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.ABSTRACT 

In two greenhouse experiments, the response of maize plants 

(Zea mays L.) to macro and micronutrient fertilizers was studied. The 

first experiment was conducted in Cairo, Egypt in which maize plants 

were grown on saline soils with ECe values of 1.42, 6.12 and 12.1 

dSm- 1 and fertilized with N, P, K alone and in combination. It was 

found that maize plants produced the highest dry matter when NP 

fertilizers were added in the Ca-form compared to the other fertilizer 

treatments, and this positive response decreased with increasing salinity 

level. Also, it was found that application of P and K fertilizers 

either alone or together as PK augmented the adverse effect of salinity 

on dry matter and nutrients uptake. In addition, the concentration and 

uptake of Na+ ions in the shoot tissues decreased with increasing salinity 

level up to ECe 12 dSm- 1. This could be due to Na+ exclusion or accumu

lation in root tissues. However, application of Nand P fertilizers 

tended to decrease plant content of micronutrients, particularly Fe as 

well as Zn at high salt levels. The second experiment was conducted in 

a University of Arizona campus greenhouse. A Pima soil from the Marana 

area was artificially salinized with NaCl, Na2S04, CaC12, and M92S04 

salts almost to the salinity levels mentioned above. Maize plants were 

grown and fertilized with NP fertilizer as a basic dressing. Chelated 

forms of Zn, Fe, and Mn were added with two different methods; soil and 

foliar spray application. Two pH values of spray nutrient solutions were 

used; pH 6 and pH 8. Data obtained showed increased dry matter and 

nutrient uptake in response to spraying maize plants with Zn + Fe or Zn 
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+ Fe + Mn at pH value of 8 at the medium salt level relative to the 

other treatments. However, maize plants also showed high dry matter 

and nutrient uptake in response to Zn + Fe + Mn soil application at 

the high salt level, although Zn-pH 8 gave unexpectedly high dry matter 

production.It seems probable that this high dry matter obtained could 

be due to the effect of high pH spray treatment on increasing the activity 

of some enzymes, e.g. PEP-carboxylase and/or ribulose 1,5 diphosphate 

carboxylase, as well as the increase in rate of translocating the photo

synthates and this effect was augmented by the nutrient(s) applied. 

Also, it was found that Na uptake decreased while total chlorophyll 

and chlorophyll a content increased with increasing salinity level. 

The increase in the chlorophyll content could be due to either Na exclu

sion by the plants and/or the decrease plant growth due high salts. 
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CHAPTER 1 

INTRODUCTION 

Soil salinity and/or alkalinity have been a major problem for 

mankind. With the development of soil science as well as the extended 

use of modern agricultural technology, man must meet the challenge of 

increasing food production using the whole potential of agriculture, 

including areas and sources of water formerly considered unsuitable 

for the purpose. The problem of salinity and its effect on plants growth 
. 

has been studied from many standpoints, and one of them is salinity-

fertility interaction. For most efficiency in crop production the needs 

and tolerance of the crops must be recognized as well as the type of 

fertlizers added which can be expected to improve crop production. 

However, fertility management of salt affected soils is complicated by 

the contribution made to total salinity by fertilizer application and must 

take into account the limits imposed by the salinity. 

Maize is an important crop in many parts of the world where 

salt-affected soils are found and it is known to be sensitive to 

salinity. Thus it was selected as a test crop for this study. 

The objectives of this research were as the follows: 

1) Determine the response of maize (Zea mays L.) plants in 

terms of dry matter production and nutrients uptake to macronutrient 

fertilizers application, i.e. N, P, and K either alone or with 

combinations at three different salinity levels. 
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2) Determine the response of maize plants to soil or foliar 

application of Zn, Zn + Fe, and Zn + Fe + Mn in pH 6 and 8 at the same 

three soil salinity levels. 



CHAPTER 2 

LITERATURE CITED 

Effect of Salinity on Plant Growth 
and Yield of Some Field Crops 

13 

El-Gabaly et al. (1955, 1958) in a series of experiments reported 

that crops vary greatly in their effect on salt regime of the arable 

soil layer.They added that crops with low evapotranspiration, such as 

barley (Hordeum vulgare L.), when included in the rotation, tended to 
. 

increase salinity level in the soil surface. They added that although 

barley is a relatively salt tolerant crop, due to its low irrigation 

requirements, it tends to increase the soil salinity during the growing 

season. However, they added, berseem clover plant (Medicago sativa 

L.), which received a liberal amount of water during the growing season, 

tended to lower the level soil salinity, whereas maize (Zea mays L.) 

and cotton plants (Gossypium hirsutum L.) when irrigated with greater 

care, tended to increase soil salinity especially on ridge tops. 

Hassan et al. (1970) found a highly significant decrease in 

dry matter of barley stems and leaves as well as dry matter of maize 

stems, leaves and tassels with increasing soil salinity level. Korkor 

et al. (1974) studied the effect of salinity on the yield and quality 

of cotton plants. They stated that although the yield of cotton was 

highly negatively correlated with salinity, the point of maximum yield 

did not necessarily coincide with the lowest salinity level, where the 

maximum yield was obtained at ECe values of 2.46 dSm- 1 and minimum yield 

at 9.33 dSm- 1. Also, Atta et al. (1979) found that wheat (Triticum 
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aestivium L.) could grow and tolerate salinity up to 4000ppm, while 

increasing salinity up to 6000 ppr did not affect grain and straw yield 

very much. 

Salinity and Nutrient Uptake 

The availability of nutrients under saline conditions will 

largely depend on salt concentration, the activity of the ions in the 

solutio~ and exchangeable phase, the release of the nutrients from the 

soil to the plant and the selective behavior of the plant species with 

respect to each nutrient. 

Macronutrient Uptake 

Udovenko et al. (1971) stated that sa'iinity decreased N uptake 

and inhibited N metabolism in barley, wheat, peas (Pisum sativum L.) 

and bean (Phaseolus vulgaris L.) plants. They added that N03- reduction 

in plants was inhibited more by S04-2 than by iso-osmotic Cl- salinity 

and the changes in N metabolism were greater in plants with lower salt 

tolerance. However, Sinel 'Nikova (1972), in two years of experiments 

using sand culture salinized with NaCl and Na2S04 up to 7 atm for cereals 

and 5 atm for legumes, found that salinity with Na2S04 caused N03-content 

in roots to increase, decrease in leaves, and the accumulation of 

non-protein N and sometimes protein-No liassan et al. (1970) studied 

the effect of eight levels of salinity induced by treating silt loam 

soil with salt solutions containing Na2S04, MgS04 and CaC12 for 98 

days with barley and 93 days for maize plants. They found that increasing 

salinity levels of the soil produced an increase in the amount of 

exchangeable P, Na, Ca, Mg, and Mn. However, they found a negative 



15 

correlation between salinity and uptake of P, Ca, and K in both barley 

and maize plants, while a positive correlation with Na uptake in maize 

as well as Mn uptake in barley. Whereas, Eleizalde et ale (1971) found 

that the degree of salinity affected P uptake by wheat plants but had a 

less effect on P extracted by various methods. Paliwal and Maliwal (1972) 

reported that phosphate solubility decreased with increasing neutral 

salt concentration and the depressing effect was in the following order: 

Na, K, Mg, and Ca. However, the depressing order was found to be less 

with S04-2 than with Cl-. They attributed that, in the soil, to.the 

replacement of the exchangeable Ca+2 by the added cations which 

precipitated the P as calcium phosphate. Frota and Tucker (1978) studied 

the influence of salt and water stress on N metabolism in red kidney 

beans using 15N. They found that NaCl and carbowax resulted in an 

equal accumulation of N03-, NH4+ and free amino acids in bean shoots. 

They concluded that the inhibition of protein synthesis was more severe 

under salt stress than water streis. 

Micronutrient Uptake 

Studying the effect of salinity on the release and uptake of 

micronutrients has been undertaken by several investigators. 

Hassan et ale (1970) on maize plants, found a significant 

negative correlation between soil salinity and the uptake of P, Ca, K 

as well as Cu, Fe, and Mn while a positive correlation with Na uptake 

was found. Maas et ale (1972) studied the influence of salinity on 

the uptake of Fe, Mn, and Zn by plants using half strength Hoagland 

solution salinized with 0, 25, 50, 75 and 100 meq/L NaCl. They found 
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that concentration of Fe and Zn increased in the roots and the tops of 

each species: tomato (Lycopersicon esculentum L.), soybean (Glycine max 

L.), and squash (Cucurbita QgQQ L.). They added that, although the 

vegetative growth of plant tops was depressed 45% more by the highest 

level of salinity, the concentration of these micronutrient in the 

tissues remained in the physiological ranges necessary for normal plant 

growth They concluded that NaCl had a specific inhibitory effect on 

Mn uptake by squash. They added also that the rather substantial rise 

in Zn concentration of sq~aih roots when treated with 75 and 100 meq/L 

NaCl suggests some abrupt changes in membrane permeability permitting 

an increase in diffusion influx and the sequestering of metal ion by 

roots. They continued that, since Fe was supplied as a large chelated 

molecule, a similar influx of Fe would not be expected. El-Gabaly (1974) 

salinized alluvial soils from Egypt until reaching equilibrium with 

saline solutions of NaCl and CaC12, until the EC values of the prepared 

soils were 0.9, 3.2, 11.1, and 14.2 dSm- l . He found that salinity 

decreased the content of B and Fe in maize plants and the highest two 

levels of salinity increased Zn content in leaves from 31.6 to 38.8 

ppm. He also found that the highest level of salinity decreased the 

soil content of extractable Fe, Mn, and B. 

Farrag (1978) stated that broad bean (Vicia faba L.) plants 

grown under saline conditions showed the lowest content of Cu, Zn, and 

Mn. Amer and El-Sawaby (1979) found in lettuce plants (Lactuca sativa 

L.) irrigated with four levels of salt concentrations; (tap water, 2000, 

4000 and 6000 ppm) with equal ratios of CaC12 and NaCl, that increasing 
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salinity level tended to increase the concentration of Mn and Zn but 

decreased Fe concentration in leaves. 

The general conclusion from the above mentioned literature is 

that salinity can decrease the availability in the soil and uptake of 

some nutrients and this varies with the type of plants as well as the 

type and concentration of salts. 

Salinity-Fertility Interaction 

Many investigators have studied the possibility of adding N, P 

or NP fertilizers to counteract the adverse effect of salinity on various 

field crops. 

Paliwal and Ghandhi (1970), found that the application of normal 

doses of N fertilizers to wheat plants (CV.5227) was significantly 

beneficial when these plants were irrigated with saline water with EC 

values of 4.5 and 9 dSm- 1. Paliwal and Maliwal (1971) found a significant 

increase in N uptake by maize plants under saline conditions (14, 28 

and 56 meqlL) when clay loam soil was treated with fertilizers and 

manures, either alone or together. They added that the uptake trend 

with respect to the increase of salinity levels was almost the same as 

indicated in unfertilized soils. Langdale et ale (1971) found that N 

fertilizers interacted significantly with salinity and tended to 

stimulate spinach dry matter production and protein-N content with 4.8 

dSm- 1 salt level. They added that 9.6 dSm- 1 treatment was considerably 

more deleterious to dry matter production than to protein synthesis, 

whereas a high salinity level of 14.4 dSm- 1 resulted in a 
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severe inhibition of dry matter production and protein synthesis although 

N03-N appeared to be adequately absorbed and reduced. 

As for phosphorus fertilizers, Starostika and Hill (1955), 

found that application of P fertilizers significantly increased the 

yield of wheat up to a moderate soil salinity level (EC 9 dSm- 1), but 

at higher levels, it had no beneficial effect. Bouldin and Sample (1958) 

reported that salts tend to increase the solubility of superphosphate 

and its availability to oat (Avena sativa L.) plants. Patel and Wallace 

E1976} studied the effects of various degrees of phosphorus fertilizers 

versus mixed salinity on growth as well as Ca, Mg, Na, and Cl

concentration in tomato, corn and sudan grass (Sorghum sudanese L.). 

They found that the yield of all crops continuously decreased as salinity 

level increased. A favorable response to phosphorus was obtained with 

a moderate level of salinity (EC = 12 dSm- 1) for all crops. 

A combination of Nand P fertilizers was also studied with respect 

to salinity. El-Gabaly et ale (1967) found that the addition of Nand 

P fertilizers to maize plants did not counteract the adverse effect of 

salinity. They added that increasing salinity tended to increase the N 

percent and decrease the K percent and had no effect on P. They 

attributed this to a decrease in photosynthesis and poor utilization of 

photosynthate in the presence of high osmotic pressure in the root medium 

and also to the disturbed inorganic metabolism inside the plants. 

On the other hand, Mainaue et ale (1972) noticed that the 

greatest beneficial effect of fertilizers on salt tolerance of cereal 

plants was greatest with barley in the first place and then oat. They 

added that tolerance range to soil salinity varies between 4.5 and 25.5 
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dSm- 1 in unfertilized barley and between 13.3 and 30 dSm- 1 with fertilized 

plants. Also, Paliwal and Maliwa1 (1972) stated that it is well known 

that fertilization improves soil productivity but under saline 

conditions, it wOuld be only up to a moderate level of salinity. They 

concluded that fertilizer application does not directly seem to help 

in increasing crop production under sa1ine-sodic conditions, but 

indirectly it decreases the harmful effect of salinity by providing 

essential nutrients to the plants for their functions. Wagenet et ale 

(1983) studied the effect of NP fertilizers and salty water on growth 

and yield of bean plants. They found that addition of 11-45-0 fertilizer 

produced the greatest dry matter yield, number of pods and number of 

seeds at both 0.5 and 4 dSm- 1 salinity levels. As salinity increased 

to 8 dSm- 1 in the added water, soil application of fertilizer became 

less beneficial. 

Concerning micronutrient fertilization under saline conditions, 

Langdale and Thomas (1975) studied the effect of soil salinity with EC 

values of 1.2, 3.6, 7.2, and 10.8 dSm- 1 with a mixture of NaCl, CaS04, 

MgC12,and KCl on the. content and uptake of micronutrients by spinach 

(Spinacia oleracea L.) plants grown on i calcareous soil which was 

fertilized with N. They found that increasing N supply from 0 to 150 

mg kg- 1 soil provided a dilution effect on all micronutrient uptake 

except Al, Fe, and Mn. They also found that Al, Fe, Mn and Zn content 

increased sharply with the highest salinity level (10.8 dSm- 1). 
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Bahati and Sarwar (1977) studied the response of maize plants 

to Cu and Zn grown on soil salinized with 0, 10, 50, 125, and 250 mM/L 

of 1:1 solutions from NaC' + CaC12 with a basal dressing of Nand P as 

urea and KH2P04. They found that NaCl + CaC12 treatments, in general, 

increased Zn concentration in top sand roots. They also found that 5 

kg ha- 1 soil application of ZnS04 increased maize dry matter at all 

levels of salinity compared to no Zn added. Wassif et al. (1979) studied 

in a pot experiment the interaction between the macro and micronutrient 

application and irrigation with saline water on the yield of wheat, 

barley, and sorghum (Sorghum vulgare L.) on calcareous soils. Their 

results showed that dry matter increased with increasing rates of N, P, 

and micronutrients. They also found that the beneficial effects of N 

and P were noticed when salinity level in the irrigation water did not 

exceed 4000 ppm and foliar application of Fe, Mn, Zn, Cu and B induced 

a significant increase in the yield of sorghum. 

The Fe and Zn uptake by excised barley roots were studied by 

Awad et al. (1985) using nutrient solution salinized 3 to 6 m8g/L of 

NaC1, Na2S04, CaC12 and a mixture of equal proportions. They showed 

that Fe uptake decreased from 20 to 25% while Zn uptake decreased from 

60 to 65% as the salt level increased. 

Shukla and Mokhi (1985) studied the ameliorative role of Zn on 

maize growth under salt affected soil conditions. They found that the 

ameliorative effect was more under sodic than under saline or 

saline-sodic soil conditions. They concluded that the effect of salinity 

and Zn on plant growth and its composition were generally 
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associated with respective roles in dry matter production and interionic 

relationship among Ca, K, Na, and Zn in soils and plants. 

The beneficial effect of fertilizer application to various 

field crops under saline conditions can be concluded from the above 

mentioned literature. This response to fertilizers depends on several 

factors. Among them are the salinity level in the soil, type of salt(s), 

the crop under study and its requirement for particular nutrient(s) 

in relatively high concentration in the soil. Most of these were 

gathered together in this study to find out the response of maize 

plants to macro and micronutrient fertilizers under different salinity 

levels. 
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CHAPTER 3 

THE FIRST EXPERIMENT 

The objective of this research was to study the response of 

maize plants to macronutrient fertilizers at different salinity levels. 

Materials and Methods 

The first greenhouse experiment was conducted in Cairo, Egypt. 

A transect of soil samples was taken from the Western farm of Cairo 

University Faculty of Agriculture having different salinity levels. 

All were sandy clay loam texture (Typic Torrifluvents). Soil samples 

were collected from the upper 30 cm, air dried and 72 pots (eight 

treatments x three salt levels x three replicates in a Completely 

Randomized Design) were packed with 5 kg soil in each pot. The 

electrical conductivities of saturated soil-extracts (ECe) were 1.42, 

6.12, and 12.10 dSm- 1 and the chemical analysis is shown in Table 1. 

Six corn seeds (cv.N.Hypride 192) were planted and later thinned to 

three seedlings per pot after germination. The pots were fertilized 

with N at 375 kg ha- 1 as calcium nitrate (20.5% N), P at 250 kg ha- 1 as 

superphosphate (15.5 % P205) and K at 250 kg ha- 1 as potassium sulphate 

(40% K20) either alone or with various combinations. Plant samples 

were harvested 50 days after planting, oven dried at 70 C for 72 hrs, 

weighed and the dried samples were ground into fine powder (40 mesh) 

and assayed for mineral ion determination. 
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Table 1. Chemical analysis of soil samples. 

======================================================================= 

Organic ----------- Extractable Ions -------------
Soil EC pH Matter Ca Mg Na N P Fe Mn Zn 
Sample dSm- 1 -- meq/l00 g -- -------- ppm -------------

1 1.42 7.95 1.11 6.11 6.55 19.92 18.00 8.00 13.00 2.30 1.60 

2 6.12 8.10 1.20 14.70 16.00 43.20 16.00 9.00 11.00 2.10 1.40 

3 12.10 8.12 1.15 32.50 36.10 85.70 20.00 8.50 12.00 2.00 1.50 
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Methods 

Soil Analysis 

Total soluble salts were determined conductimetrically in 

saturation soil extract and the soil reaction (pH) was determined by 

glass electrode, in saturated soil paste using methods described by 

Richards (1954). 

The exchangeable cations, Ca, Mg, and Na, were extracted by the 

NH4 AC method outlined by Jackson (1958). 

Available Fe, Mn and Zn were extracted by DTPA-TEA solution 

according to the techniques of Lindsay and Norvel (1979). 

Plant Analysis 

The three replicates, from each treatment, of the dried plant 

samples were mixed together and 0.5 g was digested with 1:1 HCL04 

H2S04 according to methods described by Chapman and Pratt (1961). 

Total nitrogen was determined by a micro Kjeldahl digestion 

method. 

Total phosphorus was determined calorimetrically by the method 

of Chapman and Pratt (1961). 

The concentrations of Na and Ca were determined by the flame 

spectrophotometer and Fe, Mn, and Zn were determined by the atomic 

absorption spectrophotometer. 

Total chlorophyll and chlorophyll a in the fresh plant materials 

were determined according to the method of Vernon (1960). 
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Results and Discussion 

Since many factors were involved in this experiment, the MS

USTAT statistical computer program for factorial analysis was used. 

The statistical analysis (Table 2) showed that the four-way interaction 

i.e. Salinity x N x P x K was insignificant for maize dry matter 

production, (Table 3 shows the mean values of all treatments), and highly 

significant for the other measured variables: N, P ,Na, Ca, Fe, Mn, 

and Zn uptake. Consequently, the significant three-way interactions 

for S x N x P, S x P x K, and S x N x K can be used to discuss ·the 

effect of different treatments on maize dry matter production. 

Dry Matter 

Data in Table 3 show that the three-way interactions have a 

significant effect on dry matter produced. 

concluded from Tables 4, 5, and 6: 

Several points can be 

1) Without fertilizer addition (control treatment), increasing 

salinity level decreased dry matter produced by maize plants and the 

same trend was evident with all treatments. This can be due to the 

toxic effects of some ions such as Na+ and Cl- as well as the decrease 

in water availability due to the high salt content. In addition, the 

possible decrease in the availability of some essential nutrients is 

may be due to high salinity. 

2) The beneficial effect of N fertilizer can be noticed by 

the highly significant increase in dry matter produced in comparison 

to the unfertilized (control) plants at different salinity levels. 



Table 2. 

Treat. 

N 

P 

K 

NP 

PK 

NK 

NPK 

salt:;(S) 

SN 

SP 

SK 

SNP 

SNK 

SPK 

SNPK 

Statistical analysis of dry matter and nutrients uptake of 
maize plants with different fertilizers and salinity inter
actions. 

F Values 

Dry Wt. N P Na Ca Fe Mn Zn 

237.00*"1 276.10*"1 51.60u 53.60u 6.BOlt 323.40** 57.60u 205.30 U 

10.10u 23.50u 194.50 u 9.20 u 17.50** 167.90** 1. OOns 1.70ns 

20.60** 1B.20** 7.30u 299.00 u 6.60 lt 17.20** 36.50*"1 .40ns 

.10ns IB.90** LIOns 4.60ns 24.00** 16.90** 9.60** 14.60 u 

8.60*"1 .10** 6.20 It 7.30 It 1.40ns 308.00** .70ns 53.10** 

2.10ns 26. BO** 6.30 u .10ns 1.40ns 4.00n:; 4.40ns 1.00ns 

3.10ns 2.BOns B3.00U 19. SOU .70ns 10.80** .50ns .60ns 

lS4.00 U 144.10u 160.70** 104. 40** 162.60** 801.70** 221. 00** 134.00U 

10.20** 26.90** 1B.30** 7.00** 50.20** 109.BO** 65.70** 14.70** 

1.40ns 26.60** 24.70** 46.60 u 40.70** 18.10** 52.50** 9.30 u 

10.50** 23.00** 69.50** BO.80** 24.10** 168.90** 7.60 u 23.S0 u 

3.BO It 2.70u 13.30** 62.60** 99.80** 15.10** 1. 30ns 10.40 u 

5.50** 11. 80** B.90** 58.BO** 12.80** 1B4.70** 48.20** 11. 70** 

5.50** 16.60ns 36.40** 129.50** 23.90** BO .10** 24.10** 6. SOu 

.10ns 10.30** B.70** 6.30** 27.70U 26.BO** 13.00** 13.50 u 

ns .•• not significant 
It •••• significant at P05 \ 
ltt ••• highly significant at POI \ 

26 
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Table 3. Effect of different fertilizers and combinations on the average 
of three replicates of maize dry weight at different salinity 
levels. 

Control N P K NP PK NK NPK 

---------------------------- g/pot --------------------------

Sl 20.90 29.40 27.60 23.70 33.70 24.20 36.60 29.70 
.. 

SII 16.60 27.20 16.70 13.70 31.10 13.80 26.10 26.50 

SIll 13.10 21.00 14.30 9.80 25.90 13.10 12.40 15.80 

L.S.D. N.S. 
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Table 4. Effect of the three-way interaction SxNxP on maize dry weight 
at different salinity levels. 

SI 

Sll 

SIll 

L.S.D. : 

Control 

22.30 

15.20 

11.50 

P .05 = 2.86 

N 

33.00 

26.60 

16.70 

P 

25.90 

15.30 

13.70 

P .01 = 3.83 

NP 

31. 70 

28.80 . 

20.90 
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Table 5. Effect of the three-way interaction SxPxK on maize dry weight 
at different salinity levels. 

SI 

SII 

SIll 

L.S.D. : 

Control 

25.20 

21.90 

17.00 

P .05 = 2.86 

p 

30.60 

23.90 

20.10 

K 

30.20 

19.90 

11.10 

P .01 = 3.83 

PK 

27.00 

20.20' 

14.50 
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Table 6. Effect of the three-way interaction SxNxl< on maize dry weight 
at different salinity levels. 

SI 

SIl 

SIlT 

L.S.D. : 

Control 

24.20 

16.60 

13.70 

P .05 = 2.86 

N 

31.60 

29.20 

23.40 

K 

23.90 

13.80 

11.40 

P .01 = 3.83 

NK 

33.20 

26.30 . 

14.10 
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The magnitude of this beneficial effect of N fertilizer was less at 

high salinity level (53). On the other hand, the application of P 

fertilizer significantly increased the dry matter produced only at low 

salinity (51) in comparison to control plants, while no significant 

effect at medium (52) and high (53) levels of salts was obtained. This 

agrees with the reports of Patel and Wallace (1976) who stated that 

high salinity masked the effects of P fertility so that it was negligible 

at the high salt level. 

3) The beneficial effect of applying NP fertilizers in 

counteracting the adverse effect of salinity can be noticed in Table 4. 

The interaction of Nand P with salinity is reflected by the increase 

in dry matter produced at 52 and 53 levels with NP treatment as compared 

to the effects of Nand P alone. In this connection, Paliwal and Maliwal 

(1972), stated that fertilization under moderate levels of salinity 

improves soil productivity. They added that nutrients applied in the 

easily available form stimulates the essential physio- logical functions 

in the plant but they are inhibited by higher osmotic pressure. 

4) The detrimental effect of K fertilizers on maize dry matter 

at S2 and 53 levels of salts can be observed from Tables 5 and 6. 

Although the application of P or K fertilizers alone increased the dry 

matter significantly, the PK fertilizers application negated the positive 

effect of P and K fertilizers separately. The reverse trend can be 

noticed in case of NK treatment where K did not have a negative effect 

on dry matter. However, at medium salt level (52), addition of N 

mitigated the negative effect of K, whereas application of P with K as 

PK fertilizer augmented the effect of salinity on dry matter production 
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not only at S2 level, but also at the S3 level of salt. It seems likely 

that K fertilizer acted as a salt more than a fertilizer at high salt 

level causing a decrease in dry matter produced although the amount of 

fertilizer added was relatively low in comparison to the total salt 

present in the soil. 

Macronutrient Uptake 

Nitrogen Uptake 

Data in Table 7 showed that, in the control treatment, no 

significant changes were found in the concentration and uptake of N in 

maize plants when salts increased from the S1 to the S2 level, while a 

highly significant decrease was obtained at the highest (S3) level. 

On the other hand, the effect of K fertilizers when added alone or 

together with P as PK or. Nand P as NPK, fertilizers on decreasing N 

concentration and uptake can be observed. This can be noticed by the 

highly significant decrease in N uptake when K fertilizer was added at 

S2 level in comparison to control plants or lower level of salt (S1). 

Also the insignificant differences in N uptake between PK-fertilized 

and unfertilized plants at S2 and S3 levels of salts should be noted. 

It seems that P and K fertilizers augmented the effect of salinity on 

decreasing the N uptake particularly at the highest salt level (S3). 

On the other hand, application of N fertilizer alone or together 

with P as NP or with ~ as NK fertilizers increased significantly the N 

uptake at S2 and S3 salinity levels relative to unfertilized plants. 

Also, N concentration was maintained higher in the fertilized plants 

than those unfertilized. In addition, in comparison to S1 level of 
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salt, there were no significant changes observed in N uptake with 

the treatments N, P, and NP fertilizers at medium (S2) and high (S3) 

levels of salts. It can be said that, in contrast to the findings of 

Udovenko et al. (1972) the deleterious effect of salinity is more 

pronounced on N utilization than N absorption since there were no changes 

in the N concentration being observed in fertilized plants except those 

treated with K and PK-fertilizers. This could be due to the application 

of Nand P fertilizers in Ca-form since the role of Ca+2 ions in keeping 

membrane integrity is now well known. In addition, Ward et al. (1986) 

found that Ca+2 increased the activity of N03- transport, in barley 

plants, under saline conditions but had little effect under nonsaline 

conditions. They added that the enhancement of N03- transport under 

saline condition was dependent on the presence of Ca+2 ions in the 

uptake solution along with the salt. That may explain the linear increase 

in Ca uptake with increasing salinity level. However, maintaining 

high N concentration inside the plant tissues does not mean high dry 

matter production can be obtained, due to the lack of N utilization in 

the presence of salts and this agrees well with the findings of Frota 

and Tucker (1978). This means that NP fertilizer application has the 

advantage in increasing N concentration and uptake since this treatment 

gave the highest N uptake values compared with the control plants at 

different salinity levels. This agrees with the findings of Paliwal 

and Mal iwal (1972). 
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Phosphorus Uptake 

It is clear from Table 7 that increasing salinity up to S2 

level tended to increase significantly the P uptake in P-fertilized 

and unfertilized maize plants and the uptake values were higher in the 

former than the latter. The increase in the uptake S~~JiS to be due to 

the increase in P concentration in P-fertilized plants more than the 

control and the considerable decrease in the dry matter production at 

the medium salt level. Moreover, when salts increased to S3 level, a 

highly significant decrease in P uptake was noticed and there were no 

significant differences between fertilized and unfertilized (control) 

plants except with NP treatment. This agrees closely with Starostika 

and Hill (1955), and Patel and Wallace (1976) who stated that salinity 

masked the effect of P-fertility. 

The effect of K fertilizer on decreasing P uptake can be noticed 

when K was added alone or together with P as PK fertilizer compared to 

unfertilized plants at different salinity levels. Whereas, N addition 
-

together with K gave higher uptake values than that with K fertilizer 

alone at different salinity levels. Again, the PK fertilizer may 

augment the effect of salinity in decreasing P uptake in addition to 

reducing dry matter and N uptake as mentioned before. However, when 

NP fertilizer treatment was added, a highly significant increase in P 

uptake was found relative to control plants at all salinity levels. 

Also, there was no significant change in P uptake when NP fertilizer 

treatment was added with increasing salinity levels as well as no 

significant differences in the uptake values between P or NP-fertilized 

plants being found at S2 level. 
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From the above mentioned points it can be concluded that NP 

application had a beneficial effect on Nand P uptake above that of N 

or P fertilizers alone. This could be due to the synergism between N 

and P nutrients and the profound effect of both nutrients in increasing 

the dry matter. 

Sodium Uptake 

In case of no fertilizers added (control), as shown in Table 7, 

there was no significant change in Na uptake when salts increased to 

S2 level, while a highly significant decrease in the uptake occurred 

when salts increased to S3 level. On the other hand, when K fertilizers 

were applied alone or in combination with N as NK or P as PK or with 

both as NPK a highly significant increase in Na uptake was obtained, 

in comparison to control treatments, at S1 and S2 levels of salts. 

Also the values were significantly less in various degrees with NK, PK, 

and NPK treatments at S2 than that at the S1 level. Meanwhile, when 

N or P or NP fertilizer treatments were added to the normal soil (S1), 

no significant changes in Na uptake were found. Whereas at the S2 

salt level, only a significant increase was found when N and a highly 

significant increase was found when NP fertilizers were added compared 

to the control treatment. When salts increased to S3 level, a highly 

significant decrease in Na uptake was obtained with different fertilizer 

treatments so that there were no significant differences between 

fertilized and unfertilized plants except in case of NP application. 
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The above results can be explained as Na is generally an 

essential micronutrient for species having C4 pathway but not for the 

species with C3 pathway (Brownell and Crossland, 1972). On the other 

hand, Hayward and Wadleigh (1949) and Bernstein (1962) stated that 

plants more tolerant to high levels of Na normally contain considerable 

amounts of Na, whereas the more sensitive plants tended to exclude Na. 

Based on the aforementioned statement, tolerance of maize plants 

to medium salt level can be improved by applying NP fertilizer, hence, 

relatively higher dry matter can be produced in comparison to no 

fertilizer added. These results can be applied specifically to the 

variety grown in this study since the varieties within one crop differs 

in their behavior under saline conditions. However, at the highest 

salt level (S3), the plants became more sensitive to salinity and the 

considerably lower uptake of Na ions could be due to Na exclusion and/or 

accumulation in roots. This may, therefore, minimize the amount of Na 

ions reaching the sensitive organs or the upper parts of the plants. 

In this connection, Drew and Lauchli (1987) stated that the mesocotyl 

part of maize plants, located between the root and the shoot, can 

strongly accumulate Na ions from the ascending transpiration stream, 

thereby potentially acting as a sink to protect the shoot from excess 

Na. On the other hand, it seems that the role of K in increasing Na 

uptake, at the medium salt level (S2), maybe affected by Ca+2 ions. 

Since Nand P fertilizers were added in a Ca--form, while K was added 

in the S04-2 form, it is possible that the S04-~ ions may minim~ze the 

amount of Ca+2 ions which were in the soil solution by forming CaS04 

leaving Na+ ions free to be absorbed with minimum competition between 
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Na and K. However, this may also be applied at the higher salt level 

(S3) in which more Na+ ion could be taken up by maize roots but its 

movement to the upper part is minimized according to the mechanism(s) 

mentioned above. 

Calcium Uptake 

It is clear from Table 2 that the S x N x P x K interaction 

has a highly significantly effect on Ca uptake. 

In case of no fertilizers added (control), as shown in Table 

7, the concentration and uptake of Ca decreased significantly with 

increasing salinity level up to S3. This trend also can be noticed 

when K fertilizer was added as K2S04. A reverse trend was obtained 

in Ca uptake when N fertilizer was added as Ca(N03)2 in which Ca uptake 

was increased significantly with increasing salinity level. However, P 

application in various combinations with Nand K decreased significantly 

the uptake at S2 level, while it increased at the S3 level of salt. 

The interpretation of the above results could be through the 

interionic relations between cations (i.e. Na+ and Ca+2) and anions 

(i.e. S04- 2, N03-, and P04-3). The linear increase in Ca uptake when 

plants fertilized with N as Ca(N03)2 is in agreement with the findings 

of Ward et al. (1986). 

The linear decrease, however, in Ca uptake in K-fertilized 

plants with K2S04 may be due to the Ca+2 ion-pair formation as CaS04. 

This could be correlated with the reverse trend between P and Ca uptake 

in plants fertilized with P as superphosphate at different salinity 

levels. On the other hand, the mutual effects between different anions 



Table 7. Effect of different fertilizers and combinations on the concentration and uptake of 
macronutrients in maize plants at different salinity levels. 
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i.e. P04-3, N03- and S04-2 from one side and cations, Na+ in particular, 

as well as Ca+2, from the other side could be the reason for decreasing 

the Ca uptake at S2 level and the increase at the high level of salt 

(S3 ) with the rest of the treatments. 

Micronutrient Uptake 

Several investigators have found that micronutrients availability 

in soil and their uptake by different plants are affected by salinity 

level in soil. The degree of increasing or decreasing their availability 

varies with the concentration and type of salts existing in the soil 

or in the nutrient solution and type of the test plant. On the other 

hand, macronutrient fertilizer application can affect their availability 

in soil as well as mobility inside the plant, particularly under saline 

conditions. This leads to a discussion of the micronutrient status in 

the fertilized maize plants at different salt levels. Several points 

can be concluded from the data shown in Table 8. 

1) With no fertilizer application (control), increasing salinity 

to S3 level decreased significantly the uptake and concentration of Fe, 

whereas, for Mn and In it was only at the highest level (S3) that a 

decrease was obtained. It is also clear that the concentration of Fe, 

Mn, and In remained near the critical limits necessary for almost normal 

plant growth up to S2 level of salt, whereas at the highest salt concen

tration (S3), the concentration of all nutrients drastically decreased 

to deficient ranges. These findings are in agreement with Hassan et 

al. (1970), for Fe and Farrag (1978) for Mn and In. 



Table 8. Effect of different fertilizers and combinations on the concentration and uptake of 
micronutrients in maize plants at different salinity levels. 
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2) With normal soil (51), application of P, K as well as various 

combinations of N, P and K increased significantly the uptake and 

concentration of Fe, while N fertilizer did not change the uptake 

compared to control plants. As for Mn and Zn no significant changes 

could be observed. 

When salts increased to the 52 level, application of N or NP 

fertilizers increased significantly the concentration and uptake of Fe 

in comparison to control treatment at the same level of salt or to the 

normal soil (51). As for the rest of the treatments (i.e. K, PK, ~K, 

and NPK), they also increased the Fe uptake at the same level of salt 

but the values were significantly less than that for normal soil. As 

for Mn, the concentration and uptake of Mn decreased significantly by K 

while it increased by NP fertilizer application relative to control 

treatment at 52 level of salt. In addition, only NP and NK applications 

increased significantly the uptake of Zn. 

As for the rest of the treatments, there were no significant 

effects on the concentration and uptake of Mn and Zn. With the highest 

salt level (53), the concentration and uptake of Fe decreased when K 

fertilizer was applied. Meanwhile, Mn did not show any significant 

changes in response to fertilizers except with K, NP and NPK treatments 

in which the concentration and the uptake significantly decreased. As 

for Zn, only K fertilizers decreased significantly Zn uptake although 

the concentration with the rest of the treatments was maintained or 

increased in comparison to the control treatment at this level of salt. 

3) The low concentration of Mn in the plant tissues can be 

attributed to the low requirement of maize plants for Mn. As for Fe, 
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the increase in uptake was mos~ pronounced when P fertilizer was applied 

particularly at Sl and S3 levels compared to unfertilized plants. 

This could be due to the increase in the amount of Fe translocated to 

the upper parts from the roots. Doney et al. (1960), found an increase 

in, the uptake and percent of translocated Fe from roots to shoots of 

maize plants when P was increased from 0.003 to 3 ppm in the nutrient 

solution. However, Zn behaved differently at Sl and S2 levels of salts 

in which no large variations in its concentration was found and the 

differences in the uptake were due to the differences in dry matter 

production. As for Zn uptake at the highest salt level (S3), the 

increase in Zn concentration is in agreement with the work of Langdale 

and Thomas (1975) who found that Zn content in fertilized spinach plants 

increased sharply with the high salinity level. 

The above mentioned points can lead to the conclusion that 

application of N or P fertilizers alone or in combination as a basic 

dressing for maize under saline conditions can increase the tolerance 

range of this crop and this variety in particular. However, when NP 

was added, a severe decrease in Fe and Mn concentration was obtained 

particularly at high salt level while Zn concentration was maintained 

at higher levels in comparison to the control treatments at different 

salinity levels. This disturbance in Fe and Mn content may be due to 

salinity and/or the dilution effect resulting from the increase in the 

dry matter production. Meanwhile, the concentration of Zn was still 

less than that required by maize plants for almost normal plant growth. 

Consequently, another trial was undertaken in order to study the response 

of maize plants to micronutrient applied, either individually or in 
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combination, with two methods of application. This experiment will be 

discussed in the second part of this dissertation. 



CHAPTER 4 

SECOND EXPERIMENT 

Introduction 
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The second part of this research is based on several points. 

In the first place, as mentioned before in experiment one, without any 

fertilizer application, moderate and high salt levels decreased the 

concentration and the uptake of nutrients by the upper parts of the 

plants. Secondly, NP fertilizer application tended to increase dry 

matter produced by maize plants compared to the control treatment at 

every level of salts. This may possibly lead to a dilution effect for 

micronutrients, particularly for Fe and Mn with high salt level even 

though they are in sufficient quantity in the soil. 

Finally, it seems that salinity does not affect Zn uptake in 

maize plants at a high salt level. However, the Zn concentration found 

in those maize plants may be adequate for other crops but not necessarily 

for maize plants which are known for the irre1ative1y high requirements 

for Zn. Consequently, the increase in dry matter resulting from NP 

application and the detrimental effect of salinity on micronutrient 

uptake can increase the possibility of maize plants suffering not 

only from Zn deficiency but also from the deficiency of other 

micronutrients. 

Materials and Methods 

The second part of the experiment was conducted in a green

house on the University of Arizona campus in Tucson. The soil samples 

from Marana area, Pima clay loam, (Fine-silty mixed thermic, Typic 
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torrifluvents), with ECe 1.15 dSm- 1 and pH 7.95 were collected, air 

dried and 81 pots were packed with 5 kg soil. Foliar application 

treatment using three salt levels x three micronutrient treatments x 

two pH values x three replicates were applied to 54 pots. The remaining 

27 were used for soil application (three salt levels x three treatments 

x three replicates). A complete Randomized Design was used in the 

study. The desired salinity levels were established by adding saline 

water, artificially constructed (Table 9), to the pots up to field 

capacity. The soil samples were subjected to \'Ietting and dry- .ing 

cycles for two months until balanced and desired salinity was obtained. 

The basic fertilizer doses were with the same rates used in the first 

experiment of Nand P using calcium nitrate and triple superphosphate 

(44% P205). Six maize seeds ('Asgrow Rx90') were planted, and later 

thinned to three seedlings per pot after germination. Twenty ppm of Fe 

and 10 ppm of each of Mn and Zn, either alone or in combination, were 

soil applied as sequestrene chelate respectively. As for the foliar 

application treatment, a solution containing 0.04% of the micronutrients 

on the elemental basis was prepared with the same chelate material. 

Solutions with two pH values were applied to maize plants three and six 

weeks after germination. The solutions were adjusted to pH 6 and pH 8 

with deionized water and NaOH, respectively. Plant samples of three 

replicates from each treatment were harvested 50 days after planting, 

dried in an forced air oven at 70 C for 72 hr and the dried samples 

were ground into fine powder (40 mesh) and assayed for mineral content 

by the methods described previously. 



Table 9. Sources of salts and their concentration in saline water 
used to obtain the desired soil salinity levels. 

EC, dSm- 1 

=================================================================== 

1.16 6.20 12.20 

meq/L g IL meq/L giL meq/L giL 

NaCl 3.50 0.187 20.60 1.205 34.00 1.989 

Na2S04 ·3.50 0.227 20.60 1.462 34.00 2.414 

CaC12 3.50 0.178 11.50 0.638 30.00 1.665 

MgS04 2.50 0.150 11.50 0.690 30.00 1.800 

46 
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Results and Discussion 

Data from Tables 10, 11 and Figures 1 to 7, show the following 

points: 

1) Under normal soil conditions, SI, there was no significant 

effect on dry matter produced by maize plants as well as Mn uptake 

when Zn was foliar or soil applied. The dry matter values obtained 

were 16.7, 18.5, and 17.8 g/pot for Zn-pH 6, Zn-pH 8 and soil application, 

respectively. However, Zn soil application gave higher N, P, Na, and 

Fe uptake as well as chlorophyll a content in comparison to foliar 

application. The response of corn to Zn is in agreement with Bahati 

and Sarwar (1977). It seems likely that Zn application enhances the 

uptake of N, P, Na, and Fe. On the other hand, sinc~ the plants 

fertilized with NP fertilizers showed Zn + Fe deficiency symptoms, Fe 

was applied with Zn. Unexpectedly, irrespective the method of 

application, Fe and Zn decreased dry matter and uptake of nutrients, 

compared to Zn alone. The depressing effect was much greater for soil 

application than for foliar. This could be attributed to the 

antagonistic effect between Fe and Zn. In this connection, Cumbus et 

al. (1977) using watercress plants (Rorippa nasturtium aguaticum L.), 

suggested that an inhibitory effect of Zn on Fe is not only at the 

initial absorption site of roots, but may act as a competitive cation 

in the active metabolic transport. 

Also, Lingle et al. (1963) stated that Zn was one of the 

strongest interfering ions in decapitated plant studies and interfered 

with Fe uptake and transport by intact soybean plants. Meanwhile, 

this antagonistic effect between Zn and Fe can be overcome by addition 



Table 10. Effect of micronutrient soil and foliar applications and soil salinity levels on dry 
matter production and chlorophyll a concentration in maize plants. 

-------------------------------------------Treatments ---------------------------
Salt Element Foliar Soil Foliar Soil 
Level Added pH-6 pH-8 app. pH-6 pH-8 app. 

----------------------------------------------------------------------------
DRY WEIGHT (g/pot) CHLOROPHYLL A (ug/g F.Wt ) 

Zn 16.70 13.50 17.80 110.00 110.00 140.00 
SI I Zn+Fe 13.20 12.30 11. 30 120.00 180.00 150.00 

Zn+Fe+Mn 16.70 12.10 17.40 110.00 170.00 160.00 

Zn 18.60 13.30 12.80 130.00 150.00 170.00 
SII I Zn+Fe 14.30 19.10 14.30 120.00 160.00 180.00 

Zn+Fe+Mn 12.60 17.10 13.30 150.00 130.00 200.00 

Zn 9.50 23.40 11. 40 220.00 120.00 190.00 
SIr I I Zn+Fe 11. 60 10.60 12.30 160.00 120.00 260.00 

Zn+Fe+Mn 8.50 10.00 13.20 160.00 180.00 260.00 

rJ.S.D: P .05 = 2.20 2.20 1.10 11. 00 11. 00 15.00 
P .01 = 2.90 2.20 1.60 15.00 15.00 20.00 

~ 
co 
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Table 11. Effect of micronutrient soil and foliar application and soil 
salinity levels on nutrient concentration and uptake of maize 
plants. 

-------------------------------------------------------------------- -.-

------------------------------------Treatments-------------------------

Salt Element Foliar Soil app. 
pH-6 pH-8 

:'e'/e 1 Added Cone. uptake Cone. uptake cone. 1.lpt.:;~:~ 

'\, mg/pot '\, mg/pot '\, mg/pl')~ 

------------------------------------------------------------------------
NITROGEN 

Zn 3.50 590.20 3.60 666.10 5.40 9 ~,,? • ::C 
sr Zn+Fe ~.80 505.30 3.60 441. 40 2.00 ::2C.:C 

Zn+Fe+Hn 2.60 437.90 4.00 480.30 5.00 86~.aC 

Zn 3.70 686.70 2.20 520.10 3.80 431J.4C 
SIr Zn+Fe 2.60 371.10 5.00 944.90 J.40 433.:'C 

Zn+Fe+Hn 3.~O 404.10 3.70 632.00 3.40 4~·J. :.c 

Zn 5.20 497.30 3.60 851. 80 3.90 4 ·16. ~r 
...... TT 
~J. .... Zn+Fe 4.40 510.00 4.70 :01.80 :?30 4"':.?~ 

I ::n'Fe+Hn 3.90 330.70 4.40 440.30 4.:0 :51.:( 

:'.:::.D p • O~· 87.60 87.60 3:. ! ': 
P .01 = 117.60 117.60 :l:.~C 

PHOSPHORUS 

IZn .20 38.50 .30' 51.70 .70 1~4.S(' 
SIIZn+Fe .40 55.30 .20 28.20 .20 ~~" :?C 

IZn+Fe+Hn .10 23.30 .50 56.70 .90 12'? . :c 

IZn .40 78.00 .40 57.80 .60 ~6.6r 

SI:IZn+Fe .40 60.20 .40 80.00 .50 il.SC 
IZn+Fe+Hn .30 41.40 .30 47.30 .40 49.:C 

IZn .80 75.90 .40 98.30 .10 :~.'7~ 

:::IIIIZn+Fe .60 69.50 .60 63.80 .40 48.le 
IZn+Fe+Hn .70 59.50 .50 50.20 • SO 6 E • ~: 

~.3.D: P .05 10.30 10.30 3.er 
P .01 = 13.80 13.00 10.9C 

SODIUH 

Zn .20 26.80 .30 53.50 .40 71.3C 
SI Zn+Fe .10 10.50 .30 31. 90 .40 46.1: 

Zn+Fe+Hn .10 13.30 .30 3~ •. 00 .50 30.0C 

Zn .10 26.00 .30 47.20 .30 40.9C 
SII Zn+Fe .10 20.10 .30 57.20 .30 40.1C 

Zn+Fe+Hn .12 15.10 .50 76.90 .40 54. SC 

Zn .30 24.70 .30 67.90 .30 37.7C 
SIr I Zn+Fe .20 27.80 .70 72.30' .20 22.2C 

Zn+Fe+Hn .30 23.80 .30 27.10 .30 42.20 

L.S.D: P .05 = 7.00 7.00 B.1' 
P .01 = 9.70 9.70 11.2' 

----------------------------------------------------------------------
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Table 11. Effect of micronutrient soil and foliar application and soil 
salinity levels on nutrient concentration and uptake of maize 
plants (Continued). 

------------------------------------Treatments--------------------------

Leve ~. 

SI 

~II 

£III 

~.S.D: 

SI 

SII 

SII I 

Element 

Added 

Zn 
Zn+Fe 
Zn+Fe"+Mn 

Zn 
Zn+Fe 
Zn+Fe+Mn 

Zn 
Zn+Fe 
Zn+Fe+Mn 

P .05 
P .01 ~ 

Zn 
Zn+Fe 
Zrl+Fe+Mn 

Zn 
Zn+Fe 
Zn+Fe+Mn 

Zn 
Zn+Fe 
Zn+Fe+Mn 

L.S.D: P .05 
p .01 

SI 

SIl 

51 II 

Zn 
Zn+Fe 
Zn+Fe+Mn 

Zn 
Zn+Fe 
Zn+Fe+Mn 

Zn 
Zn+Fe 
Zn+Fe+Mn 

L.S.D: P .05 ~ 
P . 01 ~ 

Foliar 
pH-S 

ppm mg/pot 

3~.90 

32.70 
33.00 

42.00 
25.10 
32.70 

58.00 
50.00 
42.40 

17.00 
17.00 
16.90 

25.00 
25.00 
17.00 

25.00 
2~.00 

25.00 

25.00 
17.00 
17.00 

17.00 
25.00 
17.00 

25.00 
25.00 
25.00 

.60 

.40 

.60 

.80 

.40 

.40 

.60 

.60 

.40 

.:0 

.12 

.30 

.20 

.30 

.50 

.40 

.20 

.20 

.30 

.20 

.10 

.20 

.40 

.20 

.30 

.30 

.40 

.20 

.20 

.30 

.20 

.10 

.20 

pH-8 
ppm mg/pot 

IRON 

J3.00 
32.30 
33.20 

4:.00 
42.00 
42.10 

42.00 
49.90 
51. 40 

MANGANESE 

ZINC 

17.00 
17.00 
17.00 

17.00 
8.00 

17.00 

17.00 
25.00 
25.00 

33.00 
25.00 
25.00 

25.00 
33.00 
25.00 

25.00 
33.00 
25.00 

.60 

.40 

.40 

.60 

.80 

.70 

1. 00 
.50 
.50 

.10 

.12 

.30 

.20 

.20 

.20 

.20 

.30 

.40 

.30 

.30 

.10 

.20 

.60 

.30 

.30 

.30 

.60 

.40 

.60 

.40 

.30 

.10 

.20 

Soil app. 

ppm 

42.10 
24.90 
42.00 

2~ .• 1.0 
41.90 
33.10 

42.2C 
50.:0 
4:.:0 

17.00 
8.00 

25.00 

17.00 
17.00 
17.00 

8.00 
8.00 

17.00 

33.00 
16.90 
50.00 

25.00 
17.00 
25.00 

17.00 
17.00 
25.00 

mg/po: 

.88 

. ::0 

.70 

.50 

.4C 

.50 

.';0 

.30 

.40 

.~o 

.1.0 

.::'0 

. ~8 

.05 

.:0 

.60 

.20 

.90 

.30 

.20 

.30 

.:0 

.20 

.30 

.05 

.10 



25 I 
i ~ pH-6 

:-2°1 ~ 
~ pH-a 

fXl.. f\J ~ ~ Soil app. 
0 
0-

" 0115 
~ 

..... 
:r: 
(!) 

GJ 10 
~ 

>-
0:: 
0 

5 

0 
c ~ c c ~ c c ~ c 

N ::E N ::!: N :i: + + + + + + c 
~ 

c 
~ 

c 
~ N N N 

+ + + c c C 
N N N 

51 511 5111 

SALT LEVEL 

Fig. 1. Effect of micronutrient soil and foliar application and soil salinity 
(J'I levels on maize dry weight. ..... 



~ 

4J 
o 
a. 

"-.. 
en 
E 

'-" 

w 
~ 

~ a.. 

1000~1--------------------------------------------------~ 

800 

600 

:J 400 

Z 
W 
C) 
o 
g§ 
z 

200 

o 'V Y' Yr' 'Y' ':V,YI 'V' 'vrv' 'YfY' 'Y(i" 

C 
N ~ 

+ 
C 

N 

SI 

c 
:::?: 
+ 
~ 
+ 
C 

N 

C 
N If 

+ 
C 

N 

SII 

c 
:::!E 
+ 
~ 
+ 
C 

N 

SALT LEVEL 

~ ~ 
+ 
C 

N 

Sill 

c 
:::!E 
+ 
~ 
+ 
C 

N 

~ pH-S 

~ pH-8 

~ Soil app. 

Fig. -2. Effect of micronutrient soil and foliar application and soil salinity on 
nitrogen uptake in maize plants at different salinity levels. (J1 

N 



150 
.,-... 

..;.....I 

0 
0-

" 01 

E 
,-,100 
W 
~ 

~ 
0.. 
:::> 
(f) 
:::> 50 ct: 
0 
I 
0.. 
(f) 
0 
I 
0.. 

0 
c ~ C 

N :s + + c 
~ N 
+ 
C 

N 

SI 

c ~ c 
N ::ii: + + c 

~ N 
+ c 
N 

SII 

SALT LEVEL 

c ~ N 
+ c 
N 

Sill 

C 
~ 
+ 
~ 
+ 
C 

N 

~ pH-6 

~ pH-a 

~ Soil app. 

Fig. 3. Effect of micronutrient soil and foliar application and soil salinity on 
phosphorus uptake in maize plants at different salinity levels. U1 

W 



80 I V I I ~ pH-6 

.,-.... 

4J 
o 
0..60 
"-01 

E 
"'-.../ 

~ 40 

~ n.. 
~ 

:? 
~ 20 
o 
o 
(f) 

0 

Fig. 4. 

~ pH-B 

~ Soil app. 

c ~ c c ~ c c ~ C N ::E N ::E N ::E + + + + + + c 
~ 

c 
~ 

c 
~ N N N 

+ + + c c C 
N N N 

51 511 5111 

SALT LEVEL 
Effect of micronutrient soil and foliar application and soil salinity on 
sodium uptake in maize plants at different salinity levels. U"1 

+=> 



1 I iXJ 

i ~ pH-6 

i oa
1 ~ 

~ pH-a 

~ D ~. ~ Soil app. 

"" 01 

E .6 
"--' 

W 
~ 

~ .4 a... 
:J 

Z 
0 
Ct: .2 

0 
c ~ c c If c c ~ C 

N :2! N ::E N ::: + + + + + + c 
~ 

c 
~ 

c 
~ N N N 

+ + + c c C 
N N N 

51 511 5111 

SALT LEVEL 
Fig. 5. Effect of micronutrient soil and foliar application. and soil salinity on 

iron uptake in maize plants at different salinity levels. t.n 
t.n 



,,-.. 

~ 

.5 i <I 

o 
0..4 
"-01 

E 
........." 

W .3 
~ 

~ 
0.. 
::> .2 
W 
(f) 
W 
z « 
C> .1 
Z « 
2 

o !)Y?,," "","'" ''''?'' , W;V I I W;V I I "'?' I I "'?" I I V' I "'QY I 

c: 
N ~ 

+ c: 
N 

SI 

c: 
:::2: 
+ 
~ 
+ c: 
N 

c: ~ c: 
N :::2: + + c: 

~ N 
+ c: 
N 

Sit 

SALT LEVEL 

c:. ~ c: 
N :::2: + + c: 

~ N 
+ c: 
N 

Sill 

~ pH-S 

~ pH-a 

~ Soil app. 

Fig. 6. Effect of micronutrient soil and foliar applicatio~ and soil salinity on 
manganese uptake in maize plants at different salinity levels. U'I 

en 



iK'l .9 I Oi ~ pH-S 

,..... 
+' o 
0-

'cil.s 
E 

'--' 

w 
~ 

~ 0a. 
:::> .3 

U 
Z -N 

0 
c 

N ~ c 
::2! + + c af N 
+ c 
N 

SI 

~ pH-a 

~ Soil app. 

c If c c af c 
N ::E N :.:! + + + + c 

~ 
c af N N 

+ + c C 
N N 

SII Sill 

SALT LEVEL 
Fig. 7. Effect of micronutrient soil and foliar application and soil salinity on 

zinc uptake in maize plants at different salinity levels. (J"I 
......... 



58 

of Mn with both Zn + Fe, either to the soil or foliar at pH 6 (Tables 

10 and 11). This means that application of Zn + Fe + Mn to the soil 

or foliar spray at pH 6 produced dry matter values equal to Zn only. 

However, soil application of Zn + Fe + Mn had the advantage of increasing 

the uptake of N, P, Na, Fe, and Zn significantly, while there was no 

significant effect between both methods in case of Mn uptake. 

2) At the medium salt level (52), data in Tables 10, 11 and 

Figures 1 to 7 show a different trend than that for normal soil (51). 

Although there were no significant differences between the treatments 

in dry matter production when Zn was applied to normal soil, but at the 

medium salt level (52), foliar application of Zn-pH 6 gave a higher dry 

matter production and uptake of most nutrients. On the other hand, 

there was no noticeable difference between Zn-pH 8 and soil application 

on dry matter produced, and the values were significantly less than 

that of Zn-pH 6 or the same treatment with normal soil. The increase 

in N, P, Fe, and Mn uptake by Zn-pH 6 foliar application was due to the 

increase in dry matter as well as the nutrient content of the plants. 

This is in agreement with the finding of Wassif et ale (1979) using 

sorghum plants. 

In contrast to the situation with normal soil, application of 

Fe together with Zn, particularly foliar with pH 8, gave a highly 

significant increase in dry matter (19.1) while Zn + Fe foliar with pH 

6 was 14.3 and soil application was 14.3 g/pot. Also Zn + Fe-pH 8 

increased significantly the uptake of all nutrients, except chlorophyll 

a content, and this is in contrast to what has been found with normal 

soil. It seems probable that the interaction between Zn and Fe was 
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minimized at the high pH value of the spray solution compared with 

that of pH 6 at the medium salt concentration. This trend of increased 

dry matter production can be noticed in case of Zn + Fe soil application. 

The minimization of nutrient interactions under saline conditions has 

been suggested also by Langdale and Thomas (1975) in their studies on 

Zn x N x salinity interaction in spinach plants. 

Almost the same trend can be noticed when Mn was added with Zn 

+ Fe at pH 8. The foliar application of Zn + Fe + Mn pH 8 gave relatively 

high dry weight (17.1 g/pot) and it was significantly higher than foliar 

pH 6 (12.6 g/pot) or soil application (13.3 g/pot). The high pH of 

spray solution may possibly playa role in the high dry matter produced 

by corn plants accompanied by the nutrient(s) added. The interpretation 

of this effect of pH will be discussed later. 

3) At the highest salt concentration (S3), a general decrease 

in dry matter can be noticed with different treatments, except that 

with Zn-pH 8~ in comparison to SI and S2 levels of salts. Also, soil 

application of Zn + Fe + Mn gave relatively high dry matter (13.2 g/pot) 

in comparison to other treatments and this was accompanied by erratic 

variations in nutrient uptake. It is worthy to mention the findings 

of Shukla and Mukhi (1985). They stated that the relatively low response 

of maize plants to Zn under saline or saline-sodic conditions could be 

explained from the overall suppression in plant growth due to high salt 

concentration. This is in line with the data obtained (Table 10 and 

Fig. 1) in which soil application, not only with Zn but also with other 

nutrients (e.g. Fe and Mn), is important to regain the nutrient balance 

inside the plant. Also the high value of dry matter obtained with the 
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treatment Zn-pH 8 could ba due to the effect of pH or due to Zn ions 

or both. 

On the other hand it is noticeable from Table 12 and Figs. 4, 

8.1, and 8.2 that the plants contained, generally, a lower Na uptake 

and a higher content of chlorophyll and total chlorophyll by ug!g fresh 

weight, particularly in case of soil applications. This reverse trend 

between Na salts and chlorophyll can be attributed to the possibility 

of Na exclusion from the tops of maize plants which may be ascribed to 

low translocation from the roots. However, Langdale et ale (1971) 

stated that salinity does not appear to influence chlorophyll 

concentration when expressed on a weight basis and salinity did reduce 

leaf size and presumably chlorophyll yield. 

4) The reason for the high dry matter obtained when Zn + Fe 

or Zn + Fe + Mn were sprayed with pH 8 at medium salt level as well as 

Zn-pH 8 at high salt level can be speculated upon. It seems likely 

that it depends on one or more of the following factors: the pH of 

spray solution, the specific effect of the nutrient applied and the 

effect of the chelating form. Several speculations can be presumed as 

follows: 

a) The effect of pH of the spray solution can possibly be on 

increasing the enzyme activity or enhancing the stomata opening. Since 

maize plants have the C4 photosynthesis pathway, the first C02 accept 

or is phosphoenolpyruvate (PEP) forming oxalacetate (OAA) which is then 

reduced to malate. This reaction is catalyzed by PEP-carboxylase enzyme 



Table 12. Total chlorophyll and chlorophyll a content and sodium with different treatments 
in maize plants at different salinity levels. 

Treatments 
JTOTAL CHLOROPHYLL (ug/g F.wt) CHLOROPHYLL A { {ug/g F.wt)1 SODIUM UPTAKE (mg/pot) 
I ____________________________ ---------------------------J---------------___________ _ 

pH-6 pH-8 Soil app. ,pH-6 pH':" 8 So il app. pH-6 pH-8 Soil app. 

Zn 1532.00 1496.00 1824. 00 112.00 111. 00 141.00 26.80 53.50 71. 30 
SI ZntFe 1590.00 2222.00 1856.00 115.00 176.00 145.00 10.50 31. 80 46.10 

Zn+Fe+Mn 1511. 00 2131. 00 1967.00 113.00 171. 00 157.00 13 .30 35.00 80.00 

Zn 1668.00 1894.00 2119.00 132.00 174.00 166.00 26.00 47.20 40.90 
SII Zn+Fe 1470.00 1944.00 2221. 00 122.00 156.00 175.00 20.10 57.20 40.10 

Zn+Fe+Mn 1900.00 1709.00 2295.00 151. 00 134.00 204.00 i 15.10 76.90 54.50 

Zn 2800.00 1623.00 2425.00 219.00 124.00 192.00 24.70 67.90 37.70 
SIlr ZntFe 2048.00 1552.00 3291. 00 162.00 123.00 257.00 27.80 72.30 22.20 

Zn+Fe+Mn 2074.00 2267.00 3479.00 160.00 181. 00 258.00 I 23.80 27.10 42.20 ________________ ~ __________________________________________________________ 1 __________________________ 

(J) ...... 
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in the mesophyll cells. The formed malate is then translocated to the 

bundle sheath cells where it is decarboxylated and the Calvin cycle 

becomes operative. 

Willmer (1983) stated that PEP-carboxylase in mesophyll cells 

is very sensitive to small changes of pH and a small increase in pH 

around 7 causes a manyfold decrease in the Km of PEP-carboxylase. 

Therefore, high pH foliar application may lead to more malate synthesis 

and high rates of photosynthesis as well as translocation of 

photosynthates, hence the high dry matter obtained. 

b) The other enzyme which can be affected by pH changes is 

ribulose 1,5 diphosphate carboxylase in the Calvin cycle. Osmond and 

Greenway (1972) found that ribulose 1,5 diphosphate carboxylase activity 

in the extract of maize leaves is much less sensitive to NaCl than 

PEP-carboxylase. They added that one of the effects of high salt 

concentration on many enzymes is to displace the pH optimum leading to 

an apparent stimulation or inhibition of the activity under standard 

assay conditions. They also found a pronounced increase in the amount 

of the substrate ribulose 1,5 diphosphate when the pH changed from 7.5 

to 8 at 250 mM NaCl. However, they found a smaller, but noteworthy 

shift in the amount of PEP at 50 mM NaCl. In addition, Mott and Berry 

(1986) working on spinach leaves found the full activity of this enzyme 

is to be at the pH 8.2 this could explain the reason for the high dry 

matter obtained at medium and high salt concentrations. 

c) The requirement of Mn, on the other hand, in photosystem 

II and Fe in the formation of ferredoxin and both, together with Zn, 
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required for the enzymes involved in the glyco"lysis and TCA cycles may 

pronounce the effect of high pH. 

d) The other enzyme specifically activated by Zn+2 is Carbonic 

anhydrase which catalysis the formation of bicarbonate ions (HC03-)' 

The enzyme contains Zn+2 ions in the active sites (Beritini et al., 

1986). These bicarbonate ions are the substrate for the enzyme 

PEP-carboxylase and the high pH direct the reaction toward the formation 

of HC03-' The formation of more substrate (HC03-) and the relative 

increase in PEP-carboxylase activity by high pH may explain the high 

dry matter obtained when Zn+2 was sprayed with high pH value of 8. 

e) The role of high pH values in stomatal opening should not 

be forgotten since malate is the main source of protons. Willmer 

(1983) stated that the effect of pH on the PEP-carboxylase activity in 

the epidermal strips can lead to a general broad peak with an optimum 

activity at pH about 8.5. In guard cells, he continued, PEP-carboxylase 

is concerned with the production of malate for maintaining the charge 

balance during stomatal movement, hence more C02 diffusion resulted in 

more dry matter production. 

The above mentioned speculations are, possibly, not the only 

reasons for increasing the dry matter by high pH foliar application of 

the nutrients. However, it is beyond the scope of this research to 

discuss the above points in detail and because of the lack of 

physiological data. 
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CHAPTER 5 

SUMMARY AND CONCLUSIONS 

1) The increase in soil salinity tended to decrease maize dry 

matter as well as the concentration and uptake of some nutrients, i.e. 

N, P, Ca, Fe, Mn, and Zn in unfertilized plants. 

2) Application of N or NP fertilizers to maize plants can 

increase the tolerance range of the plants to saline conditions in which 

the dry matter and nutrient uptake may increase relative to the 

unfertilized plants. This positive response becomes less with increasing 

salinity level due to the lack of the utilization of the nutrients which 

may lead to nutrient imbalance, particularly in the micronutrients 

and Zn deficiency would be the predominant symptoms followed by Fe. 

3) The increase in the tolerance range may possibly be due to 

the accumulation of Na+ ions in the upper parts at the medium salt level 

(ECe 6.12 dSm- 1) and the exclusion of Na from the roots or accumulation 

in the mesocotyle part, between the root and shoot, to minimize the Na 

hazard at high salt level (ECe 12.10 dSm- 1). 

4) K and P fertilizers alone or in combination as PK may act 

as salts more than fertilizers, particularly at high salt level (S3). 

5) At medium salt level (ECe 6.12 dSm- 1) in soil it is 

preferable to apply foliar Zn + Fe with pH value of 8 or if the soil 

contains enough DTPA extractable Fe, foliar application of Zn with pH 6 

is preferable. 
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6) At the high salt level in soil (fee 12.10 dSm- 1), foliar 

application of Zn-pH 8 produced the highest dry matter. However, soil 

application of Zn + Fe + Mn can produce as much dry matter as any other 

treatment except Zn pH 8. 

7) It should be pointed out that these results were obtained 

from greenhouse experiment and need to be verified by field studies. 
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