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ABSTRACT 

EFFECT OF SOIL MOISTURE ON THE AVAILABILITY OF 
SOME MACRO AND MICRO-ELEMENTS IN CALCAREOUS 
SOILS OF EGYPT. Unpublished Master of Science in Agriculture, 
University of A in Shams, 1995. 

The work is undertaken to investigate, the effect of soil 
moisture depletion on the yield and elemental composition of tomato 
and barley plants grown on calcareous soils. For this purpose three 
pot experiments were carried out under controlled conditions. 

The experiments dealt with tomato plants involved the effect of 
soil depletion and mineral fertilization or organic manuring along 
with the effect of method of irrigation, while the third experiment 
was cultivated with barley and treated with sludge manuring and 
irrigated with tap water or sludge effluents under three different 
moisture regimes. 

From the obtained results, one can figure out that: 
1. Increasing soil moisture depletion induced significant decreases 

on the yields of tomato and barley. 
2. Application of mineral fertilizer, organic manure and sewage 

sludge led to significant increases in the yield of both tomato 
and barley. 

3. Fertilization and manuring increased most plant elements in 
various magnitudes. 

4. The combined treatments including soil moisture depletion, 
fertilization or manurmg and irrigation method induced 
variable patterns of increase or decrease in macro and micro· 
nutrients concentrations and uptake in both plants, depending 
on the parameters included in such treatments. 

5. The chemical extractable amounts of soil elements varied 
according to treatments. 

From the foregoing results, it can be said that the maintenance 
of proper soil moisture is of profound importance for growing 
plants. This proper moisture furnishes the most favourite media for 
water availability to plants, elements reactivity, mobility and 
solubility, activity and population of microorganisms which 
accelerate the biodegradation of organic wastes and then 
contribution to elements chelation and release, all of which is 
reflected on the grown plants composition and yield. In the current 





investigation, 25% soil moisture depletion was shown to be the 
most appropriate soil moisture leveL Mineral fertilization is 
undoubtedly more effective on plant growth especially at the early 
stages and usually overcomes organic manuring from different 
sources (chicken or sewage sludge) due to the readily soluble 
nutrients from mineral fertilizers against the slow decay of organic 
matter and release of nutrients. This is reflected on the grown 
plants where the effect, of organic manuring is more indicated at 
the latter stages of growth. Nevertheless, combination of both 
organic manuring and mineral fertilization is the most 
recommended. Drip irrigation is shown to be the most effective 
method for irrigating tomato plants. This is expected due to the 
uniformity of water distribution in the root zone as well as the 
water use efficiency of the drip system. 

In conclusion, the present investigation indicates that the best 
combined treatment is 25% soil moisture depletion with mineral 
fertilization (3rd rate) or organic manuring (2% of chicken manure 
or sewage sludge) under drip irrigation for tomato or sludge 
effluent irrigation for barley. 

Key words: Tomato shoot, tomato fruits, organic manure, mineral 
fertilization, moisture depletion, irrigation method, 
barley plants, sewage sludge, sludge efluent, available 
macro and micro nutrient, calcareous soils. 





ACKNOWLEDGEMENT 

7'-e fU~ «t-idk.t to. e~.t.t M.t deejt ~~e'"· 

9~ae ad ~ eo. P~. v~. 11t. &e­
~. 'P~. o/- Sod4. 'Ja.c. A~.. At~e S~ 

~- . P~o!-- v~. 11t. ~. 'P~. o6- Soit.t. 'Ja.c. 
A9~r:e. .. At4 s~ Uew. ad P~. v~. 11t. &e­
ve~~. P~. o6- Sod4. Veu~ ~e<teaM~ eeae~. ~ 
~~~ de ~. aa.fte~. 9«Ma~ece ad 

c.~twe c.~ tk~ de c.<ut~U o/- 4tat:/.f;. 
7~-t au e~ ~Jt v~. 11t. S.A .. Va~ ad v~. 

~.1.11t. ?lf-.td4, A.t.t. 'P~. o!- Soil. 'Je~ ad 

Ptaa ~. Ve.te~ ~edealtd. ~~ jM ~~ 
~e ad c.~at ~-«ft. die~ ~~ 4tat:l.f;. 

Sp.ec.iat ~to. Prof. Dr. M.Y. Afifi. 'llead 

o6- Soil. ek~Nia'tlf ad 'P~.t Zlefta!r.~. Veu~ 

~e~ euu~. 1M ~ rl4f«.a~ 9ete"d4~ece ad 

~e. 

7'-e ~ i.t at44 ~to. de ~ -~e~.t ol­
de Veu~ ~edealtd. eeae~ ~ ~~. 

a4.te"~e. adui.te ad ~daie.t ~ Me de.eft4 
~d. 





CONTENTS 

Page 

1. INTRODUCTION ... . .... ... ................................... ........ I 

2. REVIEW OF LITERATURE .. ... .. ................ ............... 2 
2 .1. Effect of soil moisture depletion on the yield and 

nutritional status of plants....................................... 2 
2.2. Effect of organic manure on the yield and nutritional 

status of plants. . . . .. .. . .. .. .. .. ... . . .. .. .. .. . . . . .. .. .... .. .. .. .. .. .. 9 
2.3. Effect of sewage application on some chemical 

properties of soil .. .. . .. .. .. . .. .. .. .. .. .. . . . . .. .. .... .. .. . .. . . .. . . .. . 13 
2.3.1. Soil pH....................................................... 13 
2.3.2. Soluble salts in soil (EC) .............................. 14 
2.3.3. Availability of heavy metals in soil ................. 14 
2.3 .4. Soil physical properties .................... .......... .... 16 

2.4. Effect of sewage sludge application on the yield and 
elemental composition of plants .. .. .. . . . .. . . .. .... .. .. .. . .. . . . 17 

3. MATERIALS AND METHODS .......... ........................ 23 
3.1. First experiment: Effect of soil moisture depletion, 

irrigation method and mineral fertilization on the 
yield and elemental composition of tomato plant........ 23 

3.2. Second experiment: Effect of soil moisture depletion, 
irrigation method and organic manure on the yield 
and nutritional status oftomato plant .. .. .. . .. .. .. .. .. .. .. . 24 

3.3. Third experiment: Effect of soil moisture depletion, 
type of irrigation water and sewage sludge on the 
yield and elemental composition of barley plants....... 26 

3.4. Methods of soil and plant analysis .......................... 27 
3.4.1. Soil analysis ............................................... 27 

3.4.2. Plant analysis ......................................... ... 28 

4. RESULTS AND DISCUSSION ... ....... .......... .... . ....... . 29 
4.1. Effect of soil moisture depletion, irrigation method 

and mineral fertilization on dry matter yield of 
tomato plant .. .. . . .. .. .. .. .. .. .... .. .. .. .. . . . .. .. .. .. .. .. .. .. .. .. .. . . . 29 



CONTENTS (Cont.) 

4.2. Effect of soil moisture depletion, irrigation method 
and mineral fertilization on elemental composition 

Page 

of tomato plant ........................................................ 37 
4. 2 .I. Nitrogen concentration and uptake .. .. .. .. .. .. .. .. .. .. 3 7 

4.2.1.1. Nitrogen concentration in tomato 
shoots.................................................... 37 

4.2.1.2. Nitrogen uptake by tomato shoots......... 39 
4. 2. I. 3. Nitrogen concentration and uptake 

in tomato fruits .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. . 43 
4.2.2. Phosphorus concentration and uptake............. 45 

4.2.2.1. Phosphorus concentration in tomato 
shoots .. .. .. .. .. . .. .. .. . .. ... .. . .. .. .. . .. . .. . .. .. .. .. 45 

4.2.2.2. Phosphorus uptake by tomato shoots..... 47 
4.2.2.3. Phosphorus concentration and uptake 

in tomato fruits .. .. .. .. .. .. . .. . .. .. .. . .. .. .. . .. . .. . 50 
4. 2. 3. Potassium concentration and uptake . .. . .. . .. .. 52 

4.2.3.1. Potassium concentration in tomato 
shoots................................................... 52 

4.2.3.2. Ptassium uptake by tomato shoots ... ,....... 55 
4.2.3.3. Potassium concentration and uptake 

in tomato fruits ................................... 56 
4.2 .4. Iron concentration and uptake . .. . .. .. .. . .. .. . .. . .. .. .. .. 59 

4.2.4.1. Iron concentration in tomato shoots ........ 59 
4.2.4.2. Iron uptake by tomato shoots. ............... 62 
4.2.4.3. Iron oncentration and uptake in tomato 

fruits .. .. .. .. . .. .. . . .. .. .. .. .. .. . .. .. . .. . .. .. . .. . .. .. .. .. 66 
4.2.5. Manganese cocnentration and uptake ............... 68 

4.2.5.1. Manganese concentration in tomato 
shoots..................................................... 68 

4.2.5.2. Manganese uptake by tomato shoots........ 70 
4.2.5.3. Manganese cocentration and uptake in 

tomato fruits......................................... 71 
4.2.6. Zinc concentration and uptake.......................... 73 

4.2.6.1. Zinc concentration in tomato shoots......... 73 
4.2.6.2. Zinc uptake by tomato shoots.................. 15 


