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INTRODUCTION

The importance o f irrigation in crop production is well
known. Large increases in food production, necessary for the
ever increasi ng world population may either be obtained by
placing more land under irrigated agriculture ar by improving
water use efficiency of irrigation methods. In arid and sem;
arid regions of the world, which occupy nearly one third of
the total area (Shantz,1956) fields under cultivation during
rainy season, usually are fallow during the dry periods due to
lack of water. Furthermore, in areas with little stored ar well
water, normally the cheap methods o f irrigation such as floo-
di ng ar furrow can not be adopted due to scarci ty of water and
low water use efficiency; at.the same time i t is beyond the
financial capacity of farmer to buy costly irrigation equipment
necessary for efficient irrigation. Cónsidering the enormous
agricultural potential of these areas when irrigated, the a d o p

tion of irrigation methods which use available watér more ratio
nally and efficiently is a challenge to agriculturists. In Mexi
00, Olguin (1975), Garcia (1977) and others have successfully
tested under field conditions a non conventional sub surface
irrigation method consisting of a serie of gypsum ar clay ca~
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su1es based on princip1es of suction. However, the method was

found by Silva et al,(1978a)to be inadequate on commercial

sca1e .in Brazi1 due to entry of air bubb1es into the system

and other related prob1ems of maintainence. ln order to over

come such difficulties, a study was undertaken with the

twicefo1d objective a) to evaluate technica1 feasibility of
a irrigation method by porous capsu1es under slight hydrost~

tic pressure and b) to find an optimum number of corn (Zea

ma ys L. Cu 1 t i va r Ce n t r a 1me x ) p 1 a n t s a r o u n d t h e c a p sul e f o r
maximum yields.

MATERIAlS ANO METHOOS

The experiment was conducted at the Bebedouro Experiment

Station farm of EMBRAPA, 45 km from Petro1ina-Pe from Sept.

1979 to Jan. 1980. Average annua1 rainfa11 of the region is

about 400 mm, but much of rainfa11 may not be availab1e to
crops due to erratic distribuition and 10w water holding cap~
city of the soi1s. Soi1s of the experimental farm are oxisols

and have been described in detail by Azevedo (1975) and Choudhury
& Mil1ar (1979). Some se1ected physical characteristics

are summerised in Tab1e 1.

The porous capsu1es used in this study were made using

Plaster of Paris moulds (Figure 1 A and B) with a mixture

(d = 1.33 g/cm3) o f locally found c l a y minera1s principa11y

consisting of sha1e, calcite and talco After being dried in

shade the capsules were dried in two stages in e1etric drier

and furnace during 32 hrs at temperatures of 145° and 11200C,

respective1y. The capsules at the end of drying process pr~
sented dimensions as shown in Figure 1C, mechanical resis-

tance equal to 5 kg/cm2, 20-22% porosi ty and hydraul iÇ co~

ductivity of 0.0054~ 0.0007 cm/hr under saturated condi-
ti ons .

A well 1eve1led and uniform area of 70 x 100 m was se-
1ected as the experimental site. After ploughing and harrowing
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n t n e f \:J r r ows 1OOm 1c n9 a n dO. 25m d e e p we r e o pe n e d f 01 1 o wi n 9 t h e
c o n t cu r lines 2m apart. In these furrows, irrigation lines eon-
sisting Df 50 porous eapsu1es (2 m apart), intereonneeted with
tubing ( \J = 1 em) were insta11ed at 10 em depth with abso1u-
te l y no slope. Independent1y, eaeh 1ine was 1inked to a smal1
(501) water reservoir ( r ) o f a eonstant water head whieh
in turn was eonneeted to a water tank (R - 250 1) as shown in
Figur.e 2,

T he e x p e r ime n t wa s e a r r ie d ou t, j n p.. r a n dom i z e d b 1 o e k de-
s iqn, w j t h 3 r e p l i c a t i o n s c o n s t s t n n q of 3 hy d r o s t a t i c pressure
h e a d t ~e a t me n t s ( T 1 - 0.35 m , T2 -O .5 O m a n d T3 - ; O . 7 Om) a nd 5
su D t r e a t me n t s Df P 1 a n t p opu 1 a t io n (P 1 - 1, P2 - 4, P3 - 7, P4 - 1 O
and P5-13) around the cap~ule. Eaeh subtreatment eonsisted Df
lU porous eapsules,

T h e r e q u 1. r e d a mo u n t s o f n i t r o 9 e n, p h o s p h o r u s an d p o tas
sium w€re supp1ied based on the NPK formula 50:60:20 and eon
s j d e r i n ç on1y 1 m2 area per eapsule as the area o f root expl~
ration .. On e t h i r d o f the N, total P and K were mixed in soi1 at
a depth Df 4 em and in radtus of 15 em around the eapsu1e be-
f o r e s ow-t n q • The rest o f N w a s a p p l.j e d 'in two equa1 doses, 25
an d 45_daysÇlfter germination. On Sept. 6, 1979 c orn was seeded
( 3 seedsjhole} in 20 em radius around the eapsule and 15 days
later thtnntng was done leaving thus the required number of
p1 an t s y c a p s u l e .

During the e x p e r ime nt, dai1y re1ease o f water from the
capsules under eaeh treatment was reeorded and the data for
rainfall, temperature, re1ative humidity and pan evaporation
from V.S.Wfather Bureau Class A pan were a1so reeorded. On
Nov. 28, 83 days after sowing, tive p1ants at random were
haryested in eaeh sub treatment for eo11eetion of eobs and
green rn a t te r produeed. On Jan. 19, 1980 (135 days after germi
nation) the remaining p1ants were harvested and grain produ-
eed u nd e r eaeh sub treatment wi th eonstant water eontent
W as de te rm i n e d .
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In arder to determine soi1 water distribuition patterns,
sai 1 samp1es af t e r 21,42 and 83 days of corn growth w e r e
co11ected from both sides of capsules under Pl, P3 and P5
sub treatments at equi di stant poi nts of 10, 20, 30 and 40 cm
from the vertical axis of porous capsu1e. Further, in order
to ascertain if plants were suffering from water stress
during the period of maximun vegetative growth and flowering,
tensiometers were installed at 25 cm depth and 2 cm away from
the bottom of capsu1es in Pl, P3 and P5 sub treatments and
dai1y water pressure meassurements were taken at fixed time

- intervals.

RES~LTS ANO OISCUSSION

Release of water by porous capsules

The ~ean daily release of water per capsu1e varied signifl
cantly (at 0.01 level) with the hydrostatic pressure to which
the porous capsules were submitted (Table 2). A good corn crop
would normally need 400 mm of water (Daker, 1970), camparing
th~s value with the amount of water used in the present
experiment, the importance of this method of irrigation 1n
water economy is quite evident.

The release of water with this method of irrigation was
not found to be uniform throughout the growing season of corn
(Figure 3 ), the release being a little bit smaller at the
beg~~ning and at the end of the growing season which is not
difficu1t to explain keeping in view water requirements of
planto lt brings out the fact, that the proposed method does
not work solely under hydrostatic pressure, but also autoregu
lated by the plant w~ter demand like irrigation by suction
(Olgutn et al, 1976; Santos, 1977) at least during the maximum

yeget~ti~e growth and water requirement period (four weeks
a f t e r §errhination t j l l q r a i n fil1ing). This was found to be
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more re1 evant for the treatment wi th the sma11es t hydrau1 i c
head, where apparent1y the water demand by p1ants p1ayed a m~
re important role than the hydrostatic pressure. However, as
is evident from Figure 3, water released under the various
treatments was not re1ated to water evaporated from the U.S.
Weather Bureau C1ass A Evaporation Pano This is in part e~
plained because the evaporation took p1ace from free water
surfacé whi1e water for the plants under constant hydrostatic.'
pressure was re1eased at depths deeper than 10 em, being thus
independent of the atmospheric and/or p1ant demands. Although,
subsequent to rains, occurred on Nov. 6 and 12, water re1ease
from the porous capsules under a11 the treatments was found
to decrease, it is difficu1t to conc1ude whether the observed
decrease was due to the effect of the precipitation or to the
start of the decrease in water requirements of p1ants.

Soi1 water distribuitton pattern

The soi1 moisture profi1es after 21, 42 and 83 days of p1ant
growth for corn pop~lations of 1,7 and 13 p1ants/capsu1e under
different hydrostatic treatments show that the preposedmethod
of irrigation is c~pab1e of futnishing sufficient avai1ab1e
water for the growth ôf p1ants (Figure 4 A, Band C). The avai 1~
ble water content of §oil varied signific;ily with the treatments,
subtreatments and feno1ogic stage of the planto As seen in Fig~
r e 4' A, a f t e r 83 days ~ the a v a i l e b l e water content under a
hyd r os ta t i c p r e s s u r e o f O. 35m (T 1 ), P 1 a n t p opu 1 a t i o n o f 1 3 P 1 a n t s /
capsu1e (PS) was less than 50% up to 30cm depth, whereas after the
s am e p e r i o d f o r t r e a tm e n t T 3 a nd p opu 1 a t i o n o n e (P 1) i t \'i a s f o u n d
to be n e a r ly 100% (Figure 4C). Keeping i n view the water necessities
of the plant, it may be conc1uded that popu1ation P5 (13 p1ants/
capsu1e) is too high for treatment T1 and popu1ation of one p1ant/
c a p s u 1 e i s r a th e r t o o 1 o w f o r t r e a t m e n t T 3' T h e ª s e f i nd i n9 s we r e
fu~ther conftrmed by p1ant height measurements through the feno1ogi
cal. cycle of corn (Silva, 1980), The p l a n t s ~e1onging to T1P5 were
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found to be shortest (160em) whereas that o f T3P1 acheived the
maximum height (210 em).
As indicated previous1y, when the system workéd under the low-
est ~ hydrostatic pressure, apparent1y the effect of p1ant
was significant. As is seen in Figure 4A, the water content
of the soi1 profi1e at three different stages of plant decre~
s e d w i th c o r n p opu 1 a t i o n , b u tas t h e hy d r a u 1 i c h e a d o f t h e
5ystef increased to 0.50 or O.75m, the effect of the plant
was mas~ed by the effect of the hydraulic head and therefore
50i1 Jaier content under these treatments didnot show any defi
nitivk ~rend to change with plant populations '(Figure 4B and C).
The mattic ~otentia1 data determined daily by tensiometers insta
lled at 25cm depth during the crop season also brought to
light the same facts. Under the same water treatment, at the
b e 9 i n n i n 9 a n d e n d o f 9 r o w i n 9 s e a s o n , s u bt r e a tm e n t s w i t h h i 9 h er
number of plants presented low potentia1s, however, during the
active growth period (tasseling) this was not true. As s e e n
in Figure 5, after 54 d ay s , sub treatment P3 (7 plants/capsu-
1e) pr e se n te d 1 Owe r p o te n t i a 1 s t h a n P 5 (1 3 P 1 a n t s t c a p sul e ) ,
the same may be due to the comparative1y more vegetative
growth and evapotranspiration of the former. As wou1d be expe~
ted, a f t e r rainfall, s o i I water potential decreased (became

1es s n e 9 a t i-ye ), t h i s f a c t b e i n 9 m o r e r e 1 e v a n t f o r T 1 c o m p a r e dto
T2 and T3.

Production and Water Use Efficiency

The various treatments of hydrostatic pressure did not show
significant effect on either type of production thereby indica-
ting that for proper funetioning of the proposed method of irri
gation, a hydrostatic pressure of as little as 0.35m is enough.
However, for optimum production of either cobs or grain the number
of plants around the capsule played a significant role.

C_o_b_"p!,_o_d_u_c_t_i_o_n_:Althongh, total cob production indicated that
yields increased with corn popu1ation, but the statistical analy
sis tOhduGted onJy on the production of good commercial quality
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cobs (cobs totally filled) showed that cob production increased
with corn d e ns i t y: only upto 7 plants/capsule, de n s í ty a f t e r
wh i c h cob production decreased significantly (at 0.01 level)
As it was observed under water distribuition patterns, high den-
sity plants did not suffer from water stress (Figs. 4A, B and C)
and hence the decrease of good quality cobs under these treatments
can not be considered due to lack of water. The elevated
number of unfilled and low quality cobs in the high density subtrea
tments may be attributed to lack of nutrients. This is rather expe~
ted because the amounts of fertilizers supp1ied were based on root
expaoration area (1m2) and not on the basis of no~ of plants/cap-
sule. Hence the possibility af further increase in cob production
by applying adequate amounts of fertilizers, in accovdance with
plant population cannot be ruled out.

~r~e~ ~a!t~r_p~o~u~tio~: In general green matter production incre~
~ed with plant population, however no significant differences (at
0.01 level) were observed among the subtreatments w i t n more than
1 plant/capsule. Considering 2500 capsules/ha (spacing of 2 x 2m)
and a plant densüy of 7 around each capsule (best c e n s i t y for cob
production)1 t h e mean green matter produced wou1d be 31.9 tons/ha.

Qr~i~ E.r.~A~c!i~n: As is evident f r o m Table 3 nre a n grain production
increased significantly (at 0.01 level) with p1ant population upto
the subtreatment with 7 plants/capsule. Higher densities did not
show any significant increase. Furthermore, grain yields (y) were
found to be significantly correlated (at 0.01 level) to populati-
on (x) as shown in Figure 6 and a quadratic equation y=116. 12 +
160.72 x - 8.74 x 2 represented nearly 82% of the variation i n
the obtained o/ields. As is evident from the figure upto a certain
p o i n t , c o r n p r o d u c t i o n i n c re ases w i t h t h e d e n s i ty, d e c re a s i n 9
after-words pethaps due to limited space and/or nutrients. Accor-
ding to the curve, maximum yields should be obtained with 9 plants/
capsule. In the present study, such optimum (860g) was obtained
with only 7. For the Petrolandia-Pe region, under similar condi-
tions of weather, maximum production of 3.100 kg/ha. corn has
been reported by Queiroz et al (1974). For a normally u s e c popu1~
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tion of 35000 plants lha such yield corresponds to 88.3g/plant.
The maximun grain production obtained in the present study was
123g per plant. Th us it is observed that with the proposed
method of irrigation besides the great economy of water, yields
obtained are comparable.

Water use efficiency: Water use efficiency was defined as the
--- - - - - - - - - \

ratio of corn yield per capsule to volume of water released
per capsule. Water use effi~encies for hydrostatic pressure trea-
tments of 0.35,0.50 and 0.70m were respectively 2.0,1.9 and 1.7
kg/m3, values quite high especially considering that in the pre-
se n t 5 tu dy jus t 5 O ij(g' N I h a we r e a p p 1 ·ie d. I t h as b e e n r e p o r t e d
by Devender Reddy et al (1980) that water use efficiency of
corn under semi arid conditio~s.increases with N leve1 upto
1 8 O .kg N I h a. H e n c e t h e re i s a m p 1 e s c o p e f o r i n c r e a s i n 9 t h e o b s e r -
ved efficiency. When the values of water use efficiency obtained
in the present study are compared with those cited in literature
for other methods of irrigation,efficiency of porous capsule is
found to be only inferior to irrigation by suction (Table 4)
which was tried in Brazil and found to be inadequate under field
conditions (Silva et al, 1978a).

Considering the advantages of the irrigation by porous capsu
le method, such as water economy, water use efficiency, simple op~
ration and its adoptibility on small s c a l e , it may ~be. c o nc l u de d
that the method is quite adequate for arid and sem; arid condi-
tions.
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SUMMARY

A fie1d experiment was contucted at an Experiment
St a t t o n o f EMBRAPA in Pe r n a mbu c o , Brazil with the objectives
t ó ev a l ua t e the technical f.e a s i b i l r t y of irrigation by porous
capsule under hydrostatic presure and to determine the effect

of plant popu1ation on cor n production, The e x p e r ime n t testeà
hyd r o s t a t ic pressures o f 0.35, 0.50 and 0.70m a nd c orn popula-
tions Df 1, 4, 7, 10 and 13 plants/capsule with three rep1i
cates in a r~ndomized ~lock designo Each rep1icate consisted
of 10 capsu1es insta11ed at O.25m deep a10ng the contour
lines with absolute1y no slope.

The hydrostat;c pressure significantly inf1uenced
. .

water re1ease from the capsule. Total water consumption yaried
f r om 7.96 to 1 O c m/h a t h e r e b y i n d i c a t i ns t h e e x te n t o f wa t e r
s av inç • .

The hydrostatic pressure did not affect production
. .

~ignific~ntly but the differences due to plant pop lation were
significa,nt at 0,01 leyel, A second degrec quadratic equ2tion
described satisfactorily the yield curve and estimated thai
9 p la n t s z c a p s u l e would give the best grain production.

:1n the present study 7 plants/capsule gave the h~ghest
production with a water use effic~ency of 2.0 kg/m3, which
compared to conventional methods af irrigation is rather high.
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R E S u ~i E

Une experience "in fie1d" e t a i t fait a 1a "EMBRAPA", en
Pernambuco, BRESIL; pour eva1uer les possibilit~s'techniques
d'irrigation au moyen de capsu1e poreuses sous une pression hl
drostatique et determiner 1 'effet de population des plantes rela
tivament ~ la prodution de ma~s. L' experience êtait faite dans
les conditions suivantes:

- pression hydrostatique: 0,35; O,50et 0,70;
- P opu 1 a t i o n de mai s: 1, 4 , 7 ) 1 O e t 1 3 P 1 a n te s/c a p 5", U 1 e ;

- L' essai comprend t r o i s r e p e t i t i o n s .
Toutes les repetition etaint forrnees de 10 capsu1es ills

tall~es ~ O,25m de profondeur 1e 10ng des liunes de contour avec
d~c1inaeson nul1e.

La pression hydrostatique avait une grande influence
s u r l'ecoulement de l'eau de 1a c a p s u l e . Lê; consomrnation total
de l'eau variait de 7,96 ã 10cm/ha, ce oui m o n t r e une grande
eC0Romie d'eau. La pression hydristastique n'affectait pas 1a

production, mais les differ~nces conc~rnant ,la population dos
plantes etaient significantes (0,01 niveau).Une equation (deuxi~
me de 9 r e) p e r me t d I e s t i111e r de rTIa n i e r e s a tis f a i s a n te 1 a p r o d li C t i o !I.

A u s si, c e t t e e q u a t i o n e s L: i IrI to q U C' 9 P 1 éI n te s/c a fJ sul e d o ri n e I~ ó i e n t

1es mei11eurs resu1tats.
o a n s c e t t e e t u de, j p 1 il ri L e s í c i:1 P sul e o n t d o n n e 1 a p I li S

9 r a n d e p r O d u c t i o n a v e c um r' l' ri d e li) e n t d I U til i sal i o ri de 1 I f: a u e q a 1
a 2, O k 9 / m 3, c o m p a r a n t a.v e c 1e S 111 e t h o d r s c o n v (:n t i o n n e 1 1 s d I i r ~ i g.5:
tion, ce rendement est elev~.
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Es wurde e i r. Aus sene xperiment in der UH3RAPP. - Pe r n a mb u c o .
( 1 a n d w i r t s c h a f t 1 i c h e s U n t e r n e h 111e Il v o n B r a s i li e n - i n P e I~ n a 111b u -
co) auf dem Lx p e r ime n t a l+ Fe l d d i e s e r Firma mi t d e m Zieol
der Begutachtullg der technischen Durchfuehrbarkeit der Bewaes
seru~gsmethode durch poroese Kaesten unter hydrostatischem
Oruck durchgefuehrt und um die Wirksamkeit bezue~lich d~r

Anzahl der Pf1anzen auf die Maisproduktion zu bestimmeno ln

diesem Experiment wurden hydrostatische Drucke von 0,35; 0,50
und 0,70 m und eine Anzah1 von 1, 6, 7, 10und 1& Pf1anzen pro
K a s t e n i n k a sue 1 1 e n R e i 11 e n IT: i t ::; \,! í e d e r h o 1 u n 9 e n 9 e t e s t e t o J e

de Wiederholung bestand in 10 KdeSten mit 0,25 m Tiefe ~it
gleicher Nive1ierung and ohne Gc-faelleo

o e r h y d r o 5 t a tis c h e O r u c k D I? ei n f 1 u s s t e It,/ e s e n t 1 i c h (I'J i v e a u :

O , O 1) d e n A b 9 a n 9 d e 5 vJ a 5 5 e r s o De \~ ~'Ja s s e r ver b r a u c h v a r i °ie r t e
z v i s c h e fi 7, 9 6 bis 1 O c m ,I h 3, vi a. S ei n C' 9 I'o S s e \/J a s s e r e r S p a r 11°is
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festgestellt o
I n d i e se m S t u d i um w u r d e (, i neM a x i mal p r o d 11 ~: t i o n v o n ?
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Tablel Some physieal properties of the soi 1 of the experi

mental sitea.

Property
Depth interval (em)

0-1 5 45-60

Sand (%) 84

Si1t (%) 8

C1ay (%) 8

Textural Class Loamy Sand

Partie1e density(g/em3) 1.64
IlFie1d Capaeity" (%) 10.62

15 bar (%) 2,96

1 5 - 3 O

85

7

8

Loamy Sand

1 .66

1 1 .73

2 ,75

30 -45

78
10

1 2

San dy Loam

1 .60

10.40

4,02

73

8
1'9

Sandy Loam

1 .62

11 .84
5.82

aData reported by Azevedo (1975)



TABLE 2: Mean dai 1y re1ease ef water by perus capsu1es under

different treatments during Sept. 7 to Nov. 18,1979.

Treatment

li H

Mean Release of water/capsule

Daily * Total

Total
**Water Applied

mm
79 .56

89.35

Tl(O.35m) 4.30a 318.23

T 2 (O , 50m ) 4 .83b 357 .40

T3(0.70m) 5.40c 399.41 99 .96

* Means followed by the same letter do not differ significantly

at the 0,01 level

**
Estimated multiplying total water released b yvt he N9 of caps~

les/ha. In the present study 2500,



Table 3: Mean number of cobs, green matter and grain produc-
tíon of corn (Zea mays L.) for different treatments
and subtreatments.

*
Hy d ros ta t i c pre~ Population subtreatment (plants/capsule)
sure Treatment

(m H2O) 1 4 7 1O 1 3

Number of Cobs**

0.35 8.6 28.3 31 .3 23 .6 21 .3
0.50 9.6 22.6 30.3 23.6 26.6
0.70 9.6 25 .O 25.3 22.6 20.0

Gree n Mater Production i n kg
0.35 7,0 11 .8 1 1 .8 J 4. O 13.8
0.50 7 .3 10 .2 12. 5 13 .6 15 .8
0.70 5.8 11 .O 14 .O 14.0 18.3

Grain Production in 9

0.35 288.8 592.4 837 .7 790.0 661 .7
0,50 258.9 804.8 829.8 732.9 807.9
0.70 21 9 .7 541 .7 915.7 904.7 876.7

* Mean of 3 rep1ications, each one with 5 pl ants

** Good tommercia1 quality



TA8LE 4: Water use e f f t c ie n c y o f d i f f e r e n t me t h od s o f irrig~

tion for corn (Zea mays L.) production.

-~~---:-._---~-------------
Method of irrigation and Reference Water Use

Efficiency
3Kg 1m

---------

C1os e d Fu r r ow (S i 1 'V a & ~1a 9 a 1 h ã e s , 1 9 7 8 ) O . 7

Open Furrow (Lira & Torres, 1977) 1.0

Sprinkling (Silver et a l . 1978b) 0.9

Tr i c k 1e I rl? i 9 a t l o n ( O1 9 u i n e tal 1 9 7 6 ) 1 . 4

Por o II s c a p sul, e u n d e r Sue t i o n (O 1 9 u i n e ta 1. 1 9 7 6 ) 2 , 7
Porous capsu1e - u nd e r Pressure (.6 H z: O ,35m) 2,0

\



LEGEND OF FIGURES

Figure 1. ,Characteristics of gypsum moulds used for construction
af porous capsule.

Figure 2. Longitudinal layout of the studied irrigation system,
Figu re 3. R a t e o f d ai 1y r e 1 e a s e o f w a t e r f o r t h e p o r o use a p sul e s

when subjected to hydrostatic pressures of 0.35, 0.50 and
O.70m as compared to evaporation and precipitation during the
feno1ogic cy c le of corn (Zea mays L.).

Figure 4. Water distribuition patterns under different hydrosta-
tic pressures and corn popu1ation after 21, 42 and 83 days of
growth.

Figure 5. Dai1y matric potentia1s of soi1 under different p1ant
populations and hydrostatic pressure of 0.35m during a part of

, the feno10gic cycle of corno
Figure 6. Correlation between corn yie1d and plant population.
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r - Water reservoir with constant head (50 1)
R - Water tank (250 1)
F - Floater
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