 75
its total consumption Jordan produced about 9% of its to 100 kg ha  significantly increased the yield, while
chickpea. The low yield obtained locally may be attributed increasing the seeding rate cause reduction in dry matter
to several factors, including low and erratic rainfall, the per plant and poor development of yield components
planting of traditional low-yielding cultivars and poor (branches, pods and grain plant  and 100 grain weight).
cultural practices, such as bad management of chickpea Increasing the seed rate beyond 100 kg ha  did not
production . Chickpea is increasingly being sown in the improve advantageous in respect of seed yield.[3]

autumn rather than the spring. The longer growing season Leguminous crops require an adequate supply of readily
practically brings significantly greater yield in pertinent available nutrients for optimum growth and yield. Legume
cultivars. Much of the investigation of potential crops can be quite responsive to P fertilization,
adaptation of chickpea to autumn sowing has been done particularly, where soils test low in available P.
in winter-rainfall Mediterranean-type environments . In Soil analyses have shown that phosphate deficiency[4]

these environments, chickpea crops sown earlier is widespread in the calcareous soils, which comprise over

yield , despite in other experiments a later sowing was[5,6]
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half of the total cultivated area of the Mediterranean many soils and environment but information pertaining to
region . Field trials conducted on these soils have calcareous soils in the Mediterranean region for legume[27]

demonstrated large and economic response to phosphate forage crops is still very scarce, despite the fact that these
fertilizers . soils occupy a high proportion of the cultivated areas.[13]

The method, quantity and time of application of The main objectives of this study were to develop
phosphate should be taken into account to obtain management recommendations for producing chickpea
profitable results in crop growth. Methods of applying planted in Mediterranean type conditions. Field
fertilizers can greatly affect their agronomic effectiveness. experiments were conducted on date of seeding, rate of
Banding P fertilizers to the side and below the seed avoids seeding, and rate and methods of phosphorus placement.
P toxicity that would reduce germination of seedlings. The results of these experiments are summarized in this
Banding increases the agronomic effectiveness of paper.
fertilizers as developing roots are in intimate contact with  
the P-enriched soil adjacent to the fertilizer granule . MATERIALS AND METHODS[14]

Concentrating the fertilizer in bands in the soil reduces the
proportion of the fertilizer P that is strongly retained by The local cultivar of chickpea was used in all studies
the soil, so a greater proportion is available to be taken up conducted in north Jordan from 1998-2001. The location
by plant roots. Furthermore, when fertilizer is applied to typically experiences moderate to drought stress during
the soil surface, most of the P is retained at the surface fill period it has a Mediterranean climate of mild rainy
and therefore may be inaccessible to plant roots. When winters and dry hot summers. The soils were chickpea
surface soil dries between rains during the growing plants were rocky and shallow, and a silty-clay with a pH
season, roots are unable to utilize soil P and the of 8.1 and available phosphorus ranged from 23 to 60 kg
agronomic effectiveness of the fertilizer is consequently ha . Phosphorus will be supplied in the form of Triple
decreased. Fertilizer banded at depth in the soil is more superphosphate (21% P). The phosphate fertilizer will be
likely to be in moist soil for longer periods, increasing drilled with the seed after cultivation. Nitrogen fertilizer
absorption of P by plant roots. Mixing fertilizer through will  be  applied  uniformly by hand across all treatments
the soil increases the volume of soil that reacts with [20 kg N ha  at sowing in form of urea (46 % N) and 40 kg
dissolved P so that a greater proportion of P will be N ha  top-dressed at start flowering]. Weeds will be
adsorbed at high energy sites, thereby reducing the controlled by hand as needed.
proportion of the P taken up by plant roots. This effect
becomes more pronounced as the capacity of the soil to Date and rate of seeding: The test was conducted in split-
retain P increases. For some crops, soils and plot  design  with  rates  of  seeding  as main treatments
environments, the highest yields are obtained by a (20, 40 and 60 plants m ) and seeding dates (1 Jan., 20 Jan.
combination of banded and surface-applied P . Field and 10 Feb.) as sub-treatment. The treatments were[15]

experiments have consistently shown that the agronomic replicated  three  times.  All plots consisted of four rows,
effectiveness of water-soluble P fertilizers is greatest 6 m long with spacing of 35 cm between rows and 60 cm
when the fertilizer is banded with, below or to the side of between plots. A seeding depth of 10 cm was used. 
the seed while sowing crops. For pastures, water-soluble
P fertilizers should be applied at or near the start of the Rate and method of phosphorus application: This test was
growing season . In Australia, phosphate is applied to conducted in split-plot design with rates of phosphorus[16]

the surface of the soil, although there have been few as main treatments (0, 35.0, 52.5 and 70 kg P ha ) and
studies on the relative effectiveness of this method for placement methods (banding or broadcast). Either the
crop and pasture species . The advantage of drilling phosphate fertilizer was drilled with the seed after[17]

superphosphate compared with broadcasting has been cultivation (banded) or broadcast and renovated into the
reported by Loutit et al.  for Cereal crops. However, the surface layer just before sowing (broadcast). The plot size[18]

information on legume crops very limited. Currently, most was the same as the date and rate of seeding test. The
farmers who use phosphate on legume crops broadcast seeding  dates  were  20  Jan.  in 1999, 20 Jan. in 2000 and
and incorporate the fertilizer prior to seeding. However, 20 Jan. in 2001. The seeding rate used was 40 plants m
several authors have demonstrated that the method of for the local cultivar. 
placement could affect the phosphate recovery and yield
obtained. Measured variables: The measured variables included:

The effect of rate and method of P application on Seed yield (kg ha ), seed weight (g plant ), 100 seed
plant growth of cereal crops has been investigated for weight (g), pods (plant ), branches (plant ), seeds (pod ),
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plant  height  (cm),  days  to  50 % flowering and days to previously . On the other hand, yield was directly related
50 % physiological maturity. to seeding rate. Seed yield increased as seeding rate

Statistical analysis: Data for each trait were analyzed for m . The yield increase observed with increase in seeding
a randomized complete block design (RCBD) with rate as a function of more pods being produced as a result
split–plot arrangement according to Steel and Torrie . of more plants being establishment. The influence of[19]

Comparisons between means were made using least seeding rate on seed yield was through the increased
significant differences (LSD) at 0.05 probability level. production of pod per unit area (Table 1). However, not

RESULTS AND DISCUSSIONS explain why maintain adequate plant populations is

No significant interaction between seasons was of pods produced, on average, per plant. Height seeding
detected, probably due to irrigation being used. The main rate promoted phenological development (days to 50 %
source of yield variation in the Mediterranean region is flowering and days to 50 % physiological maturity), in
variation in rainfall. Therefore, the presented results are with flowering occurring 6 days earlier in the high seeding
means across the three growing seasons. rate   (60   plants  m )  than  in  the  low  (20  plants  m )

Seeding date: Seed yield of chickpea was influenced seeding rate flowered significantly latter than those from
significantly by date of sowing (Table 1). The maximum higher seeding rate. 
seed yield of 1531.7 kg ha was obtained by sowing-1 

chickpea on 1 Jan., which was found superior to the latter Phosphorus placement methods: Seeds (pod ), 100 seed
dates of sowing, with progressive delay in sowing weight, plant height, and days to 50 % flowering, and
beyond 1 Jan. a yield reduction of 21.7 and 54.3 % was days to 50 % physiological maturity were not affected by
recorded with successive delays in seeding every 20 days P placement methods. On the other hand, seed yield,
interval. The seed yield of chickpea under different dates pods, seed weight, and number of branches were
of seeding was significantly influenced by its attributes significantly greater with band placement than with the
i.e. seed weight, pods (plant ), seeds (pod ), branches, broadcast methods of phosphorus application(Table 3).-1   -1

and 100 seed weight which followed the same trend as The superiority of band placement was probably due to a
yield. The reduction in seed yield due to delay in sowing combination of higher available soil moisture and a greater
can also be attributed to shorter growth period at the probability of roots being exposed to the fertilizer. Thus,
disposal of the late sown crop as the time taken by the it is inferred from the above results that seed yield of
crop to mature decreased with delay in sowing (Table 2). chickpea can be increased further with the addition of P to

Seeding rate: Seed weight, 100 seed weight, branches, also showed a significant effect of P placement method. In
pods (plant ) and seeds (pod ) were negatively related to general, P application by band placement is more effective-1    -1

seeding rate. As for seed weight per plant, it dented to because it was more likely to be in contact with moist soil.
decrease with increase in seeding rate (Table 1). The Moreover, band placement increases the portability of
lowest seeding rate 20 plants m  produced the maximum root contact, as roots tend to grow downward in legumes.-2

seed weight (6.3 g) and vice versa. This might be
attributed  to  a  higher pods (plant ) (21.3), and heavier Phosphorus rate: Chickpea responded well to P-1

100 seed weight (29.8 g). Reductions in legume seed application. At low rates of applied P (P0 and P1) chickpea
weights have been associated with increasing seeding exposed some P deficiency symptoms which include
rate confirmed the findings of Hodgson and Blackman dwarf growth and purpling of the leaves; such effects[20]

and Salih . Chickpea plants at increasing seeding rates were absent at high P rates (P2 and P3). Turk  found[21]

were significantly taller. Hodgson and Blackman  also similar results. Significant differences in the number of[20]

reported similar observations. The highest (21.3) and the pods per plant were observed amongst the different P
lowest (15.7) number of pods (plant ) was recorded under fertilizer rates. The number of pods per plant increased-1

20 and 60 plants m , respectively. The decrease in pods in linearly with increasing rates of P fertilizer. The higher-2

60 plants m  was attributed to an increased competition number of pods in higher P rate was largely due to number-2

among plants for growth factors, which finally reduced of branches. These results are consistent with those
the number of effective branches. Reduction in branching reported by Hattar and Haddad  who also reported that
by increasing seeding rate has been reported increasing the rate of application of fertilizer or irrigation

[12]

increased, with highest yield being obtained at 60 plants
-2

through the increased production of pods per plant. This

important for maximizing seed yield, given the low number

-2               -2

(Table 2). Al-Rifaee  also found that plant from a low[22]
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soils of medium available P status (10 mg P kg  soil). It-1
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Table 1: Yield and yield components of chickpea as affected by date and rate of seeding
Treatments Seed yield Seed weight 100 seed weight (g) Number of primary Seeds (pod ) Pods (plant )-1  -1

(kg ha ) (g plant ) branches (plant )-1  -1  -1

Seeding rates  (plants m )-2

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 1010.0 6.3 29.8 3.3 1.3 21.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
40 1128.3 4.3 26.3 3.3 1.0 17.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
60 1293.3 3.3 24.7 2.7 1.0 15.7
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD (p# 0.05) 79.0 0.9 0.9 0.4 0.2 1.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Date of seeding 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1Jan 1531.7 6.0 30.8 3.7 1.3 21.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 Jan 1200.0 4.3 3.0 3.0 1.0 18.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 Feb 700.0 3.7 2.7 2.7 1.0 15.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD (p# 0.05) 111.0 0.5 0.7 0.3 0.3 1.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Interaction ns ns ns ns ns ns

Table 2: Phenological traits of chickpea as affected by date and rate of seeding
Treatments Plant height (cm) Day to 50 % flowering (day) Day to 50 % physiological maturity (day)
Seeding rates  (plants m )-2

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 32.7 67.6 103.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
40 35.3 65.0 100.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
60 36.7 63.3 97.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD (p# 0.05) 1.4 2.0 0.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Date of seeding 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1 Jan 38.0 70.7 104.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 Jan 34.7 65.0 101.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 Feb 32.0 60.3 95.7
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD (p# 0.05) 1.9 3.0 3.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Interaction ns ns ns

Table 3: Yield and yield components, of chickpea as affected by rates and methods phosphorus application
Treatments Seed yield Seed weight 100 seed weight (g) Number of primary Seeds (pod ) Pods (plant )-1  -1

(kg ha ) (g plant ) branches (plant )-1  -1  -1

Phosphorus rate (kg ha )-1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P0 (0) 955.0 4.5 29.9 2.9 1.0 16
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P1 (35.0) 1069.0 5.3 32.0 3.2 1.0 20.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P2 (52.5) 1210.5 6.0 32.2 3.6 1.0 24.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P3 (70.0) 1311.5 7.3 34.1 4.0 1.5 28.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD (p# 0.05) 99.0 0.7 1.7 0.3 0.4 3.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Phosphorus placement methods
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Band 1082.8 6.3 32.1 3.3 1.3 23
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Broadcast 1190.3 5.3 32.0 3.5 1.0 21
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Table 3: Continued
LSD (p# 0.05) 101.0 0.9 ns 0.2 ns 1.7
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Interaction ns ns ns ns ns ns

Table 4: Phenological traits of chickpea as affected by rates and methods phosphorus application
Treatments Plant height (cm) Day to 50 % flowering (day) Day to 50 % physiological maturity (day)
Phosphorus level
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P0 (0) 28.0 70.0 105.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P1 (35.0) 30.5 66.5 101.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P2 (52.5) 32.0 65.0 97.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P3 (70.0) 35.0 62.5 94.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD (p# 0.05) 1.4 2.0 3.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Phosphorus placement methods
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Band 31.5 65.8 99.8
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Broadcast 31.3 66.3 99.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD (p# 0.05) ns ns ns
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Interaction ns ns ns

water increased pod number relative to the control. Similar pods per plant and number of seeds per pod (Table 3).
results were reported by many other workers, who also Plant height and branches was increased significantly
reported that increasing. P application rates significantly with P application compared with the control. It was
increased the number of pods per plant . Significant higher at P3 than at either P0 or P1. Days to 50 %[25]

differences were found in the number of seeds per pod flowering and days to 50 % physiological maturity
amongst the different P rates. In both years, the P3 decreased significantly with P application compared with
treatment (70 kg P ha ) produced more seeds per pod than control (Table 4). This could be attributed to the fact that-1

any of the other treatments. The higher number of seeds P application increased the rate of crop development from
at the higher rates of fertilizer application was a emergence to floral initiation and advance anthesis.
consequence of both the higher number of pods and the Similar results were reported by Keatinage et al. . Who
higher number of seeds per pod, as found by Turk and found that P fertilizer decreased the number of days to 50
Tawaha . Generally, the number of seeds per pod % flowering. [25]

increased with increasing levels of fertilizer application. From these studies, it is concluded that early seeding
Rathoree and Patel  has reported similar results. (1 Jan.), high seeding rate (60 plants m ), and P[12]

Significant differences were found in mean seed weight application (70 kg P ha ) drilled with the seed after
amongst the different fertilizer applications. The P3 cultivation  (banded)  produced  maximum yield of
treatment gave a higher 100 seed weight (3.41 g) than the chickpea crop.
P0 control treatment, but mean seed weight did not differ
significantly between P1 and P2 (Table 4). Differences in REFERENCES
mean seed weight are generally related to a short period
between anthesis and maturity. At this time, the supply of 1. Hulse, J.H., 1991. Nature, Composition and Utilization
assimilates to the pod (seed) plays a crucial role in the of Grain Legumes. In: Uses of tropical Legumes:
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