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ABSTRACT 

 

Alternative crops like chickpea could become of interest under Pannonian climate conditions in Central 

Europe due to forecasted changes in climate. Therefore a two-year trial was conducted to evaluate 

concentrations, uptake and yields of nitrogen (N) during crop growth of chickpea (Cicer arietinum L.) 

compared to pea (Pisum sativum L.), barley (Hordeum vulgare L.) and oat (Avena sativa L.) as affected by N 

fertilization with either calcium ammonium nitrate (CAN) or the depot fertilizer Basacote® Plus 6M (DF) in 

eastern Austria. Chickpea had the lowest above-ground dry matter (AGDM) and N yields among the four 

crops in 2006; however, it could gain higher AGDM and N yields than those of barley and oat under drought 

conditions in 2007. N concentrations and N yields throughout crop growth were increased by increasing rates 

of N fertilization (with CAN showing generally higher values than DF). Chickpea had a high crop N uptake 

rate and a high relative N uptake rate even under drought conditions. Thus, results indicated that chickpea 

could be an alternative crop in dry environments for achieving reasonably N yields in Central European 

growing conditions. 
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INTRODUCTION 

Expected changes in agro-climatic conditions and a 

substantial deficit of protein sources for livestock are two 

challenges for European agriculture. The changes in agro-

climatic conditions in Central Europe are expected to go 

along with an increase in air temperature, changes in the 

amount and distribution of precipitation, and prolonged 

growing seasons. This may lead to a lower productivity of 

rainfed spring crops due to a higher risk of drought (Trnka 

et al., 2011). Promising opportunities may arise under 

these conditions for adopting crops with a pronounced 

warm-season growth habit such as chickpea (Cicer 

arietinum L.) in comparatively cool, northern latitude 

areas (Gan et al., 2009). Introducing a new grain legume 

to Central European agricultural systems would be also 

beneficial for reducing the substantial deficit of protein 

sources in the European Union where around two-thirds of 

soybean meal and soybeans [Glycine max (L.) Merr.] for 

livestock feed is imported (Henseler et al., 2013).  

Chickpea is mainly produced in arid or semiarid 

environments (Canci and Toker, 2009a, b). Due to several 

morphological and physiological advantages, the crop can 

effectively cope with drought conditions (Serraj et al., 

2004; Cutforth et al., 2009; Zaman-Allah et al., 2011). 

Chickpea is of high importance in human diets in many 

areas of the world. Additionally, chickpea grains can be 

used as energy and protein-rich feed in animal diets and 

chickpea straw as forage for ruminants (Bampidis and 

Christodoulou, 2011). Chickpea yields, yield components 

and protein contents are affected by production system 

and fertilization regime (Caliskan et al, 2013).  

Although chickpea is not a common crop in Central 

Europe, it could provide an alternative for food and feed 

protein production in the face of climate change. Recently, 

the plant has been introduced to semiarid regions in 

Australia (Siddique and Sykes, 1997), to the Northern 

Great Plains in North America (Miller et al., 2002) and in 

western Canada (Anbessa et al., 2007). In eastern Austria, 

chickpea can achieve higher grain and straw yields than 

spring sown barley (Hordeum vulgare L.) and oat (Avena 

sativa L.) under drought conditions (Neugschwandtner et 

al., 2013). Furthermore, the adoption of chickpea in 

Central Europe could lead to crop diversification and 

improved productivity of sustainable agricultural systems 

as legumes satisfy a bulk of their N demand from 
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atmospheric N through symbiosis with N fixing rhizobia. 

Thereby the demand for N fertilizer inputs within crop 

rotations is minimized (van Kessel and Hartley, 2000), 

and positive yield effects are caused through the transfer 

of biologically fixed N via crop residues to subsequent 

non-legume crops (Kaul, 2004). 

Currently, little information exists on the agronomy 

and the performance of chickpea grown in northern 

latitudes (Gan et al., 2009). Therefore, the objective of the 

presented work was to evaluate N concentrations, N yields 

and N uptake of chickpea during crop growth under 

Central European growing conditions as compared to pea, 

barley and oat and as affected by fertilizer form and 

fertilizer rate to gain information for a possible 

introduction of this crop to Central Europe. 

MATERIAL AND METHODS 

Experimental site and weather conditions 

The experiment was carried out in Raasdorf (48° 14’ 

N, 16° 33’ E; altitude: 153 m a.s.l.) in eastern Austria at 

the experimental farm of BOKU University. The soil is 

classified as a chernosem of alluvial origin and rich in 

calcareous sediments (pH 7.6). The texture is silty loam; 

the content of organic substance is at 2.2-2.3%.  

The mean annual temperature is 10.6°C, the mean 

annual precipitation is 538 mm (1980-2009). Table 1 

shows the long-term average monthly temperatures and 

precipitation from February to July and the deviations 

Table 1. Long-term average monthly temperature and precipitation (1980-2009) and deviations during the 2006 and 2007 growing 

seasons 

 Temperature (°C)   Precipitation (mm) 

 Long term mean 2006 2007  Long-term mean 2006 2007 

 (1980-2009) (±) (±)  (1980-2009) (±) (±) 

February 1.7 -1.9 3.8  26.4 -7.7 17.7 

March 5.8 -2.1 2.3  38.5 7.7 28.0 

April 10.7 1.3 2.1  35.3 30.3 -34.4 

May 15.6 -0.5 1.6  56.1 16.7 -9.8 

June 18.5 0.6 2.8  72.3 -9.9 -3.9 

July 20.8 2.8 1.9  59.1 -52.3 -6.2 

 

during the 2006 and 2007 growing seasons. The 

temperature was considerably higher in 2007 than in 2006 

(except for July). Monthly precipitation was well above 

average in March and April in 2006. Contrary to that, the 

growing season 2007 was characterized by a severe spring 

drought without rainfall from the end of March to the 

beginning of May. 

Experimental factors 

Two chickpea genotypes were tested under different N 

fertilization in comparison to common varieties of pea and 

the non-legume crops barley and oat with similar 

vegetation periods. The experiment was set up in a 

randomized complete block design with two replications. 

The chickpea variety Kompolti and commercial seeds of a 

chickpea genotype of unknown origin obtained from a 

trade company were planted (both are Kabuli type 

chickpeas). The seeds had been multiplied on-farm. Pea 

cv. Attika and Rosalie, barley cv. Xanadu and oat cv. 

Jumbo were used as standards of comparison. The 

nitrogen fertilizer calcium ammonium nitrate (CAN) (27% 

N, 10% Ca) and the depot fertilizer Basacote® Plus 6M 

(DF) (16% N, 3.5% P, 10% K, 1.2% Mg, 5% S and 

micronutrients) were applied right after sowing at two N 

fertilization levels (10 and 20 g N m-2) (10 CAN, 10 DF, 

20 CAN, 20 DF) supplemented by an unfertilized control. 

Maximum temperature from sowing to harvest was 

35.5°C (2006) and 37.9°C (2007); minimum temperature 

was 4.9°C (2006) and 3.1°C (2007). 

 

Crop management and measurements 

Seeds were sown with an Oyjard plot drill (row 

distance: 12 cm; plots size: 30 m2). Chickpea nodulates 

with symbiotic bacteria Mesorhizobium cicieri and M. 

mediterraneum (Toker et al., 2007), and therefore, seeds 

were inoculated with Mesorhizobium ciceri (Jost GmbH), 

seeds of pea with Rhizobium leguminosarum (Radicin 

No4, Jost GmbH) according to product specifications 

before sowing. Inoculation was performed as eastern 

Austrian soils may not contain the specific rhizobia for 

chickpea to ensure an effective plant-microbe association 

for nitrogen fixation. Inoculation of chickpea seeds has 

been shown to increase yield and protein content of seeds 

(El Hadi and Elsheikh, 1999; Farzaneh et al., 2009). 

Sowing was performed on 14 April 2006 and on 11 April 

2007, respectively, with a sowing rate of 90 seeds m-2 for 

chickpea and pea and 300 seed m-2 for barley and oat. 

Weed control was performed mechanically. Above-

ground dry matter (AGDM) development was determined 

by harvesting (0.24 m2 per plot) at intervals of about 14 

days from May until the end of June (2006: 5 May, 22 

May, 9 June, 27 June; 2007: 14 May, 31 May, 14 June, 26 

June). The final harvest was performed at full ripeness of 

the plants on 0.96 m² per plot (chickpea: 1 August 2006 

and 23 July 2007; pea: 20 July 2006 and 9 July 2007; 

barley: 18 July 2006 and 23 July 2007; oat: 24 July 2006 

and 23 July 2007). Plant samples were dried at 100°C for 

24 h. 
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Nitrogen determination and calculations 

For nitrogen determination, plant samples were first 

ground to pass through a 1 mm sieve. Nitrogen 

concentrations were determined as an average of duplicate 

samples per plot of about 500 mg each with a combustion 

technique using a LECO-2000CN auto analyzer (LECO, 

1994). 

Crop nitrogen uptake rate (CURN) and relative 

nitrogen uptake rate (RURN) were calculated for each 

period between subsequent harvest dates according to 

Hunt (2002) as follows:  

(1) CURN (g m–2 d–1) = 

12

12

tt

NN

-

-
  

(2) RURN (mg g–2 d–1) = 

12

12

tt

NlnNln

-

-
  

where N2 and N1 indicate the final and initial nitrogen 

yield of the AGDM and t2 and t1 indicate the end and the 

start day of each period. 

Statistics 

Statistical analyses were performed using software 

SAS version 9.2. Analyses of variance (PROC GLM) with 

subsequent multiple comparisons of means were 

performed. Means were separated by least significant 

differences (LSD), when the F-test indicated factorial 

effects on the significance level of p<0.05. Genotype 

differences within chickpea and pea, respectively, were 

not significant, so data were pooled for analysis. 

RESULTS AND DISCUSSION 

Data are presented for N fertilization (main effect) and 

interaction of crop × year based on analysis of variance 

results. 

Above-ground dry matter production (AGDM) 

Growth and yield analysis of chickpea compared to 

pea, barley and oat have been already described by 

Neugschwandtner et al. (2013). In both years until end of 

June (HD 4), the AGDM of chickpea was significantly 

lower than those of pea, barley and oat. Final AGDM (HD 

5) of chickpea in 2006 was significantly lower than those 

of the other crops. With dry conditions in 2007, 

chickpea´s final AGDM was less impaired than those of 

the other crops resulting in similar levels of AGDM in all 

four crops as chickpea is well adapted to drought stress 

(Serraj et al., 2004; Cutforth et al., 2009; Zaman-Allah et 

al., 2011) (Figs. 1a-e). Fertilization with readily available 

CAN enhanced early AGDM production (HD 2) of all 

crops compared to the unfertilized controls. The DF 

treatments resulted in intermediate AGDM. At HD 3 and 

4 all N fertilization regimes had higher AGDM than the 

controls. Also at final harvest (HD 5), fertilizer regimes 20 

CAN, 10 CAN and 20 DF had higher AGDM than control 

(with 10 DF lying in between) (Table 2). Early N 

application may cause sufficient plant and root 

development and thereby enables a better adaptation to the 

post anthesis drought stress (Gevrek and Atasoy, 2012). 

Table 2. Above-ground dry matter (AGDM), N concentration 

and N yield during crop development as affected by fertilization 

(in g fertilizer N m-2) (means across crops and years) 

 Harvest dates 

 1 2 3 4 5 

AGDM yield  

(g m-2) 

     

0 38a 127b 360b 632b 954b 

10 CAN 37a 154a 433a 805a 1115a 

10 DF 37a 142ab 437a 756a 1058ab 

20 CAN 37a 156a 454a 820a 1156a 

20 DF 37a 147ab 440a 828a 1130a 

      

N concentration (%)    

0 4.46d 3.40e 2.87c 2.28b 1.85b 

10 CAN 5.05ab 4.65b 3.27b 2.39b 1.94ab 

10 DF 4.83c 4.14d 3.02c 2.36b 1.88b 

20 CAN 5.15a 4.95a 3.59a 2.67a 2.11a 

20 DF 4.98b 4.37c 3.25b 2.45b 1.96ab 

      

N yield of AGDM 

 (g N m-2) 

    

0 1.78a 4.9d 10.1c 14.3b 16.9b 

10 CAN 1.94a 6.9ab 13.2b 18.1a 19.9ab 

10 DF 1.88a 5.8c 12.7b 17.4a 18.5b 

20 CAN 1.97a 7.6a 15.7a 19.7a 22.5a 

20 DF 1.90a 6.3bc 13.6b 19.0a 19.9ab 
CAN: calcium ammonium nitrate; DF: depot fertilizer Basacote® Plus 
6M. Different letters indicate significant differences between means (p < 

0.05). 

 

N concentrations and N yields of above-ground dry matter 

The N concentrations (%) of the AGDM generally 

decreased with plant growth. Starting with HD 3 the N 

concentrations of all crops were higher in the dry year of 

2007 compared to 2006. The N concentrations of chickpea 

in 2006 were lower than those of pea at early growth (HD 

1 and 2) and at final harvest (HD 5); but they were higher 

than those of barley and oat at HD 3 and 4. In 2007, 

chickpea´s N concentrations were always higher than 

those of barley and pea (except for HD 1); at HD 2 they 

were similar to, at HD 3 and 4 higher and at HD 5 lower 

than those of pea (Figs. 1f-j). The N concentrations of 

AGDM were increased by N fertilization at HD 2 in the 

following order: 20 CAN > 10 CAN > 20 DF > 10 DF > 

control; thus, easily soluble N fertilizer CAN increase N 

concentrations more strongly at early growth compared to 

DF. At final harvest, the N concentrations were 

significantly higher in the 20 CAN treatment than in the 

10 DF and control treatments (with 20 DF and 10 CAN 

lying in between) (Table 2). Differences between N 

concentrations during crop growth between years and 

fertilizer levels have already been reported for oat by 

Maral et al. (2012). Turpin et al. (2002) reported higher N 

concentrations in the AGDM of chickpea due to N 

fertilization during crop growth until flowering stage in 

experiments conducted in Australia. Contrary to that, 
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higher N rates in our experiment resulted in higher N 

concentrations until maturity.  

The N yield is a function of AGDM production and N 

concentration. Up to about the middle of June (HD 3), N 

yields were generally higher in 2007 than in 2006 (except 

for oat), mainly due to higher N concentrations and with 

pea and barley also due to higher AGDM. At the end of 

June (HD 4) chickpea, barley and oat still achieved higher 

N yields in 2007 compared to 2006 despite drought stress 

due to significantly higher N concentrations. Strongly 

impaired final AGDM of pea, barley and oat in 2007 

resulted in a lower N yield compared to 2006 (although N 

concentrations of AGDM of these crops were higher in 

2007). In contrast, chickpea was able to compensate 

slightly lower AGDM in 2007 by increased N 

concentrations, resulting in a higher N yield than in 2006 

(Figs. 1k-o). N fertilization clearly affected N yields 

during crop growth. At early growth (HD 2), N yields 

were high especially in treatments fertilized with CAN. At 

final harvest, the N yield of AGDM was significantly 

higher in the 20 CAN treatment than in the 10 DF and 

control treatments (with 20 DF and 10 CAN lying in 

between) (Table 2). Soltani et al. (2006) and Koutroubas 

et al. (2009) reported that variations of the N yield of 

chickpea were mainly linked to corresponding AGDM 

variations. Contrary to that, our results show that 

variations of both AGDM production and N 

concentrations affected the N yields of the crops. 

Furthermore, Caliskan et al. (2013) reported that 

fertilization also increases harvest indices and protein 

yields of chickpeas. 
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Figure 1. (a-e) Above-ground dry matter (AGDM), (f-j) N concentration and (k-o) N yield on harvest dates 1-5 as affected by crop 

and year. Error bars are LSD. CP = chickpea. 

 

Crop nitrogen uptake rate (CURN) and 

 relative nitrogen uptake rate (RURN) 

The CURN of chickpea was lowest in the first 

observation period (HD 1-2) among the tested crops 

(except for oat in 2007). Between HD 2-3 chickpea´s 

CURN was lower than that of pea but higher than those of 

the cereals. In the more humid year of 2006 the CURN of 

chickpea was the lowest among the four crops starting 

from middle of June (HD 3) until harvest; however, with 

dry conditions in 2007, chickpea´s CURN was clearly 

higher than those of the other crops between HD 3-4. The 

CURN was significantly lower in the dry year of 2007 than 

in 2006 in the last sampling period (HD 4-5) with negative 

values for chickpea, barley and oat and just a slightly 

positive value for pea (Figs. 2a-d). Drought stress 

significantly reduces the CURN as described for wheat 

(Triticum aestivum L.) by Abreu et al. (1993). A negative 

CURN during seed development until maturity has also 

been reported for oilseed rape (Brassica napus L.) by 

Barłóg and Grzebisz (2004). A high variability of the 

CURN between crops, years and during crop development 

is in accordance with Gastal and Lemaire (2002). N 

fertilization affected CURN until middle of June. The 
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amount and seasonal distribution of N uptake was affected 

by N rate and N form as reported by McTaggart and Smith 

(1995). There was a significant fertilization × year 

interaction on CURN between HD 1-2 insofar that N 

fertilization increased the CURN with a higher increase 

after application of CAN than DF in 2006 whereas just the 

highest CAN treatment significantly increased CURN in 

2007 (data not shown); thus, easily soluble N fertilizer 

CAN increase CURN more strongly than the DF at early 

growth. Between HD 2-3 the CURN were ranked as 

follows: 20 CAN ≥ 20 DF, 10 CAN, 10 DF > control. No 

differences in the CURN after middle of June due to 

fertilization were observed (Table 3).  

The RURN of chickpea was between HD 2-3 in both 

years slightly higher than that of peas and significantly 

higher than those of barley and oat; in the dry year of 

2007 chickpea´s RURN highly surpassed those of the other 

crops between HD 3-4. From end of June (HD 4) until 

final harvest (HD 5) all crops had a positive RURN in 2006 

whereas in 2007 dry conditions caused a negative RURN 

for the crops (with chickpea´s RURN lying between pea´s 

low negative RURN and the cereals’ higher negative 

RURN) (Figs. 2e-h). The RURN was increased with N 

fertilization between HD 1-2 in 2006 whereas no fertilizer 

effect was observed in 2007 (data not shown). No 

statistical differences in the RURN occurred between end 

of May (HD 2) and end of June (HD 4). The RURN 

between the last two harvest dates (HD 4-5) was impaired 

by N fertilization with 20 DF compared with the control 

with all other N fertilization treatments having a slightly 

lower RURN than the control (Table 3). 

Table 3. Crop nitrogen uptake rate (CURN) and relative nitrogen 

uptake rate (RURN) during crop development as affected by 

fertilization (in g fertilizer N m-2) (means across crops and years) 

 Harvest dates 

 1-2 2-3 3-4 4-5 

CURN (g m–2 d–1)     

0 0.18d 0.34b 0.29a 0.11a 

10 CAN 0.29ab 0.41ab  0.27a 0.16a 

10 DF 0.23cd 0.45ab 0.31a 0.05a 

20 CAN 0.33a 0.51a 0.26a 0.14a 

20 DF 0.26bc 0.47ab 0.30a 0.09a 

     

RURN (mg m–2 d–1)     

0 63c 48a 23a 7a 

10 CAN 83a 46a 22a 2ab 

10 DF 74b 54a 18a 3ab 

20 CAN 85a 51a 15a 3ab 

20 DF 81ab 52a 24a -1b 
CAN: calcium ammonium nitrate; DF: depot fertilizer 

Basacote® Plus 6M. Different letters indicate significant 

differences between means (p < 0.05). 

 

Low and negative CURN and RURN before harvest 

may be due to ammonia (NH3) volatilization from 

aboveground plant parts as observed by Bahrani et al. 

(2011) for wheat in the period from anthesis to maturity or 

due to leaf drop. 
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Figure 2. (a-d) Crop nitrogen uptake rate (CURN) and (e-h) Relative nitrogen uptake rate (RURN) between the harvest dates as 

affected by crop and year. Error bars are LSD. CP = chickpea. 

CONCLUSION 

Chickpea had a lower AGDM in 2006 than pea, barley 

and oat but exceeded pea and oat in the dry year of 2007 

due to its adaptability to drought stress. The N 

concentrations of all crops were higher in the dry year; 

however, chickpea was the only crop that could achieve a 

higher N yield as its AGDM was only slightly reduced 

under drought conditions. N fertilization clearly affected 

N concentrations and N yields of the crops during crop 

growth with CAN showing slightly higher N 

concentrations and N yields a final harvest than the DF. 

Chickpea showed a high CURN and a high RURN under 

drought conditions. Thus, results indicated that chickpea 
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could be an alternative crop for achieving a reasonable N 

yield in dry Central European growing conditions. 
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