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EFFECT OF SQME SEED HARDENIMG TREATMENTS Lionrle
ON CHEMICAL COMPOSITION OF SUDAN GRASS

GROWN UNDER SALINE CONDITIONS

Safaa H. Ismaeii, Om Mohamed A. Khafaji,
E.T.Kishk' and Samya M. Schsah
Fac. of Sci., Al-Azhar Univ. (Girls) and 'Desart Res. Center.
SUMMARY
The effect of some seed hardaning treatments on chamical

compogition of sudan grass (Sorghum vulgara var. sudanense) was

investigated in two pot experimants under saline conditions.,
Salinity induced a progressive increase in total carbohydirates
and preline, Howsver, protein content decreassd with increasing
salinity level during the twp cuts, The application of differant
pre-sowing treatments causad an enhansive effect on total
carbohydratés and protein content according to the appiied saiinity
lavel as well as the period of grawth., The amount of proline
diminished greatly by using most of the applied pre-spwing
Lreatmants throughout the twe cuts under diffarent salinity lavels,
The increase of salirity has a deprassive effect on
chlorophyll a & b during the 2nd cut. and the reverse was true at
the 3rd cut. 0On contrast, carctena content shawed a prograssive
increase with increasing salinity level throughout the two cuts, On
the other hand, the mpplication of pre-treatmants was effectiva for
correcting the adverse effect of salinity o©on photosynthetic

pigments,
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Genarally, salinity induced a pronounced increase in both Na'
and C1” as well as ash contents while, it decreased Ca', Mg" and ¥
contents in sarghum shoots. The application of diffarent pre-sowing
treatments eliminated the depressive effect of salinity and
corrected to great extent ions absorption. However, the applied
seed treatments differed greatly among their effectiveness on ion

uptake and accumulation.
INTRODUCTION

In previous investigation, the same authars {in press) studied
the effect of some hardening treatments i.e irradiation, scaking in
water, succinic acid, CCC, Caclz and ZnSgq; beside untreated dry
seeds on germination, growth and yield of sudan grass grown under
saline econditions. They recorded that salinity induced a
significant decreasa in both germinatijon rate and percentage,
Growth of sorghum plants, as being indicated from the valuass of
fresh and dry weight of shoots, shoot height, leaf area, number of
leaves and number of tillars have been adversely affected by
salinity. Dry-and wel-seed irradiation, ZnSo; and CCC were the most
ef fective treatments for counteracting the adverse effect of
salinity on plant growth, Such pre-treatments induced a marked
increase in all growth characters except CCC which depressed shoot

height comparing with the control (water scaking}.
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- Considering yield, salinity" at any of the applied 1leval

dacreased forage yield (green and dry matter). Tha application of

most of pra-sowing treatments can eliminate the advarse effect of

salinity on yield. The effect of sead hardening treatments on

chemical composition that has besn disturbad under saline

conditions has been pointed out in soma plant species (Khafagi et

al. 1984 & 1986, Kishk 1984, Ozoris at al.
1991),

1884 and E1-Agamy et al,

The aim of the present study was to evaluate the effect of

Scme pre-sowing hardening treatments on chemical compasition of

sudan grass grown under different salinity levels,

MATERIALS AND METHODS

Two pot éxperiments wvers carried out under a fenced area at

thes Faculty of Science (Girls), AlL~Azhar University, Cairo, to

investigate the effect of Some pre-sowing treatments on chemical

composition of sudan grass (Sorghum vylaare var. sudanensc) at

three levels of salinity 2000, 4000 and 6000 ppm mixtures of NaCl

and CaCl, (2:), W/W) in addition to the control. The first was

performed in 1988/1989 and the second was in 1989/1990 growing

seasons.

The studied pre-sowing treatments wers :

1- Untreated dry seeds (control for irradiated dry seeds and

water soaking treatments)

Exposure of dry seads to gamma rays irradiation (3000 rad).

-340-



“

Women's Coll. Ann. Rev.
vaol 17 (1992).

3~ ’Soaking itn distiiled water {controi for wet-seed irradiation
and different soaking treatments).

4~ Expdsﬁre of soaked seeds Lo gamma rays irradiation (300¢ rad),

5= ﬁéoaking seeds in 0.09% succinic acid solution. s

6; Sgaking seeds in 2000 ppm CCC (Cycocel) solution.

7- Soaking seeds 0.25% calcium ch}oride solution.

a- Soaking seeds in 100 ppm Zinc sulphate solution.

A1l seed soaking treatments were performed for 4 hours and
subsequently dried before pianting. Gamma-ray irradiation was
performed in the National Center of Radiation Research eand
Technology, Nasr City, Caira, Egypt at 3000 rad level using Co'8:

source. In all treatments, seeds were cultivated after 24 hours
from seed hardening treatment.

A1l seeds soaked or unsoaked, were planted in pots (30X25cm)
filled with 13.5 Kg HC1 treated sand. The experiment .was
represented by 256 pots, statistically arranged in randomized
complete block design. The pots were irrigated with tap water for
10 days From planting and after complete germination, plants were
thinned to ten plants/pot. Then irrigation with Hoaglénd solution
{Hoagland & Arnon, 1950) was applied in both seasons until the
establishment of seedling emergence. Each treatment was irrigated
with a particular salinity level, including the control (tap
water), 2000, 4000 and 6000 ppm till the end of the experiment,

Four cuts were taken throughout the growth period while,
chemical analysis of sorghum shoots was carried out on tha second

and third cuts, 105, 135 days from sowing respectively durlng tha
lasgt growth season ( 1989 ) .
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carctencids) were detarmined $n fresh
using the method described by Yernon and Selly (1966).

detarmined in fresh material according to Bates ot a1,

powder,

1=

Tha Photosynthetic pigmants (chlorophy11 "a", "b" and

leaves of €ach treatment

Proline was

{1973).
Shoot samples were dried in an oven at 70°c and ground to fina

The following chemical analysis wera conducted :

Total carbohydrates were extracted according to Smith et ai.

(1964) and estimated colorimetrically by Phenol-sulphuric acid

method as described by Dubeois et al. {(195¢).

Total nitrogen content was determined by using the modifjed

micro-Xjeldahl method adopted by Paech and Tracay (1958)}. The

nitrogen content was multiplied by 5.7 to obtain the total

protein content,

Total ash content was determinaed following A.0.A.C.{1360)

methodology, The chloride content was determined by titration

with silver nitrate after ashing the ptant materiat.

After digestion of dry samples by using the wat-ashing

procedure of Johson and Ulrich(1959), sodium and potassium

were photomatrica?]y determined. Calcium and magnesium ware

determined using Atomic Spectrophotometer “Pya Unicum SP1300",
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RESULTS AND DISCUSSION

1- Motebolic Aspects:
1-1 Total carbohvdrate contents,

The results in tables (1&2) itlustrate that a marked increase
in carbohydrate content was observed with the progress of plant
growth and development for both galinized and non-salinized plants.
Atsq, incraasing salinity stress jnduced a considerabla increase in
total qarbohydrate content 1in sorghum shoots. from previous
investigation (Ismaeil et al. in press) data revealad that there
WaS a marked decrease in shoot dry weight by increasing salinity
leve) throughout the growth period. This result may be due to ths
their rapied rate of accumulation of carbohydrates c<han its
utilizatien for the formation of new ¢ells and tigsues
(Strogonov, 1982}. These resuits are in aéreement with f;hose
obtained by Ebad et al. (1932). .

Concerning the pre-sowing treatments wunder non-saline
cornditions data show that the different applied treatments induced
an enhansive effect on carbohydrate accumulation as compared with
the corresponding controls for the two cuts. Zinc sulphate and
CaCl, pre-treatments were rather Superlative for the two cuts.

Under saline con&itions, the application of most pre-sowing
treatments tended to increase total carbohydrate content. This is

more obvious at the 2nd cut than at the 3rd cut,
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1-2 Protein contant ) s

Tables (14&2) sﬁqw that there was a noticeable increase ip the
crude protein taontent with ége for ;either‘ salini}qd and non-
salinized plants. Increasing salinity levels in irrjigated solution
caused a marked reduction in protein Content throughoyt tha two
cuts. The depressive sffect of salinity Qn_protein conten@ has been
noted by Khafagi et al. (1386) and Ebad et al. (1992) on different
plant species. The depression in prote}n caontent un&er salime
conditions could be attributed to the reduction of RNA and DNA
requirad for protein synthesis and increasdd their degradation by
affecting hydrolyzing enzymes (Garg and Gafg,19§0 and Ebad at al.,
1982). '

Most of the pre-sowing treatments revealed more or lass
similar effact on protein content as compared with the
corresponding controls under non-saline conditions,

The interaction effects between differant salinity levels and
pra-sowing treatment showed that succinic &acid and wet-sesd
irradiation treatments induced a stimulative effect on protein
accumulation during the 2nd cut wunder Jew salinity Jevel
(2000ppm.). On the other hand, under moderate salinity leve)
{4000ppm.), CCC and wet-seed irradiation showed a marked increase
in protein accumulation at the 2.ad cut for the former pre-treatment
and at the 3rd cut for the latter compared with the control.
Moreover, under highest salinity leval, CCC was the most effective

treatment for improving protein accumulation at the 2nd cut.
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Similar effect was observed by using dry-seed irradiatign and water
soaking treatments under high salinity Tava]l (6000ppm. ). Tha
stimuiative offect of some pPre-sowing treatment on protein
accumulation under saline condition was alsa confirmed by El-Agamy
et al. (1991). The gnhancing effects of CCC have baen recarded by
Salim (1984) and Khafagi et al. (1984 ¢ 1986). Uprety and Sarin
{(1975) reported that application of growth regulators caused salt

tolerance by supporting protein synthesis and prevanting its

hydrolysis.

1~3 Prolinn caontent:

Data presented in table {1 & 2) raveal that proline content in
sorghum Jeaves exhibited a progressive increase with the
advancement of plant growth for either salinized and non-salinized
plants. Additionally, proline contant shawed a progressive increase
with increasing salinity lavels in the soi] media throughout the
two cuts. These resulks agree with some investigatars (Storey and
Wyn Jones 1978 and Salim. 1984). Handa et al. {1985) suggested that
proline accumulation was an adaptive response to stress conditions
and added that proline at high levels acts as cytoplasmic osmotie
solute, =

Under non saline ceonditions, dry-seed irradiaticn and watsr
scaking treatments induced a depressive affect on proline conrtent
in leaves as compared with the control {dry seeds) at the 2nd cut,

However, at the 3rd cut all the diffarent pre-sowing treatments
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caused an inhibitive effect on prolina accumuiation as compared

with the corresponding controls, .

The interaction between  different salinity 1eve1s ands pre-
sowing treatments revealed éhét dry-seed 1rradiatipn, cacCl, a; well
as water soaking treatmenta diminished graatlx the amount of
proline in leaves during thé two cuts wunder di%Ferant salinity
levels, Moreover, ZnSo; induced such effect under moderate and high

salinity levals throughout the two cuts.

1-4 Photosynthetic pigment content:

The results in tables (1 & 2) show that thare was a markad
decresase in chlorophylls a & b with ags for either salinized and
non-salinized plants. In addition, salinity caused a progressive
reduction in chlerophylls a & b at the 2nd cut. Wherese, at the 3rd
cut a pronounced increase was obssrved under low and moderata
salinity levels, while the reverse was trua under high salinity
Teval. On the other hand, carotene c¢onkent showed a progressive
increase with increasing salinity leval during the two cuts. The
increase in carcotene content was considered as an adaptive response
for the continuity of metabolic activities, particularly at the
high levels of spil salinity {(Adel-Rahman and Abdel Hadi, 1984}.
The reduction in chloraphyll contents by salinity is dus to the
decrease in absorption of magnesium needs for chlorophyil synthesis
and to the destruction of chlorophyll "a" which. restricted the

photosynthetic rate {Poljakoff Mayber and Gale, 1975).
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The obtgjnad data_indica;a that under non-saiine cenditions,
water soaking treatmsnt showed a pronounced increase in chlorophyll
a8 and carotene contents during the two cuts as well as in
chlorophyll b at the ard cut. In addition, dry-seed irradiation
showed a marked increase in photosynthetic pigments at the ard cut,
CCC and CaCl, pre-treatment induced a stimulative offect on
chlorophylls a & b at the 2nd cut only.

The interaction between soil salinity and pre-sowing
treatments illustrated that dry-seed irradiation induced a
pronounced stimulative effect on photosynthatie pigments throughout
the 2 rcuts under the highest salinity level while, wet-seed
irradiation caused such effect under different salinity levale at
the 2nd cut only. In addition, ccc, Cac1z and Zn§o; induced such
effoct throughout the two rcuts under high salinity 1level

(6000ppm, ).

2=  Ash and mineral contents:

Results in tables {1 & 2) show that Na' and ash contents
exhibited a pronounced increase with the progress of age ang
development in both salinized and non-salinized plants while, ca't
show the same effect for non-salinized plants. The reverse was true
for K', Mg" and €1 contents. Generally, the increase in salinity
level in the soil was coupled with the increase in total ash, C1°

4

and Ne' contents as well as decrease in Mg, ca' and X' contents

throughout the two cuts. In this regard, Kaddah (1952) indicated
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that the increasing content of ona or more cations in the #mlant

Lissues to scme extent compensated by a decrease in the contenﬁyof

o . 4

other cations. ' i -

.

p ) ] -
Regardless salipity levels, some ©f the applied pre-scwfhg‘

treatments increased tife accuaqlation of k', ca™, Mg' as weil 39?
ash content, while Na' and ¢1 we}e qép}essed. Sucﬁ offect vafgéd
according to the period of growth. In this concern, InSo, treatment
caused an enhansive effect on K', Ca", Mg™" as well as ash content
and induced a reduction in Na' accumulation at the 2nd cut. On the
othar hand, such treatment exhjbji%d;é'stimulative effect on K,
ce’ and Mg contents at the 3rd é&i. Also, CaCl, treatment provad
to be the most effective. treatment for accumulation of K', and ca'
at the 3rd cut.

The application of different pre-sowing treatments could
eliminate the adverse effoct of salinity and correct to great
extent iogns uptake in sorghum shoots. However, the application of
different pre-sowing treatments differed greatly among their
effectiveness on ion uptake and accumulation. Similar conclusion
was obtained by Khafagi et al. (1584 & 1986), KishK (1984), Ozoris
et al. (1984) and El-Agamy et al. {1991}. Similarly, Ali and
Robishy (1983) indicated that plant mineral content was disturbed
under saline conditions, whareas gamma rays tended to correct such

effect by enhancing the absorption of divalent cations and

decreasing that of monovalent.
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Frum the ahove resuits, it is obvious that potassium 55 tﬁé
major cation in sorghum because sorghum is a sodium sxcludaer, while
sodium was the major cation in roots except at low sedium/potassium
ratios in culture media (Weimberg et al., 1984). This result may ba
due to that plants cope to some dogrees with the excess of Na by
excluding its uptake or secreting it into vecuoles (Rains, 1972),
The data also confirm the idea that the application of CCC induces
salt-to!arance_ by supporting the synthesis of protein ang
preventing its hydrelysis (Starck and KarvowosKa, 1978) as weij) as

by restoring the minera) balance in plant tissuss,
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r Tgbla 1: £ffect of different seed hardsning pre-sowing treatments on total carbohydrate.
crude prot%jn, proline and pigmants contents of sorghum plant grown under
different salinity lavels at second cut. -

—_—— . -

——— T — " A gt

= @
2310ty pra=oowing Carbohydrate Protein ProYine Pigaente {eg/g fresh wti,)
Yevala cantent content contant
“(pom) trastmanta x s malesg
dry vt. \ ary ut. frash wt, thi. a €hl. b | carotem
Control 13.0 a1y 0.2¢ 1,03 .11 0.5
1 Irradiation (dry} 18,9 5.80 Q.16 a.97 Q.88 0.8
Tap Watar scaking - 16.5 2.38 €.20 1.24 0.28 1,11
vatsr Irradiation (wet) 20.0 8.39 0.32 0.8% 0.82 0,82
sSuceinic Bcid 19.8 0,9% 0.30 0.58 0.78 .18
} cco 25.0 .29 0.28 1.32 Q.84 1.08
ta Gy 26.0 7.89 0.22 1.40 C.84 1.04
! In 80, 20.0 0.99 q.22 1.20 1,02 1.14
Controd 13.0 .39 0.37 1.12 1.00 0.97
} Irragiation (dry) 25.3 b.85 0.13 1.9 0.93 0.45
' Water soaking 20.0 7.0% 0.28 1.1 6.7 .00
2000 Irradiation {wat} 28.8 13.98 0.35 1.18 0.8z 1.08
y poe Succinic acis 25,0 16,79 c.18 0.68 Q.69 0.78
cccC 2.0 9.99 0.3% 1,32 0.93 1.08
i ca €1, 13.5 5.80 0.2% 113 0.87 6.5
in 90, 18.0 7.68 0.28 t.32 0.38 1.01
. tontro!l 2G.8 6,01 0.40 0.94 1.10 1.07
i Irragiation {dry) 28.9- 8.53 0.2? .57 0.81 .82 I
) Water soaking 22.8 a.4» 0.38 0.57 .0 0.38
i 4000  lrraciation (wet) 20.3 8.3¢ .17 1.81 .15 1.30
ppm  ducoinic acid 20.0 0.29 Q.20 0.67 0.94 0.83
H ccc 210 11.19 0.28 1.8 0.57 1.1§
Ca €1, 25.% 8.33 .16 1.08 €.8¢ 0.8
) n S0 15.0 6,9% 8.17 1.17 1.72 Q.83
)
') Cantrol 21.0 5.89 Q.78 D.20 0.58 1.0%
¢ Irradiation (dry) 19.5 5. 80 *6.24 1.20 1.24 t.09
H Moter ssaking 2.0 8.28 0.45 0.83 0.80 0.81
' 800Y  Irradiation {wot} 25.% 8.3y 6.32 0.97 0.81 0.53
; Erm Swccinic acid 2.0 1.5% 0.18 Q.74 0.70 0.73
3 cecc 2.8 1.20 0.31 1.40 1.9 .85
i ca €Y : 3.8 8.70 0.23 2.2 1.34 1.82
; znsof 17,9 $.80 0.6 1.5% %.00 1.09
: o .
‘
]
}
kdpm
!
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[
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Table 2: Effect of differant sesd hardening pre-sowing treatmants on total carbohydrate
cruda protein, proling and pigments contents of sorghum plant grown lmdval
aifferent selinity levais at third cut. =

eatimdty pre-goving Carbchydrate Prote.n rraling Pigvent {cgfg frach ot.)
taveis content Tent content
{pra) traztasnts ¥ - Foalefg .

) dry ot. dry wt. frath wt. Chl. & " | Cni. b | Caroctens
Contro? 15.5 15.63 0.87 0.37 0.42 0.51
IrpadizZien {drvi 25.0 11,70 0.£2 0.25 b.80 C.75

Tzp Kater zozking 17.0 16.58 0.56 1.17 0.23 0.80
Wrtrr Treragirtion (wet) 2.5 12.78 0.38 Q.58 0,521 0.58
Succinic azid 27.0 13,81 0,53 0. 44 .42 0.57

coe 22.0 14.98 0.45 0. 4% 0.33 0.8

cugiz 1.2 18,58 0.36 1,62 0.47 0.91

Zricy Z8.9 18,73 0.54 1,31 Q.53 g.2%
Centrot 20.% 15. 11 0,79 .5 0.89 0.84
Irragiaticn {dry) 2E.0 13,37 0.1 0,38 0.40 0,532

Hator ecakirgy 23.% 5.21 D.g2 6.82 Q.87 0,47

20450 Irregiaticn (wet) if.& 11.48 2.15 [ 0 e 0,33 C.48
ppa Swccinic azid 22,0 TE. 58 .89 0.92 0.58 a.a4
oxC .0 1T.88 043 0.582 0.44 G.49

LGz 23.0 12.78 a.18 0.83 o.52 2.43

Indod 23.0 1285 0,82 0.35 0.83 1.41
Control 2.0 12.%¢ 0.54 0.42 0,59 0.4
Irrzdizticn {dry) 25.% 17.82 0.15 c.ia o.84 G.99

Watar touking FL ] i3.11 G. 58 G.76 D.43 B.53

4000 Zrragiation {wet} 28,9 28,07 D.z0 0.28 .35 C.41
ot Suceinic x3id 8.2 12.79 0.5 0.42 2.42 Q.88
o 22.0 16,58 i 0,45 Q.92 0.74 0.05

Cagte 28.% 14.03 0.15 o.M (L .1-] &.58

Inded 27.¢ 19.33 0. 34 ¢.a3 0.1% Q.88
Gontro} 2. 11,48 ¢.53 ¢.32 0.40 g.ta
Irradiaticn {dry) 22.0 15.01 0.58 0.42 Q.45 ¢.15

Water sairing 28,0 14,03 0.87 9.3 G.40 0,42

EO0CH  Irrudiation {wet} 2¢.0 12.78 0.74 Q.28 0.31 C.42
s Jueeinie asig 28.0 11.48 N1 ] .48 0.2e 1]
(==} 23.0 12,73 .22 a.54 .87 Q.78

Cas1y 5.0 3.3 0.20 0,38 C.45 0.8

ﬁ Zn3o4d .0 $5.91 0.42 o.87 0.48 Q,70

-355-

o

TL oy

DL T T



Women's Coll. Ann. Rev.
vol 17 (1992).

L 3

ﬁble 3: Effect of different sead hardening pre-sdwing treatments on ash contont (X) an
minaral content (meq/100 g dry wt.) of sorghum shoot plant grown ynder diffaren
salinity lavels at second cut.

- Ry
2alinity pra-sawing Aaw Na* K* ca*t "au cit
Taveis
{ppa) treatmants
Control a.8 5.8 124.8 748.8 41,1 40.9
Irradiation {dry) 6.6 3.7 125.2 0.7 "31.0 35.2
Tap Watsr soaking 9.4 20.0 132.3 1.1 49.3 17.0
Watar JIrragiation (wat) 13.3 29.5 t2a.e@ a1.1 52.0 15.1
Succinic acid 11.4 20,7 132.3 84,90 40. % 15,8
cCce 1z.1 28.3 139.4 51.1 44,2 10.5
Ca c12 13.0 1.7 111.1 81.1 28.3 18.48
2n 90, 10.0 23.7 135, 8 110.% 6%.8 17.5
Contral 9.8 0.7 t28.4 a8s8.7 43.2 1.8
Irradiation. {dry) 11.4 20.4 128.8 1147 42.7 41,7
Hater soaking 9.9 23,7 128.0 44,8 29.1 3T.4
© 2000  Irrsdiation {wet) 2.8 23.2 132.3 2121 109.7 18.3
ppm  Suctinte acid 1,0 20.7 125.2 ea.8 38.9 24.4
cecC 8.0 20.5 132.8 43.7 1.4 17.9
Ca Clz 11.8 3.7 f3z2.3 50.8 12.2 18,6
! E In BO; 0.3 23.8 132.9 113.5 431.2 18,7 .|
: Contral 8.1 3.8 125.2 .5 8.0 47.8
, Irradiation [dry} 10.9 29.8 128.8 $7.3 4.2 18.4
} Watar scaking . 1 2.3 130.% 75.8 3.9 32.2
4000 Irradizticn {wat) 9.7 28.1 134.1 45.8 31.4 7.7 H
1 ppm luccinie asidg 1.7 23.F 128.8 43,9 40.1 3.5
; cCccC 18.9%9 5.5 132.3 9.¥ 4.5 23.4
i Ca 012 1.8 4.8 142.9 83.8 58.3 27.8
{ Zn 30, 12,8 3.7 129.7 128.% 40.1 18.3
f" trol 1.4 3.7 121.7 1.5 41.1 43,2
Irradintion [dry) 14.8 6.4 138.4 a7.3 33.0 25.9
! . ' Water scaking 9.9 8.0 132.3 715.8 1.4 24.3
1 8000 Irradiation (wet) 1.1 W7 126.0 83.9 3.3 15.8
l ppa  duccinic acid 12.8 w1 134.1 M,9 84,2 18,1
- ccec 15.3 n.s 128,2 84.9 52.4 8.7
] Ca Cly 12.3 az.s 139.4 L LR ] 49,2 14,3
} in 80, 12.7 8.1 121.7 184.7 aa.0 1.1
)
l - 1
; :
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Tdble 4: Effact of different sesd hardening gre-sawing treatments on ash content (X) :
— minaral content {mey/100 g dry wt,)_of sorghum shont plant grovn undsr differs
salinity levels at third cut.
& -
21inity pra-sowing _ah He* x? ca** Hg** 1
1ave Ty Lat
{poa} Yiroatmcntn
Control 0.7 35.5 128.2 112,4 ar.o .0
“.lrradiation {dry) 11.0 32.9% 197.8 105,85 28.7 22.2
Tao Water soaking 10.¢ 28.8 RALNS | 102.2 45,2 28,5
watar Irraaiatien [wet) 2.6 3z,% 112.9 57.4 44.2 1.8
St inic eeig 13. 4 8.8 1142 8.1 47.3 27.2a
ccc 2.9 28.1 121.7 102.9 46.3 35,1
Ca C]z t3.9 2%.8 128.0 141.0 d4.2 32.3
n 30, 5.2 23.1 125,98 121.0 49.8 29.8
Controt 1.4 41.4 118.2 ?5.8 28.3 23.4
Irreaiaticen (dry) 13.1 35.5 125.2 23.8 .o 35.1
Water moaking 2.1 4.4 114,72 85,4 33.5 23.8
2000  Irradierion [wot) 2.2 39.4 YR 4.2 66,9 3.7
ppm fuccinde acig 13.5§ 28.9 102,3 74.9 42.2 20.7
cce 1£.1 28.1 129.4 92.3 48.3 Ly
ca cy, 12,9 26.0 125.2 139, 12,9 30.4
n ag; 10.2 32.5 18.2 44,7 33,9 2.8
control 1.2 3.4 18.2 83.4 27.8 37.1
Irragistion (dry) .7 3.4 107.8 84.8 20,8 19.1
Kater Baaking 13,9 29.¢ 125.2 2.8 29.1 34.8
4000  Irradintica (wst) 14.9 £3,2 130.3 81,1 4.2 27.3
ppa  Suceinie azid 12,1 23.8 125. ¢ es.1 35.1 28.2
ece 2.0 28.8 178.3 186,7 41,1 .7
ca 612 14.8 32.5 128.8 155.9 as.a 34.7
n 5B, 9.2 .2 tde.1 197.2 33,1 21.7
Gantrol 3.2 9.4 108.28 13.%0 31.9 40.3
Irradiatic [dry) 2.z 1.4 107.4 83,40 268.7 23.2
Weter ssaking 13.7 1 121.2 72,28 31.4 3t.2
[ - 1) Trragiatian (wet) 13.7 4T.3 104, 1 $5.92 is. o 32.0
pm Succinie acig 1.1 24.6 118.2 B1.1¢ 48.2 37.0
i lelgls 1.7 29.8 197.4 147.20 8.0 37,8
ta €1, 0.7 32.8 142.9 102,30 ar.o 42.1
in 004 14.0 &1.4 $28.2 170.9%0 25.9 42.%
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