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Introduction  

Sustainable agricultural production is anchored on 

sustainable soil nutrient dynamics, which is also anchored on 

sustainable land management practices. Soil fertility studies for 

ages will always remain incomplete without reference to 

microbial community, population and diversity; nitrogen, 

carbon, C:N ration, temperature and moisture. The microbial 

community mediates degradation of organic and inorganic 

constituents of the soil. Their level of viability and activity in the 

soil is first from the point of their respiratory activity which are 

common to both heterotrophic and autotrophic organisms. 

Whole ecosystem respiration is a combination of both. In whole 

ecosystem respiration it is established that plant parts namely: 

leaves, stems, roots all contribute to global C flux in addition to 

that of microbial communities especially the autotrophs and 

heterotrophs. In the course of their activities essential nutrients 

are released namely: nitrogen, phosphorus, potassium amongst 

others that are vital for plant growth and productivity. The ratio 

of carbon to nitrogen explains the rate of mineralization of 

organic fractions and the stress imposed on soil microbial 

communities at the instance of carbonaceous materials. Soil 

microbial carbon is a quick index for quantifying soil microbial 

community (IPCC, 2001; RCEP, 1996; Houghton, 2003; 

Buringh, 1984; Coleman and Jenkinson, 1996; Probert et al, 

1998) 

Nutrient dynamics and land management vary from 

ecosystem to ecosystem: temperate, tropical, semi-tropical, arid, 

semi-arid; grassland, forest, woodland, arable, pasture, 

agroforestry, silviculture, pastoral, legumes, cereals, 

horticultural crops, plantation crops, root crops, tuber crops. The 

East Anglia Region of England have rich history of agrarian 

culture that cut across grassland and arable farming; especially 

wheat, barley, corn, dairy and cattle/sheep fattening. The region 

remains one of the food basket of England in particular and 

United Kingdom as a whole (Chambers and Mingay, 1966; 

Pretty, 2002; Briggs and Courtney, 1989; Davies et al, 1992; 

Fowler, 1983; Rackam, 1986; Dent et al, 1966; Simmons and 

Dooley, 1981). 

How do the farmers in this region get it right in land 

management?. There are strict codes for air, water and soil 

resources in England that are implemented to the letter (DEFRA, 

2006). The region was rewarded for hard work with several 

universities and colleges; especially University of Essex and 

Writtle College who have several decades of novel research in 

agriculture and land management in the region. For this study, 

Writtle college with its extensive over 209 ha of agricultural 

land for arable, pasture and horticulture to reflect the farming 

history of the region was selected for getting land management 

right. Infact, Writtle College is the gateway for latest agricultural 

techniques and practices in England. They have enviable record 

on land management practices that meets the test of England and 

the world (Writtle College, 2006). Details of this rich 

agricultural culture is described in predicting carbon 

sequestration under land management practices for six periods of 

English agriculture using CENTURY 4.0 Model (Igboji, 2015; 

Parton et al, 1993, 1987, 1996). 

For this nutrient dynamics study; their land management 

practices were: grassland under permanent pasture on 5 y ley 

before stocking; grassland under permanent pasture sown with 

red clover a y before stocking; grassland under permanent 

pasture treated with N fertilizer a y before stocking; arable land 

under barley and deciduous woodland as control. They were 

assessed for whole ecosystem and soil respiration, microbial 

carbon, total nitrogen, total carbon, C:N ratio, temperature and
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 = 0.6 and 0.73 respectively). It 
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 moisture and their various roles in soil fertility stability. The 

arable land gave a clue to scenarios under constant tillage and 

pulverization, as well as crop uptake of nutrients; the grassland 

pastures enhanced the understanding of nutrients released by red 

clover (basically nitrogen via nitrogen fixation) and the other 

scenario the trend when inorganic N fertilizer is applied; all in 

the course of rye-grass rejuvenation prior to stocking of herds of 

cattle and sheep. The woodland was a baseline to nutrient status 

of the Hanslope soil outside perturbations like tillage, inorganic 

fertilizer mineral enrichment and herding. 

Materials and Methods 

Site description 

Writtle College Research and Teaching Farm is located 68 

km east of London (51° 44¹, 0° 26¹, 32 OD). The soil is 

Hanslope of Chalky Boulder Clay parent material. The land 

management types are as decribed in introduction. Each site had 

four replicate sampling points which were revisited on each 

sampling occasion. Grassland under permanent pasture is 

located in the Daws N (Terminal 10); arable land under barley is 

located in the Cudhams (Terminal 9); while the deciduous 

woodland is adjacent to Sturgeon farm (Terminal 25) – Writtle 

College (2006); Neath (1979). 

Field methods and laboratory protocols 

Soil physical properties 

Gravimetric soil water content was determined in the 

laboratory. By the aid of soil auger (5 cm diameter, volume 

209.27 cm
-3

) soil samples were taken at each location for various 

periods at a depth of 0 – 20 cm. For the determination of 

gravimetric soil water content 50 g of soil was placed in an oven 

at 105°C for 24 h. After incubation the soil was cooled in a 

desiccators and reweighed to obtain the water content of the soil. 

The result was expressed relative to the mass of oven dry soil. 

Water filled pore space was calculated as: 

WFPS = SWC x Db (1 – Db/PD) 

Where, SWC is soil water content (kg kg
-1

); Db is bulk 

density (mg m
-3

) and PD is particle density (2.65 mg m
-3

) – 

Franzluebbers et al (2002); Doran et al, (1998). Soil bulk density 

was determined by calculating using the mass of oven dry soil 

and volume of core 

Soil chemical properties 

Soil pH was measured as follows: Air dry soil (10 g) was 

weighed into a bottle with a srew cap. Water from a measuring 

cylinder was added (25 ml) and shaken for 15 min on a 

mechanical shaker with a stirrer. The pH electrode was inserted 

and the suspension swirled over the electrodes. The pH was 

recorded after 30 s. Total C and S was measured using an 

automated CHNS/O analyser (Perkin Elmer), loaded in the 

CHNS/O automated analyser wells and set to run the normal 

cycle as prescribed for the analyser. The total carbon and 

nitrogen per air dry soil was calculated automatically by the 

analyser with reference to individual soil sample weight in % 

and this was further transformed to g kg
-1

 by multiplication of 

each value by 10 (ASA-CSSA-SSSA, 1998). 

Estimation of microbial carbon 

Microbial C was estimated using the fumigation-incubation 

method (Jorgensen, 1998; Rowell, 1994). Moist soil (50 g) was 

placed in a vacuum dessicator along with a beaker containing 25 

ml of ethanol-free chloroform. The dessicator was evacuated 

with a pump until the chloroform boiled vigorously for 5 min. 

The soils were left in the chloroform vapour for 24 h. After 

fumigation respiration was measured during a 10 d dark 

incubation at 25°C (Jorgensen, 1998; Rowell, 1994; Jenkinson 

and Powlson, 1976). According to these workers biomass C (mg 

CO2-C g
-1

) in neutral soils has been found to be 2.2 x F, where F 

is the C respired by the fumigated soil during a 10 d incubation 

period at 25°C minus that respired by the unfumigated control 

(Rowell, 1994; Jenkinson and Ladd, 1981).  

Ecosystem respiration and soil temperature measurement 

Whole ecosystem respiration was measured with a portable 

environmental gas monitor (EGM-1, PP Systems, UK) – 

Sowerby, et al, (2000). Each individual measurement took 4 – 5 

min and was carried out by placing the respiration chamber over 

the grassland pasture, arable land following different circles of 

the management (land preparation, sowing of barley, 

fertilization, harvesting) and the woodland under various litter 

from the various plants as described in earlier mentioned 

prediction of C sequestration under land management practices 

for six periods of English agriculture using the CENTURY 4.0 

model by Igboji (2015). Respiratory activity was calculated from 

the CO2 accumulation rate within the chamber as described by 

the manufacturers (Anon, 1990) and expressed as mmol CO2 m
-2

 

h
-1

.  At the same time soil temperature at a depth of 10 cm was 

also recorded. The measurements were done once per month for 

2 y covering winter months (Dec – Feb); spring months (Mar – 

May); summer months (June – Aug) and autumn months (Sep – 

Nov). 

Laboratory measurement of soil respiratory activity 

Laboratory measurement of soil respiratory activity was 

estimated using protocols described by Rowell (1994) and Alef 

(1998). Soil (50 g) at various water filled pore spaces (WFPS) 

was placed into a sealed conical flask (500 ml) containing 0.3 M 

NaOH (10 ml suspended mid way in the flask). Flasks were 

incubated in the dark for 7 d. At the end of the incubation period 

the amount of CO2 present in the NaOH was determined by 

titration using 0.1 M HCl with phenolphthalein as the indicator. 

The end point was marked by the change of colour of the titrate 

from pink to colourless (Rowell, 1994). For comparison with 

whole ecosystem results laboratory values in g CO2 g
-1

 s
-1

 was 

converted to mmol CO2 m
-2

 h
-1

 (44 g CO2 is contained in 1 mol 

or 1000 mmol or 106 µmol CO2) following the detailed 

procedure by Rowell (1994). The soil incubation was done at 

various natural moisture content of soil translated to WFPS and 

25°C. 

Statistical and data analysis 

The values of all variables studied were subjected to two 

way analysis of variance (ANOVA) in randomized complete 

block design (RCBD). Effects at P≤0.05 was considered 

significant while that at P≤0.01 was considered to be highly 

significant. For regression analysis mmol m
-2

 h
-1

 was used for 

soil respiration and mg kg
-1

 for microbial carbon. Further 

regression analysis were done on the relationships between the 

following variables: whole ecosystem and actual soil respiration 

(though without separation of root respiration); soil temperature, 

water filled pore spaces (WFPS), total carbon, total nitrogen, soil 

pH (SXSTAT11.EXE version 1.0.7. Goodness of fit from 

predictions with each of the regression equations against actual 

values were expressed with the coefficient of determination (R
2
). 

An exponential function was used to fit the data for all dates, 

sites to enhance actual values of tested variables. Multiple 

regression was done on whole ecosystem and soil respiration, 

temperature and WFPS. WFPS of the 0 – 20 cm depth was used 

as the moisture variable in all analysis as this property integrates 

porosity and moisture variables (Franzluebbers et al, 2002; 

Franzluebbers, 1999; Doran et al, 1998; Zar, 1999) 

Results and Discussions 

Whole ecosystem respiration 

There were significant differences (P≤0.05) in whole 

ecosystem respiration in 5 months in the first y. On day 46 
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(February), F = 14, FLSD = 23.4); Day 64 (March), F = 16, 

FLSD = 23.4); Day 187 (July), F = 28, FLSD = 75). The highest 

whole ecosystem respiration across five sites was at day 79 

(March) of first y, 133.4 mmol m
-2

 h
-1

 and day 277 (October), 

133.4 mmol m
-2

 h
-1

 as well. The lowest whole ecosystem 

respiration across the five sites was at day 163 (June) of y 1, 

29.5 mmol m
-2

 h
-1

 and day 316 (November) of y 2, 50 mmol m
-2

 

h
-1

. The highest whole ecosystem respiration across days of the 

year was in grassland under permanent pasture treated with N 

fertilizer a y before stocking in first y, 67.8 mmol m
-2

 h
-1

 and 

deciduous woodland in second y, 126.6 mmol m
-2

 h
-1

. When 

whole ecosystem respiration between yrs was compared no 

significant difference (P≤0.05) was observed. 

 

 

Fig 1. Changes in whole ecosystem respiration (mmol m
-2

 h
-1

) 

in ♦ grassland under permanent pasture on 5 y ley before 

stocking; ● grassland under permanent pasture sown with 

red clover a y before stocking; ▬ grassland under 

permanent pasture treated with N fertilizer a y before 

stocking; ■ arable land under barley and ▲ deciduous 

woodland. Each value is mean of 4 replicates. Bars represent 

standard error of means. 

Laboratory soil respiration 

Significant differences (P≤0.05) in soil respiration were 

observed on day 283 (October), F = 21, FLSD =31), day 352 

(December), F = 58.9, FLSD = 85 of first y; day 231 

(September), F = 71.1, FLSD = 72 of second y. The highest 

respiratory activity across sites occurred at day 79 (March), 119 

mmol m
-1

 h
-1

 in y 1 and day 231 (September), 116.4 mmol m
-2

 h
-

1
 of y 2. The lowest respiratory activity across sites was on day 

321 (November), 4.4 mmol m
-2

 h
-1

 of y 1 and day 14 (January), 

29 mmol m
-2

 h
-1

 of y 2. Generally soil respiration across days of 

the y was in arable land under barley in y 1, 49.9 mmol m
-2

 h
-1

 

and in deciduous woodland, 105 mmol m
-2

 h
-1

 in y 2. There was 

no significant difference (P≤0.05) between yearly soil 

respiration. 
 

-50

0

50

100

150

200

250

300

350

14 46 64 86 126 150 187 207 231 277 316 346

Day of year

S
o

i
l
 r

e
s
p

i
r
a

t
i
o

n
 (

m
m

o
l
 m

-
2
 h

-
1
)

 

Fig 2. Changes in laboratory soil respiration (mmol m
-2

 h
-1

) 

under various types of land management as described in Fig 

1. Each value is mean of 4 replicates. Bar represent standard 

error of means 

Soil microbial C 

The highest microbial C across sites was at day 283 

(October), 3734 mg CO2-C g kg
-1

 of y 1 and day 126 (May), 

4322 mg CO2-C kg
-1

 in y 2. Lowest microbial C across sites was 

on day 321 (November), 488 mg CO2-C kg
-1

 in y 1 and day 46 

(February), 486 mg CO2-C kg
-1

. The highest microbial C across 

days was in soil from the arable land under barley in y 1, 2897 

mg CO2-C kg
-1

 and in y 2, 2087 mg CO2-C kg
-1

. No significant 

difference was observed in yearly soil microbial C. Soil 

microbial C was linearly related to both whole ecosystem and 

soil respiration, R
2
 = 0.6, n = 12 and R

2 
= 0.73, n = 12 for the 2 

yrs.  

Y 2 
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Fig 3. Changes in soil microbial C (mg CO2-C kg
-1

) under 

various land management as described in Fig. 1. Each value 

is mean of 4 replicates. Bars represent standard error of 

means 
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Fig 4.The relationship between whole ecosystem and soil 

respiration (mmol m
-2

 h
-1

) and soil microbial carbon (mg kg
-

1
) as expressed by regression equation and coefficient of 

determination (R
2) 

in y 2; ■whole ecosystem respiration; 

▲soil respiration. Each value is mean of 20 observations (5 

sites x 4 seasons) 

Soil total carbon 

Soil total C was highest across sites on day 254 (September) 

in y 1, 30.6 g kg
-1

 and lowest on day 352 (December) of same y 

1, 8.5 g kg
-1

. During the 2
nd

 y, soil total C was highest across 

sites on day 277 (October), 42 g kg
-1

 and lowest on day 86 

(April), 5.8 g kg
-1

. In the first y, the highest soil total C across 

months was in deciduous woodland, 28 g kg-1 while the lowest 

was in arable land under barley, 8.5 g kg
-1

. In y 2, the highest 

soil total C across months was in deciduous woodland, 40.8 g 

kg
-1

; the lowest in arable land under barley, 14 g kg
-1

. No 

significant difference was observed between yearly soil total C. 

Soil total C was linearly related to whole ecosystem respiration 

(R
2
 = 0.61, n = 12) and to soil respiration, R

2
 = 0.88, n = 12 in y 

2.  
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Fig 5.Changes in soil total C (g kg
-1

) under various land 

management as described in Fig 1: Each value is mean of 4 

replicates. Bars represent standard error of means 
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Fig 6. A, the relationship between whole ecosystem 

respiration (mmol m
-2

 h
-1

) and soil total C (g kg
-1

) and that 

between soil respiration (mmol m
-2

 h
-1

) and soil total C (g kg
-

1
) as expressed by regression equation and coefficient of 

determination (R
2
) in y 1; ■whole ecosystem respiration; 

▲soil respiration. Each value is mean of 12 months for 5 

sites 

Soil total N 

The highest soil total N across sites was recorded on day 

283 (October) of y 1, 5.4 g kg-1 and day 277 (October) of y 2, 

4.72 g kg
-1

. The highest total N across months was in soils under 

permanent pasture sown with red clover a year before stocking, 

2.5 g kg
-1

 and soil from grassland under permanent pasture 

treated with N fertilizer, 3.94 g kg
-1

 in y 2. The lowest soil total 

N for both yrs was in arable land under barley, 0.8 and 1.4 g kg
-1
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Fig 7. Monthly time course soil total N (g kg
-1

) under various 

land management as described in Fig. 1. Each value is mean 

of 4 replicates. Bars represent standard error of means 

Soil C:N ratio 

Temporally the C:N ratio across sites was highest on day 

227 (August) in y 1, 10.6; day 187 (July) in y 2. Lowest C:N 

ratios were recorded in soils on day 254 (September) in y 1 and 

day 64 (March) of y 2. The highest C:N ratio across months was 

in deciduous woodland in y 1, 16.3 and y 2, 13.6. Lowest C:N 

ratio were recorded in grassland under permanent pasture on a 5 

y ley before stocking in y 1 and 2; 11.6 and 9.7 respectively. No 

significant difference was observed in yearly C:N  ratio. 
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Fig 8. Monthly time course soil C:N ratio under various land 

management as described in Fig. 1. Each value is mean of 4 

replicates. Bars represent standard error of means 

Soil pH 

The highest pH across sites was on day 163 (June) of y 1, 

6.66 and day 316 (November) of y 2, 6.08. The lowest pH was 

on day 79 (March) of y 1, 6.33 and day 277 (October), of y 2, 

5.18. The highest pH across months was in arable land under 

barley for both yrs, 7.60 and 7.4 respectively. The lowest pH 

was in deciduous woodland for both yrs, 4.46 and 3.78 

respectively. No significant difference in yearly pH 

Y 1 

Y 2 

Y 1 

Y 2 
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Fig 9. Monthly time course soil pH under various land 

management as described in Fig 1. Each value is mean of 4 

replicates. Bars represent standard error of means 

Changes in soil temperature 

The highest soil temperature across sites was on day 227 

(August) of y 1, 16.76°C and day 187 (July) of y 2, 20.74°C. 

The lowest soil temperature was on day 18 (January of y 1, 

3.2°C and day 346 (February) of y 2, 3.02°C. The highest soil 

temperature across days of the y was in grassland under 

permanent pasture on a 5 y ley before stocking in y 1 and 2, 10.9 

and 12.9°C respectively; while the lowest was in deciduous 

woodland in y 1 and 2, 10.3°C respectively. Whole ecosystem 

respiration was positively related to soil temperature (R
2
 = 0.52) 

in y 1. 
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Fig 10. Monthly time course soil temperature (°C) under 

various land management as described in Fig 1. Each value 

is mean of 4 replicates. Bars represent standard error of 

means 
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Fig 11. The relationship between whole ecosystem 

respiration (mmol m
-2

 h
-1)

 and soil temperature (°C) in y 1. 

The fitted function is: C-Flux = 17.831 x e
(0.0995 x temp)

, R
2
 = 

0.52, P≤0.05. No of points = 240 (5 sites x 4 replicates x 12 

months). No relationship was established in y 2 
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Water filled pore spaces (WFPS) 

Looking at temporal changes in WFPS across sites, the 

highest WFPS, 0.7 m
3
 m

-1
 was on day 79 (March) in y 1 and 

0.62 m
3
 m

-3 
on day 126 (May) of y 2. The lowest WFPS was on 

day 283 (October) of y 1, 0.1 m
3 

m
-3

 and day 207 (August) of y 

2, 0.2 m
3
 m

-3
. The highest WFPS across months was in 

deciduous woodland in y 1, 0.5 m
3
 m

-3
 and grassland under 

permanent pasture on 5 y ley before stocking in y 2, 0.5 m
3 

m
-3

. 

The lowest and same level of WFPS was in arable land under 

barley and grassland under permanent pasture sown with red 

clover a y before stocking in y 1, 0.3 m3 m-3. The same red 

clover plot had the lowest WFPS in y 2. A strong relationship 

was observed between whole ecosystem respiration and WFPS 

(R
2
 = 0.61) and weak relation between soil respiration and 

WFPS (R
2
 = 0.1). 
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Fig 12. Monthly time course soil WFPS (m
3
 m

-3
) under 

various land management as described in Fig 1. Each value 

is mean of 4 replicates. Bars represent standard error of 

means 

Discussion 

Whole ecosystem respiration 

The significant differences in whole ecosystem respiration 

over the months of Feb, Mar, Sep and Oct can be attributed to 

environmental variables. These periods coincided with winter, 

summer and autumn, each with distinct features. The winter is 

marked by adequate moisture but low temperature, spring has 

both optimum moisture and temperature; summer has low 

moisture but high temperature and autumn has optimum 

moisture and temperature. 
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Fig 13. The relationship between whole ecosystem 

respiration (mmol m
-2

 h
-1

) with soil WFPS (m
3
 m

-3
) as 

expressed by regression equation and coefficient of 

determination (R
2
) in y 1. No of points = 240 = 5 sites x 4 

replicates x 12 months. ▲whole ecosystem respiration; ■soil 

respiration. No relationship was established in y 2 

These two variables, moisture and temperature appear to 

have played key role. Other factors were soil microbial C, total 

C. It was seen that an increase in soil microbial C and total C led 

to increase in whole ecosystem respiration. This suggests that 

soil microbial C has significant impact on activities of 

decomposer organisms and subsequent C-flux. Evidence exists 

that radiation, particularly during summer can lead to increased 

production of photosynthates and translocation belowground 

(rhizosphere deposition of C) –Grahammer et al (1991); 

Franzluebbers et al, (1995;2002). Franzluebbers et al (2002) 

added physiological processes like C-fixation and allocation on 

plant growth. Many of these workers emphasize the role of soil 

C in whole ecosystem respiration as it is a substrate for 

heterotrophic activity. This factors may be true of grassland 

under permanent pasture treated with N fertilizer in y 1, 

suggesting the effects of above and belowground biomass and N 

and in deciduous woodland in y 2, suggesting the effects of 

litter, biomass and N. The deciduous woodland was high in total 

porosity and low in bulk density throughout the y, while the soil 

from grassland under permanent pasture treated with N fertilizer 

a y before stocking was high in soil bulk density and low in total 

porosity due to effects of grazing (baseline studies done) The 

stocking and carrying capacity was light as classified by Parton 

et al, 1993.   

The respiratory activity in Mar of y 1 may be due to several 

factors: optimum moisture, temperature and nutrient 

concentrations. Vanhala (2002) attributed the high respiratory 

activity in spring to the presence of readily utilizable C 

compounds released following the soil thaw. Most of these 

factors influenced respiratory activity in Sept in y 2 (autumn). 

This time was recommended for sampling by Vanhala (2002) in 

view of its respiratory activity. However, in this study the 

summer months gave the highest soil respiration rate. 

Soil respiration 

Since soil respiration was determined under constant 

temperature (25°C) and natural WFPS, it is likely that moisture 

and nutrient were the major factors influencing the outcome. 

Many workers have observed temperature and moisture when 
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kept constant makes variation in CO2 flux to other changes in the 

physical and chemical properties of the soil e.g SOC, SON, pH; 

WHC –Singh and Gupta, 1977; Howard and Howard, 1993; 

Vanhala, 2002). Vanhala (2002) demonstrated effects of pH and 

moisture determine soil respiration at constant moisture. When 

the moisture content was kept constant, the amount of OM, 

majorly N and microbial C and pH made the difference. When 

respiration rate was calculated on the basis of the N 

concentration, the variation was mainly explained by pH only. 

This makes scientist incredible and wonderful people. They way 

they get into the route of the problem are amazing. This is 

civilization. This fact may be true for the grassland under 

permanent pasture treated with N fertilizer and deciduous 

woodland that led in soil respiratory activity for the 2 y. The 

levels of microbial C, total C and N in these types of land 

management support these results. Another factor that may have 

contributed to the soil respiration may be respiration due to root 

portions which was not separated in the laboratory in this 

investigation (Boone et al, 1998; Widen and Majdi, 2001) 

Pumpanen et al, (2003) detected differences between measured 

and predicted CO2 effluxes during the autumn and the spring to 

seasonal proportion of root respiration and in the temperature 

response. Savage and Davidson (2003) reported similar effects 

on soil respiration as a result of distribution of roots, soil carbon 

substrates, soil temperature and water content, all of which vary 

spatially and temporally. Davidson et al (1998) saw variation in 

soil temperature for most of the seasonal and dual variation in 

soil CO2 efflux but cautioned that temperature effect is not 

always consistent and other factors like soil water content, are 

more important. In their work, an exponential function relating 

CO2 fluxes to soil temperature accounted for 80% of the 

seasonal variation in fluxes across all sites studied (Q10 = 3.9) 

but the Q10 ranged from 3.4 to 5.6. According to these workers, 

the Q10 function can yield reasonably good predictions of annual 

fluxes of CO2, but it is a simplification that masks response of 

root and microbial processes to variation in temperature and 

water content throughout the soil.  

In Curiel-Yuste et al (2003) temperature was the dominant 

factor over soil respiration during most of the year in 

temperature maritime forest. However, during spring and 

summer when the soil water was limiting soil respiration was 

insensitive to temperature. Other works have linked soil 

respiratory to environmental conditions and soil nutrients 

include: Jenkinson et al; 1976; Shen et al, 1997 who referred 

strong link of soil respiration and microbial C; Wang (2003) 

linked soil respiration to moisture and temperature and 

Franzluebbers et al (1999a,b) note close relations between soil 

respiration and microbial CO2-C determined using the 

chloroform fumigation technique. Nevertheless, Sato and Seto 

(1999) and Wang et al (2003) failed to establish any relationship 

between soil respiration and microbial C 

Soil microbial C 

The high microbial C in deciduous woodland may be related 

to level of organic carbon especially following litter 

accumulation in autumn. The same applies for grassland under 

permanent pasture on 5 ley before stocking which had deposits 

of livestock dung throughout the sampling period. The autumn 

and early winter is a period marked with high levels of litter in 

the soil. These litters played three key roles namely: supply of 

substrates, conservation of soil moisture and temperature 

Santruckova et al (2002) showed microbial C as a living 

component of SOC with a short turnover time. The proportion of 

microbial C in the total C pool does not only reflect the potential 

to transform organic C input into SOC and CO2 but also the 

fraction of SOC that is immediately susceptible to fluctuations of 

environmental factors, soil disturbance and stress. Thus, soils 

with high microbial C have a greater potential to transform 

organic material but also a higher susceptibility to fluctuations in 

environmental factors 

Soil total C and N 

The level of soil total C and N during the months of Sept to 

Nov may be attributed to the increase in OM resulting from 

autumn litter. The same applies for the sites namely: deciduous 

woodland; grassland under permanent pasture sown with red 

clover a y before stocking and grassland under permanent 

pasture treated with N fertilizer a y before stocking. The steady 

input of OM into the deciduous woodland has resulted in  a soil 

high in OM while the N fertilization a y before stocking and part 

irrigation during y 2 summer of the grassland under permananent 

pasture treated with N fertilizer may have provided the nutrient 

and moisture required for mineralization of SOM. 

Solomon et al (2002) reported that agricultural management 

of virgin soil induces a drastic change in the equilibrium of SOM 

attained under undistrurbed conditions and thereby affects the 

quantity and quality of SOM especially in the near surface 

layers. In their study, the amounts of both total SOM and N in 

the surface soils significantly decreased, P≤0.05 following land 

use changes. For example, at Wushwush, forest clearing and 25 

y of continuous low-input cropping led to depletion of 55% of 

the total SOC and 25% of total N, whereas 30 y of cultivation at 

the Munesa site resulted in a 63 and 60% reduction of the SOC 

and N in the bulk soils respectively. These results are 

comparable to those reported by Skjemstad et al (1986) for 

cultivated subtropical vertisols of Australia and with that of 

cultivated luvisols of northern Tanzania (Solomon et al, 2002). It 

is also comparable to the results from the calcareous pedosol  of 

Writtle especially those under arable land under barley where 

total C and N were generally low for the seasons assessed. 

Solomon et al (2002) also reported the depletion of SOM in 

continuously cultivated soils to drastic reduction in OM input 

and to tillage practices which frequently expose aggregates to 

physical disruption by rapid wetting and rain drop impact. The 

net effect is loss of SOM through the simulation of oxidation and 

exposure of the originally inaccessible OM to attack by soil 

micro organisms. This may be true in the arable land under 

barley which recorded high microbial activity during spring, 

summer and autumn. This plot was regularly tilled in the course 

of seed bed preparation. The high oxygen demand of this plot 

clearly led to depletion of available SOM. Lebron et al (2002) 

saw a decrease in SOM from Las Animas soils before and after 

reclamation from 1.4 to 0.77%. This decrease was consistent 

with highly coloured effluent obtained during the leaching of the 

soil. Podwojewski et al (2002) attributed high C content in 

paramo soils to specific OM originating from the decomposition 

of grasses, a statement supported by other works e.g Shoji et al 

(1990) and Barrois et al (1998). 

Other suggestions for the decrease in OM included the cold 

conditions (cryic soil temperature regime) which inhibit 

microbiological activity (Shoji et al, 1993) and the physical and 

chemical protection of mineralization by organometalic 

complexes (Boudot et al, 1986). Podwojewski and his 

colleagues discovered that the soil total C in paramo soils 

decreased in the surface horizon from the humid, 100 g kg
-1

 to  

70 g kg
-1

 soil which corresponds to a decrease of C storage in the 

surface horizon from 10 kg m
-2

 to 8 kg m
-2

 with very low values 

in the arenal area which supports little vegetation. Apart from 

the decrease in soil total C related to the precipitation gradient 

they also noted a strong decrease caused by soil degradation 
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with over grazing. For example, in permanent grazed  places in 

humid paramo covered by recolonisation vegetation soil C 

storage was maintained at high levels, over 10 kg m
-2

 in the 

upper horizon. Similar view was supported by Hofstede and 

Rossenaar (1995). In the over grazed areas SOC in the surface 

horizon fell from 100 to 60 g kg
-1

 in the paramo area and from 

70 to 40 g kg
-1

 in the dry paramo which corresponded to a 

decrease of C storage in the top 15 cm from 10 to 8 kg m
-2

 and  

from 8 to 5 kg m
-2

 respectively. The authors attributed the 

decrease in C content to substantial changes in the soil 

components and their micro-organisation. 

A comparison of paramo work with current work show that 

grassland under permanent pasture was not affected by depletion 

of organic C except in arable land under barley. Prior to the 

work SOC in this soil was between 15 and 40 g kg
-1

. After the y 

1 and 2 total C rose to 50.8 g kg
-1

 except in arable land under 

barley where levels of 2.8 to 5.3 g kg
-1

 were recorded during 

winter and spring but which increased to 24.2 g kg
-1

 in autumn. 

There was no evidence of overstocking of the pasture. There was 

no problem of surface soil erosion which could leach SOM. The 

observed decrease in SOM in arable land during winter and 

spring may be attributed to crop uptake of nutrients by the winter 

barley and to crop removal during summer. Most of the biomass 

removed was not returned to the soil. However, the 

incorporation of residues of previous barley to the arable land 

during tillage by autumn in preparation for winter barley raised 

the total C in this plot at this time. 

Soil pH 

The low pH of the soils taken from deciduous woodland 

may have been due to the higher level of humic acid as 

described in Humic acid generated by 
13

CNM Spectroscopy in 

this place (Igboji, 2015). In a study conducted in sub-humid 

Ethiopian Highlands influenced by deforestation and agricultural 

management, Solomon et al (2002) reported soil pH of 6.4 – 7.6 

in natural forest, 5.7 – 7.4 in tea and cupressus plantation and 5.6 

– 5.7 under cultivation. They also recorded a soil cation 

exchange capacity (CEC) of 37 – 52 cmol kg
-1

 under the natural 

forest, 25 – 40 cmol kg
-1

 under tea and cupressus plantation and 

26 – 27 cmol kg
-1

 under cultivation. In Solomon et al (2002) the 

natural forest age was disclosed but the tea and cupressus 

plantations were 35 and 25 yrs respectively while the fields were 

cultivated for 30 yrs. In current work the deciduous woodland is 

over 200 years of age, the grassland under permananent pasture 

is over 50 years, while the arable land has been tilled for over 30 

years. In a similar study of three saline-sodic soils in their 

natural condition from Madera, California and Arkansas valley, 

a pH of 7.06, 7.64 and 8.10 were obtained from the Hanford Soil 

Series (coarse loamy, mixed, superactive, non-acid, thermic 

Typic Xerorthents), Madera Soil Series (fine, smectic, thermic, 

abruptive Durixeralfs sandy clay loam and Las Animas Soil 

Series (coarse-loamy, mixed, superactive, calcareous, mesic 

Typic Fluvaquents silty loam) respectively – Lebron et al 

(2002). The Writtle soil is a Hanslope Soil Series (chalky 

boulder, slightly mottled, calcareous pedosol). 

Soil temperature and WFPS 

The low temperature in deciduous woodland may be due to 

to the mulching effects of the litter and shading effects of trees. 

The highest soil temperature in summer and lowest in winter is 

in line with the radiation recorded at these times of the y. A 

similar trend was observed with WFPS where the grassland 

under permament pasture on 5 y ley before stocking had the 

highest WFPS during the first y perhaps as a result of mulching 

effects of the grass and dungs. The high WFPS in arable land 

under barley in the second y may be due to the high porosity in 

this plot for most seasons of the y as a result of tillage. By virtue 

of its clay status it was able to retain sufficient moisture. For 

deciduous woodland the higher WFPS over the spring is also 

normal as it’s litter enhanced water retention, added over the 

spring months with highest precipitation in the area. 

Podwojewski et al, (2002) did not observe any effect of grazing 

on soil total porosity. Several workers have reported the effects 

of different land management practices on soil temperature and 

moisture (Singh and Gupta, 1977; Doran et al, 1988; Oberbauer 

et al, 1992; Raich and Schlesinger, 1992; Howard and Howard, 

1993; Hanson et al, 1993; Raich and Potter, 1995; Davidson et 

al, 1998; Franzluebbers et al, 1999; 2002; Vanhala, 2002; Raich 

et al, 2002; Curiel-Yuste et al, 2003; 2004). 

Conclusion 

Novel things happen when you get land management right. 

As can been seen each land management practice favoured either 

or combination of the physico-chemical properties evaluated. It 

has added to global discourse on nutrient dynamics of 

agricultural and non agricultural soils. The story of the East 

Anglia England is worth encouraging. 
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