&S) SVERIGES

UNDERBEVATTNING

LANTBRUKSUNIVERSITET

Studier av grodans tillvaxt och
vattenforbrukning vid olika djup till
grundvattenytan pa en sandig grovmo

SUBIRRIGATION

Studies of plant growth and waterconsumption at different

depth to the groundwatertable on a fine sand

Hans Heiwall

Institutionen for markvetenskap
Avd. f. lantbrukets hydroteknik

Swedish University of Agricultural Sciences
Dept. of Soil Sciences
Division of Agricultural Hydrotechnics

Rapport 124

Report
Uppsala 1980
ISSN 0348-1816

ISBN 91-576-0648-X







A SVERIGES

UNDERBEVATTNING

LANTBRUKSUNIVERSITET

Studier av grodans tillvaxt och
vattenforbrukning vid olika djup till
grundvattenytan pa en sandig grovmo

SUBIRRIGATION

Studies of plant growth and waterconsumption at different

depth to the groundwatertable on a fine sand

Hans Heiwall

institutionen for markvetenskap
Avd. f. lantbrukets hydroteknik

Swedish University of Agricultural Sciences
Dept. of Soil Sciences
Division of Agricultural Hydrotechnics

Rapport 124

Report
Uppsala 1980
ISSN 0348-1816

ISBN 91-576-0648-X







INNEHALL

intedning
KérifBrstkets genomférande

Beskrivning av jordmaterislet

S R~ S

ey | mE
5o

oty
A%

et
meand

[N






[ 3
EN » frw o ot oo S
i i s i L] s o % Y] o fo o 0
H R i3] i - B LI T T PR PR S o4 H ¢ B ] H M
o L3 e o ot oy o5 ot fis] o B Iy 4 [ 4 $a S e [od
e o] 3] o I, 4 w i3 b e offf e > 43 1] #Y 43 [++ 6] 3 Hd Ry
I ™ W 14} T A e o] 5] S o3 o A o @ o o M Q. a 2]
i Aub Bon {2 e » 0] 3t [14] =2 [ B i g [ 4] [ T 2 S
£¢] o] [ TR AN S N N IR  + T W Rt S TR {1 B sl SN VS QO o g S W
& T [ R S D O R I (O T B o PUR G T N « N . e ST
0 Q& wWow 8 W D & L35 B B ol Yo £ w1 [ B oA W W
o s Eul &) o AL e a4 0 0 B Wt [ I ] L v LR < [ 9 WY o
> e L O S~ R L Lo v &= E] [ I " v N R
LS4 s & [ { - e @ ki e (o] o L] 2 I o FE o e L. ofg 3
4= B S . W b > o = ded > b 5y = 9] e O w £ 4 M-
saen e FCCR ) S S N o Q O w3 ey 0 ey 15 [
LI T e S s VIR S - S - S S v - S ke B H % et R Ly 4
o W 4 fod G o 3, n Wt b - in (4] [:¥] LEE N Hod foil ey i
LY - N ¢ e S S S U vl o W e D A - W | W— L] B
] Wh e wog oW o W @ o R o 3 A B
Ei e 1 L h o X 5 S ] (S ] P N . o)) S 43 G
i e 33O MY @ m o [T G B A i WD e WO o4 Y PR A S,
& Yoo AN MDD e L e g IR ° I B U B @& o (b
] o [ T [ T & B S <+ B [ R WO 4] 4 [ , -
& o B it swnt 1] @ s P e T e L [N ]
18] wen W O S . R Y R WO W e X S [a T it
] © o oW oW [ IO W S A [ LT B
] % S 23 £ e oo D b Wy ke
e RO ¢ B T ) F o ] | ) ] o] e {3
o [ ¥ ] ] a3 & b p s, fo] (RN
il e I BT T R 1+ s T () LA £
o DRI ] b e S e £3 [ 3 & [
o o TN S Yoo - b oy O oy R i 5%
s [ I [ 2 1y i) e i A
gt [ N [ S SEw o3 e T Y
o [ w0 [o RIS gt b LI o B
i B Y T b > Eow @ e e
s e} 3 3] P, f7 I o P 1 b v Ly L
- e e a2 [o] a4 43 [ bl i
> 2o Wy & fea i3 [ty ] 3 o
: 34 [} S [ 13
e 43 o W
[} L foo woooAg e
& o @ o His]
o ey £, o i1
5 - 2
43 L £ Sin i
e i3 3 g W
o3 K ] P,
F A i) L
3 4 ] "3
o eH
W fe g} Aok
2 o o e
dud 1 o B >
" @O R
[ R v o R [} LV Y
, o 43 o 3 L g4 i)
i beo D o s g 3 . AR
H O T o B = y o = L3
- Lo S e @ w iy T
o o A S P ) = e 2433
oo ¥ i S [+¥] 4t )] (6] o) 0y
B 34 h S L6 S = 4
i [ T ] 0 L) o 43 o
4 v B e} 2 £ 1 s 99 e
oy L e Wy S (] o 43 s i ¥ 11 3
R ) hw e 3 Sl L o ot (&N
e oW [N 4y @ £ R o S © & b
A [T oL@ o [S T e ES) 3 M dd 4 e el
A o et - b 3 Wy ) iy e FV R ] %) ] 4y g
[ I = T B oD fee R < S 4 [ o] e ¥
b =0 =D E o o e i ol W 4 o e I
Qs ol 6 -0 W Wk [, 0 [ O 44 n% W Q0
3 e QW [2- I o B = e dew [ I sy g T i £y B a3 e




o

n slang ansiuten,

i
-

#

3r

iattan

sa Dl

2y
fafe)
&

YOI

ool via denna kan

« &
Pwain

"%
H

vatien:

att

d.v.5.

$
4

%

ten-

T

ndva

H
L

5

ning av gr

55

«,
i

a3

ar &r upp~

slang

ta

i1

ars skulie

ZRAL -

e
ks

e

dragna t

2t.

T
&
49
@
&
Mx.v
Or

3

mna bryt

i

I

5

groderad skola

Séom

| Fa

3

7

s

2

.f’" ,

£4 56
d‘x‘

£

£

&

genomskindiy  slong

¢

g v
Henmive

5

% 4

?ﬁ@&&

i

g

oo

G NS COMI  RANRNN ST Qs

£

i

L,

s

T
.mwéw
4

ey
P

o

ustew
soscian e

. b

ng’g

5

s

FFIaGOS!

1

‘Grme s

(4

Lo=ptes

7




e W i E 5]
v £ fo) [V ol X2 - [« ] I $u
8] i o3 13 fod E v oMmog U s oil} |l o «3 Ch o
3 o O e = i Yo T M b ] i v . ()] @ L)) o SR v 2
o c B & 3G S Lo R S ot e L3
o A W e I3 e [ EIE S [ e o owm O 03
o (2] > A [ JEERT 4 W 4 M 4, @ [ce I BT, SR <+ S s B L BN S
o e LA T ] o4 e B Q) i LD e E B W » 0 T
o pX] W [N TR Y R 1 ] [ I A [  FE i
3] dnd . Ll @ B [ @ P Bid) 4.8 dad LA 4 . e pd
St 30 LSt = B mow B - A e B T - 3 &= o
| [1 I R G e g oD W A e = R R =
4 Ao Wy Eoow e B O = W@ e 8 R s
w o G o2 Lo 0oy R - B B ema
. a3 a1t [ e TN T N U [N vl [ e
g i owm (O . pe] [SE R O ) S S o 42
S e [N e o [ . 4 [
. I Ty T Fivd w1 3 4 e N G e et fond
po s P I = B R B N ]
4 £ LER G e DR B ¥ B ow w B
0] = R T w G | SR ] =5y X s 04, )
= a 4o N T b [ B N SO i T @
% 4 FE R (&S] AR TR 1+ B ¥ T T (R =
[ ad EE B3 Du pe S B " Lo S 3
o i) G S 2 S vl e WD e Y & e I
sty o [ Bow 4 [ S T R E £+ T el @
b3 s [#] = B o R 45
Sod S i S uif} Aed 54 L & gt [e%
4} e U LB H W g o fol
Yt 93 L o o 33 e
0 £ M A B - 4 on
e 4 o o A o] 4
b LT B o] -
5] e ER I L. @
g . T VO &
-5 By )
Fiad 4.2 O &=
+ & oW,
P e oA
=3 i ho <0 44 £
T oo 44 o U e8]
O L e L kS 3 e F 9N
T I SR ] [ I [ [
5 e b oW @ b
g S S el i
&= B e n
g i oo
5 R A S
Tnoow & L. e
R ) o
e = o i
w4 e 3
K »i i for
4o s o ] jihd
X0 - Se
M L2 MG o L L3
il A2 s ST i
&% i e B o
o o
18 ofid S o5
@ W i o Ser
13 U 43
o W o) 4t fiot
o Fo B & E 43
S TF e 3 8 RN
R @ oW £ i» > . e

ol = M o] St . - g e s
LG e L6 S S B [T e 4 i e o yra
G mooa oo M B - e e
B W Y e L G e e ES) [P [




201

&n

tad fr

am

tidigare h

LTALET

§
H

HATE
n'l s

IR
o 5 4
223 L

&

Sman

sl g

YNNG AV

%

SK

]

dod { 8 4 H
Fo R B 1 Lo = U » ) B 3 Ry o
RS B R = p R @
s W [ S TR U i [« . FI EE I
ded eme i} « i o] Ty v B 88 g2
EE T T + BT S S ¢+ B - S SO o 43 g o
oy @ b R I Es] e S -
£ o oW o p-1 W = [E 3
[R5 B R W e 24 N L
o & I« B B = @ T 43
@ e i1 ot et sorme fod o (8 o 4} (. fe
vW O e CI B 1 ] ey R ) TR
SRR SN S R TR o N na Q oo ot
3 G e ponu bd Ty e Joe V) o von e
s G B v B R a3 4] P.CA . e @
© D w0 T & o [5 BV h A T,
e S B P Ye A e [0} w2 ", Ly oo
L S - B v R & +3 [ B i
s o] AT o T} B 3, o ]
S . wy S hoe T 41 ] Aod ko 33 FaY 3 vy
O 1 Fod 1 & 4 = 3 T IE oW
BT AT B i IR s B N ! ] L a3 LD
ot o 82O o W Qw s =5 b O A
54 o W ow B0 ) 2 e Wi
2O LI O o L R e Hr o ied fon B
= £ L& 5 b e P Fit] Py o - & o
i R O S - R T 1 B ] - e Y " b3 ay
0D M [ I S. @ (e oy W e B
j i LU ] S o LI W oo [N 15} Fis] 3
s oy W W [ € S 5 B . 2 L e 4ot
S I « e @ & L L. - - -
j.ad 7 N o4 =l [ At = fang b kN o o ) Fie] IS
oo @ e TR [ el B o A2 = i3
e BT S v B A o P @ R 1 Q o I+ FISSN 1
[ O S s = JENEE o S SO R =] ) = e
L R e L TR e : ] fon 3 [ s
] i st =y LE TS =3 ¥ N o Pl = o
(1 R L nany W o o) @3
LI Hcw B A o A S v I [ ISR
B B N v RS A S 1] E I o [ B o
P SR I ] L3 e [ATRE R AN [ oy
R o it s IR G o G s hi e RS ] S b o
2 L - o Lo ] e oy Lo IR W SR £ e Ld o ETS
S b [0} i T i T 6w = gl Sh:Y (X T TSN o T ¢ N S sl - B « o o fa] [e) b S
) e M £ k= 13 o iy L Y hed P B . B = = - @ ] LI S W B o ER 15 - =
I B % I S v £ e O e 3 WY e e €D O3 (D o 5 h -
= ™ P i o b w., 3 = oy Ny (Y w3 i) [} e ]
4] oot g N w4 = EE R S Y B O [ ] % PO
e A= S R T B o X S S oot
e T I & L * R & B [ I ) o @ ©
& 2 iy & A bl | WL e 3 R
51T o S S D W - o (@ L i o W resy @)
¥ G T <V I 43 B o W e o T o o o B
e ol e = [+ B+ B w Eoee m D A oA B ) Eo ]
ES IR 5 o o G e ted T3 o] P -l ) [V
SO ST LI 2 B S £ S SN o WL @ =g LI o A S SN « B S B 5 SIS o S s iRaY i3 oo
&3 For) TR = = oo W fe] ., Ew B . N “ ,. ° » - . t L ) £ 1) emmy
Y [ T R e R < SEORE W . [ > M~ ol v & B o R L B S o S b [T 11 ) <3
Mot o AT = a3 Woug oo . 1 R A b ™d LY o3 &= & s
s U RN B s gy U o) 5o I [ R
oo . B ol R e v & ook
FI R v I £ (O R P 5 B S R = — ) £
o o o o Lo B T ko [ S By [ kedd e B 1] 4.8
e wew R 1 N [ I S i I . o o4
4 oW e . - B oo A R H 4 WG e o Pt
O Th e [ g« a8 ] P S [S 3]
L3 e bE e M ¢ o . e ] [a¥ — e o E. [ S
ST e 3 o— 0 da em o N I - S o= i LI = W ] o t.
wWEoee W w0 = w4 moow Wy e o o i) L = p 0
[ T 151 o e uy At Sk 4 &2 e Eo] « [ e 1Y [ R o ) ey O R 1
£ @ B [ O s Y AT+ S = o S 2w o B T o a3
0 - £ O [&] 3+ R W o | 13 t T3 e B e > = o e QLD e H] G id e &
e [ i e [ 90) B o el A3 oL — O e [8] o {3 jon e [ ol i I Qo o S b wh * L
ofg 3 43 @ L ) [0} RS b B S e ST () B} SO, <o i} [ s B TG ) MG L.
[ I R DO e B0 | [ o2 4 S A T N L - N PV ox S X SO R o BRSO e [ T S W S T e Y




¢ 50 00

g ik '
FVpigine | raLeriol-
voigm

nofd (enm)

P

LT

)

/

&

&
St

5
st

o moen. s Cwnlons

S
i

)
8

.

gning
).

ringen vid kapi!l ?ﬁr
!

ti
et frin bfrlian torrt {Efter Andersson 1960

Fig. Z. ition at eapiilary rise

vian dit vatrenhalten | Jordmeterialet &r tdmllgen konstant,ndr den
ger. Yilken betydelse hc , och

-
18rs transportfdrmigs diskuteras nir-

maga, har avsugningar med

Q

frén avsugningarna visas

diagrammets vertikala axel

cen {w). 1| diagrammet ser

man att porvolymen Br oca 52 % 0 % 1 alven., Man ser ocksd

att alvens porsystem tdms pd st8rre delen av sitt vatteninnehdll redan

Tl at e e b oL s £ WE . ¢ e Yo g
vid ety vattenavibrande tryck pa ca 1 mater vattenpsiare.

Matjorden har en bittre vattenhdllande f8rmdga, och vid ert vattenavibrande

1, Den b3tire vatten-

h&ilande f8rmdgan hos mat orden beror traixgen pa att mulihalten och ler-
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Qin

r. | tabell 2 nedan redo-

x

visas skBrden frin samtliga sk¥Brdetilifillen (P& de kirl som odlades med

80 resp. 100 cm grundvattenstdnd var £iilvixten s& l&ngsam mot F8rsdkets
A

slut att dessa & sklirdades den 1172 }. | bB8rian skBrdades gréset med rela-
tivt t8ta interva ‘ & t&ngre tid mellan skdrdetili-

Brséksled, och vdrdena |

Tabell 2. Avkastning fr&n odling vid fyra olika grundvattenstand

Table 2. fiez {
‘ water 36U€&8¢
5

S

Skirde- Skird 1 gram ts per kdrl vid
tidpunkt ol ika qrun*vdtberﬁiur
40 em 60 cm 80 ¢ 100 om

1h/12 1.8¢0 1.88 1.70 1.9¢
17712 g.95 .35 1.048 .10
21712 .95 4.0 4.75 4.90
27/12 1.95 1.75 1.50 1,45

5 1.65 P2 .85

S0 P
e
e -t
R Py
~F O

A ]
[
B

£ L
[P TS B 6 ]
(¥

+
1571 2.25 1.60 Pl .05
22/1 2.760 1.70 0.85% 4.55
3N 2.3¢0 1.6 0.60 0.35
11/2 4.40 2.00 - -
2872 6.20 2.0 1.46 G.395
Totalsk&rd 27.10 18,10 - 11,40 9.45

Att direkt frin tabellens vErden glra en omrikning til! kg/ha &r mycket
vanskligt eftersom f8rhdllandena vid k8rif8rsdk 8r olika de som rdder |
félc, Vardena bBr dirfdr endast anvindas f8r att se p& skillnader i av-
kastning mellan de olika fbrsfksleden. ‘

& %o e

I figur & p& ndsta sida &r skirderesultaten avsatta | ett diagram d3r skdr-
t e

den frin de olika skirde na summerats. Man ser d8r att fram till cs
i mdnad efter uppkomst (27/12) var tilivixtcen | stort sett like | samtliga

f8rsBksled. Efter denns tidpunk:t aveog tillivixten | f8rsBksleden med 60,80 och
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SAMMANFATTHING

Benna rapport beskriver ett kirifdrsdk med underbevatining som utfl

B e g el T o b e e 5 - e, Bl ! EE e Mlbima g B i gy o
vixthus under vintern 1979/80. Den jord som anvindes | f8rstker var hdmtad

3 i ¥ ; 4 3 P -y iy e - § e ot i P ad i ey - %
fran en plats pad Gotland 43y man planerar sttt startz med underbevatining.
i

F&rsfhketr grfirdes F8r z

} ; R PO Ry L S R 5 g g
nbehov genom underbevatining pa den aktuslla jorden.

I inifedningen av skriften redogirs férst f8r hur underbevattning |

@

P
fungerar samt vilks alimdnna fdruisEtiningar som maste vara uu;?y§%dz for
d

o«

att metoden ska kunna tilldmpas. DErefter foljer
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P& sid. 4~& finns en beskrivning av det lordmaterial som anvindes. DEr re-
-3 ot

2

dovisas bl.a, jordens meksnisks sammansftining, genomsidpplighet och den

kapiliZra stighBjden | materialet sami Jjordens vattenhillande f8rmaga.

| f8rstket odlades Engelskt rajgris vid & oliks djup till grundvattenytan
(4o, 80, B0 resp. 100 cm), och tillvixten registrerades genom att griset

klipptes med en till tvd veckors melianrum. | tabell 2 pd sid. 7 redovisas
tiilvExten »id de olika djupen till grundvattenytan och | flg., & p& sidan

8 finns Hven dessa resultat redovisade | 4§3gramfﬁrma

FrsBksresuitaten visar atr gridans vattenbehov kan tiligodoses genom un~

derbevatining pé den aktuella jorden. Tiilvixciakten blev snabbast vid ett

n grundvattenstdnd wvar det en

E

fen, Diremot blev det en myck

den vid ett grundvattenstdnd pd

sp. 100 em. Vid dessa grundvattensténd - -blev jorden alltmer uttorkad

I

e
vitket ledde £ill en allt lingsammare tiiivixt.
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SUMMARY
This is a report from a lvs

done in & greenhouse duri

-

periment was taken from g

z”i.hi’, was to consider

{5 planned to be done. The purposs of the ex

o .

whether it is possible to supply the cropswater need with sublrrigation

¢

on this soil,

r
given. There is & description of the best naturas! conditions for subirri-

gation. The eguipment and the procedurss of the ﬁxper?msnz are then de-
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scribed. in Fig. 1 on page 2 thers |
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The soil materis! was a fing sand. In Tabl size distribu~
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tion and the permeabilicy are gliven. Fig.

ster content and matric water retention in the topsoil and subsoil.

in the lysimeter experiment rye grass was grown at four different depths

P

to the groundwater table(4, 608, 83 and 100 cm), and the growth was re-

L)

gistered by harvesting the gras ?oﬁs of one to two weeks. Table

-

s in per
on page 7 shows the growth of the grass at the four different levels of
the grouﬁdwater and in Table 3 these results are also given in the form of

a diagram.

Q

The results show that the water need of the crop can be satisfied by sub~
irrigation on this type of sofl material. The growth was most rapid at 40
cm groundweter table, but there was also a continucus growth at 60 cm
groundwater table during all the experiment period {95 days). When the
groundwater table was 80 and 100 cm under the soll surface the growth

°

continued as long as 1t was available water in the rootzone, but then it

443

slowed down to a very low level., The roots could not penetrate deeper than

the topsoil layer (25 cm), and the maximum capll

riss {h_ .} in the sub~-
soil was 49 cm, Therefore it was impossible for the water to rise from the

groundwater up to the rootzone when the groundwater table was 80 and 100 om

"l..

respectively. This explains the very slow growth st thess groundwater

feveis.
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