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ABSTRACT 

The impact of the successive cultivation on gypsiferous soils was investigated in a pot 

experiment. The soils were sowed, in triplicates, twice with maize and then followed by 

barley as a third crop. Germination percentage, dry matter weight and nitrogen, phosphorus 

as well as potassium contents of the harvested plants were the measurable parameters of the 

current study. 

The obtained results prevailed that total soluble salts and gypsum contents have significantly 

negative effect on germination percentage of the plants grown under barren land 

(uncultivated gypsiferous soils in the field) whereas, calcium carbonate content has no 

impact. On the other hand, the contents of gypsum and calcium carbonate of cultivated land 

(gypsiferous soils under long term of cultivation in the field) show no effect on the plant 

germination, however total soluble salts content still has significantly negative impact on the 

growing plants. For dry matter weight, the total soluble salts and gypsum contents have 

significantly negative influence on plant growth under the barren land whereas, only the total 

soluble salts content which has negative effect on the plant growth under the cultivated land. 

Plant nitrogen content is significantly and negatively affected by the total soluble salts and 

gypsum contents of both the barren and cultivated land. The phosphorous content is 

significantly and negatively affected by the total soluble salts and gypsum contents but not by 

calcium carbonate content of the cultivated land. However, it is affected negatively but not 

significantly by total soluble salts, gypsum and calcium carbonate contents of the barren land. 

Potassium content is significantly and negatively affected by gypsum and calcium carbonate 

contents but not by total soluble salts content of the cultivated land. It is affected negatively 

and significantly by gypsum content but not by both total soluble salts and calcium carbonate 

contents of the barren land. 

Key words: Gypsiferous soils, successive cultivation, maize, barley, nitrogen, phosphorus, 

potassium. 
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INTRODUCTION 

The impact of gypsum content of the soils on plant growth is well known however, the 

associated soluble salts have a great influence on the plants as well. Amal Aziz [1], showed 
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that the total soluble salts greatly inhibited germination of different crops grown on 

gypsiferous soils. Most gypsiferous soils are occurring in arid climates and are subjected to 

salinization when they are put under irrigation unless leaching is practiced, [2].  

On the other hand, Mansour, [3], stated that gypsum content of the soils around El-Brullus 

Lake slightly decreased and the calcium carbonate content slightly increased with increasing 

the period of cultivation. Ghabour et al. [4], attributed the high plant germination of some 

gypsiferous soils to cultivating them over long period of time. 

Under irrigation the extra water added to the soils in excess of the evapotranspiration by the 

crop could lead, mostly, to an extensive loss of nutrients, [5]. Van Alphen and de los Rios 

Romero [6], stated that the surface layers of gypsiferous soils contained, mostly, less than 

0.25% of total nitrogen which was ranging between 0.07 and 0.26 % in the soils of Kirovadad 

Massif, USSR and 0.07 and 0.15% in the soils of Euphrates Valley, Iraq.  

Gypsiferous soils are, generally, very low in phosphorus content as they are buffered to a pH 

level of 7.5 to 8.4 which, results in low P availability status. The uptake of P by corn, from a 

well fertilized soil, decreased very significantly as the soil gypsum content increased, 

whereas the uptake of P by alfalfa remained unaffected as it is a tolerant crop to gypsum, [5]. 

The inter-relation between the three macronutrients; calcium, magnesium and potassium, is 

well known in plant nutrition studies. The increase in calcium concentration in soil solution 

leads usually to a drop in potassium uptake by plants, [7-8-9]. 

According to Matar and Jabbour [10] and Pavan et al. [11], it is expected that the 

exchangeable potassium and magnesium in irrigated gypsiferous soils will be leached. 

Consequently, the available potassium and magnesium in such soils will become deficient 

under these conditions. 

The aim of the current study is to investigate the impact of the successive cultivation on 

gypsiferous soils. The effect of gypsum, calcium carbonate and total soluble salts contents on 

germination percentage, dry matter weight and NPK contents will be discussed. 

MATERIALS AND METHODS 

Five soil profiles were chosen from various regions in Egypt. Their physiographic units were 

identified and then these profiles were morphologically described and sampled, following the 

FAO Guidelines for Soil Description, [12].  

The soil samples were air-dried, sieved through 2mm sieve and then particle size distribution 

determination was conducted according to Vieillefon, [13]; electrical conductivity was 

measured following Black et al., [14]; gypsum content was determined following Nelson, 

[15]; total carbonates were estimated using the Scheibler's Calcimeter after Nelson, [15]; 

soluble cations and anions were determined according to Black et al., [14] and soil pH was 

measured according to Rhoades, [16]. 

In the greenhouse of the National Research Centre, Giza, Egypt, a pot experiment had been 

conducted using different eight soil samples. The experiment was designed to sow the soil 

samples in triplicates, with 30 seeds/pot, successively twice with maize followed by barley. 

Each time the plants grew for 40 days. During the plant growth period, water was added to 

moist the soils by sufficient amounts to reach nearly the field capacity. Observations were 

recorded for germination percentage, dry matter weight and NPK contents of the harvested 

plants. 

Samples of harvested plants were digested by a mixture of sulphuric and perchloric acids and 

plant nitrogen content was determined using micro-Kjeldahl technique according to Jackson, 
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[17]; phosphorus content was colourimetrically determined, [18] and potassium content was 

determined by Flamephotometer, [18]. The statistical analyses of the obtained results were 

carried out using CoStat software, [19]. 

RESULTS AND DISCUSSION 

Soil Investigation 

The soil samples under investigation were varied in their texture from loam to loamy sand, 

(Table, 1). A wide range of variation in EC values, of the soil extracts, from 21.3 to 116.5 

dS/m was obtained for the soil samples 1, 4, 7 and 8, however they fluctuated between 3.9 

and 5.6 dS/m for the soil samples 2, 3, 5 and 6. Gypsum content varied from 17.2 to 86.0% in 

soil samples 1, 2, 3, 7 and 8, whereas soil samples 4, 5 and 6 had gypsum contents ranged 

between 2.8 and 5.5%. High calcium carbonate content amounted to 14.8% was recorded for 

soil sample 6 only. 

Based on the Keys to Soil Taxonomy [20], the soil of profile N° 1 was classified into 

Petrogypsic Haplosalids, profile N°s 2 and 5 were classified as Gypsic Haplosalids and 

profile N°s 3 and 4 into Typic Haplosalids, (Table 1). 

Pot Experiment 

According to the results of the pot experiment, (Table 2 and Plate 1), the soils under 

investigation could be grouped in two main groups. The first comprised soil samples 1, 4, 7 

and 8 which represented currently uncultivated gypsiferous soils in the field (will be referred 

to as barren land), while the second involved the soil samples 2, 3, 5 and 6 represented the 

currently cultivated gypsiferous soils in the field (will be referred to as cultivated land). 

Germination Percentage 

The first group had no germination for the first maize cultivation, whereas the second group 

of soil samples supported maize germination at different rates. The germination of the second 

group ranged between 70 and 75% for the first maize plantation. The second maize 

cultivation and barley experiments exhibited germination between 43 and 50%, respectively 

for the soil sample 1, (Table 2 and Plates 2 and 3). Whereas, the soil samples 4, 7 and 8 did 

not show any germination until the end of the experiment period. This result could be 

attributed to the fact that soil sample 1 had the lowest soluble salts content, although it 

contained the highest gypsum content, among the others of the first group. 

The statistical analysis, (Table 3), showed that total soluble salts and gypsum contents have 

significantly negative effect on germination percentage of the plants grown under the barren 

land whereas, calcium carbonate content has no influence. 

The second group of soil samples, (2, 3, 5 and 6), showed higher germination percentages 

(reaching between 80 - 90% and 85 - 93% of the second maize plantation and barley 

experiments, respectively) than those of the first maize plantation experiment, (Table 2 and 

Plates 2 and 3). The high germination percentages were achieved due to improvement the soil 

physicochemical conditions of the cultivated land as a result of the long term of cultivating 

such soils in the field. Mainly, the improvement had been occurred through the decrease of 

soluble salts content due to the applied irrigation water which, may leach and redistribute 

some of them. Minashina [21], explained that the increase in the soil water content leads to 

changes in the salt composition of the solution where the portion of calcium sulphate 

increases due to gypsum dissolution. Further dilution of solution may, otherwise, lead to form 

magnesium sulphate as a result of the reaction between magnesium bicarbonate and calcium 

sulphate with precipitation of calcium carbonate. 
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The statistical analysis of these obtained data, (Table 3), had resulted in a very highly 

significant negative correlation coefficient between the germination percentage and the EC 

values and non-significant negative correlation coefficient with gypsum and calcium 

carbonate contents. These results indicated that contents of gypsum up to almost 17% and 

calcium carbonate up to about 15%, of the cultivated land, may have no effect on the plant 

germination. On the other hand, total soluble salts content still has significant negative impact 

on the growing plants.   

Dry Matter Weight 

Dry matter weight of the harvested plants, through out the whole experiment (Table 2), had 

increased as an indication of the soil condition improvement. It ranged between 4.52 - 5.01, 

5.70 - 7.56 and 6.10 - 6.77 g/pot for first maize, second maize and barley cultivations in the 

cultivated land, respectively. However, the barren land showed values of 4.24 and 4.20 g/pot 

for second maize and barley cultivations, respectively, (only soil sample 1 which supported 

germination). 

The dry matter weight was non-significantly and negatively correlated with the soluble salts 

content, significantly and negatively with gypsum content and non-significantly with calcium 

carbonate content of the barren land, whereas it was very highly significantly and negatively 

correlated with EC values, non-significantly and negatively with gypsum content but 

significant and negative with calcium carbonate content of the cultivated land, (Table 3). 

These results followed the same trend of germination percentage where, the total soluble salts 

and gypsum contents have significant negative influence on the dry matter weight of the 

grown plants under the barren land. However, only the total soluble salts content which has 

negative effect on the dry matter weight of the grown plants under the cultivated land. 

Ghabour et al. [4], concluded that soluble salts that associate with gypsum of the gypsiferous 

soils have a remarkable effect on the plant growth either as using the seedling percentage or 

the dry matter weight as indicators for soil properties improvement. 

Nitrogen Content 

The nitrogen content of the harvested plants had also increased through out the experiment. It 

reached between 0.47 - 0.62, 0.63 - 0.73 and 0.66 - 0.87 % for first maize, second maize and 

barley cultivations in the cultivated land, respectively. It was, on the other hand, amounted to 

0.49 and 0.73 % for second maize and barley cultivations in the barren land, respectively. 

The statistical analysis data (Table 3), revealed that the nitrogen content was significantly and 

negatively affected by the total soluble salts and gypsum contents but not lime content of the 

cultivated land.     

For the barren gypsiferous soils, the nitrogen content had, however, negatively highly 

significant correlation coefficients with EC values and gypsum content and non-significant 

with calcium carbonate content (Table 3). It could be stated that nitrogen content is 

negatively affected by the total soluble salts and gypsum contents but not by lime content of 

the barren land.   

Phosphorous Content 

As phosphorous content of the grown plants is concerned, it was found to be of the range 

0.20 - 0.34, 0.28 - 0.41 and 0.26 - 0.47 % for first maize, second maize and barley 

cultivations, respectively in the cultivated land. On contrast, the grown plants in the barren 

gypsiferous soils showed only a range between 0.20 and 0.26 % phosphorous for second 

maize and barley cultivations, respectively. 
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The data in table 3 indicate that the phosphorous content was significantly and negatively 

affected by the total soluble salts and gypsum contents but not by calcium carbonate content 

of the cultivated land. 

 On the other hand, phosphorus content was affected negatively but not significantly by total 

soluble salts, gypsum and calcium carbonate contents of the barren land. For high P 

application rates, P availability to plants is negatively related to the amount of CaCO3 in the 

soil but not to Fe oxide, CEC, or clay contents, [22]. The role of calcium carbonate in P 

retention by calcareous soils is significant only at relatively high P concentrations however; 

non-carbonate clays play a more important part at lower concentrations, [23]. 

Potassium Content 

Potassium content was ranging between 0.55 - 0.72, 0.60 - 1.03 and 0.66 - 1.11 % for the first 

maize, the second maize and barley cultivations, respectively in the cultivated land. However 

for barren gypsiferous soils, it was only 0.2 % for both second maize and barley cultivations. 

According to statistical analysis data (Table 3), potassium content was significantly and 

negatively affected by gypsum and calcium carbonate contents but not by total soluble salts 

content of the cultivated land. However, these results showed that potassium content was 

affected negatively and significantly by gypsum but not by both total soluble salts and 

calcium carbonate contents of the barren land. 

CONCLUSION 

The current study prevailed that total soluble salts and gypsum contents have significantly 

negative effect on germination percentage of the plants grown under barren gypsiferous land 

whereas, calcium carbonate content has no impact. On the other hand, the contents of gypsum 

and calcium carbonate of long term gypsiferous cultivated land show no effect on the plant 

germination, however total soluble salts content still has significantly negative impact on the 

growing plants. This may indicate that the successive cultivation on gypsiferous soils would 

improve the crop yield of such soils. 
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Table 1. Some physicochemical properties, classification and location of the studied soils 

 

Table 2. Average values of successive three cultivated crops experiment 

 

Soil 

No. 

EC (dS/m) Germ (%) DMw (g/pot) N % P % K % 

C1 C2 C3 C1 C2 C3 C1 C2 C3 C1 C2 C3 C1 C2 C3 C1 C2 C3 

1 21.3 20.6 15.7 0 43 50 0.00 4.24 4.20 0.00 0.49 0.73 0.00 0.26 0.20 0.00 0.20 0.20 

2 5.6 4.4 3.7 70 80 85 4.52 6.09 6.10 0.47 0.63 0.75 0.20 0.30 0.30 0.72 1.03 1.11 

3 5.2 3.5 3.2 71 83 90 4.77 6.33 6.43 0.53 0.66 0.77 0.26 0.30 0.31 0.70 1.03 0.90 

4 59.1 27.5 25.4 0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

5 3.9 2.5 1.4 71 87 93 4.91 5.70 6.77 0.62 0.73 0.87 0.34 0.41 0.47 0.70 0.80 0.85 

6 4.3 1.4 1.3 75 90 90 5.01 7.56 6.39 0.60 0.66 0.66 0.21 0.28 0.26 0.55 0.60 0.66 

7 116.5 108.2 66.9 0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

8 86.6 82.6 42.8 0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Germ = Germination; DMw = Dry matter weight; N = Nitrogen content; P = Phosphorus content; K = 

Potassium content 

Profile 

No. 
Location 

Land 

use 

Soil 

Classification 

Sample 

No. 

 

Sp 

pH 

(1:1) 

EC 

dS/m 

Soluble cations meq/l Soluble anions meq/l 
CaCO3 

% 

Gypsum 

% 

Texture 

class 
Na+ K+ Ca+ Mg++ CO3

-- Cl- SO4
-- 

1 
El-

Ismaillia 

Barren 

land 

Petrogypsic 

Haplosalids 
1 20 8.4 21.3 110 5.3 73 36 0.3 119 105 2.0 86.0 

Loamy 

sand 

2 
El-

Ismaillia 

Cultivated 

land 

Gypsic 

Haplosalids 

2 18 8.5 5.6 36 2.8 8 13 0.2 44 16 2.3 17.2 
Loamy 

sand 

3 26 8.3 5.2 14 1.9 9 11 0.3 19 16 1.3 17.3 Loam 

3 
Wadi El-

Natroun 
Barren 

land 
Typic 

Haplosalids 
4 15 8.3 59.1 421 8.3 35 138 0.2 498 104 0.8 2.8 

Loamy 
sand 

4 
North of El-

Tahrir 

Cultivated 

land 

Typic 

Haplosalids 

5 17 8.5 3.9 12 1.5 8 10 0.1 20 11 3.0 3.4 
Loamy 

sand 

6 22 8.2 4.3 11 1.3 7 10 0.2 18 11 14.8 5.5 
Sandy 
loam 

5 
El-

Fayoum 

Barren 

land 

Gypsic 

Haplosalids 

7 17 8.4 116.5 892 9.1 125 202 0.2 1080 148 2.5 24.1 
Loamy 

sand 

8 22 8.2 86.6 595 7.8 143 216 0.1 740 221 1.8 60.2 
Loamy 

sand 
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Table 3. The statistical analyses of the pot experiment results 

 

Liner Regression Equation   Correlation Coefficient (r) 

Effect of Soluble salts content: 

Uncultivated soils 

Germ% = 145.9797 - 5.9844 EC  * - 0.6850 

DMw g/pot = 11.5392 - 0.4542 EC  - 0.5804 

N % = 11.4155 - 0.1313 EC  ** - 0.8042 

P % = 0.4829 - 0.0171 EC       - 0.3821 

K % = 0.5661 - 0.0225 EC - 0.5980 

Cultivated soils 

Germ% = 99.1065 - 5.0782 EC  *** - 0.8616 

DMw g/pot = 7.5997 - 0.5131 EC  ***  - 0.7896 

N % = 0.8375 - 0.0521 EC  *** - 0.6894 

P % = 0.3889 - 0.0281 EC  ** - 0.4923 

K % = 0.7646 + 0.0118 EC   0.0953 

Effect of Gypsum content: 

Uncultivated soils 

Germ% = 770.1898 - 8.8174 Gyp%  ** - 0.8168 

DMw g/pot = 63.0324 - 0.7183 Gyp%  * - 0.7429 

N % = 11.4155 - 0.1313 Gyp%  ** - 0.8897 

P % = 2.9365 - 0.0332 Gyp%  - 0.6002 

K % = 3.0374 - 0.0346 Gyp%  * - 0.7443 

Cultivated soils 

Germ% = 86.3401 - 0.4103 Gyp% - 0.3145 

DMw g/pot = - 2.0835 + 0.097 Gyp%      - 0.2062 

N % = 0.7207 - 0.0056 Gyp%  * - 0.3333 

P % = 0.3583 - 0.0061 Gyp%   ** - 0.4852 
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K % = 0.6451 - 0.0153 Gyp%   ***   0.5587 

Effect of Calcium carbonate content: 

Uncultivated soils 

Germ% = 27.8192 + 1.6247 CaCO3% 0.0574 

DMw g/pot = 2.7529 + 0.0303 CaCO3%  0.0119 

N % = 0.4001 + 0.0034 CaCO3%    0.0087 

P % = 0.1826 - 0.0144 CaCO3% - 0.0992 

K % = 0.1328 + 0.0003 CaCO3%   0.0022 

Cultivated soils 

Germ% = 83.8111 - 0.5781 CaCO3%  - 0.2569 

DMw g/pot = 6.1524 - 0.0912 CaCO3%  *  - 0.3678 

N % = 0.6721- 0.0031 CaCO3%          - 0.1076 

P % = 0.3155 - 0.0069 CaCO3% - 0.3190 

K % = 0.8569 - 0.0167 CaCO3%  * - 0.3728 

     * significant, ** highly significant, *** very highly significant 
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Plate 1: Maize plants of the first cultivation experiment (after 40 days from plantation) 
 

 
 
 
 

 
 

Plate 2: Maize plants of the second cultivation experiment (after 40 days from plantation) 
 

 
 
 
 

 
 
 

Plate 3: Barley plants of the third cultivation experiment (after 40 days from plantation) 
  

 

 
 

 


