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SUMMARY
The effect of some seed hardening treatments on chemical

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

investigated in two pot experiments under saline conditions.
Salinity induced a progressive increase in total carbohydirates
and preline, Howsver, protein content decreassd with ingreasing
salinity level during the two 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 growth. The amount of proline
diminished greatly by using most of the applied pre-spwing
Lreatmants throughout the twe cuts under different salinity lavels,
The 1increase of salirity has a deprossive effect on
chlorophyll a & b during the 2nd cut. and the reverse was true at
the 3rd cut. 0On contrast, carotena content shawed a prograssive
increase with increasing salinity level throughout the two cuts, On
the other hand, the mpplication of pre-treatmants was sffective for
correcting the adverse effect of salinity 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't, Mg" and «'
contents in sorghum shoots, The application of different pre-sowing
treatments oliminated the depressive effact of salinity and
corrected to great extent ijons absorption. However, Lthe applied
seed treatments differed greatly among their effectiveness on ijon

uptake and accumulation.
INTRODUCTION

In previous investigation, the same authors {in press) studied
the effect of some hardening treatments i.e irradiation, soaking in
water, succinic acid, CCC, CaCl; and ZnSo, beside untreated dry
seeds cn germination, growth and yiald of sudan grass grown under
saline conditions. They recorded that salinity induced a
significant decrease in both germination rate and percentage.
Growth of sorghum plants, as being indicated from the values of
fresh and dry weight of shoots, shoot height, leaf area, number of
leaves and number of tillers have been adversely affected by
salinity. Dry-and wet-seed irradiation, ZnSo; and CCC were the most
effective 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 yiald, salinity” at any of tFe applied leval

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

most of pra-sowing treatments can eliminata the adverse effect of

salinity on yield. The effect of sead hardening treatments on

chemical composition that has been disturbed under saline

conditions has been pointed out in some plant species (Khafagi et
al. 1984 & 1988, Kishk 1984, Ozoris et al.
1991),

1384 and El-Agamy et al.

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

sche pre-soWing hardening treatments on chemical composition of

sudan grass grown under different salinity levels.

MATERIALS AND METHOOS

Two pot experiments wveras carried aut under a fenced area at

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

investigate the effect of some pre-sowing traatments on chemical

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

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

and CeCl, (2:1, W/W) in addition to the control., The first was

performed in 1988/1989 and the second was in 198971990 growing

Seasons.

The studied pre-sowing treatments wers :

Untreated dry seeds (contro! for irradiated dry seeds and

water soaking treatments)

Exposure of dry seads to gamma rays irradiation (3000 rad).
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3~ Soaking 1n distilled water {contrel for wat-seed irradiation

and different soaking treatments).

4- . Expdsure of soaked seeds to gamma rays irradiation (300¢ rad).
5~ ﬁéoaking seeds in 0.09% succinic acid solution.

s; Soaking seeds in 2000 ppm CCC (Cyceocel) solution.

71~ Soaking seeds 0.25% calcium ch}oride solution,

8- Soaking seeds in.100 ppm;21nc sulphate solution,

A1l seed soaking treatments were performed for 4 hours and
subseqguently dried bafore planting. Gamma-ray irradiation was
performed in_ the National Center of Radiation Ressarch eand
Technolpgy. Nasr City, Cairo, Egypt at 3000 rad level using co™f

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 3.5 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. Thebh irrigattan with Hoagi&nd 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 the second

and third cuts, 125, 135 days from sowing respectively during the
last grewth season ( 1989 ) .
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carctencids) were determined in fresh
using the method described by Vernon and Selly (1966),

detarmined in frash material accerding to Bates ot al,

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 wers conducted :

Total carbohydrates were extracted according to Smith et al.

(1964) and estimated colorimetrically by Phenol-sulphurie acid

method as described by Dubeis et al. (1951).

Total nitrogen content was determined by using the modifjed

micro-Kjeldahl 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 datermined following A.0.A.cC.(1360)

methodology. Tha chloride content was determined by titration

with silver nitrate after ashing the ptant material.

After digestion of dry samples by using the wat-ashing

procedure of Johson and Ulrich(1958), sodium and potassium

were photomatrica?]y detsrmined. Calcium and magnesium ware’

determined using Atomic Spectrophotometar “Pye Unicum SP1300",
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RESULTS AND DISCUSSION

1- Matabolic Aspects:
1-1 Total carbohydrate contents.

The results in tables (1&2) itlustrate that a marked increass
in carbohydrate content was observed with the progresse of plant
growth and development for both calinized and non-salinizad rlants.
Also, increasing salinity stress induced a considerable increase in
total qarbohydrata content in sorghum shoots. From previous
investigation (Ismaeil et al. in press) data revealed that there
Was a marked decrease in shoot dry weight by increasing salinity
level throughout the growth period. This result may be due to ths
their rapied rate of accumulation of carbohydrates than its
utilization for the formation of new cells and ti§sues
(Strogonov, 1852}, Thesa resuits are 1in aéreement with fihose
obtained by Ebad et al. (1932). .

Concerning the pre-sowing treatments under non-saline
conditions 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
Cac1z bre-treatments were rather superlative for the two cuts.

Under saline conéitions, the application of most pre-sowing

treatments tended to increase total carbohydrate content. This is

more obvicus at the 2nd cut than at the 3rd cut,
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1-2 Protein content
Tables (1&2) shaw that thera was a noticeable increase in the
crude protein tontent with age for .either salini}qd and non-
i .

salinized plants. Increasing salinity levels in irrigated solution

caused a marked reduction in protein gontent throughoyt tha two ~

cuts. The depressive effect of salinity qn_protein conten@ has besn
noted by Khafagi et al. (1986) and Ebad et al. (1992) on diffarent
plant species., The depression in prdte}n caontent under.saiine
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 Gakg.1gao and Ebad et al.,
1992). 2

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

The interaction effects betwesn differant salinity Tevels and
pra-sowing treatment showed that succinic acid and wet-seed
irradiation treatments induced a stimulative effect on protein
accumulation during the 2nd cut under low salinity Jlevel
(2000ppm.). On the other hand, under moderate salinity level
{400Cppm.), CCC and wet-seed irradiation showed a marked increase
in protein accumutation at the 2ad 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 obsaerved by using dry-seed irradiatidn and water
soaking treatments under high salinity leval (6000ppm.). Tha
stimulative effect of some Pre-sowWwing treatment on protein
accumulation under saline condition was alsa confirmed by El-Agamy
et al. (1991). The enhancing effects of CCC have baen recarded by ]
Salim (1984) and Khafagi et al. (1984 & 19gg). 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 Jleaves exhibited a progressive increase with the 1
advancement of plant growth for either salinized and non-salinized
plants. Additionally, proline contant showed a progressive increase
with increasing salinity lavels in tha soil media througshout 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 acte as cytoplasmic osmotie

solute. = R
Under non saline cenditions, 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 different pre-sowing treatmants
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causad an inhibitive effect on prolina accumutation as comparéd

with the corresponding contrels, §

The interaction between- different salinity levels andSpre-

- - 4

sowing treatments revealed that dry-seed irradiatipﬁ;‘CaCIz as well

as water soaking trseatments: diminished greatly the amount of
proline in leaves during tﬁé two cuts under different 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 there was a marked
decrsase in chlorophylls a & b with age 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 tho reverse was truas under high salinity
Teval. On the other hand, carcotene content showed a progressive
increase with increasing salinity leva) during the two cuts. Tha
increase in carotene content was considered as an adaptive response
for the continuity of metabolic activities, particularly at the
high levels of soil salinity {(Adel-Rahman and Abde] Hadi, 1984}. .
The reduction in chloraphyll contents by salinity is dus to the
decrease in absorption of magnesium reeds for chlorophyil synthesis
and to the destruction of chlorophyll ™a" which. restricted thes

photosynthetic rate {Poljakoff Mayber and Gale, 1975).
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The obtgjnad data_indica;a that under non-saiine conditions,
water soaking treatmsnt showed a proncunced increase in chlorophyll
a 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 & stimuletive offect on
chlorophylls a & b at the 2nd cut only.

The 1ﬁt9raction between soil salinity and pre-sowing
treatments illustrated that ' dry-seed irradiation induced a
pronounced stimulative effect on photosynthetie 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 ZnSo; 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 pronouncad 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 tha 3011.was toupled with the increase in total ash, €1°

+4

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

throughout the two cuts. In this regard, Kaddah (1852) indicated
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that the increasing content of ono or morse cations in the mlant

Lissues to some extent compensated by a decrease in the contenﬁrof

other cations. ' i -
13

Regardless salinity levels, some of the applied pre-saﬁiBQP‘4 :

treatments increased tife accumulation of k', ca®, Mg' as weli 39;
ash content, while Na' and €1 were qéﬁ}essed. Sucﬁ of fect vafgéd
according to the period of growth. In this concern, 2nSo; treatment
caused an enhansive effect on K', Ca".-?&f* as well as ash content
and induced a reduction in Na' accumulation at the 2nd cut. On the
other hand, such treatment exhibji%dzé.stimulative effect on k',
ce’ and Mg contents at the agg,égi. Also, CaCl, treatment proved
to be the most effective. treatment for accumulation of K', and ca'
at the 3rd cut.

The appiication of different pre-sowing treatments could
eliminate the adverse effect of salinity and correct to gredt
extent ions uptake in sorghum shoots. However, the applicaticn of
different pre-sowing treatments differed greatly among their
effectiveness on ion uptake and accumulation. Similar conclusicn
was obtained by Khafagi et al. (1584 & 1886), KishK (1984), Ozoris
ot al. (1984) and El-Agamy et al. {(199%). Similarly, Ali and
Robishy (1983) indicated that plant mineral content was disturbed
under saline conditions, whareas gamma rays tended te correct such

effect by enhancing the absorption of divalent cations and

decreasing that of monovalent.
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From the above resuits, it is obvious that potassium is tha
major cation in sorghum because sorghum is a sodium excludar, while
sodium was the major catibn in roots except at low sedium/potassium
ratios in culture media {(Weimberg et al., 1984). This result may be
due to that plants cope to some dsgrees with the excess of Na by
excluding its uptake or secreting it into vacuoles (Rains, 1972),
The data also confirm the idea that the application of CCC induces
salt-tolerance by supporting the synthesis of protein and
preventing its hydrolysis (Starck and KarvowosKa, 1978) as weij) as

by restoring the minera) balance in plant tissuss.
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r Tgble 1: Effect of different saed hardening pre-sowing treatments on total carbohydrate,
crude protein, proline and pigments contents of sorghum plant grown under

different salinity levaels at second cut.

——— e e e ————— —— A" Tt " g e ™

- @
%allnity pra=-oo.ing Carbanydrats Protein Frolina Pigaente (/g fresh wi,)
levale cantent cantent contant
“{ppm) traatments £ 4 umaie/g
dry vt. dry ut. fresh wt, | 0l a Chl. b | carctam
) control 13.0 8.18 0.2¢ 1,03 1.1 0.528
1 Irragiation (dry} 18.5 5.80 ag.16 0.97 Q.88 o.ceg
: Tap Watar soaking - 18.5 e.33 Q.20 1.24 2.2% 1,11
Watsr Irradiation (wet) 20.0 8.39 0.32 0.8 D.82 0,82
Sucsinic mcid 19.4 0.3% 0.30 0.5@ 0.7% Q.78
[~ i -] 25.0 8.2 0.28 1.32 . 0.84 1.08
ta Gy 26.9 7.89 0.22 1,40 C.84 1.04
In B0, 20.8 0.3%9 a.22 1.20 1,02 1.14
Contral 13.0 1.3 0.37 1.12 1.00 0.97
' Irregiation (ary) 25.5 B.89 0.15 1.69 0.98 0.45
) Water soaking 20,0 7.3 0.23 1 .72 1,00
2000 Irradiation (wet} 28.0 13,989 0.35 1.18 6.2z .08
y poe  Succinic acia 25.0 18.78 c.12 o.en 0.€9 0.78
G CC 27.0 8.4%9 0.3% 1.42 0.93 1.09
- ca €1, 19.5 5.20 0.23% 1,13 .87 6.5
. in 90, 15.0 7,62 0.28 t.32 0.38 .01
§ contro) 20.5 6,08 0.48 0.94 1.10 1.07
: Irradiation {ary} 28.9- 8.59 0.27 e.57 0.0 .82
J Water zoaking 22.8% a.99 0. 3% 0.57 1.01 o.98
; 4000  Irradiat{on (wat) 20.3 2.3 0.17 1.87 .15 1.30
ppm  Sucoinic acia 28.0 0.29 Q.28 0.67 0.94 | 0.83
! ccc 21,0 11,19 0.28 118 0.57 1.1%
Ca E:‘I2 : 25.9 8.33 0.8 k 1.08 c.8¢ o0.e8
4 In 30, 15.0 8.5% 08.17 1.17 .72 0.83
)
) Control 1.0 6.8% .70 0.20 0.58 1.0%
' Irradiation (dry) 15.5 5,80 ‘0.24 1.20 1.24 1.08
) r Hatar ssaking 24.0 6.2 0.45 0.83 0.60 0.81
: 800%  Irradiation {wut}) 25.5 8.39 0.32 0.97 0.81 0.52
) Py Swecinic acia 28,0 1.69% 0.18 0.78 0.70 0.73
. ccc ) 2.8 11.29 0.1 1.40 1.11 .88
i ca Cl . 23.8 8.79 0.23 2.23 1.34 1.52
{ 2 300 17.5 .80 0.18 1.5 .00 1.0 H
; oo
P
y o
H
P
i
>
!
L
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Table 2: Effect of differant sesd hardening pre-sowing treatmants on total carbohydrate
cruda protein, proline and pigments contents of sorghum plant grown unda:
aifferent selinity levais at third cut. _

s.a,‘iin:qty pre-sowing Carbchydrate Protein Frolioa Pignent {eg9/q frach ot.)
taveis cantent eontent content
tora) traatasnte L Z Eoaletg ?

: dry ot. dry we. froeh wt. Chl. & " | Chi. b | Carotens
Contro? 15.4 15.63 0.87 0.3 0.42 a.51
IrpadizZicn {drvj 25.0 11,70 0.£2 0. 25 B.80 C.15

Tap Water zo2liing 7.0 16.58 .56 1.17 0.23 0.8¢
Woiter Irragiztion {(wet) 285 iz.78 0,38 Q.58 1,51 0.58
Succinis azid 27.0 13.51 0,50 0. 44 0.52 D.57

CEC 22.0 18,88 0.43 .42 0.33 0.81

cugiz 21.32 18,58 0.6 1,62 0,47 0.91

Zrdcy Z8,0 18.73 0.54 1.0 0.53 0.a8%
Centro® 20.% 5.1 0,7v9 0. 54 0.89 0.8z
Irrasistica {ory) 2E.0 15.37 0. 14 0.38 0.40 0,52

Hator ecakirgy 23.% 5.21 D52 6.82 0.67 0,47

2003 Irregiaticn (wet) 5.4 11.48 o.14 1 DR 0,39 0.48
ppa Swccinic azid 22,0 TE.58 .89 0.952 0.58 a.84
[ = L] 17.88 0.43 0.82 0.43 G.49

L 124 23.0 12.78 .18 0.23 Q.52 £.43

ndod 23.8 13 85 0,83 0.55 Q.83 1.41
Contral 2t.0 12,76 0.84 0.42 0,59 0.548
Irredictica {dry) 25.% 17.£% 0,15 e.48 ¢.80 G.%9

. Watar touking FL ] i3.11 G.58 6,76 D.43 B.53
4000 Zrragiation {wet} 28,9 28,07 .70 0.28 .35 C.41
ot Suceinic ssid 2B.2 12.79 0.5 0.42 2.42 Q.88
GGG 22.0 16,58 k: 0,45 e.92 c.74 Q.03

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

Tnied 27.¢ 16,323 C.34 ¢.a3 0.1% a.a8
Gortro? 2.0 11,48 [ BT ] 0.32 0.40 ]
Irradiation {dry) 22.0 15.0 0.58 0.42 a.45 ¢.75

Watzr anaring 28,0 14. 03 Q.87 9.8 G.40 0,42

6O0CH  Irradiation {wet} 2¢.0 12.78 0.74 .28 0.31 C.42
pra Sussinie acid 20.0 11.43 C.24 .48 .29 ¢.89
(=] 23.0 12,73 D.22 2.54 G487 Q.78

Caci2 5.0 3.4 .20 0,38 C.45 0.81 .

E. Zn3o¢ F ] $5.91 0.42 B.87 D.&8 ¢, 70
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%ble 3 Effect of different sead hardening pre-scwing treatments on ash contont (X) an
minaral content (meq/100 g dry wt.) of sorghum shodt plant grown ynder diffaren
salinity lavels at second cut,

2alinity pra-sawing Aaw Na* K* ca*t "au cit
Tavelis
{ppa) treatmants
Control a.8 6.8 124.8 74.8 1.1 40.9
Irradiation {dry) 6.6 23.7 125.2 0.7 "31.0 35.2
Tap Watsr soaking 9.4 26.0 132.3 1.1 49.3 1.0
Watar JIrragiation (wat) 13.3 9.5 t2a.8 81,1 52.8 15.1
Succinic acid 11.4 20.7 132.3 84,90 40, % 15,8
cCcce 1z.1 8.3 130.4 51.1 44,2 10.5
Ca c12 13.0 1.7 111.1 81.1 26.3 18.8
2n 90, 10.0 23.7 135. 8 170.8 6%.8 17.5
Contral 9.8 20.7 t28.4 a8s8.7 43.2 31.8
Irradiation. {dry) 11.4 20.4 128.8 1147 42.7 41,7
Hater moaking 9.9 23,7 128.8 44,8 29.1 3T.4
‘2000 Irrediation {wet) 2.8 23.2 132.3 2121 109.7 18.3
ppm  Suctinte acid 1,0 20.1 125.2 es.8 38.9 24.4
[+ = 3.0 20.5 132.8 43.7 1.4 17.9
P Ca l::lz 11.8 2.7 132.3 50.9 12.2 18.6
! - In BO; 8.3 23.8 132.9 113.5 43.2 18,7 .|
: Contral 8.1 23.8 125.2 .5 a8.0 47.3
s Irradiation [dry} 10.9 29.8 128.8 $7.3 4.2 18.4
} Watar scaking 8.7 12.5 130.% 75.8 3.9 32.2
4000 Irradistics (wat) 9.7 281 134.1 45.8 31.4 7.7 H
[ ppm Succinie poig 1.7 23,7 128.8 3.9 490.1 33.%
;@ cCccC 10.9 5.5 ¥32.3 9% 24.5 23.4
L Ca 012 1.8 29.8 142.9 83.8 58.3 27.8
{ Zn 30, 12,8 3.7 127.7 128.% 40.1 18.3
f" trel 1.4 3.7 121.7 73,5 41.9 43,2
Irradintion [dry) 14.8 26.4 138.4 #7.3 33.0 25.9
! : " Water soaking ' 9.9 8.8 132.3 715.8 1.4 24.3
B oo Irradiation (wet) 1.1 0.7 126.0 83,9 3.3 15.8
l ; ppn Yuccinic acig 12.8 2%.1 134.1 M,3 84,2 13,1
o ccc 15.3 .8 128,2 84.9 52.4 8.7
. Ca Cly 12.3 az.s 139.4 M1 49,2 14,93
b in 80, 12.7 28.1 121.7 184.7 aa.0 18.1
H
l - 1
; :
?' Ll
]
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Tdble 4: Effact of different segd hardening pre-sowing treatmants on ash content (x) : |
o - mineral content (mey/100 g dry wt,)_of sorghum shont plant grown undsr differe =
~salinity levals at third cut. !
.“‘T" LN g |
1
ot . . e [
aalinity pra-sowing Rah Ha* x* cat** Hptt =) :
laveTe i Sk d
{poa}. v Ptreatmenta ]
1
" Gantrol 0.7 35.5 125.2 113,4 37.0 1.0
.Irradiation {dryj 1m.e 3z.5 127.8 108.5 z8.7 22,2 |
Tas Water scakring 10.¢ 28.8 i1ra 102.23 45,2 28,5
wWator Irradiatien (wet) 12.8 az.s 112.9 57.4 d44.2 1.9
tiwceinic eeid 13.4 28.6 114.7 76.1 471.3 27.3
ccc 12.9 28.1 121.7 102.3 6.3 35,1 :
ca ¢y, 1.9 29.8 128.0 141.0 4.2 32.3 ,
n S0, 9.3 28.1 128,8 121.0 49,8 29.8 i
cantrot 1.4 41.4 110.2 79.8 28.3 2.4 o
Irradiaticn (dry) 13.1 35.5 125.2 23.5 ar.o 35.1
Hater mcaXing i =P | 4.4 114.7 65. 9 33.5 23.8
2009  Irradictien [wat) 12.2 9.4 1041 40,2 68.9 13.7 :
ppm Swccinis acis 1.5 28.8 102,3 74.9 42.2 20,7 q
ccce 1£.1 28,1 125,48 92.3 48.3 38,7 "
ca cY, 12.8 26.9 125,2 139.7 o 328 30. 4 i
In ag, 10.2 32.% 1a.2 14,7 33,9 2.8 8
control 1.2 3.4 118.2 83.4 21,8 3.1 7
Irragiation (dry) H.? 1.4 107.8 8a.p 20.8 19,1 jJ
Water saaking 13.9 23.¢ 125.2 3.8 28.2 34.8
4000  Irradiotion (wst) 14,9 8.2 130.3 81,1 43.2 21.3
Ppa  Suceinie acid 12,1 .8 125.¢ 88,1 38.1 38.2 A
ccec 2.0 25.8 L 1z8.3 15¢,7 1.1 8.7
Ca C1, 1.8 32.5 128.8 155.9 as.o 4.7
In E6 9.2 3.4 134.1 157.2 33.§ 21.7
tantrol 13,8 f4.¢ 108.8 73,30 31.9 £0.5 {
Irradiaticn [dry) 2.2 31,4 107.6 83.48 28.7 23,2
Peter saaking 3.2 0.8 121.2 12.38 31.¢ fh P-4 |
8000 Irradiatian (wet} 13.7 4T.3 104, 1 59.42 38,0 3z2.0
ppa | Succinie acig 5141 4.6 118.2 81.10 43.2 ET ) ‘
T ece 13.7 29.8 197.8 147,20 3s.0 37.8 1
ta €1y 10.7 12.8 142.8 102,30 37.0 42.1
In 80, 14.0 41,4 t28.2 170.%0 20.8 a@.5 |

e L :‘
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