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Effects of ozone and temperature Ori~w~~e.~ 1il;432 As j
several wild plant species
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1)Agricultural University of Norway, Department of Horticulture, Ås, Norway
1)The Norwegian State Agricultural Research Stations, Særheim Research Station,
Klepp stasjon, Norway
2)University of Tromsø, Institute of Biology and Geology, Tromsø, Norway

Mortensen, I"M. & J. Nilsen l'JlJ2. Effects of ozone and temperature on
growth of several wild plant species, Norwegian Journal of Agricultural
Sciences h: 195-211,1. ISSN 0801-5341.

The effects of ozone (0_1) concentrations ranging from IS to 80 nmol rnol'
given X h day I wcre studicd ,u1 24 wild plant species which originated from
South Swcden in the, south (51,0N) up to Spitsbergen in the north (79°N).
Raising the 01 conceutrat ion from 20 10 511 nmol mol·1 decreased the dry
weight and also causcd leaf chlurosis in Planuigo lanceoluta, hut leaf
ch lorosis only in Cc111aure11 jacca, Chrysanthcmum lcucanthemum, l typcricuni
pcrjoratum and Soliitago virgaurcu, lncreasing the 0_1 conceru rauon from 20-
.J() to XII n mul mol I rexu l ted in a decrease in the dry weight of Polygonum
vivipurum and Silene acuulis. l eaf chlorosis uccurred in Bctula nana and
Potentilla crccui, and the lcaves of Bctula pubesrens wcre severcly injured hy
XII nmol mol 1 0 1. No effect on dry wcight and no visible leaf injury were
found on Pou ulpinu vivipare, Saxifraga ccrnuu and Saxijraga ccspuosa at O J

levels up to XO nmol mol I and on C11111p11111,/11 rotundifolia , Lotus corni­
culatus, Pm.11,:/111 vulguris and Solulugo virguurcu at 0.1 levels up to 511 nrnol
mol 1. Ncithcr wcrc thc,rc any visible cffl''1S of U.1 observed on Audronudu
pulifu/ia, Cullunu vulgaris, Oxyria digy11a, N11/m.1 chamac111orw,· and \'affi­
nium vi1i,-iilaca at con<.:entrations up to 80 nmol mol·1. Whcn the 0_1 sc11-
sitivity of the different species was comparl'd, PJ,/cwn pralensc, which was
gruwn as a reference specics, was by far the most sensitive, followcd by
/Jculla pu.bescet1; and Pulctllilla ,:n•cta. The gruwth cffect of incrcasing the
tcmpcrature from IS/I 1°C to 20/lb°C ( 12 h/12 h) indicatcd that plants of
Saxifraga n:nzua and Saxijraga ce,pi1m·a which originatcd from 7lJ0N had a
lower tcmpcrature optimum for growth than plants from 70°N. The cffcct of
0_1 was higher at low compared with at high tcmperatures in Phleum pra­
tcn;·e. This interaction could not be stated with other species because of a
low sensitivity to 0:1 in these species.

Key words: Alpine plants, o:wne, temperaturc.

Leiv M. Murtensrn, Særhcim Research S1a1io11, N-.//162 Klepp ;La;jun, Norway

Recently, much attention has been paid to ozone pollution and its effects on plants
(Heck et al. 1983; Guderian et al. 1985; Heagle 1989; Blank et al. 1990; Mortensen
1991 ). Most experiments have includcd species of economic interest in relation to agri­
culture, horticulture and forestry, and these experiments show large variations in 03
sensitivity between species. Ashrnore ( 1984) exposed several native British plant species
toa short-term, very high 03 concentration and found large variations in O3-sensitivity
between these species. However, few studies have included wild plant species exposcd to
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moderate 03 concentrations (about 50 nmol mol! ) which are typical for parts of the
growth season in Scandinavia (Pedersen & Sernb 1990).

This paper presents results on the effect of moderate 03 concentrations on species
from latitudes ranged between 56 and 79°N. Two ternperature regimes were included
for same of the species in order to investigate whether a particular 03 dose would have
different effects on plant growth. lf so, this would he important to know in order to
understand where in nature 03 eff'ects are likely to be found.

MATERIALS AND METHODS

Experiment 1: The first experiment included different species propagated from seeds
harvested in 1990 at different locations (Table I). The seeds were sown on 12 April and
the seedlings were planted on 16 May in standard fertilized peat (Floralux). The peat
contained 230 g N, IOO g P, 290 g K, 360 g Mg, 2.4 kg Ca, 150 g S, 18 g Fe, 4 g Mn, 4 g
Cu, 4 g Zn, I g 13 and I g Mo per m.\ peat, and the pH was 5.5. Each pot (0.5 I)
included from I to 5 seedlings (Table I). Betula nana was sown on 26 February and
planted on 15 April. Small vegetative plants were raken directly from two rnother plants
of Poa alpina vivipara and rooted. In addition to the species from seed, Alchcmilla
alpina (Table I) and sorne other species (Tab le 8) were transplanted from the field into
pots in June-July 1990.

Table I. Experirnental period. siari dry weig\11, n urnbe r of pors per c hamber and nurnber of plants per
pot in the different spe.:ies in l'xperiment 1. All ,pccic, exccpt Alchcmillu alpinu were grown lrorn seed

Origin Expcrimental S1ar1 No. of No. of
per i od dry wcight pols plants

Spee i es (days) (g pot ') per chamhcr per pot

Alchcnulla alpina L. Hu n nedalcn (58UN) t,() ll.21) 4
B1:11tlu nuuu L. Stryncljellct ((12°N) -13 1.05 7 I
Poa alpina vivipara \,. Tromsø (70°N) 44 0.0-1 5 3
l'olygonium viviparum I.. Tnim,ø (70°N) (>(1 ()_()(, 8 5
Saxijraga cer1111a L. Spitsbergen (7l/0N) 4--1 ll.h'! 5 J
Saxifraga cemua L. Tromsø (70°N) --14 IU-1 4 3
Saxiji-aga cespiwsa I.. Spitsbergen (7l/0N) (J() li.Ill 2 J
Saxifraga cespitosa 1-. Tromsø (71l0N) 6(1 li.Ill 8 3
Silene acuufa (L). Jac4. Tromsø (70°N) 6(1 11.21) .\ 5
f'hlcwn pratemc I .. ev. l'orus (5l/0N) 40 5 3

Two ternperature regimes were established in eight growth chambcrs with a volume of
1080 I (Mortensen 1982), which were placed in a plastic greenhouse, four chambers to
each regime. The low temperature treatrnenl was I5/ I I °C in I 2h/ I2h (08.00-
20.00h/20.00-08.00 h) and the high temperature treatment was 20/16°C (Table 2). Three
03 levels were established: 15, 40 and 80 nmol mol-1 given in 8 h day-1 (10.00-18.00 h).
The highest 03 level includ~d two replicates (charnbcrs), while the othcr two included
only ane. The daily maxirnum 03 concentration was 15% highcr than the mean at all
three treatrnents. The 0_1 concentration for the rest of the diurnal period was < 15 nmol
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mol-I. Ozone was generated from dry air using a high voltage 03 generator (Nomizon,
Nordmiljø ah, Sweden). The 03 conccrurarion was rneasured twice an hour bya scanner
switching air flows from the charnhers sequentially to an Oj analyser (Mode! 1008 AH,
Dasibi Environmental Corp.). Recordings of the rnean and maximum 03 concentrations
throughout the daily 8-h application period and the rest of the diurnal period were
recorded separately by datalogger. The conccntrations of nitrogen oxides (NOx) as
measured by a Monitor l.abs. Inc. (Mode! 8840) analyzer were <5 1111101 11101-1. The
CO2 concentration was J50 ± JO µmol mol-1 as rneasured by an in frared gas analyser
(ADC, Mode! 225 MKJ) as frequently as the 03 concentration measurernents.

Table 2. Mean 01 cortcunt rtu irinx, mcan iemperatures during 12h/1211 (II8.llll-211.00/20.00-08.0llh) and
mean relative humid ities (RI I) at the different treatments and rcpticarc» (charnbers) in Exper imeru I.
Standard deviauons are given cxcepl for tempcrature where the deviarion was ahout ± l.(I°C

Low tempcraturc
0_1 levcl

1.ow Moderate I ligh

Rep.I Kcp.2

I ligh tcrnperat u re
01 lcvcl

l.ow Moderate I ligh

Rep.I I-.:cp.2

0.1 conc. (nmol mol 1)

Temperaiure (°C)
% Ril

18±3
14.8/1()_()
74± 14

44±() 81±() 81±() 15±.\
1-1.7/11.0 I-1.3/10.h 14.8/10.11 19.8/15.5
71J±l5 72±14 74±I.J 1,,1±12

J7 ± h 80 ± 7 7() ± 8
20.I/I5.h 19.9/15.8 20.7/lh.8
h5 ± IJ h8 ± I I h8 ± I J

Supplementary light was provided by means of a high pressure sodiurn lamps (Thorn
SON XL-T) at a leve! of 120 umolrn 2s-l photon f'lux density in 24 h dayt. This corres­
ponded to a daily photon flux of 10.4 mol m-2_ Continuous light was given since the
photoperiod is 24 h at high latitudes during summer. The light was measured by a
Lambda U-I8513 instrument with a quantum sensor. The photosynthetic photon flux
from the daylight inside the charnbers was 20 mol m-2 day-I (data from The Meteo­
rological Station at S:erheim Research Station, 59°N), which means thai the total
photon flux density at plant leve! was about JO mol m-2 day-I.

The plants were watered rcgularly. The electrical conductivily in the pots was kepi
at 1.5-2.0 mS cm-I. A complete nutrient solution was supplied when needed, and this
consisted of (mg 1-1): N, 188; P, J7; K, 242; Ca, IJ0; Mg, 41; S, 5.1; Fe, 2.0; Mn, 0.6; Zn,
0.14; Cu, 0.29; B, 0.J4; Mo, 0.027; Co, 0.009 - giving an electrical conductivity of 1.7
mS crn-I. After 4J-66 days the experiment was terminated, and fresh and dry weights
per pot, leaf chlorosis and wilting as well as any visible O_i injury werc recorded. In ad­
dition, root weight, shoot length, stem diameter and number of branches of Bewla nana
were recorded.

Grow1h clwm/Jer construc1io11 for Experimc111 2: Six growth chambers constructed of
4 mm plexiglass on an alumina frame and measuring 150 cm in width, 200 cm in length
and 150 cm in height made up a volume of 4.5 m-J The air was circulated by a J90-
watt fan through a channel and a perforated polyethylene sheet on which the plants
were placed (2.4 1112). The sheet was perforated with IJ mm holes which made up I 0%
of the total plant floor. The air speed above the plant floor could be controllcd between
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0.05 to 0.5 m s-I by varying the vetocity of the Ian. A computerized system (Kieback &
Peter, DDC-I50, Energi management system, Germany) conuolled the ternperature by
controlling the flow of cold water from a central cold water siorage through a shunt and
a cooler placed in the chamber channel. An electrical healer ( 150-1000 watts) was
switched on when heating was needed. The temperature in the chambers could be cont­
rolled between 10 and J0°C at a greenhouse temperature of 20°C and in full sunshine.
The number of air exchanges could be controllcd between 0 and 50 per hour. The CO2
concentration was controlled within ± JO µmol rno!! and rccorded by equipment made
by the Agricultural Instrument Service at Ås, Norway. A scanner switched the air flows
from the different chambers sequentially to an infrared C02 analyser (ADC, Mode! 225
MKJ) four times an hour. When the CO2 concentration was lower than the preset
value, CO2 from bottles was supplied to the chambers at a preset flow rate.

Experiment 2: The effects of two 03 concentrations (5 and 50 nrnol mol- 1) were
studied on some plant species propagated from seeds from Sweden (Svenskt Ångsfrø
1990, Våståkra gård, Lund) (Table J). Four of the decribecl growth chambers were used,
two chambers at each 03 level (Table 4). The seeds were sown in the middle of
February and the seedlings were potted in peat (Floralux) in 0.5 I pols after J-4 weeks.
Supplementary light at a level of 140 µmolrn·2s-I in 16 h day·l was provided by the
same lamp type as the one used in Experiment I, which corresponded toa photon flux
of 8.1 mol nr 2 day- I_ The menn contribution from the claylight at plant level was about
15 mol m-2 day- I, and the total photon flux was then about 2.1 mol m-2 day! as a mean.
At the end of the experiment shoot Iresh and dry weights, leaf chlorosis and any visible
03 injury were recorded. All data were subjected to an analysis of variance based on
pols as replicates, and standard errors are given.

Tahle 3. l'xperirnental pcriod, start Jry wcight, nurnhcr of poh per chamher and nurnhcr of plants per
pol for the Jiffcrcnt spccics in Exp.:riment 2

Spccies

Campanula rotundifolia I ..
Centaun:a jacca L.
Chry,·an1hcmw11 lcuchantcmum I ..
I lypericum perfuratum L.
Lutt.L', corniculall1~ L.
Pla111agu lanccolata L.
Prunclla vulgaris I..
Uumex acetusa I ..
Sulidago virgaurea L.

l•:xpcrirncntal Stan No. of No. of
pcrintl Jry weight pols per plants
(tlays) (g pol 1) chamher per pot

-12 11.1'1 5 5
42 (J.35 () 5
4'1 (J 5
-12 (1_(15 (J 5
J.1 4 J
42 11.3h (J 5
33 3 5
.17 () 5
J5 2 3

RESULTS

The dry weight of Potn;o1111111 vI11Ip11ru11I, Silent' 11ca11lis and Pltlewn praten.,·c decreased
when the O.1 concentration increased from 15 to 80 nmol 11101-1 in Experiment I
(Tables 5-6). A high 0_1 kvel (80 nrnol mol-I) caused severe leaf wilting in Pltleum
prutense (Table 6), leaf chlorosis in Bcwlit 11ww (Tahle 7) a11d yellow mottling in Bctula
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Table 4. Mca11 <>.1 conceut rauons, rnean tempcratures and mean relative hurnidities at the different
trearmerus and rcpticatcs (charnbcrs) in Hxpcr iment 2

0.1 levcl
l.ow lligh

Rep.I Rep.2 Rep.I Rep.2

0_1 concentrations
(nmol mot") 5±5 5±5 50± 15 53± 17
Ternperaturc (°C) 17.2±1U 11,.6 ± 0.5 11,.'1±0.-1 17.1 ± I.
% RH hil± 12 62 ± 14 67 ± 12 1>6± 14

pubescens (Table 8). This means that 5 of the 14 species in Experiment I were affected
by 80 nmol mol-1. The dry weighl of Phleum pratense decreased by 78% at 15/11 °C and
by 46% at 20/16°C when the 03 level increased from 15 to 80 nmol mol-I and the
interaction between 03 and ternperature was significant (Table 6). The dry weight of
Saxifraga cernua from Spitsbergen decreased while the same species from Tromsø was
unaffected when the temperature increased from 15/11 to 20/lb°C (Table 5). In
Saxifraga cespitosa from Spitsbergen and Tromsø it was found that an increase in tem­
perature resulted in no effect and a positive effect respectively. This indicates that
Saxifraga plants from Spitsbergen have a lower temperature optimum for growth than
the plants from Tromsø. The dry weight of Poa alpina (Table 5), Phleum pratense
(Table 6) and Betula nana (Table 7) was enhanced by the higher temperature. The
shoot:root dry weight ratio and the shoot length of Betula nana increased as the ternpe­
rature increased.

Tablc 5. The effccts or O J couccnrr.uio» anU tcrupcruturc on dry wcight:-, and pcrccntagc dry wcight of different spe-
des. Significuncc lcvcls: n:-,, not ~ig11ifir;1111~ *, P<0.05~ *+, P<0,01; ... :i,*. P<U.001. StanU,1rd errors are given

OJ conccntrutions Tcmpcraturc Significancc
(1111101 mo! 1) ("C) leve! 0.1

15 40 80 15/1 I 20/11, 0.1 Temp. x Temp

Alchcmiltu D.W.(g) 5.5 ± 0.4 5 I± 11.-1 '\.4 ±0.l 5.7±1U 5.5 ±0 . .l ns ns llS

aipinu %O.W. 28.7 ± 0.4 .l 1.h±0.o .lllS±0.5 2'U±0.5 31.4 ±0.5 .. *** IIS

Poa alpitta D.W.(g) 9.5 :t 0.7 10.7 ±0.7 10.1 !0A 8.8 ! 0.3 11.4 ± 0.4 ns *** llS

vi~•ipara %1>.W: 17.o ± 0.8 17.5 ±11.4 It> .. \ ±0.4 17.0!0.tl lo.8±0.5 ns ns llS

PtJ/ygunun1 IJ.W.(g) 0.45 ±0.0h 0.57 ± 0 Oh o ..15 ±om (HS!0.tH 0.41 :t 0.0·1 ** ns llS

viviparun1 %1>.W.
SLuifraga ferrwa D.W.(g) .l.7 ±0.4 ·l.2±(U 4.0±ll.2 4 . .1 ! 0.2 3.o ± 0.2 li!, . llS

(Spitshcr1;c11) %1>.W. 11 . .l!(U 11.l!lU 112 ! 0.2 11.7 !0.2 10.7 ± U.2 IIS :i-:.i: !IS

Sa.xifrat:a cen1ua fl.W.(g) 2.b ± 0.5 2.7 ± 11.4 2 . .l±lU ~.8:!:(U 2. I ±0.3 ns I\S ns
(Tromsø) 'l,,l>_W_ 11.J !0 .l 11.0:!:IU 11.l!0.4 10.7 ± 0 ..l 11.S!lU ns ns ns
S,1.<i{raga ll.W.(g) 0.1>2 ± 0.15 0.h I± 0.14 0.81 ±0.14 U.74 :!:ll.111 0.70 ± 0.08 !IS llS ns
cespiltJ.W %11.W
(Spitsb<:rg<:11)
Sarifraga D.W.(g) 0.58 :!:0. 10 0.lll :!: 0.08 0.4h:!:008 0 ..l.l±ll.11-1 0.h.l ± 0.08 llS *:I: llS

n:,1nl1JHI '¼.ll.W
(Trumso)
Sila,c auwlil· ll.W.(g) 15.2 ± 1.8 13.3± 0.8 11.1±0.J 12.4 ± 0.7 •

'-¼,1>.W. ltd)± 0.2 lo.4± I. I 17.1 ±0.b lh.7:!:IU llS
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Table h. The cffec ts ur 0_1 conceru rurion and tempcraturc on growth or Phlcum pratcnsc. l.caf wilting
was scalcd from 0 (no) to S (>Stl'j;, wihcd Icavcs). Standard crrur-, are given

Temperatu re
(OC)

15/11

20/lh

15
40
XO

15
40
xo

5
5

10

5
5

10

Shool
dry wcight '¼, dry leaf
(g) wcight wilting

1.59±0.17 15.1 0.-1 (1.()±0.tl
1.22 ± 0.11 15.2 0.-1 O.X±0.2
0.36±0.tlh 17.7 n.o .l.4 ± 0.2

2.39 ±0.05 lh.7 0.7 (l.(J IJ.0
3.09 ± I). 17 l<J.9 u O.h 0.3
1.28±0. i') 17.2 0 5 3.0 0.0

0.1 concenuauons
(nmol mol 1) n

Sign i ficance
leve Is
0.1
Temp.
0_1 x Temp.

ns
*
** ns

Tablc 7. The cff,•cts of 01 concen t rrn ion and teru pe rat ure on growth of llrtulu 11111w. l eaf chlorosis wa,
scaled from O (no) to •I (sovere chlorosis of older lcaves). Standard errors are given

li

Shoot
dry wht.
(gl

Shoot: % shoot
mot d.w. dry wht.
ratio

Shoot
lengtil
(cm j

Ste111 No. of I .caf
diameter brauc hes chlorosi-,
(111111)

0 1 conc.
(runol mol 1)

15
-10
80

Te rn pcraturc
(UC)

15/1 I
2tl/lh

Sign i ficance
levet
0 .I
Temp.
U.1 x Temp.

1-1
13
2X

28
27

X.12 0.51
7.h2 O.h5
7.03 tl.32

6.55±11.30
X.3X±0.3h

ns
***
ns

-U 0 . .1
.1.7 IU
-1 . .I 0.2

J.5 :!: 11.2
4.X±0.2

Il~

***

.15.X±O.X
35.<J±0.9
35.X±0.5

Jh.X± tl.h
34.X±OA

IIS

**
ns

.l()_(l 2.2

.1•1.7 .\.2

.l'J.I 1.7

.l.l.2± 1 ..1
-lid± 1.3

ns
***
ns

7.h 11..1
7.J 0.3
7.3 0.1

7.2 ± ll.2
7.5 ±0.1

ns
ns
ns

I 5.2 1./1
12.X 0.(l

14.h 1.0

15.1 ±0.9
13.6±0.l/

IIS

ns
ns

O.J 0.1
0.6 0.2
2.4 0.2

1.7 ±0.J
1.2 ± O.J

ns
ns

No effect of 03 level on flowering was found on the species includcd in Experiment 1
(data not presented). A rise in the temperaturc, however, caused a decrease in the
number of flowers in Saxifraga cespitosu from both locations, Saxijraga ceruua from
Spitsbergen and Poa alpina vivipare (data not presented).

In Experiment 2 the dry weight of Pla111t11;0 lanceolata decreasecl when the 03
concentration increasecl from 5 to 50 nrnol mol-I while no effect was found on the
other eight species (Table 9). Leaf chlorosis, however, was enhanced by an increase in
03 leve! in five of the species. A few plants of Ph/c11111 pra1ense wcre induded in the
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Tablc 8. Visl1al obscrv.uious of diffcrc11l spccics cxposcd to Jiffcn.:nt <>.i couccutr.uious Jl1ring Junc-August , 1441 in
Expcr inrcut I 'Ihe pla11ts wcrc tra11spla11tcJ froru the ridd

Spccics C)rigi11 ExpcrinH..:ntal ()J tu11rcntr;1tions Vbu;il
pcriod (days) (1111101 11101 I) ( >.t injury

Arulromcdu pulifolia I .. Sird,ilen (54°N) bO 15,80 None
Betula 1mhe.H·t:11\ I .h rh. I .i fjell (110°N) b0 15,li0 Ydluw stipph.::-., nccrosi» and

willing of older lcavcs
at 80 nmol mol· 1

Calluuu vulgnris I .. (I lill) h1rsi1nd (54"N) .Ul l'\,40,80 Nom.:
Klepp (5'J0N) 4() 15,40,80 None
l.iljcll (h0"N) h0 15,80 None

I ixvrin dii;y11a (I .. ) (I lill) 1-'orSilnd (54°N) 30 I 5,40,80 None
rcucntil!« erecta (I,.)
RHu:-.d1. Klepp (5<1"N) t,0 15,40,li0 I .caf dilurosis at 80 111110\ mul· 1

R,,bU.\' dtlUlllH'IIWUYII\ I .. I .iljell (b0"N) 40 IS,40,80 None
Vat"Ci11iw11 viu, ulucu I .. I Iuuncd.ilcu (54°N) eo 15,40,80 None

experiment and high 03 levels caused leaf wilting (data not presented). No effcct of 03
was found on flowering in the species which flowered during the experirneru (Campa­
nula rotundifolia, Centaurea [aceu, Lo111s corniculatus, Plantago lanceolata and Rumex
acetosa],

Table lJ. The effect of 01 conscnt ration (20 and 50 nmol 1) on dry weight and leaf chlorosis of different
plant spcc ics in J::xpcrirncnt 2. The leaf ch lorosis was scaled fro111 0 (no) IU 4 (severc cilloro,is). Standard
l""rrors are given

Dry Wl'igl1t (g)
0 I COl1l'Cntr;itio1"

·(nn1ol mol 1)
5 50

Sign i ficancc
lcvel

I .eaf chlorosis
(l1 conn:ntrations

·(nmol mol 1)

5 50

Signifi­
cance
levcl

Ca111pa11u!<J ro1111ulifolia 7.h±ll.'l IU±ll.5 ns
Cew,uu11 jac,:a J.1.(,±11.-1 1.U±II.X ns
('hrym11ll11:mw11
/c1,c111uhe111wn 1.U±0.7 12.1 ±li. I ns
I Iypericw11 pc1j1lf1ilw11 X.11±11.-1 X.2 ±li.li ns
l,o/w; cumi/11/us 5.2 ±11.h 5.11±11.1> ns
l'/111t1ago /1111c,:o/11111 22..1±11.') 11U±ll.1 **
Prw,dla v1.dgari.1 h.7 ±0.2 h.2 ±li. I ns
f<W/ll',>,. 1/U'IU:CII l)(>CU±h.5 57.5±-1.11 llS

Sulidago virg11urn1 13.7 ± I.li 1.\.X .!. 1.1 ns

1) Fresh weights are given

DISCUSSl0N

(),(1±0.0 ().(1±0.0
0.11±0.0 2.4 ± 0.2

11.11±11.0 1.4 ±0.2
0.11±1111 1.2 ± 0.1
0.0±11.11 11.11±0.11
0.11±11.11 1.2 ±0.2
llll±ll.11 11.11±11.11
11.11±11.(1 0.0±0.0
11.11±11.ll 2.8 ± ll.5

ns
***

***
.f:**

ns
***
ns
ns
**

0zone exposure at the 50-80 nmol mol· I leve! enhanced leaf chlorosis in sevcn and
caused dry weight decreases in four out of a total of 23 species included in the present
experiments. Altogether 11 different families were represented. Most species included in
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the experiments had a relatively low sensitivity to 03 compared to the reference species,
Phleum pratense, which is known to be very sensitive to 03 (Ashrnore 1984; Mortensen
I 992a). An exception was Betula pubcscens, which previously also was found to be very
sensitive to 03 (Mortensen & Skre 1990). Another species, Bctulu nana, which belongs
to the family Betulaceac, was found to be only slightly affected by 80 nmol mol-I 03
and may therefore be rankecl as relatively tolerant to 03.

The mean 7-h 03 concentration in Norway during parts of the growth season is 40-
50 nmol mol- I (Pedersen & Semi> 1990). /\mong the spccies included in the present
experiments, only the growth rate of /Jc111/a pubescens and Phleum pratcnse is likely to
be negatively affected by such concentrations. I lowever, leaf chlorosis may also be en­
hancecl by realistic 03 levels in species such as Centaurea jacca, Chrysanthemum
/euca111hem11111, Hypcricum perforatum, Platuago lunceolata and Solidago virgaurea. l .eaf
senescence without any 03 specil'ic injury has recently bcen observed in Bctula
pubcscens at 03 concentrations as low as 35 nmol rnol! (Mortensen & Skre 1990). As
shown by the present results , growth reductions cio not necessarily accompany visible
leaf injury or vice versa, as also ernphasized by Tingcy (l1J8S).

Wide variations in 03 sensitivity between species are likely to be found, as shown by
Ashrnore (1984) who tesred about 200 nativc British speeies. This is explained by dif­
ferent absorption ratcs of 0~ in leaves (Reich 11)87) and/or by differences in tolerances
to the absorbed 03 (Chameides l98<J). Most of the present species grow at altitudes up
to 1500-2000 111 in South Norway, and some of them abo at very high latitudes. I low­
ever, on the basis of the relatively few species tesled here it is not possihle to conclude
whethcr alpine plant species are more or less sensitive than other plants. Reich ( 11)87)
classifiecl agricultur,il crops as the most sensitive to 0_1, hardwoods as moderatcly so and
conifers as the !east sensitive to 03. In order to ohtain a hetter understanding of the
ecological influence of O.1 in the mountain regions, it is necessary to investigate additio­
nal alpine species in long-term 03 exposure experimenls at re;ilislic concenlrations.

The tropospheric 03 concentration in Lumpe has heen estimated to incrc;1se by
ahoul I% per year (liartmannsgruber el al. 11)85). It would be very useful if some very
sensitive alpine species eould be identified and used as indicator plants with respect to
03 effects on the ecosystems. In this connection it would he interesling to test Phleum
commuialllm which grows al altitudes of up lo 1800 111 in South Norway and latitudes of
up to 70°N. This is hec1use the genus l'hlcum seems to he very sensitive to 0_1.

It is interesting lo note that Ph/c11111 pra1.:11sc was mure affected by 03 at low than al
high temperaturcs. This is in accordancc with previous results on /Je111/a p11bescc11s
(Mortensen 1992b) and can be explaincd hya lower leaf cliffusion resistance and highcr
03 upt;1ke at the low-lemperature regime as a result of a lower water vapour deficit and
more open stomata at low temperatures than al high temperaturcs. Unfortunately, the
species in Experimenl l generally had a low sensitivity to 03, and therefore any inter­
action between 03 and temperature could not be statecl for species other than J>h/e11111
pratense. I lowcver. in order to analyse the O.1 sensitivily of plants it seems important
that experiments are conducted at realistic temper;llure and air humidity levds. In
fulure, 03 exposure experiments shuuld includc higher CO2 concenlralions th;1n tuday's
concentration of 350 µmol rnol·1, since the global C02 lcvel is incrcasing rapidly (ldso
1989). The stomata of rnany plant species will partly close whcn the C02 concentration
increases and this will decrease the O.1 :-ibsorption (Pearcy & Bjørkrnan 1<)8}). The
effect of O.1 will thcn he decrcased as previously shown with wheal (Mortensen 1990).



cJfccts of ozone and temperature on growth 203

ACKNOWLEDGEMENTS

This work was carried out as a part of the national work on «Critical loads» supported
by the Ministry of Environment, and by the National Agricultural Research Council of
Norway.

REFERENCES

Ashmore, M.R. 1984. Effects of ozone on vegetation in the United Kingdom. In: A.
Greenfeldt (ed.), The Evaluation and Assessment of the Effects of Photochemical Oxi­
dants on Human Health, Agricultural Crops, Forestry, Materials and Visibility. Gøte­
borg, IV L. Pp. 92- I 04.

Blank, L.W., H.D. Payer, T. Pfirrmann, & K.E. Rehfuess, 1990. Effects of ozone, acid
mist, and soil charcteristics on clonal Norway spruce (Picea abies (L.) Karst.). - Overall
results and conclusions of the joint I4-month tree exposure experiment in closed cham­
bers. Environ. Pollut., 64: 385-395.

Chameides, W.L. 1989. The chemistry of ozone deposition to plant leaves: Rote of
ascorbic acid. Envir. Sei. Technol., 23: 595-600.

Guderian, R., D.T. Tingey, & R. Rabe, 1985. Effects of photochernical oxidants on
plants. In: R. Guderian (ed.), Ecological Studies 52. Air Pollution by Photochenical Oxi­
dants, Springer-Ver lag, Berlin. Pp. 129-346.

Hartmannsgruher, R., W. Attmanspacher, & H. Claude. I9X5. Opposite behaviour of
the ozone amount in the stratosphere and the lower troposphere during the last years.
In: C. Zerefos & A. Ghazi (cds.), Quadriennal Atmospheric Ozonc Symposium, 1984,
Reidel, Dordrecht. Pp. 770- 774.

Heagle, A.S. 1989. Ozonc and crop yield. Annu. Rev. Phytopathol. 27: 397-423.

Heck , W.W., R.M. Adams, W.W. Cure, A.S. Heagle, I-I.I::. Heggestad, R.V. Kohut, L.W.
Kress, J.O. Rawlings, & O.C. Taylor 1983. A reassessment of crop loss from ozone.
Environ. Sei. Tcchnol. 17: 572A-58IA.

ldso, S.13. 1989. Carbon Dioxide and Global Change. Earth in Transition. IBR Press,
Division of the Institute for Biospheric Research, Inc., Tempe, Arizona, U.S.A., 292 pp.

Mortensen, L.M. 1982. Growth responses of some greenhouse plants to environment.
Ill. Design and function of a growth chamber prototype. Scientia I-lortic. 16: 57-63.

Mortensen, L.M. 1990. Effects of ozone on growth of Triticum acsiivum L. at different
light, air hurnidity and C02 lcvels. Nor. J. Agr. Sci., 4: 343-348.



204 Effects of ozone and tempcrature on growth

Mortensen, L.M. I 991. Ozone pollution and effects on vegetation in Norway (in
Norwegian). Norsk Landbr. Forsk. 5: 235-264.

Mortensen, LM. 1992a. Effects of carbon dioxide, ozone and ternperature on growth of
Betula pubescens Ehrh. (submitted).

Mortensen, L.M. 1992b. Effects of low ozone concentrations on growth of seven grass
and one clover species. (submitted).

Mortensen, L.M. & 0. Skre I 990. Eff'ects of low ozone concentrations on growth of
Betula pubcscens Ehrh., Bctula verrucosa Ehrh. and A/1111s incana (L.) Moench. New
Phytol. I 15: 165- I 70.

Pearcy, R.W. & 0. Bjørkman 1983. Physiological effects. In: CO2 and Plants. The
- Response of Plants to Rising Levels of Atmospheric Carbon Dioxide (Ed. E.R. Lemon).

Westview Press Inc., Coloradio. Pp. 65- 105.

Pedersen, U. & A. Semb 1990. Ozone measurements in Norway. In: C. Baumann (ed.),
Biochemical Stress lndicators. Seminar Report, Norw. Forest Res. Inst. Pp. 10-23.

Reich, P.B. 1987. Ouantifying plant response to ozone: A unifying theory. Tree Physiol.
3: 63-91.

Tingey, D.T. I 985. The impact of ozone on vegetation. Perspect. Environ. Bot. I: 1-25.



Plasma levet of growth hormone in two genetic
lines of dairy cattle selected for high and low
milk yield
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leve! of growi h hormone in two genene lines of dairy eau le sclccicd for high
and low milk yield. Norwegian Journal of Agricultural Sciences h: 105-210.
ISSN 0801-5.\41.

The plasma leve! of growth horrnone ((,li) was studied in two genene lines
of dairy caule diffcring by approxirnatcty ll(KJ l.g of rnilk. Data on a total of
45 first and 42 second and third laciation cows f"d grass si lage ad libitum and
kepi on two fixed concentraie levels during the lacrarion periods were col­
lccred over two years in weeks 2-12 of lueunion. The data werc ln-trans­
formcd and analyzed with a repeatabiluy animal rnudel REML procedure
which included rnain effects of the following uueraction terms: stage of
lactauon (5) x generic line (2) x feeding levet (2) and year (2) x calving
period (1). Result» from the first lueunion showed an overall significantly
(P<IUII) higher levcl of (jll in the high gc11c1ir linethan in the low genene
line. Corresponding results were observcd in the second and third lactation
periods, bul these were not significant (P>U.05). Addu iunal analyses wcrc
carried out using weekly calculared cncrgy balam:c. hascd on the Dutch fccd
evaluation system, as a covariatc. Gcnerally, 1his approach rcduccd 1hc over­
all diffcrcnces bctwcen all genctic lines x fL·cding lcwl .:omhinations, and
none of thern were significant (P<0.05).

Keywords: Animal rnodcl, energy balancc. lac1a1ion physiology, REML,
sch~Ltion.

(iw11wr K.fomctsdal, Agrindtura/ U11iveni1y of Nurway, J>cpartmcnl of Animal
Scie11ce, P.U. Bux .!5, N-1-IJ.! Å,·, Norway •

In 1979 the Department of Animal Genetics and Breeding initiated a selection
experiment in cooperation with NRF - the Norwegian Cattlc Association. Two selection
lines of dairy cattle rcpresenting different levels of milk production capacity were
establishcd at eight agricultural colleges. In these herds the following mating strategy
was carried out every year:

High line: The cows wcre mated with the best bulls progeny- tested for milk produc­
tion.

Low line: The cows wcre rn.itcd with the lowcst ranking bulls, from the progeny­
testing for milk production in 1978 and 1979.
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In 1986, third generation progeny, with a difference of approximately 1000 kg between
lines (Steine, 1986), were brought to the university farm for further studies. The main
focus of interest was on the consequences of selecting for highcr milk production
capacity. Plasma leve! of growth horrnone (CH) was among the parameters studied. The
objective of this study is to present results obtained for the two lines in the first as well
as in the second and third lactation periods.

MATERIAL

In the registration period grass silage was fed ad libi111111. koughage intake (RI) was
measured weekly as average intake of a four-day period. while ordinary feedstuff ana­
lysis (Weende Method, e.g. Bondi, 1987) was carried out on samples collected during
four-week periods. The same routine was carried out for concentrate, which was given
completely according to stage of lactation. Animals from both selection lines were given
two levels of concentrate feeding both in the first (Fig. I) and in the second and third
lactation periods (Fig. 2). The same animals were allocated concentrates at the same
leve I over lactations. The project was carried out over a period of two years ( 1987/1988
and 1988/1989) and for both concerurates and grass silagc, separate digestibility analyses
were carried out on sheep. Milk yield was recorded twice a week and the protein, fat
and lactose percentages were deterrnined in one sample each week. Live weight was
recorded twice first week after calving, and then once in the succeeding weeks. The
level of growth horrnone was determined by the methodology described by Purchas et
al. ( 1970) from blood samples taken eve ry Tuesday morning before feeding and eve ry
Tuesday evening two hours after fecding. Data were available on a total of 45 first
lactation and 42 second and third lactation cows in wecks 2-12 pust partunt.

12 ~-------------------,

2

1st. iactation

0 4 B 12 16 2D 2• 28 J2 J6
Weeks postparium

Fig. I Kg concerurutes fcd per day during the
first lactation per iod

METI-IODS

2

o 4 a n M m ~ u ~ ~
Weeks postparlum

Fig. 2. Kg concentrures led per duy d11ri11g the
second and third lactations

Individual energy balance
The weekly energy balance (EB) in VEM ·J-1 was calculatcd as the diffcrencc bctwccn
corresponding nutritive value of consumed grass silage (VEMgs) and concentrates
(VEMc) and rcquirements for milk production (VEMmp) and maintenance (VEMrna)
as:
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EB = VEMgs + VEMc - VEMmp - VEMma

Calculation of VEMgs and VEMc:
For both grass silage and concentrate, metabolizable encrgy (ME) and gross energy
(GE) were calculated in kJ • kg-I according to Van der Honing & Alderman (1988). The
nutritive values, here shown for grass silage, were calculated with a slightly modified
form ula relative to Van Es ( 1975):

VEMgs = RI [0.6 [l-0.004 (100 • ~=-57)1 • 0.9752 • ME/6.900]

Calculation of VEMmp:
The requirement for milk production was calculated by the multiple regression equation
given by Van der Honing & Alderman (1988):

VEMmp = 440 • ECM + 0.0007293 • ECM2
where ECM is kg· d-I of energy-corrected milk yield calculated according to Saunja et
al. ( I 990).

Calculation of VEMma:
Finally, the energy requirement for maintenance was found as:

VEMma = 42.4 • vo.75
where V is the weight of the cow.

Statistical methods
The leve! of GH and EB in the two selection lines allocated at two concentrate levels in
five lactation periods (lactation week(s) 2, 3, 4-6, 7-9 and I 0-12) making up a total of
20 subgroups were calculated and tested as fixed effects in a repeatability animal rnodel.
The estimates were corrected for four fixed interaction classes originating from the two
years considered and two chosen calving periods (calving week < 45, cal ving week ~ 45)
in addition to random animal and permanent environmental effects. Additionally, ener­
gy balance was included as a covariate in the statistical analysis of GH.

A derivative-free REML algorithm anda computing program by Meyer (1989) were
used to estimate variance components for growth hormone and back solutions for fixed
effects. Data were ln-transformed to reduce impact of the periodic segregation of
growth hormone on statistical inferences.

RES ULTS AND DISCUSSION

Summary statistles for EB and ln-transformed GH (ln(GH)) are presented in Table 1,
while Fig. 3 shows the energy balance in first lactation. The energy balance in the high
line was more negative than that in the low line (P < 0.0 I) in first lactation period.
Within lines the lowest values were observed at low concentrate levels. However,
significant differences were only observed in the low line (P < 0.0 I).



208 Plasma leve/ of growtn hormone in two genetic lines of dairy caule

Table I. Total nurnbcr of obscrvarions, and surnrnary statisucs for energy balance (EB) and ln­
transforrned Gl I (ln(Cil I)) i11 first, second and third lactation periods

Lactation

2+3
2+3

Variable N - Sd Min MaxX

EB .NO -'1'12 1831) -185 -t,9()7
ln(Gll) _NO 0.97 0.50 -1.20 2.95

EB 414 -1523 2424 -15() - l(N)!J7
ln(GH) 414 1.08 0.51 -0.48 3.03

Fig. 3. Energy balance (EB) among first lacta­
tion cows in weeks 2-)2 post partum

1st laciaiion

_)( -x---- -X-----x

><---

High line - high feeding leve/
Low Line - high feeding level

-1000

-2000

-JOOO

o-- High line - Low Feedinq Leve/
D-- Low Line - Low feedlnq leve/ -4000~~--~--~-~--~-

2 J 5 8 10
Slage of Lactatton (week)

Corresponding results in the second and third lactation periods (rig. 4) indicate a re­
ranking of the four groups. In the low line the high concentrate group had a more
negative energy balance than the low concentrate group (P > 0.05), while the energy
balances in the high line were equal at the two concerurate levels. As in the first
lactation, the energy balance was significantly lower (P < 0.0 I) in the high line than in
the low line.

These results indicate effect of the concentrate level in the first lactation period on
the energy balance in the later lactation periods. Potential utilization of this effect
should be clarified in future research.

The levet of ln(GI-I) in the first, second and third lactations is shown in Figs. 5 and
6, respectively. In both figures, the levet of ln(GI-1) is somewhat higher in the high line
at low concentrate levels than in the other groups. Further on, the low line on high
concentrate level had lower values than the other groups in the first lactation. Although
one should be aware of these tendencies, none of the selection lines x feeding level corn­
binations were significant. In fact, correction for energy balance affected the results ob­
tained, as exclusion of energy balance from the statistical model resulted in an overall
significantly (P<0.01) higher levet of GI-I in the high than in the low genetic line in the
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Fig. 4. Energy balance ( EIJ) amung second and
third lactatiun cows in week s 2-12 post partum

--- High Line - hlqh feeding levet.
x--- Low Line - high feeding Level
o-- High Line - low Ieedinq level
o-- Low Line - Low [eedinq Ievet

-sooo~~--~----~----
2 3 5 8 10

Stage of Lactattori (week.)

EB (vem/d)
0

-1000

-2000

-3000

-4000

----□---- /0 X/

/
/
/
/
/
/
/X------x

/0

/ X
/ /

/ /

-□-- -□ //

2nd and Jrd ladation

first lactation. Corresponding results obtained in the second and third lactation periods,
however, were not significant. Thus, correction for energy balance reduced the differen­
ces between lines. The remaining variations between lines may be due to either unsatis­
factory correction for energy balance or true genene difterences. The findings of
Løvendahl et al. ( 1991) support the first theory as they clicl not find any difference in
ln(GI-1) in heifers from the same selection lines after injection of growth-releasing factor
(GRF). The correction for energy balance rnay be improved by correcting growth hor­
mane for energy balance within lines. Furthermore, requirernents for milk production
and maintenance may also be different in the two lines. In an ongoing project the pro­
blem of different energy balance is reduced by pursuing the same underfeeding in both
selection lines.
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Deepfrozen salmon: Differences in quality after
storage at different temperatures following
different storage periods
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Andersen, U.B. & K. Steinsholt J<J</2. Dcepfrozen salmon: Differcnces in
quality after storage at different icmperatures following differeru ,1nrage
pcriods. Norwegian Journal of Agricultural Sciences /J: 211-215. ISSN 0801-
5.l-11.

Some effects of various sub-zero storage ternperarures on quality of Atlantic
sal mon (Sa/mo Sa/ar), were scnsorically assessed. The fish were fed three dif­
ferent diets, containing 12, 17 and 22 % fat. After two months of storage at
-30°C, the Iish were kept at -13°C, -18°C and -J5°C and sensorically asses­
sed after one, three and five months. The two lowest temperatures were
choscn as representing relevant domcstic freezer temperatures whilc storage
at -J5°C was used as the cuntrol. l-ish fed the medium fat diet (17%) were
significantly less red and had less of a salmon taste. Fish stored at -35°C
were significantly redder, hall a hetter consisrency, and were softer and
juicier than fish stured at -13°C. The taste of fish oil incrcased during the
six months of sturuge.

Key words: L>cepfrozen salmon, fat content, sensoric assessrnent, ANOVA,
l'CA

Urd Bente Andersen, Agricultural University uf Norway, Deparunent uf Duiry
and Food lndistries, P.O. Box 36, N-/43() Å~. Norway.

It is commonly believed that frozen salmon and other fatty fish become rancid after a
few months' frozen storage because of the high content of unsaturated fatty acids which
easily become oxidized, giving the fish a rancid smell and taste.

Experiments performed at SINTEF (The Foundation for Scientific and Industrial
Research at the Norwegian Institute of Technology) indicated that the storage tempera­
ture in the freezer was irnportc1nt for the keeping quc11ity of different kinds of fat fishes
(salmon, traut, herring and mackerel). The results of these unpublishecl experirnents c1re
mentioned in NFFR (Norwegian Fisheries Rescarch Council) yearbook 1988. According
to this yearbook there wc1s an irnprovement in the quality when storage ternperatures
were reduced to -60°C.

The aim of this experiment was to assess the possible effects of various sub-zero sto­
rage temperatures on the quality ol salmon, following two months' storage at -Jo'·c.
Temperatures at - I J°C and - I 8°C were chosen as representing relevant domestic freezer
temperatures, and storage at -JS°C was used as the control.
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MATERIALS AND METHODS

Atlantic salmon (Sa/mo Salar) were fed three different diets containing 22, 17 and 12%
fat. In November 1989 the fish were slaughtered, gutted and stored in ice for three days
at 4°C befare freezing. The gutted fish each weighed between 3 and 4 kg, and the
length varied between 65 and 70 cm.

The fish were frozen in a nitrogen freezer where the temperature was regulated to
about -60°C. The temperature was measured at two different places on the surface and
inside the fish as illustated in Figure I. After one hour the temperature inside the fish
was -30°C (point 3 in the figure), while on the surface the temperature was respectively
-44 and -38°C. The deepfrozen fish were cut with a meat saw. A portion of each fish,
laken posterior to the dorsal fin and anterior to the adipose fin, was packed in plastic
bags and kept at -30°C for two months. Parts of six fish from each of the diet fat
categories were sorted and kept at -13, -18 and -35°C, two at each ternperature, until
they were sensorically evaluated after one, three and five months.

Figure I. Teru perature rneasu­
rcrnen rs during Ireez] ng in
nitrogen. Points one and two
measured on the surfuce of the
fish. Point th ree inside the fish
and point four in the Ireezer

3

2.

Four to six assessors were chosen from the employees at the Department of Dairy and
Food Industries and the Institute of Aquaculture Research. The fish samples were
assessed at two sittings per day, nine samples at each sitting. The assessment included a
1-5 score for colour (redness), two consistency parameters (soft/hard, ctry/juicy) and
four parameters relating to taste ( salmon taste, fish oil taste and rancidity). In addition,
the assessors scored the consistency and the taste hedonically using a 1-5 scale.

The fish were rernoved from the freezer and thawed at room temperature. The
following day the fish were still slightly frozen and so could easily be divided into
cutlets 2-3 cm thick. The fish were cooked at 100°C for 15 minutes prior to sensoric
assessment.

The results were treated statistically with an ANOVA-test, and a Principal Com­
ponent Analysis (PCA) was performed to relate the parameters.

The following mode I was used for the ANOVA-test:
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The value of each observation is given by the mean value plus the ef'Iects of fat coruent
in the feed (ai), the storage temperature (Pj), the storage time (Y1.) the intetaction
effects, and the error (c(ijl.)1)- The replicates (I) are treated as a random variable nested
under the experirnent factors which are considered to be fixed. The null-hypothesis was
rejected at a levet of five%. When significant effects were found, the Tukey's HSD-test
was pertorrned to test the ditferences between mean values (Tukey 195.1 ).

RESULTS AND DISCLJSSION

The fat content in fish diet significantly alfected the colour (redness) and the taste of
salrnon as indicated in Table I. The colour was significantly less red and the taste of
salmon was less strong in fish fed 17% fat in their diet.

Storage temperature, as illustated in Table I, af'tected colour, hedonic consistency,
hardness and juiciness. The redness was significantly lower in the fish sto red at -13°C
than in fish stored at -18 or -35"C. The assessors preterred the consistency of the fish
stored at -35°C as compared with that of fish stored at - U"C. The fish were narder and
less juicy following storage at -13°C.

rcd ness
taste of sal mon

12
2.!NSa
2.hJ2

17
2.542 b
2.SOlb

2.70X
2.797.:

Tablc I. Significan1 diffcrcn­
ccs (p < 0.05) hetween fish fcd
different fal diets, s11>rcd at
diffcrenl frce,.ing tcmpe­
ra1ures for differenl pcriods;
mcan value,

fat content in fish diet (in perceru)

slo rage rempcrat ure (''( ·)

-IX -.lS
redness
hedon ic consisteucy
hardness
juicyuess

taste or fish oi I

2.'I I la
2.<J71Ja
J.Jx,1a
2.5.llla

2
1.202a

2.X07h
J.O•IX
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2.7112

srorage i irne (rnomhs)

1.233

2.11'.!.?r
J.252c
2.l)(ll)r

2.<IS!k:

h
1.-1.llc

a.b.c ind icate significanl differences wilhin a row using Tukcy's
IISD-tes1

Storage time
After six months of storage the taste of fish oil significantly increased independent of
the storage temperature and diet.
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The rcs-ou»
(Figure J) illustrates the relationship between the different variables (colour, con­
sistency, taste etc.) on two principal components ( Factor I and Factor 2). The pro­
portion of original variance explained by the two factors was 0.59. Factor I may be
considered as a taste axis whereas Factor 2 describes variation in consistency. Taste of
salmon, redness and juiciness are located in the positive part of the plot, whereas
hardness, taste of fish oil and rancid taste are located in the negative part of the plot.

Rotated Orthogonal Plot: Factor 1 vs. Factor 2
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Figure 2. PCA-plol. Rotared Or1l1ogo,1al l'loi ,howing l-actor I v,. larror 2
( I) Taste of fish oil (5) Red ness
(2) RanciJity (I>) 1 ledunic consistcni:y
(3) Juicyness (7) Taste of sal mon
(4) Hardriess (8) I Iedorric tuste

CONCLUSIONS

Fish fed a low fat diet and stored at -JYC kept their colour betler than Iish fed a high
fat diet and stored at high ternperatures. The consistency score was dependent upon
storage temperature. The flavour was dependent on fat in diet and length of storage.
Fish fed a high fat diet had a more salmon taste than fish fed low fat diets. The flavour
of f'ish oil developed after six months, independent of diet fat content and storage
temperature. The PCA-plot indicates that salmon taste, redness and juiciness were
assessed as positive qualities, whereas hurdness, taste of fish oil, and rancid taste were
assessed as negative charucteristics.
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Knowlcdgc about seed dorruancy and gcrminai iun in the grass farnily l(;m-
111i1wt') is important from bot h an eculugical and ecunornical point of view,
and particularly with regard to seed testing. Seed dormancy can be grouped
according 10 physiological rncchauisrn (embryo dormancy vs. covcr-imposed
dorrnancy) or whet her dormancy is unposcd before (primary dorrnancy) or
after (secondary dorrnancy) separuuon from the mot her plant. Primary dor­
mancy of1en dissipatcs wi t h in a few months after harvest, hut it can he
manifest for years. l ow ternperatu re during seed rnaturation aggravates pri­
rnary dormancy and narrows the tempcrarure in ter val conducivc to germi­
nation. Secondary dorrnancy is must commonly irnposcd whcn moist seed is
subjecred to high rcmperaiures or anaerobic conditions. Endogcnous germi­
nation rhythms can sornctimes be ubserved irrespcctive of storagc conditiun
and seed maturity. Rerncdics helpful in overcorniug dormancy include dry
aftcrripcning at high rernperutures. rnoist pre chilling, altcrna1i11g tcmpc­
rature, light, KN01 and gibberellins. The use of thcse trea1mcn1s in sccd tes­
ting is outlincd, and their physiological mechanisms are brieny discusscd.

Key words: Afterripening, gibbcrellins, KN01, light, pre chilling, seed ma­
turation, tcmperaturc.

·r,ylJVC ~veen Aamlid, l.andvik l<t:.fft1nh ~tativn, N--1::J<)(I Grims1ad, Norway.

Besides the legurnes, no family within the plant kingdom has greater economical im­
portance than the grasses. Not only are all the cereals and most of the forages classified
in this grouµ, but the family urami11eac also encompasses some of the worst agricultural
weeds. Because seed formalion is the mosl widespread way of mainlenance and multi­
plication wilhin the family, factors conlrolling germinalion and establishment become
cruci;il from bolh an ecological and an eco11omical point of view. For the many seed­
testing laboratories around the world, it is also essential to develop methods which give
the correct germination capacity of a given seed lol within a minimum amount of time.

In this lilerature review, the emphasis will mostly be on seed dormancy and germi­
nation of the cultivated forages, but some refcrences to cereals and weeds will be inclu­
ded for compariso11, No attempt is made lo cover seed vigor or other aspects of seed
quality beyond those measured by ordinary gcrmination tests.
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THE OCCURRENCE AND CAUSES OF SEED DORMANCY

Seed dormancy is so common in grasses thai it can be regarded as the rule rather than
the exception (Simpson 1990). One of the most wcll-known exarnples is wild oats - Ave­
na [atua L.; its ability to lie dormant in the soil for a number of years has made this
weed notorious in grain-producing areas throughout the world. In the cereals, dormancy
is also very significant, especially in conneciion with pre-harvest sprouting problems in
wheat and barley (Strand I 965, King 1983, Ringlund 1987) and with utilization of bar­
ley in the brewing industry. Among the ternperate turf and forage grasses, Simpson
( 1990) presents evidence of seed dormancy in smooth brornegrass (Bromus incrmis L.),
red fescue tFestuca rubra 1..), tall fescue (Festuro arurulinacea Schreb.), meadow fescue
(Festuca pratensis Huds.), sheep fescue (Festuca ovina L.), perennial ryegrass tLotium
perenne L.), ltalian ryegrass (Lolium muliijlorum L.), Kentucky bluegrass (Poa pratensis
L.), annual bluegrass (Poa annua I .. ), rough hluegrass (Poa triviatis L.), orchardgrass
(Dactylis glomerata 1 .. ), reed canarygrass (Phalaris arundinacea 1.), meadow foxtail
tAlopecurus pratensis L.), timothy (Phlcum pratense L.), colonial bentgrass (Agrostis
capillaris L.) and creeping bentgrass (Agrostis stolonijera L.). Among the species with
particularly deep dormancy, and thus the ability to form persistent seed banks in the
soil, are rough bluegrass, annua! bluegruss, colonial bentgrass and Alopecurus
geniculatus L. (Williams 1983a, Synnes 11)84, Netland 1985).

The physiological reasons for seed dormancy are cornplex and not completely
understood. A distinction is often made between embryo dormancy, in which case the
embryo is unable to germinate even when st:parated from the rest of the seed, and coat­
imposed dormancy, where the endosperm, test;, or pcricarp Uointly comprising the seed
coat) are responsible for the clormant condition and the embryo germinates when exci­
sed (Bewley & Black 1985). Since in many grasses the lemma and palea (often referred
to as the hulls) are also attachecl to the mature caryopsis, any restraint to germination
imposed by these structures is oftcn included in the term 'coat-irnposed dorrnancy' as
well, but this is imprecise as the hulls are not a part of the seed coat. In the following
sections, the term cover-impo.sed durnw11cy will he used whcn referring to both the seed
coat and the hulls.

Cover-imposed dormancy
According to Bewley & Black ( 11)85), the tissues surrnunding the embryo can have the
following effects on germination:

I. Mechanical restraint
2. lnterfercnce with gas exchange
3. lnterference with water uptakc
4. Prevention of the exit of inhibitors from the embryo
5. Supply of inhibitors to the embryo.

In the grasses, there is no indication that either the hulls or the pericarp is rigid enough
to prevent the protrusion or the radicula or the coleoptile (Simpson I 91JU). On the other
hand, thcre is considerable evidence that the lemma and palea may restrict the avail­
ability of oxygen to the c:uyopsis. Canode et al. ( 1963) found that removal of the hulls
increased germination by 13-16 per cent units in orehardgrass. Since water absorption
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was similar in hulled and dehulled seeds, the authors inferred that the main impact of
the appendages was impeclance of gas exchange. lncreasing the partial pressure of oxy­
gen can partially overcome dormancy in hulled seeds of wild oats and barley (Bewley &
Black 1985).

Unfortunately, few anatomical studies have attempted to explain the role of the
lemma and palea in seed dormancy. Some investigations suggest that a lipid layer in the
ioner epidermis of the lemma can interfere with both water and gas exchange. From
rice it is known that a high peroxidase activity in the hulls may campete with the
embryo for oxygen in the initial stages of germination (Simpson 1990).

In addition to the hulls, the seed coat may also form a barrier to oxygen and water
absorption. Puncturing the seed coat, especially adjacent to the embryo, improved
germination of naked caryopses of wild oats (Simpson 1990), orchardgrass (Probert et
al. 1985c), and reed canarygrass (Junttila et al. 1978). Whether the interference with gas
or water movement is the more significant factor is apparently a matter of controversy.
Since the water uptake has aften heen observed to be similar in intact and punctured
caryopses, many authors have concluded that oxygen must be the more critical factor
(Atwood 1914, Probert et al. 1985c). Soaking dormant seed of reecl canarygrass in
oxygen-saturated water led to a 73% germination as opposed to only 25% for seed that
were soaked in unaerated, still water (Landgraff & Junttila 1979). The authors stressed
the importance of oxygen in breaking dormancy. Simpson (1990), on the other hand,
argued that differences in embryo water potential and in the water perrneability of the
seed coat at increasing distances from the embryo could cause various water absorption
curves for intact and punctured caryopses. The fact that previously soaked and dried
seed of orchardgrass absorbed nearly 70% more water than untreated seed during the
first three hours of imbibition (Chippindale 1933), was taken as supporting the latter
theory.

The role of germination inhibitors in grass seed dormancy is not clear. Some expe­
riments indicate that the hulls of wild oats contain inhibitors, but there are conflicting
reports as to whether these compounds are able to prevent germination in wild oats
caryopses or only in other species (Simpson 1990). In a study on gerrnination of various
grasses and legumes in leachates from the same or other species, Cope (1982) found
that none of the grasses was inhibited by leachate either from its own seed or from
other grasses; on the other hand, leachates from ryegrass and orchardgrass hampered
germ i nation of many legurnes. Although Vose ( 1962) found evidence for a water-soluble
gerrnination inhibitor in reed canarygrass caryopses, Landgraff & Junttila (1979) were
unable to discover any clormancy-related inhibitor in extracts from the same species.
Conversely, Fendall & Canode (1971) cleiermined that growth inhibitors were present in
both hulls and caryopses of one particul.uly dorrnant variety of orchardgrass. Seed
extracts retarded the growth of secdlings of both lettuce and orchardgrass; however, the
variability within treatments was greater fm the latter species. This is compatible with
Evenari ( 1949), who noted that most ge1rnination inhibitors are non-specific and that
there is nearly always an association between germination and seedling growth.

Embryo dornwncy
Separation of emhryos from the covcring structures in wild nats has revealed that this
species aften possesses some degree of true embryo dormancy. Although some embryos
germinated rec1dily after excision, others were still Liormant after three years of after-
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ripening. Normal gerrnination could be obtained by adding gibberellin to the germi­
nation medium which woulJ otherwise contain sugars, amino acids and vitamins
(Simpson 1990).

Although there are surne indic.uions of embryo dorrnancy in wheat and barley
(Norstog & Klein 1472, Gaspar et al. 1977), it secrns probable that the long dornes­
tication process has eliminated most of this 'wild' character in the cereals. The forage
grasses are more likely to have preserved surne embryo dorrnancy; however, the small
seed size makes studies with excised ernbryos complicated and the literature is therefore
meager. In many cases the existence of embryo dormancy has been deduced from the
lack of any apparent effect of hulls or seed coat on water absorption or oxygen uptake
(Maguire 1469). There is, nevertheless, increasing evidence that the constitution of cell
membranes somehow plays a key role in true embryo dormancy (Bewley & Black 1985).

CONCEPTS RELATED TO THE TIMING OF DORMANCY

Primary dormancy, the most universal type of dormancy in the grasses, evolves when
the seed is still attached to the mother plant. Usually it is at its deepest before the seed
attains maximal dry weight (i.e. well before harvest), and then it dissipates with time
until some weeks or months after harvest (e.g. Delouche 1958, Bass 1965). The term
'[resh-seed dormancy' is frequently used when the primary dormancy is of cornpa­
ratively short duration; however, there are examples in which grass seed has retained the
dormant condition for years (Canode et al. 1963, Fendall & Canode 1971 ). Such pro­
longed dormancy may be a special characteristic of populations from high latitudes
(Junttila 1977).

The term afterripening is often given different interpretations (Simpson 1990), but
one reasonable definition seerns to be 'the internal processes in the seed that lead to loss
of dormancy'. These processes are highly dependent on environment; if conditions are
not appropriate, the prima ry dorrnancy may, to the contra ry, be reinforced.

Under some circumstances, secondary dormuncy may be induced in seeds which
have lost the prima ry form. According to Bewley & Black ( 1485), seed may also pass
directly from the primary Lo the secondary state, or the secondary state may be super­
imposed on the primary one (Simpson 1990). Sveinsson ( 1987) observed that lcelandic
strains of Kentucky bluegrass increased in dormancy during the period from physio­
logical maturity until harvest, quite unlike the normal pattern reported earlier
(Delouche 1958, Bass 1965, Phaneendr;inath et ;il. 1978). The author suggested that cool
and moist weather could lead to secondary clormancy being imposed when the seed was
still attached to the mother plant. However, in order to avoid any ambiguity, it seems
most consistent to confine 'secondary dormancy' to instances where the dormant
condition is reintroduced in non-dormant seed after harvest, in agreement with the
definition proposed by Khan ( 1482). The distinction between prima ry and secondary
dormancy is then reduced to a question of time, ;is there is no evidcnce of any
difference in physiological mechanisms hetween the two forms (Bewley & Black 1985).

The state of donnancy, whethcr primary or secondary, is usually not absolute, but
rather just a narrowing of the environmental conditions under which germination will
occur. As stated by Simpson ( 1990), it is not the isolated character of the seed, but the
total seed-environment system which prohibits or permits Qermin<>1;,.~ ,...,
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this, Vegis ( 1964) introduced the term relative dormancy. Because tempera ture is the
single most decisive factor governing gerrnination in partly dormant seed, a related, but
more specific term is thermodormancy.

Sometimes, seed may show fluctuations in germination independent of maturity or
storage conditions (Kummerow 1965). Maguire ( 1969) observed thai germination of two
varieties of Kentucky bluegrass declined sharply three to four months after harvest; then
there was an increase followed by a similar dccline after six to seven months (Figure I).
Pronounced germination minima in Fehruary have been reported for bentgrass (Leggatt
1946) and timothy (Gordon 1951); by conuast, Froud-Williams et al. (1986) observed
that germination of rough bluegrass fell markedly in the period between six and 12
months of storage, and Korjakina (19.17, citcd hy Kummerow 1965) found two annua!
minima to occur in Dccernber/January and June/July for a number of grasses. These
'erulogenous germination rhythnts' may be interpreted as a special type of 'biological
clock ' (Maguire 1969), but the way they operate and their relationship to the primary
and secondary forms of dormancy rcmain sornewhat fuzzy.
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EFFECTS OF TEMPERATLJRE AND WATER RELATIONS ON THE IMPOSITION
OF PRIMARY DORMANCY

Low ternperatures during seed maturation inducc dormancy in grass seed (Kearns &
Toole 19J9, Wiesner & Grube 1972, Boyce el al. 1976, Probert et al. I985b, Curran &
McCarthy 1986). Seed of wild oats was more dormant when subjected to a day/night
temperature of 20/IS°C than loa constant 20"C during panicle development (Simpson
1990). White a ternperature of 9°C during seed rnaturation caused considerable dorman­
cy in Scandinavian strains of wheat, triticalc and barley, seed exposed lo tcmperatures of
15°C and 21 °C was virtually non-dorrnant (Hur.ias & Skinnes 1985). There is, however,
at least one report (Grahl 1'>75) which indicaies that cxcessively high ternperatures du­
ring the last stages of seed rnaturation may ex.rcerb.uc, rather than relieve, seed dor­
mancy in wheat.

Water stress on the rnothcr plant during seed dcvelopment reduces seed dorrnancy
in barley {Aspinall 1965) and wild oats (Peters 1982). Conversely, a wet clirnate will
aften reinforce dormancy, especinlly if the seed is harvcsted at a high moisture content
(Phaneendranath et al. 1978). Sveinsson ( 11)90) discovered a great disparity in germina­
tion capacity of lcelandic varieties of Kentucky bluegrass grown in a warm/dry and a
cold/wet season (Figure 2). Since the viability as determined hy tetrazoliurn analyses was
the same in the two years, the difference could be entirely attrihuted to seed dorrnancy.
Despite these obvious relationships, it seerns difficult to predict dormancy levels in seed
from rneteorological data alone (Grahl 1975, Sirnpson 1990).

EFFECTS OF TEMPERATURE AND SELL> MOISTURE ON TIie RELEASE,
MAINTENANCE AND REIMPOSITION OF DURMANCY AFTER llARVEST

Afterripening of dry seed at high temperatures reduces dormancy in wild oats (Simpson
1990), wheat (I lagemann & Chia 1987) and barley (Strand 1965). I leating at J0-35°C
{ISTA 1985) is therefore the most cornmon way of overcorning dormancy in cereals, but
similar results have been reported for Kentucky bluegrass as well (Phaneendranath &
Funk 1981 ). Simpson ( 1990) suggested that the advantageous effect of high-tcmperature
afterripening can largely be ascribed to dehydration, as low ternperatures favor high
relative hurnidities and vice versa. This seerns reasonable when germination is restricted
by the permeability of the hulls or seed coat, bul it appears dubious for true embryo
dormancy, which is more biochemical in nature. This is substa11liated by the numerous
reports indicating that low ternperatures sustain, rather than alleviale dorrnancy, even
when the seed is kepl al very low relative humidities (Kearns & Toole l9J9, Phaneen­
dranath & Funk t<)81, Probert et al. I985d). Boyce el al. (1976) in fact prescribed sto­
rage in a desiccator al 5°C as a way of preserving primary dormancy in lall fescue seed.

When seed is kept at a high rnoisture conlenl the effects of high vs. low tempe­
ratures on dormancy are revcrsed. White pre chilling of moist seed at low lernperatures
will be treated in a separate paragraph, the cornhination of high temperatures and rnoist
seed often resulls in secondary dorrnancy ((,rahl 19(1.5, Naylor & /\bdalla 1982,
Phaneenclranath & Funk 1981 ). Because such dormancy can also he induced by keeping
seed under anoxic conditions, for example in an atmosphere of nitrogen, it is probably
related to the reduced solubility of oxygen al high ternperatures, or alternatively, lo a
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difference in the demand for oxygen in seed rnetabolism (Simpson 1990). In wild oats it
has been shown that the secondary dormancy directly atfects the caryopsis, most likely
the embryo, and that the hulls are not involved (Hay 1962, Khan 1982).

To conclude this section, a surnrnary of the combined effects of seed water content
and temperature on dorrnancy after seed harvest is presented in Figure 3.

I Low temperature I High temperature I
Moist seed Prechilling Induction of

Dormancy reduced secondary dormancy

Dry seed Afterripening Afterripening
delayed.Dormancy enhanced. Dormancy

prolonged reduced

Figure 3. Combined effecrs of
temperature and seed moisture
on the relcasc, maintenance
and reim pos it ion of dormancy
after harvest
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PRE CHILI.ING

Stratification is an ancient remedy for increasing seed gerrnination in many trees and
scrubs. For such seed, a one to 12 rnonths' treatrnent at l-5°C might be necessary in
order to overcome dormancy. In the case of grasses, a much shorter period is usually re­
quired, and the optimum ternperature seerns lo be somewhat higher. For example,
Canode et al. (I96J), Kearns & Toole (I9.N) and Curran & McCarthy (1986) concluded
that seven days at 5°C was effective in breaking dormancy of orchardgrass, Festuca spp.
and barley, respectively, and Bass ( 1955) and Grabe ( 1955) prescribed five days at I 0°C
as appropriate trearmerus for dorrnant seed of Kentucky bluegrass and srnooth brorne­
grass. There are, nevertheless, also exarnplcs that dormancy of tall Iescue seed can be
broken by 48 days prechilling at l°C (Boyce el al. 1976), and Junttila (1977) found that
a period of at least four weeks at 4 °C was required to obtain maximum germ i nation in
Norwegian populations of orchardgrass.

From an ecological point of view, it seerns quite plausible that dorrnancy of tem­
perate grasses is broken by frost during the winter months. This may well be the case in
the field, where freezing, or repeated freezing and thawing, can increase the perrneabi­
lity of the seed coat and hulls. On the contrary, freezing temperatures during the pre
chilling period do not reduce dormancy nearly as much as ternperatures above 0°C.
Sprague ( 1940) in fact reported that seven days at -5°C after imbibition diminished
both the speed of germination and gerrnination capacity in Kentucky bluegrass.

Provided that light is supplied during the high ternperature phase of the subsequent
germination treatrnent, it seerns to have little hearing whether pre chilling is carried out
in light or darkness (Landgraff & Junttila 1979, Sveinsson 1987, ISTA 1985).

EFFECTS OF CONSTANT AND AI.TERNATING TEMPERATURE ON SEED
GERMINATION

In most temporate grasses seed dorrnancy is manifest as the inability to gerrninate at
high temperatures. The deeper the dormancy, the lower the temperature that is required
to obtain germination. While non-dormant seed of wild oats has a germination optimum
al 18-20°C, a temperature of close to 0°C may be necessary to elicit some germination
of freshly harvestecl seed (Simpson 1990). For red fescue, Kearns & Toole ( I 9J9) repor­
ted I0°C as the optimum temperature for frcsh seed, bul some months later, a constant
temperature of I 5°C or 20°C gave a highcr speed of germination and a higher germina­
tion capacity.

Many of the early workers on grass seed physiology sought to estahlish cardinal
temperatures for germination (Lehmann & Aichele I9JI), bul failed to clarify the state
of dormancy, and sornetimes evcn the chronological age, of the seed they used. For
example, it seems fairly obvious that Hahcrlandl ( 1879, citcd by Lehrnann & Aichele
19J I) worked with non-dormant seed of timothy when he determined the minimum,
optimum and maximum constant temperatures to be l-4°C, 26°C and J0°C, respec­
tively. On the other hand, it is just as likely that some dormancy existecl in the Ken­
tucky bluegrass material for which Gassner ( I YJ0) and Maier ( I 9JJ) reported the
optimum germination temperature lo be 12°C. Krcysing (1924) concluded th;1t 4.75°C,
I8-20°C and J8°C were minimum, optimum and maximurn constant temperatures for
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gerrnination of meadow fescue; these can probably be considered as typical for non­
dormant seed of most ternperate grasses. From Figure 4, which illustrates typical
temperature curves for gerrnination of tall fescue (Danielson & Toole 1976), it can be
seen that the temperature optimum for germination rate (Maguire 1962) will normally
be somewhat higher than that for germination capacity.
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1-'igure 4. Per cent gcrmina­
tion and germination rate
(Maguire 1962) of non-dor­
mant seed of tall fescue at
various constant temperatu­
res. (After Danielson &
Toole llJ76)

The promotive effect of alternating tcmperatures on seed germination has been known
for at least 100 years. For example, l..iebcnbcrg ( 1884, cited by Lehmann & Aichele
1931) established that Kentucky blucgrass gerrninated hetter when kept at 20°C for 19 h
and at 28°C for 5 h each day than at a constant ternperature of either 20 or 28°C.
Similar results were obtaincd by Gassner (1930) and Maier (1933), also working with
Kentucky bluegrass. Harrington ( I 923) stated that 'the favorable effect of an alternation
of temperatures upon the gcrminauon of ccrtain k inds of seed cannot be referred to the
specific effect of the extrerne tcmperntures of the alteration or the mean temperature of
the alteration, but are the result of the changes in ternperuture '. This view has later
found general acceptance.

With the exception of orch.udgrass (I larrington 1923, Sprague 1940) and Agrostis
spp. (Andersen 1946, Schonteld & Chancellor 1983), most tcmperate grasses are less
dependent on ternpcruturc alterations than Kentucky hluegrass (Lehrnann & Aichele
1931, Chippindale 1949). l lanington (1923) in fact found thai timothy, smooth brome­
grass, meadow fescue, pcrennial ryegrass and annual rycgrass germinated almost as well
at constant as at alternating temperatures. Mention was not made of seed age in
Harrington's work, however, and several other investigations have proved that tempera­
ture alterations usually enhance germination in freshly harvested seed of these species as
well (Kearns & Toole 1939, Andersen 1947, Nakarnura 1%2, 1:3oyce et al. 1976). For
different fescue species, Kcarns & Toole ( 1939) found that both seed age and seed ripe­
ness at harvest influenced the superiority of alternating as cornpared with constant
temperatures.
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A number of auernpts have bccn made to model the positive cffects of alternating tem­
peratures or to explain thern physiologically. The approach laken by Murdoch et al.
(1989) seems fruitful in that it systernatically splits the ternperature effect into different
components (Figure 5). Among the seven primary characteristics, most attention has
been devoted to maximum and minimum temperature and time per cycle below and
above the mean temperature. Jf the per iodic time is considered equal to the diurnal
cycles (24 h), the number of cycles designates germination time, which is of course a
very essential characreristic as well. The rates of warming and cooling were found by
Cohen (1958) to have little or no effect; this explains why consistent results have been
obtained both by transferring germinating seeds between charnbers maintained at
constant ternperatures (e.g. llarrington llJD, Junttila 1977), and by heating and cooling
a single chamber or germination table. In the latter case, a gradual change lasting up to
three hours is generally accepted by ISTA ( 1985).
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Rote of cootrnc

Secondary
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Penodic time
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temperature chonge

Tertiory

Thermol sum

Figure 5. l'rirnary, sccondary and rertiury c haracter ist icx of an al ternati ug tempcraturc paucrn. (After
Murdoch et al. l')lN)

A particularly useful instrument for evaluating germin.uion responsc to various tem­
peraturc regimes is the thermogradient plate (Larsen l'J7I). This apparatus allows the
continuous variation of temperature in two directions, one during the day and the other
during the night phase. The rcsults of a gcrmination expcriment on such a plate are
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illustrated for non-dormant and dormant seed of tall fescue in Figure 6 (Boyce et al.
1976). Under constant ternperature conclitions (Figurc 6D-E), non-dormant seed sho­
wed a high germination capacity at 20-25°C constant ternperature; by contrast, dormant
seed germinated only at I0-20°C, and even then at a rather low percentage. Under
alternating temperatures (Figure 6C-A and F-H) the average germination of non­
dormant seed declined, whereas the reverse occurred for the dormant seed. For the lat­
ter group the effect of low vs. high temperature cluration was also spectacular, as higher
germination percentages were obtained when the lower ternperature was kept for the
longer part of the diurnal cycle than vice versa. The germination percentage was thus
much higher when 25°C was maintained for 16 or 20 hand I5°C for 8 or 4 h than with
the opposite combinations (Figure 6F-G). This is in good agreement with a number of
early investigations (Harringtun 1923, Gassner 1930, Lehmann & Aichele 1931, Maier
1933). Danielson & Toole (1976) found that germination of tall fescue was significantly
reduced when seeds were held longer than 16 hat 25, 8 h at 30 and 4 h at 35°C in daily
alternations with 15 °C.

From an experimcnt with different durations of the low and high temperature
phases in the germination of dormant orchardgrass populations from North Norway,
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therrnogrudicnt plates with different dura­
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Junttila ( 1977) concluded that even one hour at high tcmperature increased the ger­
mination percentage significantly as compared to the constant temperature control. A
further stirnulation, especially with regard to speed of germination, was recorded as the
high temperature break was extended to two or four hours. For Kentucky bluegrass,
Gassner (1930) found thai a high + low tcmperature pauern of 8 + 16 h providcd
more rapid germination than a 2 + 22 h pattern, although the final gerrnination per­
centage was the same for the two cornbinations. The International Rules for Seed
Testing prescribe that the higher and lower ternperatures be maintained at 8 and 16 h,
respectively (!STA 1985). There are, however, also indications in the literature that an
equiperiodic ahernation ( 12 + 12 hours) produces results similar to the 8 + 16 h pat­
tern (Boyce et al. 1976).

Although some reports indicate that certain maximum and minimum temperatures
are betler than others (Andersen 1941, Bass 1959, Tonkin 1981 ), many combinations
within the range I0-30°C seem equally effective in stimulating gcrrnination of lempe­
rate grass seed (e.g. Sprague 1940, Bass 1955, Grabe 1955). Consequently, the Inter­
national Seed Testing Association gives its member laboratories a certain freedorn of
choice with regard to test ternperatures (Table I - !STA 1985). With the exception of
ryegrasses, where a constant 20°C is still optional, a prerequisite is always that the tem­
perature amplitude is maintained at 10°C or more. This is in concurrence with early
experiments indicating thai a 5°C amplitude was too narrow to elicit maximal germi­
nation of dormant seed samples (Harrington 1923, Gassner 1930).

Table I. Tern perurures used in gcrmination lt:SIS and ueaunents rucomrnended 10 break dorrnancy in
some ternpernte grasse» (!STA ll/X5)

Spee i es

Agrosus spp,
Alopccurus pratcnsis
Avcnu sutiva
Bromus incrmis
Dactylis glomcrutu
Festuca spp.
Hortlrum vulgarc
Lolium spp.
Phalaris arundinaccu
Phleum pratcnsc
Poa pratcnsis
Poa tri via li,
Sccale ccralc
Triticum acsuvunt

Tem pcratu res, °C

211-Jtl, 15-25, 10-.111
20-30, 15-25, 10-30

20
20-JO, 15-25
20-311, 15-25
20-311, 15-25

20
20-30, 15-25, 211

20-_IO
20-30, 15-25

20-30, 15-25, 10-.10
20-30, 15-25

20
211

L>ormancy breaking treatment

Prcchill, KN03
Prechill, KNO3

l'reheal (311-35°C), prechill, (iA.1
l'rcchill, KNO3
l'rechill, KNO3
l'rcchill, KNO3

l'rchcat (.IO-J5°C), prcchill, GA3
Prcchill, KNO3
Prechill, KNO3
l'rechill, KNO3
Prechill, KNO3
f'rcchill, KNO.1
l'rechill, GA.1

Pr.:hcJt (Jll-35"C), prechill, GA.1

Among the hypotheses explaining the positive effect of temperature fluctuations, the
one advanced by Liebenberg ( 1884, cited by Lehmann & Aichele 1931) still seems quite
plausible. According to this theory, the increased respir:1tion during the high tempe­
rature break is necessary to facilitate metabolites required for embryo growth in the low
temperature phase. As different biochemical reactions within the seed have different
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temperature optima, a daily altcrnation of temperature might be required to attain a
favorable balance of the various steps leading to germination (Toole et al. 1956).

LIGHT

The question of whether seed germination of some grass species, notably Kentucky
bluegrass, was stimulated by light was strongly debated during the first decades of this
century. Many authors, including Nelson (1927), found light to be unnecessary, and
Gassner (1930) stated that the apparent light-stimulation of germination in some experi­
ments was an artifact caused by heat radiation with concomitant temperature fluctu­
ations. As pointed out by l.ehmann & Aichele (1931), one reason for this confusion
must have been a lack of knowledge of the early work by Jonsson ( 1893), in which light
was proved to be necessary only for freshly harvested, dormant seed. This has later been
confirmed by at least two reports (Bass 1951, Delouche 1958). Simpson (1990) made
the general statement that 'fully after-ripened seed gerrninate equally well in light and
dark over a wide temperaiure range.'.

Light triggers gennination of dormant seed, not only in Kentucky bluegrass, but
also in annua! bluegrass (Roberts & Benjamin 1979, Netland 1985), rough bluegrass
(Froud-Williams 1985), bentgrasses (Andersen 1946, Bass 1959, Toole & Koch 1977,
Williams 1983a, Thompson 1989), tall fescue (Danielson & Toole 1976), timothy
(Gordon 1951, Thompson 1989), and reed canarygrass (Junttila et al. 1977, Landgraff
& Junttila 1979). In orchardgrass, populations from northcrn Europe require light for
germination, whereas lang photoperiods can induce secondary dormancy in varieties
from the Mediterranean area ( Probert et al. 1985a). For the ryegrasses, rneadow fescue,
red fescue and smooth bromegrass there are conflicting reports (Kearns & Toole 1939,
Chippindale 1949, Nakarnura 1962, Williams 1983a, b, Thompson 1989, Grabe & Bass
1954, G rabe 1955); it seems that these grasses are less infl uenced by I ight than those
mentioned above, even for frcshly harvested seed. Same authors have pointed out that
light rnay lower the speed of germination while increasing the final germination per­
centage (Kearns & Toole 11).W, Lcggatt 1946, Andersen 1946). This might be an artifact,
however, as seedlings grown in dark ness are often longer and more difficult to evaluate
because of etiolation. For this rcason, ISTA ( 1985) generally recornrncnds germination
in light, even for cereals and other species that germinate equally well in darkness.

For same wild grass species, light has been shown to inhibit germination. The most
prominent examplcs are the annua! bromegrasses Bromus stcrilis L. and Bromus erectus
L. (Hilton 1984, Thompson 1989).

A very early attempt to determinc the effect of light quality on gcrmination was
conducted by Cieslar ( 1883, cited by Lchmann & Aichele I 1B I) who found that white
and yellow light had cquivalenl effects on germination of Kentucky bluegrass, whilst
bluc light resembled the influcncc of darkness. Al most 70 ycars laler, Bass ( 1950)
showed intermcdiate wavelengths (520- 700 11111) to be more promotive to germ i nation of
Kenlucky bluegrass than light in the bluc or red-farred parl of the speclrum. However,
it was the discovery of the phytochrome system in lcttuce seed (Borthwick et al. 1952)
that prepared the way for our present understanding of the effect of light on germi­
nation (Bewley & Black 1985). The activc form of the phylochrome pigment is Pfr, and
the Pfr/(Pr + Pfr) ratio musl excced a certain thrcshold leve! in order to facilitate gcr-
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mination of positively photoblastic seeds. Conversely, photoinhihition of germination in
Bromus sterilis L. is mediated by too high a Pfr/(Pr + Pfr) ratio (Hilton 1984). Repea­
ted radiation with red and farred light proved the key role of phytochrome for ger­
mination of dormant seed of Kentucky bluegrass (Toole & Borthwick 1971), reed
canarygrass (Landgraff & Junttila 1979) and tall fescue (Danielson & Toole 1976).
Various light requirements among orchardgrass populations were explained by Probert
et al. ( 1985a) as differences in the pre-existent level of Pfr. The latter authors also
explained the induction of dormancy at high constant temperatures as being due to Pfr
reversion to Pr or decay of total phytochrome. Alternatively, synthesis of phytochrome
might only occur below a certain temperature threshold, somewhere in the range of l 5-
25°C (Danielson & Toole 1976).

In 19JJ Maier reported that the light quantity required to increase germination of
various bluegrasses was remarkably low; even one second of illumination with fluores­
cent light had a significant effect in Poa nemoralis L. This is compatible with current
information that the conversion from Pr to Pfr is saturated by as little as I 00 J m-2 of
red light, which is less than one-hundredth of the energy in all visible wavelengths pro­
vided by sunlight during a one-minute period (Salisbury & Ross 1985); it is indeed a
low energy reaction (LER). Sorne attributes of light germination cannot be explained by
the LER, however. White a I0-minute daily illumination with high-intensity fluorescent
light strongly promoted germination of Kentucky bluegrass at 20°C constant tempera­
ture, continuous light reduced germination to the same level as that of dark controls
(Toole & Borthwick 1971 ). Concurrently, Netland ( 1985) obtained betler germ i nation
of annual bluegrass with a 12 h photoperiod than with continuous light, and Landgraff
& Junttila ( I 979) founcl that more than three days of continuous light lowered the
germination capacity in reecl canarygrass. Similar effects have been reported for other
grasses (Ellis et al. 198(1) and are aften explainecl as a high energy reuction (HER -
Toole 1973).

Unlike the LER, the HER secrns to be fairly insensitive to wavelength, bul strongly
dependent on fluence rate; evcn red light may inhibit germination provided the photon
flux density is high enough (Bartley & Frankland 1982). However, Hendricks et al.
( 1968) demonstrated that wavelengths of about 720 nrn are far more efficient in inhi­
biting germination than shortcr ones. This is closc to the 7J0 nm absorption maximum
for Pfr, and it has been argued that the HER is not an independent system, bul solely a
consequence of Pfr desuuction below a critical levcl or displacernent of Pfr from its
place of action (Toole 197.1).

In a recent paper, Thompson (1989) compared germination of a numbcr of grasses
under different photon fluencc ratcs and photoperiods. At a constant tempcrature of
15°C, red fescue and shcep f'cscue germinated equally wcll regardless of treatment, and
timothy and rough bluegrass were suppressed only by complete darkness. The most
interesting response was obtaincd with colonial and creeping bentgrass which, at a con­
stant temperature, had a 20-J0'Yu germination in a 12 h photoperiod bul only 0-J% in
continuous light, despilc the energy level being the same in both treatments. This result
is hard to reconcile with the HER; on the othcr hand, il suggesls that photoperiodism is
involved.
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KNO3 AND O'TI-IER CHEMICALS

Although same papers present conflicting results (Kearns & Toole 1939, Froud­
Williams 1985), the positive effects of same nitrogen-containing compounds on the ger­
mination of grasses have been recognized throughout the last century (e.g. Hite 1920,
Lehmann & Aichele I 93 I, Andersen 1941, Roberts & Benjamin 1979, Netland 1985). As
for the light and ternperature requirements, many early reports are difficult to interpret
because no attention is paid to the afterripening state of the seed. There is appreciable
evidence, however, thai the same basic dependence on seed age and maturity applies for
chemical as for physical stimuli of germination.

In addition to KN03, NaNO:i, Ca(NO3)2 and other nitrates have been successfully
used to overcome dormancy in grass seed (Fykse 1970). Although same hypotheses
point to the rote of potassiurn in enzyme activation (Nelson 1927), the prevailing opi­
nion seems to be that the germination impetus of KNO_i can be ascribed to its anion
(Fykse 1970, Simpson 1990).

The promotive effect of KNO_i on germination typically reaches a maximurn at a
specific concentration. For exarnple, Maier ( 1933) reported 31, 39.5 and 28.5%
germination after soaking seeds of Poa nemoralis L. in solutions of 0.001, 0.01 and 0.1
M, respectively. By comparison, Williams ( 1983a) found 0.002 M to be sufficient for
seed of four out of five grass species; only bentgrass seerned to be encouraged by a ten­
fold increase to 0.02 M. When KNO3 is used in officia! seed testing laboratories, a
concentration of 0.2%, corresponding to 0.02 M, is prescribed; however, this solution is
only used to saturate the substrate at the beginning of the test, and not for later rernois­
tening (ISTA 1985).

Among other nitrogen-containing compounds, cyanamide (H2CN2) and thiourea
(CS(NH2)2) are known to stimulate germination, in sorne cases equally effective to
KNO3 (Fykse 1970, Simpson 1990). From experiments with lettuce seed, it appears that
all these compounds act in the same way, namely by irreversible inhibition of the
enzyme catalase, normally known to catalyze H2O2 decomposition (Hendricks &
Taylorson 1975). This will, in turn, increase seed respiration through the pentose phos­
phate pathway, a metabolic raute commonly associated with the release from dormancy
(Bewley & Black 1985). Whether this explanation is also valid for grass seed has not
been elucidatecl.

INTERACTIONS AMONG ALTERNATING TEMPERATURE, PRECHILLING,
LIGHT AND KNO.1

From factorial experiments with various trearmerus known to overcome grass seed
dormancy, Williams ( I 983b) reported alternating tempera ture to be the most efficient
remedy, followed by light and KNO3. The same order was earlier docurnented for blue­
grasses (Nelson 1927). Although sorne reports indicate cornplex two-, three- and four­
factor interactions (Andersen 1941, Williams 1983b), many papers indicate a striking
adclitivity between at least two of the factors (Toole & Koch 1977, Netland 1985,
Roberts & Benjamin 1979). This is often illustrated by means of so-called Richards'
diagrams (Roberts & Benjamin 1979), of which ane example is given in Figure 7. In this
case, the combination of alternating ternperature and light improved germination in
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orchardgrass substantially cornpared with that obtained with either Iactor applied alone
(Probert et al. 1985b). These observaiions of course indicate that if the factors are not
operating through the same mechanism, they must at least be physiologically linked.

Figure 7. Richards diagram
showing the irueracrive ef­
fects of light (-) and alter­
nating ternperatures (-----) on
germination of one popula­
tion of orchardgrass grown in
four successive years, Treai­
ments: lo°C Jark (~). 16°C
light (li), 21/11 °C dark (•),
2l/l 1°C light (o). (After
Probert et al. l'IX5b) 0 1981 19821979 1980

GIBBERELLIC ACID (GA) AND OTI IER GROWTH REGULATORS

In the International Rules for Seed Testing, GA3 is recornmended for promoting germi­
nation of dormant cereals (ISTA 1985). There are, however, numerous reports indica­
ting that GA also stimulates gerrnination in smaller grass seed (Nakamura 1962, Junttila
et al. 1978, Falkowski et al. 198.1). In surne experirnents, GA has been successfully app­
lied as a last remedy to overcome dorrnancy, after treaunents like alternating tempe­
rature, light or KN03 have failed (Williams l98Ja, b, Schonfeld & Chancellor 1981).

Although most workers investig.uing the effects of GA on seed germination have
used GAJ, sorne results show that various GAs may have different roles in breaking
dormancy (Dathe et al. 1978). In an cxpcriment with mainly non-dorrnant seed of
Kentucky bluegrass, Grimstad ( 1985) obtained much faster germination with GA.1+7
than with GAJ. The laller acid was in [act found to reduce the speed of gerrnination in
one particular variety ('Nugget').

The concentration of GA required to elicit maximal gerrnination depends on how
deep the dormancy is. A solution coiuaining 500 pprn GA.1 is norrnally used in seed tes­
ting, bul 1000 pprn may be justitied in sorne enses (ISTA 1985). Juntlila ( 1977) reported
that 800-1000 ppm gave maximum response when orchardgrass seed was germinated in
solutions of GA3, but higher concentrations were needed when caryopses were soaked
in GA3 solutions for 24 h, washed and then germinated in water.

The general role of GA in overcoming dormancy in grasses has been largely
inferred from its action in mobilization of endosperm reserves in cereals. GA promotes
the synthesis of amylase and other hydrolytic enzymes in the scutellum and aleurone
tissues, and these enzyrnes are, in turn, responsible for the breakdown of starch. There
is, however, same doubt as to whether this is the primary role by which GA actually
subdues dormancy; or whether it is just a secondary event after dormancy is terminated
by some other mechanism (Simpson 1990).

Among other growth regulators, cytokinins have been reported to overcome secon­
dary dorrnancy in wild oats (Tilsner & Upadhyaya 1985), but experiments with other
grasses indicate no such effect (Junttila 1977, Sirnpson 1990), and Grimstad (1985) in
fact found that cytokinins decreased the speed of germination in Kentucky bluegrass.
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Although abscisic acid (ABA) can counteract the positive effect of GA, its exact role in
dormancy remains obscure, and auxins are generally believed to have little impact on
seed germination (Simpson 1990). Landgraff & Junttila (1979) observed enhanced ger­
mination of reed canarygrass after treatment with ethylene, but other reports are not
convincing (Simpson 1990).

CONCLUSION

Although various treatments have been used to alleviate dormancy for at least a
century, our knowledge about most of them is still fragmentary. This is also the case for
the dormancy phenomenon as such, and the great diversity, even within one plant fami­
ly such as the Gratnlneae, will probably prevent us from ever acquiring conclusive and
universal explanations. The fact that Simpson (1990), after having tried to mode! seed
dormancy, concluded that 'every individual seed deserves its own model!', fully
illustrates the complexity of this intercsting biological phenomenon.
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sity of Norway, two plum genotypes wcre multiplied in vitro after germi­
nation by in vitra embryo culture. Thus a numbcr of identical trees were
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Treatments for shortening the juvenile period in seedlings auraer considerable auention,
since they are known to enhance the efficiency of the breecling work, especially in crops
with large plants anda generally lang juvenile period.

Several authors have found that grafting apple seedlings onto dwarfing rootstocks
shortens the juvenile period (Loewel & Sa ure 1963; Tydeman 1928, 1961; Tydeman &
Alston 1965; Visser 1964, 1973). In the Soviet Union some authors have reported that
grafting apple seedlings onto the crowns of cropping trees can rcduce the juvenile
period to 2-4 years (Kazakov & Kichina 1988; Tikhonov 1957). Recently Verhaegh et al.
(1988), after experiments in The Netherlands and Switzerland, concluded that propaga­
tion on a rootstock offers no advantage if growing conditions are optimal. Jnvestigations
of this kind have not yet been carried out on plums, but Hartmann ( I 990) has, for
example, studied the possibilities for pre-screening in plum breeding.

Since the juvenile phase is normally shorter in plum than in apple seedlings, a
natura! assumption has been that the grafting of plum seedlings will not have the same
positive effect as that in apples.

Traditionally, experiments on juvenility have been done with seedlings from hybrid
seeds germinated under normal conditions. The individual tree therefore has its special
genetic constitution, and genetic variations within the population cannot be avoided. An
exception may be the use of apomictic seedlings, like seedlings of Malus sikkimensis or
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M. hupehensis, the latter being used in the studies of Zimmerman ( I 971) where fore ing
in greenhouse resulted in the shortening of the juvenile period.

In the present study with plurns, two genotypes were multiplied in vitro after ger­
rnination by in vitro embryo culture. A nurnher of identical trees were obtained for each
genotype, and an experiment on juvenility could he starred with a low number of trees
per treatment, making it possible to cornpare the results of several treatments. Druart
( 1991) recently discussed the potentialities of the i11 vitro culture to improve plum-tree
breeding, but the potentialities mentioned, did not include the objectives of the present
study.

MATERIAL AND METHODS

Two plum genotypes, designared «Genotype 2» and "Genotype J», from a 'Mallard' x
'Victoria' cross in I 986, were micropropagated after germ i nation by in viiro embryo
culture in 1987. Thus 40 identical trees were obtained of Genotype 2, and 64 of Geno­
type 3, and all the trces were grown in groenhouse at about 20°C during the 1987 gro­
wing season. Trees of hoth genotypes were suhjected to the following trearmerus from
the first year after germination (eight trecs per genotype and tre.umcnt) at the
Department of Horticulture, Agricultural University of Norway, at a latitude of about
60°N:

A. Control (untopped trees planled in the l'icld the first spring ( 1')88) after ger­
rnination. Herbicide-treated grouncl in the tree rows).

B. Topped trees, othcrwise like the control.
C. Graftecl (seiens from the upper part of the seedlings) on St. Julien A rootstock

in March 1988, grown in grcenhouse (about 20°C) the first year and planted in
the field OJ1e year later than the control.

D. Trees grown in green house ( I 8°C) the first year and planted in the field one
year later than the control.

E. Trees grown in groenhouse (24°C) the first year (otherwise idcntical with D).

Trees of Genotype J were also given the following trcatmcnts:

F. Covering the ground with roof paper, otherwisc like the control.
G. Bark rnulching, otherwise like the control.
H. Replanting the trees after one year in the ficld, otherwise like the control.

Presence or lack of flowers was recordecl on every tree during the years 1989, 1990 and
1991. Trunk circumference 50 cm above the ground and tree height were mcasured on
6 June, 1989, and on 14 Decernbcr, l1N0. Tree width across the row was also laken on
14 December, I 990.

Statistical calculations were made using the S/\S C,l .M procedure. For comparing
the length of the juvcnile period a new variable was used: number of years from genni­
nation to flowering. Trees which had not flowered hy 1991, were all expected to flower
in 1992, after five years.
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RESULTS

Trees on their own roots grown in greenhouse, in both the year of germination and the
following growth season (treatments D and E), had the snortest juvenile period (Table
1). Grafting resulted in the smallest trees (Table 2), but had no statistically significant
effect on the length of the juvenile period in these plum genotypes. In Table 2 results
for Genotype 3 only are presented, because this genotype was subject to the highest
number of treatments. Analogous growth data were Iound for Genotype 2.

A. Control
B. Topped rrees
C. Grafted trees
D. Green house ( I8°C)
E. Greenhouse (24°C)
F. Roof paper
G. Bark mulching
H. Replanting

Mean values

Genotype 2

3.00 al)
3.00 a
3.00 a
2.06 b
2.00 b

2.hl

Genotype 3 Mcan values
'Fable I. Length of ju ve­
nile period (years) in two
plurn genotypes after dif­
ferent trearmerus

3.13 be 3.07 e
3.50 abc 3.25 be
3.15 be 3.08 C

3.<Mlc 2.53 d
2.0h d 2.03 e
3.63 ab 3.ll3 ab
3.25 be J.25 be
3.88 a 3.88 a

3.20 3.0'I

1) Different leuers indicare sign ificaru differences according to Du ncau's
Multiple Range Test, a = 0.05, leuers valid only wit hu: columu-,

Tablc 2. 'I'ree size rnea-
Trunk circumfercnce (cm) Tree height, cm sured on Il Ju ne, J<J8<J
50 crn abovc the ground and on 14 Decernbcr,

I91l() J()()() I9/N J()()() Jl){)(), for Genotype 3
after different treat-

A Control ).01) b(I) 12.75 ab lhll h 25•1 h mcnts
B. Topped rrees 4.49 d 11.81l c J3() C 241, h
C. Grafted trecs 2.38 e h.29 e 123 C 158 d
D. Green house ( I8°C) /J.0I a •1.llJ cd 201 a 201 C

E. Greenhouse (24°C) 5.87 a 9.38 cd I9:l a 1117 c
F. Roof paper 5.58 ah I I.Id b 170 b 2'12 b
G. Bark mulching 4.71 cd IJ.25 a I6/J b 281 a
H. Replanting 4.5h d 8.50 d 162 b 190 C

Mean values 4.8'1 ruro 11!5 221

1) Different leuers indicate significant diffcrenccs according 10 Duncan's
Multiple Range Test, a=0.05, leucrs valid 011ly within columns

A direct comparison of the mean values for the two genotypes in Table 1 is not quite
right, as the mean values are based on a different number of treatments. The mean
value of treatments A-E for Genotype 3 is 2.97 as compared with 2.61 for Genotype 2.

The tree width in 1990 varied from (,0.5 cm for the grafted trees to 159.3 cm for
the trees with bark mulching. The mcan value for all treatments was 102.7 cm, and the
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figures for the individual trearmerus followed the same pauern as those for tree height
(see Table 2).

DISCUSSION

The method with micropropag.ucd uecs used in this work proved to be very efficient. A
large number of trcatrnents coukl be compared because only a few trees per treatment
were needed. Although the number of trees per treatment amounted to only eight, the
effects of the different treatments were statistically significant. Of the treatments corn­
pared, growing in greenhouse for an additional season, preferably at high ternperatures,
was the most effective in shortcning the juvenile phase. This is in accordance with the
results of Aldwinckle (1975) and Zimmerman (1971), who obtained flowering after a
short time when growing apple seedlings in the greenhouse, and of Jonkers (1971), who
found a close relationship hetween growing latitude (mainly a temperature effect) and
length of the juvenile period.

Grafting on St. Julien A rootstocks clid not shorten the juvcnile phase of these plum
genotypes. This rnay be due to the fact that even the control trees hacl a short juvenile
period. Grafting might be more relevant for offspring of less precocious pårent culti­
vars.

As might be expected, replanting the trees after one year in the field resulted in the
tongest juvenile period. Mulching did not result in the positive effect expected but in
the same, or an even longer juvenile period than that of the corurols. Topped trees sho­
wed a tendency towards a longer juvenile period, and this is in agreement with the
results obtained by Karnatz ( I 969) and Yerhaegh et al. ( 1988).

Grafting resulted in reduced tree size, which generally is an aclvantage for the selec­
tion work. Although the differences were substantial in this case, even the trees on their
own roots were rather easy to handle. Growing the plum uees in greenhouse for an
additional season resulted in the lurgest trecs by the time of planting. Two growing
seasons later, however, the control trees, the toppcd trees, and the trees subjected to
mulching, were !arger.

CONCLUSIONS

I. In vitro multiplicd gcnotypes from in l'iLro embryo 1.:ultures give statistically
significant treatrnent differen1.:cs evcn with a low number of trces (8) per treatment,
and seem to be very useful for juvenility studies.

2. Growing in grccnhousc, espccially at a relatively high temperature (24°C) was the
most effective treatment for shortening the juvcnile period in plum genotypes.
Grafting on St. Julien A rootstocks had no such effect. Replanting of the trees had
the most negative effect.

3. Grafting resultcd in smnller fruiting trees than trees on thcir own roots.
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Top cuuings of the cultivars 'Emma' and 'Hanne' werc pottcd in late Sep­
tember and then exposed to different levels of illumination. After the short
day flower induction period, the cultivars were also submitted to different
day lengths. lncreased lighting and day Iength increased vegetative plant
growth and rcduced the cultivation period, hul promutcd and increascd the
extent of lcaf scorce. The cultivar 'Hanne' was more sensitive to intensive
lighting than the cultivar 'Emma'. In the> cxpcrimcnt thcrc was a sumcwhat
confusing effect betwcen light lcvcls and day length, but the results indi­
cated thai the day length was of greater importance than the light level. It is
rccommendcd thai a day length of Ill h combined with an irradiance of o-12
Wm l, or 24 h combined with 4-5 Wrn? be used. It is possible howevcr, that
such a programmc might induce surne lcaf scorce, which would have to be
rernovcd bcfore sale.

Key words: Begonia x chcimanthu, day lcngth, lcaf scorce, lighting.

Olav Arm: Bævrc, Kvi1ha111ur Rcl·earch S1a1io11, N-751111 Stjørdal, Norway

Normally, Begonia x cheimatha Everett is grown over a long period from the time of
patting the rooted cuttings to flowering. With such a growing programme, lasting from
late July or early August to Christmas, a low temperature and only natura! light condi­
tions are used. In the attempts to shorten the cultivation pcriod by means of higher
temperature and hetter light conditions, difficulties have arises with leaf scorce (Moe et
al. 1992), often associated with lang-lasting intensive lighting.

It is known from experiments and practice on intensive growth programme, that
responses in plant growth vary between cultivars. Same cultivars can thrive under con­
ditions which for other cultivars would not be conducive to the production of saleable
plants of high quality. Since the change from the short day pcriod to continuous light
conditions over night, or a too high lighting regime, was thought to be too severe for
the plants, an investigation which included a gradual acclimatization to increased light
was started.
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MATERIAL AND METHODS

The experirneru was carricd out in a double layer acrylic greenhouse al Kvitharnar
Research Station using supplcmenlary artificial light (high-pressure sodium larnp, SON­
T) from 21 September to 15 Decernbcr. In this period day iength decreased from 12 h
to 4 h 40 min. In the same way, the global radiation per day decreased from about 4
MJm-2 al petting lo 0.1 MJm-2 in December. The total global radiation in the experi­
mental period was 150 MJm-2.

The supplementary light was provided in the natural light period. The cultivars
'Hanne' and 'Emma' were potted in a fertilized peat medium ('Floralux veksttorv') as
rooted top cuttings on 21 September and 25 September, respectively. The plants were
pinched on 30 September and 2 October, for 'I lannc' and 'Emma', respectively, with 10
h of lighting per day being ernployed from 9 Octoher.

From potting to the end of the short day period ( 19 October), the supplcmentary
irradiance levels (PAR) were 4.5, 9.0 and 13.5 Wm-2 at the top of the plants, about 25
cm above the top of the pols. The illumination was measured in lux. The conversion
factor was 2.3. The lighting pregramme used before 19 October induded all possible
combinations with the same lighting after 19 October. The total irradiance used in the
calculations comprised natura! light (PAR) outside the greenhouse, measured by the
sensor of the greenhouse computer, togethei with the artificial lighting. From potting to
the start of the short day flower induction period, the day lcngth was 24 h per day.
After short day induction, the day length in hours was differentiatcd in the following
way (week number from end of short day):

Period of day length Da~ lenglh treatment
treatment I 2 3 4 5 6

Ist week (19 Oct. - 25 Oct.) 12 16 24 12 12 16
2nd week (26 Oct. - 1 Nov.) 12 16 24 16 16 24
3rd week ( 2 Nov. - 8 Nov.) 12 16 24 16 24 24

After the 3rd week 12 16 24 16 24 24

After three weeks, the light period per day until the end of the experiment was the
same as in week 3.

The experiment was carried out with two replicates and with six plants in each rep­
licate. Plant density was 25 plants per square metre after 30 October.

The temperature was set at 22°C ± 0.5 (ventilation at 2°C above set temperature)
from patting until 31 October, afler which time it was set at l8°C ± 0.5. The CO2 in
the atmosphere was 600 vpm. For growth regulation Cycocel (2-chlor-ethyl-three
methyl three-methylammoniumchloride) in a concentration of 0.06% active matter was
sprayed on the plants to drip point. 'Emma' was sprayed four times from 12 October,
and 'Hanne' two times from 30 October. Argylene (silver thiosulphate) was sprayed on
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the plants on 2 Decernber. The nutrient solution contained (in ppm): 163 N, 42 P, 240
K, 40 Mg, 114 Ca, 53 S, 2.0 Fe, 1.1 Mn, 0.20 Cu, 0.30 Zn, 0.33 B and 0.025 Mo, made
from Superba 7-4-21, calcium nitrate and potasium sulphate. Sub-watering was used.

Grading of chlorotic and necrotic leaves was done according to a scale from O to 9.
A score from O to 3 indicated an increasing chlorosis. Necrosis starled at a score of 4. A
score of 7 or higher indicated a hard necrosis, Plants with a score of J were saleable and
those classified at score 4 were salenbie after removal of one or two leaves.

After the first registration of chlorotic spors the plants were checked every day. The
saleable time of the plants was registered as being whcn the plant had 15 open flowers.
All other registrations took place at the end of the experiment on 14 and 15 Decernber.
The nurnber of open flowers included withcred flowers.

Observations were subjected to a two-way analysis of variance. The relationships
between any variables were deterrnined by simple correlation, p < 0.001, p < 0.01 and
p < 0.05 indicating an 0.1 %, I% or 5'}u leve I of significance, respectively.

RESULTS

Plant growtli
Artificial, supplementary light given bcf'ore the end of the short day period and after
the short day inductive phasc, int'luenced plant growth significantly (Tablc I). The grea­
test effect of supplemcntary light was found when the lighting was increased from the
lowest to the midd le leve I. 'Emma' was significantly (p < 0.00 I) taller than 'Hanne' to
the top of the leaves (mean hcights were 12.2 cm for 'Emma' and 8.8 cm for 'Hanne'),
and had a significantly (p < 0.00 I) greatcr total height (rnean heights were 21.6 cm for
'Emma' and 20.8 cm for 'Hanne') and a significantly (p < 0.001) shorter peduncle
(mean heights were 9.4 for 'Emma' and 12.0 for 'Hanne'). Plant diameter was signifi­
cantly (p < 0.001) greater for 'Emma' (mean plant diameter 17.0 cm) than for 'Hanne'
(mean plant diameter 15.4 cm).

'Fable I. The plant ~i,.c (cm) of ltcgonia x chcimunthu (rneans uf 'Emma' and 'Hanne") grown with indi­
cateJ ir radiance su pplcrnc ruary light (SON-'I') in aJJitiun 10 natural Jaylight in different growth
per iods

lrraJiancc Won i Plant height,rm The height of Plant
before enJ after to the tulal 1he petlu11dc, diameter,
of short shori IOp of plan I Clll cm
day Jay I he leavcs hl·igl11

4.5 10.3 20.7 111.-1 IS.X
IJ.11 111.h 21.3 Ill.X lh . .l

13.5 10.6 21.5 lll.'I lh.4
Significance p < 0.01 p < tl.lkll p < 0.05 p < ()_()(li

4.5 10.2 20.IJ 111.7 15.7
l/.0 10.S 21A 111.'J lh.2
13.5 10.7 2 I .2 10.5 lh.h

Significance p < (1.001 p < 0.111 ns p < 0.tHll
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The plant height to the top of the leaves was affected significantly (p < 0.05) by the
interaction between supplementary light levels after the short day period and the cul­
tivars. The height for 'Hanne' increased more than thai for 'Emma', when the supple­
mentary light was increased. On the other hand, with regard to plant diameter there was
a significant (p < 0.01) interaction between cultivars and the supplementary light levels
before the end of the short day period and the supplementary light levels after that
time. The diameter of cultivar 'Emma' increased by 1.2 cm when the supplementary
light was increased from the lowest to the highest level before the end of the short day
period, and by 1.6 cm when the light rate was increased in the same way during the rest
of the cultivation period. The corresponding increases in diameter for 'Hanne' were 0.2
cm and 0.3 cm, respectivcly.

The day length after the flower induction period had a considerable effect on plant
growth (Table 2). The significant (p < 0.05) effect on plant diameter of interaction
between supplementary light levels before the end of the short day induction and day
length, gave the greatest increase in plant diameter with increased light levels when
using long day periods. The increases in plant diameter wcre 0.2 cm, 0.8 cm, 1.3 cm, 0.1
cm, 0.7 cm and 0.7 cm from the lowest to the highest supplementary light levels for day
length treatments I, 2, 3, 4, 5 and 6, respectively. The influence of clay length on the
cultivars was significantly different. Cultivar 'Emma' had a significantly greater increase
in height to the top of the leaves with increased day length (p < 0.01) than cultivar
'Hanne'. The plant diameter for 'Hanne' was not influenced by day length, while for
'Emma' the diameter increased by 2.3 cm and 3.0 cm when the day length treatments
were increased from I to 3 and from I to 6, respectively. This interaction was signi­
ficant at the p < 0.00 I leve I.

Table 2. l'lant size (cm) of Begonia x chcimunthu (mcans of 'Emma' and '1 lanne') grown with indicarcd
day length in the fi rst thrce weeks (w.) after the end of the shori day pcr iod. The day lcngth for the rest
of the cultivation period is the same as in the t hi rd week

!Jay length in Plant height, cm The height
hours after end to the total of the
of the short day top of plant ped u nc lc ,

per iod the leaves hcight c m
Ist w. 2niJ w. 3rd w.

12 12 12 •J.4 20.7 11.4
Ill li> li> 10.7 21.J 10.7
24 24 24 10.8 21.2 10.4
12 11, li> 10.3 21.4 11.2
12 li> 24 10.9 20.lJ l(l.()
16 2-1 24 10.9 21.4 10.5

Significance p < 0.001 p < ().(li p < 0.IJOI

l'lant
diameter,

cm

15.2
lh.3
111.I
11,.2
111.(1
111.()

p< O.IUI I

The correlation coefficients between total plant height and the height to the top of the
leaves were r = 0.27 (p < 0.01) for 'Emma' and r = 0.31 (P < 0.01) for 'llanne'. A
high ly significant (p < 0.0 I) correlation coefficient was found between the total plant
height and the height of the peduncle for 'Emma' (r = 0.77) and for 'Hanne' (r =
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0.74). For 'Emma' a significant (p < 0.01) correlation coef'Iicient was found between
the plant diameter and the total light supply throughout the growth period (r = 0.37)
and the total light supply after the end of the short day period (r = 0.33).

Leaf growth
Measurement of the two largest leavcs of the plants in two directions and of the length
of the petiole showed no significant effects of supplemental lighting. The petiole was
significantly (p < 0.00 I) reduced (51 mm, 51 mm, 49 mm, 52 mm, 51 mm, 49 mm for
treatments I, 2, 3, 4, 5 and 6, respectively) with increased day length. The petiole was
significantly (p < 0.001) longer in 'Emma' (54 mm) than in 'Hanne' (47 mm). The
significant (p < 0.05) interaction hetween supplemental light levels before the end of
the short day and the day length indicated that the effect of long days in reducing the
petiole was greatest at low light levcls.

The ratio between the width and the hcight of the lcaves of 'Hanne' was signifi­
cantly (p < 0.001) lower ( 1.07 and 1.05 for the largest and the next largest leaves,
respectively) than that for 'Emma' ( ratio I. 13 for both leaves). The re was a significa nt
(p < 0.001) interaction between cultivars and day length on leaf form. lncreased day
length had the effect of making the leaves of 'Emma' more rounded (a ratio of about
1.0), white those of 'Hanne' were unaffected by day length.

Flowering
lncreasing supplementary light or increasing day length had a marked effect on the
cultivation period (Tables J and 4, Fig. I). The significant (p < 0.00 I) interaction
between light levels before the end of the short day induction period and the day length
later, showed that the grentest effect in reducing the cultivation period was attained
when the day length was increased at low light levels or vice versa. Plants of 'Emma'
were saleable significantly (p < 0.001) earlicr than those of 'Hanne' (5.8 days).

Some significant (p < 0.0 I) coefficients of correlation were found between light pa­
rameters and the development of flowers on the plants. When natural irradiance and
artifical lighting were combined (total irradiance), the correlation coefficients increased
over those of artificial lighting alone (Table 5).

Table 3. Plant devcluprnent uf Begonia x chcimunttiu (rncans of 'Emma' and 'Hanne') grown at the indi­
cated ir radiance su pplemeruary light levcls (SON-T) in addu ion tu natura! daylight in different gruwth
per iods

lrradiance Wm·2 Numbcrs of Numhcr of
before the after days [rom flowcrs per
end of the short putting lo plant 84 days
short day day salcahle plant after pott ing

4.5 77.2 .1.1.8
9.0 77.0 37.5

1~.5 75.h 45.5
Significancc p < 11.lllll p < 0.001

4.5 78.7 28.3
lJ.O 7h.1 40.2
IJ.S 75.ll 41).3

Significance p < ll.001 p < IU~ll
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Table 4. Plant de­
velopment of Bego­
nia x cheimantha
(means of 'Emma'
and 'Hanne') grown
at the indicated day
lengths in the first
three weeks after
end of the short day
period. The day
length for the rest of
the cultivatiun peri­
od is the same as in
the third week

'Emma'

Day length in hours after Number of days Numbcr of flowers
end of the short da:i: periud from putting to per plant 84 days

Ist w. 2nd w. 3rd w. salenbie plant after putting

12 12 12 78.9 29.6
Ill 1(1 lh 77.h 34.4
24 24 24 75.2 45.1
12 111 1(1 77.1 35./J
12 Ill 24 711.1 43.2
lh 24 24 74.8 47.9
Sign i ficance p< ll.tKll p < 0.001

'Hanne'

24 0"''<
;;-
:,
~

Ill ::r
;
::r
0
C:..,

12 "'

4.5/4.5 4.5/9.0 4.5/13.5

l.ight level, WM-2

4.5/4.5 4.5/9.0 4.5/13.5

Figure I. Effects of light level bcfore and in the short day inductive phase (before/in) and daily lighting
period with supplernentary light on iwo cu lrivars of ttcgonia x chcimantha

Table 5. The correlation coefticient hetwcen different parameters of lighting and flower developrnent in
cultivars of Begonia x chcimanthu

Parameters of
lighting

Days from putting
to saleable plant

'Emma· 'llanne'

Numhers of flowers 84
da:i:s after potting

'Emma' 'Hanne'

Supp. light after end of the short days
Total irradiance after end of the short days
Total irradiance in the whole rultivation period

• 11 . .17
• 11.-1.1
• 11.4.~

- 0 . .14
- 11.44
- 0.41)

0.41
0.48
().51

0.44
0.51
ll.57

Lea/ scorce
Leaf scorce first appearecl as small vascular spots in the leaf margin on the top leaves
(Fig. 2). The vascular spots increased along the leaf margin. Later on, ihese vascular
spots developecl to hecome a necrotic leaf margin. Sorne leaves, especially those hori-
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zontally oriented at the top of the plants developed necrotic spots in the middle of the
leaf area.

Figu re 2. l.eaf scorce syrn ptorns on Begonia x chci­
muntha

Increased supplementary light after the end of the short day induction and a long
Iighting period per day promoted leaf scorce markedly (Tables 6 and 7). The period
from pott ing to the chlorosis was seen as being significantly (p < 0.00 I) more reduced
with increasing day length at low light levels befare and after the end of a short day
induction periocl, or vice versa. 'Emma' was significantly (p < 0.001) more influenced
than 'Hanne' by the effect of increased clay length in shortering the cultivation period
until chlorosis was noted. The ex tent of the damage was significantly (p < 0.001) dif­
ferent between 'Emma' (mean 3.1) and 'Hanne' (mean 4.5). L.ighting befare and after
the end of the short day period as well as day length resulted in a significant (p <
0.001) interaction on the extent of the darnage (Table 8).

Table I>. Days from polting to appearance of lcaf spors and the cxunr uf the dumage (9 indicaies the
worst damage) 84 days after pot ting (15 Dccernbcr) for Hcgonia x clu-ununtha (rneans of 'Emma' and
'Hanne') grown at the indicatcd level of su pplerneruary lighting (SON-T) in addition to natura! daylight
in the different growth pcriods

lr radiance, Wm-' Numher of days The damage
before end after to not ing of graded from
of short short chlorosis necrosis 0 to IJ
day day

4.5 h0.2 74.-1 3.7
9.0 51J.5 74_3 3.7

13.5 59.0 74.7 4.0
Sign i ficance p < (1.()()1 ns p < 0.001

4.5 h2.2 7-1.8 3.0
•J.O 58.5 7-l.') 4.0

13.5 58.IJ 7..\.8 -1.5
Significancc p < tl.lllJI p < IJ.tltll p < ()_(1()1
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Table 7. Days from pou iug to uppearance of lenf spors aml 1hc cxteru of lhl' dumage gradcd from() to ()
(') indicaies the worst damagc) X-I days alte r pot t iug ( 15 I >c,·c,11hcr) fur ttcgonia x chcimanthu (meaus of
'Emma' and 'Hanne'), gruwn at ind icated <lay lengtil, in the r,rst t h rce wcck s after the end of the short
day periu<l. The <lay length for the revt of the cuh iv.n ion per iod is the same a, in the third weck

Day length in hours after
end of the short day perioJ
Ist w. 2nd w. Jr<l w.

12 12 12
16 ](J 16
24 24 24
12 16 i()

12 16 24
16 24 24

Significanc

Num ber of days
tu not ing of

ch lorosis necrosis

1>3.1 75.4
60.<J 74.h
SX.2 D./J
hO.I 75.1
57.7 74.h
57.8 74.J

p < 11.11111 p < (l.115

The darnagc
graded from

0 lo()

1.7
2.7
5.2
3.J
5.0
5.0

p < 11.IM)I

Table 8. The exteru of the dumage gra<lcJ fru111 li 10 'J ('I i ndicates the worxt darnage) for Hci;u11i11 x
cheimuntha (means of 'Emma' and 'llanne') 8·1 days after pol ting ( 15 Dcccrubcr) gruwn at different day
lengths and different levcls of supplerncntal ir radiance bcfore t he end of the shorl day induction (a) and
after the short day period (b)

Day length in hours after
end of the short day period lrradiance Wm l

,1_5 ()_() ____llj_
ist W. 2nd w. Jrd w. a h a b a b

12 12 12 1.5 1.2 1.7 1.6 2.0 2.5
lh lh 1/J 2 ..1 1.8 2.11 3.1 3.7 3.1
24 24 24 5.11 4.3 5.1 5.2 5.5 6.11
12 li> lh 2.X 2.7 J.1 3.6 4.0 3.1>
12 16 2~ 5 (I 3.X .l.4 5.11 4./J 6.3
16 24 24 ) (l 4.2 5.2 5.4 4.2 5.3

Concerning the extent of the damage, therc was a significant (p < 0.01) interaction
between supplementary light levcls after the end of the short day period and the cul­
tivars. lncreasing the light level from 4.5 to 9.0 and U.5 Wm-2 after the end of the
short day period increascd the damagc from 2.3 to 3.1 and 4.9 for 'Emma' and from 3.6
to 4.9 and 5.0 for 'Hanne'.

There was also a significant (p < 0.00 I) interaction bctween day lcngth and culti­
vars with rcgards to extent of the damage. For day lcngth treatments 1-6, the extcnt of
the darnage for 'Emma' was 1.4, 1.9, 4.4, 2.3, 4.0 and 4.6 and for 'I I.urne' 2.1, 3.5, 5.9,
4.3, 6.0 and 5.4.

Different parameters of lighti11g and clay length showed significant (p < 0.01) cor­
relation coefficient with the extent of the damage (Table 9).
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Table 9. The corrclation coefficierus between light and the extent of the leaf scorce in Begonia x chei­
manthu

light leve!
'Emma' 'Hanne'

After short daY._Qeriod

da~t h
'Emma' 'llanne'

total irradiance
'Emma' 'I lanne'

Total artificial
irradiance

ihroughout the
cultivation period
'Emma' 'Hanne'

0.41 0.25 0.42 0.31 O.h4 0.45 0.o2 0.44

The extent of the leaf scorce as a result of artificial supplementary lightning and day
length is shown in the following equations:

'Emma': Extent of leaf scorce -2.172 + 0.168 X+ 0.687 y + 1.509 Z

'Hanne': Extent of leaf scorce = -2.775 + 0.644 x + 0.754 y + 1.898 z

x = illumination (mWm-2) before the end of the inductive short day phase

y = illumination (mWm-2) after the end of the inductivc short day phase

z = day length in hours after the end of the inductive short day phase

These equations are based on consiant day length ( 12, 16, 24 h, day length treatrnents I,
2 and 3). The coefficient 0.168 in the first equation was not significanl. All other coeffi­
cients were significant at the p < 0.001 level.

DISCUSSION

The present findings confirm the cffect of lighting on leaf scorce dcvelopmenl (Moe et
al. 1992) and the differences between cultivars. From the viewpoint of fast production
of flourishing plants, increased lighting, cspecially after the short day inductive phase, is
a most interesting factor. A day length of 12 h results in plants of loose growth regard­
less of normal levels of artificial lignting. A greater efforl is required in nurturing such
plants and they cause more problems with packing and marketability.

Looking exclusively al plant habitus, the highest quality plants were found at a 24 h
day length, combined with a high level of illumination. Use of short day lengths after
the flower induction period were unfavourable to plant well-being. Gives such treat­
ments, the plants became disproportionate with respect lo plant height to the top leaves,
plant diameter and peduncle height. The positive influencc of increased day length was
most pronounced in the cultivar 'Emma'. Using intensive lighting is less viable because
of leaf scorce development. On the other hand, Løfvenberg ( 1984) and Hellgren ( 1985)
did not give any account of chlorosis or necrosis when artificial lighting was used up to
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24 ha day. Anderson ( 1986), working with Begonia x hiemalis in photoperiods of up to
24 h a day, did not notice any chlorosis or necrosis,

In this experiment it was not easy to discriminate between the effect of lighting and
the effect of day length. The increased leaf scorce development with increased day
length could be an effect of increased lighting. Nevertheless, the results indicated that
day length was of greater importance than light level. The leaf scorce appeared to be
specific for this species, and the cultivar eff'ect was mainly registered as a level diffe­
rence.

Leaf scorce is an old problem in Begonia x cheimantha. Strømme & Pettersen
(1984) connected this darnage with effects of climate, irrigation or fertilization. The
darnage appears on the largest leaves. They say thai a too heavy and succulent growth
must be avoided. In this experiment, the conductivity in the pols in the flowering phase
was about 1.8 rrtScrn-t, and leaf scorce was nota problem on the most succulent plants
grown at a 12 h day length, combined with low lighting. Leaf scorce described in this
investigation also appeared on small leaves, and it is likely that there is a different basis
for these leaf symptoms. A ternperature effect is a possible association, but it is likely
that the increase in temperature in the leaves (Grimstad 1981) is too slight to induce
leaf scorce.

This investigation does not clarify the causal relationship between lighting and leaf
scorce, but it does give sorne indication of a connection between lighting and plant
development. The appearance of the first symptorns that developed into necrotic scorce
was registered about 30 days after the end of the short day period. At this point, im­
mediately before flowering, peduncles began to stretch. Spots developed into necrotic
scorce in the phase when the plants began to flower. It may be discussed whether plants
with a greater vegetative growth accurnulate photosynthetic products, while plants with
a slower vegetative growth in a marked generative phase do not. An overoptimal photo­
synthetic rate could give the lcaves a too high content of photosynthetic substances.

lf the intention is the rapid development of a high-quality saleable plant, then the
chances are that sorne necrotic spors on the plants will occure, nccessitating the removal
of one or two leaves. A 24 h day length and a lighting regime of 4-5 Wm-2, or a day
length of 16 h and a lighting regime of 6-12 Wm-2 could be preferable.
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Top cuttings of the begonia cultivars 'Emma' and 'Hanne' were potted in
mid-September. After the short-day flower inducrive period, the plants were
exposed to different levels of illumination, photosynthetic active light pe­
riods and day-lengthening at low light levels. lncreased lighting and day
length with photosynthetically acti ve radiation prornoted and increased the
extent of leaf darnage, while day-lengthening at low light levels did not. Pin­
ching-off flower buds delayed and reduced the extent of leaf damage. Ch lo­
rophyll a fluorescence was measured using a stress meter. The results
indicated that the plant did not suffer from any kind of stress.

Key words: Chlorosis, fluorescence, light, necrosis, photoperiod.

Olav Arne Bævre , Kvuhumar Rescarch Station, N-7500 Stjørdal, Norway.

Abbreviations: D = day, Fm = maximal fluorescence, Fv = variable fluorescence, N
= night, PAR = photosynthetic active radiation, PS = photosystem

The introduction of a rapid cultivation programme for Christrnas begonia (Moe et al.
1992) has caused problems with leaf scorce (Bævre 1992). The damage was at its most
prevalent when high light levels were combined with lang lighting periods. Both the
light leve! and the length of photoperiod were shown to increase leaf injury. It was ob­
served that the chlorotic and necrotic leaves occured from the middle of November,
when the first buds appeared.

Chlorophyll a fluorescence from photosynthetic active tissue is used as a sensitive
and intrinsic probe of photosynthetic reactions (Lavorel & Etienne 1977). At room tem­
perature, chlorophyll a molecules associated with photosystem li (PSII) are mainly res­
ponsible for the fluorescence induction response with a main emission band at 682 nm
(Papageorgiou 1975, Krause & Weis 1984).

The primary photochemical events and the activities in the fluorescent PSII and the
water-splitting apparatus are sensitive to environmental factors, such as frost, chilling,
high temperatures (Oquist 1987) and photon flux densities in excess of the energy turn­
over in the photosynthetic reactions, including the carbon metabolism (Osmond 1981,
Powles 1984, Krause & Laasch 1987).

The object of this study was to investigate the relevance of flower development in
leaf damage, especially in combination with lighting (Bævre 1992), and then use
chlorophyll a fluorescence as a measurement for leaf injury. Work by Hetherington &
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Oquist ( 1988) indicates that the re is a linear correlation between the severity of visual
leaf damage anda decrease in the induced rise of chlorophyll a fluorescence.

MATERIALS AND METI IODS

The experimcnt was carried out with the varieties 'Hanne' and 'Emma'. The rooted
cuttings were potted in c1 fcrtilized peat medium (vl-Ioralux standard veksttorv») on 15
September and the experiment was completed by 19 Decernber. The plants were supp­
lied with a complete nutrient solution through the whole cultural period (Bævre 1992).
From pott ing to the end of the short-day per iod ( I O October), the plants were provided
with light from high-pressure sodium larnps (SON-T), 11.5 Wm-2. Until start of short­
day treatrnent (25 September), the day length was 24 h. The daylength in the short-day
period was I O h. The plants were pinched on 20 September.

The plants were sprayed twice with Cycocel (chlormequat) in a concentration of
0.12% active matter, on Ill and 31 October respectively. The temperature was set at
20°C ( ± 0.5°C) D/N until 10 November and thereafter it was lowered to l8°C
( ± 0.5°C) D/N. The C02 concentration was at 600 vpm throughout the experimental
period.

The experiment was designed as a factorial comhination of photoperiod, light fevei
and plants with normal developmcnt or plants where the flowcr buds were pinched off.

From the end of the short days, the plants were exposed to different daylengths and
light levels. The daylighting prograrnrnes were:

- 10 h photosynthetic light and 14 h night
- 10 h photosynthetic light and 14 h photoregulative light (cornpact gas-discharge

larnps, SL), about 0.25 Wm-2)
- 24 h photosynthetic light

Three different leve Is of photosynthetic active light were used: 4.5, 9.0 and I 3.5 Wm-2
(PAR).

One half of the plants flowered as normal, while all the flower buds of the rernain-
der were pinched frequently.

Registration of chlorosis and necrusis was carricd out on young leaves (leaves smal­
ler than about 6 cm in diameter) and old leavcs (Ieaves grcater than about 6 cm in dia­
meter, i.e. leaves in the periphery of the plants) and recorded as the number of days
from patting to the developmcnt of visible chlorosis or necrosis. The lcaf injury on the
whole plant was graded from O (no visible symptoms) to 6. This registration (lcaf dama­
ge index) was carried out on 14 Decemher (90 days after potting). The fluorescence
measurements were takcn at 20°C on leaves from plants from the lowcst and the
highest light levels on I., and 19 Decemher.

A Plant Stress Meter Mark li (BioMonitor S.C.I. AB, Swcden) describcd by Oquist
& Wass (1988) was used. The excitation light was 400 µmolm-2s-l and the duration of
excitation was five seconds. Prior to taking the measurernents the lcavcs werc dark­
adapted for 10 minutes. The fluorescence parameter measured was 1-"v/Fm.
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The experiment was carried out with two repficates, six plants in each. The data were
subjected to analyses of variance. The Ievel of significance is given as follows: *** = p
< 0.001, ** = p < 0.01, * = p < 0.05, ns = p > 0.05.

RESULTS

Visible chlorosis anti necrosis
There was no significant difference between cultivars for nurnber of days until the
occurrence of chlorosis (87 days) and necrosis (92 days) on young leaves. On the other
hand, the occurrence of leaf injury on old leaves was significantly different (p < 0.00 I
for chlorosis and p < 0.05 for necrosis), 'I lanne' reached the chlorotic stage after 82
days, while 'Emma' displayed the same symptoms after 86 days. The corresponding
growth periocl until necrosis was 87 and 89 days. Classification of the leaf injury on the
whole plant on 14 December (90 days from potting) showed a significant (p < 0.001)
higher index for 'Hanne' (2.1) than for 'Emma' (0.9).

The length of the photoperiod or different supplementary light levels appeared to
have no significant eff'ect on the nurnber of days until the appearance of chlorosis and
necrosis on the young leaves, but photoperiod and light level affected the occurrence of
chlorosis and necrosis on old leaves in a signilicant way (Tahie I). The greatest diffe­
rence in the occurrence of leaf injury was found between 10 h photosynthetic light plus
day-lengthening with 14 h low light lcvels and 24 h photosynthetic light (significnnce
level p < 0.001). The interaction between the length of photoperiod and light level on
the leaf damage of the whole plants was significant (p < 0.0 I) (Table 2). The lcaf injury
increased more in proportion to light level at a 10 h daylength than with a longer pho­
toperiod.

Tahle I. Effects of length of photuper iud (hour-, with photosynthctic light fevei plus the everuual day­
lengthening ( 10+ 14) with low light lcvel , 11.25 W111 ') ;111d supplementa! irradiauce fevei 011 the nurnber
of days from pot t uu; Ill the appcarunce of cb lorosi-, and 111:nosi, 011 old lcaves and the dumage index (0-
6, () = no darnage) of the who!e plants of llcgo11iu x clici111u111/w

L.eaf <la mage Phntopi:rioJ { h) l .igh1 fevei (Wm l)
10 10+ 1-1 24 Sign. 4.5 ()_() 13.5 Sign.

Chlorosis X~ X/1 X3 ,,.,,. X5 X3 X4 ns
Nec ros is XlJ 1)(1 85 *:j:;j, l)() XX X7 ***
L.eaf scorce 1.2 O.X 2.-1 ;J.;I,* 1.(1 1.5 2.0 ***

Pinching-off the flower buds significantly delayed the occurrence of necrosis on old
leaves (p < 0.0 I) from 87 days to 90 days. The lcaf cia mage on the whole plant was
reduced significantly (p < 0.00 I) from 1.9 to 1.0. The interaction between daylength
and flower status of the plants was not signific;int for number of d;iys to nccrosis bul
significant (p < 0.0 I) for leaf damage (Tab le J). The effect of flowcr bud-pinching was
most pronounced when day-lengthening was not employed.
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Table 2. Effects of length of phuiuperiod
(photosynthetic light leve! plus the eventual l..ight leve! Pho1012eriod
day-lengthening (Ill+ 14) with low light Wm2 10 h Hl+ 14 h 24 h
levet, 0.25 Wm·1) and supplemeruary light
leve I on the leaf damagc index (0-6, 0 = no 4.5 0.8 0.5 1.6
darnage) of the whole plant of Begonia x lJ.O 1.2 0.8 2.5
cheimanthu IJ.5 1.7 1.0 J.2

Table 3. Effects of lcngth of photuperiod (hours w i t h phutusynthutic light levet pl us the eveu tual day­
lengthening (10+ 1-1) with low light lcvcl, 0.25 Wrn 1) and plant status (normal flowcring plarus and
plants wherc all flower buds were pinchcd off) on nurnbcr of days from potting to the appeurance of
necrosis on the old leaves and lcaf dumage indcx ( 11-h, li = no dumage) on the wholc plants of Begonia x
cheimanthu

Plant devetoprnent

Normal flowering plant
Plants without flowers

l'horoper ind, h
Ill 10+ 14 24

days i11dcx days index days indcx

XX 1.7 X'l 1.0 x,1 J.1
91 li.X 92 ()_(l Xll 1.7

There was no significant interaction between supplernentary light levet and flowering
status of the plants on days until appearancc of necrosis on old leaves or the extent of
leaf darnage (Table 4).

Table 4. Effects of different supplcmcntary light lcvcl-, on the nu rn bcr of days from potting to the
appearance of necrusis 011 old leaves and lea! darnage iudcx (li-Il, 0 = no darnagc) of the whole plant of
Begonia x chcimunthu

Plant Jcvelopmcnt

Normal flowering plant
Plants without flowcrs

Supplc111cntary light leve!, Wm 1

4.5 ()_() 13.5
days indcx days indcx days indcx

8() I.J Xh I_() 85 2.5
111 li.Il 89 1.0 XX 1.5

Fluorescence
The Fv/Frn ratio values ranged from 0.7(1.1 to 0.8(12 for all the treatments and are
typical for well-functioning leaves. The results from the chlorophyll a rneasurernents
indicate that the plants did not suffer from any kinu of stress.
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DISCUSSION

Pinching-off the flower buds or day-lengthening with a low light irradiance reduced leaf
injury in Christmas begonia. The positive effect of day-lengthening on the reduction of
leaf damage is also of practical interest.
In earlier investigations, it was found that leaf damage took place from start of flowe­
ring (Bævre 1992). The results from the present experiment are in agreement with these
findings. Stopping the flower development at the bud stage, reduced the leaf damage,
but did not prevent it. Developing flowers are a sink for assimilates in the plant growth,
espescially in Christmas begonia with a high percentage of female flowers (Heide 1969;
Moe et al. 1992). With no flower development, the requirement of assimilates to the
flowering part of the plant and the total requirement were reduced. A less intense
flower development may leave more assirnilates free for repair processes in the leaf,
thus procuring a reduction in leaf damage.

The female flower development is more than likely only part of the explanation for
the occurrence of leaf injury. Heide ( 1969) found a change towards femaleness by long
days and high ternperature ( 18-21 °C), and from this observation one would expect a
high degree of female flowers on plants whcre the leaf damage index was low. But also
in this connection, the flower bud-pinching reduced the leaf injury index and delayed
the development of necrosis. There are, then, other underlying factors that also have an
influence on leaf injury.

The ratio of variable (Fv) to maximal (Fm) PSII fluorescence, Fv/Fm, is thought to
be a direct measurement of efficiency to the primary photochemistry of PSJI (Butler &
Kitajima 1975). The results from the rneasurernents show Fv/Frn ratios typically for
non-stressed leaves in agreement with Bjorkrnan & Demmig (1987), who found that the
ratio measured under optimal conditions for intact plants of C3 species was 0.832
± 0.004.
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Ouring May-Scptcmber IIIX<J-l/1, 15 carnhid and <J staphyliniJ species were
offered nymphs anJ ad ults of the cereal aphid Rhopalosiphum padi I...
Experirncnts carricd out in petri dishes in the lahoratory at 15°C gave the
consumption raies as 2.J- l!J.J live aphids per beet le per day. In I ml outdoor
cages under condirions apprnxinrctti11g ihose in the field, the consumption
rates were lU-7.1 dead aphids per beet le per day. lncreases in night tempe­
raturc lcJ hl siguificarnly increased aphiJ consurnption in the sern ifield
expcruueuts All restcd species atc huth dead and live aphids. Significant dif­
fercnces occur rcd bctween spccies in both experimental series. Most carabid
spccies ate uiore titan most staphylinid species. l'hilonthus species ate J-5
times mort· tlran the other staplrylinids, and thcy ulso ate significantly more
than 1110,1 of the carubids. It is concludcJ thai rnany staphylinid anJ carabid
spccies are potcntially important prcJators of R. padi in the liclJ.

Key wonls: CarabiJac, cereal aplrids, polyphagous predators, prcdation,
Rliopt1/wipliw11 padi, Staphylinidae.

Arild ilt1l/,:r;c11, Nonvcgiu11 l'/u111 l'ru1cctiu11 ln.\lilttlt:, lkpartmcn/ of Entunw­
logy a11d Ncmatolugy, N-/.IJ~ ill, Nurwuy

Most carabid and staphylinid spccies are polyphagous predalors. They are important
natura! enemies of many pes! species on arablc crops, including the cereal aphids. This
has been confirmed bolh in !he laboratory and in field experiments (i.e. Sunderland
I 975, Sunderland & Viderman 1980, Wratlcn et al. 1984, Chiverton 1986, Sopp &
Wrallen 1986, Sunderland el al. 1987, Dennis & Wratten 1991).

In Norway, the bird cherry-oat aphid, J<lwpulusiphum p,uli L., is the most serious
aphid attacking cereals. The presen·1 i11ves1igation was carried oul to compare consump­
tion rates by some l'requenl carabid and slaphylinid species on nymphs and adull R.
padi under both laboralory condilions and confined conditions as similar as possihle to
those in the field.

Polyphagous predators are lhoughl lo be of great importance in the immigration
phase of the cereal aphids, because they (in contrast 10 the aphid specific predators) are
already in the field and can prey on the firsl aphicl immigrants (Chiverton 11)86). The
melhod used in the scrnifield experimenls was devised lo simulate the siluation in
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Norwegian cereal fields in the middle of June, that is, in the immigration phase of R.
padi.

MATERIALS AND METI-IODS

The beetles were caught in dry pitfall traps in agricultural Iiclds or by ground search at
field edges. They were kept in a darkened room in ventilated plastic boxes with rnois­
tened potting soil al + 4 °C and fcd dog biscuits prior to their being used in the expe­
riments. The beetles were normally used in experiments one to three days after they
were captured, bul in some cases (notably Bembidion bruxellensc Wesmael) they were
kept for up to four weeks in captivity befare being used. In the semifield experiments,
because of the low number of l'hllonthus specirnens found, the Phlloruhus spp. was a
mixture of P. atra/lis (Gravcnhorst ) (40°h ), P. ochropus (Gravenhorst) (J3%), P. cogna­
tus Stephens (20%) and /'. carbonarius (Gravenhorst) (7%).

The aphids were taken from laboratory cultures held on barley plants in a green­
house at natura! daylengths. Aphids used in the experiments always included a mixture
of second to fourth instar nyrnphs and apterous aclults.

The laboratory experimerus were carriecl out in plastic peui dishes, diameter 8.7 cm.
Each dish contained a moistened filter papcr and was equipped with a lid painted with
Fluon (polytetrafluoroethylene). The aphids were unable to walk on the fluon and were
thus kept within reach of the predators (Chiverton 1988). The beetles were placed
individually in peui dishes and were then transferrecl to a clirnale charnber set at a
constant temperature of 15 ± 2"C and a loL:81) (2000 lux) photoperiod. After being
acclimatized for 24 h, e;ich beelle was offered 20 aphids. Twenty-four hours later the
number of aphids ealen was recorded and the experiment stopped.

The semifield experiments were carried out in cages rneasuring 154 • (,5 cm ( = 1.0
m2) and 20 cm high, made of wooden panels and filled with moistened putting soil. On
top of the cage was an 0.(1-111-high hood of muslin supported by fom metal hoops. To
approximate field conditions, the cages were placed outdoors, prolectcd from rain by a
plastic roof. Each cage contained six rows (22 cm apart), with seven barley plants (8 cm
apart) in each. The pbnts had been raised in a greenhousc and hacl 3-4 leaves.

In the middlc of rows I, J and 5, aphids were pul out on so-called «pin-disks» (Fig.
I). A pin-disk consisted of a plastic disk of 7 cm in diameter, u>vered with 0.5 cm of
soil, with three pins pointing upwarcls. 011 each of three freshly cut harley tillcrs with 3-
4 leaves, five aphids (killed at -;- 20°C for one hour) were glued heside each other using
wheat flour and water. Then the tillers were pressed down on one pin each so that the
aphids were just above soil leve!.

Five beetles belonging to the same species werc placed in a ventilated plastic box
with moistened putting soil. The beetles were placed outdoors near the experimental
area for 24 h of acclimatization before being used in the cxperiments.

At the start of an experiment, each of the three pin-disks in the cage was equipped
with three tillers with five aphids each, and the five bectlcs from one box were released
into the cagc. After 24 h the numbcr of aphids rernoved was rccordcd and freshly cut
tillers with new, frozen aphids were offcred to the beetles on the pin-disks. This was
repeated for four days, at which time the experiment was stopped. The cages were
emptied and washed before re-use.
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Pin

a)

Plastic disk

bl

......--:::'Aphids

Fig. I. The «pin-disk-. (a) Seiling it up.
(b) In functiun in an cxpcrirnent

To test whether the aphids in the cages could have been removed by anything other
than the beetles, an experimcnt was conducted without beetles. I lowever, during the
four days of the experiment none of the 180 glucd aphids were missing. Consequently,
all aphids removed in the expcrirnents were recorded as having been eaten by the beet­
les.

The experiments were conducted during May-September 1989-91. Mean day (09.00-
18.00 h) and night (21.00-03.00 h) tempera tures were calculated from measurements
carried out at a meteorological station situated 1.2 km from the experimental area.

The approximation to the normal distribution was tested and found acceptable for
the results in both experimental series. The laboratory experiments were tcsted with an
analysis of variance mode! with nested factors and the semifield experiments were tested
with an analysis of covariance model with nested and crossed factors. In all statistical
calculations a significance levet of 5% was used.

For statistical analysis of the laboratory experiments, the following mode! was used:

Yijk = µ + i;i + Yj(i) + l:k(ij),

where i= species, j = month and k = replicates.

For the semifield experiments, the following modcl was used:

Y = µ + "i+ Yj(i) + i)
01
+ Xijk l(i) + Xijk2(i) + l:ijk(i),

where i= species, j = replicates, k 1 = night ternpernture, k2 = day tempera ture.

RESULTS

In the laboratory experiments thcre were significant differences in consumption bctween
species, but no significant diffcrences could he ohserved between different months
within each species (Table 1). Consequently, only the mcan nurnber of aphids consumed
per day was calculatccl for each species, regardless of when (during May to September)
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the experiments had been carried out. The mcan nurnber of aphids consurned per beetle
per day and the significance of differences between species are presented in Table 2.

Table I. Statistical analysis or the cxperi­
ments Variable

a) I .ahoratory experimerus
Specics
Moru hs

h) Sc111il1chJ cxpcrirncnts
Species
Replicatcs
llay,
Nighl tcm peratu rcs
llay tcmpcraturcs

Significance leve!

O.O(M)I
0.0bl2

()_l)(lOI
0.0001
ll.4071>
(J_()()()J

0.308h

DISCUSSION

The results from testing the different variablcs in the semif'ield experiments are given in
Table I. Day ternperuture had no significant effect on the consurnption, but an increase
in night temperature led to significantly incrcased aphid consumption. When testing
single species, this was shown for Agonunt dorsale (Pontoppidan), Harpalus ajfinis
(Shrank) and H. rufipes (Degeer).

There were significant differcnces in consumption between species and for repli­
cates within each species. Differences between replicates were not tested further. Since
no significant difrerences in consumption could be observed during the four days' dura­
tion of each experiment, the mean nurnhcr of aphids per day was calculated for all four
days of each experiment. The mean numher of aphids consurned per beetle per day in
the semifield experiments and the significancc of dilference between species are presen­
ted in 'T'ahle J.

All tested species ate both dead and live aphids. hut fewer aphids were enten in the
semifield than in the laboratory experirnents, Differences in consumption between spe­
eies were very much the same in both experimcntal series (Tables 2 and 3), i.e. most
carabid species ate more than most staphylinid species. Phi/011Ih11s species ate 3-5 times
more than the other staphylinids tested and they also ate significantly more than most
of the carabids.

Among the staphylinids tested, Philon1h11s cognatus has previously been shown to be a
voracious cereal aphid feeder (Sopp & Wratlen 1986, Sunderland et al. 1987). Most of
the work has been done with Siwbion avenae (F.). Results from the present investiga­
tion (Tables 2 and 3) show that P. alratus and several other Philonthus species also have
a high potential as preclators of R. padi. High consumption rates for several 1-'hilonthus
species combined with their high activity in cereal fields (Andersen 1991) indicate that
they can be among the key R. padi feeders. However, they normally do not rnigrate into
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Table 3. Mcan num ber of aphids eaten per beetle per day in tlic sernifield cxpcrimcrus, with significancc
of differences (Du ncans Multiple Range test,*: l'=tl.05)

Aphids
eaten Spccies

7. I I Philonthus spp. 1 l
6.1 2 //arpu/majfi11i.1(Sd1ranl-)
6.0 3 Agonum dorsale (Poruoppidan)
5.6 4 Purostichus mclunurius ( 111 iger )
4.h S l lurpulus rufipcs ( Degeer)
3.9 h A111ara bijrons ((iyllenhal)
3.1 7 Culathus melanoccphulus (I..)
2.4 8 Bcmbidion bruxcllensc Wesmacl
2.3 9 I.oricera pilicornis (lahr icius)
2.2 10 Tachyporus hvpnorum (Fubricius) 1)
1.6 11 T. chrysomclinus (I..) I)

1.3 I 2 B. lumpros (Herbst)
(l.8 13 Trechus quadristriatus (Sch rank )
0.7 14 Aloconota grcgaria (Erichson) 1)

0.3 15 Clivi11a [ossor (I..)

I) Staphylinids

Statistical Significaucc
2 .l -I 5 (i 7 8 'I Ill I I I~ I.\ 14 15

*
*
•* * * *
* * * * *
* * * * * *
* * * * * * *~: * i * * * *
* ~ * * * * *
* * ~: * * * * * *
* * ~ * * * * * * :~
* * * * * * * * * * *
* * * * * * * * * * *
* * * * * * * * * * * *

the cereal fields in large numbers until the middle of .lune (Andersen 1982), a little later
than the first aphid immigrants.

All the Tachyporus species in this investigation (except T dispar (Paykull), which
probably has been mixed with T chrysomclinus (1 .. )) have previously heen shown to eat
cereal aphids to a certain degree (i.c. Den nis & Wratten l 991 ). The present investiga­
tion confirms this, and indicates that their consumption of U. padi is only about one­
third to one-fifth that by the l'hllonthus spccies (Tahles 2 and .1). The same magnitude
of difference was found hy Wratten et al. ( 1984) and Sopp & Wratten (1986) when they
tested P. cognatus and Tachyporus species for prcdation on S. avenae. The adult Tachy­
porus species have their maximum activity in Norwegian agricultural fields in June
(Andersen 1982) and are probably among the most important predators of cereal
aphids.

Anotylus rugosus (Fabricius) and Aluco1101a gregaria (Erichson), two species which
are among the most frequent staphylinids in cereal fields (Andersen 1991), ate some
aphids in the experiments (Tables 2 and 3). Their aphid consumption has previously not
been tested in confined experiments. Lven though A1101ylus spp. and Aleocharinae spp.
were found not to react positively to an LUSA test with cereal aphid antiserum,
Sunderland et al. ( 1987) argued that thcy should not be dismissed as cereal aphid pre­
dators. They are very frcquent in agricultural ficlds in May-June (Andersen 1982), the
time of the immigration phase of R. patli, so even rather small numbers of aphids eaten
per beetle per day can make thcrn important in rcducing aphid build-up in the field.
Consequently, these and other frcquent staphylinid specics need further investigation
before a conclusion can be drawn about their impaet on cereal aphids in the field.

Among the carabids tested, Clivina ji>Ssor (1 .. ) ate very fcw aphids in the scrnificld
experiments, but relatively more in the lahoratory cxpcriments (Tables 2 and .1). This
can be explained by its burrowing behaviour, which would make it difficult to find
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aphids on the pin-disks in the cages (see also Janssens & De Clercq 1990). This would
also reduce its potential value as .-111 aphid predator in the field, even though the species
is very frequent in May-.lune (Andersen 1982, 1990).

Trechus and Bembidion species are relatively few aphids in both experimental series
(Tables 2 and 3). This can be explained partly by their small size (Sopp & Wratten
1986). However, large numbers of several Bembidion species are often present in cereal
fields in May-June (Andersen 1982, 1990) and they can thus be of great irnportance as
predators during the immigration phase of R. padl. Trechus species, on the other hand,
are normally present in low numbers in May-June (Andersen 1982) and are conse­
quently less important as predators on R. padi during the immigration phase.

Most of the larger carabids ate more aphids (Tables 2 and 3). Among these, Aga­
num dorsale, Amara plebeja (Gyllenhal), Harpa/us affinis and l.oricera pilicornis (Fabri­
cius) are the most frequent species in fields in May-June (Andersen 1982). With the
exception of L. pilicornis, which predominantly feeds on collembola (Sunderland 1975),
these species are consequently among the most promising aphid predators.

All species ate less aphids in the semifield than in the laboratory experiments (Tab­
les 2 and 3). This can be explained by the beetles having to use more time to search for
aphids in the semifield experiments. Even though dead aphids were used, it is presumed
that the present semifield method gives predation rates closer to those in the field than
the laboratory experiments and other previously used maximum consumption experi­
ments do (i.e. Sopp & Wratten 1986, Chiverton 1988). In the field, the tested species
would probably have eaten fewer aphids, because live aphids have can sametimes escape
attack (Chiverton 1988). Alternative food would also be available. Thus, the semifield
experiments also probably overestimate the natura! field consumption rates.

Predation by polyphagous predators on aphids is correlated with temperature
(Scheller I 984, Sopp & Wratten I 986, Chiverton 1988). The many nocturnal species
(Luff 1978) used in the semifield experiments explain the increase in aphid consump­
tion with increasing night ternperature, white no correlation was found between con­
sumption and day ternperature (Ta ble I).

Carabids and staphylinids mainly search for food on the ground, but many species
(including some of the species investigated in the present experiments) climb plants
(Luff 1989). The present investigation has only dealt with predation on the ground.
When assessing the beneficia! value of a predator species, however, one should also take
into account its ability to prey on aphids high up on the plants.

The majority of investigations on polyphagous predators and cereal aphids have
dealt with carabids and S. avenae, although somc authors have also investigated staphy­
linids as predators or R. padl as prey. The present investigation shows that both carabids
and staphylinids are potentially important predators on the cereal aphid R. padi. To
find the most important cereal aphid predators in the field, more work is needed on the
predatory behaviour of single species under field conditions during the irnrnigration
phase of the cereal aphids.
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Short communication

Winter production of cut roses: Effects on
keeping quality

TOVE FJELD, LEIV M. MORTENSEN, HANS R. GISLERØD & VIGDIS
REVHAUG
Agricultural University of Norway, Department of I lorticulture, Ås, Norway

Cut roses constitute an important greenhousc crop in many countries. Since traditio­
nally there is no cut rose production in North-European counuies during the winter,
supplementary lighting can be used to provide the necessary light conditions for the
roses to grow even through the winter rnonths. However, use of supplernentary lighting
can not be recomrnended unless the keeping quality of the roses produced under light is
sa tisfactory.

This short cornmuuication surnrnarizes surne of the results from a preliminary study
of rose quality as influenced by supplementary lighting.

MATERIALS AND METHODS

Roses of the cvs Motrea, Fleurop, Kiss, Frisco and Mercedes were grown under natura!
daylight (NL) with artificial lighting of 70, 130 and 190 µmol m-2s-l from September to
April in a double acrylic greenhouse. Supplementary lighting was provided by rneans of
high pressure sodium lamps (Philips SONrr) for 20 h dayt. The plants were watered
with a cornplete nutrient solution with an electric conductivity of 1. 7-1.8 m'Scrrr+. For
further information on growth and climatic conditions, see Mortensen et al. (1992).

Eight roses of each cultivar from each of three flushes were harvested in order to
test the keeping quality. The Hushes appeared every four to six weeks, depending on
irradiance level, and started at the end of October.

After harvest the cut roses were placed in a simulated interior climate (20-21 °C, 40-
50 % relative humidity and irradiance level of 15 µmol m-2s-I) for keeping quality tes­
ting. Four roses from each cultivar and irradiance lcvel were put into boltles containing
water and chlorine (10 ml 1·1).

RESULTS AND DISClJSSION

No significant main eff'ects of irradiance leve I on vase lite were found (Table I). l low­
ever, a significant intcraction bctween cultivars and irradiance level was found for vase
life (Table 2). When the irradiancc lcvcl increased from 70 to 190 µmol m-2 s-1, vase
life in ev. Motrea was not atfccted, while the vase life of cvs Mercedes and Kiss decrea-
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sed by 11 %, and the vase li fe of cvs l-risco and Fleurop increased hy 12% and 55%,
respectively. Obviously, different cultivnrs respond differently to supplementary lighting
during the winter months.

Table I. The significance of the
main effects and iu tcrac t iuns
berween cultivar and irradiance
level (irr.). Significancc levels: ns

not significant, * = P<0.05,
** = P<0.111, u, = l'<0.001

Cu h ivar
Irr. levet
( 'u l t ivar x irr.

MSrest (crror)

1)1-'

.J
2
(l

.151)

Vase
lifc

***
ns
*

Stem
lcngth

Fresh
weight

Table 2. Effects of irra­
diance leve! on vase life (in
days) of different cultivars.
Perceruage of change in
vase life berween 70 and
190 µmol 111·1 s I is given

Culrivars

Motrea
Fleurop
Kiss
Frisco
Mercedes

lrradiance leve! (µmol m 2 s·1) % change
70 130 ll/0 70- > 19()

IO.h 111.h IO.h ()

8.5 9.3 13.2 +55
h.7 (J.8 h.O -11
7.7 7.h 8.5 +12
7.5 h.8 h.7 - li

Scott et al. ( 1986) reported that they found no differences in keeping quality between lit
and unlit plants of the cut rose ev. Samantha. Armitage & Tsujita ( 1979) reported that
supplementary lighting resulted in a poorer vase life in ev. Forever Yours. Different
results concerning the effect of supplcmentary irradiance are likely due to the different
responses amongst cultivars. Prnbahly, the cvs. l-risco and Fleurop should be laken into
consideration when winter production is planned.

Significant differences in vase lite, stem length and fresh weight were found
between the cultivars (Table I). The snortest stems were Iound in the cvs. Motrea and
Fleurop (Table 3). These two cultivars also appeared to have the longest vase life (Table
2). Short steins rnay offer an easier water uptake, because of the shorter transportation
distance from the stem end to the petals. A relatively short transportation distance
together with a vase solution containing chlorine might also reduce the vascular blocka­
ge by bacteria, since chlorine isa potent bactericide.

The irradi;ition significantly affectcd the stem length and the fresh weight of the
stems (Table 3). lncreasing the irradiance level resulted in increased thickness of the
stems. Thick stems increase the quality grading of cut roses, as expressed through the
United Nations Economic Commision for Europe (ECE) dassification of cut flowers
with regard to their appearance (Nowak & Rudnicki 1990). A strong stem affects the
keeping quality in a positive way. In the present experiment, increasing the irradiance
lcvel resulted in a reduced stem length. This effect has also been reported by Zieslin &
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Tablc 3. Main effecis of irradiance level
and cultivar on stem length (in cm) and
fresh weight (g crn" ). Data are the average
of three flushes

Stem lcngth
(cm)

Fresh weight
(g cmJ]

lrradiance levet
(µmol 1ffl s· 1)

70
Ull
ll/tl

Cu lt ivar
Motrca
Heurop
Kiss
Frisen
Mercedes

41.ha OA2b
39.8ah 0.47ab
39.3b 0.49a

34.9c 0.33h
36.5c 0.49a
48.lJa 0.47a
.\8.7b 0.5 la
38.8b 0.51a

Mor, who claim that the increase in the number of flowers in lit roses derives mainly
from an increase in fluwers with shorter sterns, rcducing the average stem length and
weight.

In the present experirnent the ternperature increased when the irradiance level was
increased. lnhibition of shoot elongation may therefore also be an etfect of high
temperature, as reported by Mortensen et al. ( 1992) and Moe ( 1972). Jf the ternperature
had been kept constant, an increase in irradiance level would probably have increased
the stem length.
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La culture de decrue au Gourma, Mali
conditions pedologiqucs, especes et varieres

JENS B. AUNE
Agricultural University of Norway, Departrnent of Crop Science, Ås, Norway

Aune, J. B. l'l'l2. la culture de decrue au ( lou rma, Mali conditions pedo­
logiques, espcces c1 vanetes. Norwegian Journal of Agricultural Sciences h:
27ll-21ll. ISSN llXOl-5.q I.

I .a culture de dccrue, dans le Gourrna au Mali, ,·s1 effectuce dans les bras du
fleuve Niger el dans quelques mares. I .es espcces qui se sont avcrces les pl us
adaptces a une telle culture 0111 etc le sorghu et le nicbc, alors que le pois
chic he 0:1 lo: pois d'angole ont dun ne des rendemerus tres faihles. 1 ..:s cssais
forent menes dans 4 locnlucs, et les rendements ont surtout c1c fuihles dans
deu x ri:,ieres. Le, facreurs qui en sont la cuuse sont une dcnsuc apparerrte
du sol clevce (1,57-1,87 kg/drn-1), unt: faible poro,i1c (.l0-40%). un pil de-la
5, et une rcneur en phosphore accessihle tres faible. La capacuc de rctention
deau dans le premier metre du sol a varic d.: '10 mm il 171l mm dans les
locali1cs ciudices.

Mots eles: Capacuc de rctention d'eau, c uhure de dccrue, dcnisirc du sol,
nicbe, petit mil, pois chichc, pois daugule, phusphore, pil, porositc, sorgho.

Jens B. Aw1e, Agrlcultural University o] Norwuy , Dcpurtmcnt of Crop Science,
Box -l l , N-1.:/32 As, Norway

Les cultures de decrue du mil et du sorgho sont une ancienne pratique au Gourma.
Cette technique consiste a semer sur une plaine au fur eta mcsure que l'eau s'en retire.
Les plaines qui se pretent pour la culture de decrue au Gourma sont des mares inondees
par de l'eau de pluie, et les bras du fleuve Niger.

Dans les mares, le semis commence å partir d'octobre quand les pluies se sont arre­
tees, alors que dans les bras du fleuve Niger, le semis commence a partir de fevrier-mars
quand il y a des terrains libres pour y semer. La culture semee dans les mares arrive a
maturite avant la saison chaude (avril-mai), et elle est, ainsi, independante de la pluie.
Les cultures dans les bras du fleuve Niger se developpent pendant la saison chaude,
mais il faut de la pluie pour que les plantes puissent achever leur cycle. Les cultivateurs
empechent les plantes de fleurir avant l'hivernage, en laissant leurs animaux brouter les
plantes ou en coupant les tiges. I .a rnoisson est effectuee apres l'hivernage, en septem­
bre-octobre, avant que les bras du fleuve ne soient a nouveau inondes.

En semant dans les mares en octobre, la temperature est bien plus favorable aux
plantes pendant leur cycle qu 'en semant en fevrier. Les tempera tures deviennent tres
elevees å partir d'avril (tahleau 1) comme montre pour la station meteorologique de
Tombouctou, situee fl 50-100 km de ces siles d'experimentation (Sivakumar et al. 11J84).

La culture de decrue dans les mares au Gourma est peu repandue, car ce type de
culture peut engendrer des conflits entre agriculteurs et eleveurs, du fait que les ele-



280 La culture de decrue au Gourmu

veurs profitent de ces rnares pour crcuscr les puisards qui servent ;1 abreuver leurs
animaux. La culture de decrue dans les bras du fleuve cause moins de litiges avec les
eleveurs, parce que les animaux partent en transhumance pendant l'hivernage.

Le semis dans les bras du tleuve semble eire moins important actuellement
qu'autrefois, parce que les surtaces inoudees ont dirninue et que les pluics pendant
I 'hivernage ont ete faiblcs pendant la dcrniere decennie (Gottschalk & Krasovskaia
1987).

Tableau I. Tempcraiurc moycnne maximale, ternpcrature moyenne minimale, cvapot ranspirat ion
potentielle (mm par jour), pluviornctr ie moyenne par mois å Tombouctou (Sivak umar et al. 1984)

Temp. moyenne max Temp. moyenne min Evapotransp.
potcntielle

Pluviornctr ie mm

Jan vier
Fcvrier
Mars
Avril
Mai
Juin
Juillet
Aout
Seprcrnbre
Octobre
Novembre
Decembre

Totale

30,0
33,2
3h,h
3'),7
41,9
41,.5
38,3
35,7
37,7
38,IJ
3.5,4
30.4

12,7
1.5,0
18,2
22,0
25,4
2h,.5
25,3
24,2
24, I
22,5
18,I
13,7

4,3
5,0
h,I
h,7
7,4
7,2
(l,h

.5,2

.5,h
5,8
.5,0
4,1

0,0
0,2
0,4
n.x
3,8

15,h
Sh,2
80,9
28,.5
2,8
0,0
0,2

11/2,3

Une etude morpho-pedologique des plaines de la vallee du Niger du Cercle de Gourma
Rharous ont montre que ces sols ont generalernent une teneur en phosphore tres faible
et que le pH est souvent au-dessous de 5 (PIRT 1988). Les besoins en potasse et calcium
sont souvent beaucoup mieux satisfaits que celui en phosphore. La saturation en bases
est normalement cornprisc entre 50 et 90%. Les sols argileux, et argilo-limoneux
dominent dans les parties basses des plaines inondables, alors que les sols des parties
hautes sont generalement caracterises comme limoneux Oll limoneux sableux (PIRT
1988).

Les cultures principalcs dans les bras du fleuve Niger sont le riz flottant et la plante
fourragere bourgo (J~"cl1i11ocloa stagnina (Rctz.) P. tJcauv). Cependant, la culture du riz
est tres risquee, car elle necessite de la pluie pour que le riz germe avant que la crue ne
survienne. Le but principal de cette etude fut de mettre au point une alternative a la
culture du riz en introduisant un systeme de decrue dans les bras du fleuve Niger com­
portant des varietes precoces qui peuvcnt achever leur cycle avant quc la saison chaude
ne s'installe en avril-mai. En outre, cette etude a eu pour bul secondairc d'examiner
quels sont les sols qui se pretent le mieux a ce type de culture.
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MATERIELS ET METHODES

Les essa is de decrue fu rent menes dans 4 localites pendant la carnpagne 1987- I 988. Le
site de Bambara Maude est une mare qui se rernplit avec de l'eau de pluie, alors que les
autres siles sont des bras du Niger. Les cultivateurs ont l'habitude de cultiver le niebe a
Bambara Maude, alors que le sorgho est la culture principale a Sheriffen Rhergo. A
Sheriffen Rhergo, le semis est fait a la decrue, mais les plantes profitent de la pluie pour
achever leur cycle. Les deux siles a Bangucl sont des rizieres.

Le dispositif experimental fut celui du bloc de Fischer a 3 repetiuons. Les essais
furent concus de fai;on a pouvoir faire une cornparaison valable entre les differentes
especes et entre les differentes varieres d'une merne espece. Chaque bloc fut divise en
sub-blocs representants les differentes especes. Dans les sub-blocs furent representees les
differentes varieres d'une merne espece, Les essais varietaux du niebe ont aussi
concerne une variete du pois mung (Vigna nuliata (L.) Wilczek, variete: cetera), pour
faire une evaluation, de rnerne, de celle espece, Cela fut juge possible, car le cornpor­
tement du pois mung differe peu de celui du niebe. Le semisa suivi le retrait de l'eau et
s'est etale de I a 2 semaines sur tous les sites. Le pois mung fut serne a raison de 8
grains/poquet alors que les autres legurnineuses furent sernees a raison de 4
grains/poquet. Toutes les legurnineuses furent dernariees a raison d'une plante par
poquet. Les cereales furent sernees a raison denviron 25 grains et 12 grains/poquet pour
le mil et le sorgho respectivernent, et demariees a raison de J plantes/poquet. Les recol­
tes furent effectuees au fur et a rnesure que la maturite arrivait. Les donnees experi­
mentales des essais sont consignees dans le tableau 2.

Tableau 2. Date du scmis, largcur des parn·llcs (rn). di,1ance en1rc planles (rn) et fin de la rccolte

Date du scmis I .argeu r de la Distancc ent re Fi Il de rcculte
pa red le poqucls

Bambara Maudc lJ/111-21/ Ill 2,7"-'),') U,'l~0,9 21/3-881
Bangucl. 2 Sitcs 27/12-(l/J! 2, I* 11,11 0,7• 1,0 30/S-88
Sheriffen Rhcrgo 1/3-12/J l,8'11,01 ll,h*O,h1 (debut
Sheriffen Khergo 2, 1*7,04 11,7•0,74 octobrc)

1 Rccolte du poids d'angolc 1crmince fin avril.
2 Resemis ii Bangud ,sable» truis scr11ai11.:s plus 1ard sur le nierne sitc.
J Haricot
4 Au tres espcces

La levee des plantes fut enregistree en comptant les poquets ayant des plantes. Une
attaque de 13ruche du niebe (Callosobrudw.s 11wculu1us) sur les grains stockes dans le
magasin a dirninue un peu le rendement du niebe a Sheriffen Rhergo avant la pesee.
L'allaque a ete estime a l'oeil nu, et le rendernent a ete corrige par celle allaque.

La ppds (plus petite difference significative) 5% est donnee la ou elle est trouvee
significative. Les niveaux de probabilite a 0,05, 0,0 I et 0,00 I pour les interactions sont
respectivernent indiques par ~', '~*, '1-~'-1'. L'ahreviation n.s. signifie non significatif au
niveau de probabilite de 0,05.
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Les vartetes testees furent pour le niebe, le sorgho et le mil les vartetes en provenance
de la Section de Recherche sur les Cultures Vivrieres et Oleagineuses (SRCVO),
Bamako, CIPEA (Ccntrc International Pour l'Elcvage en Afrique), Bamako et
l'ICRISAT Centre Sahelien. Niamey, en plus des vartetes locales, Pour le pois d'angole
et le pois chiche, toutes les vartetes provenaient de l'ICRISAT en lnde.

Les prelevernents du sol pour les analyses physiques furent etfectues avec des
cylindres ayant un volume de 100 crn'. Des fosses pedologiques furent creusees et le
profil du sol fut divise en couches suivant la texture. Quatre echantillons de sol furent
pris dans chaque couche. Les prelevernents pour les analyses chimiques du sol furent
realises sur tous les sites, sauf celui de Banguel «sable». Les analyses chimiques du sol
furent realisees dans «le laboratoire eles sols» a Bamako, alors que les analyses physiques
furent effectuees dans «I'Jnstitut du Sol» a Ås, Norvege.

RESULTATS ET DISCUSSION

Les resultats concernent le cornportement des differentes especes et varieres et les
caracteristiques chirniques et physiques du sol.

Comparaison entre cspeces
Les essais ont ete concus de fa<,:on a pouvoir fairc une comparaison entre les ditfercntes
especes. li est dabord ;1 souligner qu'une telle comparaison est difficile, car le contenu
energetique ainsi que la valcur nutritive, diff'ere rl'une especc å l'autre. L'ecarterncnt
entre les plantes n'est pas toujours optimal pour les especes considerees. La ccnn­
paraison entre les especes est aussi rendue difficile du fait que toutes les vartetes des
especes ne sont pas adaptees f1 la zone. Malgre ces reserves, une comparaison entre les
especes est presentee.

En ce 4ui concerne la levce, il s'est avere que la levec sur les deux sites a Banguel a
ete faible pour toutes les varietcs sauf pour le pois chiche. Le semis y a commence a
partir du 28 decembre pendant une periode de grand froid, avec des tcmperatures noe­
turnes inferieures a 10 °C. li a fallu semer å nouveau J semaines plus tard le niebe, le
pois d 'angole, le sorgho et le mil a Hanguel «sable». La faible germ i nation obtenue ici
pour les especes citees pourrait ctre attribuee aux basses temperatures, car les especes
tropicales germent moins bien avec des lernperatures au-dessous de 20 oc (r:isher 1984,
Singh et Dhaliwal 1972). Et, ainsi, pour le pois chiche, qui est adapte a des conditions
plus mediterraneennes, aucun probleme n'a ete observe c1vec la levee.

Quant aux rendements en grains a Bambara Maude, ce fut le niebc qui a donne, de
loin, les meilleurs rendements (tahleau 3). Ce fut surtout le pois chiche qui a produit un
rendement faible.

A Sheriffen Rhergo, le rendcment du sorgho aurait pu depasse de loin le rendernent
du niebe sur ce site, si la crue n'etait pas survenue, noyant la recolte du sorgho (tableau
J). Aucun rendernent du pois d'angole n'a, ici, ete obtenu.

Sur les deux siles de Llangucl, les rendements ont ete tres faibles pour loutcs les
especes. Le niebe a ici presente les rendernents les moins faihles. Aucuns rendements du
pois d'angole et du pois chic he n 'ont ete obtcnus sur ces dcux localites.

Pour !'ensemble des siles, il semhle que le niebe, le sorgho, et, cventuellement le
mil, sont les especes qui sont les plus adaptees å la culture de clccruc au Gourma.
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Nicbc
Pois mung
Pois d 'angole
Pois chiche
Sorgho
Mil

Uarnhara Maudc

525
198
)l)()

12
<)0

)(JlJ

Sheriffen Rhcrgo

252
2(11

0

fort

Tablcau 3. Rendement en grains
(kg/ha) des differerues especes a
Bambara Maudc et Sheriffen
IU,~rgo

Niebe (Vigna unguiculata IL.) walp.)
Les essais varietaux du niebe cornportaient des vartetes locales, Mopti et Rouge, et des
varieres selectionnees, C'est la variete Mopti qui sernble etre la variete la plus repandue
dans la zone. La levee a ete bonne a Barnbarn Maude (tableau 4) alors qu'elle a ete
trouvee la plus faible a Banguel «argile».

Tableau 4. l.evce du nicbc (8 varicrces) et du pois rnung ( I variete) dans les diffcrerues localirc«

Barn bara Sheriffen llanguel Banguel Moycnne
Maude Rhergo sahle1 argile

Mopti 1()(),0 88,9 72,2 bO,h 80,4
Rouge 97,7 X0,8 58,ll 87,5
Suivida 2 58,9 88,J 45,-l 72,h
CB-5 89,9 56,7 58,n 21,2 56,h
TN 88-63 71,7 27,7 72,7 38,6 52,6
TVX 32-36 l)l),O 91,1 77,8 48,5 79,1
Giro 45581 l)8,() 77,8 9),1) 53,5 80,8
IT82D-7lh %,0 41, I 37,4 2,0 44, I
Pois rnung l)l),() 73,3 88,3 42,4 74,4

Moyennc 93,4 h8,l 73,8 41,2 c,<J,7
ppds 5% 5,1 21,7 24,lJ 13,0 18,5
lnteract ion **

1 Deuxicrne sernis

Les rendernents en grains ont ete tres faibles sur les dcux siles a Banguel. Aucune
ditference significativc entre les diff'ererues varieres ne s'est degagee, el les rendernents
rnoyens ont ele respectivement de 22,2 et de 4,J kg/ha a Banguel site «sable» el
«argile». A Bambara Maude, la variete Mopti a dorme le meilleur rendement, suivie par
TN 88-63 (tableau 5). La levee a ete de 71,7% et de 100% respectivement pour TN 88-
63 et Mopti (tableau 4), et si la levee de TN 88-63 avait ete aussi elevee que celle de
Mopti, le rendement en grains de TN 88-63 aurait pu atteindre celui de Mopti. Ces deux
varieres sont plus tardives que les autres, car la plus grande partie de leur rendement a
ete obtenue lors de la derniere recolte. I .es varictes CB-5 et Giro 45581, ainsi quc le
pois mung, sont precoces, mais leurs rendements en grains ont ete faibles å Barnbara
Maude, compares aux varietes plus tardives. Cepenclant, il est å souligner que
I 'ecartement entre poquets n 'a pas perm is aux varietes precoces et erigees, a savoir «pois
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rnung», CB-5 et Giro 45581 d'atteindre leur potcntiel maximal, car elles n'ont pas
recouvert le sol aussi bien que les vartetes rampantes.

A Sheriffen Rhergo, les varieres Rouge, Suivida 2 et Mopti ont dorme les meilleurs
rendements (tableau 5). Comme a Barnbara Maude, la variete Mopti n'a pas dorme un
bon rendement lors de la premiere recolte; mais lors de la derniere recolte, un meilleur
rendement a pu eire obtenu, grace aux pluies tornbees en aout et en septembre.

Dans des essais menes par l'ICRISAT en Niger, CB-5 et le TN 88-b.1 se sont mont­
rees assez adaptees a un semis en contre saison, alors que la performance de IT 82D-716
s'est averee faible pendant cette periode (ICRISAT Sahelien Centre 1986, 1988).

Tableau 5. Rcndemcnt en grains (kg/ha) (8 varieres de nicbe et unc vartetes de pois mung) dans les dif-
fererues periodes, et rcndcment total llarnbara Maudr el a Sheriffen Rhergo

Hambara Maudc Sheriffen Rhcrgo
10/12- 18/12- 1'1/1- Total 24/5- 11/8- Total
17/12 18/1 2113 11/8 5/10

Mopti li St, h53 70() 134 272 40h
Rouge 275 203 478
Suivida 2 185 211> 403
CB-5 h8 158 201 --128 h4 0 h4
TN 88-h3 () -~5 57-1 62() 71 lh3 234
TVX 32-3/J () 1-12 4-15 587 211 28 23<)
Giro45581 (17 Ill') 17() 34h -19 20 (>()
IT 82D-71h li Ill> J<)() 41, I I Ill 9 125
Pois mung M 27 11)5 198 254 7 21>1

Moyenne 2') 81> 3h--l 479 151 102 253
ppds 5% h5 .\5 2X.\ 248 1()5 144 255

Comme pour les rendcmcnts en gr.uns, les rendcments en fane se sont reveles tres
faibles, sauf a Barnbura Maude (tablcau 6). Sur tous les sites, Mopti s'est averee, large­
ment, plus productive que les autres varieres. Les varieres precoces comme CR-5 et Giro
45581, ainsi que le pois mung, ont etc nettement rnoins vigoureuses. li est il souligner
que les rendements en fane sont probablement sous-estirnes, parce que le vent avait
ernporte une partie des Ieuilles seches.

A Bambara Maude, des nodosites sur les racines du niebe ont ete recherchees, et des
nodosites bien developpees ont ete trouvees.

Pour le semis en octobre, la variete Mopti sernble etre le meilleur choix, car, quancl
elle est sernee å ce moment, elle peut achever son cycle avant quc la saison chaude ne
s'installe. Cette variete a le double avantage de pouvoir donncr un bon rendcment en
grains, ainsi qu'un rendement important en fane.

Un semis en fevrier-mars entrai'ne le risque que la floraison coii1cide avec la saison
chaude en avril-mai, et il a etc montre que le pourcentage des fleurs qui produisent des
gousses diminuc considerablement, quand la temperature commcnce a augmenter
(ICRISAT Centre Sahelien 1988). Le faible rendemcnt de Mopti lors Je la premiere
recolte a Sheriffen Rhergo indique qu'elle est trop tardive pour un semis en fevrier­
mars si toute la recolte doit etre achevee avant le mois de mai (tableau 5). Pour un
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serrus a ce moment-la, il faut plutot serner une variete plus precoce comme Suivida 2 ou
Rouge. Les resultats de Banguel appuient cette hypothese, car, ici, les vartetes Rouge et
Suivida 2 ont eu tendance a etre plus performantes pour le rendement en grains que
Mopti, bien que ce resultat ne soit pas significatif.

Tablcau h. Rende-
Bambar a Mauuc Banguel «sable- liangucl -urgitc- ment e11 fane (kg/ha)

dans diffcren tcs loca-
Mopti 11~(1 203 1<12 lites
Rouge 70 1)7

Suivida-2 81 lit)
CB-5 J.\2 115 JI)
TN 88-llJ 51l5 uo XI
TVX 32-31, «n 125 1(,1)

Giro 45581 371 lllX 43
IT820-711l (l)_l )24 IIJ
Pois mung IJ(l 2.l ()

Moyenne 537 1011 83
ppds 5% 25</ l)I) hO

Pois d'angole (Cajanus cajan (L) Millsp.!
Le pois d'angole n'a pas dorme de bons resultats au Gourma. Ce fut seulement a Ham­
bara Maude qu 'un faible rendement a pu etre obtenu (tableau 7), et le meilleur rende­
ment a ete obtenu avec lCPL 8.1024. Les difIercntes vartetes se sont revelees avoir une
precocite identique, el la premiere recolte a ete effectuee 105 jours apres le semis. La
moisson a dure de fin janvier a fin avril. I "indice de rendement, qui est pres de 50%,
doit etre considere comme tres eleve. Ce resultat est en concordance avec le resultat de
Narayanan & Sheldrakc ( 1979), qui ont trouve que I'indice de renderncnt est plus eleve
en contre saison qu'en saison pluvieuse.

Dans les autres localiies. aucun rendement en grains n'a pu etre obtenu, et le rende­
ment moyen en fane a ete tres faible, a savoir hO el I 00 kg/ha respectivernent a Banguel
site «sable» et sile «argile». A Sheriffen Rhergo, le pois d'angole s'est developpe de
maniere satisfaisante, et les plantes ont bien fleuri pendant tout l'hivernage, mais pres­
que aucun developpement de gousse n'a ete constate. Ceci est difficile a expliquer, car
les plantes ne semhlaicnt pas souffrir de la secheresse. Les tempetes de sable sont fre­
quentes dans la zone, et elles pourraient avoir provoque la chute des fleurs. li est aussi
possible que les insectes en soient la cause.

Pois clzichc (Cici:r uric1i1111111 L.)
La croissance du pois chiche a ete faible sur !'ensemble des sites. A Banguel, sites
«sable» et «argile», les pl:inles se sont tres pcu developpees, el la formation des gousses
a ete tres faible. A Bamb:ira Maude, les plantes se sont mieux developpees, bien que les
renderncnts en grains s'y soicnt ;iveres aussi tres faihlcs. La variete ICMI I 42 a, ici, pre­
sente le rendernent en gr:1ins le moins faible (tableau 8).



286 La culture de decrue au Gourma

Tableau 7. I.evre(%). rcndcrncru et indice de rc11Jc1111:nt (%) du pois J'angok il Hambara Maudc

Levce % Grains ~g/ha Fane kg/ha lndice de rendcment

ICP 148 'J3,9 191 179 51,1,
ICPL 151 IJ8,(J 188 179 51,2
ICPL 4 1()(),(1 17() 11>3 SI, I
ICPL 83024 {JIJ,O 21() 201 51, I

Moyenne 97,7 Jl)() 181 S 1,3
ppds 5% n.s. 24 21 n.s.

A Bambara Maude, des nodosites sur les racines ont ete recherchees, sans donner de
resultat positif. Ceci n'est pas etonnant, car le type de rhizobium qui s'associe au pois
chiche est tres specifique (Smithson et al. 1985).

Les resultats obtenus, ici, permettent de conclure que le pois chiche ne semble pas
etre une espece adaptee pour le Gourma.

Tableau 8. levce (rYo), rcudcrucru (~g/ha), et indicc Jc rerulcrnem (%) du pois chiche i\ IJarnbara Maudc

l.cvce ( irains Fane Indice de rendcrncnt

ICCV 2 1011,11 J,ll l>,7 .\(1,1)

ICCV 32 l)IJ,fl 10,7 !Jl,7 14,7
ICCH 42 l)IJ,ll 22,7 ]8,7 36,()

Moyenne IJ<J) 12, I 35,7 25,.1
ppds 5% ILS. 11,5 11.S. n.s.

Sorgho (Sorgho bieoter (/,.I Moe11cl11
Les essais varietaux du sorgho ont porte sur des vanetes locales, Fossa, Djibock et
Barnban, Maude , et des varietes selectionnecs. A Bambara Maude, un faible rendcment
a pu etre obten u ( tabkau 9). Les va rietes « Djibock » ,« Fossa» et Ma lisor 84- 7 ont
dorme les rendements en grain~ les plus eleves, t:L les deux premieres varieres citees se
sont averees aussi etre les plus precoces. I .cs indiccs de rendcmcnt tres faihles indiquent
que la disponibilite en eau n'etait pas suffisante pour que les plantes aient pu aehever
leur cycle de maniere satisfaisante. Les rendernents du sorgho sont un peu sous-estimes,
car il s'e:.;t produit une attaque d'oiseaux lors de la campagne.

A Sheriffen Rhergo, la recolte du sorgho etait prometteuse, surtout en ce qui con­
cerne la variete «Rharous», jusqu'a ce que la crue du fleuve ne survienne, noyant une
partie des plantes.

Mil (Pennisctum glaucum (L) R. Br.)
La variete du mil testee fut la variete loc:tle I lomhori. A Bamhara Maude, les rcnde­
ments en grains et en paille ont ete de HN,6 et de 567 kg/ha, respectivement. La
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Tableau 9. Levce (%), cyclc du semisa la premiere rccolte, rendement (kg/ha) et indice de rendement
(%) du sorgho a Ham bara Maudc

l evce % Cycle, jou rs Grams kg/ha Paille kg/ha lndice de rendement

Bambara Maudc 95,7 12() 9,3 11)81 0,9
Djibock 98,0 82 165,3 I !oil 12,4
Fossa 89,IJ 80 139,7 860 14,0
CE90 1/2,!J 85 6'1,3 1028 6,3
Malisor 84-5 88,8 115 14,7 1()21) 1,4
Malisor 84-7 91,') 105 141,3 798 15,0

Moyennc 112,•1 {)l) 89,IJ 994 8,3
p pds 5% 11.S. n.s. 1)2,.J n.s. 3,7

premiere recolte a ete effectuee 82 jours apres le semis. Le pourcentage de la levee a
ete de 79,9%. Comme pour le sorgho, les oiseaux ont dirninue legerement ici les rende­
ments. Le mil a aussi ete serne å Banguel et, dans la plupart des poquets, le develop­
pement des plantes a ete faible, mais quelques poquets ont danne de bons epis.

Conditions pedotogiques
La fertilite du sol (tableau 10) est de loin plus favorable å Barnbarn Maude qu'å
Sheriffen Rhergo et a Banguel «argile». Le µI I (KCI) a ete trouve de 4,0 a Banguel
«argile» et dans la couche 22-66cm a Sheriffen Rhergo. Un tel pH peut diminucr les
rendements parce qu'il a ete montre, au Niger, qu'un apport de chaux peut augmenter
les rendements du niebe quand le pH (KCI) initial est de 4,5 (Bationo et al. 1989).

C'est le phosphore qui est considere comme l'clernent le plus deficitaire au Sahel
(Fussel et al. 1987), et le niveau du phosphore qui permer d'obtenir 90% du rendement
maximum (niveau critique) a ete estime a 7,9 ppm avec le test de Bray I (Bationo et al.
1989). Cependant, I'analyse du sol utilisee pour le phosphore dans cette etude a ete
celle de Bray 2. Lorsque ces deux rnethodes furent cornparees sur 30 differents sols au
Nigeria, la quantite de phosphore extraite avec la mothode de Bray I et Bray 2 fut res­
pectivement de 22,4 ppm et 27, I ppm (Enwezor 1977) et la correlation entre les deux
rnethodes fut elevee (r2 = 0,87). Cela montre que ces deux rnethodes sont proches l'une
de l'autre. Les analyses du sol (tahleau I 0), mon trent que le faible niveau du phosphore
soluble dans les sols å Sheriffen Rhergo et Banguel «argile» a probablement gravement
entrave les rendements. Les teneurs en calciurn, magnesium et poiasse sont plus satis­
faisantes a Bambara Maude et Banguel «argile» qu'å Sheriffen Rhergo en comparant
avec les chiffres dannes dans l'Agricultural Compendium (1981). li est a remarquer que
la saturation en bases å Banguel «argile» est excessivement faible dans la couche 0-
20cm. Le niveau de maliere organique est faible sur !'ensemble des sites. On remarque
que la teneur en argile est de 44,4% å Banguel «argile», ce qui est tres eleve.

Les analyses physiques du sol montrent que la densite du sol est elevee, de 1,57
kg/dm3 a 1,87 kg/dm-\ sur !'ensemble des sites (tableau 11). Au Senegal, ila ete montre
que les rendements du sorgho ont diminue de fa\on lineaire de 450-600 kg/ha avec une
augmentation de la densite apparente de 0, I kg/dm:1 entre des densites de 1,4 kg/dm-' :1
1,6 kg/dm3 (Charreau & Nicou 1971). Cassel (1983) indique que la lirnite superieure de
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Tableau 10. Analyses chirniques du sola Barnbarn Maudc, Sheriffen Rhergo, et Bangucl «argile»

Harnbara Maudc Sheriffen Rhergo Banguel argile
I0-2llcm 52-llOcrn 0-22crn 22-hhcm 3-55crn

pH eau h,9 7,X o.n 5,5 5,3
pli KCI 5,5 5,X 4,X 4,0 4,0
Carbone % 0,27 0,0X O,IX 0,22 0,22
P (Bray) ppm 36,4 .\.1,2 0,2 1,0 2,2
CEC mcq/lOll g 5,2 11>,2 ~. I 12,h 14, I
Ca cch.mcq/lOOg 3,31 l5,X5 0, 15 4,74 h,27
Mg cch. rncq/lOOg 1,2J 5,'lh O,Oh 3,37 3,X•J
K cch. rncq/lOOg o.~s 0,hh 0,02 0, 14 O,JX
Na cch. rncq/lOOg 0,')<) 0,1-1 0,()3 0,28 0,57
SaturaIion'fo 100 1110 (> h8 7tJ
Sable% 82,-1 ~5 . .l 73,5 40,0 37,')
1.irnon% 5,1 J5,.> l),8 21,2 17,()
Argile% 12,4 lll,5 Ill ,7 J8,8 44,4

la densite appnrente du sol pour la pcnetr.uion des meines dans un sol humide a texture
grossiere est de 1,75 kg/dmJ, alors quc cettc limite pour un sola texture fine est de 1,4
a 1,6 kg/drn-'. A Ranguel «sable» la clcnsitc apparcnte dans la couche supcricure fut
trouvee de 1,82 kg/drn-', ce qui fait que la penetration des racines s'en est uouvee
gravement perturbee. Liee a celle dcnsitc apparente elevee, se trouve une porosite tres
faible, de 30,8%. Au Senegal, il a ete montre que l'enracinement est ernrave si la
porosite baisse de 45% a .18% (Nicou & Charreau 1985). Aux Pays-Bas, il a aussi ete
trouve que l'enracinement est difficile nu-dessous dune porosite de 40% (Hidding &
Berg 1960). A Banguel «argile», les problernes lies aux conditions physiques du sol
semblent etre la densite apparente elevee et le fait que, a la capacitc au champs,
l'humidite volumique est egale a la porosite (table<1u 11 ). li en suit qu'a la capacite au
champs, toutes les pares sont remplies d'eau, entrav<1nt gravement le developpement des
racines.

La capacite de retention d'eau est presque iclentique (avoisinant 170mm dans 1<1
couche 0-100cm) a Barnbara Maude, a Sheriffen Rhergo et ;'1 I3anguel «argile» alors que
cette capacite a Banguel «sable» n'est que de 90mm. A 8ambara Maude, il y a une
couche de graviers entre 42 et 52cm, qui empeche la remontee capilaire, mais il semble
que les racines soient capables de penetrer cette couche, car des traces de racines ont
ete trouvees en dessous de celle-ei. Les bons rendernents, obtenus ici, indiquent aussi
que les racines ont penetre. A Banguel «sable», il est possible que seule l'eau d<1ns la
couche 0-45crn soit disponible. La couche de 45cm a 80cm est une couche de sable pur,
car l'humidite volumique a PF 4 est tres basse (0,3), et il en suit que les pores, ici, sont
plus grosses que cclles de la couche superieure. Quand le stock d 'eau dans la couche
superieure est epuise, l'air rentre probablement dans les grandes pares de la couche
sous-jacente, entra1nant un drainage de l'eau.

Toute l'eau entre PF 2 et PF 4,2 ne peut pas etre disponible aux plantes, a cause de
la densite elevee et du manque de porosite qui entravent la penetration eles racines dans
le sol. Pour se fairc quand merne une idee du besoin en eau dans des conditions de
decrue au Gourma, les result;its d'une etude realisee au Niger sur le mil cultive en
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contre saison sur l'eau emrnagasmee a ete utilisee (Azarn-Ali et al. 1984). li y a ete
montre que le mil å puise une quanute importante ele son besoin d'eau a une
profondeur au-dessous de I m, et qu 'un renclement en maliere seche de 2600 kg/ha a
corresponclu å une consomrnation d'eau cl'environ 120mm. Cela indique que la quantite
d'eau stockee dans le sol n'est pas un facteur limitant les renclements å Barnbara Maude,
Sheriffen Rhergo et Hanguel «argile», car, ici, la quantite d'eau siocke dans le premier
metre de sol a ete d'environ I 70111111. A 13anguel «sable», il est possible que le rnanque
d'eau puisse cornprorneure la maturation des plantes, car, lå, seuls environ 60mm sont
probablement facilement accessibles aux plantes. Une partie de cette eau (10-20%) est
aussi perdue par l'evaporation quand la surface du sol seche (Squire et al. 1987).

Tahleau 11. Caracrcristiques physiques du sol

l>cnsitc:· ~U porosuc Humuluc volumique mm d'eau
apparcurc % disponible

i..wJm.1 PF 2 l'F 4,2

Barnbara Maudc
sable limoneux 0-27cm I .(i.I Jx,2 23,2 5,4 ,Jx, I
sable-l i moueu x 27-42cm l,h(l .l7,2 13,tl 3,X 13,X
gravier 42-52cm 2(1)
limon 52-1ltlcm 1,7-l JIJ,5 '),5 18,h 71J,4
limon 1Jtl- ltltlcm 20,0
mm jusquå IO(lcm 163,3

Bangucl arg.ile
Argile 0-55cm r.oz 40,6 40,h 23,0 91,5
Argi le 55-90cm l,h7 41,0 4I,tl 23,7 60,5
Sable 1J<)-9hcm 3(1)
Argile 96-IOOcm 1,73 35,h 35,h I-l,X h,J
mm jusquå 100cm 1(,1,J

Banguel sable
Sable limuneux 0-45cm 1,82 30,8 2h,3 12,9 b0,3
sable 45-8tlcrn 1,66 37,2 4,() li) 15, I
Sablc-limoneux Xll- lOOcm 1,87 28,0 11,(J 4,8 13,h
mm d eau jusqu'ii !!klem 89,0

Shcrrifen Rhcrgo
Limon sableu x 0-22cm 1,57 39,IJ 25,2 7,4 3'),2
L.imon argilcux 22-(ihcm 1,71 3h,J 31,,3 111,0 711,I
Limun argilo sahleux h6-1110cm l,h'J 32,8 27,.l 10,1 58,5
mm d'cau ju,qu\i IOOcrn 173,4

(I) Chiffrc estime

Relations caractcristiq11cs d11 sul et n:11dcme111s
Les rneilleurs rendernents en grains ont ete obtenus å Uarnbara Maude et å Sheriffen
Rhergo. A Bambara Maude, les conditions sont favorables pour la culture, å savoir un
pH eleve, une tencur elcvee en phosphorc accessible, une capacite de retcntion d'eau
assez elevee et une porositc du sol satisfaisante. A cela s'ajoute une temperature
favorable pendant la periode de croissance. Le niebe y est la plante qui en a le plus
profite. A Sheriffen Rhergo, les conditions physiques semblcnt etre satisfaisantes, mais



290 La culturc de decrue au Gourma

le facteur principal limitant les rendements sernblc etre la faible tcneur en phosphore
accessible. Le sorgho a, ici, donne les meilleurs rendements. Sur les deux sitcs de
Banguel, les rendements ont ete tres faible. A Banguel «argilc», les principaux def'auts
du sol sernblent etre le rnanque d'air a la capacite au charnps, la densite apparente ele­
vee et la faible teneur en phosphore accessible. A Banguel «sable», les contraintes
majeures du sol semblcnt eire la densite apparente elevee et la faible porosite.

Pour la rnise en culture des solsa Banguel, il sernble necessaire dametiorer la struc­
ture du sol, rendant l'utilisation de la charrue presque inevitable. Cependant, les moyens
dont disposent les cultivateurs sont tres lirnites, rendant un bon labour du sol difficile.
Le riz flottant et le bourgou semblent done les especes les mieux adaptees pour ces sols.
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Des essais, en l()XX, unt c1c menes dans quatre localitcs dans le Gourma au
Mali dans des cond it ions de feruluc naturelle du sol. L.a pluviorncrr ie a
varic de 170 å 29ll mm. I .c nornhre de jours du sernis jusquå la floraison des
varieres tesices a var ic de 4h il 5'1 jou rs. Aucune diffcrence de rendement en
grains entre les diffcrenres varic1cs nest apparue, quand !'analyse a etc
effecruce pour l'ensernble eks localitcs. L.e principal inconvcnieru presente
par les varic1cs les pl us prccoces sernhle eire leur rnanque de stabiluc en ce
qui concerne le rendernent en grains. Ces vanetes ont ncanrnoins maintenu
un indice de rcndemen1 clcvc dans lc nserrrhlo des loculucs. l Jans les loca­
lues ou elles ont produit un renderneut faible, c 'est surtout le nomhre
d'cpis/plan1c qui a eie rcduu.

Mois des: l'cuniseru m gtaucum, vanetes, prccocirc, indice du rendement,
cornposarues du rerulerne n t , adnptauou locale.

Jens li. A1111,:, Agricultural U1!iv,·r.1·i1y University of Norway, lrcparuncnt of
Cro]» Science, /Ju.r .//, N-1././(J .-\.,, Norwuy.

Le mil pcnnisilaire iPenniseuun g/1111c11111 (L..) R. Hr.) joue un role primordial pour l'ali­
mentation de la population au Mali, et il est cultivc presquc partout ou l'on trouvc de
l'agriculture pluviale. Souvent, la culture du mil cocxistc avec celle du sorgho, mais le
mil est plus repandu que le sorgho au nord des isohyetes 700-800 mm (Niaga11do et al.
1987). La limite septentrionalc pour le mil au Mali semble etre l'isohyete ele 300 111111 et
cette limite se trouve au Gourma (figure I) dans la partic sucl. En plus de cc facteur, la
grande variabilite interannuelle des pluies au nord du Sahel (Sivakumar et al. 1984)
rcnd la culture aleatoirc au Gourma. I .e mil ne peut done constituer qu'une source
alimentairc complementaire au C,ourma, l'elcvage et la cueillettc eles plantes sauvagcs
representant le mode cl'alimentation prindpale.

La culturc du mil au Gourma se fait sans intrants exterieurs comme de l'engrais ou
des produits phytosanitaires. C'est done une culture extensive. Le semis du mil se fait a
partir du debut juin, normalement avant le debut eles pluics, bien que l'irregularite eles
pluies soit importantc au debut de la saison. Le choix de celle periode peut se justifier
par le fait que les premieres pluies declenchent un processus de mineralisation de
l'azote fugace dont la plante peut alors beneficier (Charreau 1969). L'irregularite eles
pluies fait que plusieurs semis consecutifs sont souvent necessaires. Le mil est ici scme
sans aucune preparation prealable du sol, et la clistance entre les poqucts est d'environ



294 Varietes de mil en culture pluviale pour le Gourma utt Muli

Tombouctou
6

6~me Region

- ........... ~

-~~~ -,· Bambara Goss1 I
\ Maoud·e • I\ e \
L TiJnl>wwen E_t>anguimellanå----- --- • \
~ ' N'Daki\. - \-- \\

--,
17~me Region
I
I

--- Fronti~re regionale
- Fronti~re territoriale
= Fleuve Niger
--- Route butimee

Douenza Hombori

Figur I. Carte du Gourma

BURKINA
FASO

N

t

NIGER

1 m. Dans chaque poquets 20-40 grains sont places, et le demariage est fait de 2 a 5
plantes/poquet. Le sarclage ne consiste que d'un grauage superficiel du sol.

Du fait que le climat du Gourma n'offre qu'une courte periode de croissance, et
que les periodes de secheresse au cours de la saison sont frequentes, une attention par­
ticuliere doit eire portee a la precocite et a la resistance a la secheresse lors du choix
d'une variete. Bidinger et al. ( 1987) ont montre que le rendement d'une variete dans
des conditions de stress hydrique, depend de la precocite, du rendement potentiel sans
stress, et de l'adaptabilite au stress. lis indiquent que, parmi ces facteurs, la precocite
doit etre consideree comme le facteur principal limitant les rendements sous condition
de stress hydrique. Cependant, les varieres precoces sont souvent plus auaquees par les
oiseaux et les insectes, car leur maturite coincide davantage avec la periode bien arrosee
(Niangado et al. 1987).

Bidinger et al. ( 1987) ont montre que, si une secheresse intervient entre l'initiation
florale et la floraison, les varieres a floraison tardive produisent les meilleurs rende­
ments. Cela peut s'expliquer par une meilleure developpernent foliaire chez les mils tar­
difs, permettant une meillcure accurnulation de substances nutritives dans les grains.
Cette indication peut etre eiayee par les resultats de I .arnher t ( I98J), qui a montre que
la formation de l'appareil reproducteur des varieres precoces iruerfere avec le develop­
pement de la touffe, provoquant ainsi une concurrence entre le developpernent vegetatif
et le developpement reproductif'. Les resultats de Dancette ( 1983) au Senegal montrcnt,
de rnerne, que les varieres precoces en debut de saison ont un besoin plus eleve en eau
que les varieres tardives, df1 a un developpcmcnt rapide au debut du cycle. En cas de
secheresse post-florale, les vanetes a floraison precoce donncnt le meilleur rendement,
surtout parce qu'elles evitcnt, alors, le stress hydrique. L'effct du stress sur les compo­
santes du rendement depend de la phasc phenologique de la plante lorsque le stress
survient (!fatinger et al. 1987, Mahalakshrni el al. 1987). Dans le cas d'un stress pre-flo­
ral, ils ont montre quc le nombre eles epis augmcntc alors que le nombre de grains/epi
diminue. Le stress post-floral provoque unc perte du rcnderncnt en dirninuant en pre-
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mier lieu le nornbre des epis/plarue, el ensuite en diminuanl le poids de 1000 grains et
le nombre de grains/epi. Ces resultats sont atuibues au tallage asynchrone du mil qui
fait que les talles developpees les dernieres n'arrivenl pas a produire d'epis en cas de
stress post-floral (Bidinger et al. 1987). Lars d 'une secheresse post-flora le, les varieres a
flo raison precoce don nent les meilleurs rendements, surtout parce qu 'elles conscrvent
plus de grains/epi que cellesa floraison tardive. Les resultats de l'ICRISAT en lnde indi­
quent que dans des conditions de stress post-floral, les varieres a gros grains pourraient
avoir un avantage, car, alors, la correlation negative entre le nombre de grains/epi et la
taille des grains est moins importante (ICRISAT 1987).

L'arnelioration du mil en Afrique de l'ouest vise a rneure au point des varieres
ayant un potentiel de rendement eleve et stable dans des conditions de culture ame­
liorees (ICRISAT 1987). Une importance particuliere est accordee a la bonne levee eta
la survie des jeunes plantes, a la resistance aux secheresse pre- et post-florales, å la pre­
cocite, et å la resistance aux maladies et aux insectes. Les principales maladies en
Afrique de l'ouest sont le mildiou du mil (Sclerospora graminicolay, le charbon (Tylo­
sporium penicilliae) et l'ergot (Ctaviccps Jusiformis), et les principaux insectes nuisibles
sont le foreur des tiges (Coniesta ignefusalis) et la mineuse de l'epi (Heliocheilus albi­
punctella'; (ICRISAT Centre Sahellen 1986).

Le but de cette etude a ete d'examiner les possibilites ele trouver eles varieres nau­
velles qui ant un rendement plus eleve et stable que les varieres locales.

MATERIELS ET MLTI IODES

Les essais menes en 1987 ant echoue en raison du manque de pluies. Ce rapport ne
concerne ainsi que les essais menes en 1988. Les varieres testees sont des varieres selec­
tionnees en provenance de l'ICRISAT Centre Sahelien, et de SRCVO (Section de
Recherche sur les Cultures Vivrieres et Oleagineuses) a Bamako, et les varieres locales
l:-lombori et Tabi. La variete Hornbori sernble etre la variete locale la plus repandue
dans la zone. La variete Tabi provicnt de la 5crnl' region dans le pays «Dogen». L'une
des varieres selectionnees, ICM 11 88951, est un hybride.

Le dispositif experimentnl utilise a ete celui du bloc de Fischer a quatre repetitions.
La ou la taille du terrain le permeuait, l'on a essaye de dirninuer l'effet possible de la
parcelle voisine sur le rendement en semant 5 lignes (parcelle elementaire), et les trois
lignes du milieu (parcelle utile) ont fait l'objet des observations ainsi que de la recolte.
Les donnees experimentales sont consignees dans le tableau I.

Le semis s'est fait sur le flane des billons. Sur tous les siles, sauf celui de N'daki, les
semis furent realises de fa\on consecutive a une pluie. Environ 25 grains furent semes
dans chaque poquet et le demariage fut effectue a raison de trois plantes/poquets a pcu
pres deux semaines apres la levee. Deux sarclagcs a la houe furent effectues au cours de
la saison. A Gossi, les plantes ant connu une secheresse pendant presque tout le cycle
et, pour eviter que les plantes ne meurent de la secheresse, un apport de 6- 7 I
d'eau/poquet fut donne 6 fois pendant la saison.

Les observations au cours de la saison furent rclcvces pour chaquc parcelle afin de
pouvoir realiser des analyses statistiques. Les observations furent prises de la maniere
suivante, et les localites ou les observations furent prises sont indi4uees entre paren­
theses.
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Tableau I. Don nes expcr uncntalcs des essa is var ictuux du mil. I >irnl'nsiorrs en metre

Ti rnbujawen N'Dal-i (inssi Ehanguimcllarre

Date du sernis 111n ?n 10n 11n
Parcelle clcrnernnire 3,11x8, I -1,5x8, I J,hx/l) 4,5x8, I
l'arccl!e rrtilc 2,7x8, I 2,7x8, I 3,hxh,3 2,7x8, I
Ecar terneru entre poquci 0,'JxO,<J ll,<Jxll,<J 11,lJxO,'I O,lJxO,'I

-Ia levee: en cornptant tous les poquets dans lesquels il y avait des plantes (toutes les
loca I i tes).
-le nombre de jours jusqu'å 50 % de floraison: en cornpuuu tous les J ou 4 jours le
nombre de poquets ayant au moins un epi. Le chiffrc donne exprirne, a partir du semis,
le nornbre de jours necessaire pour que 50 % des poquets anivcnt a la floraison (toutes
les localites, sauf N'daki).
-la verse: en cornptant par parcelle les poquets ayant au rnoins une tige penchee
(Timbajawen).
-la resistance a b secheresse au moment du tallage: en cstimant a l'oeil nu les symp­
tornes de stress hydrique, comme le tleuissernent et la pelle de la turgidite dans le Ieuil­
lage (Ebanguimellane el Gossi).
-Ies auaques des oiseaux el la ster ilite dans l'epi: en estimant a vue d'oeil, sur 40 epis, le
pourcentagc de l'auaque et de la sterilite (toutes les localitcs, sauf Gossi).
-Ia longueur ele la tige jusque au cornmencement de l'epi: en mesuranl dans 20 poquets
la longueur de la tige principale (toutes les localites, sauf Ciossi).
-poids de 1000 grains: 200 grains furent peses (toutes les localites, sauf Gossi).
-nombre d'epis/plante: nombre d'epis recoltes par parcellc, divise par le nombre de
plantes par parcclle (toutes les localites).
-le nombre de grains/epi: calcule en se fondant sur le rendement en grains el les autres
composantes du rendement (toutes les localites).
-les recoltes en grains et en paille furent sechees au moins pendant I mois avant d'etre
pesees (toutes les localites).
-le pourcentage ele proteines a ete determine avec la methode ele «Near lnfrared Reflec­
tance» (NIR) (toutes les localites, sauf Gossi).

Les rendements en grains furen! corriges par le poucentage d'attaque des oiseaux sur les
epis. Lors des essa is, l0llle~ les varietes n 'etaienl pas represenlees sur tous les si tes. I ,es
analyses de variance furcnt cffectuees avec le programme de MSTAT, qui estime les
chiffres manquants, permellant ainsi de realiser des analyses de la variance pour
l'ensemhle des sites pour les varietes pour lesquelles il y avait des observations dans au
moins sur 2 des localites. I .'effct de la variete pour les differents parametres fut teste
contre l'interaction varietes(V)* localites(L). L'interaction V•·L fut testee contre l'erreur
qui fut calcule en effectu;1nt les addition des surn de carres qui ressortent des differents
essais divise par les degrces de liberte. La ppds (plus petite differencc significative) 5%
est donnee la OLI elle est trouvee significative. l.. 'abreviation n.s. signifie non significatif
au niveau de probabilite de 0,05.
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Sur chaque sire, la pluviorneuie fut relevec une fois par semaine a l'aide d'un pluvio­
metre. Pour diminuer la perte d'eau par evapotranspiration, un peu d'huile fut ajoutee
a chaque pluviometre.

Pour les analyses chirniques du sol, des echantillons de sol, chacun contenant 10
sub-echantillons, ont ete pris sur chaque site.

LA PEDO-CI.IMATOLOCilF DES SITl(S Dl:S ESSAIS

Les pluies pendant I'annec 1987 ont ete tres def'icitaires, ce qui a cause l'echec des essais
celle annee-lå. L'annee 1988 a connu une pluviorneuie bien plus favorable (tableau 2).
Les pluies out cornmence tardivernent en 1988, a partir du 1) juillet. Ces pluies ont
perrnit un bon etablissement des plantes lors des essais. Le site qui a enregistre la plus
faible pluviornetrie a ete celui de Gossi el, ici, s'ajoute une grave secheresse pendant le
mois de septernbre. A Ebanguimcllane, les cunditions hydriques ont ete favorables a
partir du 9 juillct, mais les precipitntions out ete taibles au mois de septernbre. N'daki et
Timbajawen ont enregistrc la rneilleure pluviorneuie, mais la repartition des pluies a
ete irreguliere a partir du 20 aout a N'd.ik i. ;\ Timhajawen, les pluies ont ete mieux
reparties, mais les plantes ont montre, malgre tout, des syrnptornes de stress hydrique.

Tablcau 2. Pl u viornct rie 0:11 J<JXX (111111)

--
Tirnhajawcn lbangui mc! lanc N 'Dak i ( iossi

- >20.h (I (I 12 lh
21. h-.l0.(1 () .l 4 (>

1.7-10.7 17 l'I It, 13
11.7-211.7 9 X 20 17
21.7 -Jl.7 .li 22 42 l'I
l.X-10.X 53 XI X5 28
I I.X-20.X 87 151 X-I 15
21.8-31.X IX X 4 .l
l.•J- I (l_l) 31 IJ 4 50
11.'J-O.lJ IJ 7 4 ()

2J.9-Jll.l) 22 lh l'I ()

1.lll-10. Ill () 4 () (I

Totale mm 281 Jl)(1 2lJ4 lt,7

I observat ion inccrruine

Dans les conditions saheliennes le phosphure est considere comme !'element nutritif qui
limite le plus les rendements (Fusse! et al. 11)87). Hationo et al. (1989) ont estime, dans
les conditions sahelicnncs, a 7,9 ppm sol sclon la rncthode de Bray I le niveau du phos­
phore dans le sol qui pcrrnet d'obtenir 90% du rendement maximal. Selon les analyses
du sol (tahlcau 3), la tencur en phosphore a etc trnuvee au-dessus de cc nivcau dans les
deux couchcs ;'1 ( iossi et dans la couche 40-60 crn ?1 N'daki. Cependant, !'analyse du sol
utilisee pour le phosphore dans celle etude a ete celle de lhay 2. l.orsque ccs deux
rnethodes furent cornparccs sur .10 differcnls snls au Nigeria, la quantite rnoyennc de
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phosphore extraite avec la methode de Bray I et Bray 2 fut rcspectivement de 22,4 pprn
et 27, I ppm (Enwezor 1977), et la correlation entre les deux methodes fut elevee
(r2 = 0,87). Cela montre que ces deux methodes sont proches l'une de l'autre. li en suit
que le besoin en phosphore sernble eue satisfait seulerncnt a Gossi. Le pl-I n'a probab­
lement pas limite les rendernents dans ces essais, car le pl I a ete trouve au-dessus de 5
sur tous les sites. Le mil supporte, aussi, bien le sol acide, et aucune reponse a un ap­
port de chaux na ete trouvee a l'ICRISAT Centre Sahellen (ICRISAT Centre Sahellen
1988). Dans les conditions sahelrennes, il n 'y a, normalement, pas de reponse ,'i l'apport
de potasse ( Bationo el al. 1989).

Les sols ou les essais furenl menes sunt eks sols bien sablonneux avec un pour­
centage de sable d'environ 90% (tablcau 1). Ceci esl un niveau de sable normal pour ce
type de sol au Sahel (Stroosnijder 1982, Spencer et Sivakumar 1987). La teneur en rna­
tiere organique a ele trouvee tres faible.

Tableau 3. Rcsu ltats des analyses de, ,ols dans la couche 0-20 cm (I) et dans la muehe 4(Hi(I rrn (2)

Ciossi Eha11g11irn. N'Daki Tirnhaj.
2 I 2 I 2 I 2

pll (KCI) 6,2 h,5 5,8 h,I 5,2 S.ll 5,h 5,7
% Car bone org, 0,01) 0,11 li, 12 0,111) 11,119 0,()7 0,1•1 O,li!J
% Azore 0,08 0, 14 11,12 0, 13 11,1-1 11,1(, 0,115 11,HI
C/N I I I I I 0 4 I
P ass.(Bray2)ppm 21,0 I8,J 3,tl 1,7 J,2 18,8 2,0 5,6
P total ppm 41 7h 111 7!J 118 121 73 I5h
CECmcq/ IOOg 2,11 1,7 0,5 1,3 11,h l,J 1,5 3,0
Ca cch, mcq/lOOg 1,41 l,h!J 11,7h I, 17 O,Xh 1,21 1,011 I,-'IJ
Mg cch, mcq/lOOg 0,11 11,14 11,0-1 11,118 0,115 li, 10 O,.l7 0,78
K cch, rncq/ IOOg 0,33 0,27 0,10 0,14 11,0X li, l(i 0,20 0.IX
Na cch, mcq/lOOg 0,00 0,33 0,118 0,03 1,11 0,8h 0,hO 0,111
Sat urnriun 'Jlo 113 100 Il XI 10(1 llKI I()() 100 Xh
Sahle % 89,3 88,0 92,5 110,2 1) I ,'I l)0,(J 81),5 Xh,.l
l,irnon % 2,3 1,7 1,7 1,8 1,5 1,1 J, I 2,6
Argile % 8,4 10,3 5,7 X,O h,ll 8,8 7,5 11,1

RESULTATS DES ESSAIS VARIETAlJX

La ou il y a une intcraction (V)*(L), les resultats sont presentes pour chaque localite.
La levee s'est revelee satisfaisante pour !'ensemble des sites (tableau 4). Cependant,

elle a ete trouvee legerement inferieure a N'Daki, par rapport a celles des autres sitcs.
Pour )'ensemble eles sites, aucune clifference entre les varietes en ce qui concerne la
levec ne s'est degagee, mais l'interaction Y''I. a ete significative.

Des differences import;1ntes quant au nnmhre de jours jusqu'a 50% de floraison
sont apparues, et ICMV 8790 I et GB 87.15 ont fleuri 11-12 jours plus tol que I lornbori
(tableau 5). I .a variete Tahi a etc la plus tardive. I .es resultats a N'Daki et a Eban­
guimellane indiquent que ICTP 820J et ICMI I 8895 I sont respectivement I et 1 jours
plus precoces que ICMV 87901. Comme seules ces deux varietes 0lll ete represenlees
sur une des loc;ilites ou les enregistrernents de la floraison ont ete relevees, la precocite
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Tableau 4. Pourcentage de Ievce dans les diffcrerues localucs
---
Timbajawen N'daki Gossi Ebanguimellane Moyenne 88

Homburi 82,8 88,l/ 98,2 117,4 91,9
Tabi 90,3 87,11 117,5 94,4 92,2
GB 8735 IJ8,I 8h,3 100,0 99,2 96,1
ICMV 87901 l/8,I 811,7 1)1),3 100,0 94,8
ITMV 8304 98,6 l).J,.J 100,0 1/IJ,3 98,1
IKMV 8201 lrnl,O IJ2,ll 99,3 97,7
HKP 117,2 97,.J 96,4 97,1
ICMH 881J5I 98,1 85,2 93,7
So X To 98,2 1/<J,J 100,0
ICTP 8203 IIXl,O
ICMV 88201 IJIJ,3

Moyenne 1)5,3 811,J 98,5 98,5 1/5,4
ppds 5 % 5,2 1/,4 n.s. n.s. n.s.
lrueraction V*L **

moyenne des varieres ICMI I 88951 el ICTP 820J u'est pas presernee dans un tableau.
Les varieres ICMV 87901, GB 87.15, ICMII 88951 et IC7'P 820J sont dans cette etude
considerees comme les varieres precoces.

L'evaluation de la resistance {1 la secheresse pre-flora!e, a vue d'oeil, a montre que
ICMH 88951, I--lombori et I IKP ont presente la meilleure resistance (tahleau 5).

En ce qui concerne la verse, les resultats de Timbajawen font apparaitre que les va­
rietes precoces ont eu une tendancc a la verse plus prononcee que les autres (tahleau 5).

Tableau 5. Diffcrerus parumct res concer nant les varieres. Rcsistance a la sccheresse (cchclle 0-5. 5.
meilleure rcsistance)

Rcsi- verse Jours % % % 1 lauteur
stance a % jusquå 50 auaque steril i te prute in m
la ser her- % de des de lcpi

esse flora i son oiseaux

Hombori 3,ll 7,X 5•) 11,8 4,0 I .J ,2 1,411
Tabi 3,.l 2,3 ll2 1,3 8,5 15,2 1,48
GB 8735 2,1/ 19,8 48 4,9 6,8 14,0 1,31
ICMV 871JOI 3,0 22,0 47 4, I 7,0 13,1 1,1-1
ITMV 8304 2,1/ 7,8 58 0,9 7,1 I5,l/ 1,()0
IKMV 8201 3,3 9,8 55 1,1 4,6 14,8 1,58
HKI' 3,5 6,0 58 0,1 6,1 11,,2 1,57
ICMII 88951 4,2 19,8 4,0 14,6 13,4 1,10
So X To 2,ll 58 1-1,8

Moycnnc 3,2 11,1/ Sil 2,2 7,3 I,1,il 1,40
ppds 5% 0,5 6,4 2 .1,5 11.S. O,X 0,15
Inter. V*L n.s. n.s . 11.S. n.s. n.s. n.s.
Nhr.de lue. 2 I .l J 3 J 3
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Les varieres precoces ont aussi ete plus touchees par l'attaque des oiseaux que les autres
varieres (tahleau 5). Cette auaque a ete la plus marquec a Timbajawen.

Aucune difference quant a la sterilite clans l'epi ne s'est degagee. mais on remarque
rnalgre tout que ICMH 88951 a montre UllC sterilue dans I'epi plus aigue que les autres
varleies (tahleau 5).

Le pourcentagc de proteines des grains a diff'ere cl'uue rnaniere significative selon
les varieres. HKP, ITMV 8104 et Tabi ont eu la teneur en proteines la plus elevee (tab­
leau 5).

Les varieres GB 87.15, ICMV 8790 I, ICMH 88951 et ICTP 8201 ont eu des tiges
beaucoup plus courtes que les autres varieres (tableau 5).

Aucune difference signif'icative concernant les rendements en grains n'est apparue
lorsque l'analyse a ete effectue pour l'ensernble des localites, mais la tendance des resul­
tats sernble indiquer que HKP, suivi par ICMV 87901 et GB 87.15, a dorme les meilleurs
rendements (tableau 6). Les rendements des varieres precoces ont ete faibles surtout a
N'daki, mais la merne tendance s'est manifcstee a Ebanguirnellane. I .es varieres les plus
tardives ont montre une stabilite superieure aux vanetes precoces, expliquant ainsi
l'interaction significative V*L.

Tableau o. Rendement en grains (ki;,'ha)

Ti rnbajaw1:n N'I >a~i Ciossi l'banguimcllanl' Muycnnc

llombori 8-12 521 (l{l() Ml hh3
Tabi hl5 5•1h -121 41,(J 512
GB 8735 I (l),1 3~h h7h 597 703
ICMV 87901 121() 17h 872 51,J 707
ITMV 8J04 87'1 5')-1 448 55() 1,1()
IKMV 8201 88J -172 (J(l8 h52
HKP l)l)8 ())3 595 721,
ICMH 88951 1175 185 1>34
So X To 5h~ 5J5 hOI
ICJ'P 8203 -18h
ICMV 88201 57<>

Moyenne ,175 -1.\(l hl.\ 55·1 647
ppds 5% 2h5 .1112 1')3 n.s. n.s.
ln1erac1ion V*L ***

Le rendement en paille a differe de maniere significative selon les varietes. Pour
!'ensemble des essais I-IKP, ITMV 8304 et 'L1hi se sont classees en tete dans ce cas, alors
que ICMH 88951, ICMV 87901 et GB 87.15 se sont averees peu productives (tableau 7).
L'interaction V'1'L peut etre attrihuee au fait quc les rcndcments en paille de ICMV
87901, GB 87.15 et ICM!-1 88951 ont ete particuliercment faibles a N'Daki.

Les varietes precoces se sont revelees avoir des indices de rendement bien plus ele­
ves, ainsi que plus stables, que les autres varietes (tablcau 8).

Les composantes du rendement du mil dans la culture trnditionnelle sont le nomhre
de poquets/ha, le nombre de plantes/poquet, le nombre d'epis/plc1nte, le nomhre de
grains/epi et le poicls unitaire des grains. Si la levec avait eu licu dans tous les poqucts, il



Varictes de mil en culiurc pluviale pour le Gournia au Mali 301

Tableau 7. Reridemeru en paille (kg/ha)

Timbajawen N'llaki Gossi Ehangu i mellanc Moyennc

Hombori 21N8 h-11 2045 1()29 11153
Tabi 3'JIJI '115 2081 1052 1'187
GB 8735 2178 41-1 15')8 914 127/J
ICMY 87'llll 1(,12 15') 1312 583 ')17
ITMV 83114 J4<)1) I 1113 2183 1383 2(MII
IKMV 8201 25h3 (183 1956 1548
1-11<.P 3738 1.\2.J 267'1 23')-1
ICMI-I 88951 14'12 1,17 701
So X To 1'135 1109 1648
ICTP8203 583
ICMV 88201 1258

Moycnnc 27.1.J h73 l•J74 989 157-1
ppds 5 % 4h2 -138 397 298 455
ln teract iun V*I. *:t,.*

Tableau 8. I .'indice de rendcrncru.
---

Timbajawcn N'l>a~i (jossi J-:hanguimcllaru: Muye n ne

I lombori l•J, (I .\/i,') 1'1,1 JJ,O 27,0
Tabi 12,0 31,.J 13,2 2h,O 20,(i
ull 8735 30,'I 3X,.J 2-1,X 35,-1 32,-1
ICMV 87'101 J(i,.J 45,-1 33,') 42,'J .l<J,7
ITMV 83114 17,5 Jll,X 1-1,7 25, I 22.11
IKMV 8201 21,8 35,7 21,8 27,7
I-IKP 18,2 28,0 15,h 21,8
ICM 11 88'151 J(,,8 -1-1,7 3'1,2
SoXTo l'l,I 28,h 25,4
IC'l'I' 8203 -111,0
ICMV 88201 28, I

Moycnnc 24, I Jli,4 211,J .12,4 28,4
ppds 5 % 5,3 4,h 4,7 4,') J,J
In reraction V*L *

y aurait eu 12.146 poquets/ha. La deuxieme composante fut fixee a trois plantes par
poquets lors du dernariage. Dans quelques cas, cependant, il est apparu rnoins de trois
plantes/poquei.

En ce qui concerne le nornbre d'epis/planle pour l'ensernble les localites, ICMV
87901, GB 87.15 et ICMH 88951 ont produit davantage d'epis que les autres varieres.
Cependant, ?i N'Dak i, elles ant produit moins depis/ptante que les autres varteles, la
raison pour laquelle l'mteraction V*L esl [orternent significative (tableau 9).

En ce qui concerne le nornhre de grains/epi, les varieres precoce out ete moins
productives que les au tres varieres (tablcau I 0).
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Tablcau </_ Nom bred 'cpis/plan te

'I'irnbnjawen N'l>:1~i (jossi Ehanguimcllane Moyenue

Hornbor i 2, 12 1,05 l,t,<1 1,07 1,51
Tabi 2,01 I, IS 1,54 0,95 l,--1h
GB 8735 2,21 1,03 l,l/I I, 13 I,M
ICMV 87LJOI 2,-15 0,7--1 1,9--1 I, 17 1,,,8
ITMV 8304 1,58 0,'15 I,2h 0,95 In,--
IKMV 8201 1,58 1,07 1,52 l,2lJ
11 k.l' I ,h7 11,'15 I,3h 1,23
ICMII 88'151 3, 15 11,92 2, l'i
So X To 1,3(1 11,'14 1,211
ICTP 8203 1,22
ICMV 88201 0,85

Moyennc 2,12 0,'18 1,57 1,04 1,511
ppds 5 % ll,32 n.s. 11,38 O,lh 11;1 I
lnteraction V*I. *-1-*

Tableau 111. Nomhre de grain✓cpi (catculce en u tifisau tdaut res cornposuntes du rc nderncru )

Timbajawen N'Daki Gossi Ehangu i mcllane Moycnne

Hombori 2445 111411 1733 244'1 1(,7(1
Tabi 17'14 I8'/ll I4hl 2202 1431
GB 8735 1767 111)2 10% 152(, 123(1
ICMV 87'101 1592 ')112 1331 134(1 1184
ITMV 8304 2227 2 IJJ 1392 245'1 I8h(l
IKMV 82111 2281 1457 1634 173 I
HKP 2485 2-110 187'1 217<)
ICMI I 881151 l)l/8 ,,.1(1 7•1h
So X To 1h55 177,1 1571
ICTI' 82113 8%
ICMV 8821ll 278()

Moyenne 111-1'1 15<>0 1523 l'UO 1531
ppds 5 % --1511 h7I 414 n.s. 334
lntcraction V*L 11.S.

Les varieres precoces ont produit les grains les plus gros, el pour ces varieres, le poids
des grains u'a pas varie beaucoup suivant la localite (tableau 11).

Pour mieux mettre en evidence les relations entre les differents pararnerres
influencant le cornportement de chaque variete, des analyses de regresston multiple
pour l'ensernble des siles furent effectuces. Aucunes correlatious significatives entre le
rendement en grains, d'un cote, et le ternps jusqu'å la Iloraison, la hauteur de la tige et
le rendement en paille, de l'autre cote, n'ont ete trouvees. Bien que la fonction de 211<1

degre entre le rendement en grains et la precocite ne soit pas significative, elle est
presentee ici (figure 2).
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Tableau 11. Poids de IOlll) grai ns (g)

Timbajawen N'Uaki Gossi Ebangu i mellanc Moienne

Hombori 5,3 7,8 h,2 ll,8 h,5
Tabi 5, I 7,8 5,2 h,4 6,1
GB 8735 8,4 lJ,5 8,7 9,4 <J,O
ICMV 871101 8,h 8,H '),2 9,h 9,1
ITMV 8304 h,H 8,4 6,9 6,5 7,2
IKMV 821ll (l,6 8,H 7,3 7,7
HKP h,7 7,lJ h,5 7, I
ICMII 881151 lil,J <J,9 IO,O
So X To (i,9 8,7 8,0
ICrP 82113 12,0
ICMV 88201 6,h

Moyenne 7,2 x.o 7, I 8,3 7,9
ppds 5 % 1,0 0,7 I) 0,9 0,()
lnteraction Y*L. ***
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Figurc 2. Rclatiun entre rerulement en grains el
nom bre de jours jusqu 'a la fluraison
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Joura Ju1qu·a 50 % de floralson

Une relation significative (*) pour l'ensemble des sites entre le nombre de jour jusqu'å
50 % de floraison et le rendernent en paille est apparue, montrant que le varieres les
plus tardives sont aussi celles qui ont les rendements en paille les plus eleves (figure 3).

Les vanetes precoces sont celles qui ont produit les grains les plus gros (**) (figure
4).

DISCUSSION

La discussion portera sur les resultats obtenus, et une attention particuliere sera
accordee au choix eles varieres dans celle zone fl faible pluviometrie.

L'evaluation ele la precocite dans les essais au Gourrna fut Iondee sur le nornbre de
jours jusqu 'å 50 % de floraison (tableau 5). Celle tacon n'esumer la precocite rend bien
cornpte du cycle cornplet ele chaque variete, car Lambert ( 198.1) a montre, en testant des
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vanetes a cycles tres contrastes, que le ternps entre la Iecondarion et la maturne etait
d'environ 25 jours pour tontes les varieres.

L'attaque des oiseaux a ete la plus importante sur les varieres precoces (tableau 5),
car quand ces varieres sont arr ivees a matur ite, le mil cultive dans les charnps aux
alentours des essais u'etait pas encore arrive a maturne.

Des differences quant a la resistance a la secheresse pre-Ikuale ont aussi ete consta­
tees, mais ces observations doivent uniquement etre considerees comme des indications
pour la resistance a la secheresse post-Iloralc. Une etude plus poussee serait necessaire
pour avoir des resultats plus Iiables.

Sivakumar et al. (1984) out trouve que le meilleur moment pour serner a llombori,
station rneteorologique situee a 25 km au sud du site de Timbajawen, est aux environs
du 7 juillet, en estirnant que la mcilleure date pour serner est le moment OLI la preci­
pitation rnoyenne depasse la moitie de I'evapouansplrauon potenticlle. La duree de la
periode pendant laquelle la precipitation est au-dessus de ce niveau a ete estimee a b9
jours a Homhori, et cette periode prend fin, ainsi, le 14 septcmbre. En utilisant le
nornbre de jours jusqu'a 50 % ele floraison (tableau 5) et le fait que la phase entre la
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f'econdation et la ruauuite dure environ 25 jours (Lambert 1983), il est possible de
determiner, qu'en semant le 7 juillet, la floraison aura lieu respectivement le 23 aout et
le 4 septemhre pour ICMV 87901 et Hombori. La rnaturite devrait arriver le 17
septernbre et le 29 septernbre pour ICMV 8790 I et Hornbori, respectivernent. Une
variete ayant un cycle au moins aussi long quc celui de I lombori, court alors un risque
de stress post-floral, alors que ce risque est moins important pour les varietes precoces.
Les possibilites pour un stress entre l'initiation florale et la floraison, en semant le 7
juillet, semblerait moins importantes qu'un stress post-floral, car le rnois d'aout est le
mais le mieux arrose. li est cependant a signaler que les cultivateurs ont l'habitude de
semer a partir du debut juin. Pour les vanetes precoces un semis realise t6t est a
deconseiller. car ces varieres arrivent a cornpleter leur cycle merne si elles ne sont pas
sernees tot et, en outre, elles telerent peu la secheresse pre-Ilorale (Bidinger et al. 1987).

Les vartetes precoces testees au Gourma sont aussi cellesa tiges courtes. L'avantage
lie aux varieres a tiges courtes est une efficacite superieure aux autres vanetes en ce qui
concerne l'utilisation de l'eau et eles elements rnineraux (Dancette 1983, Blonelel 1971).
li a, de merne, ete montre a l'ICRIS/\T, en introduisant eles isogenes ele nanisme dans
des varieres a tiges longues, que les nains ainsi obtenus ne sont pas plus vulnerables a la
secheresse que les varieres d'origine (ICRISAT 1988). Cependant, en ce qui conccrne le
rendement en grains, leur perf'orrnances sont Ull peu inf'erieures a celle des varieres a
tiges longues, et leur grains sont plus petits (ICRISAT 1988, ICRISAT-Mali 1988).

Quant aux rendements en grains, les rendements a Gossi ont ete relativement eleves
(tableau 6), compte tenu de la faible pluviometrie qui y a ete enregistree (tahleau 2).
Cela peut etre attribue a la fertilite du sol, et, en particulier, au niveau eleve du
phosphore (tableau 3). L'arrosage fourni ici, bien qu'insuffisant, a aussi contribue a
augmenter les rendements.

Les varietes les plus tardives ont presente un rendement en grains plus stable que
les varietes precoces. Les varietes precoces se sont revelees avoir Ull meillcur renclemcnt
en grains que les varietes tarclives f1 Gossi et a Timbajawen, et inversement a N'daki
(tableau 6). Ce resultat peut, en partie, etre explique par les conditions hydriques. Les
sympt6111es de secheresse 0111 ete les plus prononces pendant la periode post-florale a
Gossi eta Timbajawen. Le faible indicc de rendement el le faible poids de 1000 grains
chez les varietes tardives, a C,nssi et f1 Timbajawcn, indiquent aussi une secheresse a la
fin du cycle dans ccs localitcs. En etudiant la repartition eles pluies du mois de
septernbre (tableau 2), il ressort quc la pluviometrie, ce mois-la, a ete tres deficitaire,
surtout a Gossi, mais aussi a Ehanguirnellane et;"\ N'daki. La premiere partic du mois de
septembre a ete sec he a Timbajawen, bien que le tableau 3 n 'en fasse pas etat. Les
raisons pour lcsquelles les plantes onl connu un stress post-floral plus marque a
Tirnbajawen qu'a N'daki et a Ebanguimellane pourraienl etre le fait que le
developpernent vegetatif a ete beaucoup plus vigoureux a Timbajawen que dans les
autres localites (tableau 7), provoquant une transpiration plus importante (Chopart et
Nicou 1976). En outre, le tcrrain experimental a Ebanguimcllane etait situe proche
d'une mare, ce qui pourrait avoir influence les conditions hydriques. La fertilite ne peut
pas non plus expliquer les faibles resultats obtenus chez les varietes precoces a N'daki,
car la fertilite, et surtout le niveau du phosphore, ne se dclachent pas de fa<,:on negative
par rapport aux autres localites (tableau 3). Cependant, bien que les resultats de
)'analyse des sols ne fassent pas etat des faiblcs rendements a N'daki, on ne peut pas
completement ecarter l'hypothese que la fertilite du sol a influence les resultats, car il
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est tres difficile de prendre des echantillons representatifs du sul. On ne peut pas non
plus attribuer ces resultats aux attaques des insectes, car presque aucune sterilite dans
I'epi n'a ete observee. Des essais varietaux du sorgho et du mil au Burkina Faso dans
des champs de paysans ont aussi montre que le classement des varieres a differe selon
les localiies (Matlon 1985).

La liuerature concernant les varieres ctudiecs, ici, est faible. Les varieres ITMV 8104
et IKMV 8201 se sont revelees avoir un rcndernent moyen identique lorsqu'clle ont etc
testees dans 8 localites en afrique de louest en 1986 (ICRISAT Centre Sahellen 1988).
La variete HKP est une variete preconisee au Mali pour la zone de 100-800 mm de
precipitation. Elle est consideree comme une variete a rendement stable (SRCVO 1987).
Au Niger, ITMV 8104 a depasse le rendement en grain de HKP (Singh et al. 1986). En
lnde, la variete ICTP 8201, d'origine togolaise, est cultivee (Kumar et Rao 1987).
Cependant ICMV 87901 a depasse ICTP 8201 de 10 % pour le rendcment en grains
quand ces varieres ont ete tesiees sur 15 localites en lnde et au Pakistan (ICRISAT
1989).

En ce qui concerne le rendemeru en paille, le tableau 5 et le tableau 7 montrent
tous deux que les varieres tardives a longue tige se sont classees en tete. Les varieres
precoces ont produit un rendement en paille tres bas a N'daki, expliquant ainsi l'in­
teraction V*L. Les varieres tardives presentent un rendement en paille beaucoup plus
stable. Au Sahel, la paille est hautement appreciee, car elle est utilisee a des fins diver­
ses, comme le fourrage et la construction de clotures et de paillotes.

Une caracteristique importante du mil est son faible indice de rendernent, et les
essais realises ici, le confirrnent. Cependant, il est a souligner que les varieres precoces
ont pu maintenir, pour I'ensernble des localites, un bon indice de rendernent, allant
jusqu'a 49,8 % pour ICMV 87901 a N'daki. L.'indice de rendement eleve enregistre a
N'daki montre aussi que le rendement en paille a, ici, ete clavantage reduit que le rende­
ment en grains.

Les composantes du rendement 0111 cliffere selon que les varietes etait precoces ou
tardives. Les varietes precoces ont produit plus d'epis/plante (tableau 9), moins de
nombre de grains/epi (tableau 10) et eles grains plus gros que les varietes plus tardives
(tableau 11). A N'daki eta Ebanguimellane, ou les rendements eles varietes precoces ont
ete faibles, ce fut tout cl'abord k nomhrc cl'epis/plante, puis le nombre de. grains/cpi qui
ont ete reduits. Dans ccs localitcs, la baisse de ces composantes de rendement a, en par­
tie, ete compensee par unc legere hausse du poiJs unitaire des grains, pour les varietes
precoces. Le nombre d'epis/plante a ete plus stable pour les varietes tardives expliquant
ainsi l'interaction V*L ici. Pour les varieles Lardives, le poids unitaire eles grains a dimi­
nue dans les localites qui onl connu u11 stress post-floral, a savoir Gossi et Timbajawen.
Dans les cssais ;:iu Gour111a, l'cffct du stress sur les cornposantes du rendemcnt a ete peu
apparent, car lors de ccs cssais, les plantes ont connu un stress hydrique tout au long de
leur cyclc.

Les varietcs precoces pourraicllt Clre inlcressantcs pour le Gourma du fait de leur
periode de croissance de courte durec, mais elles sernblcnt presenter le defaut d'etrc peu
stahles en ce qui concerne le rcndcment en grains.
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