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Abstract: 
the the 

anticipated to to applied  with the 
as 

the the application  of  any  chemical to 
implications. this the of 

quality on 

a common 
Elfiing, et  al.,  198 1 ; 

1987a; 1988a). 

Application of a of 

the 
chemicals to 

1969;  1970).  Since  these  initial  applications many types of chemicals  have  been  injected  into 

al., 
Jonson, 

to 
Nakayama  et  al.,  1977).  This  expansion of the  use  of  chemigation to include the application  of a 

new as 
nemagation to 

to 
at 

conveyed  via the to the  wetted  volume of 
of the 

; 1986 b ; 
the for to the 

at to 
exceptionally  well  suited to 

chemigation. 

Some 
al.,  198 1 ; to 
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et  al., 
solution 1986b; 

to 

basis  of need  potentially 
that depend  on the soil as a 
soil  solution  salinity  due to 

salt 
fiom a 

sustainable basis can be  achieved. 

when 
in case that is not  based  on actual 

at the 
to 

clogging of outlets. 

The to 

to achieve  this  goal, the actual the needed, 
since two becoming  one  unique 

fxtigation No 

The to give a the application  of  this  technique 
level  and to the 

knowledge.and in application. 

the the status maintained  in the 
than in the open  field  because  of the this the 
amount  and  combination  of the the 

1. Fertigation greenhouse 

of soluble in 
as insoluble salts by 

no 
as potassium 

as as 
1976)  and as The to is  an 

to may to 
clogging  of the 

at low 
(Nígel,  1983;  Sonneveld,  1982). The solubility  of 

Table 1. 
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Table 1 : Solubility of  some  commercial  fertilizers 

L) 

Ammonium 119 
Ammonium sulphate 71 

32 
28 
7 

58 
71 

soluble 

2. of fertilizers  under trick fertigation 

the systems  is the most  common 
application  of the 

at the site of a 
needed  by the 

the wetted 
volume  in a the wetted  volume  in a 

/ the soil  solution, 
of the  soil. 

the  soil when  applied  by 
1985).  The in 
soils. salts to This is 

at that the 
as to satisfy its N one to 

1988a ; full 
N03-N application the the 

at the and to 
The same  applies,  although at a that not 

199 1 , 1992). The N 
so subject to on the soil,  may  be  fixed 
on  exchange  sites  in  the  soil. The on yield and quality 

the status in soil at a 

The may in 
tension as 
well as to in 
the soil. 
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180 

O 

Figure 1. of nitrates and in soils following and  irregular  irrigations 

(K) is less  mobile than in the  wetted 
to 

1980 ; al.,  1980). moves 
the ln the wetted  volume  of  soil. 

(P), to N ad is fixed in  most  soils and 
although movement of  applied may 

in the as  Ca 
to soil  fixation  of  the  applied P P in 

the that such conditions P 
such an the availability  of with  consequent 

in the yield. a 

3. of fertilizers  under  sprinkle-fertigation 

The the by valid to a 
on 

the soil, will in the the 

fiom the wetted  foliage.  This  might  be of 
fill the soil. The system  could also 

such conditions a 
can 

4. Nutrient uptake and fertilizer  use  effeciency 

the is 
al., a). This  is  the case with all 

highly 

. .  
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soil conditions,  due to 
with  high soil fixation  potential  due to less fixation in it is  evident fìom Table 2 
that  depending  on  the fogn of the if applied 

at 100 the two 
at 300 mg followed  with two N. 

the 
the  quality  of the The the 

of the the 
its application  was  with is, 

to the the to the 
of of  application. The effect  of N the 

the on in Tables 3 and  4, 

Table 2: Yield  and  total-N  and N03-N French bean hits influenced by two forms  of N- 
fertilizer  applied  with  every or third  irrigation 

% NO3-N mg/kg 

(300 
mg: a 

(100 mg 265  3.54  422 b 

(300 275  3.74 227 c 

(1 233  3.72 245 c 
* Column  means  followed  by at the 5 % level. 

_ _ _ _ ~ ~  ~ 

3 the the as to 

associated  with the high 
Table 5 the to the 30  mg applied  with  the 

to the been 

Table 3 : Yield  of strawbenies influenced  by N concentration the  irrigation  water 

Level  of N Yield (gplant) (g/fiuit) 

3.6 30.5b* 405b 13.3a 

7.2 35.5a 465a 13.la 

(mm01  l-')  plant  weight 

10.8 
~~~ 

3 1.3b  376c  12.0b 

in the  same  column  followed by the same 5 % level  as 
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Table 4 : Yield of strawberries N form, 

of (glplant) . 

( m o l  l-*) plant 

710 56.8a* 650a 
~~ ~ ~- 

l l .5a 

3.513.5 47.5b  547b  11.5a 

Q17 48.8b  568b  11.6a 
in the same  column  followed by the the 5% level. 

Table 5 : Yield  of  fresh  bean influenced  by  basal P application  and  three  P-fertigation 
levels 

45 mg 5.49 a* 

30  mg 

15  mg 3.46  c 

- 2.43  d 

Nil 1.88  e 

*Column  means  followed by the of 5 % level. 

in the equivalent  application of all (N, 
by a and two is shown  in Table 6.  Evidently, the 

uptake  efficiency as indicated  by the yield is in 

5. Factors  affecting  the  nutrient  concentrations in fertigation  recipes 

The  objective of is an to the to 
Sonneveld  et  al., 1991 the the in the 

to achieve this objective  which  in  extent is the to 
depend on the following . 

status of the 
and  chemical status of the is 

the of the of the . 
and  light  intensity.  Some of these 

Table 6: Yield of lettuce influenced  by continuous fertigation  and soil application of two 
slow  release  fertilizers  and  a  solid  fertilizer 

m2)  -Wt/lettuee g 

76.8 A 1066 A 
25.3 B 351 B 

26.8 373 

26.8 372 B 
0 Column means  followed  by  the  same not  significantly at the 1 % level 
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Crops  Grown 

shown Table 7. The data given 
a yield of 50 kg/&. and  had  a  yield 

of 200 the 
highest  with  1600,  366  and  719 kgha 

the also the 
P and S. . 

Growing  Stage 

of to be adjusted to the stage of 
Young  plants  of EC 
value to h i t  setting. This is 

et al., 1988) and 
conditions.  The between the is noticed 

(Voogt, 1988a) and  a  massive stalk development  of 
Table is 

Table 7. to the  water  uptake, 
expressed mmov~. Water  uptake given Umz. 

mmol/L 

Tomato 

6.3 2.2 4.6 

Ca 2.0 0.8  1.5 

0.6 0.4 0.5 

N 9.9 5.2  8.6 

1.4 0.4  0.4 

S 1.3 0.5 0.4 

400 
1 

Table 8. General  commercial  tomato-fertigation  under  glass or plastic  based  on  plant  growth 
stages 

stage (dl) 
the 15-30-15 + l .o 

set to picking 15-5-30 + 
picking to end of season 15-6-20 + 1.3 

To obtain  a  high  and stable quality  of the an is 
low is 

fiuit quality of vegetables  (Adams et al., 
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affecting  quality is the the A low 
osmotic  potential  (high EC value)  in the 
quality of vegetables  (Sonneveld  and  Welles, 1988 ; EC 

have  no Os, f iei j  and  Van  den 
1991a) 

Nutrient status of the  root  environment 

the the 
development than does the status of soil This is especially the case 
with in volumes is evident that the 

available at the of the is the total 
spot of the available  soil 

at since the be 
the available  volume. 

Status of the to be  used  in 
should  be  selected  on basis of the status of the in the 

many is to 
can be 

toxic 15 % of the total N-supply  often  show 
effects  on  plant development  in systems  (Voogt  1987,  Voogt  1988b). 

N& supplied is to N03 due to an 
activity,  stimulated  by the in soil high  quantities  of N& may  be 

to 

Chemical  composition of the  irrigation  water 

quantities of Ca, SO+ 
These  quantities  should be taken  into  account  in  adding the 

than by the cause salt accumulation  in the 
leaching. This is the case 

than the of the also to compensate an uneven 
an systems  this  uneven 

may the % of the supply  (Sonneveld, 
1988). This may  lead to leaching  of 50 % of the 

also be voluminous. 

Transpiration  rate of the  crop 

The of the to the 
to the this 

Table 5 data listed 
25 75 days; the 

of the the by Thus 
the by the 

the 
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6. Fertigation  practices  and  recommendations 

one 
can lead to limits all 

must be balanced so that none is imposing  significant  limit. 

Table 9. Nutrient  Absorption of to the 
Water  Uptake,  expressed mmol/l Water  Absorbed  (Water  Uptake is given  in 

~~ ~~ 

Ca 

N 

S 

2.9 

0.9 

0.3 

5.4 

0.2 

12.8 

4.1 

1 -4 

23.8 

1.1 

03 1.2 

75 17 

to successfully,  the actual of the 
of 
this in developing 

in 
given  in Table 10. Evidently, the plastic and 

is the this 
be attached. 

in Table 10,  although  good  guidelines 
this substantial is in the 

is also the of the 
between the is changed. Table 8 such 

is given. 

7. Nutrient  leaching  and  environmental  impacts 

A in is to 
view of the 

and solutions, it is not to suppose that the the 
the of leaching 

is 

of the at low 
That is why systems  have  been  developed  with  which the is 

in *e system. 
can easily be but in 

the soil 
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fiom soil grown to in the 

Table 10. of nutrients  in  the  irrigation  water (g of nutrient  per 

Eggplant 

Tomato 

Lettuce 

Cotton 

150-200 

130-170 

130-170 

150-1 80 

130-1 50 

80-120 

80- 1 

1 

1 

35 

15 

40-60 

40-60 

30-50 

50-60 

30-50 

30-50 

30-50 

30-50 

30-50 

30-50 

18 

3-5 

- 
20-30 

20-30 

150-200 

150-200 

150-200 

200-250 

120-180 

150-200 

150-200 

150 

120 

8-10 

1 

O0 

good to Na and  Cl 
Na -and C1 contents  below  the 

This 
Na it  will  amount to 1 .O at best  (Sonneveld  and  Van 

Na the 
the 

such and So4. 

the t< based  on  both  soil fdility 

The application by as 
the last decades. The teqns 

been coined to now in use to 
of all available 

that 
consistent 

VOL 31 284 

CIHEAM - Options Mediterraneennes



the application  of  most soil active  chemicals via chemigation  has  given  effective  and 

fungicides,  and  most  nematicides. 
such as post-emeeence 

and hngicides, than 

such type 
and 

application all affct the efficacy of 
Significant  advances in d e f i g  the effects  of  these been 
made in the 

1. 

the application of 
to be ad soil conditions. 

Although the 
the addition  of an oil, non-emulsified oil 

effectiveness. 

about that 
is in the wetted 

by the This is 
limitation  on the within  which weeds be a  significant  disadvantage  in 
humid  climates,  it  may  be of only  limited  significance in 

systems  may  have a in c l i i t es  and in 

of the 
this 1978) 

2. 

to be a 

be %th The use 
can be applied  in  much 

than in the of technical 
in a 

3. Fungigation 

Fungigation an established  means applying  fungicides to is 
available fungigation with has to be 

soil on 
Fungigation has also the soil  application  of the soil fumigant. 

not 
yet  been  widely  established. 
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4. Nemagation 

The 
The 

to be significant  up to 2.5 
cmha to 
of  salvaging a in  which  nematodes detected This 

by conventional 
methods.  With the 

5. Chemigation  in  relation to integrated pest management 

is a pest  management  technique  which  combines a of 
to achieve an acceptable level if any 

negative  impact  on the 
to 

a 

on using a it. 

~. 

One  of the advantages  of  chemigation is timeliness  of  application, that can 
: be applied at dry at any  time 

can be  used to total chemigation, 
that is the application  of all to a 
systems to an 

Chemigation  with can an 
can a 

seem-so have 
an 

The the to 
populations in the potential 
of  chemigation  into an a 

used to automatically  schedule  application of such 
to be in the at 

to 
(1 992 j 

1. to the to the soil the 

2. of 

3. 
4. in food 

chemigation  system. 

applied by  chemigation. 
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The  potential  disadvantages  of  chemigation 
The design  and the 
of 
With  chemigation  both  success  and  adoption of the use 

the 
man and the quality  of  life, the technology  is  available. must 

simply be 
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