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I\BSTRACT 

Nicole OuimE~t Rlenewable 
Resourcles 

The -:.' rpose cf this study was t.o invnstigate the re~ml ts 

of h.J~ ;';;~'.~ term ferJtiIization experiment:3 on soil or.ganic C, 

tot:l t'" n''\ millera l izable N in the .Jiangsu Prov ince of 

People L~ ',lie of China. The soil samples that received 

man\!.re ove ""' 

N than the 

'~,p' year3 contained more soii or'. :lnie C, and total 

iWirganic fertilized samples. Soil organic C waB 

closely cO?'l:eL '.-d with total N and thero were correléltion13 

bebleeT'l Cl 

crop yj\',,". 

',~~:1s and 90il organic C; contents and beb"een 

" '1 total N contents. Plant-availahle N wa~ 

estima ", i ~:j: .,' 1 i.,' J 'Jgi cal and chernical tests. Minera 1 i zed N 

forme: U.'~,l·" "1"',,-,, [, .' incubation was low except for those soil 

sarnples t t ",' ':", ·ot.. " t manure. Microhial biomass C and N were 

estimated \l;;,in,-; ~: e chloroform furnig'ation-incubation method 

(CFIM) and fumlç,ation-extraction proc(~dures. Biomass measure

rnents by CFIM wele" more precise and reliable then values 

obtained by fumigation-extraction. Treatment difference:~ in 

biomass were not signi ficant. Estimate's of biomass C and N were 

influenced by the choice of the control soi 1 and the period of 

incubation used by the CFIM. Unfumiçrated (10-20 d) control 

soUs were foù.nd to be the best control fOT samples. Extraction 

of mineraI ized H using O. SM NaHC03 after incubation overesti

rnated biomass N since this extraction "ras found to extract non

biomass N . 
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RÉSUMÉ 

Le but de cette étude était d'évaluer les effets à long 

terme de deux systemes de fertilisation, l'un à base d'engrais 

inorganiques et l'autre à base de fumier de cheval, sur la 

teneur en C organique et en N total du sol obtenus après dix 

années de production de blé et de mais dans la province du 

Jiangsu en République Populaire de Chine. Les échantillons de 

sol qui ont reçu du fumier au cours des années contiennent plus 

de C organique et de N tolal que les échantillons qui ont reçu 

des engra is minéraux.. Ainsi il ex] ste une corrélation entre le 

C organique et le N -total du sol. Cependant, les corrélations 

sont plus faibles entre la production céréal i ère annuelle et 

les quanti tés de C organique du sol, et entre la production 

totale céréalière annuelle et les quantités de N total du sol. 

Le N du sol disponible pour la croissance des céréales a été 

estimé gracl~ à deux tests: l'un biologique et l'autre chimique. 

Les résultats du test biologique montrent que les valeurs 

obtenues (~11 anaérobiose sont faibles, excepté pour les 

échantillons qui ont reçu du fumier. Par contre, le test 

chimique s'est révélé inopérant. La méthode de fumigation

incubation au chloroforme s'est montrée plus fiable pour 

l' estimat ion de la biomasse que la technique de fumigation

extrac'tion. Généralement, les échantillons de sol ayant reçu du 

fumier cont iennent des teneurs en biomasse supérieures à celles 

des échantillons ayant reçu des fertilisants inorganiques, 

toutefois les différences entre les deux modes de fertilisation 

ne sont pas significatives. L'estimation de la taille de 

l'azote de la biomasse a été tentée utilisant une incubation 

aérobie tandis que l'utilisé d'une incubation anaérobie (sol 

sous une couche d'eau). L'incubation anaérobie par rapport à 

l'incubation aérobie présente des avantages certains de 

simplicité pour les laboratoires chinois. Par contre, pour 

l'estimation des quanti tés d'azote minéralisé, l'extraction 

utilisant NaHCO, après l'incubation aérobie s'est avérée 
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inefficace car cette procédure surestime les valeurs ct' azote 

contenu dans la biomasse. 
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FORWARD 

This thesis presents new information on soil C and N as 

influenced by long-term appl ications of manure and inorganic 

ferti 1 i zers under continuous wheat and corn double-cropping 

systems of Xuzhou region in Jiangsu Province of the Peoplels 

Republ ic of China. The first Chapter is a general review of 

literature on the methodology used ta estimate plant-available 

N and soi 1 microbi.i1 biomass C and N. Particular attention was 

gt ven to chiorol.orm-fumigation incubation and fumigation

extraction methods. 

The second Chapter is concerned wi th potentiaIIy 

mineralized N under anaerobic conditionA, soil microbial 

biomass C and N studies, respec'lively, as ~.nfluenced by two 

di fferent Chinese fie Id management noted in Appendix 2. The 

chapter i5 presented with a general introduction, a description 

of materials and methods used, a discussion together with the 

results and a conclusion. Following this chapter is Appendix 1 

a general survey of Chinais agriculture situation. Finally, 

Appendix 2 is a detailed discussion of the two Chinese long

term field experiments as necessary background information 

regarding design, management practices and data for the 

laboratory studies that l have carried out. The data originated 

from translation of three Chinese reports, supplemented by 

di scussion of publ ished material on other long-term trials from 

England, France and USA. 

xii 
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IMTRODUCTION 

In the rich agricul tural Jiangsu Province of China, 

fertilization management using inorganic fertilizers combined 

with organic manures are encouraged by the government over the 

use of inorganic fertilizers alone. This use is for economic as 

weIl as environmental reasons. 

In Appendix 2, infor'1\ation regardlng design, management 

practices and results were given for two 10ng-term fie-ld 

experiments in the Jiangsu Province of People's Republic of 

China from which soil samples were collected for subsequent 

laboratory measurements on soil microbial biomass and nitrogen 

mineralization. The most important study was conducted on 10ng

term plots established at Xuzhou on yellow fluvoaquic solls. 

The objectives were as follows: 

(1) to determine the influence of chemical ferti lizers and 

organic manure on the quantity and quality of two cereal 

crops (winter wheat and corn), 

(2) to compare short and long-term effects of con

tinuous applications of chemical fertilizers to that 

of organic manure on soil fertility, nutrition 

balance, and fertilizer efficiency, 

(3) to evaluate the effect of accumulation and 

exhaustion of mineraI consti tuents in the so il on the 

chemical composition of wheat and corn plants, and 

(4) to determine long-term trends in soil organi c 

matter and total N under the different soil 

treatments. 

It was clearly established that organic manure added to 

the soil increased amounts of nutrients provided to the soi1 

and crop productivity. It is thought that these benefits result 

from increased fertility and microbial activity. It is 

pertinent, therefore, to quantify the N supplying capacity of 

the soils that have had different fertilizer treatments and the 

role of microbial biomass in N turnover in the sail . 

1 
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In contrast to soil organic C and total N, measurement of 

microbial biomass C aud N has been stated to provide sensitive 

parameters to assess changes in sail management. During the 

last two decades interest has developed in the qua~titative 

determination of soil microbial biomass in the warm temperate 

zones. Biomass values from various areas throughout the world 

have been compiled in the 1 iterature , but little information 

has been reported on microbial biomass in Chinese soils. 

utilization of microbial biomass estimation methods for 

soils has produced research relating biomass to various 

management practices and soil processes. Consequently, for this 

study the hypotheses were that past fertilization management 

influenced soil N availability, thus manure treated soi1s in 

comparison to inorganic fertilized soils tested for 10 yr in 

two 10ng-term field experiments of the Jiangsu Province should 

show significant differences in microbial biomass C and N and 

potentially mineralizable N. 

The objectives of the study were: 

(i) to compare N mineralized by different techniques, 

(ii) ta estimate microbial biomass C and N contents 

of Chinese soils by two methods: the chloroform 

fumigation-incubation (CFIM) and the fumigation

extraction (FE) methods, 

(iii) to measure the effects of different extractants on 

biomass N estimates by CFIM, 

(iv) ta assess the effects of a number of soil treatments 

on aerobic and anaerobic incubation, and 

(v) to study the relationships among various soil 

parameters. 

2 



e. ~~PA.ER-2!IE 

METRons OF MEASURING N MINERALIZATION AND MICROBIAL BIOMASS: 

A LITERATURE REVIEW 

Soil organic matter has been studied by a variety of 
techniques. Net changes of organic matter occurring within the 
soil system have been evaluated by the combination of tracer, 
chemical, and biological techniques. Juma and McGill (1986) 

have used models simulating the dynamics of soil organic C and 
N. In these simulation models soil organic matter constituents 

were divided into four fractions (Paul 1984): 

(1) the microbial biomass as determined chemically or 

microscopically making up 4 to 6% of soil N, 
(2) the non-biomass active N determined by isotopie 

dilution, composed of 6 to 10% of soil N, 
(3) resistant or old C associated N determined by 

carbon dating, forming 50% of soil N, and 
(4) a stabilized N fraction providing about 16% of 

soil N. 
Paul (1984) reported that for a Canadian Chernozemic soil 

the relative contribution to mineralizable N of eaeh fraction 
was 30, 34, 1, and 

charaeteristics of the 

35%, respectively. Measurem8nts of 

small, but active fraction of soi l 

organic matter have been used successfully for measuring 

changes in soil quality. In the past, it has been diffieult to 
assess the effects of agronomie practices on the quality of 

soil organic matter unless widely differing management systems 
were used, over many years (Biederbeck et al. 1984). 

In recent years, various researchers have measured such 
parameters as soil extractable C, mineraI N flush and poten

tially mineralizable N to gauge qualitative soil organie matter 
changes. Relationships among the parameters has validated their 

use as possible indices to assess the nitrogen supplying-power 
of soil. In general, their results show that biomass and labile 

N in surface soils are dependent on land use. 

3 
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• 

• 

• 

In contrast to total organic C and N, measurements of 

microbial biomass and mineraI izable C and N are stated to 

provide sensitive parameters to assess changes in agricultural 

practices (Carter and Rennie 1982; Paul 1984). Today's research 

focus on organic N poo 1 s ln soi 1 and the use of tracer 

techniques with new extraction tp.cpniques to aid in separating 

organic N into bj ologically meaningful fractions should unravel 

the mechanisms and controls of the mineralization

immobilization processes in soil as suggested by Juma anu Paul 

(1984) . 

1.1 LABORATORY INDICES OF PLANT-AVAILABLE SOIL N 
Considerable attention was being given to the development 

of a quick and rellable indice for plant-available N in soil. 

Stanford (1982) felt that none of the chemical or biological 

methods for estimating the organic N supplying capacities of 

soils was judged sufficiently reliable to warrant routine use 

in soil testing laboratories. As a rule a satisfactory method 

in terms of reliability and reproducibility should provide for 

rigorous standardization with respect to methods of sampling, 

drying, grinding and sieving, storing, and incubating the 

so11s. 

still, laboratory indices of soil N availability that have 

been commonly proposed can be subdivide into two distinct 

approaches! 

(1) chemical indices in which N mineraI ized as a 

result of chemical treatment involvlng acid or 

alkaline hydrolysis is determined (see MacLean 1964; 

Keeney 1982), 

(2) biologlcal indices in which N mineraI ized during 

a prescribed period of aerobic or anaerobic 

(waterlogged) incubation, (1 to 40 wk duration), is 

measured (see stanford and Smith 1972; Smith et al. 

1981; Keeney 1982). 
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1.1.1 CHElfICAL INDICES OF SOIL ORGAlfIC ft AVAILABILJ[TY 

Stanford (1982) categorized several chemical indices on 

the basis of extraction intensi ty. They ranged from those 

involving relatively mild extraction, through intensive 

extraction to determination of total 5011 N. The utility of any 

chemical indice depends on the degree t.o which it correlates 

with reliable biological measurements of soil N availability 

such as N uptake, crop yield, or mineralizable N. He concluded 

that results obtained by more intensive procedures (such as 6N 

boiling HCI) were inconsistent with biological indices since 

the y removed more N than might be mineralized during a single 

growing season. 

Generally, 

estimating the 

the use of relatively mild extractants for 

potentially mineralizable N in soil (e.g., 

dilute solutions of CaCl 1, K~S04 and NaHC03) has been favored by 

several researchers. Amongst the most interesting, l1acLean 

(1964) proposed the use of lOmM NaHC03 on the assumption that 

(1) a relationship exists between solubility and availability 

of nitrogenous compounds to plants, and that (2) room

ternperature extraction (for a short period) with that very mild 

alkaline solution should tend to sirnulate conditions produced 

by liming to near neutrality. 

Jenkinson (1968) postulated that the soil biomass 

constituted the major source of plant-available N amenable to 

chemical dissolution or hydrolysis by relatively mild extrac

tion procedures. He also conc 1 uded that extractants, which 

selectively remove microbial N, provlde an indirect measure of 

the mineralizable N in soil. 

Stanford (1982) has done an exhaustive review on the 

subject of mild extraction procedures relative to soil microbi

al biomass. However, for many investigators very little 

evidence supports the conclusion that mild extractants selec

tively rernove biomass N, or that the biomass constitutes the 

primary source of plant-available soil N removed by extraction. 
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Using an Illinois soil, Kelley and stevenson (1985) 

determined the rela.tive effectiveneS!5 by which various mild 

extractants estimate plant-avai lable soi lN. Their resul ts 

tended to support the view that le,9s intensive extraction 

procedures were more selective in removing newly-immobillzed N. 

According to Jenkinson (1968), 31 to 42% of N extracted by 

mi lder extractants of cold 10mM NaHC~ and hot 5mM NaHC03 was 

derived fram the microbial biomass. A higher percentage of the 

Boi 1 N was extractable with lOmM CaCl. as compared to lOmM 

NaHC03 • 

Azam et al. (1989) compared the efficiency of three mild 

extractants,lOmM CaCl], 10mM NaHC03 and 500mM K]S04' to extra.ct 

biomass N from a moist Pakistani soil after a 106 h incubation 

wi th (15NH4) .S04 and glucose. On one hand, they showed tha 1:: 1::he 

quanti ty of N extracted by the three extractants differed 

considerably. In accord with the observation of Kelley and 

Stevenson (1985) the y confirmed that 10mM NaHC03 was som.ew'hat 

more selective than 10mM caCl. in removing the biomass N. On the 

other hand, they found that the three extractants solubi1ized 

almost the same proportion of appl ied N but of the t'hree 

extractants 10mM NaHC03 extracted the largest proportion of 

applied 15N. This opposed the studies by Kelley and St~venson 

(1985). The resu1ts of these additiona1 studies strengthened 

Stanford's (1982) viewpoint on the difficulty of interpreting 

extractable soil N in terms of plant avai1ability, but did not 

rule out the possibility of developing reliable chemical 

indices useful in predicting N mineraI ization potent:ia1 s of 

soils. 

1.1.2 BIOLOGICAL INDICES FOR m'ASURJNG NITROGEN 

KIHERALIZATIOH POTEHTIALS OF SOILS 

In comparison to the chemical indices, measuring plant 

uptake of soi 1 N or N mineraI i zed dur ing incubations are 

laborious and time-consuming. Bl010g1ca1 ~ndices can be based 

on aerobic or anaerobic incubations. 
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A. Incubation ulClder aerobic conditions 

Stanford (1982) not:ed that bioJ.ogical indices based on 

short-·term incubation were less meaningful becau3e resul ts were 

influenced by method of sample pretreatment (effects of drying, 

storing, freez,ing, or other means of handling field-moist 

soils) ta a greater extent than with chemical extractions. with 

long-~erm incubation, transitory effects of recent crop 

residues or of sclmple handling are minimized. However, stanford 

quest:Loned the reliability of resu1ts derived from extended 

incubations in static, c losed system~J for determining the long

term N mineralization capacities of soils. 

Use of short-term aerobic incuhations of 90il N has bean 

motiv.:lted primarily by the need for rapid and reliable methods 

of assessing soil N availability. Incubation time was limited 

ta 7 ta 14 cl. Most results appeared to reflect relat.lve N

supplying capacities of 90ils. In contrast, Stanford and Smith 

(1972) argued that even with rig()rous controls, results of 

short-term .incubations do not necessari 1 y ref 1 ect the 

potE'ntial, long-term N supplying c.:lpaci ties of sail s. 

Consequently, the y were the first ta introduce the use of 

long-term, aerobic incubations ta determine the N

mineralization potential (No). Stanford and Smith (1972) 

indicated that No compris~d a variable fraction of the total 

sail N. Since Stanford and co-workers's approach assumed there 

is a single capacity factor (No) for measuring sail N source 

for plants, this incubation technique has been widely used ta 

det:ermine the effect of various açJricul tural practices on soi 1 

ferti:tity (C':lrter and Rennie 198'2; :i!:l-Haris et al. 1983). In 

support to the approach promoted by Stanford and co-workers for 

estimating the nitrogen-supplying power of soils the result:s of 

Campbell et al. (1984) provided reasonably precise predictions 

while accounting for soil moisture and temperature differences. 

Bonde and Rosswall (1987) reported that No values of soils 

incubated for 91 d, were a f'u:.ction of cropping system and 

sampling date. Differences in N mineralization were as large as 
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differences among cropping systems. Robertson et al. (1988) 

used the No as an estimate of the active fraction as suggested 

by Bonde and Rosswall (1987). Both Carter and Rennie (1982) and 

Robertson et al. (1988) showed that a considerable amount of C 

and N mineralized could be accounted for in a decrease in the 

microbial biomass during incubation. 

Bonde et al. ( 1988) experiment showed that i ncreas i ng 

additions of organic matter as farmyard manure or plant 

material as weIl as N fertilizer increased long-term aerobic 

mineraI ization and the proportion of total N present in the 

active fraction of soi l organic N. The influence of 

ferti l ization and cropping practices on the percentages of 

mineralizable N was further outlined by Bonde and Rosswall 

(1987). 

However, Bonde et al. (1988) seriously questioned whether 

biomass provides potentially mineralizable N in the field by 

means of a reduction in the size of the biomass during a 

growing season, rather than by exhausting other organic matter 

fractions. Accordingly, they concluded that likely the turnover 

of microbial biomass N is slower than that of biomass C but 

more importantly that the microbial biomass was not a maj or 

source of plant-available N during a growing season. Biomass N 

amounted to 3.9-6.8% of total N. 

The use of short or long-term aerobic incubation tech

niques is complicated by problems in establishment and mainten

ance of satisfactory conditions of incubation, especiall y 1 

control of water content durin9 incubation (Stanford 1982). 

~. Incuba~ion under anaerobic (waterlogged) conditions 

Incubation of soils under waterlogged conditions and 

measurements of NH/ released has attracted attention because of 

its simplicity as compared to most aerobic incubation 

procedures (Waring and Bremner 1964). The main advantages of 

the anaerobic incubation are (Waring and Bremner 1964; Keeney 

1982) : 
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(1) it is rapid and readily applicable to both air-dried 

and field-moist soils, 

(2) only ammonium production needs ta be determined, 

because no nitrate (or nitrite) is produced, 

(3) only a small sample of soil lS needed, and 

(4) it is not necessary to adjust the water-content 

of the sail ta near optimum. 

Ger·erally, lengthy and expensi ve laboratory i ncubat ion 

studies are not feasible for many field experiments (Clay et 

al. 1990). Anaerobie incubation techniques seem particularly 

suitable for relating soil N released on incubation ta yield 

potential under a wide range of soil and climatic conditions. 

Several published reports have stressed the superiori ty of 

anaerobic mineralization as an index of N availability for rice 

over NH/ formed during aerobic incubation and also in the 

measurement of N turnover relative to forest product i vi ty. 

Steam distillation of the filtered extract, rather than of 

the soil suspension has becn modified to avoid release of NH.' 

by alkaline hydrolysis of soil organic matter. Stanford (1982) 

suggested incubation of soils in 2M KCl instead of water. 

Keeney (1982) included an anaerobic incubation procedure, which 

used distilled water and 4M KCl as a extractant. 

For sorne agricul tural and forest soils of Washi ngton 

state, smith et al. (1981) showed that anaerobic incubationss 

have smaller variation than aerobic incubation methods, since 

treatment conditions can be more uniformly applied. 

Furthermore, the authors found a significant linear 

relationship between the nitrogen mineralized anaerobically V5. 

that mineralized aerobically. They have sorne indication the 

nitrogen mineralized anaerobically was a consistent proportion 

of that mineralized under aerobic field conditions. 

The origin of N mineralized under anaerobic conditions is 

not known. For Paul (1984) much of the NH.+ mineralized during 

the incubation probably was attributed to biomass N, e.g., 

fungal materials that decay under the anaerobic conditions. 
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Adams and Attiwill (1986) suggested that N was liberated from 

aerobic microorganisms ki lled by anaerobic conditions. This 
seems analogous to what occurs in the CHCl) fumigation

incubation method (CFIH) of Jenkinson and Powlson (1976a) for 
measuring microbial biomass where Myrold (1987) hypothesized 

that N mineralized using the 7 d anaerobic incubation method 

came mainly from killed microbial ce11s. The results obtained 

from soi1 samp1es representative of a wide range of forest 
soi1s in Oregon (USA) , suggested that anaerobic N 

mineralization measured N released primarily from microbia1 

biomass. Hence, net accumulation of NH." after 7 d of anaerobic 

incubation was highly correlated with NU: produced after CFIM. 

Sorne interesting implications come from these results. On 

one hand, Myrold (1987) suggested that the microbial biomass 

contains a pool of N that is readily available to plants. 

Corresponding findings by Carter and Rennie (1982) have been 

found between microbial biomass N and other tests of N 

availability for agricultural soils. Perhaps through appropri

ate cultural practices i t should be possible to manage and 

manipu1ate these easily mineralizab1e nutrients sequestered in 

the microbial biomasse The anaerobic incubation, by establish

ing an "anaerobic Kn value" to estimate microbial biomass N, 

could be used instead of the CFIM to determine microbial 

biomasse 

1.1.3 INTERPRETING CHEMICAL AND BIOLOGICAL INDICES OF 

SOIL NITROGEN AVAILABILITY 

Many investigations have raised serious doubts regarding 

the feasibility of interpretinq and utilizinq laboratory 

measurements of soil N availability under the widely varying 

soil and climatic conditions encountered in the field. Renee, 

for Stanford (1982), only with a single soil type, climatic 

zone, or farminq system can trustworthy interpretations of 

mineralized N be expected. Most important, in establishing 

meaninqful relationships between soil N measurements and 
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greenhouse results, researchers have a difficulty related ta 

the variable amounts of soi1 mineraI nitrogen present before 

cropping. As Stanford (1982) suggested, the problem arises 

because mineraI N already present in the soi Isis readi 1 y 

availab1e to plants, whereas N measured by short-term 

incubations or chemical methods is just an indice of the 

relative amounts of N that May be supplied from soi1 organic 

sources. 

McCracken et al. (1989) sought to examine soil N 

availability indices (Keeney 1982 methods) and past N 

ferti1ization, past cover cropping, and tillage from plots of 

a 10ng-term field experirnent, and to eva1uate the ability of 

these indices to predict corn response to added N. The authors 

found no significant correlation between the results of the 

anaerobic incubation indice and corn response. However, this 

indice was significant1y affected by N-fertilizer treatment, 

but not in ways mirrored in crop response. The anaerobic 

incubation falsely predicted greater N mineralization on the 

no-N plots than on plots wi th a hi story of N ferti 1 i zation 

(McCracken et al. 1989). 

Normal1y, anaerobic incubation has been used to assess 

soi 1 N labi 1 i ty, plant N uptake and plant producti vi ty in 

studies that have attempted to deal with a range of different 

soi1s. McCracken et al. (1989) concluded that laboratory 

incubations or extraction procedures have a very low power to 

estimate long-term management effects on soil N availability. 

Clay et al. (1990) suggested that autoclave-extractable-N (10mM 

CaC1 2 ; Keeney 1982) May be sensitive to management-induced 

changes in soi1 bio10gical activity as related to potentially 

minera1izab1e N (No) in the field . 
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1.2 SOIL MICROBIAL BIOMASS 

Mierobial biomass has been defined by Jenkinson (1981) as 

the living mierobial component of the soil with the exclusion 

of plant roots and soi l animaIs larger than 5 x 101",m1• The 

ability to differentiate biomass from non-living soil organic 

matter has enabled the distribution of C, N, P and S in the 

soi l to be measured, and the rate of turnover to be estimated 

by using isotopes. It is generally agreed that microbial 

biomass plays a crucial role in the transformation of organic 

matter in soil, affecting the decomposi tion and turnover of 

organic substrates, nutrient immobilization and cycling, root 

physiology and soil structure (see Sparling 1985). 

As suggested by many authors, the organic matter entering 

the soil system annually should be separated into stable (-40%) 

and labile (-60%) fractions. Sparling (1985) reported that the 

microbial biomass is mainly of the labile fraction but com

pri~~es only a small proportion of the total soil organic 

matter. 

In recent studies, Anderson and Domsch (1986, 1989, and 

1990) developed a new concept on the relationship between 

biomass C (Cmie) and soil OM (Corg). They stated that Corg of 

agricu1 tural soils in equilibrium contained 2.3 to 4.0% Cmic. 

They a1so hypothesized that soils eXhibiting a ratio of biomass 

c-to-total organic C (Cmic-to-corg), and deviating from these 

valuE's would either be losing or accumulating OMo Constancy of 

the Cnaie:Corg ratio is thus an indication of a system at a new 

equilibJ'ium. Anderson and Domsch (1989) reported a wide 

spectrum of Cmic:Corg ratios ranging from 0.27 to over 7.0%, 

presumably, beeause of differences in solls, vegetative cover, 

management, as weIl to variations in sampling time and 

analytical methods. 

Anderson and Domsch (1989) reported in detail on the 

ratios of microbial biomass C (Cmic) to total organic carbon 

(Corg) of 134 soils from 26 long-term experimental sites 

located in the temperate- climatic zone of Central Europe. Insam 
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(1990), in studying Cmic :Corg ratios in long-term agricul tural 

plots of arid to subhumid climatic zones of North America, 

found that precipitation-to-evaporation ratios influenced C 

equi librium. This survey of Cmic :Corg ratios indicated no 

equilibrium constant. 

Several factors have been examined and their effect on 

biomass C variabi 1 i ty md/or Cmic: Corg ratio measured. Insam 

(1990) suggested that substrate quantity and qua lit y as weIl as 

its distribution determined and controlled biomass C. Further, 

Carter and Rennie (1982), Juma and McGi11 (1986), Anderson and 

Domsch (1986), Doran (1987), Biederbeck etaI. (1984), Powlson 

et al. (1987) and Jenkinson and Rayner (1977) reported that 

agricul tural practices such as ti lIage, crop rotations, 

cropping sequences, manuring or residue incorporations affected 

the amount of OM by controll ing both C input and rate of 

biomass turnover, therefore influencing the amount of biomas9 

C. 

Powlson et al. (1987) on long-term straw incorporation 

studies i llustrated how microbial biomass responded more than 

ei ther soi 1 organic C or N to changes in management that 

al tered annual inputs or decomposi tion of organic material to 

soi 1. Therefore, biomass measurements provided an earl y 

indication of changes in soi 1 organic matter contents and 

mineralizable nitrogen, before such changes could be detected 

by chemical analysis. Biomass measurements have been used as 

sensitive indicators to detect trends in soil organic matter 

caused by cul ti vation method and for i ts patent ial use in 

management decisions, changes in cropping patterns (see Powlson 

and Jenkinson 1976), the clearing of tropical forests (see 

Ayanaba et al. 1976). As suggested by Paul and Voroney (1984) 

there is potential for improved management of soil and 

fertilizer nutrients through a better understanding and 

possible manipulation of biomass. In addition, the microbial 

biomass is consider a key compartment in most of the models 

dealing with OM and N turnover in agricultural soils (Jenkinson 
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and Rayner 1977; Chaussod et al. 1988). 

Information has been reported on the possibility of 

increasing soil and fertilizer use efficiency through manage

ment of the biomass by cul tivation, cropping practices, and 

even faunal feeding (see Paul and Voroney 1984). In analogy, 

Many studies have been performed to elucidate both short-term 

and long-term effects of N ferti 1 ization on microorgani sms. 

Schntirer et al. (1985) studied how soi 1 microorganisms were 

affected by manure, crop res idues and N-ferti 1 i zer additions in 

a 27-yr-old field experiment in Sweden, they found that 

treatments not receiving N contained significantly less biomass 

C than the corresponding treatment recei ving inorganic N. In a 

simi lar manner, from Broadbalk Continuous wheat experiment, 

Shen et al. (1989) results showed that the plot receiving no 

fertil i zer N contained consistently less microbial biomass C 

than others, presumably because the annual input of fresh plant 

debris is least in this plot. Nevertheless, Shen et al. (1989) 

felt that year-to-year variability in biomass C largely masked 

any differences arising from past fertilizer applications. 

In his review Sparling (1985) stated that fertilizers 

genera Il y increase the biomass whi 1 e organic fertil i zers cause 

a much greater increase than inorganic fertilizers. Part of the 

increase in the biomass caused by organic fertilizers results 

from a direct stimulation ta the biomass, rather than from 

increased crop growth (Jenkinson and Powlson 1976; Rosswall and 

Paustian 1984). 

1.2.1 ACTIVITY OF SOIL MICROBIAL BIOMASS 
The term "activity" includes the many processes carried 

out by microbial enzymes. When interpreted in conjunction with 

biomass measurements, acti vi ty often refers to net nutrient 

mineraI i zation and immobil ization rates (Paul and Voroney 

1984). In the past 20 yr, numerous empirical observations on 

biomass and biological activity in soils, and ecosystems, with 

respect to amendments, cul ti vation practices, and responses ta 
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environmental and climatic factors have often produced con

flicting and confusing results (Nannipieri 1984). 

Nevertheless, there is general agreement, using a variety 

of techniques, that the bulk of the soil biomass is inactive 

because of low levels of avai lable nutrients in the soi 1. Thus 

onlya small proportion of the total biomass C content ranging 

from 2.4 to 27.2% is active (Sparling 1985). 

Studies have revealed that the biomass is weIl adapted to 

survive long periods of starvation in soi 1 and maintenance 

requirements are low (see Spar 1 ing 1985). Smith et al. (in Paul 

and Voroney 1984) have recognized three major microbial 

population states: 

(1) the active biomass capable of growth and a 11 

metabo 1 ic functions is usuall y estimated to vary 

between 10 to 40% of the total identifiable biomass, 

(2) sustained popul ations that are nongrowing but can 

dissimi late glucose and resume growth under favorable 

conditions, and 

(3) dormant spores or other long-term resting popul

ations. 

Information has been reported on several factors that 

decrease biomass content. Treatments such as soil drying, 

freezing, thawing and waterlogging, may restrict size and 

activity of biomass (Ross and Tate 1984). Relationshlps among 

environment, microbial activity and rates of decomposition have 

been the subject of several reviews (see Sparling 1985). 

1.2.2 DIFFERENT KETHODS OF KEASURING ftICROBIAL BIOKASS 
Soil microbiologists have always hoped to obtain a general 

indice of total biological activity of soil5, which could be 

used in agriculture and for describing the biological status of 

the environment (Nannipieri 1984). However, the need to 

characterize microbial cycling and the energy flow in the 

ecosystem has led to the consideration of the microbial biomass 

in soil as an undifferentiated whole, although it is known that 
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an enormous di versi ty of microbes wi th varying abi l i ties ta 

survive in extreme environmental conditions is present (Paul 
and Voroney 1984; Nannipieri 1984). 

Tedious microscopie techniques and unreliable methods 
based on estimates of special cell Gonst i tuents have been 

replaced in the past 20 yr by methods of estimating the sail 

biomass: 
(1) CHCl) fumigation-incubation, 
(2) CHCl) fumigation-extraction, 

(3) substrate-induced respiration, 
(4) the ATP content of biomass, and 

(5) microbi3l biovolume by microscopy. 
Relationships and differences found among biomass C from 

the C-flush or N-flush following fumigation, the respiration 
method, the ATP content of the biomass and biovolume have been 

discussed (Jenkinson and Ladd 1981: Sparling 1985: West et al. 
1986a). None of the procedures can satisfactorily measure the 

biomass and activity in aIl soils and results will depend on 
aspects being investigated. Methods do not directly measure C 

content of the microbial biomass, but rely on conversion of a 
measured C value to biomass C. These conversion factors have 

been the subject of considerable interest and controversy as 
they appear to vary both wi thin and among soils. Based on these 

tacts, West et al. (1986a) have come to three important 
conclusions: 

(1) in order to identify unreliable data, at least, 2 

and preferably 3 methods to estimate biomass should 

be used, 

(2) the extent of correlation between the methods 1s 

partly dependent on the soils used and their condi
tion at the time of assay, and 

(3) conversion factors permitting calculation of 
absolute biomass C values are not applicable to aIl 

soils or situations thus probably will involve 
substantial error. 
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In spi te of aIl this, the chloroform-fumigation technique 

(CFIM) by Jenkinson and Powlson (1976a,b) has permitted a more 

accurate determination of the content of nutrients in soi l 

biomass and offers the possibility to quantify the relative 

fluxes of nutrients (Nannipieri 1984: Spari ing 1985). No 

method, other than the CFIM offers the possibility of 

recovering microbial C for subsequent analysis. 

1.2.3 CHC13 FUMIGATION-INCUBATION METHOD (CFIM) FOR 

MEASURING BIOMASS C 

The method is based on the finding (Jenkinson 1966) that 

CHC1 3 vapors lyse celis of microbial biomass. This ailows 

cytol'lasmic carbon and nitrogen constituents to leak into the 

soil rendering them either extractable by various salt 

solutions, or mineraI izable dur 1ng a subsequent biological 

incubation (Chaussod et al. 1988). When a soil is fumigated 

with CHC1 3 , the fumigant is removed, and the soi 1 is inoculated 

with a small amount of soil having a living population (an 

untreated sample). The fumigation method needs no special 

equipment and requires only the ti tration of CO2 absorbed in 

alka1i. However, a relatively long incubation is necessary 

before the CO2 can be analyzed. Sorne authors have used a 10 and 

20 d incubation period at 25°C (Jenkinson et Powlson 1976a,b: 

Shen et al. 1989) or even 22°C (Anderson and Domseh 1978). 

Others have used a shorter period of incubation adapted to a 

higher temperature su ch as 2SoC for 7 and 14 d, respectively 

(Nieolardot et al. 1984; Nicolardot and Chaussod 1986; 

Nicolardot 1988). 

A. Biomass C calculation 

Microbial biomass C is ealeulated as follows (Jenkinson 

and powlson 1976a): Be = Fe/Ke where Be is the biomass of 

carbon, Fe the flush of decomposition (Le., CO.., from CHCl:l

treated sail minus soil-correeted co.., from untreated sail), and 

Kc, the percentage biomass of carbon mineralized to CO:l" 
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B. Assumptions of CFI" 

Biomass measurements by fumigation-incubation i.nvol ve a 

number of assumptions about extraction, shrinkage, cell 

densi ty, moisture content and composition, documt!ntedl by 

Jenkinson (1976). The most widely challenged assumption has 

been that microbial decomposition of native soil organic matter 

proceeds at the same rate in bath fumigated and unfumigated 

soil, despite the differences in microbial population caused by 

fumigation. For example, the method will not give reliable 

results on soils that have recently received large inputs of 

fresh decomposable organic matter 1 ike straw or organic manures 

(Jenkinson and Powlson 1976b; Voroney and Paul 1984). 

ln analogy, West et al. (1986a) measured changes in the 

microbial biomass of three New Zealand soils under treatments 

designed to manipulate the quaI i ty and quanti ty of the soi 1 

microbial biomass such as: storage (i. e., starvation), air

drying (rapid decrease) and glucose amendment (rapid increase). 

They concluded that CFIM should not be used on soils receiving 

a fresh input of microbial substrate, e.g., on rewetted, 

previously air-dried soi 1 or glucose-amended soil in accord 

with Jenkinson and powlson (1976a,b) recommendations. This is 

because after such treatment the control sail can respire more 

than the fumigated soi 1 resul ting in no detectable flush ur 

even a negative flush. 

C. pH restrictions on the use of CFI" 

Jenkinson and Powlson (1976b) have pointed out serious 

problems introduced through decomposition of bicarbonates in 

calcareous soi1s low in organic matter. Other experiments with 

soi1 samples at pH > 6 have shawn that alkaline soi1s require 

a continuous removal of respired COl from the soil air or an 

adsorption by an alkal i in a closed system to avoid the 

disso 1 ution of COl in soi 1 water. 

In parallel, Powlson and Jenkinson (1976) have shown that 

acid 50115 of pH < 4.5 respond poorly to fumigation, with the 

18 



• 

• 

• 

net flush sometimes being negati ve. As suggested hy Chapmdn 

(1987) the degradation capacity of the mierobial population 

surviving fumigation, even with inoculation, ls markedly 

reduced in acid soils. 

D. sam~ling prerequisites 

Comparison of biomass resul ts of di fferent soil sare 

rendered very difficult beeause of the differences in sampI ing 

dates and conditions avai lable throughout the scienti fic 

1 i terature. Anderson and Domsch (1986; 1989) showed that the 

MoSt appropriat.e sampling t.ime would he in early spring (Mareh

April), before any field management, fertilizer, manure 

application or root growth has taken place sinee biomass as 

weIl as lts physiological state are transient events during the 

year. 

E. Experimentill variables 

Ross ancl Tate (1984) have noted that al though the 

principles of the CFIM have been commonlyaccepted, detaiis of 

its use by researchers frequently differ. West et al. (1986a,b) 

have stressed that care should be taken in interpreting and 

comparing indi.ces of microbial biomass obtained by different. or 

modified experimental procedures. 

Ross and Tate (1984) recorded at least eight different 

mesh sizes, from 2 to 10 mm, that have been used for sieved 

soil whi le unsieved soil (intact core) has less frequently been 

used. Sieving is generally considered desirable even for wet 

soils for subsequent measurement of microbial biomass by 

fumigati on procedures (Jenkinson and Powl son 1976b). Ot.her 

authors found sieving to reduce soil variability due to inter

ferenee from plant roots, especially for grassland soils (Ross 

1987) . 
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The CFIM, common1 y used to estimate soi 1 microbia1 C and 

N, was developed for use on field moist soi1s adjusted to a 

water content between 50 and 60% of water-ho1ding capaci ty 

(WHC) (Jenkinson and Powlson 1976a). Although 70% of WHC and no 

adjustment have also been employed (Ross and Tate 1984). Koist 

soi1 samples subjected to wetting-drying, and freezing-thawing 

showed a flush in CO2 production and N mineraI i zation upon 

incubation (Jenkinson 1966; Jenkinson and Pow1son 1976a). 

Shen et al. (1987) have extended the method to inc 1 ude 

rewetted air-dried soils. Jenkinson and Powlson (1976b) have 

strong1y advised that soi 15 should not he air-dried before 

fumigation since air-drying renders sorne non-biomass C 

decomposab1e, as weIl as ki11ing an appreciah1e fraction of the 

biomass. According to the authors, the increase in extractable 

C is generally attributed to increased avai labi 1 i ty of 01'1 for 

microbial transformations following soi 1 treatment. In a 

comparable study on the effect of different soil treatments on 

the extractabi 1 i ty of biomass and non-biomass N, Azam et al. 

(1989) suggested that enhanced metabolic activlties in treated 

soi1s may not necessarily be due to the increased avai1ability 

of previously inaccessible OM, but is more like1y due to 

enhanced susceptibility of the dried OK to microbia1 attack. 

An other important experimental variable is preincubation; 

direct fumigation of freshly sampled soil versus previously 

incubated sail at 25°C (Ross and Tate 1984). Jenkinson and 

Powlson (1976b) originally proposed prior incubation of samples 

to allow storage and handling effects to subside. Although 

prior incubation may be desirable in sorne circumstances, it W,,~1 

clear from Ross and Tate (1984) results that its effect on 

biomass C does not always fo110w the sarne pattern in all soi1s. 

They re1ated the nature of this effect to soi1 temperature and 

moi sture status at the tirne of sampI ing. In analogy 1 West et 

al. (l986b) showed that the soi 1 properties assessed had 

changed appreciably during prior incubation of soil at 25°C for 

7 d, a period intermediate between those used or recommended by 
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Jenkinson and Powlson (1976b). They concluded that rneasurements 

on fresh samples appear desirable if data on the status of a 

soil in the field are required. 

In conclusion, many studies have confirmed that values of 

soil biomass are dependent upon experirnental conditions. 

However, other factors are known to affect the reliability of 

the CF lM such as reinoculation of furnigated sarnple, different 

incubation periods for the control soil and calculation of the 

C-flush. 

F. Choice of control for biomass C measure~ent 

There is a lack of standardization in CF lM to estimate 

biomass C, see Jenkinson and Powlson (1976b): Paul and Voroney 

(1980): Voroney and Paul (1984): Ross and Tate (1984). Hence 

the period of mineralization and choice of an appropriate 

control for comparison with the fumigated sarnples can influence 

biomass C estimates. 

As described by Chapman (1987) essential to the CFIM 

success is the development of a microbial population followinq 

fumigation that can adequately mineralizes a fixed fraction of 

the carbon in the killed soil biomass. This population arises 

ei ther from survi vors of the CHCI) treatrnent or from an i nocu l urn 

of unfumigated soil. 

Having shown that incubation without an inoculum reduced 

O2 consumption of a Broadbalk soil by 7%, Jenkinson and Powlson 

(1976a,b) used a small inoculurn of 0.4% (w/w). Anderson and 

Domsch (1978) used an inoculum of 2% (w/w) while others have 

used only a soil suspension. Jenkinson and Ladd (1981) have 

stated that "enough organisms survive CHCl:) treatrnent for an 

inoculum not to be essential" and Chaussod and Nicolardot 

(1982) described a procedure for incubation without 

inoculation. Chapman ( 1987) proposed that soi 1 biornass C 

determinations should be made with a 10% inoculum in fumigated 

soil. For sorne acid soils, Chaprnan (1937) and Vance et al. 

(1987) have shown that the use of a large inoculum, can provide 

21 



• 

• 

• 

satisfactory measurements of CO2-C flush, while for strangly 

acid soils, the use of a small inoculurn has also been proposed. 

A related question to the inoculum size is whether a 

control val ue should he suhtracted ta account for the CO 2-C 

deri ved from non-biomass C in the fumigated soi l. Hence, there 

is no agreement in determination of microbial biomass using 

CFIM as to what consti tutes a good control to est imate the CO,-C 

attributable to mineralization of the killed population only. 

Chapman (1987) recognized three major sources from which CO2 can 

arise in bath fumigated and non-fumigated soi l such as (1) 

biomass ki Il ed by fumigation or hand li ng procedures, (2) basa 1 

respiration, and (3) respiration induced by the disturbance of 

non-biomass OM during handling. 

One can find a range of recommendations for the use of an 

unfumigated versus a fumigated contro 1 . Hence, on the 

incubation of the control involving set periods of either 0-10 

d (Oades and Jenkinson 1979) or 10-20 d (Jenkinson and Powlson 

1976a,b) for unfumigated soil, and also no allowance for 

unfumigated soil (Paul and Voroney 1980) 1 while 10-20 d for 

fumigated sail (Chaussod and Nicolardot 1982) have been used. 

The calculation [C02-C fumigated (0-10 d) minus CO2-C 

unfumigated (0-10 d)] was originall y proposed by Jenkinson and 

Powlson (1976a) for soils given a prior incubation. Jenkinson 

(1966) suggested that basal respiration (decomposi tion of 

organic matter other than dead microorgani sms) was not al tered 

in the fumigated sample as compared wi th the unfumigatert. 

However, Jenkinson and Powl son (1976a) argued that thi s may no t 

always be true due ta differences in the mass of the 

populations in incubated fumigated and unfumigated soi 1. Ross 

and Tate (1984) and Voroney and Paul (1984) have also indicated 

that the metabolic activity of the microorganisms present after 

fumigation could be di fferent. QuaI i tati ve and quanti tati ve 

differences from the original populations have been observed in 

organisms recolonizing soil treated with other fumigants (see 

McGill et al. 1986). Smith and Paul (1986) felt that native 
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organic C was being mineralized in fumigated samples. However, 

they doubted that this amount of C is simi lar to or even the 

sarne type of C being mineralized in non-fumigated sampI es. Thus 

it seems reasonable to subtract only a percentage of the 

control from the fumigated sampie. 

The calculation [COa-C furnigated (0-10 d) minus COa-C 

unfumigated (10-20 d)] was origi na11 y proposed by Jenki nson and 

Powlson (1976a,b) for the situation in which part of the 

biomass had been killed immediately before fumigation. For 

stored, sieved and freshly-sampled soils they recognized that 

over the 0-10 d period, the control soi1 often evolved 1arger 

amounts of CO2-C than the fumigated sample, thus negati ve 

biomass was caiculated. This suggested that the CO,-c evo1ved 

from the control during a 10-20 d incubation be used s ince the 

CO2-C evo1uti on rate was more consistent wi th background rates. 

The calculation [COa-C furnigated (0-10 d) minus COa-C 

furnigated (10-20 dl] was proposed by Chaussod and Nicolardot 

(1982). Rather than to run a paraI leI incubation experiment 

wi th unfumigated samples where sometimes CO, production does not 

beeome constant over the periods used, the incubation of the 

fumigated samples was carried on for ten more days, wi th CO 2 
re leased from day 10 to 20 corresponding to endogenous 

respiration. Srivastava and Singh (1988) argued in favour of 

using CO2 evolution during 10-20 d after fumigation as the 

control sinee the CO2 cornes from the same (andmicrobiologically 

comparable) sample from which the CO2 produced during the first 

10 d ls measured. 

In contrast, Shen et al. (1987) found that inmoistsoils 

there was a close re lationship between CO2-C evo 1 ved by 

fumigated 50 il over the 10-20 d period and CO2-C evo 1 ved by 

unfumigated soi lover the same period. These resu 1 ts 1 ent 

further support to Jenki nson and Powl son (1976a) arguments tha t 

basal soil respiration was not greatlyaffected by fumigation. 

In Shen et al. (1987) viewpoints, the weakness of using 

10-20 d controis was revea1ed when new1y-avai lable substrate 
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was present. For instance, Shen et al. (1987) confirmed that 

substrate released by air-drying was largely decomposed during 

the 0-10 d period in both fumigated and unfumigated soils, so 

that CO, released from a 10-20 d fum1gated soil control was too 

small. The use of a fumigated control appeared the most 

appropr1ate for measuring COl-C flush ln grassland soils (Ross 

1990a) . 

The calculation [C02-C fumigated (0-10 d)], which uses no 

control was proposed by Paul and Voroney (1980) and by Voroney 

and Paul (1984) for solls that have had recent amendments of 

available substrates. It is assumed that there ls no decomposi

tion of soil organic matter other than dead microbial biomass 

in fumigated soils over the measured period. 

Based on the measurement of the biomass C produced during 

in situ growth on added 14C-glucose, Paul and Voroney (1980) 

suggested that it is an error to subtract a control from the 

total CO2 evolved. Furthermore, since the microbial populations 

developing following fumigation are different from that in the 

soi 1 before treatment the authors fel t that an unfumigated 

sample cannot be a control for the fumigated sample where more 

than 99% of the microorganisms have been ki Il ed. In comparison, 

Shen et al. (1987) results stressed that a control is needed 

and that biomasses calculated without a control are too large, 

es~ecially when fresh substrate was present. 

A consensus amongst researchers is that the period of 

incubation used for control solls greatly influenced the 

estimations of biomass C. Levels of biomass C were always 

highest when calculated with no deduct10n for COl-C production 

by control soil (Voroney and Paul 1984) and generally lowest 

when 0-10 d values for CO2-C production by unfumigated solls 

were used (Ross and Tate 1984). For many authors, the four 

methods of calculation produce erroneous results since the last 

method overestimated biomass in sorne instances, whi le the 

others underestimated true biomass values (Smith and Paul 1986; 

Bonde et al. 1988). 
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G. Choice of Xc value for biomass C determination 

Xc is the fraction of the biomass mineralized to CO~ used 

ta calculate biomass from CO~ evolution. Various values for 

converting the COl-C flush to biomass C content have been 

proposed in the literature ranging from 0.40 to 0.58. However, 

according to West et al. (1986a), these values are less 

variable compared to the convertion factors of other methods. 

Jenkinson and Powlson (1976a,b) initially suggested a Kc 

factor equal to a value of 0.5 for a 10 d period at 25°C based 

on a small number and variety of microorganisms. Anderson and 

Domsch (1978) found that bacteria were decomposed more rapidly 

than fungi in different soils. Assuming a ratio of 1:3 for the 

distribution of the bacterial and fungal biomass in the soil 

population they suggested a value of 0.41 was more appropriate. 

Most researchers have employed a Kc value of 0.45 as determined 

by Oades and Jenkinson (1979). Ross and Tate (1984) used a Kc 

value of 0.45 and Jenkinson and Ladd (1981) considered that a 

single value might be applied to different soils without 

serious error. Ross (1987) used experimentally determined Kc 

val ues for each soil at each sampI ing time, rather than a 

constant Xc value. Ross (1987) results with added organisms 

have confirmed and extended previous observations that Kc 

values are dependent on the organisms and soils used for their 

determination (Jenkinson 1976; Nicolardot et al. 1984). 

Nevertheless, Ross (1987) concluded that overall the use of a 

single Kc value is acceptable. 

West et al. (1986a) consider that C01-C flush can supply 

useful information without the complication of biomass C 

conversion values and thus, for comparative purposes, greater 

emphasis be placed on the relative differences within and among 

soils without converting to biomass C. Conversion of data to 

biomass C may result in substantial errors for both fresh and 

pre-incubated soil and for samples taken in different seasons 

(West et al. 1986a, b) . 
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1.2.4 CHCl~ FUMIGATION-INCUBATION METHOD (CFIM) FOR 

MEASURING BIOMASS N 
Fumigation usually causes an immediate increase in the 

extractable NH/ in soil. FOllowing the subsequent soil 
incubation is an additional NH: release (Jenkinson and Powlson 

1976a; Nannipieri 1984). However, determination of the 
mineralized N produced is difficult since it is continually 

transformed both in unfumigated and fumigated soils (Voroney 
and Paul 1984; Shen et al. 1984). Voroney and Paul (1984), 

Marumoto et al. (1982) and Nicolardot et al. (1986) have stated 
that determination of Kn coefficients related to the fraction 

of the biomass mineralized to NH.+ is relatively difficult. 

still, numerous researchers have attempted to estimate 

microbi al biomass N from the measurements of total N or HH: 
liberated or free after fumigation. Aerobic incubation of 

sample sail performed at 2SoC during 10 to 20 d has been used. 

Anaerobic incubation of fumigated soil has also been proposed 

(Nicolardot 1988). 

6~ ~igmass N calculation 
Microbial biomass N is calculated as follows: Bn = Fn/Kn 

where Bn the biomass of ni trogen, Fn is the flush of N 

mineralized and Kn is the fraction of biomass N mineralized to 

inorganic N during the 10 d after CHC1 3 fumigation. Ayanaba et 
al. (1976) found that there was a close correlation between 

biomass C and the flush of mineraI N upon fumigation. They 

suggested that an estimate of the biomass C can be obtained 

from the flush of mineraI N by multiplying by 8, on a wide 
variety of soils. 

Different extractants have been used to obtain N released 
from biomasse Jenkinson and Powlson (1976a) noted an immediate 

increase in K2 SO.-extractable NH:-H following fumigation. 
Increases in total N (both NH:- and organic-N) have also been 

reported (Brookes et al. 1985a). In comparison, Biederbeck et 

al. (1984) extracted both (HH. + H03 )-N forms although others 
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like Carter and Rennie (1982) have used only NH;. McGill et al . 

(1986) described an interesting way of calculating the mineraI 
+ -N (NH4 -N and NO] -N extracted wi th 2M RCl) accumulation in 

unfumigated controls between 0-10 d such as HlO = CIO x H20 

/(C10 + C20); where N10 equals mineraI N accumulated between 0 

and 10 d. C10 equals COl evolved between 0 and 10 d. N20 equals 

mineraI N accumulated between 0 and 20 d, and C20 equals COl 

evolved between 10 and 20 d. The quantity of mineraI N in 

fumigated samples and unfumigated controls was measured after 

10 d and 20 d of incubation, respectively. The flush of mineraI 

N was calculated in the same manner as flush of COl' but was not 
converted to biomass because of variability in published 

methods of calculating biomass N (Voroney and Paul 1984). Like 
Carter and Rennie (1982) they did not convert flush of NH4+ 

released after fumigation to an estimate of biomass. 

Extraction of both mineraI (NH4 + N03)-N forms have been 

used. Patra et al. (1990), for example, measured biomass N by 

extracting the fumigated and unfumigated soils with 0.5M KaS04 

after the incubations and measuring NH4-N and N03-N in the 

extractants. The initial NH4-N and N03-N contents of the soi 1 s 

were also measured and initial N03-N content used to correct for 

any N03-N denitrified when fumigated soils were incubated, since 

recently fumigated 90ils do not nitrify. 

Nicolardot (1988) proposed an alternative method of 

measuring microbial biomass N in which N immobil i zation was 

reduced by incubating fumigated s01l under anaerobic candi tians 

for 7 and 14 d followed by an extraction with lM K1S04. Biomass 
N measurements are expressed as the N-flush value equal ta NH4+ 

fumigated soil incubated under anaerabic conditions far 0-7 d, 

minus NH4 + produced by an identical fumigated and incubated soi 1 

over 7-14 d at 28·C . 
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B. CF!" assumptions for biomass N 

Brookes et al. (1985a) reaffirmed that fumigation does not 

affect the extractabi 1 i ty of non-biomass N. In contrast, 

Voroney and Paul (1984) challenged this fundamental assumption 

of the fumigation method for measuring biomass. Based on soil 

N rendered extractable due to fumigation, Azam et al. (1989) 

supported this suggestion since data indicated that CHC1 3 
fumigation, besides releasing biomass N, had a significant 

effect on extractability of non-biomass N. 

c. CFI" problems for biomass N 

Many researchers 1 ike Brookes et al. (1985a) reported that 

problems restricted to biomass N measurements by the fumiga

tion-incubation method arise because denitrification or 

(re)lmmobilization of N by the soil population during aerobic 

incubation could mask tha fumigant induced re lease of N. 

Jenkinson and Powlson (1976a,b) have also indicated that there 

are uncertainties in making both biomass C and N measurements 

in soils, which have elther been recently sampled or rewetted 

following air-drying. 

D. Choice of the control for biomass N measurement 

The problem of what value to use as a control seems less 

cri tical for N than for C (Paul and Voroney 1984; Smith and 

Paul 1986). Nevertheless, identical ways of calculating the 

flush-C have been used to determine the flush of N based on 

different controis. 

Shen et al. (1984) defined the flush of N as the N 

mineralized by a previously fumigated soil incubated for 10 d 

under standard conditions, less that mineralized by a simllarly 

incubated, but non-fumigated control soi 1. Voroney and Paul 

(1984) did not subtract a control for soil incubated with 

glucose and N03-N but their data agree with that of Ayanaba et 

al. (1976) who showed that the ratio of N mineralized by a 

fumigated soil:N mineralized by an unfumigated soil was greater 
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than the corresponding ratio for C03 . 

In agreement wi th ..1enkinson (1976), Voroney and Paul 

(1984) reported that the net N mineralized after fumigation i9 

directly affected by the N content of soil organisms. Estimates 

of biomass N are affected because the amount of mineraI N that 

accumulates in soi 1 is the net resul t of two concurrent 

processes, immobilization and mineralization. The Kn value for 

biomass N calculations wi Il vary due to N-immobil ization 

differences among soils. Voroney and Paul (1984) overcame this 

problem by correcting the Kn value used to calculate biomass 

based on the ratio of COl-C to NH4+-N (Cf:Nf) flushes from each 

soil. They found the Cf:Nf ratios to range from a low of 1.3:1 

in composted wheat straw to > 300:1 in a forest floor litter. 

On the other side, Chaussod et al. (1986) and Nicolardot 

and Chaussod (1986) argued against the use of an unfumigated 

control soi 1. They proposed a method for estimating the 
mineralizable microbial N fraction (NH4+ only) based on a 

fumigated control soi 1. This method does not overcome the 

difficulties linked with nitrogen immobilization in fumigated 

soi 1 s despi te the fact that kj netic recording of the flush 

often improves accuracy and re 1 iabi 1 i ty of the measurement 

especially in acid soils. 

E. Importance of biomass C:H ratio 
As stated by Sparl ing (1985) the fumigation technique 

permi ts a direct estimati on of the nutrient content of the 

biomass, yet it assumes that the flushes of nutrients from the 

killed biomass behave in a similar way to those from the 

organisms used to estimate the K values. The C:N ratio of the 

biomass is commonly reported to range between 5 and 15. 

Undoubtedly in the author's opinion there is a need to 

establish how the C and N content of the biomass varies under 

different conditions. However, Sparling (1985) showed that the 

biomas9 N comprises roughly the same proportion of total N as 

the biomass C does of the total C. Hence, biomass N ls closely 
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linked to the biomass C, so that on soils with a low biomass C 

the biomass N 1s generally low. 

F. Choice of Kn value for biomass ft determination 

The Rn has been found to cover a much wider range than 

Xc. N biomass estimated by the fumigation technique have to be 

interpreted with caution (Jenkinson and Ladd 1981; Nannipieri 

1984). There i9 considerable divergence in the literature 

concerning appropriate values of Xn, sorne authors have decided 

not to present data on biomass N, but to discuss the flush of 

nitrogen after fumigation as a relative measure of microbial N 

content between soi 1 s. Jenkinson and Ladd (1981) found that 

relationship between mineraI N (Min-N) flush and biomass C 

content can be relatively constant in sorne soils, but it can 

vary appreciably in others. Ross and Tate (1984) suggested that 

the relative insensitivity of Min-N flush to handling and 

changes in moisture content makes it particularly suitable for 

estimating microbial biomass. However, Ross (1987) found that 

the sampling time fluctuations in Rn values for each studied 

soil were generally similar to those for Xc values. 

In the past ten years, Xn values ranging from 0.25 to 0.63 

have been used for calculating biomass N. Carter and Rennie 

(1982) and Biederbeck et al. (1984) used an average value of 

0.4, while Shen et al. (1984) proposed a Xn value of 0.68 

derived from measurements made on microorganisms grown in 

vitro. This Rn of 0.68 was not recommended for acid soils (pH 

< 4.5), for 50ils that had recently received large quantities 

of organic matter, nor for unfumigated control soils. 

Brookes et al. (1985a) felt the use of 0.68 as the Rn 

value was controvers1al since its relevancy to soil organisms 

in situ was not known. This Xn value is based on consideration 

of the measured relationship between Fc and Fn and the likely 

C-to-N ratio of the soil microbial biomass (Shen et al. 1984). 

It is much greater than the Xn values of 0.39 to 0.59 obtained 

by Jenkinson and Powlson (1976). 
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Voroney and Paul (1984) proposed to adjust the Kn value 

according to the ratio of CO,-C evol ved to net NH: -N accurnulated 

during the fumigation-incubation (Cf: Nf). Recent suggestions by 

Paul and Clark (1989) to modify the Xn value take into account 

the reimmobi11 zation of ni trogen. They found the fo Il owing 

equation: Kn = O.8(Cf:Nf)-O.43 where Kn was the percentage of 

nitrogen rnineralized after fumigation, Cf the flush of C01-C and 

Nf the flush of NH/-N. 

The chloroform-fumigation incubation method proposed by 

Jenkinson and Powlson (1976a,b) has undoubtedly been the most 

succes;;;ful in measuring the amounts of C or N held in the 

microbial biomass pool. A consensus among researchers is that 

the method satisfied the demand for a practical biomass 

measurement. still some problems inherent to the methodology 

need to be solved. 

aerobic incubation 

Nurnerous 

period. 

problems originate during the 

For instance, uncertainties 

regarding the decomposition of non-biomass rnaterials, and re

immobilization of the nitrogen compounds released by 

chloroform, require further examination in addition to the 

question of which Kc, or Kn values should be used (Merckx and 

Van der Linden 1988). 

Recent work has shown that biomass components May be 

rneasured directly after the CHCl 3 fumigation without incubation. 

Biomass C and N measured by the fumigation-extraction methods 

developed by Brookes et. al. (198Sa,b) for biomass N and by 

Vance et al. (1987) for biomass C agreed closely with the 

measurements obtained by the c lass ical CFIM and could be of 

value in avoiding drawbacks linked with the incubation. 

1.2.5 INTEREST OVERTHE FUMIGATION-EXTRACTION KETHOD 
Severa! reports suggested that many problems in estimating 

microbial C and N by the CF!M are avoided by using the fumiga

tion-extraction (FE) method (Vance et al. 1987; Tate et al. 

1988: Sparling and West 1988). FE methods use chemical oxida

tion or digestion to estimate the extracted organic C or N . 
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Three main advantages have been stressed. First, the 

extraction method offers the advantage of making the results 

immediately available, rather than after a prolonged aerobic 

incubation, for biomass N estimation, FE avoids the problems 

caused by denitrification and irnrnobilization of N during 

aerobic incubation (Jenkinson and Powlson 1976a,b). Second, 

Merckx and Van der Linden (1988) suggested that C:N ratios of 

the microbial biomass were readily obtained with the FE method, 

thus fluctuations in the C:N ratio can effectively he studied. 

Third, several authors stressed that the FE method will give 

biomass N (and C) measurements in situations where CFIM 

genera11y does not give reliable results. Examples inelude 

freshly samp1ed soils, acid soi1s, water10gged or dried soi1s, 

dense1y rooted soi1 sarnples (Merekz and Martin 1987) or soi1s 

that have recent1y received fresh substrates (Ocio and Brookes 

1990). Minimized or neutralized flushes are measured sinee very 

often these soils are degraded faster in the non-fumigated 

control soil than in the fumigated soil. This problem, 

essentially related to the different ecological conditions that 

apply in fumigated versus unfumigated soil, can be avoided if 

the incubation is replal~ed by a direct extraction. 

1.2.6 FUMIGATION-EXTRACTION 

ESTIMATING BIOMASS C 

METHOD (FE) FOR 

Powlson and Jenkinson (1976) measured C rendered 

extractable by CHCl) fumigation (Ec) defined as organic C 

extracted by 0.5M KzSO. from a fumigated soi1 minus organic C 

extracted from a non-fumigated sail. Vance et al. (1987) 

proposed a new method for estimating microbial biomass C in 

sail from the C rendered extractable by 24 h exposure to CHCll. 

The possibility of estimating C and N with the same soil 

extract was tested by Tate et al. (1988) and their assoeiates 

Sparling and West (1988a) who chose conditions for soil 

fumigation and extraction of soluble C that were similar to 

those described by Brookes et al. (1985b). 
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A. Relationship between biomass C and organic C rendered 
extractable by CHC13 

There are several reports of agreement between total 

extractable C (Ee) released by CHCl 3 and C01-C flush (Fe). 
Rather less C is rendered extractable following 24 h CHC1 3-

fumigation compared to that mineralized during aerobic 

incubation. Vance et al. (1987) found that a close linear 

relationship existed between Fe and Ec but that Ec was 60 to 

70% of Fc. Sparling and West (1988b) determined that organic C 

flush in O.SM K1S04 extracts could range from 48 to 84% of the 

CO2-C flush. For a range of soils in New Zealand, the y found the 

organic C flushes to be on average, only 76% of the C01-C flush 

while the Ec values and C flush: N flush ratios were reasonably 

consistent for a11 samples. Ross (1990a,b) found the 

measurement of C extracted to be precise and compare more than 

favourably wi th that of any other procedure for mea5uring 

biomass C for grassland soils in New Zealand. Yet, Chaussod et 

al. (1988) stated that the accuracy of the FE method i5 limited 

by the accuracy of organic C determinations. 

B. ICec value 
A basic assumption of CHCl) fumigation that appl ies to both 

FE and FI Methode is that soil microorganisms alone are 

influenced by the fumigation, and that CHCI) has no effect on 

the solubility of non-biomass C (Jenkinson and Powlson 1976a,b; 

Vance et al. 1987). As with the CFIM, the fumigation-extraction 

procedure requires the use of a K value to convert extractable 

C to blomass C values. Microbial biomass C 15 equal to 

extractable C (Ee) divided by a Kec value. 

The Kec value is a measure of the efficiency of extraction 

rather than mineralizatian, it allows for the incomplete 

release and extraction of the microbial C and i5 obtained by 

calibrating against alternative methods ta estimate the 

microbial C (Sparling et al. 1990). Several reports have shown 

that Kec values of different soils ean vary markedly (Vance et 
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al. 1987; Sparling et al. 1990; Ross 1990b). Tate et al. (1988) 

determined a Mean Kec value of 0.20 based on laboratory 

cultured microorganisms. Sparling and West (1988a) obtained Kec 

values of 0.33 by 14C-Iabelling of indigenous soil organisms, 

and 0.35 by calibration of extractable-C with biomass C values 

estimated by the substrate-induced respiration procedure. 

Overall, preference was given to Sparling and West (1988a) Kec 

value of 0.33, which is lower than the values of 0.41 and 0.45 

suggested by Anderson and Domsch (1978) and Oades and Jenkinson 

(1979) to convert from the COl-C flush to microbial C. This was 

feit to be a consequence of the lower recovery of microbial C 

in 0.5M Kl S04 extracts by the fumigation-extraction method. 

Ross (1990b) estimated that any proposaI for a common Kec 

value for different so11s resulted in only an approximation 

that i5 subject to errors of up to 20% or more. Sparling et al. 

(1990) felt that a single Kec value of 0.35 applied to aIl 

soils was open to criticism. Of the 165 New Zealand soils 

tested only half gave Kec values within 0.28 to 0.42. Sparling 

et al. (1990) considered that greater precision was not needed 

when soi 1 microbial C was being used to reveal differences 

among soi 1 s, the effects of agronomie practices or seasonal 

fluctuations, since the size of the biomass per se was not 

necessarily related to crop production and in itself did not 

provide a reliable indice of soil fertility. 

1.2.7 FUMIGATION-EXTRACTION 

ESTIKATING BIOKASS N 
IlETHOD (FE) FOR 

FE measures the fraction of the biomass rendered 

extractable to suitable reagents after lysis by CHC1 3 " Brookes 

et al. (1985b) defined the amount of biomass N originally 

present En as total N extracted by O. SM KlS04 from soi 1 

fumigated for 24 h minus total N extracted from non-fumigated 

control soi 1. 
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A. Relationship between biomass H and organic H (or ~o~al ~) 

rendered extractable by CHCl~ 

Brookes et al. (1985b) data are consistent with the 

hypothesis that Fn and one day CHC1 3-N (En) come from the same 

fraction of the soil N, probably the cytoplasmic part of the 

soil microbial biomass, although there is no direct evidence 

for this. In the same report, soil biomass N showed a close 

relationship with total soil N. Hence, biomass N was a constant 

percentage of total soil N in the 40 different soi1s surveyed 

(ranging from 2-6% wi th a Mean of just under 4%), despi te 

differences in their previous agricultural history. 

B. Kjeldahl digestion 

As noted by Brookes et al. (1985a) who compared fumiga

tion-extraction followed by Kjeldahl-type digestion, with a 10-

day incubation followed by KCl extraction of NH4-N and N03-N, 

the amounts of N obtained by FE were lees than those obtained 

by CFIM. They estimated that extraction in O.SM K~S04 (after 24 

h CHC1 3 exposure) with subsequent digestion, recovered 79% of 

the N mineralized by the incubation method. Of the total N 

rendered extractable about 20% was NH4-N. Similar observations 

were made by Sparling and West (19BBb) who found, on average, 

69% being recovered by the Kjeldahl digestion compared to CFIM. 

Based on these results Chaussod et al. (1988) find the FE 

method in qeneral to be quite reliable but they judged its 

accuracy highl] dependent upon the N measurement. They argued 

in favour of th~ use of the alkaline persulphate methon since 

they find that the Kjeldahl method, even modified to include 

aIl N03-N, is not very satisfactory for measuring smali amounts 

of N in salt solutions. 
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C. Dichromate oxidation 

Similarly, Spar1ing and West (1988a) studies showed that 

the N-flush measured as NH4-N after fumigation-extraction and 

acld-dichromate-oxidation treatment of O.SM Kl S04 extracts was 

1ess than that determined by N-mineralization during a 10-day 

incubation. Preliminary results showed N-flushes estimated by 

the direct extraction and oxidation to range between 23-73% of 

those estimated by incubation. For the authors, this lawer 

recovery of N meant that the C:N ratios of the flushes were 

generally higher with the extraction and oxidation method than 

with the incubation method. 

As suggested by Sparling and West (19BBb) the dichromate 

oxidation method is considerably less efficient and more 

variable th an the Kjeldahl digestion method in mineraI izing 

organic N, wi th an average of 59% of the N being recovered 

compared to the incubation method. However, for acidic and 

organic soi1s samples direct extraction of N in 0.511 KlS04 
followed by Kjeldahl digestion i5 likely ta prove the more 

reliable technique. Hence, they recommended ta use af this last 

method if the extracts are also to be tested for oxidizable C. 

They stressed that the method was worth further research 

because of the patential for economies of time and reagents by 

using O.SM K2S04 as a single extractant for microbial C and N 

and a single oxidation/digestion for both elements. 

D. Ken value 

Brookes et al. (19BSb) proposed that the Kn value of 0.6B 

calculated by Shen et al. (19B4) for the incubation method, 

should be decreased by 20% to 0.54 (Ken) to convert from the 

flush of N to microbial N and to allow for the lower recovery 

when using CHe1 3 fumigation and extraction with 0.511 K2S04 
fallowed by Kjeldahl digestion. In a similar line of reasoning, 

Sparling and West (19BBb) estimated that the Ken value wauld 

require ta be reduced to 0.47 to allow for the even lower 

recovery of N when the extraction method is followed by 

36 



• 

• 

• 

dichromate oxidation . 

From this review of the literature it i5 clear that 

sensitive parameters such as C01-C evolved , extractable C, 

mineraI flush N, and potentially mineralizable N are available 

to gauge qualitative soil organic matter changes due ta 

agricul tural practices in temperate regions of the warld. 

Consequently, for this study the hypotheses were that nitrogen 

fertilizer history greatly influenced soil N availability, thus 

manure treated soi l s in comparisan ta inorganic fertIl i zed 

soi1s tested for 10 yr in two long-term field experiments of 

the Jiangsu Province (China) should show significant difference 

upon the measurement of microbial biomass C and N and poten

tially mineralizable N . 
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CIIAM'IR 'fil) 

IIIIIERALIZBD • AllO SOIL IIICROBIAL BIOIIASS AS INFLtJEltCBD BY 

PREVIOUS FER'l'ILIZATIOIf 

2.1 IRTRODUC'l'IOIf 

The hypotheses of this study were that past N fertilizer 
management shou1d influence the soil N fraction that is involved 

in mineralization and influence microbial biomass. Manure 
treated soils should have higher rates of N mineralization and 

greater microbial biomass than inorganic fertilized soils from 

a long-term field experiment in Jiangsu Province (China). 

Objectives were: 
(i) ta quantify NaUCO, extractable-N as related to 

management induced changes, 
(ii) to determine long-term effects of inorganic and 

manure fertilization on sail N and C mineralization, 

(iii) to estimate microbial biomass C and N contents 

by modified fumigation-incubation (FI) and fumigation

extraction (FE) techniques. 

2.2 IlATERIALS AND IIB'l'HODS 

Soi1 samples from Xuzhou field plots vere col1ected near 

wheat harvest in the spring of 1989. Seven ta 10 cores (25 mm in 

diameter) of the 0-20 cm layer from each treatllent plot (4 

replications) were taken and similar treatments mixed ta form a .. .. bulked sample of about 1 kg. Immed~ate1y after sampl~ng, s01ls 

were stored field moist and unsieved in plastic bags at 2 ta 4· C 

in the dark. Ideally for biologieal analyses Most researchers 

recommended that experiments should be done on fresh sail 

(Jenkinson and Powlson 1976a; Anderson and Domsch 1989: Paul and 

Clark 1989). This vas impossible in the present study since soil 

sampI es vere collected and the subject of this study decided by 

the Chinese supervisor before my arrival at the Nanjing 

Agricultural University. 

Most importantly, hovever, soil samples from identieal 

field treatment replicates have been mixed and bulked toqether. 
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Thus from a statistical point of view the bulked sample 

contained no experimental error but only the sampling error. 

Therefore, aIl the T-test results from the comparison between 

different fertilizer management cannot be extrapolated to the 

field directly but to the bulk sample only. Further, results 

reported here come exclusively from the Xuzhou soils sinee 

Suzhou soil samples were statistically unreliable. 

Bulked soil samples were sieved through 2 mm mesh following 

root and stone removal. A subsample was removed for gravimetric 

determination of the water content by drying for 4 h at l05·C. 

Part of the solI sample was air dried prior to determination of 

pH, organic C, and total Kjeldahl N. Samples were air dried 

under forced draft for 48 h, ground with a mortar and pestle to 

pass a 0.5 mm sieve. 

Soil pH was measured in water and in O. OlM cacIa using a 

glass electrode and calomel reference electrode (Beckman 61 pH 

meter). The water pH was measured at a 1.: 1 (McLean 1982) and a 

1:2.5 (w/v) soil to water ratio. Soil pH in O.OlM caCIa was 

obtained by adding 0.05 mL and 0.25 mL of lM CaCIa to the 1: 1 

and 1:2.5 ratios, respectively, mixing and waiting 10 min prior 

to measurement. 

Soil organic C content was measured by the modified Walkley 

and Black dichromate oxidation method. A mixture of 5 mL 0.8N 

KaCra07 and 5 mL HaSO .. (96%) was added to 0.5 9 of air-dried soil, 

and digested for 5 min at 170 to 180·C using a hot plate. Back 

titration was performed usinq O.lN FeSO .. standardized solution. 

Soil organic matter content was calculated based on soil organic 

C content multiplied by a factor of 1.72. 

Total soil N content was determined by the Kjeldahl method 

according to Bremner and Mulvaney (1982). For each gram of air

dried soil sample to be digested 1.8 9 of catalyst mixture (1 g 

Se, 10 9 CuSO .. -HaO, 100 9 KaSO.) and 5 mL of 96% concentrated 

H2 SO. was used. The digestion continued 1.30 h after the clearing 

of the soil solution. Determination of ammonium was performed by 

estimating NH3 liberated by steam distillation of the digest 

with 20 mL of lON NaOH and collected in a 5 mL 2% boric acid 
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indicator solution, finally, titrated with O.lN standardized 

HaSO. using a 5 mL burette graduated at o. 02 mL intervals. 

Mater holding capacity (WOC) was initially measured after 

soaking soil sample cores in water for 12 h followed by air 

pumping for 20 min in a desiccator. The wet soil cores were then 

oven dried thoroughly at 180·C. WC was calcu1ated the following 

way: wet soil weight (g) minus dry sail weight (g) for 100 9 dry 

soil, and expressed as the water content in percents. 

Measurement of plant-availab1e N was estimated according to 

two tests. Resul ts from the chemical test are not shown because 

of technical prob1ems encounterêd during steam distillation to 

determine mineralizable N (NH.-N + N03-N) following NaHC03 

extraction from moist soi1s. 

Mineralizable Il was estimated by incubation. Anaerobie 

incubation was performed according ta the method of Keeney 

(1982). Triplicate moist and air-dried sail samples of 5 9 

(oven-dry soi1 equivalent) were placed with 12.5 ± 1 mL of 

distilled water in small test tube, stoppered without shaking 

and kept at constant temperature (40 ± 2°C) for 7 d in the dark. 

Test tube contents were extracted with 12 to 15 mL of 4M XCI, 

steam distilled directly with la mL of MgO (12%), and disti1led 

NH3 ti trated wi th o. 005N standardized H2 SO •• The mineralizable N 

was expressed as the increase in NH.-N concentration over the 7 

d anaerobic incubation. 

Microbial bio.ass C was estimated by fumigation-incubation 

and fumigation-extraction. A modified fumigation-incubation 

technique (Jenkinson and Powlson 197Gb) used six portions of 

moist soil (50 g oven-dried equivalent) from each soil 

treatment, placed in 250 mL erlenmeyers. Three portions were 

used as a control (unfumigated), and three were fumigated in a 

desiccator (lined with wet filtered paper ta maintain humidity) 

containing about 25 mL ethanol-free CHC1 3 in a small beaker with 

a few boiling chips. After CHC1 3 had boiled for 10 min, the 

desiccator was placed in the dark at 25 ± 2·C for 24 h. The 

beaker of CHC1 3 was then removed and the desiccator evacuated 8 

times. Fumigated soils were then reinoculated with 0.2 9 of 
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"fresh sail" while the unfumiqated samples were note Fresh 

inoculum and fumigated soils were mixed on an aluminium foil 
sheet using a spatula (Chapman 1987). Soils were remoistened to 

60 to 79% of field capacity, and a small beaker with 5 mL of lN 

NaOH was attached to the rubber closure and placed in the 

erlenmeyer flasks. Flasks were closed with a rubber stopper, 
sealed with paraffin wax and incubated for 10 d at 25 ± 2°C in 

the dark. Each day compressed O2 was added to the flask. Blanks, 
in which the flask contained water and alkali but no sail, were 

incubated in each experiment. After the 10 d period the CO~ in 
the NaOH was back-titrated with O.lN HCl using phenolphthalein, 

after precipitating carbonates with 2 mL saturated 2N BaCI;r. 
Values for C0Ol-C flush \ F -:) were calculated as the difference 

between COOl-C produced by fumiqated soil minus C0Ol-C produced by 

unfumigated sail. 
In a second experiment, six portions of moist soil were 

compared, two portions were used as unfumigated controis and 

four as fumigated sail samples as previously deseribed. Evolved 
COOl was measured after 10 d and aqain after 20 d. 

Data obtained from both fumigation experiments were used to 

compare different ways of calculating biomass in anaiogy to Shen 

et al. (198?). Three ways of ealculating COOl flush (Fe) values 

were examined: 

(i) Fc1 = CO2 -C fua(0-10 d) .inus C02 -C unfu.(0-10 d) 

(Jenkinson and Powlson 1976a), 

( ii) Fc2 = C02-C tUIle 0-10 d) .inus COa-C unfu.( 10-20 
d) (Jenkinson and Powlson 1976a), and 

(iii) Fc3 = C02-C tua ( 0-10 d) .inus COa-C fum( 10-20 dl 

(Chaussod and Nicolardot 1982). Values of COz-C (Fe) 

were converted ta mierobial biomass C (Be) using 
Fc/Kc, where Ke equals 0.45 (Jenkinson and Ladd 1981; 

Jenkinson 19~8). 
Microbial biomass C determinations by th.:! fumiqation

extraction technique of Vance et al. (1987) were carried out. 
Five samples of moist soils (10 goven-dry weight equivalent) 

were weiqhed into five 80 mL test tubes. Two samples served as 
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controls (unfumigated) and were extracted immediately with 40 mL 

0.5M K2 SO. (1: 4 w/v ratio). Three samples were fumigated in a 

desiccator as described in the fumigation-incubation Methode 

After 24 h of fumigation and repeated removal of CHC13 ( 8 

times), sail moisture was adjusted to 55% WHC. For extraction, 

40 mL of O. 5M K;!SO. was added to the fumigated soils, suspensions 

shaken on an end-ta-end shaker (80 rpm) for 30 min and then 

filtered. 

The organic C in the extracts was determined by digesting 

8 mL of the filtered extract with 2 mL of 0.8N (66.7mM) K;!Cr2 07( 

10 mL of 95 to 98% H;zSO. acid and 5 mL of 85% H3 PO. acid (Tate et 

al. 1988). The mixture was boiled gently for 5 min on a hot 

plate at 170 ta 180· c. Exeess diehromate was determined by back

titration with 0.1N ferrous ammonium sulphate, using 10 drops of 

N-phenylantranilic acid solution as an indicator. 

Extraetable C flush (Ec) was calculated as the difference 

between the amount of orqanic C extracted from fumigated and 

unfumigated sampI es. Extracted biomass C was estimated two ways: 

(i) based on Vance et al. (1987) where Be = 2.64 * Ec, 

and 

(ii) Sparlir.g and West (1988a) procedure where Bc = 

Ec/Kec assuminq a Kec value of 0.33. 

Microbial H was estimated using four procedures: 

(a) from the mineraI N flush (NH.-N) extraeted by 2M 

KCl after a 10 d incubation of fumigated and non

fumigated soils at 25"C (Jenkinson and Powlson 1976a; 

Shen et al. 1984), 

(b) from the (NH.-N + N03-N) flush in 0.5M KaSO. 

extracts after a 0-10 d and 10-20 d incubation of 

fumigated and 

(Brookes et al. 

(e) as for (b) 

non-fumigated soi l s, respecti vely 

1985b; Azam et al. 1989), 

but using O. 5M NaHC03 extractable-N 

(Azam et al. 1989), and finally 

(d) from the NH.-N flush in O. 5M K2 SO. extracts of 

fumigated and non-fumigated sail, using Kjeldahl 

digestion te convert extracted organie N ta NH.-N 

50 



• 

• 

• 

(Brookes et al. 1985b; Sparling and West 1988b). 

In the first experiment, soil mixtures were shaken using a 

1: 10 (soil: 2M RCI solution) ratio for 1 h on a rotary shaker at 

250 rpm then let stand for at least JO min before fil tering. A 

20 mL aliquot was steam dj stilled for NH,-N determination wi th 

10 mL MgO (12%). NH.-N flush (Fn) values were calculated as the 

difference between the amounts of NH,-N mineralized by fumigated 

soil in 10 d minus the amounts of NH.-N mineraI i zed by 

unfumigated soil in 10 d. 

In a second experiment, microbial biomass N was determined 

according to Brookes et al. (1985b) and Schnürer et al. (1985). 

After each incubation period fumigated and unfumigated lOg soi 1 

samples (oven-dried soil equivalent) were weighed into 80 mL 

test tube and shaken with 50 mL of 2M RCl (1:5 w/v) for 1 h on 

an end-to-end shaker (80-100 rpm) and filtered. A 20 mL aliquot 

was steam distilled for NH.-N determination with 10 mL MgO (12%) 

and a further, 20 mL aliquot of the same soil extract was 

distilled for NH,-N + N03 -N determination wi th 2 9 Devarda' s 

alloy and 10 mL MgO (12%). 

Similarly other soil samples of 10 9 (oven-dried soi 1 

equivalent) were weighed in 80 mL test tube and shaken for 30 

min on an end-to-end shaker (80-100 rpm) with 40 mL of O. 5M K2 SO, 

(1: 4 w/v) and fil tered. NH.-N + N03 -N was determined as 

previous1y. The initial NH,-N and N03 -N contents of the soi 15 

were measured and the initial N03 -N content used to correct for 

any N03 -N deni trified when the fumigated soils were incubated, 

since recently fumigated soils do not nitrify (Nicolardot et al. 

1986). 

Total soluble N including N03-N was determined usi ng a 

modified method (MacLean 1964). Duplicate fumigated and 

unfumigated sail samples of 5 9 (oven-dried soi 1 equi valent) 

were extracted wi th 100 mL o. 5M NaHCO) adjusted to pH 8 _ 5, 

shaken for 15 min on an orbital shaker (80-100 rpm) and 

filtered. A 20 mL aliquot was digested with 2 mL of concentrated 

HaSO, for 30 min to remove CO2 - After cooling, 2 9 of Devarda' 5 

alloy, 10 mL of ION NaOR and 20 mL of water were added to 
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distillation f1asks and steam disti11ed for 6 to 8 min. The NH3 

present was trapped into di1ute 2% boric acid indicator 

solution. The final solution was titrated with O.OlN H2 SO •. 

Inorganic N minera1ized flushes CFn) based on different 

control were ca1cu1ated three ways: 

(i) Fnl = (NH.-N + N03-8 fu. 0-10 d) .inus (NH.-N + 
N03 -N unfUlll 0-10 d); 

(ii) Fn2 = (HU.-N + H03 -8 fu. 0-10 d) .inus (101.-H + 
8°3-8 unfu. 10-20 dl; and 

(iii) Fn3 = (NH.-8 + H03 -N fu. 0-10 d) .inus (NH.-H + 
N03-8 f\Dl 10-20 d). Inorganic N flushes (Fn) were 

converted to microbia1 biomass N values Bn = Fn/Rn, 

using Kn = 0.68 (Shen et al. 1984). 

Ammonium-N minera1ization from microbia1 biomass was a1so 

measured as described by Nicolardot (1988). Duplicate moist soi1 

samples 10 9 (oven-dried soi1 equivalent) unfumigated and 

fumigated for about 24 h with ch1oroform were anaerobica11y 

incubated with 40 mL of disti1led water in 80 mL stoppered test 

tubes at 28 ± 2·C. After 7 and 14 d suspensions were extracted 

by adding 7 9 of R2 SO. to the test tube and shaking for 30 min 

on an end-to-end shaker, and fi1tered. Extracts were kept at 2 

to 4· C until analysis. steam distillation for NH.-N 

determination was performed with a 20 mL a1iquot plus 10 mL MgO 

(12%). Mineralizable-N flushes (Fn) were calculated in two ways: 

(i) (NH.-N fu. 0-7 d) .inus (NH.-H fua 7-14 dl, and 

(ii) (NH.-N fu. 0-7 d) .inus (NH.-N unfu. 0-7 d). The 
anaerobic N flushes were converted to microbial biomass N 

values Bn = Fn/Rn, using Rn value of 0.49 (Nico1ardot et 
al. 1990). 

Microbial biomass N determinations by the fumigation

extraction technique were performed according to Brookes et al. 

(19B5b) from the NH.-N flush in 0.5M R2 SO. extracts of fumigated 

and unfumigated soil, using Kjeldahl digestion to digest organic 

N. As proposed by Brookes et al. (1985b) a Ken value of 0.54 was 

used to convert the flush of N (En) to microbia1 biomass N. 
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since aIl biological and chemical analyses were performed 

on bulked soil samples, T-tests were used to determine the 

effects of manure compared to inorganic fertilizers. Stepwise 

regression analyses were used to examine the relationships 

between differences in biomass and N availability indices (NAI) 

with differences in soil chemical properties resul ting from 
various fertilization programs. Simple correlations were run 

between the different methods of measuring biomass, NAI and 

chemical properties using procedures of the SAS system (SAS 

1976) . 

2.3 RESOLTS AND DISCUSSION 

Soils were slightly basic with no significant differences 

between treatments. Soils receiving manure contained more 
organic C and total N than the corresponding soils receiving 

inorganic fertilizers. The C:N ratio was between 9.5 and 10.3. 
Soil organic C values were correlated with total N values 

(r=0.96), çrop yields with soil organic e contents (r=O.80) and 
crop yields and soil total N contents (r=0.74). 

2.3.1 P<T.l'ENTIALLY M"LIfERALIZED N (PLAHT-AVAILABLE Hl 
Biological test results L~sed on the anaerobically mineralized 

N ranged from 6.9 to 26.5 mg N kg-~ (Table 2.1), which is in 

agreement with the published literature. The N mineralized 

anaerobically was low except from those soils that had received 

manure. This is in contrast to a study by Mceracken et al. 

(1989) in which the anaerobic incubation predicted greater N 
mineralization on the no-N plots than on plots with a history of 

N fertilization. In the manured soil samples, N mineraI ized 

anaerobically was on the average, twofold higher than in the 

unmanured soils. Generally,"fresh" and air-dried treated soils 

showed similar trends between inorganic and manure fertilized 

samples, but more N was mineralized from dried samples. On the 
average, the labile N fraction of sail organic matter accounted 

for 2% of the total N for air-dried soil samples compared to 

only 1% for "fresh" soils • 
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The importance of soil N mineralization process in meeting 

plant N needs has long been recognized. However, these results 
supported the Stanford and Smith (1972) viewpoint that short

term incubations show li ttle relationship to the long-term 
supplying capacity of the soils. Presumably NAI estimates were 

influenced by cropping and fertilization practices. As suggested 
by Shen et al. ( 1989) from their resul ts on inorganic N 

remaining in the soil at harvest, the greater the annual input 
of plant residues to the field, the higher soil organic N 

content, which leads in turn, to more mineralizable N. It may be 
significant that the manured soils, although containing higher 

levels of total N (1.08 9 kg-~) compared to the unmanured samples 
(0.75 9 kg-i) showed lower fractions of mineralizable N (0.7 to 

2.8% of total N). 
The measurement of the N mineralized from anaerobic 

incubation suffered from the same imprecislon as the chemical 

index (purvis and Leo H2S0.-extractable NH.-N) reported by Fox 

and Piekielek (1978). Differences among low extractable NH.-N 
values were difficult to detect. 

Water and CaC1 2 pH values were negatively correlated with 

N mineralizable index (NAI) (Table 2.2). Correlation analyses 

further showed that a somewhat better relationship existed 
between NAI of air-dried samples and organic C, or total N than 

with crop yields (Table 2.2: Appendix 3). still, significant 
correlations were found between N mineralizable indices and 

corn yields (1989), which may suggest that NAI were sampling a 
biologically active N pool. This is not in agreement with 

McCracken et al. (1989) who fnund that results of the anaerobic 
incubation index did not correlate significantly with any corn 

parameter. They found that NAI was significantly affected by N
fertilizer and cover-crop treatment, but not in ways mirrored in 

crop response • 
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2.3.2 ~M DIOXIDE EVOLUTION AND MICROBIAL BIONASS C 

BY CHLOROFORM FUMIGATION-INCUBATION METHOD (CFIN) 
Beeause of my late arrivaI in China, there was a delay of 

up ta 6 months between the collection, the first and last 
measurement of Xuzhou sail samples, sa the likelihood of 

anaerobic conditions in the plastic bags ls not to be ignored 
during that time. The solls were kept throughout the study at 2 

ta 4 ·C. It ls weIl established that storage at temperatures just 
above freezing does not stop mierobial activity and causes 

eco1ogieal changes in the soil population. Thus observations on 
the stored samples May not represent the undisturbed field soil. 

Anderson and Domsch (1989) showed that for similar long-term 
storage eondi tions, 10ss of microbial C from unsieved soi 1 

during this period was assumed to be low, and varied between 
0.5-10% with a Mean of 4.5% for comparison with sieved sail. 

Although the manured samples generally contained more 
biomass C than the mineraI fertilized samples, the difference 

was not significant. Manure fertilization treatments showed 
higher soil orqanic C contents and higher microbial biomass C 

values (Table 2.3). Due ta the lack of information on the 
specifie Rc value of the Xuzhou soil, the size of mlcrobial 

biomass C was estimated by dividing the flush of CO2 -C by a Ke 
value of 0.45 (Jenkinson and Ladd 1981). But because the method 

used soil samples that have been previously bulked, stored, 
etc., the biomass measurements May not be representative of 

samples from the field. The amounts of biomass C in the Xuzhou 
soils varied between 492 to 672 and 622 ta 1011 ~g C g-1, in the 

inorganic fertilizer and manure treated samples, respectively. 
McGill et al. (1986) observed a similar trend in Breton plots 

after 50 yr of cropping, the amount of biomass C showed no 
statistieal differenee between samples of the manured and 

mineraI fertilizer plots but organically manured plots contained 
siqnificantly more soluble organic C than plots receivinq NPK. 

Yeti literature values of biomass C tended to be lower (Bolton 
et al. 1985; McGill et al. 1986; Anderson and Domsch 1989: Houot 

et al. 1989; Insam 1990) than those reported in this study. 
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Biomass C levels obtained in this study ranged from 5.3 te 

10.3% of the sail organic C, which is above values reported by 

Jenkinson and Ladd (1981) and Anderson and Domsch (1989). As a 

rule, when microbial biomass C is presented as a percentage of 
organic C in soil, the values are usually 1-5% with an average 

of 2-3% of the soil organic C being biomass C. However, values 
as high as 7.0% have also been reported presumably because of 

differences in soils, vegetative cover, management, as weIl 

variations in sampling time and analytical methods (Jenkinson 

and Ladd 1981: Anderson and Domsch 1989). 

Recent studies of Anderson and Domsch (1986; 1989) based on 

a large sur vey of 129 long-term field plots selected in Europe 
(Denmark, F.R.G., U.K., etc.) have indicated that there is no 

universal Bc:Org C (or Cmic:corg) ratio equilibrium constant. A 
high ratio would suggest that soil C is accumulating in the 

Xuzhou samples. 
Table 2.3 shows that biomass C accounted on average, for 

8.1 and 7.1% of soil organic C, in inorganic and manure treated 

samples, respectively. Differences between the two treatment 

managements were not significant. Anderson and Domsch (1989) 

also found in their study that farmyard manure (FYM) treated 

plots did not differ in their Cmic:Corg ratios from those of the 

unamended plots because the FYM amendments were applied one year 

prior to sampling. This suggested ta the authors that there may 

have been differences between the various treatments in the pool 

of available C at the time of sampling. Regardless, McGill et 
al. (1986) and Anderson and Domsch (1989) have stressed that 

manuring practices have a direct influence on the Cmic:Corg 

relationship. As suggested by Insam (1990) differences between 

manure and inorganic fertilized samples of the same experimental 
site may be in part attributed to differences in crop yield and 

C allocation to the roots • 
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2.3.2.1 Iffect of fUWigatiop 

Fumigated soils of both fertilization treatments evolved 
more COa than their respective controls (Table 2.3 and 2.4), 

this is in agreement with Jenkinson and powlson (1976b). Effects 
of fumigation persisted into the 10-20 d period while the 

unfumigated soils evolved much less COa-C during the 10-20 d 
period as during the 0-10 d period (Tables 2.3, 2.4). This 

suggests that the effects of soi1 sampling and hand1ing just 
prior to incubation had not subsided when the first experiment 

was started. Also, abiotic evolution of carbon dioxide by 

decomposition of bicarbonate may have proceeded during the first 

few days of incubation (Powlson and Jenkinson 1976). 

2.3.2.2 CO, production by fuwigated soils 
The total amount of COa produced by fumigated soils in the 

first experiment was higher than in the fumigated sampI es of the 
second experiment. Soils at 70% of WHC were used in the first 

experiment in comparison to soils at 55% of WHC in the second 
experiment. As suggested by Bonde et al. (1988) growth condi

tions for the recolonizing bacteria were likely to he better at 
higher moisture contents. However, the total COa production by 

fumigated soils was less variable in samples incubated at 55% 

than at 70% of WHC. 

From both experiments, COa-C evol ved from fumigated and 
unfumigated samples was correlated with soil organic C contents 

(r=0.88 and 0.95) (r=0.83 and r=0.93) (Table 2.2). The correla
tion between organic matter content and COa released has been 

noted by several researchers. Schnürer et al. ( 1985) in a 

Swedish field experiment found that carbon mineralization upon 

fumigation was positively correlated with organic matter content 

(r=0.83, P<0.001), while in unfumigated soils the relationship 

was 10wer (r=0.79, P<0.001) . 
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2.3.2.3 Influence of incubatign conditions on ÇQ2-C flusb 

esti.tes 
As predicted by the published li terature, CO2 -C flush 

values were influenced by the choice of unfumigated or fumigated 
sail as the control and the incubation period selected for the 

control sample. Data of fumigation experiments ",'ere used ta 
compare three ways of calculating biomass C: 

Cl = [C02 -C fum(O-IO d) - CO2 -C unfum(O-IO d) ]/0.45, 
which is 8el in Table 2.3: 

C2 = [C02 -C fum(O-IO d) - COa-C unfum(10-20 d)]/0.45, 
whieh is 8e2 in Table 2.4: and 

Cl = [COa-C fum(O-IO d) - CO2-c fum(10-20 d)]/0.45, 
which is 8e3 in Table 2.4. 

The results showed that estimates of biomass C calculated 
without considerinq COa-C production by a control could be twice 

as large as that calculated using Cl control (Voroney and Paul 

1984: Schnürer et al. 1985; Shen et al. 1987). In contra st ta 

Shen et al. (1987) who found that it mattered relatively little 
whether biomass C was calculated as Cl, C2, Cl on soils that had 

been ineubated moist for sorne time, data herein showed that 
calculations Cl and C2 were significantly correlated but not C3 

(Table 2.5), although C2 tended to he a little greater than Cl, 
which in turn, was larger than biomass calculated as C3, 

particularly in manured samples. 

Unfumigated soil consistently evolved more CO2 -C during the 

0-10 d period than during the 10-20 d period, thus making C2 
values greater than Cl. Yet, in stored samples there was a close 

relationship (r=0.86) between COa-C evolved by fumigatcd sail 
over the 10-20 d period and COa-C evolved by the control 

unfumiqated sail over the same period (Table 2.6). These resul ts 
were consistent with Shen et al. (1987) analyses on moist soils. 

In addition, biomass C estimates were lowest when COa-C 
production by fumiqated samples over 10-20 d was subtraeted from 

the 0-10 d fumigated values, making Cl (Table 2.4) less than Cl 
and C2 ealculations. This was consistent with observations of 

Paul and Voroney (1984). These results can be explained if it is 
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assumed that COa production during 10-20 d included a contribu
tion from the microorganisms killed by CHC13 that vere still 
being decomposed after the 0-10 d periode But as suggested by 
Vance et al. (1987), this contribution is unlikely to he 

important in soils vith pH higher than 5.0, so herein other 
events may have taken place in the fumigated 10-20 d samples. 
The recommendations of Chaussod and Nicolardot (1982) for the 
use of a fumigated control appeared inappropriate for measuring 
COa-C flush in these soils. 

Finally, based on COa-C flushes used to calculate biomass 
C, C2 value shoved the closest positive correlation vith soil 

organic C content (r=O.91) folloved by Cl (r=0.77) and C3 
(r=0.76), respectively. Crop yields were positively correlated 
vith C2 and Cl values but not significantly correlated with Cl 
(Table 2.2). 

2.3.3 IIIIfERALIZED R:rTROGEll ABD BIOIIASS • DY CPDI 

Sail biomass N vas also determined using the chloroform 
fumigation-incubation technique (Jenkinson and povlson 1976b). 

The flushes of mineraI N released (Fnl ) in Table 2.7 vere 
calculated from the expression: (NH.-X mineralized by fumigated 
soil in 10 d) minus (NH.-N mineralized by unfumigated soil over 
the same incubation period). Aga!n due to the def ici t of work on 
specifie Rn value of the Xuzhou soil, the size of microbial 
biomass N vas cautiously estimated by dividing the flush of NH.
N by the Kn value of 0.68 (Shen et al. 1984), the latter being 
used in several published studies. 

Based on Stanford (1982) and Nicolardot and Chaussod (1986) 
who have stressed the importance of measuring bath NH: and N03 -

followinq aerobic incubation, for the second experiment, Table 
2.8 shows the flushes of N based on measurements of NH.-N alone 
versus the sum of NH.-N and N03-N, besides the various ways of 
calculating biomass N as infIuenced by the different controIs. 

Amongst others, Ayanaba et al. (1976), Biederbeck et aL (1984), 
Shen et al. (1984), Bolton et al. (1985), McGill et al. (1986), 
Ritz and Robinson (1988), Shen et al. (1989) have aIl extracted 
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bath NB. + and NO;J- whereas Carter and Rennie (1982) and Bonde et 

al. (1988) have used only NB. + • 

2.3.3.1 Effect of fUWigatign 
Initial NH .. -N contents of the soils were ni1, and after 10 

d incubation the soils contained little NH .. -N (Table 2.7). With 
incubation following fumigation larger values were observed, 

lying between 5.3-15.4 and 20.2-43.4 pg N g-l for inorganic and 
man ure fertilized soils, respectively. simi1ar1y, fumigation 

increased extractab1e NH .. -N on incubation (0-10 dl, fo110wed by 
a much smaller increase in the 10-20 d period (Table 2.8). If 

NO;J-N was considered, net production of (NH. + N03 )-N was almost 
twice that of NH.-N alone, particularly in manured soi1s. 

Further, nitrification seemed barely under way in manure 
fumigated samples that had been incubated for 20 d. Fumigated 

manure soils consistently mineralized more N than fumigated 
inorganic soils. 

Generally Shen et al. (1984) and Nicolardot and Chaussod 
(1986) found that NH.-N increased in fumigated soils while NO;J-N 

stayed at the same 1evel, as nitrification seemed tota11y 
inhibited. In contrast, they showed that in unfumigated soils 

NH.-N production stayed almost the same al though NO,-N levels 
increased fo1lowing longer incubation periods. Simi1ar trends 

were found in experiment 2 but with unexp1ained high variability 
between similarly treated samples. Nitrification occurred in the 

unfumigated soil samples as amounts of NO,-N in unfumigated (0-
20 d) soils exceeded those in fumigated (0-20 d) soils by 7.1-
26.7 pg N g-l dry soil. 

The (NH. + NO,)-N flushes reported here were comparable to 

values of Bolton et al. (1985) which ranged from 2.46 to 14.50 
pg N g-l for two different farm management systems in the U.S.A. 

Many researchers have emphasized that results on the mineraI N 
flush and microbial biomass, obtained by different or modified 

experimental procedures of the CFIM, shou1d be interpreted with 
caution. Woods and Schuman (1986), for example, indicated that 

low concentrations of mineraI N do not mean 1ack of nutrient 
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cycling. Usually, however, the published values of N flush were 

higher. As suggested by Bolton et al. (1985), reduce N flushes 
could he the result of immobilization of N in fumigated samples. 

2.3.3.2 Influence of incubation cgnditions op N flush 

estiMtes 
Flush of N and biomass Chad similar dynamics (Table 2.4 

and 2.8). Manured samples contained almost twice as much 
microbial N as did the mineraI fertilized soils, especially for 

the flush Fn2. This was consistent with McGill et al. (1986) 
results from Breton plots in Alberta. 

Resul ts of fumigation experiments were used to compare 
three ways of calculating biomass N: 

NI = [min-N fum(O-lO d) - min-N unfum(O-lO d)]/0.68 
(Table 2.7); 

N2 = [min-N fum(O-IO d) - min-N unfum(10-20 d)]/0.68; 
N3 = [min-N fum(0-10 d) - min-N fum(10-20 d) ]/0.68 

(Table 2.8). 
Based on NH.-N mineralized alone, three estimates of biomass N 

were significantly correlated (Table 2.9). In addition, the 
three different flushes were closely related ta soil total N 

content (Table 2.2). 
In contrast, for five different French soils Nicolardot and 

Chaussod (1986) found that a precise estimate of the mineraliza
ble microbial N fraction could only be obtained by N3 calcula

tian: subtracting NH.-N production from fumigated soil during 
the 10-20 d period ta the identical fumigated soil over the 0-10 

d incubation. However, the present study is in general agreement 

with Ross (1990a) where mineraI N flush values were not 

consistently influenced, overall, by the use of an unfumigated 

or fumiqated control in contrast to CO~-flush values. 

Table 2.7 and 2.8 also give the percentage of biomass N as 

sail total N released after fumigation and incubation according 

ta the three calculations. Biomass N amounted to 1.1-2.2 and 
2.5-5.6% of total N in inorganic fertilized and manured samples, 

respectively. Similar results were found in the second experi-
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ment for biomass N when calculated from NH.-N measurements only, 

while (NH.-N + N03-N)-N biomass estimates (Bn2) showed low 
percentages of total N. This can be compared with estimates by 

Paul (1984) that microbial biomass accounted for 4-6% of total 
organic N and the values of biomass N reported by Bonde et al. 
(1988) that amounted to 3.9-6.8% of total N. 

The proportion of soil N contained in the biomass was two 

to three times inferior to the proportion of soil C present as 
biomasse Biomass C:N ratios were narrowest in manured samples 
and widest in mineraI fertilized soils. Ratios averaged 49 and 
44 in inorganic fertilized samples and 20 and 28 in manured 

samples, when the incubation periods for COa-C production by 
unfumigated sampI es were 0-10 and 10-20 d, respectively. Hence, 

C:N ratios of the calculated biomass varied with the different 
soil samples, but were lowest when fumigated soil was used as 

the control for estimates of biomass C. The range of biomass C:N 
ratios was much greater than reported in the literature. Indeed, 

the values were high when compared to the biomass C:N ratio of 
6.7 proposed by Shen et al. (1984) for arable soils cropped to 

grains. 
In incubation of unfumigated soils, the ratio CO2 -C 

evolved:N mineralized was narrower where manure has been added, 

192.8 compared to 391.3 (Table 2.3). Likewise, the ratios CO2-C 

evolved:N mineralized for fumigated soil during the first 10 d 

of incubation were 51.5 and 22.5 for the inorganic and manure 

treated samples, respectively. ~his indicated that upon 
fumigation a larger proportion of soil N than of organic C was 

released during the flush of decomposition. Many authors have 

generally reported a three to four fold narrowing of C:N evolved 

due to fumigation. But according to Biederbeck et al. (1984) the 
narrowing of C:N ratios upon fumigation can be attributed to 

increasp.d C substrate availability and microbial activity at the 
time of soil sampling. In contra st to most studies by Jenkinson 

and coauthors who have used cultivated soils sampled during the 
fallow period when unfumigated mineralization was low, in this 

experiment the soils used were sampled just shortly before 
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cereal crop harvest when microbial populations at the sail 

surface have been recognized to peak. Nevertheless, Jenkinson 
and Powlson (1976a) have emphasized that values for mineralized 

N are small eompared with the total amount of mineraI N in sail, 
and thus are subject to large errors. This implies that CO~-C 

evolved:N mineralized ratios were susceptible to even larger 
errors. 

Ratios between the flush of CO2 -C and NH.-N mineralized 
(Fe/Fn) determined at the end of the 10 d incubation period 

following fumigation, ranged from 8.4-17.6 and 21.6-50.2, in 
manure and inorganic fertilized samples, respectively (Table 

2.3). These values were greater than an approximate Mean of 4.0 
from studies summarized by Jenkinson and Ladd (1981). still, 

Nannipieri (1984) also reported ratios of the flush of 
decomposition greater than 20.0 for a grass-legume association 

fertilized with labelled urea under Mediterranean climate 
conditions. As suggested by Nannipieri (1984), the ratio 

differences indicated 1.11at N immobilization occurred during 
biomass determination. 

In both experiments, the amount of CO2 evolved was close1y 
correlated with the amount of N minera1ized after fumigation 

(r=0.78-0.92) (Table 2.9). Hence, a strong relationship existed 
between the mlneralized N and CO2-C evolution (Fel and Fc2) but 

not with CO2 evolution using a fumigated control. For a wide 
range of soils, Jenkinson and Ladd (1981) found that a rough 

estimate of the biomass C (Be) could be obtained from the flush 
of mineraI N (Fn) by multiplying by 9. Similarly, here and in 

the Nannipieri ( 1984 ) study this empirical relationship was 
invalide 

2.3.3,3 Iffect of the extractapt on biol@SS ft xalues 
In general, the three extraetants showed similar trends, 

(NH. + N03 )-N mineralized under different period of incubation, 

being lowest in inorganic fertilized sampI es and highest in 
manure fertilized samples (Table 2.10). However, amounts of soil 

N rendered extractable by the three extractants at 10 and 20 d 

63 



• 

• 

• 

incubation periods preceded by CHC13 fumigation differed 

considerably. Extraction of organic and mineraI N were always 
greater wi th NaHC03 than wi th RCI and K2 S041 respecti vely . The 

increase in NaHC03 -extractable N upon fumigation was more than 
five times greater than with RCI or R2 SO. alone. 

Azam et al. (1989) who studied the chemical extraction of 
newly immobilized 15N and native soil N as influence by 

substrate addition rate and soil treatments, found that O.OlM 
NaHC03 was the most efficient in extracting applied 15N compared 

to CaCl2 and K2 SO.. However, they showed that higher soil N 
extractability due to fumigation, also increased non-biomass N. 

In this study, the NaHC03 extractable N has not correlated 
wi th Any other parameters, whi le RCI and K2 SO. extractable N, 

corrected for unfumigated controls, were positively correlated 
(r=0.91) (Table 2.11). This implies that NaHC03 did not extra ct 

biomass N exclusively. Among the identical treated soil samples 

there was a great variability in the levels of mineralized N 

extracted wi th NaHC03 • Differences between extracted N from 

fumigated and unfumigated soil samples did not reflect quanti

tati vely the amounts of NH.-N mineralized after fumigation in 
experiment 1. This probably was related to high standard 

deviations, and CF lM estimates using NaRC03 extractant may not 
be reliable. 

2.3.3.4 Anaerobie incubation And bioWlsS ft values 
Table 2.12 shows soil biomass N results that were deter

mined using CFIM but instead of performing the standard Aerobic 

incubation following fumigation, anaerobic incubation was used 
as proposed by Nicolardot (1988). The mineralized NR.-N released 

were calculated from the expression: Fn1 = [NH. fum(O-7 d) minus 

NB. fum(7-14 d)] and Fn2 = [NH. fum(O-7 d) minus NH. unfum(0-7 

d)]. The amount of microbial biomass N was calculated by 
dividing the flush of NH.-N by the Rn value of 0.49 proposed by 

Nicolardot et al. (1990) . 
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Fumigated soil mineralized 4 and 6 times as much N in the 

10 d after fumigant removal as did the corresponding unfumigated 

soil, in mineraI and manure fertilized samples, respectively 

(Table 2.12). Nitrification did not occur in the fumigated (0-14 

d) samples. This is in general agreement with the results of 

Nicolardot et al. (1990) who found that the flush N values were 

systematically higher in soils incubated in anaerobiosis 

compared to soils incubated under aerobic conditions (Table 2.7, 

2 • 8 and 2. 12) • 

In parallel, a close relationship between anaerobic and 

aerobic mineralization of the three experiments were found here 

(Table 2.9), as in the Nicolardot et al. (1990) study. Based on 

observations obtain from 20 French soi1s they established the 

following linear relationship: anaerobic flush N = 1.29 * 
aerobic flush N. The greater net mineralization of N was 

attributed to reduced immobilization of N under anaerobic 

conditions. They assumed that when a soil was under a layer of 

water, microbial compounds liberated upon fumigation were 

probably more accessible to growing microorganisms compared to 

a soil under aerobiosis where sllbstrate mobility was reduced. 

Nicolardot et al. (1990) proposed to calculate microbial 

biomass N using fumigated (7-14 d) control sail incuLated under 

anaerobiosis, based on mineralization rates of microbial 

materials with various C:N ratios in different soils. In 

contrast, results here showed that Fn1 or Fn2 flush values were 

signifieantly eorrelated (r=O. 92) and consequently ei ther method 

could be used (Table 2.5). In addition, the minera1ization of N 

using the Fn2 caleulation was also highly correlated with the 

flushes of N estimated using unfumigated (10-20 d) control soils 

incubated under aerobic conditions in experlment 2 

(r=O.96)(Table 2.9). 

Henee, there were significant correlations between the NH.

N flush of the first and second experiment using aerobi c 

incubation and the NH.-N mineralized by anaerobic incubation 

measured by both procedures (Table 2.9). The anaerobic N flushes 

were also positively correlated with the flushes of CO2 -C 
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evolved of both aerobic incubation experiments (Table 2.5). In 

comparison, anaerobic unfumigated (0-7 d) soils were not 
significantly correlated with either of the aerobic unfumigated 

(0-10 d) nor (0-20 d) contro1s, whereas aIl fumigated soils 

showed a strong correlation (Table 2.9). This implies that 

organic matter mineralization in soils not treated with CHC1 3 

involved differing mechanisms or substrates under waterlogged 

and aerobic conditions. 
Notably, anaerobic biomass N flushes were not correlated 

with N-avai1abi1ity indices (NAI) of either fresh or dry soil 
samples. In comparison, a close relationship has been found 

between the amounts of NH.-N produced by unfumigated (0-7 d) 
soils incubated under anaerobiosis at 28·C and the amounts of 

NH.-N mineralized by soi1s incubated for 7 d at 40°C under 

water10gged conditions (r=0.86-0.98). In contrast, it appeared 

that no relationship existed between the NH.-N produced from 
unfumigated (0-10 d) soi1s incubated under aerobic conditions at 

25·C and NAI values (Table 2.2). However, net accumulation of 

NH.-N after 7 d of anaerobic incubation at 40· C was signifi

cantly correlated wi th the amount of NH.-N produced after 
chloroform fumigation-incubation at 25·C. In fact, the amounts 

of N mineralized under waterlogged conditions from the air-dried 
samples were more c10se1y correlated than the "fresh" samples 

with fumi.gated treated samples (Table 2.2). As suggested by 
Myrold (1987) both methods migllt be measuring N mineralized from 

the same soil N pool. 

Biomass N accounted for 3.7% of the soil total N in the 

inor}anic fertilized samp1es and 5.4% in samples that received 
manure. These values were similar t:\') those found by others (Paul 

1984; Bonde et al. 1988). As '<Juld be expected, microbial 

biomass N following anaerobic in, ubation correlated wi th soil 

total N content (r=0.69-0.75) but sllJhtly less than biomass N 
based on aerobic incubation (r=0.83-0.92) (Table 2.2). This is 

consistet't with the results of Myrold (1987) who found that 

microbial biomass N and C by CF lM were highly correlated with 

the amount of NH.+ released by anaerobic incubation in Oregon 
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soils. Crop yields showed a closer relationship wi th the flushes 

of N under anaerobic incubation than with NH.-N mineralized upon 

fumigation and incubation under aerobiosis (Table 2.2). 

In conclusion, these results suggest that reliable 

estimates of microbial biomass N can be abtained fram sail 

incubated under waterlogged conditions upon fumigation. standard 

deviations were low « 25% of the mean) and variability 

generally less for the anaerobic incubation method than for the 

aerobic incubation Methode This lower variability contributed ta 

the increased precision in the measurements of biomass N in both 

mineraI and manure treated sail samples. Thus CFIM followed by 

anaerobic incubation presents advantages over aerobic incuba

tion, especially considering the ease with which such measure

ments can be obtained under laboratory conditions. 

2.3.4 ORGANIC C EXTRACTED BY FUMIGATION-EXTRACTION (FE) 
The fumigation-extraction (FE), which is a more rapid 

procedure than CFIM, was tested ta obtain an approximate 

estimate of microbial biomass C. Since Tate et al. ( 1988) 

developed the possibility of estimating C and N flush with the 

same sail extract, similar experimental conditions were chosen 

here for sail fumigation and extraction with 0.5M K~SO. of 

soluble C and N. Two ways of calculating microbial biomass C 

based on the fumigation flush of extractable C: Ec = [(0rganic 

C extracted from fumigated sail) minus (organic C extracted from 

unfumigated soil)]. 

The amounts of organic C extracted by o. 5M K2 SO. ranged 

between 0.oe-0.11 and 0.10 ",g C g-l for the inorganic fertilized 

and manure treated sail samples, respectively (Table 2.13). 

Fumigation with CHCI) increased organic C values. The additional 

C released by fumigation ranged between 0.05-0.07 and 0.07-0.09 

",g C g-l for the inorganic fertiliz·ed and man ure applied samples, 

respectively. These amounts were 500 to 1000 times lower than 

reported by Vance et al. (1987), Tate et al. (1988) and Sparling 

and West (1988a) • 
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Similarly, estimates of biomass C based ora the FE were low 

relative to values in the literature. However, there was a close 

relationship between organic c extracted by 0.5M K;zSO. and sail 

organic C. This is in general agreement with Sparling and West 

(1988b) results where organic C released upon fumigation was 

correlated (r=0.91) with total soil C content (Table 2.2). 

Sparling and West (1988b) also found a correlation between 

the organic C flush by FE and the microbial biomass C by CFIM. 

Herein the data only showed positive correlations (r=O. 76 and 

0.59-0.71) with experiment 1 and 2 flushes of C, respectively, 

(Table 2.5 and 2.6). As expected by the published literature, 

the flushes of C determined by extraction and oxidation were 

less than those determined from the CO;z-C flush after a 10 d 

incubation. Release of C following fumigation was greater when 

estimated by the incubation method than wi th the extraction 

method. However, the organic C flushes were negligible, being 

only 0.02% of the CO;z-C flushes produced upon incubation (Table 

2.4). In comparison, Vance et al. ( 1987) reported that the 

organic C extracted (Ec) was about 60-70% of the CO;z-C evol ved 

(Fe) for 10 English soils. Sparling and We!;t (1988a) found Ec 

values were 48-84% of Fc, for 26 mineraI solis from pasture and 

arable si tes in New Zealand. In addition, Sparling and West 

(1988b) reported that the extractable C flushes were in the 

range 68-98% (mean 76%) of the CO;z-C incubêltion flushes for 12 

soils of distinctive characteristics. This emphasizes that the 

results reported in this study were inconclusive concerning the 

effectiveness of the direct extraction Eor estimating sail 

microbial biomass C probably due ta c,rganic C digestion 

problems. 

2.3.5 H ~ DY FUMIGATION-EXTRACTION 

Simi larly, ta the measurements of or':Janic C extracted by 

o . 5M 1(;zSO., a rapid direct extraction method was used to measure 

NH.-N in O. 5M K2SO. extracts.. The aMount of N released by CHCl 3 

after 24 h fumigation (En) was calculated from [( NH.-N in K;zSO. 

extracts of fumigated soil after 24 h fumigation) minus (NH.-N 
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in RaSO. extracts of non-fumigated soil at start of fumigation») . 

Soil microbial biomass N (Bn) was estimated from En/0.54 

(Brookes et al. 1985b) and expressed as ~g N g-1 soi 1. 

Samples treated with inorganic fertilizers contained the 

lowest value of E!xtractable N, while the highest value was for 

samples that havE! been manured for 10 yr (Table 2.14). Fumiga

tion wi th CHC1 3 did not increase the extracted and mineraI i zed 

N contents of sail samples. This is in contradiction vi th the 

observations made by Brookes et al. (1985b), sparling and West 

(1988a,b) and Antisari et al. (1990). 

These authors have also indicated that significantly more 

N was measured by the CF lM after 10 d incubation period than by 

the FE Methode This is further in conflict with the results 

found here where for unfumigated control samples Mean values 0.5 

IJg N g-1 NH.-N mineralized during incubation were compared to 

11.2 IJCJ N g-1 determined by Kjeldahl digestion of K"SO. extracts. 

Extracted N comprised 3-17% of Fn1 (Tables 2.14; 2.7), '0 
that much less NH.-N was rendered extractable by 24 h CHCl:.

fumigation thlln was mineralized during 10 d incubations. 

However, no sif;;Jnificant correlation existed ei ther between the 

flush of N released by CHC1 3 and extracted by KaSO. (En) and the 

flush of N (Fn1) defined as [(NH.-N by fumigated soil for 10 d 

aerobic incubation) minus (NH.-N by non-fumigated soil under the 

same conditions)] (Tables 2.9 , 2.15) or any other parameters. In 

contra st 1 Bro()kes et al. (1985b) found that total N extracted 

(En) upon 24 h fumigation and direct extraction was closely 

correlated with the N mineralized from the biomass (Fn) in 37 

soils during fumigation-incubation. Extracted N accounted for 

about 79% of the flush of N (Fn), which s\lggested ta the authors 

that bath methods were measuring the same pool of soil N. Sail 

biomass N was closely correlated with sail total N in Brookes et 

al. (1985b) study. The results shoved that in these soils 

despite differences in their previous agricultural history, 

biomass N ranging from 2-6% was a very constant percentage of 

soil total N. In conclusion 1 the principle of using o. 5M R"SO • 

extractant after fumigation to obtain estimates of both 
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mierobial biomass C and N has obvious attractions but has been 

unreliable here. 

2.4 CONCLUSIONS 

The size of biomass C was quite high in both fertilizer 

treatments but particularly in manured samples compared to 

samples from fields fertilized with inorganic N. In contrast, 

soi1 biomass N was lower than reported in the published 

literature for arable soils. 

Regarding me thodo 1 ogy , the choice of the control and period 

of incubation useù for the CFIM had an effect on biomass C and 

N estimates. For both biomass measurements, unfumigated (10-20 

d) soils were found to be the best control. 

Estimates of biomass N were high when NaHC03 was used as an 

extractant of mineralized N. Anaerobie incubation values of 

fumigated soil samples were closely correlated to aerobic 

incubation values. Biomass N estimations of soil under anaerobic 

conditions could he favoured sinee this method is simpler than 

the aerobic incubation method. 

Nitrogen-availability indices from anaerobic incubations 

showed low levels of mineralizable N, and therefore these 

indices May he a poor guide to soi1 N reserves. 

Measurements of biomass C and N by the fumigation-extrac

tion procedure showed inconsistant low levels probably due to 

problems encountered during digestion of organic C, and Kjeldahl 

digestion for the content of N . 
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Table 2.1. Soil properties and nitrogen availability indices 
(NAt) from Xuzhou field plots. 

Treat- pH pB organic Total Il CIII lIitroqen IIU aD , 
.enta 8 20 CaC1 2 C ratio availlÛ111 i ty of t.otal 1 

indice 
(IAII (x) 

9 kg- 1 9 kg- 1 1\19 kg- 1 --'\--
8.1 7.7 7.1 0.75 9.5 7.0 1.0 

tO. 1 tO. 1 .0.5 tO .1 tO. 4 t 1. 2 t 0.2 
(y) 

b.9 O. q 
t1.5 tO .1 

15.7 2.1 
t 7 •5 tO. q 

8.0 7.6 11.1 1.08 10.3 9.5 0.'1 
.0.2 tO. 1 .1.0 tO .1 tO. 7 t1.8 + 0.1 
(zl 

12.1 1.1 
.2.1 +0.2 

2b.5 2.5 
.2.9 .0.3 

(x) Nitrogen aVilllability indice measured from two fresh-stored and one air-drlcd ooil uued ln 
two different anaeroblc mcubation experlments. 
(y) Hean and standard deviatlon; (n = 4) of Check, N, NP, and NPK plots. 
( z) Hean and standard deviat 10n; (n = 4) of Hanure, HN, MNP, and HNPK treated plots. 
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Table 2.2. Pearson correlation coefficients among soil and 
crop values. 

pH 111 pH s Org C Total It 

pH water 
pH salt 
Organlc C 
Total N 
CtN ratio 
Crop Ylelds 

1.00 
0.99 

-0.76 
-0.87 
0.14 

-0.52 

NHe -N ml nera Il zed under 
anaerobic condItions (7 

NAI 1 Fresh -0.87 
NAI 2 Frest. -o. 8b 
NAI 2 Dry -0.95 

1.00 
-0.76 
-0.87 

0.16 
-0.74 

d at 40·C) 

1.00 
0.91, 
0.37 
0.80 

-0.87 0.76 
-0.85 0.76 
-0.96 0.85 

NM -N minerallzed after fumlgation 
ana aeroblc Incubatlon exp. 1 (10 d at 

FUll 0-10d -0.71 -0.70 0.91 
Unf 0-10d 0.11 0.12 -0.09 
Flush N -0.71 -0.70 0.91 

1.00 
0.09 
0.74 

0.85 
0.85 
0.91 

2s-CI 
0.90 

-0.05 
0.89 

NH -N minerallzed after fumiQatlon 
ana aeroblc lncubatlon exp. 2 (10 and 20 d at 25-C) 

0.92 
0.B7 

Fum O-lOd -0.06 -0.51 0.91 
Fum a-Zad -0.37 -0.65 0.90 
Unf O-ZOd 0.32 0.58 -0.48 
Fum 10-20d -0.19 -0.55 0.85 
Flush N Fum 0.03 -0.41 0.81 
Flush N Unf -0.06 -0.53 0.89 

NH4-N mlnprallzpd after fumlgatlon 
and anaeroblc IncubatIon (7 and 14 d at 

Fum 0-7d -0.73 -0.74 o.n 
Fu. O-14d -0.85 -0.87 0.94 
Unf 0-7d -0.81 -0.81 0.74 
Fum 7-14d -0.83 -0.87 0.54 
Flush N FUll -0.43 -0.41 0.86 
Flush N Unf -0.38 -0.38 0.80 

CO2-C evolved 
FUll 0-10d 
Unf 0-10d 
Flush C 

CO,-C evolved 
~um O-lOd 
Fum lO-20d 
Unf lÜ-l0d 
Flush C Fum 
Flush C Unf 

dunng FI 
-0.62 
-0.52 
-0.59 

dunng FI 
-0.30 
-0.21 
-0.43 
-0.55 
-0.26 

Organlc 
FUln 

C extrac ted FE 
-0.27 
0.78 Unt 

Flush C -0.81 

exp. 1 
-0.65 
-0.52 
-0.63 

exp. 2 
-0.66 
-0.64 
-0.73 
-0.60 
-0.62 

-0.31 
0.78 

-0.83 

N I!xtractpd 
Fum 

aftpr fUmlQatlon FE 
-0.15 -0.08 

Unt 
Flush N 

-0.18 -0.12 
0.33 0.40 

0.88 
0.83 
0.77 

0.95 
0.87 
0.93 
0.76 
0.91 

0.1>2 
-0.44 

0.85 

-0.04 
-0.04 
-0.3b 

-0.57 
0.83 
0.83 
0.92 

28-CI 
0.95 
0.97 
0.83 
0.69 
0.75 
0.69 

0.87 
0.75 
0.61 

0.91 
0.84 
0.69 
0.78 
0.67 

0.53 
-0.55 

0.B4 

0.08 
0.0'1 

-0.33 

C/It Yields 1t1I-lF ItAI-2F ItAl-2D 

1. 00 
0.65 

-0.06 
-0.07 

0.02 

0.24 
-0.21 

0.26 

0.52 
0.62 

-0.08 
0.55 
0.43 
0.45 

0.30 
0.12 

-0.07 
-0.32 

0.52 
0.53 

0.27 
0.47 
0.08 

0.62 
0.65 
0.68 
0.39 
0.60 

0.58 
0.48 
0.15 

-0.68 
-0.75 
-0.28 

1.00 

0.75 
0.62 
0.77 

0.66 
0.05 
0.63 

0.73 
0.73 

-0.34 
0.73 
0.61 
0.70 

0.84 
0.82 
0.74 

-0.35 
0.82 
0.84 

0.80 
0.85 
0.55 

0.80 
0.79 
0.84 
0.63 
0.76 

0.69 
0.46 
0.86 

-0.26 
-0.31 
-0.07 

1.00 
0.99 
0.89 

0.76 
0.00 
0.75 

0.74 
0.58 

-0.09 
0.87 
0.54 
0.70 

0.77 
0.89 
0.98 
0.87 
0.44 
0.26 

0.64 
0.51 
0.62 

0.86 
0.85 
0.77 
0.57 
0.84 

1.00 
0.87 

0.78 
0.12 
0.75 

0.45 
0.57 

-0.33 
0.60 
0.29 
0.45 

0.79 
0.B9 
0.98 
0.83 
0.49 
0.29 

0.62 
0.54 
0.59 

0.68 
0.56 
0.b8 
0.72 
0.b7 

0.28 0.25 
-0.49 -0.50 

0.59 0.57 

0.11 0.14 
0.13 0.16 

-0.39 -0.3& 

1.00 

0.80 
-0.17 

0.80 

0.82 
0.80 

-0.37 
0.69 
0.78 
0.78 

0.84 
0.95 
0.B6 
0.86 
0.54 
0.49 

0.75 
0.60 
0.74 

0.&5 
0.80 
0.71 
0.18 
0.66 

0.45 
-0.66 

0.84 

-0.02 
0.01 

-0.47 

CoefflClents above 0.57 slgnlflcant at P = 0.05, above 0.71 slgniflcant at 0.01, and finally 
above O.BO at P = 0.001. 
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Table 2.3. Mean values of CO2-C evol ved and microbial biomass 
C estimated from two soil treatments by the chloroform 
fumigation-incubation . 

Treataent. lOd 
(O-IOd) 

Fel Bel Bel IlB C02 Fe.Fr Be:Bn 

co -c 
(x~ 

FUll 

Vnfuil 

t &2 

177 
259 57& 

, Org ovol:11 
C ain 

-,-

8.1 

51. S 

t 19.4 

3H.3 
3L8 

t 35 
t 34 * 7b * 0.8 t 13.2 * 20 

FUll 

Unfuil 

&20 

t 54 

271 
345 7b8 7.1 

22.5 

t b. 2 

192.8 
13.3 20 

t 53 
t 81 t 2.3 

t &9.4 
t 4.b t b 

(x) Hean and standard devlation, (n = 4) of Check, N. NP, and NPJ: plots. 
(y) Hean and standard deviation; (n = 4) of Hanure, HN, "NP, and "NPIt treated plots. 
FUll - FU.lgated, Unfum - Unfull1gated treated BoHs in this and subsequent tablsD. 
Fel = Flush of C02-C evolved = Fum 10 d lIinus Unfuil 10 d, 
Bcl : Bio.ass Carbon = Fcl/~c, where ~c Is 0.45 (Jenklnson and Ladd 1981), 
Bc as a proportion of total organlc C; 
Ratto of C02 evolved-to-N minerallZed for Fum 10 d and Unfuil 10 d; 
Fe/Fn = Flush of Carbon-ta-Flush of Nitrogen; Be IBn = ratio of biomaslI C-to-blOl1laSB N • 

Table 2.4. Evolved CO2-C and calculated microbial biomass C and 
N from two soil treatments in the second chloroform 
fumigation-incuabation experiment. 

Trea.taenta 

CO -C 
(~) 

FUaI 

Unf 

lOci 
CG
lOci) 

NA 

FUll 553 
t 1b 

Unf NA 

NA = not available 

lOd 
(10-
2Od) 

98 
t 24 

190 
+21 

Pe2 

,,9 C 

Fe3 

lbS 
~ 3 

Be2 

59& 
t 105 

8H 
t 30 

Be3 

3bb 

t b 

486 

t 113 

Be2 
as , 
Org 

C 

-t;-

8.3 
tO. 8 

7.5 
tO.8 

(x) Hean and standard deviatlon, (n = 4) of Check, N, NP, and NPIC plots. 

Bel Be2: 
aB' Bn2 
Org 

C 

-\-

5.1 
tO.5 

Be3: 
Bn3 

HI 
t 4 

175 
t 5 

28, 1bt 
t 3 t 5 

31lS 
+455 

8S 
t 2 

(y) Hean and standard devlation, (n '" ~) of Hanure, MN, "NP, and MHPr; treatod plot.a. 
Fe2 :: Flush of C02-C evolved calculated frOID FUll 10 d IIlnUB Unfull 10-20 d • 
Fc3 ::: Flush of C02-C evolved calculated from FUll 10 d IIlnus FUll 10-20 d. 
Be2 = Fe2/lCe; Bc3 = FC3/lCe, where lCe IS 0.45. Bc2 and .Bc3 as a proportion of sl,i} orgarlie C. 
,Be2/Bn2 and Bc3/Bn3 = ratlo of blomass C-to-blOlLLilBS N bilsed on NH4-N moasurall, and 
S Bc2/Bn2 and Bc3/Bn3 = ratlo of biomaBB C-tO-blOllollIlB N balled on (HH4 .. N03)-H l1Ieasured. 
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Table 2.5. Pearson correlation coefficients 

• NH 4-N mlnerallzed after fumigatIon CO,-C evol ved 
and anaeroblc lncubation durlng FI exp. 1 

Pull Pua Unf FIla Flush Flush Full Unf Flush 
0-1d O-Ud 0-7d 1-14d II-Pu. II-Unf O-lOd O-lOd C 

NII~-N mlnerdllzed after fumlgat Ion 
an anl!erOblC 1.1lCUbatlon 
(., and 14 d at 28·C) 

FUll Q-7d 1. 00 
Fum Q-l4d 0.% 1. 00 
Un! Q-7d 0.78 0.88 1.00 
FUll 7-14d 0.53 0.76 0.81 1.00 
Flush N Fum 0.90 0.73 0.49 0.10 1.00 
Flush N Unf 0.81 0.65 0.2b O.Ob 0.92 1.00 

CO 2-C evol ved dunng fUlIIl gation-
incubatl.on ln exp. 1 

Fum Q-IOd 0.90 0.89 0.62 0.54 0.78 0.81 1.00 
Unf 0-10d 0.81 0.75 0.47 0.37 0.76 0.81 0.84 1.00 
Flush C 0.83 0.84 0.64 0.58 0.67 0.68 0.93 0.60 1.00 

CO2-C evolved during fumlgation-
lnCUbatlon ln exp. 2 

FUll O-IOd 0.96 0.90 0.68 -0.34 0.98 0.98 0.84 0.B9 0.57 
Funl 10-20d O.BB 0.91 0.67 -0.19 0.81 0.90 0.87 0.B3 0.70 
Unf 10-20d 0.90 0.86 0.71 -0.47 0.90 0.91 0.79 0.B6 0.54 
Flush C FUll 0.69 0.56 0.34 -0.67 0.79 0.73 0.56 0.79 0.21 • Flush C Unf 0.95 0.90 0.67 -0.29 0.97 0.97 0.84 0.B5 0.61 

Organi c C extracted after 
fumIgation FE 

Fum 0.b6 0.59 0.30 0.33 0.76 0.82 0.83 0.76 0.80 
Un! -0.3B -0.4b -0.39 -0.61 -0.20 -0.24 -0.23 -0.34 -0.17 
Flush C 0.82 0.81 0.53 0.10 0.78 0.85 0.85 0.91 0.16 

N extracted after fumigation FE 

Fum -0.06 -0.05 0.13 -0.02 -0.08 -0.24 -0.15 -0.16 -0.13 
Unf -O.Ob -0.04 0.14 0.03 -0.10 -0.26 -0.15 -0.18 -0.12 
Flush N -0.41 -0.46 -0.37 -0.54 -0.28 -0.31 -0.40 -0.31 -0.44 

Coefficients abovE' 0.57 slqmflcant at P 0.05, abovE' 0.71 slgnificant at 0.01, and finally 
above 0.80 at P = 0.001. 

• 
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Table 2.6. Pearson correlation coefficients 

• co2-c evolved froll FI exp. ;> Org C trom FE N e>xtrllrted ln FF 
Fü.a Pua Unf Flush l'lullh Pu. Unf Flush Pull Unf Flush 

o-lOd lO-21ld lQ-20d C-Fulli C-Unf C If 

CO2-C evolved dUrlng fUDllgat 10n-
Incubatlon in exp. 2 

FUll O-IOd 1.00 
Fum 10-20d 0.96 1.00 
Unf lO-20d 0.95 0.8b 1.00 
Flush C FUDl 0.79 0.57 0.84 1.00 
Flush C Unf 0.98 0.97 0.86 0.69 1.00 

Organlc C extracted after 
fumigation FE 

Fum 0.82 0.80 O. 'Tb 0.48 0.80 1.00 
Unf 0.65 0.60 0.&1 0.45 0.&5 0.22 1.00 
Flush C 0.80 0.73 0.83 0.59 0.71 0.6'1 -0.55 1.00 

N extracted after fumigation FE 

Fum -0.28 -0.39 -0.20 0.06 -0.40 -0.24 -O.lb -0.04 1.00 
Unf -0.35 -0.44 -0.28 -0.03 -0.45 -0.28 -0.22 -0.02 0.'1'1 1.00 
Flush N -0.05 -0.24 0.11 0.39 -0.22 -0.17 0.30 -0.28 0.'77 O. 'TI 1. 00 

CoeffIcients above 0.57 slgnlflcant at P 0.05, above 0.71 signlflcant at 0.01, and t 1 na II y 

• above 0.80 at P = 0.001 • 
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Table 2.7. Nitrog1JO mineralized in chloroform fumigation-
incubation experiment from two soi1 treatments. 

Treat.enta lOd Fnl Bnl Bn AS " (O-lOdI Total If 

---'1-.-!9 9- 1--- --\--
NH -N FUID 
(~) 

+4.3 
9.0 14 1.7 

UnfulD 0.5 

+0.4 
t 4.1 + {, t 0.7 

NH4-N FUID 29.9 
(y) 

t'l·8 28.3 42 3.8 

UnfulD 1.6 t 1O • 3 t 15 t 1. 3 

,.0.8 

(x) Hean and standard deVlatlon, (n = 4) of Check, N. NP, and NPK plots. 
(y) ~ean and standard devlatlon, (n = 4) of Hanure. HN. HNP. and HNPK treated plots. 
Fnl Flush of N IDwerallzed :; FUID 10 d IDlnus Unfum 10 d, 
Bnl Blomallll Nitrogen ::: Fn1/ICn, where Kn is 0.68 (Shen I~t al. 1984), 
Hn as a proport 1 on of the Total N. 

Table 2.8. Distribution of nitrogen 
fumigation-incubation experiment . 

Treat.enta IOd 20d Fn2 Pn3 
O-IOd 0-2Od 

--119 Il' g-1 

Fum NH 4-N 13.5 13.1 13.9 
( x) t 3.5 ,. 2.9 t 3.3 

NH4-N .. 18.4 36.4 14 .9 
N03-N t 4.0 +29.0 ,. 4.4 

Unf NH4-N NA 3.7 9.8 

t 0.5 t 3.9 

NH4-N .. NA 36.2 1.8 
NOa-N *39.3 * 2.8 

Fum NH4-N 22.8 2B.'1 20.4 
(y) t 2. ° * 7.8 t 1.4 

NH4-N .. 41. 3 45.3 41.9 
N03-N t 1O •4 t 1O . 5 t 14.6 

Unf NH4-N NA 2.2 20.0 
* 1. 3 ,.2.4 

NH4-N .. NA 33.9 7.5 
NO -N ,.12.9 tf>.7 3 

ND " nat dctermlned. NA = nat aVdllable. 

after 

Bn2 Bn3 

20 
t 5 

22 
t {, 

14 
t 6 

3 

t 4 

30 
t 2 

61 
* 21 

29 
t 4 

11 

t lO 

(x) Hean and standard devlatlon, (n = 4) of Check, N. NP, and NPIC plots . 

the second 

Bn2 as Bn3 ilS 

~ " Total Total 
Ir Il 

2.8 
t O. 5 

3.0 
t O. 7 

1.9 
tO. b 

0.4 
*0.5 

2.8 
tO.3 

5.8 
tl. q 

2.8 
*0.4 

1.0 
+0.9 

ty) HE'dn and standard devlatlon, tn = 4) of HanuIe. HN, HNP. and HIIPK treated plots. 
FnZ = FI ush of N IDlnerall zed [NH4-N or (NH4 .. N03) -H] = FUID 10 d mimJs UnfulD 20 d. 
FnJ :; Flueh of N IDlnerallzed " FUID 10 d mInus Fum 10-20 d, 
wherE' Fum 10-20 d :; FUll 20 d - FUll la d. 
Bn] = Fnl/Kn. Bn3 = Fn3/Kn, where Kn is 0.68. 
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Table 2.9. Pear.son correlation coefficients arnong values of 
NH.-N mineralized and C released as CO;,. 

-~=-=::::..-=-=--=-- --
Nfi -N af ter FI exp. 1 NH4 -N medsured af ter FI pxp. 
~. Unf Fllllsh Fu. Fu. Uni Fu. Flush Fluoh 

O-lOd O-IOd N O-lOd 0-20d O-L'Od IO-L'Od N-Fu. N IInf 

NHa-N mInerallzed after fumIgatIon 
an aerOblC Incubation exp. 1 (la cl at 2S·C) 

Fum a-lad 1.00 
Unf a-lad -0.10 1.00 
Flush N O. qq -o. Z2 1.00 

NHa-N mlnerallzed after fumIgation 
an aeroblc Incubatlon exp. 2 (10 and 20 d at 2S·Cl 

Fum O-lOd O. '14 -0.11 O. '12 1.00 
Fum 0-20d O. 'lb -0.12 0.95 0.99 1. 00 
Unf a-20d -0.7b -0.22 -0.69 -0.44 -0.b6 1. 00 
Fum lO-20d 0.79 -0.10 0.78 0.83 0.91 -O.Ob 1.00 
Flush N Fum O.BS -0.10 0.8b O. 'l4 0.8'1 -O.bO O.bO 1.00 
Flush N Unf 0.95 -0.05 0.91 0.99 0.9b -0.55 0.78 O. 'lb 

NHa-N mlnerallzed after fumigatIon 
an anaeroblc IncubatIon (7 and 14 d at 2S-Cl 

Fum 0-7d 0.94 -0.21 0.1J5 0.98 0.9Fl -0.54 O. 'Il 0.'10 
Fum O-J4d 0.89 -0.21 0.'10 0.9b 0.92 -0.41 0.97 O.Hb 
Unf 0-7d O. BI -0.04 0.80 0.79 0.88 -0.40 0.87 0.64 
Fum 7-l4d 0.47 -0.13 0.47 -0.13 -0.54 0.b6 0.04 -0.22 
Flush N Fum O.Sb -0.18 0.87 0.'17 0.98 -0.b3 0.8t. 0.'10 
Flush N Unf 0.70 -0.2'1 0.71 0.9S 0.96 -0.5b O.IH\ 0.'12 

COr-C evol ved dunng FI exp • 
um a-lad 0.78 -0.09 0.78 0.92 0.78 -0.34 0.'12 0.7'7 

Unf O-lOd O. b4 0.18 0.60 0.74 0.65 -0.1'1 0.85 0.5b 
Flush C 0.'75 -0.2b 0.77 0.79 0.69 -0.38 0.72 0.71 

CO -C evolved during FI exp. 2 
rum O-IOd 0.79 0.09 0.73 0.89 0.91 -0.28 0.85 0.77 
Fum 10-20d 0.69 0.04 0.6b 0.93 0.78 -0.3b 0.83 0.84 
Unf lO-20d 0.76 0.10 0.72 0.80 0.83 -0.3'1 0.85 0.b5 
Flush C Fum 0.52 0.35 0.41 0.54 0.58 -0 .1b 0.67 0.40 
Flush C Unf 0.78 0.10 0.72 0.89 0.90 -0.35 0.80 0.80 

Organic C extrac ted FE 
Fum 0.49 -0.71 0.54 0.78 0.87 0.17 0.97 0.56 
Unf -0.43 -0.18 - 0.41 O. SS 0.b5 0.46 0.80 O.3J 
Flush C 0.71 -0.49 0.74 0.76 0.84 0.01 0.94 O. 5~1 

N extracted after fUMIgatIon FE 
Fum 0.18 0.02 0.18 -0.22 -0.20 -0.04 -0.1 J -0.24 
Unf 0.1 q 0.02 0.19 -0.2b -0.24 -0.08 -O. J7 -O. '17 
Flush N -0.28 -0.05 -0.28 - 0.12 -0.08 0.23 0.04 -0.70 

Furo - Fum19ated, Unf - Unfumlgated treated solls ln thlB and oubsoquenl tables. 
0-10 d, 0-20 d, 10-20 d, 0-7 d, 0-14d, 7-14 d are aIl IncubatIon penod ln daYI:. 
Flush N or Flush C = Fum mlnus Unf. 
Flush C Fum FUIII 0-10 d mInus Pum 10-20 d. 
Flush C Unt = Furo 0-10 d mInus Unf 10-20 d, whE're a11 data were meaBured. 

1.00 

O. <JI, 

0.'1.1 
0.74 

-0.17 
O. '15 
o 'lb 

0.'10 
0.71 
0.7A 

0.B7 
0.'11 
0.77 
0.!>2 
0.1l0 

0.70 
0.44 
0.70 

- O. 1'0 
-0.23 
-0.1 !> 

Flush N Fum " Fum 0-10 d mInus Fum 10-20 d, where Fum 10-,0 d := Pum 0-2fJ d mlrlUH Pum 0-10 d 
Flush N Unt = Fum 0-10 d mInus Unt 0-20 d. 
Coefflclents above 0.57 signiflcant at P = 0.05, above 0.71 slgmflcant at 0.01, and fwally 
above 0.80 at P = 0.001. 
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Table 2.10. (NH. + N03 )-N mineralized during different 
fumigation-incubation periods followed by extraction wi th 
three different mild chemical extractants_ 

Treat.pnt [l Fu. Fu. Unfu. Flush 
IO-lOd) (O-20d) (O-10d) Fu .. 

---------- ---------- --,,9 9- 1-- ----------
711 lCI Ck.N, NP, NP! 18.4 t 4.0 %.4 t Zq •O 36.2 t39 . 3 14.'1 

* 
4.4 

(1 :» 
H,MN,MNP,HNPr 41. 3 t IG. 4 4S.3 *10.5 33. q *12. '1 41. q t 14 . 6 

0.:>11 Ck.N,NP,NPK 28.0 * 2 3.3 ND 25.8 *27.0 NA 

~iS~f H, MN, MNP .IHlPK 40.7 *10.3 ND 2b .1 t 8.3 NA 

n.SM C'k,N,NP,N?K 15b *77 73 *40 147 *34 NA 

Mauco? (x) 

Cl la 
H. MN, MNP ,MNPK 174 t'35 119 *41 175 é S NA 
(y) 

RatIO Boil extractant (wt vol.), ND = not determined, NA = not avulable. 
(x) Mean and standard devlatlon, (n = 4) of Check, N, NP, and NPK plots 

Flush 
l/nfu. 

---------, S t: . f' . 
7.5 ttl. 7 

2. :: t 4 .: 

14.b+8.5 

14.8 
*78.4 

-17.1 
+80.7 

(y) M .. an and standard deviatlon, (n = 4) of Manure, MN, HNP, and MNPK tre<'\ted plots. 
rJuBh l'um = Fluoh of N mlnerallzed = Fum 0-10 d minus Fum 10-20 d, where Fum 10-20 d = Fum (1-20 
d mlnUB Fum 0-10 d. Flush Unfum = Flush of mIn N = Fum 0-10 d - Unfum 0-20 d . 
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Table 2.11. Pearson correlation coefficients. 

r;===============================-=- --=~-,","_.=~-== -~ -, 
(NH 4 + NOJI-N medsured tNH 4 .. NOl) N IIIt'.'\I1\Ut'.\ 

after FI exp. 2 and al ter FI ~xr. i .!\nd ~x-
extracted Inth :> fol KCl tracted Wltt! II ~, fol ",$\)4 

Fu. Fu. Unf l'U. Flush Flush foU. lin! Jo'lunh 
O-lOd 0-20d 0-20d 10-20d "-l'Ua "-Unf O-lOd O-lOll " 

(NH
t 

+ N03 )-N measured 
af er FI exp. 2 and 
extrac t ed Wl th 
2 H KCl (1 5) 

Eum O-lod 
Eum 0-20d 
Unf 0-20d 
l'um 10-20d 
Flush N Fum 
Flush N Uni 

1. 00 
O. 'lb 
O. 'lb 
O. bb 
0.76 

-0.59 

(NH
4 

+ N03 ) -N measured 
after FI exp. 2 and 
extrac ted wlth 
0.5 M K 2 S04 (1.4) 

1.00 
O.qO 
0.51 
0.83 

-0.57 

1. 00 
0.66 
O. éé 

-0.76 

Fum O-lOd 
Unf 0-20d 
Flush N Uni 

O.'1Q 0.q7 0.q4 
0.'16 0.92 1.00 

-0.46 -0.25 -0.57 

(NH
4 

+ N03 ) -N measured 
after FI exp. 2 and 
extrac t ed wlth 
0.5 M NaHC03 (1: 10) 

Fum O-IOd 
Fum 0-20d 
Unf 0-20d 
SElush N Fum 
Flush N Unf 

0.48 
0.79 
0.10 

-0.27 
0.31 

(NH4 + N03 )-N extracted 
after fumlgatlon but 
no lnCUbatlon 

Fum 
Unf 
Flush N 

1.00 
o. qq 
0.89 

0.41 
0.71 
0.13 

-0.41 
0.17 

0.38 
0.77 
0.06 

-0.37 
0.25 

O. qq 
1.00 
0.8b 

1.00 
0.04 

-0.62 

0.59 
0.64 

-0.54 

0.52 
0.26 

-0.45 
0.20 
0.65 

0.80 
0.85 
0.52 

1. 00 
-0.15 

0.79 
0.69 

-0.01 

O.H 
0.81 
0.56 

-0.44 
-0.10 

0.79 
0.74 
0.85 

1.00 

-0.5'1 
-0.73 
O.~l 

-0.09 
-0.43 

0.13 
0.29 

-0.14 

-0.73 
-0.78 
-0.48 

1.00 
n 95 

-0.2b 

0.46 
0.7b 
O.Oq 

-0.34 
0.2b 

0.98 
O. 'r$3 

0.88 

I.UO 
-o.!.l~ 

0.3H 
O. 'In 
O.O~ 

-O.lU 
O. 2~ 

1.00 
1.00 
lI.RIl 

1.00 

O.O·{ 

-II. If, 

0.0" 
(). JI, 

-0.1 J 

- O. l', 
- fi '11 

1) • 1,] 

~=====================================================--=====~~~= 

Flush N Fum = Fum O-lod ml nus Fum 10-20 d, where Fum 10-20 d 
§Flush N Fum = Fum O-lOd mlnus Fum 0-20 d 
Flush N Unf = Fum O-lOd mlnUS Unf 0-20 d. 

Fum 0-20 d mlfl\Hl Fum (}-l () d. 

Coefficients above 0.57 signiflcant at P = 0.05, above 0.71 slgnlflcant dt 0.01, <'lnd f1n fJ! ly 
above 0.60 dt P = 0.001. 

79 



• 

• 

• 

Table 2.12. N mineralized 
procedure and incubation under 
for 7 and 14 d, respectively. 

after chloroform-fumigation 
anaerobic conditions at 2SoC 

Treat.en~B 

NH4-N Fum 
(x) 

Unf 

NH -N Fum 
(~) 

Unf 

NA ~ not avallable. 

7d 
(O-7d) 

17.5 

t a•5 

4.6 
t a. 3 

34.7 
t 5 • 1 

b.3 
tl. 4 

14d 
(O-14d) 

21. 5 
t O • 5 

NA 

35.4 
t 3 • 7 

NA 

Phl 

,,9 
13.4 
t a .6 

34.0 
*8.1 

Ph2 

9- 1 

12.Q 
t a . 2 

Bnl 

27 

t 1 

8n? 

2b 

t 1 

58 
t 6 

(x) Mean and standard devIatIon, (n = 4) of Check, N, NP, and NPK plots. 

Bnl ao 

" of 
Total 

N 

-'\,-

J.\) 

tO 0 

/..4 
tl. O 

(y) Mean and standard deVlatlon, (n = 4) of Hanure, MN, HNP, and HNPK trel\ted plots. 

1\01 au 

" of 
Total 

N 

-,-

J.? 
t O• 1 

Fnl = Flush of NH4-N mlnerallzed " Fum 7 d IlI1nUS Fum 7-14 d. where Fum 7-14 d " E'um 14 d MInUD 
Fum 7 d. Fn2 = Flush of NH4-N mineralized = Fum 7 d mInus Unfum 7 d. 
Bnl and Bn2 = Fnl/Jen and Fn2/Kn. where Jen is 0.4Q (NIcolardot ct al. 19QO) • 
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Table 2.13. Organic C measurements after fumigation with 
chloroform and K2SO. direct extraction procedure (FE). 

Treat- Fu. Unfu. Flush Bel Be2 Bel as &2 ilS Bel:Bn Be2:Bn 
.ents (Ee) , Org , Org 

C C 

119 g-l ---\-- ---\--
Ck,If 0.15 0.10 O.Ob a .1b 0.18 0.003 0.003 -0.0~5 -0.050 
IfP , If PI: t O. 01 tO. 02 t O. 01 t O•05 tO.0 6 t O. 001 tO. OOl ta .134 tO .156 

M. Mil, 0.15 0.10 0.08 0.21 0.24 0.002 0.002 -0.185 -0.215 
MIfP. ""PI: t O. 01 t O. oo t O•oo t O•08 t O. OO t O. ooo tO .000 .0.276 .0.318 

FE -= FUlllgatlf,n extraLtlon. Hean t std dev, (n = 4). 
Ec = Flush of extracted organÀ.c C = Fumlgated Boil mlnus Unfum 19ated Boil. 
Bel Blomass Carbon l ~ Ec • 2.64 (Vance et al. 1987) • 
Be2 -= Blo_ass Carbon 2 " Ee/Kec, where fee is 0.33 (Sparllng and West 1988a). 

Table 2.14. Effect of two soil treatments on the N flush in 
0.5 M KaSO. extracts after 24 h fumigation by the FE • 

Soil Fu.igated Unh .. igated Flush Bio.auu 11 Bn aB , 
treat.ente (En) (Bn) Total If 

---------- -1 --------- ---------- -----'l!;--------~g 9 --
Ck,If .HP .HPl 11.8 t 2 3 11.2 t3.b 0.3 tl. 3 0.5 t 2.1 O.Ob t O. 35 

". "". MlIP • MlfPl 27 .0 .10. B 21. I!. t3. b 4.7 .7.0 8.5 .13.4 0.81 tl. 22 

Mean t std dev, ln = 4). 
En = NH4-N Flush of 0.5 H K2S04 extracted = Fumiqated soil minus Unfumlgated soll. 
Bn = blomass N = En/Ken, where Ken lB 0.54 (BrookeB et al. 19S5b) . 
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Table 2.15. Pearson correlation coefficients. 

COo-C evolved dUrlnQ fI exp. ;: 
Fu." Fu. Unf Flush Flush 

O-IOd 10-20d 10-20d C-Fu. C-Unf 

(NH4 + NOS) -N lIIea'3ured 
after FI exp. 2 and 
extracted Wl th 
2 H KCl (l - 5 \ 

Fum 0-100 
Fum 0-20d 
Unf a-Zad 
Fum lO-20d 
Flush N Fum 
Flush N Unf 

-0.17 -O. U 
O.Ob 

-0.20 
-0.70 

0.4S 
0.46 

-0.21 
-0.41 
-0.64 
0.31 
0.57 

(NH4 + N03) -N measured 
after FI exp. 2 and 
ext racted Wl th 
0.5 H K2S04 (1.4) 

-0.10 
-0.03 
-0.27 
-0.67 
0.49 
0.46 

Fum O-IOd 
Unf 0-20d 
Flush N Unf 

-O.Ob -0.24 -0.06 
-O.lï -0.39 -0.23 

0.46 0.56 0.56 

(NH4 + N03 1 -N rneasured 
after FI exp. 2 and 
extracted wi th 
0.5 H NaHC03 (1:10) 

Fum a-lad 
Fum 0-20d 
Unf 0-20d 
§Flush Fum 
Flush N Uni 

-0.19 
0.16 
0.74 

-0.2B 
-0.5'7 

-0.10 
-0.05 
0.64 

-0.06 
-0.50 

(NH4 + N03 ) -N ex trac ted 
after fUffilgatlon but 
no lncubatlon 

-0.28 
0.17 
0.43 

-0.45 
-0.56 

Fum -0.28 -0.39 -0.20 
Unf 
Flush N 

-0.35 -0.44 -0.28 
-0.05 -0.24 0.11 

0.05 
0.27 
0.09 

-0.62 
0.55 
0.15 

0.17 
0.14 
0.02 

-0.29 
0.48 
0.51 

-0.62 
-0.51 

0.06 
-0.03 

0.39 

-0.26 
-0.03 
-0.28 
-0.71 

0.33 
0.50 

-0.15 
-0.25 

0.50 

-0.14 
0.03 
0.78 

-0.13 
-0.55 

-0.40 
-0.45 
-0.22 

NH
4 

-N measured .'ll t pr FI P-~~-. : - - --==-j 
Fu. Fu. IInt Fu. FlUAh Flullh 

a-IOd O-lOd 0-10d 10-10d tl-Fu. lI-lInf 

-0 .09 
0.09 

-0 .19 
-0.55 

0.47 
0.60 

-0.08 
0.12 

-0.23 
-0.56 
0.48 
0.55 

-0.09 
-D.lt. 
0.05 
0.02 

-0.20 
-0.01 

-0.01 0.07 -0.18 
-0.17 -0.20 0.04 

0.68 0.80 -0.59 

0.14 
a .1B 
0.6B 

-0.04 
-0.29 

0.02 
0.07 
0.3b 

-0 .18 
0.39 

-0.22 -0.20 
-0.26 -0.24 
-0.12 -0.08 

-0.1>3 
0.00 
0.03 

-0.36 
-0.J8 

-o. 04 
-0.08 
0.23 

-0.04 
0.18 

-O.Ob 
-0.51 

0.4b 
0.35 

0.05 
-0.05 

0.39 

-0.25 
O. 3~, 
O.b9 

-0.4'1 
-0.58 

-0 .13 
-0.17 

0.04 

=-===- ----

-O.lll 
0.01 

-0.14 
-0.40 

0.40 
O. lo5 

-0.04 
-o. ?1 

O. 7~ 

0.34 
o 04 
o 'lA 
o .lI 

-0.07 

-0.07 
O. Il 

- n. 1 '7 
-O. ~l .. ' 

11 • 4(, 
1l.!>L 

0.02 
-0.14 

n.bh 

0.21 
li 1'1 
O. h'1 
0.01 

-0.2.) 

-0.74 -0.70 
-0.27 -0.2J 
-0 . .'0 -fl.15 

Flush N FUln = FUID 0-10 d mlnus Fum 10-20 d, where> Fum 10-20 d := Fum 0- 20 cl ml nus rum 1)- 10 cl. 
SFlush N fum = Fum 0-10 d mlnus Fum 0-20 d. 
Flush N Unf = Fum 0-10 d Mlnus Unf 0-20 d. 

Coefficl!!nts above 0.57 slgmÎlcant at P = 0.05, abovp 0.71 slgmficant at 0.01. and fUlillly 
above O.BO at P = 0.001 • 
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APPENPIX 1 

REGRESSION OF C AND H MEASURPS WITH SOIL PROPERTIES 

Based on the data from different combination of 

manure-N and mineral-N treatments in Xuzhou soil samples: 

MN (0: 0) , (0: 10), (3: 7) 1 (5: 5), and (7: 3), regression 

analyses were performed to show relationships among several 

sail parameters. Soil organic C content increased linearly 

(r 2 =0.86) with increasing manure-N ratios (fIGUGRE 2.1). 

Total N content increased with increasing manure-N ratios 

(Figure 2.2). Regression of NH.-N concentrations against 

increasing manure-N ratios produced a highly significant 

relationship (r=0.93) for dry soils (Figure 2.3). 

Regression of CO2-C evolved frOlll fumigated samples and 

flush of biomass C against manure-N ratios produced highly 

significant re1ationships (r 2 =0.97 and 0.93) for Xuzhou 

soi1 samples in the first experiment (Figure 2.4). 

Minera1izablc N from fumigated samp1es of the first 

fumigation-incubation a1so increased wi th increasing 

manure-N ratio, although not as consistently as co2-c 
evolved by fumigated soil samples (r 2 =O.87) (Fig. 2.5). 
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INTRODUCTION 

ArP_IX 2 
CHINA' S AGRICULTURE 

China's agricultural scene is extremely varied. The main 
axis of change is a climatic one that runs from North to South 
(from latitude 53· N to 18· N). Moving down this axis, differ
enCE:, are fOU,1d in temperature and rainfall, in surface water 
availability, in growing season length, and in crops and 
cropping patterns (Howe 1978). 

China is the third larg~st country occupying about 6.5% of 
the world's total land area compared to Canada with about 6.7%. 
Yet, cultivated land is scarce in China with only 10% of the 
total area being arable land. However, China supports about 23% 
of the world's population compared to Canada with about 0.5%. 

According to an official estimate an additional 5% of the land 
area could possibly be brought into cultivation, but most of 
this is in sparsely populated and inaccessible regions of North 
China, Xinjiang, and Tibet. The main concentrations of culti
vated land are in East China, the Manchurian Plain, and in 
parts of the South and South-Western Provinces (Howe 1978). 

For the most part, the productivity of cultivated land 
rises as one approaches the Eastern coast. This variation in 
the productivity of land is reflected in the distribution of 
population. Thus, crossing the North-South climatic axis, there 
is an East-West axis of cultivability. These two axes provide 
the framework of China's agricultural regions (Howe 1978). 

Within this framework (Figure 1) agronomists talk in terms of 
crops. The easiest way to analyze China's agriculture is to 
think of the North as a wheat (Triticum zsitivum L.) area, the 
South as a rice (Oryza sativa L.) area, and the Chang Jiang 
(Yangtze river) valley and Central China as regions that grow 
both. still the real situation is much more complicated by 
variations in the patterns of successional planting and 
interplanting. These patterns that will be discussed later, are 
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important because changes in the extent to which it is possible 

to interweave several crops, or obtain multiple harvests of one 

crop in the agricultural year, are the keys of Chinese agricul
tural productivity (Howe 1978). 
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Figure 1. Major cultlvated crops in Chln~ (b~Bed on Howe 1978) . 

94 



• 

• 

• 

Nevertheless, this impressive achievement should not hide 

the fact that China has not yet broken out of the range of 

subsistence-Ievel production. Since the early 1960'5, China has 

been a net importer of grains, soyabeans (Glycine max. (L.) 

Mess.), and raw cotton (Gossypium sp,) (Cheng 1982). In 1989, 

China bought from different foreign countries 60% rore cereals 

than the previous year because it fell short of an estimated 

110 millions tons of grains (Fabre and Lemnine 1990). Great 

inter- and intra- provincial disparities exist. Severai recent 

Chinese statements admit that between 90 and 110 mi Il ions 

peoples are not still adequately fed, a proportion confirmed by 

the latest provincial grain availability averages (Smil 1988; 

Aubert 1990). 

Having the world's oldest continuous civilization, 

agricultural tradition in China has survived uninterrupted for 

perhaps 7 000 to 8 000 years (Zhao 1986). When the Chinese 

communists took power in 1949, there was a high initial 

population density per hectare of cultivated land. One hectare 

of cultivated land nourished about 5 peoples, today one hectare 

of cultivated land nourishes more than 10 inhabitants (Aubert 

1990) . 

CHINAIS AGRICULTURE CHANGES FROM 1949-1989 

The development of agriculture and the balance between 

food and population are ChinaIs fundamental economic problems. 

Through a brief historical account of the major agricultural 

reforms since the arrivaI of the Popular Republic of China four 

decades ago, one is struck by the graduaI shift of emphasis 

that Chinese agricultural development has undergone from 

institutional change and intensified use of traditional 

techniques to material incentives and modern techniques (Cheng 

1982) . 

A. 1952-1956 

In 1952, Mao Tse Tung abolished landlord property. This 

important reform was marked by the division and the redistribu-
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tion of the land to poor farmers, ultimately resulting in the 

decrease per farmer of the average size of cultivated land. ln 

the years following the reform there was an unavoidable 

decrease in quality and in quanttty of agricultural products in 

the markets throughout China (Auber~ 1990). 

B. 1956-1967 

In this period, the main goal of Mao Tse Tung was ta 

increase the agricul tural production and thus the industrial 

production. Both the National Program for agricultural develap

ment and Maols Eight-Poin~ Charter of 1956 stressed the 

intensive use of traditional techniques. The Eight-Point 

Charter advocated by Mao included important measures to \mprove 

agricultural production: water, fertilizer, soil conservQ+i~n, 

seed selection, close planting, plant protection, implement.s, 

and field management (Cheng 1982). In an unprecedented reform 

land was collectivized by the government to increase the 

average cultivated farm unit. Many households were combined and 

the farm-owners transformed in farm-workers exploiting larger 

fields and sharing machine-tools (Aubert 1990). The major 

benefi t of these reforms was that a large labour force was 

pooled together for big agricultural projects. The most 

important were irrigation works. Therefore, irrigation has been 

applied to an extent unequalled elsewhere. By 1978 almost half 

of aIl cul ti vated land was irrigated, provided wi th water 

through permanent installations such as di tches, catchment 

basins, dams, wells and pumps (Tang 1984). 

By now two confl icting forces were affecting Chinese 

agriculture. On one hand, the material basis for higher 

productivity had been gradually formed over several years. On 

the other hand, Chinese agricul ture was being he Id back by 

severe problems of disincentives, maladministration and poor 

planning, which remained unresolved after three decades (Cheng 

1982) . 

For 2 000 years, grain has been the key factor in Chinais 

agriculture and the principal source of food. In the average 
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Chinese diet grain supplies 80% of the calorie intake (Howe 

1978). Based on the Chinese Economie Statistics and China 

Agriculture yearbook of 1988, Table 1 shows that for thirty

five years the respective area devoted to grain production has 

be'-in stable wi thin the farming sector, hence more than two

thirds of the Chinese sown area is devoted to grains. In 1987, 

rice occupied close to 30% of grain sown area and wheat a 

little over 25%. However, for the total quantity of grain 

outpltt since 1952 the situation has changed dotably with ri ce 

still stable accounting for 43 to 45% of the total output of 

grain, but wheat doubling its share from 10 to 20% between 1957 

and 1987 (Aubert 1990). After 1957 there was also unprecedented 

increase in the yield of grain crops. Wheat demonstrated the 

strongest rise in production, having been onl y 0.7 t ha- l in 

1952 it rf'ached 3.0 t ha- l in 1987. For rice, the yield increase 

was slower throughout the years nevertheless spectacular. In 

1952, rice production was already high with 2.4 t ha- l and 

peaked in 1987 with 5.4 t ha-le 

Naturally, for the purpose of raising production research 

has been focused on rice and wheat. The rice area is being 

expanded to the limi ts of adaptation, toward the calder and 

drier northeast and the mountainous west, and now extends to 

some 34 mi Il ions hectares (Table 1). Short-stature, high

yielding cultivars have been bred weIl before those by the 

International Rice Research Insti tute. Besides, the Chinese 

strains require shorter growing periods. Early maturity cornes 

close ta being the universal objective of any plant selection 

programme due to ~be desire for greater productivity through 

multiple cropping. A complex cropping pattern has emerged that 

includes double, triple, and relay cropping also intercropping. 

These practices demand exact timing, whereas earl iness will 

minimize the adverse influence of changeable weather. Even at 

the latitude of Beijing (Peking) i.e., 400 N where the growing 

season lasts only 160 d, rice preceded by wheat is a common 

sequence (Tang 1984). 
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Table 1. Chlna's populatlon growth and graln crop productIons durlna the 1'15>1"18': pPllod. 

1952 1957 1978 1911'/ 

China's population 
Total population (x lOb) 575 1>47 QI>3 1081 

Rural population (x lOb) 51'1 551 840 8311 

Labour force 
lOb) Total labour (x 207 238 40: 5;>1\ 

Rural labour (x 10(,) IB2 20b 30b J'la 

Agricultural labour (x 106) 173 193 776 zql\ 

Agricultural/Total B4\ B1\ b'l\ Sb\ 

Total cultlvated area (x 106 ha) 108 112 100 CJt, 

Total lrrigated area (x 10" ha) 21 35 45 44 

Total harvested areil (x 106 ha) 141 157 150 145 

Che.ical fertillzers (kg ha-l) 3 BB 70B 

Grains 
(x 106 Harvesled area ha) 124 134 121 111 

Quantity (x 106 t) 161 191 3lb 405 

Rice 
Harvested area (x 106 ha) 2B 32 34 17 

Quantity (x 106 t) bB B7 137 174 

Yield (t ha-Il 2.4 2.7 4.0 ~.4 

lIheat 
(x 106 Harvested area ha) 25 28 29 2'1 

Quantity (x 106 t) lB 24 54 BA 

Yleld (t ha-lI 0.7 0.'1 1.9 3.0 

Corn 
(x 106 Barvested areil ha) 13 15 20 20 

Quantity (x 106 t) 17 21 5~ !JO 

Yield (t ha-Il 1.3 1.4 2.8 4.0 

• Based on Aubert, C. 19"10. Economle et société rurales. In M.C. Bergèrp. 1. Blanco, and ,1. 
Dornes (ed.) La Chlne au X'e SIècle ". De 1"149 a aUJourd'hul. Fayard Pub], ParlD, Franre. 

For wheat, winter wheat accounts for sorne 85% of total 

output although spring wheat, traditionally cultivated in the 

North-west, is gaining in proportion as relay and inter

cropping patterns promote its spread southward. This trend has 

been possible only because of the availability of varieties 

with shorter life cycles like serni-dwarf high-yielding types 

(Tang 1984). Corn ranks third among cereals grown in China. The 
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main corn belt is in North China, 55% of the area in hybrids is 

in single cross, 40% in double cross, and 5% in three-way cross 

materials (Tang 1984). The progress in corn yields is compar

able to wheat because of~en used in double cropping, wheat in 

winter and corn in summer, both share almost the same surface 

area. Before the Green Revolution there was stagnation of the 

grain output, from 1965 to 1978 doubling of the quantity, and 

finally during the last reforms a one-third increase in 

production. In 1987, 20 mi Il ions hectares of corn occupied 

close to 20% of the grain area, this corresponds to a 30% 

increase compared to 35 years ago (Aubert 1990). 

Amongst the factors promoting agricultural advance, the 

most significant i5 the increase of chemical fertilizer 

production. In the early 1970's as thirteen major urea-ammonia 

complexes constructed with foreign technology came on stream, 

domestic chemical fertilizer supplies enjoyed a quantum jump 

(Cheng 1982). Despite a consistent rise in home production 

vo 1 ume making the country the third largest international 

manufacturer of urea, China is simultaneously the biggest net 

importer of aIl nitrogenous fertilizers taken together. 

Although her aggregate consumption is high, China maintained a 

level of unit utilization of fertilizers (88 kg ha-1 in 1978) 

that exceeded only sI ightly the world average (Tang 1984) 

(Table 1). 

Over the twenty-year period of 1957 to 1976, wi th the 

great incentive of growing more and more grains, in planning 

selt-sufficiency of grains in aIl provinces under the guideline 

of "taking grain as the key link" and in imposing grain crops 

in areas not suited for such crops, the result was great damage 

to the soil and a net decrease in the output of grain crops in 

many parts of China. Then agricultural production had become 

structurally concentrated in farming grain to the neglect of 

the other agricultural activities, deepening the existing 

imbalance between farming, forestry, and animal husbandry 

(Cheng 1982). 
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c. 1976-1989 

After Mao's death in late 1976, new Chinese leaders and 

agro-economists reached the consensus that the tradi tional 

pol icy of increasing food grains as the primary goa 1 of 

agricultural development must be altered. This historie shift 

of emphasis required a step by step restructuring of the small 

peasant economy, wi th i ts focus on grains, into a modern 

agricultural production system, with an all-around development 

of fishery, livestock breeding, forestry, and the cultivation 

and diversification of grains and cash crops in the entire 

China territory (Cheng 1982). The new leaders called first, for 

reforms in the rural incentive structures. For example, there 

was a general producer's price increase of 20% for within quota 

grain and of 50% for above quota grain, with a graduaI decrease 

of 10 to 15% in prices of chemical ferti 1 izers sold to the 

peasants. These changes raised the ferti 1 i zer-to-grain priee 

ratio for ab ove quota sales to a level somewhat equal to that 

prevailing in Taiwan (Cheng 1982). Quotas assigned to peasant3 

were based roughly an average of the previous 3-yr crop yields 

and were said to be set low enough to let hard-working peasants 

overfill them (Cheng 1982). Second, a "responsibility system" 

for agriculture was instituted and the modernization process 

intensified. The original poliey aimed at establishing a 

variety of organi zational and remunerati ve techniques that 

linked the income of the individual peasant and their family to 

the quality or quantity of the agricultural goods produced. 

Thus, by 1983 the decolleetivization had been completed and the 

individual household (contracting a 15-yr lease of land with 

the government) had again reemerged as the primary economic 

unit in rural China (Parish 1985). For many Chinese and foreign 

agriculture specialists the suceess of the post-1978 reforms, 

eompared to the previous ones must be credited chiefly to the 

household responsibility system that has resulted in 

pri vati zation of farming and in unprecedented agricu 1 tura 1 

outpUt growth (Smil 1988) . 

100 



• 

• 

• 

In summary, in the view of most foreign analyses the 

performance of Chinese agriculture since 1949 has shown only 

moderate gains. Up to 1976 the strong government emphasis on 

grain output had slowed progress in forestry, livestock, and 

flshery. Whi le the increase in the output of cash crops had 

been rapid especially during the last several years, supplies 

of cooking oil, soyabeans, and other components of the Chinese 

diet were chronically short. The absolute growth of food gr~ins 

obtained since the end of the 1980'5 is very impressive, but in 

fact i t has been modest barely exceeding population growth 

(Cheng 1982; Tang 1984). Because the amount of cultivated land 

had shrunk from 112 million hectares in 1952 to 96 million 

hectares in 1987 owing to urbanization, soil destruction via 

saI ini zation, alkal i zation and desertification, increases in 

input of chemical products and improvements in the mul tiple 

cropping index could not increase staple crop output proporti

onately. Both land and labour productivities showed signs of 

deterioration (Cheng 1982; Tang 1984). 

In contrast to other developing countries where economic 

growth has generally accompanied a steady decline in agricul

tural labour, ChinaIs industrialization didn't reduce the 

country's agricultural population. The nation's labour force 

has increased by 13 million people per annum since 1970. 

Consequently, the growth of the rural population has meant a 

steady dec 1 ine in per capi ta output and consumption (Cheng 

1982). Fo~ both Cheng (1982) and Tang (1984), the future of 

Chinese agriculture depends on two crucial variables: the 

strengthening of research efforts in agricultural science and 

technology to stimulate a rapid boost in per unit yield of crop 

harvest; and, promotion of labour efficiency by strict control 

of rural population growth and high peasant motivation. The 

progression in staple grain output is still possible in view of 

Aubert (1990) only within the present underestimate total 

cultivated land area by the Chinese government, thus 

overestimating the actual total grain output by 25 to 30%. The 
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reasons are the scarcity of new farmland, over-exploitation of 

soils in many regions due to intense cultivation, and increas

ing needs and demands of Chinais growing population. For these 

researchers, the whole situation may require again two 10ng

standing directives, adopted in 1961 but sti Il val id, 

"Agriculture is the foundation of the economy" and "Take grain 

as the key 1 ink. Il 

JIANGSU PROVINCE'S AGRICULTURE 

Jiangsu province is in Eastern Central China. The province 

with Nanjing (Nanking) the capital occupies only 1.1% of 

Chinais total area, but almost half this 15 arable land which 

makes it one of the richest regions of China. The population of 

Jiangsu reached over 65 million people in 1990, of these 80% 

live in the countryside (China Agriculture Yearbook 1989). 

An important thing about Jiangsu Province is that it 18 

one of the rice producing centers in China. Complicated rice 

oriented farming systems have been developed to maximize food 

production from the land with intensive labour input and use of 

aIl available resources. Although the major cropping system is 

the single rice-wheat system, there are other systems, such as 

the early rice-Iate rice-barley system, the single rice-rape 

system, the corn-wheat system, etc. (Tanaka et al. 1987). These 

multiple cropping systems are the practice of growing more than 

one harvested crop in sequence on the same piece of land during 

one year. As a rule, farming systems in China are much more 

complicated than in Canada. In the traditional Chinese subsis

tence farming system, people live on qrains, animaIs and 

vegetables produced wi thin the system; animal sare fed wi th 

feeds produced within the system; the excrement of people and 

animaIs are returned to the fields. As described by Tanaka et 

al. (1987) the flow of plant nutrients is almost circular. 

The producti vi ty of Chinese soil has been maintained 

reasonably weIl by recycling plant nutrients efficiently with 

large amounts of organic manure8 and with tremendous labour 
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(Tanaka et al. 1987). Traditionally, the use of labour

intensive farming resulted in a high yield per hectare but a 

low yield per farmer, thus inevitably a low standard of living 

for the Chinese farmer. However, for the deve l oping Jiangsu 

province, the farming system is changing rapidl y. Since the 

early 1980' s, labour for farming is becoming scarcer due to 

industrialization and a considerable amount of N and P chemical 

fertilizers have been introduced ta increase the production of 

grains for a more market oriented system. When the availability 

of farm labour becomes more and more constrained in the future, 

it will become difficult to maintain combinations of cropping 

and animal husbandry within the farming system, and to recycle 

plant nutrients efficiently by using organic manures. Even 

under such conditions, many experts such as Tanaka et al. 

(1987) argue that crop production can be maintained at the 

present level or be increased, if chemical fertilizers are used 

properly. 

While in the early 1980'5 the world wide application ratio 

of the three macronutrients (N-P-K) was approximately 1-0.22-

0.31, in China it was a very unbalanced 1-0.11-0.03 (Smil 

1988). The situation seems unchanged now. In 1987 based on the 

Chinese Statistics of Agricultural Economy (1989) the total 

chemical fertilizer consumption in Jiangsu was 8.13 millions 

metric tons of nitrogenous, phosphate, potash and complex 

fertilizers corresponding to 71.0, 22.2, 0.8, and 6.0% of the 

total, respectively. These numbers decrease somewhat except for 

potassium when the effective basis of each plant nutrient is 

considered. Therefore, total consumption is only 1.78 million 

metric tons, a decrease of 357%. On an effective basis the 

proportion of each type of fertilizer is as follows for N, P, 

K, and complex; 69.1, 19.2, 1.6, and 10.1%, respectively, 

showing a great disparity in utilization. It appears that the 

efficiency of these fertilizers for increasing the yield of 

crops per unit field is not necessarily very high, especially 

for nitrogen fertil1zers (Tanaka et al. 1987; Jiang et al. 
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1990; Zhang et al. 1990) . 

Organic recycling estirnated by Smil {1988) saves the 

Chinese government sorne 260 x 1015 JouI es of most 1 y natura 1 gas 

and electricity that would be needed to produce the replacement 

chemical nutrients. This comparison, of course, Ignores those 

even more important, although not sa readily measurable, 

agricultura1 benefits provided by organic recycling, above aIl 

soi1 organic matter accumulation, soil moisture retentlon. and 

soi 1 conservation through protection against water and wind 

erosion. Another important consequence of the increasing use of 

chemical ferti1izers and the decreasing use of organic rnanures 

is that it ~ill become difficult to find places for disposaI of 

residues from cropping and of human and animal wastes. A large 

amount of plant nutrients wi Il be lost from the system and 

waterways wi Il become pl ugged if mud at the bottom i s not 

scooped out and water plants are not removed (Tanaka et al. 

1987). Traditional methods for handling organic manures have 

played important raIes in China in relation ta these problems . 

If tradition i5 abandoned, new methods wi Il be requIred to 

solve them. Furthermore, in the view of Chinese and foreign 

researchers, without these benefits, sustained farming i9 

impossible, and it ir, thus a most unwelcome sign of rnoderniz

ation that the int~nsity of organic recycling recently has been 

slipping throughout China. Because of this, in 1987 at the 

National level, the Ministry of Agriculture urged aIl local

ities to persist in establishing a soil and fertilizer service 

system with the primary objective of transforming middle and 

low yielding fields by applying farmyard manure in combination 

with a ba1anced chemical fertilizer program . 
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APPENDIX 3 
TWO LONG-TERM FIELD EXPERlMENTS IN THE JIANGSU PROVINCF. 

INTRODUCTION 

In Appendix 2, it was shown that the combination of 

organic-inorganic fertilizers is strongly encouraged by Chinese 

government officiaIs. It is said to be good for Chinesp 

peasants because of higher crop yields, reduced costs, and on 

the same time restricted environmental pollution problems. Tt 

was pertinent, therefore, to consider the effect of a combinect 

fertilization system as to increased soil nutrients, and 

improved soil physical behaviour, while stabilizing crop 

production following increased yields. 

Three Chinese reports on crop quantity, qua li ty, soi 1 

nutrients, etc., influenced by rates of inorganic and organic 

fertilizers from two long-term field experiments were 

translated wi th the main objective of making these research 

results available, considering the importance of Chinese 

agriculture, and the fact that very few Chinese research papers 

are accessible to the western scientific community in English. 

Soil samples were obtained for subsequent 1 aboratory 

measurements from the preceding experiments si tes in i t iated 

after the Chinese culture revolution in Jiangsu Province. 

consequently, in the following Appendix after a general 

geographical portrait of the Province and a description of both 

experiment sites, long-term results originating from the 

translation of the reports are presented. However, often 

materials and methods were poorly described and statj sti cal 

analyses were not specified. Hundreds of field experiments have 

been conducted throughout the world during the past 30 yr with 

the main objective of determining the nature and magnitude of 

crop yield responses ta N fertilization (Stanford ]982). 

Interpretation of crop production from different experimental 

sites is difficult because of the broad range of soi1, 

climatic, and management conditions (Stanford 1982). still, an 

attempt has been made in Appendix 2 to summarize data from the 
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three oldest experiment sites in literature and to compare with 

the Chinese experiments. 

The N supply is a general decisive factor in crop product-

ion. Nowadays, 

customary to 

fertilization. 

in many Chinese agricul tural systems, i t is 

increase the input of N through chemical 

Concern over the elevated cost and energy 

involved in the production of commercial fertilizer as weIl as 

increased amounts of manure that has created a disposaI 

problem, makes imperative the utilization of manure as a 

fertilizer in a developing country like China. 

Manure is a valuable resource, as a fertilizer and soil 

amendment, in crop production (Sommerfeldt et al. 1980). 

Experiments have shown that manures can he more effective than 

inorganic fertilizers in increasing crop yields. Yet, in other 

studies, N added in manure resulted in lower crop yields than 

N added in inorganic fertilizers (Xie and MacKenzie 1986). In 

China, a tremendous labour effort is needed to apply large 

amounts of manure to the intensive cropping systems. There is 

an urgent need for a better understanding and improved basis 

for managing the N factor of crop production, both by 

increasing the efficiency with which N is used by crops and hy 

limiting N losses to the external environment. A goal of sound 

management is to adopt fertilizing practices that maximize 

fertilizer N use efficiency, but more significantly, that could 

increase soil organic matter and/or the N-supplying power 

(Rennie 1983). 

Most ferti 1 izer-manure appl ications research has been 

conducted in temperate areas. Therefore, the long-term effects 

of repeated seasonal applications of chemical fertilizers and 

manure under the subhumid warmed-temperate climate of eastern 

China are unknown. The purpose of the studies reported here was 

to m~asure changes in crop productivity and quality, also to 

monitor variations in soil physical, chemical, and hiological 

properties during a 10 yr period as affected by di fferent 

fertilizer-manure treatments . 
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KATERIALS AND KETHODS 

A) SITE DESCRIPTION OF XUZHOU LOMG-TERK FIELD EXPERlftENT 

The first site Xuzhou is 280 km northwest of Nanjing or 10 

km north of the Huai He (Huai river), in a region of fIat low 

alluvial plains (below 50 rn), with good climatic conditions 

(Figure 1). Due to frequent southward collapse of dikes and 

flooding of the important Huang He (Yellaw River) up to the 

last decades, the original river systems have beendestabilized 

and drainage has been impeded. The outcome described by Zhao 

(1986) is that "small rains result in small hazards; large 

rains result in large floods; no rains result in drought." 

The climate is essentially subhumid, warm-temperate, 

characterized by an average annual temperature of about 14·C, 

with a cold boreal winter and a warm subtropical surnmer. The 

coldest month (Jan.) has a rnean temperatures of 0 to -14·, and 

an absolute minimum ternperature below -20·C. The hottest month 

(JuIy) has a mean temperatures of 24 to 29°C and an absolute 

maximum ternperature above 40·C. The frost-free season lasts 

between 170 to 220 days (Insti tute of Soi 1 Sc ience 1986; Zhao 

1986) (Table 1). Annual precipitation totals 500 to 900 mm. 

Rainfall is concentrated in surnmer, wi th a maxirnum dai Iy 

precipitation of more than 100 to 200 mm. Winter (Dec. ta Feb.) 

is very dry with only 3 to 7% of the annuai precipitation and 

spring (Mar. to May) is low in humidity with only 10 ta 14% of 

ra1nfall and high winds. Annual variation is as high as 25%, 

and some years rnay receive rnore than 10 times the precipitation 

of the driest year. Therefore, spring droughts and surnmer 

floods with salinization and aeolian sand often plague 

agricultural production in this region (Zhao 1986). 

The double-cropping system of wheat in winter and corn in 

summer is weIl adapted to this area. In general, yields of both 

crops are reasonably high and stable. Wheat (1-20 Oct. ta 10-30 

May) and corn (1-20 June to 20 Sept.-10 Oct.) occupy the field 

for about 220 and 110 d, respectively, and the total duration 

of these two crops in the fieln is about 330 d. There are about 
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22 d between wheat and corn, and about 12 d between corn and 

wheat. These are reasonable intervals between the 2 crops for 

harvesting and for preparing the field properly for the next 

one (Tanaka et al. 1987) . 

~ .. ____ -..;.7.-~ km 

• SHANGHAI 
croppJng) 

FI gure 1. Suzhou and Xuzhou, two long-term experlment B1 tes ln the province of JIangsu . 
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Table 1. General clllllatlc characteristlcs of thE.' two long-term expenmental SI tes. 

Site Geograptllcal 
location 
latitude
longitude 

Mean Dail, Te.perature 
C·C) 

Jan JuIl' Year 

l'rost
free 
dal'8 

"uan 
Total 

preCI-
pitatlon 

Cul 

Suzhou 31- 20' N Humid 0 te 5 28 te 43 lb 200-250 1100-1400 
120· lb' E subtrepl cal 

Xuzhou 34- 15' N Subhumld- 0 te -14 24 te 29 14 170-~:O 

117- 10' E warm 
temperate 

An ongoing double cropping cycle study initiated in 1979 

at Xuzhou provided a unique opportunity to assess the effects 

of various ferti 1 izer treatments on sorne physical, chemical, 

and biological properties of the soi lover a 10 yr period. The 

field experiments were permanently establ ished by the Xuzhou 

Agricultural Sciences Institute (Pei Xian County). The objec

tives of this study were: 

(1) to determine the influence of chemical ferti-

1 i zers and organi c manure on the quant i ty and qua 1 i ty 

of two cereal crops (winter wheat-corn) production; 

(2) te compare short and long-term effects of con

tinuous applications of chemical fertilizers to that 

of organic manure on soi 1 ferti l i ty 1 nutri ti anal 

balance, and fertilizer efficiency; 

(3) to analyze the situation of plant nutrient flow 

in double-cropping systems of wheat and corn in order 

to forecast. changes that may take place when the use 

of chemical fertil izers increases and the use of farm 

wastes decreases; 

(4) to provide scientific bases for rational use of 

nitrogenous fertilizers; 

(5) ta evaluate the effect of accumulation and 

exhaustion of mineraI consti tuents in the soi 1 on the 

chemical composition of wheat and corn plants; 

(6) ta determine 1 ong-t ime trends in soi 1 organic 
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matter and total N (amounts and rates) under the 

different sail treatments; 

(7) to develop a model to predict the accumulation of 

OM and total N in the soi 1; and finally, to determine 

the resulting c-to-N ratio of the soil. 

Two spl i t-plot design experiments were constructed 

according to a uni form plan throughout China. In the first 

field experiment there were two main plot treatnlf~nts (134 ml) 

that received: 

(i) chemical fertilizers without organic manure; 

(ii) chemical fertilizers with organic manure; 

And four subplot treatments (33.5 m' repl icated 4 times): 

(i): Check, N, NP, NPK; 

(ii): Manure alone (M), M+N, M+NP, M+NPK. 

Amounts and forms of ni trogen, were 299 kg N ha- l yr-l (or 

149 kg N ha- l season-l ) as urea (46% N) were tested in the 

presence or absence of P, and K. The effects of phosphorus, 149 

kg FlOS ha -1 yr-1 (or 75 kg P20S ha- l season -}) as superphosphate 

(12% P20S) with or without 224 kg KlO ha- l yr-l (112 kg 1<20 ha- l 

season-l ) of potassium chloride (55% K20) in the presence of N 

were studied. Besides the untreated and chemically fertilized 

plots, there was a main group of treatments with horse manure. 

From 1981-1984 horse manure was applied at the total rate of 

74 625 kg wet weight ha-1 yr- l (37 313 kg ha- l season- l ), but after 

1985 it was reduced by half (18656 kg ha- l season- l ). Although 

aIl the horse manure came from the same feedlot, there was much 

variabil i ty in the manure among years. Composi tion of horse 

manure fl uctuated considerabl y. The range was 0.516-0.577% in 

N, 0.356-0.474% in F20 S' and 0.787-0.827% in K20 on the basis of 

fresh matter. The N-PPS-KP nutrient ratio was 1.00-0.69-1.53 

at the beginning of the study, and changed to 1.00-0.82-1.43 in 

1989. 

The fertilizers were applied 

speci fications and spI i t in hal f 

according to 

so that wheat 

treatment 

and corn 

received the same amount of inorganic and organic fertilizers 
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throughout the year. Ferti 1 izer p, K, and one hal f the N werc 

broadcast and incorporated prior to each crop sowing. The other 

half chemical N fertilizer remaining was applied as top 

dressing during both growing season. Horse manure was spread ta 

the field and mixed with the soi l before fall (for wheat) and 

summer (for corn) cul tivation. 

Based on the knowledge of Xuzhou soil properties and the 

fi ndings that crop producti vi ty in treatment MN was high 

wi thout any appi ications of chemical P and K ferti li zers, a 

comparative study on the effects of different ratios of manure

N-to-inorganic-N treatments was carried out. This second 

experimentdesign involved two N level~, 448 and 672 kg N ha- 1 

yr-l, respectively, with a main plot dimension of 134 ml. And 

five subplot treatments, 33.5 m4 each replicated 2 ta 4 times: 

MN = (0:0), (0:10). (3:7), (5:5), (7:3). The fertilization 

program was split the following way: 60% of the total N was 

applied to winter wheat and 40% to corn. No synthetic P and/or 

K ferti 1 izers were supplied ta the crops. Phosphorus and K were 

availabl e through the horse manure addi tions wi th the 

previous ly described nutrient contents. 

Cul tural and ti lIage operations were performed by hand. 

Weed control was achieved by hand. Plots were seeded with 

adapted cultivars of wheat and corn. Irrigation was applied by 

the Chinese tradi tional f lat-level technique using dik~s. In 

aIl cases, plots were harvested at the maturity. Data were 

collected by cutting crops in the area without border effect. 

After each harvest, both grain and straw were removed from the 

fields, and sail samples were taken, air dried and analysed for 

N J P, K J and organi c matter. 

B) SITE DESCRIPTION OF SUZHOU LONG-TElUI FIELD ~X?ERI.,,_EN:r~ 

The second site, Suzhou i5 located 170 km southeast of 

Nanjing in the middle of the Chang Jiang (Yangtze River) delta 

plain, with a general elevation less than 50 m (Figure 1). It 

is characterized by rich lands and water resources (Institute 

112 



• 

• 

• 

of Soil Science 1986). The region has been gradually silted up 

by aIl uvial depos i ts of the Chang Jiang and the Huai He as we Il 

as by extensive lacustrine and marine deposits (Zhao 1986). The 

370 000 hectares of the region produce maj or crops of rice, 

wheat, cotton and oilseeds, sorne well-known horticultural and 

economic tree5 such as tea, orange and loquat, plus such 

"s ide 1 i ne" occupations as mulberry trees for silkworm breeding , 

fruits and vegetables, freshwater fish, artif~cial pearls, 

poultry and livestock (China Agriculture Yearbook 1988). 

Suzhou region lies at the juncture of northern and central 

subtropical zones resulting in a humid subtropical climate. It 

is characterized by an average annual air temperature of about 

16°C, with rather cold temperatures during winter owing to the 

east coast location and frequent invasion of cold waves, a mean 

January temperature of 0 to SoC, an absolute minimum tempera

ture below -SoC, and with high temperatures during summer, a 

me an July temperature of 28 to 43 oC (Table 1). According to 

the past ten years, the frost-free period varied between 200 

and 2S0 d (Institute of Soil Science 1986; Zhao 1986). Hean 

annual total precipitation between 1 100 and 1 400 mm, with 50 

to 60% concentrated in summer and fall, and 30 to 40% i Tl 

spring, makes spring drought hazards practically nil. Because 

of heavy precipitation that cornes during the long growing 

season agriculture is very productive. 

In the very productive region of Suzhou the main double

cropping system is winter wheat and rice. Total yield average 

is about 11,2 t ha- l yr-l, rice glvlng the highest yield 

production with 7,5 t ha-1 yr- l and wheat with barely about one 

half 3,7 t ha- l yr-1 (Tanaka et al. 1987). Wheat (from 20 Oct.-l 

Nov. ta 10-20 Hay) and rice (from 20 May-1 June to 10-20 Oct.) 

occupied the field for about 20(' and 140 d, respectively, and 

the total duration of these two crops in the field i5 about 340 

d (about 10 d longer than 2-crop wheat-corn system). There are 

about 12 d between wheat and rice, and again about 12 d between 

rice and wheat. These are reasonable intervals between the two 
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crops for harvesting and for preparing the field properly for 

the next crop. Temperatures at the time of sowing and harvest

ing of rice are far higher than the critical low temperature. 

This explains why rice yield is so high compared to wheat 

growing under low winter temperatures (Tanaka et al. 1987). In 

Suzhou region, varieties grown as rice were japonicas whi le new 

higher productive winter wheat varieties were used. 

The field experiments have been established since 1984 by 

Suzhou Agricul tural Insti tute (Wu Xian County) as demonstration 

plots for farmers to compare the effects of the combinations of 

organic manure and chemical ferti lizers on the typical winter 

wheat-rice cropping system of the region. In this long-term 

field experiment fewer treatments were considered suitable for 

the area. Only two were sampled, the untreated (check) 1 and 

M+NP plots. In the check plots, neither chemical fertilizers, 

organic manure nor crop residues were added to the soi 1. In 

M+NP treated parcels, crops were grown for five cropping cycles 

beginning in the spring 1980, following farmer 1 s standard 

practices. 

For N, 345 kg N ha-1 yr-1 of ammonium sul phate (21% N) was 

spI i t into 188 and 157 kg N ha- 1 for wheat and rice 1 

respectively. Chemical fertilizer-N was applied in several 

applications. For wheat, N was split into five portions with a 

ratio of 6:1:1:1:1, respectively. The first portion was added 

before sowing 1 the four others broadcast one month later, in 

January, in spring time, and fi na lly, in late spring at fi Il ing 

stage. For the summer crop, four equal portions were applied 

separate ly one before sowing, one at ti llering, one at stemming 

stage, and the last one, at the grain filling period. For P 

ferti 1 i zer, 36 kg PPS ha -1 yr-1 
0 f superphosphate (12% P20S) was 

broadcast before sowing winter wheat onl y. Therefore the 

application rate of synthetic P to rice was less than those to 

other c rops . 
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A tota 1 of 14 925 kg fresh weight ha-lof pig manure was 

added to the field plot each year, equivalent to 7 463 kg ha- l 

before wheat and rice sowing seasons, respectively. Based on 

dry weight, pig manure content was 3.654% N, 5.027% FlOS' and 

1.63% K~O; the resulting N-Pp.-KlO ratio was 1.00-1.38-0.45. The 

total amount of macronutrients supplied annually based on pig 

excreta dry matter content (5970 kg ha-1) was 218 kg Nha-l, 300 

kg Pl 05 ha- l and 97 kg K20 ha-1 Manure samples were taken and 

analyzed each year for moi sture content and nutrient determina

tion to permit uniform rates of appl ication. At harvest, grain 

and straw yield data were collected. However, grain N was not 

measured regularly during this experiment so changes in 

relative N uptake could not be determined for Suzhou soils. 

Both Xuzhou and Suzhou sites have different physical and 

chemical soil characteristics (Table 2 and 3). Xuzhou soil was 

developed from the Huang He (Yellow River) alluvial deposit, 

its Chinese naine is "yellow fluvo-aquic" (Fluvisols-FAO system) 

(Jiang et al. 1987 and 1990b). The soil is sandy loam textured, 

lightly basic, with a medium fertility. Suzhou soil i5 Chinese 

classified as a hydromorphic paddy soil (Gleysols-FAO system) 

(Xu et al. 1980). It developed under the peculiar conditions of 

alternate wetting and drying, and ploughing and harrowing in 

standing water. It is an excellent example of man-made fertile 

soil that has long been under cultivation of rice and wheat (Xu 

et al. 1980). Its clay loam texture ~s homogeneous in the 

entire profile. In the ploughed horizon (0-20 cm), soils at the 

Suzhou site had organic matter content, organic C and total N 

percent, respecti vely, threefo Id higher than those of the 

Xuzhou site . 
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Tabie 2. Soil claSSIfIcatIon and agronom!c bacl(ground of the two sampllnQ Sites . 

Site Sail Clay S Sail Double Years Sa.pling 
claaaifi- «0.002 Texture cropping under datl' 

cation -) eyete. cropplng 

Suzhou Hydromor- 34.1 clay wlnter 5 Nov 
phlC loam wheat- 15. 
paddy rlce 19S'I 
soil 

Xuzhou Yellow 6.0 sandy wlnter III May 
fluvo- loam wheat- n. 
agulc corn ItJBIJ 
sOlI 

Table 3. PhysIcal and chemlcal characterlstics of the aoils. 

Site Depth Bulk VUC pH OH OrgC Total C:" Tolal 
of dens- (S) "2° (S) (ti) " P 

sa.p- ity 1\) (til 
ling g/c.3 
c. 

Suzhou 0-20 1.15 &5 b.S 3.0 1.717 0.1'10 10.1 O.Ohi 

Xuzhou 0-20 46 B.3 1.1 0.62b O.O&b 9.5 0.074 
20-40 B.4 0.5 0.265 0.033 B.O 

WHC = water holdIng capacIty, OH = organlc matter, % Org C x 1.724 \ DM, 
Ava P = available P and Ava K = avaliable K. 

LONG-TERK FIELD EXPERIKENTS 

TOTAL CROP YIELDS 
RESULTS AND DISCUSSION 

F1Cld-
Moisturc 

'" 
12-:7 

J-l!'> 

Ava AvIS 
P l 

~q/9 .. q/g 

2'1 Sb 

12 b] 

3 

Comparison of the Chinese wheat-corn parce 1 s wi th 

continuous winter wheat plots from Broadbalk (England) and 

Deherain (France) locations 1 and the continuous corn from 

Morrow plots (USA) showed that the crop yields were of the same 

magnitude 1 even under different soi 1 conditions, duration of 

cul tivation, and varying amounts of organic and/or minera 1 

fertilizers employed (Table 4). Yet, in wheat, since the last 

10 years the grain yield had a net tendency to increase in a Il 

Deherain treatments whereas the straw production decreasedj the 

reverse was observed in several Xuzhou treatments. In corn, the 

largest di fference in crop yields between simi lar treatments 

was observed in the manured plots, this may be the effect of 
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the large disparity in the amount of manure applied between the 

two 

4.5 

sites. 

t ha- l 
Prior to corn seeding, 

yr- l of barnyard manure 

Horrow plots have 

compared to 18.7 

horse manure in Xuzhou organic treatments. 

received 

t ha-lof 

Table 4. Compar il t I ve reaul te from SIX long-term fleld experlments throughout the world. 

Suzhou Xuzhou Jiangsu Rothaasted Deherain Xuzhou Morrow 

Tn!dt- ------------lIheat ------corn---
apnts 

kg ha- 1 

Check 3 & 56 1 830 2 380 2 127 2 350 3 842 3 040 

N na 4 600 na 3 039 na 6 416 na 

NP na 5 406 na 5 065 4 950 6 849 na 

NP~ na 6 180 4 090 429 7 'IbO 7 780 7 970 

M na 3 295 3 630 5 374 5 (,80 b 970 5 670 

MN na 6 257 na na na 7 989 na 

MNP 8 060 b 321 na na na 8 104 na 

MNP~ na b 748 4 000 na 7 160 8 1H na 

nit - flot avallabl (-
-Suzhou douùh'-cropplng of wwter wheat-rlce. data of wheat productlon ln 1989-90 season. 
-Xuzhou lonQ-tcrm field expenment. 1986's wheat and corn Ylelds. 
-Jiangsu prOVInce nce orlented farmlng systems. "veraged 3 yr Y1elds (Tanaka et al. 1987) . 
-Rothaffisled. Broadbalk contlnuous wlnter wheat experlments ln England - Ylelds of dry matter. 
Mean of two seasom 1966-67 (Johnston 19b9b). 
-1'eheraHI on Gr1qnOn exper1mental farm near Pans - rotatIon of w1nter wheat and sugar beets
averaqe YH!lds for the 197b-80 penod (Morel et al. l'l84). 
-MOl-row plQt~. Illln01s. USA contlnuous corn average Ylelds (Odell et al. 1984). 

Fleld S1 tf' 
FC'rullzal10n program SlneE' 

kn N ha- 1 

kQ P205 ha- 1 

kg K~? ha-1 

t ha 

ure a 
superphosphate 
""Cl 
manure (lq91-84) 

( 1985-99) 

Xuzhou 
1990 

150 
75 

Il? 
37 
18 

Rothamsted 
1843 

NH4 salts qb 
74-77 

1:2S04 108 
31 

Deheraln 
1875 

NH4 N03 

KCl 

87 
90 
90 
10 

According to Tanaka and his co-researchers (1987) in 

southern Jiangsu province the double cropping of rice and wheat 

cycles exhibits high crop yields. For example, total production 

is about 12.5 t ha- l yr- l , whereas individual crop yield averaged 

range is 3.8 to 4.8, 4.8 to 6.0, and 6.4 to 7.7 t ha-l, for 

wheat, corn, and rice, respectively (China agriculture yearbook 
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1988). Both Xuzhou and Suzhou adequately ferti l ized plots 

yielded ab ove the long-term averages for the general area. 

Wheat production in Suzhou unferti li zed parce l s were about 

twice higher than in Xuzhou plots. 

Based on Jiang et al. (1990a, b) and Zhang et al. (1990) 

summary reports for both Xuzhou field plots experiments, total 

winter wheat and corn dry matter yie Ids were expressed on a 

farm production basis (t ha- l yr- l ) after 9 and 10 yr of study, 

respectively (Table 5 and 6). In these reports there were 

neither indications on the variations of crop dry matter yield 

nor the nutrient uptake by wheat and corn among years wi th 

differences in weather, plant population, seeding date, and 

management practices. However, one can observed from these 

resu1ts that crop yields associated with different treatments 

varied greatly, depending upon the fertilization program used. 

The average grain yie1d per treatment was in the arder of 

treatment MNPK = MNP = MN = (7:3) = (5:5) > treatment (3:7) = 
NPK > treatment NP > treatment M = N = (0: 10) > treatment Check 

= (0: 0) . Corn yield was generally higher than wheat. This 

difference was especially great in both check and manure 

treatments. For treatment MNPK with the highest nutritious 

potential, the difference in yie1ds between the two crops was 

small. In addition, corn dry matter yie 1 ds were highest in 

treatments that received chemica1 ferti1izers and horse manure, 

for examp1e MN, MNP, and MNPK, whi le corn production was lowest 

in the treatment that received only 150 kg N ha- l . Still, yields 

of corn average 125% of comparable wheat production, and were 

generally weIl above the Jiangsu provincial average of 4860 kg 

ha- l . 
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T~blf- ~. Yearly Y1elds for thE' dlfferent ctlemlcal and orgamc fertlllzers treatmentz ln the 
f lrst Xuzt.r,t.. lorl~ tr'rm ~.<perlment. 

Tf cdt8rnt 0 

Check 

N 

NI' 

NPIt 

" 
MN 

MNP 

"NPIt 

l'1B1 

b.O 
cB 

U.Û 
hl, 

11.8 
bA 

1 i . f, 
aA 

6.7 
bR 

12.9 
3A 

13.0 
aA 

1 J. 3 
aA 

19B2 

5.2 
dC 

Il. 2 
ca 

12.4 
hB 

14.1 
aA 

9.2 
ha 

14.4 
aA 

14.6 
aA 

14.4 
aA 

1983 

b.b 
cC 

13.6 
hB 

13.5 
hB 

15.3 
aA 

11.8 
hB 

15.8 
aA 

16.0 
aA 

15.9 
a71 

l'1B4 

5.8 
dD 

10.3 
cC 

11.9 
hB 

13.4 
aA 

11.0 
ha 

13.7 
aA 

14.1 
aA 

14.3 
aA 

l'lB!> 

t ha-1 

5.4 
dD 

'1.0 
cC 

10.3 
hE 

12 .b 
aA 

10.0 
cC 

12.1 
bB 

1:: . Z 
hB 

13.8 
al, 

198(, 1987 1988 

5.0 4.5 4.5 
dD 

10.1 6.5 b.t> 
cC 

13.7 11.0 11.0 
hB 

15.8 13.1 12.0 
aA 

10.4 9.2 9.5 
cC 

1b.6 13.9 13.1 
bE 

1b.7 14.3 12." 
hE 

17.8 14.7 13.5 
aA 

19B9 

3.9 

5.9 

13.6 

9.0 

13.9 

13.4 

13.8 

9 yT 
Aver. 

5.2 
de 

9.4 
cB 

11.8 
hB 

13.0 
aA 

9.9 
hB 

14.0 
aA 

14 .1 
aA 

14. b 
aA 

.~-d and A-II ploU, averaqes followed by the same letter are not slgnl!lcantly dlfferent at the 
CI.O~, and 0.01 ll'v('l, respectlvely. 

TL1ble b. YC'arly Yl('lds for VarlQUS comblnatlOns of manure-N-to-lnorganlc-N treatments ln the 
necond Xuzhou [!C'ld f>xp(,rlment. 

Treat
• enta 

MN 

(0 0) 

(0'10) 

( 3:7) 

(5.5) 

(7.3) 

19110 

5.0 

14.7 

1 !l • 2 

14. b 

U.4 

1981 1982 1983 1984 

6.2 5.4 0.4 5.0 

1'::.2 10.3 10.6 7.7 

14.1 13.7 14.0 12.7 

14.8 14.0 14.4 13.0 

13.9 13.5 13.7 13.5 

1985 1986 

5.6 4.5 

9.0 

12.5 lb .0 

13. q 17.0 

14.3 lb .8 

1987 1988 1989 

4.9 5.7 

5.1 5.4 

13.2 13.2 

13.8 12.5 

13.8 13.0 

5.2 

4.9 

12 .. 

13.5 

14.8 

10 yr 
Aver . 

5.4 

8.8 

13.7 

14.2 

14.0 

MN W<lr. I?qualled ta 5 dlfterl?nt manure-N-to-lnOrganlc-N treatment rat lOS (0.0), (0.10), (3.7), 
(S 5) and (7 3). 

The ferti l ity status of Xuzhou soil in 

area was somewhat low. During the first 4 

production varied between 5.2 and 6.6 t ha-l, 

the experimental 

yr, total crop 

but thereafter, 

soil fertility decreased significantly. In 1989 dry matter 

yields reached only 65% of that of the beginning of the main 
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experiment (Table 5) _ In contrast, total crop yield was stable 

in the second experiment and the control treatment averaged 

about 5448 kg ha- l yr-1 over 10 yr (Table 6). By taking the cr op 

yield with N, P and K chemical fertilizer plus horse manure 

application (MNPK) as a base, the relative yleld of rrùps 

wi thout any nutrient app1 ication tended to decrease wi th the 

number of cropping cycles due ta depletion of plant nutrients 

in the soil (Tanaka et al. 1987; Jiang et al. 1990a). Crop 

producti on decreased graduail y wi th the number of croppi ng 

cycles for both wheat and corn. ~he calculated contribution of 

soil to wheat and corn yields was 27 and 47%, respectively, 

(Jiang et al. 1990a). Wheat crop production in Deheraln 10ng

term control fields showed similar decrease with time (Morel et 

al_ 1984). These tendencies may sugg,~st that: 

(i) there was a signi ficant amount of N in the soi 1 

when the experiments were started; 

(ii) the soil N was depleted by growing crops with no 

N supply; 

(i i i) corn abi 1 i ties to absorb nutrients from the 

sail was greater than wheat. Hence, corn yields 

without N ferti 1 izer may provide the best index of N 

release by the sail (Rice et al. 1986); 

(iv) the natural soi 1 N supply was greatest during 

corn seasons because of a longer growth per i ad Wl th 

high temperature and go ad water supply. However, the 

soi 1 N that became avai Iable to corn at higher 

temperatures was consequent I y dep I eted more rapid 1 y 

than when wheat was grown at lower temperature 

(Tanaka et al. 19B7). 

With minor exceptions, bath inarganic N rates, 299 and 448 

kg N ha-1 yr-1 showed the sarne yield trends with time. In the 

first trial, crop production was maintained quite high with an 

average of 12.3 t ha-1 for the 1981-83 peri od; but after bath 

yi e Ids 0 f wheat and corn started ta decrease gradua 1 1 y, ta 
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reach in 1989 only one half the first yr production. Average 

total crop production in the first 5 yr compared to the last 5 

yr showed a 34% decrease (9.7 to 6.4 kg ha-1
) in the (0:10) 

plots. This treatment showed the largest differences in crop 

production over the 10 yr period. For 1980-84, wheat crop 

production was equivalent to 68-73% of the manure-N/inorganic-N 

treatments, while it dropped to only 36-39% in 1985-89. The 

decrease was MOst remarkable, especially in the last yr, where 

wheat yield in the (0:10) fertilized plots showed a difference 

of 373-476 kg ha-! compared to the untreated fields. 

During the first 6 yr, except for 1985, the yearly wheat 

or corn production in the urea-superphosphate treated soils was 

higher than at the b~ginning of the study. But after 1987, crop 

production started to decrease and the soil showed signs of K 

deficiency. Wheat seemed to present moderate signs of K 

deficiency in the unbalanced ferti 1 ized plots compared to 

treatment NPK. Lack of K resul ted in a greater decrease in 

production in Deherain long-term experiment compared to Xuzhou 

(Morel et al. 1984). 

Parcels rerejving manure r~sulted in yields significantly 

higher than both the ~cntrol and the inorganic-N treated plots 

based on the average 9 yr crop production. In addition, 

repeated hor~e manure appl ications resul ted in stabl e crop 

yields. Corn produc~ion tended to increase with time due to the 

residual effects of the organic compound (Jiang et al. 1990a). 

Amongst NPK, M, and MNPK treatm~nts, the M plots were the least 

productive of this group, in ea~h of Deherain, Jiangsu, and 

Xuzl,ou si tes. 

Generally, yields were almost th~ same whether N, p, and 

K were applied as chemical fertilizers or in combination with 

organic manure. Except, for the month of May 1985, where winter 

wheat was affected by heavy rainfall with lower production in 

all fields; treatments NPK, MN, MNP, and MNPK maintained a high 

and stable total crop production that averaged between 13.6 and 

14.6 t ha-! throughout the 9 yr period. To have sorne idea of the 
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range of yield deviation, range of total yield [(maximum yield 

minimum yield)javeraged yield] was calculated for each 

treatment. Yields in treated N plots, and controls were less 

stable than those of other treatments with 28.4 and 16.2%, 

respectiveIy, comparatively to about 9.9%. 

As expected, there was no significant yield response to P 

and K fertilizers in the soils that had received yearly 

applications of horse manure. In MNP and MNPK treated plots, to 

which high rates of nutrients were applied as organic manures 

in combination with chemical fertilizers, the increase in crop 

production was considered mostl y the resul t of inorganic N 

compared to the manured controls. Phosphorus and K were 

adequately supplied by horse manure as demonstrated by 

reasonably high P and K content in the straw (Jiang et al. 

1990a) . However, the manure-N and i norgani c-N f orms had a 

significant effect on dry matter yields. In the second 

experiment, treatment (3:7), (5:5), and (7:3) received a 

compared amount of N as the urea (0:10) parcels. The difference 

in crop yield between the treatments represents a difference of 

efficiency between ferti 1 i zer-N and manure-N (Tanaka et al. 

1987). In plots (5:5), crop production was stable and the 

coefficient of variability between years was very smail. For 

treatment less than (5:5) crop production showed signa of 

decrease, in contrast, to plots with higher ratios greater than 

(5:5). Major conclusions that have been drawn by Chinese 

researchers from the data are (Tables 5, 6): 

(i) the productivity of Xuzhou "yellow fluvo-aquic" 

soil was reduced by the non-fertilized cropping 

cyc les; 

(ii) in comparison with the inorganic-N treated 

soils, manured plots produced higher yields and 

maintained soi 1 s in a constant state of producti vi ty; 

(iii) treatments such as manure plus inorganic-N are 

necessary to maintain nutrient levels in the Xuzhou 

soils sufficient to produce satisfactory crop yields 
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and to sustain high levels of productivity . 
After 4 yr of high N rate of appl ications (672 kg ha-1), 

total yearly production was significantly higher than the 

equivalent treatments of 448 N level. Crop production decreased 

in the subsequent order (7:3) ) (5:5) > (3:7) > (0:10) (results 

not showed) (Zhang et al. 1990). 

FERTILIZER EFFICIENCY AND PLANT NUTRIENT CONTENT 

Efficiency of applied N, P40 S' and K40 in the first 

experiment was calculated by subtracting total yields of the 

appropriate control plot from total yield of N, NP, and NPK 

applied plots within each 3 yr average divided by the rate of 

N, P20S' and K20 applications (Table 7). 

(!) N fertilizer 
During the 1981-86 period, in comparison with the 

unfertilized fields of the beginning the N treatment increased 
crop production by 5346 kg ha-l . However, there was a very 

significant decrease in crop production marked by a decrease in 

N fertilizer efficiency within the last term. On average for 

the 9 yr period, each kg of N provided 14.1 kg of cereals. Each 

kg of inorganic N produced 13.7 kg of crops. For the first six 

yr, wheat response ta inorganic-N addition was larger than with 

corn, especially in treatment MN. However, beyond 1984 wheat 

yields started to decrease significantly in the N plots only. 

~i~) P fertilizer 

In comparing treatment NP and N, total crop production 

increased due to P fertilizer application. Differences in the 

first 3 yr were only about 2%, but increased to 75% by the end 

of the 9 yr period. On average for the 9 yr period, each kg of 

P20S produced 16.1 kg of cereals. Wheat response to chemical P 

fertilizer was much greater than corn. In the last period 

(1987-89), one kg of P20S was produced twice as much wheat than 

corn, hence 43.5 compared to 19.0 kg, respectively. In 
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treatment MNP where superphosphate was used in combination with 

horse manure and N, crop response to chernical P was not 

significant. For the entire period treatment MNP cornpared to 

treatment MN increased production about 1%, hence one kg of P10~ 

gave approxirnately one kg of cereals. 

Table 7. Effects of N, P, and K chemlca,l fcrtill~('rs on average total crop Yle!d ln Xu=tlO\I 
fleld experlment ne 1 durlng the 1981-89 perlod. 

Treat.entB IlaBed on 81-83 84-8(, 8'1-8'1 'I-ycar 
ftYl'raqr 

avera~I Yl~!ds FertlllZers only , 12. 3 9.8 {,. J Il,4 
(t ha yr ) FertlllZers + Hanure 14,4 14.1 13.6 14.0 

N Kg Yleld/Kg N Fertihzers only 21. 4 14.7 { .. 7 14.1 
applled Fertlhzers + Manure 15.1 12.1 14 0 11.7 

% Increase l'y N Fertlll zers only lOB 81 Ho 81 
Fertlhzers + Manure 4b 34 44 41 

avera~I Yl~tds Fertlllzers on1y § 12 .b 12.0 11.0 Il. fi 
(t ha yr ) Fertihzers + Hanure 14.5 14.3 13.5 14 . 1 

P Kg yield/Kg P20 S FertlllZers on1y 2.0 14.7 31. 5 1 L . 1 
applled FertlllZers + Hanure 1.2 1.3 0.0 0.7 

':\', Increase by P Fertll1zers on1y '2 22 75 'lI, 
FertlllZers + Manure l 0 

avera~I Yl~!ds Fertlllzers only & 14. 0 13.9 12.9 1 J. b 
(t ha yr ) Fert IllZers + Hanure 14.5 15.3 14.0 14. 1, 

It Kg Yleld/Kg K20 Fertlhzers only 6.3 B.5 8.5 8.0 
applled Fertlllzers + Manure 0.0 4.5 1..2 7.2 

\ Increase by y FertlllZers only Il lb 17 1 ~J 
FertlllZers + Manure 0 7 3 J 

, average Yleld N_rreatment - Check treatment_1 12.3 - 5.9 6.4 t ha-1 

RATIO (64Q~ kg ha ) + (~f8.5 kg N applled ha ) = 21.4 
(6.4 t ha ) + (5.9 t ha Check treatllent) x 100 = 108\ 

§ average Yleld ~f treatment - N treatllent = 12~y - 12.3 0.3 t ha- 1 

RATIO (30Qlkg ha ) + (14~13 kg P205 applled ha ) = 2.0 
(0.3 t ha ) + (12.3 t ha N treatment) x 100 = 2% 

& average Yleld N~f treatment - NP treatment = lf'O - 12.6 1.4 t ha- 1 

RATIO (14Q~ kQ ha ) + (2~r.9 kg K20 applled ha ) = 6.3 
(1.4 t ha ) + (12.6 t ha NP treatme-nt) x 100 = 11\ 

(iii) K fertilizer 
After 1983, differences in yields between the NP and NPK 

treatments increased and the effectiveness of K fertilizer was 

agronomically significant. Corn response to Kel applications 

was higher than wheat. However, on average for the 9 yr period, 
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the amount of cereal s produced was only in a ratio of 1 kg 

cereal for 8 kg K10. In combination with organic manure, crop 

response to K fertilizer decreased. The average over the 9 yr 

was only 3%. 

(iv) organic manure 
Organic manure increased plant yield in comparison wi th no 

treatment, yet the relative effect of i ts combination wi th 

different chemical fertilizers decreased (Table 8). The 

increase in total yield was 90, 49, 20, and 7%, for K in 

contrast to the control, MN to N, MNP to NP, and KNPK to NPK 
plots, respectively. 

In treatment M, in which only horse manure was applied, 

the relative yield was rather low during the first years, 

especially in winter wheat, due to the expected low efficiency 

of manure at low temperatures in contrast to chemical ferti

lizers (Tanaka et al. 1987). However, since 1983 there was an 

apparent cumulative effect of organic manure as demonstrated by 

higher yields for aIl crops. The effect of horse manure on crop 

production was found to be dependent not only on varieties of 

crops cultivated but also on properties of the soils on which 

manure was applied. 

Table 6. Effects of horse manure on total crap Yleld lncrease ln Xuzhou fl.rst fleld experlment 
durlng the 1981-8q perl.od. 

Treat.ents Based on 81-83 

" .inuB Check t ha- l 4.0 
\ b8 

MIl .inus .. t ha- l 2.1 , 
'lb 17 

HIfP .inuB lfP t ha- l 1.9 , 15 

"MPl .inus MPIt t ha- l 0.5 , 4 

84-86 

5.1 
94 

4.3 
44 

2.3 
19 

1.4 
10 

87-89 

5.1 
119 

7.3 
116 

2.5 
23 

1.1 
8 

9-year 
average 

4.7 
90 

4.6 
49 

2.3 
20 

1.0 
7 

f MN mlnus N = (MN treatment Yleld - N treatment yield) = 14.4 - 12.3 = 2.1 t ha-1 
(2.1 t ha-lI + (12.3 t ha-1 N treatment) x 100 = 17\ increase due to .anure action. 
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Cumulative effects of manures on crop yields have been 

indicated by others. Xie and MacKenzie (1986) found from 

analyzing published data, that treatments receiving manure plus 

inorganic N had the highest cumulative effect on corn grain 

yields, inorganic N medium, and manure the lowest effect in the 

short term. MN, MNP, and MNPK plots received about twice as 

much kg N ha- l than the inorganic N fertilized parcels. In the 

manure-inorganic-N treatment the efficiency of crop production 

decreased with the increase in N application rates. The finding 

that a twofold increase in N appl ication rates led to about 

twofold decrease in the efficiency of crop production is in 

accord with the observation of Xie and MacKenzie (1986). Tanaka 

et al. (1987) considered that the efficiency of organic-N was 

only one half that of fertilizer-N. However, crop yield of MN 

fields was about 14.0 t ha- l yr-1 from the beginning and remained 

constant throughout the 10 cropping cyc les. Based on such 

tendencies i t is recommended that chemical N ferti 1 izers be 

used along with organic manures in the Xuzhou area of "yellow 

fluvo-aquic" soi1s (Institute of Soil Science, 1986; Tanaka et 

al. 1987). 

The amount of organic manure used per unit field area in 

Jiangsu Province could be as large as 200 t ha- l yr- 1, but in 

general it averaged around 80 t ha-1 yr-1 (Tanaka et al. 1987). 

Xuzhou manured fields received 74 t ha-1 annually during the 

first four cropping cycles. While this amount was reduced by 

hal f in the last fi ve years i t still required a tremendous 

labour effort. 

The constitution of organic manure fluctuates considerably 

(Morel et al. 1984; Tanaka et al. 19B7). This poses a problem 

if Chinese farmers intend to apply a known amount of plant 

nutrients to a crop, because the y cannot always have analytical 

data. AIso, if a farmer intends to apply an adequate amount of 

N to a crop, too much K May be applied as horse manures are not 

ideally balanced for crop production in N, P and K (Tanaka et 

al. 1987). However , such a difficulty can be easily overcome, 
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by using chemical N fertilizers with horse manure (Jiang et al . 

1990a) . 

N, P, AND X CONTENTS OF WHEAT AND CORN GRAIN 
Nutrient contents of wheat and corn grain production are 

showed in Table 9 and 10 for the first and second eAperiments, 

respectively. Amongst grains at harvest, higher percentages of 

N, P, and K were found in wheat than corn. Di fferences in 

mineraI constituents of grains amongst treatmen~s were small, 

al though these tended to increase to some extent wi th an 

increase in quality and amounts of N, P, and K additions (Jiang 

et al. 1987; Tanaka et al. 1987; Zhang et al. 1990). From 

Deherain long-term wheat results, Morel et al. (1984) indicated 

that differences in mineraI constituents due to variations in 

climatic conditions and wheat cultivars were greater than the 

effects of fertilization treatments over time. Johnston (1969b) 

reaffirmed, based on Lawes and Gilbert (1884) published 

analyses of the wheat grown on Broadbalk, that in good seasons, 

total uptake of N, P, and Kwas greater than in bad seasons; 

the dry matter of both grain and straw contained sI ightly 

larger percentages of K and slightly less P. 

The results from both experiments showed that : 

(i) Nutrient uptake and the resulting grain nutrient 

ratio of N-P2oS-K20 were in direct relation wi th crop 

yields as suggested by different studies. 

(ii) Where no fertilizationwas applied the amount of 

N removed was lowest. Both crops exhibited almost the 

same nutrient ratio. 

(iii) Total N content of the grain increased signifi

cantly with added chemical N fertilizer, yet N 

mineraI fertilization without P induced a lower 

content 04=' P20S in the grain, in agreement wi th More 1 

et al. (1984) results. 

(iv) The effect of a fertilization without Kwas more 

pronounced in corn than in wheat. The nutrient 
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conte nt of the grain of both crops showed that the K 

conte nt was constant with time in the NPK and M 

treat ment plots only. An exception was the MNPK 

treat ment where N and P varied. These results were 

not in agreement wi th Broadbalk and Deherain 

continuous winter wheat plots where the percentage of 

K in the grain changed little with different 

treatments 1 confirming Lawes and Gi Ibert 1 s views 

about the composition of ripe grain (Johnston 1969b; 

Morel et al. 1984). 

(v) Increases in nutrient uptake with organic manure 

applications were noted by Xie and MacKenzie (1986) 

who found that pig manure applications enhanced both 

dry matter yields and N uptake by corn. Farmyard 

manure significantly increased K translocation in 

wheat grains from Deherain long-term experiments 

(Morel et al. 1984). 

(vi) With increasing manure-N/inorganic-N ratios the 

N nutrient uptake decreased, although the removal of 

P and K increased. 

Table 9. Effec ts of dlfferent fertlllzers treatments on graln nutrlent uptake aftl'r B1X years 
of experlment. 

Treat.ents VllEAT CORJf 

Jf P20S 1t 20 JI P20S 1t 20 

-------- " -------- -------- % --------

Check 1.87 1.10 1. 90 1. 7 Z O. 9~ 1.93 

Jf 2.59 0.77 2.14 2.18 O.bl 1.31 

lfP 2.52 0.'15 1.94 2.03 0.74 1. 24 

.. Pit 2.3b 0.92 2.43 2.12 0.71 1 .91 

" 2.10 1.44 2.44 1.92 1.0:? 2.37 

Mlf 2.78 1.05 2.43 2.21 0.80 1. 93 

MIfP 2.75 1.18 2.79 2.34 0.85 1. 94 

MlfPI 2.75 1.15 3.28 2.33 0.84 2.b3 

Average 2.47 1.07 2.42 2.11 0.82 1.90 
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Table 10. Effecte of varlOUS rat lOS of manure-N-to-lnorganlc-N on the crop nutrlent uptake . 

Treat.ents IfBEAT eORlf 

Il P20s 12° Il P,O .. r:,O 

Mlf -------- \ -------- -------- \ --------

(0:0) 2.08 0.91 2.20 1.64 0.74 1. 75 

(0:10) 3.43 O. b4 2.60 2.13 0.52 1.57 

(3:7) 2.76 0.84 2.10 1. 95 0.66 1. 53 

(5: 5) 2.46 0.96 2.2B 1. 90 0.79 1. bB 

(7: 3) 2.25 1.03 2.34 1. 78 0.80 1.81 

HN wac equalled ta 5 dlfferent manure-N-to-lnorganlc-N treatment ratIOS (0.0), (0 la), (3.7), 
(5 5) and (7 3). 
10 yr average for N and P, but only Il yr for K. 

PERCENTAGE RECOVERY OF N, p. AND K FERTILIZERS 
The indirect rnethod was used in Xuzhou long-terrn field 

experiments ta define the simple overall effect of the differ

ent fertilizers in improving yields. The percentage recovery of 

appl ied el ements wi thin the different chemical and organic 

ferti 1 i zers treatments was calculated by considering the arnount 

absorbed by the total crops in the controls as the natural 

supply (Johnston 1969a; Tanaka et al. 1987). 

(i) R~covery of applied N 
Without chemical fertilizers or organic manures, the N was 

low (Tables 11, 12, 13). In the control plots. the N rernoval in 

the soil was equivalent to about 20% of soil N in the period 

from 1981-89. Phosphorus and X also decreased significantly. 

Small amounts of P removal in the control plots probably 

limited growth and restricted N removal (Johnston 1969b)(Table 

13). Added inorganic-N plots showed reduced N removal wi th 

time, but the manure plots showed increased N with time (Table 

13) . 

Apparent recovery or use efficiency of N in whole crops 
grown on t.he different field plots were based on 299 kg N ha-l 

yr-1 added (e.g. (treatment N - control)j(amount of N fertilizer 
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applied in the soil) x 100) (Johnston 1969a). Use efficiency of 

applied N was 46, 60, and 70%, for the N, NP and NPK 

treatments, respectively, for the 9 yr period (Table Il). 

Based on the calculated additional N uptake over that on 

control plot with NPK, the N removed by the crops changed 

little with time. Crops given N without PK recovered less N by 

1987-89, compared to 1981-83, probably because of diminishing 

available P and K in the soil limited growth (Johnston 1969a) 

(Table 13). ln 1987-89, wheat N uptake showed a significant 

decrease with only 22% N recovery. In contrast to the Broadbalk 

continuous winter wheat experiment, Chinese wheat-corn cropping 

cycles showed no large increase in N removed with treatment NP, 

hence N and NP plots showed similar results particularly in the 

first year. 

ln proportion to the quantity applied, N removed was 

higher in chemical fertil ized plots than in organic manured 

parce 1 s, and higher at low than at high app 1 icat ion rates 

(Tanaka et al. 1987)(Table Il and 12). When inorganic N was 

combined wi th horse manure, the use efficiency of applled N 

increased in comparison to treatment N only, but this increase 

was small. The effect of time on N uptake was not important for 

MN, MNP, and MNPK treatments because they showed a constant N 

recovery throughout the 9 yr (Jiang et al. 1990a). The use 

efficiency of organic N treatments increased with time, 

particularly in M and MN plots. For example, the percentage N 

recovery was 26, 40, and 48% in treated M plots, in comparison 

ta 17, 46, and 87% for MN plots in 1981-83, 84-86 and 87-89, 

respectively. The most apparent long-term effect of organic 

manure application came from its residual N effect (Jiang et 

al. 1990a). 

In summary, when using a combination of chemical and 

organic ferti lizers, calculated use efficiency of appl ied N 

decreased with time. For the 9 yr period, MN, MNP, and MNPK 

treatments averaged 43, 29, and 23%, respectively. Nitrogen use 

efficiency increased with manure N . 
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Table 11. B~lance of inputs and removals of plant nutr~ents, over nlne years ln Xuzhou. 

"utri- Input Check N NP IfPr M Mlf HIfP MNPJ: 
entu OUtput 

Difference 

kg ha- 1 yr-1 

Il Input 0 2'1'1 2'1'1 29'1 310 bOB bOB b08 

output 9S 232 272 302 221 380 382 394 

diff . -95 +b7 +21 -3 +B9 +228 +226 '214 

P20S Input 0 0 149 149 249 249 398 3'18 

output 53 b3 99 107 145 1b3 173 180 

dlff . -53 -b3 +50 +42 +104 +8b +225 +218 

12° lnput 0 0 0 224 443 443 443 bb6 

output 102 Ibl 179 294 2bO 330 340 440 

dlff . -102 -lbl -179 -70 +183 +113 +103 +226 

Table 12. Balance of Inputs and removals of plant nutrlents, over ten years ln Xuzhou. 

"utrients Input (0:0) (0.10) (3:7) (5:5) (7:3) 
output 
Difference 

kg ha-1 yr- 1 

N Input 0 448 448 448 448 

output 110 252 333 32b 293 

dlff. -110 +19b +115 +122 +155 

P20S Input 0 0 107 183 25b 

O'Jtput 54 58 109 132 133 

dlff . -54 -58 -2 +51 +123 

12° input 0 0 205 350 492 

output 115 183 240 2B4 289 

dlff. -115 -183 -35 +bb +203 

H~ was equalled to 5 dlfferent aanure-N-to-lnorganIc-N treatments ratIOS (0 0), (0:10), (3.7), 
( 5. 5) and (7 3). 

1!!L Recovery of applied P 

Apparent recovery of phosphorus by grain and straw of both 

crops grown on Xuzhou soi Is from 149 kg PlOS ha-1 added each year 

as superphosphate was calculated based on «treatment NP 
treatment N)/PPs added) x 100 (Johnston 1969b). With each 3 yr 
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period, the recovery of P significantly increased and averaged 

8, 29, and 33% for 1981-83, 84-86, 87-89, respectively. The 

average calculated recovery of P with Xuzhou experiments showed 

equivalent trends as at Broadbalk (Johnston 1969b). When N was 

applied the apparent recovery of P increased from 24% without 

K to 30% with K. Johnston (1969b) suggested that this apparent 

increased P recovery with time was because extra fertilizer-P 

was removed while there was also less taken up on treatment 

plot N with time. 

Whith NPK treatments, the percent recovery of bath N and 

P remained much the same during the experiment. Johnston 

(1969b) emphasized that large residues of inorganic P 

accumulated but there has been no luxury uptake of P by the 

crops grown on NPK plots. 

In paraI leI, removal of manure-P increased during the 

1981-89 period in the manured parcels. In M treated plots, the 

P uptake increased from 16 ta 40% showing the residual effect 

of repeated applications of manure. Between treatments M and 

MNP there was no significant difference in P recovery, while in 

comparison to NP the combined chemical-manure treatment showed 

a significantly lower inorganic-P removal. However, the uptake 

of inorganic P was stable and averaged about 10% in MNP plots 

throughout the 9 yr, thus demonstrating trends that were 

similar to N, although absolute values of P were lower than N 

(Tanaka et al. 1987). 

(iii) Recovery of applied K 

Apparent recovery of potassium by whole crops on the first 

experiment (224 kg K20 ha-1 yr-1 added) was calculated from 

«treatment NPK treatment NP) IK added) x 100 (Johnston 

1969b). The percentage recovery of K applied in NPK fertilized 

plots was 39, 59, and 51% for each short-term period (Table 

13). Potassium recovery was consistently higher than that of N 

in agreement with Johnston (1969b) and Tanaka et al. (1987) 

results. The "yellow fluvo-aquic" soils of Xuzhou provided 
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large amounts of K to the crops (Jiang et al. 1990a). Crops 

given N recovered about 51% of the fertilizer K, but if these 

values were corrected for soil K uptake from ° K plots, crops 

recovered 26% per year on the average over the 9 yr period. In 

contrast to N and P, the relative efficiency of fertilizer-K 

showed no s ignificant differences among the ferti 1 i zed 

treatments. With treatment MN PK , the percentage recovery of K 

applied was 30, 62, and 58% for 1981-83, 84-86, 87-89, 

respectively. 

While the relative efficiency of manure-K compared to 

fertilizer-K added was lower, it increased significantly with 

time. Combined manure plus inorganic-N treatment (MN) also 

exhibited an important increase in manure-K recovery over the 

manured plots (M), especially ip- the last 3 yr period. 

BALANCE BETWEEN THE AKOUNTS OF N. P, AND K APPLIED 

AND REMOVED 
Soil capacity to supply plant nutrients is an important 

indication of its fertility status. The important correlation 

existing between soil capacity and crop production served as 

the basis to determine the amount of fertilizers to apply on 

untreated plots as to increase significantly crop harvest 

(Jiang et al. 1990a). Based on the crop output, Xuzhou sandy 

loam on average provided 95 kg N,53 kg p 2oS' and 102 kg K20 per 

ha, annually. Results from N balance in both Xuzhou experiments 

showed that there was more N removed from only three treatment 

plots (contro l, (0: 0), and NPK) than N appl ied as ferti 1 i zer 

(Table 11, 12 and 13). 

When 299-149-224 kg ha-1 yr-1 of N-PPS-KlO (NPK treatment) 

was supplied to soils, N applied and removed was almost in 

equilibrium, otherwise while a small excess cf N was estimated 

to accumulate in the soil, as showed in N and NP treatments. 

Plots that received repeated applications of horse manure 

showed a N surplus that decreased with corresponding increases 

in crop uptake. Plots treated with MN showed the most 
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interesting resul ts in relation to the amount of nutrients 

input and output. The highest increase in N removed was found 

for treatment MN of 1987-89 period. 

After 10 yr, in the second experiment each treatment 

received a total amount of about 4480 kg N ha- l . The various 

manure-N-to-inorganic-N treatments received from 1070 ta 2561 

and 2046 to 4919 kg ha -lof P105 and K20, respectl ve 1 y. For N, 

the nutrient balance was positive for the three different 

treatment ratios, but the gain was greater for (7:3) ) (5:5) ) 

(3:7) treatments. In agreement with other research, N balance 

results noted that efficiency of N recovery was less in the 

plots receiving high rates of manure than those receiving low 

rates (Xie and MacKenzie 1986; Tanaka et al. 1987). Poor 

recovery of N from high manure rates was probably caused by 

denitrification (Meek et al. 1982). 

For P balance, similar results were obtained in bath 

Xuzhou long-term experiments. Inorganic-N treatments compared 

ta contraIs and (3:7) plots showed a greater deficit in P, 

while aIl other treatments displayed a gain in P that was 

largest in MNP and MNPK treatments. 

In contrast to N and P, K balance was negative in aIl 

inorganic fertiJized treatments. The deficit was much lower for 

wheat and corn receiving NPK than for NP fertilizers. still, in 

NPK treated plots, Kwas removed in greater quantity than it 

was added, thus inducing a deficit of about 70 kg ha- l per year. 

An increase in K supplying power of the sail after repeated NPK 

applications was suggested to taken place on a long-term basis. 

Jiang et al. (1990a) reported that in NPK plots amounts of N 

and P appl ied were sufficient but more than 224 kg K20 ha- 1 was 

required annually for Xuzhou type of soi1s . 
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Tabl~ 13. Total nltrogen (HI, phosphorus (P.,Ocl and potasslum (K 201 applled and removed by 
wheat and corn ln each 3 yr perlod ln Xuzhou: ~ 

lIutn- Input Year Check Il lfP IfPl " MI( "MP MlfPr: 
ents OUtput 

Difference 

kg ha- l yr-1 

81-83 0 299 299 299 386 b84 b84 b84 

Il Input 84-86 0 Z9Q Z9Q H9 256 555 555 555 

87-8'1 0 2'19 299 299 286 585 585 585 

81-83 102 277 27.3 301 200 340 355 348 

output 84-8b 99 241 279 320 202 3bO 373 404 

B7-89 84 179 Jbb 285 161 441 41" 431 

Bl-83 -102 +22 +2t. -3 +185 +344 +330 +337 

dlff . 84-8b -99 +57 +20 -22 +54 +19" +182 +151 

87-89 -84 +120 +33 14 +2b +144 +lbb +154 

81-83 0 a 149 149 215 215 364 3b4 

P205 Input 84-86 0 0 149 149 228 228 378 378 

87-89 0 0 149 149 304 304 453 453 

81-83 53 83 95 103 8b 121 133 128 

output 84-86 61 67 110 121 138 13" 154 lbb 

87-89 45 40 90 98 213 229 232 24b 

81-83 -53 -83 +55 +47 +129 +94 +231 +236 

dlff . 84-8b -61 -67 +40 +28 +90 +89 +224 +212 

87-89 -45 -40 +59 +51 +92 +75 +221 +207 

81-83 0 0 a 224 b4b b4b b4b 8b9 

12° lnput 84-8b 0 a 0 224 333 333 333 557 

87-89 0 a 0 224 349 349 349 573 

81-83 112 204 l'lb 283 231 302 348 414 

output 84-8b lOb IbO 183 315 249 311 320 459 

87-89 88 118 158 282 2'19 37b 351 448 

81-83 -112 -204 -1 'lb -bO +415 +343 +297 +455 

dlff . 84-8b -lOb -160 -183 -91 +84 +22 +13 +98 

87-89 -88 -118 -158 -59 +50 -2" -3 +125 

In surnmarYI at first unbalanced applications of chemical 

N and/or P fertilizers resulted in an increase in the supplying 

power of the soi 11 but wi th time the depletion of essential 
plant nutrients resul ted in crop production decreases. 
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Inorganic-N treatment induced the largest increase in soi 1 K 

supplying power compared to the control with 82%. However after 

9 yr of experiment this increase had drop to only 34%. This 

stressed the need to use a balanced ferti 1 ization program 

combined with organic manures for stable crop production, and 

to haIt nutrient exhaustion and soi 1 degradation as 

demonstrated in N plots over long-term period. In the Chinese 

wheat and corn system wi th crop dry matter production rangi ng 

from 12 686 to 14 179 kg ha-1 per annum, the most suitable 

manure-N-to-inorganic-~ ratio treatment should not be lower 

than (5:5) (Zhang et al. 1990). 

"ICROBIAL COUNTS DURING WHEAT GROWTH 

Many studies have been performed to elucidate both short 

and long-term effects of manure and N-fertilizer additions on 

the numbers of sail microorganisms as measured by the dilution 

plate counts and microbial biomass (Biederbeck et al. 1984; 

Rosswall and Paustian 1984: Bolton et al. 1985; Schnurer et al. 

1985). During the first wheat growth season (1979-80) the 

relative effects of N additions as fertilizers or organic 

manures w~re compared at four sampi ing dates to determine 

differences in measurements of the biological activity between 

treatments were consistent and ta provide extremes if any 

(Table 14). The soil was sieved «2 mm) and stored field moist 

until used for analyses of the numbers of aerobic heterotrophic 

bacteria, anaerobic bacteria, fungi, and actinomycetes. Numbers 

of bacteria and actinomycetes were determined by the seriaI 

dilution plate count technique using soil extract agar while a 

d'ifferent medium was used for fungi (Zhang et al. 1990). 

Total counts of viable soi 1 microorganisms and fungi 

showed di fferences among the fi ve treatments throughout the 

year (Tabl e 14). Several factors as described by Ri tz and 

Robinson (1988) could account for the additional stimulation, 

including soil disturbance during sowing, fertilizer applicat

ion, the increase in soil-water content and springtime rise~ in 
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soil temperature. Disturbance of the soi 1 would disrupt soil 

aggregates and provide previously inaccessible soi 1 organic 

matter avai lable for microbial assimi lation during sowing. 

Numbers of actinomycetes were unaffected by N fertilization in 

agreement with Biederbeck et al. (1984) results. While total 

rnicrobial and actinomycete counts appeared to increase from 

tillering to filling and decreased significantly from filling 

to harvesting times 1 fungal numbers were about the same on the 

four sampI ing dates. Ri tz and Robinson (1988) in their study of 

temporal variations in soil microbial biomass C and N under a 

spring barley crop found a similar decline from 50-80 d after 

sowing. However, Ritz and Robinson (1988) results and the 

Xuzhou experiment results do not follow the pattern of previous 

studies which suggest that crop growth often stimulates an 

increase in the size of the biomass (Carter and Rennie 1982). 

Elevated amounts of biomass would be expected at the harvest 

period because of maximal crop growth rate and presumahly high 

root development and exudation (Ritz and Robinson 1988). Van 

der Werf and Verstraete (1987) also found no stimulation of 

tota 1 biomass by growth of a winter wheat crop 1 but that the 

active component of the biomass was stimulated considerably. 

Soil plate counts from Xuzhou were similar to those of 

Morrow and Sanborn field plots in USA with increased numbers of 

bacteria when manure was added (Bolton et al. 1985). The number 

of aerobic bacteria in the top 7 cm of soi 1 was lowest in the 

inorganic-N treatment at tillering stage and increased signifi

cantly with higher manure-N ratios. Fertilizer application 

would be assumed to stimulate the microbial populati on if i t 

were N-I imi ted, but in the first year of the study there was a 

negative effect of inorganic-N ferti 1 izer upon microbial counts 

compared to the control plots. 

During the growing season, in the three treatments 

recei ving manure the aerobic bacteria population 

between 68.0 to 86.3% of the total microbial 

compared to the unferti 1 ized and inorganic-N plots 
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73.4%, respectively. In the (5:5) and (7:3) treatments thenwas 

a corresponding increase in anaerobic bacteria populations. An 

exception to the augmentation of bacterial numbers with organic 

matter content was found in treatment (7: 3) which showed 

slightly lower values than treatment (3:7). The first 

explanation for this was that the horse manure was digested 

before addition to the field and was not as easily decomposable 

and available as manure in the lower manure-N inorganic-N 

treatment ratio (3: 7) (Schnürer et al. 1985). However. the most 

probabl e interpretation cornes from the reduced crop production 

of the first year in treatment (7:3) versus (3:7) with 12.4 and 

15.2 ton ha-l, respectively (Table 6). Rosswall and Paustian 

(1984) described the importance of C additions to the systems, 

through root production, for the enhancement of microbial 

activity in the soi1. The greater microbial numbers obtained in 

manure-N treatments was expected to be due ta the difference in 

carbonaceous residues returned to the soi 1. As suggested by 

Zhang et al. (1990) soil C-to-N ratio has a great importance on 

sail microbial activity. Treatment (3:7) C:N ratio was lower 

than (5:5) and (7:3) plots when wheat was sown. This may 

explain why at the beginning of wheat growth in the fall of 

1979, total microbial counts were highest in treatment (3:7). 

But as soil temperature increased, organic matter slowly 

decomposed, C: N ratios became adequate for boost mi crobia 1 

activity. Hence, during booting treatment (7:3) showed a 

significant increase in microbial counts. Reduced C input of 

roots and 1 i tter reduces energy input to so il organi sms and 

together wi th an increased N input. al ters the N cyc le to 

emphasize the mineral N pool and those biological processes 

affecting it (Juma and McGill 1986). Nevertheless, Rosswall and 

Paustian (1984) pointed out that it is difficult to distinguish 

the effects of N additions per se from those of increased crop 

growth resulting in a larger input of organic matter to the 

soi 1 system. 
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Bacterial nurnbers were not of the sarne magnitude as in 

other agricul tural soi ls. Bacteria and actinomycetes counts 

were 100 to 1 000 tirnes lower in Xuzhou wheat field plots 

compared to Biederbeck et al. (1984) and Schnürer et al. (1985) 

reports. For example, in the 16 yr continuous winter wheat 

field experiment of Swift Current (Saskatchewan) bacteria and 

aetinomycete numbers were in the order of 108 and 106 , respecti

vely, whereas the baeteria-to-actynornycete ratio varied from 

3.7-7.8 cornpared to 24-31 in Xuzhou soils. Biederbeck et al. 

(1984) insisted that po or N ferti1ity tended to widen the 

bacteria-to-actinornycete ratio, indicating marked qualitative 

soil microbial changes in response to long-term differences in 

substrate availability. Yet, the Canadian soils displayed a 2.5 

times higher organic C and total N contents in comparison to 

the Chinese "yellow fluvo-aquie" soi1s. Discrepancy between 

other long-terrn studies and the Xuzhou studies rnay come from 

the data that was obtained after only the first N fertilizer 

and manure additions (1979-1980). 

In many studies on different management and agronomie 

practiees soil dilution plate counts showed virtually no 

difference. Bolton et al. (1985) attributed these results to 

the inherent errors present in the soi 1 di lution plate eount 

technique that rnasks differences arnong treatments. 
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Table 14. Effeets of dlfferent wheat growth stages and lDanure-N-to-lnorgamc-N ratio!' on 
mlcroblal counts ln the 0-7 cm 5011 depth layer after one season of trea tllent (1 Q7Q-811 Sf'I\SOIlI • 

Organisas 

Total 

bacteria 

x 10" g-1 

Total 

Crop growth 

tlllering 

stemmlng 

fllhng 

harve5tlng 

tlllering 

stemming 

fl111ng 

harvestlng 

Total tillerlng 

actinoaycetes stemmlng 

x 1039-1 filllng 

Total 

aicro-

organisas 

x 10" 9-1 

Aerobic 

bacteria 

S of total 

Anaerobie 

bacteria 

S of total 

harvestlng 

tillering 

stemming 

fl111ng 

harvestlng 

tlllering 

stemmlng 

filling 

harvesting 

tillenng 

stemmlng 

fllllng 

harvesting 

(0:0) 

0.714 

0.7b1 

0.8b3 

2.3 

2.2 

2.2 

3.3 

23 

37 

'H 

30 

0.739 

0.800 

1.071 

0.8% 

70.1 

73.4 

65.8 

58.0 

10.0 

b.4 

7.1 

12. b 

(0= 10) 

0.512 

0.670 

0.877 

0.646 

2.8 

1. q 

2.2 

3.5 

27 

74 

73 

24 

0.542 

O.74b 

0.952 

0.674 

60.7 

68.4 

73.4 

59.5 

11. 4 

2.7 

6.4 

11.0 

(3 71 

1.354 

2.212 

2.252 

1.225 

7.b 

7.7 

2.5 

5.0 

93 

131 

37 

1.439 

2.313 

2.38& 

1.2b7 

72 .1 

79.3 

83.3 

b8.0 

t..5 

4.4 

4.7 

9,1 

(5.51 

1.30b 

1. &37 

2.&21 

1. 3'1~ 

5.7 

b .1 

~.5 

4.8 

48 

BI 

131 

3B 

1. 3bO 

1.724 

7.756 

1. 415 

74.3 

79.4 

Bb.3 

69.0 

7.8 

5./, 

3.7 

Q.3 

(7: 31 

1. :'5fl 

1.QSO 

J. 1 O~ 

4.7 

~., . .., 
5.6 

77 

103 

1.3D 

3.211 

1.891 

73.3 

84.lJ 

64.1 

77.5 

8. ;> 

J. '1 

4 • 1 

7.2 

MN was equalled to 5 dlfferent manure-N-to-lnOrqanlC-N treatment ratlOE. (00), (0 10), (1 '1), 
( 5 . 5 ) and (7: 3) . 

NUTRIERT CONTENT OF XUZHOU SOILS 

Changes in soil organic C, total N, total P, available P, 

and available K content are presented in Tables 15 and 16. 

After only three cropping cycles, there were differences among 

treatments in several soil characteristi cs. The untreated plots 
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were lowest in organic C and total N. The plots where high 

levels of rnanure and chernical NPK fertilizers had been applied 

from 1980 to the present, had the highest soil nutrient levels. 

The other plots were intermediate in ferti 1 i ty. During the 

years, there were significant trends in soil tests except for 

available K on aIl treated fields. 

SOIL ORGANIC nATTER AND ORGANIC CARBON 

The soils were originally sampled in the 0-20 cm layer and 

air-dried to see how their organic matter and total nitrogen 

contents were affected by manuring and chemical ferti 1 i zers. 

The determination of organic matter was by the chrornic acid 

titration rnethod, using 1.17 as a correction factor for C, 

while total N (rnostly organic) was determined with the Kjeldahl 

digestion rnethod. C:N ratios were derived from the OM and total 

N data, i.e., (OM/1.724)/total N. 

The initial C level in Xuzhou soil was 0.626% and 

decreased to 0.522% (17% reduction) in the untreated plots 

after 9 yr of experiment (Table 15). In parai lei to other 

studies on continuous corn and continuous wheat rotations in 

North America where no soil treatrnent was applied, there was 

lower organic C when cornpared with the plots fertilized with N 

(Biederbeck et al. 1984; Odell et al. 1984). This perhaps was 

due to the low crop production where N had been wi thheld 

(Biederbeck et al. 1984). Organic C first declined rapidly and 

then continued downward at a slower rate. As suggested by Dalal 

and Mayer (1986) stubble retention reduces the rate of net OM 

loss by increasing inputs of organic materials through crop 

residues, affecting substrate accessibi 1 i ty and compos i tion 

such as the c-to-N ratio. The C: N ratios tended to narrow 

between 1981 and 1989 because total N contents changed very 

little during this period, while there were marked decreases in 

C level s . 
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Addition of inorganic N and P fertilizers could not haIt 

the depleting effect of the wheat-corn cropping system on the 

organic C concentration. Since no Chad been added except for 

the stubble left on the soil after each growing season, on 

average 560 to 1 000 "g C g-1 dry wt had been lost from the 

system. Where NPK was appl ied, the organic matter increased but 

not significantly. Like Broadbalk long-term fields the Xuzhou 

plots receiving inorganic fertilizers accumulated a little more 

soi 1 organic matter than the unmanured plots (Jenkinson and 

Rayner 1977). Hence, application of inorganic fertilizers 

reduced organic matter lasses by increasing grain and straw 

production and presumably returning a greater amount of crop 

residues, especially roots (Juma and McGill 1986; Jenkinson 

1988) . 

Jenkinson (1988) observed from field experiments strong 

indirect evidence that in the long run, the addition of 

inorganic ni trogen had 1 i tt 1 e effect on the retention of carbon 

in sail. In this manner, the arable sail that received ferti

lizers for 130 yr in Rothamsted (England) contained slightly 

more organic matter than the soi 1 wi thout ferti 1 i zers addi t

ians. The C:N ratio of the fertilized sail was, if anything, 

slightly greater than that of the unfertilized sail. Thus there 

was nei ther accumulation of carbon-rich organic matter in the 

unfertil i zed soi 1, nor did ferti 1 i zer cause a dec l ine in the 

amount of organic matter in the sail (Jenkinson, 1988). In 

comparison, large quantities of inorganic N received over the 

years by the Xuzhou sail in treatment N have had depleting 

effects on sail organic matter and nutrients except for total 

N, along with a drop in crop yields. 

The long-term effects of winter wheat and corn double

cropping system on the amount of organic matter in soi l has not 

often been reviewed in the literature. Organic matter contents 

increased for treatments that received long-term additions of 

manure. Similar data are available for different systems of 

manuring throughout the world, for example in Harrow corn 

142 



• 

• 

• 

fields, Broadbalk, Deherain and Swift Current continuous wheat 

plots. Manure is a source of plant nutrients and improves 

primary productivity. Appl ication of manure reduces the 1055 of 

organic matter compared to unamended controls. The rate of 

addi tion of organic manure affects the rate of organic matter 

depletion or accumulation (Meek et al. 1982; Juma and McGill 

1986) . 

The amount of OM and total N app1 ied to the land during 

the studi ed per iod varied wi th the fo Il owing aspects: 

(1) OM and total N content of the manure, (2) mois

ture content of the manure, and (3) amounts of manure 

appl ied among years due to annual variability in the 

spreading properties of manure (Sommerfeldt et al. 

1988). Nearly 485 t ha -lof OM (wet wt.) and 2.8 t ha-1 

of total N were appl i ed in 

whi 1 e to the di fferent MN 

added 776 to 1 164 and 4.48 

Xuzhou main experiment, 

ratios experiment were 

ta 6. 72 t ha -lof OM and 

total N, respectively, during 1980-89. 

Soi 1 C levels of the manured fields increased by 50% 

al though treatment (7: 3) plots were almost double that found in 

the check. Recently, in last 3 yr the rate of organic matter 

accumulation by the manured plots has been lower, likely 

because the amount of horse manure appl ied each season 

decreased by half since 1985. 

Based on the short-term resu1ts the following regression 

equations were obtained for treatment M and MN of the first 

fields: 

YH = 1.301 + 0.023X, r=0.729 J11c *; and, 

YHN = 1.289 + 0.033X, r=0.853'** (significant at the 

P < 0 . 05 1 eve 1 ). At present manure rate s, organi c 

matter content increased by 0.02%, annually. 

The rate at which changes in organic C and C: N ratios are 

going in the subhumid region of Xuzhou appeared to he faster 

than in temperate cl imate zone. For example in Rothamsted field 

plots, the topsoil organic C content more than doubled, while 
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the C:N ratio increased only slightly, from 9.0 to 10.5 after 

80 yr of management (Jenkinson 1988). In contrast, the Chinese 

long-term experiment exhibited a highly significant increase in 

organic C but a small reduction in C:N ratios after only 10 yr. 

The original soi 1 had a higher C: N ratio than the various 

treated soils except for (5:5) and (7:3) plots. Hence, annual 

manure applications increased soil organic matter and nitrogen, 

and decreased C:N ratios (Tanaka et al. 1987; Sommerfeldt et 

al. 1988). 

Table 15. Comparlsons among organlc C, total N, total P. and aVdllable P .,ml K Ipv['lli HI Xuzhou 
experlment n e 1 over different time perlods. 

Trcilt
.enta 

Check 
81-83 
84-86 
87-89 

If 
81-83 
84-86 
87-89 

IP 
81-83 
84-86 
87-89 

IPI( 
81-83 
84-86 
87-89 

M 
81-' '; 
84 
87-;:;') 

KIf 
81-83 
84-86 
87-89 

HIfP 
81-83 
84-86 
87-89 

KlfP': 
81-83 
84-86 
87-89 

Org 
C 

0.5B5 
0.5b9 
0.522 

0.67'1 
0.b44 
0.579 

0.613 
0.602 
0.570 

0.669 
0.625 
0.639 

0.773 
O.9bB 
0.'123 

0.756 
0.'177 
0.99b 

0.825 
1.009 
1. 037 

0.B07 
0.979 
1. 031 

Total If 

--\,--

0.070 
0.070 
0.070 

0.076 
0.07B 
O.OBO 

0.070 
0.073 
0.073 

0.076 
0.078 
O.OBO 

0.088 
0.103 
0.114 

0.087 
0.112 
0.121 

o.orn 
0.114 
0.123 

0.090 
0.114 
0.125 

C:1f 

8.4 
8.1 
7.5 

8.9 
8.3 
7.2 

8.8 
8.3 
7.8 

8.B 
8.0 
B.O 

8.8 
9.4 
8.1 

8.7 
8.7 
B.2 

9.1 
B.C) 
B.4 

9.0 
8.t. 
B.3 
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Total 
p 

--~--

0.076 
0.072 
0.075 

0.074 
0.072 
0.074 

0.077 
0.079 
0.090 

0.078 
0.079 
0.088 

0.OB5 
0.08b 
0.091 

0.079 
0.082 
O.O'lU 

0.090 
0.097 
0.110 

O.OBt. 
0.097 
0.112 

Available 
p 

10.2 
7.3 
4.2 

t..B 
3.3 
3.2 

14.4 
1b.1> 
13 .0 

12.7 
12 .0 
9.7 

3LB 
41:..0 
52.B 

21l.~ 

37. t. 
41.4 

44.3 
70.7 
7'i.~ 

4::.1 
7 J. f, 
BI 2 

~IO 

50 
~'1 

71 
'la 
77 

'1J 
1.'/ 
(,3 

8'1 
J 07 
101 
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Tèlble lb. Effects of VèlrlOUS ratlos of organlC' and lnOrg"nlc nl.trogen fertlhzers on 5011 
nutrlent content 10-20 cm depthl after 17 seasons. 

Tl'elllt- Org Total If C.1f Org P 
1) 

Available Available 
.enta C p K 

MN --t-- --t-- \&g g-1 \&g g-1 

Ini bal 0.b90 

(0:01 21 0.026 

CO JO) 0.(,75 

(3' 7) 0.682 

(5:5) 1.050 

(7.3) 1.182 

0.076 

0.074 

0.065 

0.107 

0.108 

0.121 

6.6 

6.5 

7.9 

8.2 

9.7 

9.8 

1) Organlc P was measured after Il seasons, 

ll2 

100 

124 

132 

180 

2) MN was equalled to 5 different manure-N-to-lnorganlc-N 
(3 7), (5 5) èlnd (7.3). 

12.0 b2 

b.O b5 

1.5 bO 

4.8 bb 

13.9 b9 

21. 2 7b 

treatment rat lOS (0: 0) • (0 10), 

1J) Dynamics of soi 1 orqanic matter in the !lB ratio experiment 

The inf1 uence of manure-N applications rates on Xuzhou 

soi1 organic matter content were evident in the order of 672 

less than 448 kg N per ha annually. In both levels, the effects 

of repeated annual additions on organic matter accumulation 

followed the sequence of (7:3) > (5:5) > (3:7) (Table 16) 

(Zhang et al. 1990). In an analogy to the Lethbridge long-term 

manured experiment (Canada), the amounts of organic matter 

increase approached linearity at lower levels of manure 

appl ication (range of 30 to 180 t ha-1) , but as the levels of 

manure input increased the amounts accumulated became 

curvilinear with time (Sommerfeldt et al. 1988). The following 

curvi 1 inear regression equations were obtained wi th higher 

manure-N treatments in Xuzhou: 

448 N level (7:3)Y = 1.2377 XU4801, r=O.981 .... ; 

672 N level (5:5)Y = X / (2.8577 + 0.6048 X) + 0.99, 

r=O. 990"" '" ; 

672 N level (7:3)Y = X / (3.2690 + 0.6370 X) + 0.99, 

r=O.844""'" (significant at the P <0.05 leveI). 
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The findings of Zhang et al. (1990) were in harmony with 

Sommerfeldt et al. (1988) results showing that organic matter 

increased with increasing number of years and levels of manure 

applications, yet an infinite amount of time will be required 

for maximum levels of organic matter to accumulate. Tracer 

studies have shown that organic materials in soi 1 form a 

continuum ranging from labile to recalcitrant C that have 

different decomposition rates. During the initial decompositlon 

phase of added residues, biological activity, availability of 

nutrientg such as N, and prevailing climatic conditions 

controlled both the decomposition and the internaI cycling of 

C and N for a wide variety of soi ls (Juma and McGi Il 1986). The 

resulting microbial materials and their metabolites, while only 

a small portion of the added C, undergoe stabilization in soil. 

Additions of manure increased turnover rate and steady-state 

levels, but additions of fertilizer did not (Juma and McGill 

1986). 

The rate of manure decompos i tion was greatest in the first 

year and dp.creased with time to where it approached zero in the 

Sommerfeldt et al.(1988) study. According to Zhang et al. 

(1990) after organic matter content reached 1.4-1.5% the rate 

of organic matter accumulation decreased with rising levels of 

manure applications, so that with time the rate of increase in 

the (7:3) plots should approach that of the (3:7) plots. 

(11) Estlmated changes in organic matter_ ~OI!c_~!ltr~~i~.I! 

Juma and McGill (1986) have evaluated trends in soil 

organic matter content with time by using the data on sail 

total N contents of various research plots existing around the 

world. They have estimated the annual turnover rate for soil 

organic matter to vary between 1 and 10%. Chinese agronomists 

(Zhang et al. 1990) have estimated the amount of organic matter 

accumulation with continued annual applications of manure plus 

stubble and plant roots left in the field according to the 

following mathematic model: ChI = Co + Co 1:\:1 e-rt where 
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Co is the amount of humus in the soi 1 ini tially; 

Ct+1 is Ct the passed year accumulated humus in the 

soil after one year; 

t is the number of years under study; and 

r=0.246 11 is the rate of decomposition of stable 

organic matter to rapidly available OM (based on Wang 

Weimin in Zhang et al. 1990). 

To maintain soi l organic matter balance, the resul ting esti

mated amount of fresh OM (m) ha'l yr'l must be appl ied to the 

fie 1 d: m = (P x 22.4 x 105 x b) / (a - (M + a) x O. 7) where 

P is the soi l organic matter % content; 

22.4 x 105 i s the amount of dry soi l in 0-20 cm; 

b is the annual soil OM mineralization rate = 5.0%; 

M is the amount of organic manure addpd annually to 

the soi 1 kg dry wt ha- l ; 

a is the amount of stubble-root crop residues left 

annually in the soil. According to Wang Weimin et al. 

(1989) research, in low wheat-corn production plots 

the average grain-to-straw ratio was 1: 0.6. So i t 

Decornes the amount of crop production ha- l yr'l x 0.6; 

0.3 is the average humification coefficient of 

organic res idues in the fie Id; and 

0.7 is the coeffi c ient of organic manure and fresh OM 

based on the reutilization of the roots. 

The next equation come from the comparison between a MN 

treatment and the calculated value for the check plots (1978-80 

results): C = (aM / b) - [(aM / b) - Co]e-bt with unit as above. 

Giving the initial soil organic matter content of 1.19% in 

the 0-20 cm depth, the amount of fresh organic matter that wi Il 

be mineralized is equalled to: m = (0.119 x 22.4 x 105 x 0.05) 

/ 0.3 = 44 400 kg ha-! for ten years. Since during the 10 yr 

period, aIl organic manure added (+ stubble and roots) 

converted in fresh OM was less than 4 440 kg ha- l yr- l , soi 1 OM 

steady-state was not reached, OM accumulated over 4 440 kg ha- l . 

The predicted values were quite similar with the measured 
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organic matter contents (Table 16). The model shows that the 

rate of accumulati on decreases exponentia Il y wi th time to where 

annua 1 increase in DM becomes sma Il after a few decades of 

yearly manure applications (Sommerfeldt 

examp1e, at the fixed rate of 100 units 

et al. 1988). For 

of fresh OM app lied 

annually, in 3,6, B, 10 and 20 yr, the model predicts that 

71.8, 106.2, 118.4, 125.9 and 136.5 units of humus will be 

accumulated, respectively. An infinite amount of tlme will be 

required to reach maximum DM accumulation. 

At the Rothamsted Experiment Station, manure was found ta 

have residual effects for as much as 40 yr after the 1 ast 

appl ication (Jenkinson 1988). A large accumulat ion of OM in the 

soil is an indication of a fertile land with a reserve of plant 

nutrients, including total N, to be released slowly for many 

years (Sommerfeldt et al. 1988). The concern in temperate 

region is that the amounts of DM released wi Il exceed the 

growing crops capacity to utilize it as it become available. 

Should there be excessive amounts of total N released, mine

ralized, and then nitrified into the N03-N form, there could be 

potential pollution problems, depending on the N03-N concentra

tion and its movement (Sommerfeldt et al. 1988). This aspect 

was not of great concern to Chinese sail scientists. Management 

practices that return residues ta sail on a continuaI basis 

reduce the rate of 10S5 of soil organic matter. Yet, the full 

effect of the chdnge in management May not be known unti 1 the 

practice has been in effect for several years (Juma and McGill 

1986) . 

TOTAL SOIL ft 

The original organic N level (0-20 cm depth) in 1980 was 

about 0.066% (Kjeldahl N) (not showed in Table 15). This levei 

was lower than that observed in long-term fi e Id experiments 

throughout the world (Broadbalk, Horrow. Swi ft Current, and 

Deherain locations showed 0.11, 0.133, 0.18, and 0.204%, 

respectively). Where no soil treatment was applied in Deherain 
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and Horrow experiments, soil N first declined rapidly and then 

continued downward at a slower rate (Horel et al. 1984; Odell 

and al. 1984). In untreated soils of both Broadhalk and Xuzhou 

field trials, N content remained constant (Johnston 1969b). 

In aIl Xuzhou fertilized treatments there was a positive 

increase in soil N content by the end of each 3 yr period. In 

1989, the total soil N content was in the order of MNPK = MNP 

= MN > M > NPK = N > NP > check (Table 15). The effects of 

applying urea were remarkably consist~nt. After only nine years 

of study, total N contents of both N and NPK plots were 0.080% 

and 0.010% higher than the controls. The regression equation 

for the inorganic-N treatment is YN = 0.071 + 0.0009X, 

r=0.850"'* (Jiang et al. 1990a). This general increase in 

organic N contents was not correlated with an increase in 

organic C contents and reflected a decrease in C: N ratios 

throughout the years. 

Total soil N in wheat-corn plots receiving seasonal N and 

P applications remained static but somewhat low, in comparison 

to Broadhalk continuous wheat plots (England) where NP and NPK 

treatments showed higher total N contents than the N treated 

plots. Johnston (1969b) suggested that the increase in soil N 

content came from the N in the larger plant residues returned 

each year to the soil rather than inorganic-N accumulations. 

The trend was different in Xuzhou N plots because even during 

the last years, smaller crop productions still increased the 

total N content. 

Since the treatments started there has been an obvious 

gain in soi 1 Nover the check plots due to applying horse 

manure. Total N content in the manured treatments increased 

over the range of 0.048 to 0.059%, a relative augmentation of 

73 to 89% cornryared to the original soil. The following 

regress ion equations were obtained for treatment M and MN, 

respectively. YM = 0.075 + 0.003X, r=0.938 u ; YMN = 0.078 + 

0.0035X, r=0.977~~ (Jiang et al. 1990a). Hence, the quantities 

of organic matter suppl ied at the prevai 1 ing rate of 37.3 t ha-1 
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of horse manure yearly, were higher than the amounts of sail 

organic matter deeomposed sinee total N inereased 0.002% 

annually (Zhang et al. 1990). Odell et al. (1964) suggested 

that higher soil N levels are associated with a greater return 

of plant residues to the field produeed by stimulated veg

etative growth in the manured treatmcnts, but also from the 

manure itself that provides organic N and C. Fertilizer N or 

organic N applied undergo cycling in soil such that 30 ta 50% 

of the N is immediately available to the erop while 30 ta 40% 

is converted to mierobial biomass and its products (Juma and 

McGi11 1966). The N from the biomass and labile organic pools 

are slowly released over several years. 

The manured plot response in total N was similar to that 

of organic matter in the topsoi 1 surface, di ffering onl y in 

magnitude, like the Lethbridge long-term manured fields 

initiated in 1973 (Sommerfeldt et al. 1968). Organic N 

increased more than C, which resulted in a significant 

narrowing of the C:N ratio with greater N fertilization 

throughout the years. Riee et al. (1986) indicated that ta 

estimate aecurdtely the organic N accumulation or depletion in 

the 0-20 cm zone, requires total sail N changes over time and 

bulk density data. Sinee Xuzhou initial bulk density results 

are not available these changes could not be calculated. 

NITROGEN STATUS IN THE KAHURE-N AND INORGANIC-N 

EXPERIKENT 

Horse manure-N and inorganic-N have been applied annually 

sinee 1979, at two designated levels of nitrogen 448 and 672 kg 

per ha 1 respect ive 1 y, in the MN exper i ment wh il e the ma i n 

experiment plots received 608 kg N ha- l . Soils from plots 

receiving the most manure plus inorganic-N were highest in 

total N. Those receiving the least manure plus inorganic-N were 

lowest in total N, which reflects differences in residual N 

from the previous manure applications. Soil C:N ratios were 

increased by the repeated applications of (5:5) and (7:3) 
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plots. In contrast, soil C:N ratios of inorganic-N, (3:7) and 

untreated plots decreased from 1980 to 1987 (Table 16). 

Chinese mathematic model was compared with the measured 

changes in total N content displayed by N accumulation and/or 

depletion in these soils. Zhang et al. (1990) equations were 

based on the following hypothesis: given an annual use of 

manure-N named Xl, inorganic-N named X2, the calculated amount 

of manure-N-to-inorganic-N accumulated is an independent 

variable, while the amount of N uptake and total soil N in the 

0-20 cm layer is a dependent variable Y. 

y (uptake) = a + b1X1 + b2X2; 

y (accumulated) = al' + b1'X1 + b2'X2; and b1(b1'), 

b2(b2') an intermediary model to predict the rate of 

manure-to-inorganic-N crop uptake (or soil N accumu

lation) . 

111 Rate of nitroqen uptake in crops 

During the 1980-87 period, the rates of manure-N uptake 

varied between 10.2 and 49.1%, with a me an average of 29.7%, 

but manure-N applications showed a positive correlation with 

time (r=0.966--). In contrast, N uptake rates decreased from 

53.8 to 41.9%, with a Mean of 47.9% in the urea fertilized 

plots. Hence, inorganic-N application demonstrated a negative 

correlation with time (r=-0.783-). 

1!!J Rate of nitrogen accumulation 

With manuce the increase in N accumulation at Broadbalk 

increased according to the amount added and time (Johnston 

1969b). In Xuzhou, the increase in the inorganic-N fertilized 

plots was only one-sixth that of (7:3) soils. In the manure-N 

treatment plots rates of accumulation range from 40.2 to 54.9%, 

and averaged 47.5%. While in the ino~Tanic-N parcels ratps were 

much lower 5.1 to 11.9%, with a Mean average of 8.5%. AlI 

treated plots showed no significant decrease in N accumulation 

over the 1980-87 periode 
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(iii) Rate of nitrogen lost 

The rates of Niost in the manure-N treated plots dimin

ished from 41.5 ta 7.0%, with a mean average of 24.2% during 

the 7 yr period, consequently showing an inverse correlation 

with time (r=-O.881*). In comparison, in the inorganic N plots, 

rates of Niost increased from 34.2 to 51.5% and averaged about 

42.9%, thus exhibiting a positive correlation with time 

(r=0.765"'). 

(iv) Rate of changes in total soil N content 

Where manure and urea were applied together total sail N 

content presented a positive correlation with time, and the r 

values increased with increasing manure-N ratios. 

448 N (3:7) r=O.842""" , (5:5) r=O.922""", (7:3) r=O.943**; 

672 N (3:7) r=O.834**, (5:5) r=0.951*jIr, (7:3) r=O.914**, 

(significant at the P (0.05 level). In general, higher N rate 

treatments showed a more rapid increase with time in sail N 
than the lower N rate plots. In contrast, total sail N was 

slightly higher in the urea (0:10) fertilized soils, while the 

untreated control plots decreased 5% with regard ta the 

original sail. Consequently, sail N balance was maintained in 

Xuzhou fields after 17 seasons of intense double-clopping 

(Zhang et al. 1990). 

SOIL HUMUS CONTENT AND PHYSICAL BEHAVIOUR 
Ta study further sail organic matter classical 

fractionation techniques were used to evaluate fulvic acids, 

humic acids, and humin (Table 17 and 18). These three humic 

fractions are structurally similar but differ in molecular 

weight, chemical analysis and functional group content (Juma 

and McGill 1986). The great stability of soil organic matter is 

due to the physical and chemical structure of these humic 

molecules (Jenkinson 1988) . 
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Table 17. Effectf. of varlOUS fertillzers treatments on SOli organlc matter humlc fractIons and 
physlcal pr0pl:rtll?S ln 198 t. • 

Trcat- Total HU.le FluVlC Hu.in HA/FA Aggregate Bulk Pore 
.ents C aCld aCld 0.25-5 .. density space 

(HA) (FA) 

--'t-- --\-- 9 cm- 3 --\--
Check O.~70 o.ons 0.Ob4 0.409 1. 52 0.5 1. 28 54 

11\' 11% 72\ 

" 0.64t. 0.097 0.120 0.428 0.81 b.2 1. 32 53 
15\ 1'1% bb\ 

NPl 7."1 1.13 57 

H 0.981 0.073 0.248 0.662 0.30 8.4 1.14 sq 
7\ 25% b7\ 

"N 1.034 0.178 0.160 0.b97 1.11 b.9 1. 23 54 
17\ Ib% 67\ 

"NPl 9.4 

\ Total C = HA + FA + Humln. , Percent content of total C 

TablE' 1 f\ • EffectE' of dlfferent manure-N/lnorganlc-N fertillzers applIcatIons on the chemical 
and physlcal characterlstlcs of organlc matter ln 1989. 

Treat.enta Hu.ie Fluvic HA/FA Paddy Boil Pore 
acid aeid Aggregate, Bpace 
(HA) (FA) 

"" 0.25 mm " --\--
(0:01 b2.b 52.0 

(0:101 0.070 0.190 0.37 5b.1 52.6 

(3'7) b3.0 5b.3 

(5:5) 0.09S 0.213 0.4S b8.1 Sb.9 

(7: 3) 0.121 0.237 0.51 

, Total contont of cluster type paddy SOlI. 
MN was equalled te S Jlfferent manure-N-to-lnorgamc-N treatment ratios (0'0). (0:10). (3'7). 
( 5 ' 5) and (7 3). 

Fertilizers treatrnents give different organic C contents 

thus varying organic matter amounts. The effects of different 

organic matter contents on Xuzhou soil structure were examined. 

Similar inorganic N treatments behaved differently. While the 

HA:FA ratio of (0:10) treatment plots (Table 18) was comparable 

to the manured parcels ratio of the first experirnent (Table 

17). treatment N soils showed a 2.5 times higher percent 

enrichment ratio. The discrepancy between similar treatments CN 
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and 0: 10) may come from the di fferent rat.es of N appl ied in 

both experiments and the three year interval between analyses. 

It is important to note that the unfertilized plots showed the 

highest HA:FA ratio and humin percent content. With repeated 

organic manure applications, organic C content increased 

significantly, fluvic acid content was much higher than in 

other treatments, therefore Jiang et al. (1990a) assumed that 

the humification process was slower. 

ln general, waterstable aggregate were low in Xuzhou 

soils. Plots that received only manure compared to NPK and 

control showed significant differences. The amounts of 

waterstable aggregates (>0.2 mm) increased with increasing 

organic C contents. Under the urea treatment, organic C content 

slightly increased, probably due to increased crop root 

production but the amount of waterstable aggregates was lower 

than in the check plots. 

The formation of waterstable aggregates 15 not only 

important for good soil physical conditions but also for proper 

plant growth conditions nutrient assimilation and root 

extens i on (More 1 et al. 1984). Zhang et al. (1990) observed 

that under the present field conditions, long-term inorganic N 

applications can have a destructive effect on soil structure 

revealed by the increase in bulk density and the reduction of 

pore space content. Bulk density must be determined when 

changes in mass of organic matter over time are calculated. 

Bulk densi ty increases as organic C content decreases, and 

conversely (Juma and McGill 1986). 

In the combined manure-urea treatment, results of organic 

C, bulk density and percent enrichment ratio of humic-to-fluvic 

acids were higher than for the separate inorganic N and manure 

treatments. High humic acid content had a positive effect on 

soil structure and by consequence improved soi 1 properties 

(Zhang et al. 1990). When applying a combination of inorganic-N 

fertilizer plus organic manure on a long-term hasis, the 

results were significant not only at increasing soil nutrient 
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content but also at improving soil organic matter . 

Control and lnorganic N plots showed lower significant 

contents of big pores (>0.2 mm) and available pores (0.2-0.005 

mm) in the 2-7 cm soi 1 depth than other treatments. This 

condition was further accentuated in the 10-15 cm soil depth, 

where bath treatments had a total pore content less than 50%, 

and big pore contents of 8.7 and 8.9%, lower the 10% critical 

value for good soil structure. Values of 12.8 and 18.8% were 

found for treatments (3:7) and (5:5), respectively (Zhang et 

al. 1990). 

Soil particles in the size range of 2.5-500 mm diameter, 

could hold more water in the high ratio manure plots. For 

example, treatment (5:5) plots could retain more water by 54 

and 42% compare to the unfertilized and inorganic N soils, 

respectively. Similarly, soil bulk density on average increased 

or decreased in relation to the manure-N-to-inorganic-N ratios. 

Urea treated parcels showed a 18.2% higher bulk density values 

than the balance fertilized (5:5) plots, compared to 16.4% for 

the checks in the 10-15 cm 50il depth. Altogether treatment 

(7:3) was better than (5:5) because the increase in manure-N

to-inorganic-N ratio had a significant effect on soil 

structure, pore space content, etc. 

CONCLUSIONS 

The main conclusions based on ten years of intensive 

double-cropping production are that the balance combination of 

inorganic fertilizers with horse manure in Xuzhou treated plots 

resulted in higher uniform crop output, on one hand, while on 

the other hand, exclusive N fertilized soils showed decreasing 

crop yields just as soil P and K deficiencies are taken place 

after the third year harvest. Horse manure played an important 

roI e in maintaining plant nutrients, whi le increasing soi 1 

organic matter content and improving soil physical properties . 
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