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Abstract 

Brazil has approximately 30 million hectares of lowland areas, known locally as "Varzea," but very little is known 
about their fertility and crop production potential. A field experiment was conducted for three consecutive years 
to evaluate response of lowland rice (Oryza sativa L.) grown in rotation with common bean (Phaseolus vulgaris 
L.) on a Varzea (low, Humic Gley) soil. Rice was grown at low (no fertilizer), medium (100 kg N ha -1, 44 kg P 
ha -1, 50 kg K ha -1, 40 kg FTE-BR 12 ha-l) ,  and high (200 kg N ha -1, 88 kg P ha -1, 100 kg K ha -1, 80 kg 
FTE-BR 12 ha -1 fritted trace element-Brazil 12 as a source of micronutrients) soil fertility levels. Green manure 
with medium fertility was also included as an additional treatment. Average dry matter and grain yields of rice 
and common bean were significantly (P < 0.01) increased with increasing fertilization. Across the three years, rice 
yield was 4327 kg ha -1 at low fertility, 5523 kg ha -1 at medium fertility, 5465 kg ha -1 at high fertility, and 6332 
kg ha -1 at medium fertility with green manure treatment. Similarly, average common bean yield was 294 kg ha -1 
at low soil fertility, 663 kg ha -I  at medium soil fertility, 851 kg ha - l  at high fertility, and 823 kg ha -1 at medium 
fertility with green manure treatment. Significant differences in nutrient uptake in bean were observed for fertility, 
year, and their interactions; however, these factors were invariably nonsignificant in rice. 

Introduction 

In Brazil, there are about 30 million hectares of low- 
lands, known locally as "Varzea." These areas are 
distributed throughout the country and generally are 
under favorable climatic conditions for crop produc- 
tion. These areas represent one of the largest lowlands 
of the world which can be brought under agricultural 
production. These lowlands are an important natural 
resource in the biosphere, but they need to be managed 
with great care. At present, in Brazil, about 1.5 million 
hectares of these lowlands are under cultivation. Due 
to adequate water availability and favorable climatic 
conditions, it is possible to produce three crops annu- 
ally on these lands if proper technology is applied. If 
this can be achieved, the quantity of food produced on 
these lowlands may have international implications. 

Generally "Varzea" soils have good initial soil fer- 
tility, but within two to three years of cultivation, 

fertility is known to decline (Fageria et al., 1990b, 
1991c). Fanning systems need to be developed with 
improved soil management technology to bring these 
areas under successful crop production. Supply of suf- 
ficient amounts of nutrients is one of the key factors 
in improving crop yields and maintaining sustainable 
agricultural production on these lowlands. Lowland 
or flooded rice is an important crop that needs to be 
included in the cropping system of these lowland areas 
during rainy seasons. During dry periods, other crops 
can be planted in rotation, provided there is proper 
drainage. These lowland areas generally have adequate 
natural water supply throughout the year. Little infor- 
mation is available concerning fertilizer requirements 
of field crops production on "Varzea" soils. The study 
reported here was undertaken to evaluate the response 
of lowland rice and common bean grown in rotation to 
different soil fertility levels. 
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Materials and methods 

A field experiment involving rice-bean rotation was 
conducted during three consecutive years at the 
EMBRAPA-National Rice and Bean Research Cen- 
ter's Experiment Station, Brazabrantes, Goias, Brazil. 
The soil at the experimental site was a low, Humic 
Gley. The initial soil chemical properties at 0-20 cm 
soil depth were: pH, 4.8; O.M. 14 g kg-1; P, 16.5 mg 
kg-1; K, 80 mg kg-1; Ca, 1.9 cmolc kg-l ;  Mg, 0.9 
cmolc kg-  1 ; A1, 3 cmolc kg-  l ; Na, 0.5 cmolc kg-  1; Cu, 
7.5 mg kg-  J ; Zn, 3.4 mg kg-  1; Fe, 820 mg kg-  1 ; and 
Mn, 32 mg kg -1. Phosphorus, K, Na, Zn, Fe, Cu, and 
Mn were extracted by the Mehlich 1 extracting solu- 
tion (0.05 M HC1 + 0.0125 M H2SO4). Phosphorus 
was determined colorimetrically and K, Cu, Zn, Fe, 
and Mn by atomic absorption spectroscopy. Sodium 
was determined by flame photometer. Calcium, Mg, 
and A1 were extracted with 1 M KCI. Aluminum was 
determined by titration with NaOH, and Ca and Mg 
were determined by titration with EDTA. Soil analysis 
methods used in this study are described by EMBRA- 
PA (1979). 

Four soil fertility treatments adapted for rice crop 
were: 1) check, no fertilizer inputs added (low fertil- 
ity); 2) 100 kg N ha - l ,  44 kg P ha -z, 50 kg K ha -z, 
40 kg ha -1 fritted glass material (FTE-BR-12) as a 
source of micronutrients (medium fertility); 3) 200 kg 
N h a  -I  , 8 8 k g P h a  - l  , 1 0 0 k g K h a  -1 , 8 0 k g h a  -1 
fritted glass material (high fertility); and 4) medium 
fertility + green manure. At the time of sowing the first 
crop, four plots were left fallow for green manure treat- 
ment. Thirty kg N ha - l  was applied at sowing, and the 
remaining quantity was topdressed two times at equal 
rates at 45 and 75 days after sowing. For common bean 
crop, the fertility treatments were: 1) check, no fertiliz- 
er inputs added (low fertility); 2) 35 kg N ha - l ,  52 kg 
P ha-  1,50 kg K ha-  1,40 kg ha-  1 fritted glass material 
(medium fertility); 3) 70 kg N ha -1, 104 kg P ha -1, 
100 kg K ha -z, 80 kg ha -1 fritted glass material (high 
fertility); and 4) medium fertility + green manure. Fif- 
teen kg N ha-1 was applied at sowing, and remaining 
was topdressed one week before flowering. For both 
crops, nitrogen was supplied as ammonium sulfate, 
P as triple superphosphate, and K as potassium chlo- 
ride. Every year, all the fertilizers were banded at the 
time of sowing of rice and bean. The bean seeds were 
not inoculated with rhizobium bacteria. The pigeonpea 
(Cajanus cajan L. Millspaugh) grown in the adjacent 
well-drained area was used as a source of green manure 
and applied at the rate of 28 t ha-  l in the fallow plots 

left in the experimental area at the time of planting the 
first rice crop. It was incorporated by rototiller. Green 
manure treatment in the fallow plots of the experiment 
was incorporated at the time of harvest of the first 
rice crop. The whole experimental area received lim- 
ing according to the following formula (Fageria et al., 
1990a): 

Lime(tha -1) = CEC(B2 - B , ) / T R N P  (1) 

where CEC = cation exchange capacity (Ca 2+ + Mg 2+ 
+ K + + H + + A13+) in cmolc kg -1 , B2 = optimum base 
saturation, B1 = existing base saturation, TRNP = total 
relative neutralizing power of liming material. Under 
Brazilian conditions, the optimum base saturation for 
common bean is considered to be in the range of 60 to 
70% (Van Raij, 1991). The 70% upper limit was used in 
this study. Lime was broadcast 18 days before sowing 
the first rice crop and incorporated to a depth of about 
20 cm. The lime used had the following properties: 
CaO 49.3%, MgO 2.8%, CaCO3 88%, MgCO3 5.9%, 
and CaCO3 equivalent 74%. 

The experimental design was a randomized com- 
plete block with four replicates. Treatment plots were 
10 by 5 m with a 1 m alley between plots and 3 m 
alley between blocks to avoid treatment contamination 
during soil preparation for successive planting. Rice 
cultivar, Alianca, recommended by National Rice and 
Bean Research Center for central parts of Brazil, was 
planted at a spacing of 20 cm between rows. Similar- 
ly, bean cultivar EMGOPA202-Rubi, recommended 
for central parts of Brazil, was planted at a spacing 
of 50 cm between rows. Rice crop was grown dur- 
ing the rainy season (October-March), and bean crop 
was grown during the dry season (June-October) with 
sprinkler irrigation. Rice plots were flooded about 30 
days after sowing to a depth of about 10 to 15 cm of 
standing water during crop growth period and drained 
out one week before harvest. Plant samples for rice 
were taken at harvest, plant samples for bean were 
obtained at flowering, and dry matter was determined 
in harvesting a 1 m long row. Dried plant material was 
ground and digested with a 2:1 mixture of HNO3 and 
HC104. Total N in the tissue was determined using a 
Tecator 1016 digester and 1004 distilling unit. The P 
concentration in the digest was determined colorimet- 
rically (Braga and Defelipo, 1974). All other nutrients 
were determined by atomic absorption spectroscopy. 
After harvesting each bean crop, soil samples were tak- 
en from each plot at 0-20 and 20-40 cm depth intervals 
to evaluate soil fertility. All the data were analyzed by 



Table 1. Dry matter production and grain yield of rice and common bean as affected by soil fertility levels. 
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Fertility level I st I st 2nd 2nd 3rd 3rd Average a Average 
year year year year year year rice bean 
rice bean rice bean rice bean 

Dry matter (kg ha-  1 ) 

Low 5875b 222b 5762b 396b 4580a 456b 5406c 358b 

Medium 9185ab 460ab 7646ab 1075a 7130a 608ab 7987b , 714a 

High 12112a 563ab 11793a 1232a 8271a 779a 10726a 858a 

Medium + green manure - 786a 7863ab 986a 5893a 580ab 6879 784a 

F-test (treat.) ** * * ** NS * ** ** 

F-test (year) NS ** 

F-test (T X Y) NS ** 

C.V.% 19 36 32 19 36 19 31 24 

Grain yield (kg ha-  1 ) 

Low 3132b 467c 5294c 236b 4556a 179a 4327b 294b 

Medium 4675ab 890b 7267ab 767ab 4628a 333a 5523a 663a 

High 5877a 1117ab 6352bc 1002a 4166a 434a 5465a 851a 

Medium + green manure 1433a 7861a 699ab 4802a 337a 6332 823a 

F-test (treat.) * ** ** * NS NS ** ** 

F-test (year) ** ** 

F-test (T X Y) ** ** 

C.V.% 21 19 8 39 11 39 14 30 

aln overall statistical analysis office data, treatment medium + green manure was not taken into consideration due to two 
years' data. 
*, **Significant at the 5 and 1% probability levels, respectively. NS = not significant. Within same column, means 
followed by the same letter do not differ significantly at 5% probability level by Tukey's Studentized Range Test. 

analysis of  variance, and treatment means were com- 
pared by Tukey 's  test at 5% probability level. 

Results and  discussion 

During the first two years, dry matter as well as 
grain yields of  both crops increased significantly with 
increasing soil fertility (Table 1). During the third year, 
increasing soil fertility increased dry matter production 
of both crops and grain yield of the bean crop, but sig- 
nificant differences were only observed for common 
bean dry matter yields. On an average, the highest 
grain yield of  rice was obtained under medium fertility 
with green manure treatment; however, this is based 
on two years of rice crop. The increase in grain yield 
under this treatment was 47 and 15% as compared to 
control and medium fertility treatments, respectively. 
Green manure has a positive effect in increasing grain 
yield of rice in Varzea soil of  Brazil. 

Rice grain yield under control treatment (no fertil- 
izer application) was quite good (4.3 t ha - l ) .  At low 
fertility treatment, rice yields increased during the sec- 
ond and third years of  cultivation. Such an increase 
in rice yields may be related to a positive effect of 
the bean crop in rotation, as well as the liming effect. 
This means that a moderately high yield of  rice (about 
4.5 t ha - i )  can be achieved for up to three years on 
"Varzea" soils with th e application of lime alone, if 
rice is grown in rotation with common bean. This may 
be due to good initial fertility of the experimental site. 
However, after three or four years of  cultivation on 
these soils, rice yields are known to decrease due to 
decreasing soil fertility (Fageria et al., 1990b). There- 
fore, on a long-term basis, there is need for application 
of adequate levels of  N, P, K, and micronutrients to 
maintain sustainable crop yield in these soils. 

Across the three-year crops, the maximum grain 
yield of  common bean was obtained at a high fertility 
level, but it was not significantly different as com- 
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Table 2. Influence of soil fertility on yield components of flooded rice. 

Fertility level Panicle 1000 Unfilled Panicle Grain wt. 

density grains wt. grains length per panicle 
(m -2)  (g) (%) (cm) (g) 

1st year crop 

Low 589a 24.55a 16a 16.8b 1.32b 

Medium 638a 24.70a 12a 17.1b 1.43ab 

High 656a 24.50a 17a 18.5a 1.72a 

Medium + green manure . . . . .  

F-test NS NS NS ** ** 

C.V.% 12 2 18 2 11 

2nd year crop 

Low 596a 26.47ab 24b 19.5b 2.09a 

Medium 625a 26.63ab 23b 20.3ab 2.47a 

High 687a 25.93b 33a 20.8ab 2.40a 

Medium + green manure 651a 26.75a 22b 21.5a 2.70a 

F-test NS * ** * NS 

C.V.% 7 1 12 3 12 

3rd Year Crop 

Low 441b 26.57a 7c 18.0b 1.75b 

Medium 50lab 27.40a 13bc 19.5ab 2.00b 

High 453b 27.57a 24a 21.0a 2.67a 

Medium + green manure 531a 27.45a 15b 19.8ab 2.30ab 

F-test ** NS ** ** ** 

C.V.% 6 3 18 4 12 

Across the three years 

Low 542b 25.86a 16b 18.1c 1.72C 

Medium 588ab 26.24a 16b 18.9b 1.96b 

High 599a 26.00a 26a 20.1a 2.26a 

Medium + green manure '~ 591 27.10 19 20.5 2.50 

F-test (year) ** ** ** ** ** 

F-test (T) * NS ** ** ** 

F-test (T X Y) NS NS ** NS * 

C.V.% 8 2 14 3 11 

a Due to lack of 1 st year data under treatment medium + green manure in overall statistical 
analysis, this treatment was not taken into consideration. 
*, **Significant at the 5 and 1% probability levels, respectively. NS = Not significant. Within 
the same column, means followed by the same letter do not differ significantly at the 5% 
probability level by Tukey's Studentized Range Test. 

p a r e d  to t h e  m e d i u m  fe r t i l i t y  l e v e l  w i t h  o r  w i t h o u t  

g r e e n  m a n u r e .  T h e  i n c r e a s e  in  g r a i n  y i e l d  u n d e r  t h e  

m e d i u m  so i l  f e r t i l i t y  t r e a t m e n t  w a s  1 2 6 %  as  c o m p a r e d  

to t h e  c o n t r o l .  S i m i l a r l y ,  t h e  i n c r e a s e  in g r a i n  y i e l d  

a t  m e d i u m  fe r t i l i ty  w i t h  g r e e n  m a n u r e  t r e a t m e n t  w a s  

2 4 %  as  c o m p a r e d  to  m e d i u m  fe r t i l i t y  t r e a t m e n t .  T h i s  

m e a n s  g r e e n  m a n u r e  a l s o  h a s  a p o s i t i v e  e f f e c t  o n  g r a i n  

y i e l d  o f  c o m m o n  b e a n .  



Table 3. Uptake of nutrients in tops and grains of flooded rice under different fertility treatments across the three years. 
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Fertility level N P K Ca Mg Zn Cu Mn Fe 
kg ha- 1 g ha- 1 

Tops 

Low 29b 6b 169a 22b 9b 443a 22b 2728b 2952a 
Medium 4lab 8ab 154a  24ab llab 413a 24b 3320b 3135a 
High 55a 1 la 207a 36a 16a 642a 53a 4902a 3927a 
Medium + green manure a 41 7 144 24 9 334 26 3668 3533 
F-test (year) NS ** NS NS NS NS ** NS NS 
F-test (T) ** ** NS * * NS ** ** NS 
F-test (Y X T) NS NS NS NS NS NS * NS NS 
C.V.% 34 32 69 48 54 69 49 37 37 

Grains 

Low 80a 19a 13a 1.91a 4.38b 177a 152a 218a 620b 
Medium 56a 14a 14a 1.80a 6.14a 133a 125a 228a 908a 
High 61a 15a 13a 1.68a 6.10a 134a 140a 228a 884a 
Medium + green manure 72 17 15 2.57 7.40 157 139 214 1054 
F-test (year) NS NS NS ** ** NS NS NS ** 
F-test (T) NS NS NS NS ** NS NS NS ** 
F-test (Y X T) NS NS NS NS ** NS NS NS NS 
C.V.% 110 82 49 60 13 8~ 83 58 21 

'~Due to lack of 1st year data under treatment medium + green manure in overall statistical analysis, this treatment was 
not taken into consideration. 
*, ** Significant at the 5 and 1% probability levels, respectively. 
NS = Not significant. 
Within the same column, means followed by the same letter do not differ significantly at the 5% probability level by 
Tukey's Studentized Range Test. 

In the central  part of  Brazil, the rainy season lasts 

from October  to March  with an average rainfall  of  

about  1,500 mm.  Rice crops can be planted in the 

mon th  of  October  and harvested at the end of January 

or early February  (a cul t ivar  o f  about  120 days '  growth 

durat ion ) . Green manure  crops with 60 to 70 days '  
growth durat ion,  which  can produce sufficient dry mat-  

ter and become adapted to lowland  soils, are available, 
such as Sesbania rostrata (Becker et al., 1994). A green 
manure  crop can be planted in the mon th  of  February  
after harvest ing the rice crop and can be incorporated 
into the soiI in the mon th  of  April .  A c o m m o n  bean 
crop can be planted by irr igation in the mon th  of May 
or June. In this way, farmers will neither lose land nor  
need irr igation for green manure  crops. Interactions 
be tween year  and fertility were highly significant for 
grain yield of  both crops. This significant  interaction 

suggests yield variabil i ty of  both crops from year to 
year which may  be related to env i ronmenta l  variabili-  
ty (Fageria, 1992). The observed variabili ty from year 

to year emphasizes  the impor tance  of  evaluat ing  fer- 

tilizer effects on rice and bean crop product ion  over  

several harvests. 

Grain  yield of  rice was decreased in the third year  

of  cult ivat ion (Table 1). The decrease m ay  be related 

to a decrease in the n u m b e r  of  panicles per uni t  area 
as compared to first- and second-year  crops (Table 2). 

The cultivar Al ianca  suffered heavy infestat ion of  blast  
(Pyricularia grisea) disease in the early stage of  growth 

(before flooding, which took place 30 days after sow- 
ing), which resulted in a decreased n u m b e r  of  tiller- 
ing and, consequently,  lower panicles.  Gra in  yield of  
c o m m o n  bean was also decreased in the third year  of 
cult ivat ion as compared to the previous two years. The 
decrease in bean yield may  be related to heavy infesta- 
t ion of  rust (Uromyces phaseoli var. typicaarth) disease 
in the third year. The lower bean yield in Varzea soils 

may also be related to high mois ture  content  of  these 
soils. In wel l -drained cerrado soils, irrigated c o m m o n  
bean grain yields are normal ly  around 2.5 t ha -1 under  
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Table 4. Influence of soil fertility treatments on uptake of nutrients by bean plants at flowering. 

Fertility level N P K Ca Mg Zn Cu Mn 
kg ha- l g ha- l 

Fe 

I st Year Crop 

Low 5.50b 0.98b 7.25b 5.00b 1.41b 21b 5a 87b 97b 

Medium 11.75ab 1 .71ab 15.00ab 10.25ab 2 .87ab 34ab 9a 1 2 8 b  190ab 

High 13.75ab 1 .85ab 18.75ab 9 .78ab  3.55a 45a 10a 275a 307a 

Medium + green manure 22.25a 2.64a 2 9 . 7 5 a  1 3 .7 5 a  4.28a 42a 1 l a 177ab  236ab 

F-test * * ** ** * * NS ** * 

C.V.% 41 34 38 27 31 26 28 36 36 

2nd Year Crop 

Low 10.50b 1.63b 11.25b 8.00b 2.19b 28c 7b 137c 168b 

Medium 25.50a 3 . 57ab  36 .50a  2 2 . 7 5 a  5.72a 59b 13a 261b 502a 

High 29.00a 4.32a 4 2 . 7 5 a  2 2 . 5 0 a  5.65b 91a 16a 419a 497a 

Medium + green manure 19.75ab 3 .39ab 31 .50a  17.50ab 4.80ab 56b 12a 2 9 1 b  422ab 
F-test ** * ** ** * ** ** ** * 

C.V.% 27 28 19 28 34 13 18 15 30 

3rd Year Crop 

Low 10.25b 1.76b 14.75b 7.75a 1.99b 35b 6c 142a 378a 

Medium 16.50ab 2 .39ab  17.50ab 12.00a 2.77ab 41b 6bc 80a 511a 

High 21.50a 2.96a 2 3 . 7 5 a  14 .00a  3.32a 63a 8a 160a 525a 

Medium + green manure 15.25ab 2 .52ab 18.00ab 11 .75a  2.59ab 43b 8ab 105a 459a 

F-test * ** * NS * ** ** NS NS 

C.V.% 26 15 18 24 20 18 12 45 15 

Across the Three Year Crops 

Low 8.75b 1.46b 11.08b 6.91b 1.86b 28c 6b 122c 214b 

Medium 17.91a 2.55a 2 3 . 0 0 a  15 .00a  3.78a 44b 9a 156bc  401c 

High 21.41a 3.04a 2 8 . 4 1 a  1 5 .4 1 a  4.17a 66a l la 285a 450a 

Medium + green manure 19.08a 2.85a 2 6 . 4 1 a  14 .33a  3.89a 47b 10a 193b . 372a 

F-test (year) ** *~ ** ** ** ** ** ** ** 

F-test (T) ** ** ** ** ** ** ** ** ** 

F-test (Y X T) * NS ** * NS ** * ** NS 

C.V.% 30 27 24 29 32 18 21 28 26 

*, **Significant at the 5 and 1% probability levels, respectively. NS = Not significant. Within the same column, means 
followed by the same letter do not differ significantly at the 5% probability level by Tukey's Studentized Range Test. 

s imilar  ferti l i ty t rea tment  as used in Varzea soil (Fage-  

ria et al., 1991b). 

The c o m m o n  bean  cul t ivar  used  in the current  study 

is not sui table for  Varzea soils. Even  the yield o f  890 

kg ha -1 ob ta ined  in the first year  under  m e d i u m  fertil- 

ity t rea tment  was  not  h igh  enough  to jus t i fy  the costs  

associa ted  wi th  the fert i l izat ion.  These  results sugges t  

the need  to deve lop  bean  cult ivars of  h igher  produc-  

t ion potent ia l  for  these  lowland  soils which  can toler- 

ate h igh  mois tu re  con ten t  and have  res is tance  to rust  

disease.  On an average,  all the yield  c o m p o n e n t s  o f  

r ice under  the study were  s ignif icant ly (P < 0.01) 

affected by the years  of  cul t ivat ion,  and such  could  

be at tr ibuted to variabil i ty in env i ronmen ta l  cond i t ions  

f rom year  to year  (Table 2). Soil fertili ty t rea tments  

had signif icant  effects  on all the y ie ld-a t t r ibut ing char-  

acters with the excep t ion  of  1000 grains weight .  The  

average  increase  in panic les  m - 2  at the h ighes t  yield-  

ing t rea tment  (med ium fertili ty + green manure )  was  

9%, the increase  in 1000 grains we igh t  was  5%, the 

panicle  length  increase  was 13%, and grain we igh t  

per  panicle  was  45% as c o m p a r e d  to contro l  treat- 



Table 5. Soil chemical properties under different soil fertility treatments across three bean crops after harvest. 
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Soil Fertility Level pH P K Ca Mg AI Cu Zn Mn Fe 

mg k g -  1 cmolc k g -  l _ _  mg k g -  1 

O,M. 
% 

0-20 cm Low 5.4a 14.2b 63ab 3.7a 2.4a 0.44ab 6.9a 2.8c 52a 1020a 1.23a 

Medium 5.4a 17.7ab 59b 4.2a 2.6a 0.32h 7.1a 3.9b 83a 1026a 1.10a 

High 5.0b 18.2a 64ab 3.8a 2.2a 0.73a 7.2a 4.9a 47a 885b 1.10a 

Medium + green manure 5.4a 15.3ab 74a 3.9a 2.3a 0.58a 6.2a 3.2bc 54a 898b 1.10a 

F-test (Crop) * ** ** NS ** NS NS ** NS ** ** 

F-test (T) ** * * NS NS NS NS ** NS ** NS 

F-test (T X C) NS * NS NS NS NS NS NS NS NS NS 

C.V.% 3 20 16 20 19 27 13 21 30 11 18 

20-40 cm 

Low 5.3a 7.4a 57a 2.6a 2.3a 1.16a 5.6a 1.4a 42a 759a 0.83a 

Medium 5.3a 6.8b 46a 2.6a 2.3a 0.99a 5.9a 1.8a 58a 729a 0.67a 

High 5.1b 14.4a 49a 2.8a 2.3a 1.27a 5.9a 1.9a 33a 631a 0.63a 

Medium + green manure 5.2ab 8.0b 58a 2.5a 2.3a 1.35a 5.6a 1.4a 37a 765a 0.63a 

F-test (Crop) NS ** ** NS ** * * ** NS ** NS 

F-test (T) ** ** NS NS NS NS NS NS NS NS NS 

F-test (T X C) NS ** NS NS NS NS NS NS NS NS NS 

C.V.% 2 36 23 22 18 32 16 29 37 17 30 

*, **Significant at the 5 and 1% probability levels, respectively. NS = Not significant. Within the same column, means followed 
by the same letter do not differ significantly at the 5% probability level by Tukey's Studentized Range Test. 

ment. Unfilled grains under the medium soil fertility 
with green manure treatment were lower as compared 
to high fertility treatment. According to Gravois and 
Helms (1992), panicle density had the largest positive 
effect on rice yield even at low-yielding rates where 
filled grain per panicle increased to compensate for 
decreased panicle density. 

There were no significant year X fertility interac- 
tions observed for uptake of most nutrients by rice 
(Table 3). For this reason, effects of fertility treatments 
are reported across three years' cropping for the rice 
crop. The order of total nutrient accumulation was in 
the order of K > N > Ca > P > Mg among macronutri- 
ents, and Fe > Mn > Zn > Cu among micronutrients. 
To produce about 6.3 t ha -1 rough rice grains, flooded 
rice crop accumulated 113 kg N ha -1, 28 kg P ha -1, 
159 kg K ha -1 , 27 kg Ca ha - t ,  16 kg Mg ha - t  , 491 g 
Zn ha 1-, 165 Cu g ha -1 , 3882 g Mn ha - t ,  and 4587 g 
Fe ha-  1. 

Nutrient uptake by the common bean crop under 
different soil fertility treatments is presented in Table 4. 
Combined statistical analysis showed that nutrient 
uptake was significantly affected by years of cultiva- 
tion. On an average, uptake of all the nutrients was 
significantly (P < 0.01) affected by fertility treatment. 
Quantity of nutrients absorbed by bean crop was in the 

order of K > N > Ca > Mg > P among macronutrients 
and Fe > Mn > Zn > Cu among micronutrients. 

Soil chemical properties determined after harvest of 
each bean crop across the three years' cropping under 
different fertility treatments are presented in Table 5. 
Soil pH, P, K, Zn, and Fe were significantly affect- 
ed by fertility treatments and cropping in the 0-20 cm 
soil layer. Soil pH was significantly decreased at a 
high fertility level as compared to control and medi- 
um soil fertility treatments at 0-20 and 20-40 cm soil 
depths. The decrease in pH at high fertility level may 
be related to acidifying characteristics of ammonium 
sulphate used as a source of nitrogen as well as acidic 
pH of triple superphosphate used in this experiment as 
a source of phosphorus. Overall A1 level was higher in 
the 20-40 cm depth as compared to the top 20 cm depth. 
Conversely, organic matter content and extractable K, 
Ca, Cu, Zn, and Fe were higher in the top 20 cm of soil 
when compared to the lower depths. 

Levels of P, Ca, Mg, Mn, Fe, and Zn analyzed 
after harvest of three bean crops were improved as 
compared with original levels under the medium and 
high-fertility treatments. Similarly, soil pH was also 
higher at harvest as compared to initial value in the top 
0-20 cm of the soil layer. Organic matter content was 
slightly decreased in the surface and subsurface layer 
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as compared to original values. Original A1 level was 
reduced, but still a substantial amount of this element 
was present after cultivating the soil for three years 
with six consecutive crops of  rice and bean in rotation. 
The experimental area received liming according to 
70% base saturation which resulted in about 10 t ha- l  
liming material. Even this amount could not complete- 
ly neutralize the A1. However, A1 saturation in the top 
0-20 cm soil layer was reduced to below the critical 
levels for rice as well as bean. For rice, the critical 
toxic A1 level reported in the literature is more than 
45%, and for bean, this level is less than 20% [Fageria 
et al., 1991a). These results suggested that, with the 
medium fertility level applied in this study, it is pos- 
sible to maintain soil fertility at an adequate level in 
rice-bean rotation in Varzea soil. 
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