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Abstraet The influence of fertilization with urea and ryegrass on nitrogen utilization 

and transformation in red soil has been studied by using 15 N tracer method． W hen urea 

and ryegras s were applied alone or in combination，the percentage of N uptaken by ryegrass 

from labelled urea was 3 an d 1．7 times that from labelled ryegras s for the application rate 

of 200 mgN·kg一 and 100 mgN·kg一 ，respectively；combining application of ryegrass and urea 

reduced uptake of urea N and increased uptake of ryegrass N by ryegras s plant，but the per． 

centage of N residued in soil increased for urea and decreased for ryegrass；when urea and 

ryegrass were applied alone，the percentage of N residued in soil from labefied ryegrass was 

more than 69％ while that from labelled urea was less than 25％，and much more ryegrass N 

was incorporated into humus than  urea N． 
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1 Introduction 

The area of red soils in China covering 

about more than 2 million km accounts for 

22．7％ of the whole country’s area．il J Most of 

the red soils are deficient in nutrient elements 

which are indispensable to plant production； 

moreover，red soils are readily to be eroded and 

the physical characteri8tic8 are not suitable for 

arable practice an d crop production．For these 

reasons，effective measures must be taken to 

ameliorate the fertility an d productivity of red 

soils．One of the commonest methods used is to 

enhan ce the input of organic matters．Ryegrass 

plan ts have strongly vigorous fibrous roots，it 

can not only prevent the red soils from being 

eroded，but also be used as a source of animal 

forage．Cultivating ryegrass in red soils and ap- 

plication ot ryegras s as  a green manure to the 

soils have been demonstrated to be feasible for 

the amelioration of the soils．ilJ Direct green m&- 

nure application to soil has been reported to in． 

crease soil organic matter，available N and other 

nutrients in the plow layer．【2】The potential of 

green manure to maintain or even improve soil 

properties and productivity is less well docu． 

for inorgan ic N．f3】 

To develop practices that increase fertilizer 

use efficiency an d to provide sustainable red soil 

fertility and productivity，the present study was 

carried out with a view to determine the effects 

of fertilization with ryegrass and urea on uti— 

lization and tran sformation of nitrogen in red 

soil． 

2 M aterials and methods 

2．1 Treatment of soil and ryegrass plan- 
tation 

The red clayey soil was taken from surface 

layer of fallow land in Longyou county of Zhe- 

jiang Province．The properties of the soil were 
presented in Table 1 of Ref．『41．The soil sam- 
pie was air—dried and ground to pass through 

a 2 mm sieve．250 g of each air—dried soil sam— 

pie was put into 200 ml polyethylene pots and 

added with pulverized ryegrass or／and urea as 
presented in Table 1，and then mixed thor— 

oughly．To obtain uniformly labelled ryegrass， 

N labeled(NH4)2SO4(10．5％abundance)was 
applied to soil and mixed well，then ryegrass 

was sown in the soil one month later．The prop- 

mented than its actual potential to substitute erties of the added ryegrass were shown in Table 
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2． Each treatment was triplicated． The mix- 

tures as well as the control soil were adjusted 

to 40％ of the maximum water holding capacity 

fWHC)．The pots were pre．incubated indoors 
under room temperature for 20 d．Each pot wa8 

weighed everyday and the weight loss was com- 

pensated by the ad dition of distilled water to 

keep the moisture content constan t．After 20 d 

of incubation，130 ryegrass seeds were sown in 

each pot，and then weighed in order to adjust 
the soil moisture as mentioned above． 

Table 1 Adopted treatments and labelled fertilizer abundance in the experiment 

te 。 abundance Rate 

2．2 Sam pling procedure of soil and rye一 2．3 Soil and ryegrass analysis 

grass 

At the time of 20 d incubation，fresh soil 

sample from each pot corresponding to 5 g air- 

dried soil was taken for the determination of 

mineral N，microbial biomass N．After ryegrass 

seeds germinated，the pots were managed as the 

Analyses performed included total soil N 

and 15N abundance
．
soil mineral N and 15N 

abundance，soil humus N and 15 N abundance， 

soil microbial biomass N，ryegrass plant total 

N and N abundance．and ryegrass dry matter 

m aS S ． 

conventional management of ryegrass produc— Total N in the soil and ryegrass samples 

tion and the soil in pots was kept in field wa-- was determined by Kjeldahl digestion method 
ter content during ryegrass growth period．The 

first harvest of ryegrass was carried out when 

the ryegrass grew into 17 d-old seedlings．The 

aboveground ryegrass was clipped．After har— 

vest，pots were kept being managed as before． 

The second harvest of ryegrass was carried out 

after 4 1 d later．The whole ryegrass plants were 

separated from the moist soil and washed free 

of adhering soil under tap water．All the rye- 

grass plants were dried at 60。C until a constant 

mas8．Then，the ryegrass plan ts were pulverized 

and kept in a desiccator until the determi na- 

tion of total N and 15 N abundance．After the 

second harvest．the fresh soil in each pot was 

mixed thoroughly，and soil sample correspond— 

ing to 5 g air-dried soil from each pot was taken 

for the determination of soil total N，microbial 

biomass N，mi neral N，humus N an d 15N abun． 

dance． 

with a mixed catalyst(mK2 SO4：mCuSO4：mSe 
= 100：10：11．LsJ Mineral N in soil samples was ex- 

tracted with 20％fw／v)NaCl and the extracts 
were analyzed by distillation with 10 mol／L 

NaOH and Zn．FeSO4 (mZn：mFeSO4 1：5) 
agent．15,6j The microbial biomass N in soil 8am- 

ples was determined using a modified chloro- 

form fumigation．direct extraction procedure．17J 

Soil samples were fumigated with chloroform for 

24 h in a vacuum desiccator an d extrac ted with 

30ml 0．5mol／L K2SO4 for 30min at 25。C fol- 
lowing the removal of chloroform． The other 

homogeneous soil sam ples(unfumigated)were 
extracted in the same manner when the fumi． 

gation commenced．Extracts were 8ubjected to 

Kjeldahl digestion for total N determination． 
The di rence in K2SO4 extrac table N between 

the fumigated and unfumigated soil samples 

represented the chloroform-labile N fraction of 
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the soils，and a correction factor f n)of 0．54 

was applied to estimate the microbial biomass 

N． 

For extraction and analysis of humus 

N， the fumigated soil samples following 

0．5 mol／L K2S04 extraction were extracted 
with 0．1 mol／L NaOH solution．the extracts 
were concentrated and subjected to Kjeldahl 

digestion and the N in extracts was measured 

with distillation method．[8】15N abundance of 

all the samples was analysed with mass spec- 

trom eter． 

W ith the total N content and N abun． 

dance，the amount of N in various forlTIS from 

labelled source can be calculated as the follow． 

ing： 

Ⅳa仃(N derived加 m ，ertilizer or ryegrass)= 

Amount of N in samples 

3 Results and discussion 

from labelled source= amount of total N × Ⅳd仃 

3．1 EfBect of application of urea and rye． 

grass on m icrobial biomass N and m ineral 

N in soil before cultivating ryegrass 

As can be seen from Fig．1，at the time of 

20 d incubation，the amount of mineral N in 

treatment 2 was the highest among the treat． 

ments，the amount of 121ineral N in treatment 

3 and treatment 7 was the lowest．Pan l et a1． 

had suggested that N immobilization occurred 

during the flush of mi crobial activity．【9J In our 

Fig．1 M icrobial biomass N and mineral N in 

different treatments before cultivating ryegrass 

experiment，when ryegrass was applied alone， 

the amount of mineral N in soil was much less 

than that in the contro1． The reason for the 

decrease of mineral N may be attributed to 

immobilization of inorgan ic N in soil by mi． 

croorganisms with ryegrass application．W hen 

urea was applied in combination with ryegrass 

(treatment 4 and treatment 5)or 200 mg rye． 

grass N·kg_1 was applied alone(treatment 3)， 
the microbial biomass N was much higher than 

those in the other treatments；it indicatcd that 

addition of ryegrass stimulated the mi crobial 

activity in soil． 

3．2 E ct of difierent treatm ents on rye． 

grass plant dry m ass and N accum ulation 

Dry mass of ryegrass plant and N accumu- 

lation were influenced significan tly by the fcrtil． 

ization way(Table 3)．The largest yield of dry 
matter was obtained when urea and ryegrass 

were applied in combination． The two treat． 

ments also resulted in higher accumulation of 

N in ryegrass plan t；however．when 200 mg urea 

N·kg一 was applied alone，the amount of N ac． 

cumulated in ryegrass plan t was higher than 

that when urea and ryegrass were applied in 

combination．The amount of both dry matter 

and N accumulation at second harvest in treat． 

ment 6 and treatment 7 was significan tly less 

than that in the other treatments． As can be 

seen from Fig．1 and Table 3，the dry matter and 

N accumulation in ryegrass plant were related 

to the content of mi neral N in soil to some ex． 

tent．The results indicated that ryegrass growth 

and N accumulation in ryegrass plant mainly 

depended on the amount of available N in soil 

and that addition of organic matter to soil was 

also favorable to ryegrass growth and uptake of 

N by ryegrass． 

3．3 EfBect of different treatm ents on N 

transformation in red soil 

As shown in Table 4，when ryegrass was 

applied alone or in combination with urea．the 

content of microbial biomass N was increased 

compared with that when urea was applied 

alone． It can be seen that application of rye． 

grass increased accumulation of humus N signif- 

icantly．The amount of humus N with 200 mg 
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ryegras s N·kg一 application in soil was signif- mus N in soil was higher than that in the con． 

icantly higher than that with 100 mg ryegrass 

N·kg一 ．W hen ryegrass was applied in combi- 

nation with urea，the amount of humus N was 

a little higher than that when 100 mg ryegrass 

N·kg一 Was applied alone ftreatment 7)．The 
increase in humus N in soil may be attributed 

to urea，because when urea Was applied alone 

(treatment 2，treatment 5)，the amount of hu． 

tro1．It can alSO be seen from Table 5 that when 

ryegrass Was applied alone or in combination 

with urea．more ryegrass N Was incorporated 

into red soil humus N，and more N derived from 

ryegrass or urea Was residued in red soil than 

those when urea Was applied alone．Among all 

the treatments，when urea Was applied alone， 

the mineral N in red soil reached the highest． 

Table 3 Effects of different treatments oil．ryegrass plant dry mass and N accumulation(per pot) 

Table 4 The content of N in different forms in soil after ryegrass harvest(per pot) 

Table 5 N derived from labelled fertilizer(Ⅳdfr)in soil after ryegrass harvest(per pot) 

3．4 E ct of difierent treatm ents on the 

balance of fertilizer N 

It can be seen from I．able 6 when urea 

and ryegrass were applied alone，the percent— 

age of N uptaken by ryegrass from urea Was 3 

times that from ryegrass，the percentage of N 

transformed to humus N from ryegrass Was sig- 

nificantly higher than that from urea，but the 

percentage of mineral N from ryegrass Was sig- 

nificantly less than that from urea． Combin． 

ing application of urea and ryegrass reduced the 

difference in N uptaken by ryegrass，recovery of 

humus N and mi neral N from ureaand ryegrass． 

W hen ryegras s and urea were applied alone，the 

N residued in soil from ryegrass Was alSO sig． 

nificantly higher than that from urea． Com- 
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bining application of urea and ryegrass could alone，the loss of ryegrass N was reduced signif- 

increase the residual N from urea but reduce 

the residual N from ryegras s in soil．There was 

about 60~70％ of ryegrass N residued in soil． 

perhaps most ofthe ryegrass N was retained in 

the undecomposed forills because transformed 

humus N only accounted for less than 20％ of 

the ryegrass N，furthermore，the mineral N and 

microbial biomass N also accounted for a very 

little percent of the ryegras s N．W hen ryegrass 

was applied alone，the utilization of ryegrass N 

by growing ryegrass was much lower than that 

when urea was applied alone or in combina- 

tion with ryegrass．but the residual N in soil 

was the highest among all the treatments；fu卜 

thermore，when ryegrass was applied to red soil 

icantly compared with that in the other treat— 

ments． It can also be seen from Table 6 that 

when urea was applied alone，the utilization of 

urea N was the highest，but the residual N in red 

soil was lowest．W hen urea was applied in coin- 

bination with ryegras s，the utilization of urea 

N was reduced，while the utilization of ryegrass 

N was significantly increased．W ith combined 

application of urea and ryegrass，the residual 

urea N in soil was increased significantly but 

the residual ryegrass N in soil was decreased 

significan tly． Also，when urea was applied in 

combination with ryegrass．the lOSS of N was 

greatly reduced． 

Table 6 N uptaken by ryegrass and N recoveries from labelled N after ryegrass harvest(％) 

From above results，it can be concluded 

that urea N was much more favourable to be up- 

taken by growing ryegras s than  ryegras s N，but 

urea N was much more eas ily to be lost from soil 

than ryegrass N during ryegrass growth．Com- 

bining application of urea and ryegrass reduced 

uptake and loss of urea N and increased the urea 

N residued in soil compared with those when 

urea was applied alone，so it can be assumed 

that application of organ ic matter to soil could 

improve soil organic matter and reduce the loss 

of nutrients． The above results were identical 

to other reports．[10 12]From our experiment
， it 

could be suggested that combining application 

of urea and ryegrass(both at the application 
rate of 100 mg·kg soil)was appropriate for 
the growth of ryegrass plant in red soil and the 

improvement of red soil fertility． 
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