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Introduction 

Mixed cropping is n traditional practice in many parts of Africa, Asia and Latin Amer
ica; it is also attracting interest in some temperate regions with warm cli mates such as 
Australia and the United States (Ofori ~nd Slem. 1987). This may be due to some of the 
cSlablishcd and speculaled advantages of ifltercropping systems Ihat have Decome 
apparent over the years (PEAI(CE AND EDMONDSON. 1982; PETERSON. ]'194; SENARATNE, 
et (II .. 1995). The semi-arid tropics are characterized by a dry season of between six and 
nine months and by annual rainfa ll of 500·1000 mm (JAHNCKE, 1982). The growing 
seaSOfl is short and rai nfa ll varies considerably and unpredictably both within anJ 
between years, thereby hampering emergence and subsequent establishmeflt of crops. 
Both sorghum and pearl millet, as main crops, have been intercropped with legumes in 
allempts to impro\'e overall production and yield under such <oodilions (W.v.l. rl al .. t9'N; 
KJIIST ... RU. ... SOSAD ... RI ... . I99S) 

Preliminary investigations on priming of sorghum (AL-MuDARIS AND JUTZI. 1997,,) and 
pearl millet (AL·MuOMI.IS .v.'D JVTZI, 19971) seeds have shown gains in germ ination and 
early seedling growth under limited moisture conditions when compared to the groWlh 
of unprimcd controls. The practical value of priming ovcr a wide range of conditions 
including mixed cropping. therefore, needs 10 be explored since, undcr many condi
tions, bOlh crops are seldom planted alone but rather intercroppcd. This present study 
places emphasis 011 ascertaining whether priming with polyethylene glycol (PEG) 
affects stand establishment of sorghum and pearl millet inlercropped with French beans 
and whether the osmotic effects of PEG (KA"T"". el .. I •• 1996) can be further enhanced by 
a mixture of sai lS andlorgrowth regulators. 

Mohamad Abdul Kader (AI ·Mudaris). InSlitute for Crop Science. Kassel UnivenilY. Stein-
51rasse t9,37213Willenhuusen.Genllany 
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Materials and Methods 

2. 1 /ntercropping with French beans after PEG.priming 

Five priming treatments were applied to sorghum (So rghum bicolor L. Moench) IC5V 
745 and pearl millet (Pennisetum glal/cuII! L. R. Br.) ICMH 451 seeds obtained from 
the International Crops Research Institute for the Semi-Arid Tropics (ICRlSAT) in 
India. 1bese included PEG (molecular weight 10.000, Fluka Chemie AG, Germany) 
solutions of 100, 115, 130 and 145g11 yielding osmotic potentials of ·2.2, ·3.0, ·4.0 and 
-4.8 bar, respectively . A dry, untreated control was also included . Seeds were soaked in 
the priming solutions at 20°C in the dark for 3 days. After retrieval. seeds were washed 
3 times in distilled water and surface dried by exposure to an air flow at 25°C for 60 
min. French beans (Pluuto/lu vulgaris L.) var. "Blue Peter" of South African origin 
were obtained from the seed collection of the tropical greenhouse at the Facul\y of 
Agriculture, Witzenhausen, after storage at ambient conditions for 12 months. Experi
ments were conducted in agrecilhouse in 2.5 1 plastic pots filled with 2 kg of sieved 
sand. Ten sorghum or pear! millet seeds were either sown alone or in combination with 
5 bean seeds. Each pot was irrigated wi th 150 ml of water on the day of sowing and 
100 ml every 10 days thereafter. Temperature in the greenhouse ranged from 17 to 
20~C and RH from 70 to 75 %. POL~ were arranged on tables with supplementary irra
diation being suppliedby4 yellow halogen lamps hanging 130cmabove tablc level at 
an intensity ranging fro m 20 to 22 Klux for 12 hours a day. Treatments were replicated 
6 times and arranged in a randomized complete block design. Seeds were scored for 
plumule emergence at 24 hour intervals for 10 days and from this data the final germi
nation percenlage (FGP, %), mean germinalion time (MGT. QRoIARO. t977), and coeffi
cient of velocity of germination (eva. JONES AND SANO£~S . 1987) were calculated. Thirty 
days after sowing, shoDts were harvesled and dried in :In oven nt 80'C to a constant 
weight and, after cooling. their dry weights were recorded (DWS). Root weight analy
sis was not included because of inaccuracies in determining weights owing to sand 
residues. Analysis of variance was used 10 test for priming (dry control vs. 4 priming 
treatments), genotype (sorghum V5. pearl millel) and intercropping (intercropped vs. 
monocropped) effects as well as their interactions on arsin transformed germination 
percentages. Untransforrned data are shown in tables for simplicity 

2.2 E,!/ranUmt llt of PEG witll Growth Regulator and Salt Additives 

To simulale natural daily variations in temperature. re lati ve humidity and light, this 
experiment was conducted in a 18 m) walk-in phytotron with computer-aided envi
ronmental control (Heraeu~-Voctsch. Germany). PhotOsynthetically active radiation 
was provided by a set of metal halide and low pressure sodium lamps generating ap
proximately 33 klux at plant height. 

The course of temperature, rclath'e humidity and light activation during a 24 hour 
cycle are shown in Table I. The course was developed after consideration of ambient 
conditions in a typical situation in the field . Six priming treatments including a dry 
I:Ontrol (hereafter termed Til were tested. The base treatment was a 3-day soak in a 
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l30j PEG/I solution wilh a measured osmotic potential of -4.0 bar at 20°C (T2). Addj
.:as of salts or growth regulators to th is base treatment aimed at verifying whether the 
~c effect o f priming with PEG couJd be enhanced by growth regula
tasIconditioners or other osmotically act ive agents based on previous work (AL
laDARlS AND JUTZl , unpubliShed dala). Seeds of M35-1, ICSV 112 and Banner sor
p.om and millet varieties, respectively, were treated either as indicated above (T I and 
T:) Of in a PEG solution plus 200 mg/J of gibbcrrclic acid 3 (T}l, PEG + 7.5g1l urea 
tmilizcr (T.), PEG + JOgIl sucrose (T3), PEG + 10g/J NaCI ([6) or PEG + 25gIJ ascor-

acid (T f ). After treatment seeds were washed three times in distilled water, surface 
Jaed :lS in the previous experiment, and sown in batches of 20 in 0.25 I polythene pots. 
I::e.wnents were rep licated 4 times and arranged in a randomized complete block 
'*=sip. Pots contained 412g of unsieved sand and were irrigated with 50 m! of water 
_ IDe day of sowing. lbereafter. pots were scored for germination and weighed daily. 
" pol ..... ould be re-irrigated to its original weighl if it had lost 40g (i.e. 40 ml of the 
~Ied 50 ml ral ion) in weight. Genninalion counts up to' the 10'" day were used to 
CIikElte FGP. MGT and CVG. 

r-..r1;11Iecourseof temperal\ll"t ,relativehumidilyand lighlatliVBlioninlhephylOiron 
d!mng a24 hour cycle 

T=. Tempuature (0C) Rtlativt Humidity (%) Light (33KJUI) 

:.IJlI-OS.OO hours " 65 Absent 

I ~OOhours IS OS ACliv81ed 

I ~_»H.OO hours lS " AClivated 

.1m-19.00 hours 40 40 Activated 

I :lI.m-2I.OO hours lS " Activated 

=.tJl-n.oo hours lS " Absent 

Y; -eeks after sowing, Ihe rlfst of tWO serial harvests was undenaken. Shoots were _.!be crown area, their lengths measured (SL I.), dried in a forced-air oven at 80·C 
.. 3dlYs and weighed (DWS 1.). The second harvest took place a week later (2 1 days 
*::J .,.,.,g). Here plants were uprooted and separated into shoots and roots. Roo\S 
_~ in a 3-stage process to remove sand panicles, their length measured (Root 

RL:1) and dried. The .~allle was done to shoots (SL11 ). The dry weights of shoots 
.!lid roolS (DWRu) were taken and from them Ihe shoo\:Toot ratio (SRR) 

by dividing the DWSll by the DWR2t • The effects of single factors were 
_ w ir mutual interactions evaluated statistically . An analysis of vari ance was 
~ 0lIl on all dala after arsine transfonnation of the FGP. All dala were analyzed 

_ *: G:aeral Linear Model subroLlline of the SAS® package. Means comparison was 
~_1Ibe basis of Duncan's Mult iple Range Test U1the 5 % level of probahility. 
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Table 2: Interacti ve effects of PEG concentration. genotype: and intercropping on germination 
and growth charaCleristics ofsorghllm and pearl millet scedlings JO days aft errowing 

PEG (gil) Genotype Inter. FGP' MGT' CVG~ DWSs 
cropping I (%) (day) (mg) 

ICSV745 7J.3edc 4.8 be 20.6 bcdc 15.63 

M 80.0 cdc 6.0. 16.7c 17.1 a 

ICMH 45 1 70.0 cd 5.63b 18.8 cdc 5.1b 

M 76.6 cdc 5.1 he 18. 1 de 4.9b 

100 ICSV745 86.6bc 4Jcd 22.2abcd 13.7 a 

M 9 1.63b 4.Sde 22.5abcd 16.4 a 

ICMH 45 1 6J.3c 4.6 cd 22.2abcd 3.8 b 

73.3ede 4.Jed 22.0abcd 5.9b 

115 ICSV745 9 1.63b 3.9d 25.8 a 14.0a 

M 93.3ab 4 .Jed 23.1 abc 14.73 

ICMH 451 66.6dc 22.4abcd 4.5b 

M 78.3 cdc 4.Jed 23.4 abc 6.5b 

13. lCSV74S 9J.3 ab 4.4 cd 23.Jabc 16.63 

93.3ab 4.4 cd 23Jabc 14.S a 

IC~I H451 70.0 de 4.3 cd 22.6abcd 4 .7 b 

M 80.0 cdc 4.4 cd 22.7abcd 5Jb 

145 lCSV745 9 1.6ab J.8d 25.9. 14.6 a 

95.0a 4.2ed 23.6 abc 14.5 a 

ICM H 451 80.0 cd 3.8 d 21.hbcd ..\ .8 b 

80.0 cd 4.4 cd !5.Sab 6.6 b 

I[nlcrcropping trealments: 1 ,,[ntcrcropped wilh French Beans and M '" MOIlOCfOPPCd. :FGP ,. 
Final Germination Percentage. IMGT=Mean Germination Time. ·CVG .. Coefficient of 
Velocity of Germination. lOWS . Ory Weight of5hool. Ogll PEG: Dr). unuealcd ~eds. 
Means il\eolunms followed by similar letters arc not significantiyd(ffen:ntilttordmg to 
Duncan's Multiple Range Tesl (5 %). 

Resul ts and Discussion 

J./ ln/I!rUQPping witll French BeallS After PEG Priming 

As indicated by Table 2 the sorghum variety ICSV 745 responded better than !.he pearl 
millct hybrid ICMH 451 to priming treatments. in FGP terms. regardless of PEG con· 
central ion. Intercropping did no! significantly affect FGP in either genotype with all 
treatment combinDiiOlls. PEG concent rat ion nei ther had a significant efiec( on the FGP 
or inlercroppcd nor monocroppcd ICSV 745 and ICMH 451 seeds. 1be MGT of un· 
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primed ICSV 745 seeds did not di ffer from that of primed ones when the variety was 
intereropped wi th French beans. However. when planted alone primed seeds yielded 
lower MGTs (faster germination) than unprimed ones. Exactly the opposite occurred in 
ICMH 451 with a priming effect evident only in intereropped plants. Sorghum and 
millet seeds germinated better and fa ster. as renected by higher cva values. when 
primed and planted alone than when unprimed or primed and intereroppcd. As for 
seedling growth. nei ther priming treatment nor intercropping had any Significant ef
fects on the OWS (Table 2). The genotypes themselves did, however. differ in the 
OWS they atta ined. with rcsv 745 giving significandy higher OWS values than pearl 
millet ICMH 45 1 under all treatment combinations. 

The germination results in Table 2. as mentioned. show no Significant differences 
between untreated controls of both sorghum (ICSV 745) and pearl millet (ICMH 451) 
under both cropping systems. The viability of submitted seed samples from both lots. 
then. would be the same. This would mcan that the differential response to PEG
priming by sorghu m and pearl millet (Table 2) can be regarded as a true treatment 
effect and not a seed lot originated one. If the laner is true. different FGP' s of controls 
would have been observed. The FGP (around 70-80 %) in controls tends to be some
what low. The seeds were not exposed to severe stress of any kind. including waler 
shortage. during the first 10 days as the 150 ml irrigation ration on the day of sowing 
represented 5.32% of the soil moisture content on an oven dry basis and the 100 ml 
thereafter was equivalent to 3.7 1 %. In both cases this would have meant that there was 
enough moisture for germination at the 2 cm pot leve l where the seeds were sown and 
so an apparent reason for such low pereentages is not available. 

Priming with PEG did not significantly raise the FGP over controls, although. as PEG 
concentra tion increased so did the FOP. PEG is an inert material which has a number 
of important properties. Fir.;tly. it readi ly dissolves in water. Secondly, it is a true os
moticum. i.e. unlike the molecules of inorganic salts. for example. the very large mole
cules of PEG cannot pass into plant cells. Thirdly, it is chemically inert and therefore 
permits prolonged pre-treatment without harming the seeds (H EYDECKER tI al .. t9'14) . 
Additionally, the lower the molecular weight of the osmoticum, the more negative is 
the osmotic potential required to restrict water uptake by the seed (BROKLEHI.'RST ....... 1) 

DEARMAN. 1984). Due to this capacity to create a negative osmotic potentia! in the solu
tion without interfering with internal seed activities PEG has been classically used a.~ a 
pri ming agent (HEYDECK£II Al'o"l) GIIIBI:-lS. 1978). One of its direct effects is slowing down 
imbibition (KA:<OTAR. ~I "I., 1996) and reducing subsequent water uptake. The solubility of 
oxygcn in PEG is. howevcr. a problem and has been reponed elsewhere (NlfNOW AND 

BROIQ.EHURST. (987). Other negative propertics of PEG include increasing the viscosi ty of 
the solution (LAWLOR. 1970) thus reducing water uptake and oxygen supply even 
further. Our concelllTations ranged from 100 to 145g1l (10 to 14 .5 % wlv , respectively). 
This meant osmotic potentials ranging from -2.2 to -4.8 bar. Under priming standards 
where osmotic potentials as low as -2.5 MPa (·25 bar) have been reported (MUEU.F.R. 

1996). this is rather high (i.e. less negative 'i',). Primed seeds should have taken up a 
quantity of water during the treatment up to the osmotic potentia l of the priming solu-
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tion (-2.2, -3.0, -4.0 or -4.8 bar) and this would have satisfied at least part of the mini
mum amount of water required for gennination. It would also have meant, however, a 
lower seed suction force in comparison to the dry, untreated seed s which would have a 
much larger suction capacity to take up water from the surrounding medium (sand) . 
And, since, as mentioned, water d id not seem to be a limiting factor in the greenhouse 
trial , dry seeds may have compensated the amount of water taken up by primed seeds 
prior to sowing (during priming) by taking up more water after sowing (in the sand). 
Hence the insignificant differences in FGP which is a time independent gennination 
parameter (water uptake is, on the other hand, very much time dependent), meaning 
that at the end of our JO days germi nation scori ng period any differences in water 
uplake between primed and untreated seeds would have dimin ished. 

The insignificant differences between the four concentrations of PEG uscd may refle ct 
an insignificant physiological ro le of the -2.6 bar difference between the highest and 
lowest osmotic potentials of the PEO treatments (-2.2 and -4 .8 bar, respectively). In 
other words, the -2.2, -3.0, -4.0 and -4.8 bar were probably similar in their effects on 
the seed. The difference did show up. on the other hand. in time-dependent parameters 
like MOT and eyo. Primed, monocropped seeds genninated faster than unprimed 
ones. The eyO is a measure of both the FOP and the time needed 10 reach it. It lacks a 
unit but the higher the value, the more the seed lot genninated and the shorter time it 
took to do so. This means that owing to significantly highcr eyO values. primed seeds 
would reach a higher FOP as unprimed ones in a shorter time. The fact that intercrop
pi ng rcdueed the speed of gennination in sorghum and not in pearl millet may have 
something to do with both seed size and competi tion for water 

If planted alone (monocrupped), seeds (10 in all) would only need to overcome the 
m3lric resistance of the sub~trate 10 take up water. lntercropping, on the other hand, 
meant that sorghum or pearl millet seeds would have to compete with French bean 
seeds for water. We specu late tha t the high suction abili ty of the leguminous bean 
seeds meant that sorghum seeds would need a longer time 10 reachth ecritical hydra
lion level necessary for germination. This was not observed in pearl millet seeds, 
probably due to their smallcrsizc and, thus. the lower absolute water requirements they 
needed. A smaller seed size would also mean a larger surface area for water uptake 
(rclativeto sizc). 

The rise in FGP in response to priming was, to a significant extent, affected by geno
typc. Sorghum rcsponded better to priming than pearl milleteventh oughitwasavari
ety whereas millet was a hybrid. Hybrids usua lly respond to additional inputs in a 
much more pronounced manner than varieties or land races. This was not the ~ase in 
the PEO trea tments. This would tend iO favour sorghum over pearl millet in applying 
such treatments even though the latter is bctteradapled to harsh cnvironments where 
the potentials of seed priming should be better realized. Shoot growth as reflected by 
all three parameters was higher in sorghum than in pearl millet. This reflects the ge
netic difference between the species where sorghum is generally a larger and taller 
plant in comparison to thc more compact millet 
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Table 3: I nt~rJClive effecls of seed treatment and genotype on gennination characteristics of 
sorghum and pearl millet 

Treatment Genotype FGP(%) MGT (day) CVG 

M35- 1 63.7bc 5.5ab 17.6ef 

DryConlrol Barmer 70.0 abc 12f 3Q.6a 

ICSV 112 58.7bc 6. la 16.7f 

M35-1 77.5 abc 3.9cdcf 25.2abcd 

PEG Barmer 85.03 3.4ef 28.8ab 

ICSV1l2 72.5 abc 4.2OOef 23.4bcde 

PEG+GA) M35- 1 76.2 abc 3.8edcf 25Jabcd 

Barmer 75.0ab 3.2f 29.Jab 

ICSV 112 63.7 abe 3.9cdef 25.7 abcd 

M3S-1 68.7 abc S.O abc 20.4dd 

PEG + Urell Barmer 68.7 abc 3.gedcf 25.6abcd 

ICSV 112 SS.O c 4.7bcd 21.5dcf 

~US-I 78.7ab 4.2 cdcf 24.9abcd 

PEG + Sucrose Barmer 76.2 abc 3.5dd 28.4abcc 

ICSV 112 76.2 abc 4.1cdef 2S.5abcd 

M3S-1 57.She 5.0 abc 19.4def 

PEG + Nael Ba~r 75.0 abc 4.0cdcf 25.4abcd 

ICSV 112 6S.0bc 4.3bcdef 22.9bcdcf 

M3S· 1 70.0 abe 3.9cdef 23.4bcde 

PEG+A . Add Barmer 62.Sbc 4.6 bcde 22.0cdcf 

ICSVI12 6O.0bc 4 .7 bcd 20.8def 

Means in columns followed by similar leuers are not significantlydiff eren t aecordingto 
Dunean·s Multiple Range Test (S %). A. Acid: Ascorbic acid, FGP: Final Germination 
Percentage. MGT: Mean Gcnninaiioo Time and eVG: Coefficient of Velocity of 
Genninalion. 

3.1 En},allcemetlf of PEG witll Gro,,·tll Regulator and Sillt Addih·l·es 

The analysis of interactions showed that the FOP was not significantly affectt{j by 
priming treatment or genotype (Table 3). Pooled over the three genorypes. however, 
PEG (Tl ) and PEG + Sucrose (T,) gave significantly higher FOP values than the other 
four treatments and the dry control (Table 3). In both sorghum varieties M35- 1 and 
ICSV 112 untreated seeds needed significantly longer periods to germinate than those 
primed in anyone of the six solutions. No differences were observed between the 
priming solutions themselves in this regard. The germination speed of Barmer, the 
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pearl millet variety. was not affected by trcatmcnt. Thc longest overall MGT was found 
in dry. untreated seeds, whereas PEG + GAJ produced the lowest MGT and. thus, the 
fastest germinating seeds. 

Both sorghum varieties responded to priming by increasing the CVO over control 
seeds (Table 3). This held true for treatments other than PEG + NaCI where such a 
trend was not observed. PEG + GAJ and PEG + Sucro~e appeared to induce the highest 
increase in CVO values. All treatments considered. pearl millet had a higher FOP than 
ICSV 11 2 and a similar one to M35- 1. [t also gave lower MGT and higher CVG values 
than both. 

At 14 days of age, M35- l seedlings from Trtreated seeds (PEO + GAJ) gave the high
est shoot lcngth values (SL 1.) in comparison 10 othcrlreatments and varieties. Gener
ally. M35- l produced taller plants than both ICSV 11 2 and Barmer (Table 4) and this 
manifested itself in higher dry weights (DWS1.). again. wi th PEO + GAJ giving the 
highest values. PEG + OAJ and M35-1 maintained this higher level of shootlenglh up 
to 21 days (SL21) in comparison to other treatment combinations. Root length. meas
ured on the 21" day after sowing (RL; I), on the other hand, was similar for all treal
ments and genotypes. On a dry weight basis. M35-1 shoots were heavier than those of 
ICSV 112 and Barmer which, like treatments, did not differ amongst each other. The 
same applied to DWRll . except that the PEG + Ascorbic acid treatment yielded the 
highest dry root values (Table 4). The relationship between shool and root was affected 
by priming treatment. The SRR was highest ill PEG + GAJ and lowest in PEG + 
Ascorbic acid. 

lllC resu l!s of the phytotron trial prol'idefurtherevidenceofadvancementofgermina
tion speed by priming even though a clear-C UI increase in final gennination percentage 
was not observed confirming earlier reports (H£YDECKER ~I al .. 1974: YO~GQuING ~I"I .. t9%) 
In contrast to the intercropping trial conducted under unlimited conditions in the 
greenhouse. the phytotron tests included portial rnoistureand temperature stress. All 
the same, PEG lreatmenls did improve the quality of germination under these condi
tions. This would tend to imply that the treatments used arc relativcly mbust in the 
sense that they affected germination in both unslressed and stressed cases 

Generally. Ihe data suggests that the osmotic effectofa priming ag ent seems to be of 
major importance in manipulating the seed water status. However. an addition of the 
growth regultltor gibberellic acid (GA,) further enhanced this effect Kuhad e/ ill 
(t987), working with pearl millet, also observed an enhancement of germination and 
radicle growlh in 10 ppm GArtreated seeds. Gibberellic acid controls a wide rangc of 
physiological functions in plants including those associated with the aleurone layer 
(BUSH . 1996) which direclly affects germination. In a recent comparison between PEG 
priming and GAl treatment, YONG QING e/ ill. (1996) observed that PEG priming did 
not promote DNA replication whereas GA, did, thus enhancing the germination proc
ess. On the other hand, reports of PEG (20% wtv) alone enhancing the gennination of 
sorghum are also found in the literature (HUR. t990and t991) . The use of inorganic salts 
as osmotica has been documented (PILLe/ill .. 199t), bUI a major setback has been the 
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penetration of ions into the seed. This disturbs the osmotic balance of the cells and 
increases ionic concentra tion disrupting enzymes and membranes leading 10 reduced 
germinalion (RROCKLElIURSTANDDEARMAN. 19S4). This may have been the case in the PEG 

+ NaCllIeaunent which did not y ield sa tisfactory results . Cation uptake has been ob
served to increase in pearl millet seed.>; which are salt-soaked (PUNTAI>tIV.R tl al .. 1987). 

Tabl~ 4: Interactive effects of seed tn:atment and genotype on growth characteristics of sorghum 
and pearl millet 

T reat- Geno- SLu DWSu SL11 RLll DWS21 DWRlL SRR 
ment type <m m ) <m « m (ml!) (ml!) 

Dry M35·1 10.7b 23.0" I 1.9 abcd 16.l a 26.9 abed 29.5bede 0.89 abed 
Con- ,-, 6.Sdefg 7.5dlo IO.Sed<: 17.l a IS.8ed IS.4dc !.lab 
Irul ICSV I t2 5.0fg S.Ode tl.l bcde 17.5 a IS.Bbed 22.7bcde O.7a1x:d 

PEG M35- 1 to.S b 22.11 IBabe 199a 3Hab 31.-1 "'de 1.0:11> ,- 6.1dcfg 6.3e 7.8de 17.4 a 9.4<1 11.8to:lc: O.la1x:d 
rcsv 112 6.7dere 11.8ed IO.4cde IS.2a 19.9 bed 2I.Jedc O.9a1x:d 

PEG+ M35-1 Il .Oa 25.Da IS.63. 20.Sa JS.lab 46.6 :ib l.l:ib 
GA, ,-, 7.4def 1.0e I 1.6 bed 21.71 22.0abcd 16.3 de 1.2 a 

rCSV1I2 7.0lkf, 10.3cde 10.lede: 14.21 173 cd 25.2bcde 0.8:1brd 

PEG + !>US·1 6.3ddg 1l.9bc IUab 16.3 a 31.7 a 46.6ab 0.8abc:d 
Urea ,-, 6.5dd, 7.7 de: 10.7ed<: 20.2 a 14. l d 16.3<le 0.8abc:d 

rcsv 112 7.8 coo 9.5 de tUe'" 17.1 a 21 .Sabed 2~ . 2 bede 0.9 abc 

PEG + 1>1 35· 1 9.9 be 2l.Ja 13.2 abc 20,2 a 32.0 abc 42,2 abc 0.7obed 
Su- ,-, 7. lde(g 8.9 de S.7de 21,Oa ILld IO,9c O.9~ 

<ro~ ICSVII2 S.7 efJl 11.0cde 9. l dc 17.9 a IUed 21.6tdc O.73bcd 

PEG + M3~ · t 1.0ede t6.3b Il.J~ 17.9 a 32-JIObc 33.5bcdc 0.9 abc 
NaCI "-, 6.2do:f, 7.7 <.Ie S.7do: 18.5 a 12.2 d IS.6dc 0.8abc:d 

ICSV 112 s.or, 8.9dc 1O.lede 20.1 a 16.8 cd 25.2bcdc 0.7bcd 

PEG + 1.135·1 g,7 b<d 22.4 a I 1.8 abcd 18.3 a 37,4 a ~R.6a 0.8 abed 
A. Acid ,-, 5,4d 7.2 de 7,Oe 19.4 a 9.S d 21.9b<dt: 04d 

ICSV 112 4.S8 7.1 de 9.3edc 16.6. 19.0 bed 37.8 abed O,Sed 

Means in oolumns followed by similar leuers are nOl signifieantlydiff ercnlaccOfdingto 
Duncan's Multiple Ranget Test (5 %). A. Acid: Ascorbic acid. SL1,: Shoot Lenglh at 14 
daysofJ gc, DWS 1,: Dry Weight of Shoo I al 14 days of age, SL,,: ShOOI Len glhal2l 
days of age, RL: 1: Root Length al 21 days of age, DWSl 1: Dry Weight of Shoot at 2 1 days 
of age, DWR~l: Dry Weight of Root at 21 days of age. and SRR: Shoot to Root Ratio. 
M35-1 and [CSV 112 are !;Orghum. and Barmer is 8 pearl milkt variety{ies). rcspecth'dy. 

Growth, which can be defined as an increase in d ry weight , le ngth o r area , was affected 

by seed treatmenl. at least as much us the shoot was concerned. This agrecs with other 
reports l ike that of KANG AND CHQ (1996) where primed water melon seeds produced 

plants with grealer fresh and dry weights. It is hypothesizcd that the advancement in 
shOOt growth was attained through earlier radicle emergence from primed seeds (Table 

3). However. th is may not aceounl for a ll the difference in growth because the decrease 
in MGT caused by priming did nOI exeeed 2 days 31the most a nd so th is gain in growth 
could be possibly ascribed 10 another effect o f priming. Priming did nOl affect roOt 
growth o n the other hand. and although this agrees with the da ta of BECKMAN eI al. 
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(1993) it is not clear why. Generally, from the SRR values it would seem that GAl 
caused greater shoot growth at the expense of roo IS, whereasascorhic acid did exactly 
the opposite through its induction of root growth. A certain relationship between shoots 
and roots, then, may have govemed this response. 

On a genotypic basis, pearl millet responded less to priming than sorghum, but pooled 
over treaunents it had a higher FGP and eVG, and lower MGT values , However, in 
growth terms it grew e ither less or simi larly to ICSV 112, the slower growing of the 
two sorghum varieties, thus confirmin g resuhs of the firs t experiment. 

In conclusion, it would seem that seed priming of sorghum or pearl millet may yield 
satisfactory resull~ as far as the enhancement of germination speed is concerned, This 
advancement appears to be better illustrated when a monocropping system is used in 
comparison to intereropping. 

Summary 

In order to study the performance of primed sorghum and millet seeds under inter
cropped or monocropped planting systems, and to investigate the possibilities of en
hancing the osmotic effects of polyethylene glycol (PEG) with salt or growth regulator 
additives, two experiments were conducted in the greenhouse and phytotron. Inter
cropping primed seeds with Phaseolus vulgaris L. did not affect germination percent
age but reduced germination speed as compared to primed, monocropped seeds. This 
was ascribed to effects of competition for water and to seed size. Neither priming 
treatment nor cropping system affected 5eedling growth in the genotypes studied. 
Priming treatments with PEG and other additives increased the speed of germination. 
The PEG and PEG + Sucrose trealments yielded the highest germination percentages. 
and PEG + GAl the highest germination speed. Mixing PEG with Nael or ascorbic 
acidyielded lowergerminationpercentagesand longergemlination periods. 

Auflauf- und Wachstumseigenschaften von Sorghum und Perlhirse im 
Mischanbau mit Ackerbohnen nach PEG-untcrstiitzlen Saatgut
Vorbehandlungen (Priming) unter Gewachshaus- und Klimakammer
Bedingungen 

Zusammenrassung 

Urn die Leistung von vorbehandeltem (primed) Sorghum- und Pcrlhirse- Saatgut unler 
Rein-und Mischkultur-Anbausystcmcn Zll prtifen. wurden zwei Versuchc im Gewachs
haus und in der KJimakammer durchgefiihrt. Die Forderung der PEG-Effekte in der 
Saalgul-Vorbchandlung durch Kochsalz und Phytohormone wurdc ebcnfalls unter
sucht. Der gemischte Anbau von behandeltem Sorghum und Perlhirse-Saatgut mit 
PhaJl'olllS vulgaris L. halte keine Wirkung auf die endgUltige Keimratc. rcduzicrte aber 
die Keimrate im Vergleich zu behandeltem. einzel-angebautem Saatgul. Es wird ver
mUlct. daB die Konkurrcnz urn Wasser und die SamcngroBe dabei cine Rolle spicltcn 
Saatgut-Vorbehandillngen mit PEG und zusiltz lichen Substanzen fllht1en Zll einer Zu-
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rlahme der Keimrate. Die PEG- und PEG + Sacharose.Behandlungerl a igten die hOch
ste Keimrate, und PEG + GA3 zeigle d ie htichste KeirngeschwirKligkeil. Das Mischerl 
von PEG mit NaCl oder Ascorbinsiiure ergab niedrigere Keimralen und liingere Keirn
dauer. 
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