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ABSTRACT

Two storage experiments were carried out at the Post Harvest Center, Faculty of Agricuiturs, Alsxandria University.
The objective of these experiments was to follow up the affects of some pre-harvest treatments such as; two harvest dates
{after 120 and 130 days from tremsplanting) and four NK fertilizers reatments combinations (comtrol, 20-36, 40-0 and 40-72
Kg N-K;0/fed),as well ax two curing treatments (curing and non-cvring) on stovability and chamical constituents of tuberows
roois of swest potato during storage periods. The oblained results illustrated that deiaying harvesting of mberons roots
lowered the percentages of weight loss, decays and dry matter throughout the first two storage periods; 30 ond 60 days.
Whereas, increasing the storage period up to 120 days with late harvested date significantly increased the percentages of
decays, weight loss, total sugars, reducing and non-reducing sugars, sucrose and tolal carotenoids, but decreased the twbers’
starch content. Pre-harveat fertilization with 20-36 Kg N-X0vfed produced tubers with the highest contents of ioial sugors,
non-reducing sugars, and sucrose at the beginming and end of storage. Whereas, increasing the level of pre-harvest
application of NK up to 40-72 Kg/fed , increased the percentages of decays, reducing sugars and starch as well as total
carotenoids content, but decreased the crude fibers content at the end of storage period. Curing of sweet potato twbers,
before storage, lowered the percentages of weight loss and decays during storage, meanwitile, the tubers’ dry master content
did not significantly respond to curing process. Moreover, curing the tuberons roots increased percentages of total sugars,
non-reducing sugars, and sucrose, as well as 1otal carotenoids and lowered the crude fibers at the end of storage.
Generally, the cured tuberous roots of sweet potato plants which were fertilived with 20-36 Kg/fed of N-K;0 and
harvested after 130 days from tvansplanting, lowered the percentages of weight loss and decays after 30 and 60 days of

storage periods, as well as significantly increased total sugars, non-reducing sugars and sucrose contents at the end of
storage,

INTRODUCTION

weet potato (Jpomoea batotns (L.) Lam.) gained a
considerable importance as an exporiable crop to

the European markets and some Arabian countries,
The influence of pre-harvest treatments such
as, barvest date and fertilization on sweet potato
appearance and yield had been investigated.
Nevertheless, pre-harvest ireatments effects on
storability and chemical constitwents of tuberous roots
of sweet potato during storage have not been
coasistent. Many investigators reported that increasing
the level of applied N was accompanied with increases
in decays, weight loss (Latz ef al,, 1949 ; Hanunett and
Miller, 1982), and decreased dry matter and
Hamunett and Miller, 1982), as well as
crude fibers (Constantin ef al., 1984) of mberous roots
of sweet potato througho the storage period,
However, increasing potassium supply to sweet potato
plants increased the weight loss (El-Seifi ef al.,1990)
and ghucose content (Sharfuddin and Voican ,1984),
but reduced dry matter and carbohydrate contents
(Hammett and Miller ,1982) and starch content
{Sharfuddin and Voican,1984) of stored sweet potato
tuberous roots. On the other band, Duncan er al.
(1958) reported that the application of nitrogen and
potassium fertilizers 10 sweet potato plants did not
infiluence the weight loss of tuberous roots during

storage period.

The purpose of curing tuberous roots of sweet
potato is to rapidly heal any damage (cuts, bruises,
et¢.) inflicted during harvest by induciog formation of
wound periderm over the cuts and bruises 1o prevent
subsequent decay and weight loss during storage
(Walter and Schadel, 1982). Many investigators
treatment of stored sweet potato tuberous roots and
weight loss. Appleman ef al. (1943), and Strider and
McCombs (1958) indicated that rot and moisture Joss
problems might be effectively controlled by properly
curing the roots. Also, Scott and Matihews (1937)
showed that weight loss of sweet potato roots was
more rapid during the curing period and during six
months of storage. Morcover, Jenkins and Gicger
(1957), Lambou (1953), McCombs and Pope (1958),
Hammett and Barrantine (1961), El-Tamzini (1976)
Picha (1985) and (1987) reporied that sweet potato

'l'husindywasdengmdmfdhwmthcﬁeusof
some pre-harvest treatments; two harvest dates and
four NK fertilizers treatments combinations ,as well as
iwo curing treatments on storsbility and chemical
constituents of tuberous roots of sweet potaso during
storage.
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MATERIALS AND METHODS

Two storage experiments were carried out at the
Post Harvest Center, Faculty of Agriculture,
Alexandria University, during the 1999/2000 and 2000
1200} seasons, The objective of these experiments was
to follow up the effects of some pre- and post-harvest
treatments on storability and chemical constituents of
tuberous roots of sweet potato during storage.

Each experiment included 16 treatment
combinations; which were the combinations of two
harvest dates (after 120 and 150 days from

ing), the four NK fertilizers treatments { 0-0,
20-36, 40-0 and 40-72 Kg N-K;O/fed) and two curing
treatments (curing and non-curing ). The two
experiments were carried out using a split-split-plot
system in a randomized complete blocks design with
three replications. In the field part, the harvest dates
and the NK treatments combination (pre-harvest
treatments) were randomly distributed within the main
and sub-plots , orderly. While, the medium grade of
harvested tuberous roots, in each harvest date which
were resulted from plants fertilized with NK
treatments combinations, were used in the curing
treatments (post-harvest treatments) and arranged as

respectively. b{itrogen, a8 ammonium nitrate (33.3%

preparation.
Harvesting was catried out on July 31 and August 31,
1999 and on September 6 and October 7, 2000
(Tablel).

The medinm grade of tuberous roots of each
harvest date were cleaned and divided into two groups,
the first group (non-cured) was weighed and stored
immediately at 13-15°C and 85-90% RH, while the
second onc was cured in the field for 7 days by
covering the tuberous roots with vines, then weighed
and stored at 13-15°C and 83-90% RH .

Table 1: Schedule of planting, harvest and sto! datesof all t in both seasons.
Planting |  Harvest dates Start of storage End of
Dates Uncurod roots | Cured roots | Usncured roots Cured roots
First harvest date 1/10/1999 81211999
s g 317711999 3N%9 | TR | 0. 2 months storage) | (after 4 months siorage)
)
'ﬁ = Second harvest date 1/11/1999 7172000
= 31/8/1999 3181999 | /M99 | aer 2 months storage) | (after 4 months sorage)
First harvest date &/11/2000 13/1/2001
E §§ 6/972000 6/52000 | 13/5/2000 | per2 months storage) | (after 4 months sorage)
Second harvest date 7112/2000 14/2/2001
7/10/2000 7102000 | 1471072000 | (o pe 5 months sorage) | (afler 4 months storage)
Data Recorded: sulphuric acid proposed by Malik and Singh (1980), and
Weight Loss, Decays and Dry Matter Percentages mmmmn
of Stored Tuberous Roots:

All tuberous roots were weighed before storage
and every month until the end of storage period;( the
percentage of unmarketable roots, due to decays
throughout storage period, reached 50%). Then,
weight loss and decays were calculated, every month ,
as a percentage based on the initial roots weight, as
well as dry matter content was determined every
moath of the storage period.

Chemical Constituents of Stored Tuberous Roots:
Carbohydrates percentage:
Sugars:
At the start and the end of storage period, total
sugars were cstimated by using the method of phenol

Redudngwpumdotanﬂnedhyuﬁuthe
Nelson method (Woodman, 1947 and A.O.A.C. 1970).
and colorimetrically measured using
spectrophotometer at 540 nm. Meanwhile, the non-
reducing sugars were calculated by the difference
between total and reducing sugars. Sucrose was
calculated by using the following formula:

% Sucrose = Non-reducing sugars x 0.93,

Starch:

It was determined by the direct acid hydrolysis
method uging concentrated HCl for 2.5 hours. The
reducing sugars of the resulted hydrolyzed was
determined by Nelson method (Woodman, 1947 and
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A.0.A.C.1970). Starch was calculated by multiplying
the obtained reducing sugars content by a 0.9
conversion factor,

All carbohydrates were expressed as percent on
the dry weight basis.

Total carotenoids content:

Fresh roots samples of 5 g each were used to
extracted by using acetone hexane solvent (4: 6, V- ).
The pigment solution in hexane was measured at 450
Bm on a spectrophotometer. It was determined as
mg/100g fresh weight as described in A O.AC.
(1970).

Crude fibers percentage:

The crude fibers content were detenmined as
mentioned in AQ.AC. (1970) using sulphuric acid
solution for 30 minutes and then sodium hydroxide
solution for 30 minutes, then dried in Gooch crucible
at electric muffle furnace at 110°C for 6 hours until
constant weight then cooled and weighed. The crude
fibers were determined as percentage and calculated
by the following formula:

% Crude fibers . x

Wi
Weight of sample
Statistical Analyses:

The recorded data were analyzed
according to Al-Rawi and Khalf-Allah (1980). The
revised L.S.D, test was used to compare the differences
between the means of the studied treatments,

RESULTS AND DISCUSSTION
Weight Loas Percentsge of Stored Tuberous Roots

The results of both scasons showed that the
weight loss percentage during various studied periods
of storage were clearly influenced by harvesting date
{Table 2). Delaying harvesting of tuberous roots
lowered the percentage of weight loss throughout the
first two storage periods; 30 and 60 days. Whereas,
mcreasmgthcsmmgepemdnptolmdaysmthlam

Tabk(Z)slwwsthatﬂwpte-lmrwstagﬂW
of different levels of NK did nof significanily differ in
thw&dsmthepawntaged‘wgmmmgm
120 days of storage. Howewer, crop produced using
fertilization treatment of (40-0 Kg N-K:O/fed) showed
the highest weight loss percentage dusing storage. Similar
results were reporied by Duncan er ol (1958), and
Hammett and Miller (1982), who reported that the
application of nitrogen and potassium fertilizers to sweet
potato plants did not influence the weight loss of tuberous
roots during storage period. Lutz er o/. (1949) found that
the weight loss percemtage of stored sweet potato
tuberous roots was increased with increasing the level of
applied nitrogen from 200 to 1000 pounsifacre. Also,
Hammett and Miller (1982) indicated that increasing the
level of applied N from 101 w0 202 Xg Nha was
accompanied with significant increases in weight loss of

tuberous roots of sweet potato throughout the storage
period. Meanwhile, El-Seifi er al. (1990) reported that
during three mossths of storage.

The results of the two scasons, also, clarified
that the weight loss percentage during storage was Jess
in cured sweet potato wberous roots than uncured oncs
throughout the first two storage periods; 30 and 60 days
(Table 2). Where, one of the main objectives of curing
sweet polatoes is to indwoe formation of wound
periderm oves cuts and bruises to prevent subsequent
decay and weight loss during storage. Picha (1986)
reported that transpiration was the main cause of weight
loss of sweet potato roots during storage. He added that
transpiration is expected to be high after harvest due to
the unavoidable cracking and wounding which happens
during separation of root from the vine. Many
investigators noticed that there were relationship
between the curing treatment of stored sweet potato
tuberous roois and weight loss, such as Lauritzen
(1935), Appleman ef al. (1943) and Strider and
McCombs {(1958) who pointed that rot and moisture
loss problems may be effectively controlied by propesly
curing of the roots. Also, Scott and Matthews (1957)
indicated that the weight loss was more rapid during the
curing period and during six months of storage than
during the two to four months of storage period.

The results of both seasons (Table 2) reveal
that pre-harvest application of 40-0 Kg NK;O/fed
resulted in maximum increase of weight loss
percentage in early harvested tuberous roots after 30
and 60 days of storage periods, however, such an
interaction did not reflect any significant effect on
weight loss percentage after 90 and 120 days of
showed the lowest value with late harvest date (150
days from transplanting) when fertilization with 20-36
Kg N-K;O/fed was applicd.

The comparisons among the means of various
treatments combinations, listed in Table 2, indicated the
presence of clear interaction effects between harvesting
date and curing on weight loss after 30 and 60 days of
storage periods. The results of the two seasons cleared
that afier 60 days of storage, the cured crop showed
lower percentages of weight loss as compared with
uncured one in the two studied harvesting dates. The
percentage of weight loss increased with prolonging the
storage period from 30 to 60 days.

‘The sesulis reflecting the effects of the first
the two scasoms, are listed in Table 2. Weight loss
percentage was low in cured tuberous rools during storage
of crop produced with the diffrent NK lewels of
fertilization. The percentages of weight loss increased with
prolonging the storage perind up to 60 days. Uncured
tubess produced from the pre-harvest festilization treatment
of 40-0 Kg N-KOvfed showed higher levels of weight loss
percentage during storage period, in both seasons,
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Decays Percentage of Stored Tuberous Roots:

As for the effect of harvesting date on the
percentage of decays of stored tuberous roots, the
results in Table 3, generally, show that tubers’ decays
percentage, during post harvest storage, were clemfy
influenced by harvest date. Early harvested crop (120
during 30-60 days of storage then decreased after 90
days of storage, in 1999/2000 season, Late harvested
crop (150 days after transplanting) produced lower
percentage of decays through the first three periods of
storage; 30, 60, and 90 days, than those of early
harvesting date, in both seasons.

Concerning the effects of NK fertilization on
the decays percentage of stored tubers, the resuits in
Table 3 indicated that the percentage of decays did not
significantly respond to the different NX levels afier 30,
60 and 90 days of storage, whereas, the highest increase

was atiained with the fertilization treatment of 40-72 Kg
NK,Offed. Increasing the time of storage up to 120 days
produced the highest decays percentage. Similar resuits
were reported by Luiz et al. (1949) who found that the
decays percentages of stored toberous rools of sweet
potato were increased with increasing the level of
applied nitrogen from 200 to 1000 pound/acre.
Regarding the effect of curing, the results of
thctwosmsonsTabieB:lhmmtetlutdecayspam

decays. Walter and Schadel (1982) reported that curing
of sweet potatoes tubers by holding them under

o of hi and dity s
mm.wd . hsgh.l m'wmtlmtybyw'
and weight loss.

Tuble 2 : Effects of harvesting date, N-K fertiixation ssi curing on the percendage of weight loss of stored swest potute

tuherous rools in the two seasans of 1929/2000 and 20002001,

199572008 20002001
uo | X% |5 - ot e

@am) | Qe | Ok 3 o % 120 » “ % 128
120 1A% | 1894 [122A] 998 | 1284 | 200A [ 1334 ] 1524
150 158 | 1288 {122af112A [ 3B | 1388 § B33A ] 1594
00 96A | 1a7A L1274 974 | 106A | 1574 { 1383A ] 1554
20-36 95 A 149A [ 1LTAJ108A [ 105A | 159A | 126A ] 155A
T 100A [ 1724 {1274} 113A ] 1104 ] 182A | 140A ] 1624
3072 102A ) 166A | 1174 104a ] 1124 | 1764 | 1294 1434

"CF | 14sA | BOA | = - | 156A | 240A | - -

s | so8 | 7B - - 60B | 578 - -
00 Ti3ab | 170ab | 125a | 90s [ 123sb | 18540 | 13.9a | 1578 |

w2 | 236 1850 | 186a | 120a | 1040 | 1285 | 1974 | 1304 | 145s
400 1282 21.3a 12.8a ] 113a 138s 2B3s | 14.1a | 1628
B N3ab J 1650c] 1162 ] 895 | 12300 | 1790c | 1274 | 1392

-0 798¢ 4de 1292 | 1032 89¢c 124¢ 141a | 153,

70-36 T1c 12c | 1t4a | 1524 ] s1c | 122¢ | 1222 [ 1634

Sl v e | 72¢ | 12ibe [ 1268 | 1132 | 82c¢ | 13.00c | 13.9a | 1638
5 91bc | 163ac | 11.8a [ 120a ] 10.1be § 173ac ] 13.1a | 1568

1] P0a= | BT - = T 00s° ] BT p -

120 T-- | 46¢ 92¢ - - 36¢ 10.2¢ - -

1 t2e | 1730 - - 1126 | 1830 - -

150 [C: 1 54c 82¢c - - 64c 92¢ - -

Ci | 140a | 2i7s - - 1508 | 2278 - -

Eadi ey SEPPTY 17b - - 62b L7b - -

G| 1462 { zu0s - - 156a | 23.0a - -

036 430 16b - - s3b | 890 - -

Ci ] 1532 | 252a - - 1632 | 2622 | 1532 | 252»

W 1 s 9.1b - - s8b | 101b - -

c"‘1 1458 | B2s - - 1552 | 2422 - -

hagii o 585 | 101 - - 6sb | 1t1v - -

*C, and C; = uncured and cured tubers, respectively.

**Valucs having the same alphabetical letter in common, within a particular group of mesns i each character, do
oot significantty differ, using the revised L.S.D test at 0.05 level.
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Decays Percentage of Stored Tuberous Roots:
As for the effect of harvesting date:on the

during 30-60 days of storage then decreased afier 90
days of storage, in 1999/2000 season. Late harvested
crop (150 days after transplanting) produced lower
percentage of decays through the first three periods of
storage; 30, 60, and 90 days, than those of early
harvesting date, in both seasons.

Concerning the effects of NK fertilization on
the decays percentage of stored tubers, the results in
Table 3 indicated that the percentage of decays did not
significantly respond to the different NK levels after 30,
60 and 90 days of storage, whereas, the highest incrense

was attained with the fertilization treatment of 40-72 Kg
NK0OHed. Increasing the time of storage ap to 120 days
produced the highest decays percentage. Similar results
were reported by Lutz et al. (1949) who found that the
decays perceatages of stored tuberous roots of sweet
potato were increased with increaging the level of
applied nitrogen from 200 to 1000 pound/acre.

Regarding the effect of curing, the resulis of
the two seasons Table 3 illustraie thai decays percentage
during various storage periods was less in cured
tuberous roots than that of uncured one. Increasing the
storage period tended 1o increage the percentage of
decays. Walter and Schadel (1982) reported that curing
of sweet potatoes tubers by holding them under
conditions of high temperature and humidity is
practiced primarily to increase storability by promoting
the wound healing process and retard microbial decays
and weight loss.

Tuble 2 ; Effects of harvesting date, N-K fertiiitation amd curing on the percentage of weight loss  of stoved sweet potate
tuherows roots in the two _seasons of 1999/2000 and 200072001,

restmeats Waight lass (%)
199971000 20002001
il Bl g z S — Days of sorage
U | Kehd) 3 “ » 120 » a % 126
120 1.8a% | 185A [ 122A | 998 | 1234 | 200A | 1334 1524
150 7238 | 1288 | 1224 | n2a ) ss8 | 1388 § 1334 ] 1594
00 96A | 147A [ 1274 ] 97A | 106A | 1574 | 13.8A | 1554
20-36 95A | 1494 | 1e7a | 108A | 105A | 1594 | 1264 ] 1554
400 100A | 172a b 27al113A ] noa | 1324 | 140a) 1624
40-12 102A | 1664 fr17a ] 04a ] 1124 | 1764 | 294 ] 1sa
C* | 146A | BOA ] - — | 156A | 24041 - -
T_J soB | s7B | - - s0B | 978 § - - I
00 T13ab | 17930 | 125a | 908 | 123ab [ 1896 | 3.3a | 1572 ]
1 | %36 | 18sb | 186s | 120a | 1048 | 12850 | 1974 | 1304 | 148s
-0 128s | 23a | 1282 | n3a| 138 | B34 | 141a ] 1624
092 113sb | 169ac-] 1.6a | 890 | 12300 | 179sc | 1274 | 1398
00 79¢ | 114c | 129a | 1034 | 89c | 124c | 1415 | 1538
20-16 Tic 11.2e¢ 1143 } 11.2a $1c 122¢ 12.2a | 1630
150 40-0 72e 121be | 1262 | 1132 ] 32¢ | 1ame | 1395 | 1634
%2 | o1b | 1630 | 108a | 1205 | 1008c { 1730c | 1304 | 1562
- 1 B el A0 B B ECed 20 N B
Cs 46¢c 92¢ - - 56¢ 10.2¢ - -
G| 102 § 1738 - - 112e | 183 - -
150 'E-— S54c $2¢ - - [ XX ] 92¢ - -
~Gi | 140s [ 2i7a - - 50 ] 271 - -
o C2 52b 17 - - 62b | 87b - -
Ti ] 1468 | 220a - - 1562 | 2.0 - -
»3% 43b 16b - - s3b | 39 - -
&Y 153 | 2522} - - | 1632 } 2624 | 1532 ] 2525
W0 a1 2lb - - 5i3p | 1010 - -
Gl usa | 12 - - 155s | A2 - -
w-n sgb | 0ap | - - 6ss | mwin | - -

*C1 and C; = uncured and cured tibers, respectively.

*Valucs having the seme alphabetical lotier in common, within a particuler group of mosss i ench charsoier, do
not significentty differ, using the rovised L.S.1) tost &t 0.05 lovel.
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Dry matter Percentage of Stored Tuberous Roots:
Regarding the effects of harvesting date on

the percentage of dry matter, the results showed that
the two harvest dates did not significantly differ in
their effects on the percentages of dry matter during
60-120 days of storage, Table 4. However, the dry
matier, in the carly harvested crop (120 days after
transplanting), increased with the progress of storage
period up to 90 days then decreased, in both seasons .
The results in Table 4 show that the pre-barvest
application of different NK levels did not significantly
differ in their effects on the dry matter percentage after
30, 60 and 120 days of storage. The highest significant

fertilized with 40-72 Kg N-K,Offed, in the both

seasons, The point of interest is dry matter percentage
decreased with all levels of fertilization at the end of
storage, Similar results were found by Hamimett and
Miller (1982) who reported that dry matier content of
stored tobers was reduced by increasing nitrogen raics.
In fact, N fertilizer considers as one of the main factors
that affect the roots quality of sweet potato, since high
N applied rate decrease the roots’ content of dry
matter.

The percentage of dry matter did not significantly
respond o curing process, in both seasons(Table,4).
Similar results were found by McCombs and Pope
(1958) who found that dry matter content decreased
during storage. However, curing process had no
significant effect on the dry matter content of stored
tubers.

Table 4: Effects of harvesting date, NK fertilization and curing on the percentage of dry matter content of stored
sweet potato tuberous roots in the two seasouns of 1999/2000 and 2000/2001.

Treatments Dry matter (%)
" 1995/2000 20002001
Harvest | VK g Days of storage Days of storage
date level | &,
Kg
@y | o | £
gl o 30 0 % | 120 0 30 6 | 9% | 12
120 138A | 170A | 152A | 171A | 138A | 190A | 220A | 202A | 19.1A { 184A
150 157A | 14.6B | 14.0A | 183A | 134A [ 2074 | 19.6B | 19.0A [ 204A | 1214
0-0 143A | 14.0A | 12.9A | 1698 | 14.6A | 19.3A | 19.9A | 17.9A | 190B | 18.7A
20-36 1434 | 1464 | 1394 [ 16.1B | 1294 | 1934 | 1964 | 189A | 182B | 17.9A
40-0 154A | 167A | 164A { 17.5B | 13.0A | 2084 ] 2174 | 2144 | 19.5B | 18.1A
40-712 151A | 17.1A | 15.1A [ 2024 ] 1394 | 20.1A [ 2244 | 2014 | 2224 | 1824
C,*] 144A | 165A | 1484 — | 104A | 215A | I98A | - -
C.1 1524 | 1514 | 143A - ]204a}200401934] - | -
0-0 13.8b | 14.9ab | 14.3ab | 17.6b | 18.5a | 18.80 [ 19.9ab | 19.3ab | 19.75 | 21.8a
120 | 2036 13.50 | 15.8ab | 14.5ab | 16.2b | 13.1ab | 18.5b | 20.8ab | 19.5ab | 18.2b | 18.1ab
40-0 134b | 187a } 1580 } 1680 | 1070 | 19.2b | 23.7a ] 20.8b ] 188 | 1570
40-12 14.7ab | 18.6a | 16.0eb | 17.7 | 13.0ab | 19.7ab | 23.65 | 21.0ab | 19.5b | 17.8ab
00 14.8sb | 14.9ab | 11.5b | 16.3b | 10.6b | 19.8ab | 19.9ab | 16.5b | 1836 | 1570
1so | 2036 15.1ab | 13.4b | 134ab | 1606 | 12.7b ] 20.10b | 18.4b | 18.4ab | 18.2b | 17.7ab
20-0 17.5a [ 14.7ab | 16.9a | 182b | 15.4ab | 22.5a | 19780 | 21.9a | 2020 | 20.4ab
4072 15.5ab | 15.5ab | 14.2ab | 22.6a | 14.8ab | 20.5ab ] 20.5ab { 19.2ab | 24.9a | 18.6ab
126 C,| 130a | 193a] 1672 — | 180a]243al2t7a] — -
C,| 147a | 147ab | 13.6b - |201a]197b ] 1860 | - -
150 C.} 1572 § 1370 | 1290 - |207a j187b | 1790} - -
C;] 15.7a | 15.5ab | 15.0eb — | 2074 |205ab}200ab] - -
0o LCif 143a[1s1ab| 1236 — | 198ab|20.1ab | 1730 | - -
C,| 13.8a | 14.7ab | 13.5ab — |188:b{19.78b | 185ab | - -
2036 1C 1274 | 15.1ab | 14.6ab -~ | 1770 | 201ab | 19680 | - -
C,]| 159a | 1416 | 13200 - |209a{19.1b|182ab]| - -
0.0 |CL] 152a { 184a | 179a - }2024b ] 2348 | 229a] - -
C,| 156a | 15.0ab | 14.2ab ~ |2t5a [2008b}1980b] - -
w072 |Ci] 148a | 17.58b | 14.50b - |198ab | 225} 195ab ) - -
C,} 15.5a § 16.640 | 15.7ab ~ | 205ab ] 21.60b | 20.78b ] - -

*C, and C; = uncwred and cured tubers, reapectively.

**Values having the same alphebetical letter in common, within & particuler group of meens in cach charschr, do 2ot significantty differ,
150

using the revised 1.S.I> tost af 0.05 love,



Alex. J. Agric. Res. 50 (2), 2005

Regarding the effects of the interaction between
harvesting date and NK fertilization, the results
showed that dry matter percentages, after 60 and 90
daysofstorage,weteatthehlghestvaluesmthlate
harvest date (150 days from and
fertilization with 40-0 and 40-72 Kg N-K;Offed,
respectively, in both seasons,

The statistical comparisons, listed in Table 4
indicated the presence of clear interaction effects,
between harvesting date and curing on the dry matter
percentage of stored sweet potato tuberous roots at 30
and 60 days of storage periods in the two seasons. The
percentage of dry matter was high in uncured crop of
carly harvest date as well as the cured roots of the late
harvest date, in both seasons.

The results reflecting the effects of the
interaction between curing and N-K fertilization, in the
two geasons, are listed in Table 4. Uncured tubers
procuced from the pre-harvest fertilization treatment
of 40-0 Kg N-K.O/fed exhibited higher levels of dry
matier percentage during storage period, in both
SEASONS.

Chemical Coastituents of Stored Tuberouns Roots:

Carbohydrates percentage:

Data presented in Fig. 1 clarify the effects of
harvest datc on carbohydrates percemtage of stored
tuberous roots in 1999/2000 and 2000/2001 seasons.
The results indicated that late harvested tuberous roots
(150 days from transplanting) contained higher
percentages of total sugars, reducing and non-reducing
sugars as well as sucrose at the end of storage time,
than those of early harvested crop (120 days after
transplanting),. Mecanwhile, the percentage of starch
tended to decrease in late harvested tubers with
prolonging the storage period. The results of the two
seasons indicated aiso that the percentages of total and

nron-reducing sugars and sucrose were increased with'

the progress of storage, while, decreased the
percentage of starch content, in both studied seasons.
The results revealed, also, that the two harvest dates
did not significantly differ in their effects on tubers’
contents of all analyzed chemical constituents at the
beginping of the storage.

The results of the two seasons { Fig. 2) reveal
that pre-harvest application of 20-36 Kg N-K.O/fed
produced tubers with the highest contents of total and
non-reducing sugars, as well as sucrose at the
beginning and end of storage period. Meanwhile,
increasing the level of pre-harvest fertilization of N-
KO0 up to 40-72 Kgffed significantly increased the

percentages of reducing sugars and starch, at the end
of storage period. Increasing the siorage period tended
to increase the stored tubers’ contents of total and non-
reducing sugars and sucrose, while decreased the
contents of reducing sugars and sucrose, in both
seasons. These results may atttibute to the
physiological activities of tuberous roots during
storage. It might also be the result of starch break
down by cnzymes activities. Similar results were
reported by Hammett and Miller (1982) who found
that carbohydrate comntent of stored tubers decreased
with increasing the rate of pre-harvest application of
nitrogen and potassium fertilizers up to 202 and 280
Kg/ha, respectively. Sharfnddin and Voican (1984)
glucose but decreased starch contents after four
months of storage in pits at 8-10°C and 80-85% RH.

As for influence of curing on the chemical
constituents of stored tubers, the resulis of the two
scasons (Fig. 3) indicate that the cured tubers
significantly contained higher percentages of total
sugars, non-reducing sugars and sucrose than those of
uncured tybers, at the end of storage period. Increasing
the period of storage increased most of the determined
chemical constituents, The higher content of chemical
constituents of tuberous roots, after storage, were the
resuit of the break down of starch during siorage
period. Similar results were found by Scott and
Matthews (1957), McCombs and Pope (1958), Reddy
and Sistrank (1980), Jenkins (1982), Walter and
Hoover (1984} and Picha (1987), who reported an
increase in carbohydrates during curing and several
months of storage.

The results reflecting the influences of the
interaction between harvesting date and N-K levels are
shown in Table 5 . The results illustrated that pre-
harvest application of 20-36 Kg N-K;O/fed, resulted in
significant increases in the percentages of total and
non-reducing sugars as well as sucrose in late
harvested tubers at the beginning and end of storage.
When pre-harvest fertilization of 40-72 Kg N-K,O/fed
was used, early harvested tuberous roots, stored for
120 days, showed an increase in reducing sugars. Late
harvested tubers showed lower values of starch in
responsetoallN-chve!sasoompamdmthwty
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1999/2000 2000/2001

N 120Days

Fig. 2:Effects of NK fertilzation on carbohydrates (%) of stored sweet potato tuberons roots in 199972000 and
100072001 scasoms.
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1999/2000 2000/2001

Fig 3:Effects of curing treatments on carbohydrates (%) of stored sweet potsto tuberous yoots in 1999/
2000 and 2000/2001 seasons. '

B120 Days 8 150Days

Fig, 4 :Effects of harvest date on total carotenoids and crude fibers (%)
of stored sweet poiato tuberous roots in 1999/ 2000 and 2000/2001 seasons.
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Table S : Effects of the first degree interaction between each of two of the three main factors; harvesting
date, NK fertilization and curing on carbobydrates (%) of stored sweet potsto tuberous roots in
1999/2000 and 2000/2001 scasons.
Trestments Cuarbohydrates (%)
Totnl sugars Reduciag mgars | Non-reducing sagars Secress Starch
Harvest NK
date lovel g !4 k-] ] X | ] s 3 ) | ¥ s %
SISl MR AR H R AR AR B IR kL
1999/2000
00 3414 [ 1120¢ | 0420 | 0.11b | 299ad | 1109c | 284cd [ 10.53c | 635bc | 7.44a
120 2036 393cd | 117040 | 035¢ | 0.07b | 3.58bc ] 1tl64c | 3.40bc | 11.06¢c | 9.77ab { 5270
40-0 5.12a0 | 1147de | 060a | 010D } 438sb | 1L37c | 4.16a ] 1080c | 63600 | 5560
40-12 341d | 952¢ | 0304 ] 014b | 31104 { 938d | 296ca ] 9914 | 7400 | 5380
00 3.78cd | 1310b ] 0.23¢ | 0472 | 3.55b0 | 1263b | 338k { 11990 ] 4.75¢c | 707a
150 20-36 5672 1 13822 [ 0334 | 032ab | 5.18a 13.50a } 4922 ]| 12832 | 867b | 5020
4040 303d | 1284bc ] 043b | 006b | 260d | 12784 | 2484 [ 12.14ab | 9.3%sb | 5600
40.72 470bc | 1206cd | 035¢c | 052a | 435ab | 1164c | 4.13ab | 11.05¢c | 12524 ] 545D
120 Ct | 346a | 1087c ] 036c | 1.06a | 3.22a 9324 | 306a | 932d | 11492 ] 6.08ab
c2] 4472 J 1175b | 068a | 0396 | 381a 10.60c | 3.62a | 1060c | 3.45b | 6.46ab
150 C1| 4212 | 12210 | 024c | 0366 | 399a 11076 | 3792 | 11.07m | 14574 | 737
C1] 438a | 13754 ] 0.53b | 038b | 338%5s 12512 | 3672 | 12518 | 3040 | 3.72¢
0-0 C1] 3134 J1169¢c | O12e ]| 1022 | 301¢ 10.67¢ 286c ] 10.14¢ | 9.02b ] 6.71b
C2 ] 406bc | 1262b | 0.53b | 0.726c | 3.53bc | 11906 3.36bc | il31h ] 209¢c | 7.78a
2036 | C1| 4418c ] 1237b [ 0140 J070¢ [410ab | 11676 [ 390sb | 11090 | 14.42a | 728sb
Cz] 520a }13.06a | 034b ] 0.55de | 4.66a 12.61a 442a ] 11982 [ 402¢ | 3.000
400 |C1] 347cd §1135c | 0.16de | 0260 | 3.d5c 10.6%¢ 299: | 10.16¢c | 13674 ] 531¢
2| 468ab | 12761 J 0872 | 0.53de | 3.84ab | 12238 3.65sb | 11628 { 1970 ] 3530c
4072 JC1}4a34ac j1113c | 0.18d | 066cd | 41680 | 10.47 395sb [ 995c [ 15004 ] 7.59a
c2 | 3.77bd | 10.56d 042c 0320 |330bc | 10044 Jt4be | 9.54d | 492c | 4074
, 2000/2001
0-0 241d ] 1000d | 032b | 0.05¢ | 209¢ 9.95d 203c | 945d ] 5.50bc | 6428
120 20-36 293 ] 1070c | 025¢ |oozc | 2686 }1069c | 2550c | 10.16c | 8.40ab ] 6.08a
400 412sb ] t0.10d | 0502 J005c ] 3450 1006d | 3.28b §9.56d | 537hc | 422¢
4012 2414 | 215¢ |o0o23d Joosw |201c 8090 191c }769¢ | 640bc | 407
0-0 278d | 1207b | 613 | 027a | 2680 [ 1rmib | 250w {12220 | 375¢ | 448
150 20-36 484a [1279a | 023d Jonib | 461a 12682 ] 4382 ] 1205 | 7.834b | 432
40-0 203d }1071b | 033b | oore | 170¢ 1L706 | 162¢ | 11126 | 835eb | 5.23b
40-72 370bc {1143¢c Y 025¢c [o030a |344b 10.82¢ | 3270 | 1028 | 11.70a | 529
120 Cl | 2468 | 964c | 0D6c | 096s | 2244 9.36d 215s 12334 | 1058a | 5.08b
C2]347a [984c |059a | a49p | 2388a 1605¢ | 274a | 299¢c | 2456 [ s46a
150 Cl]|321a | 11160 | 004c {0460 | 3.17a 11.04b 300a 33510 | 13.73a | 6452
C2 [ 346a | 1270 | 0430 | 0485 | 3.03a 12.47a 2882 |493. §210b |271b
00 Cl|213¢ [1037¢ | 002h |o092s |211¢ 100S¢ ]205c ] 128e¢ ] 817b | 5.7ib
C2 | 30604 | 11720 J 043c {0621 | 263bc | 11718 25000 | 286d l10sc |678a
2036 | C1 | 341ac | 1006c | 004g | 060c |337ab | 10.0% 32000 | 134c | 1345a | 6280
C2]436a | 1344a | 044b J045de | 392 1336 37s | 4522 |318¢c | 200e
400 [C1]2470d | 1145 foo06r | 07%6b | 225¢c 11256 J 2.04c | 536a | 1285a] 431¢
C2 | 368ab | 1038bc | 0.77a | 043de | 291bc | 1051c 27bc | 4652 | 090c | 4.48c
4072 [C1]334bc [972d | 008c |0560d | 3.098c | 9.47d 298c [ 368c [ 14172} 675a
C2]| 2774 [ 956d ] 0414 |042e {236¢ 9.464 224c [381c | 394¢c ]3.074

*C,and C, = uncured and cured tubers, respectively.
**Values having the same
significantly differ, using the revised L.S.D test  at 0.05 level

ical letter in common, within a particular group of means in each character, do not
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Regarding the effects of the interaction
between harvesting date and curing on the chemical
constituents of tuberous roots, Table 5.The results of
tbetwoseasonsrcvealthatlateharvmumdnys

after transplanting)-cured tubers, at the end of storage
period, contained the highest percentages of total and
non-reducing sugars, as well as suctose contents, in
both seasons. Meanwhile, late harvested-uncured
tubers showed the highest starch content. The results
also indicated that the absence of any significant
differences due to the effects of such an interaction on
the percentages of totat and non-reducing sugars and
sucrose, at the beginning of storage, in both seasons.

The interaction effects between the used NK
feruhumnlevelsandwmgonvanmschmml
constituents of stored tuberous roots, in the two
studied seasons, are Visted in Table 5. The results of the
two studied season indicate that pre-harvest
fertilization of 20-36 Kg N-K,Offed significantly
increased the percentages of total and non-reducing
sugars as well as sucrose of cured tuberous roots at the
beginning and end of storage. Reducing sugars
contents tended to decrease during storage, Pre-harvest
application of aty N-K levels decreased reducing
sugats percentages of both cured and uncured tubers,
While, pre-harvest application of 40-72 Kg N-K,O/fed
increased the starch percentage of uncured tuberous
roots at the beginning and end of storage.

Total carotencids and crude fibers:

Data presented in Fig. 4 clarify the effects of
harvest date on total carotenoids and crude fibers of
stored tuberous roots in 1999/2000 and 2000/2001
scasons. The results indicated that delaying harvesting
to 150 days significantly decreased the content of total
carolenoids at the end of storage period. Meanwhile,

the percentage of crude fibers tended to decrease in

late harvested tubers and with prolonging the storage
period.

The results of the two seasons (Fig. 5) reveal
that increasing the level of pre-harvest fertilization of
N-K;O up to 40-72 Kg/fed significantly increased the
percentages of total carotenoids, but decreased the
percentage of crixde fibers with the progress of storage
period. Increasing the storage period tended to increase
the stored tubers’ contents of total carotenoids, and

crude fibers in both seasons.

Concerning the influence of curing on total
carotenoids and crude fibers of stored tuberous roots in
1999-2000 and 2000-2001 seasons, the results in Fig. 6
indicat that the cured tubers significantly contained
higher percentage of total carotenoids than those of
uncured tubers, at the end of storage period. However,
curing process lowered the percentage of crude fibers
with prolonged the storage period. Similar results were
found by Ezell and Wilcox (1958) who showed that
storage of cored tubers for several months increased
beta-carotene and total carotenoids.

The results reflecting the influences of the
interaction between harvesiing date and NXK
fertilization levels, on total carolenoids and crude
fibers of stored tuberous roots, are shown in Table 6.
The results indicated clearly that pre-harvest
application of 40-72 Kg N-K:O/fed significantly
increased the tubers’ contents of total carotenoids
before storage as well as at the end of storage period.
Crude fibers percentage decreased during storage of
late harvested tubers in response to all N-K levels
while increased in early harvested one in response to
all combinations of N-K levels, in both seasons.

The resnlts (Table 6) indicated that the absence of
any significant differences due to the effects of the
interaction between harvesting date and curing on the
percentage of crude fibers in the two growing seasons.
However the best treatment combination which
produced the highest significant increases in total
carotenoids percentage, at the beginning of storage,
appeared to be that involved early harvesting date
together with curing process. On the other hand, carly
harvested-cured roots contained the highest and lowest
contents of total carotencids and crude fibers,

Regarding the effects of the interaction
effects between the used N-K fertilization levels and
curing on total carotenoids and crude fibers of stored
tuberous roots, the results (Table 6) indicat that cured
tubers resulted from plants fertilized with 40-0 Kg N-
K;O/fed contained the highest total carolenoids during
storage. On the other hand, cured tubers produced
from the pre-harvest application of 40-72 Kg N-
K;Offed recordedlower crude fibers percentage during
storage period, in both scasons.
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Fig.S :Effects of NK fertilization on total carotenoids and crude fibers (%)
of stored sweet potato taberons roots in 1999/2000 and 2000/2001 scasons.

-

W Uncwring B Curing

Fig, 6:Effects of curing treatments on total carotenoids and crude fibers (%)
of stored sweet potato tuberous roots in 199972000 and 2000/2001 scasons,

Generally, the cured tuberous roots of sweet  reducing sugars and sucrose contents at the end of
potato produced from plants fertilized with 20-36 storage,
Kgffed of N-K;O and harvested afier 150 days from General observations indicated that uncured
transplanting, lowered the percentages of weight loss roots were infected by fungi anxi bacteria afier two
and decays afier 30 and 60 days of storage periods, a8 months of storage, but cured roots stored well up to
well as significantly imcreased total sugars, non- four months
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Table (6): Effects of the first degree interaction between each of two of the three main factors; harvesting
date, N-K fertilization and curing on total carotenoids and crude fibers of stored sweet potato
tuberous roots in the two seasons of 1999-2650 and 2000-2001.

Treatments 1999-2000 2000-2001
2 Total Total
Harvest N-K g carotenoids(tag/100g) | Crude fibers (%) | carotenoids(mg/180g) | Crude fibers (%)
date level -3 F.W Base F.W Base
oy | K& |} ¥
Hed) g | startof Endof | Startof { Eadof | Startof | Endof } Startof | Endof
storage | storage®*" | storage ] storage storage sterage siotage 1 storage
00 ‘7.57 be 15.040 1.78cd 6.29 ab 8.04 be 15.54b 1.95¢cd 6.49 ab
120 20-36 T12¢d 14.40 b 1.10¢d 8.29 ab 762cd 14.90b 1.30cd 8.49sb
400 71.M¢c 17.10a 0414 7.35ab T86¢ 17.60 a 061d 7.52 8b
- 4072 8.03b 11.89¢ l.44cd 496 ab £540 12.3% ¢ 1.63cd 513 ab
00 435e 9.15de 1.56¢d 1066 a 485e 9.65 de 1.78 cd 1085a
150 20-36 6.65d 9644 436 301b 7.154 10.144d 4,56 bc 3216
40-0 Tiled 8.69¢ 928a 402b 7.61 cd 9.1%¢ 946n 4210b
40-72 1501 a 17.19a 7.31 ab 303b 15.51a 17.69a 7.48 ab 3.23b
120 Cl}) 446¢ 1084 ¢ 084a 11.16a 49%4c¢c 11.Mc¢c 1.02a 11.36a
€21 1058a 18.38a 1.53a 2280 11.09a 18884 1.73a 245b
150 Cl} 785b 1050 ¢ 4358 6.84 ab 8350 11.00¢ 504a 7.04 ab
C21 872b 11840 642a 352 ab 9220 12.34b 6.60a 3.7 ab
0-0 Cl] 4.68f 942¢ 103cd | 12962 5141 992¢ 120cd | 13.16a
C2] 7254 14776 234bd | 39k 775d 1527b | 253bd | 4180
20-36 Ci 551e 907c 466ac | 9.59ab 60le 9.57¢ 4.860¢C 979 sb
C21 825¢ 14.97b 0804 1.7¢ 875¢ 1547b.1 1.00d 19¢
40-0 Cl 3.57g 9.83¢ 366ad | 106bc 407¢ 10.33 ¢ 386ad | 726bc
C2] 1090b 1596 603ab | 4310 1140b 16.46a 6.21 sb 448 bc
07 Cl 10.85b | 14360 203cd 6.40be 11.35b 14860 219c¢d J 660bc
C2] 1220a 1473b 671a 1.59¢ 1270 & 1523 691a 1.76¢

*C, and C; = uncured and cured tubers, respectively.

**Values having the same alphabeticai letter in common, within a particular group of means in each character, do not
significantly differ, using the revised L.S.D test at 0.05 level,

LITERATURE CITED

AOQAC. 1970 Assoc:auon of Official Agricultural
Chemists. 11® ed. Washington, D.C, US.A. " -

Al-Rawi, KM. and A M. Khalf- Allah. 1980. Design
and Analysis of Agricultural Experiments.
Textbook. El- Mousl Univ. Press. Ninawa. Iraq.
487p.

Appleman, C.O,, H.G. Shirk, P.H. Heinze, and R.G.
Brown. 1943. The curing and storage of
Maryland Golden sweet potatoes. Maryland
Agric. Exp. Sta. Bul. A22: 325-335.

Constantin, R J. and L.G. Jones, HL. Hammett, T.P.
Hernandez, and C.G. Kahlich. 1984, The
response of three sweet potato cultivars to
varying levels of nitrogen. J. Amer. Soc. Hort.
Sci. 109(5): 610-614.

Duncan, A A, LE. Scott, and F.C. Stark. 1958.
Effect of potassium chloride and potassium
sulfate on yield and quality of sweet potatoes.
Proc. Amer. Soc. Hort. Sci. 71: 391-398.

El-Seifi, SK., Z.0. Abbas, and M.A. Abd El-
Monaem. 1990, The effect of potassium
of sweet potato. Zagazig J. Agric. Res. 17(5A):

— e

1637-1644,

El-Tamzini, M.1. 1976. Post harvest physiological
studies on sweet potato cultivars ([pomoea
batatas (L.) Lam. Diss, Abstr. Int. 37(2): 550.
(c.a. Field Crops Abst. 31: 6329).

Ezell, B.D., and M.S. Wilcox. 1958. Variation in
carotene conient of sweet potatoes. Agric. Food
Chem. 6(1): 61-65.

Hammett, HL., and B.F. Barrantine. 1961. Some
effects of variety, curing and baking upon the
carbohydrate content of sweet potatoes. Proc.
Amer. Soc. Hort. Sci. 78: 421- 426,

Hammett, LK., and C.H. Miller. 1982. Influence of
mineral nuirition and storage on quality factors
of ‘Jewel’ sweet potatoes. J. Amer. Soc. Hort
Sci. 107(6): 972-975.

Jenkins, P.D. 1982, Losses in sweet potatoes
(Ipomoea batatas) stored under traditionat
conditions in Bangladesh. Trop. Sci. 24(1): 17-
28,

Jcnhns, W.F., and M. Gicger. 1951 Curing, baking

70: 419- 424,

157




Effects Of Harvest Date, Nk Fertilization And ...

Feleafel MLN,, et al.

Lambou, M.G. 1958. Effects of curing storage and
dehydration on the mono- and disaccharides of
the sweet potato. Food Technol. 12: 150-155.

Lagritzen, 11. 1935, Factors affecting infection and
decay of sweet potatocs by certain storage rot
fungi. J. Agric. Res. 50; 285-329,

Lutz, IM,, MT. Deonier, and B. Walters. 1949,
Cracking and kecping quality of Porto Rico
sweet potatoes as influenced by rate of fertilizer,
Ritrogen ratio, lime, and borax. Proc. Amer. Soc,
Hort. Sci. 54: 407-412.

Malik, CP, and MB. Siogh 1980. Plant
Enzymoloy and Hmoenzymology A Text

Manual. Kalyani ; New Delhi.

McCombs, C.L.., and D.T. Pope 1958, The effect of

- length of cure and storage temperaiure upon
certain quality factors of sweel potatoes. Proc.
Amer. Soc. Hort. Sci, 72: 426-433.

Picha ,.D . 1985. HPLC determination of sugars in
mw and baked sweet potatoes. J. Food Sci.
50(4): 1189-1190.

. 1986. Welghtloasmsweetpdatoesdlmng

amngandstomge contribution of

and respiration. J. Amer, Soc. Hort. Sci. 111:

889-892,

. 1987. Carbohydrate changes in sweet

potatoes during curing and storage. J. Amer

Soc. Hort, Sci. 112(1): 89-92.

Reddy, N.N., and W.A. Sistrunk. 1980, Effect of
cultivar, size, storage, and cooking method on
carbohydrates and some nntrienis of sweet
potatoes. J. Food Sci. 45(3): 682-684,

Scott, L.E. and W.A, Matthews, 1957. Carbohydrate
changes in sweet potatoes during curing and
storage. Proc. Amer. Soc. Hort Sci. 70 407-
418.

Sharfuddin, AF.M., and V. Voican. 1984, Effect of
plant density and NPK dose on the chemical
composition of fresh and stored tubers of sweet
potato. Indian J. Agric. Sci. 54(12): 1094-1096.
{c.a. Field crop Abst. 38(10): 5793).

Stridesr, D.L., and CL. McCombs. 1958. Rate of
wound phelicm formation in the sweet potato
Proc. Amer. Soc. Hort. Sci. 72: 435-442.

Walter, WM. and M.W. Hoover. 1984, Effect of pre-

sweet potato patties. J, Food Sci. 49: 1258-1261.
Walter, WM. and W.E. Schadel. 1982. A rapid
method for evaluating curing progress in sweet
potatoes. J. Amer. Soc. Hort. Sci. 107(6): 1129-
1133,
Woodman, A.G. 1947. Food Anatysis. London, MC
Grow Hill Company Inc: 607 pp.

wtad padld

2010 T G IR $ D o ol g il — i) gl s g dmnd dage o5
CuJATE s U Usllagd

AN AN e g ¢ ® (BJN 40 e (8 ¢ T Opnn deaa d 98 ¢ U g 06 e
A Al ol 1 A e piaid pud®
Al dualy — Aed 5 4 — 48D o ot

gamage S A1y 3y NG dadly — 2138 4K L Smad day Lo Cidlabae 9 S K pe B Gty 0T il
— G ey lsian Amg S g (SN Ca b VY eeY 00 g ) Shossad et ga 1 A Yoo f¥ere ( Yauifraa8
(gX=e ¢ gt (93t ) g Yo I 5o (D flogy =0 pamS VY ~E0 ¢ shun ~£0 TY =¥ ¢ 0K ) lae Ll
A Shh (ol aha) Vel 53l leSE Gl KA 5 By AD 50 o agly JilaDy
e 56 00D Y G 8T R uld e Y o Uellad i) dheceadl slage it of it cagdd 3
gt e At 5 A dhemad slage il Ly ¢ cu AT Do lag 1o 5 e any il Aed Sl 5 clieYY kel
2 g Uil 4D Sl SN Ga o9l gan 5 0998 S 5 STl 1yiel Abesl Austal Al b Ay ghea By (N o3
NN e s ) (g glae inki Y s G b6 A0 i SN g ¢ Gy Kl ¢ A e
S QUL S JUNTRTIY SRS (UK NN JRACRUES - REDRERCIaE RITTR SV SIO " JERCY
0 S VYot s ia el Giama S0l Lo ¢ S S s Ay b Jp Sl 5 ¢ AJa a0 5 AN iy Sl e o)

158



Alex. J. Agric. Res. 50 (2), 2005

P 3¢ LI iy IS8 g LA g ¢ Al S e lal gl g oISl st Al Qgiall gl 335 I g3 (b fly
<2990 QAT S el b Bl 5 pAN T a il (5 slone sl Y K

25 Al 5 (30 bl Ay il Ageald (s Y o AT B gl el Alec o)l o L gl sl
Ll i siad g2l of il gl S L rNad dylany el Sokald (o gl o staal el gl 3l o Laky ¢ iy
et ik LIS 5 ¢ AU iy ASY 5 ¢ 59 Sl g ¢ A Siha galt 9 LI Cly S 0 L gipd (o stanad Ay gial Apuald ol 3 s
- AT Al b plaB GUIYY e pind (6 siaa

el a3 i gipd) 0D e ol pd o G flegt 00 ppS T ¢ Qi) e Slemall g il ol Aale Ay
2509 (g gima 53 B ALY ¢ GUAD o Logy Vo (¥ amp AiETY st adead y cciial b S Ayghad ol ki I (o3
R EERBF PSSR R 5 -ORel JEI W R T JE RN

159





