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ABSTRACT 
Maize plants from long-term experiments, cultivated under 
different quantities of fertilizers: 5 rates of nitrogen (0, 50, 
100, 150, 200 kg N/ha) and 3 rates of phosphorus (0, 40, 80 
kg P2O5/ha) were used in this study. Leaves from each vari-
ant were harvested at three different developmental stages 
(6-8 leaves, tasseling and milk-dough) in three replications 
and analyzed for total N content, P content and acid phos-
phatase activity. The results showed that acid phosphatase 
activity increased along with nitrogen rate increasing at 
low levels of phosphorus, and a good correlation between 
acid phosphatase activity and yield was registered for 
small rates of fertilizers. 
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INTRODUCTION 

ne of the most important aspect of agri-
cultural research consists of field experi-

ments, both-short and long-term. 
Army and Kemper (1991) showed that 

agricultural research, as well as those from 
other topics, are based on short-term sudies, 
but a “sustainable agriculture” needs long-
term experiments and laboratories able to de-
termine the complex interactions soil x plant x 
climate x management. 

Long-term experiments reprezent a valu-
able source for agronomic science advance 
(Frye and Thomas, 1991). 

Traditionally, long-term experiments 
were focused towards the study of soil agro-
chemical properties changes (Mihãilã and 
Hera, 1994) and their influence on yield (Hera 
and al., 1986), and less towards their influence 
on plant physiological processes. 

It is well known that phosphorus is an es-
sential element for plants. It is a constituent of 
many organic substances which play an im-
portant role in plant biolgy: nucleic acids, 
phospholipids (different types of cellular and 
subcellular membranes), electrogenic com-
pounds (AMP, ADP, ATP), coenzymes (Zam-

firescu, 1977). From this point of view one 
can say that phosphorus takes part to all im-
portant physiological processes (photosynthe-
sis, respiration, carbohydrates synthesis pro-
tein synthesis, etc.). 

Plants take their phosphorus mainly as 
ions, which are included to a large extend in 
different organic compounds even in the root. 

Phosphatases catalyze the hydrolization 
of various orthophosphoric acid monoesters. 
Phosphoric esters of some primary and secon-
dary alcohols, phosphoric esters of some cy-
clic alcohols, of some phenols, amines (phos-
phorus amides and creatin phosphate), ortho-
phosphoric esters of saccharides and mononu-
cleotides can act as substrates. Depending on the 
optimum pH, phosphatases can be divided as 
follows: alkaline — orthophosphoric — monoester 
phosphohydrolaze (alkaline optimum pH) EC 
3.1.3.1 and acid — orthophosphoric — monoester 
phosphohydrolaze (acid optimum pH) EC 
3.1.3.2. 

Acid phosphatase hydrolyzes the phos-
phate from a large variety of phosphomono-
esters and phosphoproteins. Various biological 
sources have also acid phosphatases which 
catalyze transphosphorilation reactions (Du-
mitru and Iordãchescu, 1981). 

The general reaction catalyzed by phos-
phatases is: orthophosphoric monoester + 
H2O

phosphatase  alcohol + orthophosphate. 
Acid phosphatase is one of the most stud-

ied plant enzymes in very different physio-
logical processes and conditions: nutritional 
deficiencies, (Kummerova and Buresova, 
1990), pollution (Malhotra and Khan, 1980), 
sexual differentiation (Jaiswal et al., 1984) 
resistance to unfavourable environment condi-
tions (Hagima, 1984) etc. 

O 



                                                                                                                                                      Number 5 - 6/1996 
                                                             RAOMANIAN AGRICULTURAL RESEARCH  

 

60 

The purpose of this study was to estimate 
the influence of fertilizer rates on acid phos-
phatase activity in maize. 

 

 

MATERIALS AND METHODS 
 

Plant material: 
Plant material was harvested from a long-

term experiment with fertilizers, conducted in 
the autumn of 1966 on Fundulea cambic cher-
nozem. Fundulea 376, a semilate maize hybrid 
was grown in this experiment. Physical and 
chemical characteristics of this soil are listed 
in Table 1. 
 
Table 1. Physical and chemical properties of Fundulea 

cambic chernozem 
 

Sand - 
Fine sand 31.2 - 34.6 
pH 6.0 - 6.4 
SB (m.e./100 g sol) 21.5 - 25.4 
Ah (m.e./100 g sol) 5.1 - 6.4 
T (m.e./100 g sol 27.8 - 31.5 
V (%) 77 - 83 
Humus (%) 3.0 - 3.2 
N (%) 0.16 - 0.18 
PAL(p.p.m.) 23 - 49 
KAL (p.p.m.) 192 - 157 

 
A split plot design was used, with phos-

phorus rates (0, 40, 80, 120 and 160 kg 
P2O5/ha) as main plots and five nitrogen rates 
(0 50, 100, 150, 200 kg/N/ha) splited into 
phosphorus variants. Plant material only from 
0, 40 and 80 kg P2O5/ha was used in this ex-
periment, in three replicates. Samples were 
harvested on 13.06.1995 (6-8 leaves stage); 
22.07.1995 (tasseling stage) and 04.08.1985 
(milk-dough stage). At first two sampling 
dates, the last completely developed leaf was 
harvested and at the third date the leaf oppo-

site to ear from three plants, making an aver-
age sample. One gram of fresh substance was 
used to determine acid phosphatase activity, 
and the rest was dried at 105°C, prior to de-
termine nitrogen and phosphorus content. 

Enzyme activity assay: 
Acid phosphatase activity was measured 

using β-glycerophosphate as substrate, accord-
ingly to the procedure described by 
Iordãchescu and Dumitru (1980): 1g fresh 
plant tissue was mixed in a mortar with 10 ml 
0.3% NaCl solution, then extracted for one 
hour at 4°C and centrifuged at 6,000 rpm and 
4°C for 15 min. The reaction mixture consist-
ing of 1 ml β-glycerophosphate, 3.5 ml 0.1 M 
acetic acid - sodium acetate buffer pH 5.5 and 
0.5 ml supernatant was incubated for 15 min. 
at 37°C. The reaction was stopped with 2 ml 
10% trichloroacetic acid solution. Precipitated 
proteins were filtered, and the released phos-
phorus in the filtrate was colorimetrically 
measured. For each sample a control was 
made by adding trichloroacetic acid solution 
before enzyme solution. 

Total nitrogen and phosphorus assay: 
Total nitrogen content was measured by 

Kjeldahl method. 
Phosphorus content was measured spec-

trophotometrically at 420 nm, by ammonium 
vanado-molibdate method. 

 

RESULTS AND DISCUSSIONS 
 
The total nitrogen content in leaves in-

creased generally along with nitrogen rate in-
creasing up to the highest rates. It is also obvi-
ous the decreasing of nitrogen content along 
with the plant development (Figure 1). 

0
0.5

1

1.5

2
2.5

3

3.5

4
4.5

N0 N50 N100 N150 N200

P80

Figure 1. Total nitrogen content in leaves
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It is noticeable the favourable effect of 
phosphorus at P40 level, where plants total ni-
trogen content is higher than that of the plants 
cultivated without phosphorus. A rate of 100 
or 150 kg N/ha in the presence of 40 kg P/ha 
had the best effect on plant nitrogen content. 
Higher rates of phosphorus 80 kg P/ha had fa-
vourable effect al larger rates of nitrogen (200 
kg N/ha). 

Phosphorus content variation in plants 
had the same characteristics as nitrogen (in-
creasing as the phosphorus fertilizer quantity 
increases, and decreasing as the plants ad-
vance in vegetation). Phosphorus content in-
creased along with the nitrogen rates accord-
ingly to the well known nitrogen-phosphorus 
sinergism (Figure 2). 

In early vegetation stages (6-8 leaves) the 
highest phosphorus content was recorded in 
plants grown in the presence of 200 kg N/ha 
and no phosphorus, and in the presence of 50, 

100, 150 kg N/ha and 80 kg P2O5. At tasseling, 
the favourable sinergetic effect of nitrogen and 
phosphorus was found for P0N150, P0N200, 

P40N200 and P80N200 variants. Increasing phos-
phorus quantity over 40 kg/ha seemed to have 
no noticeable effect on plants at this vegeta-
tion stage. At milk-dough stage high rates of 
nitrogen and phosphorus induced a longer 
plant metabolic activity and led to an in-
creased accumulation of nutritional elements. 

Acid phosphatase activity increased con-
comitantly with nitrogen rates on P0 back-
ground up to N100, followed by a slightly de-
crease on P40 (Figure 3). Increased phosphorus 
quantity produced an increase of phosphatase 
activity only for N0 and N50 variants, the activ-
ity being approximately constant for N100 (Fig-
ure 4). It is obvious that for N200, at all three 
data of sampling (but especially at 6-8 leaves 
stage) the highest enzymatic activity was 
found in the plants that recieved no 

Figure 2. Phosphorus content in leaves 

Figure 3. Acid phosphatase activity depending on nitrogen rate 
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phosphorus. A possible explanation could be 
that in the case of very high nitrogen rates the 
lack of phosphorus becomes so important that 

determines the increase of acid phosphatase 
activity in order to release all the available 
phosphorus. These data are consistent with 

 
Figure 4. Acid phosphatase activity depending on phosphorus rates 

 
 
 

 
 

Figure 5. Acid phosphatase activity depending on fertilizers rates 
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other results (Kummerova and Burešova, 
1990; McLachlan et al., 1987). According to 
Strother (1980) increasing of acid phosphatase 
activity is a possible response of favouring 
phosphate homeostasis. These data corrobo-
rated with studies regarding the isozymes re-
sponsible for the increasing of phosphatase 
activity could lead to establish a biochemical 
method of phosphorus status evaluation, be-
fore the occurrence of any visible symptom. 

At the same time, high quantities of phos-
phorus (80 kg/ha), in the presence of high 
rates of nitrogen (200 kg/ha) have a favourable 
effect on acid phosphatase activity. When 
phosphorus was lacking, the need for this ele-
ment induced a higher metabolic activity and 
by that a higher activity of acid phosphatase in 
order to release the existing phosphorus in the 
cells (Figure 5). 

From the same figure one can notice that 
while plants advance in vegetation, acid phos-
phatase activity decreases. This behaviour can 
be explained by metabolic activity decrease 
during later developmental stages, when the 
main processes point assimilates partitioning. 
 

Table 2. Maize yield obtained at Fundulea 1995  
(kg grains/ha) 

 
 P0 P40 P80 
N0 6418 6933 7291 
N50 7316 7756 7555 
N100 7366 7618 8020 
N150 7505 7769 8076 
N200 7825 7837 7687 

LSD for P< 0.05 —238; P<0.05 —288;  0.001 -503 

 
 
Table 2 presents the maize yield obtained 

at Fundulea in 1995. The highest grain yields 
were obtained for P80N100 and P80N150 variants, 
in which the highest phosphorus content in 
leaves was recorded. This fact suggests a bet-
ter filling due to longer metabolic activity de-
termined by sinergetic effect of nitrogen and 
phosphorus. Significant correlation coeffi-
cients between yield and enzymatic activity at 
each of the three sampling stage were recorded 
only for P0 and P40 (Table 3 and Figures 6). 

Table 3. Relationship of maize yield (Y) to acid phos-
phatase activity (A) . Fundulea 1995 

 

Phosphorus 
(P2O5 kg/ha)

Vegetation 
stage 

Equation Correlation 
coefficients

0 6-8 leaves 
tasseling 

milk-dough 

y = 4819 + 316.47A
y = 4927 + 340.75A
y = 4411 + 487.05A

0.918* 
0.910* 
0.914* 

40 6-8 leaves 
tasseling 

milk-dough 

y = 5492 + 270.71A
y = 5137 + 363.12A
y = 4322 + 588.27A

0.687 
0.908* 
0.975** 

80 6-8 leaves 
tasseling 

milk-dough 

y = 5530 + 247.86A
y = 8323 - 77.03A 

y = 3665 + 614.84A

0.553 
-0.09 
0.523 

 
 

 

 
 

Figure 6. Correlation between yield and acid phos-
phatase activity 
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The significant correlations between yield 
and acid phosphatase activity only for P0 or 
small quantities of phosphorus  emphasize the 
importance of this enzyme. When high phos-
phorus quantities are present in the soil (80 
kg/ha), yield increasing is a consequence of 
general metabolism intesification, acid phos-
phatase playing no longer the same important 
role. 

 
CONCLUSIONS 

These results can contribute to the theo-
retical explanation of yields obtained in long 
term experiments, showing the physiological 
status of the plants. 

Continuing these studies in order to find 
out the possible differences between geno-
types during early vegetation stages, could 
improve the efficiency of fertilizing systems 
by a new method of diagnosis before any visi-
ble simptom appears. 
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Table 1. Physical and chemical properties of Fundulea cambic chernozem. 
Sand - 
Fine sand 31.2 - 34.6 
pH 6.0 - 6.4 
SB (m.e./100 g sol) 21.5 - 25.4 
Ah (m.e./100 g sol) 5.1 - 6.4 
T (m.e./100 g sol 27.8 - 31.5 
V (%) 77 - 83 
Humus (%) 3.0 - 3.2 
N (%) 0.16 - 0.18 
PAL(p.p.m.) 23 - 49 
KAL (p.p.m.) 192 - 157 

 

 

 

Table 2. Maize yield obtained at Fundulea 1995 (kg grains/ha) 
 P0 P40 P80 
N0 6418 6933 7291 
N50 7316 7756 7555 
N100 7366 7618 8020 
N150 7505 7769 8076 
N200 7825 7837 7687 

LSD for P< 0.05 -238 
  P<0.05 -288 
       0.001 -503 

 

Table 3. Relationship of maize yield (Y) to acid phosphatase activity (A) . Fundulea 1995 
Phosphorus 
(P2O5 kg/ha)

Vegetation 
stage 

Equation Correlation 
coefficients 

0 6-8 leaves 
tasseling 

milk-dough

y = 4819 + 316.47A
y = 4927 + 340.75A
y = 4411 + 487.05A

0.918* 
0.910* 
0.914* 

40 6-8 leaves 
tasseling 

milk-dough

y = 5492 + 270.71A
y = 5137 + 363.12A
y = 4322 + 588.27A

0.687 
0.908* 

0.975** 
80 6-8 leaves 

tasseling 
milk-dough

y = 5530 + 247.86A
y = 8323 - 77.03A 

y = 3665 + 614.84A

0.553 
-0.09 
0.523 
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Figure 5. Acid phosphatase activity depending on fertilizers rates 
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6 - 8  le a v e s  s t a g e

6 0 0 0

6 5 0 0

7 0 0 0

7 5 0 0

8 0 0 0

8 5 0 0

5 6 7 8 9 1 0 1 1

E n z y m a t i c  A c t i v i ty  ( µ M  P i / m i n )

Y
ie

ld
 (

k
g

/h
a

)

P 0 - , , - P 4 0

- , , - P 8 0 - , , -

y 0 = 4 8 1 9 ,4 + 3 1 6 ,4 7 x ;  r =  0 ,9 1 8 *

y 4 0 = 5 4 9 2 ,4 + 2 9 0 ,7 2 x ;  r = 0 ,6 8 7

y 8 0 = 5 5 2 9 ,7 + 2 4 7 ,8 7 x ;  r = 0 ,5 5 3

 
Figure 6. 
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Figure 6. Correlation between yield and acid phosphatase activity 
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Figure 7. Correlation between yield and acid phosphatase activity 
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Figure 8. Correlation between yield and acid phosphatase activity 

 
 

 
Figure 1. Total nitrogen content in leaves 
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Figure 2. Phosphorus content in leaves 

 

Figure 3. Acid phosphatase activity depending on nitrogen rate 
 

Table 2. Maize yield obtained at Fundulea 1995 (kg grains/ha) 
 P0 P40 P80 
N0 6418 6933 7291 
N50 7316 7756 7555 
N100 7366 7618 8020 
N150 7505 7769 8076 
N200 7825 7837 7687 
LSD for P< 0.05 -238 
  P<0.05 -288 
       0.001 -503 
 
Table 3. Relationship of maize yield (Y) to acid phosphatase activity (A) . Fundulea 1995 

Phosphorus  
(P2O5 kg/ha) 

Vegetation stage Equation Correlation coefficients 

0 6-8 leaves 
tasseling 

milk-dough 

y = 4819 + 316.47A 
y = 4927 + 340.75A 
y = 4411 + 487.05A 

0.918* 
0.910* 
0.914* 

40 6-8 leaves 
tasseling 

milk-dough 

y = 5492 + 270.71A 
y = 5137 + 363.12A 
y = 4322 + 588.27A 

0.687 
0.908* 

0.975** 
80 6-8 leaves 

tasseling 
milk-dough 

y = 5530 + 247.86A 
y = 8323 - 77.03A 

y = 3665 + 614.84A 

0.553 
-0.09 
0.523 


