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Abstract 

alinity problem ever presents in Egypt. Rice (Oryza sativa L.) 

S crop is more relevant and common crop under area affected 
by salt stress in Egypt. Grain yield of rice under target area 
is still low as compared to normal soil or national average 
grain yield in Egypt. Furthermore, people living in such area 

suffer from severe poverty thereby, increasing grain yield of rice in 
these areas is badly needed for food security and poverty 
alleviation. Sowing rice on early date of April 20th with higher 
seedling quality and vigor, young seedlings of 25 to 30-d old were 
found to be effective under salt stress in Egypt. The proper spacing 
of lSxlS cm with 3-6 seedling hiU-1 based on salinity levels and rice 
cultivars was appropriate under saline condition. The economic 
rates of N,P,K and Zn nutrients under saline soils are 165, 54, 58 
and 24 Kg N, P205, K20 and Zn504 ha·1

, respectively. Nitrogen 
basal application is not recommended for saline soil and application 
of small nitrogen dose at the end of booting stage significantly 
delayed senescence under salt stress, resulting in improving grain 
filling and leading to high grain yield. The experiments conducted 
under such dilemma revealed that potassium spray at 2% of K2S04 

at mid-tillering, panicle initiation and end of booting stages could 
substitute the application of 58 kg K20 ha·1 and the application of 
7t of FYM and St rice compost straw for two or three successive 
years and could reduce chemical nitrogen fertilizer to half of the 
recommended dose. The irrigation intervals every 3 or 4 days was 
suitable under high salinity level and the irrigation intervals could 
be prolonged up to 6 days with moderate salt level with water 
ponded depth of 6 cm. Mixed water with salinity level of 1.9-2.1 dS 
m·1 could be used all season or up to panicle initiation and shifting 
to drainage water with salinity level of 5 dS m·1 up to harvest. The 
transplanting on bed under newly reclaimed saline soil could be 
applied for higher water productivity with proper management of 
water. 

Keywords: Oryza sativa L., Soil salinity, cultural practices, 
fertilization and irrigation management. 

INTRODUCTION 

.r' 

The everlasting salinity problem in Egyptian soil, is ascribed to climate, more 

salt in Nile river resulted from water pollution, water shortage, sea water intrusion, 

and irrational human practices (Pessarakli and Szabolcs, 1999, Wassmann et al., 

2004). High salt content in soils is a persisting problem constraining crop production in 

vast areas in Egypt, estimated at 0.9 million ha, out of 3.2 million ha cultivated area in 

which they are mainly irrigated by poor quality water such as El -Salam Canal, Bahr 
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El Bakar, Qoshenar canal and several unknown canals. Furthermore, climate change 

induced sea water level rising causing more submergence problems with salt water in 

large area of coastal area. Saline soils have an excess of neutral soluble salts such as 

chlorides and sulfates. Plant growth is adversely affected because of reduced water 

uptake, salt toxicity, and nutrients imbalance. There are also areas where both salinity 

and alkalinity occur simultaneously. Rice is moderately sensitive to salt stress, yet still 

preferred as a reclamation crop due to its unique ability to thrive in standing water. 

Sensitivity also varies with the climate and the stage of development, with poor 

association between tolerance at the two most sensitive stages, early seedling and 

reproduction (Zayed, 2002, Moradi et. al., 2003, Peng and Ismail, 2004). 

For most rural poor framers in these areas, their only hope is to make the 

best out of their poor-quality water and land to meet their food needs.. In Egypt, 

present rice yields are below 5.50 t ha·1 under saline soil based on salinity level, while, 

the national average is 10.2 t ha·1
• Thereby, releasing new elite cultivars and proper 

recommendation package has to be developed to landslide this gab. In some coastal 

areas, rice is the only crop that can be grown in the summer season. The limlted time 

period of freshwater supply constrains cropping intensification, and farmers are risk

averse in these difficult environments. Also, salinity occurs in association with other 

soil-related stresses. Improving crop productivity in these areas addresses the primary 

concern of the poor and mainly subsistence farmers, which assurs household food 

supplies. The abil~ty to achieve higher productivity in less time and by using land and 

water resources that are otherwise unusable would also release pressure on crop 

production in other more favorable areas where, in time periods when farmers can 

engaged in other farming activities to generate more income. 

Salinity tolerance at the seedling and reproductive stages is critical but good 

cultural practices and fertilizers management program could cope with the 10 low ~alt 

tolerance at these stages The physiological bases of salt tolerance during the seedling 

stage are fairly well anderstood in rice and key traits were identified such as high 

seedling vigor, salt exclusion, compartmentation in structural and older tissues, up

regulation of the antioxidant system, and high tissue tolerance (Flowers and Yeo, 

1986) . 

. Water management, together with soil reclamation and crop management 

strategies, hold the key to enhancing crop survival and productivity, as well as 

improving soil quality. Improving recommendation packages of rice crop under saline 

soil were found to be effective in enhance salinity tolerance and increasing grain yield 

of rice under salt affected area (Zayed, 1997 and 2002, Zayed et. al., 2004, 2005, 

2006 and 2007, and Shehata et. al., 2007). 
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The objectives of the present review were to briefly review recent efforts to 

better recommendation package of rice adaptation to salt stresses that are common 

in irrigated soil cultivated by rice in Egypt and to highlight efforts to integrate results 

of advances in rice agronomy and crop natural resources management into rice 

agronomy program. 

3-Management of rice under saline soil 

Tackling salinity problems would include the use of various interventions such 

as reclamation, good drainage system, water management and soil amendments. In 

the second stage of soil reclamation in Egypt, rice is grown as main summer crop, 

usually following barley or berseem or sugar beet and wheat. Nowadays, rice is 

annually grown in the northern part of Delta whereas salinity problem is widely spread 

in order to maintain favorable salt balance. Higr productivity of rice under salt 

affected soils could be obtained by merging elite cultivar with high capability to salt 

tolerance and develop integrated water, soil, and nutrient management strategies to 

cope with the effect of salt stress. 

3.1. Releasing salt tolerant cultivars 

To accomplish this avenue, rice salinity breeding program, RRTC, FCRI, ARC, 

is conducting annual experiment under field and green house conditions to evaluate 

release and indentify salt tolerant cultivars and sources for genes salt tolerance. 

During the last two seasons, there were some rice genotypes with high capability for 

salinity tolerance 

Table 1. The promising lines selected from FYT (inbreeds) and AYT (hybrids). 

Hybrid Genotype 
Inbred Genotype Grain yield t ha-1 Grain yield ( t ha-1

) 

(AYf) 
(FYT) 

-
Sakh 105 (sensitive) 4.03 EHR! 6.5 

Sakha 106(5) 3.95 EHR2. 6.43 

Giza178(tolerant) 6.55 SK2027H 6.45 

Giza 179 CD 6.70 SK2128H 6.35 

GZ9461-4-2-3-1 6.90 Giza178 6.1 

GZ9399 6.60 GZ9399 5.9 

LSD0.05 0.2 - 7.5 

EC(dS m-1
) 7.0 - 7.5 

Sources (2014, RRTC Annual Report), FYT-final yield trial AYT, advanced hybrid yield trial. 
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As furnished in Table 1 there are some inbred and hybrid rice new cultivars 
' 

with high salt and alkaline tolerance have been released and tested. 

3.2. Cultural practices management 

Ttle Agronomy Salinity Program of Rice Research and Training Center (RRTC) 

in Egypt is conducted at El-Sirw Agricultural Research Station, which is located at the 

north-east part of the Delta under salt stress condition with poor irrigation quality 

water. The overall goal of this program is to improve the rice cultivation management 

for tackling salinity problem facing rice planting in the Nile Basin. 

The experiments conducted under saline soil conditions indicated that direct 

seeded rice either, broadcasting or dibbling planting methods was found to be 

superior to transplanted rice. Furthermore, dibbling seeded rice surpassed other 

planting methods (Abd El-Rahman et. al./ 1990) (Table2). 

Table 2. Means of grain yield (t ha-1) as affected by the interaction between rice 
cultivars and planting methods. 

.~ 

Giza172 Giza 176 
Planting method 

1989 1990 1989 1990 

Broadcasting 5.4 5.7 5.5 5.9 

Dibbling 5.4 6.0 6.4 6.3 

Transplanting 4.5 5.0 5.3 5.6 

LSD0.05 0.36 0.31 0.36 0.31 

Source: AbdEI Rhman et. al. (1990) 

3.3 Raising seedling vigor of rice under salt stress 

Initial seedling vigor is one criterion needed for enhancing rice salt tolerance 

either during seedling or reproductive stages. High seedling vigor could be achieved 

by using modern breeding tools. Interestingly, good nursery management including 

fertilizer, seed rate and pre-sowing seed treatment or chemical spray treatment during 

nursery could significantly improve seedling quality and vigor (Zayed et. al./ 2005). 

Zayed et. al. (2005) stated that the seedling vigor of hybrid rice was significantly 

better under saline soil in Egypt when low seed rate was used. 

Bassiouni (2008) studied the effect of pr-sowing seed and nursery treatment 
' 

on seedling vigor, growth and yield of hybrid rice under saline soil in Egypt. He found 

that di-ammonium phosphate (OAP) spray at the concentration of 2% at 14 _days 

after sowing in nursery gave positive and significant effect on seedling vigor, rice 

healthness, rice growth, rice salt tolerance and ultimately, high grain yield under such 

conditions (Tables 2, 3 and 4). 
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Table 3. Seedling characteristics as affected by various pre-sowing and nursery 
chemical treatments during 2006 and 2007 seasons under saline conditions. 

Root volume Number of white Number of tillers 

Treatment seedlim ·1 (cm)3 roots seedling·1 seedling·1 

2006 2007 2006 2006 2007 2006 

Control 0.52d 0.73e 12.Sd 13.4d 3.lf 2.8f 

Soaking in ZnS04 (2%) 0.76bc 0.953cd 13.2bc 16.6abc 3.8bc 3.4bcd 

Soaking in DAP (2%) 0.76bc 0.97bcd 13.?ab 16.6abc 3.5de 3.4bcd 

Soaking in NaCl (1%) 0.90a 1.28a 13.9a 17.7a 4.la 3.9a 

Soaking in cytokinin (75 ppm) 0.73bc 0.99bcd 12.7cd 15.5c 3.6bcd 3.2cde 

Soaking in GA3 (100 ppm) 0.84ab 1.23a 14.0a 17. 9a 3.9ab 3.7ab 

2% of N and K spray at14 DAS 0.73bc 0.98bcd 13.4ab 16.89ab 3.7bcd 3.2de 
• 

2% of ZnS04 spray at 14 DAS 0.70c 0.93cd 12.4d c 3.2ef 2.9ef 

2% of DAP spray at 14 DAS 0.84ab 1.13ab 137ab 15.8bc 3.9ab 3.5ab 

75 ppm of cytokinine spray at 14 0.84ab 1.00bc 13.6ab 17.lab 3.4def 3.Qfjef 

DAS ** ** ** 16.8abc ** ** 

F test ** 

Table 4. Seedling characteristics and rice grain yield as affected by various pre-sowing 
and nursery chemical treatments during 2006 and 2007 seasons under 
saline conditions. 

Treatment N% in shoot 

2006 

Control 2.113c 

Soaking in ZnS04 (2%) 2.390ab 

Soaking in DAP (2%) 2.320ab 

Soaking in NaCl (1%) 2.407ab 

Soaking in cytokinin (75 ppm) 2.330ab 

Soaking In GA3 (100 ppm) 2.467a 

2% of N and K spray at 14 DASt 2.470a 

2% of ZnS04 spray at 14 DAS 2.313b 

2% of DAP spray at 14 DAS 2.473a 

75 ppm of cytokinine spray at 14 DAS 2.343ab 

F-test ** 

Sources: (Tables, 3 and 4) Bassiouni (2008). 

t DAS, days after sowing. 

2007 

2.00c 

2.373ab 

2.417a 

2.417a 

2.393a 

2.477a 

2.473a 

2.373ab 

2.487a 

2.333ab 

** 

Chlorophyll content Grain yield 

!SPAD) It ha-1) 

2006 2007 2006 2007 

26.48d 25.lOe 4.80d S.55d 

29.60ab 31.92abc 6.0Bbc 6.46bc 

28.60b 29.65cd 5.63c 6.22c 

30.13a 32.40ab 6.56ab 6.81ab 

27.85c 30.17bcd 5.66c 6.46bc 

30.lBa 32.70a 6.90a 7.26a 

29.23ab 30.90bcd 6.19bc 6.41bc 

27.93c 29.37d 5.74c 6.44bc 

30.23a 32.85a 6.94a 7.30a 

29.55ab 29.25d 6.04bc 6.39bc 

** ** ** ** 
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3.4.Sowing date: Seedling age and plant density 

The optimum sowing date might promote salinity tolerance in rice and its 

prod.uctivity. Interestingly, early sowing date, i.e ,late April and beginning of May was 

found to be more suitable for sowing rice under saline soil (Abd El-Rahman et al. 

1992). Assey et. al. (1992), Dewedar (2004) and Zayed et. al. (2005a) found that 

sowing rice at late April and beginning of May first gave superior growth, yield and its 

components of rice under saline soil that enabled rice plant growing under such 

conditions to avoid the high temperature and irrelevant relative humidity particularly 

at sensitive rice growth stages to salt stress (Tables) 

Table 5. Grain yield and straw yield of Sakha 104 rice cultivar as affected by sowing 
date under saline soil. 

Straw yield (t ha.1) Grain yield (t ha·1
) 

Treatment 
2003 2004 2003 2004 

Sowing date (D): ' 

April, 25 5.27 5.58 3.75 4.08 

May,10 5.01 5.06 3.53 3.61 

May,25 4.86 4.95 3.24 3.45 

June,10 3.90 4.14 2.39 2.51 

LSDo.os 0.16 0.12 0.19 0.129 

Source: Zayed et. al. (2005). 

Seedling age,. under Egyptian condition and Egyptian cultivars, the young seedlings 

performed better under saline soil than the older seedling. RRTC (1991) and Zayed 

(2006) stated that the 25 day-old seedlings gave the highest grain yield and that was 

fact for both hybrid and inbred rice. The old seedling up to 40 days severely restricted 

the grain yield as follows : 

Grain yield of Giza 178 rice cultivar as affected by seedling age under salt stress 
conditions. 

Seedling aoe (days) 25 30 35 40 LSD0.05 

Grain yield (t ha·11 7.80 7.0 6.0 4.5 0.5 

Sou!ce: RRTC (2002) 

Plant density 

The optimum density has to be well defined to obtain high yield of rice crop 

under saline soil. The low tillering capacity gave lower panicles m-2
, while the high 

tillering capacity caused competition and shading and consequently lower yield of 

paddy. Under saline soil conditions, Abd El- Rahman et. al. (1996), El- Hawary and 
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Gabr (1998), Zahran (2000), Abd El salam (2003) Zayed et. al (2005a) and Shehata 

et. al. (2006) stated that the narrow spacing of 20 x 10, 15 x 20 or 15 x 15 and 15 x 

10 were the best for rice growing under such conditions where they gave best rice 

growth, leaf are:a index (LAI), dry matter production, tiller numbers, effective tillers, 

grain yield, straw yield and harvest index, while they gave the lowest values of panicle 

weight, filled grains panic1e·1 and 1000-grain weight against wider spacing of 20 x 20 

or 20 x 25cm. 

Abd El-Rahman et. al. (1990) under saline soil conditions, stated that, plant 

height, number of grains panicle-1, and weight of grains panic1e·1 were slightly 

decreased as number of seedlings hilr1 increased from 3 to 9 seedlings, while grain 

yield was increased by increasing up to 9 se~dlings as increasing number of panicles 

hilr1 and dry matter. Moreover, Attia et al. (1994), Hundal et. al. (1999), Panda et. al. 

(1999), Zayed (2005) and Kengo and Kitano (2005) reported that increase in yield 

and yield attributes was found as a result of increasing of seedling hiU-1 to 4 or 5 and 

6. Abd El- Salam (2006) under newly reclaimed soil stated that increasing number of . ~ 

seedlings hiU-1 up to 7, significantly increased plant height, panicle length, harvest 

index, dry matter production, panicle numbers, number of filled grains panicle·1
, 1000-

grain weight and grain yield of rice crop. 

Table 6. Average of grain yield of Giza 178 as affected by the interaction between 
spacing and No. seedlings hilr1 during 2005 and 2006. 

No. Seedlings. hiU-1 

Spacing 
2005 season 

3 6 9 

. 15 x 10 4.09 4.49 4.53 

15 x 15 4.83 5.98 5.16 

15 x 20 3.58 4.89 4.88 

LSD o.os 0.53 

2006 season 

15 x 10 4.60 5.54 5.38 

15 x 15 5.44 6.51 5.65 

15 x 20 4.07 5.30 5.43 

LSD o:os 0.32 , 

Source: Shehata et. al. (2007) 

.. 
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4-Fertilizer management 

Out of a number of factors responsible for salt-induced inhibition in plant 

growth, nutrient deficiency which is the most crucial factor that reduces plant growth 

and crop productivity because both macro- and micronutrients are important 

constituents of enzymes, hormones, and cellular structures. However, nutrient uptake 

by the plant from soil is influenced by the activity of membrane transporters that 

mediate their intra- and inter-cellular distribution (Epstein and Bloom, 2005, 

Marschner, 1995 and Tester and Davenport, 2003), for example, ca2-ATPases 

(Ca2+pumps) for Ca2 (Geisler et. al., 2000), inward- and outward-rectifying K channels 

for Na and K (Maathuis and Amtmann, 1999), HVSTI for S04 (Smith et. al., 1997), and 

different kinds 9f transporters for nitrate and ammonium (Epstein and Bloom, 2005). 

In view of a number of reports, it is suggested that salt-induced nutrient deficiency 

may have been due to Na-induced blockage or reduced activity of these transporters 

(Maathuis and Amtmann, 1999, Qi and Spalding, 2004, Rus et. al, 2oq~4 and Tester 

and Davenport, 2003). However, salt-induced nutritional disorders can be alleviated 

by ttie addition of mineral nutrients in the growth medium 

Availability of plant nutrients in problem soils is severely limited to sustain 

high production of crops. Successful crop under saline environments requires the 

optimum nutrients management. Good fertilizer management might enhance salinity 

tolerance and improve rice growth besides correcting the ion imbalance occurs under 

salt stress. 

4.1. Nitrogen fertilizer management 

4.1.A Nitrogen level, At early stage under saline soil whereas the modern and more 

salt tolerance did not release the optimum nitrogen level was found to be 100 Kg N 

ha-1 unde( high pH level (AbdEl-Rahman et. al, 1990 and AbdEl-Rahmari et. al., 

1996). Recently; since the more salt tolerant cultivars have been developed, the 

optimum nitrogen level was found to- be 165 kg N ha-1 (Abd-EI- Rahman, 1999 and 

Zayed et. al, 2005a). Zayed et. al. (2006) found that the hybrid rice significantly 

responded to nitrogen application up to 180 kg N ha-1
• Sometimes the farmer under 

saline planted the sensitive cultivar thereby, Zayed et. al. (2006) stated that high 

nitrogen level of 180 kg N ha-1 could be relevant to sensitive rice cultivar under saline 

soil (Table?). 
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Table 7. 1000- Grain wt (g) and grain yield (t ha-1
) of rice as affected by the 

interaction between rice cultivars and nitrogen levels during 2005 and 2006 
seasons. 

N level kg 1000- grain wt (q) Grain yield (t ha-1) 

cultivar 
ha·1 2005 2006 2005 2006 

0 19.83 19.36 4.53 4.48 

60 20.71 20.03 5.68 6.08 
SK 2034H 

120 21.56 20.58 6.33 6.71 

180 22.57 21.60 7.97 8.13 

240 22.10 22.03 8.13 8.18 

0 23.03 20.28 3.74 4.09 

60 21.63 20.63 4.89 5.13 

SK 2025H 120 22.18 21.68 5.19 5.44 

180 22.93 22.45 5.80 6.21 

240 22.70 23.08 5.88 6.23 
·'""' 

0 19.63 19.23 4.22 4,39· 

60 20.::!3 19.96 5.29 5.42 

Giza178 120 21.48 20.69 6.08 6.18 

180 22.21 21.73 6.81 7.18 

240 22.08 22.18 6.51 6.91 

Source, Zayed et. al. (2006) 

4.1.B. Methods of nitrogen application-Under saline soil conditions, high nitrogen 

use efficiency could be achieved by splitting recommended nitrogen level in three or 

four doses. The basal nitrogen application under salt stress is not recommended 

under and small nitrogen dose it has to be applied at the end of booting stage (Zayed, 

1997 and Zayed et. al., 2007). The later authors found that in the first study two third 

of recommended nitrogen application in two equal doses at 15 and . 3? days after 

transplanting as topdressing + 6.75 kg of urea applied as foliar at panicle initiation 

gave the highest grain yield under saline soil compared to all top-dressing or all foliar 

application at mentioned stages. Zayed et. al. (2007) reported that any basal nitrogen 

application under saline soil failed to exert any yield improvement in salt stressed rke 

plant. Furthermore, more nitrogen splitting after transplanting, one of them at booting 

stage has to be applied under saline soil, particularly for hybrid rice (Table 8). 
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Table 8. Grain yield (t ha-1) as affected by the interaction between rice cultivars and 

time of nitrogen applications under saline soil. 

cultivar 
Time of n]trogen application 

Sakha104 SK202SH SK2058H Sk2047H 

2/3B+l/3PI 5.800 5.03 5.25 5.25" 

1/3B+ 1/3MT + 1/3PI 5.65 6.20 6.05 6.05 

1/3T + 1/3MT + 1/3PI 5.98 6.80 6.63 6.63 

1/3T + 1/3PI + 1/3F 6.55 7.60 6.40 6.40 

B+ 1/4MT + l/4PI+ 1/4FY. 5.70 6.85 - 6.23 6.23 

T +1/4MT +1/4PI+l/4F% 6.95 7.35 7.40 7.40 

B+ f/4T + 1/4MT + 1/4PI-2%F% 5.75 6.93 6.78 6.78 

Weekly application 5.60 6.88 6.55 6.55 

LSD P~ 0.05 0.48 

Source: Zayed et. al. ( 2007a). 

B, basal, MT Mid tillering, PI, panicle initiation, F, flowering 

4.1.C. Nitrogen source-Urea and ammonium sulfate gave similar results but the 

ammonium sulfate could be recommended under high sodicity (RRTC, 1998). 

4.1.D. Organic fertilizer 

Raising rice production under saline soil with less input may help in poverty 

alleviation and contribute to food security and sustainability. Using farm yard manure 

(FYM) is more important as organic nitrogen source, soil amendment and improving 

soil fertility and environment. El-Rewainy (2002), Gosh and Singh (2003), Reddy et 

al. (2003) and Baig et. al. (2004) stated that increasing (FYM) up to 5 t fed-1 or 10 t 

ha·1 significantly increased rice growth and yield attributing traits as well as gfain yield 

and its nutrient 'content. Zayed et. al. (2005b) under saline soil found similar results. 

Interestingly, Za.yed et. al. (2006c) indicated that the application of 10 t FYM ha-1 was 

found to be an efficient to save around 50 -65 kg N ha-1 under saline soil. Recently, 

more studies were conducted under saline soil by Zayed (2008) about using of rice 

straw compost and (FYM) under saline soil, whereas, this experiment was mainly 

aimed to explore the utilization of organic and bio fertilizer for rice production to 

enhance soil and water productivity under newly reclaimed saline soil in rice-wheat 

cropping system. 

The data listed in Table 9 showed that nitrogen chemical fertilizer at the rate 

of 165 kg N h-1 gave the highest grain yield of rice without any significant differences 

with those produced by 0.5 t FYM+83kg N ha-1 5.0 trice compost straw +83kg N ha·1 
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and Azospeenl/um inoculation. However, it was deduced that, the chemical nitrogen . 
fertilizer could be reduced under saline soil by applying 5 t rice compost straw and 

FYM or using bacteria Azospeeril/um inoculation with half of recommended for several 

years .Also the previous mentioned combination without any chemical used could be 

used effectively after its application for several years. The present study will be 

continued in the next year to confirm its results with wheat too (Zayed, 2008). 

Table 9. Grain yield of rice cop as influenced by organic and bio-fertilizer. 

Organic applied B. Rice 
Organic applied B. Grain 

cultivar yield 
Grain yield (t ha-1

) 
(t ha-1) (Wheat) 

5.39 Giza178 4.20 

6.28** SK2034H 4.99** 

- Treatment -
3.50 Control 3.4 

6.60 165Kg N ha-1 6.40 

6.40 7.5t FYM+83kq N ha-1 5.50 .!" 

6.50 5.0 t RCS +83kg N ha-1 5.53 

6.50 Azosoerrilum+83 kqN ha-1 6.00 

5.80 7.5t FYM+5.0RCS+AZO 5.40 

0.60 LSD0.05 0.70 

7.50 ECe dS m-1 8.0 

Source: Zayed (2008), 

FYM, Farm yard manure, AZO-Azosperillum 

4.2. Phosphorous (P+) fertilizer: 

Long ago, Champagnol (1979) reported in a comprehensive review that 34 of 

37 different studies showed that addition of P to saline soil increases crop growth and 

yield. At early stage, results of fertilizer experiments on Egyptian soil indicated that P 

application had little effect on grain yield and. straw yield whereas, rice response to 

phosphorous application was not definite in many areas that mainly might due to 

using high P fertilizer rate with the previous crop. It is very interesting to mention that 

the Egyptian farmers applied more P in the form of Calcium super phosphate at early 

stage of soil salinity reclamation because it might be had high ability to improve soil 

characteristics such as soil drainage and also the phosphorus suppressed Cl uptake. 

Interestingly, the optimum grain yield of rice was obtained when the rate of 

36 KgP20 5 ha-1 was used in the form of calcium super phosphate (Abdel Rahman, 

2002). Zayed. (2009) stated that the modern rice cultivars are more salt tolerant and 

responded to P fertilizer application up to 72 Kg P20 5 ha-1 particularly for hybrid and 

high yielding cultivars (Table 10). 
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Table 10. Grain yield of some rice cultivars as affected by various rates of 
phosphorous under saline soil. 

P rates Kg P204 ha·1 Rice cultivar 

Giza177 Giza178 Sakha104 SK2034H 

0 4.60 6.11 5.92 7.34 

36 5.44 7.52 6.88 8.10 

72 6.61 8.29 7.50 9.04 

108 6.02 7.61 6.88 8.20 

Source: Zayed (2009) 

4.3 Potassium fertilizer 

Potassium has essential functions in osmoregulation, enzyme activation, 

regulation of clever pH, cation- anion balance, regulation of transpiration by stomata, 

and the transport of assimilates and subsequently raised rice tolerance qf salinity. 

(Lee and Senadhira, 1996 and Zayed et. al./ 2002) found that increasing the K uptake 

ability under stress enables rice plant to grow healthy under salt stress. Muhammed 

and Neue (1987), and Qadar (1998) referred that K+ addition to saline culture solution 

markedly improved rice yield and yield attributes as a results of increasing K+ uptake 

and decreasing Na+ uptake. 

4.3. a Optimum potassium rate 

In Egypt under salt stress, Zayed (2002), Abd El Rahman et. al. (2004) and 

Zayed et. al. (2007a) stated that rice plants grown under salt stress significantly 

responded to potassium application up to the rate of 72 Kg K20 ha-1
• Furthermore, 

they stated that potassium application improved salt tolerance via reducing Na uptake 

and Na/K ratio, increases rice growth and minimize sterility happened under salt 

stress. 

Table 11. Grain yield t ha-1, Na and K mmol kg-1 leaf contents and Na/K ratio 

Traits K rate ko K, 0 ha·1 

0 24 48 72 LSD 0.05 

Grain yield t ha-1 4.82 5.50 6.10 6.84 0.21 

Na+ ppm 729 678 611 530 15.0 

K+ppm 504 541 600 672 9.0 

Na/K ratio 1.49 1.27 1.03 0.79 0.04 

Source: Zayed et. al. (2007a) 
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4.3. b. Improving potassium application: 

Ghoshi et. al. ( 1995), Devasenapathy (1997), Thakur et. al. (1999), Meena 

et. al. ( 2003) and Zayed et. al. (2006b) reported that rice crop performed better 

when splitting application of potassium. Under saline soil in Egypt, RRTC (2006) and 

Zayed et. al. (2007b) stated that dividing potassium application into splits 1/3 Basal + 

1/3 mid tillering + 1/3 panicle initiation significantly improved rice growth, rice salt 

tolerance and ultimately rice grain yield (Table 12). Furthermore, potassium splitting 

significantly improvedleaf area index (LAI), drr matter (DM) ,chlorophyll content , N 

and K+ leaf contents at heading, grain yield attributing characters and grain yield in 

both seasons of study. 

Potassium application at one dose, as basal, significantly failed to exert any 

improvement in rice growth or enhancing its withstanding to water and salinity 

stresses. The splitting, including dressing at panicle initiation, showed its superiority in 

enhancing rice tolerance to both water and salinity stresses and, subsequently, 

improved rice growth and grain yield. Also, the potassium application at the 

maximum tillering or tillering stages, with panicle initiation encouraged rice plant; to 

grow healthy under such stresses. The triple potassium splitting as follows: 1/3 basal 

+1/3 maximum tillering (MT) + 1/3 panicle initiation (PI gave the highest values of all 

studied traits (Table 12). 

Table 12. Panicle weight (g), grain yield (t ha-1), N% and K+ content (mmol kg-1 dry 
leaf)as affected by potassium splitting treatments in 2005 and 2006 seasons. 

Trait Panicle wt Grain vield N% K+ content 

Treatment 2005 2006 2005 2006 2005 2006 2005 2006 

K+ Splitting treatments: 

All basal (B) 2.64 2.66 5.46 5.71 2.234 2.211 476 481 

112 B +1/2 MT 2.79 2.83 6.19 6.61 2.337 2.327 513 518 

1/2 T + 1/2 PI 2.91 2.92 6.90 7.22 2.396 2.403 539 547 

1/3 B + 1/3 MT +1/3 PI 2.97 3.04 7.25 7.57 2.487 2.461 576 584 

LSD(0.05) 0.08 0.11 0.18 ·0.16 0.35 0.03 8 12 

Source: Zayed et. al. (2007b). B, basal, MT Mid tillering, PI, panicle initiation 

4.4. Zinc fertilizer: 

Rice under saline -alkaline soil and submergence conditions suffers from Zn 

deficiency under saline soil in Egypt. It was found that applying Zn to rice growing 

under saline soil significantly increased rice grain yield and improved rice performance 

under such conditions. Most of the experiments conducted under saline soil in Egypt 

indicated that the optimum Zn rate for rice grown unr' --r saline soil is 24 Kg Zn 504 ha-

1 (RRTC, 1999) (Table 13). Foliar application of 2% L- • . c. sulfate will help to correct Zn 

deficiency in rice under saline soil. 
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Table 13. Grain yield of Sakha 101 rice cultivar as affected by zinc rate under salt 
stress. 

Zinc rate (Ko ZnS04 ha-1
) 0 12 24 36 LSD 0.05 

Grain yield t/ha-1 4.30 5.27 5.52 5.51 0.19 

5. Water management 

5.1. Optimum irrigation interval 

Continuous sub-mergence irrigation in saline soil is generally recommended 

with good drainage system under saline soil to help leaching salt by drainage from the 

root zone, particularly with poor quality water in which fresh water is always 

unavailable under salt affected soil. It was found that irrigation every 4-day interval 

under saline soil gave the highest grain yield and received the highest amount of 

water, which leached the salt and decreased the amount of salt in the root zone 

compared with 6- and 8-day intervals (Table 14) (El-Mowelhi et. al., 1995 and Zayed, 

1997) 

Table 14. Grain yield of rice (t ha-1
) as affected by irrigation intervals under.saline soil. 

Irrigation interval Grain vield t ha-1 

1995 1996 

4-d 4.03 6.49 

6-d 3.76 5.68 

8-d 3.29 4.54 

LSD0.05 0.18 0.12 

Source: Zayed, (1997) 

5.2. Using poor quality water: 

Continuous flooding with saline water resulted in decreasing in rice growth, 

yield and leaf contents of ca+2 and K+1 (Sultana et. al., 2001 and Shehata, 2004). In 

addition, using poor quality water significantly increased when the poor qualtity water 

was continuously used while the K+1 was decreased (Al- Nabulsi, 1998 and Atwa, 

1999). It was found that the effect of saline water was less hazardous when it was 

used at late growth stage as plant becomes more salt tolerant. Recently, in Egypt 

under saline soil, Zayed et. al. (2006) found that the mixed water with salinity level of 

1.9-2.ldS m-1 could be used all season or up to panicle initiation and shifting to 

drainage water with salinity level of 5 dS m-1 up to harvest. Furthermore, Zayed et. al. 

(2006) stated that the mixed water or drainage water from high salted soil level could 

be used with water depth of 6 cm every 4 days. However, Zayed et. al. (2007b) found 

that the proper ponded. water depth was 6 cm when the poor quality or fresh water 

was used under saline soil. 
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5.3. Enhancing water productivity 

Recently, Zayed et. al. (2007b) found that the 6-day irrigation interval was 

comparable to 3-day irrigation interval under newly reclaimed saline soil as for grain 

yield, while 9-day interval significantly restricted the grain yield of rice, yield 

components, N% and K+ content (Table 15). Regarding water productivity, Zayed et 

al (2007b) reported that the irrigation interval of three days gave the highest values 

of evapotranspiration (ETa) mm, percolation, water requirement and total applied 

water in the two seasons of study. On the contrary, watering every nine days gave 

the lowest values of such water measurements (Table 15). However, the medium 

irrigation interval of six days gave the highest values of water productivity either 

economically or physically (Tables 16, 17 , 18) 

Table 15. Panicle. weight (g), 1000- grain weight (g), grain yield (t ha-1
), N% and K+ 

content (mmol kg-1 D leaf)as affected by irrigation intervals and potassium 
splitting treatments in 2005 and 2006 seasons. 

trait Panicle wt Grain vield N% K+ content 

Treatment 2005 2006 2005 2006 2005 2006 2005 z'b06 

Irri .intervals days: 

3 2.96 2.97 7.07 7.37 2.483 2.496 562 573 

6 2.81 2.86 6.90 7.19 2.413 2.428 543 549 

9 2.71 2.76 5.38 5.75 2.195 2.127 473 477 

LSD (Q.05) 0.1 0.12 0.17 0.19 0.094 0.03 18 18 

Table 16. Evapo-transpiration ETa (mm), percolation (mm),water requirement (WR) 
(mm) and total applied water (I) m3 ha-1 as affected by three irrigation 
intervals during 2005 and 2006 seasons. 

Water 
Irrigation interval Evapotranspiration Percolation Total water 

requirement 
applied (I) m3 ha·1 (clays) (ETa)( mm) (mm) 

(WR)(mm) 

2005 2006 2005 2006 2005 2006 2005 2006 

3 827 836 320 350 1147 1186 15207 15300 

I'\\\ 6 810 816 280 300 1090 1096 13790 13898 

9 777 780 215 215 986 995 10978 11350 
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Table 17. Physical water productivity for Evapotranspiration (ETa), water requirement 
(WR) and total applied water (I) in 2005 and 2006 seasons. 

Irrigation Physical water Physical water productivity Physical water productivity 

interval productivity ETa (WR) Kg grain m·3 (I) Kg grain m·3 

(days): Kg grain m·3 water water water 

2005 2006 2005 2006 2005 2006 

3 0.85 0.88 0.61 0.62 0.47 0.48 

6 0.85 0.88 0.63 0.63 a.so 0.52 

9 0.69 0.74 0.55 0.58 0.47 0.50 

Table18. Economic water productivity for evapotranspiration (ETa), water requirement 
(WR) and total applied water (I) in 2005 and 2006 seasons. 

·C 

Irrigation . Economic water Economic water Economic water 

interval productivity ETa productivity (WR) L.E m·3 productivity (I) i..E m·3 

(days): L.E m·3 water water water 

·~"' 
2005 2006 2005 2006 2005 2-006 

3 0.55 0.62 0.39 0.40 0.30 0.34 

6 0.55 0.63 0.41 0.42 0.32 0.37 

9 0.33 0.33 0.26 0.33 0.23 0.29 

5. 4.Raising rice on bed for water saving under newly reclaimed saline soil . . 
During the 2007 and 2008 seasons an experiment was conducted to develop 

rice plant on bed and levees for water saving (Zayed, 2008). The results of this 

experiment indicated that the lowest.'value of total applied water was obtained when 

drilling planting on bed was followed as in the table above .The planting on levees 

gave reasonable total applied water after drilling . Both regular and irregutar 

transplanting gave the same values of total applied water of 11800 m·3
· The data in 

Tables 19 and 20 indicated that regular transplanting on bed gave the highest values 

of physical water productivity and P.conomic water productivity and it gave the lowest 

values of yield reduction which was amounted to be 7% (Table 20). 

From the above discussion, it was concluded that transplanting on bed 

confirmed its superiority regarding water productivity and rice yield under such 

conditions .It could be recommended that more studies is needed to confirm the 

planting methods and disseminate it with other studies about salinity balance resulting 

from using this technology. 
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Table 19. Physical and economic water productivity of rice as influenced by bed 
planting methods in saline soil. 

Trait PWP kg rice m-3 EWP L.E m-3 

Treatment 

Watering every 4 d. 0.53 0.45 

Sub.water. every Sd. 0.33 0.20 

Sat water. Every 8 d. 
.. 

0.30 0.17 

Drilling rice on bed 0.57 0.45 

Ireg. Transplanting. on bed 0.54 0.44 

Reg. transplanting .on bed 0.60 0.52 

Levees 0.55 0.44 

Table 20. Water save and corresponding yield reduction % as affected by rice planting 
on bed under saline soil. 

Trait Water save Yield reduction% 

(m3) 
.:"" 

Treatment 

Watering every 4 d. - -

Sub. water. every Sd. 1100 41% 

Sat water. every 8 d. 2100 51% 

Drilling rice on bed 3350 18% 

Ireg. transplant. on bed 2700 17% 

Reg. transplanting .on bed 2700 7% 

Levees 2900 17% 

CONCLUSION 

It could be- concluded that the following points have to be disseminated in 

the target area through ~pecial technology transfer program to salt affected soil in 

Nile Basin of Egypt. 

1-Giza 179, Giza179 and HER, could be used under salt stress. The most 

relevant planting method of rice under salt stress is broad cast seeded rice. 

2-Early sowing in the terms of April 2, May 10, ensures seedling at 30d old is 

being effective. Zinc application at rate of 12Kg ZnS04 fed- 1 at the beginning of the 

season. Ammonium sullphate and urea at the rate of 69KgN fed-1 and recommended 

for rice under alkaline and saline soil, respectively. 

3-Nitrogen spitted into three or four doses, one of them at the 

commencement of booting stage showed better growth and high yield. All nitrogen 

has to be applied as topdressing since; basal application was inferior. 
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4-Potassium at the rate of 12Kg K20 fed- 1 as basal and 2% spraying at panicle 

initiation and booting stage. Phosphorus application in the form of calcium super 

phosphate at the rate of 25Kg P20 5 fed-1 as basal application seems to be fruitful for 

improving soil properties and increasing rice yield under salt stressed soil. The 

irrigation intervals every 6 d at the depth of 6 cm is recommended for salt leaching 

and rice grain yield as well as improving soil properties 

REFERENCES 

1. Abd El-Rahman, A.A.M. 1999. Performance of some varieties as influenced by 

different Nitrogen levels under saline salt affected soil. Egypt. J. of Agric ., Res., 

77(2), 713-720. 

2. Abd El-Rahman, A.A.M., A.E. Abd El-Wahab and S.A Ghanem. 1990. Productivity of 

rice as affected by different number of seedlings per hill and nitrogen levels under 

saline soil conditions. Agric. Res. Rev., 68(7):1421-1427. .,. 

3. Abd El-Rahman, A.M.M., B.A. Zayed, and S.M. Shehata. 2004. Response of two 

rice cultivars to potassium fertilizer under saline soil. Egypt .J. Agric., Res., 82(1), 

209-217. 

4. Abd El-Rahman, A.A.M. 1997. Productivity of rice as affected by different number 

of seedling per hill and nitrogen levels under saline soil. Proc.4th Conf. Agron. 

Cairo, 15-16 Sept 1: 295-302. 

5. Abd El-Rahman, A.A.M., M.A. Shata and M.A. Nour. 1992. Effect of cultural 

practices on broadca seeded rice productivity under saline soil. Proc. 5th Egyptian 

Conf. Agron .. Zagazig Univ., 13-15 Sept. (1):87-95. 

6. Abd El-Rahman, A.A.M, M.H. Ghonema and A.A. Leilah. 1996. Yield and its 

attributes of two rice entries as influenced by hill spaces and nitrogen levels under 

saline soil conditions. Proc ih Conf. Agronomy, Mansoura Univ., 9-10. 

7. Abd El-Salam, K.M.H .• 2006. Effect of some agricultural practices on yield and grain 

quality of rice in newly reclaimed soils-MSc. Thesis, Agron. Dept, Fae. of Agric 

(Saba Basha) Alex. University, Egypt. 

8. Abd El-Salam, R.M. 2003. Effect of some cultural treatments on rice yield and its 

components. M.Sc. Thesis, Fae. of Agric., Agron. Dept., Cairo Univ., Egypt. Sppt., 

133-140. 

9. Al-Nabulsi, Y.A. 1998. Effect of saline water irrigation frequency and crop on some 

soil chemical properties. Alex. J. Agric. Res.43:255-265. 



ZAYED, B.A., et al. 605 

10.Assey, A.A., E.M. El-Naggar, H. El-Fayed and E.E. Ibrahim. 1992. Varying date and 

method of planting in rice, Effect on yield and yield attributes. Proc. 5th Conf. 

Agron. Zagazig 13-15 Sept (1):141-150. 

11.Attia, A.N., A.A. Leilah, Saied and M.A. Abdo. 1994. Effect ·of transplanting 

regularity, number of seedlings per hill and timing of nitrogen fertilizer application 

on growth and yield of rice Giza 175. Proc. 6th conf. Agron. Al-Azhar Univ., Cairo, 

Egypt. Vol. (1) Sept 1994. 

12.Atwa, A.A.E. 1999. Some chemical studies on North Delta soil. M.Sc., Thesis, Fae. 

of Agric., Kafr El-Sheikh, Tanta Univ., Egypt. 

13.Baig, M.B., M.S. Zieeidan and S. Mabler. 2004. Effect of sesbania (Sesbani 

aculeata) and farmyard manure. Arab gulf J. of Scientific Research, 22(2):51-59. 

14.Bassiouni S.M.A. 2008. Effect of pre-sowing and nursery treatments on seedling 

vigor and yield of hybrid rice under saline soil conditions MSc thesis, agronomy 

Dept., Fae of Agric kafrelshiesh Univ. 

15.Champagnol, F. 1979. Relationships between P04 nutrition of plants and salt 
.t" 

toxicity. Phosphorous Agric. 76, 35-43. 

16.Devasenapathy, P. 1997. Split application of potassium in rice. Madras Agricultural 

J. 84(5):265-266. 

17.Dewedar, G.A.A. 2004. Effects of some agricultural practices on yield, yield 

components and technological characters of rice. M.Sc. Thesis, Agron. Dept., Fae., 

of Agric., Al-Azhar University, Egypt. 

18.El-Rewainy, I. M.O. 2002. The effect of different nitrogen fertilizer sources on yield 

and some agricultural characters in rice. PhD. Thesis, Fae. of Agric., Shebin El kom 

university, Egypt. 

19.El-Hawary, M.A. and E.M.A. Gabr. 1998. Effect of previous crop, hill spacing and 

Nitrogen fertilizer levels on growth, yield and yield components of rice. Egypt;, 

Appl. Sci. 13 (5): 178-192. 

20.El-Mowelhi, N.M., M. Saied, M.A. Abou ·El-Soud and S.M. El-Barbary. 1995. On

farm water management in soils of Kafr El-Sheikh. II- Effect of land leveling and 

irrigation intervals on the water utilization efficiency and rice productivity under 

saline soil conditions. Conf. On-Farm Irrigation and Agroclimatology, Giza, Egypt, 

No. 31:165-173. (2-3) 237(2-4) 22. 

21.Epstein, E., and A.J. Bloom. 2005. "Mineral Nutrition of Plants: Principles and 

Perspectives." 2nd ed. Sinauer Associates, Sunderland, MA. 

22.Flower T,J. and A.R. Yeo. 1986 Ion relations of plants under drought and salinity. 

Aust. J. plant physiol.13 (1986):75-91. 



606 V.1 SAUNTIY PROBLEM AND RICE DEVELOPMENT IN EGYPT 

23.Geisler, M., N. Frangne, E. Gomes, E. Martinoia, and M.G. Palmgren. 2000. The 

ACA4 gene of Arabidopsis entodes a vacuolar membrane calcium pump that 

improves salt tolerance in yeast. Plant Physiol. 124, 1814-1827. 

24.Ghosh, B.N. and R.D. Singh. 2003. Effect of conjoin use of farmyard manure and 

green manure on rice ( Oryza sativa L.) -wheat ( Triticum aestivum L.) system in 

uttaranchel mid-hill soils, India J. of Agric. Sci., 73(12):680-683. 

25.Ghoshi, S.K., S. Pal and A.K. Mukhopad. 1995. Split application of potassium to 

maximize its efficiency on yield of high yielding rice. Ind. Agriculturist, 39(4):259-

264. 

26.Hundal, S.S., K. Prabhjyot and P. Kaur. 1999. Evaluation of agronomic practices 

for rice using computer Simulation model, CERES - Rice. Oryza 36(1):63-65. 

· 27.Kengo, T. and M. Kitano. 2005. Effect of number of seedlings per hill on rice 

tillering. Jap. J. Crop Sci., 74(2):141-148. 

28.Lee, K.S. and D. senadhira. 1996. Salinity tolerance in Japonica rice ( Oryza sativa 

L.,) Sabrao J., 28(1), 11-17. 

29.Maathuis, F.J.M. and A. Amtmann. 1999. K nutrition and Na toxicity: The basis of 

cellular K/Na ratios. Ann. Bot. 84: 123-133. 

30.Marschner, H. 1995. Mineral Nutrition of Higher Plants. Academic Press, London, 

British. 

31.Meena,S., S. Singh and Y.S. Shivary. 2003. Response of hybrid rice (Oryza sativa 

L.) to nitrogen and potassium application in sandy clay-loam soils. Indian J. of 

Agric. Sci., 73(1):8-11. 

32.Moradi F, A.M. Ismail, A. Egdane, G.B. Gregorio. 2003. Salinity tolerance of rice 

during reproductive development and association with tolerance at the seedling 

stage. Indian J. Plant Physiol. 8:105-116. 

33.Muhmmad, S. and H.U. Neue. 1987. Effect of Na/Ca and Na/K ratios in saline 

culture solutions on growth and mineral nutrition of rice ( Orayza sativa L.). Plant 

and soil J., 104, 57-6. 

34.Panda, S.C., P.K. Raul, R.K. Tripathy and Y.C. Chaudhuny. 1999. Effect of spacing 

and number of seedlings per hill on transplanted rice. Environment and ecology 17 

(3):626-629. 

35.Peng S, A.M. Ismail. 2004. Physiological basis of yield and environmental 

adaptation in rice. In: Nguyen HT, Blum A, editors. Physiology and biotechnology 

integration for plant breeding. New York, N.Y. (USA): Marcel Dekker Inc. p 83-140. 

36.Pessarakli. M., I. Szabolcs. 1999. Soil salinity and sodicity as particular plant/crop 

stress factors. In: Pessarakli M, ed. Handbook of plant and crop stress. New York: 

Dekker, 1-16. 



ZAYED, B.A., et al. 607 

37.Qadar, A. 1998. Alleviation of sodicity stress on rice genotypes by phosphorus and 

potassium fertilization .Plant and Soil, 203(2), 269-277. 

38.Qi, z., and E.P. Spalding. 2004. Protection of plasma membrane K transport by the 

salt overly sensitive Na/H antiporter during salinity stress. Plant Physiol. 

39.Reddy, M.M., M.D. Reddy. and B.B. Reddy. 2003. Effect of nitrogen management 

'through organic and inorganic sources on yield of rice. Journal of Research

ANGRAU. 31 (3):7-12. 

40.RRTC. 1991. Rice Research and Training Center, Annual Report for 1990season, 

Sakha Kafr El- Sheikh, Egypt. 

41.RRTC. 1998. Rice Research and Training Center, Annual Report for 1997season, 

Sakha Kafr El- Sheikh, Egypt. 

42.RRTC. 2002. Rice Research and Training Center, Annual Report for 2005 season, 

S~kha Kafr El- Sheikh, Egypt. 

43.RRTC. 2006. Rice Research and Training Center, Annual Report for 2005 season, 

Sakha Kafr El- Sheikh, Egypt. 

44.RRTC. 2014. Rice Research and Training Center, Annual. Report for 2013 season, 

Sakha Kafr El- Sheikh, Egypt. 

45.Rus, A.M., B. Lee, A. MunNoz-Mayor, Sharkhuu, A.K. Miura, J.K. Zhu, R.A. Bressan, 

and P.M. Hasegawa. 2004. AtHKTl facilitates Na homeostasis and K nutrition in 

plant. Plant Physiol. 136, 2500-2511. 

46.Shehata, S.M. 2004. Line X tester analysis of combining ability under salinity and 

drought condition in rice (Oryza Sativa L.).Egypt. J. of Agric. Res., 82:119-134. 

47.Shehata, S.M., A.M. El Ekhtyar and B.A. Zayed 2007. Effect of plant spacing and 

number of seedlings /hill on rice production under saline soil condition. Egypt. J. of . 
Appl. Sci., 22(11):17-26 

48.Smith, F.W., M.J. ~awkesford, P.M. Ealing, D.T. Clarkson, P.J. VandenBerg, A.R. 

Belcher, and A.G.S. Warrilow. 1997. Regulation of expression of a cDNA from 

barley roots encoding a high-affinity sulphate transporter. Plant J. 11, 83-92. 

49.Sultana, N., T. Ikada and M.A. Kashim. 2001. Effect of foliar spray of nutrient 

solution on photosynthesis, dry matter accumulation and yield in seawater 

stressed rice Environ.Expri.Bot., 46: 129-140. 

SO.Tester, M., and R. Davenport. 2003. Na tolerance and Na transport in higher 

plants. Ann. Bot. 91, 503-550. 

51.Thakur, D.S., S.R. Patel and N. Ageshwarlal. 1999. Effect of split application of 

potassium with FYM on rice (Oryza sativa L.). India . J. of Agron., 44(2):301-

303.thesis. 



\ 
'--- -

608 V.1 SALINllY PROBLEM AND RICE DEVELOPMENT IN EGYPT 

52.Wassmann, R., N.X. Hien, T.P. Haan, T.P. Tuong. 2004. Sea level rise affecting the 

Vietnamese Mekong Delta: water elevation in the flood season and implications for 

rice production. Climate Change 66:89-107. 

53.Zahran, H.A.A. 2000. Response of some rice cultivars to different space among 

hills and rows under saline soil condition. MSC. Thesis, Agron. Dept., Fae. of 

Agric., Mansoura Univ., Egypt. 

54.Zayed B.A., A.M. El Ekhtyar, A.B. El Abd and M.A. Badawi. 2006a. Response of 

hybrid and inbred rice varieties to various nitrogen levels under saline soil 

conditions .J. Agric., Sci., Mansoura University ,31(12)7497-7509. 

55.Zayed, B.A. 1997. Effect of irrigation intervals and methods of nitrogen application 

on growth and yield of some rice cultivars under saline soil conditions. M.Sc. 

Thesis, Faculty of Agric. Agron. Dept., Mansoura University, Egypt. 

56.Zayed, B.A., S.A. Shehat~ and A.A. Abd Allah. 2006c. Effect of different levels of 

FYM and mineral nitrogen on yield and its components of rice under saline soil 

conditions. First Filed Crop Conference, 22-24, Agust. Giza, Egypt, pp.319-32'7. 
I . 

57 .Zayed, B.A. 2002. Performance of some rice cultivars as affected by irrigation and 

potassium fertilizer treatments under saline soil conditions. Ph.D. Thesis, 

Agronomy Dept., Faculty of Agric., Mansoura University. 

58.Zayed, B.A. 2005. Final results of season 2004, Proc. of the ath National Rice 

Program Workshop, Rice Res. and Train. Centre (RRTC), Sakha, Kafr EL- Sheikh, 

Egypt. 

.59.Zayed, B.A. 2008. F.inal results of season 2007, Proc. of the 12th National Rice 

Program Workshop, Rice Res. and Train. Center (RRTC), Sakha, Kafr EL-Sheikh, 

Egypt. 

60.Zayed, B.A., I.S. El-Refaee, R.N. Gorgy and A.A.M. Abd El-Rahmen 2005a. Effect 

of sowing dates, plant spacing and nitrogen levels on growth and yield of rice 

under saline soil. The 11th conference of Agronomy, Agron. Dept., Fae. of Agric., 

Assiut Univ., pp. 265-283. ·· 

61.Zayed, B.A., W.M. Elkhoby, S..M. Shehata and M.H. Ammar. 2007a. The role of 

potassium application on productivity of some inbred and hybrid rice varieties 
( '" under neWly reclaimed saline soils. 8th African Crop Science Society Conference, 

27-31 October 2007- El-Minia, Egypt vol. lpp (55-60). 

62.Zayed, B.A., A.A. EL-Gouhary, A.M. El-Ekhtyar and S.E.M. Sedeek. 2006b. 

Response of Giza 177 and SK2034H hybrid rice to potassium splitting. 1st Crops 

Conference, 22-24 August, pp406-414. Egypt 



ZAYED, B.A., et al. 609 

63.Zayed, B.A., A.T. Badawi, S., A. Ghanem, S.M. Shehata and A.E. Abdel-Wahab. 

2004. Effect of_three salt levels on growth of three rice cultivars differing in salt 

tolerance. Egypt. J. of Agriculture Res. 82(1):219-231. 

64.Zayed, B.A., S.M. Shehata, W. M. Elkhoby and E.E.E. Kafaga. 2007b. Rice and 

water productivity as affected by irrigation intervals and potassium splitting under 

newly reclaimed saline soil. J. Agric. Res. Kafer El Sheikh Univ., 33(4):807-823. 

(2007). 

65.Zayed, B.A., A.A.M. Abed El-Rahman and A.K.M. Salem. 2005b. The Effect of 

different farmyard manure levels and different modes of urea application on rice 

productivity under salt affected soil. Egypt. J.of Agric. Res., 2(2):631-642. 



610 V.1 SALINITY PROBLEM AND RICE DEVELOPMENT IN EGYPT 

jl.;J ~ ~l ¥- ' '-.:ib..1 ~ ~ 

~'-"'1' cJli (.$ ~ 

L....:i~ _.i L -Ul \lil ~\ .. ';\\ 1('l..,!..J\ .. <'.\ • ~ _LI\ ~ .... 
~ ~ U:!-'-"" ( ' • .JJ i.,p- u-> ..)'f-' (.)"' _,,.....,. Y.JAJ 

ow ._.i .:L...i.:..lli"I . .J · -~'1 · " ~ ~\ u .1.:..11 011. i.::.i.:..:i t .,,_11 · ~\ J ~ .. . . f ...,--~ w-= .)"-¥. .. .. .J~ .JJ-' .J.J ~ 

;;J ·~·J•4 u.Jp ~Li.JI ~ 01.S.... ~fa..J .~I Y,J:. .y~WI ~1)-;4 ~) .. i.J4 wb.WI 

~ju* ~I~ u.ol ~ wb.WI 011. Jl.. ~ J.J~I J~ '"*\li) o~yj 0).9 ~.lb.I,~\! 
o~W ·.I~ J..\..ii w~ .l:o.. . . ~ . ~I ~\li\ .l.:.... .. A.! .·-=. I "-'I u.i...... .. .. ...)' .. .. .J . .J:l y...::a.a r..s- .J.J .. . ' _,.i.o 1.,,.-Y..J ......,...- .J ..r .. l.S ~ 

~le ;i,_:o., _1 _11 ~ • ~I · u~i \lil (' : _b, u .1.:..11 011. Jl.. W::..:i · ~\ ~\li\ .. _,....... .J.J (.)"' ( ' rs- .J .J~ .J.J .. . ' 

... 1 ~ . ;i,_:o., . Lili ;,i,J.uj . -'I 1('w..JJ .:u..o..:...:i. .ill~ ..: Ll..i.J\ 0 11, Jl.. u .1.:.. ~ .:i..i:i.,\lj\I\ ~ u--"" _,,.....,. • . ..r u-> .J '-""" J.;- .. . f 

o.)Ll.JI ~L...WI U.J..r-.l:. i.::.i.:..:i J.J~I J~ ~Li.JI ~I d~...a_,:JI wl~J (" ,.W)I 

y.l:o...11 w~I J.._.ij.J ~l}ll o~ ~ll.. -;~Ll.J] ~liy, Y._,b:l ~ J-,.ll (f ,~_,w4 

u~';I ~l.JJ ~ ~ly,JI 011. ~.J .~\.ill U.J~I 011. Jl.. i.::.i.:..:i ~1.)';1 ~ ......... w1 

~~ ~ J.J'JI .d,,cl.JJ .ill~.J '' V'\ O~.J ' i,,;y...::a.a ~.J 'VAo~ Jl.. ~_,1.J.I ~I 
41 ..l.......;o.J ~ f".J:l f ·-'to u.o ..r-JI o.J:!i...a ~le :;~_;.;i. ~lj w~ Ji) 'I'. Jl_p. fa. 

(""" 'ox' o ~\........ ~ ~1.Jjl4 ~1 i.r-.J:l LoS .y...::a.a ~~I ~l.J';I u.Jfa i.::.i.:..:i ;iJW 

("1~4 ~.J:l LA5. .~.,WI u.Jfa i.::.i.:..:i .illj.J :;.J_,;JI ~ u)l.:Ll. i-f 1)-o ("I~~ .illj.J 

~I w'l~ ("l~l.J o~j ~ LoS ~1~';1 ~~~µ~I J.J'il u~1 
N, ZnS04 P20 5,K20 ~ oA, 'I' t ,o t, 'i o w'l~ .ilijll.J f"~\.:i~l.J .J_µl.J ~.J»4 

.;ij~I ~I ·I ~I u .1.:.. i.::.i.:..:i . -.ii . 1·.I\ I~ · .~.:I\ .;iJ~l.i · 'l . 11 -~'I 1~ , ,J .. ~.,) J.;- ~ Y""' ~ U:!'?-.J~ ,. ~ .J !.,?' _,.... ~ 

.illj ~\ ~ L 11 -'- :i...Jl.l.l ~ i:; ·b..JI .. :1\ J,:...I i:-li'.ii · ::.:11 · ~ w'l.A.o l.S .. ~ .,)y<' .. • ~ .J ~ Y'*"" .Y' U:1'?-.J~ (.)"' 

·it....:...ii.l:o.. .J----'1:;~1..i· ·1\.:i.11..i ~1-)1.:l..l:;Jt..i· ~-'-'I 1 -·:o~t..i· 11J:.--1 .. 1(''. (..) .. . .J.J ~ .. .,) !.,?' . .J . y .. .,).J _,,.....,. ~ .. .,) (.5", ~ ~ 

w ~I ~4-J.J ~_)JI ~l.l.!.J .l.:....jWI t:1..foll ;i.b._y. i:-_li'.il K2S04 %'1' Ll.J f"~\.:i~I .;iJ~j 

1\ · ... :;.i.....l .illj \:&\./ ·· L V , ill\ ~l........JI .ij~\ I·:(' - 11 K 0 --< o A l~I · (,,S""""', ~ .J.,) (.)"'" l.S . ,.J .,)~ 2 r:- (" w-=~ 

w'l.i.......a...JI ......L.....:.. 11 1 ·: ~ · .. :.:11 Jl........Jl.i .1:..9:i.:....J · ':;1 ~I...... w1 · w~ 
(,,S""""', ~ • • ~.J~ . w-=.J . .. ~ 

~ i.r"llll J)YJ ("Yi i ~J f JS -;)4 ~i ~_,:JI ~ LoS ·I.SJ~\ JL.......ll 4-! i.r-.,.JI 

u~I i:-L. 0i ~i J.::o.J J9_, ,;;Jjl..uJ\ c:~'JI t.J-i.J ~jlll ~_,Li ~.J.ll \.4b u.Jpl 011. Jl.. 
~I ·i .<'.j__jl.J .l:o...11 . .Jl...::..:J\ .. .I· ... IL 0 ~ .L .. .i.....l~I •.<'... I ·.I\ (..) ...)-'- . Y. . U"'.J ~ ("""/.,)~ _,..... ~ '~ -r .,)...)' 
-;i ~ ~ ~.J i:-1.1.cj c-4 4.c.4JI ~ ~.l:o.. :l-l.a·;.,,411 ~1}11 u.Jfa i.::.i.:..:i yb~ ~ 

~J 'I' • ~J ~ o4JI 1)-o ~ .,)J9 ..r.i9 _iJ C'4 Jle J~ ~ J_, · o=-· 11 ;l,,..__S\ fa C: ~i 

.°lo '\'O 

.. ~ 


