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7ABSTRACT

8Pot experiment laid out to study the effects of watering, nitrogen fertilization, and their interactions on the growth,

9dry matter production and water use efficiency of two cultivars(Egyptian Sakha94 cultivated in 2009/2010 season
10and Turkish Adana99 cultivated in 2010/2011 season) of wheat. The experiment laid out in randomized complete
11design. Cultivars were grown in pots at the greenhouse of the Faculty of Life and Environmental Science,
12Shimane University during 2009/2010 and 2010/2011 growing seasons. Two watering levels started after bootinq
13stage (well-watered and desiccated) and five nitrogen fertilization levels0.0,0.24,0.48,0.72 and 0.96 g pot
14(0.0,75,150,225,300 kg N h™) respectively, were designed.Our objective was to determine the effect of nitrogen
15(N) from ammonium sulfate split-applied at different rates before anthesis on water use efficiency under well-
l6watered and desiccated conditions in the recent Egyptian cultivarSakha94 and Turkish Adana99 used in pots.The
17results showed that the leaf area, shoot dry matter production at anthesis, total dry matter production, number of
18spikelets spike” ,number of spikelets pot’ ,number of spikes pot',spad value after sowing to anthesis time,
19consumptive use and water use efficiency of wheat increased with increasing level of nitrogen under well-watered
20conditions for both cultivars, but the stomatal conductance and transpiration rate decreased under desiccated
21conditions. No significantly difference among N levels under desiccated conditions.lt was considered that under
22our experimental condition applied 0.96 g N pot” (300 kg N ha™) led to significantly increase in WUE in both
23cultivars under irrigated and desiccated conditions. However, WUE was significantly higher in desiccated
24conditions than irrigated conditions in in Sakha94 than Adana99. May the primary cause of increased WUE,
25decreasing leaf chlorophyll concentration, photosynthesis rate and stomatal conductance (gs).
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331. INTRODUCTION

34Wheat (Triticumaestivum, L.) is the most important grain crop for bread flour and straw crop for livestock feed in
35Egypt [1]-The recent wheat production of 8.8 million tons [2] in Egypt was not sufficient to keep up with the
36population growth, and hence yield increases are greatly anticipated [3].Nitrogen (N) is the most effective fertilizer
37element to increase wheat yield [4]. In the Nile basin in Egypt, N fertilizer is applied to irrigated wheat several
38times from the sowing to stem elongation stages to realize the maximum economic yield [5].However, the hazards
390f soil pollution resulting from excessive N application have increased [1].Although urea is a popular N fertilizer,
40researchers are examining the superiority of ammonium sulfate for improving the efficiency of N use for wheat
41production (Jones et al. 2007and Hafez et al. 2012). However, the superiority of ammonium sulfate has not been
42confirmed in recent Egyptian wheat cultivars under irrigated and desiccated conditions.Because of population
43growth, the per capita share of water has dropped dramatically to less than1000 ("700) m3/capita, which, by



44international standards, is considered the "water poverty limit". The value may even decrease to 584 m®capitain
45the year 2025 [7].In Egypt, production is mainly dependent on Irrigation whereas water shortage and low nutrient
46availability are the main factors limiting the growth of crops in these areas [8].Fertilizer application has been
47reported to have a beneficial effect on improving WUE and grain yield of spring wheat [9].Photosynthetic capacity
48in wheat crop is the primary component of dry matter productivity [10].The final economic yield can be increased
49by increasing the rate of photosynthesis, by reducing wasteful respiration or by optimizing assimilate partitioning
50[11].Therefore, important to determine the effect of nitrogen (N) from ammonium sulfate split-applied at different
51rates before anthesis on water use efficiency under well-watered and desiccated conditions in the recent Egyptian
52cultivar Sakha94 and Turkish Adana99 used in pots.

532. MATERIAL AND METHODS
542.1. Plant materials and cultivation

55 Egyptlan spring wheat cv. Sakha94 and Turkish cv. Adana99 were grown in pots that the diameter was 20 cm
56(314 cm?) and its depth 1 m at the glasshouse of the Faculty of Life and Environmental Science, Shimane
57University. Sakha94 originated in the Field Crops Department, Agricultural Research Centre, Ministry of
58Agriculture, Giza, Egypt, and were the new bread wheat cultivars, released in 2005, which have white grains, high
59tillering, resistance to yellow rust and resistance to leaf rust under irrigated conditions in the Nile delta area
60[12].Adana99 is popular in the Mediterranean zone in Turkey, respectively. Pots were filled with black soil for rice
61seedling (andosol; Green soil, lzumo Green Co. lzumo, Japan). Six seeds were sown in a pot on
6210December2009/2010 and 30 October 2010/2011. The seedlings were reduced to three plants per pot after
63establishment. The pots were irrigated with a hand sprayer to maintain near field capacity moisture andcontinued
64for all pots till booting stage. After booting stage started the irrigation treatments in half pots water irrigation-
65holding and the irrigation continued in the second half of pots till maturity in non temperature controlled
66glasshouse in ambient CO, concentration.

672.2. N treatments

68The andosol was supplied with garden lime, 20 g per pot to adjust the soil pH to 6.6 before sowing. N component
69ofammonium sulfate was 20.6% and applied at the rate of levels 0.0, 0.24 ,0.48, 0.72 and 0.96 g pot-1 (0.0, 75,
70150, 225,300 kg N h™) respectively, three times: 20% before sowing, 50% at tillering and 30% at bootlng
71Superphosphate (P,Os) and potassium chloride (K.O) were applied at the rate of 0.6 g pot” (300 kg ha™') before
72sowing. The experiment was laid out in randomized complete design of two water treatmentsxfive amounts of
73fertilizer with four replicates in two cultivars.

742.3. Measurements
752.3.1. Plant dry weight, spike and spikelet number

76Three above-ground plants per pot were sampled at anthesis. After the leaf area was measured with a leaf area
77meter, plants were dried in an oven at 80°C for 48 hr and weighed. The numbers of spikes and spikelets per spike
78were counted. The relationship between these parameters and the amounts of applied N was curve-fitted by a
79quadric curve by the least square method, because plant responses to applied N generally should have an
800optimum or a ceiling point [13].

812.3.2. Transpiration rate, stomatal conductance, water consumptive use and water use efficiency

82Chlorophyll concentration of flag leaves was determined with a portable chlorophyll meter (SPAD-502, Soil-Plant
83Analysis Development (SPAD) Section, Minolta Camera, Osaka, Japan) was used to measure [14]. Stomatal
84conductance (gs)was measured on fully expanded flag leaves from the abaxial surface as mmol H,O m?s™ from
85three plants in each pot with a dynamic diffusion porometer (Delta-T AP4, Delta-T Devices Ltd, Cambridge, UK)
86during the middle of the day. Two measurements from both adaxial and abaxial surfaces of the leaf were taken.
87The porometer was calibrated at the start of each measurement session. It measured in the fine days (following
88weather) every 4 or 7 days from booting till harvest with a porometer. [15].Measurement in the top leave and front
89(ra) and back side (rd) of the center of the leaf.



90Total leaf conductance (rl) is 1/rl = 1/ra +1/rb

91Soil water content (SWC) was measured every 4 days by time domain reflectometry (TDR) from the beginning till
92the end of the stress period. Readings of soil dielectric constant were converted to a measure of soil water
93content as described by [16].

94SWC=(-619.2BD+631)TDR reading—64.7BD+74.3(H20 g cm-3) whereas Soil Bulk Density (BD) = 0.9

95Water use efficiency (WUE): calculated by this Equation WUE=(DMI/(Tr/VPD))  Where, DMI is dry weight
96difference between booting and maturity, Tr is the transpiration rate [(PWDn-(n-1)+--+PWD1), and VPD is
97average vapor pressure deficit at day time between booting and maturity [17].VPD is measured with a
98humidimeter and logger for 30 min interval [17].Temperature and humidity will be measured and logged with a
99temperature and humidity senser and logger before booting [17].

1003. RESULTS AND DISCUSSION
101
1023.1.The effect of applied of ammonium-N at booting stage on leaf area, shoot dry matter and Spad value
103
1041n both cultivars, leaf area (fig. 1), shoot dry matter (fig. 3) and spad value(fig. 8) increased with the increase in
105applied N. The rate of increase in the amounts of applied N was greater at 0.96 g pot'1 (300 kg ha") Nand was
106highest in Sakha94.There were linear relationships between leaf area (fig. 1), shoot dry matter (fig. 3), spad value
107(fig. 8) and the dry weight in each cultivar and N amounts, although theslope of the line and hence the dry weight
108per pot varied with the cultivar. Therefore, the increase in shoot dry matter by an increase in N amounts before
109anthesis was accompanied with an increase in leaf area and chlorophyll concentration (Spad value), resulting in
110shoot dry matter[10].This growth response to N supply became apparent, was mainly due to an N-induced
111enhancement of leaf and lateral shoot growth [18].Pre-anthesis accumulated N represented 57-92% and 54—
112129% of total N at maturity at the low and high N levels [19].
113
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123Fig1. Leaf area (cm?) at anthesis under different amounts of applied nitrogen fertilizer of ammonium sulfate in two
124  (Sakha 94 and Adana99) spring wheat cultivars in 2009-2010 and 2010-2011 season. Each data is mean +
125 standard error of four replicates. Standard error less than sizes of symbols was omitted for clarify.
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Fig.2. Green leaf area (cm?) at anthesis under different amounts of applied nitrogen fertilizer of ammori2ih sulfate
in two (Sakha 94 and Adana99) spring wheat cultivars in 2009-2010 and 2010-2011 season. Each data28 mean *
standard error of four replicates. Standard error less than sizes of symbols was omitteti2®r clarify.
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Fig.3. Shoot dry matter production (g pot?) at anthesis under different amounts of applied nitrogerifsttilizer of

ammonium sulfate in two (Sakha 94 and Adana99) spring wheat cultivars in 2009-2010 and 2010-20BR2season.
Each data is meanz standard error of four replicates. Standard error less than sizes of symbols wasl3@itted for
134clarify.

135 3.2. The effect of applied of ammonium-N at maturity stage on Number of spikelets per spike, Number

136 of spikelets (pot"), total dry matter and leaf chlorophyll concentration under well watered and desiccated
137 conditions.

138 In both cultivars, Number of total dry matter (fig. 4),spikelets per spike(fig. 5), Number of spikelets (pot™) (fig.
139 6) and leaf chlorophyll concentration (fig. 9) increased with the increase in applied N in both water treatments but
140 the increase under well-watered conditions was higher than desiccated conditions in all above parameters. The
141 rate of increase in the amounts of applied N was greater at 0.96 g pot'1 (300 kg ha'1) N and was highest in
142 Sakha94.There were linear relationships between Number of total dry matter (fig. 4) , spikelets per spike(fig. 5),
143 Number of spikelets (pot”) (fig. 6) and leaf chlorophyll concentration (fig. 9) in each cultivar and N amounts
144 under water treatments, The spikelet number consists of the spike number and spikelet number per
145 spike[10].The difference in spikelet number between the plants treated with the N-fertilizer resulted mainly from
146 the difference in spike number, not from spikelet number per spike, in both cultivars. Thus, the response of
147 spikelet number to applied N was much lower in Adana 99 than in Sakha 94.[1]stated that Sakha94 surpassed
148 the other two varieties in all studied traits except spike length,grain weight per spike and 1000-grains weight
149 whereas Giza 168 surpassed the other two varieties in these traits. Increasing N fertilizerlevels significantly
150 increased all studied traits in both seasons. The maximum grain yield was achieved by 214 kg N/ha.as
151 ammonium sulphate with Sakha94. Yield and its components were increased with increasing soil field capacity
152 from 60 to 100%. [20] noticed that there was a significant effect of the interaction between irrigation and N
153 treatments on growth, and consequently on yields. The increase in spikelet number per plant by N fertilizer was
154 due to an increase in spike number, that is, fertile tiller number as it was previously shown by field experiments
155 [21]. [19]suggested that over high or low post-anthesis soil moisture content could cause the early senescence of
156 flag leaves and decrease kernel weight. Under the same post-anthesis soil moisture content, the SPAD value,
157 and photosynthetic rate increased, indicating that increased N fertilization could postpone the senescence of



158 wheat flag leaves. However, over N application was not favorable to the increase of kernel weight, especially

159 under the condition of post-anthesis soil moisture deficiency.
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167 Fig.4. Total dry matter production(g pot®) after anthesis under different amounts of applied nitrogen fertilizer

168  of ammonium sulfate under irrigated and desiccated conditions in two (Sakha 94 and Adana99) spring wheat
169 cultivars in 2009-2010 and 2010-2011 season. Each data is mean + standard error of four replicates.
170  Standard error less than sizes of symbols was omitted for clarify.
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172 Fig.5. Number of spikelets per spikeunder different amounts of applied nitrogen fertilizer of

173  ammonium sulfate under irrigated and desiccated conditions in two (Sakha 94 and Adana99) spring wheat
174  cultivars in 2009-2010 and 2010-2011 season. Each data is mean * standard error of four replicates.
175  Standard error less than sizes of symbols was omitted for clarify.
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Fig.6. Number of spikelets (pot™) under different amounts of applied nitrogen fertilizer of ammonium sa#ate under

irrigated and desiccated conditions in two (Sakha 94 and Adana99) spring wheat cultivars in 20097810 and

2010-2011 season. Each data is mean * standard error of four replicates. Standard error less thar9sizes of
symbols was omitted for clarify. 180
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203 3.3.The effect of applied of ammonium-N at maturity stage on green leaf area, leaf chlorophyll

204 concentration after heading,stomatal conductance, transpiration rate, consumptive use and water
205 use efficiency under well watered and desiccated conditions.

206

207  3.3.1. Green leaf area and leaf chlorophyll content

208

209In both cultivars, measured green leaf area (fig. 2), leaf chlorophyll concentration(fig. 9), stomatal conductance
210(fig. 10),transpiration rate(fig. 11), consumptive use (fig. 12) and water use efficiency (fig. 13) after heading till
211maturity time under water treatments and N amounts. The results found that green leaf area and leaf chlorophyll
212content decreased dramatically after heading time under both well-watered and desiccated conditions. The
213reduction was higher in Adana 99 under desiccated condition than well-watered-condition. Both green leaf area
214and leaf chlorophyll concentration were decreased higher in lowest levels of nitrogen than higher one that kept the
215green leaf for a longer time. When the rate of photosynthesis is low, due to imposed water stress and an
216increased rateconstant of thermal dissipation of excitation energy and this increase represents a mechanism to
217down regulate photosynthetic electron transport and match utilization of NADPH and ATP under reduced
218photosynthesis [22][23]. [24].showed that water deficit remarkably increased the N translocationratio derived from
219so0il and the contributions of N in various vegetative organs to grain N. It is suggestedthat water deficit would
220weaken the availability of fertilizer N but enhance the remobilization of prestoredN to the grains.

221

222 3.3.2. Stomatal conductance

223

224The results of the present study clearly revealed that stomatal conductance (fig. 10) was significantly higher at
225nitrogen level of 0.96 g pot™ (300 kg ha™') N ascompared to all other nitrogen treatments in both cultivars under
226water treatments after heading till maturity but stomatal conductance was significantly decreased under
227desiccated condition after heading till maturity. Results of present study are also in line with the findings of [25],
228who reportedincreased stomatal conductance in wheat with Napplication.The major factor for enhanced
229productivity is the net CO, assimilation rate. CO.assimilation rate in plants is controlled by stomatal conductance
230[25].Decrease in stomatalconductance as a result of water deficit could be the main reason of reduced
231CO0.assimilation rate. These results are in conformity with the findings of [26] who also reported reduction in
232expansion of leaves and stomatal conductance areason of reduced photosynthetic rate in wheat under water
233stress. Another reason of this decreased photosynthetic rate may be the decreased leaf water potential and
234relative water content under water stress due to limited irrigation, which has a pronounced effect on
235photosynthetic rate. Changes in leaf water potential might be attributable to a change in osmotic pressure, the
2360smotic component of water potential [27].Results of our experiment are in line with the findings of [28] [29] who
237reported that N concentration in plants alters water relations of plants under waterstress conditions[30]found that
238the photosynthetic gas exchange parameters (transpiration rate and stomatal conductance) are remarkably
239improved by water application and nitrogen nutrition. Water use efficiency (WUE) reduced with increasing number
2400f irrigations and increased with increasing applied nitrogen at all irrigation levels.

241

242

243  3.3.3. Transpiration rate

244

245The effects of water and nitrogen (N) supply on transpiration rate (Tr) at days after heading were examined in
246both wheat cultivars(fig. 11).The results of the Present stud1y clearly revealed that transpiration rate (Tr) was
247significantly higher at nitrogen level of 0.96 g pot” (300 kg ha') N as compared to all other nitrogen treatments in
248both cultivars under water treatments after heading till maturity but transpiration rate (Tr) was significantly
249decreased under desiccated condition after heading till maturity. This may due to low consumptive use and
250stomata closure led to lower transpiration rate under desiccated condition but under well-watered condition found
251higher consumptive use and stomata opening let to higher transpiration rate [31].The transpiration rate is
252dependent on the diffusion resistance provided by the stomatal pores, and also on the humidity gradient between
253the leaf's internal air spaces and the outside air the effect of different levels of nitrogen on stomatalconductance
254rate and transpiration rate are recommended the highest dose of nitrogen[32]. [33]revealed a linear relationship
255between the rate of transpiration and the uptake rates of nitrogen. [33]found that crops took up more nitrogen as
256canopy transpiration rate increased and Whole-plant transpiration was affected by both fertility and VPD.
257Increasing VPD increased the evaporative demand experienced by the plants. Thus, they lost more water from
258their stomata. Increasing N amounts also increased transpiration by increasing leaf area from which water



259transpired. Transpiration per unit leaf area also showed a higher rate of water loss when plants were exposed to

260high VPD.
261 3.3.4. Consumptive use
262

263t can be clearly seen from the data in (fig. 12) that the wheat water consumptive use significantly increased with
264increase of nitrogen amounts.Eck ( 1988) found that consumptive use of winter wheat increased with increments
2650f N through 140 kg ha™' on non-stressed treatments while it decreased on stressed treatments. The present
266study showed that WUE of wheat increased with increase in nitrogen upto 0.96 g pot'1 (300 kg ha'1) N in Sakha
26794 than Adana99 under water treatments. However, water consumptive use significantly increased under well-
268watered conditions much more than desiccated conditions in both cultivars. Desiccated conditions was less
269consumptive use than well-watered conditions because of stomata closure during the water stress whereas
270[31]stated that irrigationtreatments significantly affected ET after normalizing for vapor pressure deficit (ET/VPD)
271during the growing season. Supplemental irrigation at 50% and 100% of soil water deficit. The decreased wheat
272water consumption mainly resulted from the decreased stomata conductance and transpiration rate [34].Stomatal
273conductance of wheat steadily decreased under desiccated conditions at days after heading in both cultivars[34].
274[35]showed that the average seasonal consumptive water use (CU) by wheat increased with every additional
275irrigation level to a maximum of 328.4 mm and 301.7 mm in the first and second season respectively.

276

277  3.3.5. Water use efficiency

278WUE (fig. 13) was greater for desiccated treatment and maximum total dry matter production was achieved with
279well-watered condition. The genetic gains in dry matter yield were associated with increasing in biomass, and
280spikelet numbers per spike for cultivars released in different years. No significant correlations were found between
281a significant relationship was found between stomatal conductance N-amounts after heading time. Stomatal
282conductance increased significantly under well-watered condition and decreased dramatically in desiccated
283conditions after heading to maturity (fig. 10). [36]stated that water use efficiency (WUE) tended to increase with
284increase in nitrogen from 90 to 150 kg ha'in wheat.Relationships were apparent between WUE and date of
285anthesis and total dry matter production at maturity. The positive relationship between total dry matter production
286and WUE for all the cultivars indicated that using a higher yielding cultivar has the potential to improve WUE and
287thereby to save water[37]. [38]reported that the water use efficiency of wheat was higher with limited irrigation
288(0One each at crown-root initiation and flowering stage) and decreased with adequate irrigation (One each at
289crown-root initiation, late tillering , late jointing, flowering and milk stages) condition. This means that production of
290grain per mm of water used decreased with increase in water supply and the relative increase in the grain yield of
291wheat has not been in proportion to the increase in consumptive use, thereby resulting in decrease in water use
292efficiency under adequate irrigation. [39]in Madhya Pradesh reported that maximum water use efficiency of wheat
293was obtained when one irrigation applied at late jointing stage.[32]found that WUE of winter wheat increasedwith
294increments of N on non-stressed treatments while it decreased on stressed treatments. The present study
295showed that WUE of wheat increased with increase in nitrogen upto 0.96 g pot-1 (300 kg ha'1) N in Sakha 94 than
296Adana99 under water treatments. WUE showed significant increases with increase in nitrogen application and the
297values were comparable with those reported by many workers for wheat based on total dry matter yield and
298transpiration rate.
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Adana99) spring wheat cultivars in 2009-2010 and 2010-2011 season. Each data is mean + standard error of
four replicates. Standard error less than sizes of symbols was omitted for clarify.
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Fig.11. Transpiration rate (kg day') after days of anthesis under different amounts of  applied
nitrogen fertilizer of ammonium sulfate under irrigated and desiccated conditions in two (Sakha 94 and
Adana99) spring wheat cultivars in 2009-2010 and 2010-2011 season. Each data is mean t standard error of
four replicates. Standard error less than sizes of symbols was omitted for clarify.
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Fig.12. Consumptive use (kg pot”) under different amounts of applied nitrogen fertilizer of ammonium sulfate
under irrigated and desiccated conditions in two (Sakha 94 and Adana99) spring wheat cultivars in 2009-2010
and 2010-2011 season. Each data is mean * standard error of four replicates. Standard error less than sizes
of symbols was omitted for clarify.
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Fig.13. Water use efficiency (g dry matter kg™ water use) under different amounts of applied nitrogen fertilizer
of ammonium sulfate under irrigated and desiccated conditions in two (Sakha 94 and Adana99) spring wheat
cultivars in 2009-2010 and 2010-2011 season. Each data is mean + standard error of four replicates.
Standard error less than sizes of symbols was omitted for clarify.

4. Conclusion

With respect to water shortage in some regions of the world, it is suggested to optimize efficiencies of
consumptive and water use and decrease of transpiration by stomata closure. Physiological water uptake and
keeping by plant could be controlled via agronomic practices such as water management, N-fertilization and
selecting suitable cultivars.Our results showed that there were significant differences between cultivars in
dealing with desiccated conditions as well as spike yield, total dry matter yield and WUE.Our experimental
condition demonstrated that applied 0.96 g N pot'1 (300 kg N ha'1) led to significantly increase in WUE under
irrigated and desiccated conditions in both cultivars. However, WUE was significantly higher in desiccated
conditions than irrigated conditions in Sakha94 than Adana99.It was concluded that appropriate N application
and post-anthesisdesiccated conditions could postpone the plant senescence by keeping green leaf area and
increase the spike yield of wheat.lt might be recommended that applicationof N and selecting cultivars
tolerant tolater season water stress be considered for improving WUE and wheat yields. Also, future studies
would need additional effort to consider WUE in pre anthesis periods, whereas many physiological changes
occur in these stages.



369 COMPETING INTERESTS
370  Authors have declared that no competing interests exist.

371  REFERENCES

372. Hafez EM,Aboukhadrah SH,Sorour SG,Ragab AY. Comparison of agronomical and physiological nitrogen use
373 efficiency in three cultivars of wheat as affected by different levels of N-sources. Proc.13th international Conf.
374  Agron.,Fac.ofAgic., Benha Univ., Egypt, 9-10 September. 2012;130-145.

375

37@. FAO. Crop prospects and food situation.No.1.March;2014.

377  Available:http://www.fao.org/docrep/019/i3618e/i3618e00.htm

378

3¥9 Seleiman MF, Abdel-Aal SM, Ibrahim ME ,Monneveux P. Variation of yield, milling, technological and rheological
380 characteristics in some Egyptian bread wheat (Triticumaestivum L.) cultivars. Emir. J. Food Agric. 2010; 22 (2):
381 84-90.

382
383.SalwauMI.Effect of soil and foliar application of nitrogen levels on yield and yield components of wheat. (T.
384 aestivum L.) Ann. Agric. Sci. Moshtohor.1994; 32:705-715.

385. OttesonBN, MergoumM, Ransom JK. Seeding rate and nitrogen management effects on spring wheat yieldand
386  yield components.Agron. J. 2007;99:1615-1621.

387

388. JonesCAB, Brown D, Jackson GD. Management of urea fertilizer to minimize volatilization. A Kansas State

389 University publication by Dr. David Kissel;2007.

390. Abd EI-Rahman G. Water use efficiency of wheat under drip irrigation systems at Al-Maghara Area, North Sinai,
391 Egypt. American-Eurasian J. Agric. & Environ. Sci.2009; 5 (5): 664-670.

398. Li FM, Song QH, Liu HS, Li FR, Liu XL. Effects of pro-sowing irrigation and phosphorus application on water use
393 and yield of spring wheat under semi-arid conditions. Agric. Water Manag.2001; 49: 173-183.

399. Zi-Zhen, L, Wei-Deal,WenLong L. Dry-period irrigation and fertilizer application affect water use and yield of
395 spring wheat in semi-arid regions. Agric.Water Manag.2004;65: 133—143.

3960. Hafez EM,Tohru K.The Effect of Different Nitrogen Sources from Urea and Ammonium Sulfate on the Spikelet
397  Number in Egyptian Spring Wheat Cultivars on Well Watered Pot Soils. Plant Prod. Sci.2012; 15(4):
398  332—338.

3991. Lawlor DW. Photosynthesis, Productivity and Environment. J. Exp. Bot.,1995; 46: 1449-1461.

4002. Shehab ED.An introduction to Sakha 94, the new bread wheat cultivar.J.Agric. Sci. Mansoura Univ.2005;30
401  (1):91-101.

4023. Marschner H. Mineral Nutrition of Higher Plant.Acd.Press. London.1995; 184-200.

4034. CastelliF,ContilloR,Miceli F.Non destructive determination of leaf chlorophyll content in four crop species. J.
404  Agron. and Crop Sci.1996; 177: 275-283.

4055. lzanloo A, Anthony G, Thorsten S. Different mechanisms of adaptation to cyclic water stress in two South
406 Australian bread wheat cultivars. Journal of Experimental Botany.2008; 59, (12):3327—3346.

4076.Topp GC, DavisJL.Time domain reflectometry (TDR) and its application to irrigation scheduling. In Advancesin
408 Irrigation. Ed. D. Hillel. Academic Press, New York, pp.1985;107—-127.



4097. Tanner CB, Sinclair TR. Efficient water use in crop production: research or re-search? In: Taylor HM, Jordan
410  WR, Sinclair TR,eds.Limitations to efficient water use in crop production. Madison, WI: American Society of
411  Agronomy.1983;1-27.

4128. Keller Mand Koblet W. Dry matter and leaf area partitioning, bud fertility and second season growth of
413 vitisvinifera L. : Responses to nitrogen supply and limiting irradiance. Vitis.1995;34 (2), 77-83.

4149. Przulj N, Mom¢ilovi¢ V. Dry matter and nitrogen accumulation and use in spring barley. PLANT SOIL
415 ENVIRON.2003;49(1)36—47.

41@0. Abou El Hassan WH, Emad MH, Alaa AAG, Mohamed FR, Mahmoud FS.Impact of nitrogen fertilization and
417 irrigation on N accumulation, growth and yields of Zea mays L. Journal of Food, Agriculture and Environment
418  2014;(In press).

419

42@1. Power JF,AlessiJ. Tiller development and yield of standard and semidwarf spring wheat varieties as affected
421 by nitrogen fertilizer. J. Agric. Sci.1978; 90: 97-108.

4222. Lu C, ZhangJ. Effects of water stress on photosystem liphotochemistry and its thermostability in wheat plants.
423  —J. exp. Bot. 1999;50:1199-1206.

424

4223. Subrahmanyam D, Rathore VS. Influence of manganese ;ptoxicity on photosynthesis in ricebean

426  (Vignaumbellata) seedlings—Photosynthetica. 2000; 38: 449-453.

4224. Xu ZZ, Zhen-Wen Yu, Dong W. Nitrogen translocation in wheat plants under soil water deficit. Plant and
428  Soil.2006;280:291-303.

4225. Shangguan, ZP, Shao MA,Dyckmans J. Nitrogen nutrition and water stresseffects on leaf photosynthetic gas
430  exchange and water use efficiency in winterwheat. EnviExp Bot. 2000b; 44, 141-149.

4326.Passioura JB.The yield of crops in relation to drought. In: Boote KJ, BennettJM, Sinclair TR and Paulsen GM
432 (Eds.). Physiology and Determination ofCrop Yield.pp. 434-359 ASA, CSSA, SSSA, Madison. W1;1994.

4327. Siddque MRB, Hamid Al.Drought stress effect on water relationsof wheat.Bot Bull Acad Sin. 2000; 41, 35-39.

4328.Radin JW. Water relations of cotton plants under nitrogen deficiency.lV- Leafsenescence during drought and its
435 relation to stomatal closure. Physiol. Plant. 1981;51, 145-149.

436

4329.Radin JW, BoyerJS. Control of leaf expansion by nitrogen nutrition insunflower plants.Physiol Plant.1982;69,
438  771-775.

439

44Q30. Eliaz AW,Ahmad R.Physiological responses to water stress and water managementin wheat (Triticumaestivum
441 L.):evaluation of gas exchange,water relations and water use efficiency.Fourteenth International Water
442  Technology Conference, IWTC 14 2010; Cairo, Egypt.

443

4481. Karam F, Rabih Kb, Joe BB, Youssef Rc, Theib O. . Yield and water-production functions of two durum wheat
445  cultivars grown under different irrigation and nitrogen regimes.agricultural water management.2009; 96,603-
446  615.

4432.Eck HV.Winter wheat response to nitrogen and irrigation.Agron. J., 1988;80(6):902-908.

4483. Novak V, Vidovic J. Transpiration and nutrient uptake dynamics in maize (Zea mays L.) Ecological
449  Modelling.2003;166, 99-107.
450



4584
452

4535
454

4536
456
457

4587
459
460

4688.

462
463
4689
465
466
467
468
469
470
471
472

473

474
475

476

477

478

. Liang Z, FusuoZ,Mingan S,JianhuaZ. The relations of stomatal conductance, water consumption, growth rate
to leaf water potential during soil drying and rewatering cycle of wheat.Bot.Bull.Acad.Sin.2002; 34:187-192.

. Kibe AM, Singh S. Influence of irrigation, nitrogen and zinc on productivity and water use by late-sown wheat
(Triticumaestivum). Indian Journal of Agronomy. 2003;48(3):186-191.

. Gajri PK, Singh J, Arora VK, Gill BS. Tillage response of wheat in relation to | rrigation regimes and nitrogen
rates on an alluvial sand in a semi-arid subtropical climate.Soil Tillage Res.,1997, 42:33-46.Indian Journal of
Agronomy Year : 2003; 48, (3)186-191.

. Zhang X, Suying C, Hongyong S, Yanmei W, Liwei Sh. Water use efficiency and associated traits in winter
wheat cultivars in the North China Plain. Agricultural Water Management.2010;97( 8): 1117-1125.

Sarma A, Singh H,Nanwal RK. Effect of integrated nutrient management on productivity of wheat
(Triticumaesitivum) under limited and adequate irrigation supplies. Indian J Agron. 2007b;52 (2), 120-123.

. Behera UK,Ruwali KN, VermaPK,Pandey HN. Productivity and water use efficiency of macaroni (Triticum
durum) and bread wheats (Triticumaestivum) under varying irrigation levels and schedules in the vertisols of
central India. Indian J. Agron.2002; 47 (4), 518-525.



