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ABSTRACT

Quinoa (Chenopodium quinoa Willd.) is a very important cultivated food crop in the Peruvian and Bolivian Andes for more than 5000 years, recently attracting attention because of its high nutritional value and strong growth potential under the extreme harsh conditions of drought and soil salinity. Apart from the high protein content, the grains are also rich in amino acids, minerals and vitamins values, meet or exceed the requirements of human. The crop has been selected by the FAO as one of the main crops to play a major role in assuring food security in the 21st century because of this high nutritional value and its extreme resistance to adverse climatic conditions.

Growing field crops under harsh conditions of arid environment in sandy soil and using irrigation water of high salinity is one of the biggest threats facing food security especially for small-scale farmers. Quinoa crop the newly introduced food crop can replenish part of food gap, since; the crop is drought, salinity tolerant and can grow in sandy soil of arid and semiarid regions and with other most harmful abiotic adverse factors that affect crop production. Field trial was carried out in Green Desert Egypt Association (GDEA) farm in Wadi El-Natroon region (Longitude 30.35o, latitude 30.4o and altitude 20m), located in Beheira Governorate, Egypt during 2008/2009 and 2009/2010 winter seasons to study the best nitrogen fertilizer rate of 0, 90, 180, 270 and 360 Kg N ha-1 on growing quinoa under sandy soil and irrigated by 4400 m3 ha-1 of underground water with salinity of EC = 3.6 dS m-1 using mist irrigation system. Results revealed that fertilizing quinoa with 360 Kg N ha-1 resulted in maximum plant height of 52.73 and 51.78 cm, grain yield plant-1 of 10.070 and 8.177 g plant-1, grain yield ha-1 of 1203 and 1088 Kg ha-1, biological yield ha-1 of 2787 and 2322 Kg ha-1 and field water use efficiency (FWUE) of 2.733 and 2.472 Kg mm-1, while the maximum nitrogen use efficiency (NUE) values of 5.367 and 3.417 Kg Kg-1 N were obtained when quinoa received only 90 N ha-1 in first and second season, respectively.
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INTRODUCTION

It is well understood that the developing countries do not produce enough food and of the correct nutritional quality to cater for the daily needs of the citizens. In view of the teeming population being faced by these developing countries, quinoa, if utilized, will go a long way in eradicating the dearth in food supply and can be useful also in food industries for baby food formulations (Ogungbenle, 2003). 

The greatest threat to the survival of humanity is the ever-increasing gap between population growth and food supply. FAO (2003), in its annual report ‘‘The State of Food Insecurity in the World’’, estimates that there were around 799 million undernourished people in the developing countries. In order to arrest the situation, much attention has been centered on the exploitation and utilization of unusual food plants, such as Andean pseudo-cereals. These food plants are often closer to the ideal protein balance than any other common grain, being at least equal to milk in protein quality. Particularly, they have very high lysine content. The Food and Agriculture Organization (FAO, 1990) observed that quinoa seeds have high quality proteins and higher levels of energy, calcium, phosphorus, iron, fiber and B-vitamins than barley, oats, rice, corn or wheat (Koziol, 1992). However, the seeds of most quinoa varieties contain saponins, located in the outer layers of the seed coat (Jacobsen, 2003), most of which are bitter-tasting constituents (chiefly saponin) in the seed’s outer layer, this can be removed by washing the seeds in cold water or milled to remove the seed coat.

Quinoa the newly introduced food crop can replenish part of food gap, since; the crop is drought, salinity tolerant and can grow in sandy soil of arid and semiarid regions and with other most harmful abiotic adverse factors that affect crop production (Jacobsen 2003, Jacobsen et al, 2003, Ogungbenle, 2003 and Shams, 2010). Quinoa would provide bread and other seed products for Bedouins who inhabit deserts in Wadi El-Natroon region, where quinoa is a highly nutritious food crop, with an outstanding protein quality and a high content of a range of vitamins and essential minerals (Jacobsen 2003, Jacobsen et al, 2003, Ogungbenle, 2003 and Shams, 2010). Quinoa has enormous potential in the food industry being gluten-free and highly nutritious (Doweidar and Kamel, 2011) and the crop suits marginal soils in environments with low rainfall. Hence, quinoa is recommended also as a useful staple food in food industries for baby food formulations (Ogungbenle, 2003). Quinoa has been selected by FAO as one of the crops destined to offer food security in the next century (FAO, 1998; Jacobsen 2003; Jacobsen et al, 2003 and Shams, 2010) and ideal candidate crop for CELSS (NASA, 1993). The seeds have not been found to contain anti-nutritional factors.
The use of modern commercial fertilizers in agricultural production results in increased crop yields in addition to the effect of better plant nutrition through commercial fertilizers manifest themselves not only in increasing yields, but also in an increase in the total plant mass production (Finck, 1982). Schulte et al (2005) evaluated the response of quinoa to nitrogen fertilization rates of 0, 80 and 120 Kg N ha-1, the results evidenced that quinoa responded strongly to N fertilization and quinoa yielded between 1.8 and 3.5 ton ha-1. 

A nitrogen fertilization requirement of quinoa crop is still under study world widely. Jacobsen et al (1994) found that quinoa grain yield increased with increasing nitrogen fertilization rate from 40 to 160 Kg N ha-1.  Meyers (1998) studied the response of amaranth to five nitrogen fertilization levels of 0, 45, 90, 135 and 180 Kg ha-1. They found clearly that grain and biological yields increased gradually with increasing nitrogen levels up to the highest level.  Schulte et al (2005) evaluate the response of quinoa to nitrogen fertilizer rates 0, 80 and 120 Kg N ha-1 and it's NUE; they found clearly that quinoa grain yield responded strongly to nitrogen fertilization up to the heaviest dose. Johnson and Ward (1993), Risi and Galwey (1994) and Pospisil et al (2006) supported these results.

In recent years, the cultivation of quinoa has gained rising attention. This study was undertaken to explore nitrogen (N) fertility requirements. For this purpose, 2-year field experiment with N rates of 0, 90, 180, 270 and 360 kg N ha-1 was conducted.

MATERIALS AND METHODS
The present investigation was conducted in the farm of Green Desert Egypt Association (GDEA), Wadi El-Natroon Region (Longitude 30.35o, latitude 30.4o and altitude 20m), located in Beheira Governorate, Egypt during 2008/2009 and 2009/2010 seasons. The experiment included five rates of nitrogen fertilization (0, 90, 180, 270 and 360 kg N ha-1) to study their effects on plant height, grain yield plant-1, grain yield ha-1, biological yield ha-1, field water use efficiency (FWUE), nitrogen use efficiency (NUE), total income, total costs and net return of quinoa cv Titicaca. The randomized complete block design (RCBD) with three replications was used. The area of each plot was 16.8 m2, 4.2 m in width (6 ridges 70 cm apart) and 4 m in length.


Quinoa was grown on one side of the ridge in hills spaced 20 cm apart then thinned to two plants per hill. Quinoa seeds were hand sown on 22th and 28th November in the first and second seasons, respectively. Plots were kept free of weeds through hand hoeing twice. Other cultural practices were performed as recommended. Harvesting of quinoa was after 119 days from planting date on 21th and 27th March in the first and second seasons, respectively.


The experimental field was finely prepared and calcium super phosphate (15% P2O5​) was applied during soil preparation at the rate of 71.4 Kg P2O5 ha-1. The preceding summer crop was maize in both seasons. Nitrogen in the form of ammonium sulfate (20.5%) applied in four equal doses, the first after four weeks from planting date and the other doses every two weeks.

The total applied water was 4400 m3 ha-1 and was carried out by added two mist irrigations every week. Applied water with using new mist irrigation system was obtained by using water counter. 

Experimental:

1. Soil analysis: Soil samples from each plot were taken from 0-30 cm depth before planting quinoa were mixed together and sent to laboratory for mechanical and chemical analysis in the first and second seasons, respectively.

Table 1. Soil mechanical analysis (Average of the two seasons).

	Soil Depth

(cm)
	Coarse Sand

(%)
	Fine Sand

(%)
	Silt 

(%)
	Clay

(%)
	Soil

Texture

	0-30
	26.2
	53.1
	11.9
	8.8
	Loamy sandy 


Table 2.  Soil chemical analysis (Average of the two seasons).

	Soil Depth (cm)
	SP
	pH
	EC (dS/m)
	CaCO3 (%)
	N

(mg/Kg)
	P

(mg/Kg)
	K

(mg/Kg)

	0-30
	20
	7.85
	1.98
	0.64
	38.5
	13.0
	104.6

	Soluble Cations

(meq/L)
	Soluble Anions

(meq/L)

	K+
	Na+
	Mg++
	Ca++
	So4--
	Cl-
	HCO3-
	CO3--

	0.8
	11.88
	2.32
	5.0
	10.37
	7.6
	2.03
	-


2. Water analysis: Three water samples were taken every 10 minutes from water pump, mixed together and sent to laboratory for chemical analysis in the first and second seasons, respectively.

Table 3.  Water Chemical Analysis (Average of the two seasons).

	SP
	pH
	EC (dS/m)
	Total Soluble Salts (ppm)
	Soluble Cations

(meq/L)
	Soluble Anions

(meq/L)

	
	
	
	
	K+
	Na+
	Mg++
	Ca++
	So4--
	Cl-
	HCO3-
	CO3--

	13.24
	7.85
	3.6
	2304
	0.48
	27.40
	3.35
	5.25
	20.35
	11.40
	4.37
	-


3. Meteorological data:  Meteorological data for Wadi El-Natroon Region during quinoa season received from Central Laboratory for Agricultural Climate (CLAC).

Table 4. Monthly meteorological data for Wadi El-Natroon Region during quinoa season.
	
	November
	December
	January
	February
	March

	Mean of temperature Co
	18.60
	14.10
	13.80
	14.80
	17.20

	Wind Speed (Km h-1)
	6.48
	7.20
	8.64
	9.72
	9.00

	PET* (mm)
	70.80
	55.80
	59.90
	69.90
	98.90

	Effective rain (mm)
	24
	18
	2
	4
	2


* Potential Evapotranspiration  

Data Recorded:

Samples were taken after 119 days from seeding date and consisted of ten plants taken at random from the two inner ridges from each plot representing the three replication, except for the yield and straw traits which was determined on plot basis in the both seasons, to determine the following traits: 
1. Plant height (cm).

2. Grain yield plant-1 (g).

3. Grain yield ha-1 (Kg).

4. Biological yield ha-1 (Kg).
5. Field water use efficiency (FWUE) = ratio of grain weight to applied water.
6. Nitrogen use efficiency (NUE) = ratio of grain weight to N supply.
7. Total income US $ ha-1, was calculated according to price of quinoa grains, source FAOStat data, 2012.
8. Total costs US $ ha-1, was calculated according to MALR (2011).
9. Net return US $ ha-1 (Net return = Total income - Total costs).
Chemical composition:

Grain samples from each replicate of best grain yield treatment were taken in the second season after harvesting and mixed together, left for air dried to 15% moisture content and sent to laboratory for chemical composition analysis (1000-grain weight for mixed sample at 15% moisture content was equal 2.56 g).

Statistical analysis:


Data were analyzed using ANOVA in Randomized Complete Block Design (RCBD) with three replications. MSTAT-C (1988) was used for statistical computations. 

RESULTS AND DISCUSSION

1. Plant height:

Results in table (5) obtained that there were increases in values of plant height trait with increasing nitrogen fertilizer rate up to 360 Kg N ha-1 in both seasons. Increases were significant between 0 and 90 Kg N ha-1 and between 90 and 270 Kg N ha-1, but without significant increases between 90 and 180 Kg N ha-1 or 180, 270 and 360 Kg N ha-1 in the first season, while in the second season the increases were significant among the nitrogen fertilizer rates till 270 Kg N ha-1 and without significant increases between 270 and 360 Kg N ha-1 only where difference failed to reach 5% level of significance. The increases plant height of quinoa with increasing N level are mainly due to role of N in stimulating metabolic activity which contributed to the increase in metabolites amount and consequently lead to internodes elongation and increase plant height with increasing nitrogen rate. These results were in agreement with these obtained by El-Behri et al (1993) and Posipisil et al (2006).   

2. Grain yield plant-1:

Results in table (5) indicate that there were increases in values of grain yield per plant trait with increasing nitrogen fertilizer rate up to 360 Kg N ha-1 in both seasons. Increases were significant among the nitrogen fertilizer rates till 90 Kg N ha-1 and between 90 and 270 or 360 Kg N ha-1, but without significant increases between 90 and 180 Kg N ha-1 or between 180 and 270 Kg N ha-1 or between 270 and 360 Kg N ha-1  in the first season, while in the second season the increases were significant among the nitrogen fertilizer rates till 180 Kg N ha-1 and without significant increases between 180 and 270 Kg N ha-1 only where difference failed to reach 5% level of significance. 

Table 5. Effect of nitrogen fertilization rates on plant height, grain yield plant-1, grain yield ha-1, biological yield ha-1, field water use efficiency (FWUE) and nitrogen use efficiency (NUE) in 2008/2009 and 2009/2010 winter seasons. 

	
	Plant height (cm)
	Grain yield plant-1
(g)
	Grain yield ha-1

(Kg)
	Biological yield ha-1

(Kg) 
	FWUE
(Kg mm-1)
	NUE

(Kg kg-1)

	
	2008 / 2009

	    0 Kg N ha-1
	18.47 c
	0.867 d
	95 e
	308 e
	0.22 e
	-

	  90 Kg N ha-1
	43.60 b
	5.718 c
	641 d
	1683 d
	1.46 d
	6.070 a

	180 Kg N ha-1
	47.87 ab
	6.817 bc
	855 c
	2030 c
	1.94 c
	4.227 b

	270 Kg N ha-1
	51.00 a
	8.217 ab
	1035 b
	2461 b
	2.35 b
	3.483 c

	360 Kg N ha-1
	52.73 a
	10.067 a
	1203 a
	2860 a
	2.73 a
	3.080 c

	
	2009 / 2010

	    0 Kg N ha-1
	17.63 d
	0.783 d
	89 e
	199 e
	0.20 e
	-

	  90 Kg N ha-1
	41.53 c
	4.200 c
	501 d
	1506 d
	1.14 d
	4.573 a

	180 Kg N ha-1
	46.20 b
	5.877 b
	745 c
	1802 c
	1.69 c
	3.640 b

	270 Kg N ha-1
	49.73 a
	6.677 b
	874 b
	2005 b
	1.99 b
	2.907 c

	360 Kg N ha-1
	51.78 a
	8.177 a
	1088 a
	2322 a
	2.47 a
	2.773 c


3. Grain yield ha-1, Biological yield ha-1 and Field Water Use Efficiency (FWUE).

Results in table (5) revealed that there were significant increases in grain and biological yields ha-1 and FWUE with increasing nitrogen fertilizer rate up to 360 Kg N ha-1 in both seasons.

The increases in grain yield ha-1 with the increase in nitrogen fertilizer application from 90 up to 360 Kg N ha-1 over the control treatment were 574.74, 800.00, 989.47 and 1166.32% and 462.92, 737.08, 882.02 and 1122.47% in the first and second seasons, respectively. 

Concerning biological yield ha-1 the increases in this trait due to the increase in nitrogen fertilizer rate were 446.43, 559.09, 699.03 and 828.57% in the first season and 656.78, 805.53, 907.54 and 1066.83% in the second season, respectively. 

In case of FWUE, maximum value was obtained when quinoa received highest rate of nitrogen (360 Kg N ha-1) in both seasons, whereas, minimum FWUE of quinoa plants was observed when plots received lowest N dose (zero nitrogen).

The increases in grain and biological yields and FWUE of quinoa with increasing nitrogen rates are mainly due to role of nitrogen in stimulating metabolic activity which contributed to the increase in metabolites amount most of which is used building yield ant its components. These results were in agreement with several investigators such El-Behri et al (1993), Johnson and Ward (1993), Jacobsen et al (1994), Risi and Galwey (1994), Meyer (1998), Schulte et al (2005) and Posipisil et al (2006). 

The general reduction in grain yield in both seasons may be due to irrigation water salinity or delaying planting date till the end of November. This result was supported by Shams (2010).
 Nitrogen Use Efficiency (NUE).

Results in table (5) indicate that there were significant decreases in values of NUE trait with increasing nitrogen fertilizer rate from 90 up to 270 Kg N ha-1 only while the significance between 270 and 360 Kg N ha-1 failed to reach 5% level of significance. The decreases in NUE with the increasing nitrogen fertilizer dose from 90 up to 360 Kg N ha-1 were 30.36, 42.62 and 49.26% and 20.40, 36.43 and 39.36% in the first and second seasons, respectively. 

 These results hold true in both seasons and supported by several investigators as Finck (1982), El-Behri et al (1993), Meyers (1998), Schulte et al (2005) and Pospisil et al (2006).
4. Total income, total costs and net return ha-1.

Data in table (6) indicated clearly that there were increases in values of total income, total costs and net return trait with increasing nitrogen fertilizer rate up to 360 Kg N ha-1 in both seasons. The differences between treatments from 90 to 360 Kg N ha-1 and the control treatment (zero nitrogen) in total income ha-1 were 720.72, 1003.20, 1240.80 and 1462.56 US $ and 543.84, 865.92, 1036.20 and 1318.68 US $ in the first and second seasons, respectively. 

All these results proved that quinoa crop can be grow under harsh conditions of sandy soils, arid environment and limited irrigation water salinity of 4400 m3 ha-1 profitably.

In case of total costs ha-1 the increases are equal in both seasons and were 75, 150, 225 and 300 US $, respectively. Increasing in total costs is due to adding more nitrogen fertilizer and correlated with increasing the nitrogen dose. These results are in agreement with those recorded by Jacobsen (2003), who reported that the economic result for the farmer depends on the yield and the price to be achieved for the crop and add that any improved result will be obtained with either an increased yield or a higher price.

Table 6. Effect of nitrogen fertilization rates on total income, total costs and net return (US $ ha-1) in 2008/2009 and 2009/2010 winter seasons. 

	
	Total income* ha-1
(US $)
	Total costs** ha-1
(US $)
	Net return  ha-1
(US $)

	
	2008 / 2009

	    0 Kg N ha-1
	125.40
	61.00
	64.40

	  90 Kg N ha-1
	846.12
	136.00
	710.12

	180 Kg N ha-1
	1128.60
	211.00
	917.60

	270 Kg N ha-1
	1366.20
	286.00
	1080.20

	360 Kg N ha-1
	1587.96
	361.00
	1226.96

	
	2009 / 2010

	    0 Kg N ha-1
	117.48
	61.00
	56.48

	  90 Kg N ha-1
	661.32
	136.00
	525.32

	180 Kg N ha-1
	983.40
	211.00
	772.40

	270 Kg N ha-1
	1153.68
	286.00
	867.68

	360 Kg N ha-1
	1436.16
	361.00
	1075.16


* Price of quinoa grains (US $ 1320 ton-1), source FAOStat data, 2012.

** Costs of land preparation (US $ 20), seeds (US $ 1.32 Kg-1)* and fertilizers (30 Kg P2O5 =US $ 27.8) & (90 Kg N =US $ 75), source MALR (2011).

5. Chemical composition of quinoa grains.

Results of chemical composition analysis presented in table (7) proved clearly that quinoa contain good percent of protein and about one fold of Lysine (essential amino acid), good percent of fat and Linoleic (fatty acid), lower content of carbohydrate and more than three folds of calcium and iron compared with wheat. These results were in agreement and supported by several investigators such as with those recorded by Koziol (1992) and Doweidar and Kamel (2011).

Table 7. Chemical composition of quinoa from the highest grain yield treatment (360 Kg N ha-1).

	
	Quinoa

	Moisture
	15.00

	Protein (N × 6.25): 
	14.30

	        Lysine (% of total amino acids)
	0.77

	Fat:
	5.00

	        Linoleic (% of total fatty acids) (C 18 : 2)
	43.58

	Fiber
	4.00

	Ash
	2.01

	Carbohydrate*
	59.69

	Ca (mg 100-g-1)
	87.62

	Fe (mg 100-g-1)
	15.91


* Calculated by difference.

Due to the chemical composition of quinoa, it is recommended to use quinoa flour for replenishing part of cereals gap by replacement of wheat or maize with quinoa flour specially for poor areas in deserts, low income people, school students and babies whom suffering from insufficient protein, essential amino acids and minerals specially calcium and iron in their foods and also for people whom suffering from celiac disease hence quinoa is gluten-free and considered easy to digest. These results are in agreement with those recorded by (Doweidar and Kamel, 2011), they report that tortilla breads and cake had acceptance (very good) at substitution level 25 and 50% of quinoa flour, while bitifore gave the same grade till the substitution level 75% of quinoa flour.
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إستجابة الكينوا لمعدلات التسميد النيتروجيني تحت ظروف الأراضى الرملية
عمرو سعد شمس
قسم بحوث التكثيف المحصولى ، معهد بحوث المحاصيل الحقلية ، مركز البحوث الزراعية ، الجيزة ، مصر.
الملخص
يعتبر محصول الكينوا من أهم محاصيل الغذاء بجبال الأنديز فى كلا من بيرو وبوليفيا من أكثر من 5000 سنة , وفى الأونه الأخيره جذب الإنتباه نظرا لقيمته الغذائية العالية ونموه الجيد تحت الظروف البيئية الصعبه من الجفاف وملوحة التربة. وبجانب إحتوائه على نسبه عاليه من البروتين فان حبوبه غنيه ايضا فى محتواها من الأحماض الأمينيه والمعادن والفيتامينات التى تواكب او تزيد على احتياجات الإنسان. لذا تم اختياره من قبل منظمة الأغذيه والزراعة كأحد المحاصيل ذات الدور الهام فى تأمين الأمن الغذائى فى القرن الحادى والعشرين نظرا لقيمته الغذائية وشدة تحمله للعديد من الظروف المناخية المعاكسه.

إن زراعة المحاصيل الحقلية تحت الظروف القاسية من بيئة قاحلة في التربة الرملية واستخدام مياه الرى ذات الملوحة العالية هي واحدة من أكبر التهديدات التي تواجه الأمن الغذائي وخاصة بالنسبة للمزارعين أصحاب الحيازات الصغيرة. محصول الكينوا  كمحصول غذائى تم إدخاله حديثا يمكن أن يعالج جزء من الفجوة الغذائية، حيث يتميز المحصول بتحمله للجفاف والملوحة ويمكن أن تنمو في التربة الرملية في المناطق القاحلة وشبه القاحلة ومع العوامل السلبية غير الحيوية الأخرى الأكثر ضررا والتي تؤثر على إنتاج المحاصيل. أجريت تجربة حقلية في مزرعة جمعية صحراء مصر الخضراء بمنطقة وادي النطرون (خط الطول 30.35o ، خط عرض 30.4o وارتفاع 20م عن مستوى سطح البحر)، التي تقع في محافظة البحيرة ، مصر خلال الموسمين 2008/2009 و2009/2010 لدراسة أفضل معدل من الأسمدة النيتروجينية من 0، 90، 180، 270 و 360 كجم للهكتار على نمو الكينوا تحت ظروف الأراضى الرملية وكمية مياه رى حقلى مضافة تعادل 4400م3 للهكتار من المياه الجوفية ذات ملوحة 3.6 ديسيسيمنز للمتر باستخدام نظام الري الضبابي. وكشفت النتائج أن تسميد الكينوا بمعدل 360 كجم نتروجين للهكتار أعطى أعلى ارتفاع للنبات 52.73 و 51.78 سم، محصول حبوب للنباتية 10 و 8 جرام ، محصول حبوب للهكتار 1203 و 1088 كجم للهكتار ، ومحصول بيولوجي 2787 و 2322 كجم للهكتار ، وكفاءة استخدام المياه في حقل 2.7 و 2.5 كجم للمليمتر، في حين أن أعلى قيم لمعدل كفاءة استخدام النيتروجين 5.4 و 3.4 كجم للكيلوجرام تم الحصول عليها عندما سمدت الكينوا فقط بمعدل 90 كجم نيتروجين للهكتار وذلك خلال الموسم الأول والثانى على التوالى .

الكلمات الكشافة : الكينوا ، الأسمدة النيتروجينية ، البيئة القاحلة ، كفاءة استخدام المياه الحقلية ، كفاءة استخدام النيتروجين. 
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