VARIATIONS IN SOIL ORGANIC MATTER AND ALKALINE PHOSPHATASE ACTIVITY AS INFLUENCED BY FLOOD CYCLES OF THE OKAVANGO DELTA
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Abstract

Phosphatases are extracellular enzymes that catalyse the hydrolysis of organic phosphates to inorganic orthophosphates thus are an important link between biologically unavailable phosphorus and available P, especially in aquatic soil systems.  The effect of flooding and drying cycles on soil organic matter and P transformations in the rhizosphere of dominant grasses of the Okavango Delta were assessed.  Rhizospheric soil was collected from dominant grasses in the Okavango in August (flood season) and January (dry season).  Phosphatase activity of the soil samples was assayed using 3-o- methylflourescein phosphate as a substrate and detected flourimetrically.  Organic P was extracted by ignition and then with H2SO4.  Available P in the samples was extracted using the Bray 1 method.  The P in both extracts was assayed using the molybdate blue complex method and then measured spectrophotometrically.   Analyses of data showed that soil alkaline phosphatase activity, organic P and inorganic P varied between grass species.  Flooding was the most influential factor on the phosphatase activity in the rhizosphere of the grasses (P<0.01).  The lowest enzyme activity of 9.623 (0.565 (moles/g soil/hr was recorded in dry soils and this increased with increase in moisture content to 30.345 (5.390 (moles /g soil/hr in soil at maximum moisture holding capacity.  However, as the water level increased, the enzyme activity declined to 24.519 (8.810 (moles /g soil/hr.  Soil alkaline phosphatase in the rhizosphere was also affected by variations in soil pH (P<0.05).  Although there were minor variations in organic P of the soils, these were not significant.  The influence of flooding on organic and inorganic P in the rhizosphere of the different grasses was also non significant.  Overall, these results indicate that seasonal flooding is highly influential on the alkaline enzyme activity in the Okavango soils while the influence on organic matter quantity is minimal. 

INTRODUCTION

In soil, phosphorus exists mostly in organic and inorganic form, both of which are important sources of P for plant and microbial uptake. The organic form exists mostly in humus and other organic materials. The inorganic form occurs in combination with various forms of Al, Fe, Mg, Ca and other elements most of which are not soluble and therefore not available for both plant and microbial uptake. Apart from the above, P availability is also controlled by environmental conditions such as soil organic matter moisture content and aeration which influence microbial activity and eventually microbial transformations of phosphorus. The Okavango Delta soils consist mostly of floodplain alluvial soils bordering the riparian woodland soils, in which soil organic matter, pH, and Fe and Al content 
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influence P retention.  These factors are highly likely to exhibit spatial variability across a landscape (Lyons et al., 1998). Lyons et al. (1998) found that inorganic P retention capacities in riparian soils vary with drainage.  Moderately well drained and poorly drained soils having greater retention than most poorly drained soil. The high vegetation mostly in the form of grasses undergoes rapid turnover with flooding and drying thus releasing organic residues high in organic P, a form that is not readily

available for plant and microbial uptake.  Soil phosphatase, the enzyme that transforms organic P to inorganic P is mostly of plant and microbial origin and consists of alkaline and acid phosphatases.   The alkaline phosphatases are mostly of microbial origin.  The flooding and drying cycles in the different floodplains of the Okavango are highly likely to influence the activity of the microbial populations and in turn influence the phosphorus mineralization process. The availability of P in the Okavango is therefore highly likely to be influenced by the flooding as it influences the solubility of the cations such as Fe and Al which control the solubility and availability of the P in the soils. Studies from other areas indicate that P availability can vary with drainage and soil aeration.  So far there are no documented studies on the influence of flooding on soil phosphorus availability in the Okavango Delta.

In all cases, P retention appeared to be controlled by organic matter and Fe- and Al- oxides.  In some regions, acidification by decomposition of organic matter and/or oxygen depletion may cause increased releases of P from riparian sediments (Pedrozo and Bonetto, 1991). Soil phophatases are common in riparian soils, as plant roots, microorganisms, and earthworms produce them. Phosphatase activity has been shown to vary seasonally and exhibit tremendous spatial variability in riparian soils.  Soil organic matter, pH, clay content, and the distribution of microorganisms, roots, and soil fauna in the soil contribute to the variability of phosphatase activity. Phosphatases are important in soils because these extracellular enzymes catalyze the hydrolysis of organic phosphate esters to orthophosphate; thus they form an important link between biologically unavailable and mineral P (Amador et al., 1997). Because phosphatase activity is sensitive to environmental perturbations such as organic amendments, waterlogging, compaction, fertilizer additions, tillage, heavy metal inputs, and pesticides, it is often used as an environmental indicator of soil quality in riparian ecosystems. Thus the main objective of this study was to assess the influence of seasonal floods of the Okavango on soil organic matter content, pH, organic and available inorganic phosphorus content. 

MATERIALS AND METHODS

Study area and sampling 

Sampling was done at the Weir site situated 2km west of Nxaraga Lagoon, the Harry Oppenheimer Okavango Research Centre (HOORC) campsite located in the Okavango Delta.  The Weir site was specifically chosen because of its high diversity in grasses of the Delta.  The site consists of a moisture gradient with distinct flooding plains, i.e., the primary (1o) floodplains located immediately after the riverbed and is flooded every year, followed by the secondary (2o) floodplains which are high-lying floodplains of grasslands elevated above primary floodplains by 1 m or less,  normally flooded in the years of average rainfall, and then the tertiary (3o) floodplains which are only flooded in the years of exceptionally high rainfall.  The riparian woodland follows the tertiary floodplain.

The first sampling, which was done during the flood season in August, concentrated on secondary and tertiary flood plain grasses as the primary flood plain grasses were under water.  Three replicates per grass and five sub samples of each grass within a marked area of 1m2 were collected. The second sampling, which was done when the floods were receding towards the end of November, included more secondary and tertiary floodplain grasses.  However, because of the high diversity of grasses available for sampling in November, only 3 sub samples /grass species within a marked area of 1m2 were sampled. Entire root systems together with the adhering soil (rhizosphere) were collected from different flood plains of the Okavango Delta and put in sterile plastic bags.  These were then put in a cooler box and transported to Gaborone the same day. The grasses sampled and their location in the floodplains were as given in Table 1. In all 110 samples were sampled. On arrival at the laboratory, rhizosphere soil was separated from the roots for analyses. Soil moisture content of all samples was determined gravimetrically immediately (Anderson and Ingram 1993).  

Table 1.  Grass species sampled and their location in the flood plain.


Determination of organic and available inorganic phosphorus 

Three replicate 1.00g samples for organic phosphorus determination were placed in porcelain crucibles and then placed in a cool muffle furnace and the temperature raised slowly to 550oC over a period of 2 hours and then maintained at 550oC for hour, before allowing the samples to cool. After cooling the organic P in the samples was extracted with 0.5N H2SO4 and then phosphorus was determined using the ammonium molybdate assay (Olsen and Sommers, 1982; Watanabe and Olsen, 1965).  The organic P content in the sample was calculated by the difference between the ignited and unignited samples.  Available P in the samples was determined using the Bray P-1 method, namely that extraction of available P was carried out using NH4F and assayed using the ammonium molybdate method (Olsen and Sommers, 1982a;  Bray and Kurtz, 1945).  

Determination of pH

Soil active acidity was determined in a 10:20 soil:water suspension as outlined by Anderson and Ingram (1993). The pH was then measured in the supernatant using an Accumet®/ Fisher Scientific Model 50 pH meter (London, UK) with a combination glass electrode and readings were recorded to two decimal places. Three replicates per sample were done.

Determination of organic matter

Since organic P in soils is mostly contained in both the humus and the living form of organic matter, it becomes crucial to know the levels of organic matter in the soils from which the Phosphatase enzyme mineralises the organic P.  Organic matter levels in the air dried soils were estimated indirectly from organic C.  Organic C was determined by oxidation of organic matter with a hot mixture of K2Cr2O7 and H2SO4 using the Walkley and Black procedure (Walkley, 1947).  The amount of organic carbon was then determined by titration with 0.05N FeSO4 following the procedure outlined by Nelson and Sommers (1982). The organic matter content was obtained by multiplying the organic C content with the factor 1.729 (Nelson and Sommers, 1982)

Determination of Alkaline Phosphatase Activity

Eight grams of a fresh sample was weighed into a 250ml Erlenmeyer flask and 20 ml of sterile tap water was added.  The soil water mixture was then placed on an orbital shaker and then allowed to shake for 1 hour (4oC, 100RPM).  After shaking the suspension was transferred to 100 ml centrifuge tubes and then centrifuged for 10 min at 10,000 RPM. After centrifuging, the supernatant was transferred to clean tubes and then used to assay for phosphatase activity using 1mM of 3-0-methylflourescein  phosphate (MFP) in 100 mM Tris buffer at pH 8.7 as a substrate (Jones, 1997).  Fourty microliters of the MFP reagent was added to 4 ml of the supernatant and the fluorescence was immediately measured using a flourometer (Torbex Fluorometer Model FX-100) with an excitation wavelength of 430 nm and an emission wavelength of 507 nm and recorded.  The sub samples were then incubated for 2hrs at 25 oC in the dark.  After the incubation, the samples were then assayed again using the same procedure.  The amount of 3-0-methylfluorescein (MF) produced during the 2hr incubation period was quantified by subtracting the initial value from the final value and the results compared against a standard curve. The standard curve was prepared by using 1mM solutions of MF in methanol diluted into 1mM Tris buffer, pH 8.7. Concentrations of  0,1,2,3,4,5, 7.5 and 10(m were used to prepare the final curve.

Statistical analyses 

Analysis of variance was performed using the SPSS 11.0 package. Post hoc analyses were performed using the Turkey Test.  In the analysis, group separation was based on grass species, moisture regime and parameter being studied (organic P, inorganic P, pH, organic matter and alkaline phosphatase activity).

RESULTS AND DISCUSSION

Table 2 indicates the analyses of the results obtained from the study. 

Table 2.  Probability levels for statistical significance of parameters studied
Variable

Probability



Phosphatase

**

Phosphatase X grasses

NS

Phosphatase X moisture status

**

pH

NS

Organic P 

*

Organic P X grasses

NS

Organic P X moisture

*

Inorganic

NS

Organic matter 

NS

________________________________________________________________

Statistical significance: *P<0.05 and  ** p < 0. 01;  NS = not significant.
Although there were non-significant differences in organic matter status of the floodplains, the general trends show an increase in organic matter status from the primary or wetter floodplains to the tertiary or drier floodplains (Table 3) indicating that with time, flooding of the soils can increase the soil organic matter status.  Previous workers in the Delta have also reported significant increases in organic matter status as one proceeds from the primary, to secondary tertiary and finally the woodlands (Garstang et al 1998). Wider soil moisture gradients which include the deeper, undisturbed, more uniform woodlands are highly likely to show much significant differences in soil organic matter content.

Table 3. Effect of soil moisture status on soil organic P, available P and soil organic matter 

_______________________________________________________________________________

Moisture regime¥

% organic P

% available P

% organic Matter


    
( Std dev 

( Std dev

( Std dev


_______________________________________________________________________________


Dry


2.26(0.61

0.84(0.05

2.24(0.19

Moist


2.73(1.20

0.86(0.11

2.39(0.04

Flooded


3.94(0.78

0.91(0.25

2.58(0.09

Submerged

3.49(0.80

0.90(0.17

2.52(0.09

_______________________________________________________________________________

¥ Samples from 10 floodplain (submerged, flooded); 20 floodplain (flooded, moist); 30 floodplain (dry): Plants completely submerged =submerged; flooded: water at soil surface level=flooded; soil moisture 35-10% = moist; soil moisture <10% = dry.
Table 4 shows organic and inorganic P (available) content in the rhizosphere soils of the different grass species.  Generally the organic P content of these soils is significantly higher than the inorganic P content.  This is in accordance with results from other areas, which show that generally in all soils, the organic P content of the soils is generally higher than the inorganic P content. Although major variations in soil organic P in the rhizosphere of the different grasses were observed, these were non significant.  The high variations in soil organic P content and in the rhizosphere of the different grasses were attributed to the differences in the soil moisture regime.  Grouping of data according to the soil moisture content at sampling shows significant increases in organic P with increases in moisture content (Table 3).  Soil organic P content increased with increase in soil moisture to a maximum in flooded soils.  However, prolonged flooding resulted in decreases in organic P. Irrespective of high increases in organic P with flooding, soil inorganic P content did not vary with moisture content.  A factor, which may be attributed to the rate of organic P mineralization being equal the rate of uptake in the flood plains.   As increases in moisture content in the Delta soils are often accompanied by significant increases in plant and microbial growth and density (Ellery and Ellery, 1978).   Flooding causes cations such as Fe and Mn to become more soluble (Lijklema, 1977).  These may in turn combine with phosphates and form insoluble complexes therefore reducing the plant available P in the soil solution. 

Table 4.  Influence of grass species on organic and inorganic P, alkaline phosphatase activity soil pH

_________________________________________________________________________________

Grass species
Organic P 
Inorganic P
Alkaline phosphatase
pH


  (%)
  (%)
activity ((moles/g soil/hr)


_________________________________________________________________________________

Andropogon  gayana 
2.35
0.89
25.495
7.04

Aristida meridionalis 
3.23
0.71
  5.937
6.33

Aristida stipitata 
4.44
1.45
11.417
5.98

Cymbopogon excavatus
3.17
1.89
15.536
6.45

Cynadon dactylons 
2.48
0.97
  8.815
8.54

Eragrostis  superba
7.43
0.61
18.774
7.87

Eragrostis inamoena 
1.11
0.61
18.364
6.12

Eragrostis lappula 
2.11
0.61
  3.302
6.98

Eragrostis rigidor 
1.74
0.67
15.162
7.12

Imperata  cylindrica 
2.30
1.18
13.938
7.13

Panicum repens 
4.51
0.74
20.884
6.78

Panicum. colaratum 
4.75
0.85
  7.831
6.72

Setaria sphacelata 
2.96
0.89
14.908
8.60

Setaria verticilia 
3.35
0.87
16.141
7.16

Sporobolus  africanus 
5.09
0.94
20.502
6.52

Urochloa trichopus 
8.55
1.59
14.035
6.12

Vetiveria nigritiana 
1.93
0.83
  7.237
7.66

___________________________________________________________________

Monitoring of soil alkaline phosphatase activity also showed variations in soil this activity in the rhizosphere of the different grasses. However, these variations were non significant. Grouping of data according to moisture regime again showed significant differences in the alkaline phosphatase in the rhizosphere (Figure 1).  Soil alkaline phosphatase activity followed similar trends to those shown by organic matter and organic phosphorus i.e., an increase in content with increase in moisture content and a decrease with prolonged flooding. Hysek and Sarapatka (1997) in their studies in forest soils also showed that soil alkaline phosphatase activity correlated positively with organic C.  Amador et al. (1997) found that phosphatase activity was highest in poorly drained soil and decreased as drainage improved. In general, spatial distribution of phosphatase activity in riparian soils was partly controlled by position in the landscape, with activity showing positive linear correlation with soil organic matter and moisture. Activity increased as root mass increased within the soil fraction. Other studies have shown increased activity with soil pH in moderately well drained soil, with maximal activity occurring at a pH between 6.5 and 6.9 (Amador et al., 1997). 
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Figure 1.  

Influence of soil moisture status on alkaline phosphatase (P'ase) activity 

                 and pH


CONCLUSION

Although pH has been known to influence phosphatase activity in soils (Acosta-Martinez and Tabatabai,, 2000), in this study, this was not the case as there were no significant differences in the pH of the soil from the primary to the tertiary flood plains.  Overall this study indicates that flooding has a greater influence on soil organic matter, organic P and alkaline phosphatase activity in the rhizosphere than the plant species. 
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GRASS SPECIES 	LOCATION IN FLOOD PLAIN


Sampling time 1


Andropogon gayanus 	Secondary floodplains


Aristida meridionalis  	Tertiary floodplains


Cynodon dactylon	Tertiary floodplains


Eragrostis inamoena	Tertiary floodplains


Eragrostis rigidor	Tertiary floodplains


Imperata cylindrica	Secondary floodplains


Panicum repens 	Secondary floodplains


Setaria sphacelata 	Secondary floodplains


Vetiveria nigritiana 	Secondary floodplains





Sampling time 2


Andropogon gayanus, 	Secondary floodplains


Aristida meridionalis 	Tertiary floodplains


Aristida stipitata 	Tertiary floodplains


Cympogon excavatus	Tertiary floodplains


Cynodon dactylon	Tertiary floodplains


Eragrostis lappula 	Tertiary floodplains


Eragrostis rigidor	Tertiary floodplains


Eragrostis superba  	Tertiary floodplains


Panicum colaratum 	Secondary floodplains


Setaria sphacelata 	Secondary floodplains


Setaria verticilata	Secondary floodplains


Sporobolus acinifolius 	Tertiary floodplains


Sporobolus africanus 	Tertiary floodplains


Sporobolus spicatus	Tertiary floodplains


Stipagrostis uniplimus 	Tertiary floodplains


Urochloa trichopus	Tertiary floodplains


Eragrostis superba  	Tertiary floodplains


Panicum colaratum 	Secondary floodplains


Setaria sphacelata 	Secondary floodplains


Setaria verticilata	Secondary floodplains


Sporobolus acinifolius 	Tertiary floodplains


Sporobolus africanus 	Tertiary floodplains


Sporobolus spicatus	Tertiary floodplains


Stipagrostis uniplimus 	Tertiary floodplains


Urochloa trichopus	Tertiary floodplains
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Figure 1.  Influence of soil moisture status on alkaline phosphatase (P'ase) activity 
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				Grass species		% Organic P		% Inorganic P		Grass species		P'ase activity		pH

												umoles/g soil/hour

		1		A. meridionalis		3.23		0.71		A. meridionalis		59.37		6.33

		2		E. Rigidor		1.74		0.67		E. Rigidor		151.62		7.12

		3		P. repens		4.51		0.74		P. repens		208.84		6.78

		4		C. dactylons		2.48		0.97		C. dactylons		88.15		8.54

		5		S. sphacelata		2.96		0.89		S. sphacelata		149.08		8.60

		6		V. nigritona		1.93		0.83		V. nigritona		72.37		7.66

		8		A.  guyans		2.35		0.89		A.  guyans		254.95		7.04

		9		I.  Cylindrica		2.30		1.18		I.  Cylindrica		139.38		7.13

		10		E. inamoena		1.11		0.61		E. inamoena		183.64		6.12

		11		E. lapula		2.11		0.61		E. lapula		33.02		6.98

		12		P. colaratum		4.75		0.85		P. colaratum		78.31		6.72

		13		E. superba		7.43		0.61		E. superba		187.74		7.87

		14		A. stiplilata		4.44		1.45		A. stiplilata		114.17		5.98

		15		U. trichopus		8.55		1.59		U. trichopus		140.35		6.12

		16		S. verticilia		3.35		0.87		S. verticilia		161.41		7.16

		17		S. africans		5.09		0.94		S. africans		205.02		6.52

		18		C. excavatus		3.17		1.89		C. excavatus		155.36		6.45

				Moisture regime		Alkaline P'ase		Std		pH

												Moisture regime		organic P		inorganic P		OP Std		inP Std
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				Submerged		24.52		3.07		6.67		Submerged		3.49		0.9		0.8		0.17
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Alkaline P'ase

pH

phoasphatase activity (um/g soil/hr

pH

Enfluence of soil moisture status on alkaline phosphatase

96.23

6.93

143.61

7.73

303.45

7.16

245.19

6.67



		Dry		Dry		0.61		0.61		0.05		0.05

		Moist		Moist		1.2		1.2		0.11		0.11

		Flooded		Flooded		0.78		0.78		0.25		0.25

		Submerged		Submerged		0.8		0.8		0.17		0.17



organic P

inorganic P

% organic and inorganic P

Influence of soil moisture status on organic and inorganic P content

2.26

0.84

2.73

0.86

3.94

0.91

3.49

0.9



		






